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Table I
Relative Intensities of Selected Ions in the EI Spectra
Compd I 11 I1T v A\ VI
Stereochemistry Exo Endo Exo Endo Exo Endo
Mt 0.039 0.008 0.032 0.002 0.042 0.012
M — 18)F 0.001 0.004 0.010 0.002 0.009 0.005
Table II
Relative Intensities of Selected Ions in the Isobutane CI Spectra
Compd I 11 ITT v A% A\
Stereochemistry Exo Endo Exo Endo Exo Endo
M + D)t 0.540 0.402 0.833 0.575 0.724 0.562
M-~ 0.021 0.019 0.016 0.002 0.016 0.006
M — Dt 0.051 0.145 0.005 0.011 0.007 0.016
M +1 — 187 0.026 0.032 0.015 0.131 0.012 0.144
(M — 18)-F 0.002 0.002 0.004 0.001 0.003 0.002
M -1 - 18)* 0.008 0.001

six-membered transition state. Hydrogen transfer to the
carbonyl group of the unsaturated endo isomers IV and VI
could involve the allylic hydrogens of the cyclohexene
ring. This suggests that the ready loss of water in the CI
spectra of IV and VI reflects the weakness of the allylic
C-H bond. The greater aliphatic C-H bond strength re-
sults in the weak (M + 1 — 18)* ion of compound IL

It is usually assumed in CI experiments that protona-
tion of aldehydes or ketones occurs on the carbonyl oxy-
gen.® The evidence presented above indicates that the
second proton of the departing HoO molecule comes from
the allylic hydrogens in IV and VI. This means that the
loss of water in IV must involve a six-membered transition
state, while in VI a seven-membered transition state is re-
quired, as shown below. Labeling studies will be necessary
to establish these conclusions concerning mechanism with
rigor. However, our experimental observations already
provide further evidence that CI mass spectrometry can
reflect stereochemical differences.1®
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Experimental Section

Ketones I-VI were prepared as previously described” and puri-
fied by preparative vapor phase chromatography before use.

Mass spectra were obtained with a Du Pont 21-492 mass spec-
trometer at resolution 2000 or 10,000, source temperature 200°,
and at 100 eV ionizing potential for electron ionization and 220 eV
for chemical ionization. Samples were introduced via a glass
batch inlet system at 200°, Isobutane reactant was Matheson In-
strument Grade gas. The repellers were used to optimize the ion
current, and were typically zero voltage for CI spectra. The pres-
sure of the source could not be measured, but was about 0.5-1.0
Torr for Cl spectra, based on prior experience.

The combined CI-EI source was designed and built in our labo-
ratory under license from Scientific Research Instruments Corp.,
Baltimore, Md.

The intensities reported have not been corrected for 13C isotope
contributions. The CI spectra have been corrected for contribu-
tions from the reactant gas. Data were obtained with an AEI
DS-30 data system to which our own CI programs have been
added. A peak with relative intensity 0.001 would typically be
three times stronger than the computer threshold level.
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We have recently provided examples of two-carbon pho-
tochemical ring expansions of 2-alkenyl- and 2-alkynylcy-
cloalkanones?® and three-atom photochemical ring ex-
pansions of 2-cyclopropyl- and 2-{2-oxiranyl)cycloalka-
nones.4% Of these unique methods for ring-size modifica-
tion, the photochemical ring expansions of 2-alkenylcy-
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cloalkanones suffer from the disadvantage that the reac-
tion is readily reversible and this necessitates the separa-
tion of the starting material and product and the recycling
of the starting material to achieve high conversions.

