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Tanpor 1
COMPARATIVE GROWTH INHIBCTION N L. wesenteroides 3Y Vagiolrs CYSTEINE AND CYSTING ANALOGS

Conen, uwr ml*

Test compd® 25 50 100 200 110 K10
. . Intilv ov wrowili, *y

N-Acetvl-r-cysteine? ) Y 30 1 S0 S
1-2-Acetamido-3-nercapto-

propionamide? n 66 H2 U 100 i
L-3-Mercapto-2-ureidgpropionamide N NG 90 100 100 10D
L-3-Mercapto-2-methanesulfonamido-

propiouantide 14 27 T2 s 70 N3
L-2-Acetamido-3-1nercapto-N-

pheuvlpropionamide? 0 29 49 NS 88 N8

2-Acetamido-N- (1-I-carboxy-2-

mercaptoethyl)-3-mercapto-ni.-

propionamide N4 100 100 100 100 100
2-Acetamido-N-(L--carbamoyl-2-

mercaptoethyvl)-3-mercapto-ni-

propionanide 74 100 10 100 100 1
1-2-Amino-3-benzylthiopropivnamide

hydrochloride? 7 1 0] ol 455 o
1-2-Amino-3-(diphenvinmethylthio -

propionaiide? ) 12 16 IS 48 (0]

* Several of the couponnds lixted are dexcribed elsewhere: T. A, Martiu, /. 3 ed. Chem., 12, 930 (1969 ).  * Other analogs tested whivh
required concentrations >%00 ug, /ml for 509 growth inhibition were: 1-2-amino-3-mercaptopropionamide hydrochloride,? L-2-propion-
amido-3-mercaptopropionamide,? 1-2-acetamido-3-mercapto-N-methvlpropionamide,? 1-3-(henzylthioj-2-formamidopropionantide,* 1.-
2-acetamido--benzylthiopropionamide,? L-2-acetamido-3-benzylthio-N-nethylpropionamide,? ni-2-acetamido-i3-(benzylthio)-N-(2-hy-
droxyethyl)propionaniide,? 1-2-benzamido-3-(benzylthio)propionamide,? 2-acetamido-3-(henzvlthio-N-}1.-2-(benzvlthio - 1-methoxy-
carbonylethyl]-vr-propiviamide, 2-acetamido-3-(benzylthio)-N-[L-2-(beuzylthio)-1-carboxyvethvl|-pL-propiviamide, L-3-(diphenyhnetl-
vithio)-2-formamido-N-phenylpropionamide,? 1-3-(dipheuylmethylthio)-2-(methanesulfonamido)propionic acid, 1-S-diphenyhucthyl-
N-methanesulfonyleys«teine methyl ester, L-3-(diphenylmethylthio)-2-methanesnlfonamidopropiomtmide, L-2-acetanido-S-ieetylthio-
propionamide,? N, N’-diacetyl-L.-cy=tine piperazinimmn salt {R. Marshall, M. Winitz, 8. M. Birubanm, ated J. P. Greeastela, . Lar. Chewr,
Soc., 79, 4538 (1957, 1-N, N -diacet yleystine dimethyl ester [H. Heymaun, T. Giusberg, 7. R. Gulick, I2. A. Konopka, and K. L. Maver,
ibid., 81, 5125 (195931, N, N'-di(izovaleryl)-1-cystine, N,N'-di(isovaleryl)-L-cystine dimethyl ester, N,N “dibenzoyl-1-cystive, 1.-N,N -
di(N-carbobenzoxyvglvevl)evstine dimethyl ester, 1.-3,3'-dithiobix(2-aminopropionamide) dihydrochloride,? 1-3,3/~dithiobis(2-acetainido-
proplonamide),? 1-3,5"-dithiobis(2-propionantidopropionamide),? 1.-13,3’-dithiobis(2-acetamido-N-methytpropionamide),? 1-3,3'-dithio-
his]2-(3-chloropropionamido)propionamide],  1.-3,3'-dithiobis(2-benzaniidopropionanmide),?  1.-3,:3dithiobi<] 2-13-( carboxypropiora-

mido) [propiopamide], L-3,:3/-dithiobis(2-nreidopropionainide).
IS ; )

The data i Table T Hst N-acetyl-L-cysteine? and Tanrr 11
eight of the 38 compounds tested which at a final con- 1';}'1“‘13(“1.‘ oF VanyiNG CysTrINE CONCENTRATIONS
centration of 800 pg/ml inhibited growth of L. mesen- oN (‘R“\V:;}: I\\\:il\lil,ll;::l,“;\[\l3,[(':”2“ ronles
leraides by at least 509%. Interestingly, the amide of S e

N ¢ . . X 1-Cyxceine B s Lest comind, 0.003 WY
N-acetyl-L-cvxteine (1-2-acetamido-3-mereaptopropion- HOL wzoml A BooC vooE G 1 1
amide) 1 about a fivefold more effective inhibitor of 1 NL93 us  TH NN 9T u6 8 Gy
L. mesenteraides growth than ix the earboxyl analog. H) i ’)’ :') n ?i ;j ;1') (4,2 ((Hh
The three additional most effective growth inhibitors I(I)i:t; oo :: =1 1y H’(l

