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The present paper describes a new synthetic method for 
cyclopentanecarboxylates (1) by the reaction of 1,3-diio- 

dopropane with an a,P-unsaturated ester in the presence of 
copper and isonitrile (RNC) (Table I). This reaction was 

Y = CO,R' 1 

found in the course of exploratory studies on the synthetic 
reactions caused by Cu-RNC mixture. Previously we have 
found1 that  an aliphatic halide reacts with metallic copper 
in the presence of RNC to form the corresponding organo- 
copper-isonitrile complex, which then adds to a:,@-unsatu- 
rated carbonyl and nitrile compounds in the manner of a 
conjugate addition. Moreover, an organocopper-isonitrile 
complex bearing a halogen atom in the same molecule read- 
ily undergoes cyclization by the intramolecular elimination 
of copper halide-isonitrile complex. The following cyclo- 
propane syntheses, for example, have been based upon this 
interesting reactivity of organocopper-isonitrile complex. 

Cu -R"NC ' -  
Y RR'CC1, + >C=C \ 

f 
f 

. .  
Y 

i, R = Ph, CO,R"', and CN; R' = C12 
ii, R = CH,=CH; R' = H3 

The reaction described in the present paper (eq 1) af- 
rds a five-membered ring. For this reaction the transient 
rmation of a 3-iodopropylcopper-isonitrile complex may 

be proposed, which is- followed by the subsequent addition 
to an +unsaturated carbo ester and the final cyclization 
through the intramolecular elimination of the copper ha- 
lide-isonitrile complex. 

Results and Discussion 
On heating a mixture of 1,3-diiodopropane, diethyl fu- 

marate, cyclohexyl isocyanide, and metallic copper in re- 
fluxing toluene under nitrogen, trans- 1,2-dicarbethoxycy- 
clopentane was produced in a high yield and high selectivi- , 
ty. Also the reaction of 1,3-diiodopropane with diethyl ma- 
leate by an identical procedure gave the same product. 
Since it has been found by us that maleate is readily isom- 
erized to  fumarate by the Cu-RNC system,l and that cyclo- 
propane-, cyclopentane-, and cyclohexane-cis-1,2-dicar- 
boxylates are isomerized to the corresponding trans isomers, 
respectively, under the present reaction conditions, it  is 
conceivable that diethyl maleate is converted to diethyl fu- 
marate prior to  the cyclization reaction and/or that cis- 
1,2-dicarbethoxycyclopentane once formed is converted to 
trans- 1,2-dicarbethoxycyclopentane. 

Similarly, the reaction of 1,3-diiodopropane with methyl 
acrylate afforded cyclopentanecarboxylic acid methyl ester 
in 58% yield. Use of electron-deficient olefins other than 
fumarate, maleate, and acrylate in the present reaction, 
however, gave rise to decreased yields and selectivities of 
the corresponding cyclopentane derivatives. 
3,3-Bis(iodomethyl)oxetane can be used in place of 1,3- 

diiodopropane. The product is the corresponding oxaspi- 
rane carboxylate (2). Cyclization of tetraiodoneopentane 
with fumarate gave 3 instead of the spirocyclononanetetra- 
carboxylate. Compound 3 is supposed to be produced 
through intermediate 4.4 

Employment of iodides in the present reaction is essen- 
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Table I 
Reaction of Diiodopropane with the Cu(0)-Isonitrile Complex in the Presence of 

a,@-Unsaturated Esters 
~~ 

Halide Olefin 
(registry no. ) (registry no. ) Conditions Product (96)'' R e g i s t q  no. 

lrat~s -C2H502CCH=CHC02C2H, 
(623 -91 -6) 

cis -C2H502CCH=CHC02C2H, 
(141 -05 -9) 

