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Abstract - Starting from (2)-eburnamonine (la) and (2)-3-epieburnamonine -- -- 
( & ) .  conpounds 5 and 11 were prepared. The reaction of the mesylate of 
5 or 11 with NaCN in DMIF led to a mixture of 16 and 17. The structures of - 
the new compounds were elucidated. 

In previous articles we have described the synthesis and the strikingly different 

chemical behaviour of mesylates of 1-ethyl-1-hydroxymethyl-1,2,3,4,6,7,12,12b- 

octahydroindolo[2.3-ahuinolizine eFimers2 and the homologue containing two more 

3 methylene groups in the side chain . In order to study the scope and limitations of 
the side chain length dependent reactions, the homologous derivatives 5 and 11 
with a C2 side chain were prepared and their reactions were investigated. As 

4 2 starting compounds, (f beburnamnine ( &  ) and (2 )-3-epieburnamonine (LL) were 

9) N, ' C 2 ~ 5  HOOC-CH % 2 f 2 ~ 5  
g 3 H - -  2a 1 2 b H - 4  - - 

b 3 H - P  - - 4 12bH-/) 



chosen, from which 2% and 2b were 

6 Since  reduct ion o f  z2 with  LiA1H4 f a i l e d  t o  a f f o r d  t h e  hydroxyethyl compound 5, 
7  

o t h e r  methods were t r i e d .  With NaBH4 i n  DMSO and i n  t h e  presence o f  MeSO3H , o r  

8  wi th  B2H6 i n  THF , &s was recovered.  However, t h e  mixed anhydride ( 3 )  prepared 

by r e a c t i n g  2% w i t h  ClC02Et i n  THF i n  t h e  presence of Et3N, gave on reduct ion 

w i t h  N ~ B H ~ '  t h e  expected compound ( 5 )  i n  37.8 % y i e l d .  

A s  a  by-product t h e  i n d o l o i n d o l i z i n e  d e r i v a t i v e  (6 ) l0  was i s o l a t e d .  When t h e  

s a l t  (Et3N.HC1), p r e c i p i t a t e d  i n  t h e  f i r s t  s t e p ,  was f i l t e r e d  o f f ,  t h e  percentage  

o f  5 inc reased  from 37.8 % t o  59.9 %. 

Performing t h e  same r e a c t i o n  sequence s t a r t i n g  from t h e  30-ep imr  &, t h e  mixed 

anhydride ( 2 )  - f o r m d  i n  t h e  f i r s t  s t e p  was uns tab le  and gave r i s e  by e l i m i n a t i o n  

Of C02 to t h e  e s t e r  gl' i n  79.7 % y i e l d .  
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Reduction Of 8 w i t h  LiA1H4 r e s u l t e d  i n  t h e  formation of a mixture o f  (2)-3-epi-  

eburnamine and ( 2  )-3-epiisoeburnamine ( z ) ,  l2 which were conver ted  by r e f l u x i n g  i n  

pyr id ine  t o  ( +  )-3-epieburnamenine (12). 1 3  

L,AIH4/ THF 
a pyrrlne % - 

H 0 
'.: 

e 2 ~ 5  ? 2 ~ 5  

When the ca rboxy l i c  a c i d  (2) was reduced, t h e  d e s i r e d  coqound  (11) w a s  ob ta ined  

predominantly b u t  accompanied wi th  smal l  amount of 9 .  

An a l t e r n a t i v e  r o u t e  to 11 involves  a c y l a t i o n  o f  5 i n  p y r i d i n e  wi th  Ac 0 followed -- 2 

by ox ida t ion  of 12 -- i n  AcOH w i t h  Na2Cr207-2H20.14 The i s o l a t e d  iminium s a l t  (13) 
was reduced15 i n  EtOH w i t h  NaBH4 t o  g ive  a mixture o f  two epimer ic  a c e t a t e s  1; and 

1 4  ( r a t i o  = 1:l. 5, y i e l d  = 77.3 % ). Afte r  s e p a r a t i o n ,  hydro lys i s  o f  the l a t t e r  gave -- -- 

r i s e  t o  &I. -- 



The mesylates (garb_)  der ived  from 5 and 11 were prepared,  and then each o f  t h e  

Pure s t e reo i somer ic  s a l t s  were al lowed im r e a c t  wi th  NaCN i n  DMF. 

CHJSOJ-) NoCN 

DMF % C 2 H 5  - - + %  NC-CH2-CH2 H C 2 ~ 5  N C - C H f C H 2  C H 
2 5 

A mixture o f  e p i m r s  16 and &7l6 was formed i n  both cases .  I t  seems t h a t  under 

t h e  condi t ions  app l i ed  t h e  mesylate s a l t s  i n t e rconver t ed  presumably v i a  a seco 

in t e rmed ia te  (18 1. 17,18,19 

To suppor t  our  assumption we prepared t h e  Nind - methyl d e r i v a t i v e  (Lz), from 

which t h e  mesylate s a l t  ?! was preapred.  Reaction o f  t h e  l a t t e r  with NaCN i n  DMF 

a f fo rded  - a s  expected - a s i n g l e  product  (g), i . e . ,  no ep imer i sa t ion  occurred.  

