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The the r m a l ,  cata lyt i  c, and a c i d -  c a t a lyzed  t r a n s f o r m a t i o n  of  3, 3 , 5 - t r i p h e n y l p y r a z  o len ine-  
4 - c a r b o x y l i c  ac id  e s t e r s  was  s tudied.  The t h e r m a l  and a c i d - c a t a l y z e d  i s o m e r i z a t i o n  of  the 
p y r a z o l e n i n e s  leads  not only  to p y r a z o l e s  but a l s o  to i s o p y r a z o t e s .  A m e c h a n i s m  involving  
a 1 , 5 - s u p r a f a c i a l  s i g m a t r o p i c  sh i f t  is  p r o p o s e d  fo r  t h e  i s o m e r i z a t i o n .  I t  i s  shown that  the 
m i g r a t i o n  of  subs t i tuen ts  f r o m  the 4 pos i t ion  of the py razo l en ine  r ing,  which has  been p r e -  
v i o u s l y  p r o p o s e d  a s  a v a r i a n t  of the van  Alphen r e a r r a n g e m e n t ,  does  not  occu r .  

One of the c h a r a c t e r i s t i c  p r o p e r t i e s  of p y r a z o l e n i n e  s y s t e m s  is  t he i r  ab i l i ty  to undergo  the van A1- 
phen  r e a r r a n g e m e n t ,  i .e . ,  to undergo  i s o m e r i z a t i o n  to the c o r r e s p o n d i n g  p y r a z o l e s .  This  s o r t  of i s o m e r -  
i za t ion  m a y  p r o c e e d  v ia  two pa thways  [2]: 

R 

II I I l l  

Thus m e t h y l  3 , 4 , 5 - t r i p h e n y l p y r a z o l e - l - c a r b o x y l a t e  (Ha, pa thway  A) and me thy l  1 , 3 , 5 - t r i pheny l -  
p y r a z o l e - 4 - e a r b o x y l a t e  (El/a, pa thway B) w e r e  obta ined  as  a r e su l t  of  i s o m e r i z a t i o n  of  me thy l  3 , 3 , 5 - t r i -  
p h e n y l p y r a z o l e n i n e - 4 - c a r b o x y l a t e  (Ia, R = R '  = Ph,  R "  = COzCH 3) [3, 4]. Al though the i s o m e r i z a f i o n  of  
p y r a z o l e n i n e s  v ia  path  B ha s  been  o b s e r v e d  r e p e a t e d l y  and c o n f i r m e d  by a n u m b e r  of  i n v e s t i g a t o r s  [4, 5], 
t h e r e  i s  no conv inc ing  p r o o f  fo r  the f o r m a t i o n  of  p y r a z o l e s  v ia  path A. 

* See [1] f o r  a p r e l i m i n a r y  c om m un i c a t i on .  

T A B L E  1. UV, ]1% and PMR Spec t ra  of  the Comgounds  Obta ined 

Compound[ UV spectrum, kmax, IR spectrum, v, cm'l  PMR spectrum, r, ppm* 
t nm (log 8) 

Ia, ' ,2fl9 ~4,27), 294 (3,80) lZ29 (C=O) 
Ib ; ,240 (4,3!1), 300 (~3,6k5) 17~8 (C=O) 

IIa 269 (4,36) 1760 (C~O) 
IIIa @39 (,4,47) 1,7,1!2 (C=O) 
Iltb ~242 (4,~i) " 17110 (C=O) 
IVa 292 (,4,04) I71'1 (C=O), 
IVb ,292 (4,03) 1710 (C=O), 
V i234 (4,49) I751 (C=O) 

VI ,2~6 (4,+5) 34~ (N--H) 
VlIa 3~5 (,4,29)- 17~b0 (C=O) 
VlIb 8~ (4,'25) I748 (C=O) 

~1s~5 (c=c) 
~18'23 (C~C) 

6,61 s (OCH3) 
5,9~1 q (CH2),9,01 s (CH3) 

6,47 s (OCH7 
6,00 q (CH2), 9.03 s (CI-Is) 

6,33 s (OCI-t3) 

* A b b r e v i a t i o n s :  s i s  s ing le t  and q i s  qua r t e t .  
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TABLE 2. Calculated Coef f ic ients  of  the HOMO and LVMO of 
Radica l s  XI and Radical  Cat ions  XII 

i HOMO coefficien~ I c~c s i LVMO coefficients c~c s 

r:l , :  l 2 ] 3 i 4 5 ! c~c2 c3C, 1 2 3 4 ! 5 c~c~ i c3c, 

t 1 ~ I [ ! I i I 1 
XIa--0,44! 0,44; 0,56 0 ]-0,56]02'5i0 I 056-0,56I 0,4410 ]-0.4,4-0,251 0 
Xlb 037 i - -037- -035  0 0 ~ 5 [ 0 t 3 0  1 0141 014!-0280,26--0 .28! -0 .04- -007 

