IOWA STATE UNIVERSITY

Digital Repository

) . . Towa State University Capstones, Theses and
Retrospective Theses and Dissertations y-ap ' .
Dissertations

Synthetic approaches to the cyclic ethylene ketal of
cyclopentadienone

Billy Wayne Ponder
Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
b Part of the Organic Chemistry Commons

Recommended Citation

Ponder, Billy Wayne, "Synthetic approaches to the cyclic ethylene ketal of cyclopentadienone " (1961). Retrospective Theses and
Dissertations. 2414.
https://lib.dr.iastate.edu/rtd /2414

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/2414?utm_source=lib.dr.iastate.edu%2Frtd%2F2414&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

This dissertation has been Mic 61-2268
microfilmed exactly as received

PONDER, Billy Wayne. SYNTHETIC APPROACHES
TO THE CYCLIC ETHYLENE KETAL OF
CYCLOPENTADIENONE,

Iowa State University of Science and Technology

Ph.D,, 1961
Chemistry, organic

University Microfilms, Inc., Ann Arbor, Michigan



SYNTHETIC APPRQACHES TO THE CYCLIC
ETHYLENE KETAL OF CYCLOPENTADIENONE

by

Billy Wayne Ponder

A Dissertation Submitted to the
Graduate Faculty in Partial Fulfillment of
The Requirements for the Degree of

DOCTOR OF PHILOSOPHY

Major Subject: Organic Chemiétry

Approved.:

Signature was redacted for privacy.

Iu Cherge of Mhjor Work

Signature was redacted for privacy.

Head of Major Depédrttment

Signature was redacted for privacy.

Dean of Gradudte Cdllege

Iowa Steate University
Of Science and Technology
Ames, Iowa

1961



i1

TABLE OF CONTENTS

Page
INTRODUCTION . . . . . . . . .« . .« o« o o o . .. 1
AISTORICAL . . .« « . . . . . Lo 3
DISCUSSION . .« . . . . s e s, 13
EXPERILKENTAL . . . . .« . . . . . ..o 30
Reagents. . . . . . . . . . . . . . oL 30
Preparations. . . . . . . . . . . . . . . . ... 34
l,o-Dioximiuo-4,7—metnano—3a 4,7,7a-
tetrsnydroindene . . . e e . 34
1,3-Diketo-4,7-methano-3a,4 79-
tetrenydroindene(I). . . . .. 35
1-Keto-c-hyidroxy-4, 7-methrrno-3z 4 7 73—
ueur—hyar01naeue(II) e . e 36
Attempted resrreangement of l—ﬁeto £- o7
hydroxyl-4, 7-metncno-oa 7,78~
tetrenyuroinuene(;I) .o .. 37
s-(Cyclic ethylene ketal)- 1 keto- 4 7-
wethano-Ja 4,(,ra-ueurcnyur01naene(x¢; . 37
g-(Cyclic eth‘ene ketal)-l-hydroxy-4, 7-
methano-3a,4,7 7a-uetrehyur01ndene(IV) .. 38
1- Hydroxy-S-keto—4 7-metheno-ie,4,7 Te-
teuranyur01ndene{V) . AN 3¢
Reerrangement or l-hyc roxv b Koto 4 7=
metnero~-3a,4,7, 78—»80Panjcr31;03ne(V). .. 40
lefluxing xylene (c. =. ;3706}. e 40
Refluxing water (c. .. 100 C e 40
1efluxi;g toluerne (c. - ll; c) . ... a1
«—Cnlorocyclopentenone(VIZI.) 41
cyclic etnylene ketzl of
<—-cnlorocylopentanone(IX). . 4z
Cyclic ethylene ketzl of cyclopentenone(x) 43
1yaroéenation of cyclopent-z—er.one ketel(X). 44
4-Browocyclopent-c—erone ket2l(XI) . 45
Atucmpuqa denyarcorominstion of
-crdmocyclopent-z-enone ketel . . . . . . 48
Cuprous vcromide. 47
4- AcetoxycyCIOpenu—c-enore xeuel 42
4-penzoyloxycyclopent-«—ero:e kzeiel. 42



111

4-(N,N-dimethylewino)cyclopent-
<—-enone ketal(XII) . .
4-(i,N- dimethdlamlno)cyclopent-
«—-enone ketel N-oxide(XIII).
Pyrolysis of 4-(L, k—aimetnylamlno)cyclopent—
c-enone ketal L-oxide(XITI). . .
Cyclopent-«c-enone ketesl-4- trimetnyl—
azioniuw hydroxicde(XIV). )
Pyrolysis of the 4-trimetqylamuonium
hydroxide of cyclopent-w-enocrne ketal(XIV).

SUMMARY. . . . . . . . . . . .o oL L.

ACKN

WLEDGERENTS . . . . . . o oo oL oL

&7
&9



INTRODUCTION

Much work during the past century has been centered
around tne preparaticon and isolstion of unique unsaturated
five membered ring carcocyclic eystems. Prominent among this
work has veen the synthesis of tne cyclopentadienyl anion by
Thielel and the diazocyclopentadiene system by Doering and
DePuy.Z Tne stability of these systems i1s generally attri-
tuted to their possessicon of aromatic character by virtue of
thelir adherence to the rule of aromaticity. Although the two
exawples sbove serve to support the general 4n + z rule of
aromaticlity, much effort has beern directed towerd finding
exceptions to this rule. In perticular, msny attempts have
ceern. maede to isolste cyclopentasdienone, a ccmpletely conju-
géted diene-one system. This compounéd would te 2 veluatle
exception to the rule ané should lead to new or altered con-
cepls of electronic interactions in ring systems. Although
nighly sucstituted monomeric cyclopentadienones end the
dimeric unsuostituted cyclopentadienone have been synthesized
ané 1isolzted, tze unsucstitiuted monomer hes never been iso-
lated.

Anotner molecule whicn would be of tneoreticsl interest

ir. 1ts own rignt and which could possibly lead directly to

15, Tniele, Ber., 34, 68 (1901)

“%. von E. Doerin. end C. H. DePuy, J. Am. Chem. Soc.,
75, 5252 (1953)




monomeric cyclopentedienone is tne cyclic ethylene ketsl of
cyclopentadienoie. 8Since this molecule is analogous to cyclo-
pentadiene in 1ts degree ol unsaturation, it would likewise be
expected to possess a fair degree of stebility in its mono-
meric state. Such a new molecule would te a valuzble inter-
medlate in the synthetic route to bridged ketones.

The object of this work was to investigate the synthesis
and isolation ol tne cyclic ethylene ketal of cyclopenta-

dlenone.



HISTORICAL

Synthetic worx centering around the synthesis and isola-
tion of cyclopentgdienone and 1ts derivatives has occupled the
Organic chemistis tor almost a century. Interest was initiated
in this area in 1887 with the observation bty Japp and Burton5
that acetone condenses with ovenzil in tre presence of kegse to
yield "anhydracetonébenzil". Acid treatment of this cyclo-
pentenolone system gave a compound Cz4H 40- whiich they were
unacle to identify at tnat time, but which was shown in some
of tneir later work% to be the dimer of dipnenylcyclopenta-
dienone. They rationalized Epat tne cyclopentenolénevsystem
had first gone to dipnenylcyclopentadiernone, wnicn then

dimerized. Tnis is shown in Eq. 1.

¢g—gb+ CH,@CHS_.,. _ ' (Eq. 1)

In tahelr work on chlorinated, &«-nydroxyacids, Zincke end

SF. 3. Japp and C. I. Burton, J. Chem. Soc., 51, 4x0
(1887) —

“(a) F. R. Jepp and G. O. Lerder, J. Chem. Soc., 71, 123
(1897); () F. 4. Japp erd A. K. Meldrum, J. Cnem. Soc., 79,
1024 (1901) =




Gunther5 obtained the dimer of tetrachlorocyclopeatadienone,
wihich lost carbon monoxide upon heating to give perchloro-
indenone. In some later work, Zincke and coworkers6 investi-
gated some of the reactions of the dimer, one of whicn was
its oxidative degradation to tetrachlorophthalic anhydride.
In 1894, Claiseh and Ewan,7 iun thelr work on reaction products
of dibenzyl ketone snd oxalyl methyl ethers, obtained a com-
pound whose analysis suggested an empirical formula corre-
spondling toc that of diphenyldihydroxycyclopentadiencone. They
did not, however, ascertaln whether this compound wes mono-
meric or dimeric.

Lowenbein anad Ulicha

were one of two groups who simul-
taneously prepared tne first monomeric cyclopentsdienone by
reacting diphenyl maleic anhydride wit: phenylecetic zcid,
treating the resulting tenzal diphenylmaleld with phenyl mag-
nesium bromide and then acid.  Tne formztlon of this compound,
known as tetracyclone, 1s shown in Eq. <. Zlegler and

Schnell9 also prepeared tetraphenylcyclopentadienone at the

same time as lLowenbein and Ulich, but by an indepencernt route.

ST. Zincke esnd H. Gunther, Ann., 272, £43 (1892)

6(s) T. Zincke and K. H. Meyer, Ann., 367, 1 (12029): (b)
T. Zincke end W. Pfaffendorf, Ann., 324, 7 (191z2)

“L. Claisen and T. Ewan, Ann., £84, 245 (1894)
8A. Lowenbeir and G. Ulich, Ber., 58B, 2662 (1925)
°K. Zlegler and B. Schnell, Ann., 445, 266 (1925)
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00H § MGBR 6;5 ¢
!Eajéa——)- ::i:iE$> ———T$;-—‘- (Eq. 2)

They treated tetraphnenyl cyclopentadiene witn para-nitroso-
dimethylaniline and hydrolyzed the resulting condensation
product with acid to tne tetraphenylcyclopentadlenone.
Tetraphenylcyclopentadienone has been prepsred in various
ways oy sucsequent investigators wno were interested in ex-
plorirg tne chemistry of this first cyclopentadlenone monomer.
Dilthey and Quintlo prepared tne monomer in a two step se-
quence in wniecn tney condensed dicenzyl ketone with btenzil in
basic solution and taen dehydrated tne resulting hydroxycyclo-
pentenone wltn squeous acia to give tne dienone, w. T. 218°C.
The maleic anaydride adduct of this monomer loses carkton
monoxide quantitatively upon hesting to give tetrapnenyl-
patnalic anhydride. Tney prepared various otaer tetrasutsti-
tuted cyclopentadienones in order to test tneir spplicecility
as chromopnoric egents for use in tne syntnetic dye industiry.

