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INIRODUCTION

The work‘described in this thesis is concerned primarily
with two areas of the chemistry of cyclooctene derivatives:
first, with an attempt to prepare én aromatic system contain-
ing six T-electrons in an eight-membered ring; -and second,
with the photochemistry of cyclooctene~-3-one.

The first area of investigation involved the attempted
synthesis of Als*;6-cyclooctatriene-3,8~-dione and its pre-
cursors, as well as the attempted preparation of eycloocta-
tetraene dication.

The second area was concerned with an exploration of the
properties of cyclooctenone when irradiated with ultraviolet
light in protic solvents. Some effort was expended in an
attempt to determine whether the reaction observed for cyclo-
octenone was geﬁerally applicable in other unsaturated ketone
' systems. Experiments were performed in order to try to obtain

information aboult the reaction mechanism.
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HISTORICAL

Cyclic Aromatic Cations and
their Corresponding Ketones

Carbonium icns have long interested érganic dhemists
because of their role as reaction intermediates. Recently, a
number of monocyclic aromatic carbonlum ions have been pre-
pared; these are of interest primarily because they have eiecé
tronic configurations which fit the "Huckel (kn+2) rule" and
exhibit aromatic properties. The inherent stability associ-
ated with such systems has been cited in rationalizing the
stability and properties of the corréSponding ketones (1,
Chapter 10). |

Many of the known examples of such aromatic ions and
their corresponding ketones are discussed in Streitweiser's
book (1). Consequently, no attempt will be made here to
describe completély the work in this field prior to 1961.
As far as possible zll reported examples from the literature
of 1961 through June, 1965, will be mentioned.

Breslow prepared several cyclopropenium fluoborates, as
well as several cyclopropenones (2,3,4,5,6). Volpin (7) also
prepared diphenylcycloprépenone.

R‘ . Rl R Ra
ﬁﬁ\ | a. ¢ & j
R;ARZ b. H o &
H Et Et
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In 1962 Katz (8) reported his unsuccessful attempt to
prepare the cyclobutenium dication system and Freedman (9)
reported its successful preparation. Subsequent X-ray work
by Bryan (10) showed Freedman's compound to be an allylic
monocation (IV). -A further effort by Freedman (1l) resulted
in the successful preparation of this system (V) in solution.
This is the first example of an aromatic cyclic dication ever

N AT

b4 SnClz™

¢ %Bry/ hI;!‘}S

reportedQ Several of the corresponding diketones have been
prepared (1, Chapter 10; 12). The most sfriking of these (13)
is "squarie acid" (VI); which exhibits a very high acidity,
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presumably due to the high stability of the resonance-stabilized

aromatic dianion.

HOL, © O, 0O~
= + 2H"
HO" O -0 O~
VI

The first reported cyclic aromatic carbonium ion, the
tropylium ion (VII), was prepared in 1891 by Merling (14%) but
not characterized. In 1954% Doering (15) reopened the question
and proved the structure of Merling's compound. This i§ the
most extensively investigated of the known aromatic carbonium
ions. An excellent review is available (16) vwhich includes a
discussion of the corresponding tropbnes (VIII) and tropo-
lones (IX). Several instances have been reported in which the
tropylium ion functions as a charge-transfer acceptor (17, 18,

19).
+ O O
— _ // /
\
RO
VI VIIT X
There are no known reports of the preparation of cyclo-

octatetraene dicarbonium ion (X) or its corresponding ketones

(XI, XII).
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Simple Hickel molecular orbital calculations (20) predict
a delocalization energy (D.E.) for the cyclopropyl cation of
2,008 and for tropylium ion of 2.998. Similar calculations
give a 2@ D.E. for the cyclobutenium dication. The D.E. for
benzene by the same HMO method is 28 . We have done simple
HMO calculations for a few cyclooctatetraene systems; the re-
sults are presented in the Results and Discussion section of
this dissertation.

Nuclear magnetic resonance spectroscopy has provided a
powerful tool for the investigation of aromatic systems. The
diamagnetic shielding (21, p. 18) of ring protons caused by
"ring currents" is an important diagnostic method for detect-
ing arcmatic character. The relation between ring currents
and aromaticity is a subject for. active current research (22,
23, 24%).

Fraenkel et al. (25) have studied the relation between
1T -electron density and chemical shift in the n.m.r. spectrum
for 'tropylium cation, benzene, and cyclopentadiényl anion.

They arrive at a simple expression for this relationship:

d = aq, where § is the chemical shift relative to benzene,



q 1s the charge per carbon atom, and a is an empirical con-
stant ( “~10 ppm).
Solvent Photoaddition to
Conjugated Double Bonds
A few examgles of solvent photoaddition to a double bond
conjugated to ; carbonyl group or another unsaturated group
are scattered throughout the literature. Some of these are
géthered together in Schonberg's book (26, p. 73) on prepar-
ative organic photochemistry. |
Stoermer and Stoclmann (27) observed the photoaddition
of water, methanocl, and ethanol to the double bond of cro-
tonic acid (XIII), the sodium salt of crotonic acid, and mesa-

conic acid (2-methylfumaric acid). The corresponding amides

OR
/\/COZH h"/ > /\/COZH
ROH

and all other unsaturated acids irradiated simply isomerized

or allomerized. In an earlier paper, Stoermer (28) claims,
without substantiation, that o~chlorocinnamic acid isomerizes
via the addition and elimination of acetic acid when irradi-
ated in acetic acid. |

Wang has studied extensively the photochemistfy of nucleic
acids (29,30,31,32). Thymine and 1,3-dimethyluracil (XIV) add
methanol across the double bond when irradiated in ice con-

taining 2% methanol. In pure ice the only products are dimeric
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for all uracil and thymine derivatives investigated.v An ap-
parently contradictory previous report by Wang (33) claims the
addition ofrwafer across the double bond of 1,3-dimethyluracil
when it was irradiated in water.

O
~

N
O*N OR

\Nﬁj__ﬁl_e
XTT GLw ROH
I

Bernardi et al. (3%) and Stoll and Schientz (35) have

investigated the photoaddition of water to ergotamine (XV) in

weakly acidic solution.

CONH, CONH,
| N-CH N-CH
) " by " ;th
> o
{ OIN HCI iIsomers

W. G. Dauben (36) has investigated the photoaddition of
methanol to ergostadiene and substituted hexalin derivatives.
The irradiation of 3,10-dimethyl-a3sd-hexalin (XVI) in meth-
anol gives a variety of methancl addition products whose
relative amounis vary with methanol concentration. When this
irradiation is perfofmed in pentane, the bicyclobutane inter=-

mediate (XVII) is isolated. This bicyclobutane intermediate
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. reacts in the dark with methanol to form only one ether (XVIII),
in direct contrast to the irradiation in methanol, where a
number of other ethers are formed. Dauben feels that there is
a competition between the solwvent reaction and the formation

of the blcyclobutane.

 OMe OMe
XVI
0 XVIT
| 8 N
© ST/
V Q. @O , /
i a (')Me
X "OMe 7 OMe

Medium ring unsaturated ketones have been little investi-
gated as such with regard to their photochemical properties.
Very recently Eaton (37) reported the photochemical conversion'
of cis-cyclooctene-3~one (XIX) to the highly strained trans-
compound (XX). Eaton (38) and Corey (39) independently re-
ported the analogous reaction for cis-cycloheptene-3~one (XV)

at low temperatures. In both the 7 and 8-membered rings.the
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trans—compoﬁhd is apparently very reactive. Eaton obtained
Diels~Alder adducts of XX at room temperature, and also re-
ported that XX dimerized at room temperature. Corey (%0) was

able to obtain cycloaddition products of XX with olefins in

good yleld.

N

XX XX

There is no report in the literature of the photoaddition
of solvent to the double bond in simple unsaturated ketones.
An observation by Dr. H. Juneja (41) in this laboratory that
¢~276-cyclooctanone might be incorporating acetic acid when

irradiated prompted a more detailed investigation.
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- RESULTS AND DISCUSSION
"Attempted Preparation of Cyclooctatriene-l,4-dione

This investigation was initiated in order to prepare
cyclooctatriene-l,H—dioné (XXI). This compound fits the Huckel
(4n 4 2) rule, having six TT-electrons; thus it was anticipated
that it might provide a unique example of an aromatic six
T=-electron system in an eight-membered ring. It should be
noted however that a necessary condition must be fulfilled
before XXI could exhibit aromaticity; i.e., resonance struc-
ture XXI-a must contribute significantly to the resonance hy=-
brid so that the p-orbitals on the carbonyl cérbon will be
sufficiently available for efficient delocalization of the six
T~electrons around the ring. The most efficient delocaliza-
tion of 1T-electrons will occur when the ring is planar, since
all p-orbitals will then be parallel. Thus there will be two
opposing energy factors; the strain energy or energy required
to flatten the ring must be provided from the energy gained
through delocalization of T-electrons. The difference befween

these will be the stabilization energy.

o@o -‘o.o“ HZCOC Hy
XX1 | XXTI

XXI-a
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Simple Huckel molecular orbital calculations (1, p.33)
were performed for several related systems in order to deter-
mine delocalization energies. The resonance integral for the
carbonyl groups was assumed to be l.41%B, a value which may
be slightly high, but which should nevertheless yield qualita-
tively correct results (1, p. 120).

The systems for which calculations were carried out were
XXI, XXI-a, and XXII. |

The calculated* delocalization energles were as follows:
XXI, 2.4958 ; XXI-a, 3.6578 ; XXII, 2.35%8. If B is assumed
to have the value 18 kcal/mole, these energies then become:
XXI, 4.9 kecal/mole; XXI-a, 65.8 kecal/mole; XXII, 42.3
kcal/mole.

All of these structures have considerably more delocal-
ization energy than the 21-23 kcal/mole which has been esti-
mated (1, %2) as the strain energy of a flattened cycloocta-
tetraene ring.

It should be noted that XXI is only slightly more stable
than XXII, vwhereas XXI-a is 23.5 keal/mole more stable than
XXT. Thus it seemed plausible that XXI might be stable if it
could be synthesized, and several synthetic routes were exam-

ined. ‘ ’4

*We are indebted to Prof. C. H. DePuy and Lynn Rodewald
for the use of thelr MOCAL computer program for these calcu~-
lations.
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The most direct approach appeared to be preparation of
cyclooctene-3,8~dione (XXIII), followed by introduction of two
double bonds. Many approaches to the synthesis of XXIII were

investigated.

| O/ L0 O O
—_———
XXTIT XXT

Bromination of cyclooctene=3-one (XIX) with N-bromo-
succinimide, followed by acetolysis with silver acetate in
acetic acid, basic hydrolysis, and chromatography on alumina
yielded 9=oxabicyclo=(%.2.1)=2~nonenol (XXIV) in 12.8% overall
yield. Treatment of XX{IV with acetic anhydride in pyridine

1 NBS —\/OAC
—_—
2. AgOAC ‘ Ac,O

L - - Py

XXV YH
HO 0 OH
—
XXV XXV

gave a crude acetate (XXVI) whose infrared spectrum (maxima at
5.77 and 6.034 ), ultraviolet spectrum (ABYOH 2231u), ana
n.m.r. spectrum were consistent with structure XXVI. Attempted

chromatography gave only XXIV, and no acetate products.
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The infrared spectra of XXIV were very informative. The
spectrum when run on a potassium bromide pellet (Figure 1) |
showed no carbonyl absorption, but very strong hydroxyl group
absorption at 3.02 4, and a weak band at 6.16 4 due to a double
bond. However, when the spectrum was recorded in chloroform
solution (Figure 1), alcohdl bands were observed at 2.78 and
2.974, in addition to a low intensity band at 6.03 4, which
is the characteristic wavelength for carbonyl group stretching
in cyclooctene-3-one, and a weak band at 6.16,a due to a double
bond.

