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Formula 

CieHnON;. 
O T I P O C I X , 

dJInCIS, 
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C:.Hi2N,() 
(VII, ; iIN20 
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C,,HI7IX2<> 
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( ' H I P . X . O 

CsH„X2 

C,,H21X30 

C J h . X , 
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Analvsps1 ' 

(', II, N 
(', H. N 
('. II. X 
(', II, N 
(', 11, X 
( \ 11, X 
(', II, X 

(', 11, X 

(', II, X 
X 
X 
(', II, X 

(', II, X 

(', II, X 

" All melting points are uncorrected. '• All analyses were within ±0 .4 ' ' , of the theoretical values except for 2a (0 : ruled, 63.9s 
found, 64 ;v>). 
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0 
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1 
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TO 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 

Inc rease in M S T 

4 .2 
4.6 
5. S 
9,2 (active) 

10.2 (active) 
. . (curative, toxic 
S. 1 (active) 
8.7 (active) 

11.9 (active) 
18.7 (active) 
. . . (curative) 
. . (curative) 
4.9 
6.5 (active) 
9.5 (active) 

14.1 (active) 
. . (curative) 

(curative) 
" D, dose in mg/kg of body weight; C, cures; MST, mean 

survival time in days of the treated mice; TD, toxic death when 
the mice die within 2-5 days after infection which is attributed 
to drug toxicity. A compound is active if the increase in MST 
of the treated mice exceeds 6.3 days (MST of the control group) 
and curative if one or more mice live for 60 days or more post­
infection. 

4-Acetylaminopyridinium Alkyliodides (3).—A solution of I 
equiv of the acetylaminoalkylpyrjdine and 1 equiv of RI 
in Me2CO was stirred at room temperature for 6-8 hr. A pre­
cipitate of the quaternary salt usually appeared which was 
removed by filtration. 3a was pure enough at this stage to give 
satisfactory elemental analyses, 3b was crystallized from EtOH, 
and 3c was used as such for reduction. 

l-AIkyl-4-acetyIaminoalky]-l,2,3,6-tetrahydropyridines (4).— 
A solution of 1 equiv of the 4-acetylaminoalkylpyridinium alkyl-
iodide in MeOII was treated with 4 equiv of XaBH4 with stir­
ring. After 2 hr of additional stirring the solvent was evaporated 
under reduced pressure, the residual solid dissolved in a minimum 
amount of II2(), sirongly basified with NaOIT, extracted with 
ClPCb. dried (MgSO.,), anil solvent was removed under 
reduced pressure. The product was purified by distillation. 
4a and 4b were converted to oxalates for identification. 

l-AlkyI-4-aminoalkyl-l,2,3,6-tetrahydropyridines (5).-—The Ac 

derivatives were hydrolyzed by retluxing with excess 4 A" XaOH 
for 12 hr. The amines were hygroscopic and were converted to 
phenyhireas for identification. 

4-Substituted Amino-7-chloroquinolines (l).---A mixture of 1 
equiv of 4,7-dichloroquinoline, 1.1 equiv of the l-alkyl-4-amino-
alkyl-l,2,3,6-tetrahydropyridine, and sufficient PhOH to give a 
clear solution was heated at 140-150° for 4 hr. The reaction 
mixture was cooled, poured into 2 A" XaOH, and stirred. 11 was 
extracted with CH2012, and the combined extracts were dried 
(MgS04) and evaporated to give solid product which was purified 
by reerystallization. 
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Additional work on X-acylcysteines1-4 includes the 
synthesis of larger X-acyl, X-sulfonyl, and X-carbamoyl 
analogs as well as two dicysteine derivatives listed in 
Table I. The mucolytic activity4,6 of representative 
sulfhydryl compounds is demonstrated (Table II). 
The biological activities of the compounds as potential 

(1) T . A, M a r t i n ami ( ' . W. Waller , V. S. Pa len t :i,184,505 (1965). 
(2) T . A. .Mart in . . ) . H. C m t i s a n . ami (', W. Waller . J. Org. Chem.. 30, 28:>9 

(1965). 
Ci) (a) T. A. M a r l in ami A. I,. Shefi'iier. V. S. P a t e n t :j,:i40,147 (1907); 

(lil T. A. M a r t i n . I). II. Causey . A. I,. Shefi'ner. A. G. Wheeler , ami .1. H. 
Corrifran, ,;. Me,i. Chem.. 10, 1172 (1907). 