11

Diltney anda Scnommer were tne first to prepzre tripnenyl-

low- Cilthey and F. Quint, J. prekt. Chew., 1z8, 132
(1¢30)
11

¥%. Diltiney end W. Schommer, J. prakt. Chew., 138, 223

(1233)



cyclopentadienone, I, and although it exlsts as its dimer,
they were successful in thermally cracking it back to its

monomer and trapping it witn maleic anhydride.

From tneir work -on tne rearrangement 0I oximes sai.d
phenylhydrazones, Diels et g;.la were acle to octsin £-(N-
metnylanilido)-4-phenyl-5-hydroxycyclopentadienone, II.

Allen anc’..Spanagell5 tecazme interested in the cyclopenta- _
dienone field wnile investigesting the resctions or anhydrace-
nonecenzil‘with certair. halogen compounds. They prepared the
dimer oi dipnenylcyclopentadienone rrom’3,4-dipheny1—4-hydroxy—
cyclopentenone ©y treating it with tese. They also reinvesti-
gatea sowe oI tne terlier work doune by Japr and Burtonl4 in
re-wation the structure and properties of the cyclopenta-
dierone dimers. Tne ~igorous scrutiny given to this system by

“Aller. served to strengtnen certair conclusions drzwn by pre-

1z

. Diels, C. Buddenverg, arnc S. ¥ang, Ann., 451, 223
(1227) =" ==

13¢. 7. 4. Allen and E. V. Spznegel, J. Az. Chew. Soc.,
o4, 4338 (183z)

14p. R. Jepp end C. I. Burtoi, oy. Cit., u. 420

— —



vious investigators as well as to point up some new cnes. 1In
line with previous evidence, they showed that the dimers have
a carbonyl btridge across an unsaturated six-membered ring snd
can be thermally degraded to substituted dihydroindenones.
They also found that by heating the dimers in the presence of
malelc anhydride, they were able to obtain Diels-Alder adducts
from both the dihyciroindenones as well se the monomeric cyclo-
pentadienones. One such edduct isolated by Allen and Sheps15

is shown in Eq. 3.

ﬁ‘” MA.. MA. (Eq. 3)

Allen and VanAllanl6 investigated the degree of dissocia-

tion of verious dimers in a variety of solvents. By analyz-
irng the malelc anhydride edducts octsined from 2,5-dimethyl-
Jd,4~-dipnenyleyclopentadienone gt 800, they found that it was
Z0% dissocleted at this cemperature.

Utllizing thelr experlence, ss well as &ll the availeble

llterature date in the field of cyclopentadienone chemistry up

15¢. F. H. Allen end L. J. Shers, Cer. J. Research, 11,
171 (1934)

16¢c. F. H. Allen end J. VanAllen, J. Ac. Chem. Soc., 64,
1260 (194z)




to 19560, Allen and VanAllan17 proposed some rules relating
degree ot sucstitution of the cyclopentedienone ring to sus-
ceptibility to dimerization. Their rules state: 1) any
cyclopentadienone neving fewer tnan three sucstltuenis willl
exist s a non-dlssociating dimer; <) waern there sre taree
sucstituents, the dienone will exist as a non-dlssoclating
dimer except when there are two aryl groups next to the car-
bonyl; 3) when all four positions of the dienone are substi-
futed, 2 disscciacle éimer resultits wnen the sutbstituents in
tne < and & peceitions are methyl and an alkyl, otherwise the
sucstance is a monomer.

Krynitsky and Bost18 were acle tc prepare tne diethyl
ketal of tetlracnlorocyclopentadierone by treeting hexachloro-
cyclopentadiene witn sodiun ethoxide in ethanol. Newcomer and
AcBeelg were aclie to duplicate these results and 21so succeed-
ed in forming various Diels-Alder saducis of tne ketel through
reaction witn verious dienopniles. Tne ketel undergoes
nydrolysis to give dicyclopentadiencne.

Verious derivatives of unsucstitutec cyclopentadienone

nazve ceern prepsred. An oxime derivetive was prepered by

17c. F. H. Allen and J. VeanAllar, J. Ax. Chem. Soc., 7%,
5165 (1850)

18J. A. Krynitsky end R. W. Bost, J. Aw. Chem. Soc., 62,
1918 (1947) - T

193. J. Kewcomer ard Z. T. iicBee, J Chewn. Soc., 71,

945 (1949)



Thielezo

in 1800 by reacting the cyclopentadlenyl anion with
ethyl nitrite. The product proved to be the dimer, III, and
could not te cracked back to the monomer by heating. The
phenylhydrazone derigative of cyclopentadienone has also been
prepared by Eilbner and LaueZI by tne reaction of the cyclo-
pentadienyl anion witn benzene dliazonium chloride. Doering
<2

and DePuy prepared dlazocyclopentadiene, IV, by reaction of

cyclopentadienyl litaium with pare-toluenesulfonylazide.

OH
NOH
1 v

In an attewpt to isolate cyclopentadierone, Alder and
F‘loc:}&z'5 pyrolyzed l-ketodiéyclopentadiene. The products that
were lsolated were dicyclopentediene, 8,9-dlhydroindene, and
§,8-dihydroindenone. The pyrolysis pstn avparently proceeded
inrougn the formation of tne two intermedistes cyclopentadiene
and cyclopenisdienone, whose sutsequent dimerization with each

otner as well as themselves gave rise to the observed vroducts.

“07. Thiele, Ber., 33, 665 (1200)
“lp. Eibner end O. Leue, Ber., 39, 202z (1906)
“%y. vor. E. Doeriig and G. H. DePuy, op. cit., . 5955.

z

23¢. Alder and F. 3. Flock, Ber., 87, 1916 (1954)



10

DePuy and Zawesk124 poseibly observed the momentary existence
of cyclopentadienone during the preparation of the dimer from .
the base treatment of the O-alkyl pyridinium salt of 3, 5-
dibromocyclopentene.

Agein in 1960, DePuy and I..yonsz5

showed the transitory
existence of cyclopentadienone by pyrolyzing the anthracene
adduct of cyclopentadienone, whica in turn was prepared from
anthracene and cyclopentene-3,S-dione. They were successful
in isolating 8,9-dihydroindenone, a product which arises by
way of dimerlization of cyclopentadienone with subsequent loss
of the obridged cartonyl as carbon monoxide.

Recently, DePuy and Isaks26 have studled several methods
of genersting the cyclopentadienore molecule in solutior.
They found that 4-bromocyclopent-Z-enone, when treated with

milé base, gave dicyclopentadiencne in very high yields.

This 1s shown in Eq. 4. Although cyclopentadienone was not

— —_——
8R (o] (Eq. 4)

‘40. H. DePuy and E. F. Zeweski, J. Am. Chem. Soc., 81,
4220 (1959) T

£5C. H. DePuy ard C. E. Lyons, J. Am. Chem. Soc., 8g,
8631 (1960) .

<6¢c. H. DePuy and ii. Isaks, J. Am. Chem. Soc., to be
puclished 1in 83, ca. 1861
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isolated as sucn, they were sble to investigate some of the

chemistry ol tnis interesting molecule. Througn generation

of the molecule in the presence of various dienes and dieno-
pniles, 1t was found that cyclopentadienone is a good dieno-
phile out a poor diene.

xany cridged ketones have veen prepared since the prep-
aration of tne first one by Japp aud BurtonZ7 in 1887. Most
of tnese nave arisen thréugh work on the cyclopentadienone
system,‘and consequerntly contain a bridged system across an
unsaturated six-memcered ring.

There zre, however, two instanceszs
in wnlcn saturated and bridged six-membered bicyclic ketones
are said to e formed. In eacnh instance, z semicartazone was
isolated from tne liguid mixture resulting from the pyrolysis
Ol saits ol nexahydroterephitnaslic and hexahydroisophtaalic
acics. However, & re-examination of this work was carried out
cy Allen et g;.zg and no ovlcyclic ketones could ce isolated.

Tne compounas isolated hed the properties of l-methyl-3-

3
cyclohex-z-enone, V. Aller and VanAllan © prepared the first

“?f. A. Jepg erd C. I. Burton, op. cit., p. 4%0.

“8(2) N. Zelinsky, Ber., 34, 372¢ (1901); (&) O. Stark,
Ber., 45, 2369 (191z)

“8¢. F. 4. Allern, T. Devis, D. W. Stusrt, znd J.
VenAllen, J. Org. Chew., 20, 306 (1955)

30C. F. Al.en end F- VenAllan, J. Org. Chem-, 0, 323
(1855)

in tne 0ld literature -
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saturated cicyclic ketone wnen they catalytically reduced

allethrolone to VI. Dimethylfulvene nhas been used in many

v Vi

cases to condense with dienopniles in tne Diels-Alder reaction
to give a criGged ccmpouna with an exocyclic doucle cord at
tne 7 position. This etnylenic linkage may tnen te cleaved
wita ozone to tne corresponding oridged xeto group.

Ine 1act tnat tnese oricged, unsatursated cicyclic systems
tena to lose carcun monoxide Guite easily upon neating has
nindered tne lnvestigation of tne reactions of the 7-keto
group. However, 1t hes ceen snown tnet the tridged carbonyl
may ce reauced to tne hydroxy function by a veriety of re-
a-enits. These 7-nycroxy sucstituted cicyclic derivetives
nave recelived mucn ztitentior from severel irnvestigstors.

