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Abstract- A novel method for the synthesis of gem-dialkoxycarbonyleyclopropanc derivatives is reported
which involves the reaction of olefins with dibromomalonic esters and Cu in dimethyl sulphoxide. The
reaction was applicable to a wide range of olefins and procecded smoothly at moderate temperature to give
the cyclopropanc derivatives often in good yields. Cu was converted to Cu(ll) bromide during the reaction.
The reaction was weakly electrophilic and proceeded non-stereospecifically, and a stepwise mechanism
involving addition and climination appeared favourable for the rcaction. In contrast, in the previously
reported examples of the cyclopropanation of olefins by organic gem-dihalides and Cu in an aromatic
hydrocarbon, Cu was converted to Cu(l) halides and a concerted cycloaddition of carbenoid intermediates
appeared favourable.

Several mcthods have been used for the synthesis of Recently we have reported the synthesis of

gem-dialkoxycarbonylcyclopropane derivatives from
olefins. The reaction of olefins with diazomalonic
esters gives the corresponding gem-dialkoxycarbonyl-
cyclopropane derivatives.'-? The reaction of olefins
with malonic esters in the presence of Cu(ll) halide
gives the corresponding gem-dialk oxycarbonylcyclo-
propane derivatives in only 8-18", yields.® The

\C/

+ RCHX, + 2Cu

cyclopropane derivatives from olefins by the reaction
with organic gem-dihalides and Cu.'®~!3 This reaction
proceeded stereospecifically and gave the cyclo-
propanc derivatives often in good yields. The reaction
did not give isomeric olefins difficult to separate which
would be expected from the insertion of {ree carbene
into C H bonds.

\/
C

I
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/\

reaction of olefins with Cu(l} oxide-isocyanide
complex* and that with malonic or bromomalonic
esters in the presence of a base®® give the
corresponding gem-diatkoxycarbonylcyclopropane
derivatives, but the olefins applicable to these
procedurcs are limited only to axf-unsaturated
carbonyl compounds and nitriles. Other route to gem-
dialkoxycarbonylcyclopropane derivatives are the
reaction of 1.4-dibromo-2-alkene with sodiomalonic
esters,” the reaction of gem-dibromocyclopropane
derivatives with diethyl carbonate and butyllithium,®
and the reaction of dimethy! vinyl sulphonium salts
with sodiomalonic esters.’

Cu
BrZC(COOEt)2

C.H

66
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Aromatic
Hydrocarbon

(:pHR + Cu,X

C
/\

(1)

272

(R=H.""F** CL}? Br,'* ' COOR".}* CH,,!! and
COCH;s.'2 X=Br. 1.

As an extension of this work, we have investigated the
reaction of bromomalonic esters with Cu powder in
the presence of olefins, and found a useful method for
the synthesis of gem-dialkoxycarbonylcyclopropane
derivatives from olefins.

Reaction of olefins with diethyl dibromomalonate with
Cu in an aromatic hydrocarbon

The reaction of diethy!l dibromomalonate with Cu
powder in CH, at 75" gave tetraethyl ethylenetetra-
carboxylate in 527, yicld after 24 hr.

Et0CO,  COOEt
/C=C\
Et0CO COOEt
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Table 1. Synthesis of gem-dialkoxycarbonylcyclopropane derivatives from olefins by reaction (2§

Temp. Time YielaP

Olefin {°C) (h) Product (%}
Cyclohexene 65 40 7,7-Diethoxycarbonylbicyclo{4.1.0]heptane 12
cis-Cyclooctene 75 24 9,9-Diethoxycarbonyl-cis-bicyclo{6.1.0]nonane 56
l1-Heptene 75 24 1,1-Diethoxycarbonyl-2-pentylcyclopropane 31
1-Octene 75 24 1,1-Diethoxycarbonyl-2-hexylcyclopropane 29
Acrylonitrile 60 24 1-Cyano-2,2~diethoxycarbonylcyclopropane 61
Ethyl acrylate 70 24 1,1,2-Triethoxycarbonylcyclopropane 18
Styrcne 100 40 1,1-Dicthoxycarbonyl-2-phenylcyclopropane trace

8 Reactions were carried out with 4.0 mmol of olefin, 8.0 mmol of diethyl dibromomalonatc,
18.0 mmol of Cu and 0.2 mmol of I, in 3.0 ml of Collg -

b Determined by VPC analysis of the reaction mixture, and were based on the olefin.

