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SYNTHESES, PHOTOCHEMICAL AND THERMAL ISOMERIZATIONS OF 
1 

PYRAZOLOTROPILIDENES AND PYRAZOLONORCARADIENES 

* 
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Syntheses o f  several pyrazo lo t rop i l idene der ivat ives (2 ,  _3, j? 

and 6 _ )  and i r r a d i a t i o n  o f  the phenyl de r i va t i ve  (2)  were studied - 
t o  know the e f f e c t  o f  the fused pyrazole r i n g  on photochemical and 

thermal valence isomerizat ions of pyrazolonorcaradienes (7  and 8). 

2 3 
For the past ten years, photochemical and thermal isomerizat ions of 

benzonorcaradienes have been extens ive ly  studied. Whereas, those o f  norcara- 

dienes fused w i t h  hetero-aromatic r ings are l i t t l e  known. I n  order t o  inves- 

t i g a t e  the e f fec t  o f  the hetero r i n g  on photochemical and thennal isomeriza- 

t ions o f  norcaradienes, syntheses and photochemistry o f  pyrazolotropi l idenes 

have been studied. 
4 

When the sodium s a l t  o f  the tosylhydrazone (1) (mp l lZ°C) prepared fran - 
5 

the r e a d i l y  accessible corresponding ketone was decomposed i n  diglyme a t  

135"C, (?) (mp 104'C) was i s o l a t e d  i n  92% y i e l d  [v:::, 2900 cm-l; hi:?, 246 

nm ( l o g s ,  4.08); m/e, 208 (M', loo%), 207, 131, 104, 771. On the o the r  hand, 

thetmolysis of the sodium s a l t  o f  the i r o n  carbonyl complex (5 )  (mp 148'C, - 
6 7 

dec) i n  diglyme a t  100°C resu l ted  i n  the formation o f  (6) (mp 12Z°C, dec) - 



1 
i n  r a t h e r  poor y i e l d  (28%) [v:::, 3300, 2050, 1985, 1950 cm- ; A::?, 220 (sh, 

l o g  E, 4.34) and 298 nm (sh ,  l o g  E ,  3.68); mle, 272 (M', n o t  observed), 244, 

216, 188 ( loo%) ,  132, 131, 105, 104, 771. The s i l i c a  ge l  - ca ta lyzed e q u i l i -  

b r ium among (2) ,  - (3)  - and (4)  - was a l so  found. Thus, upon t reatment o f  (2)  - w i t h  

s i l i c a  ge l  (WAKO Q-22) i n  benzene fo r  12 h r  a t  room temperature, r ed  co lo ra-  

t i o n  developed on the sur face of s i l i c a  ge l  and ( 2 ) ,  - (3)  - and ( 4 )  - were i s o l a t e d  
8 

i n  23, 15 and 23% y ie lds ,  respec t ive ly .  The s t ruc tu res  o f  these pyrazolo-  
9 

t r o p i l i  denes were s t r a i g h t f o r w a r d l y  determined by t h e i r  nmr spec t ra .  

- - - 
0 

I r r a d i a t i o n  o f  ( 2 )  - (Rayonet RUL 3000 A lamps) i n  dioxane fo r  11 h r  afforded 

(?), (7 ) ,  (8) and ( 9 )  - i n  6, 1, 62 and 6% y ie l ds ,  respec t ive ly .  I n  o rder  t o  

know the  sequence of these transformations, the r a t i o s  o f  products were moni- 

t o red  by t he  nmr spectroscopy. I t  was found t h a t  t he  s t a r t i n g  (2 )  - disappeared 

completely a t  t he  e a r l y  stage of i r r a d i a t i o n  where t he  r a p i d  formation of  ( 7 )  
was a t  i t s  maximum. Furthermore, the slow format ion o f  ( 3 )  - and the delayed b u t  

r a p i d  formation of ( 8 )  - i n  p ropo r t i on  t o  the decrease o f  (7 )  - were a lso  observed. 

