“Classical’’ Behavior of 4-Iodobutyl Radicals
Generated in the Reaction of 1,4-Diiodobutane with
Sodium Naphthalene

Sir:

Recent reports have included suggestions that 3-
jodopropyl, 4-iodobutyl, and 5-iodopentyl radicals may
be bridged (1) or may undergo unusual reactions, such
as internal SH displacements at carbon (eq 1).73

I~
CH2< ~CH,
(CH)p-2
1

I(CHz)n_chg' —> C'(CHz)n + I (1)

Because both possibilities are otherwise undocumented,
and because their substantiation would have important
structural and mechanistic consequences, we have
tested their applicability to 4-iodobutyl radicals
generated in the reactions of 1,4-diiodobutane with
sodium naphthalene.

Scheme I
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halide (RX). Itis related to the ratio of rate constants,
ka/k., as follows: k./k. = y/(1 — y). For simple
primary alkyl halides y = 0.53 = 0.05, corresponding
to kg fk. = 0.9 &= 0.2.

Application of Scheme I to the reaction of 1,4-
diiodobutane generates Scheme II, in which 4-iodo-
butylsodium and alkylation products arise in com-
petitive reactions analogous to those of Scheme I.
Although 4-iodobutylsodium is expected to undergo
other reactions, in addition to its possible reactions with
solvent, all of these must lead to C, hydrocarbons.
Thus, y(1,4-diiodobutane) can be calculated from the
total amount of C, hydrocarbons formed.

If k,/k. were identical for 4-iodobutyl radicals and
other primary alkyl radicals, namely, 0.9 % 0.2, then
y(1,4-diiodobutane) would be 0.53 = 0.05. In order
to test this prediction, “evaporation’ experiments®
with 1,4-diiodobutane were performed.

As expected, there were no C; hydrocarbons among
the products. The C, hydrocarbons consisted only of

RX —— R: + X~ + :Naph

Fa

[H*]
(1 — y)R-Naph:~ —> (1 — y)monoalkylation products
R- + =N8Ph"< DME .
e y R:= —> y(RH + methyl vinyl ether + MeO-)

s Sodium counterions are omitted.

Scheme II¢

:Naph-—
I(CHz);I — I(CHz)aCHz' + 1"+ :Naph

ks (1 — »I(CHy)s-Naph:~ —> (1 — y)alkylation products

I(CH:);CH:' + :Naph L

ke yI(CH,);CHz:~ —> »(C, hydrocarbons)

s Sodium counterions are omitted.

We find no evidence of bridging or of internal SH
reactions at carbon. In fact, 4-iodobutyl radicals
generated in this reaction behave as would be expected
of any unsubstituted primary alkyl radicals produced
under the same conditions.

There is ample evidence that the mechanism of
Scheme I applies to reactions of simple primary alkyl
halides, including iodides, when the alkyl halides are
dilute and sodium naphthalene is in excess in DME at
25°45 In Scheme I, y is the number of moles of
alkylsodium (R:~) produced from 1 mole of alkyl
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¥(1,4-diiodobutane) 0.51 £ 0.02, in quantitative
agreement with the prediction that 4-iodobutyl radicals
behave ‘‘classically,” i.e., like unsubstituted primary
alkyl radicals, in this system.

Not only are unusual structures and reactions like
those previously suggested not reguired to account for
these results, they are contraindicated. If the 4-
iodobutyl radicals were bridged, k,/k. equal to that for
simple primary alkyl radicals would have been
unexpected, since this ratio apparently reflects elec-
tronic factors.?? Similarly, if the 4-iodobutyl radicals
were generating cyclobutane through internal SH
reactions, y should have been greater than that predicted
on the basis of the assumption that this is not occurring.
Thus, we conclude that it is unlikely that the 4-iodobutyl
radicals generated in the present experiments have
bridged structures, undergo internal SH reactions, or
behave in any other “nonclassical” fashion. 14

The origin of the cyclobutane in the present experi-
ments deserves comment. It clearly arises in uni-
molecular reactions of 4-iodobutylsodium. The mech-
anism of this reaction will be considered elsewhere.
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On the Chemistry and Stereochemistry of the Ion Pair
Derived from trans-5-Cyclodecen-1-yl p-Nitrobenzoate.!

Sir:

We wish to report an ion-pair rearrangement in
which a p-nitrobenzoate ion migrates a considerable
distance with incomplete randomization of the carboxyl

oxygen atoms.
In an earlier investigation® it was found that solvolysis
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of trans-S-cyclodecen-1-yl p-nitrobenzoate (I-OPNB)
in aqueous acetone gives trans,trans-1-decalol (II) and
is accompanied by isomeric rearrangement to trans,cis-
1-decalyl p-nitrobenzoate (III). Both transformations
are first order and the rearrangement is intramolecular
(no exchange with p-nitrobenzoate ion). It was also
observed that rearrangement of I-OPNB-carbonyl-#0
results in only partial equilibration of the oxygen
atoms. ?

From the high reactivity (I-OPNB is > 104 times
more reactive than cyclodecyl p-nitrobenzoate)? it is
clear that solvolysis is accelerated by transannular
participation by the double bond. The effect of
varying solvent and temperature on the rates of sol-
volysis (ks) and rearrangement (k) and on the k/k;
ratio indicates that assisted ionization gives rise to an
ion-pair intermediate which is common to solvolysis
and rearrangement, i.e., rearrangement results from

ion-pair return.
f 0 PNB
PNB

I--OPNB

H
T

The migration distance of the p-nitrobenzoate ion in
the rearrangement depends on the stereochemistry of
the ionization step. Assisted ionization with inversion
of C; (IV) accounts for the rate enhancement and
stereochemistry of solvolysis (¢7ans addition of C; and
solvent to the double bond). In this case the anion is
generated a considerable distance from C;. On the
other hand, a process involving retention of configura-
tion at C; (V) requires a much shorter migration route
and provides an obvious explanation for the stereo-
chemistry of rearrangement (cis addition to the double
bond)?® if not for incomplete scrambling of oxygen
atoms.

_-~OPNB

We have now determined the relative configurations
of C; in the reactant (I-OPNB) and products (II and III)
and have established thationization results in inversion
of C; as in IV. We have also reinvestigated oxygen
equilibration associated with rearrangement and have
confirmed that equilibration is incomplete.

The trans-5-cyclodecen-1-yl system (I) was resolved
by recrystallization of the cinchonidine salt of the acid
phthalate derivative and the absolute configuration of
active I was determined by correlation with S-meth-
oxyadipic acid.%5 (4)-trans-5-Cyclodecen-1-ol  (I-
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