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143. New Thiosemicarbazones and 4-Oxo-A%-thiazolin-2-ylhydrazones.
By Na. PH. Buu-Hof, Ne. D. XuoNG, and F. Bixon.

A large number of thiosemicarbazones and 4-oxo-A2-thiazolin-2-yl-
hydrazones, many derived from benzyloxybenzaldehydes, have been
prepared for biological testing.

OWING to the varied medical potentialities of thiosemicarbazones,! and to the fact that
some inhibit slightly the growth of Sarcoma 180 in mice (personal communication from
Dr. Chester Stock, Sloan-Kettering Institute, New York) (annexed Table), the new

Inhibitory dose

Thiosemicarbazone of : (mg./kg./day)
p-(4-Methylbenzyloxy)benzaldehyde .........c.coevuvninenenen.ne. 10
p-(4-Chlorobenzyloxy)benzaldehyde ... 30
p-{4-Bromobenzyloxy)benzaldehyde ... 35
4-Methoxy-1-naphthaldehyde ......... 250
4-(3-Phenylpropyloxy)benzaldehyde ...........ccoveeveneinne. 10

thiosemicarbazones listed in Table 1 have been prepared. Table 2 records the new benzyl-
oxybenzaldehydes prepared as intermediates. Some 4-oxo-A2-thiazolin-2-ylhydrazones

1 See, inter al., Hoggarth et al., Brit. J. Pharmacol., 1949, 4, 248; Donovick et al., J. Bacteriol., 1950,
59, 667; Bavin ef al., J. Pharm. and Pharmacol., 1950, 2, 764 ; Buu-Hoi et al., J., 1952, 4590 ; 1953, 547;
1955, 1581 ; Domagk, Naturwiss., 1946, 83, 315; Behnisch ¢f al., Angew. Chem., 1948, 60, 113; Perry,
J. Amer. Chem. Soc., 1954, '78, 3591 ; Buu-Hoi, Internat. J. Leprosy, 1954, 22, 16; Bull. Calcutta School
Tyvop. Med., 1955, 3, 133; Buu-lof ef al., J. Org. Chem., 1953, 18, 121.
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TaBLE 1.

Aldehyde or ketone
p-Fluorobenzaldehyde
4-Methoxy-3-methylbenzaldehyde
4-Methoxy-2-methylbenzaldehyde
2-Methoxy-5-methylbenzaldehyde
#p-(2-Chlorobenzyloxy)benzaldehyde
#$-(2 : 4-Dichlorobenzyloxy)benzaldehyde ...
m-Benzyloxybenzaldehyde
m-(4-Chlorobenzyloxy)benzaldehyde
m-(4-Bromobenzyloxy)benzaldehyde .........
m-(4-Methylbenzyloxy)benzaldehyde .........
o-Benzyloxybenzaldehyde
0-(2-Chlorobenzyloxy)benzaldehyde
0-(4-Chlorobenzyloxy)benzaldehyde
0-(2 : 4-Dichlorobenzyloxy)benzaldehyde ...

-
{

o0-(4-Methylbenzyloxy)benzaldehyde .........
o0-(4-Bromobenzyloxy)benzaldehyde
3-Formylpyrene ?
2-Benzyloxy-1-naphthaldehyde ...
3-Nitropropiophenone
4-Methylpropiophenone
4-Bromopropiophenone .
3-Methyl-4-methylthiopropiophenone
2-Propionylthiophen ............cooeeeieininnl,
4-isoPropylpropiophenone
4-Methyl-1-propionylnaphthalene
2 : 4-Dimethoxyacetophenone ..................
2 : 4-Dimethylacetophenone
4-Jodoacetophenone
3-Bromo-4-methoxyacetophenone
2-Acetylphenanthrene
3-Acetylphenanthrene
2-n-Decanoylfluorene
6-Propionyltetralin e
Myristophenone ...........coceeeviiiiiiinninin.,
2-Methoxy-6-phenylacetylnaphthalenc
4-Phenoxyacetophenone
4-Phenylthiopropiophenone ....
3-Acetyl-9-ethylcarbazole
Methyl cyclopropyl ketone
Octan-2-one
Undecan-2-one
5-Bromoisatin ¢

¢ The high-melting thiosemicarbazones generally decomposed at the m.
¢ Orange-yellow needles from acetic acid.

prisms.

