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ml of CF;COOH and stirred at 0° for 3 hr. The CF;:COOH was
removed in vacuo to yield a yellow oil which was then dissolved
in slightly basic aq soln. The aq phase was extd several times
with CHCl; to remove any unreacted starting material. The aq
soln was made slightly acidic and the org acid which pptd was
removed by filtration and dried to give 0.90 g (819 yield) of
white solid. Recrystn from PhH-Me,CO gave 0.86 g of product;
mp 180.0-180.5°. Anal. (Ci1sH3NgOs) H, N; Caled C, 67.45;
found, 68.08.

Acknowledgment.—The authors wish to thank Dr.
H. 8. Ragheb of the Department of Biochemistry,
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of 1a,b,c,d.
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Chemistry.—In previous publications? we have de-
seribed the preparation aud certain biological activities
of a number of syuthetic biologically active polymers.
Activities dealing with antimalarial properties of some
sulfonamide-formaldehyde copolymers were among
these reports.?—¢ Since these latter reports, we have
begun to screen the same or analogous eopolymers more
broadly. This report concerus the antibacterial aec-
tivity of three sulfonamide-formaldehyde copolymers
(see Table I) and a sulfone—formaldehyde copolymer.
The copolymers were prepared by methods reported
earlier,%—e

Biological Activity.—As cau be seeu from Table I, in
most tests, the mouomer and the polymer had approxi-
mately equivalent antibacterial activity under the test
conditions employed with a general teudency for the
mouomer activity to be higher. Thus, it continues to
appear that polymerization of drugs may be useful as a
method to prepare novel drug systems.

Employing three samples of the 4,4’-diaminodiphe-
nvlsulfone—formaldehyde copolymer of differing molee-
ular weights® in the antibacterial testing gave results
(see Table I} which indicated that in this copolymer
system, only a very miuor indication of variation of
activity with molecular weight was observed.

Experimental Section

All formaldehyde copolymers were prepared and characterized
ag reported earlier.%—e

Antibacterial screening was carried out by seeding Mueller—
Hinton agar with the test organisms and adding antibiotic assay
cylinders to each petri dish. Each compound tested was added
to the cylinders as a 19 solution in DMF. Each monomeric
sulfonamide drug and the corresponding formaldehyde copolymer

(1) Taken in part from the thesis to be submitted by Mr. John Razzano
in partial fulfillment of the requirements for the Ph.1), degree.

(2) (a) R.J. Cornell and L, G. Donaruma, J. Polym. Sei., 8A, 827 (1965).
(b) R. J. Cornell and L. G. Donaruma, J. Med. Chem., 8, 388 (1965). (c¢)
L. G. Donaruma and J. Razzano, ibid., 9, 258-(1966). (d) J. R. Dombroski,
L. G. Donaruma, and J. Razzano, ibid., 10, 963 (1867). (e) J. R. Dom-
broski, L. G. Donaruma, and J. Razzann, tbid., 10, 964 (1967).

Nores

Tasre 1
RELATIVE ANTIBACTERIAL ACTIVITY OF SOME SULFONAMIDYE
Druas (M) anp 7HE ForMarpeHYDY CoroLymiks (P) THERLOF

Sulfonamide Relative activity

system Test orgauism M P
Sulfapyridine Staphylococcus 1.1 1.0
pyogenes
Escherichia coly 1.7 1.0
Aerobacter aero- 1.1 1.0
genes
Pseudomonas 1.1 1.0
aeruginosa
Sulfabenzamide Staph. pyogenes 1.5 1.0
E. coli 1.0 1.0
A. aerogenes 1.4 1.0
Sulfanilamide Staph. pyogenes 1.2 1.0
E. cold 1.2 1.0
A. aerogenes 1.1 1.0
Ps. aeruginosa 1.8 1.0
4,4’-Diaminodi- Staph. pyogenes 1.4 1.0 (fmyw = 4700)
phenylsulfone 1.7 1.0 (. = 7600)
1.3 1.0 (m, = 10,000)
* iy, = weight average molecular weight = 10¢,.2

were tested at the same time. After ovemight incubation at
37°, the zones of inhibition were measured. They were gener-
ally of the order of magnitude of 20-30 mm, even though the total
lowest value observed was 10 mm and the highest 35 mm.

