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Cyclizations of Enolates onto
Aromatic Rings via the Photo-Sgn1 Reaction.
Preparative and Mechanistic Aspects

Summary: Six-, seven-, eight-, and ten-membered rings are
obtained by photostimulated aromatic nucleophilic substi-
tution by enolate anions, but only when internal H-atom
transfer from the + position of the ketone is blocked, as shown
by deuterium labeling.

Sir: The photoinitiated substitution of carbanions for halide
in aromatic rings, discovered by Bunnett and Rossi,! promises
to be an important new method of nucleophilic aromatic
substitution. Following the initial reports of simple inter-
molecular examples,? we found an efficient application of the
reaction in the synthesis of cephalotaxine,? and thus became
interested in the factors which govern the generality of the
reaction for organic synthesis, particularly in cyclizations.
Here we report preliminary results which begin to delineate
the conditions under which the intramolecular photo-Sgn1
reaction is likely to be successful, and demonstrate that hy-
drogen atom migration can provide a serious side reaction in
both intra- and intermolecular examples.

The studies have involved methylenedioxophenyl deriva-
tives (Table I) which were chosen to test questions of ring size
preferences in the cyclizations, including regioselectivity with
ketones that can give two enolate anions. The reactions were
carried out by dissolving the aryl halo ketone (1 mmol) and
potassium tert-butoxide (6 mmol) in liquid ammonia (75-80
mL, reflux) in a Pyrex flask and irradiating with an external
medium-pressure mercury arc (Hanovia 450 W) until the aryl
halo ketone was consumed. Conventional isolation procedures
provided the crude organic products from which the cyclized
product was isolated by short-path distillation and chroma-
tography. The yields are based on isolated material, unless
otherwise indicated.*

Entries 1-3 of Table I demonstrate the cyclizations can be
achieved efficiently; the ten-membered ring (entry 4) was
obtained in reasonable yield assuming no special preference
for medium-sized rings in this method. However, in cases
where the more substituted (internal) enolate can appear
(entries 5-9), the cyclizations are much less efficient. For ex-
ample, compound 1 leads to the tetralin derivative 2 in only
11% yield (entry 5). The major monomeric product (67%) was
the 8,y-unsaturated ketone 3 (presumably from isomerization
of the a,8 isomer, 4a),% while a trace of the reduction product,
5a, was detected by GC-MS. Where a four- and a six-mem-
bered ring could reasonably be expected, neither was obtained
(entry 6) and the reduction product (5b) could be isolated in
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@ The yields are based on isolated material unless other-
wise noted. » This yield was obtained at low concentration,
~0.00125 M. ¢ This yield was obtained at the usual concen-
tration, ~0.05 M. d The product ratios are based on un-
calibrated GLC analyses; the combined yield is based on the
weight of the mixture obtained after purification.

21% yield as the only monomeric product. Compound 6 pro-
duced mainly the seven-membered ring (7 entry 7) along with
approximately equal amounts of five-membered ring, the
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a,3-unsaturated ketone (4b) and the reduction product (5¢).
From 8, the yield of monomeric material was 31%, trace
amounts of reduction product (5d, 3%) and the six-membered
ring (entry 8, 3%), and larger amounts of the a,8-unsaturated
ketone (4e¢, 7%) and the eight-membered ring (entry 8,
19%).

In related experiments, the enolate anions were generated
quantitatively using potassium amide. Irradiation produced
a larger proportion of product resulting from cyclization
through the unsubstituted (presumably, kinetic) enolate.
From 6 (entry 7) under these conditions, only reduction
product 5¢ (23% yield) and the seven-membered ring (21%
yield) were obtained. From 8 (entry 8), the reduction product
5d (3%) and the eight-membered ring (11%) were obtained.
There was only a trace of the six-membered ring.

The formation of unsaturated ketones with concomitant
replacement of halogen by hydrogen suggested the possibility
of intramolecular hydrogen atom transfer from the 8 position
of the enolate (e.g., 9 in Scheme I) to the transient phenyl
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radical (i.e., in 10);8 then hydrogen-atom abstraction through
a six-atom transition state would produce the enone—radical
anion (Scheme I), the usual species formed in electron transfer
to a,8-unsaturated ketones. This reaction would serve as a
propagation step in the radical-chain mechanism,” and in-
termolecular reactions of the intermediates might explain the
low yields of monomeric products sometimes observed. Con-
sistent with this hypothesis, the dideuterated analogue 11
under the usual reaction conditions produced the unsaturated
ketone (i.e., 12) with 2.0 £ 0.1 deuterium atoms/molecule and
1.0 £ 0.1 deuteriums/unit in the mass spectral fragment at m/e
136, the piperonyl ring unit.
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There has been no direct evidence reported which impli-
cates hydrogen-atom transfer from the enolate anion as a
significant side reaction in intermolecular examples of the
photo-Spn1 reaction.® However, alkyl-substituted enolate
anions, where the ¢ hydrogen is available, are known® to un-
dergo the photo-Sgn1 reaction much less efficiently than
unsubstituted analogues. For example, the lithium enolate
of tert-butyl 2-methylpropionate reacted with p-bromoanisole
upon irradiation to give tert-butyl 2-(p-methoxyphenyl)-2-
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methylpropionate in 5% yield; the major product was anisole
(35-50%). Lithio tert-butyl acetate reacted under the same
conditions, affording tert-butyl (p-methoxyphenyl)acetate
(87%) and tert-butyl di(p-methoxyphenyl)acetate (29%). Ir-
radiation of the enolate from tert-butyl 2-(trideuter-
iomethyl)-3,3,3-trideuteriopropionate with p-bromoanisole
under the usual conditions produced anisole in 54% yield, with
35% of it labeled with one deuterium, confirming the major
role of H-atom abstraction from the enolate.

These studies suggest that the photo-Sgn1 reaction of en-
olate anions with aryl halides can be efficient for intramo-
lecular cases as well as in the well-established intermolecular
examples, but, when a hydrogen atom is present at the 3 car-
bon in the enolate anion, hydrogen-atom transfer to the
transient phenyl radical is generally the dominant pro-
cess.10
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Nucleophilic Hydroboration of Substituted Styrenes
with Lithium Triethylborohydride. A Simple
Convenient Procedure for the Markownikoff
Hydroboration of Aromatically Conjugated Olefins
and the Synthesis of Mixed Organoboranes

with the Benzylic (a-Arylalkyl) Moiety

Summary: Lithium triethylborohydride (LiEt;:BH) adds to
substituted styrenes under relatively mild conditions to give
the corresponding tetraalkylborates, readily hydrolyzed to the
corresponding saturated hydrocarbons or protonolyzed with
strong acids to the mixed trialkylboranes containing a benzylic
group.

Sir: We wish to report a simple regiospecific addition of lith-
ium triethylborohydride to aromatically conjugated olefins
under remarkably mild conditions to give the addition product
1 (eq 1). Furthermore, by the treatment of 1 with water, the