T hiosemicarbazones.®

M. p.
180°
194
213
212
167
192
157

Formula
CgHN,SF
C1oH 130N
C,oH 30N;S

10H 150N,
CysH,,ON,SCl1
C;H 30N;SCl,
CyH;,ONgS
CysH,ON,SC1
C,sH,,ON,;SBr
C,¢H 1,0N;S
Cy:H1;0N,S
C,5H,,0N,;SCl1
C,;H,,ON,SCl1
C,;H,;0N,;5Cl,
C,6H,;,0N;S
C,sH,,ON;SBr
18H 153NS
C1sH ,ON,S
C10H1,0,N,S
Gy, H NS
CoH . N;SBr
12 17-'3>2
G, N;S,
C1aHeN3S

CyyHyg

CoH ,N,SI
C1oH,,ON;SBr
17111503
G1,H (NS
GzyHgyN,S
1411193
Co1H NS
CpoH,3ON,S
C,sH,;ON,S
leHvassz
Cy;H 4N,
CeH11NsS
CoH 15N,
Ci,H,ygNoS
CyH,ON,SBr

TABLE 2. Benayloxybenzaldehydes.

M.p. B.p./mm. Formula
p-(2-Chlorobenzyloxy)benzaldehyde ...... 50°  252°/25 C,,H,,0,Cl
$-(2 : 4-Dichlorobenzyloxy)benzaldehyde 102 282/30 C,,H,,0,Cl,
m-Benzyloxybenzaldehyde .................. 49 225/25 14H 1,0,
m-(4-Chlorobenzyloxy)benzaldehyde . 248/18 C,,H,,0,Cl
m-(4-Bromobenzyloxy)benzaldehyde . 254/18 C,,H,,0,Br
m-(4-Methylbenzyloxy)benzaldehyde 240/22 15H 1402
0-(2-Chlorobenzyloxy)benzaldehyde ...... 0 246/25 C;,H,;,0,Cl
o0-(4-Chlorobenzyloxy)benzaldehyde ...... 2 — C,.H,,0,C1
o0-(4-Bromobenzyloxy)benzaldehyde ...... 68 258/18 C,,H,,0,Br
0-(2 : 4-Dichlorobenzyloxy)benzaldehyde 135 — 1aH 1,0.Cl,
o0-(4-Methylbenzyloxy)benzaldehyde ...... o 228/13 1402

« u37 1-6032.

> 1395 1-6109.

< n¥ 1-5904.
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71-2
68-0
47-5
59-4
41-8
53-6
44-9
62-8
66-1
520
59-4
34-1
39-5
69-8
69-5
73-0
64-4
70-1
69-0
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65-7
45-9
53-9
59-0
363
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Found (%)
C
68-5
59-6
79-2
68-3
57-8
79-8
68-1
68-0
58-0
60-1
79-8
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4 435 1-5922.

and

Reqd. (%)
C H
48-7 4-1

} 53-8

56-3
50-8
63-2
56-3
49-5
64-2
63-2

} 563

50-8
64-2
49-5
71-3
681
47-6
59-7
42-0
539
451
62-7
66-4
52-2
59-7
33-9
39-7

1 696

73-3
64-4
69-8
68-8
63-2
61-0
65-8
459
53-7
59-2
36-1
® Bright yellow
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Reqd. (%)

