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1. Introduction

Examples of the palladium-catalyzed coupling of organotin compounds with
carbon electrophiles were first reported in 1977 by Kosugi, Shimizu, and Migita.
(1-3) The first study by Stille appeared in 1978. (4) The early work of
Beletskaya, using “ligandless” catalysts in cross-coupling reactions, also often
employed organostannanes. (5) In recognition of Stille's comprehensive
synthetic and mechanistic studies, this coupling is now referred to as the Stille
reaction. (6) The Stille reaction is schematically defined in Eq. 1.
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In Eq. 1, R' is typically an unsaturated moiety (e.g., vinyl, aryl, heteroaryl,
alkynyl, allyl) or less often an alkyl group, and R? the nontransferable ligand, is
almost always butyl or methyl. Electrophiles participating in the coupling
include haldgs (almost always bromides or iodides) and sulfonates (most
often used the triflates). Other leaving groups have been used in special
cases.

The Stille reaction belongs to the larger family of palladium- and
nickel-catalyzed  cross-coupling  reactions  which  features, e.g.,
organomagnesium, (7) organozinc, (8) organoboron. (9) and organosilicon
reagents. (10)

Organotin reagents are air- and moisture-stable organometallics, and can be
conveniently purified and stored. Since they do not react with most common
functional groups, the use of protecting groups is almost always unnecessary
in conjunction with the Stille reaction. This is a very unusual and attractive
feature for an organometallic process. Also, the reaction is often neither air nor
moisture sensitive. In some cases, water and oxygen have actually been
shown to promote the coupling. Although the reaction as initially described by
Stille is often carried out under rather drastic conditions (temperatures of *100°
are not uncommon), newly developed ligands (11) and the addition of copper(l)
salts (12) have solved some of the problems associated with low reactivity.



The utility and mildness of the Stille reaction are demonstrated by its frequent
use in the final stages of complex natural product syntheses.

This review attempts a critical and comprehensive coverage of the reaction
scope. Our mechanistic description of the reaction is rather brief, and we refer
the reader to the pertinent literature for a more detailed analysis. All of the
relevant literature is covered up to the end of 1994. The reaction was reviewed
by Stille in 1986, (6) and by Mitchell in 1992; (13) a rather comprehensive
account by Farina and Roth has appeared more recently. (14) Developments
that occurred in 1995, as this work was in progress, and that were deemed
important were incorporated as much as possible in this review.




2. Mechanistic Considerations, Regiochemistry, and

Stereochemistry

The three-step catalytic cycle proposed for the Stille reaction follows the
general principles of transition metal-mediated cross-coupling reactions and is
shown in Scheme 1. (6)

Scheme 1. Catalytic cycle of the Stille reaction.

P(I(II}I
<—- R'Sn(R?);
R'-R

R! -Ri\ Pd(0)L, I / R3.X

axidative
uluddm'uu

r

RY-Pd(IDL,-R' (2) RY-Pd(IDL,-X (1)

OITITITTTTITTT T T SEZE
s

XSn(R%), R!Sn(R%),

reductive
eliminarion

When the lyst is introduced as Pd(ll), fast reduction by the stannane to a
Pd(0) com ensues, and the resulting Pd(0) species enters the cycle.
Alternatively, the catalyst can be introduced directly as Pd(0). The rate or yield
differences sometimes observed between Pd(ll) and Pd(0) catalysts are not
likely to be due to the initial difference in oxidation state, but rather to the
stoichiometric ratio of palladium to ligand or other factors. (11)

The first step of the cycle is termed oxidative addition and is a quite general
process for low-valent transition metal complexes. (15) The reaction is
represented as a simple process in Scheme 1, but is likely to be a rather
complex one. There is substantial evidence that a coordinatively unsaturated
Pd(0) species, for example Pd(PPhs),, is responsible for the oxidative process.
(16) When the substrate is an aryl iodide, the reaction is accelerated by
electron-withdrawing substituents on the ring (r = +2). (17) Oxidative
additions are also accelerated by electron-rich phosphorus ligands on the
palladium center. (18) In the coupling of aryl bromides with
tetramethylstannane, the overall rate is strongly enhanced by
electron-withdrawing groups on the aryl moiety (r = +3.38), suggesting that
in this case the oxidative addition is rate limiting. (19)



At least with alkenyl halides, the oxidative addition may be a reversible
process. Such a reaction generally proceeds with retention of olefin geometry.
(20) Benzylic bromides undergo oxidative addition with partial or total
racemization; (21) this has been explained by invoking a one-electron transfer
process for this oxidative addition, (22) and CIDNP studies have supported the
suggestion. (23) In these cases, the oxidative addition may be accelerated by
the presence of oxygen in solution. (19) Intermediate 1 (Scheme 1) is
generally formed as a trans square-planar complex, i.e., the two phosphine
moieties are trans to each other, although the intermediacy of the less stable
cis complex is assumed. (6)

In allylic systems, i.e., allylic chlorides, the oxidative addition was initially
shown to proceed with complete inversion of configuration, through the
intermediacy of n 3-complexes, (24) but subsequent studies have revealed a
more complex situation (Eq. 2). (25)
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Specificalbm was shown that, in the absence of strong coordinating ligands,
the stereochemistry depends on the solvent, nonpolar solvents favoring
retention and polar ones leading to inversion. Furthermore, olefin ligands
promote syn oxidative addition, and phosphines favor the anti pathway. (26)

Although it is known that the transmetallation is very often the rate-determining
step of the Stille reaction, much less is known mechanistically about this
metathesis reaction.

In early studies, Stille et al. showed that, in the coupling of benzylic stannanes
with acid chlorides, electron-releasing substituents slightly increased the
transmetallation rate ( r = +1.2), suggesting that carbon-tin bond breaking
precedes palladium-carbon bond formation. The stereochemical outcome with
benzylic stannanes is predominantly inversion at the tin-bearing carbon,
suggesting an “open” Sg2 mechanism. (27)

More recently, it has been shown that the transmetallation of 1 to 2 proceeds
via prior ligand dissociation and that ligands with lower donicity toward Pd(ll)



than PPh; [i.e., tri(2-furyl)phosphine and triphenylarsine] can lead to major (up
to 1,000-fold) rate enhancements in the transmetallation. (11) With these
ligands, many Stille couplings previously requiring vigorous conditions can be
performed at room temperature.

In studies of the synthetically important coupling of organic triflates, (28, 29)
LiCl is necessary to induce coupling of organic triflates in THF as solvent. This
has been rationalized by postulating that the initial oxidative addition product (6,
Scheme 2), which was isolated in one case, is catalytically incompetent,
whereas ligand substitution with chloride ion leads to the reactive species 7.
(28)

Scheme 2. Two possible pathways in the Stille coupling with organic triflates.
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More recer‘m it has been found that addition of LiCl is often not necessary
when operating in highly polar solvents like NMP, and in many cases LiCl is
actually an inhibitor of the coupling. This was explained by invoking two
pathways in the transmetallation, i.e., a faster one proceeding via cationic
species 8 and a slower one (with L = PPh3) proceeding via ligand dissociation
(through 9). Hammett studies confirmed that there are two pathways with
opposite electronic demands. Thus, in the absence of chloride the reaction is
faster when the arylstannane contains electron-releasing groups (r =-0.89),
whereas in the presence of LiCl, electron-withdrawing substituents also
enhance the rate. The transmetallation is affected in a complex way by the
combination of LiCl, ligands, and solvent, and the highest rates are obtained
with AsPhs as ligand. With this superior ligand, the effect of halide additives on
the rate of the transmetallation is minimal. (30)

Intramolecular couplings of triflates with stannanes do not require LiCl even in
THF. (31) The recently reported ability of Ag(l) salts to improve some Stille
couplings may also be explained by a switch of the transmetallation pathway
via 8 and away from 9 (Scheme 2). (32)



The cocatalytic effect of Cu(l) in the Stille coupling was first reported by
Liebeskind and Fengl. (12) Later studies have shown that Cu(l) performs a
dual role: In ethereal solvents (THF, dioxane) and in conjunction with highly
coordinating ligands (PPhs), Cu(l) acts as a ligand scavenger to facilitate
formation of the coordinatively unsaturated Pd(ll) intermediate (9 in Scheme 2)
needed to effect transmetallation, whereas in highly dipolar solvents (NMP) in
the presence of “soft” ligands (AsPhs) formation of an organocopper species is
likely. (33) Thus, it seems simply that in the presence of inorganic Cu(l) salts,
an organostannane may be in equilibrium with an organocopper species (Eq.
3). Another important role of Cu(l), enhancing the selectivity of group transfer
in the Stille reaction, is discussed in a later section.

NMP
RSnBu; + Cul ™ RCu + [SnBu; (3)
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Similar transmetallations have been postulated in order to explain the
beneficial effect of stoichiometric Zn(ll) salts on certain Stille couplings, but no
experimental evidence is available. (28
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From the standpoint of the stereochemistry at Pd(ll), the transmetallation
usually proceeds with retention of configuration and is probably followed by
cis-trans isomerization. The reductive elimination that follows probably
proceeds through a T-shaped intermediate via prior ligand dissociation at
Pd(Il). (15)[Pq(IV) species have been implicated as intermediates in the
reductive elfMination, (34) but factors that influence this step are not discussed
further since reductive elimination is not rate determining in the Stille coupling.
In the coupling of allylic electrophiles, however, reductive elimination will
determine the regiochemistry of coupling, and in this case detailed
understanding of this step is very important.

Allylic halides, typically chlorides, couple smoothly with organostannanes
under normal conditions, and the regiochemistry of the coupling is usually the
one resulting from attack of the organostannane at the less hindered terminus
of the allylic moiety (Egs. 4 and 5). (24)
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When the organostannane is also allylic, the situation is more complicated.
Apparently, the coupling is somewhat regiospecific, and the C-C bond is
formed between the more substituted end of the allylic stannane and the less
substituted one in the allylic halide. (35, 36) To explain the predominant allylic
transposition of the stannane, both Stille and Trost postulated a direct attack of
the stannane at the carbon terminus of an intermediate p -allyl complex, but
there is no proof for such a mechanism. Indeed, indicator substrates for
nucleophilic attack at p -allyl complexes classify allystannanes as reacting
directly at Pd(ll) and not at carbon. (37) This mechanistic issue is still
unresolved, even though a simple stereochemical probe could resolve the
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takes place in a preferred head-to-head mode, and the stereochemistry
indicates attack of the stannane at the Pd center of the p -allyl complex,
followed by reductive elimination with retention of configuration. (38, 39)

Exceptionthese regiochemical trends, however, can be found in the
literature. OME is shown in Eq. 6 and is mechanistically difficult to explain. One
must also note that the two regiochemistries are interconvertible by Cope
rearrangement. (40)
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An important mechanistic issue that has recently begun to be addressed by
several investigators concerns the effect of nucleophilic assistance at tin(IV)
during the transmetallation. Two studies (41, 42) have independently shown
that a nucleophilic moiety placed within the stannane considerably enhances
transmetallation rates, whereas other studies in related systems have failed to
detect such enhancements. (30) The increased reactivity of stannanes 10 has
been explained by invoking internal N-Sn coordination in the transition state,
(41) and a similar rationalization has been applied to the increased reactivity of
systems such as 11. (42)
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sometimes with difficulty or not at all using traditional Stille chemistry. The
mechanistic and synthetic significance of these intriguing observations should
be further explored.

[]



3. Scope and Limitations: The Electrophile

In this section, the range of electrophiles used in the Stille coupling is surveyed.
Details of experimental conditions and side reactions are more fully described
in separate sections. The examples discussed are a select few. A complete
survey is found in the tables. Limitations are discussed whenever carefully
documented in the literature. Occasionally, low yields are reported in a number
of isolated Stille couplings. These may be due to incomplete optimization of
the reaction. Therefore, these examples are considered a real limitation only if
the authors reported a thorough study exploring a comprehensive list of
catalysts and conditions.

3.1. Alkenyl Halides

Alkenyl chlorides have been used very little in Stille couplings, presumably
because of their lack of reactivity in the oxidative addition with Pd(0). Scattered
examples of successful coupling exist, but appear limited to activated systems.
(43, 44)

Alkenyl bromides and iodides are generally useful partners. Their coupling is
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consistently stereospecific is the coupling with vinyl iodides, which takes place
at room temperature or slightly above. The higher reactivity of the iodides vs.
the bromides is nicely illustrated in Eq. 7, where under the mild conditions
employed thbromide moiety is left unreacted. (45)
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Two general studies on the cross-coupling between simple alkenyl iodides with
both alkenyl (46) and alkynyl (47) stannanes are reported. Bromides also
couple, but in lower yield. In each case, the preferred catalyst is the
“‘ligandless’ species Pd(CH3CN),Cl,. The reaction proceeds in DMF or THF at
room temperature, and E/Z isomerization is negligible (Eq. 8).
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The palladium-catalyzed reduction of vinyl iodides with tributyltin hydride or
other hydride reagents can be loosely classified as a Stille coupling. The
reaction is highly stereospecific, in contrast with the radical-induced reduction,
which leads to geometrical isomerization. (48)

Very few limitations of this coupling reaction have been clearly documented.
Even tetrasubstituted vinyl iodides couple in good yields. (49, 50) However, 3
-silyl vinyl bromide 12 couples with stannane 13 to yield only a completely
isomerized product even under the mildest conditions. (51) This lack of
stereospecificity is attributed to the bulky silyl group (Eqg. 9).
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Special classes of alkenyl halides that have been made the objects of specific
studies include 3 -halo- a , B -unsaturated ketones and esters, which couple
smoothly with a variety of stannanes, (52-54) quinone halides, which also
couple well (preferentially using CuBr as cocatalyst), (55-58) and 3 -halo- a,
-unsaturated sulfoxides, which couple with alkenyl- (59) and alkynylstannanes
(60) without E/Z isomerization and without epimerization at the chiral sulfur
center.

Certain systems, on the other hand, appear difficult to couple and require
carefully optimized conditions. For example, a -iodo- a, B-unsaturated ketones
must be coupled using the “soft” ligand AsPhs and cocatalytic Cu(l). Even
under these conditions, high temperatures are required, but the reaction is
general and gives very good yields (Eq. 10). (61)
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On the other hand, a -bromo- a , -unsaturated ketones can be coupled with
aryl stannanes using P(o-Tol); as ligand in the absence of Cu(l) additives. (62)

Halocyclobutenediones couple with stannanes, and Cul cocatalyst is
necessary to obtain good yields (Eq. 11). (63, 64)
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Cyclooctatenyl bromide couples with stannanes at room temperature, and
P(2-furyl)s or AsPhs are the ligands of choice. (65, 66)

Bromotropolones can be coupled with a variety of arylstannanes, to yield
analogs of the antimitotic agent colchicine. (67)

Intramolecular versions of this coupling reaction yield a variety of ring sizes,
from four (68) and five (69) to medium-size rings, (70-74) and even
macrocycles. (75) Equation 12 illustrates the key step in the total synthesis of
leinamycin. (76) The
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mildness and generality of this method is demonstrated by its frequent
application to the late stages of complex natural product syntheses. Thus, the
alkenyl halide/organostannane coupling has been applied in recent years to
the total syntheses of neooxazolomycin, (77) onnamide A, (78)
22,23-dihydroavermectin, (79) calyculin A, (80-82) lankacidin C, (83) lepicidin
A, (84) and rapamycin. (85)

Probably the most spectacular application of this reaction is represented by the
final step of Nicolaou's total synthesis of rapamycin, in which a tandem Stille
coupling is carried out on the fully functionalized skeleton. (86) The yield is
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to the reaction conditions, affording more cyclized product and thereby
increasing the overall yield to 46% (Eqg. 13).

[]



OMe (13)

Pd(CH;CN),Cl,

o

i-PraNEL, THF, DMF

EENNNNENNNENEENEEEEE

OMe 5 (28%)

[]

3.2. Aryl and Heterocyclic Halides

An early study reports that in the coupling of aryl halides with organostannanes,
aryl bromides are the optimal electrophiles in the coupling reaction with
allyltributylstannane. Aryl chlorides react only if strongly activated toward
oxidative addition (e.g., p-nitrochlorobenzene), whereas aryl iodides couple
only in low yields. (3)

In independent studies of the scope and utility of the reaction, it was found that
both aryl bromides and iodides couple with a number of stannanes in high yield.
(19, 87) The coupling of aryl bromides requires more vigorous conditions and
is facilitated by electron-withdrawing substituents in the para position of the
halide derivative, indicating that oxidative addition is the rate-determining step.
A specific study deals with the preparation of styrene derivatives. (88) The
method was applied to the synthesis of indole derivatives (Eq. 14). (89)
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A synthetically useful variant of the Stille reaction is the coupling of aryl halides
with aminostannanes. (90-92) The reaction so far is limited to aryl bromides.
Secondary amines can generally be coupled, whereas among primary amines,
only anilines have been reported to couple. The aminostannanes can be
conveniently generated in situ from the corresponding amines and
(diethylamino)tributylstannane. This is obviously a reaction with much potential,
and it is likely that its scope will grow after further scrutiny. An example is
shown in Eq. 15. (91) Other carbon-heteroatom bonds can be made through
the intermediacy of organostannanes, as detailed later in the section
describing the scope and limitation with respect to the types of stannanes that
can be used.

MeO Br L% Pd(PPhy,  MeO N - )
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Heteroaryl halides also couple with organostannanes. Although the scope of
these reactions has generally not been studied in detail, many examples in the
literature exist to support some generalizations. For example, 2-, 3-, or 4-
bromopyridines couple well with aryl and heteroaryl stannanes, (93-95)
whereas 3- iodopyridines couple in only fair yields. (96)
2-Chloro-3-fluoropyridine derivatives couple specifically at the 2 position with a
variety of alkenyl stannanes. (97) Even 4-chloropyridine can be coupled.
3-Bromoquinolines also couple with stannanes. (93, 98) Equation 16 illustrates
the key step in the synthesis of a lavendamycin analog. (99)
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2- and 3-Furyl (100) and thienyl (96, 101-106) halides are easily coupled with
stannanes. 2-Halothiazoles couple smoothly, as illustrated by a key step in a
recent synthesis of micrococcinic acid (Eq. 17). (107) 2,5-Dibromothiazole
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Both 2- (109) and 3-indolyl (110) halides have been coupled with stannanes.
Interestingly, 5-bromo-3-iodotosylindole couples specifically at C-3 (Eq. 19).

(110)
EEEEERREEAEN 111
T T
- =
N DMF
\ N 100-120°
Ts

2-Imidazolyl bromides couple with phenyltrimethylstannane, and 2,4-imidazolyl
dibromides couple selectively at the 2 position with aryl stannanes, contrary to
the corresponding arylboronates, which couple at both positions without
selectivity. (111)

4(5)-Imidazolyl iodides, however, can be successfully coupled. (112, 113)
4-lodoisoxazoles can be coupled with a large number of stannanes. (114)
2,5-Dibromosiloles couple with alkynylstannanes, (115) and 2-bromo- and
2,4,6-tribromophosphinines couple with stannanes in an interesting selectivity
pattern. (116)

Many applications of the Stille reaction to nucleoside chemistry have been
made since the first application of the reaction to 2-iodopurines (Eq. 20).
(117-120)
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Similar chemistry has been reported for 5-iodouridines, (121-125) and
5-bromo- or 5-iodouracil (126-128) derivatives. 5-Arylcytosines have been
prepared from the corresponding 5-iodo derivatives by Stille coupling. (129)
Stannane coupling in purine chemistry has been extended to
8-bromoadenosines, (130) 8-iodoadenosines, (131) 6-iodouridines, (132) and
6-chloropurines. (133, 134) A number of 4- and 5-halopyrimidines (halo = ClI,
Br, I) have been coupled with stannanes. (135-140) In polyhalogenated
pyrimidines the order of reactivity in the coupling is C-4 > C-5> C-2,
regardless of the halide (Eg. 21). (141)

Cl o
NT Br lhh““"“‘fj““"SnB-u; N7 X Br PhSnBus
| - | = -
= 3di PPh 1+ f = Pdi{PPh;),Cl;. DMF
C|)\N Pd(PPh;)-Cla, DMF CI/I\N
Ph Ph (21)
= =
Ph  Pd(PPh;);Cly. DMF Ph
/fﬁ\ e - N T (82%)
= @\ . =
cl N g SnBus \ d N

2-Chloropyrazines can be coupled with stannanes, (142) and even
bromo-substituted porphyrins have been subjected to the Stille coupling. (143,
144) Finally, aryl iodides attached to a polymer have been subjected to Stille
couplings in relation to the building of combinatorial libraries. (145)

3.3. Acyl Chlorides



It was reported in 1977 that stannanes can be coupled with acyl chlorides
under palladium (1) or rhodium catalysis. (2) Stille subsequently explored the
scope of the reaction and showed that it is general for a wide variety of acyl
chlorides (Eq. 22). (146)

i BnPd{PPhs)-Cl s
R'COCI + R*SnBu; =  RICOR?
CHCIs, reflux (22)

R'= Aryl, alkyl, alkenyl: R’= Alkyl, alkenyl, alkynyl. aryl

Few limitations are encountered in this reaction. Allylstannanes may react
further with the ketone products in a nonpalladium catalyzed nucleophilic
carbonyl addition. Decarbonylation is seen in some cases, but can be avoided
by running the reaction under a CO atmosphere. Product isomerization is a
complication when allyl- and alkenylstannanes are employed. This reaction
can be run under milder conditions (room temperature) by using
tri(2-furyl)phosphine or AsPh; as ligands. (11) Use of the former often prevents
the unwanted geometric isomerization. Oxalyl chloride is not a good substrate
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butene-1,4-diones, which are directly reduced to 1,4-diketones under the
reaction conditions. (148)

The coupling of acyl chlorides and alkynylstannanes is quite general and
affords gooﬂields of a, B -acetylenic ketones. (149)

Examples of this reaction in the absence of palladium are well known, (150)
and, although the uncatalyzed reaction is outside the scope of this chapter, in
some cases it is claimed to be higher yielding than its palladium-promoted
counterpart. (151) Acyl chlorides from dicarboxylic acids also participate in the
coupling. If a distannane is used, an annulation reaction results (Eq. 23). (152)

SnMey 3
COC] < BnPd{PPh;),Cl
) 4 (62%) (23)
— : THF, rt
SnMe; 0

Intramolecular couplings are also quite useful synthetically. (153, 154) An
example is shown in Eq. 24. (155)
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When the stannane used is tributyltin hydride, a general synthesis of
aldehydes results. (156)

Chloroformates and carbamoyl chlorides also couple with stannanes (157) to
yield esters and amides, respectively, in good yields (Eg. 25). (158)
Intramolecular examples have been reported. (159)
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3.4. Allylic, Benzylic, and Propargylic Electrophiles

The coupling of allylic electrophiles with organostannanes is a reaction of
general utility. Stille studied the scope of the reaction of allylic chlorides and
bromides \/morganostannanes. With allylic electrophiles, a regiochemical
issue exists™ Since these couplings probably proceed via n *-allylpalladium
intermediates, coupling at either the a or the y position is possible. Stille
reports that coupling generally occurs at the less substituted terminus of the
allyl moiety. An example is shown in Eq. 26. (24)

OMe OMe
_ /:\ Pdidha), ]
MeO,C._ = Br + Bu;Sn ———= MeO,C._ _=
PPhs, THF ™~ (26)
50°
(B6%)

Aryl- and alkenylstannanes couple in good yields. Allylic stannanes react to
yield mixtures in which coupling at the more substituted terminus of the
stannane is favored. (36, 37) Among the applications to compounds of
biological interest, the coupling of chloromethylcephems with stannanes
constitutes a versatile approach to novel semisynthetic cephalosporins. (41)



Allylic acetates (36,160,161) and allylic phosphates (162) also couple with
stannanes under special conditions. A study on the cross-coupling of allylic
acetates showed that the reaction is quite general and is best carried out in the
absence of phosphine but in the presence of LiCl. Again, coupling takes place
at the less substituted allyl terminus, and both alkenyl- and arylstannanes
couple in high yields. An example is given in Eq. 27. (163)

X SnBus Pdabay, =
OAc 7)
Ac LiCLDME

MeO
L (50%)

Alkenyl epoxides can be considered allylic electrophiles. They also undergo
coupling with aryl- and alkenyl- (but not allyl-, benzyl-, alkyl-, and alkynyl-)
stannanes to yield mixtures of 1,2 and 1,4 coupling products.
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Added water increases the yield and the regioselectivity, but further work
aimed at better control of the regiochemistry is necessary to make this reaction
synthetically useful. Equation 28 shows a typical example. (164)

o U
PhSnBus, DMF Q/
(28)
Pd(C Hquaciq

1 (765E)

Propargylic acetates do not couple with organostannanes, (165) and
alkynylstannanes may undergo anomalous coupling with allyl halides. (41)
Allenyl acetates have been coupled with stannanes to yield polysubstituted
1,3-dienes (Eqg. 29). (166)



SPh PdiPPhy)4
"H,=C W
St OAc Bu;Sn THF

Intramolecular examples of the coupling of organostannanes with allylic
electrophiles have also been reported. Under optimized conditions, large rings
can be constructed in fair yields (Eq. 30). (167)

8] 8]
e 0 Pd,(dba)s. AsPhs e O
| Cl cyclohexane, reflux (30)
S
SnBuy {38%)

Allyl esters and carbamates are important in the protection of carboxy and
amine functional groups. Deprotection conditions sometimes involve use of
Pd(0) catal in conjunction with tributyltin hydride. (168) Specific examples
are not discussed, since they are outside the scope of this review.

Few studies on the coupling of benzyl halides with stannanes have appeared.
Benzyl bromide itself couples with tetramethylstannane, vinyltributylstannane,
and tetraphenylstannane in good yields under the catalysis of BnPd(PPh3).Cl
in HMPA. (19) Reaction with hexaalkyldistannanes yields benzylic stannanes
in fair to good yields. (169) Propargyl halides have not generally been used as
substrates in the Stille reaction. Propargyl bromide couples to some stannanes
to yield allene derivatives. (170) The coupling of benzylic bromides containing
B hydrogens takes place smoothly, without substantial 8 elimination, in the
presence of the catalyst (2,2'-bipyridine) fumaronitrile palladium(0) (Eq. 31)
(171). Further applications of

J\ (EDPd(bpy). MesSn J\
- Ph (775 (31)

Ph™ “Br =
Aoy HMPA, 60




this interesting catalyst to other cross-coupling chemistry have not been
reported. Finally, a nice application of this coupling to natural product synthesis
is found in an approach to furanocembranolides (Eg. 32). (172)

CO>Me

/_& Pd(PPhs)y, DME
+ - -
Bu;Sn OTHP reflux

(32)

3.5. Alkenyl Sulfonates and Other Electrophiles

The coupling of vinyl sulfonates is, in general, limited to triflates. In a few
special caspsjwhere extra activation is present, mesylates (173) and tosylates
(174) can sed, but these substrates have limited utility and are not
discussed further. The coupling of vinyl triflates with organostannanes is a truly
general reaction of paramount importance in organic synthesis, owing in part
to the ready availability of isomerically pure alkenyl triflates. (175) An initial
study shows that the coupling takes place in high yield in THF with alkenyl-,
alkynyl-, and allylstannanes, but arylstannanes do not react. (28) The reaction
requires addition of excess LiCl (Eqg. 33).

OTf : o5 T™S
TMS Pd{PPh;)4. L1LIL S

Ik W, o 33
MesSn THE. reflux >

(90%)

The reaction of alkenyl triflates with hexamethyldistannane constitutes an
important approach to alkenylstannanes (Eq. 34). (176)



OTft SnMe;

Me;SnSnMes, Pd(PPhs)y (34)

- {(BO%)
LiCl, Li;CO4, THF, 60°

A more recent study has shown that even arylstannanes couple smoothly
under optimized conditions, using the “soft” ligand AsPhs; and highly polar
solvents such as NMP. (30) A careful reexamination of the LiCl effect has
shown that this additive is often unnecessary for the reaction to proceed if one
operates in NMP as solvent. LiCl is generally an inhibitor of the reaction in
NMP when strong ligands (PPhs) are used, but has little effect on the rate
when “soft” ligands (AsPhs) are employed. For a discussion of this complex
behavior, the reader is referred to the mechanistic section. E/Z isomerization of
the product can be a problem with these couplings (Eg. 35). (30) Use of Cul as
a cocatalyst often reduces such isomerization. (177)
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Bu:S CO,Et
OTf | uzsn Pdy(dba)s -2
= CO-Et + B (35)
OMe A;Ph_:I;NMR MeO

The intramolecular version of this reaction has been developed. The
cyclization precursors were assembled using an array of tin-containing
bifunctional synthons developed for this purpose. A variety of small- and
medium-size rings was assembled, and applications to the total synthesis of
terpenoids were reported. (31,69,178-183) Once again, LiCl behaved as an
inhibitor of the coupling. An example of this powerful methodology is shown in
Eq. 36. (184) An extension to macrocyclizations is reported. (185, 186)

Pd{PPha)y
S

(81%)



Alkenyl phenyliodonium salts also couple with alkenylstannanes under mild
conditions, as shown in Eq. 37. (187, 188)

Bu1Sn
PdiCH+CN1.Cla,
Ph"“-\f\\ IPh"'BF_]__ ) 3 )z 2 FIIW (79%%) (37)
DME, it

3.6. Aryl and Heterocyclic Sulfonates and Other Derivatives

The Stille coupling of aryl triflates has been extensively studied. In the
presence of LiCl, these substrates couple with alkyl-, alkenyl-, allyl-, alkynyl-,
and arylstannanes in high yields under relatively harsh conditions (ca. 100°).
Dioxane and DMF are the solvents of choice. Equation 38 shows a typical
example. (189)
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- (85%)
LiCl. dioxane, 987 (38)

[]

Aryl triflates are less reactive than aryl iodides, but their reactivity is
comparable to that of aryl bromides. A direct competition experiment showed
that product distribution depends strongly on the coordinative level of the
catalyst used (Eqg. 39). Unfortunately, no firm conclusions can be drawn about
the mechanistic

OTf BusSn_ m /@/‘-\
R +
Br LiCl Br TfO

Catalyst
PdiPPhs)y. dioxane 1 :6
Pd(PPhs).Cl;, DMF 5:1

(39)

basis for this dichotomy, since the two catalysts were used in different solvents,
and it is likely that the solvent is also a key factor in the ease of oxidative



addition. (30) Ether, nitro, amido, and carbonyl groups (even aldehydes) are
tolerated on the aryl triflate. Because of the harsh conditions employed, double
bond migrations and isomerizations are recurring problems. As for vinyl
triflates, a reexamination of the reaction showed that the coupling of aryl
triflates is best carried out in NMP with AsPh; as ligand. In this solvent, LiCl
reduces the coupling rate, but is sometimes beneficial to catalyst stability. An
ortho methyl group on the aryl triflate slows the coupling by a factor of 3. (30)

Separate studies have shown that electron-rich aryl triflates also couple in
good yields, especially with Cu(l) cocatalysts. (190, 191) Both 1- and
2-naphthyl triflates couple as expected, (192) as do indolyl, (193) quinolyl, and
isoquinolyl triflates. (194, 195) Pyrimidyl triflates couple with organostannanes
in good yields. (196) Among the derivatives of medicinal interest as targets,
one must note the utility of the coupling of cephem, (40) carbacephem, (197)
and carbapenem (198) triflates with stannanes for the synthesis of
antibacterial B -lactams, the coupling of uridine triflates with stannanes, (199)
and an application to the synthesis of anthramycin (Eq. 40). (200)

OFEt OEL

EEEEEEEERENEEEN/ AR EEENSEPEEREEENEEENZANNEEEEEEEEEAEDN
TN TCOMe

-

(40)
Pd( CH_}C M) Cls, THE

EI (70%) CO;Me

In addition to triflates, other sulfonates can be used, including long-chain
polyfluorinated sulfonates, (29, 201) p-fluorophenyl sulfonates, (202) and
fluorosulfonates. (203) The last appears to be of practical utility, considering
the low cost of fluorosulfonic acid vs. the expense of triflic acid (Eq. 41).

OSO,F il

* b SnBuy

. (92%) (41)
Pd(PPhs),Cl,. LiCl,
DME, it

Among the aryl electrophiles, diazonium salts participate in the Stille coupling



with alkenyl-, alkyl-, and arylstannanes, and an example is shown in Eq. 42.
(204) Given their ready availability, the under-utilization of these substrates is
hard to understand.

N2*BFy Pd(dba)y. CH;CN, rt Ph
PhS5nBus

Even some ether derivatives, notably some pseudo-saccharyl O-ethers,
couple with stannanes in low to fair yield, especially under Ni(0) catalysis, but
this reaction is restricted to tetramethylstannane so far, and therefore its scope
is still to be fully explored. (205) Diaryliodonium salts also participate in the
Stille reaction. (206)

3.7. Miscellaneous Electrophiles

Alkyl halides do not normally cross-couple with organostannanes, but some a
-activated substrates do undergo the Stille coupling. Among them, the a -halo
ethers and a -halo thioethers couple smoothly, even if B hydrogens are present
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stannanes. (208)

PMe PhC=CSnBus OMe

o

Ph |jl Pd(PPhy),, CCl,. 65°  Ph Cse (65%) (43)

Ph

a -Halocarbonyl compounds react with allyl and acetonyl stannanes in an
anomalous fashion, i.e., by attack at the carbonyl followed by oxirane
formation (Eq. 44). (209)

0 BnPd(PPh;):Cl

T Ph, ©,
4 ; (80%)
Ph)K/Hr AL sniu THE, 63° 9 RS

Perfluorinated alkyl iodides, in which B -hydride elimination after oxidative
addition is impossible, couple with stannanes in good yields, although the
reaction is proposed to be radical mediated. (210) Imidoyl chlorides couple
with stannanes in low to fair yields, thus providing a route to imines from



amides. An example is shown in Eq. 45. (211) Alkynylstannanes react in
particularly good yields. (212)

PhC=CS5nBu
)l\ : - /”\ (845 (45)

Ph Cl Pd{PPh;),Cl:. PhEL, 1307 Ph C"\:““‘C
“Ph

Although no general study has appeared on the use of alkynyl halides in the
Stille reaction, sporadic but useful applications of these electrophiles have
been recorded. (213-215) A remarkable result is reported in a dynemicin total
synthesis (Eq. 46). (216)

1
|
C S
Il #F/\

EENEPAENZENENENEN
VieO-C .. L _OACc
Me;Sn_ SnMe; ) (46)
OAc “OAc

T

Pd(PPhs)y. DME, 60°

| OTBDMS
(B0%)

Many examples of arene or polyene metallocarbonyls in the Stille
cross-coupling have been reported. (217-226) The purpose of the
metallocarbonyl moiety is often to activate the aryl electrophile toward
oxidative addition, as in Eq. 47. (227)

£
(OC):Cr cl Z “SnBu;

NSy : - S
. Pd(PPh,)y, THF
| cliiigise] 200 40
F 2.1




Several heteroatom-halogen bonds can be activated toward coupling by Pd(0)
catalysts, including P-Cl, (228) S-Cl, (229) and Fe-1 bonds. (230) The last
appears to be the first example of the formation of a transition metal-carbon
bond under the catalysis of a Pd(0) complex. An example is shown in Eq. 48.

(231)
- .
| Pd(CH;CN),Cl, |
.Filx | + RC=CSnBu; - Fe
. THEF ate
oc | Cs (48)
co OC Co G

R=H, Pr, Bu, Ph

Bifunctional electrophiles and stannanes, when coupled, usually give rise to
polymeric materials. Many examples of this strategy have been reported, as is
evident from Table XXXI. A typical example is shown in Eq. 49. (232)

~ _(49)

Pd(AsPh;)-Cly

Q
7

Bu-t "




4. Scope and Limitations: The Stannane

Unfortunately, most studies on the Stille reaction emphasize a specific type of
electrophile, and very few studies examine a particular class of stannanes.
General studies of stannane reactivity are therefore lacking. It is impossible to
discuss all examples in which a particular type of stannane has been used. In
this section we attempt to focus on a limited number of more general papers in
an effort to delineate the current scope and limitations in the use of stannanes
for the Stille reaction.

4.1. Alkylstannanes

It is generally accepted that transfer of alkyl groups from tin is much slower
than that of unsaturated substituents. (6) Indeed, it is this property that makes
the methyl and especially the butyl group such excellent “dummy,” i.e.,
“‘nontransferable,” ligands. Nevertheless, in many cases coupling of
tetraalkylstannanes occurs in high yields at elevated temperatures. Among the
tetraalkylstannanes, tetramethylstannane and tetrabutylstannane are most
often used, the former being more reactive. The coupling of these stannanes
with aryl and benzyl halides is carried out in HMPA and proceeds in good
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One of the problems associated with the coupling of symmetrical
tetraalkylstannanes is that only the first alkyl group is transferred at a sufficient
rate to be nthetic utility, (6) successive transfer becoming more and more
difficult Witfereasing halogen substitution at tin. The need therefore arises
for the use of “dummy” ligands; selectivity in the transfer of alkyl groups,
however, is quite poor. In special cases, when the alkyl group is activated by
particular substituents, some selectivity may be observed. Thus, benzyl
trialkylstannanes selectively transfer the benzyl group (27) with inversion of
configuration at carbon. The reaction is facilitated by electron-withdrawing
substituents on the aryl ring of the stannane.

Other activated stannanes have been coupled successfully, including transfer

of hydroxymethyl, (233) methoxymethyl, (234) and cyanomethyl (235) groups
onto a number of aryl bromides (Egs. 50 and 51).

Br  Bu,SnCH,0Me, Pd(PPhy),Cl, OMe
e (70%) (50)
HMPA, 80°




Br : :
BuzSnCH,CN. Pd[P(0-Tol1)],Cl CN
- {66%) (5 1)
Cl xylene, 120 Cl

The successful coupling of ethyl a -(tributylstannyl)acetate is reported; the
addition of Zn(ll) salts is needed for optimum results (Eq. 52). (236)
Unfortunately, in none of these studies was a quantitative assessment carried
out regarding the transfer selectivity of the activated alkyl vs. the “dummy”
butyl group.

Br :
BusSnCH,COsEL PA[F{o-Tol 11].Cla
- COEL gaay (52)
ZnBrs. DMF, 807
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carried out by generating them in situ from enol acetates (238-240) or enol
silanes. (241) This reaction amounts to a net a -arylation (or alkenylation) of
enolates, a rather difficult operation. The above methodology, however, is
limited: Only methylene enolates are arylated in good yields, whereas more
substituted|dgrivatives couple poorly (Egs. 53 (240) and 54 (241)). Further
synthetic studies in this important area are warranted.

OAc _ 0
., Pd[P(0-Tol 1)]Cl, R?
a R i3 /l\/ 3 g
)\[/ B Bu;SnOMe, oS
R! toluene, 100° R!
R' R ©9
H H (62%)
H Me (35%)
Me Me (8%)

OTMS Br  py[p(o-Tol3)1,Cl, Ph
+ [
Ph& Bu:SnF, 0 (54
MeO MeO

benzene, 100°
{62%)



Cyclopropyltributylstannane transfers the cyclopropyl group in low yield. (126)
The coupling of a -amino- and a -alkoxystannanes (242) with acyl chlorides
takes place in good yields and with retention of configuration at the sp® carbon
of the stannane, provided Cu(l) salts are added as cocatalysts (Eg. 55). (243)
The intermediacy of an organocopper species has been implicated.
4-(Tributylstannyl)-2-azetidinones also couple with acid chlorides. (244)

OMOM OMOM

coci SnB Pd(PPh:)»Cls, CuCN Fh
N SnBu, 11:Cls, Cu N (55)
toluene, 75° ]

(B0%%)

An important advance in the selective transfer of alkyl groups from tin has
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including sec-butyl and a -trimethylsilylmethyl, is achieved under rather mild
conditions. Further research is needed to expand the synthetic utility of
systems containing a substituent capable of triggering pentacoordination at tin.

4.2. Alken annanes

The couplimf alkenylstannanes with a variety of electrophiles is a quite
general reaction, and it is difficult to find specific limitations in the literature.
Some failures, however, have been reported. Most studies on the
cross-coupling of alkenylstannanes are limited to readily accessible
1,2-disubstituted substrates. These couple efficiently and often with good
stereospecificity. (47) More heavily substituted or more complex stannanes
couple sometimes with difficulty or not at all. In particular, alkenylstannanes
that bear another substituent a to tin appear difficult to couple. For example,
stannane 14 does not couple with internal alkenyl iodide 15, but couples
normally with its terminal isomer 16. (244a) This difference is most likely due to
steric hindrance.

SnMes COsEL COEt

I NHAc NHAc
(14) (15) (16)



Methyl a -(tributylstannyl)acrylates couple abnormally with iodobenzene,
owing to their tendency to yield cine-substitution products (vide infra). (245)
Normal ipso reactivity is restored by the addition of Cu(l) salts. (246) 3
-Substituted a -(tributylstannyl)acrylates, however, couple normally with both
acyl chlorides (247) and allylic halides (Eq. 56). (248) Evidently, the 8
substitution dramatically slows the cine-substitution process.

C0O-;Bu-t Pdidba) CO-Bu-t
PN AT — AT Y
SnBu, THF (58

(56%)

a -Styrylstannanes yield cine substitution when coupled with aryldiazonium
compounds (vide infra), (249) but can be coupled with acyl chlorides without
side reactions. (250) Again,  substitution restores normal Stille reactivity,
although in poor yield. (251) In general, densely substituted stannanes react
poorly, and their coupling must be carefully optimized. An example from the
total synthesis of lacrimin A is shown in Eq. 57. (252

OTBDMS I OTBDMS
O ! Pdi{PPhs}2Cls, ZnCls | = OTBDMS
+ Eoa
1Me | . LiCl, dioxane, reflux SR
g SI'!BU_: 2
OTBDMS (43%)

Examples where every attempt to induce coupling fails include stannanes 17
(253) and 18. (51) Other stannanes with seemingly comparable steric
hindrance, however,

snBuy
0 >~ _-SiMesPh

OTBDMS

N sSnBuy

: SPh 0

(17 (18)



couple under standard conditions. For example, a -trialkylsilyl substitution in
alkenyltrimethylstannanes prevents Stille coupling with allyl halides because
the methyl groups on tin transfer more rapidly. (254) However,
1-triethylsilyl-2-trialkylstannyl-1-alkenes similar to 18 can be coupled with acyl
halides (Eg. 58). (255)

SnBllji )‘l}\ Pdf{:H'ILN}E'C.!? COPh
. S.\)\ ’ ™ EhSi\.)\
PINA S pp P~ TCl CHCl5, 60° WINA Sy, (58)
(H5-699%)

a -Phenyl and a -methyl substitution of olefinic stannanes does not seem to
hinder Stille coupling in some cases (Egs. 59 (49) and 60 (256)). The latter
coupling, however, is successful only in the presence of cocatalytic copper.
This may represent a general solution to the problem of coupling hindered
alkenylstannanes.

OITTTITTT

ot P O
nMe; -
TBDMS. _= T BnPd(PPh:),Cl  TBDMS.__~ ) (60
Cul, DMF
OFEt b

Another example of this trend is shown by the difficult coupling of
cyclohexenylstannanes with aryl triflates. Butyl transfer is an important side
reaction here, unless one employs cocatalytic copper (Eq. 61). (33)



SnBuy OTf e Bu-n
U /@/ Pd(PhCN),Cl, /@/
+ - +
NME. 80- 100
-Bu A Ac
(19)
Bu-r (61)
Additives 19:20
P(2-furyl); 36:64
AsPhs 10:90
AsPh; + Cul (:100
Ac

(20

c

In general, 1-tributylstannylcycloalkenes couple very sluggishly under Stille
conditions, (257, 258) and the reason must be attributed to some type of steric
hindrance. 8 -Stannyl enones, (259) B -sulfonyl alkenylstannanes, (260) and 3-
(or 4-) tributylstannyl-2-(5H)-furanones (261) have been made the objects of
special investigations. In each case coupling with electrophiles is successful.
Other types of alkenylstannanes that have been separately investigated
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(267) and cyclobutenedione (12, 64, 268) stannanes.

a -Alkoxy-substituted alkenylstannanes seem to be especially reactive
partners in the Stille reaction. (269-271) 3 -Alkoxyalkenylstannanes have also
been couplgd|successfully. (272-274) Polyunsaturated alkenylstannanes have
been studietin a few sporadic cases. Thus, allenylstannanes couple with aryl
iodides (275) and triflates in modest yields (Eq. 62). (276) With allylic
electrophiles, these stannanes

SnBujy

OTt X
( Pda(dha)a. P2-furyl)y
C + - CHE (62)
il Ac LiCl, Cul, DME, 80~ i

CH; (60%)

yield propargylic derivatives, the result of allylic inversion. (165) A variety of
dienyl- (277) and ynenyl- (278) stannanes have also been coupled with a
number of electrophiles. 1,1-Distannylalkenes have been coupled with allylic
halides, double substitution being the result. (254) With
1,2-bis(stannyl)ethylenes, on the other hand, monocoupling can be controlled
to produce substituted alkenylstannanes. A large excess of the bis(stannane)
is not necessary, because the first cross-coupling is faster than the second



one. The second coupling can be carried out under more forcing conditions
(Egs. 13 and 63 (279)).

Bu3Sn x Pd(PPh), S OnBu;
. %SHHUR + —-.
toluene, 100 (63)
Ac Ac

X=Brorl (56%)

4.3. Aryl and Heterocyclic Stannanes
Arylstannanes couple readily with a variety of electrophiles. Both
electron-withdrawing and electron-releasing substituents on the aryl ring can
accelerate coupling, an indication of a dual mechanism for the transmetallation
(see mechanistic section). (30) In general, however, electronic effects in the
transmetallation are minor. On the other hand, steric effects can be important.
An alkyl group ortho to the tin residue can slow the coupling by a factor of ca.
20. An ortho methoxy group, which is sterically much smaller, leads to only a
2-fold rate reduction. (30) In general, therefore, coupling with ortho-substituted
EEEEEEEEERGEE N D EC I NN EECEEENEN I AAUIACACEECHNNNENNER
can take place (see section on side reactions). This problem has been tackled
successfully by using Cu(l) salts. Under these conditions aryl group transfer is
exclusive. (30, 280)

Aryl trichloppsfannanes have been used as coupling partners in aqueous
media empleying vigorous conditions, (281) under which the tin-chlorine bond
is probably hydrolyzed to a tin-hydroxy species, because coupling does not
take place in organic media (Eq. 64). (282) This protocol obviates the use of
organic solvents, but

SnCl, I Ph
O/ @i PdCl,. ag. KOH @i 885 (64)
+ = - { ]
NH, L NH;

appears limited to water-soluble electrophiles. In a similar vein,
tetrabutylammonium difluorotriphenylstannate can be used to transfer a phenyl
group onto vinyl triflates. (283)

Pyridyl-, quinolyl-, and isoquinolylstannanes have been the objects of separate
studies. They couple smoothly with acyl chlorides. (284, 285) Electron-rich
heterocyclic stannanes, such as the 2-furyl-, 2-thienyl-, 2-pyrrolyl-, and



2-thiazolylstannanes, couple with aryl halides under rather mild conditions. An
example is shown in Eq. 65. (286)

N Br N
), ) o ©
s SnBu, Cl THE, reflux Cl

(BT )

3,4-Distannylfurans have been studied in great detail as bifunctional reagents,
(287) and 3-stannylfurans have been used as substrates with acyl chlorides.
(288) 2-Stannyl- (289, 290) and 3-stannylindoles (291) have also been
coupled with a variety of electrophiles. 5-Isoxazolylstannanes have been
coupled with aryl iodides. (292, 293)

2-Tributylstannylfuran couples with a number of a -chlorocyclobutenones in
low yields, and it is postulated that this is due to further attack of the
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These electrophilic palladations of electron-rich heteroaromatics are indeed
precedented. (294) However, 5-trimethylsilyl-substituted stannylfurans couple
in excellent yields. (295)

Equation 6ﬁuows the application of the Stille reaction to the synthesis of
5-substituted@ turanones. (296)

/ﬂ\ Br Bapd(PPhy),Cl o} ©6)
- -
t-BuO §) SnBu; . DMF, 70°

2. TEA
{(509%)

Couplings of nonaromatic, heterocyclic stannanes are often found in the
literature. A popular target has been a -substituted glycals. (297-300) One
example is shown in Eq. 67. (301)
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4.4. Alkynylstannanes

Alkynylstannanes couple smoothly with a variety of electrophiles, including
alkenyl halides. (47) This class of stannanes is the most reactive of all,
according to Stille, (6) and few limitations exist. Alkoxy-substituted
alkynylstannanes have been used in an interesting approach to a -aryl and
heteroaryl acetates (Eg. 68). (302)

B
_ N Pd(PPh;),Cl; e CO,FEt
EtOC=CSnBu; + || - | T (54%) (gg)
z 1. ENCL DMF, 1t z

N 2. H250y. acetone N

In general, although these stannanes are quite reactive, their use in
cross-coupling chemistry is often unnecessary, since terminal alkynes couple
directly with organic electrophiles using a palladium catalyst, cocatalytic
copper, and amines as bases (Sonogashira coupling). (303)

4.5. Allylstannanes

Allylstannanes have been underutilized in the Stille coupling, presumably
because of the difficulties with the synthesis of regiochemically defined
substrates and their tendency to undergo allylic isomerization, thus making it
hard to predict the regiochemistry of the coupling. Simple allylic stannanes
couple more slowly than alkenylstannanes, (6) but at acceptable rates in most
cases. One problem that has been documented with allylstannanes is the
tendency of the double bond to move into conjugation after coupling,
especially in reactions with acyl halides (146) and aryl triflates. (189) This can
sometimes be prevented by operating at lower temperatures using
tri(2-furyl)phosphine as the palladium ligand (Eg. 69). (11)
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Conditions (69)
PdiPPhj;)y. LiCl, I (18%) + I1 (549%)
dioxane, 98~

Pdz(dba)s, LiCl, I (78%)
P(2-furyl);, NMP, rt

y position, and not enough data are presented in the literature to draw firm
conclusions. (2) Thus, crotyltrimethylstannane couples with acyl chlorides to
yield a 1:1 mixture of a and y products, but the product resulting from y attack
predominates at lower temperatures. (146)

Terpenic allylstannanes undergo regioselective Rh-catalyzed acylation at the a
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(150, 304)
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AcCl, Rh(PPhs):Cl
CH,Cls. 60°
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)\/com -
- (54%) (71)
Rh(PPh3);Cl
CH,Cls, 60°

A few special classes of allylstannanes have been described as substrates for

(74%)

MeySn




the Stille reaction. An interesting one is shown in Eqg. 72. (305) Thus, a
-alkoxyallylstannanes

0 0
BnPd(PPh3)-Cl
S hed OFt
W % Ph)l\(;l S——— Ph)k(w (72)
OFt

(72%%), E:Z=T5:25

BuiSn

couple with acyl chlorides to yield the allylically inverted 3 , y -unsaturated
ketones, which can be further converted to 1,4-dicarbonyl compounds by acid
hydrolysis.

On the other hand, y -carbalkoxy-substituted allylstannanes undergo selective

coupling at the a position with alkenyl, aryl, and acyl halides (Eq. 73), but only
at

9] O
BnPd{PPh3),Cl
HU]SH ANC{_}IFI + Ph)l\(:l - P]]/“\/IK'JCU;EI (73)

CHCl,
EEEEEEEEEEEERE A ERRREREEEEEEEEEEENEER Y EFEENIDEERENAEN

the y position with allylic electrophiles. (306) This confirms early results, in
which allylstannanes were coupled with allylic electrophiles with predominant
allylic inversion. (35, 36) Further aspects of this reaction are discussed in the
mechanisti ction.

The use of an allylic bis(stannane) as an annulation reagent has already been
discussed (Eg. 23).

In conclusion, although allylstannanes are useful partners in the Stille reaction,
they have been used infrequently, probably because the regiochemistry of the
coupling is still unpredictable. This area certainly deserves further in-depth
research.

4.6. Other Stannanes

Acylstannanes have been coupled in a few cases with acyl chlorides to provide
unsymmetrical a -diketones (Eqg. 74). (307) A CO atmosphere may help to
prevent decarbonylation.

8] O 0

Pd{PPh+1)-Cl~
+ EEE—— Ph (59%)
\H\SnBu_q Ph)kq toluene, 100° W (9%) (74)
0



Distannane derivatives are useful reagents in conjunction with a variety of
electrophiles. Upon reaction with acyl halides, they yield mixtures of
symmetrical ketones and a -diketones. Diketones predominate under a CO
atmosphere. (308) Under suitable conditions, the reaction stops at the
acylstannane stage, and this is preparatively useful (Eq. 75). (309)

i BnPd(PPhy),Cl. Me;SnSnMes 9

. P Y 0%  (75)
Ph

Cl THEF, reflux Ph SnMe;

The couplings of hexamethyl- and hexabutyldistannanes with aryl bromides
and iodides, and also with benzylic bromides, are high yielding, homocoupling
of the electrophile being the only detectable side reaction (Eq. 76). Most
substituents on the aryl ring are tolerated except p-amino and p-nitro. Under

these conditions, allyl and alkenyl halides give the corresponding stannanes in
EEENENNAENYNERNTSANNANNNANANNNNNNANNANNNANANNNNNNAEY

| X SnMe4
Pd(PPh3);Bry. MeiSnSnMe,
toluene, 1157
MeO o MeO

The coupling of distannanes with aryl halides has been studied independently,
(310, 311) and another investigator found that some of the above limitations
can be overcome by using “ligandless” conditions. (312, 313) A problem with
this protocol is, however, disproportionation of the distannane, and an excess
of the reagent must be used. A typical example of this protocol as it applies to
allylic acetates, bromides, and chlorides is shown in Eq. 77. (314) Nickel
catalysis has also been used in this reaction. (315)

B i SnMe
H]] 1":‘_'-‘.H_§.}PdL‘] |:__| n L_-'!-
' (83%) (77)
Mf,_:.‘inth'ie_L HMPA. 1t




The reaction of distannanes with vinyl triflates is an important route to
regiochemically and geometrically defined vinylstannanes, as previously
shown (Eq. 34). (176) Even some activated vinylic chlorides couple with
hexamethyldistannane. (260)

Aminostannanes react with electrophiles, such as aryl and alkenyl bromides, in
variable yields (Eq. 78). (90, 316) This process was recently reinvestigated
and improved, (91, 92) as already illustrated (Eq. 15).

BusSnNEL;, xylene
Br

= ~~NEw (50%) (78
o Pd[P(o-Tol)]2Cly. 100-120° Ph (78)

The formation of C-S bonds via organotin sulfides is also well precedented.
Alkenyl, (317) aryl, (318) and heteroaryl halides (319) participate. An example
is shown in Eq. 79. (320)
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(79)
2 2 NO;

{100%)

Among related reactions that have received only scant attention,
(trimethylstannyl)diphenylphosphine couples with iodoaromatics to provide
substituted triarylphosphines, (321) and tin alkoxides have been coupled with
allylic electrophiles. (322) These methods have not been further applied to
organic synthesis.



5. Carbonylative Couplings

When a Stille coupling is carried out under a CO atmosphere, carbonyl
incorporation under catalytic conditions is possible. The reaction is general for
alkenyl, aryl, heteroaryl, and allyl electrophiles (Eq. 80).

[Pdi{)]

RI-X + CO + RZSnR% RYCOIR? + RYSnX (80)

The earliest report of a successful carbonylative coupling between a stannane
and an organic halide showed that several simple aryl, alkenyl, and benzyl
halides could be coupled with simple stannanes under rather vigorous
conditions (Eqg. 81). (323) A considerable body of research has been reported
as this procedure has been refined and its scope defined.

PhPd{PPhs).l

OITTTITTT

R! = Ph, PhCH,, PhCH=CH. EtO,CCH,: R? = Me. Bu. Ph: X = C1. Br. |

[]

5.1. Alkenyl Halides

The palladium-catalyzed carbonylative coupling of alkenyl iodides with
alkenylstannanes affords the corresponding dialkenyl ketones in good yield
(Eqg. 82). (324) The reaction takes place under neutral, mild conditions
(40-50°,

R R'
54 Pdi{PPh;):Cl.. THF 4 i
R_\%\l + RJF;I]BI.I':J - R_\%\H, R
15-45 psi CO, 50° (82)
R R O
R*= alkenyl

THF) and low CO pressure (1-3 atm). One may assume that all of the
functional groups compatible with the standard, noncarbonylative
cross-coupling reactions are also compatible with the carbonylative conditions,
although no comprehensive study has been reported.

L% 4. 06 2 RICOR?
ENENNNRRNARNPARENERN NENNNNENENENENERE
HMPA



The outcome of the reaction can be sensitive to CO pressure, and slightly
elevated pressures (45 psi) typically eliminate the competing direct coupling.
An example can been seen in Eq. 83. B -lodostyrene requires 45 psi CO for
exclusive

O

: SRy, PIPPhaCl, THE 1

M m noily - /\)\/\ 83

Ph” ST 4 prT S 45 psi CO PH. X Z > py, (83)
(70%)

carbonylative coupling, because under 15 psi CO a 1:1 mixture of direct and
carbonylative coupling products is formed. (324) Double bond isomerization
can be a problem. Alkenes with Z geometry have a propensity to isomerize,
especially under harsh reaction conditions.

Alkenyl iodides can also be transformed into the corresponding a, B
-unsaturated aldehydes through carbonylative cross-coupling using tributyltin
hydride as a partner. As with ketone formation, partial Z/E isomerization is a

OITTTITTT

problem (Eqg. 84). (325
1111 I“Iil|||||||||||||||||||||||||||||||

—, Pd(PPhs)y. THE —
n-Bu [ + Bu3SnH = u-BumCHD 84)

45 psi CO, 507

5.2. Aryl and Heterocyclic Halides

Aryl iodides and bromides, but not chlorides, can be carbonylatively coupled
with organostannanes to furnish ketones. The number of examples in the
literature for aryl iodides and bromides is limited, and although bromides
couple, the yields are low. The moderate interest in aryl halides is due to the
extensive versatility of aryl triflates in this coupling strategy. The protocol using
“ligandless” conditions is illustrated in Eq. 85. (326, 327)

Z:E =85:15

O

. I -CiHs)pdCl), TR R2
Rl + Me;SnR* : = R4 (85)
F 45 psi CO, HMPA, 20° =




A recent example, which uses more vigorous conditions but employs a
nonpolar solvent, is shown in the coupling of aryl and heteroaryl iodides with
cyclobutenedionestannanes (Eq. 86). (268)

0O 1 0
Bu;Sn /> BnPd(PPh),Cl R'CO '|/>

RII + | —0 , e | ke
30 psi CO, CgHg, 807 N
0 0O

(86)

R! = Ph, 2-thienyl

The role of additives, as well as potential ligand effects, has not been
experimentally determined for the carbonylation reaction. There is a report on
the beneficial effect of AsPhs in the context of a key step in a total synthesis of
strychnine (Eq. 87). (328)

A

OTIPS MeN NMe
Pd,i(dba);, AsPh,

-

Me;Sn CO. LiCl. NMP, 70°
OBu-t

OTIPS

(87)

W
MeN. N

(B0
OBu-t

A variety of heterostannanes (R3;Sn-OR',-SR’,-NR’) can also be used as
nucleophilic partners in the carbonylative Stille reaction (Eq. 88). (329, 330)
Esters and
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N I _ PhPA(PPhy)l i XR*
ridL +  MesSnXR- —— = Ry (88)
3 15 psi CO, HMPA, 20° P

XR*= NEt,. SPh. OMe

amides are formed under mild conditions using HMPA as solvent.
Electron-withdrawing groups on the aromatic ring appear to slow down CO
insertion, and when such functional groups are present, there is competing
direct coupling between the aryl moiety and the heterostannane.

The formylation of aryl iodides appears to be a general process. Aryl bromides
furnish the desired aldehydes in moderate to low yield. A competing side
reaction is direct reduction of the halide. Aryl iodides containing
electron-releasing groups are formylated under 15 psi CO, whereas those
containing electron-withdrawing groups need at least 45 psi CO to minimize
reduction. Slow addition of tributyltin hydride to the reaction mixture under CO
pressure is necessary in order to optimize the ratio of aldehyde to reduced
product. A single example using 3-iodofuran demonstrates that heterocycles

I I IR T N RN R Bahdisbbedidnivibi@dlingtlsinkohd EQ BB 13RSI BD I I F R U U R U DU N U U N U U

| CHO

¢ BusSuH Pd(Pl h?}J-THI'= /j\ —_— (89)
0 D ’ 45 psi CO, 50°

O

Ortho substituents adversely affect the yield, and those containing a
heteroatom also present a unique problem: the potential for competitive
alkoxycarbonylation or amidation (Eq. 90). (332)

no BusSnH
g 0 (100%)
C[\(}H Pd(PPhs)y. THF 5
I 45 psi CO. 50° (%0)
BLL_‘;SHH i OH (355)
H



5.3. Allylic and Benzylic Halides

Allyl and benzyl chlorides insert CO when reacted with stannanes, forming the
corresponding ketones. (24) Diallylic ketones have been prepared under very
mild conditions. (333) Higher pressures of CO favor ketone formation over
direct coupling. The major side reaction is the carbonylative homocoupling of
the organostannane. Carbonylative couplings occur with inversion of
stereochemistry at the halide-bearing carbon, at least under the conditions
specified in Eq. 91. (24)

CO,Me CO,Me

| Pd(dba)s. PPhs
+  Bu:SnR ot
: 45 psi CO, 50°, THF R! (91)

Cl

R'= Ph, alkenyl, allyl, H

Allyl and benzyl chlorides are also formylated readily. Double bond migration
to the a, B-unsaturated aldehyde is a common problem with allylic chlorides,
as is competing reduction. (331)

5.4. Alken ulfonates

Alkeny! trifl are popular substrates for carbonylative coupling, which leads
to a, B -unsaturated ketones and aldehydes. Many coupling examples can be
found in the literature, and the scope of the reaction is broad. This strategy has

been used in the total synthesis of natural products such as A **?-capnellene
(Eqg. 92) (334) and jatrophone. (335)
O
OTft 4 Pd{PPh3)4. LiCl
TMS G -
+ Mcﬁnw . : - | (92)
' CO, THF. reflux
TMS
(87%)

Aryl-, alkynyl-, and alkenylstannanes all couple well, but double bond migration
is a problem with allylstannanes. It has been reported that lithium chloride is a
required additive for successful reaction. In several examples, the addition of



L
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zinc chloride improves the yields. (335) Macrocycles can be effectively
prepared through intramolecular carbonylative ketone formation using a
polymer-supported palladium catalyst. (186)

5.5. Aryl and Heterocyclic Sulfonates

The palladium-catalyzed carbonylative coupling of aryl triflates to give aryl
ketones takes place under mild conditions. (336) Alkenyl-, alkynyl-, and
arylstannanes all work well as coupling partners, but the presence of
electron-withdrawing groups (e.g., NOy) in these stannanes adversely affects
the reaction because the aryl triflate is cleaved at the oxygen-sulfur bond.
Allylstannanes are ineffective, resulting in high proportions of directly coupled
products. As with alkenyl triflates, the presence of lithium chloride is required,
but here the catalyst dichloro[1,1¢-bis(diphenylphosphino)ferrocene]palladium
gives superior yields (Eq. 93). If a competitive coupling site such as bromide is
present on the

O

OTt

Pd(dppfCly, LiCl R* (93)

aryl triflate, carbonylative cross-coupling takes place selectively at the triflate
moiety even in the absence of lithium chloride (Eq. 94).

[] 0

OTf o
: PdidppfiCl,
/Q/ N e - L ©
Br 15 psi CO, DMF, Br Ph

707 (80%)

5.6. Miscellaneous Substrates

Some activated organic halides containing 8 hydrogens can be carbonylatively
cross-coupled under high CO pressures, and the ligand of choice for this
reaction is triphenylarsine (Eq. 95). (337) The reported scope of this reaction is
limited to the
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Pd(AsPh3),Cly . i
\I)I\UI:'I +  MesSn —— OFt (62%) (95)
600 psi CO,

o HMPA, 120° o

use of a -phenethyl bromide, ethyl a -bromopropionate, and a-phenylpropyl
bromide as substrates for the formation of methyl ketones, and the major side
product is the result of elimination to the corresponding alkene. In a single
example tetraphenylstannane has also been coupled. (323)

An interesting example of carbonylation has been applied to the synthesis of
(+)-negamycin and (-)-5-epi-negamycin (Eqg. 96). (338) The intermediate from
the

Ph L
Pd (CH:CN).Cl5 (1 eq) Phh.('\ 27T el O
Ph%ﬂ - ROAC O M,._

Ei:N, NaCH{CO;R ), i NA\Q R'SnBuy

R T D T I T T]

Pd
(L)y

(96)

R'= alkenyl, aryl, heteroaryl

palladium-assisted alkylation of an optically active enecarbamate is effectively
carbonylated in the presence of an alkenylstannane to furnish the desired
optically active ketone. Although this transformation requires a stoichiometric
amount of palladium, it appears to be quite general and works well with a
variety of alkenyl, aryl, and heteroarylstannanes. (339)

Aryl diazonium salts are also effective substrates for ketone formation (Eq. 97).
(340) Diaryl and arylalkyl ketones can be prepared under very mild conditions.
The presence of electron-withdrawing and electron-releasing groups on the
ring is tolerated, and products from direct coupling are not observed.
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6. Complex Synthetic Sequences Involving

Tin-to-Palladium(ll) Metathesis Steps

A strategy that is receiving considerable attention in palladium chemistry is the
tandem Heck-Stille sequence. Under suitable conditions, the
organopalladium(ll) intermediate resulting from a Heck insertion can be
trapped by an organostannane, resulting in the formation of two C-C bonds at
once. This strategy works best when the Heck adduct cannot undergo
palladium hydride B elimination. The norbornyl system is used often in this
sequence because the initially formed adduct 21 (Scheme 3) has no easily
accessible syn 3 hydrogens, which are needed for a stereocontrolled
elimination, and it is stable enough to be intercepted by the stannane to yield
22.

Scheme 3. The Tandem Heck/Stille Strategy.

| PdL,, | R’Sn(R*);
+ R'X — = R S ———
[

L.X
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This strategy can be used in conjunction with Pd(PPh3), as catalyst, alkenyl or
aryl bromides as electrophiles, and alkenyl-, alkynyl-, aryl- or allylstannanes as
traps. The yields are low to fair, and direct coupling is the major side process.
(341) Allyl, benzyl, and acyl halides do not participate in this reaction. Among
the stannanes that do not participate are the activated alkylstannanes,
aminostannanes, alkoxystannanes, and thioalkoxystannanes. (342) For the
analogous reaction with norbornadiene as substrate, the best ligand is
(o-tolyl)diphenylphosphine. The additive tetraethylammonium chloride is
needed for best results. (343)

More generally useful is the analogous sequence in which the initial Heck
insertion is intramolecular. An elegant application to the synthesis of
benzoprostacyclins is shown in Eqg. 98. (344)
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This method can be extended to situations in which the initially formed
organopalladium(ll) intermediate is, in principle, capable of undergoing ready 8

T AT RN R UY Ihddedk diihidalioh INevErhdieks] fihd tdnhd of thelplodedsivihink Bebb |
tri(2-furyl)phosphine to accelerate the metathesis, in conjunction with zinc
chloride, affords the Heck-Stille coupling product in high yield. The generality
of these observations remains to be verified (Eq. 99). (345)

Pdidba) PhUgS SUQ Ph
P(2-furyl); # SnBu;
ZnCls, THE,
reflux
i PdL,Cl (99)

PhO:rS SUE Ph

(76%)
A

When C-C triple bonds are used as intramolecular traps in this strategy,
competing B elimination is not possible, and the tandem process is often
successful, the only competition originating from the direct coupling
(intermolecular) process. The initial 5-exo and 6-exo cyclizations are faster
than direct coupling, and the tandem process succeeds, even though Al, Zr,



and Zn derivatives often yield better results. (346-350) An application of this
strategy to a neocarzinostatin synthesis is shown in Eqg. 100. (351-353)

CH OTBDMS
&= r |
Br Pd(PPhs)s.
+ C —_—
TBDMSO - GED \lfl:l‘ loluene, H0°
|
SnBu;
(100)
.C” " OTBDMS
C
OBn

(8650)

TBDMSO

Similar applications to the synthesis of vitamin D are reported. (354) Carbon
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interesting intramolecular Heck-CO insertion-transmetallation strategy is
shown in Eqg. 101. (355)

N 0 Pd(0), tol "
. @\ (U}, toluene - (101)
[ \—ph

0" SnBuj Co, 110°

(82%%)

In special cases, even the intermolecular insertion of alkynes can be carried
out. When the electrophile is an allylic halide, apparently the direct coupling
with stannanes is slow enough that the alkyne is first to react with the
intermediate allylpalladium complex. Aryl-, alkenyl-, and alkynylstannanes can
be used as traps. The yields, however, are quite modest (10-53%). An
example is shown in Eq. 102. (356) A Ni(0)-catalyzed version of this reaction
proceeds in higher yields, at least with alkynylstannanes as traps. (357)



Br PdiCHCN}-Cl»
TMSC=CH + A~~~ 4+  PhSnBu, -

P(2-furyl)s,

Eiy;NCI, HMPA
WNC (102)

Ph

An interesting variant of the tandem Heck-Stille protocol is the reverse strategy.
A bis(electrophile) can undergo monocoupling with an alkenylstannane, and
this is followed by a fast intramolecular Heck reaction (Eq. 103). (358) This
interesting

TrO TO
= Pd{PPh1)4
*  BusSn

Stille

OTf .

strategy deserves further investigation. There are a number of interesting
strategies for the construction of aromatic rings based on the ring opening of
complex cyclobutenones, which on thermolysis rearrange to arenes via
dienylketenes, as exemplified in Eq. 104. (359) Both alkenyl- and
arylstannanes can be
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used in this coupling, leading to benzene and naphthalene derivatives,
respectively, after electrocyclic ring opening/reclosure.

Variants of this technique are the synthesis of benzofurans and
benzothiophenes, (295) an approach to naphthoquinones and anthraquinones,
(360) and new routes to benzocyclobutenedione derivatives, (361)

azaheteroaromatics, (362) and 2-pyrones, the last involving a carbonylative
EEEEEEREER I GGENEAEEEEEEEREREREEEREEER :I:I:I:IfEEEEEEEEEEEI
Finally, the oxidative addition of Pd(0) onto silicon halides can be incorporated

in a three-component condensation involving 1-alkynes, TMSI, and alkenyl-,
alkynyl-, or allylstannanes. An example of this powerful protocol is shown in Eq.

105. (364) []
ey - Ph # ~8nBu,
_ _ _ -

PhC=CH TMSI, dioxane IL Pd>_\TM9

ﬂn "

6l
(105)
Ph
— (BO%)
T ™S

The use of complex strategies centered on, or terminated by, cross-coupling
chemistry is an important and expanding synthetic tool that allows the
formation of two or more C-C bonds, usually in a regioselective and
stereoselective manner.



7. Side Reactions

7.1. Homocoupling Reactions

Homocoupling of stannanes is apparently the most common side reaction
observed when attempting Stille couplings. (30, 106, 204, 286, 297, 299, 365)
The reaction may even be synthetically useful when symmetrical dienes (366)
or biaryls (30) are desired. An obvious source of small amounts of
homocoupled product is the reaction of the stannane with the Pd(Il) precatalyst
when this is employed. Each molar equivalent of Pd(ll) reacts with two
equivalents of the stannane to afford a symmetrical product. In many cases,
however, larger amounts of homocoupling products are observed than can be
accounted for in this way, and homocoupling takes place even when
employing preformed Pd(0) catalysts. The reaction involves a catalytic cycle
that has a radical component and requires atmospheric oxygen. Insertion of
Pd(0) in the carbon-tin bond of the stannane is postulated as the first step of
the cycle. (30)

Homocoupling of the electrophile is often observed in transition
metal-catalyzed cross-coupling reactions, (367) and there is evidence for a
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clear whether this exchange occurs in reactions that use phosphorus-based

ligands. A similar phenomenon with PPhz as ligand, on the other hand, has
been documented. (34)

7.2. Transof “Nontransferable” Ligands

The Stille reaction usually employs three groups on tin that are not meant to be
transferred in the coupling. Overwhelmingly, trialkyl derivatives are used
because alkyl groups transfer slowly. Typically, trimethyl- or tributylstannane
derivatives are used because of the ready availability of the corresponding
trialkyltin halides. Selectivity is not, however, always complete.

For example, phenyltrimethylstannane couples with aryl triflates to yield
products resulting from both aryl and methyl group transfer. (189) The
selectivity is solvent dependent, dioxane yielding more aryl transfer than DMF
or NMP. The phenyl group transfers 37 times more readily than n-butyl in NMP,
using an aryl triflate as the electrophile. This ratio shows little dependence on
the type of ligand. The ratio of the transfer rates of phenyl vs. methyl, on the
other hand, is only 5. (30) These data strongly suggest that n-butyl groups are
preferable to methyl groups as nontransferable moieties. The use of Cu(l) salts
as cocatalysts improves this selectivity to >50:1, (33) and this may represent a
potentially general solution to the selectivity problem (see also Eq. 61).

An interesting selectivity switch occurs in a hindered Stille coupling using



stannane 24. Whereas exclusive methyl transfer is observed under traditional
conditions, use of Cu(l) salts leads to the aryl transfer product 26 in moderate

yields (Eqg. 106). (280)
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Other reports of alkyl group transfer in competition with the intended transfer of

an aryl grore rather widespread, (55, 191, 369, 370) and alkyl group
ometimes be competitive even with alkynyl (219) and alkenyl

transfer ca

coupling. (40, 259) Once again, use of Cu(l) has resulted in substantial
selectivity improvement in a butyl vs. alkenyl transfer competition. (33)

Further studies aimed at more careful quantification of alkyl group transfer as a
side process and at discovering new tools to increase selectivity are definitely

warranted.

7.3. Destannylation

Hydrolytic destannylation, probably brought about by traces of water and/or
acids in the reaction medium, has been reported in very few cases, perhaps
only because such a process in structurally simple stannanes yields volatile

products that are difficult to detect. Organostannanes are quite stable
hydrolytically, but when electron-rich aryl- or heteroarylstannanes are
employed, destannylation may be a serious side reaction. (371, 372)

7.4. Cine Substitution

Cine substitution can be a side process in a cross-coupling reaction, and



Scheme 4 illustrates an example, together with a proposed mechanism. (204)
Scheme 4. Mechanistic interpretation of cine-substitution.

Ph Pd(dba), Ph
+ PhN,BF; —— N—,
Bu3Sn CHCNn Ph
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The first step is obviously an insertion of the arylpalladium intermediate across
the double bond of the olefin. Evidently, a direct transmetallation is hindered by
the a -phenyl substituent on the stannane. The following steps of 8 elimination
and protodestannylation are reasonable and precedented. Another example of

T o i Y N T T N T
TP RNl arrr i rrsrnnnnnnnuy
W d BTeoeie 9 ally o ored pdatirwway. 3

It has been proposed that species like 28 may be able to undergo an
unprecedented a elimination of BuzSnX to yield a Pd(0)-carbene species. A
study of ci ubstitution with a -(tributylstannyl)acrylate showed that nonpolar
solvents faﬁcine substitution, whereas ligands of different donicity have
remarkably little effect on the product distribution. (245) Other authors have
independently observed similar cine substitutions, (374-376) and high-yielding
Stille coupling can be restored, once again, by using cocatalytic Cu(l). (246)

Cine substitution is a rare event in the coupling of organostannanes and is so
far limited to 1-substituted 1-stannylethylenes, but it is a mechanistically
intriguing process. From the mechanistic point of view, use of Cu(l) salts
presumably yields intermediate organocopper species, (33) which undergo
transmetallation with the “correct” regiochemistry. Silver carbonate has been
used in one reaction to avoid cine substitution. (375) The generally of these
observations remains to be verified.

7.5. Phosphorus-to-Palladium Aryl Migration

Arylpalladium(ll) complexes like 32 (Eq. 107) undergo exchange of
substituents between phosphorus and palladium at temperatures as low as
50° to yield 33-35. (377) Thus, it is remarkable that this scrambling has not
been detected
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in most of the classical Stille couplings. Recently, however, some examples of
side products originating from aryl transfer by the phosphine were reported.
(375, 378) Triphenylarsine and tri(2-furyl)phosphine also lead to this side
reaction. An obvious way to limit this unwanted process is to run the coupling
at as low a temperature as possible.

7.6. Electrophile Reduction

Electrophile reduction is often a side reaction in Stille couplings, especially at
high temperatures. It has been observed in the coupling of aryl triflates, (189,
379) heteroaryl iodides, (126, 128) alkenyl halides, (380) and allylic
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with B elimination prior to reductive elimination may be involved, although a
radical mechanism is also possible.

7.7. Product Isomerization

In the coupjiag of acyl chlorides with alkenylstannanes, E/Z isomerization is
observed uldkr the coupling conditions. (146) Allylic stannanes, on the other
hand, may yield mixtures of a, B - and B, y -unsaturated ketones. (146)
Geometric isomerization of olefins has often been reported as a side reaction.
(46, 51, 153, 157, 269, 289, 381, 382) Double bond migration has also been
observed quite frequently. (56, 135, 383) It is likely that isomerization occurs at
the product stage, but it is not clear whether it is catalyzed by palladium. Mild
thermal conditions are believed to prevent or reduce isomerization. In addition,
tri(2-furyl)phosphine-based catalysts prevent E/Z isomerization in the coupling
of acyl chlorides and (Z)-alkenylstannanes. (11) The generality of this
observation must be verified.

7.8. Miscellaneous Side Reactions

When using aryl triflates, hydrolytic cleavage to the corresponding phenols is a
side reaction, especially at high temperatures. (55) Replacement of triflate with
chloride owing to the presence of LiCl is a rare event, but it must be kept in
mind as a possibility, especially for activated substrates. (40, 173, 195)

When carrying out Stille reactions on substrates containing isolated double
bonds, the intermediate organopalladium species may undergo insertion



across the double bond (Heck reaction), as discussed in the section on
complex strategies. (336)

Reduction of enones has also been observed. The reducing agent is the
tri-butyltin halide produced in the coupling. (148)

In one example, attempted coupling of an acyl chloride with
vinyltributylstannane has led to dehydrodecarbonylation. Thus, proline

derivative 36 gives 37 in unreported yield (Eg. 108). Use of the catalyst
Pd(dppf)Cl, obviates the problem. (381)

D\ /\bnﬁu ‘\
Cocl PdiF'Plhh N (108)

36 Ry

In reactions where the electrophile contains a quinone system, reduction to a
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1,1-Dibromoolefins couple with stannanes only once, whereas the second
bromine moiety is eliminated (Eqg. 109). (385) This side reaction may not be
palladium catalyzed.
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ZoE=T4:206, (39%)

The large variety of side reactions described for the Stille coupling does not
reflect serious weaknesses in this cross-coupling method, but rather the
careful scrutiny given to this important synthetic method in recent years. The
side reactions can often be minimized or eliminated by using simple
modifications of the traditional conditions, such as the use of appropriate
ligands, solvents, additives, and temperatures, as described in this section.



8. Comparison with Other Methods

A direct comparison between the Stille reaction and other cross-coupling
protocols has been made in only a few cases, and these studies must be
regarded with skepticism, since often each particular coupling was not
separately optimized, as it should for the comparison to be legitimate. Thus, in
a study of several alkenyl-alkenyl couplings in an approach to vitamin A, (386)
it was concluded that the Stille coupling was unsatisfactory because of
extensive homocoupling and that the reaction of alkenyl iodides with
organozinc reagents gave better results. However, a limited set of conditions
was explored.

Similarly, it has been concluded that zinc acetylides are better partners than
alkynylstannanes in the coupling with certain alkenyl iodides. (387) In the
coupling of an iodoglucal with arylmetals, the yields using arylzinc and
arylboron compounds were quite superior to the ones obtained with the
corresponding stannanes, but only under one set of conditions. (388) Similar
conclusions were reached in a related system. (389) The synthesis of
polyphenylenes by the Suzuki coupling appears to be superior to the
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Conversely, in other reactions, the Stille protocol outperforms the competition.
In the 2-arylation of benzofuran derivatives, the use of organostannanes gives
better results than the corresponding zinc derivatives. (391, 392) In the
synthesis moxifen analogs, coupling of an alkenyl bromide with organotin,
organozinckahd organoboron derivatives gives excellent results in each case.
(50) Coupling of tetraalkylstannanes is reported to be superior to
alkylaluminum and alkylzinc derivatives. (43) The Stille coupling is also the
preferred route to substituted nucleosides. (132, 374) A commonly given
reason for preferring the use of organozinc and organoboron reagents over
organostannanes is the toxicity of the latter. Conversely, the stannanes are
often preferred because of the unusually mild and absolutely neutral conditions
their coupling involves.

Bifunctional derivatives bearing a 9-BBN moiety and a tributylstannane residue
couple selectively at the boron end under basic conditions (Eq. 110). (393)
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In general, the Stille reaction will continue to be a favorite method for
carbon-carbon bond formation, owing to the lack of cross-reactivity displayed
by the organostannanes with most functional groups. Its general utility is
demonstrated by the many diverse applications reported in the tables.




9. Experimental Conditions

9.1. The Stannane: Preparation and Handling

Caution! Many organotin compounds are toxic, especially the lower alkyl
derivatives. Their acute toxicity decreases dramatically with increasing alkyl
group length. (394, 395) As a precaution, the preparation and use of all
stannanes should only be carried out in a well-ventilated hood. After use, all
glassware should be thoroughly washed, preferably after soaking in a
KOH/alcohol bath to remove surface-bound tin alkoxides and/or halides.

Organostannanes are typically synthesized by reaction of organolithium or
organomagnesium derivatives with trialkyltin halides. Another important
method is the radical-induced or Pd-promoted addition of tin hydrides to
unsaturated systems (e.g., alkynes, alkenes). Very important also is the
transition metal-catalyzed cross-coupling of hexaalkyldistannanes with organic
electrophiles, as discussed in the section on scope and limitations. Tin
acetylides are best formed by the reaction of trialkyltin diethylamide with an
alkyne. (396) A thorough treatment of the synthesis of organostannanes is
outside the scope of this review, and the reader is referred to reviews on

Most organostannanes are stable to air and moisture and can therefore be
distilled and/or chromatographed. Stannanes are often too nonpolar to be
efficiently purified on silica gel, but C-18 flash chromatography appears to be
useful. (39 iven their ease of purification, for best results stannanes should
not be useﬁ crude preparations in Stille couplings.

9.2. Alkenyl and Aryl Triflates

Alkenyl triflates are typically synthesized by the reaction of triflic anhydride with
a ketone or aldehyde in the presence of a hindered base, such as
2,6-di-tert-butylpyridine. (398, 399) Enolates can be trapped with
N-aryltrifimides, such as N-phenyiltriflimide. (400, 401) Vinyl triflates are also
available from the addition of triflic acid to alkynes, though regio- and
stereochemical considerations may be a problem. (402, 403)

Aryl triflates are readily prepared by the reaction of triflic anhydride with a
phenol in the presence of a base such as triethylamine or pyridine. (189)
N-Phenyltriflimide can also be used for this transformation. (404) A thorough
treatment of the synthesis of vinyl and aryl triflates is beyond the scope of this
review, and the reader is referred to reviews on the formation and reactions of
triflates. (405, 406)

9.3. Choice of Nontransferable Ligands



Using nontransferable ligands is an area of the Stille reaction that needs
further improvement. As discussed above, tributylstannane derivatives are
usually preferred because of the low cost and low toxicity of tributyltin chloride,
as well as the fact that competitive transfer of the butyl groups is a rare event.
On the other hand, removal of traces of tributylstannane derivatives from the
product can be problematic. Trimethylstannane derivatives have the
disadvantage that methyl group transfer can often compete with the desired
transfer of the unsaturated group, but the trimethylstannane derivatives
produced in the coupling can usually be removed from the product by simple
aqueous wash. Nontransferable ligands that speed up the transmetallation
have been described in recent years, but have not yet found general
acceptance. (41) Trichlorostannates have recently been used and can be
employed to carry out Stille reactions in aqueous systems. (282, 283)

9.4. Choice of Catalyst and Ligands

As discussed earlier, both Pd(0) and Pd(ll) catalysts may be used to promote
the cross-coupling reaction. Pd(ll) catalysts have the advantage of being air
stable, but must be reduced before entering the catalytic cycle. Typically,
reduction is achieved in situ through the homocoupling of two equivalents of
stannane, or with some reductant such as carbon monoxide. In rare instances,
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catalytic cycle directly, but can suffer from air and/or light stability problems.

Most catalysts are commercially available. Some of the most commonly used
are: tetrakistiphenylphosphine)palladium(0), (407)

bis(dibenz neacetone)-palladium(0), (408) bis(acetonitrile)palladium(ll)
dichloride, (409) bis(triphenylphosphine)palladium(ll) chloride, (410, 411)
benzyl[bis(triphenylphosphine)]palladium(ll) chloride, (21, 412)
1,1¢-bis(diphenylphosphino)ferrocenepalladium(ll) dichloride, (413) and
allylpalladium(Il) chloride dimer. (414) Catalysts that do not incorporate strong
ligands are often used in conjunction with added phosphines. Particularly
useful among them are the Pd-dibenzylideneacetone complexes, which are
commercially available and air stable. They can be used in conjunction with a
variety of ligands. In addition to the traditional triphenylphosphine, ligands of
reduced donicity, such as tri(2-furyl)phosphine and triphenylarsine, or
increased steric bulk, such as tri(o-tolyl)phosphine, usually lead to much faster
coupling. (11) These ligands are all commercially available. Nitrogen-based
ligands have been used in a few cases, but their scope and utility have not
been well established. (169, 171, 415) In some instances, it is advantageous
to completely omit the ligand from the Stille reaction. (5) Ligandless catalysts
usually afford high coupling rates but also premature interruption of the
catalytic cycle.

9.5. Choice of Solvent



Solvents used include benzene, toluene, xylene, mesitylene, chloroform,
1,2-dichloroethane, THF, DME, dioxane, DMF, DMA, NMP, DMSO, HMPA,
and water. Given the stable nature of the stannane organometallic species, it
is fair to say that almost any conceivable solvent is likely to be compatible with
the Stille protocol. Most couplings are carried out either in an ethereal solvent
like THF or dioxane, or in highly dipolar solvents, such as DMF or NMP. Any of
these four solvents represents a reasonable first choice when studying a new
Stille coupling. The solvents are typically of anhydrous quality, but there does
not seem to be a compelling reason to avoid traces of moisture. In many cases
the literature specifically mentions that moisture accelerates the reaction. The
same can be said about air: Whereas many Pd(0) complexes are air sensitive,
during the Stille coupling the active catalyst is normally in the air-stable Pd(ll)
oxidation state (owing to rapid oxidative addition), and oxygen has no
deleterious effect on the reaction. Many Stille reactions have been run in the
presence of oxygen: Under these conditions a black precipitate of Pd metal
signals the end of the reaction, where air-sensitive Pd(0) species accumulate.
However, atmospheric oxygen can sometimes induce efficient homocoupling
of the stannane (as discussed in the section on side reactions). In this event,
careful deoxygenation by multiple freeze-thaw cycles is recommended.
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significant recent developments in this area; the “copper effect” was discussed
in the mechanistic section. The use of silver salts was also mentioned. Zinc
chloride has often been used as additive. Yields are often better in the
presence ofstoichiometric amounts of Zn(ll) salts, although the origin and the
generality Jj‘le effect are not understood. The use of a stabilizing halide
source, such as LiCl, and its complex effect on reaction rates in conjunction
with the coupling of triflates have been discussed in the mechanistic section.
When coupling triflates in ethereal solvents, LiCl appears to be necessary to
induce coupling; in DMF or NMP (and presumably other dipolar solvents), LiCl
is often unnecessary when coupling alkenyl triflates, whereas it sometimes
appears to be necessary when coupling the less reactive aryl triflates. The
experimentalist is urged to try the reaction both with and without LiCl. Bases
such as triethylamine, (54, 416) diisopropylethylamine, (80) lithium carbonate,
(417) sodium carbonate, (298, 418) pyridine, (419) and
2,6-di-tert-butyl-4-methylpyridine, (417) have also been employed as additives,
presumably to minimize degradation of stannanes by adventitious acid.

J

Antioxidants, such as BHT, di-tert-butylphenol, or tert-butylcatechol are
sometimes added to minimize side product formation via radical pathways.

Some reactions proceed more rapidly or in higher yield when run under dry air.
(19) Palladium compounds catalyze the oxidation of triphenylphosphine to
triphenylphosphine oxide by atmospheric oxygen. The rate enhancement



found when running reactions under air may simply be due to the depletion of
excess phosphine (see the “Mechanistic Considerations” section).

9.7. Workup: Removal of Tin Halides

A major consideration in working up reaction mixtures from the Stille

cross-coupling is the removal of tin byproducts. Trimethyltin chloride is water

soluble and rather volatile and is therefore readily removed on normal aqueous

workup. Tributyltin chloride has low volatility (bp 171-173° at 25 mm Hg) and

is soluble in most common organic solvents. Separation by chromatography

on silica gel is made difficult by the tendency for tributyltin chloride to elute

under relatively nonpolar conditions and to streak. A variety of methods have

been devised to remove bulk tributyltin chloride prior to final purification.

Aqueous KF solutions react with tributyltin halides under biphasic conditions to

form polymeric tributyltin fluoride, which may be removed by filtration.

Ammonia complexes with tributyltin halides, making them somewhat water

soluble. Thus, washing of organic solutions with dilute ammonium hydroxide

can remove the stannane. (88) Tributyltin chloride is insoluble in acetonitrile.

Thus, dissolving crude or partially purified reaction mixtures in acetonitrile

followed by washing with hexanes (in which tributyltin chloride is soluble) will

remove most of the tin. (420) DBU in wet diethyl ether, foIIowed by filtration
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of tributyltin fluoride in situ, thus facilitating workup. (28)
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10. Experimental Procedures
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10.1.1. Trimethyl([3-(cyclohexen-1-yl)-2-propynyl]oxy)silane
[Cross-Coupling of a Vinyl Halide with an Alkynylstannane Using
Pd(PPh3).Cl;] (47)

To a solution of 1-iodocyclohexene (0.424 g, 2.04 mmol), and
trimethyl[3-(trimethylstannyl)-2-propynyl)oxy]silane (0.592 g, 2.04 mmol) in dry
THF (25 mL) was added Pd(PPh3).Cl, (0.0215 g, 0.031 mmol). The resulting
mixture was stirred at 22—-25° for 2 hours. The progress of the reaction was
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washed with water (3 x 25 mL) and a saturated NaClsolution (25 mL), dried

( K2COs3), and concentrated under reduced pressure to give a pale yellow liquid
(0.388 g, 92%): *H NMR ( CDCl3) 8 0.14 (s, 9 H), 1.48-1.68 (m, 4 H),
2.00-2.15 4 H), 4.36 (s, 2 H), 6.04—6.12 (m, 1 H); *3C NMR ( CDCl5) & -0.3,
21.5,22.3.12%.6, 29.1, 51.5, 84.9, 86.8, 120.5, 134.5; IR (neat) 3040, 2218,
1442, 1322, 1258 cm™; Anal. Calcd for C12H»00Si : C, 69.17; H, 9.67. Found:
C, 68.93; H, 9.70.
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10.1.2. 4-tert-Butyl-1-vinylcyclohexene [Cross-Coupling of a Vinyl Triflate
with a Vinylstannane Using Pd(PPhs)s and LiCl)] (421)

A slurry of Pd(PPhs)4 (1.18 g, 1.02 mmol) and LiCl (12.9 g, 0.305 mol) in dry
THF (500 mL) was stirred for 15 minutes under a static Ar atmosphere, then a
solution of 4-tert-butylcyclohexenyl triflate (28.0 g, 0.0979 mol) and
trimethylvinylstannane (19.0 g, 0.0997 mol) in dry THF (250 mL) was added,



followed by an additional 250 mL of THF. The resulting solution was heated
under gentle reflux for 48 hours, then was cooled to room temperature and
partitioned between water (500 mL) and pentane (250 mL). The aqueous layer
was back-extracted with pentane (2 x 250 mL), and the combined organics
were washed with a saturated NaHCO3 solution (2 x 250 mL), water

(2 x 250 mL), and a saturated NaClsolution (2 x 250 mL). The organic extracts
were dried ( MgSQ.,), filtered through a pad of silica gel (4 cm x 4 cm), and
concentrated by distillation using a 10-cm Vigreux column. Bulb-to-bulb
distillation (Kugelrohr; oven temperature 65-68° at 0.55 mm Hg) gave the
desired product (12.6-12.8 g, 78—-79%): bp 45° (0.1 mm Hg); *H NMR ( CDCls)
6 0.87 (s, 9 H), 1.08-1.34 (m, 3 H), 1.84-2.36 (m, 4 H), 4.88 (d, J = 10.7 Hz,
1H),504(d,J=175Hz,1H),573-5.75(m, 1 H), 6.35 (dd, J = 17.5, 10.7 Hz,
1 H); *C NMR ( CDCls) 8 23.8, 25.3, 27.2 (3 C), 27.4, 32.2, 44.4, 109.7, 129.8,
136.0, 139.7; IR (neat) 3100, 3020, 1650, 1610, 1395, 1365, 985, 890 cm .
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10.1.3. 1-(4-Methoxyphenyl)-4-tert-butylcyclohexene [Cross-Coupling of
a Vinyl Triffaye with an Arylstannane Using Pdx(dba)s; and AsPhs] (30)

A solution d>(dba)s (0.0083 g, 0.0184 mmol), AsPhz (0.023 g,

0.0734 mmol), and 4-tert-butylcyclohexenyl triflate (0.263 g, 0.918 mmol) in
anhydrous degassed NMP (5 mL) was allowed to stand until the purple color
was discharged (5 minutes), and (4-methoxyphenyl)tributylstannane (0.430 g,
1.083 mmol) in dry NMP (2 mL) was added. The resulting solution was stirred
at room temperature for 16 hours, then stirred with a 1 M aqueous KF solution
(2 mL) for 30 minutes, diluted with EtOAc, and filtered. The filtrate was washed
extensively with water, dried, and concentrated to give a crude oil. The oil was
purified by reverse phase flash chromatography (C-18, 10% CH,Cl,, 90%
CH3CN) to give a white solid which was recrystallized (MeOH), (0.201 g, 89%):
mp 78-79°; *"H NMR ( CDCls) 5 0.91 (s, 9 H), 1.22-1.39 (m, 2 H), 1.89-2.02 (m,
2 H), 2.19-2.54 (m, 3 H), 3.80 (s, 3 H), 6.04 (m, 1 H), 6.84 (d, J = 9.0 Hz, 2 H),
7.32 (d, J = 9.0 Hz, 2 H); Anal. Calcd. for C17H240 : C, 83.55; H, 9.90. Found:
C, 83.58; H, 9.85.
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10.1.4. 3-Methyl-2-(4-tolyl)-2-cyclopentenone[Cross-Coupling of an
Unreactive Alkenyl Halide Under “Modified” Conditions Using
Pd(PhCN).Cl,, AsPhs, and Cul as Cocatalyst] (61)
A solution of 2-iodo-3-methyl-2-cyclopentenone (0.222 g, 1.00 mmol), Cul
(0.019 g, 0.10 mmol), AsPh3 (0.031 g, 0.10 mmol), and Pd(PhCN),Cl, (0.019 g,
0.05 mmol) in NMP (1 mL) was treated under Ar with p-tolyltributylstannane
(0.37 mL, 1.20 mmol), and the mixture was heated in an oil bath at 100° for 30
minutes. After cooling, the solution was diluted with EtOAc (100 mL) and
washed with aqueous KF (0.67 satd., 3 x 30 mL) and water (2 x 20 mL). The
combined aqueous layers were back-extracted with EtOAc (60 mL). The
combined organics were dried ( MgSO.) filtered, and evaporated to dryness.
The resulting oil was purified by silica gel chromatography (gradient 2—10%
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(EtOAc/pet. ether); "H NMR( CDCl3) 6 7.20 (m, 4 H), 2.61 (m, 2 H), 2.51 (m,
2 H), 2.35 (s, 3 H), 2.15 (s, 3 H); *C NMR( CDCl3) & 207.6, 171.2, 140.1,
137.2,128.9, 34.7, 31.7, 21.2, 18.2. IR (CHCls) 1685 cm™; Anal. Calcd for
Ci3H140 : C, 83.87; H, 7.54. Found: C, 84.06; H, 7.42.
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10.1.5. 1-(4-Nitrophenyl)-2-propenone(Cross-Coupling of an Acid
Chloride with an Arylstannane) (146)

To a solution of 4-nitrobenzoyl chloride (5.00 mmol) and BnPd(PPhs).Cl
(0.015-0.020 g, 0.020—-0.026 mmol) in chloroform (1 mL) was added a solution
of tributylvinylstannane (5.20 mmol) in chloroform (4 mL). The resulting yellow
solution was heated at 65° under dry air until palladium metal precipitated (20
minutes). The reaction mixture was diluted with Et;O (30 mL) and washed with
water (30 mL). The organic phase was shaken with an aqueous KF solution
(15 mL of saturated KF solution/15 mL of water) and allowed to stand for



15-30 minutes. The resulting white precipitate ( BusSnF ) was removed by
filtration. The organic layer was separated and again treated with an aqueous
KF solution. After decantation from the resulting white precipitate, the organic
phase was washed with concentrated NaClsolution, dried ( MgSO.), and
concentrated under reduced pressure. Treatment of the residue with EtOAc
afforded an additional crop of white precipitate, which was removed by filtration
through a Celite pad. Following concentration under reduced pressure,
recrystallization from chloroform/hexanes gave the product as a yellow solid
(0.780 g 88%): mp 87-89°; *H NMR( CDCls) 8 6.0 (dd, J = 10.2 Hz, 1 H), 6.4
(dd,J =18.2Hz, 1 H), 7.1 (dd, J = 18.1 Hz, 1 H), 8.0 (d, J = 9 Hz, 2 H), 8.3 (d,
J =9 Hz, 2 H); IR (KBr) 1670 cm™t; Anal. Calcd. for CoH;NO3: C, 61.02; H,
3.93. Found: C, 61.23; H, 4.11.
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10.1.6. 4-Allylacetophenone[Cross-Coupling of an Aryl Triflate under
Mild Conditions Using Tri(2-furyl)phosphine as Ligand] (11)

A solution of 4-(triflyloxy)acetophenone (0.566 g, 2.11 mmol) in NMP (3 mL)
was treated with anhydrous LiCl (0.268 g, 6.30 mmol), tri(2-furyl)phosphine
(0.0392 g, 8 mmol), and Pdx(dba)s (0.0193 g, 0.042 mmol Pd). After 10
minutes at m temperature, the solution was treated with
allyltributylstannane (0.72 mL, 2.464 mmol) and the mixture was stirred at
room temperature for 24 hours. The solution was stirred with a saturated
aqueous KF solution, diluted with EtOAc, and filtered. Washing the organics
with water, drying (anhydrous Na,SO,), and evaporation of the solvent gave a
crude oil which was purified by flash chromatography (silica gel, 5% EtOAc in
hexanes) to yield a colorless liquid (0.264 g, 78.5%); bp (Kugelrohr) 90-95°
(0.2 mmHg); *H NMR( CDCl3) 8 7.89 (d, J = 8.3 Hz, 2 H), 7.27 (d, J = 8.2 Hz,
2 H), 594 (m, 1 H), 5.13-5.06 (m, 2 H), 3.43 (d, J = 6.7 Hz, 2 H), 2.57 (s, 3 H);
Anal. Calcd for C11H120 : C, 82.46; H, 7.55. Found: C, 82.11; H, 7.56.

Ty Pd(PPh3),. Me3SnSnMe; N

- (675
= _1C], dioxane
LiCl, dioxane N

OTf SnMe



10.1.7. 8-(Trimethylstannyl)quinoline (Preparation of an Arylstannane by
Cross-Coupling of an Aryl Triflate with Hexamethyldistannane) (189)

To a solution of 8-(triflyloxy)quinoline (1.98 mmol) in dioxane (9 mL) were
added hexamethyldistannane (2.05 mmol), LiCl (0.252 g, 5.94 mmol)
Pd(PPhs)4 (0.046 g, 0.040 mmol), and a few crystals of BHT. The mixture was
heated to reflux for 75 hours, cooled, and treated with pyridine (1 mL) and
pyridinium fluoride (1.4 M in THF, 2 mL) for 16 hours at room temperature. The
mixture was diluted with Et,O, filtered through Celite, and washed with water,
10% HCI, water, and brine. Drying ( MgSQO,) and concentration afforded an oil.
Silica gel chromatography and bulb-to-bulb distillation (bp: 103—104° at

0.4 mm Hg) gave a colorless oil in 67% yield; *H NMR( CDCl3) & 8.86 (dd,
J=4.2,1.7Hz,1H), 807 (dd,J=8.2,1.8 Hz, 1 H), 7.88 (d, J = 6.5, 1.3 Hz,
1H),7.75(dd,J=8.1,1.3Hz, 1H), 7.49 (dd,J = 8.1, 6.6 Hz, 1 H), 7.31 (dd,
J =8.2,4.2 Hz, 1 H), 0.30 (s, 9 H); **C NMR( CDCls) 8 153.17, 153.06, 149.35,
147.56, 136.94, 127.97, 126.21, 125.83, -8.32; IR (neat) 3050, 2970, 2905,
1485, 810, 785 cm™*; Anal. Calcd. for C1oH1sNSh : C, 49.37; H, 5.18. Found: C,

49.50; H, 5.25.
0]
; 15-20 psi CO )i
O B R T T
T
. LiCl, THF
t-Bu i¢ r-Bu'/\)
(74-75%)

[]

10.1.8. 4-(tert-Butyl-1-vinylcyclohexen-1-yl)-2-propenone [Carbonylative
Cross-coupling of an Alkenyl Triflate with an Alkenylstannane Using
Pd(PPhs), and LiCl] (421)

A slurry of Pd(PPhs)4 (1.12 g, 0.968 mmol) and LiCl (13.2 g, 0.312 mol) in dry
THF (500 mL) was stirred for 15 minutes under a static Ar atmosphere, then a
solution of 4-tert-butylcyclohexenyl triflate (28.6 g, 0.100 mol) and
trimethylvinylstannane (19.1 g, 0.100 mol) in dry THF (250 mL) was added,
followed by an additional 250 mL of THF. The reaction mixture was flushed
with carbon monoxide and maintained under a carbon monoxide atmosphere
(15-20 psi) while heating to 55°. After 40 hours the reaction mixture darkened
and was cooled to room temperature. The resulting solution was diluted with
pentane (500 mL), washed with water (2 x 200 mL), saturated NaHCO3;
solution (2 x 200 mL), and brine (2 x 200 mL), then was dried ( MgSO,),
filtered through a 4-cm x 4-cm pad of silica gel, and concentrated under
reduced pressure. Bulb-to-bulb distillation (Kugelrohr) at 85-95° (0.35 mm Hg)
gave the desired product (14.3-14.5 g, 74-75%): bp 75° (0.1 mm Hg); *H
NMR( CDClI3) 6 0.81 (s, 9 H), 1.21-2.65 (m, 7 H), 5.58 (d, J = 9.0 Hz, 1 H),



6.14 (d, J = 17.2 Hz, 1 H), 6.75-7.00 (m, 2 H); *C NMR( CDCls) & 23.3, 24.6,
26.9 (3 C), 27.8, 32.0, 43.4, 127.1, 131.5, 141.1, 190.8; IR (neat) 1665, 1645,

1612 cm™.
0
OTf 15 psi CO
fJ::::]f o Pd(dppfiCl,
+ /"\..‘\/ —_— -
BuiSn~ S LiCl. DMF
MeO 3 ' MeO Ph

(684

10.1.9. (E)-1-(4-Methoxyphenyl)-3-phenyl-2-propenone [Carbonylative
Cross-Coupling of an Aryl Triflate with an Alkenylstannane Using
Pd(dppf)Clz and LiCl] (336)
To a solution of 4-methoxyphenyl triflate (0.390 g, 1.52 mmol) in DMF (7 mL)
was added (E)-( B -tributylstannyl)styrene (0.645 g, 1.64 mmol), LiCl (0.200 g,
4.72 mmol), Pd(dppf)Cl, (0.045 g, 0.060 mmol), a few crystals of BHT, and 4 A
molecular sieves (0.10 g). The resulting mixture was heated at 70° under
P IR RN R T IRy PP F Py el e P P  PYPT EFT RS T E U N R )|
diluted with Et,O, and filtered. The filtrate was washed with water (3 times) and
saturated NaClsolution, dried ( MgSO,4), and concentrated. The resulting
material was purified by chromatography (silica gel, 10:1 hexanes/EtOAc) to
give the product as a white solid (0.250 g, 68%), which was recrystallized from
20:1 hexa EtOAc: mp 105-106° *H NMR( CDCls) & 3.82 (s, 3 H); 6.94, (d,
J = 8.8 Hz, ), 7.36—7.39 (m, 3 H), 7.53 (d, J = 15.7 Hz, 1 H), 7.59-7.63 (m,
2H),7.79(d,J=15.7 Hz, 1 H), 8.03 (d, J = 8.9 Hz, 1 H).




