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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 chemlstry, and to new aromatic and pseudoaromatic
ring gystems. Although similarly interesting and unusual
unsaturated five-membered ring compounds might be imagined,
little synthetic work has so far appeared. The purpose of
this work is to describe the synthesls and reactions of cyclo-
pentene-3,5-dlone I. This molecule has, for theoreticel
reasons, a great deal of interest in its own right and also
might serve as a sultable starting material for the prepara-
tion of other molecules cf theoretical =nd prsctical impor-
tance.

Cyclopentene~3,5=dione can be considered a potentially
useful compound for a number of reasons. First, the only
steble, completely unsaturated cyclopentane compounds known
are those which ere sutstituted with electron-donating groups
(L.e., dlazo-cyclopentadiene II,l and triphenylphosvhonium

2y,

cyclopentadienylide III These compounds hzave so far not

proven amenable to further synthetic utilization. Secondly,

lw. von E. Doering 2nd C. H. DePuy, J. Am. Chem. Soec.,
75, 5955 (1953)

2F. Ramirez end S. Levy, J. Am. Chem. Soc., 72, 27 (1957)

b
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monosubstlituted cyclopentadienes sre susceptible to dimeriza-
tion and thirdly, the mobility of the protons in a cyclo-
pentadlene ring makes the 1solation of the pure isomer 4if-
ficult.s’4 These considerations led us to the synthesis of
the dione, which conteins nelther en intact cyclopentadiene
ringz, nor a completely unsaturated ring but whlch, because it
conteins three different kinds of functionzl groups, and be-
cause all of its cerbon etoms sre potentlally reactive, should
prove to be an ldeal starting materiasl for syntheses in this
field.

In addition to cyclopentene-3,5-dione's interest as a
gsynthetic intermediste, 1t presents the opportunity for in-
vestigation of certaln problems of theoreticel interest.
These problems srise primarily becsuse of the relstionship
1t bears to cyclopentadienone IV. 1In its enol form, cyclo-

pentene-~3,5-dione wculd be 2 hydroxy-cyclopentzdienone V.

3. Rosenblum, J. Am. Cher. Soc.

—_—— —_—"

79, 3179 (1987)

4R. J. Day, Dissertestion Abst., 12, 32 (1950)
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Cyclopentadienone itself heas never teen isolated. The
electron-withdrawing effect of the carbonyl oxygen reduces
the number of electrons to fewer than the 61U electrons
necessery for eromatic character. This matter will be dis-

cussed in more detall in the sequel.
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HISTORICAL

For the past seventy yezrs very little work has been done
on the preparation and reactions of cyclopentendiones. A
literzture survey reveels thet what l1ittle has been done hsas
been on halogen, alkyl, and sryl substituted enedlones. More
information is available on the formally similar indandiones,
but the presence of the arometic ring obscures the picture a
great deal.

Wolrr,®

in 1896, claimed the isolztion of 4,4-dibromo
VII, and 1,4-dibromocyclopentene-3,5-diones VIII. The former
was claimed from the treatment of 3,5-dlbromolevulinic scid
VI with fuming sulfuric acid snd the latter by treatment of
this same compound with concentrsted sulfuric scid. However,

work performed in this laboratory6

heeg shown that although
the elemental anslyslis is satisfactory, & more favoratle

structure cen be formulsted. Infrared anslysis shows that
both compounds are probably unssturated lactones instead of

ketonic structurzs.

( fL. Wolff and F. Rudel, Ann. Chem., Liebigs, 294, 183
1295)

i 6C. H. DePuy, P. R. Wells snd R. Thurrn, Ames, Iows.
Bromination of cyclopentene-3, 5-dione. Privete communicetion.
lese
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7 synthesized 1,2-dichlorocyclopentene-

In 1898, Zincke
3,5~-dlone X by the tin-hydrochloric scid reduction of amines
ottained from the reasction of smmonia with hexschloro-2-
cyclopentenone. McBee8 prepared the seme compound by another

method (vide infra).

Henle,9 in 1907, prepsred tetratromocyclopentene-3,5-
dione XII by treating 3,3,5-tribromocyclopentantrione with
phosphorous pentabromide in benzere. The tetrebromodione
wes obtained &8 yellow prisms (m.p. 14°-143°). The ssme

tetrsbromo compound XII was prepared by others.0s11

( ?Th. Zincke =nd A. Ronde, Ann. Chem., Liebigs, 29¢, 1317
1898

8E. T. McBee, C. W. Roterts and K. Dinsbergs, J. Am.
S 78, 489 (195¢)

9Freanz Henle, Ann. Chem., Liebigs, 352, 45 (1907)
10C, L. Jackson ernd H. A. Fiint, Ap. Chem. J., 43, 135

11Th. Zincke zna Emmy Weishaupt, Ann. Chem., Liebigs,
437, 86 (1924)
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Otto Diels!? obtained 1 ,2-dibromocyclopentene-~3,5~-dione

OoEt H(C 025t>2
HeKk® +
OEt O /Br >

JX i

product with bromine in chloroform; he converted it into the
known tetrabromo derivstive XII, thus supporting the struc-
ture of thls compound.

The most reliable work on halocyclopentene-3,5~diones
appears to be that putlished by McBeel:5 wherein 1,2-dichloro
X, 1,2,4,4-tetrachloro XI, 1,2,4,4-tetrabromo XII, and
l-chloro=-2=-bromocyclopentene-3,5-diones XIII were formed by
the following serles of resctions. The starting materiesl,
1,2,-3,-3,5,5-hexachloro—4-(dichloromethylene)-cyclopentene14

was prepared by heeting a mixture of hexechloropropene and

hexachlorocyclopentadiene at s pot tempersture of 218° C

120tto Diels end Mertin Reinteck, Chem. Ber., 43,
(1210)

W]
)
O

13g, T. ¥cBee, C. W. Roberts and K. Dinsbergs, J. Am.
Chem. Scec., 25 489 (1956)

145, T, lcBee, E. E Ungnade, H. Rskoff and K. Dins-
vergs, J. Ar. Chem. Soc., 77, 4379 (1955)
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and distilling the formed tetrachlorethylene to drive the
resction toward completion.
Most of the other reported work has been accomplished

15 4n 1013, by

on phenylated cyclopentene-3,5-diones. Lampe,
reacting cinnamoyl chloride with diethylmalonate in the
presence of an ethereal solution of metellic sodium produced

compound XIV as the major product and compound XV as = by-

product.
OCH=CHQ
C2<222E2t CZC%zEZt
XTIV XN

Paul Rugg1116 ottained 1,4-diphenylcyclopentene~3,5-dione
by the hydration of 2,4-diphenyl-5-hydroxy-cyclopentane-1,3-
dione, which was obtained by the reduction of 3,5-diphenyl-
cyclopentantrione over Rainey Ni in 2lcohol.

