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1-Pyrazolines 1 and 2 obtained by 1,3-dipolar cycloaddition of diazocyclopropane to 
norbornene or deltacyclene undergo dediazotization at 410--450~ to give a mixture of 
strained hydrocarbons, namely, spiro{cyclopropane-l,3'-tricyclo[Y2.1.0z,4]octane} (4) or 
spiro{cyclopropane-l,4"-pentacyclo[4.4.0.02'8.03'5.07,9]decane} (6) and isomeric tri- 
cyclo[5.2.1.02,5]dec-5-enes (5) or pentacyclo[6.4.0.02,1~ (7) in a 
30--70% overall yield. An increase in temperature favors the isomerization of spiro hydrocar- 
bons 4 and 6 to the respective unsaturated hydrocarbons 5 and 7. The latter undergo 
cyclopropanation with diazomethane in the presence of Pd(acac) 2 or (PhO)3P. CuC1 to 
afford polycyclanes 9a,b or 10a,b containing a spiro[2.3]hexane moiety condensed at the cis-. 
1,4 position. Unsaturated 1-pyrazoline 3 obtained from diazocyclopropane and norbornadiene 
decomposes at 330--370~ with elimination of cyclopentadiene to give 3(5)-vinylpyrazole in 
a yield up to 75%. 

Key words: polycyclic spiro{cyclopropane-l,3'-pyrazolines-1}, polycyclic 1,2-spiro- 
pentanes, 1,4-spirohexanes and methylenecyclobutanes (anti-Bredt olefines), pyrolysis, cata- 
lytic cyclopropanation with diazomethane. 

We have shown previously 2 that diazocyclopropane 
generated by the decomposition of N-ni t roso-N- 
cyclopropylurea with sodium methoxide efficiently adds 
in situ to norbornene double bonds to give the corre- 
sponding 1-pyrazolines containing a spiro-bonded cy- 
clopropane moiety. 

In the present work we studied the thermal decom- 
position of 1-pyrazolines 1--3 obtained by reactions of 
diazocyclopropane with norbornene, deltacyclene, and 
norbornadiene.  Unlike the majority of other . ~,.~ 
1-pyrazolines, compounds 1 and 2 have high photo- 
chemical and thermal stability. In particular, they re- 
main almost unchanged after direct and sensitized pho- 
tolysis by a mercury lamp at 50~ and after prolonged 1 
heating of the condensed phase at 200--220~ At higher 
temperatures, they decompose vigorously, which is ac- 
companied by resinification of the reaction mixture. 
However, when vapors of compounds 1 and 2 are passed 
through a quartz tube at temperatures above 400~ ~ , .  
their partial dediazotization occurs to give C10H14 and 
C12H14 hydrocarbons, respectively, 1 in each case as mix- 
tures of two structural isomers easily separable by pre- 
parative GLC (SE-30). According to IH and 13C NMR 2 

"Some of the results reported in this paper have been presented 
at the VIIIth European Symposium on organic chemistry 
(Barcelona, August--September 1993), cf Ref. 1. 

spectral data, compounds with smaller retention times 
correspond to the expected saturated hydrocarbons hav- 
ing symmetric structures with an exo-oriented 
spiropentane moiety. The other pair of hydrocarbons 
turned out to be a mixture of two geometric isomers, 
exo- and endo-5 and exo- and endo-7, which have 
unsymmetric structures and contain a trisubstituted 
double bond. 
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Table 1. Pyrolysis of polycyclic pyrazolines 1 and 2 at various 
temperatures 

Starting Tempera- Conversion Yield of hydrocarbons 
pyrazoline ture/~ (%) 4 or 6 5 or 7 

1 415 30 24 4 
435 48 22 23 
455 78 12 59 

2 410 29 24 3 
450 80 11 60 

Note: pyrazoline hexane -1 : 3 v/v, addition rate ~5 mL h -1, 
a quartz tube 1.0 cm in diameter. 

