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A REVISED STRUCTURE OF TYRIVERDIN
THE PRECURSOR OF TYRIAN PURPLE'
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obtained from synthetic and naturally derived samples. Mode! studies with indigotin, the debromoanalogue, are
described and it is shown that the hight induced transformatioas of precursors to pigments are chain reactions.

The art of dyeing with Tyrian purple dates back several
thousand years.? Although numerous papers dealing with
the occurrence, cultural history and chemistry of this
pigment have appeared, there are still several questions
that need clarification. Not even the ethymology of the
word purple is fully clarified.’t

Until recently the occurrence of Tyrian purple was
entirely connected to the genera Murex of the families
Muricidae and Thaisidae, since some of the members of
these gastropod molluscs concentrate precursors of
Tyrian purple in their hypobranchial glands. It is thus of
tEngtish purple is derived from Latin purpura, which in turn is
derived from Greek wopddpa (porphfTa was prooousced
porphira in the oldest times). The derivation of swopdepa is
unknown, it may not even be related 10 wopésipw (porpbfTo: to
be in a state of unrest: used about the sea), since the meaning of
the two words is different. The two words have, however,
interacted 30 that the meaning of sopdépw in later times
becomes “to be purple coloured™ in analogy with the meaning of
wopédpa: purple-moliusc, purple coloured. It has been suggested
that the Greek word originates from the Indo-European bbarb-
m;m.rﬁpmwhwwmﬁu.m
terpretatioo of jarbhur in jabrbhuriti caﬁ (to move

violeaty or rapidly, used about fire). The word dhumrs

E(R means smoke coloared, reddish, purple coloured, but
this word could aot have evotved to wopéeipe. Thu- no relation
wSmhhmumnlbeuubﬁsbd.(Pmmﬂm-
mmﬁonlrgnho{.ﬂ.ﬂmmlmﬁnneo{hdhn
Philology, University of Copenhagen).

considerable interest that Tyrian purple bas now been
identified in a hemichordate Phychodera flava laysanica
Spengel.*

The chemical investigation of the generation of Tyrian
purple was given a firm basis about 70 years ago by
Friedlinder's proof of the structure being 6.6'-
dibromoindigotin® (we are at present investigating the
stereochemistry, which has never been clarified). The
pext break-through came with the work of Baker et al**
vhoidenﬁﬂedthepteamptmnthmehypobnnchpl
giands of Dicathais orbita Gmelin as the anion of tyrin-
doxyl sulfate® (1). The counter cation was identified in D.
orbita and Mancinella keineri Deshayes as choline and
choline esters.” An enzyme catalyzed reaction gives rise
to tyrindoxyl (2), which in turn was believed to be
oxidized to the cormresponding indoline-one (3).
Compounds 2 and 3 were believed to form a “quin-
hydrone” type complex, ie. tyriverdin, the immediate
precursor of Tyrian purple.?

In a previous communication' we proposed the struc-
ture of tyriverdin to be 4. Our preference for & was
based mainly on model experiments with indigotin
derivatives.

In the case of the indigotin derivatives, the anhydro-
compound 7a could be obtained directly from com-
mercial indigotin (Sa) by PbO, oxidation.” Base catalyzed
addition of methanethiol gave a fair yield of the unstable
green compound 4e. Tyrian purple (5b) is not com-
mercially available, but was synthesized from 4-bromo-2-
nitrobenzaldehyde (8) by a modified literature proce-
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dure.'® We found the aldol condensation product 9 as an
isolable intermediate in the synthesis of 5b. Oxidation of
$ with PbO, gave virtually no yield of 7», whereas in
the presence of acetic acid compound 6d could be
obtained by PbO, oxidation of 5» but only in low yield.
Finally, a fair vield of 60 was obtained by KMnO,
ondmonof&b."[‘bemhydroeompoundn
smoothly obtained by pyridine catalyzed etumnmon
from 6. As in the case of the indigotin model, T could
be induced (triethy] amine catalyzed, solvent chloroform)
to add methanethiol, thereby forming the green coloured
4b. These reactions, however, are solvent dependent, i.e.
changing the solvent from chloroform to ethyl ether gave
rise to a mixture of at least two compounds (4a, 4a', b
&), one of which is the same as the one formed in
chloroform (4a, 4b). The products are very closely
related judging from spectral evidence (Table 1), but also
from the fact that both of them on irradiation form
purpie (or indigotin). The most straightforward explana-
tion is that since 4 possesses two chiral centers, three
stereoisomers may be formed, namely a meso form and a
d.}-pair.