The nem.r. spectrum of XXIV (Figure 2) showed a quartet
centered at M.26‘T'(Jvinyl = 6 c.pes.), a crude doublet at
5.017, a sharp singlet at 6.32 7, and two poorly resolved
multiplets centered at 8.13 and 8.457. The relative peak
areas were 2:1:1:8.

Thus it appears that XXIV should be represented in both
its hemiketal form and in an open keto-alcohol form XXV, with
the infrared spectra indicating an equilibrium between the two
forms favéring XXIv.

Chapman (43) has reported a trend in vinyl coupling con-
stants for olefinic protons in gcis-cyclic olefins which further
substantiates the structure assignment. For a five-membered
ring, the expected value for the vinyl coupling constant is
6 cep.S., and for an eight-membered ring it is 12-13 c.p.é.
The value found here (6 c.p.s.) thus indicates the presence of

the smaller five~-membered ring in XXIV.



Figure 1. Infrared spectra

Top - cycloocten-3-one (XIX)

Middle - 9-oxabicyclo-(l.2.1)=2-nonenol (XXIV)
in potassium bromide pellet

Bottom - 9-oxabicyclo~(4.2.1)=-2-nonenol (XXIV)
in chloroform
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Figure 2. Nuclear magnetic resonance spectra

Top = cycloocten=3-one (XIX)
Bottom - 9-oxablcyclo=(l.2.1)=2~nonenol (XXIV)
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In addition, Chapman and King (%) have correlated alco-
hol type with the multiplicity observed for alcohol proton
resonances in dimethyl sulfoxide solution, finding triplet,
doublet, and singlet multiplielty for primary, secondary, and
tertiary alcohols respectively. The n.m.r. spectrum of XXIV
in dimethyl sulfoxide shows a sharp singlet for the alcohol
proton, thus showing it to be tertiary. ’

Infrared evidence for a similar equilibrium was presented
by Doering and Sayigh (45) and by Yates and Anderson (46) in a

seven-membered ring system.

O OH
OH

Another method for the preparation of XXIV involves oxi-
dation of cyclooctene=-3,8-diol (XXVII) with manganese dioxide
in chloroform at room temperature.s XXVII was prepared from
the corresponding diacetate (XXVIII), which was a minor pro-
ducﬁ in the selenious acid oxidation of cyclooctene in acetic
acid-acetic anhydride. The manganese dioxide oxidation pro-
ceeded smoothly to a 75% (v.p.c.) yield of XXIV. Prolonged
~ exposure of XXIV to these oxidizing conditions did not cause
any observable oxidation of XXIV to the dione (XXIII).

Chromic acid oxidation of XXIV resulted only in ihe re-

covery of starting material in low yield.
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It thus appeared that no approach to the synthesls of
XXIII which proceeded via the keto-alcohol XXV would be suc-
cessful, and other approaches were examined.

DePuy and Zaweski (47) utilized pyridine-N-oxide for the
oxidation of an organic bromide. Since this method of oxi-
dation avoids the intermediacy of a hydroxy-ketone inter-

mediate, it was examlned for use in the preparation of XXIII.

~H PVYNO H Br B >: @
7 M ————}' O
:><EN‘ @) . + \Tﬂ ‘

BHY Br™

Cyclooctene=-3-bromide (XXIX) was oxidized by this method,
and did yield cyclooctene-3-one, although the yield ( < 15%)
was low. An attempt to perform the same oxidation on
cyclooctene=-3,8-dibromide (XXX) was unsuccessful,

A similar reaction, utilizing dimethyl sulfoxide as oxi-
dizing agent has been reported by several investigators (h8,
49, 50, 51, 52). Attempts to oxidize XXX with dimethyl
sulfoxide at temperatures ranging from 30-160°, both with and
without the présence of base as a catalyst, were tot;lly un-
successful. Infrared spectra on the erude reaction q;xtures-
showed very little, if any, ketonic absorption. A variation
of this method (49) in which XXX was converted to the ditosyl-
ate with silver tosylate, and then heated in dimethyl sulfoxide
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containing sodium bicarbonate was mildly encouraging in that
some oxldation did occur, but the yield was so low and the
product mixture so complex that no isolable materials were

obtained.
Another approach to the preparation of XXIII involved air

oxidation of cyclooctene in basic solution. A 4:1 excess of

Oz /t-BUOH
K™ t-BuO~™

> N.R.

base to olefin was employed. After 24 hours, no reaction was
observed.

Since none of these approaches involving allylic oxida=-
tion had proved successful, several entirely different ap-
proaches were tested.

It was thought that the well-known (53) addition of
nitrosyl chloride to olefins might be utilized to obtain a
bis-adduct (XXXII) of 1,5-cyclooctadiene (XXXI) which could
be .converted to XXXIII.

NOH NOH
mss () - C)

NOH _HON CI

> m\dm
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In a preliminary experiment cyclooctene was treated with
isoamyl nitrite and hydrochloric acid. Two crystalline solids
were obtained, XXXIV (m.p. 92-93°) and XXXV (m.p. 101-101.5°)
in a total yield of 31%. These two compounds had the same
elemental composition. XXXIV was converted to XXXV on reflux-
ing with isopropanol-urea (5%). XXXIV had A EQE 293 mu (53,
while XXXV had no intense absofption above 210 mu.

The infrared spectrum of XXXV (Figure 3) showed an intense
hydroxyl absorption at 3.10 u« and a weak band (-C=N-stretch)
at 6,07 u. These bands were both absent in the infrared
spectrum of XXXIV (Figure 3).

The n.m.r. spectrum of XXXIV (Figure 4) shows a broad
multiplet (1H) at 4.45 7 for the proton on carbon bearing
chlorine, a similar multiplet (1H) at 5.28 7 on the carbon
bearing nitrogen, a broad multiplet at 7.877 (- LH) for the
_zpethylene protons adjacent to the substituted carbons, and a
broad multiplet at 8.36 7 .( — 8H) for the remaining methylene
protbns.

The nem.r. spectrumn of XXXV (Figure L) shows a broad
singlet (1H) at 0.54% 7 for the oxime hydroxyl proton, a poorly
resolved quartet ( 1H) at 5 .45 7 for the proton on carbon bear=-
ing chlorine, a poorly resolved multiplet (1H) centered at
7.1+7 for one of the methylene protons adjacent to the oxime
group, and two poorly resolved multiplets (11H) centered at
7.87 and 8.u4 7, o |

.The above data, coupled with the general nature (53) of



Figure 3. Infrared spectra

Top - 2-chlorocyclooctanone oxime (XXXV)

Bottom = nitroso dimer (XXXIV)
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Figure %. Nuclear magnetic resonance spectra

Top - nitroso dimer (XXXIV)
Bottom - 2-chlorocyclooctanone oxime (XXXV)
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the nitrosyl chloride reaction with olefins strongly suggest

the following structures for XXXIV and XXXV,

O Cl
| N:r\lJ\O NOH
(k3 :
XXXV XXXV

An attempt to convert XXXV to cyclooctenone according to
the procedure of Wallach (55) by treatment with dimethyl
aniline and aqueous sulfuric aéid was unsuccessful, giving a
reaction product with carbonyl absorption at 5.90 4 and no
absorption at 6.03 4. The use of aniline as base gave the
same results. |

Since this work appeared to be without application for
the preparation of cyclooctenone, and since Metzger (56) at
the same time published his results on the reaction of 1,5-
cyclooctadiene (XXXI) with nitrosyl chloride indicating that
it would add only one mole, this line of investigation was
not continued.

One of the more direct approaches to the synthesis of a
system like XXI involved an attempt to cyclo-add diphenyl-
acetylene (XXXVI) to the double bond of g-beﬁzoquinone (XOXVII).
It was hoped that the adduct could be tautomerized to XXXVIII.
A 1:1 molar mixture of XXXVI and XXXVII was heated for 2% hours
in a sealed tube at 105-130°, No reaction was observed. A

1:1 mixture dissolved in go-dichlorobenzene was heated at
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temperatures up to 210° in an n.m.r. tube and no reaction was
observed. The same sample was irradiated and no reaction was
observed. Shortly after this experiment was‘performed, it was
reported by Bryce-Smith (57) and Zimmerman (58) that 6n ir-
radiation XXXVI reacts with XXXVII to give a product derived
from cycloaddition to the carbonyl group of XXXVII rather thah
the double bond. [ ¢ ]

XX+XYI " Q
XXXVIT —

Cohen and Tsuji (59) reported the boron trifluoride

catalyzed rearrangement of epoxides to o =hydroxyketones in
dimethyl sulfoxide. It was decided to try this reactlion on
cyclooctatetraene monoepoxide (XXXIX) in an attempt to prepare

the A ~-hydroxyketone precursor to XXI.
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XXXIX

OH

Cyclooctatetraene monoepoxide in dimethyl sulfoxide, when
heated on the steam bath with a catalytic amount of boron
trifluoride etherate, gave a crude reaction mixture having
strong infrared absorption maxima at 3.5%, 3.67, 5.83, 5.93,
and 6.22 4+« Buchl and Burgess (60) have reported the thermal
isomerization of XXXIX to [~cycloheptatriene carbdxaldehyde,
which has bands in its infrared spectrum at 3.55, 3.68, 5.92,
and 6.224 « @ -cycloheptatriene carboxaidehyde was converted
to @-phenylacetaldehyde (5.82 u) on heating. A comparison of
this data to that of Buchi and Burgess suggests that XXXIX
undergoes an acld-catalyzed rearrangement corresponding to its
thermal rearrangement. Since the desired conversion of XXXIX
to an «~hydroxyketone did not occur, the reaction was not
further investigated. The same reaction appeared to occur, but
more slowly, when XXXIX was heated in dimethyl sulfoxide with-

out acid catalysis.
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Attempted Preparation of
Cyclooctatetraene Dication (X)

X corresponds to XXI-a for purposes of simple HMO calcu=-
lations, and thus has about 65 kcal/mole delocalizatlon energy
in such calculations. This 1s considerably more than the D.E.
calculated for XXI (4+.9 keal/mole). If X could be prepared,
further efforts toward the preparation of XXI could be under-

@~ U
—
X XXI-a

taken with a greater confidence in the possibility that it
could be a stable species. On the other hand, if X could not
be prepared, one might question the wisdom of further pursuing
the synthetié attack on XXI. | ‘ |

It should be noted that there was good reason to believe
that X would be a stable, flat, aromatic ion. Katz (61, 62)
has prepared cyclooctatetraene dianion (XL), a 10 Tr-electron
system, and characterized it as a stable aromatic ion. Simple
HMO theory predicts the same delocalization energy for the )
dianion and the dication in an eight-membered ring, since each
has just six T-electrons in bonding orbitals; the "extra"
four electrons for the dianion are in non-bonding orbitals,
not in antli-bonding orbitals. The dlanion and the dication

should have about the same strain problems with respect to
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attaining a planar configuration. Thus it i1s not unreasonable

to attempt a direct synthesis of the dication.

