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SYNTHESES OF FETHYL N-BENZOYLACOSAMINIDE AND METHYL N-(BENZYLOXYUXALYL)- 
DAUNOSAMINIDE FROM (S)-ETHYL 3-HYDROXYBUTYRATE 

Deok-Chan Ha and David J. Hart' 
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Abstract. A formal total synthesis of acosamine (1) and the preparation of N-acylated dauno- 
samine derivative 4 from a common intermediate (13) is described. 

Acosamine (1)2 and daunosamine (2)3 are 2,3,6-trideoxyaminohexoses found as structural 

subunits of glycosidic and polysaccharide antibiotics. These aminosaccharides have been the 

objectives of numerous synthetic studies, largely because of their appearance as components 

of anthracycline antibiotics and derivatives thereof.4 This letter describes enantioselec- 

tive syntheses of methyl N-benzoylacosaminide (3) and methyl N-(benzyloxyoxalyl)daunosaminide 

(4) from (S)-ethyl 3-hydroxybutyrate (5). 
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Treatment of the dianion of 5 with N-(e-methoxyphenyl)cinnamaldimine provided a mixture 

of R-lactams 6-8 in 67% yield as previously reported.5 Sequential treatment of 6-8 with 

ozone (CH2C12, -78"C), dimethylsulfide, and l,&diazabicyclo[5.4.O]undecane (0.2 equiv) gave 

a separable mixture of hemiacetals 9 (68%, mp 174.5-175.5"C) and 10 (6%, mp 171-173'C). 

Independent experiments showed that ozonolysis of 6 led directly to 9. On the other hand, 

ozonolysis of 7 and 8 gave trans aldehydes which isomerized to 9 and 10, respectively, upon 

treatment with 1,8-diazabicycloC5.4.Olundecane. Treatment of 9 with lithium diisopropylamide 

(1.0 equiv) and excess (methoxymethylidine)triphenylphosphorane (4.0 equiv)6 gave en01 ether 

11 (85%, mp 189-19O'C) which was converted to tetrahydropyran 12 (98%, mp 128-129°C) upon 

treatment with acidic Dowex-50 in methanol. Ceric ammonium nitrate oxidation of 12 afforded 

13 (mp 137-141°C) in 78% yield.7 

4489 



4490 

f-Q HO 
= z H R, 

Me 
/I 

a Me 

CO,Et 
-x-’ N 

0 

,,s MepG 

OMe 1 OMe 
,6 R,=H R2=CHkHPh 

1 R,=CHkHPh R,=H 

i 

b,c 

( a) LDA (2 equiv), THF; PhCHkHCH=N-@OMe (b) OS, CH,CI,; Me pS 

( c) DBU, CH$&, (d 1 LDA; Ph3P=CHOMe (e) Dowex-50 (Ha), MeOH 

(f) CAN, CH,CN, H,O (g) PhCOCI, CH2C12, Et3N, 4-DMAP (h) DBU 
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To complete a synthesis of acosamine derivative 3 from 13, it was necessary to insert an 

oxygen into the C4-acyl bond with inversion of configuration. This was accomplished using a 

methanoljsis-isomerization-carboxyinversion reaction sequence. Thus, acylation of 13 with 

benzoyl chloride (Et3N, CH2C12, 4-DMAP) followed by treatment of the resultiny imide 14 (Y&L, 

mp 87.5-88.5'C) with l,&diazabicyclo[5.4.O]undecane in methanol under reflux gave methyl 

ester 15 (71%, mp 153-155°C). Treatment of 15 with lithium hydroxide in methanol under re- 

flux gave acid 16 [Y7%, mp 140 (dec)]. Finally acid 16 was coupled with in-chloroperbenzoic 

acid (DCC, CH2C12) and the resulting mixed peranhydride was warmed in carbon tetrachloride 

(Zh, reflux) containing Na2HP04 and 3-tert-butyl-4-hydroxy-5-methylphenyldisulfideI1. Hy- 

drolysis of the resulting crude material (CH30H, KOH) followed by chromatographic purifica- 

tion gave a 34% yield of 3 whose spectral data (IR, 'H-NMR, MS) were consistent with the 

assigned structure [mp 185-189"C, lit9 mp 204-206°C; [algo - 87.7" (C 0.69, CH30H), litg[cl]io 

-92" (C 0.52, CH,OH)].I' Since 3 has previously been converted to 1, this constitutes a 

total synthesis of acosamine.g 

To convert 13 into 4 it was necessary to accomplish the formal oxygen insertion sequence 

with retention of configuration. Thus, acylation of 13 with benzyl chlorooxalate gave imide 

17 (98%). Warming 17 with fl-chloroperbenzoic acid (1.0 equiv) in carbon tetrachloride con- 

taining Na2HP04 and 3-tert-butyl-4-hydroxy-5-methylphenyldisulfide gave daunosamine deriva- 

tive 4 in 35% yield.11s12 

The studies described above outline a new protocol for the preparation of 2,3,6-tride- 

oxyaminohexoses from B-lactams. It is notable that intermediates of type 11 are suitably 

disposed for introduction of oxygen functionality at C(2). It is clear, however, that the 

procedures for introduction of the C(4)-hydroxyl group are less than satisfactory. Efforts 

to improve this process as well as alternate routes to the 7-aza-3-oxabicyclo[4.2.O]octan-8- 

one substructure of 13 will be presented in due course. 
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