Other Deuterium-Labeled Compounds. Hexanol-4,4-ds, hexanol-
3,3-dz, hexanol-2,2-dz, hexanol-1,1-dz, and heptanol-1,1-d» were pre-
pared in a similar fashion and on a similar scale as the previously
described deuterium-labeled compounds. Deuterium labeling was
accomplished in each instance by reducing the appropriate car-
boxylic acid with lithium aluminum deuteride.2¢ Heptanal-3,3-d,
was prepared from pentyl-1,1-d; bromide by the method of Meyers,
et al. ™

(26) Purchased from Karl Roth OHG, Karlsruhe, Germany.
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Preparation of the o-N-Methylaminobenzoate Esters of the
Deuterium-Labeled Compounds.?¢ In the case of hexanol-3,3-d.,
N-methylisatoic anhydride (71 mg) was added to a mixture of 2 ml
of dry dioxane, one-half pellet of potassium hydroxide (crushed),
and hexanol-3,3-d; (42 mg). The mixture was heated (70°) for
10 min, After drying over magnesium sulfate and concentration,
the product ester was purified by preparative tlc (ether~hexane 1:1).
Mass spectrometry indicated the presence of 979 d: and 3%, d
species. Similar procedure was followed for the other labeled
alcohols.

Haller—-Bauer Cleavage of Cyclopropyl Phenyl Ketones

Carl L. Bumgardner and Kenneth G. McDaniel

Contribution from the Department of Chemistry, North Carolina State University,
Raleigh, North Carolina 27607. Received July 10, 1969

Abstract:

A number of cyclopropyl phenyl ketones substituted on the small ring were subjected to the Haller-

Bauer reaction to resolve some inconsistencies in the literature and to learn more of the factors which determine the

direction of cleavage.

The results may be understood in terms of fragmentation to give the more stable carbanion

intermediate except in the cases of (Z)-2-phenylcyclopropy! phenyl ketone and 1-methyl-2,2-diphenylcyclopropyl

phenyl ketone,

Steric relief appears to play an important role in these two examples.

The original report of Haller

and Benoist regarding the major products from cleavage of 1-methylcyclopropy! phenyl ketone is believed to be in

error,

he cleavage of nonenolizable ketones with sodium

amide, the Haller-Bauer reaction, has been known

for some time and has been reviewed by Hamlin and

Weston.! The reaction is believed to proceed by attack

of amide ion on the carbonyl carbon giving rise to an in-

termediate which decomposes to yield ultimately a hy-
drocarbon and a carboxamide. ?

Scheme I
i

R—C—R’ + NaNH; —>

0

ke | Il

—>R- + C’?—R’ —> RH + C—R’
?“ -NH NH,

R—IC—R —

kb || ||
—>»R’~ 4+ C—R —> R'H + |C—R

~NH NH,

As shown in Scheme I, if the groups originally at-
tached to the keto carbonyl are different then cleavage
may occur in two directions. Any preference for the
mode of cleavage would be expected to be a reflection of
the relative stability of the carbanions involved.3

Some apparent anomalies become obvious, however,
when the results of substituted cyclopropyl phenyl ke-
tone cleavages are examined. Haller and Beniost* re-

(1) K. E. Hamlin and A, W, Weston, Org. Reactions, 9, 1 (1957),

(2) (a) J. F. Bunnett and B, F, Hrutfiord, J. Org, Chem., 27, 4152
(1962); (b) G. W, Kenner, M, J. T. Robinson, C, M., B, Taylor, and
B. R. Webster, J. Chem, Soc., 1756 (1962),

(3) A. Streitwieser, Jr., and R, G. Lawer, J. Amer. Chem. Soc., 87,
5388 (1965).

(4) A. Haller and E. Benoist, Ann. Chim. (Paris), [9] 17, 25 (1923).

ported that l-methylcyclopropyl phenyl ketone under-
went cleavage to give benzamide and a gas, presumably
methylcyclopropane, both in unspecified yield. In the
course of a study of the stereochemistry of cyclopropyl
carbanions, Impastato and Walborsky® subjected 1-
methyl-2,2-diphenylcyclopropyl phenyl ketone to so-
dium amide and isolated in high yield 1-methyl-2,2-di-
phenylcyclopropane. In contrast to these observations
where benzamide and a cyclopropy!l hydrocarbon were
the major products, Piehl and Brown® noted that
cleavage of 1-benzylcyclopropyl phenyl ketone led to 1-
benzylcyclopropanecarboxamide in at least 56 7 yield.
Their finding was later confirmed in this laboratory
when the Haller-Bauer reaction was used as a step in the
synthesis of phenylspiropentane.”

