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Abstract 

Cyclopropanation of Dienol Ethers 

by 

Brindaban Chandra Ranu 

The copper-catalysed, thermal decompositions of ethyl 

diazoacetate and diazoacetone in the presence of 1-methoxy- 

cyclohexa-1,3-diene, l-methoxy-4-methylcyclohexa-l,3-diene, 

1-methoxybuta-l,3-diene, 1-ethoxybuta-l,3-diene and 1-tri- 

methylsilyloxybuta-1,3-diene and the acid hydrolysis of the 

resultant cyclopropanes are described. These reactions 

constitute a simple, two-step procedure for the production 

of olefinic 1,4- and 1,6-dicarbonyl compounds, starting 

from dienol ethers of a,g -unsaturated aldehydes and 

ketones. 
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Introduction 

A study of the chemical hehavior of diazocarbonyl 

reagents toward conjugated dienol ethers is to be undertaken. 

The possibility of utilising the acid hydrolysis of the 

resultant $-oxycyclopropylcarbonyl systems and their 

vinylogs for the construction of 1,4- and 1,6-dicarbonyl 

compounds is to be investigated. 
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Historical 

Broad advances in the chemistry of carbenes and car- 

benoid substances in the last two decades have made cyclo- 

proponation of olefins a facile process and cyclopropanes 

readily available materials. Although there are numerous 
1 

methods available for the synthesis of cyclopropanes, only 

those involving thermally produced, transient metal-carbenoid 

intermediates will be discussed in this review. 

2 3 
The Simmons-Smith reaction ' is a valuable method for 

transferring a methylene unit onto an olefinic double bond by 

the use of methylene iodide and zinc-copper couple. The halide 

reacts with zinc in ether solution to give a stable organo- 

zinc intermediate, perhaps the bis(iodomethyl)zinc-zinc 

iodide complex 1 in a schlenk equilibrium with monomeric 

iodomethylzinc iodide, which then reacts with theolefin. 

CHglg + ’Zn -^ICH2ZnI ^ (ICH^Zo. Zr?I2 
i 4 

A highly active zinc-copper couple has been reported 

to react also with methylene bromide. The separate prepara¬ 

tion of the zinc-copper couple can be avoided by the use of 
5 

zinc dust and cuprous halide. The Simmons-Smith reaction has 

been shown to work also by the reaction of ethyl iodide 

with zinc-copper couple, followed by the addition of methylene 
g 

iodide and olefin, or by the reaction of olefins with di- 
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. 7 
ethylzinc and methylene iodide. The latter modification is 

particularly suitable for the synthesis of methylcyclopropanes 
O 

from ethylene iodide, diethylzinc and olefins. Finally, the 

reaction of olefins with diethylcadmium and methylene iodide 
9 

also gave cyclopropanes in good yield. 

The following represents selected examples of the Simmons- 

Smith reaction. 

c XCHg'igZr? 
 » 

x 

Ref. 

v° 

CHgX2 

Zn Ccu) xy-'cx 
*n G% 

Hr 
12 

OH 

OMe 

XX 
. ey 

13 

13 

CHglg 
Zn (Cu) 

» 
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CH* s C = CH- CH2 - COgR 
CHer2 

Me 

Zn CCo) 

0<1 H2C-_.CH2CO2R 

^CHJC04R 
V 

Ref. 

15 

Me 

OMc 

CHiU 

Zn CCü) 
^ CHMe2 

Me 

oMe 

CH«H . 

Zn (eu) 

OMe 
oMe 

Me 

Meo Me o 

O Si Me3 OSiMes 

CH^Iî 

Zn (Agi' 

16 

17 

17 

18 

19 

While studying the reactions of dienamines and dienol- 

19 
ethers, Kuehne, et al. observed the addition of diethylzinc 

and diiodomethane to the dienamines 2 and 3_'to give aminocyclo- 

propanes £ and j> respectively. In contrast, methylene groups 



were added preferentially to the terminal double bond of 

2, R = CH3 
3, R = H 

4, R = CH3 
5, R = H 

Recently, Conia, et al. reported several examples of 

cyclopropanation of cyclic silyl dienol ethers. They observed 

that cyclopropanation occured almost exclusively on the oxy¬ 

genated double bond by the use of a modified Simmons-Smith 

reagent. 
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OSiMeg 

ÔCH2ï2 

Zn(Ag) 

OSiMeg 

The action of methyllithium on 1,1,3-trihalopropanes was 

shown to produce cyclopropyl halides whose halogen was ori- 
21 

ginally part of the gerainal halide function. 

CLCH2CH2CH ftffcfWUl CH2CH2CH^ ^r-Lt 1 » ClCHgCHgCH^ *. 

22 
Casey,et al. introduced a cyclopropane synthesis by 

the reaction of the (diphenyl carbene) - pentacarbonyltungsten 

(o) complex with alkenes. 

(C0)_ CO * C 
5 

+n _ 
CeHs 

C««5 
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23 Seyferth, et al. use organomercury reagents for dihalo- 

carbene generation at room temperature and cyclopropane syn¬ 

thesis. 

Ph HgCXYBr+ c, 

x Y 
Cl Cl 
ct 
6 r 

PbHg 6r 

Silver salts have been shown to decompose diazoalkanes 

and induce intramolecular carbenoid reactions. Thus, 2- 

methyl-l-diazobutane and 2-ethyl-l-diazobutane in the presence 

of silver salts of optically active acids gave optically ac- 

24 tive cyclopropanes. 

CH3CHeCH CHN2 

R 

R - CH j ) ^2^5 

R'COï Ag+ 

The copper-catalysed decomposition of «-diazoesters and 

2 5-28 
«-diazoketones is an old reaction, which has been the 

subject of many recent investigations. The reactive inter- 
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mediate from the copper-sulfate-catalysed decomposition of 

ethyl diazoacetate converts olefins into cyclopropanes but 

does not appear to undergo insertion into carbon-hydrogen 

29 bonds. Its stereoselectivity in cyclopropane formation is 

quite different from that of the carbene obtained by photoly¬ 

sis or ethyl diazoacetate.^ 

0 n + N^CHCO^R 
CuSo4 4X ox 

These data indicated the carbene intermediate to be dif¬ 

ferent in two reactions. The possible involvement of a carbene- 

copper complex in the metal-catalysed reactions gained support 

from the observation of the decomposition of ethyl diazoacetate 

in the presence of chiral comples 1_ and styrene giving a mix¬ 

ture of optically active ethyl-2-phenylcyclopropane carbonyl- 

31 
ates 8 and 9 with an optical yield of 6%. 

PH-C(H—CH3 
Kl2CHCO£Et +Pb-CH»CH2+ 

CU
^N.HCJL ' 

PH-CH-CH3 
* 
7 

*7* * Ph C02Et * w 
8 
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The following outline shows various examples for the 

preparation of cyclopropane, esters by the metal-catalysed 

decomposition of ethyl diazoacetate in the presence of 

olefins. 

R 

H 
c = c< 

H 

N^CHCOgEt 

P. CU Cl * 

Ref. 

CO^Bt 

C02Et 
31 

R R 

CH3 
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OBt 

COzl t 
Nl2CHC02et a I 

«V 
Ref. 

35 

63% 11% 

MtCHC0,Et A 

% ~ **o-Lx. 36 

37 Otsuka, et al. recently reported a stereoselective 

synthesis of optically active 2-phenyl-cyclopropane- 

carbonylates by way of reactions mediated by the cobalt che¬ 

late of camphor dioxime. 

38 
Vorbrüggen and coworkers developed a new method for 

making cyclopropyl ketones by the palladium-induced decomposi 
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tion of diazo compounds in the presence of -unsaturated 

carbonyl compounds. 

o 

g CH2N2 

Pd COAC)2 
H 

R 

o 

The carbenoid substance generated by the copper-catalysed 

decomposition of diazoacetone adds easily to olefins with the 
39 

formation of cyclopropyl ketones. 

\ / RCOCHHj^ \^-COR 

Further examples of such reactions are below. 
Ref. 

N2CHCOCH3 

CÜ * 
COCH3 

39 

R = CH3CCH2)4 
17 
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Ref. 

41 

42 

43 

44 

Danishefsky and Yates observed the bicyclic diazoketone 

10 to undergo c-methyl insertion. 

Unsaturated diazoketones can undergo intramolecular 
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Electrophilic ring cleavage of cyclopropanes has aroused 

much interest in recent times. Thus, electrophiles such as halo¬ 

gens, protic and Lewis acids and metal salts convert cyclopropanes 
47-51 

to addition products, e.g.: methylcyclopropane combines 
52 

with hydrogen bromide to yield 2-bromobutane. 

Me 

-CH-fcr 
I 
CH2CH3 

The hydrolysis of oxygenated cyclopropanes leads to carbonyl 

compounds. 

