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gaaaaaEa:

This th e s is  describes the in v estig a tio n  o f  two p o ssib le  

syn th etic  routes to 3-Biethoxy-6<£-carbomethoxy~l6-oxogibb~A- 

tr ie n e  ( I ) ,  an interm ediate o f  p o te n tia l s ig n if ica n ce  in the 

sy n th esis  o f  the p lant hormone g ib b e re llin  A^,

The f i r s t  syn th etic  route required the preparation o f  

a su b stitu ted  indanone which was eventu ally  achieved v ia  

a hydrofluorenone interm ediate. E laboration o f  th is  indanone 

to 3-m ethoxy-6oo-carbom ethoxy-I2,l6-dioxogibb-I,3 ,5 (1 0 ) ,9 -  

tetraen e was accomplished, but the f in a l  step  in th is  approach, 

hydrogenation o f the la t t e r  compound to g ive the required  

k e to -e s te r  ( I ) ,  could be e ffec te d  only in  low y ie ld . In the 

course o f  th is  in v estig a tio n  a novel one-step  conversion o f  

a cyclohexene oxide to a trans 7 ,9 -d io x a b icy c lo (lf.3*0)nonane 

was e ffe c te d .

The second sy n th etic  approach to the interm ediate (I )  

involved  elaboration  o f a b icy c lo (3*2 .l)octan on e , but lack  

o f  time did not permit the more d eta iled  study which th is  

approach required* "
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Summary

This th e s is  describes the in v e s t ig a t io n  o f  two p o ssib le  

syn th etic  routes to 3-methoxy-6aC-carbomethoxy-l6-oxogibb-A- 

tr ien e  ( I ) ,  an interm ediate o f  p o te n tia l s ig n if ic a n c e  in the 

syn th esis  o f  the p lant hormone g ib b e r e llin  A^.

The f i r s t  s y n th e t i c  rou te  r eq u i red  the p re p a ra t io n  o f  

a s u b s t i t u t e d  indanone which was ev e n tu a l ly  achieved v ia  

a hydrofluorenone in te rm e d ia te .  E la b o ra t io n  o f  t h i s  indanone 

to 3-niethoxy-6cC-carbomethoxy-I2,l6-dioxogibb-I,3* 5(10) *9- 

t e t r a e n e  was accomplished, but the f i n a l  s tep  in  t h i s  approach, 

hydrogenation o f  the l a t t e r  compound to give the r eq u i red  

k e t o - e s t e r  ( I ) ,  could be e f f e c t e d  only in  low y i e l d .  In the 

course o f  t h i s  i n v e s t i g a t i o n  a novel  one -s tep  conversion of 

a cyclohexene oxide to a t r a n s  7 ,9 -d io x ab ic y c lo (1f .3 .0)nonane 

was e f f e c t e d .

The second sy n th etic  approach to the interm ediate (I )  

involved  elaboration  o f a b ic y c lo ( 3 .2 .1 )octanone, but lack  

o f  time did not permit the more d eta iled  study which th is
I

apprdach required*
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Intr.Q.duq.t i Qn,.

’’Chemists in  far flung la b o ra to r ies have undertaken 

the formidable task of reproducing g ib b e r e llic  acid  and 

re la ted  stru ctures by chem ical sy n th es is . The r e su lt  o f  

th e ir  e f fo r t  to date has been an almost unprecedented 

outpouring of ingenious sy n th etic  designs and h ighly  

o r ig in a l new sy n th etic  methods."

E.J.  Corey 1971.

The g i b b e r e l l i n s  were d iscovered  as a r e s u l t  of  s tu d ie s  

by Japanese s c i e n t i s t s  i n to  a s o i l  borne d isease  o f  r i c e ,  the 

Bakanae d i s e a s e ,  caused by the fungus g ib b e r e l l a  f u j i k o r o i .

I t  was in  1939 t h a t  Yabuta and Hayashi*1' f i r s t  i s o l a t e d  a 

c r y s t a l l i n e  p la n t  growth r e g u la t in g  substance from c e l l - f r e e  

e x t r a c t s  of the fungus and fo r  which they coined the name 

g ib b e re l l in *  U n t i l  195*+ almost a l l  p u b l ic a t io n s  on the 

g i b b e r e l l i n s  were Japanese;  access to the numerous e a r ly  

Japanese papers  has been g r e a t l y  s im p l i f i e d  by the p u b l ic a t io n  

by S todo la^  of  h i s  " Source book on g i b b e r e l l i n ,  1828-1957 n•

The g i b b e r e l l i n s ,  which are  d i te rp e n o id  a c id s ,  are  

endogenous p la n t  hormones a s s o c ia te d  w ith  the  r e g u la t io n  

of p la n t  growth-^ and can be d iv ided  in to  two groups, namely 

C2 0 ~ (I )  and C j y - ( 2 )  g i b b e r e l l i n s .  The s t r u c t u r e  and abso lu te  

s te re o ch em is t ry  of g i b b e r e l l i c  a c id  ( g i b b e r e l l i n  A^) (3) was 

f i n a l l y  e s t a b l i s h e d  in  Glasgow by X-ray s t r u c t u r e  a n a ly s i s



U)
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Ll
and c i r c u l a r  d ichroism measurements.  The s t r u c t u r e s  of the 

o th e r  g ib b e r e l l i n s  ( of  -which about f o r t y  are  known a t  

p re se n t  ) have been determined by in te rc o n v e r s io n  and 

c o r r e l a t i o n  -with the ac id  (3)5  i t s  d e r iv a t iv e s  and 

degrada t ion  p ro d u c ts .
i

| G ib b e re l l in s  have been named and numbered according to

two d i f f e r e n t  conven t ions .  F i r s t l y ,  nomenclature may be

based on the hydrocarbon gibbane^ numbered as shown in (*f).

This has been the system used u n t i l  r e c e n t ly  when support

has been found fo r  the second system, d i te rp e n e  nomenclature.
£

This l a t t e r  convention i s  based on the h y p o th e t i c a l

d i te rp e n e  g ib b e re l lan e  ( ? ) ,  w ith  the numbering as shown.