CHZ=CHC02CH, 
(96 -33 -3) 

cis -C2H5O2CCH=CHCO2C2H5 

cis -C2H5O2CCH=CHC02C2H, 

110", 13 h r  

110", 13 h r  

80°, 12 hr  

110", 14 h r  

110", 14 h r  

80°, 15 h r  

110", 12 h r  

110", 15 h r  

110", 13 h r  

2a 

2a 

30689 -38 -4 

4630 -80-2 

52239 -59 -5 

52239-60-8 

52239-61-9 

17357-22-3 

0 All new compounds in the table gave satisfactory elemental analyses. b The yields of products are not necessarily optimum, since only 
one or two experiments have been done for each combination. C Cyclohexyl isocyanide was used. d tert-Butyl isocyanide was used. e Stereo- 
chemistry of 2a has not been definitely determined. However, the trans configuration was deduced from the following reasons: either diethyl 
fumarate or maleate react with 3,3-bis(iodomethyl)oxetane to yield the same product, and cis-1,2-dicarbethoxycyclopentane is readily 
isomerized to the trans isomer under the present reaction conditions. 

0 
L 

('u-RN(' - C H ~ l  C,H,O,C , H + ,c=c' 
H \C0,C2Hi 

'C' 
ICH~' 'ICH? 

ICH2 

4 3 

tial. 1,3-Dichloro- and 1,3-dibromopropane gave the cyclo- 
pentane products only in low yields. 

The present cyclization may be explained by a scheme 
involving an intermediate of 3-iodopropylcopper-isonitrile 
complex ( 5 )  which is initially formed by the reaction of di- 
iodopropane with Cu-RNC.lv2 The addition of 5 to a,p-un- 
saturated ester gives the second organocopper species (61, 
which in turn undergoes the cyclization by the intramolec- 
ular 1,5-elimination of CUI-RNC complex (Scheme I). 

Scheme I 
ICH,CH&HJ + CU-RNC - ICH,CH2CH2Cu(RNC), 

5 

I /  
A Y  

;('=c; ,CH,-C, , - ~ u I ( R N C ) ~ > ,  
- 1  

5 A CH~\CH,I cu(RNc),  

6 
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Table I1 
Characterization of Productsc 
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Mass, m I e b Ir, Nmr, 7 

l a  1733 5.84 (9, 4 H, J = 7.5 Hz), 6.68-7.06 
(m, 2 H), 7.62-8.92 (m, 6 H), 8.74 
(t, 6 H, J = 7.5 Hz) 

l b  1735 6.30 (s, 3 H), 6.90-7.50 (m, 1 H), 
7.92-8.47 (m, 6 H) 

Hz), 6.62-7.10 (m, 2 H), 7.58-7.90 
(m, 4 H), 8.79 (t, 6 H, J =  6.5 Hz) 

3 H), 6.90-7.50 (m, 1 H), 7.75-8.20 
(m, 6 H) 

5.24 (s, 2 H), 5.84 (9, 4 H, J =  7.0 Hz), 

2a  1730 5.49 (s, 4 H), 5.90 (9, 4 H, J =  6.5 

2b 1735 5.41 and 5.42 (two S, 4 H), 6.30 (s, 

3 3060, 1732, 1650, 895 
7.10-8.25 (m, 8 H), 8.77 (t, 6 H, 
J = 7.0 Hz) 

7 1732, 890 5.87 (9, 4 H, J = 7.0 Hz), 7.25-7.60 
(m, 2 H), 7.85-9.00 (m, 8 H), 8.81 
(t, 6 H, J = 7.0 Hz) 

a Neat. CDC13 solution with TMS. c Satisfactory analytical data  were reported for all compounds in the table 

The intermediacy of 3-iodopropylcopper-isonitrile com- 
plex 5 is supported by the formation of cyclopropane in the 
treatment of 1,3-diiodopropane with the Cu-RNC system 
in the absence of olefin a t  about 100'. In the presence of an 
a,p-unsaturated carboester, however, the formation of cy- 
clopropane as a by-product was almost negligible. 

The reaction of 1,4-diiodobutane with fumarate by the 
Cu-RNC system produced acyclic compounds 8 and 9 
along with the desired product, trans-1,2-cyclohexanedicar 
boxylate (7). 

