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The reactions of chloroacetonitrile with L-cysteine and with DL-homocysteine give, as the major products, cyclic amidines 
rather than linear S-cyanomethyl compounds. The reaction of chloroacetonitrile with cysteamine leads to the linear 8- 
cyanomethyl compound I X  in basic solution and to the cyclic amidine XI1 (isolated as its picrate) in acid solution. Some 
observations on the similarly-constituted cyclic products, which may be formally represented as the S-cyano derivatives of 
L-cysteine, DL-homocysteine, and cysteamine, are presented. 

I n  a previous paper of this series2 it was reported 
that the reaction of chloroacetonitrile with G 
cysteine (Ia) led to a product which showed no 
nitrile absorption in the infrared absorption spec- 
trum and gave a weak yellow color with ninhydrin. 
These results gave strong indication that the 
product was not the expected a-amino acid, S- 
cyanomethyl-L-cysteine (IIa), but was probably 
the isomeric cyclic compound, L-3-amino-5,6- 
dihydro-2H-l,4-thiazine-5-carboxylic acid or a 
tautomer, either presumably existing as a zwit- 
terion. The reactions of chloroacetonitrile with DL- 

NCClIZSCHiCH (SH2’ COOH 

,CHCOOH &, ACHCOOH 
H Xlc% H S  h’ 

H 
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homocysteine (Ib) and with cysteamine (2- 
aminoethanethiol) (VIII) have now been investi- 
gated. Some observations on the structure of the 
products obtained from these reactions and of the 
related S-cyano analogs of L-cysteine, DL-homo- 
cysteine, and cysteamine are recorded. 

A closer study of the reaction between chloro- 
acetonitrile and L-cysteine (Ia) in the presence of 
base showed that the cyclic compound IIIa was the 
principal product obtained when the reaction mix- 
ture was acidified; evaporation of the filtrate left 
a residue which showed marked nitrile infrared 
absorption at 4.45 p, strongly suggestive of the 
presence of IIa in the residue. This was confirmed 
by benzoylation of the residue under Schotten- 
Baumann conditions, which gave a 14% yield of 
N-benzoyl-S-cyanomethyl-L-cysteine (IVa). For 
comparison, compound IVa was prepared by the 
reaction of N-benzoyl-L-cysteine (VII) [prepared 

( I )  This work was carried out under the auspices of the 
Cancer Chemotherapy National Service Center, National 
Cancer Iristitute, and is in collaboration with the Sloan- 
Kettering Institute for Cancer Research. For the preceding 
paper of this series, cf. E. J. Reist, R. R. Spencer, and 
B. R. Baker, J .  Org. Chem., 23,  1757 (1958). 

(2) L. Goodman, L. 0. Ross, and B. R. Baker, Paper V 
of this series, J .  Org. Chem., 23, 1251 (1958). 

~- 

in situ from N,S-dibenzoyl-L-cysteine (TI) ] with 
chloroacetonitrile. Compound IVa showed strong 
infrared nitrile absorption at 4.44 p. 

a series, n = 1 b series, n = 2 
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When DL-homocysteine [Ib) was allowed to react 
with chloroacetonitrile in the presence of aqueous 
base, the product formed upon acidification showed 
no nitrile absorption in the infrared and accord- 
ingly was assigned the seven-membered cyclic 
structure IIIb. Both IIIa and IIIb were basic 
compounds, as would be expected from their struc- 
tures, and gave crystalline picrates. Compound 
11% was prepared by benzoylation of the basic 
solution resulting from the reaction of Ib, chloro- 
acetonitrile, and alkali. It showed nitrile infrared 
absorption a t  4.44 p.  

Benzoylation of IIIa and IIIb led to good yield. 
of the corresponding N-benzoyl-S-carbamoylmethyl 
compounds Va and Vb. When stirred with aqueous 
base the cyclic compound IIIa was transformed to 
S-carbamoylmethyl-L-cysteine (XX), making it 
likely that this hydrolysis preceded the benzoyla- 
tion in the conversion of IIIa to Va; presumably, the 
same is true for the transformation IIIb-Vb. 
Compound Va was prepared for comparison by 
benzoylation o€ S-carbamoylmethyl-L-cysteine 
(=>. 

