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Abstrael- A novel method for the synthesis ofpfnt-dialkoxvcarbonylcyciopropanc derivatives is reported 
which involves the reaction of otcftns with dibromom~lontc esters and Cu in dimethyl sulphoxide. The 
reaction was applicable IO a wide range of olefins and proceeded smoothly at moderate temperature to give 
the cyciopropanc 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 stepwisc mechanism 
involving addition and elimination appeared favourahle for the reaction. in contrast, in the previously 
reported examples of the cyclopropanation of olelins by organic KenI-dihalides and Cu in an aromatic 
hydrocarbon. Cu was converted to (‘u(i) halides and a concerted cycloaddition ofcarbenoid imermcdiates 
appeared favourahte 

Several methods have been used for the synthesis of 
~~~I-dialkoxycarbonylcyciopropane derivatives from 
olefins. The reaction of olefins with diazomatonic 
esters gives the corresponding gem-dialkoxycarbonyf- 
cyciopropane derivatives. I.* The reaction of olefins 
with malonic esters in the presence of Cu(ll) halide 
gives the corresponding gmz-dialkoxycarbonylcyclo- 
propane derivatives in only 8- 18”<, yields.” The 

Recently we have reported the synthesis of 
cyclopropane derivatives from olefins by the reaction 
with organ~c~~~-dihalides and Cu.‘“-” This reaction 
proceeded stcreospecifically and gave the cyclo- 
propane derivatives often in good yields. The reaction 
did not give isomeric olefins difficult to separate which 
would be expected from the insertion of free carbene 
into C H bonds. 

II Cu X 

/"\ 

+ RCHX2 + 2Cu c l\CHR + (I) 
Aromatic c' 2 2 

Hydrocarbon / \ 

reaction of oletins with &(I) oxide-isocyanidc 
complex4 and that with malonic or bromomalonic 
esters in the presence of a base5,” give the 
corresponding gem-dialkoxycarbonylcyclopropane 
derivatives, but the olefins applicable to these 
procedures are limited only to ~,~~-unsaturate 
carbonyl compounds and nitrites. Other route to gem- 
dialkoxycarbonylcyciopropane derivatives are the 
reaction of I,4-dibromo-2-alkenc with sodiomatonic 
esters,’ the reaction of gem-dibromocyclopropanc 
derivatives with diethyl carbonate and butylIithium,H 
and the reaction of dimethyl vinyl suiphonium salts 
with sodiomalonic esters.“ 

(R=H,“’ F.‘” Cl,‘” Br,‘” I,‘” COOR’,‘” CH3,” and 

COC,H,.“* X=Br. I.) 

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 oiefins. 

The reaction of diethyl dibromomalonate with Cu 
powder in C,H(, at 75” gave tetraethyl ethylenetetra- 
carboxylate in 52”,, yield after 24 hr. 

CU EtOCO, ,COOEt 
Br2C(COOEt)2 - -C=C 

GH6 EtOCO' 'COOEt 
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Table 1. Synthesis or Rc~nl-dialkoxycarbonylcyclopropane derivatives from olefins by reaction (ZP 

Olefin 

Temp. Time 

(“C) (h) Product 

Sicldb 

it1 

Cyclohcxene 65 40 7,7-Diethoxycarbonylbicyclo(4.1,OJheptane 12 

cis-Cyclooctenc 75 24 9,9-Dicthoxycarbonyl-cis-bicyclojb.l.0jnonane 56 - - 

l-Heptene 75 24 1.1.Diethoxycarbonyl-Z-pentylcyclopropane 31 

I-Octcne 75 24 I,l-Diethoxycarbonyl-Z~hexylcyclopropane 29 

Acrylonitrile 60 24 l-Cyano-2,2-diethoxycarbonylcyclopropane 61 

tthyl acrylatc 70 24 1,1,2-Triethoxycarbonylcyclopropanc 18 

Styrcne 1oflC 40 l,l-Diethoxycarbonyl-2-phenylcyclopropane trace 

- -_ ~- -..- 

a Reactions were carried out with 4.0 mm01 of olefin, 8.0 mm01 of diethyl dibromomalonatc, 

18.0 mm01 of Cu and 0.2 mm01 of 12 in 3.0 ml of C6il6. 

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

’ ‘Tolucne was used instead of C6tilj. 

The reaction ofdibromomalonic ester with Cu in the 
presence of olefins gave the corresponding gem- 
dialkoxycarbonylcyclopropane derivatives in 
12 61 “<, yields. Some experimenta results are given in 
Table 1. All products 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 oiefins. 

