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APPROACHES TO THE TOTAL SYNTHESIS OF AMARYLLIDACEAE ALKALOIDS. ALTERNATIVE 

PREPARATIONS OF 5-SUBSTITUTED 2,3,4,5-TETRAHYDRO-1H-2-BENZAZEPINES 
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A b s t r a c t  - The p r e p a r a t i o n  o f  s e v e r a l  5 - s u b s t i t u t e d  2,3,4,5-tetrahydro-lH-2- - 

benzarepines o f  general  s t r u c t u r e  B, v e r s a t i l e  synthons f o r  t h e  t o t a l  synthe-  

s i s  o f  Amary l l i daceae  a l k a l o i d s ,  i s  desc r ibed .  

As p a r t  o f  o u r  r e s e a r c h  program d e a l i n g  w i t h  t h e  s y n t h e s i s  of Amary l l i daceae  a l k a l o i d s '  we have 

r e c e n t l y  completed t h e  t o t a l  s y n t h e s i s  o f  ( i ) - e l w e s i n e 2  (1) and ( i ) - l y c o r a m i n e 3  (21, two represen- 

t a t i v e  members o f  t h e  s e r i e s ,  s t a r t i n g  from common c i n n a m o n i t r i l e  p r e c u r s o r s  A (Scheme I ) .  Along 

t h e  l i n e s  o f  ou r  s y n t h e t i c  s t r a t e g y ,  a  second common t a r g e t  was soon envisaged,  namely, t h e  5- 

s u b s t i t u t e d  2,3,4,5-tetrahydro-IH-2-benzazepine B. 

Scheme I 

We now r e p o r t  two a l t e r n a t i v e  methods f o r  t h e  p r e p a r a t i o n  o f  te t rahydrobenzazepines '  o f  general  

s t r u c t u r e  B. Our f i r s t  approach t o  t h e  s y n t h e s i s  o f  type-B compounds stems f rom t h e  well-knowns 

p r e p a r a t i o n  o f  4 - a r y l b u t a n o i c  a c i d s  by c a r b o x y l a t i o n  o f  t h e  o r g a n o m e t a l l i c  i n t e r m e d i a t e  formed i n  

t h e  t i t a n i u m  t e t r a c h l o r i d e - c a t a l y z e d  G r i g n a r d  t r a n s f e r  r e a c t i o n  between a lky lmagnesium h a l i d e s  

( i e . ,  n-propylmagnesium bromide) and t h e  a p p r o p r i a t e  t e r m i n a l  o l e f i n s .  

I n  t h i s  manner, s a f r o l e  (3, r e a d i l y  generates i n  63% y i e l d  t h e  4-(3,4-methylenedioxypheny1)butan- 

o i c  a c i d  (4), mp 67-69'C ( l i t . '  mp 67-69-C). Next ,  fo rmat ion  o f  t h e  b a s i c  hydroazepine nucleus was 



carried out under our usual conditions.la Namely, initial treatment of acid 4 with ethyl chloro- 
formate in the presence of triethylamine7 (Scheme 11) furnished the mixed anhydride 5, which with- 

out isolation was allowed to react with sodium azide in wet acetone. The resulting (crude) acyl 

aride 5 was then heated to reflux in toluene for 2.5 h to yield isocyanate 1 (urnax 2270 cm-I). 

Finally, treatment of 1 with neat polyphosphoric acid (PPA) at room temperature produced the highly 

crystalline seven-membered ring lactam 8, mp 127-129°C (EtOAc-hex), in 52% overall yield.8 

Scheme 

In order to introduce the necessary functional handle at the 5-position, we proceeded next to pro- 

tect the nitrogen function. Straightforward N-alkylation with methyl iodidelsodium hydride in dry 

tetrahydrofuran (THF) afforded the N-methyllactam 9, mp 93-94°C (EtOAc-hex), in 96% yield. Photo- 

oxidation of 9 in the presence of N-bromosuccinimide (NBS) and anhydrous calcium carbonate9 furnish- 

ed the desired 50x0 derivative 10, mp 133-135°C (EtOAc-hex), in 89% yield. (Scheme 11). 

From our previous work3 on the synthesis of the galanthamine-like Amaryllidaceae alkaloids,1° it 

can be seen that hydrobenzazepinedione".1Z 10 is in fact a versatile and now readily available ad- 

vanced intermediate. 

