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The Synthesis and Properties of 
6-Bromoindigo: Indigo Blue or Tyrian Purple? 
The Effect of Physical State on the Colours of 
Indigo and Bromoindigos 
Christopher Cooksey 

Introduction 

The extensive investigatio ns o f Fri edlander in 
the early yea rs of the 20th cenrury resulted in the 
elucidation of rhe che111i ca l consrituri on o f th e 
majo r component o f shellfish purpl e as being 
6,6'-d ib romoindigo (fo r structures, see Fig. 
14 . 1 ). 1 T he in vestigatio ns also suggested the 
presencc in rhc dye fro 111 Murex brandaris (i. e. 
Bolinus brandaris L.) of a si111il arl y coloured 
co 111 poncnt, 111 ore solubl e than 6,6 '-dibro1110-
indigo, bu t which conrain ed less bro111ine and 
gave a much bluer shade. This 111in or co111ponent 
is not indi go, although indigo is a co111ponent of 
the dye obtainecl fro111 so 111 e other species, e.g., 
Murex tm 11c11/11s (i.e. Hexaplex trunculus L.) , 
wherc cl iffc rent, no n-bro111inated precursors of 
rhe dyc lead to appreciabl e a111 ounrs of indigo in 
the final product. Nor sho uld the 111inor co111po­
nenr be confused with the transitory blue col­
ours that arc observed during the phoroche111ica l 
development o f the purpl e col our fro111 the pre­
cu rsors in the shellfi sh, although this is another 
ropic considered here. Because o f the origin and 
the properri es o f th e minor component, it 
seemecl likcly that it was a mo nobromoindi go, 
bur rhi s was not established until modern instru-
111enration hacl evolved enough to observe and 
detect ve ry small a 111 ounts o f materi al. ln 1923, 
Chri stoph er lngold wrote 'The tedium and un­
pl easanrn css assoc iated with the dissecti on of 

thousands o f molluscs necessary in o rder to 
obtain enough colouring marrer to work with is, 
however, bound to turn as ide any but the 111 ost 
deter111in ed investigarors'. 2 H e was referring to 
th e 111 ajor co111ponent of shellfish purpl e, 6,6'­
dibrom oindigo. 

A product of the photodebrominati on of 
/euco-6,6 '-dibro111 o indigo, 6-bromoindigo was 
observed in 1990 by McGovern and Michel 
using mass spectrometry.3 Using this techniqu e, 
indigo, 6-bromoindigo and 6,6'-dibromoindigo 
are cl earl y di stinguishabl e since they show, 

6,6'-dibromoindigo, R, =R2=Br 

Figure 14.1 The srrucrure o f indigo and bro mo­
indigo. 
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respecri ve ly, a single peak at m/e 2 62, two peaks 
at m/e 340 and 342, and three peaks at m/e 4 '18 , 
4 20 and 422. ln the fo ll owing yea r, Wo ute rs and 
Verhecken reported the detection and th e ultra­
viol et (UV)/vi sibl e abso rptio n spectrum o f 6 -
bro mo indigo, contai ned in th e dye fr o m Murex 
trunculus.4 Much ea rli e r, in 1942, it had been 
obse rved that /euco-6,6'-dibromo indigo was 
ph otodebro minated by sunlight, giving /euco­
indigo, which o n ae ri al ox idation gave indigo. 5 

Thi s property has been used as a qua litati ve test 
fo r 6,6'-dibro mo indigo in shellfi sh purpl e." lt is 
highl y p roba bl e that 6-brom o indigo was 
obtained as an intermed iate at that rime, but was 
not recognised . 

The re is no pu blished synth es is of 6 -
bromoindigo, nor have the properti es o f the pure 
materi a l been described. T he synthesis of 6 ,6'­
dib ro mo indigo has been desc ribed ;7 the sy nthe­
sis and p ro perti es of 6 ,6'-dibromo indirubin, 
ano ther min o r com ponent obse rved in she llfi sh 
purple, have also been d esc ribed recentl y. 8 This 
paper d escribes the sy nthes is, cha racteri sa ti o n 
and pro pe rri es of 6 -b ro mo indigo. 