The cyclic structures written for IIIa and IIIb 



DECEMBER 1958 POTENTIAL ANTIC$NCER AGENTS. XI1 1955 

are very similar to the “y-lactamidines” structures 
written recently by Oliver, Dann, and Gates* 
for the products of the reaction of L-cysteine (and 
of DL-homocysteine and cysteamine) with o- 
cyanobenzaldehyde. 

The reaction of cysteamine (VIII) with chloro- 
acetonitrile was chosen as a reaction similar to those 
of the amino acids discussed above but which would 
not be subject to certain disadvantages resulting 
from the presence of a carboxyl group. Extraction 

HSCH,CH,KH, %!E~XCCH~SCH~CH~NH~ 
IX %(&&, VI11 

I I  J 
NCCH2SCH,CH,NHCOCeH, HiN”C,N/ CH2 

XI1 x 
J 

Hrh’COCH2SCH,CHJHCOCcHt 
ST 

of the reaction product from the basic reaction 
mixture yielded a hygroscopic, unstable liquid 
which gave approximate analytical figures for 
S-cyanomethylcysteamine (IX) and showed a 
strong infrared nitrile band at 4.43 p .  Compound 
IX did not form an insoluble picrate in water. 
Benzoylation of the basic reaction mixture of VI11 
and chloroacetonitrile gave a good yield of N- 
benzoyl-S-cyanomethylcysteamine (X) ; accom- 
panied by a small amount of N-benzoyl-S-carba- 
moylmethylcysteamine (XI), a possible indication 
of the presence of a small amount of the cyclic 
amidine XI1 in the basic reaction mixture. When 
the reaction mixture of chloroacetonitrile and VI11 
was made acid and then treated with aqueous 
picric acid, a 60% yield of a crystalline picrate was 
formed which had no infrared nitrile absorption 
and was clearly the picrate of the cyclic compound 
XII. This picrate also formed very slowly when the 
aqueous picric acid was added to the basic reaction 
mixture such that the final pH was still >7, a 
probable indication that a pH-dependent equi- 
librium between IX  and XI1 exists and is displaced 
by the precipitation of the picrate of XII. 

The compounds which can be envisioned as 
the S-cyano derivatives (XVI) of  cysteine,^-^ 

(3) G. L. Oliver, J. R. Dann, and J. W. Gates, Jr., J .  Am. 

(4) A. Schoberl and R. Hamm, Ber., 81, 210 (1948). 
(5) A. Schoberl and 31. Kawohl, Ber., 90, 2077 (1957). 
(6) A. Schoberl, hl. Kawohl, and R. Hamm, Ber., 84, 

Chem. Soc., 80, 702 (1958). 

571 (1951). 

~~-homocysteine,~ and cysteamhe6s7 have been 
studied by Schoberl and co-workers. These com- 
pounds are formed by the action of cyanide ion on 
the disulfides L-cystine (XIII), DL-homocystine 
(XIV), and cystanhe (XV). The compounds exist 

[RCH(NHZ)(CH~:,S]~ + CN- 
\[RCH(NH,) (CH2),SCd 

XVI + 
XIII, R=C02H, 11-1 
XIV, R=COzH, r i = 2  
XV, R = H ,  n = l  RCH ( N H ~ )  (CH~),,S - 

J 

XVII, R = C02H, n = 1 
XVIII, R=CO2H, n = 2  

XIX, R = H ,  n i l  

solely in the cyclic form as postulated by Schoberl; 
there was an absence of nitrile infrared absorption 
near 4.5 p .  All three compounds formed crystalline 
picrates, as would be predicted for the cyclic 
compounds. The picrates also showed no nitrile 
infrared absorption. 

The infrared absorption spectra of IIIa, IIIb, 
XVII, and XVIII made it clear that these com- 
pounds existed as zwitterions; no carboxyl carbonyl 
absorption was present in the spectra of the com- 
pounds but such absorption near 5.80 p was present 
in the spectra of the picrates of these compounds. 

