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In the modern  chemothe rapy  of tubercu los i s ,  toge ther  with the antibiotic s t rep tomycin ,  synthet ic  
p r epa ra t i ons  a r e  a lso  used.  The mos t  impor tan t  of them a re  de r iva t ives  of isonicotinic acid, der ived f rom 
i ts  h y d r a z i d e -  fubazid (I), as  well  as de r iva t ives  of benzaldehyde th iosemicarbazone ,  the mos t  impor tan t  
of which has  been  named  thibone (II). 
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Strep tomycin  and I s u rpa s s  II  in chemotherapeu t ic  index [1] and have found wider  use .  However ,  as 
these  subs tances  a r e  used, s t r a ins  of  m y c o b a c t e r i a  r e s i s t a n t  to t h e m  a re  becoming  inc reas ing ly  wide-  
sp read .  

An advantage of II  i s  i t s  act iv i ty  with r e s p e c t  to r e s i s t a n t  tubercu los i s  pathogens [in our contro l  ex-  
pe r imen t s ,  it en t i r e ly  s u p p r e s s e d  the growth of  sens i t ive  m y c o b a c t e r i a  (of the H~R v strain) in v i t ro  in a 
concentra t ion of 0.3 t~g, and that  of r e s i s t a n t  m y c o b a c t e r i a  in a concentra t ion of 0.5 gg]. 

In view of this,  a fu r the r  s ea r ch  for  ant i tuberculos is  p repa ra t ions ,  e spec ia l ly  those  act ive against  
r e s i s t a n t  pathogens,  in the s e r i e s  of  t h io semica rbazones  m e r i t s  attention. A cycle  of invest igat ions  along 
this  line have been conducted by  M. N. Shchukina, G. N. Persh in ,  et al .  [2, 3]. 
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The main  objects  of our  invest igat ion were  i sa t in  t h iosemica rbazone  and a number  of compounds r e -  
la ted to it. The ant i tuberculos is  act iv i ty  of i s a t i n - P - t h i o s e m i c a r b a z o n e  {lid was f i r s t  noted in the patent  
[4], but in this  case  no quanti tat ive evaluation of i ts  action was given, as a r e s u l t  of which it i s  imposs ib le  
to compa re  it with other  p r epa ra t i ons  in this r e s p e c t . *  We have es tab l i shed  that  compound EI  mani fes t s  

*We should note that  the mel t ing  point of III, ci ted in the patent  [4], d i f fers  f rom the newer  data [5, 6] by 
50 ~ which is evidence of insuff icient  homogenei ty  of the p repa ra t ion  obtained by the authors  of this  work.  
T h e r e f o r e  the poss ib i l i ty  r e m a i n s  that  the ant i tuberculos is  act iv i ty  of this p repa ra t ion  was due to the 
p r e s e n c e  of impur i t i e s .  
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TABLE 1. Derivat ives of I sa t in -B-Thiosemicarbazone  �9 
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* The method of production is cited in the experimental  section. 
t h e r e  and in Tables 2-4, t h e l i t e r a t u r e  source is indicated. 
Notation here  and in Tables 2 and 3: -)  prepara t ion inactive in a 
concentration of 100 ~g; :~) prepara t ion suppresses  growth of 
mycobacter ia  in a concentration of 100 ~g; +) the same in a con- 
centrat ion of 50 ~g; ++) in a concentrat ion of 25 ~g; +++) in a con- 
centration of 10 ~g; + : ~ :) in a concentrat ion of 5 t~g; +++++) in a 
concentration of 2 ~g; § ": : :+) in a concentrat ion of 0.3 ~g. 