This behavior of oxycyclopropanes has been exploited by 
17,53 

Wenkert and his coworkers in a procedure for the «Ç-alkylation 
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of aldehydes and ketones. The following reaction sequences show 

the utilization of enol ether and ester intermediates. 

18 
Conia has used enol silyl ethers as intermediates. 

Cyclopropanes also undergo ring opening of electron demand 

by a neighboring carbon center. Unfortunately, it occurs in a 
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54-57 
multitude of ways. Thus, the generalized cyclopropylcarbonium 

ion 13^ can be transformed into two similar ions, e.g. 13', can 

rearrange into two cyclobutyl ions, e.g. jL4 and can fragment 

into two homoallyl cations, e.g. 1J5. As a consequence a variety 

of products can be expected from compounds related to cation 13. 

However, in the presence of an electron donor such as oxygen, 

one of the above reaction paths should show strong preference. 

Thus, the «Ç-oxycyclopropylcarbinyl system would open to the 

resonance stabilized oxycarbonium ion _T7 leading to cyclobutanone 
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Similarly, the -oxycyclopropylcarbinyl system JL9, would be 

expected to transform into the oxycarbonium ion 2(), leading to 

&V -unsaturated keto products 21. 

Likewise, the (i-oxycyclopropylcarbonyl system 22. should lead 

(via 23) to 1,4-diketo compounds 24. 

OH 

OR 

22 23 24 
\ 

The following represnt examples of the «C-oxycyclopropyl¬ 

carbinyl cation rearrangement: 



17 

Ref. 

58,59 

17,60 

61,62 
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Examples of the ^-oxycyclopropylcarbinyl cation rearrange¬ 

ment are as follows: 

Ref. 

OH 

Me2c - 
»Me2CsCH-CH2CHO 

36,63,64 

gjuO-^ —CPb2OH 
\y -—jjp—» OHC-CH2-CH*CPI?2 
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u+ 
—» CH2= CH-CMe2 -CHO 

Ref. 

17,65, 
44,42 

OMe 
C02Et 

LAW 
CHgOH 

H+ 
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Ref. 

The following examples illustrate the preparation of 1,4- 

dicarbonyl compounds by the unravelling of $ -oxycyclopropylcarbonyl 

systems. 

Ref. 

17,65,44,42,68 

O 
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Ref. 

OCH3 

(5 
C0CH3 

H + 

» 

O 

CH2COCH3 

OCH3 

6 
co2f* 

H + 
» 

CHgCOgEk 

CC”'“ OEt 

N«CHCO«Et 
Cü * 

OSiMe3 

a ,ï£^ n>- 
0SiMe3 

69 

41 

o 
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Discussion 

Though some isolated examples of cyclopropanation of conju- 
20,44 

gated dienol ethers are available in the literature, no 

systematic study has been made yet. As a consequence some conju¬ 

gated dienol ethers have been prepared and exposed to «C-diazo- 

carbonyl reagents. 

Upon Birch reduction with sodium and ammonia in presence 
71 

of ethanol anisole 2J5 afforded 1-methoxycyclohexa-l,4-diene 26^ 

in 85% yield. When refluxed in the presence of a catalytic amount 

of dichloromaleic anhydride, the diene 2j5 furnished 1-methoxycyclo- 
72 

hexa-1,3-diene 2]_ in 76% yield. 

25 id 27 
Addition of ethyl diazoacetate to an excess of 1-methoxycyclo- 

hexa-1,3-diene 2.7, heated at 90° in the presence of copper bronze, 

produced in 70% yeild the cyclopropane esters 2Q_ and 29. in a ratio 

of 2.5:1 as determined by preparative tic on silica gel. The ester 

28 was identified by the absence of a 1650-1660 cm ^ IR band of 

an enol ether double bond and the presence of a two-proton multi¬ 

plet at 5.4-6.3 ppm in the pmr spectrum, whereas the ester 29. had 
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an enol ether band at 1658 cm and a one-proton broad 4.9 ppm 

signal. 

OCH3 

The cyclopropanation also was carried out in cyclohexane 

with an equivalent amount of ethyl diazoacetate and 1-meth- 

oxycyclohexa-1,3-diene, but the product yield was lower and a 

small amount (10%) of dimethyl maleate and fumarate was found 

in the product. In the presence of an excess of diene no maleic 

and fumaric esters were observed. 

Hydrolysis of _28 in ethanolic hydrochloric acid gave a 85% 

yield of keto ester 3() whose structure was shown by the *(($-unsat- 

urated keto IR band at 1670 cm ^ and a one-proton 6.8 ppm triplet 

in its pmnr spectrum. A similar treatment of 29. furnished a 

-1 
92% yeild of keto ester 3JL as shown by the 1675 cm -unsaturated 

keto band and the 5.6 ppm «C-keto methine doublet of doublet and 

6.8 ppm 0 -ketomæthine doublet of doublet of doublet. 



O O 
24 

A CHgCO^CH^CHj 
CHgCO^CHg CH3 

Addition of diazoacetone to an excess of 1-methoxycyclohexa- 

o 
1,3—diene at 80 in the presence of copper bronze furnished a 

68% yield of a mixture of cyclopropyl ketones 32_ and 33^ as indi¬ 

cated by the pmr signals, — a two-proton 5.8 ppm multiplet, a 

broad one-proton 4.9 ppm signal and two separate methoxy singlets 

at 3.3 and 3.5 ppm. 

Any attempts to separate and purify these compounds by 

preparative tic, glc and lc led only to unidentified decomposi¬ 

tion products. Even being kept at room temperature in chloro¬ 

form solution for two hours caused this mixture to decompose. 

Sitrring with aqueous hydrochloric acid at room temperature gave 

a 82% yeild of a mixture of diketones 34_ and 3_5, which was 

separated by preparative tic on silica gel. The ratio of the two 

ketones was 1:5 respectively. The structure of diketone _34 

was established by the presence of a one-proton 6.8 ppm triplet 

in the pmr spectrum, while 3J5 had a 5.6 ppm ^C-ketomethine doublet 

of doublet. 
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CHgCOCHg 

35 

The next dienol ether, selected for this study, was 1- 

methoxy- 4 - methylcyclohexa-1,3-diene 3j), prepared by the iso- 
71,72 

merization of the 1,4-diene 38^by p-toluene-sulfonic acid. 

The diene 3É3 was obtained by a Birch reduction of £-cresyl 

methyl ether 37_, synthesized from commerical £-cresol _36 by 
73 

treatment with methanol and dicyclohexylcarbodiimide. 

36 37 38 33 
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Treatment of an excess of dienol ether 3_9 with ethyl dia- 

o . 
zoacetate at 90 in the presence of copper bronze furnished a 

78% yield of a mixture of cyclopropyl esters 40 and 41^ Their 

separation by preparative tic on silica gel gave a ratio of 

4.5;1 of the esters. The ester 40 was identifed by the absence 

of an enol ether band in its IR spectrum and the presence of a 

one-proton 5.6 ppm multiplet in the pmr spectrum while the ester 

41 had an enol ether band at 1658 cm ^ and a one-proton broad 

signal at 4.85 ppm. 

OCH3 co<î cVH 

Me 

40 41 

On hydrolysis in ethanolic hydrochloric acid, the ester 40^ 

produced a 85% yeild of the ketoester 4_2, as indicated by the 

-unsaturated keto IR band at 1675 cm~^ and a one-proton 6.8 

ppm pmr multiplet. Similar hydrolysis of 4JL afforded a 81% 

yield of ketoester 43_ whose structure was recognized by its one- 

proton 5.9 ppm «C-ketomethine doublet and a one-proton 6.8 ppm 

P -ketomethine doublet. 
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O O 

CH2C02CH2CH3 

Me M* CHJCOJCHJCHJ 

42 43 

Addition of diazoacetone to an excess of 1,3-diene 39 in 

o 
presence of copper bronze at 70 yielded a 90% yeild of a mix¬ 

ture of cyclopropyl ketones 44 and 45 as revealed by the one- 

proton 5.6 ppm multiplet, broad one-proton 4.6 ppm signal and two 

separate three-proton singlets at 3.3 and 3.5 ppm. 

Any attempt to separate and purify this mixture by conven¬ 

tional techniques led only to unidentified decomposition pro¬ 

ducts. In order to make the separation easier, this mixture was 

hydrolysed with aqueous hydrochloric acid at room temperature 

to a mixture of diketones 4J5 and 4J. (71% yield) , which was 

separated by glc. The ketone ratio was 1.5:1 respectively. 

The diketone 46 was characterized by the appearance of a one- 

proton 5.1 ppm multiplet, while £7 had a one-proton «^-ketomethine 

5.8 ppm doublet and a one-proton (3-ketomethine 6.8 ppm doublet. 

