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Asymmetric synthesis of S-alkyi-substituted (R)-cysteines via a chiral Ni II 
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An efficient procedure was developed for the asymmetric synthesis of S-alkyl derivatives of 
(R)-cysteine by nucleophilic addition of alkanethiols (BunSH. ButSH, or terr-CsH j tSH) to the 
C=C bond of the dehydroalanine fragment in the Ni II complex of the Schifl's base of A-Ala 
with (5)-2-N-(N-benzylprolyl)aminobenzophenone [(S)-BPB-A-Ala]Ni II. Under conditions 
of thermodynamic control of the reaction, the diastereomeric excess of the complexes with the 
{S.R)-configuration was 88--96%. After decomposition of the complexes, (R)-S-butylcysteine, 
(R)-S-tert-butylcysteine, and (R)-S-rerr-pentytcysteine were isolated with an enantiomeric 
purity of >97%. 

Key words: dehydroalanine, thiols, addition, diastereoselectivity, S-alkylcysteines, asym- 
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Enantiomerically pure S-substituted derivatives of  
cysteine are important components o f  many physiologi- 
cally active peptides, antibiotics, and other medicines I-3 
and are also successfully used in microbiology for the 
selection of highly active producer strains of  protein 
amino acids. 4,5 By analogy with another sulfur-contain- 
ing amino acid, viz., (S)-methionine, 6 S-alkyl-substi- 
tuted cysteines can be used as starting compounds for 
the synthesis of  chiral ligands of  the salen type for 
TitV-containing catalysts employed in the asymmetric 
synthesis of  cyanohydrins, 

Previously, 7 we have developed a procedure for the 
asymmetric synthesis of  S-phenyl and S-benzyl deriva- 
tives of  (R)-cysteine by the addition of  the corresponding 
thiols to Ni complexes of  Schiff's bases of  dehydroalanine 
with chiral reagents, (S)-2-N-(N-benzylprolyl)amino- 
acetophenone and (S)-2-N-(N-benzylproly l )amino-  
benzophenone I(S)-BPB]. 

In the present work, we report the asymmetric syn- 
thesis of  S-butyl-, S-tert-butyt-, and S-tert-pentyl-(R)- 
cysteine. 

Results and Discussion 

The chiral planar-square complex of  the Ni It ion with 
the Schiff's base of  dehydroalanine and (S)-BPB, viz., 

2-{ N- [2 - (N-benzy l -  L-proly l )aminophenyl  I (phenyl) -  
methylene}aminoacrylato- N, N ', N",O}-nickel(r 0 (1), 
containing an active electrophilic C=C double bond, was 
prepared according to a procedure reported previously. 8 

The addition of thiols to complex 1 was carried out 
in MeCN or DMF in the presence of  K2CO 3 or NaOH, 
respectively (Scheme 1). The course of  the reaction can 
be monitored by TLC or IH NMR spectroscopy by 
following the disappearance of signals for the vinyl 
protons of  the a-Ala fragment of  the initial complex ! at 
/5 4.1 and 5.8. 

The addit ion afforded pairs o f  diastereomeric  
complexes with (R)- and (5")-configurations of  the new 
stereogenic center,  viz., {S-alkyI-N-[2-(N-benzyl- 
p r o l y l ) a m i n o p h e n y l ] ( p h e n y l ) m e t h y l e n e c y s t e i n a t o -  
N,N ",N",O}nickel(ll) (alkyl is Bun (2 and 3), Bu r (4 and 
5), or tert-CsHll (6 and 7)). 

The absolute configurations of  the diastereomeric 
complexes were determined by comparing the optical 
rotatory dispersion (ORD) curves (Fig. I ) o f  individual 
diastereomers (isolated by chromatography on SiO 2 in a 
CHCI3--Me~CO solvent system) with the ORD curves 
of  the structurally similar complexes of  (R)-S-benzyl- 
cysteine prepared previously. 7 The comparison demon- 
strated that the amino acid fragments in complexes 2, 4, 
and 6 characterized by higher Rr values on SiO2 possess 
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the (R)-configuration, whereas these fragments in less 
mobile complexes 3, 5, and 7 have the (S)-configu- 
ration. 