The ultraviolet spectra of IIIa and XVII were 
measured in 12N hydrochloric acid, in 0.1N hy- 
drochloric acid, and in 0.1 N sodium hydroxide. 
There were no absorption maxima beyond 227 
mfi in any of the spectra. The spectrum of the 
thiazolinecarboxylic acid, formed by the cycli- 
zation of N-formylcysteine in strong acid solution 
and closely related to compounds XVII and XVIII, 
has recently been reported to give an absorption 
maximum a t  268.5 mp ( E  5180) in 12N hydro- 
chloric acid.8 

The benzoylation of L-cysteine (Ia) to N,S- 
dibenzoyl-L-cysteine (VI) in the presence of aqueous 
base has not been previously described in the 
literature. Compound VI previously has been pre- 
pared by treatment of L-2-phenyl-4-carboxyoxazo- 
line with thiobenzoic acid.g The present conven- 
ient method makes it readily available as a source 
of N-benzoyl-L-cysteine (VII) . It is possible that 
a small amount of racemization accompanies the 
direct benzoylation of L-cysteine, in view of the 
[a]g -70.6” recorded as compared with Fry’sg 
value of [a]g -76”. When the benzoylation 
of L-cysteine was attempted in pyridine a dif- 
ferent, unidentified product resulted. 

(7) s. Gabriel, Be?., 22, 1141 (1889). 
(8) D. Cavallini, B. hlondovc, and C .  Dehfarco, EX- 

(9) E. hl. Fry, J .  Org. Chem., 15, 438 (1950). 
pm’entia, 13, 436 (1957). 
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~-S-A1nino-5,6-dihydro-dH-i,~-thiazine-5-carhoxylic acid 
(IIIa) was obtained in 48% yield by the method described 
previously.2 It had [a]? -14.6' (1% in N HCl) and in the 

infrared it had A=: ( p )  3.12 (NH), 5.98 (C=NH or C=N), 
+ 

6.05-6.25 (probably C=N and COZ-, possibly NH3 +), 
6.70 (NIX,+). 7.20 (CO,-). 

Benzoylation of 'the -mother liquors in the presence of 
potassium hydroxide, after separation of IIIa, led to a 14% 
vield of N-benzoyl-S-cyanomethyl-L-cysteine (IVa), which 
Is described in detail below. 

The picrate of I I Ia  was obtained by mixing hot solutions 
of 0.10 g. of I I Ia  in 10 ml. of water and 0.20 g. of picric 
acid in 15 ml. of water. The product precipitated slowly on 
chilling, m.p. 160-162", resolidifying and decomposing at 
195-197'; this was analyzed without further purification. 
In the infrared it) had A::: ( p )  3.16 (NH2), 5.77 (carboxyl 

C=O), 6.00 (C=SH), 6.40, 7.47, and 7.57 ( NOz). 
Anal .  Calcd. for CI1HI1NSO&: C, 33.9; H, 2.85; N, 18.0. 

Found: (2, 34.0; H, 2.93; N, 18.1. 
N-Benzoyl-S-carbamoylmethyl-c-eysteine (Va). (A)  By 

benzoylation of IIIa. A mixture of 1.2 g. (7.6 mmoles) of 
IIIa, 1.3 g. (9.7 mmoles) of benzoyl chloride, 0.80 g. (20 
mmoles) of sodium hydroxide, and 35 ml. of water was 
stirred at. room temperature until the odor of benzoyl chloride 
could no longer be detected (about 1.5 hr.). The solution 
was adjusted t o  p H  2 with 6N hydrochloric acid and the 
resulting precipitate, after drying, was suspended in benzene. 
The insoluble portion (1.0 g., 48%), m.p. 186.5-188", was 
washed thoroughly with benzene (15 ml.) and was recrystal- 
lized from 2: 1 methanol-petroleum ether (62-70°), m.p. 
187-188", [ a ] g  -64.6' (1.00% in MeOH); AE; (1.1) 3.04 
(NH), 5.87 (carboxyl C=O), 6.10 and 6.15 (amide car- 
bonyls), 6.55 (amide NH), 7.82 and 8.11 (amide C-N), 
13.90 (Iienzoyl). 

Anal. Calcd. for CI~HID'ZO~S: C, 51.1; H, 5.00; N, 9.92. 
Found: C, 51.2; H, 5.02; N, 9.89, 9.92. 

(B) From S-carhamoylmethyl-&cysteine (XX). A mixture 
of 0.89 g. (5.0 mmoles) of S-carbamoylmethyl-L-cysteine,2 
0.75 g. (5.3 mmoles) of benzoyl chloride, 0.38 g. (5.8 mmoles) 
of potassium hydroxide, and 10 ml. of water was treated 
as described in section A. The crude product, after treat- 
ment with benzene, weighed 1.15 g. (82%), m.p. 183-184'. 
After one recrystallization from methanol-petroleum ether 
(62-70"), it  melted at  188-189', [a]? -67.6' (1.00% in 
MeOH), and gave no depression when mixed with the 
product from section A. Its infrared spectrum was identical 
with that of the preparation from IIIa. 

