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INTRODUCTION 

Over the past decade a vast amount of work has appeared 

on the synthesis and reactions of highly unsaturated seven-

membered ring compounds. This work has led to a completely 

new type of chemistry, and to new aromatic and pseudoaromatic 

ring systems. Although similarly Interesting and unusual 

unsaturated flve-membered ring compounds might be imagined, 

little synthetic work has so far appeared. The purpose of 

this work is to describe the synthesis and reactions of cyclo-

pentene—3,5-dlone I. This molecule has, for theoretical 

reasons, a great deal of interest In its own right and also 

might serve as a suitable starting material for the prepara

tion of other molecules of theoretical and practical impor

tance . 

Cyclopentene-3,5-dione can be considered a potentially 

useful compound for a number of reasons. First, the only 

stable, completely unsaturated cyclopentane compounds known 

are those which are substituted with electron-donating groups 

(•L-SL-, dlazo-cyclopentadlene II,1 and trlphenylphosnhonlum 

cyclopentadlenyllde III ). These compounds have so far not 

proven amenable to further synthetic utilization. Secondly, 

-*-Vv. von E. Doerlne and C. H. DePuv. J. Am. Chem. Soc • . 
7 5 ,  5 9 5 5  ( 1 9 5 3 )  -  -  —  

2 f. Ramirez and S .  Levy, J .  A m .  Chem. S o c . .  7 9 ,  6 7  ( 1 9 5 7 )  
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I I HI 
monosubstituted cyclopentadienes are susceptible to dimeriza-

tion and thirdly, the mobility of the protons in a cyclo-

pentadiene ring makes the isolation of the pure isomer dif

ficult These considerations led us to the synthesis of 

the dione, which contains neither an intact cyclopentadiene 

ring, nor a completely unsaturated ring but which, because it 

contains three different kinds of functional groups, and be

cause all of its carbon atoms are potentially reactive, should 

prove to be an ideal starting material for syntheses in this 

field. 

In addition to cyclopentene-3,5-dlone's interest as a 

synthetic intermediate, it presents the opportunity for in

vestigation of certain problems of theoretical interest. 

These problems arise primarily because of the relationship 

it bears to cyclopentadienone IV. In its enol form, cyclo-

pentene-3,5-dione would be a hydroxy-cyclopentadienone V. 

. Rosenblum, J. Am. Chem. Soc.. , 79, 3179 ( 1957) 

^R. J. Day, Dissertation Abst.. 19, 39 (1950) 
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Cyclopentadienone itself has never been isolated. The 

electron-withdrawing effect of the carbonyl oxygen reduces 

the number of electrons to fewer than the 6IT electrons 

necessary for aromatic character. This matter will be dis

cussed in more detail in the sequel. 
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HISTORICAL 

For the past seventy years very little work has been done 

on the preparation and reactions of cyclopentendlones. A 

literature survey reveals that what little has been done has 

been on halogen, alkyl, and sryl substituted enediones. More 

information is available on the formally similar indandiones, 

but the presence of the aromatic ring obscures the picture a 

great deal. 

Wolff,® in 1896, claimed the isolation of 4,4-dibromo 

VII, and l,4-dibromocyclopentene-3,5-diones VIII. The former 

was claimed from the treatment of 3,5-dlbromolevulinic acid 

VI with fuming sulfuric acid and the latter by treatment of 

this same compound with concentrated sulfuric acid. However, 

work performed in this laboratory® has shown that although 

the elemental analysis is satisfactory, a more favorable 

structure can be formulated. Infrared analysis shows that 

both compounds are probably unsaturated lactones instead of 

ketonic structures. 

^L. Wolff and F. Rueel, Ann. Chem. . Llebjgs. P 9 4 .  1 8 3  
( 1 8 9 6 )  

®C. H. DePuy, P. R. Wells and R. Thurn, Ames, Iowa. 
Bromination of cyclopentene-3, 5-dlone. Private communication. 
1 9  5 9  
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In 1898, Zincke synthesized 1,2-dichlorocyclopentene-

3,5-dlone X by the tln-hydrochlorlc acid reduction of amines 

obtained from the reaction of ammonia with hexachloro-P-
g 

cyclopentenone. McBee prepared the seme compound by another 

method (vide infra). 
g 

Henle, in 1907, prepared tetrabromocyclopentene-3,5-

dlone XII by treating -3,3,5-tribromocyclopentantrlone with 

phosphorous pentabromide in benzene. The tetrabromodione 

was obtained es yellow prisms (m.p. 14P-1430). The same 

tetrabromo compound XII was prepared by others.10,11 

^Th. Zincke and A. Rohde, Ann. Çhem., Ljeblgs. 299. 1317 
(1896) 

®E. T. McBee, C. W. Roberts ?nd K. Dinsbergs, J. Am. 
Chem. Soc.. 78, 489 (1955) 

^Franz Henle, Ann. Çhem., Ll&blgs. 35?. 45 (1907) 

1®C. L. Jackson and H. A. Flint, Ajn. Chem. J., 43, 135 
(1910) 

l^Th. Zincke and Emmy Velshaunt, Ann. Chem.. Lleblgs. 
437. 86 (1994) 
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Otto Dlels^ obtained 1,2-dlbromocyclopentene-3,5-dione 

<Y^H,c°2Et>2 

02Et Br/̂ v^C°2H 

product with bromine In chloroform; he converted It into the 

known tetrabromo derivative XII, thus supporting the struc

ture of this compound. 

The most reliable work on halocyclopentene-3,5-dlones 
13 appears to be that published by McBee wherein 1,2-dlchloro 

X, 1,2,4,4-tetrachloro XI, 1,2,4,4-tetrabromo XII, and 

1-chloro—2-bromocyclopentene-3,5-diones XIII were formed by 

the following series of reactions. The starting material, 

1,2,3,3,5,5-hexachloro-4-(dichloromethylene)-cyclopentene 

was prepared by heating a mixture of hexachloropropene and 

hexachlorocyclopentadiene at a pot temperature of 218° C 

l^Otto Diels and Kertln Reinbeck, Cherr.. Ber. . 43, 129 
(1910) 

T. McBee, C. W. Roberts and K. Dinsbergs, J. Am. 
Chem. Soc-, 78, 489 (1956) 

T. McBee, K. E. Ungnade, H. Rakoff and K. Dins
bergs, J. Cherr.. Soc.. , 77, 4379 (1955) 
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and distilling the formed tetrachlorethylene to drive the 

reaction toward completion. 

Most of the other reported work has been accomplished 

on phenylated cyclopentene—3, 5-diones. Lampe,In 1913, by 

reacting clnnamoyl chloride with dlethylmalonate in the 

presence of an ethereal solution of metallic sodium produced 

compound XIV as the major product and compound XV as s by

product . 

OCH=CH§ 
CCLEt CO. Et 

16 
Paul Ruggli obtained 1,4-diphenylcyclopentene-3,5-dione 

by the hydration of 2,4-dlphenyl-5-hydroxy-cyclopentane-1,3-

dlone, which was obtained by the reduction of 3,5-dlphenyl-

cyclopentantrione over Ralney Ni in alcohol. 
17 

Allen synthesized 1,?,4-trlphenylcyclopentene-3,5 

alone se yellow plates ( m.p. 166°) in a 3?.% yield by the 

l^V. L?nroe and J. Mllobedzk?, Chem. 3er., 46, 2235 
(1913) 

l^Psul Rugp-li and Julius Schmldlln , He 1 v. Çhlm. Ac ta . 
27, 499 (1924) 

17C. F. H. Allen, E. E. Msssey and R. V. V. Nichols, 
J. Am. Cherr.. Soç. , 59, 679 ( 1937) 
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enollzation and properties of this compound. He observed no 

co<§ 
NaOCH-,, HO Ac „ -or f 

CH,OH 

reaction with bromine in chloroform and also reported that 

the compound dissolved In aqueous bese, Indicating that the 

dione wss an acid - Acidification regenerated the dione. 

