principally of the steroid cholesterol, the solubility of the steroids
examined is not of a magnitude that would lead one to propose a
“like dissolves like” situation. From the solubilizing capacities
which are comparable to those of other polyoxyethylene-type
surfactants and from the spectral evidence, discussed in the follow-
ing section, it seems likely that solubilization of the steroids takes
place by association with the polyoxyethylene exterior of the
surfactant micelles.

Spectral Studies—The wavelengths of maximum absorbance
(Mmex.) Of the three steroids in a few selected solvents and in various
aqueous solutions of both unpurified and partially purified ethoxyl-
ated cholesterol are presented in Table I

It may be seen that with an increase in the surfactant concentra-~
tion up to 297 (w/v) there is a progressive shift toward lower wave-
lengths. This is in good agreement with the results of a previous
study dealing with testosterone and polysorbates (3). At surfactant
concentrations above 2%, (w/v) the Amax. becomes essentially con-
stant. These constant values of Am.x. compare well with the Amax.’s
of the three steroids in polyethylene glycols 200, 300, and 400.
The fact that the surfactant solutions were aqueous might account
for the difference of 1 mu. From these results it would thus appear
that the polarity of the environment offered by aqueous ethoxylated
cholesterol solutions to the A#-3-keto chromophore of the three
steroids is similar to that offered by polyethylene glycols. This
observation further substantiates the previous proposal that solu-
bilization of steroids by nonionic ethoxylated surfactants involves
association of the steroid with the polyoxyethylene portion of the
surfactant.
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Chemotherapy of Tuberculosis, Part IX: Synthesis and
Screening of New Thiazolyl Thiocarbanilides

B. S. KULKARNI, B. S. FERNANDEZ, M. R. PATEL,
R. A. BELLARE, and C. V. DELIWALA*

Abstract [] Nearly eighty substituted thiocarbanilides—uviz.,
p-(2-thiazolyl)-, p-(4-thiazolyl)- and p-(53-thiazolyl)-p-alkoxy-thio-
carbanilides, and p-p’-bis(4-thiazolyl)-thiocarbanilides, along with
a few thiazolyl thiocarbanilides having halogens on the phenyl ring
containing the p’-alkoxy group, have been synthesized and studied
for in vitro antitubercular activity. Also described are over 40 new
substituted thiazoles prepared as intermediates. p-(4-Thiazolyl)-p’-
alkoxy-thiocarbanilides in general showed the maximum in vitro
tuberculostatic activity in the present study. p-(2,5-Dimethyl-4-
thiazolyl)-p’-n-propoxythiocarbanilide had the same in vitro tuber-
culostatic activity as isonicotinic acid hydrazide (INH) (0.04 mcg./
ml.) but did not produce tuberculostatic serum concentration at
the same oral dose level as INH.

Keyphrases [} Tuberculosis chromotherapeutic agents [] Thia-
zolyl thiocarbanilides—synthesis [_] Antitubercular activity—
thiazolyl thiocarbanilides

Since the discovery of antimycobacterial activity of
thioureas (1) numerous publications have appeared
showing the pronounced activity of thiocarbanilides
both in vitro as well as in experimental animals coupled
with only a low rate of development of resistance (2-5).
Among the most potent compounds of this class are the
thiocarbanilides bearing alkoxy groups in para positions
(6-8). Some of these—viz., 4,4’-diisoamyloxythio-
carbanilide (9-11) (I), 4,4’-diethoxythiocarbanilide
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(12-15) (II) and 4-butoxy-4’-dimethylaminothiocar-
banilide (16, 17) (III), have been used clinically for the
treatment of tuberculosis and leprosy.

XONH —CS ——NH—Q_Y

I, X =Y =isoamyloxy
I, X = Y=ethoxy
II1, X = butoxy and Y = N(CH,),
IV, X = 2-pyridyl and Y = isobutoxy

Doub et al. (18) have extended the series of alkoxy-
thiocarbanilides by incorporating a heterocyclic ring—
viz., pyridyl as the substituent, and observed potentiation
of antimycobacterial activity. One of the compounds
from their series called thiocarbanidine (IV) showed high
degree of antitubercular action in mice and guinea pigs
(19). However, in clinical trials it was not effective, pos-
sibly due to poor absorption (20).

