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CH==CHCHC], J12 = 5.4, Jy3 = 14.4 Hz); 21,1.60 (d, 3, CHg, Jy45 =
6.8 Hz), 4.00 (m, 2, CHy), 4.42 (m, 1, CHCD), 5.74 (m, 2, CH==CH).

Summary of ir data (cm™!, CCly): 19a, 983 and 930 (CH=CHy),
3090, 2980, 2920, 1445, 1360, 1200, 750, 650 cm™*; 20a, 720, (CS,,
cis CH==CH), 1665 (C==C), 3040, 2950, 2910, 2860, 1430, 1380,
1310, 1270, 1200, 1170, 960, 920, 680; 20b, 956 (trans CH=CH),
1670 (C==C), 3040, 2970, 2950, 2910, 2890, 2860, 1425, 1370, 1195,
1170, 670; 21, 957 (trans CH=CH), 1670 (C==C), 3040, 2970, 2910,
2860, 1440, 1380, 1250, 1215, 1010, 685, 645.
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Cyclic arylpinacol carbonates undergo photoinduced [6 — 2 + 2 + 1] cycloeliminations to give arylcarbenes.
The carbonates studied include benzopinacol carbonate, meso- and di-hydrobenzoin carbonates, and the di- and
meso-a,a’-dimethylhydrobenzoin carbonates. Arylcarbenes formed by photolysis of these substrates react in
methanol to give methyl ethers and the properties of phenylcarbene obtained from the meso- and dl-hydroben-
zoin carbonates are found to be virtually identical with those obtained from conventional precursors such as
trans-2,3-diphenyloxiranes and phenyldiazomethane; i.e., the secondary to primary insertion selectivity in pen-
tane and the stereospecificity in the addition to cis-2-butene are the same.

It has become increasingly apparent that both thermal
and photocycloelimination reactions, like the reverse reac-
tions of cycloaddition, have broad synthetic utility.45¢ We

have recently described the [5 — 2 + 2 + 1] photocycloe-
limination of pinacol sulfites* and as part of our continuing
research program in this area have investigated the chemi-
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cal response of a series of cyclic pinacol carbonates of the
type 1 to ultraviolet radiation. It has previously been estab-
lished that a variety of polyaryl substituted heterocyclic
substrates undergo photocycloelimination reactions to give
arylcarbenes.®? In view of our experience with related sul-
fites and phospholanes” which photolyze to arylcarbenes it
appeared probable that carbonates of the type 1 also would
undergo facile photocycloelimination in a [6 — 2 + 2 + 1]
manner to give carbenes (eq 1).5-10

2. o, + RRCO + RRC (1)

0

R, R,
la, R, =R, =R, =R,=Ph
b, R, =R;=Ph;R,=R,=H
¢ Ry =R, =PhR, =R, =H
4 R, =R,=Ph;R,=R,=CH,
e R,=R,=PhR,=R;=CH,

Results and Discussion

Benzopinacol carbonate (1a), a cyclic carbonate incorpo-
rating structural features designed to facilitate photocy-
cloelimination, was selected as a substrate for preliminary
photocycloelimination studies. The anticipated carbene,
diphenylmethylene, has been studied extensively both
chemically!’® and spectroscopically by optical'?2 and EPR13
techniques. Kirmse, Hérner, and Hoffmann!!2 have estab-
lished that diphenylcarbene obtained photolytically from
diphenyldiazomethane reacts with alcohols to give ethers.
They proposed that the carbene is nucleophilic in character
and is readily protonated in alcohols to give the benzhydryl
carbonium ion which subsequently solvolyzes to benzhy-
dryl ethers; however, this mechanism has been challenged
recently.!'® Diphenylcarbene, a triplet ground state
species, reacts with alkanes and alkenes by hydrogen ab-
straction to give benzhydryl radicals which subsequently
dimerize or react in other ways.5» These free-radical pro-
cesses complicate investigations involving addition and in-
sertion reactions of this divalent species and consequently
methanol was selected as the most convenient solvent trap-
ping agent for screening potential carbonate precursors for
arylcarbene formation.

Two general methods for the preparation of cyclic car-
bonates, namely treatment of the requisite 1,2-diol with

phosgene!* or diethyl carbonate,!® failed to give la when

applied to benzopinacol. The desired benzopinacol carbon-
ate (1a) was finally obtained, albeit in low yield (17%), by
oxidation of tetraphenylethylene (2) with chromium triox-
ide in acetic anhydride (eq 2). This method is described by

0
Ph  Ph )ko
> < Cr0, Q
—)(CH‘,CO)zo PhHPh (2)
Ph  Ph
Ph Ph
2
la

Mosher and co-workers,1¢ who allude to the difficulties en-

countered in preparing la from the diol by conventional

methods.

Photolysis (254 nm) of benzopinacol carbonate (1a) in
methanol induces a [5 — 2 + 2 + 1] cycloelimination reac-
tion of the type anticipated to give diphenylcarbene as evi-
denced by formation of benzhydryl methyl ether (3, 60%)
(eq 3).22
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hy CH,0H
la > 00, + Ph,CO + PhC ——»r
Ph  Ph @ Ph
Ph,CHOCH, + >=< LN ‘ 3)
3 Ph  Ph @ Ph
2

4

Other compounds identified among the photolysis prod-
ucts of la include benzophenone (15%) and 9,10-diphenyl-
phenanthrene (4, 10%). It was shown independently that
tetraphenylethylene (2) undergoes dehydrophotocycliza-
tion under the reaction conditions and thus 4 is probably a
secondary photoproduct arising from 2 as indicated in eq
3.17 Similar results were obtained upon photolysis of benzo-
pinacol sulfite and it was concluded that the alkene 2 in
that case was formed as a result of a [5 — 8 + 2] cycloelimi-
natioh reaction involving extrusion of sulfur trioxide.* A
concerted [5 — 3 + 2] cycloelimination reaction leading to
2 is more difficult to formulate in the case of the carbonate
1a and the origin of the tetraphenylethylene (2) remains to
be established in this case; however, diphenylcarbene di-
merization is an improbable reaction at ambient tempera-
ture in fluid solutions and is excluded as a significant
source of 2.18 The presence of carbon dioxide among the
photoproducts of la was confirmed by means of mass spec-
trometry.

