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A novel transformation reaction of 1-(1,2-propadienyl)-
cyclopropanols to 1,4-hydroquinone derivatives was developed
utilizing the interaction of 1,2-propadienes and Coo(CO)g.

Utilization of 1,2-propadienes in transition metal promoted
reactions has long been studied, however, use of octacarbonyl-
dicobalt(Co2(CO)g) for the reaction with 1,2-propadienes
remains mostly unexplored. It has been reported that terminal
1,2-propadienes react with Coy(CO)g to form unidentified
complexes and excess 1,2-propadienes polymerize
concurrently.! It has also been reported that a novel dimeric
complex in which carbonyl ligand is inserted onto the central
carbon of 1,2-propadiene is produced by the reaction of 1,2-
propadiene itself with Cop(C0O)g.2 However, contrary to the
well-known chemistry of alkyne-Co2(CO)¢ complexes, these
1,2-propadiene-cobalt carbonyl complexes have rarely been
applied to synthetic reactions probably due to their high catalytic
activity to polymerize 1,2-propadienes.13

We have been studying the reactions of the transition metal
complexes of strained molecules and have already reported that
1-(1-alkynylcyclopropanols rearrange to 2-cyclopentenones in
good yield by the complexation with Cop(CO)g.4 In this paper
is described a novel transformation reaction of 1-(1,2-
propadienyl)cyclopropanols to 1,4-hydroquinones utilizing the
interaction of 1,2-propadienes and Coy(CO)g.

When 1-(1-phenyl-1,2-propadienyl)cyclopropanol 1a was
treated with 1.1 molar amount of Coy(CO)g in THF at 0 °C to 1t
under argon atmosphere, 1a disappeared within several hours.
Purification of the crude product revealed that 3-methyl-2-
phenyl-1,4-hydroquinone 2a and 3-methyl-2-phenyl-1,4-
benzoquinone 3a were produced in 35% and 20% yield
respectively. (Equation 1, Method A)
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Method A: Products were isolated without acetylation.
Method B: Ac,0 and Et3N were added to the reaction mixture.

The mechanism of the reaction is assumed as follows.
(Equation 2) When 1a is treated with Coy(CO)g, a carbonyl
inserted intermediate A, the same type of complex as is proposed
to be formed by the reaction of 1,2-propadiene itself with
Co2(CO)g by Nakamura,? is produced, although this complex is
not observed by TLC during the reaction. The cyclopropane ring
of this complex is effectively activated by the neighboring cobalt
moiety and undergoes smooth ring expansion to give

metallacyclic intermediate B, which gives C by reductive
elimination. An unidentified intermediate was observed by TLC
during the reaction and we at present suppose that this is the
cyclohexadione derivative C, which could not be purified, but
instead isomerized to the hydroquinone 2a during work-up
procedure. The benzoquinone 3a is formed by oxidation of the
hydroquinone 2a with oxygen during purification. In order to
avoid this oxidation and to simplify the purification of the
product, we examined the work-up procedure and found that
treatment of the reaction mixture with acetic anhydride and
triethylamine gave an acetylated hydroquinone 4a in 53% yield
without the formation of the quinone 3a. (Equation 1, Method B)
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Examination of the reaction solvent revealed that ethyl acetate
or ethereal solvents such as THF or diethyl ether gave good yield
of the hydroquinone derivative 4a. Furthermore, concentration
of Cop(CO)g had a significant effect on this reaction and under
diluted conditions, the yield of the product increased to 76%.
Interestingly, examination of the amount of the Co(CO)g
revealed that a half molar amount of Coy(CO)g is sufficient to
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Table 1. Effect of the Concentration of the Reaction and Molar
Amounts of Cor(CO)g

Molar Amounts of  Concentration Yield/%

Co(CO)g /moledm-3
1.10 0.10 53
1.10 0.03 69
1.10 0.01 76
0.26 0.03 50
0.56 0.03 70
2.20 0.03 73
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promote the reaction. Thus, use of 0.56, 1.1 and 2.2 molar
amounts of Coz(CO)g all gave nearly the same yield of the
product, while use of 0.26 molar amounts of Cop(CO)g lowered
the yield considerably. (Table 1) These results indicate that one
molecule of Cor(CO)g can transform two molecules of 1-(1,2-
propadienyl)cyclopropanol, and a dimeric complex analogous to
the one proposed by Nakamura? might be formed during the
reaction.

As shown in Table 2, various 1- or 3-substituted 1,2-
propadiene derivatives 1 were transformed into the 2-substituted
or 2,3-disubstituted hydroquinone derivatives 4 in good yield.
In particular, 1-(z-butyldimethylsilyl)-1,2-propadiene derivative
1d gave high yield of the corresponding silylated hydroquinone
4d, which is a useful intermediate for further manipulations.
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Table 2. Reactions of Various 1-(1,2-Propadienyl)-
cyclopropanols

R R' Solvent? Reaction Yield/%
ConditionsP
la Ph H THF rt,4h 76
1b Hex H AcOEt rt, 1h 60
1c MesSi H THF rt,1 h 90d
1dc BuMe2Si H AcOEt rt,2d 87
le H Ph AcOEt 0°C,2d 56
1f H Hex THF rt,2h 51

a) In most cases, THF and AcOFEt gave nearly the same yields of
the product 4, and in this Table are shown better results. b)

Concentration of the reaction is about 0.01 molsdm™3. Reaction
time indicates the time that starting material disappeared. c) In
this case, the reaction was rather slow and 2.4 molar amounts of
Co72(CO)g was employed. d) In this case, the hydroquinone
derivative 4c was obtained in 47% yield and its desilylated
derivative(R=R'=H) was obtained in 43% yield.

It should be noted that in the reactions of simple 1,2-
propadienes such as 6-phenyl-1,2-hexadiene or 1,9-diphenyl-
4,5-nonadiene with Co(CO)g, smooth formations of yellowish
complexes were observed at rt by TLC, which gave only
unidentified, presumably polymerized, products on attempted
isolation.6 On the other hand, in the reactions of 1-(1,2-
propadienyl)cyclopropanols with Co2(CO)g, no such complex
formation was observed by TLC but the reaction proceeded
smoothly at rt or below. These facts indicate that in this reaction,
the rate determining step is the complex formation step and the
successive ring expansion occurs rapidly. The presence of the
cyclopropane ring close to the 1,2-propadiene moiety is therefore
crucial to prevent the usually observed, undesired polymerization
pathway.

In conclusion, a novel transformation reaction of 1-(1,2-
propadienyl)cyclopropanols to hydroquinone derivatives is
developed utilizing the interaction between 1,2-propadiene and
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Co72(CO)g. As benzoquinones and, in particular, naphtho-
quinones are widely seen in biologically active natural
products,”-8 this reaction affords a new method for the synthesis
of such compounds starting from non-aromatic precursors.

We are grateful to Professor Koichi Narasaka (the University
of Tokyo) for helpful discussions and encouragement during this
work.
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