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Synthesis of Glyceraldehyde Dedvalives 
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AbbactxTrimethylsilyl glyckiol &rivatives 1 wsre oxidizedwithpytidine N-oxides iath pnsence ofsilyhtiq~nts 
to give the cormspondiagglyceraldshyds dsrivativas 3. Reaction of(aJhpoxyalkyl)silanes with N-oxihs was stadieti. 

Trimethylsilyloxiranes (a$-epoxysilanes) are well-know synthek precursors of geometrically defined 

olefinsl, various vinylic heteroatoms and metal derivatives2, sllylic alcohols3 and some other compounds’. In 

view of the availability of optically active epoxysilanea by the Katsuki-Shupless asymmetric epoxidation5 it 

was challenging to develop a method Gr direct and stereospecifnz chemical oxidation of the epoxysiiane to the 

hydroxy aldehyde moiety. Recently, anodic oxidation of pro&c&d P-hydroxya-methoxysi (obtained from 

ol,p-epoxysilanes) to p-hydroxy aldehydes has been descriti. Oxidation of all-carbon epoxides to the 

corresponding hydroxy aldehydes has been studied only scarcely. Cohen and Tsuji’ have reported that epoxides 

treated with dimethylsulfoxide (DMSO) and boron trifluoride etherate and then with a base afford in moderate 

yields the corresponding ct-hydroxy carbonyl compounds. The Komblum-type oxidation is, most likely, 
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involved in this trat~~formation*. Recently, Trost and Fray’ have successfi~Uy applied oxidation of an epoxide 

with DMSO iu the presence of trifluorometbanesulknic acid as the catalyst and diisopropylethylamine as the 

base. Our experiments aimed at oxidatkm of epoxysilanes to hydmxy aldebydes under umditions suitable for 

oxidation of all-carbon oxiranes failed so fir. The oxidation could be carried out, however, on the basis of a 

somewhat merent principle. Our wncept is illustrated in S&me 1. Nucleophilic addition of the dipolar 

oxidant RY+-O- (where Y = N, S or similar atoms) to (trimethylsilyl)oxi i in the a-position with respect 

tc silicon atom” is assisted by complexiug the epoxide oxygen witb the trimethylsilyl cation derived from 

Me&X (where X = leaving group). The adduct ii under@es firgmentation to afford the carbonyl compound 

iii and oxidant residue RY, and to regenerate the trimetbylsilyl cation. In the depicted transformation there is 
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no involvement of a free hydroxy group that could initiate the Peterson elimination. 

We found that treatment of the trimethylsilyl glycidol 1 (Scheme 2, PNB = p-nitrobanzoyl), easily accessible 

from propargyl alcohol”, with pyridine N-oxide 2 (R = H, 2 mol equiv.) and trimethylsilyl triflati (3, X = 

CF,SO,O, 1 mol equiv.) in C&Cl, aflbrds the corresponding O-trimethylsilyl derivative of glyceraldehyde 4 
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Table 1 

No [ Epoxi& con&. 12, R Catalyst, X (mol eqiv.) Reaction conditions I Yield (%) 
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iu good yield (Table 1, entry 2). The reaction was examined with respect to selected amine N-oxides and 

silylating agents. In standard experiments the labile aldehydes were isolated as their respective 2,4- 

dinitropheoylhydrazones. As may be seen in Table 1, in the series of experiments with trimetbylsilyl triflate, 

the highest yield within the shortest reaction time was obtained with the N-oxide bearing the electron- 

withdrawing nitro group, 4-nitropyridine N-oxide (entry 1). The N-oxide with the electron-donating teti-butyl 

group, 4-ten-butylpyridine N-oxide, gave the product in the lowest yield (entry 4). Comparison of the oxidation 

yields and the reaction times recorded in Table 1 for four selected N-oxides indicates that the nucleophilic 

properties of the N-oxide are not the decisive factor. The ability of the pyridine moiety to act as the leaving 

group in the step of adduct fkgmentation (Scheme 1) appears more important. It is noteworthy that no oxidation 

product was obtained with the commonly used N-methylmorpholine N-oxide” or with highly nucleophilic N- 

oxides, 4-(N,N-dime&ylamino)pyridine oxide” and 2-(N,N-dimethylamino)pyridiae oxide’? The very recently 

designed” powerful source of the electrophilic trimethylsilyl group, Me,SiB(OTf), (“supersilylating agent”), 

efficiently promoted oxidation of tmm-trimethylsilyl glyoidol 1 (entry 5) and its &-isomer (entry 6) at room 

temperature even when used in a catalytic amount (0.35 mol equiv.). 

The described method of epoxysilane oxidation allows for rapid enantioselective synthesis of glyceraldehyde 
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derivatives from 3+imethylsilyl)allyl alwhoP. 

Application of this method to oxidation of other epoxysilan~ revealed side reactions which may accompany 

the oxidation of epoxide to hydroxy aldchyde. Treatme& of ciJ-l-(~~y~ilyl>2-butylo~e (Scheme 3, 

5, R = C&) with an excess of 4--dine N-oxide and 1 mol equiv. of trimetbylsilyl triflate at room 
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TabIt 2 

temperature afforded the correqxmdiug hydroxyaldehyde 6, R = Bu, and methyl butyl ketone 7, R = By (Table 

2, entry 1). Oxidation of 5, R = C,&, with the same oxidant in the presence. of 0.1 mol equiv. of t&late a 

mixture of carbonyl compounds with higher proportion of the aldchydc (entry 2). cis-l-(Trimetbylsilyl)-2-iso- 

propyloxirane (5, R = iso-Pr) gave, under a variety of conditions, a mixture of the cmresponding aldehyde and 

ketone, the latter being predominat (Table 2, entries 2-6). The methyl ketones are on the same oxidation level 

as the starting oxirancs and should be considered as the rearrangement and desilylation products. Recently, 

another trimetbylsilyl triflate-induced rearrangement of oxinmes has been described”. 