The ava il ability o f pure 6-brom o indigo cou Id 
confirm previous in vestigatio ns, based o n 
experiments w ith a kn own mi xture o f bro mo­
indigos, which suggested that it d yed wool 
purp le. 9 T his has been con firmed fo r dye ings a t 
high concentrati o n, but at low concentrati on the 
co lo ur is fo und to be blue. This blue-purple 
behav io ur is remini scent of the co lour changes 
that occur du ring the deve lo pment o f the purple 
colo ur w hen the hypobranchial gland mate ri a l is 
exposed to sunlight. Ano the r, appa rentl y unex­
plained, obse rva tio n is that, altho ugh in solutio n 
a il th ree com poun ds under di scussion he re a re 
blue, it is o nl y the bro mo indigos which give a 
purpl e co lo ur w he n used as a dye o n woo l. 
T hese rwo obse rva tio ns a re a lmost ce rtai nl y 
linked and an explanati o n o f thi s pheno meno n 
can be fou nd fr o m th e a rrange ment of the 
mo lecules in the so l id state o f these indigo co m­
po unds. The identity o f the min o r compo nents, 
6-bro moi ndigo and 6,6'-dib romo indirubin , in 
the p roduct obta in ed fro m N ucella !api/lus can 
now be di rectl y con firmed by high-per fo rmance 
liquid chro matograph y (HPLC) . 
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Synthesis of 6-bromoindigo 

Ail the published sy ntheses o f 6,6'-
dibrom o indigo re ly on th e ox idative 
dime ri sa ti o n o f an inte rmedia te radi ca l ani o n of 
indoxyl, o r o n th e conve rsio n o f ano the r 6,6'­
disubstituted indigo, fo r ex:1 mplc, the 6 ,6'­
diamino indigo into the dib ro mo co mpo und . 10 

Th e reacti o ns most eas il y ac hi eved in t he b bo­
ratory a re th e co nde ns:1ti o n of 2-nitrobcnz­
aldehyd es with acctone; thi s ea rl y ( 1882) 
industri a l synthes is w :1s published by Baeye r and 
Drewson. 11 A mo re recent :1lte rn :1 ti ve is t he use 
of ni t romethane in p lace o f Jceto ne. 12 T he use 
of two differentl y substitutecl precurso rs, fo r 
exampl e ind oxy l and N-me th ylincloxy l, leads ro 
a J :2: 1 mix ture o f indi go , N -meth ylindi go and 
N ,N '-clim eth ylindigo, fr o m w hi ch the un sym­
metri ca l product, N-meth ylindigo, can be sepa­
rated since th ese products have di ffe rent 
so lubiliti es . u With most o the r unsy mm etr ica l 
products, thi s method o f sepa ra ti o n c rnnot be 
used beca use th e indigos are a lm ost inso lu ble in 
co ld so lvents. An alternati ve coupling react ion 
o f 2-chl o roindo lo nes and ind oxy l, fo r exam ple 
th at repo rted for the pre pa ra ti o n of 5, 7-
dib ro mo indigo, 14 would ap pear to be limi tecl by 
the repo rted inaccess ibility o f th e requ ircd 2-
chloroindo lo nes . 15 lt has been fo und , howcver, 
that the use of chlorobe nzene as a hi gh boiling 
unreacti ve so l vent to prepare 2-chl o roindo lo nes 
does ac hi eve mode rate success, contra ry ro ear­
li er negative repo rts. Th e synthes is of 6-
bromo indigo is pe rformed by reacnng 
6-brom o isa tin , readil y availabl e by a publi shed 
route, 11' w ith ph ospho ru s(V) chl o ri dc 111 

