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CATALYTIC {2 + 2]-CYCLOADDITION OF 3,3-DISUBSTITUTED CYCLOPROPENES
TO NORBORNENE AND NORRORNADIENE®

Yu. V. Tomilov, V. G. Bordakov, UDC 542.97:547.512:547.589.2
N. M. Tsvetkova, I. E. Dolgii,
and 0. M. Nefedov

A typical feature of the chemistry of cyclopropenes is dimerization by {2 + 2]-cycloaddi-
tion to give triecycle[3.1.0.0%2s%]hexanes [2], which takes place with particular ease when
electron-donor substituents are present in the 3-position of the cyclopropene ring [3, 4].

In contrast, the cross-[2 + 2]-cycloaddition of cyclopropene to other unsaturated compounds
has received much less attention. Some of the few such reactions are the photochemical addi-
tion of phenylcyclopropenes to derivatives of fumaric and maleic acids [5], of methyl 1,2-di-
phenylcyclopropene~3-carboxylate to unsaturated compounds carrying electron-donor substituents
{6], and intramolecular [2 + 2]-cycloaddition in 3-alkenylcyclopropenes, which takes place
effectively both on photelysis [7-9] and thermolysis of the latter [9, 10]. The catalyzed

[2 + 2]-ecycloaddition of cyclopropenes to unsaturated compounds has not been reported.

We carried out for the first time the cross-[2 + 2]-cycloaddition of cyclopropenes, by
reacting 3,3-dimethyl- (Ib) and 3-methyl-3-cyclopropylcyclopropene (Ic) with strained unsat-
urated hydrocarbons such as norbornene {NB) and norbornadiene (NBD), tc give the corresponding
bicyclo[2.1.0]pentanes, both thermally and catalytically {1]. Continuing these investigations,
we have now examined in detail the catalyzed reaction of 3,3-disubstituted cyclepropenes (Ib-
d) and of cyclopropene itself (Ia)} with NB and NBD in the presence of (Ph0) 3P CuCl or PhsP Cull.
The experiments were carried out at —20°C, by adding 0.3-0.5 mole Z of the catalyst to a solu-
tion of the cyclopropene and the olefin in dichloromethane (molar ratio 1:4-8:4-8). Under
these conditions, reaction of (Ic) with NB in the presence of (PhO),P-CuCl gave ~907 of 4-
methyl-4-cyclopropyl-exo,trans-tetracyclo[5.2.1.0%:%,0%s%]decane (IIc) as a mixture of two
isomers (~1:1) differing in the positions of the methyl and cyclopropyl groups.

Similarly, reaction of (Ic) with NBD gave 90-94% of isomeric (1.25:1) 4-methyl-4-cyclo-
propyltetracyclo[5.2.1.0%25¢,0%:5%]dec-8-enes (IVc).

Tt is noteworthy that both with NB and NBD, cross-[2 + 2]-cycloaddition takes place to
a much greater extent than cyclodimerization of the starting material {Ic) to the isomeric
3,6-dimethyli-3,6-dicyclopropyltricyclo-[3.1.0.0%>*hexanes (IIIc). The use of PhyP-CuCl as
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catalyst in the reaction of (Ic) with NB and NBD under similar conditions also gave good
yields (90-95%) of the cycloadducts (IIe) or (IVe).

No separation of the isomeric hydrocarbons obtained was achieved by GC (5% SE-30, SP-2100
or Carbowax 20M on chromatone N-AW-DMCS), but their PMR spectra indicated the presence of
two isomers of adducts (IIc) and (IVc), and of three isomers in the case of the dimer (IIIc).