— —2p S
— — o
e A -, H
4 e -
DICATION (X) DIANTON(XL)

Cyclooctatetraene dibromide (XLI) was chosen as the start-
ing material. One must remove two halide ions from XLI and
the bicyelic ring system must open up to an eight-membered
ring. Attempts to remove bromide by treatment with strong
Lewis acids such as antimony pentachloride were unsuccessful
because polymerization occurred immediately; apparently the
preferred'reaction here is at the diene system where a cationic

chain polymerization is possible.

Br

+ 2Br—

\'g

72
N Br
XLl X

Consequently the mode of reaction was altered. Silver-
ion assisted solvolyses in polar solvents such as acetonitrile

were used in all other trials. Silver fluoborate, hexafluoro-
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antimonate, and perchlorate were used because the anions are
poor complexing agents. The solvolyses were performed under
a wide variety of conditions and followed by n.m.r.

In a typical reaction, equimolar amounts of XLI and
silver fluoborate were dissolved in acetonitrile and then
combined. The n.m.r. spectrum of the solution was recorded
at intervals after the reaction began (Figure 5). For refer-
ence purposes the n.m.r. spectrum of XLI is also shown (Figure
5) in acetonitrile. After 30 minutes reaction time, two new
peaks appeared, a broad singlet at 1.27 and a multiplet
centered at 2.6 7. After 24 hours, XLI is'essentially gone,
the 1.2 7T peak has broadened and moved downfield to 0.57,
and the 2.6 T peak has increased somewhat in intensity. The
spectrum is essentially the same after 4 days except for a
slight Qownfield shift from 0.57 to 0.07 for the broad low
field peak.

Thus an initlial formation of a peak is seen around 17,
and this shifts downfield as time elapses, while at the same
time a peak forms around 2.67’. In many cases the downfield
peak i1s so broad as to be barely discernible from the baseline,
. and in some cases it is seen as low as =37 (very broad). No
method could be devised to make line positions and widths re-
producible, and all attempts to recover and characterize com-
ponents of the reaction mixture were unsuccessful. However,
a low field peak always forms and moves downfield, and a peak

always forms around 2.67 .



Figure 5.

Nuclear magnetic resonance spectra
Top - cyclooctatetraene dibromide (XLI)
in acetonitrile

Bottom - reaction of XLI with silver fluoborate
in acetonitrile

top - 30 minutes
middle - 24 hours
bottom = 4 days

note: Each of these spectra is on
a different scale expansion.
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If it is truly aromatic, X should have all identical pro-
tons; and their n.m.r. line position should be considerably
downfield from the position of normal olefinic protons, due to
deshielding by the double positive charge. The relationship
derived by Fraenkel et al. (cf. supra, p. 5) predicts a line
position for X of 0.17. Whether or not this relationship is
truly applicable to a doubly charged specles is debatable,
since it is a first-order approximation based on singly
charged ions. In any event, the observed line position agrees
rather well with the calculated value, and it is most tempting
to assign this low field peak to X. The multiplet at 2.67 is
obviously benzenoid. In several runs this multiplet shows a
shafp singlet at 2,57 and a doublet at slightly higher field.
This is very similar to the @-bromostyrene spectrum (63,
Figure %97). |

The following mechanism can account for these two product

types:

= BPA+ Va ©/\/
N N

X1

-——
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This mechanism is consistent with the data, but obviously
neither it nor the product structures have been rigorously
established. The data only suggests this explanation.

An indication that the assignment of a styrene as the
structure of the compound causing the multiplet in the 2.6
region is correct may be found in a reaction reported by Cope

and Burg (64).

Br  g0° - Br

~

30 min.

Assuming the low field peak to be caused by X, two of the
more puzzling aspects of this investigation are 1) the reason
for the downfield protons to shift as the reaction proceeds
and 2) the reason for line broadening of this‘peak.

A possible, but not entirely attractive, explanation for
the line broadening would invoke a rather pronounced effect
due to exchange of fluoborate anions in tight ion groups
around the dication and accompanying changes in the net effec~
tive positive ring charge, so that there would be a spectrum
of net effectlve ring charges in solution, and thus a broad
absorption.

Changling relative concentrations of dication and fluo-

borate anion may be responsible for the downfield shift. The
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ratio of dicgtion/fluoborate increases as the reaction pro-
ceeds. This may result in less effective dication charge
neutralizatioﬁ by fluoborate, and thus a higher effective
positive charge in the dication.

Both of these explanations suffer from the rather obvious
fault that they require marked electrical interaction between
non-bonded species. HoWever, no dication of tbis type has
ever been investigated, and it may well have abnormal.solvation
properties due to the dispersal of two positive charges over
such a large framework. This intefpfetation should be viewed
wvith caution however, in view of the results of a control
experiment using a singly charged species, the tropylium ion.
The nem.r. line position of tropylium fluoborate in acetonitrile
was found to be almost invariant when fluoboric acid or water
was added to the n.m.r. sample ( < 0.2 ppm variation), and the

absorption was always a sharp singlet.
Solvent Photoaddition to Cyclooctene-3~one

The behavior of cyclooctene-3-one (XIX) on irradiation in
protic solvents has proved to be most unusual. The majority
of similar ketones simply dimerize on irradiation (65, 66),
although the irradiation of cyclohexene-3-one or cyclopentené-
3=one in olefins results in cycloaddition of the olefin to the

double bond of the unsaturated ketone (40, 67, 68).
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MeO OMe OMe
OMe

‘Thus the observation of Juneja (41) that A2r6-cyclo-
octanone (XLII) might incorporate the elements of acetic acid
on irradiation in that solvent seemed to indicate that further

investigation would be informative.

. QAc
o
XCI "

Inasmuch as the preparation of AZ2)6-cyclooctenone in a
pure state involves separation from the ‘5255-isomer, it was
decided to use cyclooctene=3-one (XIX) for this study.

Irradiation of a 0.01 M solution of XIX in glaclal acetic
acld gave a crude product which v.p.c. analysis showed to be a
90:10 mixture of a product (XLIII) and XIX. The crude product
was estimated to be 84% volatile by v.p.c. area comparison.

Distillation showed it to be 91% volatile.
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The infrared spectrum of XLIII (Figure 6) indicated the
presence of acetate (5.77, 8.13/;) and saturated ketone group
(5.88 u). |

The nem.r. spectrum of XLIII (Figure 7) provided evidence
which allowed complete structure assignment. A broad multi-
plet (1H) at %.667 for a proton on a carbon béaring acetate,
a sharp doublet at 7.297 and a rough doublet at 7.537 (LH)
for methylene protons adjacent to a carbonyl gfoup, a sharp
singlet (3H) at 7.92T for the acetate methyl group, and a
broad multiplet (8H) centered at 8.357 for the remainder of
the methylene protons allowed assignment of 3-acetoxycyclo-

octanone as the structure of XLIII.

Et . XLV
OH  XLVI
t-Bu  XLVII

The structural assignment was further confirmed by a

double resonance experiment. Irradiation of the methine proton




Figure 6. Infrared spectra

Top - 3=acetoxycyclooctanone (XLIII)
Bottom = 3=-methoxyeyclooctanone (XLIV) .
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Figure 7. Nuclear magnetic resonance spectra

Top - 3~acetoxyecyclooctanone (XLIII)
Bottom - 3-methoxycyclooctanone (XLIV)



42

™S

792 835

729
753

466

TAU

Wt

N FRRSY Pyiey

834

744 779 °

TAU



%3

at 4.667 caused the collapse of the doublet at 7.297 to a
singlet, thus showing that two protons adjacent to the carbon-
y1l group were coupled to a proton on carbon bearing acetate.
This firmly establishes the position of acetate in the
8 -position.

- Irradiation of a 0.01 M solution of XIX in methanol gave
a crude product which was shown to be an 85:15 mixture of a
product (XLIV) and XIX. It was estimated that the crude pro-
duct was 67% volatile by v.p.c¢. area comparison. Distillation
of the crude product indicated 65% volatile product.

The infrared spectrum of XLIV (Figure 6) showed a satu~
rated carbonyl group (5.91x ) and the presence of ether bonds
(9.07, 9.16, and 9.31u).

The n.m.r. spectrum of XLIV (Figure 7) showed: a sharp
singlet (4H) at 6.727 which can be assigned to the methoxy-
methyl group and to the methine proton on carbon bearing the
methoxyl group; a sharp, partially split doublet (2H) at
7.447 and a crude doublet (—2H) at 7.797 for four methylene
protons adjacent to a carbonyl group; and a broad multiplet
( — 8H) centered at 8.347 for the remaining methylene pro-
tons. This allows assignment of 3-methoxycyclooctanone as the
structure of XLIV.

Irradiation of a 0.01 M solution of XIX in 95% ethanol
gave a crude product which was 69% volatile by v.p.c. area

comparison. Analysis by v.p.c. showed one product (XLV) and



XIX in the ratio 83:17.

The infrared spectrum of XLV (Figure 8) showed a satu~-
rated carbonyl group (5.904 ), and a broad ether band (9.08-
9.30 ).

The n.m.rs spectrum of XLV (Figure 9) is somewhat compli-
cated due to overlap of the ethyl absorption oh the remainder
of the spectrum (triplet centered at 8.88 7, and quartetvat
6.54T). The quartet at 6.5%7 integrated for three protons
(undoubtedly including the methine proton on carbon bearing
the ethoxyl group), and the remainder of the spectrum for 15
protons, including approximately two protons each in the
multiplets at 7.41 and 7.717, for the methylene protons adja-
cent to the carbonyl group. Thus XLV is 3-ethoxyéyclooctanqne.

The irradiation of a 0.01 M solution of XIX in water gave
a crude product which had absorbtion maxima in the infrared at
2.92 (broad), 5.89, and 5.92 4. Vapor phase chromatography on
a Perkin-Elmer R column showed one product (XLVI) and starting
‘material in the ratio 88:12. Area comparisons indicated 72%
of the crude product was volatile.

An attempt to collect samples of XLVI for identification
purposes from a preparative scale Carbowax 20M column appar-
ently resulted in a reverse-aldol reaction on the column. The
infrared spectrum of crude collected material indicated the
presence of aldehyde hydrogen (3.70 4), two carbonyl groups
(5.83, 5.88u), and bands at 7.10 and 7.37 4 vhich are char-



Figure 8. Infrared spectra

Top - 3=-ethoxycyclooctanone (XLV)
Bottom - 3-t-butoxycyclooctanone (XLVII)
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Figure 9. Nuclear magnetic resonance spectra

Top - 3=ethoxycyclooctanone (XLV)
Bottom = 3-t=-butoxyecyclooctanone (XLVII)
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acteristic of methyl ketones. The n.m.r. spectrum indicated
the presence of an aldehyde proton (0.287 ), and a methyl
ketone (7.9%7T). Thus the rearrangement product is probably
7-keto-octanal (XLVIII).