Arotner iype of reaction &Kncwn to the oridged cesrbonyl
is 1iis clezsvage c©y meeans ol elcoholic zlxeline solutionssl to

£ive rise to cercoxylic scics.

¢. F. H. Aller and J. VanAlle:, J. Org. Chem., 1C, 333
(1245)
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DISCUSSION

Although much work hes been done on various highly sub-
stituted dicyclopentadienones, little was known about the
chemistry and possible transformations of the unsucstituted
dimer.‘ Tnis mey be attributed in pert to the fact thet uﬁtil
recently, a convenieut prepsrative route to the unsucstituted
AQlmer was unknown. DePuy and Zaweskisa snowec thzt bty cleev-
age ol tne O-3lkyl pyridinium selt of 3,S-dicromocyclopentene
with case, a2 low yield of dicyclopentedienone could te ob-
tairnea. It weas lzter shown by DeFuy send Ponder33 thet a very
good yiela of dicyclopentadienone cculd te otteined by first
preperiing tne corresponding dioxime s reported earlier, and
toen hydrolyzing tnis to tze diketone with levulinic acid as

saownL in Eq. &. This hydrolysis route mede the dimer readily

| OH
SN SN

svaillecie for investigestion of its liitle known rezctions anéd

~——

2]

c. 5)

L

synthetic spplicestiomns.

4

I. DePuy and . F. Zaveski, op. cit., p. 48x0.

. Defuy erd E. w. Ponder, J. Aw. Caemw. 3Soc., £1,
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In lire witr-previous observations 1n bridged xetone
systems, utne diketone readily loses cerbon monoxide at temper-
atures not too rar scove its wmelting point. Although this
would seew to ninder lnvestigations of the reactions of the
criaged carbonyl, it proved not to te a serious problewr when
tne reactions were conducted in a suitacle solvent.

The dimeric ketone reedily ebsorts two moleculer equive-
lents of hydroger ges over o palladium on chrrcoel crtelyst
To give tne satursted diketone. The unsatursted diketone is
essentially uncnanged by O.1 K acid or cese ir refluxing
metneanol.

The cridged ketone group is tre most vulneracie roint in
tne diketone molecule, 2rd undergoes resciions without effect-
ing tne & ,F-unsaturéted cerbonyl group. Stirring & methen-
olic sclution of tne diketorne wita sodium ctorohydrice for a
few minutes 2t room temperature gives a cuzntitstive conver-
sion to the l-keto-8-nydroxy comround, II. Tnls ketol is
2t first en 0ill, wnich may ce crystal-.lzed from nexarne to
give a nice, wnite crystelline sclid witn m. p. of 1330.

Tnis compound wzas of interest to us ir coi.nection with some

-

- e X 3
wWOrk regoried by woodwerd a:.d Katz.

-

These worksrs otserved

& noveli rearrangement of & hydaroxy sutstituted dicyclopenta-

dlere systemr similar o vur systew. In connection with their
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Wwork on the mechanism of the Diels-Alder reaction, they ob-
servead tnet oy heating eitner pure XVI or XVIII in en evacu-
ated tuce at 137°, an equilibrium mixture of the two isomers
was octalned. A syumetrical intermedlste of type XVII wes

invoked to explain this phenomenon.

H

XVI XVII XVIII

We were led ry tne otvious mechanistic interest of this
resrran-.ewent to explore the possicility of & siziler re-
arrangement in the l-keto-8-nydroxy system, II. One would
expect tnat if suca a2 rearrangement Ircm XIX to XiXI was ob-
served, 1t saould ce greatly facllitated vy tae stabilizing
i:sfivence ol itne carbonyl group upon t:e intermediste XX. 1If,
on tae oiher nzrd, tne reerrangement did not occur, an exoplans-

tion would seew to te thet tne systen 1is reluctsnt to eptroach

XIX XX XXI
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a cyclopentadienolie type intermediate as required bty XX.

witn these points of interest in mind, tae isomer XIX weas
prepared and sutjected to the rearrangement conditlons by
placiug in an evacuated tube and heeting to 138° for several
nours. Infrered analysis of the product revealed no re-
arranged isomer, but only the presence of tie starting isomer.
Frow a purely taermodynamic polint of view, ore mignt eXxpect
an equilibrium oI the two isomers to lie predominently in
favor of isomer XIX, since the strain attendant with a bridged
caroonyl suca as XXI 1s not present. It therefore appeered
in order 1o apgrroaca tae equilitrium from isomer XXI to see

it rearrangement of this to tne more favoresble isomer XIX
woula oceur. Since the cridged cartonyl group is so reacfive,
it was ocvious that sowe ezslly removable protecting group
would nave to e epplied to it tefore 2tilempting to reduce
the ot , @ -unsatursted ketone group. It was found thet the
cridged cerbonyl could be.readily converted to tne cyclic
ethylene ketal by hesting 1ts tenzene solution with ethylene
glycol in tne presence of pares-toluenesulfonic 2cid. In this
manner the mono ketel, III, & walte solid with m. p. of 950
was formed. Tne o , @ -unsatursted carbonyl group was reduced
ty neating III i: refluxirg metnezrnol with sodium torohydride
for one nour. Tne l-hydroxy-&Z-ketel, IV, was ottzired cs a
clesr, viscous oil, t. p. 120° et 0.1 mLm.- Having protected

tne oridged ketone group during tre reductlon; we attempted
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to regenerate it to furnish tne desired l-hydroxy-2-ketone
system, V. The hydrolysis of this ketal proved to e more

of & protlew than originelly eanticipated. Stirring en aqueous
metnanolic solution of thne ketal in the presence of para-
toluene-sulfonic acld elther 2t room temperesture or 2t reflux
failed to cleave tne ketzl. By exploring various conditions,
it was round thet refluxing an aqueous solution of tae ketel
in 1 N hydrochloric acid wes sufficient to regenerate the
Ketone. However, the product frox the hydrolysis wes a2 mix-
Ture o isomer V sar.d tae dlketcone, I. The presence of tne
diketone in tne product still remeins unqleer- It mey te
pointed out tnet tae ratner strenous conditions necesssary

for tane nydrolysis could ce due tc thae unfavorsble energetics
irvolved in replaclig 2 reletively unstrsined k2tsl function
cy & nignly streined xetone group.

Tae difficulties involved 1in octeini:ng suificlently large
emounts of tae pure l-hydroxy-3-keto isomer slowed thne prog-
ress of tais pnese of the investigstion considerestly. How-
ever, severali preliminsry experiments witnh the impure isomer
were accomplished. Wnen tne lsomer was hezted 1n arn evacu-
ated tuce =t 137°, tne molecule suffered loss of the cridged
czroonyl, =s evidenced by aisappesrznce o:i the cerconyl
ecsorctiorn in tne inirared. A second zttempt &t 10¢° re-
sulted 1in essentielly no chenge in tne molecule. However, by

neegting in refluxing toluene, 1t wzs fcund tnet the originel
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infrared carconyl atsorption at 5-§/;of isomer V was shifted
To O.Zm. Althouga tThis served to lndicate thst sowe type of
rearrangement was Teklng place, the fact thet the e ,f -
unsaturated grouplng 1n isomer II 2csorts at O5.87M casts some
uncertainty on tne structure of the rearranged product.

At this poiut in the investigation, thnere eppesred a
report by Yates and Eaton55 on some lsomerization studies in
tne tetrachlorodicyclopentadiene serles. They noted a re-
arrangement of tne ovridged ketone group to the more stacle
oc,ﬂf-unsaturated carconyl compound. They 2lso proposed =
symmetriceal intermedlizste similar to the one of VWoodward and
Katz to explein tnls chenge. They found that the of , -
unsaturated ketone was tne only product of the reerrangement,
tnereby conrlrming our similzr ocservation of the same fact
in our series. BSince tne resulis of Yetes and Ezton were
essentially in agreement witn the results we had ottesined
tnus far, ine furiaer investigatidn of tnis ?Sp&Cé of our
system did not seem worthwhile. Tne experience gesined in
tne experimenizl technigues, however, proved helpful 1i:i. locok-
ing 2t some of tae lnteresting intermediestes of this system.

We were linterested perticularly in the l-nydroxy-8-
ketzl, IV, =2rnd its relation to cyclopentiedierone. The syn-

thesis of cyclopentedierione has long beern tne gozl of many

35p. Yotes arg P. Eztorn, Tetrzhedron Letters, io. 11, 5
(1960) .
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chemists, but to date, no one has been successful in isolet-
ing tne molecule. It appeared to us that a simple derivative
of cyclopentadienorne, suca &8s the cyclic ketal, would be a
valusble syntnetlic intermedliate elnce the cyclopentadienone
monomer cculd then be generated "in situ' to glve varigus
bridged ketones. The cyclic ethylene ketal should possess
stabllity comparable to cyclopentadiene itself, sirnce both
contaiu a satureted cerbon atom in the five membered ring.

One interesting pathway to this cyclic ketzl seemed te
ce tarouga tne l—hydroxy-B-ketgl system prepared previously.
Ir this molecule could be "eracked! back to its monomers,
this would lead to tne cyclopentadienone ketel, VI, directly.
- The hydroxy kstal, IV, was therefore pyrolyzed bty heating in
a small distillestion sppseretus at reduced pressure while
nitrogen gas was pessed tarough tne system. The distillate
was collected in & Dry Ice-acetone tetz and the products
.analyzed vy GPC. This revealed tne presence of 2zt lesst six
components: two mejor cnes and four minor ones. Although no
product identifiacle a2s thne ketsl of cyclopentsdienone could
ve isolzted, & small amount of cyclopentenone was identified
oy compzrison witn en authentic semple. A deep tlue color,
cnerecierisiic of en azulene system, wes glso noted in the
distillate during the lest stages of the pyrolysis.

