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Abstract-The complete structures of new tricyclic keto olefins 14a.b) - 
formed by cyclization-skeletal rearrangement of an eudesmanolide 11) with - 
phosphoryl chloride were established by spectroscopic and X-ray 

orystallographic analyses of an unusual diol 16a1, epoxy ketones 17a.b) - - 
and a,%-unsaturated ketones (8a.b). - 

In our contirruing investigation of the cyclization-rearrangement of 3-deoxy-4B. 

5m-hexahydro-I-)-a-santonin(1) as a representative eudesmanolide with hot phos- 
" 

phoryl chloride, we obtained an optically active tetracyclic ketone, (-1-2.5.9- 

trimethyltetracyclo [6.3.1.0~'~.0~'~~ Idodecan-11-one 1212 and a fragrant tricyclic - 
ketone, I+)-1B ,3a,6aH-4u,7~,1l-trimethyltricyclo[5.4.13~6.01r7]dodec-10-en-5-~ne 

( 3 )  . 3  We now describe the structure determination of new tricyclic ketones 14a.b). - " 

which were first isolated in a pure state using this reaction followed by a 

different after-treatment from that used in previous as well as their 

derivatives such as an unusual diol olefin (6a). epoxy ketones l!a,bl and a,B- - 
unsaturated ketones (8a.b). The dried sodio salt of the hydroxy acid prepared f m  - 



Fig.  1 Stereoview o f  6a 
" 

1 was hea ted  wi th  POC13 a s  A f t e r  t h e  r e a c t i o n  mixture was poured i n t o  - 
h o t  water,  a  dark v i o l e t  m a s s  p r e c i p i t a t e d  and was c o l l e c t e d  by washing it wi th  

. MeOH. A dark  colored o i l  obta ined by evaporat ion o f  t h e  combined MeOH s o l u t i o n  

w a s  subjected  to column chromatography on a s i l i c a  g e l  column employing a g r a d i e n t  

e l u t i o n  w i t h  n-hexane and e t h e r  t o  c o l l e c t  t h e  new ketones  (4a.b) (6.3%) 
" 

accompanying 3 12.0%) and 2 ( 1 . 7 % ) .  The main l i q u i d  product  was shown gc-ms 
" " 

spec t romet r i ca l ly  t o  be  a mixture of ketone isomers 14a:4b/70:30), b u t  no a t tempt  - - 
t o  sepa ra te  them using e i t h e r  usual  o r  h igh p ressu re  l i q u i d  chromatography w a s  

f r u i t f u l  i n  our  hands. A t t en t ion  was then d i r e c t e d  t o  t h e  chemical mod i f i ca t ion  

of the  ketones  f o r  e a s i e r  sepa ra t ion .  Reduction wi th  LiA1H4 i n  THF a t  ambient 

temperature ove rn igh t  gave an o i l y  mixture  o f  a l coho l s  (5a:5b/77:23) 145%) 4 - - 
t oge the r  wi th  an unusual c r y s t a l l i n e  d i o l  (6al Imp 133-134•‹Cl (4481,' whi le  NaBH4 - 
caused no r educ t ion  a t  a l l .  When t h e  a l coho l  p o r t i o n  except  6a was c a u t i o u s l y  - 
oxidized wi th  C o l l i n s  r eagen t ,  on ly  a s i n g l e  major unreacted  a l coho l  (5a)  w a s  

" 

separa ted  from t h e  ketones (4a .b ) .  The compound (5a)  was again  oxidized wi th  - 
Jones  r eagen t  t o  y i e l d  t h e  major ketone 14a) Imp 64-65'C) as  t h e  s o l e  product.  

6 - 
The a c e t y l a t i o n  o f  6a wi th  Ac20 and C H N a t  room temperature i n  t h e  absence o f  - 5 5 ,  