Hydrolysis of IIIa to S-carbamoylmethyl-L-cysteine (XX). 
~3-Amino-5,6-dihydro-2H-1,4-thiazine-5-carboxylic acid 
(IIIa) (0.89 g., 5.56 mmoles) was stirred for 1.5 hr. a t  room 
temperature with a solution of 0.35 g. (5.3 mmoles) of po- 
tassium .hydroxide in 15 ml. of water. The solution was 
adjusted to  pH 5 with 6N hydrochloric acid and chilled to 
give 0.35 g. (36%) of S-carbamoylmethyl-&cysteine (XX), 
m.p. 175--185" dec. (lit.z m.p. 188-190" dec.). The infrared 
spectrum compared well with that of a previous sample of 
S-carbamoylmethyl-&cysteine (XX). 

N,S-Dibenzoyl-L-cysteine (VI). To a chilled mixture of 
6.32 g. (40.0 mmoles) of L-cysteine (Ia) hydrochloride, 
11.24 g. (80 mmoles) of benzoyl chloride, and 44 ml. of water 
was added, dropwise and with stirring, a solution of 10.56 g. 
(0.16 mole) of potassium hydroxide in 100 ml. of water. 

(10) Melting points (obtained with the Fisher-Johns 
apparatus) and boiling points are uncorrected. Optical 
rotations were obtained using a St,andard Polarimeter 
Model D attachment to the Beckman DU spectrophotom- 
eter, caliltrated with standard sucrose solutions.11 

(11) A. S. Keston, Abstracts of 127th Meeting, American 
Chemical Society, 18C (1955). 

+ 

~- 

The mixture was stirred until all the benzoyl chloride had 
dissolved, yielding a solution with pH 7. Addition of 1.0 
ml. of 6N hydrochloric acid resulted in a white precipitate 
which was filtered, dried, and suspended in 25 ml. of cold 
benzene to  remove benzoic acid. The solid was filtered, 
washed with 20 ml. of cold benzene, and dried, yielding 5.0 
g. (38yo) of crude VI, m.p. 176-1S4" (prior softening). 
Recrystallization of 2.0 g. twice from methanol-water mix- 
tures gave 1.0 g. of purified product, m.p. 163-165", re- 
solidifying and remelting a t  182-184' (dec. ). An analytical 
sample had m.p. 167-169', resolidifying and remelting at 
184-186", [a]3Do -70.6" (2.00% in 95% EtOH) [lit.9 m.p. 
179-182" (prior softening), [CY]" -76' (l.OOyc in 95% 
ethanol)]. In the infrared it had A",: ( p )  3.05 (NH), 5.85 
(carboxyl C=O), 6.03 (thioester C=O), 6.11 (amide 
C=O), 6.55 (amide NH), i .07 and 7.62 (COOH), 13.90 
and 14.50 (benzoyl). 

Anal. Calcd. for CliH&04S: C, 62.0; H, 4.59; S, 4.25 
Found: C, 62.2; H, 4.78; N, 3.93, 4.06. 

On a run of four times the size of the ahove, the yield of 
recrystallized product was 39 g. (767,). 

LV-BenzoyZ-S-cyanoethyl-bcysteine (IVa). (A)  From N,S- 
dihenzoyl-&cysteine (VI). A solution of 1.35 g. (4.1 mmoles) 
of VI in 9.5 ml. of 2X sodium hydroxide was stirred at  room 
temperature for 10 min. Chloroacetonitrile (0.96 g., 13 
mmoles) was added and the mixture was stirred until the 
chloroacetonitrile had dissolved. The solution was adjusted 
to pH 4 with 6N hydrochloric acid and the resulting white 
precipitate was suspended in 20 ml. of benzene, filtered, 
and washed with 20 ml. of benzene, leaving a residue, 0.70 
g., of IVa, m.p. 107-ill", resolidifying and remelting a t  
145-150". -4 further 0.15 g., m.p. 108-113', resolidifying 
and remelting a t  155-160", was recovered by partial 
evaporation of the filtrate, giving a total crude yield of 79yc. 
The combined products were recrystallized from ethyl ace- 
tate-petroleum ether (88-99') to  give pure IVa, m.p. 115- 
ll6', resolidifying and remelting a t  160-162', [a] -72.8' 
(2.00% in 95% EtOH); A::: ( h )  3.04 and 3.16 (NH), 4.44 
(C=N), 5.76 (carboxyl C=O), 6.10 (amide b o ) ,  6.57 
(amide NH), 13.90 (benzoyl). A sample with m.p. 10%- 
112", resolidifying and remelting a t  157-159', v-as analyzed. 