Allenl7 synthesized 1,2,4-triphenylcyclopentene-3, 5~

dione 28 yellow plates (m.p. 166°) 1in 2 32% yield by the

15V, Lempe and J. Milobedzk=, Chem. Ber., 46, 2235
(1913)

18pau1 Ruggli end Julius Schmidlin, Helv. Chim. Acta,
429 (1924)

27,
17c. F. 5. Allen, E. E. Mgssey and R. V. V. Nichols,
J. Ar. Chem. Soc., 53, 672 (1937)
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following series of reesctions. Koelsch investigated the

enollzation and properties of this compound. He observed no

Hcod®
NaOCH,, ~ HOAc S

CH3OH

reaction with bromine in chloroform and also reported that
the compound dissolved in aqueous bese, indiceting that the
dione was an gcid. Acidificstion regenerated the dione.
From these and other observations, Koelsch concluded that
compounds containing this nucleus appeear to be close to 100%
ketonliec.

Calythrone XVI was first isolated from Calythrix tetra-
19

gona by Penfold in 1940. Its structure wzs elucidated by

20

Birch in 1951 aes being a.i?-—triketone of structure XVI,

containing =& cyclopentene-3,5-dione nucleus.

18C. F. Koelsch end Stanley Wawzonek, J. . Chem.,

6, 584 (1941)

4

19A. R. Penfold znd J. L. Simornsen, J. Chem. Soc.,
412 (1940)

20Apthur J. Birch, J. Chem. Soc., 3024 (1951)




10

CH
3] YcocH.CHCHY
CH o-HCHY,

XVT

Due to the formsl similarity that exists between indane-
1,3-dlone and cyclopentene-~3, 5-dione, some of the resctions
of the former deserve mention. Wislicenus,21 in 1888, found
that ilndane-l,3~dione on bromination in acetic scid medium
produced 2,2-dibromoindene-1,3-dione. He 8180 synthesized
the 2-o0ximino compound by nitrosation with sodium nitrite
and sulfuric acid. On heating the dione with benzeldehyde

at 1200, Wislicenu322

isolated 2-benzylidene-indane-1l,3-dione.
On treatment with phenylhydrazine a retroeldol was observed,
the phenylhydrazones of indene-1,3-dione and benzeldehyde
being the megjor products. Similar products were obttesined
with other sldehydes, but no appsrent reection was observed
with ketones.

Even less work has been cesrried out with cyclopentene-

3,4=Gilones. Wanzlick25 reported the synthesis of the psarent

?IW. Wiglicem

i
- ~ e A

(o
b

, Ann, Chem., Liebigs, 248, 347 (1888)
22y, Wislicenue, Ann. Chem., Liebigs, 252, 7° (laco)

254 .
(1958)

v. Wenzlick 2nd w. Sucrow, Chem. Ber., 91, 2727
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compound in very poor yields (1.1%) by a selenium dioxide

24 in 1937, synthesized

oxidetlion of cyclopent-2-enone. Dane,
2-methylcyclopentene-3,4-dione bv the oxidation of 2-methyl-
cylopentene-3-one with selenium dioxide. The ylelds were very
much higher than with the unsubstituted cyclopentenone. Al-
most no work on the properties or reactions of these compounds

has so far been published.

24Elissbeth Dane, Joseph Schmitt and Curt Resutenstreuech,
Ann. Chem., Liebigs, 532, 2¢ (1937)
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DISCUSSION

Because we envisioned cyclopentene-3,5-dlone es g useful
synthetic intermediate, 1t was especially desirable that the
scheme for 1ts preparation involve readily-avallable starting
meterials so that the preparation could be carried out on a
moderately large scale. Starting materials avallable for the
synthesis of any cyclopentane derivetive zre very limited in
number, especially those contsining more than a2 single func-
tionsl group. Cyclopentadiene XVII, readily obtainable in
the form of its easily cracked dimer was, 2t the time of our
initial experiments, the only difunctionsl cyclopentsne
derivative commercially svailgble. Its availability and

inexpensiveness made 1t a logicel starting meterial.

H H

>O{D-:o
XVIT

It had recently been shown that low temperature bromina-
tion of cyclopentadiene led to the form~tion, in 20% yield,
of crystalline cis-3,5—d1bromocy010pentene.25 The cis 1somer

wrs selectcd so that leter experiments would not te complicat-

2ow. G. Young, H. K. Hall 2nd S. W. Winstein, J. Ar.
Cher. Soc., 78, 4338 (195¢)
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ed by the presence of a mixture of dlasteriomers. Later work

(vide Anfra) shows that the synthesis would have been success-

ful with a mixture of cis and trans isomers. The dibromo
compound was treated with a very reactive nucleophile,
pyridine-N-oxide, to give the O-alkylpyridinium salt XVIII
as shown in Egq. 1. The decomposition of O-alkylpyridinium
26,27

galts to carbonyl compounds is a well known reection

which has not found appreciable synthetic utility. R011h27

I + N,

cbtained p-nitrotenzaldehyde in 53% yield by he=ting 2 2 to 1

26E. Ochiai, M. Kotsda end T. Neito, J. Pherm. Soc.
Jepen, 644, 210 (1944)

»

27R. Rolih, Amine Oxides es Oxidizing Agents, Unpublishe3
Ph.D. ThesisA Ames, Iowa, Librezry, Iowa State University of
Science and Technology, 1956



14

mixture of pyridine-N-oxide 2nd p-nitrobenzylbromlde ot 135o

for 9 hours. A mechanisticslly similar reaction, which has

LOH

.
Q
QN PCH,Br + Ot p— OQN@fg%
:
<)
|

©

«y X
o pcHo + K)

found synthetic use, 1s thet of dimethyl sulfoxide<® with
halides to form aldehydes.

Decomposition of XVIII with aqueous base led meinly to
a red, presumebly polymeric meterial from which, by continuous
ether extraction, a smszll amount of white crystelline com-
pound, m.o. 96-98° C, could be 1soleted. Infrared anslyeis
(Figure 1 on page 31) showed atsorction maxims a2t 5.604 and
5.854 , end analyticel and moleculer weight determinatlions
suggested a formla C,4HgO,. The compound wes identified es
the dimer of cyclopentesdienone XIX by compesrison with an

29

suthentic sample prepared by the hydrolysis of the ¢orre-

28N. Xornblum, J. W. Povwers, J. G. Anderson, W. J. Jones,
H. O. Lerson, C. Levand and W. . Wezver, J. Am. Chem. Soc.,
79, 6562 (1957)

28¢. 4, DePuy end 3. W. Ponder, J. Ap. Chem. Soc., 81,
4622 (1959)
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sponding dioxime.30

The ylelds of dimeric ketone varied from zero to 13% in
a number of runs. One path for its formation is given in

Eq. 2. An alternative psth which might seem ressonsble for

N

Eq.

the formation of XIX is given in Ea. 3. This explanation was
made unlikely ty the observation thet no dimeric ketione could
te 1sol=2ted when the product from equimolsr aguasntities of

dibromide and pyridine-N-oxide wzs reacted with bese.