For steric reasons, of the four possible isomers of tetracyclo[5.2.1.0%55,0%5decanes
with substituents at C“, only two isomers with the exo, trans- and endo, trans-orientations
of the bicyclopentane moiety are capable of existence.

exo, trans-coupling -endo, trans-coupling

In the PMR spectra of (IIc) and (IVc), the signals for the protons at C2 and C® appear
as narrow multiplets with coupling constants Ji,2 € 1.5 Hz, in accordance with the exo-trans
isomer [11]. In order to confirm this conclusion, we reacted NBD with cyclopropene (Ia) in
the presence of (Ph0),P:CuCl to obtain the unsubstituted tettacyclo[5.2.1.0%58,0%s°]dec~8-ene
(IVa), which according to GC and its PMR spectrum was a pure compound. Comparison of its
PMR spectrum with that of an authentic sample of the endo, trans-isomer of the hydrocarbon
(IVa), obtained by the Diels—Alder reaction of bycyclo[2.1.0]pentane with cyclopentadiene [12],
in fact showed differences in the chemical shifts of the relevant protons. In full accordance
with the exo, trans-orientation of the fused bicyclopentane moiety, the signal for the H2 proton
at C'° was seen at § 2.2 ppm, due to the combined influences of the cyclobutane and cyclopro-
pane fragments (in the endo, trans-isomer, § = 1.13 ppm for H® [12]).

Thus, the [2 + 2]-cycloaddition of cyclopropenes toNB and NBD takes place exclusively
at the exo-position, and the double sets of signals in the PMR spectra of (IIc) and (IVc) is
due to anti,syn-isomerism of the methyl and cyclopropyl groups. Consideration of the effects
of the anisotropy of the cycloepropane and cyclobutane fragments leads to the conclusion that
the highfield signals with § 0.53 ppm in (IIc) and 0.63 ppm in (IVec) most likely correspond
to the protons of the methyl group in the anti-position.

The signals in the PMR spectra of the tricyclohexanes (IIIc) indicate the presence of
three isomers with the a,a-, e,e-, and a,e-disposition of the methyl groups (in a ratio of
~3.5:1:4, respectively). Assignment of the signals was carried out as for (IIc) and (IVc).

We then examined the behavior of other 3,3-disubstituted cyclopropenes in their catalyzed
[2 + Z]-cycloadditions to NBD. For instance, the reaction of (Ib) with NBD in the presence
of (PhO),P:CuCl under the conditions described above also results in the formation of the
corresponding [2 + 2]-cycloadduct, 4,4-dimethyltetracyclo[5.2.1.025%.035%]dec-8-ene (IVb) in
60-65% yield, with the concurrent formation of the cyclodimer 3,3,6,6-tetramethyltricyclo-
[3.1.0.02>%]hexane (IITb) (yield ~10%) together with higher molecular weight oligomeric prod-
ucts. The preferential formation of cyclotrimers and cyclotetramers from (Ib) has been noted
previously with Ni(0) and Pd(0) catalysts with phosphorus-containing ligands [13].

The reaction of spiro[2,3]hex-l-ene (Id), which in the pure state cyclodimerizes to a
significant extent at temperatures as low as 20°C, also gives a ~65% yield of the cross-[2 +
2]-cycloaddition product tetracyclof[5.2.1.02:%.,0%s%]dec-8-ene-4-spirocyclobutane (IVd) when
reacted with an eightfold excess of NBD at —20°C in the presence of (Ph0O),P-CuCl, the yield
of the cyclodimer (IIId) being ~25%.
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When a twofold molar excess of NBD over (Id) was used, in addition to (IIId) and (IVd),
the crystalline bis-adduct (V), formed by the addition of two molecules of (Id) to both double
bonds in NBD, was also obtained.