I.) N O H I  DMF 
16 - - 

2 . )  CH31 
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Compound I& was a l s o  prepared by t h e  s e l e c t i v e  methyla t ion of 16. No r e a c t i o n  of 

15 wi th  ZnfCN)2 ( c f . 2 )  was observed. -- -- 
We can conclude from t h e  above i n v e s t i g a t i o n s  t h a t  t h e  mesyla tes  ( i . e .  t h e  

qua te rna ry  s a l t s  15)  desc r ibed  i n  t h i s  paper gave, i n  c o n t r a s t  to t h e i r  h igher  

homologues, a mixture of t h e  epimer n i t r i l e s .  

EXPERIMErnAL 

General. The i r  s p e c t r a  were measured wi th  a SPECTROMOM 2000 spectrophotometer.  

The 'H- and 13c-nm s p e c t r a  were recorded on a VARIAN XL-100 Four i e r  t r ans fo r r .  

spect rometer  o p e r a t i n g  a t  100.1 and 25.16 M z ,  r e s p e c t i v e l y .  Chemical s h i f t s  

( i n  ppm) a r e  r e l a t i v e  t o  i n t e r n a l  Me4Si. Mass s p e c t r a  were de te rp ined  us ing  a 

JEOL-JMS-01-SG-2 ins t rument .  A l l  m l t i n g  p o i n t s  a r e  uncorrected .  Thin-layer 

chromatography s e p a r a t i o n s  were c a r r i e d  o u t  on s i l i c a  g e l  (Kiese lge l  60 

PF254+366) developed wi th  C6H6-MeOH 10:1.4 and e l u t e d  w i t h  CH C 1  -MeOH (10: l ) .  
2 2 

The o rgan ic  l a y e r s  were d r i e d  over  MgSO 
4 '  

l~-Carboxymethvl-l0-ethyl-l,2,3,4,6,7,12,l2ba-octahydroindolo[2,3-alsuinolizine 

(29). -- To a s o l u t i o n  of &a (3.00 g ,  10.19 ml) i n  EtOH (150 m l )  was added KOH 

f3,O g, 54 mmol) i n  water (30 ml).  The r e a c t i o n  rcixture was r e f luxed  f o r  6 h ,  

and then evaporated  i n  vacuo. The r e s idue  was d i l u t e d  wi th  water  (20  ml), and 

a c i d i f i e d  wi th  AcOW t o  pH 6. The p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n s  and 

washed wi th  c o l d  water  t o  a f f o r d  2 (3 .07 g, 96.4 % ) a s  whi te  powder, np 203-206 OC 

fdecomp. ) 

I g - C a r b o x y m e t h y l - l a - e t h y l - p  

(2). To a s o l u t i o n  o f  &i (1.00 g,  3.40 ml) i n  E t O H  (70  ml) was added KOH (1.0 g ,  

18  ml) i n  wa te r  (10  m l ) .  The r e a c t i o n  mixture  was r e f l w e d  f o r  3.5 h ,  and then 

evaporated  i n  vacuo. The r e s idue  was d i s so lved  i n  water (10  m l )  and a c i d i f i e d  wi th  

ACOH t o  pH 6. The p r e c i p i t a t e  was c o l l e c t e d  by s u c t i o n  and washed with c o l d  water  

t o  a f f o r d  2b -- (0.98 g, 92.4 % ), mp 148-151 O c  (decamp.) 

Reduction o f  25 v i a  I ts  Anhydride 3. To a suspension o f  (2.00 9 ,  6.40 -1) i n  

THF (200 m l )  were added Et3N (2.0 m l ,  14.3 mmol) and ClC02Et (2 .0  ml, 20.9 m m o l ) .  

The r e a c t i o n  mixture was s t i r r e d  a t  room t e E e r a t u r e  f o r  24 h. A f t e r  t h a t ,  t h e  

s o l i d  p a r t  was f i l t e r e d  and t h e  f i l t r a t e  was dropped i n t o  a suspension o f  NaBH4 

(4 .0  g ,  105.6 m m o l )  i n  water (40 m l )  a t  0-5 OC. The s o l u t i o n  w a s  s t i r r e d  f o r  an 



additional 80 min, then acidified with AcOH to pH 6 and concentrated in vacuo. 

