
Tmok&oa. Vol. ts. Pp. 4303 to 4513. Perpom Rrr I972 Primed ia Grcu Britain 

MASS SPECTRA OF SULPHUR-CONTAINING 
AMINO ACIDS AND PEPTIDES 

H. NLWIMURA, S. TAHARA. H. OKUYAMA and J. Mrrzwr~~l 
Department of Agricultural Chemistry, Hokkaido University, Sapporo, Japan 

(Received in Jupun I1 May 1972; Received in he UK/or publication 16 May 1972) 

Abshct-More than twenty synthcsizal S-containing amino acids and peptides with biological interests. 
have been measured by direct inlet system of the mass spectrometer. Most of these compounds have the 
large molecular ion abundances and give the rcproducibk fragmentations. The mass spcctral-fragmcnta- 
tion mechanisms of systematically synthesized S-alkyl-Lcysteincs. S-alkyl-Lqstcinc sulphotides. 
Salkyl-2-methyl-DLcystcina, glycyl-S-alkyd-DLcystcio*l and cyclic sulphur-containiog amino acids. 
etc. arc proposed. 

INTRODUCTION 

THE mass spectra of amino acid and peptide derivatives have been investigated.‘-3 
The molecular ion peaks of free ammo acids and peptides have relatively the low 
abundances and it often gives rise to cases in which they are not observed at al\, 
because of the low vapour pressure of these compounds and the instability of the 
molecular cations. Junk and Svec4 have succeeded in obtaining a unique and repro- 
ducible mass spectrum of each individual amino acid by charging a crucible with the 
pure acid and then placing the crucible directly into the ionization chamber of the 
mass spectrometer. 

Recently, Martins has speculated the structures of the mass spectral fragments of 
22 free amino acids There is a possibility that the fragment formed by hydrogen 
rearrangement is one of the thermal decomposition products of an amino acid. For 
example, the fragment peaks 44 and 58 in the mass spectrum of leucine (1) have been 
formulated as 2 and 3 formed by hydrogen rearrangement,’ respectively, as shown in 
scheme 1. 

3 m/r 58 
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But there is no evidence that these fragments are not due to thermal decomposition 
but mass spectral electron impact Therefore, the studies on the fragmentation of 
hydrogen rearrangement should need such consideration as given below. 

(1) It is necessary to distinguish the fragments of mass spectra from those of the 
thermal decomposition products of amino acids and peptides, since these compounds 
are unstable to heating in the evacuated inlet system. 

(2) It is necessary to use ammo acids and peptides exchanged by the isotopes: for 
example, the carboxyl and amino hydrogens of them are deuterated in an excess of 
99.9% D20. 

It is generally known that the molecular ion peaks of Scontaining ammo acids 
such as methionine and cysteine have considerably the lars relative abundance.4 
However, the mass spectral fragmentation of naturally occurring and related S-con- 
taining amino acids and peptides has not been investigated systematically. 

We have investigated the photolysis” and y*adiolysis7d of Scontaining amino 
acids, and the precursors of the caucas (Alliwn &tori&s L.) flavour.’ It is interesting 
to compare the mass spectral fragmentation with the photolysis or the y-radiolysis 
of Scontaining amino acid, and also, it is important to apply the mass spectrometry 
to the identification of a trace amount of a naturally occurring Scontaining amino 
acid and peptide, and of the microorganic metabolite of a naturally occurring and 
related Scontaining amino acid. 

This paper deals with the unique mass spectral fragmentation mechanism of more 
than 20 synthesized Scontaining amino acids and peptides of biological interests. 

