
Di[2-oxo-2-(1-adamantyl)e thyl]  Sulfate (XXII). Concentra ted sulfuric  acid was added to a solution of 2.0 
g of diazoketone [15] in 15 ml of ch lo ro fo rm while vigorously s t i r r ing  and cooling to 0-5 ~ until ni trogen evolu- 
t ion ceased.  The mixture  was kept at room t em p e ra tu r e  for  1 h and the solvent, disti l led off. The res idue  was 
r e c r y s t a l l i z e d  f rom acetone or hexane to given 1.0 g of XXII. 

Compounds XXIII and XXIV were  p repa red  analogously.  

2 -Chloro-2-n i t rosoadamantane  (VII). A s t i r r e d  solution of 3 g of oxime VI in 100 ml of dry  carbon t e t r a -  
chlor ide  was t r ea t ed  at  - 1 0  to - 1 5  ~ with 2.0 g of N,N ' -d ich loro-N,N ' -d in i t ro -e thy lenediamine  [4]. The p re -  
cipi tated N,N' -d in i t ro-e thylenediamine  was f i l te red  off, the solvent disti l led off, and the res idue  r ec ry s t a l l i z ed  
f rom aqueous methanol to give 3.2 g (88%) of VII, mp 152-153 ~ A mixed melting point determinat ion with an 
authentic sample [5] showed no melt ing point depress ion.  
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No sys temat ic  study of the biological act ivi ty of indolylalkanoic acid thioamides has been c a r r i e d  out hith- 
e r to .  The f i r s t  r ep re sen t a t i ve  of this s e r i e s  of compounds has been p repared  by the action of hydrogen sul-  
fide on 3- indoly lcarboni t r i le  under p r e s s u r e  at high t empera tu re  [1]. We have succeeded in showing that this 
and other indolylalkanoic acid thioamides can be p repa red  much more  conveniently f rom the p repara t ive  point 
of view by reac t ing  the cor responding  n i t r i les  with thioacet ic  acid at room tempera tu re .  This  method can be 
used d i rec t ly  for the synthesis  of th ioamides  f rom the read i ly  available n i t r i les  of indolylcarboxylic acid, indo- 
ly lacet ic  acid and indolylpropionic acid. If, however ,  the ni t r i le  is obtained by dehydration of the cor responding  
amide,  it is natural ly  s imple r  to conver t  the amide d i rec t ly  into the thioamide by t rea tment  with phosphorus 
pentasulfide.  It should be borne in mind, however ,  that this leads to the dehydrat ion of  a large proport ion of 
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TABLE I .  

Compound 

Ia 
Ik 
Ic 
Id 
Ie 

3-Indolylalkanoic Acid Thioamides 
I 

H 

Thio- 
amide 
yield (~ 

26 
63 
73 
40 
76 

Melting 
point (deg) 

154--5 
159 --60 
159--60 
117--8 
103--4 

61,1 
63,3 
65,0 
66,1 
67,3 

Found (%) 

H S 

4,6 18,2 
5,4 16,8 
5,7 15,8 
6,5 14,6 
6,9 13,9 

Empirical 
formula 

C~HsN2S 
CzoHloN2S 
CziHI~N2S 
Cz~HI~N~S 
CxsHleN~S 

Compound 

la 
Ib 
Ic 
Id 
le 

6~,3 
63,1 
64,7 
66,0 
67,3 

Calculated (%) 

4,6 
5,3 
5,9 
6,5 
6,9 

18,0 
16,8 
15,7 
14,7 
13,8 

nitrile 

0,40 
0,52 [3l 
0,53 [4] 
0,59 
0,62 

Rf 

thioamide 

0,13 
0,26 
0,24 
0,27 
0,30 

Tubercu- 
lostatie activ- 
ity (pg/mI) 

31" 
4 

0,12 
0,5 
0,5 

*Low ant i tubercular  activity in [1]. 

the amide into the ni tr i le  by reac t ion  with the phosphorus pentoxide formed. It is also useful to t rea t  this mix- 
ture  of thioamide and nitri le with thioacetic acid so that the mixture is conver ted into the thioamide alone. 

The thioamides obtained are  co lor less ,  readi ly  crys ta l l iz ing  substances which are  pract ical ly  insoluble 
in water .  Only the thioamide of 3- indolylcarbexylic  acid is colored (bright orange) owing to the conjugation of 
the indole nucleus with the thioamide group, which shows up in the UV spect rum as a maximum at 308 nm. 
This and the other thioamides also have absorption maxima at 218-220 and 269-271 nm and a shoulder at 290 
nm. All the thioamides investigated have s imi lar  IR spectra .  In the 3400 and 3350-3150 cm -1 regions there 
are  four sharp maxima connected with the vibrat ions of the NH bonds in the indole and NH 2 groups.  The intense 
"amide" bands of the p r i m a r y  thioamide grouping a re  located at ~'1625 cm -1 and in the vicinity of 1460-1410, 
~1300, and 990 cm -t [2]. 

