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3-Chloro-4'-fluoro-2-methylpropiophenone with AlCl; and AICl3-CH3NO»
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The mechanism of reaction of 3-chloro-4’-fluoro-2-methylpropiophenone (1) with AlCl3 has been studied using
both 2H- and '3C-labeled substrate. Analysis of kinetic isotope effects and of label location in the products as re-
vealed in 2H and 13C NMR spectra allows definition of the major pathways involved. In cyclization to the 2-methyl-
indanone 2, an isotope rate effect supports ionization concerted with Co—H migration as the rate-determining step.
The skeletally rearranged products 3 and 4 form via initial methyl migration and not acyl migration. When the
AlCl;-CH3NO; system is used as catalyst, no rearrangements transpire, and formation of 2 proceeds below the
thermal threshold required with neat AlCls. This reaction occurs via enolization as a result of the protic nature of
AlCl3-CH3NO; solutions. This same system possesses oxidizing power, and chloride is oxidized to chlorine which,
in the enolizing medium, converts 2 to its a-chloro analogue 6. When chloride concentration is low, competitive oxi-

dation of 2 to isocoumarin 7 is also observed.

Reaction of 3-chloro-4’-fluoro-2-methylpropiophenone
(1) with AICl; was recently reported to give three products:
5-fluoro-2-methyl-1-indanone (2), 5-fluoro-3-methyl-1-
indanone (3), and 2-(4'-fluorophenyl)-1-oxoniacyclopent-
1-enyl cation (4).2 Formation of each product was pictured,
with some reservations, as having proceeded through car-
benium ions which differed fundamentally from those cited
in cyclialkylation of phenylalkyl halides? by the presence of
a carbonyl group linking the aliphatic and aromatic
moieties.

We have continued study of this reaction, and wish now to
report the results of experiments using (a) both 13C- and
2H-labeled 1 and (b) nitromethane as solvent. The label
studies amplify our understanding of some of the mechanistic
pathways involved; the presence of nitromethane alters the
outcome of the reaction entirely.

Results

Carbon-13 labeled 1 (C-1) was made via methoxymethy-
lation? with H13CHO; C;-deuterated 1 (D-1) came from the
addition of deuterium chloride to 4’-fluoromethacrylophenone

(5).
F 2 Beycl F CH,C1
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Products 2, 3, 4, and “unreacted” starting material observed
after reaction of C-1 with 2-3 equiv of AlCl3 at 100 °C, neat,
showed that scrambling had occurred in two and only two
positions, as shown in Figure 1. Because this scrambling was
also observed with C-1 at 70 °C, where no carbon-carbon bond
reorganization could be discerned, the result was attributed
to the equivalent of a 1,3-hydride shift in 1 as depicted in
Scheme 1.5 (The Cy-attached H was not involved, as will be
evident below from results with D-1.)
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%For clarity, complexation of AIClg is not shown in this
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The reaction of D-1 was, overall, slower than unlabeled 1
under identical conditions. Dissection of the relative rates of
the individual processes supported Co-H (or Co-D) bond
breaking as rate determining in the formation of unrearranged
indanone 2, with k/kp = 2.5. Negligible rate differences were
seen in formation of 3 or 4. Deuterium in CHsD and CHD
groups of 2, 3, and 4 was located by 13C NMR spectroscopy.
Integration of the signals for 2H-split vs. solely 'H-bearing
singlet 13C signals provided a semiquantitative distribution.
Proton NMR showed no detectable loss nor scrambling of 2H
in the recovered D-1. Overall 2H content in each product was
also assessed by mass spectroscopy; attempts to assign its
distribution in 2 and 3, methyl group vs. indanone ring, by
means of mass fragmentography® were not in accord with the
13C NMR results.

Mechanistic suggestions are proposed on the basis of the
rates and products; unfortunately, the loss of some of the
deuterium, and some of its incorporation into the aromatic
nucleus as ultimately shown by 2H NMR, precludes total
definition of the reactions.