METHODS

Since thiazole and pyridine are isosteric and several thiazole
derivatives are potent antibacterial agents, it seemed worthwhile to
synthesize and study thiocarbanilides having thiazoles as substit-
uents. Accordingly, the synthesis of p-(2-thiazolyl)-, p-(4-thiazolyl)-,
and p-(5-thiazolyl)-, p’-alkoxythiocarbanilides was undertaken. A
few thiazoly!l thiocarbanilides having halogens on the phenyl ring



Table I-—Substituted Thiazoles

R, N
Ra:[l SJ—RL

Sr. ~—Nitrogen %——
No. Ry R, R, M.p., °C. Mol. Formula Found Reqd.
l P'CHao-CeH4 C6H5 H 98"‘99 C15H13NOS 5 . 19 5 . 24
2 3’4'(CH30)2'C6H3 C6H5 H 186—187 C17H15NOQS 4 42 4 71
3 3‘Pyrldyl C(SHS H 223-224 CunNgS -HBr 8.65 8.77
4 p—CH3C5H4 CGHE CHs 79—80 C]7H15NS 5.20 5. 28
5 p-CH;0-CH, CeH; CH; 125-127 CizHi;NOS - HBre 3.67 3.86
6 3,4-(CH;0)-CeH3 CeH; CH; 201-202 CisHizNO,S 4.29 4.50
7 CH;, CeH; CH; 217-218 CuHuNS-HBr 5.28 5.42
8 p'CI'CeH +CH, CeH; CH; 80-81 C1;H1.CINS 4.46 4.67
9 3-Pyridyl CsH; CH; 75-76 Ci:Hi:N:S 10.93 11.11
10 H p-NO.-CeH, H 183-184 (31)® CsHgN;O.S
11 CeHs P'NO2"CGH4 H 130-131 Cu,HmNzOgSc 9.7 9.93
12 p-CH;3-CeH, p-NO,-CeH, H 150151 Ci6Hi:N2OS 9.46 9.46
13 p-CH;0-CeH, -NO:-CsH H 182-183 Ci16H12N,0:S 8.73 8.97
14 3,4-(CH;0)-CH p-NO-CeH, H 204-205 CrHiN,O,S 7.88 8.18
15 CH; p-NO.-CeH H 145-146 (32) C1oHsN,O-S
16 CeH:CH; 2-NO.-CsH, H 123-124 Ci6HNoOoS 9.42 9.46
17 p-Cl-CH.CH, p-NO-CeH H 115-116 Ci16HuiCIN2O,S 8.45 8.47
18 CGHS'OCHZ P‘NOTCGH4 H 136-137 C15H12N203S 8.81 8.97
19 p-CH,CH,OCH, p-NO:-CeH, H 138-139 CzH14N:0;S 8.50 8.58
20 3-Pyr1dyl p-NOz-CeH4 H 168-169 CuHstOzS 14.72 14.84
21 H P'NO2'C6H4 CH; 91-92 CioHsNyO:S 12.69 12.72
22 CH; p-NO.-CcH, CH; 100-101 CiuH10N20:S 11.74 11.96
23 H p-NH,-CgH, H 99-100 (22) CyHsNsS 17.14 17.25
24 CsHs p-NHz'CsH4 H 145—146 C]5H12st 10 97 11 . 11
25 p-CH;-CeH, p-NH-CH, H 138-140 Ci6H14N2S 10.31 10.52
26 p-CH;0-CeH, p-NH»-CeH H 179-180 (33) CieH14sN,OS 9.82 9.93
27 3,4-(CH;0),-CcHj; p-NH,-CeH H 168-169 (33) Ci7H16N2O:S 8.8 9.0
28 CH; p-NH»-CH, H 145-146 CioH1oN:S? 14.51 14.73
29 C¢H;CH, p-NHp-CgH, H 116-118 Ci6H1aN,S 10.41 10.52
30 »-Cl-CsH -CH; p-NH,-CgH, H 150-151 Ci¢HysCINS 9.36 9.31
31 CsH;-OCH, p-NH,-CH, H 104-105 C16H1:N,OS 9.72 9.93
32 p-CHy-C¢H,OCH, p-NH-CeH, H 128-130 CiH16NOS 9.33 9.46
33 3-Pyridyl »-NH,-CeH, H 177-178 (33) C1.HuNsS 16.30 16.60
34 SH p-NH,-CeH, H 245-247 CoHsN,S,* 13.39 13.43
35 H p-NH,-CH, CH; 80-81 CioH1oN:2S 14.68 14.73
36 CsH; p-NHy-CH, CH; 243-244 Ci16H1aNoS 10.61 10.52
37 p-CH;3-CeH, p-NH,-C¢H, CH; 128-129 Ci7HieNoS 9.86 10.00
38 p-CH;0-CgH 4 p-NH,-CeH, CH; 197-198 C;HisN:0S8 9.58 9.46
39 3,4(CH;0),-CcHj; p-NH,-CeH, CH; 189-190 CisHisN2O.S 8.49 8.58
40 CH3 p—NHz-C6H4 CH,?, 106-107 CuH]gst 13.69 13.72
41 H CH; CeH; 198-200 CiHyNS-HBr 5.72 5.42
43 H CH; P-NO,-CeH, 99-100 CioHsN,O.S 12.78 12.73
44 CH; CH; p-NO-CsH, 128-129 CuH1oN2 0.8 12.02 11.96
45 H CH; p-NHz-C6H4 143-144 C]UHIONZS 14.36 14.73
46 CH; CH;, p-NH.-C¢H, 134-135 CiHiNsS 13.30 13.23
47 p-NH;-CH, H H 123-124 (23) CsH;N,S
48 p-NH,-CeH, CH; H 112-114 (23) CiocH1oN2S
49 p-NH,-CH, CH; CH; 130-132 (23) CyHiN.S