€ Toluene was used instead of Cb“d‘

The reaction of dibromomalonic ester with Cu in the
presence of olefins gave the corresponding gem-
dialkoxycarbonylcyclopropane  derivatives  in
12 61", yields. Some experimental resuits are given in
Table 1. Allproducts were identified by comparison of
their 'H NMR and IR spectra with those of authentic
samples, or showed satisfactory analytical data and
expected spectra. Vpc analysis of the reaction mixture
showed that the reaction did not give isomeric olefins.

\C/
I+ Br,C(COOEt), + 2Cu
C

/\

Reaction 2 with styrene gave the phenyleyclo-
propane derivative in low yield, and the principal side
reaction was the polymerisation. The phenyl-
cyclopropane derivative was not unstable under the
reaction condition. A large amount of tetracthyl
ethylenetetracarboxylate was detected in the reaction
mixture.

In the previous examples of reaction 1, acrylonitrile
and acrylic esters did not give the corresponding
cyclopropanc derivatives.'®" '3 The result was
interpreted in terms of the large spread in relative
reactivity.'” On the contrary, acrylonitrile gave the
corresponding cyclopropane derivative in a fair yield
in reaction 2. The result will be discussed later again.
Except for this point, reaction 2 appeared to show an
essentially similar nature to that of previous examples
of reaction 1, and the concerted cycloaddition
mechanism via carbenoid intermediate would
rcasonably explain the cxperimental results.

Aromatic C
Hydrocarbon / \

Reaction of olefins with diethyl dibromomalonate and
Cu in dimethyl sulphoxide

In previous examples of reaction 1, ethercal and
other polar solvents conspicuously reduced the yields
of cyclopropane derivatives.'®'* Actually no
cyclopropane derivative was obtained in ethereal
solvents. However, reaction 2 with acrylonitrilc gave
the corresponding cyclopropane derivative in a fair
yield as was given in Table 1. This finding prompted us

\/

N
| C(COOEt), + Cu

J 2Br

, @

to investigate the effect of polar solvent in the
cyclopropanation of olefins by dibromomalonic esters
and Cu. We found that the reaction proceeded
smoothly even in polar solvents and gave
cyclopropane derivatives in good yields. Some
experimental results are given in Table 2. In polar
solvents, especially in dimethyl sulphoxide (DMSO),
the reaction of dibromomalonic esters with Cu
proceeded rapidly, and the reaction in the presence of
olefins gave the corresponding cyclopropane
derivatives in much better yields than in an aromatic
hydrocarbon.

Contrary to the previous examples of reaction 1,
reaction 2 with acrylonitrile gave the corresponding
cyclopropanedcrivativeinafair yicld. Thisresult can be
understood when we assume that acrylonitrile acted as
a polar solvent in this case.

Since the reaction of styrene with dibromomalonic
esters and Cu proceeded very smoothly in DMSO and
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Table 2. Reaction of styrene with diethyl dibromomalonate and Cu in polar solvents”

Temp. Time Yield?
Solvent °C) (h) (%)
Dimethyl sulphoxide 75 2 g9
N,N-Dimethylformamide 75 2 47
N,N-Dimethylformamide 75 15 68
Tributylanine 85 5 69
Tetrahydrofuran 55 20 trace
Toluene 100 40 trace
a

Reactions were carried out with 4.0 mmol of styrene,

8.0 mmol of diethyl dibromomalonate, 18.0 mmol of Cu, and

0.2 mmol of 1
b

2 in 3.0 ml of the solvent.

Yield of 1,1-dicthoxycarhonyl-2-phenylcyclopropane

determined by VPC analysis of the reaction mixture, and

was based on styrene.

