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Abstract. Under carefully controlled condltlons, the reaction of L-cysteine with 
1,4-benroquinone leads to a nlxturt of l,4-btnzothlarinc ollgo"ers, atlsing by 
decarMxylatlon and subsequent polymerization of the cyclic quinonlaine 1, 
previously reported as the reactlon proauct. Uhen the resetion was stopped Tn 
the early stages by addition of sodium borohydride, work up of the mixture gave, 
besides the reduced dlmer 11, the dihydrobenrothiazinc 19, consistent with the 
intertilacy of the 3-unsubsctuted benrothlazlne 5. - 

The reaction of cysteinc ulth quinones plays an Important role In many biological processes, 

which include the b'osynthesis of firefly luciferin"' and the formation of the 

sulphur-containing phamlanlns' and trlchochrorses‘found In red hair and feathers. 

In 1944 Kuhn and 8einerts reported that cysteine and its ethyl ester react with 2 equivalents 

of 1,4-benzoquinont to give mainly the cyclic quinonieincs 1 and 2, respectively. In a 

rcex,unlnatlon of these rtactlonsa It was found that, in the case of cystcine ethyl ester, the 

reaction leads In fact to a mixture of diastereoisotners corresponding to the gross structure 3. 
/ 

Moreover, evidence was obtalned that the reaction of 1,4-benzoqulnone with cysteine proceeds 

dlfferently to give a complex mtxture of products, the nature of which remalncd elusive. 

fn COnWctlOn with our intert?St in the chmlstry of nelanogenesis,’ ue have now rwxaalned the 

additlon of !,4-benroqulnont to L-cysttine, and have found that, den performed in the absence 

of Ii', the reaction gives, besides a sllall amount of the postulated Internedlate adduct 4 and 

some polyacric material, a major coloutless product, idtntlflcd IS the cyclic trlmer 7. 

Fractionation of the n aterlal on slllca alloued also the isolation of a smaller wunt of a 

related tetrmr uhjch was asslgned the gross structure 8. 

The trfmr 7 txhlbits absorption naxfma at 323 and 236 nn, consistent with the presence of a 

dlhydrobennrothlarlnt chromophorc.' The "C-MR spectrum shows resonances for 18 at-tic 

carbons, 1 orethylene and 5 acthlne groups, one of which is at a relatively low flcld (6 68.10 

ppm). The 'H-NM? spectrum (acetone-d,) shous five D,O-exchangeable protons due to three OH and 
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tuo HH groups, a low-field doublet at 6 5.69 ppm, due to the mtthlne llnked to two nitrogen 

atoms, and an AEX system dttrlbutablt to the cyclic CH,-CH grouping, 

The large values (9-10.5 Hz) of the vlclnal coupling constants Jo,~, J 3.4 and JWJ are 

consistent with an axial-sxlal rtlatlonshlp between h-2 and H-3, H-3 dnd H-4, H-4 dnd H-5, while 

the value of J9.2 (3.5 Hz) points to an quatofidl pcsltion of H-l. This latter dsslgnnmt uds 

substantfated by a slgnlflcant HOED effect between H- 1 and the proximal aranatlc proton at 

6 6.99. These observations would favour the trlmer with the stereochemistry depicted in 7. 

As far as the structure of the tctrmer 8 1s concerned, it folloued by strdightforuard dndlySlS 

of the lH-WMR spectrum, differing from that of 7 nai nly In the presence of additlonal signals 

attriLwtable to a dlhydro-l,l-benrothluztne unit linked at positjon 6 of the trimer. Atteepts 

to deflne the stereochemistry of the tttrarwr did not give conclusfvt results, owing to the 

Intrlnslc ccqlcxity of the 9i-fU4l spectrum. 

&!ChdniSt!Cdlly, the fomatlon of 7 and 5 proceeds probdbly through repedted iaint-enmine type 

condensation of the unstable 1,4-benzothlarlne 6 arising By decdrboxyldtion of the quinoninine 

1. 



Raction ofwrcincwilb 1,Ummqtin~n~ 

In line with this vicn, when the reaction was stopped In the early stages (e.g. 1 ninl by 

addition of sodium borohydrlde, work up of the mlxtute afforded, besldts the acid z, the 

dlhydrobenrothlazlna 10, arlslng tvldtntly by reduction of 2. Uhen sodiu borohydtldt was added - 

to the rtaction nlxtwe at a later time (e.g. after 15 min), the dlmr 11 was also obtained, - 

which supposedly derlvts by reduction of the flrst fotntd aldollzatlon prtiuct 6. 

It seems therefore that the cmlexlty of the reaction of 1,4-benzoqulnont with L-cystelne Is 

mainly due to the tendency of the lnterlpediate quinonlnlne 1 to undergo rtrrrdnpcnnt with 

concomitant dtcarboxylation to give the 3-unsubstituttd benzothlazlne 2, nhlch readily 

polyncrizes by inine-ensnine condensation. 

This behavlour parallels that of the parent benzothiazlnt, which, as reported,* is a highly 

unstable cmound, and behaves similarly to other htttrocycllc tnamlnesJo in foralng rtverslble 

aldolization products. 

