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3—Isopropyl-6-methyl.—2—cyclohexenone (1) has been observed to undergo cycloaddition reactions with cyelo-
hexene, cycloocta-1,5-diene, ethoxyethylene, 1,1-dimethoxyethylene, dimethyl maleate, and dimethy! acetylene-

dicarboxylate under the influence of ultraviolet light.

The structure and stereochemistry of these adducts have

been proven by physical and chemical methods. The orientational specificity observed in the photoadducts of
1 to electron-rich olefins, ethoxyethylene, and 1,1-dimethoxyethylene, and the stereochemistry of its dimethyl
maleate adduet are explained on the basis of a 1,4-diradical intermediate which closes to a cyclobutane ring.
The 3-tert-butyl-2-cyclohexenone (2) is also found to give 1:1 photoadducts with cyclohexene. Stereochemistry
of the cyclobutane-cyclohexanone ring junction in the adducts has been found to be predominantly cis.

The photocycloaddition of «,8-unsaturated ketones
to carbon-carbon multiple bonds to give cyclobutane
derivatives has been of considerable recent intcrest,?
and the cycloaddition reactions have been fruitfully
used for the preparation of key intermediates in total
syntheses of natural products® and cage compounds.*
In addition, the conjugated ketones have been reported
to undergo molecular rearrangements,® dimerization,®
solvent addition,” and reduction® in the presence of
ultraviolet light. Recently, Dauben and coworkers
rcported the effect of alkylsubstituents on the photo-
chemistry of 2-cyclohexenones® and reported that
whereas the 3-alkyleyclohexen-1-ones underwent dimer-
ization easily the 3-isopropyl-6-methyl-2-cyclohexenone
(carvenone, 1) and 3-tert-butyl-2-cyclohexenone (2),
were stable to light under normal conditions. They
concluded that in these cases the excessive steric hinder-
ance either slows the reaction to the point where de-
motion from the triplet to the ground state is the only
cfficient process open to the molecule; or, less likely,
decreases the efficiency of S,-T; intersystem crossing.
As it is generally agreed, on the basis of experiments
involving sensitizers and quenchers, and on the study
of cmission spectra, that the reactive excited states in
dimerization and crossed cycloadditions of 2-cyclohexen-
ones are n—r* triplets,®® we thought it of interest to see if
3-alkyl-2-cyclohexenones, sterically hindered for di-
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merization, could be added photochemically to olefins.!
A qualitative comparison of the steric requirements
for photocycloaddition and photodimerization reactions
of cyclic a,8-unsaturated ketones could also prove in-
teresting.

Results

Described below are the photochemical cycloaddition
reactions of 3-isopropyl-6-methyl-2-cyclohexenone (car-
venone, 1) to cyclohexene, cyclooeta-1,5-diene, ethoxy-
cthylene, 1,1-dimethoxyethylene, dimethyl maleate,
and dimethyl acetylenedicarboxylate, and of 3-fert-
butyl-2-cyelohexenone (2), to cyclohexene. Unless
stated otherwise, all the photochemical reactions were
carried out with a 250-W medium-pressure mercury
lamp through a Pyrex filter.

A. Products from Carvenone.-—Irradiation of car-
venone (1) and cyclohexene in benzene for 20 hr af-
forded the photoadducts 3a and 4a in excellent yield
(909%), in relative ratio of 2:1, respectively, and were
separated by preparative glpe. Both of these com-
pounds, analyzed for CisH20, had their molecular ion
corresponding to the 1:1 adduct in the mass spectra,
showed the presence of saturated carbonyl and iso-
propyl groups in their ir, and demonstrated the absence
of vinylic protons in the nmr spectra. Based on these
analytical and spectral data, the major and the minor
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—(CH,),CH —(CH,),CH

fractions are assigned structures 3a and 4a, respec-
tively. Both of these adducts could be chromato-
graphed unchanged on basic alumina and were found
to be stable to refluxing sodium methoxide in methanol,
showing, therefore, that in both the isomers the cyclo-
butane—cyclohexanone ring junction is cis and the C-4
methyl group is, probably, equatorial. The nmr spec-
trum of 3a showed the C-2 methine proton as a doublet
at § 2.39 (J = 9 Hz), while the same proton in 4a ap-
peared as a broad singlet at § 2.6. The large coupling

(11) A part of this work was published as a preliminary eommu?ication:
P. Singh, Tetrakedron Lett., 4089 (1970).
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constant obtained for the cyeclobutane protons in 3a
requires that they have the syn relationship as shown,
and the value is in agreement with those reported in
the literature.’?—* The compound 4a with a small
coupling constant has, therefore, the C-1 and C-2
bridgehead protons anti to each other. Although the
stereochemistry at C-8 in both these isomers could not
be determined conclusively from the available data,
it is very probably cis.