only weak activity. In experiments  in v i t ro  it suppresses  the growth of sensitive mycobac te r ia  at a con-  
centrat ion of 28 ~g, and that of res i s tan t  mycobac te r ia  at a concentrat ion of 50 ~g. Under the same con-  
ditions, i sa t in -~- th iosemicarbazone  (V), i somer i c  to compound HI, proved ent irely inactive. T h e  loss of 
activity is also detected when the sulfur atom in the side chain is replaced by an oxygen atom. The semi-  
carbazone IV and its 1-methyl  analog are  inactive. Inactivation is also produced by the introduction of 
substituents in the 6-posit ion of the benzene r ing into the th iosemicarbazone HI. Thus, 6 -n i t ro -  and 6-  
amino-der ivat ives  of the th iosemicarbazone HI are  inactive. A substantial influence on the activity is ex-  
er ted by replacement  by alkyl radica ls  of the hydrogen atoms at the nitrogen atoms, the position of which 
plays the deciding role  in this case.  Table 1 presents  data for the corresponding derivatives of HI with 
the general  formula:  

I II \ R  4 
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As can be seen f rom Table 1, when the hydrogen atom in the 1-position is replaced by a methyl r ad i -  
cal, the activity decreases ,  while in the case of rePlacement  in the 2 ' -posi t ion of the thiosemicarbazone 
chain it d isappears  entirely.  The introduction of methyl  groups into the 4 ' -pos i t ion  leads to an increase  
in the activity against res is tant  mycobacter ia ,  especial ly against cultures res i s tan t  to I. A cer ta in  inhibi- 
t-ion of the growth of all th ree  investigated types of mycobac te r ia  by i s a t in -B-4 ' , 4 ' -d ime thy l th iosemica r -  
bazone (IX) is a l ready detected at a dose of 0.5 ~g. Its 1-methyl  derivative (X) proved even more  active, 
ent irely suppressing the growth both of sensit ive and of res is tant  forms in a concentrat ion of 10 ~g. When 
the hydrogen atoms in the 4 ' -pos i t ion  of compound III are  replaced by butyl radicals ,  however, the activity 
dec reases  somewhat.  

The derivative of HI in which the hydrogen atom in the 4 ' -pos i t ion  is replaced by an amino group - 
i sa t in-B- th iocarbohydrazone  (XIID - is charac te r ized  by low activity. For  compar ison with it we invest i -  
gated more  complex derivat ives - isatin di thiocarbohydrazones (Table 2). 

As can be seen f rom Table 2, the highest activity of all the preparat ions  that we tested is possessed  
by isatin ~ ,~ ' -d i th iocarbohydrazone  (XV), which suppresses  the growth of sensitive mycobac te r ia  in a con- 
centrat ion of 0.3 ~g. In this respec t  compound XV proved equal in activity to IX. The growth of cul tures  
res is tant  to I and s t reptomycin is ent irely suppressed by XV in a concentrat ion of 5 ~g; however, a cer tain 
inhibition of growth a l ready appears  at 1 ~g. 
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TABLE 2. Isat in Dithiocarbohydrazones 
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Together  with isat in derivat ives,  we decided to investigate its analogs, containing a sulfur or  oxygen 
atom in the f ive -membered  r ing instead of the ni trogen atom - thionaphthenequinone-B-thiosemicarbazone 
(XVID and cumaranedione-B- th iosemicarbazone  (XVIII).* 

~ o  -j~I- i~-l'ff-II 

2:~: x-8 
2i~r: x=o . 

The synthesis  of compounds that were produced by us for the f i rs t  t ime is descr ibed in our  previous 
ar t ic le  s, with the exception of thionaphthenequinone 4 ' ,4 ' -d imethyl th iosemiearbazone  (XIX), the method of 
production of which is cited in the experimental  section of this ar t ic le .  

As can be seen f rom Table 3, XVII is more  active than the isatin analog against sensit ive mycobac-  
ter ia ,  but is ent i re ly inactive against fo rms  res is tant  to I and s t reptomycin.  Just  as in the se r ies  of isatin 
derivatives,  the replacement  of the sulfur atom in the side chain by an oxygen atom leads to a loss of ac -  
tivity. However, the se r ies  of isat in thioanalogs exhibit their  own pecul iar i t ies .  Thus, replacement  of 
hydrogen atoms in the 4 ' -pos i t ion  of the side chain of compound XVII, in contras t  to isatin derivatives,  
leads to a loss  of activity.  Moreover ,  in this ser ies  of compounds the ~ - i s o m e r s  show grea te r  activity 
than the F - i s o m e r s .  Of all the investigated thionaphthenequinone derivatives,  the most  active proved to 
be the ~ - th iosemica rbazone  (XXI), which suppresses  the growth of mycobac te r ia  sensitive and res is tant  
to I in a concentrat ion of 10 ~g, and the growth of those res is tant  to s t reptomycin in a concentrat ion of 25 
~g~ 