The residue was treated with 5 8 NaHC03 and extracted with CH2C12. The organic 

layer was dried and evaporated. The remaining oil was crystallized from MeOH to 

yield 2 (0.82 g, 42.9 8) as white powder, np 176-179 OC. MS, m/z (relative 
intensity) 298(89), 297(100), 283(14), 267(52), 197(49), 185(18), 170(67), 115(1ob 

nmr (CDC13) 6 1.10 (3H,t,J=7.5 HZ, CH2CH3), 3.33(1H,br s.Cl2b-H), 3.43 (lH, 

ddd, J =11.5 Hz, C14-H H ), 3.70(1Hrddd. Jvic=10.5 +4.0 Hz, C14-HASB), 5.6 (lH, gem -A B 
br SFOH), 6.95-7.5(4H,mrAr), 7.8 (1H.br s, NH); 13c nmr ( C D C ~ ~ )  6 8.31 (CH2CH3), 

21.54(C7), 22.94(C3), 32.64*(~2), 34.94*(CH2~~3), 38.39(C13), 40.73(C1), 54.11(C6), 

56.49(C4), 58.75(C14), 67.42(C12b), 110.71(Cll), 111.96(C7a), 118.08(C8), 119.38 

(C9), 121.63(C10), 126.94(C7b), 132.63(C12a), 136.38(Clla)/* may be interchanged/. 

Elemental analysis data c ~ ~ H ~ ~ N ~ ~  (298.42) Calc. : c 76.46, H 8.78, N 9.39 Found: 

C 76.53, H 8.71, N 9.45. The mother liquor was concentrated and separated by tlc, 

to afford 5 - (0.32 g ,  17.0 a ) ,  and 6 (0.35 g, 16.5 % )  mp 202-203 OC (MeOH). Ir(KBr) 

3200 (indole NH), 1675 cm-' (amide C=O); ms, m/z (relative intensity) 332(36), 330 

(loo), 303(6), 301(16), 253(17), 171(32), 170(55), 169(52), 143(16), 115(1O)j 

'H nmr (CDC13) 6 0.68(3H,t,J=7.2 Hz, CH2CH3), 1.31(2H.q, CH2CH3 !, 2.36 (lH,d,JAB= 

16 Hz, C2-H H ), 2.46 (lH,d,C2-HAHE), 2.6-3.1 (3H,m,C6-H2+C5-HAHE!. 3.67 (2H,m, -A B 
C14-Hz), 4.54 (1H.m.CS-HAS), 4.79 (1H.br s, Cllb-H), 7.0-7.6 (4H,m,Ar), 8.11 (1H. 

br s), (NH); 13c nmr (CDC13) d 8.30 (CH2CJ3), 21.03(C6), 27.52 (g2CH3), 28.37(C13), 

34.96(C12), 37.68(C5), Pl.Zl(C2). 44.40(C1), 45.34(C14). 62.52(Cllb), 110.50(C6a), 

lll.lO(clo), 118.27(C7), 119.79(C8), 122.22(~9), 126.76(C6b), 129.82!Clla), 136.69 

(cloa), 172.38(C3). Elemental analysis data ClgH23C1N20 (330.84) Calc.: C 68.97, 

H 7.01, N 8.47 Found: C 69.02, H 7.13, N 8.28. 

lg-(Ethoxycarbonyl)methyl-la-ethyl-l,2,3,4,6,7,12,12bg-0~tahydro[2,3-al~~in0lizine 

(8 ) .  To a solution of Lk (0.92 g, 2.94 nmol) in THF (100 ml) were added Et3N 
(2.0 m l ,  14.3 -1) and ClC02Et (1.0 ml, 10.5 m l ) .  The reaction mixture was 

stirred at room temperature for 30 min. m e  precipitate was filtered, and the 

filtrate was evaporated in vacuo. The residue was crystallized from MeOH to give 

8 (0.80 g, 79.7 8) as white crystals, mp 134-135 OC. Ir(KBr) 3280 (indole NH), 

1695 cm-' (C-01, ms, m/z (relative intensity) 340(76), 339(100), 338(33), 325(lZ ), 
1 311(10), 295(11), 267(36), 197(44), 170(45), 169(31). H Nmr (CDC13) 6 0.66(3H.t, 

J=7.5 Hz, CH2CH3 ), 1.33 (3H,t,J=7.0 Hz. C02CI$CJII), 3.:4 (lH,br s.Cl2b-H), 4.27 

(2H,q,Co2CJ2CH3). 6.95-7.5(4H,mrAr), 9.51(1H,br s, NH); 13c nmr ( c D c ~ ~ )  6 7.15 
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( C H 2 Z 3 ) ,  l 4 . 3 5 : ~ n  CH CH ) , 2 2 . 4 8 ( C 3 + C 7 ) ,  2 4 . 9 5 ( G 2 C H 3 ) ,  3 2 . 7 9 f C 2 1 ,  4 1 . 4 1 ( C l ) ,  4 3 . 0 9  
2 2-3 

f C 1 3 ) ,  5 3 . 5 4 f C 6 ) .  5 6 . 6 l f C 4 1 ,  6 1 . 1 0 ( C 0 2 ~ 2 C H 3 ) ,  6 6 . 9 1 ( C 1 2 b ) ,  1 1 1 1 4 C 1 1 ,  1 1 2 . 3 4  

( C 7 a ) ,  1 1 7 . 3 7 f C 8 ) ,  1 1 9 . 0 3 f C 9 ) ,  1 2 1 . 1 4 f C 1 0 1 ,  1 2 7 . 3 5 ( C 7 b ) ,  1 3 3 . 6 5 f C 1 2 a 1 ,  1 3 6 . 7 6  

( C l l a ) ,  174 .38(COOC2H5) .  E l e m e n t a l  a n a l y s i s  data C2LH28N202 ( 3 4 0 . 4 5 1  C a l c .  : C  74.08, 

H  8 . 2 9 ,  N  8 . 2 3  F o u n d :  C  7 4 . 1 7 ,  8 8 . 3 7 ,  N  8 . 3 8 .  