Br Br

— — IV —XIX |

3075 . Thiele, Cher. Ber., 33, £59 (1200)
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We then turned to more conventionsl meesns of synthesizing
I. The 3,5-dibromide was converted to the 3,5-diacetate with
tetraethylammonium acetste in dry acet:one,':”l conditions which
minimize rearrangement of the dibromide, and the diacetate
wes hydrolyzed to cyclopentene-S,s—diol.32 - Chromic scid
oxldation of alcohols to carbtonyl compounds 18 a well known

reaction,:ﬁ’34

end when the 3,5-diol was oxidized with CrOz

in acetlic acid, or acetone-sulfurilc =2cid, cyclopentene-3,5-
dione was ottained in yilelds of stout 50%. After we hed
developed this method of preperation of the 3,5—dione,35 2
synthetic mixture of cyclopentendiols becsme eveileble commer-
clally.36 The commercizl product was & mixture of sll pos-
geible isomers of cyclopentene-3,5 snd 3,4-diols. Vacuum dis-
tillation of the mixture of diols through e spinning brush
column of approximstely twenty theoretical plates cleanly

separsted the 3,4~ 2nd 3,5-cyclopentendiols into two frec-

C
tions, I, b.p. 70-90°/0.5 mm (n3° = 1.404), =nd II, b.p.

SlL. N. Owen and P. N. Smith, J. Chem. Soc., 4043 (1952)

952G. 0. Schenck and D. E. Dunlap, Angew. Chem., 88, 248
(1958)
33F. 4. Westheimer, Chem. Ber., 45, 419 (1949)

34y, A. Wzters, =suart. Rev., 12, 277 (195%)

35C. H. DeFuy end E. F. Zaweski, J. Am. Chem. Soc., 72,
3923 (1957)

36Co1lumbie-Southern Chemical Co., Cne Gateway Center,
Fittsburg, rsa.
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90-95°/0.5 mm (ng50 = 1.501). Fraction I was shown to con-
tain greater than 95% of the 3,4-diol by s Quantitative
periodste titration. By a similar titretion fraction II w=zs
shown to contain lese than 5% of the 3,4-diol. Oxidestion of
the 3,5-diol (presumably sz mixture of cis and trans isomers)
gave the dione 1n ylelds compsasrable to thoce obteined by the
oxidstion of the pure cis diol. Thus, cyclopentene-3,5-dione
is availatle 1n 40-50% yields from commercially aveilgble
material.

Cyclopentene-3,5-dione is an interesting and unique com-
pound. It is of obvious synthetic utility =8 will be dis-
cussed later. It is 2lso of theoretical interest because of
1ts relsationship to the hitherto unknown molecule cyclopents-
dienone 1V. Thie dienone 18 prcsumebtly unstsble for elec-
tronic reasons. Cyclopentadienone is » completely-conjugated
planar monocyclic volyolefin =2nd 1ts unstatility is due to
the fact that 1t coes not obey the (4n+2) 7T-electron rule
becsuse the highly electronegetive oxygen stom of the earbonyl
group will heve the tendency to withdraw electrons from the
ring. This will then lead to 2 positively cherged, completely
unsatureted five-membered ring without the necesssry 677-
electrons needed for aromstic stability. In 1ts enol form,
cyclcpentene-3,5-dlone would te a hydroxycycliopentadienone

and hence would be of tnecoreticel interest.
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Cyclopentene-3,5-dione is a yellow, volatile solid melt-
ing st 37-38° C and soluble in water and most orgsnic solvents
except hydrocarbons. The yellow color 1s due to two low in-
tensity bands =t 312mu (log€ 1.30) and 367mu (logl 1.30).
The 3,5-dione 2lso exhibits 2 strong ebsorption meximum 2t
222my (log € 4.16). The ultraviolet spectrum of the 3,5-
dione 1s shown in curve A on page 33. The infrasred spectrum
(Figure 1) on page 31 shows two peeks in the carbonyl region
in chloroform solution, a strong sbsorption at 5.834 2nd a
8light one at 5-7@#..57 In the vapor phese there is 2 single
peak et 5.8%H..

A physical property of the dione of interest 1is the
dissociation constant. An accurste determinsation of this
constant has not teen possible becguse of the rapid self-

38 n

condensation of the 3,5-dlone in bese. evertheless,

37(a) R. N. Jones, "Techniques of Orgenic Chemistry",
Vol. IX, New York, N.¥Y., Interscience Publishers, Inc.; (b)
H. K. Hall, Jr. 2nd R. Zbinden, J. An. Chem. Soc., 80, 6428

(1e58)

38C. 4. DePuy and P. R, Wells, J. Am. Ch
te published ir 82, ca 1960] .

®

m. Soc., [}o
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studies of the acidity of the 3,5-dione in 0.1 N aqueous
solution suggest an approximete pKa value of 6. Thils value
represents the acidity constant of the 3,5-dlone in its
ketonic form, because no detectable enol content appeared in
the infrared or nuclel magnetic resonance spectra (vide
infpra). A comparison of the pKa value of the 3,5-dione with
that of 1ts dihydroderivative, cyclopentane-1l,3-dione, 1is
indeed of interest. The 1,3-dione is completely enolic snd

39 If we essume 1% of

in 1ts enolic form has a pKa of 4.5.
diketone at equlilibrium, cyclopentane-l,3-dione would have =
pKs 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 acldity of cyclopentendione may be due in part at
least to the fact that structures with the negative charge
on oxygen (XXt,e¢) also contain a eyclopentasdienone ring. The
instabllity of this ring may decrease the importance of these
structures and hence decreasse the resonance stabilizstion of
tne dione.

Cyclopentene-3,5-3ione I 1s completely ketonic 2s men-
tioned sbove. It does not give a2 color witn ferric chloride.

Nucleer magnetic resonance studies with D50 end with DyO and

LC1 (0.6 N) on the 3,5-dione showed that the rate of exchange

J -~ - - - PR, N 1 LV )
wag azbo » both crses. The =2bsence of =n C-H bvand

Cq
[

. Wilkinson, S. Kushner end
An. Chem. Soc., 75, 1732 (1953)
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on the isomer shows that very little or no enol is present at

i@
C
ii@

equilibrium. The deuterium exchsnge rate falls to increase
in acid solution. Usually, the rate of deuteration is faster
when enolization can occur. This does not necesserily pre-
clude that under higher acid concentrztions enolization might
occur, for ecid cz2talyzed condensations (vide infra) csn te
performed. This is tantsmount to ssying thst there is an
energy barrier that must be overcome in order for enolization
to occur. Further work on deuterium exchznge in various
deutero acid concentrations should give an gvproximete velue

