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Cultivation of bacteria E. coli B on a glucose-containing synthetic medium in the presence 
of 2-mercaptopyrimidine (J) resulted in the transformation of compound I to S-(pyrimidin
-2-yl)-cysteine (!!a). Reaction of the sodium salt of compoun~ I with 2-chloro-L-alanine led to the 
completely racemic compound Ila while a partially racemic product Ila was obtained by reaction 
with N-benzyloxycarbonyl-0-tosyl-L-serine p-nitrobenzyl ester (after the removal of protecting 
groups). Reaction of N-benzyloxycarbonyl-L-serine methyl, benzyl and p-nitrobenzyl ester with 
compound I in the presence of dimethylformamide dineopentylacetal afforded N-benzyloxy
carbonyl-S-(pyrimidin-2-yl)-cysteine methyl ester (lib), benzyl ester (lid) and p-nitrobenzyl ester 
(lie), resp. The free acid Ila was then obtained on removal of protecting groups from the esters 
Ilb-'-d. The degree of racemisation depends on the character of the ester function (methyl ~ ben
zyl < p-nitrobenzyl). 

In connection with investigations on the biochemical activity of analogues of pyrimi
dine bases in the naturally occurring nucleic acid components, we have focussed 
our attention to the mechanism of the action of 2-mercaptopyrimidine (I) which 
exhibits a marked bacteriostatic activity on E. coli B. Thus, the inhibitory effect 
of compound I has been observed to disappear shortly after the addition of compound 
I to the growing culture of E. coli Bin a mineral medium containing glucose as the 
exclusive source of carbon. As shown by analysis of the cultivation medium, only 
a very small smount of compound I was present along with additional three UV-ab
sorbing compounds, one of which predominated. The predominating component 
was isolated from the medium by adsorption on active charcoal and elution with 
dilute aqueous ammonia, or, by adsorption on a cation exchange resin in the H~ form 
followed by elution with dilute aqueous ammonia a,nd purification by paper chromato
graphy. 

As indicated by the ultraviolet absorption spectrum (A-max 253 nm), the predominant 
component represents a S-substituted derivative of 2-mercaptopyrimidine. The mass 

Part CLXIII in the series Nucleic Acid Components and their Analogues; Part CLXII: 
This Journal38, 3912 (1973). Part CXIX in the series Amino Acids and Peptides; Part CXVIII: 
This Journal 39, 459 (1974). Some results have been reported in a preliminary form elsewhere1
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spectrum lacks any molecular peak of the component; under the analysis condi
tions, 2-mercaptopyrimidine represents the single volatile compound present as 
indicated by the molecuiar peak and group of signals of fragmentation products, 
identical with the mass spectrum of compound I . The isolated product is of a weakly 
acidic character but does not contain either an ester-bound phosphoric acid or a sugar 
moiety. On the other hand, the positive ninhydrin test suggests the occurence of an 
amino acid. Degradation of the compound with 6M hydrochloric acid at 105°C 
afforded cystine as the single amino acid; the identification was effected by comparison 
with an authentic specimen on electrophoresis and an amino-acid analyzer, by the 
performic acid oxidation to cysteic acid and by the Raney nickel desulfurisation 
to alanine (both these products were identified by comparison with authentic speci
mens). Alanine is also the sole ninhydrin-positive product of the direct Raney nickel 
treatment of the above material. In conclusion, the transformation product of 2-mer
captopyrimidine in bacterial cells possesses the structure of S-(pyrimidin-2-yl)
-cysteine (II a). 

An unequivocal proof of the structure of the above transformation product was 
performed by chemical synthesis of S-(pyrimidin-2-yl)-L-cysteine. Three different 
synthetic routes were used. The first route consists in the reaction of 2-chloro-L-ala
nine2 with the sodium salt of 2-mercaptopyrimidine (I) in methanol; the resulting 
methyl ester lid was isolated as the hydrochloride and saponified to compound IIa 
in an alkaline medium. The thus-obtained product was completely racemic. When the 
reaction was performed in aqueous alkali (analogously to the synthesis of the optical
ly pure lanthionine3 and cystathionine4

), a mixture of compounds resulted from 
which we failed to isolate the free II a. The transformation method of 0-tosyl serine 
derivatives and peptides has been also attempted in the synthesis of cysteine5

•
6 

or selena-cysteine 7 derivatives. In our case, the reaction of N-benzyloxycarbonyl
-0-tosyl-L-serine p-nitrobenzyl ester with compound I and the subsequent removal 
of protecting groups afforded a high yield of compound II a, optically active; never
theless, the optical rotation was lower than that of the product obtained by the fol
lowing third method, based o~ a recently reported8 S-alkylation of 2-mercaptopyri
dine and related compounds possessing an acid SH group by the action of dimethyl
formamide dialkylacetals. This reaction, similar to the esterification of carboxylic 
acids9 or N-alkylation of heterocyclic bases and nucleosides10 '11 obviously proceeds 
through the protonated form of the acetal III by an attack of the mercapto derivative 
anion on the cation IVa or IVb and the subsequent intramolecular alkylation of the 

intermediary V(Scheme 1). 
Consequently, 2-mercaptopyrimidine (I) cannot be S-alkylated by the action of di

methylformamide dineopentylacetal8 (Ilia). On the other hand, an easy exchange 
of the alcoholic group12 ·13 may be observed with compounds of the type III. Thus 
in the reaction of 2-mercaptopyrimidine (I) with a derivative containing a primary 
alcoholic group in the presence of compound III a, there occurs a "transacetalisation" 
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of dimethylformamide dineopentylacetal with the appropriate alcohol followed 
by alkylation of compound I to the corresponding 2-alkylthiopyrimidine8