The diastereomeric composition of  the products de- 
pends on the reaction time. At the beginning of the 
reaction (within 10 rain aRer addition of RSH), the 
excess of the (&R)-diastereomer characterized by the 
higher Rf value on silica gel was 70% as a result of  a 
rather low kinetic enantioselectivity. Then the amount of  
this diastereomer gradually increased due to the attain- 
ment of thermodynamic equilibrium. The equilibrium 
ratios of the diastereomers and their chemical yields are 
given in Table I. 
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Fig. 1. Optical rotatory dispersion curves for the complexes in 
MeOH (25 ~ 1, [(5)-BPB-(R)-(S-Bu~Cys)]Ni II (4): Z [(5")- 
BPB-(R)-(S-tert-CsH+~Cys)]Ni ~I (6): .7, [(S)-BPB-(R)-(S-Bu n- 
Cys)lNi II (2); and 4, [(S)-BPB-(5)-(S-tert-CsH I iCys)lNi II (7). 

The addition of the nucleophiles and the attainment 
of the thermodynamic equilibrium between the diastere- 
omers occurred rather rapidly (0.5--1 h) in DMF under 
the action of NaOH at 45--50 ~ However, this process 
was accompanied by the formation of by-products in 
yields of up to 15%, By-products were not formed upon 
addition of  alkanethiols to complex 1 in MeCN under 
the action of K~CO3 at 45--50 ~ Under these condi- 
tions, thermodynamic equilibrium between the diastereo- 
merle complexes was established in 6--8 h. 

After the attainment of  thermodynamic equilibrium, 
decomposition of the mixture of  diastereomers under the 
action of HCI in an aqueous-methanolic solution gave 
rise to S-alkyl-(R)-cysteines 8--10 with an optical purity 
of  >97% and chemical yields of  >80%. The initial chiral 
reagent (S)-BPB was recovered in a yield of >96% with 
retention of  optical purity. 

Table 1. Chemical yields and the ratios of the diastereomers 
prepared by addition of RSH to the C=C bond in complex 1 

RSH Solvent Base (&R)/(S,S)* Yield 
(%)** 

BunSH MeCN K2CO 3 94 : 6 86 
Bu'SH MeCN K2CO 3 97 : 3 94 
tert-CsHltSH MeCN K2CO 3 98 : 2 92 
ButSH DMF NaOH 97 : 3 76 
tert-CsHI1SH DMF NaOH 96 ' 4 70 

* The ratio of the isomers was determined by enantiomeric 
analysis of the amino acids isolated from a mixture of the 
diastereomeric complexes without subsequent crystallization. 
** The chemical yield of the mixture of the diastereoisomers. 



1462 Russ.Chem.Bull., Int. Ed.. Vol. 49, No. 8, August, 2000 Saghiyan et al. 

Experimental  

The amino acids were purchased from Reanal (Hungary,); 
BunSH, Bu~SH. tert-C~HI1SH, K2CO3, NaOH. Me2CO, CHC]3, 
MeCN. and DMF were purchased from Reakhim; and MeCN 
and DMF were purified according to known procedures ~.10 
before use. The I H N M R spectra were recorded on a Mercury 
300-BB instrument (300 MHz). The ORD curves were mea- 
sured on a JASCO ORD/UV-5 instrument, and the laiD values 
were determined on a Perkin--Elmer M-241 polarimeter. The 
chemical shifts of the protons (8) were measured relative to 
Me4Si. 

