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The preparation is described of L-cystathionine derivatives with amino protecting groups, which 
can readily be cleaved acidolytically and permit a selective acylation of both amino groups, and 
of a derivative with carboxyls protected by different groups. 

Some time ago! we described certain cystathionine** derivatives suitable for the 
synthesis of the so-called carba analogs of biologically active peptides, i.e. of such ana
logs in which cystine is replaced by cystathionine. The synthesis of additional com
pounds of this type4 required that the series of derivatives lIb through lIe (ref. l

) 

and II! (ref. 5) prepared earlier be complemented by derivatives with amino groups 
protected by groups which are cleaved more easily than the benzyloxycarbonyl 
group. In this study we describe the preparation of derivatives 11j through lIt, in which 
of most stable amino protecting group is the tert-butyloxycarbonyl group, and 
derivative 11m with the p-methoxybenzyloxycarbonyl group. Likewise, the alternat
ely protected N~- and N~ '-amino group of derivatives 11j and III is important for the 
selective extension of the peptide chain at both amino termini of the cystathionine 
derivative. A similar possibility at the carboxyl terminus offer derivatives l1g and IIh. 

The derivatives of cx-amino-y-bromobutyric acid were used to start with. Tert
-butyloxycarbonyl derivative lb was prepared from cx-amino-y-bromobutyric acid 
methyl ester hydrochloride I by the reaction of the corresponding isocyanate with 
tert-butanol , by acylation with tert-butyloxycarbonyl azide, and with the aid of 2-( tert
-butyloxycarbonyloxyimino )-2-phenylacetonitrile6

• The relatively low yields of all 
procedures are caused by the strong tendency of the starting ester to form a lactone 
ring both in weakly basic and neutral media. Similar observations were made also 
during the preparation of p-methoxybenzyloxycarbonyl derivative Ie . 

Part CLXlII in the series Amino Acids and Peptides; Part CLXlI: This Journal 45, 1305 
(1980) . 

The amino acids in this study are of L-configuration . The nomenclature and symbols 
of amino acids and their derivatives comply with the proposal published before2

; see papers l
,3 

for cystathionine derivatives. 
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L-Cystath1ionine Derivatives 1983 

The tert-butyloxycarbonyl derivative of cystathionine IIj was prepared by reduction 
of cystine by sodium in liquid ammonia and a lkylativn of sulfur ill situ by N-tert
-butyloxycarbonyl-o:-amino-y-bromobutyric acid met hyl ester (1 b). The p-methoxy
benzyloxycarbonyl derivative of cystathionine lIlIl was prepared in an ana logous 
manner using Ie . Cystathionine derivative II I which is an isomer of I/j described 
above, was synthetized from N-tert-butyloxycarbonylcysteine, obtained from N,N'
-bis(tert-butyloxycarbonyl)cystine7

•
s by reduction by sodium in liquid ammonia , 

by alkylation with o:-amino-y-bromobutyric acid methyl ester hydrochloride. The 
product , which was purified by countercurrent distribution , shows increased lability 
even in weakly basic media. (The methyl ester was hydrolyzed to about 20% during 
48 h and to 40% during 72 h at pH abouI 6-4 in the lower phase of the contercurrent 
distribution solvent system.) The protecting groups were removed from derivative 
III in boiling hydrochloric acid to yield cystathionine l/a the optical rotation of which 
corresponded to recorded va lues I. The increased la bility of the ester group is probably 
responsible for the formation of the diacid during the synthesis of IIi by the action 
of sodium benzyloxycarbonyl thiosulfate on compound I I I in a weakly basic medium. 
When derivative IIi is synthetized from derivative lIbby acylation using 2-(tert
-butyloxycarbonyloxyimino )-2-phenylacetonitrile the byproduct is not formed yet 
the small quantity of contaminants prevents dicyclohexylammonium salt /J i from 
crystallization (which is not the case with the chromatographically purified prepara
tion). Similar difficulties were encountered also during the preparation of cysta
thionine derivative Ilk by treatment of compound III with o-nitrobenzenesulfenyl 
chloride. 