Although d i te rp en e  numbering of g i b b e r e l l i n s  m ain ta ins  the
7

cons is tency  w ith  o th e r  p o ly c y c l ic  te rp e n o id  s y s t e m s ' , the 

use of  g ib b e re l lan e  nomenclature i s  o f te n  clumsy and unwieldy 

e s p e c i a l l y  f o r  s y n th e t ic  in te rm ed ia te s  which la ck  Cn,

CI 8 ’ CI9 C20 carbon atoms. In t h i s  t h e s i s  gibhane

nomenclature and g ib b e re l lan e  numbering w i l l  be used.

Since the e a r l y  I9 6 0 !s a v as t  amount of re sea rch  has
8

been d i r e c te d  towards the la b o ra to ry  sy n th e s is  of g i b b e r e l l i n s .  

This has been motivated  by the p o t e n t i a l  commercial v i a b i l i t y  

of any syn thes is  due to t h e i r  remarkable b io lo g i c a l  a c t i v i t y  

and the sy n th e t ic  cha l lenge of  being able to reproduce in  

the la b o ra to ry  such a s t r u c t u r a l l y  and s te reo ch e m ica l ly  

complex a r r a y  of  f u n c t i o n a l i t y  ( e g .  g i b b e r e l l i c  ac id  (3 ) )•

This in t ro d u c t io n  w i l l  d iscu ss  the  sy n th es is  of 

g i b b e r e l l i n s  and r e l a t e d  synthons. The b io sy n th es is  has been 

comprehensively reviewed by McMillan^and i s  not  descr ibed  here .
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Syn the t ic  approaches to the  g i b b e r e l l i n s  can conven ien t ly  

be d escr ibed  under th ree  main headings s

(a)  Cons truc t ion  o f  the r ing  A system.

(b) C ons truc t ion  o f  the b ic y c lo ( 3 . 2 . 1 )octane CD r ing  

system.

(c)  The sy n th e s is  of  hyd ro f luo renes .

(a) C ons truc t ion  o f  the r i ng_A system.

In I 96 I  Mori was engaged in  s tu d ie s  concerning the

s t r u c t u r e  of  r ing  A of g i b b e r e l l i c  a c i d ^ ( 3 ) »  His approach,

which was r a t h e r  in e le g a n t  i f  e f f e c t i v e ,  was to  sy n th es ise

a s e r i e s  o f  and £ l a c to n e s .  He prepared  t h i r t e e n  in  a l l ,

one of which, (6 ) ,  turned  out to be the C-3 epimer o f  r ing

A of  g i b b e r e l l i n  A^ ( 7 ) .  Moffat? using a somewhat s im i la r

s y n th e t i c  approach, prepared  the r ing  A analogue of

g i b b e r e l l i n  A  ̂ (7) and showed th a t  i t  was epimerised to (6)

by aqueous a l k a l i .  S imilar  behaviour has been observed in

the g ib b e r e l l i n s '1'0 and probably occurs by a r e t r o - a l d o l  
I Imechanism .

12Loewenthal, s t a r t i n g  from the ac id  (8 ) ,  has 

c o n s t ru c ted  a more u s e fu l  model, (9 ) ,  of  r in g  A of

g i b b e r e l l i c  ac id  (3 ) by the sequence ( 8 ---->10---->11---- > 9

al though a s im i la r  sequence s t a r t i n g  from the indane (12) 

might have been even more u s e f u l .

13
Dolby has co n s t ru c ted  the r in g  A analogues o f  both
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g i b b e r e l l i c  ac id  (3) and g i b b e r e l l i n  (7) by using an 

a l d o l  c y c l i s a t i o n  procedure suggested by the known C-3 

hydroxyl ep im er isa t ion*0 . The r e a d i ly  prepared  lac tones  

(13) and ( I 1*-) were c y c l i s e d  using potassium i -b u to x id e  as 

reagent  to give the a lcoho ls  (I5a)  and (I5b) r e s p e c t i v e l y .

The req u i red  a x i a l  a lcoho ls  were produced by ox ida t ion  to  

the corresponding ketones and s t e r e o s e l e c t i v e  reduct ion  

using aluminium i s o -propoxide .  Although t h i s  method i s  

an i n t e r e s t i n g  study in  sy n th e t ic  d es ign ,  i t s  use in  the t o t a l  

sy n th e s is  of g i b b e r e l l i n s  would p resen t  problems.

Ghatak"1*  ̂ has prepared  the  lac tone  (16) by a p p l i c a t io n  

of the sequence (17— >-18— > 1 9 — ^ 1 6 ) ,  but again  i t  i s  

p o ss ib le  to see d i f f i c u l t i e s  which would a r i s e  i f  t h i s  

procedure were app l ied  to a t o t a l  syn thesis*

Probably the most promising approach i s  t h a t  which 

C o r e y ^  has r e c e n t ly  d esc r ib ed .  The key s tep  was the 

in t ram o lec u la r  D ie ls -A lde r  c y c l i s a t i o n  of the r e a d i ly  

prepared diene e s t e r  (20) to form the lac tone  (21) which 

was a lk y la t e d  to (22) .  Hydrolysis  of  the lac tone  func t ion  

and ox ida t ion  gave the e s t e r - a c i d  (2 3 ) a f t e r  s e l e c t iv e  

m ethy la t ion  v i a  an iodo lac tone  in te rm e d ia te .

The t r i e n e  ac id  (2h0, of which (2 3 ) i s  the r ing  AB 

analogue, was p rev io u s ly  e lab o ra ted  to  methyl g i b b e r e l l a t e  

(3} methyl e s t e r )  by r e g io s e l e c t iv e  o x id a t io n  w ith  m-chloro- 

perbenzoic ac id  to g ive ,  a f t e r  s a p o n i f i c a t io n  and iodine 

t rea tm en t ,  the lac tone  (2 5 ) .  Conversion of the l a t t e r  to
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the  d e s i re d  product was achieved by (a)  t r i f l u o r o a c e t y l a t i o n ,

(b) e l im enat ion  w ith  zinc dust  and (c)  d e t r i f l u o r o a c e t y l a t i o n  

w ith  aqueous sodium b ica rb o n a te .

