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The copper-catalyzed reactions o f  ethyl diazoacetate and diazoacetone w i th  the dienol derivatives l -methoxy-  
and l-trimethylsilyloxy-1,3-butadiene, 3-acetoxymethylene- and 3-trimethylsilyloxymethylenecyclohexene, and 
l-methoxy-1,3-cyclohexadiene and i t s  4-methyl analogue are described. Hydrolysis o f  the olefinic cyclopropane 
adducts is shown t o  lead to a- and y-alkylated a,@-unsaturated aldehydes and ketones. 

The simple, three-step scheme of conversion of aldehydes 
or ketones into enol ethers or esters, cyclopropanation of these 
olefinic intermediates with a-diazocarbonyl reagents over 
copper, and aqueous acid cleavage of the resultant 6-oxycy- 
clopropylketo compounds has been shown to be the equivalent 
of cu-alkylation of aldehydo and keto substances as well as a 
useful procedure for the synthesis of 1,4-dicarbonyl com- 
pounds.1-4 As part of an attempt to broaden the scope of this 
method of synthesis it became of interest to explore the be- 
havior of more highly functionalized enol derivatives and 
a-diazoketo systems in the cyclopropanation step. In this 
connection one study involved the copper-catalyzed interac- 
tion of ethyl diazoacetate as well as diazoacetone with conju- 
gated dienyl ethers and esters, derived from a$-unsaturated 
aldehydes and ketones. As the following equations indicate, 
it  was assumed that, were the cyclopropanation to take place 

0 

on the unoxygenated double bond, the new three-step scheme 
would be the equivalent of a y-alkylation of a,p-unsaturated 
keto  system^,^ leading to 1,6-dicarbonyl compounds.6 

The crotonaldehyde-based dienyl ethers 1-methoxy-1,3- 
butadiene (la) and 1-trimethylsilyloxy-1,3-butadiene (lb),7.8 
the enol acetate and trimethylsilyl ether from l-cyclohexen- 
ecarb~xaldehyde~ (2a and 2b, respectively), and the l-me- 
thoxy-1,3-cyclohexadienes10 3a and 3b served as starting 
materials for this investigation. Diene 2a was prepared by the 
acid-induced acetylation of 1-cyclohexenecarboxaldehyde 
with isopropenyl acetate, while diene 2b was the result of the 

PMe 

l a ,  R = M e  2 a , R = A c  3 a , R = H  
b, R = SiMe, b, R = SiMe, b, R = M e  

0-alkylation of the aldehyde with trimethylsilyl chloride in 
the presence of t r ie th~lamine.~Jl  

The decomposition of ethyl diazoacetate in cyclohexane or 
neat solutions of each of the six dienes over copper bronze a t  
65-85 "C led to 55-80% yields of stereo- and regioisomer 
mixtures of olefinic cyclopropanecarboxylates, i.e., la  - 4a + 5a, lb - 4b + 5b,2a-+6a + 7a,2b- 6b + 7b,3a -+ 8a + 
9a, and 3b - 8b + 9b. With the exception of the silyl ethers 

4 5 
a, R = Me;  R' = OEt 
b, R = SiMe,; R = OEt 
c ,  R = R' = M e  
d, R = SiMe,; R' = M e  

the regioisomers were separated into stereoisomer mixtures, 
no attempt having been made to fractionate the latter. In- 
teraction of diazoacetone with each of the starting dienes 
under conditions similar to those of the diazoacetic ester re- 
actions produced difficultly separable isomer mixtures of the 
ketone pairs 4c-5c, 4d-5d, 6c-7c, 6d-7d, 8c-9c, and 8d-9d, 
respectively. 

Mild treatment of cyclopropane 4a with aqueous acid 
caused the hydrolysis of its enol ether moiety leading to the 
aldehydo ester 10, whereas oxycyclopropane 5a remains un- 
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n H 

6 7 
a ,  R =  Ac; R' = OEt  
b,  FL = SiMe,; R = OEt 
e ,  R = Ac; R'  = Me 
d,  El  = SiMe,; R'  = Me 

PMe 
COR' MvmR' 

k 
8 9 

a ,  R = H; R = OEt  
b, R = Me; R = OEt 
C ,  R = H; R' = Me 
d , R = R = M e  

perturbed under these conditions. Hydrolyses of 4a and 5a 
at elevated temperature produced the acyclic substances 1 la  
and 12a, respectively.12 The same products result from the 
hydrolysis of t h e  silyl e ther  mixture,  4b and 5b, on heating. 
Finally, mild, aqueous acid hydrolysis of either the ketone 
mixture 4c and 5c or  the 4d-5d mixture led to keto aldehydes 
l l b  and 12b. 

H R 
COzEt x H CHzCHO R' LCHO 

CHO 

10 11 12 
a ,  R = OEt 
b , R = M e  

Cyclopropanes 6 and 7 were hydrolyzable in both acid and 
base. Cleavage of the three-membered rings of 6a and 6b with 
alcoholic base yielded ester 13a, while 7a and 7b gave ester 
14a. Similarly, compounds 6c and 6d produced aldehydo ke- 
tone 13b, while 7c and 7d led to 14b. 

13 14 
a ,  R = OEt 
b,  R = Me 

Acid hydrolysis of esters 8 a ,  8b, 9a, and  9b afforded cy- 
clohexenone esters 15a, 15b, 16a, and 16b, respectively. 

R 
15 16 

a ,  R = H; R' = OEt  
b, R = Me; R' = OEt  
c , R = H ; R = M e  
d, R = R = Me 

Similar treatment of ketones 813, 8d, 9c, and 9d produced di- 
ketones 15c, 15d, 16c, and 16d (in addition to its 0 ,y-unsa t -  
urated ketone isomer). 

The isolation of 1,6-diketo compounds 11,13, and 15 at the 
end  of a two-step reaction scheme emanating from masked 
a$-unsaturated keto systems makes the procedure a new 
y-alkylation method. Furthermore, the ratios of cyclopropa- 
nation products (5040% total yields) favoring nonoxygenated 
cyclopropanes (2:l to 5 1 )  in most instances and the 1,6-diketo 
substances being the more preponderant, final products, ir- 
respective of the 0 substi tuent of the initial conjugated diene, 
bodes well for this y-alkylation concept. More work will be 
necessary to improve the regioselectivity of t h e  cyclopropa- 
na t ion  process. 

