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Figure 2.

The formation of 10, though not predicted, can be ra-
tionalized in terms of cycloaddition of 2a with 1,3-butadi-
ene. Intermediate 2a must arise by tautomerization of 2.
The tautomerization of an o -benzoquinone to a 2-hydroxy-
4-methylenecyclohexadienone, followed by cycloaddition
of the latter at the exocyclic methylene group, is to our
knowledge a new route to spiro systems.

Some rather subtle structural features are exercising
strong control over the choice of the options of convention-
al cycloadditon (c¢f. 1 — 9) vs. enolization--cycloaddition
(cf. 2 — 10).12 These factors have not, at this point, been
defined.

Synthetic applications of Diels-Alder reactions of o-ben-
zoquinones will be described in due course.
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Although we do not have a full accounting of the material in either the
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separation of crystalline 10, show (tlc analysis) additional amounts of 10
and several other unidentified spots. The nmr spectrum of these mother
liquors does not show any methyl resonance in the region ¢ 1-1.5
where it would be expected from the direct cycloaddition of 2 with 1,3-
butadiene.
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“Nucleophilic” Replacement of Two Halogens in
Dihalobenzenes without the Intermediacy of
Monosubstitution Products!

Summary: The fact that several dihalobenzenes react with
thiophenoxide ion in ammonia under irradiation to form
disubstitution products without substantial intermediacy
of monosubstitution products constitutes unique evidence
of mechanism, serving to exclude numerous possibilities,
but straightforwardly accommodated by the SRN1 mecha-
nism.

Sir: Aryl iodides react readily with thiophenoxide ion in
liguid ammonia, under irradiation, to form diary! sulfides
in high yield? (eq 1). We now report that under the same
conditions many dihalobenzenes afford disubstitution
products. Typically, little if any monosubstitution product
is formed. Moreover, we have evidence that for the most
part the monosubstitution product is not an intermediate
in'the production of disubstitution product.

Arl + PhS™ > Ar—S—Ph + I” (1)

A representative reaction is that of m- chloroiodoben-
zene with thiophenoxide ion during 2.5-hr irradiation with
Pyrex-filtered light to form the bis sulfide, m- di(thiophe-
noxy)benzene, in 91% yield accompanied by a mere trace of
m-chlorophenyl phenyl sulfide. Even at short reaction
times, at which the dihalobenzene is but partially reacted,
only a trace of monosubstitution is observable alongside
predominant disubstitution.

The results of numerous experiments are summarized in
Table I It is noteworthy that m- fluoroiodobenzene (run 8)
underwent only replacement of iodine, yielding 96% of m-
fluorophenyl phenyl sulfide. However, in p-iodophenyltri-
methylammonium ion (run 6) both the iodine and the tri-
methylammonio group were replaced, forming the bis sul-
fide in 95% yield. Replacement of the trimethylammonio
substituent in aromatic SRN1 reactions is a familiar phe-
nomenon.3-5
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Table 1
Photostimulated Reactions of Aryl Halides with Thiophenoxide Ion¢ in Liquid Ammonia

Run Reaction

no. Substrate time, min Sulfide product % yield? Other products®

1 m-C1C 4H,I 150 m-PhSC4H,SPh 91 PhSPh, m-C1C,H,SPh
2 p-CIC H,I 120 p-PhSC.H,SPh 89° PhSPh, p-C1CH,SPh
3 m-BrC;H,Br 190 m~-PhSC H,SPh 92 PhSPh

4 m~-C1C3H,Br 180 #~PhSC H,SPh 55 PhSPh, m~CIC,H,;SPh
5 p-BrC;H,Br 300 p-PhSC;H,SPh 64%¢

6 p-ICH,N*Me,I" 180 p-PhSC,H,SPh 95 PhSPh

7 0-CI1C¢H,I 90 0-PhSC,H,SPh 77 PhSPh, 0-CIC,H,SPh
8 m-FCH,I 100 m-FC:H,SPh 96

2 PhS- supplied by dissolving PhSH in ammonia; irradiation by “350 nm’ lamps.3 b Isolated yield unless otherwise indicated. ¢ Trace
amounts. ¢ Glpc yield. ® After recrystallization. / 33% unreacted m-chlorobromobenzene. & 26% unreacted p-dibromobenzene. » 9% unre-

acted o-chloroiodobenzene.
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Kinetic analysis of the photostimulated reaction of m-
chloroiodobenzene (1) with thiophenoxide ion shows that,
except to a minor extent, the monosubstitution product (2)
is not an intermediate in formation of bis-sulfide 3. First, in
separate reactions with thiophenoxide ion, 1 is more reac-
tive than 2. Thus, during 105 sec irradiation, 1 reacted to
the extent of 68% but 2 only to the extent of 15%, both to
form predominantly 3. Second, when mixtures of 1 or 2 and
iodobenzene were allowed to compete for excess thio-
phenoxide, iodobenzene was found to be more reactive
than 2 but less reactive than 1. Third, in direct competition
between 1 and 2 for thiophenoxide ion, 1 was 17.4 times
more reactive than 2.

These relative reactivity measurements show that 2 is
too unreactive to participate as a major reaction intermedi-
ate.

That monosubstitution product 2 is, in the main, not an
intermediate en route to disubstitution product 3 is a
strange result, and constitutes powerful evidence of mecha-
nism. It serves to exclude numerous conceivable mecha-

nisms of substitution. On the other hand, the previously
proposed SRN1 mechanism?8 not only accommodates this
result, but leads to an expectation of it. That mechanism,
adapted to the present case, is sketched in Scheme 1.

In Scheme I, the fate of radical anion 4 is of central in-
terest. Loss of chloride ion from 4 is the major pathway and
leads to disubstitution product 3 without the intervention
of 2. Loss of an electron from 4, presumably by transfer to
1, forms 2 but is apparently a minor pathway.

The fact that m-fluoroiodobenzene (run 8) gave only
monosubstituted product indicates that the analogous m-
fluorophenyl phenyl sulfide radical anion preferentially
transfers an electron to aryl iodide. C~F bonds are more
difficult to break than C-Cl bonds.

The mechanism of Scheme I is the only one conceivable
to us that accommodates the strange result we report. We
must, however, add the universal proviso that a presently
inconceivable mechanism may also accommodate the evi-
dence.
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Photostimulated Condensation of Aryl Todides with
Potassium Dialkyl Phosphites to Form
Dialkyl Arylphosphonates!

Summary: Aryl iodides react rapidly with potassium dial-
kyl phosphites, (RO)oPO~K*, in liquid ammonia under
“350-nm” irradiation to form dialkyl arylphosphonates in
87-96% yields, probably by the SRN1 mechanism.

Sir: We have found that potassium salts of dialkyl phos-
phites react rapidly with aryl iodides in liquid ammonia
under Pyrex-filtered irradiation to form dialkyl esters of
arylphosphonic acids in nearly quantitative yields (Scheme
D.