W)

Hence, the reaction of the cyclopropenes (I) with NB and NBD in the presence of (PhO),P-
CuCl or Ph,0-CuCl at —20°C is primarily cross-{2 + 2]-cycloaddition. However, as we have shown pre-
viously [14], in the presence of the same catalyst (PhO);P-CuCl at —20°C, the reaction of
(Ic) with a number of other unsaturated hydrocarbons such as cyclopentadiene proceeds exclu-
sively with opening of the cyclopropene ring and the formation of the corresponding vinyl-
cyclopropanes and trienes, which are the formal products of the addition and dimerization
of vinylcarbenes. It is also interesting to note the change in the course of the reactions
of cyclopropenes in the presence of other catalysts; in the presence of (Ph0),P+CuCl in di-
chloromethane at —20°C the cyclopropene (Ic) is converted exothermically into the triene (vi),
whereas in the presence of PhyP-CuCl it cyclodimerizes to the tricyclohexane (ITIc).

(IlIc) <—
Ph,P-CuCl (c) (PLO);P-CGuCl

N

B VI
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NBD NBD
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The different courses followed by the reactions of cyclopropenes are also apparent in
the external factors during the course of the reactions. Unlike reactions involving opening
of the cyclopropene ring [14], when {2 + 2]-cycloaddition takes place the reaction mixture
does not become colored, or a sharp increase in temperature occurs.

It appears that the difference in the reaction pathways of cyclopropenes are controlled
by the possibility of their complexing with CuCl, and are dependent on both the structure
of the cyclopropene and on the nature of the ligands entering the coordination sphere of the
copper ion. 1In this case, as a result of the differing steric hindrance and electronic fac-
tors associated with the ligands, the interaction of the copper d-electrons with the rm-elec-
trons of the cyclopropene double bond changes, resulting in both activation of the double
bond with the subsequent formation of [2 + 2]-cycloaddition products, and in more extensive
reaction resulting in cleavage of the less stable 1,3-bond in the cyclopropenes.

The presence of Ph,;P or (PhO),P in the coordination sphere of the copper, in conjunction
with NB and NBD, which are more capable of forming complexes with CuCl than any other unsat-
urated hydrocarbons, modifies the steric and electronic environment of the active site in
such a way that the cyclopropene reacts with the CuCl complex at the m-olefin only. The use
of CuCl or (PhO),;P:CuCl in the absence or presence of weakly complexing olefins results in
greater deformation of the electron density in the cyclopropenes, favoring their isomerization.

EXPERIMENTAL

GC analyses were carried out on an LKhM-8MD chromatograph with a flame ionization detec-
tor and an I1-02 integrator (300 x 0.3 cm column with 5% SE-30, SP-2100 or Carbowax 20M on
chromaton N-AW-DMCS, 0.16-0.20 mm, carrier gas helium, 30 ml/min). PMR spectra were obtained
using 5-107 solutions in CDCl; on a Bruker WM-250 instrument (250 MHz) relative to TMS as
internal standard, and mass spectra on a Varian MAT CH-6, ionizing electron energy 70 eV.

The starting cyclopropenes (I) were obtained by the selective monoreduction of gem-dibro-
mocyclopropanes as described in [15], followed by dehydrobromination of the resulting 2-bromo-
1,1-dialkyleyclopropanes as in [16].

4-Methyl-4-cyclopropyl-exo,trans-tetracyclo{5.2.1.0%25%,0%s55]decane (IIc}. To a solution
of 0.94 g (10 mmole) of 3-methyl-3-cyclopropylpropene (Ic) and 6 g (63 mmole) of norbornene
(NB) in 5 ml of dichloromethane was added, under argon at —20°C, 0.02 g €0.05 mmole) of (PhO),P-
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CuCi. The resulting almost colorless mixture was stirred for 30 min at -20°C. The excess NB
and solvent were then distilled off, and the residue treated with pentane and filtered through
silica gel. TFractional distillation gave 1.76 g (94%) of a colorless liquid, bp 73-76°C (1 mm)
containing ~95% (IIc) and ~5% of the cyclodimer (I1IIc). For the PMR spectrumof (IIc) see Tablel).