(CHZ)zBr 

1 I 2 R -NH- CH- C02R 

la , Rl = Z, R2 = CH3; lb, Rl = Boe, R Z = CH 3 ; Ie, RI = ZeOCH 3), R Z = CH3 

R1 - NH", / NH-R 3 

CH- CHz-CH z- S-CH z- CH , 
RZOOC/ ' COOR4 

fIa, R I = H R~ = H, R; = H, RR; :: HH: 
lib, R I = Z' R = CH 3 , R = H, -
lie, RI = Z' R~ = CH3, R3 = Nps, R4 = H; 
lId, RI = Z' R = CH3, R3 = Tos, R4 = H; 
fIe, Rl = Z' R~ = H, R~ = H, R; = H; 
fI!, RI = Z' R = CH3, R = Z(OCH3), R = H; 
fIg, RI = Z: R Z = CH3• R3 = H, R4 = t-C4H9 
JIh, Rl = Z, R~ = H, R~ = H, R~ = t-C4H9 
Ili. R 1 = Z R = CH3• R = Boe, R = H 
IIj, RI = B~e, R Z = CH 3, R3 = H, R4 = H 
Ilk, RI = Nps, R Z = CH3, R3 = Boe, R4 = H; 
Ill, Rl = H, R Z = CH3, R3 = Boe, R4 = H; 
JIm, Rl = Z(OCH3), R Z = CH 3• R3 = H, R4 = H 
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Derivative Ilg bearing an ester group readily split off by acidolysis was prepared 

by treatment of lIb with 2-methyl-l-propene. The cleavage of the tert-butyl ester 

group under the conditions of alkaline hydrolysis has been recorded inliterature9 
-13 

several times earlier. In our experiments too compound Il e was formed in addition 

to derivative II II when two equivalents of sodium hydroxide were used. When one 

base equivalent was used for the alkaline hydrolysis practically pure product IIIl 
was obtained. 

EXPEIUMENTAL 

The melting points were dete rm ined on a Kofler block and a re no t corrected. The samples for 
elemental analysis were dried 24 h at roo m temperature and 150 Pa; amorphous products, oils 
and foams, were dried 48 to 96 h at 40°C. Thin-layer chromatography was carried out on silica 
gel (Silufol, Kavalier) in the fol lowing solvent systems: 2-butanol-98~~ formic acid- water 
(75: 13·5 : 11·5) (SI), 2-butanol - 2S % aqueous ammonia-water (85: 7·5: 7·5) (S2), I-butanol
- acetic acid- water (4: I : 1) (S3), I-butanol- pyridine-acetic acid-water (IS: 10 : 3 : 6) (S4), 
n-heptane- tert-butanol- pyridine (5 : 1 : 1) (SS), 2% ethanol in ben zene (S6), I-butanol-acetic 
acid- ethyl acetate- water (I : 1 : I : I) (S7), 5% methanol in benzene (S8), and 20% methanol 
in benzene (S9) . Paper electrophoresis was carried out in a wet chamber in 1M ace tic acid (pH 2-4) 
and in pyridine acetate buffer (pH 5·7) on Whatman No 3MM paper 60 min at a potential gra
dient of 20 V /cm. The detection was efTected by ninhydrin or chlorination . The reaction mixtures 
were evaporated in a vacuum rota ry evaporator at bath temperatures of 30 - 40°C, using the 
vacuum of a water aspirator (a t I SO Pa when mixtures containing dimethylformamide were 
evaporated). The lR spectra were measured in model UR 20 Zeiss Jena Spectrophotometer 
in chloroform unless stated otherwise. 

Tert-butyloxycarbonyl-er:-amino-y-bromobutyric Acid Methyl Ester (Ib) 