A sequential mechanism involving initial formation of
tetraphenyloxirane (5) might be invoked to explain the
photolysis of 1a and would appear to be a reasonable pro-
posal in light of the previously reported thermolytic con-
versions of carbonates to oxiranes!?2% and the known pho-
tolability of the latter, which are excellent carbene precur-
sors.l® No tetraphenyloxirane (5) could be detected by
TLC among the photoproducts obtained from la in metha-
nol even under conditions where conversion levels were
minimal (10-15%). It is clear from calculations based upon
the relative extinction coefficients and comparative frag-
mentation rates that shielding of the oxirane 5 by la

should be efficient enough to ensure buildup of detectable

levels of 5. For this reason a concerted cycloelimination
mechanism is preferred for 1a although a stepwise homoly-
tic or ionic fragmentation process which circumvents for-
mation of the oxirane 5 cannot be excluded at this time.
Benzopinacol carbonate, like tetraphenyloxirane (5) and
benzopinacol sulfite, proved photostable when irradiated in
a Pyrex vessel at a longer wavelength (350 nm).

In order to evaluate the generality of the carbonate cy-
cloelimination reaction the photochemistry of meso- and
dl-hydrobenzoin carbonates (1b and le, respectively) was
also studied. The synthesis of the phenylcarbene precur-
sors 1b and lc (48 and 54%, respectively) was realized by
treatment of meso- and dl-hydrobenzoin (6b and 6e¢, re-
spectively), with either phosgene or diethyl carbonatel15
(eq 4).

OH OH COCl. 1
R _-Ph J\O
X R 2
NaOCH,
RQ H

R, H
Ib.R,=Ph:R,=H
¢ Ry=H;R,=Ph

6b, R, = Ph;R, = H
¢, Rir=H;R;=Ph

Phenylcarbene, the anticipated transient from 1b and
le, has previously been characterized extensively and the
ground state, like that of diphenylcarbene, has been desig-
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nated as triplet on the basis of EPR and optical emission
studies.!®!3 The EPR spectrum, which should be very sen-
sitive to the geometry of phenylcarbene, has been shown to
be independent of the structure of the precursor in several
cases including the diazo compound, a geminal diazide, and
benzaldehyde p-toluenesulfonylhydrazone in a variety of
environments indicating that the cbserved structure is an
intrinsic property of the carbene.?!22 The emission spec-
trum of phenylcarbene also has been observed in a hydro-
carbon matrix at ~196°.10 Extended Huckel calculations
by Hoffmann and co-workers?3 are also interpreted as sup-
porting a ground state triplet structure for phenylcarbene.

Extensive effort has been devoted to characterization of
the reactive state(s) of phenylcarbene. The chemical be-
havior of phenylcarbene generated photochemically from
phenyldiazomethane,?*26 phenyloxiranes and cyclopro-
panes,?” and eyclic pinacol sulfites2* appears to be that of a
singlet and is independent of precursor in both C-H inser-
tion and alkene addition reactions. It has been found that
the stereospecificity of cyclopropanation is reduced and an
increase in alkene formation occurs when the photolysis is
conducted in frozen cis-2-butene matrices (—196°). Triplet
phenylcarbene in rapid thermal equilibrium or formed by
decay from the singlet has been advanced as the key inter-
mediate in the low-temperature matrix experiments; i.e.,
the degree of stereospecificity of cyclopropanation de-
creases with a concomitant increase in abstraction recombi-
nation processes leading to alkenes as triplet phenylcar-
bene chemistry intervenes.262 Comparative studies of 2-n-
butylphenylcarbene generated by triplet photosensitized
and thermal decomposition of the corresponding diazo
compound have also been conducted and no significant dif-
ference in behavior was discerned between the carbenes
generated from the two sources.?5¢ T'o explain this observa-
tion it was proposed that singlet and triplet phenylcarbene
equilibrate with each other more rapidly than they undergo
C-H insertion or C==C addition reactions. In fact there ap-
pears to be a growing conviction that a facile equilibrium
exists between triplet and singlet phenylcarbene,26b

Upon photolysis (254 nm) both meso- and dl-hydroben-
zoin carbonates (1b and le, respectively) give a species
which exhibits the reactions anticipated for phenylcarbene,
namely, insertion into saturated carbon-hydrogen bonds
such as those of cyclohexane to give benzylcyclohexane (7)
(eq 5),25 addition to cis-2-butene to give the syn and anti
cyclopropanes 8a and 8hb, respectively (eq 6),2428 and reac-
tion with methanol to yield benzyl methyl ether (9) (eq
7).1t Other products resulting from the fragmentation of 1b

©/\O + PhCHO + CO. (5)

7

A
0 O R,

)LO Rl\/‘\ CH:i
Rl\oé P i e

CH, CH, / o\
R - N~/ R, R, H

b, R, = Ph;R, = H 8a, R, =Ph;R,= R, = H; R, = CH, (syn)
¢ R =H:R,=pPh b R=PhR =R =HR =CH, ant)

¢, R, = Ph; R, = R, = H; R, =CH, (trans)
CH,,OH\‘ PhCHO + CO, (6)

PhCH,OCH, + PhCHO + CO, (7
9
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Table I
Insertion Selectivity of Phenylcarbene Generated
from Diverse Sources

Yield, %
(25 min,
Phenylcarbene 8lamps) Insertion ratio Insertion
precursor 254 nm (11 +12)/13 ratios 11/12
0
Ph: /\ :H 45.4 8.33+ 0.14% 1.35+ 0.04
H Ph
10b
0
o 0:)\02 o 3.8 8.47 : 0.20 1.42 + 0.03
H H
1b
X
oo '
Ph H 5.2 8.27 + 0.28 1.42+ 0.03
HMPh
Ie
o]
)
N,
0
Ph Ph 5.5 8.48+ 0.24 1.41 =+ 0.05
HMH
14
|
O/S\O
Phﬁ_&H 6.6 8.00+ 0.18 1.45 =+ 0.02
H Ph
15
PhCHN, 18.3¢ 8.38: 0.19 1.33+ 0.09

@ Statistically corrected for the number of hydrogen atoms
of each type. & Limits of error in each case represent stan-
dard deviations obtained by multiple integration of several
chromatograms. ¢ 350 nm, 16 lamps, 4 hr. .

and le include benzaldehyde and carbon dioxide. The sub-
strates 1b and lec like 1a were found to be photostable
when irradiated with a lower energy source (>300 nm) in a
Pyrex vessel and complete recovery of the starting material
was achieved in both cases.