With tne railure of tne above metnod, 2 more direct route

10 tne synthesls of the cyclic ethylerne ketzl of cyclopenta-~
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6 had previously

dienone was undertaken. Wanzlick et g;.s
prepared tne cycllc ethylene ketal of cyclopentenone by a
route involving chlorinstion of cyclopentanone, conversion
of tae chloroketone to the ketal, and then dehydrohalogena-
tion with potassium hydroxide. Even thougn several attempts
by later workers to duplicate their results, especially the
isolation of the chloroketone, were unsuccessful, this route
still appeared attractive in our case. It wes found that
rapid distillation of the chloroketone througn & 30 inch
Vigreaux column under espiretor veacuum gave a 70 percent
yleld of the product. The conversion of this chloroketone
to 1ts ketal followed ty dehydrohelogenation 2lso went in
good ylelds to give the cyclopent-Z-enone, X, identical %o
tnat reported cy wanzlick.

The protlem now resolved 1ltself irnto ore of introduc-
tion of an additional doucle bond intc tae cyclopentene ring.
Several avellecle methods of sccomplishing this objective
were investligeied and are descrived in tne following discus-
sion.

The first attempt involved tne ellylic sucstitution of
a cenzoate or aceizie group into the cyclopentene ring, with
tne projected eim of pyrolytic elimlinetion of the product to

give the diere Ketzl as shown in Eg. 6. Since the cuprous

36y y. wenzlick, G. Gollmer, a2né ¥. kilz, Ber., 8%&,
69 (18558). B
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cromide cstalyzed allylic substitution method of Karasch et
g;.37 is known to be accompanied by little or no rearrange-

ment products, this method was considered approprizte for
our purpose. However, one sSerious drawback to this method
wnel- applied to the cyclopentenone ketal system was tne ex-
trexely low conversion to the desired scetate or tenzoste.
Althougn some starting olefin could pe reclsimed fromw the
rezaction mixture, its recovery vas & l2corious process, and
the low yield of acetate end cenzoate seemed herdly enough
1O mske tals patnway worthwhile.

Anotner method wnicn seemed promising ©ty virtue of the
fect thzst DePuy end Isak338 had alresdy shown it to bte ex-
trewely successiul in a sizilar system was thet of ellylie
crominetion of tne cyclopentene ring by the use of XN-tromo-
succinimide To give XI. The trominrne ztom substituted in the

4 positlon of tae ring would give an active sucstituent which

374. 8. Karasch, G. Sosnovsky, end k. C. Yang, J. Am.
Cnew. Soc., 1, &61¢ (1960).

38;. 4. DePuy an:d k. Isexs, J.- Au. Chew. Soc- [fo ce
puclished in 83, ca. 1261.]




could possibly be eliminated directly to the desired diene
keteal, VI, or which would serve as a useful handle for any
later conversions which might become necessary in the syn-
thetic scheme. After many unsuccessful attempts at accom-
plisaing the tromination step, it was found that high dilu-
tion was the key to the successful conversion of the olefin
to the 4-bromo derivative. All attempts to isolate the bro-
'mide, however, either by distillation under high vacuum or
by recrystallization technigues were unsuccessful. The bromo-
ketal proved to be a very unstable compound which could only
be worked witn in carbon tetrechloride solution.. This seemed
at first to ce & serious drewbeck to the further exploitation
of this compound for our synthetic scheme, but lzter experi-
zents (vide inrrs) showed this sssumption to be invalid. The
fact that the perfection of the bromination step now made the
bromide easy to come by 28 well zs8 the possibility of such
wide veriaetlion of douwble tond insertion ap:roacnes served to
rake tne tromlcde z key intermedizte iu our synthetic route.
Attemptis et direct eliminaticn of the btromide with
potasslum t-butoxide 1n t-butanol or witn qulnoline led only
to decomposition products. The bromoketal could, however, be
readily converted to the correspornding X,N-dimethylamine de-
rivetive, XII, "i. situ" by the addition of anhydrous di-
methylemine to the cerbon tetrschloride solution at low tem-

perature. Fractlonation of the crude amine at reduced pres-
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sure gave a dull red liquid, b. p. 65° (1.5 mu.), which was
shown to contaln the expected tertiary emine by analysis of
1ts picrate derivative. The red coloration caused some con-
cern at first until a UV analysis showed no appreciable ab-
sorption. It was later noted that adequete washing of the
crude amine with water during workup served to remove most of
the color. The amine proved difficult to purify, but vacuum
fractlonation through a 13 inch Vigreaux column gave a product
whose GPC analysis showed to be 70 percent of the desired
amine. Two other components, in roughly equal proportions,
made up the remaining 30 percent.

The tertiary amine wes smoothly converted to the amine
oxide, XIII, upon oxidation with hydrogen peroxlide. Through
prelliminary attempts to pyrolyze this amine oxide, it appeared
that pyrolysis was taking place smoothly within the expected
temperature range until ztout 50 percent completion, et which
point tar formation in the pyrolysis flask begen to predomin-
ate. However, the inscility to isolate, or even detect the
diene ketal, VI, in the pyrolysate began to cast doutt upon
the validlty of the apparent smooth pyrolysis as well as the
structure of the tertiary amine itself. Through analogy with
typical bromiration reactions with N-bromosuccinimide in
allylic systems, the tertisry emine was assigned structure
XII. It wus recognized, however, that rearresngement of the
free radical intermedizte during brominztion or trominstion

-~ at the etnereal carbon atom of the ethylenic linksge would leed



to structures XXII and XXIII respectively. In order to

(CHa)

(CH)2

e+

estaclisn tane structure of the tertiery amine a2t this crucial

A1 XXIT XXIIT

stage of our syninetic route, a nuclesr magnetic resonance
spectrum wes ocvi~.rned oL tne puriiled compound. This spectrum
sanowed tne peaks (relative to tetrsmethylsilane as an fnternal

standard): 350 c.p.s., T = 4.17, 2 quartet zssigned to the

nd

m .

<

~

olefinic proton &t Cj3 split cy the olefiric proten 2t C
t:e proton at C4; 340 c.p.s., 7= 4.54, 2 cuertet essigned
tc the olefinic protun &t C. split c©y tne olefirnic proton et
Cz and tuae proton at C4; <30 c.p.s., U= €.17, & stirong
s8lnuglet assligned to tne four equivealent protons on the
etnerezl ethylenic linkege; 219 c.r-.s-, = £.535, & complex

multipliel assigned To tae proton st C4q srlit by the olefinic

protons &t C_ &nd CS arnd Ty tae w0 ne-rly ecuilvealent protons

cned to

o

et Cg; 154 c.p-s., T = 7.77,

W

strorg singlet esel
tae six equivaiernt on tze .. ,l-dimethylemiro group; 1lz2 c¢-.p-.s.,
T= 5.0, a douclet, ore of walch is further split irnto =

qoucleil, 28sigrned To tae Two nesrly equivelent protors
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. gceorc
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Sgiitl oy tae proton gt O4. TIhece assignments cre



~with, and unequlvocally establisn the structure of the ter-
tiary amcine as XII.

Having now estetlished the structure of the tertiary
emine, a continuation of our efforts at insertion of the addi-
tional double bond into the cyclopentene ring was begun. The
prelicinary eamlne oxide pyrolyses did not mezke this route
look very encoursgling, cut it wes nevertheless explored far-
threr in hopes tneat tie rignt conditions for a successful
pyrolysis could cte found. Although several pyrolysis attempts
witn large samzles of amine oxide failed to yield the mono-
meric diene xetel, they did lend encouregement by the fact
tnet 2 small amount of tne dimeric ketal, XV, wes isoleated.
Tnis indiceted thel the pyrolysis wes indeed occurring to &
siall extent &rd tast tne proclew now wes orne of the isolation
of tae wonomer cefore its dimerizatiorn.

The dimeric Ketal isol=zted from the stove zmine oxide
pyrolysis proved to ce only one of severel components_in the
pyrolysis product. Attention wes tnerefore turned to the

pyrolysis of tae corresponding queternary emmonium hydroxide,

-

XIV, in hopes tnet any competing reerrangeﬁeht products which
Lmignt 2rise froz the znine oxide pyrolysis would te elimin-
ated. Tne tertlszry ai.dne weze converted to its methyl ctromide
derivetive erd tnis 1in turn wes converted to its hydroxide by
mezns of scueous siiver oxide. Pyrolysis of tnis cuerternsry

emconiun nydroxide proceeded quite smootaly erd more com-



Filg. 1 Nuelesr magnetic resonance spectrum of 4-(dimethylamino)-

cyclopent-wc-enone cyclic ethylene ketal (QQ/ulitere in
4U€/A11LGP8 ot CCl4¥
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pletely tnan in the case ol the amine oxide. The pyrolysis
procedure was essentially thre same in the two cases &snd pre-
cautlions were token to keep tne pyrolysate at low temperatures
at 2ll times to prevent dilmerizetion of any dlene ketal mono-
mer presernt. No waleic eanhydaride adduct could te obtained
from tne pyrolysate, however. The only product isolsted from
tahe quaternary amwmonium hydroxide pyrolyses wes sgain the
dimer, XV, of the expected dlene ketal which was surprisingly
pure.

In suwumary, toree different metnods of erriving st the
cyclic ethylene ketal of cyclopentadienone were investigsted.
Tne first metrnod lavolved the pyrolysis of trhe l-hydroxy-8-—
Ketei system, IV. Althougn this did rot give the expected
diene ketal, 1T wes evicdent from tne isolstion of some cyclo-
pentenoie thet “crecking" wes teking vlece. It seems likely
tahat tre nigh tewperatures involved in this crzcking process
were suillclent to destroy any monomeric k-tzl &g soon es it
wes formed.

The secord aprrozca wes & more direct ore of pyrolyzing
t.e smine oxide of 4-(i;,N-dicetnylemiro)cyclopent-c—encn=a
cyclilic etnylene ketel. Tnis mefhod irvelved lower tempere-
tures w.zn ine previous ore, tut it was conplicated ©y the
.1s mede tne

fact tnet & mixture of proaucts was obtzined.

