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Abstract - An alternative route to the tetracyclic ketones 9, 

key intermediates in our total synthesis of ttl-ngouniensine 

and (+I-epingouniensine, is reported. 

In a previous paper1 we reported the first total synthesis of ti)-ngouniensine 

and (il-epingauniensine, two indole alkaloids isolated from Strychnos ngouniensis 2 

whose most characteristic structural feature is the existence of a bond connect- 

ing positions 3 and 16.3 The key intermediates in this synthesis were ketones 9, 

from which the exocyclic conjugated C-16 methylene substituent present in ngou- 

niensines was elaborated. Ketones 9 were prepared by formation of C2-C16 bond by 

means of electrophilic cyclization of - cis-5-ethyl-l-[2-t3-indolylethyllI-2-piper~ 

dinecarboxylic acid (Scheme 11. 

,, a. R,=H : R,=Et NGOUNIENSINE 

b. R, =El:  R,=H EPINGOUNIENSINE 
H CH. 

SCHEME I 



we report here an alternative synthetic route to the tetracyclic intermediates 9. 

The crucial step of this synthesis is the formation of C6-C, bond through photo- 

cyclization of an appropriate 2-(?-chloroacetyl-2-piperidylmethy1)indol 64  ( s e e  

scheme 11). Thus, condensation between 2-lithio-l-(phenylsu1fonyl)ind01e5 and 

acid chloride 1 gave ketone 2 in 48% yield. In addition, carbinol 10 was obtained 

as a minor by-product. Ketone 2 could be transformed into the desired &-chloro- 

acetamide 6 through e four-step sequence consisting of deprotection of the indole 

nucleus, protection of the 2-acylindole carbonyl group as ethylene aceta1,ste- 

reoselective catalytic hydrogenation, and acylatian of the resulting - cis-piperi- 

dine 5 with chloroacetyl chloride. ~hotoc~clization~ of &-chloroacetamide 6 was 

effected in a diluted methanolic solution in the presence of potassium carbonate 

to prevent the hydrolysis of the acetal function. Under these conditions, the 

reaction took place regioselectively upon the indole 3-position giving the tetra- 

I! 

Reagents and Conditions. (i) 2-Lithio-1-(phenylsulfonyl)indoIe, THF, - 7 0 ' C  to rt, 

1 h; (ii) 2 N NaOH, MeOH, reflux, 3 h; tiii) ICH20H12, TsOH, benzene, reflux, 24 

h; (iv) H P t 0 2 ,  AcOH, 50 psi, rt, 2 4  h; (v) CICH2COCl, CH2C12- 1 N NaOH, rt, 2 
4 h; (vi) h r ,  MeOH, K2C03, rt, 1 h; (vii) 1 M B2H6-THF, THF, reflux. 24 h; ( v i i i )  

1% HCI, MeOH, reflux, 3 h. 

SCHEME I1 



cyclic - cis-lactam 7 in 55% yield. A minor amount 15% yield) of the N-alkylatian 

product 11 was also isolated.' When the photocyclization was effected in more 

concentrated solutions of chloroacetamide 6, the yield of lactam 11 rose to 18% 

whereas that of lactam 7 decreased to 35%. As can be observed in Table 11, the 

structural assignment of tetracyclic lactams 7 and 11 was evident from the 13c- 

nmr chemical shift of carbon 6 ,  which is more deshielded ( A 6  = 32.1 ppm) in the 

N-alkylated regioisomer 11. In the ln-nrnr spectrum of 11 the signal at 6 6 . 6  due - 

to the proton at the indole 3-position 0 - H )  was also of diagnostic value. 

\ 
SCHEME I11 

Removal of the carbonyl group of lactam 7 to give 8 was accomplished in moderate 

yield (42%) by using diborane as reducing agent. It is worth mentioning that 

other procedures such as the reduction via the corresponding thiolactam or with 

lithium aluminium hydride were unsuccessful. In the first case no reaction was 

observed between lactam 7  and Lawesson's reagent whereas, in the second, demethy- 

lenengouniensine 112) was obtained as the only identifiable product (54% yield). 

