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CHqCly, filtered, washed with CH3OH to replace the CHoCly then with
H;O to replace the CH3OH, and then placed in 1.0-cm diameter col-
umns. CuSOy solutions (100 mL of 0.1 N) adjusted with 1 N H,SO,
to pH 4 or with NH4OH to pH 9 were passed at a 1 mL/min rate, and
then followed by pH 4 water. The effluents were combined and ana-
lyzed. The polymer was eluted using 3 N H2SQy4, and this solution was
analyzed also. Good agreement was obtained for results by both
methods; Cu?* was determined using a Varian A-1000 atomic ab-
sorption spectrophotometer.

Registry No.—2a, 100-14-1; 2b, 6694-75-3; 2¢, 66358-54-1; 2d,
30787-43-0; 2e, 23731-06-8; 4a, 52761-08-7; 4b, 62302-28-7; 4c,
6959-48-4; 4d, 1822-51-1; 5, 4053-45-6; 7a, 55912-20-4; Th, 57403-35-7;
toluene, 108-88-3; divinylbenzene-styrene copolymer, 9003-70-7;
Amberlite XE-305, 39464-91-0; Amberlite XAD-2, 9060-05-3; Am-
berlite XAD-4, 37380-42-0.
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The factors governing the competition between formation of a-acetoxy ketones and the doubly dehalogenated
(“parent”) ketones in the electrochemical and chemical reduction of @,a’-dibromo ketones in acetic acid are ex-
plored in a series of dibromophenylacetones. The degree of substitution in the dibromo ketone has a major effect
upon the competition. The mass spectra of starting ketones and product a-acetoxy ketones are discussed, and sev-

eral characteristic features are observed.

We have previously described the conversion of a number
of a,a’-dibromo ketones (1) to a-acetoxy ketones (2) by elec-
trochemical reduction in acetic acid containing sodium ace-
tate.3 In general (neglecting small amounts of other products),
the reaction generates a mixture of 2 and the corresponding
“parent” ketone 3 (eq 1), with 2 predominating when at least

0
RWRS
Br Br
R, R
1
0O 0]
2e, Hg cathode Rl\ Ry Rl}&& W
————————r et
HOAc, NaOAc u” OAc * g H
R, R, R, R
2 3

three of the substituents R;-R4 are alkyl and 3 predominating
otherwise.? More recently, we have found that a very similar
conversion to that shown in eq 1 can be effected by allowing
the dibromo ketone 1 to react with ultrasonically dispersed
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mercury in acetic acid.4 Although similar products are formed
in this chemical reduction, acetoxy ketones 2 are formed in
higher relative amounts than in the electrochemical reduction.
In the interests of exploring further the differences between
the chemical and electrochemical versions of eq 1, and to test
the hypothesis that the competition between 2 and 3 depends
upon the relative ease of formation of an intermediate 2-
oxyallyl cation®4 (see Discussion), we decided to carry out a
study of the reduction, by both methods, of a series of «,«’-
dibromophenylacetones (4-10) with differing degrees of «
substitution. We report herein the results of that study, which
are consistent with our original mechanistic hypothesis.3-+

Results

Synthesis of Ketones and Dibromo Ketones. Ketone 11
was commercially available; 12 was prepared by a straight-
forward route (phenylacetaldehyde plus isopropyl Grignard,
and chromic acid oxidation of the resulting alcohol). Ketones
13-16 were all prepared by phase-transfer alkylation of the
corresponding benzyl ketone, using a two-phase system con-
sisting of aqueous sodium hydroxide and dichloromethane
containing ketone, alkyl iodide, and tetrabutylammonium
iodide according to the method of Brandstrom and Junggren.?

© 1978 American Chemical Society
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Yields were only moderate due to competing aldol conden-
sation of the starting ketone.

Dibromides 4 and 7 could be prepared in good yield by the
method of Claesson and Thalen.® This method was less sat-
isfactory as a route to 5 and 6, and to obtain these materials
in a purer form the bromination of 13 and 15 was carried out
in acetic acid. It was not possible to obtain dibromo ketones
8 and 9 in sufficiently pure form for further investigation. One
small scale bromination of 14 in dichloromethane afforded
fairly pure 8 (NMR), but when the reaction was scaled up a
more complex mixture was obtained. Oxidative degradation
of this mixture afforded a mixture of p-anisic acid (17) and
a bromoanisic acid (18), demonstrating that bromination had
occurred at least partially on the aromatic ring.

CH30—©— CO.H
Br

17 18

CH;0 CO.H

Although bromination of a,a,o’,o’-tetraalkylacetones can
be readily effected using the procedure (aqueous HBr, neat,
65 °C) of Claesson and Thalen,® we were unable to obtain 9
in this way. Under these vigorous bromination conditions 9
(or the corresponding monobromide, or both) apparently
suffers dehydrohalogenation to 19 (NMR singlets at § 5.84 and
5.99), and there is also some evidence for the subsequent
conjugate addition of HBr to 19 to afford 20 (NMR 6 4-5).

