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A b s t r a c t  - Two complementary methods f o r  t h e  syn thes i s  o f  t i t l e  

compounds ( 4  and 6), namely, monodecarboxylat ing t r a n s e s t e r i f i c a t i o n  o f  

$-enamino e s t e r s  2 f o l l o w e d  by  i n t r a m o l e c u l a r  c y c l i z a t i o n  o f  3, and 

d i r e c t  c y c l i z a t i o n  o f  2 under f l a s h  vacuum the rmo lys i s  c o n d i t i o n s  , 
have been e labora ted.  F u r t h e r  i n v e s t i g a t i o n s  a l lowed the i d e n t i f i c a t i o n  

o f  8-enamino a c i d  c h l o r i d e  5 as a  s t a b l e  i n te rmed ia te  i n  t h e  d i r e c t  

c y c l i z a t i o n  of 2 i n t o  6. A z a b i c y c l i c  compounds Q were 

s t e r e o s p e c i f i c a l l y  conve r ted  t o  b i c y c l i c  $-amino a l coho l s  9 by means o f  

s t e r e o c o n t r o l l e d  carbon-carbon doub le  bond c a t a l y t i c  hydrogenat ion  

f o l l o w e d  by  e s t e r  moie ty  r e d u c t i o n .  

The syn thes i s  o f  b i c y c l i c  a l k a l o i d s  c h a r a c t e r i z e d  by 1-azabicyclo[x.y.O]alkane framework 

con t i nues  t o  be t h e  focus o f  r esea rch  due t o  t h e i r  occurrence i n  some p l a n t s "  and a l so  

f o r  t h e i r  b i o l o g i c a l  a c t i v i t i e s .  As a  p a r t  of an i n v e s t i g a t i o n  on fused 

he te rocyc les ,  we have been engaged i n  t h e  p r e p a r a t i o n  of br idgehead h e t e r o ~ y c 1 e s . l ' " ~  

Recent ly  we r e p o r t e d  a  s t e r e o s p e c i f i c  syn thes i s  of i so re t ronecano l ,  t rache lantharn id ine,  

l u p i n i n e ,  and e p i l u p i n i n e . '  For t h i s  purpose we employed a  method which d i s p l a y s  two key 

s teps (Scheme 1 ) .  P repa ra t i on  of b i c y c l i c  @-enamino e s t e r s  4 ( o r  6 )  by r i n g  c l o s u r e  of 

8-enamino e s t e r s  obta ined from Meldrum's a c i d  d e r i v a t i v e s  2 ,  and s t e r e o s p e c i f i c  

carbon-carbon double bond r e d u c t i o n  o f  4. I n  t h i s  paper we wish t o  d e s c r i b e  t h e  r e s u l t s  

ob ta ined  i n  ex tend ing  t h i s  methodology t o  t h e  syn thes i s  o f  1azabicyclo[x.y.O]alkane 

ske le tons  of va r i ous  s i z e  and t o  compare chemical  versus c a t a l y t i c  hyd rogena t i on  of 

B-enamino e s t e r s  4 i n  o rde r  t o  p repa re  some n a t u r a l  p roducts  and t h e i r  analogues. The 

p recu rso rs  2 a r e  r e a d i l y  prepared from commerc ia l ly  a v a i l a b l e  lactams by  a  sequence which 

i m p l i c a t e s  N - c h l o r o a l k y l a t i o n  t hen  i m i d o y l a t i o n  r e a c t i a n s . l 3  

I n  t h e  r o u t e  A  we adopted a  s t r a t e g y  which proceeds through two s tages .  F i r s t l y ,  a 

monodecarboxylat ing t r a n s e s t e r i f i c a t i o n  o f  2 i n  t h e  presence o f  boron t r i f l u o r i d e  e the ra te  

i n  b o i l i n g  e thano l ,  p rov ides t h e  cor respond ing ( E )  N -ch lo roa l ky l  B-enamino e s t e r  3. 



