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XXX. 

In the reaction of a-monohalo carbonyl and nitrile compounds such &g chloroacetate, chloroacetonitrile, and 
chloroacetone with alp-unsaturated carbonyl and nitrile compotmds in the presence of cuprous oxide-isonitrile 
complex, cyclopropane derivatives (3) were produced. This reaction may be explained by the stepwise process 
involving the addition of a-halomethylcopper(1)-isonitrile intermediate (Z), a new class of copper carbenoid, 
to the electron-deficient olefin which leads to the formation of the corresponding y-haloorganocopper(1)-isonitrile 
(1 l), followed by the intramolecular ring closure. The Cyclopropane synthesis by means of the cuprous oxide- 
isonitrile complex could be applied also to the reactions of a,a-dihaloacetate and of apdihaloacetonitrile with 
an electron-deficient olefin leading to the corresponding monohalocyalopropane derivatives (6) .  In addition, 
the reaction of trichloromethyl compound, ChCY (Y = Ph, CN, COZR), with electron-deficient olefin in the 
presence of metallic copper and isonitrile produces monochlorocyclopropane derivative. The key intermediate 
of this reaction is assumed to be an a,a-dichloromethylcopper-isonitrile complex (S), Cl&(Y)Cu( RNC),, a copper 
carbenoid which may be formed via an oxidative addition of the C-C1 bond to the copper(0)-isonitrile complex. 
The reaction of the so-called active methylene compound with a-haloacrylonitrile or a-haloacrylate was caused 
by the cuprous oxide-isonitrile complex, producing cyclopropane (18) and/or dihydrofuran (19) in moderate 
yields. These products were also explained in terms of y-haloalkylcopper(1)-isonitrile (16) and b-haloalkoxy- 
copper(1)-isonitrile (17) intermediate.. 

, 
Much attention has been centered on the chemistry 

of metal carbenoids in the last decade. Especially, 
zinc1 and mercury carbenoids2 have been intensively 
studied with the view of their synthetic utilities in the 
preparation of cyclopropane derivatives. Here, we 
wish to describe the three-membered ring synthesis, 
which involves a halomethylcopper(1)-isonitrile as a 
key intermediate, a new class of copper carbenoid. 

In the continuation of studiesa on copper(1)-iso- 
nitrile-catalyzed reactions, i t  has been established that 
the so-called active hydrogen compounds such as 
malonate and acetylacetone react with the cuprous 
oxide-isonitrile complex to produce the organocopper- 
(I)-isonitrile complexes (1). The formation of 1 has 

1 

X, Y = CO,R', COR', CN 

been demonstrated by trapping experiments. For in- 
stance, the treatment of diethyl malonate with cuprous 
oxide-tert-butyl isocyanide in the presence of ethyl 
bromide produced diethyl ethylmalonate in 45% yield. 
Moreover, in the reaction of cyclopentadiene with the 
cuprous oxide-tert-butyl isocyanide complex, penta- 
huptocyclopentadienylcopper(1) tert-butyl isocyanide3" 
was successfully isolated as a stable crystalline solid. 

In our prelimilnary paperj4 we reported a new cyclo- 
propane synthesis from an a-halo compound, olefin, and 
(1) H. E. Simmons and D. J. Smith, J .  Amer. Chem. Soc., 81, 4266 (1959). 
(2) D. Seyferth, M. A. Eisert, and L. J. Todd, J .  Aner .  Chem. Soc., 86, 

121 (1964). 
( 3 )  (a) T. Saegusa, Y .  Ito, 5. Tomita, and H. Kinoshita, J .  Org. Chem., 88, 

670 (1970); (b) T. Saegusa, Y .  Ito. H. Kinoshita, and S. Tomita, Bull. 
Chem. SOC. Jap . ,  48, 877 (1970); ( 0 )  T. Saegusa, Y. Ito,  and 8. Tomita, 
J .  Amer. Chem. Soc., 98,.5656 (1971); (d) T. Saegusa, Y. Ito, H. Kinoshita, 
and 8. Tomita, J. Ow. Chem., 36, 3316 (1971); (e) T. Saegusa, I. Murase, 
and Y .  Ito,  ibzd., 36, 2876 (1971); ( f )  T. Saegusa, Y. Ito, S. Tomita, and H. 
Kinoshita, Bull. Chem. SOC. J a p . ,  48,496 (1972). 
(4) T. Saegusa, Y .  Ito, K. Yonezawa, Y. Inubushi, and S. Tomita, J .  

Amer. Chem. SOC., 98,4049 (1971). 

the cuprous oxide-isonitrile complex. Iri the scheme 
of this reaction, it has been assumed that a-halomeihyl- 
copper (2) is first formed by the reaction of the cuprous 
oxide-isonitrilc complex with the a-halo compound, 
which then reacts with an electron-deficient olefin to 
yield the corresponding cyclopropane derivative (3) as 
shown in eq 2. We found another cyclopropane syn- 

Cu,O-R'NC 
>c=c< XCHzY * XCHY ___3 

I 
Cu(R'NC), 

2 

n J 

X C1, Br; Y = C02R,  COR, CN 

thesis by meahs of a a, a-dihalomethylcopper-iso- 
nitrile complex 4 and/or 5 which mny be formed by an 

4 

ci 'P 

oxidative addition of a carbon-chlorine bond of tri- 
chloromethyl compounds onto a soluble complex of 
copper(0)-isonitrile. The intermediates 2 and 4 or 5 
constitute a new class of copper carbenoids. 

In the present paper, we wish to report some details 
of reaction 2 and reaction 3 as well as the related cyclic 
compound syntheses by means of copper-isonitrile 
complex. 
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TABLE I 
CYCLOPROPANE SYNTHESIS FROM  MONOHA HALO COMPOUND, OLEFIN, AND CUPROUS OXIDE-IS ON IT RILE^ 

Registry a-Monohalo Registry 
no. oompd no. 

96-34-4 ClCHaCOzCHs None 

Olefin 

ClCHzCOzCHa 96-33-3 CHz=CHCOzCHa 

Product (yield, %) 
CO,CH, H I I 

b02CH, 
3a 

H 

b02CH3 
3b 

ClCHzCOzCHa 107-13-1 CHzxCHCN (31) 
C02CH3 
3e 

105-39-5 ClCHzCOzCzHs 141-05-9 C~S-C~H~O~CCH=CHCOZC~H~ (29) 

3d 

ClCHzCOzCzHs 624-48-6 cis-CHaOzCCH=CHCOaCHs (29 ) 
CO*CsHs 

3a 

C%C& 

ClCHzCOzCzHs 623-91-6 ~TU~~-C~H~OZCCH=CHCOZCZH~ H W : O Z C J %  (53 ) 

96-32-2 BrCHzCOzCHa 

107-14-2 ClCHzCN 

78-95-5 ClCHzCOCHs 

ClCHzCOCHa 

ClCHzCOCHa 

CHFCHCN 

CHz=CHCN 
COCH, 
3h 

~ T U ~ S - C ~ H ~ O ~ C C H = C H C O ~ C ~ H ~  (33) 
COCH, 
3i 
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TABLE I (Continued) 
Registry or-Monohalo 

Product (yield, %)* no. compd Olefin 

ClCHzCOCHI C~S-C~H~OZCCH=CHCOZCZH~ (15) 
COCH, 
3i 

a Reaction conditions: A mixture of 20 mmol of an a-halo compound, 30 mmol of an olefin, 10 mmol of CugO, and 60 mmol of tert- 
butyl isocyanide was stirred at  80" for 3 hr. b Cis and trans mixture. 