o Anal.—Found: C, 56.19; H, 4.26; requires C, 56.35; H, 4.14%. » Numbers in parentheses refer to references. ¢ Anal.—Found: C, 67.89; H,
4.12; requires C, 68.05; H, 4.25%,. 4 Anal—Found: C, 54.77; H, 4.89; requires C, 54.88; H, 4.98%,. e4nal.—Found: C, 71.21; H, 4.59; requires C,

71.42; H, 4.76%.

bearing the alkoxy group were synthesized since chloro analogs of
(I) and (II) have shown enhanced antitubercular activity (21).
p-p’-Bis(4-thiazolyl)thiocarbanilides were also synthesized.

The synthesis of p-thiazolyl-p’-alkoxythiocarbanilides (Tables II,
I11, and 1V) reported in the present work was effected by the interac-
tion of various 2-, 4-, and 5- (p-aminophenyDthiazoles with appro-
priate p-alkoxyisothiocyanates in boiling benzene or acetone.

p-(Aminophenyl)thiazoles (Table I) required for this purpose were
obtained by three different methods. w-Chloro-p-aminoacetophe-
none or a-chloro-p-aminopropiophenone were prepared and con-
densed with appropriate thioamides; however, the yields were poor.
In an alternative route w-bromo-4-nitroacetophenone was con-
densed with the thioamides and the resultant 4-(p-nitrophenyl)-
thiazoles were reduced to the corresponding amino derivatives, This
method gave excellent yields. The 4-(p-nitrophenyl)thiazoles were
also obtained, along with the 2- and 5-(p-nitrophenyl)thiazoles, by
the nitration of the corresponding phenylthiazoles (except in thia-
zoles having a second phenyl ring) with satisfactory yields and good
purity when the nitration was carried out below 5°. However higher
temperatures resulted in the simultaneous formation of 2.,4-di-nitro
derivatives. The 4-(p-nitrophenyl)thiazoles prepared by either of
these two methods were identical in all respects.

2-Phenylthiazoles were prepared by reacting «-haloketones with
thiobenzamide in alcohol (22, 23) while 4-phenylthiazoles were ob-
tained by reacting various thioamides with a-bromoacetophenone or
a-bromopropiophenone and 5-phenylthiazoles were prepared by the
interaction of a-bromo-a-phenylacetone with different thioamides.

The p-alkoxyphenylisothiocyanates were prepared by the de-
composition of p-p’-dialkoxythiocarbanilides with acetic anhydride,
the requisite p,p’-alkoxythiocarbanilides being obtained by the
condensation of p-alkoxyanilines with carbon disulfide in the pres-
ence of potassium hydroxide (24-26).

The p-p’-bis(4-thiazolyl)thiocarbanilides (Table V) were similarly
obtained from the 4-(p-aminophenyl)thiazoles and carbon disulfide.

ANTITUBERCULAR TESTING

The in vitro tuberculostatic activity was determined on cultures of
Mpycobacterium tuberculosis var. hominis (strain HyRv) cultivated in
Youmans medium containing 109 horse serum by a modified
method of Doub and Youmans (27) previously described by the
authors (28). The results are presented in the last columns of Tables
II-V. A majority of the compounds showed antitubercular activity.
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i
R; S/K©7NH——CS—NH—<: :?—R;,

