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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. 

Acknowledgment.—The author is grateful to Dr. 
A. L. Sheffner and Mr. L. W. Jacobs for the mucolytic 
data, to Mr. J. P . Cat let t and Mr. W. F . Kavanaugh 
for technical assistance, to Dr. J. II. Corrigan and 
Dr. W. T. Comer for their interest and advice in this 
work, and to Mr. C. M. Combs, Mr. C. I. Kennedy, 
and Mr. J. G. Schmidt for analytical and spectral 
data. 

A m i d e s of N-Acy lcys te ines as 

Potent ia l A m i n o Acid 

Antagon i s t s in Bacteria 

WALTER A. ZYGMUNT AND TELLIS A. MARTIN 

Mead Johnson Research Center, Evansville, Indiana 47721 

Received May 9, 1969 

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). 
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" Several of the compounds listed are described elsewhere: T. A. Martin, , / . Med. Chem., 12, 950 ; 1069). '' Other analogs lesfed which 

required concentrations >800 y,%; ml for 50c/r growth inhibition were: L-2-arnino-3-mercaptopropionamide hydrochloride,2 L-2-propion-
amido-3-mercaptopropionamide,2 i.-2-aeetamido-3-mereapto-X-methylpropionarnide,2 L-3-(benzylthio)-2-formamidopropionamide,2 i.-
2-acetamkio-3-benzylthiopropionamide,2 L-2-aeetamido-3-benzylthio-X-methylpropioiiamide,2 i>i.-2-acetamido-3-(benzylthio)-X-(2-hy-
droxyethyOpropion amide,2 L-2-benzamido-3-(benzylthio)pi'opionamide,2 2-acet amidi)-o-(beiizylthio)-X-[i.-2-Cbeiizyl thiol-1 -met hoxv-
carbonylethyl|-i)i.-propioiiamide, 2-acetamido-3-(benzylthio)-X-[L-2-(beiizylthio)-l-carboxyethyi]-i)i.-propionamide, i,-3-(dipheiiylmeth-
ylthio)-2-foi'mamido-N-phenylpropionamide,2 L-3-(diphenylmethylthio)-2-(methanesulfonamido)propionic acid, L-S-diphenylmethyl-
N-methanesulfonylcysteine methyl ester, i.-3-(diphenylmethylthio)-2-methanesulfoiiamidopropionamide, L-2-acetamido-3-acetylthio-
propionamide,2X,X'-diac,etyl-i.-eystine piperazinium salt [H. Marshall, M. Willitz, iS. M. Birnbaurn, and J. P. (ireeuslein, J• Am. Chan. 
Soc, 79, 453S (1957)], i.-X,X'-diacetylcystine dimethyl ester [H. Heymaim, T. Ginsberg, Z. 11. (lulick, E. A. Konopka, and li. E. Mayer, 
ibid., 81, 5125 (1059)], X,X'-di(isovaleryl)-L-cystine, X,X'-di(isovaleryl)-L-cystine dimethyl ester, X,X'-dibenzoyl-i.-cystine, i.-X,X'-
di(X-carbobenzoxyglyeyl)cystii)e dimethyl ester, L-3,3'-dithiobis(2-aminopropionamide) dihydrochloride,2 i.-3,3'-dithiobis(2-acetamido-
propionamide),2 i.-3,3'-dithiobis(2-propionamidopropionamide),2 o-3,3'-dithiobis(2-aeeuimido-X-methylpropionamide),2 L-3,3'-dithio-
bis[2-(3-chl()i'opropionaniido)pi'opionamide], 1.-3,3 -dithiobis(2-benzamidopropionamide),2 i.-3,3'-dithiohis|2-!3-(>arboxypropiona-
midoJlpropionamide], i,-3,3'-dithiobis(2-ureidopropionamide). 

The data in Table I list X-acetyl-L-cysteine3 and 
eight of the 38 compounds tested which at a final con
centration of 800 Mg/ml inhibited growth of L. mesen
teroides by tit least ")0%. Interestingly, the amide of 
X-acetyl-L-cysteine (L-2-acet amido-3-mercaptopropion-
amide) is about a fivefold more effective inhibitor of 
L. mesenteroides growth than is the carboxyl analog. 
The three additional most effective growth inhibitors 
were 2-acet amido-N-(L-l -carboxy-2-mereaptoethyl)-3-
mereapto-nL-propionamide, 2-acet amido-X-(L-l-car-
bamoyl-2-mercaptoethyl)-3-mercapto-i)L-propionamide, 
and L-3-mercapto-2-ureidopropionamide. 

The nine most active compounds (Table II) were 
tested at equimolar concentrations in the presence of 
several levels of L-cysteine hydrochloride. With the 
exception of L-2-amino-3-(diphenylmethylthio)propion-
amide and L-3-mereapto-2-methanesulfonamidopropion-
amide, the growth inhibition observed with the re
maining analogs decreased markedly with increasing 
levels of cysteine. 