L
)

soleztion of tze desired product 1lmpossible, arnd we

=

\V]
'

o
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(Y

tnougal To eccouns for the .Jsct tan2t only dimeric ketel wes



isolated.

The tnlrd method was thet of pyrolysis of the quaternary
emmonium hyaroxide. Tnis wmethod seemed to be tihie wost promis-
ing, since it proceeded gquite smootnly end tne product was
not ccentaminated with any side reection products. Again,
however, only dimeric Xetal was isolated. Althougn no uwono-
weric diene ketal was 1soleted in these pyrolyses, they did
glive sowme indicetion of the stability of thls monomer. It
appears thalt the dlene kKetsl 1s rot #s stecle ss one would
predict rrom cowpsrison to cyclopertzdiene, ard perheps the
wolecule snould be mo:'e correctly compesred to cyclopente-
dienone in stevility. In t:is respect, lower temperstures
should faver tre 1scletion of the diene ketel, and e longer

ranged prograw wita tais objective would rerheps e in order.
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EXPERIMENTAL
Reagents

Following is a 1list of the materials used in the experi-
mental work, the source of the chemicals, and descriptions of
any subsequent purification of the chemicals:

Anhydrous dimethylamine - Eastman white latel grade was
used without further purification.

Azobis(isobutyronitrile) - This weas obtained from Chemi-
cal Intermediates and Research Laboratbries, Inc., Cuyshoga
Falls, Ohio. It was recrystallized from anhydrous methanol
or anhydrous diethylether to give a white, crystalline
product, m. p. 103.5-104°.

Chlorine gas - A five pound cylincer wes obtained from
tne Matheson Company, East Rutherford, New Jersey.

Cyclopenteanone - Matheson, Colemen, snd Bell resgent
grade, b. p. 1z8-130°, was used without further purification.

Diethylene glycol - This was octeined from Carbide aﬁé
Carbon Chemicals Company, Kew York, and used as received.

Ethylene glycol - Purified grade from Fisher Scientific
Company was used without further purificetion.

Hydrogen peroxide - A 30% solution, reagent grade, wes
otteined from Allied Chemical, New York.

Levulinie scid¢ - A portion of the levulinic ecid wes

gernierously supplied Ty the Quzker Oats Company of Chicago-.
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This was redistilled through s VVigreaux column at 152-154°
and <0 mm. The remainder of tree acild was purchased fronm
Eastman( technical) and was redkssiilled as above.

Methyl bromlde - Eastman pr™ctical grade was used with-
out further pufification.

N-bromosuccinimide - Eastmaan practical grade was re-
crystallized from water to give -wilte, flaky plates which were
dried in a desiccator to a coustant n. p. of 173°.

para-Toluenesulfonic acid -- katheson, Coleman, and Bell
practical grade was recrystalllzied from calorcform to give
wnlie, eXxtrewmely hygroscopic cryvétals, m. p. 106-1070.

Palladium on charcoal - A 55f palladium on charcoal
powder was obtained from The Ame:rrican Platinum Works, Newark,
New Jersey. |

Quinoline - Eastman white lidbel vas used without further
purification.

Sodium borohydride - This w88 octained from ketal
Hydrides, Inc., and used as rece:rived.

t-Butyl peracetate - Luperssol numcer 7, a 75% ter.-
cutyl peracetaie solutlion in beniaene was ocvtained from
Lucidol Division of \ellece and ‘Nlernan, Inc., Buffalo, Kew
York.

o-Butyl perctenzoste - This i1perester was obtained rrom
Lucidol Division of VWellace ana "llerrian, Inc., Buffzlo, New

York.



Fig. <. Synthetic scheme
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Preparations

1,8-Dioximino-4,7-methano-3a,4,7,7a-=tetranhydroindene

The procedure is essentially that of Doering end DePuy39

in which 23 g. (1 mole) of sodium metal was dissolved in 1
liter of absolute ethanol and cooled to 50 in an ice-water
bath. To this solution was added dropwise, with vigorous
stirring, a mixture of 71 g. (0.95 mole) of ethyl nitrite®
and 83 g. (0.95 mole) of freshly distilled cyclopentadiene.®
Tne temperature was not allowed to rise above 1c° during the
addition. After adaition was complete, stirring was continued
for one hour, then 300 ml. of water were added and the solu-
tion concentrated at 15 mm. and 40° to remove most of the
ethanol. Tne remaining solution was then extracted with ether
until tne extracts were cicer and cerbon dioxide was bubbled

into the aqueous solution overnight. A bleck solid, consist-

ing of sodium bicarbonate and the dioxime, preciplitaeted and

58y. von E. Doering and C. H. DePuy, op. cit., p. 5965.

401,. gattermsnn end H. Wieland, "Latoratory Methods of
Crganic Chemistry," Kew York, N. Y., The Macmillan Company,
1937, p. 147.

*The commercislly available dimer (Eastman technicsasl)
meay bte cracked by heeting in a flask equipped with a short,
glass helices packed, column. The flask must be hezted to
150-170° and the monomer is collected in a rgceiver rlaced
in an ice~water bath as it distills at 40-41 The monomer
is then stored over calcium chloride at 0° until ready for use.
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was filtered and extracted with ether in a SBoxhlet extrection
apparatus. Tnis etner extract gave 45 g. of a pale yellow
so lia. Continuoué ether extraction of the squeous solution
gave an addltional <o g. ol tne dioxime. Total yleld was
73 g. (80,). Tne dloxime has 2 m. p. of 176-178°%(dec.).
Various solvents wére tried in order to further purlfy
the dloxime by recrystallization. Due %o its extrene insolu-
bility; no suitacle sﬁlvent system could te found to carry
out the recrystallization. The dloxime is speringly solubtle
in voilling ethenol to give a yellow solutiorn, btut no precipi-
tate could te obteined uyon coolirg in ai ice-water bath.
After & day of stending a2t room temperature, nowever, & small
amount of the dloxlwe did precipitote, w. v-. 176-178°. 1In
most 1lnstances, merely washing tae crude dioxime with cold

G5% etnenol left it suitzcly pure for Lost uses.

1,5-Diketo-4,7-metaeno-3a,4,7,7a-tetrahydroindene(I)

A mixture or 10 z. (0.0c mole) of tne dioxime 2znd 10z
ml. (1 wole) o levulinic a2cid* was made 0.1 N in hydrochloric
acida and stirrea for taoree hours while heating or & steawn
catn. After tnls time, tne solution hed derkened ccrsider-
2bly e1.d 1t wes cuoled end <00 mls. of weter =2dded. After

extrzctirg several tl.es wita methylene chloride, tne combined

#Caution: Levulinic zeid, if gotter into the eyes,
causes ciindress, with no krown entidote!l
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extracts were washed witn water, witn saturzted sodium bi-
carconatve solution, end finally wita saturated sodium chlor-
ide solution. After rewoval of tTae sclvent ty distillation
under reduced pressure, a dark crownh residue of the diketone
rewained. The dlketoue way be recrystalllized Ly neating the
crown residue in refluxing hexane and then pouring off the
clesr, saturated solution and coollng it in an ice-salt water
cath. Tnis gave 5.€ g. (70%) of nice winlte crystzls. Tre
solid hes & w. p. of 100-101° znd I. R. acsorption vesks at

5.6/; and 5.85/9-.
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Ansl. Calct'd. ior ClOHBO:S:
C, 74.96; H, 5.%3.

1-Keto-8-hyéroxy—-4, 7-methano-3a,4,7,7a-tetreshydroindene(II)

Tne procedure was pstterned ofter the metnod of Beckett
41 ‘ o -
et 1.~ 1.88 g. (0.01z mole) of dicyclopentaéieneone wes
dissolved in <0 wl. of 4ary wmetaznol end with exterrzl cooling

and vigorous stirring, 0.5 g. (0.01%4 mole) of sodiur voro-

£

nydride was 2dded in smell portions err & period of ten
winutes. After zddition wes complete, tne solution was
stirred for 5 winutes at room tempersture ctefore zdding 10
xl. of weter and extrezcting witn methylene cnloride. After

drying over anhydrous sodium sulfete, tne solvent was removed

%

Wl

41y 4. Beckett, K. J. Herper, A. D. J. Bslo:., °rd
Z. vatts, Tetrenedror, 3, 318 (12:8¢).
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to give l.c4 g. (8z%) of & clear, viscous oil walci: may be
recrystallizea Irom hexane to give a wnlte crystalline soliqd,
L. p- 132°C. An infrared spectrum of this s0lid revealed the
expected diseppeerance of tne cridged carbonyl absorption at
5.?/&&8 well as the appeerance orf the characteristic hydroxyl

acsorption.

Attempted reerrangecwent of l-keto—-5-hydroxyl-—
4,7-metnano-da,4,7,7a-tetrahyaroindenel 11 )

Tne rearrangement conditions were the szre £s those re-
'S

t
ported cy Woodward 2nd Katz.** A 0.r g. sesmple to tae keto
a2lcohol was vlaced in & 10 by 75 cu. pyrex test tuve =nd the
tuce evacuated znd sealed off. The samrle wes then cispended
eacove tne surface of 2 refluxirng xylere solution for z4 hours.
Af ter csoling, tne tuce wes opened a1.d tare product exsnired
by infrereda. Tne infrered spectrur faziled to reveal any
cnange in the keto 2lcchol. Treatment of the keto zlcohol
wita either 0.1 X ecid or uese elso feiled to effect eny
char.ge in tae molecule.