The photocycloaddition of carvenone (1) to cyclo-
octa~1,5-diene was relatively slower and gave a 1:1
photoadduct in ca. 609, yield after 30 hr of irradia-
tion. This material showed a single spot, in various
solvent systems, on a silica tle plate and gave a sharp-
melting 2,4-dinitrophenylhydrazone, mp 165-165.5°.
Even though the derivative had a sharp melting point
and the adduet showed a single tle spot, nevertheless,
the produet was found to be a mixture of two isomers
by glpe. The mixture could not be separated by re-
peated column chromatography on alumina, silica, and
Florisil, and by preparative glpe. The mixture was
found stable to sodium methoxide in methanol and the
two isomers, therefore, represent the photoadducts 3b
and 4b. In principle, the photoaddition of carvenone to
eycloocta-1,5-diene could give a 2:1 photoadduct. In-
deed, a minor product, 5, was obtained by careful
chromatography of the crude reaction mixturc on basic
alumina. From analytical data and molecular
weight determination this compound is formulated as
CuHyuO0s. It showed saturated earbonyl and isopropyl
absorption bands in the ir spectrum and demonstrated
the absence of vinylic protons in its nmr spectrum.
The compound 5 could be obtained by further irradia-
tion of the mixture of 3b and 4b with carvenone. The
minor adduct is thus assigned structure 5 with either
the head-to-head (a) or the head-to-tail (b) orientation
of carvenone moieties. The cis fusion of the six- and
the four-membered rings is in agreement with the stabil-
ity of this adduct to basic alumina.

0 H H 0 0 H
O
H
5a 5b 0

The 70-¢V mass spectrum of the trieyelic ketone 3a
showed a weak molecular ion peak at m/e 234 (19%) and
low intensity peaks corresponding to the ions resulting
from cleavage of the cyclobutane ring at m/e 152 (109;)
and 82 (89). In contrast, a strong peak at m/e 153,
as the base peak, was observed. In general the cyclo-
butane derivatives are known to give a strong
fragment resulting from cleavage of the cyclobutane
ring.”® We attribute the observed fragmentation
pattern to the molecule preferentially undergoing
McLafferty rearrangement, by transfer of one of the
v hydrogens, to give 6b over cleavage of the cyclobutane
ring. The molecular ion 6b could readily cleave to give
7, m/e 153. This argument is supported by the ob-
servation that the ketone 4a as well as the mixture of

(12) I, Fleming and D. H. Williams, Tetrahedron, 2747 (1967).
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(15) (a) G, Sugowdz, P. J. Collin, and W. H, F. Sasse, Tetrahedron Lett.,

3843 (1969); (b) M. L. Gross and C. L. Wilkins, ibid., 3875 (1969); (c) N.
Sugiyama, Y. Sato, and C. Kashima, Bull. Chem. Soc. Jap., 43, 3205 (1970).
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the tricyclic ketones 3b and 4b also showed its base peak
at m/e 153,17 while the bicyelic ketones 9, 14, and 15
(see below), devoid of suitably positioned y protons,
exhibited normal cyclobutane cleavage to give an abun-
dant fragment at m/e 152,

6a
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*OH

+

OH

— + ('IBHH
OH I
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The photoaddition of 3-isopropyl-8-methyl-2-cyclo-
hexenone (1) to ethoxyethylene afforded 1:1 photo-
adduets in nearly quantitative yield after 6 hr of ex-
posure to a 450-W Hanovia lamp. Analysis of the
crude reaction mixture by glpe showed the presence
of three compounds in relative ratio of 2:7:1. The

0 H 0 q
% H ‘ é :
OEt OEt
8 9

two isomers, obtained in the relative ratio of 2:7, arc
regarded as having trans and cis stercochemistry, re-
spectively, at the ring junction as the former, 8, could
be isomerized to the latter, 9, by exposure to basie alu-~
mina.?® The nmr speetrum of the major product
showed its bridgehead C-1 methine proton as a pair of
doublets (/1 = 9 and J, = 1.5 Hz), which is in accord
with the ethoxy group at C-7 rather than at C-8 posi-
tion. The position of the ethoxy group was sccured
by chemical means; for example, treatment of the isom-
erized photoproduet with sodium methoxide in meth-
anol neither led to replacement of the ethoxy by me-
thoxy group (nmr and glpe analysis) nor accomplished
elimination of the ethoxy group to form an unsaturated
ketone.?* The minor adduet 10 had its spectral data
similar to that of the compound 9 and is believed to be
the isomer of 9 differing in stereochemistry of the ethoxy
group at C-7.

The photochemical reaction of carvenone with 1,1-
dimethoxyethylene was also investigated. Under the

(16) The v hydrogens in the cis~anti—cis ketone 4a are not so close to the
carbonyl group as in its cis—syn—cis isomer 8a. However, a slight distor-
tion of the molecule 4a, conceivably undergoing rapidly at such a high energy
as 70 eV, could suitably place these protons for an efficient intramolecular
hydrogen transfer., The 15-eV mass spectrum of 4a indeed showed a strong
peak resulting from cleavage of the cyclobutane ring at m/e 152 (45%).

