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Stereospecific Synthesis of Carbocyclic Analogue of Oxazinomycin by Retrograde 
Aldol C-C Bond Fission under Reductive Conditions 
Nobuya Katagiri," Michio Tomura, Toru Haneda, and Chikara Kaneko" 
Pharmaceutical Institute, Tohoku University, Aoba yama, Sendai 980, Japan 

The Diels-Alder adduct prepared from cyclopentadiene and methyl (E)-3-acetoxy-2-cyanoacrylate (a newly 
synthesized dienophile) can be converted stereospecifically into the title compound using a retrograde aldol reaction 
under reductive conditions as a key step. 

Oxazinomycin (minimycin)l>* is a C-nucleoside, produced by 
several Streptomyces species,1--5 having antibacterial' and 
antitumour activities. 1.3 Its synthesis was achieved in a 
non-stereospecific manner from 2,3-O-isopropylidene-5-0- 
trityl-D-ribose by Bernard0 and Weigele.6 

We now report a novel synthesis of the carbocyclic analogue 
(1) of oxazinomycin from the Diels-Alder adduct of methyl 
(E)-3-acetoxy-2-cyanoacrylate, ( E ) - ( 2 ) ,  and cyclopentadiene. 
The synthesis is characterized not only by the use of a newly 
synthesized dienophile (E) - (2 ) ,  but also by the successful 
application of the retrograde aldol C-C bond fission under 
reductive conditions which was recently elaborated by our 
laboratory.7.8 

The dienophile ( E ) - ( 2 ) ,  m.p. 60-62"C, was prepared in 
76% yield by formylation of methyl cyanoacetate followed by 
acetylation. Though the primary acetylation product was the 
2-isomer, (2)-(2), m.p. 36-42"C, it was transformed into 
(E) - (2 )  in quantitative yield by either heating slightly above its 
m.p. until it resolidified, or warming for a few hours in an 
appropriate aprotic solvent at about 50 "C.t 

Diels-Alder reaction of (E) - (2 )  with an excess of cyclopen- 
tadiene without solvent at room temperature gave the adduct 
(3) as a mixture of endo- and exo-isomers (ca. 1:3) in 
quantitative yield. Oxidation of (3) with osmium tetraoxide in 

the presence of aqueous 60% 4-methylmorpholine 4-oxide 
occurred stereoselectively to form the exo-diol(4), which was 
treated with 2,2-dimethoxypropane in the presence of tolu- 
ene-p-sulphonic acid in acetone to give the acetonide (5 ) .  Both 
reactions proceeded at room temperature in quantitative 
yield. When compound ( 5 )  was subjected to the retrograde 
aldol reaction under reductive conditions (K2C03/NaBHp in 
MeOH; ice-salt cooling, 20 min), an almost quantitative yield 
of the desired product (6) was obtained with complete 
retention of the 1,4-cis-configuration. + 

0 

HN KO 
0 

HN K, ".q AcoqcN COzMe 

( 2 )  
HO OH Rd OR 

ox azinomyc in (1) R = R ' = H  

(11) R R = CMez 
R '  = SiMezBut 

t 'H 6 H  (CDC13) (2)-(2) 8.27; (E)-(2)  8.80. 

~~~ 

$ Compounds (6)-(9) are mixtures of 1'-diastereoisomers. 
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h AcO CN X 

(4) R = H 
(6) X = CO,Me, Y =CN, 

AcO CN ( 5 )  R R  = C M e z  
u C O , M e  R = H  

R = SiMetBut 

R = SiMezBut 
( 8 )  X = CHZOH, Y =CN, 

(9 )  X = CHzOH, 
Y = CONH, 
R = SiMe2But 

(10) X = CHO, 
Y = CONHz, 
R = SiMezBut 

The hydroxy group of (6) was protected by silylation 
(ButMe2SiC1, imidazole, Me2NCHO) to give compound (7) in 
90% yield. Selective reduction of the methoxycarbonyl group 
of (7) was carried out using sodium borohydride in methanol 
(cooled in ice) to give the alcohol (8) in quantitative yield. 
Alkaline hydrolysis (KOH, 30% H202,  Bu4N+HS04-) of (8) 
in dichloromethane at room temperature gave the amide (9) in 
85% yield. Compound (9) was oxidized with dimethyl 
sulphoxide/dicyclohexylcarbodi-imideg in benzene at room 
temperature to give the formylacetamide (lo),§ m.p. 

§ Compound (10) exists as a mixture of keto and enol forms (ca. 3 : 8) 
in deuteriochloroform. 

99-100 "C (ether-hexane), in 58% yield. The oxazine-ring- 
forming reaction was accomplished by treatment of (10) with 
N,  "-carbon yldi-imidazole and sodium hydride in 1,2-dime- 
thoxyethane at room temperature to give the protected 
carbocyclic oxazinomycin (ll), m.p. 145-147 "C (from ether- 
hexane), in 86% yield. Deprotection of the hydroxy groups by 
treatment with 4 : 1 trifluoroacetic acid/water at room temper- 
ature completed the synthesis of (1) as colourless prisms (from 
ethyl acetate), m.p. 163-165 "C [Amax, (MeOH) 233 nm (log 
E 3.65); vmaX. (Nujol) 1780sh, 1740sh, and 1710 cml; tiH 
(CDC13/CD3COCD3) 3.62 (2H, d,  J 6 Hz, 5-H) and 7.56 
(ZH, s, oxazine 6-H)], in 85% yield. All compounds showed 
the expected spectroscopic properties and gave satisfactory 
combustion analyses or accurate mass measurement values. 
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