Reaction of 1 M solutions of 1 in nitromethane containing
2 equiv of AlCl3 occurred slowly as low at 70 °C to produce 2
without detectable formation of 3 or 4. The medium, however,
supported further reaction of 2 along two parallel paths to its
a-chlorinated derivative 6 and to the isocoumarin 7 (Scheme
II). The isocoumarin was not observed when the experiment
was conducted in sealed tubes. These unexpected transfor-
mations are ascribed to the nature of the modified catalytic
system.

© 1978 American Chemical Society
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Discussion

Certain aspects of the reaction of 1 with AICl; could not be
defined with our original experimental data.2 For instance,
it was suggested? that 2 might arise by direct intramolecular
cyclization of 1 after ionization at Cs. “Intervention of [5] is
neither necessary nor excluded . . .” (Scheme III). Nucleophilic
r-assisted displacement of chloride concomitant with ring
formation would be an allowable alternative. Likewise, the
rearrangement products 3 and 4 were rationalized in terms of
rapid alkyl and hydride migrations; however, the possibility
of an aroyl migration as depicted in Scheme IV was not ruled
out. Publications concerning similar rearrangements are be-
coming increasingly frequent.” It was our belief that these, and
other aspects, might be clarified by working with isotopically
labeled 1.

A. The Question of Methyl and Hydride Migration vs.
Acyl Migration to Give 3 and 4. A clear choice between these
two pathways can be made utilizing C-1, The latter mecha-
nism, i.e., acyl migration (Scheme IV), would provide 3 and
4 possessing the label adjacent to the carbonyl functions, while
product 2 would maintain skeletal integrity and keep its label
at Cs. Moreover, the use of 13C labeling would provide a highly
sensitive probe; if even 1% of C-1 were to rearrange via acy!
migration, the signal intensity for the o carbon would double,
relative to unlabeled carbon atoms.

The products resulting from such an experiment (Figure
1) showed conclusively that acyl migration was not a con-
tributory pathway in these rearrangements. Because of the
unexpected scrambling, however, we studied the reaction
under milder conditions. Nothing happened during 20 h at 50
°C. At 70 °C, the 13C NMR signal for the methy! carbon grew

Scheme III
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Figure 1. Labeling pattern found in products 2, 3, and 4, and “un-
converted” starting material after reaction of C-1 with AlCl; at 100
°C. Label was shared equally between the two positions indicated.

at the expense of the methylene signal without any indication
of structural change. A 1,3-hydride-chloride shift, shown in
Scheme I, accounts for these observations, and it can therefore
be considered to precede any other step in the overall se-
quence.58 The half-life for this label scrambling at 70 °C with
2.4 equiv of AlCl; was 21 h.

B. Inferences from Kinetic Measurements of the Re-
action of D-1, Side-by-side comparison of 1 and D-1 showed
the latter to react more slowly. The stability, nonintercon-
vertibility, and hence independent formation of 2, 3, and 4
were verified. Reaction aliquots were examined with time and
analyzed kinetically!® in an experiment using 2.33 equiv of
AlClg. In brief, half-lives of 3.2 and 5.6 h at 100 °C for 1 and
D-1, respectively, were measured, equivalent to the first-order
rate constants Zky = 0.22 and Zkp = 0.12 h~L. Relative rate
constants kp/kp for the individual products were calculated
to be 2.5, 1.1, and 1.0 for 2, 3, and 4, respectively.

In the formation of 3 and 4, since there is no significant
isotope effect and since acyl migration does not occur, methyl
migration to form rearranged ion 8 (Scheme V) is the probable
rate-determining step. The conversion of 8 to 3 can proceed
via 9 or 10, Scheme V. Support for 9 is its characterization in
the product mixture.2 The same ion, 8, may serve as precursor
to oxonium ion 4 by means of either a 1,3-hydride shift or two
1,2 shifts in concert with attack of carbonyl oxygen at the
terminal carbon (Scheme VI), A stepwise procedure to a pri-
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Figure 2. Partial 3C NMR spectra of reaction of D-1 with neat AlCls
at 100 °C for 15.5 h. Deuterium-split triplets are indicated for the
CH.D group of 2 (one leg of which coincides with the CHj of D-1) at
16.2 ppm and for C3 (C,) of 4 at 39.1 ppm. The C4signal at 21 ppm is
split due to a geminal deuterium isotope effect in the labeled mole-
cules (cf. F. W.Wehrli and T Wirthlin, “Interpretationjof Carbon-13
NMR Spectra”, Heyden & Son, Ltd., London, 1976, pp 107-110).
Impurities from the nitromethane solvent used as diluent after re-
action are marked “X” at 11.6 and 20.4 ppm.

