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Summary Treatment of 4-methoxy- and 4-phenylthio-2-oxazolldlnones with a combination of 
cuprates and BF3 results in smooth formation of 4-alkyl and 4-aryl derivatives in hrgh yield By this 
method, the titled compounds of biological interest are readily synthesized from (4S,5S)-5-allyl-4- 
methoxy (or 4-phenylthro)-2-oxazolidinones stereoselectively 

The 2-ammoalcohol moiety IS a structural unit found in a substantial number of bioactrve 

substances such as peptrdic enzyme intiibitors,J~a) amino sugar antlblotlcs raj’and’ sympattiomimetic 

amrneslc) A number of papers have dealt with stereochemically controlled constructions of such 

functronal skeletons,* particularly rn connection with consrderable current interest in renin 

inhibitors 3 

We recently reported facile routes for the conversion of simple heterocycle, 2-oxazolone, to 

(4R,5R)- and (4S,5S)-5-allyl-4-methoxy-Z-oxazolldlnones,4 which served well as building blocks for 

chiral 2-amrnoalcohols 5 The versattltty of these chiral synthons could be greatly extended by the 

direct replacement of 4-alkoxy groups for simple alkyls except ally1 and methallyl functions.5 Only 

few practical methods for such substitution of the N, 0-acetals have been explored so far 6 This 

paper describes the promising procedures for smooth introductions of a wide variety of alkyls as 

well as aryl groups to the 4-position of 2oxazolidinones leading to a facile preparation of statrne 

and Its analogs.3 

Treatment of 4-methoxy-2-oxazolidinone derivatives (1 X=OMe) with cuprate reagents in 

the presence of BFs*EtzO 7 has been found to give an excellent yield of 4-alkyl or 4-aryl-2-oxa- 

zoltdlnones, while reaction with a combination of Gngnard reagents and BFs*Et20 6 resulted in gen- 

R x R d .: 7-i Cuprate / BF3 
X =OMe,SPh 

R, R’= alkyl, sty 
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erally lower yte1d.s This method IS versatile enough to permit the smooth mtroductron of pr/m - to 

ten -alkyls and aryl groups at the 4-posmon of 2-oxazolidinone moletles Stmrlar substrtutron- 

alkylation reacttons proceeded smoothly with 4-phenylthio-2-oxazolidlnones(l’X=SPh), readily 

available from the corresponding 4-methoxy derivatives ,9 to afford the 4-substituted products, but 

rn slightly lower yield.‘O Thus, Vans-4-methoxy- and 4-phenylthto-5-allyl-2-oxazolldlnones were 

treated with a mixture of cyclohexylmethylmagnesium bromide (4.0 eq.), CuCN (4.4 eq.) and LiCl 

(8.8 eq ) In the presence of BFs*Et20 at -30 “C to give stereoselective formation of trans -5-allyl-4- 

Table 1. The BFs-Promoted Substrtutlon of 4-Methoxy- and 4-Phenyithlo- 

2-oxazolfdmones by Alkyl and Phenyl Cupratesa) 

X Reagent R’ Yield (%) b, 

QMe n - BuCu(CN)Ll, LICI ‘) n-Bu 90 

SPh n - BuCU(CN)LI ‘) n-Bu 82 

OMe I- BuCu(CN)MgBr, LICI I-Bu 91 

SPh i- BuCu(CN)MgBr i-Bu 75 

OMe c- CsHtt&&u(CN)MgBr, LtCl c- CsHl &HP 99 

SPh c- CsHl&HsCu(CN)MgBr, LiCl c- CsHt 1CHs 83 

OMe PhCH&u(CN)MgBr, LICI PhCHa 73 

SPh (PhCH2)2CuMgBr d, PhCH2 62 

OMe i - PrCu(CN)MgBr, LICI r-Pr 94 

SPh I - PrCu(CN)MgBr I- Pr 64 

OMe t- BuCu(CN)MgBr, LICI t-Bu 67 

OMe PhCu(CN)MgBr, LICI Ph 85 

SPh (Ph)aCuMgBr d, Ph 60 

a) The reaction was performed by ustng Gngnard reagent (4 0 eq ). CuCN (4 4 eq ) and BFs.EtaO 

