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Abstract: Sulfur derivatives of ephedrine catalyze the l,Z-addition of diethylzinc lo 
benzaldchyde in high enantiomeric excess. Disulfides and cyclic sulfide derivatives of these 
compounds serve the purpose very well, and the actual catalytically active species, containing 
zinc, has been extracted from the reaction mixture. 

The pace ot development III catalytic enantioselective synthesis is rapid.’ An easy to perform and well 

d~u~entcd m&n for testing the catalytic reactivity and enantiodifferentiatiag abilities of certain catalytic 

systems is the 1,2-addition of dielhylzinc lo aromatic aldehydes such as benzaldehyde (Eq. l).* 

Striking succes.~s have been achieved using !3-amino alcohols as activators for this reaction, examples 

being ephedrine3 and (-)-3-exe-(dimethylamino)isoborneol (DAIB), which form the illustrated alcohol in 

excellent en~tiomeric excess (e,e.). 

Many other chiral non-raccmic B-amino alcohols, both natural and synthetic, have been tested in this addition 

with varying succes.~.~ However, to the best of our knowledge, the use of sulfur analogs of these compounds, 

R-amino thiols, has not been reported. The lack of straightforward synthetic routes to such compounds is 

undoubtedly one of the main reasons for this lack of activity. Recently, partly in conjunction with a long 

standing interest in the structure and reactivity of zinc tbiolates as componeals of the active center of liver 

alcohol ~hydrogenax,’ we have developed a new, easy route to convert ephedrinea to their sulfur analogs 

without racemization.’ We find that these derivatives catalyze the reaction of Eq. 1 and, moreover, that 

enantiomcric cxcesscs generally exceed those obtained with the corresponding U-amino alcohoIs.3 Also some 

unanticipated structural aspects have c~lne to light. 

31 



32 R. P. HOP et al. 

4 

l&d+,, 

-7: 
C-R, 

H”’ 

Ph S-b 
1 

RI R, % 

la H CH, H 
lb H COPh H 
lc CH, COPh H 
Id CH, H Ph 

le CPh, H Ph 
lf CH, CH, Ph 

5 

'-'3 
H;. 

‘;I: 
k-b 

Ph”’ 
S-% 

2 

RI Rz % 

2a CH, COPh H 
2b CH, H Ph 

% R, X R, 

3a H CH, 4a S CH, 
3b CH3 CH, 4b S H 
3c CH, CH(C!H,), 4c 0 CH, 

4d 0 H 

The resuhs are summarized in Table 1. The sulfur derivatives la-f, Za,b, 3a-c, and 4a,b have been examined 

as activators. Compounds of the series 1, 3, and 4 have the ephedrine (lR,ZS) configuration whereas 

compounds 2 have the (lS,ZA’) configuration of pseudoephedrine 

Table 1 

FnVy Compound CollVerSi0” e.e (%) Benzyl almhol (%) 
(*aner4ob) 

1 l~.HCl 95 80 CR) 3 

2 lh 94 3 (R) Cl 

3 1C 28 (ZO h, 23 CR) Cl 

4 Id 43 0 Cl 

5 1L 0 0 

6 lr 15 (2Oh) 0 5 

7 2s 59 510 Cl 

8 2h 34 0 Cl 

9 3rl 75 86 (W 4 

10 3h 96 (20 h) 9” (K) Cl 

11 3c 97 (20 h) 89 V) Cl 

12 In 75 55 CR) 4 

13 Oh z-99 80 CR) Cl 

14 4c 23 11 (R) 10 

15 4d 48 12 0 9 

Enantiomeric excesses were determmed on the crude teactmn rnmture oamg amtt-Packard 
chromatograph equipped with a 5Um WCUT fused silica capillary GC column coated with CP cyclodextrin-l- 
2,3,6-M-19 (Chrompack No. 7501) and a Hewletr-Packard HP 3396 Series I1 integrator. AU reactions were 
performed in duplo and resolllts agreed within experimental ermr (1%). Alsn enanti~~selectivity was shllwn n111 

to be dependent on either catalyst concentration or progress of the reaction. 
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Thiol la, the sulfur analog of (lR,2Y) ephedrine, (the HCI salt is used to prevent oxidation to disulfidc) 

affords I-phenylpropanol in excellent yield and MI% e.e. (entry 1) compared to a reported e.e. of 66% for 

ephedrine.’ Skric efkcts are important; le (entry 5) in which the amine is substituted by a trityl group fails 

IO react. Replacement of the free thiol group (compounds Id-lf and 2b) by phenylsulfide leads to both 

diminished reactivity and complete loss of optical activity in the product (entries 4, 5, 6, 8). Derivatives lb, 

lc (entries 2, 3) in which nitrogen is acylated, react reasonably well hot the e.e ‘s of 1-phenylpropanol are 

only modest. 