a) via Isocyanate: Phosgene \Vas introduced into a suspension of er:-a mino-y-bromobutyric 
acid methyl ester hydrochloride l (14 g) in dioxane (200 ml) at 50°C for 1 h until the ester was 
completely solubilized. Nitrogen was then passed 15 min through the solution, dioxane was 
distilled ofT, and the residue was dissolved in toluene (200 ml). The solution was treated at 120°C 
20 min with phosgene and subsequently 10 min with nitrogen. The solution was decanted off 
from the brown oil which had separa ted, toluene was evaporated, and the residue was distilled 
(b.p. 8S-90°C at 30 Pal. The yield was 7·89 g (69%) of the isocya nate. Tert-butanol (11·4 ml) 
and N-ethylpiperidine (4·7 ml) were added to the dry residue. The mixture was allowed to stand 
36 h at room temperature, then taken to dryness, the residue dissolved in ethyl acetate, shaken 
with a 20% solution of citric acid and water, dried by sodium sulfate and evaporated. The dry 
residue was placed onto a silica gel column (2·5 X 15 cm; particle size 5 - 30~) in benzene. The 
individual fractions were identified by thin-layer chromatography on silica gel (S6). The pure 
product was isolated from fractions emerging between 400 and 900 ml, evaporated and crystal
lized under light petroleum. The yield was 4·16 g (23%) of a product of m.p . 39 - 41 °C; RF 0·77 
(SI), 0·66 (S2), 0·73 (S4), 0·44 (S6). For CloHISBrN04 (296·2) calculated: 40·55% C, 6·13% H, 
4 ·73 % N ; found: 42·08% C, 6·37% H, 4·86% N. (The differences in the analytical values are 
obviously due to the presence of tert-butyloxycarbonyl-cx-aminobutyrolactone.) [o:l~5 -37·0° 
(c 0·5 ; methanol) . IR spectrum: 1743 cm - J (s), 1440 cm -1 (m), (COOCH 3) ; 3440 cm - 1 (m), 
1713 cm - 1 (s), 1505 cm - J (s), (OCO- NH); 1394 cm -1 (w), 1368 cm -1 (m), «CH3hC). 
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b) via Terl-bllly loxycarbollyl azide: A so luti on of cx -amino-y-bromobutyr ic acid methyl es ter 
hydrochl or ide (4'6 g) in di oxane (50 ml) and IM-Na HC0 3 (20 ml) was trea ted with tcrt-but yloxy
carbonyl azide (5·6 mI). The pH of the reaction mixture was kept constant at pH 7·0 by I M-NaOH 
for 7 days. Two addition a l 2·8 ml portions of tert-but yloxycarbonyl azide were added to th e 
reaction mixture after 48 and 96 h. Lastly, dioxa ne was evaporated and the product was extracted 
with ethyl aceta te; the ethyl aceta te extract was shaken with HS04" hulrer (pH 2), wa ter , 0 '5M
-NaHC03 and water, dried by sodium sulfate a nd a zeotropically (benze ne). The dry resid ue 
was purified by chromatography on the sili ca gel column under th e condi ti ons described under 0). 

The yield was 2·7 g (45%) of m.p. 39 - 42°C, chromatogra phically identical with the product 
obtained as described under a). 

c) via 2-(terl-blllyloxycarbollyloxyilllillo)-2-phenl'lacelOllilrile6: To a solution of cx -amino-y-bro
mobutyr ic acid methyl ester hydrochl or ide (0·92 g) in dioxane (3 ml) and water (3 ml) were 
addcd triethylamine (I A ml) and 2-(tert-but yloxycar bonyloxyimino)-2-p henylacetonitrile (1'1 g). 
The mixture was stirred 3 h at room tcmperature, dioxanc was eva pora tcd oil' and thc resid ue 
was extracted with ethyl acetate. The ethyl acetate extract was shakcn with O'IM-H 2S04 , watcr, 
0'5M-NaHC0 3 , water , dried by sodium sulfate and cvaporatcd. Light petroleum (100 ml) was 
added to the dry residue . heated to boiling point a nd dccantcd orr from the inso luble residue 
(2-hydroxyimino-2-phenylacetonitrile). The light petroleum so lution was stored at -- 20oe; 
after 14 days light petroleum was again sepa rated from the crys tals which had formcd a nd eva 
porated. The dry residue was purified by chromatography on a silica gel column (2 X 20 Clll; 
particle size 30 - 60 !l; benzene with 2% of ethanol as eluent). Fractions emerging in 40 to 90 1111 
were pooled, evaporated, and ag3in purified on a silica gel colullln (2 X 36 Clll; particle si ze 
30 - 60 p; benzene with 20% of methanol as eluent) . Detection was effected by thin-layer chromato
graphy (S9) on silica gel. Thc pure product was isolated from frac tions emerging between 55 
and 65 ml. The yield was 0· 19 g (I 6~~) of a product identical with that prepared as described 
under a). 

Na-p-Methoxybenzyloxycarbonyl- cx -am ino-y-bromobutyric Acid Methyl Ester (Ie) 