Reduction of the lactam carbonyl group occurred with concomitant reductive cleav- 

age of C-0 bonds adjacent to the indole 2-position.' Finally, hydrolysis of cis- 

acetal 8 afforded the target ketones 9 in 88% yield as a 1:I mixture of cis-trans -- 

diastereomers, 9a and 9b. Clearly, under the acidic reaction conditions epimer- 

ization at the chiral centere to the carbonyl group had occurred. Ketones 9a and 

9b were identical by spectroscopic and tlc comparison to those we had obtained 

by an alternative route in a previous work. 1 

At this point it is worth commenting upon some stereochemical aspects of piperi- 

dines 5 and 6 and tetracyclic lactams 7  and 11. A s  discussed above, only one ste- 

reoisomerically pure piperidine 5 was isolated after hydrogenation of pyridine 

4 .  The assignment of the & relationship between the substituents at the piperi- 

dine 2- and 5-positions, with the smaller ethyl substituent located axially, was 

inferred from the chemical shift ( 6  , 2.7) and multiplicity of 6-H in the 'H-nmr 



TABLE I. 13~-Nmr Data of cis-Piperidine 5 and cis-Chloroacetamide 6a 

64.4 

23.3 

27.3 

34.9 

49.4 

12.0 

21.6 

64.9 and 65.3 

107.9 

135.9 

100.6 

127.7 

120. 5b 

119. sb 
121.8 

111.2 

137.6 

. . 

-. 

Ar : 2-lndolyl 

51.5 56.1 

26.1 26.7 

26.5 25.4 

37.9 36.8 

48.6 44.5 

10.8 10.8 

23.4 24.4 

64.5 and 64.0 64.2 and 64.9 

109.6 109.6 

136.5 136.5 

100.3 100.6 

127.5 127.5 

1 2 0 . 0 ~  1 2 0 . 2 ~  

1 1 8 . 9 ~  1 1 9 . 2 ~  

121.2 121.5 

111.4 111.3 

136.8 136.8 

167.5 167.5 

41.3 42.2 

a ~ n  CDCI3 solution. Can be interchanged 

spectrum. 

On the other hand, the 'H- and 13~-nmr spectra of *-chloroacetamide 6 (see 

Table I) showed the presence of two rotamers, 6-E (major) and 6-2 (minor), re- 

sulting from hindered rotation of the chloroacetamide Both rotamers 

were easily assignable on the basis of the chemical shift of protons or carbons at 

positions 2 and 6 of the piperidine ring. As could be expected, equatorial 2-H 

and 6-H appear more strongly deshielded when they are located syn respect to the 

carbonyl group,'' whereas in the same stereochemical situation C-2 and C-6 reso- 

nate at a higher magnetic field.'' The e-relationship between the piperidine 2- 

and 5-substituents of chloroacetamide 6 was confirmed from the multiplicity and 
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TABLE 11. 13c-~rnr Data of cis-Lactams 7a and 1lbfc 

137.0 

27. 8e 

26. ge 

107.6 

11.4 

22.3 

37.1 

45.3 

67.1 

and 66.9 

137.4 

24.0 

28.5 

105.5 

12.2 

23.1 

36.0 

49.2 

65.8 

and 65.8 

In CDCl -CD OD solution. in CDCI3 solution. To allow a clearer comparison 3 3 
with 7, the numbering system used for compound 11 is the biogenetic one. 

Can be interchanged. 

coupling constants of 2-H (d, J = 5.4 Hz1 and 6-Hax (t, J = 12 Hz1 in both rota- 

mers. These data also indicated that, in this case, the bulkier substituent at 

C-2 adopts an axial disposition. 13 

The same conformational preference was observed in the tetracyclic lactam 7, 

whose 21-Hax appeared again as a triplet (J - = 12 Hz) thus indicating the equato- 

rial position of the ethyl substituent. On the contrary, the multiplicity of 'H- 

nmr signals due to 3-H (dd, J = 11 and 2.4 Hz1 and 21-Hax (dd, 3 = 13.6 and 3.2 - 

Hz1 in the regioisomeric lactam 11 revealed that, in the preferred conformation, 

the bulky substituent at C-3 was located equatorially whereas the C-20 ethyl 

group was in an axial disposition. 