5-(Cyclic ethylene ketsl)-l-Keto-4,7-metneno-38,4,7,72-
tetrahydroindene{IIIl)

Into 2 <50 ml. tnree-necked r'lask eculipped wit: =

stirrer, an sdditiorn furnnel, znd & Dean-Stezrke water sepa-
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rator was pleced 5.59 g. (0.055 mole) of freshly sublimed
dicyclopentadienone, 0.3 g. of para-toluenesulfonic acld
catalyst and 140 wmls. of benzene. The solution wses hegted
to reflux with a heating mantle and, with vigorous stirring,
a venzene solution of 2.2 wl. (0.033 mole) of ethylene glycol
was added dropwise. After addition was complete, the mixture
was stirred sat reflux for x4 hours. At this time, 1.1 ml. of
water had separated (0.7 wl. tneoreticall), end the mixture
was cooled, washed twice with < N sodium hydroxide, once with
water, ard finally dried over anhydrcus sodium sulfzste. The
benzene was removed at 400 anéd reduced pressure to give 7.0 g.
(28:;:) of a colorless oil. his oil, when sucjected to an
attexpted recrystailization frou nexane, separates zgein as
a1, 0il wzicn then crystellizes on standing. Sublimation of
tais solid at 65° and G.1 mm. zave ar analyticel samgle of
wnlte needles, w. p. 95°.

Anal. Calc'd. 1or C,:H,, 03¢ C, 70.57; #, 5.9k, Found:
g, 70.65; H, 5.88.

8-(Cyclic ethylene ketzl)-l-nydroxy-4,7-metneno-32.4,7,%72-
tetranyaroindene(IV)

& solution of 7.1z g. (0.055 mole) of the ket-ketel in
<5 ml. of dry metaanol wes placed in z sma2ll three-recked
flask ernd, wita cooling and vigorous stirring under 2 nitro-
ges. estmospnere, 1.5 g. (C.04 wole) of sodiux torchydride wes

adaed over e period of 15 minutes. The solution wzs then
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refluxed ror one hour tefore 15 ml. of water were esdded and
tne solution extrected three times witn small portions of
methylene chloride. After wasning tnese combined extrects
wita water and saturated sodium cinloride solution, the
methylene cnloride was recoved and the product distilled at
125° and 0.z mm. to give 5.75 g. (80%) of 2 clear, viscous
oil. The infrared spectrum 1ndicated tne presence of both an

zlcohol and ketal function.

l1-Hydroxy-8-keto-4,7-methano-3a,4,7,7a-tetrehvdroindene(V)

A 0.6 g- sample of tne ketei-glcohol prepered previously
was dissolved in 15 wl. of wethanol zrnd mede 1.0 X in hydro-
cnloric acida. Tne solution was refluxed for < hours with
stirring and taen extracted with methylene chloride- Thnis
exiract wss wesned Tirst with sstursted sodium ticertonszste
solutiOu, taern witn water, erd finally witn sstursted sodium
cnloride solution. After drying over enhydrcus sodium sul-
fete, tne solvent wes removed to give 0.47 g. of &n oily
producﬁ wnose inirered specirum indiczted to ke 2 mixture of
tne expected xeto-alcohol and the corresponding diketore.
Ine desired l-ayaroxy-8-keto-4,7-metharo-32,4,7,7e~-tetra-
hydroindene was isoleted ty elution canromstograpny using an

alumina column.
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Rearrangement of l-nydroxy-8-Kc¢to-4,7-methano-3a,4,7,7a~
tetrahydroindene(V)

Three Q0.2 g. samples of tane l-hydroxy-8-keto compound
were placed in 10 oy 75 mw. pyrex test tuces ard evacuated

and sealed ofIl sccording to the procedure of Woodward znd

Katz.45 One tuce was then used 1or each of the following
conditions:
Rerluxing xylene (. p. 157°C) The sample wzs sus-

pended ztove a refluxing xylene solution for five hours end
theﬂ after cooling 2nd ogening, zn IR was tezen in chloroform
solution. Examirnation of the spectrum shows no cerbonyl
acsorption et all, end hence gives evidence thet the compound
nas most likely decarbonylasted. Tnis 1is zrnzlogous to the
case of dicyclopentadienone wnicn decarconylates in tae
vicinity or 135°C.

Refluxing water (b. p. 100°C) Tne sample wes sus-

pended above refluxing water for z4 hours, grnd ageln the tube
was c¢ooled, opened, &nd an IR texern in chloroform solution.
Tne spectrum snows tie cridgenead certonyl zbsorption =t 5.6a
2s in tne originel compound cefore nseting, cutl a smell
cerconyl scsorption at 5.54& suggests that soue rearrangement
is te4&lng plesce and tnzl e temperature grester then lOOO but

. O =
less tnar. 135" would fevoer complete resrrangement.

45'—3 E . ',’-'.\ : ] =~ s T

-be
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Rerluxing toluene (b. p. lllOC) The sample was sus-

prended acove 2 refluxing toluene solution for <24 hours eand
arter cooling and opening, 2n IR taken in chloroform solution.

The speciruw snows & complete rearrangement of the starting

product to give a compound with & carbonyl avsorption et 5-%&-

z—Chlorocxclgggntanone44(VI;;l

A three liter, tnree necked rouné vottom flask was set
up in tae hood and equipped witn 2 stirrer, & gcs inlet tube
wialca extended to tne bottom of tae flask, and a ges outlet
tube. A chlorine gzs cylinder was connected to tae inlet
tute Ty weeans of & gas trap and & taree-way stopcock to pre-
ver.t liguid frox the flasx celrg sucked teci into tae ges
cylinder upon suuden cnenges in pressure. A mixture of 500 g.
(5.94 woles} or cyclopentanone, 280 g. (<.20 moles) of calcilum
carbonate, 3<0 ml. of water, and <80 g. of 2 40% solution of
calcium chloride was 2dded to tne flask. A stream of chlorine
ges Iron tne cylinder was passed recidly into tae flask while
tne soiution wes cvelng stirred vigorously. An ice-sslt water
tztn wes mede ready so tnat the flesk could ce cuilckly im-
wersed should tne reszction becoze too exothermic. After asbout
one-nalf nour o1 cnlorire zdditior, a pele greenish-yellow

color hzd cveen cullt up in the cyclopentznore lszyer of the

. . Wenzlick, G. Gollmer, eznd H. kilz, cp. cit.,




rapidly stirred solution. At this point, e UV lamp was held
on the reaction mixture for ebout 10 minutes, at wnich time
the pale greenish-yellow color vgnished lumedistely, end cool-
ing by means of tne ice-salt water beth was necessary. After
tals momentary dlsplay of exothermicity, tihe reaction pro-
ceeded smootnly eand msinteined its own reaction temperature
with 1little or no external cooling necessary. After the re-
action was over, as evidenced ©y theAdisappeerance of tne
calcium carbonate slurry and tae termination of carbton
dioxide evolution through the gas outlet tuce, the chlorine
stream was turned oif, and the reaction mixture coolea. The
upper organic layer was separeted fror the lower aqueous
layer oy mecsns of a separatory funnel end the aqueocus layer
extracted once wita chloroform. After combining the orgsnic
lzyer and tne chloroform extract, the solution wess distilléd
througn a <9 inch asbestos wrapced Vigreaux column under re-
duced pressure using ar. aspiretor. The z-chlorocyclopenta-
nore distills at 87-90° et 3 mi. to glve 3680 g. (69%) of '
proauct. A GPC analysis of tais traction showed it to Gbe
suificlently pure for use without redistilletion. Redistil-
lation of tne forerun gives 130 g. of unreacted sterting

material.

Cyclic ethylene ketal of Z2-chlorocyclopentenone(IX)

A mixture of 100 g. (0.84 mole) of xz-chlorocyclepente-

rione, z<0 ml. of cenzere, end 0.5 g. of pesratoluenesulfonic
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acid was placed in a 500 ml. three necked rlssk equipped with
an addition funnel, stirrer, and a Dean-Starke water sepa-
rator. The soiution was heated by mesns of a heating mantle
to reflux and 61.3 ml. (0.9 moles) of ethylene glycol slowly
added over a perled of 90 minutes with stirring. The initial
solution of cnloroketone and tenzene was colorless, but as
addition of the ethylene glycol was started, it turned
progressively from 8 light yellow to a deep green. During
the last stages of tae addition, hydrochloric scid fumes could
ce detected cowing out the top of the condenser. After five
hours from the start of the rezction, 17.5 ml. of water hed
been drawn off, and water separatiorn had virtually stopped.
The reaction mixture was cooled and then washed twice with
2.0 N sodium hydroxide solution and once with water. The
cenzene was then removed under reduced pressure, and the
orgenic residue distilled through a 11 inch Vigrezux heed
to give 113.0 g. (o6z.5:) of tae w-cnlorocyclopentznone ketal —
wite o. p. 102-104° at 29 m.

A GPC anelysis snowed tane ketal to cve suificiently pure

for use witnout redistillation.

Cyclic etnylene xetal of cyclopentenone(X)

A mixture of 1llc g- (<.0 mole) of potessium hydroxide
pellets 2znd <<0 ml. of diethylene glycol wes plsced in e

S00 ml. three rnecized flesk equipped witn 2 stirrer, 2ddition
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funnel, and a reflux condenser contelning a capillary attach-
went. Lne Ilesk was heated in a Woodsmetel Gath at 170° with
stirring until sll the potessium hydroxide had dissolved.
Tnen .0 g. ol ammonium chloride was added to the derk brown
solutio.., and as the temp erature was raised to 2000, 110 g.
(0.87 wole) of the chloroketal wes added over a period of

40 winutes. Heating was continued for 1 1/Z2 hours sfter
addition was couplete. A Vigreaux distilling heed was tnen
attached and all the distlllate under 110° at 15 mz. was col-
lected in one fraction. The distillste was diluted wita
water, tne organlc layer separeted, and the aqueous layer ex-
tracted twice witn ether. After drying tne comoined ether
extracis and orgaunic layer over anhydrous sodium sulfate, the
ether was rewoved and tne orgsiic resldue frezctionelly dis-
tilled to give 8¢ g. (754) of olefin, ©. p. 55-67° at 18 mm.

A +,4-DNP derivetive was prepareé; n. p. 165°.