chl orobenze ne to g1ve 6-bro mo-2-chl oro­
ind o lo ne, as shown in Figure 14.2. Aftc r cool­
ing, comm ercia ll y ava il able O-ace tylindox yl is 
addecl to generate incl oxy l i11 situ by hyd ro lysis 
in the acid medium. Afte r the reactio n is com­
p lete, the crude p rocluct is filtered and washed 
with ethano l to remove colo ured im puri t ies. 
Fina ll y, rec rysta lli sa ti o n fro m eth yl be nzoate 
gives the pure proclucr as black cryst :1 ls w ith a 
coppery lu stre. The reacti o n is succcssful for ail 
fo ur monobromo incligos and full dct :1 il s of the 
o the r isomers are ava il able e lsewhe re. 1- lt sccms 
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Figure 14.2 The sy nrh esis of 6-bromoindigo. 

likely rhar rhis is a gene ral reacrion rhar cou Id be 
used ro prepare a variery of unsymmerrical 
indigos. 

Properties of 6-bromoindigo 

Sorne characrcrisrics of 6-bromoindigo have 
prev iously been reporred from rhe observation 
of mixtures. These include H PLC rerenrion 
rime, tx UV-visible absorption maxima 111 

solution, 1'
1 mass specrrum 20 and rhin-layer chro­

marography (TLC) 21 of the rrifluoroacetyl 
derivarives. The uriliry of trifluoroaceryl d eriva-

rives for the identifica tion of indigo by mass 
spectrometry has been reported. 22 These deriva­
tives are also useful for the observation of I H 
NMR spectra of indigos, which are generally too 
insoluble ro a ll ow direct measurement. The I H 
NMR spectrum of N,N'-bis(trifluoroacetyl)-6-
bromoindigo (Fig. 14.3 ) shows ail expected 7 
peaks and, as predicred, would be virtually indis­
tinguishable from the spectrum of a 1: 1 mixture 
of indigo and 6,6'-dibromoindigo, as shown in 
Table 14.1. 

The mass spectrum of this 1: 1 mixture 
wou ld , however, be entire ly different. 

The infrared (IR) spectrum of 6-bromoindigo 
in the characteristic bond stretching regions is 
generally simi lar to those of indigo and 6,6'-

Table 14.1 11-1 NM R chc,nica l shifts (and couplings) of 
N,N'-bis(rrifluoroaccryl) dcrivarives of indigo, 6-bromo­
indigo and 6,6'-dibromoindigo in CDCI ,. 

Proron Indigo 

1-14 
1-15 
1-1 6 
1--1 7 
1--14 ' 
1-15' 
1--1 6' 
1--1 7' 

7.89d (7.6) 
7.4 1 r (7.5 ) 
7.78 r (8.3) 
8.0Jd (8.J) 

6-Bromoindigo 6,6'-Dibromoindigo 

7.75d (8. 1) 
7.56dd (8. 1, 1.4) 

8.Jüd ( 1.2) 
7.95d (7.7) 
7.42r (7.4) 

7.79rd (7.4, 1.3) 
8.06d (8.4) 

7.75 d (8.J) 
7.56dd (8. 1, 1.5) 

8.28d ( 1.3) 

C'? CO CD CO C.OMO r---. c.cN- r--.,;;t-O)C\J '<:;f'" en r--. N Ln M CO ..;;t- CO 
0 C) ,-... 'St NN O Ol N NO Ol Cl CD 'St CO r--.. Ln Ln l.t'.ll.t'.l NO CO 

"'~ ~ 0 ~~ ~ ~ cq cq cq r----: r---: r---: r---: ~~~~ 'St 'St -st. 'St N 
CO CO CO CO r--..r--.r-..r-..r--.r-..r--..r---.r---.r---.r-... r--,.. r--.. r--,.. r--.. r-...r--.. r--.r---. ,-... 

