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Treatment of carbonates of alka-3,5-dien-l-ols with 
(q2-propene)Ti(OPri)2 resulted in intramolecular nucleophilic 
acyl substitution (INAS) reaction to afford allyltitanium 
compounds containing lactone or ester moieties, which add 
regiospecifically to aldehydes. 

Recently, we reported that treatment of 1 equiv. of Ti(OPri)4 
with 2 equiv. of PriMgX (X = C1, Br) provides a convenient 
procedure for in situ generation of (y2-propene)Ti(OPri)2 1.' 
This compound brings about facile intramolecular nucleophilic 
acyl substitution (INAS) reaction of carbonates of alk-3-ynyl or 
homoallyl alcohols to furnish alkenyl- or alkyl-titanium com- 
pounds having a lactone moiety, respectively.2 With the 
intention of exploring the possibility of extending this Ti"- 
mediated INAS reaction to carbonates having a diene moiety, 
we examined the reaction of the ethyl carbonate of hexa- 
3,5-dien-l-ol 2 with 1. The reaction proceeded smoothly to 
furnish the allyltitanium compound bearing a lactone moiety, 
presumably via the titanacyclopentene intermediate 3 , 3  thus 
providing a synthetically useful methodology for preparation of 
y-butyrolactone derivatives as summarized in Scheme 1 .4 This 
result is noteworthy as the reaction of simple dienes such as 
6-phenylhexa- 1,3-diene with 1 was not synthetically useful and 
afforded a complex mixture of products after hydrolysis as a 
consequence of diene-diene and diene-propene (derived from 1) 
coupling.5 Therefore, the facile INAS reaction which prevents 
the coupling of the diene 2 with itself and propene seems to be 
essential for the success of the reaction shown in Scheme 1. We 
found that similar dienic carbonates bearing a methyl group at 
the 4 or 6 position such as ethyl carbonates of hepta-3,5-dien- 
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1-01 and 4-methylhexa-3,Sdien- 1-01 did not afford the corre- 
sponding INAS products and provided a complex mixture of 
products. This finding may be attributable to their slow INAS 
reaction compared to 2 due to steric factors. 

Although hydrolysis of the allyltitanium compounds gener- 
ated afforded a regioisomeric mixture of 2-allyl- and 2-(prop- 
1-eny1)-y-butyrolactones as can be seen from Scheme 1, the 
reaction with aldehydes such as benzaldehyde and propanal 
occurred regiospecifically at the less substituted carbon of the 
allylic moiety to furnish the corresponding cis-2-(4-hydroxy- 
alkeny1)-y-butyrolactones 4. This regiochemistry is in sharp 
contrast to the normal trend exhibited by allyltitanium com- 
pounds, which react with aldehydes exclusively at the more 
substituted allylic position.6 Although the factors influencing 
the regioselectivity coupled with selective formation of the 
product having a cis double bond are not clear at this time, 
coordination of the lactone moiety to titanium, which might 
stabilize the internal allyltitanium intermediacy as shown in 
Scheme 1, may play an important role.' 

The diene 5 also underwent facile INAS reaction and, on 
subsequent treatment with 1 and benzaldehyde, the hydroxy 
ester 6 was obtained in excellent yield as a mixture of cis and 
trans isomers as shown in Scheme 2. This result indicates that 
carbonates having an unsubstituted diene moiety are good 
substrates for the present INAS reaction. The formation of a 
product containing an ester (not lactone) fragment can be 
explained by a reaction pathway which includes the elimination 
of phenoxide rather than ethoxide, while the observed 
regioselectivity can be attributed to the generation of a six 
membered titanacycle. 

The procedure reported herein should constitute a simple and 
valuable tool for the preparation of functionalized lactones and 
hydroxy esters, which are otherwise difficult to synthesize.8$ 

Further studies concerning the mechanism of the reaction 
described herein and its application to organic synthesis are 
currently underway. 
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A typical experimental procedure is as follows. To a solution of Ti(OPri)4 
(0.568 g, 2.00 mmol) and 2 (0.170 g, 1 .OO mmol) in diethyl ether (10.0 cm3) 
was added dropwise PriMgC1 (3.34 cm3, 1.20 mol dm-3 in diethyl ether, 
4.00 mmol) at -45 "C. The resulting solution was stirred at -40 to -45 "C 
for 1 h, then benzaldehyde (0.212 g, 2.00 mmol) was added. The reaction 
mixture was allowed to warm to room temperature for 2 h, quenched with 
1 mol dm-3 HCl (10 cm3) and extracted with diethyl ether. The organic 
layer was washed with sat. NaHC03, dried over MgS04 and concentrated 
under reduced pressure. The residue was purified by column chromato- 
graphy (silica gel, hexane-EtOAc, 4 : 1) to afford cis-2-(4-hydroxy- 
4-phenylbut-l-enyl)-4-butanolide (4, R = Ph) (0.206 g, 89% yield). 

References 
1 A. Kasatkin, T. Nakagawa, S. Okamoto and F. Sato, J. Am. Chem. SOC., 

1995, 117, 3881; 0. G. Kulinkovich, S. V. Sviridov, D. A. Vasilevskii 
and T. S .  Pritytskaya, Zh. Org. Khim., 1989,25,2244; 0. G. Kulinkovich, 

S. V. Sviridov and D. A. Vasilevskii, Synthesis, 1991, 234; E. J. Corey, 
A. Roa and M. C. Noe, J. Am. Chem. SOC., 1994,116,9345. 
A. Kasatkin, S. Okamoto and F. Sato, Tetrahedron Lett., 1995,36,6075; 
see also: A. Kasatkin and F. Sato, Tetrahedron Lett., 1995, 36, 6079. 
Generation of the similar type of titanium diene complexes from 
Ti(OPri)4 or (Pri0)2TiC12 and allylmagnesium compounds was reported, 
see: K. Asami, H. Yasuda and A. Nakamura, 47th National Meeting, 
Chemical Society Japan, Kyoto, 1982, Abstr. 4G25. 
Concerning the intermolecular reaction of zirconium diene complexes 
with esters, see: Y. Kai, N.Kanehisa, K. Miki, N. Kasai, M. Akita, H. 
Yasuda and A. Nakamura, Bull. Chem. SOC. Jpn., 1983,56, 3735. 
Analogous coupling reactions with zirconium diene complexes are 
known, see: H. Yasuda, K. Tatsumi and A. Nakamura, Acc. Chem. Res., 
1985, 18, 120. 
M. T. Reetz, Organotitanium Reagents in Organic Synthesis, Springer 
Verlag, Berlin, 1986; L. Widler and D. Seebach, Helv. Chim. Acta, 1982, 
65, 1085; F. Sato, S. Iijima and M. Sato, Tetrahedron Lett., 1981, 22, 
243. 
R. Hanko and D. Hoppe, Angew. Chem., Znt. Ed. Engl., 1982,21,372; B. 
Wiedmann and D. Seebach, Angew. Chem., Int. Ed. Engl., 1983, 22, 
31. 
For reviews on synthesis of butyrolactones, see: S. Kano, S. Shibuya and 
T. Ebata, Heterocycles, 1980, 14, 661; Y. S. Rao, Chem. Rev., 1976, 76, 
625. 

Received, 18th September 1995; Com. 51061 348 

198 Chem. Commun., 1996 


