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Formation of polycyclic hydrocarbons containing a spiropentane
or methylenecyclobutane moiety upon thermal decomposition
of cyclopropane-containing 1-pyrazolines”

Yu. V. Tomilov,* E. V. Shulishov, A. B. Kostitsyn, and 0. M. Nejedov*

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
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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°C to give a mixture of
strained hydrocarbons, namely, spiro{cyclopropane-1,3’-tricyclo[3.2.1.0%4]octane} (4) or
spiro{cyclopropane-1,4’-pentacyclo[4.4.0.0%:2.03:°.07-%|decane} (6) and isomeric tri-
cyclo[5.2.1.0%%]dec-3-enes (5) or pentacyclo[6.4.0.0%:10.03.6 0%:!11dec-6-enes (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), or (PhO),P - CuCl 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°C with elimination of cyclopentadiene to give 3(5)-vinylpyrazole in
a yield up to 75%.

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

We have shown previously? that diazocyclopropane
generated by the decomposition of N-nitroso-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 norbomnene, 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°C and after prolonged
heating of the condensed phase at 200—220°C. 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°C,
their partial dediazotization occurs to give C  H,, and
C,,H,, hydrocarbons, respectively,! in each case as mix-
tures of two structural isomers easily separable by pre-
parative GLC (SE-30). According to 'H and 3C NMR

*Some of the results reported in this paper have been presented
at the VIIIth European Symposium on organic chemistry
(Barcelona, August—September 1993), c¢f. 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/°C (%) 4 0r6 50r7
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™!,
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 1). The conversion of com-
pounds 1 and 2 at 410—415 °C 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 °C 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.

This type of isomerization of spiropentanes into
methylenecyclobutanes involving the cleavage of a pe-
ripheral bond is well known in the series of usual
spiropentanes.34 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,
groups, which are geometrically nonequivalent relative
to the norbornene moiety, migrate to the radical center
with equal probability (cleavage of bonds @ and b).

Hydrocarbons 5 and 7 are stable in an inert atmo-

~a a ~b
exo-7 <«— 3 —> endo-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 BC and 'H 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
He (J < 1.5 Hz). Since attempts of preparative separa-
tion of isomers of unsaturated hydrocarbons 5 and 7
failed and their usual homonuclear resonance specira
are very complex, the signals in the 13C and 'H NMR
spectra were assigned using standard procedures COSY-
90 for the 'H—!'H correlation and LAOCN3-XHCORRD
for the 'H—13C 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 He®
and He° protons, which, by analogy to the coupling
constants of similar protons in derivatives of
bicyclo[3.2.1]oct-2-ene,’ should differ significantly de-
pending on the exo or endo position of the H¢ proton. If
this proton has an exo orientation, the coupling constant
is 37 = 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 H2*CCH® is ~88° in the exo
isomer (3 = 1—2 Hz) and 53—34° 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?* 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? and H¢ pro-
tons (3J ~5.5 Hz) (Table 3). Furthermore, the downfield
position of the exo-H¢ signal of endo-5 in comparison
with its exc-isomer and the downfield shift of the endo-
He¢ 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,® 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 CPCIC*Ce and HOCIC:Ce 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
Pd(acao)2
+ CH, N,
CHZCIz—ether,
ox0-5 endo-5 10-15°C
:1.8) 1
—_ +
9a Sb
~97 % (~1:1.5)
F’d(acac)2
+ CH,N, ——>
CH CI —ether,
exo-7 endo-7 10-15°C
10b

-96% ~

typical of strained cyclic structures. In particular, the
cyclopropanation of the substituted norbornene’® and
intracyclic methylenecyclopropane® double bonds with
diazomethane in the presence of Pd(OAc), gave the
corresponding cyclopropane adducts in moderate yields.
We found that the addition of 0.5—1.0 mol.% Pd(acac),
and a threefold molar excess of diazomethane in ether—
methylene dichloride to a solution of olefin 5 or 7
results in an almost complete cyclopropanation of the
latter into tetracyclof6.2.1.0%4.0%"Jundecanes (9) or
hexacyclo[7.4.0.0.211035.05:2 010.12]tridecanes (10) in the
yields >96% (Scheme 1).

