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278. Tuberculostatic Hydrazides and their Derivatives. 
By SG. PH. Buu-HoI, SG. D. XCTONG, NG. H. NAM, FERNAND BINON, 

and RENE ROYER. 
Many new hydrazides and their condensation products with various 

Tuberculostatic activity is shown to be widespread in this type of com- 
aldehydes and ketones have been prepared. 

pound, and to be highly dependent on molecular structure. 

THE antitubercular properties of hydrazines and hydrazides have frequently been investig- 
ated (Jouin and Buu-Hoi, A~z.21.t. Imt.  Pasteur, 1946, 72, 580; Buu-Hoi, Royer, Jouin, 
Lecocq, and Guettier, Bull. SOC. chiin., 1947, 14, 128; Buu-Hoi', Le Bihan, and Binon, 
Rec. Trav.  chim., 1951, 70, 1099), and research in this field recently culminated in the 
discovery of drugs effective in human tuberculosis, notably isonicotinhydrazide (Neoteben, 
Rimifon, Nydrazid) and its N'-isopropyl derivative (Marsalid) (cf. Offe, Siefken, and 
Domagk, Naturwiss., 1952, 5, 118; Deut. med. Woch., 1952, 18, 573; Fox, Science, 1952, 
116,129 ; Bernstein, Lott, Steinberg, and Yale, Ainer. Rev. Tziberc., 1952,65,357). Further, 
tuberculostatic activity has been shown to be present in a wide series of non-pyridinic 
hydrazides (Buu-Hoi, Xuong, Nam, and Binon, Comfit. rend., 1952, 235, 329), although no 
compound has yet been found to approach isonicotinhydrazide in that respect. 

The present work records the preparation of a large number of hydrazides and of their 
condensation products with various aldehydes and ketones. These condensation products 
were investigated in view of the possibility of their being less toxic than the parent hydr- 
azides, as a result of the blocking of the free XH,-group. 

The aromatic hydrazides found most active hitherto were 5-chlorosalicyl-, 2-hydroxy- 
l-naphth-, 4-hydroxybenz-, and 1-naphthylacet-hydrazide ; 5-chlorosalicylhydrazide 
possessed a relatively low toxicity and is undergoing in vivo tests, especially with strains 
of Mycobacterium tuberculosis resistant to isonicotinhydrazide. All the hydrazides studied 
gave sparingly soluble chelate compounds with copper salts, and the hypothesis has been 
put forward that this property might play a r6le in the tuberculostatic effects of hydrazides 
(Buu-Hoi et al., Coiizpt. rend., 1952, 234, 1925 ; 1952, 235, 329). This theory has now been 
supported by lack of activity of copper derivatives such as that from 4-hydroxybenz- 
hydrazide and copper sulphate, whereas the free hydrazide is tuberculostatic a t  a concen- 
tration of 1 : (chelation with copper had already been postulated for the tuberculo- 
static thiosemicarbazones). In view of this hypothesis, compounds containing further 
chelating groups such as salicylhydrazide (I ; R = H), 5-chloro- and 5-bromo-salicyl- 

hydrazide (I ; R = Cl,Br), and 2-hydroxy-3-naphth-hydrazide (11) and their hydrazones 
have been specially considered. Table 1 lists the hydrazones prepared from the hydrazides 
of type (I) ; Table 2 contains those prepared from 2-hvdroxy-3-naphth-hydrazide ; Table 3, 

TABLE 1. Substituted N'-bcmyZide)i.r ( a d  c7iinlogoirs *) du ivn f i ves  of o- aiid p- 
IIydro.v_),bcitzhydr~~id~. 

N ( Y o )  N (Yo)  
Substitueiits in benz>-lidene residue M. p. l;ormula Found Reqd. 

Deviuatitles of salicylhydvuzide. 
3 : 4-(0hIe), .......................................... 197" Cl,Hl,04N2 
2-OH-3-OMe .......................................... 247 1 5H 14°4N2 
3 : 4-CH,02 ............................................. 271 c 1E.H 1204N2 
p-Cl ...................................................... 262 C14H 1 1°2N2C1 

3 : 4-GI2 I ................................................ 256 Cl,HlLlO2N2C4? 
O-OH ................................................... 281 C14H 12°3N2 
5-Cl-Z-OH ............................................. 287 1 lo3N2C1 
3 : 5-C12-2-OH ....................................... 374 C14H1003N2C12 

3 : 6-Br2-2-OH ....................................... 261 C14H1003N2Br2 
3 : 5-12-2-OH ....................................... 268 ~l,H,OO,N2I2 

9.3 
9.8 
9.9 

10.2 
9.1 

10.9 
9-6 
8.6 
6.8 
5.5 
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TABLE 1 . (Continued.) 