Table II—-p-(2-Thiazolyl)-3’,4’-Substituted Thiocarbanilides R,
Min. Inhib.
Concn. in vitro
Sr. M.p. °C. Yield, ~——Nitrogen ¥—— Antitubercular
no. R, R; R; R;  (uncorr.) VA Mol. Formula Found Reqd. Action meg./ml.
1 H H —OCH;, H 165 78 Cy7H;5N;08,2 12.05 12.31 200
2 H H —OGC,H; H 154 68 CisH17N;0S; 11.47 11.83 200
3 H H n-OC;H; H 165 60 CisHigN;0S, 11.34 11.39 Nil
4 H H is0-OC;H, H 143-145 72 C1sH1sN;08S, 11.63 11.39 Nil
5 H H n-OC4H9 H 160 79 C20H21N305~3 10 . 85 10 . 96 40
6 CH, H —OCH; H 171 78 CisHi7N;08S,? 11.43 11.83 20
7 CH;, H —OC.H; H 159 72 CisHisNsOS, 11.78 11.39 20
8 CH, H n-OC;H; H 156 65 CyoH, N3OS, 11.39 10.96 40
9 CH3 H iSO-OC3H7 H 139 67 Conlesosz 10.92 10.96 20
10 CH, H n-OC,H, H 150 60 CuHy;N;0S; 10.39 10.58 40
11 CH; CH; —OQOCH; H 156 91 Ci1oH15N;:08S; 11.79 11.39 100
12 CH, CH; OC.Hj; H 166 65 CyoHy N;OS, 11.10 10.96 40
13 CH; CH; n-OC;H- H 158 72 CyuHp3N;08S; 10.97 10.58 100
14 CH, CH, is0-OC;H; H 134 68 CyuHy;3N;08, 9.96 10.59 40
15 CH; CH; n-OCH, H 160 81 CH3N;08S,¢ 10.31 10.22 200
16 H H —OQOCH; Br 179-180 75 Cy;H,4BrN;08S, 9.55 10.00 40
17 H H —OC;H; Br 157 63 CisHi6BrN;OS,¢ 9.98 9.68 20
18 H H Cl Cl 174 52 CisHuCIN;S,/ 11.30 11.05 20
19 CH; H —OCH; Br 172 50 CysHsBrN;0S; 9.65 9.68 40
20 CH; H —OC;H; Br 152 65 Ci5HisBrN;0S; 8.98 9.36 40
21 CH; H Cl Cl 162 71 CiHi3CLN;S, 11.23 10.67 100
22 CH; CH; —OCH; Br 171 73 CisHsBrN;OSy¢ 9.41 9.36 Nil
23 CH;, CH; —OC.H; Br 167 56 CypHaoBrN;OS, 9.54 9.09 Nil
24 CH,; CH; Cl Cl 165 59 CisH1:CLN;S; 10.47 10.29 Nil

adnal—Found: C, 60.21; H, 4.60; requires C, 59.8; H, 4.40%. Anal.—Found: C, 61.25; H, 4.91; requires C, 60.80; H, 4.79 %. ¢ Anal.—Found :
C, 64.61; H, 5.83; requires C, 64.24; H, 6.08 7. ¢ Anal.—Found: C, 49.42; H, 3.38; requires C, 49.77; H, 3.68 7. ¢ Anal—Found: C, 50.98; H, 3.10;
requires C, 50.53; H, 2.89 %. fAnal.—Found: C, 51.32; H, 4.16; requires C, 50.89; H. 4.02%;.

/IJIT@-NH— cs —NH@ OR
$

Table III—p-(4-Thiazolyl)-p’-Alkoxy Thiocarbanilides R, R,
Min. Inhib.
Concn. in vitro
Sr. M.p. °C. ~——Nitrogen %,—— Antitubercular
no. R R, R; (uncorr.) Mol. Formula Found Reqd. Action mcg./ml.
25 CH, H H 167-169 CyH;5N;08S, 12.52 12.31 200
26 C.H; H H 183 CisHizN; 08, 12.13 12.83 10
27 n-C;H; H H 180-181 CisHisN30S, 11.44 11.38 10
28 i150-C3H; H H 157 CiHisN;08S, 11.71 11.38 10
29 n-C,H, H H 172-173 CyoHuN;08S; 11.36 10.97 100
30 iSO-C4H9 H H 178 C20H21N30$2 10.64 10.97 10
31 n-C;Hy, H H 172-173 CyuHyN;08S, 11.27 10.58 20
32 CH,; CH; H 159 CisHizN;0S, 12.03 11.83 10
33 C.H; CH, H 172 C1sHigN;08S; 11.40 11.38 10
34 n-C;H; CH; H 168 CyHxu N3OS, 11.12 10.97 20
35 is0-C;H; CH, H 145-147 CoHauN:OS, 10.95 10.99 10
36 n-CH, CH, H 169 CnH23N30S, 10.96 10.58 10
37 is0-C;H, CH; H 172-173 CaHg;N;0S, 10.54 10.58 20
38 n-C;Hy; CH; H 140-141 CyH2;N;0S, 10.21 10.22 10
39 CH;,; H CH; 165 CisH11N;08S,2 11.75 11.83 1
40 CH; H CH; 155-157 C,sHiyN;08; 11.50 11.38 1
41 n-C;H, H CH,; 151-152 CyHuN;08S; 11.48 10.97 1
42 is0-C;H; H CH, 193-195 C2Hu N3OS, 11.63 10.97 1
43 n-C,H, H CH; 168-169 CyuHj;N;08S, 10.88 10.58 1
44 is0-C,H, H CH; 147 CHa3N;08. 11.09 10.58 1
45 n-CsHy; H CH; 152-154 CHy;N;OS, 10.22 10.22 1
46 CH, CH; CH; 170 C1sHiyN;08;, 12.05 11.38 10
47 CHy CH, CH, 142-143 CoHu:M;08, 10.68 10.97 10
48 n-C;H; CH; CH; 145 CunHj3;N;08, 10.14 10.58 0.04°
49 is0-C;H- CH, CH, 162 CaH,3N;08, 11.11 10.58 0.1
50 n-C.H, CH, CH, 161-163 Cy:Ha:N;0S, 10.10 10.22 0.1
51 is0-C4H; CH; CH; 155-157 CyH,sN;08, 10.17 10.22 2
52 Il‘Can CH3 CH3 152 C23H27N3052 10 . 07 9 . 88 4

o Anal—Found: C, 60.60; H, 4.82; requires C, 60.84; H, 4,79 7. ¢ This compound was also tested against Altere strain of M. tuberculosis which is
resistant to streptomycin up to 1,000 mcg./ml. and was found active up to 0.1 mcg./ml.
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Table IV—p-(5-Thiazolyl)-3’,4'-Substituted Thiocarbanilides

