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THE BIRCH REDUCTION/ALKYLATION OF PHTHALIDES

THE SYNTHESLS OF SOME SUBSTITUTED BICYCLO!3.2;1]OCTANES

Vernon . 5. Box*® and George P. Yiannikouros
Department of Chemistry, Cilv College of the City University

of New York, New York, NY 10031, U.S.A.

Abstracl - The first successful reductions of the aromatic
rings of phthalides, with the preservation of the lactone
rings, are reported. The reduction/alikvlation of some
subslituted 4-methosavphthalides gave lactenic enocl ethers,
which were converted into conjugated homocyelic dienes and
further into cyclohexenones. These enones were easily
converted inte bicvelol3d.2.1]loctanes by the BuzSnH/AIBN free

radical cyclization reaction,

INTRODUCTTON

The Birch reduction reaction is routinely used for cenverting benzenoid aromatic
molecules into useful alicvelic synthons {ref. 1). Nevertheless, the
t.ransformation of phthalides (1) by this process has nol been reported. One
possible outcome of the Birch reduction of a phthalide would be the cleavage of the

lactone ring to produce a 2-methvlbenzoate (Scheme 1},
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Scheme 1
lHowever, the optimal molecular geometry for this cleavare, and for n-o% overlap,
has the C-3-0-2 bond orthogeonal to the aromatic ring. Since the phthalide {11} is

completely coplanar, a lactone cleavage cannot be the primary result of the Birch

— 971 —



Me

THe

Me

or K

=
wl

Li or K

O

+

el

" n
ja-J= e
St

——?

Me

Br

Br

mox o
X0l
——

Scheme 2

Ry

tMe

@

[
=

Br

Rearr.

Cope

cO0™

R1

THe

Br

3

Scheme

— 972 —



HETEROCYCLES, Vol. 31, No. 6, 1990

reduction process. This analysis sugdested that the reduction of the phthalide
{21, Scheme 2, and trapping the carbanrion {5) with 1,2-dibromopropene should yvield
an intermediate which was suitable for conversion into a bicveclo[3.2.1loctane by a

free radical cyclization reaction.

DISCUSSION

The Birch reducticons and alkvlations of 4-methoxyphthalide {2) were performed in
tetrahydrofuran {THF)/ammonia solvent mixtures, using the standard reaction
conditions {ref. 1}. 1In a tvpical reaction, very small pieces of potassium were
added slowly to a rapidly stirred solution of the phthalide in a 2:1 mixture of
ligquid ammonia and THF, at -78 °C, containing 1.1 equivalents of a proton donor,
until the blue colour of excess electrons was observed. Usually, about 2.1
egquivalents of potassium were used and the excess of electrons was destroved by the
careful addition of small guanltities of 1.2-dibromoethane. The reaction mixture was
then allewed to warm to about -20 °C, under a stream of dry nitrogen, and was kept
at this temperature until no more ammonia was released [ref. 21. The reaction
mixture was then cooled back toe -78 °C and the carbanion was quenched with 1.1
equivalents of 1,2-dibromopropene, After stirring for 25 minutes, the reaction

mixture was diluted with aqueous ammonium chloride and was worked up.

When tertiary butanel (t-BuOH} was used as the proton donor, the compounds (2},
(6), {7}, (B8} and (9), were isclated in 42%, 15%, 10%, 13% and 20% vields
respectively. Further, if (after addition of the metal}) the reaction mixture was
quenched with a large amount of ammonium chloride, then the acid (11) was the major
preduct (50%) and none of the desired lactone (10} was found.

) Me Me
Me CHy™

COOH Coo”

1L 1z
Since the planar intermediate (3) cannot be converted directly intoc the carbanion
(12}, then the compound (8) could not have been produced by a simple transformation
of anien (5). Instead, it seemed more likely that the lactone (§) had been

produced but was further transformed by t-butoxide, generated from the t-BuCH.

Indeed, when ammonium acetate was used as the proton donecr in the reaction of the
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compound {2), the cempound {6) was obtained in 91% vield and none of the compounds

{71. {8) or {(9) were precduced.