Substituents in benzylidene residue hi . p . Formula 
Derivatives of 5-chloifosalic..lhsdvazide . 

p-OMe ................................................... 268’ Cl5Hl3O3KZC1 

3 : 4.(OMe), .......................................... 239 cl eH 1,  OINZC1 
p-Cl 2 i6  ~ 1 4 ~ 1 0 ~ 2 ~ 2 ~ ~ 2  

3 4-CH202 ............................................. 263 C15H1104N2C1 
2-OH-3-Ohle .......................................... 266 C15H1304 N2C1 
3 : 4-Cl2 5 ................................................ 264 Cl4H,O,N2C1, 
O-OH ................................................... 307 C14H ,O,N, C1 
5-C1-2-OH ............................................. 310 C14Hl,03N, C12 
3 : 5-C12-2-OH ....................................... 295 C14H903N2C13 
3 : 5-Br,- 2.OH 7 ....................................... 312 C1,H,O, N2Br2C1 
3 : 5-12-2-OH 8 . l ’  .................................... 319 Cl,H,03K, C11, 

* 5-Propyl-2-thenylidene 9 ........................... 216 C15Hl, 02N2C1S 

................................................... p-OH 286 C14H 11°3N2C1 

...................................................... 

DesLzatives of c5.bvoi,iosalicsl.lydvazide . 
C,. H 1303S2Br p-Ohfe ................................................ 267 

p-OH .................................................. 292 C14H1103N2Br 

3 : 4-(OMe), .......................................... 541 C16H1504N2Br 
9-Cl ..................................................... 2 i 5  C,, H ,,O, K2BrC1 
3 : 4-CH202 ............................................ 253 

3 : 4-C1, 10 ............................................. 274 C14H902N2BrC12 

5-C1-2-OH ............................................. 313 C14Hl, 03N2BrC1 
3 : 5-C12-2-OH 11 .................................... 304 Cl,H,03N,BrC1, 
3 : 5-Br,- 2-OH 1,  .................................... 315 C14HB03N2Br3 

C15Hl104S, Br 
2-OH-3-OMe C, 5H 1304,h; ,Br .......................................... 272 

O-OH ................................................... 3 16 C14H 1 03K2Br 

* 5-Propyl-2-thenylidene l3 ........................... 2.33 C 5H ,0,N2 BrS 

(7;) 
Found 

9.0 
9.9 
8.1 
8.8 
8-6 
8.4 
8.1 
9.4 
8.3 
7.6 
5.9 
5-1 
8.5 

8.1 
8-1 
7.1 
7.7 
7.8 
7.4 
5.0 
8.2 
7.3 
6-8 
5.5 
7.3 
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x (7;) 
Reqd . 

9-2 
9.6 
8-4 
9-1 
8.8 
8.7 
8.2 
9-6 
8.6 
7-8 
6.2 
5-2 
8-7 

8.0 
8.4 
7.4 
7.9 

7.7 
7.3 
8-4 
7.6 
6-9 
5.7 
7.6 

c c  
1 ‘ !  

Devivatives of 3 : 5-dichlovosalic~lhydrazide.1a 
3 5-Cl2-2-OH 1’ .................................... 286 C ,, H 803K2C14 6.8 7.1 
3 : 9-Br2-2-OH l 2  .................................... 290 Cl, H803X2Br2C12 9.7 5.8 

Derivntiz~es of 3 : ~-rlibvo~~~~salic~~lh~drazide.~~ 
3 : 5-C12-2-OH lb .................................... 238 C 14H803K2BrZC12 5.5 5.8 
3 : 5-Br2-2-OH li .................................... 266 Cl,H803N2Br, 4.7 4.9 

Devivatzrcs of p-?ij*di oxj.be)izhydi-azide . 
O-OH ................................................... 280 C14H 1203S2 

................................................... Itt-OH 271 C14H1203N2 

p-OH 273 c14H1203x2 ................................................... 
p-CH2Ph.O ............................................. 232 c2 1H1803x2 

3 : 5.1,. 4.OH l8  . l9 .................................... 270 11H1003N212 
p-ORle ................................................... 226 1 5H 14°3NZ 

3 : 4.CH2O, ............................................. 238 C15H1204N2 
Cinnamylidene ...................................... 232 c16H1402x2 

Citrylidene ............................................ 140 ‘1 iH2202N2 
Glyoxal bis-derivative .............................. 300 16H1404N4 

................................................ p.NMe, 351 1 SH 1 7OZX3 

10.6 
10.8 
10.5 
8.3 
5.2 

10.2 
14.6 
9.7 

10-2 
9.6 

17.0 

10.9 
10.9 
10.9 
8.1 
5-5 

10-4 
14-8 
9.9 

10.5 
9.8 

17.1 

D r  i.ii’rc t iivt-s of 3 : 5 -di-iodosn I I  c j ~ l ? ~ y d m t i d e  . 
................................................... 5 . 2  5.5 

3 : 5-Br2-2-OH ....................................... 268 Cl4H80J2Br2I2 4.0 4.2 

+OH 24’i 14H 10°3x212 
3 : 5-Cl2-2-OH ....................................... 244 Cl,H803Plj,C1,1, 4.8 4.9 

3 5-12-2-OH .......................................... 292 C,,H803?cT,I, 3-44 3.7 
* I n  derivatives marked thus. t he  benzylidene group is replaced by tha t  named . 