N

A

2
|
S NH-—CS—NH@ R.

R,

R,

R:

Min, Inhib.
Concn. in vitro

Sr. M.p. °C. Yield, ~——Nitrogen %—— Antitubercular
no. R, R. R; R, (uncorr.) % Mol. Formula Found Reqd. Action mcg./ml.
53 CH; CH; —OCH; H 121-122 74 C1oH14N;08,2 11.77 11.39 20
54 CH; CH,; —OC,H; H 137 82 C2HaN:OS, 10.69 10.96 20
55 CH; CH; n-OC;H; H 164 79 CuHy3N;OSy? 11.11 10.58 20
56 CH; CH; is0-OC;H; H 195 61 CuH;;N;08S, 10.45 10.58 20
57 CH; CH, n-OC.Hy H 156 67 CyoHysNLOS, 9.62 10.22 20
58 H CH; —OQOCH; Br 105 65 CisHisBrN;OS2 9.42 9.68 160
59 H CH; OC;H; Br 132 72 C1sHisBrN;OS, 9.72 9.36 40
60 H CH; Cl Cl 141 53 CH1;ClN,S, 10.89 10.67 20
61 CH; CH; —QCH; Br 126 50 C1oH sBrN;0S,¢ 9.41 9.36 20
62 CH; CH; —OC,H; Br 161 68 CH3zBrN;0S. 8.80 9.09 20
63 CH; CH, Cl Cl 158 70 CisHi5CLN,S: 10.36 10.29 20

@ Anal—Found: C, 62.3; H, 5.13; requires C, 61.8; H, 5.157. b 4nal.—Found: C, 63.78; H, 5.32; requires C, 63.48; H, 5.79. ¢ Anal.—Found:
C, 50.08; H, 3.96; requires C, 49.77; H, 3.69 %. ¢ Anal—Found: C, 50.39; H, 4.23; requires C, 50.89; H, 4.02%.

p-(4-Thiazolyl}-p’-alkoxythiocarbanilides were the most active
compounds in the present work. One compound from these series—
viz., p-(2,5-dimethyl-4-thiazolyl)-p’-n-propoxythiocarbanilide, 48,
showed in vitro activity comparable to isonicotinic acid hydrazide
(INH) (0.04 mcg./ml.). This compound was therefore, tested further
against Altere strain of M. tuberculosis, which is a streptomycin-
resistant strain withstanding a concentration of streptomycin up to
1,000 mcg./ml. and was found to be active up to 0.1 mecg./ml.

In order to determine whether adequate serum antitubercular
activity of this compound could be maintained by oral administra-
tion, it was mixed with the stock diet to give final concentrations of
0.1 and 0.3 % and the drugged diet so prepared was administered ad
libitum to two groups of five guinea pigs, respectively. Additional
control groups were also kept, one without any drug and another
receiving diet mixed with 0.1 %] isonicotinic acid hydrazide (INH).
On the 6th, 12th, 15th, and 20th day during the course of this drug-
ged diet administration, blood samples were drawn (cardiac punc-
ture) from each animal, samples of each group pooled and allowed
to clot. The separated serum (0.5 ml.) from each group, after seitz

Table V-—Bis(4-Thiazolyl)Thiocarbanilides

filtration was added aseptically to 4.4 ml. of Youmans basal
medium and seeded with 0.1 ml. of the inoculum of M. ruberculosis
(Hy»Rv) and incubated for 21 days. Under these conditions the
serums of the group of animals receiving INH-drugged diet were
found to be completely tuberculostatic at all the different intervals of
sampling, while serums from the group receiving 0.1%, of Cmpd.
48 showed no inhibition with 6-, 12-, and 15-days feeding and only
partial inhibition with 20-days feeding. Even 0.3 % concentration of
Cmpd. 48 produced only partial inhibition in 6- and 12-day blood
samples and complete tuberculostatic effect could only be seen after
15 and 20 days of feeding. Evidenily the oral administration of
Cmpd. 48 does not produce the same tuberculostatic serum
concentration as INH aithough both have the same in vitro tuber-
culostatic activity.