Results and Discussion 

Reaction of a-Halocarbonyl and a-Halonitrile Com- 
pounds with Olefin by Cuprous Oxide-Isonitrile Com- 
plex.-On heating, cuprous oxide was dissolved in 
methyl monochloroacetate in the presence of teyt- 
butyl isocyanide. From the reaction mixture, tri- 
methyl cyclopropane-l,cis-2,t~ans-3-tricarboxylate was 
isolated in a yield of 34%. When this reaction was car- 
ried out in the presence of an electron-deficient olefin 
such as acrylate and acrylonitrile, the corresponding 
cyclopropane derivative in eq 2 was formed without 
being accompanied by the formation of trimethyl cyclo- 
propanctricarboxylate. In  the same way, monochloro- 
acetone and monochloroacetonitrile react with electron- 
deficient olefins to produce the Corresponding cyclo- 
propane derivatives. This rcaction is applied to  elec- 
tron-deficient olefins. However, no reaction occurred 
with electron-rich olefins such as cyclohexene and vinyl 
cthers. 

Some representativc results are shown in Table I. 
Spectral data and elemental analyses support the as- 
signed structures of the products. The stereochem- 
istry of the cyclopropanes produced is interesting. In  
all the reactions except for maleate and fumarate, only 
one of the stereoisomers, in which two polar substit- 
uents on the cyclopropane ring are oriented trans to  
each other, is selectively produced. A finding that 
cyclopropane-cis-dicarboxylic ester is readily isomer- 
ized to the mare stable trans isomer under the reaction 
conditions suggests that the product stereochemistry is 
thermodynamically controlled. 

The reaction of ethyl chloroacetate with methyl 
acrylatc in the presence of sodium methoxide affords a 
cis-trans mixture of cyclopropanedicarboxylic acid 
ester in yields of 26 (cis) and 22% (trans), respectively.5 
On the other hand, when this reaction with a strong 
base was carried out in dimethylformamide or in 
hexamethylphosphoramide-benzene mixture, the trans 
isomer pred~minated.~ In the reactions of ethyl 
chloroacetate with mcthyl maleate and with methyl 
fumarate in the presence of the cuprous oxide-iso- 
nitrile system, about a 1: 1 mixture of the two stereo- 
isomers, 3e and 3e', was formed. This result may be 

CO,Me C0,Me C02Me 

% $ ) & e  

COlEt CO,Et 
3e 3e' 

rationalized on the basis of the thermodynamic sta- 
bilities of the products; i.e., the carbomethoxy group 

( 5 )  L. L. McCoy, J .  Amer. Chem. Soc., 80, 6568 (1958); 82, 6416 (1960); 
84, 2246 (1962). 

and carbethoxy group are almost equivalent in steric 
bulk. In  the reaction with mcthyl maleate, the isom- 
erization of maleate to fumarate may have occurred 
prior to  the formation of the cyclopropanetricarbox- 
ylate. In  fact, both maleate and fumarate were re- 
covered from the reaction mixture. However, the 
rapid equilibration betwcen thc isomers of the cyclo- 
propane products seems to be the moat important for 
the control of thc 3e to 3e' ratio, becausc cyclopropane- 
cis-1,2-dicarboxylic acid cster was found to  be isomer- 
ized rapidly into the trans isomer under the present 
reaction conditions. 

Reaction of a a-Dihalocarbonyl and a ,  a-Dihaloni trile 
Compounds with Olefin by Cuprous Oxide-Isonitrile 
Complex. -Cyclopropane synthesis by means of a 
cuprous oxide-isonitrile complex can be applied to the 
reactions of a,a-dihaloacetate and of a,a-dihaloaceto- 
nitrile with an electron-deficient olefin, leading to the 
corresponding monohalocyclopropane derivative 6 (eq4). 
The results are summarized in Table 11. 

6 
X = C1, Br 
Y = CO,R, COR, CN 
Z = CO,R', CN 

In the cases of acrylate (2 = COZR) and acrylo- 
nitrile (Z = CN) as the olefin component, the cyclo- 
propane product consisted of the two stereoisomers in 
which Y and 2 are either trans or cis. Thc combina- 
tions of methyl dichloroacetate with ethyl maleate and 
with ethyl fumarate gave a single product of l-chloro-l- 
methoxycarbonyl - 2,3 - di(ethoxycarbonyl)cyclopropane 
in which the two ethoxycarbonyl groups from maleate 
and fumarate were oriented trans. 

Reactions of Trichloroacetonitrile, Trichloroace tate, 
and Benzotrichloride with Olefins by Metallic Copper- 
Isonitrile Complex. -A solution freshly prepared by 
dissolving metallic copper in cyclohexyl isocyanide 
under nitrogen showed electron spin resonance (g 
value = 2.0041) which may be assigned to a zero-valent 
copper-isonitrile complex. Recently, electron spin 
resonance of Cu(0) species has been reported by Kochi, 
et aE.6 The mixture of metallic copper and isonitrile 
under nitrogen was treated a t  80" with a mixture of a 
trichloromethyl compound and an electron-deficient 
olefin to  produce chlorocyclopropane derivative (7) in 
a fair yield. This reaction was not catalyzed by the 

(6) K. Wada, M. Tamura, and J. K. Kochi, J .  Amer. Chem. Soc., 92, 6666 
(1970). 
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'FABLE II.-cYCLOPROPANE SYNTHESIS FROM ~ , ~ - D I H A L O  COMPOUND, OLEFIN, AND CUPROUS OXIDE-ISONITRILE' 
Registry a,a-Dihalo 

no. compd Olefin 

116-54-1 ClaCHC02CHa CHPCHCOZCH~ 

ClzCHCOzCHa CH-CHCN 

6482-26-4 BrzCHCOzCHa CHZ=CHCOZCH~ 

3252-43-5 BrzCHCN CH=CHCOZCHI 

ClzCHCOgCHs c ~ s - C ~ H ~ O ~ C C H = C H C O ~ C ~ H ~  

a Reaction conditions: CulO, 5 mmol; ru,cr-dihaio compound, 
pound. 

7 
Y = CO,R', CN, Ph 
Z = CO,R', CN 

cuprous oxide-isonitrile complex. Results are 
marized in Table 111. 