11. Tabular Survey

The literature was searched to the end of 1994 by Chemical Abstracts,
extensive citation searches and browsing. A few of the papers which describe
Stille couplings but are missing a vital piece of information (i.e., clear structure
of substrates and/or products) were not abstracted. No attempts were made to
cover the patent literature. A dash indicates lack of reported yield. When only
GLC, NMR, or HPLC yields were reported, these were simply incorporated in
the tables without specific notation. When both isolated and “estimated” yields
were given, the isolated yields are shown in the tables. If experimental
conditions were not given, the appropriate column usually contains the generic
statement “Pd(0)”. Reactions that appear well documented but afford none of
the anticipated product are still reported, and 0% yield is shown next to the
structure of the expected product. We think failed reactions may stimulate
further research and new thinking. In some papers, the attempt to optimize a
reaction led to many experiments done on the same substrate under slightly
different catalytic conditions. In most cases, for the sake of simplicity, we
report only the highest yielding of all these experiments. However, in some
cases the comparison of two or more sets of conditions on the same substrate
EEEEEEEEERUNS SN AR NLC SN USUEUELAENINNNENENNER

separate entry.

Some of the 1995 papers were incorporated in the tables as they appeared in
the literature, but only those which, in our opinion, reported new catalytic
systems ormw classes of substrates.

The substrates are broken down into specific classes according to electrophile
type, to reflect the classification made in the “Scope and Limitations” section.
Some classes (heterocyclic or acyl electrophiles) are further broken down into
subclasses to facilitate target finding. The electrophiles are listed in order of
increasing carbon count for the moiety that is being transferred (the leaving
group is not included in the carbon or heteroatom count). Within a given C
count, they are listed in order of increasing numbers of heteroatoms, the
priority being assigned alphabetically except for H, which has the lowest
priority. For example CgHsCIO has priority over CsHsO and/or CgHeCIO . This
ranking was the simplest and visually the most pleasing of a number of
alternatives that we examined.

Electrophiles where the halide moiety is attached to a heterocyclic system or
an aryl ring fused to a heterocyclic system (be it aromatic or partially saturated)
are considered heterocyclic electrophiles. If the heterocyclic portion is isolated
from the electrophilic moiety, then it is not considered.



The stannanes are similarly arranged according to the moiety that is being
transferred. Tin hydrides are listed first, then all the C-based nucleophiles in
the order explained above (in addition, trimethylstannanes have priority over
tributylstannanes and bis[stannanes] are listed after all the monostannanes
within a given electrophile), then the heterostannanes are listed (priority is
assigned based on the alphabetical rank of the atom whose bond to tin is
being broken). Intramolecular Stille couplings are listed in separate tables. A
special case is the coupling of bis(stannanes) with bis(electrophiles), ultimately
yielding a cyclic product. These reactions are listed twice: once in the
appropriate table for the Stille coupling which our mechanistic knowledge tells
us is taking place first, the second time in the intramolecular table. We realize
this is cumbersome and causes duplication, but it seems the only logical way
of dealing with the problem in an informative way. Other, more complex
strategies in which the Stille reaction is coupled to other reactions are listed
separately in Tables XXXII (no CO involved) and XXXIII (CO involved). The
structures of stannanes that were formed in situ are enclosed in brackets.

The following abbreviations are used in the tables:

BINAP  2,2¢-bis(diphenylphosphino)-1,1¢-binaphthyl

EEEEEEEEECANEEY A NEESSEEEEEEEENEEEEESEEEEEENEEEEEEEEEE

Boc tert-butoxycarbonyl
BOM benzyloxymethyl

Bz benzoyl

Cbz bepzyloxycarbonyl

d dayg

dba dibenzylideneacetonyl

DIOP  2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis-(diphenylphosphino)butane
DME 1,2-dimethoxyethane, glyme

DMF dimethylformamide

DMSO dimethyl sulfoxide

dppb 1,3-bis(diphenylphosphino)butane

dppf 1,1'-bis(diphenylphosphino)ferrocene

dppp 1,3-bis(diphenylphosphino)propane

EE (1-ethoxy)ethyl

FMOC fluorenylmethyloxycarbonyl

HMPA  hexamethylphosphoric triamide

MEM methoxyethoxymethyl

MOP 2-diphenylphosphino)-2'-methoxy-1,1-binaphthyl
MOM  methoxymethyl



Ms methanesulfonyl

NMP N-methylpyrrolidinone
Ph-BIAN bis(phenylimino)acenaphthene
PMB p-methoxybenzyl

PNB p-nitrobenzyl

rt room temperature

SEM (2-trimethylsilylethoxy)methyl
TBDMS tert-butyldimethylsilyl
TBDPS tert-butyldiphenylsilyl

Tf trifluoromethanesulfonyl
Thexyl 1-(1,1,2-trimethyl)propyl
TIPS tri(isopropyl)silyl

THF tetrahydrofuran

THP tetrahydropyranyl

T™MS trimethylsilyl

p-Tol p-tolyl

Ts p-toluenesulfonyl
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
& OFt OFEt
L Pd(PPhy), (2%), LiCl, / (80) 270
N Mo e R N 7N
" Br Me,Sn neat, 80°, 12 h 7N
Pd(PPhy); (5%). VK ) 2
. o x
Bu;Sn T™MS THE, 66 T™S
Messn™ Sy OF! BaPA(PPhinCl(1%), SN OB (66) 49
TBDMS Cul, DMF, 50° TBDMS
H.NT H;N
BusSn—¢ PA(PPh); (10%). - 84) 74
N DMF, 90°, | h N
SEM SEM
0 o)
HN HNTY
A ] Pd(PPhy); (10%). A I o 170
07 N SnBuy i 0° N
MOMO o) Cul (20%), DMF. MOMO o
80°, 100 min
<’ X’
Bu3Sn.__0O._ .~ O .~
3 F
U OBn Pd(0) | OBn 5530 423,424
X OBn Y OBn
OBn OBn
A Pd(PPhy)s (5%), o O] 422
BusSn T™S THF, 66° ™S
'8 Pd(PPhy)s, DMF oH (246)
cl Bu;S 3)a cl 2 44
~A us "V/\('\Qﬂ,,-n T CiHypn
OH OH
OH OH -
BusSn. o~ A Pd{PPha)s, DMF Clel o~ {61} 44
SN CHy NN CsHyn
OH OH
Cs ‘ T OSnBu; 1 e i 3 o . 0 Lean 420 340
i | Osnbu 3 Pd{P(0-Toi}3].Ciy ; i (53) 239,250
/4‘\‘ } A\\ ‘ (N AACZY DhAMa 10N° A A
g Bt | (0.66%). PhMe. 100 N B
s
Busn—< |} Pd(PPh3;,Cls (2%), \\y—<///\@ (50 425
N Z THF. reflux. 20 h N =
Me Me
A
Busn— | PA(PPhy):Cl (2%), m (50) 425
NN THF, reflux, 20 h N
SEM SEM
Pd[P(o-Tol);1,Cl \
Bu;SnNEt (0.66%), PhMe or /l\ o 316
xylene, 100-120° NEL
HO.C A~ g, PhSnCl; PdCl>, KOH, 90° HO,C_o~py, (1) 281
PhSnCl; PdCl,, KOH, 9¢°, HO,C_r~p, (83) 281
PhP(m—C(,H4SO3Na)2
HOAC 4
HO.C_ 1 @ Pd(0) @ >15) 5
Bussn” O o}
G Et
N MesSnCEC(CH,) 160AC Pd(CHgCI\[J))QClz, N (86) 47
h— DMF, 25 C=C(CHy)100AC
OSnBu; | O
Y Br Pd[P(o-Tol11,Cly _ (62) 239,240
L ] (0.66%), PhMe, 100°
[ OSnBus O
/J’\/5 Pd{P{o-Tol}}oCly I (53) 239,240
= J (0.66%), PhMe, 100° W/
OSnBu; | o
~ Pd[P(o-Tol)3):Clz M 35 239,240
TR (0.66%), PhMe, 100° T
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
N \
Bu;Sn——</ | Pd(PPh3)>Cl5 (19%) /E )—/\ (51) 426
o
‘r OSnBu;] |
i ! PdiP(o-Tol;xChy i 74 239, 240
: | (0.66%), PhMc, 100° Y\)\/
L b ! |
i' 0OSnBuz] [0}
| le PA{P(o-Tol)3},Cl5 (&) 239, 240
| /\( (0.66%), PhMe, 100° ~
L H
( OSnBu; | 0
! Pd[P(0-Tol)3},Cly (81) 239, 240
{7 “Bud (0.66%), PhMe, 100° = Bu-r
P OSnBuJ1 (])
@ J PA[P(o-Toh1oCly G/Y 32) 239, 240
(0.66%), PhMe, 100°
CO,Et o CO,Et
?J EZ=17 Pd(PPhs)s (3%), CeHe, EZ=13  (0) 306, 427
SnBus reflux, 21 h —
OSnBuj O
/{\ Pd[P(0-Toh:1:Cly \/\/l'\ (74) 239, 240
Ph | (0.66%), PhMe, 100° i/ Ph
BusSnNEL, Pd[P(0-Tol)1}>Cly ﬁ/ﬂ NE,  (50) 316
(0.66%), PhMe,
100-120°
(BusSn)S Pd(PPhy),. (1%), W/Asﬁ/ 25) 426
PhMe, 120°
i-PrO o) BnPd(PPh3),Cl (5%), i-PrO O
SN LPheOTH [r.[ Cul (8%), DMF, /k)i 70 188
! 30 mi X
BusSn o rt, 30 min o
)\ i' (‘)SnBuQ} | o]
. Pd[P{o-Tol)3},Cl \/\/LL (76) 239.240
= 2 =
S gy L/\ Bu-] (0.66%), PhMe, 100° Bu-t
| [ OSnBuj | Y 9
; Pd[P(0-Tol)3],Cly /\/U\ (90) 239, 240
(KBY {/\Bur (0.66%), PhMe, 100° ;/ Bu-r
1
CN (MeO)(0O)P (MeO),(O)P
« Pd(PPh3),Cl,. DMF « (73) 80
BusSn” XN AN
(IZN
Pd(PPhy);Cly, DMF (>59) 80
Bu_;sn/\vﬁ)\/k EVEN AV
< OTBDMS
CN
PA(CH;CN),Cly, Xy A 64 80
oteDMs | OCHCN,C, e | 4
NMP, 1t
TBDMSO OMe
OTBDMS
BuiSn __~ PA(PPh3),Cly, NC A~ By, 9 81
. Z ~SnBu; ) - 3
THF, 60°
0 0 0 o)
(51 428

Cl

j;‘f BusSnC=CPrn

Cl

Pd(PPhs)y, CI(CH),CL.

20°,2h

3
o
A

\\\

@]

o
o
7
%
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

PhMe, 120°

Substrate Stannane Conditions Product(s) and Yieldts) (%) Refs.
0. 0
BusSnCZCTMS Pd(PPh);. Cl{CH:):C. ¥ j (30) 428
20°.2h SN
,C C.
T™SC” TCTMS
0 0
N
Bu:SnC=CPh Pd(PPha),. CI(CH-):Cl. ) (70) 428
20°.2h N
C C.
PhC” “CPh
0. 0
Bu;SnC=C—~C=CPh Pd(PPhy)y, CH(CH:)Cl, } j an 428
20°,6h
0
HN%
/=N OAN SnBujs
MeO,C Br MOMO o) Pd(PPhy); (10%), j (81) Z:E=3:1 170
ZE=T1 Cul (20%), DMF,
o._ 0 80°, 10 min 0><0
Buzsn‘@ PA(CHCN),Cly (10%), % ©8) ZE=151 289
N DMF., 11, 1 h N N COMe
SEM SEM
Pd(PPhs); (10%). " (87) 289
DMF, 90°,2 h
e TN PA(OAc),, P(o-Tobs, [N e 429
MeOLC ! BusSn™ o NEt;, CHiCN, Not T Lo
reflux, 2 h
1 Pd(OAc);, P(o-Tol), COMe
/L NEt3, CH;CN, ] P (60) Z:E=4:1 429
Bu;Sn o reflux, 2 h 0
HOZC\/U\ Bu‘sn/\ PA(CH;CN),CL2 (5%).  HO,C — (60) 430
1 DMF, 45°, 12 h
Bu;Sn \/\/OE‘ PA(CH;CN),Cl, (5%). HOZCJJ\A/OE‘ (50) 430
DMF, 45°, 12 h )
OFt OFt
|
, |
PA(CH;CN),Cl5 (5%), \/J\A 3
BusSn .~ (CH3CN),Cls (5%),  HOSC Ay B2 430
c DME, 45°, 12 h
> oTt Ph
PhsSnF,~ BugN* Pd(PPhs),. THF, 6 (81) 283
reflux, 30 min
P Me;SnC=CTMS Pd(PPh3)4o (5%, n-Pr\/\C\\ (—) 431
THF, 50 SCTMS
n-Pr
nPr I Me3SnC = C(CHy)gOTHP PA(CHACN),Cly, K (83) 47
DME, 25° N C=C(CH,)sOTHP
N N
= {
\/Lsr BusSn—</ ] PA(PPhy)Cly (1%) /Q\—( \F (65) 426
! o) I o
[ OSnBu; o
{ %\ Pd[P(o-Tol)3)}:Cl» (86) 239,240
Bu-r (0.66%), PhMe, 100° = Bu-t
Pd[P(o-Tol}3)]1,Cl
Bu;SnNEt, (0.66%), PhMe, \ZL N O 316
100-120° | e
(Bu3Sn),S PA(PPh3); (1%), %\SJ\K ©) 318
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BnPd(PPh:),Cl (5%, NN
N - . = ~
Y\‘ PhOTE BusSnC=CPh Cul (8%). DMF, ) Cscph o 188
e i, 30 min
/\T/\x.wow BuySnC=CPh /\*/\C\\\Cph (66) 188
i i
0
— N PA(PPhy)q (10%) W [ (92) 289
br usn—( | i 10%, asy
NTNF DMF. 110°,6 h N
SEM SEM
TsHN 0 NHTs
Bussn— PA(PPhy)4 (10%), ’ 4 O (78) 74
N DMF, 110°,3h N
SEM SEM
O Bu3Sn O
Au ﬁ/ \ Pd(PPh3),Cl; (4%), o (70) 287
B 0 DMF, 70°,6 h
/A
o
‘<:(B, T an 287
o o U\
o
Bussn N N\
T OH {(R3-C3Hs5)PdCll,, OH  (66) 287,432
DMF, 11,24 h o U\
o) 0
BusSn SnBu; /l\_/l
7 {(-CaHs)PdCtz, L 287
2 DMF, 70°, 1 h AL Ny
£l s O ~ O e ‘O
o} o}
HNT Y
><A ) Pd(PPhs); (10%), 1 oH
HO™ SN 07 N snBuy  Cul (20%), 7 (70) 170
MOMO/\FO?‘ DMF, 80°, 1 h
e
o)
jb_( /@ BnPd(PPh:),Cl (2%). (13) 63
Bu;Sn S o
o Br THF. 50°, 13 h
Bu;SnC=CTMS BnPd(PPh3),Cl (2%), 7 63
THF, 50°, 20 h
Bu;SnPh BnPd(PPh3),Cl (2%), (85) 63
THF, 50°, 6 h
Ph o]
Bu;Sn 0
\@ BnPd(PPh;),Cl (2%), _ @8N 63
ci THF, 50°, 15 h O o
cl
0
Bu;SnC=CBu-n BnPd(PPh3),Cl (2%), jtﬁ (55) 63
THF, 50°, 20 h c °
n-BuC”
BuiSn 0
\©\ BnPd(PPhy),Cl (2%), ] (83) 63

THF, 50°, 10 h
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ABIE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)
C

Substrate Stannane onditions Product(s) and Yield(s) (%) Refs.
N Y
Bu:SnSPh BaPd(PPh;)xCl (2%), W L (88) 63
THF, 50°, 3 h SN
PhS 0
g jag
, BnPd(PPh3)-Cl (2%). ‘ (62) 63
| 3 |
BUJSn/& THF. 50°, 10 h
o} a 0
OEt
0
J BnPd(PPh3),Cl (2%), | (65) 63
Buisn” g THF, 50°, 15 h
: — o
\_-§
0
Bu;SnC=CTMS BnPd(PPh3),C1 (2%), ji (56) 63
THF, 50°,20 h
C 0
™SC”
0
BuySnPh BnPd(PPh3),Cl (2%), \J:i (70) 63
THF, 50°, 20 h
Ph 0
0
BusSnC=CBu-n BnPd(PPh3),Cl (2%), jzi (50) 63
THE, 50°, 20 h
,C 0
n-BuC”
Bu;Sn ¢]
\”/\ BnPd(PPh3):Cl 2%), W (81) 63
NN THF, 50°.20 h
0
0
BuiSn .~ OTHP BnPd(PPh3):Cl (2%), W (61 63
Z THF, 50°,20 h —\
, 50°, _ FamN o
HPO -
nrwv
AN O
Bu:SaSPh BnPd(PPh),Cl (2%), I [ (80) 63
THF. 50°, 8 h /SN
PhS
CO,Et ; AN EtO,C R
J Busn— || | PdA(PPhs), (10%), )»—</ e ) 289
- NTNF DM, 110°, 30 min 7N
SEM SEM
0 O
A HN
Pg\)ﬁ\ Pd(PPh3)y (10%), %\)j\
07 >N"SnBuy Cul (20%), DMF, 0OPINTY 6s6) 170
MOMO/\ﬁ 80°, 75 min MOMO/W CO:EL
e e
S~ N COEt —N
EtO,C Br /[ \ Pd(PPhy); (2%), “~ / N (40) 433
Me3Sn T‘\T Bu-n m-xylene, 120°,20 h Tl‘l Bu-n
SEM SEM
EOL /@ Pd(PPh;);Cl, /\/D (74) 434
Me;Sn S THE, reflux E0,C7 X S
. Bu-
Bu-n Pd(PPhs); (10%), oo
EIOQC% Cul (75%), DMF., BOL 7 (66) 435
SnBujy m7h A
CO,Et
Sy CORt Pdy(dba)s (5%), COEL 53y 7E=87:13 + 375
B¢’ 1 Bu;Si  NHAc AsPh, (40%), //' NHAc
THF, 65° EtO,C
COsEt

\/\/\'/COQE! (17) ZEEE=72:28

NHAc
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TABLE [. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(sy and Yield(s) (%) Refs.
cop gty s, o
Buasn” S 2 AsPhz (40%), EO,CT S S ML 375
NHAC THE. 65° NHA¢
ACO” TN MeiSnC=CTMS Pd(PPha) (5%, ACO/\/\C‘\\CTMS () 431
THF. 30° :
= Bu:SnC=CPh PAOACH (75 ). (56) 136
. = - PO
Zom PPh, (14%), THF. e
COxMe 55°. 30 min COMe
TMS hY
/‘\ Me;SnSPh PA(PPhy), (3%). ?/T‘ S pen s Sy s
Br CoHq. 80°, 40 h SPh T™S
Z=87:13  MesSnSPh Pd(PPh3), (3-4%), o (9! 317
TMS o~ EZ=87:13 Messn (PPhy), (3-4%) )

CgHe. 40°, 2 h

/S 4
EZ=91  BuSn /U PA(PPhy), (10%), y 93) 289
NTNF DMF. 110°, 1 h ™S N

1
S/EM SEM

HoN HoN
T™S
EZ=1000 Busn—< PA(PPhy)4 (10%), N_¢/ | (98) 74
N DMF, 90°, 1.5 h N
c, SEM SEM
OTf SnMe;
“ | MesSnSnMe; PA(PPhy), (0.45%). “ ] a2 176
LiCl, THF, 60°. 4 h
o OTf Me;SnSnMes PA(PPhy), (5%). ¢ SME g 176
‘“—'4\ LiCl, LiaCO4, THF, — N
60°,96 h
~CH
ad S
! Me:SaC=CH Pd(PPhs),. THF. (90) 47
" 22:25°,24 h
= PA(CH:CN),Cl, (1-2%) = 61 46
B\lenKOH 3 22 o
: DMF, 25°. 8 h OH
PA(PPhy); (1.52%), " (80) 46
DMF, 25°, 23 h
PA(PPh):Cla (1.5-2%). " (90) 46
DMEF, 25°. 23 h
LCTMS
X ¢
Me3SnC=CTMS Pd(PPh3),. THF. (96) 47
22.25°.3h
Pd(PPhy); (5%). " (=) 431
THE. 50°
0 0
PIS Pd(PPhy), (5%). (62) 437
Me;Sn D PhMe, reflux S D
0
/U\ Pd(PPh), (5%), " (48) 437
Bu3Sn IT\/> THE, 65°
0
Py PA(PPhy); (5%), " (53) 437

PhsSn D THF, 65°
Bu COMe  PA(CH:CN)CL (2%, NN (68) 376
o Sn« DMF, 80°, 68 h
i
@/\/

Bu

BusSi 2 o 5 PA(CH;CN):Cl, 69) 46

DMF, 25°,235 h
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%} Refs.
_ IR
=N\ Pd(PPhy), (1-29%), r 7 7 (59) 46
BuaSn COEt DMF. 25", 12 h ~.~  COE
b Pd(PPhs); (5% ). [y 33 438
BusSn 5S¢ THF, 11, 24 b N
0o o Yo
¢ Totus
MesSnC=C— Pd(PPhs},. THF. S 76) 47
OTMS 22.25°. 3 h L
Pd(PPh;)-Cls. THF, 92) 47
22.25°,2h
0 0
M
Messn” N Pd(PPhy); (5%). NN ) 437
\/ PhMe, reflux \/ K/’
0
P
Bussn” N Pd(PPhy); (5%). " (63) 437
; PhMe, 111°
- CPh
~ cr
Me:SnC=CPh Pd(PPh;):Cls, THF. O/ (90) 47
22:25°.10h
Bu;SnC=CPh Pd(PPh3):Cla. THF, " 92) 47
22-25°.50 h
( >¢_<j>1 Bu Pd(PPhy);. PhMe, " (1) 376
[ In Sn-C=CPh 55°,50 h
Bu
= C/\OBn
e
MeiSnC=C— Pd(PPh;),Cl, THF, !L ! 91) 47
OBn 22-25°.18 h ~
MeO-C
Bu;SnA}\/Q PA(PPh3); (5% ), Et3N. (58) 290
N MeCN. 100°, 8 h
H 4
oTf Ot
©/ e Pd(PPh3), (5%), LiCl, 82) 270
Me;Sn THF, 60°, 16 h
Ph
PhiSnF>- Bu,N* Pd(PPhs);, THF, ©/ (83) 283
reflux. 30 min
COE CO,E
Bu3s,,/\/\( 2 Pda(dba)s (5%), AsPh, = “n 375
NHAc (40%), THF, 65° NHAc
CO,Et
YYCOZE‘ . (19 375
NHAc
Bu3iSn NHAc
AN
I} B P
)\/O n Pds(dbay; (2%), 0" "OBn (53 439
BusSn - Pr-n LiCl, DMF, rt @A/ Pr-n
SnMe;
Me;SnSaMey Pd(PPhy); (1.8%), LiCl, (j 81 176
THF, 60°, 3 h
SnBu;
BusSnSnBu, Pd(PPhy), (1%), LiCl, ©/ 22 176
THF, 60°, 12 h
I-Ph*BF~ e Ph
©/ Messn” PA(CH:CN)Cls (5%), @N (63) 187
DMF, rt, 15 min
Bu;Sn/\/ Ph Pd(CH;CN),Cl; (5%). " (63) 187

DMF. 1, | h
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
e Me\SnC=CH Pd(PPh1);. ELO, A s 4
22-25°,22h n-Bu
= PUCHCN)CL (1290, n-Bu” XXy (74) 46
BusSn OH DMF. 25°.8.5 h L
OH
HO_ -~ HO. -
e Pd(PPh3); (3%), YT wn 40
- o A
Buysn” X DMFE. 70°.5h wBu” XA
D5Ch (1-2%), n- 83) EEZE=946 46
BusSN g gy PAUCHICNICh (12). 1B~ g, (89
2 DMF. 25°, 4 h
= PACHLCN)SCh (12%). By XX 78) 46
BusSn CO:E S |
; DME. 25°, 4 h CO-Et
MeO-C MeO,C-
}\/\ Pd(PPhy), (5%), EGN, 3\/\ 290
: o Cul, CHiCN, J
100°, 8h
PA(CH1CN)-Cl, (2-5%), 441
DMEF, 50°, 70 h
PA(CH:CN)Cly (2-5%). 441
HMPA, 80°, 20 h
b PA(PPha; (5%), 438
BuiSn™ g7 THF. .24 h
f\// \\/\
u U
Me3SnC=CTMS Pd(PPhs);, THF, n-Bu (78) 47
50°,24 h T\
(o8
AN
CTMS
" Pd(CH3CN):,Clo, THF, " (89) 47
22-25°,3h
T™S PA(CH:CN):Cla (1-2%), n-B 68
Me;Sn/\/ (CH3CN)LCl ( Y, n UWTMS (68) + 46
DMF, 25°, 4 h
Me;SlWTMS (5T
Me1SnC=CBu-n Pd(CH3;CN)-Cl», DMF, »-Bu (88) 47
-50°, 3 min N\ c=cBun
o] [o]
o BnPd(PPh3),Cl (5%), o (36) 12
Cul(7-10%), DMF, rt
Bu3Sn I} — \)
0
n-Bu
i-PrO, 0O i-PrO. 0
BnPd(PPh3)-Cl (5%), (66) 12
Cul(7-10%), DMF, 1t
BusSn o) uH7-10%) i _ o
n-Bu
Me3SnC= C(CHa),0A¢ Pd(CH;CN),Cl>, DMF, n-Bu 97) 47
50°, <2 min " N\—c=cicHy0nc
CxH|7-n _
/:< Pd(PPh3),Cly, wBu” XXy Ot (88) 442
Bu;Sn DIBAL, THF, 1t
Me;SnC=C(CH,),OTHP Pd(CH;CN),Cl,, DMF, n-Bu (1) 47
25° N\ czc(cHy,0mHP
n-Bu H /—7\ Pd(CH;CN)-Cl, (1-2%), n-Bu — (78) 46
At - . NN
Bu;Sn OH DMF, 25°,9 h OH
CO,EL
> SCla (1-29% - —
BU3Sn/\/CO-Et PA(CH3CNRCL (1-2%). n Buﬁ/—/ (65) 46
DMF, 25°, 4 h
= PA(CH1CN)-Cls (1-2%), n-Bu — (62) 46
BusSn CO,EL DME, 25°. 122 N—" CO,E!
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Subsirate Stannane Conditions Productis) and Yields) (%) Rets.
\>j n-Bu };
L \ Pd(PPhajy (54, THF. / y (40 438
Bu:Sn \S/ .24 h \/\/l\\/
oo oo
™S
MS 1aChy (1-2%), n- — 25
Me;Sn/\/T 15 Pd(CHxCI\:»_(L(l 2%, nBu_ = (25) + 16
DMF, 25%.6 h =
TMS Ay Y
n-Bu
MeSnC= C(CHo10AC Pd(CH;CN):Cls. DMF. CID 17
22-25° | h \CEC(CHmOAc
_ /\/\/C] 5 ~ E
+-Bu \/\] Me;Sn” ™ Pd(CHgCN)iCIZ or t-Bu WC] (64) 443
Pd(0)/P(2-furyl)s, DMF
Me;S ' B 42 443
SN e, PBE AN ANy, W
Bu-u Bu-n
Me;SnC=CTMS PA(PPh,), (5%). THF. —) 431
1 50° Cs
0 SCTMS
Bu-n n-Bu
/‘\ ‘ Me;Sn/\/TMS Pd(PPha); (1.6%), LiCl, h (90) 28, 444
oTi : THE, reflux, 17 h N\ Mg
OFEt n-Bu OEt
Pd(PPh;), (2%, LiCl, { (94) 270
oN Me;Sn THF, 60°, 48 h
Me;Sn CHO
Aot Y papph, i tic, N 2T o 445
g VKCHO dioxane, reflux, 16 h X
9 )
/ ) N 7N
ol Bu;Snﬁm PA(PPh;), (10%). DMF, w (87) 289
o’ NN %, 4k N NN
7 N n
SEM SEM
PA(PhCN)2Cla (5% ). o
AsPh; (10%), |
Me,Sn Cul (10%). (46) 446
NMP, 80-85°. 40 h
PA(PhCN)>Cl (5% ). 0
AsPh; (10%), N
BusSn” X Cul (10%), (60) 61
NMP, 5, 18 h
PA(PhCN),Ch (5%), 0
/l\ AsPhs (10%), |
Bu:Sn Cul (10%), (75) 61
NMP, 80°, 40 min
Pd(PhCN):Cl, (5%).
BusSn N AsPh; (10%),
| Cul (10%), (86) 61
= NMP, 80°. 4 h
0 0
! OH Pd(dba), (4%),
| /\/k P(2-furyl); (8%). (84) 447
I BuiSn” XX CyHy5-n THF. 25°.48 h Z CyH|7-n
OH
o 0
OoTf Bu;Sn
@ Pd>(dba); (19), ‘ ) 30, 448
OMe
MeO NMP, rt
o) OTBDMS
BuiSn
Pda(dba)s (1%), LiCl (83) 30. 448
OTBDMS NMP, 1t
o) 0
Pd(OAC); (T%),
| Bu:Sn” X PPh; (14%). THF, (60 436
L

OTt

55°.1h



TABLE L. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s)} (%) Refs
G G
Il i
e N R N PN .
BusSn” ™% Pd(PPhz),. LICL THE | I + Il (—) 173
o = L
NN ~ \Cl
0
PA(OAC)s (7%, Il
= ; PN
Bu:SnC=CPh PPh; (14%), THF. ‘( ﬂ 1) 436
55°, 40 min e
~CPh
e} /1?\
@ Bussr Bu-n Pd(Pl?hm(S‘Z). LiBr, u\/\ (50) E:Z=919 173
OM: THF. reflux., 36 h ™ Buen
. e n-Bu
H()(CH»)J\I/I Measn” Bu-n Pd(LH;CI\{)zClZ(X-;%). \:\_:/(CH3)40H (73) 16
DME. 25°
0 PA(PhCN)>Clh (5%). 0
{ N H
I AsPhy (10%),
Me,S 84) 446
8 ) R Cul (10%). (84
NMP, 80-85°
Pd(PhCN),Cl, (5%), 0
i
PEN AsPhs (109%),
BuiSn” X 8N 61
! Cul (10%), Jo
NMP, 90°, 20 min
/g PA(PhCN):Cl» (5%), 0o
BusSn AsPhs (10%), 93) o1
Cul (10%),
NMP. 100°, 30 min
BU3S\’1 0 Z
| (89 6!
X
" 0
M P A
( /7/ BuySn” X BnPd(PPh3)2Cl (3%), ( B/ (85) 52
THF, 55° B
, N
i
BuSn__~_ _OTHP N (80) 52
\/\/ ( /7' \GUj
AV
N
\_—OTHP
o BuiSn 0]
o ) \ Pda(dba)s (2.5%), i
) </ | AsPhs (10%), DMF, ) (94) 291
N Z 60°, 1 h
OTf T |
A}
Ts
@
[l /\
HO\/\/K/I Bu3Sn X Pd(PPh3),Cl> (5%). HO\/\)\/\ (76) 449
DMF,rt. 12h
X AN
OH on X
BusSn” X Pd{OAc),, PPhy, THF Br (23) 450
OH o ! @0
I CN
OH OH
Bu3SnCN Pd(OAc),. PPh;, THF, (52) 450
OH 50°,4h OH
|!
— r‘OH
Bu;Sn” Pd(OAc),, PPhy, THF [ T 3an 450
vOH
Bu-n
Ao
Bu;SnOMe Pd(OAc);, PPh;, THF an 450

é?‘
Q
T
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TABLE . DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
oTf Bu3Sn ’ MeO NP
- COEL i Pda(dba)s (15%). | (72) EZ=955 30. 448
N2 OMe AsPhy (8%), NMP. 1t Ay COM
EtO.C N
_ Pdy(dba)y (3%). (92) 278
Bu;Sn (&N AsPh; (6% ), NMP,
CTMS 35.40° C=CTMS
@\ﬁ E:Z=68:32 BuiSnSPh Pd(PPhs), (3-4%). m {(83) FE.7=982 317
§7 ™ TBr PhMe, 60°. 3 h §” ™7 "Sph
&
OTt SnMe;
= =
\ Me;SnSnMe; Pd(PPhs)y (2%), LiCl, /K (71 451
/ THF, reflux, 3.5 h kwﬁ
oTf
Buysn” X Pd(PPhs);, LiCl, 97) 452
THF, reflux, 12 h
|
— X
N PA(OAC), (10%), m (>90) 453
* CH,Cly, 1t, 30 min
X TMS
TMS Pd(PPh3)4 (1.6%), LiCl. 100 28, 444
e N (e 16 oo
) THEF, reflux, 6 h
)\/ Ph
Ph;San' Bu_;N* Pd(PPhR)J. THF, IL “ (85) 283
refiux, 30 min ~
SnMe;
Me;SnSnMe; Pd(PPh3)4 (1.8%), LiCl, (84) 176
THF, 60°, 9 h
OTf e TMS
TMS Pd(PPh 1.6%), LiCl, s
Me;Sn/\/ (PPh3)y (1.6%), Li (90) 28, 444
THEF, reflux 100 h
Ph
Ph:SnF>~ BuyN+ Pd(PPh3);, THF. (84) 283
reflux, 30 min
Pd(PPhy); (5%), LiCl, SnMes
Me;SnSnMes Li»COs, THF, " (80) 176
60°, 168 h
OTf SnMe;
Me1SnSnMe; Pd(PPh;), (1.8%), LiCl, (73) 176
THF, 60°,0.75 h
\/%OTT \/:\/_—‘\/\/OH 47
+ Bu;Sn” X" “OH Pd(PPhy),. LiCl, THF + 454
— TN R TR
=0T XTX"oH
ZZ:ZE=4
OTBDMS OTBDMS
/K/' (A Pd(PPh;),. DMF, “ 1\ (58) + 455
n-Bu Me;Sn (o] ft, 20 h n-Bu 0]
TBDMSO” T,/ [ OTBDMS (3
O O
[(M3-C3H5)PACl]5. 41

I
n-CsH ™ X"

Cip

Me

CH;CN, THF,
rt, 5 min
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TABRBTIET NIRECT ORNASS, YD INC NE AFRONVE B EOTRDADII EQ (0 atlaae o dy
1LADLL 1, LZINLEU E WINUOO UL ENUT A ALNEIN R AL LINUD TGS LU OHTTHIEd )
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
N . .
o /> Pd(CHCN):Cla, nCHiin o\ -OMOM  (81) 41
DMF. 1t 3h
|
S OMOM y
BuaSn. Pdi{PPh3),Cl, (3%). n-CsHy, -
zﬁ\) Cul (8%), DME. \/YB an 287
0 60°, 24 h o
& Pd(PPh); (5%), @ 438
/K o /\/O
BusSn //S\\ THF, rt, 24 h n-CsHypy” ™% LS
0 0 o Yo
it i
N PA(PPhy), (5%, /\)J\ I (79 437
: " A 7
MesSn N PhMe, retlux n-CsHyy I\\I
0
N Pd(PPh3); (5%), I (67) 437
Bu:Sn™ N ) PhMe, 111°
0
| PA(PPhs); (5%), I(46) + n-CsHj oo~ (24) 437
7 Py
Ph3Sn N PhMe, retlux
b Pd(PPhy), (3%}, Ab (36) 438
BuaSn™ ™ o4 THF. 1,24 h n-CsHy ™ X7 g7
o "o 0 o
(0] (¢]
)L Pd(PPh3); (5%), /\/’L I (64) 437
Me;Sn N PhMe, reflux n-CsHy ™ N N
10
Il ‘N/ \> PA(PPh;)y (5%) 1 (43) 437
BusSn™ N/ THF. 65°
o)
™ PdiPPhy), (5%). I (52) + ~_ _Ph (19 137
o o N N ’ n-CeHy o X
PhsSn "/ PhMe. reflux T
O el _
il Pd(PPhy) (5%) I (74 437
M- r,‘/\N(PI‘—i)g DhA o rafli PITE N B
Me;Sn PhMe, reflux PGRTIEGN N(Pr-i)
1 EZ=83%17 Sn PA(PPhy), (3-4%).
bCot N BuzSnSPh (PPhy) (3-4%) n»cﬁH'./\/SPh (70 317
PhMe. 65°. 6 h
N :
n-CsHy, I {(n*-C3H)PACI 5. — (85) 4
== CSn>> n i n-CsHy,
i CH:CN. THE,
Me rt. S min
A\
CN \\ PAICH:CN),Cls. n-CsH;,  “—OMOM  (85) H
S/ DMF. .3 h
I\/
OMOM
— n-CsHyp o —
/< \ Pd(PPhs); (5%), \/() (32) 438
BusSn™" o - THF.rt. 24 h x >s7
o o o "o
\
— n-CsHyy y—
\ Pd(PPh;), (5%). @ (39} 138
Bussn— N~ THF. 11, 24 b NN
0 o o "o
CsH; -n )CiH];—zy SPh
PN Bu;$n$Ph PA(PPh); (3%). an = 22 317
Br PhMe. 1107, 4.5 h 7 sk m-CsHyy
CsHiyon Ny COaR Pda(dba)s (5%). COkt g, 375
A i J APl (00
0T BusSn  NHAc AsPh (40%), .. . NHAc
THF. 65° ebsts
N COsEr Pds(dbais (5%, S CO-Et  (58) 375
BU}SI’A/\/\( ) N
! AsPhs (40%), !
NHA¢ CsHy-n NHAc

THF. 65°
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
CN HO
OTY Me:Sn
HY ‘ s Pd(PPhy); (3% . LICL. \/ (80) 445
\/ = CHO dioxane, reflux, 16h
0 PA(PhCN)-Cls (5%),
I AsPh; (10%), x
BuiSn” X Cul (10%), (95) 61
NMP, 80°, 30 min
Pd(PhCN):Cl» (5%), 0
/K AsPhs (10%),
Bu3Sn Cul (10%). (83) 61
NMP, 110°,5h
PA(PhCN),Cl> (5%), 0
Bu:Sn AsPh; (10%).
\©\ Cul (109%), ‘ (89) 61
NMP, 110°, 7 h
(o] [0}
Pd(OA T9%), 68 259
BUsSH A o e ©AchO%). ijiﬂ 68)
OTf PPh; (14%), THF, 65 =z CO,Me
o (0]
Bu;Sn
j@ PA(OAC), (7%). (10) + 86) 259
Et0,C PPh; (14%), THF, 65° Bu-n
Et0,C
(o] o
OH OH
I\ /K PA(PPhy):Cly (10%), I\ (254) 67. 456
== dioxane, reflux, 80 min =
\Br ==
//7
O
/‘l\/OH
Me:SnPh Pd(PPh3)-Cls (10%). // \\ (280) 156
dioxane. reflux. t6 h _
Ph R
T
\
Me:Sn OMe MeO 4 IS
’ YY PA(PPhy)xCly (105 ). N0 e . 67
N dioxane. refl Loz '
\/\OMC 10X ux Nle()/\/ OH
OMe OMe .
~
MeO \)\\
I
\%1/\: N OH 504
i /\
\/160/\;/ 0
OMe
0 0
OH i oH
| \ Me;Sn Pd(PPh3); (5%}, / \ (=80) 67, 456
k[ . / dioxane, reflux, 48 h § o
Br
Me;SnPh Pd(PPh3):Cl (10%). 67,456
dioxane, reflux, 16 h
QMe
Messn PA(PPhy)Cly (10%), 67
} | dioxane. reflux
2
Pd(PPh;3),Cls (10%). 67

Me:Sn ~ OMe
| |
T

dioxane, reflux




88

68

Substraie Stannane Conditions Produci(s) and Yield(s) (%) Ref’s
OH
R! gl //\\\/
MeSn. o R? PAPPRACl (10%),  go. A b 67
SN N . - N \—/ Y
| ” aloxane, rerux ” ]
AL R Y
Py R-‘
Rl R? R RY
H H OMe H (253)
H OCH-0O H (260)
OMe  OMe H H (280)
H OMe OMe H 257)
H OMe H OMe (280)
OMe H OMe H (261)
OMe H H OMe (279)
H OMe OMe OMe (259)
H OMe OTBDMS OMe (255)
Br =
PA(CH;CN),Cl, (1%),
AN Bussn™ X PQ2-furyt); (2%), XN 99) 356
CO-Me NMP, 80°, 24 h CO:Me
PA(CH3CN);Cl; (1%), Ph
BusSnPh P(2-furyl); (2%). W (65) 356
HMPA, 80°, 24 h
CO,Me
PA(CHCN),Cl> (1%),  MeO-C
BuiSnC=CPh P(2-furyl); (2%), = (88) 356
PhMe. 80°, 24 h J o
CPh
OMs O 7 o
Bussn” X Pd(PPhy), (5%), LiBr. (>82) 173
OMe THF, reflux, 3 6h OMe
o. OPr-; BnPd(PPhy),Ci (5%).  i-PrO_ O
Ny I PR N -
1 ‘; DU}DIII"[I UL LD Ve ) LRGN, ‘[‘V ¢ {io/) 0
VamN 70°, 20 h P
o Cl Ph 0
Bu3SnC=CBu-n BnPd(PPh3)>Cl (5%), i-PrO), 0
Cul (5. CHACN N—y « N
(SRR o) N T S KA N H 1 a) s
70°, 10k N
C 0
i-BuC ‘
i-PrQ) 0
nog BrPd(PPh2),Cl(5%). &
BusSn - T
H h Cul (5%%), CHIRCN., ! (76) 63
N 70°,20h “/\\/ 0
/I
i-PrO o
BusiSn .0 !
W BnPd(PPhy),Cl (55%), 0=< Y 0 64
Rl— /_§ Cul (3% ), CH1CN. 50° i i
N @) 0 N
N PR
R? R! R:
R! R? Time (h)
H H 4 (50)
H Me 3 (47)
H n-Pr 4 (64)
H i-Pr 3 on
(CHa)s 4 (60)
i-PrO O
Bu;Sn (6] BnPd{PPh:).Cl (3%),
i 7 Cul (5%). CHACN. 0= o 8 64
SN 50°. 4 h
i-PrQ) O g o
o - O 1-PrO)
. BnPd(PPhx).Cl (5%).
OFt 32 i-PrO 0
Cul (5%), CHACN, \|—4 (70) 63
BusSn 70°. 20 h |
0
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

AcO

Bu3Sn \///\VOTHP

Bu;SnC=CTMS

cl
Bu3SnO

Cl

Bu;SnSPh

BusSn” X

Bu;Sn/fK
Bu;Sn \©\

Bu:SnC=CR

BusSnC=CSnBu,
Bu;SnC=CSnBu;
Bu;SnC=CSnBu;
Bu;Sn/%/ SnBuj
Buv;Sn/\/ SrBuy

Bu;Sn/\/ SnBuy

BuiSn N
|
SnBujy

BuiSn \I/\

/\SnBug

\

/

\

BuiSn

/

i

\

SnBuj

BnPd(PPh3),Cl (5%),

Cul (5%). CHaCN,
70°,20h

BnPd(PPh3),Cl (5%),

Cul (5%), CHyCN,
70°, 10 h

BnPd(PPhy):Cl (5% ).

Cul (5%). CH:CN.
70°.24h

BnPd(PPh)2Cl (5%).

Cul (5%). CH;CN.
70°, 3 h

Pd(PhCN)-Cl; (5%),

i-PrO o)

(o}
AsPhy (10%), Cul (10%), = (80)
NMP, rt. 12 h

Pd(PhCN):Cl; (5%),

AsPh; (10%), Cul (10%),

NMP.80° | h

PA(PhCN):Cl1 (5%),

AcO

AcO

AsPh; (10%), Cul (10%). l A | (66)

NMP, 50°, 18 h

Pda(dba)s (2.5%).
P(2-tury)s (10%).
THF, rt

Pd.(dba)s (2.5%),
PPh; (10%), THF,
it, 24 h

Pds(dba)y (2.5%),
P(2-furyi) (10%),
THF. 1. 3h

Pda(dba)z (2.5%).
AsPhs (10%). THF,
it. 1 h

Pda(dba); (2.5%).
PPh: (10%), THF.
r. 24 h

Pdatdba)s (2.5%),
P(2-turyl); (10%),
THF. 1, 5h

Pda(dba); (2.5%).
AsPhs (10%). THF,

.2 h

Pd>(dba)s (2.5%).
PPh; (10%), THF.
rn.48h

Pd-(dba)z (2.5%).
P(2-furyD): (10%).
THF. 1. 48 h

Pds(dba); (2.5%).
AsPh; (10%), THF,
.24 h

AcO

R=TMS (63
N/ "Czep R=Ph (64

C:C' (45)

" 45)

" (60)

" {40)

"23

" 30

63

63

63

63

61

61

61

65.

65,

685,

65.

65,

65.

65.

66

66

.66

66

66

. 66

66

66



TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Conrinued)

Z6

€6

0
/
Bu;Sn)j\N\,:>

BusSn” X" N(TMS )

BusSn X COEt

NHAc

U)zﬁl
Bu;Sn NHAc

II CO-EL
|

Bu;Sn/\/\ NHAc

70°,3.5h

Pd(PPhy)y (5%),
PhMe, reflux

1. PA(PPhy); (29¢).
PhMe. reflux
2. HCl

Pds(dba)s (5%).
AsPh; (40%),
THF, 65°

Pd»(dba)z (5%),

AsPhy (40%), Ag-COn.

THF, 65°

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OTMS 0
|
Pd(PPh 53 157
Bu3Sn (PPhs)s S SN
S AN
/Iﬁ\/j Pd(PPh1)2Cl5 (3%). d/j 58) 458
= ° P
Bu;Sn” N DMF, 80 P N
OMe
BusSn Pdy(dba)a ( 2.5%),
OMe As . Ph
Y sPhs (109%). Ny (62) 291
Cul (10%), DMF, |
N 60°.3h N
Ts Ts
Bn Bn
N__O N__O
L\( PA(PPh3),Cls (5%), le“/\/\( (81) 459
N CI(CH7),Cl, reflux, 12 h N
Bussn” 7 V2 pp TN
B 3%), 460
Bu3SnSnBu; Pd(PPh;)1Br (1.3%) pr N SBU - 21)
PhMe, 115°, 15 h
EZ=937 PA(CH;CN),Cl (1-2%), 46
e 2 Me3Sn/\/TMS D(Man ;ihz( D o XX TMS 4 AP
T (56) E.E:EZ=95:5 (34)
TMSWTMS (22)
-Z =89 -4%), -Z=985:1. 317
EZ=89:1t  Bu;SnSPh Pd(PPhs); (3-4%) X 5P ©1) EZ=985:15
PhMe, 110°, 2 h
EZ=8515 /4—0 Pd/C (0.5%), AsPhs (20%), /\/4/_\9 (85) E:Z=75:25 461
BusSn™" Ny Cul (10%). NMP, PhT SN
1130c 80% 12h l|30c
E:Z=81:19 ==\_ ZE=86:14 Pd(CHyCN),Cla, 30) EZEE=8515 85
BU3Sn/—\ (CH;CN),Cl S 0 N (30)
Cul, DMF. 100°
e N PA(PPhy)4 (2%), SN, Y 402
u3dn NI PhMa refliy W NHj
PhMe, reflux P
BuzSn Ph =
Z/ ?ﬂ PdiPPh3)2Cla (4% ), / ﬂ (80) 287
o HMPA. 60°, 23 h
O t. PA(PPh3)-Cla {191, (I)
| PhMe, 80°, 20 h ! (63) 269
Busn” S 2. 5% HCI P
/ ,
N Ph—: N
Bussn—< W/\ PA(PPh3)+Cls (1%) \\—/\/ j\ an 426
’ o~ 0
/@ Pd(OAc) (5% ). ﬂ/\)
P(o-Tol); (10%), NE13, L em 129
Bu;Sn” "0 CH;CN, reflux. 2 h Ph/\/\o
PhPA(PPh:).] (2%),
Me;SnPh BuyNClL. HMPA, Ph/\/ Ph (60) + Ph-Ph 34 463

0
PhA\)L N: > (49) 437

P XXNHCL (75) 164

ph/\/\/YcozEl (75) 375

NHAc¢
COsE
NH\/L 1S + 375
Ph” ™ NHAc
I COsEt 3
/1}\/! 2 7 + PhMy/\/COzEl
SN i
Ph NHAc (54) NHAc¢
133 + II (14 275
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
/U\/?ZE‘ PA(CH;CN),CL (5%), 1 (91) 375
Bu;Sn NHAc THF, 65°
Ph
Bu;S Ph -
H3on co 1(1}-C3Hs)PACl, : COPh o) 287,432
I\ HMPA, 60°,6 h 7\
o 0
\ Ph HO
BuSn [(W-C,Hs)PdCl ], — (76) 287, 432
/ \ HMZPl::, DMF, / \
0 n, 24 0
Ph Ph
BusS SnB — =
sasn e [(7?-C3Hs)PACl],, (69) 287,432
/A HMPA, it, | b 7\
o o)
- 66%), 3
Bu3SnNEt PAIP(o-Tohs1,Ch (0.66%), | ~_NE; (50) 16
PhMe, 100-120°
(E3Sn)hS PhPA(PPh )l (5%), Ph g P O 320
DMSO, 100°
(Bu:Sn)S Pd(PPhs); (1%), " 318
PhMe, 120°
OEt 1. PA(PPh3)sCls (1%), Ph\/\n/ (73 269
/=N PhMe, 80°, 20 h
Ph Br Bu;Sn 2. HCI (5%) (o]
N Ph N
Buysn—¢ PA(PPh;),Cla (1%) N ©5) ZE=1: 426
o} o
Bu;SnNEt Pd[P(o-Tol):):Clh (0.66%), 43 316
u3SaNED [P(o-Tol)3)4 3( ) ph/\/NElz 43)
PhMe. 100-120
o X NS PA(CH;CN)Clp (1-2%),  Ph o~ = (85) 46
s Bupsm = DMF, 25°, 6 min -
Bu3Sn Ph
?/ \} PA(PPhy)-Cl5 (4% ). - AR NRUL 287
0 DME. 60°. 1 h o
i . AR xR . <
Bu;sn” " NHBoc PACHACN)LCl (55).  Ph” """ NHBoc (89) 165
DMF. 1t
Bussn” X"NHFMOC  PO(CH:CNYCL (5%), P X" NHFMOC  (65) 166
DMEF. 207, 24 h
Me,SnC=CTMS Pd(PPhy), (5%), Ph (—) 431
THF. 50° SCTMS
0 o}
i ) , ;
BUKSH/\Nw Pd(PPh-), (3%). Ph/\/U\N (82) 437
\‘/ PhMe, retlux
0 o
/!k Pd(PPh;) (5% /\/U\ R=Bu (77 437
Risn” N ) (PPR3) (30, P TN ) REBUOD ’
‘ PhMe, reflux R=Ph (71)+ ph X Ph
sCla (1-2%). P TYEEEZ=61 46,187
Messn” P PACHICNRCL (1:29). Ph o o~y D +
: DMF, 25, 6 min
EZ=937 Ph/\ (4
Ph PA(CH;CN).Cls (5%),  Ph 69 187,46
Buysn” D(MF'n t)i) m1r: ! AN e
BUgSn\/\lrSiPm Pd(CH;CN),Cla. Ph\/\/\”/SiPm (60) 467
i CH:Ch. 1t
0 0
-Ph*BF," PA(CHACN)AClh (5%). 79 187
ph/\/l Ph*BF, Bussn” X (CHA:CN) . e) P X Xy )
DMF.rt, 5 min
NHCl» (5% 2 187
e PUCHICNRCh (5%). L AP (T2
. DMF.rt.5h
Br . ——
/ Pd(OAL); (5%). 2 (>38) 429
ph/J\\\\ BUzSn/Q P(o-Tob); (10%), Lo>\\/

NEt;. CH;CN,
reflux, 2 h

Ph
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs,
Pd(OAC) (5% ).
I P(o-Tol)z (10%), | Ph (>46) 429
BuSn™ O NEf3. CH1CN, o
reflux, 2 h
oTf Ph
Bu3SnPh Pdx(dbay (29). /& (12) 30
Ph NMP, 24° Ph
oTY Pd(PPhy)y (1.6%), LICH “ (80) 28.443
X ; . 447
B”-‘S“/\!/ THF. reflux, 133 h
EO
OEt
PA(PPhy); (2%), LiCl. (94) 270
Me;3Sn THF., 60°,48 h
T™S
=z
Me;Sn/\/TMS Pd(PPh3); (1.6%), LiCl, (100) 28, 444
h THF, reflux, 36 h
OTt Pd(PPh3), (2%). LiCl, SnMe;
Me;SnSnMe; Li»CO;. THF, (62) 176
60°, 120 h
PA(PPh3); (29), LiCL
J ’ Me;SnSnMe; Li;CO3, THF. (67) 176
oTt 60°, 120 h SnMe
oTf )
AN Bu;Sn” X Pd(PPhs); (1.6%), LiCl, N (75} 28.444
I : / \ THE wafly / \
U D THF, reflux o N
- v v /\
Ez=goq BUSIF PA(CH;CN)-Cla (5%). AN NHEMOC (63) E:Z=90:10 466
! NHEMOC DMF, 20°,24 h
Z
-7 = 64: Phy)y (3-49%), -CeH (84) E:Z=96:4 317
o E:Z=6436 Bu;SnSPh PA(PPhy); (3-4%) nCeHis A~ gp, BY
Hina g, PhMe. 50°, 7.5 h
1-CeH 4 \/\] Me:SnC=CTMS Pd(PPhx).:(5c/( ) IZ-C(,H”\/\C\\ (—) 431
THF, 50 SCTMS
P Me;SnC=CTMS Pd(PPh3); (5%), —c (= 431
nCeHiy 1 THF, 50° n-Cetia ScT™S
OTf SnMes
Me;SnSnMe; Pd(PPhy); (1.8%), LiCl, /\ (74) 176
CoHuzn THF. 60°, S h CeHyzrr
i- i-PrO, [¢]
nBu . Pro 0 BnPd(PPhy),Cl (5%). ! (60) 188
j/\"Ph OTf ! Cul(8%), DMF.,
BusSn 0 rt, 30 min . [¢)
’ o n-Bu o
BusSnc=c—< Y c=c~<
b n-Bu—C b (67) 188
i-PrO 0 i-PrO O
2 (76) 188
N Lot 1
II-B\!J n-Bu
Bu;Sn 0] — o
Br _ S = -E = 76: 385
X ZE=86:14  PA(CH;CN):Cla. PhC=C (39) Z:E = 76:24 383
Ph/\/ Bu;Snﬂ c N
Br ’ ul, DMF, rt
CHO
CN CN
Lot MeaSn Pd(PPhs); (3% ). LiCl, /l\(@ (88) 445
s \\/ 1\/1\ dioxane, reflux, 16 h )
kJ CHO {
. “H:CN)-Cl-. SiPhy  (86) 467
BocHN /\/\l BuiSn \/\ﬁ/slphz PA(CH:CN)-Cl>. BocHN /\/W iPhy

CH+Cla it 12 h

(&
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TABLE L. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)
[e!

Cithotrata Ctannana anditinng Draducticy nnd Vialdioy 160y Rafe
Substrate Stannane onditions Product(s) and Yield(s) (%)
—\ Pdy(dba)s (19),
/ 7\ . Cl - ) ' MesSn._ -~ /T
O-N-— 7S MeaSnSnMe: PPh; (8%), NMP, = TS—\ H—NO->  (72) 260
N_7/ 1 Coan N7 -
O rt, 40 min [§]
— O Pds(dba); (1%). [¢] r—
/N UL ot e aaAD MesSn. o~ /TN . o
ON—\ /=5 X Me;SnSnMe; PPh; (8%), NMP, TUNEINS )—NO,  (47) 260
NI/ ~ ot QE ain iy N7
O L, &3 min u
Br Bussn” X PA(CH:CN)3Cla (19), “ ®) 356
NP O P(2-furyl)s, PhMe, 80° N~ _-OEt
Ph
Bu3SnPh PA(CH3CN)YCls (1), M (55) 356
EUNCL HMPA, 80° S ~F OBt
ol 0
| _ Pdy(dba)s (3%), CTMS  (80) £:7=80:20 278
BuSn’ Co AsPh; (6%), NMP, C
oTt CTMS 35-40° =
o 0
Br g = N\
‘ BusSh | Pd(PPhs); (10%), \/I‘\ (42) 289
! NTNF DMF, 110°, 1 h XN
OEt SEM SEM OE¢
OMs O = 9
A Me;Sn” X PA(PPhy); (10%), LiBr, X 73 173
THF. reflux. 36 h L
Bu;Sn/k " (69) 173
i
S N oo
Bu:Sn N /\2\ 1 Q4) EZ=93%7 173
3 RN .
i |
N
PN ~ N o
™1 Y -] e
I, i 1 i
o~ T zon e N %y 172
Bu;Sn” i(69) + | I 3 + | (28; 173
o L/ N
~ ~
0
1
~_ N
e DB O A PN 173
Bu_;bn ralrrnyjy [ | { ) e
NG
Ph O
] "
Bu;SaPh Pd(PPhy)4 (5%), LiBr, Cj/\ (33) 173
THF. reflux, 36 h
R
N
R Pd(PPhs)y (5%), LiBr, R =Bu-nn (79) 173
BuySn” X =Ph (57
THF, reflux, 36 h R=Ph (57)
W ) BusSn Mcozgt Pd(PPhs); (1.25%), CsF, Wcoga (58) 468, 469
[¢] o THF, reflux, 6 h 0
Pd,(dba)s (1%), MesSn o~ _Ph  (78) 260
Ph\S/\/Cl Me;SnSnMes h(dba)z (1%) e g
1 PPh; (8%), NMP, I
(¢} ,4h R
fe} Ie} o_ .0
X BuzSn” X Pd(PPhy); (5%), THF X X=Br (<5 452
X=1 (80)
BuySn” X PA(PPh):Cl5 (3%). " X =OTf (85) 452
LiClL THE
CO-Et CO:Et
B oTF Pd(OAc): (T%),
BusSn” > PPh; (14%), THF, = (6D 436

55°.6h
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TABLE L. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
COEt
Pd(OAc), (7%). !
2 =
Busn” 7 PPh; (149 ), THF. g\/ 56) 6
55°.12h
CO.EL
- COMe ) COM
Bu;Sn” "X Pd(OAc), (7%), \7/’\/ :Me 59y 259
PPhs (14%), THE. 65°  \__J
CO-Et
Pd(OAC) (7%), 1 Ph
Bu;SnPh PPh; (14%), THF. (0) 436
55°. 20 min
CO,EL
] 2CPh
Bu;SnC=CPh Pd(OAC) (7%), é/c (83) 436
PPh; (14%), THF, 55°
C() Et
CO,EL Pds(dba); (5%). CI 375
Y\i/ AsPhs (40%), THF, 65° E0C N“A‘
BusSn NHAc
CO,Et
Buysn” S COFEL Pda(dba; (5%), é/\/vlcozﬁt 93) 375
NHAC AsPhs (40%), THF. 65° NHAC
CO>Et
/:\ P
Bu:Sn C. Pds(dba)s (3% ). A (90) 278
cTms AsPh; (6%), NMP YT
sPhs (6%), NMP. \ c.
o N
35-40 \CTMS
,CTMS COLEl
c” Pd:(dba)s (3%). ! C///CTMS (79 278
_ : NP
S AsPhs (6% ). NMP. M
BuaSn _
35-40°
Bu3Sn Pd(OAC): (1%), EOC
PPh; (14%), THF, 65° (s) 259
Et0.C
CO,Et
CO,Et Pd,(dba); (3%), CO,Et
: ST Ph (€ 278
0SO-F Bu;Sn Co AsPh; (6%), NMP, ~ on
CTMS 15.40° c.
CTMS
COsEt CO-Et
- Pds(dba); (3%),
OTf =\ - X
X Bu;Sn Cy AsPhy (6%), NMP, = (94) 278
Et CTMS 35-40° Et ;(1:1
CTMS
,CTMS Pd;(dba); (3%), COAE _CT™S
C AsPh; (6%), NMP, c” (85) 278
— SN
BusSt 35-40°
Uz Et o
Ph ‘g/\/C' Me;SnSnMe; Pdy(dba); (1%), MesSn o~ DPh (60 260
B PPh; (8%). NMP, i
O .
OSiEt; rt, 90 min OSiEt; SOaPh
o)
Ph \5/\/01'5 BuySn Pd(PPh;)ZCIg(Z-:X%). {65-70) 174
i ~ Cul (6-10%), LiCl,
o THF, 67°
o]
MeO. OH MeO.
/& Pd(PPh3):Cl, (10%), (=89) 67.456
Me;Sn dioxane, reflux
Br
OMe
67

MeiSn OMe o
Pd(PPh3)Cl; (10%), MeO 59
OMe dioxane, reflux O OH
OMe MeO
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPH

ILES (Lomumea}

Substrate Stannane Conditions Product{s} and Yieldis) (%) Refys.
MeO,C_ OH MeO-C_ ,OH
\//OT’ BuySn Pd(PPha)g (16 ), LiCL. M (86) 470
/
/\,J THF. reftux. 6 h A J/
OMe OMe
MEOWO ;\/OME PA(PPh3)y (10%) weo W/\ /\ Oe (55 471
i | i 34 (107), S3)
z Bu:S y
07N - HWOW Cul (5%, MWOWR
OMe O-N dioxane. 101 OMe O-N
OMe
MeO OH /\(OMe
" - Xy
Pd(PPhy, (109 ) YY 7 80) W
© = NS ~
dioxane, 101 HO \/ ; OMe
OMe O-N
B PA(CHCN)Cly (19%), =
; P . | -
N Bu3Sn” X P(2-furyl)s (2%, | (40 356
NS s ! o M(L X NF S s )
Rl CIvIS, o, 24 1 N
Pd(CH;CN)-Cl> (1%), Ph
Bu;SnPh EuNCH, HMPA, NP (52) 356
80°, 24 h =TT TMS
_ \ ,CPh
BusSnC=CPh PA(CH-CN),Cly (1%), & (26) 356
HMPA. 80°, 24 h ﬁ<
T™S
OT¥ CHClp
PN
| N BuzSnCeH,Cl-p Pds(dba)s (2%). (68) 30
S NMP, 24°
OTf SnMe
| Pd(PPhy), (1.8%)
§ \‘ Me:SnSnMesx LiCl. Li»CO;. THF, ~ (80) 176
= 60°. 4 h =
7/
NCF]
R . N S
o BusSt .y, Pa(dba); (2%). e (60 30,448
{ I I | NMP, 24° | I
L 1 i NM#E !
o A S
PA(PPh) (850, LICL > SnMes
MesSnSnMes Li,CO5. THE. S 139 176
R 8 1 |
60°, 240 h
Br PA(CHACN);Cla (1), Z
\/\/j\ Bussn” X P(2-furyb)y (2%), S (35) 356
Bu-n HMPA, 80°, 24 h Bu-n
PA(CH3CN)-Cly (15, Ph
Bu;SnPh ELNCL HMPA. \/\VL (52) 356
$0°, 24 h Bu-n
\ ,CPh -
Bu:SnC=CPh PA(CHCN):Cla (1%). & ) 356
HMPA, 80°, 24 h —
Bu-n
ot PhySnF>- Bu,N* PA(PPhy); . THE L (83) 283
3 2 4 RIS s b -
) R Xy, Pr-
n-Pr “«4/\ Bu-n reflux, 30 min n-Bu -
CHO CHO
)\/1 HSnBu; PA(CH;CN).Cla (—) a7
Ph \1 ' PR
Br Br
EOCo o . o~ _CO:EL -
? \( \‘V /I& PA(CHCN):Cls, or \\TL' ]/ )] 473
NHAcI Me;Sn” Pd(AsPhy)y. DMF A, NHAC
Busn” Pd(CHyCN2Cl, DMF \\\?/\T/CO?E‘ 23 473
us>n 90°.2h NHAC
TMS Pd(CH;CN):Cls. DMF 473
Bu;Sn/\/ (CR; o

90°. 1h
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued

L% NG U ALKEN CUPHIL )

Subsirate Siannane Conditions Product(s) and Yield(s) (9%} Refs.
e~ _COSE
Bu;SnPh PUCHCNICL. DMF Sy~ \(V"J“‘ (56) 473
90% i h Ph  NHAc
- Diy DO AL YA 2~ COEL .. 477
Iy n.cn/\/A o ruL\.n]LlV}lez. i2wvir Y ) +/.3
Vig3on N f0° t h L. "
VYo \\ NHAC
|
Ph
I/\/\T/COZE‘ | Pd(CH;CN):Cls. DMF W COEL (65, 473
NHAc Mc;Sn/\ 40°. 18 h
g 3
/\/ Pd(CH;CN)»Ch, DMF 473
Bu;So 80°, 4 h
T™MS PA(CH3CN),Cl»,, DMF 473
Bu;Sn/\/ NGl
80°,4h
Bu:SnPh PA(CH3CN)2Cl,, DMF 473
15°,15h
Ph PA(CH;CN),Cl, DMF 473
Me;Sn/\/ N >
40°,17h
Ph” X — Z:E=86:14 Pd(CHiCN)-Cl,, Cul. 385
/Y\OH Buxsn/—\ (CH:CN)Cl, Cu
Br : DMF or PhMe,
100° to reflux
O
Pd(PPhs), (5%), LiBr, 474
i i BU3Sn/\ T( 3)i 0
NN THF, retlux. 48 h
OMs
WOH NN OE Pds(dba)s (5%). 373
| i i , - o
. AsPhy (409 ), THF. 65
\_/\ oTt BuSn  NHAc
Pd(PhCN )} Cl» (5%).
1 PN ‘(.—- .):_._ ,,(.,.M,‘ / . s
I BusSn” X AsPhs (10%). Cul (10%), b (57 446
n-CsHypw 2 NMDP 450 10k e L AT
~ LUMe INGVEE, 20 , 1711 LAVIC
PA(PRCN),Cly (5%). o
Me;SnPh AsPh; (10%), Cul (10%), i”' (84 446
. NMP, 55° 45h SIS come
Oy Br D b s I A0 Oy S QT 50
T AN Pda{dbaj*ChCiy (2% ), ST X {87} R
v buzol = PPh. (8). THF e
p-Tol n3{sch p-Tol
reflux, 30 min
Bu;Sn/\r 0~SW (80) 59
p-Tol
Ph
Buysn” X . NP ENS SaLE ) 59
p-Tol
OEt OEt
" O /\/\)\
Bu_;Sn/\/k()E( \S‘ X OEL (85) 59
p-Tol
" [¢]
Bu;SnWS *s\/\/\/fi\rs (83) 59
’ S\) /"TO] S\)
Oyt Bu}Sn/J\ PA(CH:CN),Cl, (2%). O*s/\/K (83) 59
: ) DMF, rt Tol
-Tol p-To
p-to OFt OEt
. [¢] 39
Bu;Sn/& ‘s\ RN (90)
p-Tol
o-s_ i Bussn” ' o-s_ =@ 59
p-Tol p-Tol )
)\ " o=/ _>: (80 59
BuiSn” T p-Tol
/y 59
i

Bu3Sn




90T

10T

TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OEt _
} O=S (83) 39
BusSn” X p-Tol OFt
BuiSnC=CBu-n PACHLCNRCL (2%),  O=S - \c\\ (77 60
DMF/THF. 1t p-Tol  CBun
. SN
Bu:SnC=CCH(OEU PA(CHCNRCHL (2%).  O=S C. (82) 60
DMF. rt pTol  CCH(OEn,
QE! 0 S/:R/ 76 59
=S OEt 76) 3
Bu;Sn/\/kOE( p-Tol ‘
OEt
- —
BusiSnC=CSiEty O=5, C\\\ (87 60
p-Toi CSiEty
TN
Bu3SaC=C— " 0=S Cy (75) 60
OTBDMS p-Tol C
\—OTBDMS
P
BuiSnC=C— PA(CH;CN)-Cl, 2%), 0=, Co (74) 60
(\GOBU,, DMF/THF, 1t pTol CC, OBt
i Pd(OAC), (7% )3
‘ OTf P (OAC), (7%), AN X
P BuiSn” XX PPh; (14%), L] 81 436
COMEL THF, 55°, 4 h SN0,
P Pd(OAc): (7%, =
Buysn” PPh; (14%), (Y\/ (66) 436
THF. 55°, 6 1 SN o
~~ Ph
BuiSnPh PA(OAC) (7%), [ (0) 436
PPhy (1496, THF, 557\~
C/,/CPh
Bu;SnC=CPh Pd(PPh3), (79%), (\;/ (89) 136
THF. 55° SN O
CO,Et
BusSn
]O PA(OAC); (T%). 72) 259
Et0,C PPh; (14%), THF, 65°
EtO,C
n-CsHy, Pd(PhCN),Cl; (5%), n-CsHy,
ycozm Me,Sn AsPhy (10%), Cul (10%), & _CO;Me  (38) 435
DMF, 80°,24 h
I
PA(PhCN)2Cla (5%), n-CsHy,
Bussn” X AsPh; (10%), Cul (10%). & _CO:Me  (69) 435
DMF, 20°,3 h
=
_ Pd(PhCN),Ch, (5%), n-CsHy,
Bu;Sn/_xOAc AsPhy (10%), Cul (10%), L COMe  (40) 435
DMF, 20°, 64.5 h
4
AcO
n-Bu Pd(PhCN),Cl3 (5%), Et0:C
2 COqEL BusSn” X AsPh; (10%), Cul (10%), —)/—\\ (83) 435
DMF, 20°,2.5h n-Bu
1 OEt
/& PA(PhCN),Cls (5%), EtO:C OEt
Bu;Sn AsPh; (10%), Cul (10%), ﬁ 47 435
DMF, 20-40° n-Bu
CO,Et
n-Bu/\/ COE Bussn” X Pd(PhCN),Cl5 (5%), n-Bu” X 2 (80) 435
1 AsPh; (10%), Cul (10%), =
DMF, 20°,23 h
I\ / N>\ 433
\ Pd(PPh3),4 (2%), LiCl. \ (74) 3
OTf /( Sg.. 3 -
EtO:C“\( Bu;Sn” "N Bu-n THF. reflux, 22 h E10,C” Y7 N Bu-n
Bu-n SEM Bu-n SEM
o Pd,(dba)s (1%), MesSn
F;C—®—|s[/\/ Me3SnSnMe; PPh; (8%), NMP, ¥ \/\ﬁ CF, (84 260
le) rt,4h [e]
o Me:Sn il
H
FiC .s'/\/C’ ERINFNg CFy (81 260
o o
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product{s) and Yield(s) (%) Refs.
CH
Br C
; i -
,/\fo‘ ) Bu:SnC=CH PA(PPhy)y. CyH, /\;’0\% (74) 175
! | /\/\ reflux. 30 min ! AN
N o \\\/\O
=
Bussn” X Pd(PPhs);. CoHe, N0, (5 475
retlux, 30 min b /<
SN
.SnBu,;
Bu;SnSnBu; Pd(PPh3}1. CoH, PN 34 475
reflux. 15 min \/\/ ><
o
- +
1o~ X FPIBE Buysn” N PUCHCNNCL 3%, Tso” XN (72 187
DMF,rt.5h
. BusSn” X Pd(PPh;)y, LiCl, (84-95) 452,476
>(K0Tf THE. reflux
COMe
'/\ Bussn” X Pd(PPh)s. LiCl, (84-95) 452,476
> OTf THF, reflux
< C0OMe
- CH
PN Bu;SnC=CH PA(CH3CN):Ch,. c~ 91 47
THPO SN u3Sn ( ?,-.) THPO/W 9hH
DMEF. 25°
BocHN R
i P LT
: | ! I}
Br Bu;Sn\/\I/R Pda(dba);*CHCI (1.5%), . X R=H (78) 62
I i P(a-Tol), (120), i R = OTBDMS (69)
N A -OMe A - N A _OMe
~ Y BocHN ™ NMP. 70°, 2 h >y
OMe OMe
S$Ph BusSnH Pd(PPha), (29 ). _seh 8)) 48
ZC CoHo.tt 1 h
Ciy OTt
T, PhiSnFs Bu,N* Pd(PPh),. THF, 283
W reflux. 30 min
Ny O Pdstdbads (5% 1 375
BusSn  NHAe AsPhy (40%),
' THF. 65°
CO-Et 5
Bu;Sn/\/\‘/ 2 375
NHAc¢
. ) ; Pd(CHCN):Cl. t-Bu / \ (82) 443
FBU AN Me\sn’PWBu' A N N T Bu
WL, DMF /n
Moy : Bu N~ N~ (39) 443
MESE AN snMey NN B
H " NN —
‘/\/\/\1 Bussn” >0 & T on ) 477
n-Bu n-Bu
MesSn™ X Pd(PPhy). (5%). LiCl. 94) 478.479
2 THF. reflux, L h P
OTf ==
Me:SnSnMe; PdiPPhy);. LiCI. \( (81 373
THF, reflux /7&?
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
B
u:Sn OMe OMe
) Pda(dba); (2.5%). (14 291
AsPhy (40%), O
! N Cul (10%) 1
Ts DME. 60° t h N
]
Ts
i
/@/ Mesn” X PA(PPhs), (1-2%), /@A\ (80) 46
i o
"Bu DMF, 25°,6.5h " Bu
OTf
/O/ BuSnH Pd(PPh;); (1.6%), LiCl, /@ (78) 444
-Bu THF, reflux, 0.5 h -Bu
BusSn™ X Pd(PPhy); (1.6%), LiCl, I 28, 444
THF, reflux, 17 h
-Bu
Bussn” X Pds(dba)s, (1%), “(>95) 1
P(2-furyl)s, (8%),
NMP, 35°
BuySn” X Pdy(dba); (1%), LiCl, " (>95) 1
AsPh; (8%), NMP, 35°
AN . =
Bu;Sn Pd(PPhy); (1.6%), LiCl, (96) 28, 444
THF, reflux, 31 h
t-Bu
Bu-n
BuySn Pd(PPhs); (1.6%), LiCl, (80) 28, 444
THF, reflux, 41 h
7-Bu
OFt OFt
MesSn™ X Pd(PPh;); (2%), LiCl, (93) 270
THF, 60°, 18 h
+-Bu
PA(PPhy); (2%), LiCl, " (97) 480
THF., reflux. 15 h
~CTMS
Me SnC=CTMS PA(PPhx) (2% 1. LiCL. /\,/ (90) 28. 444
THF. reflux. 15 h BT
Ph
Me:SnPh Pd(PPH); (1.6% ). LiCL. Y w 28
THF. reflux. 24 h ,_Bu/‘\/
SN
MeSn” Ph Pd(PPhay, (1.65). LiCl, [/\D’ Ph gy 28
THF. reflux. 24 h ‘
+Bu
BuiSn /\/CF
;/ﬁ Pda(dbay (1), 7 (89) 30. 448
ANCE, AsPhy (8%). ZnCl, NS
NMP. 1t
By >
Pds(dbajs (15). STV 30. 448
AsPhy (8. LiCL
NMP, 60°
Pds(dba)y (15%), " (83) 30, 448
AsPhy (85%). NMP, 60°
Pds(dba)s (19%). T (54) 30. 448
PPh; (8%). LiCl,
NMP, 60°
Pds(dba); (1%), LiCl. " (69} 30, 448
NMP, 60°
BusSn = OMe
@ Pdy(dba)s (1), ,/\[/ (89) 30. 448
Z™O0Me AsPhz (8%). NMP. 1t & =
-Bu
-PrO e Pdx(dbaj; (5%). Z nCl,. PO ©
[ P(2-furyls (10%), | (83) 12
BusSn o) 65°, 45 min [ B [e)
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
r C//’CPh
| } Bu Pd(PPh;)y, THF, Q/ (53 376
L Sn-C=CPh  62°.20h +-Bu
Bu
Pd/C (0.5%), AsPhs (20%), P
Ph £Z=955  Cul (10%), NMP. 80 461
Buysn” X o /O/V 0
80°. 16 h -Bu
MeO.C MeO,C
v =
BuiSn | Pd(PPh3);, NEt;3, 1-Bu (64) 290
NTX CH:CN, 100°, 7 h N
H H
THPO ) THPO
Pd(PPh;);, NEt3, LiCl
Bu;Sn CH;CN. DMF, 1-Bu ‘ 4 O {49) 290
N 100°, 7h N
H H
SnMe;
Me;SnSnMe; Pd(PPhy); (1.6%). LiCl, /O/ 13 28
THF. reflux. 12 h 1-Bu
1 EZ=83%:17 PA(CH;CN),Clh (5%), PR 61) E:Z=85:15 466
nCyHyy” X BuySn” X" NHFMOC D(MF" ,00)2241 D XX nurmoc !
1-CoH /\/[ Me;SnC=CTMS Pd(PPhj); (5%), n~CxH|7\/\C (—) 431
87 THF, 50° TetMS
BU AN prroTe- Bu;SnC=CPh BoPd(PPha):Cl (5%). ”'Buw/\c\\ an 188
B Cul (8%), DMF, B CPh
11, 30 min
Bu;SnC=CCOBu-1 n-Bu Ca (66) 188
| SCCOBu-r
n-Bu
i-PrO 0 i-PrO 0
]—/ ; A f (63) 188
[
M n-Bu
BusSh [¢) == (0]
n-Bu
CO-Me Pd{PhCN)>Cl, (5%). /\/\/COzMe
/\}/\/ MeaSnPh AsPha (10%). Cul (10%). i \‘ \, (66} 435
£ ' ) . L Ph
F/\/ Bi DMF. 50°. 3.5 h N
COMe COMe
1 Me3SnPh Pd(PPh3)-Cl> (2%). )\/Ph (80) 45
Ph ; THF. rt Ph ;
Br Br
0
0 I R
AN RN 88
i o R,Sn Pd(dppp)Cla, i-BusAlH, O‘ Me (88) 43
X y dioxane, reflux i n-Bu on
1 Cl | ’ n-CioHas (25)
0
: PA(PhCN),Cl (5%),
Me,Sn AsPh; (10%), Cul (5%), \/L (94) 446
Ph Ph._~
V/kCOMe NMP. 80°, 4 h COMe
PA(PhCN),Cla (5%), COMe
BusSn” X AsPhs (10%). Cul (5%), N (65) 61, 446
NMP, 35°,43 h Ph
M
/K PA(PhCN):Cls (5%). COMe
BuiSn AsPhs (10%), Cul (5%), !/ (82) 61
NMP, 70°, 16 h Ph
PA(PRCN)Cla (5%, COMe
BusSn AsPh; (109%), Cul (5%). & Xy (87) 61
| NMP, 85°, 16 h o L
Me;SnSnMe; Pd(PPha), (1.75%), LiCl, 481-483

MeO. i
THO

MeO..
Ji>< (80-02)
AN
MeiSn

THF. 60°. 18 h
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C

VAN

7& N
73 73
/0> VAN
/> />
o !
AN I~
/0> VAN
/0> VAN
/0> VAN
/0> VAN
/> />
07& wd
SN\ i~ A{OLWH Ri11.Cn PN C-H...n e e PEVES e~ g2
ll \/( \/)’;v— et N \;/"3“‘I . PA(CHRUN UL, L/0} JL033
’ (‘)H DMF, 11, 8 h
"
CsHyy-n Me,Sn BnPd(PPhy)-Cl (3% ). 52
// HMPA. 55°
Br
i Me,Sn Pd(PPhy); (5%), 55.57
CuBr (5%), dioxane.
b waftoe 1Q L
HMPA. 55°
Bu,Sn PA(PPh3), (5%), 55
CuBr (5%), dioxane. : -
reflux, 30 h OH O
\/\/\_51‘” IR
OH
BnO” N Me,SnC=CH Pd(PPh,);, THF. Bno/\/\c\\\CH (59) 47
22-25°,24h
Me:SnC=CTMS Br0” N Ca (85 47
SCTMS
0 0
Br Ph
[ 1 Bu3SnPh Pd(PPh3)s (5%). 7S | (66) 55,57
OTt
s Bussn” Pd(PPhy); (3%). TS (65) 484
o LiCL THF. reflux K/i/\o
ko ’ L20EC UL K U3 R 2 ) ‘ n N
/IIL Cul (5%), CHiCN, 0 {(>=0 H i-Pr 64
0o Br Bu3Sn’ 0 50°,2h X LY (CH>)s
;( \\( BusSn” X PdiPPh),. LiCL. K/‘( (90-92) 452.476
; : THF, refiux
\((0 , o
oL \¢V‘L\
i e |
m \ ’ ) U= Wil vy N
BuaSn o 50°.3h }”( \!/
I~ 0/ L
/> />
07& wd
CO-Me SN0 ZE=86:14  PA(CH;CN):Ch. COMe  (4Th 385
RN : Ph” ™
Ph7 Y BuaSn DME, 100-105° |
1 RT i U \\I
= CuBr (5%), dioxane, =
0 reflux. 12 h o
iR2
O\\ /Ph R'R N\ //0 RADA/DPDh. . 7800 ll)h It bl D2
-~ _OTf /\\”A ,
O NR'R?
Ph 0 Ph 0
TA{ BnPd(PPh;),Cl (5%), /K )k
| 1 Cul (8¢ CH-.CN ~ \ ~ 7R Al
BnO C/\/Cl MeiSnSnMe;z Pd(dba)s. PPhs. 8RO C/\/ SnMe; (61) 260
e o NMP. 1. 16 h :
TABLE 1. DIRFCT CROSS-COLPLING OF Al KENYI FI FCTROPHIT FS (Continsisdy
Substrate Stannane Conditions Product(s) and Yield(s) (%) Rets.
OH
i
_\l =
0
Bussn” BPAPPA:Cl 3%, AL LCeHun (95) 52
OH © S OH O
o}
BusSn o~ CsHin PA(PPh3)2Cla. CsHyn 7 53
OH THF.55°.72h
BusSn Pd(dppt)Cly (5%). (82) 55,57
0 DMF., 100°,85h o
Oy el
|S g Vo
O~ V3L
O V-
U7 W
027 I~
Q Ay
0% Yo
0% u%
U-
0%
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
N ‘OH
Uss A 1
Ci Br Ph
| BuzSnPh PA(CH;CNNKCla (19%), N (55) 356
> NN bl:}bn U ull)x‘dl‘lt, IC:IU;. 'n W nt
OH O
0
T H OEt
V; . /& 1. Pd(PPhs),, LiCl, 487
Me;Sn THF, 70°, 10 h
reflux, 5-30 h
7
T (')Me reflux, 15h
0" " Y
RocHN. g, - on &1 N
o =
RacHN N I
(’)R reflux, 3 h 1
OH ©O
MeO,
=
LRUHNOC o~ 0 W
MeO.
0 AN %\‘ -
. EbNOCL o o~ A__/lJ\ l\ J/
| LU L ), (g 21
Me3Sn CuBr (8%), dioxane,
MeO - o
N PA(PPh.Y. (5 TN w88 &7
umc.‘/'\// . dioxane, reflux, 1 h Wi o
o 1
e, NMe
NN DADDL VS0 55.57
|| 1 ratrrny)giae)
L /\ = CuBr (5%). dioxane
MeiSn” Y ’
TETEINGTRY R
I | Pd(PPhy); (5%), 55,57
- /) Anen aafliie IO L
MC;SH' ~ GioXane, rérnux, zun
YT YT 55.57
MesSn T
OMc
[ pr—
O ) . oy - . . O L ,
y IABLE L. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)
\ —-OMe BuySn” X Pd(PPhs),Cly, DMF, S -OMe  (72) 485, 486
0 1, 16h 0
1/\)
A 0
| PA(PPh3); (5%). i | (82) 55.57
v~ o T BGNCT, ANPA, '~ ~
80°. 24 h (0]
e OTE =
D Ph
Bu3;SnPh Pd(PPh3y); (5%), I! | !| (100) 55.57
CuBr (5%), dioxane, =
1 Z. ACUH. HaU. T H
- R BADDR.. (A0 Y Y Y sean <=
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
-/ -/
i a1
\ e R DL 4 T i \ 1qR
< T Bu3Sn” "X Pd(PPhy),, LICH TR (69) 488
N \\)\ THF Nz
N TOTE N
/\ AN
| | | |
AR BugsT NHEMOC PACHACNYCl (5%), X N X NHEMOC 466
E:Z=82:18 DMF, 20°, 24 h (65) E:Z=85:15
n-CgH]-] 7 1 Bu;SnC‘:‘CBu-n Pd(PPh})zclzw n-Can 7 C\\ (88) 442
DIBAL, THF, rt ~CBu-n
0 i
O‘ Me,Sn BnPd(PPh;).Cl, O‘ (82) 43
al dioxane, reflux
0 0
BocHN CO;Me BOCHN CO,Me
Y PN
' BusSn” X Pd(PPh3);, PhMe (63) 489, 490
& %
Etoﬁ)\l Bu3;SnC=CBu-n Pd(PPh3)chlg. Et0 Z CSCBu-n 97) 49
PhMe, 50
TBDMS TBDMS
COE Pd(PhCN),Cl (5%), COE
PNy t BusSn” X AsPhy (10%), Ph XY O (85, 435
Be Cul (10%), .
NMP, 20°,29.5-46 h
Ph PA(PhCN)Cl, (5%).  Ph
X COsE Me;Sn AsPh; (10%). Cul (10%), & _.CO,Et (91 435
NMP, 80°. 16 h
1
PA(PhCN)1Cl (5% ). Ph
Bussn” X AsPhy (10%). Cul (10%). |\ _COaEt  (84) 435
NMP. 20°. 2.5 h 7
=
3 Pd(PhCN),Cly i5%) Ph
Bu N Dh. (106G Cal (1060 L. Para St MY 435
15n Asl a3 10% Jo Ui viur) \\/L,Uzcl L ! T
NMP, 80°, 168 h !
. p
N
PA(PhCN):Cla (5%), Ph
N AsPhy (10%), Cul (10%). & _COEt (30 435
Me:Sn COakt NMP, 20°, 48 h
EtO.C. =
PA(PRCN):Cly (5%),
Bu;SnPh AsPhs (10%), Cul (10%), Krcozzz (52) 435
NMP, 50°, 14 h
Pd(PhCN),Cls (5%), E10,C
s CeH 3t AsPh; (10%), Cul (10%), (84) 435
Me;Sn ’ o /
NMP, 20°.23 h CeHysn
OTf Pd(OAC); (T%). =z
« _CO.Bn BusSn™ X PPh; (14%), THF. « _COBn (79 436
- 55°,4.5h
Pd(OAc), (7%), P
CO,Me PPh; (14%), THF, = COMe  (68) 259
BUSSn/\/ 2 . 2
65, 1.5h CO,Bn
CO:Bn
|
BusSn /Q/\ . NFTNCosBn g e
|! t H ) {/71) + [ COuB 37
L3N
EO,C E0,C” e
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
- CH
PPN _ 8 .C~
THPO ™ X" X Bu;SnC=CH Pd(CH;CN),Clh, DME,  THPO™ 7 X7 X (68) 47
22-25%, <2 min
/Cﬂ PJ(CH,CN)>Cla. @c\ >93) 47
Bu;SnC® S DMF, 25° ST NN orHp
. -CH
- OTt )\/c
| Bu;SnC=CH Pd(PPh3), (10%), I (69) 491
LiCl. THF, reflux
0o o 0 o
BuySn” Pd(PPhy); (5%), N o 491
LiCl, THF, retlux
oo
_/
THPO(CH)j. o~ Me;SnC=CBu-n Pd(CH3CN):Cls. n-BuC=C—y (95) 47
NG~ : 3CN)y
! DMF, 25° \*—(CHmOTHP
VEaN Bu;Sn C5H||~n C5H]]-'I
MeOCCHay 1 Pd(F:Phg)QCIZ, DMF, M (60) 492
OTBDMS 60°, 4 d MeO,C(CH,)y OTBDMS
0 0
CO:ME COMe
Br Ph h
\@\) Bu3SnPh Pd(PPhy), \ﬁjj\) (69) 493
MeO,
0 0
Br MeO
O‘ PA(PPhs), (5%), O‘ (65) 56
MeSn CuBr (5%), dioxane, NHBoc
Lo o reflux, 3h b0
Uvie U NHBoc OMe O
MeO_ .
(l)Mr: O OMe O \l/ m/
i N i i o o
AN AN Br MeU -~ AN AN L) 70
LT T @ T 7T
! it .
S e X NN NRBoC
- ﬂ Vig3on - ﬂ
o NHBoc o)
OH 0O O O
Br Bu-n
X | Bu,Sn Pd(dppf)Ch (5%), O‘ (74) 55
|
DMF, 100°, 18 h
MeO & MeO
0 o}
OH O
Ph
Bu3SnPh Pd(PPh3), (5%), (100) 55
CuBr (5%), dioxane,
reflux, 15 h MeO
0
SEMO OPMB SEMO OPMB
/(/\ PA(CHCNY,Cl, (10%), (70) 494
1
= Busn” X"0pMB DMF, n, 72 h NN opMB
COMe CO,Me
0 A
0 ! PA(PhCNY,Cl, (5%), o o (100) 495
>< 7\ AsPh; (10%). ><
o BuSn™ "0 Cul (10%), rt o
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Substrate Stannane Conditions Praduct(s) and Yield(s) (%) Refs.

s 0,0 PA(CH1CN),Cla, 85
Z 1 0  OMe DMF, r
s
|
Z" ™ SnBu;
Cia
S PAOAC): (10%) X o0 453

OTf
/O/ BusSn _ s
Ph CH:Clz, n Ph

BusSn” X Pdy(dba); (2.5%), PPhy " (>90) i
or AsPh; or P(2-furyl)s,
NMP, (LiCl), 35°

COMe
Bu;Sn Pd(PPhs),, C (s0) 49
LiCL. THF
COMe Ph

BusSn 74 Pd(PPh3),Cls (2%), Ph 7 R=Me (90) 425
* N THF, reflux N R=SEM (61)
I i
R
BusSn, Py
(/ \]/I/\j Pds{dba); (2.5%), L il /Ff\l\ {84 291
N /ll\yl AsPh; (10%), DMF, ~ \”/\\. 7
N " N ! /
T ; 60°, 1.5h N
S v
Ts

Pds(dba)s (1%),

’ (dba); S
Meysn™ X \@\ P(2-furyl)s (4%). LiCl, O/\/ @\ (78) 260
NO-» ZnCl;, NMP, rt, 2 h Ph NO,

B

u-c.(,Hz./\/ r Bu;SnH PA(PPhy); (2%), n-c.(,}iy/\ (37) 48

CgHg, 75°,3 h
1

nCioHy” N Bu;SnH PA(PPhy); (2%), " (92 a8
CeHe, 25% 3 h

nCiHy 1 Bu;SnH PA(PPhy); (2%), " (82) 8
CeHe, 25°,5h

n-CoHa, D Bu;SnH Pd(PPh3); (2%), n-CyoHay D (=) ZE=955 48
< CeHg, 25°,2h

n-CsHy, c.,H, - Bu;SnH PA(PPhy), (2%), n-CsHy __ CsHyn (89) Z:E=946 48
< CgHg, 25°, 1 h

-CsH“ 303SDH Pd(PPh3)4 (2%), n-C5H” (90) 48
< CegHg, 75°,5h

C5H| -n 6H6 C5H] 1-n
o) 0
OH Pd(CH;CN),Cl, (5%) (72) 497
SO;Ph 3CN),Cly (5%), SO,Ph
Bu;Sn/\/I\CgH| -n DMF, 25°, 2 h /
I CsHy\-n
HO
. PA(CH3CN),Cl2 (5%), (84) 466
A Bu;Sn/V\ NHFMOC DMF, 20°, 24 h TR NHFMOC

OTBDMS OTBDMS
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
C” -Bu . C7H15-N BU3SHH Pd(Pth);(ZC/{), 1-Bu . C7H;5-n (71) 48
= CeHe. 75°.5h —
1
O 0 O
Bu;SnTMS Pd(PPhy),Cl (3%), @% N @(\H\ a7
Bu;NBr, Li»CO3,
Br | PhMe, 110° Br \/
OT‘ -
! (38) (43)
OEt
Pd(PPhs)y, (—) 498
2 Me:Sn H 7 OEt
oTt 3 LiCl, THF
o o]
Bu-n Bu-n
Pt Ph PA(CH;CN),Cl5 (2%), = 92 59
o~ I Bussn” X D(MF_xn 2Cly (2%) O—S\/—% (92)
Tol-p i Tol-p Ph
[¢] (o) OH
Ph Ph Ph
Bussn” X Pd(PPh;),. THF, (32) + (28) 58
. 80°, 12 h = |
0 [o] OH
[o]
Ph
Bu;SnC=CBu-n Pd(PPh;),, THF, (64) 58
90°, 12 h Cw
SCBu-n
o]
0
Ph
Bu;SnC=CPh Pd(PPhy),, THF, || (62) 58
80°,30h ~C NC
I “<cph
o]
o 1
H g S H 7N
Bussn™ X Pd(PPhy)y, LiCl, 75) 486
0 THF, reflux, 5 h 0
OBu- OBu-t
Ph . Ph
7 N Pd(PPhs)4 (2%}, LiCl, 7 N + CO:E(/ N 433
\ \ \
. OTF I N THF, reflux, 22 h ~ _
EIO:C Bussn” N7 BU E0,c” Y N B N e
I
SEM SEM Ph SEM
(33) (28)
OTf Pd(PPh;),Cl, PhMe,
Bu3;SnTMS Bu NBr, 2,6-di-r-butyl- /@ ©95) + ) 417
Ts 4-methylpyridine, Ts Ts )
110°,1.5h
(o] OH (o}
NO:  co,Me PPN PA(CH1CN),Cl, (5%), COMe  (76) 497
Bu;Sn X C5H”-n DMF,25°,3h
1
Pd(PPhs) (10%), 496
DMF, 23°, 72 h
mCoHhis S Me;SnC=CBu-n PACHCN)Cl 5% "Cetn 387
1 .
SCTMS n-BuC
Ciy o
o)
417

Bu;SnTMS PA(PPhy);Cly (3%), ' (50)
_ Bu NBr, Li,COs, ’

Br or¢ PhMe, 110°,2 b
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OTHP
CO:Me COMe
2 n-Can [
Br BusS! CyH Pd(PPh,);, PhM (54) 500
u3sn sHy-n 34, e,
=
\/\r 100° l
o] OTHP o
O, OTf (3] =
‘ Bussn” N7 Pd(PPhy),, LiCl, ‘ 82 501
OO THF, reflux, 20-h OO
1 Pd(PhCN),Cl, (5%),
AsPh; (10%),
n—C5H P Me,Sn 3 "‘C5H l\)\ (70) 446
“\/kcom Cul (10%), ' corh
NMP, 80°, I9h
PHPHCN),Cl (5%), 7
Bussn” X AsPh; (10%), mCHI A copy 446
Cul (10%),
NMP, 45°, 20 h
COPh PAPRCN),Cl; (5%),
u-C_;H“\)\ EZ=69:31 MesSn AsPh; (10%), n-C5H||\/L (63) 446
1 COPh
Cul (10%),
NMP, 80°, 68 h
2 BuySn” > PP
u3Sn PA(CHICN)Cly (5%), (>53) 502
DMF, rt, 48 h
OTBDMS OTBDMS
P e N
I( Pl Bu:Sn” XX Pd(PPh;), (3%), LiCl, ﬂ 11 (88) 476
TBDMSO/><\ oTf THF, reflux, I8 h ‘\\/><\ OTBDMS
i BusSn” X Pd(PPhy)y, LiCl, | (89) 452
OTft THF. reflux Va
TBDMSO TBDMSO
0 Bu-
N o Bussn” X Pd(PPhy),, LiCl, Oy B g 503
0 THF, retlux 0
OTf &
0 0
(CH2),COqEt BusSn \/\(C5H| \-h BnPd(PPhy),Cl, (CH,)4CO:EL (70-73) 53,52
OH THF, 55-60°
1 = CsHy-n
OH
0 0
i
(CH2),COE BusSn \/YCSHH’" Pd(PPhy); (3%). LiCl, (CH2eCOEL (40 53
OH THF, 60°, 48 h
I == CsHyy-n
OH
COMEt PA(PhCN),Cl; (5%), COsEt
BusSn” X AsPh; (10%), Cul (10%), (82) 435
TBDMSO & 1 DMF. 20°, 3 h TBDMSO PN
0O 1
H / Q H / N
S OMe BusSn” X Pd(PPh3),Cl,, DMF, OMe (71-78) 486
o] 23.24°, 18 h o
OBu-1 OBu-7
OTf Ph
oy S SO BusSn 2~ co,Me PA(OAC); (%), NGOZMe (68) 259

PPh; (14%), THF, 65°

SO»Ph
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Substrate

Product(s) and Yield(s) (%)

Refs.

COPh
Ph -

- OTf

BuiSnC=CR

BuiSn __~_ NHEMOC

Me4Sn
Me;SnPh

Me;Sn

BU3Sn/\

Bu3SnH

Bu-
Bu;Sn/\/ -
Bu3Sn’

CO,Et

BugSn” X" OTHP

Bu;Sn” “OPMB

Pd(PPh3)4 (3.6%), CsF,

T oTIE Af0 £nL

LILL 10IF, &0, 0U R

PA(CHCN)-Cl3 (5%),
DMF, 0°, 1 h

Pd(CH;CN),Cl,,

DMF, 23°,0.5h
PA(PhCN),Cl; (5%),

AsPh; (10%),

Cul (10%),

NMP, 80°,25h
PA(PhCN),Cl; (5%),

AsPhy (10%),

Cul (10%),

NMP, 55°,2h
Pd(PhCN),Cly (5%),

AsPhs (10%),

Cul (10%),

NMP, 80°, 21 h

Pd(PPhy), (1%), LiCl,
THEF, reflux

Pd(PPh;); (10%). LiCl,

THF, refiux

Pd(PPh;), (3%), LiCl,
THF, reflux

Pd(PPhy); (2%),
CeHe, 25°, 3 h

PA(CH3CN),Cl; (2-5%),

DMF, 20°,20 h

PA(CH3CN),Cl (2-5%),

DMF, 20°,20 h

Pd(CH;CN),Cl; (2-5%),

DMF, 20°, 20 h

T™MS
n-Bu
+-Bu

(80)
(87)
(70)

Ph
I 43) + pp \/\com. (50)

COPh

Ph e,

97) EZ=45:55

(100)

(66)

(62)

PA(CH3CN),Cl, (2-5%),

[s) t n-Bu o] ¢
N N
HMPA, 60°, 8 h o~ o~

505

77

446

446

446

503

503

484

48

441

441

441

441
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TABLE L. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs,
Bussn” “OPMB Pd(PPha); (2-5%). 1 34) + H (40) 441
HMPA. 60°, 8 h
BusSn” ~OPMB PA(PPhy); (2-5%), 167 + I (19 441
HMPA, 20°, 72 h
EuSIO EuSi
» PA(OAC) (%), $Si0 66) 506
PPh; (14%), THF,
X OTBDPS 700 OTBDPS
O OTf o] CO;Me
0 PA(PRCN),Cl, (5%), 0 .
0 I Bu;SnR gsfh;(;:)%)’ 0 A L 61
>< u3Sn NK«; ”l”éh >< C(Me)=CH, (85)
oy o oy CeHMep  (60)
OTBDMS OTBDMS
Cie
CO,
E(0-C PA(PPh;):Cl; (3%), -
Q Bu;SnTMS BugNBr, Li;COs, (70 47
PhMe, 110°, 1.5 h
Pd(PPh3):Cly (3%), CO,E Et0,C
Bu;SnTMS BusNBr, Li,CO;, @ + (13 417
PhMe,
110°, sieves, 8 h Br
Me,Sn Pd(AsPh;)y, Cul, (56) 177
NMP, 100°
N
Bu3SnC=CH Pd(AsPh3)y, Cul, (33) 177
NMP, rnt Z “Cas
] COEt
Y
EtySn Pd(AsPhs)s, Cul, an 177
NMP, 100° | Z
J\ COLEt
SN
BuySn” X Pd(PPhy),, THF, (1) EZ=11 177
reflux | 7 &
CO,E:
[
BuySn” X Pd(AsPhy)s, Cul, (69) ZE=16:1 177
NMP, it N
I COzEt
NN
Bu;SnPh Pd{AsPhy);, Cul, ) 177
NMP, 100° Z ™ ph
| COsE
I
N (CHy)gOTHP Me3SnC=CPr-n PA(CH;CN),Cls, nPiCs (86) 47
DMF, 25° SN (CHy)OTHP
[e) o] O (o] — OTBDMS
PN TBDMS
O Pd(PPh3y)y, DMF, {35) 455

OTBDMS

.