(17) P.Singh, Tetrahedron Lett., 1071 (1971).
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standard conditions the reaction proceeded readily and
afforded two products 11 and 12 in 20 and 809, yield,
respectively (overall yield 809,). The former could be
isomerized to the latter by basie alumina and must be
the trans isomer of 12. That the methoxyls are at C-7
rather than C-8 was shown by stability of the adduct
12 to sodium ethoxide in ethanol and its acid hydrolysis
to the v diketone 13 (ir spectrum and negative ferric
chloride test).

Photocycloaddition of 1 to dimethyl maleate, the
eleetron-poor olefin, was rather sluggish and gave a com-
plex mixture from which the bicyeloadduct 14 could be
isolated in poor yield (129,). The adduct was stable
to basic alumina, supporting cis fusion of the rings.
The nmr spectrum (60 MHz), in carbon tetrachloride,
showed the bridgehead methine proton as a broad
doublet (/' = 10 Hz). The large coupling constant is
in agreement with the cis relationship of C-1 and C-8
cyclobutyl protons; the broadening of the signalis, pre-
sumably, due to long-range coupling with the C-7 pro-
ton.? The 100-MHz spectrum of the diester 14, in
deuteriochloroform, was very revealing and showed the
bridgehead C-1 methine proton as a sharp doublet at
8 2.8 (/ = 10 Hz), while the C-7 proton appeared as a
doublet at 6 3.52 (J = 3.5 Hz) showing trans relation-
ship of the C-7 and C-8 protons. The trans relation-
ship of the ester groups was further secured by the sta-
bility of 14 to sodium methoxide in methanol and to
boiling pyridine.

COOMe

COOMe

15

Carvenone (1) was also found to add to acetylenes;
thus, irradiation with dimethyl acetylenedicarboxylate
afforded 1:1 adduct 15 and the structure is in agreement
with its spectral data (see Experimental Section). No
other product arising from photorearrangement of the
unsaturated diester 15 could be detected.®* The cyclo-
adduct 15 was stable to basic alumina and pyridine;
on this basis the cis fusion shown is assigned.

B. Products from 3-feri-Butyl-2-cyclohexenone, —
In order to study the effect of a sterically bulkier and
electron-donating group at the 8 carbon of 2-cyclo-
hexenones on photocycloaddition reactions, 3-fert-
butyl-2-cyclohexenone (2) was irradiated with excess
cyclohexene. Usual work-up after 30 hr gave a mixture
of photoadducts 16 and 17 in moderate yield (37%),
in relative ratio of 5:1, respectively. The mixture was
stable to basic alumina and boiling pyridine, demon-
strating the cis fusion of cyclobutane—cyclohexanone
rings in both these isomers. The isomers 16 and 17
were separated by preparative glpe. These compounds,

(18) (a) J. Ipaktschi, Tetrahedron Lett., 3179 (1970); (b) W, Kothe, ibid.,
5201 (1969); (c) G.Buchi and E. M. Burgess, J. Amer, Chem. So¢., 82, 4333
(1960).
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analyzed for CisHyO, showed the presence of a sat-
urated carbonyl group in their ir, and demonstrated
the absence of vinylic protons in the nmr spectra.
Based on the analytical and spectral data, the major
and the minor isomers are assigned structures 16 and
17. Examination of molecular models indicated a se-
vere nonbonded interaction of the tert-butyl group with
the cyclohexyl protons in the cis-anti-cis adduect 17,
while the same interaction in the cis-syn-cis adduct
16 was relatively less pronounced. Based on this, the
major and the minor isomers are assigned structures
16 and 17, respectively. This is further substantiated
by the 100-MHz nmr spectrum of these stereoisomers.

HH

Thus, the major isomer 16 showed its C-2 bridgehead
methine proton as a doublet with a large coupling con-
stant (J = 9 Hz) as compared to the doublet (J =
2.5 Hz) of the same proton in its stereoisomer 17.

Discussion of Results

Although a complete product analysis was not under-
taken, the present results are consistant with those of
the previous workers who have studied the photochemi-
cal addition of alkenes to «,8-unsaturated ketones.
Thus, the orientational specificity observed in forma-
tion of the adducts 8-12 is in agreement with Corey’s
proposal that the complex 18 collapses to give the more
stable 1,4 diradical 19, which recombines to give the
products observed.?2 The diradical 19 should be fairly
shortlived, collapsing to ¢yclobutane products as soon
as it is formed, as a relatively long-lived radical 19
could give the unsaturated compound 22 by either of
two routes: (a) by intramolecular hydrogen transfer
followed by recombination of the diradical thus formed,
and (b) by loss of the hydrogen atom to give the rad-
ical 21 which could give 22. Neither the unsaturated
compound nor a dimer of 21 could be detected. In
fact, carvenone added to ethoxyethylene to give the
cyclobutane adducts 8-10 in nearly quantitative yield.
See Scheme 1.