The main reason for the rejection of the formulation
ObyB:kumthe:bteoceofmolecuhrmmthe
mass spectrum of tyriverdin.® We have shown, however,
that field desorption/field ionization mass spectrometry
produces molecular ions of 4b as well as of 4a, which is
not the case with conventional electron impact mass
spectra. From Tabie 1 it is seen that the 'HMR spectrum
of 46 is virtually identical with that of an authentic
sample of tyriverdin'' and we thus conclude that 4b is
the structure of tyriverdin. Whether tyriverdin is a single
stereoisomer or a mixture of stereoisomers has to await
further clarification.

As pointed out earlier,! the light-induced trans-
formation of 4a to indigotin is a very efficient process.
We have measured the quantum efficiency and have
found a value of 4.95+0.25 in deoxygenated chloroform.
Due to the low solubility of 4b and $b we were not able
to perform similar experiments with this compound, but
judging from qualitative observations of the reaction we
believe that the quantum efficiency is at least as high or
higher in the latter reaction. This high quantum yield is
indicative of a chain reaction.

All available evidence indicates that Tyrian purple
produced from molluscs is an artefact formed from
precursors in the hypobranchial glands. However, Tyrian
purple from P. flava laysanica Spengel is apparently not
an artefact.® It is interesting that oaly animals from
certain locations cootain the pigment.’’ The latter
observation still leaves a lot of unanswered questions
about the biochemical and ecological significance of this
type of compound.

EXPERIMENTAL
IR spectra were recorded using a Perkin Elmer Infrared Spec-
trophotometer 580. 'H NMR spectrs were obtained from a
Bruker HX 270 and Varian T-60A NMR Spectrometer. Micro-
analyses were carried out by Mr. P. Hansen and his staff.

2.2-Bis(methytthioYindigotin (4a)
Treatment of a shurry of 7a (200mg) 8 CHQ, (Smd)
cootaining two drops triethylamine with an excess gaseous
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methanethiol at room temp. led to immediate
mixture was left for 15 min at room temp. followed by filtration.
The remanence was treated with dieth
(200 mg) 4a. (Found: C, 60.05; H, 4.
CisHiN{0:S;: C, 60.64; H, 4.53; N,
instability of the product this preparation was used without
further purification.

H-NMR data are presented in Table 1.

If the CHCl, was replaced by diethylether as reaction medium
4a was formed in addition to a product of similar chemical
composition and reactivity (4a).

(d.)4- Hydroxy-4{4-bromo-2-nitrophenyl)-buten-2-one

To a stired sola of 4-bromo-2-nitrobenzaldchyde (2g) m
acetooe (20 ml) and water (10 ml) was added 2N NoOH (3 ml).
Traces of S formed on stiring for 24 hr were removed by
fitration. Filtratioa of the diluted mixture (100 ml water added)
left 40% (1 g) of pale browa crystals, recrystallizatios from water
yielded 9 as coloariess crystals, m.p. 104-5°. Dilute NaOH aq
coaverted 9 to . (Found: C, 41.76; H, 3.67; N, 4.85; Br, 27.55.
Calc. for CyoH ,OBr: C, 41.70; H, 3.51; N, 4.86; Br, 27.75%).

'H NMR (CDCl,, 60 MHz): 8 2.1 (3H, 3), 28 (1H,d ] 9H2),
29(1H.dJ3Hz), 42 (1 H, s broad), 5.6 (1 H.qJ, 9H2 ], 3H2).
73-8.1 3 H. m. aromatic protoas). El: MS showed so molecular
ioo but M*-18 (m/e 270) could be recognized.

6.5'-Dibromoindigotin

To a soln of 4-bromo-2-nitrobeazaldehyde (20.0g) in water
(1000 ml) and acetone (300ml) was added 2N NaOH (2ml
portions) at such a rate that pH wzs kept >10 (in total 50 mi).
The mixture was kept overnight at room temp. followed by
filtration yielding 7.5 g (42%) violet crystals. Washing with water
folowed by acetone gave pure S8 (Found: C, 45.65; H, 1.84; N,
6.43. Calc. for C, HeBr;N,Oy: C, 45.74; H, 1.92; N, 6.67%).