Hamlin and Biermacher® reported that 1-alkylcyclo-
hexyl, l-alkylcyclopentyl, and l-alkylcyclobutyl phenyl
ketones all gave mainly the corresponding 1-alkylcyclo-
alkanecarboxamides.

To resolve some of these inconsistencies and to ob-
tain information concerning factors which might in-
fluence the stability of cyclopropyl anions, we studied
the Haller-Bauer cleavage of several substituted cyclo-
propy! phenyl ketones. The earlier work of Haller and
Benoist* was also repeated so that their results could be
placed on a quantitative basis.

Preparation of Ketones

1-Methylcyclopropyl phenyl ketone was prepared in
81 % yield by treatment of cyclopropyl phenyl ketone
with triphenylmethylpotassium followed by methyl

(5) F. J. Impastato and H, M. Walborsky, J. Amer. Chem, Soc., 84,
4838 (1962).

(6) F.J.Piehland W, G, Brown, ibid., 75, 5023 (1953).

(7) C.L, Bumgardner, J. Org. Chem., 29, 767 (1964).

(8) K. E. Hamlin and U, Biermacher, J. Amer. Chem. Soc., 77, 6376
(1955).
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Table I. Cleavage of Cyclopropyl Phenyl Ketones
Cleavage Total
ratio, product Cyclopropanecarboxamide®
Entry Ketone* kolks*  yield, 7 Substituent Mp, °C Nmr,é r Cyclopropane
1 R = phenyl 60 91 1-Methyl 145.5-147.5 8.68 (methyl)
R’ = l-methyl- 8.81,9.39
cyclopropyl cyclopropyl
id R = phenyl 0 Not (cyclopropyh
R’ = l-methyl- given
cyclopropyl
3 R = phenyl 56 85 (E)-1-Methyl- 198-199¢ 2.77 (phenyl) (Z2)-1-Methyl-2-
R’ = (E)-1-methyl-2- 2-phenyl 7.46, 8.54, phenyl/
phenylcyclopropyl 8.91 (cyclo-
propyl)
9.06 (methyl)
4 R = phenyl 18 46 1-Benzyl 78-79¢ 2.75 (phenyl) Benzyl#
R’ = 1-benzylcyclo- 7.59 (benzyl)
propyle 8.68,9.22
(cyclopropyl)
5 R = phenyl ~0 77 1-Methyl-2,2-
R’ = 1-methyl-2,2- diphenyl’
diphenylcyclopropyl
6 R = phenyl 3.1 72 (E)-2-Phenyl 2.86 (phenyl) Phenyl¥
R’ = (E)-2-phenyl- 1891907 76.4, 8.48, 8.16
cyclopropyl 8.80 (cyclo-
propyl)
7 R = phenyl 0.4 77 (E)-2-Phenyl*
R’ = (Z)-2-phenyl-
cyclopropyl
8 R = phenyl 4.2 88

R’ = cyclopropyl

@ See Scheme I. ¢ Reference 4.
59 by volume solutions in CDCl; at room temperature.

4and 6, * C. L. Bumgardner, J. Amer. Chem. Soc., 85, 73 (1963).
695 (1958); Chem, Abstr.,52, 13651 (1958).

iodide. This proved to be superior to the method de-
scribed by Haller and Benoist* who used sodium amide
as base and experienced considerable cleavage of the
starting ketone. The success obtained with triphenyl-
methylpotassium probably stems from its great bulk
which makes formation of the carbonyl adduct difficult
so that enolization is favored.

Methylation of cyclopropyl phenyl ketone also oc-
curred when the ketone was heated first with sodium
hydride in diglyme and then treated with methyl iodide.
However, instead of introducing the methyl group at the
position « to the carbonyl, this procedure afforded the
methyl ether of cyclopropylphenylcarbinol in high yield
(see Experimental Section). Obviously hydride added
to the carbonyl function in preference to liberating Hs
via attack at the « position.