Secondly. 3 r e f l u x e d  i n  a c e t o n i t r i l e  s o l u t l o n  c o n t a i n i n g  s o d ~ u m  i o d i d e ,  a f f o r d s  the  

b i c y c l i c  @-enamino e s t e r  i by i n t r amo lecu la r  a l k y l a t i o n  (Scheme 1 ,  pa th  A ) .  Th is  

anne la t i on  c o n s t i t u t e s  a v a l u a b l e  access t o  i n d o l i z i d i n e  and q u i n o l i r i d i n e  ske le tons  

(Table 1 ) .  However t h i s  r e a c t i o n  does no t  t ake  p l a c e  i n  t he  case o f  t h e  p y r r o l i z i d i n e  

homologue p r e c u r s o r  (n=m=l) ,  p robab l y  because o f  con fo rma t i ona l  f a c t o r s  

0 .  (route B i  

Cl' 

I ROH CI 

On the  o t h e r  hand, we have been s tudy ing  t he  aminomethylene ke tene thermal  r e a c t i v i t y  i n  

gas phase."," We have e s t a b l i s h e d  t h a t  N-alkylaminomethylene ke tenes,  genera ted 

by thermal e x t r u s i o n  of  carbon d i o x i d e  and acetone f r o m  Meldrum's a c i d  d e r i v a t i v e s  2 ( X  - 
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halide), undergo 1,4-hydrogen shift followed by electrocyclization (6 "-electrons) leading 

to B-enaminones" under flash vacuum thermolysis conditions. The introduction of chlorine 

atom into the N-alkyl chain shows up the enaminic character of the corresponding 

aminomethylene ketene15 with no more 1,4-hydrogen migration reaction. Flash pyrolyses of 

Meldrum's acid derivatives 2 were performed at 580'C (10." torr) and the crudes 

were condensed on cold finger covered with methanol (-196'C). Once the thermolysis 

completed, the pyrolyzate was allowed to reach room temperature and then neutralized with 

triethylamine. The only isolated products were the corresponding 8-enamino esters 6 
(Table 1). However, when the pyrolyzate of 2b was received on cold deuterated chloroform 
without triethylamine, we were able to identify the p-enamino acid chloride 5b whose 

structure was assigned on the basis of IH and 13~-nmr under inert atmosphere.I5 After. 

treatment with a mixture of methanol and triethylamine, the product 5b leads to the 

adduct 6b, whereas addition of water instead of methanol and triethylamine gives the 

imminium salt Zb." These results can be rationalized by assuming that the N-chloroalkyl 

aminomethylene ketene (I) cyclization occurs through an intramolecular nucleophilic 

displacement of chlorine atom by the enamine moiety of the heterocumulene (I) affording 5 
[(II) is probably the first bicyclic intermediate] which is easily esterified into b 
(Scheme 1, route 6 ) .  Compared to the first route (A), this method is shorter and the 

cyclization takes place in the case of m = n = 1, allowing the preparation of 

pyrroiizidine system as well. However we could not get the B-enamino ester 6 e  (n = 3, m = 

2) by flash thermolysis method. 

Table 1: Preparation of 8-Enamino Esters 4 (route A) and 5 (route 0)  

Method A A A A B B B B B B  

Products 4a 4b 4d 4e 4a 6a 6b 6 c  6d 6e 

The combined results of both routes (A  and B )  demonstrate that our method constitutes an 
efficient and rapid approach to I-azabicyclo[x.y.O]alkane frameworks whose structures are 

often encountered in alkaloids. For the completion of this study the diastereospecific 
carbon-carbon double bond reduction Was investigated in order to prepare B-amino esters 8 
(Scheme 2). 
The literature only reports chemical reduction of ethyl ),lo-dehydrolupinate 4 d  leading 



s t e r e o s p e c i f i c a l l y  t o  t h e  c i s - e t h y l  l u p i n a t e  4d. "  The same c o n d i t i o n s  app l i ed  t o  the 

homologue 4e (n=3, m-2) g i v e  t h e  same s e l e c t i v i t y  (Tab le  2 ) ,  w h i l e  Qb ( n = l ,  m=2) leads t o  

a  m ix tu re  o f  bo th  isomers ( c i s / t r a n s  = 2/3). Th is  d i f f e rence  o f  s e l e c t i v i t y  can be 

exp la ined by examining s t e r i c  h ind rance  of bo th  a and p faces o f  eno la tes  [ ( I I l b )  and 

( I l l d ) ]  formed a f t e r  h y d r i d e  a t t a c k  as shown by Golberg and coworkers.  l 7  

