J. Am. Chem

Ti(Il)-Mediated Tandem Inter- and Intramolecular
Coupling Reaction of Unsaturated Hydrocarbons:
One-Pot Preparation of Cyclopentanes and
Cyclohexanes from Readily Available Acyclic
Starting Materials

Sentaro Okamoto, Kandasamy Subburaj, and Fumie Sato*

Department of Biomolecular Engineering
Tokyo Institute of Technology, 4259 Nagatsuta-cho
Midori-ku, Yokohama, Kanagawa 226-8501, Japan

Receied January 25, 2001
Revised Manuscript Receéd April 2, 2001

Inter- and intramolecular coupling reactions of olefins and/or
acetylenes with a catalytic or a stoichiometric quantity of a
metallic reagent have, respectively, received widespread ac-
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Table 1. T(ll)-Mediated Tandem Inter-/Intramolecular Coupling

ceptance as valuable methods in organic synthesis. One metaReaction of Diyne2a with Allylic Compounds3?

species is frequently effective for both inter- and intramolecular
coupling reactions; however, there is no precedent to carry out
the inter- and intramolecular coupling reactions successively in

one pot in the presence of a single metal species although such

reaction would allow advances in the design of new synthesis
and also would minimize the use of chemicals and shorten the
processing timé.Recently, we have developed the intérand
intramoleculat~” coupling reactions in the presence of a sto-
ichiometric amount of a divalent titanium reagent, Ti(®¥),/2
i-PrMgX (1).8 The titanacycles thus produced can be effectively
used for further functionalization or carbenarbon bond forma-
tion. Herein we report that can be used as a reagent to carry
out successively the inter- and intramolecular coupling reactions,

which methodology opens up one-pot access to cyclopentanes

and -hexanes from readily available acyclic diynes or enynes and
allylic compounds.

Reaction of 2 equiv ofl with 1,5-bis(trimethylsilyl)-1,4-
pentadiyne Za) and allyl bromide 8a) in ether at—65 to —40
°C over 5 h gave, after hydrolysis, 1,4-bis(trimethylsilylmeth-
ylidene)-2-methylcyclopentaned)(in 88% yield as shown in
Scheme 1 and entry 1 in Table 1. The outcome of the reaction
can be explained by assuming that thenediated regiospecific
intermolecular coupling reaction @awith 3aand the following
p-elimination reaction occurs initially to afford titanated complex
A? in situ (step 1 in Scheme 1), which in turn undergoes
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a All reactions were carried out usir@gy(1.0 equiv),3 (1.0 equiv),
Ti(O-i-Pr), (2.6 equiv) and-PrMgCl (5.2 equiv)? An excess amount
was used unless otherwise statétholated yield ¢ Determined byH
NMR and GC/MS analyse$.1.0 equiv.” Stereochemistry was not
determined? A mixture of four stereoisomers.

1-mediated intramolecular cyclization reaction to afford titanabi-
cyclic compoundB (step 2)° Production of the produdd was
confirmed by deuteriolysis of the reaction product that provided
trideuterated produch with excellent deuterium incorporation
(entry 2 in Table 1). In situ generation of the intermediateas
supported by a high-yield production of its hydrolysis product
1-trimethylsilyl-4-(trimethylsilylmethylidene)hept-6-en-1-yne when
the reaction of2a and 3a was carried out in the presence of 1
equiv of 1.° Although complexB has three different titanium
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carbon bonds, i.e., two FC(sp) bonds, one of which comprises 7\ 1 Me-Si )
a titanacyclopentene portion, and one-Ti(sp) bond, interest- MesSiT  2¢  SiMe; (2eq) H0 T°° EQﬁS'M%
ingly, the reaction with aldehydes such as benzaldehyde and +
propanal proceeded regioselectively at the titanat@etagbon A 15
present in the titanacyclopentene to afford the addition products 3a 73%
6 and7, respectively (entries 3 and 4 in Table 1).
The respective reactions of steps 1 and 2 in Scheme 1 are wellThus,1-mediated reaction d?a and3f afforded organotitanium
established;> however, it is rather surprising, and fortunate, that compoundF, which on treatment witrseeBuOH resulted in
the reaction proceeded in good order, and afforded little, if any, regioselective protonation and the following intramolecular acyl
other conceivable byproducts such as homo-coupling productssubstitution’
of the starting compounds or the cross-coupling products between The present tandem reaction is not restricted to the reaction
A and 2a or 3a. The production of compound is also with diyne 2a. Thus, as shown in Scheme 5, the reaction of
noteworthy, since the synthesis and reactivity of polymetalated 1-(trimethylsilyl)pent-4-en-1-yne2p) with allyl compounds such
organic compounds have attracted considerable int&¥st. as 3a and 3d in the presence of 2 equiv df afforded, after
Other representative examples of tHemediated tandem  hydrolysis, tandem coupling product8 and 14,'? respectively.
reaction are summarized in entriesBL in Table 1. Inregardto ~ The formation of cyclohexane derivatives is also possible by
the starting allyl compound, allyl acetad® and allyl carbonate  starting with 1,6-bis(trimethylsilyl)-1,5-hexadiyn2q): thus,2c
3c can be used equally as well as allyl halig (entries 5 and and 3a reacted smoothly witll in a tandem fashion to afford
6). The tandem coupling reaction 2 and 3,4-dichloro-1-butene ~ 15'? (Scheme 6).
(3d) proceeded smoothly; however, in this case, further elimina-  In summary, a divalent titanium reagent Ti{@®)/2 i-PrMgX
tion reaction from the resulting titanabicyclic intermedfate (1) has been demonstrated to mediate tandem inter- and intramo-
followed to afford bistitanated compour@ nearly exclusively lecular reactions of diynes or enyn2sind allylic compounds,
as shown in Scheme 2, thus furnishing produg;t®, and 10, providing a variety of functionalized cyclopentanes and cyclo-
after hydrolysis, deuteriolysis, and iodinolysis, respectively, as hexanes. Further investigation on the scope of the present reaction
shown in entries 7, 8, and 9 in Table 1. The reactio2afvith is under way in our laboratory.
1,4-pentadien-3-yl carbonated) afforded the titanacyclized
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