0 By 0
C Hs CGH5 BI‘
—HBr "IN HBr
9 — —_—

H/ H Br

19 20
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Other bromination methods that were tried (acetic acid at
room temperature, N-bromosuccinimide in refluxing carbon
tetrachloride,” and photochemical bromination using mo-
lecular bromine)® either gave similar results under vigorous
conditions or afforded mixtures of monobromides when car-
ried out under mild conditions. Thus, the reduction experi-
ments were carried out only on dibromo ketones 4-7. Dibro-
mide 10° was reduced only by mercury.

Electrochemical and Chemical Reduction of Dibromo
Ketones. The electrochemical reactions on 4-7 were carried
out under previously established standard conditions? (acetic
acid containing 1.0 M sodium acetate; mercury cathode,
controlled potential). Reactions generally proceeded as in eq
1, though small amounts of other materials were also formed
(usually in sufficiently small quantity to preclude isolation
and characterization). All major products of the electro-
chemical reactions were isolated by preparative VPC and
identified by NMR and mass spectroscopy. Mercury reduc-
tions on 4-7 and 10 were carried out by allowing the dibromo
ketone and mercury to react at 25 °C in acetic acid containing
1.0 M sodium acetate with ultrasonic stirring.* Since the
characterization of products had generally already been car-
ried out on the products of the electrode reaction, the mixtures
were generally simply analyzed for the relative ratios of ace-
toxy ketone to parent ketone. Some reductions afforded
monobromo ketones; for mechanistic reasons (see Discussion),
these were included with the parent ketone when calculating
such ratios. The results of reduction of the various dibromo
ketones under the two reduction methods are outlined in
Table I. The previously reported® result of electrochemical
reduction of dibromophenylacetone (21) is included for
comparison. In general, two isomeric acetoxy ketones may be
formed from each dibromo ketone, a 1-phenyl-1-acetoxy-2-
propanone (22) or a 1-phenyl-3-acetoxy-2-propanone (23)

0 0 0
CGHE,\HH C5H5>i)2[\3< R ceHs\lrkKR,
R R// R“
Br Br OAc R OAc
21 22 23

(numbering as shown). The total yields of products were
generally good (=80%) in both types of reduction, in keeping
with our previous experience with the electrochemical reac-
tion3 but in contrast with the mercury reduction of aliphatic
dibromo ketones.*

Several observations may be made concerning the data in
Table L. First, it may be noted that the relative proportion of
a-acetoxy ketone(s) in the product mixture (last column) in-
creases as the degree of a-alkyl substitution in the dibromo
ketone increases from 21 through 4 and 5 to 6 and 7. Secondly,
the relative proportions of 22 to 23 in the a-acetoxylated
products are quite dependent upon the structure of the di-
bromo ketone; 1-acetoxy ketone 22 predominates from 5 and
6, while 3-acetoxy ketone 23 predominates from 4 and 7. Fi-
nally, the relative proportion of acetoxy ketone from a given
dibromo ketone is usually greater in the mercury reaction than
in the electrochemical reduction, though the relative amounts
of 22 and 23 are the same in the two reactions for a given di-
bromo ketone.

Discussion

The results of this study are fully consistent with the
mechanism previously proposed for the electrochemical re-
duction of dibromo ketones in acetic acid (Scheme I).3:10
Prominent features of this mechanism include the following:
(a) an enolate anion (24) is first formed but is quickly pro-
tonated in acid to form enol allylic bromide 25; (b) this in-
termediate may tautomerize to bromo ketone 26, which would
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Table I. Reduction of Dibromo Ketones in Acetic Acid

Dibromo Reduction Parent Monobromo Other, Acetoxylation
ketone method 22, % 23, % ketone, % ketone, % % efficiency?
21 Electrochemical®c 0 0 100 0 0 0
4 Electrochemical 8 21 66 0 5 0.4
4 Mercury?.¢ 12 66 16 0 6 4.9
4 Mercuryef 7 59 16 15 3 2.1
4 Mercury®-£ 11 48 21 9 11 2.8
5 Electrochemical ®-¢ 43 11 38 0 8 2.0
5 Mercury< 29 8 20 33 10 0.7
6 Electrochemical®.¢¢ 64 15 14 0 7 5.6
6 Mercury<-e 62 17 12 0 9 6.6
7 Electrochemical ®:¢- 3 83 8 0 6 10.8
7 Mercury<-¢ 6 88 0 0 6 oh
10 Mercury¢-¢ 100 0 0 0 wh

a (% 22 + % 23)/(% 3 + % 26). ® Mercury cathode, 25 °C, 1.0 M NaOAc in HOAc. ¢ Analysis by VPC. 9 1.0 M NaOAc in HOAc.
e Analysis by NMR. /f HOAc. ¢ HOAc saturated with NaOAc. " No parent ketone was detectable by VPC or NMR.