E b u r n a m e n i n e  ( 3 8 .  1 6 a ) ( 1 0 ) .  -- T o  a s u s p e n s i o n  of L i A l H  ( 0 . 5 0  g ,  1 3 . 2  mll i n  
4  

b o i l i n g  THF 1 2 5  m l )  w a s  dropped a s o l u t i o n  of 8 ( 0 . 5 0  g ,  1 . 4 7  m l l  i n  THF ( 2 5  m l ) .  

T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r ed  a t  r e f l u x  for  a n  a d d i t i o n a l  3 0  m i n ,  a n d  t h e n  

d e c o m p o s e d  w i t h  l o  % NaOH ( 5  m l )  a n d  w a t e r  ( 5  m l ) .  A f t e r  c o o l i n g ,  t h e  o r g a n i c  

l a y e r  w a s  s e p a r a t e d ,  d r i e d  a n d  e v a p o r a t e d  i n  v a c u o .  The r e m a i n i n g  o i l  w a s  p u r i f i e d  

b y  t l c  t o  afford 2 ( 0 . 3 4  g ,  7 8 . 1  8) mp 227-229  OC (MeOH). Ms. m / z  ( r e l a t ive  

i n t e n s i t y )  2 9 6 f 7 3 ) .  2 9 5 f 1 0 0 1 ,  2 6 8 ( 2 1 ) ,  2 4 9 ( 5 ) .  A s o l u t i o n  of 9 ( 0 . 3 4  g, 1 . 1 5  m l )  

i n  p y r i d i n e  ( 3 4  m l l  w a s  r e f l u x e d  f o r  1 4  h ,  t h e n  e v a p o r a t e d  i n  v a c u o .  The r e m a i n i n g  

o i l  w a s  s e p a r a t e d  b y  t l c  to g i v e  9 (0.15 g ,  4 7 . 0  % I ,  a n d  19 ( 0 . 0 8  g ,  2 5 . 1  $ 1  as 

w h i t e  c r y s t a l s ,  mp 1 1 3 - 1 1 5  OC (MoOH); ms, m / z  ( r e l a t i v e  i n t e n s i t y )  2 7 8 ( 7 4 ) ,  2 7 7  

1 5 3 1 .  2 6 3 1 1 2 ) .  2 5 0 f 6 1 1 ,  2 4 9 f l . 0 0 1 ,  2 4 8 f 7 0 ) .  2 1 9 ( 1 0 1 ,  2 0 6 ( 1 2 ] ,  1 9 3 ( 1 0 ) ;  n m r  

(CDC13) 6 0 . 7 0 ( 3 H , t ,  J = 7 . 5  Hz, C H 2 G 3  ), 5 . 1 6  f l H , d ,  J = 7 . 6  HZ, C15-HI,  6 . 9 0  ( 1 H , d ,  

C14-HI,  6 . 9 5 - 7 . 5 ( 4 H r m , A r 1 ;  13c nmr fCDC13) 6 8 . 0 7 ( C H 2 z 3 ) ,  2 1 . 4 7 f C 6 ) ,  2 1 . 7 4 ( C 1 8 1 ,  

2 3 . 4 7  ( g 2 C t i 3 ) ,  3 0 . 5 8 f C 1 7 1 ,  3 7 . 7 4 ( C 1 6 1 ,  5 3 . 5 5 f C 5 1 ,  5 5 . 6 2 f C 1 9 1 ,  6 5 . 8 4 ( C 3 1 ,  1 0 7 . 0 5  

( C 7 ) ,  1 0 8 . 6 3 ( C 1 2 ) ,  1 1 7 . 7 9 ( C 1 5 ) ,  1 1 8 . 4 6 f C 9 1 ,  1 1 9 . 8 7 f C l O 1 ,  1 2 0 . 1 5 f C 1 4 1 ,  1 2 1 . 1 8 f C l l ) ,  

1 2 8 . 3 2 f C 8 ) ,  1 3 2 . 6 2 f C 2 ) .  1 3 4 . 3 7 f C 1 3 1 .  E l e m e n t a l  a n a l y s i s  d a t a  ClgH22N2 ( 2 7 8 . 3 9 1  

C a l c . :  C  8 1 . 9 7 ,  H  7 . 9 7 ,  N 1 0 . 0 6  F o u n d :  C  8 2 . 0 3 ,  H  8 . 0 7 ,  N 1 0 . 1 9 .  