The growth inhibition found with L~3-mercapto-2-
methanesulfonamidopropionamide was reversible with 
added L-cysteine but only at lower levels of inhibitor. 
Inhibition of L. mesenteroides growth by L-2-amino-3-
(diphenylmethylthio)propionamide appears to be non
specific and not. easily reversed by cysteine even at 
lower levels of inhibitor. 

1,-2-.V mi no-3-niercaptopropion amide hydrochloride 

OS; (a) '1'. A. M a r t i n . J. H. Oirr i t run. ami ('. \\ . Waller, ./. Org. Chun.. 
30, 28:i\l (l!l«.r)): 0.) T . A. M a r t i n ami ( ' . W. Waller . IT. S. P a t e n t . 3.184.50.-> 
ilitl)")). 

T.AHLK I I 

EFFKCT op VAKYIXG CYSTKIXK COXCKXTUATIOXS 

ox (IKOWTH IXHIHITIOX OF / . . .1/esentiroidtx 

HY AMINO ACID AXALOGS 

.-Cyste ine 
1CI. fM ml 

1 

10 

100 

1000 

' A, X-acel 

A 

Si 

34 
1 

3 

lyl-L-i 

...... 
0 C 

93 9-s 
55 S2 

2 25 

2 3 

cys te ine : 

les t « 
I) 

75 

90 
SS 

S2 

B, i 

) tn ( ) . l . 

v. 
ss 
41 

32 

37 

O.oo:i ,1/" 

!•" 
97 

53 
22 

1 

j -2-acelamido ' 

Ci 

90 

77 

20 
1 

11 

5.S 

00 
4.S 

9 

-3-mercap 

1 

09 

07 

(id 
01 

topri 

pionamide: C, 3-mei,capto-2-ureidopropionamide: 1), L-3-
mei'capto-2-methanesulfonamidopropionamide: K, i.-2-acetam-
ido-3-mercapto-X-phenvlpropionamide: F, 2-acetamido-X-( n-1-
carboxy-2-mercaptoethyl)-3-mercapto-OL-propionamide: (i, 2-
acetamido-X-(L-l-carbamoyl-2-mercaptoelhyl)-3-mercapto-ni.-
propionamide: H, L-2-amuio-3-benzylthiopropionamide: I. i.-2-
amino-3-(diphenylmethylthio)propionamide. 

and L-3,3'-dithiobis(2-aminopropionamidej dihydro
chloride were inactive as amino acid antagonists or as 
substitutes for L-cysteine or L-cystine in the growth of 
L. mesenteroides. Both compounds per se had only 
.5-10% microbiological growth replacement activity 
(based on an equivalent weight basis) in the absence of 
added cysteine or cystine. With the former com
pound this activity increased to 40%. in the presence of 
l.o Mg/nil of L-cysteine hydrochloride (a level required 
for about half-maximal growth). No such stimulation 
of the latter compound utilization, however, was noted 
with the further addition of L-cysteino. 

L-2-Amino-3-morcaptopropionamide hydrochloride 
effectively inhibited growth of E. coli in a chemically 
defined medium and caused complete inhibition al 100 

Itll.il
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/ug'/ml. Of the remaining compounds tested in E. coli 
moderate growth inhibition (80-90%) was found with 
L-3,3'-dithiobis(2-aminopropionamide) dihydrochloride 
(300 Mg/ml) and L-2-amino-3-(diphenylmethylthio)-
propionamide (600 jug/ml). 

Xone of the 38 compounds tested showed any signifi
cant cysteine-cystine replacement activity for growth 
of L. mesenteivides. In summary, none of the 38 com
pounds tested showed significant growth inhibition of 
L. mesenteivides and E. coli. In most instances, this 
inhibition was readily reversed by the addition of 
cysteine. 

The microbiological assay and testing procedures 
were similar to those previously described.1 

chloride (III) ,1 3 and azacrine (IV)15 have been demon
strated to have appreciable antiprotozoal and anthel-

Ant iamebic , Ant imalar ia l , and A n t h e l m i n t i c 

Effects of Distal Hydrazine Analogs of 

Azacrine , Quinacr ine , and 

7- | [3-(Octylamino)propyl]amino}benztc]acridine 1 ' 2 

EDWARD F. ELSLAGER AND DONALD F. WORTH 

Department of Chemistry, Medical and Scientific Affairs Division, 
Parke, Davis &• Company, Ann Arbor, Michigan 48106 

Received Apiil 84, 11)6!) 

An array of basically substi tuted 9-amhioacri-
dines,3 -aminobenz [c ]acridines. 3,4,9,10.12-14 and 
aminobenzonaphthyridines4 '8 '1 5 - 1 8 exhibit noteworthy 
antiprotozoal, anthelmintic, antibacterial, and anti
tumor properties. Among them, quinacrine ( I ) , 3 - 6 3-
chloro-9-' [4-(die thylamino)- l -methylbuty]]amino}ac-
ridine 10-oxide dihydrochloride (II),,7 7-{ [3-(octylami-
no)propyl]aminoj benz [r]acridine dihydromintic activ-

(1) This is paper X of a series on synthetic amebicides anil paper XVII 
of a series relating to antimalarial substances. For the previous paper, see 
L. M. Werbel, E. F. Elslager. A. A. Phillips, D. F. Worth, P. J. Islip, and 
M. C. Neville. ./. Meil. Chern., 12, 521 (1969). 