Acknowledgments.—We are indebted to the Public
Health Service for support of this work under Research
Grant 5R0O1-A106662, and to Ayerst Laboratories for
carrying out the antibacterial testing.

New Thiocarboxamides Derivatives with
Specific Gastric Antisecretory Properties

CHarLes E. MaLuN, BERNakD H. Dankky,

Chemical Research Division,

AND Xavier B, L, Pascaup*

Pharmacological Research Division, Science Union et Associés
Groupe de Recherches des Laboratoires Servier- 92-Suresnes, France

Receved July 11, 1970

Atropine-like drugs with their troublesome systemic
side effects were, for a long time, the only products
available for gastric antisecretory properties in ulcer
therapy. During the past few years attempts have been
made to find specific gastric autisecretory products act-
ing by a nonanticholinergic pathway.

A well-documented review has just been published on
this subject.! Among newly described chemicals, the
most studied, 2-phenyl-2-(2-pyridyl)thioacetamide
(PPT),? although not possessing really specific anti-
gastrin properties,® seems to be the most available.
Surprisingly, very few derivatives of this strueture have
been described. In the course of a research program
on antiulcer compounds, we therefore synthesized some
thiocarboxamides. Although completely devoid of
anticholinergic activity, most of these compounds pos-

(1) D. E, Butler, R. A. Purdon, and P. Bass, Amer. J. Digest. Diseases, 18
157 (1970).

(2) D. L. Cook and R. G. Bianchi, Life Set., 6, 1381 (1967).

(3) G. Gillespie, V. 1. McCusker, B, S, Bedi, H. T. Debas, and 1. K.
Gillespie, Gastroenterology, 858, 81 (1968).
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TasLe 1
R,R,CHCSNH,
~—————Corresponding nitrile————
Crystallization Bp, °C (mm)
No. R R» Mp, °C Solvent Formula or mp, °C aD*®®
1 H 2-Py 190-192¢  MeOH C:H;N,S-HCl 65-70 (0.05)¢ 1.5262 (23)
la. H 2-Py 90-92¢ H0 C7HgNsS
2 CH; 2-Py 163-164 ACOEt CsH,oN:S-HCl 50-54 (0.05) 1.5072 (26)
2a CH; 2—Py 112-113 CsHa—cyclohexane CsH oNoS
3 C.H, 2-Py 180-181 ACOEt-EtOH CyH;;N.S-HCl 60-65 (0.1) 1.5058 (22)
3a CQH;‘, Z-Py 108—109 CaHa CBHIQNQS
4 CH;(CH,), 2-Py 160-162 EtOH C1oH1NoS-HC1 68-70 (0.1)¢ 1.5037 (23)
4a  CH,(CH;), 2-Py 93-94 Cyeclohexane CioH1N5S
5 (CH;)CH 2-Py 198-200 EtOH-cyclohexane CiHuN;S-HCl 48-52 (0.01) 1.5028 (22)
ba (CH;s).CH 2-Py 163-164 ACOEt CroHuNoS
6 CHj;(CHas)s 2-Py 159-160 EtOH CiH,N:sS.HCl 76-80 (0.04) 1.5008 (20)
6a  CH;(CH,)s 2-Py 104-105  Cyclohexane CuHieN:S
7 (CH;)CHCH, 2-Py 138-140 CsHe—cyclohexane  CnHisNoS 76-80 (0.1)¢ 1.4982 (22)
8 CH;(CH,)s 2-Py 75-76 Cyclohexane CisHoNoS 97-100 (0.04)e 1.4971 (19)
9 CH~=CHCH; 2-Py 140-141 ACOEt-EtOH CioH1eN,S - HCI 72-74 (0.3) 1.5175 (24)
9a CH,~=CHCH, 2-Py 74-75 Cyclohexane CioH12N:S
10 2-Py 2-Py 195 MeOH C12HuNsS-2HC 139-140*
10a 2-Py 2-Py 161-162 EtOH CiHy NS
11 2-Pyrazinyl 2-Py 214-215 Sublimation CuHoNS 193-194
12 H 2-Pyrazinyl 113-114 CeHe CeHN;S 80-87 (0.1);" mp 33-34°
13 C.H; 2-Pyrazinyl 88-90 CeHs CsH,;1NsS 72-74 (0.08)’ 1.5142 (24)
14 C¢H, 2-Pyrazinyl 142-143 MeCN CioHp;NsS 133-134" }
15 CeH 2-Pyrimidyl 185-186 MeCN CeHy;NsS 132-140 (0.03);’ mp 64-65°
16 4 Cl-C¢H, 2-Pyrimidyl 155-158 EtOH-H,0 CioHioCINS 150-160 (0.2); mp 71-73°
17 H 2-(4,6-Me,)- 149-150 EtOH CsHuNsS 80-81
pyrimidyl
18 H 4(5)-Imida- 183-184 EtOH C:HINGS 138-139*
zolyl
19 CsHb Z-Thi&ZOlyl 125-126 EtOH Cquost 115—125 (001),1 mp 42-44°
20 CeH; CeH; 152-153* MeOH CiuH ;NS
21 2-PyCH; H 196-198 EtOH CsHoN.S-HC1 80-85 (0. 1)" 1.5211 (23)
21a  2-PyCH; H 139-140  EtOH CsHyoN,S
22 HN=CCH;, H 140-141c  CeH, CHNoS
23 2-Py Acetamide 123-124¢ C-HN,S