R e d u c t i o n  of 2. TO a s u s p e n s i o n  of ( 2 . 0 0  g ,  6 . 4 0  - 1 )  i n  THF (100 m l )  w a s  

a d d e d  LiA1H4 (1.8 g ,  4 7 . 4  m l ) .  T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t  0 - 5  OC f o r  3  h ,  

a n d  t h e n  t r e a t e d  w i t h  AcOEt  f 3  ml), w a t e r  f 3  m l ) ,  a n d  CH2Cl2 f 5 0  m l )  . The o r g a n i c  

l a y e r  w a s  separated, d r i e d ,  a n d  e v a p o r a t e d .  T h e  r e m a i n i n g  o i l  w a s  c r y s t a l l i z e d  f r o m  

MeOH to g i v e  11 ( 0 . 5 7  g, 2 9 . 8  8) as w h i t e  c r y s t a l s ,  mp 1 8 4 - 1 8 6  OC; ms, m / z  

( r e l a t i v e  i n t e n s i t y )  2 9 8 ( 9 0 ) .  2 9 7 f 1 0 0 1 .  2 8 3 ( 1 1 ) ,  2 6 7 L 3 9 ) .  2 3 7 ( 8 ) ,  1 9 7 f 3 2 1 ,  1 8 5 f 1 6 1 ,  

1 1 7 0 ( 3 8 ) ,  1 6 9 ( 2 7 ) ;  H  n m r  ( C D C ~ ~ )  6 0 . 6 5  f 3 H r t , J = 7 . 5  H z ,  CH2CfI3), 3 . 4 7 ( 1 H , b r  s ,  

C12b-HI, 4.00(2H,m.C14-H2),  6 . 9 5 - 7 . 5 f 4 H , m , A r I r  9 . 1 2 ( 1 H r b r  s, i n d o l e  NHI; 13c nmr  



l l l . O l ( C l l ) ,  117 .27(C8) ,  118 .46(C9) ,  120 .49(C10) ,  127.04(C7b),  134.89(C12a),  

136 .37 (C l l a ) .  Elemental  a n a l y s i s  d a t a  C19HZ6N20 (298.42)  Calc. :  C 76.46, H 8.78, 

N 9.39 Found: C  76.50, H 8.91, N 9.57. The mother l i q u o r  was concen t r a t ed  and 

s e p a r a t e d  by t l c  t o  a f f o r d  9 (0 .48  g,  25.3 % )  and 11 (0.25 g,  13 .1  P, t o t a l  y i e l d =  

0.82 g, 42.9 % ) .  

s i z i n e  

(12). TO a  s o l u t i o n  of 5 ( 1 . 0 1  g ,  3.38 m o l )  i n  p y r i d i n e  ( 1 0  m l )  was added Ac20 -- - 

(10 m l ) .  The r e a c t i o n  mix tu re  was a l lowed t o  s t a n d  a t  room t empera tu re  f o r  12  h ,  

t hen  the s o l v e n t  was evapo ra t ed  i n  vacuo (0 .2  mbar) .  The remain ing  o i l  was t r e a t e d  

w i th  c o l d  5  % NaHC03 to a f f o r d  12 (0 .89  g ,  77.2 % )  a s  w h i t e  c r y s t a l s ,  mp 128-131 OC 

(MeOH). I r ( K B r )  3390 ( indo le  N H ) ,  1715 cnl (C=O); ms, m/z ( r e l a t i v e  i n t e n s i t y )  

3 4 0 ( 9 2 ) ,  339(100) ,  3 2 5 ( 1 4 ) ,  2 8 1 ( 1 4 ) ,  267 (34 ) ,  l 9 7 ( 4 l ) ,  1 8 5 ( 1 8 ) ,  1 7 0 ( 4 5 ) ,  1 6 9 ( 2 7 ) .  

'H N m  ( C D C 1 3 )  6 1 .17(3H,t ,J=7.5 Hz, C H 2 g 3 ) ,  1.93(3H,s,COCH3), 3.32(1H,br s ,  

C12b-H). 4.02(2H,m,C14-H2), 7.0-7.5(4H,m,Ar), 7.8(1H,br s,  N H ) ;  13c nmr (CDC13) 6 

8 .11 (CH2E3)  20 .90 (COc3) ,  2 2 . 0 4 * ( ~ 3 ) ,  22 .3oX[c7 ) ,  3 1 . 6 2 ( z 2 C H 3 ) ,  3 2 . 0 5 + ( ~ 1 3 ) ,  

3 2 . 8 0 + ( ~ 2 ) ,  39 .44 (C1) ,  54.04(C6),  56 .73(C4) ,  61 .34(C14) ,  66.70(C12b),  1 1 0 . 8 3 ( C l l ) ,  

112.07(C7a),  117.86(C8),  119.32(C9), 1 2 1 . 5 0 ( ~ 1 0 ) ,  126 .99 (c7b ) ,  133.34(C12a), 

1 3 6 . 2 8 ( C l l a ) ,  1 7 0 . 8 6 ( g 0 ~ ~ ~ ) 1 * ' +  may be  i n t e r c h a n g e d / .  E lementa l  a n a l y s i s  d a t a  

C21N28N202 (340.45)  Calc. :  C 74.08, H 8.29, N 8.23 Pound: C  74.11, H 8.11,  N 8.37. 

