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A S t e r e o s p e c i f i c  A p p r o a c h  to  D i t e r p e n e  A l k a l o i d s  w i t h  a B r i d g e  A c r o s s  R i n g  B 

W e  wish to  r epo r t  a s imple  a n d  stereospecif ic  syn thes i s  ~ 
of t he  pen tacyc l i c  ke to  l a c t a m  2 wh ich  we hope  to use as 
an  i n t e r m e d i a t e  in  t he  c o n s t r u c t i o n  of t he  a lka lo id  
songor ine  1. Analogs  of 2 ( - C H 2 - O - C H  a a n d  -OCH~ 
ins t ead  of - C H  3 and  - O H )  could be  p r e p a r e d  in exac t ly  
t h e  same  m a n n e r  a n d  serve as i n t e r m e d i a t e s  for a lkaloids  
of t he  d e l p h i n i n e  type.  

The  s t a r t i n g  m a t e r i a l  for t he  syn thes i s  was t he  t r icycl ic  
es ter  3 e. This  c o m p o u n d  was p r epa red  b y  a d iene  a d d i t i o n  
b e t w e e n  m e t h o x y - p - b e n z o q u i n o n e  and  m e t h y l  cyclo- 
p e n t a d i e n e  c a r b o x y l a t e  in  ace tone  a t  5~ fol lowed b y  t h e  
i somer iza t ion  of t he  m a j o r  a d d u c t  ( ra t io  3 : 2) b y  ace ty la-  
t ion,  hydro lys i s  a n d  c h r o m a t o g r a p h y  on sil ica gel 3. 

C o m p o u n d  3 was  c o n v e r t e d  to t he  e the r  4 in q u a n t i t a -  
t i ve  yie ld  b y  t r e a t m e n t  w i t h  1 -phenyl -5-ch loro te t razo le  4. 
C o m p o u n d  4 was t r e a t e d  w i t h  a large excess of benzene-  
su lphony l  azide in benzene-ch loroform.  The  az i r id ine  5 
was p roduced  in a yie ld  of 92%.  A careful  N M R  s t u d y  of 
th i s  p r o d u c t  was  in a g r e e m e n t  w i t h  t h e  expec ted  exo 
conf igura t ion  of t he  az i r id ine  r ing.  

The  r e a r r a n g e m e n t  of 5 to  6 was accompl i shed  in  
glacial  acet ic  acid a t  100~ in a yie ld  of 72%. Hydro -  
genolysis  of 6 w i t h  p a l l a d i u m  on charcoa l  in  t e t r a h y d r o -  
f u r a n - e t h a n o I  4 gave  c o m p o u n d  7 in a yie ld  of 80% a f t e r  
crystalliza!cion. 

The  opera t ions  wh ich  h a d  to be  pe r fo rmed  a t  th i s  s tage  
were :  r e m o v a l  of t he  b e n z e n e - s u l p h o n y l  group,  b lock ing  
of t he  seconda ry  alcoholic  func t i on  a n d  f ina l ly  t r ans -  
f o r m a t i o n  of t he  b r i d g e h e a d  es ter  g roup  to  a n  a ldehyde .  
These  changes  were execu ted  v ia  t h e  i n t e r m e d i a t e s  7 
t h r o u g h  12 in a n  overa l l  yield of 48%.  C o m p o u n d  7 was 
c o n v e r t e d  to  8 b y  l i t h i u m  a l u m i n u m  h y d r i d e  r e d u c t i o n  
fol lowed b y  ace ty la t ion .  T he  seconda ry  ace t a t e  of 8 was 
se lec t ively  hyd ro lyzed  w i t h  p o t a s s i u m  c a r b o n a t e  in  
aqueous  m e t h a n o l .  The  conve r s ion  of 9 to  11 was per-  
fo rmed  in t h e  s t a n d a r d  m a n n e r  b y  t e t r a h y d r o p y r a n y l a -  
t ion  a n d  a lka l ine  hydrolys is .  F i na l l y  t he  ox ida t ion  11 --~ 12 
was accompl i shed  q u a n t i t a t i v e l y  b y  t he  d i m e t h y l  suit-  
oxide ca rbod i imide  m e t h o d  ~. C o m p o u n d  12 was an  oil 
homogeneous  in TLC [ IR:  2740, 1715 c m - t ;  N M R :  s ing le t  
(1H) z = -0 .10  p p m  (-CH=O)].  