• 

N-Benzyloxycarbonyl-L-serine methyl or p-nitrobenzyl ester when treated simul
taneously with compound I and dimethylformamide dineopentylacetal, afforded 
N-benzyloxycarbonyl-S-(pyrimidin-2-yl)-L-cysteine methyl (Jib) or p-nitrobenzyl (II c) 
ester. The free II a was then obtained in a pure state by removal of the benzyloxy
carbonyl group with hydrogen bromide in acetic acid and of the ester groups by alka
line hydrolysis. The specimen obtained from the methyl ester Jib exhibits a high 
optical activity the value of which lies near to that of the naturally occurring material. 
On the other hand, the product II a obtained from the p-nitrobenzyl ester II c is 
partially racemised. Since the removal of protecting groups was performed under 
similar conditions in both cases, the different degree of racemisation must be ascribed 
to the character of the ester group in compound II. In this connection, the benzyl 
ester IId was investigated with respect to the extent of racemisation . Compound 
II d was prepared analogously to compounds Jib and II c, namely, by reaction of N -ben
zyloxycarbonyl-L-serine benzyl ester with compounds I and III a under similar condi
tions. The starting N-benzyloxycarbonyl-L-serine benzyl ester was obtained by reac
tion of N-benzyloxycarbonyl-L-serine with dimethylformamide dibenzylacetal9

• Also 
in this case a partial racemisation has been observed but of a lesser extent than with 
the p~nitrobenzyl ester. The influence of the character of the ester group on racemisa
tion may be thus expressed by the order methyl ~ benzyl < p-nitrobenzyl. 

The reaction of N-benzyloxycarbonyl-L-serine p"nitrobenzyl ester with dimethyl-
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formamide dineopentylacetal (Ilia) is to a considerable extent accompanied by the 
formation of N-benzyloxycarbonyldehydroalanine p-nitrobenzyl ester (Va). In the 
case of N-benzyloxycarbonyl-L-serine methyl ester, the analogous side reaction 
occurs only in traces. This side reaction is specific of dimethylformamide acetals 
and does not take place with the use of other tertiary bases, e.g., triethylamine. It may 
be assumed that the virtual active intermediate leading to derivatives Vis represented 
by a mixed acetal of dimethylformamide with the primary alcoholic group of the 
serine derivative (of the type I lib) or by some forms of the further intermediates 
IVa,b which can eliminate dimethylformamide or alkyl formate and thus furnish 
the dehydroalanine derivative (Scheme 2). This process is obviously supported 
by a simultaneous activation of the ex-hydrogen atom by the adjacent alkoxycarbonyl 
group. The rapid reaction of the dehydroalanine derivative Va with the mercapto
pyrimidine I affords in the presence of the acetal III a the racemic cysteine derivative 
lie. In this case, however, the role of the acetal Ilia consists merely in the formation 
of the anion of compound I since the reaction Va --+ II c proceeds even in the pre
sence of triethylamine but does not take place in the absence of either of the two 
components mentioned. 

The partial racemisation may also be observed at the stage of the protected cysteine 
derivative, namely, with compound IIc, by the presence of the dineopentylacetal 
Ilia. This process may be explained analogously as above by a primary forma
tion of the dehydroalanine derivative Va on removal of the mercaptopyrimidine anion 
(as a good leaving group) under participation of the activation of the ex-hydrogen 
atom by the p-nitrobenzylcarbonyl group and the subsequent rapid readdition of com
pound I thus formed to the dehydroalanine derivative Va. Since however the racemisa
tion of the cysteine derivative IIc is much slower than the addition of compound I 
to the debydroalanine derivative Va, it may be assumed that the racemisation of pro
ducts Jib- d in the reaction of N-benzyloxycarbonyl-L-serine alkyl ester with com-

Z - NH- CH- COOR ~-.-+ 
tH2 0 - JH-N(CH3)z 

O- CH2-C(CH3h 

l/lb -+ 

Z = benzyloxycarbonyl 
R = methyl, p-nitrobenzyl 

SCHEME 2 
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pound/ and Ilia occurs mainly on the level of the intermediate of the serine series 
I lib through the dehydroalanine derivatives V and not by elimination and readdition 
on the level of the products Jib- d of the cysteine series. 

The identity of both the synthetically prepared and the isolated specimens of com
pound II a was demonstrated on comparison of chromatographical, electrophoretical, 
.and spectroscopical properties. According to the optical rotation, the naturally 
occurring specimen II a belongs to the L-series as it was also shown by the in vivo 
~onversion of [ 14C}L-serine to compound II a in a high radiochemical yield1

• 

Compound IIa is relatively unstable; it is decomposed in aqueous solutions even 
at 0°C, especially when it was previously subjected to paper chromatography in acid 
or alkaline solvent mixtures. The decomposition affords a ninhydrin-negative sub
stance, the electrophoretical and spectrophotometrical properties of which suggest 
the i~omeric structure VI, namely, N-(pyrimidin-2-yl)cysteine. The structural proof 
was performed by synthesis of compound VI by reaction of 2-methylthiopyrimidine 
with cysteine in a weakly alkaline aqueous solution. The elemental analysis, mass 
spectrum, UV spectrum, and NMR spectrum of the product resulting under the 
above conditions were in accordance with the structure VI; the product was in every 
respect, including the optical rotation, identical with the specimen isolated by de
composition of compound II a. It may be assumed that compound VI is formed from 
II a by an intramolecular attack of the amino group towards the position 2 of the pyri
midine ring system and by the simultaneous fission of the C- S bond. The syn
thesis of compound VI from cysteine and 2-methylthiopyrimidine was observed 
to be accompanied by the formation (in addition to traces of compound II a) of a by
-product, namely, a ninhydrin-positive compound, isomeric with compounds Ila 
.and VI. On the basis of experimental data, this by-product was ascribed the structure 
VII. Compound VII is obviously formed from compound VI by a retro-Dimroth re-