While irradiation (254 nm) of 1b or 1e in cyclohexane af-
fords benzylcyclohexane (7) as well as benzaldehyde and
carbon dioxide, it is significant that under the conditions
employed for the photolysis no detectable amounts of the
corresponding oxiranes, i.e., cis-2,3-diphenyloxirane (10a)
and/or trans-2,3-diphenyloxirane (10b) in the case of 1lb
and le, were observed by TLC or IH NMR techniques.
Competitive rate studies of the photofragmentation of lc
and trans-2,3-diphenyloxirane (10b) in cyclohexane con-
firm that the initial oxirane cycloelimination rate exceeds
that of le. The faster rate observed for oxirane photolysis
may be attributed in large measure to the differences in
strain and extinction coefficients for the two substrates at
254 nm; however, the latter is not sufficiently great to allow
10b, if formed as an intermediate, to escape detection.

Although it is apparent from the chemical data that both
1b and lc undergo [5 — 2 + 2 + 1] cycloelimination reac-
tions to produce “free” carbene, the characteristic phenyl-
carbene EPR signal could not be observed upon photolysis
of these substrates for reasons yet undetermined.2? Similar
results were observed for trans-2,3-diphenyloxirane (10b)
and triphenyloxirane where no EPR signal was detected for
phenylcarbene despite convincing chemical evidence for its
formation.2” In the absence of direct EPR and/or optical
spectroscopic data, it was necessary to obtain further
chemical proof for the contention that 1b and le are indeed
phenylcarbene precursors.
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Competitive insertion experiments prove particularly
useful as a method for comparing divalent carbon species
generated from different sources such as 1lb and le.
Gutsche and co-workers?5 have previously determined the
insertion selectivity of phenylcarbene generated from the
conventional precursor phenyldiazomethane. Additional
data on the selectivity of this carbene formed from a vari-
ety of other precursors including the oxirane 10b have been
reported by Griffin and co-workers.#27 A similar study of
the insertion selectivity of the species generated from the
carbonates lb and lec was initiated in connection with
present work. '

Solutions of the carbonates 1b and le of equal concen-
tration were made in n-pentane and photolyzed (254 nm)
simultaneously under identical conditions using the
“merry-go-round” technique to ensure uniform exposure.
Insertion product ratios and absolute yields were deter-
mined gas chromatographically employing an internal
standard and predetermined response factors. To ensure
that the results obtained reflect initial insertion rates, rela-
tively short irradiation times (25 min) were employed and
the number of lamps in the light source was adjusted from
16 to 8 to reduce the light flux to the required level.

0

o)ko Ph

Rh,; E,,Ph .._/\"/__\_, /(/\ +
1

R, H
1b, R, = Ph;R, = H
¢, R, =H;R,=Ph

Ph
\/(/ + S~~~ pncHO + 00, (8)

13
12

The results of the insertion studies conducted with the
carbonates 1b and lc are tabulated for comparison along
with the corresponding data for the oxirane 10b, the sul-
fites 14 and 15, and phenyldiazomethane. In a typical ex-
periment the three insertion products 11, 12, and 13 were
obtained from dl-hydrobenzoin carbonate (1¢) in the ratio
of 6.12:2.16:1.00, respectively. The ratio of the combined
amounts of 2- and 3-benzylpentanes 11 and 12, respectively
(formed by insertion into the six secondary C-H bonds) to
1-phenylhexane (13) (produced by attack at the six pri-
mary C-H bonds) was established as 8.27 + 0.23 (see Table
I). The ratio of 2- to 3-benzylpentane correspondingly is
2.84, which when statistically corrected gives a selectivity
factor between secondary hydrogens of CoH or C4H over
C3H of 1,42,

The results obtained in all cases substantiate the original
proposal that the photolysis of cyclic carbonates does in
fact give rise to species virtually indistinguishable chemi-
cally from those produced from conventional carbene pre-
cursors such as trans-2,3-diphenyloxirane (10b) and phen-
yldiazomethane, Higher yields are obtained with the oxi-
rane 10b and the diazo precursor (Table I), which indicates
that their rate of fragmentation exceeds that of 1b and le.
It remains to be determined if the quantum yield is higher
for the former pair or if the difference in rate in only a re-
flection of their higher extinction coefficients. The carbon-
ates presently under examination do afford significantly
higher yields of insertion products upon prolonged irradia-
tion and are of preparative value; however, determination
of meaningful selectivity factors was, of course, of para-
mount importance in the present study, and photolyses
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were conducted at conversion levels only sufficient to per-
mit reliable analyses to be conducted.

The stereochemistry of the cyclic carbonate precursors
1b and le exerts little or no influence upon the observed
insertion selectivity factors, although the initial fragmenta-
tion rates for the dl isomer le may be slightly higher. This
is not unexpected in view of the higher extinction coeffi-
cient observed for this diastereomer at 254 nm.

Similar behavior was observed for the corresponding cy-
clic sulfites 14 and 15. Analysis at low conversions (10%)
where shielding of the alternate isomer if formed should be
relatively effective shows that within the limits of detect-
ability (‘"H NMR and TLC) interconversion of the two dia-
stereomers 1b and le does not occur. Furthermore, no frag-
mentation was observed when the carbonates 1b and le
were irradiated in n-pentane at 350 nm for extended peri-
ods.

Whether a concerted or stepwise mechanism, perhaps in-
volving the oxiranes, is operative remains to be established,
although a stepwise mechanism circumventing the oxiranes
is presently favored since neither cis- nor trans-2,3-di-
phenyloxirane (10a and 10b, respectively) could be detect-
ed by TLC among the reaction products of either 1b or le.

