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CHIRAL SYNTHESIS OF THE DEF-RING SYSTEM OF NOGALAMYCIN' 
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Abstract: The DEF-ring system of nogalamycin (L), a potent antitumor antibiotic of the anthra- 

cycline family, was stereoselectively synthesized in an optically active form starting from 

readily available D-arabinose. 

Nogalamycin (i) is a notable member of the anthracycline family because of its prominent 

antitumor activity and reduced cardiotoxicity compared with adriamycin and related com- 

pounds. 233 7-Con-0-methylnogarol ($), the semisynthetic derivative of 1, has been reported 

to show superior antitumor activity to the parent compound.2 These compounds (i and L) have the 

characteristic DEF-ring system, in which the aminosugar (F-ring) is fused to anthracycline D- 

ring to form new E-ring. Their promising antitumor activity and unique structures distinguish 

1: RI= C$Me , R2= H 

2, : RI= R3= H , R&OMe OH 3 

these compounds as unusually attractive targets for total synthesis.4 Moreover, synthetic 

studies on these complex molecules (1 and ;) are anticipated to contribute to further elucida- 

tion of structure-activity relationships, leading to development of new analogues which may 

show more improved therapeutic properties. 

For total synthesis of i and 2, it is indispensable to develop a new synthetic scheme for 

constructing the bicyclic DEF-ring system in an optically active form. We wish to report here 

a novel synthesis of the optically pure bicyclic acetal (2) corresponding to the DEF-ring sys- 

tem of i and 2 starting from D-arabinose. 

Benzyl B-D-gentosaminide (ft), m.p. 151-152'C, [a]~0 -76.9" (c 0.45, EtOH), which has the 

desired stereochemistry at C2,, C3,. and C4, -positions (nogalamycin numbering), was prepared 

in 8 steps from D-arabinose according to the method reported for the corresponding methyl 

glycoside.5 Successive protection of the methylamino and two alcoholic groups of fl followed 

by debenzylation afforded the protected hemiacetal (5), which was treated under the condition 
N 
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2 : RI= Me, R* = OH, R% SiMe$Bu 

l_O: R1=OH ,R2=Me,R3=SiMe2tBu 

11: R1=Me,R2=OH,R3=H 

1,2 : R1=H,R2=C02Me, R3=Bn 
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(a) MeOCOCl, K2C03, Me2C0, reflux, 20 min, 85% (b 

(c) H2, Pd-C, EtOH, r.t., 15 h, 100% (d) CrO3.2Py 

-78"C, 2 h, 94% (f) TBDMSCl, imidazol, DMF, r.t., 

(4:1), O"C, 1 min, 74% (h) (n-Bu)4NtF-, THF, r.t. 

OMe 

‘.I? 

) MOMCl, (i-Pr)2NEt, THF, reflux, 30 min, 90% 

, CH2C12, 40°C, 1 h, 92% (e) MeLi, THF, 

16 h, 88% (g) Li[C6HMe2(0Bn)21, ether-THF 

1 h, 94% (i) DMSO, SO3.Py, Et3N, THF, 

r.t., 2 h, 88% (j) MOMCl, (i-Pr)2NEt, THF, reflux: 12 h, 91% (k) LiA1H4, ether, reflux, 

30 min, 94% (1) H2, Pd-C, EtOH, r.t., 3 h (m) TMSBr, CH2C12, reflux, 15 min, 82% (2 steps) 

(n) Ac20, MeOH, 4O"C, 30 min, 93% 

of Collins oxidation, giving the lactone (2). Addition of methyllithium to 5 readily produced 

the hemiacetal (i) as a mixture of two epimers. Treatment of L under the usual silylation 

condition afforded the open chain methylketone (i), caramel, [a];' -28.8' (c 1.10, CHC13). 