(4) T. A. M a r t i n . 1). H. Causey , ami J. It. Cur r igan . ibul.. 11, 025 (1908). 
(5) A. L. Sheffner. An,.. A. 1". Ar.nl. Sri. 106, 298 (190:1): I'hurmurn-

the.-iepeutiru. 1, 40 I 1905;. 
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amino acid antagonists in bacteria63 are described else­
where.6b Other investigators have reported7 the prep­
aration of the racemic form of 5 and some related S-al-
kyl analogs via a serine intermediate, and found them to 
be weak antibacterial agents. 

The X-sulfonyl derivatives (4 and 7) were readily pre­
pared by heating the S-diphenylmethyl-X-sulfonyl ana­
logs (14 and 18) with trifluoroacetic acid and phenol. 
Catalytic reduction of 4 afforded 5 in satisfactory yield. 
The dicysteine derivatives (8, 9), carrying the 2-acet-
amido-3-mercaptopropionamido moiety in the racemic 
form, were prepared in three steps: (a) condensation of 
i)L-X-acetyl-S-benzylcysteine 4-nitrophenyl ester8 and 
L-S-benzylcysteine methyl ester to give 10, (b) alkaline 
hydrolysis to yield 11 or ammonolysis to give 12, 
followed by (c) debenzylation. 

Experimental Section9 

Examples of Preparative Methods. A. L-N,N'-Di(isovaIe-
ryl)cystine (19).—A mixture of 60 g (0.25 mole) of L-cystine, 
250 ml of Et 2 0, and 250 ml of 2 N NaOH was stirred for 0.5 hr. 
After adding 4.2 g of NaHC0 3 , the following two materials 
were added simultaneously during 1 hr while maintaining the 
reaction temperature at 3-8°: 62.5 g (0.52 mole) of isovaleryl 
chloride and 275 ml of 2 X NaOH. Complete solution resulted 
during this time. After stirring at room temperature overnight, 
50 ml of 6 A' HC1 was added slowly to precipitate 5 g of un­
changed starting material. The Et20 layer was discarded. The 
volume of the aqueous layer was increased to 1.5 1. and then 
acidified with 6 A" HC1. The resulting solid was collected, 
washed with water, and air dried; yield 44 g (43%). 

B. L-N-Isovalerylcysteine (1).—To a warm (40°) mixture 
of 48 g (0.12 mole) of 19, 48 ml of HOAc, and 368 ml of 10% 
aqueous EtOH was added 8 g of Zn dust. The reaction tem­
perature increased to 48°. Complete solution resulted while 
warming at 50-60° during 45 min. The temperature was main­
tained for an additional period of 2 hr while two 2-g portions of 
Zn dust were added. Finally, to ensure complete reduction 
80 ml of 3 X HC1 was added'at 40-50°, followed by 3 g of Zn 
dust, and warming at 50-60° for 1 hr. The excess Zn was col­
lected and the filtrate was concentrated to give 33 g (67%) of 1 in 
two crops. 

C. L-N,N'-Di(benzoyl)cystine (22).10—To a mixture of 24 g 
(0.1 mole) of L-cystine, 100 ml of Et 2 0, 310 ml of 3 % EtOH, and 
105 ml of 2 X NaON was added simultaneously at 5-10° during 
20 min 30 g (0.214 mole) of benzoyl chloride and 115 ml of 2 X 
NaOH. A precipitate formed during these additions. After 
stirring overnight ar room temperature, the volume was in­
creased with H 2 0 to 1.5 1. to dissolve the precipitate. After 
extracting with Et 2 0, the aqueous layer was warmed to 50° and 
acidified with 1 X HC1 to precipitate the product, which was 
collected at room temperature, washed with hot HiO, and dried: 
yield 28 g (62%). 

A second preparation, employing four times the quantities 
used above, gave 510 g of damp filter cake. After drying 10 g to 
constant weight, a yield of 3.2 g (91%) of product was obtained. 
The remainder of the damp solid was used below. 

D. L-N-Benzoylcysteine Piperazinium Salt (2).—A mixture 
of the above damp filter cake (22) (500 g; dry weight, 160 g or 
0.36 mole), 320 ml of HOAc, and 1200 ml of 26% EtOH was 
stirred at 35-40° while 32 g of Zn dust was added in batches 
during 0.5 hr. The resulting thick slurry became quite mobile 
during 2 hr at 40-50°. On adding 280 ml of 3 A" HC1 and warm­
ing at 40-50° for 1 hr, complete solution had resulted. Two 
additional warming periods (14 and 15 hr) at 40-45° were made, 

(6) (a) W. A. Zygmunt and T. A. Martin, J. Med. Chem., 11, 623 (1968); 
(1)) W. A. Zygmunt and T. A. Martin, ibid., 12, 953 (1969). 