Scheme I
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undergo subsequent reduction to parent ketone 3 by the same
pathway, in known fashion; or (c) 25 may eject bromide ion
to afford the 2-hydroxyallyl cation 27. Subsequent nucieo-
philic attack on 27 by acetate and/or acetic acid would afford
the isomeric acetoxy ketones 28 and 29. We have argued? that
the particular branch chosen by 25 depends mainly on the
stability of cation 27 and that the path leading to acetoxy
substitution will be chosen in acetic acid when at least three
of the substituents (R, Rg, Rg, and Ry) are alkyl. (We do of
course recognize the fact that highly substituted enols can be
rather long-lived!! and that therefore a high degree of alkyl
substitution in 25 will probably retard the rate of conversion
to 26, as well as enhancing the rate of ionization to 27.) We
have supported our emaphasis on the effect of substitution on
the rate of ionization of 25 by reference to literature data
which show that ionization of allylic chlorides is indeed very
sensitive to the degree of alkyl substitution.1? Since cinnamyl
chloride ionizes at a rate slower than any of the dimethylallyl
chlorides!? and two alkyl groups in 25 do not apparently
provide sufficient stabilization to 27 to render ionization
competitive with tautomerization to 26, we found it unsur-
prising that 21 should afford only the parent ketone, phe-
nylacetone, upon reduction.’ The mechanism in Scheme I
suggests that increasing amounts of a-acetoxy substitution
product should be formed as alkyl substituents are succes-
sively introduced into the two o positions of 21. As the data

in Table I indicate, this is indeed the case. Introduction of a
single alkyl group into 21 (4 and 5) increases the yield of ace-
toxy ketones from 0% to 29 and 54%, and addition of a second
methyl group (6 and 7) increases the vield of substituted
materials to 79 and 86%. A second phenyl substituent (10)
leads to clean formation of acetoxy ketone. This experiment
cannot be compared directly with the electrochemical re-
duction of 21 because of the intrinsic tendency of the mercury
reaction to favor substitution (vide infra), but a comparison
of the mercury reductions of 4 and 10 clearly shows the su-
perior carbonium ion stabilizing ability of phenyl over methyl.
We had expected that 8 would give more « substitution than
5 because of the strong electron-releasing power of a p-OCHg
substituent, but the difficulty we experienced in the prepa-
ration of this material prevented a test of this hypothesis. The
effects of alkyl substituents found herein find close parallel
in studies of the Favorskii rearrangement of «-halo ke-
tones.1314 Chloride 30 reacts with methanolic methoxide 250
times faster than 31 and exhibits a kg,/kc ratio of 1 with only

0 0]
CeH; \)H/ CeH; \)k/CI
Cl
30 31

5% deuterium exchange as opposed to a kp,/kc) ratio of 63 and
80% deuterium exchange for 31.13d These results constitute
clear evidence that the enolate from 30 ionizes considerably
faster than that from 31 so that the rate-determining step
changes from ionization of chloride from the enolate of 30 to
proton removal as rate-determining in the case of 31.

In almost every case the acetoxylation efficiency, i.e., the
ratio of acetoxylated product to parent ketone [actually, the
sum of parent ketone and monobromo ketone since the latter
occurs after the mechanistic branch (Scheme I) and is believed
to lie on the route to parent ketone], is higher in the mercury
reaction than in the corresponding electrochemical reaction.
This, the fact that the ratio of 22 to 23 is the same in both
electrochemical and chemical reactions for a given dibromide,
and the trend toward higher acetoxylation efficiency with
increasing alkyl substitution are all consistent with our pre-
vious experience with the mercury reduction of aliphatic di-
bromo ketones.* All of these factors strongly suggest similar
but nonidentical mechanisms for the two kinds of reduction.
We have previously suggested that the mercury reaction in-
volves intermediate 32 rather than 25 and that the increased
acetoxylation efficiency in the mercury reaction is associated
with a slower conversion of 32 to monobromo ketone 26 rather
than with a greater tendency of 32 to ionize compared with
25.4
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It is interesting to note that the 1-acetoxy ketone 22 pre-
dominates in the reduction of dibromo ketones 5 and 6, while
the 3-acetoxy ketone 23 is favored in the reduction of 4 and
7. We believe that this feature of the results may be under-
stood in terms of the competitive factors governing attack at
the two possible sites of 1-phenylallyl cation 27 (or its mercury
analogue). There are two principal factors to be considered:
charge distribution in the cation and stability of the enol ac-
etate resulting from nucleophilic attack on the 2-hydroxyallyl
cation. We may consider the ions 33-36 derived from dibromo