(5) 

sum- 

Products and their stereochemistry are almost the 
same as those of the reaction of a,a-dihalocarbonyl and 
a,a-dihalonitrile compounds with olefin by the cuprous 
oxide-isonitrile complex. These findings may suggest 
that both reactions involve a similar reaction inter- 
mediate. 

Reaction Scheme. -These cyclopropane syntheses 
using cuprous oxide-isonitrile and copper (0)-isonitrile 
complexes may be explaieed by a stepwise process 
(Scheme I) involving the addition of a-halomethyl- 
copper (I)-isonitrile intermediate 2 and 5, a new class 
of copper carbenoid, to an electron-deficient olefin. 

The copper carbenoid complexes are derived from the 
abstraction of the a hydrogen of 8 and 9 by the cu- 
prous oxide-isonitrile complex and from the abstraction 
of the a chlorine of 19 by the copper(0)-isonitrile com- 

HvH 

AN 
6d.i 

Product (yield, %)b 

H H 

10 mmol; olefin, 30 mmol. Yield is based upon a,a-dihalo com- 

SCHEME I 
>c=c< C1CH2Y + Cu,O + RNC + ClCHY __t 

8 CU'(RNC),, I 

2 

\ - 'C-C' + CuCl(RNC), 
/ \o/'\ 

YCH Cu,(RNC), /"\ 
Y H  h 11 13 

plex. The latter process may involve an oxidative 
addition of a carbon-chlorine bond of trichloromethyl 
compounds 10 to the copper(0)-isonitrile complex 
leading to  copper(I1) carbenoid-isonitrile complexes 4, 
which are known' to  be readily converted into copper- 
(1)-isonitrile complexes 5. Thc addition of a-halo- 
methylcopper(1)-isonitrile intermediates 2 and 5 to  an 
electron-deficient olefin leads to  thc formation of the 
corresponding y-chloro-organocopper(1) complexes 11 
and 12, respectively, whose intramolecular ring closure 
brings about the cyclopropane product 13 and 14. 

(7) R. W. Stephany and W. Drenth, R e d .  Tmv. Chim. P R ~ s - B R S ,  89, 305 
(1970). 



TABLE III.-CHLOROCYCLOPROPANE SYNTHESIS FROM TRICHLOROMETHYL COMPOUNDS, OLEFIN, AND COPPER(O)-ISONITRILE~ 
Registry no. Trichloromethyl compd Olefin Product (yield, %) 

98-07-7 PhCCla 

PhCCla 

PhCCla 

PhCCls 

545-06-2 ClsCN 

ClaCCN 

ClsCCN 

ClsCCN 

CH-CHCN 

C~S-C~H~OZCCH=CHCO~CZH~ 'VH (36) 

b , C &  
7c 

C02CH,b 
c+- (66) (1: 1.7)" 

7d 

CHz=CHCN VNb (20) (1: 1.4)c 

H 
7e 

c1 COzC& 

~TU~S-C~H~OZCCH=CHCO~C~H~ C W H  (38) 

COzCH, CI H 

CHSOC iw.' 
H 

7gi 
598-99-2 ClsCC02CHs CHz=CHCOzCHa 

(23) 

CHz=CHCN CH30zC ' V H N  (17) C H s O z ~ N  
ClaC COzC Ha 

H H 
7h.i 7h.ii 

COZCZHJ 

CHsOzC 
ClaCCOzCHa ~T~TZS-C~H~OZCH=CHCO~C~H~ (71) 

OZCZHS 
7i 

CI COZCZHB 

ClaCCOaCHa cis-CzH502CCH=CHCOCzHs C H 3 0 & 7 L  
COzCzHfi 
7i 

a Trichloromethyl compound, 10 mmol; olefin, 30 mmol; Cu, 20 mg-atoms; and tert-butyl isocyanide, 40 mmol. b Cis and trans 
mixture. Isomer ratio. Cyclohexyl isocyanide was used instead of tert-butyl isocyanide. 
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rcl,cy 1 

4 

.1 
CIXY 

ClzCHY + Cu,O i- RNC --+ - 1  
CU~(RNC), 

' C = V  5 
9 

\ 
/ /  -+ 'C-C' + CuCI(RNC), /?-?\ / \J \ 

YCCI CU(RNC),, 
I 

A 
c1 Y 

Cl 14 
12 

Y = CO,R', COR', CN, Ph 

The intermediates, a-halomethylcopper(1)-isonitriles, 
have not been isolated. However, the following 
findings support the assumption of copper car- 
benojd intermediates 2 and 5. When methyl tri- 
chloroacetate was treated with the copper(0)-iso- 
nitrile system in the presence of methyl iodide, methyl 
a,a-dichloropropionatc was produced (eq 6 ) .  In addi- 

CHII 
Cl3CCO2CH3 Cu'(RNC), - CH3CCI,C02CH3 (6) 

(7) 

tion, benzal chloride was formed when benzotrichloride 
was trcatcd with the copper(0)-isonitrile complex in 
tert-butyl alcohol solvent (cq 7). These findings are 
taken to support the transient formation of 5.  

Hydrogen-deuterium exchange in the system of di- 
chloroacetatc and cuprous oxide-isonitrile may also 
support a transient copper carbenoid intermediate 2. 
Deuterium was rapidly incorporated into dichloro- 
acetate recovered from a short time reaction of di- 
chloroacetatc with the cuprous oxide-isonitrile com- 
plcx in the presence of tert-butyl alcohol-dl. 

t-BuOH 
PhCC13 + Cu0(RNC), - PhCHC12 

Cl,CC0,CH3 
I 
CU(RNC),, 

For the rcaction of 2 and 5 with olefin, the one-step 
addition mechanism (Chart I) as in the cyclopropane 

CHART I 

C' 
\ 
A, ,,' \ 

M(' '\ 

\ .' 
CHz 

X 
M = Zn, Hg 
X = halogen 

synthesis by means of zinc carbenoid' and mercury 
carbcnoid2 does not seem to bc operating in the present 
reaction, bccause zinc and mercury carbenoids prefer to 
react with electron-rich olefins rather than with elec- 
tron-poor olcfins. 

The stepwise reaction mechanism seems to be sup- 
ported by the following findings. According to Scheme 

I, r-halocarboxylic acid esters and nitriles having a- 
acidic hydrogen may undergo the cyclization reaction 
in the presence of the cuprous oxide-isonitrile complex, 
because they form a 7-haloorganocopper(1)-isonitrile 
complex resembling complexes 11 and 12. In  fact, 
methyl 4-chlorobutanoate, 5-chloropentan-2-one, and 
4-chlorobutyronitrile were cyclized to  the corresponding 
cyclopropane derivatives by the cuprous oxide-iso- 
nitrile complex in fairly good yields. This reaction is a 
good synthetic method. 