¢ E. Maruszewska-Wieczoekowska and J. Michalsky, Rocz. Chem., 31, 543 (1957).

Chem. Soc., 80, 4659 (1958).
¢ A. Adams and R. Salck, J. Chem. Soc., 3061 (1959).
field and K. Fuck, bid., 26, 448 (1956).
16, 640 (1951).
lock, J. Amer. Chem. Soc., 73, 3856 (1951).
chem. Prep., 5, 97 (1957).
Amer. Chem. Soc., 75, 3243 (1953).

sess specific and powerful gastric antisecretory prop-
erties.

In this note, we report the synthesis, preliminary
pharmacological results, and a first approach to strue-
ture—activity relationships of 22 thiocarboxamides, A
few of these were selected for a more complete pharma-
cological study which will be published in detail later.

Chemistry.—All thiocarboxamides synthesized are
listed in Table I. The derivatives with sufficiently
basic properties to give nonhydrolyzable salts in aq
soln were studied as hydrochlorides.

The thiocarboxamides were synthesized from the
corresponding nitriles by reaction with H;S in pyridine-
Et;N at ordinary temp or in sealed tubes at 100°.4

The nitriles were synthesized by known procedures
(¢f. Table I). Purity was determined by potentio-
metric titration in AcOH and, if possible, by gle (SE;
5% on Aeropak or CAR 20 M 5% on Chromosorb).

Structure-Aetivity Relationship.—Compounds 1, 2,
4, 5,6, 89,13, 14, and 16 are more active than PPT,
an agent fully deseribed.? Based on their therapeutic

(4) A.E. S, Fairfull, J. L. Lowe, and D. A. Peak, J. Chem. Soc., 742 (1952).

T. 8. Gardner, E. Weuis, and J. Lee, J. Org. Chem., 19, 753 (1954).
¢ F. Zymalkowski and W. Schauer, Arch. Pharm., 280, 218 (1957).
7 Adapted procedure from M. Protiva, J. O. Jilek, and J. Plinel, Collect. Czech. Chem. Commun.,
¢ C. D. Gutsche and H. W. Voges, J. Org. Chem., 32, 2685 (1967).

+ French Patent 1,404,514, July 2, 1965.
! German Patent 896,809, Nov 16, 1953.

E. E. Van Tamelen and J. 8. Baran, J. Amer.
b J. Klosa, Pharmazie, 9, 754 (1954).
¢ K. Winter-

» N. Sperber, D. Papa, E. Schwenk, and M. Sher-
i Japanese Patent 630 (54), Feb 4, 1954, * Bio-
m V. Boekelheide, W. S. Linn, P. O’Grady, and M. Lamborg, J.

index* the activity of 1, 5, and 16 is about the same as
that of atropine ip.

