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CHAPTER I 

STATEMENT OF THE PROBLEM 

The goal of this research is the synthesis of tetraalkyl cis,cis-3,8-

cyclodecadiene-l, 1,6,6-tetracarboxylate1 (1). 

ROOC 

1 

The synthesis of the compound had earlier been reported from the 

reaction of cis-1,4-dichloro-2-butene (2) and diethyl malonate(R = ethyl) (3) with 

a yield of 2.6%. 2 

4 NaOEt 

<OOE! EtOH 

2 CH2 .. + 
65-70 °c OOEt 

Sh EtOOC COOEt 

3 1 
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An attempt will be made to overcome this limitation by varying the 

reaction conditions, some of which will be a change of starting material, reaction 

times, and chromatographic techniques. The tetraester will be synthesized from 

cis-1,4-dichloro-2-butene and dialkyl malonates, where the R group may vary from 

methyl through pentyl. Propyl, butyl, and pentyl malonates needed for these 

reactions are not available commercially, but will be synthesized by a 

transesterification process. The product esters will be characterized by 1H-NMR, 

13C-NMR, and Infrared spectroscopy. 

The two major products, dialkyl cyclopent-3-ene-1,1-dicarboxylate (5) and 

2-vinylcyclopropane-l, 1-dicarboxylate ( 6) will be quantitatively analyzed with a 

highly sensitive GC-MS. It is expected that numbers reliable enough to quantitate 

the relative proportion of each of the products will be generated. 



CHAPTER II 

INTRODUCTION 

The objective of this project is to synthesize, and identify tetraalkyl cis,cis

cyclodeca-3,8-diene-1, 1,6,6-tetracarboxylates.3 The unique geometry of this 

compound makes it an interesting target for research. 

ROOC 

1 

Compound l is reportedly a precursor to the syntheses of other molecules 

of interest to organic chemists, one of which is bicyclo[4.4.2]dodeca-3,8,11-triene 

(4). 

4 

However, a major drawback associated with the synthesis of the tetraester 

3 
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was the low yield of about 2.6%. The synthesis of the tetraester 1 is accompanied 

by a number of products (Scheme I), some of which are formed in much higher 

yield than j. Some of these products were identified (for R = ethyl) as 

diethylcyclopent-3-ene-1, 1-dicarboxylate ( 5) and diethyl 2-vinylcyclopropane-1, 1-

dicarboxylate (6). There are two competing reaction products, diethyl 2,7-

dicarboethoxy-octa-4-enedioate (7) and diethyl l,9-dichloro-2,7-nonadiene-5,5-

dicarboxylate (8). A major intermediate leading to the formation of the tetraester 

is the dichloro compound ~- This dichloro compound further reacts with the 

diethyl malonate anion to give the desired tetraester and hexaester .2.. (Scheme 

I) 
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SCHEl\ilE I 

CJ<. COO Et 

COOEt 
~COOEt 

COO Et 

5 6 

r / 
/COOEt NaOEt ~COOEt 

CCI COO Et + 
CH2 --COOEt 

... 
COO Et Cl 
COO Et 

2 3 

1Na0Et 

7 

EtOOC COO Et 
NaOEt .. 

CH2(C02Et)2 

Cl Cl (EtOOC)2CH CH(COOEt)2 
8 f aOEt I CH,(C02Et)2 

9 

EtOOC COOEt 

1 
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Diethyl cyclopent-3-ene-1,1-dicarboxylate (5) is reportedly a likely 

precursor for the synthesis of 3-cyclopenten-1-ylamine, which is also synthetically 

useful for deoxyribonucleosides, anticancer agents.4,s 

Meinwald, Gassman, and Crandall obtained 54% of the cyclopentene ester 

from the condensation of the cis-1,4-dibromo-2-butene (10) with malonic ester.6•
7
•
8 

(Scheme II) 

SCHEME II 

Br-C~ -CH =CH - C~ Br 
+ 

+ Na CH(C02Et)i 

10 

~C02Et cl:c02H KOH/H30+ • 6. • • 02H 
C02Et 

5 11 12 

CH3CHN2 

62C2Hs 
LiAIH4 60H 

~ • 

13 14 

Alkaline hydrolysis of ester ~ gave a crystalline diacid 11 which was 

decarboxylated by heating to 170°C to give 3-cyclopentene-1-carboxylic acid (12) 

in 30% yield. They treated the monoacid with diazoethane to give its ethyl ester 
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(13), which was converted to the corresponding primary alcohol 14 by reduction 

with lithium aluminum hydride. 

In studying the condensation of trans-1,4-dibromo-2-butene (15) with 

malonic ester .J, Kierstead, et al., reported that the major product of the reaction 

was diethyl 2-vinylcyclopropane-l, 1-dicarboxylate ( 6) obtained via internal SN2 

displacement,9 which was then hydrolyzed to diacid 16 (Scheme III). No mention 

was made of the formation of cyclopentene diester ~. 