A r-haloorganocopper(1)-isonitrile complex (15) 
intermediate in the cyclization reaction (eq 9) is sup- 

XCH&HZCHzY ____+. X CHZCHZCHY 3 

Cu,O.RNC 

I 
Cu(RNC), 

15 y + CuX(RNC),, (9) 

Y 
a-d 

a b c d  
Yield, % 58 57 61 5 5  

a,  X = C1; Y = CO,C,HS 
b, X = C1; Y = COCH, 
C, X = C1; aY = CN 
d, X = Br; Y = CN 

ported by deuterium incorporation in the 4-chloro- 
butyronitrile recovered after a short time reaction of 
4-chlorobutyronitrile with the cuprous oxide-isonitrile 
complex in the presence of tert-butyl alcohol-dl. 

Reaction of a-Chloroacrylonitrile and a-Chloro- 
acrylate with Active Methylene Compound by Cuprous 
Oxide-Isonitrile Complex. -We have hitherto men- 
tioned a couple of cyclization reactions which involve 
the copper carbenoid isonitrile complexes as the key 
intermediates. These cyclization reactions are based 
upon a common elementary process of the intramole- 
cular elimination of copper(1) halide-isonitrile complex 
from y-haloalkylcopper(1)-isonitrile intermediates 11 
and 12 formed by addition reaction of the copper 
carbenoid isonitrile complexes 2 and 5 to olefin. Now 
another combination leading to 7-haloalkylcopper(1)- 
isonitrile intermediate 16 and 6-haloalkoxycopper(1)- 
isonitrile intermediate 17 is presented, which gives 

.. 

Cu(RNC),, OCu(RNC), 
16 17 

cyclopropane (18) and dihydrofuran (19) derivatives, 
respectively (eq 10). The reactions of a-chloroacrylo- 
nitrile and a-chloroacrylate with active methylene 
compounds such as dimethyl malonate and methyl 
cyanoacetate were carried out in benzene at  80' for 6 
hr in the presence of CUZO and tert-butyl isocyanide. 
As the reaction proceeds, CuzO was dissolved pro- 
gressively to form a homogeneous solution. The prod- 
uct was a mixture of cis and trans 1,1,2-trisubstituted 
cyclopropane (18) (eq 10). These reactions with 
malonate and cyanoacetate as the active methylene 
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component gave a single product of the cyclopropane 
derivative. 

On the other hand, the reaction with active meth- 
ylene compounds such as acetylacetone and phenyl- 
acetone, which have at  least one acyl substituent, 
afforded dihydrofuran derivative (19) together with 
cyclopropane products (18) (eq 10). 

c1 

-L 

Z = CN, ,COOMe 

X, 

--- 
I only when Y = RCO 
Z 

18 
19 

Results are shown in Table IV. The structures of 
all the products were established by nmr, mass, and ir 

TABLE IV 
REACTIONS OF CY-CHLOROACRYLATE AND CY-CHLOROACRYLONITRILE 

WITH A c w w  METHYLENE COMPOUNDS BY h‘hANS O F  

C U P R O U S  OXIDE-tert-BUTYL ISOCYANIDEa 

x\ HC1 Cu O.t.BuNC 
,CH2 + CH,=C, 1 

Y Z 

z 
18 19 

Y RCO 
Registry -Products yield, %- 

no. Run X Y z 18 (isomer ratio)* 19 
105-34-0 a CN C02Me COzMeC 81 (1OO:O) 
108-59-8 b COlMe C0:Me COzMe 84 (1OO:O) 
140-29-4 c CN Pli COaMe 55 (73:27) 
101-41-7 d C02Me P h  C O ~ M P  9 (88:34) 
109-77-3 e CN CN COzMe 23 
105-53-3 f COzEt COzEt CNd 29 
123-54-8 g COMe COMe COpMe 8 68 
141-97-9 h COMe COzEt COzMe 10 (89:ll) 53 
103-79-7 i COMe P h  COzMe 42 (95: 5) 9 
122-78-1 j CHO Ph COzMe 62 (87: 13) 9 

k COMe COMe CN 33 5 
1 COMe COzEt CN 42 (88: 12) 1 
m COMe Ph CN Trace 

cL lie,zc+tioii conditions: nctive methylene compound, 15 
mmol; or-chloio olefin, l,i mmol; CUZO, 7.7 mmol; terl-butyl 
isocyanide, 24 mmol; benzene, 20 ml; 8O0, 6 hr. The stereo- 
isornein ratio was  determined by glpc. c Regktry no., 80-63-7. 

13egi5lry no., 920-37-0. 

spectra as v\cll as clcmentary analyses. However, the 
stereochemistry of cyclopropane derivatives (18) re- 
mained unknown except for those of phenylcyclo- 
propane derivatives (18c, 18d, Mi, and 18j), of which 
the two isomers were differentiated from each other by 
nmr spectrum on the basis of a characteristic upfield 
shift of the proton cis to phenyl group on the cyclo- 
propane ringss In the products of phenylcyclopro- 
pancs, an isomer in which two polar substituents are 
oriented trans to each other is always predominating. 

(8) S .  A. Closs, R.  A. Moss, and J. J. Coyle, J .  Anaer. Chen .  SOC., 84, 4986 
(1982). 
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The nmr spectra of 2,3,5-trisubstituted dihydrofurans 
exhibited a diagnostic long-range couplingg between 2 
substituent and 4 protons. For example, 2-methyl- 
3-acetyl-5-methoxycarbonyldihydrofuran showed a 
strong triplet splitting (JCH~CH, = 1.5 He) on the 2- 
methyl absorption band owing to spin coupling with 
the 4-methylene protons. 

As is seen in Table IV, the products ratio of dihydro- 
furan (19) to cyclopropane (18) formed in the reaction 
of the chloro olefin with the acyl-substituted methylene 
compound increases with the increasing acidity of 
the active methylene compound. The reaction of a- 
chloroacrylonitrile afforded lower yields of the products 
than the corresponding reactions of a-chloroacrylate, 
because a-chloroacrylonitrile was readily polymerized 
under these reaction conditions. 

The present reaction may be explained by Scheme 11, 
involving several organocopper(1)-isonitrile complexes 

SCHEME I1 
Cu,O,RNC 

‘\CH2 - 
Y’ ,.. n, 

Ll c;L 
CH,=C’ X I *\ CHCu(RNC),,, ‘z \CHCH~CZ 

Y’ Y’ I 

- CuCI(RNC)I 
YCCHzCHZ - 

Cu(RNC),, 

16 

- 
18 

1 1 ~ X,FHcH2\ ’ c1 -CuCl(RNC), 
CH ‘z - 

OCu(RN C),,, 19 

Y-RCO 

17 

as the intermediates. The addition of organocopper- 
(1)-isonitrile (1) to an electron-deficient olefin leads to 
the formation of a-chloroalkylcopper(1)-isonitrile (20), 
which is converted intramolecularly or intermolec- 
ularly into 7-chloroalkylcopper(1)-isonitrile (16) and/ 
or &chloroalkenyloxycopper(I)-isonitrile (17). The 
intramolecular eliminations of copper(1)chloride-iso- 
nitrile complex from 16 and 17 bring the products of 18 
and 19, respectively. 