mary carbenium ion prior to cyclization on oxygen should be
disfavored!! even though formation of a primary carbenium
jon has been recently postulated.!2 The proton-decoupled 13C
NMR spectrum of 4 formed from D-1 clearly shows a deute-
rium-coupled triplet for C, at é¢c 39.03 ppm, with J¢p = 20 Hz
(Figure 2). The same spectrum shows no evidence for deute-
rium at other positions. Of the two paths (Scheme VI) for
formation of 4, we prefer the 1,3 shift.14

After quench, the 4'-fluoro-4-hydroxybutyrophenone (11)
formed from 4 shows little or no aliphatically bound deuteri-
um by 'H or 13C NMR or mass spectroscopic analysis. This
lack of deuterium at C,, suggests that reaction of 4 proceeds
by attack of water at the carbonyl carbon?6 and that the ring
opens via enolic 11 (Scheme VII). If the deuterium were lost
in 11 by a simple enolization exchange process during the
quench, then we should expect similar exchange in the case
of product 3, contrary to our experimental observations. In
some experiments, the NMR spectra of purified 11 have
shown ketonic 11 exclusively;2 in others, both the ketone and
hemiketal have been observed.

C. Does Methacrylophenone 5 Intervene in Reaction
of 1 — 2? Scheme I1I depicts the two a priori most likely paths
for conversion of 1 to 2. Studies with D-1 were expected to ease
the choice. For example, direct cyclization of a carbenium ion
formed by C~Cl heterolysis of 1 should occur without isotope
rate effect from D-1 and should leave C, deuterated. Con-
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Figure 3. Deuterium NMR spectrum of 2 recovered from reaction
of D-1. If 2H were attached at Cy, its signal would be evident at ~7.7

ppm.

versely, if the same ion ejects D* to form 5, which is clearly the
intermediate from «-halo isomers of 1,2 then 2 would be devoid
of aliphatic-bound D. In actuality, an isotope rate effect was
observed, and deuterium was also found in 2 (0.6 atoms) by
13C NMR in both the methyl and methylene groups, but not
the methine. CH5D was favored 2:1 over CHD. Scheme VIII
can account for these observations. Deuterium migration
concerted!3 with ionization of the primary C-Cl bond gener-
ates the tertiary carbenium ion isotopic with one postulated
from similar treatment of a-haloisobutyrophenones.? Proton
loss to form methacrylophenone 5 leaves deuterium in either
the methyl or methylene group. From 5a is produced 2 con-
taining label in the methylene; from 5b comes the methyl-
labeled indanone. Unlabeled 2 may arise from loss of D+ here
or during initial ionization.

Deuterium migration parallels the methyl migration which
was postulated above for the rearranged products (Scheme
V). It follows that the 1,3-hydride—chloride interchange es-
tablished with C-1 must occur with only minimal C-Cl sepa-
ration. Once C-Cl ionization occurs to initiate the first 1,2
shifts of either Scheme V or VIII, reaction must continue ir-
reversibly to product, since none of the recovered starting
material, D-1, shows deuterium scrambling. This observation
also rules out 1,2 shifts in the behavior of C-1 at 70 °C.17

D. Other Aspects of the Overall Picture. Additional
observations, some of which are briefly implied above, are
worth noting. While it is not apparent from either 2H or 13C
NMR spectra, ZH NMR conclusively shows the incorporation
of deuterium into the aromatic ring of indanone 2 (and 3) from
D-1 to the extent of ca. 0.1 atom.1®1% This is not random
scrambling, since none appears at C; (Figure 3). It is best ra-
tionalized as an electrophilic substitution by DCI.

Finally, significant discrepancy was noted between NMR
and mass spectroscopic analyses of the two indanones. Qur2®
interpretation assumed that M* — 15 fragment ions for both

Scheme VIII
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Figure 4. Transformation of 1 (0) to 2 (X), 6 (4), and 7 (O) by reaction with AlCl;-CH3NO, (see Experimental Section). Part A, left, represents
reaction with escape of HCl; part B, right, represents reaction under autogenous HCI pressure.

