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Dehydrohalogenation of adducts of dichlorocarbene with cyclooctene
and its peripherally cyclopropanated analogs
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Dehydrohalogenation of three isomeric adducts of dichlorocarbene with bicyclo[6.1.0}non-
1-, -2-, and -4-cnes under the action of potassium ferz-butoxide in DMSQ was studied. In
the course of dehydrohalogenation of the substrates under study, different isomerization
processes, which were accompanied by repeated migrations of multiple bonds that formed,
occurred depending on the structure of dichloddes, while no skeletal rearrangements were

observed.
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The problem of the synthesis of triangulanes! is still
unresolved. One possible approach to the synthesis of
[8]-cyclotriangulane involves peripheral cyclopropana-
tion of cyclooctene derivatives.!—5

This approach involves the following stages: (a) addi-
tion of monobromocarbene to the cyclooctene double
bond; (b) dehydrobromination accompanied by migra-
tion of the cyclopropene double bond to the endo posi-
tion with respect to the eight-membered ring; and finaily,
either repetition of these two stages or (c) cyclo-
propanation at the double bond.!—3

It is readily scen that the migration of the double
bond to the methylenccyclopropane position is the key
idea of the overall process. In this case, climination of
hydrohalide accompanied by the transfer of the reaction
center allows one to avoid the synthesis of difficultly
accessible precursors, such as 1-halobicyclo[6.1.0lnonane,
whose cight-membered ring contains the functional group
that is capable of being eliminated.

When developing synthetic approaches to ring-substi-
tuted and cyclic triangulanes,!—5 we came to the conclu-
sion that dehydrohalogenation should be studied experi-
mentally for a seres of adducts of dichlorocarbene with
cyclooctene and related cycloolefins containing an eight-
membered ring. Actualily, the addition of dichlorocarbene
has been studied in substantially more detail than that of
other halocarbenes. This reaction is preparatively conve-
nient, and detailed universal procedures were developed
for performing it. However, dehydrohalogenation of
dichlorocyclopropanes is poorly studied. It is known that
under conditions of dehydrohalogenation (a strong base
in a polar solvent) the latter compounds initially form
highly reactive cyvclopropenes, which often add nucleo-
philes under the reaction conditions®—8 or appear to be
unstable and undergo further conversions, namely, exo

isomerization of the cyclopropene double bond®® or
rearrangements. 1913

It is known!®34 that dehydrochlorination of 9,9-di-
chlorobicyclo[6.1.0]nonanc under the action of potas-
sium fert-butoxide in dimethyl sulfoxide affords bi-
cyclo[6.1.0]nona-1,6-dicne. We considercd the results
of this reaction, which scem to be very interesting. First,
the reaction proceeds with retention of the small ring.
Second, the reaction is accompanied by long-distance
migrations of multiple bonds rather than simple
p-eclimination. To put it differently, this reaction is
accompanied by the pronounced transfer of the reaction
centers. Finally, this reaction affords the diene struc-
ture, which is promising in synthesis; in particular, it is
suitable for the synthesis of ring-substituted triangula-
nes. 45

The aforesaid gave impetus to an investigation of
dehydrohalogenation of three isomeric tricyclic dichloro-
cyclopropanes, viz., 5,5-dichlorotricyclo[7.1.0.0*6]decane
(1), 3,3-dichlorotricyclo[7.1.0.0%4]decane (2), and
2,2-dichlorotricyclo{7.1.0.0!3]decane (3), which are
cyclopropanated analogs of 9,9-dichlorobicyclo-
{6.1.0)nonanc. Our objective was to elucidate whether
dehydrochlorination of dichlorides 1—3 can afford
endocylcic olefins or dienes, which can serve as starting
compounds for preparing ring-substituted triangulanes.

The initial dichlorocyclopropanes 1 and 2 were pre-
pared according to two procedures based on [l1+2]-
cycloaddition of carbenes to cyclooctadienes 4 and 5
(Scheme 1).