(b ) Cons truc t ion  of the bicvclo  ( 3 . 2 . l )oct ,ane CD_rlng_ 

system.

(I) Acid catalysed cvclisations.

T T  7Loewenthal and Raphael ( independent ly  syn thes ised

gibberone (2 6 ),  a degrada t ion  product of g i b b e r e l l i c  ac id

(3 )? by the an n e la t io n  of a s u i t a b l y  s u b s t i t u t e d  indanone

to give the t r i c y c l i c  ac id  (27) .  This ac id  was t r e a t e d

w ith  boron t r i f l u o r i d e - a c e t i c  ac id  to c lose  r ing  D by

cyclodehydra t ion .  The l a s t  s tep  in  t h i s  sequence has been 
T Rimproved upon by using n a p h th a len e - I - su lp h o n ic  ac id  and

has found use in  subsequent syntheses  using the  same approach , ^

n o ta b ly  Loewenthal’s sy n th e s is  of the d ia c id  (28) of
19(c)u n n a tu ra l  s te reochem is t ry  a t  the BC r in g  ju n c t io n .

In an at tempt to mimic the known b io g e n is i s  of  the CD 

r ing  system, Dolby and Iwomoto2^ t r e a t e d  the diene (2 9 ) with

ac id  under a v a r i e t y  of  c o n d i t io n s .  Although (2 9 ) bears a
21formal r e l a t i o n s h i p  to the labdane b iogene t ic  p recu rso r  (3 0 ) 

of  g i b b e r e l l i c  ac id  ( 3 ) 5  the product was in v a r i a b ly  an 

i n t r a c t a b l e  o i l  comprising more than a dozen components.

At t h i s  po in t  mention might be made of  the e f f i c i e n t
22method by which I r e l a n d  transformed the k e t o - a c e t a l  (31) 

in to  hibaene (3 2 ) .  (3 1 ) Was e lab o ra te d  v ia  a s e r i e s  of

high y ie ld  r e a c t io n s  to the a l l y l i c  a lcoho l  (33) which
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co n ta in s  the CD r ing  system of  g i b b e r e l l i c  ac id  (3 ) .  This 

a lco h o l  was rearranged  in  ac id  s o lu t io n  to  the ketone (3^) 

by analogy w ith  the w e l l  e s t a b l i s h e d  g i b b e r e l l i c  ac id

( 3 ) -g ib b e r i c  ac id (35)  t r an s fo rm a t io n .  The f i n a l  conversion to 

hibaene (3 2 ) was e f f e c t e d  by reduc t ion  of the ketone 

fu n c t io n  and dehydrat ion  v ia  the der ived  t o s y l a t e .

An i n t e r e s t i n g  approach has been the c y c l i s a t i o n  of
2 ̂  2^u n sa tu ra ted  diazoketones which Ghatak and Mander J have

a t tem pted .  Both of  these  workers independent ly  prepared

the k e t o - o l e f i n  (36) from the d iazoketone (37) by ac id
2 8t rea tm en t .  Ghatak has a l so  s tu d ie d  the s te reochem is try

of  hydrogenation of the cyclopropanes and o l e f i n s  produced

from such ke to -carbeno id  a d d i t i o n s .  In genera l  the A 9’11
gibbenes produced from ac id  c a ta ly sed  c y c l i s a t i o n s  are

hydrogenated to the unnatural configuration  at C-9 unless
I9d

a s u i t a b ly  o r ie n te d  C-6 s u b s t i t u e n t  i s  p r e s e n t ,  a l though
26exceptions  have been no ted .

By a novel  procedure ,  Wiesner2*'7 c y c l i s e d  the un sa tu ra ted  

k e t o - a c e t a l  (3 8 ) by hea t ing  in  80$ a c e t i c  ac id  to  give a 

mixture of  t r i c y c l i c  epimers (39) in  high y i e ld .

(2) Base, ̂ _a t  a lysed  c v c l i  sa t  io n s .

The CD r ing  analogue (MD) of g i b b e r e l l i n  A-̂  (3 ) was
28prepared by S to rk  by red u c t iv e  c y c l i s a t i o n  of  the a c e ty le n ic

pa
ketone 7 ( h i )  using potassium in  l i q u i d  ammonia/tetrahydro- 

fu ra n .
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Another rou te  to  the  bridgehead hydroxylated b i c l o (3*2 .1)-  

octane system has been descr ibed  by H oused  in  h is  

sy n th e s i s  of  e p i a l l o g ib b e r i c  ac id  (^2 ) .  Base ca ta ly sed  

c y c l i s a t i o n  of the d iketosulphone 0*3) followed by a 

procedure involv ing  reduc t ion  w ith  aluminium amalgam in  

water  gave the req u i red  product (¥*) a f t e r  m e thy la t ion .

In t h i s  case the ketone fu n c t io n  i s  in  an u n su i tab le  p o s i t io n  

and was converted to (*+5) before e l a b o ra t io n  to (*+2).