Na-p-Methoxybenzyloxycarbonyl azide (4·25 g) was added (0 a solution of cx-a mino-y-bro mo
butyric ac id methyl ester hydrochloride (4·6 g) in a mixture of dioxane (50 ml), water (10 ml), 
and 0·5M-NaHC03 . The pH of the reaction mixture was mainta ined 48 h a t 7·5 by IM-NaO H . 
Another 1·0 g portion of p-methoxyben zyloxycarbonyl az ide was added to the reacti o n mixturc 
after 12 and 24 h. Finally dioxane was evaporated and the product was extracted with ethyl 
acetate; the ethyl acetate extract was shaken stepwise with 0'5M-NaHC03 , water, 0'25M-H 2S04 , 

and water, then dried by sodium sulfate a nd evapora ted . The dry res idue was purified chromato
graphically an a si lica gel column (2'5 X 33 cm; particle size 30 - 60!l; benzcne with 2% of ethanol 
as eluent). The individual fractions werc detectcd by thin-layer chromatography on silica gel 
(S6) . The product was isolated from fractions eluted in 180 to 260 ml. The yield was 1·24 g 
(17 '5 %) of a oily product. [0: ]55 - 39 '4° (c 0·5; methanol) ; RF 0·30 (S5), 0·60 (S6). IR spectrum: 
3435 cm- I (m), 1725 cm -1 (s), 1515 cm- 1 (s), (O- CO- NH); 1742 cm - t (s), 1441 cm - I (m), 
(COOCH 3); 2845 cm - 1 (w), 1250 cm- 1 (s) + aromatic bands (CH 2 0-Ar); contaminated with 
azide 2110cm- l

. 

Bes ides p-methoxybenzyloxycarbonyl azide (below 180 ml) and p-methoxybenzyl alcoho I 
(from 400 ml up) was isolated as byproduct (from 500 ml up) N-p-methoxybenzyloxycarbonyl
-();-aminobutyrolactone, m.p. 114-115°C. [0:]6 5 - 35'0° (c 0'2; methanol) . For C I3 H t 5 NOs 
(265'3) calculated: 58 '86% C, 5'70% H , 5'28% N ; found : 58 ·87% C, 5'68% H, 5-44% N. IR 
spectrum: 2845 cm - 1 (m), 1250 cm - 1 (vs), + aromatic ba nds (CH03- Ar); 3430 cm -I (m), 
1723 cm- 1 (vs), 1713 cm- 1 (sh), 1518 cm- 1 (vs), (O- CO- NH); 1785 cm - I (vs), 1175 cm- 1 

(vs) , (five-membered lactone ring). 
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N" '-Benzyloxycarbonyl-cystathionine a-Tert-butyl Ester a'-Methyl Ester (llg) 

Sulfuric acid (0'25 ml) and isob utylene (25 ml) were added to a suspension of derivati ve lIb 
(1 '0 g) in dichloromethane (25 ml). The mixture was shaken in a sealed-off pressure vessel at room 
temperat ure for 4 days (lIb is entirely solubilized in 20 min). The solution was then taken to dryness 
the dry residue was dissolved in ethyl acetate, the solution was shaken with 0'5M-NaHC0 3 , water, 
dried by sodium sulfate, and aglin taken to dryness. The dry residue was triturated with light 
petroleum (the light petroleum extracts were discarded) and applied onto a silica gel column 
(1 :5 X 13 cm; particle size 30 - 60 ~l, eluent n-heptane- tert-butanol- pyridine, 5: 1 : I). The 
fractions were detected by thin-layer chromatography on silica gel (S5). The pure product was 
isolated from frac tions emerging in 30 to 56 ml ; after evaporation an oily product was obtained. 
Yield: 0·67 g (58%); [0:]6 s + 2-4° (c 0·5 benzene), - 23-4° (c O' 34, methanol); Ey.IX 0·94; E!1.i~ 0'52 ; 
RF 0-49 (S2), 0·20 (S5), 0·30 (S6) . For CZOH30Nz06S (426'5) calculated: 56'32% C, 7'09% H, 
6'57% N; found: 56'59% C, 6'97% H, 6'43 % N. IR spectrum: 3435 cm - I (m), 1715 cm - 1 (sh), 
1515cm - 1 (m), (O- CO- NH); 1728c m - 1 (s),1156cm- 1 (s), (COOR); 1441cm- l (sh), 
(COOCH 3); 1396 cm - I (w), 1371 cm - I (m), «CH Z)3C)' 

Hydrolysis of Derivative IIg by Excess of Sodium Hydroxide 

1 M-NaOH (6 ml) was added to a solution of derivative IIg (1'3 g) in methanol (20 ml), the mi x
ture was set aside for 1 h at room temperature, methanol was evaporated and the residue was 
placed onto a Dowex 50W-X4 column (H+ -form; 40 ml) . The column was washed with water 
and the product was eluted by 10% aqueous pyridine solution. The effluents were taken to dryness, 
dried azeotropically (benzene), and reprecipitated from meth 'lnol and ether. The yield was 0·7 g 
of a product which according to paper chromatography and electrophoresis represented a mix
ture of several compounds: RF 0·52 and 0·30 (SI), 0·16 and 0·00 (S2), 0·57 and 0·12 (S4); EflX 0'88 , 