The following observation is consistent with the 
above mechanism (Scheme 11). In the reaction of a- 
chloroacrylate with diethyl ethylmalonate, an addition 
product of 22 was given in a yield of 46%. No cycliza- 
tion occurred in this case, because the a-chloroalkyl- 
copper(1)-isonitrile (21) had no active hydrogen at  the 
y-carbon atom. 

Finally, an alternative mechanism involving a 
elimination of copper (I) chloride-isonitrile from 20 
producing an intermediate of carbene might be con- 
sidered. The carbene mechanism, however, seems 
less probable from the fact that olefinic product (23) 

(9) K. Ichikawa and S. Uemura, J .  Org, Chem., 83,493 (1987). 
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Compd 

3a 
3b 
3c 

3d 
3e 
3g 

3h 

3i 

Compd 
6a-i 
6a-ii 
6b-i 
6b-ii 
6c-i 
6c-ii 
6d-i 

6d-ii 

6e 

Ir, cm-1 
3050,1725 
3050,1725 
3090,3040 
2225, 1730 
3050,1730 
3055,1730 
3050,1730 
1710 
3100,3030 
2230,1710 
3050,1730 
1715 

Ir, om-1 
3100,1735 
3100, 1735 
3100,2230,1740 
3100,2230,1740 
3080,1740 
3090,1740 
3100,3050,2230, 
1745 
3090,3050,2225, 
1740 
3050,1740 

TABLE V 
IDENTIFICATION DATA OF CYCLOPROPANE 3 

-- Nmr, --------- - 
6.27 (3 H, s) 
6.30 (6 H, s) 
6.23 (3 H, s) 

6.30 (6 H, s) 
7.90-8.62 (4 H, m) 
7.72 (1 H, m) 

7.52 (3 H, m) 

8.08 (1 H, m) 8.50 (2 H, m) 

5.82 (6 H, q) 
5.91 (2 H, q) 
6.33 (3 H, s) 

7.63 (3 H, s) 

7.42 (3 H, m) 
6.36 (6 H, s) 
7.73 (3 H, s) 

7.27-7.53 (1 H, m) 

8.73 (9 H, t )  
7.53 (3 H, m) 
7.43-8.10 (2 H, m) 

7.90-8.20 (1 H, In) 

5.83 (2 H, q) 
8.68 (3 H, t )  

5.87 (2 H, q) 
8.73 (3 H, t )  

7.07-7.40 (3 H, m) 

TABLE VI 
IDENTIFICATION DATA OF HALOCYCLOPROPANE 6 

Nmr, T 
_--_ - 
6.27 (3 H, s) 
6 18 (3 H, s) 
6.17 (3 H, s) 
6.09 (3 H, s) 
6.27 (3 H, s) 
6.24 (3 H, s) 
6.16 (3 H, s) 

6.14 (3 H, s) 

6.33 (3 H, s) 
6.25 (3 H, s) 
7.33-8.33 (3 H, m) 
7.47-8.33 (3 H, m) 
6.30 (3 H, s) 
6.29 (3 H, s) 
7.34-8.32 (3 H, m )  

7.24-8.08 (3 H, m) 

7.53-8.05 (2 H, m) 
7.27-7.55 (1 H, m) 

7.50-8.52 (3 H, m) 
7.36-7.65 (1 H, m) 

5.73 (2 H, q) 
7.18 (1 H, d) 

5.80 (2 H, q) 
8.65 (3 H, t )  

6.18 (3 H, s) 
8.70 (3 H, t )  

has not been dctected in the reaction of a-chloroacry- 
late with ethyl malonate (eq 11). It has been known 

C1 Cu10 t-BuNC 
C,H,CH(CO,C,H,), + CH,=C' _____t 

'CO,CH, 
r 

21 
C,", C1 

I I  
(C,H,O,Cfi-CCH,CHCO,CH, (11) 

that carbcne, if it is formed as an intermediate, would 
, have been rearranged into the olefinic compound (eq 

12) according to the known behavior of carbene.1° 

CIHi C1 
I 1  a e l i m i n a t i o n  

I 1  - CuCl(t.BuNC), 
C?H ,O,CCCH,CCO,CH, - 

CLH.,O,C Cu(t-BuNC),,, 

EtOZCCCH2 ----C (CiHjOLC)jCCH=CHCO,CHj (12) 
I 'c: 23 EtOAC / 

CH,OLC 

Experimental Section 
Reagents.-Cuprous oxide was a commercial reagent and was 

Copper was prepared by used without further purification. 

(10) W. Kirmse and G. Wiichtershiiuser, Tetrahedron, 22, 73 (1966). 

8.74 (3 H, t )  
8.63-8.80 (2 H, m) 

8.37-8.67 (2 H, m) 

7.80 (3 H, s) 

8.30-8.53 (1 H, m) 
8.07-8.20 (2 H, m) 

8.00-8.24 (2 H, m) 

6.98 (1 H, d)  

reducing" CUSOC with zinc powder and dried under nitrogen. 
terl-Butyl and cyclohexyl isocyanides were prepared by Ugi's 
procedure.12 Methyl a-chloroacrylate13 and a-chloroacrylo- 
nitrile1* were synthesized according to the literature procedures 
and were distilled under nitrogen. All other commercially 
available reagents were distilled under nitrogen prior to use. 

Reaction of Methyl a-Chloroacetate with Acrylonitrile 
Caused by the Cuprous Oxide-tert-Butyl Isocyanide Complex.-A 
mixture of 1.4 g (10 mmol) of CuzO, 5.0 g (60 mmol) of tert- 
butyl isocyanide, 2.2 g (20 mmol) of methyl chloroacetate, and 
1.6 g (30 mmol) of acrylonitrile was stirred a t  80" for 3 hr under 
nitrogen. As the reaction proceeded, CuzO gradually dissolved 
in the mixture to form a homogeneous system. The reaction mix- 
ture was treated with ether to remove the copper(1) chloride- 
tert-butyl isocyanide complex, and the ether solution was con- 
centrated and distilled under 30 mm. trans-1-Cyano-2-methoxy- 
carbonylcyclopropane was isolated from the distillate by prepara- 
tive glpc. The stereochemistry of this product was determined 
by converting it by treatment with HC1-CHaOH16 into trans-l,2- 
dimethoxycarbonylcyclopropane, which exhibits a symmetrical 
AzBz pattern in the region between T 7.7 and 8.7. Spectral data 
are summarized in Table V.  The other combinations of an a- 
monohalo compound and an olefin in Table I were treated simi- 
larly. 