In her sy n th e s is  of the gibbane (^6) Gerber 31 used

a Dieckmann c y c l i s a t i o n  to c o n s t ru c t  the CD r ing  system,

C *+7“—^*+8 ) .  This approach has r e c e n t ly  been taken up 
uby BakerJ and used to good e f f e c t  in  h is  sy n th es is  of the 

advanced g i b b e r e l l i n  synthon (^9)*

3 3The hydroxy-ketone (JO) was prepared  by Corey from 

the bromodiketone ( 5 1 ) using d i -n -b u ty lco p p e r  l i th iu m  in  

e th e r  a t  -50° .  A s im i la r  c y c l i s a t i o n  of (52) v ia  an i n t r a -
3lf

molecular  Grignard r e a c t io n  c a r r i e d  out by Z ieg le r  was 

u n su ccess fu l ,  a l though he ob ta ined  the t e t r a c y c l i c  compound 

(5^) from (53) by an i n t e r n a l  Reformatsky r e a c t io n  a f t e r  

quenching the r e a c t io n  mixture w ith  a c e t i c  anhydride .
i

In h is  t o t a l  sy n th es is  of g ib b e r e l l i n  Aj j , Nagata^? 

e f f e c t e d  the r ing  D c lo su re  of the complex synthon (55) to 

give (56) by using p y r ro l id in e  in  methanol/N-methyl-  

pyrro l idone  followed by ac id  h y d ro ly s i s .

(3) Rad ica l -an ion  c v c l i s a t i o n s .

3 6Cook-5 has used an acy lo in  condensation to c o n s t ru c t



(57) (58)

(59)

•OH

OH

(60)

— OH

'OH

(61)
CO,Me C02H

(62)

H

(63)

(65)

(64)

IH

OH

( 66 )



- 8 -

!
ii

the b ic y c lo (3*2 .1)octane system in  h is  syn thes is  of  s t e v i o l

(57)# The k e t o - e s t e r  (5$) was converted to the d i o l  (59) 

under c a r e f u l ly  c o n t ro l l e d  cond i t ions  using sodium in  

l i q u i d  ammonia/te trahydrofuran.

A method descr ibed  by Corey-^ involved a p inaco l

type c y c l i s a t i o n .  The keto-a ldehyde (60) was t r e a t e d  with

magnesium amalgam and d im e th y ld ich lo ro s i lan e  in t e t r a h y d ro -

fu ran  to give the d i o l  (6 l )  a f t e r  d e s i l y l a t i o n .  The success

of the method r e l i e s  upon the t rapp ing  of the in te rm ed ia te

as i t s  s i l y l  e t h e r .  This approach could w el l  have genera l

a p p l i c a t io n  and Corey’s group are  a l ready  applying i t  to
3 7a p ro je c te d  t o t a l  sy n th e s is  of g ib b e r e l l i c  a c id J /  (3) .

A method of transforming a t r a n s  fused BC r ing  system 

in to  a c i s  fused BCD r in g  system has been demonstrated by 

M o r i ^ .  The k e to -a c id  (6 2 ) was r e a d i ly  converted to the 

b i c y c lo ( 2 . 2 . 2 )octane d e r iv a t iv e  (6 3 ) which was sub jec ted  to 

p in aco l  reduc t ion  cond i t ions  y ie ld in g  the c i s  fused CD r ing  

gibbane (6h0. A precedent f o r  t h i s  r e a c t io n  was the 

observa t ion*^  th a t  the p in aco l  reduc t ion  of the diketone 

( 6 5 ) gave k e t o l  (66) .

(c) The syn thes is  of hvd ro f luo renes .

An obvious rou te  to  the gibbane ske le ton  (*+) l i e s  in  

the p rep a ra t io n  of hydrofluorenes which are s u i t a b ly  

fu n c t io n a l i s e d  fo r  conversion to t e t r a c y c l i c  synthons by 

the methods d iscussed  above. Examples of  such hydrofluorenes

are  (2 7 ),  (37),  ( W ,  (>+3), (52),  (53) and ( 6 2 ).
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In  a s e r i e s  of  papers i n v e s t ig a t in g  ro u te s  to the 

g ib b e r e l l i n s  and r e l a t e d  compounds, H ouse^  has syn thesised  

e p i a l l o g ib b e r i c  ac id  (^2) using t h i s  approach. D ie ls -A lder  

a d d i t io n  of the d i e s t e r  (6 7 ) to butadiene gave the c i s  

fused  hydrofluorene (68).  Treatment of the der ived  d ia c id  

with iodine in  aqueous sodium b icarbonate  gave the iodo- 

lac tone  (6 9 ) which was reduced to the dehalogeno compound 

(70) w ith  t r i - r i - b u t y l t i n  hydr ide .  Treatment w ith  d imethyl-  

sulphone anion followed by o x id a t io n  gave the diketosulphone 

(^3) which was converted to e p i a l l o g ib b e r i c  ac id  (**2) as 

d escr ibed  e a r l i e r .

L_o
A l im i t i n g  f a c t o r  in  t h i s  procedure was found to be 

t h a t  a s u b s t i t u e n t  a t  C-7 of the d ieneoph i le  ( 6 7 ) i s  

req u i red  to prevent  thermal isomerism to the l e s s  s t a b le  

compound before D ie ls -A lde r  a d d i t io n  takes p lace .

In a study of the 7-methoxyhexahydrofluorene system, 

House d esc r ibes  an e legan t  syn thes is  of the d ia c id  ( 7 1 ) ^

The known ketone (72) was converted to the corresponding 

a lco h o l  which was r e g i o s e l e c t i v e l y  carboxylated  using 

j l -b u ty l l i th iu m ,  sodium t_-butoxide and carbon dioxide 

y ie ld in g  the ac id  (73).  Dehydration, ca rboxy la t ion  w i th  

methyl l i th iu m  and carbon d iox ide ,  and hydrogenation gave 

the d ia c id  (71 )• A s im i la r  sequence by B a k e r ^ ^ )  

been su c ce s s fu l  when app l ied  to the gibbane (7*+) to give

0*9).

1+2In a novel procedure ,  Jackman photolysed the a n i s o y l -  

cyclohexene (7 5 ) to an epimeric mixture of  ac ids  (7 6 ) in
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n e a r ly  q u a n t i t a t i v e  y i e l d .

Using the hydrofluorene approach, N a k a n i s h i ^  prepared

the lac tone  (77) which he desc r ib es  as a promising

in te rm ed ia te  in  the syn thes is  of C-I9 g i b b e r e l l i n s ."

