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Isatin 2-ttn'oxohydrazones formed in the reaction of isatin O-methyl ether with thioxohydrazines 
can be isolated in iminohydrazine and aminohydrazone tautomeric forms. The effect of the 
structure of the hydrazone fragment and the medium on the interconversions of the tautomers 
was investigated. 

It has been previously established that the structure of isatin 2-thiosemicarbazone, for which tautomer-  
ism of the aminohydrazone-iminohydrazine type (Ia ~- IIa) is possible, insolut ion corresponds to formula 
Ha [2]. In the present r e sea rch  we investigated the s tructure and tautomeric transformations of isatin 2-  
thioxohydrazones in the crystall ine state and in solution as a function of the nature of the thioxo fragment. To 
solve this problem we synthesized, in addition to I-Ila-h [2], I-Hi-o, and, for comparison, carbonylhydrazones 
HI-IV [31. 
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I, II a R=R'~H, I~"=NH~; b R=CH~. R'~H, R'~NH~; C R~H, R'=CH~, /~'=NH~; d R~R'=H. 
R~'=NHCH~; e R=H. R'~CHa, R'=NHCHa; I R=R~=H, R"-~N(CHa)~; g R=CHa, R'=H. W~.=N(CH3)~: 
h R=CH~, R'=H. RU=NHCHa; I R=R'~H. R"=NHPh; ] R~CH~, R'=H. R"=NHPh; 1( R=CH~, 
R'=H, R'=NHC~H~OCH3-p; ~ R=CHa, R'=H, R"=NHCaH4COOC~Hs-p; II1RFR'=H, R"=Ph; n R=RV=H, 

R'~=C6H4 Cl'rn; 0 R=R '=H, R"=SCHB; III, I v a  R"=NH~; D l~r=Ph 

~NNHCOR" - ~ ~ H N H C O R "  H 
i l l  IV 

For comparison, we also synthesized compounds with fixed structures Ib,g,h,j-/  and lib. The fixed 
aminohydrazones differ from iminohydrazine lib with respect  to the lower frequency of the carbonyl group in 
t~he IR spectra,  both in the crystalline state and in solution (Table 1), as a consequence of the formation of an 
intramolecular hydrogen bond. In addition, they are  characterized by a bathochromic shift of the long-wave 
absorption band in the electronic spectra  due to a longer conjugation chain (Table 2). Similar differences are  
also observed between the tautomers of the remaining compounds (Tables 1 and 2). 

In the case of Ii-Hi we were able to isolate both tautomeric forms in the crystalline state. They have 
different melting points and IR spectra: the carbonyl b~nd is found at 1679 cm -1 in the IR spectra  of the f i rs t  
form, whereas it is found at  1707 can -1 in the  IR spectra  of the second form (Table 1). An aminohydrazone 
structure should evidently be assigned to the f i rs t  form, whereas an iminohydrazine structure should appar-  
ently be assigned to the second form. A similar  phenomenon is observed for I-IId,e,f. Each of them was iso-  
lated in the form of two differently colored samples, of which (me is a mixture of two forms,  and the second 
contains only one of them - Ie, If, IId. Tautomers II predominate in the crystalline state in the case of I -  
IIa,c,o,p, whereas tautomers I predominate in the crystalline state in the case of I-IIf,m,m Thus, depending 
on the conditions used in the preparation and recrystal l izat ion,  isatin 2-thioxohydrazones may have a different 

*See [1] for communication 42. 
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TABLE 1. C=O Ab-  
sorpt ion Frequencies  
in the IR Spect ra  of  
Isat in 2 -Acy lhyd ra -  
zones 

8 ~  

Ib 
Id 
Ie 
If 

Ii 
Ii 
Ik 
E 
Im 
In 
!o 

IIIb 

~I 

1679 I 
1683 I 
1662 I 
1676 1 
166o I 
1679b] 
16801 
168o I 
1680el 
16851 
16ao I 
1670 ! 
1670~ 

~ vc=~ cm -! 