EXPERIMILHTAL 

H.ps. were determined with a Kofltr hot stage apparatus and are uncorrected. UV spectra were 
recorded with a Perkin Elrrr 550 S sptctrophotowter. 'M-MR spectra (200 MHz) and "C-NM 
spectra (50 CHz) uert recorded on a Warlan XL 200 spectrmttr (4 values art referred to 1% as 
the internal standard). The electron l-act Russ spectra were determlned with a Kratos M5 50 
Russ spectronrttr. For flash chrowtography, silica gel 60 )Icrck 9385 was used. halytical and 
preparative TLC were carried out on prtcoated silica gel F-254 plates ('3.25 and 0.50 m layer 
thickrless, E. Merck). Proportions for nixed solvents art by volwre. The chrwatogtams utrt 
l xmlned by UV irradiation at ~366 and 254 nn, then sprayed with 2% ceric sulphate in 2N 
su!phutlc acid. l,4-benzoquinone and L-cysteine were purchased frcw Aldrich; all other 
chemicals were of the highest purity collnrcially available. 

Reaction of 1-cysteine with 1,4-benzoquinone. 

11 Isolation of 7 and 8. 

Under the reported conditions, the rtactlor afforded a complex mlxturt of chrmatographically 
ill-defined products. After several trials, the folloulng procedure was adopted, which gave a 
more definite pattern of products: to a stirred solution of L-cysttlnt (487 rq) In 70 cl of 
0.2 M phosphate buffer, pH 6, a solution of 1,4-benzoquinone (870 4) in 70 ml of water was 
added dropulse, under a strem of nitrogen, over a period of 15 mln. After 30 ain the reaction 
mixture was extracted with ethyl acetate and the coablned organic layers were washed with 
water, dried over Hs,SO, and evaporated to dryness. The ye llml sh-brown residue (995 mgl was 
taken up in ether and frKtionated by flash chromatography over silica gel (ether-benzene 7:31 
to give two fractions (295 rq and 30 ~lrg, respectively), 
Further purification of the aain fraction by PLC (ether-benzene 7:31 afforded 90 ~KJ of 1 as a 
glassy, optically inactive oil, hmgtneous by HPLC analysis, 1 aax (MlH1 323, 236 nn; n/e 495 
(H+, CwH,,h,O&: found 495.0753, requires 495.07451; 'H-MR (Ketone-d,,): 6 Ippcn) 8.00 (IH, 
bs, OH), 7.75 (lti, bs, OH), 7.71 (lH, bs, OH), 6.99 (lH, d, Ja8.8 Hz, arorratlc proton), 
6.75-6.60 (4H, m, aromatic protons), 6.55-6.40 (4H, m, aromatic protons), 5.69 (lti, d, Ja3.5 
Hz, H-l), 5.38 (lH, bs, NH), 4.80 (lH, bs, NH), 4.26 (lH, ddd, 3=10.1, 4.8, 3.5 Hz, H-51, 3.62 
(lH, dd, JmlO.1, 9.0 Hz, H-41, 3.48 (lH, dd, J~lO.4, 9.0 Hz, H-31, 3.20 (lH, dd, 3mlO.4, 3.5 
Hz, H-21, 3,08 IlH, dd, 5~13.8, 3.5 Hz, H-bal, 2.78 (lH, dd, Jml3,8, 4.8 Hz, H-6b); '%-NW 
(acetone-d,): 6 (pm1 68.10 (d, C-11, 55.53 (d, C-51, 54.68 (d, C-31, 47.80 (d, C-41, 43.66 (d, 
C-21, 32.30 (t, C-6); and 18 aromatic carbons at E 151.22 (sl, 151.14 (51, 150.55 (~1, 137,67 
(~1, 137.50 (sl, 135.98 (s), 126.57 (s), 118.18 (s), 118.07 (d), 117.83 (a), 117.34 (d), 116.52 
(d), 115.65 (dl, 115.39 (dl, 114.69 (d), 114.14 (d), 113.55 (d), 111.42 (5). 
Purification of the minor fraction by PLC (ethyl acetate-benzene 7:31 afforded 7 mg of 8, A n ax 
(MeOH 325, 234 na; m/e 660 (W, Cf~H~oti~OSS,: found 660.0983, requires 660.0993); 'H-NW 
(KttOnt-dt): 6 (pp) 8.04 ( lH, bs, CM), 7.77 (lH, bs, OH), 7.70 IlH, bs, OH), 7.61 (lH, bs, 
OH), 7.15 (1H. d, Jr9.8 Hz. aromatic proton), 6.8-6.35 (llH, n, aromatic protons), 5.93 (lH, d, 
J=3.5 Hz, H-l), 5.67 (lH, bs, MI), 5.40 (lH, bs, NH), 4.75 (lH, bs, NH), 4.69 (lH, dd, J=lO,3, 
2.4 HZ, H-51, 3.77 (lH, dd, JmlO.3, 8.9 Hz, H-41, 3.7-3.5 (wl, n , H-3, H-6 and H-71, 3.46 (lo, 
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dd, Jm12.5, 2.8 Hz, H-Ba), 3.16 (lH, dd, J=10.5, 3.5 Hz, H-21, 2.94" (lti, dd, Jm12.5, 2.6 Hz, 
H-8&1. 
TLC and HPLC analyslr of the aqueous phase revealed the presence of a small mount of an 

o-dlphenolic, o -aninoacidic c-d, Idtntifict! as cystalnylhydroquinone i by c_Wson with 
an authentic sample prepared as described by Ito." In separate experiments 5 was found to be 
fom in almost quantitatlvc ylcld after addition of 1 equivalent of l,l-bentoqulnone to 
L-cysteinc. 