Experimental Section 
Boiling and melting points are uncorrected. Infrared spectra of neat 

liquids were recorded on a Perkin-Elmer 167 spectrophotometer and 
mass spectra obtained on a CEC 21-110 spectrometer. 'H NMR 
spectra were run on CDC13 solutions with Me4Si as internal standard 
(6 0 ppm) on a Varian A-60 spectrometer and the 13C NMR spectrum 
was recorded on a Varian XL-100-15 spectrometer operating at  25.02 
MHz in the Fourier transform mode. GPC runs were performed on 
a 10-ft 20% Carbowax on Chromosorb W column in a Varian Autoprep 
A-700 chromatograph, while preparative TLC utilized Merck silica 
gel HF 254 as adsorbant. 

3-Acetoxymethylenecyclohexene (2a). A stirring solution of 1.52 
g of 1-cyclohexenecarboxaldehyde9 ['H NMR 6 1.65 (m, 4, methy- 
lenes), 2.21 (m, 4, allyl methylenes), 6.66 (m, l ,  olefinic H), 9.35 (s, l, 

141.12 (C-I), 150.95 (C-2), 193.72 (CO)] and 19 mg of p-toluenesul- 
fonic acid in 12 mL of isopropenyl acetate was refluxed under nitrogen 
with slow removal of the solvent for 5.5 h. Fractional, vacuum distil- 
lation yielded 2.09 g of colorless, liquid diene 2a: bp 55-58 OC (1.25 
Torr); IR C=O 1752 cm-' (s); 'H NMR 6 1.61 (m, 2, CHz), 2.06,2.39 
(m, 2 each, allyl methylenes), 2.12 (s, 3, Me) 5.68 (dt, 1, J = 10,3 Hz, 
H-l) ,  5.93 (dt, 1, J = 10, 1 Hz, H-2), 6.92 (broad s, 1, OCH); mass 
spectrum mle 152 (M+), 110 (base), 95, 81, 79; exact mass mle 
152.0842 (calcd for CSH1202, 152.0836). 

3-Trimethylsilyloxymethylenecyclohexene (2b). A stirring 
solution of 1.78 g of 1-cyclohexenecarboxaldehyde? 2.71 g of tri- 
methylsilyl chloride, and 3.28 g of triethylamine in 7 mL of dimeth- 
ylformamide was refluxed under nitrogen for 21 h. After cooling the 
brown solution was diluted with 50 mL of hexane, washed with 30 mL 
of 5% sodium bicarbonate solution, 30 mL of water, and 30 mL of 
saturated brine solution, and dried (Na2S04). Upon removal of the 
solvent the liquid was distilled, yielding 1.73 g of liquid diene 2 b  bp 
33-34 "C (0.25 Torr); IR C=C 1643 (m), 1609 cm-' (m); 'H NMR 6 
0.19 (s, 9 Mes), 1.56 (m, 2, CHz), 2.04, 2.35 (m, 2 each, allyl methy- 
lenes), 5.48 (dt, l ,  J = 10,4 Hz, H-l) ,  5.98 (dt, l ,  J = 10,2 Hz, H-2), 
6.12 (broad s, 1, OCH); mass spectrum mle 182 (M+), 167,93,92,75, 
73 (base); exact mass mle 182.1132 (calcd for CloHlaOSi, 
182.1126). 
1-Dimethoxymethylcyclohexene. A stirring mixture of 1.20 g of 

1-cyclohexenecarboxaldehyde: 0.60 g of Amberlite IR-120-H ion 
exchange resin (medium porosity, washed three times with methanol), 
and 5 mL of trimethyl orthoformate in 5 mL of methanol was refluxed 
under nitrogen for 5 h. Sodium sulfate was added and the cooled 
mixture filtered through Celite and evaporated. An ether solution (50 
mL) of the residue was washed with 100 mL of 5% sodium bicarbonate 
solution and 50 mL of brine solution, dried (NaZSOd), and evaporated. 
Distillation (0.2 Torr, bath temperature 31 "C) of the residue (1.45 
g) on a Vigreux column (1.7 X 13 mm) yielded 1.21 g of colorless, liquid 
1-cyclohexenecarboxaldehyde dimethyl acetal: 'H NMR 6 1.58 (m, 
4, methylenes), 1.96 (m, 4, allyl methylenes), 3.23 [s, 6, (OMe)z], 4.40 
(s, 1, OzCH), 5.75 (broad s, 1, olefinic H); mass spectrum mle 156 
(M+), 128 (base), 94,78; exact mass mle 156.1146 (calcd for C9H1602, 
156.1149). 
Ethyl 2-(~-Methoxyvinyl)cyclopropanecarboxylate (4a) and 

Ethyl 2-Methoxy-3-vinylcyclopropanecarboxylate (5a). All cy- 
clopropanations followed an earlier procedure.'I2 Ethyl diazoacetate 
(3.15 g) was added dropwise over a 4-h period to a stirring suspension 
of 300 mg of copper bronze13 and 2.10 g of l-methoxy-1,3-butadiene 
(la) in 10 mL of cyclohexane kept at 80 "C under nitrogen. Thereafter 
the mixture was stirred at  80 "C for an additional 0.5 h and filtered. 
The catalyst was washed with 15 mL of ether and the combined fil- 
trate and washings evaporated. Distillation of the residue gave 2.60 

CHO); 13C NMR (CDC13) 6 21.06 (C-4, C-5), 21.78 (C-6), 26.19 (C-3), 
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g of an ester mixture, bp 50-55 "C (0.1 Torr), which was separated by 
GPC (column temperature 120 "C) and led to two fractions of 10 and 
20 min retention times. The first fraction consisted of 350 mg of 5a: 
IR C=O 1730 (s), C=C 1640 cm-' (m); 'H NMR 6 1.25 (t, 3, J = 7 Hz, 
Me), 1.7-2.6 (m, 2, c-Pr H), 3.31 (s, 3, OMe), 3.4-3.6 (m, 1, OCH), 4.18 
(q, 2, J = 7 Hz, OCHz), 4.8-6.0 (m, 3, olefinic H); mass spectrum rnle 
170 (M+), 169,131,119,97 (base), 69; exact mass rnle 170.0942 (calcd 
for C&1403, 170.0943). 