OH OH
CeH; A CeH; A\
N [
28% 2%
80% 20%
33 34
OH OH
e L CH_J
7+ [
81% 19% 35% 96.5%
35 36

ketones 4-7, respectively, and the relative amounts of attack
at the two sites in each. Attack on 34, 35, and 36 occurs prin-
cipally at the tertiary site, presumably the locus of greatest
charge in each case. It is interesting, however, that a sub-
stantial amount of attack does occur at the other site in 34 and
35. This may be because a more stable enol (tetrasubstituted
double bond and conjugated with the aromatic ring) is formed
by attack at C-3 of 34 and 35. Cation 33 is attacked at the site
of lower charge (C-3); it may be that here the effect of ob-
taining preferentially that enol whose double bond is conju-
gated with the benzene ring is dominant when neither carbon
is tertiary. (It is worth commenting here, incidentally, that we
have been unable to obtain any evidence for equilibration of
isomeric acetoxy ketones under our experimental conditions.
The electrochemical reactions are run on a time scale of hours
and the mercury reductions for days, yet the relative ratios
of 22 and 23 are the same in the two reactions.) The ratios of
22 to 23 found in this work are consistent with previous studies
by Bordwell et al. on positional selectivity in the reaction of
halo ketones in dilute methanolic methoxide to afford a-
methoxy ketones!3 and with the limited data in the literature
on the products of nucleophilic attack on substituted cinnamyl
cations.!® The analogy to Bordwell’s work is to be expected
since intermediates 24, 25, and 27 are also proposed by
Bordwell as the precursors to a-methoxy ketones in that re-

action.13
Monobromides have occasionally been observed by us in
reductions of dibromo ketones by mercury. It was quite sur-
prising, however, to find that the monobromide formed in the
reduction of 5 is the benzylic bromide 37 (NMR) rather than
its isomer 38 since reduction of the benzyl bromine of 5 ought
B O 0 0

r
CeH; C¢H, Br CH;

CH,
37 38 39
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to be markedly easier.16 It is possible that the initially formed
bromide might actually have been 38 but that isomerization
to 37 by known routes!? then occurred on standing. This in-
terpretation is supported by the observation that after 2
months the product mixture began to decompose rapidly to
afford the new unsaturated ketone 39 {NMR) component(s).
The monobromide formed in the reduction of 4 was the ex-
pected 40.

0

CeHs \)‘\!/

Br
40

Mass Spectra. We previously found mass spectroscopy to
be quite useful for assignment of structures to isomeric a-
acetoxy ketones.3 For that reason we paid careful attention
to the mass spectral cracking patterns of the substituted
phenylacetones prepared during this study in order to identify
common features.

The ketones 13-16 fragmented, as previously observedl?

0 0
CSHGJJ\ pCHgoCsHA\ﬁJ‘\
19 43 13543
13 14
0 0
CBHE,\FJ\/ CH, 43
105 57 105 71
15 16

for benzyl alkyl ketones, predominantly between the benzyl
and carbonyl carbons.

The benzylic fragments formed in this manner exhibited
a variety of fragmentation pathways. Common fragments in
all ketones were at m/e 43, 77, and 91. The origin of a number
of such secondary ions was established by analysis of meta-
stable ions!8 observed in the various spectra using a computer
program written for this purpose.!® For example, a metastable
ion peak at m/e 69.6 in the spectrum of 13 was shown to be the
conversion of an ion of mass 119 to one of 91 with extrusion
of a fragment of mass 28 (eq 2).

—43
13— CGH5C+HCHQCH3 — C7I'I7+ + CH2=CH2 (2)
119 91 28
On the other hand, a metastable ion peak at m/e 81.7 in the

spectrum of 14 was shown to be associated with the process
135 — 105 + 30, probably as in eq 3

0
+ 4 I

14— CHQO—Q——CHCHS — CH,CHCH, + HCH
135 105 30

3)

(anisole has previously been shown to expel formaldehyde in
the mass spectrometer).2°

A metastable peak at m/e 101 in the mass spectra of 14, 15,
and 16 was found to arise from the process 105 — 103 + 2,
possibly via eq 4.

Ce¢HsCtHCH;3 — CgHs*C=CH; + H, (4)
105 103 2

The fragment of mass 91 in all of the spectra is presumably
the tropylium ion. Every spectrum showed a metastable peak
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at m/e 46.4 due to the process 91 — 65 + 26, probably?! as in

eq 5.
@ . @ + HC=CH )
91 65 26

The mass spectra of the various acetoxy ketones exhibit the
same major cleavage paths as the parent ketones. In every case
there is at least one major fragment by which isomers can be
distinguished. For example, acetate 41 exhibits fragments at
m/e 129,101, and 59 (eq 6) which distinguish it from its isomer
42, which has fragments at m/e 149 and 107 (eq 7).

0]
CGH*\/L'<
OAc
41
i
C.
OAc OH
129 101 59
CeH;

0
+ +
OAc 149 107
42

The mode of cleavage shown here is quite general and was also
observed for acetoxy ketones 43-45 (eq 8-10).