4-Methvl-4-cyclopropyl-exo,trans-tetracyclol5.2.1.0%5%.0%s5]dec-8~ene (IVec). We obtained,
similarly, from 4.7 g (50 mmole) of the cyclopropene (Ic) and 19 g (0.2 mole) of norbornadiene
(NBD), 8.8 g of (IVe), 94% yield, 987 purity, bp 78-79°C (1 mm). Mass spectrum (m/z): 186
(27) M*, 171 (57) (M ~ CH,1*, 120 (627)[M— C4H,1¥, 117 (33%) C,Hy ¥, 105 (100%) CoHy*, 91 (852)C,H,T.

Similarly, from 0.94 g (10 mmole) of (Ic) and 6.5 g (70 mmole) of NBD in the presence
of 0.02 g of Ph,P-CuCl there was obtained 1.73 g (937) of (IVc).

exo,trans-Tetracyclo[5.2.1.0 25%,0%>%]dec-8-ene (IVe). The cyclopropene (Ia), obtained
as in [17] from 2 g of allyl chloride and 1 g of NaNH,, was treated with a solution of 0.5 g
of NBD and 5 mg of (PhO);P-CuCl in 3 ml of dichloromethane at —30°C while a stream of argon
was passed through. After 1 h, the sclvent was evaporated, the residue treated with pentane,
filtered through a layer of silica gel, and the pentane and NBD distilled off. The residue
(0.11 g) was a colorless liquid, which according to GC and its PMR spectrum was practically
pure (IVa), yield ~50% on the cyclopropene formed.

4,4-Dimethyl-exo,trans-tetracyclo{5.2.1.0%2:6,0%55]dec-8-ene (IVb). To a solution of
0.81 g (12 mmole) of dimethylcyclopropene (Ib) and 6.5 g {70 mmole) of NBD in 5 ml of dichlor-
omethane was added at —20°C 0.2 g of (Ph0),P+CuCl, and the mixture stirred for 1 h. The sol-
vent and excess NBD were then distilled off, and the residue treated with 10 ml of pentane
and filtered through silica gel. TFractionation gave 1.24 g (65%) of (IVb), bp 92-93°C (20 mm),
purity 98.5%, np?® 1.4977, and 0.08 g (~10%) of 3,3,6,6-tetramethyltricyclo[3.1.0%>"Jhexane
{IIIb}, the PMR spectrum of which was identical to that given in [18]. Mass spectrum of (IVDh)
(mfz): 160 (27) Mt, 145 (20%) [M — CH,1T, 117 (50%) [M — C,H,1%, 105 (40%) [M — C,H,1", 94
(100%) [M = CzHg1T. For the PMR spectrum of (IV), see Table 1.

exo,trans-Tetracyclof{5.2.1.0%55.0%55]dec-8-ene-4-spirocyclobutane {IVd). To a solution
of 4.8 g (60 mmole) of spiro{2,3}hex-1l-ene (Id), and 17 g (0.18 mole) of NBD in 10 ml of di-
chioromethane at —20°C was added 0.15 g of (PhO)sP-CuCI, and the nmixture stirred for 40 min.
After working up in the usual way by vacuum distillation, there was obtained 1 g (23%) of
cyelobutane-spiro-3~tricyclo{3.1.0.02:*]hexane-6~spirocyclobutane (IIId), bp 80-83°C (7 mm),
PMR spectrum: 1.25 s (4H, CH), 1.9-2.05 m (12H, CH,), and 6.9 g (67%) of (IVd), purity 987,
bp 62-863°C (1 mm), np?® 1.5213. TFor PMR spectrum, see Table 1. Mass spectrum (m/z): 172
(27) u*, 143 (10%) [M - C,HgIt, 129 (157) [M - C.H,1*, 106 (100%) IM — C H.It, 91 (80%) C.H,t.

