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Summary: Tantalum (or niobium)-alkyne complexes are produced by treatment of
acetylenes with the low-valent tantalum (niobium) derived by zinc reduction of
TaClg (NbC] ). Substituted 1-naphthols are prepared regioselectively by
reaction of o—phtha1a1dehyde with the tantalum (or niobium)-alkyne complexes in
good to excellent yields.

1

Recent report by Pedersen' about the preparation of 1-naphthol derivatives with

NbC13(DME) prompted us to report our independent work on preparation of 1-naphthols with

low-valent group 5 metals derived by reduction of TaClg (or NbClg) with zinc.

1,2

We have already shown that unisolable niobium-alkyne complexes can be produced

by reaction of alkynes with the low-valent niobium derived from NbClg and zinc.3

4

Tantalum-alkyne complexes® have also been produced in situ from acetylenes and a

combination of TaC15 and zinc by the analogous method of the low-valent n'iob'ium.3 To
examine the use of the metal-alkyne complexes as a vicinal dianion synthon."5 o~

phthalaldehyde was added to the reaction mixture.
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Treatment of a niobium-1-dodecyne complex with o-phthalaldehyde (2 equiv) in DME-
benzene-THF at 25°C gave a mixture of three compounds having naphthalene skeleton 1, 2,
3, and 1-dodecene (4) in 23%, 14%, 2%, and 24% yields, as shown in Eq. 1. Several
additives were examined to obtain one of the naphthalene compounds in a selective
manner. An addition of amines increased the production of 2-decyl-1-naphthol (2) and
decreased the yield of that of 2-decylinaphthalene (1). Among those amines examined,
2,6-lutidine gave the best result.®
acetylenes afforded only 2,3-disubstituted-1-naphthol derivatives without any additives,

In contrast to the terminal acetylenes, internal
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Table 1. Preparation of 1-naphthols by the reaction of o-phthalaldehyde with tantalum
(or niobium)-alkyne complexes.
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a) Ta: A tantalum-alkyne complex, prepared by treatment of an acetylene (1.0 mmol) with
a low-valent tantalum derived from TaClg (2.0 mmol) and zinc (3.0 mmol), was treated
with 2,6-1utidine (4.0 mmol) and o-phthalaldehyde (3.0 mmol). Nb: Low-valent niobium
was generated upon treatment of NbClg (4.0 mmol) with zinc (6.0 mmol) and employed
instead of the low-valent tantalum. b) Isolated yields. ¢) Complexation of
diphenylacetylene with the low-valent tantalum was conducted at 50°C. d) HMPA (2.0
mmol) was used instead of 2,6-lutidine. e) Cyclododecene was obtained in 217 yield. f)
The other regioisomer was not observed. g) Reaction of 5 with the Pedersen's niobium
complex NbC13(DME) produced the same regioisomer 6 as a main product (6/7=86/14) in our
hands. h) Four mmol of TaClg and 6.0 mmol of zinc were employed. i) See ref. 10. j)
Regiochemistry was ascertained by desilylation with CF3C0,H (ref. 9).
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However, pretreatment of the niobium-alkyne complex with 2,6-lutidine also gave the best

yields. Tantalum-alkyne complexes, which was formed smoothly compared to the niobium

3 7

complexes,” reacted with o-phthalaldehyde to afford 1-naphthol derivatives.

tion of 1-naphthols from acetylenes and o-phthalaldehyde is summarized in Table 1.

Prepara-

Reactions between terminal acetylenes and o-phthalaldehyde gave 2-substituted-1-

naphthols regiose'lective]y8

and 3-substituted ones were not observed (runs 11 and 12).
There is a tendency that bulky substituents occupy 3-position of the 2,3-disubstituted-
1-naphthols 1in the case of unsymmetrically disubstituted acetylenes especially when
tantalum-alkyne complexes were employed (runs 5,6, and 8-10). One of the regioisomers
was produced exclusively when the bulkiness of the substituent differs greatly from the
other (runs 7, 13 and 14).

Formation of 1-naphthol 13 can be explained as follows (Scheme 1). Low-valent
tantalum (or niobium), generated from TaClg (NbC15) and zinc, reacts with an acetylene 8
to produce a metal-alkyne complex 9. Insertion of a formyl group into a metal-carbon
bond of the complex 9 gives 10. Internal coordination of the second formyl group at the
suitable position of 10 facilitates the second insertion reaction leading to 11.
Elimination of a metaloxy group at benzylic position of 11 takes place to generate 12,
which affords 1-naphthol 13 after aqueous workup. Strong affinity of Mt1-0 bond (Mt1 =
Ta or Nb)11 and aromatic stabilization can be the driving force of the elimination.
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"
Since substitution reactions of trimethylsilyl (Me3S1'—).12 diethoxyphosphoryloxy

((EtO)zP(O)O—),13 and trifluoromethanesulfonyloxy (Tf0-) groups14 attached on aromatic
rings are known to proceed smoothly under palladium or nickel catalysis, this method
provides new access of substituted naphthalene derivatives.

Typical Procedure with TaClg-Zn: To a stirring pale yellow solution of TaClg (0.72 g,
2.0 mmol) in DME-benzene (1:1, 20 mL) was added zinc (0.20 g, 3.0 mmol) at 25°C under an
argon atmosphere and the mixture was stirred at 25°C for 40 min. The color of the
mixture turned to greenish dark blue with slightly exothermic process. To the mixture
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was added at 25°C a solution of 6-dodecyne (0.17 g, 1.0 mmol) in DME-benzene (1:1, 2 mL)
and the whole mixture was stirred at 25°C for 30 min, 2,6-Lutidine (0.47 mL, 4.0 mmol)
was added to the mixture., After being stirred at 25°C for 20 min, a solution of o-
phthalaldehyde (0.40 g, 3.0 mmol) in DME-benzene (1:1, 2 mL) was added to the mixture
and the resulting mixture was stirred at 25°C for 30 min. Aqueous NaOH solution (15Z, 2
mL) was added and the mixture was stirred at 25°C for additional 1 h. The deposited
solid was removed by filtration with Hyflo-super CelR and washed with ethyl acetate (3x5
mL). The filtrate and washings were concentrated. Resulting viscous solid was
extracted well with hexane (5x5 mL) and the extracts were dried over Nay50, and
concentrated again. Purification by column chromatography on silica gel (ethyl acetate-
hexane, 1:10) gave 2,3-dipentyl-l1-naphthol in 857 yield (0.24 g). Preparation of 1-
naphthols with low-valent niobium is almost the same as the tantalum case except the
formation of niobium-alkyne complexes. See the preceding paper.3
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