The trans configuration of the methyl ester groups
in 14 is also compatible with the diradical mechanism.
Rotation about the C-7,C-8 bond in the corresponding
diradical 23, before recombination, would result in the
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formation of thermodynamically more stable product 3-Isopropyl-6-methyl-2-cyclohexenone (Carvenone, 1).—This

14. The poor yield obtained in the photoaddition of
dimethyl maleate (and dimethyl acetylenedicarbox-
vlate) to carvenone (1), substantiates Corey’s observa-
tion that substitution of olefins with electron-with-
drawing groups is deterious to photocycloaddition
reactions.

It might be of interest to note the predominance of
cis fusion at the cyclobutane—-cyclohexanone ring junc-
tion in the photoadduects. Only in the case of electron-
rich olefins, ethoxyethylene and 1,1-dimethoxyethyl-
ene, did the carvenone give a small amount of the trans-
fused adduects. The trans-fused ring junction is nor-

mally formed when a 2-cyclohexenone is irradiated

with olefins.22~4  The reason for this deviation from
the normal behavior is still obseure, but our observation
has ample precedence in the literature; for example,
3-phenyl-2-cyclohexenone and chromones gave only
the cis-fused cyclobutane products when irradiated
with various olefins.2¢.13

In conclusion, it is quite clear that 2-cyelohexenones
having sterically bulkier substituents react quite effi-
ciently with olefins under the influence of ultraviolet
light. This knowledge extends considerably the syn-
thetic utility of such photocyclizations. These results
also indicate that compared to photodimerization the
photocycloaddition of 2-cyclohexenone is less sensitive
to steric effects.

Experimental Section

Melting points and boiling points are uncorrected. Ir spectra
were recorded on a Unicam SP 200 spectrometer. Unless stated
otherwise, nmr spectra were recorded on a Varian A-60 spec-
trometer; the values are given in § parts per million downfield
from tetramethylsilane as internal standard. Mass spectra
were recorded on an MS-12 instrument and glpe was run on a
Perkin-Elmer F-11 chromatograph using silicone gum rubber
(SE-304) as an analytical column. Preparative gas chromato-
graphic separations were accomplished using a 5 ft X /3 in.
159, silicone rubber SE-30 on Chromosorb. The general pro-
cedure used for irradiation is outlined below.

The apparatus consisted of a cylindrical Pyrex irradiation ves-
sel fitted with a quartz immersion well, a reflux condenser, and
a nitrogen inlet.
thoroughly flushed with nitrogen. The solutions were irradiated,
through a Pyrex filter, with a 250-W Hanovia lamp, and a slow
stream of nitrogen was kept bubbling through the reaction mix-
ture during the course of irradiation. The progress of the reac-
tion was monitored by drawing aliquots and examining by tle
on silica plates.

The reactants, with or without a solvent, were -

terpenoid ketone was obtained as a mobile liquid by a modified
procedure of Whiting and coworkers.1?

A mixture of camphor (304 g, 2 mol) and concentrated sulfuric
acid (1.6 kg) was stirred at 110° for 1 hr. The reaction mix-
ture was cooled, diluted carefully with cold water (2 1.), and
steam distilled. The steam distillate was extracted with ether.
The extracts were washed with a saturated aqueous solution of
sodium bicarbonate and with water. The organic layer was
dried (MgS80,) and concentrated to give a yellow oil (136 g).
Phenol (96 g) was added and fractionation through a 2-ft long
vacuum jacketed column gave a mixture of camphor with excess
phenol, bp 80-90° (10 mm), followed by carvenone, bp 98-102°
(10 mm). The earvenone fraction, containing traces of phenol,
was dissolved in ether and washed with 5%, aqueous, cold sodium
hydroxide and with water. The ethereal layer was dried (MgSO,)
and concentrated and distillation on a spinning-band column gave
pure carvenone (1, 85 g): bp 80-82° (3 mm) [lit.? bp RO-81®
(3.5mm)]; ir (neat) 1670, 1630, 1210, and 885 cm™*; nmr (CCly)
51.26 (d, J = 6 Hyz, ring methyl), 1.27 (d, J = 7 Hz, isopropyl
methyls) (total 9 H), 1.8-2.5 (m, 6 H, methylene and methine
protons), and 5.86 (br, s, 1 H, vinyl proton).

3-tert-Butyl-2-cyclohexenone (2).—From 1l-tert-butyleyclohex-
ene (14,1 g, 0.102 mo!l), using the procedure of Rao and Dev,®
there was obtained the title compound 2 (2.7 g, 189;) as a mobile
liquid: bp 70-72° (3 mm) {lit.? bp 80-81° (4 mm)]; nmr (CCl)
§1.25 (s, 9 H), 1.8-2.5 (m, 6 H), 5.74 (br, s, 1 H).