[ - .y N N "

ore 2oncetamido-N-(L-1-carboxv-2-mere: 1)-3- '
were = d((TdHlldQ A “& e (; Y mG.Cclp{f)Ethi ) 3 “ A, N-acetyl-t-cysteine: B, 1-2-aceramido-s-mereaptopro-
mercapto-vL-propionamide, —-ucetamido- __(L' ~ear- plonamide:  C,  S-atercaptu-2-ureidopropionamide: 1, -0
bamoyl-2-mereaptoethyl)-3-mereapto-nr-propionamide, mercapto-2-methanesulfonamidopropioaamide: I, «-2-acetam-
and r-3-mercapto-2-ureidopropionamide. ido-3-mercapto-N-phenylpropionamide: F, 2-acetumido-N-/1- -
- . . R v Syt s . ») e - 1y H i 1de H P
I'he nine most active compounds (Table II) were (dlb“k);;’-lgel}dﬁ)f()etkh)1>--”-1m)81(ap1“1’tl- })1};’1)11;)1};11111(1€- 1(\- 2
- , : - e | e : acetaiido-N-(r-T~carbamoyl- 2 - mercaptoethyl) - -mercapto-vi-
tested at (*(;ulmf)ldl congeutmtlou.\ 111 ?hc ;)1et'elllce }01 propionatnide: H, 1-2-amino-3-benzylthiopropionamide: 1, 1-2-
several levels of L-cystene hydrochloride. i With the amio-3-(diphenylmethylthio)propioaamide.
exception of L-2-amino-3-(diphenylmethylthio)propion-
amide and v-3-mercapto-2-methanesulfonamidopropion-
;1m%d9, the growth inhibition observed‘mth the re- chloride were inaective ax amino aeid antagonists or as
maining analogs deereased markedly with inereasing <ubstitutes for L-cysteine or L-cvstine in the growth ol
lc\"(:ls of eysteine. _ _ L. mesenlecoides. Both compounds pes se had only
I'he growth inhibition fouud with L-3-mercapto-2- 5-10% microbiological growth replicement activity
ntethanesalfonamidopropionamide wuas reverxible with (based ou an equivalent weight basis) in the absence of
:l(ldf%(% L-cyxteine but ouly.ut lower levels ()t,)mhxlblto.r. added cysteie or ecystine. With the former com-
Tuhibitiou of L. mesenteroides grow th by 1-2-amino-3- pound this activity increased to 409 iu the presence of
(diphenyimethylthio)propionamide appears to be non- 1.5 pg/ml of L-cy=teine hydroehloride (a1 level required
specific and not casily reversed by eysteine even at oy pout half-maximal growth),  No such stinulation
lower I('\f'(-l.‘\‘ of inhibitor. ’ _ . of the latter compound utilization, however, wis noted
L-2- A mino-3-merenptopropionamide  hydrochloride with the further addition of L-cystoine.
~2-Amino-3-miercaptopropionamide  hyvdrochlornde
3oy T Marun, IR Corvigan, opd C0 W Waller, J, ey, Chend, ffeetively inhibited erowth of Focoli it a chemieally
30, 2830 A196H):; (L) T A Murtinmand Co W, Waller. UL &, Patent, 3,184.500 (Hﬁ.('t Y X rted g . ibit; . 00
(9G35, defined mediumn aud caused complete ithibition at 1

and  ©-3,3’-dithicbis(2-aminopropionamide)  dihydro-
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pg/ml.  Of the remaining compounds tested in E. cole
moderate growth inhibition (80-90%) was found with
1-3,3/~dithiobis(2-aminopropionamide) dihydrochloride
(300 wg/mi) and r-2-amino-3-(diphenylmethylthio)-
propioniamide (600 ug/ml).

Notue of the 38 compounds tested showed any signifi-
cant eysteine—cystine replacement activity for growth
of L. mesenteroides. In summary, none of the 38 com-
pounds tested showed significant growth inhibition of
L. mesenteroides and If. 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 deseribed.!

Antiamebic, Antimalarial, and Anthelmintic
Effects of Distal Hydrazine Analogs of

Azacrine, Quinacrine, and

7-{ [3-(Octylamino)propyllamino }benz[c]acridine1 2

Epwanp F. ELs1L.AGER aND DoxaLlp F. WorTH

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

Recerved April 24, 11649

An array of buasically substituted 9-aminoacri-
dines,?—11 7-aminobenz[c]acridines, >4 %10.12=14  gpd
aminobenzonaphthyridines*®—1¥ exhibit. noteworthy
antiprotozoual, anthelmintic, antibacterial, and anti-

tumor properties. Amoug them, quinaerine (I),2—% 3-
chloro-9-| [4-(diethylamino)-1-methylbutyljamino{ac-
ridine 10-oxide dihvdrochloride (I1),” 7-{[3-(octylami-

no)propyllamino} benz(e Jacridine dihydromintie activ-

(1) This is paper X of a series on syntbetic amnebicides aml paper XVII
of a series relating to antiinalarial substances. For tbe previous paper, see
L. M. Werbel, E. F. Elslager, A. A, Phillips, D. F. Wortn, P. J. Islip, and
M. C. Neville, J. Merd. Chem., 12, 521 (1969).