(7) V. C'hen-e and M. N. Shchukina, Zh. Obshch. Khim., 26, 2872 (1956). 
(8) \V. I). Cash, ./. Org. Chem.. 27, 3329 (1962). 
(9) The ir spectra (Beekman IR-9) of all tlie described compounds are 

consistent with tlie assigned structures. The melting points are corrected 
(Thomas-Hoover capillary apparatus). In general, all preparative opera­
tions involving sulfhydryl compounds were carried out in an atmosphere of 
nitrogen, using deionized water. 

(10) K. M. Fry, J. Org. Chem.. IS, 438 (1950). 

introducing 8-g portions of Zn dust at the start of each period. 
The mixture was concentrated at 40-45° under reduced pressure 
until a precipitate occurred. The solid, containing excess Zn 
dust, was collected on a filter and washed with EtOAc to dissolve 
the product. This EtOAc layer along with three 1-1. additional 
portions used to extract the aqueous layer were combined, washed 
with H 20, and dried over anhydrous VlgSO<. On concentrating 
the EtOAc solution to 139 g (85%) of oil, crystallization to a 
semisolid occurred during 2 days. To a solution of this material 
in 250 ml of MeOH was added a solution of 58 g (0.3 mole) of 
piperazine hydrate and enough MeOH to make a total volume of 
100 ml. After seeding and stirring overnight, the solid was col­
lected, 52 g of crude 2. 

After concentrating the filtrate, 12 g of piperazinium acetate 
was obtained (discarded). The filtrate was treated with 10 g of 
additional piperazine hydrate to yield 35.5 g of the crude 2, total 
yield 87.5 g (45% '). In order to ensure removal of traces of piper­
azinium acetate, the crude solids was slurried with 250 ml of 
H 2 0 and acidified with 135 ml of 6 A* HC1. The free acid was 
extracted with EtOAc. The EtOAc layer was washed with three 
250-ml portions of H20, dried over anhydrous MgSOi, and con­
centrated to a spongy, white solid, yield 56 g (35%). This solid 
was converted to the piperazinium salt by employing 24.3 g of 
piperazine hydrate as described above; yield 34 g (18%). 

E. L-!V-Benzoylcysteine (3).11—A total of 32.4 g (0.06 mole) 
of 2 was slurried with 285 ml of EtOAc and 41 ml of 3 X HC1. 
The EtOAc layer was washed with 15% aqueous NaCl solution, 
dried over anhydrous AlgSOj, and concentrated to give 17.7 g 
(66%) of 3. 

F. L-S-Diphenylmethyl-N- (4-nitrobenzenesulfonyl )cysteine 
(14).—A solution of 6.2 g (0.028) mole of freshly recrystallized 
4-N0.2C6H4SOoCl in dry EtoO was added slowly'at 0-10° to a 
mixture of 7.5 g (0.026 mole) of L-(C6H5),CHSCH2CH(NH2)C02-
H12 and 56 ml of 1 X NaOH. The reaction mixture was stirred 
at room temperature for 1 day, heated under reflux for 4 hr, and 
acidified with 1 A" HC1. On adding 300 ml of Et 2 0, 3 g of starting 
cysteine was recovered. The ethereal layer was concentrated to 
give 7.5 g (61%) of 14. 

G. L-N-Sulfanilylcysteine (5).—A mixture of 1.7 g (0.0055 
mole) of 4, 60 ml of anhydrous EtOH, and 0.5 g of 10% Pd-C 
was subjected to low pressure H2 for 18 hr. After replacing 
fresh catalyst, the reaction was complete during 26 hr with the 
uptake of a total of 400 ml of H2. The catalyst was collected, 
and the filtrate was diluted with Skellvsolve B to give on cooling 
0.9 g (59%) of solid. 

H. L-3,3'-Dithiobis(2-ureiodopropionamide) (26).—A mix­
ture of 6.2 g (0.02 mole) of L-3,3'-dithiobis(2-aminopropion-
amide) hydrochloride,3 3.2 g (0.04 mole) of KCNO, and 60 ml of 
H 2 0 was heated at 60-65° for 1 hr. The reaction mixture was 
concentrated to a small volume. The resulting solid was col­
lected and washed with H 2 0; yield 4.5 g (70%). 

I. n-3-Mercapto-2-ureidopropionamide (6).—A mixture of 
10 g (0.031 mole) of 26, 100 ml of 7% aqueous HOAc, and 5 g of 
Zn dust was warmed at 50-55° for 2 hr. A total of 2 ml of 
concentrated H2S04 was added slowly. After 2 hr, the excess 
Zn was collected and the filtrate was concentrated to a semisolid. 
On slurrying with EtOAc-H20, the solid was collected and washed 
with H 2 6 and EtOAc; yield 7.6 g (75%). 

