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Abstract—The reactions of 7,7-dichlorobicyclo- [4.1.0Jheptane, 1 with organic bases were carried out in
benzene and THF. The reaction course of 1 in nonpolar media is different from that in DMSO; the rearrange-
ments of cyclopropene 3 taking place in the former. 8 is produced by the shift of double bond into the C,, ring.
The cyclopropene-carbene isomerization and reactions of carbenes 14 and 15 with alkoxide anions are the

probable route leading to the other products.

Reactions of 7,7-dichlorobicyclo [4.1.0 Jheptane, 1 with
a variety of organic anions and potassium t-butoxide
in DMSO have been reported.’

Generally they lead to the carbon 1 substituted
derivatives of 7-chlorobicyclo [4.1.0Jheptane 2. Apart
from frequently appearing products of further
rearrangements of 2, a significant amount of aromatic
hydrocarbons Cg-Cg, mostly o-ethyltoluene and
ethylbenzene, were found in the post-reaction mixture.
These are believed to be formed by the reaction of the
transient 7-chlorobicyclo[4.1.0 Jheptene-7, 3 with
potassium dimsyl.2 The reaction course of 1 with
potassium isopropoxide is similar to that of with t-
BuOK.

In solvents of lower than DMSO polarity, e.g. THF,
1 did not react with t-BuOK, while treatment of some
other gem-dichlorobicyclo[n.1.0]alkanes with t-
BuOK in THF afforded products of dehydro-
chlorination-isomerization sequence.®* Nevertheless
the suggested®* mechanism of the reaction requires
further clarification. We report here the trans-
formations of 1 with various organic bases in nonpolar
solvents. The results point to the possibility of the
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existence of carbene intermediates in the sequence of
reaction leading to the final products,

RESULTS

The reaction of 1 with t-BuOK in benzene
containing catalytic amounts of crown ether (18-
crown-6, 10%, molar) gives t-butoxy(2-cyclohexene-1-
ylidene)methane 4 in 709 yield. Addition of 109, of
DMSO 1o the mixture alters the reaction course.
Previously reported? aromatic hydrocarbons Cz—Cs
are now formed as major products accompanied by
only a small amount of 4.

Introduction of the methoxide anion as an
additional nucleophile to the initial system results
in a mixture of products arising from the dehydro-
halogenation-isomerization—substitution reaction
sequence. The isomeric methoxy(cyclohexenylidene)-
methanes, § and 6, chloro(2-methoxycyclohexenyli-
dene)methane, 7 and 7-chlorobicyclo [4.1.0 Jheptene-2,
8 are formed under such conditions.

For the latter system the addition of an equimolar
amount of DMSO to 1 or replacement of benzene by
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Table 1. Influence of the solvent on the transformation of 1 with 1-BuOK/MeONa/18-crown-6

Solvent Mixture ratio Degree of
conversion
3+6 2 8
benzene 54% 20% 265 73%
benzene + 2.5% DMSO 45% 30% 25% Lg%
THF 4u% 31% 9% 70%




Transformations of halocyclopropanes- -V1

THF has no substantial influence on the reaction
course.

Detailed results of these experiments are presented
in Table 1.

Reaction of 1 with i-PrOK in a solvent of lower than
DMSO polarity, in the presence of crown ether
proceeds differently compared with that previously
reported'® reaction in DMSO. Products of the
expected dehydrohalogenation-isomeriza-
tion-substitution sequence are accompanied by
a substantial amount of hydrogenated material. The
work-up of the resulting mixture gave 1-cyclohexenyl-
methyl-isopropy! ether, 9, 3-isopropoxy-2-methyl-
cyclohexene-2, 10 and the mixture of endo and exo-7-
chlorobicyclo [4.1.0 Jheptanes, 11. The reaction of 1
with i-PrOK in benzene or THF gives similar products
as those obtained from 1 with t-BuOK/methoxide
anion in solvents of low polarity. Also in this case more
of the unsubstituted compound 11 is formed in
benzene than in THF.

The reaction of 1 in DMSO with t-BuOK and
anions derived from C-H acids has been reported
previously.’s Analogous transfer reaction of I in the
system benzene/18-crown-6 with t-BuOK and ethyl
cyanoacetate gave a mixture of products 12 and 13
formed via dehydrochlorination-addition reaction
sequence, similarly as in DMSO.

DISCUSSION

The reaction course of 7,7-dichlorobicyclo-
[4.1.0]heptane with t-BuOK, i-PrOK or methoxide
anion and t-BuOK in nonpolar media differ from that
in DMSO. It appears, however that in both polar as
well as nonpolar media dehydrochlorination of 1
leading to the cyclopropene derivative 3 takes place in
the first step. Formation of products 8 and 11, the
transformations occuring in the presence of ethyl
cyanoacetate and experiments carried out with 1 and t-
BuOK in DMSO-d,, support this assumption. The
latter reaction produced deuterated 4, hydrocarbons
Cy—-Cs containing deuterium label, but no incor-
poration of deuterium into the unreacted 1 has been
detected.