0
R +
CGHH\HK/ —_— CeHséHOAC + CeHsCHOH (8)
149 107
OAc
43

0
CH,
r_h)‘\ — CGHsj—OAc + C6H5—j—OH
9
OAc ®
44 177 135
0
CiH; + +
—_— C5H5——|'—OAC + CGH5—-'—OH
OAc 163 i 10
45

We obtained no evidence from metastable ion analysis con-
cerning whether the second ion in each of these cases is derived
from the first (by loss of the elements of ketene) or by an in-
dependent pathway. A metastable ion at m/e 18.3 in the mass
spectrum of 41 demonstrated another decomposition path for

the fragment of mass 101 observed in that spectrum (eq
11).

+&~0CCH, — CH,CO* + (CH),C==0 (11)
I 43 58
0]
101
An interesting metastable peak at m/e 24.4 in the spectrum
of acetate 42 arises from a fragment of m/e 69 decomposing
to a daughter of m/e 41, perhaps by eq 12.
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+0
2 — — IH/ — Al + 0 (12)
|+\
41 28
69

There is a metastable peak at m/e 15.3 in the spectrum of 48
corresponding to 121 — 43 + 78 (eq 13).

+

C:H;COH
| — cHeo' + @ as)
CH; 43

121 78

These types of processes may be common to all of the spectra,
but of varying degrees of importance so that the appropriate
metastable ions to establish their existence are not always of
sufficient intensity to be observed.

Experimental Section

General. Melting points were determined on a Mel-Temp capillary
apparatus and are uncorrected. Nuclear magnetic resonance (NMR)
spectra were recorded on a Varian A60-A spectrometer in CDCl3
containing internal tetramethylsilane (Me,Si) unless otherwise noted.
Mass spectra were recorded at 70 eV on a Perkin-Elmer Hitachi
RMU-6L spectrometer and were calibrated against the spectrum of
perfluorokerosene; relative intensities are indicated for new com-
pounds. VPC separations were made using a Varian Model 1720 dual
column thermal conductivity instrument, equipped with a tempera-
ture programmer, on a 0.25 X 8 ft column packed with 60% (sic) SE-30
on Chromosorb P. Electrochemical experiments were carried out using
a Princeton Applied Research Model 170 electrochemistry system.
Elemental analyses were performed by Chemalytics, Inc., Tempe,
Ariz,

3-Methyl-1-phenyl-2-butanone (12). 3-Methyl-1-phenyl-2-
butanol was prepared in 70% yield by the addition of phenylacetal-
dehyde (0.18 mol) to a solution of 0.21 mol of isopropylmagnesium
bromide in ether. The crude alcohol was oxidized directly by chro-
mium trioxide in acetic acid to afford the desired ketone in 58% yield.
This route is more convenient than that employed by Bordwell.13¢

3-Phenyl-2-pentanone (13) was prepared by the method of
Brandstrom and Junggren.’ Tetrabutylammonium iodide (44.32 g,
0.12 mol) was dissolved in 100 mL of dichloromethane. To this mix-
ture was added phenylacetone (13.42 g, 0.1 mol) and 37.43 g (0.24 mol)
of ethyl iodide. To the flask was added a solution of 9.6 g of sodium
hydroxide (0.24 mol) in 120 mL of water. The two-phase mixture was
stirred vigorously magnetically and heated to reflux. The reaction was
terminated after 41 h, at which time VPC analysis showed that less
than 10% of the starting phenylacetone remained. The aqueous layer
was extracted twice with dichloromethane and combined with the
original organic layer, and the combined organic extracts were washed
with Hp0, 5% HC), and Hy0. After evaporation of the dichloro-
methane, tetrabutylammonium iodide was precipitated by the ad-
dition of ether and removed by filtration for reuse. Evaporation of the
ether and distillation afforded 12.5 g of 3-phenyl-2-pentanone (13)
(77% yield; >95% pure by VPC): bp 55-56.5 °C (1.3 mm); NMR § 0.75
(t,3H), 1.7 (m, 2 H), 1.95 (s, 3 H), 3.25 (t, 1 H), and 7.16 (s, 5 H); mass
spectrum, m/e (relative intensity) 162 (15, M*), 119 (49), 118 (7), 105
(6), 103 (6), 92 (8), 91 (100), 77 (12), 65 (6), 51 (9), 43 (38), and 41
(15).

The 2,4-dinitrophenylhydrazone, mp 130-131 °C, was purified by
repeated recrystallization from ethanol.

Anal. Caled for C17H;13N4Oy4: C, 59.64; H, 5.30. Found: C, 59.66; H,
5.23.

3-(4-Methoxyphenyl)-2-butanone (14). Using the same proce-
dure as described for the synthesis of 3-phenyl-2-pentanone, anis-
ylacetone (16.4 g) (Research Organic Chemical Corp.) was allowed
to react with methyl iodide for 125 h until the anisylacetone had
completely disappeared (VPC). Distillation afforded 8.05 g (45% yield;
>95% pure by VPC) of ketone 14: bp 60-61 °C (0.03 mm) [lit.23 bp 267
°C (755 mm)]; NMR § 1.35 (d, 3 H), 1.98 (s, 3 H), 3.68 (q, 1 H), 3.73
(s, 3 H), and 6.83 and 7.08 (AB quartet, J = 8.5 Hz); mass spectrum,
m/e 178 (M7), 136, 135 (base), 123, 120, 105, 103, 91, 79, 77, 65, 51, and
43.