The enantiomeric GLC analysis of S-alkylcysteines was 
carried out using their NtrifluoroacetyI-O-n-propyl derivatives 
on a column with Chirasit-Val-type stationary phase, tt 

The chiral reagent (S)-BPB tz and the starting complex 
[(.5)-BPB-A-Ala]Ni (1) 8 were synthesized according to known 
procedures, 

Addition of alkanethiols to complex 1 (general procedure). 
K2CO 3 (7.87 g, 5.72 retool) or NaOH (2.28 g, 5_72 retool) and 
RSH (3.4 retool) were added to a solution ofcomplex ! (14.6 g, 
2.86 retool) in MeCN or DMF (50 mL) under At. The reaction 
mixture was stirred at 40--45 ~ The course of the reaction can 
be monitored by I H N M R spectroscopy by following the disap- 
pearance of signals for the protons at the C=C bond Cat 
i5 5.85 is) and 4.1 (s)L by speetrophotometry (400--430 nm), 
and by TLC on silica gel using the 3 : I CHCI3--Me2CO 
solvent system. After the attainment of thermodynamic equilib- 
rium (the ratio of the diastereomeric complexes ceased to 
change: TLC control), the reaction mixture was filtered, the 
precipitate was washed with CHCI 3, and the solution was 
concentrated to dryness. The chemical yields of the products 
and the ratios of the diastereomers are given in Table 1. 

Individual diastereomers of the complexes were isolated 
from the reaction mixtures in which thermodynamic equilib- 
rium was not established. For this purpose, a portion of the 
reaction mixture (~5 mL) was withdrawn, diluted with CHCI 3 
(20 mL). and washed successively with 0.2 N HCI (3• 10 mL), 
I M Na2CO J (3x 10 mL), and water. The solution was concen- 
trated to dryness and the residue was chromatographed on a 
column with SiO 2 (3.5x30 cm) using the 2 : 1 CHCI3--Me2CO 
system as the eluent. The ORD curves for complexes 2, 4, 6, 
and 7 are shown in Fig. I. We failed to isolate complexes 3 and 
5 in amounts sufficient to perform spectral analysis. 

[(S)-BPB-(R)-(S-BunCys)]Ni II (2). tH NMR (CDCI3), 
t~,: 0.88 it, 3 H, MECH,, J = 7.24 Hz); 1.3--1.46 (m, 2 H. 
MeCH2CH,, J = 7.24 Hz): 1.46--1.64 {m, 2 H, MeCH2CH 2, 
J = 7.24 Ha): 2.0--2.2 (m, 2 H, Pro): 2.42--2.70 (m, 
4 H, Pro+CHCH,~S+SCH2CH2):  2.74--2.96 (m, 2 H, 
Pro*'CH~L_H_bS); 3.46 (dd, I H, HC--CH2S, d = 6.34 and 
10.87 Ha); 3.60 (AB system, A8 0.84, 2 H, CH2Ph, JaB = 
12.5 Hz): 3.58--3.82 (m, 2 H, Pro); 4.22 (dd, I H, HC--CH_~S, 
d = 2.72 and 4.98 Hz); 6.5--8.3 (m, 14 H, ArH). UV (MeOH), 
Lmax/nm (lg c): 334 (3.4), 418 (2.1). [ct]o ~-s +1880.0 ~ 
(c 0.4, MeOH). Found (%): C, 64.22; H. 6.04; N, 6.72. 
C,~2H35N3NiO3S. Calculated (%): C, 64.01: H, 5.87: N, 6.99. 

[ (S)-BPB-(R)-(S-ButCys)INi 11 (4). IH NMR (CDCI3), 
8:1.32 (s, 9 H, CMe3); 1.96--2.16 (m, 2 H, Pro): 2.42--2.60 
(m, I H, Pro); 2.55 (dd, 1 H, CH2S, JAB = 11.82 Ha, 3'aX = 
5.77 Hz); 2.77 (dd. I H, CH2S. JAB = 11.82 Hz, JBX = 
2.60 Hz); 4.29 (dd, I H, __HC--CH2S, JXA = 5.77 Hz, JXB = 
2.60 Hz); 2.90--3.05 (m, I H, Pro): 3.44 (dd, I H, HC--CH2S, 
J = 6.05 and 9.66 Hz): 3.62 CAB system, A8 0.82, 2 H, CH2Ph, 
JAB = 11.54 Hz): 3.6--2.9 (m, 2 H, Pro); 6.5--8.3 (m, 14 H, 
ArH). UV (MeOH), ;tm~x/nm (Ig c): 336 (3.6), 418 (2.2). 