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



2la

mate of the half-1life of the deuterium exchange reaction
(7 minutes) can be obtained from the nmr spectrum.
Chemically, cyclopentene-3,5-dione is extremely reactive
under most conditions. Reactions st the methylene group are
complicate& by the fact that even in the presence of small
amounts of base the 3,5-dione 18 more reactive with 1ltself
than with other substances. In an attempt to alkylate the
3,5-dlone with methyl iodide and potassium tertiary butoxilde,
an uncharacterizable residue was obtained which was insoluble
in organic solvents and which melted zbove 300°. Thus, in
order to substantlete the course of reactlion, the 3,5-dione
was allowed to react with verious tases. In a dilute solu-
tion of aqQueous sodlum hydroxide, a water soluble, enolic,
tan product is formed which analyzes correctly for 05H402-
2/3 HoC. The compound, however, is insoluble in orgsnic sol-
vents. Addition of & drop of piperidine to a benzene solution
of the 3,5-dione results in the rarid precircitetion of ean
enolic, water solutle product. From the observations, one
might conclude th=zt the 3,5-dione is undergoing e Michael
addition to give what is probably & polymeric m~nteriasl. It
is possible to concelve of two pztns by which condensation
might tske place. One reasonatle rath A would te represented
of this asnion gcross the double tecnd lesding to a polymer

containing the cyclopentezne-1,3-dione nucleus. Infrared date
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Path A

oo
: !
S ﬁ e

seems to support this mechanism. Another possible psth B

would ve the formetion of anion XXI, addition to the double

and then hydrogen transfer. Ultraviolet egnslysis seems to

4 s
oL o /

C)

Fath B

Lol

P
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support this path. The correct psth of condensatinon hss not
been ascertained and may be a combination of psths. A more
detaliled discussion of this condensation, including possitle
kinetics, i1s given in a paper by C. H. DePuy.40

In aqueous acidic solutions, cyc10p¢ntene-3,5-dione is
a stable molecule sand g Claisen condensation hes been observed
with benzaldehyde in glacial acetic catalyzed by a few drops
of concentrzted sulfuric scid.?l The formation of the
benzylidene derivative XXII presumably goes through an enol
intermediate,‘fg-hydroxycyclopentadienone V, under these
conditions. This 1s tentamount to saying that under highly
acidic conditions an equlilibrium exists tetween the enol and
ketone. The benzylidene compound wes prepared in 22% yield
by reacting cyclopentene-3,5-dione with the preformed benzyl-

42 However, when resctions were per-

idene~bis-piperidene.
formed 1in which tase wes added to a mixture of benzaldehyde
on the 3,5-dione, only & negligitle smount (5%) of the
benzylidene compound was obtained. Its infrered spectrum
is given on pege 31 (Figure 1). Infrared data, es given in

Teble 1, show a similerity between indsne-l,3-dione end 1ts

40c. H. DePuy 2nd F. R. Wells, J. Am. Chem. So
be published in 82, ce 1960]
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41lVernon L. Bell and Normen H. Cromwell, J.
23, 723 (195#2)

42Nelson J. Leonerd, John C. Little and A. Jerry Kresge,
J. Am. Chem. Soc., 70, 6436 (1957)
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- H SO,
N

Pt | HOAc . H
CHY SCHO ®CHo R

N

Table 1. Carbonyl frequencles of cyclopentene-3,5- znd
indane-1,3-dilones

Compound ()

Indene-1,3-dione 5.71, 5.85
2-Benzylidene-indane-1,3-dione 5.76, 5.89
Cyclopentene-3, 5-dione 5.73, 5.83
4-Benzylidene-cyclopentene-3,S-dione 5.73, 5.93

2-benzylidene derivative and cyclopentene-3,5-dione and 1its

4-benzylidene compound. Its ultreviolet spectrum (curve B)

on page 33 shows 2 similerity to that of the 3,5-dione.
Cyclopentene-3,5~-dione may te reduced to the known43

45% yileld by zin

[ J aa

Q

cvclopentane-1, K 3-dione 1 dust in acetic

437, E. Boothe, R. G. Wilkinson, S. Kushner =znd J. H.
5]

G s
Williems, J. Ax. Chem. Soc., 75, 1732 (1253)
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acid. In order for this reaction to proceed, the 3,5-d1one
must be sdded to a hot mixture of zinc and scid; inverse
saddition gives exclucively a compound hesving the character-
l1stics of thet resulting from the reaction of the 3,5-dlone"
and base. Catalytic reduction of the 3,5-dione with Adams
c2talyst results in the uptake of approximately 2.7 molar
eqQuivalents of hydrogen without sn apprecisble break in the
rate of hydrogen uptake. Less than 2% of cyclopentane-1l,3-
dione 1s formed, 28 messured by base titratlion of the product.
Gas chromatography and infrared spectra indicete that cyclo-
pentenone andB -hydroxycyclopentenone sre formed in roughly
equal amounts. This wss confirmed by the preparation and
chrometography on alumina of the 2,4-~dinitrophenylhydrazones
(2,4 DNF) of the product. Cyclopentanone 2,4 DNP and cyeclo-
pentenone 2,4 DNP (formed by dehydration of the B—hydroxy-
cyclopentanone under experimental conditions) were isolated
in about ecqual amounts. The apparent course of the hydro-
genatlion is shown in Eq. 4.

As would be expected, cyclopentene-S,S—dione I 1s o
very reesctive dienophile. It reacts immedistely and quanti-
tatively with cyclopentadiene to form an adduct XXITI. Like
cyclopentane-1,3-dione, the adduct i1s completely enolic.

b

v

th 4wl

3
- -

0
)
o]

cene the resction 1s sicwer. An adduct is formed
in 90% yleld when equimoler smounts of the dlone and anthra-

The

-1l

n

cene are heated et reflux in tenzene for four day
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+ Hy——

////2
Eqg. 4
Diels-Alder reaction, thus, provides an excellent method for

preparing a veriety of substituted cyclopentane-1l,3-dilones,

which z2re otherwise difficult to obtain.

H
XXM

The carbonyl groups of cyclcpentene-3,5-dione =re ex-

tremely resctive, and mono- end dicerbonyl derivatives sre

formed immedistely. The following mono- snd/or diderivatives
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have been prepared: oximes, phenylhydrazones, O-methyl-
oximes, and p-toluenesulfonylhydrazones. In esch case infrs-
red spectral data, and analysis, showed that addition had
taxen 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 di-O-methyloximes.
In the attempted oximation of the monoderivative with n-butyl
nitrite and sodium ethoxide, the only product obtained was a
brown solid, m.p.) 2300, which could not be purified. Pre-
sumably, some sort of self-condensation had occurred 28 with
the original 3,5-dione. To support this suggestion, the
monoxime was allowed to react with base. Upon acidification,
a polymeric residue similar to that ottalned with butyl
nitrite was obtained. The di-O-methyloxime when treated with
base and isoamyl nitrite could be recovered quantitatively.
One final reaction, or rather lack of reaetion, needs
to be considered. As mentioned previously, we prepared the
monotosylhydrazone of the 3,5-dione and attempted to prepare
from 1t the vinylogous diszoketone XXV by trestment with bsse,
following the method of Cava et g;.44 This diazoketone was
of interest because of the possibllity of 1ts enocllzing to
a derivative of diszocyclopentediene XXVI. Compound XXIV

2 galt with scd ul was recovered unchanged even

44y, E. Cava, R. L, Little and D. R. Napier, J. Am.
Chem. Soec., 80, 2257 (1958)
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after prolonged boiling with aqueous sodium hydroxide. It
appears probeble that the added stability of the anion im-
parted by the increased conjugation may make the reaction
too slow.