2-Phenyl-3-pentanone (15). Methylation of 12.3 g of 1-phenyl-
2-butanone (Aldrich Chemical Co.) was carried out as in the synthesis
of 3-phenyl-2-pentanone. The reaction was terminated after 148 h,
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at which time the starting ketone had completely reacted (VPC). A
5.6-g amount of distilled ketone (42% yield; >95% pure by VPC) was
obtained: bp 27-28 °C (0.025 mm) [1it.22 bp 225-228 °C (760 mm)];
NMR $0.93 (t,3 H), 1.48 (d, 3 H), 2.36 (q, 2 H), 3.75(q, 1 H), and 7.22
(s, 5 H); mass spectrum, m/e 162 (M%), 141, 133, 119, 106, 105 (base),
104, 103, 91, 79, 78, 77, 63, 57, 51, and 43.
2-Methyl-4-phenyl-3-pentanone (16). Methylation of ketone
12 (9 g) by the procedure used in the synthesis of 3-phenyl-2-penta-
none was difficult to follow by VPC because the starting material and
product had the same VPC retention time. The reaction was stopped
after 316 h when the organic layer had become very dark yellow.
Workup and distillation afforded ketone 16: 3.7 g (38%; >95% pure
by VPC); bp 34 °C (0.05 mm) [lit.22 bp 256-257 °C (760 mm)]; NMR
50.91 (d, 3H), 1.05(d, 3 H), 1.37 (d, 3 H), 2.65 (m, 1 H), 3.92 (g, 1 H),
and 7.26 (s, 5 H); mass spectrum, m/e 176 (M), 141, 106, 105, 104,
103, 91, 79, 78,77, 71, 70, 51, and 43 (base).
1,3-Dibromo-1-phenyl-2-butanone (4). Bromination of ketone
11 was carried out according to the method of Claesson and Thalen.
NMR spectroscopy showed the crude product to be an 87:13 mixture
of dibromide 4 and a tribromide {8 6.35 (1 H)]. The dibromide 4 was
a mixture of diastereomers in the ratio 57:43. Repeated recrystalli-
zation from heptane afforded 4 as a white solid, mp 34-45 °C, still a
mixture of diastereomers: NMR 6 1.7 (d, 3 H), 1.77 (d, 3 H), 4.47 (q,
1H),4.98(q,1H),5.88(s,1H),6.04 (s,1 H), and 7.2-7.7 (m, 5 H).

Anal. Caled for C19H¢Bro0: C, 39.25; H, 3.29. Found: C, 39.07; H,
3.31.

1,3-Dibromo-3-phenyl-2-pentanone (5). Bromination of ketone
13 in acetic acid at room temperature afforded a 90:10 mixture of di-
bromide 5 and a tribromide (NMR 6 5.98). This mixture was used as
obtained because of its decomposition upon attempted vacuum dis-
tillation: NMR 6 0.83 (t, 3 H), 2.15-2.4 (m, 2 H), 3.99 and 4.34 (AB
quartet, J = 14.0 Hz), and 7.3 (s, 5 H).

2,4-Dibromo-2-phenyl-3-pentanone (6). Bromination of ketone
15 in acetic acid afforded dibromide 6 in 296% purity (NMR) (90%
yield) as a viscous liquid consisting of almost equal amounts of erythro
and threo diastereomers: NMR 6 1.52 (d, 2 H), 1.85 (d, 2 H), 2.19 (s,
3H),2.23(s,3H),4.63(q,1 H),4.82 (q, 1 H), and 7.3-7.7 (m, 5 H).

1,3-Dibromo-3-methyl-1-phenyl-2-butanone (7). Ketone 12 was
brominated according to the method of Claesson and Thalen.8 Two
distillations at oil pump pressure and a final recrystallization from
heptane afforded a white solid: mp 58.8-53.8 °C; NMR 6 1.8 (s, 3 H),
2.0 (s,3H),6.1(s,1H), and 7.2-7.8 (m, 5 H).

Anal. Caled for C1;H9Brs0: C, 41.28; H, 3.78. Found: C, 41.57; H,
3.91.