Compound (XVI]~ - an oxygen analog of compound I I I -  proved ent i re ly  inactive. In contrast  to it, 
the product of the interact ion of cumarenedione with th iosemicarbazide ,  formed with closing of the r ing - 
the th iosemicarbazide  of o-hydroxyphenylglyoxylic acid (XXIID - shows weak activity against sensit ive 
mycobac ter ia .  

The compounds considered above are  capable of undergoing convers ions in different direct ions.  
Since such convers ions  also a re  not excluded in vivo, an investigation of the convers ion products  of these 
substances mer i t s  attention. One of the direct ions of these convers ions is cyclizat ion with the formation 

* The compound ~ was mentioned in the patent [4] among th iosemicarbazones  possess ing  anti tubercu- 
losis  activity in vitro,  but it was evidently tes ted only against sensit ive forms,  and, moreover ,  this patent 
does not cite a quantitative compar i son  of its activity with the activity of other compounds.  
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T A B L E  3. P r o d u c t s  of t he  I n t e r a c t i o n  of  Th ionaph thenequ inone  and 

C u m a r a n e d i o n e  wi th  S e m i c a r b a z i d e  and T h i o s e m i e a r b a z i d e  
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of  d e r i v a t i v e s  of  1 , 3 , 4 - t r i a z a e a r b a z o l e  [13] o r  1 , 2 , 4 - t r i a z a e a r b a z o l e ,  r e s p e c t i v e l y  [14]. I t  was  found tha t  
when the  t r i a z i n e  r i n g  i s  c l o s e d ,  the  a c t i v i t y  i s  l o s t .  Of the  c o m p o u n d s  XXIV-XXVI,  only  the  1 , 2 , 4 - d e r i v a -  
t i ve  (XXVIb) and i t s  t h i o a n a l o g  (XXWIe) exh ib i t  weak  a c t i v i t y  (100 pg) a g a i n s t  s e n s i t i v e  m y c o b a c t e r i a  and 
a g a i n s t  t h o s e  r e s i s t a n t  to  s t r e p t o m y c i n  (XXVIb) and  to  I (XXVIe)~ In a n o t h e r  d i r e c t i o n ,  the  c o m p o u n d s  
s t r u c t u r a l l y  r e l a t e d  to  I l l  can  be  c o n v e r t e d  wi th  c l e a v a g e  of the  f i v e - m e m b e r e d  r i n g  to  d e r i v a t i v e s  of  
p h e n y l g l y o x y l i c  a c i d  (XX-VID and p r o d u c t s  of  i t s  c y e l i z a t i o n  - p h e n y l t r i a z i n e s  ( x x v m )  [10, 11, 15, 16, 17). 
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Of all the compounds XXVII-XXVIII, only the 2-methylthiosemicarbazone of acetylisatinic acid 
(XXVIId) had not been described; the method of its production is cited in the experimental section. All 
the derivatives of phenylglyoxylic acid (XX~tD are  entirely inactive or possess only low activity (at a 
concentration no less than 100 pg). Thus, opening of the f ive-membered ring usually leads to a loss of 
activity. The only exception to this rule proved to be the semicarbazone of o-mercaptophenylglyoxylic 
acid (XXVHh), which shows greater  activity than thionaphthenequinone-B-semiearbazone (XX), from which 
it was produced. 

The cyclization of thiosemicarbazones of o-substituted phenylglyoxylic acids (XXVID to XXVIII does 
not lead to any increase in activity. Of the compounds XXVIII, weak activity (100 ?~g) is exhibited by XXVEIa, 
and only against sensitive mycobacteria.  