In a first approach to a structure-activity relation-
ship, it seems that the antisecretory activity is related
to the grouping

/
NC‘yCﬁCa
AN
N

The following substitutions have been made, and
either lower the activity very much, or completely sup-
press it: (a) the substitution of S by O (23); (b) two
instead of one NC chain in the v position to the thio-
carboxamide group (10, 11); (¢) no N in the side chain
(20 and thioacetamide); (d) lengthening of the dis-
tance between the nonamide N and the thiocarboxamide
group (21). N in the y position to the thiocarboxamide
group seems to be necessary for the activity, and it may
or may not be implicated in aring (22). However, two
compounds with a pentacyeclic ring, though having N in

* Therapeutic Index = EDs /LDs (Shay rat).
448; 1 = 404; & > 526; 186 > 667; PPT, HCl = 222,

Atropine sulfate=
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TasLe IT
Gastric
antisecretory
Toxicity activity Anticholinergic
LDz, mg/keg EDg, mg/kg activity
No. per os (mice) Shay rat? pA°
1 5704 1.42 >10-¢
(545-595) —
2 618 2.30 3.5:107
(573-668)
3 673 5.10 >10-¢
(576-787)
4 628 4.05 >10-4
(576-686)
5 >1.000 1.90 1.25.10-¢
6 470 2.64 >10-¢
(398-554)
7 >1.000 11.50 >10-¢
8 >1.000 3.70 >10¢
9 575 3.25 >10-¢
(532-623)
10 70 NA (20)
(58.6-83.6)
11 >1.000 NA (100)
12 >1.000 16.2 >10-4¢
13 830 4.28 >10-¢
(686-1004)
14 924 4.32 >10—¢
(775-1101)
15 >1.000 7.90 >10-¢
16 >1.000 1.50 >10-4
17 >1.000 7.82 >10-¢
18 >1.000 NA (100)
19 >1.000 50 >10-¢
20 >1.000 82
21 653 NA (50) >10-¢
(568-751)
22 >1.000 4.60 >10-¢
23 >1.000 NA (100) >10-4
EDsx
Reference products LDeo® Shay-rat pAS
Atropine sulfatee 207 ip 0.462 ip 1.6-10-8
(182-227)
PPT.-HCV 592 po 5.400 >10-4
(526-667)
Thioacetamider ~220 ip 35.01ip

¢ Acute toxicity was determined orally in male albino mice CDD
strain. LDsg caled by C. S. Weil’'s method [Biometrics, 8, 249
(1962)]. Numbers in parentheses are fiduciary limits of LDs.
® Compounds are given by intraduodenal route. NA = inactive
compound. Numbers in parentheses are the maximum dose as-
sayed. ¢ Anticholinergic activity was established on perfused
guinea pig ileum by pA. technique [E. Bulbring, A. Grema, and
O. R. SBaxby, Brit. J. Pharmacol., 18, 440 (1958)]. Drugs were
dissolved in 0.99 saline. ¢ Van Tamelen and Baran (footnote
a, Table I) have LD mice as 750 mg/kg sc. ¢ Atropine sulfate
from rFLUkA AG, Buchs (Switzerland). / 2-Phenyl-2-(2-pyri-
dyl)thioacetamide- HCI synthesized in our laboratories. ¢ Thio-
acetamide from Schuchardt, Miinchen (Germany).

this position, were inactive (18) or showed only mild
activity (19).

Experimental Section

2-(2-Pyridyl)butanothioamide (5a)—2-(2-Pyridyl)butanoni-
trile (8.2 g, 0.056 mole} was dissolved into a mixture of Et;N
(5.6 g, 0.056 mole) and pyridine (8 g). The soln was satd with
dry H,S at room temp and treated in a sealed tube to 100° and
maintained for 15 hr.  After cooling, the mixture was poured into
H,0 (100 ml). The suspension was extracted with CHCl,, the
extracts were washed (H,0), dried (Na;SO.), and coned under

NoTes

vacuum. The solid residue was recrystd from C¢Hs to give 6 g
(60%,), mp 108-109°. Anal. (CyH.:NS)N, S.