D ie ls -A lde r  a d d i t io n  of the d ienophile  (7 8 ) to the diene

(79) followed by h y d ro ly s is ,  decarboxy la t ion  and dehydrat ion

gave the anhydride (80) ,  Treatment of t h i s  l a t t e r  compound

w ith  aluminium ch lo r id e  gave the hydrofluorenone (81)

e a s i l y  converted to (77) w ith  p.-nitro  ben zoic ac id  followed
kb.by a c e t y l a t i o n .  This approach has been r e c e n t ly  extended 

to produce the r ing  B ca rboxyl ic  ac id  (82).

K i t a h a r a ^  chose a novel approach to t h i s  problem in 

h is  sy n th es is  of the hydrofluorene (8 3 ) .  The k e t o - d i e s t e r  

(8V), prepared by a D ie ls -A lde r  r e a c t io n ,  was cy c l i s e d  to

(8 3 ) in  80/*> y ie ld  using boron t r i f l u o r i d e  e t h e r a t e .  

oh.
Z ieg ler^  has used an e f f i c i e n t  method fo r  the 

p re p a ra t io n  of the diketone (8 5 ) by condensing p.-methoxy- 

phenylpyruvic ac id  w ith  methyl v in y l  ketone to give the 

ac id  (86) in  high y i e l d .  Dehydration,  reduct ion  with zinc 

in  a c e t i c  ac id  and f i n a l l y  ac id  ca ta ly sed  cyc lodehydrat ion  

gave the d es i red  d iketone (8 5 ).

By f a r  the most p r o l i f i c  group engaged in  the 

syn thes is  of  g i b b e r e l l i n s  has been the Japanese group 

headed by Mori, Matsui and Sumiki. In an almost 

u n in te rup ted  s e r i e s  of p u b l ic a t io n s  s ince  Yabuta and 

Hayashi f i r s t  i s o l a t e d  a c r y s t a l l i n e  g ib b e re l l in ^  these 

workers have syn thes ised  a wide v a r i e t y  of hydrofluorene
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h6d e r i v a t i v e s ,

b7As w el l  as the hydrofluorene approach, Mori has 

employed a sequence involv ing r ing  co n t ra c t io n  o f  a 

hydrophenanthrene d e r i v a t i v e .  The o l e f i n  (8 7 ) was prepared 

by a r a th e r  lengthy procedure and ozonised using a r educ t ive  

work up. The r e s u l t i n g  keto-a ldehyde underwent a ld o l  

c y c l i s a t i o n  to give the gibbane compound (88),

kSIn I 968 the Japanese group repo r ted  - the t o t a l  syn thes is  

of  g ib b e r e l l i n s  A2 (8 9 ) ,  Â_ (7 ), A  ̂ (9 0 ) and A ^  (9 1 ) from 

o-xy lene .  The s y n th e t ic  rou te  involved f iv e  separa te  s tages  

and was achieved by c o r r e l a t i o n  w ith  a v a r i e t y  of degrada t ion  

products  of  g ib b e r e l l i c  ac id  which were used as r e la y  

compounds. Although these  t o t a l  syntheses  e s t a b l i s h  the 

s t r u c t u r e s  of these  g ib b e r e l l i n s  on a chemical b a s i s ,  the 

sy n th e t ic  l a b y r in th  by which they were achieved combined 

w ith  t h e i r  in c a lc u la b ly  small  o v e r a l l  y ie ld s  renders  them 

of no p r a c t i c a l  value and of doub tfu l  sy n th e t ic  importance. 

Also, X-ray c r y s t a l  s t r u c t u r e  an a ly s i s  i s  c u r r e n t ly  such 

a r e l i a b l e  technique th a t  s t r u c t u r e  de term inat ion  of 

complex molecules by chemical syn thes is  i s  no longer  a 

p r a c t i c a b l e  method. I t  i s  f o r  these  reasons th a t  the t o t a l  

sy n th e s is  of  g i b b e r e l l i n s  i s  not  d iscussed  here a t  l e n g th .

The f i r s t  s tage  in  the  t o t a l  syn thes is  was the 

conversion of o-xylene in to  e p ig ib b e r ic  ac id  ( 9 2 ) in  a twenty- 

one stage sequenced  Ep ig ibber ic  a c id ,  which was a v a i la b le  

as a degrada tion  product of g i b b e r e l l i c  a c id ,  was then 

e lab o ra te d  to the d i k e t o - e s t e r  (9 3 ) in  a f iv e  s tep  procedure
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followed by s e p a ra t io n  of the epimeric  p ro d u c ts .  This

e s t e r  was shown to be i d e n t i c a l  to  a new degrada t ion  product
L8obta ined  from g i b b e r e l l i c  ac id  and served as the f i r s t

r e l a y  compound. Transformation of (93) in to  the dienone (9^)

v/as achieved in  ten  s teps  using a bromination-dehydro-

bromination procedure .  The p a r t i a l  sy n th es is  of  g ib b e r e l l i n

C (95) from (9*+) had been descr ibed  by M o r i^  and the

conversion of g i b b e r e l l i n  C to g ib b e r e l l i n  Â_ (7) had a lso
51been rep o r ted  by Cross .  This then c o n s t i t u t e d  a formal 

t o t a l  sy n th e s is  of g i b b e r e l l i n  Â_ which had i t s e l f  been 

transformed in to  g i b b e r e l l i n s  A2 ^  (89)5  A  ̂ 53 (9 0 ) and 

AI 0  ^  ( 9 x ) .

Apart from any commercial co n s id e ra t io n s  the a v a i l a b i l i t y  

of u se fu l  amounts of s y n th e t ic  g ib b e r e l l i n s  and t h e i r  

d e r iv a t iv e s  could lead  to  a g r e a t e r  understanding of 

s t r u c t u r e - a c t i v i t y  r e l a t i o n s h ip s  in  these  compounds, 

poss ib ly  by s e l e c t iv e  la b e l in g  techniques ( e .g .  ^ifC, ^H);

t h i s  in  tu rn  could f a c i l i t a t e  the des ign of l e s s  complex 

s t r u c t u r e s  w ith  s im i l a r  b io lo g ic a l  a c t i v i t y .

