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ary: 2Z~2-Chlorostilbene undergoes uncatalyzed LiAlH, reduction giving
phenanthrene and Z-stilbene. An electron transfer radical méchanism is propos-
ed. LiAlH, induced isomerization of Z-stilbene produces E-stilbene.

Aryl bromides and iodides undergo uncatalyzed LiAlH reduction convenient%y?
but aryl chlorides at best, give poor yilelds (26-50%) of the reductjon productg 5
The only successful reduction of a chloroaromatic viz. l-chloronaphthalene report-
ed in the literature6 required TiCl4 catalyst in refluxing THF. We now report the
first quantitative, uncatalyzed LiAlH4 reduction of an aryl chloride in THF at
25°C, wherein Z-2-chlorostilbene 1 yielded a mixture of phenanthrene 5 and 2-
stilbene 6 by a mechanism which, we believe, involves initial transfer of an
electron from LiAlH, to 1. Subsequently, € undergoes LiAlH, induced isomeriza-
tion giving E-stilbene 7,

contained in THF' to a solution of 1 in the same

On the addition of LiAlH4
solvent at ambient temperature under Ary nitrogen, with magnetic stirring, the
reaction commenced with evolution of dihydrogen, The reaction mixtures in diffe-

rent runs,on work-up after 12 or 24 hr, gave the results summarized in the Table.

It is evident from these data that 5 and 6 are formed first and 7 arises from
the latter in a secondary process involving LiA1H4. A comparison of the combined .
ylelds of € and 7 with those of 5 in runs 2-6 reveals that the reductive cycliza-
tion predominates over the simple dechlorination process:; but this trend is reve-
rsed in runs 7 and 8 where cyclohexene and cumene respectively, are present. The
reported4 order of reactivities in the LiAlH4 reductions of halobenzenes i.e.,
I>Br>Cl>F, is same as that Observed8 in electron transfer reductions using
several different electron donor reagents. All these observations become dis-
cernible when intervention of radigals formed by dissociative electron capture
on 1 is considered significant as shown in the Scheme,

% to 1 in step 1 do exist

in the present study. The extended conjugation in 1 presumably provides ABMO

Conditions favoring electron transfer from LiAlH4

of low enough energy for acceptance of an electron from LiAlH4 made available
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TABLE: Reaction of 1 (0.01 mol) with LiAlH, in 50 ml THF at 25°C

aun L;ﬁiﬂ4 Tﬁge % Yield of p‘;oducts:‘a Hzé
Phenanthrene Z-Stilbene E-Stilbene ml
2 8 1
1 0.,00625 12 33 16 nil 20
2 0.0125 12 65 30 nil 32
3 0.0125 24 66 29 nil 32
4 0.025 12 66 25 5 38
5 0.025 24 68 20 8 40
6 0.04 24 68 5 22 62
7& 0,025 12 32 52 12 48
gd 0.025 12 37 50 9 46

a. Crude products were separated inte 5 and a mixrture of 6 and 7 by elution with
petroleum~ether (bp 60-80°) over activated silica gel column. Yields of 6 and
7 were estimated by glc (calibration method) using 10 ft. silicone rubber
SE-30 c¢olumn,

. Volume of H2 was determined at atmospheric pressure by comparison with control
experiment in the absence of 1 using same batch of reactants and solvent under
identical conditions.

In presence of cyclohexene (0.15 mol).
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In presence of cumene {0.15 mol}.
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by the process outlined in eqg 1 alone or in combination with that symbolized
in eq 2,

AlHS == MH;+H ; H —> }H +e e (D)

-

AH, —> AA1H4+e_

eee (2)

The radical 3, obtainable from the anion-radical 2 in the usual manner, is

Kxnown 1° to prefer intramolecular phenylation (giving 5) over hydrogen stom
abstracti::n.11 The favorable distance12 of the order of 1.5 R between the two
positions to be linked in 3 significantly contributes to cyclization.13 Eviden-
tly, the life-time of radical 3 must be long compared to the time of rotation or
oscillation of the rings. However, enhanced ylelds of stilbenes in runs 7 and 8
reflect the known14 ease of hydrogen atom donation by cyclohexene and cumene
respectively, to aryl radicals. The carbanion corresponding to radical 3, even
if formed, would not have cyclized.15

Electron donation by L1A1H4, ag seen from the volume oOf H2 evolved, gene-~
rates only a fraction of the total amount of 3 that actually produces 5, 6 and
1. It is, therefore, considered likely that besides reacting by step 3, radi-.
cal 3 picks up a hydrogen atom*® from AlH;' producing 6 and anion-radical A1H3'
(eq 3). At this stage, AlHS; intervenes as electron donor>’ in step 1 which

3 + MHS —> 5+ AH eee (3)

continues giving 3 as long as both 1 and A1H4' are present, Conssquently, eg 3
must account for a major portion of stilbenes obtained in runsg 1-6. Indeed,

run 3 conducted with LiAlD, instead of LiAlH, yielded 5 (65 %) and § (28 %)
which contained largely the monodeuterated component (nmr), That 7 is produced
by LiAlH4 induced isomerization of 6 is evident from a comparison of the yields
of the two stilbenes in runs 4-8 with these in runs 1-3, This conclusion
receives support from the following results obtained by reacting an authentie
sample of 6 (0.01 mol) with LiAlH, in 50 ml THF at 25°C under nitrogen for 24hrs

LiAlH, , mol 0.005 0.01 0.02 0,05 0.10
Yield of 7 (gle), % 50 55 80 93 96

The possible role of LiA1H4 as an electron donor in this and similar iso-
merizations18 as well as cyclizations leading to the synthesis of a variety of
carbocyclic and heterocyclic systems iz under investigation.
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