Photoaddition of Carvenone (1) to Cyclohexene. Formation
of 3a and 4a.—A solition of carvenone (4.0 g, 0.026 mol) and
cyclohexene (20.5 g, 0.25 mol) in benzene (60 ml) was irradiated
for 20 hr. Removal of the solvent and the excess olefin under
reduced pressure afforded a mobile liquid, which showed two
glpe peaks. Theliquid was chromatographed on neutral alumina
and elution with n-hexane gave 3a + 4a as a colorless liquid
(5 g, 919%,). Although tle showed only one spot in various sol-
vent systems, glpe showed the presence of two compounds, with
the same retention times as for the erude reaction mixture, in
relative ratio of 2:1. These compounds were separated by pre-
parative glpc. ,

The major fraction 3a, with shorter retention time, was a
colorless crystalline solid: mp 52-54° (short-path distillation
at 0.5 mm in an oil bath at 80°); ir (CCly) 1698, 1383, and 1372
em™; nmr (CDCl;) 8 0.77 (d, J = 7 Hz), 0.83 (d, J = 7 Hz),
1.02 (d, J = 6.5 Hz) (total 9 H), 1.13-2.13 (m, 15 H), 2.3-2.8
(m, COCHMe), and 2.39 (d, J = 9 Iz, bridgehead C-2 methine
proton) (total 2H); mass spectrum (70 eV) m/e (rel intensity)
234 (1, M), 191 (3), 153 (100), 152 (10), 110 (23), 67 (22), 43
(15), and 41 (31).

Anal. Caled for CiHyO: C,
C,81.82; H,10.91.

The 2,4-dinitrophenylhydrazone was obtained as a deep yellow
solid: mp 136-157° (erystallized from methanol); uv max
(959, EtOH) 365 nim (e 25,000), 269 (13,500), and 234 (8000).

82.05; M, 11.11. Found:

(19) C. A. R. Baxter, G. C. Forward, and D. A. Whitting, J. Chem. Soc.
C, 1162 (1968).
(20) G. 8, K. Rao and 8. Dev, J. Indian Chem. Soc., 38, 539 (19586).
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Anal.  Caled for CoHyoN, O C, 63.75; H, 7.30; N, 13.52.
Found: C,63.68; H,7.52; N, 13.59.

The minor fraction 4a, with longer retention time, was ob-
tained as a thick liquid: ir (CHCl;) 1690, 1385, and 1379 em™;
nmr (CDCL) 6 0.73 (d, J = 6.5 Hz), 0.77 (d, J = 7 Hz), 1.02
(d, J = 6.5 Hz) (total 9 H), 1.1-2.4 (m, 15 H), 2.6 (br, s, bridge-
head C-2 methine proton), and 2.5-2.8 (m) (total 2 H); mass
spectrum (70 eV) m/e (rel intensity) 234 (1.3, M+), 191 (2.5),
153 (100), 152 (7.5), 110 (35), 67 (20), 43 (27), and 41 (20).

Anal. Caled for CuHyO: €, 82.05 H, 11.11. Found:
C,81.76; H, 11.31.

The 2,4-dinitrophenylhydrazone, obtained as deep yellow
erystals, had mp 171-172°; uv max (959 EtOH) 366 nm (e
20,000), 265 (9500), and 234 (14,500).

To determine the stereochemistry of the cyclohexanone~
cyclobutane ring junction rigorously, the mixture of 3a and 4a
(107 mg) was refluxed with sodium methoxide (30 mg) in meth-
anol (10 ml), under nitrogen, for 24 hr. The solution was cooled,
neutralized with dilute hydrochloric acid, and diluted with water
(40 ml). The organic layer was extracted with chloroform and
removal of the solvent from the dried (MgSOy) extract gave a
colorless liquid. Analysis by glpe showed only 3a and 4a and
their relative ratio was unchanged.

Photoaddition of 1 to Cycloocta-1,5-diene. Formation of 3b,
4b, and 5.—A solution of carvenone (4.0 g, 0.026 mol) and cy-
cloocta-1,5-diene (9.0 g, 0.082 mol) in benzene (80 ml) was ir-
radiated for 30 hr. Removal of the solvent and the excess diene
gave a thick oil, which was chromatographed on an alumina
(neutral) column. Earlier eluents with n-hexane~diethyl ether
(95:5) gave a mixture of 3b and 4b as a colorless, mobile liquid
(4.2 g, 609%) and later eluents with n-hexane—diethyl ether
(50:50) gave the adduct 5 as a thick oil (300 mg). The mixture
of 3b and 4b had ir (neat) 1695 (C=0), 1656 (C=C), 1471,
1397, 1881, and 735 em™; nmr (CDCl) 8 0.7-1.2 (m, 9 H,
Me groups of both the isomers), 1.3-2.4 (m, 17 H), and 5.6 (br,
t, 2 H, J = 5 Hz, vinylic protons); mass spectrum (70 eV) m/ec
(rel intensity) 260 (10, M*), 217 (7), 183 (10), 182 (29), 154 (26),
153 (100), 152 (27), 110 (27), 96 (33), 95 (33), 79 (30), 67 (40),
55 (27), 44 (68), 43 (35), 41 (66), and 39 (37).

The 2,4-dinitrophenylhydrazone, obtained as yellow erystals
from hexane-benzene, had mp 165-165.5°.