This t h e s i s  i n v e s t ig a t e s  two p o ss ib le  rou tes  to a

p o t e n t i a l l y  u s e fu l  g i b b e r e l l i n  synthon. The o b je c t iv e s)
of the p r o je c t  were as fo l low s:

(a) The e f f i c i e n t  sy n th es is  of the indanone (9 6 ) .

(b) The conversion of ( 9 6 ) in to  the gibbane (97) and the

reduc t ion  of ( 9 7 ) to the k e t o - e s t e r  (9 8 ) .

(c) The e lab o ra t io n  of the known b ic y c lo ( 3 .2 . I ) o c t a n e

d e r iv a t iv e  ( 9 9 ) to the k e t o - e s t e r  (9 8 ) .
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M SC,USS-10IU

The total synthesis of gibberellin (I) presents the 
organic chemist with a formidable challenge. This complex 
molecule contains four different functional groups and 
eight centres of chirality in its tetracyclic carbon 
framework. In addition, the gibberellins are known to be 
labile to a variety of reaction conditions; this is especially 
true of the functionality in ring A and is borne out by the 
extensive literature on the degradative work which was used 
to determine the structures of the gibberellins^ From the 
foregoing introduction it is apparent that a number of 
research groups have directed their efforts to gibberellin 
synthesis, but so far a useful total synthesis has been 
elusive. The general approach to date has been twofold,
a) the preparation of suitably functionalised gibbanes and
b) synthesis and elaboration of ring AB and ring CD model 
compounds to give analogues of the actual structure and 
stereochemistry found in the gibberellins. Application of 
these combined sequences should hopefully result in a total 
synthesis.

This general approach follows the fundamental rule for 
the synthesis of a complex molecule: to work back from the
final goal breaking down the problem into a number of 
intermediate objectives and working to complete each objective 
in turn. The results of previous work in the field, both 
synthetic and degradative, should be borne in mind since they
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may have a bearing on the success of  the  p r o j e c t .
■

The work to  be descr ibed  in  t h i s  t h e s i s  had as i t s

o b je c t iv e  the sy n th es is  of the gibbane k e t o - e s t e r  (2 ) ,  an
2in te rm ed ia te  which had h i t h e r t o  eluded s y n th e s i s .  I t  was 

hoped th a t  i f  t h i s  k e t o - e s t e r  could be r e a d i ly  sy n th es ised ,  

i t  might a f fo rd  an a l t e r n a t i v e  and more economic rou te  to 

the gibbane d ia c id  (3 ) ,  p rev ious ly  syn thes ised  by the Glasgow 

group3 I t  was a lso  f e l t  t h a t  k e t o - e s t e r  (2) would o f f e r  a 

g r e a t e r  f l e x i b i l i t y  than the d ia c id  (3) in  i t s  f u r th e r  

e lab o ra t io n  towards the u l t im a te  g o a l .

In t h i s  p r o je c t  two p o t e n t i a l  ro u te s  were envisaged fo r

the p re p a ra t io n  of the k e t o - e s t e r  (2 ) .  Upon su c ce s s fu l

sy n th e s is  of  (2 ) ,  e l a b o ra t io n  of  i t s  r ing  AB analogue (**)

to the  r in g  AB analogue of  g i b b e r e l l i n  A^ ( I )  could be

in v e s t ig a t e d .  A p o ss ib le  method would be red u c t iv e

m ethyla t ion  of  (*f) followed by ac id  t rea tm ent  to (5)? by

analogy w ith  Loewenthal*s p rep a ra t io n  of ( 6 ) \  R e g io - se le c t iv e

ca rboxy la t ion  followed by l a c to n i s a t i o n  and s t e r e o - s e l e c t i v e
6

reduc t ion  of  the ketone fu n c t io n  could give the d e s i re d  

product (7 ) .  Transformation of  the C-I6 keto fu n c t io n  in  

(2) to an exomethylene group has ample precedent in  the 

l i t e r a t u r e ?  Carboxylat ion  of (2) to give the d i a c id  (3) 

a f t e r  obvious subsequent s teps  would a lso  be a p o s s i b i l i t y .

The choice of the gibbane (2) as the key in te rm ed ia te  

was made fo r  th ree  reasons .  F i r s t l y ,  i t  con ta ins  the 

necessary  t e t r a c y c l i c  carbon framework and e x h i b i t s  the 

d es i red  c i s -fused BC r ing  system. Secondly, i t  posesses
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th r e e  f u n c t io n a l  groups s u i t a b ly  disposed f o r  e labo ra t ion  

to the  f u n c t i o n a l i t y  found in  the g i b b e r e l l i n s ;  and t h i r d l y ,  

as has been mentioned, two p la u s ib le  s y n th e t ic  rou tes  to the 

gibbane (2) were apparent*

( I )

An a t t r a c t i v e  rou te  to gibbane compounds has been ' the  

a n n e la t io n  of a s u i t a b ly  s u b s t i t u t e d  indanone using methyl
g

v i n y l  ke tone ,  followed by ac id  trea tment (scheme I)* Although

i n i t i a l l y  a t t r a c t i v e ,  t h i s  approach s u f f e r s  from a number

of d i f f i c u l t i e s .  F i r s t l y ,  the p rep a ra t io n  of an app rop r ia te ly

f u n c t io n a l i s e d  indanone has proved d i f f i c u l t .  Secondly,

the  an n e la t io n  procedure f a i l s 7 when Rj—oMe, R2:=-H and

R^-COgMe (scheme I ) .  In t h i s  case i n i t i a l  anion formation

a t  C-3 (8) leads  to products  by a lk y la t io n  a t  t h i s  cen tre

in s t e a d  of a t  C-2. Another d i f f i c u l t y  i s  th a t  when Rj=-oMe,

R2=-Me and Rg= -C02H the l a t e r  Birch reduct ion  of the benzene
10r in g  i s  apparen t ly  unsuccess fu l .  Removal of the enone system 

from the t e t r a c y c l i c  diketone (scheme I )  has presented 

problems, n o tab ly  r ing  D re-opening However, L oew en tha l^  

has r e c e n t ly  descr ibed  an e legant  hydrogenation procedure 

which s e l e c t i v e l y  removes the enone function  leaving the 

r in g  D ketone un a f fec ted .  F in a l ly ,  s te re o co n t ro l  over the 

BC r in g  fu s io n  depends on the o r ie n ta t io n  of the C-6
I Is u b s t i t u e n t  during hydrogenation of the 9?H double bond.