The l3c-nrnr data of lactams 7 and 11 (see Table 1 1 )  are in accordance with the 

above configurational and conformational assignment. Thus, the axial ethyl group 

of 11 induces a shielding V-effect upon C-14 (624.0; compare with 8.~27 in 71, 

whereas the axial C-3 substituent in 7 exerts a similar effect upon C-21 (D45.3; 

compare with A49.2 in 111. Moreover, the shielding of the substituted piperidine 



carbons bearing an axial substituent ( C - 3  in 7 and C - 2 0  in 1 1 1  was observed 

EXPERIMENT= 

M e l t i n g  p o i n t s  were determined i n  a c a p i l l a r y  tube on a Bl ichi apparatus and a r e  uncor rec ted .  'H- 

Nmr spec t ra  were recorded on a Perkin-Elmer R-240 (60  MHz) ins t rument  o r  on a Var ian XL-200 spec- 

t romete r .  13c-~rnr spec t ra  were measured w i t h  a Var ian XL-200 spectrometer .  Unless o therw ise  noted 

nmr spec t ra  were recorded i n  CDCI3, and chemical s h i f t s  are expressed i n  ppm downf ie ld ( 6 )  from 

TMS. Ir spec t ra  were taken w i t h  a Perkin-Elmer 1430 spectrophotometer and o n l y  noteworthy absorp- 

t i o n s  ( r e c i p r o c a l  c e n t i m e t e r s )  a r e  l i s t e d .  Mass spec t ra  were determined on a Hewlett-Packard 593W 

mass spectrometer .  T i c  and column chromatography were c a r r i e d  o u t  on S i02  ( s i l i c a  g e l  60, Merck 

0.063-0.200 mml, and t h e  spots were l o c a t e d  w i t h  uv l i g h t  o r  i o d o p l a t i n a t e  reagen t .  P r i o r  concen- 

t r a t i o n  under reduced pressure,  a l l  o rgan ic  e x t r a c t s  were d r i e d  over  anhydrous sodium s u l f a t e  

powder. Microanalyses were performed on a Carlo-Erba 1106 analyzer  by I n s t i t u t o  de Qu imica  Blo-  

Orgdnica, Barcelona. 

Condensation o f  2-Lithlo-1-lphenylsulfony1)Indole w i t h  5-Ethyl-2-pyridinecarbonyl C h l o r i d e  (1) 

Sodium hydroxide (1 .8  g, 33 m o l )  i n  methanol (30 m l )  was added t o  a s o l u t i o n  o f  5 -e thy l -2 -py r i -  

d i n e c a r b o x y l i c  ac id14 (5 g, 33 mmoll i n  methanol (20 m l ) .  The s o l v e n t  was removed and t h e  r e -  

s u l t i n g  r e s i d u e  was suspendRi i n  a n h w s  benzene f50ml) .  The suspension was coo led  a t  O'C and then 

o x a l y l  c h l o r i d e  (2.8 rnl, 33 mrnol) i n  anhydrous benzene (10  m l )  was s l o w l y  added. The r e a c t i o n  

m i x t u r e  was s t i r r e d  a t  room temperature f o r  15 min and r e f l u x e d  f o r  an a d d i t i o n a l  40 min p e r i o d .  

The s o l v e n t  was e l i m i n a t e d  and the m i d w  was dissolved i n  anhydrurs T t f  (1CO mll.  To t h e  r e s u l t i n g  solu-  

t i o n ,  coo led  a t  -70'C, was s l o w l y  added a suspension o f  2-lithio-1-(phenylsulfonyl)indole, pre-  

5 pared from I - p h e n y l s ~ l f o n y l i n d o l e ~ ~  ( 8  g,  31 mmol), t e r t b u t y l l i t h i u m  (1 .4  M, 26.6 ml ,  37 mmol), 

and anhydrous THF (40  m l l .  The r e a c t i o n  m i x t u r e  was a l lowed t o  warm s l o w l y  t o  room temperature 

( 1  h) and quenched a t  t h i s  temperature w i t h  0.04 N aqueous sodium hydroxide.  The s o l v e n t  was r e -  

moved and t h e  r e s i d u e  was d i s s o l v e d  i n  water  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  e x t r a c t s  were 

washed w i t h  5% h y d r o c h l o r i c  ac id ,  d r i e d ,  and evaporated t o  g i v e  a s e m i s o l i d  r e s i d u e  which was 

p u r i f i e d  by column chromatography. E l u t i o n  w i t h  9 : l  benzene-chloroform gave a lcoho l  10  (0.4 g, 

2%): mp 234-237'C t e t h e r ) ;  i r  (KBr) 3300 (OH); ' ~ - n m r  (60  MHz) 1.3 ( t ,  J = 7 Hz, 3H, CH3), 2.7 