.~ ~. KBr ,MSO 

lla [697 17t0 
Ilb 1698 1712 
IIc 1696 1729 
Ikl  t702 - -  
Ile 1708 t723 
IIf t706 -- 
II[ 1707 1719 
IIn 1716 
IIr 16~ 1716 
IVa 1703 - -  
1VI~ 1725 -- 

TABLE 2. Long-Wave Absorpt ion Maxima 
in the Electronic  Spectra  of Isat in 2 - H y d r a -  
ZoIIeS 

ta , - -  [ - - I  524 
Ib 1 522 /5251 525 
If 1 528/ - - /  528 
Ig ~ 532 1 532 I 532 
[r i  / - 1 5 3 2 1  - -  
I t  / 5 3 0 /  - /  53o 
t i  I 535 / 536 / 537 
rk 1 - 1 5 4 5 1  - 

I - -  1 5 3 8 1  - -  
[ m  1 525 | 520a/ 522 
In I 525 t508 1 540 

490 

[ I :  
Ill 
l h  
l h  
II, 
II~ 
II! 
II ,  
I I  
I I  

~max, 
, '!., 1 o '  

456 146214601 ' 462 
455 [ 457 I 4601 460 
-- 14561--/ -- 
=/AI4_621 = 
458 / 460  / - / 458 
460 / 4661 466/ 463 
463 1465/ --[  -- 

aIn an aqueous buffer solution (pH 7.0}. 

a) At 1679 cm -1 in the 
case  of  DlvISO. b) At 
1660 em -I in the case  
of DMSO. c) The PCO 
band of the ca rbe th -  
oxy group is found at 
1705 cm -1. d) The 
v c o  band of the side 
chain is found at 1735 
cm -i. e) The vco band 
of the side chain is 
found a t  1700 cm -1. 

s t ruc tu re  in the c rys ta l l ine  stated and rec rys ta l l i zed  samples of th iosemicabazones  usually contain p r imar i ly  
t au tomer  L As a rule ,  a yellow, orange,  or  reddish  color  of the c rys t a l s  cor responds  to predominance of 
fo rm II, whereas  a d a r k - c h e r r y - r e d  or  c r i m s o n  color  cor responds  to predominance of form I. 

The I ~ II in terconvers ions  of the t au tomers  proceed readi ly  at  room tempera ture .  For example,  the 
e lec t ronic  spec t ra  of solutions of Ii and IIi in DMSO change in the course  of 1.5 h up to es tabl ishment  of 
equil ibrium (Fig. 1). The p resence  in these spec t ra  of isosbest ic  points, the l inear relat ionship between the 
opt ical  densi t ies  at  two wavelengths,  and the TLC data indicate that the investigated t rans format ion  occurs  
without the format ion  of any other  products .  The equil ibrium concentrat ions of the t au tomers  were  calculated 
f rom the optical  densi t ies  at 463 and 530 mn (Table 3). Since the Ii ~ IIi t r ans format ion  takes place too 
rapidly under these conditions for calculation, for Ii we used the op t i ca ldens i ty  of fixed aminohydrazone Ij. 
Calculation at two wavelengths gives resu l t s  that  coincide. 

Iminohydrazine t au tomers  II predominate  in solutions of isat in 2 - th tosemicarbazones .  

In DMSO or  in a mixture  of DMSO with ch loroform the t rans i t ion  f rom 2 - semica rbazones  I I Ia-IVa or  
isat in 2-benzoylhydrazones  IIIb-IVb to I - I I  leads to an increase  in the equil ibrium percentage of the aminohy-  
drazone  tautomer .  Replacement  of the t e rmina l  amino group in the 2 - semica rbazone  by a phenyl group affects 
the posi t ion of  the t au tomer ic  equil ibrium in the same way. These data,  as well  as a compar i son  of the data 
for thioxohydrazones in DMSO, indicate that an increase  in the e l ec t ron-accep to r  effect of the substituent a t -  
tached to the t e rmina l  ni trogen atom shifts the equil ibrium to favor aminohydrazone tautomer  I. This ten-  
dency is par t icu la r ly  appreciable  when the polar i ty  of the solvent is sufficient. This conclusion is in a g r e e -  
men t  with the effect  of acyl  groups on the posit ion of the tau tomer ic  equil ibrium in he te rocyc l lc  amines  [4] 
and with data  on the effect  of s t ruc tu ra l  fac tors  on the stabil i ty of the "amidrazone"  fo rm for hydrazones  of 
phthalazones [4]. In addition, in the compounds that we investigated the influence of C (X)R" groups on the 
s t rength of the in t ramolecular  hydrogen bond [6] does not have a decisive effect on the tau tomer ism.  
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TABLE 3. Concentra t ion of 
Aminohydrazone  F o r m  I in 
I ~ II Equi l ibr ium Mixtures  
(4 .10  -5 M Solutions) 

