
HETEROCYCLES, V d  13, 1979 

Synthesis of B icyc l i c  Coriol in  Models f 

Hisanobu Hashimoto, Toshio I t o ,  Haruhisa Shirahama, and Takeshi ~atsumoto'  

Department of (hemistry,  Faculty of Science 

Hokkaido University,  Sapporo, 060 JAPAN 

Abstract -8icycl ic  c o r i o l i n  models 1_0a and 12 have been obtained i n  a 

s t e reose lec t ive  manner from ?, through methylenation a t  C-4, epoxidation a t  

the  C-1 double bond, borohydride reduction and subsequent epoxidation a t  

the methylene group. Similar  transformation of g b ,  obtained from the en01 

a c e t a t e  of J through oxidat ion (mCPBA), afforded dihydroxydiepoxide 53,  

Jones oxidat ion of which gave a b i c y c l i c  d ike tocor io l in  B model L6. 

The highly  oxygenated h i r su tano ids ,  c o r i o l i n s  (1).  i s o l a t e d  from Coriolus consors and studied 

by H .  Umezawa e t  al. '), have a t t r a c t e d  a t t e n t i o n  as ant icancer  agents .  A c h a r a c t e r i s t i c  

s t r u c t u r a l  f ea tu re  of c a r i o l i n s  is the presence of a densely oxygenated cyclopentanone r ing  

bearing two epoxide groups ( r ing  A). Previously we reported a t o t a l  synthesisZ) of a simpler 

h i r su tano id  h i r s u t i c  ac id  (2). which contains the same skele ton as c o r i o l i n s .  We should l i k e  to  

repor t  he re  s t e r e o s e l e c t i v e  syn thes i s  of properly funct ional ized A-B r i n g  models of c o r i o l i n s ,  

atartins from 5-methylbicyclo (3.3.0) oct-1-en-3-0"- (2) 3). 

2 c o r i o l  i n  A ;R=H,x=o,Y=<~~ 

l b  - c o r i o l  i n  B ; R = c o c ~ H ~ ~ , x = ~ ~ ~ . Y = ~ ~ ~  .H 

.OH l c  - c o r i o l i n  C ;R=CO(OH)C6H13,X=0,Y=..H 

Y l d  d i k e t d c o r i o l i n  B ;R=COC7HI5,X=O,Y=O - 

t T h i s  a r t i c l e  i s  dedicated t o  Professor  Hamao Umezawa an the  occasion of t h e  ce leb ra t ion  of h i s  

65th bi r thday.  



~ i m t ,  reg iose lec t ive  i n t r o d u c t i o n  of a C1 u n i t  a t  t he  C-4 p o s i t i o n  of 3  was a t tempted .  
n/ 

However, u s u a l  t r e a tmen t s  such as methyla t ion  wi th  MeIIt-BuOKlt-BuOH, hydroxymethylat ion wi th  

HCHOIbase, f a m y l a t i o n  w i th  HC02Et/base e t c .  r e s u l t e d  i n  t h e  main r e a c t i o n  a t  C-2. P r e l im ina ry  

deuterium exchange exper iments  (MeOD-MeONa, in an nmr sample t ube )  r evea l ed  t h a t  t h e  enone ;was 

r e a d i l y  conver ted  t o  a pen t adeu t e r i o  compound and t h e  deu t e r a t i on  occurred most r a p i d l y  a t  C-4. 

Methylat ion of ? w a s  t h e r e f o r e  c a r r i e d  o u t  under k i n e t i c a l l y  c o n t r o l l e d  cond i t i ons  (LDAITHFICH I1 
3 

0°C/25 mi") t o  g ive  5 i n  98% y i e l d  [ c ~ ~ H ~ ~ o ~ ) ;  L)(CHc13) 1690, 1630 cm-l; S5 )  1 . 0 4 ~ )  (3H, d ,  5=7, 

9Me), 1 . 1 6  (3H, s ,  lOMe), 2.27 (IH, q ,  J=7 ,  Cq-H), 5.69 (lH, t ,  J=l .2 ,  C2-H)]. Phenyl 

s e l eneny l a t i on7 )  of t h e  products  4  (LDA/THF/ SeBr/Oe- r t l 3 0  min, y=76X) fa l lowed by ox ida t i on  
C 