The conversion of the starting pyrazolines, as well as 
the yields and ratio of compounds formed depend on the 
pyrolysis temperature (Table I). The conversion of com- 
pounds 1 and 2 at 410--415 ~ is only ca. 30 %, and 
spiropentanes 4 and 6, respectively, are the main pro- 
ducts in the hydrocarbon fraction. On the contrary, 
dediazotization at 450--455 ~ occurs by 78--80 %, and 
unsaturated hydrocarbons 5 or 7 are the predominating 
reaction products. Most likely, they are formed due to 
thermal isomerization of the spiropentanes 4 or 6 formed 
initially. Indeed, as we have shown in separate experi- 
ments, hydrocarbons 4 and 6 isolated in an individual 
state readily undergo thermal transformations into un- 
saturated compounds 5 and 7. The isomeric ratios of 
hydrocarbons formed both by the decomposition of 
pyrazolines (1 and 2) and by the isomerization of 
spiropentanes 4 and 6 are almost similar and equal to 
-1.6 : 1 in the case of tricyclodecens 5 (the endo-isomer 
predominates) and ~1 : 1 in the case of pentacyclo- 
dodecenes 7. 

']7his type of isomerization of spiropentanes into 
methylenecyclobutanes involving the cleavage of a pe- 
ripheral bond is well known in the series of usual 
spiropentanes. 3,4 It is characteristic that this process also 
occurs rather selectively in the case of strained polycy- 
clic structures and terminates at the stage of poly- 
cycloalkenes with a double bond at the angular carbon 
atom incorporated into the small cycle, i.e., the process 
gives the so-called anti-Bredt structures. 

The formation of a mixture of an approximately 
equal amount of exo- and endo-5 or exo- and endo-7 
from the respective exo-isomers of 4 or 6 is likely to 
occur via a nearly plane biradical 8 in which the CH 2 
groups, which are geometrically nonequivalent relative 
to the norbornene moiety, migrate to the radical center 
with equal probability (cleavage of bonds a and b). 

Hydrocarbons 5 and 7 are stable in an inert atmo- 

e x o - 7  ~ ~, e n d o - 7  

8 

sphere. However, they readily undergo oxidation and 
polymerization when stored in the air. 

The structures of the compounds obtained were con- 
firmed based on their !3C and 1H NMR spectra (Tables 
2 and 3). The assignment of signals in the corresponding 
spiropentane-containing hydrocarbons 4 and 6 did not 
involve any difficulties. The exo-position of the annelated 
spiropentane moiety was established based on the small 
value of coupling constants of the vicinal protons H ~ and 
H c (J < 1.5 Hz). Since attempts of preparative separa- 
tion of isomers of unsaturated hydrocarbons 5 and 7 
failed and their usual homonuclear resonance spectra 
are very complex, the signals in the 13C and lH NMR 
spectra were assigned using standard procedures COSY- 
90 for the ~H--IH correlation and LAOCN3-XHCORRD 
for the 1H--I3C correlation. The assignment of isomers 
of compounds 5 and 7 to the exo and endo series was 
performed based on the coupling constants of the H ~ 
and H r protons, which, by analogy to the coupling 
constants of similar protons in derivatives of  
bicyclo[3.2.1]oct-2-ene, 5 should differ significantly de- 
pending on the exo or endo position of the H c proton~ If 
this proton has an exo orientation, the coupling constant 
is 3j = 4.5--5.5 Hz, while with endo orientation, 3j = 
1--2 Hz. Quantum-chemical calculations of molecules 
of exo- and endo-7 by the MNDO-PM3 method showed 
that the dihedral angle H~CCH ~ is ~88 ~ in the exo 
isomer (3j = 1--2 Hz) and 53--54 ~ in the endo isomer 
(3j = 3.5--4 Hz). Thus, the presence of an additional 
condensed cyclobutane ring in compounds 5 and 7 does 
not change the general correlations of changing the 
coupling constant of vicinal protons H a and H ~ in the 
corresponding exo- and endo-isomers. In accordance 
with these correlations, the structure of endo-isomers 
was assigned to isomers 5 and 7 characterized by mark- 
edly higher coupling constants for the H a and H c pro- 
tons (3J~5.5 Hz) (Table 3). Furthermore, the downfield 
position of the exo-H ~ signal of endo-5 in comparison 
with its exo-isomer and the downfield shift of the endo- 
H c signal of the exo-5 isomer due to the anisotropy of 
the cyclopropane ring confirm the validity of this assign- 
ment of the isomers. 