Quantitative evaluation of the selectivity exhibited by
phenylcarbene in the possible modes of addition to cis-2-
butene has been widely employed as a sensitive method of
comparing the properties of this species generated from
different sources and for assessing the extent of triplet par-
ticipation.242530 In order to complement our insertion
studies we have conducted similar addition experiments
with cis-2-butene using the cyclic carbonate precursors 1b
and le. Solutions of known concentrations of 1b, le, and
10b were irradiated in cis-2-butene at 254 nm. The photol-
ysis mixtures were analyzed by GLC as described above for
11, 12, and 13, and the isomeric cyclopropanes 8a-c were
identified by comparison of retention times with authentic
samples obtained by preparative scale photolyses utilizing

Ph
. CH, CH, CH, CH,
PhCH + o/ — ; +
syn
8a
Ph Ph
H H CH; H
: + . (9)
cH, f CH, H H CH,
anti trans
8b 8¢

trans-2,3-diphenyloxirane (10b) as the phenylcarbene
source. The identities of the resulting isomeric cyclopro-
panes obtained from photolyses in cis- and trans-2-butene
and separated by preparative GLC were readily established
by comparison of 'H NMR chemical shifts of the methyl
protons which had previously been reported.2* The addi-
tion studies using cis-2-butene were conducted using short-
er irradiation times (9 min) than those employed in the
C-H insertion reactions in order to preclude photoisomer-
ization of the photolabile cyclopropanes and preserve prod-
uct ratios which would in fact reflect the rates of the pri-
mary addition processes.3:32:33 The reactions are highly
stereospecific (>95%) in each case and from the results of
the comparative studies delineated in Table I, it is clear
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Table II .
Stereoselectivity of Addition of Phenylcarbene
. from Diverse Sources to 2-Butene

Phenylcarbene precursor Syn/anti ratio

0

7
Phﬁ_%?h

H H
1

o]

P
P@MH

H Ph
1c

Ph g E H
H Ph
10b

1.18 + 0.014

1.19+ 0.01

1.19+ 0.01

@ Limits of error in all cases are standard deviations based
upon multiple integrations of several gas chromatograms.

that the stereochemistry of addition (syn/anti ratio) is es-
sentially invariant regardless of source and agree with the
results previously reported by Closs and Moss.24

The cycloaddition results coupled with the comparative
C-H insertion data (vide supra) leave little doubt that a
common intermediate is involved which we believe is “free”
phenylcarbene on the basis of the insensitivity of chemical
behavior on precursor structure. It is assumed that phenyl-
carbene is formed in the singlet state and adds to cis-2-bu-
tene faster than decay to the triplet ground state can occur.
It appears, however, that a small amount of competitive in-
tersystem crossing to triplet phenylcarbene must occur,
since 2-5% of trans-2,3-dimethyl-1-phenylcyclopropane
(8c) is produced in all cases studied. It is believed that this
is a primary product of addition and not the result of isom-
erization since the major primary products, cyclopropanes
8a and 8b, were found to be stable to the reaction condi-
tions provided that the irradiation times are not extended
beyond the time employed (9 min).

While explanations may be advanced to account for the
observed independence of C-H insertion and addition se-
lectivity on the origin of the carbene, insufficient data are
available to provide a definitive mechanistic interpretation
for this behavior. It has been established in other systems
(i.e., geminal diazide, diazo, and oxirane precursors) that
there is sufficient freedom for carbene precursor geome-
tries differing by 10° to yield the same final geometry,?! al-
though the proposition that the strained oxirane 10b and
the diazo precursor should give isoenergetic nascent car-
bene appears unreasonable to us. Equally unlikely we feel
is the proposal that the insertion and addition reactions are
insensitive to energetic factors, although it may be argued
that thermal equilibration to a common vibrational level of
the same state occurs prior to insertion or addition. Cer-
tainly if equilibration of the singlet and triplet states of
phenylcarbene occurs more rapidly than insertion and ad-
dition, as has been proposed,25¢ then the product distribu-
tion would not reflect the properties of the nascent car-
bene.

A study of the photolability of the acetophenone pinacol
carbonates 1d and le has also been conducted and on the
basis of preliminary photolysis experiments (254 nm) it is
clear that both the meso and d! isomers (1d and le, respec-
tively), like the corresponding sulfites,* undergo [5 — 2 + 2
+ 1] photocycloelimination to give methylphenylcarbene.34
The requisite meso- and dl-o,a’-dimethylhydrobenzoin
carbonates (16 and 17, respectively) were prepared by
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treatment of the corresponding hydrobenzoins with diethyl
carbonatel5 and phosgene,!4 respectively. Irradiation of 1d
or le in methanol affords a-phenethyl methyl ether (20%)
and acetophenone identified by GLC analysis using enrich-
ment techniques with authentic samples. Additional evi-
dence that the photolysis of 1d and le affords methylphen-
ylcarbene was obtained by photolysis (254 nm) of these
carbonates in cyclohexane, whereupon a-methylbenzylcy-
clohexane is produced. A more detailed comparative study
of the photochemistry of 1d and le as well as the corre-
sponding sulfites and isomeric 2,3-diphenyl-2,3-dimethy-
loxiranes, which are all methylphenylcarbene precursors, is
in progress.

Experimental Section

Apparatus. Irradiation were conducted in serum-capped 15 cm
X 12.6 mm i.d. fused quartz tubes (unless otherwise specified) in
an air-cooled Rayonet RPR-100 chamber reactor (The Southern
New England Ultraviolet Co., Middletown, Conn.) utilizing the
stated number of G8T5 (254 nm) or F8T5/BLB (350 nm) 8-W low-
pressure lamps at a temperature of approximately 40°. All samples
were degassed by nitrogen sparging for at least 10 min prior to ir-
radiation. A Rayonet MGR-100 merry-go-round apparatus (The
Southern New England Ultraviolet Co., Middletown, Conn.) was
employed in all kinetic studies to ensure uniform radiation of the
individual samples which were rotated at 5 rpm during the course
of photolysis. The quartz tubes used in all kinetic investigations
were fabricated from a single length of 12.6 mm i.d. fused quartz
tubing to ensure that the vessels used in any given run had identi-
cal properties. Several additional precautions were taken in all ki-
netic investigations; the solutions involved were thermally equili-
brated to 25° in a water bath, and the ultraviolet lamps and cham-
ber reactor were allowed to stabilize for a 10-min period prior to
sample insertion.

Analytical gas chromatograms were obtained on either Perkin-
Elmer Model 810 or Model 900 gas chromatographs equipped with
flame ionization detectors. Support-coated open tubular (SCOT)
capillary columns proved particularly effective in the isomer sepa-
ration problems encountered in this study. Absolute yields were
obtained by determination of the gas chromatographic response
factors utilizing authentic mixtures of known concentration of an
internal standard (phenylcyclohexane or n-amylbenzene) and au-
thentic samples of the reaction products. All lamp emission spec-
tra were determined on an Aminco-Bowman spectrophotofluori-
meter.