It is character is t ic  that tuberculosis mycobacteria are extremely sensitive even to negligible changes 
in the chemical structure of thiosemicarbazones and their  derivatives. Thus, the syn-thiosemiearbazone 
of o-hydroxyphenylglyoxylic acid (XXVIIe) is more  active than its ant i- isomer (XXVIIf), while compound 
XXIX is more  active than the substance XXVHIc isomeric  to it, which differs from it only in the sequence 
of NH and C = S groups in the tr iazine ring. 

The data that we obtained permit  us to conclude that of isatin derivatives, the greatest  activity in 
vitro is possessed by compounds IX and X, which have a thiosemiearbazone chain in the B-position, which 
is substituted by alkyl radicals in the 4'-position. Also noteworthy is the high activity of XV. Among the 
derivatives of thionaphthenequinon e, the ~-thiosemicarbazone (XXI) is most interesting. 

E X P E R I M E N T A L  

Thionaphthenequinone-4' ,4 '-dimethyl-3-fhiosemiearbazone (XIX). Dimethylthiocarbaminoylthiogly- 
colic acid was produced from 0.6 mole of dimethylamine according to the method of [18]. Carbon disulfide 
was added at 4-5~ over a period of 1 h. During mixing with sodium chloroacetate, the temperature  r i ses  
to 30~ To isolate the thioglycolic acid mentioned, 50 ml of concentrated hydrochloric acid was added, and 
the mixture t reated with additional amount of the product was precipitated from the filtrate by the  addition 
of 100 ml of concentrated hydrochloric acid. Yield 6970, colorless crystals ,  mp 145.5~ [18]. This sub- 
stance was used without purification for the production of the 4,4-dimethylthiosemicarbazide. The laLLer 
is formed according to the method of [18] only with a low yield, together with a substantial amount of the 
thiocarbohydrazide. It is obtained in substantially more homogeneous form and with a higher yield ac- 
cording to the method of [19]. The product was isolated by cooling in ice and washed with ice water. Yield 
72%, shining colorless crystals ,  mp 154~ [18] (from water). The absence of the thioearbohydrazide in 
this sample was demonstrated by the fact that the product of its condensation with isatin does not contain 
isatin-F-thiocarbohydrazone according to the data of thin-layer chromatography. 

A 0.771 g portion of the 4,4-dimethylthiosemicarbazide in t l  mI of water and 1.069 g of 2,3-thio- 
rmphthenequinone in 22 ml of alcohol were mixed, and heating was continued for 7 rain. After 1 rain an 
abundant precipitate formed. It was left for  1 h, filtered, and washed with aqueous alcohol (twice with 2.5 
ml portions). Yield 82%, shining orange crystals ,  rap 194~ (from butanol) . Found, %: N 16.08, 16.15; S 
24.56, 24.13. CllHI1N3OS 2. Calculated, %: N 15.84, S 24.17. 

2-Methylthiosemicarbazone of N-Acetylisatinic Acid (XXVIId). Produced by heating equimolar 
amounts of N-acetylisatinic acid and 2-methylthiosemiearbazide in aqueous alcohol. Yield 4.44%, mp 180oc. 
(from anhydrous alcohol). Found, %: N19.00, 19.16; S 11.19, 11.01. C12H14N403S. Calculated, %: N i9.04,~ 
S 10.90. 

Isatin-f~-thiosemicarbazone (El) (compare [5, 6]). A solution of 60 g isatin in 4 l i ters  of water and 
a solution of 44 g thiosemicarbazide in 120 ml of water were mixed with boiling; heating was continued with 
mixing for 5-10 rain, and the mixture f i l tered hot. The precipitate was washed with boiling water and dried 
at 105~ Yield 82%, golden yellow fiocs, mp 252~ (from 80% alcohol). 