J. L-S-Diphenylmethyl-N-methanesulfonylcysteine Methyl 
Ester (15).—A total of 25 g (0.22 mole) of MeS02Cl was 
slowly added to a chilled (5-8°) mixture of 68 g (0.2 mole) 
of L-S-diphenylmethylcysteine methyl ester hydrochloride12 and 
300 ml of pyridine. After stirring for 15 hr, the reaction mixture 
was cooled at 15-20° while acidified with 520 ml of 7.4 X HC1. 
The resulting sticky solid was extracted with EtOAc. After 
concentrating, the oil was dissolved in 2-PrOH to crystallize 61 g 
(80%) of product in two crops. 

K. L-3-(Diphenylmethylthio)-2-(methanesulfonamido)propi-
onic Acid Piperazinium Salt (16).—After a yellow solution of 
19 g (0.05 mole) of 15, 150 ml of dioxane, and 55 ml of 2 AT NaOH 
was allowed to stand for 4 hr, an additional 25 ml of 2 X NaOH 
was added. After 1 hr, the solution was concentrated to a small 
volume and then acidified with 54 ml of 3 A' HC1. The crude 
acid was isolated by extraction with EtOAc and concentration. 
It was dissolved in MeOH and converted to the salt by adding a 
solution of 5.3 g (0.025 mole) of piperazine hydrate in MeOH; 
yield 11.5 g (56%). 

(11) H. Zahn and K. Traumann, Z. Xaturforsch., 9b, 518 (1954). 
(12) L. Zervas and I. Photaki, J. Am. Chem. Soc, 84, 3887 (1962). 
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7G deci 
3 min 

20 
22 
24 

•ease in viscosity 
30 min 60 min 

27 30 
26 27 
30 30 

TABLE II 

COMPARISON OF THE RATE AND EXTENT OF REDUCTION 

OF VISCOSITY OF MUCOPROTEIN SOLUTION" 

Compd 

L-N-Sulfanilylcysteine (5) 
L-3-Mercapto-2-ureidopropionamide (6) 
L-3-Mercapto-2-methanesulfonamido-

propionamide (7) 
2-Acetamido-N-(L-l-carbox\v2-mercapto- 18 28 30 

ethyl)-3-mercapto-DL-propionamide (8) 
2-Aoetamido-N-(L-l-carbamoyl-2-mercapto- 23 29 30 

ethyl)-3-mercapto-DL-propionamide (9)6 

N-Acetyl-L-cysteinee 11 20 25 

« See ref 3b, Table I I . >> Saturated solution of 0.036 M, in­
stead of the usual 0.05 M, was vised. c Included as reference 
material. 

L. L-3-(Diphenylmethylthio)-2-(methanesulfonamido)propi-
onic Acid (17).—A mixture of 6 g (0.0073 mole) of 16 was slurried 
with 150 ml of 3 3 % aqueous MeOH while acidifying with 1 N HC1. 
The compound was isolated by extracting with EtOAe, concentrat­
ing, and recrystallizing from EtOAc-Skellvsolve B; yield 3.7 g 
(69%). 

M. Compound 17 may be isolated directly from the EtOAc 
extract of procedure K in an over-all improved yield of 68% by 
adding Skellysolve B and seeding. 

N. L-3-(Diphenylmethylthio)-2-(methanesulfonamido)propi-
onamide (18).—A solution of 15.2 g (0.04 mole) of 15 and 175 ml 
of MeOH saturated at 15° with XH3 was allowed to stand for 
2 days. The solid was collected; yield 9.3 g (64%) in three 
crops. 
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Recently, we reported1 on the activity of 21 cysteine 
or cystine analogs as potential amino acid antagonists 
in bacteria. Of these, N-acetyl-L-cysteine, N-propionyl-
L-cysteine, L-cysteine hydantoin, and L-cystine hydan-
toin were the most effective inhibitors of L-cysteine 
utilization. 

As an extension of these studies, 38 additional analogs 
were tested as inhibitors of cysteine or cystine utiliza­
tion by Leuconostoc mesenteroides, a cysteine-cystine-
dependent bacterium, and by Escherichia coli, an 
organism able to synthesize all its amino acid require­
ments. Most of these analogs2 were amides of cysteines 
or cystines. 

(1) W. A. Zygmunt and T. A. Martin, J. Med. Chem., 11, 823 (1988). 
(2) (a) T. A. Martin. D. H. Causey, A. L. Sheffner, A. G. Wheeler, and 

J. R. Corrigan, ibid., 10, 1172 (1987); (b) T. A. Martin and A. L. Sheffner, 
U. S. Patent 3,340,147 (1967). 