MezSn o]

O
/[-\Q\
I

i, 16h

OTBDMS
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cy7
FOE PA(PPh);Cl (3%). O‘ CO,Er §oE
Bu;SnTMS Bu,NBr, Li>CO;, 417
PhMe, 100°, 3.5 h Br
Br TfO
10y 43)
OTBDMS
Br _—
o X SiMe;Ph Bu_\an Pd(AsPh;),Cly (3%), o SiMe,Ph (M) ZZEZ=3:1 51
< TBDMSO DMF, 1, 1.5h <
O
OMOM
“ Pd(AsPhy),Cly (2%), o OH (67) st
Bu;Sn OH DMF, n, I8h <
SiMe,Ph
o . CN o .
iz P BusSn o PHCHL,CNLCH (5%), (88) 507
! FHF, DMF, 1, 40 min
OTBDMS ommas
BusSn PA(CH;CN)Cl (5%), _ (80 507
\/\K\CN THF, DMF, 11, 40 min Z NP TCN
OTBDMS
_OTBDMS
HO, C=CSnMe; HO, =C
Pd(PPhy)4 (20%), (34) 508
i CeHe, 70°,12h Cc=C OH
TBDMSO' TBDMSO
TBDMSQ (I N N Y Y OTBDMS
MeO,C > /\/[ P PA(CH;CN).Cl, Lo x COMe  (79) 77
N\ BuSa” N Tg DMF, 23°,91 h AN
Cix
Bu;SnC=CTMS Pd(PPh;), (1.6%), LiCl, (274) 509
j THEF, reflux 5
H
TiO cH
IH
BuiSnC=C 1. PA(PPhy)s (1.6%), an 509
LiCl, THF, reflux
OTBDMS > TBAF HO
CO,EL
Bu;SnTMS PAPPh,):Cla (3%), O ‘ (56) an
BuyNBr, Li;CO;.
PhMe, 100°, 1 h
“'C(,Fn e Bu;SnH Pd(PPh;),, n-C(,F, ClOHZl'” (—-—’ 510
; {
Bu;SnH Pd(PPh;), (2%), R 48
CeHe, 25°, 31
Br Et
Ci —
I Ph BuySnPh {(n3-C3Hg)PACH); (0.25%), 1 96) ZE=919 50
o LiBr, HMPA, 1t
TIPSO
7 OTf Me;SnSnMe; Pd(PPhs3); (5%), Y SnMe;  (90) 511
LiCl, THF, reflux
[0]
Ph Ph
BusSn” X PA(PPh-); (5%), 58

THF, 90°,60 h

[¢] OH
Ph Ph Ph Ph
Q1) + 1)
=
1
o OH
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

BusSnPh
Bu3SnC=CBu-n

Bu3;SnC=CPh

\ BuySn” X

BU}SR/K

Bu3SnCqH Me-p

)

Bu;Sn X

I
SIS
SOMETe

OEt

BugSn X

Bu3SnH

Pd(PPhs)4 (5%),
THF, 80°,24 h

Pd(PPh3)s (5%).
THF, 70°, 16 h

Pd(PPh3); (5%),
THF, 80°, i7h

Pd(PPh3),Cls,
THF, 60°

Pd(PPh;),Cl,,
DMF, n

Pd(PhCN),Cl, (5%),
ASPh3 ( 1 0%).
Cul (10%),

NMD 2 Ab
N, L 45

PA(PhCN),Cly (5%),
AsPhy (10%),
Cul (10%).
NMP, 80°.2 h

PA(PhCN),Cls (5%).
AsPhy (10%),
Cul (10%),
NMP, 80°, 18 h

Pd(PPhy); (25), PhMe,

-Bu-catechol,
110°,4h

PA(PhCN),Chy,
HMPA, 60°

Pd(PhCN),Cl,,
HMPA, 60°

Pd(PPh3)y

Ph Ph
(86)
Ph
Ph Ph Ph
(19) +
Cs
~CBu-n
Ph Ph Ph
30) +
Cs
~CPh
(6]

(o}
(55)
TIPSO
OAc
o]
CeH Me-p
(56)
TIPSO
OAc

—

OEt

OEt

(70)

(84)

58

58

58

81

85

61

61

61

512

513

513

335
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BuySn X Pd(PPh;);Cl, (1%), (54) 514
LiCl, THF,
reflux, 3.5 h
TBDMSO
Pd(PPh;),Cl, (3%),
O Q Bu;SHTMS Bu,NBr, Li;CO3, . 1) 417
Br PhMe, 110°, 1.5 h O ’
OTf
(/\ T™S ‘/\ ™S
0.0 0.0
0 1. PA(PPhy)s, 0 Gl 18
NSNS BusSa 2 DMF. 1t; N~ SN
H 2. I, CHyCl, 1t H
AcHN\rr NH AcHN\n/ NH
NAc NAc
Me;SnSnMe; Pd(PPh;),, LiCl, 515
CsH;-n Li»CO;, THF,
60°. 121
TIPSO =
X SnBu 3
“OH Pd (PPhy);, PhMe, 516
Br TIPSO o 90° 2h
o)
n-CiHy  SiMesPh Bu;SnH Pd(PPhs); (2%), -CjoHa (35) EZ=955 48
= CgHe, 75°,5h AN
Br ere SiMe,Ph
Ca
oTf OMe
OMe Pd(OAGC), (5%),
Bu3Sn” X PPh; (10%), LiCl, (54) 517
DMF, 60°,4.5h
AcO' AcO'
0 0
Ph3Si/1]\/\x Bussn” X PA(CH3CN),Cl, (10%), Ph;Si)W (10) 518
DMF,rt, 1 h
OFEt 0
Bu_,sn/'\ PA(CH;CN),Cl (10%), PhSSiW (5) 518
DMF,rt, L h OEt
Bu;Sn 0]
A PA(CH;CN);Cls (10%), (73) EZ=1:1 518
DMF, rt, | h PhySi” B
o
0
)(L/\
Me;SnC=CTMS PA(CH;CN);Cl; (10%), (64) 518
DMF, 1,9 h Ph;Si Z "Caorms
PA(CH3CN);Cls (10%), 518, 467

BusSn” X" NHBoc

DMF, 11, 12h

iPh (86)
BocHN /\M SiPh;

o
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Co nditions Product(s) and Yield(s) (%) Refs.

o O

/\/U\ PA(CH;;CN):Cly (10%), )J\/\/\H/Siph‘ (84) 518
~ i : T i Z -

Bu;Sn SiPh; DMF. 1t. 8 h Ph3Si

/\/[\/\ BusSn .~

7 OTBDPS = Pd(PPhs)y, HMPA,

65°,3h

Cn

[ PA(PhCN)-Cl, (5%), s
BusSn™ X AsPhs (10%), (95) 61
TIPSO Cul (10%) TIPSO
OTBDMS NMP, 1t, 4 h OTBDMS
0

/K PA(PhCN).CLy (5%),
BuSn AsPh; (10%), (80) 61

Cul (10%), TIPSO

NMP, 80°, 2 h OTBDMS
o

PA(PhCN);Chs (5%). CeHiMe-p
Bu3SnCgHyMe-p AsPh; (10%), (95) 61
Cul (10%), TIPSO
NMP, 60°, 24 h TBOMS

gOQ(CH 1)) TMS HO,

PUCH;CN),Cly (20%), . 79
] DMF
OTBDMS SnBu;
EZ=85.15
Can
OEx
Cl Bu;Sa Pdy(dba);, Ci (—) 498
; P(2-furyl)y, ZnCl J Ok
T -furyb)s, b3
TIPSO
Cu o OTIPS
}\0 Et-. OSiEt;
; 0 N\) Pdy(dba)y, CdCl,, 6569) 84,519
: o (i-Pr),NEt, NMP, 40°
A P N\
S'IBIIJ
OTBDMS

Bu;Sn)\/\OH PA(CH;CN)Cha,

DMF, nt

83
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TABLE 1. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cao 04CPh 0,CPh
BusSn” X Pd(PPh3),. LiCl, (90-100) 520
DMF or dioxane, 110°
TfO X
DM OTBDMS
TBDMSO, OTBDMS TBDMSO,
Me;SnSnMe;  Pd(PPhs),, LiCL 521
TfO Y THE, 60 Me;Sn Y
S—S0,Ph S—S0,Ph
$ Bu;Sn” X Pd(OAC);, NMP (79) 522
/1; N
P
0 j/LOTf PN
CO,CHPh, CO,CHPh,
Cy CgHyy CgHyp
Bu3Sn O
)E( Pd(dba), (5%), _ 5) 12
o’ o PQ-fury (10%), PO
TfO - ZnCly, NMP, 65°
o
l¢)
CgHyz CgHy7
/\’/(i& BusSn™ X Pd(PPhs), (\!/(j:g (65-80) 512,520
A A
O~ X7 X~ \\\//\\\//\\\//
CyHy7
BusSn "
4 Pdy(dba)s (2.5%). (85) 291
N AsPh; (10%), O .
T DME, 60°,2 h i
N
'
Can CP(Hl7
BU}SH\
(/j@ Pd(dba)s (2.5%). (93) 291
| N AsPhy (10%),
TfO i 1l DMF, 60°, 1 h
Bu;Sn
OMe
4 Pds(dba); (2.5%), 291
N AsPh; (10%),
T DMF, 60°, 1.5 h
oTt
;0
o BusSn” X Pd(PPhy); (7%). 506
. ’ THF, 65, 12 h
‘Q\ﬁ”‘
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TABLE I. DIRECT CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate S Conditions Product(s) and Yield(s) (%) Refs.
ﬂ S—SO,Ph S—SO,Ph
2 7
Ph/\for BuSn” X Pd(OAc);, NMP, rt h/\ﬂ/ f an 522
N
P
o j)\mf j)\/
c CO,PMB CO,PMB
2“ CONEt, CONE,
Me;SnPh Pd(PPh;),Cl,, LiCl, —) 523
0 N DMF, 140°, 8 h o
t
Br Boc
CONEt, CONEt:
Me3SnPh Pd(PPh3),Cl,, LiCl, (93) 523
o N DMEF, 140°, 8 h o
]
Br Boc
CONE,
Bussn” X Pd(PPh;);Cl,, LiCl, (84) 523
DMF, 140°,4 h o
Bu;Sn CeHizn Pd(CH3CN),Cls, (63) 524
DMF, 1t
C(,H];-n
EZZEZE=11:1
OTBDPS OTBDPS
NS Bu;Sn CsHjj-n Pd(CH3CN)-Cl,, 524
DMF, it CsHyy-n
~OMe O Bussn” SnBu;  PA(CH;CN),Cls, 86
(iPr);NEt, DMF,
THF, rt
OMe
“OH
Me,Sn Pd(PPhy); (10%), LiCl, 525
THF, 80°, 14 h
TBDPSO OTBDPS
Et;Si0
WL /\/\(0
Y/ CN
MeN  OSiELy BusSn” 7Y Pd(PPhy),Ch, [ S~ } (67) 82
0 CN DMF = Y
(TMSCH,CH,0),— I\ oxo
o,
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TABLE II. INTRAMOLECULAR CROSS-COUPLING OF ALKENYL ELECTROPHILES

Substrate Conditions Product(s) and Yield(s) (%) Refs.
g SnMes AN
/'\(\( Pd(PPh.); (5%). DMF, 80°, | h }—1 (70-95) 68
E0O.C  Br CO:Et
Cio SnMes
W Pd(PPhy); (5%), DMF, 80°, | h (70-95) 68
7
E0-C  Br CO:Et
SnMez,
Pd(PPhy); (5%), DMF. 80°, | h (70-95) 68
= .
[ | DI /’ ~
| CO.Et ¢ COE
—~ A
Cu SnMes N
MOMO W Pd(PPhy); (10%), DMF, EtN, 80° J\:L 7 68
MOMO—7
E0.C  Br COqEt
SnMe;
M Pd(PPhs); (10%), DMF, EGN, 80° (68) 68
Br
MOMO  COsEt 7 “coEt
OMOM
<\ sy N
WL Jl Pd(CHACN):Cl3 (5%), DMF, tt, 20 h /\ /\ (66) 526
MeO,C CO;Me MeO,C COMe
€ orr
@ Pd(PPh;),, THF (55) 181
SnMe;
Bussn” X" 1\ ) \/'/\\\/ ™
[¢] PdiPPhy)y (2%), LiClL { &} {573 185
I THE, reflux N
/\(m
SnMe;
M Pd(PPh3),. DMF i} , (—) 524
| Br 74
iPr COgFt ( CO,Et
Pr-i
SnMey
i»PrM Pd(PPhy)3, DMF (—) s24
! Br H’r\’//
CO-Et CO:Et
OTf W H
SnMi
W Ve PA(PPhy); (5%), THE or CH1CN, (82-85) 31,181
CO-Me reflux. 11 h
c - o CO-Me
13 [¢]
i = + BuiSnTMS Pd(PPh3),Cl> (3%), BuyNBr, Q (38) + w [ 417
5 Li,COs. PhMe, 110°
" orf Br
T .
\ SN T
O BTBL s (A T i [ N n (56) 185
/ Pa{PPns )y (2%), il | O (56) g5
A VRN FHE. reflux NN
0
SnMe ==
e Pd(PPhy), (5%), THF, ] (82-85) 30181

reflux. 9 h

CO:Me
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TABLE I. INTRAMOLECULAR CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Conditions Product(s) and Yield(s) (%) Refs.
Pr-i
OTf
Pr-i Pd(PPh;); (5%), CHiCN, (84) 182, 184
—
T reflux 4
CO:Me SnMe; CO;Me
oTf
é\w Pd(PPh3); (5%), THF, (50) 181
COMe  “SnMe, reflux, 23 h :
CO:Me
oTf
Q/\/\)L Pd(PPhy); (5%), THF, (90) 31,181
SnMe; reflux, 3 h
COQME CO:MC
SnMe;
MOMOV\W Pd(PPhy)s (5%), DMF, MOMO\\ﬁ (70-95) 68
80°, 1 h Y
Et0,C  Br CO,Et
SnMe;
Pd(PPhy); (5%), DMF, (70-95) 68
~ Br 80° 1 h 7 coE
MOMO COqEt OMOM
C
14 (9] 0
| = + Bu:SnTMS PA(PPh3),Cls (3%), Bu,NBr, . (50 417
AN Li;CO3, PhMe, 110°, 2 h
' oTf
Bu;Sn/\/\\
ﬂ o Pd(PPhs); (2%), LiCl, N o (57) 185
Tio™ SN A THF, reflux L o~ A
0 N0
SnMe;
= .
Pr-i Pd(PPh;), (5%), CH;CN, (85) 182
fl
/ OTf retiux Pri
N
= I MeO,C
MeO,C Pd(OAcC), (5%), PPh3 (10%), (55) 69
EGN, CH:CN, reflux, 2.5-4 h —
SnMe;
Pr-i
oTf
Pd(PPhy), (5%). CHiCN, (j§ 83 82, 184
’ Pr-i reflux ’
MEOZC Me<Sh CO:MC
XY
- OTF
Pd(PPhy), (5%), THF, (85-86) 31,181
SnM reflux, 19 h
COMe e COMe
{
OTf
Pd(PPhs), (5%, THF, (85) 31, 181
SnMe; reflux, 3 h
CO,Me CO-Me
Cys
Bussn” X" 1\
0 Pd(PPhs), (2%), LiCl, (56) 185
4 0
Y\/\W THF, reflux
OTf 0 o]
SnMe;
=
o Br Pd(PPhy),. DME 7 DCOoET  (—) 527



8T

67T

TARLE H INTRAMOLECUL AR CROSSCOUPLING OF ALKENYE EI ECTROPUI ES (Continued)
. ) Subwiraie L Conditions Froduci(s) and Yield(s) (%) Refl.
e N\
N osaMes S N cn
| | | ya PA(Prh;),. DMF P [ ) 527
NooNAN X ¢ \ L
T Br \ P Srn.e,
Il‘l‘l s \/ batt g
L=
W
A\ , P
" Lume
McOC s PA(OAC); (5%), PPh; (10%), (>80) (]
EiN, CHICN. reflux, 2.5-4 h —
SaMe;
’ i-Pr
@0\"/\(“ PPPh; ), (5%), CHCN, reflux @n 182, 184
coMe SMes COMe
oTf
(¢} Pd(PPh;); (5%), THF, (s) (85) 31,181
SnMe; .
nt, 15 min
0 0
Ce EI0:C COsE
+ BuySnTMS Pd(PPh3),Cl; (3%), BusNBr, O" (70) 47
Li,COs3, PhMe, 110°, 1.5 h
Br orr .
Et0,C CO,EL Ei0,C
O\/@ + BuiSnTMS PA(PPhs),Cly (3%), BusNBr, \ a0 + (I\(D (13) 417
Br OTt Li]CO}, PhMe, } |0°. sieve.\, 8h Br
oTf
O Pd(PPhy); (5%), THF, O (83) 31, 181
SnMe; ;
rt, |5 min
71/\/0 %/\/O
i
0T AN
ol f Pd(PPh;); (5%), THF, o | 1 ®y 31,18
VN L A o I NN
| TN gnMes t, 15 min | g
—A_ 0O N —A_-0
A J
N\ )
N
A=A CO,Me
MeO.C [ N ~\J =
~3 Pd(QAc); (5%), PPh; (10%) / \*/\: (>80) 69
// \1/ "\ PPN Ay A I \ ] P
{ | Et:N, CH:CN, refiux, 2.5-4 h \\///\’/ ==
N__7 > SnMe; \
Cir COEt CO,Et
COzE!
+ Bu;SnSiMe; Pd(PPh3),C}, (3%), BuyNBr, + 417
5 TFO Li;COs. PhMe, 100°, 3.5 h ‘ Br
(43) 10)
NOT( . /\(U\
O Pd(PPh3)4 (5%), THF, 0] (86) 31,181
%/0 SnMe; reflux, 15 min 7(/\1)\/*\/
Cig SnMe;
P Pd(PPh;)s (5%), DMF, (70-95) 68
TBDMSO 80°, 1 h TBDMSO y
EOC  Br COEt
SnMe;
2 % F, 70-95 68
TBDMSO Br PA(PPh) (5%), DM 7 Neom (70-95)
COEt 80° 1 h
OTBDMS
Cig
182, 184

Pd(PPh3)4, 30°, 5 min
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ENYL ELECTROPHILES (Continued)

Substrate Conditions Product(s) and Yield(s) (%) Refs.
Cay TBDMSO
TBDMSO\. \,
PN PN BN
[ SR V' 4+ Bu;SaTMS Pd(PPh;)>Cl» (3%), BuyNBr, N 1D 61) 417
L \ / S e e A\ e
N TBr /T LisCO;, PhMe, 110°, 1.5h 7 N/
oTf
NTRINMAC Ny
YIBUMS N OTBDMS
oTt !
Pd(PPhs)y (3%), THF, reflux 6l) 179
| SnMe; ]
CO-Me ) CO;Me
TBDMSO |
ot OTBDMS
' Pd(PPh3); (3%), THF, reflux (65) 179
] SnMe; )
COsMe CO,Me
Ca ,CSnBuy
C
Qgr Pd(PPhy), (5%), THF, 50°, 86 h QCEC @2) 7
HO C=C HO C=C
OSiEt; OSiEt;
- CSnBuy
Et;Si0., C OSiEt;
Br Pd(PPhy),, THE, 50° %csc (32) 70
HO C=C HO C=C
TBDMSO
SnMe; |
Y TfO.
Pd(PPh;)y (%), THF, reflux (>86) 180, 528
TBDMSO '
MeO,C MeO,C |
Cy
OTBDMS OTBDMS
|
NN A s~
f b DB s e BEa A G e .
” ' Faireny)y (/77/6), Fnvie “ } {65} 76
BusSn™ - reflux, 6 h e ~
WE_Br i fi ! [
n A LN A L
L HN O Ny TN
~N—NO \S/ H
5 g
L N
Co >
b Ts
N-—_ By ~ Ts
— W = . N
I Pda(dba):»CHCI; (1%), (83) 74
3 - . =
| AN SuBu: P(2-turyh); (9%). THF, reflux N
NN
SEM
Ts
N
Am\‘ EZ=1 Pda(dba)y»CHCl3 (1%), 93) 74
N SnBu, Br P(2-furyl); (9%). THE, reflux
N
SEM
Mesn—{ TO_
PA(PPh3), (79%). NEt;, CH:CN, (74-75) 178, 182
TBOMSG \ ] reflux, 30 min
Cr Pr-i TBDMSO Pr
OTBDMS OTBDMS
!
x> S
i I
Busn” u. OR ) Pd(AsPh2),. THF, reflux )’ OR /‘ 37) 76
BB f Il o !
I N N0 N\\/\\NAO
1 N \ / H
RN -S
S

R=MOM
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TABLE II. INTRAMOLECULAR CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)
Substrate Conditions Product(s) and Yield(s) (%) Refs.
H Tf Tf [:[ Tf N S N Tf
Ct>"N\/\/N' Pd(AsPh;),, PhMe, 100° " " (39) 75
f ) . .
— W\
TBDMSO,
72

=\
SnMe; |
TBDMSO, ,CSnBuy
) A y
er Pd(PPhy),, THF, 60° %czc (60)
HO c=c HO c=c
OSiEt;
EuSIO
7

Cao OSiEt;
Et:Si0
,CSnBuy
czc—g 62)

C
Br >§ PA(PPh3),, 60°
HO” “—c=c— HO” N—c=c—¢
‘OTBDMS ‘oTBDMS
o
) Y e
I 1 o L1 s
Ao TN Ao Tl
[ J— I H 1 .
~ A A\ NN A\
Y TUOMe 0PN )+ . SnBuy  PACH;CN)Ch, ~ oMe 07N ) (28) 86
It \_/ BuiSn™ 7 P
e i (-PrpINEL .
o DMF, THF, r

OMe

“OH
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Ce
PhBr Me,Sn Pd(PPh3), (0.7%), PhMe (89) 19
air, HMPA, 65°
BuiSn” TOH PA(PPh3), (5%), P OH  (60) 233
dioxane, 80°
BuiSn” CN PA[P(0-TolylsCls (1%), Ph~ “CN (72 235
m-xylene, 120°,3 h
BuiSn” “OMe Pd(PPh.Cly (1%),  Ph™ “OMe  (76) 234
HMPA, 80°,20 h
Bussn™ NF Pd(PPhy); (1), P N7 (96 3,29
CHg, 100°, 20 h
O N Y
rarrig g tivre),
Bu;Sn/U\/ CeHg, 100°,20 h Ph)j\/ (19) + PhSnBu; (15) 529
{ OS“B”-‘} Pd{P(o-Tol)31:Cla (1 %) L) 237,238
o-Tol);]1-Cly e ) 37,238,
i P
}\ PhMe, 100°,5 h h \/LK 240
Y Pd(PPh3):Cls (5%), /L/_\(N a2 292,530
Bu3Sn o dioxane, reflux,25h  Ph o
Me_ Me_
N \ Pd(PPh3),Cly (1%), N—\> {89) 531
3”35“/4\1\1 xylene, 120°, 20 h ph/gN
Bu3Sn Ph
m PA(PPhy)aCls (4%). = 67 287
DMF, 70°, 1.5 h e
0 o}
[ OsnBu"} Pd{P(o-Tol)31hChy (1%) o (67) 238,240
| o-101)31hCi (1%), 238, 2
{/J'\/ PhMe, 100°, 5 h Ph \)1\/
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TABLE 11, DIRECT CROSS-COUPLING OF ARVL ELECTROPHILES (Countinned)
Subsiraic Stannane Conditions Product(s) and Yiekd(s) (%) Reis.
OSnBuy; o
% PAP(o-Tol)}:Cl (1%),  py, (60) 238, 240
PhMe, 100°, S h
BugSa o~ OMe BnPA(PPh;),C1. Ph o~ OMc  (81) 308, 532
ColHlg. 100°. 20 %
PAPPH)Ch (%), J\
Bu;Sn” “OEt PhMe. 105°, 48 h P OB (71 270
0
1. PAPPhy)Cls (1%). )j\
Bu;Sn OEL PhMe, 100°, 20 h Ph (80) 269
2.H*
— /~\ 7
BuySt OEt Pd(PPh;),Cl, (10%), P Okx (78) 272,273
Et,NCI, DMF, 80°, 2 h
BusSn” “CO,Et PA[P(o-Tol)31:Cla (1%),  Ph™~ “COEt (71) 236
ZnBr,, DMF., 80°, S h
/L {(3-C3Hs)PAOAC); (5%), J\ (72) (S) 40% ee 533
BuzSn™  COsMe DIOP (10%), TIOAc, CO:Me
THF. reflux, 20 h
/L [(n*-C3H5)PAOAc]; (5%), /L (36) (R) 42%ee 533
Bu;Sn™  "COMe BPPM (10%), TIOAc, Me
THF, 40°, 6 h
@ Pd(dppb)Cls, CuO, | \ (82) 9
Busn” “N” DMF, 100°, 80-90 min  pp~” N7
P Pd(PPhy),Cl, (1% P 70 426
(PPh;3),Cly (1%) (70) 2
BU3Sn/K\D( Ph/L\N‘)(
Ru:Sn . Pd(PPh.), (1%), Ph ~_ +OEt (83) E:Z=95:5 534
| CeHg, 110°, 15 h
OEt
- 0SnBuy) %’
] PA[P(o-TolshCh 3%), Ph. _A_ - () 24
L~ N ee - . Y
LgHg, TETIUX, 7 N |
OSnBuj] O
Pd[P(o-Tol Cl; (1%), Ph 87 238, 240
o (Plo-TollaCly (1), Ph A\
PhMe, 100°, 5 h
r OSnBu; O
P PA[P(o-Tol)y1,Cl (1%).  Ph )%J\ 33 238,240
PhMe, 100°, 5 h
Pd(PPh;);, PhMe, JL (74) 457
MesSn” ~OTMS 100° Ph” ~OTMS
Bu;SnPh D17-Pd(©) Ph-Ph  (43) 535
(potymer-supported),
Me,CO, reflux, 25 h
PhiSn Pd(PPhy); (0.7%), Ph-Ph  (78) 19
air, HMPA, 65°
o o)
Bu;Sn)J\N Pd(PPhy); (5%), Ph)J\N (33) 437
THF, 65°, 4 h
0OSnBu 0
[O/ ? Pd[P(o-Tol)31;,Cl; (1%), @ (54) 238, 240,
. 241
PhMe, 100°, 5 h P
Bu;3Sn \/K Pd(PPh3), (1%), Ph \)\J,OEK (69) 534
1 CeHe, 110°, 150
OEt
Pd{P(0-Tol)31,Cl; (3%). Ph 241

oA

CgHg, reflux, 3 h

[o]
\/u\/]\ e
P
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TABLELE 111, DIRECT CROSS-COUPLING U AKY L CLECIRUPTILED \Lokiiinyed)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs

!— QSnBu_{ PAID/ 5 Toh: 1.1, (192 Q {8A) 238,240
I i Pd[Po-Tols]oCla (1 %), | (86) L 240,
17 Buor) PhMe, 100°,5h ISy 241
- No oo n
{ 3’”""“‘] Pd[P(e-Tol)31.Cla (3%), I (47) 241
T CoHo teflux, 10h By
{ Ru-g! sHg, reflux, Ru-¢

s — 3 Pd(PPh3)4, PhM s —_ s (59) 536
TH=CT (PP, PhMe, =T :
S S reflux, 5 h S S

-2% 537
)k/ms BrPA(PPhy):Cl (1-2%), /U\/T vs (@8
Me;Sn CHCl3, 65°, 1 d Ph
BuiSn x Ph X R =0-Me (tr)
| L& Pd(PPh;); (1%), | g R=mMe (75 538
& CeHg, 120°,20 h Z R=p-Me (73)

X X
BusSn—< D PA(PPh3),Cl5 (1%), Ph—( :@ X=0 (75) 531
N xylene, 120°,20 h N X =85 (56)

Bu;Sn W PA(PPhy); (1%), Ph X\MOE‘ (1) EZ=8515 s34

OFt CeHg, 110°, 15h
OSnBu; o 241

Pd[P(ﬂ-TOl)3]2Clz (3%). Ph (84)
CgHg, reflux, 3 h \/U\/\‘/

Bu3Sn \/\(om PA(PPhs)s, CoHe, Ph \/YOMe (76) 305, 529

™S 1e° T™S
PA(PPhs); (5%), \/k# (55) EZ=1:4 306, 427
BusSn J\Mcoza CyHlg, reflux, 21 h Ph 2 COsEL
o
OSnBu; PAPGTLCL (%, | 00 238,240,
Ph PhMe, 100°, 5 h Ph 24
B Cn - Pl =Y DADDL Y 07y . PR —a o
s o, CH(OED, FOUrTny L. Ph -, CHOE), (75 539
e C.H. 80°.20 h N
EZ=85:15 o7 B0 2 EZ=85:15
A4 N/
A Pd(PPha1)s (5%), /)(\ (63) 422
Ru-Sn” ~T™™MS THF, 66°,24 h DL —~ Taao
Busdn M ra VIS
Bu3Sn_ P PPh- V.08, (1621 Ph . P
):NB“-’ Cirsaiyjrei iy, \— o (11 bR
/T xylene, 120°, 20 h /e
n-Bu n-Bu
OSnBu; (o]
/{\ J Pd{P(o-Tol)3):Cl, (3%), Ph \/lL (65) 241
C7H;s- CeHg,. reflux. 4 h C7H)5-n
1. Pd(PPhy); (2%), (12
PR 1)s ) 462, 464,
BusSn™ - TN(TMS), PhMe, reflux, 720 PHT N 540
2. H;0*
(PSnBu_; o [0}

Ph
Z Ph
Pd[P(0-Tol)3},Cls, 61y + Ph () 541
0 PhMe, 100°,4 h o o

Bu3Sn- 'S::? Ph—5:>
MeO™ ! Pd(PPh;),, THF, .

Cr. MeO™ ©) 542
oc”’ ‘ Co reflux, 4 h OC l o
Cco co
e0,C MeO,C
Busn—C Pd(PPhy)y, NEt, ph)/\m 282) 290
i NT~NF | CH3CN. 100°, 5 h N~
L H J H
e H o pn

Bu35nm Pd(PPhs);. THF ph‘@ (65) 543
o 0
H
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
C

Substrate Stannane onditions Product(s) and Yield(s) (%) Refs,
MeSSn\ //—OH Ph ,—OH
/AN Pd(PPh;); (2%), PhMe, L// \\\)\ (90) 37
N~ ~TBDMS reflux, | h o~ TBDMS
BusSn_ /’—OH Ph /’_OH
73 PA(PPh;); (2%), PhMe, 7 (51 mn
4())\'I'BDMS reflux, 18 h ko)\TBDMS
MeySn  TMS BnPd(PPh;),CI (1%),  Ph,  TMS (79 256
200h >“
Ph Ph
Bu;Sn PA(PPh3);,Cl; (1%), Ph 0 531
NPh xylene, 120°,20 h >= NPh
PH Ph
r n-C5H1 t T "‘CSHI !
Bu35n—® Pd(PPh3),, NE1;, %Jj@ (265) 290
g CH;CN, 100°,5h g
THPO THPO
Bussn— Pd(PPhy),, NEW,, ph—< (263) 200
g CH;CN, 100°, 7h g
CO,Bu-1 CO,Bu-t
Bu3Sn W\) Pd(PPh3)4 Ph \/\/\) (84) 544
Y ay
SnBu; Ph
Ph Ph
3 PA(PPhy),Cl, (5%), Z 3 26) 545
Ph \N‘N Et;NCl, DMF, 80° Ph \N,N
[ OSnBu; ] (0] (o]
PN | NN RN
YY) Pd{P(o-Tol31:Cla, TN Y e ) ¢ sal
AN PhMe. 100°, 22 h N NP Nopn N0 NP omn
. i 49) 3
O
I
AN
I R R 5
P.".,\/\/\,\.L
\9 wpn
Bﬁ}snvs\e";\r\Tnh\‘C Ph\/o\«"A\nTnnMQ . .
u OCYBUMS pa(PPhs),. THF, “\/‘\ MERAEES . (70) 299 300
OTBDMS reflux OTBDMS
OTBDMS OTBDMS
Bu;Sn [0) LN Ph [0) TN
l OBn Pd(PPhy); (1%), | OBn g8y 423
OBn PhMe, 100°, 3 h OBn
(I)Bn 6Bn
Bu:Sn SnBu; Ph Ph
Z/ \S Pd(PPh3)4 (5%), Z/ \S (54) 287, 546
o HMPA, 65°, i0h o
OMe OMe
Bussa—N={ PUPPR)CL(1%),  Ph—N © 531
con, xylene, 120°, 20 b cchy
"D PA{P(e-TohaICh (3%). N/ 5 3 36
Bu;Sn” PhMe, 100°, 3 h [
Bu;SaNHBu-n - PhNHBu-n (1) 90, 316
Bu;SaNHBu-r . PhNHBu-r  (19) 90, 316
BuSaNEs " PhNE:; [£.3)] 9. 316
|/\o - ('\0 ®h 316

Bu;Sn” N \/l

N

Py
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TABLE HI. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refy,
0 0
N\ N\
T\ PdiP(o-Tol3)5]Cls (19) () 316
0 PloToliplCl 1%y, T @)
Bus$n ™y PhMe, 100°. 3 h L
0 0
Q " O (37 316
N N
Bu3Sn” Ph”
Bu;SaNHPh Ph;NH (64) 316
Bu3SnN(Pr-i); PhN(Pr-i); 0) 3ie
Bu;SnN(TMS), PhN(TMS), (0 316
Et Et
BusSn—N " Ph—N (43) 3l6
Ph Ph
NEt, NEt;
2 531
Bussn—N=( Pd(PPhy);Cl; (1%), PhN=( ©)
Ph xylene, 120°,20 h Ph
Bu3;Sn—N=C=N-SnBu; " Ph—N=C=N-Ph (0) 531
Bu;SnSBu-n Pd(PPhy) (1%), PhSBu-n  (86) 318
PhMe, 120°,20 h
Bu;SnSPh " PhSPh  (83) 318
Bu3SnSSnBu; " PhSPh  (75) 318
Me:SnTMS Pd(PPhy)Br; (13%),  PhTMS  (—) 547
PhMe, 115, 15 h
Bu3SnSnBu, Pd(PPhy)s (1.3%), PhSnBu;  (79) 547,548
PhMe, 115°, 15 h
= &
PhCI Bugsn” 7 Pd(PPhy), (1%), o 3
CgHg, 120°,20 h
Pd(dppb)Cla, CuO. m () 96
NME 1000 24 b - ,/‘\//
DMF, 100°, 24 h P N
NS
Pd(PPhy); (5%), X ©) 422
THF, 66, 24 h T TMS
phl Me3SnCN PAPPhL), PhCN — 549
Bu;SnC=CH Pd2(dba)s (4%). PhRC=CH  (58) EX)
AsPhy (16%), Cul (8%),
DMF., 60°, 6 h
Bussn” X Pdy(dba); (2.5%), PR (595) 3
PPh; (10%), Cul (10%),
dioxane, 50°, 72 h
BusSn” > Pdx(dba); (1%), P 95) t
P(2-furyl); (8%),
THEF, 50°, 72 h
BusSn” X Pda(dba)s (1%), P (>95) 1
AsPh; (8%),
THF, 50°, 72 h
Bussn™ X Pd(Ph-BIAN) P (49) 415
(dimethyl fumarate) (2%),
DMF, 50°, 16 h
Me;SnCF=CF, PhPA(PPhy),1, PhCF=CF,  (85-87) 265, 266
HMPA or DMF,
50-70°, 3 h
Buysn™ > PA(PPh3)s (2%). N7 3 3
CoHy, 80°
N L~ .
BuySn” ~F PA(PPh3)s (10%), Ph ~F (88) 29

LiCl, DMF, 90°, 30 h
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TABLE HI DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Bu;Sn/\/ Pda(dba); (4% ), N (61 33
AsPh: (16%), Cul (8%).
DMF, 60°, 6 h
Busn” SCy_~ Pdsdba)CHCl, 3%, PR SCs o 49) 275
PPhjz (24%), LiCl,
DMF. rt
n-BugSn Pds(dba); (4% ), PhBu-n (34 33
AsPhs (169), Cul (8%).
DMF, 60°, 6 h
Me;Sn Ph
0 Pd(PPh;),Cl 0 (80) 292
/ 31z, / e
27)\ THF.7h />\
N N
O Pd(PPhy), (5% 0 50
‘\)\ 304 (5%, /43\ (80) 5
MC3Sn/<\N CgHg, reflux, 24 h Ph \N
[\( PA(PPh3):Cl; (5%), [\( (82) 292, 530
Bu3Sn O'N THF, reflux, 7h Ph O,N
N Pd(PPh3)-Cl; (3%), NTX
P CI(CHCI, Mo J ey 458
BuSn™ N reflux, overnight Ph" N
Bu;Sn Ph
Q BnPd(PPh3):Cl (1.5%), \R (59) 267
. Cul, CHCN, i, 1 h
o o)
) Pda(dba); (4%), B
/ AsPh; (16%), Cul (8%), PhD (58) 33
Bussn™ o DME, 60°. 6 h 0
BusSn Ph
N BaBDL s o A N ey 207
173\ Pa{Prnajalis (4%), /3R {(75) 287
[l » o i Y
70°,
< o DMF, 70°. 2 h Q o
Bu;SnC=COE: Pd(PPh3),Cl; (5%). PhC=COEt  (60) 302
EL,NCL DMF, . 1 h
OFt OFt
/& Pd(PPh3)s (2%), /& 92) 270
Bu3Sn dioxane, 95°,96 h Ph
OFEt OFEt
Pdy(dba); (4%), an 33
Bu;Sn/& AsPh; (16%), Cul (8%), Ph/&
DMF, 60°, 6 h
0 0
BuySn PA(PPh;).Cl, (1-2%),  Ph (65) 261
0 0
\ PhMe, reflux \
BusSn "o PA(PPhy).Cl (1-2%), 7 o @9 261
PhMe, reflux
o o
COMe CO;Me
/& Pd(PPhs3); (10%), /& 87 246
Bu;Sn Cul, DMF, 11, 48 h Ph
COzMe Pds(dba); (3%) COZMC
Adda); (3%),
CcOo:M
Bu;Sn/J\ AsPh; (12%), Ph/& + P 90y 1254 245
THF, 50°, 18 h
G Pd;(dba); (3% D
(dba); (3%),
D 2 o _COMe
Bu;Sn)\( AsPh; (12%), Ph/%/ 0 245
D THF, 50°, 18 h D
BusSn” “CO,E! Pd[P(o-Tol31,Cl (1%), Ph”~ “COEt (31) 236
ZnBry, DMF, 80°, 5 h
] S Pd(dppb)Cla, CuO, | N 64 96, 33
Bussn”™ “N” DMF, 100°, 70-80 min  p, -~ > 7
286

Me;Sn

=
-z
=

Me

Pd(PPh3),Cl (0.5%), ﬂ (54)
THF, reflux, 20 h Ph
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
/40 PA(PPh3)y (5%), /f (100) 550, 551
MeSn— CeHg, reflux, 12h Ph N
Bu;SnC=CCO,Et PA(PPh),Cl> (1%), PhC=CCO,Et  (94) 552
EyNCI, ZnCl,,
DMF, 50°,2 h
0
Bu_;Sn Q Pd(PPhy); (5%), /m N (58) 437
THF, reflux, 6 h
Me;SnPh Pd(CH3CN),Cl; 2%), Ph-Ph  (86) 553
DMF, 20°, 8 h
0 0
PR Pd(PPhy)s (5%), L
Me;Sn O PhMe, reflux, Ph "O a2 437
40-80 min
Me;Sn Ph s S
t Y=( j Pd(PPh3)s, PhMe, I Y= ] 67 536
reflux, 3h S S
Me;Sn Ph
\Q PA(CH;CN),Cl (2%), @\ 90) 553
DMF, 70°, 1 h
o) o)
/lL Pd(PPhs)s (5%), PhMe, )J\ (78) 437
Me;Sn N(Pr-i); reflux, 40-80 min Ph N(Pr-i),
O/} 0/}
Bu;Sn 9 BnPd(PPhy),Cl (5%), TP 6o 12
Cul (7-10%), DMF, 1t
o o
BuiSn O Ph O -
\” y[ BnPd(PPh;),CI (5%), \_/‘I I 99) 12
i Cul (7-10%), DMF, nt [
i-PrO 0 i-PrO 0
X PA(PPhs); (5%). (98) 4
BusSn ™S THF. 66°.24 h Ph ™S
P Pda(dba)»CHC); (3%), (45) 275
BusSn” S Cy Ph I ’ Ph” S Cy Ph
s s PPh, (245). DMF, 1t x-
BuiSn \H/YCO:Et Pd(PPh3), (4%), Ph \”/YCOZEK + CO,Et 473
NHAc DMF. 100°, 6 h NHAc o m,xc
1(42) 11 (10) EZ=1:1
BusSn CO,Et Pd2(dba)y»CHCl; (4%).
W AsPh; (30%), THF, I (34) + 11 (32) E:Z=64:36 473
NHAc
reflux, 6 h
BuiSn Ph
N PAPPh3)Cly (5%), N;{ Yy 9 302
N THF, reflux, 20 h N
Ph Ph
Bu;Sn Ph
i }N PAPPIy),Cly (5%), 2/ }‘N (49) 302
N THF, reflux, 24 h N
Ph Ph
i/ f N
BusS N PKPPh:,Cls (5%). Ph N © 302
on l:‘ THF, reflux, 24 h ll‘
Ph Ph
o )
Bu;Sn Ph
Pdx(dba); (2.5%), air, 84) 554
Cul (30%), DMF.
o 60°,0.5-1 h 8
Bu;Sa Ph
Y= POPPHy), (10%). = 8P 588
EOL  Bun Cul. DMF. 1,24 h B0  Bun



9917

19T

TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Conrinued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Rets.
OEt OEt
o BnPd(PPh3):Cl, _ 77) 49
Me;Sn TBDMS Cul, DMF, 1t Ph TBDMS
i‘MeOg MeO,C
B”-‘S")\/© Pd(PPhy)s, NEt;, pn—< (268) 290
N CH;CN, 190°, 8 h N
H H
OFEt OF!
> _< BnPd(PPhs),Cl, _ (68) 49
MesSt TBDMS Cul, DMF. P TBDMS
BuiSn Pd(OAc), (10%), Ph
>:\ PPh; (30%), = s 555
EtO.C Ph DMF.t, 72 h EtO0,C Ph
MesSn Ph
B X
| o PA(PPh3):Cls (4.8%), H (61) 459
N 0 CH,Cl,, 80°, 12 h N
Bn Bn
Bu;sn © pph O
"0 Pd(dba), (5%), PhMe, \\&Q (78) 556
12h
Ph reflux, Ph
Buysn— Pd(PPh3); (0.7%), th (98) 289
N DMF, 110°,5h N
SEM SEM
BusSn Ph
,—0  Bur Pd,(dba); (2%), ;=0 Bur  (50) 439
X DMF. 11,6 h —
/ \ / \
\ / N/
o/ | S—
Bu;Sn O /=0
~ o0 Pd(dba)s (5%), BuyNI, (60) 382
DMF, 80°, 16 h
Ph
B”’S"> _ Pd(PPhy)»Cly, PPhs, 251
Ph LiCl. DMF, heat
0 0
) '@
MOMO (o] N SnBuy MOMO O)\N Ph
0 Pd(PPhy); (10%), ‘\%0?‘ (88) 170
Cul (20%), DMF,
o_ O o_ O
>< 80°, 15 min ><
Bu;Sn Ph
>___ Pds(dba); (2%), >_ (89) 439
/—O Bu-n DMF.r, 6 h /“‘0 Bu-n
BnO BnO
H;N HyN
Bussn— Pd(PPh3)4 (10%), ph— (93) 74
N DMF, 90°,3 h N
SEM SEM
SnBu; Ph
Ph Pd(PPh3),Cl, (5%), Ph
h ENC, DMF, 7 (39) 545
NN 80°%, 30h SN
0 0
EJL Bu-t Pd(PPh,),, PhMe, ﬁ/U\ Bu-r R =Me or Bu 556
F x reflux F . (25-30)
I I
Risn” °N P N
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S-COUPLING OF ARYL ELECTROPHILES (Continued)
C

Substrate Stannane onditions Product(s) and Yield(s) (%) Refs.
Bu;Sn SnBus Ph Ph
7 i -CaHgPdCila 13%), 7\ (63) 287. 546
N DMF, 65°. 2 h g
0 A 0
N AN
A PU(PPh;3), (5%). A (2%) 422
BusSn SnBus THF. 60°, 16 h Ph Ph
ELNOC ELNOC
BusSn SnBu; Pd(0) Ph Ph (low) 390
CONEn CONE,
Et;SnSPh PhPd(PPhy),l (1), PhoS  (94) 320
DMSO. [00°, t h
Et;SnSSnEty PhPd(PPhy)al (5%), Ph:S  (96) 320
DMSO, 100°, 4 h
Me:SnTMS Pd(PPh3)-Br, (1.3%).  Ph-Ph (—) 547
PhMe, 115°, 15h
Me;SnSnMe; Pd(PPh3),Br, (1.3%),  PhSnMey (96) 547,557
PhMe, 115°, 15h
Et;SnSnEt; PA(CH;CN),Cl, (1%),  PhSnEt;  (99) 313
HMPA, 20°, 2 h
Bu;SnSnBus Pd(PPh3); (1.3%), PhSnBu;  (96) 547,313
PhMe, 115°, 15h
PhN>* BF, Me,Sn Pd(OAC), (10%). PhMe (55) 204
CH3CN, rt, 2 h
BusSn” X Pd(dba), (10%), P (80) 204
CH;CN, rt, 5 min
r Pdtdba), (5% 97) E:Z=40:60 249
/& (dba), (5%), Ph/\'ﬂph (97) E:Z=40:
Me;Sn CH1CN, Et-O. 1t
Ph
1 Pd(dba), (5%). CHCN ~ o Ph (90) E:Z=18:82 249
Buysn” X EL0, . 20 min P
PhOSOF BuySn” Pd(PPh1)C (5% PR (76) 203
LiCl. DMF. 25°. 6-18 h
=\ /N (70 203
Bqu-".’ A Ph/ \
o~ e
PhOTf Bu;Sn” Pd(PPh-), (7.5%), P T (g9, 20,201
LiCl. DMF, 90°, 30 h
(4)& Pd(PPh.), (2%). LiCl \OE[ (100) 270
Pha)y o). L 3 2
Me;Sn/\ dioxane. 95°, 1 8 h ph/\
Pd(PPh3), (5%), LiCl, é (37) 422
BusSn T™MS THF, 66°, 24 h Ph ™S
1SnBu; Ph
0 0
>< Pd(PPhy), (10%). >< (73) 475
0 LiCl. THF, reflux lo}
M /\/
PhOSO-CF,CF-H Bu3Sn Pd(PPh3), (7.5%). Ph (51-65) 29,201
LiCJ, DMF, 90°.30 h
PhTH(O,CCF3)» PhySn Pd(OAc)s, DMF, Ph-Ph  (84) 558
reflux
Br o Ph Ph
@ Bu3SnPh Pd(PPhs), (1%). C[ (13) + ©i (57) 538
Br PhMe, 120°, 20 h ZarT Ph
x_ - Na* BF]
@ Me,Sn PA(OAC), (10%). 559
P

CHiCN, 25°.2 h

Cr, -
Br
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Substrate Stannane Conditions Product(s) and Yield(s) { %) Refs.
Bra oy Br BuiSn O~ _ T
Ty o7 v PA(PPh;}; (10% ). oo 423
o | ! | A O AN O~
N I I PhMe. reflux 1 A \!(‘ \‘( (‘)
' { i i
OTBDMS reT N A TN SN ATN
rn o ‘ T rn
OTBDMS OTBDMS
(77)
e Br AN
';/\f BusSn” Pd(PPhy), (2%), BHT, i (63) 88
BI.)\/ PhMe. reflux, 1 h B NF
AN
BusSn™ X Pd(PPh;); (4%). BHT, \ NS 88
PhMe. reflux, | h A %
X
S\ PA(PPh3),Cls (10%), f (56) 272,273
BusSn OEt Et,NCI. DMF. g~ O
80°. 1.5h
SnMes
! o Pd(PPhy); (10%), N N (50 560, 561
\N// PhMe, reflux — \ /4
NEt,
Bu:SnNEL PA[P(o-Tol)31:Cl, (1%). @/ 30) 90,316
PhMe, 100°, 3 h Br
CO]ME
T Y PA(PPhy ) (109%), N
| /U\ Cul (75%), DMF, | (92) 246
Br = Bu3Sn CO,Me rt, 24 h Br =
N2t PRy
Me,Sn Pd(OAC); (10%), (76 204
| =
Br CH:CN, 11,2 h Br
- OSOF Pd(PPh3),Cl (5% ), NN
| BuiSn” XX LiCl, DMF, | (68) 203
R N 25°,6-18 h R NF
/\,/OT{ P X N
)’i )l BuiSn” X Pd(PPh1); (2%), BHT, )lJ Jl (77) 189
B NF dioxane, 98°,2.5 h Tro" N
I o R s e
BusSn” X PA(PPhs); (2%), LiCH, o N o8
BHT. dioxane, 98°, 7 h Tfo"l\\y/) Br')\\y/)
1+1L(75) LI =61
) PA(PPIn)2Cla (2%),
BuSn” X LiCl. BHT. DMF, I+1¢45) L= 15 189
70°,3h
F F F
Pd(PPh]):Ch (10-15%),
Me:Sn PPh; (10%), LiCl, O Q O (66) 191
CuBr, BHT, dioxane,
F reflux F F
Pd(PPh3),Cly (3%),
Buﬁn«@- PPh; (10%). CuBr, OTf (89) 191
BHT, dioxane, reflux
Pd(PPh3)y (20%),
’ BHT, dioxane, reflux
MeO OMe MeO
MegSnAQ " O O O ) 191
MeO OMe MeO
= —
Br_ _~_ _Br P m l/\ll
~ Xy a7y S At S
o o PA(PPh3),Cls (5%), N N 35 562
Me;Sn™ N THF, reflux, 23 h =
B
T Br
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
o BT I PAPPhy)Cly (5%). = \
i /; \ Et;NCI, CH:CN, 1\ i (96) 553
[ NH, Bu;Sn OFt reflux, 4 h \/\i{'
Br 2. H*. reflux. 3 h Br
Br
f Bu;Sn” “OH PA(PPhy); (5%), NO“ an 233
= dioxane, 80° ‘\7\
cl a
Bu:Sn” “CN PiP(o-TolsLCh (196). [0 7 CN  (66) 235
m-xylene, 120°,24 h = cl
Bussn” “OMe Pd(PPhy):Cl> (5%), {NYT TOMe (¢ 234
HMPA, 80°, 20 h e
r OSnBuj) =
% /\ [ PA[P(o-Tol)3]2Cly (19%), “ (80) 240
L J PhMe, 100°.5h X 0
BusSn” “COEt PA{P(o-Tol)31:Cla (1%), @\A COE (46) 236
ZnBry, DMF, 80°, 5 h C,
BuiSn
| ] Pd(PPh3),Cl (5%), | (76) 564
= DMEF, 90°. 25 h =
BocHN A ] A
= NHBoc
a
- SPh
Bu3SnSPh Pd(PPhs)s (1%), T (73) 318
i
PhMe, 120°, 20 h Na
~ _Ny*BF -
1(\\( Me,Sn PA(OAC): (10%). ; \\;/ (64) 204
NN CH:ON. 1, 2 h SN
i - Ci
OSOHCF2):0(CFapH Z
2 CF20(CE X
Busn” 7 Pd(PPhy), (7.5%). LiCL. || )
; (70) 29,201
a DMEF, 90°, 30 h )
Cl L Bu3Sn Cl O
T Pd(PPh3):Cl5 (5%). (80) 564
| Pz DMF, 90°. 25 h NHBoc
BocHN ’ T
TS i
Bu:SnSSnBus Pd(PPh3); (1), | \©/ (60) 318
PhMe. 120°.20 h %
Cln_ SPBU3
Bu:SnSnBuj Pd(PPh3)s (1.3%), | (73) 547
PhMe, 115°. IS h %
cl No* BFy cl
Me,Sn Pd(OAC); (10%). \©/ (89) 204
CH:CN, 11, 2 h
Br
/@ Bu;Sn/\OH PA(PPh1)y (5%), /@/\OH (73) 233
cl dioxane, 80° Cl
Buysn” > CN Pd[P(o-Tol)31:Cla (1%). /@ACN (66) 235
m-xylene, 120°,24 h ci
Bu;Sn” “OMe Pd(PPh3),Cl; (5%), /@AOM@ (70) 234
HMPA, 80°, 20 h a
P P
Bu;Sn/\/ Pd(PPh1); (19). /@/v (100) 3
CoHy, 100°. 20 h al
S
/\/k\’\>
N
R PA(PPh3),Cl2 (0.5% ). N o 286
Me;Sn g7 THF, reflux. 20 h /\/
b B " Cl
[ QSnBud PA{P(0-Tol)3]-Cla (1% /‘/\ﬂ/ 73 237.240
H | {0-Tol)z}-Cly (19). (73) 37.2
t/\ ; PhMe. 100°. 5 b o O o



TABLE Ili. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
C

V.1

S.T

2

DMF, 20°, 10 min

a

Su Stannane onditions Product(s) and Yield(s) (%) Refs.
_— . e T e 2ne
DUy I~\/\/\)1\1L ;‘l i) Ri¥S]

i N
CI-
0
OFt 1. Pd(PPh3)-Cis (15%). I
/'\ PhMe. 100°. 20 h ‘/\/\ (73) 269
Me;Sn 2. H* Cl/\/
= ,
Bussn” COsEt Pd{Pio-Tol)z1:Cl (15, T COEL gy 236
ZnBry, DMF, 80°, 5 h Cl/\)
Bu;Sn
\,/\ PAPPhy),; (1), WOE‘ (76) EZ=65:35 534
OEt CeHq, 110°.15h o
“ OMe ’/\(OMe
/@ PA(PPhs),; (15). | (66) 538
s o AN
BusSn PhMe, 120°, 20 h E
Z
cl
T™MS
™S
AN
/\/k Pd(PPhy);. | T0Me (7 305, 5
BuiSn = OMe CgHg, 110° Cl =
| N—0Bu-r
RN (e}
\/\\ BnPd(PPh;)-Cl. f (94) 296
BusSn™ ™7 " OBus DMF, 70°. 16 h C]/\/
cl N
Me:Sn /‘OH N OH
\ Pd(PPh3); (2%). \ (88) 371
o ~TBDMS PhMe. retlux, 1 h J o TBDMS
Bu;Sn\ Cl pZ
7 Pd(PPhyY, (170} L I (89) 565
VA 4 ' A N ’ -
\.“./ dioxane, reflux. 40 h II \\/
Ties "N
TIPS
Bu:Sn.__ O ..~ . . Cle_ -~
Ti 7, OTBDMS \il/ \\l
N TNAIRIME DD s 1 DA SN O™ s soa
f UiIDLUIVIY rairrng)»Cls, PFiMeE TI ‘|' UIBUNMS  14Y) Fa 4
OTBDMS Lo
NOTEDMS
6'['BDN15
N NEt
Bu;SnNEL Pd[P{o-Tol)3],Cl (1), ; (5%) 90,316
PhMe, 100°, 3 h al =
. SPh
Bu3SnSPh Pd(PPhs), (19). D (74) 318
PhMe, 120°, 20 h N
S
Bu;SnSSnBus PA(PPha), (1), /©/ \©\ (86) 318
PhMe, 120°, 20 h a cl
T™MS
Me;SnTMS PA(PPhs), (1.3%), m/ (34) 547
PhMe, 115°, 15 h C]/\/
SnBu;
Bu;SnSnBuj Pd(PPhs); (1.3%), /©/ (59) 547
PhMe, 115,15 h cl
=
/©/ Bu;SnM Pd(PPh3)y (1%), /@(\/ ) 3
CgHg. 120°,20 h ci =
MeSn™ X Pd(CH3CN):Cla (2%), D/\ (94) 553
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DD DG (7 N
RUYHILES (Coniiiied)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs,
P N
Bu:Sn” PA(PPhy); (1971, nooT 129) 3
) ‘ ) { 5|
CeHg. 1205200 o N
_=CPh
X
Me-SaC=CPh PHCHLONCl (24 ), i ; (90) 553
DMF, 207, 25 min o NF
i 3 OBu-1
ﬂ\ BnPd(PPh),Cl. "0 (94 296
BusSn™ 2o ~OBu- DMF. 70, 16 /‘\)
cl
X SnMes
Me;SnSnMe; Pd(PPhy); (1.3%). f (74) 547
PhMe, 115°. 15h N
S SnBus
Bu;SnSnBus NiBr; (10%), HMPA. o 92) 566, 313
135°. 17 h cr F
0S05{CF2),0(CF,).H P Pz
/@ Bussn” Pd(PPhy); (7.5%), LiCl , = a7n 29,201
i = DMF, 90°, 30 h al =
/ /
Bussn™ 7 Pd(PPhs), (10%), LiCl f \ o 2
)i
THF, 90°, 30 h o NF o NF
(39) (33)
N;* BFy~
/©/ Me;Sn PA(OAC), (10%). ﬁ (88) 204
al CH;CN. 1.2 h o NF
Br
(\( Me,Sn PA(PPha)y (0.7%). P (89) 19
NS air, HMPA, 65° NS
0
0 N
(»
Me:Sn /4\3( Pd(PPhs); (5%), N N (100) 550, 551
N A CoHp, reflux. 24 h P
F' ~
AN N
BUdN DAPBE Y (160 [ N ¢ - O £24
T’ ~ ru(rru_}u\l‘/{) I ” (/D) LIL=]8 RAL 3
é‘!El CeHq 110°,15h F/\\"/
OEt F\/\ nr
BuSn_ o | Pd(PPhy), (2%, o YEL(60) E:Z=85:15 539
TN o CyHe, 80°, 20 h AN
- . 80°, 2 .
E:z=85:15 o
_ o |
F SnMe, N
Br N PA(PPh3)oCla (79%), F = |N
| HMPA, dioxane, N 47) 567
F N// reflux, 24 h
F
F F
BuS Pdy(dba)y*CHC); (4%), l
uzsn T/\/COZE‘ P(2-furyl)s (30%). (56 473
F I | NHAc THF, reflux, 6 h
F
Br. I Bu3Sn >
| Pd(PPh3),Cl,, 568
F XNF PhMe, 100°, 16 h
F
/©/] Bu;Sn S S
\U = ] Pd(PPhs),, PhMe, 536
1 s S reflux
N>* BF4~
Pd(dba), (5%), CH;CN, 249

\_/

I

EO,.m,2h

—s
Ph

m (86) E:Z=8:92

1
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TABLE I1I. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OTf Pd(PPhx)y (2%).
(y Bu,Sn” S LiCl, BHT. dioxane. M 73) 189
])\/ 98°, 16 h 0" N
OH
HO\/\/
Bu:Sn - ‘ i
3 \ /N ‘/ﬂ)\\/‘\
HO OH OMe == =
W 7 Pda(dba)s (5%). .0 o _ 61) 569
1NN 2 oM AsPhs (40% 1. N N
OMe dioxane, 50°. 48 h MeO OMe
MeO OMe MeO OMe
PA(PPh3):Cly (20%),
ALOTf P20l Z
)‘\> Bussn” N dppf (80%), LiCl. (100) 191
1107 N DMF. reflux ~
Br r:IHZ
(\/ _ PA(PPh),Cly (1), ‘
A Bujsi  OFt ELNCI, DMF, T N 273
R 100°, 1.5 h = OFEt
| PACl» (0.8%). ~
o Ciysn -~ PPhyCHLSONam) ) 2%
" ’ COH 329 ¥z N
NH- (3.2%), KOH. H,0, N o
. 100°, 4 h H
PACI, (0.8, Ph
\
C1iSaPh PPh (CoH,SO Na-1n) /\‘/ (88} 282
(16%), KOH. H,0.  “F Sy,
100°, 3 h )
Br
Ny J— PA(PPh3)2Cl (19%). PN
P Bu,Srt OFt Ety,NCI, DMF. ST ) o) 272.273
HNT A LS
: 80°. 18 h gy N O
NEty
PA[P(0-Tol);]-Cl (1%), (0) 316
PhM <, 100°.3h H-N
o)
1
o e 6 S 6 LI
HAN AsPh;. Cul. DMF, )
) 60°. 3-4 h 0
NO»
Br [ PA(PPhy)Cly (1%), 90) 530
Bu:Sn O’N dioxane, reflux, 20 h
Bu3Sn
I\( Pd(PPh+)>Cla (1), (57 530
O'N dioxane, reflux, 20 h
OHC
/2—\) PA(PPh;), (3%), (62) 570
BusSn™ g DMF, 100°, 24 h CHO
NO,
OHC S\
A Pd(PPhy), (3%). X (52) 570,571
Bu3Sn S DMF, 100°, 24 h CHO
NO:
1. Pd(PPhy)y (2%).
PN PhMe, reflux, 63h NTUUNHy (g 461, 540
BusSn” X" T N(TMS),
2. Hy0*
Pd(PPh3)-Cls. (78) 572

Me;Sn x N
| [
N =

DMEF, 80°. 12 h
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Substrate

Conditions

Ny Na* PR

Br

e}
(=
w
=

' |
NN
SEM

Me;SnSnMe;

Mc;SnSnMes
Bu3SnSnBuj

Me;Sn

m

Me—Sn N
/

wowe_ )

\kSn N
! Nl >
~o

Me:;SnSnMe,

BuiSn
\§
n-Bu (6]

Me;SnSnMey
Me;SnSnMes

Me;SnSnMey

Me Sn

Me:Sn \"/\/

LA

Me,Sn

Pd(PPh. ). (31
PA(PPhy); (390

PhMe. 80°

Pda(dbals (2.5%).
AsPha (209 ).
Cul (509 ).
DMF. 60°, 3-4 h

Pd(PPh3), (0.7%).
DMF. 110°. 6 h

Pd(CH;CN):Cla (2%),

DMF, 20°, 5 min
[(n*-C3H5)PdCl,
CH,Cl, 20°
Pd(PPh;3); (1%),

PhMe, 80°,72 h

Pd(OAC): (10%),
CHiCN, 1t 2 h

Pdidppf)Ci>, PhMe,
105°, 2 h

Pd(PPh3);, PhMe,
105°, 3 h

Pd(dppHCl,. PhMe.
105°. 12 h

Pds(dba)s (2.5%),

AsPh2 (20%). Cul (50%).

DMF, 60°, 3-4 h

Pd(dba); (2.5%).

air, Cul (50%). DMF,

60°,0.5-1h

PA(CH:CN),Cl (29),

DMF, 20°, 10 min
Pd(PPh3)4 (1%},

PhMe. 60°, 72 h
[(n*-C3H5)PdCl):,

CH)Cl,. 20°

PA(OAC), (2%).
DMF. 60-70°, 2.5 h

Pd(OAC), (2%).
DMF. 60-70°, 2.5 h

PA(OACY (10%),
CH:CN, 11, 2 b

<

NN (82)

2 s
— NN

]
NO2 SEM

SnMes
C[ (100)
~

NO;

" (75)

[¢]
0-N (8] OMe
D o
n-Bu (6]
OQN SnMe;
W (98)
P
" (65)
(5%
0O-N
- ~
b an
\///
0-N
VAR /_\< (83)
N/ \N—/
O:N s
Co (62)
N

289

312,

557

311

204

4}

41

4

N

i
N
)

]
1]

310,

557

206

206

204

573

311
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TABLE III. DIRECT CROSS-COUPLI

NG OF ARYL ELECTROPHILES (Continued)
C

Substrate Stannane onditions Product(s) and Yiel
0-N Ph
Pd(dba) (5%). \OA\” (54) E:7 = 8:97
Bu;Sn™  Ph CHyCN, EnyO. it 2 h
X Br o~ AN
P Bu;Sn” “OH Pd(PPh3); (3%). | OH (g
O-N = dioxane, 80° O-N =
Buysn” X Pd(PPhs); (29%), BHT. Y eo
PhMe, reflux, 4 h 0N &
Bussn”™ “CN Pd[P(o-Tol)3]Cla (1), /@ACN (tr)
m-xylene, 120°, 3 h 0-N
BusSn” “OMe PA(PPhy)-Cl, (1%), gOMC (65)
HMPA, 80°, 20 h ON
NF ] Z
Bu:Sn PA(PPhy), (1%), /©/\/ 72
CoHg, 100°, 20 h ON
OSnBuj
/[\ PA[P(0-Tol)3hoCly (10%), m )
PhMe, 100°, 5 h 0N O
1\
/ﬂ Pd(PPhy),Cly, 70° o %
BU}SI’) 0
0N
X" oMe
BusSn. o~ OMe BnPd(PPh3),Cl, | (75)
CeHe, 100°,20 h 0N~ F
. OFt
OEt //\\\/ AN
| BBy 1 A0y f PPN
A I’Ull'rll})z\,lz 1L70), ” | 104)
Bu;Sn” Y PhMe, 105°, 48 h SN
, 105°, 0N
0
1 PA(PDh Y ("1, (160 1
Ot 1. Pd{PPh:):Cls (157, PN
| PhMe, 100°, 20 h T (91)
N . ]
BusSn 2 H N AN
M
s /— oF Pd(PPh1)-Cly (10% ), f " | (86)
e ' EUNCLDME. 80720 g5~ > OB
RN 0.
BusSn” COLEL PU[P{o-Tol)3}:Cly (16). T COE g
ZoBra, DMF.80°.5h .~
\ N
! 3 Pd{PPh3)-Cl,. 70° AR 93
Bu:Sn S Ji\/}
P
ON
. B
j D} PA(PPhy)Clo. 70° NN (77
Bu3Sn™ /\‘\) Me
>
Me 0.N
0TMS
OTMS A
P Pd(PPhy)y, (\/ (63)
Bu;Sn PhMe. 100° OjN)\/
P
BusSnPh D717-Pd(0)-polymer. H/\( 57
Me>CO, reflux, 25 h 0-N /\/
X
AN |
| PA(PPhy); (1%), s )
= °
BusSn PhMe, 120°, 20 h o
. T™MS
BusSn o~ -OMe PA(PPhy),, YT oMe
™S CeHe, 110° 0N

249

88

234

240

574

305

(]
=
==}

269

272.

236

457

303

[}
93
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ontinued)

Subs‘[ruic Stannane Conditions Producii(s) and Yieid(s) (%) Refs
N
— I S>—0Rus
AR\ BnPd(PPh;)-Cl A o T oew 296
BusSn—& A ~08ur 32t A
3 o beud DMFE. 70°, 16 h (]
oNT
o i. PA{PPhy)y, PhMe, T
BusSn” X" T N(TMS), reflux, 63 h T R ) 461
2. H;O* O,N~ F
OMe A~ ~OMe
Pd(PPhs)y (5%), | (45) 575
BusSn OMe Cul (8%). NMP, | X XN oMe
oM 70°, 48 h oM
e ONTNF e
Ph
0
Bu;Sn Ph 0 -
Pd(PPh;); (5%), 0 6D 287,546
I\ HMPA, 80°, 23 h
(¢}
O:N
Bu;3Sn = .
~TIPS
2/ \ Pd(PPh3), (10%), = an 565
N dioxane, reflux, 24 h
H
TIPS O:N
O:N
Bu;Sn O .-~
; DM
! OTBDMS o~
Pd(PPh3),Cl,, OTBDMS  (78) 299, 300
OTBDMS PhM.
1 €
OTBDMS ~ ~OTBDMS
OTBDMS
O:N NO,
BuiSn SnBu;
Z/ \g Pd(PPh3)y (5%), (85) 287, 546
o HMPA, 80°,24 h
I\
(0]
g, NEQ
Bu:SnNEt, PdP(0-Toljy2Cla (1), 1” ‘} (24) 90.316
PhMe. 100°. 3 b 0NN
) - SPh
Bu,SnSPh Pd(PPhy)y (1%). H ‘JI (52) 318
PhMe. [20%, 20 h oNT N
/\\/S\/\\
Bu;SnSSnBu; Pd(PPhz), (1%), ﬂ : L | (44) 318
PhMe, 120°, 20 h ONTF ~F S No,
Me3SnSnMes PA(PPhy); (5% ). 03N7<_>—U7 NO; (58) 548
PhMe. 120°,40 h —
SnMe;
S ; .
Me;SnSnMe; Pd{PPh;), (5%, Q (37) 547
PhMe, 80-120°, 1-15h (7 N
- SnBus
Xy
Bu;SnSnBu PA(CH:CN),Cls (1%). ‘/\/ (48) 313
HMPA, 20°. | 1 0N )\/
Bu3SnSnBus Pd(PPhy), (1), " (38) 310
PhMe, 120°, 20 h _
Bu3SnSnBu; Pd(PPhy), (1.3%), OZNO—QNQ (26) 547,548
PhMe, 115°, 15h
o yZ AN
f oS Bussn” PA(PPha); (1), \ (59) 3
ON A CgHg. 120°,20h ONT N
: F ) /NSnBuz
/@/ BuySnSnBusy Pd(PPh+):Br> (1.3%), )“\/{ 0) 547
ON PhMe. 115°. 15 h ONT NF
/\/1 L R o /V o e
i [ Me,Sn PhPA(PPh;)21 (2%), f ! (87) 403
ONTF HMPA.70°, 30 min ¢~ ~F
Me;Sn™ PA(CH;CNY-CL, (29%), ‘v/\ o= (98) 553, 463
S

DMF, 20°, <] min
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Lo bl LZIREU D URUDOD-LUUTITL N U AR T L LUDC IRV iy \Coiinu )
Substrate Stannane Conditions Product(s) and Yield(s) (%} Ret's;_
A e}
P /\}&
[ . —
|| BnPd(PPh3),Cl (1.5%). e (50 267
o i g0 A It I
RLhSn,/ RE. /s7.4n ){ /J
’ 0N~
- COEt
BuySnC=COE Pd(PPhy):Cla (%), | ~ (52) 302
ELNCLDMF. . Ih N\
0 O%-0
Bu3Sn o Pd(PPh;):Cl5 (1-2%), N ) 261
\ PhMe, reflux I _
OgN
COgMe
CO:Me
i Pd(PPhy); (10%), (76) 246
o 3
Bussn” X Cul, DMF, 1, 12h
P
/@ PACH;CN)Cly (2%), X (96) 553
Me;Sn s DMF, 20°, 5 min
0:N
- CCOAEt
Pd(PPh3):Cls (1%), c
Bu;SnC=CCO;Et Et,NCl, ZnCls, C(,H(,, /©/ (47) 552
50°, 1 h O.N
N\ PUIC (5%). Cui (10%), \ﬂ)
/@ AsPh; (20%), NMP, s (85) 458
BusSn™ g 8°, 24 h
O:N
P
Me;SnPh PA(CHACNYCh (2%), | (100) 553
DMF, 20°. 3 h 0N F
Lo J P /\/Ph o . -
MeidSnPn PhPd(PPhs)a0 (29) I N 1(92) + Ph-Ph II (8) 463, 576
HMPA, 20°, 20 min A
,20°, 0N
MeSnPh (-OaNCgH)PAiPPha I (2%), 1 (83) + 1L (I7T) 87
CICH,),C, 120-130°, 2 h
Me.Sn -~ V7
TN -~ 5 ~ /N2 \ NP iea
” ; rarairrng i) U”N—\ /—\ /_Ll 1 {80} + 405
SN HMPA, 20°, 20 min = A=
/2R V \Y
Cl—" S SH—C1 (R
PA(CH3CN)KCL (2%), 1 (94) 553
DMF, 20°,5 h
TS I\
il PhPd(PPhy )1 (2%), O-N NO, (9T 163
Z NO, HMPA, 20°, 5 h = —=
Me;Sn X 7
J PhPd(PPhs).I (2%, O5N (76) 87
& CI(CH2):Cl 120°, 2 h =
Me;Sn X
f PhPA(PPh3),l (2%), OzN 187) + 463
SN HMPA, 20°, 20 min
/ \ (12
PA(CH;CN)RCl %), 1 (96) 553
DMF, 20°, 3 h
MesSn N
lk P Pd(CH3CN):Cla (2% ), ow—ﬂ—(&om (93) 463,553
~7 T OMe DMF. 20°, 3 h — i
Me;SnC=CPh PhPd(PPhy)21 (2%). om@cchh 1(57) 463

HMPA, 20°, 10 h
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stunnane Conditions Product(s) and Yield(s) (%) Refs.
Me;SnC=CPh PA(CH;CM)Clh (2%), 1 (93) 553
DMF, 207, 5 in
Me;SnC=CPh PhPd(PPh3)s1 (2%). (94 87
CICHa)-Cl. 120°.2 h
0 0
Pd,(dba); (2.5%). air.
BuSa Cul (50%), DMF. O.N \ A (83) 554
60°,0.5-1 h
¢} o
= =)
T™S o T™MS o)
HaN H;N
Bu;Sth@ Pd(PPhy); (10%). 0O,N O 4 O (86) 74
N DMF, 90°, 3 h N
SEM SEM
Me;sSn
O PA(CHCN).Cla (2%), /©/ (66) + O 577
DMEF, 90° O,N O
< o
IMe, Sn
M |
N4
X
AN S AN
Et:SnSSnEts PhPd(PPh)sl (5%). ! : w (100 320
DMSO, 100° 4 h oN NF S F o,
SnMe;
X 3
Me;SaSnMe; PA(CHACNY,Cl (2%), @ (100 312
DMF. 20°. 5 min 0N~ F
Me;SnSnMes [(13-C3HsPAC]s (15), (75) 557
CHACl., 20° Snf
nkbly
Et:SnSnEts PA(CH;CN)-Cla (1), \/k/ 81 313
HMPA, 20°, 5 min ON %
} XN SnBus v
BuiSnSnBu; Pd(CH:CN)-Cla (1%). b (94) 313
HMPA, 20°, 5 min 0N Z
Bu;SnSnBu; NiBr, (10%), HMPA. (72) 315
135°,3 h
Bu;SnSnBu; PA(PPh3)Bry (1.3%), " (0) 547
PhMe, 115°, 15 h
Bu;SnSnBus Pd(PPh;); (1%), " (63) 31t
PhMe, 60°, 72 h
o Not PR
/Cf( Me;Sn Pd(OAc); (10%), /O/ (95) 204
ON = CH;CN.1t. 2 h 0N
Pd(dba); (5%), EtzO (60) E:Z=16:84 249
Bu;Sn CH;CN.rt. 1 h O,N
0SO,F
;KV BusSn” X Pd(PPh1):Cls (5%). (60) 203
0N A LiCL DMF. 25°. 6-18 h g
Bu3Sn
~
\1@ 0-N— :}——</ \FOMe (50) 203

OMe



06T

16T

TADILC Il MIDE/T ORACS MOINIIDNINA MR ARV E1I RATRDADIINT OC 77 ai .. N
PADLA L. ZIREC T WRUJSO-ULUUTNEAINO U ARNT L BLEC I RNUTfrlnLeD \Lonrinuedad)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
o OTE Pd(PPh1),Cl; (2%), P
X s e T RN
il | (TMSCH-),Sn LiCi, BHT, dioxane, [T (25) 189
Pz a2 g Nz
0N e ON~
Busdn
Tl Bannn o 1o an"d N_ 7 N\ s PR 1eg 450
M ratreny)g (i), LaC, v L] VWUMC (19} 109, 424U
OMe BHT, dioxane, 98°, 36 h — g
/~\ PA(PPh3),Cla (2% ), o COBM gy pzm 2 189
BusSn - COsBn LiCl, BHT. DMF,
100°, 5 b O:N
o CO:Bn
CO»Bn Pd(PPh3); (2%), 82 189
Bussn™ 2 (PPhy), (29) /@A/ 82)
LiCl, BHT, dioxane, O-N
98°,9h -
OTf oTf
Br
(gf Bussn” X PA(PPhy), (2%), X 9y 89
NS NO, PhMe, reflux, 48 h NO
- 2

0-N Br O.N pZ
]©/ Bu}Sn/\/ PA(PPh3).Cls, ]@/\/ (96) 578
H.N PPh;, DMF HoN
Br PhPA(PPhy)al (2%). Ph
/@ Me;SnPh CI(CHy),Cl. /@ 93) 87
0N NO, O-N NO,

120-130°, 2 h
|
(Y Me.SaPh [(n?-C3Hs)PACI], (1), " (99) 553.557
021\,)\/\,\,02 ' Me;CO, 20°, 24 h
Me;SnPh (p-OaNCoHIPA(PPh3 )l (2%), * (94) 87
CHCHa),Cl 120-130°,. 2 h
SnMey
Me;SnSnMe; Pd(CH3CN)-Cl, (2%), /[:[ (93) 312,573
DMF, 20°. 5 min 0N NO,
Ma.CnCnia L3 L DAL (167 (70 572
Me:SnSnMe; [-CiHy)PACH, (1% (70; 73
CHCly. 20°
/\/SHBL‘I;
BuzSnSnBuy PA(CH3CN)5Cly (1%), . (19 313

HMPA. 206° i h

NO-
S PhPd(PPhy)3
( \\/“ Mo QDL fallTel A Well 87.576
H | Meszsnrn it 6/.0i0
o N/\V/\'\Jo 120-130°. 1.5h 87
Me;SnC=CPh 87
! OH
‘(\;/ /\\( Pds(dba); (2.5%). 471,579
! L i
\/\OH =~ AsPh; (20%),
BuSn 2 dioxane, 50°
o
" 471
HO. o~ Br PdCl; (0.5-3%), ~
| Cl3SnPh PPh(C¢H,SO3Na-m)s, ] (89) 281, 282
S~ KOH. Hz0, 90° o
Br Pd(PPh3):Cl>
/©/ st o Et,NCI, DMF, M ©) 272.273
B 80°, 12 h oo S~ Om



Z6T

€6T

o~

ROPHILES (Continued)

- Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
PACI, (0.5-3%), Ph
X
Ci;SnPh PPh(C,H,S0:Na-m), (i (<5) 281
KOH, H,0, 90° HO™ F
NEt,
N 2
Bu3SnNE(; Pd|P(0-Tol)3]:Cla (1%), (\( (0) 36
PhMe, 100°, 3 h HO™ N
“/\/1 PPhy(CoH SO3Na-m) (6.4%), N COH
[ | CliSn. _~. PdCl, (1.6%), KOH, | (<10) 282
A CO:H H,0, 100°, 3 h =
HO 20, 1007, HO
Ph
Cl;SnPh PdCl, (0.8%), KOH, (87) 282
H>0. 100°, 3 h HO
-N
Pdy(dba)s (2.5%), o
I O-N 2(dba)3 (2.5%) \\ Ph
\ AsPh; (20%), (62) 569
HO OH Bu3Sn N Ph dioxane, 50°,
OH
Bu;Sn—(/\f/@ (78) 471
o-N
MeO
\__OMe OMe
] \
Y =" 0Me / =" 0Me
BusSn ! " HO I 67) 471
a-N { o-N
OH
OH ~_ JOH . OH
I it and
o /‘\ J PACl, (5% LOH ! ﬂ 42
;o 2 (5%). Je (42) 471
vt S~ e N
T o BuSn—<" il dioxane, 01 ¢ N
AN \—/ “~-N
A\ v
7 e
N i
l A PdCl, (5%). (35) 471,579
H()/v\()H BusSn 7 dioxane, 105°
o-!
OMe
o PACL (5%), (43) an
dioxane, 105°
o)
c OH
N B ~
Y BusSn”™ “OH Pd(PPhy); (5%). @(\OH (80) 233
= dioxane, 80°
BuiSn” “CN PAP(0-Tol}3aCla (19%), @\ACN (74) 235
m-xylene, 120°. 3 h
BuiSn” “OMe Pd(PPh3)-Cls (19%). ©i\OM° (80) 234
HMPA 80°, 70 h
[ OSnBuj -
e } PA[P(o-Tol)3}>Cla (156), (\H/Y @ 237. 240
= PhMe. 100°, 5 b Sy AL O
e}
OFt 1. Pd(PPh3):Cla (19).
PhMe, 100°, 20 h (78) 269

2 H!
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Stannane Conditions Product(s) and Yield(s) (%} Ref’.
P P PATDC Tl YT 1o “COLEt o7y, >
DS (SR o 514 raprio-101)3ptip {17} {71) 250
ZnBry, DMF, 80°, 5 h
OTMS
OTMS
/'\ Pd(PPhy), - (63 457
. 3 :
Me;3Sn PhMe, 100°
[ OSnBu 1 i
‘ Pd[P(0-Tol)31,Cl; (3%), (59) 241
L CgHe, reflux, 3 h fo)
Ph
BusSnPh PA(PPhy); (19%), (I (93) 538
CeHe, 120°,20 h
Bu;Sn O
\©/ Pd(PPhs), (1%), (97) 538
CeHq, 120°,20 h O
BU3Sn O
J A Pd(PPhy); (1%), (87) 538
= CeHg, 120°, 20 h O
OBu-r
7\ BnPd(PPh3)-Cl, (64) 296
M
S N7 TOBu IDMF, 70°, 16 h
MesSn OH
, OH
4 \ Pd(PPh3);. PhMe, (80) 371
TBDMS reflux, 4 h \
0 ~~TBDMS
BusSn O o~ SO N e i
] OTBDMS Y~ TOTBDMS
U PA(PPh;),Cl5, | (49) 299, 3¢
N SGTEDM P2 NN A TRAME
! WIDLJIVE PhMe. reflux f U I1IDL/VID
OTBDMS OTBDMS
NEt,
BusSnNEL, Pd[P(o-Tol}3]2Cla (1%), (33) 90, 316
PhMe, 100°, 3 h
SPh
Bu:SnSPh Pd(PPh;), (19%), (67) 238
PhMe, 120°, 20 h
SnBuy
Bu;SnSnBuy Pd(PPh,), (1.3%), ©; (64) 547
PhMe, 115°, 15 h
OSnBuy
{)\ } PA[P(o-Tol}3}Cly (1%). m (90) 240
PhMe. 100°,5h Y
Pd(OAc)s (5%).
/@ P(o-Tob);, NEt3, [¢] (84) 429
BuSn™ >4 CHACN, reflux, 2 h
0
BusSn 0
o) —
\Q Pd(PPh3);Cl» (1-2%), (36) 261
o) PhMe, reflux
Bu3Sn 0 (\O
@ Pd(PPh3),Cla (1-2%), (76) 261
o PhMe, reflux o
IV e Wal N\
AR PA(OAC), (15%).
Z/ > P(o-Tol)s, NEts. 580
BuiSn— o

CH;CN, reflux, 3 h
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
SPh
BusSn CO,Me Pd(OAC): (15%),
e P(o-Toljs, NEts, AN (62) 580
PhS CHCN, reflux, 3 h u COMe
~ AN
Bussn— | Pd(PPhy); (0.7%), a (93) 289
NTNF DME, 110°, 2 h NTNF
SEM SEM
i
|
I
S
EL,SnSSnEt; PhPd(PPhy )l (5%), ©/ \d/‘\ (82) 320
DMSO, 100°, 4 h N
Br SN
BusSn” OH PA(PPha)y (5%). \©/\OH ©2) )13
dioxane, 80°
Bu,Sa” “CN PAIP(o-Tos,Cly (1), ] TN gy 235
m-xylene, 120°, 3 h &
Bussn” “OMe PA(PPhy),Cls (1%), \©AOMC (72) 234
HMPA, 80°, 20 h
i OSnBus =
{ /l\ PA[P(o-Tol)3},Cl5 (1%, | T 8% 237.240
I
PhMe, 100°.5 h S o
Buysn” “COEL PA{P(0-Tol )3]:Cly (1%), \;/\u/\COEE‘ (60) )36
Z nBry, DMF, 80°, 5 h AN
o}
OEt 1. Pd(PPh):Cl (1%, . .l
T e o s NIRRT o .
PN PhMe, 100°, 20 h I 70) 269
Bu;Sn/ ~ CH* K\///’
Ph
BuiSnPh Pd(PPh;), (1), \©/ (80) 538
CgHg, 120°, 20 R
Bu3Sn O
\©/ PA(PPhy); (1%), (®2) 538
CeHg. 120°,20 1 O
Bu3Sn O
\©\ PA(PPhs), (1%). 72) 538
CeHg, 120°, 20 h O
S OH
M63 n OH
T\ PA(PPh3); (2%). (55) 371
o~ ~TBDMS PhMe, reflux, (8 h I\
~0 TBDMS
NEt,;
Bu;SnNEt PA[P(0-Tol)31,Cl> (1%), \©/ 61 90, 316
PhMe, 100°, 3 h
NHPh
[Bu;SnNHPH PA[P(0-Tol);1xCls (2%). \©/ (66) 9
PhMe, 105°
H H
~N N
Bu;Sn \©\ Pd{P(0-Tol)3],Cl> (2%), \©/ O\ (©9 °!
OMe| PhMC. 105° OMe
CigHarn
CigHyrn N.
_N. Pd[P(o-Tol)312Cl> (2%, \©/ Me (49, 9i
(BusSn™ Me ] PhMe, 1057
S
BuSaSSnBus Pd(PPh)4 (1), \©/ \©/ (50) 238
PhMe, 120°,20h



86T

66T

TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
I S
W E1SnSSnEt, PhPA(PPh3 a1 (5% ). \‘/\‘!/ \“/V 70) 320
N DMSO0. 100°. 4 h SN
AN F PA(OAC), (5%). Ph
H H . . ~ .
W()\ /’\/ Bu;SnPh thPMe(lﬁi%), LiCH, f 1) 202
S DMF. 110°. 76 h %
P
~ 0 0 (N
Pd(OAC), (5%), /\/\\SZ /i\/\
Bu;SnPh dppp (5.5%), LiCl. f Y (70) 202
DMF, 110°, 72 h Me’N/‘\)
Br
;'/\/ Me.Sn PA(PPh), (0.79%). S (84) 19
P air, HMPA, 65° =
Bu;Sn” “OH Pd(PPh-); (5%). /@/\OH 52) 533
dioxane, 80°
. CN N 2
Buisn” "CN PA{P(o-Tol)3}.Cls (1%), (78} 235
m-xylene, 120°, 3 h
Bu;Sn OMe Pd(PPh;),Cl, (1%), /@/\OMC (67) 234
HMPA, 80°, 20 h
[ OSnBuy]
| /1\ PA[P(0-Tolj31,Cla (1%), f\}/\ﬂ/ (80) 237,240
| i PhMe. 100°, S h ~~ O
o
OFt 1. PA(PPh3),Cla (1%). N
/& PhMe, 100°, 20 h P 67 269
BusiSn 2. H* /
o DD T 1L (16 ENTCOE on oy
Budn CUNEL rarie-ioppli iive), | “ 73] 236
ZnBr,, DME.80°,5h Xy~
o)
o X
/4\ Pd(PPh;), (5%), X N (70 550
Me;Sn [
N CeHe, reflux, 12 h | P
-
BU,\S“\(\ Pd(PPh1), (19). = i =~ "OEt (71)E:Z=75:25 534
OF: CeHe, 110°. 15 P
|
BusSn o Pd(PPh3), (19%). /@/\/&ofa (74) E:Z = 80:20 534
(‘)E[ CeHe, 110°.15h
1. PA(PPhs) (5%). /\)\
BuxSnW CeHe, 120°,20 h E \; ] (7 581
Ot 2 H* = CHO
i
OTMS 1. Pd(PPh3),, N
/;\ PhMe. 100° , (66) 457
Me;Sn 2 H* N
Ph
BusSnPh PA(PPIy); (15). //\r 61) 538
CgHg, 120°,20 h )\/
0
OTMS 1. Pd(PPhs),.
Me;Sn” ™ PhMe, 100° (35) 457
i 2.H*
N
BusSn ‘
\©/ PA(PPhy); (1%). N F N 38
CeHe, 120°, 20 h )1\/
=X
Bu:Sn BN ﬁ/
i | PA(PPhz)y (1%). /W {64) 538
= CeHe. 120°, 20 h i i
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Conrined)

Stannane Conditions Product(s) and Yield(s) {5) Refs.
" OSnBu; } !
| X
|~ | PdlP(0-Tol)xlaCly (3%). || \ (62) 241
] | CyHq, reflux, 3 h =
o
1. Pd(PPhy),, !
Me<Sn X
¥ >*< PhMe. 100° (\ 31 457
TMSO 2 H* %
Bu3Sn \/YOMC 1. Pd(PPhs)y, CeHe. 100° W OMe (87 532
™S 2. BuyNF, THF
Bu;Sn—\//\/© Pd(PPhy);Cla. R =Me (82) 425
N THE, reflux, 2 h N R = SEM (66)
R R
0OSnBu; " = l o]
% ‘ PA[P(0-Tol);1:Cl. x (38) 541
! PhMe, 100°, 20 h
0 ] 0
%
Bu3Sn X ‘
‘ = Pd(PPhsy); (5%), f YOS (36) + 378
= OMe  DMF. 105° N one
Ph\/\/\
f o \; (22)
\M
OMe
Bu;Sn /r_q”
7\ BBy 1A v AN NSTIPS g cpz
)] Pd{(PPhs)y (16%), xR (69) 565
N dioxane, reflux, 40 h /H\/'
!
TIPS
NEt
BusSnNEL Pd{Po-Tohs1:Cla (1%), /©/ (79) 90,316
PhMe, 100°, 3 h
Ph
JPh N
BusSn—N PA[P(o-Toll:Cly (%), || Me (73 91
Me PhMe, 105-100° %
BusSn—N Pd[P(0-Tol)3}2Cla (2%), —QN (55) 91
L | PhMe. 105°
SPh
Bu;SnSPh Pd(PPh3), (1%), /©/ (76) 318
PhMe, 120°,20 h
S
Bu;SnSSnBu; Pd(PPh3), (1%), /@/ \©\ . o
PhMe, 120°,20h
TMS
Me;SnTMS Pd(PPhs), (1.3%), /©/ (60) 547
PhMe, 115°, 15h
SnBujz
Bu;SnSnBu; Pd(PPhy)4 (1.3%), /©/ (75) 547
PhMe, 115°, 15 h
I Pd(Ph-BIAN)
Me;Sn (dimethy! fumarate) ( |%)./©/ (1) 415
DMF, 50°, 18 h
= ==
BusSn—Q_, Pd(PPhs),Cl, (4%), N ™ 287. 546
Cul, DMF, t, 2 h
- COEt
et
PA(PPhy),Cls (5%). (45) 302

Bu3;SnC=COEt

EtuNCIL DMF, rt. 15 h

3
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
COMe
COMe N
e L U P . -
PN Pd(PPh3);Cl, (10%) ft | (7TH 246
Bu;Sn™ CuLDMFE,m, 48h
Pd(PPh3)sCls (1%), L ACOE
Bu;SnC=CCOLEL EGNCI, ZnCly. M j/ (23) 552
DMF, rt, 40 h Vi
PdCl, (0.8%), Ph
ChSnPh PPhy(C4HSOsNa-m) ”/\/ (86) 282
(1.6%). KOH, H,0, Z
100°, 3 h
Bu3Sn Pd(Ph-BIAN) (35) 415
(dimethyl
fumarate} (1%),
DMF, 50°, 18 h
Bu;Sn SnBus -
Pd(PPh3),Cl5 (7%), N/ (45) 287, 546
/N DMEF, 65°, 10 h
0 /A
0
- PP
Me;SnPPh, PAd(CH3CN):Cla (2.5%). | (74) 32]
CeHe, 60°, 36 h =
S
E6;SnSSnEty PhPd(PPh3 )l (5%), l(\\\/ 1 \1 (88) 320
i
DMSO, 100°, 4 h /\/ =
2 SiMe;
Me;SnSnMe; Pd(PPh3),Br (1.3%), I (86) 547
PhMe, 1157, 15 h AN
X SnBuy
Bu3SnSnBu; Pd(PPh3):Br; (1.3%). | (81 547
PhMe, 115° 1Sh P a
- No* BFy~ Ph A Ph
Y i VTS RNt S Pt (O QT 07 _ 7.071 240
” | PN ra(aoaj; (%), Loz, Il i 7)) cil=1755 249
P BuSn” Y Et:0, rt, |5 min a2
N\
r— Il S>—o0Ru-r
- Br /B RaPd(PPh3),Cl, XN (90) 296
[ RGN A~OR : (i T e
[ Buzan” 7 UBu DMF, 70°, 16 h L
S, N
—\ 7
FiCo ! I o Pa(PPhCl (129, FIC A0 6h 261
3 Bu‘sn/\[r 3)2 24 ) ~ I = \n/ S )
| P § 5 PhMe, reflux _ 0
o]
Bu;Sn - 0
A 0{ Pd(PPh)oCl, (1-2%), i€ 23) 261
PhMe, reflux
0
o
Bu3Sn Oﬂ Piﬁl:o.(sjo‘;;) © g © 67 461
o > ’ F:C
Cul (10%), NMP,
o) 80°,24 h
CO,Et
I COMe Pd(PPhs); (10%),
/©/ /& Cul (75%), DMF, a2 246
Bu;Sn .24
FiC 3 m.24h FC
Bu3Sn F;C
Pd(PPhy); (5%). 49) + 378
OMe  DMF, 105° SN
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
5 Buss c _N_Cl
r uzdn
SN NN
f T/\l Pd(PPhy)y, Cul /V\LJ/ (>61) 582
N o N e Y
NO> Ll N i 1t L
BT Y NG,
o
Br 0 %
I D Bu sn/'\\_\)( Pd(PPha); (2%), {A\ SNON ) 550
% 3 N . |
CN N CyHg 80°. 20 h A
7
BU}SH
S PA(PPh;):Cl. 7 (—) 583
= dioxane, 105° X X
\/\CN
Q
Bugs'i\/‘\/‘\ ///\Y ~
T | Pd(PPh3);Cly, o ] 583
LA dioxanc, 105° {T/»\\\r/\\v)\v/
0 \/\CN
/oA
i Pd(PPhs),. PhMe. N OTBDMS  (65) 584
Me‘Sn/O\/OTBDMS reflux [ P S
E S
CN
0 o)
7 =
] PA(PPhy),ClL, /\/EI —) 584
BusSn \/\\,4/ dioxane, 105° i S X //
UL
~7 CN
" “OTBDMS N1 = OTBDMS
i ! Pd(PPh3)-Cls, Cul P (67) 585
PN Faia T
BusSn™ N THF. retiux. 48 h [ SrTON
P
Me1S &
eiSn ﬁ/N ‘
AN
m \>\( Pd(PPh3),Cla. S T NN 572
& N DME 1005 12h o L =
N AT
\ N<<
\
/\\/th”\
Bu,SaSnBus PA(PPhy); (1%, T (42 310
PhMe, 80° e
| X OTBDMS
“/%/ ! BusSn N Pd(PPhy):Cly. Cul. \ e = (67) 585
‘ | i THF, reflux, 48 h
OTBDMS . : =
\/\CN Z CN
1. PA(PPhs), (29). NC
NC BT 5 Ny R NH» 464
i ‘ PN PhMe, reflux, 72h | 2 (72) 6
(S Bu:Sn N(TMS ), 5 e \%
NC.__~x.__-SnBus
Bu;SaSnBu, PA(PPh;), (19), T a3 310
PhMe. 80° &
Br ~
Y Bu;Sn” “OH Pd(PPhy); (5%), /©/ OH (g 233
NC = dioxane, 80° NC
= 4
Bu:sn” CN Pd[P(o-Tol)3}aCla (1%). T Y w 235
mexylene, 1207200 N0 NF
~
Buzsn” ~OMe PA(PPhs)Cl (1%), MOMe (57) 234

HMPA. 80°.20h
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
[ OSnBuy) RN .
b j PA[P(0-Tol)3]Cl2 (19%). nT 0 O] 237
!,A‘\ | e n e g s o A Q
L = J PhMe, 107, 5 h NC/ N -

B ST oMe 305
wSn A~ _OMe BnPd(PPhy):Cl, (73 30!
CeHe. 100°,20h NC
BuSn” “COsEt PdiP(o-Tol)1:Cl (1%, /©AC0251 7 236
ZnBry. DMF, 80°, Sh  \¢
0
OFt 1. PA(PPh3)2Cl (1%), N
PhMe, 100°.20 h | (81) 269
BuSn~ X 2.H* NeT N
/\\/S?h
Bu:SaSPh Pd(PPh,); (1%). I a2 318
PhMe, 120°,20h N NP
OTMS
OTMS
Pd(PPh3);. (67) 457
Me;Sn PhMe, 100° NC
S S
R3Sn S S | >:< ]
T =] Pd(PPhs);, PhMe, Xy” S ST R=Me (98) 536
s s refiux, 3h )!\ P R=Bu (95)
NC™
0
1. Pd(PPh;3),,
| PhMe, 100° @n 457
Me;Sn” ~OTMS
3 2.H* NC
Bu3Sn O
\©\ Pd(PPhy) (1%), 92) 538
PhMe, 120°,.20 h
NC
0
7 1. Pd(PPh) b
1l ’ S /\v/\v/
N PhMe, 160 Lo (43) 457
MesSn” TOTMS - N
2 H NC/\/
TMS
Bu:Sn WOMG Pd(PPha)y, NI T0Me (65 305
CeHg 110° /K/‘
TMS NC
1. Pd(PPh3);.
Bu:Sn \/YOMC CeHg. 110° WOMC (77 532
™S 2. Bu,NF, THF N
e N Y
B\J;Sn“(\/ ‘E \ PA(PPR )CY NC_(/ Y ’ H | B - Mas (O01Y 4058
N/J\/ LT 30D, . \N'A\%) R = Mg (V1) 2
' THF. reflux, 2 h / R = Boc (66
R R
1. PA(PPhy); (2%),
BuySn o~ N(TMS) PhMe, reflux, 24 h 1 YTUNTONH (g9 464,540
2. H* =
Bu3Sn NC
N-
m PA(PPh3); (15%), XN THPS gy 565
Ix\] dioxane, reflux, 38 h l _
TIPS NC
N -
NC._~
Bu3Sn O~ i |
BN YSN TS oTBDMS U o~
u PA(PPh3)-Cls. ~ | ‘\(‘ “OTBDMS  (81) 299, 300
OTBDMS PhMe, 20 min
‘ OTBDMS
OTBDMS ,
OTBDMS
NEt,
Bu;SINEL PA[P(o-Tol)31xCla (1%, 1/\/ 25) 90,316
PhMe, 100°, 3 h NCT N
Bu;SnSSnBus Pd(PPhy); (1%). 318

PhMe. 120°,20h

s
H/\r ﬁ 57)
- H -
NeTN N eN
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
SnMe;
Me3SnSnMe; Pd(PPh3), (1.3%), /@ (64) 547
PhMe. 115°, 15h NC
SnBuy
Bu3SnSnBus PA(PPh3),Bra (1.3%), /@ 57 547,310
PhMe, 110°, 15 h NC
1
/©/ Me;sn™ X PA(CH:CN),Ch (2%). | NS (99) 553
NC DMF, 20°, 5 min NN
s
\
ﬂ PA(CH3CN),Cls (2%), X ©on 553
Me;Sn S DMF, 20°, 10 min
NC
Pd(PPh3);Cl5 (19%). cZCCOE
Bu3SnC=CCO-Et EyNCI, ZnCl;, DMF, /©/ (8) 552
t, 72h NC
Ph
Me;SnPh Pd(CH3CN):Cl, (2%), /©/ (92) 553
DMF, 20°, 4 h NC
Me;Sn
\©\ PA(CH:CN).Cly (2%), NC O Q OMe  (94) 553
OMe DMF, 20°,4 h
. CPh
o
Me;SnC=CPh PA(CH:CN):Cl, (2%), /©/ (95) 553
DMF, 20°. 10 min NC
N SnMe,
Me;SnSnMe; Pd(CH;3CN),Cls (2%), | (98) 312
DMF, 20°, 10 min I F
NC
- SnBu;
R Cnalul, . DAPDh.y . (1 02Y ( \Y Q&Y 211
Bu;SaSnBu; (PPhs)s (1%, )I\) (85 11
o P
PhMe, 60°, 72 h NC
OMe
| OMe ‘ i d
| PA(PPhy), (5% ). ‘
Br Bu:Sn OMe - X
f \‘ s \(‘\V Cul (8%), NMP, s OMe (3 575
t . . U
70°, 48 h % OMe
O-N K7\0Me ONTNF
NO, NO,
| ) Pd(PPh2)-Cly (10-15%). |
OTY KRS =
ﬁ/ Bussn” PPhs (409 ). LiCl. f/\t/\\/ ) 190
\/\OMC DMEF. reflux = OMe
CIYN ‘ Ci
Br BuiSn |
T = J\ Pd(PPhy);. Cul X (255) 582
" a” SN a ‘ Z
MeO NO; MeO NO>
HO,C I HO,C SnMe;
D/ Me;SnSnMes Pd(PPh;);, j@/ 70) 586
N; = dioxane, 70°, 3 h Ny
CHO
CHO Me;Sn OH OH
~
| /A Pd(PPhs); (2%), (85) 371
A o~ TBDMS PhMe, reflux, | h 1\
o~ ~TBDMS
Bu;Srll (¢] O
CHO Me
%
| o N Pd(ID), LiCl, OHC 0 (40) 587
N0y X CH(TMS), DMF, 100° g N Me
(I:H(TMS)p
= Br AN AN
| Bussn” Pd(PPhs), (29%). BHT. | 78) 88
OHC = PhMe, retlux. 3 h OHC =
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%}

_Refs.