(q, J = 7 Hz, 2H, CH21, 6.1 ( s ,  lH, OH), 6.9-8.3 tm, 23H, ArH). Anal .  Calcd f o r  C H N 0 8 1H 0.  36 29 3 5 2 '  2  ' 

C ,  64.94; H, 4.68; N, 6.31; S, 9.63. Found: C, 65.20; H, 4.43; N, 6.27; S, 9.64. E l u t i o n  w i t h  7:3 

benzene-chloroform af forded 5-ethyl-2-pyridyl I-phenylsulfonyl-2-indolyl ketone (2, 6 g, 48%): i r  

1 ( k B r )  1670 (CO); H-nmr (60 MHz) 1.2 (t, J = 7 Hz, 3H, CH31, 2.6 (q, J = 7 Hz, ZH, CH21, 7.0-8.0 

(m, 12H, ArHl, 8.4 (5, lH ,  p y r i d i n e  6-HI. Anal .  Calcd f o r  C22H18N203S.112H20: C, 66.13; H, 4.79; 

N ,  7.01; S, 8.03. Found: C, 66.28; H, 4.70; N, 6.96; S, 7.96. 
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5-Ethyl -2-pyr idy l  2 - I n d o l y l  Ketone (3) 

A s o l u t i o n  of ketone 2 (3.9 g,  10 mmoll i n  methanol (100 m l )  and 2 N aqueous sodium hydroxide 

(20 m l l  was r e f l u x e d  f o r  3 h .  The s o l v e n t  was removed and t h e  r e s u l t i n g  res idue  was d i s s o l v e d  i n  

water  and e x t r a c t e d  w i t h  e t h e r .  The e therea l  e x t r a c t s  were washed w i t h  water, d r i e d ,  and evapo- 

r a t e d  t o  g i v e  ketone 3 (2.2 g, 86%). An a n a l y t i c a l  sample was ob ta ined  by r e c r y s t a l l i z a t i o n  from 

I acetone-ether: mp 137-138'C; i r  (KBr) 3320 (NH), 1625 (COI; H-nrnr (60 MHz) 1.2 i t ,  J = 7 Hz, 3H, 

CH3), 2.6 i q ,  J = 7 Hz, 2H, CH2), 6.9-8.1 im, 7H, ArH), 8 .4  t s ,  lH, p y r i d i n e  6-HI. Anal .  Calcd 

f o r  C16H14N20: C, 77.01; H, 5.63; N, 11.19. Found: C ,  77.18; H, 5.52; N, 11.14. 

5-Ethy l -2-pyr idy l  2 - Indo ly l  Ketone E thy lene  Ace ta l  (41 

A s t i r r e d  s o l u t i o n  o f  ketone 3 (2.7 g, 10.8 rnmol), p - t o l u e n e s u l f o n i c  a c i d  (2 .8  g, 16.3 mnol), and 

e thy lene  g l y c o l  (34 m l l  i n  anhydrous benzene (550 m l )  was r e f l u x e d  f o r  24 h w i t h  removal o f  water 

by a Dean-Stark t r a p .  The r e a c t i o n  m i x t u r e  was poured i n t o  aqueous sodium carbonate and ex t rac ted  

w i t h  e t h e r .  The o rgan ic  e x t r a c t s  were washed severa l  t imes  w i t h  water, d r i e d ,  and evaporated.  The 

r e s i d u e  was chromatographed (3:2 benzene-chloroform) t o  g i v e  ace ta l  4 (2 .4  g, 78%): mp 167-168'C 

[acetone) ;  i r  ( K B r l  3180 (NH); l ~ - n r n r  (60 MHz) 1.1 (t, - J = 7 Hz, 3H, CH3), 2.5 (q, - J = 7 Hz, ZH, 

CH21, 4.0 i s ,  4H, OCH2), 6.4 t s ,  lH,  i n d o l e  3-HI, 6.8-7.5 tm, 6H, ArH), 8.3 t s ,  lH ,  p y r i d i n e  6-HI 

Anal. Ca lcd  fo r  C18H18N202: C, 73.44; H, 6.16; N, 9.51. Found: C,  73.45; H, 6.07; N, 9.56. 