OCH | x© 

CHjcoMe 

Me CH2COCH3 

47 



28 

Another dienol ether selected for this study was 

acyclic 1-methoxybuta-l,3-diene. However, the synthesis of 

this compound proved difficult. The formation of enol ether 

from an acetal or ketal by acid- or base-catalysed elimina- 

74 75 tion of alcohol is a well-documented process. ' But only 

few examples of the formation of acyclic dienol ether are 

7 6 known. Nevertheless the synthesis of 1-methoxybuta-l,3- 

diene from crotonaldehyde dimethyl acetal was attempted with 

a variety of acids or bases and under a variety of condi¬ 

tions. As Table 1 indicates, this proved unsuccessful. 

43 

Table 1 

Reaction Conditions 

Catalysts Solvents Temp.0 Time Results 

Disodium 
hydrogen 
phosphate 

p-toluene 
sulfonic acid 
(monohydrate) 

175-180 

175-180 

2 hr 

2 hr 

starting 
material 

tar 
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Table 1 (Con't) 

Reaction Conditions 
Catalysts Solvents Temp.0 Time Results 

£-toluene- 
sulfonic acid 
(monohydrate) 

Benzene 80 3 hr tar 

Amberlite — 80 1.5 hr starting 
material 

Potassium bi¬ 
sulfate 

— 80 2 hr tar 

Benzoic acid/ 
succinic 
anhydride/ 
collidine'^ 

diglyme 120-130 1.5 hr tar 

Cone. 
sulfuric acid 

— 90 24 hr starting 
material 

Cone. 
sulfuric acid — 125 2 hr tar 

Polyphosphoric 
acid 

— 200 1 min tar 

0-nitro- 
benzoic acid^S — 185 5 min 

tar and 
starting 
material 

Sodium 
carbonate 
(anhydrons) 

— 155 24 hr starting 
material 

The synthesis of homologous enol ethers from ketones 

or aldehydes by a Wittig reaction has been known for a long 

77 time. Thus a Wittig reaction was attempted for the synthe¬ 

sis of 1-methoxybuta-l,3-diene. Acrolein was treated with 

triphenylmethoxymethylphosphorane, prepared in situ from 
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methoxymethyl triphenyl phosphonium chloride and n- 

butyllithium at 30° and gave a mixture of unidentified prod¬ 

ucts. The change of base to phenyllithium or aqueous sodium 

7 8 
hydroxide in a phase transfer process and modification of 

temperature or time led to no success. 

79 
Kesslin and Orlando observed that the reaction of 

phenyl 2-butenyl ether J50 with catalytic or molar quantities 

of potassium t-butoxide without solvent or in 

dimethylsulfoxide resulted in the elimination of phenol. 

80 81 I. Felkin ' observed a similar elimination with 

cyclohexyl 2-butenyl ether ^1 on treatment with potassium 

t-butoxide and dimethylsulfoxide. She, further observed 

that l-methoxy-3-phenylcyclohex-2-ene _52 underwent elimina¬ 

tion at 80° to produce 2-phenylcyclohexa-l,3-diene S3 along 

with a small amount of biphenyl and 1-phenylcyclohexane. 

52 53 
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On treatment with, a molar quantity of potassium t- 

butoxide in dimethylsulfoxide crotonaldehyde dimethyl 

acetal ^8 produced 1-methoxybuta-l,3-diene 49. 

Crotonaldehyde diethyl acetal J54 similarly produced 1- 

ethoxybuta-1,3-diene 55_. Both 1-alkoxybuta-l,3-dienes were 

13 
found to be mixtures of 3:1 trans-cis isomers by C NMR 

8 2 
analysis. 

Addition of ethyl diazoacetate to 1-methoxybuta-l,3- 

diene in cyclohexane at 80° in the presence of copper bronze 

furnished a 62% yield of a mixture of cyclopropyl esters 5.6 

and 57. Separation by glc showed it to be a 5:1 mixture. 

a one-proton olefinic oxymethine 6.4 ppm doublet of doublet 

and a one-proton olefinic methine 4.4-4.9 ppm multiplet. 

Compound ET7 revealed a characteristic vinyl proton signal in 

the 4.8-5.9 ppm pmr region. 

O Et 

54 55 

The ester 56 showed an enol ether IR band at 1655 cm ^ and 

5G 57 
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The cyclopropanation was carried out also without 

solvent, but no improvement of product yield was observed. 

Hydrolysis of the ester ï>6 with aqueous hydrochloric 

acid at room temperature produced the aldehyde _58 (76% 

yield) whose structure was confirmed by a one-proton 9.7 

ppm triplet in its pmr spectrum and the absence of olefin 

proton signals. Refluxing the same ester J56 with ethanolic 

hydrochloric acid afforded the a,3-unsaturated aldehyde _59 

(76% yield). It was identified by a one-proton 9.5 ppm 

doublet and olefinic proton signals in the 5.9 and 6.6-7.1 

ppm region of the pmr spectrum. Refluxing the ester ST_ with 

ethanolic hydrochloric acid gave the unsaturated aldehyde 

60 (87% yield) whose structure was confirmed by a one-proton 

9.4 ppm aldehyde singlet, a one-proton 6.8 ppm olefinic hy¬ 

drogen quartet and a three-proton 2.0 ppm methyl doublet. 
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Addition of diazoacetone to 1-methoxybuta-l,3-diene 

in cyclohexane at 70° in the presence of copper bronze af¬ 

forded a mixture of cyclopropyl ketones 6_1 and 62 (46% 

yield), as indicated by two separate three-proton 3.5 and 

3.45 ppm singlets. Any attempt to separate and purify 

this mixture by glc or lc led only to unidentified decompo¬ 

sition products. An attempt to separate this mixture by 

preparative tic on silica gel led to the isolation of the 

compounds 63^ and J54 in a 2.5:1 ratio. The structure of 63 

was established by a one-proton 9.5 ppm aldehyde hydrogen 

doublet, a 6.9 ppm 3-aldehyde olefinic hydrogen doublet of 

triplet and a 6.1 ppm a-aldehyde olefinic hydrogen doublet 

of doublet in its pmr spectrum, while compound j>4 had a one- 

proton 9.4 ppm aldehyde hydrogen singlet and a one-proton 

6.8 ppm olefinic hydrogen quartet in the pmr spectrum. The 

same mixture of 63 and 6£ (78% yield) was obtained by stir¬ 

ring the mixture of 61 and j>2 in aqueous hydrochloric acid 

at room temperature. The mixture of j53 and 64^ was separated 

by glc, but the recovery was very low presumably due to 

decomposition on the chromotography columns. 

61 
62 
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Addition of ethyl eiazoacetate to 1-ethoxybuta-l,3- 

diene under the conditions used in the methoxy diene case 

furnished a mixture of esters ^5 and <66 (42% yield) in a 

5:1 ratio. The mixture was separated by glc and the struc¬ 

tures assigned as for 61 and 62. 

G(i> 

Hydrolysis of 6_5 under the conditions used for 56 

produced 58 and 59^ in 86% and 80% yields respectively. Hy¬ 

drolysis of j6£ under the same conditions gave 6£ in 96% 

yield. 

Addition of diazoacetone to 1-ethoxybuta-l,3-diene 

under the above conditions produced a mixture of cyclopropyl 
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ketones 67_ and £8 (35% yield). Any attempt to separate and 

purify this mixture led only to unidentified decomposition 

products. Its hydrolysis in aqueous hydrochloric acid led 

to a mixture of (K3 and _64 (91% yield) which was separated 

by glc and shown to be in a 3:1 ratio. 

Another dienol ether of the present investigation, 

1-trimethylsilyloxybuta-l,3-diene 69^ was prepared by the 

reaction of trimethylsilyl chloride and crotonaldehyde in 

83 84 
dimethylformamide in the presence of triethyl amine. ' 

0 SiMe3 
6 3 

Addition of ethyl diazoacetate to the diene 69^ in 

cyclohexane at 80° furnished a mixture of cyclopropyl esters 

70 and 71 (64% yield). The structures were assigned as for 
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their alkoxy equivalents above. The mixture was too un¬ 

stable to be separated by glc or lc. Attempts to separate 

the mixture by column chromatography or preparative tic on 

silica gel ended with the isolation of j>8, J59 and 6J) in a 

2:2:1 ratio, together with a small amount (5%) of the 

original mixture. The mixture of 7j0 and 71 was hydrolysed 

in ethanolic hydrochloric acid to produce a 4:1 mixture of 

59 and J50, which was separated by preparative tic on silica 

gel. 

O Si M 6a 
73 

Addition of diazoacetone to the diene 69_ in similar 

fashion produced a mixture of cyclopropyl ketones 7£ and 73. 

(57% yield), as indicated by relevant pmr signals. This 

mixture was very unstable, even being kept at room tempera¬ 

ture in the air for one minute caused decomposition. Thus 

it was hydrolysed in aqueous hydrochloric acid to give a 

2.5:1 mixture of (K3 and j54, which was separated by glc. The 
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mixture of 63^ and 64^ was obtained also when a chloroform or 

benzene solution of the mixture of 12_ and was allowed to 

pass through a column of silica gel. 

