
Pergamon Tetrahedron Letters 39 (1998) 8517-8520 

TETRAHEDRON 
LETTERS 

Catalytic Sulfur Ylide Reactions: Use of Diazoacetamides for the 
Diastereoselective Synthesis of Glycidic Amides. 

Varinder K. Aggarwal, ~* Paul Blackburn, a Robin Fieldhouse b and Ray V. H. Jones b 

a Department of Chemistry, University of Sheffield, Sheffield $3 7HF, UK. 

b Zcncca Process Technology Department, Earls Road, Grangemouth FK3 8XG, UK. 

Received 14 August 1998; accepted I September 1998 

Diazoacetamides react with aldehydes in the presence of catalytic quantities of Cu(aeac)2 (5 tool%) and 
tetrahydrothiophene (20 tool%) to give glycidic amides in good yields and high diastercoselectivity. 
© 1998 Elsevier Science Ltd. All rights reserved. 

Epoxides arc important intermediates in organic synthesis. Glycidic esters and amides arc particularly 

useful as they can bc further elaborated with a high dcgrcc of regio- and stereocontrol and as a result arc key 

intermediates in the synthesis of several pharrnaccutical products. 1,2 They are usually prepared by oxidation of 

an appropriate alkenc.1,3-11 However, the alkenes employed are often derived from Wittig type reactions of the 

corresponding aldehyde and hence the epoxidation is a two step process from the aldehyde. Alternatively, the 

aldehyde can bc converted to the glycidic compounds directly by employing either a Darzens 12 reaction or a 

sulfur ylidc mediated approach. 13 It should bc noted that the Darzcns reaction often occurs with relatively low 

diastcrcoselcctivity. 

The sulfur ylidc mediated synthesis of glycidic amides was first reported by Ratts ]4 and has recently 

bccn extended by Fcm~.ndcz.15-18 In these reported procedures the sulfur ylidcs wcrc generated by 

deprotonation of the corresponding sulfonium salts with base. However, it is also possible to generate a sulfur 

ylide from a sulfide and a diazocompound, a process which occurs under neutral conditions. 19 Within our group 

wc have developed a catalytic sulfur ylidc cycle for the synthesis of epoxidcs,20, 21 cyclopropancs22 and 
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aziridines 23 using phenyl diazomethane to generate the sulfur ylide in situ. Use of  a suitable chiral sulfide within 

these cycles allows these processes to occur with high enantioselectivity. We wish to report that we have now 

extended the scope of  this catalytic cycle to the synthesis of glycidic amides with high diastereoselectivity by 

employing diazoacetamides 24 within the catalytic cycle, as outlined in the above sebeme. 

It was found that upon changing from phenyl diazomethane and benzyl ylides (reported previously) to 

the less reactive diazoacetamides and corresponding ylides that the reaction temperature needed to be elevated 

to increase the efficiency of  both the formation of  the metal carbenoid and tumover of  the sulfide. Further 

optimisation revealed that tetrahydrothiophene was superior to dimethyl sulfide, Cu(aeae)2 was better than 

Rh2(OAc)4, and that reactions were best conducted in acetonitrile at relatively high concentration. Under these 

optimised conditions and employing N,N-diethyl diazoacetamide good yields of  epoxides were obtained with a 

range of  aldehydes (Table 1).25 

0 0 Cu(aeac)2 (5 tool%), 0 

L + + NEt2 " / - , ,~  - 
R" "H N2 3 h addition R NEt2 

60oc 

1 eq 0.2 eq 1.5 eq 

Entr), Aldehyde Yield (%) Trans:cis a Product 

1 pCI-C6H4CHO 79 >95:5 1 a 

2 PhCHO 79 >95:5 1 b 

3 pNO2-C6H4CHO 71 >95:5 1 e 

4 pMe-C6H4CHO 63 >95:5 l d  

5 pMeO-C6H4CHO 44 >95:5 1 e 

6 Valeraldehyde 64 >90:10 b 1 f 

7 c-C6HI 1-CHO 64 >90:l0 b 1 g 

a Determined by IH NMR of products. 
Due to overlapping signals, it was not possible to determine the ratio of isomers to greater accuracy. 

Table 1. 

In all cases the trans epoxides were obtained with high diastereoselectivity which is in an agreement with 

the results of  Ratts and Femhndez, despite the higher temperatures at which the reactions are being performed. 

This suggests that the barrier to the formation of  the cis epoxide is significant and this route provides a highly 

diastereoselective method to the trans glycidic amides. 

Having established the scope of  the process with a variety of  aldehydes, we further examined the effect 

of  varying the structure of the diazoacetamide on the reaction and the results are summarised in Table 2. 

Good yields were obtained with alkyl substituted diazoaeetamides (entries 1-3) but significantly lower 

yields were obtained with N-methoxy-N-methyl diazoacetamide (entry 4), although utilising p- 

nitrobenzaldehyde furnished the corresponding epoxide in 80 % yield. As can be clearly seen the same high 

diastereoselectivity can be achieved upon changing the amide substituents, suggesting that they are not 

important in the control of  the diastereoselectivity. 
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O O Cu(acac)2 (5 mol%), O O 

CI N 2 R 2 3 h addition C I . ~ . , ~  R2 
60oc 

1 eq 0.2 eq 1.5 eq 

Entry R l R 2 Yield (%) Trans:cis Product 

1 Et Et 79 >95:5 l a  

2 Me Nk 78 >95:5 2a 

3 -C4H8- 75 >95:5 3a 

4 IV~ OMe 40 >95:5 4a 

Table 2. 