From these and other observations, Koelsch concluded that 

compounds containing this nucleus anpeer to be close to 100# 

ketonlc• 

Celythrone XVI was first isolated from Calvthrlx tetra-
19 gona by Penfold In 1940. Its structure vas elucidated by 

Blrch^ in 1951 as being a ̂ -triketone of structure XVI, 

containing a cyclopentene-3 , 5-dlone nucleus . 

. F. Koelsch and Stanley Wawzonek, J. Org. Chem., 
6, 584 (1941) 

1®A. R. Penf old and J. L. Simonsen, J. Chem. Soç., 
412 (1940) 

^Anthur J. Birch, J. Chem. Soç., 3025 (1951) 
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QH3l(V)"COC H2c H(C % 

ZEE 

Due to the formal similarity that exists between indane-

1.3-dlone and cyclopentene-3,5-dione, some of the reactions 
pi 

of the former deserve mention. Wisllcenus, in 1888, found 

that indane-l,3-dlone on bromination in acetic acid medium 

produced 2,2-dlbromolndane-1,3-dlone. He also synthesized 

the 2-oximino compound by nltrosation with sodium nitrite 

and sulfuric acid. On he?.ting the dione with benzaldehyde 
o 2? 

at 120 , Wielicenus isolated 2-benzylldene-indane-l,3-dione. 

On treatment with phenylhydrazine a retroeldol was observed, 

the phenylhydrazones of indane-l,3-dione and benzeldehyde 

being the major products. Similar products were obtained 

with other aldehydes, but no apparent reaction was observed 

with ketones. 

Even less work has been carried out with cyclopentene-
23 

3.4-diones. Wan z lick reported the synthesis of the parent 

2^W. Wis 11 cenus , Ann. Cherr,. . Lleblgs. 245 . 34? (1S86) 

22W. Wis11cenus, Ann. Chem.. Lleblgs. 252. 72 (1859) 

. V,r. Wanzllck and W. Sue row, Cherr.. Ber. . 91. 2727 
(19 58) 
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compound In very poor yields (1.1#) by a selenium dioxide 
24 oxidation of cyclopent-2-enone. Dane, in 1937, synthesized 

2-methylcyclopentene-3,4-dlone by the oxidation of 2-methyl-

oylopentene-3-one with selenium dioxide. The yields were very 

much higher than with the unsubstltuted cyclopentenone. Al

most no work on the properties or reactions of these compounds 

has so far been published. 

^Elisabeth Dane, Josenh Schmitt and Curt Rautenstreuch, 
Ann. Chem.. Lleblgs. 53£, 29 (1937) 
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DISCUSSION 

Because we envisioned cyclopentene-3,5—dione es a useful 

synthetic intermediate, it was especially desirable thet the 

scheme for its preparation involve readily-available starting 

materials so that the preparation could be carried out on a 

moderately large scale. Starting materials available for the 

synthesis of any cyclopentane derivative are very limited in 

number, especially those containing more than a single func

tional group. Cyclopentadlene XVII, readily obtainable in 

the form of its easily cracked dlmer was, at the time of our 

initial experiments, the only dlfunctional cyclopentane 

derivative commercially available. Its availability and 

inexpensiveness made it a logical starting material. 

H H 

»°o° 

It had recently been shown that low temperature bromina-

tion of cyclopentadlene led to the formation, in 90% yield, 
25 of crystalline els—5 .5-dlbromocyclopentene. The els Isomer 

wps selected so that leter experiments would not be complicat

ive. G-. Young, H. K. Hall and S. W. ttinsteln, J. Ar. 
Cherr.. Soç. , 78, 4338 (1956) 
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ed by the presence of a mixture of dlasterlomers. Later work 

(vide infra) shows that the synthesis would have been success

ful with a mixture of els and trans isomers. The dlbromo 

compound was treated with a very reactive nucleophlle, 

pyridlne-N-oxide, to give the O-alkylpyridinium salt XVIII 

as shown in Eq. 1. The decomposition of O-alkylpyridlnium 
96 97 

salts to carbonyl compounds is a well known reaction" ' 

27 which has not found appreciable synthetic utility. Rollh 

obtained ]D-nitrobenzaldehyde in 53# yield by heating a 2 to 1 

26E_ Qchiai. M. Kotada and T. Naito, J. Pharm. Soc.. 
Japan. 64A. 210 (1944) 

27r# Rollh, Amine Oxides as Oxidizing Agents, Unpublis 
Ph.D. Thesis, Ames, Iowa, Library, Iowa State University of 
Science and lechnology, 1956 

Eq. 1 

I + 
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mixture of pyrldlne-N-oxlde end &-nltrobenzylbromlde et 135° 

for 9 hours. A mechanistically similar reaction, which has 

*5OH 

/=\ © /=, '—' y 
°2N\_/C H2Br + 0^>~* 02N^J) 

o v ^ — — r ® '  

°2NOCH0 + O 

found synthetic use, is that of dimethyl sulfoxide2® with 

halides to form aldehydes. 

Decomposition of XVIII with aqueous base led mainly to 

a red, presumably polymeric material from which, by continuous 

ether extraction, a small amount of white crystalline com

pound , m.p. 96-98° C, could be isolated. Infrared analysis 

(Figure 1 on page 3l) showed absorption maxima at 5.60/< and 

5.85/4 > snd analytical and molecular weight determinations 

suggested a formula C-j^HgOg. ^he compound was identified as 

the dlmer of eyelopentadienone XIX by comparison with an 

29 authentic sample prepared by the hydrolysis of the corre-

28^. Kornbluc, J. Yi". Powers, J. G-. Anderson, W. J. J ones, 
H. 0. Larson, C. Levand and W. X. Weaver, J. Am. Chem. Soc.. 
79, 6562 (1957) 

2°C. H. DeFuy end 5. W. Ponder, J. Am. Cherr.. Soc.. , 81, 
4629 (1959) 
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30 spending dloxime. 

The yields of dlmerlc ketone varied from zero to \Z% in 

a number of runs. One path for its formation is given in 

Eq. 2. An alternative p?th which might seem reasonable for 

/ 
XK 

8^0 + Ho0 

the formation of XIX is given in Eq. 3. This explanation was 

made unlikely by the observation thet no dlmerlc ketone could 

be isolated when the product from equlmoler quantities of 

dlbromide and pyridine-N-oxlde was reacted with b?se. 

TV 
Eq. -3 

30j . rhlele , Cherr.. 3er. , 33, 659 ( 1900) 
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We then turned to more conventional means of synthesizing 

I. The 3,5-dibromide was converted to the 3,5-diacetate with 
31 

tetraethylammonium acetate in dry acetone, conditions which 

minimize rearrangement of the dlbromlde, and the diacetate 
32 was hydrolyzed to cyclopentene-3,5-diol. Chromic acid 

oxidation of alcohols to carbonyl compounds is a well known 
33 34 reaction, ' end when the 3,5-dlol was oxidized with CrO^ 

in acetic acid, or acetone-sulfuric acid, cyclopentene-3,5-

dlone was obtained in yields of about 50%. After we had 
3 5 

developed this method of preparation of the 3,5-dlone, a 

synthetic mixture of cyclopentendlois became available commer-
36 

daily. The commercial product was a mixture of all pos

sible Isomers of cyclopentene-3,5 and 3,4-dlols. Vacuum dis

tillation of the mixture of diols through a spinning brush 

column of approximately twenty theoretical plates cleanly 

separated the 3,4- and 3,5-cyclopentendiols into two frac

tions, I, b.p. 70-90°/0.5 mm (n^® = 1.494), and II, b.p. 