In a study of the ant imicrobial  activity of the synthesized thioamides in vi tro against  nine pathogens causing 
acute bacter ia l  infections, against  Mycobacter ium tuberculosis ,  and against five types of pathogenic f u n ~ s , w e  
showed that they inhibit the growth of Gram-pos i t ive  bacteria,  Mycobacter ium tuberculosis  and pathogenic fun- 
gi. The grea tes t  activity was observed against the tuberculosis  baci l lus (H-37-R v strain,  see Table 1), a d i s -  
tinct act ivi ty maximum of 0.12 # g / m l  being observed  for the thioamide of 3-indolylpropionic acid (Ic). We 
also studied the chemotherapeut ic  activity of the thioamides with the highest in v i t ro  activity against exper i -  
mental  tuberculosis  in white mice .  We found that compounds Ic - Ie  have no effect on the development of the 
tubercular  p roces s  even at the maximum tolerable doses (0.62, 0.31 and 0.16 mg for mice  weighing 15-16 g). 

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

The IR spect ra  were  r eco rded  with UR-10 and P e r k i n - E l m e r  ins t ruments ,  and the UV spectra  were r e -  
corded with an EPS-3 spect rophotometer .  Chromatography was ca r r i ed  out on Silufol with a mixture of ben- 
zene and acetone (4: 1), the substances being detected by means of an u l t rachemiscope and by their  color r e a c -  
tion with p-dimethylaminobenzaldehyde.  

3 . Indolylcarboxyl ic  Acid Thioamide (Ia). A mixture of 4.26 g (0.03 mole) of 3- indolylcarbonitr i le ,  6.83 g 
(0.09 mole) of thioacetic acid and 0.9 g (0.015 mole) of glacial acetic acid was placed in a flask at a t empera -  
ture  of about 20 ~ After  1 month, the mixture was heated at 60" for 2 h, diluted with benzene, and the product 
r ec rys t a l l i zed  f rom toluene to give orange c rys ta l s  of Ia. Compounds Ib-Id were  prepared  analogously (see 
Table 1). 

3-Indolylvaler ic  Acid Thioamide (Ie). A mixture of 3.7 g (0.017 mole) of indolylvaleramide (mp 126-128"), 
0.83 g of phosphorus pentasulfide and 15 ml of pyridine was heated on a boil ing-water  bath for 1 h, diluted with 
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water ,  and the mixture  of n i t r i le  and thioamide ex t rac ted  with methylene chlor ide.  The evaporated ex t rac t  was 
t r ea t ed  with 1.3 g (0.017 mole) of thioacet ic  acid and, af ter  1 month, t r ea ted  analogously to Ia, to give co lo r l e s s  
c rys t a l s  of Ie (see Table  1). 
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The object of the presen t  work has been to synthesize  potential ly biologically active spi ro[cycloalkane-2-  
thiobarbi tur ic]  acids (I). At tempts  to synthes ize  these  compounds by condensing 1 ,1-cyclopropane--and 1,1- 
cyclobutanedicarboxyl ic  acid e s t e r s  with th iourea  in boiling ethyl alcohol in the p resence  of sodium ethoxide 
as condensing agent have been unsuccessful  [1]. 

We have synthesized compounds I f rom 1,1-cycloalkanedicarboxyl ic  acid e s t e r s  (II) and thiourea in di- 
methyl  sulfoxide (DMSO). The s tar t ing  e s t e r s  H were  p repa red  by reac t ing  dibromoalkanes with malonic es te r  
and sodium hydride  in d imethyl formamide  (DMF) according to the following scheme: 

oH~r 

(CHin + 
OHIBF 

n=l-3 

COOOzH ~ 

O000ZH ~ V "COOOzH ~ 
Ila:n= t~IIb :n= 2; Ilc ,n=3 

The puri ty of the resu l t ing  e s t e r s  IIa-IIc was conf i rmed by g a s - l i q u i d  chromatography,  and the physical  
constants  of these  products  agreed  with the l i t e ra tu re  data [1]. 

The cycloalkanediearboxyl ic  acid e s t e r s  IIa-IIc were  r eac ted  with thiourea in the p resence  of sodium 
methoxide at 20 ~ in DMSO. In each case  the product  isolated was a white c rys ta l l ine  substance shown to be 
pure by th in - layer  chromatography.  The IR spec t rum of the compound obtained f rom Ha had absorpt ion bands 
in the 3090 and 3170 cm - i  regions  cha rac t e r i s t i c  of NH and OH st re tching vibrat ions an d  bands in the vicinity 
of 1675 and 1715 cm - i ,  which we assigned to vibrat ions of the carbonyl  groups,  as well as NH bending bands in 
the 1535 cm -I region  and a C = S  band in the 1170 cm -i  absorpt ion region.  

On the basis  of these  data, the product  was assigned the s t ruc tu re  of sp i rocyclobutane-2- th iobar t i tur ic  
acid.  The s t ruc tu re  of this compound was also conf i rmed by e l ementa ry -ana lys i s  data. 
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