The  a ldehyde  12 was t r e a t e d  w i t h  t he  Gr igna rd  r eagen t  
p r e p a r e d  f rom 1 -b romo-3 -benzy loxybu tane6 .  The  p r o d u c t  
(88%) was a m i x t u r e  of t he  ep imers  13 and  14 which  were 
c o n v e r t e d  to t h e  ace t a t e s  15 a n d  16 and  s epa ra t ed  b y  
c h r o m a t o g r a p h y  on sil ica gel. T he  a s s i g n m e n t  of confi-  
g u r a t i o n  to  t he  two ep imers  was based  on N M R  spec t ra  of 
de r i va t i ve s  f rom b o t h  series a f t e r  t he  closure of r ing  A. 

The  undes i r ab le  ace t a t e  15 was c o n v e r t e d  to  t h e  desir-  
able  one 16 b y  a lka l ine  hydro lys i s  to  13, ox ida t i on  w i t h  
c h r o m i u m  t r iox ide  in py r id ine  to t he  ke tone  17, r educ t i on  
w i t h  l i t h i m n  t r i - t - b u t o x y a l u m i n u m  h y d r i d e  to t he  
a lcohol  14 a n d  ace ty la t ion .  The  whole  process  was 
accompl i shed  in  a yield of 89%.  t-Iydrogenolysis  of t he  
ace t a t e  16 w i t h  p a l l a d i u m  on charcoa l  gave  t he  diol 18 
which  was oxidized w i t h  c h r o m i u m  t r iox ide  in  py r id ine  
to  t he  d ike tone  19. The  yie ld  of t h i s  ma te r i a l  a f te r  crys ta l l -  
i za t ion  was 90%.  [IIR: 3400 cm - I  (NH), 1750, 1716, 
1690 cm -z (ketones  amide)] .  A n  aldol  condens a t i on  of 19 
w i t h  p o t a s s i u m  c a r b o n a t e  in bo i l ing  m e t h a n o l  gave t h e  
h igh ly  c rys ta l l ine  c o m p o u n d  20 in q u a n t i t a t i v e  yield.  [UV: 
,1 ~t~ = 232 nm,  log e = 4.01; IIR: 1725, 1695 cm -~ 
(conj. ke tone ,  a m i d @  NMIR: s ingle t  (3H) T ~ 7.87 p p m  

(C=C, / )]. I r r a d i a t i o n  of 20 in t e t r a h y d r o f u r a n  w i t h  
CI-I a 

an  excess of v i n y l a c e t a t e  a t  - -10~ ( H a n o v i a  Hg  lamp,  
p y r e x  fil ter) gave  t h e  two ace toxy  ep imers  21 in a yie ld  of 

95%.  ESpectral  d a t a  of mix tu re ,  I R ;  1748 cm -1 (ketone) ; 
I 

N M R :  s ingle t  (3H) T = 9.70 p p m  @C-CHa, sh i f t ed  to  
I 

h igh  field s ince i t  is s i t u a t e d  in t he  sh ie ld ing  region of t he  
benzene  ring.  Th i s  s ignal  is s t rong  ev idence  for  t he  s tereo-  
c h e m i s t r y  of t he  p h o t o a d d u c t ] .  

T r e a t m e n t  of t he  m i x t u r e  21 w i t h  1% m e t h a n o l i c  
p o t a s s i u m  h y d r o x i d e  a t  r oom t e m p e r a t u r e  gave  q u a n t i -  
t a t i v e l y  t he  homogeneous  a ldehyde  22. ~NMR: s ing le t  

I 
(3H) v = 9.54 p p m  (-c-cH~), t r i p l e t  (1H) T = 0.17 p p m  

I - -  
( -CH2-CH=O)] .  The  h i g h  field m e t h y l  s igna l  requi res  an  
A /B  cis r ing junc t ion .  E n o l a c e t y l a t i o n  of 22  w i t h  acet ic  
a n h y d r i d e  a n d  sod ium ace t a t e  gave  c o m p o u n d  23 in a 
yie ld  of 82%.  The  eno lace ta t e  was  s m o o t h l y  c o n v e r t e d  to 
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z For a model study see K. WIESNER and A. PHILIPP, Tetrahedron 
Lett. 74, 1467 (1966); K. WIESNER, A. PmLIPP and PAK-TSUN Ho, 
Tetrahedron Lett. 10, 1209 (1968); and KAglX B JAPER BIR~BAU~, 
K. WIESN~R and PAK-TSU~ HO, Tetrahedron Lett. 14, 1071 (1969). 