Anal .  Calcd. for C12H12NZOaS: C, 54.2; H, 4.58; N, 10.6. 
Found: C, 54.5; H, 4.39; N, 10.5. 

A second crystal modification which shows the single 
melting range, 164-166", has also been isolated from some 
preparations of IVa. 

(B) From L-cysteine (Ia). -4 mixture of 0.88 g. (5.0 
mmoles) of L-cysteine hydrochloride (monohydrate), 1.5 
ml. (24 mmoles) of chloroacetonitrile, 0.99 g. (15.0 mmoles) 
of potassium hydroxide, and 30 ml. of water was stirred a t  
room temperature for 5 min. To the resulting solution was 
added 0.71 g. (5.0 mmoles) of benzoyl chloride and a solu- 
tion of 0.33 g. (5.0 mmoles) of potassium hydroxide in 5 ml. 
of water and the mixture was stirred at room temperature 
until the odor of benzoyl chloride had disappeared (45 
min.). The solution was adjusted to pH 2 with 6N hydro- 
chloric acid, whereupon a white, crystalline solid and a brown 
oil, which slowly solidified, were precipitated. The white 
solid, which was separated before the oil had solidified, 
was washed thoroughly with benzene and yielded 0.30 g., 
m.p. 101-110"; the infrared spectrum shonFed this material 
to  be N-benzoyl-S-cyanomethyl-&cysteine (IVa) con- 
taminated with some hl-benzoyl-S-carbamoylmethyl-L- 
cysteine (Va). The brown solid was recrystallized from 
ethyl acetate-petroleum ether (62-70') and gave 0.20 g. of 
product, m.p. 112-115", whose infrared spectrum shom-ed it 
to  be quite pure IVa. The yield of IVa, based on both crops 
of product, was 3870. 

~S-Amino-Z,5,6,7-tetrahydro-l,~-thiazepine-5-carboxylic 
acid (IIIb). A mixture of 0.272 g. (2.0 mmoles) of DL-homo- 
cysteine, 1.5 ml. (23.7 mmoles) of chloroacetonitrile, 0.144 
g. (2.19 mmoles) of potassium hydroxide, and 34 ml. of 
water was stirred until all the chloroacetonitrile had dis- 
solved (about 10 min.). The soIution now had pH 9; by 
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acidification with 6N hydrochloric acid the pH was adjusted 
to  3. After long standing at O", the solution deposited 0.160 
g. (45.87,) of a white, crystalline solid, m.p. >300° (darken- 
ing near 240'). This was recrystallized from 10 ml. of hot 
water. In the infrared the solid had A::: ( p )  3.12 (NH), 3.66 

(N, weak), 5.93 (C=NH, probable), 6.08 (C=N or NHZ), 
6.37 and 7.15 (COZ-), 6.60 (possibly NH3+). 

Anal. Calcd. for CBHION~O~S: C, 41.4; H,  5.78; N, 16.1. 
Found: C, 41.1; H, 5.81; N, 16.2. 

In  a preliminary run of one-half the above scale, a solution 
of 0.13 g. of picric acid in 10 ml. of hot water was added 
to the filtrate from the separation of IIIb. On chilling, a 
yellow precipitate, m.p. 225-232' (dec.), formed which 
was recrystallized from hot water, m.p. 235' (dec.). In the 
infrared it had A",' ( p )  3.08 (NH), 5.79 (carboxyl C=O, 

weak), 5.98 (C=GH), 6.40 and 7.54 (NOz). 
Anal. Calcd. for C I Z H I ~ N ~ O ~ :  C, 35.7; H, 3.25; N, 17.14. 