8 9 - 
- 

Scheme 2 

I n  the  case of ( I I l d )  ( n  = m  = 2 ) ,  the  eno la te  moie ty  presents  two 1 , 3 - d i a x i a l  

i n t e r a c t i o n s  w i t h  hydrogen atoms and another one w i t h  t h e  n i t r o g e n  l o n e - p a i r  on the 

p-face, t h e r e f o r e  making t h e  p r o t o n a t i o n  eas ie r  from t h e  a - face  as p i c t u r e d  on Scheme 3  

and l ead ing  e x c l u s i v e l y  t o  t h e  c i s  isomer. The same arguments are v a l i d  i n  t h e  case o f  l e  

a l so .  However, because o f  t h e  f i v e  member r i n g  p l a n a r i t y ,  t h e  i n d o l i z i d i n e  eno la te  ( I I I b )  

presents a  s i n g l e  1 , 3 - d i a x i a l  hydrogen i n t e r a c t i o n  on t h e  p-face which becomes more 

access ib le  (Scheme 3 )  and t h e r e f o r e  t h e  s t e r e o s e l e c t i v i  t y  o f  t h e  p r o t o n a t i o n  f a l l s  down. 

( I I I d  ) ( I I I b )  

Scheme 3 

On the o t h e r  hand, we have found t h a t  c a t a l y t i c  hydrogenat ion  on Raney n i c k e l  a t  100'C 

e x c l u s i v e l y  y i e l d s  t h e  c i s  isomer i n  va r i ous  cases of our  f used  r i n g  systems and we have 

observed t h a t  t h e  hydrogenat ion  a t  200'C on Raney n i c k e l  s p e c i f i c a l l y  g i v e s  the  t rans  

isomer. Moreover, t h e  c i s  isomers are q u a n t i t a t i v e l y  isomer ized i n t o  t h e  t r a n s  ones j u s t  

by hea t i ng  a t  200'C ( n e i t h e r  hydrogen nor  n i c k e l  are needed). The r e s u l t s  of t h i s  study 

a re  sumnarized i n  Table 2. The s t e r e o s p e c i f i c i t y  of these reduc t i ons  i s  eva lua ted  on the 

bas is  o f  500 MHz 'H-nmr d a t a  ( J  4 Hz and J 10 Hz) which p r o v i d e  a  c l e a r  

c r i t e r i o n  i n  t h e  case o f  8b,d,e.13 We used b id imens iona l  nmr techn iques a l s o  (COSY, 13CC-H 
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6 - 6  correlations, . . .  ) to confirm the structural assignments. Because of the relative 
planarity of pyrrolizidine systems, these techniques were not helpful to clearly assign 
the stereochemistry of 8a. However a significant nuclear Overhauser effect (nOe) was 

observed between H - l  and H-2 in the case of cis isomer. Meanwile no significant nOe was 
observed in the case of trans isomer. 
Finally, the reduction of ester moiety was readily achieved with lithium aluminum hydride 
in good yields, leading to p-amino alcohols 2 among which we can recognize; 

lupinine,8,'3,'7 isoretr~necanol'~~~'~~' and their trans isomers; epil~pinine~.'~.'' and 

tra~helanthamidine'~, I' which exhibit the same structural data with those reported in 

1 iterature. 

Table 2: Reduction of Bicyclic @-Enamino Esters 4: 

Reduction Yields n m - 8 (cis) 8 (trans) 
System ( % I  (XI (%) 

90 1 1 100 - 
88 1 2 100 - 

H  JNi -Raney 89 2 2 100 - 
100'C-6 h 90 3 2 100 - 

in conclusion, we described in this paper a new access to 1-azabicyclic systems by 

intramolecular cyclization of 8-enamino esters derived from Meldrum's acid by means of two 
complementary routes, whose combination allows the access to 5-5, 5-6, 5-7 ,  6 -6  and 6-7 

membered fused rings. Furthermore, we investigated the reduction of p-enamino esters 4 and 
succeeded in the stereospecific hydrogenation of their carbon-carbon double bond 

reduction under mild conditions, preparing either cis or trans isomers. 

Ex~erimental Section 

Melting points were determined in open capillaries using a Buchi apparatus and are 
uncorrected. 'H-Nmr and "C-nmr spectra were run on a Varian A60-A and Brucker 80, 250 



and 500 MHz spectrometers for the structural assignment in the case of @-amino esters 8 .  
Chemical shifts are given in a units downfield from internal trimethylsilane as the 

reference. Multiplicities are reported with the following abbrevation: s = singlet, d = 

doublet, t = triplet, q = quartet, quint. = quintet, m = multiplet, br = broad. Infrared 

spectra were recorded on a Beckman IR 20. The mass spectra were determined on a JEOL D 300 
spectrometer. Column chromatography was performed on silica gel, Merck Kieselgel 60 

(0.040-0.063 mm). Thin-layer chromatography (tlc) was performed by using Merck Kieselgel 
60F2s4 coated plates in the denoted solvent. 