In an attempt to overcome this inherent disadvantage
we sought to devise a method which would render the
reaction irreversible. One possible solution to this problem
would be to design a system in which the double bond of
the ring-expanded @,y-unsaturated ketone would “self-
destruct” and thus make the reaction irreversible. The
photochemical ring expansion of a 2-alkenyl-2-hydroxycy-
cloalkanone was an attractive choice for such a system
because the double bond in the ring-expanded product
would be the double bond of an enol and a very rapid ke-
tonization would be expected, removing the double bond
(1—2—3).
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In order to examine the photochemical behavior of this
type of system, 2-hydroxy-2-(2-methyl-1-propenyl)cyclo-
hexanone (4) was prepared from cyclohexane-1,2-dione by
addition of 2-methylpropenyllithium. Ketol 4 proved to be
quite stable to photolysis and prolonged irradiations were
required to obtain appreciable quantities of the photo-
products. Irradiation of a 1% solution of 4 ih hexane with
300-nm lamps for 27 hr produced’'a mixture whose vpc-
volatile fraction consisted of 49% 4, two photoproducts
characterized as 5 (30%) and 6 (15%), and 6% of an uni-
dentified product. Further irradiation led to a decrease in
the amounts of 5 and 6 present relative to the internal
standard.
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The aldehyde 5, which was the major photoproduct,
proved to be quite unstable and difficult to purify. To cir-
cumvent this problem the starting ketol was separated
from the photoproducts by column chromatography on sil-
ica gel and the photoproduct mixture was oxidized with
silver oxide to give the acid 7 as the only acidic product.
The structure 7 was readily assigned on the basis of its
spectral properties (Experimental Section). The neutral
photoproduct 6 was separated by preparative gas chroma-
tography and its structure was assigned on the basis of its
spectral properties and mass spectral fragmentation pat-
tern. In particular, in the nmr spectrum the six-proton
singlet at § 1.15 and two-proton singlet at § 2.48 were of
particular significance in the assignment of structure.

It thus appears that the major pathway in the photoly-
sis of 4 involves type 1 cleavage followed by a 1,5 hydro-
gen atom shift to give the aldehyde 5. The 1,3-acyl shift

characteristic of 2-alkenylcycloalkanones is much less effi-

Notes

cient than in the cases in which the hydroxyl group is not
present.. The reasons for the increased photostability of
the ketol 4 are not clear, and, at least in this case, the
photolysis of a 2-alkenyl-2-hydroxycycloalkanone does not
seem to provide an efficient method of two-atom photo-
chemical ring expansion.

Subsequent to the completion of this work a paper de-
scribing photochemical 1,3-acyl shifts of several «-hydroxy
ketones appeared.® In one instance reported in this work
the reaction proceeded in high yield.

Experimental Section

All boiling points are uncorrected. The infrared spectra were
determined in carbon tetrachloride solution and recorded on a
Beckman IR-8 spectrophotometer. The nuclear magnetic reso-
nance spectra were recorded on a Varian A-60 or HA-100 instru-
ment using tetramethylsilane as an internal standard. Mass spec-
tra were determined with a Varian MAT CH-5 instrument. Gas
chromatography studies utilized F & M Model 700, Aerograph A-
90-P, or Bendix 2300 gas chromatographs and recorders equipped
with Disc Integrators. Anhydrous potassium carbonate was used
as the drying agent and microanalyses were performed by Weiller
and Strauss Microanalytical Laboratories, Oxford, England, and
Mrs. Kathie Widiger at the University of Kansas.

2-Hydroxy-2-(2-methyl-1-propenyl)cyclohexanone (4). To a
suspension of 2.32 g (0.33 mol) of finely cut lithium wire (1% sodi-
um) in 100 ml of dry ether at —12° was added dropwise, under
argon, a solution of 15.0 g (0.17 mol) of 1-chloro-2-methylpropene
in 156 ml of ether. After stirring for 3.5 hr most of the lithium had
reacted and analysis” indicated that the concentration of the lith-
ium reagent was 1.3 M. To this solution of lithium reagent at
—12° was added a solution of 7.64 g (0.067 mol) of cyclohexa-1,2-
dione in 25 ml of dry ether over a period of 20 min. After stirring
overnight, 30 ml of saturated ammonium chloride solution was
added carefully. The ether layer was separated, and the aqueous
layer was saturated with sodium chloride and extracted with
ether. The combined ether layers were washed with brine, dried,
and evaporated to afford 6.86 g of crude product which contained
60% of the ketol 4 by vpc analysis.®2 The crude product was dis-
tilled to afford 4.04 g of colorless oil, bp 60-98° (0.18 mm), which
was chromatographed on silica gel (Silicar CC-7) to give 2.00 g of
the pure ketol: ir 3520, 1720, and 1670 cmn~*; nmré 1.55 (3 H, d, J
=1Hz), 1.73 3 H, d, J = 1 Hz), 1.75-2.5 (8 H, m), 3.81 {1 H,
brs), and 5.36 (1 H, m); uv (isooctane) Amax 283 nm (e 207).