21 Reduction with sodium borohydrlde: 
a, isolation of 9 artd 10. - 

Benzoqulnone (216 ~XJ) was allowed to react wlth L-cystelne (121 mg) as described above; after 1 
ain the mixture was reduced with excess solid sodium borohydrfde, rcldlf$td to pH 2 and 
txtrscted with ethyl acetate. The organic layers uert washed with water, then extracted wlth 
2X HstiCO, containing SOIW sodium dithionitt. Evaporatlon of the neutral fraction gave a greylsh 
residue, which was fractionated by flash chromatography (ether) to glvt 39 mg of 10, prirlPs 
from ethanol, n.p. 127-128"C, h n ax (MtOH) 322, 232 nm; m/e 167 (H+, CaHflOS: found 167.0397, 
rqulres 167.04051; 'H-HIM (CD3001: 6 (ppn, 6.48 (lH, dd, J~6.4, 0.7 Hz, H-5). 6.44 (lH, dd, Jg 
2.7, 0.7 HZ, H-81, 6.39 (lH, dd, Ja8.4, 2.7 Hz, H-61, 3.46 (2H, AA' part of AA'6B' systm, 
-CH,-N<I, 3.05 (ZH, BB' part of AA'BB' system, -CH,-S-I; "C-hHR (acetone-da): 6(ppml 15O,!l2 
(s, C-71, 136.83 1s. C-101, 117.72 (s, C-91, 117.52 (d, C-B), 114.07 (d, C-S or C-61, 113.61 
(d. C-6 or C-51, 43.00 (t, C-31, 27.34 (t, C-21. 
The bicarbonate extracts mre acldlfltd to pH 2 and extracted ulth ether. The organic layers 
wtrt washed with water, dried and evaporated to give 42 ag of 2 us an srrrrphous powder, 1 rnax 
(HeOH) 320, 232 nn; n/e 211 (M+, CmH,NOaS: found 211.0297, rtqulrts 211.0303); 'H-NMR 
(acetone-da): 6 (ppm) 6.65-6.45 (3ti, m, aromatic protons), 4.36 (lH, dd, Jm5.8, 3.8 Hz, H-31, 
3.22 (lH, dd, Jm12.0, 3.8 Hz, H-211, 3.17 (lH, dd, Jm12.0, 5.8 Hz, H-2bl; “C-NR (acetone-de): 
4 (ppml 173.14 (I, CDOH), 150.04 (s, c-71, 134.93 (s, C-101, 117.86 (d, C-81, 116.72 (I, C-91, 
114.21 (d, C-5 or C-61, 114.03 (d, C-6 or C-S), 54.60 (d, C-31, 27.86 (t, C-21. 

b. isolation of 11. - 

A solution of btnZOQu!nOnt (434 mg1 uds added to a solutlon of L-cysteine (243 mgl under the 
usual conditions; after 15 rain the mixture wds reduced with excess sodium borohydrfdt, 
acidified with 0.1 H HCl to pH 5.8 and extracted 4 tln#s wlth ether. The organic extracts wtft 
wdfhed with water, dried over HalSO 4 dnd evaporated to dryness. The residue was fractionated 
by flash chrmatography over silica gel (ether-benzene 1:lI yleldlng 40 uq of 2, 1 mx (MeOH) 

326, 234 nm; m/e 332 (H+, C,eH,aNRORSR: found 332.0641, requires 332.06531; 'H-NHR 
(acetone-de): 6 (pv) 7.65 (2H, bs, OH, OH'), 6.6-6.4 (6H, WI, arornatlc protons), 5,3 (2H, bs, 
NH, NH'), 3.82 (lH, ddd, J-9.2, 4.1, 3.1 Hz, H-3’), 3.71 (lH, dd, J=l2,4, 5.0 Hz, H-3aI, 
3.60-3.45 (2H, m, H-2 and H-3b), 3.33 (lH, dd, Ja 12.7, 4.1 Hz, H-2'aI, 3.12 (lH, dd, Jm12.7, 
3.1 Hz, H-2'bl; "C-NM (OrnO-de): 6 (ppml 148.88, 148.21 (2~s. C-7, C-l'), 135.40, 133.68 12xs, 
C-10, C-10'); 116.45, 116.24 (2xd, C-8, C-8'). 115.59, 114.69 (2x5, C-9, C-9'). 113.18, 112+78, 
112.56, 112.49 (4xd, C-5, C-S’, C-6, C-6'). SO.67 (d, C-3'). 42.77 It, C-31, 42.41 (d, C-21, 
27.36 It, C-2'). 
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