(30% H 0  ITHF-AcOHIO"CI40 min, quant . )  a f fo rded  enomethylene ketone k i n  74% o v e r a l l  y i e l d  2  2  

d ( n e a t )  1690, 1640, 1625 cm-I; 8 1.25 (3H, s ,  lOMe), 5.25 ( lH, s 8 ) ,  c ~ ( E ) - H ) ,  5.90 ( lH, 

3, C9(Z)-H), 5.96 (lH, m ,  c ~ - H ) J .  On t rea tment  with a l k a l i n e  H202 (30% H202/1N-NaOHIMeOHl-3501 

40 mi") 2 was conver ted  t o  (53%) and 3 ( l l % ) C ~ :  CloH1202; ~ ( M c ~ ~ I  1730, 1640 m-'; $1 .27  

(3H, s ,  lOMe), 3.40 (lH, s ,  C2-HI,  5.37 (lH, s ,  C9(E)-H), 6.10 ( lH,  s ,  C (2)-H). 5: d(CHc1 ) 9 3  

1730, 1630, 1090 cm-l, 8 1.19 (34 ,  s ,  IOMe), 2 .50  and 2.61 (2H, ABq, 5=12, (C -H ), 1.24 (3H, s ,  
2 2  

MeO-), 5.23 ( lH, s ,  C9(E)-HI, 6.03 (Dl, s ,  C 9 ( 2 ) - ~ ) ) .  Conf igura t ion  of the  epaxide  r i n g  of 2 as 

w e l l  as t h a t  of t he  methonyl group of 5 was deduced t o  be  B from the  analogy of t he  s i m i l a r  

ox ida t i on  r e a c t i o n  of 33) and r e l a t e d  h i r s u t i c  a c i d  i n t e rmed ia t e s2 ) ,  whjch a f fo rded  i n v a r i a b l y  8- 
IV 

epo r ide s  and 0-methoxy d e r i v a t i v e s .  Reduction of t h e  k e t o n e z  (NaBH4/EtOH/O0C) gave q u a n t i t a t i v e l )  
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8-a lcohol  2 ( 3 ( n e a t )  3400, 3060, 1665,  1115,  1090, 1060,  1015, 915, 895,  845 S 1 . 1 3  (3H. 6 ,  

10Me), 3.44 ( lH,  d ,  J=2 .19) ,  C2-H), 4.58 (lH, m ,  C3-H), 5 . 1 0  (lH, d ,  J = 2 . 4 ,  C9(E)-H), 5 . 3 1  ( lH,  d ,  

J=2 .2 ,  C (2)-H); 3 . 5 - d i n i t r o b e n m a t e ,  mp 124-5 ' ,  c ~ $ ~ ~ N ~ ~ ~ ] .  On e p o x i d a t i o n  of t h e  exomethylene 
9 

group of  9 ( ~ c P B A ~ ~ ) I c H ~ c ~ ~ / ~ ~ ) ,  two i s o m e r i c  d i e p o n i d e s ,  ga and l_la were o b t a i n e d  i n  a r a t i o  of  

2 : l  i n  74% y i e l d .  They were s e p a r a t e d  by chromatography as a c e t a t e s  and t h e  major  d i e p o x i d e  

a c e t a t e  1_0b was t r e a t e d  s u c c e s s i v e l y  w i t h  L ~ A I H ~ I T H F  and a c e t o n e  dimethylacetallpTs0HIDMF t o  g i v e  

a c e t o n i d e  2 ,  whose f o r m a t i o n  showed t h e  c o n f i g u r a t i o n  of t h e  s p i r o  e p o x i d e  group t o  be  8 - o r i e n t e d  

[ c ~ ~ H ~ ~ ~ ~ ;  L ) ( c H c ~ ~ )  3480, 1380,  1095,  1028, 950 m-'; $ 1 . 0 4  (3H,  s, lOMe), 1 . 3 7  (6H, s ,  Me2c<;), 

