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a. R=H,Ar=2_naphthyl 
b. R=Ar=Ph 
c. R = Me, Ar = Ph 

(3) 

R. I-I 
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(5). ; AR= l-&fih2-naphthyl 

c: R 1 Me,Ar = Ph 

(7) a. R = Me (8) a. X= OPr i 
b. R = Pr i b. X = Cl 
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of cycloadducts (2a) and (3a). The regio- and stereo-chemistry of the cycloadducts was 

established by tH n.m.r. studies including n.0.e. data. Analogous results were obtained 

with (1 b), which gave a 1.2 : 1 mixture of (2b) and (3b), and with (lc) which afforded al : 1 

mixture of (2~) and (3~) (dry CH,CI, used as solvent). Combined yields of the (2a-c) and 

(3a-c) ranged from 69-89%. The regiochemistry of the cycloadducts (2) and (3) is the 

opposite to that usually obtained,2 and implicates an intermediate, such as (4), in which 

both the imine and the dipolarophile ester groups are coordinated to Ti(IV). 

The regiospecific transesterification that is required to produce (3) could occur in the 

imine (1) or the pyrrolidine (2). Appropriate experiments demonstrated that the former was 

the case. Transesterification of (la-c) to give &a-c) occurs in dry THF or dry methylene 

chloride at room temperature in the presence of Ti(OPri),CI (1.5 mol). Yields of 

transesterified imine (5) are essentially quantitative but are reduced to 55-97% upon 

isolation due to varying amounts of imine hydrolysis to the corresponding amine and 

aldehyde. Ti(OR), has been reported to effect transesterification but under more vigorous 

conditions.7 The transesterified pyrrolidines (3a-c) can be obtained.as the sole products by 

reacting (1 a-c) (1 mol) with Ti(OPr’),CI (1.5 mol) for 5 h at room temperature followed by 

addition of methyl acrylate (2 mol) and triethylamine (1 mol). The methyl ester (2) does not 

transesterify to (3) on treatment with Ti(OPr’)sCI in dry THF or dry methylene chloride at 

room temperature. 

The titanium (IV) complex Ti(OPr’),CI, also promotes the same cycloaddition 

reactions in dry methylene chloride at room temperature. Thus (1 b) and methyl acrylate 

gave (70%) a 4.8 : 1 mixture of (2b) and (3b), whilst (lc) afforded (74%) a 1.7 : 1 mixture of 

(2~) and (3~). Intromolecular cycloaddition can also be achieved with’ both the Ti(lV) 

catalysts in methylene chloride. Thus (6) gives mainly (7a) together with -10% of (7b) in 

ca. 65% combined yield. 

Attempts to achieve asymmetric induction in the cycloaddition reactions of imines 

(la) and (lb) with methyl acrylate using the chiral titanium (IV) complexes (8a) and (8b) 

were unsuccessful. These chiral complexes failed to promote the cycloaddition reactions, 

Further work with other imines and dipolarophiles is in hand. 
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