C H
68-2 4-5
59-8 3-6
79-2 57
68-2 4-5
57-7 3-8
79-6 6-2
68-2 4-5
68-2 4-5
5717 3-8
59-8 3-6
79-6 6-2

are tuberculostatic 4n vivo ; 2 several new ones are listed in Table 3; they include the 4-oxo-
AZ-thjazolin-2-ylhydrazones of 2-, 3-, and 4-formylpyridine which yield highly tuberculo-

static thiosemicarbazones.3

2 Ratsimamanga et al., Bull. Soc. Chim. biol., 1952, 148, 354.
3 Levaditi, Girard, Vaisman, and Ray, Compt. rend., 1950, 2381, 1174; Gardner, Smith, Wenis, and

Lee, J. Org. Chem., 1951, 16, 1121.
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TABLE 3. 4-Ox0-5-R-A2-thiazolin-2-ylhydrazones.

Prepd. from : R
p-Fluorobenzaldehyde
p-Fluorobenzaldehyde
p-Fluorobenzaldehyde
p-Fluorobenzaldehyde
p-Fluorobenzaldehyde
p-Fluorobenzaldehyde
p-Fluorobenzaldehyde
p-Fluorobenzaldehyde
4-Methoxy-3-methylbenzaldehyde
4-Methoxy-2-methylbenzaldehyde ..
2-Methoxy-5-methylbenzaldehyde

p-(2-Chlorobenzyloxy)benzaldehyde ... H
$-(2 : 4-Dichlorobenzyloxy)benzalde-

hyde ..o H
m-Benzyloxybenzaldehyde ............... H
m-(4-Chlorobenzyloxy)benzaldehyde ... H
m-(4-Bromobenzyloxy)benzaldehyde ... H
m-(4-Methylbenzyloxybenzaldehyde ... H
o-Benzyloxybenzaldehyde ............... H
0-(4-Chlorobenzyloxy)benzaldehyde ... H
o-(4-Bromobenzyloxy)benzaldehyde ... H
0-(2: 4-Dichlorobenzyloxy)benzaldehyde H
0-(2-Chlorobenzyloxy)benzaldehyde ... H
0-(4-Methylbenzyloxy)benzaldehyde ... H
p-Anisaldehyde ...............onL Et
p-Anisaldehyde ............ e Bur
p-Anisaldehyde ............ n-C,Hyp
p-Anisaldehyde ............ ceee -Gy Hyg
p-Anisaldehyde ....................e. veee 1-CygHyg
p-Acetamidobenzaldehyde ....... .. H
p-Acetamidobenzaldehyde ......... . Bue
p-Dimethylaminobenzaldehyde ......... H
p-Dimethylaminobenzaldehyde ... Et
p-Dimethylaminobenzaldehyde Bur
p-Dimethylaminobenzaldehyde 11-Cy,Hys
p-Dimethylaminobenzaldehyde 1-C,,Hypg
p-Dimethylaminobenzaldehyde n-CcHgsp
Cinnamaldehyde Et
Cinnamaldehyde Bun

3-Formylpyrene
3-Acetyl-9-ethylcarbazole ...............
2-Acetylphenanthrene
3-Acetylphenanthrene ...
2-Propiothienone ...........cccceeeiiiiane.
2 : 4-Dimethoxyacetophenone .
4-Bromopropiophenone ..................
3-Bromo-4-methoxyacetophenone ......
4-Iodoacetophenone ........................
2 : 4-Dimethylacetophenone ............
4-Methylpropiophenone ..................
4-Methyl-1-propionaphthone ............
2-Methoxy-6-phenylacetylnaphthalene
Citral ....coooviniiiiiiiiii
Citral
Citral .......
Octan-2-one .........c.c..u.e.
Octan-2-one ..................
Undecan-2-one ...............
Undecan-2-one ....................