VI 
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arrangement which is known to occur with the 2-alkylaminopyrimidine derivatives. 
The rearrangement consists in a ring opening followed by recyclisation under partici
pation of the exocyclic amino group. Such a formation of compound VII would be 
in accordance with its high optical purity. The reaction is obviously specific of cysteine 
since glycine or serine or S-benzylcysteine do not react under similar conditions with 
2-methylthiopyrimidine at all. On the other hand, in the related SN2 substitution 
in the 2-methylthio-4-hydroxypyrimidine and -4-aminopyrimidine series, the amino
lysis proceeds regardless the character of the acid14

• In the present case, an SN2 
attack by the nucleophilic SH group is obviously involved under the primary forma
tion of compound II a which is then converted to compound VI by an intramolecular 
rearrangement and finally, to compound VII by the retro-Dimroth rearrangement. 

~S-(Pyri~idin-2-yl)-L-cysteine constitutes a new type of S-substituted cysteine 
derivatives. Since compound Ila is obviously a detoxication product of mercapto 
derivatives of the acid character in bacteria and does not exhibit any bacteriostatic 
effect even in high concentrations, it may be assumed that analogous compounds 
can be formed in some additional cases. 

EXPERIMENTAL 

Melting points were taken on a heated microscope stage (Kofler block) and are uncorrected. 
Analytical samples were dried over phosphorus pentoxide at 0·1 Torr. Solutions were taken down 
on a rotatory evaporator at 35°C/ 15 Torr. Paper chromatography was performed on paper 
Whatman No 1 (preparative runs on paper Whatman No 3 MM) in the solvent systems S1 , 

2-propanol-conc. aqueous ammonia- water (7 : 1 : 2), and S2 , !-butanol- acetic acid- water(5 : 2: 
: 3). Paper electrophoresis was carried out at 40 Vjcm in the buffer solution E1, O·lM triethyl
ammonium hydrogen carbonate (pH 7·5), and at 20 Vjcm in the buffer solutions E2 , 1M acetic 
acid, and E

3
, pyridine- glacial acetic acid-water (pH 5·7) for the period of 1 h. Thin-layer chroma

tography was performed on ready-for-use silica gel fo ils Silufol UV 2 54 (Kavalier Glassworks, 
Yotice, Czechoslovakia) in the solvent system S3 , ethanol-chloroform (1 : 99), and on Kiesel
gel G (Merck, German Federal Republic) plates in S4 , 2-butanol- 90% aqueous formic acid-water 
(75: 13·5: 13·5); S

5
, 2-butanol- 25% aqueous ammonia-water (85: 7·5: 7·5); S6 , !-butanol

pyridine- glacial acetic acid-water (15: 10: 3: 6); S 7, n-heptane- tert-butyl alcohol- pyridine 
(5 : 1 : J ); and S

8
, benzene-ethanol (50: 1). Spots were detected by viewing under ultraviolet 

light (Chromatolite) or by spraying with a 0·1% solution of ninhydrin in ethanol. The UV ab
sorption spectra were measured on a Beckman DM spectrophotometer. The amino acids were 
analysed on an automatic analyzer (Type 6020, Development Workshops, Czechoslovak 

Academy of Sciences, Prague). 

Isolation of Compound II a after Cultivation of E. coli B 

To 300 ml of an exponentially growing culture of E. coli Bon synthetic medium
15 

there was 
added at the stage of 3 . 108 cells per 1 ml 2-mercaptopyrimidine up to the concentration of 50 
J.lg/ml. In the 40th minute, further 2-mercaptopyrimidine was added, again to the concentration 
of 50 J.lg/ ml of the medium. After the incubation (80 min at 37°C), the bacterial suspension was 
centrifuged and the medium filtered through the Sartorius membrane filters 0-45 J.l, 50 mm 
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in diameter. The filtrate was adjusted to pH 3·0 - 3·5 by means of the Dowex 50 X 8 (H + form) 
ion exchange resin, prewashed with water to the loss of the UY-absorption, and the resulting 
suspension was applied to a column of the same resin (500 ml). The column was then washed 
with water (3 ml/ min) under a continuous measurement of UY-absorption and conductivity. 
When the corresponding data dropped to the original eluant values, the column was eluted 
with 2·5% aqueous ammonia under otherwise the same conditions again to the drop to the 
original eluant values. The ammonia fraction was evaporated to dryness and the residue chromato
graphed on 3 sheets of paper Whatman No 3 MM in the solvent system S2 • The bands of the 
product II were eluted with 0·5% aqueous ammonia (50 ml), the eluate evaporated, the residue 
codistilled with methanol, and purified by precipitation from methanol (5 ml) with ether (100 ml). 
The precipitate was collected by centrifugation, washed with ether, and dried under diminished 
pressure to afford 25 mg of compound II a, practically homogeneous on chromatography in solvent 
'Systems S 1 and S2 , and on electrophoresis in buffer solutions £ 1 - £ 3 (41·7% with respect to the 
starting compound 1). M.p. 158-160°C. For C 7 H 9 N 30 2S (199·2) calculated: 42·20% C, 4·55 ~,~ H, 

21·10% N, 16·0% S; found : 43·05% C, 4·70% H, 20·81% N, 16·52% S. UV spectrum (\vater): 
A.max 253 nm, A 2501260 2·92, A28012 60 0·46, A 2901260 0·37. RF values : 0·45 (S 1); 0-44 (S2); 

compound I 0·77 (S 1); 0·60 (S2). Electrophoretical mobility (witfl respect to/): 0·11 (£1). Optical 
rotation: [o:]f>5 -101° (c 0·5, H 20). In addition to compound Ila, the residue of the ammonia 
eluate contains a lesser amount of further two non-identified compounds: a) RF 0·18 (S 1) and 
0·04 (S2); electrophoretical mobility 1·08 (£1); ninhydrin-negative; and b) RF 0·70 (S 1) and 0·80 
(S2); mobility 0·84 (£1); ninhyd~in-negative; and a mixture of amino acids containing Ser (8%), 
Glu (10%), Ala (22%), Val (32%), lie (18%), Asp+ Thr + Gly + Leu+ Tyr (10%). The blank 
cultivation (without the addition of compound I) afforded the following mixture of amino acids: 
12% Ser, 14% Glu, 21% Ala, 31 % Val, 22% Asp + Thr + Gly + Leu + lie + Tyr -i- Phe. 
Total amino acids in the medium containing compound I: 10·4J.lmol/ 100 ml (blank: 10·0 J.ll110l: 
:lOOm!). 