c is-5-Ethy l -2-p iper idy l  2 - Indo ly l  Ketone E thy lene  Ace ta l  (51 

A s o l u t i o n  of p y r i d i n e  4 (3.4 g ,  11.5 mmol) i n  g l a c i a l  a c e t i c  a c i d  (50 m l l  was shaken under 50 

p s i  hydrogen p ressure  a t  room temperature over  p l a t i n u m  d i o x i d e  (0 .2  g l  f o r  24 h. The c a t a l y s t  

was f i l t e r e d  o f f  and t h e  f i l t r a t e  was d i l u t e d  w i t h  water ,  n e u t r a l i z e d  by a d d i t i o n  o f  50% aqueous 

sodium hydrox ide ,  and e x t r a c t e d  w i t h  e t h e r .  Evapora t ion  o f  t h e  d r i e d  o rgan ic  e x t r a c t s  l e f t  + 
p i p e r i d i n e  5 ( 3  g ,  87%). An a n a l y t i c a l  sample was ob ta ined  by r e c r y s t a l l i z a t i o n  f rom acetone- 

1 e ther :  mp 170 'C; i r  i K B r l  2500-3500 ( N H ) ;  H-nmr (200 MHz, C0Cl3-CD300) 0.88 (t, - J = 7 Hz, 3H, 

CH3), 1.10-1.74 tm, 7H1, 2.76 (dd, J = 12 and 4 Hz, lH, 6-H), 2.98 (m, ZH, 6-H and 2-Hax), 4.00 

tm, 4H, CH20), 6.48 (d, J = 1 Hz, lH, i n d o l e  3-H), 7.01-7.20 im, 2H, i n d o l e  5 and 6-H), 7.40 (m, 

IH, i n d o l e  7-H), 7.60 im, lH, i n d o l e  4-HI. Anal. Calcd for '  Cl8HZ4N2O2: C ,  71.95; H, 8.05; N, 9.33. 

Found: C ,  71.84; H, 8.27; N, 9.40. 

cis-1-Chloroacetyl-Eethyl-2-piperidyl 2 - I n d o l y l  ke tone  E thy lene  Ace ta l  (61 - 

A s o l u t i o n  o f  c h l o r o a c e t y l  c h l o r i d e  il .l ml, 13.6 mmol) i n  methylene c h l o r i d e  (35 m l )  was added 

dropwise t o  a s t i r r e d  two-phase m i x t u r e  of p i p e r i d i n e  5 (2.1 g, 6.9 mmol) i n  methylene c h l o r i d e  

(100 m l l  and 1 N aqueous sodium hydrox ide  (74 m l ) .  The r e s u l t i n g  m i x t u r e  was s t i r r e d  f o r  4 h at 

room temperature and t h e  o r g a n i c  l a y e r  was separated. The aqueous l a y e r  was e x t r a c t e d  w i t h  methy- 



l e n e  c h l o r i d e  and t h e  combined o r g a n i c  s o l u t i o n s  were washed w i t h  b r i n e ,  d r i e d ,  and evaporated. 

The r e s u l t i n g  r e s i d u e  was c r y s t a l l i z e d  from acetone t o  g i v e  f i -ch loroacetamide 6 ( 2  g ,  77%): mp 

160-161 t; i r  (KBr I  3220 iNH1 1620 iCO1; ' ~ - n m r  tCDC13-CD30D, 200 MHz) 0.92 ( m ,  3H, CH31, 1.16- 

1.90 (m,  7H1, 2.70 (t, J = 12 Hz, 0.7H, 6-Hax, E- ro tamer l ,  3.30 (t, J = 12 Hz, 0.3H, 6-Hax, - Z- 

rotarner), 3.60 (dd, J = 12 and 5 Hz, 0.3H, 6-Heq, L - ro tamer l ,  3.79 im, 1.2H. CH 0, E-rotamer) ,  
2 

4.02 im, 2.8H, CH20, E-rotamer l ,  4.18 i d ,  J = 14 Hz, 0.7H, CH2Cl, E - ro tamer l ,  4.30 i d ,  J = 5.4 

Hz, 0.7H, 2-Heq, E-rotamer l ,  4.41 (dd, J = 12 and 5 Hz, 0.7H, 6-Heq, F r o t a m e r ) ,  4.65 td,  - J = 14 

Hz, 0.7H, CH C1 E r o t a m e r l ,  5.18 t d ,  J = 5.4 Hz, 0.3H, 2-Heq, L - ro tamer l ,  6.45 i d ,  J = 1 Hz, 0.3H. 2 -- 

i n d o l e  3-H, E-rotamer l ,  6.52 i d ,  J = 1 Hz, 0.7H, i n d o l e  3-H, E-rotamer l ,  7.02-7.25 (m, 2H, i n d o l e  