Interestingly, treatment of cpoxysilane 5, R = Bu with 4-(N,N-dimetbylamino)-pyridiue N-oxide iu boiling 

acetonitrile afforded I-hydroxyhexan-Zone in 51% yield Most likely, the reaction proceeds via the respective 

a-hydroxy aldehyde. 

Acknowledgementa 

We thank Dr. Lukasz Kaczmarek of our Institute for kindly donating some of pyridine N-oxides. 

support from the European Concerted Action COST D2 programme (grant No. 12029), is 

acknowledged. 

Financial 

sratefully 



3390 

1. Hudrlik, P. F.; Peterson, D.; Rona, R J. J. Org. Chem. 1975, 40, 2263-2264; Chmt, D. C.; Chong, 

J. M. Tehrrhedtvn Lett. 1993,34, 3695-3698. 

2. 

3. 

For some recent examples, see: a. Olramoto, S.; Shimaaki, T.; Kobaysshi, Y.; Sato, F. Tenuhednm Len. 

1987, 28, 2033-2036; b. Chakraborty, T. IL; Reddy, G. V. Tetiedrun Lett. 1990, 31, 1335-1338; c. 

Hewkiu, C. T.; Jacksort, R F. W. J. Chem. Sot. Penkin Trims. 1 1991, 3103-3111. 

a. Masnyk, M.; Wicha, J. Tetiedmw Lett. 1988, 29, 2497-2500; b. Jankowski, P.; Marczak, S.; 

Masnyk, M.; Wkha, J. J. Owomet. Chem. 1991, 403, 49-62; c. Kobayashi, Y.; Ito, T.; Yamakawa, 

I.; Urabe, H.; Sate, F. Synlett 1991, 813-815. 

4. 

5. 

6. 

7. 

8. 

Colvio, E. W. Silicon Reagents in Organic Synthesis; Academic Press: New York 1988. 

a. Katsuki, T.; Sharpless, K. B. L Am. Chem. Sot. 1980, 102,5974-5976; b. Kitano, Y.; Mataumoto, 

T.; Sate, F. J. Chem. Sot., Chem. Commun. 1986, 1323-1325. 

Yoshida, J-i.: Meakawa, T.; Morita, Y.; Isoe, S. J. Org. Chem. 1992, 57, 1321-1322. 

a. Cohen, T.; Tsuji, T. d Otg. Chem. 1961,26, 1681; b. Tsuji, T. Tetmhedrun Lett. 1966,2413-2414; 

see also: Vaukar, Y. D.; Saksena, R K.; Bawa, A. Chem. Lett. 1989, 1241-1244. 

a. Khtxhhrs, M. A.; Swem, D. Tetmhedtvn Lett. 1971,411-414; b. Santosusso, T. M.; Swem, D. J. Olg. 

Chem. 1975, 40, 2764-2769. 

9. 

10. 

Trost, B. M.; Fray, M. J. Tetmhedmn Lett. 1988, 29, 2163-2166. 

Eisch, J. J.; Traiuor, J. T. J. Org. Chem. 1963,28,2870-2876, for receut discussion on regioseleotivity 

of the epoxysilane ring opeuiug, see: Jaukowski, P.; Wicha, J. J. Chem. Sot., Chem. Commun. 1992, 

802-803. 

11. a. Ko, S. Y., Masamune, H. and Sharpless, K B. L Otg. Chem. 1987,52,667-671; b. Gao, Y., Hanson, 

R. M., Klunder, J. M., Ko, S. Y., Masamtme, II. and Sharpless, K. B. J. Am. Chem. Sot. 1987, 109, 

5765-5780. 

12. For a literature survey on oxidations with N-oxides, see a. Grifli& W. P.; JolhfIe, J. M.; Ley, S. V.; 

Springhorn, K. F.; Tiffiu, P. D. Synth. Commun. 1992, 22, 1967-1971; b. Henrick, C. A. Tetrahedron, 

1977, 33, 1845-1889. 

13. 

14. 

15. 

16. 

a. Katrizky, A. R; Baudall, E. W.; Sutton, I. E. J. Chem. Sot. 1957, 1769-1775; b. Makaiyama, S.; 

huurap, I.; Yamaguchi, M. Bull. Chem. Sot. Jpn. 1981, 54, 2221-2222. 

Katritzky, A. R J. Chem. Sot. 1957, 191-197. 

Davis, A. P.; Jaspars, M. Angew. Chem. ht. Ed. Engl. 1992, 31, 470471. 

Aldehyde 4 was transformed to 1,1 -dithiophenyl-2,3-dihvdroxypropane of 97% optical purity (by NMR 

of its Mosher’s ester). 

17. Jouog, M. E.; D’Amico, D. C. J. Am. Chem. Sot. 1993, 115, 12208-12209. 

REXERENCESANDNCYIW 

(Received in UK 7 February 1994, revised 8 March 1994: uccepted 10 March 1994) 