RESULTS AND DISCUSSION 

Fragmentations of S-alkyh-cysteines (4) 
The reproducibk mass spectrum of Sa-propyl+cysteine, one of SJkyl-L- 

cysteine, is shown in Fig 1. 
The base ion peak of Salkyl~.cysteine is (R-!GCH,)+ ion fragment which 

results from the rupture of the bond b rather than a to the S atom as well as methionine 
though acleavas is preferential in the case of yirradiation.9 The most obvious and 

9 
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unique difference between Salkyl-Lcysteine and methionine is (R-!GCHa)+’ 
radical cation peak formed by a hydrogen rearrangement, i.e. the relative abundances 
in the case of R = methyl, n-propyl, ally1 and I-propenyl were 55.2, 403, 55.8 and 
72.8 “/, respectively. 

R-S-CH,CHCOOH 

4 I\IH, 

R : CH,. CH,CH,CH2. CH,=CHCH,. 

L’H,CH=CH. 

However, there is a possibility that (R-!G-CH&+‘ion fragment is one of the thermal 
decomposition products. Fig 2 shows the gas chromatograms of head space vapour 
from thermal decomposed S-allyl-Lcysteine and of authentic methyl ally1 sulphide. 

The main thermal decomposition products at 200 to 250”. peaks 1 and 2, were 

II 

(II)’ - 
0 5 IO 
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FIG 2. Gas chromatograms of thermal decomposition products of S-allyl-L-cystcinc (I) and 
authentic methyl ally1 sulphide (II). 

Column: 20% Reoplcx 400 coated on C-22 (I m x 3 mm i.d.). Column temperature: 80”. 

identified with ally1 mercaptan and diallyl sulphide by using GC-MS,‘” respectively. 
From the facts that methyl ally1 sulphide was not detected in the gas chromatogram 
and diallyl sulphide ion, m/e 74 was not observed in the mass spectral fragments of 
S-allyl-Lcysteine, (R-H,)+’ ion fragment is not due to thermal decomposition 
but mass spectral electron impact. 

Moreover, to elucidate the mechanism of hydrogen rearrangement, the carboxyl 
and amino hydrogens of Sdkylccysteines were exchanged stepwise with deuterium. 
Mass spectral data in the region of mass 88, (CH,=CHCH,--S-CH,)+’ ion 
fragment and the molecular ion of Sallyl-tcysteine is shown in Fig 3. 

At first the carboxyl hydrogen, next one of the amino hydrogens and at last both 
of the amino hydrogens are exchanged stepwise by using DzO. The hydrogen re- 
arrangement to (CH2=CHCH,--S-CH&+’ ion fragment resulted from the transfer 
of the amino hydrogen of Sallyl-tcysteine as shown in Fig 3. Then, the hydrogen- 
rearrangement mechanism in proposed in scheme 2 

R~kHI-CHCOOH - 

7 

R-&H, + HN=CHCOOH 

HlNH R: CHJ. CH,CHJH,. CH,=CHCH,. 

CH ,CH=CH. 
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FIO 3. Mass spectra (parts of mass peaks) of Sallyl-Laysteinc dewcrated stcpwisc 

It seems that these fragmentations are very important to distinguish between 
methionine-and Salkyl+_.cysteine-containing peptides in Allium” and Cruciferoust3 
plants. 

In addition, though the fragmentations of Sallyl-Lcysteine and Sdl-propenyl)- 
L-cysteine indicated the similar pattern to each other, the molecular ion abundance 
of the latter was larger than that of the former; each molecular ion is 142 and 32-l%, 
and (CH+IHCH,)+ ion was more abundant than (CH,CH=CH)+ ion, i.e. each 
ion abundance is 87.6 and 4080/, respectively. 

This information indicates that S-(1-propenyl&cysteinaradical cation is more 
stable than S-allyl-L-cysteine’s since d-orbital of the S atom resonates reasonably 
with I-propenyl double bond, while the bond of S-C (ally1 group moiety) is more 
easily cleaved than that of P (l-property1 group moiety). 

Masses 45 and 85fiom unsaturated cysteine derivative-s 
The m/e 45 fragment was strongly observed by the electron impacts of S-allyl- and 

S41-propertyI)-Lcysteine (4) but not in the cases of S-methyl- and S-n-propyl-L- 
cysteine. 