Ox ida t i on  o f  1.. To a  s o l u t i o n  o f  12 (0.89 5, 2.61 ml) i n  AcOH ( 5  ml)  was added 

Na2Cr207?2H20 (0.42 g, 1 .41  ml) i n  h o t  AcOH (1 .0  m l ) .  The r e a c t i o n  mix tu re  was 

a l lowed t o  s t a n d  a t  room t empera tu re  f o r  4  h ,  t h e n  was t r e a t e d  w i t h  70 6 HC104 

(0 .4  m l ) .  A f t e r  coo l ing ,  the ye l l ow  c r y s t a l s  t h a t  p r e c i p i t a t e d  which were c o l l e c t e d  

by s u c t i o n  and washed w i t h  wa te r  and EtOH t o  a f f o r d  12 (0 .50  g ,  43.6 $ 1  mp 1€~2-162~~ 

(EtOH). Anal. Calcd  ( found)  f o r  CZ1Hz7C1N2O6: C, 57.46 (57 .70 ) ;  H ,  6.20 (6 .32 ) ;  

+ 
N,  6.38 (6 .49 ) .  Ir (KBr) 3350 ( i n d o l e  N H ) ,  1740 (c-o). 1620 cml (c=N=). 

Reduction o f  13. To a  su spens ion  o f  NaBH4 (0.50 5, 13.2 -1) i n  EtOH ( 7 0  m l )  was 

0 
added 13 -- (0.50 g, 1.14 m o l )  i n  s m a l l  p o r t i o n s  a t  0  C. The r e a c t i o n  mix tu re  was 

s t i r r e d  f o r  2  h ,  then  a c i d i f i e d  w i t h  1 M  HC1 and evapo ra t ed  i n  v a c w .  The r e s i d u e  

Was t r e a t e d  w i t h  s a t u r a t e d  Na2C03 ,  and e x t r a c t e d  w i t h  CH2C12. The o r g a n i c  l a y e r  

was d r i e d ,  evapo ra t ed ,  and s e p a r a t e d  by t l c  t o  a f f o r d  12 (0.12 g, 30.9 % ) ,  and 

14 -- (0 .18  g,  46.4 % )  mp 180 OC (decomp. ) I r ( K B r )  3300 ( i n d o l e  NH), 1705 cm-' 

C  ms, m/z ( r e l a t i v e  i n t e n s i t y )  339 ( 1 0 0 ) .  325 ( 1 3 ) .  281 ( 1 3 ) ,  267 ( 3 3 ) ,  197 
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(40), 185(17), 170(42), 169f25). 'H N m  (CDC~ ) 6 0.67(3H,t J=7.5 Hz, CH2z3), 3 

2.15(3H,s,~OC~~), 3.30 (1N br s ,  ~12b-H), 4.12 (lH.ddd,ZJ=12.2+11.0+5.6 Hz, 

C14-EARB), 4.80 (1H.ddd. ZJ=l2.2+1.0.6+5.2 Hz,C14-HAHB 1, 6.95-7.5(4H,m,Ar ), 9.64 

(lH,br s, XH); 13c nmr (CDC13) t 7.00fCH2~3), 21.09fCOg3), 22.24fC3+C7), 25.27 

fE2CH3), 32.35(~2), 36.04(C13), 39.30(Cl), 54.01fC6). 56.89(C4), 62.34fC14), 

66.74(C12b), 111.21fC11), 111.51(C7a), 117.54fC8), 118.87(C9), 121.11fC10), 126.66 

(C7b), 132.69(C12a), 136.79(Cllajr 172.84f~OCH3). 

1~-Ethyl-l~-f2-hydrowethvl)-l,2,3,4,6,7,12,12bp-octahydroindolo[2,3-alquinolizine - 
(11). TO a solution of 14 (120 ng, 0.35 m l )  in boiling EtOH (5 ml) was added 

a solution of KOH (100 mg, 1.8 mmol) in water (1.0 ml). The reaction mixture was 

refluxed for 10 min, then diluted with water (10 ml). After cooling, the 

precipitate was collected by filtration and washed with water to afford 11 (86 mg, 
81.8 % ) .  