Each of the cyclopropane adducts 9 and 10 is a
mixture of two isomers in the same ratios as those of the
original olefins 5 and 7. Quantum-chemical calculations
of the molecular structures of compound 10 showed that
four geometric isomers can actually exist due to the
small probability of conformational transformations (be-
cause of a non-plane structure of the cyclobutane ring;
Z¢ is the angle of the deviation of 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¢ and H9 atoms are in the frans-position,
are more energetically favorable. In this case, the pe-
ripheral Cf atom of the cyclobutane moiety is located
almost in the plane of the cyclopropane ring, whereas in
compounds 10c¢,d it is out of the plane (the angle
between the ef diagonal and the plane of the cyclopro-
pane ring is 17.1° for 10c and 8.1° for 10d).

AH ) = 270.0 kJmol™!, = 269.2 kImoi™!,
rge = 0.150 nm, rge = 0.150 nm,

7ee = 0.153 nm, 7ee = 0.153 nm,

Z0 = 170° Z¢ = 169°

AHT, = 394.7 kJmol™!, AHYy = 468.4 KImoi™!,
de = 0.150 nm, de = 0.150 nm,

ree = 0.153 nm, Fee = 0.154 nm,

Z@ = 153° Zp = 158°

It should be noted that the use of the less selective
copper catalysts,!® in particular, (PhO),P - CuCl, in the
cyclopropanation of olefins 5 likewise results in the two
most stable isomers, 9a and 9b. Unlike the reaction in
the presence of Pd(acac),, 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 'H and '3C NMR spec-
tra (Tables 2 and 3). Since the preparative separation of
the isomers is impossible and the pattern of the overlap-
ping signals of isomers 9 is complex, the complete
assignment of signals in the '"H NMR spectrum was only
performed for hydrocarbons 10. By analogy with com-
pounds 5 and 7, the structures 10a (/. < 1.5 Hz, /4 ~
7 Hz) and 10b (J,, ~ 6.5 Hz, J,4 ~ 2 Hz) with transoid
positions of the H® and H¢ protons were assigned based
on the observed and calculated coupling constants of the
vicinal protons H?, HY, H¢, and H? (the dihedral angles
HaCa3CCH® and HPCPCIHY 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 noncoplanarity of the
ethylene moiety.
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Table 2. Mass and *C NMR spectra of the polycyclic hydrocarbons synthesized

Compound 13C NMR spectrum (CDCly), 8 MS,
Ca,cb Ce cd Ce Cfce Ch ci,o,ckclcm  m/r (1 (%))
f
h exo-4 36.25 22.98 11.55 5.75 30.08 29.37 133 [M—H]* (2)
e g 3.97 119 [M—CH;3]™ (15)
a~ 91 [C,H,1T (100)
{__h f
exo-6 43.24 24.58 14.60 5.89 3279 18.02 31.16 157 [M—H]™ (4)
k e g 5.56 16.29 143 [M—CH;]* (32)
A 129 [CoH ;17 (100)
) ina c .\ f exo-5 34.97 55.81 125.07 139.88 24.39 34.88 3342 134 [M]* (19)
I o 33.29 32.26 32.89 119 [M—CH,]* (20)
i e 91 [Cy7H4]™ (100)
b d
N d endo-5 36.31 50.10 118.30  138.57 21.10 37.00 34.95 134 [M]* (24)
o 35.78 31.78 2240 119 IM—CH,4]*" (19)
i 91 [CyH;]T (100)
t\ ¢
f
I ha £ exo-7 36.28 50.70 114.38  137.55 24 .45 35.27 20.30 34.37 158 [M]T (35) *
K % 40.01 32.44 17.63 143 [M—CH;]™ (48)
-9 15.01 129 [CgH 41" (100)
j b d
endo-7 42.28 44 .41 11592  141.39 25.61 41.65 2247 33.50 *
41.11 32.74 13.54
10.35
9a 36.66 44 .44 27.13 17.05 27.79 29.67 26.12 12.66 148 [M]* (5)
31.72 21.68 32.55 120 [M—C,HyI* (79)
79 [CeH41 (100)
g9b 34.25 44.38 24.74 19.27 28.14 30.86 20.11 15.65 *
20) 21.90 33.29
10a 38.75 38.17 18.72 17.60 27.09 3291 14.11 33.71 172 [M]* (36) *
43.73 22.37 12.59 14.23 144 [M—C,H,]* (90)
13.63 129 [CoH ;1T (100)
10b - 40.46 38.49 22.10 18.49 28.25 31.33 17.47 34.02 *
41.29 22.72 10.91 15.58
13.02