\/ 1 r ~\\ ~\~) \ 11/ \1 II 1 

1 1 

\J 
8 4 8 3 8 2 8 1 8 0 7 9 7 8 7 7 7 6 7 5 7 4 7 3 ppm 

Figure 14.3 1 H NMR specrrum of N,N'-bis(rrifluoroaceryl)-6-bromoindigo in CDCl 1. 

99 



DYES IN H ISTORY AND ARC H AEOLOGY 

indigo 

6-brnmoindigo 

,., dibromoin cl igo ~ 

0.5 

0.--1 

O.J è · 
·,; 

~ 
0.2 ë 

0. 1 

---,-------,--------r-----+ 0 

1100 1000 900 800 

Figure 14.4 Raman specrra of indi go and bro rn o­
incli gos. 

di bromoind igo, as shown in Tabl e 14.2. ln the 
Raman spectrum, the stro ngest peak is the C=C 
stre tching frequ ency of l578 cm- i, ve ry simila r 
to that o f indigo (1 579 cm- 1

) and 6,6'­
dib ro mo ind igo (1 582 cm- 1

) , and where absorp­
tio ns are du e to the benzene C-H in plane 
vib ratio ns, peaks corresponding to each o f the 
brominated and 11 011-bro minated rings are 
fo und , as illustrated in Figure 14.4. 

T he visibl e abso rptio n spectru m is of consid­
erable inrerest, since these compo unds are 
hi ghl y co lo ured . ln so lutio n, indigo and the 
bromoi ndigos are ail blu e, with a sli ght shift to 

a sho rte r wave length caused by the repl ace ment 
of hyd rogen o n the ring w ith bro min e, but thi s 
makes no perceptibl e di ffe rence to th e co lo ur. 
T he abso rpti o n spectrum of 6-bro mo indigo in 
tetrachl oroethane is sho wn in Figure 14.5 and 
shows a shift to a sho rte r wave length (À.,

11
_
1

, 

60 1 11111) compared to that in aqueous methano l 
(À 606nm; compare indigo: À. 6 13 nm and 
6,(?di bro moi ndigo: À. 6 00 111~YY 

ltl ,l X 

By analogy with indigo, 6-bro mo indigo is 
expected to show a considerable vari ati o n o f "-imx 
w ith so lvent, but thi s was no t in vesti ga ted here . 

Table 14.2 lnfrared band maxima (v cm- 1, KBr) of 

indigos. 

Bon d stretch H 6- Br 6,6' -Br2 

N- H 3254w 3 2 7 1w 3 28 l w 

C = O 1628111 1627s 

1628 vs 16 1 0vs l 606vs 

16 14s 1609s 

1608s 

100 

N oteworthy is th e low intensity absorption 
visibl e at abo ut 700 nm in Figure 14.5 w hich for 
indigo has recentl y been ass igned to a d imer, 
which can become the p red o minanr specics in 
so lutio n a t low tempera tures and high conccn­
tra ti o ns.24 T he ex istence of a di mer in so lution 
is highl y re levant if spectrophotometry is to be 
used for the q uantitati ve estimatio n o f indigos in 
so luti o n. 

1. 2 

~- li. X 

l 0 .6 

0 .-1 

11 .2 

() 

-11111 :\1111 61)() 

À/ 11111 

7110 XI II ) 

Figure 14.5 Visi bl e specrru m of 6-hro moindigo 111 

rcrrach loroerha ne. 

Sorne o ld samples o f shellfi sh-d yed fab ri c have 
a high (5 1 %) 6-bromo indigo content, but the rca­
son fo r thi s is unkn own.2' T he colo ur of fabric 
dyed with 6-bro mo indigo has been ded uccd to be 
purple fr o m an obse rvatio n of the colours 
obta ined with kno wn mi xtures of indi go, 6-
bro mo indigo and 6,6'-d ib ro mo indigo. 26 The 
colo urs obta ined w hen pure 6-bro moi nd igo is 
used to d ye wool a re shown as re fl ecta nce spec­
tra in Figure 14.6, a lo ng w ith, fo r comparison, 
those o f indi go and 6,6 '-clib ro mo indigo, w hich 
are ve ry simila r to those previous ly publi shed. 2-