Bu;Sn \I/\
s
Ci

BusS
U3 nw&w

OEt

OTMS

Me;Sn/\

JVTMS
MezSn

gt
Me;Sn OBu-

[¢)

Bu3Sn WCH(OE():
E:Z=8515
~

Bu3Sn 4 I

N -

7

Boc
BusSn

/3
z
N

TIPS
Me;SnSnMe,
Buxsn/\
Bu:Sn” “OH
Bu:Sn” “CN
BuSn” “OMe
Bu;sn” “CO;Et

Bu3SnSPh

(RSnBu;

0

L [¢)

Me:Sn 5—§\ OH
4 ) TBDMS

O

PA(PPhy)y (15%).
PhMe, 120°. 20 h

Pd(PPhy)y (1%).
CgHg. 110015 h

Pd(PPh3),.
PhMe, 100°

BnPd(PPh3)-Cl (1-2%).
CHCl5, 65°, 1 d

BnPd(PPh;)gCL
DMF, 70°, 16 h

Pd(PPh;) 4 (2%).
CeHe. 80°, 20 h

Pd(PPh1)-Cls (2%).
THF. reflux

Pd(PPh;), (16%),

13748

dioxane. reflux, 38 h

Pd(PPha),. LiCl,
dioxane. retlux. 24 h

Pd(PPh;); (2%),
LiC), BHT,
dioxane, 98°. 3 h

Pd(PPh;), (5%).
dioxane. 80°

Pd{P(o-Tol}:].Cl, (1%),
m-xylene, 120°. 3 h

Pd(PPh3)-Cl (5%),
HMPA, 80°, 70 h

Pd[P(o-Tol);},Cl, (1%),
ZnBry, DMF. 80°, 5 h

PA(PPhs)y (1%),

PhMe, 120°,20 h

Pd{P(o-Tol)3}:Cls,
PhMe, 100°, 25 h

Pd(PPh3); (2%),
PhMe, 110°. 18 h

ne— Y & YA
i
/I Z COEL (80) E:Z=75:25
X
OHC
OTMS

(71

TMS
(40)
OHC

l \>‘0Bu—t
o]

(96)

OHC

mcmoa): (85)
OHC EZ=85:15
> -

OHC

AR

1 CN 0

OMe
x ON

le

SPh
O
OM

€
0 0
0-MeOC¢H,
t \ +
oMe N | oS
0 _J_o
(33) OMe (3)
NOMe
Ol o o
TBDMS

(8]

538

534,588

457

537

296

539

445

189

235

234

236

318

541

371
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TABLE HI. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
o) 0
] sz(dbil)_‘; (2.5%),
@: BuSn AsPh; (209%), air, O O 7 554
OMe ) Cul (50%), DMF,
le) 60°,3-4h MeO [0}
X
PA(PPh3); (10%), | oM
BusSnC=CSnBu; LiCl, BHT, 7> e ¢ (85) 589
) <
dioxane. reflux, 5 h OMe \©
MeO. -~ Br r 1 (\
| Bu;Sn—N  Ph PA[P(0-Tol)31;:Cla (2%),  MeO N, (79) 91
% ] Me PhMe, 105° \©/ ¢
_Bu_;Sr‘l
OMe
Me v\@ PA[P(0-Toli]sCl (2%), 91
OMe|  PhMe, 105° Me
0 MeO, 0
MeO 1 Pd,(dba)s (2.5%),
\©/ BusSn AsPh3 (20%), air. O O 554
’ Cul (50%), DMF,
o 60°,3-4h o
Pd(PPhs), (10%), /©\
Bu3SnC=CSnBuy LiCl, BHT, MeO CSC 589
dioxane, reflux, 5 h \©
MeO.__~_OTY Pdx(dba)s (2%), MeO. -~ CH=C=CH,
T Bu3SnCH=C=CH; P(2-furyl); (8%), TR 276
o J LiCl. Cul (10%) P
N sl Ll (V%) N
DMF, 80°, 2 h
MeO 0805(CF2):0(CF21H _ MeOW
\©/ Bussn™ ™ Pd(PPhs), (7.5%), [T 181 29,201
LiCl, DMF, 90°, 30 h N
MeO
AN
Bu;Sn/\/ Pd(PPh), (7.5%), G + | 29
1.iCL THF. 90°, 30 h A
- B S
] Me,Sn Pd(PPha), (0.7%), | (85) 19
/K/ : o =
MeO air, HMPA. 65 MeQ
/\‘ Pd(dppf)Cla, (94) 41
Me_M PhMe, 75°, 2 h
~
Bu;sn” “OH Pd(PPhy); (5%), I Bt 233
dioxane, 80° MeO =
Pd(PPhy), (2%),
BusSn” X PhMe, BHT, /@/\ 76) 48
reflux, 24 h MeO
Bu;Sn” “CN PA[P(o-Tol);1,Cls (1%), l - CN (g7 235
mexylene, 120,30 pog” N
Bu;Sn”” OMe Pd(PPh3),Cl, (1%), Qﬂ()w (%) 234
HMPA, 80°, 20 h MeO
_ »Z
Bussn” PA(PPhs), (1%), /g\/ 96) 3
CeHe, 120°,20 h MeO
{ QSnBus] s 237,240
Pd{P(0-Tol);1:Cls (19, { il (5t 3,2
S PhMe, 1007, 5 h Meo” NP O
OMOM
MOMO__ S(\N Pd(PPh3),. PhMe. /@ 41

105°,3h

MeO
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Qv Qiarmane Conditian Draductis) and Yieldis) () Refs
dupsiraie Stannane L ONaiions FrOGUCTLS) anG YiCiGis) (7% htal
PN ~_ _Bu-n
[ B XYy T cean 11
R Fatdppr-i2, il | e A
n-puTon N PhMe. 105°, 48 h A
(L ' MeO™ ™7
~~ ) R ~
Xy SOMe 205
BuaSn._ _~_ OMe BnPd(PPh3),Cl. Il | (82) 305
2 P U, P
CeHg. 1007, 2UNn McO~
BusSn” " COLE PA[P(o-Tah1xCla (1%), J©/\c02|§z ) 26
ZnBry, DMF.80°.5h  pMe
O
OFt 1. PA(PPh3)-Cl5 (1%), “
PhMe, 100°,20 h | (54) 269
Bu3Sn 2. H* MeO Z

Me;Sn/&

BU3SH CF}

Bu3Sn \/YOMe

™S

Bu3Sn \)\HJCOQFJ

Bu;Sn WCH(OEI)Z
EZ=85:15

OSnBu;
{}\Cﬂ'{]yn

BusSn” X" N(TMS),

Pd(PPh3),Cly
EULNCI, DMF,
80°, 1 h

Pd(PPh3)4 (5%).
CeHg, reflux, 12 h

PA(PPhy); (1%),
CeHe, 110° 15 h

1. Pd(PPhj)s,
PhMe, 100°
2.H*

Pd(PPh3)4 (1%),
PhMe, 120°,20 h

Pd[P(o-Tol):1}-Cl» (3%),
CeHé, reflux, 3 h
1. Pd(PPh;};,
PhMe, 100°
2. H*

Pd(PPh3);.
CeHg, 1107

1. Pd(PPh3)y,
CeHe, 110°
2. BuyNF, THF
Pd{OAc), (5%),
PPh3 (20%),
CgHg, reflux, I d

Pd(PPhy)s (2%),
CeHe, 80°, 20 h

Pd[P(o-Tol)312Cl, (3%),
CgHg, reflux, 3 h

. Pd(PPh3); (2%),
PhMe, reflux, 48 h
2.H*

PA[P(0-Tol)31:Cla,
PhMe, 100°,20 h

AN
oEt (67 272,273
MeO

O/X
/@)QN (85) 550, 551
MeO
WOE‘ (63) EZ=50:50 534
MeO

MeO
CF3 (61) 538
MeO

O YT T 66 241
‘n/“\V‘] Y
VICUS
O
I
P g
H “! (18) 457
M0 N
T™MS
i
AR N OMe o
o LMe (73) 305
MO)’\/
€
=" "OMe
(56) 532
MeO

=
mcoza (60)EZ=1:3 306,427
MeO
mCH(OEI)Q (55) 539
MeO E:Z=385:15

CH5-n
T 6 241
0]
MeO
X
WNHZ (78) 462, 464,
MeO 540

i + 541

O
= p-MeOC¢H, |
m
(@] X
s | o~ /

(26) A v
MeOQ™ ™~ (10)
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TABLE U1 DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continted)

Substrate Stannane Conditions Productis) and Yield(s) (%) Rets.
BuiSn p-MeOCqH,
PA(PPh3); (5% ). m I (22) + 378
P
oMe | PMF.103 OMe
Ph
OO I (55)
OMe
PA(CH;CNRLCL> (5%), 1 (25) + II (49) 378
AsPh;. DMF, 105°
a
PA(CH,CNLCL (5%).  1(6) + O (60) 378
P(2-furyl);, DMF. 105°
OMe
Fh Pd(PPhs); (6%) pho
Bu:Sn A »-MeOCH
s OH DMFHMPA (10:1), R OH 61y 287
7\ 70°. 24 h I\
0 6]
Bu;Sn O .-~ p-MeOCgH, O .-~
| OBn  py(pPhy), (10%), Ty OB ) 423,424
OBn PhMe, reflux 3 h OBn
1 ¥
OBn OBn
Bu;Sn O .-~ p-MeOCgH; O .-~
U OTBDMS by pphy),Cl. [y OTBDMS (3 299, 300
OTBDMS PhMe, 2 h OTBDMS
1 1
OTBDMS OTBDMS
NEt;
Bu;SnNEL PA[P(o-Tol)3}:Cla (1%, /©/ (19) 90,316
PhMe. 100°. 3 h MeO
~__-SPh
n Qo O DA/DDL . J107.Y ‘./ \\/ Ia¥a"s 12
BuzsnsrPn a{PPhajg (1%}, ” i {100 238
PhMe. 120°,20 h MeO” NF
S
Bu;SnSSnBu; Pd(PPhy), (1%), /©/ (62) 316
PhMe, 120°,20 h MeO OMe
TMS
Me;SnTMS Pd(PPhs)s (1.3%), /©/ (50) 547
PhMe, 115°, 15 h MeO
SnMe;
Me:SnSnMe; Pd(PPhs)s (5%), (52) 548
PhMe, 120°, 40 h MeO
. SnBuj
Bu;SnSnBuy Pd(PPh3)s (1.3-5%), !f\/ (81) 547, 548
PhMe, 115°, 15 h Meo/\)
I
Bu35n—<>:o BnPd(PPh3),Cl (1.5%), MeOO (52) 267
MeO CHiCN, 1t, 5.75 h
- COEt
c?
BuySnC=COE! Pd(PPh3),Cl, (5%), /©/ (60) 552
EuNCL, DMF. 1t, 15h pe0
CO,Me
COMe Pd(PPhs); (10%),
- Cul (75%), DMF, (42) 246
MesSn i, 48 h MeO
0
o
>~Nij Pd(PPhs)4 (5%), D (62) 437
Ph;3Sn PhMe, reflux
MeO
Pd(PPhy),Cl, (5%), c#COE
Bu3SnC=CO,EL EtyNCL ZnCly, (W] 552
DMF, r, 1.5h MeO
Pd/C (0.5%), Ph
Me;SnPh AsPh; (20%), /@ (88) 461, 33,
Cul (10%), NMP, MeO 590

100°, 21 min



.........

Conditiong
Lonaitions

8T¢

6T¢C

Me:Sn”™ "NT Y
N

MezSn N(Pr-i),

S S

=]
MesSn” S S

AN
Busn, Q)

o
iy

o}
Bu;Sn O
i-PrO (6]

Bu;Sn ~Apy EZ =955

303511

4

/N
Ts

OH
) oem
Bu;Sn [o)
Bu3SnC=CSnBu;

R;SnSnR;
BU3Sn/\

MeySn

Pd(PPha), (5%),

Y] o
rnivie, retiux

Pd(PPhs)4 (5%). PhMe,
reflux, 40-80 min

Pd(PPh;), (5%),
PhMe, reflux. 5 h

BnPd(PPh;),Cl (5%).
Cul (7-10%), DMF, t

BnPd(PPh3),Cl (5%).
Cul (7-10%), DMF, rt
Pd/C (0.5%),
AsPhs (20%),
Cul (10%). NMP,
80°, 12h
Pds(dba)s (2.5%).
AsPhy (20%),
Cul (50%),
DMF, 60°, 3-4 I

Pd(PPhs3), (0.7%),
DMF, 110°,3 h
Pd(PPhy)s,

DMF, 110°, 3 h

Pd(PPh,), (4%)

S

Pdy(dba); (5%),
AsPhs (10%),
Cul (10%),
DMF, 60°, 4 h

Pd(OAc); (10%),
AsPh; (20%),
CH;CN/THF (2:1),
40°,8h

Pd(PPhs)4 (10%), LiCl,
BHT, dioxane,
reflux, 5 h

Pd(PPh3)4 (1.3%),
PhMe, 115°, 15h

Pd(PPh3),Cl, (5%),

(83)

TS

|

s S
Q)

@]

p-MeOC6H4 (0]
| (80)

p-’VIEOC(,H_;

p-MeOCgH,

i-PrO [¢]

Ph
~
MeO 7
NS
MeO‘Qm (30)
0 o

o]
!
on
/)-MCOC(,H4

(o}

R =Me (96)
R =Bu (53)

/[j SnR;
MeO

LiCl, DMF, 25°, 6-18 h pq.0

Pd(PPh3),;Cl; (5%),

07 -
LiCl, DMF, 25°,6-18 h MeO

OTBDMS

437

461

392

554

[ =]
0
el

291

301

589

547,312

203

189
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Pd(PPh3),Cl, (2%), \i XN
BusSn” X LiCI, BHT, dioxane /J\/ (74 189
98°,6.5h MeO
NOSOQ(CFZ)ZWCF:LH P X =
/\/ Bussn” PA(PPh3); (7.5%), P (58) 29,201
MeO LiCl, DMF, 90°,30h  MeO
o THO:CCF3), = —
U Busn—( Pd(OAc):, DMF. Meo~©——/\:> (40) 558
MeO = N reflux N
P
Ph.Sn Pd(OAc),, DMF, ] (49) 558
reflux MeO &
Pd(OAc), (10%),
AKB:’ 0
f /@ P(o-Tol); (20%), X (35) + Xy (12) 54
\/\/OH BuzSn™ "0 NEt3, CH;CN, reflux 5\/\/0}1 U \/0
BU3SnYO "\O ~ | OH
L/\L /k PA(PPh3), (10%), =X | 0\{—'\0 (75) 423
(8] Ph PhMe, reflux {
OBn 0 Ph
OBn
! Bu;Sn O/w o/w
b A BnPd(PPh;),Cl (5%), 0 6D 12
AN\ -OH Cul (7-10%), DMF, rt !
0 HO 0
= OH
BusSn Y o o
I f BnPd(PPh3),Cl (5%), X (57) 12
H Cul (7-10%), DMF, rt I
i-PrO o uH(7-10%) ' - 5
i
(0
o I o
< Pd(dba},, BusNI, o (55) 382
o) DMF, 80°, 16 h <O O 0
0 =
- CH
o OTf o c*
< Bu;SnC=CH Pd(PPh3); (2%), LiCl, < U (73) 189
[s) BHT, dioxane, 98°, 4 h [s)
Pdy(dba); (2%), o CH=C=CH,
Bu;SnCH=C=CH, P(2-furyl); (8%), { jg (24) 276
LiCl, Cul (10%), 0
DME, 80°, 2 h
o
PA(PPhy) (2%), o SnMe; [ N
Me3SnSnMe; LiCI, BHT. dioxane. :(j 40 O Q 189
98°.4 h o
61 (23)
1 Me;Sn O/I\{ O OH
— S
/@[ e oH PACl, (5%), (44) 471
MeO OH N dioxane, 105°
MeO OH
HO,C Br HO,C Ph
\Ej CliSnPh PACl, (0.8%), KOH, \(j (®8) 282
H,0, 100°, 3 h
HO,C 1 HO,C
\©/ Br,SnMe PACl, (0.8%), KOH, \©/ (98) 282
H,0, 100°, 6 h
PdCl, (1.6%), HOC COH
Cl3Sn \/\CO u PPhy(CeH4S0O3Na-m) (6.4%), \@r\/ an 282
2 KOH, H,0, 100°, 3 h
CI3SnPh PdCl; (0.8%), KOH. 282

H,0,25° 2h

HO,C Ph
Ieat
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TABLE TII. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Cg

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
1
ClySnMe PACl, (0.5-3%), KOH. ﬁ/ (82) 281
Hy0,90° HO,C™ N
PGCl; (0.5-3%), ] AN
Clisn” X PPh(CeH,SOsNa-m)., P ©7) 281
KOH, H,0, 90° HO.C
N Pr-i
ClySnPr-i PdCl> (0.5-3%). KOH. f (<) 281
H,0, 90° HO.C™ N
__ PACl, (0.5-3%). | N X
Ciisi COH PPh(CeH,SO3Na-m),, L J con @6 281
KOH, H,0, 90° HOC
Bu-n
Cl3SnBu-n /©/ (78) 281
HO,C
Ph
Cl3SnPh /@ ©5) 281
HO,C
OMe OMe
Br BusSn OMe PA(PPhs), (5%), O
/©/ Cul (8%), NMP, oMe (D 575
MsO OMe 70°, 48 h OMe
MsO
0]
Br 0— /><
\ y
Pd(PPhy)s (5%). ; (100) 550, 551
/©/ M33Sn/<\N/( o N
MeS CgHg, reflux, 15 h
MeS
/;\/Br R i JJ“/\\ P>—0Bu-t
A u-
m 4N BnPd(PPhy),Cl, X0 (23) 296
Q\%,L\ MeiSn™ \O’ OBu-r ‘!\/|\
=
OTF Pd(PPh3),Cl, (10-20%), =
= .
Ej BusSn” PPh; (40%), LiCl, 62) 190, 201
DMF, reflux
BusSn._ PA(PPhy):Cly (10-20%), O
i CuBr (20%), LiCl, {94) 191, 190
MeO = DMF, reflux (I)Me
R =Pr- )
_CR Prr'z (81}
cl Br a c* R =Pri (76)
\C[ BusSnC=CR Pd(PPh;); (3%), \CE R = Bun (81) 591
NHAc PhMe, 100°, 1.5-3.5h NHAc R=Ph (77)
c OMe
Ci Br BuiSn OMe
:©/ PAPPhCh (5%).  ameo O O (56) 591
MeO BocHN DMEF, 90°, 25 h
BocHN
Cl__N__«!
v
F Br Bu3Sn X |
\(:[ I\/L Pd(PPhy),, Cul F X 32) 582
~
NHAc a” N a
NHAc
E F
MeO,C oTf Pd(PPhs),, LiCl, MeO,C
e . X
Bu3Sn” X BHT, dioxane, (80) 568
F reflux, 12 h F
F F
Br
/©/ VoSt X Pd(dppf)Cl,, PhiMe, ©/ (56) 41
Me;N > 105°,30 h Me,N
237, 240

A

PA[P(o-Tol)31:Cl, (1%), /@/\”/ an
PhMe, 100° 5 h MeN T X 0
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TABLE Iii. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
C

Substrate Stannane onditions Product(s) and Yield(s) (%) Refs.
mMomMo PN
VIR | Sanm o meax [N ¢ OMOM o, 11
_Sp N Pd{PPhs)4, PhMe, i ! (80) 41
Sl D> 105 1k i <
105°, 3h MegN
— e Ry e i am
Bu Sn/ OEt Pd{PPh3).Cl,, EyNCIL 1 | (223 272,273
: DMF, 80°, 18 h MeN~ NF  OE
SN NEt,
Bu;SnNEL, Pd{P(0-Tol)11Cl5 (1% ), 1»/\( (36) 90,316
PhMe, 100°, 3 h MeN~
[ B”“ ) Bn
iBmSn—N’ Pd[P(0-Tol)3]5Cla (2%). MequQ,N (81) 9]
L ‘MeJ PhMe, 105° ) Me
Xy SnMe;
Me3SnSnMes PA(PPhy)y (1.3%), o (0) 547
° =
PhMe, LIS, 1Sh o N7~
; - COE
PN B Pd(PPhy),Ch (5%), “ !
/H\/[ Bu;SnC=COEt E,NCI, DMF, ] () 302
o =
MeoN & 50° 12k Me,N NS
Br SnBuj
- x 3
NH2 \‘ BusSnSnBu; PA(PPhy)y (1%), NH: ]/\( 78) 592
= PhMe, 95°, 48 h =
¢ OMe
Br OMe c*
Bu;Snc=c—/ Pd(PPhy); (3%), E:[ (60) 591
NHAG PhMe, 100°,3.5h NHAc
~
o OE Pd(PPh3):Cl, (1%), (\/\\ a2 273
upn ! dioxane, 100°, 4 h \/\NHAE‘
- CR
AN ¢
Bu;SnC=CR Pd(PPhy)s (3%), P R="Prn (17) 591
PhMe, 100°, 2.5 h NHAc  R=Pri (68)
N
A
Do Q= r&/b ) r’\vﬂ
Du3aic =1 \\) Pd‘\PPh;); |\3°7r), “ } v (5 ]) 591
ra PhMe, 100°,4.5 h NN NHAC
wicw -~ R
R . oo
Y T™MS (88)
o . XY Do Q4 201
Bu,SnC=CR Pd(PPhs); (3%) b7 Bu-n (84) 591
’ PLaAL 100 18 4% (PN Ph (94)
PhMe, 160°, 1.8-0n o NHAc {
CH,OTHP (76)
(CH,),0TBDMS (53)
C\ N CI
I BusSn
3 | = Pd(PPhy)s, Cul, X (81) 582
Z dioxane, reflux l
NHAc N a NHAc
™S
Br X
/©/ BusSn v/\/OMe PA(PPh;)s, /©/\)\OM6 73) 305,532
AcHN T™S CeHe, 110° AcHN
RN
— Pd(PPh3),Cly, EtsNCI, /©/\ an 272,273
BuSn Ot DMF, 80°, 18 h ACHN OFt
- COEt
1 ¢
/©/ BuySnC=COE! Pd(PPh3),Cl; (5%), /©/ © 302
EYNCI, DMF, 50°,2h
AcHN 4 AcHN om
(3
OMe o PP (5% N A
o _OTS BuSn._ _A.__OMe d(PPhs)s (5%), I e i
' RS [ ~ Cul (8%), LiCl, /@/Y OMe an 575
Pz = NMP, 70°, 48 h oM
O,N OMe O,N ¢
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Conrinued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
1 " C N
uiSn il
X - X |
‘1/\’/ | J\ Pd(PPhy)y, Cul, W (81) 582
ON AN NHAc Cl/\N/ a dioxane, reflux J\/L
- O-N NHAc
Br Pd,(dba); (2%), .
f Buzsn™ > P(2-furyl)y (4%), | SN (90) 40
N LiCl. NMP, 1. 2 h #
0 0
X SnBu;
Bu;SnSnBu; Pd(PPh3)s (1%), ‘ (25) 310
PhMe, 80° /
|
0
X B X
J|\/ Me;Sn Pd(PPhsy); (0.7%). [ (95) 19
\H/ = air, HMPA, 65° =
o 0
S
Bussn” OH Pd(PPh3); (5%). | OH o 233
dioxane, 80° &
0
A
Bu;Sn” Xy Pd(PPhs)4 (2%), BHT, | (82) 88
PhMe, reflux, 4 h &
o
M .
Bu;Sn” CN PA[P(o-Tol 1l (1), TN W 235
m-xylene, 120°, 20 h Z
0
o~ /V\ﬁlvﬂm
Bu3Sn” TOMe Pd(PPh;),Cl, (19%), I J T (64 234
HMPA, 80°, 20 h \ﬁ/ S
o)
— P
Bu;Sn/\/ Pd(PPh3)4 (1%), /@/\/ 08 ,
CeHe, 100°,20 h
1
0
| OSnBu; N
%\ Pd[P(v-Tol)3];Cl5 (19%), | (64) 240
[ PhMe, 100°,5h = Y
0
o) i
\ PA(PPhy)s (5%). XN (100) 550
ME3SH/<\\>\ ) }
N CgHg, reflux, 12 h P
0
Bu;Sn” ~CO4E Pd[P(o-Tol)s1,Cly (1%), | TSTOCCOE (o 236
ZnBr,, DMF, 80°, 5 h =
0
0
OFt 1. PA(PPh3),Cl, (1%),
PhMe, 100°,20 h (89) 269
Bu;Sn 2.H*
0
0
O >~
Pd(PPh3)s (5%), N 90-93 550, 551
Me3Sn/<\3< (PPhy)s (5%) (90-93)
N C¢Hg, reflux, 12 h
(@]
Cl
PA(PPh3)y (1%), X (89) 538

BuiSn \O\
Z Ci

PhMe, 120°,20 h |

\
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Stannane Conditions Product(s) and Yieid(s) (%) Refs.
R
BuiSn N - I ‘
M o o P N 1o
i { Pd(PPhy) (1%) RTNFTN (98 538
A PhMe, 120°, 20 h i
' NN
Vi
¢
-V
Bu3Sn X i |
! 1 PAd(PPhy), (1%), XN 4 (90) 538
N PhMe. 120°, 20 h L
\
o)
™
B“BSHW PA(PPh3)s (1), - i 7 UOEU (55 p7=6337 534
CeHg. 115°, 15 AN
OEt 66 :
|
0
OSnBu;y
Pd{P(o-Tol)31,Cl, (3%, (70 241
0
J CgH, reflux, 3 b |
o)
=
B \)\ﬂCOE Pd(PPhy), (5%). ! COEL eypz=13 306
N CeHq, reflux, 21 h
0
= RS CH(OEt
BusSn._w, CHOE),  Pd(PPhy), (2), I (OF2 (73 539
CeHe, 80°, 20 h X E:Z=85:15
E:Z=85:15
0
Bussn” " N(TMS 1. PA(PPhy)s (29%) | O ONH: (g 540
u3>n & PhMe, reflux. 48 h =
i
2 H* o
[Meozc\\ “| MeO,C—,
| o | — Voo
| yZ2RdEE DPA(PPh.}. NEt. N\ / \ /2 dE (1Y ~on
[Bu.‘bn—\’ H ; [ A UL 3G, 1VRoLg, I A) 4 H ‘ =01 7Y
? NS i’ CH4CN, 100°, 12 h A e
L H J H
e R \ V72 e R
no.en— |l 1 Pd(PPha)4 (0.7%), 7N 72 i (97) 289
et N (S ARG 7\ /N ]
NN DMF, 90°, 24 h N~
7 I
SEM SEM
/
n—
Ph pn VTN~
BusSn // Ph p
7 OH Pd(PPhs),, 75°, 2 h A\ (61) 432
OH
0 I\
0
1. Pd(PPhs),, Br
X
Bu;S PhMe, 100°
B SnBuy (69) 279
2. Bl‘g, CC14
0
/o) o)
Bu;Sn SnBu; O Q
/B Pd(PPhy), (5%), (45) 287, 546
o HMPA, 80°, 20 h
A\
0
X NEt,
Bu3SnNEt, Pd[P(o-Tol)315Cls (1%), | (16) 90, 316
PhMe, 100°, 3 h =
O
- SPh
Bu3SnSPh Pd(PPhy)s (1%), m (67) 318

PhMe. 120°, 20 h
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Pro duct(s) and Yield(s) (%) Refs.
/\/s X
Bu;SnSSnBuj Pd(PPhy)s (1%), 1] ] | (52) 318
PhMe, 120°,20 h W =
0 0
SnR;y
R3SnSnR; Pd(PPhs)4 (1.3%). :‘/\;/ R=Me (56) 547,310
PhMe, 115°, 15h \[(L\/ R=Bu (57)
@]
1
| o Me;Sn™ X Pd(CH3CN),Cl> (2%), | e (96) 553, 461
= DME, 70°, 10 min =
&) o
F
F
/& Pd(PPh;),, THF, (66) 264
Bu;Sn 65°,1h
(6]
COMe
CO,Me
Pd(PPhs), (10%), (78) 246
BusSn Cul (75%), DMF,
i, 12 h o
Ph
Cl3SnPh PdCl, (0.8%), KOH, 1 (80) 282
PPhg(C6H4,SO3Na—m)
(1.6%), HyO, 100°,3 h 0
Me3SnPh PhPd(PPh;),1 (2%), 1 (76) + Ph-Ph (24) 463
HMPA, 70°, 30 min
N Pd/C (5%), Cul (16%), P
Bussn— D AsPhy (20%), >_// N/ o 461
STNF NMP, 80°, 24 h 0 — §— N
Me;SnSnMe, Pd(CH3CN3Cl 2%, 312
DMF, 20°. 15 min
Bu3SnSnBujy Pd(PPh3)y (1%), 311
PhMe, 60°, 72 h
\
[¢]
N;* BFy~ Ph . Ph
PN <
;i/\r Pd(dba); (5%), CH3CN, i i (8O) £.Z=17:83 249
W BusSn ELO, it, 1h | %
0 o]
- OS0:F N
; BusSn™ X Pd(PPh3),Cl5 (5%), | T A (70 203
~ LiCl, DMF, \(\/
o |
0 25°,6-18 h o
OTf N
Me,Sn Pd(PPhj), (2%), LiC), [ (75) 189
BHT, dioxane, &
o 100°, 16 h o
Me,Sn Pdy(dba)s (1%), LiCl, " {>95) 11
AsPhj; (8%), NMP, 60°
BU3Sn/\ Pd(PPh»); (2%), BHT, = I (95 189
LiCl, dioxane,
98°,4h o
Pd(dba)s; (19%). LiCl,
L (8%), NMP, 35°
L =PPh; I (>95) 11
L = P(2-furyl); 1.(95) 11, 40

L = AsPh3 1 (>95)

i
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
F
F
/& Pd(PPhs)y, LiCl, (65) 264
Bu;Sn THF, 65°, 1 h
0
Pd>(dba); (2%}, CH=C=CH,
Bu3;SnCH=C=CH, P(2-furyl); (8%), (60) 276
LiCi, Cul (8%).
DMF, 80°, 1 k 0
NS .
BusSn Pd(PPh3)4 (2%), LiCl, + 189
BHT, dioxane, 0 == 0 \
98%43h 1 2 13
P Pdy(dba); (1%),
Bussn” PQ2-furyl); (4%), 1 (78) 1
LiCl, NMP, t, 2 h
BusSn™ > Pd(PPhy), (2%), LiCl, 189
E:Z=2:1 BHT, dioxane,
98°,31h
i1 IV (29)
I+H+HI (11) LILHI = 65:20:15
Pd,{dba); (1%),
BuySn AsPh; (12%), I (>98) 30, 189
LiCl, NMP, 80°
Pd(PPh;)s (2%), LiCl, A
I e Y o o
Me;Sn ™S BHT, dioxane, | | (83) 189
~. A A
98°,65h \[( ~
o
Pd(PPh3}y (2%), LiCl, Ph
Me3SnPh BHT, dioxane, 1(85) 189
98°,23 h
0
Me;SnPh Pd(PPhy); (2%), LiCl, 1 (54) + “ I I (16) 189
BHT, DMF, 90°, 1 h X
il
le]
Me3SnPh Pd,(dba)s (1%), LiCl, I(54) + 11 21 30
AsPhs (8%), NMP, 80°
Bu-n
Bu:SnPh Pdy(dba); (1%), LiCl, 181 + I (2) 189
PPh; (8%), dioxane,
65° 40h o
Bu3SnPh Pd,(dba)s (1%), I8 + HI (D) 30
AsPhs (8%), NMP,
65°,40h
Bu3SnPh Pds(dba)s (1%), LiCl, I(92) + HI (6) 30
AsPh; (8%), NMP,
65°,40h
R o Bu-n
BusSnR Pd(dba)s (1%), LiCl, I I+ | !‘ i 30
AsPh; (8%), NMP, 80° , =
1
R [¢) O
p-CF3CgHy 1(89) + I (9
0-OHCC¢H, 1(72) + I (4
0-MeOCgH, 1(88) + II (10)
P-MeOCeH, 1(92) + I (7)
0-CH,0H 1(50) + I (24)
p-CHOH 1(76) + H (6)
o-EtCgHy 146 + I 27
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Bu3Sn X OH Bu-n
ﬁ Pds(dba); (1%), LiCl, @5) + ® 30
Me;N = AsPh; (8%), NMP, 65°
0 0
BusSn P(PhCN)CL (2%).
\Q\ AsPh; (8%), Cul (5%), Bu_, (84) 33
Bu-t LiCl, NMP, 80°, 6 b
MeO,C MeO,C
Pd(PPhj)4, NEts,
Bussn— CH;CNIDMF (:1), O 4 O 275) 290
N 100° 3 h N
H H
BuiSn NMe,
Me,N OH
OO Pdy(dba)s (1%), LiCl, + 30
AsPh; (8%), NMP, 65° O
)
0
©) (39)
COyEt
Pd,(dba)y*CHCl3 (4%),
Bu;Sn COEt AsPh; (30%), LiCl, NHAc  (66) + 413
NHACc THEF, reflux, 6 h o
%@ﬂco& &)
o} AcHN
Pd(PPh3)4 (2%),
Me;SnSnMes LiCl, BHT, 7 N__/ \ (94) 189
dioxane, 98°. 24 h N \—/
dioxane, 98°, é
0S0,Ph
O BusSn” X Pd(OAC), (5%). = 90 202
| dppp (5.5%), LiCl,
il o 1
0 DMF, 90°, 24 h 5
0SO,CeHE-p
BusSn™ X Nt 202
o
0 0
P Pd(OAC)) (5%), 0 = o} e ==
Busn” dppp (5.5%), LiCl, >\_@I . N 202
DMF, 100°, 26 h
(52) 28)
Pd(OAC), (5%), Buon
BusSn PhyPMe (11%), LiCl, [ (67) 202
DME, 120°, 48 h %%
i
Pd(OAC), (5%), oh
Bu;SnPh dppp (5.5%), LiCl, (85) 202
DMF, 110°,24 h
0
BU3Sn/\/ Pd(OAc), (5%), = (69) 202
dppp (5.5%), LiCL.
DME, 100°, 20 h o
OSO.R
O BusSn™ X Pd(OAc); (5%), =R 202
dppp (5.5%), LiCl, CHsNOyp  (78)
o DMEF, 90°, 24 h o CeHMes-2,4.6 (53)
o OSOC6HiF-p Pd(OAc), (5%), 0S0,CcHy(NMey)-p
f BusSn” X PhyPMe (5.5%), LiCl, /@ 134 202
EtO = DMF, 110°, 88 h E10
Pd(OAc); (5%).
BusSn” dppp (5.5%), LiCl, M (12) + I (i3) 202

DMF, 110°,96 h

=

m

1O
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Conrinued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
TN
n T
- Br PN (.
I \ N \ Pd(OAc);, NEt, g N (71) 54
4 L N Jo I It ] Y
NN Sl BL‘*S!}/ \0 CH;3CN { /l R
3 NN A
)
Br BusSn O .-~ !
; = o ..
@[ U OTBDMS  py(pphy,,Cl, \K\M\OTBDMS (48) 300
PhMe, 15h Me0,C
CO,Me " TOTBDMS 2 OTBDMS
OTBDMS OTBDMS
I Bu3Sn
C[ BnPd(PPh3),Cl (1.5%), O Q 0 (50 267
CO:Me 0 THF, 65°,2 h
CO,Me
0 Oy-0
Bu;Sn Pd - ==
o (PPh3),Cly (1-2%), (72) 261
\ PhMe, reflux
CO,Me
0
Bu3Sn o)
\ 0 Pd(PPh3),Cl, (1-2%), (65) 261
PhMe, reflux
0 CO;Me
SN
BusS /@ Pd(PPh3),Cl, (0.5%), N (81) 286
3N S THEF, reflux, 20 h I _
COzMe
oﬁ
BusSn o BnPd(PPhs),Cl (5%), Oﬁ a0 12
Cul (7-10%). DMF, rt 70
o MeO,C
[¢]
BusSn O - COMe
~N— BDADBL o e | Il ~ s
H | Dnrulrl’ll‘{}’lhl \J7c) K\ )\ //U i00) o
PN Cul (7-10%). DMF, 1t ~ -
i-Proy’ 0 1|
i-PrO [¢]
. - SnMe-
Me;SnSnMe; [in-C3Hs)PdCl, f. \T (62) 557,573
CHACly, 20° SN coMe
P Pd5(dba); (29%), LiCl P
/\\/UlI B 72N & /\/Ln—b—unz
(} o7 Bu;SnCH=C=CH, P(2-furyl)s (8%), U (71} 276
¥z =
\/\COZMe Cul (7%), DMF, COMe
80°,1.5h
X TI(O,CCF3)2
[/\,/ Me,$n PA(OAC). @ (38) 558
\/\COzMe DMEF, reflux CO>Me
MeO,C X 1 MeO,C SnBuj
U Bu;SnSnBu; Pd(PPhs); (1%), \©/ (89) 593
& PhMe, reflux, 15 h
X Br Bu3Sn
/O \©\ Pd(PPh3)4 (1%), MeOZCCl (98) 538
MeO,C = cl PhMe, 120°,20 h
0
OTMS
t. Pd(PPhs)a.
Me;Sn)ﬁ PhMe, 100° (42) 457
2 MeO,C
0
MesSn 1. Pd(PPh3)4, N
>*< PhMe, 100° | | (40) 457
TMSO 2. H* Me0,C~ ~F
TMS
™S
PN Pd(PPha)y, /©/\)\OMC ) 305
BuzSn” % OMe CgHg, 110° MeOsC
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TABLE 1. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
\Loriiiueay
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
™S 1. Pd(PPhs)g P
| CgHg, 110° = OMe (g 532
PO o
BusSn” X OMe 2. BuyNF, THF
BusSn O .-~
| OTBDMS  pq(pphy),Ct,, “SOTBDMS (56) 299,300
PhMe, 15 h
OTBDMS OTEDMS
;
OTBDMS OTBDMS
I 07N
/©/ /A PA(PPh3);Cl, (0.5%), =/ (13 286
MeO,C MesSn™ ~o THF, reflux, 20 h
B MeO,C
CO,Me
CO,Me Pd(PPh;)4 (10%),
Cul (75%), DMF, (78) 246
Bu3Sn
u3. i, 12h MeO,C
57N
/A PA(CH;CN),Cl; (2%), =/ (98) 553
Me;Sn™ g DME, 70°, 20 min
MCOzC
=
- "]
Je | Pd(PPh3),Cl, (0.5%). | X N (95) 286
NS
THF, reflux, 20 h
’ 2] /
Me;Sn N MeO,C
PA(PPh;),Cl, (1%), N ZC0E
Bu3$nC=CCO,Et EtyNCl, ZnCly, | ©) 552
Yz
CgHg. 1t, 48 h Me0,C”
Ph
~
MexSnPh PA(CH;CN):Cly (2%), /\/ Io7 553
A AT s £ P
DIMIEF. ZU . on Meozc' ~
Me3SnPh PhPA(PPh),l (2%), 1(74) + Ph-Ph (21) 463
‘ HMPA, 70°. 30 min
MesSn p~'v'1€02CC6H€,
: N D X =0 (56) 584
/R PA(PPh3),Clo. N N SmeY
PhiC o Vo~ P~Tasc  DMFE. heat PhaCeny "N TMS X=8§ (61)
PhsCon N~ TMS  DMF ke N YT
NTN NEN
- Cnla.
o SMe .
Me;SnSnMe; Pd(CH3CN Y, Cly (2%). i 1 97 s
DMEF, 20°, 15 min MeO, L7 N
/%r/ SnBu;
- (ICy ! ' 1% 594
Bu3SnSnBuj Pd(PPh3),Cl, (2%), ).\/ {
PhMe, reflux, 55 min Me0,C Z
Bu;SnSnBus Pd(CH3CN),Cly 2%). T (92) 313
HMPA, 20°, 10 min
Bu;SnSnBus NiBry (10%), HMPA, 1 (72) 566
135°,7h
p-MeO,CCoH,
oTf BusSn Pdy(dba)s (5%),
f = Q/ AsPhs (10%), 291
= DMEF, 60°, 4h
MeO,C N
Ts
N Pd(PPh3); (2%), LiCl,
/[ N BHT, dioxane, 433
BuySn™ SN T Bun 100°,3.5h
} T
SEM
- RBr BuiSn . ,O\r,.'\_ n 99. 300
’( > \H/ Y OTBDMS PA(PPh3),Cl5, 299,
NN OAc GTBDMS PhMe, 2 h OAc OTBOMS

| .
OTBDMS OTBDMS
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BLE I1I. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs
P Br P P
T BusSn” Pd(PPhy) (3%), BHT, T S o 88
NP N PhMe, reflux, 8 h N
AcO ~ AcQ ~
S/
P — / \\
T /A PA(PPL),C (0.5%) (65 286
A BusSn g’ e B Y (65)
ACO - , retiux —
ACO)\'
CHO CHO d
OTf Pd(PPh3),Cly (10-15%), / o
B
| o Bu;Sn/\/ PPh; (40%), LiCl, © + (34) 190
= OMe DMF, reflux OMe OMe
Br { l \N
N PA(PPhy),Cly (1%), ) 530
BusSn o’ di
OMOM ioxane, reflux, 4 h
OMOM
OMOM
— AN
B oF Pd(PPhy)Cly (19%), ©/\ a9 530
Hasn ! dioxane, 100°, 5h OEt
OMe
MeO Br Bu;Sn O -~ o
B U OTBDMS  p(pphy),Cly, ; \[”\OTBDMS (65) 299, 300
P PhMe. 100°, 1 h OMe ¢
OMe " YOTBDMS \/\OTBDMS
OTBDMS OTBDMS
OMe OMe
OTf Pd(PPh;);,Cl, (10-15%),
Me,Sn PPh; (40%), LiCl, (92) 190, 376
OMe DMEF, reflux OMe
(I)Me
PA(PPh3),Cly (10-15%), 1 __
NS
Budn” X PPh; (40%), LiCI > 85) 150, 376
DMF, reflux N A
* S 0Me
OMe
P PA(PPhy,Cl (10-15%), L~
Bussn” > PPy (40%).LiCl, | ] 84) 190, 379
DMF, reflux N~
’ ~ "OMe
OMe OMe
PA(PPha),Cly (10-15%), | pmo. |
BusSn PPh; (40%), LiCl, ‘ s O+ o= (86) 190, 379
DMF, reflux = OMe P OMe
OMe
Pd(PPh;),Cl; (10-15%), | Ph
Bu3SnPh PPh; (40%), LiCl, ©: (74) 190, 379
DMF, reflux OMe
MeO
MO Pd(PPh3);Clp (10-20%), MeO O
PPh; (15-20%), LiCl, O 49 191, 190
CuBr (20%), DMF,
BusSn
3 reflux OMe
OMe CPh
Pd(PPh3),Cl, (10-15%), G
BuiSnC=CPh PPh; (40%), LiCl, {50 190, 379
DMEF, reflux OMe
MeO
MeO Br 1 coBut H  co.Bur
:©/ BusSn S Pd(PPhs),, THF Meo— Nl S (55) 595
el ll_{ _ v 1|_i
e 1
w BriSnMe PACI, (0.8%), KOH. 282
N

H,0, 100°,3 h
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0 Br
T A | o Pd(OAC), (10%), 596
0" ">cHo Z N P(o-Tol); (20%),
SnBu, Bo¢ EtyN, DMF, 70°, 50 h
OMe
Pd(PPhs); (5%),
Br Bu;Sn OMe 3)4
))\/i/\\ \%\( Cul (8%), NMP, 575
Z U o
MsO XNoMe 70°, 48 h
OH QMe
MeO OMe OMe
Pd(PPh3)4 (10%), 471
| MesSn— 7™ OMe  dioxane, 101°
-N
Co OH O
OTf Pd(PPh;3),Cl; (2%),
@/\ Bu3SnC=CPr-n LiCl, BHT, DMF, 189
RN 60°,7h
|
Br OSnBU3
Pd[P(o-Tol)31,Cly (1%), | 94) 240
PhMe, 100°, 5 h S 0
b ‘ \
Bu3Sn S Cl | |
Y P(PPh), (1%), NN 59 538
K) PhMe, 120°, 20 h | P
i
Ay, SPh
Bu;SnSPh Pd(PPhs). (1), ] (34) 218
PhMe, 120°, 20 h &
MesSa OH
? Z/_\/C Pd(PPhy); (2%), OH (55 371
o~ TBDMS PhMe, 110°, 6 h T
N~ TBDMS
Bu3SnSSnBu, Pd(PPhy)4 (1%), S 3) 318
PhMe, 120°,20 h
cl cl ‘
[ Me;Sn o
j\ U PA(CH,CN);Cly, BHT, 1 O (40) 597
HNT N cl DMF, 120°,48 h HN™ N cl
1
0PN 04\4”
cl
MesSn” R Pd(CH,CN),Cl,, BHT, j\ Jii[u\ R R=cyclopentyl (8) 597
DME, 90°, 15-19 b HNT SN ¢ R=cyclohexyl (34)
|
o =N
- CPr-n
Br c”
\@[ BuzSnC=CPrn PA(PPhs)y (3%), \©i 65) 501
NHAc PhMe, 100°,3.5h NHAc
Cl__N_ _Cl
BuiSn =
| Pd(PPhy)s, Cul = @ 582
Cl \N Cl
NHAc
ZCR R=Bun @81
Bu3;SnC=CR Pd(PPh;y)4 (3%), R =Ph (89) 591

PhMe, 100°, 2 h

R = (CH_,),OTBDMS (43)

@EC -
NHAc
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
o ™" 0TBDMS
Bu;SnC=C Pd(PPhy); (3%), | Ny an 591
PhMe, 100°, 1.5 h AN A
OTBDMS ¢
BuiSnC > TN ¢C/\/\;
u3SnC 7 :
< Pd(PPh3)y (3%), ] \i < (52 591
C s C
i PhMe, 100°, 1.5h 2 NHAc ,
™S T™S
OTf OTf
B i C///CR
r
f A Bu3SnC=CR PA(PPhy)s (3%), i = R = Bu-n (36) 591
2 NHAC PhMe, 100°, 3 h SN SNHA: R=Ph 67)
- CR
IO~ Br TIO. c*
f BusSnC=CR Pd(PPhs)s (3%), \©: R =Pr-i (80) 591
= NHAc PhMe, 100°,2 h NHAc R=Bun (84)
- CPh
TfO c*
BuzSnC=CPh Pd(PPhs)y (3%), C[ (96) 591
PhMe, 100°, 3 h NHAG
Br
j\ /©/ ses? o Pd(PPh3):Cls, DMF, 0 O/\ (65) 272,273
EO” N7 NF usn ' EUNCL80° 18h  po” N OBt
H H
Br r‘///CR
IR
ﬁ Bu;SnCCR PA(PPh), (3%), /E;L 591
. ~
Me0” > “NHAc PhMe, 100 MeO NHAc
R Time (h)
Pr-n 6 (60)
Prei 35 (57
Bu-n 6 (62)
Ph 5 (76)
L COEt
H cz
/©/ BuaSnC=COEt PA(PPh3),Ch (5%). O/ 62) 302
MOM. EuNCl, DMF, MOM.. |
1‘149 50%3h l‘i'ls
OTf X SnBus
Bu3SnSnBuz Pd(PPh;);Cl,, I —) 583
DMF, 105° Z
0 0
CO4EL COEt
Br x
= PA(PPh3),Cl, (1%), (80) 273
BuSn - OEt EtNCl, DMF, 80° OEt
Et0,C Br 1. Pd(PPhy)y, PhMe,  Ei0,C
\©/ BU3Sn/\/\ N(TMS), reflux, 72 h \©/\/\ NH, (66) 464, 540
2.H
Br x
/=\ Pd(PPh;),Cly, EtNCL, 3 272,273
BU3SH OEt DME, 80°, 1 h OFt
Et0,C - 80% EtO,C
R
R Ny
BuySn—N Pd{P(o-Toh31:Cly (2%), /@ e Ra=Ph (83) 91
Me PhMe, 105° EO,C R=Bn (88)
N,* By Ph o P
/©/ Pd(dba); (5%), CH3;CN, /@Aﬂ 97) EZ=7:93 249
E10,C BusSn B0, 1h EO,C
- COEt
I ?
/@ Bu;SnC=COEt PA(PPh3);Cl; (5%), /©/ (59) 302
ELOsC EUNCLDMF, . 5h g6 o
PA(PPhy),Cl, (4%), Q 425

Bu;Sn@
N

M

P(2-furyl); (8%),
THF, 1, 2d
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
(i')H
e Pd(dba), (4%). P
FEITEN N ST P(2-furyl)z (8%), I JT ~ Leren gy 447
oH THF. 25°.2d BO.CT NF
X
Busn— | | PAPPILCL (2%),  Ei0,C 7T e 425
N = THEF, reffux N
Boc Boc
TBDMSO
OTBDMS
. Pd(PPh3),Cl> (8%), .
Y BusSn o~ ZnCly, LiCL dioxane, [ @) 252,598
i [
’/\V/\Coch 'rnnxlnt\/‘ OTBDMS reflux, 48 h
- 1 DUVIDU
Br BusSn O .-~
@/ | OTBDMS  pypph, )., (46) 299, 300
N OAC OTBDMS THF, reflux, 2 h
OTBDMS
=
Br Pd(PPhy); (3%), ~ ‘
= N
| Ag;0, DMF, (18) 32
o} Buasn” SN reflux, 24 h (e}
Ty Hussn N Y
O~/ 0./
OMe QMe
L orr Pd(PPhy),Cl; (10-20%),
©; Me,Sn PPh; (40%), LiCl, EI (96) 190, 379
OMe DMF, reflux OMe
OMe
Pd(PPh3),Cl5 (10-20%). -
Bussn X PPh; (40%), LiCl, S (90) 190, 379
DMF, reflux OMe
OMe
P PA(PPh3),Cl; (10-20%), [ _
PO RN
Busn™ > PPhs (40%). LICL T (98) 190, 376
DMF, reflux = OMe
OMe
Pd(PPh3),Cl; (10-20%), -
Bu;SnPh PPh; (40%), LiCl, (79) 190. 376
DMF, reflux OMe
MeO =
BusSn Pd(PPhy)Cls (10-20%), MeO 1
ﬁ CuBr (20%), LiCl, SN (93) 191, 190
N { I
Mg N DMF. reflux 1§ A OMe
MeO
PA(PPhy),Cly (10-20%), cZrh
Bu;SnC=CPh PPh; (40%), LiCl, (56) 190
DMF, reflux OMe
OMe MeO
R;Sn Pd(PPhy),Cl, (10-20%), MeO O
’ PPh; (40%), LiCl, R =Me (26) 190
MeO DMEF, reflux OMe R =Bu (13)
OMe
COMe CO,Me
L o PA(PPhy)1,CL, (10-20%), | -
P 2 (1
@ Bussn” > PPh; (40%), LiCl, C(\/ 97 190
= OMe DMF, reflux OMe
CO,Me
Pd(PPh-),Cl, (10-20%), Ph
Bu;SnPh PPh; (40%), LiCl, | A @87 190
P

DMF, reflux
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BusSn Pd(PPh3),Cl, (10-20%),
:@ PPhy (10-15%), LiCl, (30) 191, 190
Me0” NF CuBr (20%), DMF,
reflux
Boc—N
MeO._ -~ Br N Pd(OAC), (10%), O
m | P P(o-Tol)s (20%). MeO (65) 596
= N
MeO CHO \ Et;N, DMF, O
SnBu; Boc 70°,50 h MeO CHO
OMe OMe
PA(PPhy),Cl, (10-15%),
OTf 32tz >
/@: Buysn” N PPh; (40%), LiCl, a8 190
OHC OMe DMF, reflux OHC OMe
OM
e ¢ Pd(PPhy),Cl, (10-20%),
e N P(o-Tol); (10-15%), (26) 191
‘ _ LiCl, CuBr (20%),
MeO BHT, DMF, reflux
OMe
Br BuSn __\_OMe Pd(PPha)q (5%).
O | Cul (8%), NMP, @131 575
k. :
MsO \/k()Me 70° 48 h
Br
: Pd(PPh3),Cls (10-15%),
)\\/OTt N _(_. ,3.)3~ 2( 2 o
il i BuSn” PPh; (40%), LiCl, 190
HO )I\ ,/)\ TAME oafl..
~ N OMe 1M, retiux
x
PA(PPhs):Cly (10-15%), _
Busn” N7 PPh; (40%). LiCl, i 7 “n 190
HO =
DMF, reflux OMe
Cio rJ(
Br o__N
0
PA(PPhy)s (5%),
OO Mesn— )( (PPhy); (5%) 25) 550
N CgHe, reflux, 48 h
NH,
P
1. Pd(PPh3)4 (2%),
BuySn” X" N(TMS), PhMe, reflux, 120 h 74) 464, 540
2 H*
T™S
J\/TMS
Me;Sn BnPd(PPh3),Cl (1%), 45) 537
HMPA, 65°, 2 d
X COEL
= Pd(OAc), (5%).
BusSn J\lﬁcozsz PPh3 (20%), CeHo, (50) E:Z=1:10 306, 427
reflux, 1 d
BusSn O .-~ O .-~
U OTBDMS  papphy),Cl, [ OTBDMS (5 299. 300
OTBDMS PhMe, 100°, 2 h ""OTBDMS
OTBDMS OTBDMS



TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
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Stannane Conditions Product(s) and Yield(s) (%) Refs.
NEt,
Bu;SnNEL, PA[P(0-Tol)31,Cls (1%). (38) 90
PhMe, 100°, 3 h
BusSnH Pd(PPhy), (2%), OO (94) 48
CeHe, 25°, 5 h
Bu;S
taon N Pdsidba)s (5%), 7N\ /
24 } AsPh; (10%). — (92) 291
NN Cul (10%), 4
T DMF, 60°, 5 h N
/
Ts
BnO\/O Pz
BnO.__ O~ Pdy(dba); (2%), (45) 439
DMF, 11, 6 h
SHBU3
()
Et;SnSSnEt; PhPA(PPh3)l (5%), (98) 320
DMSO, 100°, 4 h O O
=
(SOF PA(PPhy).Clh (5%),
N /ﬁ BusSn” X LiCl, DMF, o) 2003
M 25° 6-18 h
Bus:Sn Y Pd(PPh1),Cl, (5%). 7T\

TNy g g N Ana
ol LiCi, DMF. N . (69) 203
A 98¢ £.19 / \ /TN

~F > 0Me 25%,6-18h N ) ) oMe
Pd(dba), (5%),
O BuSnH PPh; (10%), LiCl, 78) 192
THF, 60°, 16 h
i
Pd(dba), (5%),
Bussn™ X PPhs (10%), LiCl, OO (65) 192
THF. 60°, 16 h
OH
PA(PPh3),Cl; (2%), &
BusSn._~_OH LiCl, BHT, DMF, (82) 189
ZaaN e
Pd(PPhy),Cly (2%), =
= LiCl, BHT. DMF, OH (@
Bu3Sn/—\_ O iC (62) 189
60°,6h
Ph
Pd(dba), (5%),
Me;StPh PPh; (10%), LiCl, OO (68) 192
THF, 60°, 16 h
Pd(dba), (5%), O
Bu3SnC=CPh PPh; (10%), LiCl, (75) 192
THF, 60°, 16 h O C=CPh
Ph
Pd(dba); (5%), =
R Ph PPh; (10%), LiCl, 61) 192
BuySn™ N THF, 60°, 16 h OO
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
080,CeH4F-p =
P Pd(OAc): (5%),
7 BusSn” dppp (55%), Lict,  [© 1 G0 202
NN DMF, 100°, 30 h RS
Q. 0 |
N AN
0 v Me;Sn Ni(acac)s, PPhs, M (80) 205
— H H
O o DIBAL, THF, 3.3 h AN
e X Br fe) O/\Bf
Y s . PA(PPhy); (5%), =N 92) 550
W MesSa™ N CgHg. reflux. 24 h OO
o
O_\ X
Pd(PPhy)4 (5%), 90-95 550, 551
Messn—A < (PPhs)s (3%) N (90-95)
N CgHg, reflux, 12 h
Bu;Sn OH Z o
A Pd(PPh3), (2%), X (46) 371
o~ ~TBDMS PhMe, reflux, 18 h I\
o~ " TBDMS
OTf Pd(dba), (5%), R
t\ A Bu3SnR PPh; (10%), LiCl, ] A 192
N R THF, 60°, 16 h NN~
H (75}
CH=CH, (75)
2-thieny! (70)
Ph (72)
(E)-CH=CHPh (67)
C=CPh (68)
| NHAc
BusSn \ﬂ/\(m?Et Pd(PPhs),. LiCl, A ] COEL  (g) + 473
U NHAe DMF, 100°, 6 h AT
CO,Et
! NHAc
OIS (10)
P
/Ts
BuaSn R Pda(dba)s (5%), i N
74 | AsPhs (10%), > 4 \ R=H (87) 291
N = DMF, 60°, 1.5 h “ — R=0Me (91)
Ts/ R
Pd(dba); (5%), OO
Bu3SnSnBu; PPh; (10%), LiCl, (69) 192
THF, 60°, 16 h O
N
O MeSn Pd(PPhy), LiCl, @( 48) 205
O .0 dioxane, 23 h N
~ .S
07N
Br =
= Buysn” X Pd(PPhy), PhMe (=) 599
.
Br AN
OTf =
Pd(PPhy); (2%).
BusSn” X LiCl, BHT, e | (74-86) 599

I I OTf

dioxane, reflux
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
oTf =
Pd(PPh3)4 (2%),
O‘ Bussn™ X LiCl, BHT, OO (74-86) 599
dioxane, reflux
OTf x>
oTf Z
Pd(PPh3)4 (2%),
OO Buysn” X LiCl, BHT, OO (75) 599
dioxane, reflux
OTf =
oTf =
PA(PPh)s (2%),
O‘ BusSn™ X LiCl, BHT, CO (74-86) 599
TO dioxane, reflux AN
OTf a
TfO Pd(PPhy)s (2%),
OO BusSn™ X LiCl, BHT, = OO (74-86) 599
dioxane, reflux
OTf Pd(PPh3); (2%),
BusSn™ X LiCl, BHT, OO N (7486) 599
oTf dioxane, reflux =
oY Pd(PPhs); 2%),
OO Buysn” X LiCl, BHT, OO N (a8 599
O dioxane, reflux X
TEO. o~ o~ _OTE Pd(PPh)s (2%), PN
hihdrd BuySn” X LiCl, BHT, I A N G % ) 599
’\\\//\\\// dioxane, reflux \V/'\\\,/
OFEt
BT OFEt /\/§
o A Pd(PPhy),Cls (2%). S (82) 270
,_Bu/\/ Bu:Sn PhMe, 105°, 48 h . BU/J'\/J
- CR
- OTE P
0 BusSnC=CR Pd(PPhs); (3%), LiCl. T ©7) 591
P : 3
MeG,C” > NHAC dioxane, 100 Me0,C” > > NHAc
R Time (h)
T™S 1 97)
Pr-n 3 (73)
Pr-i 1.75 77)
Bu-n 3 (88)
Ph 2 (84)
OMe OMe
Br oTf Pd(PPh3),Cl, (10-15%), A
x> = A OTf
% BusSn” 7 PPh; (40%), LiC!, (92) 190, 379
MeO 2 oMe DMEF, reflux MeO oMe
OMe
Pd(PPh3),Cl, (10-15%),
= = X =
Bussn” PPh; (40%), LiCl, f == 47-67) 190, 379
DMF, reflux MeOMOM
(-
O OMe fo) OMe 0 OMe
oTf Pd(PPhs),Cla (10-15%)
N 3201 ) = OH
OM/ Buysn™ PPh; (40%), LiCl, S +d = 190
& DMEF, refl =
¥ OMe , reflux OMe OMe
cl Cl cl
©) (34)
OMe OMe
Ci OTf Pd(PPh;3).Cl; (10-15%), Cl P
1 Buysn” > PPh; (40%), LiCl, \; \y (63) 190, 379
MeO = DMEF, reflux MCOMOMe
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Subsirate Stannane Conditions Produci(s) and Yield(s) (%) Refs.
Q‘v‘e Q‘v'e
fel] 1. OTF Pd(PPhl)Z‘C]Q (10-15%), f'el!} I .. A
NIRRT N BDh. AT T e NIRRT Lon
I I Bu3Sn PPh; (40%), LiCl, f T (28) 150
MeO . MeO :
< = OMe DMF, reflux < = OMe
Cl Cl
oTf CH=C=CH;
Pdy(dba); (2%},
Bu3SnCH=C=CH, P(2-furyl); (8%), (60) 276
LiCl, Cul (10%}),
o DMF, 80°, 1.5 h o
OTf SnBus
Bu3SnSnBuj Pd(PPh;),Cl,, (—) 583
DMF, 105°
¢} 0]
Br SN
BusSn” X PA(PPhs), (2%), 2 88
AN BHT, PhMe, X
le} OH reflux, 2 h o OH
1 Me;Sn O
(:\r Pd(PPh;),Cl,, [ I‘i (73) 572
CO,Bu-t I\{ DMF, 100°, 12h 1 guo,C {
N —~
Q OMe o  OMe
oTf P Pd(PPh3),Cl, (10-15%), >
o Bussn” PPh; (40%), LiCl, o (34) 190
OMe DMF, reflux OMe
N
. Br Me.Sn ~ i
Ry TR N o U
P o Pd{PPh;),Cls. R 70) 600
NP Za ane £ i |
~ SO,NHBu-r TN DMF, 80°. 6 h L
> “SO-NHBu-r
N
Me,Sn N , | i
\/ \\ NN L\\ A . P
Il | Il N\__/  PdPPhy)Cl,, NN N—N (28-32) 572
N A AT Y MME 200 19} ! Il I N~
~ >~ N \y DME, U 120 1 Bu0,C N S AT
N=" ~ Ny
\(\ N :X/
Cy Br
Me;Sn OH O
OO Z_{ Pd(PPhy); (2%). O 82) 371
o~ ~TBDMS PhMe, t10° 3 h OH
1\
0 TBDMS
I N Bu-n
@A MesSn Pd(PPhy), (5%), @(i (69) 601
Bu-n
N HMPA, THF, reflux N
~CMe SCMe
Ph
BusSnPh Pd(PPhy), (5%), ©;/\ (0 601
HMPA, THF, reflux Cx
SCMe
1
Bu3SnH Pd(PPh;)4 (2%), (73) 48
CeHg, 25°, 10 h
! \ o Xy .
1 | | Bu;SnH Pd(PPh3); (2%). i | | (7D 48
R CeH, 25°, 10 h NP g
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs
F SnMe
! F @ N
Br X |
! Pd(PPh;),Cl; (7%). A (84) 567, 602
Et0,C F N/ dioxane, reflux. 16 h
EtO,C F
(0] F
0O F
CN 1 O CN
BusSn
CC T, e OO w =
COsEL DMF, 100°, 18 h
o
BusSn ! OTHP
OTHP  pd(PPhy),Cl, (5%), O O (276) 504
DMF, 100°,22 h
I XN SnMes
/@[ Me;SnSnMe; Pd(CH;CN),Ch, | 7 603
cl NHBoc NaH, NMP, reflux > > NHBoc
Br x
BuySn” X Pd(PPhy)s (2%), BHT, OO (83) 88
MeO PhMe, reflux, 1 h MeO
COzMe
OTt COMe PA(PPh3),s (10%),
! Y ] Cul (75%). LiCl, : S an 246
INE
MeO = Bu3Sn DMF, rt, 48 h MeO
Pd,(dba); (2%), —C—
MeO\ - OTF 2(dba)s MeO\ -~ CH=C=CH;
| [ Bu;SnCH=C=CH, P(2-furyl)s (8%), ] (67) 276
N AN LiCl, Cul (10%), NN
DMF, 80°, 1.5 h
/TN, OTf SN SnRu-
/ f \Y Ru:SnSnBu-. Pd/DDPL )1 / \/\\/ PR £q1
{ i | susnsnou 3 rairrigjoiig, A | i—J 20823
. 7 DME, 105° A~
T R
0 0
) - Br . P
Y/ noy Bu-Sn” Xx DA(DDL Y (96, BUT Y/ TN X Qs an
{ i} il | Lussh ra{rrngjy (2%}, orir, ¥V it H ! (85) 88
\S/\”/\/ PhMe, reflux, | h \SW
il
0 0
Q
| N
MeO Br N 0 i\ § >
. Bugsn~</ Pd(PPh3)s (2%), MeO. S 8N 604
MeO S PhMe, heat
0
7Y Pd(PPhy)s (2%) 73 60
BusSn /U 3)s 2%), (73) 4
S = PhMe, heat
7\ S
MeO,
Busn™ 57 () Pd(PPhy), (2%), ¢ [ A ©n 604
PhMe, heat MeQ Z
0
OMe OMe
MeS OTf Pd(PPh3),Cl, (10-15%), MeS N
MesSn PPhs (40%), LiCl, ! (58) 190, 379
MeO OMe DMF, reflux MeO N OMe
OHC\/\\\/Br -~ OHC.
| BusSn” X Pd(PPh3)4 (2%), | ST (87) 605
S OMOM PhMe, 100°. 8 h ZN OMOM
OMOM OMOM
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TABLE HI, DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
Substrate o Stannane Conﬂggi o _ Produci(s) and Yield(s) (%)7 Refs
OHCWATnn\JD
BusSn__~_ _OTBDMS  Pd(PPhy), (2%), T VIBLIMS - (gg) 605
e N NS 777"'7“47 L] /J\
PhMe, 100°, 2 h \|7 ~OMOM
Cio OMOM
O O BEs Me,Sn PA(OAC), (2%), Q O (65) 206
DMF, 60-20°, 1 h
I+
Ph Pdy(dba); (2%), Ph
OTf Bu3SnCH=C=CH, P(2-furyl); (8%). CH=C=CH, (20) 276
LiCl, Cul (8%),
DMF, 80°, 5 h
B
r A BnPd(PPhs):Cl, 7\ ©3) 296
Bu;3Sn o OBu-t DMF, 76°, 16 h o OBu-s
Ph Ph
Ph
Me;Sn OH
OH
i\ Pd(PPhy),, PhMe, (70) 371
o~ ~TBDMS 110°,3h 7\
0 TBDMS
Pdy(dba)s (2%),
OTf Bu3SnCH=C=CH, P(2-furyl); (8%), CH=C=CH, (31 276
/©/ LiCl. Cul (8%), /©/
Ph DMEF, 80°, 5 h Ph
Br: X Br MesSn SnMe;
| Me;SnSnMe; Pd(PPhs)4 (4%), PhMe, (90) 606
= 110-120°,4 h
Ph Ph
X VS
/ \/ Br BU3Snm PA(PPhy); (0.7%), I\>_\/ 17 on 289
S N7 DMF. 110°,5h I N
N Srng N e
<Y SEM { ) SEM
—/ N/
N
TBDMSO._ -~ Br BusSn. L i I
ﬂ Sy YI = 1buzv1>u\7/\\\T/\/ (65) 564
| ! i | |
\V\C‘ BocHN /\//X lU L NUBae
1 PNy NHBo
~_ _-OMe
—~ o~ ~ DAPPh_Y. (80 |// T\/
Me! \AA/UII //\/UMC BB A .~ i H
T1 ~ ~ o LiCl, dioxane, Met = CO-Me (46) 607
MeO N Me;Sn)\/\COZMe 105°, overnight OO
MeO
Br
RS AN
0.0 | Pd(OAC), (5%), 0,0 || N
Ss g Buysn” > dppp (5.5%), LiCl, | N SN (50) 202
DMF, 90°, 19 h _
F F
F
1 O X _-TMS
EN BusSn \l/\TMs Pd(PPh3),Cla, 74) 263
I - F THEF, reflux, 20 h
ON O:N
CONEL, CONEt,
MeO oTf MeO X
Me,Sn Pd(PPh3);Cl; (20%), | (49) 608
DMF, 120°,8 h =
o} o]
/\)}\/\/oﬂ Pd(PPh3),, LiCl,
= A P .. an azo = IR a0
| 1l i1 | Bu3Sn® % dioxane, 90-95°, [ i [ ' (74) 370
‘ ‘ ’ “~ ! !
o~ X 25-4h A =
o e}
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TABLE I11. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

DMF, 90-95°,2.5h

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
N Bu-n
BuySn Pd(dppf)Cl,, LiCl, | | 63) 370
DMF, 90-95°, 2.5-4 h &
0
o}
Ph
Me;SnPh Pd(dppf)Cla, LiCl, O‘O 67) 370
DMF, 90-95°, 2.5-4 h |
0
OBz
BzQ I Pd(PPh;), (10%),
\©/ Bu3SnC=CSnBu; LiCJ, BHT, dioxane, C=C (28) 589
reflux, 5 h
0
O OH O OH
oTf X
O‘O BusSn” X Pd(dppfCly, LiCl, O‘O (70) 370
DMF, 90-95°, 2 h
0 0
O OH
Ph
Me3SnPh Pd(dppfCl,, LiCl, “O 1(56) + 370
DMF, 90-95°, 2.5 h
o om
Bu3SnPh Pd(dppf)Cls. LiCl, 370
DMF. 90-95°. 3 h
Bu;SnSnBu; Pd(dppf)Cl,, LiCl, 370
DMF, 90-95°, 17 h
BuySn Pd(dppf)Cl,, LiCl, 370
DMF, 90-95°, 20 h
Br
CO;Me BusSn o~ o Pd(PPh;),, 500
B PhMe, 100°
0
0O OH
OTf N
“O BuySn” X PA(PPhy),. LiCl, ‘O (70) 370
dioxane, 90-95°, 1 h
O OH O OH
O OH
Bu-n
Bu,Sn Pd(PPh3),Cla, LiCl, ‘O (74) 370
i
0
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Substrate Stannane Conditions Product(s) and Yield(s} (%) Refs.
0o oH YN
A It [ i \
] BABRL Y T N AN AN 0 270
il | rairrnily, LG, o~ Y 1 Yy [e) {ivu) 37U
Busn” 07 dioxane, 90-95°,85h [ | L
OH
(0] OH
=z o PR
Bu3SnPh Pd(PPh3);, LiCL l | (80) 370
dioxane, 90-95°, 17h N =
(0] OH
(0] OH
P
Bussn o, PA(PPhy)s, LICL. O‘O (100) 370
dioxane, 90-95°, 2 h
o} OH
Ci3
F
oTf F O
O Me;Sn Pd(PPhy);Cl, (10-15%), (93) 191
PPh; (30-40%), LiCl, F
F CuBr, DMF, reflux O
=
BusSn f
@\ PA(PPh3),Cl, (10-15%), X (62) 191
PPh; (30-40%), LiCl,
CuBr, DMF, reflux O
OMe MeO =
Bu3Sn X l
i PA(PPh3),Cl, (10-15%), AN n 191
. ZN AsPh; (30-40%), LiCl ]
MeO” T IR EOAPELLEL S OMe
CuBr. DMF. reflux ﬁ \T ~
AN PN T
PN BAPRI Y. (DG =Y YT Y JUON
bDu3sn ~ ulrrns)jgs7e}, H i (o<} oY
PhMe, reflux RN NHTSs
N o . PR YS . i
BusSn” X PA(PPhy) (2%) . (50) 89
PhMe refl [ AN
PhMe, reflux XN NHTS
Cl
Bussn” X Pd(PPhy), (2%), ) 89
PhMe, retlux NHTSs
OMe OMe
P Pd(PPh3),Cly (10-15%),  EtO,C _~ E0,C OH
Busn” PPh; (40%), LiCl, MeO 0 190
DMF, reflux ¢ OMe © OMe
cl Ct
) (40)
oTf BusSn” X Pd(PPhy), (2%), LiCl, N (78) 189
BHT, DMF, 11, 4 h
NHTs NHTs
PA(PPh3)y (2%), LiCl, N TMS
BusSn BHT, DMF, dioxane, 81) 189
P> TMs . @(\/ (
98°, 11 h NHTs
TsHN OTf Pd(PPh3)4 (2%). LiCl,  T4HN
NS BHT, DMF, dioxane, MOTHP ) EZ=31 189

S

Bu3Sn \V/A\V/OTHP

EZ=T:1

98°, 12k S~



TABLE II1. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
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192

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Br SnBujy
P BusSaSnBu; Pd(PPhs),. NEG, (w (44) 609
O) P reflux, 12 h o =
HN HN
\/\NEIQ \/\NE[’_)
Br BusSn_ _O_ ..
x 3 “™oTBDMS ~
| P | Pd(PPhy),Cla, “SOTBDMS  144) 299, 300
OBn ' OTBDMS PhMe, reflux, | h
OTBDMS " OTBDMS
OTBDMS
Y
B PA(OAC), (5%), f )
T m P(o-Tolys, NELs, Ao 33 429
A OTBDMS BU3Sn/\O/ CH;CN. reflux i\\\/”\/()TBDMS
E10,C
iPra A OTf F
f /EI Pd(PPhs),Cl,, LiCl, (>88) 610
= BusSn DMF, 100°
OMe

1
E0,C oTt P Pd(PPh3),Cly (10-15%),  E10,C Z
Buysn™ PPh; (40%), LiCl, (68) 190
MeO DMF, reflux MeO OMe
l?r

X
OO Bu;Snm Pd(PPha)s (0.7%), 7Y o9 289

= ’ N~ DMF, 110°,6 h N =

i

i
SEM SEM
AR
I -
o n. Busdn /
\7\/ i H -
! !)t /R PdiPPha)y (59), 287,432
P No” DMF, 80°. 8 h
i =
Mess /U\/TMS BnPd(PPhy)2Cl (1%), (35) 537
ean HMPA, 65°, 3 d
| X
N OTf Me;Sn
Pd(0), LiCl, DMF (76) 611
ElzN
O I
OTf
P i H
nPry Bu;SnCN Pd(PPhy)s (150%). Py (56) 612
K/ CI(CH,),Cl, 80°, 24 h
(I)Tf CN
|
/\\\ PSS
H | H ||
"'PT\N Z Bu3SnCN Pd(PPh3)4 (150%), "'PT\N = (52) 612
CKCH,),Cl, 80°, 24 h
R R
o Br A B
| ! BuySn” "X Pd(PPhs)4 (2%), PhMe R=Me (—) 89

NHTs reflux, 36 h NHTs R =0Me (73)
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TABLE HI. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0 i
H
I - SnMe;
= S = Y ;
1‘ ] Me;SnSnMe; PhPd(PPhy),l (1%), i o (52 613
X & DMF, 50°, 2 h X Z
il
o o)
Br SnBujy TMS
Bu;SnTMS Pd(PPh3),Ch, (3.5%), + 614
BnO HMPA, 800, 5h BnO BnO
s} (36) 0 (0
Cis cl Cl
h /R h S
N. (CH,)s0 1 Pd(PPh3),Cly, (5%), N. (C Hy)s R 615
O Me;Sn S R (o] N/
THF, reflux,4 h
a R Time (h) a
H 4
Me 20
O
h Br
BusSn .~ Pd(PPh3), (2%), (718 616
=~ " SnBug
HN PhMe, reflux, 4 h
Fe o
O O
i |
AcO -1 AcO o
HN" CF; Me;SnSnMe:z Pd(PPhs), (4.5%), HN" "CF;  (61) 617
OEt dioxane, reflux, 6.5 h % OEt
i | i
SnBu; [0}
MeO
I OMe HO X OH
] 1 OMe
HO 72\ Pd,(dba); (2.5%),
= OMe
| == AsPh; (20%), 569
0. OMe
S N dioxane. 50°, 24 h
\ /4/ \
OH Ph BuiSn O’N 97) OMe
R
Bussn” X PA(PPhs); (2%), A R = CO,Me (60) 89
PhMe. reflux, 36 h NHTSs R =0Ac (57)
OH O
OTf [ N
BusSn” X Pd(dppNCl, m (—) 370
MeO k
O OH
OH O
Pz Bu-n
BuSn Pd(dpphHCl; | (—) 370
MeO S
[¢] OH
OMe OMe
a /K
B
M/\ BusSn” X Pd(PPh3)2Cla, b (8% 618
MeO—s \//\Oﬂ- 1iC1. DME, 70° MeO N
\ ;o\; o
Mcd éMc

MeO OMe
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E 11l DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continiied)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OMe
bBUdN \/\ /!\\
i N Pd{PPh;z),. LiCl, It N (91} 618
2N . Lol {0 2N o~
N OMe dioxane, 100 MeO— ~F \I/ \\‘
o K/\
=
OMe
Cig MeO OMe
oTf f
n-ProN Pd(PPh,),Cl; (5%). n-PrN
MeySn LiCl, BHT, dioxane, \(D (57) 619, 620
DMF, 110°,24 h
oTf
#-PrN. PAPPhCL (5%),  nproN.
Me,Sn LiCl, BHT, dioxane, (56) 619, 620
DMEF, 110°, 24 h
OTf Ph
n-PryN Pd(PPh3),Cl, (5%). n-ProN
Bu3SnPh LiCl, BHT, dioxane, (83) 619, 620
DMF, 120°, 24 h
oTf Ph
n_per\ Pd(PPh3)2C12 (5%), n,Per\ X
Bu3SnPh LiCl, BHT, dioxane, | (88) 619, 620
DMF, 120°,24 h &
F
Et0,C EtO,C /Y
i-Pr OTf Bu;Sn i-Pr AN
@\ Pd(PPh3),Cls, LiCl, i (>88) 610
E DMF, 100° =
Bu-1 Bu-t
Bu3$nSnBu; Pd(PPh;); (1.36). 2) 621
NE1;, 87°, 16 h
hi
A | 1] P .
MU ™S BuSn” PA(PPh),Cls (5%). (93) 622
Jj j DMF, 100° i h
MeQ”
Cyy
SnMej
i = Pd(PPh3),Cls (16%). R=H, (18) 416
hN/ NEuw;, DMF, 70° R=Cl, (42)
R=F, (26)
| = PA(PPhs),Cl, (16%), (28) 416
2 NEt3;, DMF, 70°
Me;Sn N
MesSn
| = Pd(PPh;),Cl, (16%), (34) 416
- NEt;. DMF, 70°
N
SnMeg
H)\ Pd(PPhy):Cl (16%), o/ W= Q3 416
o2 NEt;, DMFE, 70° NA = ‘“‘K/}“'
N v ! N\ Z
— N—%OH
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TABLE IiI. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continsed)
Substrate Stannane Conditions Product{s) and Yield(s) (%) Refs.
(f I\
vo9
F . /Bi‘ F \N
=\ 7 X PN . ) N 7 n X
{ gL Y T Pd(PPh1),Cly (16%), N/ b (20) 4i6
N S o NEe TAAT 700 A
) N~ \/ I s /\M'/ INEpl3, UM, /U
N FN\ YJ,/\ MesSn N
S/‘\ OH
Me;Sn X
\O PA(PPhy),Cly (16%), (13) 416
= NEt;, DMF, 70°
N
Br
| = Pd(PPh3),,Cl, (16%), amn 416
~_ NEt;, DMF, 70°
MesSn N
72\
OTf N SnMe;
Me;SnSnMe, Pd(PPhs)y, LiCl, N N (47) 572
dioxane, 60°, 24 h =

Pd(PPhy)4 (10%),

OTf
‘OO Bu:Sn” X LiCl, dioxane, | 61 623
reflux, 4 h A

)
/
/
Vi

CHO
Pdydbaj; (5%) 0™
— HES L N4 Y
/B AsPhz . LiCL. N N S
Bussi— = CHO AP IOTLLICL PA AR 9 -
upshs Tt LBV NMP, 90-100°, 3 h I 1
SN
\\
-~ SO-Me
Busn. Pdy(dba); (5%), < e
T APhy 2090, LIC, N N (44) 623
N NMP.90-100°.2h ([l | |
SO,Me SN
AN
BnO,C OTt BnO,C =
2 = <
. Bussn” 7 PA(PPh3),Cl. , 5) 624
NHAc DMF, 90°, 0.5 h NHAc
a4 N
R Br SnMes )
= R =
~
N | PA(PPha),Cly (16%). O Q R=Me, 31) 416
N2 N7 NEt;, DMF, 70° R =0OMe, (19)
— N OH N=N\
N OH
~
0 6]
PA(PPhs)s (2%), $
BusSn” > LiCl, BHT, dioxane, (62 -98) 521,625
110° 12 h
g X
TO
fe) O
| ~V U
A s

\
Bussn™ F PA(PPhy)4 (7.5%). L/ (89) 201
LiCl, DMF. 90°, 6 h

R
R = OSO5(CF;)»,O0(CF3)-H
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TABLE II. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
TBDMSO OTf 1. PA(PPhs); (4%),
X 3
\[/\/ LiCl. dioxane, (81) 392
YW reflux, overnight
OMe ! 2. BuyNF, THF
E[OZC!
i-Pr OTf BusSn
X .
| S | Pd(PPh3),Cly. i-Pr S (>88) 610
= s LiCl, DMF, 100° V
Ph
Ph
OTBDMS
MOMO OTBDMS _OTBDMS
1 __OTBDMS
OOO Pd(CH;CN),Cla, 31h 389
Bu;Sn” O DME, 80°, 21 h
OMOM
Cho OMOM
EtO,C F
7 Et0,C I
i-Pre__ A _OTF BusSn ' g /Y
[ Pd(PPh3),Cls, P A X (60) 610
A g LiCl, DMF, 100° P
Ph
Ph
oTf “
(:@\ Bussn” X Pd(PPh3),Cla, ;/ | N (80) 626
; § =
N COMe Lici I COsMe
OBn OBn
CH(OA¢) CH(OAC),
Br
| A BusSn” Pd(PPhy); (2%). S (e 89
= NHTs PhMe. retlux. 36 h
Cy 0
g T Pd(PPh3)»(O 5
OTf Bu;Sn ( 3)2(0OAC) (5%),
S N LiCl. DMF. 627
><\%\/ FNNT 90-100°. 3 h
Bu:Sn Pds(dba); (5%),
/]\\l/j AsPh; (20%), LiCl. (48) 628
P ; .
N NMP. 100°, 2 h
Ca OTf
o =
[ Bussn” Pd(PPh3),Cla, (87-92) 383
Z DMF. 90°, 0.5 h
BocHN CO,Bn BOCHN/\COZBn
BusSn .~ Pd(PPh3):Cls, LiCl, 383
NS coMm Y
e DMF, 90°, 1 h
H
;\\F/\NHBOL SnBus
]
)i\_ 0 H\ +-Bu0,C )
!l I P ~ Pd(PPh3)y (5% ).
\/ \‘/ o N Na:CO3. DME. 629
o _ Ny N \)O\) Si/\ reflux
N\ /B o
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TABLE I1l. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Conrinued)

Substraic Stannane Conditions Produci(s) and Yield{s) (%) Refs.
F
PN com NN CONE
i i . i i i
Sy OTF Et;Sn Pd(PPh3)-Cls. LiCl, \/WE‘ (>88) 610
! DMF. 100 P
Ph Ph
F
= COsEL
Bu:Sn” X Pd(PPh3),Cl,. LiClL A M (90) 610
DMF. 85°, 1.5 h |
Ph
OMe /Y\/OMC
2 Me,Sn PA(PPhy),Cls, =z ] (75) 630
i DMF, 140° P
MeO "ot MO
A/X //\\\/ SnMeﬂ‘ A 53
M Me;SnSnMe; Pd(PPh3),Cla, (3%), i I (100) 631
Ph \_/O\f(\o Z dioxane, reflux, 2 h Ph YO\HAO &
Ph O Ph O
B
BnO._ Buisn._O._~ p Pd(PPhs)g (10%), "0\/\(\01{
| OH U n Na,CO3, PhMe, %/'\/o — (70) 423,424
0B
Pz Br OBn reflux, 4 h I u n
OBn OBn " OBn
t
OBn
BnO
=
BuySn___O._ .~ . PA(PPhy), (10%). e
Il} } \l’ N2,C0;, PhMe Wv\i ~o5 (78) 297
AV 7 reflux, 3 h Aee UL L
‘ 0Bn NN o
OTBDMS )
OTBDMS
BnO
PA(PPhy); (10%), 7y o
PhMe, reflux X [ 0L ~o 3 423,424
i | i
OBn
N0 veh
1
OBn
e 0
NI I
)‘\\ /LI\ P 0O P OPr-{
BnPd(PPh;),Cl, 7 NN \(\\ Y (71y 632
. . H
Cul, CHiCN, 70° *
e = AN
NZ
o
X S
Pd(OAC), (10%), ,[/\( x o (79 633
NMP, 11,40 h PRS A Ao~ COEt
T T h
K/OH
BnO OA
C
PA(PPhy),Ch (5%), O " ™SoBn (85 299
PhMe, reflux OBn ;
i OBn
OBn
BnO oA
C
BusSn O S orepMS )
U Pd(PPhs)-Cl5 (2.5%), 4 “™SOTBDMS (85) 300
OTBDMS CeHg, reflux , 15h OBn U
! " OTBDMS
OTBDMS .
Cay OTBDMS
CON(Pr-i) CON(Pr-i)
N Bussn” N P4(PPh):Cla, —) 634

dioxane
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TABLE [1I. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
Substrate Stannane Conditions Productesy and Yieldes) (%) Refs.
Br 0 / O
| /i "
N M PA(PPha), (109%). a , !
‘ i i !
N /’W\/ Busn” X LiClL BHT. dioxane. S /v\/\w/ —) 625
<L 10% 12h R
035 AN 05 A
O
TIPSO TIPSO
R=H(73)
i Megsn—(/D\ PA(PPhy); (4%). Q 4 O R = OTBDPS (90) 392,
O R THF, reflux, 16 h O R 391
TIPSO TIPSO
r \i
|
1 OMe SN ﬂ/ SnBuj
/N N A
Bu;SnSnBu; Pd(PPhs), N N \ﬂ/\/ (—) 635
N
(6]
OH \—/r—cogpr-[
]
Me,;Sn Pd(OAc),, P(o-Tol}s, (45-80) 636
NEt;, DMF, 100°, 8 h
& 0 oTF PA(PPhy), (2%)
3)4 ,
BogNH Busn” ™7 LiCl. dioxanc, IRRCURESY
BnO-C MeO reflux, 12 h
BaG. BusSa.__ O~ PA(PPh3),Cly (2.5%)
PSS S OoTRDMS 3 ~ " SoTRpMg | HFPPRat (25%), ]
f | 1l | mesitylene, reflux, N ‘ TRDM (66) 300
= Br OTBDMS 30 min uOTBDMS
OBn OTBDMS '
OTBDMS
Ca o
/\]/\‘ OH_CMe
S /K/C!
OEt 1. Pd(PPh3)y (3%), /\)vk/l
Bu:Sn LiCl, pyridine. ‘ ‘ : (63) 419
dioxane, reflux, 2 h )\/\/\
2. HY, acetone 0
O
MeO . SnMes
~
Me;SnSnMe;  Pd(PPhs), d [ f (68) 638
X 7 oTf
¥ " ]
OMe O OMe OMe
COMe CO,Me
Pd(PPh3),Cl, (15%),
639

PPh; (40%), LiCl,
DMF, reflux

r
Me (83)
CH=CHj, (48)
CH,CH=CH, (63)
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77
g
¥

O | BusSn” X

n
Cr OMe
o 0 OTf
OMe
O
o108 o
o—/
0 6H
(¢]
/ S
=
BU3Sn/\
=
BU3Sn/\/
Cay
oTf
AN
{)\‘ Bussn X
AN
C

Bu;SnC=CR

ot R__
T™S
Bu-n
Ph

T™MS
Bu-n
Ph

W W o3 o3 ¥

Pd(PPhy)4, CeHe

OMe
0
o R
PA(PPh),Cl (15%), OMe
PPh; (40%), LiCl, )
DMF, reflux
o/

R = CH=CH- (49)
R = CH,CH=CH, (70)

Pd(PPhs)4 (3%). LiCl, | (86)
BHT, dioxane, 90°, I h Ie) 0o
i

Pd(PPhy); (14%),
LiCl, THF,
90°,2d

(74)
(76)
(72)
(76)
(76)
(73)

n=23 (20)
n=4 (19)

640

639

641

642
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TABLE III. DIRECT CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Product(s) and Yield(s} (%) Refs.
i
O % O OTf BusSnC=CTMS  Pd(PPhy); (14%), {—@—CECTMS s 642
a
(1
\l/
|
.
53 A
OTBDMS (l)Tf (')TBDMS [K/
MeO,C Ao A A _-COsEL PN
T OO e e WO W
N X = N NHBoc X ~ = ~
o= =0y oY oY S0 "07]
a OMe al OMe
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TABLE IV. INTRAMOLECULAR CROSS-COUPLING OF ARYL ELECTROPHILES

Substrate Conditions Product(s) and Yield(s) (%) Refs.
Cis Bu;Sn O oS
i
. 1 PA(PPhy), (4.9%). . O (6 644
,/—\O THF, reflux, 20 h k |
N
B 6]
+ Me;SnSnMe; Pd(OAc), (10%), PPh3 (20%), (90) 645
PhMe, 110°, 18 h
P )’CJ)‘\ A
(/\\\/ \OK/\].\///\\SHBIU DAPDh.Y . (36:) svringe Bums (/\\\/ ‘O\_ /\///\\(/Aﬁ (ARY AAR
[ ] % PA{PPh3)y (3%), syringe pump, [ | 4 1 Y 646
PhMe, 105°,5.5 h \WUW
4
(0]
X+ Me;SnSnMe; Pd(PPh3)4 (5-20%), dioxane, = i ‘ 647
100-105°, 24 h S
X X =Br
X=1EZ=1288
Br
= SnMes
|
X ‘ SN Pd(PPhy), I (78) 647
AN
‘/\(Br
647

“ 3 Br

\/\/\/J\ + MeiSnSnMes Pd(PPhs)4 (5-20% ). dioxane. 1 (82
N
f ]
L

100-105°,24 h
~
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TABLE IV, INTRAMOLE

ULAR CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Conditions Product(s) and Yieldi~y %0 Refs.
+ MeaSnSnMes Pd(PPhxj, (5-20%). dioxane. I 9% 647
LiCl, 100-105°. 24 h
+ MesSnSnMe; Pd(PPh3)y (5-20%). dioxane, O‘ I 647
100-105°,24 h “OH
OH
1 (80)
1 87
+ Me;SnSnMe; Pd(PPhj3)4 (5-20%), dioxane, I (88) 647
LiCl, 100-105°, 24 h
Pd(PPh3),Cla (2.2%), 0
PPh; (8.8%). PhMe, O. (70) E:Z=15:1 648
reflux, 2 h N\ Ph
[¢] [¢]
O\ % “SnBu, Pd(PPhs); (3%), syringe pump, /\i(u\o/\ 137 646
I PhMe, 105°,5.5h Mj\j
o !
[y ol 17 ~snBu; Pd(PPh;)>Cl5 (2-3%), LiCl, 1 (22 646
P> . DMEF, 60°, 69 h
RN~ s OV
Cis o
16 B!’ I
~ 0\ N ol
L 7=\ NT T S
N/ N_ .+ Bu:SnSnBux Pd(PPh;)>Cls (5% ), EtyNCI, /N I [ > 1 (68) 563
N /Y o Tl e e I AN~
7 ‘yJ ;\ '1 LI L3, FIVIE, TETIUX, 121N Y/ ‘\( ~
C A\ g o7 L
Y ~
\
NP
N
1
6]
0 + MezSnSnMe;y Pd(0), xylene, 140°, 24 h 1 (60) 645
N
%I O
0]
O
6] 2 ph O
< Pd(PPh;)-Cl, (2.2%), PPh; (3.8%), < (58) E:Z=1.1:1 648
o g, S"Bu3 PhMe, reflux. 2 h 0 N py
OH
MeO Pd(PPhs), (5%), MeO OH
Z “Ph 2,6-di-tert-butylphenol, (45) 648
Br SnBuj PhMe, reflux, 4.5 h N
Cyy Ph
(@] (6]
CfL OW SnBu; Pd(PPha), (3%), syringe pump, O o I(67) 646
I PhMe, 105°,55h ‘
O
o Ll\ L) "~
M ol 5= " suBus Pd(PPh3):Cl, (2-3%), LiClL, 1 (<5 646
T

OTf

DMF, 70°, 72 h
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TARI L IV INNTDAMOI ECTIIT AD r‘Df\C(‘_r‘nllDl INC NE RVI RI ROTRODUI ECQ (£ naptinnod
LADLD IV INITRANVMIULEUULARN CRUDSI-ULUUTLAING U AR T L GUOC LRUY TGS (L ORiiiea)
Substrate Conditions Product(s) and Yieid(s) (%) Refs.
o 9
N i 1) ~ ~ ll\ L~ o
X ol N J XYY ol .
N i v Pd(PPh3)s. PhMe. 110 i | N (87) 646
P2 NN
~" " SnBus ~" "SnBusy
0
MeO _ PA(PPh3)»Cl> (2.2%), MeO o)
Ph PPh; (8.8%), PhMe, m (49) E:Z=1.5:] 648
SnBu.
MeO B reflux, 2h MeO N i
C
1% o [¢]
Pd(PPh3)s (3%),
OW SnBus syringe pump, PhMe, 0 (66) 646
\ 105°,5.5h
i/
OAc
MeO Z MeO. OAc
Ph Pd(PPhy), (5%), BHT, (50) 648
gy SnBus PhMe, reflux, 4.5 h N
Ph
Cio
: &
Bu3Sn/\:©i> BnPd(PPhy)-Cl. air, (12) 649
S Bu;Sn HMPA, 115° O O
= 0 s
Br
4
X, |+ Me;SnSnMe; Pd(OAc): (10%), PPhs (20%). NN (a7 645
[ i PhMe, 110°, 18 h s i
NN SN
T N N
I SO-Ph SO-Ph
¥ N\
o L o—
Bu3Sn ‘/V\;,/\\l \/ N/
T | /
PPN Nz B !
mog PP Y
RN L2 | come
~ N N N,
X =Br Pd(PPhs)s, PhMe, reflux, 24 h (43) 650
X= Pd(PPhs),Cl,, PPhs, LiCl, DMF (53) 650
Cyo 8
T / \
~ I =
| + Me3;SnSnMe; Pd(OAC), (10%), PPhs (20%), (45) 645
N\s . PhOMe, 120°, 18 h N
OzP “SO,Ph
0
MEMO O o) MEMO O
0 Pd(PPhs);, syringe pump. I (39) 646
BusSn .~ °
MEMO ; Bw PhMe, 105°, 14 h
Polymer complexed Pd(PPh3)y, I (54) 646
PhMe, 105°, 61 h
COZMC
MeO
o
MeO = X o o
Pd(PPhs)s o hT r I (56) 638
SN P
OMe O OMe
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TABLE IV. INTRAMOLECULAR CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
Substrate Conditions Product(s) and Yield(s) (%) Refs.
Pd(PPh3), (15%), 100°, 7d I (44) 638
Cay
‘(/0 N/ \
P YI\IH
| i =0
Y
BusSn NH Pd(PPh3)4 (5-10%), K,COa, (15) 629
Br
0%3 DMEF, reflux
O\/N
(6]
N ! o\)
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TABLE V. DIRECT CROSS-COUPLING OF FURAN AND BENZOFURAN ELECTROPHILES
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
N SMe
N SMe Pd(PPh3),Cl> (3%), ‘, ﬁ/
L 1 CHCHa):C. A (89) 051
~~ N =
reflux, 4.5 h N0
[0}
[¢]
550, 551

BusSn
Pd(PPh;); (5%).