HCCH2Br 

II 
BrCH2CH 

15 

SCHEME III 

+ CH2(COOC2Hs)2 

3 

l2Na0Et 

~COOC2Hs)2 
6 

~(COOH):, 
16 
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The synthetic route leading to the formation of cyclopentene derivatives 

involved condensation of malonic ester .J with cis-1,4-dichloro-2-butene (2)10
•
11

•
12 

to give the desired cyclopentene diester ~ which was reportedly formed along 

with a roughly equal proportion of the cyclopropane isomer .§., including a 2.6% 

yield of a third product which was under investigation at the time. The mixture 

of diesters was saponified to give a mixture of crystalline diacids (11 & 16). The 

higher melting diacid was isolated in 31 % yield, and identified as the 

cyclopentene diacid 11, which was decarboxylated to give the monoacid 12. This 

was further converted to the corresponding acid chloride 17, and treated in a cold 

aqueous medium with activated sodium azide13 in dry benzene to afford an acyl 

azide 18. The azide was then converted to its isocyanate 19, which was 

subsequently treated with concentrated hydrochloric acid to give the 

corresponding amine 20. These two papers clearly demonstrated the structures of 

the major products and the importance of the dihalobutene stereochemistry in the 

cyclization reactions (Scheme IV). 
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SCHEME IV 

HCCH2Cl 
Base 

[)<COOC2Hs 

II + CH2(COOC2Hs)2 .. 
HCCH2Cl COOC2Hs 

5 

KOH [)<COOH 
D--COOH 

.. .. ,6.. 

COOH 170°C 

11 12 

SOCli D-coc1 NaN3 
O--CON3 .. .. 

17 18 

D--NCO 
HCI ~H2 

19 20 

In an attempt to also improve upon the yield, Choubal studied the 

cyclization by varying the reaction conditions such as temperature, time, media, 

etc. 

2 

(

COOEt 
+ 2 CH2 

OOEt 

3 

4 NaOEt 
EtOH .. 

65-70°C 
Sh EtOOC COOEt 

1 



10 

A maximum yield of 2.6% of the tetraester l was observed from the treatment 

of cis-1,4-dichloro-2-butene with the sodium salt of diethyl malonate regardless 

of conditions.14 

The tetraester l was then subjected to decarboalkoxylation15 by refluxing 

with NaCl/DMSO (Krapcho reaction) to give the diester 21 in 78% yield. The 

structure was confirmed by X-ray crystallography.16 

ROOC COOR 

1 

NaCl 

DMSO .. 
Reflux 

24h 
COO Et 

21 

The resulting diester was converted in low yield ( 4%) to hydroxyketone 22 by 

reacting with Na/K in refluxing xylene.17 

Na/K 

Xylene/Reflux 

22 
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MECHANISM OF THE LATIER REACTION IS DEPICTED AS FOLLOWS: 

NaOEt .. 
tic 

:AEt -
21 23 24 

2Na 0 

25 26 22 

The hydroxyketone so formed was selectively reduced to the ketone 27 in the 

presence of Zn/Hg in 4M-HC1. 

ZwHg 

4M HCI 

22 27 

The final step of the reaction was the conversion of the ketone 27 to the 

desired triene ~ through the Shapiro reaction18
• This involved a two-step process: 

first, the initial conversion of the ketone to the corresponding tosylhydrazone 28 
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by refluxing with tosylhydrazide in ethanol. The tosylhydrazone 28 was treated 

with BuLi in diglyme for 4 h at 60°C to give the desired triene ~. 

~o /,NNHTs 

NH2NHTs 

Ethanol 

27 28 

nBuLi 

Digl)mle 

28 4 

The major products obtained in the alkylation of cis-1,4-dichloro-2-butene, 

diethyl cyclopent-3-ene-1, 1-dicarboxylate ( 5) and diethyl 2-vinylcyclopropane-1, 1-

dicarboxylate ( 6) were reportedly isolated by vacuum distillation in 67% yield. In 

investigating the uncharacterized product, the residue from the vacuum distillation 

was washed with heptane to obtain the crude tetraester. Column chromatography 

of the residue washing resulted in the isolation of two pure compounds, diethyl 

2,7-dicarboethoxy-octa 4-enedioate (7) and diethyl 2,7,7,12-tetracarboethoxy 

trideca-4,9-dienedioate (9). Characterization of these products reportedly 

suggested the presence of diethyl 1,9-dichloronona-2,8-diene-5,5-dicarboxylate (8), 

as the reaction intermediate. 



7 

COO Et 
COO Et 
COO Et 
COO Et 

Cl Cl 

8 

13 

(EtOOC)2CH CH(COOEt)2 

9 

The intermediate leads to the formation of the tetraester when it reacts 

with one equivalent of diethyl malonate dianion, while reaction with two 

equivalents affords the undesired hexaester (9). 



CHAPTER III 

RESULTS AND DISCUSSION 

Using the literature procedure1
•
2 for the synthesis of tetraethyl cis,cis-3,B

cyclodecadiene-1, 1,6,6-tetracarboxylate (1), the syntheses of similar molecules with 

other R groups was achieved. 