In previous examples of reaction I, ethereal and 
other polar solvents conspicuously reduced the yields 
of cyclopropane derivatives. “’ ” Actually no 
~yclopropane 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 

7 

11 + BrZC[COOEt)2 + 2Cu 

A 

- $Z(COOEt)2 + Cu2Br2 (2) 

Aromatic ?\ Hydrocarbon 

Reaction 2 with styrene gave the phenylcyclo- 
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 tetraethyl 
ethyicnetetra~drboxylate 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 
intcrpret~d 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 jntermediate would 
reasonably explain the experimental results. 

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 cyclopropanc 
derivatives in much better yields than in an aromatic 
hydrocarbon. 

Contrary to the previous examples of reaction 1. 
reaction 2 with acrylonitrile pave the corresponding 
cyclapropanedcrivative in a fair yield. This result can be 
understood when weassume that acrylonitrile acted as 
a polar solvent in this case. 

Since the reaction of styrene with dibrom~~malonic 
esters and Cu proceeded very smoothly in DMSO and 
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7ablc 2. Reaction of styrene Gth diethyl dibromomalonatc and Cu in polar solvents” 

Solvent 

remp t Time 

(“C) (h) 

Yield’ 

(%I 

Dimcthyl sulphoxidc 75 2 YY 

h,S-i~~methylformamidc 75 2 4i 

~,~-1)lncthyIformainidc 75 15 68 

Tributylanino 85 5 69 

Tctrahydrofuran 55 20 trilcc 

Tolucnc 100 40 trace 

--___I_ --.~ 

a Reactions wore carried out with 4.0 mm01 of styrene, 

8.0 mmol of dicthyl dibromomalonate, 18.0 mm01 of Cu, and 

0.2 ran101 of 12 in 3.0 ml of the solvent. 

b Yield of l,l-dicthoxycarbonyl-2-phenylcyclopropane 

determined by VPC analysis of the reaction mixture, and 

was based on styrene. 

‘Table .7. Synthesis of errrr-dicthoxycarbonytc~clopropane derivatives from olcfins by reaction 0) 

Mefin 

.._ -.- 

Temp. ‘Tine 

w fh) 

.--- 

Product 

Yield’ (%I 

;\a I+ 

Styrene 

@ethylstyrenc 

p-Chlorostyrene 

m-Chlorostyrene 

w’l’rifluoromcthylstyrenc _ 

Acrylonitri Ie 

Acrylonitrilc 

Ethyl acrylate 

cis-Cyclooctenc - 

1 -(ktenc 

cis-B-.%thylstyrcne -- 

trans.8-Methylstyrenc 

is 

75 

75 

75 

75 

60 

75 

75 

75 

75 

75 

75 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

l,l-i)ietho.xycarbonyl-2-phenylcyclopropane 

1 ,l-Diethoxycarbonyl-2-e_methylphenylcycioprop~c 

1-@hlorophenyl-2,2-dicthoxycarbonylcyclopropanc 

l-m_-Chlorophenyl-2,2-diethoxycarbonyicyclopropane 

l,l-uiethoxycarbonyl-2_m-trifluoromethyle 

1-Cyano-2,2-diethoxycarbonylcyclopropane 

l~Cyano-Z,Z-diethoxycarbonyl~yclopro~~ne 

I,l,2-Trietho~car~nylcyclopro~ane 

9,9-Diethoxycarbonyl-cis-bicyclo[b.l.O]nonanc -_ 

l,l-Die~o~carbonyl-2-he~lcy~lopro~~e 

l,l-l)iethoxycarbonyl-2-%~ethyl-3-phenylcyclo~~rop~e 

l,l-i3ietl~oxycarhonyl-2-methyl-3-phenylcy~loprop~~~ 

99 95 

57 48 

92 81 

70 89 

71 93 

62 

Y7 

2 46 

3 34 

5 69 

gd 28e 

8f 248 

a Reactions ~erc carried out tiith 4.0 nrnol of olefin, 8.0 mm01 of dicthyl dibromomalonatc, 18.0 tmnol of Cu, and 

0.2 moo1 of Iz in 6.0 ml of INW. 

b Reactions were carried out with 4.0 mnol of olefin, 8.0 mnol of &ethyl dihromonialonate, 9.0 ~ronol of Cu, and 

0.i mm1 of 12 in 6.0 ml of I&i%). 

’ Iktenined by WC analysis of the reaction mixture, and were based on the olefin. 

d A 11:8Y mixture of cis and trans isomers was obtained. 