2.7-Diacetoxy-6.6"-dibromoindigotin (69)

To a stirved shurry of S (1.6g) in giacial AcCOH (20 ml) was
added, at 90, KM=O, (0.4 g). Stirring for 2 hr at 80° gave a yellow
(mwmhtwn-ydbv).mmﬁonfwby

with glacial AcOH (20 ml) and water (100 ml) gave rise
toa )nddolm (1.4g) &. The product comsisting of yeSow
crym.lsdwtmnw m.p. 355° (dec). (Found: C, 44.52; H,
293; N, Calc. for CaH Br;N/Og C, 44.65; H, 263; N,

}!

produced a red-brown soln, which upon cooling in ice pre-
cipitated red-brown crystals. Filtration followed by treatment
with diethyl ether yielded 7% (0.6g), mp. ca. 310° (dec.).
(Found C, 4595; H, 1.62; N, 6.37, Br, 3%6.40. Cak. for
CiHoBriN;Oy. C, 45.95: H, 1.20; N, 6.70; Br, 38.23%).

2.2-Bis(methylthio)-6 6 -dibromoindigotin (4b)

Treatment of a skarry of 7 (100 mg) in CHCl, (5 ml) containing
2 drops of EtN, with an excess gascous methanethiol at room
temp. lod to immediate reaction. The mixture was left for 15 min
st room temp. followed by filtration. The filtrate was discarded
and the remaneace extracted several times with CHC), (in total
300 ml), which oo evaporation left a yield of 48% (60 mg) light
greee sobid. (Fousd: C, 42.00; H, 2.78; N, 5.64; S, 12.34; Br,
31.95. Calke. for CigH,BrsNy0O:Sy: C, 42.04; H, 2.74; N, 5.45; S,
1248, mmxmmwt«m:yﬁv«dm
mCtlJHHNS‘Sl&BrNMMMn
MM&MMMMMMMM
be carried oot in the dark.



A revised structure of tyriverdin m1

'H NMR data are presented in Table 1.

UV in CHCly, Agy, 255 am, 200 nm, 366 am, 400 nm, 595 nm,

IR in KBr, ra., ci™': 3380 (s), 3080 (w), 2910 (w), 1680 (s),
1600 (s), 1570 (m), 1450 (s), 1365 (w), 1310 (s), 1280 (m), 1240 (m),
1190 (w), 1150 {w), 1105 (m), 1085 (w), 1050 (m), 1000 (m), 960
(w), 900 (m), 850 (w), 820 {w), 780 (w), 715 (w), 630 (w), 600 (m).
$80 (m), 555 (m), 425 (m), 390 (w), 340 (w).

i the chloroform was replaced by dicthyletber as reaction
medium 4 was formed in addition to s product of similar
chemical composition and reactivity ().

A = Photochemical conversion of 4 to
:'; : é:: The reaction was followed by IR spectroscopic amalyses using
LR - - 2 KBr-disc (300 mg KBr) containing 4 (0.73 mg). On exposition
n on e g g to fight (SP 200), the initial spectrum of # underwent a fast
~ T ¥ n s 8 transformation 0 3 spectrum superimpossbie with that of analy-
= ® o o 5 5 Mymb;xem!athgmnnlow"w
© & . o, - to dimethyl disulfide. Within the accuracy of the intensity
- measurements (NH stretch and CO stretch at 3380 and 1620 cm ™!
y 2 2 = respectively) the yield was quantitative.
R jod
~ T~ =18 S Quantem yield determination in the reaction éa-»Se
e N The experiments were carried out using a Perkin Elmer Plu-
s owle 3o 02 orescence  Spectropbotometer MPF-3  producing  light of
g 3 8|_ &2 8 waveiength 400t 4nm. As standard the ferric oxalate metbod
_,7: 4 .’Z g Z was used, messuring the phenanthroline complex (510 om), with
o 2 2 212 ° 2 recorded quantum efficiency of 1.14."
o b s Iz 3 ko - A soln of 4a (10mg) in deoxygenated CHCL (50 ml) was
g o @ o | trradiated for 1.5min and the concentration of indigotin deter-
s e w e |- 3 nined.osingtbemﬁonnwnmu-’m‘w).hmwcmed
als = = that the soin permitted no light transmission at 400am. As
§° - o indigotin does not absorb at 400nm there was no need for
b > & correction for an inner filter effect. Indigotia is soluble under the
g g 2 2 8 ~ meauooed experimental coaditions allowing the quantum
§ n % % B~ - efficiency to be calculated from experiments like these. Values of
2 € At e * 4.95£0.25 were obtained.
x o § § E g § .

) o} - S K e Ac&gowldmgu:-—We are indebted to Dr. J. T. Baku for
- R B o making uspublished material available to us. Also we wish to
3 thank Dr. T. Higa for his interest in our work and Prol. H.
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