lB-f2-C~anoethyl)-la-eth~l-l.2.3,4.6,7.12.12ba-octabydroindolol2.3-alquinolizine 

(16) and lg-f2-cyanoethyl)-la-ethyl-1,2,3,4,6,7,12,12b~-octahydroindolo[2,3-al- 
quinolizine . (a) A solution of 5 (0.33 g, 1.11 mmol) in pyridine (6 ml) was 

cooled to 0 OC, and MeS02C1 (0.3 ml. 3.9 m l )  was added. The reaction mixture was 

stirred for 30 %in, and then the solvent was evaporated at room temperature in 

vacuo (0.02 mbar). The remaining oil was dissolved in EtOH (15 ml), refluxed for 

30 nin, and then evaporated to dryness. The residue was dissolved in DMF (30 ml) 

and NaCN f 0.5 g, 10.2 -1) was added. The reaction mixture was stirred at 140 OC 

for 16 h, and then poured into cold water and extracted with CH2C12. The organic 

layer was dried and evaporated. The residue was separated by tlc /developed with 

CHCl -NOH (10:1)/ to give 16 (0.25 g, 73.5 % )  ilp 166-169 OC fMe0H)llit. 16 3 

mp 166-169 OC/~ ir(KBr) 3380 (indole NH), 2300 c m l  (CEl); 'H nmr ICDC13) a 1.15 

(3H,t.J=7.5 Hz,CH2s3), 3.32(1H,br s ,  ClZb-H), 6.95-7.5(4H,m,Ar ), 7.70(1H,br s, 

NH); 13c nmr (CDC13) 6 7.89fCH2g3), 11.51fC14 ), 21.99(C3+C7 ), 29.16(Cl3 ), 30.28 

(GZCH3), 32.95(C2), 39.54(Cl), 53.86fC6), 56.8lfC41, 66.15(C12b), 110.82(Cll), 

112.10(C7a), 117.96fC8), 119.50(~9), 120.68(CN), 121.72(C10), 126.74(C7b), 132.75 

(ClZa), 136.OB(Cllal; and 5. (0.05 g, 14.7 8 )  mp 228-229 OC (MeOH) /lit. 16 

1 
mp 228-229 OC/; ir(KBr) 3350 (indole NH), 2300 =rnl (cN). H ~m ( c D c ~ ~ )  6 0.67 

(3H,t.J=7.5 Hz,CH2S3), 3.24 (1H.br s, C12b-H), 6.95-7.5(4Hrm,Ar), 7.70(1Hrbr s, 

NH); 13c nmr (CDC13+DMSO-d6,3:1) 6 7.65fCH2s3), 12.34fC14), 21.92(C3), 22.07(C7), 

24.86fG2CH3), 32.74(C2 ), 33.71fC13 ), 39.49fC1), 53.97(C6 ), 56.54(C4), 67.23(C12b), 



111 .41(Cl l ) ,  111.70(C7a), 117.49(C8),  118.92(C9),  120.86(CN), 121.08(C10), 126.87 

(C7b). 133.08(C12a), 136 .91(Cl l a ) .  Elemental a n a l y s i s  d a t a  C20H25N3 (307.42) Calc.: 

C 78.13, H 8.20, N 13.67 Found: C 78.36, H 8.39, N 13.38. ( b )  To a s o l u t i o n  o f  11 
(220 mg, 0.74 m l )  i n  p y r i d i n e  ( 5  m l )  was added MeS02Cl ( 0 . 2  m l ,  2.6 ml) a t  

0-5 OC. The r e a c t i o n  mixture was s t i r r e d  a t  room temperature f o r  25 min, then 

evaporated i n  vacuo (0 .02 mbar). The remaining o i l  was r e f luxed  i n  EtOH ( 1 5  m l )  

f o r  30 min, and then evaporated.  The r e s i d u e  was d i s so lved  i n  DMF (30  m l ) ,  NaCN 

( 0 . 5  g ,  1.02 -1) was added, and t h e  r e a c t i o n  mixture was s t i r r e d  a t  130 OC f o r  

16 h. The s o l u t i o n  was poured i n t a  c o l d  water  and e x t r a c t e d  wi th  CH2C12.  The 

o rgan ic  l a y e r  was d r i e d  and evaporated.  The r e s idue  was sepa ra ted  by t l c  [developed 

with CHC13-MeOH ( 1 0 : 1 ) /  t o  a f f o r d  16 ( 1 8  mg, 7.9 8 )  and 11 -- ( 3 8  mg, 16.7 % ) .  

la-Ethvl-16-( 2-hydroxvethv1)-12-nethvl-1,2,3,4,6, 7,12,12bo-octahvdroindoloi 2.3-a]- - 
q u i n o l i z i n e  ,191. TO a  s o l u t i o n  o f  5 (0.50 q ,  1.67 -1) i n  DMF ( 2 0  m l )  was added 

50 8  Nan (0.30 g, 6.2 ml) which was p rev ious ly  washed wi th  Et20.  The r e a c t i o n  

mixture was s t i r r e d  a t  room temperature f o r  1 5  min. A f t e r  dropping CH31 (0 .2  m l ,  

3 , s  ml), t h e  s t i r r i n g  w a s  cont inued f o r  1 h. The s o l u t i o n  was poured i n t o  i ce -  

water,  and then e x t r a c t e d  wi th  C H 2 C l 2  The o rgan ic  l a y e r  was d r i e d  and evaporated.  