Thus 1t was reasonably certain that XLVI was 3-hydroxy-

cyclooctanone. In order to prove this beyond doubt the crude

OH QAc

\'d

XLV

photoproduct was acetylated to give a product which had the
same V.p.c. retention time as XLIII and an identical infrared
spectrum.

The irradiation of XIX in t-butanol is a very sensitive
reaction, and no way has been found to obtain quantitatively
reproducible results. An adduct (XLVII) is always formed, in
yields varying from 5-22%, most often in the 10% range. The
reaction is slow relative to the rate in the other solvents,
and the amount of non-volatile product is always high.

‘The infrared spectrum (Figure 8) of XLVII shows an intense
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carbonyl band at 5.92 u, suggesting a saturated 8-membered
ring, and an ether band at 9.51u. .

The n.m.r. spectrum (Figure 9) of XLVII shows multiplets
centered at 6.3% (methine proton on carbon bearing oxygen),
7.36 and 7.88 (methylene protons adjacent to a carbonyl group),
8.2 (other methylene protons), and a sharp singlet at 8.82 7
(t=-butyl group) in the ratio 1:4:8:9.

In a double resonance experiment, irradiation at 1.567

caused the methine multiplet to collapse to a crude quartet.

O
H

o
To—-

Fuf

Mw

This is best interpreted as evidence that the methine proton
is coupled to only Hy and Hyp when Hp is irradiated, and there-
fore as evidence that the t-butoxyl group is in the @B -position.
Thus it can be seen that in each protic solvent investi-
gated an adduct is formed resulting from solvent addition
across the double bond of XIX. The nature of the non-volatile‘

material has not been iAVestigated, but it is presumed to be
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dimeric. Eaton and Lin (37) have reported that trans-cyclo=-

octenone dimerizes rapidly, even in the dark, and &, 3 =
unsaturated ketones in general are known (26, 64, 65) to
dimerize on irradiation. | V

The precise nature of this solvent addition is unknown,
aithough we have obtalned information which suggests a general
mechanism. The main problem stems from the fact that irradia-
tion of cis-cyclooctenone in cyclohexane (37) in Pyrex results
in a photostationary state in which ¢is- and trans-cycloocten=-
one are present in a l:l ratio. The trans isomer (XX) is ap=-
parently highly reactive in thermal dimerization and Diels-.
Alder processes (37), as well as in thermal cycloaddition to
olefins (67). Thus the first question is whether the solvent
addition is a true photoreaction at all, or whether it is
simply.a thermal addition to the trans isomer or some other
reactive intermediate. In order to examine this question,
several experiments were performed.

The irradiation of cis-cyclooctenone (XIX) in cyclohexane

resulted in a photostationary state (80% trans/20% cis) in

45-60 minutes. Addition of a small amount of methanol (~— 5:1
molar excess) and stirring for 1 hour resulted in a mixture of
adduct (XLIV) and XIX in the ratio 1:2. Prior to methanol
addition, it is possible to regenerate XIX with a small amount
of sulfuric acid. Methanol does not cause this regeneration.

Irradiation of a similar solution, but containing the
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same amount of methanol from the start, for 1 hour resulted in
a mixture of adduct (XLIV) and XIX in the ratio 3:2. The
actual yield (v.p.c.) of adduct was’doﬁble that in the previ-
ous experiment.,
The formation of a photostationary equilibrium mixture of

cis- and trans-cyclooctenone, as well as the facile dimeriza-

tion of the trans isomer, has been reported by Eaton (37).

The fact that the relative amount and the absolute amount of
adduct formed increase when methanol is present during irradi-
ation strongly suggests that a photoaddition to cis-XIX is
occurring in addition to the thermal addition of solvent to
trans-XIX.

Thus these ﬁwo experiments suggest the followlng general
scheme, which depiets both thermal and photochemical routes to
the adduct.

Cl1S = TRANS ——> DIMER

\\ﬁ
ADDUCT

The precise nature of the photochemical mode of adduct
formation can not be stated, for we have no data which allows
a choice between mechanisms which can be postulated. There
are basically two mechanisms, although several variations of
the second are possible. First, the addition could be a simple

attack of solvent on excited cis-XIX. Second, cis-XIX could
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be converted to some reactive intermediate other than trans-
XIX, and this could be attacked by solvent.
excited CJS

> ~
ADDUCT

intermediate’®

Another ekperiment which may have importance in a con-
sideration of the reaction mechanism is the irradiation of
cis=-XIX in quartz. In methanol within ldfﬁinutes there is
nearly complete ( > 95%) disappearance of cls-XIX in the ul-
traviolet spectrum. On standing in the dark this irradiated
solution slowly (1-2 hours) regenerates cis-XIX until there is
a net loss of 60% cis-XIX (ultraviolet analysis). Removal of
solvent (either before or after regeneration of cis-XIX),
followed by v.p.c. analysis shows the product to be 90% vol-
atile and a 45:55 mixture of adduct (XLIV) and cis-XIX. Ir-
radiation for 90 minutes results in a crude product which is
essentially non-volatile. If 5% of XLIV is added prior to the
90 minute irradiation, v.p.c. analysis after irradiation shows
less than 1% present.\ |

This data suggests initilal rapid adduct fbrmation, fol-
lowed by destruction of the adduct. Examination of the results
of irradiation of XIX in t-butanol in quartz tends to confirm
this interpretafion. |

Irradiation in t-butanol for 10 minutes results in loss
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of 80% of cis-XIX; on standing for 11 hours, cis-XIX was slow-
ly regenerated to 55% of its original concentration. Analysis
by V.p.c. showed 5% adduct (XLVII) and 59% XIX. Irradiation
for 30 minutes caused the loss of 84% cis-XIX; after standing
3 hours, 25% of the original cis-XIX was present (u.v. analy-
sis). Analysis by v.p.c. after solvent removal showed 2%
adduct and 24% XIX. Irradiation for 90 minutes gave essen-
tially no volatile produéts.

These experiments indicate that cis-XIX is being conver-
ted to some species, presumably trans-XIX, which is capable of
reconversion to cis-XIX. The initial rapidity of adduct for-
 mation in methanol, the relative slowness of regeneration of
cis-XIX, and the decrease in adduct yield on slightly pro-
longed irradiation in t~butanol suggest that a process is oc-
curring whereby adduct is formed from a species derived from
£is-XIX during the first stages of irradiation, prior to the

formation of trans-XIX. This is consistent with the experi-

ments in cyclohexane which were discussed above, in which more
adduct was formed when methanol was present from the beginning
of the irradiation than was formed if methanol was added in
the dark to a solutlon highly enriched in frans-XIX.

It seems clear that adduct formation can occur thermally
via,§;§g§;XIX, and also from cis-XIX in some sort of photo=-
chemical process (which méy involve a reactive intermediate

derived from cis-XIX). In addition cis~XIX can be regenerated
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in solution from the photomixture, presumably by alcohol catal-
ysis. It is not possible to say what the primary process in
Pyrex is, although in quartz the formation of adduct from
Irans=XIX in a thermal process seems to be relatively unimpor-
tant, since adduct formation in quartz is very fast and the
yield of adduct is not increased by allowing an irradiated
solution, enriched in trans-XIX, to stand for some time in the
dark prior to workup. | |

Attempted Solvent Photoaddition in Other Systems

Solvent addition to «, @ -unsaturated ketones would be
very useful if it were a general reaction. Several systems
were investigated in order to find out whether the reaétion
observed for cyclooctenone (XIX) would occur in other mole-
cules.

Cyclohexenone (XLIX), when irradiated in methanbl, appears
to give a small amount ( “~ 5%) of adduct (L). The infrared
spectrum on a sample of L collected from the v.p.c. showed a
strong band at 5.85 u, indicating a saturated 6-membered ring
ketone, and a strong band at 9.15u which suggests the pres-

ence of an ether linkage. Cyclohexenone in ethanol however

O

OMe
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gives only a trace of a compound with a retention time similar
to L.

A solution of @-methoxycyclohexenone (LI) in methanol is
totally unreactive when irradiated, as is l-acetyleyclohexene
(LII)lin‘acetic acid.

A solution of trans-benzalacetone (LIII) in methanol

simply undergoes cis~trans isomerization on irradiation.

O C\Hs
H, =0
=&
OMe ¢ H
LI LI L]

Therefore solvent photoaddition to cyclooctenone is a
rather isolated example of this sorﬁ of reaction having little
general application. This sort of addition apparently occurs
to a small extént with eyclohexenone, but not with the other
systems investigated. This is not too surprising, for'in the
Historical section we noted that examples of solvent photo-
addition to any kind of unsaturated carbonyl system are few.
The addition to cyclooctenone (XIX) provides the first example,

however, of this reaction in a simple unsaturated ketone.
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EXPERIMENTAL

 Experimental for Attempted Preparation of
Cyclooctatriene-1,4-dione

Preparation of cycloocten-3-one (XIX) by Cope's method

Cycloocten-3~-one was initially prepared by the method of
Cope et al. (69). Bromination of cyclooctene with N-bromo-
succinimide, followed by treatment with silver acetate gave
cyclooctene-3-acetate. Basic hydrolysis, followed by chromic
acld oxidation in acetic acid, and distillation, gave cyclo-
octenone. >\9g§thOH 228my (8050); the infrared and the

n.m.r. spectra are shown in Figures 1 and 2.

Prevgration of cyclooctene-3-0l from cyclooctene

Cyclooctene (110 g.; 1.0 mole), mercuric acetate (350.6 g.;
1.1 mole), and acetic acid (500 ml.) were placed in a 1 liter
3=neck flask fitted with a mechanical stirrer and reflux.con-
denser. The mixture was stirred 45 minutes at room tempera-
ture while a canary yellow precipitate formed, and then
‘refluxed for 10 hours. The dark solution was cooled to room
temperature and filtered to remove metallic mercury (190 ge3
95%). The solution was concentrated by removing acetic acid
(~ 400 ml.) on the Rotovac. The residue was poured into water
(1 1.) and extracted with three portions (250 ml.) of ether.
The combined ether extracts were washed with 5% sodium carbon-

ate solution, then with wvater, and dried over magnesium sulfate.
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Filtration and removal of the solvent left crude product
(117.3 g.). This was distilled to obtain the pure monoacetate
(8%.5 go3 50.3%), bep. 102-110°/12 mm.

The monoécetate was added dropwise, with ice-water cool-
ing to a solution of potassium hydroxide (59.5 g.; 1.06 mole)
in water (70 ml.) and ethanol (150 ml.). The solution turned
pale orange, and was stirred for 3 hours at room temperature.
An aliquot showéd no acetate carbonyl absorption in its infra-
red spectrum. After dilution with water (250 ml.) the mixture
was extracted with two portions (250 ml.) of ether. The com-
bined ether extracts were washed with 5% hydrochloric acid and
with water, dried over magnesium sulfate, and concentrated on
the Rotovac to give crude product (68.6 g.). Distillation
gave pure alcohol (50.2 g.3 39.8% overall yield), b.p. 106~
109°/12 mm., reported (68) b.p. 74°/2 mm. Vapor phase chro-

matography on a Perkin-Elmer R column showed a single peak.

