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The mechanism for the reaction of alkyl halides with sodium naphthalene has
been widely discussed, one of the more interesting topics being the relative
importance of the direct radical combination route (eq 2) and the carbanion
route (eq 3).1'5 It is now generally thought ' that alkyl chlorides and bromides
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react mainly by eq 3. The situation for iodides i3 less clear; although eq 3
probably dominates, both routes may be important.u’5

We were concerned with the mechanism for the reaction of benzyl halides
with sodium naphthalene, since the above conclusions do not necessarily apply to
benzylic systems where both the radical and carbanion species are strongly
stabilized. This paper describes experiments, involving the combined use of the
Banks' anion-trapping techniqueu and 1°F CIDNP observations for p-fluorobenzyl
halides, which demonstrate that both benzyl chlorides and iodides react mainly
by the carbanion route (eq 3).

Reaction of equal volumes of THF solutions of benzyl chloride or iodide
(0.6 M) and sodium naphthalene (0.25 M) yields bibenzyl in high yield. When the
experiments are performed differently and the benzyl halide solutions are first

saturated with anhydrous magnesium bromide, then reacted with sodium naphtha-

lene, and finally treated with water, benzyl chloride yields toluene as the
major product (toluene-bibenzyl molar ratio is ca. 5). However, benzyl ilodide
still yields bibenzyl as the major product (less than 10% toluene forms).6
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The above experiments were also performed with p-fluorobenzyl halides by
mixing the reagents in an nmr sample tube in the probe of an nmr spectrometer
(14KG, 56.4 MHz). The region of the '°F spectrum associated with p-fluoro-
benzyl derivatives was scanned within 15 sec. of mixing. For both the chloride
and iodide, in the absence of MgBrp, an intense polarized resonance was
observed (Fig. a) at the frequency expected for p,p'-difluorobibenzyl. No
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Figure. a) Polarized '°F spectrum for p,p'-difluorobibenzyl obtained 15 sec.
after mixing reagents in the spectrometer probe.

b) Equilibrium spectrum obtained 1 min. after mixing.

other polarized resonances were observed. A similar polarized resonance was
also observed for the iodide in the presence of MgBrr. However, no polariza-
tion could be observed during the reaction of the chloride in the presence of

MgBra.
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Anhydrous magnesium bromide has been suggestedu as a reagent which
effeciently and selectively traps the carbanion of eq 3, forming a Grignard
reagent. Addition of water then converts the Grignard reagent to a hydrocarbon.
Accordingly, the involvement of the Grignard reagent in the benzyl halide
reactions would cause formation of toluene. Therefore, the observation of
toluene as the major product in the presence of MgBr, indicates that benzyl
chloride reacts with sodium naphthalene mainly by the carbanion route (eq 3).
Unfortunately, the product analysis for benzyl iodide provides no information
on its reaction mechanism. The absence of toluene in the presence of MgBro
does not necessarily indicate that radical coupling occurs; the carbanion route
could be operative and still lead to exclusive bibenzyl formation.7 Fortunately,
the 1°F CIDNP experiments allow differentiation between these two possibilities
and demonstrate that the latter one is correct.

CIDNP for reaction products results from time-dependent nuclear spin-
electron spin interactions in radical pair intermediates. »9 CIDNP experiments
are useful in mechanistic studies since the appearance of the polarized
resonance is dependent on, and thus can provide information about, the reaction
mechanism. The most likely radical pair to be of consequence in these
reactions is I, formed as an intermediate in the electron transfer step of eq 3.
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The radical pair consisting of two p-fluorobenzyl radicals might also be
important in the reaction mechanism, but could not lead to the net polarization
observed in Fig. a. That polarization results during the formation of benzyl
anion from I is confirmed for the chloride by the observation that no polarized
p,p'-difluorobibenzyl resonance is observed when the benzyl anion is trapped by
MgBr.. This finding eliminates the possibility that the polarization results
entirely from a small amount of p,p'-difluorcbibenzyl formed by some other
mechanism. The important point is that since a) Pp,p'-difluorobibenzyl formed
via the two different mechanisms would exhibit different polarized spectra,

b) identical polarized resonances are observed for benzyl chloride and iodide
in the absence of MgBr,, and c) the polarization observed for the chloride
does result during formation of the carbanion, it is probable that both the
iodide and the chloride react mainly by the same mechanism; i.e., by the
carbanion route (eq 3).

The observation of CIDNP in this system is apparently associated with the
great sensitivity of the °F polarization intensity for p-fluorobenzyl deriva-
tives to small A\g values (i.e., 107*) for the critical radical pairs;10
polarization of the methylene and aromatic protons in this system was searched
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for but not observed. *H CIDNP has been observed for the reactions of sodium
naphthalene with other alkyl hali.des,l'1 but only at low magnetic f:i.elds]‘2
where the polarization has a different origin and provides less mechanistic
information.
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