T hese resu lts show th at at low concentration the 
co lour obta ined is blue and at high concentration, 
purp le. An identi ca l resu lt was o bscrved w hen 
6 ,6'-dibrom o indigo was used to d ye sil k. ln add i­
ti o n, it was o bse rved th at so me freshl y prepared 
sampl es were blue, but w ith rime (an hour or two) 
beca me purple. T his behav io ur is very reminis­
cent o f the co lo ur changes w hich eve ry o bserver 
no tes when sta ining fabri c with th e hypo­
branchial g land o f she llfi sh, as W illi am Cole 
( 168 4) described : 

and ex posed to 1100 11 sun in wi nte r or an hour 
o r two afte r sunri se in summer ... nex t to the 
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Figure 14.6 Rdlccr:rncc specrra of wool dyed wirh (a) 
6,6'-dihromoind igo, (b) 6-bro moindigo ar di ffc rcnr 
conccnrrarions :1nd (c) indigo. 

firsr li ght green, it will appear of a deep green, 
and in a fc w minutes change into a full Sea 
green ; afte r which in a fe w minutes mo re, it 
w ill a lter in to a Wa tchet bl ew; fro m that in a 
littlc rime mo re, it will be o f a Purplish red , 
afte r w hi ch lyi ng fo r an ho ur o r two, (suppos­
ing the sun still shining) it w ill be o f a ve ry 
deep p urp le red , beyond w hich the sun can 
do no more. Is 

T he co lo ur changes c rn be related ro the 
fo rm atio n of interm ediates in the tran sfo rma­
tio n of 6-bro mo-O-ind oxy l sul fa te (co lo url ess) 
to 6,6'-dib ro mo indigo (purpl e) by the acti o n o f 
ligh t, oxygen and e nzymes, as desc ribed e lse­
w he re .29 W hil e a di stinct blue inte rmediate o f 
un known co m pos iti o n has been postulated thi s 
seems unli ke ly. Hl T he blue co lo ur is due to 6,6'­
d ib ro mo indigo, so lva ted as if it was in so luti o n, 
be fo re t he mo lecu les have been abl e to assoc ia te 
in ro d ime rs o r highe r po lymers. 

Solid state structures 

Th e locati o n of atoms in a mo lecule and o f 
molcculcs in a crystal can be d ete rmin ed by 
X- ra y crysrall ograph y. ln the earl y d ays the 
stru cture of indigo was written in the cis­
con figurari o n . ln 1926, the t ra11s-confi gurati o n 
was rh o ught mo re like ly, but evidence was no t 
ava il ablc until later. 3 1 The mo lecules in so lid 

6,6'-dibromo indigo are a rranged in the crystal 
so that each mo lecule is attached by hyd rogen 
bo nds to four o ther mo lecules as shown in Fig­
ure 14.7 .32 

The re lative o ri entati o n o f the mo lecules is 
dete rmined by the requirements for the form a­
tion of hydroge n bo nds between the NH gro up 
o f one mo lecule and the ca rbonyl group o f 
ano ther. The a rrange ment o f the mo lecul es in 
the crystal s o f indigo and 6,6'-dibro mo indigo 
a re found to be ve ry simil a r, differing signi fi­
cantl y o nl y in the di stance apa rt o f co rrespo nd ­
ing a to ms in the pa ra ll e l benze ne rings: in 
6,6'-dibrom o indi go the di stance is shorte r 
(4. 840 Â) than that in indigo (5 .770 Â). ln o rde r 
to re late these differences in the sol id state struc­
tures to the col o urs o f these substances, ca lcula ­
rions are required to estima te the relati ve energy 
levels in the respecti ve systems. Until recentl y, 
these ca lcul ati o ns have onl y been possibl e fo r 
small mo lecules due to th e high computa ti ona l 
speed and la rge memo ry requirements. T he 
recent adva nces in computing power pe rmit 
ca lculati o ns fo r la rge r molecules and estimati ons 
o f properti es suc!, as electron density, hea ts o f 
form ation and IR and UV spectra. Examples of 
suc!, program packages a re G a ussian97 
(www.gaussian.com) , MOPAC (www.fujitsu. 
co rn) and H yperchem (www. hype rch em.com). 
lt is no t yet poss ible to ca lculate with abso lure 
accuracy the visibl e abso rpti o n max ima o f 
mo lecules o f the size o f indigo, but changes in 
the abso rpti o n max ima, w hich result fr o m 