1) Preparation of N-Chloroa1l;yllactams 1 : Following the procedure previously reported. l 3  

l - l 3 - C h l o r o ~ r a ~ v l ~ - 2 - ~ v r r o l i d i n o n e .  Ib (n=l, m-2): 
92% yield; bpaos 95'C; ir (neat) 1650 cm-'; 'H-nmr (CDC1,) 6 1.71-2.56 (6H, m), 
3.26-3.71 (6H, m). Anal. Calcd for C,H,,NOCl: C, 51.97; H, 7.43; N, 8.66. Found: C, 51.73, 
H, 7.73; N, 8.94. 
1-(4-Chlorabutvll-2-ovrrolidinone. Ic (n-1, m=3): 

95% yield; bpOol 93'C; ir (neat) 1675 cm-'; 'H-nmr (CDCI,) a 1.50-2.61 (8H, m), 
3.16-3.75 (6H, m). Anal. Calcd for C,H,,NOCl: C, 54.70; H, 8.03; N, 7.97. Found: C, 54.38; 
H, 7.95; N, 8.11. 
1-(3-Chlora~ro~v1)ca~rolactam. le (n=3, m-2): 

91% yield; bpo.,, 99'C; ir (neat) 1640 cm-5 'H-nmr (CDC1,) a 1.46-2.28 (BH, m), 2.30-2.68 
(2H, m), 3.20-3.70 (6H, m). Anal. Calcd for C,H,,NOCl: C, 56.98; H, 8.50; N, 7.38. Found: 
C, 56.84; H, 8.62; N, 7.38. 

11) @-Enamino Oiesters 2 were prepared by imidoylation of lactams 1 according to the 
procedure previously reported by our group. "-" 

5-11-(3-Chloro~roovl1-2-~vrrolidinvlidenel-2.2-dimethvl-1,3-dioxane-4.6-dione. Zb (n=i, 
m=2) : 

60% yield; mp 170'C (EtOH); ir (CHEW3) 1700, 1650 cm-'; 'H-nmr (CDCI,) a 1.71 (6H, s), 

1.85-2.51 (4H, m), 3.35-4.16 (8H, m). Anal. Calcd for C,,H,,NO,Cl: C, 54.26; H, 6.30; N, 
4.86. Found: C, 53.97; H, 6.34; N, 5.01. 

5-ll-l4-Chlorobutvll-2-~vrrolidinvlidenel-22-dimethvl-l.3-dioxane-46-dione. 2c (n=l, 
m=3) : 

73% yield; mp 123'C (EtOH); ir (CHC1,) 1705, 1660 cm-'; 'H-nrnr (CDC13) a 1.73 (6H, s), 
1.78-2.32 (6H, m), 3.41-3.92 (8H, m). Anal. Calcd for C,,H,,NO,Cl: C, 55.72; H, 6.68; N, 
4.64. Found: C, 55.52; H, 6.61; N, 4.47. 
5-ll-~3-Chloro~ro~vl)-2-hexahvdroaze~inv1idene1-2.2-dimethv1-1,3-di0xane-4,6-di0ne. Ze 
(n=3, m.2): 

50% yield; mp 169'C (EtDH); ir (CHBr3) 1690, 1640 cm-l; 'H-nmr (CDC1,) a 1.68 (6H, s), 
1.70-2.48 (8H, m), 3.00-3.31 (2H, m), 3.32-4.16 (6H, m). Anal. Calcd for C,,H,,NO,Cl: C, 
57.04; H, 7.02; N, 4.43. Found C, 56.87, H, 7.16; N, 4.60. 

111) PreDaration of B-Enamino Monoesters 5 . As described in reference 13 
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E thv l  11-(2-chloroethvll-2-wrrolidinvlidenelacetate 3 a  (n=m=l ) :  
74% y i e l d ;  b p o o ,  140'C; i r  (nea t )  1680 cm-'; 'H-nmr (CDC1,) a 1.23 (3H, t ,  J=7 Hz), 

1.50-2.23 (2H, m), 3 .03-3 .71  (8H, m), 4.10 (2H, q, J=7 Hz),  4.46 ( IH ,  8 ) .  Ana l .  Ca l cd  f o r  

C,oHlaNO>Cl: C, 5 5 . 1 7 ; H ,  7 .40 ;N ,  6.43.  Found: C, 55.36; H, 7.22; N, 6.49.  