LCH 

R&H,CHCOOH 

I 

-R-&CH, F 
m/e 45 

NH2 m/r 87 

LCHS+ 4 5 

R : CH,=CHCH,, CH,CH=CH. m/e 85 
kHEME 3 
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The metastablc ion peak at 23.3 indicates that tht ion at m/e 45 is formed from the 
m/e 87 ion with the concerted loss of two vi&al groups Similarly, the metastable 
ion at 830 indicates that the ion at m/e 85 is formed from the m/e 87 ion with the 
concerted loss of two H atoms These concerted processes am summarized in scheme 3. 

Fragmentations of S-alkyl-L-cysteine sulphoxide Q 
Sulphoxide amino acids such as S-alkyl-Lcysteine sulphoxide (alkyl: methyl ; 

n-propyl ; 1-propenyl; allyl) have been shown to be the characteristic-flavour pre- 
cursors of onion (A. cepa L.),” garlic (A. satiuum L.)” and other Allium species. The 
sulphoxides generally exhibit lower vapour pressure than the corresponding sul- 
phides. Though the fragmentations by the electron impact could not be obtained, 
only the pattern of the thermal decomposition of S-alkyl-Lcysteine sulphoxide was 
unique and reproducible Scheme 4 shows the main decomposition process. 

0 t thermal, . v : 
R-S-CH,CHCOOHdeCompos’t’on- R-SS-R 

5 
[ 1 

. 

R: CH,CH,CH,. CH,=CHCH,. CH,CH==CH. 
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Fragmentations 4 S-alkyl-2-methyl-tx-cysteines (6) 
The introduction of a Me group in the a-position of Scontaining amino acid 

greatly alters the fragmentation mechanisms and further lowers the vapour pressure. 
The mass spectrum of S-n-propyl-2-methyl-DLcysteine, one of S-alkyl-2-methyl-m_- 
cysteines, is shown in Fig 4. 

N”2 
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Though the cleavage of p bond to the S atom of Salkyl-Zmethyl-DL-cysteines 
results mainly, the base ion fragment was amino cation, m/e 88 (8) not containing a 
S atom. Moreover, relatively the intense and unique peak was mass 42, (C,H,N)+ 
ion fragment. The metastable ion peak at 200 indicates that the ion at m/e 42 is 
formed from the m/e 88 ion as shown in scheme 5. However the me&stable ion peak 
of (M-COOH)+ ion fragment (7) to m/e 42 ion could not be detected. The ion at m/e 

42 can be regarded as either (CH,=C&H,) or (CH,X&H) fragment. Fig 5 
shows the mass spectral data in the region of mass 20 of S-ethyl-2-methyl-DLcysteine 
exchanged sttpwise the carboxyl and amino hydrogens for deuteriums. 

I Cl+,-(;-COOH iL CH,-C=iH 

5 ’ 

r4r I cy-poohl&Jn 

FIG 5. Mass spectra (mass 20 region) of S-ethyl-2-methyl-tx-cystcine deuteratcd stcpwk 

The metastable ion peak was shifted from m/e 200 to 203 with exchanging the 
amino hydrogens for deuteriums (Fig 5) From this information, the ion fragment at 
m/e 42 does not result from the transfer of a Me hydrogen but of an amino hydrogen. 
The main fragmentation mechanisms of S-alkyl-2-methyl-m_cysteines are sum- 
marized as follows (Scheme 5). 