L̂i. N. Owen and P. N. Smlth, J. Chem. Soc. . 4043 (1952) 

o. Schenck and D. E. Dunlap, Angew. Chem. . 63. 248 
( 19 55 ) 

. H. Westheimer, Chem. Ber.. 45, 419 (1949) 

A. '.va ter s, Quart. Rev. , 12, 277 (1958) 

35C. H. DeFuy and E. F. Zaveski, J. Am. Chem• Spç.. 79, 
39?. 3 (1957) 

"^Columbia-Southern Chemical Co., One Gateway Center, 
Pittsburg, Pa. 
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90-95°/0.5 mm (= 1.501). Fraction I was shown to con

tain greater than 95^ of the 3,4-dlol by e quantitative 

perlodate titration. By a similar titration fraction II was 

shown to contain less than of the 3,4-dlol. Oxldptlon of 

the 3,5-dlol (presumably a mixture of els and trans Isomers) 

gave the dione In yields comparable to those obtained by the 

oxidation of the pure els dlol. Thus, cyclopentene-3,5-dlone 

Is available In 40-50% yields from commercially available 

material• 

Cyclopentene-3,5-dlone Is an Interesting and unique com

pound. It Is of obvious synthetic utility as will be dis

cussed later. It Is also of theoretical Interest because of 

Its relationship to the hitherto unknown molecule cyclopenta-

dlenone IV. This dlenone Is presumably unstable for elec

tronic reasons. Cyclopentadlenone Is a completely-conjugated 

planar monocyclic polyolefln and Its unstablllty Is due to 

the fact that It does not obey the ( 4n+ 2,) tT-electron rule 

because the highly electronegative oxygen atom of the carbonyl 

group will have the tendency to withdraw electrons from the 

ring. This will then lead to a positively charged, completely 

unsaturated five-membered ring without the necessary 6 77"-

electrons needed for aromatic stability. In Its enol form, 

cyclopentene--3, 5-ulone would be a hydroxycyclonentadienone 

and hence would be of theoretical interest. 
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Cyclopentene-3,5-dlone Is a yellow, volatile solid melt

ing at 37-38° C and soluble in water and most organic solvents 

except hydrocarbons. The yellow color Is due to two low In

tensity bands et 312m/<(log£ 1.30) and 367m/<_ ( log£_ 1.30). 

The 3,5-dlone also exhibits a strong ebsorptlon maximum at 

222myt(log 6 4.16). The ultraviolet spectrum of the 3,5-

dlone Is shown In curve A on page 33. The Infrared spectrum 

(Figure l) on page 31 shows two peaks in the carbonyl region 

in chloroform solution, a strong absorption et 5.83y< and a 
37 slight one at 5.73/c . In the vapor phese there is a single 

peak at 5.82y< . 

A physical property of the dione of interest is the 

dissociation constant. An accurate determination of this 

constant has not been possible because of the rapid self-

condensation of the 3,5-dlone in bese.^® Nevertheless, 

37(a) R. N. Jones, "Techniques of Organic Chemistry", 
Vol. IX, New York, N.Y., Interscience Publishers, Inc.; (b) 
H. K. Hall, Jr. and R. Zblnden, J. Am. Chem.. Soc.. , 80, 6428 
(1958) 

38c. H. DePuy and F. R. Wells, J. Am. Chem. Soc. . fto 
ce published In 82, £a. I960] . 
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studies of the acidity of the 3,5-dlone In 0.1 N aqueous 

solution suggest an approximate pKa value of 6. This value 

represents the acidity constant of the 3,5-dlone In Its 

ketonlc form, because no detectable enol content appeared In 

the infrared or nuclei magnetic resonance spectra (vide 

Infra). A comparison of the pKa value of the 3,5-dlone with 

that of Its dlhydroderlvatlve, cyclopentane-1,3-dione, is 

Indeed of interest. The 1,3-dlone is completely enolic and 
39 

in its enolic form has a pKa of 4.5. If we assume 1% of 

dlketone at equilibrium, cyclopentane-1,3-dione -would have a 

pKa of 2.5. Hence, we see that the reduction of the double 

bond in I increases the Ka by three or four powers of ten. 

The lesser acidity of cyclopentendlone may be due In part at 

least to the fact that structures with the negative charge 

on oxygen (XXb.c) also contain a cyclopentadlenone ring. The 

instability of this ring may decrease the Importance of these 

structures and hence decrease the resonance stabilization of 

the dione. 

Cyclopentene-3,5—dione I is completely ketonlc ?s men

tioned above. It does not give a color with ferric chloride. 

Nuclear magnetic resonance studies with D^O and with D^O and 

DC 1 (0.6 N) on the 3,5-dlone showed that the rate of exchange 

was about the same in both cases. The absence of en 0-H band 

39 J _ H. Boothe, R. G-. Wilkinson, S. Kushner and J. H. 
Williams, J. Ar&. Chem. Soc,., 75, 1732 ( 1953) 
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on the isomer shows that very little or no enol is present at 

equilibrium. The deuterium exchange rate fails to increase 

In acid solution. Usually, the rate of deuteration Is faster 

when enollzation can occur. This does not necessarily pre

clude that under higher acid concentrations enollzation might 

occur, for acid catalyzed condensations (vide Infra) can be 

performed. This is tantamount to saying that there is an 

energy barrier that must be overcome in order for enollzation 

to occur. Further work on deuterium exchange in various 

deutero acid concentrations should give an approximate value 

of the energy needed to form the enol structure V. An esti-

20 
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mate of the half-life of the deuterium exchange reaction 

(7 minutes) can be obtained from the nmr spectrum. 

Chemically, cyclopentene-3,5-dlone Is extremely reactive 

under most conditions. Reactions at the methylene group are 

complicated by the fact that even In the presence of small 

amounts of base the 3,5-dlone Is more reactive with Itself 

than with other substances. In an attempt to alkylate the 

3,5-dlone with methyl Iodide and potassium tertiary butoxlde, 

an uncharacterizable residue was obtained which was Insoluble 

In organic solvents and which melted above 300°. Thus, In 

order to substantiate the course of reaction, the 3,5-dlone 

was allowed to react with various bases. In a dilute solu

tion of aqueous sodium hydroxide, a water soluble, enolic, 

tan product Is formed which analyzes correctly for C^H^Og-

2/3 HgO. The compound, however, Is Insoluble In organic sol

vents. Addition of a drop of plperldlne to a benzene solution 

of the 3,5-dlone results In the rapid precipitation of an 

enolic, water soluble product. From the observations, one 

might conclude thet the 3,5-dlone Is undergoing a Michael 

addition to give what Is probably a polymeric material. It 

is possible to conceive of two paths by which condensation 

might take place. One reasonable path A would be represented 

by the formation of anion XXI and the rapid Michael addition 

of this anion across the double bond leading to a polymer 

containing the cyclopentane-1,3-dione nucleus. Infrared data 
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Path A 

seems to support this mechanism. Another possible path B 

would be the formation of anion XXI, addition to the double 

and then hydrogen transfer. Ultraviolet analysis seems to 

Path B 
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support this path. The correct path of condensation has not 

been ascertained and may be a combination of paths. A more 

detailed discussion of this condensation, including possible 

kinetics, is given In a paper by C. H. DePuy.4® 

In aqueous acidic solutions, cyclopentene-3,5-dlone is 

a stable molecule and a Clalsen condensation has been observed 

with benzaldehyde In glacial acetic catalyzed by a few drops 

of concentrated sulfuric acid.4-'- The formation of the 

benzylldene derivative XXII presumably goes through an enol 

Intermediate, ̂ -hydroxycyclopentadlenone V, under these 

conditions. This Is tantamount to saying that under highly 

acidic conditions an equilibrium exists between the enol and 

ketone. The benzylldene compound was prepared In 2.2% yield 

by reacting cyclopentene-3,5-dlone with the preformed benzyl-

4 P  idene-bls-plperldene. However, when reactions were per

formed In which base was added to a mixture of benzaldehyde 

on the 3,5-dlone, only a negligible amount (5%) of the 

benzylldene compound was obtained. Its Infrared spectrum 

is given on page 31 (Figure l). Infrared data, as given in 

Table 1, show a similarity between lndane-1,3-dlo.ne and its 

40c. H. DePuy and F. R. Wells, J. Am. Chem. Soc. fTo 
be published In 82, ça. I960] . 