The formation of (4 ) ,  however, cou ld  n o t  be detected a t  a l l .  
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From these resu l t s ,  the formation of (3), (7). (8) and (9) from (2) can be - - - - - 
explained by the sequence, (2) + (7)  = (3) = (8)  + (9 ) ,  which i s  e a s i l y  f i g -  - - - - 
ured by the resu l t s  observed, i n  benzonorcaradienes. I n t r i g u i n g  features, 

however, appeared i n  the d i r e c t i o n a l  s e l e c t i v i t y  o i  the photochemical carbon 

1 + s h i f t  t e m d  a Berson-Wil l c o t t  Bones rearrangementl%f (7) - and (8) .  - 

There are two possible pathways, a and b, foy"1,5-shifts i n  t h i s  System. I n  

pathway-a, the carbon C ,  migrates toward the pyrazole r i n g  t o  give (2) and (4) - - 
through (10) and (12), respect ively,  wh i le  (3) i s  given from (7) and (8)  -- -- - - 
through (11) by an a l t e r n a t i v e  pathway-b. Above resu l t s  together w i t h  addi- -- 
t i o n a l  evidence t h a t  i r r a d i a t i o n  of (7)  d i d  n o t  afford (2) b u t  (3) and (8)" - - 
accompanying (9)  ins tead o f  (4) a t  the ea r l y  stage of i r r a d i a t i o n  should sug- - 
gest low e f f i c i e n c y  o f  pathway-a both i n  (7) and ( 8 ) .  These s e l e c t i v i t i e s  are - 
o f  i n t e r e s t  as compared w i t h  opposite d i r e c t i o n a l  s e l e c t i v i t i e s  i n  6-cyan0 and 

6-carbomethoxybenzonorcaradienes2 which force the carbon migrat ions on ly  

toward the benzene r i n g  through pathway-a. The s t ruc tures o f  the pyrazolo- 

norcaradienes (7)  and (8)  were determined by canparisons of t h e i r  nmr spectra 
, - 

w i t h  those o f  benzoates (13) and (14) shown i n  Table I. -- -- 



Table I .  NMR ~pictra~ of (z), (g), (13) -- and (14) 

(7)C'd 

(7)b'e 

a Chemical shifts in 8 units;  coupling constant in Hz. ' in CDC13. 
C .  e In C6D5. 100 MHz. 60 MHz. 

I I I I I 

2.50 
J17,7.8(exo) 
~17,5.6(endo) 
516,7.9 

2.51 

exo endo 
1.38 0.08 

6.63 

6.23 

I I I I I 

1.98 6.00 2.31 

6.32 
JUS ,10.0 
J~~ ,5.0 

6.23 

6.54 

1.79 
J67,8.0(exo) 
~~,,5.6(endo) 

1.9 

ex0 endo 
1.38 0.15 

~,~,4.0 

ero endo 
1.5 0.03 
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The benzoyl group i n  (13) sh i f t s  the CU hydrogen appearing a t  6 6.23 i n  (7)  t o  -- - 
6 7.23, whi le  i n  (14) the C, hydrogen i s  s h i f t e d  t o  6 3.34 from 6 2.31 i n  (8).  -- - 
Addit ional  differences were also observed i n  the chemical s h i f t s  o f  the cyclo- 

propane methylene hydrogens. I n  (7) and (8) the e x o -  and endo-Cr hydrogen 
* - 

appear separately, wh i le  i n  benzoates (13) and (14) two hydrogens come togeth- -- -* 

e r  a t  6 0.82 and 0.91, respect ively.  These suggest the occurences of the 

tropilidene-norcaradiene valence i s o w r i z a t i o n s  both i n  (13) and (14) even a t  -- -- 
room temperature. I n  fact, coalescence temperatures both f o r  (7)  and (8)  - - 
(85'C) were found t o  be much higher than those f o r  (13) -- and (14) (-36°C) by -- 
temperature dependent nmr analyses. I '  Thus, ac t i va t i on  parameters, Ea = 10.6 

t 2.1 Kcallmol; l o g  A = 11.38 c 2.0 sec-' fo r  (13) (-38" - -103'C) and za = -- 
12.4 i 2.0 Kcallmol; l o g  A = 13.3 + 2.1 sec-' f o r  (14) (-43" - -10O0C), -- 
were obtained. The s i g n i f i c a n t l y  low ac t i va t i on  energies observed fo r  (13a) --- 
+ (13b) and (14a) 2 (14b) r e l a t i v e  t o  tha t  f o r  benzonorcaradiene ( ~ a  = 19.4 
f --- --- --- 
K c a l / m o l ) ~ o u l d  be accounted f o r  mainly by the d i f fe rence of resonance ener- 

gies between benzene (36 Kcallmol) and pyrazole (29.3 Kcal lmol) .  