Ktla:-0,63 0 ! 0,59 0,44-0,23i0 0,~6-0,56: 0,39i--0,58 0,16 0.~3 - 0  23. -0,09 
X I I b  0 5 7 - 0 , 1 9 - 0 , 2 9 - 0 2 3  024'0,06 0,07--0,20 0,25'-0A3 0,26 0 -0,11 -0,11 

In order  to study the direct ion and m e c h a n i s m  of the van Alphen rearrangement ,  we  invest igated the 
thermal ,  ac id -ca ta lyzed ,  and photol)~ie  t rans format ion  of  the methyl  (In) and ethyl fib) e s t e r s  of 3 ,3 ,5 -  
t r ipheny lpyrazo l en ine -4 -carboxy l i c  acid,  which w e r e  obtained by react ion  of d iphenyldiazomethane with 
the appropriate  phenylpropiol io  acid e s t e r s .  

When e s t e r s  I w e r e  heated,  two compounds ,  which were  i s o m e r i c  with re spec t  to the starting p y r a z o -  
l en ines ,  w e r e  obtained in addition to cyc lopropene  der ivat ives  IV. 

N~..>,Ic~ H ~ 

C6H5 / \CO~R ~ CO.,R ~ s CO:R 

CF~H~ 
( Cctt.,)~ CN~ N ~ r4 "-..~! C~H 

C02R I a, b 

V I I  a, b 

t OH- 

tl 
OH- ~ _ ~  C6H5 

- C,~ I15.~__~C6 li$ 
Yl 

H + 80 ~ 
f .... ' ~ llia.b ~ v H a , b  

hx, - i v a , b  a R=CH~; b R=C2H ~ 

IVa,  b llla, b 

N/NNv~CJt5 

COII~ ~ xCo,,H 
V 

The phys ica l  constants  and spectral  c h a r a c t e r i s t i c s  of  one of the i s o m e r s  w e r e  in agreement ,  r e -  
spect ive ly ,  with the p r e v i o u s l y  descr ibed  methyl  (lZIa) [4] and ethyl (IIIb) [6] e s t e r s  of  1 ,3,5-triphenyt" 
p y r a z o l e - 4 - c a r b o x y l i c  acid,  and their  s t ruc tures  w e r e  a l so  conf irmed by hydro lys i s  to known acid V [7]. 
The mel t ing  point of the other  i s o m e r  obtained by heating e s t e r  Ia coincided with the me l t ing  point of  the 
p r e v i o u s l y  descr ibed  [3, 4] pyrazo le  Ha. However ,  van Alphen and Htittel and c o - w o r k e r s  [3, 4] cite the 
format ion  of 3 ,4 ,5 - tr iphenylpyrazote  WI)during the hydrogeno lys i s  of  pyrazo l e  Ha a s  the only ex~idence in 
favor of s tructure  IIa. This  cannot constitute proof ,  inasmuch  as  the hydro lys i s  of s tar l ing  pyrazo len ines  
I, just a s  the hydro lys i s  of  i s o p y r a z o t e s  VII, l eads  to the same  resul t .  In fact,  the s tructure  of 3 , 4 , 5 - t r i -  
p h e n y l i s o p y r a z o l e - 4 - c a r b o x y l i c  acid e s t e r  (VII), with which the IR and UV spectra  are  in agreement ,  cor -  
responds  to the above -ment ioned  i s o m e r .  The m o s t  convincing conf irmat ion of this  i s  of fered by the UV 
spectra ,  in which the pos i t ion and intens i ty  of the long-wave  m a x i m u m  (Xmax 325 nm, log ~ 4.25) coincide 
with the analogous  c h a r a c t e r i s t i c s  of  s i m i l a r  i s o p y r a z o l e s  [8] and other  mode l  compounds [9]. The p r e s -  
ence  of th is  sort  of  long-wave  m a x i m u m  i s  by no m e a n s  l inked with the s tructure  of p y r r a z o l e s  IIa, i n a s -  
much  as  absorpt ion at 240-270 nm (Table 1) i s  charac ter i s t i c  for  phenyl-subst i tuted p y r a z o l e s .  The syn-  
t h e s i s  of  an authentic  sample  of p y r a z o l e  Ha, which we a c c o m p l i s h e d  via  the fo l lowing s c h e m e ,  became a 
dec i s ive  proof  in favor  of our reasoning:  

H ~ O~CH3 
i 3 N ~ C a H  CiCO2CH3 N ~ r C ~ H 5  

C6H5 ~ \C6H 5 C6H 5 C6H 5 
Vl l |a  

The mel t ing  point and the spectral  charac ter i s t i c s  of the pyrazo le  (I~)  that we obtained were  not in 
a g r e e m e n t  with the analogous  data for  the compound prev ious ly  i so la ted  in [3, 4]. 