Found : C1. 22.6. Reqd . C1. 23.0%. Found : C1. 21.6. Reqd . : C1. 21.80,;. Found : 
Br. 38.8. Reqd . : Br. 38.6%. 4 Found : I. 49.6 . Reqd . : I. 50.0%. Found : C1. 31.2. Reqd . : 
C1. 31.0. Found : C1. 29.5 . Reqd . : C1. 29.6%. Found : C. 37.2; H. 2.2 . Reqd . : C. 37-5; 
H. 2.00,; . Found:  C. 31.2; H. 2.0. Reqd . : C. 31.0; H. 1.776 . Found : S. 9.6. Reqd . : 
S. 9.9%. lo Found : C. 43-0; H. 2.4 . Reqd . : C. 43.2; H. 2.3%. l1 Found : C. 41.3; H. 2.4. 
Reqd . : C. 41.6; H. 2.2%. 12 Found : Br. 48.6. Reqd . : Br. 48.70,; . l3 Found : S. 8.5. Reqd . : 
S. 8.776 . Found : C1. 35.7 . Reqd . : C1. 36.00/, . 15 Found : C. 34-5; H. 2.0. Reqd . : C. 34.8; 
H. 1.70,;. l6  Found : C. 34.6; H. 2.0. Reqd . : C. 34.8; H. 1.77A . l7 Found : Br. 56.0. Reqd . : 
Br. 55.8%. l8 Found : I. 49.6. Reqd . : I. 50.00/,. 19 Pale yellow compounds; all the  other 
substances were colourless : recrystallisation from ethanol or propanol . Salicylhydrazide was 
prepared by Strul-e and Radenhausen’s method (J . pi .  . Cheni., 1895. 52. 239) . 
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TABLE 2 . Substituted N'-bemylideue (and aualogous *) derivatives of 2-hydros-y- 
s (?O) N (YO) 3.nnphth.hydrazide . 2o 

0-OH ................................................... 301" C1,Hl40,h-, 9.0 9.2 

3 : 5-ClZ-2-OH 22 291 C1 8H1203N2C12 7.2 7-5 

Substituents in benzylidene residue h i  . p . Formula Found Reqd . 

.......................................... 2-OH-3-0Me 272 C19H1604N2 8-0 8-3 
p-OhIe 288 C I O H  1 6°3K2 8.6 8.8 
3 : 4-CH202 236 C10H1404N2 8.5 8-4 

3 : 5-Br2-2-OH Z3 395 1 SH 12°3N2Br2 6-1 6.0 
................................. 5-2 5.5 

............................................. 12-8 18.6 
$ 4 1  266 cl SH 13°2N2C1 8.4 8-6 

...................................................... 8.3 8.6 O-C1 C, , H 130tK2C1 263 
............................................. 7.6 '7.8 
............................................. 7.5 7.8 

......... 7.3 7.6 '323 

................................................... 
............................................. 

....................................... 
.................................... 

3-OMe-4-OC 12H25-1z 140 C31H4004N2 
p.SMe, 21 251 C20H1902N3 ...................................................... 

2 4-CI2 2p 261 Cl8Hl,O,TU', C12 
3 : 4-C12 " 251 Cl8Hl,O,K2Cl, 
5-Cl-2-OH ............................................. 440 C,, H1303X2C1 8.0 8.2 

* 5-Acenaphthenylmethylidene ..................... 258 C24H1802S2 7.6 7.7  
* 3-Pyrenylmethylidene .............................. 262 C,, H la02X?  6.5 6.8 

* 2-Methoxy-l-naphthylmethylidene 21 C23H1803N2 

2O This hydrazide was prepared b y  Franzen and  Richler's method (J . pr . Chew., 1908 . 78, 164) . 
2 1  I'ellow prisms ; Recrystallisation from ethanol or 
propanol . 22 Found : C1, 18.8 . Reqd . : C1, 18.9%. 23 Found : Rr, 34.2. Reqd . : Br. 34.500. 
24 Found : C1, 19.5. Reqd . : Cl. 19.8%. 25 Found : C1, 19.6%. 

all the  other substances were colourless . 

TABLE 3 . Substituted N'-beztzylidene (and n d o g o t i s  *) deriuatices of thioplm- 
2.carboxyhydrazides . 

Substituent in benzylidene residue M . p . Formula 
2 : 4-C12 2' ............................................. 231" C,,H,ON,Cl, S 

3 : 5-12-2-OH 26 ....................................... dec . 261 C12H,02N, 1,s 
................................. 3.0RIe.4.0Cl,H,,- i t  112 C45H3603N2S 

Dcrivntis~es of 5-broll:oth 
3 : 4.C1, 28 ............................................. 
p-Me ................................................... 
p.l\'hIe, 2G ............................................. 
P-OH ................................................... 
O-OH ................................................... 
p-Cl ...................................................... 
0-c1 ...................................................... 
5-Br-2-OH Z9  .......................................... 
5-Cl-2-OH ............................................. 
3 : 5-C12-2-OH ....................................... 
3 : 5-12-2-OH 26 ....................................... 
2-OH-3-OMe .......................................... 
p-OMe ................................................ 
5-Proppl-2-thenylidene 26 ........................... 