0'29, 0'15; E~.I~ 0·00 and 0·75. _ 
A part of the product was resolved preparatively (electrophoretically under the conditions 

described for analytical electrophoresis, in 1 M acetic acid; the separation period was prolonged 
to 2 h) . Strips cut off from the margins and the middle part of the electropherogram were used 
for the detection. The individual zones were eluted by dimethylformamide, the solvent was 
evaporated off and the material reprecipitated from methanol and ether. Three amounts of mate
rial were obtained; amount A, RF-values 0·52 (SI), 0·16 (S2), 0·57 (S4); EflX 0'88, E~.ii 0·00; 
m.p . 85 - 88°C, identical with product IIII . The RF-value of amount B was 0·30 (Sl), 0·00 (S2), 
0·12 (S4) ; Ef1x 0'29; E~.I~ 0·77 . The m .p . after recrystallization from water was 192-198°C; 
it corresponds to an authentic sample of derivative lIe in chromatographic and electrophoretic 
behavior and by the mixed melting point. Amount C, the RF-value of which was 0·17 (St), 
0'16 (S3), E~.lX 0'15 ; E~.l~ 0·72 and m.p. was 119-123°C, was obtained in a small quantity 
only and corresponds most likely to the sulfoxide of derivative lie. It gave a positive test for 
sulfoxides 14 and its IR spectrum was the following; 1712 cm - 1 , 1525 cm -1 (O- CO- NH); 
700cm - 1 (C6Hs); 2400-3400cm- 1 , 1645cm- l , 1525cm- 1 , 1400cm - 1 (Zwitter ion), 
1030 cm -I (SO). No protons of the tert-butyl group were revealed in the 1 H-NMR spectrum. 

N" ' -Benzyloxycarbonylcystathionine a-Tert-butyl Ester (1111) 

A solution of derivative lIg (0·22 g) in methanol (4 ml) was treated with 0 '5M-NaOH (l '1 ml); 
after 40 min the pH of the mixture was adjusted to pH 6·0 (approximately) by 20% citric acid . 
Methanol was evaporated at room temperature and the dry residue was applied onto a column 
of Dowex 50W-X4 (H+ -form, 15 ml). The column was washed with water and the product was 
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eluted by 10% aqueous pyridine . The effluents were lyophilized and the materia l reprecipitated 
from methanol and ether. The yield was 50 mg (24%) of a product of m.p. 84- 87°C. (a]6s 

- 4'9° (c 0'2; methanol); Ef1x 0'88; £!I.i~ 0'00; RF 0·52 (SI), 0·16 (S2), 0·44 (S3), 0·57 (S4). For 
C19H2SN206S.1 H 20 (430,5) calculated : 53'01 % C, 7·02% H. 6'51 % N; found: 52'92%C, 
6'52% H, 6'50% N. 

N a_ Tert-butyloxycarbonyl- Na'-benzyloxycarbonylcystathionine a' -Methyl Ester Dicyclohexyl
ammonium Salt (IIi.DCHA) 

a) From bellzyloxycarbollyl methyl ester lib . Triethylamine (0-42 ml) and 2-(tert-butyloxy
carbonyloxyimino)-2-phenylacetonitrile6 (0'55 g) were added to a solution of Ilb (0·75 g) in water 
(4 ml) and dioxane (4 ml). The mixture was st irred 3 1/ 2 h, then diluted with water (10 ml) and 
extracted several times with ethyl acetate . The aqueous layer was acidified with a 5% solution 
of citric acid and the product was extracted with ethyl acetate. The ethyl ace tate extract was 
shaken with water, dried by sodium sulfate and the solvent evaporated. The dry residue was 
dissolved in benzene, dicyclohexylamine (0'4 ml) was added and the solution was taken to dryness. 
The product was obtained either in the form of a foam or it was pulverized by trituration with 
ether; the latter product was stable in the open air after drying in a desiccator. Yield 0·60 g 
(46%); (a]f,6 - 13'7° (c 0 '5; methanol). For C33Hs3N30SS (651,9) calculated: 60'80% C, 8'20% H, 
6-45% N ; found: 60'92% C, 8'33% H, 6'57% N. EY!X 0'00; E~s~ 0·62; RF 0·79 (SI), 0·73 (S3), 
O· 59 (S4), 0·82 (S7), 0'69 (S9). (The E and RF-values are gi ven after the release of the product 
from the dicyclohexylammonium saiL) 