The second fraction contained 1.60 g of 4a: IR C=O 1730 (s), C=C 
1670 (s), 1655 cm-' (SI; 'H NMR 6 0.7-2.1 (m, 4, c-Pr H),  1.22 (t, 3, 
J = 7 Hz, Me), 3.45,3.69 (s, 3 total, OMe), 4.12 (q,2, J = 7 Hz, OCH2), 
4.4-4.9 (m, 1, olefinic I<), 6.41 (dd, 1, J = 13,3 Hz, OCH); mass spec- 
trum m/e 170 (M+), 169, 131, 119, 97 (base), 69; exact mass mle 
170.0943 (calcd for CSH1403,170.0943). 

Ethyl 2-(~-Trimetihylsilyloxyvinyl)cyclopropanecarboxylate 
(4b) and Ethyl 2-Trimethylsilyloxy-3-vinylcyclopropanecar- 
boxylate (5b). A mixture of 2.25 g of ethyl diazoacetate, 500 mg of 
copper bronze, and 4.70 g of 1-trimethylsilyloxy-1,3-butadiene ( lb )  
was treated and worked up as above. Distillation of the crude product 
yielded 3.00 g of starting diene (lb) and 2.80 g of a mixture of 4b and 
5 b  bp 57-62 "C (0.25 Torr); IR C=O 1730 (s), C=C 1695 (m), 1655 
cm-' (m); lH NMR 6 0.19 (s, 9, SiMea), 1.24,1.29 (t, 3 tota1,J = 7 Hz, 
Me), 0.7-2.4 (m, 3-4, c-Pr H),  4.08,4.13 (q, 2 , J  = 7 Hz, OCHz), 4.34.5 
(m, 2-3, olefinic H); exact mass mle 228.1185 (calcd for CllH2003Si, 
228.1181). 

Ethyl 2-Acetoxyniethylenebicyclo[4.l.O]heptane-7-carbox- 
ylate (sa) and Ethyl 2-Acetoxyspiro[2.5]oct-4-ene- 1-carboxylate 
(7a). A mixture of 6.21 g of ethyl diazoacetate, 970 mg of copper 
bronze, and 4.27 g of dienol acetate 2a in 20 mL of cyclohexane was 
treated and worked up as above. Distillation of the crude product 
yielded 4.76 g of a mixture of 6a and 7a (3.5:l ratio by 'H NMR 
spectral integration 01' the olefinic H peaks), bp 125-145 "C (0.35 
Torr), and 751 mg of a mixture, bp >145 "C (0.5 Torr), predominating 
in the biscyclopropanation product: IR C=O 1760-1700 cm-' (s); 'H 
NMR 6 1.24 (t, 6, J = 7 Hz, Men), 2.03 (s, 3, COMe), 3.8-4.3 [m, 4, 
(OCH2)2], 4.48 (d, <1, J = 4 Hz, OCH); mass spectrum mle 324 (M+), 
282, 238, 207, 196, 167, 123, 122, 121, 43 (base); exact mass mle 
324.1558 (calcd for CliH2406; 324.1571). 

GPC of the ester mixture (6a and 7a) on a 10-ft column of 10% 
SE-30 on Chromosorb W at 195 "C yielded 6a [IR C=O 1720 (s), 1750 
(s), C=C 1660 cm-l (m); 'H NMR 6 1.22 (t, 3, J = 7 Hz, Me), 2.08 (s, 
3, COMe), 4.06 (dd, 2, cJ = 7 Hz, OCHz), 6.96 (t, 1, J = 2 Hz, olefinic 
H); mass spectrum mlt7 238 (M+), 196 (base), 167,150,123,122,121; 
exact mass rnle 238.1217 (calcd for C13H1804, 238.1205)) and 7a (1.2:l 
mixture of trans and cis isomers, respectively) [IR C=O 1725 (s), 1755 
(s), C=C 1640 cm-l (m); 'H NMR 6 1.23 (t, 6, Mez), 2.05 (s, 3, trans 
COMe), 2.07 (s, 3, cis COMe), 4.02 (q ,2 ,  J = 7 Hz, cis OCHz), 4.06 (q, 
2,  J = 7 Hz, trans OCHz), 4.45 (d, 1, J = 4 Hz, trans OCH), 4.84 (dt, 
1, J = 10, 2 Hz, cis OCH), 5.3-6.2 (m, 4, olefinic H); mass spectrum 
mle 238 (M+), 196, 19'2, 178, 167, 151, 139, 123, 122,  121,43 (base); 
exact mass mle 238.1210 (calcd for C13H1804, 238.1205). 

Ethyl 2-Trimethylsilyloxymethylenebicyclo[4.1.O]heptane- 
7-carboxylate (6b) and Ethyl 2-Trimethylsilyloxyspiro[2.5]- 
oct-4-ene-1-carboxylate (7b). A mixture of 1.36 g of ethyl di- 
azoacetate, 215 mg of copper bronze, and 1.12 g of dienol ether 2b in 
10 mL of cyclohexane was treated (2  h) and worked up as above. 
Distillation of the crude product [bp 83-100 "C (0.1 Torr)] yielded 
a 2.7:l mixture of 6b and 7b, respectively: IR C=O 1722 (s), C=C 
1655 cm-' (m); 'H NMR 6 0.18 (s, 9, SiMes), 1.23 (t, 3, J = 7 Hz, Me), 
4.04 (9, 2, J = 7 Hz, OCHn), 5.3-5.9 (m, <2, olefinic H),  6.18 (t,  <1, 
J = 2 Hz, OCH of 6b); exact mass mle 268.1502 (calcd for C14H2403Si. 
268.1494). 