ROOC 

1 

Since the major challenge of this project was the improvement of the 

yield relative to cited references, other routes were developed to achieve this 

goal; other R groups (methyl, propyl, butyl, and pentyl) were substituted for the 

ethyl group (literature procedure), and the reaction in each case was investigated. 

Since the dipropyl malonate is not commercially available, it is generated by 

transesterification19 in the following manner: 

~ ~ p-TsOH 
ROCCH2COR + 2 R'OH 

w fr 
R'OCCH2COR' + 2 ROH f 

14 



15 

To prepare the analogous compound possessing a methyl ester groups, 

dimethyl malonate was used in place of diethyl malonate, whereas sodium 

methoxide was generated by slowly reacting hexane-washed sodium spheres with 

methanol. When the malonic ester was being added to the sodium methoxide, 

theresulting mixture began to separate into two phases (solid and liquid), making 

it difficult to add directly to the reaction flask. A heating tape was wrapped 

around the addition funnel to keep the solution more homogeneous. A small 

portion of methanol was added to dissolve the precipitate but this proved to be 

unsuccessful. It was then scooped out and placed directly into the main reaction 

flask containing cis-1,4-dichloro-2-butene, and the slow addition of the remaining 

portion was continued. 

To investigate if longer reaction time would improve the yield, three runs 

were attempted with refluxing times of 4.5 h, 15 h and 21 h respectively, but no 

significant change in yield was observed. 

The more volatile major products of the reaction [dimethyl cyclopent-3-

ene-1, 1-dicarboxylate (29 ), and dimethyl 2-vinylcyclopropane-l, 1-dicarboxylate (30)] 

were removed by vacuum distillation to give 44.2 g (0.240 mol, 59% yield) of the 

mixture. 

29 

Mo· 
Me02C C02Me 

31 
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Four other products were obtained: the tetraester 31, dimethyl 2,7-dicarboethoxy-

oct-4-enedioate ( 32 ), dime thy 12, 7, 7, 12-tetracarboethoxytrideca-4,9-dienedioate ( 33 ), 

and dimethyl 1,9-dichloronona-2,8-diene-5,5-dicarboxylate (34). Of these, the 

desired tetraester 31 was isolated by column chromatography in 1.2% yield. 

Product 34 is reportedly a reaction intermediate that leads to the formation of 

the tetraester 31 by reacting with dimethyl malonate dianion. However, reaction 

of 34 with two equivalents of the anion derived from dimethyl malonate would 

more likely result in formation of product 33. 

The tetraester yield of 1.2% (when R = methyl) indicates a 54% decrease 

in yield relative to the reported 2.6% (when R = ethyl). We then investigated 

the reaction further to see if increasing the size of the R group to n-propyl, and 

then using 1-propanol, a higher boiling point solvent than both methanol and 

ethanol, would induce more cyclization to the desired tetraester. In studying this 

reaction, dipropyl malonate (35) was first synthesized and characterized. The 

sodium spheres took a much longer time to react with 1-propanol, which indicates 

a decrease in reactivity of alkaline metals with longer chain alcohols. 

(NieOOC)2CH CH(COOMe)2 

33 

COO Me 
COO Me 
COO Me 
COO Me 

32 

Cl Cl 

34 
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The yield of 6.9% realized from this reaction confirmed the presumption 

that larger size R groups and increased temperature may infuence cyclization. 

Once again, a mixture of diesters [dipropyl cyclopent-3-ene-1,1-dicarboxylate (37), 

and dipropyl 2-vinylcyclopropane-1,1-dicarboxylate (38)] were separated from the 

reaction mixture by vacuum distillation to give 34.20 g (0.143 mol) of the low 

boiling products. 

2 CCI 
Cl 

2 

+ 

37 

35 36 

38 

The reaction was next attempted with butyl as the ester group on a 

smaller scale. Again, formation of sodium n-butoxide, the base in this case, from 

sodium spheres and n-butanol took much longer to form. Also, since this was a 

small scale reaction, the reactants were easily stirred by a magnetic stirrer instead 

of mechanical stirrer to avoid any interruption in stirring as had earlier been 

experienced. The removal of the major products by vacuum distillation was 

achieved without any difficulty. But an attempt to chromatograph the crude 
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portion of the distillation residue on a 100 - 200 mesh Florisil-packed column 

did not give the desired tetraester. The distilled product was subjected to thermal 

conductivity detector/Ge on a silicone-packed column at column temperature of 

212°C and detector temperature 255°C. However, none of the desired tetraester 

44 was detected. 

Other attempts to synthesize a tetraester from dibutyl malonate ( 43) and 

cis-1,4-dichloro-2-butene did not show cyclization to the desired tetraester - a 

problem, related perhaps to the size of the butyl groups or perhaps 

decomposition of one of the intermediate (at the higher reaction temperature). 

+ 

43 

45 46 

Another attempt at synthesizing a tetraester involved the use of dipentyl 

malonate (39) and cis-1,4-dichloro-2-butene (2) in the presence of sodium 

pentoxide, again, on a smaller scale. After a 36 h reflux, a slight modification of 

the procedure was made in removing the products. Since the 1-pentanol could not 

be completely removed on the rotary evaporator, initial distillation was performed 
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using an aspirator to reduce the pressure, and to be sure every trace of 1-

pentanol was removed. The vacuum distillation was next carried out using a 

sandbath as a heating source instead of a heating mantle. A 1.17 g sample of 

distillate, bp 80 - 84°C was eventually collected which was identified by NMR as 

1-pentanol. 