Structure Activity Relationship—p-(4-Thiazolyl)-p’-alkoxythio-
carbanilides were in general the most active compounds in the pres-
ent work. Even in this series, compounds containing no substituticn
in the thiazole ring were less active. With the introduction of a
methyl group in the ring the activity increased, the 5-methyl deriva-

[ T O M g
Rl/ks R, .

Min. Inhib.
Concn. in vitro
Sr. M.p. °C. Nitrogen %—— Antitubercular
no. R; R; (uncorr.) Mol. Formula Found Reqd. Action mcg./ml.
64 H H 205-207 CisHisN,S; 14.19 14.21 200
65 CeH; H 214 CuHxN,S; 10.08 10.25 200
66 4-CH,CsH, H 164 Cy3HggN g3 9.65 9.75 100
67 4-OCH;C¢H, H 200~-201 C33H2eN,O:S; 9.13 9.24 100
68 3,4(0OCH;).CeH; H 113 CysH3N,O.S; 8.23 8.40 100
69 CH; H 197 CyHisN,S; 13.17 13.26 200
70 C¢H;CH, H 186-188 Cs3HaeN,S; 9.55 9.75 100
71 4-CIC;H,CH, H 190 Cy3H4CLNS; 8.59 8.71 100
72 C:H;OCH, H 202-203 C33HpsN,O:S; 9.23 9.24 200
73 4-CH;C¢H,OCH, H 210 C35H 3N LO:S; 9.64 8.83 200
74 3-Pyridyl H 214-215 CaH3oNeSs 15.29 15.33 200
75 SH H 231 CigHi 4N S; 12.01 12.22 200
76 H CH, 204-205 CuHisNS; 13.16 13.26 200
77 CeHj CH,; 197-198 C33sH2NLS; 9.66 9.75 100
78 4-CH;CeH, CH; 200-202 CysH3oN4S; 9.19 9.30 100
79 4-CH,0C:H, CH; 222 C35H;3NLO:S; 8.70 8.83 200
80 3,4(CH;0),C¢H; CH; 267 CyH3NL OS50 7.98 8.06 100
81 CH; CH; 165-166 CoHpoNLS; 12.29 12.44 200

e Anal—Found: C, 68.81; H, 4.64; requires C, 68.99; H, 4,53 9. b Anal.—~Found: C, 63.71; H, 4.99; requires C, 63.98; H, 4.89 7.
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tives as a class being more active than the corresponding 2-methyl.
But the length of the alkoxy group in 4’-position did not have sig-
nificant influence on the antitubercular activity. With the introduc-
tion of a second methyl group in the thiazole ring to give 2,5-
dimethylthiazole derivatives the activity increased still further but it
was found that the activity of such thiocarbanilides was dependent
on the nature of the 4’-alkoxy group.

Among the p-(2-thiazolyl)-3’,4’-substituted thiocarbanilides, the
activity was found to be dependent on the substitution in the thiazole
ring. Thus the unsubstituted thiazole derivatives gave very poor or
no activity. Introduction of a methyl group in Position 4 of the
thiazole ring improved the activity but an additional methyl group
introduced in Position 5 reduced the activity. The activity was not
much affected by the length of the alkoxy chain. In the p-(5-thia-
zolyl)-3,4’-substituted thiocarbanilides however, the substituents
either in the thiazole ring or the benzene ring did not significantly
alter the activity. Bis-(4-thiazolyl)thiocarbanilides were the least
active compounds in the present work.

EXPERIMENTAL

4-Phenyl-2,5-dimethylthiazole—To a solution of thioacetamide
(2.47 g., 0.033 mole) in ethanol (20 ml.) was added a-bromopropio-
phenone (6.39 g., 0.033 mole). The mixture was refluxed on a steam
bath for 2.5 hr. and partially concentrated. On cooling and diluting
with ether, the hydrobromide of the required thiazole precipitated.
It was collected by filtration and crystallized from ethanol, m.p. 217-
218°; weight, 5.8 g.

4-(p-Nitrophenyl)-2,5-dimethylthiazole—To chilled concentrated
sulfuric acid (20 ml) was added 4-phenyl-2,5-dimethylthiazole
hydrobromide (3.6 g., 0.013 mole) with stirring. The mixture was
cooled to —5° and a nitrating mixture consisting of concentrated
sulfuric acid (6 ml.) and fuming nitric acid (4 ml., sp. gr. 1.5) was
slowly added maintaining the reaction temperature below 5°. After
further stirring for a few minutes, the mixture was poured over 20%;
cold sodium hydroxide solution (about 150 ml.). The resulting
precipitate was filtered, washed well with water, and crystallized
from ethanol to give 2.5 g. (78 %) of the desired compound m.p.
100-101°, (Found: N, 11.74; C;;H;,N:O,S requires N, 11.96 %).