1 . 4 8  ( J H ,  s,  4Me), 1 . 9 8  (2H, d,  J = ~ . o ,  c ~ - H ~ ) ,  4 . 3 8  (IH, t ,  ~ = 3 . 0 ,  c -H) . The two i s o m e r i c  
3 

a l c o h o l s  1 0 a  and l_la were o b t a i n e d  p u r e  th rough  o x i d a t i o n  (CrO I ~ n l r t ,  good y i e l d )  o f  t h e  m i x t u r e ,  
P 3 

chromatographic s e p a r a t i o n  of  t h e  r e s u l t a n t  k e t o n e s  1_3 and 14 (1_3 : & e a t )  1760 0-l; S 1 . 0 2  (3H. 

s,  l o w ) ,  2.76 and 3.07 (2H, m q ,  J = 6 . 3 ,  C - H ~ ) ,  3.45 (IH, s ,  c ~ - H ) .  3 :  ( n e a t )  1760 cm-', 

8 1 . 1 3  (M, s, lOMe), 2 . 8 4  (2H, s ,  C -H ) ,  3.39 ( lH,  s ,  C 2 - ~ ) ]  and r e d u c t i o n  (NaBH41EtOHIO'C, each  9 2 

i n  90% y i e l d )  (9: ~ ( c H c ~ ~ ) ,  3440, 1115, 1090,  1068, 943,  905, 870,  840 S 0 . 8 5  (%, s ,  

lOMe), 2.64 (2H, s ,  C9-Hz), 3.45 ( lH,  d ,  J=1 .5 ,  C2-H), 4 .38  ( lH,  d ,  J=1.5, C3-H); 3,5-  

d i n i t r o b e n r o a t e ,  mp 1 2 8 - 9 " ,  C17H16N208.~20. I>: mp 93-5'; J(CHC13) 3460, 1115,  1085,  1050 ,  

1020,  990, 945,  835 cm-l; 6 1.00 (3H, s ,  lOMe), 2.63 and 2 . 9 3  (2H, ABq, J=5 .0 ,  C9-Hz), 3.51 ( lH,  

d,  J=2.5,  C2-H). 4.18 ( lH,  d ,  J=2 .5 ,  C -H)]. 
3  

Next ,  i n t r o d u c t i o n  of  a hydroxyl  group t o  r i n g  B was a t t e m p t e d .  For t h i s  purpose  e n d  

a c e t a t e  15  was p r e p a r e d  by  d i s t i l l i n g  o f f  t h e  formed a c e t o n e  from a s o l u t i o n  o f 3 i n  i s o p r a p e n y l  
..w 

a c e t a t e  i n  t h e  presence of pTsOH (30  h r ,  Ar atmosphere,  83% y i e l d ) <  $ ( n e a t )  3060, 1770,  1605 ,  

1585, 1370,  1210, 1190, 1135,  1010, 900, 875, 855 a-l; S ( C c 1 4 )  1 .04  (3H, s ,  10Me). 2.12 (3H, s ,  

AcO-), 1.70 and 2.30 (2H, ABq, J=15.6,  C4-Hz). 5 . 1 9  ( lH,  t ,  J=2 .5 ,  C2-H), 5 .95  ( lH,  m ,  c~-H)]. 

O x i d a t i o n  fo l lowed  by h y d r o l y s i s  ( 1 .  mCPBA/THF/NaHCO3l0'-,rt, 2 .  N a 2 m 3 a q l r e f l u x 1 2 0  h r )  

accomplished i n t r o d u c t i o n  of  a x - h y d r o x y l  g roup  i n  t h e  enone J. A m i x t u r e  of 1 3  and ,Q was 

o b t a i n e d  i n  70% y i e l d  ( r a t i o = 3 / 1 ) .  They were s e p a r a t e d  th rough  chromatography [% : L ) ( c H c ~ ~ )  

3450, 1710, 1635 S 1 . 1 9  (3H, s ,  lOMe), 2.35 (2H, s ,  C4-HZ), 5 .05  ( lH,  m ,  C8-H), 5 .95  ( lH,  d ,  

J=1.7, C2-H). 17: L)(CHC13) 3480, 1710,  1635 m-'; S 1 . 3 7  (3H, s ,  lOMe), 2.35 (2H, s ,  C4-H2). * 

5.05 ( l ~ ,  m ,  C8-HI, 5.89 (lH, s, C2-H); a n a l y z e d  as a c e t a t e ,  bp 95 100'13 mmHg, C H 0 ) 11 1 4  3 ' 

C o n f i g u r a t i o n  of  t h e  h y d r o x y l  group was d e t e m i n e d  by t h e  f o l l o w i n g  o b s e r v a t i o n s  i n  t h e  nmr 

s p e c t r a .  1 )  The s i g n a l  due t o  C2-H of  %a showed t h e  a l l y l i c  c o u p l i n g ,  w h i l e  t h a t  of  d i d  n o t .  