•^IVernon L. Bell and Norman H. Cromwell, J. Org. Çhem., 
23, 789 (1958) 

"^Nelson J. Leonard, John C. Little and A. Jerry Kresere, 
J. Am. Chem. Soc.. 79, 6436 (1957) 
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CH§ 

XXI 

C5H11N 

^CHO 

H2SO4 

HOAc 
§>CHO 

Table 1. Carbonyl frequencies of cyclopentene-3,5- and 
indane-1,3-dlones 

Compound <x> 

Indane-1,3-dlone 

2-Benzylldene-indane-l,3-dlone 

Cyclopentene-3,5-dlone 

4-Benzylidene-cyclopentene-3, 5-dlone 

5.71, 5.95 

5.76, 5.89 

5.73, 5.83 

5.73, 5.93 

2-benz.ylldene derivative and cyclopentene-3,5-dlone and its 

4-benzylldene compound. Its ultrpviolet spectrum ( curve B) 

on page 33 shows s similarity to that of the 3,5-dlone. 

Cyclopentene-3,5-dlone may be reduced to the known^^ 

cyclopentane-1,3-dlone in 4b% yield by zinc dust in acetic 

. H. Boo the, H. G-. Wilkinson, S. Kushner and J. H. 
Williams, J. Am. Chem. Soc.. 75. 173? (19 53) 
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acid. In order for this reaction to proceed, the 3,5-dlone 

must be added to a hot mixture of zinc and acid ; inverse 

addition gives exclusively a compound having the character

istics of that resulting from the reaction of the 3,5-dlone* 

and base. Catalytic reduction of the 3,5-dlone with Adams 

catalyst results in the uptake of approximately 2.7 molar 

equivalents of hydrogen without an appreciable break in the 

rate of hydrogen uptake. Less than 2% of eyelopentane-1,3-

dlone is formed, as measured by base titration of the product. 

Gas chromatography and infrared spectra indicate that cyclo-

pentanone and Q -hydroxyeyelopentanone are formed in roughly 

equal amounts. This was confirmed by the preparation and 

chromatography on alumina of the 2,4-dinltrophenylhydrazones 

(2,4 DNP) of the product. Cyclopentanone 2,4 DNP and cyclo-

pentenone 2,4 DNP (formed by dehydration of the Q-hydroxy-

cyclopentanone under experimental conditions) were isolated 

in about equal amounts. The apparent course of the hydro

génation is shown in Eq. 4. 

As would be expected, cyclopentene-3,5-dlone I is a 

very reactive dienophile- It reacts immediately and quanti

tatively with cyclopentadlene to form an adduct XXIII. Like 

eye1opentane-1,3—dione, the adduct is completely enolic-

Viith anthracene the reaction is slower. An adduct is formed 

in 90,% yield when equimolar amounts of the dione and anthra

cene are heated at reflux in benzene for four days. The 



www.manaraa.com

25 

+ H, Eq. 4 

Dlels-Alder reaction, thus, provides an excellent method for 

preparing a variety of substituted cyclopentane-l,3-dlones, 

which are otherwise difficult to obtain. 

+ 

EX 

The c-^rbonyl groups of cyclopentene-3,5-dlone ^ re ex

tremely reactive, and mono- and dlc^rbonyl derivatives are 

formed immediately. The following mono- snd/or diderlvstlves 
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have been prepared: oxlmes, phenylhydrazones, O-methyr

oxines ,  and £-toluenesulfonylhydrazones. In each case Infra

red spectral data, and analysis,  showed that addition had 

taken place to the carbonyl group and not to the double bond. 

We took advantage of the carbonyl reactivity and tried 

various base condensations with mono- and dl-O-methyloximes. 

In the attempted oxlmatlon of the monoderivatlve with n-butyl 

nitrite and sodium ethoxlde, the only product obtained was a 

brown solid, m.p.^ 230°, which could not be purified. Pre

sumably, some sort of self-condensation had occurred as with 

the original 3,5-dlone. To support this suggestion, the 

monoxime was allowed to react with base. Upon acidification, 

a polymeric residue similar to that obtained with butyl 

nitrite was obtained. The di-O-methyloxlme when treated with 

base and lsoamyl nitrite could be recovered quantitatively. 

One f inal reaction, or rather lack of reaction, needs 

to be considered. As mentioned previously, we prepared the 

monotosylhydrazone of the 3,5-dlone and attempted to prepare 

from It the vlnylogous diazoketone xxv by treatment with base, 

following the method of Cava et al .^ This diazoketone was 

of interest because of the possibility of its enolizlng to 

a derivative of dlazocyclopentadlene xxvi. Compound xxiv 

a salt with sodium hydroxide but was recovered unchanged even 

P. Cava, R. L, Little and D. R. Kapler, J.  Am. 
Chem. Soç..  80, 2257 (1958) 
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N=N 

HO N=N 

xxtv -xxm 
after prolonged boiling with aqueous sodium hydroxide. It  

appears probable that the added stability of the anion im

parted by the increased conjugation may make the reaction 

too slow. 

With the easy preparation of cyclopent-2-enone,4 5  we 

decided to attempt the synthesis of the 3,5-dlone by a dif

ferent method. Bromlnatlon of the ?-enone with N-bromosuc-

cinlmide in carbon tetrachloride gave the 4-bromocyclopent-

2-enone in 78.4# yield. This bromoderlvatlve is  very un-

46 stable and must be stored over Dry Ice to avoid decompo

sition .  Nevertheless,  the bromoderlvatlve could be converted 

to an acetoxycyclopentenone in good yields by treatment with 

4 7 silver acetate in refluxing glacial acetic acid. 

4 5C. H. DePuy and K. L. Ellers,  J.  Org. Chem. Flo be 
published in 27, ça 1950. 