I(CH2)J + trans-Et02CCH=CHC02Et - 
fYCo2Et + CHp=CHCH&HzCHCOzEt + 
-CO,Et 

7 
(37%) 

I 
CHCO?Et 

CH3(CHJ3CHCOZEt 
I (5 )  

CHZ CO2 Et 
9 

(8%) 

Experimental  Section 
Reagents. Metallic copper was prepared by reducing5 CuSO4 

with zinc powder and dried under nitrogen. tert-Butyl and cyclo- 
hexyl isocyanide were prepared by Ugi's procedure.6 Olefins such 
as fumarate, maleate, and acrylate were commercial reagents and 
purified by distillation under nitrogen prior to  use. Trimethylene 
diiodide and 3,3-bis(iodom&hyl)oxetane were synthesized by the 
reaction of the corresponding dichloride and NaI in a ~ e t o n e . ~  Pen-  
taerythrityl tetriodide8 was prepared by iodination of pentaeryth- 
rityl tetrabromide, which was synthesized by the reaction of penta- 
erythritol and PBQ.~  Tetramethylene diiodide was prepared by 
the reaction of tetrahydrofuran with KI, orthophosphoric acid, and 
phosphoric anhydride. lo 

Reaction of Trimethylene Diiodide with Diethyl Fumarate 
by the Copper-Isonitrile System. Under nitrogen, 1.48 g ( 5  
mmol) of trimethylene diiodide in 4 ml of toluene was added drop- 
wise with stirring over 30 min, to a preheated mixture of 1.27 g (20 
mg-atoms) of metallic copper, 4.40 g (40 mmol) of cyclohexyl isocy- 
anide, 1.72 g (10 mmol) of diethyl fumarate, and 6 ml of toluene at 

128 (M') 

240 (M') 

l l O o .  After the reaction mixture was heated for 12 hr a t  l l O o ,  i t  
was treated with ether to  remove copper iodide-isonitrile complex. 
The extract was concentrated and distilled in uucuo. trans- 1,2- 
Diethoxycarbonylcyclopentane was isolated in a yield of 90% by 
preparative glpc. The structure of the product was confirmed by 
spectral data and elemental analysis. These data are shown in 
Table 11. 

Reaction of Trimethylene Diiodide with Methyl Acrylate 
by Copper-Isonitrile System. A mixture of 1.48 g (5  mmol) of 
trimethylene diiodide, 1.72 g (20 mmol) of methyl acrylate, and 4 
ml of benzene was added with stirring to a mixture of 1.27 g (20 
mg-atoms) of metallic copper, 3.32 g (40 mmol) of tert-butyl isocy- 
anide, and 6 ml of benzene a t  80'. After the reaction mixture was 
heated for an additional 12 hr a t  80°, the mixture was extracted 
with ether. The extract was concentrated and analyzed by glpc. 
Methyl cyclopentanecarboxylate was isolated in a yield of 58%. 
Reactions of 3,3-bis(iodomethyl)oxetane and tetramethylene di- 
iodide with olefins by the copper-isonitrile system were carried out 
by similar ways. 

Reaction of Pentaerythrityl Tetriodide with Diethyl Fuma- 
rate by the Copper-Isonitrile System. A mixture of 2.30 g (4 
mmol) of pentaerythrityl tetriodide, 1.72 g (10 mmol) of diethyl fu- 
marate, 1.27 g (20 mg-atoms) of metallic copper, 4.40 g (40 mmol) 
of cyclohexyl isocyanide, and 20 ml of toluene was stirred a t  110' 
for 12 hr. The reaction mixture was extracted with ether. The ex- 
tract was concentrated and distilled in uucuo. 3,4-trans-Diethoxy- 
carbonylmethylenecyclohexane was isolated in a yield of 50%. 

Registry No.-Copper, 7440-50-8; cyclohexyl isocyanide, 931- 
53-3; tert-butyl isocyanide, 7188-38-7. 
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