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

The thermal decomposition of spiro{3,4-diazatricyc-
lo[5.2.1.0%:6]deca-3-ene-5,1 ' -cyclopropane} (3) (ratio of
exo and endo isomers ~4 : 1) obtained by the addition of
diazacyclopropane to norbornadiene,? unlike that of

pyrazolines 1 and 2, occurs in another way and is almost
not accompanied by the liberation of nitrogen. In this
case, the major and the most favorable process involves
the elimination of cyclopentadiene and the formation of
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Table 3. 'H NMR spectra of polycyclic hydrocarbons

Compound Hz2,Hb He Hd Hf Hs Hh Hi Hi Hk H! Hm
exo-4 224 g 1.01 br.c 0.72 m 1.42 m 1.45m
J~17 053 m 0.64 d.q 1.26 m
AA'BB’ Jgem™= 9.8
exo-6 2.08 br.d 1.47 br.c 0.72 m 1.67 m 1.10 br.d 1.43 m
AA’BB’ .17 m
exo-5 2.00 m 2.76 br.t 578 d.t 1.89 and 1.48 m 1.30 t 1.35~1.85 m
236 m J~8-9 Joa= 7.5 258 and 2.36 m J ~ 3.0
Joe< 2 J~2.4
endo-5 2.20 m 320 m 523 m 1.62-1.78 m 1.77 m 1.5-1.74 m
239 m Jac~ 5.5 2.64 and 2.4] m 1.62 m
exo-7 1.45m 3.11m 5.38 dit 193 and 148 m~1.7m 1.20 tt 144 m
1.98 d.t (br.t, Joa= 7.0 2.60 and 2.36 m 093 t.t 1.40 d.t
Jog= 7.0 J~8-9, J~23 1.13 tq Jpem™ 9.8
J~15 Jae <2) Jy=Jx=55 J~1.7
~1.5
endo-7 1.84 d.t 307 m 540 m 1.96 and 1.71 m ~1.7 m 1.33 ¢t 142 m
Joe=5.3 263 and 241 m 0.90 t.t
J~1.6 1.05 t.q
J~1.5
10a 1.48 br.q 2,62 br.t 0.83 brd.dd 1.82-195m 1.78 m 0.62 t.t 1.38 d.q 0.38 d.d
J~1.6 J~175 Joq ~ 6.8 2.21 and 1.50 m 0.59 t.t 131 dt Ju =83
2.07 br.d (< 2) T~ 83 101 tg Foem= 9.8 een™= 4.9
Jog~ 6.8 Ty~ 4.8 Jy~dy ~55  Fos 0°42 ¢
J~1.5 Tirans= 4.8
10b 1.54 d.t 268 br.g 095d.dd 2.0-2.18 m 1.15m 1.20 t.t 1.28 t 0.40 d.d
Joe ~6.5 J~7-8 J= 8.3 222and 1.72 m 1.00 t.t J~ 1.5 o= 8.3
J~15 (Joe ~6.5)  Jygu= 4.9 1.09 t.q Jgom™= 4.9
1.90 m de~2.0 J‘J ~ ‘/ik ~ 5.5 0.17 t
J~1.4 Jirang= 4.9
3(5)-vinylpyrazole (11).1! The almost complete conver- Experimental