Fragmentations of S-containing peptides 
S-containing peptides in Allium,” CrucijkrousLZ and Phaseolus”5 plants occur in 

a relatively large amount as y-glutamyl-S-alkyl-Lcysteine (Alkyl : methyl; n-propyl ; 
allyl; I-propenyl) and y-glutamyl-L-methionine. 
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I H, 

I r R-S-CH, 

l-t 
+[, 

7 ‘IkH 

2 

CH, 2 m/e 42 

R-+&(X- -COOH 

7 

9 

6 NH2 

\ 

CH, 

L -COOH 1 

H, 

AH 
III 

2 ‘NH 

m/e 88 8 m/e 42 

10 

R : CH,. CH,CH,, CH,CH,CH,, CH,=CHCH,. (CH,),CH. 

CH,(CH,),CH,. (CH,),CHCH,. CH,CH,CHCH, 

(CH,),C. CH,(CHWH,. 

SCHEME 5 

Glycyl-S-alkyl-rx-cysteines (11) and y-glutamyl-L-methionine (12) was dealt with 
as the proper S-containing peptides. Though it has been generally known that the 
C-N bond of acetyl peptides’“” and N-acyl amino acids’s is cleaved by electron 
impact, the C-N bond cleavage of free peptides was not observed. The mass spect- 
rum of Glycyl-S-n-propyl-rxcysteine, one of Scontaining peptides, is shown in 
Fig 6. In analogy with Scontaining amino acids, the molecular abundance of each 
glycylS4kyl-rx-cysteine was relatively large, i.e. the relative abundances of glycyl-S- 
npropyl- (lla) and glycylSallyl_oLcysteine (llb) were 49 and 68 “/, respectively. 
A mass spectrometric survey of dipeptides has shown that the most important ion 

61 

;J 

9 

CCgCH,C$SCH, CHCOOH 

hN% 

128 
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A 

RSCH&CHCOOH 

I 
NHCO 

R: CHICH2CH2, CH;=CHCH, 

corresponds to the amine fragment of the N-terminal amino acid,lY however the 
base ion peak of glycylSalkyl-DLcysteine was not the amine fragment (B) but S- 
containing fragment (A) because of dorbital stabilization. 

The base peak of y-glutamyl+methionine was (CH$CHJ+ ion fragment as well 
as methionine, and the interesting ion peak 74, which was shifted to mass 77 by the 
treatment of D20, is the reasonable fragment to distinguish between y-glutamyl- 
and a-glutamyl-L-methionine. 

61 

AHCOCH~CH,+HCOOH 

I 
NH, 

14 
12 

Fragmentations of cyclic S-containing amino acids 
Cyclic ammo acids generally give stronger molecular ions than the corresponding 

acyclic ammo acids. L-3-thiomorpholinone-5carboxylic acid (13) and t_-thiazolidine- 
4carboxylic acid (14) as cyclic Scontaining amino acids were studied comparing 
with the corresponding individualcyclic amino acids. 

The relative molecular ion abundances of t_-3-thiomorpholinoneScarboxylic 
acid (TOCA) and t_-thiaxolidine4carboxylic acid (TCA) were 71.4 and 27.3%. 
respectively. And, TCA gave much stronger molecular ion than the corresponding 
individual-cyclic amino acid, proline (< 1%) because of dorbital of S. It seems that 
such a strong molecular ion is attributed to the stabilization of delocalized electrons 
of S and N in the ring. 

” 

46 S a r: 

COOH 

116 

13 

COOH 

14 

EXPERIMENTAL 

Instrumentation To obsetvc a reproducible fragmentation. a Hitachi Model RMS4 MS was used. All 
the S-containing amino acids were introduced directly from a heated inlet system into the ionization 
chamber. The operating parameters were as follows: Inlet temp-130 to 200”; Ion source pressure 
7 x IO-’ mm Hg; Ion source temp200 to 230”; Target currentdO pA; Total emission--80 pA; 
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Ionization potential-80 eV. With respect to GLC and GC-MS combination. the apparatus and conditions 
were similar to those previously uSed.9 

Deuteration The carboxyl and amino hydrogens of Salkyl-Lcystcincs were exchanged stepwise by 
using w9 % D,O as shown in the following steps. 