5 and 6-HI, 7.50 i d ,  lH, i n d o l e  7-HI, 7.60 td,  lH, i n d o l e  4-HI, 10.20 t s ,  0.3H, NH, F r o t a m e r ) ,  

10.74 t s ,  0.7H, NH, ~ r o t a l n e r l .  A n a l .  Calcd  f o r  C20H25C1N203: C, 63.71; H, 6.76; C1, 9.41; N, 

7.43. Found: C, 63.78; H, 6.91; C1, 9.31; N, 7.23. 

P h o t o l y s i s  o f  ds -Ch lo roace tamide  6 

A s o l u t i o n  of f i -ch loroacetamlde 6 (0 .8  g, 2.1 mmol) i n  methanol (650 m l l  c o n t a i n i n g  potassium 

carbonate (1.28 g, 9.2 mmol) was i r r a d i a t e d  under n i t r o g e n  a t  room temperature f o r  1 h us ing  a 

125 W medium pressure mercury lamp i n  a q u a r t z  immersion w e l l  r e a c t o r .  The r e a c t i o n  m i x t u r e  was 

evaporated t o  dryness and t h e  r e s i d u e  was chromatographed. E l u t i o n  w i t h  4 : l  benzene-chloroform 

gave fi-9-eth~l-6,6-ethylenedioxy12-oxo-6,6a,7,8,9,lO,12,13-octahydropyrido[1',2': 1,71[1,41- 

diazepino[4,5-;]-indole ill, 40 mg, 5 % ) :  mp 127-129.C (acetone-methylene c h l o r i d e ) ;  i r  iNaC11 1630 

iCO1; l ~ - n m r  (200 MHz1 0.86 i t ,  J = 7 Hz, 3H, H-181, 1.02-1.90 (m, 7H), 2.90 idd,  J = 13.6 and 

3.2 Hz, lH, 21-Haxl, 3.62 (dd, J = 11 and 2.4 Hz, lH, 3-Haxl, 3.98-4.22 im, 4H, CH201, 4.60 [dm, 

J = 13.6 Hz, lH,  21-Heql, 5.06 (d ,  J = 17 Hz, lH, 6-HI, 5.16 td,  J = 17 HZ, lH, 6-HI, 6.60 i d ,  - 

J = 0.7 Hz, lH, 7-HI, 7.10-7.30 tm, 2H, 10 and 11-HI, 7.40 tm, IH, 12-HI, 7.60 i d ,  J = 7 Hz, lH, - 

9-HI. Anal .  Calcd f o r  CZ0HZ4N2O3: C, 70.55; H, 7.11; N, 8.23. Found: C, 70.55; H, 7.59; N, 8.31. 

E l u t i o n  w i t h  3:2 benzene-chloroform a f fo rded  fi-9-ethyl6,6-ethylenedioxy-l2-oxo-6,6a,7,8,9,10, 

12,13-octahydropyrido[l',2';1,2]arepino[4,5]id (7. 0.41 g, 55%): mp 247-248'C (acetone- 

methanol) ;  i r  iKBr )  1625 ( C O ) ,  3210 iNH1; '~-nrnr  (CDC13-CD30D, 200 MHz1 0.94 (t, J = 7 Hz, 3H, 

18-HI, 1.20-2.2 im, 7H1, 2.60 (t, J = 12 Hz, lH, 21LHax1, 3.76 i d ,  J = 16 Hz, lH,  6-HI, 3.90 (d, 

J = 16 Hz, lH, &HI, 4.01-4.54 im, 6H, CH20, 3-Heq, and 21LHeq1, 6.90-7.20 (m, 2H, 10 and 11-HI, - 

7.30 tm, lH, 12-H), 7.48 (m, lH, 9-HI. Anal. Calcd f o r  C20H24N203: C, 70.55; H, 7.11; N, 8.23. 

Found: C, 70.10; H, 7.19; N, 7.88. 

