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Abstract—Rare 1,6-C-H insertion of naphthol- and anthrol-derived alkylidenecarbenes has been observed in modest yield.
Reaction in deuterated solvent did not provide any evidence in support of a reaction mechanism that requires exchange of the
migrating proton with solvent. The pyran-annelated aromatic products are formed only when opportunities for the more common
1,5-C-H insertion process are blocked. © 2001 Published by Elsevier Science Ltd.

The value of alkynyliodonium salts 1 in organic trans-
formations is, in large measure, due to their ability to
serve as alkylidenecarbene 2 precursors under mild
experimental conditions (Eq. (1)).! The alkylidenecarbe-
nes so formed participate in a variety of distinct C—C
bond forming reactions including 1,2-shift to reformu-
late an alkyne, alkene cycloaddition to furnish methyl-
ene cyclopropanes, heteroatom-lone pair insertion to
generate reactive ylides, and most characteristically,
1,5-C(sp®)-H  insertion to deliver substituted
cyclopentenes.> These energetic divalent carbon
reagents are capable of inserting into relatively strong
C(sp>)-H bonds as well, as evidenced by annelation
reactions spanning the nucleophilic heteroatom and
adjacent ortho position of phenol, tosylanilide, or tro-
polone substrates.> On rare occasions, the products of
formal 1,6-C-H insertion have been observed in the
reactions of alkylidenecarbenes.* In the most highly
scrutinized case, Gilbert’s mechanistic inquiries pro-
vided evidence inconsistent with a concerted process,
and a step-wise pathway featuring a zwitterionic inter-
mediate 4 was invoked (Eq. (2)).** An interest in het-
ero-annelated naphthalene- and anthracene-based
natural products prompted an investigation of the
prospects for deliberately steering an alkylidenecarbene
8 toward reaction at a site six atoms removed, either by
direct 1,6-C—H insertion (8 >9), or perhaps by an indi-
rect alkene addition pathway, (8—>10), Scheme 1. A
recent report by Kitamura suggested that alkylidenecar-
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bene reaction through any channel at a peri (e.g. 1,6)
site is not likely to compete with the more energetically
favorable 1,5-C—H insertion process at an available
ortho position, (811, R =H).>®* However, the fate of a
carbene like 8 (R #H) when the normal 1,5-C-H inser-
tion pathway is blocked has not been described, and
there is no basis at present to predict the favored
reaction course between either of the scarcely prece-
dented 1,6-C—H insertion and 1,6-alkene addition path-
ways. The results of 1-naphthol- and 1-anthrol-derived
alkylidenecarbene reactions are reported herein. Three
ortho substituted 1-naphthol systems 12-14,° along with
the parent l-naphthol (15) for comparison and one
ortho substituted 1-anthrol 16, were examined.
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The study of 1,6-alkylidenecarbene reactivity com-
menced with the simple substrate 1-naphthol (15). This
species provides a baseline for the comparison between
1,5-C-H insertion and 1,6-carbene insertion/addition
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Scheme 1.

chemistry. Treatment of the anion of 15 (LINTMS,,
n-BuLi) with test iodonium salt 7 in a variety of solvents
(CH,CN, THF, DME) afforded essentially a single
product 18 in variable yield (Eq. (3)).6
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This unsurprising result (cf. Kitamura®®) served as a
reminder that blocking the ortho position of the naphthol
was required to redirect the carbene to another site.
Eventual optimization of this transformation led to
formation of the naphthofuran product 18 in modest yield
following slow addition of 3 equiv. of iodonium salt 7
in DME to a refluxing solution of the anion of 15 (n-BuLi)
in DME (~0.05 M).

Blocking the ortho position of 1-naphthol with a methyl
group, 13, provided the first surprise of this study.
Combination of naphthol 13 and iodonium salt 7 under
the optimized conditions furnished two new naphthopy-
ran products 20 and 21, separable by reverse-phase HPLC
(Eq. (4)).° The yield is again modest, although under these
conditions starting naphthol is consumed and no other
salient signals are detected in the "H NMR spectrum of
the crude reaction mixture. The few examples of docu-