46C. H. DePuy and X. Isaks, Ames, Iowa. Dehydrobromlna
tion of 4-bromocyclopentenone. Private communication. 1959 

4 7L. S. Cromble, Michael Elliot and Stanley H. Harder, 
J. Chem. Soc..  971 (1950) 
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Hydrolysis of the acetoxycompound and oxidation of the 

corresponding alcohol should yield the known cyclopentene-

3,5-dlone I.  However, no effective means of hydrolysis could 

>Ac 

be found. It  appears that isomeric acetoxyeyelopentenones 

were formed. Analysis by Gas Chromatography showed that three 

compounds were present with two being minor constituents of 

less than 5%. Elemental analysis was correct for C^HgOj; 

hence, one can assume that isomeric acetoxy compounds were 

present. The conversion of the bromoderlvatlve to the ace-

47 
toxyderlvative with silver acetate has been shown by others 

to proceed without rearrangement. Thus, from this we can 

assume that the major component of the mixture is  probably 

the 4-acetox}-cyclopent-2-enone. Ultraviolet spectrum and 

infrared spectrum indicate the possibility of an X -acetoxy-

cyclopentenone. The compound displays a maximum at 20?my< 

in the ultraviolet as compared to 21Smyt< for the unsubstltuted 

e n o n e .  I n f r a r e d  s n e c t r u m  s h o w s  a  c a r b o n y l  b a n d  a t  5 , 9 0 -

This is  a shift of about 0.05yt< which is  normal for o( -sub

stituted ketones. Further work on this compound and nmr 

studies definitely will  solve its structure. 
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spectra 

Ultraviolet absorption spectra were measured with Gary 

Model 14 recording spectrophotomer and the infrared spectra 

with Perkln-Elmer Infracord and Perkin-Elmer %odel 21 in

struments using sodium chloride prisms. 
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Figure 1.  Infrared spectra 
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Figure 2.  Ultraviolet spectra 

Curve A. Cyclopentene-3,5-dlone 

Curve B. 4-Benzylld ene-cyclopentene-3,5-dlone 
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EXPERIMENTAL* 

Cyclopentadlene 

The commercially available dlcyclopentadlene ( Eastman 

Technical Grade) was cracked by heating at 150-170°, and 

the monomer (b.p. 40°) distil led through a column packed with 

glass helices into a receiver placed in an Ice bath. The 

monomer was stored at 0° over anhydrous calcium chloride 

until  ready for use. Polymerization of monomer occurs fairly 

rapidly at room temperature, but it  could be kept at 0° for 

at least two weeks.4® 

Cis-3,5-dibromocyclopentene 

This dibromide was prepared by brominatlon of cyclo-

49 pentadlene following the procedure of Young al .  A solu

tion of 564 g.  (3.52 moles) of bromine In 400 ml. of petroleum 

ether (b.p. 35-40°) was added with stirring to a solution of 

232 g.  (3.52 moles) of freshly distil led cyclopentadlene in 

*A11 melting points and boiling points are uncorrected. 
Ultraviolet absorption spectra were measured with Gary Model 
14 recording spectrophotomer and the Infrared spectra with 
Perkin-Elmer Infracord and Perkin-Elmer Model 21 instruments 
using sodium chloride prisms. Analyses were done by Wei 1er 
and Strauss, Mleroanalytical Laboratory, Oxford, England. 

4®P. Unger. Analyst.  80, 820 (19 55) 

4®W. C-. Young, H. K. Hall and S. Winstein.,  J.  Am. Çhem. 
Soc..  78, 4338 (1956) 
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176 ml. of petroleum ether (b.p. 35-40°)• During the addition 

the temperature was maintained at -25° to -35° by external 

cooling with a Dry-Ice acetone bath. A white precipitate 

appeared as the addition proceeded. After the addition was 

complete, pyridine (24 ml.) was added and the mixture brought 

to 0°.  After the addition of a solution of 24 ml. of glacial 

acetic acid, 30 g.  of calcium chloride, and 180 ml. of water, 

two l iquid phases resulted. The organic layer was separated 

and chilled overnight in Dry Ice, during which time the 

crystalline cis-3,5-dlbromocyclopentene precipitated. 

The solid white mass was quickly fi ltered In a previously 

chilled Buchner funnel and recrystalllzed from petroleum 

ether (b.p. 60-70°) to give 165 g. (21,*) of pure white 

crystals of 3.5 dlbromocyclopentene. The product must be 

stored over Dry Ice to avoid decomposition. 

PyridIne-N-Oxide 

In a l iter flask equipped with a reflux condenser, a 

solution of 79 g.  (1 mole) of pyridine, 600 ml. of glacial 

acetic acid, and 100 ml. of 30 hydroren peroxide was heated 

for three hours on a steam bath. An additional 70 ml. of 30/£ 

hydrogen peroxide were added and the reaction mixture heated 

for twelve hours as above. The mixture was then concentrated 

to 200 ml.,  200 ml. of water added, and the mixture concen

trated as far as possible.  The residue was made strongly 
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alkaline with anhydrous sodium carbonate, shaken with 250 

ml. of chloroform, and allowed to stand. The resulting sodium 

acetate and sodium carbonate crystals were fi ltered and the 

fi ltrate was dried over anhydrous sodium sulfate. The solvent 

was removed and the residue distil led to give 60.9 g.  (64.3%) 

of pyridine-N-oxide, b.p. 138-140° (15 mm.). 

Akylation of Pyridine-N-Oxlde 

In a one l iter, three-necked flask equipped with a 

stirrer, reflux condenser, and addition funnel were placed 

30 g. (0.32 mole) of pyridine-N-oxide in 50 ml. of dry ben

zene .  A solution of 35.8 g.  (0.16 mole) of cis-3,5-dlbromo-

cyclopentene In 50 ml. of dry benzene was added dropwise with 

stirring. After addition was complete, the mixture was 

stirred for four hours at room temperature and the product 

removed by fi ltration. THE white solid was washed well  with 

benzene and dried in a vacuum desicator. The resultant O-akyl 

pyrldinium salt (XVII) weighed 56 g.  (84> yield),  and could 

not be purified by recrystalllzation. It melted with dec. 

at 110°. 

Anal.  Calcd. for c i5H iôN2°2B r :  C> 43.27; H, 3.85; 

N, 6.73; Br, 38.5. Found : C, 42.04; H, 3.85; N, 6.67; 

Br, 38.3. 
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Base Cleavage of the O-akyl Pyrldlnlum Salt 

To 100 g.  (0.24 mole) of solid O-akyl pyrldlnlum salt 

was added, dropwlse with stirring, a solution of 27 g.  (0.48 

mole) of potassium hydroxide in 300 ml. of water. The reac

tion flask was immersed in an ice bath. The addition took 

one hour and the resultant red substance was stirred an addi

tional half-hour, and then continuously extracted for two 

days with ether. The ether extract was washed with 2 N 

hydrochloric acid to remove the pyridine and then success

ively with 5/o sodium carbonate, water and saturated sodium 

chloride. The resultant solution was dried over anhydrous 

sodium sulfate and the ether carefully removed to give a 

l ight brown oil .  Sublimation at 1 mm. gave 2.6 g. (13^) of 

white crystalline solid (m.p. 98-99°) which did not depress 

the melting point of an authentic sample of l ,8-diketo-4,7-

methano-3a,4,7,7a-tetrahydrolndene (XIX). 

Anal.  Calcd. for ^O^ô°2' H, 5.03. Found: 

C, 74.96; H, 5.23. Infrared: 5.6^/c and 5.85/c.  

Tetraethylamraonium Acetate 

To a. solution of 395 g. (1.96 moles) of tetrsethyl-

ammonlum bromide in a liter of water was added slowly with 

stirring 250 g. (1.08 moles) of silver oxide and the reac

tion mixture was allowed to stir overnight. The precipitated 

silver bromide was filtered and the solution neutralized with 
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glacial acetic acid. After concentration at reduced pres

sure, tetraethylammonium acetate was obtained as a solid. 

It was recrystallized from dry acetone at -80° to give 258 

g. (73.b%) of product. 