2 and 3 reflect loss of the methyl group, which is likely, but
nevertheless unproved. The more sensitive MS method
suggests no deuterium loss from 3 in the M* — 15 ion whereas
the 2H NMR spectra show ca. 20-25% of the total 2H on the
methyl group. A lesser but real difference was also noted for

The fragmentation pathway for neither 2 nor 3 has been
studied in detail, and our assumption noted above may be in
error. Scrambling under electron impact is also possible,2! and
it has recently been shown that the presence of deuterium in
a substrate molecule completely changed its fragmentation
from that of its proteo isotope.22

E. The Reaction of 1 with AIC13-CH3NO,. Prior studies
including cyclialkylation of varieus phenylalkyl halides have
shown that not only does nitromethane moderate the activity
of AICl;, but it prevents reaction of ordinary primary alkyl
halides unless there is participation by neighboring aryl and/or
B-alkyl groups.32 More recently, we showed that some w-hal-
ophenones, i.e., primary alkyl halides, would also react with
participation of the carbonyl group in the same catalyst sys-
tem to form oxonium ions.!> Although some of these rear-
ranged to thermodynamically more stable oxonium ions, they
did not undergo carbon cyclialkylation (except with neat
AlCly). .

Despite the generally accepted belief that AlICl;-CH3NO,
is milder than AlCl; as an alkylation catalyst,?® 1 was trans-
formed, albeit slowly, to indanone 2 at 70 °C, a temperature
at which no detectable 2 formed in the presence of AlCl; alone!
Furthermore, no 3-methylindanone 3 could be seen, even
when C-1 was used as substrate, nor was scrambling observed
in the unreacted starting material. Inescapably, hydride and
alkyl shifts were suppressed while cyclialkylation took place.
With time, 2 was transformed into a-chloroindanone 6 and
the isocoumarin 7, albeit in modest yield. The reaction is
pictured in Scheme II; a GLC study of the sequence may be
seen in Figure 4. No other intermediates were detected spec-
troscopically nor from analysis of quenched aliquots. Both 2
and 6 were subjected to the same reaction conditions, and the
results were found to be generally in accord with the data of
Figure 4: 2 gave a mixture of 6 and 7; 6 proved not to be a
precursor of 7.2 In all cases, it was evident that higher mo-
lecular weight (i.e., nonvolatile, under our GLC conditions)
by-products were also formed.

The very slow initiation of the reaction of 1 (note initial rate
of its disappearance, Figure 4A) suggested either the inter-
vention of an intermediate or that prior catalyst modification

was involved. Paul, Kaushal, and Pahil25 have noted the protic
nature of nitromethane in the presence of Lewis acids, and
they have isolated several solvent-derived salts in such sys-
tems, always with accompanying evolution of HCI In such a
modified Brgnsted acid system, therefore, we may expect
enolization of 1 to initiate cyclialkylation such as does HySO 4.2
As for chlorination, Bauer and Foucault?6 have shown by
polarography that AICl3—CH3NO, exhibits a half-wave po-
tential of 1.72 V vs. Ag-AgCl. Tables?? of E° show that 1.72
V is sufficiently high to oxidize Cl~ to %Cl; (E° = 1.36),
granting extrapolation from water to CH3NOs. In the enolizing
medium?25 then, chlorine should attack 2 at Cs. If the AlCl;
were behaving in its usual Lewis acid sense, we should antic-
ipate aromatic chlorination according to Pearson’s proce-
dures,?8 rather than attack at the « position.

As for oxidation of 2 to an isocoumarin, similar transfor-
mations have been recorded?® under different conditions with
different oxidants. The formation of 7 here further demon-
strates the oxidizing power of the AlIC1;—CH3;NO, reagent.

The reaction of 1 was repeated in sealed tubes, under which
circumstances the HCI concentration and, hence, the rate of
enolization would be increased. Under these conditions, the
rate of reaction of 1 essentially doubled, as did the accumu-
lation of 2, which reached peak concentrations in excess of 60
mol % (Figure 4B). The subsequent a-chlorination of 2 oc-
curred this time to the exclusion of oxidation to isocoumarin
7, also attributable to higher HC], and hence higher H* and
Cl; concentrations. From this experiment we also concluded
that oxidation of 2 to 7 is a significantly slower reaction than
is chlorination.