Further, we studied the catalytic cyclopropanation of 
unsaturated compounds with diazomethane. It turned 
out that, unlike in substituted alkenes, 6 the intracyclic 
double bond in hydrocarbons 5 and 7, although it is 
trisubstituted, can undergo cyclopropanation with 
diazomethane in the presence of Pd compounds. Un- 
doubtedly, this is related with a high strain of the 
molecule due to the removal of substituents at the 
double bond from coplanarity. According to the calcula- 
tions, the length of the double bond is ~0.133 nm; the 
dihedral angles CbCdC~C r and HaCdC~C g in exo-7 are 
7.3 and 27 ~ while in endo-7 they are 6.0 and 24.5 ~ It 
should be noted that the few known examples of the 
cyclopropanation of trisubstituted double bonds with 
diazomethane in the presence of Pd compounds are 
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Scheme 1 

ndo . 5 ~  Pd(acac)2 + + CH2N 2 CHeCi2._ether ~, 
exo-5 e - 1 0-15 ~ 

( -1  : 1 .6)  1 : 3 

9a 9b 

-97 % (-1 : 1.5) 

% Pd(acac)2 
+ + CH2N 2 CH2Ci2__ether ~, 

exo-7 endo-7 1 0-15 ~ 
( - 1  : t )  1 : 3 

lOa lOb 
-96% (-1 : 1) 

typical o f  strained cyclic structures. In particular, the 
cyclopropanat ion o f  the substituted norbornene 7,8 and 
intracyclic methylenecyclopropane 9 double bonds with 
diazomethane in the presence o f  Pd(OAc) 2 gave the 
corresponding cyclopropane adducts in moderate yields. 
We found that the addition o f  0.5--1.0 mol. % Pd(acac)2 
and a threefold molar  excess o f  diazomethane in ether--  
methylene dichloride to a solution o f  olefin 5 or 7 
results in an almost complete cyclopropanation o f  the 
latter into tetracyclo[6.2.1.02,4.0g,7]undecanes (9) or 
hexacyclo[7.4.0.O.2,1103,s.O5,8.01~ (10) in the 
yields >96% (Scheme 1). 

Each of  the cyclopropane adducts 9 and 10 is a 
mixture o f  two isomers in the same ratios as those o f  the 
original olefins 5 and 7. Quantum-chemica l  calculations 
o f  the molecular  structures o f  compound  I0  showed that 
four geometric isomers can actually exist due to the 
small probability o f  conformational  transformations (be- 
cause o f  a non-plane structure of  the cyclobutane ring; 
/q) is the angle o f  the deviation o f  the fourth C atom 
from the plane formed by three remaining carbon at- 
oms) in the spirohexane moiety involved in the polycy- 
clic structure. The less strained structures 10a and 10b, 
in which the H c and H d atoms are in the trans-position, 
are more energetically favorable. In this case, the pe- 
ripheral C f a tom of  the cyclobutane moiety is located 
almost in the plane of  the cyclopropane ring, whereas in 
compounds 10e,d it is out  of  the plane (the angle 
between the ef diagonal and the plane o f  the cyclopro- 
pane ring is 17.1 ~ for 10c and 8.1 ~ for 10d). 