According to the first procedure, the starting dienes
were initially cyclopropanated with diazomethane in the
presence of Pd(OAc), '5-16 (stage a) and then olefins 6
and 7 were introduced into the reaction (stage 4) with
dichlorocarbene (phase-transfer synthesis with the use
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Scheme 1
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Reagents: a, CH,;N,/Pd(OAc),;
b, CHCl;/NaOH(5)/EtyN*BaCl™; ¢, Li/ButOH.

of solid NaOH) to obtain target dichlorides 1 and 2 as
mixtures of cis and frans isomers in yields higher than
60%. However, although direct cyclopropanation of
dicnes 4 and 5 afforded olefins 6 and 7, their actual
yields at this stage were low (40%) due to formation of
mixtures of the initial diene and mono- and bisadducts,
which were difficult to separate. We demonstrated that
reduction of dichlorides 8 and 9, which were formed as
a result of addition of dichlorocarbene (stage b) to the
initial dienes,!?” with lithium in ButOH 13 readily
yielded olefins 6 and 7, owing to which the three-stage
procedure for the preparation of dichlorides 1 and 2
(b - ¢ — b) appeared to be preferable to the two-stage
procedurc (a —» b, see Scheme 1).

The initial 2,2-dichlorotricyclo{7.1.0.0!-}]decane (3)
was prepared in 82% yield by dichlorocyclopropanation
of bicyclo[6.1.0]non-1-ene (10).19

CHC1y/NaGH(s)/EL,N*BnC1™ c

10 3

The structures of polycyclic dichlorides 2 and 3 were
established by NMR spectroscopy and GLC-mass spec-
trometry (see Experimental). The values of the spin-spin
coupling constants of the methine protons (Jy(yuy =

4.9 Hz) are indicative of the anti arrangement of two
small rings in molecule 2.

Dehydrohalogenation of dichlorocyclopropanes 1—3
was carried out under the action of potassium ftert-
butoxide in DMSO under the standard conditions at
20 °C.

The reaction of dichloride 1 with Bu*OK under these
conditions afforded diene 11,5 which was unstable at
room temperature. The latter was isolated by flash distil-
lation in 45% yield. Compound 11 remained unchanged
for some time at —30 °C as a solution in pentane.

CH
oy c

Thermolysis of diene 11 at ~100 °C led to migration of
the methylenecyclopropane multiple bond to form ther-
modynamically more stable diene 12 containing the
exo-oriented cyclopropane fragments.29

¢ BuloK A
ci DMsO

Dchydrohalogenation of dichloride 2 proceeded dif-
ferently. Under the action of potassium ferr-butoxide in
DMSO at 15 °C, compound 2 gave only one reaction
product, viz., chlorocyclopropene 13 (Scheme 2). Com-
pound 13 was rather stable and remained unchanged
upon storage at least for 3 days. However, when heated
(above 100 °C), chlorocyclopropene 13 underwent com-
pletc isomerization accompanied by opening of the
cyclopropene ring to form chlorodiene 14.

Scheme 2

The structures of cyclopropene 13 and chlorodiene
14 were completely confirmed by 'H NMR spectra
obtained with the use of the double resonance and 2D
IH—'H COSY correlation techniques as well as by
13C NMR spectra. The mass spectra of chlorides 13 and
14 have signals at m/z 170 and 168 ([M]*) and at m/z
133 (IM — CI1*), which confirm the molecular formulas
of these compounds.

The 'H and 3C NMR spectra of compound 13 have
characteristic high-field signals corresponding to the
cyclopropane fragment. The values of the constants Jyy
and !/ for these signals are typical of these systems.?!
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The 13C NMR spectrum of molecule 13 is indicative
of the presence of an unsaturated three-membered ring.
The tertiary carbon atoms of the multiple bond of this
ring have chemical shifts typical of cyclopropenes.?2 The
methine C atom of the cyclopropene fragment is char-
acterized by the high value of gy (172 Hz). The
noticeable downficld shift of this signal (8 27.9) com-
pared to that of cyclopropene is caused by the effect of
the substituent (Cl). The absence of spin-spin coupling
of the H(1) proton with other protons, except for those
which also belong to the cyclopropane ring, and the
presence of spin-spin coupling between the H(4) proton
and the protons of the methylene group C(5)H; unam-
biguously reveal the position of the muitiple bond.