For stereocontrolled formation of the C5, asymmetric center which constitutes the key 

step of our synthetic scheme, nucleophilic addition of the aryllithium generated from 

1,4-dibenzyloxy-5-bromo-2,3-dimethylbenzene6 to iwas examined. Interestingly, the stereo- 
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Johnson, L.M. Pschigoda, W.C. Krueger, and A. Moscowitz, J. Org. Chem., 44, 4030 (1979). - 
E. Eckle, J.J. Stezowski, and P.F. Wiley, Tetrahedron Lett., 21, 507 (1980); S.K. Arora, - 
J. Am. Chem. Sot., 105, 1328 (1983). 

- 
The bicyclic acetal (y) (the DEF-ring system of I) has already been synthesized in a 

racemic form: M.A. Bates and P.G. Sarrmes, J. Chem. Sot., Chem. Conmun., 896 (1983). 

H. Maehr and C.P. Schaffner, J. Am. Chem. Sot., 89, 6787 (1967); D.J. Cooper, Pure Appl. - 
Chem., 28, 455 (1969). 

This compound, mp 98-lOO"C, was prepared from 2,3_dimethylphenol by sequential oxidation 

[ON(S03K)2, KH2P04, H20], addition of hydrogen bromide (47% HBr in AcOH) and benzylation 

[BnBr, NaH, DMF, 43% (3 steps)]. 

Interestingly, treatment of 5 (THF, -78'C) with CeC12[C6HMe2(0Bn)2], generated by treating 

the aryllithium with cerium chloride [T. Imamoto et al., J. Org. Chem., 49, 3904 (1984)], 

selectively afforded the undesired epimer (12) in 15:l ratio and 95% combined yield. 

These notable selectivity could be nicely explained by assuming that intramolecular 

interaction between a metal cation and an oxygen atom of the adjacent benzyl ether is 

stronger in CeC12[C6HMe2(0Bn)2] than in Li[C6HMe2(0Bn)2]. Thus, in the reaction of 

LiCC6HMe2(0Bn)21, the lithium cation interacts with the oxygen atom of the MOM group 

adjacent to the carbonyl group of 5 more preferentially than with the oxygen atom of 

benzyl ether involved in the aromatic ring. Especially in the presence of THF which can 

readily solvate a lithium cation, the intramolecular interaction should be much weaker. 

Therefore, the usual chelation model (i) seems to be well consistent with the transition 

state of addition reaction with aryllithium. On the other hand, the cerium cation chelates 

with the oxygen atom of the adjacent benzyl ether more strongly than the lithium cation. 

Accordingly, the addition reaction with CeC12[C6HMe2(0Bn)2] seems to proceed through 

the transition state corresponding to Felkin-Anh model (2). 

M.T. Reetz, Angew. Chem. Int. Ed. Engl., 23, 556 (1984). - 
Representative 'H-NMR spectra of 2, 12, 12, and 12 are as follows. 

3 [(CD3)2CO]: 6 2.31 (lH, t, J=l0.3Hz, 3'-H), 3.47 (lH, d, J=10.3Hz, 4'-H), 3.92 (lH, dd, 

J=3.4 and 10.3Hz, 2'-H), 5.41 (lH, d, J=3.4Hz, l'-H). 

12 [(CD,),CO]: 6 2.56 (lH, dd, J=8.1 and 11.3Hz, 3'-H), 3.59 (lH, dd, J=3.1 and 11.3Hz, 

2'-H), 3.91 (lH, d, J=8.lHz, 4'-H), 5.33 (lH, d, J=3.lHz, l'-H). 

E (CDC13): 6 2.67 (lH, t, J=l0.5Hz, 3'-H), 5.05 (lH, d, J=l0.5Hz, 4'-H), 5.11 (lH, dd, 

J=4.2 and 10.5Hz, 2'-H), 5.67 (lH, d, J=4.2Hz, II-H). 

12 (CDC13): 6 3.01 (lH, dd, J=7.7 and 11.7Hz, 3'-H), 5.05 (lH, dd, J=3.1 and 11.7Hz, 2'-H), 

5.24 (lH, d, 3=7.7Hz, 4'-H), 5.43 (lH, d, J=3_lHz, l'-H). 

(10) K. Shirahata and N. Hirayama, to be published. 
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