Concm, % 

Compound cblor- chloro- 
. Iform-- 

omrm ]DMSO 
l(3:1) 

la--IIa 
I f - I I f  
Ii,--lli 
Im-I Im 
~o--IIo 
Ip.-IIp 
iq-IIq 

i0 
3O 

30 45 
100 

10~ 49 

DMSO 

25 
30 
47 

100 
100 

0 
0 

30 

40 

6o 

7O 

80 

]/ 

%-" . . . .  - - . ~ .  ~ ~ ,  

�9 " l ~  " " , ~ 1 1  
" \ \ "  : i  

, , 

440 z, BO 520 560 ~.~ 

Fig. 1. E lec t ronic  s p e c t r a  of 4- 10 .5 M 
solutions of i sa t in  2 - ( 4 - p h e n y l ) t h i o s e m i -  
ca rbazones  I i - I I i  in DMSO at  a l ayer  th ick-  
ness  of 1 cm: 1) IIi  af ter  3 rain; 2)-5) a f -  
t e r  15, 30, 60, and 90 rain, r e spec t ive ly ;  
6) spec t rum of fixed aminohydrazone  Ij; 
7) Ii 3 rain a f te r  d issolving;  8), 9), 10), 
and 5) the s a m e  solution a f te r  15, 30, 60, 
and 120 min,  respec t ive ly .  

The effect  of the solvent  on the posi t ion of the t au tomer i c  equi l ibr imn depends ambiguously on the s t r u c -  
tu re  of the hydrazone  f ragment .  Thus,  in con t ras t  to benzoylhydrazones  IHb-IVb,  in the  thioxohydrazone s e r i e s  
the pe rcen tage  of aminohydrazone  fo rm I i n c r e a s e s  as the po la r i ty  of the solvent  i nc reases .  

According to the data f rom the IR and PMR spec t r a ,  the percen tage  of the aminohydrazone  t au tomer  is 
lower than the value f r o m  e lec t ronic  s pec t r a l  data.  This d i s c r epancy  is due to the fact  that  the posi t ion of the 

I = II equi l ibr ium depends m a r k e d l y  on the concentra t ion of the solutions.  According to the e lec t ronic  s p e c -  
t r a l  data  for  I i - I I i ,  the equi l ibr ium pe rcen tages  of the aminohydrazone for  1 .6 .10  .5 and 4 . 1 0  .5 M solutions 
in ch loroform a r e  42 and 30o/0, as  compared  with 87, 47, and 330/0 for 1 .6 .10  -5, 4-  10 -5, and 1.6" 10 -4 M so lu -  
tions in DMSO. The equi l ibr ium percen tages  of t au tomer  If  a re  49 and 35% for 4 . 1 0  -5 and 1.7" 10 -4 M so lu-  
t ions of I f - I I f  in DMSO. Thus the equi l ibr ium is shifted to favor  the fo rmat ion  of iminohydrazine fo rm II as  
the concentra t ion of the solut ions i n c r e a s e s .  This  can be  explained by i ts  s tabi l izat ion as  a r e su l t  of the f o r -  
mat ion  of in t e rmolecu la r  hydrogen bonds. However ,  the abil i ty of t a u t o m e r s  I to a s soc ia t e  is reduced because  
of the fo rmat ion  in them of the in t r amolecu la r  hydrogenbond c h a r a c t e r i s t i c  for  s t r u c t u r e s  of a s i m i l a r  type [7]. 

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

The method for  the m e a s u r e m e n t  of the s p e c t r a  was p resen ted  in [8]. The yie lds ,  TLC data,  and the 
r e su l t s  of e l e m e n t a r y  ana lys i s  of the new compounds a r e  p resen ted  in Table  4. 

For  the m e a s u r e m e n t  of aminohydrazone  fo rm I in the equi l ibr ium mix tu re  of t au tomer s  I and II, the 
subs tances  we re  d issolved rapidly  in DMSO, the resu l t ing  5" 10- 3 M solutions were  immedia te ly  diluted with 
the appropr i a t e  solvent  to the above- indica ted  concentrat ion,  and the optical  dens i t ies  were  m e a s u r e d  with an 
SF-10 spec t ropho tomete r  until changes with t ime  ceased.  The optical  densi t ies  of the 1.6" 10 .4 M solut ions 
were  m e a s u r e d  a t  a l ayer  th ickness  of 0.5 cm,  as compared  with a layer  th ickness  of 1 cm for  4 . 1 0  .5 M so lu -  
t ions and 5 cm for  1 .6 .10  .5 M solutions.  The s p e c t r a  of fixed t au tomers  Ib and Iib we re  used to calculate  the 
percen tage  of the hydrazone fo rm in solutions of I a - I Ia ,  and the spec t r a  of Ij and IIb were  used to calcula te  
the pe rcen tage  of the hydrazone fo rm in solutions of If-IIf .  In the case  of I - I I m  the solutions contain, in addi-  
t ion to t au tomer  Im,  the product  of i ts  cycl izat ion with the fo rmat ion  of a thiadiazine r ing [8]; the amount  of 
the l a t t e r  i nc rea se s  with t ime  and as  the po la r i ty  of the solvent  inc reases .  Tau tomer  I Im is not obse rved  in 
the solutions.  In the calculat ion of the percen tage  of the hydrazone t au tomer  in a solution of I i - I I i  in a m i x -  
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TABLE 4. Isatin 2-Thioxohydrazones 