Anal. Caled for CyoH1602: C, 71.39; H, 9.59. Found: C, 71.40;
H, 9.66.

Irradiation of 4. A solution of 2.00 g of ketol 4 and 0.502 g of
cyclododecane (internal standard) in 200 ml of hexane contained
in a Vycor vessel was degassed with nitrogen and irradiated at
300 nm in a Rayonet Photochemical Reactor. Aliquots were re-
moved periodically and analyzed by vpc.® Analysis showed that
three products were formed. After 27.4 hr the irradiation was
stopped because the ratio of products to internal standard was
decreasing. Evaporation of the solvent afforded 2.168 g of yellow
oil which consisted of 49% 4 and three new products present to
the extent of 6% (not characterized), 15% (8), and 30% (5). The
starting ketol 4 was readily separated from the other products by
column chromatography on silica gel. Dione 6 was separated by
preparative vpc? from a portion of the mixture of photoproducts:
ir 2900, 1700 cm~1; nmr 6 1.15 (6 H, s), 1.82 (4 H, m), 2.30 (4 H,
m), and 2.48 (2 H, s); mass spectrum (70 eV) m/e (rel intensity)
168 (8), 140 (10), 135 (9), 119 (5), 112 (8), 107 (7), 85 (18), 84 (53),
83 (20), 81 (7), 77 (26), 69 (10), 68 (8), 67 (11), 57 (8), 56 (40), and
55 (100). :

Anal. Caled for C1oH1g02:.C, 71.39; H, 9.59. Found: C, 71.20;
H, 9.44.

A portion (0.433 g) of the mixture of photoproducts (free of
ketol 4) was oxidized with silver oxide by addition of a methanol
solution to a mixture prepared from 0.400 g (10 mmol) of sodium
hydroxide in 15 ml of water and 0.853 g (5 mmol) of silver nitrate
in 10 ml of water. The resulting mixture was vigorously stirred for
1 hr at 0°. Water (15 ml) was added and the mixture was filtered.
The filtrate was extracted with ether and the aqueous solution
was cooled to 0° and carefully acidified with dilute nitric acid.
The acidic aqueous solution was extracted with ether, and the
combined ether extracts were dried (MgSO4) and evaporated to
afford 0.246 g of a brown oil which solidified on standing. A por-
tion of this material was recrystallized twice from hexane to af-
ford the pure sample of 8-methyl-6-oxonon-7-enoic acid (7): mp
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46-47°; ir 3650-2500, 1720, 1695, and 1630 cm~1; nmr § 1.62 (4 H,
m), 1.89 (3H, d,J = 1Hz), 2.12 (3 H, d, J = 1 Hz), 2.40 (4 H, m),
6.03 (1H,. m), and 11.5 (1 H, brs).

Anal. Caled for C10H1603: C, 65.19; H, 8.75. Found: C, 65.25;
H, 8.72.

Sensitized Irradiation of 4. A solution of 108 mg of 4 in ace-
tone was irradiated at 300 nm. After 46 hr no new products had
been detected by vpc and removal of the solvent gave a crude
product whose spectral properties indicated that it consisted
mainly of starting 4.
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2-(2,6-Dimethoxyphenyl)-6-methyl-3-heptanol (3), de-

sired in connection with synthetic work on fumagillin,?
was to be synthesized by the route below.

OCH,
M L
+ C—CHCH,CH,CH(CH,), ~—
OCH, H ©
la, M = Li 2
b, M = }Culi
OCH, ?Ha
CHCHCH,CH,CH(CH,),
OH
OCH,
3

Phenyllithium gives only the secondary alcohol with
propylene oxide,® and it was hoped that 1 would attack
the epoxide 2 at the methylated carbon rather than at the
carbon carrying the larger isoamyl group.