sion of pyrazoline 3 already occurs at 370 °C, and the
vield of 11 is ~75 %. The primary product of the
retrodienic reaction, 4,5-diazaspiro[2,4}heptadiene {12),
was not found in the reaction products, which indicates
its easy isomerization into the thermally stable pyrazole
11. The endo isomer is likely to decompose somewhat
more easily than the exo isomer. For example, if the
reaction temperature is 340 °C, when the conversion of
pyrazoline 3 is ~35 %, the content of the exo isomer in
the unreacted pyrazoline 3 increases twofold (the ratio
of the exo and endo isomers of 3 changes from 4 : 1 to
(7—8) : 1.

~
340-370°C | N N
A ) |0
N =) N
3 12 11

The authors are grateful to Yu. A. Strelenko for the
assistance in performing two-dimensional NMR spec-
troscopy.

The compounds obtained and their mixtures were analyzed
by GLC (200%0.3 ¢m columns with 5 % SE-30 on Inerton
N-Super and 100x0.3 cm with 10 % Carbowax 20M on
Chromaton N-AW-HMDS) and by chromato-mass-spectros-
copy on a Finnigan MAT INCOS-50 instrument (70 eV) with
an RSL-200 column 30 m in length. Preparative separation
was made on a 120%1.3 cm column with 5 % SE-30 on
Chromaton N-AW-HMDS. 'H and 3C NMR spectra were
recorded on Bruker WM-250 (250 MHz), Bruker AMX-400
(400 MHz), and Bruker AC-200 (200 MHz) spectrometers for
solutions in CDCl,; containing 0.1 % TMS as the internal
standard. Quantum-chemical calculations were performed by
the MNDO-PM3 method using the AMPAC program pack-
age.’? Standard heats of formation were obtained with full
geometry optimization.

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

Thermal decomposition of pyrazolines was performed by
slowly passing (~5 mL h™) a solution of the respective
pyrazoline in hexane (~1 : 3, v/v) through a quartz tube (d =
1 cm) filled with finely milled guartz for 15 cm and purged
with a stream of argon (4—35 mL min—!). 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



Formation of polycyclic hydrocarbons

Russ. Chem.Bulil., Vol. 43, No. 4, April, 1994 617

was then evaporated, the residue was distilled in vacuo, and the
hydrocarbons 47 were isolated by preparative GLC.

Pyrolysis of spire{3,4-diazatricyclo[5.2.1.02-5]dec-3-ene-
5,1"-cyclopropane} (1). The pyrolysis of pyrazoline 1 was
performed at 430 °C. Vacuum distillation of the pyrolysate
gave 1.24 g (45 %) of a hydrocarbon fraction with b.p. 66—
69 °C (11 Torr).containing 49 % of spiro{cyclopropane-1,3‘-
tricyclo[3.2.1.0%*|octane} (4} and 51 % of isomeric
trlcyclo[S 2.1.0%3]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 °C and 455 °C was performed similarly
(see Table 1). Hydrocarbons 4 and 5 were separated by
preparative GLC (140 °C). 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-diazapentacyclo[6.4.0.0%,07-11,
01%12]dodec-3-ene-5,1'-cyclopropane} (2). The pyrolysis of
pyrazoline 2 was performed at 450 °C. Vacuum distillation of
the pyrolysate gave 1.8 g (71 %) of a hydrocarbon fraction with
b.p. 82—89 °C (6 Torr) containing ~16 % of spiro{cyclo-
propane-1,4’-pentacyclo{4.4.0.0%8.033.07%1decane (6) and 84 %
of isomeric pentacyclo[6.4.0.02:10.036 0%11)dodec-6-enes (7)
(endo : exo ~1 : 1 according to 'H NMR). The pyrolysis of
pyrazoline 2 at 410 °C was performed similarly (see Table 1).
Hydrocarbons 6 and 7 were separated by preparative GLC
(158 °C); compound 6 has b.p. 82—82.5 °C (6 Torr), np?
1.5256. The 'H and !3C NMR spectra of compounds 6, exo-,
and endo-7 are given in Tables 2 and 3.