Ethyl 3-Methoxybicyclo[4.1.0]hept-2-ene-7-carboxylate (8a) 
and  Ethyl l-Methoxybicyclo[4.1.0]hept-4-ene-7-carboxylate 
(Sa). A mixture of 2.28 g of ethyl diazoacetate, 500 mg of copper 
bronze, and 4.40 g of dienol ether 3a was treated (3 h) and worked up 
as above. Distillation of the crude product gave 2.10 g of starting diene 
(3a) and 2.80 g of a mixture of 8a and 9a, bp 85 "C (0.5 Torr). Pre- 
parative TLC of the latter and elution with 4:l hexane-ether yielded 
1.70 g of Sa [IR C=O 1730 (s), C=C 1650 cm-l (m); lH NMR 6 1.25 
(t, 3, J = 7 Hz, Me), 1.5-2.8 [m, 6, (CHZ)~,  (CH)2], 3.29,3.32 (s,3 total, 
OMe), 4.15 (q, 2, J = i' Hz, OCHz), 5.4-6.1 (m, 2, olefinic H); mass 
spectrum rnle 196 (MC), 123 (base), 91; exact mass rnle 196.1104 
(calcd for CllH1603.196.1099)] and 700 mg of 8a (IR C=O 1725 (s), 
C=C 1658 cm-I (m); 'H NMR 6 0.8-2.5 [m, 7, (CH2)2, (CH)3], 1.26 
(t, 3, J = 7 Hz, Me), 3.48 (s, 3, OMe), 4.13 (q, 2, J = 7 Hz, OCHz), 
4.8-5.0 (m, 1, olefinic H); mass spectrum mle 196 (M+), 131, 119 
(base); exact mass rnle 196.1103 (calcd for CllH1603, 196.1099)]. 

Ethyl 3-Methoxy-6-methylbicyclo[4.l.O]hept-2-ene-7-car- 
boxylate (8b) and ECthyl 6-Methoxy-3-methylbicyclo[4.1.0]- 
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hept-2-ene-7-carboxylate (Sb). A mixture of 3.30 g of ethyl di- 
azoacetate, 500 mg of copper bronze, and 6.30 g of dienol ether 3b was 
treated and worked up as above. Distillation of the crude product gave 
3.50 g of starting diene (3b) and 3.70 g of a mixture of 8b and Sb, bp 
83-90 "C (0.4 Torr). Preparative TLC of the latter and elution with 
3:l hexane-ether led to 1.32 g of Sb [IR C=O 1730 cm-l (s); 'H NMR 
6 1.26 (t, 3, J = 7 Hz, Me of Et),  1.61 (d, 3, J = 1 Hz, olefinic Me), 
1.7-2.4 [m, 6, (CH& (CH)2], 3.27 (s, 3, OMe), 4.13 (4, 2, J = 7 Hz, 
OCHz), 5.63 (dd, 1, J = 5, 1 Hz, olefinic H); mass spectrum m/e 210 
(M+), 137 (base), 124, 105; exact mass rnle 210.1256 (calcd for 
C12H1803,210.1256)] and 310 mg of 8b [IR C=O 1725 (s), C=C 1658 
cm-l (m); 'H NMR 6 1.25 (t, 3, J = 7 Hz, Me of Et),  1.30 (s, 3, Me), 
1.5-2.5 [m, 6, (CH2)2, (CH)2], 3.47 (s, 3, OMe), 4.12 (4, 2, J = 7 Hz, 
OCHz), 4.7-5.0 (m, 1, olefinic H); mass spectrum rnle 210 (M+), 132, 
120, 69 (base); exact mass rnle 210.1254 (calcd for C12H1803, 
210.1256)]. 
2-Acetyl-l-(~-methoxyvinyl)cyclopropane (4c) and 3-Ace- 

tyl.2-methoxy-1-vinylcyclopropane (512). A mixture of 3.60 g of 
diazoacetone, 500 mg of copper bronze, and 3.60 g of dienol ether la 
in 10 mL of cyclohexane was treated (70 "C) and worked up as above. 
Distillation of the crude product afforded 2.75 g of a mixture of 4c and 
5c: bp 45-50 "C (0.25 Torr); IR C=O 1690 (s), C=C 1650 (m), 1640 
cm-l (m); 'H NMR 6 0.7-2.0 (m, 3-4, CHz, methines), 2.21, 2.22 (s, 
3 total, Me), 3.45,3.50 (s, 3 total, OMe), 4.4-5.4 (m, ca. 29% of 3, ole- 
finic H of 5c), 5.9-6.9 (m, ca. 71% of 2, olefinic H of 4c); exact mass 
rnle 180.0838 (calcd for C8H1202,180.0834). 

2-Acetyl- 1-(8-trimethylsilyloxyviny1)cyclopropane (4d) and  
3-Acetyl-2-trimethylsilyloxy-1-vinylcyclopropane (5d). A mix- 
ture of 2.10 g of diazoacetone, 500 mg of copper bronze, and 7.00 g of 
dienol ether lb was treated (70 "C) and worked up as above. The crude 
product was distilled yielding 4.30 g of starting diene ( lb )  and 2.15 
g of a liquid mixture of 4d and 5d: bp 50-54 "C (0.25 Torr); IR C=O 
1695 (s), C=C 1640 cm-I (m); 'H NMR 6 0.19 (s, 9, SiMes), 2.21,2.18 
(s, 3 total, Me); exact mass rnle 198.1058 (calcd for C10H180&, 
198.1054). 
7-Acetyl-2-acetoxymethylenebicyclo[4.l.O]heptane (6c) a n d  

l-Acetoxy-2-acetylspiro[2.5]oct-4-ene (7c). A mixture of 3.95 g 
of diazoacetone, 1.30 g of copper bronze, and 6.68 g of dienol acetate 
2a in 50 mL of cyclohexane was treated (5 h) and worked up as above. 
Distillation of the crude product provided 5.00 g of starting diene (2a) 
and 2.40 g of a 3.2:l mixture (by integration of the olefinic hydrogen 
NMR signals) of 6c and 7c, respectively, bp 108-130 "C (0.35-0.40 
Torr). Redistillation afforded 2.09 g of the mixture: IR C=O 1755 (s), 
1695 cm-' (s); 'H NMR 6 2.08, 2.18 (s,6 total, Me), 4.49 (d, <1, J = 
4 Hz, c-Pr H of truns-7c), 5.2-5.9 (m, <2, olefinic H of 7c), 6.93 (t, <1, 
J = 2 Hz, olefinic H of 6c); exact mass mle 208.1091 (calcd for 