b) From tert-buty loxycarbolly l methy l ester Ill: Derivative III (0'67 g) and sodium benzyl
oxycarbonyl thiosulfate lS (0·81 g) were dissolved in 0'5M-NaHC03 (40 mI). The mixture was 
stirred at room temperature and the pH was maintained at pH 8·3 by IM-NaOH for 2 h. Sub
sequently the mixture was acidified by 6M-HCl to pH 3·0 and the product was extracted with 
ether. The ether extract was shaken with water, dried by sodium sulfate and evaporated. The 
dry residue was a mixture of two products (RF 0·69 and 0·49 in system S9); E~~~ 0·62 and 0,87). 
The mixture was chromatographed on a 2 X 30 cm silica gel (particle size 30 - 60 ill column in 
benzene and 5% methanol. The individual fractions (10 ml) were analyzed by thin-layer chromato
graphy (S9) . The pure product was isolated from fractions emerging between J 10 and 160 ml 
as an oil after evaporation of the solvent. Yield 0·28 g (30%): (a]6s - 23'7° (c 0'5; methanol). 
The RF and E-values were the same as those obtained with th ~ product prepared as described 
under a). For C21H30N20SS (470'6) calculated: 53 ·60% C, 6-43% H, 5'95% N; found: 54'01 % C, 
6'52% H, 5·81 % N. IR spectrum: 1740 cm - I (5), 1440 cm -I (m), (COOCH 3), 1722 cm - I (s), 
1418 cm -1 (w), 2400-3300 cm -1 (w, b), (COOH); 3435 cm -1 (m), 1713 cm - I (s), 1510 cm - 1 

(s), (O-CO- NH); 1394cm- 1 (w), 1370cm- 1 (m), «CH3hC); 703cm - 1 (w) (C6Hs CH2). 
Derivative /Ii (0'20 g) was dissolved in methanol and dicycloh exylamine (0'1 ml) and light 
petroleum were added to the solution . The product crystallized overnight in the cold room, was 
filtered off, and washed with light petroleum. Yield o· 16 g (58%) of a product of m.p. 100 to 
104°C. (a]6s -14'5° (c 0'5; methanol). For C33Hs3N30sS (651 ,9) calculated: 60'80% C, 8'20%H, 
6'45% N; found : 60-41% C, 7'99% H, 6'34% N. The byproduct obtained by the chromatographic 
purification was not examined in more detail. Its electrophoretic mobility shows that it represents 
most likely the diacid . 

N a' _ Tert-butyloxycarbonylcystathionine a' -Methyl Ester (1Ij) 

Cystine (0'72 g) was reduced by sodium in liquid ammonia. The blue color of the solution was 
removed by the addition of ammonium acetate and ester Ib (2·7 g) was added to the reaction 
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mixture. Ammonia was removed by lyophiliza tion and the residue was dissolved in 0·1 M- HCI 
(50 ml) a t O°C (the pH of the so luti on must be ac idic). The sc luti on was extrac ted with ether 
(ester Ib could be again isolated from the ethereal extracts), evacuated, and the residue applied 
to a column of Dowex 50W-X2 (H + -form , 100 ml) . The column was washed with water and th ~ 
product was eluted by 10% aqueous pyridine. The eluate was ac idified to pH 4'5- 5'5 by acetic 
acid. concentrated to a small volume, a nd lyophilized. The Iyophilisa te was reprec ipitated from 
methano l a nd ether. The yield was 1·70 g (84% in terms of cystine) of a product m.p. 155 - 160°C; 
recrystallization from water (3 ml) with the admixture of pyridine (0 ' 1 ml) afTorded 1·12 g (55 %) 
of a product of m.p. 16::J -- 165°C. EflJ 0'35; £~I.i1 0·00. [tlJ55 -- 43'6° (e 0'5; methanol). For 
CJ3 H 24 N 20 6 S.O·5 H 2 0 (345'4) ca lculated: 45'20% C, 7' 30% H, 8' 11 % N; found: 44'90 ~;;; C, 
7'03% H, 7·89% N. 