Degradation of Compound Ila Isolated from the Cultivation Medium 

A. Acid hydrolysis. A mixture of compound Ila (1·05 mg) and 6M-HC1 (1 ml) was heated under 
nitrogen at ll0°C for 20 h, evaporated under diminished pressure, the residue dissolved in 2·5 ml 
of a citrate buffer (pH 2·2), and an aliquot (0·2 ml) applied to the analyser. The hydrolysate 
was shown to contain 3-46 j.lmol of Cys as the single amino acid. 

B. Desulfurisation of the hydrolysate of compound Ila: A portion (0·5 ml) of the above stock 
solution was diluted with water (5 ml) and refluxed with Raney Ni W 4 (0·5 g) for 3 min. The 
mixture was filtered while hot, the solid washed with hot water (5 ml), the filtrate and washings 
combined, and evaporated to dryness under diminished pressure. The residue was dissolved 
in 0·2 ml of the above buffer (pH 2·2) and the solution applied to the analyser. The mixture was 
shown to contain alanine as the single amino acid. 

C. Oxidation of the hydrolysate of compound Ila with performic acid. A portion (0· 5 ml) of the 
above stock solution was evaporated to dryness under diminished pressure and the residue oxidised 
at 20°C with performic acid16

. The analyser indicated the presence of cysteic acid as the single 
amino acid. 

D . Desulfurisation of compound Ila. A mixture of compound Ila (0·5 mg), water (5 ml) , and 
Raney Ni W 4 was refluxed for 3 min and processed analogously to paragraph B. According to the 
analysis, the mixture contained alanine as the single amino acid. 
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N-Benzyloxycarbonyl-L-serine Benzyl Ester 

The title compound was prepared 9 from N-benzyloxycarbonyl-L-serine by reaction with di
methylformamide dibenzylacetal; crystallisation from benzene- light petroleum afforded a speci
men, m.p. 81-82°C, [o:J55 + 2·24° (c 0·5, chloroform). Reported17

, m .p. 84-85°C and [o:J55 

+ 5·7° (c 0·5, chloroform). Catalytic hydrogenation over 10% palladium on charcoal in acetic 
acid yielded L-serine, [o:]b5 + 12·8° (c 0·1, lM-HCI). 

N-Benzyloxycarbonyl-0-tosyl-L-serine p-Nitrobenzyl Ester 

The reported procedure 7 and crystallisation from ethyl acetate afforded the title compound, 
m.p. 109- 110°C and [o:J55 - 8·3° (c 0·5, dimethylformamide). Reported 7 , m.p. 108-ll0°C 
and [o:Jt5 - 6·56 (c 3·0, dimethylformamide). 

N-Benzyloxycarbonyl-S-(pyrimidin-2-yl)-L-cysteine Methyl Ester (lib) 

A mixture of the crude N-ben zyloxycarbonyl-L-serine methyl ester (prepared analogously to the 
threonine derivative18 from 60 mmol of N-benzyloxycarbonyl-L-serine and dried by codistillation 
with benzene under standard conditions), 2-mercaptopyrimidine (I; 9 g; 80 mmol), dimethyl
formamide dineopentylacetal12 (Ilia; 30 ml), and benzene (300 ml) was refluxed for 7 h under 
exclusion of atmospheric moi sture, cooled down, and the unreacted I filtered off. The filtrate 
was evaporated under diminished pressure and the residue coevaporated with one 300 ml portion 
of 50% aqueous ethanol and three 100 ml portions of ethanol. The final residue was dissolved 
in ethanol (25 ml) and the solution was treated portionwise with light petroleum (300 ml) to de
posit crystals which were collected wi th suction, washed with light petroleum, and recrystallised 
from boiling ethanol (20 ml), light petroleum (80 ml) being added until the mixture is turbid. 
Yield, 4:5 g (22%) of a chromatographically homogeneous (in S3 ) compound lib, m.p. 96- 97°C. 
For C 1 6 H 17 N 3 0 4 S (347·4) calculated: 55·31 % C, 4·93% H, 12·10% N, 9·23% S; found: 55 ·3 3% C, 
4·94% H , 11·77% N, 8·96% S. Optical rotation : [o:J55 - 95·7° (c 0·5, dimethylformamide) . 

