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A number  of 1,3-disubsti tuted th ioureas  have found application in clinical medicine as ant i tubercular  
and anti leprot ic  agents. Among examples of such drugs may be mentioned the following p ,p ' -d isubst i tu ted 
thiocarbani l ides  [1-5]: p -buty loxy-p ' -d imethylamino-  (thiambutosine), p ,p ' -d i i soamyloxy-  (isoxyl), p ,p ' -  
diethoxy- (ethoxyd), and p-butyloxy-p ' - (4-methylpiperazino) th iocarbani l ide  (butomelide). The value of these 
prepara t ions  is however  somewhat l imited by the fact that they are  all near ly  insoluble in water,  and for  
this reason it appeared of in teres t  to attempt to p repa re  for  ant i tubercular  examination a se r i e s  of 1,3- 
disubsti tuted thioureas  containing sa l t - forming groups.  Compounds of this type could be expected to have 
a g r e a t e r  solubili ty in water  and to present  special  features  when undergoing metabolic p roces se s .  We have 
in fact a l ready descr ibed  [6, 7] the prepara t ion  of 1,3-disubsti tuted thioureas  containing carboxyl,  ca rboxy-  
acyl,  and methylenesulfonic acid groups; however,  in spite of the p resence  of these functions, the resul t ing 
products  proved, with cer ta in  exceptions,  to be sparingly soluble in water;  the exceptional cases  were the 
diethylamine and isonicotinoylhydrazine salts  of p-a lkoxyth iocarbani l ide-p ' -carboxyl ic  acids,  and amino- 
thiocarbani l ides  car ry ing  a methylenesulfonic acid residue.  

Continuing our  work along these lines, we have now prepared  and examined for the i r  tuberculosta t ic  
action 13 1,3-disubsti tuted thioureas  containing the phosphoric acid residue as sa l t - forming group (III-XV; 
see Table 1). The compounds in question are  the disodium salts  of 2-[(aryl thiocarbamoyl)amido]ethyl  dihy- 
drogen phosphates,  and the i r  prepara t ion  was effected by condensing 2-aminoethyl  dihydrogen phosphate 
(II) with a 10-20% excess  of each of the 13 a ry l  isothiocyanates  (I) in the p resence  of two moles  of 
sodium hydroxide.  

~05 ~- [{7 B[GH?.CHzOPO(OH)z J~laOI~ I~j~IHO~_IGHtOH7OP O (ONal,t 

In each case,  the pH of the alkaline react ion medium was maintained between the l imits 9.0-10.0 during the 
g r e a t e r  par t  of the p rocess  but allowed to fall to 8.0 towards the end of the operat ion.  

The alkoxyphenyl isothiocyanates (I; R = p-a lkoxy-CCHt- )  needed for  the prepara t ion  of the seven 
cases  (V-XI) were  obtained by the method previously descr ibed  [6, 8], in which the corresponding sym-  
met r ica l ly  disubsti tuted thioearbanil ides,  p - a l k o x y -  C6HtNH- C(S)-  NttC6H 4 -  alkoxy-p, se rved  as s tar t ing  

/'---h 
mate r i a l s .  The compound, p-(4-methylpiperazino)phenyl  isothiocyanate (I: R = p-MeNx__2N-CGHt-), 

n e e d e d f o r t h e p r e p a r a t i o n  of (XIV), was obtained by warming p-(4-methylpiperazino)phenyl thiourea,  
/"=x 

[p-MeN __/N-C6H4NH--C(S)-Ntt2], in chlorobenzene [9]. p-Nitrophenyl  isothiocyanate (I; R = p--O2N- C6H4-), 

the s tar t ing mate r ia l  for  (XIII), was p r epa red  f rom p-ni t roani l ine  and te t rae thy l th iuram disulfide by the 
* Deceased. 
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method of Marquard t  [10]. The two bromo der iva t ives ,  (XV) and (XII), were  p r e p a r e d  f r o m  p , p ' - d i b r o m o -  
benzhydryl  i sothiocyanate  [I; R= (p=BrCGHt)2CH] and p -b romopheny l  isothiocyanate  (I; R =p-BrC6H4) , r e s p e c -  
t ively,  obtained by the in te rac t ion  of the hydrochlor ide  of  p ,p ' - d ib romobenzhydry l amine  (or of p - b r o m o  - 
aniline, as the case  may b e) with thiophosgene in a ch lo ro fo rm or  dichloroethane medium under conditions 
worked out by Kalama~ et alo [11] for the p repa ra t ion  of 3-methyl= and 4-methoxy=benzhydryl  i so th iocyanates .  

2-Aminoethyl  dihydrogen phosphate (II) was p r e p a r e d  by warming  ethanolamine with pyrophosphor ie  
acid at 110~ in accordance  with the method given by Cherbul iez and Rabinowitz [12]. 

All the products  (III-XV) l is ted in Table  1 a re  c rys ta l l ine  compounds infusible below 300 ~ The corn= 
pounds (V), (VII), and (VIII) a r e  readi ly  soluble in water;  (III), (IX), (XI), (XII), (XIII), (XIV), and (XV) a re  
m o d e r a t e l y  soluble; and (IV), (VI), and (X) a r e  spar ingly  soluble in water .  