Reaction of a-benzylidenepropiophenone® with di-
methyloxosulfonium methylide ® gave in 30 %7 yield (E)-1-
methyl-2-phenylcyclopropyl phenyl ketone (phenyl and
carbonyl groups frans).!!  This relation was established
by the observation that the cyclopropyl hydrocarbon
produced via Haller-Bauer cleavage (see Table I) was
exclusively (Z)-1-methyl-2-phenylcyclopropane. The
cyclopropyl fragment is expected to retain its configura-
tion since Walborsky? found that cleavage of optically
active 1-methyl-2,2-diphenylcyclopropyl phenyl ketone

(9) R.D. Abell, J. Chem. Soc., 2834 (1953),

(lg(é(s); E. J. Corey and M, Chaykovsky, J. Amer, Chem. Soc., 87, 1353

(11) J. E. Blackwood, C. L. Gladys, K. L. Loening, A. E. Petrarca,
and J. E. Rush, ibid., 90, 509 (1968).

¢ Bands in the infrared spectra at 1645-1656 and 1605-1609 cm™?,
The ratios of signals were in agreement with assigned structures.
J. S. Afr. Chem, Inst., 8, No. 1, 1-11 (1955); Chem. Abstr., 50, 6326 (1956).
i Reference S5,
# C. L. Bumgardner, J. Amer. Chem. Soc., 83, 4420 (1961).

4 Spectra were run as approximately
¢ G, W. Perold,
7 ], P. Freeman, J. Org. Chem., 29, 1379 (1964). ¢ References
i J. Farkas, P. Kowrim, and F. Sorm, Chem. Listy, 52,

led to 1-methyl-2,2-diphenylcyclopropane with the same
configuration as the ketone.

(E)- and (Z)-2-phenylcyclopropyl phenyl ketones were
synthesized from the corresponding carboxylic acids!?
and phenyllithium. Reaction of benzylideneaceto-
phenone with dimethyloxosulfonium methylide also
provided a route to (E)-2-phenylcyclopropyl phenyl ke-
tone. ™

Results and Discussion

The cleavage reactions were carried out in refluxing
benzene for 4-8 hr with 2 mol of sodium amide per mol
of ketone. Table I summarizes the results. The
cleavage ratios shown in the table were obtained by de-
terming (nmr) the molar ratio of substituted cyclopro-
panecarboxamide to benzamide and/cr the ratio of sub-
stituted cyclopropanecarboxamide to substituted cyclo-
propane. The individual carboxamides were separated
by fractionalcrystallization or sublimation and identified
by their melting point and infrared and nmr spectra
(Table I).

It is apparent from Table I (entries 1 and 2) that, in
our hands, cleavage of 1-methylcyclopropyl phenyl ke-
tone gives results strikingly different from those re-
ported by Haller and Benoist.* The preference that we
observe in entry 1 for formation of 1-methylcyclopro-
panecarboxamide and benzene over benzamide and
methylcyclopropane is, however, consistent with the
behavior of 1-benzylcyclopropyl phenyl ketone (entry 4)

(12) H. M. Walborsky and L, Plonsker, ibid., 83,2138 (1961).
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and other 1-alkylcycloalkyl phenyl ketones.® The one
notable exception is the case of 1-methyl-2,2-diphenyl
ketone (entry 5). Two possibilities might be consid-
ered to account for this apparent anomaly; first, that the
phenyl groups on the small ring exert a strong electronic
effect which favors cleavage to the cyclopropy!l hydro-
carbon; and second, that there is a large steric effect be-
tween the carbonyl and cis-phenyl substituent.’® The
former possibility does not seem tenable in view of entry
3. The cleavage ratio from l-methyl-2-phenylcyclo-
propyl phenyl ketone is essentially identical with that of
the 1-methyl ketone (entry 1) which has no phenyl group
attached to the small ring. On the other hand, the un-
favorable steric interaction between the carbonyl and
cis-phenyl groups in the ketone of entry 5 can be re-
lieved if benzamide and the cyclopropyl hydrocarbon
are formed. Cleavage to give the cyclopropanecarbox-
amide and benzene would of course not remove the
carbonyl-cis-phenyl interaction.