2) Decoupling e x p e r i m e n t s  showed t h a t  t h e  peak due t o  Cn-H of 1_6a coupled  w i t h  C7-HZ w i t h  J=9 .3  

and 4 .1  Hz. These c o u p l i n g  c o n s t a n t s  are w e l l  e x p l a i n e d  by assuming t h a t  C -H t a k e s  an a x i a l - l i k e  8 

o r i e n t a t i o n  and t h a t  t h e  s t e r e o s t r u c t u r e  o f  9 i s  e x p r e s s e d  by 16;. 3) The Me-signal o f  17 - 



2 b  - 
19 

RO-b:~.THP THPO - 

appeared a t  a f i e l d  lower by 0 .18  ppm than  t h a t  of 12a .  

I n t roduc t i on  of an exomethylene group a t  C of 2 was c a r r i e d  o u t  i n  a s i m i l a r  manner t o  t h a t  4 

de sc r i bed  above, u s i ng  a lHP-blocked a l c o h o l  s b .  Compounds g b ,  1 9  and $b were ob t a ined  i n  

79%, 57% and 77% y i e l d  r e s p e c t i v e l y  ($a: ))(neat)  3380, 1690, 1635 cm-'; ~ 1 . 0 7 ~ )  (3H, d,  J=7 .0 ,  

9Me), 1.19 (3, s, IOMe), 5.10 ( lH, m ,  C -HI, 5.94 (lH, d ,  J=1.7, C -H 3 .5-d in i t robenzoate ,  mp 
8 2 

131-2', C1,H16N207. 2 b :  d ( n e a t )  3080, 1705, 1650, 1628, 1125, 1075,  1025, 885, 875, 815 =ml, 
1.29 (3H, s,  lOMe), 5.10 ( lH, m ,  C8-HI, 5.28 (IH, s ,  C9(E)-H), 5.92 (lH, s, C9(Z)-H), 6.10 and 

6.25 ( t o t a l  lHl1), each d ,  P 1 . 9 ,  C2-H): 3 a :  3,5-d in i t robenzoate ,  mp 128-9', c ~ ~ H ~ ~ N ~ ~ ~ ) .  

The dienone 20b gave a monoepoxide g b  i n  60% y i e l d  on ox ida t i on  (30% H 2 0 2 / 1 N - N a O H / E t O H / - 3 0 7 l h ) .  -" 
Alcohol 2 [ g ( n e a t )  3440, 3060, 1665, 1125, 1080, 1023, 985, 945 5 1 . 1 7  (W, s ,  lOMe), 3.69 

and 3.83 ( t o t a l  1lI1l), each d, 5.2.5, C2-H), 4.47 ( lH, m, C3-H), 5.08 (I", d,  J 4 . 6 ,  C9(E)-H), 

5.31 (lH, d,  J=2.0,  c ~ ( z ) - H ) )  was ob t a ined  from Z_lb by NaBH4 r educ t i on  ( q u a n t i t a t i v e ) .  

Conf igura t ion  of t h e  newly formed hydroxyl group was d e t e w i n e d  by t h e  analogy t o  t h e  case o f ?  

(see above).  S t e r e o s e l e c t i v e  epox ida t i on  of 2 (t-BuM1H/VO(acac)2/C6H61reflux) gave a d iepoxide  

2 i n  74% y i e l d  as a s o l e  product  C))((31cl3) 3540, 1125, 1085, 1020,  980, 940, 895, 860 =rn-'; 2 

0.86 (3H, s, 10Me), 2.61 (2H, s,  C9-Hz), 3.70 and 3.82 ( t o t a l  d l ) ,  each d ,  5-2.2, C2-H), 4.40 
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Table Chemical S h i f t s  o f  lo-=, C9-HZ, and C2-H 