* 5-.\cenaphthenylmetliylidene 26 .................. 
* 3-Pyrenylmethylidenc 26 ....................... 

iophett .Z.carboxyhydvazide . 
191 C ,,Hl1ON, BrS 
213 C.. H140N3BrS 
245 C..H.O.N. BrS 
239 C..H.O.N. BrS 
225 C..H.ON. ClBrS 
208 C..H.ON. ClBrS 

233 C..H.O.N. BrClS 
246 Cl.H.02N. C12BrS 
255 C12H702N2BrI. S 

187 C13Hl10.N. BrS 
154 C 13H ..ON.BrS. 
228 ClaHl.ON. BrS 
288 C.. H ..ON2 BrS 

237 C 12H ON2BiC12S 

232 C..H.O.N.Br. S 

249 C13H1103N2BrS 

Dey iwt i ves  of ~-cl~Zoi .othiophen-2-cavbox~~~drazidc.  
5-Br-2-OH ............................................. 222 Cl,H,02N, BrClS 

0-c1 ..................................................... 810 C ,, H ,0N2C1, S 

2-OH-3-01CIe .......................................... 245 C13H 1 1°3N2C1S 
p.NMe, ................................................ 207 C14H 140N3C1S 

3 : 4-Cl2 ............................................... 244 Cl,H70N, C1,S 
O-OH ................................................... 229 C12H.0.N. CIS 
2 : 4.C1. ............................................... 227 C 12H .ON.Cl. S 
5-C1-2-OH ............................................ 2 19 C12H.O.N. C1.S 
3 5-12-2-OH .......................................... 264 C1aH 702NaClI2S 
3.0Me.4.0Cl.H. 5 . ~ r  ................................. 141 C25H3503N2C1S 
p-Ohle ................................................... 175 C13H1102N2C1S 
1ll.No. ................................................... "9 C..H, 03N3ClS 
5.n.Propyl. 2.thenylidene .......................... 153 C13H 13O N. 
5-Tetradecyl-2-tlienyliden e ........................ 10 7 C2AH3 5O N2C1S2 
5-Acenaphthenylmethylidene .................... 231 C. . H .,ON. C1S 
3-Pyrenylmethylidene ............................. 288 C.. H130N.C1S 

* See asterisk to  Table 1 . 

N ( % I .  
Found 

9.0 
6.0 
5.4 

5.2 
8.6 

11.8 
8-4 
8.3 
8.0 
8.2 
6-8 
7-7 
7 -0  
4.6 
7.7 
8.1 
'7.5 
7-0 
6-3 

5.6 
9-1 

13.6 
9-3 
8-1 
9.8 
8-1 
8.7 
5-1 
5.6 
9.2 

13.4 
9.0 
6.2 
7-9 
7.0 

N (%) . 
Reqd . 

9.4 
6.3 
5-6 

5.4 
8.7 

11.9 
8.6 
8.6 
8-1 
8-1 
7.0 
7-8 
7.1 
4.9 
7-9 
8.3 
7.8 
7.3 
6.5 

7.8 
9.0 

13-7 
9.4 
8.4 

10.0 
8-4 
8-9 
5.3 
5-9 
9-6 

13-6 
9-0 
6.0 
8-2 
'7.2 

26 Yellow prisms ; all t he  other substaiices were colourless . Recrystallisation from ethanol . 
Thiophen-2-carboxyhydrazide was prepared b y  Curtius and  Thyssen's method ( J  . p r  . Chem., 1902. 
65. 7)  . 27 Found : C1. 23.5 . Reqd . : S. 8.5%. 2D Found : 
Br. 39.2 . Reqd . : Rr. 39.6%. 30 Found : C1. 23.4. Reqd . : C.1. 23.7%. 31 Found : C.1. 31.7. 
Reqd . : C1. 13.9%. 32 Found : C1. 31.8%. 33 Found : C1. 22.2. Reqd . : C1. 22.5%. 

Reqd . : C1. 23.7%. 28 Found : S. 8.2. 
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TABLE 4. Substituted N'-bemylidegte (and aqzalogous *) derivatives of nicothz- 

isoniiotin-hydrazide,  
N ( Y o )  

Substituents in benzylidene residue XI. p. Formula Found 
Derivatives of nicotitzhydrazide. 

- p-OH 34 ................................................ 248' C13H110!2N3 

4-OH-3-OMe 34 ....................................... 218 C14H1303N3 

13.4 .......................................... 
- 

3 : 4-(OMe), 158 C15H1503N3 

o-C1 a4 ................................................... 16; c 13H 1oON3C1 
p-Cl  197 C13H100N3C1 

3-OMe-4-OC12Hz5 126 C2+3H3703N3 

- 

...................................................... 16.1 
3 : 4-C12 3G ............................................. 195 C13H,0N3C12 14.1 

................................... 9.5 
.......................... 13-7 

............................................ 14.9 

3 : 5-ClZ-2-OH 37 .................................... 215 C13H,0,N3CI, 13.2 
12-1 

* 9-Ethyl-3-carbazolylmethylidene ............... 220 C21H180S4 16.2 
........................... 15.4 

* 5-Acenaphthenylidene 35 2 12 c 19H15ON3 
5-C1-2-OH 206 Cl3H 10OzN3C1 
o-OH 54 ................................................ 194 C13H1 l0ZS3 

* Piperonylidene 34 .................................... PO9 C14H1103S3 

* 2 : 4-Dichlorophenylisopropylidene 38 ......... 236 C16H130S3C12 12.2 

- 

........................... 
- 

* 3-Pyrenylmethylidene 3.5 260 C23H150N3 

* 1-Saphthylmethylidene 199 1 7H l3OS3 

- 
14.7 
- 

I 

16.1 
14-3 
9.6 

14-0 
15.2 

13.5 
12.0 

16.4 
15.3 
12.6 

- 

- 

Derivatives of sonicotinhydrazide. 
5-C1-2-OH ............................................. 233 Cl3Hl0O2S3C1 15.0 15.2 
3 : 5-Cl2-2-OH 39 ................................. 244 C13H902N3C12 13.3 13.5 