In the l i g h t  of  t h i s  knowledge i t  was considered th a t  

a sy n th e s i s  of  the k e to - e s t e r  (2) might be achieved as 

fo l lows : c y c l i s a t i o n  of the indanone ac id  (9) to the
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t r i c y c l i c  enone (10) followed by ac id  t rea tment should produce

the t e t r a c y c l i c  gibbane diketone ( I I ) .  Applicat ion of
Phlo e w e n th a l !s hydrogenation procedure to ( I I )  would hopefully  

give the  d e s i re d  gibbane (2 ) .  Matsui^ has attempted the 

p r e p a ra t io n  of  the enone (10) by anne la t ion  of the indanone 

(12) w ith  methyl v in y l  ketone but ,  as mentioned above, the 

product  o b ta ined  r e s u l t e d  from a lk y la t io n  a t  the C-3 p o s i t io n .

The approach to the sy n th es is  of (2) to be described in 

t h i s  t h e s i s  a t tempted to circumvent the undesired C-3 

a l k y l a t i o n  found by Matsui by co n s t ru c t in g  the indanone (9) 

in  which the k e to b u ty l  group requ ired  fo r  the annela t ion  

sequence was a t tach ed  a t  C-2 by a n o n -a lk y la t iv e  procedure.

A p o ss ib le  p i t f a l l  in  t h i s  approach which could occur 

when c y c l i s in g  the indanone (9) to the fluorenone (10) under 

bas ic  cond i t ions  would be the removal of the ketobuty l  

grouping by a re t ro -M ichae l  p rocess .  This process could even 

l e a d ,  by a subsequent Michael add i t ion  of the l ib e ra te d  

methyl v in y l  ke tone ,  to the undesired C-3 a lky la ted  indanone.

I I
In h is  syn thes is  of g ibber ic  ac id ,  Loev/enthal showed 

th a t  the t r a n s  o r i e n t a t i o n  of a C-6 carbomethoxy group with 

r e sp e c t  to the C-I5 ,  C-I6 carbon bridge in & 9 j i l  gibbenes 

(eg. 13) i s  the more s t a b l e .  This trans, r e la t io n s h ip  i s  a lso  

the  requirement^^ fo r  hydrogenation of the 9* H  double bond 

to give the c i s  BC r ing  fus ion  found in g ib b e r e l l i n s .  Thus 

i f  the methyl e s t e r  ( I I )  could be formed under e q u i l ib r a t i n g  

c o n d i t io n s ,  t h i s  would lead  to the des i red  s te reochem istry  

and solve the problem of s te re o co n t ro l  a t  C-9. In BC g l s.
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fused  gibbanes the n a t u r a l  ols  o r i e n t a t i o n  of  the C-6 
12carboxyl  group -with r e sp ec t  to the two carbon bridge 

i s  the  more s t a b l e .

Thus the f i r s t  requirement of  t h i s  p ro je c t  was a

good s y n th e t i c  rou te  to the indanone (9 ) from a p recursor

which conta ined  a masked ke tobu ty l  group. A poss ib le

s o lu t io n  to t h i s  problem was seen in  the ox ida t ive

cleavage of  the o l e f i n  fun c t io n  of the k e to -e s t e r  (I*f)

which should give the indanone (9 ) d i r e c t l y .  The keto-

e s t e r  (I*f) should be a v a i la b le  by a lk y la t io n  of the ketone

(1 5 ) w ith  methyl bromoacetate.  (1 5 ) might be prepared by

c y c l i s a t i o n  of the cyclohexene (16) which should i t s e l f  be

a v a i l a b l e  by D ie ls -A lder  a d d i t io n  of  the diene (17) to

a c r y l i c  a c id i^  The s te reochem is try  of (I*+) would probably

be as shown, s ince  a lk y la t io n  of hydrofluorenones i s  known
lbto r e s u l t  in  the more stable  c i s  fused r ing  system.

With a genera l  plan in  mind work was begun on the 

sy n th e s is  of  the f i r s t  o b je c t iv e ,  the indanone (9)*

Condensation of m-methoxybenzaldehyde with acetone in aqueous 

sodium hydroxide gave an 86% y ie ld  of m-methoxybenzalacetone 

(18) .  Conversion of (1 8 ) to the diene (17) was c a r r ie d  out 

on a small  sc a le  using a W itt ig  r e a c t io n .  Thus the enone

(18) was t r e a t e d  w ith  a f i v e - f o l d  molar excess of methylene 

tr iphenylphosphorane to give the diene (17) in. &b% y i e ld .

Because of the la rg e  excess of  reagent requ ired  in  t h i s  r e a c t io n ,  

the  p rep a ra t io n  of (17) on a l a rg e r  sca le  was conveniently  

c a r r i e d  out in  a two step process .  The ketone (18) was
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t r e a t e d  w ith  methylmagnesium iod ide  in  e th e r  to give the 

a lc o h o l  (19) which was r e a d i ly  dehydrated to give ( I 7 ) 

e i t h e r  by d i s t i l l a t i o n  from potassium b isu lpha te  o r  by 

r e f lu x in g  in  to luene  conta in ing  to lu e n e -a -  sulphonic ac id .