Acyldkd psedocphedrine de&&r 2a (entry 7) provides a considerably better result than the ephedrine 

analog lc (entry 3). Unfortunately other derivatives in this series with a free thiolate are not available. 

The series 3a-c (entries 9-11) represents an unusual case. For 3b and 3c the free thiols are difficult to 

maintain pure owing to sensitivity to oxidation (la is the thiol form of 3a). These disuffides provide by far 

the best rcsuhs; the e.e.‘s of l-phenylpropanol hover around 90%, more or less independent of the 

substitulion pattern on nitrogen. Note that 3a (entry 9) provides a better result than la (entry 1). The e.e.‘s 

for these reactions did not respond to increased concentrations of (GH,),Zn; for amino alcohols this effect 

can be significant.” 

WC believe that the disulfide bund is cleaved in tifu by excess (C,H&Zn as indicated in Eq. 2. This 

Eq. 2 

conclusion is based on the observation that treatment of (sterically quite hindered) 3c with (GHs),Zn followed 

by aqueous work-up afforded an oil, the ‘H- and “C-NMR spectra of which indicate the presence of both the 

skeleton of 3b as well as an ethyl group. This material also contains Zn and is c&z&t&z~f~y acrive; when 

added to diethylzinc and benzaldehydc in toluene soluiion it induces the formation of 1-phenylpropanol in 86% 

e.e.. Attempts to establish the structure of this catalyst await the formation of good crystals. 

The series 4a, 4b provides good results (entries 12, 13) but obviously does not fit into the established picture 

of diethylzinc additions; the thiolate group is alkylated. In sharp contrast the corresponding oxygen analogs 

4c, 4d (entries 14, 15) are only sluggishly reactive and afford poor e.e.‘s. 

Four aspects of this work deserve extra note. First, in contrast to results described for ephedrine derivatives, 

the e.c.‘s are virtually unresponsive lo changes in the benzaldebydcidielhylainc/catslyst ratio. This suggests 

the virtually complete formation of the active catalyst rather than an equilibrium between the catalyst and its 

components. Second, the active catalyst, at least for the case of sterically congested 3c, is remarkably stable 
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surviving treatment with water. Once suitable crystals are available a structural determination will be carried 

out. Third, the excellent results for thiazolidines 4a, 4b (good reactivity and e.e’s) are difficult to place in 

the common mechanistic picture in which kc thiolates (analogous to zinc alkoxides, from ephedra alcohols) 

are involved. Aithuugb the ligands 4n, 4b undergo about 50% degradation during reaction nn conclusive 

evidence for either reductive cleavage of the C-S bond by (qH,),Zn or ring opening to an iminium ion, which 

is subsequently attacked by (C,H&Zn, has been garnered. Fourth, we note that absolute configurations of l- 

phenylpropanol follow the general rule that the configuration at the benzylic carbon of the ephedra derivative 

determinm that oC lhc product.g 

Acknowledgement: R.P.H. is supported by the Dutch National Scientific Foundation, administered through 

the office for Chemical Research. M.A.P. has been supported by DSM/Andeno in Venlo. 

Experimental: 

To a solution of 1 mmol of catalyst in 10 mL dry Loluene was added 4 mL 1M diethylzinc under a nitrogen 

atmosphere. After stirring for 2 h the mixture was cooled to -20°C and 0.3 mL benzaldehyde (20 mmol) was 

introduced. The mixture was stirred at room temperature and aliquots of approximately 0.3 ml were 

periodically taken and filtered over 2 cm of silica which was washed with 2 mL of CHaC.1,. An aliquot uf this 

solution (0.5 pL) was analyzed by means of chiral GC to calculate both conversion (using response factors) 

and enantioselectivity. 

1. For example; Chem. Rev. .Q, No. 5, 1992 which is devoted to enantioselective synthesis. 
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