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The Direc t  B r o m i n a t i v e  Cyc l i za t ion  of D i h y d r o c o s t u n o l i d e  

The ou t s t and ing  ox ida t ive  b r o m i n a t i n g  abi l i ty  of 
N-bromosucc in imide  (NBS) has been  e legant ly  appl ied  
to various acyclic isoprenoids  which  under  control led 
condi t ions  yield t e rmina l  b r o m o h y d r i n s L  In  this  com- 
municat ion ,  we wish to r epor t  on a similar  ox ida t ion  of 
d ihydrocos tunol ide  2 1 wi th  concur ren t  cycl izat ion in a 
stereospecif ic  manner .  T r e a t m e n t  of 1 w i th  N B S  in 
aqueous acetone  at  room t e m p e r a t u r e  furnished a viscous 
gum (3 spots  on th in  layer  c h r o m a t o g r a m  pla te  in several  
so lvent  sys tems) ;  careful  f rac t iona t ion  of th is  gum over 
silica gel co lumn resul ted  in a crysta l l ine  b r o m o h y d r i n  2 
(55%) a, b romolac t0nes  a and 4 (14% and  25% respy) a. 
The b r o m o h y d r i n  a 2 Imp 160.0-166.5 ~ [~]~)9 _15 .03  ~ 
(c 1.45); no charac ter i s t ic  absorp t ion  in the  U V - s p e c t r u m ;  
v m a x  (cm -1) 3605, 3583 (m) (t -- OH), 1794 (s) and 1772 
(w, shoulder) ( >  C = O s t re tch ing  v ibra t ions  of a y-lac- 
tone) 5, 1.168 ( C -  O s t re tch ing  vibrat ions)]  ana lyzed  for 
C15H2aOaBr ( F o u n d : C ,  54.17; H, 6.90; Br, 24.60), fu r the r  
conf i rmed by  its h igh resolut ion mass  spec t rum which  
revealed s ignif icant  peaks  due to M - C H  a (C14H=00379Br; 
observed mass  315.0593, calcula ted mass  315.0596) and 
M - H B r  (C~5H~203; observed mass  250.1567, calcula ted 
mass  250.1569). The N M R - s p e c t r u m  of 2 exhib i ted  a 
two-p ro ton  mul t ip le t  cen te red  a t  z 5.92 assigned to 

O 
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> CHBr  and > C H - O - C -  units,  r educed  

to  a one -p ro ton  t r ip le t  (with finer spli t t ings) cen te red  
at  ~ 5.96 in t he  debromo c o m p o u n d  5. Fu r the rmore ,  the  
spec t rum revealed the  presence  of 3 C-methy l  groups:  
one secondary  (d, 3H, z8.78,  J = 6 .5Hz)  and one 
t e r t i a ry  (s, 3H, z 8.63). In  addi t ion,  t he  signal a t  ~ 8.87 
a t t r i bu t ed  to  t he  t h i rd  m e t h y l  group a t  C-10 is para-  
magnet ica l ly  displaced by  0 . 1 3 p p m  re la t ive  to C-10 
m e t h y l  of the  deb romo  c o m p o u n d  5 (~ 9.00)~. 

Cata lyt ic  hyd rogena t i on  7 of 2 in e thanol  over  Pd-C 
(10%) conta in ing  a t race  of EtaN furnished a key com- 
p o u n d  5, C~sH=aO a Imp 108.5-110.0 ~ [~]~ + 1 1 . 9  ~ 
(c 1.24); v m a x  (cm -1) 3617 (t -- OH) and  1777 (lactonic 
carbonyl) ;  mass  spec t rum,  m/e  (% I~s): 252 (0.48, M+), 
234 (0.60, M-H=O), 219 (0.97, M-H~O-CH3),  161 (0.83) 
and  43 (6.69, base peak)].  The N M R - s p e c t r u m  was con- 
s i s ten t  wi th  t he  ass igned s t ruc tu re  5. 

In  order  to  probe  chemical ly  for the  posi t ion of hy-  
d roxyl  group, the  compound  5 on hea t ing  wi th  pyr id ine-  
t r ea t ed  a lumina  s afforded the  ma jo r  exo-isomer 6 
(rap 137-140 ~ [~]~9 +150 .2  ~ (c 0.9); v m a x  (cm-1) 1766 
(lactone), 1655 and 887 ( > C  = CH~); mass  spec t rum,  
m/e  (% Sis):  234 (7.06, M + as well as base  peak),  219 
(4.77, M-CHa), 161 (1.31, M-73)9; N M R  (~) 5.08, 5.24 

(s, 2H, > C  = CH2) , 6.01 (t, broad,  1H, 
8.77 (d, 3H, J =  6.5 Hz, C-11 methyl) ,  
C-10 methy l ) ;  yield 1~ 70%). The minor  
(mp 137.0-139.5 ~ , [c~]~) 9 +78 .7  ~ (c 0.74); 
1770 (carbonyl),  854 and 794 ( t r i subs t i tu ted  