N-Methylisatin-B-thiosemicarbazone (VI) (compare [5, 6]).* The methylation of isatin with dimethyi 
sulfate according to the well-known procedures r20, 21] leads to the production of a substance that remains 
inhomogeneous according to the data of thin-layer chromatography even after repeated crystallization from 
benzene. Substantially purer  N-methylisatin is produced according to a refined procedure [22]. A solution 
of 31 g sodium in 775 ml anhydrous alcohol was added to 232 g of finely pulverized isatin in 1160 ml an- 

* With the participation of E. A. Rusakov. 
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hydrous alcohol and shaken for 1 h without access to moisture.  The mixture was filtered, the precipitate 
t r i turated with ~ 500 ml of anhydrous alcohol, again filtered, washed with anhydrous alcohol, and dried in 
a vacuum desiccator over sodium hydroxide. Yield of the sodium salt 87.9%, dark violet crystals .  Methyl 
iodide (410 ml) was added to the salt obtained and the mixture heated for l h a t  100~ a rotating auto- 
clave. After cooling, the mixture was diluted with boiling water, the excess methyl iodide distilled off, 
and the product crystall ized from ~ 10 l i ters of water with an addition of animal charcoal. N-methylisatin 
was obtained in the form of red needles. Yield 37%, mp 131.5-132~ 

A 9.1-g portion of thiosemicarbazide was added with boiling to a solution of 16.1 g N-methylisatin in 
230 ml of 50% aqueous alcohol and the heating continued. After all of the substance passed into solution, 
2 ml of 0.05 N hydrochloric acid was added. An abundant yellow precipitate immediately formed. The 
precipitate was left overnight, filtered, and washed several  t imes with boiling water (total of ~ 500 ml). 
Yield 98.8%, mp 243~ (after two crystallizations from butanol). 

Isatin-/~-4t,4T-dibutylthiosemicarbazone (XI). In the patent [7] it is indicated only that this substance 
is produced analogously to 4,4-dimethylthiosemiearbazone. According to our data, the reaction with car -  
bon disulfide occurs just as in the production of 4,4-dimethylthiosemicarbazide, but instead of 102 ml of 
a 32% aqueous solution of dimethylamine, 112.5 ml of dibutylamine is added, and after the addition of ca r -  
bon disulfide, the mixtur~e is mixed in ice for another 1 h. To isolate the corresponding acid, 160 ml of 
concentrated hydrochloric acid was added immediately, and the mixture exposed overnight in a ref r igera tor .  
At f i rs t  an oil formed, which was soon converted to colorless crystals .  The yield of dibutylthiocarbaminoyl- 
thioglycolic acid was 88%, mp69~ This acid is sparingly soluble in water with heating, readily soluble in 
alcohol. A 102 g portion of the acid obtained was dissolved in 128 ml of hydrazine hydrate, the solution 
mixed for 30 rain at 60~ left for 2 h, 340 ml of water added, and extracted with ether (four t imes with 210 
ml portions). The ether extracts were combined, washed with water (four t imes with 150 ml portions), 
and dried with anhydrous sodium sulfate. After the ether was distilled off, the viscous syrupy oil was 
dried in a vacuum desiccator over concentrated sulfuric acid, and 39.2 ml of concentrated sulfuric acid 
was added. Colorless crystals  of 4,4-dibutylthiosemiearbazide hydrochloride were  formed. After drying 
over phosphoric anhydride, the yield was 31.4%, mp 82~ (melts indistinctly). Since this substance is sub- 
stantially more difficult to purify than the thiosemicarbazones formed from it, it proved advisable to use 
the sample obtained without prel iminary purification. 

Solutions of 3 g isatin in 68 ml of alcohol and 4.9 g 4,4-dibutylthiosemicarbazide hydroehloride in 
10.5 ml alcohol were mixed with boiling, and heating was continued for 4 h. After cooling, the mixture 
was fil tered to remove the negligible amount of impurity, the filtrate mixed with ether, and the solvent 
evaporated. The orange crystals  obtained were t r i turated three times with ether and fil tered off. Yield 
of XI 86.5%, shining orange crystals,  mp 152-153~ (from alcohol). 
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