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The utilization of osmium tetroxide as an oxidant 

can provide a synthetic entry into lactam derivatives 

in the bisindole area. In complimentary investigations it 

was shown that iodine and air oxidation of a series af 

bisindole alkaloids can also provide some novel lactam 

derivatives. These substances are important for the pur- 

pose of biological evaluation as potential anti-tumor agents 

and, in particular, for information relating to structure- 

activity relationships in the clinically important vin- 

blastine family of alkaloids. 



In our research program on the synthesis of bisindole alka- 

loids in the vinblastine family, we have already described several ap- 

proaches for the introduction of oxygen functionality at the C3 and CI, 

positions in the cleavamine series and, in turn, at these sites in the 

bisindole series. Such studies provided the first laboratory synthesis 

of leurosine and 3'-hydroxyvinblastine2. We would now like to present 

an attractive synthetic entry into a series of novel lactam derivatives 

in this clinically important alkaloid family. 

In our previous work2 we had shown that the N-oxide interme- 

diate I (R - COOCH3) (Figure 1) could under appropriate conditions, be con- 
verted to 3'-hydroxyvinblastine (11, R = COOCH3, RI = OH). We would now 

like to discuss in more detail our studies in this area and to indicate 

that the nature of the products isolated from the osmylation of I depend 

markedly on reaction conditions employed. Thus when I (R = COOCH3) is 

reacted with one equivalent of osmium tetroxide at low temperature (-3'C) 

in tetrahydrofuran as solvent, two products are isolated. One of these is 

the previously described2 3'-hydroxyvinblastine (11, R = COOCH3; Ri = OH; 

10% yield), while the major component (53% yield) obtained is 3',4'-dehydro- 

19'-oxovinblastine (111, R = COOCH3; R2 .; 0) as evidenced from the following 

+ 
spectroscopic data, [MS: m/e 806 (M , Cb6H5~N40g requires: 806.389; Found: 

806.387), 748, 670, 136, 135 (base peak), 122, 121, 107, 106; NMR (CDC13, 

6): 8.10 (s,  lH, NH), 7.60 (m, 111, CIQrH), 7.21 (m, 3H, Cll rH-CI 3'H), 6.69 

(s, lH, CIIIH), '6.19 (s, lH, CI ,H), 6.15 (m, lH, C31H), 5.90 (m, 18, C;.H), 

5.34 (d, lH, C&, 4.92 (m, lH, C2~H), 3.84 (bs, 6H, 2 x OW3), 3.62 (s, 3H, 

0CH3), 2.75 (s, 3H, NCH3), 2.13 (s, 3H, 0COCH3), 1.01 (t, 3H, CHZC~), 0.85 

(t, 3H, CH2Cg3); IR (CHC13): 3460, 2950, 1735, 1655, 1610 an-'. I 
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Figure 1. The reaction of the N-oxide intermediate I (R = C02CH3) with 

osmium tetroxide under various conditions. 



On the  o the r  hand, when I (R = COOCH3) is  r eac t ed  wi th  two 

equ iva l en t s  of osmium t e t r o x i d e  a t  O'C, 3'-hydroxy-19'-oxovinblastine 

(IV, R = C02CH3; RI = OH; R2 = 0) is obtained a s  t h e  major product (64% 

+ 
y i e ld )  [MS: m/e 840 (M , CU6H56N4q 1 r equ i r e s :  840.394; Found: 840.390). 

423, 282, 149, 135 (base peak),  122, 121, 107; NMR (CDC13, 6 ) :  8.04 

(s,  l H ,  NH), 7.54 (m, l H ,  C14.H), 7.18 (m, 3H, Cll *H-ClgtH), 6.66 ( s ,  l H ,  

C1&, 6.17 ( s ,  l H ,  Cl,H), 5.89 (m, l H ,  C7H), 5.33 (d ,  l H ,  C & ,  4.65 (m, 

l H ,  CzsH), 3.83 (bs ,  6H, 2 x 0CH3), 3.60 ( s ,  3H, 0CH3), 2.76 ( s ,  3H, N C H J ,  

2.12 (s ,  3H, 0COCH3), 1.04 ( t ,  3H, CH2CgJ), 0.85 ( t ,  3H, CH2C&); IR 

(CHC13): 3600-3500, 3460, 2960, 1735, 1645, 1615 cm-'.I 

It should be emphasized t h a t  a s  i n  t h e  prev ious  pub l i c a t i on2 ,  

t h e  assignment of s te reochemis t ry  a t  t h e  C 3 *  and Ct,? p o s i t i o n s  i n  I1 and 

I V  (R, = OH) is  made on a t e n t a t i v e  b a s i s .  Fur ther  c o r r e l a t i o n s  wi th  t he  

n a t u r a l  v i n h l a s t i n e  andlor  l e u r o s i d i n e  s e r i e s  must be  made before  a more 

d e f i n i t i v e  conclusion can be  drawn. 