REFERENCES 

1 Dedicated t o  Professor Tetsuo Nozoe on the occasion of h i s  77th bir thday. 

Organic Photochemistry 44. Par t  43: K. Okada and T. Wukai, 

J. AZZ. Chem.  soc., i n  press. 

2 For example, J. S. Swenton, K. A. Burdett, D. M. Madigan, T. Johnson, and 

P. D. Rosso, J. Am. Chem. soc., 97, 3428 (1975);. References c i t e d t h e r e i n .  -- 
3 For example, E. Vogel, D. Wendish and W. R. Roth, Ansew. C h e m . ,  76, 432 -- 

(1964). 

4 Sat is fac tory  elemental analyses were obtained f o r  a l l  new compounds i n  

t h i s  repor t .  



'5 J. A. B l a i r  and C. J. Tate, J. Chem. Soc. (c), 1592 (1971). 

6 8. F. G. Johnson, J. Lewis, P. McArdle, and G .  L. P. Randall, 

J. c. s. ml ton ,  456 (1972). 

7 The corresponding pyrazo lo t rop i  l i dene  w i t hou t  Fe(C0) has been' prepared 

i n  low y i e l d  by several  steps s t a r t i n g  f rom t r o p i l i d e n e  and diazomethane. 

K. Takatsuki, Ph.D. thes is ,  Tohoku Un ivers i ty ,  Sendai, Japan, 1972. 

8 The Xmax of (2)  appears a t  313 nm when (2)  i s  adsorbed on s i l i c a  ge l  - - 
suspended i n  cyclohexane. This suggests the s t r u c t u r a l  change o f  (2)  on - 
the sur face o f  s i l i c a  gel .  

9 NMR spect ra  of py razo lo t rop i l i denes  ( i n  CDC1 3 ) :  (2) - (100 MHz), 6 11.28' ( 

S, lH) ,  7.25-7.55 (5H). 6.45 (dd, 10.8, 1.0 Hz), 6.10 (ddd, 10.8, 6.0, 1.5 

Hz), 5.93 (ddd, 10.0, 6.0, 1.0 Hz), 5.63 (ddd, 10.0, 6.0, 1.5 Hz), 3.23 

(d, 2H, 6.0 Hz); (3) (100 MHz), 6 12.20 (s, lH ) ,  7.2-7.8 (5H), 6.56 (d, 

9.5 Hz), 6.30 (d, 9.5 Hz), 5.54 (dd, 9.5, 6.0 Hz), 5.38 (dd, 9.5, 6.0 Hz), 

2.60 (dd, 6.0 Hz, 2H); (4) (60 MHz),611.0 (s, lH), 7.3-7.7 (5H), 6.7-7.0 

(m, lH ) ,  5.9-6.4 (m, 2H), 5.2-5.8 (m, lH),  3.1 (d, 6.0 Hz, 2H); ( 6 )  (100 - 
MHz),G10.60 (s, lH) ,  7.06 (s, lH ) ,  5.45 (dd, 9.0, 5.0 Hz), 5.36 (dd, 9.0, 

5.0 Hz), 3.74 (d, 9.0 Hz), 3.47 (d, 9.0 Hz), 3.04 (dd, 19.0 Hz), 2.82 (dd, 

19.0 Hz). 

10 J. A. Berson and M. R. W i l l c o t t ,  Dl, J. dm. Chem. sac., 88, 2494 (1966). -- 
11 The r a t i o s  o f  products (3) and (8) vs.  i r r a d i a t i o n  t ime: 30 min, 86% (3) ,  - - - 

14% (8) ;  60 min, 70% (31, 25% (81, 5% (9) ;  120 min, 57% (3) ,  33% (8) ,  10% - - - 
( 2 ) .  

12 H. S. Gutowsky and C. H. Holm, J .  Chem. Physics, 25, 122 (1956). -- 

Received, 3 1 s t  A u g u s t ,  , 1978  


