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Abstract: Intramolecular cyclization of conjugated diene and acetylene with (172 -propene) Ti(O-i-Pr)2
affords titanabicycles § having an allyltitanium moiety. Upon hydrolysis, S afforded cyclopentanes 6.
Moreover, selective extension of the carbon-carbon bond is feasible by the reaction of § and aldehydes
to give the products such as 9, 10, 13, and 16.

Cyclization of unsaturated compounds such as dienes, diynes, and enynes by a catalytic or stoichiometric
amount of a metal species continues to be a versatile method to prepare cyclic com;:oounds.1 Recently, we
reported a low-valent titanium-mediated cyclization of these unsaturated compounds in which a stoichiometric
amount of (nz-propenc)Ti(O-i—Pr)z (1), prepared in situ from inexpensive Ti(O-i-Pr)4 and i-PrMgCl, was
used.2 During the course of our study, we were interested in the titanjum-mediated cyclization of dienyne 2 (eq
1), which proceeds most likely via an acetylene complex 33 and/or a diene complex 4.4 Herein we report that
this reaction is, in fact, mediated by 1,5’5 and, more importantly, we will show the high reactivity of the
allyltitanium moiety of the resultant titanabicycle 57 toward aldehydes, which permits selective carbon-carbon
bond elongation after the cyclization.
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As revealed from the results in Table 1, the reaction of dienynes 7, 11, and 148 took place without any
difficulty under our standard reaction conditions to give the cyclized products after hydrolysis. The ease of
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cyclization was unaffected by the stereochemistry of diene (either E or Z) (entries 1 and 2). Unfortunately, upon
simple hydrolysis with hydrochloric acid, the substrates 7 or 11 afforded a mixture of regio- and stereoisomers
with respect to the newly formed olefinic bond coming from the diene part (8a+b or 12a+b in entries 1, 2, or
5). The regioselection of protonation, however, was highly regulated by a methyl substituent of the diene
moiety in 14 to give a single isomer (15, entry 7). The presence of an intermediate titanabicycle such as § was
verified by its deuterolysis and iodinolysis. Thus, after the cyclization of 14 (E/Z >95: 5), the reaction mixture
was treated with DCI/D20 or I3 in place of hydrochloric acid to give bis-deuterated or -iodinated product (18 or
19, the shown E/Z ratio refers to that of CH=C(Me)CH2Y, eq 2). The iodinolysis of the allyltitanium portion
of 17 again proceeded in a highly regioselective manner.

SiMe, DCy SiMe,
1 R D20 R X
14 — Ti(O-+Pr), (2)
R R
Y
(17) (18) X =D (>99%d), Y = D (93%d)

90% E/Z=29:71

R = BnOCHg- (19) X=Y=I
79% EZ (or 2E) = 26:74

This cyclization should be more highlighted in the successive reaction with aldehydes (entries 3, 4, 6,
and 8 in Table 1),? which has some characteristic features. The first is the high reactivity of the intermediate
titanabicycle § toward aldehydes. The addition took place smoothly and exclusively at the allyl rather than
vinyltitanium site of 5.10:11,12 The second point is that the addition is always regioselective: aldehydes reacted
at the less substituted terminus of the allylic system, which is in marked contrast with reactions with ordinary
allyltitanium reagents, which usually react with aldehydes at the more substituted posin'on.13’14 In addition to
these regioselectivities, the highly stereoselective formation of the E double bonds from the substrates having an
unsubstituted diene moiety should be noted (entries 3, 4, and 6).12,13,15 Achievement of moderate to good
1,5-chirality induction with respect to the hydroxy groups (their configurations have not been elucidated yet) is
also not trivial. However, a diene substituent such as the methyl group in 14 considerably decreased the
olefinic stereoselectivity in the step of aldehyde addition to give a mixture of isomers 16 (entry 8). The
remaining vinyltitanium moiety of 20 after the reaction of 7 (E/Z = 57:43), 1, and PhCHO could be intercepted
with iodine to give 21 (eq 3), which demonstrates that both carbon-titanium bonds in § may participate in
selective synthetic transformations under an appropriate choice of reagents.

SiMe, SiMe,
1 P R R
7 hCHO TH(O-#Pr), k I OH (3)
% A Ph
Ph

(20) R =BnOCH,- (21) 66%

The present reaction mediated by 1 should be a new and facile entry to metal-promoted cyclizations that
are quite efficient for the construction of substituted cyclic compounds. Study on the applicability to other ring
systems is now underway.



Table 1. (n"’-Propene)Ta(O-i-Pr)z-Mediated Intramolecular Cyclization of
Diene and Acetylene and Successive Reaction with Aldehydes.®

Entry  Substrate Electrophile® Product(s)® (Yiekl (%)%
SiMe, SiMe, SiMe,
XA XL X
+
BnO 8no BnO
(6a) (8b)
1 () EZ=5743 HCI 9 (B1Z=4:6) : 1 (quant)®
2 BZ=93:7 HCI 8 (BZ=5:5) : 2 (quant)
SiM93
BnO OH )
3 " PhCHO 8020 (9) (96)
BnO Ph
B2Z>95:5
siMe;
BnO )
4 " O——CHO H —85:15 (49 (75)
BnO
exclusively £
£ 2] Et
X XL X
5 HCI +
BnO BnO BnO
(12a) (12b)
(1%) E1Z> 955 2 (BZ=5:5 : 1 (quant)®
Et
BnO OH —70:30
6 " PhCHO ><f/\/\ 0 (13) (60)
BnO Ph
exclusively £
SiMe, SiMe;
BnO & BnO .
7 HCI (15) (80)**9
BnO BnO
14) EBZ>955 .
( ) > SlMBa
BnO OH h
8 " PhCHO / (16) (80-88)
BnO Ph

E/IZ = 40:60

?See egs 1 and 2. Bn = benzyl. UG refersto 1 N hydrochloric acid. “Specified configurations of olefinic
moieties were determined by 'H NMR coupling constants and/or NOE studies. Ysolated yields unless
otherwise noted. °Yield determined by 'H NMR spectroscopy. 'Another regioisomer arising from proto-
nation was less than a trace amount. JRemainder is an uncyclized compound, 6,6-bis(benzyloxymethyt)-
2-methyl-9-(trimethylsilyl)-1,3,8-nonatriene. "For each olefinic isomer, configuration of the hydroxy group

is most likely single.
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SiMﬁa SiMo,

W s Orore
_— Ti(O-£Pr),

R R 0°C, 30 min

(22) R=BnOCHz @3) 97%
SiMe, SiMe, SiMe,
+ + + 22
R OH R YH
(24) 7% 8% 31% 54%
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