The structure of chloride 13 is additionally con-
firmed by dicne synthesis with diphenylisobenzofuran to
form adduct 15 in quantitative yield (see Scheme 2).

The structure of this adduct was unambiguously es-
tablished by NMR spectroscopy. In the NMR spectrum
of adduct 15 in CDCl,, it was difficult to assign signals
for the protons of the eight-membered ring due to their
substantial overlapping, while these signals appeared to
be rather well resolved when CgDg was used. The 'H
and 13C NMR spectra are indicative of the retention of
the eight-membered and saturated three-membered rings
in the product of the diene synthesis. It should be noted
that the signals for the protons of the small ring of
product 15 are observed at higher ficld (at § 0.1—0.7 in
CDCl; and at § 0.2—0.4 in C4D¢) compared to those of
compound 13 and the methine proton of the chlorine-
substituted cyclopropane fragment is subjected to sub-
stantial (0.95 ppm in C4Dg) deshielding.

The structure of compound 14, which is a product of
opening of the cyclopropene fragment of chloride 13 to
form a conjugated dicne system, was also established
based on the 'H and !13C NMR spectra. The values of
the constants Jyy allow one to judge the position of the
Cl atom in the molecule (sce Experimental).

Finally, we studied dehydrohalogenation of 2,2-di-
chlorotricyclo[7.1.0.01:3]decane (3). This substrate is of
particular interest because it has the structure of ring-
substituted triangulane. Treatment of dichloride 3 with
potassium fert-butoxide in DMSO at 15 °C afforded
tricyclof7.1.0.0!3}deca-4,6-diene (16) as the major re-
action product.

Cl
Cl

3 16
L4
[t is worthy of note that this diene was formed as a
result of repeated (no less than eight times!) migrations
of double bonds. However, in spite of the presence of
the spirocyclopropane fragment, the reaction was not
accompanied by skeletal rearrangements.

Dienc 16 was isolated by preparative gas chromatog-
raphy. Its structure was established by NMR spectro-
scopy with the use of the double heteronuclear reso-
nance and 2D correlation 'H—!H COSY techniques.
Two multiple bonds in the molecule form the conju-
gated 1,3-dicne system. The observed spin-spin coupling
constants of the terminal protons of the diene fragment
are indicative of its conjugation with one cyclopropane
ring. The 'H and 13C NMR spectra of the spiropentane
fragment, which gives signals at the highest field, can be
rather readily interpreted. In this case, the signal for the
tertiary carbon atom (5 17.56) confirms the presence of
a spiro-atom in the molecule. The mass spectrum has
the major peak at m/z {32 ([M]*), which corresponds to
the molecular formula CyoH ;.

In conclusion, note that dehydrohalogenation of
eight-membered gem-dichlorocyclopropanes 1—3 under
the action of potassium ferf-butoxide in DMSO was not
accompanied by skeletal rearrangements and, depending
on the structure of the dichlorides, led to rather long-
distance migrations of the muitiple bonds that formed.
This makes it possible to prepare interesting syntheti-
cally promising diene structures, which are difficultly
accessible with the use of other synthetic procedures.

Experimental

The 'H and 13C NMR spectra were recorded on a Varian
VXR-400 instrument (400 and 100 MHz, respectively). The
mass spectra were obtained on Varian MAT-311A and MX-
1321A instruments. The GLC analysis was carried out on 2
Chrom-5 chromatograph (flame ionization detector,
3000x3-mm column, 15% SE-30 on Chromaton N-AW, ni-
trogen as the carrier gas, 60 mL min™!). Preparative gas chro-
matography was performed on a PAKhV-08 instrument
(katharometer as the detector, 5600xS-mm column, 10%
SE-30 on Chromaton N-AW, helium as the carrier gas,
180 mL min~!). The initial olefins, viz., bicyclo{6.1.0]non-
4-ene (6),!5 bicyclo[6.1.0]non-2-ene (7),16 and bicy-
clo[6.1.0]non-1-ene (10),}? were prepared according to pro-
cedures reported previously. Dimethyl sulfoxide was dried
according to a known procedure.23