Demthylenengouniensine ( 1 2 )  

L i t h i u m  aluminium h y d r i d e  (2 .4  g, 63 mmol) was s l o w l y  added under n i t r o g e n  t o  a s o l u t i o n  o f  

lactam 7 (0 .5  g. 1.47 mnol)  i n  anhydrous THF (200 m l l .  A f t e r  24 h o f  r e f l u x i n g ,  t h e  r e a c t i o n  mix- 
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t u r e  was coo led  i n  an i c e  bath,  t h e  excess of l i t h i u m  aluminium h y d r i d e  was decomposed w i t h  100 

ml of water ,  and t h e  r e s u l t i n g  m i x t u r e  was e x t r a c t e d  w i t h  methylene c h l o r i d e .  Evapora t ion  of the  

d r i e d  o rgan ic  e x t r a c t s  gave a  s o l i d  which was p u r i f i e d  by column chromatography. E l u t i o n  w i t h  

99: l  chloroform-methanol a f f o r d e d  demethylenengouniensine (12, 215 mg, 54%): rnp 172-174'C (ace- 

tone-ether) ;  i r  (KBr) 3120 (NH); ' ~ - n m r  (60  MHz) 0.9-3.8 ( m ,  19H), 6.7-7.3 tm, 4H, i n d o l e ) ,  7.6 

(5, IH, NH); ms, rnle ( r e l a t i v e  i n t e n s i t y )  268 ( ~ + , 6 8 ) ,  239 ( 4 1 ,  156 (59) ,  124 (100). Anal. Calcd 

f o r  C18HZ4N2.114H20: C, 79.22; H, 9.04; N, 10.26; Found: C, 79.51; H, 9.46; N, 10.23. 

ds-9-Ethyl-6,6ethylenedioxy-6.Sa,7.8.9,10,12.13-octahydropyrido[1'.2':1,21azepinoC4,5-~lindole 

(8) 

To a  s o l u t i o n  of l ac tam 7 (0.2 g, 0.58 m o l )  i n  anhydrous THF (15 m l )  ma in ta ined  a t  0-5'C was 

added a  s o l u t i o n  o f  d iborane i n  THF ( 1  M, 1.7 m l ) .  The a d d i t i o n  o f  d iborane (1 M, 1.7 ml)  was 

repeated t h r e e  t imes  a t  two-hour i n t e r v a l s .  The s o l u t i o n  was r e f l u x e d  d u r i n g  t h e  i n t e r v a l s  be- 

tween a d d i t i o n s  and, f i n a l l y ,  o v e r n i g h t .  The s o l v e n t  was removed and t h e  r e s u l t a n t  r e s i d u e  was 

d i s s o l v e d  i n  water  and e x t r a c t e d  w i t h  e t h e r .  The o rgan ic  e x t r a c t s  were d r i e d  and evaporated t o  

g i v e  an o i l  which was p u r i f i e d  by column chromatography. E l u t i o n  w i t h  1:4 pe t ro leum e ther -e ther  

gave compound 8 (80 mg, 424): i r  tCHC13) 3450 4 ;  ' ~ -n rn r  (200 MHz) 0.91 (t, 2 = 7  Hz, 

3H, 18-H), 1.20-1.80 (m, 7H), 2.64-3.56 (m, 7H), 3.76-4.38 tm, 4H, CH20), 7.10-7.40 tm, 3H, i n -  

d o l e ) ,  7.52 tdd, 2 = 7  and 2  Hz, lH,  9-H), 8.20 ( s ,  lH, NH). The p i c r a t e  me l ted  a t  192-193'C (ace 

tone-e ther ) .  Anal .  Calcd f o r  CZ6Hz9N5O9: C, 56.21; H, 5.26; N, 12.60. Found: C, 56.18; H, 5.23; 

N, 12.35. 

ds- and ~-9-Ethyl-6-oxo-6.6a,7,8,9,10,12,13-0~tahydr0pyridol',2' :1,2lazepino[4.5-blindole 

(9a and 9b) 

A s o l u t i o n  of ace ta l  8 (40 mg, 0.12 m o l l  i n  methanol (10  m l )  and 1% h y d r o c h l o r i c  a c i d  ( 5  m l )  was 

r e f l u x e d  f o r  4  h. The s o l v e n t  was removed and t h e  r e s i d u e  was d i l u t e d  w i t h  water ,  b a s i f i e d  w i t h  

s o l i d  sodium carbonate, and e x t r a c t e d  w i t h  e t h e r .  The o rgan ic  e x t r a c t s  were d r i e d  and evaporated 

1  t o  g i v e  e s s e n t i a l l y  pu re  9 130 mg, 8&%) as a  n e a r l y  equimolecular  m i x t u r e  o f  d iastereomers.  
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