Two o the r  approaches t o  a s e r i e s  of nove l  lactam d e r i v a t i v e s  

i n  t h e  b i s i n d a l e  fami ly  were i nves t i ga t ed  and t h e  r e s u l t s  ob ta ined  a r e  now 

presented.  

Iod ine  ox ida t i on  under b a s i c  condi t ions3 , \ rov ides  a reasonably 

e f f i c i e n t  procedure f o r  t h e  syn the s i s  of lactam d e r i v a t i v e s  i n  t he  v inb las -  

t i n e ,  l eu ro s id ine  and l eu ro s ine  s e r i e s .  F igure  2 summarizes t h e  r e s u l t s  

ob ta ined  wi th  v i n h l a s t i n e  (V, R = C02CH3; R1 = OH) and l e u r o s i d i n e  (VII ,  

R = C02CH3; Ri = OH) whi le  F igure  3 i n d i c a t e s  t h e  conversions with leuro-  

s i n e  (IX, R = C02CH3). 
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Figure 2. The conversion of vinblastine (V,  R = C02CH3;  R ,  = OH) and 

leurosidine ( V I I ,  R = C02CH3; Ri = OH) to lactam derivatives 

V I  ( R  = C02CH3;  R1 = OH, R Z  = 0 )  and V I I I  (R = C02CH3; R, = 

OH, R 2  = 0) by means of iodine under basic conditions. 



When v i n b l a s t i n e  (V, R = COZCH3; RI = OH) is  r e a c t e d  w i t h  

i o d i n e  and sodium b i c a r b o n a t e  i n  a t e t r a h y d r o f u r a n  s o l u t i o n  at room 

tempera tu re ,  t h e  major  p roduc t  i s o l a t e d  (32%) is 1 9 ' - o x o v i n b l a s t i n e  ( V I ,  

+ 
R = C02CH3; R1 = OH; R2 = 0 ) ,  [MS: m/e 824 (M , Ch6HS6N401 0 r e q u i r e s :  

824.399; Found: 824.397),  765, 665, 135 (base  peak) ;  NMR (CDC13, 6 ) :  

8.06 ( b s ,  l H ,  NH), 7.54 (m, lH, C1 L,~H), 7.20 (m, 3H, C1 1 'H-C, 3'H), 6.68 

( 8 ,  lH, CiuH), 6.18 ( s ,  l H ,  C1 ,H), 5.91 ( m ,  lH,  C7H), 5.34 ( d ,  l H ,  C6H), 

4.70 (m, lH,  C2.H), 3.82 ( s ,  3H, 0CH3), 3.80 ( s ,  3H, 0CH3), 3.60 ( s ,  3H, 

OCH3), 2.75 (s,  3H, NCHJ), 2.12 ( s ,  3H, 0COCH3), 0.87 (m, 6H, 2 x CH:,CK3); 

IR (CHC13): 3475, 1740,  1644 cm-I . I  

A s i m i l a r  o x i d a t i o n  r e a c t i o n  w i t h  l e u r o s i d i n e  ( V I I ,  R = CO2CH3; 

R1 = OH) p r o v i d e s  t h e  d e s i r e d  l ac tam d e r i v a t i v e ,  19 ' -oxo leuros id ine  ( V I I I ,  

R = C02CH3; R1 = OH; R:, = 0)  i n  much b e t t e r  y i e l d  (62%) ,  [MS: m/e 824 

+ (M , C46H56N4010 r e q u i r e s :  824.399; Found: 824.395),  765, 282, 135 (base  

peak) ;  NMX (CDCIJ, 6 ) :  8.07 ( b s ,  l H ,  NH), 7.51 (m, lH, Clt,vH), 7.16 (m, 