2Cc1 
Cl 

2 

+ 
/C02C5H11 

2 CH2 
"-co2C5Hu 

39 

4 NaOC5Hu I C5H110H 
~ 

40 

Since the expected diesters [dipentyl cyclopent-3-ene-1,1-dicarboxylate (41), and 

dipentyl 2-vinylcyclopropane-1, 1-dicarboxylate ( 42)] were not recovered by this 

vacuum distillation, we went ahead and chromatographed the crude reaction 

mixture, this time changing the ratio of ether-hexane solvent used for elution to 

achieve a steady increase in polarity. 

The fractions collected were studied by thin layer chromatography using 
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ethyl acetate, acetonitrile, and methanol as media to find how the components 

separate relative to the reaction solvent, 1-pentanol. Some of the fractions were 

combined based on the TLC result, but further analysis showed that neither the 

diesters 41 & 42 nor the tetraester 40 could be identified. 

41 42 

Finally ethyl acetate, acetonitrile, and methanol were run through the column to 

elute any and all components that might be left in the column. Analysis of these 

fractions, again, did not show the formation of the desired compounds. 

An effort was made to determine quantitative yields of the major products 

in these experiments, i.e., yields of dialkyl cyclopent-3-ene-1, 1-dicarboxylate and 

dialkyl 2-vinylcyclopropane-1, 1-dicarboxylate. To achieve this goal, diethyl 

cyclopent-3-ene-1,1-dicarboxylate (5) was hydrolyzed and subsequently esterified 

with methanol to yield the known ester. Diethyl cyclopent-3-ene-1,1-dicarboxylate 

(5) was first converted to the corresponding diacid7 by treating with potassium 

hydroxide in the presence of ethanol and water. 

~COiEt 
L_j ---COiEt 

KOH/ EtOH, H30 
~COOH 

L_j"COOH 

5 

SOC}i 0 
' 

~COCI 

ll_J""'-COCI 

47 

11 

MeOH/o 
N 

29 
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The product was further treated with thionyl chloride to give the acid chloride20
, 

which was subsequently treated with methanol in pyridine to afford the desired 

diester 29. 

Also, small scale reactions involving each of the dialkyl malonates were 

set up to obtain a crude reaction mixture for GC/MS and 1H NMR analysis of 

the products obtained in each case. We were able to determine the 1H NMR and 

GC/MS ratios of dialkyl 2-vinyl cyclpropane-1, 1-dicarboxylate to dialkyl cyclopent-

3-ene-1, 1-dicarboxylate as shown on Table I. It was interesting to note that the 

cyclopentenyl diester to vinylcyclopropane diester ratio increased as the size of 

R increased. This trend was also observed in the total reaction yields shown on 

Table II. 

As R increased from methyl to n-butyl, the yield of the cyclopentenyl 

diester product increased. The biggest increase was observed with a butyl group 

for which 88% of the product was cyclopentenyl diester, while only 10% of the 

product was cyclopropane diester. This may very well be the preferred synthetic 

route to dibutyl cyclopent-3-ene-1,1-dicarboxylate. As the size of the R group 

increased, the temperature of the reaction increased because the alcohol solvent 

boiled at a higher temperature. Perhaps, the preference for the cyclopentene 

product comes from a vinyl cyclopropane to cyclopentene21 rearrangement instead 

of a preference for alkylation sites, but the temperature (118°C) is less than that 

reported22 for the diester, diethyl cyclopent-3-ene-1, 1-dicarboxylate. 

We also note that the NMR numbers and the GC/MS numbers agree, so little 

rearrangement occurred in the GC injection port (245°C). 
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41 42 

The reaction was also performed using dipentyl malonate, but no reaction 

products were isolated and it was not repeated. 
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TABLE I CYCLOPROPYL AND CYCLOPENTENYL DIESTER RATIOS 

R 

NMR GC/MS 

Me 1/0.85 1/0.87 

Et 1/1.3 1/1.3 

n-Pr 1/4 1/3.4 

n-Bu 1/8 1/10 

TABLE II TOTAL REACTION YIELDS(%) 

R 

Me 1.2 32 27 

Et 2.6 39 52 

n-Pr 6.9 18 71 

n-Bu 10 88 

----------------------------------------------------------------------------------------------------------------
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SCHEME V OVERALL REACTION MECHANISM 

CCI 

Cl 
+ 

-



CHAPTER IV 

CONCLUSIONS 

The synthesis of tetraalkylcis, cis-3,8-cyclodecadiene- l, 1,6,6-tetracarboxylates 

(1) was achieved using the literature method when the alkyl groups were methyl, 

ethyl, and propyl. The yields were 1.2, 2.6, and 6.9% respectively. It was 

interesting that no tetraester was observed in the butyl case. As expected, the 

major products in all cases were identified to be dialkyl cyclopent-3-ene-1,1-

dicarboxylate or dialkyl 2-vinylcylopropane-1, 1-dicarboxylate. 