Cis-3,5-dlacetoxycyclopentene 

This compound was obtained from the dlbromide by the re

action with tetraethylammonium acetate in dry acetone accord-
50 

ing to the directions of Owen and Smith. Cis-3,5-dlbromo-

cyclopentene, 99.2 g. (0.44 mole),  was dissolved in 150 ml. 

of dried acetone and added to a stirred solution of tetra

ethylammonium acetate, 283 g.  (1.5 moles),  in 500 ml. of 

dried acetone. As the addition proceeded tetraethylammonium 

bromide began to separate and the solution bee?me dark. After 

the addition was complete ( 1 hour),  the mixture was kept at 

0° for 16 hours, f i ltered, end the precipitate washed with 

anhydrous acetone. The combined fi ltrate and washings were 

concentrated under reduced pressure, 400 ml. of water was 

added and the aqueous mixture was extracted with ether (3 X 

100 ml.).  After removal of the ether, the residue was dis

til led to give 59.5 g.  (74>) of cls-3,5—diacetoxycyclopentene, 

b.p. 86° (2 mm.)• 

50l.  N. Owen and F. N. Smith, J.  Cherr. Soc. .  4043 (1952) 
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Cis-3,5-cyclopentenediol 

Cis-3,5-dlacetoxycyclopentene, 38 g.  (0.2 mole),  was 

hydrolyzed by heating in an alcoholic solution under reflux 

for 24 hours with barium hydroxide, 128 g.  (0.75 mole).  The 

precipitated barium salts were removed by fi ltration and car

bon dioxide was passed into the solution until  no more barium 

carbonate precipitated. Evaporation of the solvent and 

vacuum distil lation gave 14.6 g.  (73#) of the diol,  b.p. 

120° (2 mm.). It  formed a bis phenylurethan, m.p. 195-196°, 

l it .5 1  m=p. 195-196°. 

Cyclopentene-3,5-diols 

A mixture of cyclopentenediols,  kindly furnished by 

Columbia-Southern Chemical Company, was subjected to a care

ful fractionation through a spinning brush column of approxi

mately 20 theoretical plates.  The 3,4-dlol distil led below 

90° (0.5 mm.) and the 3,5—diol could be obtained in 50-60# 

yield, b.o- 90-95° (0•5 mm.) n^ 1.501. Periodic acid 

titration of the latter showed it  to contain less than 5% 

of the 3,4-dlol.  The e?rly fractions contained greater than 

95/» 3,4-dlol as determined similarly. 

51C-. 0. Schenck and D. E. Dun lan. Andrew. Chem. .  68. 
248 (1956) 
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Cyclopentene-3,5-dlone 

Procedure one 

To a cold solution of the 3,5-diol 8.7 g. (0.087 mole) 

in 15 ml. of Q0% acetic acid was added, dropwlse with stir

ring, 232 ml. of 3 N chromic acid in glacial acetic acid. 

The rate of addition was regulated so that the temperature 

of the reaction mixture remained below 0°.  After addition 

was complete, the mixture was allowed to stir overnight at 

room temperature. Most of the acetic acid was removed at 

room temperature under vacuum. The residue was diluted with 

400 ml. of water and extracted with methylene chloride (3 X 

100 ml.).  After drying over anhydrous sodium sulfate, the 

solvent was removed and the resulting oil  placed in a sub-

llmator. The crystalline dione sublimed at 50° and 3 mm. 

Recrystallization from ether-petroleum ether (b.o. 60-70°) 

gave 4.6 g. ( 55;%) of the dlketone as a yellow solid with an 

irritating odor. The melting point was 37-38°• 

Anal.  Calcd. for C^H^Og: C, 62.5; H, 4.17. Pound :  

C, 62.3; H, 4.0.  Mol. wgt.: Calcd.: 96. Found: 96. 

Ultraviolet: A max. 222myt( (  log £ 4.16 ),  3l2m/c ( log £ 1.30) ,  

367m/<(log£. 1.30).  Infrared: 5.73/C, 5.83/<(CHC13).  Active 

hydrogen: 1.19. 
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Procedure two 

To a cold stirred solution of the diol,  20 g.  (0.20 

mole),  in 200 ml. of acetone was added, dropwlse with stir

ring, a solution of chromic acid, 30 g. (0.3 mole),  60 ml. 

of concentrated sulfuric acid and 142 ml. of water. The re

action flask was surrounded by an ice bath, end the addition 

so regulated that the temperature in the flask did not rise 

above 0°.  After the addition was complete, the reaction mix

ture was stirred an additional two hours at 0°,  allowed to 

warm to room temperature, diluted with 400 ml. of water and 

extracted with methylene chloride (3 X 300 ml.).  The combined 

extracts were washed with 100 ml. of water, dried over anhy

drous sodium sulfate, and the dione Isolated as above. Yields 

are generally about 8 g.  (42;°),  but despite the lower yields 

this procedure is  more convenient than the oxidation In acetic 

acid. 

Cyclopentane-1,3-dlone 

A solution of 0.60 g. (0.0052 mole) of cyclopentene-3,5-

dione in 25 ml, of glacial acetic acid was added dropwlse to 

a vigorously stirred mixture of 5 g.  of zinc dust in 25 ml. 

of glacial acetic acid. The addition took 45 minutes, during 

which time the flssk was Immersed In an oil  bath at 85°. 

The reaction was cooled, fi ltered and the acetic acid removed 
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at room temperature under vacuum. Hie residue was extracted 

in a Soxhlet apparatus with chloroform. The chloroform was 

evaporated and cyclopentane-1,3-dlone sublimed at 120° and 

4 mm. to yield 0.23 g. (45#) ,  m.p. 149-150°; l it .5 2  150-151°. 

Catalytic Hydrogénation of Cyclopentene-3,5-dione 

The dione (1.0 g.) in 25 ml. of ethyl acetate was hydro-

genated at room temperature and atmospheric pressure using 

Adams catalyst.  Absorption stopped after 2.7 molar equiva

lents of hydrogen had been taken up. The solution was f i l

tered and the solvent removed. Titration of an aliquot of 

the oily product showed that not more than 2% of acidic 

materiel was present. The infrared spectrum showed a single 

carbonyl peak at 5.75/% and ail  Intense hydroxy 1 band. Gas 

chromatography showed the presence of two compounds in about 

equal amounts, one of which had the same retention time es 

did cyclopentanone. The 2,4—dinitrophenylhydrazone of the 

mixture was prepared and chrometographed on elumlna. Roughly 

equal amounts of the 2,4-DNP of cyclopentanone (m.p. 142-

143°) and of eyelopentenone (m.p. 166-167°) were isolated. 

.  H. Boo the, R. G-. Wilkinson, 3.  Kushner and J.  H. 
Williams, J.  Am. Chem. Soc. .  75. 173? (1953) 

^An apparatus which is  especially convenient for this 
hydrogenstion, and for others in which a relatively large 
amount of hydrogen is absorbed (in this ce se 620 ml.),  is  
described by F. R. Story and C. H. DePuy, J.  Chem. Ed.,  

In press 
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Monotosylhydrazone of Cyclopentene-3,5-dlone 

To 500 mg. (0.0052 mole) of the dione In 10 ml. of hot 

methanol were added 915 mg. (0.0049 mole) of tosylhydrazlne. 

The mixture was allowed to stand and then cooled to 0° and 

fi ltered. Recrystalllzatlon from 95# ethanol gave 1.15 g. 

(90#) of the monotosylhydrazone, m.p. 185-186° (decomp.).  

Anal.  Calcd. for c i2H i2°3N2S :  c> 54.54; H, 4.58; 

N, 10.60. Found: C, 54.45; H, 4.68; N, 10.9. 

This tosylhydrazone was readily soluble In dilute sodium 

hydroxide. It  could be recovered In 90# yield by acidifica

tion after heating at 100° with base. Although some color

ing of the solution took place, no evidence for the presence 

of a dlazo grouping could be found. 