The results with (Z)- and (E)-2-phenylcyclopropyl
phenyl ketones (entries 6 and 7) are in harmony with the
stericexplanation. Cleavage ratios obtained from cyclo-
propyl phenyl ketone (entry 8) and from (E)-2-phenyl-
cyclopropyl phenyl ketone (entry 6) are comparable in
magnitude, both favoring formation of a cyclopropane-
carboxamide and benzene. Reaction of (Z)-2-phenyl-
cyclopropyl phenyl ketone (entry 7), however, leads to a
much smaller k,/k, ratio, reminiscent of the results given
in entry 5. Actually the low k,/k, value in entry 7
should be even smaller since isolation of the (E)-cyclo-
propanecarboxamide in this case indicates that there is
some competitive conversion of the Z-ketone into the
E isomer.'* Any fission of the latter would produce
more (E)-2-phenylcyclopropanecarboxamide than benz-
amide as shown in entry 6. In the Z ketone of entry 7

C—NH,
Il
0

epimerization can remove the carbonyl-phenyl inter-
action, whereas, with the ketone in entry 5, it is neces-
sary to cleave to 1-methyl-2,2-diphenylcyclopropane to
accomplish the same end.

In the absence of such steric effects, though, the role
played by carbanion stability can be seen by comparing
entries 6, 7, and 8 with 1, 3, and 4. Cleavage to give the
secondary cyclopropyl carbanion (entries 6, 7, and 8) are
much more facile than those producing tertiary cyclo-
propyl carbanions (entries 1, 3, and 4). 'This trend also
indicates that radical processes analogous to those pro-

(13) Molecular models show that these two groups are seriously
crowded.

(14) R. Breslow, I, Brown, and J. J. Gajewski, J. Amer, Chem. Soc.,
89, 4383 (1967),
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posed for amine oxide rearrangements, %16 Wittig ether
rearrangements, ' and the cleavage of certain alkoxides!8
are not important in the Haller-Bauer reaction.

Experimental Section’

1-Methylcyclopropyl Phenyl Ketone. To an ether solution
(400 ml) containing 0.2 mol of triphenylmethylpotassium,? 19.4 g
(0.13 mol) of cyclopropy! phenyl ketone (Columbia Organic Chemi-
cals) was added under nitrogen at a rate sufficient to maintain con-
stant reflux of the ether solution. After completion of the addition
the mixture was refluxed for 0.5 hr and then treated with 75.6 g
(0.53 mol) of methyl iodide. The resulting solution was stirred
under reflux for 6 hr. After the reaction mixture was cooled to
room temperature, it was added to 500 ml of water and extracted
with ether. The combined ether extracts were dried over mag-
nesium sulfate and concentrated under reduced pressure. The
yellow solid which remained was washed with cold ethanol and the
alcohol-soluble fraction was stripped. Distillation of the residual
yellow oil gave 17.7 g (81 %) of 1-methylcyclopropyl phenyl ketone:
bp 58-60° (0.3 Torr), vco 1675 cm™!; nmr 7 8.59 (singlet, methyl),
8.73 and 9.23 (multiplets, cyclopropyl), and 3.25 and 3.60
(phenyl).

Methyl Ether of Cyclopropylphenylcarbinol. Cyclopropyl
phenyl ketone (Columbia Organic Chemicals, 12.4 g, 0.09 mol) was
added to sodium hydride (2.64 g, 0.11 mol) in 120 ml of 1,2-di-
methoxyethane under nitrogen. The solution was refluxed for 12
hr and then cooled to room temperature. Methyl iodide (39 g,
0.28 mol) was introduced, and the solution was stirred for 6 hr.

The reaction mixture was poured into 100 ml of ice water and ex-
tracted with two 100-ml portions of ether. The ether was stripped
from the dried (MgSO,) extracts and the yellow liquid remaining
was distilled, yielding 9.4 g of a colorless liquid, bp 58-62° (0.25
Torr). Gas chromatographic analysis (309, SE-30 !/«in. X 8 ft-
column, injector temperature 280°, column temperature 200°)
showed two major components: unchanged cyclopropyl phenyl ke~
tone (retention time = 12,0min)and the methyl ether of cyclopropyl-
phenylcarbinol (retention time = 5.5 min) which was obtained in
approximately 509 yield; nmr = 9.5 (4 H, m, cyclopropyl), 8.86
(1 H, m, cyclopropyl), 6.74 (s, o-methyl), 6.46 (d,J = 8 Hz, methine),
2.68 (phenyl).

Anal, Calcd for CuHO: C, 81.50; H, 8.64. Found: C,
81.50; H, 8.70.