With the eesy preparation of cyclopent-?-enone,45 we
decided to attempt the synthesis of the 3,5-dione by a dif-
ferent method. Bromination of the 2-enone with N-bromosue-
cinimide in cerbon tetrachloride gesve the 4-bromocyclopent-
2-enone in 78.4% yleld. This bromoderivative is very un-
stable46 and must be stored over Dry Ice t: avoid decompo-
sition. Nevertheless, the btromoderivative could be converted
To &an acetoxycyclopentenone in good ylelds bty treatment with

4
silver acetate in refluxing glaciel acetic sacid.‘7

45. H. DePuy and K. L. Eilers, J. Org. Chem. [To bve
published in 27, ca 1959).

46C. H. DePuy end Y. Isaks, Ames, Iowa. Dehydrobromins-
tion of 4-bromocyclopentenone. Private communicetion. 1959

47L. S. Cromble, Michsel Elliot and Stanley H. Herver,
J. Chem. Soec., 971 (1950)
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Hydrolysis of the acetoxycompound and oxidation of the
corresponding slcohol should yleld the known cyclopentene-

3,5-dione I. However, no effective mezns of hydrolysis could

OH%rH® Ie)

LA

v

AC H

be found. It appears thet isomeric acetoxycyclopentenones
were formed. Analysis by Ges Chromatography showed that three
compounds were present with two belng minor constituents of
less than 5%. Elemental snalysis was correct for CpHgOx;
hence, one can assume that lsomeric acetoxy compounds were
present. The conversion of the tromoderivative to the ace-
toxyderivatlive with silver acetsate has been shown by others47
to proceed without rearrangement. Thus, from this we can
assume that the major component of the mixture 1s probebly

the 4-acetoxy-cyclopent-2-enone. Ultraviolet spectrum and
infrared spectrum 1ndicate the possiviliity of an o(~acetoxy-
cyclopentenone. The compound displays a meximum at 207m &«

in the ultraviolet zs comp=ared to 218m 4 for the unsubstituted
enone. Infreared svectrum shows a cerbonyl band at 5.804 .
Thnis is a shift of atout 0.054 which is normel for & -sub-

stituted ketones. Further work on this compound and nmr

studles definitely will solve 1its structure.
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SPECTRA

Ultraviolet absorption spectra were measured with Cary
Model 14 recording spectrophotomer and the infrared spectra
with Perkin-Elmer Infracord snd Perkin-Elmer Yodel 21 in-~

struments using sodium chloride prisms.



Figure 1. Infrared spectra
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Figure 2. Ultreviolet spectra

Curve A. Cyclopentene-3,5-dione

Curve B. 4-Benzylidene-cyclopentene-3,5-dione



log £

200

230 360 3;50
WAVELENG TH (mu)




34
EXPERIMENTAL®
Cyclopentadiene

The commercially availsble dleyclopentadiene (Eastman
Technical Grade) was cracked by heating at 150-170°, end
the monomer (b.p. 40°) distilled 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 falrly
rapidly at room temperature, but it could be keot at 0° for

st least two weeks.48

Cisg-3,5-dibromocyclopentene

This dibromide was prepared by bromination of cyclo-
pentadlene following the procedure of Young et 31.49 A solu-
tion of 564 g. (3.52 moles) of bromine in 400 ml. of petroleum
ether (b.p. 35-40°) wes added with stirring to s solution of

232 g. (3.52 moles) of freshly distilled cyclopentadiene in

*All melting points and boiling points =are uncorrected.
Ultraviolet sbsorption spectra were measured with Cary Model
14 recording spectrophotomer and the infrared spectra with
Perkin-Elmer Infracord and Perkin-Elmer Model 21 instruments
using sodium chloride prisms. Ansalyses ere done by Weiler
and Strauss, Microanalyticsal Laboratory, Oxford, Englend.

48p, Unger, Anslvet, 80, 820 {1955)

49W. ¢. Young, E. K. Hell end S. Winstein, J. Am. Chenm.
Soc., 78, 4338 (1955)
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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 additicn of a solution of 24 ml. of glaclal
acetlc acid, 30 g. of calcium chloride, snd 180 ml. of water,
two 1liquid phases resulted. The orgsnic lsyer was separated
and chilled overnight in Dry Ice, during which time the
crystalline cis-3,5=-dibromocyclopentene precipiteted.

The s0lid white mass was quickly filtered in s previously
chilled Buchner funnel and recrystallized from petroleum
ether (b.p. 60-70°) to give 165 g. (21%) of pure white
crystals of 3.5 dibromocyclopentene. The product must be

stored over Dry Ice to avoild decomposition.
Pyridine-N-Oxide

In 2 liter 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 hezted
for three hours on a steam btath. An additionel 70 ml. of 30%
hydrogen peroxide were added end the reaction mixture heated
for twelve hours as zbove. The mixture was then concentrated
to 200 ml., 200 ml. of water added, and the mixture concen-

trated e8 far as possitle. 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
acetete and sodium cerbonate crystals were filtered snd the
filtrate was dried over anhydrous sodium sulfete. The solvent
wes removed and the residue distilled to give 60.9 g. (64.3%)

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

In s one liter, three-necked flask eQuipped with a
stirrer, reflux condenser, and addition funnel were plsced
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-dibromo-
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 snd the product
removed by filtration. The white s0lid was weshed well with
benzene and dried in a vacuum desicator. The resultant O-akyl
pyridinium salt (XVII) weighed 56 g. (847 yleld), and could
not te purified by recrystallization. It melted with dec.
at 110°.

Angl. Calcd. for C15H16N2028r: 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-gkyl Pyridinium Salt

To 100 g. (0.24 mole) of so0lid O-ekyl pyridinium salt
was added, dropwise with stirring, a solution of 27 g. (0.48
mole) of potassium hydroxide in 300 ml. of water. The resc-
tion flask was immersed in an ice bath. The addition took
one hour and the resultsnt red substance was stirred an addi-
tional half-hour, snd then continuously extracted for two
days with ether. The ether extract was washed with 2 N
hydrochloric scid to remove the pyridine and then success-
ively with 5% sodium cerbonate, water and saturated sodium
chloride. The resultent solution was dried over anhydrous
sodium sulfate and the ether carefully removed to give sa
light btrown oil. Sublimetion at 1 mm. gave 2.6 g. (13%) of
white crystalline solid (m.p. 98-99°) which d1d not depress
the melting point of an authentic sample of 1,8-diketo-4,7-
methano-3a,4,7,7a~tetrahydroindene (XIX).