H 

H .,-.- "~H 
lOa 

H H 
/ - - - N I '  m .  H 

H 

lO0 

zXHfo = 270.0 kJmo1-1, 
/'de = 0.150 nm, 
fce= 0.153 rim, 
Aq~ = 170 ~ 

AHfo = 269.2 kJmo1-1, 
rde = 0.150 nm, 
fce= 0.153 nm, 
zqo = 169 ~ 

H _ _ y  

lOe 

H 

lOd 

zXHf0 = 394.7 kJmo1-1, 
rde = 0.150 nm, 
rce= 0.153 rim, 
zq~ = 153 ~ 

AHf0 = 468.4 kJmoi -1, 
rde = 0.150 nm, 
rce= 0.I54 nm, 
zq~ = 158 ~ 

It should be noted that the use of  the less selective 
copper catalysts, TM in particular, (PhO)3P.  CuC1, in the 
cyclopropanation o f  olefins 5 likewise results in the two 
most stable isomers, 9a and 9b. Unlike the reaction in 
the presence o f  Pd(acac)2 , the yield of  cyclopropane 
adducts is only 60--65% when the reaction is carried out 
with the same reagent ratio. Of  the unreacted olefins, 
endo-5 predominates markedly (the endo:exo ratio is 
-7:1),  which indicates its lower reactivity. 

The structures of  hydrocarbons 9 and 10 obtained 
were established based on their 1H and 13C N M R  spec- 
tra (Tables 2 and 3). Since the preparative separation o f  
the isomers is impossible and the pattern of  the overlap- 
ping signals of  isomers 9 is complex, the complete 
assignment of  signals in the 1H N M R  spectrum was only 
performed for hydrocarbons 10. By analogy with com-  
pounds 5 and 7, the structures 10a (Jac -< 1.5 Hz, Jbd - 
7 Hz) and 10b (Jac - 6.5 Hz, Jbd - 2 Hz) with transoid 
positions of  the H c and H d protons were assigned based 
on the observed and calculated coupling constants o f  the 
vicinal protons H a, H d, H c, and H d (the dihedral angles 
H a c a c c H  c and H b c b c d H  d are 80.5 and 27.3 ~ for 10a 
and 45.3 and 62.7 ~ for 10b, respectively). 

Thus, the data obtained imply that the catalytic 
cyclopropanation of  the intracyclic double bond of  hy- 
drocarbons 5 and 7 occurs strictly regioselectively and 
results in the addition of  a methylene moiety at the less 
sterically hindered side due to the noncoplanari ty o f  the 
ethylene moiety. 
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Table  2. Mass and 13C NMR spectra of the polycyclic hydrocarbons synthesized 

Compound 

ca , c  b 

13C NMR spectrum (CDC13) , ;5 MS, 

C c C d C e c f ,  c g C h c i , c J , C k C l , C  rn m/z (Ire1 (%)) 

h f 

k ~ " e  g 

C 

h ~ f  

J b d 

h 
J b d 

i g 

i h 

J d 

I h 

c f v g  

h ~_~f 
t g 

exo-4 36.25 

exo-6 43.24 

exo-5 34.97 
33.29 

endo-5 36.31 
35.78 

exo-7 36.28 
40.01 

endo-7 42.28 
41.11 

9a  36.66 
31.72 

~b dj.2 m 9b 
J e 

I h 
k ~  lOa  

I h 
/T"Nb dj~ m lOb  

I 

34.25 
(2C) 

38.75 
43.73 

40.46 
41.29 

22.98 11.55 5.75 30.08 29.37 133 [M-H]  + (2) 
3.97 119 [M-CH3] + (15) 

91 [C7H7] + (I00) 

24.58 14.60 5.89 32.79 18.02 31.I6 157 [M--HI + (4) 
5.56 16.29 143 [M-CH3] + (32) 

129 [C9Hu] + (I00) 

55.81 125.07 I39.88 24.39 34.88 33.42 i34 [M] + (19) 
32.26 32.89 119 [M-CH3] + (20) 

91 [C7H7] + (100) 

50.10 118.90 138.57 21.10 37.00 34.95 134 [M] + (24) 
31.78 22.40 119 [M-CH3] + (19) 

91 [C7H7] + (100) 

50.70 114.38 137.55 24.45 35.27 20.30 34.37 !58 [M] + (35) * 
32.44 17.63 143 [M-CH3] + (48) 

15.01 129 [CgHI1] + (I00) 

44.41 115.92 141.39 25.61 41.65 22.47 33.50 * 
32.74 13.54 

10.35 

44.44 27.13 17.05 27.79 29.67 26.12 12.66 
21.68 32.55 

148 [M]  + (5)  
120 [M-C2H4] + (79) 
79 [C6H7] (100) 

44.38 24.74 19.27 28.14 30.86 20.11 15.65 * 
21.90 33.29 

38.17 18.72 17.60 27.09 32.91 14.11 
22.37 12.59 

13.63 

33.71 I72 [M] + (36) * 
14.23 144 [M-C2H4] + (90) 

129 [C9HI1] + (100) 

38.49 22.10 18.49 28.25 31.33 17.47 34.02 * 
22.72 10.91 15.58 

13.02 

* The mass spectrum was obtained for a mixture of isomers. 