Dichlorecyclopropanation (general proceduare). Finely dis-
persed NaOH (11.8 g, 0.3 mol) was added portionwise with
intense stirring to a mixture of cycloalkene (4—7 or 10)
(0.01 mol), CHCl; (7.8 mL, 0.01 mol), and Et3N*BnCI™
(0.3 g) in hexane (60 mL) at 5—10 °C. The reaction mixture
was stirred at [0 °C for { h and then at 20 °C for 1 h. Ice
water (100 mL) was added and the mixture was extracted with
hexane.or.chloroform. The organic solutions-were-dried with
MgSOy, the solvent was distilled off, and the residue was
distilled in vacuo. The physicochemical constants of dichlo-
rides 8 7 and 9 17 and also dichloride 1 24 (a 3 : 1 mixture of
isomers) correspond to the published data.

3,3-Dichlorotricylco{7.1.0.024]decane (2) was prepared
from olefin 7 in 63.4% yield, b.p. 104—(06 °C (2 Torr).
'H NMR (CDCty), §: 0.10 (ddd, 1 H, anti-H(10),, 2J =
4.5 Hz,3J =43 and 4.6 Hz); 0.62 (m, 1 H, H(7),); 0.65 (m,
UH, | HO): 084 (m, | H, H(1)); 097 (ddd, 1 H, syn-
H(10),, 2/ = 4.5 Hz, 3/ = 83 and 8.5 Hz); 1.1l (m, | H,
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H(5),); 1.19 (m, | H, H(8),); 1.21 (m, 1 H, H(6),); 1.35 (dd,
1 H, H(®), 3/ = 10.2 and 4.9 Hz); 1.48 (ddd, | H, H(4),
37 =27, 10.2, and 10.9 Hz); 1.84 (m, 1 H, H(8),); 1.89 (m,
1 H, H(6)p); 2.14 (ddd, t H, H(5), 2 = 13.9 Hz, 3/ = 2.7
and 8.5 Hz); 220 (dd, | H, H(7), 2/ = 125 Hz, 3J =
8.0 Hz). 13C NMR (CDCly), 5: 10.90 (C(9), J = 164 Hz);
14.19 (C(10), J = 160 Hz); 18.20 (C(1), J = 160 Hz); 25.08
(C(5), 7 = 130 Hz); 27.93 (C(6), J = 128 Hz); 29.37 (C(7),
J = 126 Hz); 29.53 (C(8), J = 126 Hz); 32.16 (C(2), J =
166 Hz); 35.54 (C{4), J = 166 Hz); 67.06 (C(3)). MS, m/z
Iy (3)): 204* [M]* (0.5), 169 (M — Cl]* (0.5), 134 [M —
2 Cl* (1), 113 (15), 97 (100), 83 (14), 67 (21), 57 (68),
41 (80).

2,2-Dichlorobicyclo[7.1.0.0'-3]decane (3) was prepared
from olefin 10 in 82% yield, b.p. 84—89 °C (2 Torr). 'H NMR
(CDCly), 8: 0.90—1.10 (m, 2 H, H(10),, H(I0)); 1.11-1.25
{m, 3 H); 1.30—~2.00 (m, 8 H); 2.02—2.10 {(m, 1 H, H(10),).
13C NMR (CDCly), & 8.32 (C(10)); 16.24 (CH,); 20.44
{C(9)); 25.40 (CH,); 26.22 (CHjy); 28.60 (C(3)); 29.06 (CH,);
29.37 (CH,); 32.93 (C(1)); 62.33 (C(2)). Found (%): C, 58.88;
H, 6.80; Cl, 33.86. C\yHsCl,. Calculated (%): C, 58.82;
H, 6.68; Cl, 34.31.

Debydrochlorination of dichlorides 1-—3. A solution of
dichloracyclopropane (8 mmol) in anhydrous DMSO (7 mL)
was added dropwise to an intensively stirred solution of potas-
sium fert-butoxide (24 mmol) in anhydrous DMSO (20 mL)
under an argon atmosphere upon cooling (bath, 10 °C). The
reaction mixture was stirred for 5 h and then hexane (50 mL)
and ice water (20 mL) were added. The organic layer was
washed three times with water and dried with MgSQO,4. Then
the solvent was removed.