Table 3. Synthesis of gem-dicthoxycarbonyleyclopropane derivatives from olefins by reaction {3}
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Temp., Time Yield® (3)
Olefin ) Product A b

Styrene 75 2 1,l-Diethoxycarbonyl-Z-phenylcyclopropane 99 95
p-Methylstyrenc 75 2 1,1-Diethoxycarbonyl-2-p-methylphenylcyclopropanc s7 48
p-Chlorostyrene 75 2 1-p-Chlorophenyl-2,2-dicthoxycarbonylcyclopropane 92 81
m-Chlorostyrene 75 2 1-m-Chlorophenyl-2,2-diethoxycarbonyicyclopropane 70 89
m-Trifluoromethylstyrene 75 2 1,1-Diethoxycarbonyl-2-m-trifluoromethylphenylcyclopropane 71 93
Acrvleonitrile 60 2 1-Cyamo-2,2-diethoxycarbonylcyclopropane 62
Acrylonitrile 75 2 1-Cyano-2,2-diethoxycarbonylcyclopropane 97
Ethyl acrylate 73 2 1,1,2-Triethoxycarbonylcyclopropane 2 46
cis-Cyclooctenc 75 2 9,9-Diethoxycarbonyl-cis-bicyclo[6.1.0]nonane 4 4
1-Octene 75 2 1,1-Diethoxycarbonyl-2-hexylcyclopropane 5 69
cis-8-Methylstyrene 75 2 1,1-Diethoxycarbonyl-Z-nmethyl-3-phenylcyclopropane 6d 28%
trans-B-Methylstyrenc 75 2 1,1-Biethoxycarbonyl-2-methyl-3-phenylcyclopropane 8f 248

a . . R
Reactions were carried out with

0.2 mmol of I‘Z in 6.0 ml of DMSO.

b

0.1 mmol of 12 in 6.0 ml of IMSO,

© petermined by VPC analysis of the reaction mixture, and were based on the olefin.

d

A 11:89 nmixture of cis and trans isomers was obtained.

€ A 7:93 mixture of cis and trans isomers was obtained.

f

8

A 12:88 mixture of cis and trans isomers was obtained.

A 6:94 mixture of cis and trans isomers was obtained.

4.0 mmol of olefin, 8.0 mmol of diethyl dibromomalonate, 18.0 mmol of Cu, and

Reactions were carried out with 4.0 mmol of olefin, 8.0 mmol of diethyl dibromomalonate, 9.0 mmol of Cu, and
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gave the cyclopropane derivatives in excellent yields, Isomerization of cis- and trans-f-methylstyrene and
we carried out the reaction with other olefins in the  that of cis- and trans-1,1-diethoxycarbonyl-2-methyl-
solvent. Some experimental results are given in Table  3-phenylcyclopropanc were not observed under the
3 experimental condition.

\/ \ /
ﬁ + Br,C(COOEt)., + Cu ?\
C 2 2 DMSO ¢

/' \ /' \

C(COOEt)2 + CuBr, (3)

In the previous examples of reaction 1, 1 mol of the The relative reactivity of substituted styrenes in
organic gem-dihalide consumed 2mol of Cu, and gave  reaction 3 was investigated. Logarithm of the relative
the corresponding Cu(l) halide in a quanlitative reactivity was plotted against Hammett o-value in Fig.
yield.'!® In the reaction 3, however, Imol of 1. Thus the reaction was concluded to be weakly
dibromomalonic ester consumed 1 mol of Cu and gave  electrophilic.
Cu(ll) bromide in a quantitative yield, which was
isolated as a coordinated complex with two molecules
of DMSQ, and was identified by comparison of its
spectral data with those of an authentic sample.'®

Table 3 shows that reaction 3 is useful for the
synthesis of gem-dialkoxycarbonylcyclopropane
derivatives from olefins. The gem-dialkoxycarbonyl-
cyclopropanation by Cu{l) oxide-isocyanide com- 00
plex* and that by malonic or bromomalonic esters in Py
the presence of a base®™® are limited only to 8-
unsaturated carbonyl compounds and nitriles. On the
contrary, reaction 3 is applicable to conjugated and
unconjugated olefins as well as to « f-unsaturated
carbonyl compounds and nitriles as can be secn in -0.2+ N
Table 3.

Reaction 3 was found to give higher yields of
cyclopropane derivatives from several olefins when
smaller amount of Cu was used as can be seen in Tabie o
3. In such cases, the principal side reaction was the  Fip 1. The Hammett correlation of relative reactivity of
formation of tetraethyl ethylenetetracarboxylate, the substituted styrenes in reaction {3) at 75 .
formation of which decreased when the amount of Cu
was reduced.

