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Abstract : Treatment of olefinic esters with Ti(OPr-i)4 / 2 i-PrMgCl reagent resulted in
intramolecular nucleophilic acyl substitution and successive intramolecular carbonyl
addition reactions providing 1-hydroxybicyclo[n.1.0]alkanes ( n = 3 and 4) in high yields.

1-Hydroxybicyclo[n.1.0Jalkanes and their silyl ethers have been widely accepied as useful starting
materials or intermediates in organic synthesis.2 1-Siloxybicyclo[n.1.0]alkanes can be most conveniently
obtained by Simmons-Smith reaction of the corresponding enol silyl ethers.3 Upon treatment with acids or
bases under mild conditions, they can be converted into 1-hydroxybicyclo[n. 1.0Jalkanes (Scheme 1).33‘3»4
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Although the methodology shown in Scheme 1 is highly efficient and potentially general, some kinds of
1-siloxy- and consequently 1-hydroxybicycloalkanes are actually difficult to prepare because the
comresponding starting enol silyl ethers are not easily obtainable.5 We have succeeded in developing a new
general method for synthesis of 1-hydroxybicyclo[n.1.0Jalkanes where n = 3 and 4, including those which
are difficult to obtain by the method shown in Scheme 1.

Recently, we have reported that the reaction of Ti(OPr-))4 with 2 equiv of i-PrMgX (X = Cl, Br)
provides (nz-pmpene)Ti(OPr-i)z (1) in essentially quantitative yield, and it works as a versatile Ti(OPr-i)2
equivalent, thus opening up synthetically useful Ti(I1)-chemistry.® In the course of the research work for
applications of 1 in organic synthesis, we have revealed that its reaction with homoallyl or bis-homoallyl
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esters affords 1,2-disubstituted cyclopropanols in excellent yields via tandem intramolecular nucleophilic acyl
substitution (INAS) and intramolecular carbonyl addition reactions (eq 1).6c
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These findings prompted us to carry out the reaction of 1 with olefinic esters 2 in anticipation of getting
1-hydroxybicyclo[n.1.0]alkanes (3) via  Ti(OPr-iy;-mediated INAS reaction and the successive
intramolecular carbonyl addition reaction of the resulting p-titanated cyclic ketones as shown in Scheme 2.7
The reaction was found to proceed as we anticipated. Thus, to a solution of Ti(OPr-i)4 and 2 in ether was
added i-PrMgCl; the mixture was allowed to react at -45 ~ -40 OC and warmed up to O ©C to afford the
corresponding 1-hydroxybicycloalkanes 3 as summarized in Table 1 (entries 1-8).8 The alcohols 3 thus
obtained can be readily converted into the corresponding trimethylsilyl ethers 4 by treatment with N,O-
bis(trimethylsilyl)acetamide (BSA)® (see entries 5 and 8).
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As revealed in Table 1, a variety of 1-hydroxybicyclof3.1.0]- and 1-hydroxybicyclo(4.1.0}alkanes can
be readily obtained in good to excellent yields. Especially noteworthy is the easy access to the compounds
such as 3d, 3g (entries 5, 8), since preparation of these compounds might be difficult using the method
shown in Scheme 1 because of the problem involved to generate regioselectively the corresponding starting
enol silyl ethers.5.10 It should be noted, however, the olefinic substrates containing a disubstituted double
bond (such as methyl cis-2-benzyl-5-octenoate) or those in which the double bond and an ester group are
separated by more than four carbons (such as methyl 2-benzyl-7-octenoate) did not afford the expected
bicyclic products. 11

The reaction can be also applicable to the synthesis of N-heterocyclic compounds as represented by
entries 9 and 10. Preparation of other N-heterocyclic compounds and their application in organic synthesis
are now underway in our laboratory.



Table 1. Synthesis of 1-Hydroxybicycio[n.1.0jalkanes (n=3 and 4) from Olefinic Esters Using
TOPt-D4 / 2 -PTMgC! Reagent &
Entry Substrate 2 Product 3 Yield, % 2 (ds) ©
OH
1 mcogue @A 3a (n=1) 77 (66:34)
n Ph
= 1
2 P - 3b (n=2) 73 (89:11)
3 OH 57 [R = Me]
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Ph OH
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Ph
OH
CO,Me )
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2 The reactions were carried out using 2.0 equiv of Ti{OPr-), and 4.0 equiv of -PrMgCl at -45 ~-40 °C (1 h),
then the reaction mixture was warmed up to 0 °C for 2.5 h unless stated otherwise. b Isolated yields based
on starting olefinic esters.  Diastereoselectivity according to 'H NMR data; related stereochemistry was not
determined. 9 The product 3 was converted to the corresponding silyl ether 4 by treatment with BSA in acetonitrile
{20 °C, 1 h) in more than 90% yield.° FPrMgCl was added at -78 °C, then the reaction mixture was warmed up

to 20°C for 2h,
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