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Reactions of sodium naphthalenide with alkyl chlorides, bromides, and io-
dides produce free alkyl radicals which subsequently react with sodium naphtha-
lenide, generating alkylsodiums through electron-transfer and alkylated naphtha-
lenides through radical combination (1-7). 5-Hexenyl halides have played a sig-
nificant role in the mechanistic elucidation of these reactions (1,4,6). Scheme
I outlines the reaction mechanisms for such reactions, exclusive of olefin and
dimeric hydrocarbon (HZ) formation, which are significant only for alkyl iodides

and, to a lesser extent, bromides (1-4,6,7).
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Scheme I (MVE = methyl vinyl ether)

It would seem that these reactions might provide a means of investigating
quantitatively the reactions of the initially formed radicals, but alkyl chlor-
ides, bromides, and iodides react so rapidly with sodium naphthalenide that the
recactions appear to be complete within the time of mixing. 1In addition, they
are exothermic. The probable lack of concentration and temperature homogeneity

during the reactions renders such studies uncertain (4).
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Similar reactions of alkyl fluorides have not been reported previously.
Our results (a) show that sodium naphthalenide reacts with primary alkyl fluor-
ides, (b) demonstrate the applicability of Scheme I to these reactions, and (c)
illustrate the quantitative application of the method through the determination
of the rate constant ratio kn/'kc (see Scheme I).

The fact that the alkyl fluoride reactions are quite slow permits mainten-
ance of both concentration and temperature homogeneity throughout the reac-
tions. The rate constant for reaction of 5-hexenyl fluoride with sodium naph-

thalenide in DME at 25° is (5.7%1.6) x 107% M 'sec™". For hexyl and octyl flu-

orides it is (4.3%¥1.1) x 1074 M 'sec™".

From 5-hexenyl fluoride, reduction products are formed in (48%10)}% yields.
These consist of 1-hexene and methylcyclopentane. No cyclohexane, cyclohexene,
methylene cyclopentane, 1,5-hexadiene, or 012 hydrocarbons could be detected by
vpc; the columns used separated these cleanly from one another, other products,
and solvent. Methyl vinyl ether and methanol are products derived from the sol-
vent. The remainder of the products are high-boiling, long retention-time sub-
stances whose vpc retention times match in detail those of the naphthalenide al-
kylation products from reactions of sodium naphthalenide with 5-hexenyl chlor-
ide. The mechanistic kinship of the reaction of 5-hexenyl fluoride with those
of 5-hexenyl iodide, bromide, and chloride with sodium naphthalenide is demon-
strated not only by the identity of the products of these reactions, but alsoc by
the fact that the yields (RH + R'H) are the same for all four reactions when
they are carried out under suitably controlled conditions (6).

Various reactions which might have been expected, a priori, to compete with
those illustrated can be ruled out. No 1-hexene can arise from hydrogen atom
transfer reactions of 5-hexenyl radicals with DME because the cyclization of
these radicals is much faster than such hydrogen transfer reactions (1,4,9).
Previously reported work shows that the cyclization of 5-hexenyl radicals is not
reversible (1,4,9), that cyclopentylmethylsodium does not decyclize (1,4), that
the reaction products are stable (1,4), and that 5-hexenylsodium does not cy-
clize to the extent of more than about 3%, if at all, all of these points being

applicable under relevant reaction conditions in DME. Further evidence for the



No.7 589

last point is that ratios (1-hexene/methylcyclopentane) as high as 40 were ob-
tained from reactions of 5-~hexenyl fluoride with very concentrated solutions of
sodium naphthalenide in DME. This also rules out any significant amount of con-~
certed cyclization-reduction of 5-hexenyl radicals, as well as any C=C partici-
pation leading to cyclization in the first step of Scheme I. The identity of
the rate constants for reactions of 5-~hexenyl, hexyl, and octyl fluorides im-
plies that the C=C plays no role in the initial reaction.

From the absence of 1,5-hexadiene and 012 hydrocarbons among the products,
it is clear that the alkylsodiums formed do not react with 5-hexenyl fluoride in
DME. The reactions of the alkylsodiums with DME take but one significant path-
way, production of hydrocarbons, methyl vinyl ether, and methoxide. This is
shown by the facts (a) that the yields of hydrocarbons are very high (ca. 100%)
when 5-hexenyl chloride is allowed to react with a sodium mirror in DME (4) and
(b) that the yields of Cg hydrocarbons from reactions of 5-hexenyl fluoride with
sodium biphenylide in DME are similarly high.

According to Scheme I, the ratio (1-hexene/methylcyclopentane) should vary
with the initial concentration of naphthalenide. Such a variation was found

(see Table). Eg. 1, obtained by integration of the rate law for l1-hexene and

Table - Rate Constant katio (kn/kc) from Product Ratio Variation

b
Expt 103[:Naph7]§ (hexe/mcyc);bs (hexe/mcyé)%alc (kn/kc)%alc
138 4.61 15.2 16.1 1.50 x 104
144 4.07 16.5 14.5 1.88
148 3.76~ 12.8 13.6 1.48
145 2.28 7.6 9.1 1.30
159 0.492 2.1 2.6 1.24
160 0.276 2.0 1.6 2.13

Z2Tnitial molar concentration of sodium naphthalenide, determined spectro-
photometrically. E-Ra‘tio of 1-hexene to methylcyclopentane formed. Analyses b
vpe (4" x 20' 20% polyphenyl ether (5-ring) on 60/80 Chromsorb W, DMCS—treated).

LRatio of products calculated from Eq. 1 assuming kn/k to be 1.6 x 104 M_1.
d

~Calculated from Eq. 1. These values average 1.6 x 102 M'1.
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[:Napn™] (lc /k.) + 1 = exp {{:Napn=] (k, /k /(1 + (hexe/meye))} (1)

methylcyclopentane production according to Scheme I, was used to compute the
rate constant ratio kn/kc. The good fit of the data to Eq. 1 is further stirong
support for the mechanism of Scheme I.

Eq. 1 applies if a, the fraction of S5-hexenyl radicals reduced in their
reactions with sodium naphthalenide, is equal to b, the similar fraction for
reactions of cyclopentylmethyl radicals, and if 5-hexenyl fluoride is present in
large excess. The latter condition was purposefully maintained. The former was
demonstrated by experiments with 5-hexenyl chloride (6) and cyclopentylmethyl
chloride. The values obtained are g = 0.53 and b = 0.50.

The upper limit of kn is the diffusion-controlled limit, calculated as 1.2
10 -1

M 'sec

x 10 from the Debye equation (10) for DME. Combining this with the

value 1.6 x 104 m~! -1

for kn/kd' derived from our data, 7 x 105 sec is obtained

as the upper limit of k.. Data of Lamb (9) and data of Walling (11) and Ingold

(12) voth suggest a lower limit of kc near 105 sec_1

timated as exp(in(2.6 x 105)i1n(2.6)) sec” .

at 25°. Thus, kc is es-
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