[a]o 25 -2615.0 ~ (c 0.038, MeOH). Found (%): C, 64.14; 
H, 5.98: N, 6.82. C32H35N3NiO3S. Calculated (%): C, 64.01; 
H, 5.87: N, 6.99. 

[(S)-BPB-(R)-S-(tert-CsHItCys)INi II (6). IH NMR 
(CDCI3), 8:0.96 (I, 3 H, MECH,. J = 7.16 Hz); t.26 (s, 6 H, 
CMe2): 1.50 (dq, I H, CHaMe, J =  7.16 and 14.7 Hz); 1.56 
(dq, I H, C_CH_bH Me, . /=  7.16 and I4.7 Hz): 1.95--2.15 (m. 2 H, 
Pro); 2.46 (dd, I H, CH2S, JAB = 11.71 Hz, JA• = 5.71 Hz); 
2.69 (dd, 1 H, CH2S, JAB = 11.71 Hz, Jgx = 2.57 Hz): 4.27 
(dd, 1 H, HC--CH2S, JxA = 5.71 Hz, JXB = 2.57 Hz); 2.4-- 
2.57 (m, I H, Pro); 2.88--3.04 (m. I H, Pro); 3.43 (dd, I H, 
HC--CH~S, J = 6.57 and 10.28 Hz); 3.61 CAB system. A8 0.83, 
2 H, CH2Ph, JAB = 12.0 Ha); 3.6--3.9 (m, 2 H, Pro); 6.5--8.3 
(m, 14 H, ArH). UV (MeOH),)~rn~x/nm (lg ~): 264 (10.9), 334 
(3.4), 417 (2.02). [ctlO -~s +2238.12 ~ (c 0.042, MeOH). 
Found (%): C. 64.67; H, 6.18-" N, 6.62. C33H37N3NiO3S. 
Calculated (%): C, 64.51; H, 6.07: N, 6.84. 

[(S)-BPB-(S)-(S-tert-CsHIICys)INi It (7).  1H NMR 
(CDC13), 8:0.93 (t, 3 H. MeCH 2, . / =  7.44 Ha); 1.23 is. 6 H, 
CMe2): 1.50 (q, 2 H. CH~,Me, J = 7.44 Ha); 1.70--2.27 (m. 
3 H, Pro); 2.50--2.70 (m, 2 H, Pro), 2.67 (d, 2 H, CHtS, J = 
4.80 Hz); 3.60 Cdd, I H, __HC--CH2S, J = 4.80 and 10.80 Hz); 
3.92 (AB system, A8 1.07, 2 H, CH2Ph, J,~B = 13.2 Hz)" 3.98-- 
4.12 (m, 2 H, Pro); 4.22 (t, 1 H, __HC--CH2S, J = 4.80 Hz); 
6.6--8.8 (m, 14 H, ArH). UV (MeOH), Lrnax/nm (Ig t): 265 
(9,8), 335 (3.1), 420 (I.90). [Ct]D25 --450.0 ~ (c 0.04, MeOH). 
Found (%): C, 64.72; H, 6.21: N, 6.56. C33H~7N3NiO3S. 
Calculated (%): C, 64.51: H. 6.07; N, 6.84. 