Bromination of 3-(4-methoxyphenyl)-2-butanone in dichlo-
romethane at 0 °C afforded a mixture containing some of the desired
dibromide [NMR 6§ 2.34 (s), 3.82 (s}, 4.12 (s), and 6.93 and 7.42 (AB
pattern)] but also a considerable amount of other material. The ma-
terial was suspended in water at 70 °C and vigorously stirred, and an
aqueous solution of potassium permanganate was added over an hour
interval with a second hour of stirring and heating. Manganese dioxide
was removed by filtration, and the filtrate was acidified with 5% HCI.
A white precipitate formed and was isolated by filtration. The NMR
spectrum of this material indicated the presence of anisic acid and
a bromoanisic acid in a ca. 2:1 ratio: § 3.82 (s), 3.94 (s), 7.01 and 7.92
(AB quartet), and 7.1-8.2 (m); mass spectral peaks (inter alia) at m/e
230 and 232 (CgH;BrC3) and 152 (CgHgO3).

Electrochemical reductions were carried out as previously de-
scribed.? Acetoxy ketones were isolated for spectral characterization
by preparative VPC. Microanalyses were carried out on most acetoxy
ketones, except when the substances were formed in very small
amounts or were unstable (as noted below). When VPC conditions
could not be found to separate a pair of isomeric acetoxy ketones,
spectral characterization and microanalysis were carried out on the
mixture. Mixtures were analyzed by VPC (cut and weigh) or NMR
integration, or a combination of these, as appropriate.?®

Reductions by ultrasonically dispersed mercury were carried
out as previously described.* Workup and analysis were carried out
as with the electrochemical reactions.

Acetoxy Ketones. Characterization data for the various acetoxy
ketones are summarized below. Only the largest mass spectral lines
are listed.

2-Acetoxy-2-methyl-4-phenyl-3-butanone (41): mp 41.5-42.5
°C from heptane; NMR 6 1.5 (s, 6 H), 2.09 (s, 3 H), 3.77 (s, 2 H), and
7.24 (s, 5 H); mass spectrum, m/e (relative intensity) 220 (1.5, M+),
162 (4), 160 (3), 130 (2), 129 (34), 119 (8), 101 (32), 92 (8), 91 (60), 69
(5), 65 (16), 59 (54), and 43 (100).

Anal. Caled for C13H405: C, 70.88; H, 7.32. Found: C, 70.89; H,
7.46.

1-Acetoxy-1-phenyl-3-methyl-2-butanone (42): Mass spectrum,
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m/e (relative intensity) 220 (5, M™*), 160 (54), 149 (38), 107 (100), 91
(69), and 71 (22).

1-Acetoxy-1-phenyl-2-butanone (43) and 3-acetoxy-1-phe-
nyl-2-butanone (46) were inseparable by VPC and hence were col-
lected as a single fraction by preparative VPC. The NMR spectrum
of the mixture exhibited absorptions at § 0.94 (t, J = 6.8 Hz),* 1.25
(d,J = 7Hz),1.99 (s), 2.09 (s),* 2.22 (q,J = 6.9 Hz),* 3.66 (s), 5.81 (s),*
and 5.02 (q, J = 7 Hz), together with an aromatic multiplet from ¢
7.1-8.0; the mass spectrum of the mixture exhibited prominent peaks
at m/e (relative intensity) 206 (6, M*),* 160 (8),* 149 (15),* 122 (20),
115 (24), 107 (30),* 105 (35), 103 (20), 91 (43), 87 (22), 77 (25), 57 (13),*
51 (13), and 43 (100)* (the peaks in the NMR and mass spectra at-
tributable with certainty to isomer 43 are marked with an asterisk;
the relative intensities of the NMR absorptions are consistent with
the assignments given).

Anal. Caled for C1oH1404: C, 69.88; H, 6.84. Found: C, 68.50; H,
6.73.

3-Acetoxy-3-phenyl-2-pentanone (44): NMR 5 0.6 (t, 3 H), 1.79
(s, 3 H),2.19 (s, 3 H), 2.4 (m, 2 H), 7.13 (broad s, 2 H), and 7.22 (broad
8, 3 H); mass spectrum, m/e (relative intensity) 220 (3, M*), 177 (22),
160 (7), 136 (1), 135 (100), 119 (30), 117 (13), 115 (7), 105 (8), 91 (30),
77 (13), 57 (21), and 43 (53).

1-Acetoxy-3-phenyl-2-pentanone (47): NMR 6 1.00 (t, 3 H), 1.8
(m, 2H),2.01 (s, 3 H), 3.47 (t, 1 H), 4,50 and 4.30 (AB quartet, J = 16.7
Hz, 2 H), and 7.12 (broad s, 5 H); mass spectrum; m/e (relative in-
tensity) 220 (8, M%), 158 (8), 119 (68), 117 (13), 115 (10), 101 (47), 91
(100), 77 (8), 73 (14), and 43 (49).

Anal. Caled for Cy3H403: C, 70.88; H, 7.32. Found: C, 70.83; H,
7.65.