Hydrogenation of cyclopeni—-2-eunone ketzi(X)

A suspension of 0.0c g. of & 5, pellzdium on charcoal
catalyst in 10 ml. of 953 etnanol wes placed in en etmos-
pneric hyGrogenstior. gpparatus and wes stirred for one hour
in an atmosphere of hydrogen. A solution of 0.1%6 g. (107>
mole) of cyclopent-i—-enone ketel in 10 ml. of 95% ethznol was

edded, and stirring was continued for z4 hours. Thre hydrogen

gas ecsorpilon zfter thls time gmounted to z<.2 ml. after
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correction to stendard conciticns. Filtration of tne palle-
diuw on charcoal and distillation of the ethanol gave the

saturated ketal.

4-Bromocyclopent-c—enone ketal(XI)

Into a previously dried 3CO ml. three necked flask
equipped witn 2 stirrer, condenser, and addition funnel was
placed 14.2 g. (0.08 mole) of N-tromosuccinimide and <00 ml.
of carbon tetrechloride. Approximately 0.1 g. of ezobis(iso-
cutyronitrile) initiator was addeé, ar.d with stirring, the
contents of tne flask was heated to reflux by means of s
steaw catn. A solution of 10.0 g. (0.03 mole) of cyclopent-
z—enone ketal in 5C ml. of carﬂbn tetrechloride was sdded
over a period of <20 minutes ard the mixture wes then stirred
while heezting tor en edditionel 10 minutes. The solution wes
cooled in an ice-water bath and then filtered with suction to
re.ove tne succlnimide formed i the rezctio... A recovery
of tne succinimide showed tne reection to te essenticlly
guantitaetive. Tne cecrobon tetrachloride was removed zt 35°
under reduced pressure, zra several .attempis were mede to
purify tne remaining cer£ organic residue by vacuum distille-
tion. Although verlous technicues were tried, 2ll attempts
to distill the 4-tromocyclopent-xz-erione ketel led to total
Geccmpositiorn of tre materlal. An atteupt et isolesilng the

-

oromo compound £t low temperatures oty reerystazllizestion tech-
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nigues was also unsuccessful. An infrared spectrum of the
CFude reacition mixture served to iderntify the 4-bromocyclo-
pent-z-enone kKetel, and 1t was subsequently used without sepa-

ration irom tne cerbon tetrachloride solvent.

Attempted dehvarobreninstion of 4-bromocyclopent-«—-enone ketal

A solution of 0.04 mole of 4-bromocyclopent-z-erone ketal
in 100 ml. of carbun tetrachloride wes plaeced in e 100 ml.
fizsk and 189.3 ml. (0.149 mole) of cuinoline added. The csr-
bon teiracnloride wss tanen removed by distilleation snd the
rewsining solution refluxed for two hours wlt.: tzhe o1l bath
at 170°. Tne solution hed taken on a Jet tlescx color et the
ernd of tnis tiie, an.d altaoougn distillstion under reduced
pressure gave g sw&ll amount of 2 clesr licquid, it apperrs
to ce waiily cuinoline zs adjudged from inirsred spectra.
This liquid slowly gzives 2 meleic zrnhydride adduct upon standé-
irg, tut sgain thnis eppesrs to ce & cuiioline-maleic znhy-~
dride edduct.

A se§05d ettempt &t denyarocrom:natiorn involved the use
of potessium IT-butcxide and 2 procedure similer to thst of
douse et g;.45 A solution of 0.C4 mole of 4-tromocyclopert-

E-enone ketsl ir. 16U ml. of cerbon tetrachloride wes stirred

H. 0. House, V. Paragemien, R. S. Ro erd . 7. Wluke,
J. Au. Chew. Soc., &z, 1455 (1960} .
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at roow tempereture while 0.06 mole of potessium t-butoxide
in T-cutanol was added. The solutlion became wari upon mix-
iig, aud after stirring at room tempersture for three hours,
tne cleck solution was poured into ice water. The organic
layer was sepsrated, dried over anhydrous sodium sulfete, and
distilled under reduced pressure. This gave & swall emount
of crown liquid wnich, on subtjection to a GPC snalysis, was
snown to consist of one mejor coumponent and two minor ones.
Infrared specira of tnese individuel components faziled to

reveal any evidence for the presence of the diene ketel(VI).

. . 46
Cuprous crowide

In &8 <30 wl. erlenmeyer flasx was dissolved 1%.: g.
(0.1< mole) of cupric sulrste in 100 wl. of weter by hestirg,
taen 17.6 g. (0.17 wole) oI sodium cromide wes added. A
solutlon of sodium sulfite prepared from 7.0 g. of sodium
cisulfite, 4.5 g. of sodium hydroxide, sné 50 ml. of water
was added slowly witn swirlirg to the copper sulfate solu-
tionn. The erlenmeyer flesi was then ccoled in 2n ice-weoter
teta ard tae cuproﬁs cromide allowed to settle. The liquid

-~

wes cerefully decentcd, tne sollid wes trensferred cuickly to

a suction filter, end then washed five times witn smz2ll por-

4810uis F. Fleser, "Experiments ir Organic Checistry,"
3rd ed., Boston, D. C. Heetn end Cowpeny, 1257, p. 185.



48

tions of glacial acetic acid. It is essential not to expose
lne wnite solia to the stmosphere eny more than 18 necessary.
In order to achieve this objective, the weshn solution is suck-
ed througn the funnel rather slowly eaud when only & tailn layer
of liquia covers the solld, the next purtion of wgsk solution
i1s poured in. The walls of the funnel should be washed each
tilme wita wasning eolutiorn.. After the acetic acid wash, the
solla 1s next washed witn taree portions of etsolute ethanol,
tne.. witn six portions of anhydrous ether, end finelly sucked
ary for 30 seconds. It was tnen quickly transferred to a
previously dried watcn glass and dried in an oven at 75—100°
for 30 minutes to give 10 ¢. (58%) of 2 pale green solid.

This was kept stored in a desiccator until ready for use.

4-Acetoxycycliopent—z-enone ketal

The procedure was essentially thet of Kherassch et g;.47

A solution of 15 g. (0.1192 mole) of cyclopent—z-enone ketal
ar.d 0.014 g. of cuprous bromide cstelyst was hected to a
tempersture of 30°, and wita vigorous stirring, 8.6 g. (0.0¢8
wole) of t-butyl peracetete slowly 2dded over 2 pericd of 40
minutes. Thne progress of tae reection wzs followed by
periodic examinzstion of infrered spectrs of the crude resc-

tion wixture to detect diseppesrznce of the per-ester ebsorp-

47.. s. Knerssch, George Sosnovsky, znd 1. C. Yerng, . ep-

cit., p- 681¢2.
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tion band. After-three and one-half hours, the resction
appearea L; ve compleic. 7Tne solution was washed with x N
sodium carbonste and then with water. Aoppreclable resin-
ification had occurred in the organic layer, so it was ex-
tracted with ether and this ether extract filtered through a
small »lug of cotton to remove the polymeric solid material.
After dryiug over anhydrous sodium sulfste, toe ether was then
rexoved and tne organic product distilled under reduced pres-
sure. Ah appreciacle amount of starting olefin was recovered,

plus a small amount of 4-acetoxycyclopent-i-enone ketal,

E. p. 82-84° at 1 mz. The infrared cerbonyl zbsorption wss

at 5-7§/u
In an attempt at increasing the yield of the scetste, the
above procedure was modified to correspond closely to thet of
Story48 in whica cenzene was used as a solvent for the reac-
tion. Agein, however, only a small amount of the acetste was

octained upon distillstion of the product &t reduced pressure.

4-Benzoyloxycyclopent—-c—enone ketsl

(@]
The procedure folliowed was that of Story.4“ A solution
of 10 g. (0.08 wole) of cyclopent-i-enore ketsl in 4C ml. of

cenzene was placed ir. & flask with 0.0c g. of cuprous tromide

48,

P. R. Story, J. Am. Che Soc., 8z, 2035 (1960).

Fj

491c1d4., p. <085.
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catalyst. As the solution was crought to reflux, 7.7« g-.
(V.U4 wole) oI T-outylpercenzoate was added dropwlse over a
period of xO minutes with vigorous stirring. The progress

of the reaction was followed by perliocdic examinstion of the
infrared spectra of tne crude reaction mixture. The solution
was kept &t reflux temperature for two hours until the reac-
tion was Jjucgea complete by the disgppeeresnce of the per-
ester cand Irow tne infrsred spectrum. The solution was
wasned with z N sodlium carbonste, and scidificetion of this
extrect gave 4.6z g-. of cenzoic acid. After removing most of
tne cenzene solvent, tne orgeanic residue ves subjected to a
vacuur distiilstion througn & short Vigreaux colurn usiig &
microcurner zs tne source of hest. A spmell Ifraction cf
product aistilled, b. p. 1‘40o gt 1 mm., tefore decomposition
iu the still pot was complcte, and althougn spectral evidernce
was conslsient with the expectations for the benzoeste product,
1T gppeared tnat tne prodauct was still e mixture of compo-

Lents .

4-(i,N-dlmethylamino)cyclopent-xw-enore ketsl(XII)

A solution of 4C g. (0.317 mole) of cyclopent-z-enone
Eetali wes prominated according to the previous procedure.
Tne solution or the 4-cromocyclopent-z-erore ketel irn 800 ml.
01 c&rbo.. tetracnloride wes pleced in & ore liter, three

necked 1l-<8K ecuipred wita a2 stirrer, & reflux ccndenser, end
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a gas inlet tuce extending to tae bottom of the flask. The
solution was cooled to -5O in an ice-salt water ktatn snd
100.5 wl. (1.58 moles) of anhydrous dimethylsmine was placed
in a swsll flask connected to the gas inlet tukbe and the
solution wes é%irred,vigorously 28 the dimethylamine evawo-
rated frow the eddlition flasx into the cecrbon tetrscnloride
solution of the tromide. A coplous esmount of flocculent
precipiteste formed as eddi tlon proceeded, and after addition
wes complete, the mixture was stirred overnignt 2t room
tewperature. Tne crown solution wes washed twice wita 2 N
sodium yaroxide, once witn water, and then dried over anhy-
drous sodlium sulfate. Tne cesrbon tetrscnloride wes removea
at 35° under recuced pressure 2ar.éd tne remailning organic mate-
rial fractionated inrougn a short Vigreeux distilling needj;
37.7 g. (©0.5;#) of tre crude emine, wnlea nas 2 deep wine
color, was isol-ted, b. p. 650 gt 1.5 mi. A GPC anslysis of
tnis crude awine on a tris(cyanoethyoxy)-propsne column st a
teupersture of 1600 snowed one major component (70.:)- end two
minor ones.