0
MesSn I\O
PhMe, reflux
N/g
N I
| J§ Pd(PPhy)y (5%), / o (80)
Messn” O CHg, 80°, 181 !
: o
N SMe
_N_ _SMe Pd(PPh3),Cly (3%). Yy
[ T CCHaCL, AN (1) 651
Ran N reflux. 10 h N
BusS ]
[0

— 1\

7o\ 7\ DPDE (507 O B O e 100
‘/\ /\.; o P Pa{ern;j (3% G /7/ fo) \« > (40) 100U
Br O Br Buzdn O PhMe, refluy N \J/

o~ SnMe;
~ | Pd(PPh3); (10%), 360. 561
N PhMe. reflux. 5 h
Cs
’ Framn BuiSn N SMe
Pé \/\\ S PA(PPhy)5Cl- (5%).
o B SN DMEF. 80°. 3 458
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TABLE V. DIRECT CROSS-COUPLING OF FURAN AND BENZOFURAN ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BusSn.__~ Pd(PPh3),Cl (3%),
\(\JN\ CI(CH 1,CL, (100) 651
\N SMe reflux,4.5h
PdCl,,
ﬂ Cl3SnPh PPh(CsH,SO:Na-m)s, / \/\ (96) 281
HO,C 0O Br aq. KOH, 90° HO,C Ph
G
BusSn. Pd(PPh3),Cl; (3%). /
aco A Y IAJN\ CUCH)CI, Sy 6 el
&) Br \N SMe reflux, 4 h
Cyy C8H17
OTf Bu35n/\/\ Pd(PPhs),, LiCl, (50) 652
@ CO,Me CgHy7-n THEF, 50-60%, 2.5 h COMe
\ CioHyy-n
A Crotarn Pd(PPhy), LiCl, a (50) 652
BusSn THF, 50-60°, 2.5 h COMe
Br N
BuwSn” X Pd(PPhs), (3%), o7 653
[¢) PhMe, reflux, 3 h [o]
CO,Et CO,EL
Ci3
PN <
n-CsHy| BusSn” % Pd(0) n-CsHyy (80) 654
0 0
1 X
) Pd(0) acsH,— 08 654
BusSn~ TN A A
07y
70
sz WSHBU}
Bu;SnSnBu; PA(OAC), (10%) o P (43) 653
NEts. 100%, 2.5 h |
,-’\N O
TBDMSO TBDMSO! | H
NEt
Cn
%
0-— H o— H
oTf A)\ Pd(PPh3)-Cls, (5%). N
P .
MeO | BusSn LiCl, DMF, MeO | 65) 655
H O OBn 105°,24 h H O OBn
Coy
oTf Pd(PPh3)4 (2.8%), =
MeO - Buysn” LiCL, DMF MeO - (98) 656
0 OBn 100°,2 h o OBn
MeO MeO
Cas 0 0
| 1 NH
TBDPSO s TBDPSO )% 657,658
N0 o)
o) 0
Br R
R
MesSn Pd(PPh1).Cl (10%), Me (14)
dioxane, 100°,48 h
BusSn” X Pd(PPh3),Cly (10%), CHy=CH (37
DMF, 60°, 1 h
Ph,Sn PAd(PPh3)-Cl (10%), Ph (39)

dioxane, 100°, 24 h
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TABLE V. DIRECT CROSS-COUPLING OF FURAN AND BENZOFURAN ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
NHZ NH2
</N ] N //NHI)QN
TBDPSO. » N ) 658
P N*N
-ioz 0
Br R
R
BuySn” X Pd(PPh3),Cl, (10%), CH,=CH (72)
DMF, 70°, 2 h
Busn” Pd(PPhs)s (10%), CHp=CHCH, (97)
CgHg, 100°, 18 h
1‘\1}{z I‘N‘Hg
N Xy N~
TBDPSO. ¢ E JV TBDPSO 4 If IJV
NNy TN NN 658
Lot O Lo
77 U7
/EI —
Br R
R
BusSn” X Pd(PPh3),Cl; (10%), CH,=CH (41)
DME, 70°, 2 h
Bu;Sn/\/ Pd(PPh3), (10%), CH,=CHCH, (21)
CgHy, 100°, 18 h
Ph,Sn Pd(PPh3),Cl, (10%), Ph ©0)

dioxane, 100°,24 h
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TABLE VI. DIRECT CROSS-COUPLING OF PYRROLE AND INDOLE ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Rets.
m /R BnPd(PPhy)Cl (1.7%), B0~ 0 N (60 296
N Me;Sn 0 OBu-# DMF, 70°, 16 h
H N
H
A N =
mx Bussn— A P(PPhy), (10%), DA 69 289
N N DMF. 110° N N
c SEM SEM
9 Pd(PPh;)s (2%),
BrﬂBr @\SnBu; CeHg, ag. Na,COs, /Y NN (50) 659
R\I !.\I ’ reflux, 2 d I‘\J I,\‘ I‘\I
Boc Boc Boc Boc Boc
CHO CHO
A A
T N\, . A T N I SN 2o g
i 1 )—Br MeySn Pd(OAc)), BuyNCi i (39) 109
H H
CHO
7/ CO-Me
COM Pd(OAc),, BuyNCt 67 109
Bu_;Sn/\/ ,Me (OAc),, Buy . 67)
H
CHO
~ N —
| Pd(OAc), BuyNCI N (5) 109
-~ N N
Me;Sn N H
CHO
MesSn —
: X
\E\, Pd(OAc);,, BuyNCl N \ / (38) 109
< N N
N
H
CHO OH
Pd(OAc),, BusNCl 109
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TABLE VI. DIRECT CROSS-COUPLING OF PYRROLE AND INDOLE ELECTROPHILES (Continued)

Substrate 7*_Stannane Conditions Product(s) and Yield(s) (%) Refs,
CHO
/
A
Ph.Sn Pd(OAC),. BuyNCl | Ph  (68) 109
Z N
H
EtO,C OTf Et0-C
Z _) Bu;SnH PA(PPhs), (2%), ; ’) 70) 660
N THF, reflux, 3 h N
3 i
COMe COMe
Br —
AN OEt
N BusS /‘\OEK Pd(PPh3),Cl, (3%) A\ 83) 272,273
i
\%N Usn EuNCI. DMF, 80°,9 h N
\ )
s Ms
,COEt
I C
(:[\/\g Bu;SnC=COEt Pd(PPh3),Cl, (5%), @E\g (60) 302
N EtyNCI, DMF, 50°, 2 h N
Cl() Ms Ms
COH CO,H
Br Ph
A\ A N
Cl;SnPh PdCl,, KOH, [ (79) 281
N PPh(m-C4H,SO3Na)y, 90° # N
Ci OFt
Br —
N—co,Et susi B Pd(PPh3),Cl (3%) 273
N 3>n ! E(,NCL DMF, 80°, 18 h
Cis
P PN . >
| AN P/ | NPT 500
W 1 BusSn— I Pd(PPh3)4 (10%) 289
SN NTN DMF, 110°
SEM SEM
0
|
HN 1 Pd(PPhs); (10%), 170
MOMO A Cul (20%),
: \‘%-j‘” SnBUT pMF. 80°, 1 h
@]
o<
X
BuySn™ X Pd(PPhs),, LiCl. N a6 89
dioxane, reflux, 24 h Y‘f
Ts
)
OFt 1. Pd(PPhy); (2%), LiCl,
/'\ dioxane. 95°, I8 h N 4 89, 270
Me;Sn 2. H40* N
Ts
CO,Et
X
__COE Pd(PPhy),, LiCl, N s 89
BuySn” X 2 o
k dioxane, reflux, 24 h \\1
Ts
1 N1

Brw/\ﬁ

SN

Me:Sn \/\\'

PA(PPh1); (3%).
DMFE, 120°, 24 h

1o
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TABLE VI. DIRECT CROSS-COUPLING OF PYRROLE AND INDOLE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
N
Me;Sn N ¢ “\\/
\[: ] PA(PPhs); (3%), . =N (56) 1o
SN DMEF, 120°, 24 h ’ N
N
Ts
AR\
Me;Sn Z ¢
| Pd(PPh3)s (3%), 5 = (55) 110
>N DMF, 120°, 24 h r N
N
Ts
I R
Q—\g\ Pd(QAc),, P(o-tolyl)s, Q‘\S\ 661
N #-BwsN, 100°, 24 h N
Ts R Ts
Me,Sn Me 17)
Buysn X CH=CH, (36)
Ph
BusSn” X (E)-CH=CHPh (26)
Ciy
COM COMe
. 2IVIE [ 2
COMe COMe
RN 2 A 2
( D BusSn™ X PA(OAC), (0.9%), | N (87) 662
\7‘\1\{ THF, 85°, 15 h Z N
CO,Et COEt
Br B
X A Br Br
| 7 Pd[P(0-Tol)32Cly (1%), 5N 663
N\ PhMe, 100°,5h " endoiexo >9:1
TIPS OSnBu;_] 0 SN
- A
TIPS
Cig
Br B .
] N ok )\/ Pd(dppHCly, DMF, N—coE (59 664
XN |BusSn J 120°, 90 min N
Ts
BU3Sn/Y Pd(dppf)Cly, DMF, @f\géovm (93) 664
L J 120°, 80 min
SnBuz
Lﬂ s A/k} Pd(dpp)Cla, DMF. \ CO.qEt + \ COaEt 664
Hse 120°, 150 min
1 (7) 11 (32)
mCOZEt i (24)
N
Ts
.
[B s /J\] Pd(dppfHCly, DMF, 135 + 11 (13) + HI (15) 664
Haon : 120°, 100 min
[ [ .
| PN | Pd(dppf)Cls, NaOAc. 1(54) 664

DMF, 120°, 30 min
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TABLE VI. DIRECT CROSS-COUPLING OF PYRROLE AND INDOLE ELECTROPHILES (Continued)
C

Substrate Stannane Product(s) and Yield(s) (%) Refs.
NN
7
r ! | /A\//\
i TN
lLBu;Sn/\/\J Pd(dppf)Cly, NaOAc, .\/‘,\ Y—COE (60) 664
: DMF, 120°, 100 min N,
Ts
N Pr-n
[BusSn Pen| Pd(dppf)Cly, DMF NecoE 10 664
[ FEEANDS -nJ pphitis, , 2
120°, 100 min N
Ts
=
8“35“/\© Pd(dppf)Cl,, DMF, [ D—cop @3 664
120°, 110 min XN
Ts
S Ph
\ % |
[Bu;Snv\/Ph } Pd(dppf)Cl,, DMF, COEt (52) + | (38) 664
120°, 35 min N
Ts Ph
Ph
| 7N
Bu3Sn/\( Pd(dppf)Cl,, DMF, i | CO.Et  (73) 664
Ph J 120°, 150 min XN
Ts
Cio
MeO O I Pd(PPhy); (5%). LiCl,  MeO )
O A\ Bu;SnPh dioxane, 94°, 38 h A\ (63) 665
MeO N 2.150°, 6 h Meo” N
orf Boc Ph
T MeOyCo . Me MeO,Co -~ _.Me
T N N
1 o H N [ LH
S~ >
il Busn—< || ] Pd(PPhy), (10%), wl (94) 289
A N> SO0 Ao
TR\ N DMF, 110 RN /Zm
[ 7 Y—br SEM R
NN NN NN
SEM SEM SEM
Cas
NMe, NMe,
OQ\/ OQ/\
Br SnMe
N Xy Ny 3
g \ AL
Me;SnSnMe; Pd(PPhs); (7%), (85) 666
o Boc PhMe, reflux, 7 h o Boc
N N
ST S
N7 N°
A @\ Pd(PPhy), (2%), 659
Br Iy\l Br I:\I SnBu; CeHg, 2. NayCO3,
Boc/n Boc reflux, 2 d
_n
Cy 3 (—)
Cus 5 (=)
Ces 7 (—)
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TABLE VII. DIRECT CROSS-COUPLING OF THIOPHENE AND BENZOTHIOPHENE ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) R(ES_._
Cs NH;
\/—\/ ) /A PA(PPhy); (2%), \ﬁ/ U 0 462
s)\ Br Bu;Sn NH, PhMe, 110°, 24 h INF
— OEt 3
sust ok Pd(PPhy),Cls (3%). m (68) 272,
U3 Et,NCI, DMF, 80°, 2.5 h § N
/éf PA(PPhy); (5%), { ﬁ\//w (70) 550
Messn™ g CeHe 80°, 12h T J<
N M
N_ _SMe Sy SMe
/@/ Pd(PPh3):Cl, (3%), | N an 653
N AN
BusSn = THEF, reflux, 10 h \
it
MesSn” N PA(PPhs)s (5%), 437
PhMe, reflux
MC}SH S S
T ):< ] Pd(PPhs); (10%), 536
S S PhMe, reflux, 3 h
™S 1. PA(PPhy); (2%) @\/\/ i 461, 540
BuySn \/\/N “TMS PhMe, reflux, 48 h s = 2
2.HCI(I N)
AN
Bu;Sn«@@ Pd(PPhs)s (10%), ! N PRt 289
N DMF, 110° S N
SEM SEM
HNT
Bussn— PA(PPh),s (10%), 89) 74
N DMF, 90°. 4 h
SEM
MeQ,
AR Pd(PPh,).Cls (10%), (6) 667
Bu;Sn”” s~ SnBu; THF, reflux. 20 h
[_\>\ Bu3SnC=CH PA(PPh); (10%), B 84) 47
S 1 H DMF, 25° S 3CH
JC=C=CH, Pdy(dba); (3%) 3 (42) 275
Bu;Sn > _=CH,
PPh; (24%), ¢ N =C
DMF, rt, 20 h H
BuiSn / \
| BnPd(PPh;),Cl (1.5%), s (52) 267
Ro CH:CN, 11, 2 h
o]
BusSnCECOE Pd(PPh;),Cly (5%), @ 47 302
Et;NClL, DMF. 1t, 5 h s7 "Cscom
o 0
Bu;Sn Pd(PPh3);Cly (2%), /A (58) 261
i 0 PhMe, reflux S I (o)
S S S
Bu;Sn—@ PA(PPhy),Cl5 (5%), M Pt 6o 103
THF, 60°, 16 h
Bu;SnPh PhPA(PPhs),l (2%), @ I (94) 463
HMPA, 70°, 30 min s Ph
Bu;SnPh Pd/C (0.5%), Cul (10%), I (77) 461

AsPhs (20%). NMP,
80°, 16 h
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TABLE VII. DIRECT CROSS-COUPLING OF THIOPHENE AND BENZOTHIOPHENE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
M
Me:Sn N Pd(PPh3)y (5%). S ~N 437
PhMe, reflux S
[ ]
BusSn 0 BnPd(PPh3)Cl (5%). $ O s 0
Cul, DME. it
i-PrO o i-PrO 0
7]
O/§ O/>
BusSn 4 BnPd(PPhy):Cl (5%). $ J @ .
Cul, DMF, 1t
0 o]
Bussn COE Pdydba)s (5%) /) COE 1 G0) + 375
W/\( P(2-furyl); (40%), S
NHAc THF, 65° NHAc
@/WCOZH
s NHAc
CO,Et Pd,(dba); (5%), Ir (74) 375
N
BU3Sn/\/\r ASPh; (40%),
NHAc THF, 65°
o o}
[\
Bu3Sn N Pd,(dba); (2.5%), NeNN 61 554
! Cul, AsPhs, U
/\/\ TR AV £NO /\/
| DMF, 60 I
0 o]
BuiSn / \
PUINF S pn PA(OAc);, Cul, PPhs. th 79) 435
CO,Et DMF. 1t, 23 h COut
Bus$ OB K/ \ O._ OB
U3 ‘\ro\/ n Pd,(dba)s (2%), S ~OBn (70 439
| DMF, rt ;
\Bu-n \Bu-n
BuiSn ~A B Pd(OAc);, P(2-furyl)s, & = S (—) 668
nBus DME, reflux, 5 b § \
Me;SnSnMe; PA(CH,CN),Cly (1%), R (95) 313
HMPA, rt, 80 min 7 " SnMe;
Br = 7N\
{/ \S | Pd(dppb)Cl5 (5%), N % 96, 669
S Bussn” °N DMF, 100°, 24 1
I\
S
N
N |
¥ Pd(PPhy); (5%), o (100) 550, 551
MesSn > CeHe, 80°, 12 h \/ \/
S
N_ _SMe
N_ _SMe [ \\(
i N
/Ej/ Pd(PPh3):Cly (3%), y _N (90) 651
BusSn N THF, reflux, 24 h \S /
! = 7\
[—g J Pd(dppb)Cl, (5%), -y 6 96, 669
S BusSn \N CuO, DMF, 100°, 1.5h
7\
s



TABLE VII. DIRECT CROSS-COUPLING OF THIOPHENE AND BENZOTHIOPHENE ELECTROPHILES (Continued)
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Substrate Stannane Conditions Product(s) and Yield{s) (%} Refy
Ru3Sn Ts
: . Pd~(dba)s (2.55%) ~N
Xy o . i
I AsPhy (10%). Cul (10%), /N 73 291
N A INME 400 41 — N\ /
N N~ LVIE. OU, 401 // \\ u
Tg Q\ /D
S
N A
/L \) /4} Pd(PPh;),Cly (109), SW/[SX(SJ (52) 667
Br S° Br BuiSn S THF. reflux, 20 h \ N N /
X Pd(PPh3)4 (10%), (64) 560, 561
! . PhMe. reflux, 5 h
Me;Sn’ N
X Pd(PPhs)4 (10%), 64) 560
| _N PhMe, reflux, 5 h
Megsn
] NN Pd(PPhy), (10%), (55) 560
PhMe, reflux, 5 h
Me;Sn =
MesSn g s PA(PPh3)s (20%), S S 536
\[ == ] PhMe, reflux, 3 h = ]
S S N 52) S S
Me;Sn N /B
| Pd(PPhs); (10%), N S X (30) 560
N
= PhMe, reflux, 5 h N_ o _N
RN ) PA(PPhy),Cly (5%), TN N\ N\ en 103
1 S 1 BU3Sn S THF. 60°, 16 h S S S
0 9
MesSn . R A
AN TN
| t
e ”\ A I PdiPDh.Y. (206 N \A, (A7 670
p-TolCO7 N~ "0 1oralrrngjg (2ue) HO_ N o) i) Ui
\ o] PhMe, reflux, 12 h \ ol
\ \ O}
\ / 2. NaOMe, MeOH \
I !_
p-TolCG, HO
/
o . 7N\
Br, br MesSn . < )
U | o= Pd(PPhy),, PhMe, Br = 36 584
s = reflux 7/ \<
S
Br §7TN
@\ /[\\ Pd(PPhs)y, Ag,0, = 29) 669
s N, Bussn” 57 DMF, 100° /
s” NGO,
72\
~ —
| Pd(PPh3)s, Ag20, N (51 669
~
BusSn” N DMF, 100° A\
S” NO;
ON NO, O;N NO,
B THF
Br S T Bu3Sn S \ S \ /)
0N NO;
e [P — e
/« i\ Pd(PPh5),Cls, s 7\ s B
BusSn” 87 CieHian THF n-CyeHas W S W CieHaz-n
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TABLE VII. DIRECT CROSS-COUPLING OF THIOPHENE AND BENZOTHIOPHENE ELECTROPHILES (Continued;

Substrate Stannane Conditions Productisy and Yieldisy (Ge) Rets.
e —
7 ) 7oy
\ S PA(OACH. P(2-furyl. LM S 4 668
(/\ BuSn\/\San (OACH. P2-furyh): \S/\/ ® (46}
S I DME. reflux. 5 h )
/
N_ _SMe 7B
BN O PA(PPh)Cl (3% ). OHC/KSM,\, 87 651
oHC” N7 Br BmSn/vN DMF.80°. 4.5 h \ Y
’ N™ T sMe
Bu3Sn Pda(dba); (1%) //—\\
\‘?\J sz'furyl>3 (4%). OHC g ‘ (—) 672
N dioxane K P
N
/@\ /@ Pd(PPhs),Cls (5%), N\ /N ay 103
oHC” g7 I BuiSn” S THF, 60°, 16 h oHC” s s
Pd(PPh3),Cls (5%). 79 103
Hoﬂ ) (PPha),Cla (5%) wo. A NN a9
s7 1 BusSn” s THF, 60°, 16 h S S
Br
OHC
=
ﬂ Bu;Sn@ Pd(PPh3),Cl, (2%), s/ 4 [ (89) 425
OHC S /N THF, reflux /N
Me Me
OMe
OMe
B ) PAPPh)Ch (37, s AN s o 104
NN Me:Sn” s THF, reflux, 24 h AR
Ce
1 I (\ N N
N - ) s g .
/A I\ Pd(PPh3)y, Ag20, N / (25) 669
AN i e e 1nno I
- S ~ me3dn LIVIE, TUY // \\
NG\
7 &\ BusSn Pdy(dba)s (1%) A
¢ Br \@ P(Q2-furyl); (4%), S ‘ (—) 672
o N dioxane 0 !
N
S Me35n S
Br_(/jr\>‘Br hen Pd(PPh3); (10%), NN N (29 560
S % K/N PhMe, reflux, 5h — S % 7
S S
Br Br Me;Sn SnMe, A | p
7N 7T N PA(PPh)s (31%), (13) 673
s—s < — PhMe, 70°
S S e, 70°, 2d 7 I AN
575
Cy R
M I\ Pd(PPh3):Cl, (5%), /i {f 105
MeCc2C g7 1 MesSn g S
| THF, reflux, 4 h Mec=C s W
R
R=TMS (64)
R = SiMe,Ph (66)
Pd(PPh3),;Cl; (5%), (63) 103
ro AN A o0 160 aco A 3L}
s7 1 BusSn” s THF, 60°, 16 h S S
/ S Pd(PPh;),Cl, (5%), AcO \/@\(s / \) 47y + 104
Messn” 87 T THF, reflux, 7 h SN ) s
s o AN s ﬂ (s
NS N 8
Cy
Bu-n
Bu-n
7\
78\ BusSn -~ Pd(OAc);, P(2-furyl)s, = S (56) 668
s 1 Z " SnBu; DME, reflux, 5 h s :\ /

n-Bu
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TABLE Vii. DIRECT CROSS-COUPLING OF THIOPHENE AND BENZOTHIOPHENE ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs
/N 7\ /U
[ P RPN [ AN L) +
N MesSn™ g7 NG T Ty
A/ Il / Il
N N
CO:E CO,Er
Cy
| ®
Bu3Sn fo} o)
N on \/\©: S PAPPhy.CL (4%), LiCh S Z O S 674
s 0 DMF, 80°,3.5 h o
NC
Cio 0 0
W W
| R s. Pd(PPh3),Cly (4%), | A\ s. [\ 9 104
(6] I MesSn (@]
S \ / S THF, reflux, 8§ h S \N/ S
WO 0
7\ /@\ Pd(PPh3),Cl, (5%), W A\ / (58) 103
; THP
O\/Q\l Bu;Sn™" ¢~ ~OTHP THE. 60°, 16 h Y s 0
Cn THPO OTHP
OTHP THPO 106
4—{\ % Pd(PPh3)s (1%), BRENR
S Br Me;Sn S PhMe, reflux, 12 h S S
OTHP
OTHP  Pd(PPhy); (1%), OTHP (50 106
ﬂ_\ P:\M 3)4:1 C)lzh e o
Me;Sn S e, reflux, S S
7B\ Me;SnSnMe; Pd(PPhy)4, /B (68) 584
s~ TBr PhMe, reflux S SnMe;
OTBDMS OTBDMS
R
/Br Ru3Sn AN /\\<
/ \\ \|/ ] Pd(PPh3),Cl,, o/ 675
TMS/\S/\SOZNHBu-t RN R DMEF, reflux F\\
TMS™ g~ ™ SO:NHBu-t
R=Me {(—)
R = CH,OTBDMS (—)
Ciz
CgHy7-n
CygHy7-n
/AR
7\ BusSn . Pd(OAc),, PQ2-furyl),, L NGNS (36) 668
Se7™ SnBus DME, reflux, 5 h s \ ]
n-CgHys
Ci3 >(O >/0
i — Me.Sn BaPd(PPh3),Cl (1%), W (78) 676
HO s HMPA, 65°, 4 Ho)\/K S
ﬂ\ /@\ Pd(PPh3),Cl, (5%) /ﬂ $ (62) 103
- ' . OTHP
[C:C 71 BuSn™ g7 ~OTHP THF, 60°, 16 h [C:C SW
O,CBu-i
Cpr 0o | A
s
HN
A | Bu;Sn” X Pd(OAc), (10%) (64) 670
0" 'N PPh; (20%)
AcO 3 >
¢ “\(04 NMP, 60°, 4 h
\_/ -89
\—
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TABLE VII. DIRECT CROSS-COUPLING OF THIOPHENE AND BENZOTHIOPHENE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cy7
o My, -
p-TolOC., /U\/‘\S p-TolOC .~ S
N [ Me Sn Pd(PPhs);, NMP, N l (65) 670
O)\N J 60° 16 h OJ\N
p-TolCO, ‘W p-TolCO, ‘\ﬁ
p-TolCO, p-TolCO;
Cy
TBDMSO? ;—OTBDMS TBDMSO? ;—OTBDMS TBDMSO? ;—OTBDMS
/ / iy N\
I I\ / T \
SO N S n noan. oSO M\ .S. PN [ N A\ S .
NN LT~ B BuaSi— "N AT Pd{PPha)y R P {73) 677
i D1 i
(WA WA \ A
TBDMSO OTBDMS
Bu;Sn SnBu; Pd(PPhy); (58) 677

Ph;
= Bu3Sn-R-SnBu;

Pd(PPh3)s 677
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TABLE VIII. DIRECT CROSS-COUPLING OF PYRAN AND BENZOPYRAN ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

Me;SnSnMe; Pd(PPh3)4 (2.7%) LiCl,
THF, reflux, 14 h

(7 678

Me;SnSnMe; Pd(PPhs)4 (2.7%) LiCl,
THF, reflux, 14 h

(78) 678

Me;SnSnMe; Pd(PPhs)4 (2.7%) LiCl, (75) 678

THF, reflux, 14 h

Me;zSnSnMes Pd{PPh3)4 (2.7%) LiCl, (70) 678
THF, reflux, 14 h
Me;SnSnMe; Pd(PPhs)4 (2.7%) LiCl, (69) 678
THF, reftux, 14 h
B
MesSn =
AN
f S Pd(PPhs)4 (2%) LiCl, (89) 679
~ .
0 o) N dioxane, reflux, 5 h s
[¢) [¢]

t ~

BusSn =
\©\ Pd(PPhs3)4 (2%) LiCl, (76) 679

~F dioxane, reflux, 6 h X
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TABLE VIII. DIRECT CROSS-COUPLING OF PYRAN AND BENZOPYRAN ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BusSn
\ Pdy(dba)s (2.5%),
7 1 AsPhy (10%), DMF, 93) 291
N Z 60°,2h
Ts
Br R
m Pd(OAc),, PPh; (8%), m 327
S0 g NEty, 100°, 24 h o X
R
BuySn” X CH=CH, (64)
Bu3SnPh Ph an
Bu3SnC=CPh PhC=C (1)
0 0
Me;SnPh Pd(PPh3); (2%), LiCl, (87) 680
TFO e} dioxane, reflux, 18 h Ph o
Cio OMe
N Br y
BusSn PA(PPhy)s (10%), (96) 289
0”70 N DMF, 110°
SEM
Cn
o C
O2N AR /§ P VN
' ! Pdy(dba)3*CHCl, (83) 681
T Yy | &
NN g N A PPhy, LiCl, THF 0N AN
O/L BusSn”~ N 3, LiCL, ‘
¥ F
F 0
F
Cp Bn Bn
(I Me;SnSnMe; Pd(PPhy)s (2.7%), LiCl, (I 36) 678
[s) OTf THF, reﬂux, 14h O SnMe3
OTf R
NC N Pdy(dba);*CHCl; (5-10%),  NC N
P(2-furyl); (10-20%), LiCl,
o) THF, reflux, 10 h 0
R
Bu;Sn-pyridyi-2 2-pyridy! (80) 683, 682
Bu3Sn-pyridyl-3 3-pyridyl (72) 683
Me;Sn-pyridyl-4 4-pyridyl (75) 683
OTf i =X
NC _N
= | = Pdy(dba);*CHCl3 (5-10%), ) 681
o F BusSn N° P(2-furyl); (10-20%), LiCl, NC X
F THEF, reflux, [0 h F
0
F
] Me;SnSnMe; PA(PPhs), (2.7%), LiCl, | 678
o) OTf THF, reflux, 14h 0O SnMe;
R R
PhS (71)
PhSe (82)
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TABLE VIII. DIRECT CROSS-COUPLING OF PYRAN AND BENZOPYRAN ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
C]4 ?Tf ]’(
Ph 0 Ph [¢)
hd ﬁ Bu;SnR Pd(PPhy)s, h \J\/\ 684
O .- ; O .-
~ 0 OMe L1C1, THF ~- 0 OMe
R
C=CH (80)
CH=CH, (100)
(E)-CH=CHCO,Et (80)
(E)-CH=CHTMS (100)
(E)-CH=CHSnBu; 75
SePh SePh
| Me;SnSnMe; Pd(PPhs),, LiCl, I (69) 685
o OTf THF, reflux, 12 h . 0 SnMeg
Cis o]

| ™),
(\N 0 OAc

SnEty

=
Bu;Sn/\/

Bu;SnC=CR

R

T™S
Bu-n
Ph

[ BuySn
TfO e} Ph

BuiSn \©\
OM

e

MezSnSnMes

1. PA(PPhs),Cl; (2%),
LiCl, DMF, 100°
2. NaOH (2 N)

1. PA(PPh3),Cly 2%),
LiCl, DMF, 100°
2.NaOH (2 N)

PAPPIy)s (5%),
THF, 80°, 40 h

Pd(PPh3)s (5%),
THF, 77°,40 h

Pd(PPh3)4 (5%).
THF, 80°

Time (h)
48
43
36

BnPd(PPh3),Cl (2%),
LiCl, DMF, 100°, 12 h

BnPd(PPh3),Cl (2%),
LiCl, DMF, 100°, 12 h

Pd(PPh3)4 (2%), LiCl,
dioxane, 98°, 60 h

(89) 686

3

N OH
o¢
N OH

N

O

(o}

i
/\ )J\ .Ph

wn
Go

Ph
58
Cs
~CR

(65)
(50)
(92)
/@fuj\ I .92) 189
n-Bu Ph

129 + /©)\)\A(uj\ (53) 189
OH ©
92) 189
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TABLE VIII. DIRECT CROSS-COUPLING OF PYRAN AND BENZOPYRAN ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield{(s} (%)} Refs.
Ciy
O OH
/IJ\)\ MesSn (.
i [ Nl Pd(PPh3),Cl, (15%), 687
NN AN PhMe, 115%,21 h
0" Y ToBn MeQ,C
Br
Cig
OTBDMS OMOM Pd(CH3CN),Cl,
TBDMSO BusSn N DMF, 80°
, 00
NN ' PA(CH;CN),Cly.
MOMO PPh,, CHCL;, 80 l
OMOM
(0] OMe
(0] OMe I = |
MesSn ;
' t X 6] OBn 687
' _N COMe
0 OBn MeO,C |
X NS
N
X=Br Pd(PPh3),Cl, (50%), (18)
dioxane, 115°,3d
X=I Pd(PPh3),Cl, (14%), (20)
PhMe, 115°,2d
Cio
(6] OAc
Br Me;Sn
/lk \\/\ BnPd(PPh3),Cl (5%), (36) 687
0 OBn Meo,c” N dioxane, 115°, 4 d
Cypo
(])Tf lSnMe;
AN et Pd(PPh.),, LiCl AN e
7 OH (PPh3)s, . “ OH
. ! | Me;SnSnMe; Li,CO4, THF, | I | (>60) 515
\/\H/\\l 60 12h \/\H/\
B U W N —i N
/07 T CCsH TOT T TCsHypn
Cy ~ P
Y o
L Br LR
1 1
i 1
R )\\ A R4Sn Pd(PPhs)s X )\\ A 689
y h | b
AN OMe N OMe
OAc OMe OAc OMe
R
Me (61)
CH=CH, (66)
Et (44)
Ph (20
I\ Pd(OAc); (10%), (78) 301
Bu3Sn o)ﬁ AsPh; (20%),
OCPh; CH,;CN/THF, 40°, 10 h
OPr-i
OTBDMS
SEMO\V/\PON
By , OTBDMS BRSPS
- i Pd(PPhs)y, LiCl, 7l [ (30) 690
o,0H BusSn THF, reflux, 72 h o,0}H
MeO




8T¢

TABLE VIII. DIRECT CROSS-COUPLING OF PYRAN AND BENZOPYRAN ELECTROPHILES (Continued)

Substrate Stannane Conditions Product{s) and Yield(s) (%) Refs.

o Pdy(dba)s, P(2-furyl)s, @ 691
LiCl, THF, 60°
o
IS0 N N
Pd(PPh;),Cl; (10%), | ©D 300, 388
THF, reflux, 8 h TIPSO™
TIPSO
Ph
BusSaPh Pd(PPhy);Cl, (10%), TIPSO | 20) 300, 388
THF, reflux, 24 h TIPSO~

TIPSO
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TABLE IX. DIRECT CROSS-COUPLING OF PYRIDINE ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cs
e
| /[_\( PA(PPha);Cly (3%), (64) 292,530
= Bu3Sn N 3
N Br 3 0] dioxane, reflux, 6 h
——— ~
st o Pd(PPh3),Cly (3%), | OEt (g 272,273
e EL,NCL, DMF, 80°, 3.5 h NINF
= | PA(PPh3)s (1%), (17) 93
NS
Me;Sn N xylene, reflux, 12 h
N
A P4(PPhy), (1%), (59) 93
N
Me;Sn)\/ xylene, reflux, 12 h
g
N
i PA(PPhs)s (5%) N _N (85) 550, 551
Me;Sn o N
3 0] CeHg, 80°, 24 h o
OHC, & | cHO
Pd(PPhs)s (3%), Agz0, SN (60) 32
BuiSn S DMF, 100°, 5 min S y
N SMe N —N
s
)/\/WN/ Pd(PPh3),Cl; (3%), ©—<\: »—SMe  (72) 651
BuzSn” X DMF, 80°, 24 h = N
]
Me;Sn Pd(PPhs)s (10%), Sy S (82) 536

=)

PhMe, reflux, 4 h



TABLE IX. DIRECT CROSS-COUPLING OF PYRIDINE ELECTROPHILES (Continued)

oce

4

Stannane Conditions Product(s) and Yield(s) (%) Refs,
N .
U3 Z OEt C(,H(), 80 N 20h \N//\/\/]\OEI
Me3Sn X
l Pd(PPh3)s (1%). (79) 93
-
N xylene, reflux, 12 h
o_ 0
Pd(PPhy), (3%), Agz0. 32
Me;3Sn N DMF, 100°, 0.5 h
"
Bugsn. ,—OTBDMS
I § Pd(PPhy); (10%), (0) 371
L PhMe. 110°, 18 h
AV
r— R
Buysn—< | P PA(PPhy); (10%), (80) 289
N DMF, 110°
SEM
B
Bu3Sn oM Pdy(dba); (2.5%), | OMe
/ AsPh, (10%), N7 (54) 291
N Cul (10%), DMF. /
! 60°,6h N
s |
Ts
HzN HaN
2 o T 7
BusSn— PA(PPhy)s (10%). N/ I 7
N DMF, 90°,8 h N N
SEM SEM
/\\\
Bu;SnSPh Pd(PPhy), (5%), I ] (85) 319
PhMe, 100°, 24 h ~N7>gph
Ry I 2 2
i /7 \ PA(CH3CN);Chy, (// \\)—*’//ﬁil (80) 692
SN Me;Sn™ g HMPA., 70° \=n 57

Pd(PPh1),Cl (5%), THF,
EyNCI, 50°,2h

BuzSnC=CCO,Et

chccoza (19) 552
N

[0}
Bu;Sn
Pdy(dba); (2.5%), (76) 554
Cul, DMF, 60°
o]
~ MesSn . _N [ ~
| \ED Pd(PPh3)s (3%), LiCl, R 67 693
“ F dioxane, reflux, 72 h
N OTf I P
A
.i/\/Br Nf/ BDBL N 2oy P J'\, - 10m 550
is | / W FArrng)s07), Xy T0 {100} 550
L7 Me:Sn C:H,, 80° 12h I
N ViC3oT Cerig, OV, 12 e
N
/
/ —~
— i -
/« \\N PA(PPh3),Cl; (3%), 2z o ©0) 292, 530
Bu3Sn o’ dioxane, reflux, 4 h ~ I
N
NN
- P d(PPh3),Cl; (3%), DMF, l (72) 272,273
Bu3Sn OEt P OEt

E4NCl, 80°,5h N
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TABLE IX. DIRECT CROSS-COUPLING OF PYRIDINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
X
/@ Pd(PPhs); (1%), 1 (63) 93
Me;Sn N xylene, reflux, 12 h
X
] Pd(dppb)Cly (5%), I (99) 96
BusSn” N7 DMF, 100°,24 h
X
/@ Pd(PPha)s (1%), (68) 93
Me;Sn N xylene, reflux, 12 h
N
| Pd(PPhs)4 (1%), \ — (70) 93
MesSn Z xylene, reflux, 12 h |
3 k P
N
- v
! Pd(PPh3), (5%), 82 550, 551
Me;Sn/40> (PP (5% o ®2)
Cg¢Hg, 80°,24 h P
N
N SMe —N
o
/[/mN/ Pd(PPh;),Cl, (3%), (/i\>—<\: />—SMe (65) 651
Bu;Sn = THEF, reflux, 24 h N= N
1 j
Me;Sn U Pd(PPh3)y (5%), ! o N /\ 63) 437
PhMe, reflux N// K/
7\
/N RnPd(PPh:),Cl (1.7%) = O OBu-1 1) 206
PN {(PPh3),Cl( ) l N o) (8
BusSn”™ "O" "OBu-r DMF, 70°, 16 h k\‘N’l
BugSn@ Pd(PPh3),Cl; 2%), /N 7 (70) 425
/N THF, reflux, 2 h N= /N
Me Me
T™M
Bulsn/\/\qu ™S Pd(PPhs)s (2%), ’ YN UNH, (g 464
TMS PhMe, reflux, 72 h N/
BU3SH® Pd(PPh3),Cly (2%), (66) 425
N THF, reflux
Boc
SnMe;
AN Pd(PPh3)4 (1%), (48) 93
‘ P xylene, reflux, 12 h
N SnMes
Bu;SnSPh Pd(PPhy), (5%), 319
PhMe, 100°,24 h
= ! —
| Bu3SnC=COEt Pd(PPh3);Cl; (5%), QCE COE:  (61) 302
\N EtNCIL, DMF, 1t,2 h N
=
/@ Pd(dppb)Cl, (5%), w W (62) 96
Bu;Sn \N CuO, DMF, 100°, 3 h N N
Bu3SnC=CCO,Et Pd(PPh3)2Cl, (5%), \ )~ C=CCOE (29) 552
EyNCl, THF, 50°, 3 h N
OEt
OEt AN
Bu3Sn” X Pd(PPh3)s (2%), 65) 539
: /\/\O(E CH ;8° Z(C)h 1 = OEt
t 66, >
Br
= [ = 1 Pd(PPh;); , A0, 1 (70) 669
Nx DMF, 100°, 70-80 min

N
Me;Sn N
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Substrate Stannane Conditions Product(sj and Yield(s) (%) Refs.

N
o Pd(PPhs); (1%), 1 (65) 93
Py
Me»,Sn \N X)K:IIL n_uux 12101
7 Pd(dppbICl, (5%). CuO I (75) 96
N Il MRUPPO/A2 DT LU, VA2
Busn” N7 DMEF, 100°, 80 min
) N
= |
/\n Pd(PPhy)s (1%), (\/L\/ (72) 93
BusSn % N xylene, reflux, 12 h N\)’
2 N
/NYSMC 2\ —N
l}\J PA(PPh3),Cl, (3%), N \ )—SMe  (67) 651
BusSn X DMF, 80°, 10 h = N
_~_Ph
Cl;SnPh PPh(m-CsH,SO;Na),, | @h 281
PdCl,, KOH, 90° Ny
A~ /
| | Pd(dppb)Cl, (5%), CuO, (44 96
Ny Bugsn” SN DM, 100°, 4 h
1 1N
=
| /@ PACl,, HMPA, 70° NS (96) 692
N& Me3Sn S |
Nz
X N'—\ = s
| 7 ) PA(PPh3);Cl; (10%), S. A S (52) 667
Z BusS p NX
Br N” "Br u3Sn S THE, reflux, 20 h \ N y/
AN
Bu3Sn4(/\/© PA(PPhs), (10%), 92) 289
N DMF, 110°
SEM
SN
) ' By, G i ~
e PEREATRY oy
[ o Pd(PPhy),, Cul, P (81 582
PPN N4 R - It | |
c” NT Tad BocHN™ °N dioxane, retiux A NHBoc
a1 SN et
Et0_ OFEt
- oTE il i
2 —\ . i - i
ool TN Pd(PPh3),Cl; (3%), EUNCl, 2~  (T4) + (14) 95
NP Buidn OEt | It | I
‘N ‘N(),7 Lﬂ}LlV, l'EUUX lll k\ )\ K\ J\
- o “TNO,
OHC, NO
_~_NO; :
! 7 Pd(PPhy)s (5%), CuO, / (69) 694
SN Er BuySn™ g DMF, 100°, 40 min N
s /
N0, NO,
| /N Pd(PPhs),Cl; (3%), Et;NCI, | (96) 95
NS Bu;Sn OEt .
N Cl CHgCI\, reﬂux, {.5h 7 OFt
Cl i |
= NO, Buss /—\OEt Pd(PPhs3),Cl> (3%), EtyNCl, (36) + 47 95
| o CHACN, reflux, 1.5 h
N
NO; NO; |
AN B sust oE: Pd(PPh3),Cl, ( 3%), ELNCI, (78) + & (16 95
o 3 CHACN, reflux, 3 h
N
= Br X \
ﬂ/ Buysn” X% PA(CH3CNY,Cl; (1%), DMF, | (89) 695
oSN THE, 70°, 10 min NN
Ce NO
= NO, . ‘ = :
| | Pd(PPh3),Cl, (5%, z N (58) 696
RN Measn SNT THF, reflux, 28 h N Y



9ze

12¢€

TABLE IX. DIRECT CROSS-COUPLING OF PYRIDINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
,Bu-t
N-N
~OT NN
‘ Pd(PPh;);Cl; (20%), Cul, 585
HO N7 BusSn DMF, 100°, 18 h
MesSn
1 o 1 oS Pd(PPhy)s (1%), 697
MeO” N7 Br NG xylene, reflux, 12 h
| AN
|
1{ /o/(\ PaEPhs)s Meo” NN OMe (o) 698
[Messn” N7 “OMe j l\ B
N
OMe P
] X OMe
MesSn. A [
A PA(PPhy), (1%), MeO” SNTNYY, (20 697
\N// xylene, reflux, 12 h & /)
N
OMe MO
Br Me3Sn |
| = | A Pd(PPhy); (1%), woxoN 6y 697
NZ > OMe N7 xylene, reflux, 12 h | _
N OMe
N
OMe ] Ve OMe OMe (¢ |
r e3Sn
1 = 1 = Pd(PPhy)s (1%), | NN an 697
NG N~ xylene, reflux, 12 h J Me0
= OMe
Br Me;Sn |
| = | o Pd(PPha)y (1 %), SN N (72) 697
MeO” ‘N/ N OMe xylene, reflux, 12 h 3 A/l\”//
MeO N
- SnMey
Me;SnSnMe; Pd(PPh;), (1%), “ \J] (66) 699
PhMe, 90°, 9 h Meo” N7
QMe
OMe |
e MesSn e l S
1 ‘ Pd(PPh;); (1%), P SN 697
N> o Me0” N7 xylene, reflux, 12 h | _
MeO N
G
Br = “OEt
Z
“ | s OB Pd(PPh;),Cl, (3%), DMF, | 70) 272
Sy uan ' Et;NCI, 80°, 12h Sy
Br
X ~
@ o o Pd(PPh3),Cl, (3%), THF, | (69) 274
N7 NHAG BusSn ! ENCI, reflux, 24 h N b
NHAc NHAc
/)\ _Br - = X o o<
i’ ﬂ’ - ,/—\OE Pd(PPha),Cl; (3%). CH:CN, L I (93) 95
Sy Bussn ‘ EtsNCI, reflux, 2.5 h o OB
C . _Br IR
roT N Pd(PPh;);Cly, DMF, 1 ] (76) 273
Ru.Sn t
NN CouEr Bus>n Ot EtNCL, 100°, 2 h ~N7 \coz%.?!
CO,Et COzE
= Br =z BN
| BusS - ok Pd(PPh3),Cl;, DMF, | (66) 273
. ussn ¢ Et;NCl, 100°, 4 h Sy OFt




8¢¢

62€

TABLE IX. DIRECT CROSS-COUPLING OF PYRIDINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
EtO,C N=
ﬁ P Pd(PPhy),Cl, (5%), Ewﬂ@—@ (54) 700
SN e MesSn™ “N” THF, reflux, 20 h =N /
Cy
N CO,Et Bu3Sa OMe
| O Pd(PPhs); (5%), 94) o
N/ Br THF, reflux
Ci2
SnMe;
OMe
Ve OMe QOO PA(PPhy); “) 698
Ciy
Ph
Bn X Br
] PA(PPh3),Cla (3%), Bn B A B 60 606
- O
N7 NHA MesS SaM PhMe, 120°, 15 h
c e3Sn nMe; N I"IH HI“J N
Ac  Ac
Cis Br =
i Z 1 BusSn™ X PA(PPh3),Cly (2%), { 1o 701
N >
N F N PhMe, reflux N F N
H H
EO.__~
OEt P J\ )
! PA(PPL:),CL, (2%), (/ \/ { T/ R (95) 701
BusSn” X PhMe, reflux A NP
N b N
H
BnWBr
o PA(PPh3),Cl> (1%), sovte, 41 606
Meo/\N//\ NHAG SnMey PhMe, 100°. 2 h
OTf
N
» Me;Sn Pd(PPh3),Cl5 (3%), (88) 702, 703
| N [\ LiCl, DMF, 130°
~ P
N N
Buysn” > PA(PPhs),Cl (3%), (86) 704
Et;N, DMF. 90°, 4 h
Cie
Ph
NHCOBu-t
@ | NS Pd(PPhy); (3%), LiC), 66) 693
N ot MexSn N/ = dioxane, reflux, 36 h
3
ﬂ Pd(PPhs3), (3%), PhMe, (89) 556
BusSn S reflux, 48 h
=
Pd(PPh3)4 (3%), PhMe, (92) 556

reflux, 48 h




oee

A%

Conditions Product(s) a Refs
_NHBoc
— F 0
7\ Pd(PPh;); (3%), PhMe L 556
Me'Sn/\- NN A8 S ’ \/\/\\A
¥ o~ CHO reflux, 48 h T
U N
P2
X
| Pd(PPhs), (3%), PhMe, 556
Me;Sn N/ reflux, 48 h
Ci7 Ph
OMe
Sy BT 7
| MezSn PA(PPh),Cl, (6%), 606
o ~ N O
Ph” N~ N~ “NHAc AcHN” "N OMe PhMe, 110°, 16 h
OMe
EN
\« NHCOBu- m Pd(PPhy), (3%), LiCl, 693
| P Me3Sn N/ dioxane, reflux, 20 h
N OTf
OF: 1. PA(PPh3),Cl, (5%),
)\ PhMe, reflux, 4 h 705
Bu3sn” X% 2. HCl (cone.)
Cig I/
Xy, NHBoc PN ~_ . NHBoc _ AL
1l | F Y Cnme g ~ F N a0
> P i Il | | Fairrnz)y (3%), | | i 77
p S PN PhMe. raflux &0k PN
I Meysn™ “N° 7 PhMe, reflux, 60 b Sy
A =N Ii N
AN AN
: | |
k]
R
| 7 CONPr-i AN CON(Pr-i )
(Pr-i’) | Pd(PPhy); (3%), LiCl, oo 2 693
| Xy, NHCOBu-1 Me3Sn N/ dioxane, reflux, 20 h u-t
~
N~ ote
OMe
OMe
0,CNE, | YR Pd(PPh3)4 (3%), LiCl, 693
X NHCOBu-1 MesSn NTNF dioxane, reflux, 15 h
l ~
N ot
~CN CN
| L s MeaSn o o
SN Og o -OMe ol Pd(PPha)s, NN, Oy 706
| _ KN) PhMe, reflux M/
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TABLE IX. DIRECT CROSS-COUPLING OF PYRIDINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cas 0. NHBu-t 0. NHBu-t
~— ~=
N\ S ,SnMe3 N\ S
N
¢ Pd(PPhs), (10%) (89) 107
1 s
A S 0
S | N
/
\ OTf
O 0




TABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

SN p SN
i Bu;SnSPh Pd(PPh;), (5%), ] ) 9% 319
k //k PhMe, 1007, 24 h /)\

NT Tal & 15 N~ Tsph
F N BusSn” X Pd(PPh;); (3%). f“ (68) 196

N otr LiCY, dioxane, 80° N/J\/

- Ph
BusSn” X Pd(PPh3), (3%),

N
N
] 57 196
LiCl, dioxane, 80° (N\/)\/\ Ph

~N
) PA(PPhy); (3%), P ) 196
BU3Sn =
Y,

S LiCl, dioxane, 80° N
OTMS
NE Br OTMS NM
| Pd(PPh3)4 (3%), ﬂ 67) 457
L\,, Bu;Sn PhMe 100° 24 h .
N PhMe, 100°,24 h N
-~ SPh
I DD Ee N7 7 N 219
BusSnSPh Pd(PPh3)4 (5%), | I 4) 217
Dhita 1000 24 L \\,)
PhMe, 100°, 24 h N
i
| O AL~
1 0. A Ny
NN XXy o | | <<
| 1l | | Pdy(dba); (2.3%), e Y N (ol) 34
I\\N'J BuaSn” \\‘/ ~0 Cul, DMF, 60° liVi \Wl’ 1" U
uszdn ’ ! -
) ! N
OMe
OMe o
O
[y,
Pd‘z(dba)_; (2.5/1:), N o (69) 554
Bu;Sn fo) Cul, DMF, 60 m _ Buen
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TABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
P {/\]
[ ] o A
o EN
Pdy(dba); (2.5%), N o (49) 554
BusSn o) Cul, DMF, 60° CJ T
™S N
= Br y
i/j/ BusSn” X Pd(PPh3),Cl, /Nk/\):/\ 61 137
a” SN CI(CH,),Cl, 80°, 6 h o N
Ph
-
Bu;SnPh Pd(PPh3),Cl; (2%), ‘[“/\”/ 3 141
DMF, 80°, 60 h Ci/\\N/
-~ . Ph
NN P
BusS /\/Ph Pd(PPh3)2C12 (2%), ]/ (13) 141
w3 DMF, 80°, 6 h a Sy
cl Ph
N = N -
/k I Bu3SnPh Pd(PPh;3),Cl, (2%), )\ | a7 141
a” N DMF, 70°, 7 h o Sy
cl
NJ\N
14
Bussn” X P PA(PPh:):C; (2%) A (©0) !
DMFE, 86°, 10h VV\P{‘:
Bussn™ X PA(PPhy ) (5%), i | (94) 137
CHCH,),Cl, 70°, 24 h o SNTNF
d
Bussn™ X" PA(0). CI(CH,),C, /Nk/l/%\ 83) 137
70°, 24 h oINS
A C! N 4\T/Ci . o
NTS Cly (2%), N (70) 141
; i o _-Ph Pd(PPh3),Cly (2%), |
aSn” Bussm = DME, 100°, 7 h P
Br
= Br N7
N | Ph Pd(PPh3),Cl (2%), (73 141
s Buzsn” X N /k\ l
AR DMF. 70°, 6 h oI
a” N a
cl
al =
N 4\|/ Bu;SnPh Pd(PPh;);Cl5 (29%), N /I (69) 141
| ot -
a SN DMF, 70°, 3 A SN b
N an 141
Pd(PPh3),Cl> (2%), DN
o Ph
Bu3Sn” X DMEF, 80°, 10 h Ci/\\N/\*/A\Ph
Cs
v
/I\(\/[( Bu3SnPh Pd(PPhsy):Cl, (2%), /NL )T (63) 141
x> 100°, 10 h >
c” N DMEF, 100 P N
N7 (68) 141
Pd(PPh3),Cly (2%),
e Ph
Bus$n”™ ™ DMF, 100°, 15 h Ph/\/k\N
- N7 137
N Bussn” Xy Pd(PPh;),, N
X 70°, 48 h R
Mes” Sn el CCH,),C1, 70°, 48 Mes ™ Sn
kY4\‘
BusSn” “OMe PA(PPh3):Cl, (2%), /k J\/OM (56) 140
DMF, 90°,24 h Mes™ SN €
v
Bu;SnPh Pd(PPh),Cls (2%), /NK/\/'K (60) 141
N
DMF, 100°, 8 h Mes” SN ph
N7 141
Ph Pd(PPh;3),Cl; (2%), /l (85)
BU;Sn/\/ DMF, 100°, 1.3 h MeS /k\N V/A\ Ph



TABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES (Continued)
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LEE

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BusSn” “OR Pd(PPh;);Cl; (2%), N7 [ 140
R DMF, 90°, 24 h MeS )\\N OR
TBDMS (53)
SiMe,Thex (32)
TBDPS (64)
NI PA(PPhy),Cly (2% NN 66) 141
Ph ) ), (
g s Ve g
Mes” N7 ¢l DMF, 50°, 27 h MeS” N7 NFpp
1 ~_Cl
J“\/I BusSnPh PA(PPh ),Cl, (2%), )N\I (66) 141
> ° >
Mes” N7 cl DMF, 100°, 5 h MeS” N7 “ph
AP PA(PPhy),Cl, (2%). 141
BusSn DMF, 100°, 3.5 h
/N(l r j“\ Pd(PPh3)4 (0.7%), 140
Mes” N7 Messn” N7 > sMe PhMe, reflux, 20 h
N '
R;SnSnR; Pd(PPhs)»(OAc); (3%), BN ; R=Me (54) 140
BuyNCl, THF, 1t, 6 h Mes” N Nsnr,  R=Bu (46)

N7 Br - B
)\/I Bussn™ PA[P(OPr-i)3],, )"‘\I/ (64) 137
s SN CUCHNMCLI0% 20 g™ SN NF

~_-Cl ~_Cl
N Me,Sn Pd(PPh,);,Cl, (2%), N (78) 135
I |
RN DMF, 70°, 48 h AN

VieS

Cl
/
Buysn” X PA(PPh3),Cl; (2%), N /I/ n 135
THF. reﬂux, 4h MeS \N F
AN
Bugs” N7 Pd(PPhs),Chy (2%), )\L (69) 135
DMEF. 100°, 2 h Mes” SN7NF
N7 Cl
== Pd(PPh3),Cly (2%), (90) 135
BU3Sn/—\ /k\ | =
THF, reflux, 17 h MeS N
N7 cl
BuySn Pd(PPh3),Cl; (2%), )\/I (62) 135
DMF, 120°, 14h MeS” SN Bun
cl
ﬂ PA(PPh3),Cly 2%), y 135
Bu3Sn S THEF, reflux, 7 h
Bu3SnPh Pd(PPhy),Cly 2%), 135
THF, reflux, 20 h
Bu3SnBn Pd(PPh3),Cly 2%), 135
DMF, 100°, 15 h
- Ph Pd(PPh;),Cly (2%), 135
BuSn” % THE, reflux, 6 h
PN PA(PPhs),Cly (2%), 135
Bu;Sn™ "7 "OTHP THEF, reftux, 33 h
ISy 140
| Y PA(PPhy)4 (0.7%),

Me3Sn N SMe PhMe. reflux, 20 h
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TABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES (Continued)

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%) Refys.
RN - =~
Tl BusSn” N PA(PPhy), (3%) N7 60) 196
Mes” N oy LiCl, dioxane, 80° Mes ™ SN
NZ
Ph Pd(PPhy)s (3%), 68
BusSn” X ( 3.)4( o) /k:l/\ (68) 196
LiCl, dioxane, 80° MeS N > ph
SMe
OTf
N NS
N7 7R |
s l Pd(PPh3); (3%), s NS, (T3 196
N Bu3Sn S e ( >
MeS N~ ~OTf LiCl, dioxane, 80° Y/ )
— g
~_ _-Br . .
N o A _— N
| E Buysn” % Pd(PPhy)s, N ©0) 137
o |
MeO,S s CKCH;),Cl1, 70%, 2 h MeO,S \N)
BusSn” X" Pd(PPhy),, /NK 7S (86) 137
CI(CHy),Cl, 70°, 24 h MO~ N
N7 z
)\\/j\ BusSn” X Pd(PPhs)s, N/E\/ 49 137
Me0,8” "N” Tl CI(CH,),Cl, 70°, 48 h Me0,s” SNTNF
BuySn PA(PPh3),Cly (2%), ﬂ‘/\‘, 56 i41
DMF, 100°, 5.5 h Me0,8 SN Bua
N v
Bu;SnPh Pd(PPhs},Cl, (2%), P (65) 141
DMF, 100°, 2.5 h Me0,S” SN P
Pd(PPh;);Cl, (2% N7 ; 6
~x_Fh (PPh3):Cly (2%), ) (65) 4]
Bu3Sn” X |
DMEF, 100°, 3 h Me0,s” SNT Ny
OMe (l)Me (l)Me
’ = DA/DDL M1 (3070 N
e NO; ra(crigjaciz (375 R . /§ _
i ] /N Et,NCI, THF ‘R \Ti ‘;’” + ‘l‘l T 274
\N/,l\x BusSn OEt refiux, $ h L2l SN o
(8) (72
OMe
Pd(OAC); (10%), NO
N 2
Me;SnC=CTMS AsPh; (20%), Et3N, ‘ 92) 136
CH3CN, 11,4 h N//I\C\\
SCTMS
Ce
Pd(PPh-),Cl, (5%), J\
L L
iy BusSo” X EL,NCI, K,CO;, N “5) 138
AN N DMF, 110°,2h N
< ONT TG e TONT Y
Pd(PPh3),Cl, (5%), N
Busn /@ EtNCI, K,COs, P s @8 138
4 s DME, 110°, 2h NTY,
/
Pd(PPh;),Cl; (5%), N
B EtLNCL K,CO;, 73 138
S s G Ll 3
DME, 11U", 2h e \N' ~N \TMS
i
Pd(PPh-),CL, (50%) |
PA(PPh;),Cl; (5%), Sn
BusSnPh Et,NCI, K;CO3, /E\ Y (60) 138
DMF, 110°,3h N >Ph
XN Pd(PPhy),Cl, (5%), N
| /)\ Bu;SnC=CCO,Et EtNCI, THF \ )—C=CCOEL 1) 552
N7 50°,3h N
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TABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
PA(PPh3),Cl, (5%),
NS Bussn” X EtNCL K;COs, N o (52) 138
/KN/ - DMF, 110°,2h /kN/ =
= Pd(PPh3),Cly (5%), NTX
EtyNCI, K,CO;. L 1
Bu;Sn/Q 4L Bal0s /kN s, ®® 38
DMF, 110°, 2 h P
Pd(PPh3),Cl, (5%), §
N
Bu;$ Et,NCl, K,CO;, 78 138
WS AN Tis 4 2C0;3 /m A (78)
DMF, 110°, 2 h N ™S
Pd(PPh3),Clp (5%). N
Bu;SnPh E4NCI, K,COs, N an 138
DMF, 110°, 3 h )\N’ Ph
PA(PPh;),Ch, (5%),
NN Br (PPh3),Cl, (5%). NN Ph
| BuiSnPh EtyNCl, K,COs, i [€2))] 138
/kN/ DMF, 110°, 8 h /kN/
NTX 1 Pd(PPh3).Cl; (5%), N X
i BusSn” X ELNCI, K;CO3, i /J\ (67) 138
N DMF. 110°. 2 h N
PA(PPhy),Cl; (5%). ,|/\>
B Sn/@ EuNCl, K;CO;, N S 95 138
U
? § DMF, 110°,2h [
N
Pd(PPh3),Cl (5%), "/\\\ /\\./ MS
BusSa. EGNCL, K;CO, i (73) 138
TMS < P
P DMF, 110°,2 h NN
PA(PPh3),Cly (5%), P
Bu;SnPh Et;NCI, K2COs, /f‘i ©2) 138
DMF, 110°,4 h NG
Br PA(PPh3),Clp (5%), o Ph o Ph
N N
N[ X Bu3SnPh EyNCl, K»CO3, /“\ b T + /l B (50) 138
/kN’ al DMF, 110°, 4 h N N~ ph
|
Pd(PPh3),Cl, (5%), Ci
Ci NTX
N‘ X Bu3SnPh EtyNCl, K,CO3, /l B (50) 138
/kN/ al DMF, 110°,6 h N Ph
Pd(PPh3),Cl; (5%),
I X
N N Bussn” EtsNClI, K;COs, /N‘K ) (45) 138, 139
)\N/ al DMF, 110°,5h N~ c
PA(PPhy);Cly (5%), |
ﬂ Et,NCl, K;COs, NTX S (60 138, 139
BusSn™ g DMF, 110°, 4 h /t _
N al
BusSn PA(PPhy),Cl ﬁj\/\vmﬁt ) 139
PN cosm )\N/J\Cl
Pd(PPh3);Cl, (5%), NN TS
69) 138, 139
BusSn NN EtyNCl, K,COs, | P (
7 TMS DMF, 110°,5h )\N i
Pd(PPh3),Cl; (5%), Ph Ph
NT™ NTTS
Bu3SnPh EtyNCl, K,COs3, /“\ _ (73) +)]\JI 20) 138, 139
N Cl N Ph

DMF, 110°, 7 h
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ABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
{
Ph
AN
BusSn .~ Pd(PPh3),Cl, N A (—) 139
Zph P
N a
N ! N X X
Py BusSn” X PACl,, EtNCI, P an 139
NN, DMF, 110°,2h NN,
| A\
ﬂ PdCl,. ELNCl, NTX S 45 139
Bu3Sn S !
DMF, 110°,2h |
N3
N Xy TMS
BusS PdCl,, EtyNCl, 24 139
BN s v P @
DMF, 110°,2h NN,
NP
BuySnPh PdCl,, Et4NCI, )|\ (65) 139
DMF, 110°, 3 h NN,
OMe OMe
PA(PPh3),Cly (4%),
NSy NHAC = E( NC3])2CI-: (CNO) NNy NHAC 274
, NC, CHyCN, | Ep)
L Jo BusSn  OEt (P
N I reflux, 33 h N 20Kt
Pd(PPhy),C! (3%),
N\Br _ (PPh3),Cl; (3%) N
s sust o Et4NCI, CH:CN, s " n 274
~ ~
MeO N” "NHAc } reflux, 3 h MeO N~ "NHAc¢ t
OMe OMe OMe
| | NO, | NO
A __NO, N DE NS NO:
N° Y /7\ Pd(PPh;);Cl> (3%), O R D S R 274
I | BuaSr OFt : o 2N
_/\\‘.//\1 ? THF, Et,NCI, reflux NN NN T 0R
4h (50) (a4)
24h @ (73)
OMe OEt X OMe
Nl/j /K Pd(OAc), (10%), )le (83) 707
e
MeO/kN/ 0 Bu3Sn BusNCl, NaHCO;, MeO” >N
NEts, H,O/EtOH 0
NTX OMe
/@ Pd(OAc); (10%), /l B (65) 301
BusSn™ N AsPhs (20%), MeO” N7 N
CH4CN, 40°, 8 h 0
OH
/[Log Pd(OAc), (10%), 301
BuzSn™ N AsPhs (20%),
CH,CN, 40°, 14 h
OBn
[N _om  paoacsaom, 301
BusSn™ g AsPh; (20%),
CH;CN, 60°,0.5h
OMe
X
/N OCPh PA(OAC), (10%), Iﬂ/\( (66) 301
P P S PN
Buzon o] AsPhsy (20%),

CH;CN, THF,
40°,10h
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TABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OMe OMe OMe
NO NO, NO
X 2 — X X 2
N /\ PA(PPhy),Cl, (3%), N OBt N 274
/k - BU;SH OEt THE. EL.NC fl /k ~ . )\ ~ P
MeO” N7 1 » E4NCI, reflux MeO” N Me0” "N OFEt
2h (32) &)
i5h (1) (73)
)NL o BusSn” X Pd(PPhs), (3%), J\ A (60) 196
MeS” N7 NOTE LiCl. dioxane, 80° Mes”™ N7 F
N
Bus /@ Pd(PPhs), (3%), P (88) 196
S0 g LiCl, dioxane, 80° MeS™ "N Y=
S/
N BN Br Pd(PPh})zClz (3%), N N AN
| /=\ Et;NCJ, DMF, ]‘ (95) 274
/j\ =z Bu3Sn OEt 140°. 1 h > OEt
N” "NHAc , N” "NHAc
OMe QMe
Pd(PPh3),Cl; (4%),
N NHAc _ (PPh3),Cl, (4%) N NHAc
| /=\ EtNCI, CHsCN, | (75) 274
/I\N/ I Bu3Sn OEt reflux, 31 h /kN/ = OEt
OMe OMe
1,
NTX Br Pd(PPh})zclz (3%), N N
| /= E4NCI, CH;CN, | (81 274
Pz Bu;Sn OEt N )\ =z OEt
MeO N NHAc¢ reflux, 24 h MeO N NHAc¢
n DL Ph
4 fn |
A A
NT Xy - Dh PA(PPh-)-Cl- (2% N ™~ (68) 141
N Busr” P PA(PPhg)Cl 25, /”\ ) (68)
Cl//l\'N/) DMF, 100°, 10 h P X N
I/ IR\
o~ _Br VN NN oA N
NI MesSn™ N7 Pd(PPh3),Cl, (3%), N S R
A Yoo Tex cicHpCl, P o Thex (a9 708
o N Si-Me  reflux, 1.5h o N Si-me
TBDMS Me TBDMS Me
Pd(PPh3),Cly (3%), _ /\
7\ CHCH),Cl NTT© (85) 708
’ TBDMS
BuySn o) reflux, 14 h OA\N 0
OTBDMS H
NHTMS NH, N/\§
I 1. Pd(PPh3):Cl, (5%), | )
s
N7 l /E'& THF, reflux, 72 h N | (82) 129
™SO )\\N BusSn™ g 2.H0, 12 h 07 N
H
NH, &
BusSn 1. Pd(PPh3),Cl, (5%), .
A\ THEF, reflux, 72 h N% ‘ X=0 (47) 129
2.H0, 12h X=S (57)
X OA\N
H
NH
1. Pd(PPh3),Cl; (5%), 21N x=0067
I\ THF, reflux, 72 h N7 X  X=5( 129
BusSn >y 2HO0 121 A X=Se (57)
o~ N X = NMe (44)
NH,
1. Pd(PPh3),Cl> (5%), P R R = 2-pyridyl (60}
BuzSnR neat, 100°, 72 h N | R = 3-pyridyl (45) 129
2. THF, H,0, 12 h 0)\ N R = 4-pyridyl (34)
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
NH,
1. PA(PPh3),Cl; (5%), A _ph
ar /
Bu;SnPh THF, reflux, 72 h I/ IJI (62) 129
2.H,0,12h AN
u
1. Pd(PPhy),Cls (5%), NH, | Ny—pp
Aph THF, reflux, 72 h N7 S (82) 129
Bu3Sn S 2.H;0, 12h )\
OTMS
1. Pd(PPh3),Cl, (5%). 0 NN
] N |
N if @ THF, reflux S (34) 135
/m P BU3Sn/\S 2 H.0 HN |
TMSO™ °N 2
o)
o)
1. Pd(PPhy),Cl; (5%), | D X=S 37)
Bu Snﬂ THF, reflux N X X=Se (3 135
» X 2. H,0 A X =NMe (44)
0
1. PA(PPh3);Cl, (5%), R R=2-pyridy! (28)
Bu3SnR THF, reflux HN ] R = 3-p yridyl (42) 135
2. H,0 OA\N
H
Br Ph
N7 N7 x
Ph Pd(PPh3),Cl, (2%), 69 141
)\\ | Bu;Sn/\/ (PPh3), o2( o) /k\/m/v )
PhS N DMF, 100°, 8 h PhS N
Cn i
! \i Bu3SnC=CCO,Et Pd(PPh3)-Cl; (5%), N, /) —C=CCOE (38) 552
Z 1, THF, 50°, 4 N
N EtNCI, THF, 50°, 4 h o
7\
~_ _Br P NN
N7 Y I\ Pd(PPh;),Cl> (3%), N T O ] R=Me(98) 708
{ |t PP N N reTen )| 1j OTROMS o o o
AN Ry O | THF, reflux, | h PR Ng UTBDMS  R=Bu(72)
o N OTBDMS RO
Bn Bn
r N 1 -
| ¢ SN | i N
l ! A l /@ d(PPh3)s (2% L2 S (48) 709
z Pd(PPh3)4 (2%), N
N~ Ta
/@/\ Bu3Sn S THEF, reflux, 2 h /©/\ | /
MeO MeO
C z N7
12 i/jw BuSnPh Pd(PPh;),Cl, (2%). /k\ﬁ\ﬂ (54 141
a” SN DMF, 130°, 15 h PN S P
= Bl’ N 4 Ph
)N\/I/\ Bu;SnPh PA(PPhy)-Cl; (2%), /k\ | (70) 141
o >N > ph DMF, 80°, 50 h cl N 2 Ph
B X
N/)\Cl ﬂ Pd(PPh3); (2%), N S (6 709
BusSn™ g THF, reflux, 2 h
MeO
OBu-t
N ﬂ PA(PPh3),Ch (5%), 135
PP Bu3Sn N THF, reflux
-BuO N Me
C
18 § Ph 1\1
Cl)\N/ Zph umsn s DMF, 100°, 15 h
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TABLE X. DIRECT CROSS-COUPLING OF PYRIMIDINE ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OBn Bu3Sn 0
A L é
0 B/O\ Pd(PPhs); (20%), OBn (\1( 0 ) 127
Br0” N7 o PhMe, reflux, 24 h N
"1 Y
Bn0” N7
OBn
OBn Bu3Sn /IE =
\ L -
i/i 50 PA(PPhy)s (20%), BnO™ N - 127
BnO” N” “Br (')V\}/ PhMe, reflux, 24 h 0
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TABLE XI. DIRECT CROSS-COUPLING OF QUINOLINE AND ISOQUINOLINE ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

Gy
X
@(1 I/VJY Pd(PPhy); (5%),
NT Me35n/4 o C¢He, 80°, 12h
= AN
@(j\ Bu;SnR PA(PPh3);Cl, (5%), @f\/L 194
N7 OTY LiCl, dioxane, 90°. 24 h N R

(75) 550, 551

R

H (89)
CH=CH, (74)
2-thieny! (71)
Ph (88)
C=CPh (65)

s
Br MesSn =S
| ~ A Pd(PPhs)4 (5%), | = (74) 699
N* s DMF, reflux, 16 h N*
Ph
X
MesSn. Pd(PPhs)s (5%). | S 33) 699
DMF, reflux, 16 h NG
N
) Pd(PPhs)s (5%), (92) 550, 551
MesSn™ ~q CeHe, 80°, 48 h
/
] Pd(PPh3); (1%), (79 93
NS

Me;Sn N xylene, reflux
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TABLE XI. DIRECT CROSS-COUPLING OF QUINOLINE AND ISOQUINOLINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s } (%) Refs.
Me;Sn 7z
\(@ P(PPhy), (15%), 284
>N CeHe, reflux, 2 h
Cl N OTf Me;Sn
! ;/ \5 Pd(PPh3)4 (5%), LiCl, 699
< "
Ci N S dioxane, reflux, 16 h
F
N OTf Me;Sn
] ;/ \} Pd(PPh3)4 (5%), LiCl, 699
P "
N S dioxane, refiux, 16 h
o OTF MesSn
[ Z/ \> Pd(PPhs), (5%), LiCl, 699
~ .
F N S dioxane, reflux, 16 h F N
=
S
F X OTf Me;Sn F —
m ;/ \§ Pd(PPhs)4 (5%), LiCl, | (86) 699
F N/ s dioxane, reflux, 16 h F N/
X
\ Bu3SnR Pd(PPhs)4 (5%), LiCl, 1 194
N/ dioxane N/
OTf R R
CH=CH, 90°, 24 h (68)
C=CPh 90°,24 h (43)
(E)-CH=CHPh 90°,24 h (60)
Me;SnPh Pd(PPh;3); (2%), LiCl, I,R=Ph, (61) i89
dioxane, 98°, 82 h
AN \i
Me;SnSnMe; Pd(PPh3)s (2%), | ! (67) 189
. . S =
LiCl, dioxane, 98°, 75 h 7
SnMe;,
BusSn” X PA(OAC), (5%), LiCl, f N \) (50) 202
dppp (5%), DMF, 90° NG
F
P4
N
N |
B A Pd(PPhs)s (5%), X0 (92) 550
[ MesSn™ o CeH, 80°, 12h [
=N 6He, SU, _N
B N
=~ | = Buysn” N7 Pd(PPhy)s (5%), o (85) 710
X =N PhMe, 110° 2N
N
Py 5 Pd(PPh;); (5%), N 92) 551
BusSn” o CeHg, 80°, 12 h N ¢
N [¢]
N BusSnR Pd(PPhy), (5%), LiCl, 7Y 194
N dioxane, 90°, 24 h N
R
OTf R
CH=CH, (62)
Ph ZnCly (58)
C=CPh 70)
(E)-CH=CHPh 69)
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Substrate Stannane Conditions Product(s) and Yield(s){ Refs.
a cl
i i
] /K Pd(PPh3),Cly, LiCl, ] (61 264
XNy Bu;Sn™ ™% THF, 65°, 18 h XNy
OTf F
“o OTBDMS
MeO X BF OTBDMS MeO.
\©\/j/ /K/} Pd(PPhy); (15%), e ®5) 98
N/ Bu3Sn CgHg, reflux, 2 h
MeO O Me3Sn S
\©\/j/ Z/ ) PA(PPhy); (5%), LiCl, 9) 699
N/ S dioxane, reflux, 16 h
MeO
S
o OTf Me;Sn o
< Z/ \E Pd(PPhy), (5%), LiCl, < (34) 699
0 N7 S dioxane, reflux, 16 h
Cn s
s OTf Me3Sn . ~—
1 Z/ ) PA(PPhy); (5%), LiCl, | (86) 699
N7 S dioxane, reflux, 16 h N/
-
OTf Me;Sn — S
AN ) X
| Z/ ) Pd(PPhs); (5%), LiCl, | (80) 699
b7 . <
N S dioxane, reflux, 16 h N
Ts o
OTf o N-—/\\
| buyon, S R ;N
PO \ S Pd;{dba); (2.5%], NP
(T ] A AsPh (10% Y 92) 291
NF SN N NN DME, 60°, 1 h PPN
N T YT
CF, | I |
\_//\\V//\f‘l’f
| AN oI 3
CF;
OMe OMe 2N
i Me;Sn ‘ I8
A o~ _OTf ERAAN PN Y
Y 7 PA(PPhy), (5%), LiCl i (36) 699
Meo)\)\N/) ks) dioxane, reflux, 16 h Meo)\/kN/)
s
MeO o OTf Me35"2 MeO NS
l /B Pd(PPh3)4 (5%), LiCl, | (82) 699
MeO NG S dioxane, reflux, 16 h MeO N~
Cl
a P
MeO X
A Pd(PPhs), (5%), LiCl, | (68) 699
Me;Sn S dioxane, reflux, 16 h MeO N~
ﬂ Pd(PPhs), (5%), LCl, 699
Me;3Sn S cl dioxane, reflux, 16 h
Me;Sn =
m Pd(PPh3)4 (5%), LiCl, 699

dioxane, refiux, 16 h
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TABLE XI. DIRECT CROSS-COUPLING OF QUINOLINE AND ISOQUINOLINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
MesSn .~ R MeO.__ e N
| Pd(PPhy)s (5%). LiCl, H \j/ R 699
XR2 dioxane, reflux, 16 h MeO” F N7
R! R?
cl cl (83)
F F (90)
H NO, (97)
OMe H 91)
H OMe (74)
NO, OMe (99)
H COyEt (93)
CH=CH-CH=CH (62)
H Ph (66)
MeO Ph
. Ry
Me;3Sn N - PZiFPPh3)4 (5%), LiCl, _ (C2)) 699
dioxane, reflux, 16 h MeO N
OMe
OMe
MesSn OMe
= .
m PA(PPhy)4 (5%), LiCl, MeO NS oMe (D) 699
R dioxane, reflux, 16 h !
\l( OMe v AL
OMe
OMe OTf
. MesSn
D Pd(PPhy)s (2%), LiCl, R=CFKCO, t6h,(71) 711
N7 RHN dioxane, 100° R =Boc, 5-7 h, (87)
OMe
(I)Me (I)Tf OMe
. | |
Br /§ X MesSn PO BIs AR X
J | Pd(dppf)Cly, DMF | J (80) 280
P “ -
N BocHN Z 2N
OMe OMe
Me;Sn
D Pd(PPhs)s (5%), LiCl, OMe NHBoc (g4 280
BocHN CuBr (5%), dioxane, Br AN
90°, 60 h O _
N
OMe
iz OMe OMe
MeO x x MeO X
| Pd(PPh3) (5%), (98) 712
- .
HN N a Messn™ N PhMe, reflux, 18 h HN N” | Ny
OMe OMe \)
Cis .
Pr-i Pr-i
N CHO ) x CHO
Pd(PPh3)4 (3%), LiCl, 195
N” >ote BHT, dioxane, 100° NT>R
R
BusSn” X 2h CH=CH, (91)
Et;Sn 48 h Et (78)
BU3SHC6H4F-p 13h C6H4F-p (95)
Cia 0 0
COyEt Me;Sn S CO,H
[ \[ ) 1. PA(PPh3),Cl,, | 7 713
al N N DME/HMPA, 150° s N
N 2. HCI(1.5N) — | £
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TABLE XI. DIRECT CROSS-COUPLING OF QUINOLINE AND ISOQUINOLINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cis (o] [e}
F CO,Et F CO,Et
| Bu3SnR Pd(PPh3),Cl, (2%), LiCl, |
TfO N BHT, THF, 65°,20 h R N
A . A
CH=CH, (44) 257
\Q—NHBOC 1) 257
ff = (48) 97,257
NAc
0
F CO,Et Me;Sn x
| | Pd(PPh3),Cl, (4%), 567
Br N N” MeO(CH,),OH,
E A 140°,20 h
Bu3Sn AN
| Pd(PPh3),Cl, (3.5%), 567
=N DMEF, 165°, 20 min,
145°,1h
Bu;Sn N
| PA(PPh3),Cly (5%), (43) 567
=N MeO(CH,),0H,
140°, 7h
Me;Sn AN
| Pd(PPh3),Cl, (5.5%), (24) 567
~N MeO(CH,),0H,
140°, 24 h
0
F CO,Et
f | BusSn” X Pd(PPh3);,Cl (2%), LiCl, 257
0" SN BHT, THF, 65°,20 h
" A
BusSn
\E>: Pd(PPh3),Cl; (2%), LiCl, (88) 257,258
THEF, reflux, 24 h
0 SnMe;
F CO,Et .
| | Pd(PPhs),Cl,, EIOH (—) 602
g
Cl N N
Cio
o o
CONH, CONH,
| . s |
Br N MesSn s/N Pd(PPh;),Cl,, N N (72) 713
© DMF, 150° >\/
F F
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TABLE XI. DIRECT CROSS-COUPLING OF QUINOLINE AND ISOQUINOLINE ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

; ?
CONH, CONH,
| Bu;SnPh Pd(PPh3),Cl,, | (56) 713
¢l N DMEF, 150°, 1 h Ph N
‘ X
S
F F
0 S 0
CONH, nMe;
! 7 1. Pd(PPhy),Cl,, 713
a N SN DMF, 150°
/@ 2. MeSO,H, MeOH
F
o
—) 73

N DMF, 150°

SnMe;
CONH,
| z | Pd(PPhy),Cl,,
Br N OH N
F

TiO COMe Ph
\©C( Me3SnPh PA(PPh3)s (10%), LiCl, m 45) 714
N o dioxane, reflux N Y
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cs N S N
[ h Me;Sn\« J PA(PPhy); (5%). [ )\(s (83) 108
s7 B N CH, reflux, 48 h s ILJ
MesSn N
3 \(Ds Pd(PPhsy)s (5%), [)\%\g ©95) 108
N= CeHg, reflux, 48 h S \ :/‘
S N
Megsn\g\w Pd(PPhs)s (5%), ( \ S (96) 108
N CeHg, reflux, 48 h S \ E
_ N
Pd(dppb)Cl; (5%), CuO, /A 81 96, 669
~
BusSn” N7 DMF, 100°, 0.5h > \//]
Z N
/@ Pd(PPhs), , Ag;0, DMF, [ ) NGeL) 669
Buysn” N 100°, 80-100 min Sl
N
7 N
/E Pd(PPhs)4 (5%), (; )\\//N (85) 550
MesSn—"> g, CeHe, 80°,24 h 0J<
N SM
N. _SMe Pd(PPh3);Cl, (3%), Z \”/ €
/E/\”/ CICHy),C, N AN 68) 651
N =
BusSn x reflux, 24 h Q\/S
5 = S
& Yo /< B Pd(PPh3); (5%), & NI 108
NT TBr MesSn N CeHg, reflux, 48 h N
S
S
\ Pd(PPhy)s (5%), LY A, @ 108

CgHg, reflux, 48 h
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Subarate Stannane Conditions Product(s) and Yield(s) (%) Refs.
N N A
i\ AR Pd(PPhy); (5%), B s 7% 108
{
B MesSn™" g CeHg, reflux, 48 h s 3
Br N
Zkr{‘ /g’» PA(PPhy)s (5%), N//_’S N S o 108
S MesSn™ g CgHg, reflux, 48 h \/)\&W’N
s
N
N S
/[ ) /[ \ Pd(PPhy); (3%), (/Nj/[s»\C\7 5 108
Br S Br Me;Sn N CgHg, reflux, 48 h S ) N
N B
/= Pd(PPhs3); (5%). /S Py B0 108
Me Sn/K / S \
3 S CgHg, reflux, 48 h N N
BusSn / I{I
7\—/\/ ) Pd(PPh),Cl (10%), @/Q oy e 667
S THF, reflux, 20 h S J S
7 N
7\ Pd(PPh3),Cl; (10%), @/[S\ \Se/ @5 667
BuzSn™  Se THF, reflux, 20 h \_/
/[ S)\ PA(PPhy); (5%), B B Ny —TMs  (76) 108
MesSn™ S TTMS CgHg, reflux ' S \ 57/
[s)\ Pa(PPhy: (5%) N /r;: N (4s5) 108
b 24 (5%), SMT— &—TMS
Me;Sn™ 7 TTMS CgH, reflux, 48 h \(S / S)\&Z/
0] 9 1\
Br HN S
1-31\ i 7\ PA(PPh;)a, A0, | () 669
AN Bus$n” S DMF, 100°, 20 h 0“ N
H
o 0
I X
e BusSn™ X Pdy(dba)y, AsPhs, HNC % i
o )\N NMP, 40° O)\N
N H
0O F
F SN
Pd(PPhy), DMF, HNT @5) 264
BuySn” X 100°,2h 0)\1\1
H
0
1. Pds(dbay; (1%), X
=\ P(2-furyl)s (4%). HNC 70 128
BusSn NMP, 1t, 16 h o)\ N
2.50°,5h H
0
I\
s ﬂ PA(PPh3),Cly (5%), Hj\ | S G7 135, 669
u3Sn S DMF, reflux [e} N
H
0
I\
B ﬂ Pd(PPhs),Cla (5%, HN™ O 7Se ) 135
ussn Se DMF, reflux OJ\N
H
o] = ]
/ NS
| Pd(PPh3),Cly, Agy0, HN l N (68) 669, 135
Bussn” N DMEF, 100° O)\N
H
0
Pd,(dba); (1%),
BusSnR P(2-furyl); (4%), 128

NMP

R 95% 16 h, R = p-MeOCH,, (38)
HN 1 1t, 24 h, R = C=CPh, (61)
Oéj\ N 11, 16 h, R = (E)}-CH=CHPh, (92)
H
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Confinued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
H O
N x
Bu33n® PA(PPhy),Cl, (2%), o= p 7] e 425
N THF, reflux, 20 h N N &
Me H Me
O
9 sz(dbﬂ);,
/\/S\ P(2-furyl);, 715
BuySn P NMP, 1t, 16 h
OH Pd,(dba)s,
/\)\ P(2-furyl)s, 447
Bu;Sn Can»n NMP, 400’2(1
BusSn 4 ! A Pd(PPh3)-Cl, (2%), 425
N/\/ THEF, reflux
SEM
Cs
cl
N OEt N
"i\ S PA(PPh3),Cl> (3%), T‘i DG 133
NN BuzSn”™ % DMF, 80°, 20 h TN
H H
N
/@ Pd(PPh3),Cly (3%), 81 133
BusSn™ g DMEF, 90°, 20 h NN
LD
NN
NN
R
N)\'/N
BuzSnR Pd(PPh3),Cl» (3%), | \> 133
DMF, 20 h § /)\N
R NTTN
Ph 100° (81)
Bn 130° (36)
(E)-CH=CHPh 80° (84)
Cl R
N N
NI o N Bu;SnR Pd(PPh3):Cl, (3%), JN'\)%[ S 133
P
HZNJ\N/ N . DME. 45 h BN NN
2-thienyl 90° (76)
Ph 100° (73)
(E)-CH=CHPh 80° (75)
‘ -
N A PA(PPh3),Cl (2%), X X=0 (85) 114
: BusSn™ Sy o /Y X=S (84
0 PhMe, 90°, 18 h N \/\\ (84)
o)
R
Bu3SnR PA(PPh3),Cl, (2%), N/ \ 114
R PhMe, 90°, 18 h 0
3-Me-5-thienyl (84)
Ph (58)
m~MeOC(,H4 (6])
A\
N Pd(PPh;),Cl, (2%), o (6D 114
BusSn o PhMe, 50°, 18 & N ‘»\
"0
Pd(PPh3)4 (0.1%), 716

IOIO Busn

PhMe, refiux, 8 d
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
i Bu3Sn O le)
N Pdy(dba)s (2.5%), (48) 554
N Cul, DMF, 60° m
MOM N
e} N
MOM
Br
; = ﬂ Pd(dba);, PPh;, (50) 116
B ~p7 By MesSn™ s PhMe, reflux, 5 h
Ce
6 Me\
Me 1 N—\
N
J\)j/ Buﬁn% PA(PPhy)s (10%), o= Y ©92) 289
07 °N N DMF, 110° N N
Me SEM Mé O SEM
Me,_ H,N
TsHN N
Bu};j\>/\/© Pd(PPha)s (10%), 0= N_/ (68) 74
N DMF, 110°, 2 h N N
i
SEM M O SEM
Br Br
~ AN
| BusSnH PA(PPhy); (2.5%), /fj/ 70) ne
o ~
B > p7 Br PhMe, 110°, 1 h B P
Br
Pd(dba); (5%), BN
/ \ P2 furvia (109%) ~ ~ (60) 116
/\/ \/ Remiuly 3 vy, 9] /‘i\ //I\ O AoV
Me;Sn [¢) o i P ‘Gl
THF, 70°,4 h e A
v/ N
Pd(dba), (5%),
/N P(2-furyl)s (10%), X=5 (70) 116
MesSn™ "X THF, 80°, 8 h X =NMe (75)
Br
7N
q Pd(dba);, PPh . (40) 116
i a)2, 3, AN
Me;Sn/\\N PhMe, reflux, 10 h Br P |
N~
C;
N N
S—a Bu3SnPh Pd(PPhs);Cly (1%), S—Ph  (86) 531
S xylene, 120°,20 h S
N —Ph
BusSn o~ PA(PPh3),Cl, (1%), @[ \>_/_ (88) 531
xylene, 120°,20 h N
|
'\ Pd(dba); (5%), \
| Me;SnC=CPh PPhy (10%), | (40) 116
P o ~
B~ P~ “Br THF, 85°, 3 b Noghy SN
PhC™ ~CPh
(& N__Et N Et
N
/[ I BusSn PA(PPh3)s (5%), K2CO, /[ I 73) 142
~ ~
E” N C DME, reflux, 5 h E” N Bun
o O
+-BuHN
1—BuHN‘% Me;Sn N ’ N
N R Pd(PPh3),Cl, (5%) (R N__ms (69 107
\ N
5 S S~y
[6)
MeiSn
oS PA(PPh3),Cl, (5%) 107
A

BocHN N OEt

-BuHN
7 N
) . (35)
s
N OFEt

BocHN
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cy 0 0o
I R
Ao Bu3SnR Pd(PPh3),Cl, (5%), 123
HO 07 "N THF, reflux, 24 h HO 07 "N
Y Y
} |
HO R HO
CH=CH, @n
CH,CH=CH, (55)
CH=C(Me), 57
Bu (42)
0 M
HN X
/@ Pd(PPh3),Cl, (7.6%), )\ | 717,123
Me3Sn™ "X dioxane HO O II\T
0
RS HO
o 70°2h (89)
S 95°, 1 h an
o
i\
ﬂ PA(PPh3),Cl, (5% Hj\ I Y e 123
BusS 3)2Cl; (5%), Me !
e N THF, reflux, 24 h HO 07 "N
Me o]
HO
AN
/(j 1. Pd(PPh3),Cl, (10%), “ (83) 718
Messn” N7 dioxane, 60°, 15 h 0
2.90° 1 h
OH
O F
TMS
F HN)E)\/
Pd(PPhy)s, DMF, r 28) 263
TMS :
Bu;Sn/]\/ 100°, 4 h HO OZ\N
o}
HO
o
Ph
HN
Bu;SnPh Pd(PPhs),Cl, (5%), )\)ﬁ/ 2 123
THF, reflux, 24 h HO 07 "N
o
HO
0
SnMe;
HN ]
Me3SnSnMe; Pd(PPhs); (10%), PR (52) 670
. HO__ o N
dioxane, reflux, 3 h
o

HO
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Stannanes Conditione Product{<) angd Yialdis) (¢ R
Stannane Condition s Product(s) and Yield(s) (%) 2
o 3
ISP
7\ HND X
) Pd(PPh3),Cl, A 0 X=0 (—) 7
Bu,Sn”” “x 07N v oo
3 X or ) X=5 {—}

Pd{PPh-}
£G{reng)

4

SnBuj ‘O/jL
B.

o “ | o}
] Pd(PPhsy), (20%), HNT YN ©) 127
Bl |
o %o PhMe, reflux, 24 h Ho o ;\N
>< 0
HO OH
0
BusSnR Pd(PPh3)s, LiCl, /A R=H (66) 719
THF, 65° R R-ccH-CH, 66)
T™S
N Pr-i
BusSnR Pd(PPhs3); (5%), K2CO3, /[ \:[ 142
R DMF, reflux, 5 h P N7 R
Bu 42)
[CsH;-n] (40)
[CeH4Cl-p] (67)
[CeHqMe-0] (10)
[CoHsMe-m) (59)
[CeHsMe-p} (80)
[CeH4OMe-p] (65)
[CgHy7-n] (66)
o
UNF_prei
Bu.SnC ] PA(OAC) (5%). K.CO- i (37) 142
LDU3SI sy =) TOIUACH O72), U3, il | 2
DMEF, reflux, 18 h P’ N7 CoHypn
o
N o NG e i
[Bu3SnR] Pd(PPh3)s (5%), K,COs3, ] | e
R DMF, reflux e NP R
CeHyClp 5h (35)
CeHaMe-p Sh 81
C¢H4OMe-p 2h (66)
o
Nt Pri
[Bu3SnCgH, 7-1] Pd(OAc); (5%), KoCOs, /[ I (43) 142
DMF, reflux, 18 h iPr N CeHy7-n
N Pr-i
[BusSnR} Pd(PPhs); (5%), KoCO;3. /[ \I 142
DMF, reftux iPr N: R
R o
CgHCl-p 7h 29)
Ce¢H4Me-p 5h (50)
C¢HOMe-p 2h (52)
Bn R
Bu;SnR Pd(PPh3),Cl, (5%), _ITJ/T 720
CI(CHa)Cl, 50°, 20 h O=8N7
& o}
CH=CH, (55)
2-thienyl (56)
Ph (45)
C=CPh (30)
{E)-CH=CHPh (80)

2-thienyl (68)



0.€

T.€

TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
P N__Cl N__Et
/Nw j/ Et;Sn Pd(PPhy);. DMF, /M Y @y 71
\N/ reflux, S h N//
N_ _Cl K N Et
VA e j/ EtSn Pd(PPh3);, DMF, N ]/ (45) 71
N/ reflux, 5h N(
OTHP
OTHP OH NJ\N,N
4I\N/N , k\ =~
L N B / PA(OAC), (10%), N @1 301
S BT 0 AsPh; (20%), CHCN, =
I TBDMSO THF, 40°, 16 h O\
“OH
OTBDMS
</N\ ﬁN o </N¢|§,S |
HO N )\N/ Bu;Sn Pd(PPhs)s (5%), P(o-Tol);, HO NN (50) 120
kj DM, 100°, 13 b WW
HO OH HO OH
NH, NH;
N=— N=
S /N <\ /N
N | R4Sn Pd(PPh;)4 (10%), N /\k 130, 722
HO N™ “Br NMP, 110° HO NT "R
Y A,
R
Me 2h 72)
CH=CH, 14h (63)
NH, NH,
N= N—=
4§ /N <\ /N
N | R4Sn Pd(PPhy); (10%), N M 130. 722
HO N™ “Br NMP, 110° HO N™ “R
N\ N\
OH R OH
Me 2h 92)
CH=CH, 14h (15)
Et 14h (87)
NH, NH,
</N | XN ~ </N l XN
HO N /)\ BuySn™ X PA(CHyCN),Cl, (5%), HO N /)\/ (80) 723
o N DMF, 90° o N
HO HO
NH,
/N =N
Bu;SnM Pd(PPhsy)s (8%), HO <N | /)\J (82) 723
DMEF, 95°,30 h o N
HO
NH, NH,
N= N=
& PN e
N J\ N j\
HO N Be RSN Pd(PPhy); (10%), HO NT R 130,722
0] NMP, 110° &)
HO OH R HO OH
Me 14 h (74)
CH=CH; 14h 70y
Et 15h (80)




(A

€L€

TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)
Cuhotrata Cronnaona Conditinng Demdnaticy and Vialdic) 1CLy Dafe
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
NH, NH,
1.
NSy Ny
4 0 74 N
wo < 1 L Bu;SnR PU(CHICN),Cly o L . r=on @ o
| N ‘N 1 DME | N N R p_cu=cH. (84
o o R =CH=CH; (84)
HO OH HO OH
Ch 0 0
/‘\ij/Br Bu3SnR Pd(PPh3)y (5%), /‘\N\)b/k 1 724
Ph g R PhMe, 110°,4 h Ph g
CH=CH, (80)
C(OE)=CH, (69)
2-pyridyl (69)
C=CPh (75)
Me;SnPh Pd(PPhs)4 (5%), I, R=Ph, (63) 724
PhMe, 110°, 4 h
Br Br
N
\ Me;SnPh Pd(PPh;),Cl, (10%), 111
I"l Br PhMe, reflux
Bn
\ N Bussn™ X Pd(PPhs)s (5%), BHT, 72
N PhMe, reflux, 1.5 h
H Cl
OFEt 1. Pd(PPh3),Cl; (5%),
)\ PhMe, reflux, 17 h 726
BusSn™ % 2.HCL 1t 2h
(I)Me (?Me
v/ i N 7 N
HO NS N HO S L
\I NSNS BuSn” X PA(CH,CN),Cl, (10%), \I NSNS 00) 118,120
VOﬁ; PhMe, reflux VOW‘
\_/ \_J/
HO OH HO OH
CI)Me
N
V2] N i
o~ HO. Sl
BusSn™ Pd(CH3CN),Cls (5%), TNNT N (76) 120
DMF, 90°, 6 h
N
BusSn PA(CH;CN),Cl, (5%), (63) 120
DMF, 105°,24h
Cp
H H
o] Pd(OAC)2 (5%), 0
N N X Bu3SnR PPh; (10%), Cul (10%), N N R 727
NMP, 100°, 30 min
Ph Ph o}
X_ R
Br CH=CH, (63)
Br 2-furyl (42)
Br Ph (57)
I CH=CH, (55)
I 2-furyl (54)
I Ph (57)



TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
7 N/ N\ BuiSnC=CTMS Pd(PPhs )4 (5%). 7N/ N\ (40) 728
=N N= PhMe, 80°, 4 h =N N=
Br Br Br \
A\
CTMS
720 /A BusSnC=C—C=CTMS  Pd(PPh3); (3%), 7 N/ N\ a0 728
=N N= PhMe, 50°, 18 h —N N=
cl Cl e
C C
,C
1y N
TMSC CTMS
3 i ?
B HOC F HO.C F
| Z | BusSn” X 1. Pd(PPh;),Cl, (4%). 1 Z | (30) 729
NN N BHT, DMF, 50°,5.5 h NSNS
A e A
N XN N SN
< ) Bu;SnR Pd(PPh;),Cl; (5%), DMF T ) 134
LN R NN
Bu-n reflux, 3 h (65)
2-thienyl 100°, 16 h (90)
Ph 110°, 4 h 93)
Bn reflux, 4 h (62)
o R
" vk
¢ \)N Bu;SnR PA(PPh3),Cl5 (5%), DMF ¢ /‘K N 134
N N/ R /N N/
Bn —_— Bn
CH=CH>» reflux, 3.5 h (87)
Bu-n reflux, 21 h (18)
C(OEt)=CH, 100°,4.5h (81)
2-thienyl 100°, 16 h (87)
Ph 110°,7h (75)
Bn reflux, 18 h (48)
(E)-CH=CHPh 100°,24 h (76)
Cp o o
X PhPd(PPh3),l (1%), SnBu;y
O O Bu3SnSnBuj BuyNBr, HMPA, O O X =Br (56) 613
N 120°, 19 h N X=1(30)
H H
w Br SnBuj
> PhPA(PPh3)l (1%),
O O Bu;SnSnBuy BusNBr, HMPA, O O (10) 613
110°, 10 h
N N
¢ H o H
0 Pd(OAc), (5%), 0 A\
N—x BuySnR PPh; (10%), Cul (10%), ! R
N NMP, 100°, 30 min
Ph [¢] X R Ph o) 727
Br CH=CH, (100)
Br 2-furyl (70)
Br Ph (75)
I CH=CH, (95)
I 2-fury! (55)
I Ph (72)
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Aa -~ Ys
Me, o Me,
o~ N~ . N-/
XY \ . o e e VA
i s BusSn” X Pd(PPhy), (3-4%), T - (60) 200, 730
= / LiCl, THF, 65° ~F
\/7/” = ! N _ A~
OTf
0 0o
Me\ O
N
Bu;;Sn/\/COZEt Pd(-PPhJ)_Q (3-4%), (78) 200, 730
LiCl, THF, 65° N
S
Z 0,5
o
EtO,C Z F
p ; BuySn” Pd(PPh3);Cl; (2%), BHT, (70) 729
NN THF, reflux, 20 h
!
Et
0 o
1
HN HN R
A .
07N Me;SnR PA(PPhy),Cl; (5%), 07N 731
AcO o AcO
v THF, reflux ‘\@
AcO R AcO
2-thiazolyl iSh (50)
2-thienyl i5h (44)
3-Me-2-thienyl I5h (28)
5-Ph-2-thienyl 15h (56)
3-n-hexyl-2-thieny! 72h (24)
0 :
Dnicn——// * l DADDL_\ ¢ 1NCLY N N A {800 120
Busn— | PA(PPhy), (10%), 1o e (89 289
NT o DMF, 110° 07 >N"
SEM AO=_ o
YV~
\ /
]
AcO
—~ 1 —~ N,
v Y v
Il f il |/
HNT Y Me;Sn Ny
r J LA 1. PA(OAC); (10%), PPh;, ; J
AcO OAN 0N Et;N, NMP, 80°, 1 h HO OAN X=0 (44) 670
0 X 2.NH;, CH;0H o X=$ (55)
L OAc B HO
Ciy N \ N A
/Ql Bu3Sn Pd(PPhs); (5%), BHT, /3\/\/co Me (8D 433
g NS 3 R Me
nBu=" N S Br PhMe, 110°, 5.5 h wBUTTNNT N
L COMe
CeHyCl-o CeHiClo
0
EtO,C F
m BusSn” X Pd(PPhy),Cl (5%), ©7 79
NS o
Z N BHT, DMF, 50°, 5.5 h
OMe
[ Pd(PPh3),Cl5 (1.8%), (92) 729
DO X ity T =00 mm
BusSn > BHT, THF, 58°,77 h
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLA
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs
i
BusSn___ EO.C A o~ _F
T \—n (8R) 729
| S\
—
BuiSn = Et0,C
Pd(PPh3),Cl, (9%), BHT, (54) 729
NAc dioxane, reflux, 3 h

729

Bu;Sn
\©7NHBOC Pd(PPhy), (2%), BHT,
dioxane, reflux, 40 h

(76) 258,729

Bu3Sn NHBoc
\©/ Pd(PPh3),Cly (2%),
DMF, reflux, 24 h

Bu3Sn
@ Pd(PPh3),Cl; (2.2%), BHT, 67 729
~ THF, 65°,26 h
OTBDMS L
OTBDMS
MOM o MOM
N N
P P V2
I e o CONH; Pd(PPh;), (4%), T ) (22) 200
Ll /T Bu;Sn” X7 Ul /T
N | ; THF, reflux NN
I F"ore Il NFSNZSconn,
0 o]
!
0 </ o
I N i |
M _Br N ~_ _B_
HN™ | | ~ Y O
. (L)
MOMO._ 07 >N .
o Pd(PPh3)4 (20%), HN 20) 127
PhMe, reflux, 24 h MOMO._ O N
(0]
[¢) 0
P SnBus
0L
(o] (¢]
I !
HN HN
)\ 7 &I\ | EEM
MOMO.__ 0% >N BusSn PA(PPh3)4 (10%), MOMO._ 0% >N (96) 289
0 N DMF, 110° 0
SEM
O O
Me;N MesN
>:N =N =
SEM—N\)%/E,, BusSn .~ SEM*N\/\\ SN
[ | T 7 Pd(PPh;); , Ag;O, f I [ 31 582
C]/I\N/)\CI BocHN )\N/) dioxane, reflux, 4 h CI/I\N/)\CI NHBoc
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cis OEt OEt
0 O
S Sy
i Aa-COaMe Pd(PPhy); (4%), | (70) 200
L BusSn” X P
N THEF, reflux N
P> I NF
o) oTf lo] - COzMe
Ie) O
HN)E/ : ~ Pax(dba)s (1%), HN/[K'/\
t ¢ |
! BuzSn” X P(2-furyl); (4%), 3 [C) 128
TBDM A~ : ; TBDMSO
S0 0" N NMP, 1, 72 h S0\ 07
o) O
HO HO
CONH, CONH,
N-7 N {
7\ U
AcO 4 i AcO.
o N Bussn” X" “OH PA(CH3CN),Cly, o N | on  ©® 12
CH;CN, 100°
AcO OAc AcO OAc
CONH,
N
Y
AcO =
Bu;SnC=CTMS Pd(PhCN),Cl, o N =CIMS (77 113
0
1
o” N /@ PA(PPhy)s (4%), (33) 77
0 OAc Bu3Sn S PhMe, reflux, 22 h
AcO \OAC AcO VAc
o) 0]
OTf R
HN [ HN [
o)\N) Bu;SnR Pd(PPhy); (3%), LiCl, O)\N 199, 374
AcO A AcO
‘\W BHT, dioxane, 100° o
AcO OAc R AcO OAc
CH=CH, 4h (87)
C(Me)=CH, 5h (86)
(E)-CH=CHCO,Et Th (92)
C(CO,E)=CH, I5h (46)
(E)-CH=CHTMS 4h (13)
(E)-CH=CHPh 8h (75)
(E)-CH=CHCH,0SiMe;Thex 5h (92)
Me;SnR
R
Ph 20h (64)
CeHF-4 8h (89)
CeH3F-3,5 5h (81
CeHyCF3-4 3h o1
CeH OMe-4 28h (55)
CH3(CF3)2-3.5 4h (85)




8¢

€8¢

TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OTHP THP OTHP THP
N™ ™ N /
& N Bu SHD Pd(OAc), (10%), 301
N 3 o AsPh; (20%),
I CH3CN, 25°,8 h
B / PA(OAC); (10%), 301
T 0 \cpp. AsPha (20%). THE.
3 CH4CN, 25° 12h
Cio
Ph_ N N
\|r 3 BusSn Pd(PPhy); (5%), K,COs, T 3 (82) 142
P N7l DMF, reflux, 5h Ph” N7 Bun
Ph N
[BusStR] Pd(PPh3); (5%), K,CO;, I l 142
R DMF, reﬂux Ph N/ R
CsHypn 5h (80)
CeHyCl-p 2h (52)
CeHyMe-0 Sh (53)
C6H4Me-m 2h (87)
CeHyMe-p 2h (88)
C.H.OMe-n T h {7
CoH OMe-p 24 (87
CgHw-n 2h (8‘“
NH, NH,
N= N=
<\N / ){“\ Bussn” X PA(PPh); (5%), <\N 7N (90) 131
TBDMSO N I DMEF, 95°, 45 min TBDMSO N)\%
A A
NH,
N=
s
BusSn” Pd(PPhy)s (5%), <\N / M (75) 131
HMPA, 145°, 45 min TBDMSO N
N
NH, NH,
N= Na=
<\N Y, ){“\ I. PA(OAc),, AsPhy, NEt3, <\N / JN\
ACO N B NMP, 80°, 12 h HO N7 R 732
0 2. NH;OH, CH;0H, o
dioxane
AcO OAc HO OH
Bu3Sn-thienyl-2 R = 2-thienyl (49)
PhySn R =Ph (33)
I R
N X N\’/k
N N
% 7
AcO. ¢ AcO ¢ ]
¢ N N/) RySn PA(PPhy), (10%), ¢ N/J\N/) 2
o NMP Y
AcO OAc R AcO OAc
Me 85°,20 h (53)
CH,=CH 80°, 1 h (88)
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
NH, NH,
NSy N~"SN
aco. <l Ao RSn Pd(PPhs)4 (10%), aco. < o 722
NTON NMP NTONTOR
(o] [0}
i
AcO OAc R
Me 80°,2h
CH,=CH §0°,4h
Et 140°,Sh
CH)=CHCH, 110°. 2 h
Cyr o]

THO o oH

N
! H
Me
TMSO
P y OTf
(o]
CO,PNB

Bu3Sn =
NAc

BU3SH\©/NHBOC

Me;SnPh

Me4Sn

A

Bu3Sn OEt

ME4Sn

Me3SnR

R

2-furyl
2-thienyl

Ph

CgH4CN-p
CgH4CHO-p
CgHsCH,OH-p
CgH4OMe-p
CgHsOMe-0
CgHaAc-p

Pd(PPh;),Cl; (2%), BHT,
DMEF, reflux, 7 h

Pd(PPhj), (5%), BHT,
dioxane, reflux, 55 h
or
Pd(PPh4),Cly, DMF

Pd(PPh1),Cl» (1.7%),
PhMe, reflux

Pd(PPh3); (3%), LiCl,
DMEF, 100°, 18 h

1. Pd(PPh3),Cl, (12%),
PPh; (60%), LiCl, BHT,
DMEF, 120°,3 h

2. HCI (I M), THF

Pd(PPh3)4 (3%), LiCl,
DMF, 100°, 16 h

Pdx(dba)s (2%),
P(2.4,6-trimethoxy-
phenyl)s (8%), ZnCly,
NMP, 1t

(83) 729

97,729
111
(88) 733
(50) 734
OMe
| an 733
N NS
I H
Me
TMSO
H
198
0/ N / R
CO,PNB
(69)
[C3))
(73)
(70)
3
67)
(64)
(82)

an
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0 0
1
Bi [ Bu;SnR Pd(PPhs)s (5%), BN | 319
0P N PhMe, 100°, 24 h o N
Bn R Bn
CN (70)
SEt T
SPh (89)
0 o
' <)
TBDMSO— © o N RiSn PA(PPh3),Cl; (10%), TBDMSO— ° o N R=Me, 3h,(>95) 132
—w dioxane, 110° ‘w R =Ph, 12h, (95)
Cyy o 0
‘ .
I
HN )j/ Pd,(dba); (1%), HN/U]/\
TBDMSO Oéj\N BusSn™ X P(2-furyl); (4%), TBDMSO. 0)\N (72) 128
o NMP, 1t, 14 h 0
TBDMSO TBDMSO
o} 0
| I
HN HN l )
)\ | Me;SnR Pd(PPhy)s (10%), )\ 122
0— 07N Toxane. 75° 34 1 0— 07N
i Dr.Qi/u \ N dloxane, /o, 240 i.DrAQi/V \ N
T A i TR XY
a s o \N_/
D Q3 ;i Dr Qi
PrSi~ o] i-PrySi~ ]
R
CeHJF-4 (49)
CeHaFa-3.5 (40)
CeHsCF3-4 (40)
CeHy(CFy)2-3.5 (43)
N
O
Cx q H
N s N S
Pho/ﬁf )_ b BusSn” X PA(CHyCN),Cl,, PhO” Y N (80) 197
0 Nz : . o} N
o YL Br LiCl, DMF, 25 o W
CO,PNB CO,PNB
H
PhO N S
= PA(CH;CN),Cl,, ];f — 197
Bu;Sn/—\ ( 3CN)Cly |O N A (64) i
LiCl, DME, 35° o
CO,PNB
OTBDMS OTBDMS oB
n
H BusSn Pd(dba), (2%), H o'
—ort 7 Bun P(2.4,6-trimethoxy- < (75) 439
e 0._-0Bn phenyl)s (8%), ZnCl,, Ny Bu-n
CO,PNB NMP, 50°, 3 h CO,PNB
NH, NH;
Nz= N=
4 / N & / N
TBDMSO~, N)\' BusSn” S Pd(PPh;); (5%), TBDMSO.| N Ao (89) 131
o~ DMF, 95°, 45 min o
TBDMSO

TBDMSO
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TABLE XII. DIRECT CROSS-COUPLING QF MISCELL ANEQUS HETERQCYCLIC EI ECTROPHIL ES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
NH,
Nj\
P
Buysn” > Pd(PPh3)4 (5%), TBDMSO (®9) 131
HMPA, 145°, 45 min Kj
TBDMSO
NH,
N NS N
4 | | <
TBDMSO N o Bu;SnCN Pd(PPhs),, TBDMSO /l\ on 723
o NI DMEF, reflux \%_j
TBDMSO TBDMSO
BusSn X PA(CH;CN)Y,Cl, (5%), TBDMSO I / (69) 723
DMEF, 90°, 45 min
TBDMSO
NH, NH,
N 1. Pd(PPhy)., N
A SN BusneN DMF, reflux ¢ SN 87) 723
3 0 3
TBDMSO . //kl 2. BugNF HO . N/)\CN
0-J 0
\__/
\=|( —f
OTBDMS OH
NH,
1. PA(C 3CN)2(,12 (5%) N )‘\\\
BuySn” DME, 90° e TN 72) 723
2. Deprotection nu\l N’J'\N//\v/
L-0-J
\ /
I
OH
NH,
P 1. PA(CH;CN),Cl, (5%), Ne Sy
Sn DMF, 90° ¢ | (79) 723
2. Deprotection N N
0
OH
NH, NH,
o <N | N /J\I Bu3SnCN gi;r;mz, 5 <N | J e 723
, retiux
lprzsli’ 0 i—Pr28i|/ o N” TCN
Q Q
z szsi\o i- pfle\
TfO Pd(PPh;),,
O O Me;SnSnMe; LiCl, dioxane, O O (34) 735
reflux
o) o)
2
Ph Ph Ph Ph
A B Ay PA(PPhs)Cla (12%), s IS s. @ s
Br” “si” "Br Bu;Sn S THF, reflux, 2 d Si N\ /)
A /AN
i-Pr Pr-i i-Pr Pr-i