Summary

From the accumulated results of these experiments, we may
assert that the conversion of 1 to 3 and 4 occurs by means of
alkyl and hydride shifts and not by acyl migration. Preceding
those or any other carbon bond reorganization is a degenerate
1,3-chloride-hydride transposition within the 1-AlCl; com-
plex which is also the equivalent of a 1,3-hydride shift between
methyl and methylene carbon atoms.

Once reaction begins, the sequence of alkyl and hydride
shifts eludes total definition at the current state of the art;
however, the label studies allow one to make inferences from
which reasonable schemes have been proposed. The absence
of isotope rate effects for 3 and 4 from D-1 implicate methyl
migration as the rate-determining step. We believe it occurs
concomitantly with irreversible C-Cl bond cleavage as the
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initiating step. In the case of indanone 2, the ky/kp = 2.5
supports initiation by a completely analogous concerted hy-
dride (deuteride) shift.!” Both rate effects and label position
in 2 argue against a mechanism involving r-assisted ionization
of the C-Cl bond and/or direct cyclization.

Deuterium NMR revealed some 2H exchange in the aro-
matic ring of 2 and 3 which was not noticed by 'H or 13C NMR
spectroscopy. Indiscriminate scrambling was not its cause,
since C;—H, adjacent to carbonyl, was not exchanged.

The protic nature of AICI5-NO; has been invoked in order
to explain its catalysis of cyclialkylation of 1 to 2 under milder
conditions than those needed with AlCl; alone. Furthermore,
the subsequent conversion of indanone 2 to chloroindanone
6 and isocoumarin 7 attests to the little recognized oxidizing
power of that catalyst system.

Experimental Section3?

C-1. A solution of 474 mg of 20% H!3CHO (90% 3C label, MSD
Canada, Ltd.), 501 mg of 4’-fluoropropiophenone (Aldrich), 36.5 mg
of finely powdered potassium carbonate, and 1.9 mL of methanol was
stirred at room temperature for 7 days, then concentrated in vacuo
without heating.* It was taken up in ether, dried over sodium sulfate,
then filtered into a glass Parr bomb liner. The system was closed,
pressurized to 100 psig at room temperature with anhydrous HCI, then
warmed 24 h at 40 °C. The residue remaining after removal of solvent
was chromatographed on silica gel (Ce¢Hg: 0.5% MeOH) to give 475 mg
of C-1 (78% overall): 1H NMR (CDCl3) 6 1.30 (t,J = 6.5 Hz, 3, CHg),
2.1-2.82 (m, 1, 5CHy), 3.82 (m, 1, CH), 4.68-5.37 (m, 1, 1%,CHy),
6.8-7.35 (m, 2 Hy g), 7.85-8.17 (m, 2, Hy, 5/) Less pure fractions
were held for rechromatography.

D-1. A 10% solution of 4’-fluoromethacrylophenone (5)2 in ether
was saturated with anhydrous DCl (MSD Canada, Ltd.) at 0-5 °C,
then held at room temperature in the stoppered flask for 24 h. Chro-
matography (as with C-1) gave pure D-1 in near-quantitative yield:
1H NMR (CDCl3) 6 1.3 (s, 3, CH3), 3.78 (ABq, 2, CHs), 6.97-7.41 (m,
2, H3'15/), 7.9-8.26 (m, 2, Hz/,e/).