The proton magnetic resonance spectra were determined on a
Varian A-60 'H NMR spectrometer with 1% tetramethylsilane as
an internal standard. A Hitachi Perkin-Elmer RMU-6E mass spec-
trometer was used for all mass spectral analyses. Ultraviolet ab-
sorption spectra were recorded on a Cary Model 15 spectropho-
tometer in rectangular cells of 1 ecm path length with flat optical
quartz or Suprasil windows. All melting points were determined on
a Thomas-Hoover capillary melting point apparatus and are un-
corrected. Silica gel G (PFg54) on glass plates was used for thin and
thick layer chromatographic separations. Resolution was con-
firmed by exposure of the chromatogram to short-wavelength ul-
traviolet light (Blak-Ray UVL-21) and/or developed in iodine
vapor. Liquid-liquid partition chromatographic separations were
obtained on a 164 cm X 42 mm i.d. glass column utilizing Celatom
Filter Aid as the solid support; the column eluents were monitored
on a Perkin-Elmer Model 202 ultraviolet-visible spectrometer and
fractions were collected with an automatic fraction collector.

Preparation of Benzopinacol Carbonate (la). The method
used for the preparation of la is a modification of that employed
by Mosher, Steffgen, and Lansbury.'® A solution of 95 ml of acetic
acid and 75 ml of acetic anhydride which contained a 2.00-g (6.05
mmol) sample of tetraphenylethylene was treated with 1.21 g (12.0
mmol) of chromium trioxide in the presence of 5.86 g (60 mmol) of
potassium acetate. The crude product mixture deposited upon ad-
dition of 200 ml of water, and the compounds were separated by
thick layer chromatography using a solvent system of 4:1 benzene-
carbon tetrachloride. The carbonate was collected on a filter and
recrystallized from aqueous ethanol to give 410 mg (17%) of benzo-
pinacol carbonate (1a), mp 170-171° (lit.}6 mp 170-171°).

Preparation of Tetraphenyloxirane (5). To a stirred solution
of 4.00 g (1.21 X 1072 mol) of tetraphenylethylene in 140 ml of
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chloroform was added 2,67 g (1.32 X 10~2 mol) of solid m-chloré-
perbenzoic acid (85%) while the temperature was maintained at
20° with a water bath. The resulting mixture was stirred at room
temperature overnight, and the disappearance of tetraphenylethy-
lene was monitored by TLC utilizing an eluent mixture of ben-
zene—carbon tetrachloride (4:1). Upon completion of the reaction,
the excess peracid was destroyed by slow addition of sufficient 10%
aqueous sodium sulfite solution to render the solution neutral to
starch-iodide paper. The mixture was then transferred to a separ-
atory funnel and washed repeatedly with 10% aqueous sodium bi-
carbonate solution. The organic layer was dried over anhydrous so-
dium sulfate and concentrated under reduced pressure. The re-
sulting residue was recrystallized from methanol and 2.61 g (62%)
of tetraphenyloxirane (5), mp 204-205° (lit.352 mp 204-205°, 208~
210° 35b) wag obtained.

Preparation of Benzhydryl Methyl Ether (3). The desired
ether 3 was prepared from benzhydrol by a modification of the
method outlined by Gillis®® and the procedures are described in
detail elsewhere.? Purification of 3 was achieved by distillation
under reduced pressure, bp 105-106° (4 mm) [lit.%7 146-148° (12
mm)].

Relative Rates of Formation of Diphenylcarbene from Ben-
zopinacol Carbonate (la) and Tetraphenyloxirane (5). In each
of two identical clear fused quartz tubes was placed 2.47 X 1072
mmol of the compound to be irradiated [9.70 mg of benzopinacol
carbonate (la) or 8.61 mg of tetraphenyloxirane (5)]. A 10-ml ali-
quot of anhydrous methanol containing 2.18 X 1073 g (1.36 X
1075 mol) of phenylcyclohexane was added to each tube by
means of a 10-ml volumetric pipet. The tubes were sealed, de-
gassed by nitrogen sparging, equilibrated at 25° in a water bath,
and irradiated for a total of 14 min using eight G8T5 low-pressure
mercury lamps. Aliquots (3 ml) of the solutions under study were
withdrawn by syringe during the photolysis after total exposure
times of 4 and 9 min. The resulting solutions were concentrated
under reduced pressure and analyzed by GLC utilizing an Apiezon
L SCOT 50 ft capillary column (The Perkin-Elmer Corp., Nor-
walk, Conn.) operated isothermally at 200°. Enrichment tech-
niques employing authentic samples of benzhydryl methyl ether
(3) and the internal standard (phenylcyclohexane) permitted iden-
tification of the peaks in the resulting gas chromatograms. Multi-
ple runs of each sample were made, and the requisite peak areas
were determined by multiplication of peak height by peak width at
one-half peak height. The peak areas due to 3 and phenylcyclohex-
ane were tabulated and their ratios compared. Absolute yields
were obtained by determination of the GLC response factors using
known solutions of phenyleyclohexane and 3. Subsequent TLC
analysis (4:1 benzene—carbon tetrachloride) revealed that no de-
tectable tetraphenyloxirane (5) was present in the carbonate pho-
tolysis mixture. ‘

Irradiation of Benzopinacol Carbonate (la) in Methanol. A
106-mg (2.72 X 10~* mol) sample of benzopinacol carbonate (1a)
was dissolved in 5 ml of methanol in a 15 cm X 24 mm i.d. clear
fused quartz tube which had been modified to accept an aerosol
compatibility head assembly3® or alternatively a Griffin-Worden
pressure vessel was employed.®® The sample was then degassed
using the freeze—-thaw method prior to irradiation for 14 hr using
16 G8T5 low pressure mercury lamps. Upon completion of the
photolysis, the gases evolved were examined mass spectrometrical-
ly, and found to contain a substantial amount of carbon dioxide.
The mass spectrometer was calibrated against air prior to analysis
of the effluent gases from the reaction mixture. The excess metha-
nol was then removed under reduced pressure from the reaction
mixture, and the resulting residue was separated by TLC utilizing
an eluent mixture of 2:1 benzene—carbon tetrachloride. The fol-
lowing pure photolysis products were isolated, and are listed in
order of decreasing Ry values: 9,10-diphenylphenanthrene (4, 10%)
[spectroscopically identical with authentic sample prepared by
photolysis (254 nm) of tetraphenylethylene in methanol!?],
benzhydryl methyl ether (3, 60%), and benzophenone (15%), both
identical with authentic samples. No residual carbonate la or
tetraphenyloxirane could be detected by TLC [benzene-carbon
tetrachloride (4:1)].