Just as  in the case  of  thermal  i s o m e r i z a f i o n ,  p y r a z o l e s  IH and i s o p y r a z o l e s  VII were  i so la ted  in the 
c a s e  of a c i d - c a t a l y z e d  i s o m e r i z a t i o n  of p y r a z o l e n i n e s  I in g lac ia l  ace t i c  acid.  However ,  whereas  the 
pyrazo le  to i s o p y r a z o l e  ratio was  7 : 1 in the case  of thermal  i s o m e r i z a t i o n ,  it  was  1 : 1.25 in the case  of 
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ac id -ca ta lyzed  i somer iza t ion .  Nitrogen cleavage products  - t h e  corresponding cyelopropene der ivat ives ,  
namely,  methyl  (IVa) [11] and ethyl (IVb) 2 , 3 , 3 - t r i p h e n y l c y c l o p r o p e n e - l - c a r b e x y l a t e s -  were  obtained in 
the photolytic decomposi t ion [10] of pyrazolenines  I as  the only react ion products .  I somer iza t ion  products  
were  not detected in the reac t ion  mixture .  

The i somer i za t ion  of pyrazo len ines  to pyrazo les  and i sopyrazoles  under  both the rmal  and ac id -ca t -  
a lyzed conditions can be r ep re sen t ed  as  a 1 ,5-s igmatropic  shift [1, 12], the only dif ference being that mi -  
gration of the phenyl group in the pyrazolenine  to give a phenyl radical  (radical  V I ~  in an in termedia te  
step occurs  during the rma l  i somer iza t ion ,  whereas  in acid catalysis  migra t ion occurs  in cation IX to give 
a phenyl r a d i c a l - r a d i c a l  cation pa i r  (X). 

H 
/ n \ .  ~r ~y~)c ~ N1 2 3~ 
~ 4/ \~4 / 

R/C~E\R" r /C" ~{:\R" 

xta. b xll a, b 

R'~CO~CH3; a R=H; b R=CH2~CH 

Quantum-chemical  calculat ions make i t  poss ible  to explain the observed  direct ion of i somer iza t ion  
during thermal  and ac id -ca ta lyzed  p roce s se s ,  as  well as the absence of i spmer iza t ion  products  during 
photolytic decomposi t ion of pyrazolen ines .  The resu l t s  of calculations made for  model  radica ls  XI and 
radical  cations XII of the compounds a r e  p re sen ted  in Table 2 (calculations could not be made for  VIII and 
X because  of the l imited possibi l i t ies  of the computer  used). 

J 
N ~ H Ph| 

g g 

/ 

Only the higher  occupied molecu la r  orbi ta ls  (HOMO) will par t ic ipa te  in the i somer iza t ion  p rocess ,  
inasmuch as  the coeff icients  of the lower  vacant  molecu la r  orbi ta ls  (LVMO) in the adjacent  a toms between 
which migra t ion of the phenyl group occurs  have different  signs. Inasmuch as the photolytic decomposit ion 
of pyrazolen ines  p rede t e rmined  par t ic ipat ion of the LVMO in the p rocess ,  the absence of i somer iza t ion  
products  during photolysis  becomes  understandable.  On the other  hand, a compar ison of the HOMO coef-  
f ic ients  obtained for  the cor responding  radica ls  and radical  cations makes  i t  possible  to explain the p r e -  
dominant format ion  of pyrazo le  III during the rmal  i somer iza t ion  and the ra t io  of the pyrazo les  (I~) and 
i sopyrazo les  (VII) f o r m e d  under  the conditions of the ac id-ca ta lyzed  p rocess .  The probabi l i ty  of i s o m e r -  
izat ion will be de te rmined  by the product  of the coefficients  (cic j) of the HOMO of the atoms between which 
migra t ion occurs  [13]. Thus i somer iza t ion  with migrat ion of a phenyl group to the N 2 atom should be ex-  
pected when the pyrazolenines  a re  heated, inasmuch as  c2> c 4 (Table 2). Migrat ion to the C 4 atom is p r e f -  
e rable  in the ac id -ca ta lyzed  i somer iza t ion .  The resu l t s  of calculat ions of model  radica ls  XIb and radical  
cation XIIb, which a r e  apparent ly  c lose r  to invest igated sys tems  VI~ and X, co r re l a t e  mos t  sa t i s fac tor i ly  
with the exper imenta l  data. Thus the i somer iza t ion  of pyrazolenines  p roceeds  via a mechanism involving 
a 1 ,5-suprafac ia l  s igmatropic  shift: a 1 ,5-s igmatropic  shift to the ni trogen atom leads to the format ion of 
a pyrazole ,  whereas  a shif t  to the carbon atom leads to an i sopyrazole .  