Anal. Caled for CoHeoN,Oy:  C, 65.43; H, 7.32; N, 12.72.
Found: C,65.49; H,7.52; N, 12.67.

Even though the 2,4-dinitrophenylhydrazone had a sharp
melting point and the oil obtained above showed a single tle
spot, nevertheless, the product was found to be a mixture of two
compounds, 3b and 4b, by glpe. The mixture could not be
separated into its components by repeated column chromatog-
raphy on alumina, silica, or forisil, and by preparative glpe.
The mixture underwent no change on refluxing for 24 hr with
sodium in methanol.

The crude adduct 5 obtained above, rechromatographed on
an alumina column, could be crystallized with difficulty from
n-hexane. Two more crystallizations from the same solvent
afforded pure 5: mp 61-63°; ir (CHCl,) 1690, 1380, and 1370
em™  The nmr spectrum showed the absence of a vinylic pro-
ton in the compound.

Anal. Caled for CosHuQq: C, 81.50; H, 10.72; mol wt,
412, Found: C,81.78; H, 10.46; mol wt, 408.2

The deep orange crystalline bis-2,4-dinitrophenylhydrazone
had mp 234-236° and showed the absence of a carbonyl band in
its ir spectrum.

Anal. Caled for CoH;NOg: C, 62.16; H, 6.78; N, 14.50.
Found: C,62.43; H,6.93; N, 14.72.

The compound 5 could also be obtained in ea. 25% yield when
the mixture of tricyclic ketones 3b and 4b was further irradiated
with carvenone (1) for 15 hr.

Photoaddition of Carvenone (1) to Ethoxyethylene. Forma-
tion of the Adducts 8, 9, and 10.—Carvenone (1, 525 mg) and
ethoxyethylene (2 g) in benzene (5 ml) were irradiated in a
Pyrex tube with a 450-W Hanovia lamp. After 6 hr the irradia-
tion was stopped; removal of the solvent and the excess olefin
gave the 1:1 photoadduct as a light yellow mobile liquid (775
mg, 97%). Analysis by glpe showed three compounds, 8-10
(retention times 12, 14, and 18 min at 108°), in relative ratio of
2:7:1, respectively. The light yellow liquid was chromato-
graphed on basic alumina and analysis by glpe showed the ad-
ducts 9 and 10 in a relative ratio of 9:1. The photolysis mixture

(21) Determined with a Macrolab vapor pressure osmometer,

SiNGH

was separated by preparative glpc. The major component 9
was obtained as a colorless mobile liquid: ir (neat) 1700, 1385,
1375, and 1130 ¢m™; nmr (CCly) showed the bridgehead C-1
methine proton as a pair of doublets at § 2.87 (J1 = 9 and J, =
1.5 Hz, 1 H); mass spectrum (70 eV) m/e (rel intensity) 224
(2, M*), 181 (20), 153 (2.7), 152 (23), 136 (85), 110 (55), 81
(60), 72 (91), 69 (23), 43 (100), and 41 (6).

Anal. Caled for CiHuOp: C, 74.953;
C, 74.75; H, 10.95.

The adduct 8 was also obtained as a liquid. This compound
showed the following spectral data: ir (neat) 1703, 1383, 1370,
and 1145 em™; nmr (CCly) showed the C-1 proton at § 2.95
(doublet of a doublet, J1 = 8.5 and J, = 1.0 Hz, 1 IT).

Anal. Caled for CiyHyO: C,74.95; H, 10.78. Found: C,
75.13; H, 10.85.

The compound 8 was quantitatively isomerized to 9 when
passed through an alumina column,

The minor fraction 10, obtained as an oil, showed bands in its
ir spectrum (CCLy) at 1700, 1380, 1367, and 1170 cm™! and ex-
hibited its C-1 proton as a pair of doublets at § 2.89 (J; = 8.5
and J; = 1.5 Hz).

Anal. Caled for CiHuOs:
C,74.32; H, 10.53.

In order to determine position of the ethoxy group in the ad-
duets, 100 mg of the isomerized photoproducts 9 + 10 was
stirred, at room temperature and under nitrogen, with sodium
(70 mg) in methanol (5 ml) for 4 hr. Solid ecarbon dioxide (ex-
cess) was added to decompose sodium methoxide, and the prod-
uet was extracted with a hexane-ether (1:1) mixture. The ex-
tract was dried and removal of the solvents gave an oil (80 mg).
This was examined by ir, nmr and glpe and was found to be the
completely unchanged starting material.

Photoaddition of Carvenone (1) to 1,1-Dimethoxyethylene.
Formation of 11 and 12.—A solution of carvenone (500 mg)
and 1,1-dimethoxyethylene (5 ml) in benzene (5 ml) was ir-
radiated in a Pyrex tube for 10 hr. Removal of the solvent and
the excess of olefin gave a light yellow liquid. Analysis by glpe
showed two compounds, 11 and 12, in relative ratio of 1:4,
respectively. The liquid was chromatographed on basic alumina
and elution with benzene gave 12 as a colorless oil (600 mg, 75%),
which showed a single glpc peak. The oil was further purified
by distillation, under reduced pressure, in a short-path distilla-
tion apparatus: ir (neat) 1685 em™!; nmr (CDCl;) showed the
bridgehead C-1 methine proton as a pair of doublets at § 2.92
(J: = 8.5 and J, = 1 Hz, 1 H) and the methoxyl protons as a
broad singlet at §4.1 (6 H).

