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Diels-Alder Reactions of o-Benzoquinones

Summary: Dienophilic properties of 4-methoxy-o-benzo-
quinones with 1,3-butadiene have been demonstrated.

Sir: The p -benzoquinones are powerful dienophiles in the
Diels-Alder reaction.! This tendency has been exploited in
a variety of classical total synthesis projects.2 In contrast,
the o-benzoquinones have both dienic and dienophilic
potentialities. This duality is no doubt responsible for their
ready involvement in dimerization reactions.3

The greater dienophilicity of any alkyl enedione [O==C—
C=C(R)C==0] relative to an alkoxy enedione [0=C—
C=C(OR)C==0] in the p-benzoquinone series results in a
strong directing influence in Diels—Alder reactions.2* This
effect is no doubt due to the resonance stabilization, avail-
able to the methoxyenedione, which is forfeited (in the
transition state) were this grouping to undergo cycloaddi-
tion. By analogy, we reasoned, that a 4-methoxy-o -benzo-
quinone should exhibit reduced dienic tendencies in the
Diels-Alder reaction.%® Furthermore, the 5,6 double bond
of the 4-methoxy-o -benzoquinone would be expected to be
the dominant site of dienophilicity relative to the 3,4 dou-
ble bond. These suppositions have been nicely corroborat-
ed in the excellent dienophilic properties of 0-guinone 1.
However, in the case of 0- quinone 2, an unexpected reac-
tion takes place which provides a ready access to the spi-
roundecane [5.5] series in a highly functionalized state.

The known® 2-chloromethyl-4-nitroanisole (3) served as
a starting material for both quinones. Acetolysis by known
methodology® gave the acetoxymethyl compound 4. Reduc-
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tion of the nitro group (zinc-dilute HCI) gave the anilino
compound 57 (mp 58-59°) in 77% yield. Diazotization and
hydrolysis of 5 afforded the phenol 6 (mp 92-93°7) in 76%
yield. Oxidation of 6 with Fremy’s salt® gave o- quinone 17
(mp 128-130°) in quantitative yield.

Compound 3 was also converted by overall hydrogena-
tion-hydrogenolysis to the known aniline derivative 7% and
thence (diazotization-hydrolysis) to the phenol 8.10
Fremy’s salt oxidation of 8 afforded 89% o -quinone 27 (mp
110-120° dec).

Compound 1 was heated with excess 1,3-butadiene in
benzene in a sealed tube at 105° for 5 hr. A 63% yield of a

crystalline product, mp 150-151°, was obtained. On the
basis of its combustion analysis,” ir [ (CHCl3) 3430, 1740,
1625 cm~1], nmr [6 (CDClg) 1.9 (s, 3), 2.2-2.4 (m, 4), 3.8 (s,
3),4.3(d,J = 17Hz, 1), 44 (d, J = 17 Hz, 1), 5.4-6.0 (m,
containing s at § 5.7, 3), 6.7 (s, 1 exchange with D;0)], and
mass (m/e 264 — parent) spectra, this compound is defined
as structure 9. Clearly 9 is the result of Diels—-Alder reac-
tion of 1 with 1,3-butadiene followed by enolization of the
« diketone, so produced, to the tautomeric diosphenol. To
our knowledge this represents the first successful Diels—
Alder reaction where a nonactivated o-benzoquinonel!l
has been successfully condensed with 1,3-butadiene itself.
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Reaction of o-benzoquinone 2 with 1,3-butadiene under
identical reaction conditions produced a crystalline prod-
uct (mp 185-187°) in 48% yield. The combustion analysis
(Found: C, 69.72; H, 6.72) and mass spectra (m/e parent
206) are consistent with its being a 1:1 adduct. However,
even a cursory examination of its pmr spectrum indicates
that this compound can not be formulated as the analog of
9 bearing an angular methyl group. In fact, the only 3 H
singlet in the spectrum appears at § 3.80, clearly ascribable
to a methoxy group. On the basis of the analysis of the pro-
ton chemical shifts (see Figure 1) structure 107 was as-
signed to this compound.
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Figure 1.

The presence of a 2-hydroxy 4,4-disubstituted 5-methox-
ycyclohexadienone system is supported by a strong ferric
chloride test, the presence of an exchangeable proton at é
6.43, and two singlets at 5.67 and 6.15, which are character-
istic of vinylic protons. The remaining protons were as-
signed with the aid of double resonance at 250 MHz (Fig-
ure 1).

Corroboration of the structure was obtained by examina-
tion of its cmr spectrum at 62.5 MHz in which the spiro
carbon atoms was found at 41.3 ppm (CDCl; containing
TMS). The assignments for the eight hydrogen-bearing
carbons are shown in Figure 2.
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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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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



