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Abstract: Grignard reagents have been found to react readily with O- 
trimethylsilylated cyanohydrins to afford , after acid hydrolysis of intermediates, 
good yields of acyloins. 

The utility of a-hydroxyketones (acyloins) in organic chemistry is attested to by the 

great variety of methods which have been developed for their preparation.' Although the 

sodium/chlorotrimethylsilane induced "acyloin condensation"2 of esters and the cyanide 

catalyzed "benzoin condensation"3 of aromatic aldehydes are useful for the respective 

syntheses of symmetrical acyloins and benzoins, the preparation of unsymmetrical a-hydroxy- 

ketones is usually more difficult. Of the many pertinent synthetic methods, few have the dual 

advantages of simplicity and generality. 

One established3'4 method for the preparation of acyloins involves the addition of a 

Grignard reagent to a cyanohydrin (eq. 1, R = H). Although in theory only two equivalents of 
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the Grignard reagent are required , in practice it is often necessary to employ a much larger 

excess; even so, acyloin yields are often 10~~~~. Some improvement may be realized by 

protecting the hydroxyl group of the cyanohydrin as the tetrahydropyranyl or ethoxyethyl 

ether5. However, both the blocking and deblocking reactions occur with variable yields and 

involve extra steps. 

We have now found that the addition of Grignard reagents to 0-trimethylsilylated cyano- 

hydrin8 provides a simple and general preparation of acyloins (eq. 1, R = (CH3)3Si). This 

procedure has several advantages: 1) 0-trimethylsilylated cyanohydrins can be prepared7 in 

high yield and purity from a variety of aldehydes and ketones; 2) only a small (lo-15%) excess 

of the Grignard reagent is used; and 3) in many cases most of the acyloin product separates 

from the aqueous layer from the reaction work-up in a very pure form, so product isolation 

involves simple filtration.8 
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The reaction of organolithium reagents with 0-trimethylsilylated cyanohydrins takes a 

different course. Attempts to react only one equivalent of n-butyl or phenyllithium with O- 

silylated cyanohydrins led to complex reaction mixtures containing little or no acyloin.Y 

However, the reaction of two equivalents of an organolithium reagent with 0-silylated 

cyanohydrins has been reported" as a method for the preparation of B-aminoalcohols (eq. 2). 

OSi(CHs), ,> 2 REGAL. 

RI-L- CN 
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The following procedure for the preparation of 4'-fluorobenzoinIl is representative. A 

solution of 4-fluorophenylmagnesium bromide was prepared under argon from 4-bromofluorobenzene 

(5.5 ml, 50 mmol) and magnesium turnings (1.34 g, 55 mmol) in 75 ml of ether. To this stirred 

solution was added dropwise a solution of the 0-trimethylsilylated cyanohydrin of benzaldehyde 

(9.0 g, 44 mmol) in 75 ml of ether. Stirring at room temperature was continued for 2 hours 

after the addition was complete, then the reaction mixture was cooled for 15 minutes in an ice 

bath. The reaction mixture was then poured onto 500 g of ice containing 20 ml of concentrated 

H2SO4. The layers were separated, the ether layer extracted twice with 100 ml portions of a 

10% aqueous HCl solution, and the aqueous layers combined. After standing overnight at room 

temperature, a solid had crystallized from the water. Filtration and drying afforded 6.3 g of 

4'-flunrohenzoin. The ether layer from the w^"'* ub --up ‘i;;s Swaz.hed with brine, dried over MgSG4, 

filtered and solvent evaporated to leave 6.51 g of an oily solid. IH-NMR analysis of this 

material indicated it to be a mixture of the desired benzoin and the 0-trimethylsilylated 

benzoin (molar ratio 30:70). This mixture was dissolved in 75 ml of MeOH, one ml of a 10% 

aqueous HCl solution was added, and the solution allowed to stand at room temperature over 

night. Solvent was then evaporated to leave a tan solid which was combined with the material 

from the filtration. Recrystallization from aqueous MeOH gave 7.99 g (79%) of 4'-fluoro- 

benzoin, m.p. 108-109° C; IR (Nujol) umax 3500, 1660, 1580, 1500, 1450, 1360, 1330, 970 cm-'; 

IH-NMR (CDC13) 6 7.98 (2H, m), 7.4 (5H , s), 7.1 (2H, t, J=8Hz), 5.93 (lH, d, J=8Hz), and 4.56 

(lH, d, J=8Hz). Anal. Calcd. for C14HIIF02: C, 73.0; H, 4.8. Found: C, 72.8; H, 4.7. 