As Table 2 indicates the behavior of ethyl diazoace¬ 

tate and diazoacetone toward the conjugated dienol ethers 

was not identical. In the reaction of 1-methoxycyclohexa- 

1.3- diene and ethyl diazoacetate oxygenated double bond is 

attacked preferentially, whereas the reaction with 

diazoacetone is preferred at the 3,4-double bond site. Sub¬ 

stitution at the C-4 position of the conjugated dienol ether 

decreases the attack of the 3,4-double bond for both ethyl 

diazoacetate and diazoacetone. That indicates that steric 

factors play a role in the cyclopropanation process. 

The cases of the acyclic conjugated dienol ethers are 

different from those of the cyclic ones. In the acyclic 

cases both ethyl diazoacetate and diazoacetone prefer to 

attack the non-oxygenated double bond. 

The above cyclopropanations of dienol ethers, i.e., 

masked a,g-unsaturated aldehydes or ketones, and the hy¬ 

drolyses of the resultant cyclopropanes have future poten¬ 

tial for organic synthesis. The reactions represent a 

three-step scheme for the preparation of reactive olefinic 

1.4- and 1,6-dicarbonyl compounds. 
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Experimental 

Boiling points are uncorrected. Infra red spectra 

of neat liquids were recorded on a Perkin-Elmer 167 spec¬ 

trophotometer. Exact mass measurements were made on a 

CEC 21-110 spectrometer and pmr spectra were run on CDCl^ 

solutions with Me^Si as internal standard on a Varian A-60 

instrument. GLC was carried out on a 10 ft 20% carbowax 

20 M on chron w column in a Varian Autoprep A-700 chromato¬ 

graph. Silica gel HF 254 (EM) was used as adsorbent in 

thick-layer chromatography. 

85 Preparation of copper bronze. —To 11 ml of 26% 

copper (11) sulfate solution there was added 600 mg of zinc 

(purified by washing commercial zinc dust with 5% hydrochlo¬ 

ric acid, distilled water, ethanol and ether and then by 

drying in a vacuum) in portions with stirring at 25°. The 

mixture was stirred for another 15 minutes, filtered, washed 

with distilled water, ethanol and ether several times and 

dried in a vacuum for one hour. This furnished 500 mg of 

copper bronze, ready for use. 

l-Methoxy-7-carboethoxybicyclo[4.1.0]hept-4-ene(28) 

and 3-Methoxy-7-carboethoxybicyclo[4.1.0]hept-2-ene(29).— 
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To a stirred suspension of 500 mg of copper bronze in 4.40 

(0.04 ml) of 1-methoxycyclohexa-l, 3-diene 21_, heated at an 

oilbath temperature of 90°, 2.28 g (0.02 mol) of ethyl 

diazoacetate was added dropwise during a three-hour period 

under nitrogen. With the addition of each drop of ethyl 

diazoacetate nitrogen evolved from the reaction mixture. 

After the addition was complete, the reaction mixture was 

stirred at the elevated temperature for another hour. It 

then was cooled to room temperature and filtered. The cop¬ 

per was washed three times with 5 ml portions of ether. 

The combined washings and filtrate were evaporated to leave 

a brown oil which was distilled fractionally to give 2.10 g 

of 1-methoxycyclohexa-l,3-diene (b.p. 45°/12 Torr) and 

2.80 g (70%, based on recovered starting material) of a 

colorless oil (b.p. 85°/0.5 Torr). 

This oil showed two spots on silica gel thin-layer 

chromatography with petroleum ether/ether (4:1) solvent. 

The two components were separated by thick-layer chromatog¬ 

raphy on silica gel with the same solvent mixture. This 

yielded 1.70 g of pure l-methoxy-7-carboethoxybicyclo[4.1.0] 

hept-4-ene, ir c = 0 1730 (s), c = c 1650 (m) cm pmr 6 

1.25 (t,3,J=7 Hz,Me), 1.5 - 2.8 (m,6, methylenes and 

methines), 3.29, 3.32 (s,3 total, OMe), 4.15 (dd,2,J=7 Hz, 

OCH^) , 5.4 - 6.1 (m,2, olefinic Hs); m/e 196 (M+), 123 

(base), 91; exact mass: 196.1104 (calculated for C-^H^gO^; 
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196.1099) ; and 700 mg of pure 29_, ir c = 0 1725 (s), c = c 

1658 (m) cm pmr 6 0.8 - 2.5 (m,7, methylenes and 

methines), 1.26 (t,3,J=7Hz,Me), 3.48 (s,3,0Me), 4.13 (dd,2, 

J=7Hz, OCI^Jr 4.8 - 5.0 (m,l, olefinic H); m/e 196 (M+) , 

131, 119 (base); exact mass: 196.1103 (calculated for C^H^O^: 

196.1099) . 

2-Carboethoxymethylcyclohex-2-enone(30).—150 mg 

(0.0007 mol) of compound 28^ in 8 ml of 95% ethanol and 

0.5 ml of 37% hydrochloric acid were refluxed under nitro¬ 

gen for two hours. The reaction mixture was cooled to room 

temperature, diluted with 50 ml of water, saturated with 

sodium chloride and extracted five times with 20 ml por¬ 

tions of ether. The ether extract was washed once with 

20 ml of saturated brine and dried over anhydrous sodium 

sulfate. It then was evaporated to leave 120 mg (85%) of 

a light yellow oil which was purified by micro-distillation, 

ir c = 0 1735(s), 1670(s) cm-'*'; pmr 6 1.25 (t,3,J=7Hz,Me) , 

1.9 - 2.6 (m,6, methylenes), 3.28 (broad s,2,COCH2), 4.13 

(dd,2,J=7Hz,OCH2), 6.85 (t,l,J=4Hz, olefinic. H) . 

Anal. Calcd for C^QH^O^: C, 65.92; H, 7.74 

Found: C, 65.77; H, 7.58 

4-Carboethoxymethylcyclohex-2-enone(31).—350 mg 

(0.0018 mol) of compound 2£ in 15 ml of 95% ethanol and 
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1.5 ml of 37% hydrochloric acid were refluxed under nitro¬ 

gen for two hours. The reaction mixture was then cooled to 

room temperature, diluted with 100 ml water, saturated with 

sodium chloride and extracted five times with 20 ml portions 

of ether. The extract was washed once with 35 ml of 5% 

sodiumbicarbonate solution and once with 20 ml of saturated 

brine and dried over anhydrous sodium sulfate. The ether 

extract was evaporated to leave 300 mg (92%) of a light 

yellow oil which was purified by micro-distillation, ir 

c = 0 1727(s), 1679(s), c = c 1606(w) cm-1* pmr S 1.27 

(t,3,J=7Hz,Me), 1.6 - 2.6 (m,7,methylenes and methines), 

4.15 (dd,2,J=7Hz,OCH2), 5.95 (dd,l,J=10,2 Hz, H-2), 6.82 

(ddd,1,J=10,3,1 Hz, H-3). [The substance contained a minor 

amount of the isomeric 8,y-unsaturated ketone as revealed 

by pmr analysis: 1.25 (t,3,J=7Hz, Me), 4.14 (dd,2,J=7Hz, 

OCH2), 5.60 (m,l, olefinic H).] 

Anal. Calcd for C'ioH14°3: ®5.92; H, 7.74 

Found: C, 65.78; H, 7.68. 

7-Acetyl-6-methoxybicyclo[4.1.0]hept-2-ene(32) and 

7-Acetyl-3-methoxybicyclo[4.1.0]hept-2-ene(33).—To a 

stirred suspension of 500 mg of copper bronze in 4.40 g 

(0.04 mol) of l-methoxycyclohexa«l,3-diene, heated at an 

oilbath temperature of 80°, 1.68 g (0.02 mol) of diazoace¬ 

tone was added very slowly during a two hour period under 
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nitrogen. The progress of the reaction was indicated by 

the evolution of nitrogen from the reaction mixture with 

the addition of each drop of diazoacetone. After the addi¬ 

tion was complete, the reaction mixture was stirred for 

another hour at the elevated temperature, cooled to room 

temperature and filtered. The residual copper was washed 

three times with 5 ml portions of ether. The combined fil¬ 

trate and ether washings were evaporated to leave a brown 

oil which was distilled fractionally to recover 2.20 g of 

1- methoxycyclohexa-l,3-diene (b.p. 45°/12 Torr) and 2.20 g 

(68%) of a colorless oil (b.p. 61-65°/0.15 Torr). This oil 

was found to be a mixture of 32^ and 33^, ir c = 0 1690 (s), 

c = c 1655 (m) cm pmr 6 1.7 - 2.7 (m,6, methylenes and 

methines), 2.15, 2.20(s,3,Me), 3.35, 3.54(s,3,OMe), 4.89 

(t,<l,J=2Hz, enol ether olefinic H), 5.6 - 6.0 (m,2, 

olefinic Hs). 