(1) Approximately 10 mg of each amino acid was dissolved in I ml of DxO. and immediately each was 
dried up under a vacuum (2) 7 mg of deutcratdd amino acid in the proadurc of (1) was dissolved in 5 ml 
of D,O and in a scaled tube the soln was hcatcd at 70” for 5 hr. (3) Further. 4 mg of deuterated amino acid 
in the procedure of (2) was dcuteratcd in 5 ml of DIO under heating at 80” for 6 hr. 

At first the carboxyl hydrogen next one of the amino hydrogens and at last both of the amino hydrogcns 
were exchanged stepwise with dcuterium. 

SAlkyl-~-cysleincs (4) (alkyl: methyl. n-propyl allylj The synthetic procedure used is a modification of 
the method of du Vigncaud et al. ” in preparing S-mcthyl+.cystcine from L.-cystinz S-Methyl-Lcysteine: 
m.p. 212-213” (dcc); IR (KBr) 302Q-2890.2660.2170cm~’ (NH;), 159Out1-~ (COO-j (Found: C. 3552; 
H, 652; N. 1028. C,H9N02S requires: C. 3555; H. 666; N, 1037 %j S-n-Propyl-L-cystcinc: m.p. 21&212” 
(dec); 1R 2965-2860. 2580. 212Ocm-’ (NH;1 1580cm-’ (COO-j (Found: C 43.96; H. 7.88; N. 8.50. 
C,H,,NO,S requires: C. 4615; H. 8.02; N. S.SSP<). S-Allyl-L-cysteine: m.p. 208-210” (dcc); IR 302&2870. 
2590,2120cm-* (NH;), 1580cm-’ (COO-j 990 and 918 cm-’ (ally1 double bond). (Found: C. 4465; H. 
691; N. 864. C,H,,NO,S requires: C &72; H. 688; N, 8.69%). 

cis-~I-Propeny~~-cystei~. This compound was prepared by the synthetic procbdurc of Carson and 
Wang” from S-allyl-L-cystcine with t-BuOK in DMSO: m.p. 179-180” (dcc); IR 2970-2840. 2580. 2100 
cm-‘(NH;). 158Ocm-* (COO-jnoabsorptionsat 9!Xand918cm~‘(allyldoublebond)andat967 cm-’ 
(rrans isomer); NMR (D,O-NaODj 6 5.96 (d 1 H. J = 9 Hz. cis configuration of the double bond). 
(Found: C. 44-70; H. 681; N. 866. C6H,,NOzS requires: C &72; H. 688; N. 8.69%). 

( f)S-Alkyd-L-cysteine ndphoxides (5) (alkyl: n-propyl ally1 cis-1-propenylj These compounds were 
derived from corresponding sulphidc according to the method of Tocnnies and Callan” in preparing 
Lmethioninc sulphoxide from methionine with 30% H,O, in AcOH or water. S-n-Propyl-L-zystcinc 
sulphoxide: m.p. 195-198” (dec); IR IOlZcm-’ (sulphoxidej (Found: C, 3996; H. 7.21; N. 7.79. 
C6H ,,NO,S requires: C. 4022; H. 7.26; N. 7.82 %j SAllyI-LKysteine sulphoxidc: m.p. 165” (dec); IR 
1020 cm-’ (sulphoxidcj 990 and 915 cm-’ (ally1 double bond). (Found: C 4051; H, 619: N, 7.82 
C,H,,NO,S requires: C. 4066; H. 626; N, 7.91 %j cis-Sdl-Propenyl)-L-cysteine sulphoxide: m.p. 138” 
(dcc); IR 1009 cm-’ (sulphoxidej (Found: C. 4049; H 620; N. 7.85. C,H, ,NO,S requires: C 4066; H, 
626; N. 7.91%). 