The thermal  decompos i t ion  of  spiro{3,4-diazatr icyc-  
lo[5.2.1.02,6]deca-3-ene-5,1 ' -cycloproparle} (3) (ratio of  
exo and endo isomers - 4  : 1) obta ined by the addi t ion of  
d iazacyc lopropane  to norbornadiene ,  2 unl ike that  of  

pyrazolines 1 and 2, occurs in another  way and is a lmost  
not  accompan ied  by the l iberat ion o f  ni trogen.  In  this 
case, the major  and the most  favorable process involves 
the e l iminat ion  of  cyc lopentad iene  and the format ion  of  
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Table 3. 1H N M R  spectra of polycyclic hydrocarbons 

Compound  Ha,H b H e H d Hf, H g H h Hi,HJ,H k H l H m 

exo-4  2.24 q 1.01 br.c 0.72 m 1.42 m 1.45 m 
J ~ 1.7 0.53 m 0.64 d.q 1.26 m 

AA'BB"  J~em = 9.8 

exo-6  1.47 br.c 0.72 m 1.67 m 1.43 m 
0.61 m 
A A ' B B '  

2.08 br.d 
1 a  - 2 . 7  

exo-5  2.00 m 2.76 br.t 5.78 d.t 
2.36 m Y ~ 8 - 9  Jbd = 7.5 

Jac< 2 J -  2.4 

endo-5  2.20 m 3.20 m 5.23 m 
2.39 m Jac ~ 5.5 

exo-7  1.45 m 3.11 m 5.38 d.t 
1.98 d.t (br.t, Jbd = 7.0 
Jbd = 7.0 J ~  8 - 9 ,  J ~ 2.3 
J ~ 1.5 Jac < 2) 

endo-7  1.84 d.t 3.07 m 5.40 m 
Jac = 5.3 
J ~  1.6 
2.01 m 

lOa 

l o b  

1.48 br.q 2.62 br.t 0.83 br.d.d.d 
J ~  1.6 J ~ 7.5 Jbd ~ 6.8 
2.07 br,d (Jac < 2) Jcis ~ 8.3 
Jbd ~ 6.8 Jtrans ~ 4.8 

1.54 d.t 2.68 br.q 0.95 d.d.d 
Jac ~ 6.5 J -  7 - 8  dc~s = 8.3 
J ~ 1.5 (Jac ~6.5) ,[tram = 4.9 
1.90 m Jbd~2.0 

1.89 and 1.48 m 1.30 t 
2.58 and 2.36 m J ~  3.0 

1.62-1.78 m 1.77 m 
2.64 and 2.41 m 1.62 m 

1.93 and 1.48 m ~1.7 m 
2.60 and 2.36 m 

1.96 and 1.71 m -1.7 m 
2.63 and 2.41 m 

1.82-1.95 m 1.78 m 
2.21 and 1.50 m 

2.0-2.18 m 1.15 m 
2.22 and 1.72 m 

1.10 br.d 
Jik ~5.5 
1.17 m 

1.35-1.85 m 

1.5-1.74 m 

1.20 t.t 1.44 m 
0.93 t.t 1.40 d.t 
1.13 t.q dgem = 9-8 
dij = Jik = 5.5 e - 1.7 
J -  1.5 

1.33 t.t 1.42 m 
0.90 t.t 
1.05 t.q 
4j : G : 5.5 
J -  1.5 

0.62 t.t 1.38 d.q 
0.59 t.t 1.31 d.t 
1.01 t.q ~gem~. 59.8 
sij ~ s ~  - 5 . 5  ~ 
J ~  1.5 