Anal. Calcd for C:
IO

H
14

0
2
: C

' ^2.26; H, 8.49 

Found: C, 72.34; H, 8.28. 

2-Acetonylcyclohex-2-enone(34) and 4-Acetonylcyclohex- 

2- enone(35) ,—1.00 g (0.006 mol) of a mixture of 32^ and 33^ 

in 15 ml of ether was stirred with 15 ml of 2N hydrochloric 

acid at 25° for one hour under nitrogen. The ether layer 

was separated. The aqueous layer was saturated with sodium 

chloride and extracted three times with 15 ml portions of 
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ether. The combined ether extract was washed once with 

20 ml of 5% sodium bicarbonate solution and once with 20 ml 

of saturated brine and dried over anhydrous sodium sulfate. 

Removal of the ether afforded 750 mg (82%) of a pale yellow 

oil. 

This oil showed two spots on silica gel thin-layer 

chromatography with an ether/petroleum ether (4:1) solvent 

system. These two components were then separated by thick- 

layer chromatography on silica gel with the same solvent 

system. Thus there was obtained 110 mg of pure 2- 

Acetonylcyclohex-2-enone 3^4, ir c = 0l710(s), 1670 (s) cm 

pmr 6 1.8 - 2.6 (m,6, methylenes), 2.17(s,3,Me), 3.25 (broad 

s, 2, COCH2), 6.78 (broad t, 1, J=3Hz, olefinic H); m/e 

152 (M+) , 110, 82, 54, 37 (base); exact mass: 152.0837 

(calculated for 152.0833) . 

From another fraction there was obtained 565 mg of 

4-Acetonylcyclohex-2-enone 35_, ir c = 0 1715 (s), 1675 (s), 

c=c 1616 (w) cm "S pmr 6 1.5 - 2.8 (m,7, methylenes and 

methine), 2.22(s,3,Me), 5.95 (dd,1,J=10,2Hz,H-2), 6.81 (ddd, 

l,J=10,3,lHz,H-3) ; m/e 152 (M+) , 95, 55, 43 (base-); exact 

mass: 152.0830 (calculated for ^2.0 836) * 

6-Methoxy-3-methyl-7-carboethoxybicyclo[4.1.0]hept- 

2-ene(40) and 3-Methoxy-6-methyl-7-carboethoxybicyclo[4.1.0] 

hept-2-ene(41).—To a stirred suspension of 500 mg of copper 
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bronze in 6.30 g (0.05 mol) of l-methoxy-4-methylcyclohexa- 

1,3-diene, heated at an oilbath temperature of 90°, 3.30 g 

(0.028 mol) of ethyl diazoacetate was added dropwise during 

a four hour period under nitrogen. After the addition was 

complete, the reaction mixture was stirred at the elevated 

temperature for another hour, allowed to cool to room 

temperature and filtered. The residual copper was washed 

three times with 5 ml portions of ether. The combined 

ether washings and filtrate were evaporated to leave a 

brown oil which was distilled fractionally to give 3.50 g 

of l-methoxy-4-methylcyclohexa-l,3-diene and 3.7 g (78.7%) 

of a colorless oil (b-p. 83-90°/0.4 Torr). 

This oil showed two spots on silica gel thin-layer 

chromatography with a petroleum ether/ether (3:1) solvent 

system. The two components (2 g) were separated by thick- 

layer chromatography on silica gel with the same solvent 

system. Thus one fraction gave 1.32 g of l-methoxy-4- 

methyl-7-carboethoxybicyclo[4.1.0]hept-4-ene £0, ir c = 0 

1730(s) cm-1; pmr 6 1.26 (t,3,J=7Hz,Me of Et), 1.61 (c,3, 

J=lHz, olefinic Me), 1.7 - 2.4 (m,6, methylenes and 

methines), 3.27 (s,3,OMe), 4.13 (dd,2,J=7Hz,OCH2), 5.63 

(dd,l,J=5,l Hz, olefinic H); m/e 210(M+), 137 (base), 124, 

105, 91; exact mass: 210.1256 (calculated for ci2H18°3: 

210.1256). 

From another fraction there was obtained 310 mg of 
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3-methoxy-6-methyl-7-carboethoxybicyclo[4.1.0]hept-2-ene 

41, ir c = 0 1725(s), c = c 1658(m) an pmr 6 1.25 (t,3, 

J=7Hz,Me of Et), 1.30 (s,3,Me), 1.5 - 2.5 (m,6, methylenes 

and methines), 3.47 (s,3,0Me), 4.12 (dd,2,J=7Hz,OCH2), 

4.7 - 5.0 (m,l, olefinic H); m/e 210(M+), 132, 69 (base); 

exact mass: 210.1254 (calculated for C^2H^g02:210.1256). 

2-Carboethoxymethyl-4-methylcyclohex-2-enone (42).— 

150 mg (0.0007 mol) of compound £0 in 10 ml of 95% ethanol 

and 0.6 ml of 37% hydrochloric acid were refluxed under 

nitrogen for two hours. The reaction mixture was allowed 

to cool to room temperature, diluted with 50 ml of water 

and saturated with sodium chloride and extracted five times 

with 20 ml portions of ether. The extract was washed once 

with 25 ml of 5% sodium bicarbonate solution and once with 

20 ml of saturated brine and dried over anhydrous sodium 

sulfate. The ether solution was evaporated to leave 120 mg 

(85.7%) of a light yellow oil which was purified by micro¬ 

distillation, ir c = 0 (1735(s), 1675(s), c = c (1608(w) 

cm-1; pmr 6 1.20 ( d,3,J=6Hz,Me), 1.25 (t,3,J=7Hz, Me of Et) 

1.5 - 2.7 (m,5, methylenes and methine), 3.20 (broad s,2, 

CH2CO), 4.15 (dd,2,J=7Hz,OCH2), 6.7 - 7.0 (m,l, olefinic H) 

Anal. Calcd for cnHi6°3: C, 67.32; H, 8.22; 

Found: C, 67.11; H, 8.26. 
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4-Carboethoxymethyl-4-methylcyclohex-2-enone(43).— 

125 mg (0.0006 mol) of compound 4_1 in 8 ml of 95% ethanol 

and 0.5 ml of 37% hydrochloric acid were refluxed under 

nitrogen for two hours. The reaction mixture was allowèd 

to cool to room temperature, diluted with 50 ml of water 

and saturated with sodium chloride and extrcted five times 

with 20 ml portions of ether. The extract was washed once 

with 25 ml of 5% sodium bicarbonate solution and once with 

20 ml of saturated brine and dried over anhydrous sodium 

sulfate. The ether solution was evaporated to leave 95 mg 

(81.4%) of a light yellow oil which was purified by micro¬ 

distillation; ir c = 0 1735(s), 1675(s), c = c 1605(w) cm 

pmr 6 1.25 (t,3,J=7Hz,Me of Et), 1.25 (s,3,Me), 1.7 - 2.4 

(m,4,methylenes), 2.45 (s,2,CH2CO), 4.15 (dd,2,J=7Hz, OCH2) , 

5.90 (d,l,J=10Hz, olefinic H-2), 6.85 (dd,l,J=10,1Hz, 

olefinic H-3). 

Anal. Calcd for C/ 67.32? H, 8.22; 

Found: C, 67.11; H, 8.26. 

7-Acetyl-6-methoxy-3-methylbicyclo[4.1.0]hept-2-ene 

(44) and 7-Acetyl-3-methoxy-6-methylbicyclo[4.1.0]hept-2- 

ene(45)♦—To a stirred suspension of 500 mg of copper bronze 

in 8.80 g (0.07 mol) of l-methoxy-4-methylcyclohexa-l,3- 

diene, heated at an oilbath temperature of 80°, 2.20 g 

(0.026 mol) of diazoacetone was added very slowly during 
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two-and-a-half hours under nitrogen. The reaction mixture 

then was stirred at the elevated temperature for another 

hour, allowed to cool to room temperature and filtered. 

The residual copper was washed three times with 5 ml por¬ 

tions of ether. The combined filtrate and ether washings 

were evaporated to leave a brown oil which was distilled 

fractionally to give 7.90 g of l-methoxy-4-methylcyclohexa- 

1,3-diene and 1.17 g (90%) of a colorless oil (b.p. 50-60°/ 

0.1 Torr). This oil was found to be a mixture of 4£ and 

45, ir c = 0 1685 (s), c = c 1650 (m), 1605 (w) cm-'*'; pmr 6 

1.67 (m,>3, oelfinic Me of 44), 1.78, 1.81 (s,<3, Me of 45), 

2.18 (s,total 3, Me of Ac), 3.29 (s,<3,OMe of 44), 3.48 

(s,<3,OMe of 45), 4.58 (m,<l, olefinic H of 45), 5.25 

(m,<l, olefinic H of 44). 

