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Lactols in Stereoselectlon 3. 

Highly antCCram Selective 1 ,P-Asymmetric Induction 

Katsuhiko Tomookat, Tatsuyuki Okinaga, Keisuke Suzuki*, and late Gen-ichi Tsuchihashi 

Department of Chemistry, Keio University, Hiyoshi, Yokohama 223, Japan 

Summary: Nucleophilic addition of MeTi(O-iPr)3 to a-chiral lactols proceeds in highly 

diastereoselective manner. The sense of the diastereofacial selection is anti-Cram- 

type, which provides a new and useful method for 1,2-asymmefric induction. 

Since the pioneering work by Cram et al.,‘) much interests have been paid to the stereoselectivity in the 
nucleophilic addition to chiral carbonyl compounds. Numerous data have been accumulated for a 
number of different categories, e.g. chelation-controlled, nonchelation-controlled, and so on.2) 

Recently, we reported a unique behavior of chiral ‘y- and Glactols as a sort of “template” in the 

related asymmetric induction. 3, Nucleophilic attack to these latent hydroxy aldehydes, such as 1, 
proceeds in highly diastereoselective manner, particularly by the use of organotitanium reagents,Q 

which offers a new opportunity for remote (1,4-, and 1,5-I stereocontrol. Our postulate for this process 
is schematically shown for the case of the 1,4-asymmetric induction with y-lactol 1 with the y-chirality 

(Scheme 1). The seven-membered Ti-chelate of type B, disposing the substituent R pseudo-equatorial, 

Scheme 1 

is the reactive intermediate that undergoes the nucleophilic attack from the peripheral side to establish 
the I,$-syn relationship in the diol 2. 

With this postulate in mind, we examined the reactions of the Iactols possessing the a-chirulity in 

order to see the sense and the degree of the 1,2-asymmetric induction. In this communication, we wish 
to describe a prominent outcome of this attempt, that is, the realization of highly anti-Cram 

stereoselection on this “lactol template”.5f 
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Table 1. Methylation of y-Lactol3 

6 

Me- a) 
OH - 

0 

HO-& + HO+ 

6H OH 

3 anti-4 syn- 4 

Run Reagent Solvent anti / syn Yield (%) 

1 MeMgBr EJ20 411 83 

2 MeLi Et20 2/l 82 

3 MeTi(O-iPr)gb) Et20 5011 97 

4 MeTi(O-iPr)gb) CH2C’2 >99/1 99 

a) Conditions;, see text; b) Pre-formed and distilled reagent was used (ref. 8) 

Results of the methylation reactions of a-methyl-y-lactol 3 are shown in Table 1. Reactions were 
carried out by mixing the methylating agent (5 equivalents) with 3 at -78”C, followed by gradual 

warming to ambient temperature during 12 h. The ratio (anti/syn) was determined by capillary 
GLc.6~7) Excellent stereoselection was achieved with the titanium reagent in sharp contrast to the 

organolithium or organomagnesium reagent. Particularly, exclusive formation of anti-4 was observed 
in the reaction performed in CHzCI2 (run 4). More significantly, the facial selection is opposite to that 

predicted by the Cram open chain model.1) Indeed, the control experiments carried out for a protected 
congener 5 led to the preferential formation of the syn isomer of 6 as shown below, although the 

selectivities were not outstanding. 

BnO a CHO *BnO& BnO 

6H 
4 

OH 

5 anti-6 ayn-6 

MeTi(O-iPr)3 I CH2Cl2, -78°C anti/syn = 1 / 2.0 (yield: 60 %) 

[MeMgBr / THF, -78°C anti/syn t 1 I 1.2 (yield: 60 %)] 

The reversal can be interpreted as follows. The results for 5 are explainable by the Cram modell) 
or its elaborated descendant (Felkin-Anh model),g) with BnO(CH2)2-group being the largest 

substituent as depicted in C. On the other hand, the chelate model as D, again, well explains the 

selectivity in the lactol case. The conformation like D is preferable to avoid the severe interaction of 
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the methyl group and a bulky ligand L on the metal. 10) The model serves quite well for predicting the 

sense of this diastereoselective reaction, 1~12) although quite primitive, ignoring many pertinent 

factors, e.g. the coordination angle, the aggregation state, and so on. 

To gain further insight, we performed the reaction of a,~disubstituted lactols 7,10.13) The U- 

substituent drives the reaction to 1,Zanfi direction, while the y-substituent to 1,4-syn direction (Cf. 

Scheme 1). Therefore, these two substituent effects are expected to be cooperative in 10, whereas 

contradict each other in 7 based on the model. The results of these attempts turned out to be consistent 

with this modelling.14) Namely, the reaction of 10 led to a highly selective formation of 11, while the 

selectivity was lower in the case of 7. That the selectivity of 11 / 12 still holds a high level (9.0 / 1) 

suggests that the effect of a-chirality is far more influential than the effect of the y-chirality. 

Scheme 2 (R- = t-BuPh2Si-) 

OH 

7 8 

MeTi(O-iPr)3 / CH2Cl2, -78°C - r. t. 718=9.0/i 

[MeMgBr / THF, -78°C - r. t. 718=3.5/i 

OH 
OH 

10 11 

MeTi(O-iPr)3 I CH2Cl2, -78°C - r. t. 17112= 2411 

[MeMgBr I THF, -78°C - r. t. 11172=3.811 

OH 

9 

(yield: 87 %) 

(yield: 73 %)] 

RO& 

bH 

12 

(yield: 74 %) 

(yield: 83 %)] 

The homologous S-lactol 13 also underwent the anti-selective addition, although the selectivity 

was lower in comparison with the y-lactol cases. 5361 The reactivity of b-lactol 13 toward the 

methylating agents were substantially lower than that of the y-lactols, and the addition reaction began 

to proceed above 0°C. Interestingly, the reaction under reflux was the condition of choice to gain better 
selectivity, and substantial decrease of the ratio was observed by lowering the reaction temperature [14: 

anti/syn = 4.4/l (OW, anti/syn = 3.0/l (-78°C - O°C)]. The reason for this unexpected tendency is not 

clear. 

a t 
0 H 

H-A/+-+ 
dH OH 

13 anti I 4 syn -14 

MeTi(O-iPr)g I CH2Cl2, reflux anti / syn = 7.8 I 1 (yield: 63%) 

[MeMgBr / THF, -78°C _ r. t. aniSsyn= 1 I1 (yield; 26 %)] 
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