Repeated attempts were made to synthesize the tetraester with butyl and 

pentyl R groups but were not successful. In the pentyl case, the reactions were 

very very slow. The condensation of dialkyl malonates and cis-1,4-dichloro-2-

butene to give the desired tetraester is limited to methyl, ethyl and propyl as R 

groups. While the highest yield for the tetraester was obtained with propyl ester, 

it was observed that the butyl ester reaction greatly favored the formation of 

cyclopentenyl diester and no tetraester was isolated. 

The yield of the major product, dialkyl cyclopent-3-ene-1,1-dicarboxylate 

increased with increasing R group, suggesting that the size of the R group and 

temperature favor cyclization to the cyclopentenyl diesters. However, this may 

also be the result of the dialkyl vinyl cyclopropane product rearranging to the 

25 
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cyclopentene product under the reaction conditions.21 It was, however, reported 

that the rearrangement with R = ethyl required higher temperatures,22 and our 

analytical GC results (injector temp 245°C) agreed with the NMR results. 



CHAPTER V 

EXPERIMENTAL 

Dimethyl malonate, diethyl malonate, and cis-1,4-dichloro-2-butene were 

purchased from Aldrich. However, dipropyl malonate, dibutyl malonate, and 

dipentyl malonate had to be synthesized. Melting points were taken on a Fischer

Johns melting point apparatus. The infrared spectra were taken on a Perkin

Elmer 1310 Infrared Spectrophotometer or a Matson-Genesis FTIR, while the 

NMR spectra were taken on a Varian VXR-300 Instrument. Both 1H-NMR and 

13C-NMR were run in deuterated chloroform, with TMS internal standard. 

Dipropyl malonate: Into a 250 mL two-necked round bottom flask was placed 

74.2 g (1.24 mol) 1-propanol, 86.1 g (0.538 mol) of diethyl malonate, and 1 g of 

p-toluenesulfonic acid as catalyst. The flask was then attached to an all-glass 

fractionating column (Vigreux type) fitted with a condenser and a receiving flask 

at the other end. The solution was heated using a heating mantle, and refluxed 

under nitrogen for 13 h. At that point, a total of 39.39 g (0.856 mol) of ethanol 

had been collected. 

To isolate the dipropyl malonate, another apparatus was set up involving 

a 250 ml round bottomed flask fitted with a thermometer adapter, a water 

27 
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condenser, and a receiving flask under vacuum. By the end of the distillation, 

91.40 g (0.486 mole, 90%, bp 93 - 97°C, 1.0 mm Hg) of dipropyl malonate23 had 

been collected. 1H-NMR(CDC13): o 4.1(4H, t, -OCH2), 3.4(2H, s, CH2), 1.65{4H, 

m, CH2), 0.9(6H, t, CH3); 
13C-NMR: o 166.5, 66.8, 41.5, 21.7, 10.1. 

Dibutyl Malonate: A 250 mL two-necked round bottom flask was charged with 

77.89 g {l.05 mol) 1-butanol, 80.10 g (0.500 mol) diethyl malonate, and 1.02 g of 

p-toluenesulfonic acid. The reaction flask, fitted with an all-glass (Vigreux type) 

fractionating column was set up with a condenser and the mixture was refluxed 

under nitrogen gas for 15 h during which 22.30 g of ethanol was distilled off. 

Vacuum distillation apparatus was then set up to distill the desired ester. 

The first fraction collected [24.01 g , bp range 75 - 98°C] was discarded as an 

ethanol-propanol mixture, and a second fraction, 83.05 g, bp 160 - 168°C, was 

shown to contain some unresolved impurities as determined by 1H-NMR 

characterization. This second portion was redistilled to give 65.72 g (61%) of 

distillate which still showed ethyl groups by 1H NMR analysis. 

Since we concluded that the very first reaction may not have gone to 

completion, another attempt was made that involved addition of 13.20 g of 1-

butanol (20% of the distillate) to the distillate to further drive the reaction to the 

direction that produces more ethanol. The reaction mixture was refluxed for 12 

h to give 5.47 g of distillate, temperature range 65 - 75°C. The resulting mixture 

was again subjected to vacuum distillation to give 62.54 g, 58% yield of dibutyl 

malonate,23 bp 142 - 145°C. The structure was confirmed by 1H and 13C NMR. 
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1H-NMR(CDC13): o 4.2(4H, t, -OCH2), 3.4(2H, s, CH2), 1.65(4H, m, CH2), 

1.4(4H, m, CH2), 0.95(6H, t, CH3). 