Anal. Calcd for cnHi6°2: C/ 73.30; H, 8.95; 

Found: C, 73.12; H, 8.81. 

2-Acetonyl-4-methylcyclohex-3-enone(46) and 4- 

Acetonyl-4-methylcyclohex-2-enone(47).—1.30 g (0.0072 mol) 

of the mixture of 44 and 45 in 25 ml of ether was stirred 

with 25 ml of 2N hydrochloric acid at 25° for one hour under 

nitrogen. The ether layer was separated. The aqueous layer 

was saturated with sodium chloride, extracted three times 

with 15 ml portions of ether. The combined ether extract 

was washed once with 20 ml of 5% sodium bicarbonate solution 
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and once with 20 ml of saturated brine and dried over an¬ 

hydrous sodium sulfate. Removal of the ether, followed by 

distillation, afforded 850 mg (70.8%) of a colorless oil 

( .p. 70°/0.15 Torr). This oil was separated by prepara¬ 

tive glc (column temperature: 180°, tR for £6, 10 mins; 

tR for 47^ 14 mins). There were collected 477 mg of com¬ 

pound ir c = 0 1710(s) cm pmr <S 1.72 (broad s,<3, 

olefinic Me), 2.15 (s,<3,Me) 2.3 - 3.2 (m,<7, methylenes 

and methine), 5.17 (m,<l, olefinic H), with 15% of 2- 

Acetonyl-4-methylcyclohex-2-enone (possibly due to thermal 

isomerization inside the glc column); ir c = 0 1675(s)cm 

pmr 6 1.15 (d,<3,J=7Hz,Me), 2.45 (s,<3,CoMe), 6.51 (m,l, 

olefinic H); exact mass: 166.0989 (calculated for C
IQ

H
I4°2 

166.0993); and 190 mg of compound 47_, ir c = 0 1720(s) , 

1675(s), c = c 1607(w)cm pmr Ô 1.25 (s,3,Me), 1.7 - 2.5 

(m,4, methylenes), 2.13 (s,3,CoMe), 2.58 (s,2,COCH2), 5.78 

(d,l,J=10Hz, olefinic H at 2), 6.79 (broad d,l,J=10Hz, 

olefinic H at 3); m/e 166 (M+), 123, 109, 108 (base), 95.43 

exact mass: 166.0986 (calcualted for C^QH^C>2:166.0993) . 

1-Methoxybuta-l,3-diene(49).—2.32 g (0.02 mol) of 

crotonaldehyde dimethyl acetal was stirred with 2.20 g (0.02 

mol) of potassium t-butoxide in 15 ml of dimethylsulfoxide 

at room temperature for four hours under nitrogen. The re¬ 

action mixture was distilled in a fractionating column to 
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give a colorless liquid. This distillate was diluted with 

50 ml of ether and washed three times with 15 ml portions 

of water and dried over anhydrous sodium sulfate. Removal 

of the ether gave a colorless oil which was distilled care¬ 

fully through a Vigreux column to afford 1.00 g (50%) of 

1-methyxybuta-l,3-diene (b.p. 91°). 

1-Ethoxybuta-l,3-diene(55).—1-Ethoxybuta-l,3-diene 

(b.p. 107°) was obtained from crotonaldehyde diethyl acetal 

in the same way as the methyl ether. The yield was 55%. 

1-(3-Methoxyvinyl)-2-carboethoxycyclopropane(56) and 

l-Methoxy-2-carboethoxy-3-vinylcyclopropane(57).—To a 

stirred suspension of 300 mg of copper bronze in 2.10 g 

(0.025 mol) of 1-methoxybuta-1,3-diene in 10 ml of 

cyclohexane at 80° 3.15 g (0.025 mol) of ethyl diazoacetate 

was added dropwise during four hours under nitrogen. The 

reaction mixture then was stirred at the same temperature 

for another half hour, allowed to cool to room temperature 

and filtered. The residual copper was washed three times 

with 5 ml portions of ether. The combined filtrate and 

ether washings were evaporated to leave a brown oil which, 

upon distillation, furnished 2.60 g (62%) of a colorless 

oil (b.p. 50-55°/0.1 Torr). 

This oil was separated by preparative glc (column 

temperature, 120°; tR for 5j5, 20 min and tR for 57., 10 min). 
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There were obtained 1.60 g of compound 5j6, ir c = 0 1730 (s), 

c = c 1670 (s) / 1655 (s) cm-'*'; pmr 6 0.7 - 2.1 (m,4, cyclopro¬ 

pane Hs) , 1.22 (t, 3,J=7Hz,Me) , 3.45, 3.59 (s,3,OMe), 4.12 

(dd,2,J=7Hz,OCH2), 4.4 -4.9 (m,l olefinic H), 6.41 (dd,l, 

J=13,3Hz,OCH); m/e 170(M+), 169, 131, 119, 97 (base), 69; 

exact mass: 170.0943 (calculated for C^H^C^: 170.0943); 

and 350 mg of compound 52, ir c = 0 1730(s), c = c 1640(m) 

cm "S pmr 6 1.25 (t,3,J=7Hz,Me), 1.7 - 2.6 (m,2, cyclopropyl 

Hs), 3.31 (s,3,OMe), 3.4 - 3.6 (m,l,OCH), 4.18 (dd, 2, 

J=7Hz,OCH2), 4.8 - 6.0 (m,3,olefinic Hs); m/e 170(M+), 169, 

131, 119, 97 (base), 69; exact mass: 170.0942 (calculated 

for C9H1402: 170.0943). 

l-Carboethoxy-2-formylmethylcyclopropane(58).—100 

mg (0.00058 mol) of compound 56_ in 10 ml of 2N hydrochloric 

acid was stirred at room temperature for four hours under 

nitrogen. The mixture was diluted with 15 ml of water, 

saturated with sodium chloride and extracted five times with 

15 ml portions of ether. The ether extract was washed once 

with 20 ml of 5% sodium bicarbonate solution and once with 

20 ml of saturated brine and dried over anhydrous sodium 

sulfate. Removal of the solvent furnished 70 mg (76%) of a 

colorless oil, ir aldehyde CH 2725 (w) , c = 0 1725 (s) cm-'*'; 

pmr <5 0.6 - 2.0 (m,4,methylene and methines), 1.28 (t,3, 

J=7Hz,Me), 2.46 (dd,<2,J=6,2Hz, COCH2 of one isomer), 2.82 

(dd,<2,J=6,1HZ,COCH2 of other isomer), 4.15 (dd,2,J=7Hz, 
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OC^), 9.76 (t,l,J=2Hz,CH0); exact mass: 156.0790 (calcu¬ 

lated for CgH1203: 156.0786). 

5-Carboethoxypent-2-enal(59).—430 mg (0.0025 mol) 

of compound 56. in 12 ml of 95% ethanol and 4 ml of 5N 

hydrochloric acid were refluxed under nitrogen for one-and- 

a-half hours. The reaction mixture was allowed to cool to 

room temperature, diluted with 100 ml of water, saturated 

with sodium chloride and extracted five times with 15 ml 

portions of ether. The ether extract was washed once with 

15 ml of 5% sodium bicarbonate solution and once with 20 ml 

of saturated brine and dried over anhydrous sodium sulfate. 

The ether solution was evaporated to furnish 300 mg (76%) 

of a yellow oil which was purified by tic on silica gel. 

Thus a pure sample of compound 59. was obtained; ir aldehyde 

CH 2725(w), c = 0 1731(s), 1688(s), c = c 1631(m)cm-1; 

pmr 6 L30 (t,3,J=7Hz,Me), 2.3 - 3.0 (m,4,methylenes), 4.20 

(dd,J=7Hz,OCH2), 6.18 (dd,l,J=15,7Hz,H-2), 6.93 (dt,l,J=15, 

8Hz,H-3), 9.52 (d,l,J=7Hz,aldehyde H); m/e 156(M+), 128, 

110, 109,83 (base), 82; exact mass: 156.0790 (calculated 

for CgH^O^: 156.0786). 