Nrt'-o- Nitro benzenesulfenyl-N~-Tert-buty loxyca rbonyl-cystat hionine a'-Methyl Ester Di
cyc lohcxy lammonium Sa lt (11k. DC HA) 

Derivative III (0·67 g) an d triethylamine (0'8 ml) in dichl oromethane (10 ml) were sti rred with 
o-nitrobenzenesulfenyl chloride (0-40 g) for 2 h a t room temperature. The resulti ng solution 
was extracted with 0'25M-H 2 S0 4 and water, dried by sodium sulfate , the so lvent evaporated 
and azeotropically dried (benze ne) . The dry residue represented a mixture of compounds (RF 0,97, 
0·69 and 0· 53 (S9)). It was chro matographed on a column (2 X 35 cm) of silica gel (particle 
size 30 - 60 p) in benzene cont ain ing 20% of methanol. The individua l frac ti ons were collected 
according to visual detection and their purity was checked by thin-layer chromatography (S9). 
The frac tions which contained a product of RF 0· 69% (S9) were taken to dryness and dried 
in vael/o a t 40°C and 150 Pa. The yield was 0' 14 g (15%) of a product of m.p. 48- 50°C. [tl lf/ 
- 39'7° (c 0' 17; methano l) . RF 0·60 (S 3), 0'74 (S7), 0·69 (S9). For CI9H 27N30SS2 (489'6) cal
cu lated: 46'6 1% C, 5'56% H. 8'58% N ; found : 46·99% C, 5'34% H, 8' 12% N. IR spectrum: 
1 395 cm - I (w), 1370 cm - I (m), «CH 3)3C); 1738 cm - ) (sh) , 1440 cm -) (sh) , (COOC_H.,) ; 
3440 cm - I (m); 1713 cm - 1 (s), 1515 cm - 1 (s) , (O- CO- NH ); 2400 - 3300 cm -I (m, b). 
1725cm - J (sh), 1420cm - 1 (m), (COOH); 1596cm- 1 (m), 1569cm - J (m), (o-N0 2 C6 H4 S
- NH). Derivative Ilk (0'10 g) was disso lved in benzene and dicyclohexylamine (0'04 ml) a nd 
light petro leum were added to the so luti on. The oily product which had separated was decanted , 
triturated with light petroleum , and finally dissolved in ether and evaporated. The yield was 
0·13 g (95 %) of a foam melting at 58 - 60°C. [tl 155 - 17'6° (c 0 '2; methanol). For C31 HsoN4 0SS 
(670,9) ca lcula ted: 55'70% C, 7'51 % H, 8'35% N ; found: 55 '41 % C, 7'46% H, 8'22% N. 

N~-Tert-butyloxycarbonylcystathionine a'-Methyl Ester (Iff) 

N.N '-Bis( tert-butyloxycarbonyl)cysti ne 7.8 (13 '2 g, 30 mM) was reduced by sod ium in liquid 
ammonia (300 ml) . Th;: solution was deco lorized by ammonium chlor ide, a-amino-y-bromo
butyr ic acid methyl ester hydrochloride (20' 8 g; 90 mM) was added and the so lution was lyo
philized (vacuum of a water aspirator). The Iyophilisate was disso lved in 0'S M-NaHC0 3 (250 ml) 
and extracted with ether. Subsequently the solution was acidified to pH 3·0 by 1M-HCI, evacuated 
and filtered through a column of Dowex 50W-X4 (H + -form, 1000 ml). The column was washed 
with water and the p roduct was displaccd by 10% solution of pyridine (cooled to O°C). The ef
fluents were acidified by acetic ac id to pH approx. 6·0 and evaporated. The dry residue was 
reprecipitated from methanol by ether. The yield was 16·6 g (84%) of a crude product contaminat
ed mostly with the diacid . The produc t was p urified by contercurrent distr ibution. It was dis
solved in 75 ml of the lower phase of the solvent system butano l- benzene- pyr idine- O' l % ace tic 
ac id (6 : 2 : 1 : 9) and placed in tube 2 to 4 of the all-glass instrument for countercurrent dist ribu-