1.20 t.t 1.28 t 
1.00 t.t J ~ 1.5 
1.09 t.q 
Jij ~ Jik ~ 5.5 
J -  1.4 

0.38 d.d 
:c~ = 8.3 
Jg~m = 4.9 
0.42 t 
Jtrans = 4.8 

0.40 d.d 
Jc,~ = 8,3 
�9 - 4.9 age m -  

0.17 t 
Jtmm = 4.9 

3 ( 5 ) - v i n y l p y r a z o l e  (11) .  II T h e  a l m o s t  c o m p l e t e  c o n v e r -  
s ion  o f  p y r a z o l i n e  3 a l r e a d y  o c c u r s  at  370 ~ a n d  t h e  
y ie ld  o f  l l is ~75 %. T h e  p r i m a r y  p r o d u c t  o f  t h e  
r e t r o d i e n i c  r e a c t i o n ,  4 , 5 - d i a z a s p i r o [ 2 , 4 ] h e p t a d i e n e  (12) ,  
was  n o t  f o u n d  in  t h e  r e a c t i o n  p r o d u c t s ,  w h i c h  i n d i c a t e s  
its easy  i s o m e r i z a t i o n  i n t o  t h e  t h e r m a l l y  s t ab le  p y r a z o l e  

11. T h e  e n d o  i s o m e r  is l ike ly  to  d e c o m p o s e  s o m e w h a t  
m o r e  eas i ly  t h a n  t h e  e x o  i somer .  F o r  e x a m p l e ,  i f  t h e  
r e a c t i o n  t e m p e r a t u r e  is 340 ~ w h e n  t he  c o n v e r s i o n  o f  

p y r a z o l i n e  3 is ~55 %, t h e  c o n t e n t  o f  t h e  e x o  i s o m e r  in 
t h e  u n r e a c t e d  p y r a z o l i n e  3 i n c r e a s e s  t w of o l d  ( t he  ra t io  
o f  t h e  e x o  a n d  e n d o  i s o m e r s  o f  3 c h a n g e s  f r o m  4 : 1 to  
( 7 - - 8 ) :  1). 

34~176176 �9 H N 

- O  
3 12 11 

T h e  a u t h o r s  a re  g ra te fu l  to  Yu. A. S t r e l e n k o  for  t he  
a s s i s t a n c e  in  p e r f o r m i n g  t w o - d i m e n s i o n a l  N M R  spec -  
t r o scopy .  

E x p e r i m e n t a l  

The compounds obtained and their mixtures were analyzed 
by GLC (200x0.3 cm columns with 5 % SE-30 on Iner ton 
N-Super  and 100x0.3 cm with 10 % Carbowax 20M on 
Chromaton N - A W - H M D S )  and by chromato-mass-spectros-  
copy on a Finnigan MAT INCOS-50 inst rument  (70 eV) with 
an RSL-200 column 30 m in length. Preparative separation 
was made on a 120xl .3  cm column with 5 % SE-30 on 
Chromaton  N - A W - H M D S .  1H and 13C N M R  spectra were 
recorded on Bruker WM-250 (250 MHz),  Bruker AMX-400 
(400 MHz),  and Bruker AC-200 (200 MHz)  spectrometers for 
solutions in CDCI 3 containing 0 . 1 %  TMS as the internal 
standard. Quantum-chemical  calculations were performed by 
the M N D O - P M 3  method using the AMPAC program pack- 
age. R Standard heats of formation were obtained with full 
geometry optimization. 

Polycyclic spirocyclopropane-containing pyrazolines 1--3 
were synthesized according to Ref. 2. 

Thermal  decompos i t ion  of  p y r a z o l i n e s  was performed by 
slowly passing (-5 mL h - l )  a solution of the respective 
pyrazoline in hexane (~1 : 3, v/v) through a quartz tube (d = 
1 crn) filled with finely milled quartz for 15 cm and purged 
with a stream of argon (4--5 mL m i n - l ) .  When the reaction 
was completed, a further 2 mL of hexane was passed through 
the tube, and the pyrolysate was analyzed by GLC.  The solvent 
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was then evaporated, the residue was distilled in vacuo, and the 
hydrocarbons 4--7  were isolated by preparative GLC. 

