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A method has been developed for the synthesis of the previously undescribed hydroxy- and 
amino-l-benzazolyl-2t-pyrazoles.  Examination of the IR spectra and determination of the 
dipole moments has shown that these derivatives exist in the crystalline form and in solu- 
tion as the hydroxy and amino forms, which are stabilized by intramolecular hydrogen 
bonding. 

Continuing our investigations into nonplanar bisheterocyelic nitrogen-containing systems [1], we 
have synthesized the previously undescribed 5-hydroxy- and 5-amino-i-(2Y-benzazolyl)pyrazoles (I-V), 
and investigated their physicochemieal properties and structure. 

R \  7R' 

I 

i -v  

I R=C6H5, R'=H, X=.OH, Y~S; 
I1 R=C6Hs, W=CH2CsH5, X=OH, Y=S; 

I l l  R=CH2C6Hs, R'-C6H 5, X=NH2, Y =S; 
IV R=CH2C6Hs~ R'=C6H 5, X-OH, Y=NH; 
V R=CH2CsH6, R'=C~Hs, X=OH, Y=NCH2Csfl5 

The 5-hydroxypyrazoles I, II, IV, and V were synthesized from benzazolylhydrazines [2] and fl-ketoesters 
[3] (1), and the 5-amino derivative III, from 2-hydrazinobenzothiazole and benzylphenyliminonitrile (2). 

N fR--~ -CH(R~)-CO0 R" 
[ ~  ~ N H _ N H 2 +  I 0 ,,,l, ,v, v 

IC6HsCH2--C--CH(C6115)CN ~ |[I 
f l  

Y=S, NR NH 

Compounds I-V were identified by their analyses, mprs, ~Rf values (thin layer chromatography on 
alumina, and on paper [fast, Volodarsk manufacture]), electrophoretic mobilities, UV and IR spectra, and 
the values of the dipole moments). 

In examining the structures of the 5-hydroxy- and 5-aminobenzazolylpyrazoles, we were interested 
in the following questions: 

* For  part III, see [12] 
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1) The t au tomer i c  f o r m s  in which I -V exist  in the solid state and in solution. 

2) The poss ib le  fo rmat ion  of in t ra -  and i n t e r m o l e c u l a r  hydrogen bonds.  

3) The p r e f e r r e d  conformat ions  of mo lecu le s  I-V.  

In the IR s p e c t r a  of I, II, IV, and V in the solid state,  no absorp t ion  bands a re  found above 1640 c m - t ,  
poss ib ly  indicating that only the hydroxy f o r m s  a r e  p re sen t  in the c rys ta l l ine  s tate  [4]. No significant 
changes a re  obse rved  i n thebenzazo ly lpy razo l e s  when the IR spec t r a  a re  r e co rded  in ch loroform.  Only in 
t e t r ahydro fu ran  does  a weak absorp t ion  band appear  at 172() cm -1, pe rhaps  indicating a slight shift of the 
t au tomer i c  equi l ibr ium toward the keto f o r m  [4]. 

Among the four  bands in the 1500-1600-cm - t  reg ion  at t r ibuted to the s t re tching v ib ra t ions  of the C = C 
and C = N  bonds, all the compounds I -V show a pa r t i cu l a r ly  intense band at 1570-1580 cm - t  which, by ana-  
logy with [4,5], may  be due to the sum of the s t re tch ing  v ib ra t ions  of the pyrazo le  and benzazole  r ings .  

In the L i F - f r e q u e n c y  region,  I, II, and V show f requenc ies  due to the bound OH group, a wide band 
with a m a x i m u m  at 3440 c m -  i in the c rys t a l l i ne  state,  and a nar row band at 3270 c m - t  in cMorofo rm.  The 
IR s p e c t r u m  of the benz imidazole  IV in this region d e s e r v e s  spec ia l  cons idera t ion .  Unlike the benzthi -  
azo les  I and II  and the 1 -benzy lbenz imidazo les  V, in the solid s tate  a wide, in tense  band is  found at 2500- 
3100 cm- l ,  and a na r row one at 3270 c m - t .  The f i r s t  of these  absorp t ions  is  c h a r a c t e r i s t i c  of the s t r e t c h -  
ing v ib ra t ion  of the imino group in the imidazo le  ring, involved in s t rong i n t e rmo lecu l a r  hydrogen bonding 

§ 
of the type NH 2 . . . .  N [6], and the second, as ment ioned above, may  be due to the bound OH group. In chlo- 
r o f o r m  so lu t ion ,  in addition to the v ib ra t ions  of the bound OH group, low-intens i ty  bands appear  at 3430 
and 3610-3640 cm -1. We may  conclude that, in solution at low concent ra t ions ,  IV can exis t  par t ia l ly  in 
the hydroxy form,  with f r ee  NH and OH group 

Thus,  the 5-hydroxy de r iva t ives  of 1 -benz th iazo ly l (2 ' - imidazo ly l )pyrazo les ,  both in the solid s tate  
and in solution, exis t  p redominant ly  in the hydroxy fo rm.  Stabilization of the l a t t e r  in these  compounds i s  
apparen t ly  de te rmined  by the f o r m a t i o n  of i n t r a -  or  i n t e r m o l e c u l a r  hydrogen bonds.  