The reduction/alkvlation of the phthalides (13) and (14} using t-BuOH and poitassium
gave modest vields {about 50%) of the tactones (15) and (16) respectively. The
compotind (17} was also isolated (in 10% vieid) from the reaction of phthalide (13},
but. no analogous material was found in the reaction of phthalide (14). However, by
using ammonium acetate and either lithium or potassium. the lactones (153) and (16)
were produced in 94% and 95% vield respectively. These results confirmed the
adverse role plaved by the t-butoxide and the production of the compounds (7)1, (8}

and {9} could now be rationalized as in Scheme 3.

Me Me K Rl
‘\
Br O
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0
lz Br
iBR = Ry = H 21 R = Ry = H
L9 R, Ry = Me. H 52 R. Ry = Me, H
20 R = Ry = Me 23 R = R) = Me

The compounds (6}, {15) and (16) were quantitatively converted inte the unsaturated
ketones (1%), (19) and (201, by acidic hydrolyses, without cleavasge of the lactone
rings. The compounds (8}, (135) and (18) were also yuantitatively isomerized rto the
conjugated dienes (21}, (22} and (23}, after being stored at -5 ¢C (in Lhe pure
state) for several davs.

Normallv, @B-alkexy—., or B-acvlosyvy-encl ethers undergo elimination of the RB-leaving
group during acidic hvdrolyses, to €ive unsaturated ketones (ref, 3). Further, the
reduction and alkvlation of m—anisic acid (24) gave enol ethers (25}, which were
structurally similar to the lactones (8), (15} and (16), but which did not
spontaneously undergo conjugation (ref. 4). These data suggest that during the
aridic hydrolyses of the lactones (6), {(18) and {16}, they were first isomerized
inte the conjugated dienes, which then were hyvdrolysed to the observed unsaturated
ketones. Once again the planar geometry of the lactones (b}, (15} and (16]
provided the stereo-control necessary f{or the successful production of the desired

materials from the phthalides.

The diasterecisomeric lactones {15) were inseparable, but were detectable and
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quantifiable by nmr which showed that there was a marked selectivity in the
formation of one diasterecisomer. The unsaturated ketones (1Y9-exo) and {189-endo)
were easily separated by column chromatography and these compounds enablied the
complete characterization of the lactones (153) by nuclear Overhauser effect studies
{at 400 MHz). Exo- and gndo- refer to the molecular surface on which the methyl
group lies., When the reduction of phthalide (13} was done under the standard

ende) were obtained in a 1:1 ratio. However, by remcving the ammenia before
alkvlation, the iscmers were obtained in a 1:10 ratie {exo- to endo-1.

The analogous Birch reductions (ref. 41 of ammonium 4-methylbenzoate {from the
golution of 4-methylbenzoic acid in ammonia/THF) also vielded an unequal mixture of
sterecoisomers (26}, demonsirating that this diastereoselectivity was solvent
regulated rather than being due Lo any special feature of the phthalide, or
henzoate., These solvent dependent facial selectivities might be consequences of
aggregation phenomena (ref. 5) and could be developed inte a valuable stirateey for

manipulating these reductions.

QMe 2
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24 25 R H, Ry = g1 ko= Ry = d
€3 Rl - e & = OMe 28 . Ry = Me. H
26 My = Me, Ry =M 29R = R = Me
The desired bicvelol3.2.1loctancnes {273, (28) and (29) were prepared by Lhe very

slow addition of tributyltin hvdride and azobisisobutyronitrile {(AIBN)} to dilute
solutions of the unsaturated ketones (18), (19} and (20) respectively, in refluxing
benzene {(ref. 6}, over a period of twe hours. The reactions were usually refluxed
for an additional hour following the addition of the reagents, These radical
cvelizations proceeded nearly quantitativelw.

These bicyclald.2.1 joctanones possess some of Lthe features of the rinds ¢ and b, as

well as "handies"

for the consliruction of the rings A and B, of the kauranoid and
derived diterpenes., The efficiency of this synthesis and the possibility of using

more highly substituted phthalides to produce more complex bicyclol[3.2.1ljoctanes

demonstrates the synthetic potential of this route.

All new compounds dgave satistactory analvtical and spectroscopic data, which were
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completely consistent with the suggested structures.
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