................................. 10.1 10.5 
................................... 8.3 8.5 

O-OH 42 95 1 - 
.......................................... 15-2 15.5 

20.8 20.9 
8.3 8.5 

....................................... 16.5 16.7 
* 5Acenaphthenylmethylidene .................. 300 ClSH15ON3 14-1 14.0 

* 9-Ethyl-3-carbazolylmethylidene ............... 344 cz 1H 1 SON, 16-2 16-4 
* 2 : 4-Dichlorophenylisopropylidene 34.44 ......... 2 13 Cl6Hl30N3Cl2 12.4 12-6 

3 : 5-Br2-2-OH 34.40 2 14 C13H90ZN3Br? 

3 : 5-1,-2-OH 31. 41 21 3 C13H902N312 
............................................... C13H 1 1 ° Z K 3  

2-OH-3-OMe 234 C14H 13°3N3 

p-NMe, 3.1 199 C15H160x4 

* Cinnamylidene 201 C15H130N3 

- - 

............................................. 
3 : 5-12-4-OH 34*43 .................................... dec. > 250 C1,H90,N312 

* 3-Pyrenylmethylidene 34 ........................... 259 C'Z3H150N3 12.2 12.0 

* See asterisk in Table 1. 
These substances, already reported in the literature (Meyer and Mally, Monatsh., 1912, 33, 399; 

Offe, Siefken, and Domagk, 2. Natzirforsch., 1952, 7, [B], 462), are listed here in view of the differences 
in the m. p.s. 35 Yellow compounds; all the others were colourless. 36 Found : C1, 24-3. Rzqd. : 
C1, 24-1:/,. 37 Found : C1, 22.6. Reqd. : C1, 22.9%. 3* Found : C1, 31-0. Reqd. : Cl, 21.3%. 
39 Found:  C1, 23.6. Reqd. : C1, 22*90j,. 4(1 Found: Br, 40.2. Reqd. : Br, 40.1.0,; Found: 
I, 51.1. Reqd. : I, 51.5O/,. 42 Lit., m. p. 247". 43 Found: I, 51.3. Found : C1, 31.0. Reqd. : 
C1, 21.304. 

those from N-2-thenoylhydrazine and its 5-chloro- and 5-bromo-derivative ; in Table 4 
are listed the hydrazones from nicotin- and isonicotin-hydrazide. 

The activity of isatin in the Strecker degradation of amino-acids (cf. Moubasher, J. ,  
1951, 231, 1928) and its selection as a model for carboxylase (see Langenbeck, " Die organ- 
ischen Katalysatoren," Springer-Verlag, Berlin, 1932) led us to prepare, for biological 
testing, a number of p-hydrazones derived from isatin (and some of its derivatives) with 
various hydrazides; these compounds are listed in Table 5. 

The tuberculostatic activity in vitro of some compounds described in this work has 
already been reported (Buu-Hoi et al., Zocc. cit.) ; other results are listed in Table 6. 

In view of the high nitrogen content of the hydrazones, determination of nitrogen 
was more adequate than that of carbon and hydrogen. 

EXPEI?IMEST-~L 
Halogenated SaZicy2hydrazides.-A mixture of methyl 5-chlorosalicylate (5 g.), 95% hydr- 

azine hydrate (2.5 g.) and ethanol (50 c.c.) was refluxed for 5 hr. ; the precipitate of 6-chloro- 
salicylhydrazide formed on cooling (98% yield) crystallised as long, shiny, colourless needles, 
m. p. 222", from ethanol (Found : C, 44.9; H, 4.0. C,H,O,N,Cl requires C ,  45.0; H, 3.8%). 
Similarly were prepared 3 : 5-dichZoro-, prisms, m. p. 1 7 5 O ,  from acetone (Found : C, 37.8; 
H, 2-9. C,H602N2C12 requires C, 38.0; H, 2-7y0), 5-bromo-, needles, m. p. 218O, from ethanol 
(Found : C, 36.1 ; H, 3.1. C,H,02N2Br requires C, 36.4; H, 3.00,/0), 3 : Fi-dibm?no-, prisms, 
m. p. 192O, from acetone (Found : C, 27-0; H, 2.2. C,H,O,N,Br, requires C, 27-1 ; H, 1.9%), 
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and 3 : 5-di-iodo-salicylhydruzide, needles, m. p. 218' (Found : N, 7.0; I, 62-5. C,H,O,N,I, 
requires N, 6.9;  I, 62.9%). 