Isolation of amino acids 8--10. An equilibrium mixture of 
the diastereomeric complexes was dissolved in MeOH (50 mL) 
and the solution was added with stirring to 2 M HCt heated to 
45--50 ~ After the color typical of the complexes disappeared, 
the mixture was concentrated to dryness, water (50 mL) was 
added, and the initial chiral reagent (S)-BPB �9 HCI was filtered 
off. The target amino acids were isolated from the aqueous 
filtrates by ion-exchange techniquesfl Amino acids 8, 9, and 10 
were isolated in 64, 78, and 70% yields, respectively. Then these 
compounds were recrystallized from aqueous EtOH. 

(R)-S-Bntylcysteine (8). The yield was 64%, m_p. 218-- 
220 ~ IH NMR (D20), tS: 0.81 it, 3 H, Me, J = 7.50 Hz); 
1.31 (m, 2 H, MeCH 2, J = 7.50 Hz); 1.50 (m, 2 H, 
CH2CH2CH 2, J = 7.50 Hz), 2.55 (t, 2 H, CH2S, J = 7.50 Hz); 
3.04 (dd, 1 H, CH2S, "I~B = 14.0 Hz, JAx = 6.36 Hz); 3.35 (dd, 
I H, CH2S, JAB = 14.0 Hz, JBx = 3.81 Hz); 4.24 (dd, I H, 
HC--CH2S, JXA = 6.36 Hz, JXB = 3.81 Hz). [c~]D 25 +9.54 ~ 
(e 1, 0.1 N NaOH) (cf. lit. datal3: [a]D 2~ +9.7 ~ (c I, aqueous 
NaOH)). According to the data from enantiomeric GLC analy- 
sis, the optical purity was 97%. Found (%): C, 47.94; H, 8.62; 
N, 7.75. CTHIsNO2S. Calculated (.%): C. 47.43; H, 8,53: 
N, 7.90. 

(R)-$-rert-Butylcysteine (9). The yield was 78%. re.p, 214-- 
215 ~ tH NMR (D20),  8:1.2 is, 9 H, 3 Me); 3.10 (dd, I H, 
CH2S, JAB = 13.6 Hz, -t~x = 6.4 Hz); 3.24 (dd, I H, CH2S, 
JAB = 13.6 Hz, JBX = 3.8 Hz): 4.0 (dd, I H, HC--CH2S, JXA = 
6.4 Hz. "/• = 3.8 Hz). [Ct]D 25 +8.13 ~ Ic 1, 6 N HCI) (6f. lit. 
dalai4: [a]D 2~ +6.35 ~ (c 2, aqueous HC1)). According to the 
data from enantiomeric GLC analysis, the optical purity was 
97.7%. Found (%): C, 47.78; H, 8.52: N, 7.87. C7HIsNO2S. 
Calculated (%): C, 47.43: H, 8.53: N, 7.90. 

(R)-S-tert-Pentyicysreine (10). The yield was 70%, m.p. 
206--207 ~ ~H NMR (D20),  8:0.98 (t, 3 H, MeCH2); t.36 
(s, 6 H, CMe2): 1.62 (q, 2 H, MeCH2); 3.02 (dd, I H, CH2S. 
JA~ ---- 14.0 Hz, JA• = 6.4 HZ); 3.18 (dd, I H. CH2S, JAB = 
14.0 Hz, JBX = 3.82 Hz); 3.88 (dd, 1 H. HC--CH2S, J• = 
6.4 Hz, JxB = 3.82 Hz). [ct]D -~5 +11.31 ~ (c I, 6 N HCI) (was not 
described in the literature). According to the data from enantio- 
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meric GLC analysis, the optical purity was 99.5%. Found (.,%): 
C, 50.44: H, 9.02; N. 7.28. CsHtTNO2S. Calculated (%): 
C, 50.23: H, 8.96; N, 7.32 

This  work was f inancia l ly  suppor ted  by the I N C O -  
C O P E R N I C U S  E u r o p e a n  F o u n d a t i o n  ( G r a n t  ICIS-  
CT96-0722) .  
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