Reactive intermediate 3 might undergo two kinds of
solvent controlled transformation. In DMSO, due to
firm solvation of the polar transition state, the addition
to the double bond predominates, leading to the
derivatives of the type 2. In weakly solvating media the
rearrangements of 3 take place. The shift of the double
bond into the C, ring* produces 7-chlorobicyclo-
[4.1.0heptene-2, 8. Another type of rearrangement
most probably consists of the isomerization
cyclopropene—carbene yielding carbenes 14 and 15.
These carbenes with alkoxide anions give alkoxycyclo-
hexylidenemethanes 16 and 17 as well as derivatives of
chloro(2-alkoxycyclohexylidene)methane 18. The
carbene 14 appears to be thermodynamically more
stable. The latter is suggested by the formation of 4
with weakly nucleophilic t-butoxide anion and the
predominance of compounds of structure 16 in the
reactions of 1 with MeO™ and i-PrO . In the reaction
of 1 with potassium isopropoxide initially formed
compounds 8, 16, 17 and 18 are reduced, producing a
mixture of products 9, 10 and 11.

Only in the case of rather strongly nucleophilic
anions derived from C-H acids (i.e. ethyl
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cyanoacetate) the reaction in nonpolar media as well
as in DMSO proceeds without the rearrangement of
cyclopropene 3.

Presented results suggested the need of refor-
mulation of the mechanism? of the known reactions of
dichlorobicyclo{n.1.0]alkanes with t-BuOK in THF.
The latter will form the subject of further studies.

EXPERIMENTAL

'H NMR spectra were recorded on a JEOL JNM-MH-100
spectrometer using TMS as internal standard. IR spectra
were recorded on a Perkin -Elmer 577 IR spectrophotometer.
Mass spectra were taken on a LKB-900 mass spectrometer
operating at 70eV. Analytical gic was performed with a
Chrom 41 gas chromatograph using a 3.5m x 3mm steel
column packed with 3% OV-17 on Chromosorb W. Varian
2868 and Chromatron type GCHF with a steel 6m x 6 mm
column packed with 15% OV-17 on Chromosorb P was used
for preparative separations. Bps are uncorrected.

Materials Compound 1 was prepared by the Makosza
method.* BuOK and NaOMe (Fluka) were used without
purification. K 1-PrOK was prepared by the reaction of the
metal with i-PrOH and dried under vacuum
(100°/0.1 mm Hg). Benzene was dried and purified by
distillation from Na; THF was dried and purified by
distillation from LAH,.

General procedure. All reactions were carried out in the
atmosphere of dry, oxygen free N,. The alcoholate (0.5 mol t-
BuOK or i-PrOK; 0.25mol of t-BuOK and 0.25mol of
MeONa) was suspended in 300m! dry solvent (benzene or
THF) and 18-crown-6 (3.0g, 0.0115mol) was added. The
mixture was heated for | hr at 60°, cooled to room temp and 1
(16.5g,0.1 mol) was added. The mixture was kept 20 hr at 65°
and the solvent was evaporated. 400 m! water was added to
the residue, extracted with n-hexane (5 x 30 ml), washed with
water and dried over MgSQO,. After concentration the
mixture of products was analysed by glc and separated by
distillation or preparative glc. Products were identified by 'H
NMR, IR and MS spectra or by gic/MS identity method with
the comparison samples prepared by other methods.

(a) Reaction of 1 with t-BuOK in benzene. The product was
separated by distillation, b.p. 47-48°/0.3mmHg; 5.5g (337,
yield) and identified as 4: 'H NMR (CCl,) §: 1.23 (s, 9H,
3CHj;), 1.69 (m, 3H, H5, H6), 2.09 (m, 3H, H4, H6), 5.44 (m,
1 H,H3),5.77 (s, 1 H,=CHOBu-1),6.33 (d. | H,H2); IR (film):
1650cm™' (C=C), 1608cm~' (C=C), 1130-1170cm™"'
(C-0); MS m/e (% int): M* 166 (9.1), 110 (100.0), 95 (34.2),
57 (33.8), 81 (29.0). 41 (28.7), 79 (27.5), 29 (16.1), 92 (14.6), 37
(14.4), 67 {10.9).

(b) Reaction of 1 with t-BuQOK in benzene in the presence of
10°;, DMSO. The reaction was carried out for 1 hr at 60°. The
mixture of products was identified by glc/MS; it contained
776%, of hydrocarbons -toluene, ethylbenzene, o-ethyi-
toluene, o-xylene and 3-ethyhdenecyclohexenes, 6.5¢, of 4,
1% of 1 and about 15%, of unidentified products with high
mass weight, which were not analysed.