P-NaphthyZoxyucet~ydruzide.-This hydrazide formed leaflets, m. p. 1i2", from ethanol 
(Found : C, 66.5; H, 5.5. C12H1202N2 requires C, 66.7; H, 5.6%). It gave the following 
,V'-derivatives : p-anisylidene, prisms, m. p. 182', from ethanol-benzene (Found : N, 8.3. 
C20H,,03N2 requires N, 8.4%) , p-hydvoxybenzylidene, prisms, m. p. 206", from ethanol (Found : 
N, 8.9. Cl,Hl6O3N2 requires N, 8~8%)~ Piperonylidene, needles, m. p. 190" (Found: K, 7.8. 
C2,H1,0,N2 requires X, 8-Oy0), verutrylidene, prisms, m. p .  181°, from acetic acid (Found : N, 
i .6 .  C,1H2,0,N, requires hT, i * i yo ) ,  and p-clzlorobe~zzylidezte, needles, m. p. 215O, from toluene 
(Found : N, 8.0. 

Phen0xyacethydrazide.-This compound crystallised as needles, m. p. 108', from methanol 
(Found : C, 57.6; H, 6.1. C8Hl,0,N2 requires C, 57.8; H, 6.0y0), and gave a p-anisylidene, 
prisms, m. p. 138' (from methanol) (Found : N, 9-5. C16H,,03N2 requires S, 9.8%) ; p-chloro- 
benzylidene, m. p. 175" (from toluene) (Found : N, 9-5. C,,Hl,O,N,C1 requires S, 9.7yo), and 
fiiperonylidene derivative, prisms, m. p. 201" (from ethanol) (Found : N, 9-5. C16H1404N, 
requires N, 9.4y0). 

C1,H,,O2N2C1 requires N, 8.3%). 

TABLE 5. Condemntion products of isatins with h y d r n ~ i d e s . ~ ~  

Hpdrazide 

Phenylace t - ............... 
Dodecan- .................. 
8-Naphthyloxyacet- ...... 
Xicotin- ..................... 
isoNicotin- .................. 
5-Chlorosalicyl- ............ 

Adipic bishydrazide ...... 

6-Bromothiophen-2-carb- 
oxy- ........................ 

Salicyl- ..................... 

5-Bromosalicyl ............ 
2-Hydroxy-3-naphth- ... 

Sebacic bishydrazide ...... 

Phenylacet- l6 ............ 
Dodecan- 47 ............... 
Phenoxyacet- 48 ............ 
f3-Kaphthyloxyacet- ...... 
Nicotin- 4D .................. 
isoNicotin- 50 ............... 
Salicyl- 51 .................. 

N (%I N (7;) s (90) N (%, &I. p. Formula Found Reqd. M. p. Formula Found Reqd 

Isaiiii 

283 C,,HloO2K4 
296 3 ,  

326 C15Hl10,N, 
311 C,,H,,O3K3C1 
315 C15Hlo0,N3Br 

232 C,2H200,S, 
392 C,,Ht80,S, 

332 C,SH,,O~N~ 

5--lfctt'ijjlisat 111 
A I 1  

15.0 15.1 
130" C,,H,,O,S, 11-3 
160 C,,Hl7O3S3 11.5 

20.6 21-1 166 C15H3,02X4 19.6 
20.8 21.1 316 19.8 
14.6 14.9 312 c,,HI303s, 14.0 
13.0 13.3 316 C,6Hl,03~3Cl 12.4 
11.5 11.7 313 C,,H,,O,N,Br 10-9 
12.4 12.7 323 C2,Hl5O3N3 12.0 
19.1 19.4 
17-3 17.5 

7 

11.8 
11.7 
20.0 
20.0 
14.2 
12-7 
11.2 
12.2 

242 C,,H,O,S,BrS 11.8 11.0 

5-Bvomoisatiii 7-AlftthjfZisu t iiz 
* A 

228 C,,H,,O,N,Br 
166 C,,H,,O,N,Br 
201 C,,H,,O,N,Br 
252 C,,H140,N,Br 
292 C,,H,O,S,Br 
318 , I  

318 C15H1003S3Br 

. .  
11-4 11.7 
9-8 10.0 

11.0 11.2 
9-6 9.9 

16.0 16.2 195 Cl5Hl2O2!S4 19.9 20.0 
15.9 16.2 206 19.8 20.0 
11-4 11-7 

5-Chlovoisat in 

5-Chlorosalicyl- ............ 
2-Hydroxy-3-naphth- ... 
Adipic bishydrazide 54 ... 
Sebacic bishydrazide j5 ... 

5-Bromosalicyl- j3 ...... 
10.4 10.6 52314 C15H,03N3C12 11.6 12-0 

10.0 10.2 
14.4 14.2 
13.1 130 

9.3 9-6 309 C,,H,O,N,ClBr 10-3 10.6 

45 The reaction affects the 3-keto-group of isatin (cf. Struve, J .  pv. Chenz., 1894, 50, 307). 
Found : Br, 22.0. Reqd. : Br, 22.3%. 4i Found : Br, 18-8. Reqd. : Br, 19-00,/0. 43 Found : 

Br, 21.0. Reqd. : Br, 21.40/,. 49 Found: Br, 23.0. Reqd. : Br, 23-27;. 5" Found: Br, 23.176. 
51 Found : Br, 21-9. Reqd. : Br, 22.2%. 52 Found : C1, 20.2. Reqd. : C1, 20.30,b. 53 Found : 
Br, 36.2. Reqd. : Br, 36-49;, 54 Found : Br, 26.8. Reqd. : Br, 27-10;. 55 Found : Br, 24.6. 
Reqd. : Br, 24.8%. 