(2) Tbhis is communication III of a series on anthelmintic drugs. For
paper 11, see D). 3, Capps, O. D. Bird, E. ¥. Elslager, Z. B. Gavrilis, J. A,
Roush, P. E. Thompson, and J. W, Vaitkus, .J. Heterocyclic Chem., 8, 355
(1968).

(3) A, Albert, *The Acridines," 2nd ed, Edward Arnold, London, 1966.

(4) Yor a review, see F.. F. Elslager in ""Medicinal Cbemistry,'" A. Burger,
Ed., 3rd ed, Interscience Division of Jobn Wiley and Sons, Ine., New York,
N. Y., 1966.

(5) For a review, see P. B. Russell in "Medicinal Chemistry," A. Burger,
Ed., 2nd e, Interscience Publisbers, Ine., New York, N. Y., 1960, pp 814—
850.

6) For a review, see O. D. Standen in “Experimental Chemotherapy,"”
Vol. I, R. I. 8cbnitzer and F. Hawking, Ed., Academic Press, New York,
N. Y., 1963, pp 701-8Y2.

(7) E. F. Eislager, R. E. Bowman, ¥, H, Tendick, D. J. Tivey, and
D.F. Wonh, J. Med. Phurm. Chem., §, 1159 (1962).

(8) K. F. Eslager and F. H. Tendick, bid., 5, 1153 (1962).

(9) N. B. Ackerman, [}, IX. Haldorsen, F. H. Tendick, and E. F. Elslager,
ibid,, 11, 315 (1968).

(10) E. F. Elstager, F. W.
Chem., B, 599 (1968).

(11) E. ¥. Elstager. F. H. Tendick, and L. M. Werbel, J. Med. Chem.,
12, 600 (1969).

(12) E. F. lslager. A. M. Moore, F. W. Sbort, M. J. Sullivan, and F. H.
Tendick, J. Am. Chem. Soc., 79, 4699 (1957).

(13) F. W. Rbort, E. F. Lislager, A. M. Moore, M. J. Sallivan, and F. H.
Tendick, thii., 80, 223 (1978).

(14) 101 Ellager, 170 WL Mbhorr, M. L Sullivan, amt T, 11 Tendsek, ibid.,
80, 451 (1978).

(15) 1) ML Bexly ind AL AL Goldbery, J. Chem, Soe., 2448 (1U58).

Aoy 11 Flslager and I 1 Tendick, J. Med, Phorm. Chem., 8, 746
(1962),

(17) P.-1. Chienand C. C. Cheng, ihid,, 11, 164 (1068).

(18) K. F¥. Elslager, F. H. Tendick, and $. . Perricone, 1969, unpuls-
Iished data.
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chloride (II1),'¥ and azacrine (IV)" have been demon-
strated to have appreciable antiprotozoal and anthel-

NHCH(CH,)(CH,)\N(C.H,),

Joecel

I
NHCH(CHy)(CH,):.N(C.Hs),

OO =
Cl IT+

O~

-2HCI

I
NH(CH,),NH(CH,):CH,

@9%)

III

2HC1

NHCH(CH,)(CH.) N(C,H,),

ity in man. It was therefore of interest to synthe-
size representative {[3-(2,2-dialkylhydrazino)alkyl]-
amino|acridines, benz[c]acridines, and benzo[b][1,5]-
naphthyridines to enuble 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)-1,1-dimethylhydrazine,'® 1-[(3-
aminopropyl)amino Jpiperidine,'® and 1-[(3-aminopro-
pyl)amino -4-methylpiperazine!® in phenol afforded 6-
chloro-9- 3-(2,2-dimethylhydrazino)propyl]amino}-2-
methoxyacridine dihydrochloride (Va) (559,), 6-chloro-
2-methoxy-9- | [3-(piperidinoamino)-propyllamino}ac-

ridine dihydrochloride (Vb) (389,), and 6-chloro-
NH(CH,),NHNR,R,
OCH;,
~xHCl

peee

Va, NRjR,=N(CH,),
b,NR,R, = N(CH),),
¢, NRR, = N[(CH,),,NCH;

2-methoxy-9-({3- [(4-methyl-1-piperazinyDamiio pro-
pyvliamino)acridine trihydrochloride (Ve) (409%),
respectively (Table I, procedures I and II). 7-{[3-
(Piperidinoamino) propyllamino| benz (e Jacridine  dihy-
drochloride (VIa) and 7-({3-[(4-methyi-1-pipera-
zinylDamino]propyljamino)beuz(clacridine hydro-
chloride (VIb) (689.) were obtained in a similur

(19) E. ¥. Eislager, E. A. Weinstein, and D. F. Worth, ibid., 7, 493
(1964).