Cyclialkylations with neat AlCl; were performed as before.? The
ongoing reactions, the crude product mixtures, and chromatograph-
ically purified samples were examined by 1H and 13C NMR and mass
spectroscopy. Purified 2 and 3 from D-1 were also examined by 2H
NMR in CHCl; using a Varian XL-100, also used for H and 13C ob-
servations. Kinetic data were obtained from experiments at 100 °C
using 2.33 £ 0.4 mol of AlCl3 per mol of 1 or D-1 by the internal
standard GLC method as previously reported.2

2-Chloro-5-fluoro-2-methylindan-1-one (6). Authentic 6 was
prepared by chlorination of 2 with SO2Cl; in carbon tetrachloride.3!
Recrystallized from hexane, it showed: mp 70-72 °C; 1H NMR
(CDCly) 6 1.8 (s, 3, CHjy), 3.55 (ABq, 2, CHy), 6.97-7.35 (m, 2, Hyg),
7.73-8.03 (m, 1, H7); mass spectrum m/e (rel intensity) 200 (M*, 5),
198 (M, 16), 163 {100), 135 (22), 133 (36), 115 (16), 109 (14), 107 (11),
94 (9), 57 (10). Anal. Caled for C1oHgCIFO: C, 60.47; H, 4.06; Cl, 17.85.
Found C, 60.39; H, 4.12; C1, 17.73.

AICl3-CH3NO; Cyclialkylations. To a solution of 1.33 g (10
mmol) of AlClz in 3 mL of CH3NO; was added 1.0 g (5 mmol) of 1 and
ca. 300 mg of o-nitrotoluene as an internal GLC standard. It was di-
luted with CH3NO; to 5.0 mL, then heated at 85 £ 1 °C in a Ny at-
mosphere under a reflux condenser with stirring. Samples were taken
periodically, quenched into ice water and CH,Cly, and worked up in
standard fashion. Replicate GLC analyses were averaged and cor-
rected for molar detector responses and yields were calculated. The
data are plotted in Figure 4A.

Portions of an identical solution were sealed in capillary tubes,
heated for specified periods, worked up, and analyzed as above. The
(fewer) data points are plotted in Figure 4B.

An identical reaction run in a 5-mm NMR tube, but containing 15%
of C-1 with 1, was followed by 13C NMR spectroscopy for 60 h at 70
°C. Label was observed only at Cs in the 2 produced therefrom.

Isolation of 2-Chloro-5-fluoro-2-methylindan-1-one (6) and
6-Fluoro-3-methylisocoumarin (7). After the usual extractive
workup of a reaction mixture run in CH3NO,, chromatography on
silica gel using hexane, then benzene-hexane mixtures, gave 6, iden-
tical to an authentic sample (see above) by TLC, TH NMR, GLC, and
MS. Slightly more polar was 7, which was crystallized from hexane
containing a little ether: mp 90-92 °C; 'H NMR (CDClgy) 6 2.26 (br
s, 3, CHy), 6.21 (brs, 1, Hy), 6.87-7.28 (m, 2, Hs 7), 8.07-8.35 (m, 1, Hg);
mass spectrum m/e (rel intensity) 178 (M+, 54), 163 (25), 136 (22), 107
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(100), 57 (29), 43 (98). Anal. Caled for C;oH,FO,: C, 67.41; H, 3.96.
Found: C, 67.61; H, 3.89.

Registry No.—1, 58472-46-1; C-1, 66483-26-9; D-1, 66483-25-8;
2, 41201-58-5; 13C-labeled 2, 66483-21-4; 13C-labeled 3, 66483-22-5;
13C-labeled 4, 66483-20-3; 5, 58472-45-0; 6, 66483-24-7; 7, 66483-23-6;
HISCHO, 3228-27-1; 4’-fluoropropiophenone, 456-03-1; AlCl;,
7446-70-0; CH3NQ,, 75-52-5.
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The reaction of ring-substituted cinnamate and a-methylcinnamate ions with bromine in water or methanol was
studied. Where strongly electron-donating substituents were present, the decarboxylation products, 1-bromo-2-
phenylethene or 2-bromo-1-phenyl-1-propene, were predominant. With groups of indifferent electronic character,
considerable 8-lactone was observed. With electron-withdrawing groups (cinnamate ions) the predominant prod-
ucts result from solvent capture of the intermediate ion. The effects of temperature and bromide ion concentration
are discussed. The stereochemistry of the conversion to lactone and olefin is interpreted in terms of the least motion
of the intermediate ion to arrive at a conformation capable of forming products. An improved synthesis of cinnamic

acids is given.