4-(p-Aminophenyl)-2,5-dimethylthiazole—A mixture of 4-(p-
nitrophenyl)-2,5-dimethylthiazole (5.8 g., 0.025 mole), iron powder
(10 g.), and reducing solution (70 ml.) [made by adding formic acid
(1 ml.) to acetic acid (7 ml.) and diluting the mixture to 100 ml. with
75% alcohol} was heated under reflux on a steam bath for 1 hr. and
filtered while hot. The filtrate was treated with excess of solid sodium
carbonate and again filtered. The sodium carbonate cake was re-
peatedly washed with hot ethanol; the combined filtrate and wash-
ings were concentrated on a steam bath and the residue was crystal-
lized from alcohol to give 3.46 g. (68 %) of the amine, m.p. 106-107°.
(Found: C, 54.77, H, 4.89; N, 13.69; C;Ni;:N,S requires C, 54.88;
H,4.98; N, 13.72%).

a~Chlore-p-aminopropiophenone—To a well-stirred suspension
of powdered acetanilide (27 g., 0.2 mole) and anhydrous aluminum
chloride (80 g.) in carbondisulfide (200 ml.) was added 2-chloropro-
pionylchloride (46 g., 0.36 mole) at such a rate that a gentle refluxing
was maintained. After the addition, the reaction mixture was re-
fluxed on a steam bath for 1 hr. and then allowed to stand for about
20 min. The upper layer was removed by decantation and discarded.
The residual slurry was decomposed by pouring over crushed ice
containing a little hydrochloric acid. The p-acetamino-a-chloro-
propiophenone so obtained was collected by filtration, washed
well, and dried. It was crystallized from benzene as shining yellow
flakes; yield 39.5 g. (80%) m.p. 118-119°, (Found: N, 5.95; C;;H;»-
CINO; requires N, 6.21%).

The above acetyl compound (24.6 g.) was added to 100 ml. of
dilute hydrochloric acid (1:1) and the mixture boiled for about 10
min. The clear red solution was chilled by adding some crushed ice,
decolorized with carbon, and filtered. Neutralization with dilute
ammonium hydroxide solution gave «-chloro-p-aminopropio-
phenone. This was collected by filtration, washed, and pressed well.
The moist solid was crystallized from benzene, yield 13.4 g. (65%)
m.p. 98°.

4-(p-Aminophenyl)-2,5-dimethylthiazole—(Alternate  Method)—
A mixture of a-chloro-p-aminopropiophenone (9.17 g., 0.05 mole)
and thioacetamide (4.13 g., 0.055 mole) in 25 ml. of alcohol was re-
fluxed for 1 hr. and the solvent removed by evaporation. The residue
was dissolved in water, treated with charcoal, and basified with am-
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monium hydroxide. The desired amine which separated was crystal-
lized from hexane, m.p. 106-107°; mixed m.p. with a sample pre-
pared by the earlier method was not depressed; yield 7.0 g. (68 %).

All the other p-(aminophenyl)thiazoles were similarly prepared
using the appropriate intermediates and are listed in Table 1. The
various intermediates required for the synthesis of these thiazoles
were prepared according to the literature methods.

3,3’-Dibromo-4,4’-diethoxythiocarbanilide —A mixture of 3-
bromo-4-ethoxyaniline (29) (21.6 g., 0.1 mole), carbon disulfide (12.7
ml., 0.02 mole) and alcohol (200 ml.) containing potassium hydrox-
ide (0.05 g.) was refluxed on a water bath for 24 hr. The reaction mix-
ture was cooled, the solid filtered, and crystallized from ethanol to
give 35.6 g. (75%) of the desired thiocarbanilide m.p. 166-167°.
(Found: C, 43.52; H, 3.81; N, 5.49; C;;H;sBr:N,O.S requires C,
43.03: H, 3.79; N, 5.91 %).

3,3’-Dibromo-4,4’-dimethoxythiocarbanilide was similarly ob-
tained in 657 yield, m.p. 180-181°. (Found: C, 39.82; H, 3.15; N,
6.4; C,;H,;BraN:O,S requires C, 40.36; H, 3.14; N, 6.7 %).

3-Bromo-4-ethoxyphenylisothiocyanate—A mixture of 3,3'-
dibromo-4,4’-diethoxythiocarbanilide (23.7 g., 0.05 mole) and
acetic anhydride (20.4 g., 0.2 mole) was refluxed for 10 min. and the
mixture cooled, diluted with water, and neutralized with sodium
carbonate. The solid thus separated was extracted with hexane and
the extract concentrated to get 10.6 g. (60 %) of the desired isothio-
cyanate. A small portion crystallized from dilute acetone m.p. 35°.
(Found: N, 5.60; CyH3BrNOS requires N, 5.42%).