mented 1,6-C-H alkylidenecarbene insertion all involve
aromatic C-H bonds,* and so formation of the formal
aliphatic 1,6-C—H insertion product 21 was unexpected.
The ratio of the two products varied slightly as a function
of solvent (e.g. 2:1in THF; 1.5:1in CH;CN, 1:1 in DME),
but a strong preference for either isomer was never
detected. Thus, when faced with no lower energy options,
the carbene 19 will engage the C—H bonds positioned six
atoms away. No evidence for naphthyloxyalkyne forma-
tion via a 1,2-shift was observed, although the presumed
lability of a putative alkynyl ether product interjects a note
of caution in this analysis.
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Once again, substrate modification to eliminate an un-
desired reaction channel was explored, and the com-
mercially  available  2,4-dichloro-1-naphthol  (12)
appeared to be a logical choice in this regard. Conden-
sation of 12 with iodonium salt 7 under the optimized
conditions delivered a single product, the formal 1,6-C-H
insertion species 23 (Eq. (5)). In this instance, the limited
options available to intermediate carbene 22 ensured that
only 1,6-chemistry occurred. The insertion product 23 was
formed cleanly, and no evidence for other possible
products (naphthyloxyalkyne, cycloheptatriene) could be
gleaned from spectroscopic examination of the reaction
mixture prior to purification. This naphthol substrate
performed marginally in CH,OH (~ 3% yield), but even
that low yield was sufficient to explore the origin of the
proton H_ in 23. Although direct carbene insertion into
H., is plausible, the Gilbert example was shown to proceed
through an indirect pathway featuring exchange of H,
with solvent protons.** Combining 12 with 7 in CD,0D
might distinguish between these two divergent pathways.
In the event, reaction of 12 with 7 in deuterated methanol
delivered a small amount of product 23 with a proton and
not a deuterium at H, (‘H NMR, CIMS measurements,
est. £10%). A control experiment in which 23 was
subjected to the standard workup with D,O instead of
H,O verified that no H/D exchange occurred during this
operation. These negative results rule out any mechanism
that requires exchange between H, and solvent.
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An additional substrate 14 bearing a blocking ortho
substituent was examined (Eq. (6)). This species offers
another possible site of carbene reactivity by incorpora-
tion of a phenyl ring disposed six atoms from the
divalent carbon. However, no products which could be
ascribed to interaction (addition/rearrangement) of the
alkylidenecarbene with the ipso position of the pendant
phenyl moiety could be identified. Rather, 1,6-C-H
insertion at the peri site of the naphthol framework
once again provided the sole isolated product, 25.
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A final probe of phenoxy-substituted alkylidenecarbene
chemistry was pursued with the anthracene-based sub-
strate 16. Blocking the phenol’s ortho position was
again expected to direct carbene reactivity to the peri
position, but in this instance the diminished aromatic
resonance energy of the central anthracene ring com-
pared with the analogous ring in the naphthalene series
might open the possibility for addition (cf. 10) rather
than insertion chemistry. Reaction of 16 with 7 under
the optimized conditions furnished a single isolated
adduct, the 1,6-C-H insertion product 27 (Eq. (7)). No
evidence for alternative reaction pathways involving
carbene addition to either the peri site on the anthra-
cene framework or the ipso carbon of the phenyl sub-
stituent was observed.
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In summary, the alkylidenecarbene generated by addi-
tion of 1-naphthol or I-anthrol addition to an
alkynyliodonium salt is quenched by intramolecular
C-H insertion. Insertion into an available ortho hydro-
gen is the first option, but blocking this reaction path-
way redirects the carbene to an uncommon 1,6-C-H
insertion at the peri position to furnish pyran-annelated
naphthalene or anthracene products. A deuterium
incorporation study provides no evidence for the inter-
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mediacy of a species bearing solvent exchangeable pro-
tons. The products, although formed in modest yield,
may find use in the concise assembly of cognate natural
products.
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solution was cooled, subjected to an aqueous workup, and
the residue was purified by flash chromatography (hexane
on silica gel) to furnish 72 mg (36%) of 20/21 as a 1.5:1
mixture. Reverse phase HPLC (C(18), H,O/CH,OH/
CH;CN=45/10/45) provided analytical samples of pure
compounds. Compound 20: IR (CH,Cl,) 1534.2 cm™'; 'H
NMR (300 MHz, C,Dy): 6 7.23 (d, J=8.0 Hz, 1H), 7.09
(m, 3H), 6.48 (d, /J=6.9 Hz, 1H), 5.37 (d, /=0.9 Hz, 1H),
2.15 (s, 3H), 1.62 (d, J=0.9 Hz, 3H); '3C NMR (300
MHz, C,Dy): § 152.8, 148.2, 133.9, 130.4, 130.3, 127.0,
123.3, 123.2, 119.2, 114.6, 113.9, 96.0, 19.3, 15.2. HRMS
calcd for C,,H,;O0 (MH") 197.0966, found 197.0975. Com-
pound 21: IR (CH,Cl,) 1248.6 cm™!; '"H NMR (300 MHz,
C¢Dy): 0 8.40 (d, J=8.4 Hz, 1H), 7.62 (d, /J=8.4 Hz, 1H),
7.35 (m, 3H), 6.87 (d, J=8.4 Hz, 1H), 4.46 (m, 1H), 3.23
(m, 2H), 1.78 (q, J=1.7 Hz, 2H); 3*C NMR (300 MHz,
C¢Dy): 0 150.6, 147.0, 133.8, 127.9, 127.2, 126.0, 125.9,
124.8, 123.7, 121.7, 115.9, 104.1, 24.9, 19.2; HRMS calcd
for C,,H,;O (MH") 197.0966, found 197.0976.