In summary, we have found conditions under which diazoacetamides cam be employed in our catalytic 

cycle for the Preparation of glycidic amides and currently work is underway to render this process asymmetric. 

Aeknowledgement. We gratefully thank Zeneca Process Technology Department and Sheffield University for 

financial support. 

References 

1) Jacobsen, E. N.; Deng, L.; Furukawa, Y.; Martinez, L. E. Tetrahedron 1994, 50, 4323-4334. 

2) Flisak, J. R.; Gombatz, K. J.; Holmes, M. M.; Jarmas, A. A.; Lantos, I.; Mendelson, W. L.; Novack, V. J.; 

Remich, J. J.; Snyder, L. J. Org. Chem. 1993, 58, 6247-6254. 

3) Johnson, R. A.; Sharpless, K. B. In Catalytic Asymmetric Synthesis; Ojima, I., Ed.; VCH: New York, 1993, 

pp 103-158. 

4) Johnson, R. A.; Sharpless, K. B. In Catalytic Asymmetric Synthesis; Ojima, I., Ed.; VCH: New York, 1993, 

pp 227-272. 

5) Kolb, H. C.; Vannieuwenshze, M. S.; Sharpless, K. B. Chem. Rev. 1994, 94, 2483-2547. 

6) Jacobsen, E. N. In Catalytic Asymmetric Synthesis ; Ojima, I., Ed.; VCH: New York, 1993, pp 159-202. 

7) Lasterra-S6nehez, M. E.; Roberts, S. M. Current Organic Chemistry 1997, 1, 187-196. 

8) Ebrahim, S.; Wills, M. TetrahedronAsymm. 1997, 8, 3163-3173. 

9) Enders, D.; Zhu, J.; Kramps, L. Leibigs Ann. 1997, 1101-1113. 

10) Elston, C.L.; Jackson, R. F. W.; MacDonald, S. J. F.; Murray, P.J. Angew. Chem., Int. Ed. Engl. 1997, 36, 
410-412. 

11) Bougauchi, M.; Watanabe, S.; Arai, T.; Sasai, H.; Shibasaki, M. J. Am. Chem. Soc. 1997, 119, 2329-2330. 

12) Rosen, T. In Comprehensive Organic Synthesis; Trost, B.; Fleming, I.,Eds.; Pergamon: Oxford, 1991; Vol. 

2, pp409-439. 

13) Li, A. H.; Dai, L. H.; Aggarwal, V. K. Chem. Rev. 1997, 97, 2341-2372. 

14) Ratts, K. W.; Yao, A. N. J. Org. Chem. 1966, 31, 1689-1693. 

15) Valpuesta Fem~indez, M.; Durante-Lanes, P.; L6pez-Herrem, F. J. Tetrahedron 1990, 46, 7911-7922. 



8520 

16) Valpuesta, M.; Durante, P.; L6pez-Herrera, F. J. Tetrahedron 1993, 49, 9547-9560. 

17) L6pez-Herrera, F. J.; Pino-Gonz~lez, M. S.; Sarabia-Garci~, F.; Heras-L6pez, A.; Ortega-Alc~intara, J. J.; 

Pedraza-Cebri~.n, M. G. Tetrahedron Asymm. 1996, 7, 2065-2071. 

18) L6pez-Herrera, F. J.; Heras-L6pez, A. M.; Pino-Gonz~lez, M. S.; Sarabia Garcia, F. Jr. Org. Chem. 1996, 

61, 8839-8848. 

19) Padwa, A.; Hombuckle, S. F. Chem. Rev. 1991, 91,263-309. 

20) Aggarwal, V. K.; Ford, J. G.; Thompson, A.; Jones, R. V. H.; Standen, M. C. H. J. Am. Chem. Soc. 1996, 

118, 7004-7005. 

21) Aggarwal, V. K. Synlett 1998, 329-336. 

22) Aggarwal, V. K.: Smith, H. W.; Jones, R. V. H.; Fieldhouse, R. Chem. Commun. 1997, 1785-1786. 

23) Aggarwal, V. K.; Thompson, A.; Jones, R. V. H.; Standen, M. C. H. J. Org. Chem. 1996, 61, 8368-8369. 

24) Diazoacetamides were prepared from the corresponding acetoacetamides using the procedure reported by 

Regitz, substituting 2-naphthylsulfonyl azide for tosyl azide. Regitz, M.; Hocker, J.; Liedhegener, A. 

Organic Syntheses Coll. Vol. V1973, 179-182. 
0 0 0 0 0 

R2 tBuOK N2 R2 MeOH N2 R2 
MeCN 

25) Typical procedure. A mixture of aldehyde (1 mmol), tetrahydrothiophene (18 laL, 0.2 mmol) and 

Cu(acac)2 (13 mg, 5 mol%) were placed in MeCN (0.2 mL) and warmed to 60 °C. The diazoacetarnide (1.5 

retool) was dissolved in MeCN (0.5 mL) and added over 3 hours via a syringe pump. After complete 

addition the reaction was stirred for 1 hour before purification by flash column chromatography. 