Tricyclo[7.1.0.04¢]deca-1,7-diene (11) was prepared from
compound 1 and isolated by flash distillation in vacuo (10~2—
10~3 Torr) in 40% yield. The 'H and !3C NMR spectra
correspond to the published data 5

3-Chloracyclo[7.1.0.0%4]dec-2-ene (13) was prepared from
dichloride 2 in 63.5% yicld. Compound 13 was isolated by
filtration of the reaction mixture through a silica gel layer
(40/100 pm) with hexane as the cluent. 'H NMR (CDCly), &:
0.38 (ddd 1 H anti- H(IO)., JH(9) H(lO) = 5.3 Hz,
Jhanmay =52 Hz, MaayH0), H(10), Huo)h
4.5 Hz); 1.02 (ddd 1 H syn- H(lo)b H(9 JH(I0n =75 Hz

-’H(l),ﬂ(m = 8.7 Hz); 1.14 (m, ! H, H9)); 1.15—1.20 (m,
2 H, 2 H(8)); 1.18 (m, 1 H, H(6),); 1.26 (m, 1 H, H(7),);
1.35 (m, 1 H, H(5),); 1.47 (m, 1 H, H(7)); 1.59 (ddd,
1 H H(S)b, JH(‘) H(Sh = 2.0 Hz, JH(S) H(S)b = 13.5 HZ
"H(S)bH6) =173 HZ) .87 (ddd { H H(I), JH(I) HO) =
79 HZ) 211 (dddd, 1 H, H(S)b, JH(S)b H(';? = 38 HZ
@), ey = 13-6 Hz, JH(s),, HD, = H(SH, HiE)y =
3.7 Hz); 220 (dd, 1 H, H(4), 3!,{(4) Hey, = 4.5 Hz
3¢ NMR (CDCly), & 10.21 (), J = 166 Hz); 1221
C(CC10Y; 4= 163 Hz): 18.34 (C(8); 7 = 130" Hz); 18.63 (C(9);
J = 164 Hz); 26.76 (J = 128 Hz), 28.96 (J = 125 Hz), 29.02
(J = 125 Hz) (C(5)—C(7); 27.87 (C(4), J = 172 Hz);
107.13 (C(3)); 115.86 (C(2)). MS, m/z: 170 and 168 [M]*, 133
M - Cijt.

Tricyclo[7.1.0.0!3]deca-4,6-diene (16) was prepared from
dichlonde 3 in 30% yield and isolated by preparative chroma-
tography. 'H NMR (CDCly), & 0.59 (dd, 1 H, anti-H(2),,
JJH(.’.)J,HO) = 5.2 Hz, Z‘IH(Z):,,H(Z)Q, =36 HZ), 0.62 (dd, 1 H,

* For 35C1 isotopes.

ann-H(lO),, "H(9) H(10), = 4.6 Hz, -’H(m) H(1oy, = 4.0 HZ)
1.05 (dd, 1 H, syn- H(lO)b, JH(g) HOoy, = 8.0 HZ); 1.21 (m,
| H, H(g)), 1.28 (dd 1 H syn- H(Z)b, JH(Z)bH 3y = = 8.5 HZ)
79 Hz, JH(B).,H(S)b l23 Hz, JH(g) HO) T 7.8 HZ)
(ddd, 1 H(8)b, "H(") H(E 7.7 HZ, JH(S)b H(g)
2.3 Hz); 554 (ddd 1 H, H(T), JH(6), H(7) = 11.2 Hz); 5.76
(dd 1 H H(S) jH(l) H(S) = 11.6 HZ JH(S) H(®) =44 HZ)
5.82 (dd, t H, H@4), JHJ H@ = 4.0 Hz); 596 (dd, 1 H,
H(6)). 13C NMR (CGDg), 5: 13.33 (C(10)); 15.33 (C(2));
17.56 (C(1)); 17.85 (C(9)); 18.44 (C(3)); 28.90 (C(8)); 125.23
(C(6)); 127.21 (C(5)); 129.64 (C(7)); 131.45 (C(4)).