06€

T6€

TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Ph Ph
Me:SnC=CPh PAPPhICI, (5%, : F/;\/ Q:Ll\p (100 15
I'Ar, retiux, iZh pPhC>T A ~Seph
c Ty P T
23 g H
I
Pho/\ﬂ/ BuiSn”” “OTBDMS PA(CH,;CN)sCl,, PhO/\ﬂ/N (25 197
0 N. LiCl, DMF, 65° 0 N__\_ _OTBDMS
o oTf o i
CO,PNB CO,PNB
H
N
BusSn”” OBz PA(CHCN),Cly, Pho/\ﬂ/ m (28) + 197
LiCI, DMF, 60° o0 AN__\_ _oB:
o Y
CO,PNB
H
N
Pho/\n/ )
(6] N__~
o
CO,PNB
OEt 113
/& Pd(CH;CN),Cl,, Pho/\ﬂ/ (81) 197
Bu;Sn LiCl, DMF, 25° ) N
0
PNBO,C  OEt
N s PA(DAC), (10%) H
2 c), N, S
~ . BN Ny PN
‘ph/\i‘l/ R BusSn” X NMP or CH,Cl,, T T O (35) 451
o N - 0 N
d Z OTf 1t, 3 min d Z =
CO,PMB CO,PMB
Pd(OAc); (10%), ﬁ S
e NMP or CH,Cly, Ph/\ﬂ/ ];7’ I (>95) 451
H3>n 1t, 20-180 min 0 S N AZ
CO,PMB
Pdatdba); (19)
/TN 985%Z  PQ-furyl)y(8%).ZnCl, 1 (82) 98% 7 40
BusSn NMP, 25°, 20 h
N S
Bu3Sn \/K Pd(OAC); (10%), P (o) 453
’ NMP, 1t, 44 h o G N ANF
CO,PMB
H
Bu3Sn Ph/\ﬂ/N S
\©\ PA(OAC); (10%), @Bl 453
o} N~
OMe NMP, 1t, 24 h o N
PMBOAO \\’//\'OME
. =
| BusSn” X Pd(PPhy);, e 736
PhMe, 80° |
N
PA(OAC), 2%), NS N
Me,Sn P(o-Tol); (8%), 4 p ~ (90) 737
) Et;N, DMF >\—<_\—/
MeO o OTBDMS MeO o OTBDMS
Cas 0 0
HN HN
| |
d(PPhs)s, 6) 125
p-TolCO, 0)\1\1 Me,Sn Pd(PPhs), p-ToICO, %\N
o O

%7

I !
»-TolCO, p-TolCO»

HMPA, 60°, 16 h \%j
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
O
(CHy=CH)4Sn Pd(PPhs)a, N A I (80) 125
HMPA, 60°, 16 h o
e
Pd;(dba); (1%),
BuySn X P(2-furyl); (8%), 1(76) 128
NMP, 1, 72 h
BusSn” X PA(PPhs),Cl, (10%), 1 (86) 121
CH4CN, 20°, 6 h
N
N P!
/Q_ﬁ 1. PA(PPh3),Cl, (10%), Hj\ | § (81) 718
BusSn™ s dioxane, 90°, 20 h HO._ 07 >N
2. K,CO4, CH30H 0
HO
0
/A
/@ Pd(PPhs)a, Hj\ 0 s 717
Me;Sn™ "0 PhMe, reflux, 7 b p-TolCO,_ PN
o
p-TolCO,
0
/o
. \ﬁ Pd(PPh;):Cl,. HNT s (87) 717
Me;Sn™ g7 TUL cafliy N
THF, reflux 07 N
|
-
0
CO,Et
HN X
CO,Et Pd(PPh3),Cl, (10%), 57 121
Bugsn” 02 (PPl (10%) )\ﬁ/\/ 57
CH:CN, 50°,20 h N
L
0]
HN ™S
TMS PA(PPh;),Cl, (10%), ]2 121
Bu;Sn/\/ (PPh3),Cl, (10%) )\ ! (82)
CHiCN, 60°, 16 h 07N
|
0
Ph
Ph,Sn Pd(PPhs), HN 35 125
4 30, )\ ! (35)
HMPA, 60°, 3 d 07N
b
0
Ph
HN A
Ph Pd(PPh3);Cl, (10%), 81 121
NG (PPh3),Cly (10%) )\J]/\/ @1
CH;CN, 50°, 16 h 07N
L
0
BusSn” Xx""“OTHP  Pd(PPh3),Cl; (10%), *j\)j/\/\omp 62) 121
CH4CN, 60°, 16 h 07N
i
O
SnMe;
Me;SnSnMes Pd(PPh3)4 (10%), HN | 72y 670
EtOACc, reflux, 24 h O)\N
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Conrinue.
. \ \ (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
o] O Framn
Il il /B
| 7\ g NN
N A Pd(PPh3),Cl,, HN® 7 X X=0 (—) 717
j| I} Ru:Sn” v e bl i v o
o~ TR A THF 0P N7 X=S (—)
A PN
0 0
p-TolCO, ‘0,CTol-p p-TolCO, ‘0,CTol-p
BocHN S BocHN S
ljr MeSn Pdy(dba); (1%), ];f\)\ (85) 40
07 N oty P(2-furyl); (4%), 0”7 N |/
CO,CHPh, NMP, 25°, 16 h CO,CHPh,
BocHN S
Busd |\ 985%Z  Pdyldbay (1%), (90) 98% 7 40
et P(2-furyl); (4%), NMP, 07 NaANF
ZnCly, 25°, 16 h CO,CHPh,
BocHN S
Bu;Sn/\/ Pd,(dba) (1%), ];1’ | @8+ 40
P(2-furyl); (4%), 0 N__~
NMP, 50°, 40 h CO,CHPh,
S S
{“[ m | (e + {_[ W (12)
{—N ' —N\K
CO,CHPh, CO,CHPh,
BocHN S
BusSn Pd,(dba); (1%), I:T (16) 40
P(2-furyl)s (4%), 07 N gun
NMP, 50°, 7 d CO,CHPh,
BocHN S
7\ Pd(dba)s (1%), IO\)AC (89) 40
BusSn™ "N P(2-fury )3 (4%), o7 NN
Me NMP, 25° t h 1
0" “ocHph,
BocHN S
S— 0N
Medn (o |1 |
7 Pd,(dba)s (1%). AN A~ (1 + 40
i | T 0] A
~"ny P(2-furyl); (4%), | | |
NMP, 25°, 161 N T
BocHN S
N—” TN .
{ (74)
N
o ¥
CO,CHPh,
0
N Pd,(dba); (1%), BocHN sW
N | P(2-furyl); (4%), ZnCls, N N (73) 40
{ # NMP, 25°, 20 h 0 AN
Y CO,CHPh, 0
Bu;Sn
Cy I CO,Me
CN CN
O BusSn._ _CO,Me Pd(0), Cul, DMF O 80 738
O 3 \”/ 2 O A (80)
e e
Bu-n Bu-n
H O H O
N N
PICOHN—(  p~N BusSt_~ IPICOHN—(  p~N
N | | A(PPh- ), N \| i (6T 730
S N~ g, L Pd(PPhs), c N~ 67y 739
2 o ~F""cHO

i-PrCO, O,CPr-i

i-PrC0O; O,CPr-i
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Conrinued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cy p
o %an ‘ A\{/\
L g Z B. ..~
w0 POR
| ..
! - .
TBDMSO.. 07 N e j\ } =
0 _B. Pd(PPhs), (20%), (79) 127
TBDMSO
055) PhMe, reflux, 24 h 0 o N
TBDMSO OTBDMS
TBDMSO OTBDMS
OBn
O orf
Bn._ Bu3Sn O
j‘\ N \©\ Pd(PPhy)s, Bn (88) 740
o N
07N N OBn DMF, 100°, 15 h )\ |\
Bn Bn 0 N I\i
- Bn
Cx Bn
/N NN /N <N
TBDMSO. < | ,)\ BusSn” X 1. PA(CH3CN),Cly (5%), HO. < | //\/ (63) 120
N N N N
0 P(0-Tol)3, PhMe 0
2. E4NF, CH;CN
TBDMSO OTBDMS HO OH
/N N
BusSn” X Pd(CH3CN),Cl; (6%), TBDMSO <N | //v (90) 741
P(o-Tol);, PhMe, o N
reflux, 3 h
TBDMSO OTBDMS
N X
Buysn” N7 PA(CH,CN),Cl (5%), % I\)N\ ﬂ (44) 120
P(o-Tolb);, PiMe, NN
reflux, 36 h |
[ osnbu] - NSy o
- \ PdCl, (15%) o]y @ 741
1=~ | P(o-Tol)3, PhMe NSNS
reflux, 4 h !
I OSnBug | N
i I l PACl, (15%), o TN 9 o 741
| Nz~ | oo o oiax N 2l W
L + Flo-10l}3, FDIVIE, N ‘N’ \r/ \
reflux, 4 h ! ! )
NH, NH,
<N_ <N_
N /N N /N
{ BusSn” X PA(PPh3)s (3%), \ (92) 131
=
TBDMSO NJ\I DME, 95°. 45 min TBDMSO N)\/
0 0
TBDMSO OTBDMS TBDMSO OTBDMS
NH,
<N_
\N N \
Bu;Sn/\/ Pd(PPh3)s (5%), N 1 U (81) 131
HMPA, 145°, 45 min N
_
NH;, NH,
N N
¢ TN [ osnBuy o TN 9
TBDMSO_ \”7,1\‘\ {)\\ [ | 1. PA(OAc): (10%) HO_ N ALl (40) 118
o N N ! L’/\ J P(0-Tol);, PhMe, reflux o) N ~n
2. BuyNF. CH:CN
TBDMSO OTBDMS HO OH
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MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs
H - - H <
Bn Ny 3 Bn No 5\
Il I ] Bu;SnR Pdy(dba); (1%), Ml I 1 40,742
0 J._..k' /1 - mn ,L\V /l
o” “|\7\0Tf P(2-furyl)s (4%), ZnCl, 0,7 N \ly\R
R
CO,CHPh, = CO,CHPh,
- H THF, 65°. t h (68) © -
CH=CH, NMP, 25° 1 h (79)
CF=CF, THF, 25°, 2 h (55)
C=CMe NMP, 25°, 16 h (50)
CH=CMe, NMP, 25°, 19 h (66)
C(OEv=CH, NMP, 25°, 19 h (52)
CeH4OMe-p NMP, 50°,6 h &L
H
Pd,(dba); (1%), Bn. _N S
] P(2-furyl); (4%), ZnCl,, e (61) 743
N O
BusSn™ 0 NMP, tt, 17 h %5 = |
Ph,CHO,C
N S X s
PhO” N j:—( BusSnR Pd(OAC), (10%), L I( 744
O = N 0 = N
o = 0SOF NMP, 1t o Z R
CO,CHPh, R CO,CHPh,
CH=CH, or CH,Cl, (85)
(Z)-CH=CHMe 5 min (>98)
CH=CMe, 16 h (47)
N s
B"SS"\/ 1. PA(OAC), (10%), PO Y J:_T (58) 744
OEt P(2-furyl)s, NMP 0 o7 N N0
2. H;0° Ph,CHOSC
Ne S
Bu;Sn
B PA(OAC), (10%), PhO” Y 1 = 744
N M P(2-furyl)s, NMP, rt, 16 h O g7 NF < )—OMe
vvvvv ‘ A\Y /4
0" “OCHPh, (>98)
C29 H !'i
~_ _-Na, A~ e o Nay A
PRO™ T T ) Me,Sn PA(CH;CN),Cl; (5%), Tl 28 + 197
0 /7N A, LiCl. DMF, 35° S NN
O I vl (6] |
CO,CHPh; CO;CHPh,
- - |53
n
0 4N_
o}
CO,CHPh,
H
N
BusSnR PA(CH3CN),Cl (5%), PRO™ Ty };T/\ 197
LiCl, DMF 0 o N%R
R CO,CHPh,
CH=CH, 25° ©n
CH=CF, 25° (78)
CH;0Me 40° (58) + R=H (5-10)
C=CMe 0° (66)
(Z)-CH=CHMe 25° (88)
C(Me)=CH, 25° (76)
H
N
Buss VK PA(CH,CN),Cl; (5%), PhO @28 + 197
EN]
3 LiCl, DMF. 85° 0 o N #
CO,CHPh,
H
S Nay,
PhO ﬂ (18)

CO,CHPh,
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate

Stannane Conditions Product(s) and Yield(s) (%) Refs.
N
Bu,Sn” OBz PACHCN).Ch (5%), Pho/\ﬂ/ ];(\ (a9 + 197
LiCl, DMF, 60° Y o N\ZVOBZ
CO,CHPh,
i
TN - P aN
PO” T N ) (5-10)
0 /—N_o
0
CO,CHPh,
OMe OMe
<N TN BusSn” X PA(CH;CN):Ch (10%) <N\IA§N (>90) 117,118
/2 u3Sn (CH3CN 0}, v > 118,
! R
TBDMSO N N/)\I PhMe, reflux TBDMSO N/J\N/)\/ 120
¢} (6]
TBDMSO OTBDMS TBDMSO OTBDMS
OMe
]
. Ne N
Bu;Sn” “CN PAOACK (10%), PoTolls, ¢ || 7 (55) 117,118
PhMe, reflux N /KN/ CN
|
OMe
OSnBuj NN o
/1\ Pd(OAc), (10%), P(o-Tol)3, </ 1 (73) 117,118
PhMe, reflux, 6 h N N/J\/U\
.
OMe
OSnBuj N
[ } Pd(OAC), (10%), cYT N ¢ om 17
LN P{o-Tol); (20%), NSNS
PhMe, reflux, 9 h i_ i |
SnBuy OMe
Y
i Pd(PPhs), (20%), ¢ N —) 127
\’/ PhMe, reflux, 24 h N )\NM
P P
O/B\O — \/\B,O
i
< 0
Csy
) BOM o BOM
>N BusSn. o~ >N
_BOM-N =0 T Pds(dba; (5%) __BOM-N =0 (76 740
MeO~—7 = N N0Bn P(2-furyl); (10%), MeO~ 7" =
= N A ~otf ZnCly, NMP, 58°, 24 h < NN
OMe OMe
Caz OBn
Ph Ph
A /
Br Br BusSn” XX Pd(PPh;)s, on 143
PhMe, 60° 48 h 4
| AN
Ph Ph
BU3SH
|
N
Pd(PPh3)a, 143
PhMe, 60°,48 h




404

3{0)4

TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Br —
Bussn™ Xx Pd(PPh;); (60%), BHT, (85) 745
Br PhMe, reflux, 2 h “
MeO,C MeO,C
MeO,C MeO,C
0 0
Cxz
p-TolCO_ I HN
Yo Me4Sn 1. Pd(PPhy);, HMPA, 60° Y J (76) 125
p-TOICO: O N 2. NH3 HO. o) N
o) o
p-TolCO, HO
0
(CHy=CH)sSn 1. Pd(PPhs)s, HMPA, 60° 'i)j/\ (80) 125
2.NH; 07> N
A
O F
1. Pd(OAc); (10%), PPhs, F
HN =
(CF2=CF);Sn NEt;, NMP, rt, 2 h | @n 746
2. NH3, 48h 07 N F
L
9
A ___Ph
DL oan | DAmDL y TIMDA 400 HN" 7y 28y 175
Chigoit 1. FGLETTi 4, TLVIE A, OU I ” 133) P25
2.NHs 07N
|
0 0
AN
}j\ | BusSn” X Pda(dba); (1%), '“j\ | (98) 128
p-TolCO 0" ™N P(2-furyl); (4%), p-TolCO 07N
0 THF, 50°, 40 h o)
p-TolCO; 0,CTol-p p-TolCOy O,CTol-p
BocHN . BocHN
i A &
Ph Bu;Sn PA(CH3CN),Cls, Ph (78) 197
o] N : o 0 N
G ZNore LiCl, DMF, 25 o PN
CO,CHPh, o
Cyr OCHPh,
OBn
=
MOM_ o MOM, o |
N OTf N N
o= Bu3$n o= [\
. \©\ Pd,(dba); (5%). NNy (71) 193
p-TolCO,  BOM OBn P(2-furyl); (20%), p-TolCO,  BOM
o) NMP, 55°, 16 h 0
p-TolCO, p-TolCO,
Cis
MeO\ MeO o
0
1 7\
HN i HN ] S
Ph o] O%\N /@ 1. PA(PPh3),Cl; (10%), Ph O OJ\N (31) 718
o Me3Sn s THF, 70°, 20 h o}
MeO p-TolCO, MeO HO
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TABLE XII. DIRECT CROSS-COUPLING OF MISCELLANEOUS HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
C45 ,CPh3
Buss ﬂ 1.Pd (I X=0 () 747
et X 2. Hy0* X=$ (—)
0 o
i =
X
Me3SnR Pd(PPh3)2C]2, 748
DME, 90°
R
2-pyridyl (70)
CeHyCl-p (—)
Cae
MeO MeO
0 0
p-TolOC, . B
N HN N
)\ [ N rola
Ph——0_ 07 >N / K 1. Pd(PPh3),Cla (10%), A0, Ph—0_ 0P N~ SONMe; g5
0 BusSn™ N DMF, 100°, 48 h 0
O SO,NMe, 2. NH4OH, dioxane, 60° O a7
MeG p-TolCO, MeO HO
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS

dioxane, 60°,3 h

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
CZ O [¢]
)J\ Me;Sn Pd(PPh3); (1%), )J\ (53) 1
cl CeHg, 140°, 5 h
(¢}
ANF
BusSn Rh(PPh3):Cl (2%), (51) 2
3 33 A v /U\/\
CH)Cl,, 40°, 3 h
OMe O
/& BnPd(PPhy);,Cl (1%), /U\% (44) 749
Me;Sn CeHg, reflux, 1 h
OMe
o)
A BnPd(PPh3),Cl (1%), 1 o (70 749
MesSn™ >, CeHe, 11, 0.5 h |
o)
Bu3Sn Pd(PPh3),Cl; (3%), (43) 288
?/ \\ THF, rt, 12h i/ \
fe) O
O
Bu;Sn O o}
\[ j BnPd(PPhs),Cl (0.08%), | ] (82) 271
o CgHg, reflux, 3 h Ie)
o
Me;Sn XN pa N o
| (PPh3),Cl (7%), | /k (96) 45
P -~
N> sMe THF, reflux, 2 h N~ sMe
0
R_Cn o~ J-l o~
RiSA .y o SNy o 155
[! N Pd(PPh;3),Ch (14%), I! N KR=Me (/1) 45y
SN THF, reflux, 6 b SN R=Bu (52)
N7 TS0Me N7 T S0,Me
T™S 0
/& BnPd(PPh3):Cl (1%), (42) 749
Me:Sn CgHg, reflux, 24 h
T™S
o]
Me;SnPh [(3-C3Hs)PACI, (1), /U\ 1 (70) 750, 751,
HMPA, 20°, 24 h Ph 415
PhySn BnPd(PPh3),Cl (0.05%), 1(76) 147, 1
HMPA, 65°
0.0
>
BusSn S
PA(PPhy)s (1%), (38) 752
7\ HMPA, 0°, 2 h
TMS
BnPd(PPhs),Cl (2%), @8 537
CHCl,, 65°, 12 h TMS
Me;Sn
AN 0
BusSn”” “Ph Rh(PPh;);C1 (1%), )J\/Ph (69) 2
CeHe, 80°, 12 h
OFt 0 OFt
BusSnC=C—( PA(PPh3),Cl, (1.8%), >-czc—< 3h 149
OEt CI(CH,),Cl, 84°,2 h OEt
o) o
BusSn” X Pd(PPh3)q (5%), (100) 148, 753
/N dioxane, 100°, 30 h o 7\
o) o
O O
Bu;Sn/% Pd(PPhs), (5%), 148,753
O
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
o 0
Bu;Sn T} BrPd(PPha)oCl (1%). )L ‘ /> (68) 268
0 CO (15 psi), C¢Hg, 80° )tto
0 0
BnPd(PPh3),Cl (2.6%), o
Me;3Sn NS CHCH2),Cl, HMPA, )J\H/\k (66) 754
I "Fe(co); 50°,24h Fe(CO),
0
Bu3;SnC=CPh Pd(PPh;3),Cl> (1.8%), >—CECPh (55) 149
CI(CH,);Cl, 84°, 2 h
MeaSn AcO \
RE(PPhy):Cl (29%), ’O 30) 755
CH,Cl,, 60°, 10 h
)
Me3Sn
\(\/@ Pd(PPhy),Cla (5%), m 70) 285
\N CgHg. reflux, 8 h \N
0
Me;Sn PACL, (5%), CeHe, (24) 284
| _N reflux, 4 d | _N
0
BusSn Ph PA(PPh) (5%), )j\/YPh n 148,753
7
\/\ﬂ/ dioxane, 100°,30 h
0 o}
i
BusSn._~ _-Ph Pd(PPha)q (5%), A~ Ph (30) 148
il dioxane, 60°, 3 h T.T
o) o}
O,
BusSnC=C—, Pd(PPhs),Cl, (1.8%), >\gc:c (48) 149
OTBDMS CI(CH,),Cl, 84°, 2 h OTBDMS
0
BusSn .~ _-COMe Pd(PPhy), (0.05%), Mcozm (68) 756
T™™SO  CF, THF, reflux, 8 b TMSO™ CF;
Pri Pr-i
\/O/ Rh(PPh3);C), /[(L/O/ (72) 150, 30
Me;Sn CH;Cly, 60°, 48 h
‘ RA(PPh3),Cl, 0 ‘ 74) 150, 30
Me;Sn CHaCl,, 60°, 48 h
0
Me;Sn
Rh(PPh3):Cl, | 62) 150, 30
CH,Cl, 60°, 16 h =
H H
o o
Buss O~-o BnPd(PPh;),Cl, 0 (79) 543
BTN CeHe 1,4 h \
H CO,Bu-t H CO,Bu-r
T™S 0 TMS
MesSn j/ BnPd(PPhs),Cl (1%), )J\/ 62) 256
80°, 300 h
Ph Ph
0
BU3Sn C7H|5—n Pd(PPh3)2C12 (4%), )H/Cﬂ'l]s—n (<5) 243
Y CuCN, PhMe, 75°, 16h
OBz OBz
Ie) o BnPd(PPh3},Cl (4%), O o
YJ»-% €O (30 psi), o YJ “Ph (5D) 757
BusSn.__N CeHe, 90°, 9h /leN (

\

Ph

=(

Ph
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EMS (Continued)

Substrate Stannane “onditions Product(s) and Yield(s) (%) Refs
O
BuaSn o ~ /U\/\\ 755
[‘[ i Pd(PPh;),Cl, U ] (45) 758
| |
CO,Ph COsPh
=0
A\
Pd(CH3CN),Cly (5%), (60) 513
HMPA, 80°
MeO

o
/
PA(CH3CN);Cly (5%), 1 (40) 513
HMPA, 80°
o) 0

/@/ PA(CH:CN),CL, (5%), 1 (10) 513
EO HMPA, 80°

PA(CH;CN),Cly (5%), /(:’@/ (30) 513
HMPA, 80° Ao

3

AcO’ c
Bu;Sn SnBujy |0 SnBus
Z/ \g Pd(PPh3),Cl, (5%), A\ (59) 287, 546
0 THF. 80°, 24 h l
(0]
BnPd(PPhs),Cl o
Me3SnSnMe; or Pd(PPhs), (5%), /[J\ (70) 309, 759
THF, reflux, dark, 12 h SnMe;
ﬁ Bu;SnH Pd(PPh3), (1%), |(|) (82) 760
u 307 e PhMe_ —70° u.3c” Sy
g i » TV ny o a
QD Ci /\\’4 O
o StBuz « F
e P4 A~LA
(e} r TN\ TN\
P Il I \/ PA(CHCN),Cl; (5%), | L/ s 513
Cl \./\ ~ W 3 pALY] /W
e i | | HMPA, 80° I | |
Py P
MeQ”~ N NS Me()” N NS
0 0
L a Me,Sn BnPd(PPh;);C1 (0.05%) I (10) 147
a /\n/ HMPA, 65° /J\[(
[0} [¢]
Cs
3 fo) . (0]
\/U\ Bussn” Rh(PPh3);Cl (2%), (70) 2
Ci CH;Cl5,40°, 5 h

\)J\/\
Busn” P Rh(PPhs);Cl (2%), \/l?\/\f (64) 2
X

CeHg, 80°, 12 h

0 o O
Bu;Sn (o BnPd(PPh;),Cl (0.4%), {0 @ 761, 762
CHCHa)Cl, 60°, 16 h
MeO MeO
o
BusSn Pd(Ph-BIAN)
(dimethyl fumarate) (1%), (85) 415
DMF, 50°, 17h
o
BuySn o~ Ot PA(CH;CN)CL, (1%), A~ or 89 763
I DMF, 20°, 2 h I
OE: Ot
BrPd(PPhy),Cl (2.6%), o

Me;Sn _ » CKCH,);Cl, HMPA, . (70) 754
\ﬂ/\% 80°2h S
Fe(CO) Fe(CO);
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Me;Sn
m PA(PPha),Cly (5%), = 76) 284
\N A CeHg, reflux, 8 h \N
® 0
]
MesSn P PdCl, (5%), C¢Hg, 4 (55) 284
| reflux, 4 d |
~N N
BusSn” X" “OTBDMS BnPd(PPhs3),Cl, WOTBDMS (81) 764
THE, reflux, 9 h [¢]
0
BusSn OTBDMS OTBDMS
Z—{i Pd(PPh3),Cl; (6.5%), B (70) 287
o THF, 70°, 20 h o
Ph o b
BusSn.__s Pd,(dba); (0.05%), _ (30) 247
HMPA, 100°, 2.4 h \/\/
CO,Bu- CO,Bu-t
0.__0o 00
J --Ph BnPd(PPh3),C1 (3.7%). Q YJ ~Ph  (67) 757
Bu;SnWN ¢ €O (30 psi), \)J\[rN {
Ph C¢Hg. 90°,21 h ‘ Ph
Me;SnSnMe; BnPd(PPhy);Cl (5%), \i (70) 309, 759
THF, reflux, 18 h SnMe;
0 Ph O Ph
M Bu.Sn . M
o 35 \[// Pdy(dba)s (0.05%), N 22) 247
cl CO,Bu- CHCly, 100°, 16 h Cl COBut
0
Cs o J\ Pd(PPhy), (5%),
V)}\Cl BusSn CO (15 psi), BHT, V/U\]/ (73) 250
CgHsMey-1,2.3.4, 100°, 1.5h
0
Bu3Sn WCO;Me Pd(PPhy)s (0.05%). V)J\/YCOzMe 76) 756
TMSO CF; THEF, reflux, 8 h TMSO CF;3
o}
Me;SnSnMes Pd(PPh3):Cl; (5%), (43) 759
PhMe, 100°, 16 SnMe;,
le) (e}
BuSnH BnPd(PPhy);Cl (1%), (95) 156
a Eu0, it H
P 0
Bussn” Rh(PPhy):Cl (2%). 37) 2
CeHe, 80°, 12 h o
0
Bu;Sn 267
BnPd(PPhs),Cl (1.5%), (55)
o} o}
o}
Bu;SnC=CR Pd(PPh3),Cl; (1.8%), C=CR 149
R CI(CH,),CL. 84°, 2 b
CO;Me (67)
T™S an
CH(OEY), (70)
BnPd(PPh1):Cl (1%), 268

Bu3Sn O/>
O
o

CO (15 psi), CeHg, 80°

o}
(6]
w (64)
-0
[¢]
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
RaSn BnPd(PPh3)-Cl (2.6%) \ R = Me. (58) 754
\\ \\
| CI(CH,),Cl, HMPA, 80°, 2 h R = Bu, (48)
Fe(CO)s Fe(CO);
0
BusSn OFEt PA(CH;CN).Cl (1%), OEt  (83) 763
\/\f DMF, 20°, 2 h Z
OEt OEt
0
Bu;SnC=CPh Pd(PPhy),Cls (1.8%), C=CPh (7D 149
CI(CH,),Cl, 84°, 2 h
0
Me3Sn
\(\/Q PA(PPh;),Cl; (5%), \(U\(j@ ®2) 284
\N CeHe, reflux, 8 h ' \N
0
fesSn P4Cl, (5%), CeHe, (28) 284
| | reflux, 4 d [
~ N s N
0
Bu;SnC=C Pd(PPh;),Cl, (1.8%), C=C—\ (60) 149
OTBDMS CI(CH,);Cl, 84°, 2 h OTBDMS
meMe 4V mee N
si” o Pd(CH3CN),Ch,, o si"o (40) 765
BusSn THF, reflux, 12 h \M
O _OR o
EO ~ L BnPd(PPha),Cl (0.01%), EtO\/“\/‘\m, R =Me (90) 766
- Bussn” > BHT, THF, 10° (01, 4h Lol 7 r=Booo)
0 s ) y fe) il [WAS))
0 o0 o 0
/U\/U\ Me3Sn TS BnPd(PPh),Cl (2%), (38) 537
MeO Cl \ﬂA CHCl3, 65°, 24 h MeO ™S
0
BusSn 0 MeO,C 0
jzi BnPd(PPh3);Cl (2.5%), “h 268
Cul, THF, 50°, 30 min
o Sl
o)
o Mcy Me;Sn\/“\/ SaMes BnPd(PPhy);Cl (10%), 65) 152
| THE, 11, 2 h o o
0
A
SnBu; O 0]
I ® ®,
ACO\/U\C, Pd(CH;CN )§C12 (5%), (35) 513
HMPA, 80
MeO MeO
Cs 0 0
W}\ Bu3SnH PA(PPh3)s (1%), \/\/U\ (1) 156
& C¢Hg, 1t H
0 OAc 0
Py Pd(PPhs),Cl, (4%), CuCN, Ph (68) 243
n-Bu Cl Bu3Sn Ph PhMe. 75°.32 h n-Bu
OAc
0
BuiSn SnBus SnBujy
7\ PA(PPh3):Cl, (5%), "‘B“J\E\g 57 287, 546
o THF, 80°, 24 h o
o
M Pd(PPh3)y (5%), 250
Ci

BU3Sn/K

CO (15 psi), BHT,

CeHoMe,-1,2,3,4, 100°, 1.5h
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TABLE XIH. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
BuzSn Pd(PPha)s —) 244
{
N N
H O H O
0
Bu;Sn \[O\K BRPA(PPh3),Cl (0.08%). )J\TO 82) 271
j CgHg, reflux, 3 h i
o) Ko
0 0
| BusSnH PhCOPd(PPh3)~Cl (1%), /U\ (89) 156
+-Bu Cl THF, 1t r-Bu H
o
Me,Sn BnPd(PPh;),Cl (0.05%), )”\ (82) 4
HMPA, 65° t-Bu
ANF o
Bu3Sn Rh(PPh3):Cl (2%), /{‘\/\ (72) 2
CeHg, 80°, 10 h t-Bu =
o)
/& PA(PPhs)s (5%). H (30) 250
BusSn €O (15 psi), BHT, I-BU/Y
CsHoMey-1,2,3,4, 100°, 1.5h
OMe 0
BnPd(PPh3),Cl (1%), | 79 749
Me3Sn CgHg, reflux, 4 h 1-Bu
OMe
O
Pd(PPhs), (5%), /U\ 75 376
o -B Cax
PhMe, 80°, 24 h -Bu Scph
i
PA(PPhy),Clh (5%). B YO 03 284
C¢Hg, reflux, 8 h At
o : N
o)
BuiSn PdCl; (5%), CeHs, (7 284
t-Bu
| reflux, 4 d |
PA(PPhs); (5%), 0 87 148, 753
Bu3Sn AN Ph dioxane, 100°, 30 h ,_Bu/u\/\( Ph
0 0
0O o) o O o]
J --Ph BnPd(PPh3),Cl (5%). J --Ph (69) 757
B N ' N
u3Sn \”/ 4 CO (30 psi), CeHg, ,_BU)J\H/ 4
Ph 90°,55h Ph
Pd,(dba)s (2.5%) 0
BusSn \/\(Csﬂn-" PQ2-furyl); (10%), FBu/tK/\(Can-" (96) 447
OTBDMS THE, 1,6 h OTBDMS
0
Me;SnSnMe; Pd(PPh3),Cl; (5%), (80) 759
PhMe, 100°, 16 h -Bu” " SnMe;
o OMe 0
/\/\/U\ /K BnPd(PPh;),Cl (1%), (79) 749
cl cl Me;Sn CgHg, reflux, 1 h Ci
OMe
0 9 o
o BusSn MeO,C
/\/U\ jilfo BnPd(PPh3),Cl (0.4%), ez | o “n 761
MeO,C Cl MeO CI(CH,),Cl, 60°, 16 h MeO
(e} o O
Bu;Sn
\ /0 BnPd(PPh,),Cl, CO, MeQ,C \ /O (56) 761, 762
CHCl3, 65°, 16 h
MeO MeO
BnPd(PPhy),Cl (2%), (60) 537

CHCl3, 65°,48 h

MeO,C

2
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OBz [0]
PA(PPh3);Cla (4%), CHysn (40 243
BusSn” “CoHisn CuCN, PhMe, 75°, 64 h Meozc/\/u\,/
OBz
Cs 0 BusSn 0
| Pd(PPh3),Cl; (3%), ! (74 288
Cl /N THF,rt, 12 h 7
i 0
0
) 0
Br /U\ B
\ el Me3SnR BnPd(PPh),Cl (0.4%), R R=Me, 24h,(45) 146
N CHCl, 65° R=Ph, 2h, (98)
0 o) 0 0
>_\_/_</ Bu;SnH Pd(PPhy)s (1%), w (88) 146
Cl Cl THF, rt H H
o) 0
MesSn BnPd(PPhs),Cl (0.05%), >_\_/_/< (90) 147
HMPA, 65°
0 0
t-BuO. Bu3Sn BnPd(PPh;),C1 (0.01%), o R=Me @0 766
¢ rOR BHT, THF, 10°to 11, 4 h R=Bn (50)
0 0
0 0
MeOZC\/\)J\C‘ BusSn” X BnPd(PPh3),Cl (0.05%), MeOZC\/\)i\/ (92) 147
HMPA, 65°
o 0
/\/{k Me;Sn W/\\ BnPd(PPh3),Cl (2.6%), L (60) 754
E10,C Cl Fe(CO); CI(CHy),Cl, HMPA, S
80°.2h Fe(CO);
(o]
i
L Bu;SaH P&(PPhy)s (1), (H 0D 156
/1\\\/J CeHg, 1t - \\/J
0 o)
= cl BuySnC=CTMS Pd(PPh;),Cl, (1.7%), = Coerms @9 767
CHCH>)5Cl, reflux, 0.5 h
i 2
ci BuzSnH PACl, (1%), (98) 156
PPhs, CeHg, 1t
i 0
Pd(PPh;)4 (5%),
/&\ CO (15 psi), BHT, (58) 250
Bu3Sn PhMe, 100°,2.5 h
0
OMe
/J\ BnPd(PPh3),Cl (1%), (86) 749
Me;Sn CeHg, reflux, 1 h Me
0
Me;Sn
= [ PA(PPh3),Cl; (5%), = | 284
\N Cg¢Hg, reflux, 8 h \N
0
Me;Sn
e PA(PPh3),Cl, (5%), NI 284
(ﬁ/N CgHg, reflux, 8 h XN
0
Me;Sn
“ Pd(PPh3),Cl, (5%), N ) 284
N CgHg, reflux. 8 h % N
| !
Me;Sn
: = 1 Pd(PPh3)-Cls (5%), = f (80) 284
N N

CeHg, reflux. 8 h

Z
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TADIC VIIT MIDEST ODANAQR 'y A/ N ACYI O NDINEQ AT IZVUY QUQTNAD f77 o T\
FTADLL ALLL LZIREC T ULRUDOI-LV N UL ACTL CALURIULEDY, ALNIL O IDILENVID (Loniinkea)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
¢ L )
I H
MeSn. AN A A AN N
hng PACl, (5%), CoHs, ‘f T T/ i (50) 284
{ Ny r
N reflux, 4 d ~. Xy N
o
Me3Sn
3 T =
| PA(PPh;),Cl, (5%), ‘ (73) 284
" J
N CeHe, reflux, 10 h N
0
Me;Sn
= PACl (5%), CeHe = | 62) 284
NS NS
N reflux, 5d N
Pdy(dba)s (2.5%), 1%
BusSn._~ACstlin P(2-furyl)s (10%), AN OHU 93y Bzo91 447,768
OAc THF, 25°, 16 h SAc
O 0 0 O
J-—Ph BnPd(PPh3),Cl (2%), 0 Y\)--Ph 57 757
BusSn W/N ( CO (30 psi), CeHg, N~/
Ph 100°,3.5h Ph
Pd,(dba); (2.5%), o]
BusSn CsH7-n P(2-furyl); (10%), A~ CsHirn (1) 447
THF, 1,6 h
OTBDMS OTBDMS
0 0
Bu;SnH Pd(PPhs), (1%), I an 156
n-C¢Hi3 Cl CgHg, 1t n-CgH3 H
i i
Pd(PPh3),Cl; (1.4%), (41) 307
BU3Sn/U\/ PhMe, 110°, 24 h ”'Cb””/\[.(\
o]
0 Y ang
e rxs BnPd(PPh;),Cl, il ) AN (82) 305
DU3d (\/\/lec Cbe‘ !OGE‘, 244 n CﬁHn/ \/\/um;
1 o
1
BuSn. Pd(PPh;)y, )= (76) 277
NS 3% n-CcH~
| PhMe, reflux R |
N N
o)
Bu;SnC=CTMS PA(PPR3)oCly (1.8%), i (58) 767
CHCHACL reflux. 15 min #-CeHix™
CHCH,CL, reflux, 15 mir SeTMS
o]
BuSn X BuPd(PPh;),Cl (1%) OEt (51 305
R Iy * ~ \
j;\ﬁ HMPA, 100°, 16 h n-CeHis
1. Pd(PPh3);Cly, o
BusSn OMe THEF, 65° oM
3 , e (251 532
\/\I/ IZ-C(,HB X
TMS 2. Buy,NF, THF
0-0 0.0
F3C>< o BusSn (-~ _-CO:Me Pd(PPhs), (0.05%), F3C>< 6 (45) 756
FiC THE, reflux, 8 h FiC CO,Me
* N cl TMSO ™ CF; ; ) <N a
H ™SO  CF
Cy o o
Cl BusS /@ PA(PPh3);Cl; (1%), X/ X=0 (80) 574
R CeHg, 70° \ X=§ (75)
X = NMe (72)
il
BnPd(PPh3),Cl (1%), 427

Cl

A

1
!
BusSn Ay ~CO:Et

EZ=1:7

CHCl3, reflux, 24 h

-

7
I .
/‘\/‘J\/’\,ﬁcol’:‘ (25) EiZ=1:2
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0 Bu;SnH Pd(PPhy); (1%), o a7 769
n-CyH;s~ Cl CeHe, 11,20 n-CH;s~ TH
Buzsn” X BnPd(PPhs),Cl (1%), )OJ\/ (62) 749
CgHg, reflux, 1 h n-CoHys “
O
/g Pd(PPhs)s (5%), )k/ (59 250
BusSn CO (15 psi), BHT, n-CiHis (
PhMe, 100°,2 h
CF3 O
/& BnPd(PPh3),Cl (1%), (78) 262
Bu;Sn HMPA, 65°, 24 h n-C7Hs
CF;
OMe e}
/& BnPd(PPh;),Cl (1%), (82) 749
Bu3Sn CgHg, reflux, t h n-C7Hys
OMe
0
Buss J\;,CO 5 BaPd(PPh3),Cl (1%), Mco g ® EZ=15 427
33T e COREL CHCl,, reflux, 24 h 2-CoHys e COE
EZ=1:7 o
0 {(*-C3Hs5)PACH], (1%), CH
L P(OEt);, CO (120 psi). n-CyHjs TSR (78) 308
ESn”™ "CiHisn PhMe, 111°,2h o
9 0
- BusS o - 0
‘NCI 1 "\/\( BrPd(PPhy),Cl (5%), {\)J\/\(
] 0o CO (45 psi), o] 0 (38) 770
. cl . PhMe, 100°,7 h /
O)\ﬁ SnBus \n/\) - o N
i 0 0
L9 n 0
i Me,;Sn BnPd(PPh;),C! (0.05%) i (99) 4
1 4 (PPh;),Cl ( % 1 (99)
P N HMPA, 65° T
m BuiSnC=CTMS Pd{PPh3),Cl, (2.2%), O 30 767
al CI{CH,),Cl, reflux, 5 min Cs
ScT™S
(6] Bu;Sn [¢]
PN S PA(PPhy),Cla (3%). (86) 288
n-CgHy4 Ci / ﬁ THF, rt, 12 h n-CgHj7 / \
o)
0 0
(o] Z Bu-n
cl /\/U\ Pd(PPha)s, dioxane, 100° t (45) 771
Bu3Sn” ™ Bu-n 6]
NHCO,CH,CCl; NHCO,CH,CCl3
Cio 0 0
X /U\a Bu;SnH Pd(PPhs); (1%), CsHe, rt X HJ\H (85) 156
0 P L
BusSn | BnPd(PPh;);Cl (0.4%), nCotiy” TN @49) 761
n-CoH g Cl 0 CI(CH»),Cl, 60°, 16 h
MeO MeO
Cn Y 9
c BU3Sn/Y BnPd(PPhs3),Cl, /@M (85) 581
THF, 90° PN
o 0
o CF, CF3
BnPd(PPh3),Cl (1%), (83) 262
Bu3Sn HMPA, 65°,22 h
O
Me;SnSnMes Pd(PPh1),Cl; (5%), @/U\ SnMe; 80) 750

PhMe, 100°,20 h
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)
C

Substrate Stannane onditions Product(s) and Yield(s) (%) Refs
N A uiSn AN A
i BusSny BnPd(PPhy),Cl (0.63%) Y o (95) 772
| | Il I\ R / | | i v
SN )y HMPA, 65°,22 h < —\
VN fo) RN UI \)
o7
0 o
NC‘ BuSnH Pd(PPhy); (1%), H o gg 156
X CeHe, 1t X
o 0
WC' Me;SnPh BnPd(PPh3),Cl (0.4%), Br Ph g7y 146
CHCl3, 65°, 5 h
0
> 0 BusSn BuPd(PPhy);Cl (0.4%), 49) 761,762
~ \ P CI(CH,),Cl, 60°, 16 h
MeO,C MeO
%o o BnPd(PPh;),Cl,
O Me,Sn CO (15 psi). O 87 773
cl HMPA, 1, 4 h
OBoc OBoc
o) 0
oW 'Sy
. Bu;Sn Pd(PPhs), (5%), . - (45) 148
Cl = . 2
In\l \/\n/ dioxane, 100°,30 h I.\J Y
Cbz o] Cbz o]
0
0{ 6]
Bu3Sn | RS PA(PPh3),Cl, (0.7%), LN B | X (48) 774
P CeHg, reflux, 12 h d
N Chz N
0
II\JHBOL /o—/\/ ’(‘) Il\IHBoc
Meﬁ“‘\,/\ Pda(dba); (0.5%), SN (79) 775
| = A
i o ! i
LA PhMe, 70°, 4 h by >
0
NHBoc o~ O NHBoc
i ; 1] i
Me,S A Oox W A
EARVEEN PA(CHACN),Cl,. WYY e 775
K//l\m PhMe, reflux Chz AL
P ~
O
NHBoc o—/{ O NHBoc
" i
e3snj©\ Pd(CH3CN),Cly. QN) - (53) 775
_— PhMe, reflux [
cl cl Chz cl
9 i
|
a Bu;SnH Pd(PPha), (%), f\“ 77 776
MeO,C” " NHCO,Bn THF, nt MeO,C” NHCO;Bn
NHBz o} 0 NHBz o}
/\/U\ Pd(PPh3); (5%), 37 148
a BusSn” ™% dioxane, 100°,30 h i
o}
0 NHBz 0
/\/U\ PA(PPhs)y (5%), Bun (38 148
BuzSn™ " " Bu-n dioxane, 100°, 30 h
o}
o NHBz 0
Pd(PPh3)4 (5%), Bu- (50) 148
BU3Sn/\)L Bu-n dioxane, 60°,3 h Z 1 o
0
[0) NHBz o]
Pd(PPh3), (5%), (38) 148

dioxane, 100°, 30 h
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TABLE XIII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%} Refs.
o) Me,Sn BnPd(PPhs),Cl, o (82) 777
HMPA, 65°, 3 d
o G 0
0 0 0 o
Me A Buysn” X BnPd(PPhy),Cl, e o eso 778
5 5 a C¢Hg, reflux, 3.5 h 5 5
Cis o o o 0
OWCI Me,Sn BnPd(PPh3),Cl (0.5%), ow (58) 779
N HMPA, 65°. 4 h N,
CO3Bn CO4Bn
0 0
0 "\/U\a RsSn BnPd(PPh;3),Cl (0.5%), O)k/"\)J\R 779
N, HMPA, 65°,4 h N
CO,Bn R CO5Bn
Me 74)
Et (72)
Bu (66)
Bn (33)
0 © 0O o
\MJ\MJ\ BuzSn” X BnPd(PPh3),Cl (1%), \MJLM)J\/ (249) 780
s A Cl C¢Hg, reflux, 2.5 h 5 6
t-BUOzC\\ P I‘BUOZC\\\ j)\
. ~ e AN
/ \{ Ll n Q. DaADAMDMDL _\ Ml 507\ / \( - \\\r"r‘\ Qe TR 7Q1
{ | budn (o, DIrGrrigjuiJio), < | C1IVID (@AY 7ot
N s T YYerMms THEF, 50° N
Cis
0 0
BusSnH PA(PPh3), (5%), P s 156, 769
n-CisHy ™ Cl CeHe. 1, 2h nCisty™ H
Ci7.1 o o
R R
\(U\Cl BusSnH Pd(PPh;),, \HLH 782
HN. THF, it HN .
FMOC FMOC
R
H (74)
i-Pr (20
s-Bu (25)
0 BnPd(PPh;),Cl (2.4%), 0
Bu3Sn OBn CO (15 psi), OBn (71 146,783
; = =
\MCI W CHCl3, 65°, 30 h
OTBDPS (8] OTBDPS O
Cas
coM COM
e Pd(PPh3);Cly (29%), 2vie
0 Me;SnC=CCgH,7-n CI(CHy),Cl, o] (82) 784
reflux, 30 min
cl Cs
~CCgH\7-n
OTBDPS OTBDPS
Cy 0 0
CF
a 3
CF;
BnPd(PPhs),Cl (1%), 7y 262
BusSn HMPA, 65°, 24 h )
AcO AcO’
H H
OAc OAc




TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS

8cvy
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
G o) X 0
BusSnH Pd(PPhs),Cly (1), Big (95) 156, 769
PPh;, C¢Hg, 1t Ph H
Me,Sn Pd(Ph-BIAN) 0 (98) 415, 147,
(dimethyl fumarate) (1%). Ph/“\ 4,730, |
DMF. 50°, 16 h
0 0
Et3SnMe BnPd(PPh;),Cl (0.45%), + (—) 8317 27
HMPA, 65° Ph* ph)J\/
Bu;SnMe BnPd(PPhy),Cl (0.45%), )OL + )OL (—) 57:43 27
Messn” X BnPd(PPh;),Cl (0.4%), 0 188 146, 750
CHCl;, 65°, 18 h Ph/H
Bussn” X Pd(PPhy); (1%), I (87) 1,785,
CHg, 40°. 5 h 146
Sn-CH=CH,
BUZ
Pd(PPhy); (5%), 1 (95 376
PhMe, 40°, 47 h
{
n
MesSn” ~OMe BnPd(PPhy),Cl (0.4%), O @+ @ e 146
CHCl;, 65°, 18 h ph/U\/OMe Ph/u\
Bu;Sn”” “OMe BnPd(PPhy),Cl (0.4%), ﬁ s+ 9 e 146
CHCl3, 65°, 18 h T P Ruen
0 0
— B A ph/U\ Ph/U\. i
nPd(PPh;3),Cl (0.45%), 1 I + k I (—) 50:50 27
Bu;Sn CHCH, 65° S
/=\ Pds(dba); (1%), 1
BusSHi 2(dba); (1%) .
L (8%), THF, 24
L = PPh3 I+ H (>90), LIl =70:30
L = AsPh; I+ I (97), LI =70:30
L = P(2-furyl); 1+ I (>90), LI =955
/lOJ\/\
Rh(PPh3);Cl (2%), | (86) 2
yZ
Bussn” CoHe, 80°, 5 h Ph o
s N 0 o
Bu, Pd(PPhs)s (5%), /'K/\ (53) + M M+ 37
1 s PhMe, 90°, 65 h Ph “ Ph
> 0
/U\/\ )
Ph A
n
Pd(PPhs)s (5%), o
/& CO (15 psi), BHT, )J\/ (75) 250
Bu3Sn PhMe, 100°, 3 h Ph |
CF, 0
/& BnPd(PPhs),Cl (1%), cr, 0 262
BusSn HMPA, 65°, 3 h Ph ]
? Pd(PPhy)s (5%) i 60) 148
3)4 0),
H
Bugsn/\/u\n dioxane, 60°, 3 h Ph/uv/\ﬂ/
(@]
OMe (6]
BnPd(PPh;),Cl (1%), (73 749
Me3Sn CeH, reflux, 1 h Ph
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TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
BusSn_~_ P(PPhs);Cly (1%) Mo @ 529
T 100°,20 4 - n
s} o)
N X A _
a0 ~ vn U
I Bw Pd(PPh;,), (5%), I ~ (14) EZ=69:31 376
P IR WA
f I PhMe, 40°, 48 h Ph -
N
n
0
Bu,Sn BnPd(PPh3),C! (0.05%), o )LB ©on 4, 146,
HMPA, 65° o 1,27
0
BusSn. ) E:Z=25775  BnPd(PPh;)Cl(0.4%), NP (6 E:Z=30:70 146, 783
CHCl3,65°, 45 h
o)
Bu;Sn 0 0
K BnPd(PPhs),Cl (2.5%), Ph 84 268
1, THF, 50°, 20 mi
H,N 0 Cul, min H,N o
0
I\ Pd(PPh;),Cl,, Ph = (80) 292, 530
Bu;Sn o dioxane, reflux, 3 h O‘N/
0
BusSn ),L
BnPd(PPh3),Cl (1.5%). Ph (81) 267
CHyCN, 1t, 2 h
0 e}
Ot i 75) 269
BnPd(PPh3),Cl (1.5%), (
Bu33n/K CeH, 100° Ph)i\]/
OEt
o o
Ny PA(PPhy)s (5%), oo 148,753
Bu:Sn” X7 o iane 2 n Ph™ ™ Y
2 aioxane, 1U4U-, U i I
0
0
BnPd(PPh3),Cl, f (71) 305, 532
BusSn._ __~_ .OMe e AN~ _OM
N N CHyCly, 65%,4h Ph
o
. s BnPd(PPh;),Cl b e 83 308
bu3on \///\/UAVIC CeHq, 100°, 48 h D"}/ R e
0
Pd,(dba); (1%), i
MesSn O p-Tol-BIAN, ph)J\/O7 (53) 415
@ THF. 65°,3 h N
0
BU}SH
Pd(PPh3),Cl, (3%), Ph R ©n 288, 287
/A THF, 1t 12h
0 0
| o)
BusSn Pd(PPh3);Cl; (1.4%), (59) 307
\IK\ PhMe, 110°, 24 h Ph
0 0
0
Bu;Sn [0} )J\/O
\[ ] BnPd(PPhy),Cl (0.08%), N L j (93) 71
o Cg¢Hg, reflux, 3 h o
|
Me;Sn \G [(n3-C3Hs)PACT]; (1%), Ph S 87 750
o HMPA, 20°, 5 min >
A
Bu3SnC=CPr-n BnPd(PPh3),Cli (0.4%), \7'—CECPr7n (70) 146
CHCl3, 65°, 23 h PH
Pd(PPh3)y, 277

BuiSn W)

S

PhMe, reflux

O
82
Ph/uﬁ) 82)
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TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
o}
Me;Sn
= l Pd(PPhy),Cly (5%), Ph)l\(i 7) 284
N C¢He, reflux, 8 h =y
o)
Me;Sn
\f\j‘l\ PA(PPhy),Cl, (7%), I )'N\ o7 459
NS NS
N SMe CHCHa),Cl, reftux N SMe
o)
R}Sl’l
\ﬁj‘\ PA(PPhy),Cl (14%), Ph)l\f\j“\ R =Me, (71) 459
S N —
N SO,Me THF, reflux N SO,Me R =Buy, (61)
Si X" CoMe o}
Bu, Pd(PPhy), (5%), P /U\/\/cone (64) 376
PhMe, 40°, 44 h
n
o) o O
BusSn BnPd(PPhs),Cl, CO, “n 762, 761
0 Ph o]
\ CHCl3, 65°, 16 h \
MeO MeO
o}
BusSnC=CTMS PA(PPh3),Cl, (1.8%), >\—CECTMS (64) 149
CI(CHyCl, 84°, 2 h PH
0
E Ak o
By S ATMS Pd(PPhy);Cl,, P N (65) 263
uiSn CHyCly, 82° lT_ <
o}
Me3SnPh [(3-C3H5)PAClI; (1%), /lk (>98) 786, 147,
CHCH,),Cl, 75° Ph” “Ph 750.4, 1.
27
o}
MezSn
\©\ ((0-C3HgPACT], (1%), Ph/lj\@x o e
cl HMPA, 20°, 10 min a
0
Me;Sn
: | = PA(PPh3),Cl (5%), PN e 284
=N CgHg, reflux, 8 h ZN
0
MesSn
\@\ (7-C3HgPACI, (1), Ph/u\©\ o7 750,751
NO, HMPA, 20°, 20 min NO,
0
BusSn BnPd(PPh3),Cl 2%), H (77) 534
; S h
W 110-120°, 20 h P )H/\i(
OEt o}
o)
BusS BnPd(PPh3),Cl (1%) I OEt (72) 305
{1k n 32 ), x
E\ﬁ THF, 100°, 16 h Ph/lﬁ/\'f
1
s 0\\8/,0 0 0‘\5 0
e Pd(PPhy)s (1%), Ph 51 752
i \ HMPA,0° 3 h / \
(o) 0]
(o]
> 73 537
BnPd(PPh3),C1 (2%), Ph/LKH/\TMS (73)

CHCl3, 65°, 24 h
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
s o N o 0 C o i man
MesSn Ph BnPd(PPh3),Ci (0.053%) il - i (51 147, 750,

HMPA, 65° P 751
o~ O
Me;Sn” " Ph BnPd(PPh;),Cl (0.45%), + T I (=) LII=17:83 146
CHCls, 65° PR”
Me3sSn™” > Ph BnPd(PPh3):Cl (0.45%), I + Il (—) EII=10:90 146
HMPA, 65°
Me;Sn”” > Ph BnPd(PPh3),Cl (4%, 1 + II(—) LII=60:40 146
HMPA, 65°
Bu;Sn” Ph BnPd(PPh3),Cl (0.45%), 1@ -+ )OL I (34) 146
CHCl3, 65° Ph Bu-n
Bu;Sn/\ Ph BnPd(PPh3),Cl (0.45%), I 9 + IS 146
HMPA, 65°
BusSn” Ph BnPd(PPhs),Ci (4%), 1 (78) + I (6) 146
HMPA, 65°
(Bn);Sn BnPd(PPh;),Cl (0.05%), I (95) 4
HMPA, 65°
o)
Bu3S"YPh BnPd(PPh;),C! (4%), Ph)s/ Ph (71) 27
H \D HMPA, 65°, 16 h o \H
o
Bu;Sn CF, | CF;
BnPd(PPh3),Cl (0.4%), Ph (64) 146
CHCls, reflux, S5 h
o]
Me;Sn
| - [(n3-C3Hs)PACI]> (1%, P hJ\@\ (100) 750
S o B
e N HMPA, 20°, 5 min CN
o)
AMa. Cr ”
TERE R o P N
Il | Pd(PPhy),Cl, (5%) £ !} N (70) 284
N CeHe, reflux, 8 h (N
| |
o)
1
BusSn. SN
N RoDAPDL s o a0 Ph” YT e
Il | bnra{rrng )yl (U.4%), Il | (83) i46
AN CHCls. reflux. S h N A
~" "OMe 3 FRERA, S ~ 0
[ j)\ l [(*-C3Hs)PCi]; (1%), o
P(OED);, CO (120 psi), /U\W/Ph (70) 308, 307
Ph ’
EtsSn™ P PhMe, 111°,2h .
¢}
O
BusSn. - Bu-n Pd(PPh3)4 (5%), Ph )j\/\ﬂ/ Bu-n  (66) 148
\/\ﬂ/ dioxane, 100°, 30 h
(6] 0
O
BU3Sn\/\WBu»n Pd(PPhy) (5%), oh )J\/Yau-n (56) 148
dioxane, 60°, 3 h
O O
T™S 1. Pd(PPh3),Cly, o
THF, 65° (>56) 532
Bu;Sn’/\\\/ “OMe 2. Bu;NF, THF, (° Ph/lL\/‘\f'“OMe
OEt O OEt
BU3SnCEC—< Pd(PPh3),Cl, (1.8%), >\—CEC—< (68) 149
OFEt CI(CH,);,Cl, 84°, 2 h PH OEt
O
Bu;Sn OEt Pd(CH;CN),Cl, (1%), )K/\(om (75) 763
\/\( DMF, 20°,2 h Fh z [
OEt OEt
BnPd(PPh3),Cl (1%), 427

BuiSn \)\ﬂCOQEt

EZ=17

CHCls, reflux, 24 h

0
MCO 5 0 EZ=18
Ph e D2
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TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

MesSn =
NS
N

Pd(PPh;),Cl; (5%),
CgHe, reflux, 8 h

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
BusSn O O
[ I. BoPd(PPhy),Cl (2.5%),  Ph (69) 268
Cul, THF, 50°
i-PrO (o] 2. H;0* HO' 6]
0
Bu3Sn 0 0
1. BoPd(PPhy),Cl (2.5%),  Ph (79) 268
. Cul, THF, 50°
i-PrO o 2. Piperidine <:N) 0
0
BuSn 9/> i o/>
s BnPd(PPhs),Cl (1%), PN 08) 268
CO (15 psi), CgHg, 80°
"0 0
OAc O
Pd(PPh3),Cl; (4%), CuCN, Bu-t (50) 243
BusSn™ “Bu-s PhMe, 75°, 36 h P
OAc
0
RsSn_s BnPd(PPhy);Cl (2.6%), o AN R = Me (90) 754
\ﬂ/\F\(CO) CHCH,),Cl, HMPA, \FA(CO) R =Bu (43)
R 80°,2h et
0
BuiSnC=CPh PA(PPh3);,Cl (1.8%). >\~—Cchh 94 149, 146
CI(CH,),Cl, 84°, 2 b PH
¢ sn-C=CPh 0
Bu, Pd(PPhs); (5%). >\~C5cph (96) 376
PhMe, 40°, 48 h Ph
i
ANV
N
Bu3S BnPd(PPh3),Cl (0.4%) 9 I (82) 146
U3dN \/\ 1] 32! 4% ),
Ph CHCly, 65°, 24 h ph)v Ph
" EZ=955 BnPd(PPhs);Cl (0.5%), 1 (—) 27
CHCl3, 65°
EZ=1585 " I (—) 27
Ph Pd(PPhs); (5%), 0
/& €O (15 psi), BHT, )J\/ (55) 250
BusSn PhMe, 100°, 24 h Ph™
Ph
O
Bu;Sn O O
j( BoPd(PPhy),Cl (2.5%), Ph a3 268
Cul, THF, 50°, 60 min
(\N o u ﬁN o)
5 !
COzMe I(I) COzME:
BuySn Pd(PPh3),Cl (2%), Ph (70) 787
CHCls, 100°, 40 h
0
BusSn Pr-n Pd(PPhs)4 (4%), CuCN, )J\(\/Pr-n 7 243
X
\X/\/ PhMe, 75°, 60 h Ph
OAc OAc
Ot BnPd(PPh3),Cl (2%) o OEt (81) E:Z=285:15 539
n 3)2 o), W .Z = 85:
BusSa WOE{ THF, 65°, 17h P OEt
EZ=8515
OTBDMS ,
BnPd(PPh;),Cl (1%), an 457
Bu_zSn/K PhMe, reflux Ph/h\(
OTBDMS
284
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TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0 m
MesSn PACls (5%), - ¥ (47) 284
| w CgHg, reflux, 4 d | i
=N N
o)
Me;Sn
= PA(PPh3),Cl; (5%), Ph = (69) 284
Nx CeHg, reflux, 10 h
Me;Sn p PACl; (5%), (49) 284
flux, 5 d
|\ _ CgHe, reflux,
N
BuiSn
o /N\NPh PA(PPh3),Cly (5%), Ph /N\Nph (54) 788
=~ THE, reflux, 3 d =
o)
BusSn PA(PPh3),Cl, (5%) Ph = 2 788
\E\fNPh THF 3f21 : 3ho, R “
N , TeTiux, N
7o A
N Pd(PPh3),Cl, (5%), Ph N (0 788
BusSn N N
Ph THEF, reflux, 3 h I e
0
BusSn 0 [¢]
M BuPd(PPhy),Cl (2.5%), Ph (92) 268
N o Cul, THF, 50°, 15 min N o
/N /N
N ) < )
NHAc Pdy(dba); (5%), 0 NHAC
BusSn AsPhs (40%), )J\/\)\ (80) 375
PINA COEt  THF.r.48h ph” F COEt
Pd,(dba)s (5%) "
2(dba)y (%),
; E
BuiSn \H/\(COZE[ AsPhy (40%), Ph/u\ﬂ/\(COQ t 69) 175
NHAc THF, 65° NHAC¢
o)
OMOM o
Pd(PPhy);,Cl; (4%), CuCN,  py, (80) 243
Bu;Sn Ph PhMe, 75°, 15 h OMOM
0
OAc Ph
Pd(PPhy),Cl, (4%), CUCN,  pp, (78) 243
BusSn™ "Ph PhMe, 75°, 12h OAc
o)
BuSnC=C Pd(PPh;),Cl (1.8%), >\~CEC—\ (66) 149
OTBDMS CI(CH2),Cl, 84°,2 h Ph OTBDMS
o)
BusSn.__~_ OTBDMS  BaPd(PPhs),Cl (0.4%), (78) 146
= OTBDMS
CHCls, 65°, 24 b Ph/u\/\/
2
RsSn 1. PA(PPh;3),Cly (3.7%), .
\Ej“\ CICH)Cl, reflux, 20k PI™ | i R=Me (47) 459
N> 0TBDMS 2. AcOH ﬁ o R=Bu (30
o)
= BnPd(PPh;),Ci (0.4%), I (55) 146
BusSn CO,Bn CHCl, 65°, 20 h P
CO»Bn
- BnPd(PPh3).Cl (0.5%), I+ Q9 COBn (—) 62:38 27

BuiSn CO;Bn

THF, 65°

=
Ph
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TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
BusSt .~ opn Pd(PPhy); (5%), /U\/\/\ (62) 789
CgHg, reflux, 4 h Ph = OBn
OAc (¢]
PA(PPhy);Cly (4%), L coHpen 8 243
Bu;3Sn C7Hjs-n CuCN, PhMe, 75°, 18 h Ph Y k
OAc
TMS 0 TMS
BusSn.__~ BnPd(PPh; ),Cl (1%), _ (75) 256
80°, 18 h Ph
Ph Ph
0
Bu3Sn Ph Pd(PPhy),Clp (4%), ).K(\/ph (30) 243
o Ph
CuCN, PhMe, 75°, 38 h
OMOM OMOM
Ph O  Ph
BusSn.__~ Pd,(dba); (0.05%), _ (78) 247
HMPA, 100°, 1 h Ph
CO,Bu-t CO,Bu-t
0
Bu3Sn CgHy7-n Pdy(dba)s, P(2-furyhs, /U\/\/Cgﬂn-n (90) 447, 768
7 =
W THF, 25°, 16 h Ph X
OAc OAc
H H
o} o o
BusSne o Pd(PPh3):Cl, (4%), o (60 242
o CuCN, PhMe, 95°, 18 h Ph o]
Bro H B H
SiEt; 0 SiEy
BusSn.__~ Pd(CH;CN),Cly, )[\/ (65) 255
. CHCl3, 60°, 24 h Ph ,
Ph Ph
0
BusSn__C7Hjs-n Pd(PPh3)2Cl; (4%), h CiHys-n (50) 243
CuCN, PhMe. 75°, 36 h
02CC6H4N02—[) OzCC(,H_@NOrP
OBz o
Pd(PPh;);Cl, (4%), o CHisn  (70) 243
BusSn™ "CiH,s-n CuCN, PhMe, 75°, 18 h
OBz
(I)Bz o
P 94%ee  PA(PPh3).Cl (4%), . )J\/C7H;5»n (74) 92% ee 243
BuSn™  "CiHisn CuCN, PhMe, 75°, 18 h x
OBz
Ph O Ph
BU}Sn
Z°N Pd(PPh3),Cl, (5%), Ph™ NN (3p) 545
XN Et;NCl, C4Hg, reflux, 41 h N
Ph Ph
0O 0o 0 O
Bu;Sn Ph )
3 N Pd(PPhs)s (4%), Jg,N + d Bun 543
n-CyH,s CuCN, PhMe, 75°, 36 h nCoHys
o O s 28)
”YO BnPd(PPhy),Cl (5%). o ”YO
--Ph . --Ph
Bu;Sn. N CO (35 psi), N (48) 757
\H/ P CeHe, 110°,24 1 Ph -
0
BuiSn / CyHyy-n Pii([iba)3,6P:2—furyl)3, Ph Z CgHyj7-n (83) 447
OTBDMS ik OTBDMS
(o]
5 .05% 65 247
CO,Bu-t ' ’ CO,Bu-t
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MTADY T VT MIDTDAT D AQQ iy DT TAT/ AT A MUY FYIT ANDTTOO ADYUTY OVOTITIANAQ 77 L £y
1ADL.LC AL DIRKEU T UCRKUDD-LUUPFLINU UM ALTL UALURIDEST ARTL D IDILRIVID (Lonlfinued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Me;N MesN
=0 (0] =0
o s il /
MedSn o~ A o AN o~ A
‘lr/ P" /\/ [(M3-C3H5)PACH, (11%), L {T /> (67) 666
P proton sponge, Y
Boc\ /\QO THF, reflux, 7h Boc\ ,\QO
N— A N-—
ats avs
N— 5 N= N
o)
Bu3S PAd(PPh3), (5%). (27 148
BN 0By, (PPha)s (5%) Ph/U\/\SnBu3 )
dioxane, 60°, 2 h
0]
BusSn. -~ Pd(PPhs)y (5%), M Ph (50) 148, 753
Z “SnBu dioxane, 100°, 30 h Ph .
0
0
Bu3S Pd(PPhs)s (5%), Ph 40 148
BN SnBus (PR (5%) Ph/U\A( @
dioxane, 60°,3 h
0
PA(PPhy):,Cl; (5%), ?
Bu;Sn SnBuy THF, 80°, 24 h Ph SnBuy g5y 287, 546
Z/ \; or I\
o THF, 65°,8 h o)
0 Q
BusSn SnBu3 Ph‘< Ph
’ Pd(PPh3):Cls (5%), \ (20) 287
/ \/ PhMe, 100°, 32 h /A
0 (o)
BnPd(PPhs),Cl o
Me3SnSnMe; or Pd(PPh3)4 (5%), )j\ (80) 309, 759
THF, reflux, 14 h Ph SnMe;
? i
|
P a AN
ﬁ \T Ci Bu;SnH Pd(PPhs), (1%), ﬂ j Hooen 156
BrM CgHg, 1t Br/\//
9
-~ 1
o I s .
Me,Sn BnPd(PPh1),Ci (0.4%), f i (60) 140
OO aafhay A _/)
CHCl;, reflux, 24 h B NF
(0] (0]
il Ml
AN e -
Me,Sn BnPd(PPh;),Cl (0.05%) q I GO (i ~r 4
HMPA. 65° Br/K/ )\/
(67) (26)
0
CF3 CF
BnPd(PPh3),Cl (1%), 389 262
Bu3Sn HMPA, 65°, 5 h
Br
o)
Bu;SnPh BnPd(PPh3),Cl (0.4%), /@)kph (89) 146
CHCl3, reflux, 2 h Br
1"
Buss“w BnPd(PPhs),Cl (1%), OB (69) 305
OEt THF, 100°, 16 h
Br
(o] (¢]
Cl Me4Sn BnPd(PPh;),C! (0.05%), /@)k 97 4
a HMPA, 65° a
o)
CFy I

BU3Sn/§

BnPd(PPh3),Cl (1%),
HMPA, 65°, 4 h

Cl
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TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BusSn TH\ Pd(PPhy),Cly (1.4%), (59) 307
) PhMe, 110°,24 h
BusSn__~_-OMe BnPd(PPh3),Cl. 305
CH,Cl5, 70°, 8 h
BU3Sn
N Y Pd(PPhy)y (1%), 752
o e
o) HMPA, 1t,3 h
BU;SH
\”/\TMS BnPd(PPh;),Cl (2%), 537
CHCl;, 65°,24 h
0
[(*-C3Hs)PACT]; (1%),
Ei;Sn P(OEt)3, CO (120 psi), 308, 307
al PhMe, 111°,2h
Ph
BusSn.__~ Pd,(dba); (0.05%), 247
HMPA, 100°, 45 min
COzBu-I
Me3SnSnMe; Pd(PPh;),Cl5 (5%), 759
PhMe, 100°, 15 h
F (0]
a Me;SnPh [(n3-C3Hs)PACIY; (1%), 750
HMPA, 20°, 10 min
0 Bu3Sn 0
F
cl 74 Pd(PPh3),Cl; (2%), ) R =Me (79) 425
F N THF, reflux, | b R =Boc (59)
! N
R t
R
NO, O NO, O
| e MeSn BnPd(PPh).Cl (0.05%), i = (73) 4
% HMPA, 65° Z
o} 0
=X Cl = H 156
[ Bu;SnH Pd(PPhs)s (1%), | (75
¥
N CoHe, rt 0N
(0]
Me4Sn [(M3-C3H5)PdCl]; (1%), (100) 750, 4,
HMPA, 20°, 10 min O.N 146
0
MesSn™ X BnPd(PPh3),Cl (0.4%), | (88) 146, 750
CHCl3, reflux, 20 min O,N
0
Bu3Sn O o
\[ ] BnPd(PPha),C! (0.08%), [ ] (86) 271
o CgHg. reflux, 3 h O.N o
o
S
7\ [(M3-C3Hs)PACI); (1%), ‘ = { on 750
Me;Sn S HMPA, 20°, 2 min =

0,N
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TABLE X1V. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BnPd(PPh3),Cl (0.5%), o
Bu;Sn \/YOEI CO (15 psi), = OEt (g0 250
o CHCl3, 50°, 12h o
O.N
0
Bu;SnC=CTMS Pd(PPh;),Cl, (1.8%), O)szCTMS 51 149
CI(CH,),C1, 84°, 2 h 0N
0
Me;SnPh BnPd(PPh3),Cl (0.4%), /@/U\ Ph 97) 146, 750,
CHCls, reflux, 18 h O,N 751
F O F
Me;Sn F F
[(0-CHs)PACHl, (1%), O O 32) 750
- - HMPA, 20°, 24 h OuN F F
F
Bu;Sn
0\\8\):@0 PA(PPhs)4 (1%), (33) 752
o = HMPA, 0°,0.5 h
0=S$
0
0
Me;Sn
\©\ PA(CH,CNY,Cl, (1%), O O 70) 367, 590,
THF, E,0, 20°, 2 h O,N 750
o
Me;Sn /\/U\/\
m [(n?-C3Hs)PACI, (1%), 1/ ) l/ | (66) 750
N 0Me HMPA, 20°, 10 min ON e v N NOMe
f6)
/\/U\
X -
Bu;SnC=CPh Pd(PPh3);Cl1 (1.8%), i Csopn 67 149
CCH)Cl, 84°, 2 h ON AF
0
OBz i c.u
Pd(PPh3),Cl, (4%), THIsT(40) 243
Bu;Sn CsHysn CuCN, PhMe, 75°.24 h OBz
O,N
Bu3Sn (6]
~ 0:N
7 i | Pd(PPh3)-Ch (2%), Y AN (75) 425
NN THF, reflux, 3¢ min
J
Me
Bu;3Sn O .~
| OBn PA(CH;CNY,Cly (5%), () 423
OBn CI(CH»),Cl, reflux, 15 min
6Bn
Cs o
Cl BuySnH PA(PPhy); (1%), 156
Cg¢Hg, 1t
0
BmSn)H/ PA(PPh3),Cl (1.4%), 307
PhMe, 110°, 24 h
Q
BuiSn \K\M BnPd(PPh3),Cl (1%), OB (s 305
OFEt THF, 100°, 16 h '
0
|
MeiSnSnMe; Pd(PPh3),Cl» (5%). @J\ SnMej (75) 759
PhMe, 100°, 16 h



TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

O O

2124

6vv

Bu;Sn

a
o >——n

BnPd(PPh;),Cl,
THF., 65°, 30 min

(85) 264

o]

0
BusSn Pd(PPh2),Cls (1.4%), /u\n)\ (63) 307
PhMe, 110°, 24 h 0
0 0
[(M3-C3H3)PAC1]; (1%),
Et;Sn P(OEt)s, CO (120 psi), O (73) 308,
PhMe, 111°,2h o
- 0
Me;SnSnMe; BnPd(PPh;),Cl (5%), /@)ksnwa 4 309
THF, reflux, 14 h
0
/©/lkc1 Me;Sn BnPd(PPh;),Cl (0.05%), /'ij)k 99) 4
NC HMPA, 65° NC
0 0
MeO CF3 MeO CFy
a BnPd(PPh3),C1 (1%). (81) 262
Bu;Sn HMPA, 65°, 13 h
0
BusSn W BnPd(PPhy),Cl (1%), MeO OB 67) 305
OFt THF, 100°, 16 h
0 0
Iy gy
cl BusSnH Pd(PPhs),; (1%), N 75 156
P
CgHg, 1t N .eo/\,/
0
|
Me,Sn BnPd(PPhy),C1 (0.05% ). | A (86) 4
o =
HMPA. 65¢, 25 h MeO
O
0
)J\/ Pd(PPha),Cly (1.4%), f A 61) 307
BusSn PhMe, 110°, 24 h o Ao
e
0
BuzSn ¢] o]
BnPd(PPh3),Cl (2.5%), O ] (98) 268
Cul, THF, 50°, 20 min MO
H,N o) e H,N o}
o 0
Bu3Sn)H/ Pd(PPh3),Cl, (1.4%), M (65) 307
o 0
PhMe, 110°, 24 h MeO
0
SN OMe
BusSn_~_-OMe BnPd(PPhy),Cl, 78 305
CeHe, 100°, 36 h MeO
o
Bu;Sn (o] &)
\[ j BnPd(PPh3),Cl (0.08%), I j (93) 271
o C¢Hg, reflux, 3 h MeO o
0
Ph,Sn BnPd(PPh3),Cl (0.05%), Ph  (84) 4
HMPA, 65° MeO
Bu;Sn )
o (0]
Ng o Pd(PPhs)s (1%). | = e ) 752
] = HMPA, rt,3 h MeO # 0=§
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TABLE XIV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ARYL SYSTEMS (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs
[, O
o i. Pa(Pring iy “ an
”“*’“\,A\T/U“"e THF, 65° NW#”‘"‘ (>53) 532
'l‘.'MS 2. BU4NF. THF, 0° J\‘ /J
MEO/ N
O
BuzSn O 1. BnPd(PPh3),Cl (2.5%), O
jzi Cul, THF, 50° | (65) 268
2. Piperidine / K
" ’ ' - <j_N) i
0
BusSn 0/> 0/>
o BnPd(PPhs),Cl (1%), O o (92) 268
o CO (15 psi), CgHg, 80 MeO o
oM
0 0 ¢
[(n3-C3Hs)PACI], (1%),
1350 POEt;, CO (120 psi), (76) 308, 307
PhMe, 111°,2h 0
OMe MeO
0
BusSn o] O
jzz BnPd(PPh;),Cl (2.5%), O T (67) 268
N o Cul, THF, 50°, 45 min MeO N o
Ph O Ph
Bu3Sn.__~ Pdx(dba); (0.05%). = (88) 247
HMPA, 100°, 15 min
CO,Bu-1 CO,Bu-1
MeO
0 o)
~ A A
ﬂ \T cl Bu;SnH Pd(PPhy)q (1%), T Roen 156
O\ AN CgHe, 1t H\/t\//1
i ) il
o 0
G
A
Me,Sn [(1-C3Hs)PACH (1%), I G 750
HUMPA 20° 15 min ~ A
HMPA, 20°, 15 min ¢ NF
H
o)
0
Me;SnPh [(n3-C3Hs)PAClY, (1%), Ph (77) 750
HMPA, 20°, | min Ph
0
0 (¢}
a MeganJ\/San BnPd(PPhs);C! (10%), (62) 152
Cl THF, 1,2 h
o} o
: i X
Bu-n .
ac 0 “al Bu-n Pd(PPhs)s, ac o (TN 77i
dioxane, 40°,4 h )J\ O
0" N BuySn” XX 0 07N
H H (49)
0
Bu-n
Bu-n Pd(PPhy)s, c,C O 771
di , 100°, 24 h
BusSn” T [e] oxane Lo N °
H (45)
OAc O OAc O
Me;sSn BnPd(PPh3),Cl (0.05%), 4

HMPA, 65°

el
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OAc O
Bu3Sn [¢] o]
ji BnPd(PPhs),Cl (2.5%), O T (65) 268
Cul, BHT, THF, 25°,2 h
HN 0 H,N 0
OAc O
Bu;Sn o 0
BnPd(PPh3),Cl (2.5%), O ] 73) 268
Cul, BHT, THF, 25°,
(—N o o R n2h (—N 0
OAc O
Bu;Sn O O
BnPd(PPhy),Cl (2.5%), O T @ 268
1, BHT, THF, 25°, 3 h
Cn
0._0Cl 0.__H
OO BusSnH Pd(PPhy)s (1%), (65) 156,769
CeHe, 1,21
0 0
OO c Bu;SnH Pd(PPhs)s (1%), OO H (g5 156, 769
C(,H(,, ,2h
0 0
JI|L n
’\\ ~ 5 SnMe; 750
>y « Me;SnSnMe; BnPd(PPh3),Cl (5%), (Y TsMe (5 759
By N THF, reflux, 45 h By
MEMO O BusSn 0 MEMO O
1 “ N— | Il a
N AN ol NN Vs
ﬁ \T Cl /)'_x\\ BnPd(PPhy),Cl (2.5%), l(i \‘ir \lri—fl’ (70) 268
N /N o Cul, BHT, THF, 25°, 3 h NS,
Cis Ph
Ph o o
| o MeSn PA(CH;CN);Chy, ! = (>63) 790
= THF, 1t, 16 h =
C
7 0 o) 0 0
Cl% NCI O M
. L
2 & Me,Sn BnPd(PPhs),Cl (0.05%), ~ (88) 147
HMPA, 65°
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TABLE XV. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: BENZYL SYSTEMS

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cq 0 /K Pd(PPh3)4 (5%), 0
Ph \)J\C, BusSn CO (15 psi), BHT, Ph (70) 250
PhMe, 100°, 5 h
BusSn o
Pd(PPhs), Ph (=) 244
N
N
OO H O
0
Me;SnPh [(M3-C3H5)PACI]; (1%), Ph \)}\ 72) 750
HMPA, 20°, 10 h Ph
H H
ol 4 9 o1,
BusSn—< BnPd(PPhs),Cl, S (62) 543
Ph C6H6, rt, 4 h Ph Ph
Cio H H
0 0
BnPd(PPh3),Cl, 35
Ph a B"3S"V/\(\O ng(l 3)3C PhM (35) 791
MeO” CF3 O_F Cl3, 65
0
1
Ph;) )J\C] Bu;Sn \//A\(,\O BnPd(PPhg)ogCL 791
MeO” CF; 07/\ CHCl3, 65
MeO,C Bu3Sn
S
| 0 BnPd(PPh3),Cl, (— ™
F al HMPA
F F
Cia
0 o
Ph>‘/U\Cl Bu;SnH Pd(PPh3), (1%), Ph >HJ\H (75) 156
Ph CeHg, 1t Ph
H H
c
16 Bu3Sn
0 \©\ PA(PPhs); (1%), (—) 792
Cl CO,Me Cellg, 1t
F °F
COQMC
Cy
0
Bu;SnH BnPd(PPhs),Cl (1%), (71) + Ph H (19) 156

PPh;, CeH, rt

)
Ph U\
Ph>!/ H
Ph

Ph
Ph
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LE XVI. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKENYL SYSTEMS
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
C} [e) o}
i Me,Sn BnPd(PPh):Cl (0.05%) 1 (93) 4
™. )J\\ vieyg, 2y 3/ A I N J—L 7o) “+
~ Cl HMPA, 65° NN
0
Bu;Sn o A o
I AN
| BnPd(PPh:).Cl (2.5%), I [ (53) 268
Ve N Cul, THF, 50°, 15 mi 7 \N
N " e TRV
o (0]
Pd(PPh3),, 86 148
Bu;;Sn/\/U\ ( )4 . M (86)
dioxane, 100°, 30 h I}
0
MesSn BnPd(PPh;),Cl (2%), x (75 537
T]/\TMS CHCl,, 65°, 24 h ™S
o]
Bu3Sn
7
7 Pd(PPh3),Cla (2%), 74 (70) 425
N THF, reflux, 4 h N
mé mé
(. T,
B
uaSn N BnPd(PPhy),Cl (2.5%), X N (64) 268
Cul, THF, 50°, 1 h
o 0 o o
0 o]
Ph
Pd(PPh;),, 97 148
Bu;Sn/\)L - (PPh3), ] M 97
dioxane, 100°,30h 0o
o}
Pd,(dba); (0.05%),
BU3Sn 2 3
7 "CysHyn hydroquinone, ' Z “CisHain - (55) 247
CO,Bu-1 CHCl3, 25°,48h CO,Bu-
0 "
i il
[ Moo~ fag
Buadn o~ . Pd(PPi)y, e (63) 148
ool dioxane, 100°, 20 h i 0
Cy " . .
e o
i Bu3SnH Pd(PPh3)y (1%), Il (85) + i (<5) 156
R oo Ve ST u
CeHg, 1t H H
o
BusSn_ L
— N_DI/PDL \ 1 0 X T Ne
i pira{rrngjyli{1.5%) | 33) 207
- & CHiCN, 1t, [.5h L_&
0 ! 0
0
BusSn o] o]
BnPd(PPh3),Cl (2.5%), = (93) 268
Cul, THF, 50°, 15 mi
H,N 0 ! min H,N o
0
Me3Sn BnPd(PPh;),Cl (2%), (89) 537
: A
\ﬂA ™S CHCl;, 65°,24 h ™S
o]
BugSn,  OPri 1. BnPd(PPh3),Cl (2.5%), AN N I (68) 268
j:£ Cul, THF, 307, 30 min H
o fe) 2. Piperidine le) [e)
Bu;Sn N BnPd(PPh3),Cl (2.5%), I (83) 268
Jj Cul, THF, 50°, 30 min
o e}
o} e}
BnPd(PPh3),Cl (2%, 537

e

CHCl3, 65°,24 h

W ™S (75
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TABLE XVI. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKENYL SYSTEMS (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OFt OEt
Bu3Sn BnPd(PPh;),Cl (2%), 80) E:Z=85:15 539
h WOE‘ CHC(I 635)"2 17( h ) WL)\OEI €0
E:Z=85:15 B
Cs
0 0 0
/l\)l\ /\/U\ Pd(PPhy);, N (86) 148, 753
a Bu3Sn dioxane, 100°,30 h
0
0
Me;Sn BnPd(PPhs),Cl (2%), ™ (74) 537
T(\TMS CHCl;, 65°, 24 h ™S
BusSn Pd(PPhs)s, i 63 753
3 = e ( )4 ) S N (63)
dioxane, 100°, 30 h
Y o}
0
BusSn OEt PA(CH;CN),Cl, (1%), /K/U\/\(OEJ (57) 763
W DME, 20°, 2 h 7
OFEt OFEt
OFt BnPd(PPhy),Cl (2%) OBt (85) E:Z=85:15 539
n 3 )2 0), L=8)0 3
BuyS W
E "Wo& CHCl, 659, 17h NS OEt
E:Z=18515
0
Bu3Sn\)VNHB0c BaPd(PPhy),Cl (5%) WNHBoC (1) 465
(0] (0]
/\/U\ Pd(PPhy)y, ~ Ph 9D 148, 753
BuySn” T Ph dioxane, 100°, 30 h
o]
v(j/l\ Rh(PPh3);Cl, /u?\/@/l\ (53) 150, 304
MesSn X CH,Cl,, 60°,48 h =
v©>< Rh(PPh):Cl, (54) 150, 304
Me;Sn CH,Cl,, 60°, 24 h
o)
Me;Sn
Rh(PPh3):Cl, | + 150, 304
CH:Cl,, 60°. 16 h
Ph
BnPd(PPh;),Cl, (35) 256
Me3Sn A 80°. 3 h
™S T™MS
(0]
BusSn o~ Pd(PPh;)y, WM (63) 148,753
SnBuj .
dioxane, 100°
Co 0 o
/\/\)L Bu3Sn OEt PA(CH;CNY,Cl, (1%), /\/\)J\/\(om (85) 763
X - A ~
a \/\( DME, 20°, 2 h
OEt OEt
O SiMe,Bu-n SiMe;Bu-n
BusSn Pd(CH,CN),Cl,, _ an 255
@/K al \G' CHCl,, 60°, 24 h cl
TBDMS TBDMS
BusSn \% PA(CH3CN),Cl,, @& 255
CHCl;, 60°,24 1
Bu-n
G o} TBDMS TBDMS
1 PA(CH;CN),Cl,, 255

CHCl;, 60°, 24 h
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TABLE XVI. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: ALKENYL SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
SiE 0 SiEy
BuySn = =
PA(CH,CNY,Cl,, (68) 255
Ph CHCl,, 60°, 24 h Ph
Cy
A Z x
Bu3Sn AN Pd(ASPh3)4 () 793
o 0
Co o o
PhCEc—{ Me3SnSnMe; BnPd(PPh;),Cl (5%), PhCEC% ) + <PhCEC>; (—) 309
Cl reflux, 12 h SnMe; -
0 o
BuySnH Pd(PPhy)s (5%), I (85) 769
ph/\/U\Cl CeHe, 11,2 1 P h/\)J\H
o)
Bu; SnH Pd(PPhs)y (1%), I(73) + /\)J\ 0 156
CgHg, 1t Ph H
/\)OK
MesSn BnPd(PPh3),Cl (0.05%), on 4
HMPA, 65° Ph” X o
)L BnPd(PPh,),Cl (1%), N CF;  (97) 262
BusSn”™  "CF3 HMPA, 65°, 4 h Ph
o O
/\/lk Pd(PPhy)s, (52) 148,753
BusSn” ™% dioxane, 100°, 30 h PR
o)
/\/L(L i
Pd(PPhy);, { (36) 148
BuSn™ ™% dioxane, 60°, 3 h PR N
0
0
ﬂ Pd(PPh;),Cl, (1%), )J\/\ X=0 (84) 574
BusSn™ Ny Colly, 70° PN x5 (86)
v N v e ey
ALY A= INVIE (/0
o BnPd(PPh;),Cl, CO, o o
BusSn CHCl3, 65°, 16 h “
\ o or Ph \ 0 (59 762,761
BnPd(PPh3),Cl (0.4%),
MeO CI(CH,),CY, 60°, 16 h MeO
o)
Me;SnPh [(m3-C3Hs5)PAC], (1%), /\/U\ (75) 750, 751
HMPA, 20°, 10 min Ph” N T Pn
0
MesSn BnPd(PPhy),Cl %), (73) 537
T]/\TMS CHCl3, 65°, 24 h PR ™S
tTMS o TMS
MesSn - BnPd(PPh;),Cl (1%), P> (85) 256
\K . Ph” X
80°, 15 min
Ph Ph
Ph Pda(dba)s (0.05%), O Ph
hydroqui
BuiSn = ‘y rf)qumorole, PhW an 247
CHCly, 100°,2.5h
CO,Bu-t CO,Bu-t
0
BusSn.__~. PA(PPhy),, /\)J\/\n/\/Ph 25) 148
Z A R
SnBus dioxane, 100°, 30 h Ph
0
0
Me3SnSnMe; BnPd(PPh3),Ci 309
or Pd(PPhs), (5%),
THF, reflux, 12 h
BU3Sn
X PA(PPhy),Cl (2%), 425
N THEF, reflux, 4 h
cl J
Cio Me
o 0
Ph/ﬁ)l\a BnPd(PPhy),Cl (0.4%), 761

CIHCH;),Ci, 60°, 16 h
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TABLE XVII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES: HETEROCYCLIC SYSTEMS

dioxane, 60°, 3 h

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
G /B a Me,Sn BnPd(PPh3),Cl (0.05%), 7B\ 91) 4
0 HMPA, 65° o
0 0
CF;
BnPd(PPhs),Cl (1%), (A (85) 262
BusSn HMPA, 65° 10 h o Ch
OMe OMe
BnPd(PPhs),Cl (1%), /A (83) 749
Me;Sn CgHg, reflux, 1 h 6]
0
Bu3Sa O
A\ Pd(PPh3),Cl, (3%), I\ ) (95) 288
THF, 1t, 12 h 0
0 0
BusSn O 0
5
\[ ] BnPd(PPhy),Cl (0.08%), 7\ | ] 95) 271
O C6H6v reflux, 3h O (¢}
0
/N SMe /N SMe
J/\/\IN( PA(PPh3),Cl, (7%), 70 « \”N/ (7 459
Me;Sn = THF, reflux, 3 h 0
0
_N__SOMe /NYsone
L]N/ Pd(PPhs),Cl, (14%), o\ « FN R=Me (72) 459
R;3Sn x THF, reflux fe) R =Bu (62)
o)
0 [(m3-C3H5)PACI), (1%), 9
0 POEts, CO (120 psi), o @) 308
Et;Sn 9 A o) \
PhMe, 111°,2h o
MeO BnPd(PPh3),Cl (0.4%), MeO
CHCH,),Cl, 60°, 16 h
S or 7\ I @8 761, 762
Bu3Sn BnPd(PPh),Cl. CO, o
0 CHCl3, 65 16 h 0 o
SnPh,Me
NMe, PhCOPA(PPh3),Cl (4%), / O\ Ph R=H (—) 42
THF, 40° R=TMS (—)
R 0
RPhySn  NMe;
= PhCOPA(PPh;),Cl (4%), 40\ Ph R =Me (—) 42
= THF, 40° 5 R=Ph (—)
Bu:SnC=CBu-n PA(CHCNY,Cl, (5%), /A ZCBun (59 794
PPhs, CHCl3, 1t, 6 h o
o)
TMS BnPd(PPhs),Cl (2%), /Y TMS  (67) 537
Me;Sn O
3 CHCls, 65°, 48 h I
OEt OEt
/\/k PA(CH;CN),Cly (1%), /N (78) 763
Bu;Sn” X" “OE: DME. 20°. 2 b o X" “OE
0
Me3SnSnMe;, BnPd(PPh;):Cl (5%), @\[(snMeJ (80) 309
THF, reflux, 15 h o
0
0 0
i
R
Cl Bu;Sn R Pd(PPh;),, R =Me (70) 148, 753
=
/O\ \/\Q)/ dioxane, 100°, 30 h /O\ o] R =Ph (64)
O
Pd(PPhs3)s, = 35 148
Bu3Sn ~ ™ $nBus (PPh3)y WSHBUJ (35)
(6]
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TABLE XVII. DIRECT CROSS-COUPLING OF ACYL CHLORID ES: HETEROCYCLIC SYSTEMS (Continued)

Substrate Conditions Product(s) and Yield(s) (%) Refs,
0
Pd(PPh i Y s 148,753
BUsST 2 by (PPhs '
- dioxane, 100°, 30 h A !
0
0
0
</S\)\(CI PA(PPh3);Cly (3%), </ s\ 1 L7 s 288
5 THE, 1t, 12 h 5
v /U\/TMS BnPd(PPhs),Cl (2%), [\ 1 ™S  (58) 537
MesSn CHCl, 65°,48 h S
0
/N\(o
1. PA(PPh3),Cly (3.7%), [ R=Me (36) 459
CHCHo),CI, reflux, 20 h NN RoBu )
2. AcOH (
c Pd(PPh4),Cl, (4%),
6 THEF, reflux, 6 h N SMe
e
I\ or M he 72) 151
N Pd,(dba); (3.7%), N N
Me g AsPhy, THF, 1t. 7h Me |
0 0
; N oa Pd(PPhy); (1%), l TR (g 156
N/ Ce¢He, 1t N/
(¢] N SMe
/\/LL PA(PPh3),Cly (3%), ) and an 151
J‘l \J a THF, reflux N N
MeS N Me o
0
e N =
N-SO,Ph Pd(PPh3),Cl; (3%). Y N-~SOPh  (61) 151
T i St
THF, reflux MeS N
0 M
N
Pd(PPh3):Cl, (3%), i/ﬁ/u\[ > s 151
THF, reflux MeS N/ ~N
0
R ' N
D\/O—§iThex PA(PPh)Cly (7%). ) 6 . e
THF, reftux, 30 min MeS N Y
O~!SiThex
Me
0] ]Y[e
Pd(PPh3),Cl; (7%). NN _ O-SiThex (77) 459
THEF, reflux, 30 min \os i N/ o Y Me
Cg €.
0 0
Et o) Et (0] 2
Ci BnPd(PPhy),Cl (0.4%), (90) 795
X HMPA, 70°,3 h S
J y\”/cx PA(CH3CN),Cl, (5%) /\/F B 60 794
MeO,C R 3 212 (N AN
e 0 PPh;, CH,Cly, 20°, 24 h MeO:C 0
Cio o
0 0
EYJ\ al PdCl,, PPh; N H (60 79
N/ COyPr-i N/ CO,Pr-i
Ch 0 e}
BusSn
(/\J)J\Cl : \KIN PA(PPh3),Cl, (4%), (/E/U\\\/AIN (61 151
N NN THF, reflux, 6 h N \NJ\SMe
PhO,S PhO,S
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TABLE XVII. DIRECT CROSS-COUPLING OF ACYL CHLORIDES:

HETEROCYCLIC SYSTEMS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cs 0 o]
Mm BusSn_~p Pd(dppfCl, (5%), WR 381
N, CHCls, rt. 2d N
Ts R Ts
™S (53)
CO-Et 51
Ph (54) 1
MesSn. o Pd(dpphCl; (5%), I (94) 381
CHCl3, 11,2 d
0
BuiSn
7 Pd(dpphCl, (5%), 7Y s 381
" P, N =
MeO~ ~o Lo, i, 2 4 \_rp MeQ~ ~N
E:Z=6634 o
BujSn \/\ Me O)% Me
i 41 381
O—SiThex Pd(dppf)Cl; (5%), N O-$ithex
i CHCl3, 1, 2 d “Is ]
Ez=8317M¢ Me
Cis 0 e 0
Bu3Sn
a @\ [(n-CsHs)PACI, (1%), (43) 797
BZ/N NO, THF,rt,5h BZ/N NO,
Cy [¢] (¢]
Mcz Pd(dppf)Cl; (5%), O)LR 381
N CHCH3, 1t, 2 d N
FMOC FMOC

Bu;Sn/\
Bu;S
WS 00,8

Bu3Sn CO,Et
MesSn NS
<~ “Ph

R =CH=CH, (64)

R = (E)-CH=CHCO;Et (51)
R = (F)-CH=CHCO,Et (64)
R = (E)-CH=CHPh (96)




TABLE XVIII. DIRECT CROSS-COUPLING OF CHLOROFORMATES AND CARBAMOYL CHLORIDES

L9%

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0 o]
Py J\/TMS BnPd(PPh3),Cl (2%), (49) 537
MeO™ “ClI Me:Sd CHCl3, 65°, 48 h MeO ™S
0 o)
Buzsn” X BnPd(PPhy),C! (4%), . ay 157
Me;N Tl PhMe, 100°, 8 h Me;N
o
Bu3SnPh BnPd(PPhy),Cl (4%), L 72 157
PhMe, 100°, 8 h Me;N™ “Ph
o}
o) Bu3Sn
L \©\ BnPd(PPh3),Cl (5%), h ydroguinone, ~ EtO (n 157
EtO Cl o
NMe, PhMe, HMPA, 100° 5 h NMe,
0
0 o}
/A Pd(PPh;),Cl, (0.5%), quinone, ~Bu0 CHO (70, 158
BusS CHO 4 \
Bu0” "CI o PhMe, HMPA, 100°, 3 h
O
BusSn < U 8
NN oy i . iBu0” YTy
if I BnPd(PPh3)>Cl (5%), hydroquinone, f i Tem
Q ,/)\‘ DhMa LIMDA 100° &k IS ,/)\‘ i
R PhMe, HMPA, 100° 5 b PR
R
H (66)
Me (64)
OMea (RAY
Vil AN
NMe; (88)
CO.Me (72)
0 0
pn. L Bussn” X BnPd(PPhx),Cl (4%), mo M 157
Na PhMe, 100°, 8 h N
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TABLE XVIII. DIRECT CROSS-COUPLING OF CHLOROFORMATES AND CARBAMOYL CHLORIDES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
AN i
Bu;Sn BnPd(PPh3),Cl (4%), (18) 157
3 3 Z Ph\N/U\/\
PhMe, 100°, 8 h |
Me
0
/K BnPd(PPh3),Cl (4%), Ph_ an 157
Bu;Sn PhMe, 100°, 8 h N
Me !
0
Bussn J\ BnPd(PPhy),Cl (4%), Ph, k)\ (60) 157
PhMe, 100°, 8 h i
Me
OEt [¢)
/& BnPd(PPhs),Cl (4%), Pho (65) 157
BuySn PhMe, 100°, 8 h N
Me OFEt
0
Ph._ o
ﬂ BnPd(PPh3),Cl (4%), N W (68) 157
BuzSn™ ~o PhMe, 100°, 8 h Me U
Bu;Sn Q
Ph.
Z/ \5 BnPd(PPh3),Cl (4%), ITIJKE/\O (73) 157
o PhMe, 100°, 8 h Me ‘=
0
) Ph. O_ _CHO
/[_\>\ Pd(PPh3),Cl, (0.5%}), quinone, Il\I \ (90) 158
BuzSn™ “g” “CHO PhMe, 100°, 1 h Me
CHO 0
Ph. 0
I\ Pd(PPhs),Cl, (0.5%). quinone, NN (62) 158
BusSn™ ™o PhMe, 100°,3 h Me
CHO
OHC 0
O
)\/_\> Pd(PPh3);Cl, (0.5%), quinone, Ph‘r‘w W (70) 158
BusSn™ "o PhMe, 100°, 4 h Me
OHC
FRN I
Bu3Sn N CHO Pd(PPh3),Cl; (0.5%), quinone, P h‘rﬁ W CHO (65) 158
Me PhMe, 100°, 3 h Me
0
Bu3Sn Ph
\O\ BnPd(PPh;),Cl (4%), N 157
R PhMe, 100°, 8 h Me R
R
H (81)
Me 48)
OMe 57
NMe, (50)
0
BusSn. o~ Ph Bnk d(PPhs)iC! (4%), Ph \N/U\/\ - (67) 157
E-7 = 80:20 PhMe, 100°, 8 h o
e
fe) (0]
PS Bu;SnH PA(PPhs), (5%), CeHe, 1t, 2 h P'S an 156
BrnO” (i BnO”™ 'H
it A i
BnPd(PPh;),Cl (5%), hydroquinone, 47) 157
n-CgH0” °Cl BusSn PhMe H;VIZPA 10;)o 5h ! "_CSHHO/U\K
Bu;Sn V/k BnPd(PPh3),Cl (5%), hydroquinone, 157

PhMe, HMPA, 100°, 5 h

o) |
| (70)
=
n-CgH”oM
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TABLE XVIII. DIRECT CROSS-COUPLING OF CHLOROFORMATES AND CARBAMOYL CHLORIDES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refys.
o}
o]
ﬂ BaPd(PPhs),Cl (5%), hydroquinone, n.ch”o)m (70) i57
BusSn™ "o PhMe, HMPA, 100°, 5 h
Bu3Sn [¢)
;/ \\ BnPd(PPh;),Cl (5%), hydroquinone,  n-CgH 7O = o (83) 157
o) PhMe, HMPA, 100°, 5 h e/

o}
O_ _CHO
ﬂ Pd(PPh3);Cl, (0.5%), quinone, n-ch”o/uX_?/ an 158
CHO W
0
1"

BusSn™ "0 PhMe, HMPA, 100°, 3 h
OHC\
fa 1\ /J'L ,O
A\ Pd(PPh;),Cl, (0.5%), quinone, n-CgH 70”7 N 5 (53) 158
Ru.Cn”” > T N\
upan v PhMe, HMPA, 1007, 3 h I
oHC
: (o) Me
7\ il 1
N oo I N . A N_ _CHO _ o
Bu3sh IIV Lnu Pd(PPh3);Cl; (0.5%), quinone, n-CgH 7, O \(\\ /,/7/ (70) 158

Me PhMe, HMPA, 100°,3 h
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TABLE XIX. INTRAMOLECULAR CROSS-COUPLING OF ACYL CHLORIDES AND CHLOROFORMATES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cy o
a )k/\”/cl Me;San\/SnMeg BnPd(PPhy),Cl (10%), (65) 152
THF, it,2 h o 0
o)
Cq o o]
1
a Me3Snvu\/SnMe3 BnPd(PPh),Cl (10%), (62) 152
Cl THF, 1,2 h
o 0
o o
It i
NN AN ~O
Y a BnPd(PPh),Cl (5%), Y
o] CO (45 psi), o) o) (38) 770
PhMe, 100°, 7 h .
o//i\/ﬁsmau3 oNF -~
Co 0
JOL o]
. o
1/\M3 “Cl BuPd(PPh3),Cl (5%), K\MZU\ \/\(
(o] CO (45 psi), (o] O I (58) 153, 154
PhMe, 100°, 14 h
O)\/\SHBLU OW
o}
0 0
(\(\%\a BnPd(PPhs),Cl (5%), O,
O SnBus CO (45 psi), | (15) + 1 (38) 154
O)\) PhMe, 100°, 14 h



[AA4

€LY

PhMe, 100°, 14 h

IAIMTRARMMNT DI AD 'DACS ONATIDT TR NAD AACYVT LI ADRINMEOGC AN LI ADNARNADM ATIIQ 777t Iy
INITRAMULDUULAN URUSO-UUUTNLINU UFP AU T L LHALURIVES AN UAOLURVUIURNMALLED \Lontinuea)
Stannane Conditions Product(s) and Yield(s) (%) Refs.
0 0 o
U N\ N
|/ ™, Ta BnPd(PPh;),Cl (5%), /)*‘0\ |/ N \/\(
Ie) CO (45 psi), w @32) + O o 30 153, 154
PhMe, 100°, 14 h
MSHBU] 4 0)\/\”/\(\%
(0]
o 0
0
(\(\/)SJ\CI BnPd(PPh3),Cl (5%), o
o} CO (45 psi), | 3 153, 154
PhMe, 100°, 14 h
)\/\SHBLB 5
0
o o}
O/lkC, BnPd(PPh;),C! (4.5%), 0 (84) 798
Jk/k CI(CH,),Cl, 37°,20 h
BU}SH C7H|5—n C7H15-n
X I
Cl 0 BnPd(PPh3),Cl (4.5%), %Ok (49) 798
Bu3Sn
u3 WC()HB-" CI(CH),Cl, 11,92 h CeHy3-n
O Bu-n
SnBu; 0]
/k Pd(PPhs3); (0.4%), an 155
CsHy, 0o Cl THF, reflux n-CsHyy™ 0
Bu-n
o
(\M;U\O BnPd(PPh3),Cl (5%),
0 CO (45 psi), 0@:0 (55) 153, 154
PhMe, 100°, 14 h
o)\/\smu3 4
o O
T Il
,JL N oDADDL N M A Zors = N (O 208
N o~ >l BnPd{PPh3),i {4.5%), B O (96) 7S
1 CHCH,),C), 37°, 20 h —{
AN TR N
Busdn ~ CoHjg-n CoHjg-n
i
NN I
|/ Ty BnPd(PPh3),Cl (5%).
0 CO (45 psi). 0;3:0 (53) 153,154
PhMe, 100°, 14 h
O)\/\SnBM o
o]
MC] BnPd(PPhy),Cl (5%), >\H/\
[¢] CO (45 psi), oyi/:o (70) 153, 154
PhMe, 100°, 14 h
O)\/ASnBug &
o}
(\MJ\G BuPd(PPh3),Cl (5%),
13
0 CO (45 psi), 0/\(\/)73\*0 (48) 153, 154
T
PhMe, 100°, 14 h W
M%Bu; o
o}
CeH),y CeHy
5 Cl BnPd(PPh3),Cl (5%),
0 CO (45 psi), (o] 2 O (58) 153, 154
S
0o
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
G 0 0
HC=C—, *j\ ; Pd(dba); (5%), Cul. ”/j’\ | _CH, 47) 170
B //C
r MOMO._ 07 “N” SSpBy;  P(2-furyl); (20%), MOMO._ 07 >N >C
o THF, 60°, 2 h o H
< <
3.C3Hs)PACH], (1%), 94 553
AL Bu;SnM [(n*-C4l s)oclz( ) A D)
HMPA., 20
0 0
Pd(PPhy), (10%), /\/Lk/ 44 529
BUSSHJ\/ (PPhy)s (10%) _ (4
CeHe, 60°, 20 h
PA(CH3CN);Cl,, PPhs, (80 24
X SN
Bu;Sn CHCly, 65° /\/H
BnPd(PPhs);Cl (0.3%), 20 /\)\/ 58 35
Bu;Sn/\/\ nPd(PPh3),Cl (0.3%) AV AN (20) + Z =~ (58)
: CHCl3, 65°, 48 h
OH PA(CH3CN),Cly (2%), OH (89 440
MesSn (CH3CN),Cl; (2%) % (89)
DME, 70°, 1.5 h
D Pd(PPhs)4 (5%), /\/@ ®) 161
MesSn™” s HMPA, 20°, 6 h Z S
/\)\ BnPd(PPh3);C1 (0.3%), /\/\)\ @3y + /\></ (48) 35
< = 7 = 7
BusSn CHCl;, 65°, 48 h
BusSnPh [(W3-C3Hs)PACIL, (1%), _~__Ph (95) 553, 535
// 7
DMF, 70°
Me;Sn N
\©\ [(n*-C3Hs)PACl; (1%), \/\©\ 94) 553
al DMF, 70° al
0 0
Bu;Sn Pd(dba); (2%), - (89) 440
THF, 55°,5.5h
HO HO
BnPd(PPhy),Cl (1%), (40) 256
BusSn” 80°,240 h Z
TMS T™S
Bu;So”” Ph Dy 7-Pd(0), Z""pp 92) 535
Me,CO, reflux, 25 h
Me;Sn N
[(3-C3Hs)PACH; (1%), \/\©\ (75) 553
HMPA, 20°
Me;Sn ™
©\ [(M3-C3H5)PACI]; (1%), \/\©\ 0 3
OMe DMEF, 70° OMe
Meoﬁ MeO
BaPd(PPhy),Ci (1%), 55 256
Messn/\ 80°, 48 h ZNTN
T™S T™S
HO HO _
BnPd(PPhs),Cl (1%), | (32 + 8 256
MeySn™ ™ 80°, 48 h A =
TMS TMS OH TMS
Me3SnC=CPh Pd(PPh3)4 (5%), —_ _ (3) 161
HMPA, 20°, 6 h ~ —c=cph
OH OH
PA(CH;CN),Cl,, /\/\)\ (90) 799
Buasn/\/j\CSHn-" HMPA, 20°, 5 h = = CsHyy-n
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Stannane Conditions Product(s) and Yield(s) (%) Refs.
CO,Et COsEL
| BnPd(PPh;3),Cl (1), | (61) 256
Me;Sn/\ 80°, 36 h M
T™S T™MS
7 2
Bu3Sn PA(PPh3),Cl> (2%), (70) 425
/N THF, reflux, 20 h = /N
Me Me
Bu3Sn CO,Et Pdy(dba); (5%), X CO-Et  (80) 375
AsPh; (40%), THF, 65° m
NHAc NHAc
0 0
Pd (0) W (80) 800
BusSn W
o) 0
Bu-n Bu-n
BnPd(PPh3),Cl (1%), 61) 256
Bu3Sn” X 80°,55h i
T™S ™S
Bu-t Bu-r =
BnPd(PPh3),Cl (1%), 43) + 256
Me3Sn” ™ 80°, 450 h 4 N +-Bu
T™S T™S
OEt OEt
BuySn” X BnPd(PPh3),Cl (1.6%), /\/\( (95) 49
TBDMS Cul, DMF, 50°, 7 h TBDMS
n-CgHy; n-CgHyy
Pd(PPhy); (5%), =) 442
Bu;Sn” X CeH, reflux = S
Ph Ph
| BnPd(PPh;),Cl (1%), . /l\ R=Me, 170h (51) 256
RySn” ™% 80° g ‘\\I R=Bu,45h (75)
T™S ™S
T™MS TMS
P BnPd(PPhs),Cl pp 254
Me;Sn BrMe,Sn
BusS nJ\(OEI BnPd(PPh3)2Cl°(l.6%), F SRS N ()] 49
TBDMS Cul, DMF, 50 TBDMS
(0] (0]
R R
P Pd (0) R=TMS (84) 800
Bu;Sn 7 R =n-Bu (62)
0 0
\)\A Pd(PPhy)s (5%), M/\ 87 789
BusSn o~ 0Bn CeHg reflux, 4 h OBn
PhO PhO
BnPd(PPhs3),Cl (1%), (50) 256
Me;sn™ X 80°, 48 h 7NN
™S T™S
SnBuj N
' [(>-C3Hs)PACl; (1%), .O (70) 553
HMPA, 20°
Bu;Sn‘(/D Pdy(dba); (5%), J—(/D (93) 289, 425
N PQ2-furyl); (20%). = N
SEM THF, 60° SEM
TsHN TsHN
Pd,(dba); (10%),
Bussn— P(2-furyl); (20%), 4 (89) 74
N THF, 65°,2.5h = N
SEM SEM
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate S Conditions Product(s) and Yield(s) (%) Refs.
OBn OBn
.-OBn
l Pdy(dba)s, (71-74) 423,424
THF, refl
BusSn”” 0" ~OBn retiux
=
SnMe; BnPd(PPhy),Cl, /Q\/ I (54) 254
Me;Sn Ph 70°,5d = - Ph
S"Me3ph BnPd(PPh3),Cl, I+ S“Me3ph 254
X
Me;3Sn THF 4
Me;SnSnMej [(n3—C3H5)PdCl]2 (5%), /\/ SnMe; (80) 314, 557
HMPA, 20°, 10 min
Bu;SnSnBus Pd(PPh;),Br; (0.6%), _~_-SnBu;  (68) 547
PhMe, 110°, 15 h
OEt 1. PA(PPhy);Cl, (1%), o)
cl PhMe, 100°,20 h 43 269
P A Bu;Sn/& M (43)
2. HCI (5% aq.)
/D Pd(PPhy), (5%), /\D an 161
Me;Sn” S HMPA, 20°, 6 h & s
Me;Sn Pd(dba), (3%), N
\©\ PPh; (6%), \/\©\ R=H (71) 161
R THF, 50°, 24 h R R=Me (16)
Me;SnC=CPh " = (12) 161
: T\_c=cph
CO,Bu-t Pd(dba), (3%), CO,Bu-t
EZ=61:39  PPhy (6%), (56) 248
B ; YA
Bm"& THF, 50°, 19 h
Ph Ph
Me;SnSnMe; (-C3HsPACl (5%), o~ SnMe;  (83) 314
HMPA, 20°, 10 min
Bu3SnSnBuy Pd(PPh3),Br; (0.6%), /\/ SnBuy {32) 547
PhMe, 110°, 15 h
P [ PA(PPh;), (5%), /\D (40) 161
MesSn” s HMPA, 70°, 6 h = s
MezSn X
O Pd(PPhy), (5%), (56) 161
HMPA, 20°, 6 h
Me;SnSnMe; [(P-CHPAC, (%), _~_SMe;  (85) 314
HMPA, 20°, 10 min
OA Pd(PPh 5%), NN 9. 1
VAL Me3Sn/\/ (PPh3)y (5%) // = 95) 16
HMPA, 20°, 5 h
o} o)
Et:Sn Pd(PPh3)4 (5%), M (72) i61
HMPA, 20°, 4 h
MesSE A Pd(PPhy)s (5%), N (68) 161
— HMPA, 20°, 4 h \Q
Me;SnPh Pd(PPhs), (5%), _~_Ph (100) 161
HMPA, 20°, 6 h
Me;Sn X
@\ Pd(PPhs)s (5%), \/\@\ R=CL,20h (82) 161
R HMPA, 20° R R=Me, 6h (100)
OSnEt; 0
X
Pd(PPhy); (5%), (76) 161
“HMPA, 20°, 4 h
OSnBu, o
P4(PPhy), (5%), /A/Ej (90) 160
THF, rt, 1 h
Messn™ P Pd(PPh3); (5%), P 00 161

HMPA, 20°,2.5h
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Conditions

Product(s) and Yieid(s) (%)
MesSn —
N 2R
PN 4 R
A | Pd(PPhs)4 (5%), e | (72) 161
AL N ADA Ao 4 a S
A N ANMEPA, ZU0, 41 NS
o} o
MesSn Pd(PPhs), (5%), S (77) 161
OEt HMPA, 20°, 2.5 h OFEt
Ph Ph
SnMe3 X
. Pd(PPhs), (5%), . o7 161
O O HMPA, 20°, 4 h O O
Me;SnSnMe; Pd(PPhs), (5%), o~ SiMey (92) 314
HMPA, 20°, 40 min
al —
/Y Bu;SnH Pd(PPh3); (6%), THF, 1t Cl/ N I+ Ch U (%) 3862 801
cl
/\/C' Bu;SnH PA(PPhs); (6%), THE,rt I + II (>90) 35:65 801
i
Cla~_-Cl BusSnH Pd(PPhs)s (6%), THF, 1t 1 + II (>90) 36:64 801
OAc —
/\( Bu;SnH Pd(PPhs), (6%), THF, rt AC0/ \ 4+ AcO o~ (>90) 35:65 801
OAc 3
o [(n*-C3Hs)PdCl; (1%),
Br /\)\ maleic anhydride (5%), \/M (40) 38,39
NN BusSn THF, 50°, 12 h =
NN " NN NN
Bu;3Sn = CO,Et = = CO.Et  (35) 38,39
SnMe3
Me1SnSnMes [ -CHPACH, (5%) " gaMe, T + Z n 314
HMPA, 20°, 10 min 1 (57) + I (16)
Me;CO, 20°, 10 min I (58) + II (14)
DMF, 20°, 10 min 1 @42y + IL (13)
0 o a
- i Pd(PPhs)s (10%), P S RPN W
\V/\V/LI D.‘,Cn/\/ e i A \// N NS o~ Y ~
= BusSn CeHg, 60°, 20 h |
~ n
)\/c; )LJ}\/ it /‘\/‘T\/ = 529
Bu;Sn CeHg, 60°,20 h
N N
Bussn— ]L PA(PPh3),Cl, (1%) % ]L 47) 426
[0} 0
cl v i (54) i (18) 529
PA(PPhs)s (10%), +
\)\ )k/ (PPhs)s (10%) = =
Bu3Sn CgHg, 60°,20h
SnMe;
Pz
Me;SnSnMe; [(n3-C3Hs)PCI]; (5%) AR NgaMe; 1+ N 314
HMPA, 20°, 10 min 1 @41)
Me,CO, 20°, 10 min I (44) + I (12)
DMEF, 20°, 10 min 143 + II (i
o)
0 4
COA“ [ "SnBu; Pd(PPhy)s, THF. 1t L ] (66) 322
OAc O o
Q 322

Pd(PPh;)s, THF, 1t

Sl
o
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate

Stannane Conditions Product(s) and Yield(s) (%) Refs.
M MesSn™ X PA(CH;CN),Cl, Ho/ﬂh/j 67y + HO = o 164, 802
DMF, H,0, rt = N
EZ=10:1
TMS TS
B TS Pd(CH;CN),Cl,, HO/LU + HO/\i\/ 164, 802
tsn DME, H,0, 1t x
(82-88) E:Z="T:1 (18-12)
Me;SnPh Pd(CH;CN),Cl,, Ho% (73 + Ho/\/\ (10) 164, 802
DMEF, H,0, 1t Ph Ph
EZ=181
BuySn” X PA(CH;CN),Cl,, HO A X ™" coMe (74) + 803
DMF, H,0, 1t
COMe = S COMe (19)
E:Z=4:1
HO
. Ph o Ph
Mesn” X~ P Pd(CH;CN),Cl, HOAU * HO/\(V ooz
350 DMF, H,0, rt X
(56) E:Z=13:1 ©
BocHN BocHN BocHN
HO HO
PA(CH;CN),Cl,, + 802
BusSn” X DMF, H,0, 1t | I =
e ~ (12)
Che O BusSnH Pd(PPhy)s (6%), O 60 {04
THF, it éi
NS
B > CN BuySn” X BrPd(PPhy),Cl, A CN O (69) 24
CHCl,, 65°
C
° Y\/B' Buy st N7 BnPd(PPh;3),Cl (0.3%), Y\/\/ I 43) 35
ZnCly, THF, 65°, 24 h
SHN ) BnPd(PPh),C1 (0.3%), 1 (70) + /><\/ (10) 35
+ CeHe, 100°, 24 h
SnN) BnPd(PPhs),CH(0.3%), 1 (81) 35
4 ZnCly, THF, 65°, 48 h
0 o
)K/ Pd(PPhs), (10%), (54) 529
Bu3Sn CeHg, 60°,20 h =
OH Pd,(dba); (2%), OH  (90) 440
Me;S /U\/ %
e THF, 55°, 3 h
N N
Bussn—{ Pd(PPh3),Cl (1%) y sl 426
o) — 0
Q o
R! R2 R! R?
Pd(0) 800
Bu;Sn R? = R3
o o}
R R? R}
Me Me Me (56)
Me —~CH=CHCH=CH- (90)
T™MS Me Me (90)

™S —CH=CHCH=CH-

(92)
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TABLE XX.

DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

CQuhotenta Ctanmana MNanditinme Dendiiatic) and Vialdrc) 1040 Dafg
Substrate Stannanc Conditions Product(s) and Yield(s) (%) Refs
0 o)
1l Il
A A~
Hl‘f ﬂ Pd;(dba); (5%), Cul (20%) Hf‘f ﬂ Tlf (84) 170
MOMOA AP0 N P(2-furyl)s (20%). MOMO AN 7N
MOMO._07 "N" “snpy;  Fl2furyl (20% MOMO._ 07 N
\ ol THF, 60°, 30 min \ Al
‘O \;
< as
W/\/Cl Bu3Sn” X Pd(CH;CN),Cly, M/ (53-81) 24
PPh;, CHCl;, 65°
BusSn” NN [(n3-C3Hs)PACl); 2%), Y\/\/\ (38) 38,39
maleic anhydride (5%),
THF, 25°, 12 h
Y\/OAC Sn(/\/ > BnPd(PPh3),Cl (0.3%), W (16) 35
4 ZnCly, THF, 65°, 50 h
Me;SnPh Pd(dba), (5%), LiCl, \}/v”‘ I (65) 163
DMF, 232,27 h
XN Me;SnPh Pd(dba); (5%), LiCl, 1 (69) 163
OAc DMF, 23°,27h
Me;sSn X
\©\ Pd(dba), (3%), LiCl, (50) 163
OMe DMF, 56°, 47 h OMe
OAc OPh OPh
Me;SnOPh Pd(PPhs), (5%), )\/\ 42) + (42) 322
CDs THF, rt Z "CDy CDs
o o)
. BusSn._~_CsHin  PACHCN)CL (5%), as) 365
\\\\/I\ ' | PPh; (10%), THF, \\V/k\///\ _CsHyj-n
B OH 50°, 45 min [
OH
~ - 0O
CsHypn /= CHpn e NI -
] Pd(CHZCN),Cl5 (5%), o= | | + O=<X_ | ,—tsHnn 365
BuiSn._ A it ero A s NS S N
OH THF, 50°, 40 min i O I\
Il Il v
h (70) (15)
. Q
OPh \,
Bussn._~_ PACHLCN),Ch (5%) & OPh (0 365
\/Y PPh; (10%), THE, \\)\N
OH 50° 1 h o
HO PA(CH;CN),Cl, (5%), o] oPh
BUSS,,J_\ PPh; (10%), THF, 0 P (30) 365
— OPh 50°, 45 min
OPh
PA(CH;CN),Cl, (5%), o] (60) + 365
Bu;Sn OPh THF, 50°, 40 min OH
OH
0
0 hamy (10
OPh
0
PhO PA(CH;CN),Cl, (5%), PhG
OTMS PPh; (10%), THE, OH  (60) 365
Bu;Sn =
= 50°,24 h
HO. HO. .
AN BusSn™ X PA(CH;CN),Cly, TN~ Go + > G 164
o2 ? A gy e/ A
~7 DM, ryu, 1t ~
HO. HO.
Bu3SnPh PA(CH;CN),Cly, Q—Ph (40) + 23) 164
DMF, H;0, 1t P



TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)
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Substrate Stannane Conditions Product(s) and Yield(s) (%) Refy
HO
MeO,C._ -~ . MeO,C
M PA(CHACN),Cl T T8+ 164
- o - h - - |
BUISI 2 DMF, H,0, -10° NN
OTBDMS OTBDMS
S ?vféOzC\/\
' | 20
NN
HO OTBDMS
% RySn” X Pd(CH3CN),Cly, HOW R=Me (77) EZ=2:] 164, 802
0 DMF, Hy0, rt R=Bu (80) E:Z=2:1
Me35n/\r Pd(CH;CN),Cly, o M (72) EZ=1.7:1 164, 802
DMF, H,0, rt
Me;SnPh or BusSnPh Pd(CH3CN),Cls, HO% (83) + HO/\l/\ Q) 164, 802
DMF, H0, rt Ph Ph
I 164. 802

PA(CH;CN),Cl, HOA‘K\/\/ Bun 63y pz=12:1
DMF, H,0, it

Ph N Ph
Mesn™ X PP PA(CH3CN),Cly, HomU 65+ 1O ® tes.502
e DMF, H,0, rt X
1 (EZ=22-261) 1I
Ph Pd(CH;CN),Cly, I (56) + II (9) 164, 802
Bu;Sn/\/ (CH;CN),Cl, (56) (
DME, Hy0, 1t
PA(CH;CN),CL,, HO™ OO (75) EZ=1211 164
Me;Sn DMEF, H20, It
Bu-t Bu-t
/©/ Pd(CH;CN),Cl,, (79) EZ=1821 164,802
MesSn DMF, H,0, rt HO =
0 | Q
Me;Sn ~ U\ AN N PN
~NTXT BT N hd (>60) E:Z=22:1 164
Il | rajLncinen, i il ! 207 &2
Pz DME, 1,0, rt OH AN~
AT NF DR, TN, AcO
NE QFt o o OEt OEt P 160
Y T Pd(PPh3),Ci; (0.5%), | | {72) 10s
A _OAc A A~ 1ne 20k P aVeN
= NS Bqun' > Lgllg, 1UU, 2U O e -
RSP PA(PPh;): (1%), OEt (49) 162
Bu3SnPh (PPhs); ( I
HMPA, 100°, 20 h = NS
OSnBu; o
. Pd(PPhy)y, THF (70) 162
2. H30* o]
[¢]
0OSnBu; OFt
Z P(PPh3); (5%), /\/b 1 () 160
THF, t, 41 h
OSnBu3
Pd(PPhs)s (5%), I (—) 160
THF, rt, 41 h
QEt OEt N
OEt OEt Pd(PPh3),Cl, (0.5%), /I'\/K (63) 162, 805
0COMe BUSS“& CgHg, 100°,20 h ~
BusSnPh PA(PPh), (1%), ;il’h an 162, 805
HMPA, 100°, 20 h
OSnBuy /ﬁ)\/\/
I 1. Pd(PPh3)s, THF \ l i (63) 162
N 2. H30* N o
OEt OSnBujy (o]

)\/OPO(OB)Z

[

. Pd(PPh3),, THF )J\/\n/ (36) 162
HL0* I
o
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
/(ﬁ Pd(PPh3),Cl, (0.5%), M (99) 162. 805
BusSn” X C¢Hg, 100°, 20 h RN
3 1. Pd(PPh3);Cl;, CeHg M (83) 805
Bu;Sn S 2.HCl S
BU3Sn
7\—;/ \ 1. PA(PPh3),Cl,, CeH m (72) 805
&)
g 2. HCI s
B
| N Pd(PPh3),Cly, CsHg OFEt | (60) 805
~ 5
BusSn N N
Bu;Sn
[ PA(PPh3),Cly, CeHe Y e 805
~ OEt z
N N
OSnBu; o)
1. Pd(PPhs)s, THF (49) 162
2. H,0*
L 0
[ OSnBus 0
1. Pd(PPh;), THF 61) 162
Z 2. H,0
C 0]
OSnBuj; (o]
\/K/ 1. Pd(PPh3)4, THF (68) 162
- 2.H,0* ‘
0
[ OSnBuj 0
C/j 1. Pd(PPhs)y, THF &/\n/ (69) 162
] 2. H;0* o
Bu;SnPh PA(PPh3); (1%), ?E‘ (74) 162, 805
HMPA, 100°,20 h o~ Ph
Bu;Sn NO, 2
Pd(PPh;3),Cl,, CeHe (34) 805
OEt
Bu;Sn
\Q Pd(PPhs),Cl, CoHg m 48) 805
_ NO, Ot NO;,
0SnBu; 0
1. Pd(PPhy),, THF ij/\ﬂ/ 83) 162
A 2. H;0* Y
OSnBuy O
%[\ 1. Pd(PPh3)y, THF (68) 162
L Ph 2. H30* Ph
) o}
OSnBu; [0}
\)\ 1. Pd(PPh;)s, THF (71 162
L Ph 2. H;0* Ph
[e]
A N Pd(CHCN),Cl,, A COMe  (87-100) 24
MeO,C Br Bu3Sn PPhs, CHCly, 65°
BusSn cl 1. Pd(PPh3),Clp, THF, al
u3 (PPh3),Cl HO,CTX
reflux (86) 806
2. LiOH, H,0, reflux
Bu3Sn R 1. Pd(PPh3),Cly, THF, R
reflux 806
Cl 2. LiOH, H,O0, reflux Ct
Bu3Sn F 1. Pd(PPh3),Cl,, THF, F
reflux 806
2. LIOH, H,0, reflux
Bu;Sn \@R 1. Pd(PPh3),Cl,, THF, HOLC WR
reflux 806
F 2. LiOH, H,0, reflux F
Bu3Sn \©\ 1. PA(PPh;),Cl,, THF, HOLC m
reflux R06
CF, 2. LiOH, H,0, reflux CF;
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
S N PSS PA(CH3CN),Cly, N\/COgMe (74) 24
MeO,C Cl Bu3Sn PPh,, CHCl,, 65°
COMe CO;Me
o Bu_;Sn/\ Pd(CH;CN),Cly, /[\/\ 94) 24
PPh;, CHCl;, 65° =
OMOM R PA(PPhy),Cly, CeHg P\ @ 805
ca
BusSn S S
Bu3Sn
| 805
/ \ Pd(PPh3)2C 2s C(,H(, o / \ (55)
s s
0
BusSnPh Pd(PPhy),Cl,, (79) 805
THF, 120° /U\/Ph
NO, o NO,
/@/ Pd(PPh;),Cl,, C¢Hg /U\/O/ 70 805
Bu3Sn
X
/@ PA(PPh3);Cls, CeHg /ﬁ\/@\ an 805
P
Bu;Sn NO, NO,
Br SnMe;
©/ Me;SnSnMe; [(n3-C3Hs)PACll, (5%), ©/ (83) 314,557
HMPA, 20°, 15 min
Ph
Bu;SnPh Pd(dba); (3%), PPhs (6%). © (62) 24
THF, 50°, 24 h
- CO2Bn
_-COBn Pd(dba), (3%), PPh; (6%), 2) 24
Bu;Sn X
THF, 50°, 24 h
OAc SnMe;
i/\f Me;SnSnMes [(°-C3Hs)PACil (5%), |/\|/ (269 314
\ // HRADA 2N MM 4 \ /)
& HMPA, 20°, 22 h &
) o o
n-Pra__~_Br )1\/ Pd(PPhy); (10%), n-Pr 75 + (22) 529
= Bu3Sn = =
CsHe, 60°, 20 h
n-Pr
OH OH
QO Me;SnPh PA(CH:CN),CL,, Q (58) + ©/ 20) 164, 802
DME, H,0, 1t “p -
Z
0 =
=
W /Q PA(CH;CN),Cl,, M an + H (4 164
BusSn DMF, H,0, rt 7 &
EO,C EtO,C
B o Pdy(dba); (2%), ou 440
Me;Sn THF, 55°, 3 h
Bu3Sn
Et X
A J PA(CH,CN),Cl,, 0:.C T\ (60) 287
EtO,C Br
o DMEF, 60°, 2 h o
Bu;Sn SnBuj3
= PA(CH3CN),Cl,, BOCTNT I T OB ey 287
o DMF, 70°, 2 h o
MeO: C'H./k/B 1,, PP 1_\_/k/\/ Z=1:
e0,C. = r Bussn A StBus PA(CH3CN),Cly, PPhy,  MeO,C.. = - S1Bus (76) EZ= 11 468, 469
EZ=1: CHCl3, 80°, 3 h
CO,Et COzEt
2 - BusSnPh Pd(dba), (3%), PPhs (6%), )\Z/Ph (69) 24
THF, 50°, 24 h
/@ACN Pd(dba); (3%), PPhs (6%), CN g 24, 807
Buj3Sn THF, 50°, 24 h EtO,C
MeOZCY\/Br BusSn™ X BnPd(PPhs),Cl, MeOZCM (56) 24
OMe CHCH;, 65° OMe
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

ubstrate Stannane Re
NN\ 24. 807
DU3SH :
PP NP N 24
B3 ~ Un o
G 0SnBu; 0
|
OAc Pd(PPhs); (5%), (24) 160
THF, rt, 42 h \)
OAc OPh
i OPh ! R I i
R Me;SnOPh Pd(PPhs), (5%), I+ R II Prn (66) (16) 322
! 3 3)3 (5%) )\/\R ‘ i
' THEF, rt Pr-i (66) (6)
OPO(OEL), OPO(OE!)Z
o1 Bu3SaPh Pd(PPh;3),Cl; (0.5%), Ph (58) 805
HMPA, 120°
R S PdCl, (1.2%), PPh3,
s AN Bu;Sn = N/ Et4yNOTs, DMF, 50°, S (55) 808
OAc 1.16 F/mol, 10 mA

2

R I 1
‘ R Me;SnOPh Pd(PPh;), (5%), Bu-n (64) (17) 32
THF, rt Bu-i (77) (&)

O@\ Br BU3SH \/\(Csl‘ﬂ -n Pd(CH3CN)2C12 (1%), m /YCSH] 11 (72) 799

HMPA, 20°,20 h

OH
Cl R
= ZEAN }
(j/ trans:cis = 73:27 Bu;Sn/\ BnPd(PPh;3),Cl, O (70) trans:cis = 29:71 24
~ THF, 40° T
JN O Ma
CusMe COnvie
-~ Ph
It
Bu-SnPh BrPd(PPh:),Cl | | (57) rransicis = 25:75 24
Bu3SnPh (PPh3)(l, P N
THF, 40° ~
CO,Me
— DA Ak (Y | | | (TN 24 &
n “_/ \rvr\ - raaoa) (a7 ), L J ~OLRa WS/
DBusoit CUpon PPh, (6%), \/ COsREn
THF, 50°,24 h COMe
.Cl X A
BusSn” X [(W-C3Hs)PACI], (5%), I+ i
L, CDzCIz, rt, 24 h
CO,Me L COMe CO,Me
maleic anhydride (20%) (>95) LII=90:10 809
dimethy! fumarate (20%) (>95) LII = 20:80 809
cyclooctadiene (20%) (>95) LII=4:96 809
styrene (20%) (>95) LII=1:99 809
— (>95) EII=0:100 809
maleic anhydride, C¢Hg, 48 h  (92) LI =92:8 25
.Ph Ph
Bu3SnPh L(1?-C3Hs)PACl], (5%), I+ I (80)LII=982 25
maleic anhydride,
CgHg, 1t, 48 h COMe CO,Me
Bu;SnPh [(n3-C3Hs)PCI], (8%). 1 (48) 809
C¢Hg, 25°, 24 h
Bu3SnPh [(m3-C3Hs)PACl), (8%), I (100) 809

maleic anhydride (32%),
CgHg, rt, 24 h
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
WGAC
!L’ JI Me;SnPh Pd(dba), (5%), LiC, I 47 163
\‘/ DMF, 55°, 19 h
CO-Me
0
OSnBu; P
| [N
=
\O Pd(PPh3)4 (5%), (8%) 160
THF, 1t, 24 h
CO-Me
e OPh OPh
Bu;SnOPh Pd(PPh3)4 (5%), (53) + 27 322
THF, 1, 30 min
COMe COMe
HO.. Ph
o Me;SnPh Pd(CH3CN),Cl,, (45) 164
DMF, H,0, rt
G OTMS 1. PA(PPh3), (3%), o
Ph.__~_ Br PhMe, 100°, 24 h ph\/\)J\ (55) 457
Z BusSn 2.HCI(I N) ~
CO-Et CO,Ft
Pd(PPh3); (5%), Ph 70 306
BusSn (PPh); (5%) z z (70)
CgHg, reflux, 24 h
E:Z=13:87
Ph
Ph | Ph | Ph
BnPd(PPhs),Cl (1%), (43) + (6) 256
BusSn”™ % 80°, 120 h \
T™MS TMS Ph TMS
Me;SnSnMes [(M3-C3Hs)PACI], (5%), Ph _~\_-SnMe;  (97) 314
Me,CO, 20°, 10 min
Ph._ _~_ _Cl BuiSn” X Pds(dba)s, L = AsPhz, Pho o~ (>95) 11
NN ST TRy
P(2-furyl); or PPhz
NMP, 40°
?1) o} 0
Il Il
. o Pho o~ M g A~ K o 0
Buadn ~ Pda{PPh3)y (10%), R N € ) B R O20)} 529
M AN Mk | _L‘ [
CeHe, 60°,20h ! Ph
o~ [(M*-C3HPACH, (1%),  Pho_ o~ o~ (64) 38
BuiSn” T IR, Y T
N maleic anhydaride (37),
THE, 50°, 12 h
PACl, (1.2%), PPhs, P>
{Buj,sﬂ/\/\ Ph ] Et;NOTs, DMF, 50°, v\ (89) 808
1.14 F/mol, 10 mA Ph
Bu;Sn%j@ Pd(PPh3),Cl, %), 4 R =Me (80) 425
/N THF, reflux — /N R =Boc (72)
R Ph R
Bu;Sn CO,Et Pd,(dba)s (5%), P X COEt  (99) 375
\ﬂ/\( AsPh; (40%), THF, 65° /\/\[(\(
NHAc NHAc
CO,Et Pd,(dba)s (5%), Ph COEt  (96) 375
Buysn” X bl H(dba)s (5%) pZ X
AsPh; (40%), THF, 1t
NHAc NHAc
Ph. _~_OAc Bu3SnH Pd(PPh3);, THF Pho_~_  (100) 810
H H
C Pd(PPhy),, THF, rt Ph (37) + Ph C.  (25) 165
Bu3Sn/ TC. (PPhs)4 \/\/\C\\ NN ‘C\\
“CH, ~CH CH,
. Ph
/7N Pd,(dba)s (5%), LiCl S (80) 163
Me;Sn o ahi 0 U M
DMEF, 232,22 h
N Pd(PPh3)g (4%), Pho _~~oF D 36
SHN )4 THEF, reflux
Pd(dba); (5%), LiCl, 163

Bu;Sn” X""0H

DMF, 23°,22h

69
Ph AN (69)
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Pd(PPhy); (4%), v\)\/ (32) 36
NN
Bu;Sn = THF, reflux Ph 7 =
Bu,Sn/\( Pd(PPhs); (4%), Ph_ (69) 36
THF, reflux \/\/\{
OFEt 1. Pd(dba), (5%), LiCl, o
DMF, 23°,20 h ph\/\/U\ (88) 163
BusSn 2.HCI (1 N) Z
A)\ Pd(PPhy); (4%), Ph\/\></ @ 36
Bu3Sn THF, reflux
Me3SnPh Pd(dba), (5%), LiCl, Ph_~_Ph (5D 163, 36
DMEF, 23°, 69 h
OS!‘IBU3 (o]
Pd(PPhs); (5%), LN (82-89) 160
THF, 1t
OSnBus 0
PA(PPh3), (5%), PR X (—) 160
THF, 1t
CO,Et CO,Et
) EZ=13:87 Pd(PPh3)s (5%), Ph P (80) 306
Bu3Sn =
CeHg, reflux, 24 h
PdCl, (1.2%), PPh;, Ph._ A
{Bu;Sn/\/\ Ph } E;NOTSs, DMF, 50°, C 82) 808, 36
1.4 F/mol, 10 mA A ph
e NS Nerriae | Dddba) (5%), LiCl, Ph o~ ™S oranmg (00 EZ= 1 163
Du3SH E:Z\; . UTbovis DMF, 23°, 62 h = ~ UTBPMS
Pd(dba); (5%), LiCl, \/\)J\/ (64) 163
OTBDM
Bu;Sn/U\/ S DMF, THF, 55°,70h T~ OTBDMS
0 0
PPN Pd(dba); (5%), LiCl, Ph (O 163
Bu3Sn” XX OBn DME, 60°, 72 h = AN OBn
Bu35n/\[ASnBu3 1. PA(PPhy), (10%). P“\/\Ar (45) 811
I THF,rt, 19h
2. HCI(1 N)
Me;SnOPh PA(PPhs); (4%), Ph _~_OPh  (92) 322
THF, rt
~\"0 N0
A0O 9 Pd(PPh3)4 (4%), Aog&\ (38) Bru=2:1 322
C C
ACO™Ogngu;  THEM ACO ™0 A py
MeO,C MeO,C
ACO% Pd(PPhy)s (4%), AcO—\—-0 (33) pa=12 322
AcO THF, it AcO
AcO “0snBu; AcO ™0™ py
Ph-7~0 Ph-70 Ph—7=0
o‘ﬁo Pd(PPhs), (4%), o0 O @n+ 00 O ¢4 3
Sn-0 THF, rt o HO
Bu) OMe OMe / OMe
=
Ph
Ph
BnO BnO
BnO o Pd(PPhs), (4%), BnO 0 (S Ba=12 322
BnO THF, 1t BnO BnO NN
BnO OSuBu; 10 07N py
Me;SnSnMe; Pd(PPh1)4 (5%), Ph\/\/SnMeg (96) 314
HMPA, 20°, 44 h
Ph s Me;SnPh Pd(dba), (5%), LiCl, Ph \/\/ Ph (32) 163

OAc

DMF, 23°, 19 h
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL EILECTROPHILES (Continiied)
D) ays Uy ¥ S 34N DL B WS AN AN b S liL:AVU LV VY D i L ¥ § g n \eonnniea )
- Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
. i PACI (1.2%). PPh;, Pho
tBu;Sn/\/\ Ph J Et;NOTSs, DMF, 50°, T\;\ (79) 808
139 Fmol, 10 mA T
OSnBu; (0]
= OAc
\i/r\/ PA(PPhy), (5%), e 96) 160
THF, rt,05h
OAc OPh
Me;SnOPh PA(PPhy); (5%), Z (68) + L (20) 322
| Kr, THF, 1t H/
D OAc D. OPh
\/\X Bui Me;SnOPh Pd(PPh3); (5%), g @ ;0 322
THF, rt,3 h
OSnBus
PA(PPhs), (5%), # (89) 160
OAc THF, it, 19h
Br Br
OSnBu, 0
x \© PA(PPhy); (5%), z ®n 160
OAc THF. mt, 3 h
(6] [¢]
OAc OPh .OPh
Bu3;SnOPh Pd(PPh3), (5%), (55) + (28) 322
THE, 1, 20 min
i i i
e L S
ACU ACU ACU
By OTBDMS OTBDMS
A TBDMSO, A . TBDMSO _A_ N N
OMBT ’/\O/\\H/W\ PPh1 THF 70° ’/’\O/\\N\/\‘! O/\O 389
{
N P NN
PN ™ SnBu, \/VYVV\
OMOM (45-50) OMOM
r PdCl, (1.2%), PPhy,
\©\/\/ B“3S"M\©\ Et;NOTSs, DMF, 50°, A I 57 808
A 1.15 F/mol, 10 mA AN
'K/\
r _ PdCl, (1.2%), PPhs,
\©\/\ B“3S"A/\©\ EL,NOTSs, DMF, 50°, I 8 808
I AN 1.4 F/mol, 10 mA
OAc
Pdy(dba)s (5%), /" \_
>:/_>:\i BUSSn‘(/D P(2-furyl)s (20%), 74 (s 289
Br N THEF, 60°, 76 h N
/ i
SEM SEM
>:FH Bu;SnPh Pd(dba); (3%), >:/_>:\_ (82) 24
- PPh; (6%), THF, 50° Ph
cl Ph
>:/—>:/7 Bu;SnPh Pd(dba), (3%), >:/_—>:/— (50) 24, 807
PPhs (6%), THF, 50°
>:% RiSn™ X Pd(dba); (5%), LiCl, — _ R = Me, 10°, 38 h, (68) 163
OAc DMF R = Bu, 23°, 20 h, (68)
A\
MeaSnPh Pd(dbats (5%). LiCl N\ s 163
Me;SnPh Pd(dba), (5%), LiCl, @ 163
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Substrate Stannane onditions Product(s) and Yield(s) (%) Refs.
NN
| G
Mesdn. . ] ] ‘ i
U i Pd(dba); (5%), LiCl, \]// [/\” (80) 163
e DMF, 23°,22h | L
|
OAc
BusSn” XN Pd(dba), (5%), LiCl, NN 8 163
/K DMF, 60°, 48 h P l
BnO 0 BnO (6]
QAc
>:/’>:/7 BusSn X Pd(dba), (5%), LiCl, — —/ N\ (40) 163
DMF, 23°, 44 h
Ph
Me;SnPh Pd(dbay, (5%), LiCl, >=/_>:/, 76) 163
DMF, 23°,43 h
OSnBu; (o]
>:/_>:L Pd(PPhs)s (5%), X (78) 160
OAc THF, 1,42 h P
Ph \/\[/OAC Bu3SnH Pd(PPhs),, THF Ph.___~_CN (99) 810
= ~
CN u
C Ph
BusSn” SC_ Pd(PPhs)4, THF = Cs 19) 165
X \CHZ " \/Y\ S
CN
SHN )4 Pd(PPh;);, THF PhW (—) 165
CN
OSnBu3
Pd(PPh;)4, THF + (—) 37
Ph o o N
CN Ph
Me;SnOR Pd(PPhy)3 (5%), P sCN  R=Me (55 322
THE, 1t [~ R=Ph (89)
OR
Ph‘Y/\\\_/ .CN
.I. n NHI/DDL L TLID DL N (EQY 1N
N BuzdnH Pa{rrns)y, i r LINGPANG {65) siu
(] H,0, NH,Cl -
\f\/
Cle -~ Cli__~~
NN .. QnEl DPA/DDL Y. TUE RUT G (00) 10
! ” DU3STNn rairengjg, L0, o t H H)
WYOAC W\/CN
CN H
C cl
BusSn” SC._ Pd(PPh;),, THF, rt (15) 165
CH, y c.
<CH
CN
- 1 PdCl; (1.2%), PPh;, __
eO <:> < BU3Sn/\/\©\ EUNOTs, DMF, 5°,  MeO O y O OMe (42) 808
OAc OMel  1.31 Bfmol, 10 mA
Ph
P T MesSn” X PA(CH3CN),Cl,, HO/LH\J (80) EZ=9:1 164, 802
0 DMF, Hy0, it
Ph
Me;SnPh Pd(CH3CN),Cl,, (75) EZ=11:1 164, 802
DMF, H,0, 1t HO™ ™
Ph
Ph
- Ph N Ph
MesSn” X" PA(CH;CN),Cl., no 'I} 1( (55) E:Z=10:1 164, 802
DMF, H,0, rt
= Ph N Ph
PP BusSn™ X PA(CHACN),Ch, ”O/\/j ® + HO/\(\/ (75) 164,802
= e

DMF, H,0, 1t
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TABLE XX.

DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Me;SnPh PA(CH3CN):Cly, HO/W PR sa) 164
DMF, H,0, rt Ph
% CHO BusSn s CHO
\©\ Pd(dba), (3%}, PPh3 (6%), 87) 164, 802
a OM THF, 50°, 24 h | OMe
AN
Ciy
Bu3SnPh Pd(PPhs);, \©\/\/ (98) 810
2 OAc THF, H,0 (1 %) A~ CN
CN
H
Bu;Sn/C\\ C. Pd(PPhs)4, THF, 1t (33) 165
CH, _ .
~CH
H CN
MeO. c MeO.
Bu3Sn/ SC. Pd(PPhs)4, THF, rt (24) 165
~CH
y OAc CH, pZ Cs
<CH
c CN CN
12 OAc H C//’CH C//’CH
Co .
Ph7 X Cs Bu3Sn/ ~Co Pd(PPh3)y, THF, 1t (65) + (19) + 165
SeMe <CH, ¥z
P N Cs Ph Ca
~CMe ~CMe
_CH.
o
HC a3
Ph 7 Csrnn.
LAVIC
}c{ g e
Bussn” S Cy PA(PPhy); (1%). P "¢ c. * omHCT 812
2 THF, rt. 2 h W/\ ScH '
N
~CMe
(61) (15)E:Z=3:1
N > Pd(PPhy)s, THF, 1t = 66) + oS (30) 165
o 4 x ph N
Ph C\\ =~
~CMe ~CMe
EZ=31
H X
= Pd(PPhs)s (7%), Cs (48) + @7 812
Sn PR _
4 THF, rt, 3 h Ph Ce
~CMe
EZ=13
OSnBu3 o o
Pd(PPh3)4 (7%), 812
THF,t, L h
AcO
7 0 322
[ “SnBu, Pd(PPhy)s, THF, rt
AN (8]
AcO
(6]
| snBu, Pd(PPhy)y, THF, 1t 322
o
EtO,C OSnBuj
|
j\/\/% Pd(PPhs), (5%), NS (17) 160

THF, rt,22 h
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OMe ? TBDMSO TBDMSO
(e} 0 PA(CHCN),Cla, 813
MeO Pz PPh;, DME, reflux
Br  BuSn OMOM
SPh _ SPh
CH,=C BuSn” PA(PPhy),; (5%), / { (40) 166
THEF, reflux, 0.5 h /
OAc
Me3Sn SPh
Me;SnSnMe; Pd(PPhy) (5%), (46) 166
THF, reflux, 0.5 h 7 N
- a ~ <
Ph s SN Me;SnOMe Pd(PPh3)s (5%), Pho_s N NN N 322
THF, 1,3 h
QAc OMe e
(16) (82)
/\)O\AC H +CH CH
Co
Ph7 X Cs Bu;Sn” S C. Pd(PPhs),, THF, 1t (52) + (10) + 165
SCTMS ~CH, F
PR X 5 Ph Cs
SCTMS SCTMS
HC’C//CH2
)\/\ ©
Ph Ca
SCTMS
Cis ?Ac
NN A o e 3 ~
Ph 7Y BusSnH P4(PPhy)y, BHT, THE ~ °P Y ©2) 810
g ,/)\ NP
N Br ~ Br
OAc H - CH -CH
c. c* c*
Ph7 X BusSn” SC. Pd(PPhs),, THF, 1t + 165
~CH, %%
Br Ph7 X Ph
(42) Br (38) Br
BuySnOR Pd(PPhs)s, THF, 1t OR + OR 322
P ph N7
R B
B
Me (45) r 45) !
Ph (36) (36)
OAc
Ph/\/K©\ Bu;SnH Pd(PPhs)s, BHT, THF Ph/\v/\@\ (90) 810
F F
H - CH ~-CH
c c” c”
BusSn” SC. Pd(PPh3)s, THF, 1t + 165
~CH, =
Ph7 X Ph
(52) F @ F
OMe MeO
=
MesSn Pd(dba), (5%), LiCl, ~ ) 163
= \-OAc DMF, 100° 31 h = Y
MeO OM
Cis ¢
OAc H - CH - CH
c c C
Ph” X BusSn” SCg Pd(PPhj3),, THF, rt 165
SCH,

(47) 47
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

BocHN S

CO,CHPh,

P(2-furyl); (4%)
THF, reflux, 16 h

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
/\)\@\ BuySnH Pd(PPhy),, BHT, THF (49) 810
H A
A/J\ Bussn” 7 PA(PPhy); (1%), o C\\C (38) + /@ (19) 812
Ph” X =
Ccpn THF, 1, 2 h Cs
SCph
EZ=1:3
-CH
cZ
Pd(PPhy),, THF, 1t /\/\J: (23) E:Z = 55:45 165
Ph” X" PR
x
BnPd(PPh),Cl (0.3%), . >95) 35
ZuCl,, THF, 65°, 50 h P
2 MeO. OMe MeO OMe
HO
x x x N O__TMS
Cl / A\ Pd,(dba)3, PPhs, \ 814
Bussn” o7 TTMS  50°,12h
HO
(66) EZ=1:1
TBDMSO
HO TBDMSO O
0 PA(CH;CN),Cl, (3%), (75) 815
TBDMSO 7 PPh; (5%),
BusSn omoM  DPMEreflux TBDMSO OMOM
n n
hig )j[ BusSnH Pds(dba)s (1%), hid (98) 40
(6] o N~ Cl P(2-furyl)s (4%) (8] o N =
1 iF, 25°, 0.5 1
CO,PMB THF, 25%,0.5h CO,PMB
Bo. _N_ S
113
Buysn™ X Pdy(dba)s (1%), hig | ® 40
P(2-furyl); (4%) o o N =~
THF, reflux, 3 h COPMB
H
Bu;Sn Bn N S CF;
\©\ Pd,(dba)s (1%), hig ];‘( (64) 40
o}
CFy P(2-furyl); (4%) o N ~
THF, reflux, 72 h CO,PMB
n
BusSn” X""0H Pdy(dbay;, h ]:T | ) 816
P(2-furyl)s 0 7N
CO,PMB
. OH
Bn_ _N S
=\ Pdy(dbas, hig | - 816
BU3SH OH 0 N
P(2-furyl)y o Z
" CO,PMB
BnTN S SnBu3
e % SnBuj Pd,(dba); (1%), ] (66) 40
Bu;Sn P(2-furyl); (4%) 0 OJ;N Z
THF, reflux, 16 h CO,PMB
Ca
Pz
Bussn” Pd,(dba)s (1%),

BocHN BocHN
IQ\ If

CO,CHPh “CO,CHPh
10) k 2 2 (54) 2 2

BocHN S
N
O/ N__=

CO,CHPh;,
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cyy OMOM
Me;Sn
Pd(dba),, 817
LiCl, DMF
BnO
OMOM
Cag
(o} 0
Bu3SnH Pd(PPh;)y, (51) 810
BHT, THF
Pd;(dba)s (19), b | ® 40

(¢}
CO,CHPh,
H
Bn N S
O ];—Y]\I/ Ci /@
[e] = BU3Sn [¢]
CO;CHPh,
= ] OMe
N

BusSn

Bu;Sn@
N

!
SEM

TsHN
BLBS;}/\/@
N
SEM
(¢}
HN

MOMO O)\N ]
0

K
H 0
Bn N S
\ﬂ/ Bu3Sn/\
(6] IN Cl
0 =
CO,CHPh,

NHBoc

Cag
Ne s
Bu;Sn/\
O N Cl
HO (8} Z

CO,CHPh,
F

x F
Bu;Sn)\r

F

P(2-furyl); (4%),
THF, reflux, 16 h

Pdy(dba); (2%),
P(2-furyl); (4%),
THF, reflux, 3 h

Pdy(dba); (1%),
P(2-furyl); (4%),

I ofh 94 L
inr, réfiux, 24 i

Pdy(dba); (5%),
P(2-furyl)s (20%),
THE, 65°

Pd,(dba); (10%),
P(2-furyh); (20%),
THF, 65°,3 h

Pdy(dba)z (5%),
Cul (20%),
P(2-furyl); (20%),
THF, 60°,0.5 h

Pd;(dba); (1%),
P(2-furyl); (4%),
THEF, reflux, 40 min

Pdy(dba); (1%),
P(2-furyl); (4%),
THF, reflux, 3 h

Pdy(dba); (1%),
P(2-furyl)s (4%),
THF, reflux, 72 h

{WSJJ\:F ©%)

0 N
O¢_ L
CO,CHPh,
H
N s
i j/':( | (88) 743
0 N
o Z 0
CO,CHPh,
H
N S OMe
hig :[;( @1 40,818
0 N
o 4
CO,CHPh,
©5) 289
'
CO,CHPh, SEM
y  TsHN
N
95) 74

N
T a9 170

40

CO,CHPh,

NHBoc

H
N S
l (82) 40, 818
0] N
HO o} =

{

CO,CHPh,

40, 818

—N_~

CO,CHPh,
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TABLE XX. DIRECT CROSS-COUPLING OF ALLYL AND PROPARGYL ELECTROPHILES (Continued)

P2 -furyl),
P2-turyl)s

Subsiraie Staninane Conditions Produci(syand Y Refs.
LS.~
Pd,(dba)s (1%). {—( ! ]
/TN P(2-furyi); (4%), [-N__~__~ (& 40,818
Buzon ) THF, reflux, 16 h T ”
CO,CHPh;
S
Pd(dba); (19%), —( =
Bussn™ N7 P-furyl); (4%), N © + |-N 818
THF, reflux, 16 h
CO,CHPh,
S
Pdy(dba); (1%), {—( M
Bu3SnC=CMe P(2-furyl); (4%), -N L C” 32) 40
THEF, reflux, i6 h )
CO,CHPh,
S
Pd,(dba); (1%), [
Buﬁ,/ﬁ/ P(2-furyl); (4%), -N_ (60) 40, 818
THF, reflux, 72 h
CO,CHPh,
S
OEt Pdy(dba)s (1%), -
P(2-furyl); (4%), ~N_ .o oE (7 40, 818
Bu3Sn THF, reflux, 2 h t
Cao OMe CO,CHPh,
N7 H OH
”V!\WNIKS -
] BuSn.__~_ OH  Pdy(dba);, { | & 816
Z _
TrHN/<S,N 0, N\g\/a P(2-furyl)s N_~
CO,PMB CO,PMB
OH
S
BusS /:\—OH Pdy(dba)s, {‘( | =) 816
Uyt P(2-furyl); AN~
CO,PMB
Cuy OMe
N7 OH
i H |
N AUNL S, LS. J
AN 1 (e e N B Cn . nu DA (Ahay (— e (. Q1€
T—U\'/</ ” |’l ] ‘I- . Duzo I\'/\/Ull rajpuvaji, { ‘|. | ” AN 7 Q19
TtHN \S/ O O//"_N\Ty\‘/bl PQ-furyl), ["‘N\T/\v/
CO,PMB CO,PME
OH
S
e Pdy(dba)s, { | —=) 816
3 P2-furyh)s N~
CO,PMB
Cu OMe
.0
N! H OH
NJ/K(N ]:[ > BusS OH  Pdy(dba) ‘(s —) 816
/4 i U3, HW 21 )3, ( | i
TYHN/<S (o] o N\g\/cl P(2-furyl)3 —N_._~
CO,PMB CO,PMB
OH
S
By Sn/:\_OH Pd,(dba)s, [ | —) 816
3 P2-furyl); N~
Cis CO,PMB
-——CozBu-z
N OH
! H
NJ)WN I ° BusS OH  Pdy(dba) ° | o 816
S U A 2(dba)s, { —
TrHN/<S °, Nﬁ)\/a PQ-furyly -N__z
CO,PMB CO,PMB
OH
s
- Pd,(dba),, — 816
Busi  \—on e {-N\/j\ e
e
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TABLE XXI. DIRECT CROSS-COUPLING OF BENZYL ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
G Ph/\Br Me,Sa Pd(2, 2’-bipyridine), Ph/\ (94) 171, 819,
(fumaronitrile) (1.5%) 19
HMPA, 60°, 15 h
BusSn” X Pd(PPhs)s (0.7%), ph NF (100) 19
HMPA, 65°
Bu,Sn Pd(PPhy), (0.7%), P Bu-n (42 19
HMPA, 65°
Bu;Sn SnBu;, Ph Ph
Pd(PPhy)s, (45) 287
;A\ o /A
DMF, 70°, 10 h /
o 0
_<ij Pd(PPh3),Cl, (1% A (58) 426
BusSn— (PPh3)2Cls (1%) ¢
0 PH o)
MeSnPh; Pd(PPhy)s (0.7%), Ph” > Ph 95) 19
HMPA, 65°
P
Messn™ > Ph Pd(PPhy), (0.7%), P (89) 19
HMPA, 65°
Bu3Sn Pd(Ph-BIAN) (1%), o
\©\ HMPA, 20°, 20 h /\©\ 76) 819
or DMF, 50°,20 h
Buﬁn—(/j@ Pd(PPh;),Cl; (2%), /—(/@ (70) 425
/N THF, reflux, 1 h Ph /N
Me Me
Bu;Sn ~ CO,E: A~~~ COEL
3 \ﬂ/ \I/ 2 Pdy(dba)s (5%), Ph” \'1‘/ he (100) 375
i NHAc AsPh; (40%), THF, 65° " NHAc
CO,Et  Pdy(dba); (5%), Ph COEt  (68) 375
Bu3Sn” X \/W
usn AsPhy (40%), THF, 1t
NHAc¢ NHAc
OEt BaPd(PPh;),Cl (1.6%), Ph OEt  (88) 49
X RN
B‘“S"/\r Cul, DMF, 50°, 7 h \/\(
TBDMS TBDMS
n-CgH,7 n-CgHy;
Pd(PPh;), (5%), Ph (=) 442
Bu3Sn” X CeHg, reflux =
Ph Ph
BusSn OH PAd(CH;CN),Cl,, Ph OH
DMF/HMPA (10:1), (70) 287
1\ 60°. 2h /A
(6] ’ (o}
BusSn J\rom BnPd(PPh;),C1 (1.6%), Ph \/g/OEt (79) 49
3 Cul, DMF, 50°
TBDMS TBDMS
Ph Ph
BnPd(PPh3),Cl (1%), 80° 19 256
Bu3Sn/‘§ 2 ¢ Ph\)\’ (9
T™S T™S
Pd(PPh3); (5%), W @81) 789
B Sn\)\/\
WS OBn CeHe, reflux P N OBn
Pdy(dba)s (5%),
Bu;Sn 4 74
u3 P(2-furyl); (20%), (95) 289
N THF, 60° 3 h PN
SEM SEM
MeO,C—
PA(PPhs)4 (5%, n 290

CHiCN, i00°, 1 h

e
mz \g
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TABLE XXI. DIRECT CROSS-COUPLING OF BENZYL ELECTROPHILES (Continued)

Substra te Stannane Conditions Product(s) and Yield(s) (%) Refs.
TsHN TsHN
Pdy(dba)s (10%),
Buysn— P(2-furyl); (20%), / 93) 74
N THF, 65°, 1.5 h PH N
SEM SEM
Bu;Sn O OBn Ph O OBn
| Pd(PPh3)s (1%), | (74) 424
“OBn PhMe, reflux, 1 h OBn
OBn OBn
Bu3SnSnBus Pd(PPh;);Br; (0.6%), Ph”” > SnBu; (76) 547
PhMe, 110°, 15h
PN
Bu3SnSnBus PA(CH;CN),Cl, (1%), Ph” “SnBu; (24) + pp ™~ P (51 313
HMPA, 25°, 40 min
P C MesSn Pd(PPha), (0.7%), ph 61 19
HMPA, 65°
i n 529
PAd(PPh3), (10%), (30)
Ph
BU3Sn)J\/ CeHe, 100°,20 h \)k/
OEt 1. Pd(PPh3),Cly (1%), o (72) 269
Bu35n/§ PhMe, 100°, 20 h NN
2.HCI (5%)
Buﬁn% Pd(PPh3),Cl, (2%), /_(/@ (—) 425
/N THF, reflux, 1 h Ph /N
Me Me
Bu3Sn SnBuy Ph Ph
z—f Pd(PPhs)g, (70) 287
/N DMF, 100°, 12 h W
o] e}
s o
Bu3SnSnBus Pd(PPhs)s (0.6%), Ph” "SnBuy (95) 547
PhMe, 110°, 15 h
Ph Ph
. ]l\ 61% ee Me4Sn BnPd(PPh,),Cl (1.6%), /k‘D (70) 8% ee 19
H B HMPA, 60°, 20 h Me™ Yy
X R3SnSnR; Pd(PPhs); or SoR3 X =Br,R=Me (65) 547
Pd(PPhs),Br; (0.6%), X =Br,R=Bu (51)
al PhMe, 110°, 15 h G X =Cl,R=Bu (58)
/@/\ Br Bu,gnm Pd(PPh3),Cl, (2%), 4 O (79) 425
0-N N THEF, reflux, | h N
) Mé ON Mé
Cog :
Br Me;SnSnMes Pd(PPhs), (0.6%). SnMex g _No, (68) 547
PhMe, 110°, 15 h R=CN (95)
R R
SnBu; _
Bu3SnSnBus Pd(PPh3),Br; (0.6%), R=NO, (30) 547
PhMe, 110°, 15 h R=CN (56)
R
Cs J\ Et,Pd(2,2’ -bipyridine) (1.5%), /K
Ph Br MeySn fumaronitrile, Ph (17 171
HMPA, 60°, 113 h
Pd(2,2’-bipyridine)
Et;Sn (fumaronitrile) (1.5%), Ph 37 171
HMPA, 60°, 27 h
~
)@ﬁ Br Me;SnSnMe; Pd(PPhs)a (0.6%), 0 SnMes o6 547
NCTNF PhMe, 110°, 15 h NCTNF
| oS cl Bu3SnSnBus PA(PPhy), (0.6%), ‘ o SnBu; R - m.OMe (87) 547
S F PhMe. 110°, 15h S F R =p-OMe (35)

R
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TABLE XXI. DIRECT CROSS-COUPLING OF BENZYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
OMe OMe
Bu;SnC=CPh Pd(PPhs); (4%), /k (65) 207
Ph” Cl o Ph” TCs
CCls, 80°,20 h Scpn
Cy
Br BusSSnB Pd(PPhs3)Br; (0.6%), SnBus  (56) 547
Uzsnanbus PhMe, 110°. 15 h
Ci OAc OAc
COzMe CO;Me
N 2
7 \g BusSn” X BnPd(PPh3),Cl (0.7%). 7] (92) 820
0~ NF B HMPA, 65°, 6 h 07 NF Xy
Css P P
Savie ALUgvie
Il — i —
LN g PN LN
- \'/\ I~ Bu;Sn” \l/ QTHP Pd(PPh3)s, \,/\U/\/\\‘/ OTHP 172, 821
J ! CgHg, reflux I i
4 7 A
o i . o i
}//\/ “QTRDPS )//\/ ~OTBDPS
0 o
Ca CO,Me
Br Buﬁr/ﬁA OTHP Pd(PPhs)a, (50-60) 822, 823
CHCl3, reflux

OTBDPS
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TABLE XXII. INTRAMOLECULAR CROSS-COUPLING OF ALLYL AND BENZYL ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cy o o
OAc 5 Pd(PPh
| SnBu (PPh3)s, THF, 1t | (66) 322
OAc O/ 2
(0]
(0]
| ‘SnBu, Pd(PPhs),, THF, t Coj an 322
/ 0
o
CIZ Br Br
ENEEN
1 Me3SnSnMes PA(OAC), (10%), PPhs, Y oo 645
NENF PhMe, 110°, 18h NN
e o
’d o’
OAc
Me;SnSnMe Pd(OAc), (5%), PPhs, (83) 824
OAc 1-hexene, THF, reflux
X
o\
[ SnBu, PA(PPhy)4, THF, 1t 322
/
0
Pd(PPhs)s, THF, 1t 322

Q
[ /SnBUg
0]
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TABLE XXII. INTRAMOLECULAR CROSS-COUPLING OF ALLYL AND BENZYL ELECTROPHILES (Continued)

PhMe. 110°. 18 h

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cia
OAc Me:SnSnMe; Pd(OAc); (5%), PPh;, 824
OAc 1-hexene, THF, reflux
0‘\}SHBU3
0 Pd(dba)s, AsPhs, 167
/ cyclohexane, reflux
Cl
Cis
O\}SHBU}
0 Pd,(dba);, AsPhs, 167
/ cyclohexane, reflux
Cl
Cis
oA
Me;SnSnMes Pd(OAc), (5%), PPhs, 824
O \ 0OAc 1-hexene, THF, reflux
A\ A\
N PA(PPh3),Cl; (5%), N
Br )§o Bu;SnSnBu; Li;COs, EuNBr, - /A,\ (68) 563
/:< DLAA ol [, 11 hd
/ \  p. riivie, refiux IR 1j
o\ 7/ v O/ \\//
I\O’ -0
O‘\_>~SnBU3 O
0 Pd,(dba)s, AsPhs, 0 (45) 167
cyclohexane, reflux .
/Ny /
Ciy
O‘\}SUBM o]
0 Pd,(dba);, AsPhj, ﬂo (55) 167
cyclohexane, reflux
/ /
Cl
Cles O C
= Me;SnSnMe; PA(OAC), (5%), PPhs, ‘ 6+ ‘ = 1y 167
F 1-hexene, THF, reflux Z ~F
OAc O
Cig
o] SnBuy 0
0 Pdy(dba);, AsPhs, 0 (57) 167
cyclohexane, reflux
JV/an /
Cl
Cyo
Br. I
Nj@ Me;SnSnMe; Pd(OAc); (10%), PPhs, (60) 645
N

|
SO2Ph
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TABLE XXII. INTRAMOLECULAR CROSS-COUPLING OF ALLYL AND BENZYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
[o] (0]
Y Pdy(dba)s, AsPhs, NTURT N0 (3g 167
Ci cyclohexane, reflux
™
SnBuj
Cas Zph Ph
=
OAc Me;SnSnMe; Pd(OAc); (5%), PPh;, (D 824
OAc I-hexene, THF, reflux | =
o N
Kﬂ,rn AN F
Csi
PN
~ N Ts Ts
| 1] N— N
XN AN PN
] | Pdy(dbas, P(2-furyl)y 1 N (89) 7
PN i N - A~ )
Bt . /2 N THF, reflux = Y X | 1l
Bu;Sn— | Il | 1} NTXy
NN N v
!
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TABLE XXIII. DIRECT CROSS-COUPLING OF ORGANOMETALLIC ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
c; TS
Me;SnC=CTMS Pdy(dba)s (5.5%), @/ (—) 223
AsPh; (22%), Fe
DMF, 20°, 18 h oc | co
co
~CTMS
C~
-C
c*
Me;SnC=C—C=CTMS Pdy(dba)s (5.5%). @/ (44) 223
AsPh (22%), ]
DMEF, 20°, 18 h OC—'Ff‘ “co
co
MesSnCse Pdy(dba)s (5.5%), @) {55 223
e’ AsPh; (22%), F* ~Czc
T e.
Mn DMF, 20°, 18 h oc}| ~co \©
oc’ éo‘co co l\iq
oc’ |
co CO
Me;SnC=CSnMes Pdy(dba); (5.5%), @czc@ (65) 223
AsPh; (22%), OC-. s e €0
o 7 SN
DMF, 20°, 18 h oc ‘CO od co
Me;$nC=C—C=CSnMe; Pdy(dba)s (5.5%), @—czc—czc—@ 67 223
oC..., N .CO
AsPh; (22%), Fe¢ Fe
DMEF, 20°, 18 h 7 "N,
oc co oc €0
HC+ - CH
! I Sc c?
j@\( Me;SnC=CH Pdy(dba)s (5.5%), (25) 219
oc” | co DMF, 20°, 18 h oc”} ~co
co Co
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TABLE XXIII. DIRECT CROSS-COUPLING OF ORGANOMETALLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
RCs _CR
~ C C e
Me;SnC=CR Pd;(dba); (5.5%), (20)
ASPh3 (22%), RC;’C ,FIC\ CSCR
DMF, 20°, 18 h oc’ | ~co
R co
T™MS (20) 219,220
Bu-t (40) 219
RCs -CR
S C\C R ) C/C “
\\C C’/
Me;SnC=C—C=CR Pdy(dba); (5.5%), 220
AsPh; (22%), _czC7 1 TCx3¢
DMEF, 20°, 18 h RCECT Ff‘ «co  CSCr
R COo
Pr-i (26)
™S (34)
Bu-t (57
C5H1 1-n (30)
RCs - CR
~ C C rd
Me;SnC=CR
RCECT g, TCScr
ocC” ~CO
. i,
\@ Pdy(dba); (5.5%), (18) 220
Fo AsPhs (22%),
oc”’ | “~Co DMF, 20°, 18 h
CO
CgH”-ﬁ ?dz(db“):; {5.5%), (83) 219
AsPh; (22%),
DMF, 20°, 18 h
@ PA(CH,CN),Cl, (30%), (49) 220
; DMF, 20°,48 h
_Cr,
ocC l “Co
CO
\@ Pd,(dba); (5.5%), (69) 20
T AsPh; (22%),
Mn_
oc”’ l co DMF, 20°, 18 h
CO
\CSC\© Pdy(dba); (5.5%), (28) 220
: AsPh; (22%),
Mn Y
oc” l “-co DMF, 20°, 18 h
CO
—& Pd,(dba); (5.5%), (35) 220
T AsPhs (22%),
<F<é> DMEF, 20°, 18 h
? Bu3SnC=CR Pd(CH3CN),Cl; (5%), Fe 231
oc 1 THEF, rt, overnight oc” | “Cy
oC R O ~CR
H 67
C=CH [61))
Pr-n 1)
Bu-n a4
Ph 74)
<
BusSnC=C—C=CSnBuz  Pd(CH3CNLCls (5%), Fe-C=C—C=C——Fe. (43) 231
THEF, rt, overnight oc” { "*CO
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TABLE XXIII. DIRECT CROSS-COUPLING OF ORGANOMETALLIC ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cy = CH os ena
<7 Bu,SnC=CH Pii(C}_lCN\Cl (5.5%), =CFH 66 823
- DMEF, 25°% 12h —
r,he\ ’\—-./’I‘C\‘-'
ocC & Me OC™ | "Me
co Cco
BuySn” X PA(CHACN),Cl (5%), <7\ ) 826
DMF, rt, 2 h oy
oc”” | "Me
co
Bu;SnC=CSnBus PA(CH;CN);Cl (5.5%), c=c a2 226
DMF, 25°, 12 h G. G}:’e
OC” | "Me Me g t\“co
co Co
< Bu;SnC=CH PA(CH3CNY,Cl (5.5%), @/C’:CH ©2) 825
M DMF, 25°, 12 h "
n . ~
oc” | ~co oc” | ~co
co co
__c=CTMS
Me;SnC=C—C=CTMS Pd,(dba); (5.5%), < cC (19) 220
AsPhy (22%), o
DMF, 20°, 18 h oc” | “co
co
BU3SnCSC\© PA(CH;CN),Cl; (5.5%), @—‘CEC@ (79) 825
o DMF, 25°, 12 h o )
oC” | "Me oc” | co OC | Me
co Co co
B“3S“C5C\© PA(CH:CN),Cl (5.5%) ey  M=Mo (D) 825
o DMF, 25°, 12h M i M=W (81)
OC/I ‘\‘\Me oc”” l \\CO oc— / \\\Me
oc €O Co oCc CO
Bu;$nC=CSnBu; PA(CH;CN),Cl (5.5%) S -CEC—TSy; 0 226
: N e )
DMF, 25°, 12 h o i
6c”} co oc | co
o o
CR
I C
b 1 Me;SnC=CR RCS"\(ELDTJ“/CR
~—~TTS 3 = L&) C
"~ —- T -
oc” | “co oc” | co
co
co R
Me PA(CH;CN),Cl, (4%), (38) 218
DMF, 20°, 40 h
Pr-i " (1 218
C=CPr-i Pd,(dba); (5.5%), AsPhs (22%), an 220
DMF, 20°, 18 h
C=CBu-t " (10) 220
C=CCsHy,n " 5) 220
= czCH (94 825
@/1 Bu;SnC=CH PA(CH;CN),Cl, (5.5%), <
R DMF, 25°, 12 h Re
_Re_ PR
oc”” | ~co oc” | ~co
Co Co
BusSnCz¢ PA(CH3CN),Cl, (5.5%) - (96) 825
~= I
R DMF, 25°, 12 h m e
oc” | co oc”’ l\co oc” | “co
CO CO Co
BuSnCzc_ = PA(CH3CN),Cl, (5.5%), Sy CcEe—y (73) 825
T DMEF, 25°, 12 h - y
oc”’ i\‘Me oc”” *‘*co oc”’ l*Me
Co o co
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TABLE XXIII. DIRECT CROSS-COUPLING OF ORGANOMETALLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
BuSnCz,
3 \c\© PA(CH3CN),CL, (5.5%), Sy CEC—Syy M=Mo (68) 825
M DMF, 25°, 12 h Re. M M=W (85)
oc [\ TMe oc”| co oo Me
oC o co oc ¢co
Bu;SnC=CSnBus PA(CH3CN),Cl; (5.5%), SycEe—SSy ® 226
DMF, 25°, 12 h Re Re
oc’ ‘ “co ocT|Tco
co
c co
221 4
<& X Me;Sn | Pd(PPh3) (4%), <) X=Cl 80) 392
e 0NF THF, reflux, 16 h & 0 X=1 (64)
oc’ l CO oc’ l CO
co Co
@—cx Bu3Sn/\ [(n3-C3Hs)PACl]; (10%), @—// I+ @d/ I (80) 75:25 222,827
Gl (R)-BINAP (12%), 40°, 18 h oa . =
oc”'| “co oc” | ~co oc” | Co
co co co
ee=0%
BuySn” X [(n3-C3Hs)PACI]; (10%), I (ee=0%) + II (46) 87:13 222,827
(S)-(R)-PPFA (12%), 40°, 18 h
Buysn” X [(M3-C3Hs)PACI]; (10%), I (ee=0%) + II (46) 0:100 222,827
(R)-MeO-MOP (24%), 0°, 18 h
cl Cl Me;SnC=CPh PA(CH;CN),Cly 2%), PHC=C—CD)—C=CPh (84) 828
Cr. CHyCly, 1, 72 h e
oc] o oc ] -co
co co
HO HO
X Meﬁﬂ@ Pd(PPh3), (4%), =), / O X =ClI (80) 391
HO” ¢ ] THF, reflux HO™ ¢ & X =1 (64)
oc”l Co oc| —co
co co
1 ¢czCH
<&~ Bu;SnC=CH PA(CH;CN),Cl, (5.5%), & () 825
M DMF, 25°, 12 h Mo
OC// ‘?\Me OC// ‘\\\Me
oc €O oC Co
BusSnCxz( -
—& PA(CH,CN),Cl, (5.5%), @_C—C’_@ 82) 825
JFe. DMF, 25°, 12h Mo__ Fe_.
oC | TMe ocT [\ TMe  OC | M
coO oC CO CcO
Bu;SnC=CSnBus PA(CH3CN),CL, (5.5%), @—Czc_@ (64) 226
o Mo Mo
DMF, 25°, 12 h oc—}0me M=/ ~co
oc co ocC co
<! BusSnC=CH PA(CH;CN);Cl, (5.5%), < ¢ 92) 825
| ]
W DMF, 25°, 12h W
oc” [\ Me oc” T Me
oC co oC co
Messn™ X PA(CHACN),Cl, 2%), & N\ (58) 369
DMF, it, 24 h W
OC/] U Me
ocC co
CECMC
Me;SnC=CMe PA(CH;CN),Ch, %), &~ (58) 369
DMF, 1t, 10 h W
oc/ / ‘\\\Me
OoC CO
o), <7\ 369
MegSn/VmS Pd(CH3CN),Cl; (2%) N\——TMS (56) 36

DMF, rt, 12 h



8¢S

629

TABLE XXIII. DIRECT CROSS-COUPLING OF ORGANOMETALLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Me0LC
J
SN PA(CH3CN),Cly (2%), = (55) 369
Busn - COMe DMF, 1t, 12h W
o oCc” "\ Me
oC €O
Ph
BusSnPh PA(CH;CN),Cl, (2%), & (2) 369
DMF, 1,72 h W
oc” [\ Me
oC co
=CBu-n
Cc=
Me;SnC=CBu-n PA(CH3CN),Cly 2%), < (56) 369
DMF, 11, 4 & W
oc ,/j \‘\ Me
oC co
e <
\@\ Pd(CH3CN),Cl, (2%), v (major) + 5 (5) 369
DMF, 11, 12 h oc// " TMe oc// ‘T Me
oC co oC co
c=CPh
Me;SnC=CPh Pd(CH;CN),Cl; (2%), <7 (29) 369
]
DMF, rt, 12 h w
oc” " Me
o oC o
DupﬁL,SC —~ o . o
&7 PACH,CNY,Cly (2%), <y e s 825
- P, - ] 1}
Fe. DMF,rt, 12 h w
0C | "Me oC” " TMe 0oCT| Me
co oC co co
Bu3SnCz( _
: PA(CH;CN),Cl, (2%), @‘C:C_@ 6) 825
DMF, t, 12 h
oc” " Me 0C” [\ "Me OC™ [\ Me
oc co oc €O ocC Co
Bu;SnC=CSnBu; &&CE—E o 226
1 1
W W
oCc~ l\\ “Me Me” l“ ~CO
oc o oC €O
Cio X
—S-a Bussn™ X 1. PA(PPh3)s 2%, /@/\ a2 227
ocC o THF, 70°, 15 h
| 2.1
Co
Bu-n
BuSn 1. PA(PPhs), (2%), /©/ (75) 227
THF, 70°, 15 h
2.1,
ME}SI’]\
MesS SnMe N
e3 n\=<' 3 PA(PPhy)s (0.7%), ‘@_// OMe (62) 829
OMe THE, 70°, 22 h PR
oc”’ k‘*‘co
Co
Me;Sn
Me;3Sn SnMe
P ? Pd(PPhy), (0.7%), J  OH g 829
THF, 70°, 22 h o
HO OC'/ !\\CO
Co
Me;Sn\ %OH
Me;Sn SnMe
Nl Pd(PPhs)y (0.7%), _@_/// (85) 829
THF, 70°,22 h o
OH oc” | co
Co
Me;Sn
Ph
Me;Sn SnMe, /
\:< Pd(PPhs); (0.7%), (70) 829
h THF, 70°, 22 h p
oc™ T} Tco
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Substrate __ Siannane . __ Conditions _ Product(s) and Yieid(s) (%) __ Refs.
— P _Bu-n
<ol A Qs | DA(DDE Y 0y i ceay e
= BusSn 1. PA(PPha)s Q%) i 68) 227
Cr._OMe THF, 70°, 15 h N NoM
QC-" 1 T-CO UMe
i 2. b
co
. T\ ~ -~ & X
MeU— SO Cl Bu;Sn” X 1. PA(PPh3)s (2%), [} T (68) 227
.Cr._ THF, 70°, 15 h Meo)\/
ocy co
2.1,
Co
Bu-n
Bu,Sn 1. Pd(PPh3)s (2%), Q (82) 227
THF, 70°, 15 h MeO
2.1,
I
/@/ Me;SnC=CSnMe; Pdy(dba); (5.5%), ™S c=c TMS 35) 223
™S g AsPh; (22%), OC--gg “e- €0
oc | *co DMEF, 20°, 18 h o<’ o od Yo
Cco
Neoyas | &S7—C=Chh <CSy—C=CPh
Fe Me;SnC=CPh Pd(PPhs), (2%), Fe (35 +  Fe (51) 830
<51 THF, 75°,20 h <> <Z=>—c=crn
Me;SnC s =
e &7 =
Pd(PPhs)s (2%), Fe c=e—Sy 5 830
Co THF, 75°,20 h @ I Fe
SCSnMes
1—@
Ch
MeO SN MeO
i@—l Me3snm Pd(PPhy)s (4%), =) 4 O R=H (46) 391,392
MeO” . 07N F g THF, reflux, 16 h MO” & O R R=OTBDPS (54)
oc” ‘ ~Co oc” ‘ CO
co Cco
<o <R
I— n CaD DA/DDL £ Qo I— I
Fet PFq~ DU3SLR rairrngjg (9.0%), Fe* PF.~ 831
Pl DME. 100° PN
<> R , @
CH=CH, 105h ©n
2-thienyi 35h (88)
DIl An i~
Ph 20h (72)
Bn 224 an
C=CPh 3.5h (82)
{E)-CH=CHPh i5h (89)
Ciz
,CTMS
4
C
@L Me;SnC=CR Pd(CH3;CN),Cl, (6%), 224
Fe 1 H,0, DMF, 1, 36 h
OC" 4 °CO
Cco R
™S
Bu-t
C=CBu-t
Ph
Si(Pr-i);
,CTMS
4
C
Me;SnC=CR PA(CH;CN),Cl, (6%), 224
g H,0, DMF, 1, 36 h =C
Fe. 20, , I, RCZ
0C"1°CO occo
CO R Cco
T™S (78)
c., Si(Pr-i)s 78)
Pr-n Pr-n
MeO : oTt Me,Sn Pd(PPhs)y (2%), LiCt, MeO ' (46) 217
. THF, 65°,37 h _Cr.
oc” | “co oc” | Tco
CO C
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TABLE XXIII. DIRECT CROSS-COUPLING OF ORGANOMETALLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Pr-n
BuySn” X PA(PPh3), (2%), LiCl, MeO @‘ N 217
THF, 65°, 16 h _.Cr.
oc” | “co
(ale]
Pr-n
Bu;SnC=CTMS Pd(PPhs), (2%), LiCl, MeO @' CECIMS (49 217
THF, 65°, 37 h Cr..
oc” | “~co
co
Cis Ph Ph
@/\/ Bu;SnCEC—@ PA(CH,CN),Cl, (3%), @/\/ 99 230
Fe_ Mn_ i .Fe-C=C
l R oc" | o DMEF, rt, overnight ocy —©
oC I
co Co oc L Mn
oc” | Tco
co
Cis Pr-n Pr-n
MeO—p—OTF  py50 Pd(PPhy); (2%), LiCl, Meo@_\\ (99) 217
SMT e THF, 65°, 24 h SMT A
ocC” *CO 0! *Co
co C o€
Cyy
MeO OTf  MesSn Pd(PPhy), (2%), LiCl, MeO (41) 217
Cr. P THF, 65°, 132 h Cr. Prn
oC” | ""Cco oC” | Co
Cco co
. ~_ -/
BuySn” X Pd(PPha), (2%), LiCl, MeO—o0—7 (76) 217
THF, 65°, 15 h Cr. Prn
oc” | co
Cco
Bu3SnC=CMe Pd(PPh3)s 2%), LiCl, MeO%CECMe (50) 217
THF, 65°,83 h S Pron
oc’ (A:O‘*CO
Cis
AR Z
Me;N OTf BusSn” ™~ 1. Pd(PPh3); 2%), LiCl, Prn
Cr. Prn THF, 65°, 17 h D) 217
oC™ | co 2.1
co
NMCZ
C,,/CSi(Pr—i)3 /CSi(Pr-i)y
@L Me;SnC=CTMS Pd(CH3CN),Cl; (6%), (62) 224
Fe ! H,0, DMF, 11, 36 h Fe. CSCTMS
oC’ i CO 0oC’ 1 °CO
COo co
Cs ! BusSnCs( 3
< = PACH,CNICl (5.5%), &t 5
Mn_ —W DMF, 25°, 12 h Mn, W
oC"" | "~Pph 0C % Me 0C” | “PPhy Me~ /CO
oC oC Co (0] oCc €O
Cy i-Pr3SiO i-Pr3Si0
1 MQSn«(D Pd(PPh3), (4%), THF =), 4 O (18) 391,392
#PrsSi0” ¢ Y or CgHg, reflux #PrsSi0” ¢y o
oc”"| "co oc” | “co
co co
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
U el Q Pd(dba)s (0.5%). PPhs (2%) 0 (0) + MeSnBu; (26) 529
2 (W.J)%e), 3 c), 3
Bu;Sn)J\/ CgHg, 60°, 20 h )J\/
=
CF3l BusSn” 7 Pd(PPhy)s (10%), FiCy (D 210
CeHe, 80°, 3 h
BusSn o~ Pd(PPhy), (10%), gy (D 210
CeHs, 80°, 3 h
0N Br BusSnSnBu; + TMSCI Pd(PPhy)y (10%), ON"TIMS () 832
tetralin, 80°, 20 h
MeSO,Cl BusSn__~. Pd(PPhs)s (1%), 0, .0 (90) 220
F
o o THF, 65-70°, 15 min Me” SN phy
~
FCT I BusSn. Pd(PPhy)s (10%), FiCAa P 38 210
CgHg, 80°, 4 h
= Pd(PPhy), (10%), FiCo_x_-Ph (3% 210
N
Bu3Sn Ph CeHg, 80°, 4 h
NC” O Br Bu;SnSnBu; + TMSCI PA(PPhy); (10%), NCTTMS  (6Y) 832
C; tetralin, 80°, 20 h
o Me;SnTMS Pd(PPhy), (10%), OTMS 67 833
/U\/ Br CgHq, 80°, 5 h
=
Me0,C” " Br BuSn” D117-Pd(0) on polymer, MeO,C7 T (o)) 535
Me,CO, reflux, 25 h
Bu;SnPh D+;7-Pd(0) on polymer, MeO,C” “Ph  (90) 535
Cs Me,CO, reflux, 25 h
1-CyFl BusSn A Pd(PPhy), (10%), A NN N 210
CgHys, 70°, 4 1
OH ‘
BuiSn AL |
Y N Pd(PPh3), (10%), n-CaFg . s A (68) 210
| R TN N
/\OH CeHyg, 70°,4h
(EYor @BusSn o~ Pd(PPhy), (:0%), nCiFy gy (T0) 210
C@HH, 70 N 4h
0 T
\)j\/ B Me3SnTMS Pd(PPh;), (10%), OTMS (72) 833, 832
r CeHg, 80°, 5 h
? OSnB 0
Be )\" u3 PA(PhCN),Cl; (5%), “n 834
CeHg, 80°, 20 h
0
Bu;SnSnBuy + TMSCI PA(PPhy); (10%), /ﬂ“ﬁ an 832, 833
tetralin, 80°, 20 h X
OEt OFt
MeO,CC=CBr /\/}\ Pd(PPh3),Cl; (5%), J_< (52) 215
Bu3Sn” ™ OEt hydroquinone, MeO,CC=C 7 OEt
DMF, 20°, 2 h
OEt
OEt Pd(PPh;),Cl, (5%), 3) 215
BusSn” X
15 n/\/ﬁO/E bhydroguinone, ‘/_)—*()E[
t DMF, 20°, 15 h MeO,cC=C—7
o 0
X OSnBu;
0 )\ Pd(PPh3),Cl; (1%), 0 X =Br (73) 208
THF, 50°, 12 h J X=1 (82)
0 0
=
0\5/1 Bussn” 7 Pd(PPh3),Cl, (1%), ob/v ©7) 208
THF, 50°, 12 h
EO,C” “Br BUZSnN )2 PA(PPhs),Cly (1%), EO,C” "X (67) 208
PhMe, 100°, 6 h
PA(PPhy),Cl, (1%), 208

P

J

PhMe, 100°,9 h

EtOZC\/\n/ (41
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
N
Bu3SnPh D1,7-Pd(0) on poiymer, EtO,C Ph 94) 535
Me,CO, reflux, 25 h
BusSnSnBu; + TMSCI Pd(PPhs)4 (10%), EO,CTOTMS  (79) 832
HMPA, 80°, 20 h
Bu;Sn T\MS? COE ™SO o,
o__«l Pd(PPhs), (2-5%), (60) 441
Me0” TN DME, 100°, 12 \>\:©
[ ’ ’ i
o H H
0] OSnBu; 0]
Br )\ PA(PhCN),Cl, (1%), (0) 834
CeHg, 80°,20 h T
o]
OTMS
Bu;SuSnBu; + TMSCI Pd(PPhy); (10%), “ (75) 832, 833
tetralin, 80°, 20 h
0 OTMS
Br Me;SnTMS Pd(PPhy); (10%), (93) 833
CeHg, 80°, 5
o] OSnBu;) 0O
Br PA(PhCN),Cl, (1%), (70) 834
L J CeHs, 80°, 20 h
o]
OSnBujs] 0
PA(PhCN),Cl, (1%), en 834
CeHs, 80°, 20 h
L j o
Et0,C._ _Br Bu;SnSnBu; + TMSCI Pd(PPh,), (10%), EO,C. _TMS (49 832
N N
| HMPA, 80°, 20 h !
HN H,N
TMSCZ=CBr BusSn— PA(PPhy), (0.7%), ™sc=c— 95) 74
N DMF, 110°,05h N
SEM SEM
TMSC=Cl /K Pd(PPhs); (5%), X\ © o
BusSn ™S THF, 20°, 24 h MsczC ™S
Bu;Sn@ PA(PPhy), (0.7%), msczc@ (88) 289
N DMF, 110°, 1 h N
SEM SEM
0 o
HN { Pd(PPhy)s (10%), Cul (20%), HN ] (69) 170
A DMF, 80°, 20 min )\
MOMO— O~ "N “SnBu; MOMO— 07 'N° "Cg
\FO—?‘ —\FO% SCTMS
< <
Ce
— BusSn 0
C=CI .0 Pd(PPhy),Cly, DMF c=C— 37 214
‘(/7 / (8]
0
OEt OEt
n-BuC=CBr /\/k Pd(PPh3),Cl, (5%), _/_< (80) 215
BusSn” X OEt hydroquinone, n-BuC=C—~" OEt
DMF, 20,20 h
Pd(PPh;);Cl, (5%), OFt 215

hydroquinone,
DMF, 20°,20 h

(28)
A/jOE[ )
n-BuC=C—~
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOQOUS ELECTROPHILES (Continued)
Subsiraie Stannane Conditions Product(s) and Yield(s) (%) Refs.
o, .0 0.0
NS N7
Ssal Ay
/©/ BusSn_~ Pd(PPhy), (1%), THF, /©/ 5 229
a 65-70°, 15 min a
AN i ANF
n-CeF31 BusSn Pd(PPhs) (10%), n-CeF13 (100) 210
CeHyg, 11, 1h
Me;SnC=CPh Pd(PPhs)s (10%), 1n-C¢F13;C=CPh @n 210
CeHy4, 70°,6 h
ME3SHCECC6H13-n Pd(PPh3)4 (10%)s VI-C5F|3CECC6H|3-'I (55) 210
CgHy4, 70°,6 h
Mewsnt=cd OTHP PdA(PPhs), (10%), . OTHP o) 210
esSnC=C{7), CeHyq, 70°, 6 h mCeF1C=CY 34
(o] OTMS
ci
Me;SnTMS Pd(PPhs)s (10%), (52) 833
CeHg, 80°, 5 h
o] " OsnBu; 0]
)J\/B, PA(PRCN),Cl, (1%), (83) 834
+-Bu ] CeHg, 80°,20 h +-Bu
0
r 0OSnBu; o]
P PA(PRCN),Cl, (1%), /U\><”/ 35) 834
C¢He, 80°,20 h -Bu
L o
OSHBU3 o)
PA(PhCNY,CL, (1%), (95) 834
CeHg, 80°,20 b 1-Bu
L 0
(J)SnBu;i 0O
PA(PhCN),Cl, (1%), i . nus  (97) 834
PN PA(PhCN),Cl, (1%), A~ But O
|7 Bu] CeHe, 80° 201 +Bu I
0
BU},S!’!S!‘!BU_’, + TMSCI Pd(PPha), (10%), /& (€3] 832,833
tetratin, 80°, 20 h rBu” X
—~ 0 Cl ~_-0. o ey
T™MS™ > 7 Bu3SnC=CPh Pd(PPh3), (4%), TMS ~7  S—C=CPh (6D 207
CCly, 80°, 12 h
NPh NPh
BusSnC=CR Pd(PPh3),Cly (1%), )LC 835
o -C S
el R CgHg, 70°, 5 h RC? SCR
TMS (60)
C=CEt 3
Bu-n (70)
C(Me),0Me (64)
Ph (65)
1-cyclohexenyl (74)
B0 c"’c/\/O n=3 32 8 (28)
/ n= n=
(CHy) 212
(CHY), Pigzl:(t;z)zpcgid(sqggc PhN=X s, 2\8 oS @S no10 (b
Bussnc=c—2 T FRE ~Y =6 @)
NPh
BU3Sn|C” Bu;SnI(II|
c C Pd(PPhs),Cl, (5%), pe <, n=2 (52) 212
P LiClO,, PhMe, 50° C C n=3 (32)
0 0 b
n o/jo
n
RBu.SnC=C— S~
BusSnl=¢4 ~x S X
(CHg)y Pd(PPh3),Cl, (5%), PAIN=<_" (CH»)s  X=CH, (34 212
"X LiCIO, PhMe, 50° Sc X  X=NPri (4D

Bu;SnC=C—
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES (Continued)

Quhctrata CQtannaona Canditiang Pradiiotic) amd Vialdic) 1023\ Rafe
Substrate Stannane Conditions Product(s) and Yield(s) (%)
Bu3SnC=C— A~
D" . C O—~_
O7 Ny . .C* TRy
! Pd(PPh3),Cl, (5%), PAIN= _ It i (40) 212
O~ ey DAL £00 Cso, NN
Doy G = / LI iuy, Fame, ou L\/U
BuzsnC=C ~
BusSnC=C— _.~__-0_ o~ -0
S =€ 0T T N
N ) Pd(PPhs);Cly (5%), PAN=~ N /\ 23) 212
0 LiClO,, PhMe, 50° S P
BU]S]’ICEC‘—/ \/\0 ! 4 € C\/ \/\0
CﬁH“\IN CleI\N
3SnC= R
BN BusSnC=CTMS Pd(PPh3),Cl, (1%) A 39 835
a” a o .C7 > Ca
CoHs. 70° 5 h T™SC* Scrms
C6H1]\N
BU3SnE Bu;SnI(I,‘I /\
C c Pd(PPh3),Cl; (5%), C c an 212
J LiCIO,, PhMe, 50° & Y&
(0] 2O >
fo—1o
2
BU3SDCEC_\ N
p-CICeH, L0 pCICHy, =€ 0
JN\ (CHZ\)5 Pd(PPh3),Cl; (5%), N:<c (CHps  (52) 212
0 LiCIOq, PhMe, 50° S
a” -a Bu;SnC=C—" 0
p-C1C6H4\N
Bu;SnS Bu3SnI(I,'I
c PA(PPh3),Cl, (5%), ,C c, 69 212
’ A
P LiCIO,, PhMe, 50° C C
o o) )
2 o-/jo
2
HCy . . Bu3SnC=CPh Pd(PPh3); (4%), HCs. .4 2CPR (6D 207
AP A C¢He, 65°, 12 h R S A
\ /4 LT \ /4
0 [ OSnMe,)| o
Il o | | Pd(PhCN),Cl, (1%). i - . (73) 834
N A~ | G LB NN
I L J CeHg, 80°, 20 h P
| 0
EtO . EtO, Vi
S—C=CBr BuySr” X PA(CH,CN),CL (5%), >—cz=c—7 (80) 215
EO hydroquinone, DMF, 20°, 1 h EtO
\
EiO. Y
Bu_;Sn/Y PA(CH;CN),Cl; (5%), >—0ch (63) 215
hydroguinone, DMF, 0°, | h Et0
OEt OEt
/\/k Pd(PPh3),Cl; (5%), EtO B J/_< (83) 215
BuySn” % OEt hydroquinone, neat, 70°, 2 h EIO> Cc=C OEt
EtO
OEt
OEt Pd(CH3CN),Cl, (5%), EtO, Y (67) 215
\ =
8“35“/\/\f hydroguinone, DMF, 20°, 4 h >—c=c
OEt EtO
_ A 207
N Bu3SnC=CPh Pd(PPhs); (4%), N (67)
CeHg, 75°,8 h
Buysn—MSQ coEx MSQ o,k
A '
Pd(PPh3), (2-5%), (40) 441
. DMEF, 100°, 12 h :
H H
o, 0 0. L
PP N S~ . nag
oy © BusSn. Pd(PPhy)s (1%), M (60) 229
P THF, 65-70% 3 h P
o, 0
S\/\
PA(PPhs)s (1%), N Z TCOEL 1 (68) 229

THF, 65-70°, 30 min
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
= Pd(PPhs)s (1%), I (64) 229
BusSr CO.E THF, 65-70°, 30 min
o, 0
°s
BuySn.__~ PA(PPhy); (1%), D (R 229
Z P .
THF, 65-70°, 15 min
o_,0
B“SS“/\©\ PA(PPhy)g (1%), ) s”\/©/ 7 229
THF, 65-70°, 12 h /©/
o, 0
> S\/\
BusSn.__sw. Pd(PPhs); (2%), 7S Z" "CH(OED); (gs) 763
ZCH(OE), L
CgHs, 80°,20 h
e CH(O!
BusSn.__sw, ~CH(OE),  Pd(PPhy), 2%), /@/ S~ ACHOED: g, 539
CeHg, 80°,20 h
E:Z=85:15 66
NP 0“s”O OTHP
~Ci BusSn. o~ OTHP PA(PPhs), (1%), NN 90) 229
THEF, 65-70°, 30 min
MeO MeO
0.0
A\ S /4
BusSn.__~ Pd(PPhs)s (1%), SASCHn B7) 229
7" “CeHy3-n o .
THF, 65-70°, 30 min
MeO
o, 0 o, 0
HO °S HO,C >S
i al BusSn.__~ Pd(PPhs)s (1%), ’ e as) 29
Zph .
THF, 65-70°, 15 min
OEt OEt
PhC=CBr ! Pd(PPh3),Cl, (5%), — (36) 215
BuSn” X" “OE: o s Pre=C—7 e
et s hydroquinone, DMF, =t vt
20°,20h
OF! PA(CH;CN),Cl, (5%) EQ (64) 215
t LN L O%),
X OEt
BugSn/W hydrogquinone, DMF, -/f_)7
OFEt 20°,20h PhC=C
PhC=CI /X\ Pd(PPhs)s (5%), /X\ (©) 42
B TMS THF, 20°,24 h . C TMS
u3Sn PhC*
1 0
HN ! Pd(PPh3)4 (10%), HN )i an 170
Py Cul (20%), DMF, O)\N c
MOMO‘\;E%N SaBUs  gge, 30 min MOMO—\ @ ScPh
Py s
o I
Br AN D4,7-Pd(0) on polymer, W (86) 535
Ph
Ph BusSn Me,CO, reflux, 25 h
Me;SnTMS Pd(PPhy)s (10%), OT™MS (69 833, 832
CegHg, 80°, 5 h Ph
_ . CPh
Ph._0O._Cl Bu3SnC=CPh Pd(PPh3); (4%), Ph. 0O C~ (73} 207
CeHe, 80°, 6 h
BusSn” X Pd(PPhs), (4%) Ph._ O 5) 207
3 > N
CeHe, 80°, 4 h
OMe OMe
Bu;3SnC=CPh Pd(PPhsy)4 (4%), an 207
P Tl CClg, 80°,20 h P “Csepy
(o] O
834

n-CeH, 3)}\/ Br

]

Pd(PhCN),Cl, (5%),
CeHg, 80°,20 h
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES (Continued)

Substrate Stannanc Conditions Product(s) and Yield(s) (%) Refs.
—C=CBr BusSn” X PA(CH;CN),Cl, (5%), " (18 215
EtO—( T o Et0—
! hydroquinone, DMF, |
OFt o as OFt
U, 4n \
S—
i P =
BusSn” Xy’ PA(CH3CN),Cl, (5%) . ,—C=C (44) 2i5
P r e EIO—7
nyurogumuorne, wivir, ’I_‘“A
o unt
OEt 0%9h OEt
/\/I\ Pd(PPh3):Cl, (5%), /«< (57) 215
Bu;Sn” % OEt hydroquinone, DMF, C=C OFEt
20°,72h E0
OFt
EQ
OFt
OFt Pd(CH:CN),Cl, (5%), J_/‘ (58) 215
A
Bu3Sn/\/\( hydroquinone, DMF, c=c Vi
OEt 20°,96h E[of
OF:
0 o)
CHWO /U\/ Br Bu3SnPh D717-Pd(0) on polymer, CH O )J\/ Ph (84) 535
et Me;CO, reflux, 25 h et
Co NPh NPh
Bu3SnC=CPh PA(PPh3),Cl, (4%), (69) 211
1 PhEt, 70°, 5 h B "Cs
Et” C SCPh
o Pd(PPhy)s (4%), 0~ X=Br15h (84 207
SN R - RN
n-CeHiy BusSn” "X CI(CHy),Cl, 24° nCtliy X=Cl 10h (84)
_ o
H O Br Bu;SnC=CPh Pd(PPh3); (4%), n-CgH,;” “—C=CPh (55 207
n-CgHyy CH,C1,,40°, 8h
OFt \)L
o__cl Pd(PPhy); (4%), 0 (81) 207
« ~ - rd
n~CgH|7 BU3SH ~ C6H6y 800, 12h n—Can OEt
Bu3SnPh Pd(PPhs) (4%), Ph (86) 207
CeHg, 80% 2 h n-CgHyy
I 0. _ o -
Bu;SnC=CPh d(PPhs), (4%), nCeHy,” “—C=CPh (71 207
c.e Celle, 80°, 1.5k
- OMe OMe < S
] Bu;SnC=CPh Pd(PPhy)s (4%), | (63) 207
A > R, e N
| N | CCly, 657, 12 h Ph C
orn
c 0 0.0
//\///\/\S\n /\/\/S\/\\/I e PO
- 7 if i BusSn. AL~ Pd(PPh3)q (1%), | | Il (V) Eitd
e el 8 TR e AS.00 Ak S
X THF, 65-70°,3 n AN
(O N ,/O
S _~_ OTHP
= 5
Bu;Sn __~_ OTHP PAPPh; (1%). @5) 229
THF, 65-70°, 30 min
o, 0
sl
Bu;SnC=CPh Pd(PPhy)4 (1%), Scph O 229
THF, 65-70°, 15 min
O\\ 0
S
= Ph
Pd(PPhy); (1%), (70) 229
BusSn. oy (PPhs)s ( 00) '
THF, 65-70°, 15 min
o, 0
\Sv\
BusSn .~ Pd(PPhy), (1%), Z “CeHizn (70 229
CeHiyon THF, 65-70°, 30 min
Cn Ci Ph 211
PhsSn Pd(PPh3),Cl; (4%), . BUN:\/ (25)
nBuN=( PhEL, 130°, 63 h
Ph Ph
OAc d(PPhy) (4%) Qhe ) 207
Bu;SnC=CPh Pd(PPh3), (4%),
Ny ~ 1 CUoene 19k m\/\)\c\,
h CeHe, 80°, 12h Ph Seph
Ci2 a Ph
N Ph,Sn PA(PPh3),Cls (4%), —QN (63) 211
s PhEt, 130°, 1S h s
7 X &
N N
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
C
12 NPh BusSn” X PA(PPh),Cl; (10%), NPh 67 531
Ph Cl xylenc, 120°, 10 h Ph =
Bu;Sn/\"’J Pd(PPh;),Cl, (10%), NPh 53
xylene, 120°,20 h ph)J\/“’H‘
Bussn™ N Pd(PPh3),Cl, (10%). 1.67) 531
xylene, 120°, 20 h
i OSHBU] Pd(PPh3),Cl; (10%) PREN @ e (25) 531
3)2C1, (10%), 9) + /K b
N
L xylene, 120°, 5 h Ph/K'JJJJ\ Ph)LO
Bu3SnPh Pd(PPhs);Cl (10%), NPh (78) 531
xylene, 120°, 60 h Ph Ph
;3 -0 NPh
usSn @ Pd(PPh3),Cl, (10%), L /@ 4 531
L xylene, 120°, 5 h Ph o
NPh NPh
oh Bu;SnC=CR Pd(dppfCl, (1%), o 836
s I CsH, 80° 87 Cs
¢ R o6 SCR
T™S (93
Bu-n (64)
C{Me);OMe (76)
Ph (83)
CH,O(CH,);CH=CH, (83)
NPh
Bu3SnC Ph ~57 ¢
e 3c
Pa(dppfiCl, (1%), \©\ 80 836
C. CsHe, 80° c.
TOCAD. ‘\C S
CSnBuy e
NPh
Ca cl Me
@-N:( Me,Sn Pd(PPh3),Cly (4%, ~©—Na/ on 211
Ph PhEt, 130°, 15 h Ph
,CPh
C
BuySnC=CPh PA(PPh),Cly (4%), O N=( (84) 211
PhEt, 70°, 12 h Ph
Ph
BuzSn .~ PA(PPhy),Cl, (4%), _@N:(_/ (70) 211
77 Ph PhEt, 70°, 7 h Ph
Cio ql Ph
EtOZCON = PhsSn Pd(PPh3),Cl; (4%), EtOZCON = 0 211
Ph PhE:, 130°, 15k Ph
Cr SPh
SPh O
BusSnH Pd(PPh3)4 (1%), 1) E:Z=2:98 837
. _CHO
HO X~"sph C4Hg, 25°, 4 min HO/\/K/
Cig NPh NPh
Bu;SnC=CR Pd(dppHCl, 2%), A 836
™scC P R PhMe, 80° TMSC® cr
™S as
Bu-n @7
C(Me),0OMe (81)
Ph (80)
Cio NPh NPh
BusSnC=CBu-n Pd(dppHCl, (2%), Ao (82) 836
Me0><c"'C SPh PhMe, 80° Meoxc"' SCBu-n
C SPh
! sen O BusSnH PA(PPhy); (1%), J_cno  ® EZ=991 837
Ph = SPh CgHg, 25°, 4 min Ph
SPh
SPh 0 Bu3SnH Pd(PPh3)4 (1%), /J\/CHO 90) EZ=793 837
n-CeH 3 SPh CgHpg, 25°, 4 min n-CgHy3
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TABLE XXIV. DIRECT CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

SPh O SPh
H H (0]
0 X" gph Bu;SnH Pd(PPhs), (1%), 0 X-CHO gy £z=0:100 837
CeHg, 25°, 4 min
Cn
X
S 0 /©/ BusSnH Pd(PPhs), (1%), s (98) E:Z=4:96 837
~ CeHg, 25°, 4 min CHO
n-C(,HnMS e "‘C6H13/§/
Cy OTBDPS
OTBDPS BusSn 0._,OMe N
Tc_0__OM
A TR | Pd(PPhy), (4%), o CsHjn l ¢ an 213
SCBr PhMe, 65°, 12 h
X Csin OTBDPS
OTBDPS
OTBDPS
Bu3Sn O._,OMe N
“C__ 0. _,OM
U Pd(PPhs), (4%), o CsHypn ' ° m 213
. PhMe, 65°, 12 h
OTBDPS .
/~\ PA(PPhs), (10%), 216
Me;Sn SnMe; DMF, 60°, 1 h
OTBDMS OTBDMS
MesS /—\S v Pd(PPhs); (10%), 216, 838
€3>n mvies DMEF, 60°, 1 h
OTBDMS OTBDMS
Ca
SPh O SPh
S~ Bu3SnH Pd(PPhs), (1%), ~. _CHO (86) ZE:ZZ =298 837
SPh/, CeHg, 25°, 4 min 5
N3 a, o Me\P'Me
“’ °N Me,Sn Pd(PPhs)s (2%), rlql’ *N (90) 228
Cl~p_ .p-C THF, 120°, 16 h Cl~p_  p-CI
rONCY N

Cl Cl Cl Cl
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TABLE XXV. CARBONYLATIVE CROSS-COUPLING OF ALKENYL ELECTROPHILES

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

Cq

O/ OTf

BU3Sn\©

Me;zSnH

RySn X

- EZ=16
Bu3Sn

BusSn \/k

BusSnC=CPr-n

Bu3SnH

Bu3Sn/\

- EZ=16
BU3Sn

Bu3SnH

)

BU}SH =

- EZ=1:6
Bu3Sn

Bu3SnPh

Bu;Sn CO,Bn

OEt

Me;Sn

CO (50 psi),
Pd(PPh;),Cl; (2%)4,
THF, 50°

CO (15 psi),
Pd(PPh3)4 (4%),
THF, 50°, 3.5h

CO (50 psi),
Pd(PPh3),Cl, (2% )%,
THE, 45-50°

CO (50 psi),
Pd(PPh3),Cl, (2%)4,
THF, 45-50°,24 h

CO (50 psi),
Pd(PPh3),Cl, (2%)4,
THF, 50°

CO (50 psi),
Pd(PPh3),Cl, %),
THF, 45-50°,7 h

CO (50 psi),
Pd(PPh3),Cl, 2%)°,
THF, 45-50°, 8 h

CO (50 psi),
Pd(PPh;),Cl, 2%)°,
THF, 45-50°, 10 h

CO (45 psi),
Pd(PPh.). (40%)
Pd(PPh;); (4%),

PhMe, 50°,3.5h

CO (45 psi),
Pd(PPh3)4 (4%),
THF, 50°, 3.5 h

CO (50 psi),
Pd(PPh3),Cl; (2%)4,
THF, 45-50°, 2 h

CO (50 psi),
Pd(PPh3),Cl, (2%)¢,
THF, 45-50°, 55 h

CO (15 psi),
Pd(PPh3)4 (4%),
PhMe, 50°,3.5h

CO (50 psi),
Pd(PPh3),Cl; %)%,
THF, 45-50°,24 h

CO (50 psi),
Pd(PPh;),Cl; (2%Y,
THF, 45-50°,24 h

CO (50 psi),
Pd(PPh3),Cl; (2%)?,
THF, 45-50°, 48 h

CO (50 psi),
Pd(PPh3),Cly (2%)°,
THF, 45-50°, 80 h

CO (15 psi),

Pd(PPha)s (2%), LiCl,

THF, 55°, 18 h

(40)

-

CHO 35)

~

R =Me, 6 h, (86)
R=Bu, 18 h, (70)

63y E:Z=12.5:1

©)

995,

Cs
~CPr-n 4

5

ja~]
=

(60)

Z” "COBn (40

-
<
=
=
3
X
A\

[Ore
_ \

Q/U\/\cozsn 45) EZ=4:1
0

324

331

324

324

324

324

324

324

(%3
W

325,331

324

324

325,331

324

324

324

324

270
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TABLE XXV. CARBONYLATIVE CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

(o)

-

OTf

Bu3SnH

Bu3SnH

Bu;SnH

Me;Sn/\

BU}SHH

Me;sSn™ X

Bu3Sn

Me,ySn

Bu;Sn/\

Me:Sn o

EZ=1:2

CO (15 psi),
Pd(PPhs)4 (4%).
PhMe, 50°,3.5h

CO (50 psi),
Pd(PPh3),Cl; (2%)¢,
THF, 35-40°

CO (50 psi),
Pd(PPh3),Cl, (2%)4,
THF, 45-50°,44 h

€O (50 psi),
Pd(PPhy),Cl, (2%)¢,
THF, 45-50°, 48 h

CO (50 psi),
Pd(PPh31),Cl; (2%)°,
THF, 45-50°

CO (15 psi),
Pd(PPh3)4 (3%),
LiCl, THF, 55°

CO (15 psi), PA(PPh), (4%),

PhMe, 50°,3.5h

CO (45 psi), Pd(PPhy)q (4%),

PhMe, 50°,3.5h

CO (15 psi), Pd(PPhs) (4%),

THF, 50°,3.5h

CO (45 psi), Pd(PPhy)y (4%),

THF, 50°,3.5h

CO (15 psi),
Pd(PPh3)q (3%),
LiCl, THF, 55°

CO (45 psi),
Pd(PPh3)s 3%),
LiCl, THF, 50°

CO (15 psi),
Pd(PPhs)s (4%),
THF, 55°

CO (30 psi),
Pd(PPh3),Cl, (3%),
THF, 55-60°, 1.5d

CO (15 psi),
PhPd(PPh;),I (0.2%),

HMPA, 120°, overnight

CO (50 psi),
Pd(PPh3),Cl; (2%)4,
THF, 45-50°, 13 h

CO (50 psi),
Pd(PPh3),Cly (2%)%,
THF, 45-50°, 12 h

T T

n-

R =Me, 5h, (65)
R=Buy, 12h, (70)
(o]

O

n-BuW 62)

0
/\/U\/\Ph R = Me, 18 h, (65)

R = Bu, 23 h, (40)

n-Bu \”)kIL an

I (20) +

n-Bu

II (69)

CHO
I (84) + II (18)

CHO
O[ 1313+ @\ I (54)

I(53) + H (8)

CHO
(53) + 4)

331

324

324

324

324

334

331

325.