Oxidation of cyclooctene=3-0l to cyclooctene-3-one (XIX)

In a modified Jones oxidation (70), a solution of chromium
trioxide (15.9 g.; 0.199 mole), water (80 ml.), and concen-
trated sulfuric acid (12.8 ml.) was slowly added to a solution
of cyclooctene-3-ol (30.0 ge; 0.238 mole) in acetone (80 ml.).
The solutlon was cooled in ice-water and very slowly stirred
with é magnetic stirrer. The addition time was 65 minutes,
after which the mixture was allowed to stir 45 minutes more.

The acetone layer was separated. The aqueous layer was diluted
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with water (400 ml.) and extracted with three portions

(100 ml.) of ether. The combined ether and acetone fractions
were washed twice with water (100 ml.) and dried over magne-
sium sulfate. Removal of solvent on the Rotovac yielded crude
product (27.5 g.). Vapor phase chromatography on a Perkin-
Elmer R column at 150° showed the oxidation was about 85%
complete. Thevcrude product (27.5 g.) was dissolved in ace-
tone (75 ml.) and titrated with the same concentration chromic
acid solution as used above (30 ml.) until the orange chromic
acid color remained. Work up as before, followed by distilla-
tion gave cyclooctenone (20.0 g.; 67.7% yield), b.p. 66-68°/
2.5 mm., reported (69) b.p. 89°/1% mm. Vapor phase chroma-
tography on the R column showed > 98% purity with only a
trace ( < 1%) of cyclooctenol present. The retention time was
identical with that of an authentic sample of cyclooctenone,
as was the infrared spectrum.

Pyridine-chromic acid oxidation (71) or pyridine-lead
tetraacetate oxidation {72) always left an intolerable amount
of starting material, even after several oxidations. Separa-
tion of cyclooctenol from cyelooctenone by distillation is
difficult, and for this reason, as well as the relative ease

of workup and greater yield, the Jones oxidation is preferable.

Attempted base-catalyzed gir oxidation of cyclooctene

Potassium (15.6 g.; O.4 mole) is added to t-butanol (500

ml.) in small portions with continuous stirring. When the
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potassium had dissolved cyclooctene (11.0 g.; O.1l mole) was
added. Air was passed continuously through the solution
through a fritted-glass bubbler. After 13 hours 100 ml. of
solution was removed. This portion was diluted with water
(500 ml.) and 6 N hydrochloric acid (70 ml.), and extracted
with two portions (250 ml.) of ether. The combined ether ex-
tracts were treated with anhydrous sodlum carbonate and then
magnesium sulfate. Filtration followed by solvent removal on
the Rotovac gave an oil which showed very little carbonyl ab-
sorption in the infrared. After 2% hours the remainder of the
reaction mixture was worked up as above; again there was very
little carbonyl absorption in the infrared spectrum of the

crude product.

Selenious acid oxidation of cyclooctene

In a modification of a known procedure (73) cyclooctene
(28.0 g.), acetic acid (56.0 g.), and acetic anhydfide
(56.0 g.) were.placed in a 250 ml. flask with a magnetic stir-
rer, condenser, and fhermometer. This was heated on an oil
bath at 119° while selenious acid (11.0 g.) was added in small
portions (1 hour). This temperature was maintained for 10
hours after addition was complete. After cooling and filter-
ing to remove metallic selenium, the mixture was poured into
ice-water (1000 ml.) and extracted with ether (3 x 250 ml.).

The combined ether extracts were washed with water, dried over
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magnesium sulfate, and concentrated to give crude proquct
(40.6 g.). Distillation gave cyclooctene-3-acetate (1%.5 g.;
344), b.p. 579/0.6 mm., reported (69) b.p. 57°/1 mm. No
‘dlacetate could be distilled.

Preparation of 9=oxabicyclo=(%.2.1)-2-nonenol
XXIV from cyclooctenone

A solution of cycloocten-3-one (12.% g.; 0.1 mole),
carbon tetrachloride (75 ml.), N-bromosuccinimide (17.8 g.3
0.1 mole) and benzoyl peroxide (1 g.) was purged with nitro-
gen, and then heated on an oil bath (90°) under nitrogen. In
10 minutes the reactlion began to reflux very vigorously; the
heat was removed and the reaction proceeded spontaneously. for
15 minutes. The mixture was then heated 15 minutes more,
cooled, and filtered. The filtrate was washed with 5% sodium
carbonate (3 x 50 ml.), and water. After drying over magnesium
sulfate, the solvent was removed on the Rotovac to give crude
bromide (21 g.). This was diluted with acetic acid (25 ml.)
and slowly added, with cooling, to a stirred slurry of silver
acetate (16.7 g.) and acetic acid (30 ml.). After standing
overnight the mixture was filtered and then concentrated on the
Rotovac. The residue was diluted with water, neutralized with
solid sodium carbonate, and extracted with ether. After dry-
ing the ethereal solution over magnesium sulfate, removal of
solvent gave crude product (16.7 g.) whose infrared spectrum

showed intense peaks at 5.76, 6.02, and 8.12u. Some of this
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crude product‘(lh.o g.) was placed in a round-bottom flask and
cooled in ice. A solution of potassium hydroxide (5.3 g.) in
ethanol (14 ml.) and water (8.5 ml.) was slowly added over 15
minutes with stirring. After 24 hours water (%00 ml.) was
added, and the solution was extracted with ether. The conm-
bined ether extracts were washed with water, dried over magne~-
sium sulfate, and concentrated to give crude product (7.2 g.).
The crude product was chromatographed on neutral alumina |
(400 g.) wi%h 40/60 benzene/ether to give pure crystalline
XXIV (1.8 g.; 12.8% yield), m.p. 9%-95° (sublimes). The ultra-
violet spectrum of XXIV showed a low intensity (e < 1000)
absorption at 228mu The infrared spectrum was run in both
potassium bromide pellets (Figure 1) and in chloroform (Figure
1). The n.m.r. spectrum is shown in Figure 2.

Anal. Calc. for CgHjo0p: €, 68.54; H, 8,63, Found:
C, 68.25; H, 8.99

Preparation of 9-oxabicyelo=-(4.2.1)=2-nonenol (XIV)
from eyeclooctene-3,8-diacetate (XXVIII)

A solution of XXVIII (1.8 g.) in ether (10 ml.) was slow-
ly dropped into a slurry of lithium aluminum hydride (2.1 g.)
in ether (160 ml.). After 6 hours the excess hydride was de-
stroyed with saturated sodium sulfate. The solution was fil-
tered, dried over magnesium sulfate, and concentrated to give
crude diol (1.0 g.). The crude diol (0.9 g.) was dissolved in

chloroform, manganese dioxide was added (10 g.), and the slurry
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was stirred at 30-33° for 46 hours. Filtration, followed by
concentration, gave a crude product. Vapor phase chromatog-
raphy on a Carbowax 1500 (15% on Gaspak) column at 150°
showed one major product (75%) and several minor products.
An infrared spectrum on a collected sample of the major pro-
duct was identical to that of authentic XXIV. Addition of a
small amount of Skelly B to the crude material caused it to
cloud up; the further addition of benzene (2 drops) caused
crystallization. Filtration gave a white solid (550 mg.)
whose infrared and n.m.r. spectra were identical with those

for authentic XXIV.

Acetolysis of 9-oxabicyelo=(Y%.2.1)-nonenol (XXIV)

A solution of XXIV in pyridine (10 ml.) and acetic an-
hydride (6 ml.) was stirred for 12 hours at room temperature,
then poured into ice-water (250 ml.), allowed to stand 45
minutes, and then extracted with ether. The combined ether
extracts were washed with 0.1 N hydrochloric acid, 5% sodium
bicarbonate, water, and then dried over magnesium sulfate.
Removal of solvent 6n the Rotovac gave crude product (217 mg.)._
The infrared absorption of the crude material showed intense
absorption at 5.77u (acetate) and 6.03 4 (cyclooctene-3~-one);
the ultraviolet spectrum showed an intense A 93§x?tOH 223 mu »
The n.m.r. spectrum of the crude material showed multiplets at
3.887T (3H), 7.417 (2H), 8.337 ( «~6H), and a sharp singlet
at 7,927 ( ~ 4H)., Chromatography of the crude material on

~
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Woelm neutral (grade III) alumina (25 g.) gave only XXIV

(120 mg.), m.p. 92-94°, Repetition of the same reaction fol~-
lowed by chromatography on silica gel again gave only XXIV.
Vapor phase chromatography on a preparative scale R column
gave no products with acetate carbonyl absorption in the

infrared spectrum.

Attempted oxidation of XXIV with chromic acid

A solution of XXIV (1.8 g.) in ether (15 ml.) was placed
in a 50 ml. 3-neck flask equipped with condenser, addition
funnel and magnetic stirrer. A solution was prepared by ad-
ding concentrated sulfuric acid (1 ml.) to sodium dichromate
(1.6 go) and diluting to 6 ml. This solution was slowly drop-
ped into the ether solution over 20 minutes. After stirring
an additional 25 minutes, ether (20 ml.) was added and the
solution stirred 10 minutes more. Then the agueous layer was
separated and washed with ether (2 x 10 ml.). These extracts
were combined with the ether layer from the reaction, washed
with 5% sodium carbonate and water, dried over éodium sulfate,
and concentrated to give crude product (750 mg.). Chromatog-
raphy on a silica gel column gave pure XXIV (260 mg.) on
elution with 80/20 benzene/ethyl acetate. No products were

eluted prior to XXIV, and only tars were eluted later.
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Pvridine-N-oxide oxidation of cyelooctene-3-bromide (XXIX).

A solution of freshly distilled pyridine-N-oxide (4.4l g.;
0464 mole) in benzene (25 ml.) was slowly dropped into cyclo-
octene-3-bromide (8.76 g.; .O469 mole) with stirring at room
temperature (47). After 3% hours a heavy viscous oil, insol-
uble in benzene, had formed. After further reaction (12 hours)
a vhite precipitate had formed and the oil had vanished. The
precipitate (A) was filtered off (5.63 g.; 43%). The solid
was very hygroscopic and rapidly became sticky.

A solution of A (5.63 g.; .027 mole) in water (10 ml.)
was prepared and cooled in an ice-bath. To this cold solution
was added a mixture of potassium hydroxide (1.5 g.; .027 mole)
in water (10 ml.) over a period of 30 minutes. After 15 min-
utes further stirring, water (10 ml.)/was added, and the solu-
tion was stirred 30 minutes more. After dilution with water
(25 ml.), the reaction mixture was extracted with four por-
tions (25 ml.) of ether. The combined ether extracts were
wéshed with water, dried over magnesium sulfate, and concen-
trated to give crude product -(1.06 g.). The crude product had
a sharp strong band at 6.0% « (characteristic of cyclooctene-
3-one) in its infrared spectrum. This was not purified or
further characterized.