The compounds descr ibed  in this paper  have been examined for  t he i r  bac te r ios t a t i c  act ivi ty  against  
m y c o b a c t e r i u m  tubercu los i s .  The s t ra in  of the o rgan ism employed was H=37 Rv, and the exper iments  were  
conducted in v i t ro  using the Sutton nutr i t ive  medium.  The exper iments  show that  the introduction of a lkoxy 
groups (but not methoxy or  isopropyloxy) into the molecule  of 2=[(phenylthiocarbamoyl)amido]ethyl  d ihydro-  
gen phosphate i nc rea se s  its an t [ tubercular  action. The compounds (VI), (VII), (IX), (X), and (XI), the s t r u c -  
tu res  of which contain the ethoxy,propyloxy,  butyloxy, isobutyloxy, o r  isopentyloxy groups,  r e spec t ive ly  
proved  to have pronounced tuberculos ta t ic  p rope r t i e s  (they could a r r e s t  the development  of the tes t  o rgan-  
i sm at concentra t ions  8-0.5 pg /ml ) ,  but the i r  act ivi ty fell sharp ly  when the  nutr i t ive medium was re inforced  
by  a prote in  adjuvant.* 

EXPERIMENTAL 

2-Aminoethyl Dihydrogen Phosphate (If). Monoethanolamine (6.1 g) was added in small portions to 

29.36 g of pyrophosphoric acid. The reaction mixture was stirred at II0~ and the stirring continued so 
long as the ethanolamine could be detected chromatographically by means of a marker spot. The hot mix- 
ture was then poured into water, stirred, neutralized by the addition of barium carbonate to saturation point 
(about 24 g), and finally made alkaline to phenolphthalein by the gradual addition of a saturated solution of 
barium hydroxide. The resulting precipitate was filtered off, washed repeatedly with water, and the filtrate 
evaporated in a vacuum to a final volume of 200 ml. The concentrate was freed from barium ions by the 
addition of diluted sulfuric acid to a pH value of 2.0, and the barium sulfate so precipitated filtered off and 
the filtrate evaporated in a vacuum to a volume of I00 ml. This was treated with 400 ml of ethanol which 
caused the solution to become cloudy. The solid (If) formed on standing for 3 h was filtered off; yield, 
2.61 g (18.6%); mp 235-236 ~ Cherbuliez et al. [12, 13, 14] give mp 233=235 ~ and 237 ~ Chromatography 
was carried out on cross-grained weave paper of medium porosity (grade M-20 of the Leningrad firm of 
suppliers); the method of descending flow was used, and the solvent system was butanol-acetic acid-water 
(4 : 1 : 5); the marker spots were developed by means of a freshly prepared solution of ferric chloride, fol- 
lowed, after drying the chromatogram, by a freshly prepared solution of sulfosalicyclic acid. 

Sodium Salt of 2-[(p-Butyloxyphenylthiocarbamoyl)amido]ethyl Dihydrogen Phosphate (IX). An aque- 
ous 1.0 N solution of sodium hydroxide (14.2 ml) and 20 ml  of dioxane were  added to 1 g of (II). The r e su l t -  
ing mix ture ,  which had pH 9.0, was warmed  to 40 ~ and s t i r r ed .  A solution of p-butyloxyphenyl  i so th iocya-  
hate (I; 1~ =p-C4H~OC6H 4) (i .46 g) in dioxane (10 ml) was now slowly added and the t e m p e r a t u r e  then m a i n -  
tained at 40 ~ for  7 h. At the end of this p roce s s  the react ion  medium had pH 8.0. The solvent was r emoved  
in a vacuum, the res idue  warmed  with e ther ,  t h e  e therea l  solution decanted off, and this final res idue  d i s -  
solved in methanol .  The solid which remained  undissolved,  and which consis ted of the sodium sal t  of (II), 
was f i l tered off and the f i l t ra te  evapora ted  in a vacuum. The r e s i d u e w a s  c rys t a l l i zed  by t r i tu ra t ion  with 
pe t ro leum ether ,  and this furnished, a f t e r  drying in a vacuum at 100 ~ 2 g of (IX). 

The compounds (IV), (V), (VI), (VII), (VIII), (X), and (XI) were  obtained in an analogous manner .  

f i-  [{ p- (4-Methylp iperaz ino)phenyl th iocarbamoyl}amido]e thyl  Dihydrogen Phosphate (XIV). A mix tu re  
of (II) (0.8 g), an aqueous 1.0 l~ solution of sodium hydroxide (11.36 ml),  and dioxane (15 ml) was warmed  
to 40 ~ s t i r r ed ,  and gradual ly  t r ea t ed  with a solution of p- (4-methylp iperaz ino)phenyl  isothiocyanate  (1.3 g) 
in dioxane (25 ml).  The t e m p e r a t u r e  was held at 40 ~ during 20 h. The solvent was then r emoved  in a v a -  
cuum and the res idue  worked up twice with anhydrous e ther  and methanol  in the manne r  descr ibed  in the 
preceding paragraph .  Yield, 1.12 g. 

The compound (XV) was obtained in an analogous manner .  

* Horse  s e r u m  was used for  this purpose.  
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