On the other hand, the readily available alkyl aryl acetates are amenable substrates for the elabo- 

ration of various type-! hydrobenrarepines. The series has been elaborated with both the methyl 

3,4-dimethoxy-(G) and 3,4-methylenedioxyphenylacetates (m). Thus, reaction of ester G I 3  with 

acrylonitrile under Triton B catalysis affords (Scheme 111) cyanoester -, mp 63-64'C (EtOAc-hex), 

in 72% yield. The ester grouping was chemospecifically'' reduced to the primary alcohol (92% 

yield) by using a small excess of lithium borohydride in THF at room temperature, followed by pro- 

tection as the corresponding benzyl ether (84%; benzyl chloride1NaH in a 9:1 mixture of THF-dime- 

thylformamide). 
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Scheme 

Series a, 3.4 -(OMeI2 
b, 3.4 -(OCH20) 



Next ,  b a s i c  h y d r o l y s i s  (40% NaOH i n  r e f l u x i n g  e t h a n o l )  o f  t h e  n i t r i l e  g roup ing  produced t h e  o i l y  

a c i d  i n  81% y i e l d .  T rans fo rmat ion  o f  t h e  l a t t e r  i n t o  u re thane  16a was c a r r i e d  o u t  as b e f o r e  by 

means o f  a one-pot  C u r t i u s  r e a ~ r a n g e m e n t , ' ~ , '  w i t h  f i n a l  m e t h a n o l y s i s  o f  t h e  r e s u l t i n g  (c rude)  i s o -  

cyanate. The expected u re thane  16a was i s o l a t e d  as a  t h i c k  c o l o r l e s s  o i l  i n  74% y i e l d .  

F i n a l l y ,  t h e  m i s s i n g  one-carbon u n i t  was i n t r o d u c e d  via a m o d i f i e d  two-s tep  Tscherniac-Einhorn 

r e a c t i o n . "  Namely, hydroxymethy la t ion  o f  (formaldehyde, 25% NaOH, d ioxane,  room temaerature,  

l 5 h )  proceeded u n e v e n t f u l y  i n  92% y i e l d .  The 'H-nmr spectrum (CDCl,, 90 MHz) o f  t h e  o i l y  N-methyl- 

01 d e r i v a t i v e  showed a  broad s i n g l e t  (2H) a t  4.70 ppm f o r  t h e  N-CH,OH group ing .  The f o r m a t i o n  

o f  t h e  d e s i r e d  complete hydrobenzazepine s k e l e t o n  o f  was c a r r i e d  o u t  n e x t ,  i n  n e a r l y  q u a n t i t a -  

t i v e  y i e l d ,  by s i m a l y  h e a t i n g  w i t h  a  c a t a l y t i c  amount of Q - t o l u e n e s u l f o n i c  a c i d  i n  benzene 

(Dean-Stark t r a p ) . 1 6  The o v e r a l l  y i e l d  o f  t h i s  sequence i s  30.7%. 

A l t e r n a t i v e l y ,  methyl  3,4-methylenedioxyphenylacetate17 (9) was r e a c t e d  w i t h  a c r y l o n i t r i l e  t o  

produce t h e  o i l y  cyano e s t e r  i n  74% y i e l d .  As be fo re ,  l i t h i u m  borohydr ide  r e d u c t i o n  t o  

(?4%) ,  f o l l o w e d  by benzyl  e t h e r  f o r m a t i o n  (772)  a f f o r d e d  n i t r i l e  a as a  c o l o r l e s s  o i l .  Basic  

h y d r o l y s i s  (40% NaOH, EtOH, r e f l u x ,  ah) f u r n i s h e d  a c i d  =, mp 103-105'C (EtOAc-hex), i n  88% y i e l d  

a f t e r  column chromatography on s i l i c a  g e l .  C u r t i u s  rearrangement ,  f o l l o w e d  by methano lys is  o f  t h e  

i n t e r m e d i a t e  i socyana te  gave u re thane  l&, as a  t h i c k  c o l o r l e s s  o i l ,  i n  7 5 " 1 v e r a l l  y i e l d .  

F i n a l l y ,  t h e  d e s i r e d  hydrobenrazepine was p repared  by a  m o d i f i c a t i o n  o f  ou r  o r i g i n a l  c y c l i z a t i o n  

c o n d i t i o n s .  Namely, d i r e c t  t r e a t m e n t  o f  w i t h  excess ch lo romethy l  methy l  e t h e r  (as  t h e  one-car-  

bon source)  and 57% h y d r i o d i c  a c i d  i n  g l a c i a l  a c e t i c  a c i d "  a t  5°C produces El9 as a  c o l o r l e s s  o i l  

i n  82% y i e l d . "  The o v e r a l l  y i e l d  f o r  t h i s  sequence i s  29%. 

F u l l  account  o f  t h i s  work and i t s  a p p l i c a t i o n  i n  t h e  t o t a l  s y n t h e s i s  o f o t h e r  Amary l l i daceae  a l k a -  

l o i d s  w i l l  be r e p o r t e d  e lsewhere.  
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