7-Acetyl-2-trimethylsilyloxymethylenebicyclo[ 4.l.Olheptane 
(6d) and  2-Acetyl-l-trimethylsilyloxyspiro[2.5]oct-4-ene (7d). 
A mixture of 1.32 g of diazoacetone, 370 mg of copper bronze, and 1.91 
g of dienol ether 2b in 10 mL of cyclohexane was treated (2 h) and 
worked up as above. Distillation of the crude product gave 1.26 g of 
a 1.7:l mixture of starting diene (2b) and 3-hexene-2,5-dione [bp 
26-40 "C (0.25-0.35 Torr)], respectively, and 825 mg of a 2.3:1.8:1 
mixture of 6d, 7d, and 13b, respectively. Redistillation of the latter 
gave an oil: bp 65-79 "C (0.1-0.15 Torr); IR C=O 1720 (s), 1688 cm-' 
(~);~HNMR60.18(s,9,SiMe~),2.15(s,3,Me),3.92(d,<l,J=4Hz, 
OCH of truns-7d), 5.2-5.9 (m, <2, olefinic H of 7d), 6.19 (t, <I, J = 
2 Hz, olefinic H of 6d); exact mass rnle 238.1399 (calcd for C13H2202Si, 
238.1388). 
7-Acetyl-3-methoxybicyclo[4.l.0]hept-2-ene (8c) and  7-Ace- 

tyl-6-methoxybicyclo[4.l.0]hept-2-ene (Sc). A mixture of 1.68 g 
of diazoacetone, 500 mg of copper bronze, and 4.40 g of dienol ether 
3a was treated (2 h) and worked up as above. Distillation of the crude 
product yielded 2.20 g of starting diene (3a) and 2.20 g of a colorless, 
liquid mixture of 8c and SC: bp 61-65 "C (0.15 Torr); IR C=O 1690 
(s), C=C 1655 (m), 1604 (w), 1585 cm-' (w); 'H NMR 6 2.15,2.20 (s, 
3 total, Me), 3.35, 3.51, 3.54 (s, 3 total, OMe), 4.89 (t, <1, J = 2 Hz, 
olefinic H of 8c), 5.6-6.0 (m, <2, olefinic H of Sc). 

Anal. Calcd for C10H1402: C, 72.26; H, 8.49. Found: C, 72.34; H, 
8.28. 
7-Acetyl-3-methoxy-6-methylbicyclo[4.l.O]hept-2-ene (8d) 

and ~-Acetyl-6-methoxy-3-methylbicyclo[4.l.O]hept-2-ene (Sd). 
A mixture of 2.20 g of diazoacetone, 500 mg of copper bronze, and 8.80 
g of dienol ether 3b was treated (3 h) and worked up as above. Dis- 
tillation of the crude product yielded 7.90 g of starting diene (3b) and 
1.17 g of a colorless, liquid mixture of 8d and S d  bp 50-60 "C (0.1 
Torr); IR C=O 1685 (s), C=C 1650 (m), 1605 cm-' (w); 'H NMR 6 
1.67 (m, <3, olefinic Me of Sa), 1.78,1.81 (s, <3, Me of sa) ,  2.09,2.18 
(s ,3  total, Me of Ac), 3.29 (s, <3, OMe of Sd), 3.48 (s, <3, OMe of Sa), 

C12H1603, 208.1099). 
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4.58 (m, <1, olefinic H of 8d), 5.25 (m, <1, olefinic H of 9d). 
Anal. Calcd for C11Hlt;OZ: C, 73.30; H, 8.95. Found: C, 73.12; H, 

8.81. 
Ethyl 2-(~-Oxoethyl~)-l-cyclopropanecarboxylate (10). A 

mixture of 100 mg of ester 4a and 10 mL of 2 N hydrochloric acid was 
stirred under nitrogen at room temperature for 4 h. It was diluted with 
15 mL of water, saturated with sodium chloride, and extracted with 
75 mL of ether. The extract was washed with 5% sodium bicarbonate 
solution and brine, dried (NazS04), and evaporated, leaving 70 mg 
of colorless, liquid aldehydo ester 1 0  IR aldehyde CH 2725 (w), C=O 
1725 cm-' (s); 'H NMR 6 1.27 (t, 3, J = 7 Hz, Me), 2.46 (dd, <2, J = 
6,2 Hz, COCHz of one isomer), 2.82 (dd, <2, J = 6 , l  Hz, COCHz of 
other isomer), 4.15 (q, 2, J = 7 Hz, OCHz), 9.76 (t, 1, J = 2 Hz, CHO); 
exact mass m/e 156.0790 (calcd for C8H1203,156.0786). 

Ethyl 6-Oxo-4-hexenoate ( l la) .  A solution of 430 mg of ester 4a 
and 4 mL of 5 N hydrochloric acid in 12 mL of ethanol was refluxed 
for 1.5 h. Workup as for aldehyde 10 (vide supra) led to 300 mg of 
product whose preparative TLC yielded liquid aldehydo ester 1 la: 
IR aldehyde CH 2725 (w), C=O 1731 (~1,1688 (s), C=C 1631 cm-' 
(m); 'H NMR 6 1.30 (t, 3, J = 7 Hz, Me), 2.3-3.0 [m, 4, (CH&], 4.20 

= 15,s  Hz, H-4), 9.52 (d, 1, J = 7 Hz, H-6); mass spectrum mle 156 
(M+), 83 (base); exact mass mle 156.0790 (calcd for CsH1203, 
156.0786). 