Reaction (3)did not give isomeric olefins difficult to
separate, which would be expected from the insertion
of free carbene into C-H bonds. Reaction 3 gave gem-
dialkoxycarbonylcyclopropane derivatives in a non-
stereospecific way. From both c¢is- and trans-f- Although no detailed investigation of the
methylstyrene was obtained about 1:9 mixture of cis- mechanism of the reaction has been made, several
and trans-isomers of the corresponding cyclopropane  experimental observations have suggested a reason-
derivatives. able interpretation. We propose the following

tog (kx / kn)

Ph ,Me  Br,C(COOEt) Ph Me Ph H
>C=C\ C : >C Co * >C C<
H H Cu/DMSO H\/ H H \ / Me
C(COOEL) C(COOEL),
11:89
Ph H  Br,C(COOEt) Ph Me Ph H
Se=c{ : S O e te
H Me Cu/DMSO H\ / H HO\ / Me
C'(COOEt), C(COOEt),

12:88
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mechanism for reaction (3).

3521

Brzc(COOEt)2 + Cu —= Brg(COOEt)2 + CuBr

\/ \/

C
“ + 1 L
C ¥ Ce

/' \ /

\ /
C
g + CuBr
/\

?~C(Br)(COOEt)2

[ o8]

N
é/C(COOEt)Z + CuBr,

1

-~

Since reaction (3} proceeded non-stereospecifically
contrary to the previous examples of reaction (1), the
concerted cycloaddition mechanism via carbene or
carbenoid intermediate may be unlikely. The stepwise
mechanism involving addition and elimination may
reasonably explain the non-stereospecific nature of the
reaction. The addition of a radical 1 to olefinic double
bond seems to be consistent with the findings that the
reaction showed a p-value of —0.4 in the rclative
reactivity of substituted styrenes. Mechanism
involving carbanion may be unlikely, because the
reaction showed the electrophilic nature.

EXPERIMENTAL

Microanalyscs were performed at the Elementary Analyses
Center of Kyoto University. 'H NMR spectra were recorded
on a Varian Model T-60-A spectrometer in CCl, using TMS
as internal standard. IR spectra were recorded on a Hitachi
Model 215 grating spectrophotometer. Mass spectra were
obtained on a Hitachi Model RMU-6 mass spectrometer.
VPC analysis was carried out on a Shimadzu GC-4C gas
chromatograph.

Matrerials. Diethyl dibromomalonate was prepared
according to the lit.'® cis-f-Methylstyrene'® and rrans-$-
methylstyrene'” were prepared by lit methods and purified by
collection using vpc. Other olefins were commercially
available and were purified by distillation. The ordinary
commercial grade of Cu powder was used without further
purification. Solvents were dried with CaH, and distilled
before use. Other chemicals were used without further
purification.

Syathesis of gem-dialkoxycarbonvicyclopropane derivatives
Jrom olefins by the reaction with diethyl dibromomalonate and
Cu

General procedure. The reaction vessel was a 2-necked flask
equipped with a reflux condenser and magnetic stirrer. Cu
was allowed to react with a small amount of I, in a solvent at
room temp. After the brown colour of 1, disappeared, olefin
and diethyl dibromomalonate were added and the mixture
was heated at the prescribed temp under stirring. After the
reaction, the mixture was submitted for the analysis of
products. In the cases where an aromatic hydrocarbon was
used as the solvent (the reaction 2), the inorganic materials
werc separated from the mixture by filtration. In the cases of

the reactions carried out in a polar solvent {reaction 3}, the
organic materials were extracted by hexane from the mixture.
Yields were determined by vpc analysis of the organic layer,
and the products were isolated by collection from the organic
layer by vpc and were analyzed. Results are given in Tables 1,
2 and 3. "HNMR and IR spectra of 7,7-diethoxycarbonyl-
bicyclo[4.1.0 Jheptane,' 1.1-diethoxycarbonyl-2-phenyl-
cyclopropane,”  l.cyano-2,2-diethoxycarbonylcyclo-
propane,® tetraethyl ethylenetetracarboxylate'® were
respectively identical with those of authentic materials.
Spectral and elementary analyses of the other gem-
dialkoxycarbonylcyclopropane derivatives are given below.
All products showed characteristic absorption of ester CO
group in their IR spectra.