3-keto compound 3-hydroxyl compound 

"1 2$+/sa 2 b I g a  - 26/27 - $all& 2/28 
a 1 .02  1 .03  1.04 1.14 0.85 0.86 

A 
b 1 .13  1 .13  1.12 1.26 1 .00  1.02 

A Chemical s h i f t  o f  10-Me 

B Chemical s h i f t s  (and equiva lency)  of  C9-H2 

C Chemical s h i f t  of C2-H 

a 46.9-Epoxy compounds, 9, %a, 24b, g a ,  2, and $ 
b 4o,9-Epoxy compounds, u, 22a. s b ,  l l a ,  33, and Q 

(lH, m ,  c3-H)]. S tereochemica l  c o n t r o l  of t h e  epox ida t i on  o f  a l l y 1  a l c o h o l s  c a t a l y s e d  by vanadyl 

a ce ty l ace tona t e12 )  is w e l l  bown and comparison of t h e  nmr spectrum wi th  t hose  of and Ga 
c l e a r l y  i n d i c a t e d  the s p i r o  0-epoxide s t r u c t u r e  of  2 (Table) .  C o l l i n s  o x i d a t i o n  of 3 a f fo rded  

ke todiepoxide  z b  (72% y i e l d )  which was demasked t o  g i v e  24a i n  84% y i e l d  c3((CHC13) 3400, 1760, 

1110, 915 m - l ;  S 1.03 (3H, s ,  l o n e ) ,  2.77 and 3.09 (2H, ABq, 5.6.3, C9-HZ). 3.75 (lH, s ,  C2-H), 

4.65 ( H ,  dd, 5.8.5 and 4.4, C -H); 3 .5-d in i t robenzoate ,  mp 93-4O, Cl7Hl4N2o91. 
F i n a l l y  t h e  A,B 

8 

r i n g  model of  d i k e t o c o r i o l i n  B ' ~ ) ,  z, was q u a n t i t a t i v e l y  ob t a ined  by Jones ox ida t i on  of $a(?: 

0 (CliC13) 1765, 1100, 1080, 915, 890, 840 S 1.14 (3". s ,  lOMe), 2.92 and 3.16 (2H. ABq, J= 

6.5,  C -H ), 3.83 ( H ,  s ,  C -H)). I somer ic  d i k e t ~ d i e p o n i d e  27 was prepared by t he  same sequence 
9 2 2 

from diepoxide  g b  which i n  t u r n  was fu rn i shed  by hydrogen peroxide  t r e a tmen t  (30% H2021Na2W31 

aqTHF1 rtll h r )  of  z b  as a mixture  of  E b  and ?_5b (60% y i e l d ,  r a t i o ,  1 : l )  <2_7: mp 91-93'; 

3 ( a l C 1 3 )  1760, 1105, 1085, 915, 905 cm-I: s 1 . 2 6  (3H, s ,  lOMe), 2.96 and 3.02 (2H. ABq, 5=6.0, 

C9-HZ), 3.74 ( H ,  s, c2-H)). Comparison o f  t h e  nmr d a t a  i n d i c a t e s  t h a t  h e r e  a l s o  t h e  lO lne thy l  

group of 2 r e sona t e s  a t  a h i g h e r  f i e l d  than  t h a t  of ?_7 by 0.12 ppm. lhis d i f f e r e n c e  i n  chemical  

s h i f t s  i n v a r i a b l y  appeared i n  a l l  p a i r s  of  s t e r e o i s o m e r i c  4.9-epoxides so  f a r  examined (Table)  and 

i s  ve ry  u s e f u l  f o r  de t e rmina t i on  of t h e  s t e r eochemis t ry  o f  t he  epoxide group. The nmr s p l i t t i n g  

p a t t e r n  of t h e  methylene p ro tons  of t h e  4,9-spiro-eponide r i n g  is a t y p i c a l  AE q u a r t e t  i n  2.  
However, t h a t  i n  2 7  i s  approximate ly  A2 (60 MHz). These c h a r a c t e r i s t i c s  are s i m i l a r  t o  those  of 

2 and 9. ?he above d a t a  suppo r t  the s t e r e o s t r u c t u r e s  o f  t he  f i n a l  p roduc t s  2 6  and 3. These 

and o t h e r  u s e f u l  e m p i r i c a l  c o r r e l a t i o n s  between t he  nmr d a t a  and s t e r eoehemis t ry  of t he  4.9- 



e p o x i d e  r i n g  are summarized i n  Tab le .  
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