Ansgl. Calecd. for ClOHSOZ: C, 74.99; H, 5.03. Found:
C, 74.96; H, 5.23. Infrared: 5.6 &« and 5.8;/(.

Tetraethylammonium Acetste

To a solution of 395 g. (1.856 moles) of tetrsethyl-
smmonium cromide in a liter of water wes added slowly with
stirring 280 g. (1.C8 moles) of silver cxide and the rerc-
tion mixture wame z2llowed to stir overnight. The preciviteted

silver tromice wes filtered and the solution neutralized with
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glacial acetic acid. After concentration st reduced pres-
sure, tetraethylammonium acetate wzs obtsined as a golid.
It was recrystallized from dry acetone at -80° to give 258
g. (73.5%) of product.

Cis-3,5-diacetoxycyclopentene

This compound was obtalned from the dibromide by the re-~
ection with tetraethylammonium acetate in dry acetone accord-
ing to the directions of Owen and Smith.50 Cis-3, 5-dibromo-
cyclopentene, 99.2 g. (0.44 mole), was dissolved in 150 ml.
of dried acetone and added to a stirred solution of tetra-
ethylammonium acetste, 283 g. (1.5 moles), in 500 ml. of
dried acetone. Ag the addition proceeded tetraethylammonium
bromide began to sepasrate and the solution becrsme derk. After
the addition was complete (1 hour), the mixture was kept at
0° for 16 hours, filter=sd, &nd the precipitate washed with
anhydroue acetone. The combined filtrete and washings were
ccncentrated under reduced pressare, 400 ml. of water wes
added end the aqueous mixture wss extracted with ether (3 X
100 ml.). After removel of the ether, the resicdue was dis-
tilled to give £9.5 g. (74%) or cis-3,5-dilecetoxycyclopentene,

b.p. 868° (2 mm.).

S0L. N. Owen and P. N. Smith, J. Cher. Soc., 4043 (1959)
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Cis-3, 5~cyclopentenediol

Cis-3, 5-dlacetoxycyclopentene, 38 g. (0.2 mole), was
hydrolyzed by hesting in an alcoholic solution under reflux
ror 24 hours with barium hydroxide, 128 g. (0.75 mole). The
preciplitated tarium salts were removed by filtration and car-
bon dioxide was pessed into the solution until no more barium
carbonate precipitated. Eveporation of the solvent and
vacuum distilletion gave 14.6 g. (73%) of the diol, b.p.
120° (2 mm.). It formed = bis phenylurethan, m.p. 195-196°,
11t.%1 m.p. 195-106°.

Cyclopentene-3,5-diols

A mixture of cyclopentenediols, kindly furnished by
Columbia-Southern Chemical Company, wes subjected to a cere-
ful fractionstion through a spinning brush column of spproxi-
mately 20 theoretical plates. The 3,4-3i0l distilled telow
90° (0.5 mm.) and the 3,5-d10l could be obtained in 50-60%
yield, b.o. 90-95° (0.5 mm.) n§5° 1.501. Periodic acid
titretion of the latter showed 1t to contasin less then 5%
of the 3,4-diol. The eerly frections conteined greester then

95% 3,4-3101 as determined eimilerly.

Slc. 0. Schenck and D. E. Dunlsn, Angew. Chem., 68,
248 (1956)
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Cyclopentene-3,5-dione
Pro e_one

To a cold solution of the 3,5-diol 8.7 g. (0.087 mole)
in 15 ml. of 80% acetic acld was added, dropwise with stir-
ring, 232 ml. of 3 N chromic acid in glescial acetic acid.
The rate of addition was regulated so that the temperature
of the reaction mixture remsined below 0°. After sddition
was complete, the mlxture was sllowed to stir overnight at
room tempersture. 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 plsced in a sub-
limator. The crystalline dione sublimed 2t 50° and 3 mm.
Recrystallization from ether-petroleum ether (b.n. 60-70°)
gave 4.6 g. (55%) of the diketone as 2 yellow s0lid with en
irritating odor. The melting point was 37-38°.

Anal. Calecd. for G5H402: C, 62.5; H, 4.17. Found:

C, 62.3; H, 4.0. Mol. wgt.: Calcd.: 96. Found: ©986.
Ultraviolet: A max. 222mu(1log€4.16), 312mu (1og€1.30),
367mu(log€ 1.30) . Infrared: 5.73K, 5.834 (CHC1z). Active

hydrogen: 1.19.
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Procedure two

To 2 cold stirred solution of the diol, 20 g. (0.20
mole), in 200 ml. of acetone was added, dropwise with stir-
ring, a solution of chromic acid, 30 g. (0.3 mole), 60 ml.
of concentrated sulfuric acid gnd 142 ml. of water. The re-
action flask was surrounded by an ice bath, s2nd the addition
80 regulated that the temperature in the flask did not rice
above Oo. After the addition was complete, the resction mix-
ture was stirred an asdditional two hours at 0°, allowed to
warm to room tempersture, 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, drled over anhy-
drous sodium sulfate, and the dione 1soleted as asbove. Yields
are generally sbout 8 g. (42%), but deepite the lower yields
this procedure is more convenient than the oxidetion in acetic

acid.
Cyclopentane-1,3-dione

A solution of 0.50 g. (0.0052 mole) of cyclopentene-3,5-
dione in 25 mi., of glecial acetic acid was zdded dropwise to
a vigorously stirred mixture of 5 g. of zinc dust in 25 ml.
of gleclal acetic ecid. The addition toock 45 minutes, during
which time the fl=sk was immersed in an o1l btath a2t 85°.

The resction wasz cooled, filtered and the acetic acid removed
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at room temperature under vacuum. The residue was extracted
in a Soxhlet apparatus with chloroform. The chloroform wss
evaporated and cyclopentene-1l,3-dione sublimed at 120° and

4 mm. to yield 0.23 g. (45%), m.p. 149-150°; 11t.°C 150-151°.

Catalytic Hydrogenation of Cyclopentene-3,5~dione

The dione (1.0 g.) in 25 ml. of ethyl acetate was hydro-
genated at room temperature and atmosplieric pressure using
Ad ams catalyst.s5 Absorption stopped after 2.7 molar equiva-
lents of hydrogen had been taken up. The solution wsze fil-
tered and the solvent removed. Titretion of an 2liquot of
the olly product showed that not more thsn 2% of acidic
materizl was present. The infrared spectrum showed a single
carbonyl pesk at 5.7Q/( and an intense hydroxyl band. Gas
chromatography showed the presence of two compounds in about
equsl smounts, one of which had the same retention time =s
d1d cyclopentanone. The 2,4~dinitrophenylhydrazone of the
mixture was prepared and chromztographed on slumine. Roughly
equal gmounts of the 2,4-DNP of cyclopentenone (m.p. 142-

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

527 . H. Boothe, R. G. Wilkinson, S. Kushner and J. H.
Williams, J. Am. Chem. Soc., 75, 1732 (1953)

53an apperatus which is especially convenlent for this
hydreogenzticn, and for others 1im which & reletively large
emount of hydrogen is sbtsorbed (in this csse 620 ml.), 1is
described by P. R. Story esnd C. H. DePuy, J. Chem. E4.,
in press
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Honotosylhydrazone of Cyclopentene-3,5-dione

To 500 mg. (0.0052 mole) of the dione in 10 ml. of hot
methanol were added 915 mg. (0.0049 mole) of tosylhydrazine.
The mixture was allowed to stend and then cooled to 0° snd
filtered. Reerystallization from 95% ethanol gave 1.15 g.
(30%) of the monotosylhydrszone, m.p. 185-186° (decomp.).