Com- 
pound 

lh 
Ii 

IIi 
Ik 

rap, ~ 

189 
176 
197 e 

R ta 

0,79 (A) 
O,O7 (B) d 
0.40 (B 
0,91 (C) 

Found, % 

N I S 

22,7 1 12.8 18,7 10.5 
18.6 I~,6 
16,8 9,4 

Empirical for- 
mula 

CItH,2N40S 
C,sH3~N40S 
C,~H,2N,OS f 
C,~HI6N40~S 

cale., % 

N I S 

22,6 I t2,9 18,9 t0,8 
18,9 t 0,8 
16.5 9,4 

Yield, 
% 

35 
56 
66 
76 

a) Activity II aluminum oxide. The solvent systems are indicated 
in parentheses: A) chloroform-peixoleum ether (7 : 1); B) ben- 
zene; C) benzene-methanol (10 : 1). b) From butanol, e) From 
propanol, d) Undergoes tautomeric conversion under TLC con- 
ditions, e) From DMF-water (2 : I). f) Found: C 60.3; H 5.1%. 
Calculated: C 60.0; H 4.7%. 

ture of chloroform and DMSO, the spectra of this compound in the indicated individual solvents were regarded 
as the spectra of the pure tautomers, since the absorption band of the other tautomer was not detected in 
them. 

1-Methylisatin 2- (4-Methyl)thiosemicarbazone (Ih). Boiling solutions of 2.46 g (23 mmole) of 4-methyl- 
thiosemicarbazide in 30 ml of water and 5.45 g (23 mmole) of 1-methyl-2-phenylimino-3-oxindole in 75 ml of 
alcohol were mixed, and heating was continued for 2.5 h. The mixture was then cooled and filtered, and the 
filtrate was evaporated in vacuo to two-thirds of its original volume. The liberated reaction product was 
tri turated with hexane (four 6-ml portions), and the precipitate was removed by filtration, washed with boiling 
water (three 6-ml portions) and alcohol (two 3-ml portions), dried in vacuo over phosphoric anhydride, re -  
precipitated from acetonitrile by the addition of hexane (the yield from reprecipitation was 64%), and crystal -  
lized from butanol to give lh in the form of dark-cherry-red  crystals.  

Isatin 2-(4-Phenyl)thiosemiearbazone (Ii). A suspension of 12.4 g (79 mmole) of finely ground 4-  
phenylthiosemicarbazide in 150 ml of water and a solution of isatin O-methyl ether (obtained from 22.4 g of 
the silver salt of isatin) in 200 ml of benzene were mixed, and the mixture was shaken for 1 h. It was then 
filtered, and the solid material  was washed with boiling water (three 10-ml portions), benzene (10 ml) ,  and 
hexane (15 ml) ,  and dried in vacuo to give the iminohydrazine tautomer of Ii in the form of fine orange c rys -  
tals. A suspension of 15.4 g of this substance in 85 ml of benzene was heated to the boiling point, and the hot 
solution was filtered. The precipitate was washed with boiling benzene (10 ml) and pentane and dried in vacuo 
to give the aminohydrazone tautomer of Ii in the form of reddish crystals.  According to the data from TLC 
and the UV and ,MR spectra, these tautomers rapidly undergo interconversion in solution. 

1-Methylisatin 2-[4-(p-Methoxyphenyl)]thiosemicarbazone (Ik). A solution of 1.64 g (7 mmole) of 1- 
methyl-2-phenylimino-3-oxindole aixi 1.37 g (7 mmole) of 4-(p-methoxyphenyl)thiosemiearbazide [9] in 30 
ml of alcohol ~as  refluxed for 45 rain, after which it was allowed to stand overnight. It was then filtered, and 
the precipitate was washedwith alcohol (5 ml) and dried. The reaction product (1.8 g) was crystallized suc- 
cessively from propaaol-butanol (2.6 : 1) and dimethylformamide-water  (2:1), washed with alcohol, and 
dried at 90 deg C to give Ik in the form of dark-cherry-red crystals.  
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BENZINDOLES. 