An attempt to perform the same reaction on cyclooctene=-

3,8-dibromide (XXX) was unsuccessful.
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Attempted oxidation of czclooctene-3,8-dibromide (XXX)
with dimethyl sulfoxide

A solution of dimethyl sulfoxide (250 ml.) containing XXX
(12.0 g.; .O45 mole) was stirred at 30° for 22 hours. The
solution was poured onto ice (400 g.) and extracted with three
portions (250 ml.) of ether. The combined ether extracts were
washed with water, dried over magnesium sulfate, and cdncen-
trated to give an oily product (1l.1l g.) whose infrared spec-
trum was almost identical with that of XXX.

The same residue was dissolved in dimethyl sulfoxide
(100 ml.), heated to 58-65° and stirred for 18 hours. The
mixture was worked up as before to give an oily product
(10.3 g.) vwhose infrared spectrum was little changed from that
of XX.

The same residue was dissolved in dimethyl sulfoxide (100
ml.) containing sodium bicarbonate (10 g.). The mixture was
stirred (8 hours) at room temperature and worked up as above.

. Again there was little apparent reaction.

The residue was slowly added (5 minutes) to a solution of
dimethyl sulfoxide (100 ml.) containing sodium bicarbonate
(10 g.) at 150-160°. The mixture was stirred 5 minutes,
cooled, and worked up as before to give an oily product
(8.8 g.)s Again there was little apparent reaction.

In each of these crude reaction mixtures a very small
amount of absorption occurred between 5.8 - 6.14 in the

infrared spectrum.
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The reaction of cyclooctene with nitrosyl chloride

To a cold (0-59) stirred mixture of cyclooctene (11 g.;
0.1 mole), isoamyl nitrite (17.5 g.; 0.15 mole), and acetic
acid (15 ml.), éoncentrated hydrochloric acid (10.3 ml.; 12
mole) was added over a period of 15 minutes. The green solu-
tion was allowed to stand for 30 minutes at 0°. A white crys-
talline solid (XXXIV) was filtered off (1.3 g., m.p. 92-93°).
The filtrate was poured into 3 times its volume of water, and
 solid sodium carbonate was added until no more carbon dioxide
was evolved. This solution was immediately extracted with
ether. The ether extract was washed with water, dried over
magnésium sulfate, concentrated on the Rotovac. Repeated cool-
ing and filtration gave 4%.2 g. of another white solid (XXXV).
One recrystallization from Skelly B gave a melting point 10l1-
101.5°. The total yield of XXXIV and XXXV was 5.5 g. (31%).

XXIV had A EEOE 29345 its numer. and infrared spec-
tra are shown in Figures 4% and 3.

Anal. Calc. for C1gHogNo0oCly: C, 54%.70; H, 8.03%.
.Found: C, 5%.50; H, 8.10. | e
XXXV had no ultraviolet absorption above 210mu; its
- n.m.r. and infrared spectra are shown in Figures % and 3.

XXXIV can be converted to XXXV by refluxing in an iso-
propanol/urea solution (5%).

The above data, coupled with the general nature of the

nitrosyl chloride reaction with olefins, suggests XXXIV as the
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dimer of the nitrosyl chloride addition product, and XXXV as

the corresponding monomeric oxime.

The attempted conversion of 2-chlorocyclooctanone

oxime (XOV) to cyclooecten-3-one

A solution (55) of 2-chlorocyclooctanone oxime (3.9 g.)
in dimethyl aniline (10 ml.) was warmed in an oll bath to 115°
for 45 minutes, then cooled in ice. After adding 20 ml. of
aqueous sulfuric acid (2 parts water to 1 part concentrated
sulfuric acid), the solution was refluxed for 2 minutes and
then cooled. Steam distillation followed by ether extraction
of the distillate gave a black oily liguid with infrared ab-
sorption at 5.90 4 and none at 6.03 w. The use of aniline as

the base gave the same results.

Attempted reaction of p-benzoguinone (XXXXVI) with
diphenylacetylene (XOXVII) without solvers

Diphenylacetylene (0.890 g.; .005 mole) and p-benzoquinone
(0.5% g.; 005 mole) were placed in a 10 x 120 mm. Pyrex tube.
The tube was evacuated to 0.05 mm., sealed off, and heated in
an oil bath for 18 hours at 105° and then for 6% hours at 125-
130°. After cooling, the tube was opened and the contents re-
moved and chromatographed on neutral alumina. Elution with
50/50 Skelly B-benzene gave pure diphenylacetylene (0.852 g.),
mep. 58-59°.
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Attempted reaction of p-benzoquinone (XXXVI) with
diphenylacetylene (XXXVII) (in solution)

Diphenylacetylene (17.8 mg.; 10 mmole) and p-benzoquinone
(21.6 mg.; 20 mmole) were dissolved in o-dichlorobenzene
(1 ml.); the solution was placed in an n.m.r. tube, evacuated,
and sealed off. The mixture was allowed to stand at room tem-
perature (18 hours), then heated in a 165-170° oil bath (4%
hours), and then in a 200-210° bath 28 hours). There was no
change evident in the n.m.r. spectrum. Then the tube was ir-
radlated (6 hours) with a General Electric UA-3, 360 watt
mércury arc lamp, and then with 3,550 watt mercury arc lamp

(% hours). Again there was no change in the n.m.r. spectrum.

Preparation of cyeclooctatetraene monoepoxide (XXXIX)

XXXIX was prepared according to the method of Cope and
Tiffany (74). A solution of 40% peracetic acid (60 ml.) con=-.
taining sodium acetate was slowly added to cyclooctatetraene
(31.2 g.) in a 500 mle. flask equipped with a stirrer, addition
funnel and a thermometer which reached into the solution. The
rate of addition and an ice-water bath were regulated very
carefully so that the reaction temperature was always 29-31°
(addition time was about 40 minutes). This temperature was
maintained for 90 minutes after addition was complete. Then
the mixture was poured into water (300 ml.) and extracted with

pentane. The combined pentane extracts were washed with 5%
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sodium hydroxide and water. After drying over magnesium sul-
fate, the pentane was removed on the Rotovac, leaving crude

product (21.5 g.). Distillation gave the monocepoxide (XXXIX)
(8.0 g+), bep. 80-82°/13 mm., reported (74) b.p. 74=75%/12 mm.

Attemvted acid-catalyzed oxidation of cvelooctatetraene
monoepoxide (XXXTX) with dimethyl sulfoxide '

A solution pf XXXIX (2.55 g.) in dimethyl sulfoxide con=-
taining boron trifluoride etherate (2% ml.) was heated on the
stean bath for 8 hours, then poured into water (200 ml.) and
extracted with ether. The combined ether extracts were washed
with water, dried ovef magnesium sulfate, and concentrated to
give crude product (1.0 g.). A large amount of high melting
polymer was discarded during the workup. The crude material
had an infrared spectrum with strong absorption at 3.5#, 3.67,
5.83, 5.93, and 6.22u . Silica gel chromatography gave very
poor separation. In view of the fact that Buchi had reported
(60) the thermal isomerization of XXXIX to B -cycloheptatriene
carboxaldehyde, having infrared absorption maxima at 3.55,
3.68, 5.82, 5.92, and 6.22 4, it was assumed that a similar,
acld-catalyzed, rearrangement had occurred here. Thus the
reaction had no utility for the preparation of 8~hydroxy-
eyclooctatrienone (XII){
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Attemnted oxidation of cyclooctatetraene monoeno xide
(XXX1X) with dimethyl sulfoxide

A solution of XXIX (1s1 g.) in dimethyl sulfoxide (2.0
ml.) was allowed to stand in a stoppered flask at room temper-
ature under nitrogen for 21 hours. The solution was then
diluted with water (100 ml.), and extracted with ether. The
combined ether'éxtracts were washed with water, dried over
magnesium sulfate, and’concentrated to give a crude product
(0.95 g.) whose infrared spectrum revealed no sign of a re-
action.

The crude product in dimethyl sulfoxide (2 ml.) above was
then heated on the steam bath for 7 hours and allowed to stand
overnight at room temperature. The mixture was worked up as
before. The crude product showed weak carbonyl absorption at
5.82 and 5.93 4, in a spectrum very similar to that of the
crude product obtained from the boron trifluoride etherate-
catalyzed reaction.

Experimental for Attempted Preparation of
Cyclooctatetraene Dication

Silver ion-assisted solvolysis of 7,8-dibromobicyclo~
(4,2.0)=0cta~-2.k=diene i

A number of these experiments were conducted under some-
what varied conditions of solvent, temperature and atmosphere,
and using both silver fluoborate and hexafluoroantimonate.

Inasmuch as no procedure was developed which was truly satis-
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factory, no attempt will be made to describe each experiment.
One procedure will be given, and the n.m.r. spectra from one
run will be shown (Figure 5) to illustrate the sort of results
obtained.

A solution of XLI (0.30 g.), freshly recrystallized from
pentane, in acetonitrile (2.5 ml.) was added to a solution of
silver fluoborate (0.71% g.) in acetonitrile (2.5 ml.) at room
temperature in an open beaker. Silver bromide began to pre-
cipitate immediately. After 15 minutes a sample was filtered
into an n.m.r. tube and the spectrum was run immediately
(Figure 5). Silver bromide precipitated continually in the.
n.m.r. tube. The n.m.r. spectrum was again determined on the
same sample after 24 hours (Figure 5), and again after % déys
(Figure 5). After 6 hours, the silver bromide (21%) was fil-
tered off.

Similar experiments were carried out under carefully con-
trolled conditions using liquid sulfur dioxide, very pure, dry
acetonitrile, and nitromethane as solvents. Precautions were
taken to exclude oxygen and moisture. Low temperature experi-
ments were conducted. Several attempts td induce crystalliza-
tion were futile. An attempt to trap the dication by a reac-

tion with aqueous sodium carbonate was unsuccessful.
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Preparation of 7,8-dibromobicyelo=~(4.2.0)=
octa-2,4=diene (XLI)

XLI was prepared according to the method of Cope (79) by
treating cyclooctatetraene with bromine in methylene chloride.
XLI is a low-melting solid (m.p. 34%=-35° from pentane). It
slowly decomposes on standing at room Temperature; consequently
it must be kept under refrigeration and recrystallized immedi-

ately before use. The n.m.r. spectrun is given in Figure 5.

Studies on the n.m.r. spectrum of tropylium fluoborate

Tropylium fluoborate was prepared according to the pro-
cedure of Fraenkel (25).

A solution containing tropylium fluoborate (100 mg.) in
acetonitrile (1.75 ml.) was prepared, and its n.m.r. spectrum |
was determined. The trOpyliumvion éhowed a sharp singlet at
0.7%7. Dilution of this solution to twice its original vol-
ume moved the peak to 0.837. The addition of aqueous fluo-
boric acid (50%; 5 drops) moved the peak to 0.71 7.

dnother solution was prepared with tropylium fluoborate
(100 mg.) in acetonitrile (1.75 ml.), and water (3 drops) was
added. The peak was at 0.68 7.