Irradiation of Benzopinacol Carbonate (1a) in Methanol at
350 nm. A 58-mg (1.4 X 10~ mol) sample of benzopinacol carbon-
ate (1a) was dissolved in 10 ml of methanol in a 15 cm X 1.8 cm i.d.
Pyrex tube, and irradiated for 16 hr utilizing 16 F8T5/BLB low
pressure mercury lamps (350 nm). Upon completion of the irradia-
tion, the volatile solvent was removed under reduced pressure and
subsequent analysis of the residue by infrared and TLC (4:1 ben-
zene—carbon tetrachloride) confirmed that no detectable photo-
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products were formed upon irradiation of 1a under these condi-
tions.

Preparation of meso-Hydrobenzoin (6b). meso-Hydroben-
zoin was prepared by sodium borohydride reduction of benzil as
described by Fieser.?0 The crude product was recrystallized from
aqueous ethanol, mp 136-137° (lit.** mp 136-137°).

Preparation of meso-Hydrobenzoin Carbonate (1b). A mod-
ification of the procedure employed by Ludwig and Piech for the
preparation of cyclic 1,3-diol carbonate esters was utilized. A solu-
tion of 500 mg (2.33 mmol) of meso-hydrobenzoin (6b) in pyridine
was placed in a three-necked round-bottom flask, equipped with a
gas dispersion tube, thermometer, and an exhaust outlet. Phosgene
was introduced slowly into the stirred solution which had been
previously cooled to 15° at a rate sufficient to maintain the reac-
tion temperature at approximately 35°. After an excess of phos-
gene had been added to the mixture, the reaction vessel was pro-
tected with a drying tube and the resulting solution stirred for 6 hr
at room temperature. The system was subsequently flushed with
nitrogen and the solvent and excess phosgene subsequently re-
moved under reduced pressure while exercising the usual precau-
tions for disposing of phosgene. The resulting residue was taken up
in methylene chloride and washed twice with water and once with
a saturated cupric nitrate solution. The resulting organic layer was
dried over anhydrous sodium sulfate and concentrated under re-
duced pressure. Recrystallization of the residue from aqueous eth-
anol afforded 270 mg (48%) of pure meso-hydrobenzoin carbonate
(1b), mp 126-127° (lit.15 mp 127°).

Preparation of dI-Hydrobenzoin (6¢). The compound was
prepared by an adaptation of the method described by Berti and
Bottari.A! trans-2,3-Diphenyloxirane (10b) was treated with triflu-
oroacetic acid to give the monoester, which was then treated with
ethanolic potassium hydroxide according to the procedure out-
lined by Jenevein.*? Isolation of the crude product and subsequent
recrystallization from heptane yielded the desired d!-glycol 6¢, mp
120-121° (lit.42 mp 120-121°).

Preparation of dI-Hydrobenzoin Carbonate (1¢). An aliquot
(4.0 g) of a solution of phosgene in benzene (12.5%) was added
slowly with stirring to a solution containing 500 mg (2.30 mmol) of
dl-hydrobenzoin (6¢) and 460 mg (5.80 mmol) of pyridine in 25 ml
of anhydrous benzene. The rate of addition was controlled to
maintain the temperature of the reaction mixture between 30 and
35°, After addition was completed, the resulting mixture was

.stirred overnight and the crude carbonate lc was isolated in a

manner identical with that described for the meso isomer and re-
crystallized from aqueous ethanol to give 300 mg (54%) of di-hy-
drobenzoin carbonate {1¢), mp 110.0-110.5° (lit.*3 mp 110°).

Preparation of trans-2,3-Diphenyloxirane (10b). The proce-
dure used was identical with that previously described for the
preparation of tetraphenyloxirane (5). A 6.0-g (33 mmol) sample of
trans-stilbene upon treatment with m-chloroperbenzoic acid af-
forded 4.12 g (63%) of trans-2,3-diphenyloxirane (10b), mp 69-70°
(lit.35b mp 69-70°).

Preparation of Phenyldiazomethane. Phenylhydrazone was
prepared by treatment of benzaldehyde with hydrazine hydrate
and barium oxide according to the method outlined by Curtius and
Pflug.** Yellow mercuric oxide was added to the phenylhydrazone
in pentane as described by Staudinger and Gaule,*5 and the result-
ing suspension shaken for 3 hr. The mixture was then filtered, and
the -volatile solvents removed under reduced pressure to give the
desired reddish-brown phenyldiazomethane, which was prepared
freshly and used immediately in all experiments.

Preparation of Benzyl Methyl Ether (9). The ether 9 was
prepared by an adaption of the method outlined by Gillis*® and
employed for benzhydryl methyl ether 3 and has been described
previously.# Distillation at atomospheric pressure gave the pure
benzyl methyl ether (9), bp 169-170° (lit.*6 bp 170°).

Irradiation of meso- and dI-Hydrobenzoin Carbonates (1b
and lc, respectively) in Methanol at 254 nm. The carbonates 1b
and le were irradiated in methanol under conditions described for
the photolysis of benzopinacol carbonate in methanol. The result-
ing products, benzyl methyl ether (9) and benzaldehyde, were
identified by GLC using enrichment techniques.

Irradiation of meso- and dI-Hydrobenzoin Carbonates (1b
and le, Respectively) at 350 nm. In two 15 em X 18 mm i.d.
Pyrex tubes were placed 50 mg (2.1 X 10™* mol) samples of the
meso- and dl-hydrobenzoin carbonates (1b and le respectively) in
10 ml of methanol. The solutions were irradiated using 16 F8T5/
BLB mercury lamps (350 nm) for a period of 14 hr. Removal of the
volatile solvent under reduced pressure and subsequent infrared
and TLC [benzene-carbon tetrachloride (4:1)] analyses of the resi-
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due revealed that 1b and le¢ are photostable under these condi-
tions.