EXPERIMENTAL 

The PMR spec t ra  of CHC13 solutions of the compounds were  r eco rded  with a Var ian  HA-100 spec-  
t r o m e t e r  with hexamethyldis i loxane a s  the in ternal  standard.  The UV spec t ra  of methanol solutions were  
obtained with a P e r k i n - E l m e r  M-402 spec t rophotomete r .  The IR spec t ra  of ch loroform solutions were  
r eco rded  with a UR-10 s p e c t r o m e t e r  (Table 1). The quantum-chemical  calculations were  made by the 
Hfickel MO method with the following p a r a m e t e r s :  hi~ = 0.5, hN= 2, kc= N = 1, h~ = 1.5, kc= O = 1.4 [14], h~ =2, 
and kc_  O = 0.8 [15]. The course  of the react ions  and the separat ion of the react ion mix tures  were  moni-  
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TABLE 3. Phys ica l  Constants  and Resu l t s  of E l e m e n t a r y  Ana lys i s  
of HI IV, and VII 

Corn- rap, Found, % Empirical Calculated, % Yield, % 
~,ound ~ - - -  7- fon-nula . . . . . . .  (synthetic 

c H ~ N C ~ H : X method)* 
,, 

I,IIa 140 77,8 5,3 ! 7,7 [ C2aH~sN~O2 78',0 i 5,1 7,9 
IIIb 146 78,t 5,4 I 7,7 I Ce4HzaN~02 78,2 5,5 7.6 

15.'8 i 84~,6 5.6 IVa 84,6 5,4 -- , C~aH~802 
IVb ~ 84,4 6,0 , i C~4H~oO2 84 7 519 

Vlla I 77,9 5,2 I 7,9 i C~aHlsN202 78,0 5,l 7,9 
VIIb 143-- 78.0 5,4 i 7,6 C24H~0N~02 78,2 5,5 7,6 

~144 ] 

75 (B);40 (Ci 
70 (B); 40 ~C) 
60 (a); 8 (B) 
55 (A); ~ (B) 
~o (B); ~ (c) 
]o (B); t~ (C) 

* Symbols:  A indicates  photelyt ic  decomposi t ion,  B indicates  t h e r -  
m a l  i somer i za t i on ,  and C indicates  a c id - ca t a lyzed  i somer i za t i on  
of the pyrazo len ines .  

t o r ed  by means  of t h in - l aye r  ch roma tog raphy  (TLC) and colttmn chromatography ,  r e spec t ive ly ,  with a c -  
t iv i ty  I I  a luminum oxide and elution with hexane -d i e thy l  e the r  (7 : 3). The physical  constants  and resu l t s  
of e l e m e n t a r y  ana lys i s  of Ill ,  IV, and VII a r e  p re sen ted  in Table  3. 

Ethyl  3 ,3 ,5 -Tr ipheny lpy razo l en ine -4 -ca rboxy la t e  (Ib). A solution of 4 g (23 raraote) of ethyl phenyl-  
p rop io la te  [16] and 6 g (21 mmole)  of diphenyldiazoraethane [17] in 20 ral of hexane was ref luxed on a wa te r  
bath fo r  4 h. Af te r  the s ta r t ing  e s t e r  had d i sappea red  in the reac t ion  mix tu re  (according to TLC), the hex-  
ane was vacuum evapora ted ,  and the res idue  was chroraa tographed  with a column fi l led with A1203 to give 
4.7 g (55%) of e s t e r  Ib with rnp 96 ~ and Rf  0.4. Found: C 78.3; H 5.7; N 7.5%. C2r 2. Calculated:  C 
78.2; H 5.5; N 7.6%. 

Methyl  3 ,3 ,5 -Tr ipheny lpy razo l en ine -4 -ca rboxy la t e  (In).  As in the p reced ing  exper iment ,  e s t e r  In, 
with rap 102 ~ [4], was  obtained f r o m  methy l  phenytpropiola te  in 65% yield.  