Cyclopentadlene Adduct 

The adduct could be prepared In quantitative yield by 

mixing equlmolar amounts of the dione and cyclopentadlene In 

four times their volume of benzene and allowing the mixture 

to stand at room temperature. The adduct began to precipitate 

In a very short time. After a few hours the solution was 

f i ltered and the precipitate was recrystellized from a mix

ture of chloroform-carbontetrachloride. Sublimation at 

120-130° ( l  mm.) gave the adduct (m.p. 169.5-170.5°) which 

appeared to be 100.» enolic.  



www.manaraa.com

44 

Anal. C&lod .  for c ioH10°2 :  ^ » 7 4 .1; H, 6.2 Found : 

C, 73.9; H, 6.05. 

Reaction of Cyclopentene-3,5-dlone with Aqueous Base 

To 500 mg. of the dione In 5 ml. of water was added 53 

ml. of 0.1 N sodium hydroxide. After stirring at room tem

perature for twenty minutes, the brownish-red solution was 

passed through an Amber11te I.R. 120 lon-exchange column to 

remove sodium ions. The aqueous solution of the polymer was 

then evaporated to dryness leaving a tan, highly eholie powder 

which was Insoluble in organic solvents.  

Anal- Calcd. for C^H^Og-2/3 HgO: C, 55.55; H, 4.97. 

Found: C, 55.44; H, 4.87. 

Attempted Selenium Dioxide Oxidation of Dione 

To a solution of 0.2 g. (0.00? mole) of cyclopentene-

3,5-dlone in 20 ml. of dloxan WFS added 0.24 g. (0.002 mole) 

of selenium dioxide- The mixture was heated at reflux for 

24 hours. Selenium was fi ltered and lead acetate added to 

reduce any unreccted. selenium dioxide. After removal of 

dloxan, a brown polymeric substance (m.p.^300°) resulted 

which was Insoluble in organic solvents.  When the above 

reaction was performed in toluene, acetic acid, and acetic 

anhydride, similar results were obtained. 
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Attempted Oxlmatlon of Dione with N-butyl Nitrite 

To a solution of 0.5 g. (0.005 mole) of dione in 5 ml. 

of absolute ethanol was added 0.8 ml. of n-butyl nitrite-

The reaction flask was Immersed in an ice bath. To this 

solution was added 1.5 ml. of hydrochloric acid. This mix

ture was allowed to stir for 2 hours and then placed in a 

refrigerator overnight. Evaporation of ethanol led to a semi 

solid which was dissolved In methylene chloride. The methyl

ene chloride extract was washed with water and dried over 

anhydrous sodium sulfate. Distil lation of solvent gave a 

semisolid substance appearing reddish brown in color and 

Infrared analysis showed Indications of an oxime being 

present. The ferric chloride test was positive. However, 

no effective means of purification were found. 

Attempted Oxlmatlon of Cyclopentene-3,5-dlone 
with Phenyl Lithium 

Phenyl l ithium was prepared according to the method of 

Gilman.5* A solution of 0-5 g. (0-0052 mole) of dione in 

20 ml. of anhydrous ether was added dropwlse to a stirred 

solution of 10 ml. of 0.518 N phenyl l ithium in ether. A 

reddish tan precipitate was formed. This mixture was allowed 

to stir for 10 minutes and 0-5 ml. of ethyl nitrite was 

53^. h. Blatt,  "Organic Synthesis", Collective Volume 
II,  New York, In'.Y., John Wiley and Sons, Inc., 1943, p. 517. 
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added. The entire system we s  then stoppered and allowed to 

stir for 24 hours. This mixture was poured into 100 ml. of 

water and extracted with methylene chloride. The methylene 

chloride extracts were dried over anhydrous magnesium sulfate 

and then distil led to give the same results as those reported 

from the previous oxlmatlon. 

Attempted Akyletion of Cyclopentene-3,5-dione 
with Potassium Tertiary Butoxlde 

A solution of 0.1 g. (0.001 mole) of dione In tertiary 

butanol was cautiously added to a stirred solution of 20 ml. 

of 0.1 N butoxlde and 0.25 ml. of methyl Iodide. The solu

tion turned brown with turbidity appearing. The above re

action mixture was allowed to stir overnight at room temper

ature and then extracted with methylene chloride and worked 

up In the usual manner. The only product was nolymer. 

Preparation of Mono-O-rnethyl Oxime 
of Cyclopentene-3,5-dlone 

To s stirred solution of ? g. (0.02 mole) of dione in 

5 ml. of water was added 43 ml. of 0.5S3 molar methoxyamine 

hydrochloride solution. The reaction mixture was allowed 

to stir for five hours and the resulting crystals were re

moved by filtration. Ether extraction of the filtrate and 

removal of ether produced a second crop of crystals. Sub

limation at 50° (1 mm.) of the combined product gave 1.4 g. 
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( 5 6 % )  of mono-O-methyl oxlme of the dione (m.p. 87-89°).  

Anal.  Calcd. for C6H?02N: C, 57.6; H, 5.60; N, 11.20. 

Found: C, 57.33; H, 5.79; N, 11.05. Ultraviolet: /^v, max. 

281myt<( log£ 4.61) In 0.1 N OH .  Infrared: 5.84^ ( CHCI3) .  

Preparation of Di-O-znethyl Oxime 
of Cyclopentene-3,5-dlone 

To a stirred solution of ? g. (0.02 mole) of dione In 

5 ml. of water was -added 86 ml. of 0.583 molar methoxyamine 

hydrochloride. This reaction mixture was allowed to stir for 

24 hours. The resulting crystals were fi ltered end the f i l

trate extracted with ether and worked up as In the case of the 

mono derivative. Purification of product by recrystelllze-

tlon from 9 5# ethanol gave 2.86 g. (93#) of dl-0—methyl oxlme 

of alone (m.p. 116-117°).  

Anal.  Calcd. for CyH^OgNg: C, 54.53; H, 5.54; N, 

18.17. Found : C, 54.60; H, 6.23; N, 18.35. Ultraviolet: 

max 284m^(log£ 4.28) .  

Attempted Oxlmatlon of Mono-O-methyl Oxlme 
of Dione with N-butyl Nitrite 

To a stirred solution of 1.03 g. (0.008 mole) of mono 

derivative In 5 ml. of anhydrous ethanol WPS added 87 ml. of 

0.1 N sodium ethoxlde. The solution was allowed to stir for 

five minutes and 1 ml. of n-butyl nitrite was added. The 

reaction mixture was stirred for twelve hours and then made 
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neutral with hydrochloric acid. Extraction with methylene 

chloride and evaporation of solvent produced a brown solid 

(m.p.^ 230°).  Presumably some sort of polymerization had 

taken place as with the dione and base. 

Attempted Oxlmation of Dl-O-methyl Oxime 
of Dione with Isoamyl Nitrite 

To a stirred solution of 1.46 g. (0.009 mole) of di 

derivative in 95 ml. of 0.1 N sodium hydroxide was added 1.27 

ml. of 1soamyl nitrite.  This was stirred overnight and then 

extracted with methylene chloride. After drying over anhy

drous sodium sulfate, the solvent was removed to give un-

reacted starting material.  