Some representative results are presented in Table 1. It is apparent that the reaction of 

Grignard reagents with 0-trimethylsilylated cyanohydrins constitutes a simple and versatile 

procedure for the preparation of aliphatic acyloins, "mixed" aromatic-aliphatic acyloins, and 

benzoins. Furthermore, these results extend the usefulness of 0-silylated cyanohydrins in 

organic chemistry. 
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TABLE 1 

61f 

739 

6gh 

60i 

79 

779 

a) Yield of purified product. All compounds have been fully characterized including IR, NMR, 

combustion analysis and/or high resolution mass spectroscopy. b) This acyloin was the only 

example in this table which was obtained exclusively from the organic phase of the reaction 

work-up (see experimental example). c) bp 170-175'C (0.15 mm) (kugelrohr distillation); IR 

(film) umax 3450, 2900, 1700, 1450, 1440 cm- '; lH-NMR (CDC13) 6 4.08 (lH,m), 3.8 (lH,m), 2.48 

(2H,t,J=7Hz) 2.0 - 1.0 (31H, 2m), and 0.9 (3H, m). d) bp 83-85'C (17 mm) [lit.12, bp 100' C 

(17 mm)]. e) Pure product was obtained directly from the aqueous layer from the reaction 

work-up (see experimental example). NMR spectrum was in accord with literature l3 data. f) mp 

46-48'C. Clit.14, mp 48-49'Cl. g) mp 89.5 - 9O'C; IR (KBr) umax 3495, 1690, 1465, 1290, 1235, 

1165, 1125, 840, 725, 695 cm-l; 1 H NMR (CDC13) 6 8.04 - 7.85 (2H, m), 7.77 - 7.40 (3H, m), 

4.97 (lH, s), 3.1 (lH, br s), and 1.96 - 0.8 (11 H, 2 m). Anal. Calcd for C14H1802: C, 77.0; 

H, 8.3. Found: C, 76.7; H, 8.1. h) mp 117-117.5°C [lit.15, mp 116OC]. i) mp lll-l12°C 

[lit.15, mp 116-117°C. j) mp 87-89'C [lit.3, mp 89OC]. 



4078 

References and Notes 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

For listings of many methods for acyloin synthesis, see Harrison, I.T.; Harrison, S. 

"Compendium of Organic Synthetic Methods, Vol. II”; John Wiley and Sons, Inc: New York, 

1974; pp 302-307. Hegedus, L.S.; Wade, Jr., L. G. "Compendium of Organic Synthetic 

Methods, Vol. III”; John Wiley and Sons, Inc: New York, 1977; pp 366-369. Wade, Jr., L. 

G. "Compendium of Organic Synthetic Methods, Vol. IV”; John Wiley and Sons, Inc: New 

York, 1980; pp 375-379. For other recent methods, see Koenigkramer, R. E.; Zimmer, H. 

Tetrahedron Lett. 1980, 1017-1020. Koenigkramer, R. E.; Zimmer, H. J. Org. Chem. 1980; -- 
45, 3994-3998. McCormick, J. P.; Tomasik, W.; Johnson, M. W. Tetrahedron Lett. 1981, 22, -- 
607-610. Lee, T. V.; Toczek, J. Tetrahedron Lett. 1982, 23, 2917-2920. 

Riihlmann, K. Synthesis 1971, 236-253. Bloomfield, J. J.; Owsley, D. C.; Nelke, J. M. m 

React. 1976, 23, 259-403. 

Ide, W. S.; Buck, J. S. m React. 1948, 4, 269-304. -- 

McElvain, S. M. a React. 1948, 4. 256-268. -- 
Elphimoff-Felkin, I. Bull. Sot. Chim. Fr. 1955. 784-789. Elphimoff-Felkin, I.; Verrier, ---- 

M. Bull. Sot. Chim. Fr. 1967, 1047-1052. Schlosser, M.; Brich, Z. Helv. Chim. Acta 1978, ---- --- 

61, 1903-1911. 

For pertinent references to the utility of 0-silylated cyanohydrins in organic chemistry, 

see Weber, W. P. "Silicon Reagents for Organic Synthesis"; Springer Verlag: New York, 

1983; pp. 6-20. Colvin, E. "Silicon in Organic Synthesis"; Butterworths: London, 1981; 

pp. 296-299, 310. 

Evans, D. A.; Carroll, G. L.; Truesdale, L. K. J. Org. Chem. 1974, 39, 914-917. -- 
Rasmussen, J. K.; Heilmann, S. M. *thesis, 1978, 219-221. 

Hydrolysis of the intermediate imine salt requires several hours at room temperature; see 

experimental example. 

The reaction of t-butyllithium with the 0-trimethylsilylated cyanohydrin of norcamphor 

has been reported to give the acyloin: Creary, X.; Geiger, C. C. J. Am. Chem. Sot. 1982, - --- 
104, 4151-4162. Production of the acyloin in this case may be a result of a combination 

of a bulky organolithium reagent with a rather hindered 0-silylated cyanohydrin. 

(10) Amouroux, R.; Axiotis, G. P. Synthesis 1981, 270-272. 

(11) Nomenclature for substituted benzoins is somewhat in disarray in the literature. We have 

adopted the nomenclature system in the "CRC Handbook of Chemistry and Physics, 63rd 

Edition"; CRC Press, Inc.: Boca Raton, 1982; p. C-584, in which the primed numbered 

substituents are located on the benzoyl ring. 

(12) Heathcock, C. H.; Pirrung, M. C.; Lampe, J.; Buse, C. T.; Young, S. D. J. Org. Chem. 

1981, 46, 2290-2300. 

(13) Hiinig, S.; Wehner, G. Chem. Ber. 1979, 112, 2062-2067. -- 

(14) Stevens, C. L.; Farkas, E. J. Am. Chem. Sot. 1952, 74, 618-620. ----- 

(15) Arnold, R. J.; Fuson, R. C. J. Am. Chem. Sot. 1936, 58, 1295-1296. ---- 

(Received in USA 26 May 1983) 