Collection Czechoslov. Chem. Commun. [Vol. 45J [1980J 



L-Cystathionine Deriva tives 1989 

tion (Steady Sta te Distributi on 1\·lachine, Quiekfit and Quart z Ltd. , Stone, Stafrorshire, England). 
The number of tra nsfe rs rf the upper phase was 210 . Immedi:llely a ft e r the las t transfe r the con
tents of tubes 40 to 75 were remo ved, acidified to pH ;Jpprox . 4'0 by acetic ac id and evaporated. 
(The r apid removal and ac iditkation of th e solution of the product is necessary s ince the methyl 
ester is h ydrolyzed in the given so lven t sys tem. The decomposition of the product and of the:: 
adm ixtures was determined in an experiment wi th a sma ll quantity of the product ; the detec tion 
was effected by electrophoresis of the contents of the tubes in I M-:lcctic acid.) The puritled product 
was reprecipitated fl'om methan o l by ether. Yidd 11·8 g (52 ~~), l11 .p. 185 -- I X(,oC; [1X ]f>5 i-37'2° 

(c 0 '5; meth anol); Efll 0· 86; E~t.i7 0·00. For C 13 H 24 N 20 6S (}36A) ca lcul a ted: 46AO/;, C.7 ·19 ~<: H , 
8'J3~~ N ; found: 46A4~< C, 7' 15 :~~ H, 8A5>~ N. 

Cystathionine (1la) 

Ester III (OA g) was refluxed wi th azeotro pic hydrochloric ac id (10 ml) fo r I h. The solution 
wa s taken to dryness, excess hydrochl o ['i c acid wa s removed by rcpeall:d evaporation with water 
and the dry res idue was dissolved in water (2 ml); the pH wa s adjusted to 6·0 by concentrated 
ammonia (in a pH-stat). After severa l h o urs of standing at () "C th e product was filtered off a nd 

washed with water. Yield 0·2 g (83/~); [1X ]b5 + 22'5° (c 0·5: I M-HCI). The chromatography, 
electrophores is, and ORD curve were identical with those obta ined with an authentic sam ple 
prepared earlier'. Recorded data: [1X]b5 -t- 23'7 (c I , IM-HCI) (ref. 16

-
t8 ) and ·\- 22'7° (c 0 '5, 

IM-HCI)1. 

Na'-p-Methoxybenzyloxycarbonylcystathionine 0:'- Me thyl Ester (1/11/) 

Cystine (0·24 g) was reduced by sodium in liquid ammonia. The blue color of the solution wa s 
removed by the addition of ammonium chloride and ester Jc (1'1 g, dissolved in ether) was 
added to the mixture. Ammonia was removed by lyophili zation and the residue was d issolved 
in O'IM-HCl (20 ml ; the pH of the solution must be acidic). The solution was extrac ted with 
ether, evacuated, and applied to a column of Dowex 50W-X4 (H + -form; 50 ml). The column 
was washed with water and the product was elu ted by 10% aqueous pyridine . The eluate was 
acidified to pH 4,5 - 5·5 by acetic acid and lyophilized. The Iyo philisa te was dissolved in me thanol 
(8 ml), the i[, solu ble amount (cystine) was centrifuged off, and the supernatant was evaporated. 
The dry residue (the desired product contaminated with the diacid and cystine) was puritled 
by counte rcurrent di stribution. It was dissolved ill 10 ml of the lower phase of the solven t system 
butan ol- benzene- p yridine- O'I % acetic acid (6 : 2 : 1 : 9) and placed in the tlrst tube o f an alJ-glass 
instrument for countercurrent distribution (an in strument man ufactured in the g lass blowers' 
shop of this Institute , 20 tubes for 10 ml of lower and J 0 ml of upper phase ). The number of tran s
fers of the upper phase was 20, the contents of the tubes. were removed , acidified by J Illl of acetic 
acid a nd detected by paper electrophoresis. The contents of tubes 1 J to 18 were poo led, con
centrated, a nd lyophilized. The Iyophili sate was reprecipitated from methanol and ether. The 
yield was 75 mg (9'5%) of a product of m.p. 158 - 162°C. Ef'r 0·30; E~I.i1 0'00; RF 0 ' J4 (S2), 
0·33 (S3), 0·61 (S4). [1X1~5 - 48'7° (c 0·2; methanol) . F o r CI7H24Nz07S.0·5 H 20 (409'5) cal
culated: 49·89% C, 6'15 % H, 6 '8 5 ~;'; N ; found: 50'02% C, 5'84% H, 6'85 % N. 

The elemental analyses hwe carried out in the Analytical Department of thi,\' fn stitute (Head 
Dr J. Horacek) . The optical rotatioll measurements were carried out by Iv!rs Z. Ledvinova. T'lle lR 
spectra were measured by Mrs K. MatouSkova and Mr P. Formanek and interpreted by Dr J. Smoli
kava. The lH-NMR spectrum \I"(JS measured by Dr P. TrSka. 
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