The effect of silver ion on the n.m.r. spectrum
of cyclooctatetraene

A solution was prepared containing cyclooctatetraene

€0.50 ml.) in acetonitrile (2.0 ml.) which had been distilled
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twice from phosphorus pentoxide. The n.m.r. spectrum was de-
termined on a Varian HR-60 n.m.r. spectrometer. With no silver
ion present a sharp singlet at 4%.267 was observed. Three
drops of a saturated silver nitrate solution (in acetonitrile)
was added, and the sharp singlet moved to 4,157 . Three more
drops were added, and the peak moved to 3.917. Apparéntly
the presence of silver ion produces no gross shifts due to
complexing.

Experimental for Solvent Photoaddition to
Cyclooctene=~3-one

Irradiation of cvelooctene-3-one (XIX) in acetic acid

A solution of XIX (1.00 g.; .008 mole) in acetic acid
(500 ml.) was purged with nitrogen for 30 minutes, capped with
rubber septa, and irradiated with a 550 watt Hanovia type A
ﬁercury arc lamp in a water-cooled Pyrex immersion well.
After 24 hours the solution was concentrated to 150 ml. on a
rotary evaporator, diluted with water (2 1l.) and extracted
with ether. The combined ether extracts were washed with
water, 5% sodium carbonate; and water. Removal of the ether
on a rotary evaporator after drying over magnesium sulfate
left crude product (1.10 g.). Vapor phase chromatography on a
Carbowax 1500 (15% on Gaspak) column showed XIX (11%) and one
other product (89%), 3-acetoxycyclooctene-3-one (XLIII). Dis-‘
tillation of crude XLIII showed the product to be 91% volatile.
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Comparison of the total v.p.c. area of crude XLIII with the
total area of XIX indicated 84% volatile products in crude
XLIITI. Analytical and spectral samples of XLIII were collect~-
ed from both the Carbowax column and from a preparative scale
SE-30 column (20% on Chromasorb P). The ultraviolet spectrum
showed no high intensity maximum above 210mu4. The infrared
and n.m.r. spectra are shown in Figures 6 and 7.

© Anal. Cale. for CygHyg03: C, 65.24; H, 8.69. Found:
c, 65.,13; H, 8.70.

Irradiation of cyvelooctene-3-one (XIX) in methanol

A solution of XIX (0.62 g.; 0.005 mole) in absolute meth-
anol (500 ml.) was purged 30 minutes with nitrogen, capped
vith rubber septa, and irradiated with a 550 watt Hanovia type
‘A mercury arc lamp in a water-cooled Pyrex immersion well for
110 minutes (91% decay of 226mu band in the ultraviolet spec-
trum). Removal of solvent on the Rotovac gave crude produét
(0.75 g+)« Vapor phase chromatography on a Perkin-Elmer R |
column at 177° showed 85% 3-methoxycyclooctanone (XLIV) and
15% XIX and no other products. The total area under this
curve was 67% of the area under the curve of an identical size
sample of XIX, thus indicating that about 33% of the crude
photoproduct was non-volatile. A trap-to-trap distillation of
the crude adduct (0.556 g.) separated the volatile components
(0.360 g.; 65%). Analytical and spectral samples of XLIV were
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 collected from a preparative scale Carbowax 20M (2% on Chroma-
sorb P) column. There was no intense absorption above 210
in the ultraviolet spectrum. The infrared and n.m.r. spectra
are shown in Figures 6 and 7.

Aggl.‘Calc. for CoHyg0,: C, 69.2%; H, 10.25. Found:
C, 69.3%; H, 10.40. |

Irradiation of cyclooctenone (XIX) in water

A solution of XIX (0.60 g.3 4.8 mmole) in water (500 ml.)
was purged with nitrogen for 30 minutes, capped with rubber
septa, and irradiated for 100 minutes in a water-cooled Pyrex
immersion well using a 550 watt Hanovia type A mercury arc
lamp (> 95% disappearance by ultraviolet analysis). Ammonium
sulfate (200 g.) was dissolved in the reaction mixture, which
was then extracted with ether. Drying of the combined ether
extracts over magnesium sulfate, followed by removal of solvent
on the Rotovac gave crude product (0.59 g.). Vapor phase chro-
matography on a Perkin-Elmer R column at 177° showed starting
material and one product (XLVI) in the ratio 12:88. Compari-
son of v.p.c. areas indicated 72% volatile products in the
crude mixture. An attempt to collect samples from a prepara-
tive scale Carbowax 20M column at 178° resulted in near quan-
titative rearrangement of XLVI to a compound which appeared to
be 7-keto-octanal (XLVIII); the infrared spectrum on the crude
collected product was grossly different from that of the cfude
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photoproduct, having absorption maxima at 3.70, 5.83, 5.88,
6.03, 7.10, and 7.37u . The crude photoproduct had maxima at
2.92 (broad), 5.89, and 5.92 4. The n.m.r. on the crude col-
lected product showed an aldehyde triplet at 0.287 and a
singlet at 7.9%T, probably due to a CH3-CO- group.

The crude photoproduct was dissolved in acetic anhydride
(% ml.) containing sodium acetate (50 mg.) and allowed to
stand 2% hours with occasional swirling. The solution was
diluted with water and extracted with ether. The combined
ether extracts were washed with 9% hydrochloric acid and water.
Drying over magnesium sulfate, followed by solvent removal
gave crude product (0.52 g.). Vapor phase chromatography on
the R column (175°) showed two peaks in the ratio 1l:2. These
- were identified by retention times as 3-acetoxycyclooctanqne
(XLIII) and cyclooctene-3-one (XIX). The infrared spectrum of
a collected sample of the compound here identified as XLIII
was identical to that of an authentic sample. Thus XLVI was

3-hydroxycyclooctanone.

Irradiation of cyclooctene~3-one (XIX) in ethanol

A solution of XIX (0.60 g.; 4.8 mmole) in 95% ethanol
(500 ml.) was purged with nitrogen for 30 minutes, capped with
rubber septa, and irradiated with a 590 watt Hanovia type 4
me;éury arc lamp in a water-cooled Pyrex immersion well. The

reaction, followed by observing the decay of the 228ms band
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in the ultraviolet spectrum, was stopped after 90 minutes.
Removal of solvent on the Rotovac gave crude produét (0.71 g.).
Vapor phase chromatography on a Perkin-Elmer R column (177°)
showed one product, 3-ethoxycyclooctanone (XLV), in addition
to XIX, in thé ratio 83:17. Using cyclooctenone as a standard
for area comparisons, 69% of the crude product was volatile.
Analytical and spectral samples of XLV were collected from a
preparative scale Carbowax 20M column (20% on Chromasorb P).
The ultraviolet spectrum of XLV showed no intehse absorption
above 2107u. The infrared and n.m.r. spectra are shown in
Figures 7 and 8.

Anal. Calc. for CjgH1g0p: C, 70.61; H, 10.58. Found:
C, 70.2%; H, 10.45.

Irradiation of cyclooctene-3-one (XIX) in t-butanol

A solution of XIX (0.62 g.; 5.0 mmole) in t-butanol (500
ml.) was purged with nitrogen for 30 minutes, capped with rub-
ber septa, and irradiated with a 550 watt Hanovia type A mer-
cury arc lamp in a Pyrex immersion well for 3 hours. Removal
of solvent on the Rotovac gave crude product (0.72 g.). Vapor
phase chromatography on the R column (177°) showed one prbduct,
3=t-butoxyeyclooctanone (XLVII), and XIX in the ratio 22:78.
The product was found to be 40% volatile by v.p.c. area com-
parisons. Analytical and spectral samples were collected from

a preparative scale R column. The infrared and n.m.r. spectra



79

are shown in Figures 7 and 8. The molecular weight of XLVII
from the mass spectrometer was 198.'

Anal. Cale. for CioHo505: C, 72.73; H, 1l.1l. Found:
C, 72.70; H, 1l.2k.

The results of this irradiation varied considerably as
conditions were changed, and were not quantitatively repro=
ducible. A sample of the sort of variations egéountered is

found in the following tabulation:

irradiation
concentration time % XIVII 3 XIX % volatile
1.0 g./1200 ml. 9 hr. 5 6 11
0.60/500 1 8 78 86
0.71/1300 8.5 22 11 33

The dark reaction of trans-cyclooctenone (XX) with methanol

A solution of XIX (0.155 g.; 1.25 mmole) in cyclohexane

(250 ml.) was purged 30 minutes with nitrogen, capped with
rubber septa and irradiated with a 5950 watt Hanovia type A
mercury arc lamp in a Pyrex immersion well. The reaction was
followed by observing the decay of the 223 mu band of cis-
cyclooctenone in the ultraviolet spectrum. After one hour a
steady state was reached with about 20% cis-cyclooctenone
present. The lamp was turned off and methanol (2 ml.) was
added. After one hour stirrihg in the dark, the ultraviolet
spectrum was essentially unchanged. A 1 ml. control aliguot,

removed before methanol addition, showed only a very slight
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change in its ultraviolet spectrum after one hour. The sol-
vent was removed on the Rotovac (water bath temperature < 40°)..
Vapor phase chromatography on a Perkin~Elmer R column (177°)
indicated the presence of only the methanol adduct (XLIV) and
cyclooctenone (identified by retention times) in the ratio of
about 1:2. Comparison of the total area in the chromatograph
with the area under the peak for a pure cyclooctenone sample
indicated 60% volatiles present.

If 1:3 sulfuric acid was added instead of methanol, the

ultraviolet spectrum showed slow regeneration of c¢is-XIX.

Trradiation of cis-cyclooctenone (XIX)
in cyclohexane containing methanol

A solution of gis-XIX (0.155 g.; l.25 mmole) in cyclo-
hexane (250 ml.) containing methanol (2 ml.) was purged with
nitrogen for 30 minutes, capped, and irradiated with a 550 watt
Hanovia type A mercury arc lamp in a Pyrex immersion well. The
reaction was followed by observing the ultraviolet spectrum.
After one hour, cis-XIX was 65% destroyed. Then the solvent
vas removed on the Rotovac. Vapor phase chromatography on a
Perkin-Elmer R column (177°) indicated the presence of the
methanol adduct and cyclooctenone in the ratio of about 3:2
(identified by retention times). The crude photoproduct was

80% volatile (v.p.c.).
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Irradiation of cis-cyclooctenone (XIX)
in methanol in guartz

A solution of XIX (0.36 g.; 2.9 mmole) in methanol (300
ml.) was purged for 30 minutes with nitrogen, capped with rub-
ber septa, and irradiated with a 550 watt Hanovia type 4 mer-
cury arc lamp in a quartz immersion well (water-cooled).

After 10 minutes the lamp was turned off. The ultraviolet
spectrum showed ) 95% loss of cis=XIX. On standing in the
dark this solution gradually regenerated cis-XIX., After 3
hours, the ultraviolet spectrum indicated 40% cis-XIX was pres-
ent. After 13 hours, 424 cis-XIX was present. Removal of
solvent and vapor phase chromatography on a Perkin-Elmer R
column (177°) showed 3-methoxycyclooctanone (XLIV) and XIX
present in a ratio 45:55. The same ratio was obtained when
the reaction mixture was worked up immediately after lamp ex-
tinction.

Ultraviolet spectra which were reéorded very soon (95 min-
utes) after lamp extinetion showed a small but distinct ab-
sorption at 205mu, which disappeared completely within 15
minutes, without any observable increase in the 229mu band.
(A similar band at about 207myu oceurs in irradiations in 95%
ethanol or t-butanol in Pyrex.)