S-Alky/-2-mcthyl-DL-cysleincs (6) (alkyl : methyl. ethyl. n-propyl isopropyl, allyl. n-bury1 isobutyi. scc- 
butyl. t-butyl, nqctylj The synthetic procedure has been previously reported in detail.” Alkylthiopro- 
panones were prepared by the condensation of chloroacztonc and sodium mercaptidcs in EtOH according 
to the method of Bradshcr et al.” Alkylthiopropanones thus obtained were used for 5-alkylthiomcthyl-5- 
methylhydantoin syntheses by Buchcrcr’s method. I’ Following the dirations of Pot1$z6 S-alkyl-2- 
methyl-oLcysteincs were obtained in high yields from 5_alkylthiomethyl-5-methylhydantoins by alkaline 
hydrolysis. 

S-Methyl-2-methyl-DL-cysteine: m.p. 248-250” (dccj (Found: C. 4020; H. 7.43; S 21.26. C,H, ,NO$ 
requires: C. 4025; H 7.43; S 21.49%). S-Ethyl-2-methyl-DLcystcine: m.p. 222” (dccj (Found: C 43.98; 
H 7.96; S 1965. C6H,,N02S requires: C. 44-15; H. 8.02; $ 1964%j Sm-Propyl-2-methyl-oL<ystcint: 
m.p. 249” (decj (Found: C. 47.31; H, 8.38; S 18.14. C,H,,NOIS requires: C 47.43; H, 8.53; $ 18.08%). 
S-isopropyl-2_methyl-DLcysteinc: m.p. 195” (dccj (Found: C. 47.35; H. 8.52; $ 17.92. C,H,,NO$ 
requires: C, 47.43; H, 8.53; S 18.08 %j S-Allyl-2-mcthyl-ot_cystcinc: m.p. 260’ (dccj (Found: C. 47.70; H. 
7.44; S 18.05. C,H,,NO$ requires: C 47.98; H, 7.47; $ 18.29%j S-n-Butyl-2-methyl-DLcysteinc: m.p. 
225” (dccj (Found: C. 5038; H, 8.94; S 1674. C,H,,NOIS requires: C, 5024; H 8.96; $ 1676%). 
S-lsobutyl-2-mcthyl-oL<ystcine: m.p. 228” (dccj (Found: C, 5004; H. 8.92; $ 1684. Cs?i,,NOIS 
requires: C. 5024; H 8.96; S 1676%). &cc-Butyl-2-methyl-DLcysteine: m.p. 248” (dccj (Found: C, 
5019; H. 8.86; S 1655. CsH,,N02S requires: C. 5024; H 8.96; S, 1676%). S-1-Butyl-2-methyl-m_- 
cysteinc: m.p. 272-275” (dccj (Found: C 5@22; H. 8.91; S. 1682. C,H,,NO$ requires: C, 5024; H. 
8.96; S, 1676%). S-nactyl-2_methyl-ot_Lcystcine: mp. 205” (decj (Found: C 58.27; H, 1021; N. 5.53. 
C12H2sNOIS requires: C, 58.26; H. 1019; N. 566%). 

The introduction of a Me group in the a-position of S-containing amino acids showed additionally the IR 
(KBr pellet) absorption at 1455 cm- I. 

DL-2-Methyhnerhionine. Mcthylthiobutan-3-one was prepared by the condensation of methyl vinyl 



4512 H. NCMMURA, S. TAHARA, H. OKUYAMA and J. MIZUTANI 

ketone and methyl mcrcaptan according to a modification of the method of Catch elo1.” According to the 
method of Pfista 3rd. et 01.‘~ DL-5qf3-mcthylthiocthyl)-5-methylhydantoin was prepared by the reaction 
of methylthiobutao-3-on with RCN and ammonium carbonate in aqueous EtOH, and furtha DL-2- 

mcthylmetbiooine was obtained from DL-5-@-mctbyithioetbyl-S-methyl hydantoin by alkalinc hydrolysis: 
m.p. 283” (dec), IR 146Ocm- (methyl group in the a-position). (Found: C, 43.98; H, 7.85; N. 846. 
C,H,,NO,S requires: C, 44.15; H, 8Q2; N, 8.59%). 