3-Bromo-4-methoxyphenyl isothiocyanate was similarly obtained
in 509 yield m.p. 66-67°. (Found: N, 6,10; CsH¢BrNOS requires N,
5.73%)

Other alkoxyisothiocyanates were similarly prepared: p-methoxy-
(26), p-ethoxy-(26), p-n-propoxy-(26), p-isopropoxy-(18), p-n-
butoxy-(26), p-isobutoxy-(18), p-n-amyloxy-(18), p-iso-amyloxy-
(18), 3,4-dichlorophenylisothiocyanate-(30),

p<2,5-Dimethyl-4-thiazolyl)-p’-n-propoxythiocarbanilide—A sol-
ution of 4-(p-aminophenyl)-2,5-dimethylthiazole (4.08 g. ; 0.02 mole)
and p-n-propoxyphenylisothiocyanate (26) (3.54 g., 0.02 mole) in
benzene (20 ml.) was refluxed for 1 hr. The solvent was removed
and the syrupy residue was left overnight in contact with hexane. A
granular solid thus obtained was filtered, washed with hexane, and
crystallized from benzene. Yield, 5.0 g. (65%); m.p. 145°.

Other compounds were similarly prepared and are listed in Tables
II-1V.

p,p’-Bis(2,5-dimethylthiazolyl)thiocarbanilide—To a solution
of 2,5-dimethyl-4-(p-aminophenyl)thiazole (6.1 g., 0.03 mole) in
ethyl alcohol (60 ml.) containing potassium hydroxide (0.015 g.)
was added carbon disulfide (4.6 g.). The mixture was refluxed for
about 30 hr. and then cooled. The solid formed was removed by
filtration and washed with a little ethanol to get 2.7 g. (407 yield) of
the required thiourea, crystallized from ethanol m.p. 165-166°,

Other compounds were similarly prepared in yields ranging from
35 to 70%. These compounds were generally crystallized from
ethanol or benzene and are listed in Table V.
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Structure-Activity Relations in Organophosphorus-Inhibited
Acetylcholinesterase Reactivators II: Methiodides of
Hydroxyimino Derivatives of 1-Pyridyl-2-phenylethanes

PALMARISA FRANCHETTI*, MARIO GRIFANTINI, and SANTE MARTELLI

Abstract [ ] A series of methiodides from syn-2-hydroxyimino-1-
pyridyl-2-phenylethanes,  syn-1-hydroxyimino-1-pyridyl-2-phenyl-
ethan-2-ones, syn- and anti-2-hydroxyimino-1-pyridyl-2-phenyl-
ethan-1-ones, and syn-1,2-di(thydroxyimino)-1-pyridyl-2-phenyl-
ethanes was prepared. The influence of the structure of these
new compounds on the in vitro reactivation of acetylcholinesterase
inhibited by TEPP or DFP was investigated. The results obtained
confirmed that quaternary pyridine derivatives containing a hy-
droxyimino group in the §8 position of the side chain generally
keep a reactivating ability, in whatever position the connection
with the ring may be; in some cases this activity is higher than that
of the isomer containing the same group in the « position.

Keyphrases [ ] Acetylcholinesterase reactivators—structure-activity
relationships [ Organophosphorus-inhibited cholinesterase—
reactivators [} 1-Pyridyl-2-phenylethanes, hydroxyimino methi-
odides—synthesis [| UV spectrophotometry—identity, struc-
ture

It is well known that some quaternary pyridyloximes
are used to reactivate the enzymatic activity of organo-
phosphorus-inhibited acetylcholinesterase (1, 2). The
most active are those in which the hydroxyimino group is
placed on side chains in the 2 or 4 position of the ring
(1, 3). Concerning the structure-activity relations of
these drugs, Wilson (4) presented the hypothesis that
reactivation principally depends on three factors: (a)
nucleophilic reactivity; (b) stereochemistry; (¢) comple-

mentarity of the molecule of the reactivator to enzymatic
active sites. The anti-configurations in 2- and 4-formyl-
N-methylpyridinium oxime iodides (2-PAM, 4-PAM)
satisfy the stereochemical requirements so that the
displacement of the organophosphorus group takes
place. This assumption proved to be partly wrong when
Poziomek et al. (5) succeeded in synthesizing the second
isomer of 4-PAM, and were able to ascribe, unmis-
takably, the steric structure to the two geometric
isomers by comparing their NMR spectra. Reactivation
measurements showed the syn-isomer to be 2.5 times
more effective.

In order to obtain more knowledge of structure-activ-
ity relations, the authors have recently undertaken a study
on the reactivating properties of quaternary derivatives
of pyridine containing either two hydroxyimino groups
close to each other in the side chain or of one such group
in the 8 position. In a preceding note (6) the results ob-
tained on a series of methiodides of isomeric mono- and
bis-hydroxyimino-3-pyridyl-propioanilides were re-
ported ; they pointed out the effectiveness of the hydroxy-
imino group situated one carbon atom distant from the
ring.

In order to confirm these results, a series of methi-
odides of hydroxyimino derivatives of 1-pyridyl-2-
phenylethanes, whose geometric configurations would
be identical to those of the products reported previously
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