Derivatives of Phenylucethydrazide.-The following derivatives are recorded : p-anisylidene, 
leaflets, m. p. 171", from methanol (Found : N, 10.2. C16H1602N2 requires X; 10.4yo) ; p- 
chlorobenzylidene, needles, m. p. 16'i0, from methanol (Found : N, 10-2. Cl,H130N2C1 requires 
N, 10.3y0) ; and Piperonylidene, needles, m. p. 219", from ethanol (Found : N, 9.8. C,,H1,0,X2 
requires N, 9.9%). 

NuphthyZacethydrazides.-The l-naphthyl compound crystallised as prisms, m. p. 169', 
from methanol (Found : N, 13.8. C12Hl,0N, requires 9, 14-0y0) ; 2-naplzthylacethydruzide 
bad m. p. 189" (from methanol) (Found : N, 14.2. C12HlnON2 requires X, 14.00/,). 
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3 : 4-Dichlorocinnamhydrazide.-3 : 4-Dichlorocinnamic acid was best prepared by a Perkin 
reaction from 3 : 4-dichlorobenzaldehyde ; its ethyl ester, prisms, m. p. 81” (from light petroleum) 
(Found : C, 53.6; HI 4.1. CllHlo0,C12 requires C, 53-9; H, 4.1y0), gave 3 : 4-dichlorocinnanz- 
hydrazide, m. p. 138” (from methanol) (Found : N, 12.23. C,H80N2Cl, requires X, 12.1y0) ; 
ethyl 2 : 4-dichlorocinnamate had m. p. 52” (from light petroleum) (Found : C, 53.8; H, 4.1%). 

2-Hydroxy-l-nafihth-hydrazide.-This compound formed prisms (from methanol), decomp. 
> 206” (completely melted at 216”) (Found: N, 13.5. C,,H,,O,N, requires X, 13-9%), and gave 
a 5-chloro-2-hydroxybenzylidene derivative as prisms, m. p. 210”, from ethanol (Found : N, 8-0. 
C ,H ,,O,SzC1 requires N, 8.2%). 

Derivatives of N-Lauroylhydrazine (cf. Curtius, J .  p r .  Cheni., 1911, 89, 51 1) .-The 4-chloro- 
benzylidene derivative formed prisms, m. p. 102”, from ethanol (Found : 3, 8-0. C1,H,,OS,C1 
requires N, 8.3%) ; and the p-dimethylaminobenzylidene derivative pale yellow needles, m. p. 
103O, from methanol (Found : N, 12.0. C,lH,,OS, requires N, 12.2%). 

TABLE 6. Tuberczilostatic activities in vitro.(’ 
,activity a t  concn. 

1 in 
i\”-4-Hydroxybenzylideneisonicotinhydrazide ....................................... 10-7 
N‘-5-Chloro-2-hydroxybenzylideneisonicotinhydrazide .............................. 10-7 
N’-5-Bromo-2-hydroxybenzylideneisonico t inh ydrazide ........................... 10-6 
iV’-Cinnamylideneisonicotinhydrazide ................................................... 10-7 
3’-p-Chlorophenylzsopropylideneisonico tinh ydrazide .............................. 10-7 
N’-2 : 4-Dichlorophenylisopropylideneisonicotinhydrazide ........................ 10 -6- 10-7 
5’-3 : 4-Methylenedioxybenzylidenephenylacethydrazide ........................ < 10” 
N’-4-Hydroxy-3-methoxybenzylidenephenylacet hydrazide ........................ < 10-4 
X’-3 : 4-Dimethoxybenzylidenephenylacethydrazide .............................. < 10-4 
p-Hydroxy-X’-o-hydroxybenzylidenebenzh ydrazide ................................. 1 0-4 
p-H ydroxy- N’-m-h ydroxybenzylidenebenzh ydrazide .............................. 10-4 
p-Hydroxy- N’-p-hydroxybenzylidenebenzhydrazide ................................. 
N’-Anis ylidene-p-h ydroxybenzhydrazide ................................................ 10-5 
4-Hydroxy-N‘-~-methoxyphenylisopropropylidenebenzhydrazide ............... 10-4 
X’-Citrylidene-p-h ydroxybenzhydrazide ................................................ 10-4 
-~’-p-Dimethylaminobenzylidene-p-hydrox).benzhydrazide ........................ < 10-4 
AT’- 3-Chloro-4-hydroxybenzylidene-~-hydroxybenzhydrazide ..................... 10-4 
p-Hydroxy-N’- (4-hydroxy-3 : 5-di-iodobenzylidene) benzhydrazide ............ 10-4 
N’-p-Chlorophenylisopropylidene-p-hydroxybenzh~drazide ........................ 1 0-4 
S ’-Cinnamylidene-p-h ydroxybenzh ydrazide .......................................... 104 
Glyoxal bis- (p-hydroxybenzoylhydrazone) ............................................. < 10-4 
Glucose p-hydroxybenzoylhydrazone ................................................... < 10-4 
5-Chloro-N ’-p-methox ybenz ylidenesalicylh ydrazide ................................. 1 0-4 
5-Chloro-N’-p-chlorobenzylidenesalicoylhydrazide ................................. 1 0-4 
S‘-p-Anisylidene-5-bromosalicoylhydrazide .......................................... 1 0-4 
5-Bromo-N’-p-chlorobenzylidenesalicylhydrazide .................................... 10-4 
S‘-p-.4nisylidene-/3-naphthyloxyacethydrazide ....................................... 104 
Complex from p-hydroxybenzhydrazide and CuSO, ................................. <lo-‘ 
p-H y droxybenzhydrazide .................................................................. 10-5 
2 : 5-Dih ydroxyisonicotinhydrazide ...................................................... < 10-4 
P yrazinecarboxyh ydrazide ............................................................... 10-5 