(2.0 eq ) In the presence or absence of LICI (8.8 eq ) at -30 “C for 1 h, unless otherwrse stated 

b) tsolated yreld Of 4-substituted product whose stereochemlstry was based on ‘H-NMR (400MHz) analysis 

c) BuLi(4.0 eq.) was used 

d) Gngnard reagent (8 0 eq.) and Cul (4 4 eq.) were used 
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cyclohexylmethxyl-2-oxazolidrnone In 99% and 83% yreld, respectrvely. The results obtained with 

other cuprate reagents are summarized in Table 1, demonstrating the effective alkylations and 

arylations associated with the C-O and C-S bond cleavage of the N,O- and N,S-acetal skeletons 

The reactions might proceed via imrnrum complexes as might be well recognized in structurally 

related alkoxy-lactams I1 

The products thus obtained are all useful precursors for the preparation of 2-aminoalcohols 

of medrcinal interest such as statine and its analogs. 3 Versatility of the methodology was 

demonstrated by two representative routes for the 3-hydroxy-4-amrnocarboxylic acids, as outlined 

In the following Schemes Thus, (4S,5S)-5-allyl-4-methoxy-Z-oxazolldlnone (3, X = OMe) 4 was 

converted to Its 4-isobutyl and 4-cyclohexylmethyl derivatives (4 and 9) with full retention of 

configurations followed by conventional transformations Into (35,4S)-statine (8) 12 and (3S,4S)- 

cyclohexylstatine (12), 13 respectively, In protected forms. As shown in the Scheme 1, ring opening 

of the cyclic carbamate (5) with CsaCOe/MeOH 14 followed by oxidatrve cleavage of the ally1 group 

resulted In exclusrve formation of the lactam (7), which was then retreated with Cs&Os/MeOH to 

give statine methyl ester (8) In good yield. In Scheme 2, cyclohexylstatine derivative (12) was 

readily synthesized by an alternative route, which involved oxrdatrve conversion of the ally1 group to 

Scheme 1 
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(a) (Boc)~O/BULI (86%), (b) (1) Cs,CO,/MeOH, (2) TBDMSClhnldazole (57%), (c) (I) O$MeOH, 
(2) NaBH4, (3) PDC/DMF, (4) TBAF (54%), (d) Cs,CO,IMeOH (87%) 
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(a) (BocjpO/E3uL~ (93%), (b) RuCl3-Na104/CC14-M&N-H20 (82%). (c) (1) Cs2C03/MeOH, (2) CHgN2 (53%) 
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the carboxy-methyl (11) under the Sharpless conditions l5 followed by the oxazolidinone-ring 

cleavage under mild conditions. l4 Further synthetic applications of the present methodology are ln 

progress. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

REFERENCES AND NOTES 

(a) Umezawa, H , Aoyagl, T Suds, H , Hamada, M , Takeuchl, T J Antibmt 1976,29,97 Aoyagr, T., Tobe, H 

, Kolima, F ; Hamada, M , Takeuchl, T , Umezawa, H ibd, 197831,636 (b) Umezawa, H (Ed.) Index of 

Antibiotics from Actrnomycetes Vol II 1978 (c) Jung, M E.. Shaw, T J J. Am Chem Sot 1980, 102, 6304 

For recent example, see (a) Kamtmura, A,, Ono, N. Jefrahedron Lett 1989, 30, 731 (b) Ito, Y , Sawamura, M 

, Kobayashl, M ; Hayashl, T /b/d, 1988, 29, 6321 (c) Nicolaou, K C , Caulfleld, T., Kataoka, H , Kumazawa, T 