The changes  obse rved  in the L i F - p r i s m  region on pass ing  f r o m  the c rys ta l l ine  state to solution in-  
dicate  c l e a r l y  [7] the p r e s e n c e  of i n t r a m o l e c u l a r  hydrogen bonds in I, I'I, and V. Ins tead of the wide, d i f -  
fuse  bands at 3300-3500 cm -1, a na r row band a p p e a r s  at 3270 cm - t .  

A r egu la r i t y  s i m i l a r  to that desc r ibed  above is  seen  in the IR spec t r a  of the 5-amino de r iva t ives  
III .  The nar row,  c l ea r  peaks  which appear  at 3300 (crys ta l l ine  state),  3330 (CC14) , 3400, and 3480 c m  -1 
co r re spond  to the s t re tch ing  v ib ra t ions  of the NH 2 group involved in i n t r a m o l e c u l a r  in te rac t ions  of the 

H 
type N~/H -.. N~. [7]. Actually, the s y m m e t r i c a l  s t re tch ing  v ib ra t ions  of the NH 2 group (vsCalc), a cco rd -  

ing to calculat ion,  should occur  at 3394 cm -1 [8], the deviat ion f r o m  this  f igure  does not usual ly  amount 
to m o r e  than 5 cm-1.  In this case ,  it r e a c h e s  64 c m  - t  (~ ' s ca le -~seXP=3394-3330  em-1), which is c h a r a c -  
t e r i s t i c  for  i n t r a m o l e c u l a r  hydrogen bonds between one of the H - a t o m s  of the NH 2 group (par t ic ipat ion of 
both the H - a t o m s  in bonding does not des t roy  the s y m m e t r y ,  and the f requency vsNH a g r e e s  with that ca l -  
culated, 3394 • 5 cm - i ) .  

+// Moleeules  I - V , t h e r e f o r e , s h o w i n t r a m o l e e u l a r h y d r e g e n b o n d i n g o f t h e  OH ... N or  H--N - -H ... N \  

type. This conclusion is conf i rmed  by both spee t r a l  and dipole momen t  de te rmina t ions .  

The s t r a igh t - l ine  re la t ionship  between the d ie lec t r i c  pe rmeab i l i t y  and concentra t ion  (10 .3 to 10 .4 M) 
shows the absence  of assoc ia t ion  in the solut ions of these  compounds [9], and, consequently,  the absence  
of i n t e r m o l e c u l a r  hydrogen bonds.  

5 -Hydroxy-  and 5 - a m i n o - I - ( 2 ' - b e n z t h i a z o l y l ) p y r a z o l e s  (I-III) can exis t  in solution in the f o r m  of two 
p lana r  c o n f o r m e r s ,  e i ther  with i n t r a m o l e c n l a r  hydrogen bonds (A), or  without (B) (the sul fur  a tom of the 
benzthiazole  r ing does  not usual ly  pa r t i c ipa te  in coordinat ion and the fo rma t ion  of hydrogen bonds), and 
also with the angular  s t ruc tu re  invoiving bending of the azole r ing at the N 1 -  C2T bond connecting the py -  
r azo le  and benzazole  f r a g m e n t s  of the molecule  [1,9]. The s i m i l a r  l - benz imidazo ly lpy razo l e  de r iva t ive  
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IV, in addition to these configurations,  can posses s  the s t ruc tu res  C (with two in t ramolecu!a r  hydrogen 
bonds), or  the pyrazolone  s t ruc tu re  D with in t r amolecu la r  hydrogen bonds of the - C  = O . . .  H - N  type. 

R \  /R' I~ R /R" 

u"" " o ~ ' ~ / ' ~ 9  

A B C D 
( X '  O.NIt)  

In o r d e r  to decide between these confo rmers ,  the exper imenta l  (#exp) and calculated (Pcalc) values of the 
dipole moments  were  compared .  