[ 
N M R  (T) 4.63 (s, broad,  1H, - C H  = C-), 8.18 (t, 3H, 
J = 1.3 Hz, C-4 Me), 8.78 (d, 3H, J = 6.5 Hz, C-11 Me), 
9.08 (s, 3H, C-10 Me); mass  spec t rum,  m/e  (% 271s): 234 
(7.02, M+), 219 (11.42, M-CHa, base  peak,  cf. mass  
spec t rum of 6), 161 (3.21, 1K-73)0; yield 1~ 30%). Because 
of t he  p r edominance  of 6, the  hyd roxy l  group a t  C-4 in 
5 and  hence  in 2 m u s t  be equator ia l  and  cO 1. Finally,  
the  i den t i t y  of 6 and  7 was unambiguous ly  conf i rmed by  
the i r  r igorous compar i son  wi th  au then t i c  specimens  oi 
t he  cor responding  santenol ides  1~ (mixed rap, IR- ,  NMR-  
and mass  spectra) .  
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> C H - O - C - ) ,  
9.14 (s, 3H, 

endo-isomer 7 
m a ~  (cm-~) 

double bond)) ; 

The b romolac tone  3 Imp 136-137 ~ Em]~ 9 - 2 . 7 8  ~ 
(c 1.4); v m a x  (cm -x) 1766, 1176 (sa tura ted  y-lactone),  
853 and 793 ( t r i subs t i tu ted  double  bond)] analyzed for 
C15H~IO2Br which  was suppor t ed  by  high resolut ion 
mass  meas u remen t s :  M+ (C15H210~79Br; observed mass  
312.0724, calcula ted mass  312.0726), M-CHa (C14H1sO2 
79Br; observed mass  297.0495, calcula ted mass  297.0492), 
M - B r  (C15H~xO2; observed mass  233.1540, calcula ted 
mass  233.1542). The N M R - s p e c t r u m  showed the  fol- 
lowing me t h y l  resonances :  ~ 9.00 (s, 3H, angular  methyl) ,  
z8 .78  (d, 3H, J =  6 .SHz ,  C-11 Me), z 8.19 (t, 3H, 
J = 1.5 Hz, C-4 Me). The lone p ro t o n  at  C-1 exhib i ted  
X p a r t  of an A B X  s p l i t t i n g  p a t t e r n  18 in the  NMR-  
spec t rum as a q u a r t e t  cen te red  at  v 5.74 ( J x x  = 9.5 Hz, 
JBX = 7.5 Hz) 14. These spl i t t ings  are cons i s ten t  w i th  
axial-axial  and  axia l -equator ia l  in te rac t ions  respect ive ly  
and  hence  H x a t  C-1 m u s t  be axial.  This  in t u rn  esta-  
blishes the  equator ia l  and/~ charac te r  of C-1-Br l inkage 15 
in b romolac tone  3. 
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The  exo-isomer 16 4 [mp 169-170 ~ EelS) 9 + 79.1 ~ (c 1.46); 
m a x  (cm -1) 1770, 1173 ( s a t u r a t e d  y-lactone) ,  1655 and  

893 (exocyclic m e t h y l e n e ) ;  N M R  (z) 5.02, 5.14 (s, 2H, 
O 
II 

> C  = CH~), 5.97 (m, 2H, > C H B r  a n d  > C H - O - C -  
uni ts) ,  8.79 (d, 3H, J = 7.0 Hz,  C-11 Me), 9.03 (s, 3H, 
angu l a r  me thy l ) ]  gave  ana lys i s  for  C15IK2iO~Br, f u r t h e r  
co r robo ra t ed  b y  h igh  re so lu t ion  mass  m e a s u r e m e n t s :  
M+ (C1~H21Oe~gBr; obse rved  mass  312.0724, ca lcu la ted  
mass  312.0726), M - B r  (C1~H2102 ; obse rved  mass  233.1540, 
ca lcu la ted  mass  233.1542). Ca ta ly t i c  h y d r o g e n a t i o n  of 
endo- as well  as exo-isomers 3 a n d  4 in glacial  acet ic  acid 
over  PtO2 led to  a ful ly s a t u r a t e d  b r 0 m o l a c t o n e  9 
~mp 199-200 ~ Isle) 9 -t-11.9 ~ (c 0.69); N M R  (T) 6.01 

O 
II 

(m, 2H, > C H B r  a n d  > C H - O - C - u n i t s ) ,  8.73 a n d  8.83 
(6H, doub l e t  due  to  C-11 m e t h y l  p a r t l y  supe r imposed  
on  t he  s ing le t  due  to C-10 methy l ) ,  8.96 (d, 3H, J = 7.0 Hz,  
C-4 m e t h y l ) ;  ~ m a x  1761 cm -1 (y-lactone);  M+ peak  a t  

Br 1 

7 

Br Br 

5 lSs 6 

8 8 

m/e  314 (C15H~3027"Br; obse rved  mass  314.0882, calcu- 
l a t ed  mass  314.0880)] w h i c h  on  ca t a ly t i c  d e b r o m i n a t i o n  
in E t O H  (10% Pd-C ,  H~, t r ace  of E t aN  ) fu rn i shed  a 
c rys ta l l ine  c o m p o u n d  8, m p  155-156 ~ wh ich  showed  no 
depress ion  in i ts  m e l t i n g  p o i n t  w h e n  a d m i x e d  w i t h  a n  
a u t h e n t i c  spec imen  of 4 : 5  a l l ,  6, 11f i  t t - e u d e s m a n  
6, 13-olide ( san tano l ide  'c')IT. F u r t h e r m o r e ,  t h e i r  I R -  a n d  
mass  spec t ra  were compa rab l e .  