Anal. Caled for CiHyOy:
C, 69.68; H, 10.22.

Hydrolysis of the Bicyclic Ketone 12 to Diketone 13.—A
100-mg portion of the ketone 12 in 1.5 ml of methanol was stirred,
under nitrogen with 4 drops of concentrated hydrochloric acid
in water (5 ml). After 2 days the reaction mixture was neu-
tralized and extracted with chloroform to give 13 as a light yellow
oil (70 mg, 88%). The infrared spectrum showed very strong
absorption bands at 1780 (cyclobutanone) and 1710 em™* (cy-
clohexanone). The oil in methanol gave a negative ferric chlo-
ride test.

Photoaddition of Dimethyl Maleate to Carvenone. Forma-
tion of Diester 14.—A solution of carvenone (4 g, 0.027 mol) and
dimethyl maleate (4 g, 0.027 mol) in diethyl ether (90 ml) was
irradiated; the irradiation was stopped from time to time and
ether was added to maintain the volume of the solution. After
30 hr the irradiation was stopped. Removal of the solvent under
reduced pressure gave a colorless liquid, which showed on a tle
plate only one new spot, R: 0.5 (hexane-ethyl acetate, 2:1),
although glpc showed it to be a complex mixture. Repeated
column chromatography on silica gave 14 as a thick liquid (800
mg, 109):  ir (neat) 1725 (ester C=0), 1705 (cyclohexyl C=0),
1387 and 1365 (isopropyl); nmr (CCl, 60 MHz) 3 0.7-1.4 (m,
11 H), 1.6-2.3 (m, 4 H), 2.8 (br, d, J = 10 Hz, 1 H, bridgehead
cyclobutyl methine proton), 3.0-3.4 (m, 2 H), and ‘3.7 (s, 6 H);
the 100-MHz nmr spectrum (CDCl;) showed the bridgehead C-1
methine proton as a sharp doublet at 5 2.88 (J = 10 Hz), C-7
cyclobutyl proton as a sharp doublet at § 3.52 (/ = 3.5 Ha),
C-8 methine proton as a multiplet at 8 3.2-3.3, and the methyl
esters as a pair of singlets at § 3.64 and 3.68; mass spectrum
(70 V) m/e (rel intensity) 296 (10, M*, C1¢HzOs requires M,
296), 265 (20), 264 (32), 233 (5.6), 204 (40), 153 (16), 152 (94),
151 (24), 110 (100), 109 (26), 37 (17), 43 (28), and 41 (50).

H, 10.78. Found:

C, 74.95; H, 10.78. Found:

C, 69.96; H, 10.07. Found:
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For analysis, the diester 14 was purified by preparative glpe.

Anal. Caled for CieHuuOs: C, 64.87; H, 8.11. Found: C,
64.71; H, 8.34.

When the adduct 14 was heated under reflux with pyridine
for 8 hr, only the starting material could be recovered (ir, nmr,
and glpe analysis), showing the trans relationship of the ester
groups and the cis fusion of the rings. The diester 14 was also
recovered unchanged when allowed to stand in methanol con-
taining sodium.

Photoaddition of Dimethyl Acetylenedicarboxylate to Car-
venone. Formation of Diester 15.—The mixture of carvenone
(3 g, 0.02 mol) and dimethyl acetylenedicarboxylate (5 g, 0.032
mol) was irradiated in a Pyrex tube for 30 hr. Analysis by tle
on silica (hexane-ethyl acetate, 2:1) as also by glpc showed the
formation of only one product. The mixture was chromato-
graphed on basic alumina and elution with benzene afforded the
adduct 15 as a pale yellow liquid (750 mg, 129,): ir (neat) 1720
(ester C==0) and 1650 ecm~! (C=C); nmr (CDCIl;, 100 MHz)
6094 (d,J =6 Hz), 096 (d, /] = 6 Hz), 1.1 (d,J = 7 Hz)
(total 9 H), 1.46-2.6 (m, 6 H), 3.26 (s, 1 H, bridgehead methine
proton), 3.74 (s) and 3.80 (s) (total 6 H); mass spectrum (70
eV)m/e (rel abundance) 294 (14, M*, Ci¢HzO;5 requires M+, 294),
263 (17), 262 (23), 234 (30), 204 (67), 202 (25), 193 (20), 192
(46), 191 (33), 189 (24), 177 (25), 175 (26), 164 (33), 153 (11),
152 (40), 110 (50), 59 (53), 43 (43), and 41 (100). The analytical
sample was obtained by further purification of 15 by preparative
glpe.