E thv l  ll-~3-chloro~ro~vl~-2-~vrrolidinvlidenelacetate. 3 b  ( n = l ,  m=2): 

90% y i e l d ;  b p o  0 5  115-C; ir (nea t )  1670 cm-'; 'H-nmr (CDC1,) a 1.23 (3H, t ,  J=7 Hz), 

1.80-2.30 (4H, m), 3 .00-3 .70  (8H, m) ,  4.10 (ZH, q, J=7 Hz),  4.55 ( IH ,  8 ) .  Ana l .  Ca lcd  f o r  

C1~H,,N02C1: C ,  57.01;  H, 7.83; N, 6.04.  Found: C, 56.99;  H, 8.02;  N, 6.21.  

E t h y l  ~l-13-chloro~ro~vll-2-hexahvdroaze~inv1idenelacetate. 3 e  (n.3, m.2): 

86% y i e l d ;  mp 51-52'C (cyc lohexane) ;  i r  (CHBr,) 1670 cm-', 'H-nmr (CDC1,) 6 1.23 (3H, t ,  

J=7 Hz), 1 .38-1 .88  (6H, m), 1.89-2.36 (2H, m), 3 . 06 -3 .80  (8H, m), 4.08  (ZH, q, J=7 Hz),  

4.51 ( IH ,  8 ) .  Ana l .  Ca lcd  f o r  C,,H22N02C1: C,  60.10;  H, 8.53;  N, 5.39.  Found: C, 60.03;  H, 

8.52; N, 5.52. 

I V )  P r e ~ a r a t i o n  o f  B i c y c l i c  6-Enamino Es te r s  4. As a l r e a d y  r e p o r t e d . 1 3  
8-Carbethoxv-1.2.3.5.6.7-hexahvdroindolizine 4b  (n-1, m=2): 

60% y i e l d ;  bp~, , ,  115'C; i r  (nea t )  1650, 1585 cm-'; 'H-nmr (CDCI,) a 1.23 (3H, t, J=7 Hz), 
1.58-2.56 (6H, m), 2 .90-3 .50  (6H, m), 4.11 (2H, q, J=7 Hz) .  Ana l .  Ca lcd  f o r  C,,H,,NO2: C,  

67.66; H,  8.77; N, 7.17. Found: C, 67.64; H, 9.19; N, 6.96. 

1-Carbethoxv-2.3.6.7,8.9-hexahvdro-4H, 1 0 - ~ v r i d 0 1 2 .  a l a z e ~ i n e .  4e (n-3, m.2) : 

60% y i e l d ;  bp,.,, 105'C; i r  (nea t )  1650, 1585 cm-', 'H-nmr (CDC1 ,) a 1.23 (3H, t ,  J=7 Hz), 

1.45-2.56 (IOH, m), 2.91-3.58 (6H, m), 4.08 (ZH, q, J=7 Hz) .  Ana l .  Ca lcd  f o r  C,,H,,NO,: C, 

69.91; H,  9.47; N, 6.27.  Found: C, 69.65; H, 9.37;  N, 6 .54 .  

V) F lash  P v r o l y s i s  o f  D e r i v a t i v e s  2. 
General o rocedu re :  The p y r o l y s i s  apparatus used c o n s i s t s  of  a  60 x 3  cm q u a r t z  tube  

heated by an e l e c t r i c  Herman-Mor i tz  oven (580'C, measured by thermocouple a t  t h e  m i d p o i n t  

o f  t h e  f u r n a c e  ) and l e a d i n g  d i r e c t l y  t o  a  l i q u i d  n i t r o g e n  t r a p  connected t o  t h e  pumping 

system. T h i s  t r a p  has an i n l e t  beh ind  t h e  f u rnace  ( o p p o s i t e  t o  t h e  vacuum system) t o  a l l o w  

t h e  i n t r o d u c t i o n  of  s o l v e n t  on t h e  c o l d  f i n g e r  s u r f a c e .  The o p e r a t i n g  p ressu re  ( p  r l o - '  
t o r r )  was m a i n t a i n e d  w i t h  a  CIT A l c a t e l  ( C r y s t a l  100) two -s tage  o i l  d i f f u s i o n  pump capab le  

of  a  vacuum o f  10 -3 -10 -6  t o r r .  The s u b s t r a t e s  2 a r e  sub l ima ted  (90-160%)  t h rough  t h e  

q u a r t z  t u b e  and t h e  emergent vapors c o l l e c t e d  i n  a  t r a p  c o l d  w i t h  l i q u i d  n i t r o g e n  i n  a  

conven t i ona l  manner. '' For  p r e p a r a t i v e  exper iments,  methanol  (EtOH i n  t h e  case o f  4 a )  was 

used as s o l v e n t  and a f t e r  warming up t o  room tempe ra tu re ,  t h e  p y r o l y z a t e  s o l u t i o n  was 

n e u t r a l i z e d  b y  add ing  excess amounts o f  t r i e t h y l a m i n e .  A f t e r  evapo ra t i on  o f  s o l v e n t s  