B. Reaction of Methyl Dichloroacetate with Methyl Acrylate 
Caused by Cuprous Oxide-tert-Butyl Isocyanide Complex.-To a 
stirred mixture of 0.7 g (5 mmol) of CUZO and 2.5 g (30 mmol) of 
tert-butyl isocyanide maintained a t  about 60°, a mixture of 1.4 g 
(10 mmol) of methyl dichloroacetate and 2.6 g (30 mmol) of 
methyl acrylate was added dropwise over 30 min. After the 
addition was complete, the reaction mixture was heated a t  80" 
for 5 hr. The reaction mixture was treated with ether to remove 
the copper(1) chloride-tert-butyl isocyanide complex. The ether 
solution was concentrated, and the residue was distilled under 
reduced pressure. The distillate was analyzed by glpc, and two 

A. 

(11) "Organic Syntheses," Collect. Vol. 11, Wiley, New York, N.  Y., 1943, 

(12) I. Ugi and R. Meyer, Chem. Ber., 98,239 (1960). 
(13) C. S. Marvel, H. G. Cooke, and J. C. Coman, J .  Amer. Chem. S O C . ,  

(14) H. Brintzinger, K.  Pfannstiel, and H. Koddebusch, Angeur. Chem., 60, 

(15) M. M. Rising and Tsoh-Wu Zee, J .  Amer. Chem. Sac., 10, 1210 (1928). 

p 320. 

62,3496 (1940). 

311 (1948). 
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stereoisomers of l-chloro-l,2-dimethoxycarbonylcyclopropane 
were isolated separately by preparative glpc. The structures of 
l-chloro-l,2-dimethoxycarbonylcyclopropanes were confirmed by 
reducing them with Zn-HC1 to 1,2-dimethoxycyclopropanes, and 
comparing their nmr spectra with those of authentic samples. 
Spectral data are summarized in Table VI. The reaction of 
dichloroacetate with acrylonitrile was carried out in the same 
way. 

C. Reaction of Methyl Dichloroacetate with Diethyl Fumarate 
Caused by Cuprous Oxide-tert-Butyl Isocyanide Complex.--To a 
stirred mixture of 0.7 g (5 mniol) of CUZO, 2.5 g (30 mmol) of 
tert-butyl isocyanide, and 5.2 g (30 mmol) of diethyl fumarate, 
1.4 g (10 mmol) of methyl dichloroacetate was added dropwise 
over 30 min, and the reaction mixture was heated a t  80" for 5 hr. 
Work-up was carried out in a similar way to that described in B. 

D. Reaction of Benzotrichloride with Methyl Acrylate in the 
Presence of Metallic Copper and Isonitrile.-Under nitrogen, a 
mixture of 2.6 g (30 mmol) of methyl acrylate and 2.0 g (10 
mmol) of benzotrichloride in 3 ml of benzene was added dropwise 
over 30 min to a preheated mixture of 1.3 g (20 mg-atom) of 
copper metal and 3.3 g (40 mmol) of tert-butyl isocyanide in 5 
ml of benzene a t  80". Then the reaction mixture was heated 
with stirring for an additional 7 hr. Finally, the reaction mixture 
was extracted with ether to  remove copper(1) chloride-tert-butyl 
isocyanide complex, and the extract was concentrated and sub- 
jected to glpc analysis. About a 1:2 mixture of cis (7a-ii) and 
trans (7a-i) isomers of methyl 2-chloro-2-phenylcyclopropane- 
carboxylate was produced in a total yield of 54%. (The geo- 
metrical isomerism is referred to the poqitions of a chlorine atom 
and a methoxycarbonyl group,) Each isomer was isolated 
by preparative glpc and their structures were convincingly con- 
firmed by elementary analysis and spectra data (see Tables VI1 
and VIII). 

TABLE VI1 
IDENTIFICATION OF 7 

7a-i 

7a-ii 

7b-i 

7b-ii 

7c 

7d 

7e 
7f 

lr, rm-2 
(neat) 

>3000, 1735 
750, 696 

>3000, 1735 
745, 696 

>3000, 2215 
755, 696 

>3000, 2215 
755, 695 

>30!30, 1732 
746, 692 

>3000, 2230 

>3000, 2245 
23000, 2230 

1736 

1735 

Nmr (in C c h ) ,  7 

2.47-2.90 (5 H,  m), 6.60 (3 8, 8 )  

7.27-7.63 (1 H, m), 7.73-8.46 (2  H, m) 
2.43-2.93 (5 H ,  m),  6 .23  (3 H,  a) 

2.50-2.80 (5 H, m) 
7.70-8.20 (3 H, m) 
2.37-2.73 (5 H, m) 
7.60-8.20 (3 H ,  m) 
2.50-2.83 (5 H ,  m), 5.73 (2 H,  q),  6.10 (2  H, 4) 
6.97 (2 H, s), 8.67 (3 H, t), 8.92 (3 H, t)  
6.20 (3 H ,  8 )  

7.20-8.30 (3 H, m) 
7.23-8.25 (m) 
5.73 (4 H, q ) ,  7.70 (2 H ,  m) 
8.67 (6 H, t) 

7.57-8.43 (3 H m) 

The reaction of the other combinations in Table I11 was car- 
ried out by a procedure similar to that mentioned above. 

E. Reaction of Methyl Trichloroacetate with Copper Metal 
and tert-Butyl Isocyanide in the Presence of Methyl Iodide.- 
Under nitrogen, a mixture of 0.32 g (5mg-atoms) of copper metal, 
1.3 g (15 mmol) of tert-butyl isocyanide, and 1 ml of benzene was 
heated a t  80" for 1 hr with stirring and then cooled to room tem- 
perature. To the stirred mixture, 0.9 g (5 mmol) of methyl 
trichloroacetate was added dropwise, and, after 1 hr, 4.26 g (30 
mmol) of methyl iodide was added, and the solution was stirred 
for 1 hr a t  room temperature. The reaction mixture was treated 
with ether to remove copper(1)-tert-butyl isocyanide complex, the 
ether solution was concentrated, and the residue was analyzed by 
glpc. Methyl a,a-dichloropropionate was isolated in 30% yield 
by preparative glpc and identified by comparison with an authen- 
tic sample. 

F. Cyclization of Methyl 4-Chlorobutanoate by Cuprous 
Oxide-Cyclohexyl Isocyanide Complex.-To a mixture of 0.7 g 
(5 mmol) of CUZO and 3.3 g (30 mmol) of cyclohexyl isocyanide, 
1.4 g of methyl 4-chlorobutanoate was added dropwise with 
stirring a t  80" and then the mixture was heated at  80" for 7 hr. 
The reaction mixture was treated with ether to remove the copper- 
(I) chloride-cyclohexyl isocyanide complex, the ether solution 
was concentrated, and the residue was distilled under slightly 
reduced pressure. Methyl cyclopropanecarboxylate was iso- 
lated in 58% yield. 
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TABLE VI11 
IDENTIFICATION OF 18 AND 19 