N-Benzyloxycarbonyl-S-(pyrimidin-2-yl)-L-cysteine p -Nitrobenzyl Ester (I! c) 

A. From N-benzyloxycarbony/-0-tosy/-L-serine p-nitrobenzyl ester (Method A). A solution 
of 2-merca ptopyrimidine (J; 0·56 g; 5 mmol) in 1M methanolic sodium methoxide (5 ml) was 
added to a suspens ion of 1·32 g (2 ·5 mmol) of N-benzyloxycarbonyl-0-tosyl-L-serine p-nitro
benzyl ester (1·32 g; 2·5 mmol) in methanol (20 ml). The reaction mixture was stirred at room 
temperature for 16 h under exclusion of atmospheric moisture, neutrali sed with acetic acid , 
and evaporated under dimini shed pressure. The residue was extracted with hot chloroform (50 ml), 
filtered , and the extract evaporated under diminished pressure. The crude product was purified , 
by chromatography (in chloroform) on a 40 X 16 X 0·3 em loose layer of the fluorescent
-indicator-containing silica gel (produced by Service Laboratories of this Institute). The band 
of the product (RF, 0·30) was eluted with methanol (200 ml), the eluate evaporated, and the resi
due crystallised from a mixture of ethanol (1 rnl) and light petroleum (20 ml) to afford 0·85 g 
(72·5%) of compound Ilc , m.p. 76-78°C. For C22H 20N4 0 6S (468-4) calculated: 56·41 % C, 
4·30% H , 11·96% N, 6·85% S; found : 56·62% C, 4·38% H, 12·24% N, 6·92% S. Optical rotation: 
[o:J55 -32·6° (c 1, dimethylformamide). 

B. From N-benzyloxycarbonyl-L-serine p-nitrobenzyl ester (Method B). A mixture of N-benzyl
oxycarbonyl-L-serine p-nitrobenzyl ester19 (3·75 g; 10 mmol), 2-mercaptopyrimidine (I; 1·5 g; 
13·4 mmol), dimethylformamide dineopentylacetal (Ilia; 5 ml), and benzene (100 ml) was re-
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fluxed for 5 h under exclusion of atmospheric moisture, filtered, the filtrate evaporated to dryness 
under diminished pressure, and the residue codistilled with one IOO ml portion of 50% aqueous 
ethanol and with three 50 ml portions of ethanol. The final residue was crystallised from hot 
ethanol (20 ml), ether being added to the solution until turbid. Yield, 3·0 g (64%) of compound 
lie homogeneous on chromatography in the solvent system S3 ; m.p. I05-I06°C. Found: 55·98% 
C, 4·35% H , 11·96% N, 7·05% S. Optical rotation: [ocJ65 -I2·8° (e 0·5, dimethylformamide). 
UV spectrum (methanol): A.max 248 nm (e248 22600), A.min 225 nm (e225 6850). NMR spectrum: 
3·56 (dd, I H), C11- H (Jgem = I4, Jvic = 7); 3·73 (dd~ I H) C 11-H; 4·80 (br q, I H) C~-H 
(Ja,b = 7, Ja ,b' = 4·5, Ja ,NH = 7·5), 5·09 (s, 2 H) C6H 5C!!2- 0-; 5·26 (s, 2 H)p-nitrophenyl
-C!h-; 6·17 (d, I H) NH (JNH,aH = 7·5); 6·95 (t , I H) C(s)-H (J5,4 = J5 ,6 = 5·0); 7·30 
(s, 5 H) + 7·47 (d) + 8·15 (d, 4 H) aromatic protons; 8-42 (d, 2 H) C(4)- H + C(6)- H. 

C. From N-benzyloxyearbonyldehydroa!anine p-nitrobenzyl ester. A mixture of compound 
Va (100 mg; 0·28 mmol), 2-mercaptopyrimidine (I; IOO mg; 0·89 mmol), dimethylformamide 
dineopentylacetal (lila; 0·4 ml), and benzene (5 ml) was refluxed for 30 min (as shown by thin
-layer chromatography in S3 , the reaction was quantitative), evaporated under diminished pres
sure, and the residue chromatographed on one layer of loose silica gel in chloroform. The band 
of the product lie was eluted with methanol , the eluate evaporated:·and the residue crystallised 
from a mixture of ethanol and light petroleum. Yield, IOO mg (76%) of compound lie, m.p. 
104- 105°C, [ocJ65 0° (e I, dimethylformamide). 

N-Benzyloxycarbonyl-S-(pyrimidin-2-yl)-L-cysteine Benzyl Ester (lid) 

A mixture of N-benzyloxycarbonyl-L-serine benzyl ester (1·65 g; 5 mmol), 2-mercaptopyrimidine 
(!; 0·75 g; 6·7 mmol), dimethylformamide dineopentylacetal (lila; 2·5 ml), and benzene (50 ml) 
was refluxed for 4 h under exclusion of atmospheric moisture (as shown by thin-layer chromato
graphy in the solvent system S3 , the reaction was quantitative after 3 h) . The mixture was eva
porated under diminished pressure, the residue codistilled with 50% aqueous ethanol (50 ml) 
a.nd ethanol (IOO ml), and chromatographed on one layer of loose silica gel in 1 : 9 ethyl acetate
benzene. The band of the product (RF, 0-42) was eluted with methanol (200 ml), the eluate 
evaporated, and the residue crystallised from a mixture of ethanol and light petroleum. Yield, 
1·4g (66%) of the benzyl ester lid, [ocJ65 -35·0° (e 0·5, dimethylformamide). NMR spect
rum: 3·66 (dd, 2 H) c 11- H 2; 4·76 (br q, 1 H) C~-H; 5·05 (s, 2 H) C6H 5 C;!:!2; 5·14 (s, 2 H) 
C6HsC!!2; 6·04 (br d, 1 H) NH (JNH,CH = 7·3); 6·92 (t, 1 H) c(S)-H (J5,6 = 5·0); 7·29 (br s, 
10 H) aromatic protons; 8·43 (d, 2 H) C(4)- H + C<6>- H (J4,5 = J 6,4 = 5·0). For C22H 21 . 
. N 30 4S (423 ·5) calculated: 62·38% C, 5·00% H, 9·92% N, 7·56% S; found: 61·81% C, 4·74% H, 
9·54% N , 7·08% S. 