(MeOH, NEtl and acetone) t h e  r e s i d u e  was e x t r a c t e d  w i t h  methy lene c h l o r i d e  ( 3  x  5  m l )  and 

water  (5  m l )  , t h e n  d r i e d  ove r  magnesium s u l f a t e .  F o r  a n a l y t i c a l  exper iments  i n v o l v i n g  

d i r e c t  o b s e r v a t i o n  o f  i n t e r m e d i a t e  5b, deu te ra ted  c h l o r o f o r m  was used i n s t e a d  o f  methanol  

and w i t h o u t  t r i e t h y l a m i n e  i n  o r d e r  t o  i d e n t i f y  t h e  a c i d  c h l o r i d e  5 b  by nmr a n a l y s i s  under 

i n e r t  atmosphere.  



8-Carbomethoxv-1.2.3.5.6.7-hexahvdroindol i n  6b (n-1, m.2, R=Me): 
45% yield; mp 75'C (sublimation); ir (CHC13) 1660, 1585, 1440 cm-'; 'H-nmr (CDC1,) a 
1.68-2.08 (4H, m), 2.28-2.31 (2H, m), 2.97-3.37 (6H, m), 3.62 (3H, s); 13C-nmr (CDC1,) 6 

169.1 (s), 159.5 (s), 97.4 (s), 53.1 (t), 50.0 (q), 45.0 (t), 32.7 (t), 21.6 (t), 21.5 

(t), 21.0 (tl; mass spectrum, m/z (relative intensity) 181 (891, 180 (161, 166 (441, 150 
(801, 123 (161, 122 (loo), 120 (22), 58 (40). Anal. Calcd for C,,HlsN02: C, 66.27; H, 
8.34; N, 7.73. Found: C, 66.39; H, 8.39; N, 7.82. 

9-Carbomethoxv-2,3,5,6.7.8-hexahvdro-1H-~~rrolol,2-alaze~ine. 6c (n=l, m=3, R=Me): 
Oil purified by flash chromatography (Et,O/petrolum ether: 1 ;  10% yield; ir (CHC1,) 

1675, 1570 cm-'; 'H-nmr (CDC1,) 6 1.65-2.05 (6H, m), 2.60 (2H, m), 3.00 (2H, t, J=7.5Hz), 

3.32 (4H, m ) ,  3.61 (3H, 8); 13C-nmr 6 170.4 (s), 165.9 (s), 94.5 (s), 56.1 (t), 50.4 ( q ) ,  

49.7 (t), 35.1 (t), 27.4 (t), 25.9 (t), 25.5 (t), 22.2 (t). Anal. Calcd for C,,H,,NO,: C, 
66.67; H, 8.78; N, 7.17. Found : C, 67.41; H, 8.94, N, 7.26. 

8-Chloro formvl -1 .2 .3 .5 .6 .7-hexahvdro indo l iz ine  5b (n-1, m-2): 
'H-Nmr (CDCl,, 300 MHz) 6 1.76 (ZH, dt, J=6.3, 5.7 Hz), 1.90 (2H, dt, J.7.4, 7.8 Hz), 2.36 
(2H, t, 5.6.3 Hz), 2.92 (ZH, t, J=7.8 Hz), 3.13 (ZH, t, 5-5.7 Hz), 3.39 (2H, t, J=7.4 Hz); 

I3C-nmr (CDC1,) 6 165.8 (s), 163.7 (s), 89.4 (s), 54.1 (t), 44.9 (t), 33.9 (t), 23.9 (t), 
21.0 (t), 19.8 (t). 

2.3.5.6.7.8-Hexahvdro-1H-indol iz in ium chloride.16 Zb (n=l, m=2): 
Ir (CHC1,) 2930, 1685, 1625 cm-'; 'H-nmr (CDC1,) 6 1.77-2.52 (6H, m), 2.96 (2H, m), 3.36 
(2H, m), 3.85 (ZH, m), 4.31 (ZH, m); "C-nmr 6 60.9 (t), 48.3 (t), 39.1 (t), 28.0 (t), 
20.4 (t), 18.2 (t), 16.8 (t). 