Dipentyl malonate: Into a 250 mL two-necked round bottom flask was placed 

97.08 g (1.10 mol) 1-pentanol, 81.08 g (0.506 mol) diethyl malonate, and 1.034 

g p-toluenesulfonic acid as catalyst. The flask, fitted with an all-glass Vigreux

type fractionating column to which a condenser was attached. The mixture was 

put under a nitrogen atmosphere and subsequently heated with a heating mantle 

for 12 h. At the completion of the reaction, 39.47 g of ethanol had been 

collected. The reaction mixture was vacuum-distilled to give 110.85 g (89%, bp 

134 - 138°C, 1.0 mm Hg) of dipentyl malonate. 1H-NMR(CDC13): o 4.l5(4H, t, -

OCH2), 3.36(2H, m, CH2), 1.65(8H, m, CH2), 1.35(4H, m, CH2), 0.9(6H, t, CH3). 

13C-NMR: o 165.9, 64.8, 41.0, 27.6, 21.7, 13.3. 

Tetramethyl cir,cir-3,8-cyclodecadiene-1,1,6,6-tetracarboxylate: Into a 1 L three

neck round bottom flask fitted with a reflux condenser, a mechanical stirrer, and 

two addition funnels (one placed vertically on top of the other), was placed 33.3 

g (0.266 mol) of cis-1,4-dichloro-2-butene. Then 200 ml of methanol was placed 

in the lower funnel followed by slow addition of 12.6 g (0.548 mol) of hexane

washed sodium spheres. At the completion of this exothermic reaction, 42.6 g 

(0.322 mol) of dimethyl malonate was added to the sodium methoxide so formed 

over 5 min. The resulting reaction mixture (which was kept hot by heating tape 

to prevent precipitation) was then slowly added to the l,4-dichloro-2-:butene in 
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the flask over a 1 h period while heating the 1 L flask. The reaction mixture 

was allowed to reflux under nitrogen, with mechanical stirring for 18 h. The 

mixture was vacuum filtered to remove sodium chloride, and the solvent was 

removed from the filtrate with a rotary evaporator, leaving a crude yellow oil in 

the flask. 

The crude mixture was then vacuum-distilled leading to the collection of 

a clear distillate, ( 44.2 g) which contained the more volatile major products 

identified as dimethyl cyclopent-3-ene-1, 1-dicarboxylate, and dimethyl 2-

vinylcyclopropane-1, 1-dicarboxylate. After distilling, the residue was further 

subjected to a (lx30cm) Florisil (100-200 mesh) column packed in hexane and 

eluted with increasing amounts of ether /hexane. The fraction eluted with 2/3 

ether/hexane gave 60 mg (1.2%) of crystals mp 180 - 183°C, which was identified 

as the desired tetramethyl cyclodecadienetetracarboxylate. 

CHARACTERIZATION: IR: 1710(C=O), 1660(C=C)cm-1
; 

1H-NMR(CDC13): o 

5.2(4H, m, -CH=CH-), 3.7(12H, s, -OCH3), 2.7(8H, m, CH2); 
13C-NMR: o 171.0, 

127.5, 56.7, 52.7, 30.1. 

Tetrapropyl ru,cis-3,8-cyclodecadiene-1,1,6,6-tetracarboxylate: A 1 L three-neck 

round bottom flask fitted with a reflux condenser, and two addition funnels 

vertically connected together, was set up with a mechanical stirrer in place. Into 

this flask, was placed 33.3 g (0.266 mol) of cis-1,4-dichloro-2-butene. Sodium 

propoxide was generated in the lower addition funnel by the addition of 12.6 g 

(0.548 mol) of hexane-washed sodium spheres to 200 ml of 1-propanol to which 
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42.6 g (0.226 mol) of dipropyl malonate was added over a period of 5 min. The 

resulting solution, kept hot by a heating tape, was slowly added to cis-l,4-

dichloro-2-butene in the flask over a 1 h period. The mixture was left to reflux 

overnight while maintaining the temperature at 95 to 100°C. After cooling the 

reaction mixture to room temperature, it was vacuum-filtered, and concentrated 

to a light yellow viscous oil. The oil was vacuum-distilled to a brownish residue, 

from which 34.20 g of clear distillate was collected. This distillate was again 

identified as a mixture of the relatively more volatile major products; dipropyl 

cyclopent-3-ene-1, 1-dicarboxylate, and dipropyl 2-vinylcyclopropane- l, 1-

dicarboxylate The residue was chromatographed on a Florisil {100-200 mesh) 

column packed in hexane and eluted with ether-hexane in increasing order of 

polarity to give 2.19 g(4.56 mmol, 6.85%) of the tetraester crystals, which was 

recrystallized using hexane; melting point recorded at 68 - 72°C. 

CHARACTERIZATION: IR: 1738(C=O); H-NMR(CDC13): o 5.25(4H, m -' 

CH=CH-), 2.4(8H, m, CH2), 1.6(8H, CH2), 0.9(12H, t, CH3); 
13C-NMR:o 171.0, 

127.7, 56.8, 52.8, 30.2. 