DMAP I5 days) and i n  its presence (5  h) gave monoacetate 16b) and d i a c e t a t e  I ~ c ) ,  - 
r e spec t ive ly .  The d i f f i c u l t y  i n  unequivocally determining t h e  conf igura t ion  of 

t h e  hydroxyl groups l e d  us t o  c a r r y  o u t  d i r e c t  X-ray c r y s t a l l o g r a p h i c  a n a l y s i s  

wi th  a s i n g l e  c r y s t a l  of 5a.  The c r y s t a l  d a t a  are as follows: ( C  H 0 ) x 2 ,  15 24 2 

orthorhombic, mw= 236, P212121, a= 18.925(9) ,  b= 19 .529(9 ) ,  c= 7.26514) A, U= 2685 

i3, Z= 8,  Dc= 1.168 g . ~ m - ~ .  The i n t e n s i t i e s  o f  1830 r e f l e c t i o n s  were measured 

wi th in  28= 130•‹. The c r y s t a l  s t r u c t u r e  was solved by t h e  d i r e c t  method'using 

MULTAN.7 Refinement by t h e  block-matrix l eas t - squa res  method y i e l d e d  t h e  f i n a l  R 

va lue  Of 0.096; wi thout  hydrogen atoms. The s teroview of t h e  molecular s t r u c t u r e  

o f  $a drawn by t h e  ORTEP program i s  i l l u s t r a t e d  i n  Fig.  1. The unusual formation - 
of  6a may presumably be a t t r i b u t e d  t o  t h e  autooxidat ion of t h e  r e l a t i v e l y  s t a b l e  - 
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enolate (6d) of the sterically hindered ketone 14.) on the basis of the 

observation that a small amount of 6a was obtained even in an oxygen free reaction - 
condition. 

On the other hand, a similar autooxidation was observed in the treatment of 4a,b 

with hot 15% NaOH for 8 h in an attempted epimerization.2 When the oily crude 

material obtained was subjected to silica gel column chromatography, successive 

elutions with petroleum ether and ether afforded In poor yield 2a.b and 8a.b. 

respectively. The compound (!a) (mp 91-93'C) was successfully separated from !b 

(mp 89-91•‹C) using a reversed phase HPLC technique.' !a: cd (n-hexane) [el (nm) 

+1982(max) (303). rd In-hexane) [ $ I  +872 (326)., 141 -2082 (276) [a= +29.51.. The 

separation of 8a and 8b was also achieved with H P L C . ~ ~  8a: mp 134-1359C, cd (MeOH) . - 
[8l(nm) +35897 (255). -15432 (315). rd (MeOH) [8l(nm) +39227 (268). -8406 (332) 

[a= -4761. 8b: mp 110 -lll•‹C, cd IMeOH) [el (nm) +37515 1256). -17097 (310). rd - 
(MeOH) [@I (nm) +45772 (269), -6539 (327) [a= -5231. Since no appreciable 

differences were seen between the spectral data of a pair of !a and !b as well as 

those of another pair of !a and 8b, both !a,b and 8a.b should be regarded as - 
epimeric pairs of identical configuration with respect to C(3) as shown in their 

foumulae. Epoxidation of the epimeric mixture of 4a.b with buffered MCPBA gave !a 

as the major product and !b as a minor one, while oxidation with Collins reagent 

(7a) - (8b) 

Fig. 2 Perspective views of !a and 8b 



yielded 8a as the major one and 8b as a minor one. Even though these chemical - - 
transformations confirm every structure of 7a,b and 8a.b assigned from the 

" - 
spectral data, a further rigorous foundation for the stereochemistry especially at 

C(3) was obtained by direct X-ray crystallographic analyses of 7a and 8b described - - 
below. Crystal data of 7a: C15H2202, mw 234.3, orthorhombic, space group P2 2 2 - 1 1 1' 

-3 "3 z= 4, Dc= 1.199 g.cm , a= 8.798(2), b= 18.929(41, c= 7.793(2) A ,  U= 1298.2 A . 
The intensities of 958 unique reflections out of 1278 theoretically possible ones 

within 28 angle of 130' were measured with the 2o(Il level. The crystal structure 

was also solved as described earlier (Rfinal = 0.0961. The crystal data of 8b: - 
C15HZ002, mw 232.3, monoclinic, space group PZ1, a= 10.860(7), b= 8.193(6), c= 

-3 3 7.133(61 A, 6= 92.49(11•‹, U=634.1 A , z= 2. Dc= 1.217 g.cm- . 910 Reflection 

