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NEW THIOETHER DERIVATIVES AS CATALYSTS 
FOR THE ENANTIOSELECTIVE ADDITION OF 

DIETHYLZINC TO BENZALDEHYDE 

Thomas Mehler and Jiirgen Martens* 

Fachbcnkh Cknic derl_Jnivasitiu Oldcnburg 
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L9umay : JJifferent sulfur-containing gamin0 alcohols have been synthesized and tested in the 
catalytic cnantioselcctive addition of dicthylzinc to benzaldehyde as chiral auxiliies. The 
resulting l-phenyl-1-propanol was obtained in good chemical yield aad high optical purity up to 
94 5% OR under mild reaction coaditions. 

The enantiosclcctivc alkylation of prochiml carbonyl compounds such as ahiehydc.sl using 
e.g. optically active p-amino alcolhols~. piperazines3, pyridinebased ligandd or femcenyl 

amino alcohols5 as chiral catalysts achieved great intcrcst during the last dccadc. Only a few 

papers fepoa the application of sulfur-containing compounds as chiil precurso*. namely p- 

hydmxysulfoxides6, dialkyl thiophos#horamidates7 and sulfonamide-t&ate complexess in this 

fimdameotal carbon-carbon bond-forming ma&on. 
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We wish to report herein the synthesis and application of the new Lmethioaiae derivatives 2,3 

and the Lcysteine-based auxiliary 5 derived from the amino alcohols 1 respectively 4. o-2- 

amino-l,ldiphenyl-4(methylthio)-1-butanolg 1 and (R)-2-amino-l.l-diphenyl-3-(isopropyl- 
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thio)-I-propanolto 4 were fust ecylated with the corresponding acyl chlorides in dichlom- 

methane in the presence uf aqueous sudium bicarbonate. The AI-alkylated products (S)-l.l- 

dipheny1-2-ethy~~amino-C(methylthio~1-bu~l2**, (S)-1,1-d1phenyi-&(mothylthio)-2-pmpy1- 

amino-l -butand 312 and (R)- l,l-bphenyl-3-(isopropylthio)-2-propylamino-l-pmpanol 513 

were obtained after reduction of the comsponding amides with lithium aluminium hydride and 

short path destillation (Kugelrohr) under vacuum in 6075 % overall yield 

1 a ZW&h 
+ chii catalyst 
(or its Li-salt) 

2.2N HCl 
= Ph C2H5 

benzaldehyde chiral l-phenyl- 1 -propanol 

The reaction of diethylzinc and benzaldehyde was examined in the presence of optically active 

ligands l-5 respectively their Li-salts. The influence of the nitrogen suhstituenta ( R = H or 

alkyl) on the enantioselectivity was also investigated. 

Table 1: E?nantio&etive addition of diethylzinc to bemaldehyde in the presonco of a 

catalytic amount of chid thioethers l-5 at room temperature. 

1 -pheny- 1 -pmuanol~) 

enay catalyst concea~wtion [mol %] optical yiel&) [%I configuration 

1 1 10 5 R 

2 2 5 62 s 

3 2 10 76 s 

4 3 5 93 S 

5 3 10 91 s 

6 4 10 45 R 

7 5 5 60 s 

8 5 10 19 S 
a) Chemical yield 70-W%. h) The eptical yield was calcuked from the. maximum m&on [a]g = -45.45 (c = 

s.15.chlorcform) fcm(s>l-phenyl-1-p’4. 

In a typical experiment 10 -1 of a 1.1 M solmion of diethylzinc in aba. toluene was added to 

a solution of the respective amount of catalyst 1-5 in dry tolucne at -20 ‘C under argon 

atmosphere. The mixture was allowed m reach - temperature and treated with 10 rnmol 

benzaldehycle in dry toluene, then the resulting yellow mixture was stirred for 16 h at room 

temperam. The reaction was quenched with 2N hydrochloric acid, the organic layer was 

separated and the aqueous layer was extracted with diethyl ether. The combined organic layers 
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were extracted with sodiumh~gen sulfite solution* sodiumhydmgen earboMbs solution find 

water, before drying (MgSQ). The solvent was evaporated under reduced pmssua and the 

msidue distilled under vacuum to afford l-phenyl-1-propanol.Te optical yield was detesmined 

by optical rotation analysis. The application of the Li-salts of tk auxiliaries of 1-g were carried 

out alXXding to the li~.~ 

Ascanbesccnfromtablcl,~opticalplrityofthcobtaincdchiralsccondaryalcoholinmrres 

with the bulkiness of the N-aubstituent R (H > C2H5 > n-C3H7) of the catalyst (e.g. entries 2 

and 4). When benzaldchyde was reacted with diethylzinc using ~pritnary amino alcohols 1 and 

4 (R)-1-pheayl-l-p01 in 5 respectively 45% op was obtained (entries 1 and 6). If 
benzaldehyde was treated with diethyltinc in the presence of ~sccondpry amino alcolhols 2.3 

andSthcsenccofthcasymmctricinductionwasrewscdpndthe(S)-configuratcdalcoholinup 

to 93% op was produced. 