Attempted Synthesis oITetrabutyl cis,cis-3,8-cyclodecadiene-1,1,6,6-tetracarboxylate: 

Into a 250 mL three neck round bottom flask fitted with a reflux condenser, and 

two addition funnel vertically connected together was placed 5.72 g (0.0462 mol) 

of cis-1,4-dichloro-2-butene. Sodium butoxide was generated in the lower addition 

funnel by slowing dissolving 2.18 g (0.0948 mol) of sodium spheres (pre-washed 

in hexane) in 60 mL of 1-butanol. To this solution was added 10.02 g (0.0463 
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mol) of dibutyl malonate over a 5 min period. The resulting malonate salt was 

slowly added to cis-1,4-dichloro-2-butene in the flask over a period of 1 h. The 

mixture was allowed to reflux for 28 h under mechanical stirring while 

maintaining a temperature of 115 to 120°C. Filtration and solvent removal netted 

13.13 g of crude oil from which 1.74 g was kept aside for GC/MS analysis. 

Vacuum distillation of the remaining crude sample afforded 8.40 g of the 

mixture of the major products. The residue left after vacuum distillation was 

again chromatographed on a (100 - 200 mesh) hexane-packed Florisil column and 

eluted in increasing proportions of ether /hexane. Attempts to crystallize the 

fractions did not produce the desired cystals, and the 1H NMR did not show signs 

of the desired tetraester. 

Attempted Synthesis of Tetrapentyl cis,cis-3,8-cyclodecadiene-1,1,6,6-

tetracarboxylate: Into a 1 L three-neck round bottom flask fitted with a reflux 

condenser, and two addition funnels was placed 33.30 g (0.266 mol) of cis-1,4-

dichloro-2-butene. Sodium pentoxide was made in the lower addition funnel by 

slowing dissolving 12.6 g (0.548 mol) of hexane-washed sodium spheres in 250 mL 

of n-amyl alcohol (1-pentanol). Reactivity of sodium metal with the primary 

alcohols used so far was observed to decrease with increasing chain length (from 

methyl to n-pentyl alcohol). 42.6 g (0.174 mol) of dipentyl malonate was slowly 

added to the sodium pentoxide over 5 min, and the resulting solution was added 

to the reaction flask containing cis-1,4-dichloro-2-butene over a 1 h period. The 

solution in the addition funnel was kept hot by a heating tape to prevent 
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precipitation. The mixture was left to reflux for 36 h with mechanical stirring. 

The reaction mixture was vacuum-filtered and concentrated on a rotary 

evaporator. Vacuum distillation of the resulting crude filtrate, using a sand bath 

yielded 7.32 g (85 - 90°C @ 1 mm Hg) of distillate which was identified by 1H

NMR characterization as 1-pentanol. After several distillation attempts, none of 

the expected major products were obtained. The entire residue was 

chromatographed on a 100 - 200 mesh Florosil column followed by TLC of the 

fractions in ethyl acetate, acetonitrile, and in methanol, but no crystals were 

recovered, and the 1H NMR showed no signs of the desired tetraester. 

R 

Me 

Et 

n-Pr 

n-Bu 

n-Pent 

TABLE III TETRAESTER YIELDS 

RXN TEMP(°C) 

65 

79 

96 

118 

136 

TETRAESTER YIELDS(%) 

1.2 

2.6 

6.9 

---------------------------------------------------------------------------------------------------------------

From the Table above, it is obvious that as you increase the size of the 
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R group of the malonate ester from methyl to ethyl, and to propyl, with 

increasing boiling point, the yield increased from 1.2 to 2.6, and then to 6.9%. 

But as we switch from propyl to pentyl, for example, in making the sodium 

alkoxide, the reaction was observed to be slower. The sodium was much less 

reactive in 1-pentanol thus, confirming the fact that primary alcohols tends to be 

less reactive as the chain gets longer. It is appropriate to conclude as this point 

that the systems that favor cyclization to the desired tetraester are limited to 

methyl, ethyl, and propyl esters. 

In another attempt to obtain some quantitative numbers on the two major 

products [cyclopentyl and vinylcyclopropyl esters], small scale reactions to quantify 

1: 1 adducts were performed as follows: 

Reaction of Dimethyl malonate with cil-1,4-dichloro-2-butene: A 100 mL three

neck round bottom flask charged with 4.807 g (0.0384 mol) of cil-1,4-dichloro-2-

butene was fitted with a reflux condenser and two vertically connected 60 ml 

addition funnels. 1.811 g (0.0787 mol) of sodium spheres was slowly dissolved in 

30 mL of methanol to form sodium methoxide which was then added to 5.085 

g (0.0385 mol) of dimethyl malonate in the lower addition funnel over 5 min. 

The resulting solution was added to the reaction flask containing cil-1,4-dichloro-

2-butene over a 1 h period. After refluxing for 21 h under nitrogen and magnetic 

stirring, the reaction mixture was vacuum-filtered. Solvent removal on a rotary 

evaporator afforded 7.007 g of light-yellow residue. 

In analyzing the residue on the HP GC-MS, 2 µL of the crude mixture 
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in 2 mL of hexane was injected at a GC setting of 65°C (initial column 

temperature), with 5°C/min increase to 250°C, (final column temperature), to 

afford a 1/0.87 ratio of dimethyl 2-vinylcyclopropane-1,1-dicarboxylate (30) to 

dimethyl cyclopent-3-ene-1,1-dicarboxylate (29), as compared to a 1/0.85 ratio 

determined via 1H NMR analysis]. 1H NMR analysis of the crude reaction 

product indicated the presence 0.84 g ( 6.4 mMol) of the starting material, 

dimethyl malonate; 1.86 g (10.11 mMol, 31.5%) of the product 30; and 1.58 g 

(8.6 mMol, 26.8%) of 29. 