Compounds 5b and Zb are only identified by their spectral data. 

VI) Preparation of Bicvclic 6-Amino Esters 8 (R-Et). 

A )  Reduction with NaBH,. 
General orocedure: Sodium borohydride (1.339 , 0.035 mol) was added to ethanolic solution 
(30 ml) of p-enamino ester 4 (0.01 mol). The mixture was stirred for 12h at room 

temperature then water (30 ml) was added and the resulting mixture was neutralized (pH&) 
by adding aqueous 20% HC1 dropwise. After stirring for 30 min at room temperature the 

solution was saturated with solid potassium carbonate, washed with chloroform (3 times 50 
ml) and dried over sodium sulfate. Solvents were removed under vacuum and products were 

purified by distillation. 

B )  Catalvtic reduction . As already described." 
N.B. In all cases cis and trans isomers exhibit the same carbonyl ir absorption and the 
same boiling point, but different Rf on silica gel tlc. Their stereochemistry was 
assigned on the basis of 'H-nmr (500 MHz) data. 

8-Carbethoxv-1 .2 .3 .5 .6 .7 .8 .9 -octahvdroindol iz ine .  Bb (n=l, m=2): 
88% yield (either catalytic or chemical reduction); bp,.,, 80'C (colorless oil); ir 
(neat), 1730 cm-'. 
Cis isomer: Rf = 0.46 (MeOH); 'H-nmr (CDClp) 6 1.00 (3H, t, J=7 Hz), 1.17-1.29 (2H, m), 



1 . 3 3 ~ 1 . 4 2  ( lH ,  m), 1 .46-1 .64  (3H, m), 1 .70-1 .95  (5H, m), 2.49-2 .53  ( I H ,  m), 2 . 74 -2 .86  (2H, 

m i ,  3 .90 (2H. q, J=7 Hz); "C-nmr (CDCl,) a 173.12, 64.55, 59.80,  54.86,  53.07, 44.71, 

26.65, 26.31, 22.48, 20.69, 14.13. Ana l .  Ca lcd  f o r  C,,H,,NO:: C,  66.96;  H, 9 . 70 ;  N, 7.10. 

Found: C, 67.05; H, 9.81; N, 6.96. 

Trans isomer: Rf = 0.55 (MeOH); 'H-nmr (CDC1 ,) a 1.10 (3H, t ,  J=7 Hz), 1 .24-1 .40  (ZH, m ) ,  

1 .43-1.69 (4H, m), 1 .77-1 .92  (4H, m), 1.95-2.02 ( lH ,  m), 2.06-2.14 ( IH ,  m),  2.88-2.96 (2H, 

m), 3.98  (2H, q, 5-7 Hz ) ;  13C-nmr (CDC1,) 6 174.32, 65.22, 60.14,  54.03, 52.28,  48.19, 

29.25, 28.16, 24.83, 20.57, 14.24. Ana l .  Ca lcd  f o r  C,,H,,NO,: C ,  66.96,  H, 9.70,  N. 7.10; 

Found: C ,  66.93;  H, 9.88; N, 6 .92 .  

I-Carbethoxv-1.2,3,4,6.7I889,1O.11-decahvdroridol,2lze~ines. Be (n=3,  m-2): 

Y i e l d s :  90% ( c a t a l y t i c ) ,  71% ( chem ica l ) ;  b p ,  ,, 85'C ( c o l o r l e s s  o i l ) ;  i r  ( n e a t )  1730 c r 1 .  

C i s  isomer:  Rf = 0.45 (HeOH); 'H-nmr (CDC1 ,) a 1.24 (3H, t, J=7 Hz) ,  1 .26-1 .34  ( lH ,  m), 

1 .35-1 .84  (12H, m), 2.43-2.52 ( IH,  m), 2 .61-2 .72  (2H, m), 2 .78-2 .86  ( l H ,  m), 2.88-2.97 

( IH ,  m), 4.13 (ZH, q, J=7 Hz);  "C-nmr 6 173.72, 61.62, 50.92, 56.87, 48 .63 ,  47.21, 28.05, 

26.58, 26.14, 25.16, 24.99, 22.59,  14.30. Ana l .  Calcd f o r  C13H,,N0,: C ,  69.29; H, 10.28; 

N ,  6.21. Found: C ,  68.93; H, 9.85;  N, 6 .34 .  