1 0-4- 10-5 

Determined on Mycobacteviunz tubevculosis vav. kominis, strain H37 Rv, in Dubos-Middlebrook 
medium (the inoculum was a 6-day old culture on Dubos medium, and the reading was taken after 
3 weeks). * The high activity found for this substance is in accord with a recent work of Offe, Siefken 
and Domagk (2. Natuvforsch., 1952, 7, [B!, 465). 

Sicotin- and iso~icotin-h3.’drazide.-These hydrazides were prepared by 30 min.’ refluxing 
of a solution of the corresponding methyl ester (60 g.) and 95% hydrazine (15 g.) in ethanol 
(50 c.c.) ; after cooling, the precipitated hydrazide was collected and recrystallised from ethanol. 
Methyl nicotinate and isonicotinate were conveniently prepared as follows : a mixture of the 
acid (80 g.), methanol (300 c.c.), benzene (300 c.c.), and sulphuric acid (60 c.c.) was refluxed 
for 2 hr.; next, the azeotropic mixture of methanol, benzene, and water was slowly distilled 
off (4-5 hr.); the viscous residue (100 c.c.) was poured on ice (150 g.) and basified with 
sodium carbonate to pH 8, and the free ester taken up in chloroform (yield, 72 g.). 

Derivatives of Adipic and Sebacic DihydYazides.-Adipic dihydrazide was prepared by 
Curtius’ method ( J .  pr. Chern., 1915, 91, 4). It gave the following derivatives : di-p-chloro- 
benzylidene, leaflets, m. p. 248”, from ethanol (Found : N, 13.1. C2,H200,N4C12 requires 
h‘, 13.4%) ; di-p-methoxybenzylidene, leaflets (from ethanol)] m. p. 217” (Found : N, 134. 
C,,H2,0,N, requires N, 13.7%) ; dipiperonylitlene, needles, m. p. 234” (from ethanol) (Found : 
K, 12.6. C22H2,0,N4 requires N, 12-8y0) ; divanillylidene, prisms, m. p.  287’ (from ethanol) 
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(Found : N, 12.8. C22H2g06'PV14 requires N, 12.7%) : bis-(p-dimetityZaiinobenzylidene), needles, 
m. p. 224" (from ethanol) (Found : N, 19-1. C,.H,,O,N, requires N, 19.3%) ; and di-5-ace- 
naphthenyZmethyZidene, pale yellow leaflets, m. p. 212" (from ethanol) (Found : N, 11.0. 
C3zH,o0,N, requires N, 11.2%). Sebacic dihydrazide (Steller, J .  fir. Chem., 1900,62, 216) gave the 
following derivatives : di-p-chlorobenzylideene, leaflets, m. p. 209" (from ethanol) (Found : N, 11.9. 
C,,H,,O,N,Cl, requires N, 1 1.8yo) ; di-p-methoxybenzylidene, leaflets, m. p. 182" (from ethanol) 
(Found : N, 12.2. C26H3404N4 requires N, 12-O~o) ; dipiperonylidene, leaflets, m. p. 203" (from 
ethanol) (Found : N, 11.0. C,&t&,N, requires N, 11.3%) : bis-(p-dimethyZaminobenzyZidene, 
prisms, m. p. 164' (from ethanol) (Found : N, 16-9. C2BH,o0,N, requires N, 17.1) ; and di-5- 
acenaphthenylmethylidene, faintly yellow leaflets, m. p. 194" (from ethanol) (Found : N, 10-2. 
C3,H3&&N, requires N, 10-0~$,). 

n-DodecyZ VaniZZyZ Ethev.-Repared by alkylation of vanillin with rt-dodecyl bromide and 
potassium hydroxide in ethanol, this ether had b. p. 256-258"/18 mm., and formed prisms, 
m. p. 57", from ethanol (Found : C, 74.8 ; H, 10.1. C20H3,0, requires C, 75.0; H, 10.0%) ; 
its thiosemicarbazone formed needles, m. p. 128", from ethanol (Found : C, 64-0; H, 9.0. 
C,,H,,O,N,S requires C, 64.1 ; H, 8-9%), its semicarbazone needles, m. p. 142O, from ethanol 
(Found : N, 11.0. C21H,,03K3 requires IT, 11.1 :$), and its 4-keto-2-thiazoZinyZh~~d~azone, m. p. 
188", from acetic acid (Found : C, 63.4; H, 8.3. C,,H,,O,N,S requires C, 63.7; H, 8.1%). 

Other Hydrazirtes.-Further compounds, prepared by analogous methods, are recorded in the 
Tables. 

Our thanks are offered to Professor M. Welsch (University of LiGge) and Messrs. SociktC 
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M.A. (Oxon.), for assistance with this work. 
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