2-Acetoxy-2-phenyl-3-pentanone (45) and 4-acetoxy-2-phe-
nyl-3-pentanone (48) (the latter as a mixture of erythro and threo
diastereomers) were obtained as an inseparable mixture. The ratio
of 45 to 48 was established by the ratio of the singlet at 6 1.85 (45) to
the two overlapping doublets at 6 1.4 (the two diastereomers of 48)
in the NMR spectrum of the crude product. Upon preparative VPC
45 mostly decomposed to 2-phenyl-3-keto-1-pentene (49) (singlets
at 8 5.75 and 6.00), which was eluted mixed with unreacted 45 and 48.
The mass spectrum of this mixture exhibited peaks at m/e (relative
intensity) 220 (1, M*),* 163 (18),* 160 (19),* 131 (7),* 122 (8), 121
(80),* 115 (15), 105 (29), 104 (10), 103 (55), 91 (3), 87 (8), 77 (21), 57
(27.6),* 51 (11), and 43 (100)* (peaks marked with an asterisk are
associated with 45).

1-Acetoxy-1,3-diphenyl-2-propanone (50). The crude product
from mercury reduction of a mixture of d/- and meso- 10 in acetic acid
was essentially pure 50:26 NMR 4 1.87 (s, 3 H), 3.41 and 3.45 (AB
quartet, J = 15 Hz), 5.80 (s, 1 H), and 6.8-7.2 (m, 5 H).
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Epoxidations and Baeyer-Villiger oxidations by 3,5-dinitroperoxybenzoic acid (3,5-DNPBA) are described. A

preparation of 3,5-DNPBA is also given.

In the course of our syntheses of sym-oxepin oxides!e-d
we were required to effect the difficult epoxidations of olefins
1a and 1b. Neither peroxytrifluoroacetic acid epoxidation nor
high-temperature epoxidation by m-chloroperoxybenzoic acid
proved preparatively useful in these systems. Under optimized
conditions only low conversions of la and 1b to the corre-
sponding epoxides could be achieved with peroxytrifluoro-
acetic acid. Buffered (NayCOj3 or NagHPOy) peroxytrifluo-
roacetic acid reaction mixtures gave, at best, intractable
mixtures of starting material, desired epoxide, and uniden-
tified by-products.2 Treatment of the parent system la with
4,4’-thiobis(6-tert-butyl-3-methylphenol) (tbp)? stabilized
m-chloroperoxybenzoic acid at elevated temperatures led to
tarry reaction mixtures and low yields of diepoxide 2a.l2
Clean, efficient epoxidation of la was achieved using p-ni-
troperoxybenzoic acid, stabilized by tbp,? in 1,2-dichloro-
ethane at 90 °C (yield of crystalline 2a, 65%).12 With the
substituted derivative 1b, however, the optimized yield util-
izing p-nitroperoxybenzoic acid did not exceed 37%.2 We have
found that 3,5-dinitroperoxybenzoic acid (3,5-DNPBA) is an
efficient reagent for achieving the conversion 1b — 2b (vide
infra).? Herein we report on the synthetic utility of 3,5-
DNPBA for difficult epoxidations and Baeyer-Villiger oxi-
dations.
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la and 2a, R = CH,CCl,; R' = H
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Results and Discussion

To test the utility of 3,5-DNPBA we have chosen as sub-
strates 1a, 1b, and several other olefins or ketones for which
literature exidation procedures exist. Our results and a sum-
mary of literature oxidations are presented in Table 1. An
inspection of the table suggests that 3,5-DNPBA is not as
reactive as peroxytrifluoroacetic acid (e.g., compare concen-
trations and reaction times for ethyl crotonate) but shows that
yields for oxidations by these two peroxy acids are compara-
ble.

It should be noted that similar weights of precursor per mole
of peroxy acid are needed for 3,5-DNPBA and peroxytriflu-
oroacetic acid. The procedure for generation of methylene
chloride solutions of peroxytrifluoroacetic acid® utilizes tri-
fluoroacetic anhydride (mol wt 210.03) and hydrogen perox-
ide; buffers are routinely utilized to remove the trifluoroacetic
acid which is also formed. By our procedure, crystalline
samples of 3,5-DNPBA with active oxygen content >90% can
be easily made from 3,5-dinitrobenzoic acid (mol wt
212.12).

Advantages of 3,5-DNPBA over peroxytrifluoroacetic acid
are (1) no buffers are needed in 3,5-DNPBA oxidations and
(2) 3,5-DNPBA can be stored for long periods without sig-
nificant loss of active oxygen content. We have routinely
stored 3,5-DNPBA in a freezer (<—10 °C) for periods up to
1 year without noticeable loss of reactivity. A more quanti-
tative measure of the loss of active oxygen content from
samples of 3,5-DNPBA and peroxytrifluoroacetic acid is given
in Table I1. At least some loss of active oxygen content from
peroxytrifluoroacetic acid solutions is due to evaporation of
the volatile peroxy acid. At ambient temperature sufficient
evaporation occurs from an approximately 0.2 M solution of
peroxytrifluoroacetic acid in methylene chloride to give an
immediate, positive KI/starch test at the top of an ice~water
cooled spiral condenser attached to a flask of the solution. Our
studies of loss of active oxygen content from peroxytrifluo-
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