S-(Pyrimidin-2-yl)-L-cysteine (Ila) 

A. From 2-ehloro•L-alanine methyl ester. To a solution of 2-mercaptopyrimidine (I; 2·8 g; 25 mmol) 
in 0·5M m ethanolic sodium methoxide (50 ml) there was added with stirring 2-chloro~L-alanine 
methyl ester hydrochloride2 (4·0 g; 23 mmol) followed lDy 1M methanolic sodium methoxide 
(25 ml). The reaction mixture was stirred at room temperature for 3·5 h (after 2 h , the reaction 
was almost quantitative, as indicated by electrophoresis in buffer solutions £ 1 and £ 2), neutralised 
with acetic acid, filtered, and the material on the filter washed with methanol (50 ml). The filtrate 
and washings were combined and evaporated to dryness under diminished pressure. The resi
due was stirred in ethanol (50 ml) for 10 min, the undissolved portion filtered off, and washed 
with ethanol (20 ml) . The combined filtrate and washings were concentrated to the volume 
of 25 ml and the concentrate was treated successively with 7·5M hydrogen chloride in ethanol 

collection c zechoslov. Chern. commun. (Vol. 39) (1974) 



S-(Pyrimidin-2-yl)-L-cysteine 643 

(5 ml) and then with ether (100 ml), to deposit the hydrochloride of compound lla which was 
collected with suction, washed with ether, and dried under diminished pressure. Yield, 3·5 g 
of the crude hydrochloride of compound Ila. RF values: 0·42 (in S4 ), 0·60 (in S5), 0 ·61 (in S6), 

0·10 (in S7). Electrophoretical mobilities: 0·88 (His) in £ 2 ; 1·04 (His) in £ 3 . The hydrochloride 
was dissolved in methanol (30 ml), the solution treated with 1M-NaOH (30 ml), the whole 
kept at room temperature for 20 min, and applied to a column of Dowex 50 (H+ cycle) ion ex
change resin (250 ml). The column was washed with cold water and the product eluted with cold 
10% aqueous pyridine. The eluates were taken down, the residue triturated with ether, the solid 
collected with suction, washed with ether (1·7 g of the crude product, m.p. 100-ll0°C), and 
recrystallised twice from a mixture of 80% aqueous ethanol and ether. Yield, 0·75 g of compound 
Ila, m.p. 146-148°C (recrystallisation of the analytical sample from the same solvent mixture 
did not change the melting point value), [IJ(Jf, 5 ±0° (c 1·33, 0·2M-HCI). RF values: 0·36 (in S4 ), 

0·09 (in S5), 0-42 (in S6), 0·10 (in S7). Electrophoretical mobilities: 0·43 (Gly) in E2 ; 1·00 (Gly) 
in £ 3 . For C7 H 9 N 30 2S (199·2) calculated: 42·20% C, 4·55% H, 21·10% N; found : 42·15~·~ C, 
4·54% H, 20·86% N. 

B. From compound lib. N-Benzyloxycarbonyl-S-(pyrimidin-2-yl)cysteine methyl ester (lib; 
0·70 g; 2 mmol) was dissolved in 35% hydrogen bromide in acetic acid (10 ml). The solution began 
to deposit crystals after severa l minutes at room temperature. Ether was added to the mixture 
after 10 min, the hydrobromide collected with suction , and washed with ether. RF values: 0-42 
(in S4 ), 0 ·60 (in S5), 0·61 (in S6), 0·10 (in S7). Electrophoretical mobilities: 0·88 (His) in £ 2 ; 

1·04 (His) in £ 3 . The hydrobromide was dried, dissolved in a mixture of methanol (10 ml) and 
1M-NaOH (8 ml), the solution kept at room temperature for 2 h, and the methanol evaporated. 
The remaining aqueous solution was applied to a column of Dowex 50 (H+ cycle) ion exchange 
resin (50 ml), the column washed with water, and the product eluted with 10% aqueous pyridine. 
The eluate was evaporated and the residue crystallised twice from a mixture 80% aqueous ethanol
-ether to afford 0·25 g (62·7%) of compound Ila , m.p. 152-155°C; after an analogous recrystal
lisation , the analytical sample melted at 152 - 154°C. Optical rotation: [IJ(Jfi5 -65 ± 0·5° (c 1·48, 
0·2M-HC1) and -116° (c 0·5, water). RF values: 0·37 (in S4 ), 0·09 (in S5), 0-41 (in S6 ), 0·00 (in S7). 

Electrophoretical mobilities: 0-43 (Giy) in £ 2 ; 1·00 (Gly) in £ 3 . Found: 41·89% C, 4·78% H, 
20·92% N, 15·96% S. 

C. From compound lie (prepared by Method B). To a solution of compound Jlc (2·5 g; 5·3 
mmol) in acetic acid (10 ml) there was added 36% hydrogen bromide in acetic acid (20 ml) 
and the mixture was kept at room temperature for 30 min to deposit the hydro bromide (the 
deposition occurred in 15 min). The mixture was then poured into ether (300 ml) under stirring, 
the sol id collected with suction, washed with ether, and dried over sodium hydroxide under 
diminished pressure to afford 2·6 g of the hydrobromide. RF values: 0·55 (in S4 ), 0·65 (in S5), 

0·71 (in S6), 0·09 (in S7). Electrophoretical mobilities: 0·70 (His) in £ 2 ; 0·67 (His) in £ 3 . The 
hydrobromide (1 ·25 g) was dissolved in a mixture of methanol (10 ml) and 1M-NaOH (9 ml), 
the solution kept at room temperature for 20 min, and the methanol evaporated . The remain ing 
aqueous solution was processed a nalogously to paragraphs A and B on a column of Dowex 50 
(H+ cycle) ion exchange resin (100 ml). Crystallisation from the solvent mixture 80% aqueous 
ethanol- ether afforded 0-40 g (67%) of the product, m.p. 145 - 147°C, undepressed on admixture 
with the specimen of compound II a prepared in paragraph B. Rp values: 0·37 (in S4), 0·09 (in S5), 