Ethyl 3-Formyl-3-pentenoate (12a). A solution of 100 mg of ester 
5a and 1 mL of concentrated hydrochloric acid in 8 mL of ethanol was 
refluxed under nitrogen for 2 h. Upon workup as for 10 (vide supra) 
there was obtained 80 mg of oil whose microdistillation gave liquid 
aldehydo ester 12s: IR aldehyde CH 2770 (w), C=O 1730 (s), 1685 (s), 
C=C 1646 cm-1 (m); 'H NMR 6 1.23 (t, 3, J = 7 Hz, Me of Et), 2.01 
(d,3,J = 7 Hz,Me),3.33 (s, 2,CHz),4.15 ( q , 2 , J  = 7 Hz,OCHp),6.82 
(q, 1, J = 7 Hz, H-4), 9.48 (s, 1, CHO); mass spectrum mle 156 (M+), 
111,110,83,55,45,43,29,27 (base), 26,25; exact mass rnle 156.0791 
(calcd for CsH1203, 156.0786). 

Hydrolysis of 4b and 5b. A 3.00-g mixture of 4b and 5b was poured 
onto a silica gel column, 40 g, and kept thereon for 24 h. Elution with 
benzene and evaporation gave 1.80 g of colorless oil whose preparative 
TLC separated the 2:2:1 mixture of aldehydes 10, lla, and 12a, re- 
spectively. 

A solution of 890 mg of a 4b-5b mixture and 1 mL of concentrated 
hydrochloric acid in 10 nnL of ethanol was refluxed under nitrogen 
for 2 h. Workup as for 10 (vide supra) gave 492 mg of an oil whose 
preparative TLC separated the 4:l mixture of l la  and 12a, respec- 
tively. 

6-Oxo-2-heptenal (1 lb)  and  4-Formyl-4-hexen-2-one (12b). 
A mixture of 500 mg of the 4c-5c mixture and 30 mL of 1 N hydro- 
chloric acid was stirred under nitrogen at room temperature for 2 h. 
Workup as for 10 above gave 350 mg of oil whose GPC separation (135 
"C) led to 195 mg of l l b  14 min retention time; IR aldehyde CH 2720 
(w), C=O 1715 (s), 1685 IS) ,  C=C 1632 cm-l (m); 'H NMR 6 2.19 (9, 

3, Me), 2.58 (m, 2, H2-4), 2.68 (s, 2, H z - ~ ) ,  6.08 (dd, 1, J = 15, 7 Hz, 
H-2), 6.88 (dt, 1, J = 15, 6 Hz, H-3), 9.48 (d, 1, J = 7 Hz, H-1); mass 
spectrum m/e 126 (M+), 83,68,57,55,44 (base), 42,40; exact mass 
mle 126.0676 (calcd for C7H100~,126.0680)] and to 80 mg of 12b [ll 
min retention time; IR aldehyde CH 2720 (w), C=O 1715 (s), 1680 
(s), C=C 1644 cm-1 (m); 'H NMR 6 1.95 (d, 3, J = 7 Hz, Me), 2.18 (s, 
3, COMe), 3.38 (s, 2, COCHz), 6.80 (9, 1, J = 7 Hz, olefinic H), 9.46 (s, 
1, CHO); mass spectrum rnle 126 (M+), 83,55,43 (base); exact mass 
m/e 126.0683 (calcd for C7H1002, 126.0680). 

Keeping 1.90 g of a 4c-5c mixture on a silica gel column (30 g) and 
elution with benzene led to 1.40 g of a 2.5:l mixture of l l b  and 12b, 
respectively. 

Hydrolysis of 4d and 5d. A 1.00-g mixture of 4d and 5d was kept 
on a silica column, 20 g, for 24 h and then eluted with benzene. The 
eluates yielded 700 mg of colorless oil whose GPC separated it into 
keto aldehydes l l b  and K2b in 2.5:l ratio. 

A mixture of 1.20 g of the 4d-5d mixture and 10 mL of 1 N hydro- 
chloric acid in 20 mL of ether was stirred under nitrogen a t  room 
temperature for 1 h. Woykup as for 10 above gave 900 mg of a 2.5:l 
mixture of 1 l b  and 12b, respectively, separated by GPC. 

Ethyl (3-Formyl-2-cyclohexeny1)acetate (13a). A mixture of 
103 mg of ester 6a and 30 mg of anhydrous potassium carbonate in 
3 mL of ethanol was stirred a t  27 "C for 4 h. I t  then was diluted with 
30 mL of brine solution and extracted with 40 mL of chloroform. The 
extract was dried (MgS04) and evaporated. Distillation [81-83 "C (0.2 
Torr)] of the residue, 77 mg, yielded the ester 13a: IR aldehyde CH 
2710 (w), C=O 1730 (s), 11682 (s), C=C 1642 cm-l (m); lH NMR 6 1.28 
(t, 3, J = 7 Hz, Me), 2.26 (d, 1, J = 2 Hz, H of COCHz), 2.39 (8 ,  1, other 
H of COCH2), 4.08 (q,2, J = 7 Hz, OCHz), 6.52 (m, 1, olefinic H), 9.21 
(8, 1, CHO); mass spectrum mle 196 (M+, base), 151, 123,122,109; 

(q ,2 ,  J = 7 Hz, OCHz), 6.18 (dd, 1, J = 15,7 Hz, H-5), 6.93 (dt, 1, J 

exact mass m/e 196.1092 (calcd for CllH1603,196.1099); semicarba- 
zone mp 148-149 OC (crystallized from aqueous ethanol). 

Anal. Calcd for C12H1903N3: C, 56.90; H, 7.56; N, 16.59. Found: C, 
57.05; H, 7.54; N, 16.48. 