Anal. Calcd. for 012H1205N28: 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 acidifice-
tion after heating at 100° with tese. Although some color-
ing of the solution took place, no evidence for the presence

of a dlazo grouping could be found.
Cyclopentadiene Adduct

The adduct could be prepsred in quantitative yield by
mixing equimolsr amounts of the dione ard cyclopentediene in
four times thelr volume of benzene and sllowing the mixture
to stand at room temperature. The sdduct begen to precipitate
in a very short time. After a few hours the solutlon was
filtered and the precipitzte was recrystellized from s mix-
ture of chloroform-carbontetrachloride. Sublimation at
120-130° (1 mm.) gave the adduct (m.v. 162.5-170.5°) which

appezred to te 100% enolic.
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Angl. Cealod. for Cy4H.40,: C, 74.1; H, 6.2 Found:

c, 73.9; H, 6.05.
Reaction of Cyclopentene-3,5-dione with Adqueous Bzase

To 500 mg. of the dlione in 5 ml. of wster wss added 53
ml. of 0.1 N sodium hydroxide. After =stirring st room tem-
perature for twenty minutes, the brownish-red solution was
passed through an Amberlite I.R. 120 ion-exchange column to
remove sodium ions. The aqueous solution of the polymer wes
then evapor-ted to dryness leaving 2 tan, highly enolic powder
which was insoluble in organic solvents.

Angl. OCeled. for CgHu05°2/3 Hy0: C, 55.55; H, 4.97.
Founda: C, 55.44; H, 4.87.

Attempted Selenium Dioxide Oxidation of Dione

To a solution of 0.2 g. (0.002 mole) of cyclopentene-
3,5-dione in 20 ml. of dloxan wes added 0.24 g. (0.002 mole)
of selenium dioxide. The mixture was herted a2t reflux for
24 hours. Selenium was filtered and lead acetate added to
reduce any unrrczcted selenium diloxide. After removal of
dioxan, a brown polyzmeric subctance (m.p.) 300°) resulted
which wae insolubtle in orgenic solvents. When the above
reaction was performed in toluene, ecetic acid, and ecetic

anhydride, similar resulte were obtsined.
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Attempted Oximation 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 1n a
refrigerator overnight. Evaporation of ethancl led to a semi-
s0lid which was dissolved 1in methylene chloride. The methyl-
ene chloride extract was washed with water and dried over
anhydrous sodium sulfate. Distillation of solvent gsve a
semisolid substance appesring reddish brown in color and
infrared analysis showed indicetions of an oxime being
present. The ferric chloride test was positive. However,
no effective mesns of purificstion were found.

Attempted Oximetion of Cycloperitene-3,5-dione
with Phenyl Lithium

Phenyl 1ithium was prepsred according to the method of
Gtlman.%* A solution of 0.5 g. (0.0052 mole) of dione in
20 ml. of anhydrous ether wes added dropwlse to a stirred
solution of 10 ml. of 0.518 N phenyl lithium in ether. A
reddish tan precipitate was formed. This mixture was =2llowved

to stir for 10 minutes end 0.5 ml. of ethyl nitrite was

S3A. H, Blatt, "Orgenic Synthesis”, Collective Volume
11, New York, n.¥., John Wiley end Sons, Ine., 1943, p. 517.
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added. The entire system wes 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 anhydirous magnesium sulfate
and then distilled to give the same results as those reported
from the previous oximation.
Attempted Akyletion of Cyclopentene-3,5-dione
with Potassium Tertiery Butoxide

A solution of 0.1 g. (0.001 mole) of dione in tertiery
tutanol was cautiously added to & stirred solution of 20 ml.
of 0.1 N butoxide snd 0.25 ml. of methyl 1odide. The solu-
tion turned brown with turbidity appeering. The above re-
ection mixture was allowed to stir overright at room temper-
ature and then extracted with methylene chloride snd worked
up in tre ususzl meznner. The only product was volymer.

Preparation of Mono-O-methyl Oxime
of Cyclopentene-3,5~dione

To & stirred solution of ¢ g. (0.02 mole) of dione in
© ml. of weter was added 43 ml. of 0.883 molar methoxyamine
hydrochloriae solution. The reaction mixture was allowed
to stir for five hours zaznd the resulting crystesls were re-
roved by filtration. Ether extraction of the filtrete and
recovzl of ether produced z second crop of gryetsls. Sub-

limstion 2t 50° (1 mm.) of the combined product gave 1.4 g.
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(56%) of mono-O-methyl oxime of the dione (m.p. 87-89°).

Angl. Caled. for CgH,0oN: C, 57.6; H, 5.60; N, 11.20.
Found: C, 57.33; H, 5.79; N, 11.05. Ultraviolet: AL max.
281mu (10g€ 4.61) 1in 0.1 N OF . Infrared: 5.84 (CHC13).

Preparation of Di-O-methyl Oxime
of Cyclopentene-3,5-dione

To a stirred solution of 2 g. (0.02 mole) of dione in
5 ml. of water was added 86 ml. of 0.583 molzr methoxyamine
hydrochloride. This reaction mixture was allowed to stir for
24 hours. The resulting crystals were filtered snd the fil-
trate extracted with ether and worked ur as in the case of the
mono derivative. Purification of product by recrystelliza-
tion from 95% ethanol gave 2.86 g. (93%) of di-O-methyl oxime
of dione (m.p. 116-117°).

Anagl. Calcd. for CoH;gOoN,: C, 54.53; H, 5.54; N,
18.17. Found: C, 54.60; H, 6.23; N, 18.35. Ultraviolet: Al
max 284@/((10g£'4.28)-

Attempted Oximation of Mono-O-methyl Oxime
of Dione with N~butyl Nitrite

To a stirred solution of 1.02 g. (0.008 mole) of mono
derivative in & ml. of annydrous ethanol was added 87 ml. of
0.1 N sodium ethoxide. The solution was sllowed to stir for

.
five minutee on

[ol)

1 ml. of n-butyl nitrite was added. The

resction mixture was stirred for twelve hours and then made
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neutral with hydrochloric ecid. Extraction with methylene
chloride and evaporation of solvent produced a brown solid
(m.p.>'250°). Presumably some sort of polymerization hsd
taken plsce 28 with the dlione and Lase.
Attempted Oximation of Di-O-methyl Oxime
of Dione with Isoamyl Nitrite
To a stirred solution of 1.46 g. (0.009 mole) of 41
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 sulfste, the solvent wss removed to give un-
reacted starting material.