0·42 (in S6), 0·00 (in S7). Electrophoretical mobilities: 0·43 (Gl y) in £ 2 ; 1·00 (Giy) in £ 3 . Opti
cal rotation: [1)(] 0 - 2·4° (c 0·5, 0·2M-HCI). UV spectrum (H 20): ..lmax 244 nm (emax 12400), 
,linfl 280 nm, e260 3500, A 2501260 2·9, A 2801160 0-47 ,A 29012 6o 0·36; (pH 2): Amax 244 nm 
(emax 12400), e 260 3700, },i nfl 280 nm , A 250 1260 2·7, A 280 1260 0·59, Az90 , 260 0·47; (pH 12): 
,lmax 249 nm (emax 17200), e260 6900, ),infl285 nm, A 2501260 1·83 AzsOj260 0·25, Az90J260 0·21. 
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D . From compound lie (prepared by Method A) . N-Benzyloxycarbonyl-S-(pyrimidin-2-yl)cys
teine p-nitrobenzyl ester (0·55 g) was decarbobenzoxylated with hydrogen bromide in acetic 
acid analogously to paragraph C. The thus-obtained hydrobromide was dissolved in a mixture 
of methanol (10 ml) and 1M-NaOH (5 ml), the whole kept at room temperature for 20 min, and 
the methanol evaporated. The remaining aqueous .solution was applied to a column of Dowex 50 
(H+ cycle) ion exchange resin (40 ml), the column washed with water, and the product eluted 
with 10% aqueous pyridine. The eluate was evaporated and the residue crystallised from the 
solvent aqueous ethanol-ether to afford 0·20 g (85%) of compound Ila, m.p. 144-146°C, homo
geneous on chromatography and electrophoresis and identical with specimens obtained in para
graphs A to C. The analytical sample was recrystallised in the same manner; m.p. 151 - 153°C; 
[o:Jfi5 - 15·9° (c 0·5, 0·2M-HCI) and - 25·8° (c 0·5 water). Found: 42·23% C, 4·52% H, 20·80% N. 

J7· From compound lid. The decarbobenzoxylation of compound lid (205 mg) was performed 
wit h hydrogen bromide in acetic acid analogously to paragraph C. The alkaline hydrolysis 
afforded 92 mg (95%) of the crude product which was crystallised from a mixture of aqueous 
methanol and ether to yield 62 mg (65%) of compound lla, m.p. 150-152°C, _identical on chro
matography a nd electrophoresis with specimens obtained in paragraphs A to C. Optical rotation: 
[o: ]fi5 -64·1° (c 0·21; water). 

N-Benzyloxycarbonyldehydroalanine p-Nitrobenzyl Ester ( Va) 

A m ixture of N-benzyloxycarbonyl-L-serine p-nitrobenzyl ester18 (1·0 g; 2·7 mmol), dimethyl
formamide dineopentylacetal (1 ·3 ml), and benzene (25 ml) was refluxed for 4 h under exclusion 
of atmospheric moisture (calcium chloride tube), evaporated under diminished pressure, the 
residue codistilled with 50% aqueous ethanol (50 ml) , and fin al ly chromatographed on two 
40 X 16 X 0·3 em loose layers of the fluorescent-indicator-containing silica gel in the solvent 
system 75 : 25 benzene- ethyl acetate. The UV-absorbing bands were eluted with ethyl acetate 
and the elua tes evaporated. The residue of the RF 0·26 band was crystallised from ethyl acetate 
a nd light petroleum to afford 0·50 g (50%) of the starting compound; [a]fi5 0° (c 1·0, dimethyl
formamide). The residue of the Rp 0·36 band was crystallised from ethanol to afford 0·10 g 
(100%) of compound Va, m.p. 94- 95°C, [o:Jfi5 0° (c 0·5, dimethylformamide) . For C18 H 16N 2 06 
(356· 3) calculated: 60·67% C, 4·52% H, 7·86% N; found: 60·67% C, 4·88% H, 8·35% N. NMR 
spectrum: 5·17 (s, 2 H) C6 H 5 C!!2 0 - ; 5·34 (s, 2 H) C_!!2 -p-nitrophenyl; 5·87 (dd , 1 H, JNH, CH = 
= 1·5), JNI-!, CctH < 5, lcH , CH = 0·5; 6·33 (br s, 1 H) both C!!2= C::::; 7·21 (br, s, 1 H) NH; 7·36 

(s , 5 H) phenyl; 7·52 and 8·22 (2 x 2 H, d) p-nitrophenyl. 

N-Benzyloxycarbonyldehydroalanine Methyl Ester ( Vb) 

A mixture of N-benzyloxycarbonyl-L-serine methyl ester (1·26 g; 5 mmol), dimethylformamide 
dineopentylacetal (3 ml), and benzene (33 ml) was refluxed for 6 h under exclusion of atmospheric 
moisture (calcium chloride tube), evaporated, the residu.e codistilled with 50% aqueous ethanol 
(50 ml), and finally chromatographed on one layer of loose silica gel in chloroform. The Rp 0·33 
band was eluted with methanol and the elua te evaporated under diminished pressure to afford 
1·0 g (79%) of the starting methyl ester. The Rp 0·90 band was processed analogously to afford 
0·01 g (2·5%) of compound Vb . Mass spectrum: mol. peak 235 (C12H 13N04). NMR spectrum: 
3·81 (s, 3 H) - COOC!!3 ; 5·18 (s, 2 H) C6 H 5C_!!2 0 - ; 5·79 (br d, 1 H) and 6·25 (br s, 1 H) 
C_!!2= C::::; 7·31 (br s, 1 H) NH; 7·36 (s, 5 H) phenyl. 
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Racemisation of Compound lie 

A. By reaction with dimethylformamide dineopentylacetal. A mixture of compound Jlc (0·70 g), 
dimethylformamide dineopentylacetal (1 ml), and benzene (20 ml) was refluxed for 8 h under 
exclus ion of atmospheric moisture (calcium chloride tube) and evaporated under diminished 
pressure. The residue was chromatographed on one layer of loose silica gel in the solvent sys
tem 8 : 2 benzene-ethyl acetate and the band of compound lie (RF 0·4 7) was eluted with methanol. 
The eluate was evaporated under diminished pressure and the residue crystallised from ethanol 
and cyclohexane to afford 0-45 g (64%) of compound lie, [o:]f>5 -12·8° (c 1, dimethylformamidc). 

