
Tetrah&os I.&ten, Vo132, No.27, PI, 31953198.1991 
Ritcd in Grut Britain 

o@lo-4039191 $3.00 + .a0 
I&8- BCSS pk 

Reactions of chiral B-ketosulfoxides with EtzAlCN: 
Asymmetric synthesis of cyanohydrin derivatives. 

J.L. Garcia Ruano,* A.M. Martin Castro and J.H. Rodriguez.* 

Departamento de Quimica (C-I), Universidad Autonoma de Madrid. 
Cantoblanco. 28049-Madrid, SPAIN. 

SUMMARY: The reaction of chiral p-tolylsulfinylmethyl ketones (R-CO-CHZ-SOTol, R=Ph, Et and 
t-Bu) with EtzAlCN, yields almost optically pure sulfinyl cyanohydrins (d.e. > 96%). The 
reaction was quicker in the presence of ZnClz, but the stereochemical results were identical. 
The cyanohydrins were transformed into the a-methyl a-hydroxyamides (e.e.L92%) by 
hydrolysis of the CN group and subsequent hydrogenolysis of the C-S bond. 

The easy transformation of cyanohydrins in biologically and pharmaceutically 

interesting organic groupings, such as a-hydroxyacids, vicinal diols, a-hydroxyketones, 

ethanolamines, amino acids, etc,’ confers to those compounds a great importance as versatil 

starting materials in organic synthesis. Despite this interest, few methods have been 

reported to prepare chiral non racemic cyanohydrins,ib*8 and none of them related to their 

a-methyl derivatives. The high stereoselectivity observed in DIBAL and DIBAL/ZnCh 

reductions3 of i3-ketosulfoxides was related to the ability of the aluminium to associate with 

any of the unshared electron pair at sulfinyl group, as a previous step to the intramolecular 

hydride transfer. A similar mechanism can be invoked to explain the high stereoselectivities 

found in the reactions of 2-ptolylsulfinyl cycloalkanones with Me3AI and ZnC18/MesAL4 These 

results suggested us the possibility of using the tricoordinate aluminium reagent EtzAlCN to 

control the stereoselectivity of the cyanide addition on the chiral R-ketosulfoxides. In this 

paper we report the excellent chemical and stereochemical results obtained in these 

reactions, starting from chiral phenyl or alkyl (ethyl and t-butyl) ptolylsulfinylmethyl 

ketones, and the transformation of the resulting sulfinylcyanohydrins in their corresponding 

a-methyl a-hydroxycarboxamides, with high optical purity. 

The reaction of (R)-(+)-methyl p-tolylsulfoxide with R-C08Et (R=Ph, Et and t-Bu) in the 

conditions reported by Sollad& yield the (R)-Q-ketosulfoxides, R-CO-CHrSO-pTo1 (1 - 3). 

i) 
R-C02Et - R-!-CH2-I--pTol 

ii) PH ? 

- R-Y-cCH2 
- S --p-T01 

R = .Ph 1 
R = Et 2 
R = t-Bu 3 

i) (E)-(t)-pTol-SO-Me/LDA/THF; 
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ii) Et8AlCN/Toluene 

The reaction of the ketbsulfoxides l-3 with diethylaluminium cyanide in toluene, 

afforded the cyanohydrins 4 - 6. In order to avoid the recovering of the starting matefial 
as the major component of the final mixture and to get good yields in cyanohydrins @OX), 

it was necessary to modify the experimental procedure initially reported for the use of 
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EtzAlCN,6 being the main variation the inversion of the order in the addition of the 

reagents.’ The reaction of compounds l-3 with EtzAlCN in the presence of ZnClz was twice 

quicker but the stereochemical results and the yields were identical to those obtained in its 

absence. 

The study of the ‘H-nmr spectra of the crude compounds 4-68 showed that only one 

diastereoisomer could be detected in the case of 4 and 6, but the signals corresponding to 

two epimers, 5 and 5’ (98:2 ratio), were observed starting from 2. Therefore, it can be 

established that the d.e. of these reactions are higher than 96%.n 

The hydrogenolysis of the CHrS bond in compounds 4-6 was not possible. The 

hydrolysis of the CN group in strong acidic conditionsi determined the simultaneous 

reduction of the sulfinyl group. The so obtained sulfenyl hydroxyamides 7-10n reacted with 

Ni Raney yielding the a-hydroxyamides 10-12,12 in 60-70% yield. 