Reaction of Diethyl malonate with cli-1,4-dichloro-2-butene: A 100 mL three-neck 

round bottom flask charged with 3.92 g (0.0314 mol) cis-1,4-dichloro-2-butene was 

fitted with a water condenser, magnetic stirring bar, and put under nitrogen. One 

of the side arms was also fitted with two addition funnels linked vertically. 

Sodium ethoxide was prepared in the lower addition funnel by reacting 1.5 g 

(0.0652 mol) of hexane-washed sodium spheres with 35 mL ethanol, and 5.12 g 

(0.0320 mol) of diethyl malonate was added from the upper addition funnel over 

5 min. The resulting mixture was added to the reaction flask over 1 h while 

stirring. Refluxing was stopped after 28 h, and the mixture subjected to vacuum

filtration and concentrated on a rotary evaporator to give 6.66 g of the yellow 

oily residue which was analyzed on the GC-MS to afford a 1/1.3 ratio of diethyl 

2-vinyl cyclopropane-1, 1-dicarboxylate ( 6) to diethyl cyclopent-3-ene-1, 1-

dicarboxylate (5). 1H NMR showed the same ratio, and 1H NMR analysis of the 

crude reaction product indicated the presence of 39% of diethyl 2-vinyl 
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cyclopropane-1,1-dicarboxylate (6), and 52% of diethyl cyclopent-3-ene-1,1-

dicarboxylate (5). 

Reaction of Dipropyl malonate with cis'-1,4-dichloro-2-butene: Into a 100 mL three 

-neck round bottom flask was placed 3.35 g (0.0268 mol) of cis'-1,4-dichloro-2-

butene. The flask was fitted with a reflux condenser, and two 60 mL addition 

funnels vertically connected. Sodium propoxide was generated in the lower 

addition funnel by slowly reacting 1.30 g (0.0565 mol) of hexane-washed sodium 

spheres with 25.12 mL of 1-propanol, and to which 5.08 g (0.027 mol) dipropyl 

malonate was added from the top addtion funnel over 5 min. The reaction 

mixture was then added to the flask containing the dichloro compound over 1 h 

while stirring over a magnetic stirring bar. After a 36 h reflux under nitrogen, 

reaction mixture was vacuum-filtered and concentrated on a rotary evaporator to 

give 5.45 g of light yellow crude mixture which was subjected to GC-MS analysis 

under the same conditions as above. This afforded a 1/3.4 ratio of dipropyl 2-

vinyl cyclopropane-1, 1-dicarboxylate (38) to dipropyl cyclopent-3-ene-1, 1-

dicarboxylate (37) (versus a 1/4 ratio determination by 1H NMR analysis). The 

1H NMR analysis indicated the presence of 2.015 g (10.72 mMol) of dipropyl 

malonate (35), 0.68 g (2.83 mMol, 17.6%) of 38, and 2.76 g (11.5 mMol, 71.5%) 

of the product 37. 

Cyclopent-3-ene-1,1-diacid: Into a 25 mL round bottom flask, was placed 5.030 

g (0.0237 mol) of diethyl cyclopent-3-ene-1,1-dicarboxylate, 5.094 g (0.091 mol) 
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of potassium hydroxide, 1.85 mL of ethanol and 4.7 mL of water. The mixture 

was allowed to reflux for 4.5 h after which it was cooled and extracted three 

times with 10 mL portions of ether. The aqueous solution was saturated with 

sodium chloride and acidified with 6 M hydrochloric acid. The product was 

subsequently extracted with 3 more 10 mL-portions of ether. The combined 

extracts were dried over anhydrous magnesium sulfate, and solvent removed on 

a rotary evaporator to give 1.82 g (0.012 mol, 49% yield, mp 165 - 168°C) of the 

diacid. IR: 1704(C=O)cm-1
. 

Cyclopent-3-ene-1,1-diacid chloride: A 25 mL round bottom flask was charged 

with 96.1 mg (0.616 mMol) of the diacid synthesized above and 883 mg (7.42 

mMol) of the thionyl chloride. The mixture was stirred at room temperature for 

12 h after which an IR indicated that the reaction was not complete. About 1 mL 

of benzene was then added to the reaction mixture and warmed up slightly while 

it refluxed for 7 h. The product was concentrated on a rotary evaporator to give 

63 mg (0.326 mMol, 53%) of the acid chloride 17. IR: 1834(C=O)cm-1
. 

Dimethyl cyclopent-3-ene-1,1-dicarboxylate: Into a 25 mL round bottom flask was 

placed (60 mg, 0.311 mMol) of the acid chloride 17, 15 µL of pyridine and 1 

mL of methanol. The reaction mixture was stirred at room temperature for 12 

h. The resulting crude diester was identified with IR. IR: 1729(C=O)cm-1
• 
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