2-Formylpyridine H
3-Formylpyridine .... H
4-Formylpyridine H

M. p.
291°
230
205
208
220
201
158
150
252
262
246
236

253
199
220
228
183
212
204
204
200
219
212
181
160
128
116
108
342—345

218
251
223
214
153
150
145
232
203
>310
254
>320
>320
245
220
208
239
247
237
221
238
253
178
149
147
122
89
147
84
264
278
271

TFormula
C;,H ON,SF
Cy.H,,ON,SF
C3H,,ON,SF
C,3H,,ON,SF
C.H;,ON,SF
C;;H,sON,SF
CyH3,ON,SF
C,ysH,(ONSF
C12H130,N;3S

130,NgS
C12H1302NSS
C,,H,,0,N,SCl1

C17H130,N,SCl,
Cy,H;;0,N5S
C,.H,,0,N,SCl
C,,H,,0,N;SBr
C1sH170,N5S
Cy,H,;0,N3S
C,.H,,0,N,SCl
(,,H,,0,N,SBr
G,7H 150,N3SCl,
C,.H,;,0,N;SCl
CyH;,0,N;S

Co'H 1 {ON,S,
13H 1505N4S
C12H1,0N,8Br
CiiH ,0,N,SBr
C1iH, 0N, ST
CiH ;0N,S
CiiH10NSS
C;,H1;0N,S
22H 150, NS
18H 1:0N5S
C1.H,;ON,S
C1.H,4,0N,38
C1H1sONSS
C,:H2,0N;S
C,,H;;0N,S
18H330N;S
CiH,ON,S
C.H,ON.S
C;H,ON.S

715
Found (%) Reqd. (%)
C H C H
50-5 32 506 34
540 4-8 543 45
56-0 51 559 50
56-1 53 559 50
57-5 56 573 55
583 60 586 59
666 84 665 83
67-7 9.0 677 87
545 47 548 49
547 50 548 49
546 4-8 548 49
564 4-1 56-7 39
520 33 518 33
629 4.8 62:8 46
56-5 3-8 567 39
50-2 3-8 505 35
63-5 50 637 50
62-8 44 628 46
56-4 39 567 39
50-3 33 505 345
51:5 32 51-8 33
56-9 41 567 39
63-8 52 637 50
560 52 563 54
59-3 60 590 62
66-3 85 662 84
67-7 89 674 88
686 94 685 91
51-8 43 522 4-3
575 61 578 60
550 50 550 53
576 6-0 579 62
60-1 7-0 604 69
672 90 670 88
682 95 681 92
694 96 691 95
61-2 53 615 55
63-8 60 638 6-3
69-7 3-6 70-0 3-8
65-0 51 651 51
68-8 44 685 45
686 46 685 45
476 42 474 4-3
53-:0 53 532 51
44-4 36 442 3.7
424 35 421 35
36-4 27 367 2-8
59-5 55 598 57
59-4 58 598 57
655 58 656 55
676 4.8 679 4-9
59-0 7-0 589 72
61-2 7.8 614 178
63-3 84 636 84
545 77 548 79
60-5 90 606 91
596 90 594 88
96 637 97
-3 -5
-1 -5
-2 -5

22290 %

O DO b

(LRI

The tuberculostatic activities varied widely (determined on Mycobacterium tuberculosis
var. bovis, strain B.C.G., in Dubos-Davis Tween-albumin medium). The most active
compounds are reported in Table 4. Active ketone thiosemicarbazones were often

structurally related to active aldehyde thiosemicarbazones.

Some activity was also
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shown by 3-mercapto-5: 6-dimethyl-1 : 2 : 4-triazine, prepared by condensation of thio-
semicarbazide with diacetyl. 4-Oxo-A2-thiazolin-2-ylhydrazones were considerably less
active than their active parent thiosemicarbazones. Most thiosemicarbazones rapidly

N N
Meg/ NNH O, Meg/ N
Mel \N/CS Me! \N/C-SH

caused fatty degeneration and hemorrhage in the liver of rats and mice, the 4-oxo-A%-
thiazolin-2-ylhydrazones less so. In tests for antithyroid properties in rats, 3-mercapto-
5 : 6-dimethyl-1 : 2 : 4-triazine had little effect compared with thiouracil at similar dose.

TABLE 4. Thiosemicarbazones showing marked tuberculostatic activity in vitro.%?