Preparation of Benzylcyclohexane (7). Benzylcyclohexane
was prepared as described earlier* by treatment of cyclohexanone
with benzylmagnesium bromide to give the 1-benzylcyclohexa-
nol,*” which was subsequently dehydrated with iodine in toluene
and then hydrogenated using palladium on charcoal as a catalyst.
Purification was achieved by distillation, bp 141° (26 mm) [lit.48
bp 132° (19 mm)]. '

Relative Rates of Formation of Phenylcarbene from dI-
Hydrobenzoin Carbonate (1b) and trans-2,3-Diphenyloxirane
(10b) in Cyclohexane. In each of two identical, clear fused quartz
tubes was placed 4.07 X 10~2 mmol of the compound under inves-
tigation [9.80 mg of dl-hydrobenzoin carbonate (1b), or 8.81 mg of
trans-2,3-diphenyloxirane (10b)]. A 10-ml aliquot of cyclohexane
containing 2.16 mg (1.35 X 10~2 mmol) of phenylcyclohexane was
transferred to each tube by means of a 10-ml volumetric pipet. The
tubes were degassed, sealed, and photolyzed using the “merry-go-
round” technique for a total of 7 min utilizing four G8T5 8-W low-
pressure mercury lamps. Irradiations were interrupted after total
exposure times of 1 and 4 min, and 3-ml aliquot samples were
withdrawn with a syringe as previously described. The samples
were concentrated under reduced pressure, and analyzed by GLC
using a single DC-550 SCOT 50 ft capillary column operated iso-
thermally at 150°. Enrichment techniques employing authentic
samples of benzylcyclohexane (7) and the internal standard (phen-
ylcyclohexane) permitted confirmation of the identity of these
peaks in the resulting gas chromatograms. Multiple runs of each
sample were made, and the requisite peak areas were obtained by
multiplying peak height by peak width at one-half peak height.
The peak areas due to 7 and phenylcyclohexane were tabulated
and their ratios compared. Enhancement studies with authentic
samples also demonstrated the presence of benzaldehyde and bicy-
clohexyl among the photolysis products of both the oxirane 10b
and the carbonate 1b. Subsequent TLC analysis [benzene~carbon
tetrachloride (4:1)] revealed no photoisomerism of either 10b or 1b
under the reaction conditions, and no detectable oxirane 10b was
found among the carbonate photoproducts.

Preparation of 2- and 3-Benzylpentane (11 and 12, Respec-
tively). The synthesis of 11 and 12 was accomplished by tech-
niques previously described in detail.* The requisite 1-phenylhex-
ane (13) was purchased (Aldrich Chemical Co., Inc., Milwaukee,
Wis.).

Insertion of Phenylcarbene Generated from Other Sources
in n-Pentane. In each of four identical, fused quartz tubes was
placed 3.30 X 10~2 mmol of the substrate to be studied. The spe-
cific amounts employed were as follows: 7.94 mg of meso-hydro-
benzoin carbonate (1b), 7.93 mg of di-hydrobenzoin carbonate
(1e), 6.48 mg of trans-2,3-diphenyloxirane (10b), and 3.90 mg of
phenyldiazomethane. A 10-ml aliquat of a 1.0 X 10~% M solution of
amylbenzene in n-pentane (99%) was transferred to each tube by
means of a 10-ml volumetric pipet. The tubes were sealed, de-
gassed by nitrogen sparging, equilibrated to 25° in a water bath,
and irradiated for 25 min utilizing the ‘“merry-go-round” tech-
nique with eight G8T5 low-pressure mercury lamps. A duplicate
sample of phenyldiazomethane was irradiated for 4 hr utilizing 16
F8T5/BLB mercury lamps (350 nm). Upon completion of the irra-
diations, the samples were concentrated at room temperature
under reduced pressure and analyzed by GLC. Satisfactory resolu-
tion of the resulting benzylpentanes, 11, 12, and 13, was obtained
using a DC-550 SCOT 50 ft capillary column and temperature pro-
gramming from 75° to 145° at 2°/min. The programmed tempera-
ture rise was begun simultaneously with sample injection, and the
final temperature was held for 2 min upon termination of each run.
Enrichment methods using authentic samples of each of the ben-
zylpentane isomers 11, 12, and 13 and the internal standard (amyl-
benzene) confirmed the identity of these peaks in the resulting gas
chromatograms. Each sample was injected several times, and the
resultant peak areas were obtained by multiplying peak height by
peak width at one-half peak height. In this manner, the areas of
the peaks corresponding to 11, 12, and 13 and amylbenzene were
determined and tabulated. The ratios of the isomers were calculat-
ed and compared for each separate carbene precursor. Absolute
yields were obtained by determination of the GLC response factors
utilizing standard solutions of amylbenzene and authentic samples
of the reaction products. Further enhancement studies demon-
strated that benzaldehyde is also present in the photolysis mix-
tures obtained from the oxirane 10b, and both the carbonates 1b
and le. Subsequent TLC analysis employing an eluent mixture of
benzene-carbon tetrachloride (4:1) revealed that no photoisomer-
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ism to give the alternate isomer occurs with either the oxirane 10b
or the isomeric carbonates 1b and lc. Furthermore, neither cis-
nor trans-2,3-diphenyloxirane (10a and 10b, respectively) was de-
tected as a photoproduct of photolysis.

Preparation of syn-, anti-, and trans-2,3-Dimethyl-1-phen-
vlcyclopropanes (8a, 8b, and 8¢, Respectively). Authentic sam-
ples of the cyclopropanes 8a and 8b were prepared from cis-2-bu-
tene and phenylcarbene generated photochemically from trans-
2,3-diphenyloxirane (10b). A 2.00-g (0.01 mol) sample of trans-
diphenyloxirane (10b) was dissolved in 20 ml of cis-2-butene
(99.91 mol %) and placed in a 15 ¢cm X 24 mm i.d. quartz tube
which had been modified to accept an aerosol compatibility
head.8 Alternatively a Griffin-Worden quartz pressure vessel may
be used.?? The head was secured and the solution degassed by the
multiple “freeze-thaw” method prior to irradiation for 24 hr
employing 16 G8TS low-pressure mercury lamps. The excess cis-
2-butene was then removed by short-path distillation and the resi-
due subjected to preparative GLC using a 12 ft X 0.25 in. 10% Dow
Corning silicone high vacuum grease on Chromosorb P column op-
erated isothermally at 150°. Judicious collection procedures yield-
ed two of the pure cis isomers with the following 'H NMR spectral
characteristics which agree with previously reported data:24 syn
['H NMR (CCly) r 2.80 (s, 5, phenyl), 9.05 (s, 6, methyl)] and anti
[*H NMR (CCly) 7 2.92 (s, t, phenyl), 8.87 (s, 6, methyl)] (8a and
8b, respectively). The mass spectra in both cases exhibited the ex-
pected molecular ion, m/e 146,

A sample of 8¢ was obtained by a similar photolysis of trans-
2,3-diphenyloxirane (10b) in trans-2-butene (99.63 mol %). Isola-
tion procedures as outlined for 8a and 8b afforded the pure trans
isomer 8¢ ['H NMR (CCly) 7 2.02 (s, 5, phenyl), 9.22 (d, 6, meth-
yD]. The mass spectrum of 8¢ displayed the anticipated molecular
ion, m/e 148.