[
[\*]
S

331

331

334

334

287

323

324

324

331
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TABLE XXV. CARBONYLATIVE CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

OTf

qar
+-Bu

OTf

Q

-Bu

BuiSn o EZ

Bu;Sn

8

O

BusSn NS Ph

Bu;Sn/\

BusS - v EZ=

n

Bu;SnH

Bu3SnH

OEt

Meysn” X~ TMS

BusSnH

BusSnH

BuiSnH

Me,ySn
Me3Sn/\

Me_an/\"rr
EZ=1:2

Me3Sn/\/

Bu3Sn

1:6

i:6

CO (50 psi),
Pd(PPh3),Cl, (2%)4,
THF, 45-50°,22 h

CO (30 psi),
Pd(PPh;); (3%),
THF, 50°, 1 d

CO (50 psi),
PA(PPh3),Cly (2%)¢,
THF, 45-50°, 66 h

CO (50 psi),
PA(PPh3),Cl, (2%)",
THF, 65°,8 h

€O (50 psi),
Pd(PPh3),Cl; (2%,
THF, 45-50°, 12 h

CO (15 psi), Pd(PPh3)4 (4%),
LiCl, PhMe, 50°, 3.5 h

CO (45 psi), Pd(PPhy)s (4%),
LiCl, PhMe, 50°, 3.5 h

CO (15 psi), Pd(PPh3)4 (2%),
LiCl, THF, 55°, 16 h

CO (15 psi), Pd(PPhy)s (3%),
LiCl, THF, 55°,36 h

CO (45 psi), Pd(PPhy)4 (4%),
LiCl, THF, 50°,35 h

CO (45 psi), Pd(PPhs); (4%),
LiCI, THF, 50°, 3.5 h

CO (45 psi), Pd(PPhy); (3%),
LiCl, THF, 55°, 36 h

CO (50 psi), Pd(PPhy); (3%),
LiCl, ZnCly, THF, 75°

CO (15 psi), Pd(PPh3)4 (3%),
LiCl, THF, 55°

CO (15 psi), Pd(PPhs); (3%),
LiCl, THF, 55°

CO (50 psi), Pd(PPh;3)4 (3%).
LiCl, ZnCl,, THF, 75°

CO (30 psi), Pdy(dba); (1%),
P(2-furyl); (2.5%}),
THF, 60°,3d

o}

Phw (40)

-

Ph” X < “Ph (70)

74)

(71

Q.

CHO

s

127+ >®/ (4)

et
-
-~

OBt (63)

-

gi

(87)

H 1 (59 +/© @
t-Bu

9.5

-Bu

(55 + H (45)

1(67) + I (2)

(76)
-Bu

-~

98.8.88.

(76)
t-Bu

(70) EZ=1:2
t-Bu

(95)

+-Bu (44)

324

287

324

324

324

331

331

270

334

331

334

334,

334

334

287

421
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TABLE XXV. CARBONYLATIVE CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

OTf
~
H
H
NCH oTE
NS
LS A
/Y
AN
’
OTBDMS

Me;SnC=CTMS

MC}SnPh

BusSn O/CE

BU3Sn/\

=~ T™MS
MesSn” X7
Bu;SnH
BU3SH/\
BU3SI‘1H
Bu;Sn/\

CO (50 psi),
Pd(PPh3)q (

4
T TUD
BT, 101X

t

e)s

o

G

B

[
[=1

CO (50 psi),
Pd(PPh3)4 (3%),
LiCl, ZnCl,, THF, 75°

CO (50 psi),
Pd(PPha) (3%),
LiCl, ZnCl,, THF, 75°

CO (50 psi),
Pd(PPh3)4 (3%),
LiCl, ZnCl,, THF, 75°

CO (15 psi).
Pd(PPh3)4 (2%),
LiCl, THF, 55°, 21 h

CO (15 psi),
Pd(PPh3)s (4%),
LiCl, THF, 55°,48 h

CO (15 psi),

DA(DDh_Y, (ACLY
Fairrngja a7},

LiCl, THF, 70°,48 h

LiCl, THF, 55°, 24 h

CO (15 psi),
Pd(PPhs)4 (5%), THF

CO, Pd(PPhs)4 (10%),
LiCl, BHT, dioxane,
110°, 12 h

CO, Pd(PPhy),.
LiCl, THF

CO, Pd(PPh,), (10%),
LiCl, BHT, dioxane,
110°. 16 h

JoT
t-Bu
O
(88)
-Bu OMe
[¢]
= \
&XH T™S {80)
TN
AN 4
H
.. 9
N H W
AL T (86)
¢ 7T \ At
N TSTMS
’/\,/
\?TBDMS
@/CHO (286)
TBDMSO
O
(98)

334

334

334

270

487

G
vy
=

839

521

840

521
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TABLE XXV. CARBONYLATIVE CROSS-COUPLING OF ALKENYL ELECTROPHILES (Continued)

Substrate Stannane

Conditions

Product(s) and Yield(s) (%) Refs.
Cy7
CgHyy CgHy7
BusSn” X CO, PA(PPha), (10%), (>98) 521
LiCi, BHT, dioxane, H f f |
107 XN 10" 10k A

@ An alternative reagent was BnPd(PPhs),1 (2%).
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF ARYL ELECTROPHILES

Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

Co  pupr

Phi

BusSnH

Bu3SnH

Me,Sn

Me, Sn

BuySn

Bu;Sn

OEt

Me;Sn

Bu:Si  OFt

Me;SnPh

CO (450 psi),
PhPd(PPh;),1 (4%),
PhMe, 50°,3.5h

CO (15 psi), Pd(PPh3)4 (4%),
PhMe, 50°,3.5h

CO (15 psi),
PhPd(PPh3),1 (0.2%),
HMPA, 120°, overnight

CO (15 psi),
Ni(PPh3),(CO); (3%),
HMPA, 120°,24 h

N8 3\
LIS Psiy,

PhPd(PPh;),I (0.2%),
HMPA, 120°, overnight

CO (30 psi),
Pd(PPh;),Cl, (3%),
THF, 55°,3d

CO (15 psi), Pd(PPhy)4 (2%),
dioxane, 95°,19.5 h

CO (75 psi),
Pd(PPhs),Cl, (3%),
CHCl,, 80°

CO (15 psi),
[(3-C3Hs)PACI]; (1%),
HMPA, 20°,48 h

PhCHO (2) + PhBr (70) + C¢H, (28)

PhCHO (93)

(85)
Ph

(73)

]
v
>=c> >:o >:o
S ==}

(73)

u-n

Ph

Ph (60)

(67)

(60)

a~]
=
(ole]
=
o
[®] —
o

Ph < “OFEt

PhCOPh (42) + Ph-Ph (58)

331

325,331

841

287

270

842

326, 843
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T9S

TADIC VVUTI
1ADLL ANY L
Substrate Refs.
PhsSn 323
. 0 )
PR CO (32 psi), EEPNN
BusSn,. ¥/ T o X/ .
N——0 BnPd(PPhs),Ci (1%), PNV 4 ®6) 844
| CHg, 80°, 18 h '
o) o
€O (15 psi), Cul (2%) 0
psi), Cul 2%
Bu;$ 0 0
U3Sn BnPd(PPh3),Cl (2%), Ph (65) 844
THF, 50°, 40 h
CO (30 psi) o Q
psi),
BusS SnB
H3o0 nBvs Pd(PPhs), (10%), Ph Ph 50) 287
I\ THF, 55°,3 d I\
0 0
Me;SnNEt, €O (15 psi), PHCONEL,  (90) 329,330
PhPA(PPhy)l (2%), 3 b
0
PhN,* PFg- Me,Sn CO (130 psi), PA(OAG), %), /U\ (55 845
CH4CN, reflux, 1 h b
0
PhN,* BF- EtsSn CO (130 ps), PAOAC, 0%), )LE (40) 845
CH,CN, reflux, 6 b !
I CO (45 psi), CHO
Bu;SnH Pd(PPhy) (4%), @ + 28) 325,331
Br PhMe, 50°, 3.5 h Br Br
0
A Ns* By CO (130 psi), /x/u\.,
7 R4Sn Pd(OAc); (2%), [T R R=Me, 1h(84) 845
PN CH{CN, reflux A R=Ph,6h(59)
Br N ’ Br -
O
- NTE D Co -~ U -
e BusSn ‘o o YN
M ! €O (15 psiy, Pd(dppf)Cl (4%), r 7 “5) + 336
A e R AL
B~ X" OMe LiCL, BHT, DMF, 95°,27h 1.7 ~F S gr
O
) i )
. | b
W
0
0 0
n-Bu Bu-n
o
BusSn.__~ €O (15 psi), Pd(dppfCl; (4%), ZTPh gy 336
ZPh
BHT, DMF, 70°, 7h B
0
N,* BF,- CO (130 psi),
@ Me,Sn PA(OAC), (4%), 76) 340, 845
cl CHsCN, reflux, 1 h cl
i 1 cl CHO i
U BusSnH CO (45 psi), Pd(PPhs); (4%), \©/ (78) + \© 331
THF, 50°, 3.5 h
1 CHO
/©/ Bu;SnH CO (45 psi), PA(PPhs), (4%), /©/ an + /@ 331
Cl THF, 50°,3.5h Cl Cl
[0)
OFt 1. CO (15 psi), Pd(PPh3)4 (2%),
dioxane, 95°, 24 h COEt (78 270
Me;Sn 2.03 al
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
CO (15 psi),
Me;SnPh ((7-C3HSPAC, (19), T ™ o 326
HMPA, 20°, 12h o
o
0+ BEs CO (130 psi), /@/Lk
Me,Sn Pd(OAc), (2%), X =Cl (76) 845
X/©/ CH;CN, reflux, 1 h X X=10%
0
1 CO (15 psi),
/Ej Me;SnPh [(n3-C3Hs)PACH, (1%), Ph (g 326
I HMPA, 20°, 10 h Ph
0
o
O,N N,* BF,~ CO (130 psi), 03N©/U\
Me.Sn PA(OAC), (2%), (70) 845
\©/ CH;CN, reflux, 1 h
X CHO
/©/ Bu3SnH CO (15 psi), Pd(PPh3)s (4%), /©/ I+ /© i 331
O,N PhMe, 50°,3.5h O,N O,N
X
Br T(7) + I (69
Cl I(0)
I 1T (84)
I Bu;SnH CO (45 psi), Pd(PPha)y (4%), I(20) + II (62) 331
PhMe, 50°,3.5h
o)
CO (15 psi),
(;/R\IT/I Me,Sn {(n(kciq;wdcnzu%), ﬂ&TL\ (95 326, 843
NN HMPA, 20°, 30 h ONTNF
0
CO (15 psi),
Meisn” X [(M3-C3H5)PACI], (1%), ) /©/\ 126
HMPA, 20°, | h 0N 0N
3 (54)
o}
OEt 1.CO (15 psi), PA(PPhy); (2%),
dioxane, 95%, 25.5 h /@COZE‘ (23) 270
Bu3Sn 2.04 O.N
i o
CO (75 psi),
st ok Pd(PPhy),Cl; (3%), f A " "OEt 842
3 CHCl3, 80° ON ON OEt
(25) (40)
0
CO (15 psi), S
A [(0-C3Hg)PACI, (19%), L) 66+ 326
MeySn™ g HMPA, 20°,0.7h ON
s
0
CO (15 psi), '
Me;SnR [(W3-C3Hs)PACI]; (1%), /©/U\ R 326, 843
R HMPA, 20° ON
Ph 45h (99)
p-CICgHy 3h (98)
p-O2NCgH, 4h (94)
CeoFy 72h (45)
p-MeCgH, 5h (98)
p-MeOCgH, 3h (95)
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
CO (15 psi),
Me;SnC=CPh [(0-C3Hs)PACI, (1%), /@ Cocpn  (64) + 326
HMPA, 20°, 0.5 h ON
oN— N—c=zcph (36)
CONEy,
Me;SnNEL, CO (15 psi), (82) 329,330
PhPd(PPhs),I (2%), 0.5 h 0N /©/
COMe
Et;SnOMe CO (15 psi), (100) 329, 330
PhPd(PPhy )l (2%), T h 0N /©/
0
SPh
Et;$nSPh €O (15 psi), /©)J\ SPh /©/ 129, 330
PhPd(PPh;),! (2%), | h 0N 0N
6) (90)
0
No* PFg” /@/U\
Me,Sn CO (130 psi), PA(OAC); 2%). (85) 845
OZN/©/ CH;3CN, reflux, 1 h O,N
9
o OTf _
| BusSnC=CPr-n CO (15 psi), Pd(dpphCI, (4%), Cocprn  © 336
ONTNF LiCl, BHT, DMF, 100°,6 1 ¢y
1 CHO
(;[ Bu3SnH CO (15 psi), Pd(PPhs), (4%), @ (28) 325, 331
PhMe, 50°,3.5h
0]
N2 BEy PN
] MesSn CO (130 psi). Pd(OAC), 2%). [ ] (63) 845
\/\ CH;CN, reflux, T h \/\
(o]
N2+ BF( \©/Lk
Me;Sn CO (130 psi), PA(OAC); (2%), (70) 845
U CH;CN, reflux, 1 h
1 CHO
/©/ Bu;SnH CO (15 psi), Pd(PPhs), (4%), /©/ I (62) + /@ (22) 331
THF, 50°,3.5h
Bu;SnH CO (15 psi), Pd(PPh3); (4%), 1 (99) 325,331
PhMe, 50°, 3.5 h
(6]
CO (15 psi),
MegSn Ni(PPhy),(CO); (3%), /O/k (62) 841
HMPA, 150°, 12 h
o)
CO (75 psi),
= Pd(PPh;),Cl, (3%). 77 TOEL (g9 842
Bu3Sn OEt CHCly, 80°
(0]
Ny* BEj CO (130 psi), ﬁ
RySn Pd(OAc), 2%), R 845
/©/ R CH;CN, reflux
Me 1h (86)
Et 7h (74)
Ph 7h (63)
0
CO (130 psi),
Me;SnPh PA(OAC); (2%), /(j)L Ph (o5 340
CH;CN, EO, rt
. CO (45 psi), CHO
/©/ BusSnH Pd(PPhs); (4%), /©/ @l + /@ 5 331
F\C THF, 50°, 3.5 h FiC FiC
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refy.
0
OO 18 iy I
PN €O 43 psi) PN
H \T Me;Sn Ni(PPh3),(CO) (3%), H \T (41) 841
A HMPA, 140°. 24 h N
(N e INU
o
1 CO (15 psi), /H\
. 3 = Ph
Me;SnPh [(n*-C3Hs)PACl], (1%), | 94) 326
NC HMPA, 20°, 4.5 h NCTNF
o) 0O O
OTf CO (15 psi),
BusSn” X Pd(dppf)Cl; (4%), LiCl, } (50) 336
BHT, DMF, 23°, 19 h
0O O
™S CO (15 psi),
BusSn” X" Pd(dppf)Cl, (4%), LiCl. (84) 336
BHT, DMF, 23°, 18 h ™S
0o o0
Bu;Sn CO (15 psi),
\©\ Pd(dpphCl; (4%), LiCl, O (29) + 336
OMe BHT, DMF, 70°, 1 h OMe
OMe
p
Q (23)
0
OHC oTt BusSn CO (15 psi), OHC |
©/ \©\ Pd(dppfCl, (2%), LiCl, O O ©8) 336
OMe BHT, DMF, 90°, 8 h OMe
CO (15 psi),
Br CHO
Y BusSnH PA(PPhy); (4%), | an + m (s6) 331
A PhMe, 50°, 3.5 h AN I N
OHC ~ ’ M OHC ~ QHC o
O
o A CO (15 psi), A )I‘l\
Y Me.Sn Ni{PPh:),(COY (3%) T 0 @gm 841
” | 1VIC4oT1 INRE L L3I JZRIT70 ), H | oGy o7
. ,\/'\v// HMPA, 140°,24 h aa TN
MeU VIEU
o)
€O (75 psi), PPN
/\ PA(PPhy),Cl; (3%) (N 7T UOEC (g, 842
Bu;Sn OEt ’ ™
3 CHCl3, 80° MeD” NF
CHO
Bu;SnH C O (15 psi), PA(PPh3)s (4%). O/ an 325,331
PhMe, 50°,3.5h MeO
0
OFt 1.CO (15 psi), PA(PPhy)s (2%),
dioxane, 55°,21.5h COEL (62 270
Me;Sn 2.0; MeO
Busn O ) CO (32 psi), 0 9™y
’ o) BnPd(PPh;),Cl (1%), ‘ o @n 844
CeHg, 80°, 18 h o
0 MeO
0
OTf CO (15 psi), on
/©/ BusSn_~_OH Pd(dpphCI, (4%), LiCl, Z 37 + 336
MeO BHT, DMF, 100°, 2 h MeO
0
/Q)chm 0)
MeC
[¢]
CO (15 psi),
Me1SnPh Pd(dppf)Cl, (4%), LiCl, 336

BHT, DMF, 100°, 21 h
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

Cy

CcC

PN
(el o]

I
v
D/OTT

I
L,
COzMe

@O’Tf
CO,Me

MeO,C

MeO,C

o

BusSn N Ph

Bu;SnH

Bu;Sn N :
OM

vie

Bu3SnH
Bu,;Sn
Bu3sSnC=CPr-n

Bu3Sn N ™S

MeiSnPh

BuSn  OFt

BU}SHH

Bu3SnH

Bu;SnH

Bu3SnH

CO (15 psi),
Pd(dppf)Cl; (2%), LiCl,
BHT. DMF, 70°,23 h
CO (15 psi),
Pd(PPhs)4 (4%),
PhMe, 50°,3.5h

CO (15 psi),
Pd(dpphCl, (2%, LiCl,
BHT, DMF, 90°, 13 h

CO (15 psi), Pd(PPh3)4 (4%),
PhMe, 50°,35h

CO (15 psi),
Pd(dppf)Cl, (4%), LiCl,
BHT, DMF, 110°,44 h

CO (15 psi),
Pd(dpph)Cl; (4%}, LiCl,
BHT, DMF, 70°,6 h

CO (15 psi),
Pd(dppf)Cl, (4%), LiCl,
BHT, DMF, 75°,5h

CO (15 psi),
Pd(dppf)Cl; (4%), LiCl,

BHT. DME, 90°

T, DMF, 90°, 7 h

CO (75 psi),
Pd(PPh3),Ch (3%),
CHCI,, 80°

CO (15 psi), Pd(PPhy)y,
PhMe, 50°

CO (45 psi), PA(PPhs); (4%),
THF, 50°,3.5h

CO (30 psi),
Pd(PPhy),Cl, (3%),
THF, 55°, 3 d

CO (50 psi),
Pd(dppf)Cl; (4%), LiCl,
BHT, DMF, 80°, 12 h

€O (50 psi),
Pd(dpphCl; (4%), LiCl,
BHT, DMF, 90°, 2t h

CO (45 psi), Pd(PPh3)s (4%),
THF, 50°,3.5h

CO (45 psi), PA(PPh3), (4%},
THF, 50°,3.5h

Ph (68)

5
&
o
A

OH

HO
+ o + PhCH,OH
OH

(1% 4h (20)

H

=]

o ()

ot

@]
jon
o

(76) + PhCHOH (12)

Bu-n (65)

Cicprn (68

BHd

(96)

N

o ©
° f\
-
=
7]

Ph o (gg)

O)J\A OBy
AcHN

CHO
@[ @1) + PhCOMe (73)
CO:Me

N

(e}
p—
\_/

o}
\
§

I+1 (40)
LII=10:1

Y
\

o
OMe

(68) + PhCO;Me (12)

(90) + PhCO;Me (8)

336

325,

336

325,

336

336

336

336

842

846

336

336

331

331

331

331
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate

Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
CO (15 psi),
Me3SnPh [(3-C3H5)PACl]; (1%), Ph o (gg) 326
HMPA, 20°, 8 h McO.C
0
1 CO (75 psi),
/=\ PA(PPhy),Cly (3%), 7 OE (5 842
Bu3Sn OEt 5 )
OMOM CHCl3, 80 OMOM
0
OTf CO (50 psi), P
@[/\ Buysn” F Pd(dppHCl, (4%), LiCl, = + 33
N BHT, DMF, 70°, 15 h XN e
(16) (44)
0
. 6]
CO (50 psi),
T™MS Pd(dppf)Cl, (4%), LiCl, 52 336
BusSn” X" PP 42
BHT, DMF, 50°, 15 h o
T™S
0
I CO (75 psi),
/~\ Pd(PPhs),Cl, (3%), Z TOEt  (56) 842
Bu;Sn OEt CHCl-. 80°
NHCO,Et 3 NHCO,Et
[¢]
/\/1 CO (15 psi), /%)J\
o Me;Sn Ni(PPhy),(CO); (3%), . @87 341
. ) ,)L r/) AY 7 O
Et0,C HMPA, 140°, 24 E0,C7
o)
CO (75 psi),
/=\ Pd(PPh3);Cl> (3%), Z" "OEt (59 4+ 842
BusSn OFt CHClL. 80°
¥ EtO,C
oS (26)
OE!
Et0,C
0
CO (15 psi),
OTf
BuSn .~ Pd(dpphHCl, (4%), LiCt, Z7TCOEL (g 336
Z “COsEt o OAc
OAc BHT, DMF, 90°, I8 h
(0]
CO (15 psi), ‘
Bus;SnPh Pd(dppf)Cl; (4%), LiCl, Ph (78) 336
BHT, DMF, 100°, 15 h OAc
CxO Is]
OTf
CO (50 psi),
OO Me,Sn Pd(dppf)Cl, (4%), LiCl, OO (83) 336
BHT, DMF, 90°, 1.5 h
P
CO (15 psig),
Bussn” X Pd(dppf)Cl, (4%), LiCL, OO 84) 336
BHT, DMF, 90°, 2 h
TMS 0
CO (30 psi),
A _-TMS Pd(dpph)Cl, (4%), LiCl, OO (72) 336
BusSn” ™S BHT, DMF, 70°, 4 h
o)
THPO =
CO (30 psi),
Bu;Sn” X" “OTHP Pd(dppHiCl, (4%), LiCl, 336

BHT, DMF, 70°, 3 h

sol
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF
Substrate Stannane Conditions Refs.
e re @ CO (15 nsi)
A/Ull wvigan \/\ N L
[T [ Pd(dppf)Cl; (4%), LiCl, 336
b UL RLIT NAE GRS 1)
By ~TNNO. BHT, DMF, 95%, 11 h
OTf CO (15 psi),
/O/ BusSn M/k Pd(PPhs), (5.3%), LiCl, 173
~Bu BHT, dioxane, 95°, 18 h
Cis Me
\ .
o N OTIPS CO (50 psi), Pdy(dba)z (2.5%),
Y 1 | AsPh; (22%), LiCl, 511
LN Bu,Sn A THF, 70°, 16 h
oTips €O (50 psi). Paa(dba; (2.5%),
AsPhs (22%), LiCl, 328
BuSn \ THF, 70°, 16 h
OBu-t
OBoc OBoc OBoc
I 1 CHO
Bu3SnH CO (15 psi), Pd(PPh3)s, I+ I I+1I (49) 846
PhMe, 50° LI =10:1
I CHO 1
Ci o
I OEt 1.CO (15 psi), Pd(PPhy), (2%),
/©/ dioxane, 95, 24 h COEt (79 270
Ph Me;Sn 2.05 Ph
1 CHO
Q (\( B Qnll CO. PA(PPh:), (10%) O (\( ¢:30) 847
> [ Bu;SnH CO, Pd(PPh3); (10%), v (
PN NF THF, PhMe, 55° /\r‘q ~
0
O\ J N
v v
N N
NHAc NHAc
0 (45 pei) e
A 5L st Xy CHO .
7 Bu;SnH Pd(PPhs)4 (4%), I °l (72) 331
I aTup i o gt U L orup
N~ OTHP THF, 50°,3.5h NN
Ls o~ I TR . ~.CHO
X CO (15 psy), X
P BusSnH PA(PPhs), (5%). | (90) 848
" THF, 50°,2.5h H
BocHN ™ ™>c0,H BocHN™ “CO,H
Cis 0
OTf R
CO (15 psi),
O O BusSn” X Pd(dppf)Cl, (2%), LiCl, O O 67) + 336
o OMe BHT, DMF, 75°, 21 h o OMe
-0 o
O O
I CLy
[e] (o]
)
OMe OMe
C
16 - O\\/
OTf Y
n-Pr,N CO (15 psi). n-PryN e
Me;Sn Pd(dppf)Cl, (5%), LiCl, | (52) 619, 620
BHT, DMF, 90°, 14 h =
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TABLE XXVI. CARBONYLATIVE CROSS-COUPLING OF ARYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
0
OTf
n-PryN CO (15 psi), n-PryN.
Me,Sn Pd(dppfCls (5%), LiCl, ‘O (44) 619, 620
BHT, DMF, 90°, 14 h
[8) Bu-n
OTf T
n-PryN__ o~ €O (15 psi), nPraN o~
A BusSn Pd(dppfCl (5%), LiCY, TYY 620
N~ RHT, DMF, 90°, 14 h AN N
O._Ph
CO (15 psi), n-PryN
Me;SaPh Pd(dpphCl, (5%), LiCl, (52) 620
BHT, DMF, 90°, 14 h
Cis 0
CO, Pd(PPhs) (5%),
BusSn” X LiCl, BHT, dioxane, © 521

TfO

110°, 14 h
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TABLE XXVII. CARBONYLATIVE CROSS-COUPLING OF HETEROCYCLIC ELECTROPHILES

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Gy 1 CHO
\/—j/ { Bu;SnH CO (45 psi), Pd(PPhy)q (4%), \/—j/ \ (60) 331
o THF, 50°, 3.5h o
/ \ CO (15 psi), i
&1 Me,Sn Ni(PPhs)2(CO); (3%), @8) 841
§ HMPA. 140°, 8.5 h SN
o}
(o)
O/\ v /\
BusSn 7 CO (32 psi), (53) 844
Y BnPd(PPh3),Cl (1%),
o CeHg, 80°,18 h
Cs N CO (75 psi),
1 st o PA(PPhy),CL, (3%). Ej\/‘ X = Br (low) 842
N u3Sn Et CHCl;, 80° X=1(9
i CO (75 psi), /\/LKA
T ~\ PA(PPhy),Cl; (3%) 77 OBt 4 842
” /I g (Gt 3/2 (5 (
\N/ BusSn QEt CHCly, 80°
~9 O O 0. 0. /\\
m Me,Sn CO (45 psi), PA(OAc), (2%), 1 (64) 327
Br PPh; (8%), THF, 65°,24 h = o
0._0
BusSr” X CO (45 psi), PA(OAC); 2%), (64) 327
PPhs (8%), THF, 40-45°, 6 h o
=z
O N
BusSn CO (45 psi), PA(OAc); (2%), i \”/ \| i {74y 327
PPin; (8%), THF. 85°, 6 & SISO
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TABLE XXVII. CARBONYLATIVE CROSS-COUPLING OF HETEROCYCLIC ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.

BuiSnPh CO (45 psi), Pd(OAC); (2%),
PPh; (8%), THF, 65-70°, 6 h

O\Iv\cjij\&
Ph
0.0
Bu3ySnC=CPh CO (45 psi), Pd(OAc), (2%), TD\W _CcpPh (8D 327
c*
O
@)

(62 327
(@)

PPh; (8%), THF, 65-70°, 6 h

Cyy
)
)K(I u /U\(CHO
’j\ ) Bu;SnH CO, Pd(PPhy), j\ i (82) 849
TBDMSO— 07 N TBDMSO— 07 N
\°7 %7
OTBDMS OTBDMS
0
CO (50 psi), PA(OAC), (10%), ~
Bussn” X PPh; (30%), Cul (30%), H/j’\ | 82) 849
THF, 70°, 5 h o7y
Cso
i i
: ) BN [\ Ty
X i)
meo— Sl Ll €O (50 psi). Meo— S A
\ \=//, "0, 07 "N Bu;SnH PA(PPhy)s (10%), \ \—//, S0~ 07N ©5) 849
Y THF, 70°, 8 h KO}
OH OH
0o o
CO (50 psi), PA(OAc); (10%), HN
Bussn” X PPh; (30%), Cul (30%), )\ | ) 849
THF, 70°, 12 h e
|
o o
Ot €O (50 psi), PAOAC, 10%),
BusSn PPhs (30%), Cul (30%), | @1) 849
THF, 70°, 12h e OFt
|
0 o
€O (50 psi), PAOAC, (10%),
Bussn” ™S pphy (30%), Cul (30%), 1 Tl (85) 849
THF, 70°, 8 h 0N ™S
|
0 o

CO (50 psi), Pd(OAc), (10%), N oh
BuySnPh PPh3 (30%), Cul (30%), H)\ | (95) 849

THF, 70°, 12 h 0
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TABLE XXVIII. CARBONYLATIVE CROSS-COUPLING OF ALLYL AND BENZYL ELECTROPHILES
Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
. PA(CHCNY,Cly (1.5%), o
N esp” N 5 b R . o
%\/c! Me;S PPh; (0.75%), CHCl; yvﬂ\/ % 333
25°,48h
CO (15 psi) [€)]
CO (45 psi} (62)
CO (90 psi) (70}
CO (90 psi), PPh; (0.75%), o
BuySn VK Pd(CH3;CN),Cl; (1.5%), /\M (28) 333
CHCI3,25°, 48 h
o
Me3Sn vﬁ/ /\/Lk/ﬁ/ @7 333
_ o
ANF . A 0 333
/\/OMS Me;Sn Z N (0)

0
NN Messn™ N7 " \/\)J\/\ (28) 333
CO (45 psi), PPh; (0.75%), O
)\/C‘ MesSn_ PA(CH3CN),Cl, (1.5%), ~ @ 333
\/Y CHCl3, 25°, 48 h

¢ & 9
‘ Messn™ 7 ; WK/\ (20) 333

NC. o~ Br BusSnH CO (45 psi), Pd(PPhy); (4%),  NC. o~ (100) 331
THF, 50°,3.5h
P CO (90 psi), PPh; (0.75%), o] 0
Messn™ 7 PA(CH,CN),Cla (1.5%), NCWJ\/\ " NJ\/\ 333
CHCl3,25°,48 h (16) (20)
0
Bu;Sn CO (30 psi), ./
BT Ny PA(PPhs)s (3%), N/ N 68 287
! 4% THEF, 55°, 1.5 / a3
1 NAT > ~a
o) 0
0
BU-Sn OTBDMS  CO (30 psi), — OTBDMS
Bush, e o cor N/ N/ ~e7
4 Pd(P¥h3)q (3%), N—y/ T\ (80) 287
7\ THE cc_ne 2 d / U\
gy THF, 55-60°, 3 d L7
PA(CH;CNY,CL (1.5%), 0 0
—~ o 1l P
y Cl MesSn™ PP:U (0.75%), CHCl3, = = N\/\ 333
25°,48h I I
CO (45 psi) 1(33)
CO (90 psi) I@48) + H (33)
TBDMSO, TBDMSO.
TBDMSO- - TBDMSO--
CO (500 psi), PPh; (20%), 76) 522
Pd,(dba);*CHCl3 (10%),
3 A molecular sieves,
Bu;Sn' CgHg, 60°
o]
Br CO (15 psi), CHO
4—\{ BusSnH PA(PPhy)y (4%), 4{ (65) 331
THF, 50°,3.5h
fo} (6]
CO (45 psi),
MeO,C__~_Cl Bu;SnH PA(PPh3)s (4%), MeO,C o~ (100) 331
= THF, 50°, 3.5 h
CO (45 psi), PPh; (0.75%), o

Meysn™ PA(CH;CN),CL, (1.5%), MeOzc\/\)J\/\ (59) 333

CHCls, 25°,48 h
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TABLE XXVIIL

CARBONYLATIVE CROSS-COUPLING OF ALLYL AND BENZYL ELECTROPHILES (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cs Br CHO
O/ BuSnH CO (45 psi), Pd(PPh3)s (4%), ©/ I(14) 331
PhMe, 50°, 3.5 h
cl
%
O/ BusSnH CO (15 psi), PA(PPhy)s (4%), T (65) + A H 23) 325, 331
PhMe, 50°, 3.5 h S~
0
P €O (90 psi), PPh; (0.75%), N /\/ﬁ’\/\
Messn” 7 PA(CHiCN),CH, (1.5%), v F N+ 3
CHCl3,25°,48 h @n (13)
H(22)
D
) cal D CHO CHO
\O/ BusSnH CO (45 psi), Pd(PPhy)s (4%), \©/ 1+ O/ o+ 325,331
THF, 50°,3.5h
D D
\© m + ©/ v
5 400 =(49); LH = 1:1: I + TV = (51); BLIV = 11
cl
(j/ Bu;SnH CO (45 psi), Pd(PPhy)s (4%), 1+ IE=(41); LI = 1:1; HL + IV = (59); IILIV = 1:1 325, 331
THEF, 50°, 35 h
0
Bu3Sn 0
BI0,C. o Br Z/ )\ CO (30 psi), PA(PPhy)s (3%), _ + 7 B 287
.
Y THF, 60°. 14 EtO,C o~ EOC o
22) ©8)
c
T o Br Bu,SnH PA(PPhs); (4%), Ph” SCHO I + PhMe H 325,331
THF, 50°, 3.5 h 331
€O (15 psi) 1(75)+ 1 (12)
CO (45 psi) 1(94) + 11 (6)
€O (15 psi), 0
MesSn Ni(PPhy)o(COY; (3%), Ph \/U\ " (29) 841
HMPA, 150°,0.5h ¢
CO (15 psi), Pd(Ph-BIAN) 0
Me,Sn (dimethyl fumarate) (1%),  Ph._J\ (88) 415
Me
HMPA, 50°, 20 h
BU}SI‘I Ph 0
7\ CO (30 psi}, Pd(PPhy); (3%), (82) 287
o THF, 50°,2d 7\
0
)
Bussn CO (15 psi), PAPH-BIAN)  pp
(dimethyl fumarate) (1%), 79 415
DME, 50°, 15 h
S . AN
P BuySnH CO (15 psi), Pd(PPhs); (4%), Ph” “CHO (66) + PhMe (21) 31
THF, 50°, 35 h
€O (15 psi), 0
Me,Sn PhPA(PPh3),))! (0.2%), pn. A " (86) 323
HMPA, 120°, overnight ¢
OMe OMe OMe
EIOZC\)\/X BusSni CO (45 psi), Pd(PPhs); (4%), EtOZC\)\/CHO I+ Ezozc\/K H 325331
THF, 50°,3.5h
X=B,1 27 + Il (45)
X=CL185) + I (14)
€O (90 psi), PPh; (0.75%), OMe O OMe
Me;Sn/\/ Pd(CH3;CN)Cl, (1.5%), EtO,C.__= S EIO2C\/I\ + 333
CHCl;, 25°, 48 h 20) 29)
[¢)

e
= x



TABLE XXVIII. CARBONYLATIVE CROSS-COUPLING OF ALLYL AND BENZYL ELECTROPHILES (Continued)

Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cs  pp CO (300 psi), PO 0
)7Br Me;Sn PA(PPhy);,Cl; (0.3%), H P Rt
HMPA 120° 1 h Ph
(65) (n (37)
CO (300 psi), Ph O 0
PhySn Pd(PPh3),Cl; (0.3%), H + /\/‘J\ + P 337
HMPA 120°, | h Ph Ph Ph
o (43) (8) (33)
[0e]
N 0
cl CO (90 psi), PPhy (0.75%),
= 7 X
Me;ssn” > PA(CH;CN),Cl, (1.5%), N I 133
CHCl3, 25°, 48 h Y T
CO,Me COMe 5y 7
Co Ph CO (300 psi), Ph 0 o
N—Br Me,Sn Pd(PPh3),Cl, (0.6%), + + P 3y
< HMPA, 120°,7 h Ph
(50) (€)) (36)
Cio
X X X
a Bu;SnH CO (45 psi), Pd(PPhy)s (4%), CHO 54y & (46) 325, 331
| THF, 50°,3.5h { |
/\ /k
CO (9€ psi), PPh; (0.75%) |
~ {7V pPsi} 30 ) AN N
MesSn” PA(CH3CN),C; (1.5%) [ | (22) 333
CHCly, 25°,48 h ~ Y
L!\
PN
i i i
[ Bu;SnH CO (45 psi), Pd(PPhy)s (4%), | | o+ [ ] @n 331
J\\C] THF, 50°, 3.5 h | SCHO j\
Cas ™S
@ ci 0. 0
w
OMe  BusSn CO (45 psi),
OMe m\ sz(dba)3 (10%), { (94) 850
TMS  PPhy (20%), 50°, 36 h OMe
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TABLE XXIX. CARBONYLATIVE CROSS-COUPLING OF MISCELLANEOUS ELECTROPHILES

Conditions Product(s) and Yield(s) (%) Refs.
Cy CO (15 psi), fo) 0
Ph,sSn PhPd(PPhs),! (0.2%), )j\/U\ (67 323
c HMPA, 120°, overnight EtO Ph
5
CO (300 psi), o o o
Me,Sa Pd(PPh3),Cl, (1%), Il rTas+ Il m@s 337
ra gD A tAnMG 11 B0’ NN e’ N
nMYA, 1Zu, 1 n L I s
|
CO (300 psi),
Me;Sn Pd(AsPh3),Cl, (1%), 1(62) + II (25) 337
HMPA, 120°, 3 1
~ $HBU3
~6 CO (45 psi), Pd(PPh;); (4%), n-BuC=CCHO (0) + Is. CHO 28) + 1331
¥oise \ 374\ 7 (Rl o1V Sl L o LW IR LV Ry N Y S
THF, 50°,3.5 h =
NN
_CHO
L w
n-Bu Cx
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TABLE XXX. INTRAMOLECULAR CARBONYLATIVE CROSS-COUPLING REACTIONS
Substrate Conditions Produci(s) and Yield{s) (%) Refs.
Cn
(/\%\SHBM €O (15 psi), Pd(dba), (5%), LiCl, =0 1(3845) 186
0 OTf K,COs, THF or DMF, 60° 0
4 4
o) 0
CO (15 psi), polymer-supported Pd(0)(dppf) (5%}, IO 186
LiCl, K,CO3, dioxane, reflux, 3-4 h
Ci2
(\&\ SnBu; CO (15 psi), Pd(dba); (5%), LiCl, TN=0 1 (33-46) 186
0. [, 0T K,COs, THF or DME, 60° 0
o ! 5
CO (15 psi), Pd(dppHCly (5%) LR 186
LiCl, K,COs, THF, 65°
CO (15 psi), polymer-supported Pd(0)(dppf) (5%), I(28) 186
LiCl, K;COs, dioxane, reflux, 3-4 h
Cis
MSDB% CO (15 psi), Pd(dba); (5%), LiCl, TTN=0 1 (35445) 186
Ommf K,COs, THE or DMF, 60° 0
() 6
o 0
CO (15 psi), Pd(dppH)Cly (5%), 1 (60) 186
LiCl, K,COj3, THF, 65°
CO (15 psi), polymer-supported Pd(0)(dppf) (5%), 1 (78) 186
LiCl, K5COs, dioxane, reflux, 3-4 h
Cis PPN
~ “SnBuj CO (15 psi), Pd(dba) (5%), LiCl, f ; \/ =0 145 186
K,COs, THF or DMF, 60° UM
7
o)
I (59) 186

CO (15 psi), Pd(PPhs); (5%),
LiCl, K,COj3, dioxane, 90°

CO (15 psi), Pd(dppHCly (5%),
LiCl, K,COs, THF, 65°

186
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TABLE XXX. INTRAMOLECULAR CARBONYLATIVE CROSS-COUPLING REACTIONS (Continued)

Substrate Conditions Product(s) and Yield(s) (%) Refs.

CO (15 psi), polymer-supported Pd(0)(dppf) (5%), 1 (76) 186
LiCl, K,COs3, dioxane, reflux, 3-4 h

Cis
(\%\SnBuz CO (15 psi), Pd(dba), (5%), LiCl, W}:o I (34-39) 186
0 27]/0“ K,COs, THF or DMF, 60° OM
8
o] 0

CO (15 psi), Pd(PPhs3)4 (5%), 1 (60) 186
LiCl, K,COs4, dioxane, 90°
CO (15 psi), polymer-supported Pd(0)(dppf) (5%), I(70) 186
LiCl, K,COs, dioxane, reflux, 3-4 h
Cig
(o} [0}
AN A~
N_/70 - CO (50 psi), PA(CH;CNY,Cl, (10%) X _[To N 35
A=K X i - ” ‘ \=—f /\
N O\ LiCl, DMF, rt, 13 h / —_—/
Il A\ N/
ey ) —
YN ¢nBus JEEAN
uuuuu 3 o)
o/ o /
R aamr\ N4
A~ M A~ N
- N7 T e o - NS N\ s o
\__/ ©O \- CO (50 psi), PA(CH3CN),Cly (10%), \ | O \ (53) 335
TN AN\ Teen twaam o otan 7 /\
n \( \ Livy, pvie, i 1o n [\ —_—/
h\
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TABLE XXXI. CROSS-COUPLING REACTIONS THAT FORM POLYMERS

Substrate Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

Cs BusSn

Bf\/\/\ Br
[¢)

Br/[N\B\ SnMe;

Boc

Frmmn\ /BUSSn\ A\
J/AA | T
Br < Rr \ N
s L o
C;

e SnBuj

Cs
Bu3SnCs
~C

Br

Cs
~CSnBu;

BU3SH

Pd(PPhy),Cl; (2%),
PPh; (4%),
DMA, 165°, 4 h

PA(PPh3),Cl; (2%),
PPh; (4%),
DMA, 165°, 4 h

PA(PPh3),Cl, (2%),

PPh; (4%).
DMA, 165°, 4 h

Pd(PPh3),Cly (2%),
PhMe, 70°, 12 h

Pd(PPh3),Cl; (2%),
PPh; (4%), DMA,
120°, 4 h

Pd(PPhs),Cl; 2%),
PPh; (4%), DMA,
165°, 4 h

\C/\/\@\ /@7 n=218
Y n

Boc

ﬂ R — 181
/i\ g «ﬂ \]1 l[/ | 18.1
\ \y’\o/‘\\/ A

\ /n

“ 3"
I

Ph

n=24.6

n

851, 852

659

851, 852

225

851, 852a

851, 852
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TABLE XXXI. CROSS-COUPLING REACTIONS THAT FORM POLYMERS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
v TS
Br BusSnCe . Pd(PPh3),Cl; (2%), g
O\ PPh; (4%), DMA, Csc n=53 851, 852a
B Ce 120°,4 h
~ CSnBU3
Cas
S C
n
0 0
Cl Me3Sn SnMe;
Pd(AsPhs),Cl; (1%), O n=49 232
cl neat, 70°, 24 h
il |
(8] Bu-t
0O O
X
N\ N 0 o} Pd(AsPh3),Cl, (1%), x=2,3 853
Br S S Br THE, reflux n=-—
Ny
m
Me;Sn S SnMes
o O
X
o o Pd(AsPhs),Cl, (1%), x=2,3 853
THF, reflux =—
SN/ "
| g I
Me;Sn S SnMe,
Cio N =
<< Me;SnCs. . @—ac@ )
Fe Pd(PPhy)s (2%, Fe = 830
—~= < :
1 Cx THF, 75°,20 h T e
SCSnMe; \ ne S
n
Cio.18
o o o . R n
Me;Sn 2
a o) ! f X OEt 4 232
P Pd(ASPh3)2C12 (1%), Bu-t 110 232,786
SnMe; neat, 70°, 24 h OCeH3-n 3 232
R R o OC,gHy-n 13 232
Cn
BusSnCs
Br ~C
\©\ PA(PPhy),Cl; (2%), 852a
° Ce PPh; (4%), DMA,
2 SCSnBus  165°.4h
BusSn PA(PPh3):Cly (2%),
PPh; (4%), DMA, 852
o 165°, 4 h
o) 0 F 0 O F
Me;Sn x
cl cl [ Pd(AsPh;),Cls (1%), O O n=13 232
N SnMes neat, 70°, 24 h
Bu-r F Bu-r F n
F 0 o F
Me;Sn F F
Pd(AsPh3):Cl; (1%), n=1 232
F SnMej
F

neat, 70°,24 h
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TABLE XXXI. CROSS-COUPLING REACTIONS THAT FORM POLYMERS (Continued)

Substrate

Stannane

Conditions

Product(s) and Yield(s) (%)

Refs.

Cia

n-BuO

Cis.16

Br

Br.

R?0O,

RIO

SO

Cco

I w
Ly

2

OBu-n

Pd{AsPh3},Cl; (1%),
neat, 70°, 24 h

Me;Sn \©/SHMC3
Bu-t
MesSn
O Pd(AsPh3),Ch (1%),
O neat, 70°, 24 h
SnMe;,
; O
; 0

e;.Sn
Pd(AsPh3),Ch (1%),
neat, 70°,24 h

Pd(PPh3),Cl, (2%),
PPh; (4%), DMA,
160°, 4 h

egsn

BuSnCs Pd(PPh;),CL, (2%),

PPh3 (4%), DMA,

- 160°,4 h
<CSnBuj

‘oL

Pd(PPh3),Cl; (2%),
PPh;3 (4%), DMA,
130-300°, 4 h

BU3SI‘I

[y

BusSnCs Pd(PPh3),Cl (2%),

PPh; (4%), DMA,
160°, 4 h

&

Cs,
~CSnBuy

Pd(PPh3),Cl; (2%),
PPh; (4%), DMA,
165°, 4 h

Bu;Sn

el

\ Pd(PPh3),Cl, (5%), THF

.

BuySn” Mg " SnBuz

Pd(PPh3),Cl (2%),
PPh; (5%), DMA,
165°, 4 h

Bu3Sn

2

o} o
Bu-t

(o]
Bu-t n

o (o]
O O n=109
Bu-r O

R}, R? = CH,CH;
R! =R?=0OMe
R!, R2 = CH,CHCH;3

n=—

n

851, 852a

851,852

851,852a

851,852

854, 855
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TABLE XXXI. CROSS-COUPLING REACTIONS THAT FORM POLYMERS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
RO
RO l
/@\ Pd(PPh3),Cl, (5%), THE /A
BuiSn S SnBus \ / S
I OR e
OR
R o
Cie n-CsHy, — 855
Cig n-CeH\3 — 855
Cao n-C7H;s — 855
Cn n-CgHy7 — 855
Cy n-CoHyg — 855
Cao n-CizHzs — 854, 855
Cag n-CeHaz 22 854, 855
Cyo
(@]
t-Bu
a Me;Sn
\©\ PA(AsPh3),Cl (1%), ne 23
Ci O SnMes neat, 70°, 24 h
Bu-t
[}
Me3Sn SHM€3
Pd(AsPh;),Cl; (1%), n=— 232
neat, 70°, 24 h
Bu-t
Cao
TfO OTf
(CHy ﬂ PA(PPhy);,
Me—N BusSn S SnBus LiCl,
dioxane,
O 90°, 16 h
™
SO,Me

Pd(0)

SOzMe

858
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TABLE XXXI. CROSS-COUPLING REACTIONS THAT FORM POLYMERS (Continued)

Substrate Stannane Conditions Product(s) and Yield(s) (%) Refs.
Cs
“° 0. CieHazn 0. _CieHazn
0 0
Me:Sn
Cl @\ Pd(AsPh3),Cly (1%), n=9 232
Cl 4 SnMe; neat, 70°, 24 h
o) 0
(6] CygHaz-n 0o CieHz3-n
CPh
C
>Lso I é
@ Me3SnC= CPh Pd(PPhy),Cly (2%), ( / *< ) n=— 225
n PhMe, 70°, 12 h n
! X
e O BusSn” X Pd,(dba); (5%), AsPhs (20%), ° O (289) 145
NMP, 45°, overnight
(¢} (8]
X
s 7\ Pd,(dba); (5%), AsPhs (20%), ° 91 145
tsn NMP, 45°, overnight
o]
B
Bust Pd,(dba)s (5%), AsPh; (20%), ° (285) 145
uasn NMP, 45°, overnight
o)
N 0
Bu3S‘| -0 i// ﬂ/v\)
|'/ [T Pdy(dba)sz (5%), AsPh; (20%), . R0 (=90) 145
[ A ago L 70N\ i T
N O INIVIY, 437, OVemlgﬂ[ \ I of } U /]
Il
0
. Ph
Pd,(dba); (5%), AsPh; (20%), { p ;F T YT (>89) 145
Ph ), >
Bu;Sn/\/ ? o . 4
NMP, 45°, overnight
0
o) o)
@\yfl\g Bu;Sn” X Pd,(dba); (5%), AsPh; (20%), @\n)\}f} | = =92) 145
o I NMP, 45°, overnight ¢ AN
0
=\ Pd,(dba); (5%), AsPhs; (20%), @]/LN (=88) 145
Bu;Sn 2 o AR R H
NMP, 45°, overnight 0] Y
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
G
ZBr Buysn” XN+ ;b Pd(PPhs); (1%), (64) 342
CeHg, 120°,20 h
o]
/U\CI BusSn” X+ 46 Pd(PPh;), (1%), (0) 342
CeHe, 80°, 20 h
C
3 CO,Me
PA(CH3CN),Cl, (5%),
AN Br BusSn” X+ P(2-furyl); (2%), NMP, — (16) 356
HC=CCOMe 80% 24 h A
MS
PA(CH;CN),Cl, (5%), _
BusSn” X  + P(2-furyl); (2%), PhMe, — (16) 356
3
HC=CTMS 80°,24h A
n-Bu
PA(CH5CN),Cl, (5%),
BusSo” X+ P(2-furyl); (2%), HMPA, :)_\_\ (20) 356
HC=CBu-n 80°%,24h A
COMe
Pd(CH3CN),Cl, (5%),
BusSnPh + P(2-furyl); (2%), HMPA, Y (36) 356
HC=CCOMe 80°,24h \
BusSnPh + PA(CH;CN),Cl, (5%), _ 356
HC=CR Et;NCI, HMPA, 80°, 24 h H
R A
CH,OEt @n
TMS (23)
Bu-n (24)
Ph (26)
PACH;CN),Cl, (5%), CO:Me
Bu3SnC=CPh + P(2-furyl); (2%), PhMe, C/:Q_\ (16) 356
HC=CCOMe 80°,24h PhC” N
T™S
BuiSnC=CPh + PA(CH3CN),Cl, (5%), c>:\—\ (10) 356
?,
HC=CTMS HMPA, 80°, 24 b Phe” A\
cl
N Bu3Sn/\ + Lb Pd(PPhy)4 (1%), . 0) 342
CeHg, 120°, 20 h AN
-B
Ni(acac), (10%), B
BusSnC=CTMS + DIBAL (10%), C>:\_\ ) 357
HC=CBu-n THF, reflux, 1 h ™sC N\
Ni(acac); (10%), Br
Bu;SnC=CTMS + DIBAL (10%), (83) 357
Br THF, reflux, 1 h
C
HCECI@ TMSC/I, A\
Ni(acac), (10%), TBDMSO(CH,)
Bu;SnC=CTMS + DIBAL (10%), — (76) 357
HC=C(CH,)¢OTBDMS THF, reflux, 1 h £ N\
TMSC
Ni(acac), (10%), n-Bu
Bu3SnC=CPh + DIBAL (10%), —= (70) 357
HC=CBu-n THF, reflux, 1 h ,,S?
PhC \
Ni(acac), (10%), TMS,
BusSnC=CPh + DIBAL (10%), 357

HC=CTMS

THF, reflux, 1 h
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)
Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
Ni(acac); (10%), Ph
Bu;SnC=CPh + DIRAL (10%) }::\\ (80 357
HC=CPh THF, reflux, 1 h £ R
PhC N
Bu;SnC=CPh + Ni(acac), (10%), 4 3\ (79) 357
ol DIBAL (10%), HO
HC=C THEF, reflux, 1 h —
C
‘1,
PhC’ \
Q =
BusSn PAd(PPh3), (1%), (63) 859
)J\/Cl NP N 3)a o X\/
CH,Cl, 80°, 20 h 0
e Ph
TMSI BusSn” X+ Pd(PPh3)s (2%). —):\ (80) 364
HC=CPh dioxane, 60°, 7 h — T™S
n-Bu
Bu;SnC=CMe + Pd(PPhs), (2%), >_ (1) 364
HC=CBu-n dioxane, 60°,3 h ,C TMS
/,
MeC/
Ph
Bu;SnC=CMe + PA(PPhs); (2%), 97 364
HC=CPh dioxane, 60°,2.5h , TMS
7,
MeC’
p-CICeH,
BusSnC=CMe + PAd(PPhs); (2%), >_ (70) 364
HC=CCeHyCl-p dioxane, 60°,2.5h | ™S
’
MeC
0-BrCeHa(CHy),
Bu;SnC=CMe + Pd(PPhs)s (2%), - (70) 364
HC=C(CH,)2CsHyBr-0 dioxane, 60°,2 h // T™S
’
MeC
TBDMSO(CH;)y
Pd(PPhs); (2%), =\ (76) 364
sl TRAC
dioxane, 60°, 3 h "W Vi
MeC
TRDMSO(CH,),
Pd(PPhs)s (2%), =\ (73) 364
i 50°. 7 | TMS
dioxane, 6U”, / h /
4
Ph.
o e e A e B DDL Y (O — 770 264
HU3.\nL:Lle + rairrnz)s (L% ), / AN \r7) U
HC=CPh dioxane, 60°, 3 h L TMS
TMSC
Ph
Bu;SnC=CPh  + Pd(PPh3)s (2%), >:\ (71 364
HC=CPh dioxane, 60°, 2 h S ™S
PhC
G Ni(acac), (10%), n-Bu
)v a Bu;SnC=CPh  + DIBAL (10%), — 7 357
HC=CBu-n THE, reflux, 1 h £
PhC
OHC Br OSnBu 6]
[ /1\ 3} BnPd(PPh3),Cl (2.5%), o (80) 209
THF, 63°, 15 h
o]
(CH,=CHCH,)4Sn BnPd(PPh3),Cl (2.5%), \ (85 209
THF, 63°,48 h
0 OSnB 0
)J\/x { /J,\n uj BPd(PPh;),C1 (2.5%), O\\_>L\ X =Br (70) 209
‘ | THF, 63°,5h ) X =Cl (65)
o =
al Buysn” Pd(PPhs); (1%), ~ (53) 859
CH,Cly, 80°, 20 h o
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)
Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
o NH: OHC
l /k 7 1. Pd(PPhs)4 (3%), Ag20, (7h 860
N Br BusSn DMF, 100°. 15 min
S 2.HCI (2N ), 100°, 1 h
Br OHC 1. Pd(PPh3); (3%), CuO,
N NH, BugSn g 2.HCI(2N)
0 (CHy=CHCH,)4Sn BnPd(PPh3),Cl (2.5%), (90) 209
MC‘ THF, 63°,48 h
Q =
cl Bu;Sn” PA(PPhs)s (1%), (30 859
CH,Cl,, 80°,20 h
Ph
Me;SiSiMe,! Bu;SnC=CMe  + Pd(PPh3)s 2%), _ (72) 364
HC=CPh dioxane, 60°,2 h L SiMe,SiMe;
MeC’
Cs H
PhBr Bu;SnH + r-BuNC Pd(PPh3), (10%), ,_BUN:< 0 862
CgHg, 120° Ph
BusSn” X+ rBUNC  Pd(PPhy) (10%), ,_BuN:(: ) 862
CgHg, 120° Ph
BusSn™ X 4 Zb Pd(PPhy)s (1%), ; Ph g7 342
CgHg, 100° AN
A A
N (BN o AL o _ is an
Budn®™ ~ o+ ] > Pd(PPh3)4 (1%), ] y—rn (87) 341, 342
NS CeHe 100°. 10 h ATNLN
6I16, 1UU, 1U ] N\
Bu;Sn”” “OMe + Lb Pd(PPh3)4 (1%), Ph ) 342
CgHg, 100°,20 h OMe
=
Bussn” 4 Pd(PPhs); (10%), ,_BuN:\/_\\ () 862
+-BuNC CeHe, 120° Ph
Bu;Sn/\/ + Z& Pd(PPh3)4 (1%), Ph (49) 341, 342
CeHe, 80°,48 h =
OS!‘IBU3
/L\ + Pd(PPhy); (1%), Ph © 342
CgHe, 100°,20 h
o}
EtO
BU3Sn
+ t-BuNC Pd(PPhs)s (10%), -BuN (30) 862
EtO CgHg, 120° Ph
BusSn 1. PA(PPhy), (1%), Ph
>: + CeHe, 100°,20 h o 73) 342
EtO 2. H*
Ph
BusSnPh + -BuNC PA(PPhs)s (10%), ,_BuN=< 0) 862
CgHg, 120° Ph
Bu3SnPh + ;A} Pd(PPh3), (1%), ;&Ph (60) 341, 342
CeHs, 100°,20 h Ph
,CPh
4
BusSnC=CPh + #-BuNC Pd(PPhs); (10%), ,_BuN:< (40) 862
CgHe, 120° Ph
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Conrinued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
_ Ph
Bu;SnC=CPh + Pd(PPh3), (1%), ~cpn @® 341, 342
CeHg, 100°, 12 h €=
SnMes Pd(PPh)y, i-ProNEt, Ph I+ I I+ (58) 373
BHT, PhMe, reflux LIE=9:91
Ph
Bu;SnC=CPh + Zb Pd(PPhy), (1%), Ph C, (46) 342
CeHg, 100° YCPh
R
BusSnR + BuNC Pd(PPh3), (10%), ,_BuN:< 862
R CgHg, 120° Ph
NEt, (22)
OMe (63)
OE!t (48)
SPh (10)
CN (40)
Phl BusSn” X 4 Pd(PPh3), (1%), CsHg MeO,C—; Ph  (49) 342
MeO,C AN
7
MeQ,C
BuiSnC=CPh + //)X PA(PPhy)g (1%), //B\/,Pﬂm (56) 341, 342
LAY v seee i LA L CECPR
CgHg, 100°, 10 h
OH Br C=C
HCs, P Bu;$nC=C Pd(PPhy); (10%), 4 " NoTBDMS  (—) 352
Br OTBDMS THF, 40-45°
HO Br
OH 1 C=CCH(OED),
HCgs c P BuzSnC=CCH(OEt), Pd(PPhs), (10%), 2 (—) 352
I THF, 40-45°
HO 1
C=C
BuySnC=C Pd(PPhs); (10%), / —-\OTBDMS (70-80) 352
OTBDMS THF, 40-45°
HO I
c=c
Bu3SnC=C Pd(PPhs)4 (10%) j/ ~ NoTBDMS (32) 352
OTBDMS
- OTBDMS
HO Csc/
0
Br OSnBuyj] 0
/J\ BnPd(PPh3);Cl (2.5%), (70) 209
THF, 63°,4 h 0
G Br
/©/ BusSn X+ ;b Pd(PPh3); (1%), (87 342
CgHg, 100°, 10h
N
Pd,(dba); (0.5%),
BusSnPh + P(o-Tol),Ph (2%), Et4NCl, (85) 343
THF, 100°, 24 h a h
BugSn/\ + Lb Pd(PPh3), (1%), 95) 341
CgH, 100°, 10h
N
BusSn X+ L@ PA(PPh3)4 (1%), 342

©iBr
CN

CgHg, 100°, 10 h

NC
\/ ) 6o+ ©\/\ (15)
N\ CN
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Cg¢Hg, 100°, 10 h

TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)
Substrate Stannane and Other Conditions "~ Product(s) and Y'i;di(s)(:c) Refs
Componenis
_~~. . NHAc OHC, o~ _N
ﬁ \Y DA/DPDL 1102 ﬁ \Y \\ 160N QLN
“ 4[ // \\ ra{renzjg ooy, ” I I o>} sbyU
SNy Bussn—"~g” DMF, 100°, 8 NN
v/
B ORC 1. Pd(PPh3); (5%). A\
| A\ CuO, DMF, 100° T (61) 861
N7 “NHAe BuzSn~" g 2. HCI2N) |
NN
NHAc OHC
'\ Br Pd(PPhs)s (3%), (60) 860
, 7\ DMF, 100°, 8 h
P BusSn s
N
o NHAC OHC
| /m Pd(PPhs)4 (5%), R=Me (54) 694
e
N7 TBr RySn—"Ng CuO, DMF, 100° R = Me, no CuO (46)
o R =Bu (33)
0
Ph)J\Cl BusSi” X+ Pd(PPhs); (1%), (36) 341,342
CeHq, 80°, 12 h
Br
@ Bu;Sn” X" “N(TMS);  Pd(PPhs)s, PhMe, (89) 462
CHO reflux, 24 h
o I Bu3Sn O
| BnPh(PPh3),Cl (6.5%), 0 (92 644
& Cul, CgHg, 1t, 20 h Z
CHO H,N 0 e <
N o}
Bu,Sn 0 AR
N 7
T BnPh(PPh;),Cl (2.5%), o O (68) £44
JLI'Y e NN R v
AN Cul, THF, reflux, 20 h r T
DULTTY A"} )\ )
HO” N7 N
Boc
-Br A A = \_-OMe
noNYy N R E Ny o o BN / Nel
|l | pupsi -~ v S Fa{rrhy) (1%), >N\ Y (99) 342
MEO/\/ ~7 FaR S JERT YV CRETIEN 2
gLigy FUU, IV \\
,,c/\ z F
~_C* Bu;Sn” 7 Pd(PPhy), (4%) ] 62) 207
OvBr (0]
Cs
e Bussn” X+ Pd(PPhs), (1%), \_-Ph ©D 341, 342
CgHg, 100°, 10 h N
%
Bussn” NF 4 Lb Pd(PPh3), (1%), N\ _py GO 341
CgHg, 100°, 10 h =
Ph
Bu3SnPh + ;& Pd(PPh3), (1%), (1) 341
CgHe, 100°, 20 h Ph
BusSnC=CPh + Lb Pd(PPh;), (1%), (64) 341
CeHg, 100°, 12 h
A A
nCeHys B BusSn” X + Lb PAd(PPhs), (1%), LﬁX\/Ceﬂu-" (83) 342
N
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)
Subsiraie Stannane and Other Conditions Produci(s) and Yield{s) (%) Refs
Components ~
Bu3Sn \/\/CSHII—‘i . Et:Si0
7 = 1. P4Cl,, LiC \
// \\ ] & ’ N )_CsH”-n
AR N HeCl OSiEty norbornene, CH:CN i —/ (34) 863
mieUpU ~ S ] ) 3 Ve
i\ 2. stannane, PPh3, THF Y s e n
NEN ENL LT Ve
AN Y
SnMe; | ~N
Br - CHO
@[ | Pd(dppb)Cly, CuOQ, (78) 864
(-3 s
NHAc N DMF, 105-110°,48 h N
MesSn O | =N
o~ Pd 80 864
l (dppb)Cly, CuO, (80)
NZ DMEF, 105-110°, 48 h N
SHM€3 | N N
CHO ¥z
| A Pd(dppb)Cly, CuO, OMe  (68) 864
o ~
NZ “OMe DMEF, 105-110°, 48 h N
Br S
BusSt” X" "N(TMS);  Pd(PPhs), PhMe, (86) 464, 540
0} reflux, 48 h =N
o)
Br
BusSn” X + Pd(PPhy), (1%), (96) 341,342
CeHg, 100°, 10 h N
o)
0 Ph O
)K/B . Bu3SnM BnPd(PPh3),Cl (2.5%), \\_>A 75) 209
Ph THF, 63°,5h
[ OSnBuj Ph O
i | BnPd(PPhs),Cl (2.5%), o ¥ (80) 209
L= THF, 63°, 5 h N
/
0
Bu;SnBn BrPd(PPh;),Cl (2.5%), J + BuyBmiSnBr + F 209
THF, 63°,20 h PR~ >
(87) (99) (80)
0 A~ CHO
i Bussn” Pd(PPhy); (1%), CH,Cl,, i (65) 859
PN o e AN
Ph ~ S0, Z2u0un Ph™ ~N
o) CHO
Cl P N
Bu;Sn” Pd(PPhy)y (19), CH,Cly, (39) 859
al 80°,20h al
1. Pdy(dba)s (2.5%), 1%
N N P(-furyD)s (10%), B SN
| P PhMe, 60°, overnight, A (34) 362
Et o BuzSn™ N 2. reflux, 8 h Et
o/>
Bu3Sn O/w Et
Wlto Pdy(dba); (1%), 0 (61 361
P(2-furyl); (2%
(2-fury )3(0 o), Et 0
o} THF, 40-70°, 3 h OH
OH
Pd(PhCN),CL, (5%), Et
/@\ P(2-furyl); (10%) N Mms  X=0@7H 295
BusSn™ Sy TTMS dioxane, 50-100°, 8 h Er X X=§ (258)
1. Pdy(dba)s (2.5%) o] =
: =% I 7N\
s P(2-furyD; (10%), Et NM
Bu3Sn——‘<\ j@ PhMe, 60°, overnight, l P 34) 362
N 2. reflux, 6 h Et N
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
X PA(PhCN),Cl, (5%), Et X
Bu35n~@ P(2-furyl); (10%) | X =0 (294) 295
X dioxane, 50-100°, 16 h BN X=S (285)
OH
PA(PhCN),Cl, (5%), Et S
Bu;Sn 4 P(2-furyl)s (10%) O (292) 295
S dioxane, 50-100°, 16 h Et Q
OH
0 0
BusSn Pd(dba; (1%), Bt
‘O P(2-furyl); (4%), O‘O 95) 360
T™S dioxane, 80-100° Et
0 OH O
PA(PhCN),Cl, (5%), X
/ \ P(2-furyl)s (10%) Et X =0 (276) 293
X dioxane, 50-100°, 16 h X =8 (278)
BusSn Et
OH
i-PrO Ci i-PrO
BusSn” XX Pd(dba), (5%), 67) 359
o P(2-furyl)s (10%),
dioxane, 60°, 5 h OH
OEt -PrO_x_-OBt
PA(PhCN),Cl, (5%), jO/ (55) 359
BusSn PQ-furyl); (10%) . I/
dioxane, 100°, 6 h AL
1. Pdy(dbays (5%), o
N P(2-furyl)s (10%), NTX
PhMe, 60°, overnight,
D g . \ A ) e 362
BujSn N 2. reflux, 6 h i-PrO
i-PrO.
Bu;SnPh PA(PhCNY,Cly (5%), OO (53) 359
P(2-furyl)s (10%)
dioxane, 100°,6 h OH
Bu;Sn O/H Pd(dba), (1%), P10 0/§
Wf\[\“o P(2-furyl); (2%), 0 (95 361
PhMe, 55-60°, 3 h
(0] (o]
OH
OH
PA(PhCN),Cl; (5%),
I\ P2-furyl); (10%) N (278) 295
—TMs (2
Bu;Sn ™S ; 70°
O dioxane, 50-70°, 8 h i-PrO 0
S 1. Pda(dba)s (2.5%), o
Bu35n_<\ P(2-furyl); (10%), N (44) 362
N PhMe, 60°, overnight, | P
2. reflux, 6 h i-PrO s
(o]
Bu;Sn Pd(dba, (1%), i-PrO R R
P(2-furyl); (4%), O‘ TMS Me 360
R! R2 dioxane, 80-100° R? H OPr-i
0 OH O
i-PrO X
Bu;Sn—(/D PA(PhCNY,Cl, (5%). O X =0 (284) 205
X- P(2-furyl); (10%) O X =5 (282)
dioxane, 50-100°, 16 h

OH
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
0 o}
Bu;Sn Pd(dba), (1%}, i-PrO.
‘O PQ2-furyl); (4%), O‘O (75) 360
T™S dioxane, 80-100°
o OH O
C
o SnMe; | N
R Br A\ CHO R ¥z
\©i [ Pd(dppb)Cly, CuO, R=Me (87) 864
NHAc N/ DMF, 105-110°, 48 h N/ R =O0Me (91)
NHBoc OHC N=
101
S B /Z_\) Plf;l;hzl)go" 24h I >4 \ >
S T Bu3Sn S ’ ’ S S
¢t
o 1. Pd(PPh3)s (3%),
7 DMF, 100°, 24 h (43) 102
MesSn S 22HCI2ZN)
o 1. Pd(dppb)Cl, (5%), CuO,
DMF, 100°,3 h 57 96
0" I 2.HCI 2 N)
BusSn N 3.NaOH (2 N)
BocHN Br OHC
Pd(PPh 75 101
T\ ﬂ d(PPhs)s, (75)
BusSn DMF, 100°,24 h
S S
o}
| 1. Pd(PPhy)s (3%), N=\
07N\ AT 1Ane A4 A p— s 1nn
// \\ DM, 1V, 44 1 I'/\ // “ {03) 1uZ
Me oL Y 2 HOLO NY o g 4
1SN 2.HCIQ2N) S S —
1 OHC
U\ m PA(PPhs)s, (42) 101
¢~ ~NHBoc BusSn™" g DMF, 100°, 24 h
G
o 1. Pd(PPh3)4 (3%),
DME, 100°, 24 h @n 102
Me3Sn~"\g 2.HCI2N)
0 5 OSnBu3] BnPd(PPhy):Cl (2.5%), o (55) 209
Ph)H/ ' A THF, 63°, 5 h
il
0 Ph
)J\/\ Bu;SnM BnPd(PPhs),Cl (2.5%), \\_)(} (85) 209
Ph Cl THF, 63°,48 h (0]
Br =
/= Pd(PPhs),, PhMe, 90 462
Busst  \—N(IMS), (PPhy)s, PhMe « | ) ©0)
CO,Et reflux, 96 h N
4 H
MeO Br MeO =
- Pd(PPh;y)s, PhMe, 18 462
j@: Busi. \NTvs), (PPha)s, PhiMe )
MeO CO,Et reflux, 24 h MeO N
H
0
a 1. Pdy(dba)s (2.5%). o
X P(2-furyl); (10%), n-Bu N @3n 362
| PhMe, 60°, overnight, |
n-Bu o BuSn™ N 2. reflux, 8 h FNF
O
Busn, Q) Pda(dba)s (1%), D
-0 P(2-furyl); (2%), THF, o 361
40-70°, 3 h n-Bu e}
(o)



219

€19

UPLING REACTIONS (Continued)

+

substrate Stannane and Other Conditions roduct(s) and Yield(s) (%) Refs.
Components
o~ o\
~ < oD Pd,(dba)s (10%) n-Bu._ T
n-Bu_ Al Buszdn A / 2\ /3% I N X —
YT +——0 P(2-furyl)s (2%), THF, |l | v (72) 361
I ] i e AN
PN =\ 40-70°, 3 h Y 0
/ 0 o) au
ral un
o
X
1 |(|:|H / =
=
@[)C Bugsn™ NF Pd(PPhs)y (5%), LiCl, 43) + @(X ) 349
DMF, 60°, 8 h Cas
SCcH
TMS
Bu;SnTMS PA(PPhs), (5%), LiCl, (54) 349
DMF, 60°, 8 h
e
OTf /
(:(/\ PA(OAC); (5%), PPh; (10%), (63) 349
Ce Bussn” X Et;N, LiCl, DMF, 60°, 8 h
<CH
N
pZ / =
BU3Sn/\/ Pd(PPh3)4 (5%), LiCl, (46) + O\/:f 39) 349
DMF, 60°, 8 h Ce
~CH
TMSC,
C
Bu;SnC=CTMS Pd(OAc), (5%), PPh; (10%), 45) 349
Et;N, LiCl, DMF, 60°, 8 h
1. PA(CH;CN);Cl, (83%), MeO-C
. _NHCO,Bn malonate, THF, —78° 15 h ) _NHCO:Bn  (gq) 339
~ “ ek e e \ﬁaf\Af“' T
2. stannane, DMF, THF, MG |
A0+ 12 1Q 1 ~F
—0U WIL lo-106 1
1 PACH;CNLCL (83%),  MeOC. |
= \l NN D
MeiSnC=CMe  + malonate, THF, —78°, 1.5 h I~ NHCC:Bn () 339
Na. _CO,Me 2. stannane, DMF, THF, MeO,C L
~ COQMC —-60°tort, 15-18 h SCMe
" 1. PA(CH;CN), Cl; (83%), MeO,C_ |
Py malonate, THF, ~78°, 1.5 h TR NHCOBn (3, 339
MesSn™ "OEt 2. stannane, DMF, THF, MeO,C
N2><C02Me ~60°tot, 15-18 h
COMe OEt
o L PACH;CN)Cly (83%).  Me0,C
MesSn™ X" 4 malonate, THF, ~78°, 1.5 h NHCOBn (56, 339
Na_ _CO;Me 2. stannane, DMF, THF, MeO,C P
o -60°to1t, 15-18 h e
2MC ’
t OHC, P
NHBoc 1. Pd(PPhy), (5%), A
| CuO, DMF, 100° | (44) 861
N7 BusSn g 2.HCI2N) N AW
0 Ph
)J\/\/ (CH;=CHCH,),Sn BnPd(PPh3),Cl (2.5%), \\_)(j (90) 209
Ph = THF, 63°, 48 h o
Ch 7 |
OTf
©i/\/ _CH  BusSn X Pd(dpphCl, (5%), LiCl, 51) 349
c” DMEF, 60°, 8 h
. o~
N
NG )
BusSn Pd(PPh3)4 (5%), LiCl, (51) 349

DMF, 60°, 8 h
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TABLE XXXII

. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)

Substrate

Stannane and Other
Components

Conditions

Product(s) and Yield(s) (%)

Refs.

Ph Cl

BuySnC=CTMS

)

Bu3Sn

=
BU3Sn/\/

)

BusSn

2\

BusSn

)

BusSn” X

Pd(PPh3)4 (5%), LiCl,
DMF, 60°, 8 h

Pd(OAc); (10%), PPhs (20%},
CHi3CN, 5-25°,2-6h

Pd(OAc), (10%), PPh; (20%),
Et,NCl, CH;CN,
5-25°,2-6 h

PA(OAc), (10%),
PPh; (20%), LiCl,
CH4CN, 60°,2h

Pd(OAc); (10%),
PPh; (20%), Et,NCI,
CHiCN, 60°, 1.5h

Pd(PhCN),Cl; (4%),
P{2-furyl); (10%),

dioxane, 100°, 3 h

aioxane, y 1

Pd,(dba); (1%),
P(2-furyl); 2%),
THF, 40-70°,3 h

Pdy(dba); (1%),
P(2-furyl)s (4%),
dioxane, 80-100°

Pd(PhCN),Cl; (5%),
P(2-furyl); (10%),
dioxane, 50-100°, 16 h

PA(PhCN),Cl, (5%),
P(2-furyl); (10%),
dioxane, 50-100°, 16 h

Pd(PhCN),Cl; (5%),
P(2-furyl); (10%),
dioxane, 100°, 3 h

Pd(PhCN),Cl; (5%),
P(2-furyl); (10%),
dioxane, 100°,3 h

1. Pdy(dba)s (2.5%),
P(2-furyl)z (10%),
PhMe, 60°, overnight,

2. reflux, 10 h

TMSC»
~C

(40)

(50)

(75)

Ph

o~}
=

o}

0 -
o}
X

X=0 (289)
X=S (251)

ja~}
=

| (263)

~
=
]
=
2
- Q
Q
2

(20) 4:1

349

347

347

347

347

)
w
N

361

360

295

295

359

359

362
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Subsirate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
[N
o o\ Pd,(dba)s (1%), Ph. . T
BusSn Y 5 R N X r— Y
N P(2-turyl)3 (%), 1l Y (56) 361
I THF, 40-70°, 3 h NN
=\, T o
o OH
s 1. Pdy(dba)s (2.5%), o
Buysn— PQ2-furyl); (10%), N (58) 362
N PhMe, 60°, overnight, I
2. reflux, 8 h Ph = N
Pd(PhCN),Cl, (5%), Ph X
Bussn—d P(2-furyDs (10%), O X=0 (75) 295
X dioxane, 50-100°, 16 h O X=$ (263)
OH
PA(PhCN),Cl, (5%), Ph S
Bussn— P(2-furyDs (10%), O (@60) 295
s dioxane, 50-100°, 16 h Q
OH
o o
BusSn Pdy(dba)s (1%), Ph
P(2-furyl)s (4%), O‘ (74) 360
TMS dioxane, 80-100 1
o) OH O
0 o)
Bu;Sn Pd(dba); (1%),
‘O P(2-furyl)s; (4%), O‘O 82) 360
™S dioxane, 80-100° Ph
o) OH O
0] 0
) Pd(dba)s (1%),
Bus3Sn OPr-i 2 Ph
\“/U\”/ P(2-furyl); (4%), e 31 360
PN dioxane. 80-100° I A AN
T™S™ \Ir( ~ S Y)Y oPr
0 OH ©
/=
— vl \
N N\
L= 2 PAPRCN),Cl, (5%), Ph. o A >~ X=0 60 295
NN S NN XY v_Q rorn
Ny P(2-turyl); (10%), 1| | | X =8 (202)
nooal g &0 10n0 1€ b AN
Du30 1 UlUAQiIC, Ju-lvu , vl P \r "~
I
OH
o OSnBuj Ph O
Br [ BnPd(PPh3),Cl (2.5%), o (35) 209
Ph THF, 63°, 48 h
o] ) 0 _
i-PrO Cl Bu3Sn Pd,(dba); (1%), i-PrO. R =n-Bu (99)
mo P(2-furyl)s (2%), O  R=sBu (9 361
THF, 40-70°, 3 h R o  R=rBu(69)
R o) o)
oH
0 o}
i-PrO, Cl Bu;Sn Pdy(dba)s (1%), i-PrO.
H ‘O P(2-furyl); (4%), O‘O an 360
dioxane, 80-100°
+Bu o) ™S +-Bu
0 OH O
Ci —
| GMe Pd(OAC), (10%), )/
)C BuySn” X PPh; (20%), CH:CN, (60) 347
25°,2.6h
N v N
C
Ac N
a N
Pd(OAc), (10%), /
Bugsn™ F PPh; (20%), Et,NCI, (5%) 347
CHiCN, 5-25°,2-6 h N
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TABLE XXXIL

MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
n-Bu cl PA(PhCN),Cl, (5%), n-Bu
J;[ BusSn” X P(2-furyl); (10%), :@ (74 359
#-Bu o dioxane, 100°, 3 h n-Bu
OH
OEt PA(PhCN),Cly (5%), n-Bu OEt
P(2-furyl); (10%), (54) 359
Bu3Sn dioxane, 100°, 4 h n-Bu
OH
PA(PhCNY,Cl, (5%), n-Bu
Me;SnPh P(2-furyl); (10%), OO an 359
dioxane, 100°, 53 h n-Bu
OH
PAd(PhCN),Cl; (5%), n-Bu 0
7 P(2-furyl
ryl); (10%), )TMS  (265) 295
BuzSn™ ™ TMS dioxane, 50-70%, 8 h #-Bu
OH
PA(PhCN),Cl, (5%), n-Bu X
BUSSH—(/D P(2-furyl); (10%), O X =0 (265) 295
X dioxane, 50-100°, 16 h 2-Bu O X =8 (261)
OH
PAd(PhCNY,Cl; (5%), n-Bu S
BuaSn‘(/j@/ PQ-furyDs (10%), O (258) 295
S dioxane, 50-100°, 16 h n-Bu Q
OH
MeO,C. CO,Me Pa(dba); (10%), VeO,C CO;Me
A0 NF BusSn™ X P-furyl); (30%), ZnCl,, a2 345
C THEF, reflux, 0.5 h =~
i —
CH J ==
7
€13 Bno._~_Br Br
Bu3SnC=C—\ Pd(OAc); (5%), PPh; (10%), ,CR R =OTHP (51) 353
Br R PhMe, 60°, 5 h NS R =OTBDMS (28)
Cs ’ BnO
<CH
i-PrO, cl 1. Pdy(dba); (2.5%), O
@ P(2-furyl)s (10%), Phjl)\;@ (10) 362
= PhMe, 60°, overnight,
BusSn N . NS
P 0 : 2.reflux,3 h i-PrO
o) . o
Bu;Sn sz(dba)3 (l%), i-PrO
Wz\to P(2-furyl)s 2%), 0 (90) 360
o THF, 40-70°, 3 h Ph o
OH
0 0
BusSn Pdy(dba); (1%), i-PrO
.O PQ-furyls (4%), O‘O (76) 360
™S dioxane, 80-100° Ph
OH O
Cua Ts ©
i Pd(dba), (10%),
AcO” N Nj BusSn” X P(2-furyl)s (30%), ZnCly, (83) 345
C THF, reflux, 1 h
il
CH
p GTMS PA(OAC), (10%),
¢ BuSn” X PPhj (20%), (50) 347
N J CH;CN, 5-25°,2-6 h N
A
!
Ac Ac
Ph
(o]
i-PrO Bu;Sn 0/§ PA(CH;CN),Cl, (2%), i-PrO /> i-PrO
jitc' mo P(2-furyl)s (4%), o . 361
THF, 70° Ph'
e} ’ o
Ph o OH OH
(38) (19)
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OTBDMS

i-PrO,

Ciy

@]

PhO,S_ SO,Ph

ACOM

C
1l
CH

Bu3SnH

Busn™ N

BU3Sn
Bu;SnC=C

OTBDMS

BU3Sn/\

BusSn /\/COZEI

PA(CH;CN);Cl; (2%).
P(2-furyl); (4%),
THE, 70°

Pd(OAc); (10%),
PPh; (20%), LiCl,
CH3CN, 80°, 48 h

Pd,(dba);

Pd(0) (10%),
THF, 60°, 24 h

Pd(OAc); (10%), i-ProNEt,

BuyNCi, DMF, 25°,12h

Pd(PPhy)4 (4%), NMP, 75°

Pd(PhCN),Cl, (5%),
P(2-furyl); (10%),
dioxane, 100°,6 h

Pd(PhCN),Cl; (5%),
P(2-furyl); (10%),
dioxane, 100°,6 h

Pd(PPh3)4 (10%),
PhMe, 70°,6 h

Pd(dba); (10%),
P(2-furyl ); (30%),
ZnCl,, THF, reflux, 1 h

DAsALSS 1000

Pd(dba), {10%),
P(2-furyl); (30%).
ZnCl,, THF, reflux, 1 h

hd ~ “OTBDMS

I

OTBDMS

I+1I (72), LII=11:1
Bu-n
(6]
510 S
o o9

n-Bu 0
EtO,C

g 7&/\/\ (60)

EtO,C

SnBuj
EtO,C ><:rv EtO,C >O/\)
EtO,C -~ EtO,C

J s

(96)
/
D) w
N
SO,Ph
E0,c ). o
YN TN
X\ | D=OH .
7 N 30)
N/ {
| N
=
.
.. TCsHyj-n
HO :
PO .
> A0 [ G I )]
A T//\ %
anN
(62)
OH
BN OEt
peats
OH
c=C
~ OTBDMS
OBn 3)
TBDMSO
SO,Ph
PhO,S
(76)
=
/ o
SO,Ph
PhO,S
4

361

347

865

866

EJ

(e
wn
i

359

359

345

345
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
Pd(dba); (10%), SO,Ph
BusSn.__~_OTHP P(2-furyl)3 (30%), PhO,S 1) 345
ZnCl,, THF, reflux, 4 h S
St
Vi
OTHP
SO,Ph
PhO,S_  SO,Ph PhO,S
/\/\2></2\ BuySn” X Pd(PPhs), (15%), (69) 345
AcO” = THF, 40° 6 h
V
SO,Ph
PhO,S
Bu;Sn” X Pd(dba), (10%), = (76 345
\/\
P(2-furyl); (30%),
ZnCly, THF, reflux, | h Y
SO,Ph
Bu;SnV/‘\ Pd(dva), (10%), PhO,S
or P(2-furyl); (30%), (—) 345
OEt ZnCly, THF, reflux, 1 h
Bu3Sn V4
Pd(dba), (10%), PHO,S S0:Ph o
BusSn.__~ PQ2-furyl); (30%), R=CO,Et (77) 345
7R ZnCls, THF, reflux, 2 h S T™S (85)
V4
SO,Ph
Pd(dba), (10%), PhO,S—] 2
e P(2-furyi)s (30%), 7\ (67) 345
Buzsn LUpEL Tl THE rafluy A h N -7 \\
ZnCl, THF, reflux, 4 h Y OB
Y
Pd(dba), (10%), PhOLS SOPh
BusSn._~_R P(2-furyl); (30%), /§/\R R=OTHP (75) 345
ZnCly, THF, reflux, 2 h . R = NHFMOC (65)
Vi
Cy
z Br
| PA(OAc); (10%),
Bu;Sn” X PPh; (20%), LiCl, (60) 347
O'O CH,CN, 80°, 24 h
Ilin
N__O Pd(OAc), (10%),
r BusSn” X PPhy (20%). o (®3 347
CH;CN, 80°, 1 h NBn
N
H
s Pd(OAc); (10%),
\ PPh; (20%), e} (40) 347
NS
BuSn™ Sy THF, 60°, 1 h NBn
W
H g
Pd(OAc), (10%),
@ PPh; (20%), o) (38) 347
“ THF, 60°, 1 h NBn

Bu;Sn N
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TABLE XXXII. MULTI-STEP TRANSFORMATIONS INVOLVING DIRECT CROSS-COUPLING REACTIONS (Continued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
Pd(OAc), (10%),
s Ph PPhj (20%), 347
BusSn THE, 60°, | h
N
Ph I+ (46), LI =18
Pd(OAc), (10%), /
BU3SI’]CECPh PPh3 (20%), 347
THF, 60°, 1 h
C SCPh
PhC I+ (38),LII=1:1
Pd(OAc); (10%),
Me;SnSnMe; PPh; (20%), o) (80) 347
CH;CN, 80° 1 h NBn
SnMes
H
OBn
o
Br Bu3Sn O ,,\0 0 "\O
[ Pd(PPhs)4 (10%), BnO - (72) + 297
OH A A
BnO 0~ “Ph PhMe, reflux, 12 h o Ph
OTBDMS OBn rEDMS
#O\T‘ o \\
[0 G| a9
\ Y Y07 TrPhj
1
OTBDMS /2
Cn
Bn /
N 0 Pd(OAc); (10%), _
‘E ! I BusSn” X PPh; (20%). ELyNCl, =0 1+ 347
CHi3CN, 80°,4.5h i NBn Bn
H A
1+11 535, LII=1:6
’. AN
Pd(OAc), (10%), =
BuSnM PPh; (20%), Eu4NC], 01+ o 347
CH;CN. 80°,4.5h i NBn ‘ :Bn
H | /
I+ (35, k=12
Ca $OzPh PhO,S
O .y
1 E I Bu3SnSnBuy Pd(0), anisole, 100°, 16 h (48) 346
L) N
N
SOzPh SO,Ph
O
Bu3SaSnBus Pd(0), anisole, 124°, 17 h 346

I N
*50,Ph

SOzPh




929

129

TABLE XXXIII. MULTI-STEP TRANSFORMATIONS INVOLVING CARBONYLATIVE CROSS-COUPLING

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
G 1. Pd(CH3CN),Cly (83%), THF, 1t MeO,C.__COMe
PSS Me3SnR + Na~—<C02Me 2. malonate, Et;N, ~78 to -60°, 2 h 339
COMe 3.CO (15 psi), =30°, 2 h
4. stannane, -30°tort, 15-18 h
R (0] R
CH=CMe, (73)
2-furyl (63)
Ph (5)
C=CPh (65)
Cy [¢]
Et Cl Et
)z\( Bu3SnR CO (45 psi), BnPd(PPh3),Cl (5%), | 0 363
B o R dioxane, 50-100°, 16 h Et Z R
CH=CH, (60)
CH=CHCHj3; (65) stereochemistry not determined
3-furyl (80)
Ph 63)
CeHyCl-p (84)
CsHsOMe-p (80
i-PrO, Cl
)E( ﬂ CO (45 psi), BaPd(PPhs),Cl (5%), 363
o BusSn™ Ny dioxane, 50-100°, 16 h
o)
ipo M
Bu3SnPh CO (45 psi), BnPd(PPh;),Cl (5%), !! Y (60) 363
dioxane, 50-100°, 16 h Z > pn
0
Bu3Sn x ' i-PrO o
‘ CO (45 psi), BnPd(PPh3),Cl (5%}, ‘ (62) 363
= OMe dioxane, 50-100°, 16 h =
OMe
Cio COMe
COMe 1. Pd(CH;CN)2C12°(89%), malonate, NHCO,Bn
. NHCO,Bn Me;SnR  + Na—-<co Me EuN, THlf. -78°,2h MeQ,C 339
2 2.CO (15 psi), —20°,2 h R
3. stannane, -20° tort, 15-18 h
R (6]
CH=CH, (79
C=CMe (69)
CH=C(Me), (74)
2-furyl (59
2-thienyl (62)
Ph an
CeHyCl-p (59
C6H4M€~p (95)
Ce¢H4OMe-p (93)
(E)-CH=CHPh (72)
CO,Me
Me;Sn 1. Pd(CH;CN)»Cl; (89%), malonate, NHCO,Bn
\©\ + EtN, THE, -78°, 2 h MeO,C 0) 339
Bu-t 2.CO (15 psi), =20°, 2 h [0}
Na_<C02Me 3. stannane, —20° tort, 15-18 h
CO,Me
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TABLE XXXIII. MULTI-STEP TRANSFORMATIONS INVOLVING CARBONYLATIVE CROSS-COUPLING (Continued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
o~ -]
e BuSnR CO, PAOAC), (10%) \_~_R 355
" ’ ’ . e
S NN PPh; (20%), ELNCI iy T
i R PhMe, 100°, 15 h L~y °©
2-furyl (88)
2-pyridyl (83)
(E)-CH=CHPh 61)
BusSn—< CO, Pd(0AC); (10%), (52) 355
N PPh; (20%), Et4NCl,
SIEM PhMe, 100°, 15 h
C
11 Ph
)—\ 1. PA(PhCNY,Cl, (71%), 1t ]
N_ O Messn X + 2. malonate, EiN, 2.5 h MeO,C T 2 N\ﬂ/o (65) 339
/// T CO,Me 3. CO (15 psi), —78 to ~20°
0 Na—< 2 . 7 0
COMe 4. stannane, -20° to rt, 15-18 h
(6]
Ph
Ph‘ MCOZC !
/M 1. PA(PhCN),Cl; (71%), it
N_ O Messn™ X+ 2. malonate, E3N, 2.5 h MeO,C 1 NYO (68) 339
/// 71/ CO,Me 3. CO (15 psi), —78 to —20°
0 Na—< 2 . % o
CO,Me 4. stannane, -20° tort, 15-18 h
(6]
Ph
P MeO,C )_\
)—\ 1. PA(PhCN),Cl; (71%}), 1t
N 0 MesSn \,//J\\ + 2. malonate, Et3N, 2.5 h MeO,C u ‘;/N\F/O (76) 339
o P 3.CO (15 psi), 78 to ~20° R i
! Lunivie > v
o ‘\'3'{ 2 4. stapnane, —20° to1t, 15-18 h \‘/ \h/
CoMe I &
P!
Ph omeas e cmigs Me0,C —
o | 1. Pd(PhCN),Clp (71%), 1t 1 X \
_N__O MesSn A + 2. malonate, EGN, 2.5 b Mo TNANG O @) 39
1 e H-
J 3.C0 (15 psi), 78 to ~20° . 2000
o _CO,Me i I ~A~ O
Na o 4. stannane, -20°tort, 15-18 h T i
CO,Me S
Ph
P MeO,C H
)—\ 1. PA(PhCN),Cl, (71%), 1t g
N__O Me;SnC=CPh  + 2, malonate, EiN, 2.5 h MeO,C q = NWO (69) 339
/// \f( COMe 3. CO (15 psi), -78 to -20° PhCz o
o Na—< 4. stannane, -20° to tt, 15-18 h
COMe o
Ph
Ph MeO,C !
h 1. PA(PhCN),Cl, (71%), 1t } \
N__O Me;SnC=CPh  + 2. malonate, E3N, 2.5 h MeO,C T NYO (76) 339
/// g 3.CO (15 psi), -78 to —20° PhC=
COMe 3IC (6]
Y Na—< 4. stannane, -20° tort, 15-18 h il
CO,Me o
c, Ph cl o
)R( Bu3SnPh CO (45 psi), BnPd(PPh3),Cl (5%), o (78) 363
dioxane, 50-100°, 16 h |
o] 0
Ph A Ph
[¢]
BusSn .~ \HJ\O
BusSn . . . it I ) .
| CO (45 psi), BnPd(PPh3),Cl (5%), Ph = (76) 363
Z~OMe dioxane, 50-100°, 16 h
OMe
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TABLE XXXIII. MULTI-STEP TRANSFORMATIONS INVOLVING CARBONYLATIVE CROSS-COUPLING (Continued)

Substrate Stannane and Other Conditions Product(s) and Yield(s) (%) Refs.
Components
C, [¢]
n-Bu Cl n-Bu
M BusSnR CO (45 psi), BnPd(PPh3),Cl (5%), | 0 363
f o =
n-Bu o R dioxane, 50-100°, 16h n-Bu R
C(OEN=CH, (60)
3-furyl (72)
2-thienyl (72)
2-N-methylpyrryl (60)
Ph (86)
C6H4C!-p (60)
CeHsOMe-p (60)
Cie
1
RS 0o
[:E ] CO, Pd(OAc),; (10%), PPh; (20%), (71 355
NY BusSn” N7 EtNCI, PhMe, 100°, 15 h \ N
, 3
PhO,S PhO,S” N~
BU3Sn4(/\/© CO, Pd(OAc), (10%), PPh3 (20%), 355
N Et4NCl, PhMe, 100°, 15 h
/
SEM
Cyy
! o ™ 0o
| I B SHD CO, Pd(OAc), (10%), PPh; (20%), o (87) 355
~F Ny ? o EyNCH, PhMe, 100°, 15 N~ o
T Bi 0 /
Bn M
Bu3Sn NN Ph CO, Pd(OAc); (10%), PPhs (20%), (78) 355
Et,NCl, PhMe, 100°, 15 h
Bugsn® €O, P4(OAC); (10%), PPhy (20%), 355
N EtNCI, PhMe, 100°, 15 h
/
SEM
Ph Ph
)—( 1. PA(PhCN),Cly (71%), 1t
///NTO MesSn™ X+ 2. malonate, EuN, ~78°, 5 h 339
CO,Me 3. CO (15 psi), -78 to -20°
0 Na— 2 4 -20° 2
CO,Me . stannane, tort, 15-18h
1. PA(PhCN),Cl; (71%), 1t /1 )—(
MesSnC=CMe  + 2. malonate, EN, -78°, 5 h MeOLCT 2. N\I(O an 339
COMe 3. CO (15 psi), -78 to 20" MCCSC o
Na—< 4, stannane, ~20° tort, 15-18 h
COzMC
0
Ph  Ph
MBOZC
. PA(PhCN),Cl, (71%), 1t
Me;Sn\)\ + . malonate, Et3N, ~78°, 5 h 339

CO,Me
CO>Me

Na—<

. CO (15 psi), -78 to -20°
. stannane, -20° tort, 15-18 h

AW N -

AN b
MeO,C™ > (70)

i Y

s




TABLE XXXHI. MULTI-STEP TRANSFORMATIONS INVOLVING CARBONYLATIVE CROSS-COUPLING (Continued)

Substrate Stannane and Other Conditions Product(s) and Yietd(s) (%) Refs.
Components
Ph Ph
+-Bu0,C
1. PA(PhCN),Cl, (71%), it
Me3Sn \)\ + 2. malonate, Et3N, ~78°, 5 h EO,CT NYO (68-77) 339
3.CO (15 psi), -78 to ~20°
COsEt o o)
Na—< 4, stannane, -20° to 11, 15-18 h
CO,Bu-1
NS
1:1 diastereomers
Ph Ph
MeO,C
1. PA(PhCN),Cl, (71%), 1t €2 /‘—<
o Me;SnR  + 2. malonate, Et3N, -78°, 5 h MeO,C o " NWO 339
N 3..C0 (15 psi), ~78 to ~20°
COMe 0 o
Na—< 4. stannane, -20° to rt, 15-18 h
COzMe R
R
2-furyl (65)
2-thienyl (68)
Ph (37
CHClp 25
C5H4M5-p (69)
Ph Ph
MGOzC \ I
1. PA(PhCN),Cl, (71%), 1t | /Y
MesSnC=CPh  + 2. malonate, E;N, ~78°, 5 h MeOzC‘:; -, N TO 50) 339
COMe 3. CO (15 psi), -78 to 20 PhCSC 0
Na—< 4. stannane, -20° to t, 15-18 h
CO,Me o
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