
Tetrahedron Letters,Vol.26,No.34,pp 4129-4132,1985 0040-4039/85 $3.00 + .OO 
Printed in Great Britain 01985 Pergamon Press Ltd. 

STEREOSELECTIVE ALDOL REACTIONS USING TICL,, AS STEREOCHEMICAL TEMPLATE 

Cesare Gennari*, Anna Bernardi, Carlo Scolastico, and Donatella Potenza 

Dipartimento di Chimica Organica e Industriale dell'universita, Centro 

CNR Sost.Org.Nat., via G. Venezian 21, 20133 Milano, Italy 

Abstract: TiCl mediated aldol condensations establish multiple contiguous 

chiral genters in an almost complete enantio- and diastereoselective 

way. 

Due to its structural features ( chirality and the possibility of 8 chelation) 

3-benzyloxy-2-methylpropionaldehyde has been widely used in organic synthesis,' 

and its optically active forms are important intermediates in the total 

synthesis of natural products. 
2 
Both enantiomers have usually been prepared 

from 6 -hydroxyisobutyric acid, 
3 
and more recently by asymmetric synthesis. 

4 

Here we report a straightforward ( 4 step ) enantioselective synthesis of (4), 

fulfilling the following requirements: a) enantiomeric excess + 90%, and high 

chemical yield b) both enantiomers of the chiral inductor are inexpensive, 

commercially available materials c) the chiral inductor can be recycled d) the 

absolute configuration of the reaction product is easily predictable on the 

basis of the reaction mechanism. 

TiCl 
4' 

which usually ligates two electron-donating molecules to form cis-octa 

hedral, six-coordinate complexes, served as a stereochemical template for the 

asymmetric aldol-type reaction. Trimethylorthoformate was used as the first 

ligating molecule, the second donor beinq the NMe2 group of N-methyl ephedrine. 

Therefore, using the E silyl ketene acetal derived from lR, 2S-N-methylephedri 

ne-0-propionate, the reaction occurs on the six-coordinate metal with formation 

of Me3SiC1, and of the C-C bond in a stereoselective way ( see transition state 

model A ). 5,6 Inspection of the space-filling model of transition state B 

reveals the unfavorable steric interaction between the methyl of the propionate 

and the ephedrine residue, which is probably responsible for the observed 

selectivity. 

N-methylephedrine (lR,ZS) was treated with CH3CH2COC1 in CH2C1 
2 
to give the 

0-propionate (100%). LDA enolization (THF,-78'C) and Me3SiC1 trapping (-78°C) 
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gave the silyl ketene acetal (95%; E-Z >/ 95:5 ), which was worked-up by 

evaporation without water-quenching. Addition of 1 mol.equiv. of the silyl 

ketene acetal in CH2C12 to 1 mol.equiv. of the TiC14-orthoformate complex at 

-7aoc in cH2c12, gave the condensation product (1) in 62% yield and with high 

stereoselectivity ( >/ 2O:l by 300 MHz 
1 
H NMR spectroscopy). Reduction (LAH, 

Et20, RT) of the crude condensation product gave a mixture which was separated 

by fractional distillation (16 mmHg) to give the alcohol (2) (95%) and 

optically pure N-methylephedrine which could be recycled. Benzylation of (2) 
25 

(NaH, PhCH2Br, Bu4NI cat., THF) gave (3) (90%) ([a]U =+7.6' c 1.2, CHC13). 
25 

Hydrolysis of (3) (AcOH-H20 l:l, RT, 20 h) gave (R)(4) (k]U = -25.8' c 1.0, 

CHC13; lit. 
4a 

+ 28.4' C 1.56, CHCl ) in 80% yield. Reduction of (R) (4) ( LAH, 
22 

Et20, O'C) gave (S)(5) (95%) ([a], = -16.1' c 1.4, CHC13; lit.2b +17.2' c 3.24, 

CHC13; [a];' = -4.820 c 1.4, EtOH ; lit. 
4b 

+ 5.3" c 2.2, EtOH ) which was shown 

to be 91% enantiomerically pure through its diastereomeric Mosher esters 

( 21:l ).2c 

The aldehyde was then reacted with the thioester silyl ketene acetal (6) 7,a 

and TiCl 
2a4 

( CH2C12, -78OC) to give compound (7), a monensin synthetic interme- 

diate, in 67% isolated yield and > 99% stereoselectivity ( capillary VPC, 13C 

NMR ). As shown by the transition state models C and D, the conformational 

changes forced by the Lewis acid ( chelation control ) disfavour D ( gauche 

steric repulsion between Me and the aldehyde residue ). Reduction of (7) (Raney- 
2b 

Ni, H 2, MeOH) gave the known alcohol (8) ([ali = -32.7' c 1.0, CHC13; lit. 

+ 38.40 c 0.94, CHCl 3 ) in 70% yield. The observed optical purity of (8) (85%), 

which could result from a slight racemization of (4) during the TiC14-mediated 

condensation, was confirmed via 
1 
H NMR spectroscopy (200 MHz) of its StereOiSO- 

merit Mosher esters. 

Using a non-chelating Lewis acid (BF3-0Et2 2 mol. equiv., CH2C12, -78'C) three 

stereoisomers ( 77%, 14%, 9%, capillary VPC, 
13 
c NMR ) were obtained ( 75% 

yield). a The major was characterized as compound (9), and reduced ( Raney-Ni, 

H2, MeOH) to the known alcohol (IO). 
2b 

Therefore, using TiC14 as a stereochemical template, three contiguous stereo 
9 

centers were established with high selectivity. 
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In both the TiC14- and the BF3-mediated reactions, both the (E) silyl ketene 

acetal (6) and the (Z) silyl ketene acetal gave almost the same results 

( yield and selectivity ). For a discussion on the stereoconvergency of 

thioester silyl ketene acetals see ref.7 of this paper. 

TiCl 4 or BF3-0Et2 were added dropwise to a stirred mixture of aldehyde (4) 

and silyl ketene acetal (6) at -78OC in CH2C12. After 1 h at -78OC the 

mixture was quenched and worked-up as usual. 

Satisfactory spectral and analytical data were obtained on all reported 
compounds. The [aID were compared to the highest literature values (See 
text). The [ ] ~1 D values reported are the following: (R) (4) -28.17"(~ 1.4, 
CHC13) (ref.2c); (S)(4) +28.4'(Cl.S6,CHCI ) (ref.4a); (R) (5) +17.2'(c 3.24, 
CHCl ) (ref.2b); (R) (5) ? 

EtOHl(ref.4a); 
+16.5"(c 1.05,CHC 3) (ref.la); (RI (5) +5.20(~ 1.46, 

(s)(5) +5.3"(c 2.2,EtOH) (ref.4b); (S)(5) +4.97'(c 0.93,EtOH) 

(ref.3d); (s)(5) -11_3'(c 16.05,CHC13) (ref.2c). The last three values are 

not consistent with our data. 

(Received in UK I_4 June 1985) 