Thermolysis of spire{cyclopropane-1,3 -tricyclo]3.2.1.0%4]-
decane} (4). Similarly to the pyrolysis of pyrazolines, hydro-
carbon 4 (0.27 g) in hexane (1.5 mlL) was passed through a
quartz tube at 455 °C. According to GLC and 'H 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.

Thermolysis of spiro{cyclopropane-1,4’-pentacyclo-
{4.4.0.0%8, 035.07-%]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 °C. 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 'H 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{S,d-diazatricyclo[5.2.1.02’6]deca-3,8-di-
ene-5,1"-cyclopropane} (3). A solution of pyrazoline 3 (2.4 g,
0.015 mol) (a ~4 : 1 mixture of exo- and endo-isomers) in
hexane (6 mL) was passed through a quartz tube at 340 °C.
Distillation of the pyrolysate in vacuo gave 0.55 g (~40 %) of
3(5)-vinylpyrazole, b.p. 83—84 °C (1 Torr) and 1.4 g (~44 %)
of unreacted pyrazoline 3 containing the exo- and endo-
isomers in the ratio ~8 : 1 ('{H NMR data).

Similar procedure starting from compound 3 (2 g) at
370 °C 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. "H NMR, & (J/Hz): 7.53 and

6.41 (d, H-4 and H-5, J,, = 2.3); 6.72 (dd, =CH, /=
174, J, = 11.0); 5.73 (dd. 1 H in =CH,, Jrans = 174,Jgem—

1.0), 533 (dd, 1 H in =CH,, J, = 11. O J
Tetracyclo[6.2.1.024.04 7]undecane o). a) Pd acetylaceto-
nate (3 mg) in CH,Cl, (1 mL) was added at 10 °C to a
solution of unsaturatcd hydrocarbons 5 (exo : endo ~1 : 1.6)
(0.15 g, 1 mmol) in CH,Cl, (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 9a: 9b was
~1:1.5. TH NMR (250 MHz), & (J/Hz): 2.64 (br.dt, H-7 in
isomer 9b, J, ; ~6.5, J ~7.5); 1.05 (brdt H-2 in 9a, J, 12 ~J s
7.9, dy 0 ~48), 0.92 (br.d, H-11, J,, ~12.0), 0.57 (ddd. H-3
in 9, J,, ~8.5, J,, ~5.0, J, ~1. 5g) The remaining signals

trans

overlap and appear at 2.12— 240 0.83—2.02, and 0.30—0.49
ppm.

b) A distilled 0.6 M ethereal solution of diazomethane
(5 mL, ~3 mmoi) was added dropwise at 5 °C to a mixture of
unsaturated hydrocarbons 5 (exo: endo ~1:1.6) (0.15 g,
1 mmol) in CH,Cl, (2 mL) and (PhO);P - CuCl (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.

Hexacyclo[7.4.0.0%:11,03:5.95:8.010.121tridecane  (10).
Pd(acac), (5 mg) in CH,Cl, (1 mL) was added at 10 °C to a
solution of unsaturated hydrocarbons 7 (exo : endo ~1:1)
(0.32 g, 2 mmol) in CH,Cl, (3 mL) and a distilled 0.6 M
ethereal solution of diazomethane (10 mL, ~6 mmol). When
gas evolution was ceased and the solution discolored, the
solvents were removed /n vacuo and hexane (4 mL) was added
to the residue. According to chromato-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 °C (4 Torr). The 'H and “C NMR spectra are pre-
sented in Tables 2 and 3. According to the integral intensities,
the ratio of 10a to 10b is ~1 : 1

This study was financially supported by the Russian
Fund for Fundamental Research (grant 94-03-08902).
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