Preparation of 4-Benzylldene Derivative 
of Cyclopentene-3,5-dlone 

Procedure one 

The derivative was prepared following the procedure of 

55 
Leonard .gt.  &1. A solution of 1.7 g. of benzaldehyde and 

five drops of piperldlne In 10 ml. of anhydrous ether was 

allowed to stir for five minutes. To this solution was p.dded 

0.5 g. (0-005 mole) of dione and the mixture was stirred over

night .  A small amount of tan precipitate was fi ltered and 

^Nelson J. Leonard, John C. Little end A. Jerry Kresge, 
J.  Am. Chem. Sqc . .  ,  79, 6435 (1957) 
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not characterized- Petroleum ether (b.p. 60-70°) was added 

to the ethereal solution and the solution cooled at 0° for 

12 hours. The resulting crystals were fi ltered and recrystal-

lized from 50# aqueous acetone to give 0.2 g. (21.8#) of a 

pale yellow solid (m.p. 145-146°).  

Procedure two 

To a solution of 0.2 g. (0.002 mole) of dione and 0.4 

ml. of benzaldehyde In 10 ml. of glacial acetic acid was 

added three drops of concentrated sulfuric acid. This solu

tion was heated at reflux for two hours -,  cooled and then ex

tracted with methylene chloride. The methylene chloride ex

tracts were washed with water, 5# sodium bicarbonate, and 

saturated sodium chloride solution. Evaporation of solvent 

and recrystalllzation from 50# aqueous acetone gave 0.155 g. 

(42#) of 4-benzylidene-cyclopentene-3,5-dione (XXII), m.p. 

145-146°. 

Anal.  Calcd. for c i2H8°2 :  C> 78.25; H, 4.38. Found: 

C, 78.19; H, 4.29. Ultraviolet : À max. ?25m / /<,( log. €~ 4.  30) ,  

318ny< ( lug.£. 4.  22) .  

Preparation of Cyclopent-2-enone 

This enone wss prepared by the method of DePuy and 

Eilers . To 255 g. (2.56 moles) of a mixture of c y c1o-

56c. H. DePuy and K. L. Eilers, J. Org,. Chem. fjTo be 
published in £7, ça 1959]-
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pentenedlols,  kindly furnished by Columbia-Southern Chemical 

Company, was added 0.7 g. of p-toluenesulphonlc acid. The 

solution was heated at a pressure of 10 mm. and a pot tem

perature of 185-190°. Under these conditions cyclopentenone 

gradually distil led at 40° to 60° and was collected In an 

Ice-cooled receiver. When no more distil late was collected 

(1-1 1/2 hours),  the reaction was stopped. The residue 

weighed 24 g.  The product was extracted with methylene 

chloride. After removal of solvent, the product was dis

til led to give 141 g. (67>o) of cyclopenten-?-enone, b.p. 

150-151°. 

Anal.  Calcd. for C^HgO: C, 73.14; H, 7.37. Found: 

C, 72.86; H, 7.63. Ultraviolet: À max. 218 m/c ( logr. & 4.84 ) .  

Preparation of 4-2romocyclopent-2-enone 

To 20 g.  (0.?3 mole) of eyelopent-2-enone in 100 ml. of 

carbon tetrachloride was added 44 g.  (o.°4 mole) of N-bromo-

succlnimide. The reaction mixture was heated at reflux tem

perature for 12 hours. After cooling, the resulting suc-

cinimide was removed by f i ltration- Evaporation of the car

bon tetrachloride and distil lation of the residue p-ave 30.2 

g.  (78.4#) of 4-bromocyclopent-2-enone, b.p. 47° (2 mm.). 

The product was stored over Dry Ice to avoid decomposltlon. 

Anal- Ultraviolet: ^ max. 215m/< ( log* £, 3.97) . 
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Preparation of 4-Acetoxycyclopent-2-enone 

The acetoxy compound was prepared from the bromo derive-

57 
tive following the method of Cromble et al.  Silver acetate 

was freshly prepared by precipitation from an aqueous solution 

containing 34 g.  (0.2 mole) of silver nitrate by the addition 

of 19.6 g. (0.2 mole) of potassium acetate. The fi ltered 

precipitate was washed twice by heating the suspension in 

glacial acetic acid and once in glacial acetic acid and acetic 

anhydride mixture. The adsorbed acetic acid was removed 

during the last fi ltration by thoroughly washing with ether. 

The dried silver acetate weighed 25 g.  

To a solution of 22.7 g. (0.14 mole) of bromoketone in 

200 ml. of glacial acetic acid was added P4.9 g.  (0.15 mole) 

of silver acetate. The resulting suspension was stirred at 

reflux temperature for 24 hours. Silver bromide (26.8 g.) 

was fi ltered and the acetic acid distil led at aspirator pres

sure .  Vacuum distil lation of the residue gave 13.9 g. (71#) 

of 4-acetoxycyclopent-2-enone, b.p. 57° (2 mm.). 

An al • Calcd. for CyHgO^: C, 59 .  99 ; H, 5.75. Found : 

C, 60.01; H, 5.97. 

In an attempt to eliminate acetic acid from the acetoxy 

ketone, a small quantity of 4-acetoxycyclopent-2-enone was 

^L. S. Crombie, Michpel Elliot and Stanley H. Harner, 
J. Chem. Soc..  971 (1950) 
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distil led at 190° and atmospheric pressure from a trace of 

p-toluenesulphonlc acid. No evidence of decomposition was 

observed and the acetoxy compound was recovered quantita

tively .  

Attempted Preparation of Cyclopentene-3,4-dione 

To a solution of 10 g.  (0.12 mole) of cyclopent-2-enone 

In 15 ml. of glacial acetic acid was added 15 g.  (0.13 mole) 

of selenium dioxide• The mixture was warmed on a steam bath 

for three minutes and then the reaction was allowed to pro

ceed by itself until  no further evidence of reaction was ob

served. Then the mixture was he?ted on a steam bath for an 

additional 1 1/2 hours. Removal of acetic acid under vacuum 

produced a tarry mt; 3s.  Sublimation at 200° ( 2 mm. ) gave a 

small amount of yellow crystals.  Infrared analysis showed 

indications of cyclopentene-3,4-dione. 
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SUMMARY 

Cyclopentene-3,5-dione was synthesized by chromic acid 

oxidation of cyclopentene-3,5-diols.  The 3,5-dione is a 

yellow, volatile solid melting at 37-38° C and soluble in 

water and most organic solvents except hydrocarbons. 

Cyclopentene-3,5-dione is an interesting compound for 

theoretical reasons, because in its enol form, the 3,5-dione 

would be a ^9-hydroxyderivative of the hitherto unknown mole

cule cyclopentadienone. 

The 3,5-dione is unstable in basic solutions and rapidly 

condenses with itself to form a nolymeric species.  Attempted 

base catalyzed condensations at the methylene position proved 

to be fruitless.  

In aqueous acid solutions, cyclopentene-3,5-dione is a 

stable molecule. In moderately acidic solutions an equilib

rium exists between the enol and keto form of the 3,5-dione. 

Advantage was taken of this fact to form the 4-benzylidene-

cyclopentene—3,5-dione. 

Reduction of the 3,5-dlone by zinc dust In acetic acid 

yielded cyclopentane-l,3-dione, while catalytic reduction with 

hydrogen and platinum gave roughly equal amounts of cyclo-

pentanone and ^-hydroxycyclopentanone and less than 2% of 

cyclopentane-1,3-dione. 

Cyclopentene-3,5-d.ione is a very re?-,  uive dienophile 

and undergoes Diels-Alder reactions quite readily with cyclo-



www.manaraa.com

54 

pentadlene and anthracene. Its carbonyl groups are extremely 

reactive, and mono- and/or dlderlvatives are formed Immediate

ly.  The monotosylhydrazone of the 3,5-dione was prepared and 

an attempt to form ^-hydroxydlazocyclopentadiene from it  is 

discussed. 

The synthesis of en acetoxyeyclopentenone is also dis

cussed .  
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