(E)-1-Methyl-2-phenylcyclopropyl Phenyl Ketone. «-Benzylidene-
propiophenone?.2! (27.9 g) was treated with dimethyloxosulfonium
methylide (0.128 mol) using the procedure described by Corey for
the preparation of 2-phenylcyclopropyl phenyl ketone.® The re-
action mixture was extracted with ether and the combined ether ex-
tracts were dried and concentrated under reduced pressure. Distil-
lation of the residue gave a yellow oil, bp 145-154° (0.6 Torr), which
solidified after 2 days. Recrystallization from- petroleum ether
yielded 9.0 g (30%;) of (E)-1-methyl-2-phenylcyclopropyl phenyl ke-
tone: mp 87-89°; nmr r 8.88 (s, methyl); = 7.38, 8.08, 8.79 (m,
cyclopropyl); = 2.30 and 2.72 (m, phenyl). The mass spectrum
was consistent.

Anal, Calcd for ConeO: C, 8650, H, 6.75.
86.43; H, 6.79.

Assignment of the entgegen arrangement followed from cleavage
of the ketone which gave as the cyclopropyl hydrocarbon (Z)-1-
methyl-2-phenylcyclopropane (Table I).

General Method of Cleavage. Sodium amide (0.04 mol, Colum-
bia) was weighed in a dry N; bag and added to 50 ml of dry benzene

Found: C,

(15) U, Schollkopf, M. Patsch, and H, Schafer, Tetrahedron Lett..
2515 (1964).

(16) C.L.Bumgardner, ibid., 5499 (1966).

(17) P. T. Lansbury, V. A, Pattison, J, D. Sidler, and J. B. Bieber, J.
Amer, Chem. Soc., 88, 78 (1966).

(18) D. J. Cram, A, Langemann, W, Lwowski, and K. R, Kopecky,
ibid., 81, 5760 (1959).

(19) Boiling points and melting points are uncorrected. Nuclear
magnetic resonance spectra were obtained either on a Varian T-60 or
A-100 high resolution spectrometer using tetramethylsilane as an internal
standard. Infrared spectra were determined with a Perkin~Elmer in-
frared spectrophotometer Model 521 with a sodium chloride prism.
Mass spectra were obtained using an Associated Electronics Model MS-
12 mass spectrometer.

(20) R. Levine, E. Bumgarten, and C., R, Hauser, J. Amer. Chem.
Soc., 66, 1230 (1944).

(21) E. P.Kohler, Amer. Chem. J., 31, 642 (1904),
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in a 100-ml three-necked flask equipped with a magnetic stirrer,
addition funnel, reflux condenser, and drying tube, The ketone
(0.02 mol) was added dropwise to the stirring benzene solution and
the mixture was heated under reflux for 4 hr. The cooled benzene
solution was then poured into 100 ml of ice water and extracted
with ether.

The ether extracts were dried over magnesium sulfate and most
of the ether was removed under reduced pressure at approximately
20 Torr. Pumping (0.1 Torr) on the residue with a Dry Ice trap
in the line separated the benzene and cyclopropyl hydrocarbons

from a mixture of solid carboxamides. This mixture was washed
with hexane, dried, and analyzed by nmr spectroscopy (Table I).
The pure amides were isolated from the mixture by sublimation or
by recrystallization from water or a combination of methylene
chloride and pentane. The cyclopropyl hydrocarbons were identi-
fied by their infrared and nmr spectra (Table I).

The aqueous phase remaining after ether extraction was neu-
tralized and was concentrated until salt precipitation occurred.
The solution was then extracted with ether and the ether solution
was treated as described.

Products and Kinetics of Photoreduction of Acetophenone
by Amines and Alcohols’

Saul G. Cohen and Bernard Green

Contribution from the Department of Chemistry, Brandeis University,
Waltham, Massachusetts 02154. Received June 6, 1969

Abstract:
2-butylamine.

Photoreduction of acetophenone by 2-butylamine leads to acetophenone pinacol and to N-2-butylidene-
Photoreduction of acetophenone and of p-methylacetophenone by a-methylbenzylamine leads to the

