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C1-C2-C3 plane, as summarized in the exaggerated de-
piction 6—have been confirmed through a complete neu-
tron diffraction structure determination for this mono-
substituted methylenecyclopropane.’* Such corroborative
evidence is especially important as verification of the
second distortion, for neutron diffraction is a physical
method much better suited to accurate location of hy-
drogen atoms in organic crystal structure determinations
than X-ray crystallography.

These geometrical distortions, derived from “orbital
distortions” associated with ¢—= mixing,!? reflect the sense
of stereochemical bias shown consistently by methylene-
cyclopropane rearrangements, as in the example 3 = 4.
That C2 is the favored pivot atom is mirrored in the dis-
placement of C4 toward C2. Which diastereotopic face of
the C4 methylene unit will preferentially bond with C2 as
the methylenecyclopropane rearrangement occurs, and
thus the favored transposition of the trans-C3 substituent
to the anti-C4 location as the suprafacial [1,3] shift takes
place, is apparent in the dihedral angles between C2-C1-
C3 and HA-C4-HB in the ground state.

Recent experimental'® and theoretical’” efforts have
made it abundantly clear that “orbital distortion” may
influence the ground-state geometry of an addend in a
manner indicative of stereoselectivity in cycloaddition
reactions. The present finding suggests that similar cor-
relations between ground-state geometry and reaction
stereochemistry may be found in and may provide useful
insights relevant to sigmatropic rearrangements and other
unimolecular thermal reactions.
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A Brief, Convergent, Regioselective Synthesis of
Naphthoquinones. A Formal Synthesis of
Nanaomycin A and Deoxyfrenolicin

Summary: A new synthetic route to naphthoquinones,
which involves the thermal rearrangement of alkynyl-
substituted benzocyclobutenones, is reported.

Sir: Reported here are convergent, regioselective syntheses
of the naphthoquinones 1a and 1b, compounds which have
been employed as key synthetic precursors to the biolog-
ically important quinones nanaomycin A (2a) and deoxy-
frenolicin (2b).1® In this regard, new chemistry is also
presented in the form of a potentially general naphtho-
quinone synthesis which was employed as the key step in
the construction of 1a,b.

Recent results reported from our laboratory concerning
the thermal rearrangement of 4-alkynylcyclobutenones to
quinones suggested the retrosynthetic approach to la, as
depicted in Scheme 1.4° Specifically, it was found that
alkynylation of dione 4 with the lithium salt of benzyl-
ethyne gave a 9:1 mixture of the regioisomeric benzo-
cyclobutanones. Significantly, the major product was
observed to rearrange cleanly to 2-benzyl-8-methoxy-1,4-
naphthoquinone upon thermolysis in refluxing p-xylene.’
Thus, an entry to the naphthoquinone nucleus was es-
tablished. Still another model study was accomplished
which determined that allyl ethers of 4-alkynylcyclo-
butenols undergo ring expansion with allyl group migration
upon thermolysis in refluxing p-xylene (138 °C).5

These studies encouraged investigations directed toward
the preparation and thermolysis of methoxybenzocyclo-
butenones such as 3. Results from Liebeskind’s laboratory
as well as our own experience suggested that mono-
alkynylation of 4 might result in a mixture of regioisomers
due to incomplete selection for alkynylation at the more
electron-deficient carbonyl.® This proved to be true as
evidenced by the fact that alkynylation of dione 4 with the
lithium salt of 3-(tetrahydropyranyloxy)propyne (2:1
mixture of diastereomers) at -78 °C in THF gave 5a
(yellow oil) and its regioisomer in 85% yield in a respective
ratio of 3:1; furthermore each regioisomer was formed as
a 2:1 mixture of diastereomers (Scheme II).” Upon further
experiment with 4 and other lithium acetylides it was
found that regioselectivities of >95:5 were obtained at —100
°C in a mixed solvent of THF/diethyl ether (1:1).8
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However, these conditions also resulted in a sacrifice in
yields (Table I).

The fact that 5a and its regioisomer were formed as 2:1
mixtures of diastereomers suggests that they differ ste-
reochemically only at the chiral center in the tetrahydro-
pyranyl group. This was confirmed by hydrolytic removal
of the THP group of 5a upon.treatment with 4:2:1
CH;COOH/THF/H,0 at 50 °C, which yielded only one
diol. Thus, the alkynylation of 4 is not only regioselective
for reaction at the more electron-deficient and sterically
less congested carbonyl but also stereoselective in its ap-
proach to that group.
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Table I. Alkynylation of Benzocyclobutenedione 4

OCH OCH
B *oH OTHP
OTHP - R
OH R ©
MAJOR ISOMER MINOR ISOMER

R conditions yield, % ratio
H THF, -78 °C 83 2:1
CH, THF, -78 °C 85 31
CH20H20H3 THF, -78 °C 85 4:1
H 1:1 THF/Et,0, -100 °C 52 97:3
CH, 1:1 THF/Et,0, -100 °C 54 98:2
CH,CH,CH, 1:1 THF/Et,0, -100 °C 58 95:5

The allyl ether 5b was formed in >95% yield as a yellow
oil by treating 5a with an excess of allyl iodide and Ag,CO4
in dioxane.® Thermolysis of this ether in refluxing p-
xylene (138 °C) gave the naphthoquinone 6 as a yellow oil
(71%). Removal of the THP protecting group with 4:2:1
CH,COOH/THF/H,0 gave 1a (yellow crystals, mp, 76-78
°C, 72%) whose spectral data correlated with those re-
ported in the literature.iab

Synthesis of 1b, the precursor of deoxyfrenolicin, was
accomplished by a procedure analogous to that described
above. That is, alkynylation of 4 with the lithium salt of
3-(tetrahydropyranyloxy)hexyne gave a mixture of two
diastereomeric tertiary alcohols contaminated with only
2% of a regioisomeric alcohol (Table I). The major re-
gioisomer was conveniently purified by flash chromatog-
raphy (ethyl acetate/hexane, silica gel), but the diaste-
reomers were not easily separated. Allylation of the major
product gave 7, which was converted to 1b by the method
reported above.

The overall syntheses of 1a,b are reasonably efficient.
Quinone la was obtained in 28% yield from 4 and 1b in
22% yield. The dione 4 was obtained in 31% from 2-
bromoanisole.l® The brevity and simplicity of these
syntheses recommend the overall approach as a viable
method for the preparation of naphthoquinones of specific
substitution patterns.
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