1,3-Dimethoxybenzene is metalated by n-butyllithium
in the 2 position,* with only 3-4% in the 4 position, as
shown by carbonation® and careful examination of the
acid. We have found that la with propylene oxide gives a
28% yield of the secondary alcohol 4, along with a consid-
erable amount of 1,3-dimethoxybenzene,
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trans-2,3-Epoxy-6-methylheptane (2) was prepared by
m-chlorperbenzoic acid oxidation® of trans-6-methyl-2-
heptene; the latter was prepared from the corresponding
acetylene, which could serve as the source of both the cis
and trans ethylene.”

5-Methyl-1-hexyne® (5) gave 90% vyield of pure 6-
methyl-2-heptyne (6) by treatment with n-butyllithium at

HC=C(CH,),CH(CH,), CH;C=C(CH,),CH(CH,),
5 6

—78°, addition of a small amount of dimethyl sulfate at
this temperature to react with unchanged n-butyllithium,
and then addition of the remaining dimethyl sulfate at
ice-salt temperature. Sodamide and methyl iodide in lig-
uid ammonia gave only a 33% yield of 6. The action of n-
butyllithium on 5, followed by methyl iodide at —78°,
yielded some n-butyl iodide. The action of n-butyllithium
at 0°, followed by dimethyl sulfate at 0°, gave mainly the
monomethyl derivative 6, but with about 10% of a higher
homolog, probably CH3C=CCH(CH3)CH>CH(CHs),,
which would be the result of dianion formation from 6 by
the n-butyllithium.? The method described above avoids
these side products.

Reduction of 6 to the pure trans-6-methyl-2-heptene in
57% yield with sodium-liquid ammonia® was satisfactory.

2,6-Dimethoxyphenyllithium (1a) did not react with the
epoxide 2 after 48-hr refluxing in THF. Heating the mix-
ture in diglyme at 110-120° for 24 hr used up the organo-
metallic,’* but left the epoxide; a crystalline solid, mp
178-180°, isolated from the reaction mixture was shown by
nmr, ir, mass spectrum, and elemental analysis to be the
known'? 2,6,2’,6’-tetramethoxydiphenylcarbinol, AroCH-
OH, Ar = 2,6-(CH30)2Ce¢Hs.

It is reported®® that lithium dimethylcuprate and lithi-
um diphenylcuprate in ether are better reagents for nu-
cleophilic attack on epoxides than their lithium counter-
parts. The lithium cuprate of 1,3-dimethoxybenzene (1b),
prepared from 0.5 equiv of purified cuprous bromidel4 to 1
equiv of the lithium compound la in ether, gave a 45%
yield of 4 from propylene oxide. Reaction of the lithium
cuprate 1b with the epoxide 2 gave no reaction after 3 hr
at 0°; after 12 hr at room temperature, no disappearance
of epoxide was observed, but no 1,3-dimethoxybenzene
was found by hydrolysis and vpc analysis. A solid, mp
174-176°, different from the solid described above, was
isolated, and from its ir and nmr spectra was shown to be
the known 2,6,2’,6"-tetramethoxybiphenyl.13 The lithium
cuprate compounds couple well with aryl halides.14

The trans epoxide 2 is apparently too highly substituted
toreact with the diortho-substituted organometallic 1.

Experimental Sectionl6

6-Methyl-2-heptyne (6). A 2-1,, three-neck flask was fitted with
a mechanical stirrer (nonsparking motor, glass blade), a condens-
er, and a dropping funnel fitted with a septum. In the flask were
placed 52 g (0.54 mol) of 5-methyl-1-hexyne8 in 250 m! of THF.
The dropping funnel contained 0.57 mol of n-butyllithium, added
by means of a syringe; the system had been purged with nitrogen
and a nitrogen atmosphere was maintained during the reaction.
The flask was cooled by a Dry Ice-acetone bath and the n-butyl-
lithium was added dropwise over a 30-min period. The resulting
yellow solution was stirred for an additional 45 min at this tem-
perature. About 70 ml of dimethy! sulfate was placed in the drop-
ping funnel, and to the yellow solution was added about 5 ml! of
dimethyl sulfate to remove any unreacted n-butyllithium. The