Pyrolysis of  spiro{3,4-diazatrieyelo[5.2.1.Oz,61dee-3*ene- 
5,1"-eyclopropane} (1). The pyrolysis of pyrazoline I was 
performed at 430 ~ Vacuum distillation of the pyrolysate 
gave 1.24 g (45 %) of a hydrocarbon fraction with b.p. 66-- 
69 ~ (l 1 Tort). containing 49 % of spiro{cyclopropane-l,3"- 
tricyclo[3.2.1.02,4]octane} (4) and 51% of isomeric 
tricyclo[5.2.1.02'S]dec-5-enes (5) (endo : exo ~1 : 1.7 accord- 
ing to GLC and ~H NMR spectral data). The pyrolysis of 
pyrazoline 1 at 415 ~ and 455 ~ was performed similarly 
(see Table 1). Hydrocarbons 4 and 5 were separated by 
preparative GLC (140 ~ The ~H and 13C NMR spectra of 
compounds 4, exo-, and endo-5 are given in Tables 2 and 3. 

Pyrolysis of  spiro{3,4-diazapentaeyelo[6.4 .0 .0~,6.07,u.  
0~~ (2). The pyrolysis of 
pyrazoline 2 was performed at 450 ~ Vacuum distillation of 
the pyrolysate gave 1.8 g (71%) of a hydrocarbon fraction with 
b.p. 82--89 ~ (6 Torr) containing ~16 % of spiro{cyclo- 
propane-1,4 '-pentacyclo[4.4.0.02,s.03'5.07,9]decane (6) and 84 % 
of isomeric pentacyclo[6.4.0.02,1~ (7) 
(endo : exo -.i : 1 according to IH NMR). The pyrolysis of 
pyrazoline 2 at 410 ~ was performed similarly (see Table 1). 
Hydrocarbons 6 and 7 were separated by preparative GLC 
(158 ~ compound 6 has b.p. 82-82.5 ~ (6 Tort), riD20 
1.5256. The ~H and 13C NMR spectra of compounds 6, exo-, 
and endo-7 are given in Tables 2 and 3. 

Thermolysis of  spiro{eyelopropane-1,3"-tricyelo[3.2.1.0 z,4] - 
deeane} (4). Similarly to the pyrolysis of pyrazolines, hydro- 
carbon 4 (0.27 g) in hexane (1.5 mL) was passed through a 
quartz tube at 455 ~ According to GLC and 1H NMR 
spectral data, the residue obtained after the removal of the 
solvent contained -22 % of the original compound 4 and 
~78 % of isomeric hydrocarbons, exo- and endo-5 in the ratio 
~1 : 1.6. 

Thermolys is  o f  sp iro{eye lopropane- l ,4"-pentaeye lo-  
[4.4.0.02,8. 03,5.07,9]decane} (6). Similarly to the previous 
experiment, hydrocarbon 6 (0.4 g) in hexane (1.5 mL) was 
passed through a quartz tube at 445 ~ The solvent was 
removed, and the residue was distilled in vacuo to give 0.3 g of 
a colorless liquid containing (according to GLC and IH NMR 
spectral data) ~25 % of the original compound 6 and ~75 % of 
isomeric hydrocarbons, exo- and endo-7 in the ratio -1 : 1. 

Pyrolysis of  spiro {3,4 - fliazatricyelo [ 5.2.1.02,6 ] deea - 3,8 - di - 
ene-5,1"-eyelopropane} (3). A solution of pyrazoline 3 (2.4 g, 
0.015 tool) (a ~4 : 1 mixture of exo- and endo-isomers) in 
hexane (6 mL) was passed through a quartz tube at 340 ~ 
Distillation of the pyrolysate in vacuo gave 0.55 g (~40 %) of 
3(5)-vinylpyrazole, b.p. 83--84 ~ (1 Tort) and 1.4 g (~44 %) 
of unreacted pyrazoline 3 containing the exo- and endo- 
isomers in the ratio ~8 : 1 (1H NMR data). 