Arnegi. <Jelc'd. tor CngéoaN: C, 83,38; 9, £.24; 1, 2.28;
Found: C, S8l1..3; H, 8.7¢; L, 5.z4.

kethyl iocdide w2s added to & portion of the ezmine to
cive z vigorous zrnd exothermic rezctior.. The o0ily product
was recrystallized Ifrom atsoiute ethenol to give 2 light

crowr, hygroscopic solida, m. p- 148-150°(dec.) .



Anal. Calc'd. for CygHygOgNI: C, 36.55; H, 5.30;
N, 4.00; I, 40.70; Found: C, 38.51; H, 5.89; N, 4.60; I,
33.36.

A solution of 100 wg. or tne amire was treated wiin 5
ml. of a satursted solution oi pleric acid in sbsclute ethanol.
A good crop of yellow crystals wes obtained anc was recrystal-
lized 1rom 95 etnanol to give nice yellow flakes, . p. 170-
171%.

Angl. Celc'd. for CysHigOcNg: O, 45.23; H, 4.55; N,
14.07; Fecund: C, 45.49; H, 4.68; X, 13.65.

4—(N,N~dimethylamino)cyclopent-<—enone ketsl N-oxide(XIII)

The procedure was essentielly that of keinwald et 2;.50
A solution of 3.85 g. (0.0c3 wole) of amire in 10 ml. of
metazr.ol was cooled to -10o in an ice-salt weter cteth 2nd
7-7 g- (U.088 zole) of 30+ hydrogen peroxide was 2dded over
a period of <0 minutes. After stendirg overnight, the re-

. . o - -
eaction mixture was cooled to O and 2 metnesnolic suspension
1

w

of 50 mg-. of platinum™™ weas zaded znd tne solution stirred
ar. aGditionel five hours. The decomposition of excess hydro-

gen peroxlide was complete zt tais time, =8 indiceted bty lezd

5OJ- relnweld, D. W. Dicker, and ii. Daniell, J. Ac.
Chew. Soc., &z, 4090 (19860).

S1R. Feulgce:, Ber., 54, 330 (19z1).
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sulride test paper. The plstinum was removed by filtration
aqa tne wevneanol rewoved 8T 400 under reduced pressure to .
give the k-oxide (17 g.) as a clear tan oil. A small portion
of acsolute ethanol was added and sgain remwoved at 40° under
reduced pressure to remove most of tne water still present.
The rewaining oil was used directly for tne subtsequent pyroly-
sls reaction.

A 100 ug- semple of this N-oxide gave a good crop of
picrate crystais, w. p. 132-133° from 953 ethenol.

Anal. Cale'd. for CjgHy501gNg: C, 2£5.48; H, 4.38;
N, 15.5¢; PFouna: C, 43.95; H, 4.58; i, 13.31.

Pyrolysis of 4-(N,li-dimethylemino)cyclopent-c—erone
setal N-oxide(XIII)

A 10.5 g. portion of thne cruae K—-oxide was plcced in a
250 wl. three necked flessk equipped witn a nitrogen ges inlet
tuce, & stirrer, and a2 snhort, large diesmeter outlet tube. The
outlet tuce was in turn coinected to £ swell trap neinteined
at room tewpersture znd ithen to a trap izmersed in 2 Dry Ice-
ecetone ceth. The system wes evacueted to epproximzstely 10
mL.. pressure s 2 slow sireai of nitrogen wes passed through
tne systew. The soine oxide wss then stirred vigorously es
tne flas£ was iwmersed in an o0il cetn previously hezted to
750- Pyrolysis occurred over e thfee anour period =8 the
tewpersture was gredually reised to lOOO. This g¢eve 5 grems

of 2 slightly yellow licuid which collected in the trep 2t
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room tewperature and 3.0 graws of distillete in tne Dry Ice-
aCsloue Lrap. Tne contents of tne two traps were combined,
water was added, and the solution extracted wita two &4 wml. .
portions of ether. After wasnlng the combined ether extracts
witn S/ hydrocnloric acid, the ether layer was dried over
snhydrous sodium sulfete and the solvent then removed. This
geve 0.5 g. of a slightly yellow oll which did not give an
adduct with malelc anhydride or pers-benzoguinone. The infra-
red spectruc indicsted the oil to te the dimer {(XV) of the
expected diene ketal (VI).

A portion of the agueous layer was treated with & satu-
rated solutiorn of picric acid in acsolute ethenol to give
crystals of tne tertliasry awine picrate, . p. 170—1710- Af ter
making the eaqueous solution cesic, 1t wes extrected witz car-
bon tetrzchnloride to remove the tertiary aamine znd then re-
duced to one~-fiftn of 1ts originel volume. Trestmert of a
portiorn oi tais solution witn 2 satursted solution of picric
acia in etsolute etnenol geve nice crystszls, m. D- 1450, of
tae k,l.-dlmethylhydroxylamine picrate. |

Anegl. Csle'd. for CBH1005N4: ¢, 33.11; 9, 3.47; X,
1¢.31; Founc: G, 53.18; H, 3.53; ¥, 19.13.

vyclopent-Z-enorne ketel-4—-trimethylemmoniumr hydroxide(XIV)

A solution of 5.4 g. (0.15 mole) of the tertisry smime

i, 100 ml. of anhydrous ether +es cooled to 0° ir an ice-water
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catn. Wita vigorous stirring, 10 ml. (0.165 mole) of methyl
cromwide was added to the solution. The reaction mixture wes
then stirred two hours as tne temperature was sllowed to come
to 650. At this point, a large volume of pale white precip—
itzte nad separated which proved too hygroscopic to isolate
oy filtratio:l teciiniques. The ether wess therefore removed by
distillation under reduced pressure to give 33.4 g. (84.5%)
of tne qQuaternsry smmonium tromide, which was used without
further purification. The Quaternery ammonlum hydroxide wsas
obtained by stirring a mixture of the corresponding bromide
wlth two equivalents of commercial silver oxide (previously
washed wita methanol) in squeous solutieon et room temperature
Ior 18 hours. Thne silver salts were removed oy filtration
end tne filtrste was eveaporated to & sirup under aspirator
vacuum end 40°. Tais geve cl.z g. (84%) of the crude quater-
nery esmmonium hydroxide wnich was used directly for the
tnerwnal decomposition.

Pyrolysis of the 4-irimethylsmmonium hydroxide of
cyclopent—-<—enone ketel{(XIV)

The pyrolysis procedure wss essentislly tne same &8 thst
described previously for the smime oxide pyrolysis. The dis-
tiilete from the thermel decomposition of zl.z g- of the crude
quaternzry emmonium hydroxide wes diluted with water end taen
extrzcted wits etner. After dryirg over znhydrcus sodium

sulrate, tne ether was removed to give 2.0 g. of 2 wnite solid
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which, after sublimation, had a w. o. of 900. This was iden-
tified from & lurrared gpgctrum &8 the dimer XV of the ex-
pected diene ketal (VI).

Anal. Calec'd. for C14H1504: C, 67.73; H, 6.50; Found:
C, 67.558, 67.36; H, 6.083, 6.53.
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SUMMARY

Several reacticns of dicyclopentadienone have been in-
vestlgated. The dlimer may be reduced easily to the saturated
diketone with palladium on charcoal catalyst. The bridged
carbonyl group in the dimer 1s very reactive and may be re-
duced to the alcohol without affecting theka(,{g-unsaturated
ketone group. An lnteresting rearrangement of this system
was studled. It appears that rearrangement of the l-hydroxy-
8-keto system, V, tc the more stable l-keto-8-hydroxy systenm,
II, has been observed and the evidence is discussed.

Three approaches to the synthesis of the cyclic ethylene'
ketel of cyclopentadlenone have been investigszted. The first
one involved an attempt to "crack" the l-hydroxy-8-ketal
system, IV, to the desired ketal. The reverse Diels-Alder
reaction appears to hsve occurred, but the high temperatures
involved protecly account for tne destruction of the monomeric
cyclic ketal.

The second synthetic approsch was glong a more conven-
tional route which geve more positive results than the pre-
vious method. Cyclopentanone was chiorinated, the chloro=
ketone was converted to its cyclic ethylene ketel, and de-
hycrohalogenation gave cyclopentenore ketal. The crucial
step in tnis synthesis was the conversion of this ketzl to
tne new compounds, 4-bromocyclopent-c-enone ketal and

4-(N,N-Cimethylemino)cyclopentenone ketal. Conversion of the
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tertiary amii.e to the N-oxide with suctsequent pyrolysis gave
& wixture ol products, one oI whicn was the dimer of cyclo-
pentadienone ketal.

In‘order To eliminate the side reaction products which
accompany the amine oxide pyrolysis, the taird syntaetic
approach was the pyrolysis of the corresponding Guaternary
ammonium hydroxide. Tnls gave a very pure product, ocut again,
only tne dimeric cyclopentadienone ketal was isclzted. It
appears that};he cyclic ethylene ketal of cyclopentsdlenone
is less stacle then origineliy anticipated. It should there-
fore more correctly ce compered to cyclopentsdienone than to
cyclopentadiene in its stetility. In this respect, e program
cased on low tempersture isolation techniques would ce in

order for future synthetic epproeches to th& monomer.
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