Ethyl (1-Formyl-2-cyclohexeny1)acetate (14a). A mixture of 
86 mg of ester 7a and 24 mg of anhydrous potassium carbonate in 2 
mL of ethanol was stirred a t  27 "C for 4 h. Workup as for 13a above 
led to 66 mg of a liquid mixture of aldehydo ester 14a (minor com- 
ponent) [IR aldehyde CH 2720 (w), C=O 1750 (s), 1730 (s), C==C 1635 
cm-1 (w); 1H NMR 6 9.33 (s, 1, CHO)] and its isomer, the ethyl lactol 
ether of (1-formyl-2-cyc1ohexenyl)acetic acid [IR C=O 1790 (s), C=C 
1610 cm-' (w); 'H NMR 6 1.23 (t, 3, J = 7 Hz, Me), 4.06 (q,2, J = 7 
Hz, OCHz), 4.95 (s, <1, OCH of one isomer), 5.01 (s, <1, OCH of the 
other isomer), 5.42 (d, 1, J = 10 Hz, c-hex H-2), 5.82 (dt, 1, J = 10,3 
Hz, c-hex H-3); mass spectrum mle 196 (M+)]. 

A mixture of 107 mg of the 6b-7b mixture and 25 mg of anhydrous 
potassium carbonate in 2.5 mL of ethanol was stirred a t  25 "C for 4 
h. Workup as above gave 79 mg of a mixture of 13a, 14a, and the lactol 
ethyl ether isomer of the latter. 
3-Acetonyl-1-cyclohexenecarboxaldehyde (13b) and 1-Ace- 

tonyl-2-cyclohexenecarboxaldehyde (14b). A mixture of 1.27 g 
of a 1.6:l 6c-7c mixture and 318 mg of anhydrous potassium car- 
bonate in 35 mL of ethanol was stirred a t  room temperature for 3 h. 
Workup as for 14a above gave 920 mg of oil whose distillation [75-85 
"C (0.15 Torr)] yielded 637 mg of a 4:l mixture of 13b and 14b, re- 
spectively, which was separated by GPC (180 "C) into 13b [IR alde- 
hyde CH 2730 (w), C=O 1712 (s), 1680 (s), C=C 1640 cm-' (m); 'H 
NMR 6 2.08 (s, 3, Me), 2.48 (d, 1, J = 2 Hz, H of COCH2), 2.58 (s, 1, 
other H of COCHz), 6.53 (m, 1, olefinic H), 9.26 (s, 1, CHO); mass 
spectrum m/e 166 (M+), 124, 123 (base), 79, 43; exact mass rnle 
166.1000 (calcd for C10H1402, 166.0993); bissemicarbazone (from 
aqueous ethanol), mp 21g226 OC (Anal. Calcd for C I & O ~ Z N ~ :  C, 
51.41; H, 7.19; N, 29.98. Found: C, 51.47; H, 7.21; N, 29.94)] and 14b 
[IR aldehyde CH 2740 (w), C=O 1725 (s), 1715 (s), C=C 1605 cm-l 
(w); lH NMR 6 2.11 (s, 3, Me), 2.80 (s, 2, COCHz), 5.42 (dt, l , J  = 10, 
2 Hz, olefinic H), 5.88 (dt, 1, J = 10,3 Hz, olefinic H), 9.45 (9, 1, CHO); 
mass spectrum m/e 166 (M+), 138,137,123,95,81,80,79,77,69,67, 
43 (base); exact mass rnle 166.0997 (calcd for C10H&,166.0993). 

A combination of 584 mg of the 6d-7d mixture and 157 mg of an- 
hydrous potassium carbonate in 10 mL of ethanol was stirred a t  25 
"C for 4 h. Workup as for 14a above yielded 446 mg of an oil, identified 
by lH NMR spectral analysis as a mixture of 13b and 14b. 

Ethyl (4-Oxo-2-cyclohexeny1)acetate (15a). A solution of 350 
mg of ester 8a and 1.5 mL of concentrated hydrochloric acid in 15 mL 
of ethanol was refluxed under nitrogen for 2 h. It then was diluted with 
100 mL of water, saturated with sodium chloride, and extracted with 
100 mL of ether. The extract was washed with 35 mL of 5% sodium 
bicarbonate solution and 20 mL of saturated brine solution, dried 
(Na2S04), and evaporated. Microdistillation of the residue, 300 mg, 
yielded 15a: IR C=O 1727 (s), 1679 (s), C = C  1606 cm-' (w); lH NMR 
6 1.27 (t, 3 , J  = 7 Hz, Me), 4.16 (q,2, J = 7 Hz, OCHz), 5.95 (dd, 1, J 
= 10,2 Hz, H-3), 6.82 (ddd, 1, J = 10,3,1 Hz, H-2). [The substance 
contains a minor amount of the @,y-unsaturated isomer, as revealed 
by the extra signals a t  1.25 (t, 3, J = 7 Hz, Me), 4.14 ( q , 2 ,  J = 7 Hz, 
OCHz), 5.60 (m, 1, olefinic HI.] 

Anal. Calcd for C10H1403: C, 65.92; H, 7.74. Found: C, 65.78; H, 
7.68. 

Ethyl (l-Methyl-4-oxo-2-cyclohexenyl)acetate (15b). A solu- 
tion of 125 mg of ester 8b  and 0.5 mL of concentrated hydrochloric 
acid in 8 mL of ethanol was refluxed under nitrogen for 2 h. Workup 
as for 15a above yielded 95 mg of liquid 1 5 b  IR C=O 1735 (s), 1675 
(s), C=C 1605 cm-' (w); 'H NMR 6 1.25 (t, 3, J = 7 Hz, Me), 2.45 (5, 

6.85 (dd, 1, J = 10, 1 Hz, H-2). 
Anal. Calcd for CllH1603: C, 67.32; H,  8.22. Found: C, 67.11; H, 

8.21. 
Ethyl (6-Oxo-1-cyclohexeny1)acetate (16a). A solution of 150 

mg of ester 9a and 0.5 mL of concentrated hydrochloric acid in 8 mL 
of ethanol was refluxed under nitrogen for 2 h. Workup as for 15a 
above yielded 120 mg of liquid 16a: IR C=O 1735 (s), 1670 cm-' (s); 
1H NMR 6 1.25 (t, 3, J = 7 Hz, Me), 3.28 (broads, 2, COCHz), 4.13 (9, 
2, J = 7 Hz, OCHz), 6.85 (t, 1, J = 4 Hz, olefinic H). 