Preparative GLC (silica gel, eluent hexane—ether, 7:1) of the still residue gave ~0.3 g
{4%) of cyclobutanespiro-4-hexacyclo[5.5.1.02+%,0%,%,08,%2 0% 1 ]tridecane-10-spirocyclobu-
tane (V} as colorless crystals, mp 114-115°C (from acetone). PMR spectrum: 2.24 t (2H, H*S,
J = 1.1 Hz}, 2.0 m (12H, cyclobutane CH,), 1.40 br. s (4H, H2, H®, H®, H'?), 1.26 br. s (2H,
Y, H7}, 1.05 br. s (4H, H®, H5, H?, H!1).

3,6-Dimethyl-3,6-dicyclopropyltricyelof3.1.0.0%:"]hexane (IIIc). To a solution of 0.94 g
(10 mmole) of 3-methyl-3-cyclopropylcyclopropene (Ic) in 8 ml of dichloromethane at —20°C was
added 0.018 g (0.05 mmole) of Ph,P+CuCl, and the mixture was stirred for 1 h. After the usual
workup, fractionation gave 0.87 g (92%7) of (ITIc) as a mixture of three isomers (according
to the PMR spectrum) in proportions e,e:a,a:a,e » 3.5:1:4, bp 93-95°C (7 mm), np?? 1.5087.
PMR spectrum: 1.37 s (CH of polycycle in the a,a-isomer), 1.27 m and 1.16 m (CH of polycycle
in a,e-isomer), 1.25 s (a-CH; in the a,e-isomer), 1.23 s (a-CH, in the e,e-isomer), 1.2 m
{cyclo-C4Cs CH), 1.07 s (CH of polycycle in e,e-isomer), 0.76 t.t (cyclo-C,H; CH in
the a,e-isomer, Jgig = 8.2 Hz, Jgpans = 5.4 Hz), 0.72 t.t (cyclo-C;H; CH in the
e,2-isomer, Joig = 8.2, Jryans = 5.4 Hz), 0.60 s (e-CH; in the a,a-isomer), 0.57 s (e-CH,
in the a,e-isomer), 0.41 m, 0.25 m and 0.07 m (cyclo-C,H; CH,). Mass spectrum (m/z): 188
(27) w*, 172 (10%) [M = CH,1%, 159 (12%) [M — C,H,1%*, 145 (20%) M — C,H,1%, 131 (24%) [M -
C,Hg 1%, 105 (65%) CgH,t, 91 (100%) C,H,*. :

CONCLUSIONS

3,3-Dialkyl(cycloalkyl)cyclopropenes react with norbornene and norbornadiene at —20°C
in the presence of complexes of CuCl with (PhO),P or Ph,P exclusively by [2 + 2]-cycloaddi-
tion, giving the corresponding exo,trans-tetracyclof5.2.1.02:¢,0%s%}decanes (or decenes) in
vields of 60-94%, the tricyclohexane cyclodimers being obtained in yields of 5-25%.
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CONTROL OF DITASTEREOSELECTIVITY IN THE CYCLIZATION
OF DIPROPENYL KETONE TO 2,6-DIMETHYL-1-HETEROCYCLO-
HEXAN-4-ONE

I. K. Korshevets and E. A. Mistryukov UDC 541.63:66.095.252:547.385

On cyclization of symmetrical dienones of type (I), two isomeric cyclic products can
be formed, namely meso-ee-(ITIT) and ea-(III) racemate. In the meso-form, the asymmetric cen-
ters at C? and C® possess opposite symmetry, but in the racemate they have the same configura-
tion (for each of the ea-(III) antipodes ).

We have now examined the dependence of the cyclization (I) » (III) and the diastereoiso-
meric composition of (III) on the reaction conditions.

cis- ee~(II1Y

O ¥
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H,X = CH,NH,, X = NCH, (a); H,X = NH,;, X = NH (b); H,X = H,S,
X =35 (¢

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow.
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 7, pp. 1540-1545,
July, 1987. Original article submitted February 5, 1986.

1420 0568-5230/87/3607-1420812 .50 ©1988 Plenum Publishing Corporation