Thus ,  these  Chemical cor re la t ions  w i t h  san teno l ides  
(6, 7) a n d  s an t ano l i de  'c '  (8), c o m p o u n d s  w i t h  well- 
p r o v e n  s t e r eos t ruc tu re  ~2, ~7, e s t ab l i sh  u n e q u i v o c a l l y  t h e  
presence  of trans-ring j u n c t u r e  in 2, 3 a n d  4 p roduced  b y  
N B S - i n d u c e d  cyc l iza t ion  of d ihyd rocos tuno l i de  1. I t  m a y  
be  r e l e v a n t  to  p o i n t  ou t  t h a t  t he  b r o m o l a c t o n e s  descr ibed  
in th i s  c o m m u n i c a t i o n  are p o t e n t i a l  i n t e r m e d i a t e s  in  t h e  
syn theses  Of some of t he  n a t u r a l  p r o d u c t s  c u r r e n t l y  u n d e r  
way  in our  l abora to r ies  ~s, 2~ 

Zusammen/assung. N-13romosuccinimid- induzier te  t r ans -  
a n n u l a r e  Zyk l i s a t i on  yon  D i h y d r o c o s t u n o l i d  wird  be-  
schr ieben.  
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P h t h a l a t e  E s t e r s  of  Oenanthe stolonifera DC.  ( U m b e l l i f e r a e )  1 

I n  a p rev ious  c o m m u n i c a t i o n  ~, we r epo r t ed  t h a t  t he  
i so la t ion  a n d  iden t i f i ca t ion  of severa l  d i -a lky l  p h t h a l a t e s  
f rom Cryptotaenia canadensis DC. var .  j apon i ca  Mak ino  
(Umbel l i ferae) .  On  f u r t h e r  inves t iga t ion ,  t h r ee  op t i ca l ly  
i nac t i ve  p h t h a l a t e  esters,  d i -e thyl ,  n - b u t y l - 2 - e t h y l b u t y l  
a n d  d i - 2 - e t h y l b u t y l  p h t h a l a t e ,  h a v e  been  found  f rom 
benzene  e x t r a c t  of whole  p l a n t  of Oenanthe stoloniiera DC. 
(Umbel l i ferae) .  I t  is t he  f i r s t  case where  d i - 2 - e t hy lbu ty l  
a n d  n - b u t y l - 2 - e t h y l b u t y l  p h t h a l a t e  are  i so la ted  in na tu re .  

The  benzene  e x t r a c t  was  c h r o m a t o g r a p h e d  on  silica- 
gel co lumn,  e lu ted  w i t h  n - h e x a n e  a n d  t h e n  w i t h  n - h e x a n e -  
e t h y l  ace ta te .  The  f r ac t i on  e lu ted  b y  n - h e x a n e - e t h y l  
a ce t a t e  (1:1 v /v)  gave  a yel low oily ma te r i a l ,  wh ich  
showed  9 peaks  on  t h e  gas c h r o m a t o g r a m  a n d  t h e  charac-  
t e r i s t i c  I R -  a n d  U V - s p e c t r a  due  to  d i -a lky l  p h t h a l a t e  
esters.  

n-Butyl-2-ethylbutyl phthalate. The  c o n s t i t u e n t  i so la ted  
t h r o u g h  r epea t ed  c o l u m n  c h r o m a t o g r a p h y  showed UV-  

m a x i m a  a t  -max$EtOU n m  (log e) 225.7 (3.89), 277.5 (3.13) a n d  
283 (3.11) due  to  benzene  ring,  I R - b a n d s  a t  1733 cm -1, 
12"85, 1130 (a romat i c  ester),  1605, 1586, 1075, 1043 a nd  
747 (ortho s u b s t i t u t e d  benzene  ring) a n d  mass  s p e c t r u m  
h a v i n g  d i s t inc t ive  f r a g m e n t  ions a t  m /e  43 (C4H9+), 
85 (C,H13+), 1 4 9  (base peak),  205, 223, 233 a n d  251 as 
r ep re sen t ed  below (Diagram).  The  N M R - s p e c t r u m  
(60 MHz,  in CDCI~) i nd i ca t ed  ortho s u b s t i t u t e d  benzene  

1 Japanese name is Seri. 
2 S, HAYASHI, Y. ASAKAWA, T. ISHIDA and T. IV[ATSUURA, Tetra- 

hedron Letters 50, 5061 (1967). 