Anal. Calcd for C10H1403: C, 65.92; H, 7.74. Found: C, 65.77; H, 
7.58. 

Ethyl (3-Methyl-6-oxo-1-cyclohexeny1)acetate (16b). A solu- 
tion of 150 mg of ester 9b and 0.6 mL of concentrated hydrochloric 
acid in 10 mL of ethanol was refluxed under nitrogen for 2 h. Workup 
as for 15a above afforded 120 mg of oily 1 6 b  IR C=O 1735 (s), 1675 
(s), C=C 1608 cm-I (w); lH NMR 6 1.20 (d, 3, J = 6 Hz, Me), 1.25 (t, 
3, J = 7 Hz, Me of Et), 3.20 (broads, 2, COCHz), 4.15 (q,2, J = 7 Hz, 

2, COCHz), 4.15 (q, 2, J = 7 Hz, OCH2), 5.90 (d, 1, J = 10 Hz, H-31, 
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OCHz), 6.70 (m, 1, olefinic H). 
Anal. Calcd for CllH1603: C, 67.32; H, 8.22. Found: C, 67.11; H, 

8.26. 
4-Acetonyl-2-cyclohexenone (15c) and  2-Acetenyl-2-cyclo- 

hexenone (16c). A combination of 1.00 g of a 8c-9c mixture and 15 
mL of 2 N hydrochloric acid in 15 mL of ether was stirred at  25 "C for 
1 h. The ether layer was separated, the aqueous solution saturated 
with sodium chloride and extracted with ether, and the combined 
organic solutions worked up as for 15a above. Preparative TLC of the 
crude product, 750 mg, and elution with 4:l ether-hexane yielded 110 
mg of diketone 16c [IR C=O 1710 (s), 1670 cm-I (s); 'H NMR d 2.17 
(s, 3, Me), 3.25 (broad 13, 2, COCHz), 6.78 (t, 1, J = 3 Hz, H-3); mass 
spectrum m / e  152 (M+), 54,37 (base); exact mass m / e  152.0837 (calcd 
for CgH1202, 152.0833)] and 565 mg of diketone 15c [IR C=O 1715 
(s), 1675 (s), C=C 1616 cm-1 (w); 1H NMR d 2.22 (s, 3, Me), 5.95 (dd, 
1, J = 10,2 Hz, H-2), 6.81 (ddd, 1, J = 10,3,1 Hz, H-3); mass spectrum 
m / e  152 (M+), 95, 55, 413 (base); exact mass m / e  152.0830 (calcd for 

4-Acetonyl-4-methyl-2-cyclohexenone (15d) and  2-Ace- 
tonyl-4-methyl-2-cyclohexenone (16d). A combination of 1.30 g 
of a 8d-9d mixture and 25 mL of 2 N hydrochloric acid in 25 mL of 
ether was stirred at 25 "C for 1 h. Workup as for 15c-16c above yielded 
850 mg of oil, bp 70 "C (0.15 Torr), whose preparative GPC (180 "C) 
yielded 477 mg of a mixture of 16d and its isomer, 2-acetonyl-4- 
methyl-3-cyclohexenone (16d') [IO min retention time; IR C=O 
1710 (s), 1675 cm-I (s); lH NMR 6 1.16 (d, <3, J = 7 Hz, Me of 16d'), 
1.72 (broads, <3, Me of 16d), 2.15 (s, <3, COMe of 16d'), 2.45 (s, <3, 
COMe of 16d), 5.17 (m, <1, H-3 of 16d'), 6.51 (m, <1, H-3 of 16d); 
exact mass m / e  166.0989 (calcd for CIoH1402, 166.099311 and 190 mg 
of 15d 114 min retention time; IR C=O 1720 (s), 1675 (s), C=C 1607 
cm-' (w); lH NMR 6 1.25 (s, 3, Me), 2.13 (s, 3, COMe), 2.58 (s, 2, 
COCH2), 5.78 (d, 1, J = 10 Hz, H-2),6.80 (broad d, 1, J = 10 Hz, H-3); 
mass spectrum m / e  166 (M+). 109,108 (base), 95,43; exact mass mie 
166.0986 (calcd for Cll0H1402, 166.0993)l. 
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of methoxyallyl cation participation in the transition state of the latter re- 
action. 
J. E. Hodgkins and R. J. Flores, J. Org. Chem., 28, 3356 (1963). 

Addition to 2,4-Dienes. Halogenation of Ethyl Sorbate 

Dale F. Shellhamer,*la Victor L. Heasley,la Jonathan E. Foster,la Jeffrey K. Luttrul1,la 
and Gene E. Heasleylb 

Department of Chemi.stry, Point Loma College, S a n  Diego, California 92106, and Department of Chemistry, Bethany Nazarene College, 
Be thany ,  Oklahoma 73008 

Received November 23,1976 

The addition of chlorine and bromine to ethyl sorbate (la) gave 1,2- and 1,a-dihalo products derived from attack 
of the halogen across the y,6 double bond. Chlorination of la under ionic conditions proceeds through a tightly 
bridged chloronium ion intermediate, as indicated by the stereospecific formation of erythro-1,2-dichloride 3a. 
Stereospecificity in 3a is lost when chlorine is added to la under radical conditions, indicating a molecule-induced 
homolysis for this reaction. Even under ionic conditions, bromine reacts with l a  by a radical process unless an effi- 
cient radical scavenger is used. 

The loss of stereospecificity in the ionic halogenation2 
of conjugated olefins such as @-methylstyrenes3 and dienes4 
is ascribed to weakly bridged halonium ion intermediates. 
Apparently bromine bridges more tightly than chlorine, since 
12-addition of bromine to trans,trans-2,4-hexadiene ( lb )  is 

more stereospecific (80%) than the 1,Z-addition of chlorine 
(6096).4 Halogenations of these dienes and olefins under rad- 
ical conditions2 involve nonbridged radical intermediates 
resulting in nonstereospecific products.5 

We undertook this study to determine what effect a con- 