three products of coupling of the radicals formed by the initial abstraction of hydrogen, pinacols, amino alcohols,
and diamines. The radicals derived from the purely aliphatic alcohols and amines reduce a second molecule of
ketone. The aryl alkyl ketone- and amine-derived radicals are of similar stability and both survive and couple.
Acetophenone is not photoreduced by a-methylbenzy! acetate, and is photoreduced with low efficiency by N-acetyl-
a-methylbenzylamine. Quantum yield for photoreduction of acetophenone by 1 M a-methylbenzyl alcohol in
benzene is 0.37, by 0.5 M «a-methylbenzylamine is 0.49, and by 0.5 M 2-propanol is 0.75. Light absorbing transients
are formed to a greater extent and photoreduction is less efficient at high concentrations of each of these reducing
agents. Efficiency of photoreduction first increases with dilution with benzene, and then decreases at high dilu-
tion. Extrapolation of the dilute solution values leads to hypothetical limiting quantum yields for photoreduction
of acetophenone by a-methylbenzyl alcohol in benzene, ¢ 0.54; by 2-propanol in benzene, ¢ 1.2, with ky/k: =
0.28 M, by a-methylbenzylamine in benzene, ¢ 0.61, with ky/ki: = 0.049 M. For photoreduction by this amine
a Stern—Volmer treatment of quenching by naphthalene leads to kq/ki: = 84, ki: = 7.1 X 10" M~! sec™!, and
ka = 3.5 X 106 sec™’. Photoreduction of acetophenone by 1 M 2-butylamine in benzene, ¢ ~1.1, is 1.40 as effi-
cient as in neat 2-butylamine. A light-absorbing transient is not formed in this amine, and the lower efficiency in
this neat amine may be due to w,m* character in ketone triplet in this medium, or to deactivating solvation of ke-

tone and triplet by the amine.

Acetophenone is photoreduced when irradiated in
solution with aliphatic alcohols and with «-meth-
ylbenzyl alcohol,? and the reactions lead to the meso-
and dl-acetophenone pinacols. In photoreduction of
aromatic ketones, the triplet state is the reactive spe-
cies,34 the n,7* triplet is the most reactive of the trip-
lets, and the =,7* and charge-transfer triplets have low
or no reactivity.»® Acetophenone has low-lying n,z*
and m,7* triplet states of similar energy,” and reported
quantum yields for photoreduction by 2-propanol are
0.5" and 0.68.%2 The photoreduction proceeds by for-
mation of the ketyl radical,? eq 1. Acetone (1 mole) is

(1) This work was supported by the National Science Foundation
GP 6366,9247.

(2) C. Weizmann, E, Bergmann, and Y. Hirschberg, J. 4m. Chem.
Soc., 60, 1530 (1938).

(3) G.S. Hammond and W, M. Moore, ibid,, 81, 6334 (1959).

(4) H, L. J. Bdckstrom and K. Sandros, 4Acta Chem, Scand., 14,
48 (1960).

(5) J. N, Pitts, Jr., H. W, Johnson, Jr., and T. Kutawa, J. Phys, Chem.,
66, 2456 (1962),

(6) G. Porter and P. Suppan, Trans. Faraday Soc., 61, 1664 (1965).

(7) G. Porter and P. Suppan, ibid., 62, 3375 (1966).

(8 N. C. Yang, D. S, McClure, S, L. Murov, J. J. Houser, and
R. Dusenbery, J. Am. Chem. Soc., 89, 5466 (1967).

(9) A. Beckett, A, D. Osborne, and G, Porter, Trans. Faraday Soc., 60,
873 (1964).

CH:COCH; + (CH:):CHOH —>
CsH;C(OH)CH; + (CH5%COH (1)

formed for every 2 moles of acetophenone reduced,?®
and the alcohol-derived radical may reduce a second
molecule of acetophenone in a dark reaction, eq 2. The

CsHsCOCHs + (CHg)gCOH ——
C:H;C(OH)CH; + (CHpoC=0 (2)

acetophenone ketyl radicals lead to the pinacols, the
2,3-diphenyl-2,3-dihydroxybutanes. The ratio of dl
and meso products,!! as affected by solvent,"'® by alka-
linity'™ and by amine!'® reducing agents, has been in-
vestigated. In work related to our study of effects of
medium on the photoreduction of benzophenone,!? of
p-aminobenzophenone,!® and of fluorenone,!* we have

(10) S. G. Cohen, D. A, Laufer, and W, V., Sherman, J. 4m. Chem,
Soc., 86, 3060 (1964).

(11) (a) J. H. Stocker and D, H. Kern, J, Org. Chem., 31, 3755 (1966);
(b) ibid., 33, 291 (1968); (c) ibid., 33, 1270 (1968).

(12) S. G. Cohen and J. I. Cohen, Tetrahedron Letters, 46, 4823
(1968); Israel J. Chem., 6, 757 (1968).

(13) 8. G. Cohen and I. I, Cohen, J. Am. Chem, Soc., 89, 164 (1967);
J. Phys, Chem., 72, 3782 (1968).

(14) S. G. Cohen and J. B, Guttenplan, Tetrahedron Letters, 51,
5353 (1968).
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