Anal. Caled for CmszOﬁZ
C, 65.60; H, 7.63.

The unsaturated diester 15 was recovered unchanged when
stirred with pyridine for 6 hr.

Photoaddition of 3-tert-Butyl-2-cyclohexenone (2) to Cyclo-
hexene. Formation of 16 and 17.—A solution of 3-tert-butyl-2-
cyclohexenone (2 g) and cyclohexene (5 ml) in benzene (5 ml)
was irradiated in a Pyrex tube for 30 hr. Removal of the sol-
vent and excess olefin under reduced pressure afforded a liquid,
which showed two new glpe peaks. The liquid was chromato-
graphed on neutral alumina and elution with n-hexane-benzene
(1:1) gave 16 + 17 as a pale yellow liquid (1.15 g, 37%,), with

C, 65.31; H, 7.48. Found:
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the same glpc retention times as in the crude photolysis mixture.
The relative ratio of 16 and 17, as found by glpe, was 5:1, re-
spectively. The analytical sample was obtained as a thick,
colorless liquid by distillation of the pale yellow liguid (short-
path distillation at 0.05 mm in an oil bath at 80°).

Anal. Caled for CigHyO (mixture): C, 82.05; H, 11.11.
Found: C,82.22; H, 11.42.
The mixture was separated by preparative glpc. The major

component 16 was a crystalline solid: mp 59-61°; ir (CCly)
1700, 1385, and 1360 cm™Y; nmr (CDCl;, 100 MHz) & 0.77 (s,
9 H), 1.2-2.2 (m, 16 H), and 2.42 (d, J = 9 Hz, 1 H, bridgehead
C-2 methine proton).

The minor fraction 17 was obtained as a thick liquid: ir
(CCly) 1695, 1388, and 1365 cm~*; nmr (CDCl;, 100 MHz) 8
0.75 (s, 9 H), 1.1-2.2 (m, 16 H), and 2.53 (d, J = 2.5 Hz, 1 H,
bridgehead C-2 methine proton). The photoadducts were re-
covered unchanged when refluxed for 8 hr with pyridine.

Registry No.—1, 499-74-1; 2, 17299-35-3; 3a,
30462-49-8; 3a 2,4-DNPH, 30462-50-1; 3b, 31444-44-
7; 3b 2,4-DNPH, 31444-45-8; 4a, 30462-51-2; 4a 2,4-
DNPH, 30462-52-3; 4b, 31444-48-1; 4b 2,4-DNPH,
31444-49-2; Sa, 31444-50-5; 5a bis-2,4-DNPH, 31489-
90-4; 5b, 31444-51-6; 5b bis-24-DNPH, 31442-94-1;
8, 31442-95-2; 0, 31442-96-3; 10, 31442-97-4; 12,
31442-98-5; 13, 31442-99-6; 14, 31443-00-2; 15,
31443-01-3; 16,31443-02-4; 17, 31443-03-5.
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1,3,5-Cyelooctatrien-7-yne (dehydrocyclooctatetraene) has been reported to be best prepared in ether at room

temperature to afford the highest yield of adduct with a trapping agent.

We now report on how the yields of

product from the reaction of this species with a trapping agent vary depending upon (a) when the trapping agent
is added and (b) the temperature employed. Our results indicate that, contrary to previous indicated reports,
dehydrocyclooctatetraene is best prepared and allowed to react at temperatures other than room temperature.

The recently!? prepared 1,3,5-cyclooctatrien-7-yne
(dehydrocyclooctatetraene, I) has been reported? to be
best prepared in ether at room temperature to afford
the highest yield of adduct with a trapping agent. We
now report on how the yields of product, from the re-
action of this species with a trapping agent, vary de-
pending upon (a) when the trapping agent is added and
(b) the temperature employed. Our results indicate
that, contrary to previous indicated reports, I is best
prepared and allowed to react at temperatures other
than room temperature,

The method used? to prepare I is treatment of
bromocyclooctatetraene with potassium fert-butoxide
at room temperature in ether or tetrahydrofuran

(1) A.Krebs, Angew. Chem., Int. Ed. Engl., 4, 953 (1965),
(2) A.Krebsand D. Byrd, Justus Liebigs Ann. Chem., 707, 66 (1967).

Br
h
O + KOBu-tert *etrr%;

(THF). In the absence of any trapping agent, I has
been observed’? to react with the base to yield tert-
butoxycyclooctatetraene or to dimerize to cycloocta-
[bInaphthalene. The intermediate I may, however, be
trapped with a variety of trapping agents (e.g., 1,3-
diphenylisobenzofuran,®2 phenyl azide,!? 1-diethylami-
nobutadiene,? and furan?®), but tetraphenyleyclo-
pentadienone (tetracyclone) was chosen for this study
because of its availability and because of the high

()

I

(3) A. Krebs, personal communication reported in R. W. Hoffman, ‘‘De-
hydrobenzene and Cycloalkynes,” Academic Press, New York, 1967, p
849.