The problem of interest concerns the reactions of bromine
with various substituted cinnamate ions {Scheme I). The re-
action very likely proceeds through the intermediate cation
(e.g., 2, Scheme I} although contributions from an electron
transfer, or a free-radical pathway, cannot be entirely ruled
out.! Subsequent reactions of the intermediate carbonium ion
2 include two variations not possible in simple solvolyses,?
namely decarboxylation and lactonization. Previous work on
cinnamic acids includes the rates of halogenation studied by
James and co-workers.3 Tarbell and Bartlett apparently were
the first to observe 8-lactone formation from the treatment
of «,8-unsaturated acids with bromine.4 Berman and Price
studied the reactions of the isomeric a-phenylcinnamate an-
ions with bromine and concluded that the decarboxylation was
stereospecific (retention).5 Lactonization was considered but
the importance of this intermediate or product was not clar-
ified. More recently, Johnson and co-workers studied the
chlorination of various «,3-unsaturated carbonyl compounds.®
These workers postulated a concerted chlorodecarboxylation
of trans-cinnamate ions or, alternatively, decarboxylation
passing through a very short-lived intermediate analogous to
2, since the olefin product was formed with high stereoselec-
tivity, whereas the other reaction products were stereo-
chemically mixed. Lactone was not reported. On the other
hand, Berman and Price observed mixed isomeric olefins from
treatment of cis-cinnamate with bromine.

In view of other work, the absence of §-lactone seems sur-
prising.478 The purpose of this work was to study the effects
upon the yields and stereochemistry of decarboxylation
product, lactone (if any), and solvent capture products as the
following parameters are varied: (1) aromatic substituent X
and vinyl substituent R; (2) bromide ion concentration; (3)
temperature; and (4) solvent.

a-Methylcinnamate Ions (1a); Products of Reaction.
Substrate la (R = CH3) reacts with bromine in the solvents
water or methanol to form products 4, 5, 6, 10, 11, and in cer-
tain cases 12 and 13 shown in Scheme 1. Tables I and II list the
yields of the major products.

For substrates with strongly electron donating groups X,
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the predominant reaction was decarboxylation to form the
olefin 4. The yield of 4 diminishes as X becomes progressively
more electron withdrawing (90% 4 for X = p-CH30 to 2% for
X = p-Clin water as solvent). In methanol, the trend is sim-
ilar.

For the same substituent change, the bromohydrin or
bromo ether 6 is formed in progressively higher yields (8% for
X = p-CH30 to 40% for X = p-Clin water). Lactone 5 is def-
initely formed in many of these reactions. The yield of 5 is
maximum for X = p-CHj in both solvents. The yields of 5
were rather variable in water, perhaps due to the lability of
this product. No more than a trace of 5 is found where X =
p-CH30, perhaps due to the facile reionization and subse-
quent decarboxylation (5 — 2 — 4).2

For compounds with electron-withdrawing groups, several
additional products are observed by NMR (Figure 1), usually
in very small yield. In two cases, the structure has been iden-
tified. For X = p-NOo, an acidic product is formed in ca. 46%
yield, whose NMR spectrum shows only methyl (¢ 2.22) and
aromatic absorptions. The olefinic structure 13 is assigned to
this product which is also the product of solvolysis of 7 (free
acid). For X = p-Cl and H, a second acidic product is formed,
which shows methyl (8 1.37), methoxyl (5 3.49), and methine
(6 5.42) absorptions. The yield of this product is diminished
by added bromide. The inverse addition structure 12 is as-
signed to this product, whose yield would be reduced by re-
action of its precursor 3 with bromide. The appearance of 12
and 13 suggests that formation of ion 3 becomes competitive
with formation of the benzylic ion 2, as X becomes electron
withdrawing. Solvolysis studies by Hughes and Ingold showed
that ions of similar constitution as 3 (i.e., “a-lactones”) en-
joyed considerable stability, perhaps due to charge attraction
in the zwitterion.19}1 Reaction of the free acid of 1a (various
substituents) with bromine leads to 7 and the normal addition
product 6 {no 13), which suggests that 3 is stable as a zwit-
terion, but not as a simple cation.

In methanol, a sizable amount of a third material of un-
known structure (labeled 6" in Figure 1) is observed. The
methyl chemical shift is very close to the bromohydrin 6 or to
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