(2) This is communication III of a series on anthelmintic drugs. For 
paper II. see D. B. Capps, O. D. Bird. E. F. Elslager, Z. B. Gavrilis, J. A. 
Roush, P. E. Thompson, and J. \V. Vaitkus, ./. Heterocyclic Chem., 5, 355 
(1968). 

(3) A. Albert, "The Acridines." 2nd ed, Edward Arnold, London, 1966. 
(4) For a review, see E. F. Elslager in "Medicinal Chemistry." A. Burger, 

Ed., 3rd ed, Interscience Division of John Wiley and Sons, Inc., New York, 
N. Y.. 1969. 

(5) For a review, see P. B. Russell in "Medicinal Chemistry," A. Burger, 
Ed., 2nd ed, Interscience Publishers. Inc., New York, X. Y., 1960, pp 814-
850. 

(6) For a review, see O. D. Standen in "Experimental Chemotherapy," 
Vol. I, R. .1. Schnitzer and F. Hawking, Ed., Academic Press, New York. 
N. V., 1963, pp 701-892. 

(7) E. F. Elslager, R. E. Bowman, F. H, Tendick, D. J. Tivey, and 
D. F. Worth. ./. Med. I'harm. Chem.. 5, 1159 (1962). 

(8) E. F. Elslager and F. H. Tendick. ibid., S, 1153 (1962). 
(9) N. B. Ackerman, D. K. Haldorsen, F. Ff. Tendick, and E. F. Elslager, 

ibid.. 11, 315 (1968). 
(10) E. F. Elslager, F. W. Short, and F. H. Tendick. ./. Heterocyclic 

Chem.. 5, 599 (1968). 
(11) E. F. Elslager. F. H. Tendick. and L. M. Werbel, ./. Med. Chem., 

12, 600 (1969). 
(12) K. F. Elslager, A. M. Moore, F. W. Short, M. J. Sullivan, and F. H. 

Tendick, ./. Am. Chem. Soc, 79, 4699 (1957). 
(13) F. W. Short, E. F. Elslager, A. M. Moore, M. J. Sullivan, and F. H. 

Tendick, ibid., 80, 223 (1958). 
(14! !•;. ]•'. Elslager, V. \V. Short, M. .1. Sullivan, and F. II. Tendick. ibid.. 

80, 451 (1958). 
(15) I). M. Besly and A. A. Goldberg, ./. Chem. Nor.. 2448 (1958). 
(Hi) E. F. Elslager and F. H. Tendick, ./. Med. Phurrn. ('Item., 5, 546 

(1962). 
(17) P.-L. Chienand C. C. Cheng, tM</., 11, 164(1968). 
(18) E. F. El slater, F. H. Tendick, and S. C Perricone, 1969, unpub

lished data. 

i 
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.N. .OCH3 

[pTOXOJ -2HCi 

IV 

ity in man. It was therefore of interest to synthe
size representative {[3-(2,2-dialkylhydrazino)alkyr]-
aminoJ acridines, benz[c]acridines, and benzo[b][l ,5]-
naphthyridines to enable a determination of the 
effects of a distal hydrazine moiety on antiprotozoal and 
anthelmintic activity. 

The condensation of 6,9-dichloro-2-methoxyacridine 
with 2-(3-aminopropyl)-l,l-dimethylhydrazine,1 9 l -[(3-
aminopropyl)amino]piperidine,19 and l-[(3-aminopro-
pyl)amino]-4-methylpiperazine19 in phenol afforded 6-
chloro-9-! [3-(2,2-dimethylhydrazino)propyl]amino}-2-
methoxyacridine dihydrochloride (Va) (55%), 6-chloro-
2-methoxy-9-{[3-(piperidinoamino)-propyl]amino}ac-
ridine dihydrochloride (Vb) (38%), and 6-chloro-

NHCCE^NHNRA 

^0CH3 

O P J P J -*HC1 

Va.NRA-NCCH), 
b,NRtR2=N(CH2)5 

c,NR,R2 = N[(CH2)2]2NCH3 

2-methoxy-9-({3-[(4-methyl-l-piperazii iyl)amino]pro-
py l}amino)ac r id ine t r ihydrochlor ide (Vc) (40%), 
respectively (Table I, procedures I and I I ) . 7-j[3-
(Piperidinoamino)propyl ]aminojbenz[e]acridine dihy
drochloride (Via) and 7-({3-[(4-methyl- l -pipera-
z inv l ) amino]p ropy l j amino)benz [o ]ac r id ine hydro
chloride (VIb) (68%) were obtained in a similar 

(19) E. F. Elslager, E. A. 
(1964). 

Weinstein, and D. F. Worth, ibid., 7, 493 