Mass, Ir (neat), 
Compd M C  om -1 

1 Sa 

18b 

1 sea 

1 8da 

18e 

18f 

18g 

1 8ha 

1 Sia 

lSja 

lSka 

1 SP 

1% 

19h 

19i 

19j 

19k 

183 3100,2230,1735 

216 3100,1740,1380 

201 3080, 2218, 1740, 
1225,1250,938 
3080,2220,1735 
1050,941 

234 1738,1435,1095 

1725,1435,1380, 
1100,925 

150 3100,2243,1740, 
1442,1388,1018 

211 3098,2225,1735, 
1375,1015 

184 310~,1740,1700 

214 3080,1740,1710 

3080, 1735, 1710 

218 3020,1735, 1700, 
1608, 980, 928 

3020, 1730,1705, 
1595, $75, 920 

204 3080,1725,1715, 
1500,1270,1100, 
1025, 950 
3080,1728,1701, 
1195,1170 

3085,2242,1700, 
1420,1362, 920, 
965 

181 3098,2228,1720, 
1370,1310,1250 

3100,2230,1720, 
1370,1310,1270 

184 1755,1675,1630, 
1200, 945, 920 

214 1760,1700,1660, 
1215,1035, 965, 
9 25 

218 1750,1660,1595, 
1510,1195, 975, 
955, 912 

204 1750, 1640, 1601, 
1495, 1440, 1100, 
930, 910 

151 1700,1680,1630, 
1420,1380, 1360, 
1205 

Nmr (in CDCI?), 
T 

6.10,6.15(s,6H,COOCHs),  
7.25 (4, 1 H),  7.80 (m, 2 H) 
6 .25 ,6 .29  ( s , Q  H),7 .40  ( q , l  H) ,  
8 , 2 0 ( m , Z H )  
2.69 (5 H) ,  6.58 (s, COOCHa), 
7.25 (q ,  1 H) ,  -7.90 (m, 2 H) 
2.65(5H),6.18(s,COOCHa), 
7.70 (q, 1 H) ,  -8.00 (m, 2 H)  
2.70 (5 H) ,  6.30 ( s ,3  H) ,  
6 .38  (a,3 €I), 5 .7  (q, 1 H),  
-7.3-7.4 (m, 2 H) 
2.71 ( 5  H), 6.21 ( s ,3  H) ,  
6.37 ( s ,3  H) ,7 .25 (q ,  1 H), 
8.05 (m, 2 II) 
6.15  (s,COOCHs), 
7.16 (q, 1 H) ,  -7.8 (m, 2 H) 
5 . 7 0 ( 4 H ) , 7 . 5 1  (q,  l H ) ,  
-8 .Z(m,ZH) ,8 .70(6H)  

7 .68  ( s ,3  H) ,  7.79 (5,3 H),  
-8.20 (m, 2 H) 
5.73 ( q , 2  H), 6.30 ( s ,3  H,  COOCHa), 
-7.40 (m, 1 H),  7.66 ( s ,3  H ,  COCHa), 
-8.25 (m, 2 H) ,  8.68 ( t ,  3 H) 
5.75 (q,  2 H) ,  6.30 ( s ,3  H, COOCHa), 
-7.40 (m, 1 H),  7.69 (a,  3 H,  COCHs), 
-8.25 (m, 2 H) ,  8 . 7  ( t ,  3 H) 
2.66 (5 H),  6.55 (9, 3 H, COOCHs), 
7.15 (9, 1 H),  8.00 (s, 3 H) ,  
8.16 (m, 2 H) 
2.71 (5 H) ,  6.30 ( 8 ,  3 H, COOCHa), 
7 .80(q ,  1 H ) , 7 . 9 4  ( s ,3  H) ,  
8 . 4 5 ( m , 2 H )  
1.49 (1 H,  CHO), 2 .7  (5 H), 
6.60 (3 H ,  COOCHs), 
7.35(q,  1 H),-8.00(m, 2 H )  
1 .45  (1 H, CHO), 2.75 (5 H) ,  
6 .23  (3 H,COOCHs), 
7.65 (q ,2€I ) ,  -8.30(m, 2 H) 
7 .59 ,7 .72  (s,6 H, COCHs), 
7 . 4 3 ( q , l H ) , 7 . 8 7 ( q , l H )  
8.35 (q 1 H) 
5.62 (2 H) ,7 .54  (3 H, COCHa), 
7.48 (q, 1 H ) , 7 . 9 3  (q, 1 H) ,  
8.40 (q, 1 H) 
5.73 (2 H) ,  7.50 (3 H, COCHa), 
7.52 (q ,  1 H) ,  7.85 (q, 1 H) ,  
8 .35  ( q , l  II) 
4 . 9 5 ( q , l H ) , 6 . 1 9 ( ~ , 3 H ) ,  
6.85 (m, 2 H) ,7 .72  ( t , 3  H), 
7.79 ( s ,3  H) 
4.96 ( q , 1  HI, 5.84 (q,  2 H),  
6,21(s,3H,COOCHs),  
6.85 (m, 2 H) ,  7.75 (t, 3 H) ,  
8 .72  ( t ,  3 H) 
2.75 (5 H) ,  5 .00  (q, 1 H),  
6 .20  (s,COOCHa), 
-6.70 (m, 2 H) ,  7.01 ( t ,  3 H) 
2 .0  ( t ,  1 H) ,  2 .6  (5 H),  4.85 (4, 1 €I), 
6.19 (9, COOCHs), 6 . 7  (m, 2 H) 

4.72 ( q ,  1 H) ,  6.70 (m, 2 IT), 
7.75 (6 H, CHs) 

6.30 (s, 3 H, COOCHs),7,40(q, 1 H),  

a Consisted of two isomers. 

G. Deuterium Incorporation in 4-Chlorobutyronitrile.-A 
mixture of 0.7 g (5 mmol) of CunO, 3.3 g (30 mmol) of cyclohexyl 
isocyanide, 1.0 g of 4-chlorobutyronitrile, and 1.3 g (20 mmol) 
of tert-butyl alcohol-dl was heated at  70" with stirring. After 1 
hr, the reaction mixture was distilled under reduced pressure, 
and the recovered 4-chlorobutyronitrile was subjected to spectro- 
scopic analyses. Nmr showed deuterium incorporation a t  the 
carbon CY to the cyano group and the ir spectrum exhibited a new 
band at  2120 cm-l which was assigned to P C - I ) .  