Ethyl 3-formylpent-3-enoate(60).—100 mg (0.00058 

mol) of compound 57 in 8 ml of ethanol and 1 ml of 37% hydro¬ 

chloric acid were refluxed under nitrogen for two hours. The 
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reaction mixture was allowed to cool to room temperature, 

diluted with 100 ml of water, saturated with sodium 

chloride and extracted five times with 15 ml portions of 

ether. The ether extract was washed once with 15 ml of 5% 

sodium bicarbonate solution and once with 20 ml of satur¬ 

ated brine and dried over anhydrous sodium sulfate. The 

ether solution was evaporated to leave 80 mg (87%) of a 

yellow oil which was purified by micro-distillation, ir 

aldehyde CH 2770 (w), c = 0 1730 (s) , 1685 (s), c = c 1646 (m) 

cm-1; pmr 6 1.23 (t,3,J=7Hz,Me of Et), 2.01 (d,3,J=7Hz,Me), 

3.34 (s,2,CH2), 4.15 (dd,2,J=7Hz, 0CH2), 6.82 (q,l,J=7Hz, 

olefinic H), 9.48 (s,l,aldehyde H); m/e 156(M+), 128, 111, 

110, 83, 69, 55, 45, 43, 29, 27 (base), 26; exact mass: 

156.0791 (calculated for <-gHi2<^3: 156.0786). 

2-Acetyl-1-(3-methoxyvinyl-)cyclopropane(61) and 2- 

Acetyl-l-methoxy-3-vinylcyclopropane(62).—To a stirred sus¬ 

pension of 500 mg of copper bronze in 3.60g(0.042 mol) of 

1-methoxy-l,3-butadiene in 10 ml of cyclohexane, heated at 

an oilbath temperature of 70°, 3.60 g (0.042 mol) of 

diazoacetone was added dropwise during four hours under 

nitrogen. The mixture then was stirred for another half 

hour at the same temperature, allowed to cool to room 

temperature and filtered. The residual copper was washed 

three times with 5 ml portions of ether. The combined fil¬ 

trate and ether washings were evaporated to leave a brown 
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oil which was distilled to afford 2.75 g (45.7%) of a 

colorless oil (b.p. 45-60°/0.25 Torr), which was found to 

be a mixture of j51 and £2, ir c = 0 1690 (s) , c = c 1650 (m), 

164Q(m) cm pmr 6 0.7 - 2.0 (m,3-4, cyclopropyl Hs), 2.21, 

2.22 (s,3,CoMe)# 3.45, 350 (s,3,0Me), 4.4 - 5.4 (m,<3, 

olefinic Hs), 5.9 - 6.9 (m,<2, olefinic Hs); exact mass: 

108.0838 (calculated for CgH.^/^ 180.0834). 

6-Oxohept-2-enal(63) and 4-Formylhex-4-en-2-one(64).— 

(a) 500 mg (0.0035 mol) of the mixture of <51 and <52 in 20 ml 

of ether was stirred with 30 ml of IN hydrochloric acid at 

room temperature for two hours under nitrogen. The ether 

layer was separated. The aqueous layer was saturated with 

sodium chloride and extracted three times with 15 ml por¬ 

tions of ether. The combined ether extract was washed once 

with 15 ml of 5% sodium bicarbonate solution and once with 

20 ml of saturated brine and dried over anhydrous sodium 
» 

sulfate. The ether solution was evaporated to leave 350 mg 

(77.7%) of a light yellow oil which was separated by 

preparative glc (column temperature, 155°; tR for £3, 4 min; 

tR for 6-4, 11 min) . There were obtained 195 mg of compound 

63, ir aldehyde CH 2720(w), c = 0 1715(s), 1685(s), c = c 

1632(m)cm”^; pmr <S 2.19 (s,3,Me), 2.58 (s, 2 ,^-4) , 2.68 (s,2, 

H2-5), 6.08 (dd,1,J=15,7Hz,H-2), 6.88 (dt, 1,J=15,6Hz,H-3) , 

9.48 (d,l,J=7Hz, aldehyde H); m/e 126(M+), 83, 68, 57, 55, 

44 (base) ,* 42, 40; exact mass: 126.0678 (calculated for 
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^7H10O2: 126.0680); and 80 mg of compound 64, ir aldehyde 

CH 2720(w), c = 0 1715(s), 1680(s), c = c 1644(m)cm"1; 

pmr 6 1.95 (d,3,J=7Hz,Me), 2.18 (s,3,CoMe), 3.38 (s,2, 

COCI^) , 6.80 (q,l,J=7Hz, olefinic H), 9.46 (s,l, aldehyde H) 

m/e 126(M+), 83, 55, 43 (base); exact mass: 126.0683 (cal¬ 

culated for C^H^QC^: 126.0680). 

(b) 1.90 g (0.013 mol) of the mixture of £1 and 62^ 

was kept on a column of 30 g of silica gel for 24 hours and 

then eluted with benzene. On evaporation of the solvent the 

benzene solution furnished 1.40 g (80%) of a mixture of 63* 

and 64. 

1-(8-Ethoxyvinyl)-2-carboethoxycyclopropane(65) and 

l-Ethoxy-2-carboethoxy-3-vinylcyclopropane(66).—To a 

stirred suspension of 500 mg of copper bronze in 4.60 g 

(0.047 mol) of 1-ethoxybuta-l,3-diene in 10 ml of 

cyclohexane, heated at an oilbath temperature of 80°, 5.30 g 

(0.047 mol) of ethyl diazoacetate was added dropwise during 

five hours under nitrogen. The reaction mixture then was 

stirred at 80° for another half hour, allowed to cool to 

room temperature and filtered. The residual copper was 

washed three times with 5 ml portions of ether. The com¬ 

bined filtrate and ether washings were evaporated to leave 

a brown oil, which upon distillation afforded 3.60 g (41.6%) 

of a colorless oil (b.p. 60°/0.25 Torr). This oil was 
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separated by preparative glc (column temperature, 135°; t_. 

for 66_, 5 min; t^ for 65^ 9 min) leading to 1.50 g of com¬ 

pound 65^ ir c = 0 1730(s) , c = c 1670(s), 1654(s)cm 

pmr Ô 0.7 - 2.1 (m,4, cyclopropyl Hs), 1.25 (t,6,J=7Hz, 2- 

Me s), 3.74 (dd,2,J=7Hz,OCH2 of OEt), 4.14 (dd,2,J=7Hz,OCH2 

of C02Et), 4.4 - 4.9 (m,l, olefinic H), 6.41 (dd,1,J=13,3Hz, 

OCH); m/e 184(M+), 155, 139, 126, 111 (base), 99, 83; exact 

mass: 184.1099 (calculated for ^QH^O^: 184.1099); and 315 

mg of compound 66_, ir c = 0 1730 (s), c = c 1640 (m) cm "S 

pmr 6 1.15 (t,3,J=7Hz, Me of OEt), 1.24 (t,3,J=7Hz, Me of 

C02Et), 1.7 - 2.6 (m,2, cyclopropyl Hs), 3.6 - 3.8 (m,l, 

OCH), 3.62 (dd, 2,J=7Hz, 0CH2 of OEt), 4.12 (dd,2,J=7Hz, 

OCH2 of Co2Et), 4.9 - 6.0 (m,3, olefinic Hs); m/e 184(M+), 

155, 138, 127, 111 (base), 83; exact mass: 184.1103 (cal¬ 

culated for <
-IQ

H
I6°3: 184.1099) . 

Anal. Calcd for CIOH16°3: C, 65.19; H, 8.75; 

Found: C, 64.93, H, 8.63. 

l-Carboethoxy-2-formylmethyIcyclopropane(58).—110 

mg (0.0006 mol) of compound 6J5 in 15 ml of IN hydrochloric 

acid was stirred at room temperature under nitrogen for two 

hours. The reaction mixture was diluted with 20 ml of water, 

saturated with sodium chloride and extracted five times with 

15 ml protions of ether. The ether extract was washed once 

with 20 ml of 5% sodium bicarbonate solution and once with 
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20 ml of saturated brine and dried over anhydrous sodium 

sulfate. The ether solution was evaporated to give 80 mg 

(85.7%) of a colorless oil which was found to be 1- 

carboethoxy-2-formylmethylcyclopropane by comparison of its 

ir and pmr data with those of the authentic sample made 

earlier. 

5-Carboethoxypent-2-ena1(59).—110 mg (0.0006 mol) 

of compound 6j5 in 10 ml of ethanol and 4 ml of 5N hydro¬ 

chloric acid were refluxed under nitrogen for one-and-a- 

half hours. The reaction mixture was allowed to cool to 

room temperature, diluted with 100 ml of water, saturated 

with sodium chloride and extracted five times with 15 ml 

portions of ether. The ether extract was washed once with 

15 ml of 5% sodium bicarbonate solution and once with 20 ml 

of saturated brine and dried over anhydrous sodium sulfate. 

The ether solution was evaporated to leave 75 mg (80.4%) of 

a yellow oil. Upon purification by tic on silica gel it 

furnished a colorless oil which had the same ir and pmr 

data as 5-carboethoxypent-2-enal, made earlier. 