(c) Reaction of 1 with t-BuOK in henzene in the presence of
10% DMSO-d,. The mixture contained deuterated
hydrocarbons and deuterated 4: MS m/e (%, int): M* 168
(10.3), 57 (100.0), 112 (62.7), 41 (22.4), 111 (18.9), 29 (13.8),94
(11.8), 56 (11.4), 58 (6.9), 130 (6.5).

{d) Reaction of 1 with MeONa and t-BuOK (in benzene or
THF). Products were separated by preparative glc and
identified as 5: MS m/e (%, int): M * 124 (66.7), 91 (100.0), 92
(78.7), 77 (61.9), 79 (55.2). 45 (46.3), 39 (33.0), 93 (31.0), 81
(27.4), 109 (24.3): 6: MS m/e (%, int): M* 124 (100.0), 109
(98.4), 81 (89.9), 79 (73.3), 39 (56.9), 91 (56.9), 92 (49.5), 53
{47.8),41 (41.7);7: '"H NMR (CCl,) 5: 1.17-2.60 (m, 8 H, H3,
HS, H6), 3.17 (s, 3H, OCHj,), 3.55 (m, 1 H, H2), 590 (s, 1 H,
=CHOCH,); MS m/e (% int): M* 160 (10.2), 125 (100.0), 93
(38.1), 39 (26.3), 77 (18.3), 45 (17.9), 41 (17.0), 91 (14.9), 27
(12.4), 71 (12.0) and 8: 'H NMR (CCl,) §: 1.5-2.7 (m, 6 H,
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H1, H4, H5, H6), 3.25 (2d, 1 H, H7), 5.30 (m, 2 H, H2, H3);
MS m/e (% int): M* 128 (39.4), 130 (13.1), 93 (100.0), 91
(98.8), 77 (93.5), 79 (75.2), 39 (53.8), 128 (39.4), 65 (35.7), 51
(27.2), 63 (18.2), 92 (17.3).

(¢) Reaction of 1 with i-PrOK (in benzene or THF).
Products were separated by preparative glc and identified as
9: 'H NMR (CCl,) é: 1.10 (d, 6 H, 2CH,), 1.64 (m, 4 H, H4,
H5), 1.98 (m, 4H, H3, H6), 3.46 (septet, 1 H, OCH(CH,),),
3.68 (s,2H,-OCH,), 5.50 (s, | H, H2); MS m/e (% int): M*
154 (9.4), 41 (100.0), 79 (91.4), 112 (82.3), 81 (80.0), 43 (76.7),
67 (63.8),95 (63.3), 39 (56.6), 94 (55.7), 27 (51.3); 10: '"H NMR
(CClg)d: 1.12(d, 6H, 2CH,), 1.28-2.25 (m, 7H, H3, H4, HS,
H6), 3.03 (septet, | H,OCH(CH3),),5.55 (s, 1 H, H1): MS m/e
(% int): M* 154 (0.8), 109 (100.0), 67 (76.8), 43 (49.6), 41
(35.5), 81 (32.5), 111 (30.1), 55 (26.4), 39 (24.7), 27 (18.3), 79
(17.2); and 11: MS m/e (% int): M* 130 (9.4), 132 (2.4), 81
(100.0), 67 (82.6), 88 (80.9), 68 (68.3), 95 (64.1), 39 (63.6), 53
(62.6), 55 (49.7), 41 (46.9), 27 (37.2)

{f) Reaction of 1 with ethyl cyanoacetate and t-BuOK in
benzene. Products were separated by preparative glc and
identified as 12: '"H NMR (CCl,) 6: 1.27; 1.28 (¢, 3H, CH,),
1.34-3.00 (m, 9H, H2, H3, H4, HS, H6), 3.63; 3.69 (d, 1 H,
H7), 4.18; 419 (q, 2H, OCH,), 5.89; 605 (s, 1H,
-CH(CN)YCOOEt); IR (film): 2250cm ™! (CNN), 1745¢m™!
(C=0); MS m/e (% int): M™* 241 (0.4), 243 (0.2}, 93 (100.0), 29
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(58.0), 77 (32.3), 91 (31.6), 114 (30.1), 27 (29.3), 39 (26.9), 41
(23.9), 129 (22.8), 79 (22.2); and 13: MS m/e (% int): M* 205
(36.3), 132 (100.0), 27 (99.0), 29 (98.5), 177 (85.5), 39 (81.3), 77
(77.2), 41 (76.6), 159 (65.6), 160 (62.3), 130 (61.9)
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