Found: C, 35.9; H, 3.42; N, 17.3. 
.V-Benzoyl-S-cyanomethyl-Dx.-homocysteine (IVb). A mix- 

ture of 0.350 g. (2.57 mmoles) of nbhomocysteine, 1.1 ml. 
(17.4 mmoles) of chloroacetonitrile, and 0.660 g. (10.0 
mmoles) of potassium hydroxide was stirred a t  room tem- 
perature for 10 min. until complete solution was attained. 
Benzoyl chloride (0.400 g., 2.84 mmoles) was added and the 
mixture was stirred for 90 min., at which time the odor of 
benzoyl chloride was no longer evident. The solution now 
had pH 9 and was adjusted to  pH 2 with 6N hydrochloric 
acid. The resulting white precipitate was suspended in 20 
ml. of benzene and the insoluble material was filtered and 
washed with 20 ml. of benzene, leaving 0.350 g. (49%), 
m.p. 130-138" (prior softening). This was recrystallized 
from a mixture of 9 ml. of methanol and 100 ml. of carbon 
tetrachloride, giving 260 mg. (36.87,), m.p. 135-140'. 
Two more similar recrystallizations gave the analytical 
sampIe, m.p. 138-140'. In  the infrared it had A::: ( p )  3.02 
and 6.48 (NH), 4.43 ( C z N ) ,  5.77 (carboxyl C=O), 6.05 
(amide C=O), 13.82 and 14.42 (mono-substituted phenyl). 

Anal. Calcd. for ClaH14N203S: C, 56.1; H, 5.07; S, 11.5. 
Found: C, 55.9; H, 5.17; S, 11.5. 
N-Benzoyl-S-carbamoylmethyl-Dbhomocysteine (Vb). A 

mixture of 0.106 g. (0.61 mmole) of ~-3-amino-2,5,6,7- 
tetrahydro-1,4-thiazepine-5-carboxylic acid (IIIb), 0,100 g. 
(0.71 mmole) of benzoyl chloride, 0.100 g. (1.54 mmoles) 
of potassium hydroxide, and 5 ml. of water was stirred a t  
room temperature until the odor of benzoyl chloride was no 
longer evident (about 1 hr.). The resultant solution was 
acidified to  pH 2 with 6N hydrochloric acid and, after long 
standing a t  O " ,  the solution deposited 0.150 g. (83%), m.p. 
160-162". This was recrystallized from acetone-petroleum 
ether (62-70') (1 : l )  to give the analytical sample, m.p. 
164-166'; Xl:: ( p )  2.99 (NH), 3.g4.0 (carboxyl OH), 5.84 
(carboxyl C=O), 6.08 (amide C=O), 6.52 (amide NH), 
13.95, 14.15 (benzoyl). 

Anal. Calcd. for CI~HI~NZO&: C, 52.7; H, 5.44; S, 10.8. 
Found: C, 52.8; H, 5.74; S, 10.8. 

S-Cyanomethylcysteamine (IX). A mixture of 0.57 g. (5.0 
mmoles) of cysteamine (VIII) hydrochloride, 0.60 ml. (9.5 
mmoles) of' chloroacetonitrile, 0.67 g. (10 mmoles) of 
potassium hydroxide, and 10 ml. of water was stirred a t  room 
temperature until the chloroacetonitrile dissolved (5 min.); 
the solution then had p H  10. It was extracted with three 15- 
ml. portions of chloroform and the extracts were dried over 
magnesium sulfate. After being filtered, the extracts were 
evaporated in vacuo, finally a t  2 mm., leaving 0.50 g. (86%) 
of nearly colorless hygroscopic oil. This oil was not quite 
pure and rapidly became colored on standing; it was sub- 
mitted for analysis without further purification. In the 
infrared i t  had A:: ( p )  2.98 and 5.98 (NHz), 4.44 (C=N), 

Anal. Calcd. for C4Hs3'2S: C, 41.3; H, 6.94. Found: C, 

S-Amino-5,6-dihydro-%'H-l ,&thiazine (XII)  picrate was 

+ + 

7.05 (C-N). 

40.0; H, 6.58. 

prepared when the same amounts of rpteamine (VIII) 
hydrochloride and chloroacetonitrile as described above 
were allowed to  react with 0.30 g. (7.6 mmoles) of sodium 
hydroxide. The final solution was adjusted to pH 5 with 6N 
hydrochloric acid and was added to a hot solution of 1.28 g. 
(5 mmoles) of picric acid in 100 ml. of water. On chilling, 
1.05 g. (60.6%) of picrate, m.p. 235-240" (dec.), precipi- 
tated. The analytical sample was obtained by recrystal- 
lization from hot water, m.p. 240-241' (dec.). In  the infra- 

red it had A::: ( p )  2.98 (NH), 5.98 (C=&H), 6.10 (NH,), 
6.40 and 7.50 (NO,). 