B. By reaction with triethylamine. The reaction was performed analogously to paragraph A, 
dimethylformamide dineopentylacetal being replaced by triethylamine (2·5 ml), to afford 74% 
of the recovered lie, [o:]b5 -8·6° (c I, dimethylformamide). 

As shown by thin-layer chromatography on silica gel, both reaction mixtures contained only 
tra ce amounts of compound Va. 

N- (Pyrimidin-2-yl)-L-cysteine (VI) 

A mi xture of 2-methylthiopyridine8 (1·0 g; 8 mmol), L-cysteine hydrochloride monohydrate 
(2·8 g; 16 mmol), sodium carbonate (1·4 g 14 mmol), and water (20 ml) was refluxed for 6 h, 
cooled down, diluted with water (20 ml), washed with two 20 ml portions of ether, the aqueous 
phase neutralised with coned. hydrochloric acid, applied to a column of Dowex 50 X 8 (H+ 
cycle) ion exchange resin (100 ml), and the column eluted with water to the drop of UV-ab
sorption and conductivity. The elution was then continued with 2·5% aqueous ammonia, the UV
absorbing fraction evaporated, and the residue applied to a 80 X 4 em column of DEAE-cel
lulose (HCOJ'; Cellex D, standard capacity). The elution (rate, 3 ml/min; fractions were taken 
in 10 min intervals) with the use of a linear gradient of triethylammonium hydrogen carbonate 
(pH 7·5) with 2 I of water in the mixing chamber and 21 of the 0·3M buffer solution in there
servoir. The 0·17 - 0·25M fraction containing compound VI was evaporated and the residue 
chromatographed on 4 sheets paper Whatman No 3 MM in the solvent system S1 . The UV-ab
sorbing bands of compound VI (Rp, 0·54) were eluted with dilute (1 : 1000) aqueous ammonia 
(20 ml) , the eluate evaporated under diminished pressure, the residue redissolved in water (100 ml, 
the solution adjusted with hydrochloric acid to pH 3·5, and treated portionwise with active 
charcoal (prewashed with lM-HCI and water, and dried at l10°C) until the supernatant extinction 
dropped to 0·5 at 235 nm. The charcoal was collected by centrifugation, washed with three 
100 ml portions of water, eluted with an 1% solution of ammonia in 50% aqueous methanol, 
the eluate filtered through Cellite, the filt rate evaporated under diminished pressure, and the resi
due purified by precipitation from methanol (5 ml) with ether (200 ml). The precipitate was col
lected by centrifugation, washed with ether, and dried under diminished pressure. Yield, 246 mg 
of compound VI, chromatographically (RF values: 0 ·54 in S1; 0·75 in S2) and electrophoretically 
(buffer solutions £ 2 and £ 3) homogeneous and ninhydrin-negative. For C7 H 9 N 3 0 2S (199·2) 
calculated: 42·20% C, 4·55% H. 21 ·10% N, 16·09% S; found: 42·35% C, 4·51% H, 21·30% 
N, 15·73% S. Optical rotation : [o:]b5 - 57·9° (c 0·5, water). UV spectrum (water) : Amax 235 nm 
(c2 35 13000), 303 nm (s303 1900). Mass spectrum: mol. peak 199 (C7H 9 N 3 0 2S), 122, 106, 96, 
95 (m. p.). NMR spectrum (hexadeuteriodimethyl sulfoxide): 3·00-3·70 (br m, 2 H) ~-CH2 ; 

6·1 2 (br m) SH + a-CH; 6·52 (t, 1 H) C( 5 )- H; 6·79 (br d, 1 H) 2-NH (JNH, CH = 6); 8·25 (d , 2 H) 
C< 4 y- H + C( 6 )- H (J4 , 5 = ! 5 ,6 = 4·5). In addition to compound VI, the reaction mixture 
contained as contaminants compound Ila and a ninhydrin-positive product (RF values: 0·41 
in sl ; 0·38 in Sz. Electrophoretical mobilities: 0·26His in Ez; -0·67His in £3) with identical 
spectral properties as compound VI. Optical rotation: [o:]f>5 -189·5° (c I, water). Mass spectrum: 
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mol. peak 199, 152 (M-CH2SH), 122, 120, 95, 79. These properties are in accordance with 
structure VII. 

Identification of Compound VI Formed by Rearrangement of Compound Jla (isolated from 
the cultivation medium) 

An aqueous solution of compound lla (c = 3·5 X 10- 3
M; 5 ml) was kept at 4°C for 3 days, 

evaporated under diminished pressure, and the residue subjected to electrophores is on two 
30 em wide strips of paper Whatman No 3 MM in the buffer solution E 1 at 15 V fern (I h) . The 
bands of compound VI were eluted with water (20 ml) and the concentration of the eluate deter
mined spectrophotometrically at 235 nm (pH 7). Yield, 27·5% of compound VI, identical with 
an authentic specimen (vide supra) on chromatography (in S 1 and S2 ), electrophoresis (in E 1 - E3), 

, and UV spectrum. Optical rotation: [o:]f>5 -52·1° (c 0·1, water). 
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