The hydrochloride was prepared by adding etheral 4 N HCl
(6 ml) to 3a (4 g) in EtOH (150 ml). The solvents were removed
under vacuum and the residue was recrystd from 90 ml of EtOAc—
EtOH (50:40); yield 3.9 g (809), mp 180-181° dec. Anal.
(CsHi NS -HCI) N, S,

Gastric Antisecretory Activity in the Rat.—Gastric antisecre-
tory activity was evaluated in the 4 hr polyrus-ligated rat, using
the technique of Shay.® The compds were suspended in 209, gum
syrup, and were administered intraduodenally immediately after
pylorie ligation to groups of 6 male Sprague Dawley/CD rats
weighing 221 £ 1.77 g.1 Free acid output was caled for each rat
and expressed as wequiv/4 hr per 100 g of body weight. Data
of the whole test series have been pooled for the control group
(185 rats),{ and the mean value of each group receiving drugs
was compared to the mean value of this control group using the
Student’s ‘4"’ test. Per cent inhibition was caled in com-
parison with the control values representing 1009, and plotted on
semilogarithmic paper vs. mg/kg of dose. ED; was read from
the graph. Three to five doses were used for each compound.

After completion of this manuseript, some pharmacological re-
sults on 2-pyridyl thioacetamide were described by J. Borsy,
et al., at the 4th World Congress of Gastroenterology in Copen-
hagen. These results are in full agreement with ours.

(5) H.G. Shay, 8. A. Komarow, 8. 8, Felds, 1D. Meranze, M. Gruenstein,
and H. Siplet, Gastroenterology, 8, 43 (1945).

t+ m 2= standard error of the mean.

1 Control values for these experiments with 185 rats were: vol: 3.09 =
0.06 ml/4 hr per 100 g. Free acid concn: 85.8 + 1.2 mequiv/l. Free acid
output: 271.8 == 7.9 mequiv/4 hr per 100 g. Total acid conen: 111.0 ==
1.0 mequiv/l. Total acid output: 348 == 8.6 pequiv/4 hr per 100 g.
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Various sulfonamidopyridazines'? have been reported
to have antibacterial activity with a low toxicity. In
our experiments we have found that 3-thenoylamino-
6-chloropyridazine® exhibits good antimicrobial activ-
ity. A number of hydrazinopyridazines! and a few
alkylidenehydrazinopyridazines® have been reported to

(1) (a) G. W. Anderson, H. E. Faith, H, W. Marson, P, 8. Winnek, and
R. O. Roblin, J. Amer. Chem. Soc., 64, 2902 (1942); (b) G. Grundmann,
Chem, Ber., 81, 1 (1948); (¢) W. G. Overend and L. F. Wiggins, J. Chem.
Soc., 239 (1947); C. Pedrali and A. Mantegani, J. Org. Chem,, 38, 778
(1958); (d) T. Horie, K. Kinjo, and T, Ueda, Chem. Pharm. Bull,, 10, 580
(1962); (e) I. Satoda, F. Kusada, and K. Mori, Yakugaku Zasshi, 88, 233
(1962); (f) 8. Kukolja, Z. Cenié, and D. Kolbah, Tetrahedron, 19, 1153
(1963).

(2) M. Kumagai and M. Bando, Nippon Kagaku Zasshi, 84, 995 (1963).

(3) M. Likar, P. Schauer, M. Japelj, M. Globokar, M. Oklobdsija, A.
Povie, and V. Sunji¢, J. Med. Chem,, 18, 159 (1970).

(4) (a) E. Schlitter, J. Druey and A, Marxner, Fortschr. Arznetm.-Forsch,
4, 205 (1962); (b) J. Druey and A. Marxner, J. Med. Pharm. Chem., 1, 1
(1959): (c) D. Bargeton and J. Roquet, Arch. Int, Pharmacodyn., 187, 428
(1962).

(5) (8) D. Libermann, Bull. Soc. Chim. Fr., 1430 (1954); (b) British
Patent 856,400; Chem. Abstr., 88, 13459 (1961); (c) British Patent 788,502;
Chem, Abstr., BB, 11967 (1961); (d) E. Bellasio, F, Parravicini, and E. Testa,
Farmaco Ed. Sci,, 24, 919 (1969).