Anal. Calcd. for CI0H~,N607S: C, 34.8; H, 3.21; S, 20.3. 
Found: C, 34.7; H, 3.23; N, 20.6. 

When the strongly basic reaction mixture of cysteamine 
(VIII) and chloroacetonitrile was added to an aqueous 
picric acid solution such that the final solution had pH 9, 
there was no immediate precipitation. After 1 day about 10 
mg. of XI1 picrate had precipitated. After 1 week 330 mg. 
(377,) of picrate, m.p. 233-235" (dec.), was isolated. It 
gave an infrared spectrum identical with that of the analyti- 
cal sample. 
iV-Benzoyl-S-cyanomethylcysteamine (X). A mixture of 

0.57 g. (5.0 mmoles) of cysteamine (VIII) hydrochloride, 
0.75 ml. (12 mmoles) of chloroacetonitrile, 0.61 g. (9.3 
mmoles) of potassium hydroxide, and 30 ml. of water was 
stirred a t  room temperature for 10 min. To the resultant 
solution was added 0.80 g. (5.7 mmoles) of benzoyl chloride 
and a solution of 0.40 g. (6.0 mmoles) of potassium hydroxide 
in 5 ml. of water. The mixture was stirred a t  room tempera- 
ture until the odor of benzoyl chloride was no longer evident 
(about 90 min.). The final mixture contained a yellow oil; 
i t  had pH 6 and there was no visible change when the pH 
was adjusted to 2 with 6N hydrochloric acid. The oil was 
separated by extraction with 50 ml. of methylene chloride, 
the extract was dried over magnesium sulfate, filtered, and 
evaporated in vacuo t o  give 1.02 g. (93y070) of a yellow oil 
which solidified on standing and whose infrared spectrum 
showed it to  be mainly X. The solid was dissolved in hot 
benzene and a small amount of petroleum ether (62-70') 
was added to the point of turbidity. On cooling, the solution 
deposited about 100 mg. of an unidentified white solid. The 
mother liquors from the unidentified solid were evaporated 
in uacuo and the residue was recrystallized twice from ben- 
zene-petroleum ether (62-70') (I :  2) to  yield the analytical 
product m.p. 66-88'. In the infrared it had A::: ( p )  3.00 
(NH), 4.47 (CEN), 6.10 (amide C=O), 6.54 (amide NH), 
13.90 and 14.45 (benzoyl). 

Anal. Calcd. for CliHlzNzOS: C, 60.0; H, 5.49; S, 14.6. 
Found: C, 60.2; H, 5.54; S, 14.3. 

From another similar preparation of X, there was isolated 
a small amount of N-benzoyl-S-carbamoylmethylcysteamine 
(XI), m.p. 119-120'. In the infraredit had A::: ( f i )  3.02 (NH), 
6.07 and 6.15 (amide carbonyls), 6.51 (amide NH), 13.94 
and 14.42 (benzoyl). 

Anal. Calcd. for ClIHlaN2O2S: C, 55.4; H, 5.92; S, 13.5. 
Found: C, 55.9; H, 5.93; S, 13.1. 
~-2-Amino-%'-thiazoline-4-carboxylic acid (XVII) was pre- 

pared according to the procedure of Schoberl and Hamm4 
and melted a t  234-237' (dec.) after recrystallization from 
507, aqueous ethanol. In the infrared it had A::: ( p )  3.13- 

I 

3.50 (NH, and CH), -5.92 (C=NH), 6.09-6.25 (NH,, 
C=N, and COz-), 7.12 (COz-). 

The'picrate of XVII was prepared by mixing hot solutions 
of 0.10 g. of XVII in 10 ml. of water and of 0.20 g. of picric 
acid in 15 ml. of water. The quite soluble solid crystallized 
slowly on chilling, m.p. 158-168", resolidifying and decom- 
posing at  183-210". The sample was analyzed without 
further purification. In the infrared it had A::: ( p )  3.15 (NHz), 

5.75 (carboxyl C=O), 6.10 (C=NH or NH,+), 6.45 and7.50 
(NO,). There was also a. suggestion of NH3+ with a band 
at 6.70 p. 

