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subsequent reduction again afforded only the cis isomer 21. For obtaining the trans isomer 28 a more efficient 

method (compare 12 to 15 in scheme 1) was investigated t6. Quatemization of 25 led to 26 which upon sodium 

borohydride reduction gave the tertiary amine. Hydrogenolysis of 27, caused mainly cleavage of the N-benzyl 

substituent in preference to the doubly benzylic 1,2-bond. A 9: 1 ratio of both isomers 28 and 21 was observed, 

indicating a good stereoselectivity of the NaB& reduction step. 
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a) 3,4,5-trimethoxy-benzaldehyde (1 eq), HOAc, NaOAc, rt, 18 h; b) BnOCOCl (1 eq), NEt3 (1 eq), CH&Y2, 

0°C - rt, 18 h; c) BrCH2CH2Br (2 eq), K2CO3 (3 eq), MeZCO, A, 24 h; d) Hz, 10 % Pd/C, MeOH, 5 h; 
e) LiAl&, THF, rt, 3 h; f,J COCl2, NEt3, CH2Cl2, O”C, 1 h; g) LiBH4 (5 eq), DME, rt, 10 h; h) Ac20, Py, rt, 30 

min; i) POCl3, MeCN, A, 18 h; j) K2CO3, MeOH, rt, 20 min; k) AlH3, THF, -30°C - rt, 2 h; 1) BnBr, MeCN, A, 
48 h; m) NaB&, MeOH, -70°C 1 h. 

Scheme 2 

Finally 28 was converted into the trans Z-azapodophyllotoxin analogue 29 ([a]$ = -115.8, c = 0.57; 

CH2C12; m.p. 247~8°C). In the same way, starting from D-DOPA, enr 22 ([aID = +62, c = 1.00; MeOH; mp. 

191-3’C) and ent 29 ([a]D25 = +117.9, c = 0.36; CH2Cl2, m.p. 252-SC) were obtained. 

Next to the above described 4-desoxy-2-azapodophyllotoxin analogues containing the 2-oxotetrahydro-1,3- 

oxazole ring, also the 2-oxotetrahydro-1,3-imidazole and other heterocyclic D ring analogues have been prepared in 

order to evaluate their antitumor properties. Treatment of 13, 14, 21 and 28 or their amino-analogues with 

thiophosgene, thionyl chloride or (thio)phosphoryl chloride afforded 30,31, 32 and 33 respectively (X = 0, NH 
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or NMe and Y-Z = C=S, S-O, P(S)Cl or P(O)Cl. Ring closure with thionyl chloride or with phosphoryl chloride 

gave two isomers which could be separated by column chromatography. Precursors for D-rings, containing two 

nitrogen atoms, were prepared from N-BOC protected 13 and 14 via Swem oxidation and reductive amination or 

were formed by LiAlI$ reduction of the amide obtained from ester 20. 

The antitumor activity of all analogues has been screened in-vitro in several human tumor cell-lines. The 

most active compounds have X = 0 or N and Y-Z identical to C=O or S-O. In addition, for the optically active 

compounds (scheme 2), good activities were found for a 1,3-cis, 3R-configuration (ent 22, ent 32 and enf 33) or 

a 1,3-trans. 3S-configuration (29,30 and 31). Details of the physiological activity will be published elsewhere. 

The synthesis and evaluation of the antitumor activity of other analogues differing in aromatic substitution 

(ring B and E) and the nature of the heterocyclic D ring are in progress. 
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