L-3-ThiomorpholinonrJ~arboxylic acid (19 S-Carbamoylmcthyl+cystcine was synthesized by the 
treatment of Lcystine with sodium and a-cbloroacetamide in liquid ammonia”. SCarbamoylmcthyl-L- 
cysteine was converted into 13 by heating with EtONa in EtOH or with AcOH under rcllux :” m.p. 186” 
(dec); IR 3lMcm-’ (NH in lactam), 1710 cm-’ (carboxyl), 166Ocm-’ (C=O in lactam). (Found: C, 37.03; 
H, 446; N, 8.72. C,H,NO,S requires: C, 37.27; I-l, 4.36; N, 8.71%). 

L-Thiazolidine4~urboxylic u&f (143. LCysteioc and formaldehyde were dissolved in 50 y0 EtOH. and the 
mixture was allowed to stand in a refrigerator over night.” Recrystallization was carried out by acidifying 
the Na salt of 14 in aqueous soln with AcOH: m.p. 194-195”(dec); IR 26W-215Ocm- ( >NH;). (Found: 
C. 3624; I% 534; N. 1073. C,H,NOIS requires: C 3613; H. 5.27; N. 1055%). 

Synthesir 4glycylS-n-propyl-DL~ystdne (Ila). 
(a) S-o-Propyl-m-cysteine ethyl eswr (I) S-n-Propyl-DLcysteioc ethyl ester was prepared from DL- 

cystine by the method of du Vigneaud et ul.” followed by the method of Fischer.” 
(b) NCarbobenzoxyglycir (II). NCarbob+oxy-glycine was prepared from carbobenzoxy chloride 

and glycioe by the method of Bcrgmann and Zervas.” 
(c) N&&obenzoxyqfycyl~+propyl-DL-cysteine ethyl ester (III) A sample of 1055 g (0041 mol) of IL 

8.46 g (0041 mol) of N. N’dicyclohexylcarbodiimide (DCC) and 8.0 g (0041 mol) of I were dissolved in 
100 ml of THF and allowed to react for 4 hr at room temp. The mixture was shaken occasionally. and after 
4 hr. 3 ml of glacial AcOH was added to decompose the cxce~s of DCC. The mixture was stored in a rc- 
frigerator overnight. N. N’-Dicyclohexylurea was removed by filtration. the solvent was evaporated under 
reduced pressure, the residue was dissolved in 80 ml of EtOAc, and insoluble matters were filtered OK. The 
EtOAc soln was washed with 0.5 M NaHCO, and 0.5 M aqueous soln of citric acid and dried over Na,SO,. 
The solvent was evaporated under reduced pressure and the oily residue was obtained in 79% yield (12.3 g). 

(d) NCorbobenxoxyqlycylS-n-propyl-DL-cysteine (IV). The crude ester III (12.3 g) mentioned above 
was treated with a mixture of 140 ml of dioxane and 100 ml of 1 N NaOH for 6 br at room temp. After 
the soln was evaporated under reduced pressure. the residue was dissolved in water (500 ml). After filtration 
the solo was acidified with 1 N HCl. The oily substana separated was extracted with EtOAc. the EtOAc 
solo was washed with water, dried over Na$O,, and the solvent was evaporated under reduced pressure. 
The residue was dissolved in a small amount of EtOAc and recrystallized by the addition of dicthyl ether 
and light petroleum; yield 3-648 (31.9%). m.p. 118-119”. 