Photolyt ic  Decomposi t ion  of Py razo l en ines  In, b. A solution of 2 g of p y r a z d e n i n e  I in 250 ral of hex-  
one was i r ad i a t ed  fo r  2 h with an i m r a e r s i b l e  h i g h - p r e s s u r e  UV lamp of the Hanau S-81 type (70 W). A 
tota l  of t00 ral (807) of ni t rogen was evolved.  The hexane was vacuum evapora ted ,  and the res idue  was 
subjected to column chroraa tography  to give e s t e r s  IV in 55-6070 yie lds .  

T h e r m a l  I s o m e r i z a t i o n  of Py razo l en ines  Ia ,b.  A solution of 2 g of pyTazolenine I and 0.01 g of hy-  
droquinone (used a s  a s tabi l izer )  in 10 ml  of o-xylene  was ref luxed on an oil bath (140-150 ~ for  40 rain. 
A total  of 10 ml  (8%) of n i t rogen was evolved.  When the mix tu re  was cooled, 1.2 g of c rys ta l l ine  e s t e r  l l I  
p rec ip i ta ted .  The c r y s t a l s  we re  r e m o v e d  by f i l t ra t ion  and washed with 3 ral of benzene.  The solvent  was 
r e m o v e d  by vacuum evaporat ion,  and the res idue  was subjected to column chromatography .  The following 
th ree  subs tances  were  isola ted:  0.15 g (870) of cyclopropene  IV with Rf 0.6, 0.3 g of pyrazo le  l lI  in an 
ove ra l l  y ie ld  of 1.5 g (70-75%) with Rf 0.35, and 0.2 g (107O) of e s t e r  VII with Rf  0.2. 

Acid I sorae r iza t ion  of Py razo len ines  Ia ,b .  A solution of 1 g of pyrazoIenine  I in 10 ml  of g lac ia l  
ace t ic  acid was heated  on a wa t e r  bath (80-90 ~ fo r  3 h, a f t e r  which i t  was cooled and diluted with water .  
The resu l t ing  p rec ip i t a t e  was r em oved  by f i l t ra t ion,  washed with water ,  dr ied,  and d isso lved  in 3 ml  of 
benzene.  The solution was subjected to column chroraa tography  to give 0.4 g (4070) of py razo le  HI and 0.5 
g (507O) of i s o p y r a z o l e  VII. 

Hydro lys i s  of  Pyrazo len ines  Ia ,b  and I sopy razo l e s  VIIa,b.  A solution of 0.5 g of pyrazolenine  I (or 
i sopyrazo le  VII) in 5 ral  of a 10% solution of sodium hydroxide in methanol  was ref luxed for  2 h on a wa t e r  
bath. The mix tu r e  was diluted with wate r ,  and the resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion and 
washed with wate r .  The yield of 3 ,4 ,5 - t r iphenylpyrazo le  (VI) with mp 261 o ( f rom benzene) [18] was 0.4 g 
(95%). 

Hydrolysis of Pyrazoles IK. A solution of 1 g of pyrazole Ill in 10 ral of a 10% solution of sodium 
hydroxide in methanol was reflexed on a water bath for 4 h. It was then diluted with 40 ml of water, and 
the alcohol  was evapora ted  complete ly .  The res idua l  ra ix ture  was cooled and acidif ied with 10go sulfur ic  
acid.  The resu l t ing  p rec ip i t a t e  was r e m o v e d  by f i l t ra t ion and washed with wa te r  to give 0.9 g (95%) of 
1 ,3 ,5 - t r i pheny lpy razo l e -4 -ca rboxy l i c  acid  (V) with mp 239 ~ ( f rom benzene) [17]. 

Methyl 3 , 4 , 5 - T r i p h e n y l p y r a z o l e - l - e a r b o x y l a t e  (IIa). A 0.5-g (5 mraole) s ample  of methyl  ch loro-  
carbonate  was  added with cooling to 0.25 g (0.8 mmole)  of py razo le  VI in 10 ml  of pyr id ine .  The pyr idine 
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was evaporated, and the residue was washed with water, dried, and recrysmll ized from pentane to give 0.2 
g (60%) of pyrazole Ila with mp 168-169 ~ Found: C 77.9; H 5.4; N 7.8%. CisH~sNzO z. Calculated: C 78.0; 
H 5.1; N 7.9%. 

The authors thank V. Ya. Bespalov for kindly providing the program of quantum-chemical calculations. 
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