1 7 . *  V I L S M E I E R  R E A C T I O N  IN T H E  A N G U L A R  

TE T R A H Y D R O B E N Z I N D O L E  S E R I E S  

L.  B.  S h a g a l o v ,  G. M. O s t a p c h u k ,  
A. D. Z l o b i n a ,  V.  N. E r a k s i n a ,  
T .  A. B a b u s h k i n a ,  A. M. V a s i l W e v ,  
a n d  N. N. S u v o r o v  

UDC 547.759.3 

The behavior of tetrahydro [4,5]- and tetrahydro[6,7]benzinodoles in the Vilsmeier  reaction was 
investigated. It was established that the s ter ic  hindrance created by the cyclohexane ring con- 
densed in the 4 and 5 positions has a substantial effect on the character  of the reaction of t e t ra -  
hydrobenzindoles with various N,N-disubstituted amines. A case of N-acylation in the investi-  
gated reactions is described. 3-Formyl-4,5,6,7-totrahydro [4,5]- and 6,7,8,9-tetrahydro [6,7] - 
benzindoles were converted to the corresponding tryptamines. 

The study of the Vilsmeier  reaction in the case of angular benzindoles and their tetrahydro derivatives 
has made it possible to ascertain the effect of a condensed benzene ring on the reactivity of the 3 position. It 
has been previously established [2] that the yields of 3-acyl[4,5]- and 3-acyl[6,7]-benzindoles in the Vilsmeier  
react ion with various dimethylacylamines depend on both the electrophilicity of the attacking complex and on 
the distribution of electron density in the benzindole molecule. The electron density in the 3 position of [6,7] - 
benzindole is somewhat higher than in the case of the [4,5] isomer [3]. It follows from Table 1 that the yields 
of 3-acyl[6,7]benzindoles are somewhat higher than the yields of 3-acyl[4,5] isomers: this was manifested 
part icularly clearly in the reaction with the least reactive compound, N,N-dimethylacetamide: in the case of 
[4,5]benzindole no reaction at all occurred. On the basis of the different react ion times for the isomeric ben- 
zindoles with dimethylbenzamide (Table 1), it was concluded that in the case of attack by a bulky complex the 
benzene ring condensed in the 4 and 5 positions evidently creates  s ter ic  hindrance. 

This conclusion is confirmed by the resul ts  of a study of the Vilsmeier  reaction with tetrahydro [4,5l- 
and tetrahydro[6,7]-benzindoles, which differ little with respect  to the magnitude of the electron density in the 
3 position. For example, 6,7,8,9-tetrahydro [6,7]benzindole therefore reacts  with N,N-diethylchloroacetamide 
under conditions similar to those for indole itself, and the yield of the corresponding 3-chloroacetyl der iva-  
tives is 60% in both cases. However, the yield of 3-chloroacetyl-4,5,6,7-tetrahydro [4,5]benzindole (V) falls to 
42%, and this constitutes evidence for s ter ic  hindrance created by the hydrogenated benzene ring condensed 
in the 4 and 5 positions, as in the [4,5]benzindole ser ies .  

We have established that the reaction of tetrahydro [4,5]benzindole with N,N-dimethyibenzamide leads to 
two substances. Treatment of the reaction mixture with water precipitates IX, the IR spectrum of which does 
not contain absorption bands in the region of NIt vibrations. When it was hydrolyzed with alcoholic alkali, it 
gave the starting tetrahydro [4,5]benzindole and benzoic acid. This enabled us to assign the N-benzoyl-4,5, 
6,7-tetrahydro[4,5]benzindole structure to IX. The PMR spectrum does not contain the signal of protons of 
an Ntt group but does contain signals of 2-H (7.26 ppm) and 3-I4 (6.64 ppm) protons with characterist ic  spin- 
spin coupling constant (SSCC) J2,a = 4.1 Bz, as well as signals of 8-H and 9-It protons, which form an AB 
system with 7.00 ppm for 6-14 and 7.90 ppm for 7-H, J3,9 = 0.6 14z, J8,9 = 8.00 Hz~ similar to what is observed 
for unsubstituted benzindole and its derivatives [3]. The considerable deshielding of the 7-H proton of the N- 

*See [1] for communication 16. 
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