Reaction of a-Chloroacrylonitrile with Active Methylene 
Compound Caused by Cuprous Oxide-tert-Butyl Isocyanide. 
General Procedure.-To a mixture of 7.7 mmol of CunO, 15.0 
mmol of an active methylene compound, and 20 ml of benzene, 
15.0 mmol of a-chloroacrylate or or-chloroacrylonitrile was added, 
and then 24.0 mmol of tert-butyl isocyanide was added drop- 
wise at  room temperature with stirring under nitrogen. After 

H. 
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the mixture was heated a t  80" for 6 hr, 30 ml of a mixture of 
petroleum ether (bp 30-60') and diethyl ether (2: 1) was poured 
into the cooled reaction mixture. The precipitated copper(1) 
chloride-tert-butyl isocyanide and Fome unreacted CunO were 
removed by filtration. The filtrate was subjected to distillation 
and the residue was distilled i n  vacuo. Each fraction was ana- 
lyzed by glpc. An analytical sample was purified by preparative 

Reaction of Methyl a-Chloroacrylate with Diethyl Ethyl- 
malonate Caused by Cuprous Oxide-tert-Butyl 1socyanides.- 
Reaction was carried out according to the procedure mentioned 
above. A main product of 22 [bp 123" (4 rnm Hg); yield 46%] 
was accompanied by several minor by-products, whose nmr 
spectra exhibited no signal in the olefinic region. 22 (Anal. 
Calcd for C&~0&1: C, 50.57; H,  6.86; C1, 11.48. Found: 
C, 50.85; H,  6.90; C1, 11.30.) had nmr (CDC13) T 5.2 (1 H, 

dPC. 
I. 

C l C H f ) ,  5.75 (4 H, 2 X OCH~CHI), 6.21 (3 H, OCHs), -7.4 
(2 H,  3CCH&HC1), 8.01 (2 H ,  CHsCHzCe), 8.78 (6 H,  2 X 
OCH~CHI), 9.lfi (3 H,  CHzCHzC <). 

Registry N0.-3a, 717-69-1 ; 3b, 826-35-7; 3c, 
34 185-94-9 ; 3d, 13949-99-0; (1 a,2& 3p) -3e, 34 185- 
95-0 ; (1 a, 2a13P) -3e ', 34185-96-1 ; 3g, 34185-98-3 ; 

3h, 39821-99-3; 34 34185-99-4; 6a-i, 39822-01-0; 
6a-ii, 39822-02-1 ; 6b-i, 39822-03-2; 6b-ii, 39822-04-3; 
6c-i, 30630-39-8; 6c-ii, 30630-38-7; 6d-i, 39822-06-5; 
6d-ii, 39822-07-6; de, 39822-08-7; 7a-i, 39822-09-8; 
7a-ii, 39822-10-1; 7b-i, 39822-1 1-2; 7b-ii, 39822-12-3; 
7c, 39822-13-4; trans-7d, 39822-14-5; cis-7d, 39822- 
15-6; cis-7e, 39822-16-7; trans-7e1 39822-17-8; 7f, 
39822-18-9; 18a, 39822-24-7; 18b, 22650-26-6; cis- 
18c, 39822-26-9; trans-l8c, 39822-27-0; cis-lgd, 39822- 
28-1; trans-I8d, 39822-29-2; Me, 39822-30-5; 18f, 
714-92-1 ; 18g, 39822-32-7; cis-18h, 39822-33-8; trans- 
18h, 39822-34-9; cis-lgi, 39822-35-0; trans-l8i, 39822- 
36-1 ; cis-18j1 39822-37-2; trans-Mj, 39822-38-3; 18k, 
19930-90-6 ; cis-181, 39822-41-8 ; trans-181, 39822-42-9; 
19g (X = Ac; R = &/re), 39822-40-7; 19h (X = Et02C; 
R = Me), 39822-43-0; 19i (X = Ph; R = Me), 39822- 
44-1; 19j (X = Ph; R = H), 39822-45-2; 19k (X = 
Ac; R = Me), 39822-46-3; 22, 39822-47-4; cuprous 
oxide-tert-butylisonitrile complex, 39822-48-5; cu- 
prous oxide-cyclohexylisonitrile complex 39822-49-6. 

Reaction of a-Ketols and Other 21-Hydroxy Steroids with Phosgene. 11. 
Structural Requirements in the Formation of 20-Chloro-20,21-cyclic 

Carbonates from 11-Deoxycorticosterone and 11-Dehydrocorticosterone1 

MARVIN L. LEWBART 
Department of Medicine, Jeferson Medical College, Philadelphia, Pennsylvania 19107 

Received February 1, 1978 

Reaction of 11-deoxycorticosterone (1 ) in pyridine with excess phosgene in benzene (condition B) affords the 
novel-20-chloro-20,21-cyclic carbonates 3a,b as major products and the 21-chloride 2 as a minor product. In  con- 
trast, phosgenation of 11-dehydrocorticosterone (9) under condition B gives the 21-chloride 10 as a major product 
and the 20-chloro-20,21-cyclic carbonates l l a  and 1 l b  as minor products. Reduction of the 1 1-deoxy-cyclic 
chlorocarbonates 3a,b with zinc in acetic acid furnishes both progesterone (7) and the epimeric 20-acetoxy-20,21- 
cyclic carbonates 8a and 8b, whereassimilar reduction of I l a  and l l b  gives 11-ketoprogesterone (12) as the only 
significant product. Those structural features which are essential for cyclic chlorocarbonate formation have 
been determined by phosgenating under condition B a number of 17-deoxy-21-01s with various substituents a t  
C-20. These include 11,20-dideoxycorticosterone (16) and the 3,20-bisethylene ketals of 1 and 9 as well as the 
analogous A1e-20-ketones and Ale-20-ethylene ketals. It was concluded from these studies that, although all 
steroidal 21-01s form 21-chlorocarbonates under condition B, hydrolysis to starting material occurs during the 
work-up in the absence of a carbonyl group at  C-20 and a saturated D ring. 

In  the first paper of this series2 we described the prep- 
aration of symmetrical and mixed 21,21'-bisteroidal 
carbonates (partial formula a, R = H or OH, Scheme I) 
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by the slow addition of phosgene to excess a-ketols in 
pyridine (condition A). It was also reported that addi- 
tion of cortisone (but not 11-deoxycortisol) and a num- 
ber of nonketolic 17,21-dioIs to excess phosgene (condi- 
tion B) affords 17,21-cyclic carbonates (partial formula 
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(2) M. L. Lewbart, J .  OYQ. Chem., 37, 3892 (1972). 

b). This study has been extended to  the phosgenation 
of 17-deoxy-a-ketols under condition B in the expecta- 
tion that, in the absence of a hydroxyl group at  C-17,21- 
chlorocarbonates (partial formula c) would be major 
products. The results of this investigation, as well as a 
detailed examination of the influence of neighboring 
functional groups on reactions at  C-21, are reported in 
the present paper. 

Treatment of 11-deoxycorticosterone (1, Scheme 11) 
under condition B and tlc analysis of the reaction mix- 
ture showed that, in addition to  small amounts of the 
bisteroidal carbonate and a component with the same 
mobility as 21-chloroprogesterone (2),a a major product 
with intermediate mobility is formed. The ketolic 
nature of the latter substance was evident from its rapid 
reduction of alkaline blue tetrazolium (BT). Column 
chromatography on silica gel gave the 21-chloride 2 in 
14% yield, but resulted in nearly total destruction of the 
major product. It was found subsequently that re- 
peated crystallizations from methylene chloride per- 
mitted direct isolation of this compound in 53% yield. 

(3) H. Reich and T. Reichstein, Helu .  Chzm. Acta, Z2, 1124 (1939). 