l 
\ ) 

Figure 14 . 7 The X- ray crysral srrucrure of 6,6'­
dibromoindigo molecules. 

101 



OYES IN HISTORY AND ARC H AEOLOGY 

molecu lar changes, are more reliabl y predicted . 
Monahan and Kuder in 1972 used semi­

empirical MO (mol ecular orbital) calculations to 
predict correctl y the change in wavelength of the 
maximum absorption of indigo in gas, so lution 
and so lid phases.11 ln o ur calculations with the 
Hyperchem package, MM+ was used for geom­
etry optimisation and PM3 for semi-empirical 
calculations leading to a calculated À.

11
1.1, · Three 

types of indigo molecules were investiga ted : a 
gas phase molecule; a so lvated molecule in 
which water was hydrogen bonded to each of 
the NH and carbonyl groups; and , thirdly, a 
mol ecule which had two o ther indigo molecules 
hydrogen bonded to it, using parameters 
obtained from the X-ray structures. Although 
sol vent molecules were omitted in thi s trimer, to 

keep the calculation rime within reasonable 
limits, this type of structure could represent the 
situation in dyed wool, i.e. , one molecule is 
attached to the wool protein by the NH and 
carbo nyl groups on o ne sicle of the molecul e, 
leaving those on the other sicle of the molecule 
to form hydrogen bonds with two other indigo 
mol ecules. The results showed quite good 
correlatio n with obse rvation, as shown in Table 
14.3. 

If, now, the two parall el rings are constrained 
to be the di stance apa rt which is found in 6,6'­
dibromoindigo rather than indigo, the ca lcula-

Tabl e 14.3 Calculated and ex perimenral visibl e absorp­
tion 111 axi 111 a fo r indigo. 

Compound State Ca le. Ex pcrimcnral 
À rn.1/ 11111 À 111.1/ 11111 

Indigo Gas phase 582 546 (320 °C}', 
539 (385 °C)1' 

Indigo So lvared (water) 605 605 (CHCl,)1' 
6 13 (DMF) ' 

Indigo H-bonde(j trimer 
(d = 5. 77 A) 

558,54 1 

Indigo H-bondecj tri mer 
(d = 4.84 A) 

554,522 

a. Sad le r, 1~ W ( 1956) 'Absorption spectra of lndigo id Dyes', 
}011mal of Orgallic Che/Jlistry 2 1, 3, pp. 3 16- 19. 
b. Haucke, G. and Graness, G. ( 1995) 'Thermal lsomeri za­
rion of Indigo', Allgewalld!e Che111ie lll!emaliollal Editioll 
Ellglis/J 34, 1, pp. 67-8. 
c. Koren, Z. C. ( 1993) ' Methods of dye am lysis used at 
Shenkar College Edel stein Center in Israe l' , Oyes ill Hislory 
{1//d Archaeology 1 1, pp. 25-33. 
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Figure 14.8 The re flectan cc spccrrum of 6-
bromoindigo, showi ng rh e ohscrvcd and calcuLired 
(the top rwo) specrra. The fivc lowcr spccrra arc c 1l ­
culared from Ga ussian curv es w irh À 384, 520, 
577, 632 and 662 11111 . "'·" 