2 Satisfactory spectral data (IR, NMR and mass) were obtained for 
all compounds reported. All crystalline compounds gave a correct 
elemental analysis. For brevity, only some spectral data of special 
significance are reported. 

s The position of the metlloxyl in 3 was rigorously proved by conver- 
sion to 7-methoxy-l-naphtoic acid. A simpler and regiospeeific 
synthesis of compounds of the type 3 has been being worked out 
in our laboratory. 
W. J. MUSLINE~ and J. W. GATES JR., J. Am. chem. Soe. 88, 4272 
(1966). 

5 K. t~. PFITZNER and J. G. ~V~OFFATT, J. Am. chem. Soc. 87, 5661 
(1965). 

8 G. STORg, Pure appl. Chem. 9, 131 (1964) and private communi- 
cation. 
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25 R = COOMe, R ' =  0Ac, R ' =  C-CH a 
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the  nora ldehyde  24 by  osmic acid pe r ioda te  ox ida t ion  
l 

ENMR: singlet  ( 3 H ) r  = 9.70 p p m  (-C-CH3), s inglet  (1H) 

T = 0.40 p p m  (-CH=O)I. The a ldehyde  24 was oxidized 
wi th  chromic  acid in 10% aqueous  sulfuric acid in ace tone  
to  t he  cor responding  carboxyl ic  acid, which  was d i rec t ly  
ester if ied wi th  d iazomethane .  The es ter  25 was ob ta ined  
in a yie ld  of 96%. EIR: 1750, 1725, 1720, 1669 cm - t  
(ketone, esters,  amide) ; N M R :  s inglet  (3H) T • 9.44 p p m  

I 
( -C-CH, )  ]. I n  order  to  cor robora te  t he  s t ruc tu re  and 

I 
s t e reochemis t ry  of 25, th is  ma te r i a l  was conver ted  to  the  
crys ta l l ine  der iva t ive  26 by  mild  alkal ine hydro lys i s  
fol lowed by  t r e a t m e n t  w i th  m-b romo-benzoy l  b romide  in 
ref luxing benzene.  The s t ruc tu re  of 26 was de t e rmined  in 
Nu t l ey  by  X - r a y  analysis .  The compound  crys ta l l ized in 
monocl inic  crystals ,  space group P 2~/c, a = 10.54, 
b = 12.07, c = 20.73 A,/~ = 93.55 ~ , Z = 4; R = 6.6% (all 
a toms  anisotropic ,  no hydrogens) .  The fo rmat ion  of 26 
clear ly invo lved  an N - ~ O  ace ty lmigra t ion  fol lowed by  
m - b r o m o b e n z o y l a t i o n  of t he  ni t rogen.  The es ter  25 was 
dissolved in 6% po ta s s ium hyd rox ide  in me thano l - t -  
bu t ano l  (8:2) and  al lowed to s t and  a t  room t e m p e r a t u r e  
for 24 h. The h igh ly  crys ta l l ine  l ac tam 2 was ob ta ined  in a 
yie ld  of 94% [IR:  3380, 3280, 1750, 1670 cm -1 (NH, OH, 

I 
ketone,  lactam) ; N M R  singlet  (3H) z = 8.70 p p m  ( -C-CHs 

I 
A/B transI)]. The p ro d u c t  was  also charac te r ized  as the  
crysta l l ine  ace ta te  2b (m/e 355.1425). The overal l  yield of 2 

O/ f rom 3 was 6/o.  Deve lopmen t s  now in progress  are ex- 
pec ted  to raise th is  subs tan t ia l ly .  

Zusammen/assung. Die t l e r s t e l lung  eines Schlfissel- 
p ro d u k t s  fiir die Syn these  yon  Alkaloiden des Songorin- 
und  De lph in in -Typs  wird  beschr ieben.  
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