(e) Glycyl-S-n-propyl-m-cys~eine (lla) A soln of 3.6 g of IV in 90% AcOH (50 ml) was hydrogenated over 
Pd black (04g) as catalyst. The filtrate from the catalyst was evaporated under reducal pressure and the 
crystalline product was obtained. It was recrystallized from water and EtOH : yield 1.23 g (549%); m.p. 
191-200” (dec); IR (KBr) 1674, 1564-1546. 1273 cm-’ (amide). (Found: C. 43.43; H. 7.28; N. 12.92; S, 
1447. C,H,,N,O,S requires: C. 4462; H. 7.32; N. 12.72; S, 1455%b 

Synthesis qjglycylSa/lyl-DL-cysteine (llb). 
(a) S-Alfyl-~~zysteine ethyl ester (v). S-Allyl-DL.cystcine ethyl ester was prepared from DLcystinc and 

ally1 chloride by the same method as mentioned in the preparation of I. 
(b) NCurbobenzoxy-gfycyl-S&lyl-DL-cysteine ethyl ester (WY A sample of 106 g (004 mol) of U 8.5 g 

(004 mol) of DCXZ and 7.8 g (004 mol) of V were dissolved in IOU ml THF and allowed to react for 4 br at 
room temp. The mixture was shaken occasionally. and after 4 hr 3 ml of glacial AcOH was added to 
decompose the excess DCC. The mixture was stored in a refrigerator overnight. The insoluble N.N’- 
dicyclohexyl urea was removed the solvent was evaporatai under reduced pressure. the residue was 
dissolvai in 60 ml EtOAc. and insoluble matters were filtered off. The EtOAc soln was washed with 05 M 
NaHCO, and 05 M aqueous solo of citric acid, and dried over Na,SO,. The solvent was evaporated under 
reduced pressure and oily residue was obtained in 87 % yield (136 g). 

(c) N-&rbobenzoxy-g/ycy/~&lyl-DL-cysleine (VII). The crude ester VI (13.6g) was treatal with a 
mixture of 140 ml dioxane and 100 ml IN NaOH for 6 hr at room temp. After the soln was evaporated 
under reduced pressure. the residue was dissolved in water (550 mlb After filtration the soln was acidified 
with IN HCI. The oily substance separated was extracted with EtOAc the EtOAc solo was washed with 



Mass spectra of sulphur-containing amino acids and pcptides 4513 

water, dried over NaxSO, and the solvent was evaporated unda reduced pressure lk r&k Was dhkd 
in a small amount of EtOAc and recrystallized by the addition of diethyl ether and light petroleum; yield 
105g(744%). r&p. 116121”. 

(d) Gfycy/S~/lyl-DL~ysteine (Ilb). To a 200 ml of liquid ammonia in a 500 ml round-bottomed flask 
equipped with a mechanical stirrer and a soda lime tube. and coolcd with dry& and EtGH was added 
105 g of VII. Na was then added in small portions until the blue color pcrsistcd for 5 min. After the addition 
of ammonium bromide. 17 ml of ally1 bromide was added and the mixture was further stirred for 2 hr. The 
ammonia wax removed and the residual solid was dried in uacuo. This material was dissolved in 200 ml 
water. To this soln 20 ml AcOH was added and the peptide was absorbed by passing the soln through a 
column of Dowcx SOWX-2 (H * cycle). The resm was washed with water. The peptide was then cluted from 
the column with 2N NH,OH. The soln was then concentrated in IUCIUJ to 20ml. yielding a crystalline 
mush After storage in a rcfrigcrator overnight, the crystals wcrc separated from the soln by filtration. It 
was recrystallized from water and EtOH yield 1.35g (2070/,); m.p. 191-196” (dec); 1R (KBr) 1682 1565 
1540. 1270 cm-t (amide) 995 and 923 cm-’ (ally1 double bond). (Found: C, 43.74; H, 649; N. 1284; S. 
1446. CaH,*N,O,S requires: C. &02; H, 646; N. 12.83; S 1469%). 

Acknowledgements-The authors arc indebted to Dr. T. Kasai who kindly furnished the sample of pure 
yglutamylcmcthionine. 
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