The remaining o i l  was p u r i f i e d  by t l c  t o  g ive  &p (0.29 g, 55.4 8 )  a s  o i l .  M s ,  m/z 

( r e l a t i v e  i n t e n s i t y )  321(83) ,  311!L00), 297(15) ,  281(65) ,  211(45) ,  l 8 4 ( 9 3 ) ,  183 

1 
0 8 ) ,  55 (17) ;  H m  ( C D C 1 3 )  6 0.92 (3H,t ,J=7.2 Hz, C H 2 m 3 ) ,  1.1-2.2(8H,m, 

CH CH +C2-H +C3-H +C13-H2 ), 2.42(1H,br s ,  OH), 2.5-3.4(6H,m.C4-H2+C6-H2+C7-Hz), -2 3  2 2  

3.40(1H,br s.Cl2b-H), 3.54(3H,s,NCH3). 3.5-3.7(2H,mrC14-HZ), 7.0-7.55(4H,mrAr); 

13c nmr (CDC13)  6 8.21(CH2CH3), 22.74(C7), 33 .08(z2CH3),  34.39(C13). 3 4 . 5 0 ( N c ~ ~ ) .  

34.61(C2),  43 .46(Cl) ,  51.85(C6), 56.32(C4), 58.52(C14), 67.73(C12b), 1 1 0 . 0 0 ( C l l ) ,  

114.49(C7a), 117.99(C8),  119.45(C9), 121.57(ClO), 127.62(C7b), 136.71(C12a), 

140 .89(Cl l a ) .  Elemental a n a l y s i s  d a t a  C20H28N20 (312.44) Calc.: C 76.88, H 9.03, 

N 8.97 Found: C 76.97, H 9.11, N 9.12. 

5 
q u i n o l i z i n e  (21). ( a )  To a s o l u t i o n  o f  i q  (0.29 n, 0.93 mnml) i n  a mixture o f  

THF (15 m l )  and Et3N (0 .3  m l )  was added MeS02Cl (0 .3  m l ,  3.9 -01). The r e a c t i o n  

mixture w a s  s t i r r e d  a t  room temperature f o r  15 min, then f i l t r a t e d  and evaporated.  

The r e s idue  was d i s so lved  i n  DMF (20  m l ) ,  and NaCN (0.4 q ,  6.8 ml) was added. 

The r e a c t i o n  mixture was s t i r r e d  a t  r e f l u x  f o r  15 h ,  then poured i n t o  water and 
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e x t r a c t e d  wi th  CH2c12 .  The o rgan ic  l a y e r  was d r i e d  and evaporated.  me residue 

pur i . f ied  by t l c  t o  g ive  21 (0 .13 g, 43.6 % )  mp 110-111 OC (MeOH). I r ( K B r 1  2240 cml 

( C N ) ;  ms, mlz ( r e l a t i v e  i n t e n s i t y )  321(22) ,  282(22) ,  281(100) ,  211(10) ,  184(11) .  

Nmr ( C D C 1 3 )  6 O.93(3H, t,J=7.4Hz,CH2g3), 1.15-2.15(10Hrm,C2-H2+C3-H + 
2 

+G2CH3+CH2CH2CN), 2.4-3.3(6H,m,C4-H2+C6-H2+C7-H2), 3.42(1H,br s.Cl2b-H), 3.54 

(3H.s,NcH3), 7.0-7.55(4H,m,Ar); 13c ~ n r  (CuCl3) 6 8 . 0 4 ( c H 2 g 3 ) ,  11.47(C14),  

21.99(C3),  23.42(C7), 28.18(C13), 29.27(C2), 34.10(NCH3), 37.12(CJ2CH3), 42.49(ClL 

52.03(C6 ), 56.45(C4 ), 66.04 (C12b). 1 1 0 . 0 2 ( C l l ) ,  l l4.24(C7a ), 118.24 (C8). 119.74(C91 

120.89(CN), 121.81(C10), 127.38(C7b),  136.62(ClZa),  1 4 0 . 5 4 ( C l l a ) .  Elementalanalysis 

d a t a  C21H27N3 (321.45) Calc . :  C 78.46, H 8.47, N 13.07 Found: C 78.29, H 8.51, 

N 13.33. ( b )  To a  s o l u t i o n  o f  &P (0 .29 g,  0.94 ml) i n  DMF (10  m l )  wad added 

50% NaH (0 .3  g, 6.2 ml), which was p rev ious ly  washed wi th  Et20.  The r e a c t i o n  

mixture was s t i r r e d  a t  room temperature f o r  15 min, then CH I (0 .15  m l ,  2.8 ml) 3 

was added, and s t i r r i n g  was cont inued f o r  1 h. The s o l u t i o n  was poured i n t o  i c e -  

conc. NH40H, and t h e  p r e c i p i t a t e  was c o l l e c t e d  by s u c t i o n  t o  a f f o r d  21 (0.18 g ,  -- 
59.4 % ) .  
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