(69< 28 '156'). Rfinal 0.087. Perspective views of molecular structures of 7.3 - 
and 8b are shown in Fig. 2. - 
In conclusion, the structure of the current tricyclic ketone (4a1, which has not - 
as yet been isolated in pure has now been unambiguously determined. The 

formulae of 4a and 4b including their absolute configurations, i.5. (+)-4aH-3a.76, - 
11- and (+) -4aH-36.78.11-trimethyltricyclo 15.4. 114.0171dodeca-10-en-2-one, are 

established on the basis of the complete structure of the epoxy derivative (7a1, 
" 

i.e. (+I -4aH-10a ,lla-epoxy-3a.78.11~-trimethyltricyclo15.4. lls4. 0~'~1dodecan-2-one - - 

deduced from the X-ray analysis and cd/rd determinations mentioned above. The 

absolute configuration of 7a can be determined by the strong positive cd and rd - 
Cotton effects consistent with that predicted from the octant sector diagram for 

7a. An unexpected minor oxidation product (8bl separated in the alkaline - - 
treatment after the reaction of 1 with POC13, that is, the Collins oxidation - 
product of 4a.b. revealed the 9-keto derivative of the minor epimeric ketone (4b) 

" - 
to be formulated as ( - )  -4a~-36,7~,ll-trimethytricyclol5.4.1~~~.0~~~]dodeca-l0-en- 

2,9-dione. Similarly the unusual olefin diol (6al is expressed as (-I-4aH-36.76, - 
ll-trimethyltricyclo 15.4. llr4. 01'7]dodeca-10-en-2~,3a-diol. In the equilibration 

under alkaline condition between the three pairs of epimers at C(31, 3a-methyl 

epimer i .e.  $a, :a and _8a always predominates over the corresponding 38-methyl 

ones, L . S .  4b. 7b and 8b. respectively. - - - 
Further studies on the autooxidation of 4a.b to the epoxy ketones (7a.b) and a,@- - 
unsaturated ketones (8a.b) is now in progress. The reaction mechanism for the 

" 

cyclization-skeletal rearrangement of the carbobicyclic lactone (11 % the 
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present tricyclic ketones (4a.b) to the tetracyclic ketone (2) will be reported in - 
comparison with the case of 3, which is the isomer of 4 possessing a different 

" - 
connection with respect to the C ring to be constructed on the B ring in the same 

A/B cis-octalin system with non-steroidal conformation. 

ACKNOWLEDGEMENTS 

The authors acknowledge in part a Grant-in-Aid for Scientific Research from the 

Ministry of Education, Science and Culture of Japan for this work. Our thanks 

are due to Miss S. Takei, Mr. K. Chiba and Dr. K. Ishii of the Joint Laboratory, 

school of Medicine, Keio University for the measurements of the ir and ms spectra 

REFERENCES AND NOTES 

1. Visiting Research Fellow of Keio University on leave from the Department of 

Chemistry, Udai Pratap Post Graduate College, Varanasi-221002, India. 

Present address: Departmint of Chimistry, University of British Columbia, 

Canada. 

2. S. Inayama. A. K. Singh, T. Kawamata, and Y. Iitaka, Tetrahedron Lett., 1979, 

1125. 

3. S. Inayama, A. K. Singh, T. Kawamata, T. Hirose, and Y. Iitaka, Chemistry 

Lett., 1979, 1219. - 

4. 'H-nmr signal of C(2)-H in 5a and 5b appeared at 4.03 and 3.73 ppm as a 
" - 

doublet with spacing of 5 Hz, respectively. 

5. 'a-nmr signal at 1.54 ppm (2H. OH x 2, disappeared with the addition of D20) 

+ and CI (NH3)-ms ion peak of M 236 suggests the presence of two hydroxyl 

groups. 

6. All new compounds exhibited satisfactory analytical and spectroscopic data 

(W,  ir, 'H- and 13c-nmr, rd and cd) consistent with the proposed structures. 

7. G. Germain, P. Main, and M. M. Woolfson, Acta Crystallogr., 1971, A27, 368. - 
8. I. A. Kaye, M. Fieser, and L. F. Fieser, 3. Am. Chem. Soc., 1955, 2,  5936. 
9. ~Bondapak C18, CH3CN/H20(7/3), 1 ml/min, RI, Rt: 7a. 2.6 min; - 7b. 5.8 min. 
10. ~Porasil, CHC13/n-hexane(7/3), 1 ml/min, RI, Rt: - 8a. 9.4 min; - 8b, 9.8 min. 
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