e X i:93 mixture of cis and trans isomers was obtained. 

f A 12:88 mixture of cis and trans isomers *as obtained. 

R A 6:94 mixture of cis and trans isomers tias obtarned. 
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gave the cyciopropane derivatives in excellent yields, lsomerization of cis- and rruns-/?-methylstyrene and 
we carried out the reaction with other olefins in the that of cis- and trtrns-l.l-diethoxycarbonyl-2-methyi- 
solvent. Some experimental results are given in Table 3-phenylcyclopropanc were not observed under the 
3. experimental conditron. 

! 

‘c’ \/ I 

II 
c\ 

A 

+ Br2C(COOEt)2 + CU ----+ 
DMSO 

$C(COOEt)2 + CuBrZ (3) 

/\ 

In the previous examples of reaction 1. 1 mol of the 
organic gem-dihalide consumed 2 mol of Cu, and gave 
the corresponding Cu(l) halide in a quantitative 
yield.“’ In the reaction 3, however, 1 mol of 
dibromomalonic ester consumed I mol of Cu and gave 
Cu(I1) bromide in a quantitative yield. which was 
isolated as a coordinated complex with two molecules 
of DMSO, and was identified by comparison of its 
spectral data with those of an authentic sample.i4 

Table 3 shows that reaction 3 is useful for the 
synthesis of gee-dialkoxycarbonylcyclopropane 
derivatives from olefins. The gent-dialkoxycarbonyl- 
cyclopropanation by Cu(I) oxide-isocyanidc com- 
plex’ and that by malonic or bromomalonic esters in 
the presence of a base”.’ are limited only to X,/I- 
unsaturated carbonyl compounds and nitriles. On the 
contrary, reaction 3 is applicable to conjugated and 
unconjugated olefins as well as to Q-unsaturated 
carbonyl compounds and nitriles as can be seen in 
Table 3. 

Reaction 3 was found to give higher yields of 
cyclopropane derivatives from several oiefns when 
smaller amount of Cu was used as can be seen in Table 
3. In such cases, the principal side reaction was the 
formation of tetraethyl ethylrnetetracarboxylate, the 
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 cis- and trans-a- 
methylstyrene was obtained about 1:9 mixture of cis- 
and trons-isomers of the corresponding cyclopropane 
derivatives. 

Ph\ /Me 
c=c 

H' 'H 

Ph, YH 
H 

,C=C, 
Me 

Br2C(COOEt)2 
* 

Cu/DMSO 

Br2C(COOEt)2 

Cu/DMSO 

The relative reactivity of substituted styrenes in 
reaction 3 was investigated. Logarithm of the relative 
reactivity was plotted against Hammett cr-value in Fig. 
1. Thus the reaction was concluded to be weakly 
electrophilic 

0.C 

T 

5 -0.1 
5 

E 
-0.; 

-0.2 0 0.2 0.4 

CT 

Fig. 1. The Hammett correlation of relative reactivity of 
substituted styrenes in reaction (3) a1 75 . 

Although no detailed investigation of the 
mechanism of the reaction has been made, several 
experimental observations have suggested a reason- 
able interpretation. We propose the following 

Ph, /Me 

H\/H + 
A----% 

Ph\ /H 

C(COOEt), 
H/'\C\Me 

C(COOEt>z 

11:89 

Ph\ H"" 
H 

H/'\pH + 

Ph, 
C----C' 

C(COOEt)2 
H'\ /'Me 

C(COOEt)Z 

l-2:88 
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mechanism for reaction (3). 

Br2C(COOEt)2 + Cu - Br$(COOEt)2 + CuBr 

2 + CuBr 

1 

\f 
~~(Br)(COOEt)2 

--I 

2 

+ CuBr2 

Since reaction (3) proceeded non~stcreospecifically 
contrary to the previous examples of reaction (I), the 
concerted cycloaddition mechanism via carbene or 
carbenoid intermediate may be unlikely. The stepwise 
mechanism involving addition and elimination may 
reasonably explain the non-stereospccific 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 relative 
reactivity of substituted styrenes. Mechanism 
involving carbanion may be unlikely, because the 

reaction showed the elcctrophilic nature. 

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 CC& 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 CC-4C gas 
chromatograph. 

Murerirrls. Diethyl dibromomalonatc was prepared 
according to the lit.“’ ~js-~-Methylstyrcne’~ and rrcln.+ 
methylstyrene” were prepared by lit methodsand 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 
pur~~cation. Solvents were dried with CaH, and distilled 
before use. Other chemicals were used without further 

purifjcation. 