tion results in a shift (\
11

." 541 • 522) towards 
the red, as is found experim entall y. On inspec­
tion of the re fl ectance spectra, it can be scen that 
the peaks are much broader than th ose found in 
so lution spectra. This is a rcsult of more than a 
single species being present: for examp le, 
mo lecules cou Id be present as mon o mers (b lue), 
o r associated with one or more other mol ecules 
to form dimers and trimcrs and so fort h. 
Calculations which assume a number of 
Gaussian-shaped absorptio ns give a good fit to 

the ex perimental curve as shown in Figure 14.8. 
Ir is likely that 6-bromoindigo also for ms 

closely associated structures like 6,6'­
dibromoindigo and it is predicted that the struc­
ture in the so lid state would show the two 
bromine atoms in adjacent mo lecu les close 
together rath er than far apart, but with lower 
stability, there being only one site of attraction 
rather than two. The origin of the ~lttraction 
between the two parall e l rings is the van der 
Waa ls attraction of the two bromine atoms 
which brings the rings closer togerher. 

Conclusion 

The first synthesis of 6-bromoindigo is repo rted 
and the properties are described . Th e purple 
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colour ofTyrian purple probably arises from the 
closer stacking of the molecules compared to 

those of indigo, the situation being caused by 
van der Waals attraction between the bromine 
aroms. 

Experimental 

Spectroscopie data were obtained as described. 3-1 

6-Bromoindigo 
A mixture of 6-bromoisatin (1.0 g, 4.4 11111101) 
and PCl 5 (LO g, 4.8 11111101) in chlorobenzene 
(30 cm 3 ) was heated under N 7 at 98-102 °C for 
4 h. After cooling the soluti;n, O-acetylindole 
(716 mg, 4.2 11111101) was added and the mixture 
was allowed to stand overnight. The violet reac­
tion mixture was diluted with ethanol (30 cm 3), 

filtered, and the residue washed with ethanol 
(2 X 30 cm1) to give a dark blue sol id which was 
recrystallised from ethyl benzoate (100 cm 3) to 
give a black sol id with a copper lustre (282 mg, 
20% yield). 

Elemental analysis 
Found % C 56.5, 0/oH 2.5, 0/oN 7.9, %Br 23.4; 
calculated for cl 6HYBrN 2O 2, %C 56.3, 0/oH 2.7, 
0/oN 8.2, % Br 23.4. 

IR (see Table 14.2), Raman (see text and Figure 
14.4). 

MS, 342( 100), 340(97), 3 14(9), 312(9), 
262(17), 233(1 l), 205(27). 

N,N'-bis-trif!uoroacetyl derivatives 
The bromoindigo (10-15 mg) was held un der 
reflux with chloroform (2 cm 3) and trifluoro­
acetic anhydride (2 cm 3) until the initial violet 
solution became orange. Complete evaporation 
gave a brown solid that was then immediately 
dissolved in chloroform-d and the NMR spec­
trum recorded immediately. 

Dyeing of wool 
A solution of NaOH (l g) and Na2S2O-1 (1 g) in 
water (200 cm') was heated to 50 ± 2 °C. Natu-

rai wool (3 g, Fibrecrafts Ltd.) was soaked in 
water containing 1 % 0.880 aqueous ammonia 
containing detergent (1 drop). A sample of 
indigo or bromoindigo (0.1 1111110!) was ground 
up in an agate mortar and transferred to the 
alkaline sodium dithionite solution with the aid 
of tetrahydrofuran (15 cm 3). When reduction 
had occurred (10-15 mins), the pH was reduced 
by the addition of NH 4CI (4 g) and the wool 
added to the solution and allowed to stand for 
15 minutes. The wool was then rernoved from 
the solution, allowed to stand in the air for 0.5 
h, soaked in 1 % acetic acid, and left to dry. 

Editor's note 

This paper was presented at the 17th Meeting of 
Dyes in History and Archaeology, Greenwich, 
London, 1998. Address for correspondence: 59 
Swiss Avenue, Watford, Herts. WD18 7LL. Pa­
per received 3 February 1999. 
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