The essent ia l s  of the calculation method employed have been descr ibed  previously  [9]. The direct ion 
of the dipole moment  of the benzthiazolyl  f ragment  was calculated fl:om the exper imenta l  values fo r  the 
moments  of thiophene (0.54 D), pyridine (2.2 D), and benzthiazole (1.45 D) [10]. The s imi la r  problem in 
the benzimidazole  f ragment  was solved using the Pexp for  2 ,4 ,5- t r iphenyl imidazole  (3.92 D), and 2-(p-  
to lyl ) -4 ,5-diphenyl imidazole  (3.87 D). The calculat ion was ca r r i ed  out both for  the confo rmers  A-D, and 
for  the other  possible models  C' (with the OH and NH groups situated on one side of the N I - C  2 bond in IV), 
C" (s imilar  to C, but with the d i rec t ion of the OH vec tor  such that the format ion  of in t ramolecula r  hydro-  
gen bonds is  not possible) ,  C"  (s imilar  to C', but with the OH vec tor  d i rec ted  as in C", and D' (with the 
C = O group situated on one side of the N 3, ni t rogen atom of the benzimidazole  ring and the N H . . .  N 2 hydro-  
gen bond of the pyrazole  ring). Comparison of Pexp and Pcalc  shows that the exper imenta l  values are  close 
to #calc fo r  configuration A, with in t ramolecu la r  hydrogen bonds. Thus,  fo r  III, Pexp= 1.59 D, PcalcA= 
1.86 D and Pca lcB=4 .04  D. In the benzimidazole  IV, there  is  l i t t le  di f ference between Pexp (3.37 D) and 
~calc  C (3.38 D); fo r  Pca l cC '=  5.30 D, Pca l eC"=2 .09  D, PcalcCm=6.098 D, pca lcD= 1.23 D, and pca lcD '=  
6.64 D. 

The di f ference between the values  of Pexp (4.37 D) and # t a l c  C (3.38 D) is  somewhat g r ea t e r  in 5- 
hydroxy- l ' -benzy lbenz imidazo ly lpyrazo le  (V), possibly as a resu l t  of the p resence  of only one in t ramolec-  
u la r  hydrogen bond of the OH . . . .  N 3, type, resul t ing in a reduct ion in the stability of the planar  s t ruc ture  
of type C. 

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

5-Hydroxy- (2-benzazo ly l )pyrazo les  (I, II, IV, and V) were  obtained by boiling a mixture  of 0.05 mole 
of the appropria te  hydrazine [2] and 0.5 mole of the fl- ke toes te r  [3] in 50 ml of ter t -butanol ,  5 ml of water,  
and 5 ml of glacial  acet ic  acid for  12 hr.  After the solvents were  removed  in vacuo, the residual  hydroxy- 
pyrazole  was r ec ry s t a l l i z ed  f rom a suitable solvent, and dried in the vacuum des icca tor  over  P205. 

The yie lds  and p rope r t i e s  of the compounds are  given below. I, yield 73%, co lor less  plates,  mp 201 ~ 
C (from 80% methanol).  Found, %: C 65.08; H 3.32. Calculated fo r  Ci6HllN3OS , %: C 65.53; H 3.78. UV 
spect rum (in ethanol): kma x 307 nm, loge  4.40. l~f A1203 (i-C~HTOH: 2-N NH4OH: CHC13=20: 10: 1) 0.80. 
Rf  on paper  ( isopentanol-formic acid H20 = 20 : 4 : 2), 0.85. E lec t rophore t i c  mobility (electrolyte 30 % ace- 
tic acid, pH=l .4 ) ,  14.0. II, yield 76%, co lo r l e s s  needles,  mp 165 ~ C (from 80% isopropanol).  Found, %: 
C 71.79; H 4.56. Calculated fo r  C23H17N3OS , %: C 72.05; H 4.47. UV spect rum (in ethanol): Xmax 307 nm, 
log e 4,48. Rf  A12Os, 0.80; R f o n  paper  0.91. E lec t rophore t ic  mobili ty 11.7. IV, yield 63%, c o l o r l e s s c r y s -  
talline plated, mp 224 ~ C (fr~)m 80% isopropanol).  Found~ %: C 75.73; H 5.37. Calculated for  C23HisN40 , 
%: C 75.39; H 4.95. UV spect rum (in ethanol): Xmax 290 nm, log e4 .54 .  Rf  A1203, 0.67; R fo n  paper,  0.70. 
E lec t rophore t i c  mobil i ty 11.7. V, desc r ibed  in [11]. 

5 -Amino-4-pheny l -3 -benzy l - l - (2 ' -benz th iazo ly l )pyrazo le  (III) was p repared  by boiling equimolecular  
amounts of 2-hydrazinobenzthiazole  [2], the iminoni t r i le  [11], and 30% HC1 in isopropanol~ After removal  
of the solvent and excess  HC1 with a water  pump, the res idue was t rea ted  with 40% KOH, and ext rac ted  
with benzene.  The benzene was removed,  and the compound was r ec rys t a l l i z ed  f rom 80% methanol to give 
60% of co lo r l e s s  needles,  mp 163 ~ C (from methanol).  Found, %: C 72.35; H4.99. Calcula tedfor  C23HIsN4S, 
%: C 72.24; H 4.74. Rf  A1203, 0.88, Rf on paper ,  0.60. E lec t rophore t ic  mobility, 13.2. 
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The IR spectra were obtained on a "Hitachi" spectrometer. The dipole moments of III and V were 
determined in benzene, and IV in dioxane, at 25 ~ C, by the method described previously [12]. 
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