Tricyclo[7.1.0.04¢]deca-2,7-diene (12). Heating of diene
11 (0.01 g) in a tube at 100 °C for 1 h afforded a hydrocarbon
in quantitative yield (GLC data) which was characterized by a
different retention time. The spectral parameters of the result-
ing compound coincide with the published data.2® A sample of
diene 12 was prepared by independent synthesis, viz,, by
cyclopropanation of cyclooctatetracne.2?

3-Chlorobicyclo[7.1.0}deca-1,4-diene (14). Heating of
chioride 13 at 100 °C for 1 h afforded diene 14 in quantitative
yleld !H NMR (CDCl;), 3: 0.10 (ddd, 1 H, anti-H(10),,
Y, Haoy, =59 Hz, V) sao, = 50 Hz, Yyo), raoy, =
4.8 Hz); 0.88 (m, I H, H(8),); 0.89 (m, 1 H, H(9)) 1.18
{ddd, { H, Wl-H(‘O)b, jH(l) H(loy, = 8.2 Hz, "H(9) H(10), =
8.9 Hz); 1.42 (m, 1 H, H(@@),); 1 )T(m. 1 H, H(1)); 1.67 (m,
1 H, H(7)); 1.99 (m, 1 H, H(8)); 2.00 (m, 1 H, H(6),);
293 (m, 1 H, H(6), .IH(Q Hy, = 13.8 Hz); 5.43 (ddd,
l H H(S), JH(‘) H(S) = ll 7 Hz z, JH(S) H6y, = 3.9 HZ
l6 12 €26 (&, 1 H, HQ), S = 23 Ha). BC NMR
(CDCl), 8: 13.77 (C(lO)), 16. 20 (C(1)); 17.06 (C(9)); 24.55,
25.38, 26.51 (C(6)—C(8)); 125.86 (C(4)); 127.67 (C(2)); 130.05
(C(5)); 131.93 (C(3)).

The adduct of chloride 13 with 1,3-diphenylisobenzofuran
(15). A mixture of chioride 13 (50 mg, 0.3 mmol) in benzene
(2 mL) and 1, 3-diphenylisobenzofuran (80 mg, 0.3 mmol)
was placed in a scaled tube and kept in the dark at 20 °C for
10 h. Then the solvent was evaporated. Crystalline adduct 15
was obtained in quanmatwc yield. ITH NMR (CsDé) 3*: 0. 23
(m, 1 H, anti-H(10),, JH(9) H(10), = 48 Hz, JH(I) H(10), =
5.0 Hz, JH(IO) JH(10), =50 HZ) 0.40 (m 3H, H(l), H(g)
syn-H(10),); 0 95(m, 1 H, H(8),); 1.08 (m, 1 H, H(7),); 1.29
{m, 1 H, H(6),); 1.51 (m 1 H, H(5}),); 1.66 (m, 1 H, H(7),);
1.78 (m, 1 H, H(6)b, JH(S) H(s)bz—— 13.8 Hz); 1.96 (dd,
1 H, H(8)y, 3"H(7)[,,H(8)§ —7 Hz, Jﬂ(g) H(g)h2 = 145 HZ)
2.10 (ddd, 1 H, H(S), *Jyea) Hisy, = 393 JH(ES), HEY, =
14.6 HZ JH(S)b H{S), =93 HZ), 3.12 (dd 1 H H(4)
"H(4) H(5), =11.9 HZ) 7.14—7.35 (m 9 H AI‘ Ph), 7.73—
7.98 (m, 5 H, Ar, Ph). 3C NMR (C¢Dg), &: 9.11 (C(10));
12.84 (C(1)); 18.61 (C(9)); 27.00, 28.42, 29.37, 29.61 (C(5)—
C(8)); 37.94 (C(2)}; 38.88 (C(4)); 66.70 (C(3));790:36 (CO);
90.83 (CO); 122.88 (ArCH); 123.34 (ArCH); 126.08 (ArCH);
126.44 (ArCH), 12880, 128.90 (C,, Ph); 128.28, 12847,
128.58, 128.64 (Ph, CH); 134.60, l37 36 (Cjpyp, Ph).

This work was finaacially supported by the Russian
Foundation for Basic Research (Project No. 98-03-
32876a).

* The numbering scheme of hydrogen atoms is identical with
that in compound 13.
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