Similar procedure starting from compound 3 (2 g) at 
370 ~ followed by distillation of the pyrolysate in vacuo gave 
0.87 g (~75 %) of 3(5)-vinylpyrazole (11), while the original 
pyrazole was practically absent. 1H NMR, ~ (d/Hz): 7.53 and 
6.41 (d, H-4 and H-5, J45 = 2.3); 6.72 (dd, =CH, Jt~ans = 
17A, J . = l l O ) ' 5 7 3 ( d d , ' l H i n = C H _ , J  = 174,0 r 

c l s  " ' " 2 t r a n s  " g e m  

1.0), 5.33 (dd, 1 H in =CH 2, Jc~s = 11.0, " ] g e m  = 1.0). 
Tetraeyeio[6.2.1.0z,4.04,7]undeeane (9). a) Pd acetylaceto- 

nate (3 rag) in CH2C12 (1 mL) was added at 10~ to a 
solution of unsaturated hydrocarbons 5 (exo : endo ~1 : 1.6) 
(0.15 g, 1 mmol) in CH2CI ~ (1.5 mL) and a distilled 0.6 M 
ethereal solution of diazomethane (5 mL, ~3 mmol). When gas 
evolution was ceased and the solution discolored, the solvents 
were removed in vacuo and the residue was analyzed by NMR 

and chromato-mass-spectrometry. The content of the original 
olefins 5 did not exceed 3 %, and the ratio 9 a : 9 b  was 
-1 : 1.5. IH NMR (250 MHz), 8 (J/Hz): 2.64 (br.dt, H-7 in 
isomer 9b, J7,8 ~6.5, J-7 .5) ;  1.05 (br.dt, H-2 in 9a, J1,2 ~Jcis 
~7.9, J~mns-4.8), 0.92 (br.d, H-11, J~emM2.0), 0.57 (ddd, H-2 
in 9b, Jcis-8.5, dtran s ~5.0, ,/12 ~1.~}; The remaining signals 
overlap and appear 'at 2.i2-2'.40, 0.83-2.02, and 0.30-0.49 
ppm. 

b) A distilled 0.6 M ethereal solution of diazomethane 
(5 mL, -3 mmol) was added dropwise at 5 ~ to a mixture of 
unsaturated hydrocarbons 5 (exo:endo ~1:1 .6)  (0.15 g, 
1 mmol) in CH2CI 2 (2 mL) and (PhO)3P. CuCI (5 mg). When 
the reaction was completed, the solvent was removed in vacuo 
and the residue was analyzed by NMR and chromato-mass- 
spectrometry. The resulting mixture contained ~.35 % of 
unreacted olefins 5 (exo : endo -1 : 7) and -65 % of cyclopro- 
pane adducts 9a and 9b in the ratio ~1.1 : 1. 

Hexaeyelo[7 .4 .0 .0z ' l l .03's .05's .01~ (10) .  
Pd(acac) 2 (5 rag) in CH2C12 (1 mL) was added at !0 ~ to a 
solution of unsaturated hydrocarbons 7 (exo:endo - l : 1 )  
(0.32 g, 2 mmol) in CH2CI 2 (3 mL) and a distilled 0.6 M 
ethereal solution of diazomethane (I0 mL, -6 retool). When 
gas evolution was ceased and the solution discolored, the 
solvents were removed in vacuo and hexane (4 mL) was added 
to the residue. According to chromat0-mass-spectroscopy data, 
the solution contained cyclopropane adducts 10 (as a poorly 
resolved peak) and less than 4 % of the original hydrocarbons 
7. The reaction mixture obtained was filtered through a thin 
layer of silica gel. The solvent was evaporated, and the residue 
was distilled in vacuo to give 0.25 g of a colorless liquid, b.p. 
83--85 ~ (4 Tmx). The 1H and 13C NMR spectra are pre- 
sented in Tables 2 and 3. According to the integral intensities, 
the ratio of lOa to 10b is ~i : 1. 
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