Prolonged irradiation (90 minutes) results in a crude
product which is essentially non-volatile in the v.p.c.

If 5% XLIV was added prior to irradiation for 90 minutes,
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less than 1% XLIV was present after the irradiation.

Irradiation of cyclooctenone (XIX)
in guartz in t-butanol

A solution of XIX (0.36 g.; 2.9 mmole) in %-butanol (300
ml.) was purged for 30 minutes with nitrogen, and irradiated
with a 550 watt Hanovia type 4 mercury arc lamp in a quartz
immersion well. The reaction was followed by observing decay
of the 229my band for cis-XIX. When the reaction was fin-
ished, the solvent was removed on the Rotovac and the crude
mixture was analyzed by v.p.c. on a Perkin-Elmer R column
(177°).

Irradiation for 10 minutes reduced absorption oﬁ g1§-XIX
to 20% of its original value. On standing in the dark for 11
hours the cis-XIX concentration rose to 55% of its original
value. Analysis by v.p.c. showed 5% adduct (XLVII) and 55%
starting material (XIX).

Irradiation for 30 minutes caused the ¢is-XIX absorbance
to decrease to 164 of its original value. .On standing 3 hours
in the dark, the cis-XIX absorption rose to 25% of its original
value. Analysis showed 2% adduct (XLVII) and 24% XIX.

Irradiation for 90 minutes resulted in a crude product

which was non-volatile in the v.p.c.
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Preparation of 1,5-cyclooctadiene-3-one (XILIT)

A solution of 1,5-cyclooctadiene (5% g.; 0.5 mole),
N-bromosuccinimide (72 g.; O.4% mole), carbon tetrachloride
(400 ml.) and benzoyl peroxide (1.0 g.) was purged with nitro-
gen for one hour, and then heated at reflux under nitrogen
with mechanical stirring. After 20 minutes an exothermic re-
action began and refluxing became very vigorous. After one
hour the reaction was allowed to cool. The mixture was filter-
ed to remove succinimide, washed with 5% sodium carbonate and
water, and then dried over magnesium sulfate. Removal of sol-
vent on the Rotovac gave crude product (97.5 g.).

This crude bromide was dissolved in acetic acid (300 ml.)
and slowly dropped into a stirred, cooled slurry of silver
acetate (83.5 g.) in acetic acid (300 ml.). The reaction mix-
ture was allowed to stand in the dark for 36 hours, diluted ,.
with water (5 1l.) and extracted with ether after separating
the oily layer. The oily layer and ether ektracts were com-
bined, washed with water, and dried 6ver magnesium sulfate.
Removal of solvent on the Rotovac gave crude product (63 g.).
The mixture was distilled to obtain the monoacetate, b.p. 60-
65°/0.13 mn. Vapor phase chromatography on.a Perkin~Elmer W
column (Carbowax 1500) atv134° showed a poorly resolved mix-
ture (~70:30). The infrared spectrum showed an intense band
at 5.76 u. |

This mixture (28.9 g.) was dissolved in ether (250 ml.)
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and slowly added over one hour to a stirred slurry of lithium
aluminum hydride (27 g.) in ether (500 ml.). After addition
was complete the reaction was stirred 45 minutes, after which
the excess hydride was destroyed with aqueous sodium sulfate.
After filtratién the ether layer was Separated, and the aqueous
layer was extracted with ether. The combined ether fractions
were dried.with magnesium sulfate and anhydrous potassium
carbonate. Removal of solvent, followed by distillation gave
a mixture of two alcohols (17.3 g.), b.p. 65-67°9/0.90 mm.

| This mixture was oxidized according to the method of
Holum (71). N slurry of pyridine-chromic acid complex was
prepared by adding chromic oxide (43.% g.) in portions over
one hour to chilled pyridine (500 ml.) with vigorous stirring.
A solution of cyclooctadienol (17.3 g.) in pyridine (70 ml.)
was added in one portion with cooling to the above slurry.
The mixture was stirred 45 minutes, then allowed to stand 22
hours at room temperature. The mixture was then diluted with
water (2400 ml.) and extracted with ether. The combined ether
extracts were washed with 3 M hydrochloric acid, 5% sodium bi-
carbonate, water, and then dried over magnesium sulfate. Re=-
moval of solvent on the Rotovac provided crude ketone (12.5 g.).
Vapor phase chromatography on a Perkin-Elmer R column showed a-
mixture ( v~ 70/30) of two compounds.. The infrared spectrum
of the crude mixture showed no hydroxyl absorption, and maxima

at 5.99, 6.07, and 13.254.
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Experimental for Attempted Solvent
Photoaddition in Other Systems

The irradiation of l-acetylcyclohexene (LII)

A solution of l-acetylcyclohexene (0.627 g.; 5 mmole) in
acetic acid (750 ml.) was purged with nitrogen for 40 minutes,
capped with rubber septa, and then irradiated with a 550 watt
Hanovia type Avmercury arc lamp in a Pyrex immersion well for
5 hours. The mixture was concentrated to 50 ml. on the Roto=-
vac, poured intd water (2 1.), and extracted with ether (3 x
200 ml.). The:combinéd ether extracts were washed with sodium
carbonate solution, then with water, and dried over magnesium
sulfate. After filtration and removal of ether on the Rotovac
an oil (0.83 g.) was recovered. Vapor phase chromatography on
a Carbowax 1500 column (150°) showed only solvent and starting

material.

Preparation of 3-methoxycyclohexenone (LI)

Into a 1 liter 2-necked flask connected with 10 mm. glass
tubing to a condenser was placed ether (400 ml.), 95% ethanol
(160 ml.) and 40% sodium hydroxide (%0 ml.) solution. The
flask was cooled in ice-water and stirred with a magnetic stir-
- rer. Then DuPont EXR-101 (1.4 g.) was added; the water bath
was allowed to come to réom temperature and then slowly heated
to 50°. Soon after, yellow diazomethane was evolved and dis-

tilled (along with ether) into an iced flask containing ether
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(50 ml.). After about 250 ml. of ethereal diazomethane had
been collected the heat was removed. 1,3-cyclohexanedione
(6.68 g.; 0.06 mole), freshly.recrystallized from benzene, was
dissolved in a minimum amount of chloroform and added drop=-
wise to the diazomethane solution (20 minutes). The excess
diazomethane was destroyed by allowing the reaction mixture to
stand several hours at room temperature. Then the solvent was
removed on the Rotovac, giving crude product (8.0 g.). Dis-
tillation gave pure 3-methoxycyclohexenone (4.0 g.); b.p. 5C=-
519/0.1 mn.; n3° 1.5123, reported (75) n25 1.5118-1.5120.

Irradiation of 3-methoxyeyveclohexenone (LI) in methanol,
and in methanol-water

A solution of 3-methoxycyclohexenone (0.605 g.; 4.8 mmole)
in methanol (750 ml.) was purged with nitrogen for 1 hour, and
then irradiated with a 550 watt Hanovia type A mercury arc
lamp in a Pyrex immersion well. The reaction was followed by
observing the ultraviolet spectrum. After 22 hours irradia-
tilon, no change was observed in the ultraviolet spectrum.

.Then water (10 ml.; .625 mole) was added to the mixture. After
75 minutes in the dark there was no change in the ultraviolet
spectrum. Then this solutlon was irradiated for 1% hours, and

no change in the ultraviolet spectrum was seen.
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Irradiation of trans-benzalacetone (LIII) in methanol

A solution of trans-LIII (1.0 g.; 6.8 mmole) in methanol
(1300 ml.) was purged for 30 minutes with nitrogen, capped,
and irradiated with a 590 watt Hanovia type A mercury arc lamp
in a Pyrex immersion well. After 48 hours, trans-LIII was 60%
consumed (u.v. analysis). Removal of solvent on the Rotovac |
gave a viscous oil (1.05 g.). Analysis by v.p.c. on a Carbowax
1500 column (150°) showed the presence of only the cis and

trans isomers (identified by retention time), although the

infrared spectrum of the ¢rude material showed trace amounts

of carbonyl-containing components (5.15, 5.85u) in addition

to cis- and trans-LIII (5.92, 6.02 ).

Irradiation of cyclohexenone (XLIX) in methanol

A solution of cyclohexenone (0.326 g;; 3.8 mmole) in meth-
anol (500 ml.) was purged with nitrogen for 30 minutes, capped
with rubber septa, and irradiated with a 550 watt Hanovia type
A mercury arc lamp in a Pyrex immersion well until 60% destruc=
tion of XLIX was indicated by the ultraviolet spectrum}(#2 |
hours). Removal of solvent on the Rotovac gave crude product
(0.25 g.). Vapor phase chromatography on a Carbowax 1500 col-
umn (150°) showed XLIX and one other peak (L) in the ratio
1.3:1. A sample of L was collected; its infrared spectrum
showed absorption maxima at 5.85 and 9.15u. The infrared

data, and analogy with the cyclooctenone irradiation, suggests
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that L is_3-methoxycyclohexanone. This was not further char-
acterized. Later:attempts to repeat this experiment always
gave L, but only in trace amounts (identified by retention
time).

All attempts to perform this irradiation in 95%‘ethanol
gave only trace amounts of a compound whose retention time was

similar to that of L, but which was not characterized.
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SUMMARY

.There has béen no report of the preparation of a cﬁﬁpound
containing six Tr-electrons in an eight-membered ring. Hlckel
molecular orbital calculations suggested that eyclooctatriene-
1,4-dione (XXI) and cyclooctatetraene dication (X) might be
stable aromatic species if they were prepared.

A variety of approaches to the synthesis of XXI were un-
successful. During the course of this investigation 9-oxabi-
cyclo=(%.2.1)=-2-nonenol (XXIV) was prepared, fully character-
ized, and shown to be in equilibrium with a small amount of
8;hydroxycyclooctene-3-one (XXV) in solution. The nitroso
dimer (XXXIV) and the oxime (XXXV) resulting from the addition
of nitrosyl chloride to cyclooctene were prepared and charac-
terized.

An attempt was made to prepare X from cyclooctatetraene
dibromide by silver-lon assisted solvolysis. Evidence was
obtained (n.m.r.) which suggested the presence of X in solu-
tion, but X could not be isolated.

Very few lnstances are known in which a solvent adds to
the double bond of an unsaturated compound on irradiation with
ultraviolet light; no example of such an addition to a simple
unsaturated ketone has been reported. Irradiation of cyclo-
octenone (XIX) in methanol, ethanol, t-butanol, water and
acetic acld resulted in formation of an adduct in which RO-

is attached in the 3-position of cyclooctanone. Evidence was

-
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obtained which strongly suggests that this reaction involves a

photochemical addition of solvent to cis-XIX, in addition to a

thermal addition of solvent to trans-XIX.
Irradiation of cyclohexenone (XLIX), l-acetylcyclohexene

(LII), benzalacetone (LIII), and 3-methoxycyclohexene (LI)

resulted in essentlally no solvent addition. However, XLIX

when irradiated in methanol did give trace amounts of an ad-

duct which may be 3~methoxycyclohexanone.
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