J. Am Chef??. Sot. 1988, 110, 7910 (d) Fushlya, S., Chlba, H , Otsubo, A, Nozoe, S. Chem. Lett 1987, 

2229 (e) Mlsitl, D.; Zappia, G. Tetrahedron Leff 1990, 31 I 7359 (f) Ohta, T , Shlokawa, S , Sakamoto, R , 

Nozoe, Srbrd., 1990, 31, 7329 (g) Takemoto, Y , Matsumoto, T , Ito, Y , Terashima, S rbld, 1990, 31,217 

(a) Boger, J , Payne, L S., Perlow, D S , Lohr, N S , Poe, M , Blame, E H , Ulm, t H , Schorn, T W , LaMont, 

B I , Lln, T -Y , Kawal, M , Rich, D H , Veber, D F J. Med Chem. 1985.28, 1779 (b) Bock, M G , DiPardo, 

R M ~ Evans, B E , Freidlnger, R. M I Rattle, K E , Payne, L. S , Eager, J , Whetter, W L , LaMont, B .I , Ulm, E 

H , Blalne, E H : Schorn, T W , Veber, D F IbId, 1988,31, 1918 (c) Umezawa, H ; Aoyagi, T , Monshrma, H , 

Matsuzakl,M , Hamada, H., Takeuchl, T J. Anbbrot 1970, 23, 259 

Ishlzuka, T , lshibuchl, S , Kumeda, T Tetrahedron Lett. 1989, 30, 3449 

Kunleda, T , Ishrzuka, T , Hlguchi, T , Hirobe, M J Org. Chem 1988, 53, 3381 

Shono, T , Terauchl. J., Ohkr, Y , Matsumura, Y Tetrahedron Lett 1990. 31, 6385 

Normant, J F ; Alexakls, A , Ghnbl, A , Mangeney, P Jefrahedrun 1989, 45, 507 

For comparison, 5-allyl-4-methoxy-2-oxazolldlnone was treated with n - BuMgBr and PhCH2MgBr (4 Oeq ) 

and BF3*0Et2 (2 0 eq ) rn THF at -30 “C (10 h) to give the 4-substltuted products In 65% and 38% yield, 

respectively 

The 4-phenylthio-2oxazolldlnones were obtained nearly quantltatlvely on mere treatment of 4-methoxy 

denvatlves with thlophenol In trrfluoroacetlc acrd at room temperature 

Related displacement reactions using phenylsulfonyl substltuent has recently appeared Brown, D S , 

Charreau, P , Ley, S V Synlett 1990, 749 

For review, see Speckamp, W N Reel Jran Chef-n. Pays-Bas 1981, 100, 345 

8 [a]D31 = - 48.6’ (c = 1 0, CHC13) , mp 57-58 “C , ‘H NMR (400MHz, CDCl3) S 4 73 (d, 1 H, J=9 5Hz), 4 06- 

3 99 (m, 1 H), 3.71 (s,3H), 3 66-3 57 (m, 1 H), 3 28 (br d, 1 H, J=2 SHz), 2 57-2 50 (m,2H),l 70-l 60 (m,I H), 

1 56-1 48 (m, 1 H), 1 44 (s, 9H), 1 40-I .30 (m, 1 H), 0 93 (d, 6H, J=6 6Hz) 

12 : [CX]Dz8 = -41 6* (C = 0 7, CHC13) , ‘H NMR (400Ml-k CDCl3) 6 4 72 (d,lH, J=9.9Hz), 4 05-3.92 (m,lH), 

3.71 (s, 3H), 3 75-3 50 (m, lH), 3.30 (br, IH), 2.60-2.40 (m, 2H), 1 44 (s, SH), 1 90-O 80 (m, 13H) , 

MS (FAR, CHC13) m/z 330 (M++l) 

lshizuka, T , Kunieda, T 7efrahedron Lett 1987, 28, 4185. 

Carlsen, P H J : Katsukl, T , Martin, V S , Sharpless, K B J Org Chem 1981,46, 3936 

(Received m Japan 5 March 1991) 