+ 
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Anal. Calcd. for C10H9N509S: C, 32.0; H, 2.42; N, 18.7. 
Found: C, 31.9; H, 2.57; N, 18.5. 
~2-Aminn-6,6dihydro-~H-l,S-thiazine-~-carboxylic acid 

(XVIII) was prepared according to  the procedure of 
Schoberl and I<awoh16 and had m.p. 257-259' dec. (lit.5 
m.p. 235-240" dec.) after recrystallization from 507, 
aqueous ethanol. In the infrared it had (p )  3.05-3.40 
(XH2 and/or NH3+), 6.05-6.35 (C=N, NH, and/or NH,+, 
and CO*-), 7.23 (CO2-); there was no carboxyl carbonyl 
abeorption near 5.9 p. 

The picrate nf XVIII was prepared by mixing hot solu- 
tions of 0.10 g. of XVIII in 10 ml. of water and of 0.20 g. of 
picric acid in 15 ml. of water. The yellow solid, 0.20 g., m.p. 
21&220* (dec.), slowly precipitated and was recrystallized 
from 20 ml. of hot water, m.p. 217-218' (dec.). In the 
infrared it had ( p )  2.98 and 3.05 (NH), 3.17 (NH3+), 
5.79 (carboxyl C=O), 6.10-6.15 (aryl CH and possibly 

C=NH), 6.42 and 7.50 (NO*). 
Anal. Calcd. for CtlH&509S: C, 33.9; H, 2.85; N, 18.0. 

found: C, 34.2; H, 3.09; N, 18.2. 

+ 

2-Amino-2-thiazoline (XIX) was prepared according to  
the procedure of Gabriel? and had m.p. 79-80' (lit,' m.p. 
86') after two recrystallizations from benzene-petroleum 
ether (62-70') (1:2). In the infrared it had A::: 6) 2.83 
and 3.26 (NH), 6.08 (C=N), 7.42 and 10.06 (strong bands 
of unknown assignment). 

Anal. Calcd. for C3HsNzS: C, 35.3; H, 5.92. Found: C, 
35.4; H, 5.98. 

The picrate of XIX was prepared by mixing ether S O ~ U -  
tions of XIX and of picric acid, m.p. 236-239' dec. After 
one recrystallization from hot water it had m.p. 241-243' 
dec. m.p. 235' dec.). In the infrared it had ( p )  

2.90 and 3.10 (NH), 6.11 (C=NH), 6.40 and 7.52-7.57 
(XOZ). There was no NH3+ absorption around 3.25 p. 
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The title compound (VIII) has been prepared by coupling chloromercuri-6-benzamidopurine with 2,3,5,6-tetra-O-benzoyl-D- 
glucofuranosyl chloride (VI) in 24% yield and with 2-0-acetyl-3-~-benzoyl-5,6-~-carbonyl-~-g~ucofuranosy~ chloride (XVI) 
in 7% yield. A useful preparative method for the intermediate, 1,2-0-isopropy~idene-~-g~ucofuranose 5,6-carbonate (XII), has 
been developed. 

D-Ghcose, the most common sugar existing in 
natural products, was the first sugar to  be con- 
verted to a synthetic nucleoside when Fischer and 
Helferich,2 in 1914, described the synthesis of 7- 
,Ll-D-gluc:opyranosyltheophylline (I). Since that 
time, many nucleosides that contain the D- 
glucopyranose moiety3 have been synthesized, due 
to the ready availability and stability of 2,3,4,6- 
tetra-0-acetyl-D-glucopyranosyl b r ~ m i d e . ~  In ad- 
dition, the pyranose ring structure is usually ob- 

served in natural materials containing D-gluco~e.~ 
However, no nucleoside derived from the furanose 
form of D-glucose has been described in the litera- 
ture. 
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The program under investigation in this labora- 
tory on C-alkylpentofuranosyl nucleosides as pos- 
sible anticancer agents has led to the synthesis of 
the two isomeric 5-C-methyl-~-ribosides (11, R = 
CH3), 9-(6'-deoxy-p-~-allofuranosyl)adenine~ and 

(5) W. W. Pigman and R. M. Goepp, Jr., Chemistry of the 
Carbohudrates. second minting. Academic Press. Inc.. New -, , ,  
York, N. Y., 1952. 

(6) E. J. Reist, L. Goodman, R. R. Spencer, and B. R. 
Baker, Paper I V  of this series, J. Am. Ckem. Soc., 80, 3962 
(1958). 