Table 2: Enanrioselective addidon of diethylzine to benzaldehyde in the presence of the 

catalysts Li-1 to Li-5 at room tempaature. 

l-pheny-1-propanols) 

concentration [mot a] opticaI yieIdb) [%I configuration 

10 48 S 

5 85 S 

10 79 S 

5 51 s 

10 89 S 

10 62 s 

5 94 S 

enhy 

9 

10 

11 

12 

13 

14 

15 

Catalyst 

Li-1 

Li-2 

Li-2 

Li-3 

Li-3 

Li-4 

Li-5 
) 16 .Li-5 10 611 S 
a) Chernicat yield 70_pO%. b) The opti& yield m cskulated fmm the maximum retstiom loI% = AS.45 (c = 

5.15, chlmfcm)fcr (SWphenyl-I-Fsopsnol”s 

The application of lithium a&oxides of l-5 leads to better enantioselectivides (se-e table 2). Fox 

example, when lithium alkoxide of 5 (5 ~1%) is used in the reaction of benzaldehyde with 

diethylzinc (S)-1-phenyl-1-propanol was obtained in 94% op (entry 15), whereas the 

enantioselectivity decrease s without preparation of the Li-salt of 5 (40% op. entry 7). The higha 

enantioselectkity of Li-5 than that of the zinc alkoxide can be attributed to the stmngcr hard acid 

character of the lithium cadon than zinc. The lithium cation may moct easily coordinate with the 

oxygen atom (hard base) of the approaching aldehyde than zinc does. Thus, this coo&nation 

may restrict the numbex of possible stereochemical courses of the reaction to afford high op’s. 

It has been shown that the new thioether derivatives 2.3 and 5 respectively their Li-salta serve 

as highly effkicnt homogeoenous catalysts in the enandoselective addtion of diethylzinc to 

kmaldehyde. 
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Ftnthor studies in pmparation and applioation of new auxiliaries from natural sulfur-containing 
u-amino acids (including cyclic derivatives) am in progress. 

Acknowledgements : Thanks are due to Dsgussa AG, Witw GmbH and the Fends der 

Chemischcn Industrie for support. 
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(S)-l,l-Diphenyl-2-etbylamino-4-(methyhhio)-l-butanol 2: bp.: 2oo’C/5~lO-3 mbar 
(bath tempemture); [u],P = -15.4 (c=O.43. MeOH); IH-NMR (CJXl3): 6 in ppm = 0.96 
(t. 5=7.1 Hz, 3H. 3xH2’). 1.461.56 (m, lH, H4), 1.87-1.98 (m, 4H, H4, Uf3S), 
2.27-2.61 (m. 4H, 2xH3, 2xH13, 3.75-3.78 (III, lH, H2), 7.17-7&i (m, IOH, Ar-H); 
1%NMR (CDCl3): 6 in ppm = 15.21 (C3), 15.60 (CT), 30.16 (C4), 31.80 (CH3S), 
43.25 (Cl’), 63.13 (C2). 78.76 (Cl), 125.45-146.95 @r-C). 

(S)-l,l-Diphenyl-4-(methylthio)-2-propyl~in~l-but~ol 3: bp.: 190-2OO’C/5.10-3 
mbar (bath temperanne): [a]? = -15.7 (csO.66. MeOH): tH-NMR (CDCl3): 6 in ppm = 
0.76 (t, 1=5.5 Hz, 3H, 3xH3’), 1.28-1.53 (m, 4H, 2xH4, 2xH2’), 1.87-l.% (m, 4H, 
H3, C!H3S), 2.17-2.23 (m, 1H. H3). 2.39-2.55 (m, 3H, 2xHl’, NH), 3.72-3.76 (m, 
lH, H2), 7.17-7.64 (m, lOH, Ar-H); I%NMR (CDC13): 6 in ppm = 11.54 (CT), 
15.30 (C3), 23.53 (Cz’), 30.25 (C4). 31.80 (C’H3S), 50.85 (Cl’), 63.31 (C2), 78.90 
(Cl), 125.82-146.94 (Ar-C). 
(R)-l,l-Diphenyl-3-(isopropylthio)-2-propyhunino-l-propanol5: bp.: 170-175’ff 
5.1w3 mbar (bath temperature); [al,” = -63.0 (c=O.58, MeOH); tH-NMR (CEU~): 6 in 
ppm = 0.76 (t, J=7.6 Hz, 3H, 3xH3’), 1.17-1.40 [m, 9H, H3. OH, (CH3)2CH, 

(CH~)ZCH], 1.95-2.06 (m, IH, H3), 2.16 (6, lH, NH), 2.28-2.45 (m, 2H. 2xH2’), 
2.73-2.90 (m, ZH, 2xHl’). 3.68-3.74 (m, lH, HZ) (m, IOH, AI-H); t3C-NMR 
(CDCl3): 6 in ppm - 11.47 (C3’), 23.21 [(CH3)$H], 23.34 [(cI-l3)2CH], 32.86 (C3), 
35.17 (C2’), 51.56 (Cl’), 63.83 (C2). 78.05 (Cl), 125.48-147.18 (Ar-C). 
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