9.9-Diethoxycarbonyl-cis-bicyclo [6.1.0 'nonane. nd® =
1.4729; '"HNMR (CCl,) 8 0.7-2.3 {m, 14H), 1.24 (1. ]
=T71Hz.6H), 410 (q,J = 7.1 HZ 4 H); M8 m/e {rel ) 268
(1.05 M ™), 160 (40), 29 (100), 27 (49). (Found: C, 67.09; H.
8.86. C,H.,0, requires: C, 67.14; H, 9.01" )

1,1-Diethoxycarbonyl-2-pentylcyclopropane. nj)® = 1.4377;
'HNMR (CCL,)00.5-1.9 (m, 14 Hy, 1.24(1,] = 7.1 Hz, 6 H),
414 (q.] = 7.1 Hz, 4 H); MS mje (rel ©,) 256 (0.53 M ™), 127
{67), 44 (44), 41 (49), 29 (100), 27 (61). (Found: C. 65.36; H,
9.38. €, H,,0, requires: C, 65.60: H, 944" )

L1-Diethoxycarbonyl-2-hexyleyclopropane. nd? = 1.4390;
HNMR(CCL)E0.5 2.2(m, 16 H), 124 (1] = 7.0H~ 6 H),
414 (g, J=T70Hz, 4H) (Found: C. 66.35; H, 990
C,:H,,0, requires: C, 66.64; H, 9.69° )

1,12 Triethoxycarbonyleyclopropane.  nd® = 1.4409;
THNMR(CC1,)81.23(1,) = 7.2Hz, 3H) 1.24 (1.} = 7.2 Hz,
IHL1.27(, ) =72Hz 3H), 1.51 (d of 4, J ;. = 88 Hz and
Joow =42Hz, 1H), 1.82 (d of d. },,,, = 68Hz and J,..,
=42Hz 1H). 243 (dof d. J,, =88Hzand J,... = 68 Hz,
TH), 411 (g 3 =7.2Hez, 4H) 417 {q, ] =72Hz 2H)
(Found: C, 55.76; H, 7.09. C,,H, 40, requires: C, 55.81: H.
702"}

1,1-Diethoxycarbonyl-2-p-methylphenyleyclopropane.  ni®
= 1.4989; '"HNMR (CCl,) 30.86 (1,J = 7.2 Hz, 3H), 1.28 (1,
3= 72Hz,3H),1.53(dofd, J;, =92Hzand ], = 48 Hz,
1H}), 201 (dofd, )., =80Hzand ], = 48Hz 1 H), 226
(s,3H),306(dofd, J,, = 92Hzand J,,,,, = 80Hz 1 H), 378
(g, J =7.2Hz, 2H), 4.17 (q, J = 7.2Hz, 2H), 6.98 (m, 4 H).
(Found: C. 69.37; H, 748. C,,H,,0, requires: C, 69.55; H.
7.29".)

1-p-Chlorophenyl-2,2-diethoxycarbonyleyclopropane.  nd®
= 15071, 'H NMR (CC1,) 3090 (t,] = 7.2Hz, 3H), 1.28 (t,
J=T72Hz, 3H) 1.58(d ofd,J,, =92Hzand ], = 50Hz
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1H), 203 (d ofd, )., = T8 Hz and J,,., = S.0Hz, 1 H), 3.10
(d of d, J,,=92Hz and J,.,,=78Hz, 1H), 382 (. )
= 7.2Hz, 2H) 4.19 {(g. ] =72Hz, 2H) 7.14 (m, 4H)
{Found: C,60.71; H,5.90: CL 11.67.C, s H, sClO, requires; C,
60.71: H, 5.77; CL. 11.95°,)

L-m-Chioraphenyl-2,2-diethoxycarbonyleyclopropane. nd®
= 15077 'THNMR {(CCl) 0090 (t, ] = 7.2Hz, 3H), 1.29 (¢,
J=72Hz,3H), 1.57Tdofd. },, =92Hzand I, = 50Hz,
1H), 204 (d of d, },,.n, = 80Hz and 1., = 50Hz, 1 H), 3.09
td of d, J,,=92Hz and J,,..=80Hz, 1H), 383 (q, J
= 72Hz,2H)4.19(q.1 = 7.2Hz 2H). 7.1 (m, 4 H). (Found:
C, 60.98; H, 6.00; C1, 11.96. C, sH,,ClO, requires: C, 60.71;
H 577, CL 11957