Preparatiorn of 4-Benzylidene Derivative
of Cyclopentene-3,5-dione

Procedure one

The derivative was prepared following the procedure of

55 4 solution of 1.7 g. of benzaldehyde and

Leonard et al.
five drops of piperidine in 10 ml. of anhydrous ether was

allowed to stir for five minutes. To this solution was =dded
0.5 g. (0.005 mole) of dione and the mixture was stirred over-

night. A small amount of tan precipitate was filtered and

55Nelson

e Leonard, John C. Little enéd A. Jerry Kresge,
J. Ap. Chem.

J.
Soc., 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 filtered 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 wss
added three drops of concentrated sulfuric zcid. 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 bicarboncte, and
saturated sodium chloride solution. Evaporation of solvent
and recrystallization from 50% aqueous acetone gave 0.155 g-
(42%) of 4-benzylidene-cyclopentene-3,5-dione (XXII), m.p.
145-146°.

Anal. Calecd. for C10HgOps: C, 78.25; H, 4.38. Found:
C, 78.19; H, 4.29. Ultraviolet: A mox. 225mi(log.& 4.30),
518my (lug- € 4.22).

Preparation of Cyclopent-2-enone

This enone wss prepared by the method of DePuy =nd

Eilers.56 To 2535 g. (2.56 moles) of = mixture of cyclo-

56C. H. DePuy and XK. L. Eilers, J. Org. Chemn. [bo te
published in 27, ca 1958].
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pentenediols, kindly furnished by Columbia-Southern Chemiczl
Company, was added 0.7 g. of p-toluenesulphonic acid. The
solution was heated a2t a pressure of 10 mm. and a pot tem—
pereature of 185-1900. Under these conditions e¢yclopentenone
gradually distilled at 40° to 60° and was collected 1n an
lce-cooled receiver. When no more distillste was collected
(1-1 1/2 hours), the resction wags stopped. The residue
welghed 24 g. The product was extracted with methylene
chloride. After removal of solvent, the product was dis-
tilled to give 141 g. (677%) of cyclopenten-?-enone, bL.p.
150-151°.

Anal. Caled. for C HgO: ©, 73.14; H, 7.37. Found:

b b

C, 72.36; H, 7.63. Ultraviolet: /\ max. 218 @/{(lOg.€.4.84).
Preparation of 4-Bromocyclopent-2-enone

To 20 g. (0.23 mole) of cyclopent-2-enone in 100 ml. of
carbon tetrzchloride was added 44 g. (0.°4 mole) of N-tromo-
succinimide. The reaction mixture was heated st reflux tem-
perature for 12 hours. After cooling, the resulting suc-
cinimide was removed by filtration. Evaporation of the car-
bon tetrachloride and distillation of the residue ssve 30.2
g. (78.4%) of 4-bromocyclopent-2-enone, b.p. 47° (2 mm.).
The product was stored over Dry Ice to avoid decomposition.

Anal. Ultreviolet: A max. 215mx(iog.£ 3.27).
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Preparation of 4-Acetoxycyclopent-2-enone

The acetoxy compound was prepared from the bromo derivae-

57

tive following the method of Crombie et al. Silver acetate

was freshly prepared by precipitation from an agqueous solution
containing 34 g. (0.2 mole) of silver nitreste by the addition
of 19.5 g. (0.2 mole) of potassium scetate. The filtered
precipltate wae washed twice by heatling the suspension in
glacial acetic =scid and once in glacial écetic acid and acetic
anhydride mixture. The adsorbed scetic acid was removed
during the lest filtration 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 glesclal acetic acid was added £4.9 g. (0.15 mole)
of silver acetate. The resulting suspension was stirred st
reflux temperature for 24 hours. Silver bromide (26.8 g.)
was flltered snd the acetic acid distilled at aspirestor pres-
sure. Vacuum distillation of the residue gave 13.2 g. (71%)
of 4-acetoxycyclopent-2-enone, b.p. 57° (2 mm.).

Apal. Caled. for C,HgOz: €, 52.89; H, 5.75. Found:

C, 60.01; H, 5.97.

b

In en attempt to eliminste acetic acid from the acetoxy

ketone, & small quantity of 4-scetoxycvclopent-2-enone was

oy

“1? MigAPel Elliot and Stanley H. Harper,
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distilled at 190° and atmospheric pressure from a trace of
p-toluenesulphonic acid. No evideince of decomposition wsas
observed and the acetoxy compound was recovered quantita-

tively.
Attempted Preparation of Cyclopentene-3,4-dlone

To a solution of 10 g. (0.12 mole) of cyclopernt-2-enone
in 15 ml. of glacial acetic acid was added 15 g. (0.13 mole)
of selenium dloxlde. 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 resction was ob-
served. Then the mixture was hesoted on a steam tath for an
additional 1 1/2 hours. Removal of acetic acid under vecuum
produced a tarry m:3s. Sublimation st 200° (2 mm.) gave a
small emount of yellow crystals. Infrared analysis showed

indications of cyclopentene-3,4-dlone.
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SUMMARY

Cyclopentene-3,5-dione was syntﬁesized by chromic acid
oxidation of cyclopentene-3,5-diols. The 3,5-dione is a
yellow, volatile so0lid melting st 37-38° C and soluble in
water and most organic solvents except hydrocarboné.

Cyclopentene-3,5~dione 18 an interesting compound for
theoretical reasons, because in 1ts enol form, the 3,5-dione
would be a {g-hydroxyderivative of the hitherto unknown mole-
cule cyclopentadienone.

The 3,5-dlone 18 unstable in tesic solutions and rapidly
condenses with itself to form a volymeric species. Attempted
base catalyzed condenseations at the methylene vosition vproved
to be frultless.

In aqueous zcid solutions, cyclopentene-3,5-dione 18 a
stable molecule. In moderstely 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-d1lone by zinc dust in scetic scid
vyilelded cyclopentane-1,3-dione, while cztalytic reduction with
hydrogen and platinum gave roughly equal smounts of cyclo-
pentanone and.f;-hydroxycyclopentanone eand less than 2% of
cyclopentene-1,3-dione.

Cyclopentene-3,5-d1ione is a very re: tive dienovhile

and undergoes Diels-Alder recsctions quite readily with cyclo-
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pentadlene and anthracene. 1Its carbonyl groups sre extremely
reactive, and mono- and/or diderivatives are formed immediate-
ly. The monoteeylhydrazone of the 3,5-dione was prepared and
an gttempt to form f;-hydroxydiazocyclopentadiene from 1¢ 1is
discussed.

The synthesis of en acetoxycyclopentenone ie a2lso 4is-

cussed.
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