Ethyl 3-formylpent-3-enoate(60)♦—66 mg (0.00035 mol) 

of 66 in 5 ml of 95% ethanol and 1 ml of 37% hydrochloric 

acid were refluxed for two hours under nitrogen. The reac¬ 

tion mixture was allowed to cool to room temperature, di¬ 

luted with 50 ml of water, saturated with sodium chloride 
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and extracted five times with 10 ml portions of ether. The 

ether extract was washed once with 15 ml of 5% sodium bi¬ 

carbonate solution and once with 15 ml of saturated brine 

and dried over anhydrous sodium sulfate. The ether solu¬ 

tion was evaporated to afford 54 mg (96%) of a light yellow 

oil which was found to be ethyl 3-formylpent-3-enoate by 

comparison of the ir and pmr data with those of an authen¬ 

tic sample made before. 

2-Acetyl-l-(g-ethoxyvinyl-)cyclopropane(67) and 2- 

Acetyl-l-ethoxy-3-vinylcyclopropane(68)♦—To a stirred sus¬ 

pension of 500 mg of copper bronze in 3.90 g (0.04 mol) of 

1-ethoxybuta-l,3-diene in 10 ml of cyclohexane, heated at an 

oilbath temperature of 70°, 3.50 g (0.04 mol) of 

diazoacetone was added dropwise during four hours under 

nitrogen. After the addition was complete, the reaction 

mixture was stirred at the same temperature for another half 

hour, allowed to cool to room temperature and filtered. The 

residual copper was washed three times with 5 ml portions of 

ether. The combined filtrate and ether washings were 

evaporated to leave a brown oil which upon distillation af¬ 

forded 2.12 g (34.5%) of a light yellow oil (b.p. 45-50°/ 

0.15 Torr) . This oil was found to be a mixture of §1_ and 

68, ir c = 0 1695(s), c = c 1650(m), 1642(m)cm pmr 6 0.7 - 

2.0 (m,3-4, cyclopropyl Hs), 1.24 (t,3,J=7Hz,Me), 2.18, 

2.20 (s,3,CoMe), 3.74 (dd,2,J=7Hz,OCH2) 4.3 - 5.4 (m,<3, 
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olefinic Hs) ; exact mass 154.0994 (calculated for C^H^C^: 

154.0993). 

6-Oxohept-2-enal(63) and 4-Formylhex-4-en-2-one(64). 

— (a) 400 mg (0.0026 mol) of the mixture of 61_ and 6J3 in 

20 ml of ether was stirred with 20 ml of IN hydrochloric 

acid at room temperature for two hours under nitrogen. The 

ether layer was separated. The aqueous layer was saturated 

with sodium chloride and extracted three times with 15 ml 

portions of ether. The combined ether extract was washed 

once with 15 ml of 5% sodium bicarbonate solution and once 

with 15 ml of saturated brine and dried over anhydrous so¬ 

dium sulfate. The ether solution was evaporated to give 

300 mg (91%) of a light yellow oil, which was separated by 

preparative glc in the same way as before. The two frac¬ 

tions 170 mg and 55 mg were found to be 6-oxohept-2-enal 

63 and 4-formylhex-4-en-2-one 64 respectively by comparison 

of the ir and pmr data with those of authentic samples made 

earlier. 

(b) 200 mg (0.0013 mol) of the mixture of 67 and 68 

was kept on a column of 10 g of silica gel for 24 hours and 

eluted with benzene. The benzene solution was evaporated 

to leave 135 mg (82.5%) of a light yellow oil which was 

found to be a mixture of 6-oxohept-2-enal £3 and 4- 

formylhex-4-en-2-one £4 in the ratio of Ca 3:1. 
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1- ( g-Trimethy lsilyloxyvinyl-) 2-carboethoxycycloprop 

pane ( 70) and l-Triraethylsilyloxy-2-carboethoxy-3- 

vinylcyclopropane(71).—To a stirred suspension of 500 mg 

of copper bronze in 4.70 g (0.033 mol) of 1- 

trimethylsilyloxybuta-1,3-diene, heated at an oilbath 

temperature of 80°, 2.25 g (0.019 mol) of ethyl diazoacetate 

was added dropwise during three hours under nitrogen. The 

reaction mixture then was stirred at the same temperature 

for another half hour, allowed to cool to room temperature 

and filtered. The residual copper was washed three times 

with 5 ml portions of ether. The combined filtrate and 

ether washings were evaporated to leave a brown oil, which 

was distilled fractionally to give 3.00 g of starting diene 

and 2.80 g (64%) of a colorless oily mixture of 70^ and 71 

(b.p. 57-62°/0.25 Torr), ir c = 0 1730(s), c = c 1695(m), 

1655(m)cm-'S pmr 6 0.19 (s,9,SiMe^)/ 1.24, 1.29 (t,3,J=7Hz, 

Me), 0.7 - 2.4 (m,3-4, cyclopropyl Hs), 4.08, 4.13 (dd,2, 

J=7Hz, OCH2), 4.3 - 6.5 (m,2-3, olefinic Hs); exact mass: 

228.1185 (calculated for cnH20°3S^: 228.1181). 

5-Carboethoxypent-2-enal(59) and Ethyl 3-formylpent- 

3-enoate (60) . — (a) 890 mg (0.0039 mol) of the mixture of 70^ 

and Tl_ in 10 ml of 95% ethanol and 1 ml of 37% hydrochloric 

acid were refluxed for two hours under nitrogen. The reac¬ 

tion mixture was allowed to cool to room temperature, di¬ 

luted with 100 ml of water, saturated with sodium chloride 



61 

and extracted five times with 25 ml portions of ether. The 

combined ether extract was washed with 20 ml of 5% sodium 

bicarbonate solution and once with 20 ml of saturated brine 

and dried over anhydrous sodium sulfate. The ether solution 

was evaporated to leave a yellow oil. It was distilled to 

give 492 mg (80%) of a colorless oil which was separated 

by thick-layer chromatography on silica gel and found to be 

59 and £0 in a ratio of 4:1 by comparison of their ir and 

pmr data with those of the same compounds made earlier. 

(b) 3.00 g (0.013 mol) of the mixture of 7£ and 71 

was kept on a column of 40 g of silica gel for 24 hours and 

then eluted with benzene. The benzene solution was evapor¬ 

ated to afford 1.80 g (87.3%) of a colorless oil which was 

separated by thick-layer chromatography on silica gel into 

58, 59 and £0 in a ratio of 2:2:1. 

2-Acety1-1-(g-trimethylsilyloxyvinyl-)cyclopropane 

(72) and 2-Acetyl-l-trimethylsilyloxy-3-vinylcyclopropane 

(73) .—To a stirred suspension of 500 mg of copper bronze 

in 7.00 g (0.049 mol) of 1-trimethylsilyloxybuta-l,3-diene, 

heated at an oil bath temperature of 70°, 2.10 g (0.025 mol) 

of diazoacetone was added dropwise during three hours under 

nitrogen. After the addition was complete, the reaction 

mixture was stirred at the same temperature for another 

half hour, allowed to cool to room temperature and filtered. 
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The residual copper was washed three times with 5 ml of 

ether. The combined filtrate and ether washings were 

evaporated to leave a brown oil which was distilled to give 

4.30 g of starting diene and 2.15 g (57.1%) of a light yel¬ 

low oil (b.p. 50-54°/0.25 Torr) which was found to be a mix¬ 

ture of 72. and 73^ ir c = 0 1690 (s) , c = c 1640 (m) cm 

pmr 6 0.19 (s,9, SiMe^) , 0.7 - 2.0 and 2.3 - 3.2 (m,3-4, 

cyclopropyl Hs), 2.18, 2.21 (s, total 3, CoMe), 3.7 - 7.0 

(m, 3-4, olefinic Hs); exact mass: 198.1058 (calculated for 

C10H18°2Si: 198-1054)- 

6-Oxohept-2-enal(63) and 4-Formylhex-4-en-2-one(64)♦ 

— (a) 1.20 g (0.006 mol) of the mixture of 7^2 and 73^ in 20 

ml of ether was stirred with 10 ml of IN hydrochloric acid 

for one hour at room temperature under nitrogen. The ether 

layer was separated. The aqueous layer was saturated with 

sodium chloride and extracted three times with 15 ml por¬ 

tions of ether. The combined ether extract was washed once 

with 15 ml of 5% sodium bicarbonate solution and once with 

20 ml of saturated brine and dried over anhydrous sodium 

sulfate. The ether solution on evaporation furnished a red 

oil which upon distillation afforded 900 mg (95%) of a 

colorless oil. This oil was separated by glc and found to 

be 6-oxohept-2-enal JS3 and 4-formylhex-4-en-2-one 6_4 in the 

ratio of 2.5:1, by comparison of their ir and pmr spectra 
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with those of authentic samples made earlier. 

(b) 1.00 g (0.005 mol) of the mixture of 12. and 23 

was kept on a column of 20 g of silica gel for 24 hours and 

eluted with benzene. The benzene solution was evaporated 

to leave 700 mg (90%) of a colorless oil which was separ¬ 

ated by glc into 63 and 64 in a ratio of 2.5:1. 
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