L i-Diethoxyearbonyi-2-m-trifluoromethylpheny!-
evclopropane. nd’ = 14620 '"HNMR (CCl,) ¢ 085 (,
J=72Hz 3H), 129 (t, J=72Hz 3H) 1.62 (d of d, J,
=95Hzand J,,,, = 52Hz, 1 H), 209 (d of d, J,,.p = 8.0H2z
and J,,,, = 52Hz, 1 H), 3.18 (d of d. J,,, = 9.5Hz and J,,,,,
=80Hz 1 H) 380 (q, J =72Hz 2H), 421 {(g. ] = 7.2Hz,
2H), 74 (m, 4H). (Found: C, 5802, H, 5.36: F, 17.31.
CyoH -F0, requires: C, 58.18; H, 5.19; F, 17.26" .

. 1-Diethoxycarbonyi-cis-2-methyl-3-phenylcyclopropane.
nd® = 1.5078; "H NMR (CCl,)8 1.13(t.J = 7.2Hz, 3H}, 1.30
(d,J=62H23HL1.29(t,J =72Hz,3H), 1.6 2.2(m, | H),
298(d,§ =9.2Hz 1 H). 402 (q, ] = 7.2Hz 2H), 4.15(q, J
= 72Hz. 2H), 7.17 {m, SH); MS mje (rel ¥ ) 276 (3.85 M),
184 (84), 135(100). 129 (84), 107 (96), 105 (66), 44 (52), 29 (76),

L 1-Diethoxycarbonyl-trans-2-methyi-3-phenvicyclo-
propane. ni® = 1.4940; "HNMR (CCl,} 3 084 {t. ] = 7.2 Hz,
3H) 124 (d. § = 62Hz, 3H), 1.29 {t, } = 7.2Hz, 3H), 246
(m, 1H), 293 (d, } = 80Hz, 1H),3.77 (g, ) = 7.2Hz, 2H),
420 (q, I = 72 Hz 2H), 7.11 (s, SH). (Found: C, 69.42; H,
7.34. C H,,0, requires: C, 69.55; H, 7.29" )

Reaction of styrene with diethyl dibromomalonate and Cu in
DMSO. This reaction was carried out in order to clarify the
structure of the inorganic products. Reaction of Cu powder
(0.21 g. 3.3mmol} with 1, (0.005g, 0.02mmol) and diethyl
dibromomalonate (1.03g, 3.3mmol) in the presence of
styrene {0.17 g, 1.6 mmol) was carried out in 2.0 mi of DMSO
at 75 for 2 hr. After the reaction, DMSO was eliminated by
distillation in racuo. Ether was added to the residue and the
organic layer was scparated by decantation. Distillation of
the residue under a reduced pressure gave 1.24 g (3.3 mmol)of
CuBr, - 2DMSO, which was identified by comparison of its
IR spectrum with that of an authentic sample.'*

Competitive reactions. In a 2-necked flask equipped with a
reflux condenser and a magnetic stirrer. 12.0mmol of Cu

Table 4. Competitive reaction of styrene and p-chlorostyrene
with varied molar ratio

p-Chlorostyrene

{mole fraction) kx/kn
0.227 0.903
0.363 0.900
0.499 0.908
0.631 0.930
0.781 0.965

N. Kawasata and M. TANIMOTO

powder was reacted with 0.2 mmol of [, in 4.0 ml of DMSOQO at
room temp. After the brown colour of I, disappeared.
1.0 mmol of diethy! dibromomalonate and 4.0mmol in all of
two olefins were added and the mixture was allowed 1o react
at 75 for 0.5 hr under stirring. After the reaction, the mixture
was submitted for the analysis of the products. Yields of
cyclopropane derivatives based on the olefins were less than
107, under the experimental conditions. The relative
reactivity was calculated by the equation'® kyiky = (P /Py )
{0,704 where P s the mole of product and O is that of
reactant. The quasi-first order kinetics with respect reaclants
was ascertained in cach reactions as are illustrated in Table 4.
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