3H, C11 'H-CI 3'H), 6 .63  ( s ,  l H ,  C1 QH), 6.16 ( s ,  lH,  C17H), 5.88 ( m ,  lH, 

C,H), 5.32 ( d ,  lH,  C&, 4 .73  (m, lH, CZrH), 3.82 (s ,  6H, 2 x OCHj), 3.60 

(s, 3H, OCH3), 2.74 (s ,  3H, NCH3), 2 . 1 1  ( s ,  3H, OCOCHj), 1.17 ( t ,  3H, CH2C&), 

0.96 ( t ,  3H, CHzCK3); IR (CHC13): 3477, 1738, 1644 cm-'.I 

The a l k a l o i d  l e u r o s i n e  (IX, R = COLCH3) can  b e  conver ted  t o  19'-  

o x o l e u r o s i n e  (X, R = C02CHj; R1 = 0)  i n  56% y i e l d  b y  means of  t h e  i o d i n e  

+ 
o x i d a t i o n  p rocedure .  [MS: m/e 822 (M , Cu6HS4N4qO r e q u i r e s :  822.384; 

Found: 822.381),  763, 282, 135 ( b a s e  peak) ;  NMR (CDClj, 6 ) :  8.06 ( b s ,  

lH,  NH) , 7.57 (m, lH,  C1 4 ~ H ) ,  7.18 (m, 3H, CI W-CI 3'H), 6.65 ( s ,  l H ,  C1 $H), 

6.19 ( s ,  lH, C1 +I ) ,  5 .90 (dd,  lH ,  C $ O ,  5 .33  (m, lH, C 6  H), 4.76 (m, lH,  

C ~ T H ) ,  3 .85 (s,  3H, OCHJ, 3 .83 (s ,  3H, 0CH3), 3.63 (s, 3H, 0CH3), 2.76 ( s ,  

3H, NCHJ), 2.12 (s ,  3H, OCOCH3), 1 . 0 1  ( t ,  3H, CH2Cgj), 0.84 (t,  3H, CH2C&); 

IR (CHC1 j): 3470, 1738, 1644 cm-l. I 
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An interesting entry into another series of lactams is provid- 

ed by the trifluoroacetic acid catalyzed oxygenation procedure developed 

earlier in the cleavamine series2. Under these conditions leurosine is 

converted to 5'-oxoleurosine (XII, R = C02CH3 j R1 = 0; 15% yield), [MS: 

+ 
m/e 822 (M , Cq6H54Nt,010 requires: 822.384; Found: 822.391), 662, 149, 

135 (base peak); NMR (CDCl3,S ) :  8.18 (bs, lH, NH), 6.88 (s,  lH, C,,,H), 

5.99 (s, lH, Ci yH), 5.32 (d, lH, CgH), 3.80 (s, 6H, 2 x OCH31, 3.70 (s, 

3H, 0CH3), 2.68 (s, 3H, NCH3), 2.10 (s,  3H, OCOCH3), 0.70 (t, 3N, CHzCH3), - 

0.40 (t, 3H, CH2CH3); - I R  (CHC13): 3425, 1738, 1681, 1652 cm-'.I 

The lactam derivative, 5'-oxoleurosine (XII, R = C02CH3; 

Ri = 0) is also available more directly from 3',4'-dehydrovinblastine 

(XI, R = CO&H3), by the oxygenation procedure. In this latter instance 

the yield is 34%. 

It must be emphasized again that the %-orientation assigned 

to the epoxide functionality in leurosine, and the lactams X and XI1 (Fig- 

ure 3) is tentative since, as already mentioned earlier2, direct evidence 

relating to this aspect is lacking. Further chemical interrelationships 

in this series or an appropriate X-ray analysis must be performed to settle 

this question. 

In conclusion, various novel lactam derivatives of the natural 

and synthetic bisindole series have been made available by appropriate con- 

trol of oxidative procedures employing osmium tetroxide, iodine or oxygen 

as reactants. Various studies to determine the importance of such deri- 

vatives in this clinically interesting area are now underway. 
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Figure 3. The conversion of leurosine (IX, R = C02CH3) and 3' ,4'-dehydro- 

vinblastine ( X I ,  R = C02CH3) to lactam derivatives X(R = 

C 0 2 C H 3 ;  RI = 0) and X I 1  (R = COZCH3; R1 = 0).  
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