Trans isomer:  Rf = 0.52 (MeOH); 'H-nmr (CDC1,) a 1.20 (3H, t ,  J=7 Hz), 1 . 37 -1 .71  ( l l H ,  m) ,  

1 .81-1 .89  (lH, m), 2.21-2.44 (3H, m), 2.48-2.56 ( IH ,  m), 2 .66-2 .74  ( l H ,  m), 2 . 7 6 ~ 2 . 8 3  (1H, 
m), 4.07 (2H, q, J=7 Hz);  "C-nmr (CDC1 3 )  a 175.37, 64.51, 60.00,  56.80,  55.68, 48.62, 

32.62, 28.80, 28.27, 27.79, 24.44, 14.24. Ana l .  Calcd f o r  C,IH,,NO,: C, 69.29; H, 10.28; 

N, 6.21. Found: C,  69.02; H, 9.98; N, 6 .42 .  

V l I )  P r e p a r a t i o n  o f  @-Amino A l coho l s  9. As desc r i bed  by Golberg and cowo rke rs . "  

W r o x v m e t h v l - 1 . 2 . 3 . 5 . 6 . 7 . 8 . 9 - o c t a h v d r o i n d o l i z i n e  9 b  ( n = l ,  m-2): 

90% y i e l d ;  b p o o ,  77'C; i r  ( n e a t )  3400 cm-'. 

C is  isomer:  'H-Nmr (CbD6) 6 1.28-1.45 (4H, m),  1.48-152 (ZH, m), 1 .55-1 .75  (3H, m j ,  

1.80-1.92 (ZH, m), 2.21-2.34 ( IH ,  m), 2.68-2.74 ( l H ,  m), 2 .85-2 .90  ( l H ,  m), 3 . 8 2 ~ 3 . 8 8  ( I H ,  

ml, 4.22-4.26 ( l H ,  m); "C-nmr (CDC1,) a 66.58, 63.32, 54.87, 53.78, 37.12, 29.19, 26.02, 

22.96, 21.10. Anal .  C a l c d  f o r  CaH,,NO: C,  69.63; H, 11.03; N, 9 .02 .  Found: C, 69.58; H. 

10.92; n, 9.11. 

Trans isomer: 'H-Nmr (C6D,) 6 0.95-1 .08  ( IH ,  m), 1.42-1.62 (6H, m), 1.64-1.81 (3H, m), 

1.80-1.92 (3H, m), 2.88-2.96 ( IN ,  m), 3 .36-3 .42  ( lH ,  m), 3.55-3.60 ( l H ,  m); '%nmr 

(COCl ,I 6 66.98, 64.85, 54.43, 53.06, 4.96, 29.43, 28.33, 25.57, 21.19.  Ana l .  Ca lcd  for 

C,H,,NO: C, 69.63; H, 11.03; N, 9.02. Found: C, 69.45; H, 10.82; N, 9 .08 .  

9e (n=3, m-2): 
90% y i e l d ;  bpool 135'C; ir (nea t )  3400-3300 c m - ' .  

C i s  isomer:  'H-Nmr (C,D,) a 1.12-1.22 (BH, m), 1 .64-1 .78  (4H, m), 2.08-2.17 (ZH, m), 

2.21-2.32 (2H, m), 2.51-2.62 (2H, m 3.65-3.70 ( I n ,  m), 4 .02-4 .08  ( l H ,  m); "C-nmr 

(CDCI 3 )  6 67.45, 64.78, 57.13, 56.27, 42.36, 31.00, 29.57, 28.46, 27.13,  25.52,  24.46. 

Anal .  Ca lcd  f o r  C,,H,,NO: C, 72.08; H, 11.54; N, 7.84. Found: C,  72.09; H, 11.50; N, 7.84.  

Trans isomer: 'H-Nmr (C,D,) 6 1.22-1.28 (2H, m), 1.30-1.37 (2H, m), 1.39.1.52 (4H, m ) ,  

1.55-1.73 (5H, m), 2.30-2.39 (2H, m), 2.45-2.52 ( lH ,  m), 2.55-2.62 ( IH ,  m), 2 .64-2 .69  (1H. 



m), 3.50-3.58 (2H, m); 13C-nmr (cDc~ , )  s 65.69, 64.34, 55.10, 54.70, 41.97, 31.21, 28.76, 

28.25, 27.88, 24.95, 24.83. Anal .  Ca lcd  f o r  C,,H,,NO: C, 72.08; H, 11.54; N, 7.84. Found: 

C, 72.21; H, 11.39; N, 7.94. 
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