Generul~r~~~dure. The reaction vessel was a 2-necked flask 
equipped with a retlux condenser and magnetic stirrer. Cu 
was allowed to react with a small amount of I2 in a solvent at 
room temp. After the brown c&our 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 
were separated from the mixture by filtration, In the cases of 

the reactions carried out in a polar solvent (reaction 3). the 
organicmaterials wereextracted by hexanefrom 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 I. 
2 and 3. ‘H NMR and IR spectra of 7.7”diethoxycarbonyl- 
bicycle [4.1.0 jheptane,’ l.l-diethoxycarhonyl-2-phenyl- 
cyclopropane,Y i-cyano-2,2-diethoxycarbonylcyc~o- 
propane.4 tetraethyl ethyienetetracarboxyi~tel~ were 
respectively identical with those of authentic materials. 
Spectra) 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,Y-Diethox?carbon~~-cis-~~~~~~~ (6. i.OInonunr. n$’ = 

1.4729: ‘HNMR (CC?,) ri 0.7-2.3 (m, 14H). 1.24 (t. J 
= 7.1 Hz. 6 H), 4.10 (q. J = 7.1 Hz. 4 H): MS m.:r (ret “,,) 268 

(1.05 Me ). 160 (40), 29 (100). 27 (49). (Found: C. 67.09; H. 
8.86. Ct $Ht404 requires: C, 67.14; H, 9.01 “,,.) 

l,l-Dierho.~~curbon~/~2-penr~/c~clopropone. ,I$” = I .4377: 
‘11NMR(CCl,)t~0.5-1.9(m, 14H). 1.24(&J = 7.1 Hz,ttH), 
4.14 (q. J = 7.1 Hr.4H); MSm;c (rel “,,)256 (0.53 M’), 127 
(67). 44 (44). 41 (49), 29 (100). 27 (61). (Found: C. 65.36; H, 
9.38. Ci1H2,0, requires: C. 65.60: H. 9,44”,,.) 

1, I-l)ic,rlro.Y?rtrrhc~~~/“2-/~~~~~~~(.~(~pr~~~ff~t~~. a6 = 1.4390; 
‘HNMR(C~.l~)~O.S 2.2(m. 16H),l.24(t.J =7.0Hy.6H). 
4.14 (q, J =7.0Hz. 4H). (Found: c‘. 66.35; It, 9.90. 
CISH2,,0A requires: C. 66.64; H. 9.69”,,.) 

1.1.2- 7‘riPrhox~~urbnn?lr?clopropanr. &” = I .4409; 
‘H NMR (Ccl,)& 1.23 (t, J = 7.2 Hz, 3 H), 1.24 (t, J = 7.2 Hz, 
3 H). 1.27 (t, J = 7.2 Hz, 3 H), 1.51 (d of d, Jci. = 8.8 Hz and 
J zI.,,I = 4.2H7, I t-l), 1.82 (d of d. J,,,,,,, = 6.8Hz and J,,,,, 
= 4.2 Hz. 1 Ht. 2.43 (d of J. J,,, = 8.X Hz and J,,,,,, = 6.X Hz. 
IH). 4.11 (q. J=7.2Hz, 4H). 4.I7 (q, J=?.tH7, 2H). 
(Found: C, 55.76: H, 7.09. C,,H,,O, requires: C, 55.81: H, 
7.02 “,,.) 

1,1-Dirrhos~~urho~~/-2-p-mrrl,?lphPn?un~. ni” 
= 1.4989; ‘HNMR (~~l~)~O.g6(t,J = 7.2Hz,3H), 1.28(t. 
J = 7.2 Hz, 3 H), 1.53 (d of d, J,,, = 9.2 Hz and J,,, = 4.8 Hz, 
1 H ). 2.01 (d of d, J,,,,, = 8.0 Hz and J,,.,, = 4.8 Hz, 1 H). 2.26 
(s,3H),3.~(dofd,J~,~ = 9.2Htand J,,,,, = 8.OHz. 1 Hk3.78 
(q. J = 7.2Hz. 2H), 4.17 (q, J = 7.2Hz 2H), 6.98 (m, 4H). 
(Found: C. 69.37: H, 7.48. C,,H,,O, requires: C, 69.55; H. 
7.29 “,,.) 

1 -p-C‘hlr~rt~ph~~tz~i-2,2-dier~ox~curb~n~f~~c~opropun~. t$’ 
= 1.~07I;‘HNMR(~Cl~)~O.9O(t,J =7.2H7,3H),1.28& 
J = 7.2 Hz. 3 HI, I .58 (d of d. J,,, = 9.2 Hz and J,,,,, = S.0 Hz, 