Addition of Phenylcarbene Generated from Diverse
Sources to cis-2-Butene. Irradiations were conducted in 150 X 24
mm i.d. fused quartz tubes which had been modified to accept an
aerosol compatibility head assembly®® or alternatively in a Griffin-
Worden pressure vessel.?® The substrate to be photolyzed was
placed in the quartz pressure tube, and the head secured prior to
evacuation of the system. The assembly was then immersed in a
dry ice-acetone bath, and sufficient cis-2-butene (99.91 mol %)
was admitted by means of a coupling tube to obtain a solution
which was approximately 5.0 X 10~3 M. The specific weights of the
compounds employed follow: 15.32 mg (7.88 X 1078 mol) of trans-
2,3-diphenyloxirane (10b), 15.31 mg (6.40 X 105 mol) of meso-
hydrobenzoin carbonate (1b), and 11.13 mg (4.65 X 10~% mol) of
dl-hydrobenzoin carbonate (le). The solutions were degassed
using the multiple “freeze~thaw” method, and irradiated for 9 min
at 254 nm using eight G8T5 low-pressure mercury lamps. Upon
completion of photolysis, the excess cis-2-butene was collected and
subsequent GLC analysis revealed that no isomerization of this
substrate had occurred under the reaction conditions. A 1-ml ali-
quot of a methylene chloride solution containing 0.543 mg (3.34 X
107¢ mol) of 1-phenylhexane was added to each reaction mixture
by means of a 1-ml volumetric pipet. The reaction mixtures were
then concentrated under reduced pressure and analyzed by GLC.
Satisfactory resolution of the isomeric cyclopropanes formed dur-
ing photolysis was acheived utilizing two DC-550 50 ft SCOT capil-
lary columns in series, and temperature programming from 100 to
128° at 0.5°/min. The programmed temperature rise was begun si-
multaneously with sample injection. Sample enrichment tech-
niques employing authentic samples of each of the isomeric 2,3-
dimethyl-1-phenylcyclopropanes 8a, 8h, and 8¢ and the internal
standard (1-phenylhexane) allowed identification of these peaks in
the resulting gas chromatograms. Multiple runs of each sample
were made, and the resulting peaks were sufficiently symmetrical
to permit the peak areas to be determined by multiplication of
peak height by peak width at one;half peak height. In this manner,
the areas of the peaks corresponding to 8a, 8b, 8¢, and 1-phenyl-
hexane were determined and tabulated. The ratios of the isomers
were calculated and compared for each of the carbene precursors
studied. Subsequent TLC analysis employing an eluent system of
benzene—carbon tetrachloride (4:1) revealed that no isomerism of
the oxirane substrate 10b or carbonates 1b and le occurs under
the reaction conditions. Furthermore, there was no evidence of the
related cis- or trans-oxiranes (10a or 10b, respectively) in either of
the carbonate photolysis mixtures.

Preparation of meso-a,a’-Dimethylhydrobenzoin (16). The
procedure reported by Stocker and co-workers involving the addi-
tion of 2 mol of methyllithium to benzil was utilized for the prepa-
ration of this diol.*® Two recrystallizations of the crude product
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from benzene-heptane provided meso-a,o’-dimethylhydrobenzoin
(16), mp 120-121° (lit.4°® mp 120-121°).

Preparation of meso-a,o’-Dimethylhydrobenzoin Carbon-
ate (1d). A solution of 500 mg (1.90 mmol) of meso-a,a’-dimeth-
ylhydrobenzoin (16) was heated under reflux with 10 mg (0.10
mmol) of sodium methoxide and 250 mg (2.10 mmol) of diethyl
carbonate in 30 ml of anhydrous toluene for 2 hr following the
method outlined by Sarel and co-workers.!5 The ethanol which is
formed was distilled and collected. The toluene and excess diethyl
carbonate were removed under reduced pressure, and the resulting
residue was dissolved in methylene chloride and worked up in the
manner previously described for 1b, A total of 200 mg (99%) of
meso-a,o’ -dimethylhydrobenzoin carbonate (1d), mp 129-130°
(lit.1® mp 129.5-130°), was obtained.

Preparation of dl-a,o'-Dimethylhydrobenzoin (17). This pi-
nacol was prepared by the addition of freshly distilled biacetyl to
phenyllithium as outlined by Stocker and co-workers.*® Several re-
crystallizations of the crude product from heptane were required
to obtain the diol in the desired state of purity, mp 124-125° (lit.4?
mp 124-125°),

Preparation of dl-a,a’-Dimethylhydrobenzoin Carbonate
(1e). The procedure used for the preparation of le is a modifica-
tion of that described by Ludwig and Piech.l4 A solution contain-
ing 1.12 g (4.60 mmol) of di-«,a’-dimethylhydrobenzoin (17) and
0.90 g (11.6 mmol) of anhydrous pyridine in 30 ml of anhydrous
benzene was placed in a three-necked round-bottom flask, and a
5.92-g aliquot of a cold solution of 12.5% phosgene in benzene was
added dropwise at a rate sufficient to maintain the reaction tem-
perature below 30°. The resulting mixture was stirred overnight
and isolation achieved in the manner described previously for le.
A total of 0.41 g (37%) of the desired dl-o,a’-dimethylhydroben-
zoin carbonate (le), mp 119-120° (lit.1¥ mp 120.5-121°), was ob-
tained.

Irradiation of meso-a,a'-Dimethylhydrobenzoin Carbonate
(1d) in Methanol. A solution of 0.027 mg (1 X 10~ mol) of meso-
a,o’~dimethylhydrobenzoin carbonate (1d) in 10 ml of methanol
was degassed by nitrogen sparging and irradiated in a quartz tube
(254 nm, Hanovia 250 W) for 2 hr. The reaction mixture was con-
centrated under reduced pressure and examined by GLC [2%
OV-17 on Chromosorb W, 4 in. X 6 ft (6 mm X 2 m), 110°C]. Two
products were observed and determined to be a-phenethyl methyl
ether and acetophenone in the ratio of 2:1 The yield of a-phen-
ethyl methyl ether was determined to be 20% using phenylcyclo-
hexane as an internal GLC standard.
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