YH 7 OH 
i) ii) 

R-C -CHz-S-_-To1 -- R--:: --Hz 
iii) PH 

-S-p-To1 _ R-C-_-H3 

LN &ONH2 hONH2 

R-Ph 4 7 10 
R=Et 5 8 11 
R=But 6 9 12 

i) HCl, EtzO/MeOH(J:l), 0-4O, 24 h.; ii) H20, 0-4O, 24 h.; iii) Ni Raney/EtOH, 2 h. r.t. 

Scheme 2 

We assigned the (S) configuration to compound 10, and therefore to its precursos 4 

and 7 (the reactions involved in the sequence 4 + 7 4 10 do not affect the configuration 

of the hydroxylic carbon), comparing the rotary power of 10 ([alo = -5.9’, acetone, c = 0.63) 

with that of the carboxamide ([aIn q +6.3’, acetone, c = 0.63) obtained by us from 

enantiomerically pure (R)-atrolactic acid (available from Aldrich Co.). The same configuration 

(S) was assumed for the hydrox$ic carbon of compounds in Scheme 2 in the view of the 

similar diastereoselectivities obtained in the hydrocyanation reactions (d.e. > 98X, Scheme 1). 

We can therefore conclude that the configuration induced at carbonyl carbon in rections of 

l3-ketosulfoxides with EtzAlCN is only dependent on the sulfinyl sulfur configuration. In our 

starting (R)-sulfoxides, the configuration induced at carbon has been S, but the opposite 

must be expected starting from the (S)-enantiomers. 

Additionally, we can estimate the optical purity of 10 from the indicated values for the 

rotary powers (e.e.= 92%). Taking into account the d.e. of the cyanohydrins, the slight 

decrease in the optical purity must be attributed to the epimerizating effect of the strong 

acidic conditions used in the hydrolysis, on the benzylic alcohol, which must be less 

important in the aliphatic alcohols. The study of compounds 10 -12 (and their corresponding 

racemics) by iH-nmr in the presence of the chiral shift reagent Eu(tfc)s, did not allow us to 

detect the signals corresponding to the second enantiomer (unfortunately the signals of both 

enantiomers in compounds 10-12 did not appear perfectly separated). It suggested that the 

e.e. of 11 and 12 had to be, at least so high as that of 10, that is to say 292%. 

When the reactions with Et2AlCN were carried out in the presence of ZnClz, a slighly 

higher rate could be evidenced, but the stereochemical results were similar. The rotary 

power (and therefore the optical purity) of compound 10 obtained by this route was identical 

to that of the sample resulting from the cyanohydrin obtained without ZnClz. 

The stereochemical results obtained in the cyanide addition to the carbonyl group of 
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B-ketosulfoxides cannot be explained by assuming an intramolecular cyanide transfer from a 

tetracoordinated aluminium species A (Scheme 3) (like that postulated to explain the 

stereoselectivity of the DIBAL reduction@). The evolution of species A would yield the 

cyanohydrin exhibiting the wrong configuration [(R) at sulfur would induce (R) at carbon 

instead the observed (S)]. The larger electronic defficience of the aluminium in EtzAlCN, in 

respect to that in ‘DIBAL, suggests that a double association of the aluminium with both 

oxygens in the substrate, like the one shown in the pentacoordinate intermediate B (Scheme 

3), could be possible and even more stable than A. Assuming B as the most stable 

conformation of the substrate (with the ptolyl group in a pseudoequatorial arrangement), 

the intramolecular transfer of the cyanide,m afforded the cyanohydrin with the right 

conformation throughout a like-chair transition state. 

The fact that the configuration induced at carbonyl carbon during the methylation 

does not change in the presence of ZnClz and that the reaction rate was increased, can be 

explained by assuming that /this reagent acts as chelating agent. The presumably more stable 

half-chair conformation (C in Scheme 3) of this chelated species, undergo a cyanide attack 

from the upper face, favored by stereoelectronic and steric effects in a similar way to the 

hydride approach in ZnClz/DIBAL reduction@. Et *Al\ 
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