Active at 1 : 10 Active at 1:10¢
9-Ethyl-3-formyl-6-nitrocarbazole 6-Bromo-9-ethyl-3-formylcarbazole
9-Formylanthracene #-(2-Chlorobenzyloxy)benzaldehyde
3-Formylpyrene Cinnamaldehyde
Methyl cyclopropyl ketone p-(2 : 4-Dichlorobenzyloxy)benzaldehyde
7-Phenylheptatrienal 4-Methoxy-3-methylbenzaldehyde
5-Phenylpentadienal .
3-Phenylpropanol Active at 1: 10—107?
4-p-Tetradecanoylbenzene 3-Acetyl-9-ethylcarbazole
Undecan-2-one p-Ethoxybenzaldehyde

. Piperonaldehyde
Active at 1: 105—108
5-Chloro-2-cinnamyloxybenzaldehyde Active at 1: 107
4-Methoxyacetophenone 3-Formylphenothiazine

¢ Readings taken after 3 weeks’ incubation. % The corresponding 4-oxo-A2-thiazolin-2-ylhydr-
azones did not show tuberculostatic activity at concentrations lower than 1 : 10%.

EXPERIMENTAL

Preparation of Thiosemicarbazones.—Thiosemicarbazones derived from aldehydes were
prepared in 80—959%, yield in the minimum volume of boiling ethanol and recrystallised from
ethanol, benzene, or acetic acid. Thiosemicarbazones derived from ketones were prepared,
generally in lower yield, in boiling alcohol containing a drop of acetic acid (30 min.).

Preparation of 4-Oxo-A-thiazolin-2-ylhydrazones ¢ of Aldehydes and Ketones.—A solution of
the thiosemicarbazone (1 mol.) and chloroacetic acid or the appropriate «-bromo-acid (1 mol.)
was refluxed with sodium acetate (1-5 mol.) for 1 hr. The resulting 4-oxo-A?-thiazolin-2-
ylhydrazone was recrystallised from ethanol or acetic acid.

3-Mercapto-5 : 6-dimethyl-1 : 2 : 4-tviazine.—A solution of diacetyl (8-6 g.) and thiosemi-
carbazide (9 g.) in ethanol was boiled for a few minutes, and the orange-yellow precipitate was
collected after cooling, and recrystallised from ethanol. The #riazine (12 g.) was soluble in
aqueous alkali and decomposed at 191° (Found: N, 29-3. C H,N,S requires N, 29-89,). It
was tuberculostatic at concentrations of 1 : 10° to 108.

Preparation of Benzyloxybenzaldehydes.—Equimolecular amounts of the hydroxyaldehyde
and the appropriate benzyl chloride were condensed in ethanolic sodium hydroxide. The
products were distilled ¢» vacuo and recrystallised from ligroin or methanol. 2-Benzyloxy-1-
naphthaldehyde crystallised as yellowish needles, m. p. 126°, from ethanol (Found : C, 82-1; H,
5-5. C,gH,,0, requires C, 82-4; H, 5-3%); its isowmicotinoylhydrazone formed yellow prisms,
m. p. 239° from ethanol (Found: N, 11-2. C,,H,,O,N; requires N, 11-0%), its #nicotinoyl-
hydrazone, shiny yellow leaflets, m. p. 210°, from ethanol (Found : N, 10-99,), and its 5-ckloro-
salicyloylhydvazone, colourless needles, m. p. 202°, from ethanol (Found : N, 6-7. C,;H,,0,N,Cl
requires N, 6-5%,).

‘We thank Professor M. Welsch (University of Liége) for some of the determinations for
tuberculostatic activity, M. Raoul Follereau (Ordre de la Charité, Paris) for financial support
of part of this work, and Dr. M. Sy for experimental assistance.
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4 Wilson et al., J., 1922, 121, 876; 1923, 128, 799; 1926, 253 ; Chabrier et al., Bull. Soc. chim. France,
1947, 14, 797; 1950, 17, 48.