The o v e r a l l  y ie ld s  of both methods were over 80$. The 

Grignard r e a c t io n  a l so  produced a small amount of ethoxy

phenyipentan- 2 -one corresponding to 1 ,^  conjugate add i t ion  

of  the reagent  to the enone (1 8 ) (de tec ted  by carbonyl 

ab so rp t io n  a t  1720 cm*”̂  in  the i . r . ) .  This m a te r ia l  was 

removed a f t e r  dehydrat ion  of  the a lcohol  e i t h e r  a t  the 

d i s t i l l a t i o n  s tage  o r  by passage through a shor t  column of 

alumina using l i g h t  petroleum as e lu a n t .

An i n t e r e s t i n g  fe a tu re  of  t h i s  Grignard reac t ion  was i t s  

s e n s i t i v i t y  during work up to the amount of reagent used.

I f  one molar equ iva len t  of reagent was used the i s o l a t i o n  of 

the product  was s t r a ig h t fo rw a rd ,  but i f  .two or  more 

e q u iv a le n ts  were used the add i t ion  of sa tu ra ted  ammonium 

c h lo r id e  s o lu t io n  during work up r e s u l t e d  in the p r e c i p i t a t i o n  

o f  e lem en ta l  io d in e .  Removal of the iodine with sodium 

th io s u lp h a t e  so lu t io n  even tua l ly  gave an in t r a c t a b l e  o i l .  

Presumably the excess unreacted reagent was in  some way 

being ox id ised  by the product .  I t  was found use fu l  to add 

dry acetone to the  r eac t io n  mixture before work up to des troy  

any excess reag en t .

The diene (17),  when ref luxed with a c ry l ic  ac id  in  to luene 

f o r  16 hours,gave a 70% y i e ld  of the cyclohexene ac id  (1 6 ) as a 

s in g le  c r y s t a l l i n e  isomer. The a r y l  and carboxyl groups in
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t h i s  compound were considered to be c i s  r e l a t e d  by analogy
17w ith  s i m i l a r  r e a c t i o n s . The o th e r  poss ib le  p o s i t io n  isomer

(20),  which could in  theory be formed, was no t  de tec ted .

This was expected on the bas is  of 11 the p r in c ip le  of 

maximum over lap  of non-bonding o r b i t a l s  M whereby the a ry l  

group of  the  diene and the carboxyl group of the dienophile 

should a l ig n  themselves as c lo se ly  as poss ib le  so as to 

ach ieve  the g r e a t e s t  thermodynamic s t a b i l i t y  in the t r a n s i t io n  

s t a t e .  This would r e s u l t  in  the formation of (16) a t  the 

expense o f  (20) .  The s t r u c tu re  of (16) was confirmed by i t s  

s p e c t r a l  c h a r a c t e r i s t i c s  and i t s  subsequent r e ac t io n s .  That 

m ig ra t ion  of the double bond had no t  occurred was shown by 

a s i n g l e t  methyl s ig n a l  in  i t s  proton n .m . r .  spectrum a t  1.75$ 

and a l so  by a m u l t ip l e t  a t  3«68S c o n s is te n t  with the presence 

of  a b e n z y l i c - a l l y l i c  p ro ton .

I t  was found th a t  the ac id  (16) could conveniently be 

p repared  in  a s in g le  process from the a lcohol  C1 9 ) and 

a c r y l i c  ac id  by re f lu x in g  the r e a c ta n t s  in  toluene while 

removing water  from the re ac t io n  v e s s e l  with a Dean-Stark 

t r a p .  A cry l ic  ac id  was s u f f i c i e n t l y  ac id ic  to ca ta lyse  

dehydra t ion  of the a lcoho l  to form the diene (17) which 

underwent the D ie ls -A lder  a d d i t io n .  P u r i f i c a t io n  of the 

product was e f f e c te d  by base e x t ra c t io n  followed by ca re fu l  

a c i d i f i c a t i o n  to avoid the p o s s i b i l i t y  of l a c to n i s a t i o n .

Attempts were now made to cy c l i s e  the acid  (16) to the 

hydrofluorenone (1 5 )• 1^ vaS expected th a t  t h i s  c y c l i s a t io n

would proceed r a p id ly  to give the compound with the methoxyl 

group in  the requ ired  C-6 p o s i t io n  because of  the a c t iv a t in g
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in f lu e n c e  of  t h i s  group and the w el l  known preference fo r  

methoxybenzenes to undergo r a r a  r a th e r  than ortho e l e c t r o -  

p h i l i c  s u b s t i t u t i o n s .  Also, the r eac t io n  ought to be e a s i ly  

monitored by u .v .  spectroscopy because of the change of the 

chromophore to  a 5-niethoxyindan-I-one type .  However, 

t rea tm en t  o f  the  ac id  (16) with polyphosphoric ac id  while 

r a i s i n g  the temperature slowly produced only an in t r a c t a b l e  

brown gum. Use of  80$ su lphu r ic  ac id  a t  room temperature 

gave no b e t t e r  r e s u l t s  and i t  was decided to attempt the 

c y c l i s a t i o n  v ia  the der ived  ac id  c h lo r id e .  The f a i l u r e  of 

d i r e c t  ac id  t rea tm en t  was a t t r i b u t e d  to the expected 

r e a c t i v i t y  of  the t r i s u b s t i t u t e d  double bond in  (16) which 

could give r i s e  to products from carbonium ion formation a t  

the t e r t i a r y  c e n t r e .  For example, l a c to n i s a t i o n  across the 

cyclohexene r ing  could occur.  This r e a c t i v i t y  was also 

observed in  l a t e r  experiments.

With the f a i l u r e  of  the above ac id  ca ta lysed  c y c l i s a t io n  

of  the  ac id  (16),  a t t e n t i o n  was turned to the F r ie d e l -C ra f t s  

c y c l i s a t i o n  of the ac id  ch lo r ide  (21) derived, from (16). 

I n i t i a l l y  the c y c l i s a t i o n  of ' t h i s  ac id  ch lo r ide  was ca r r ie d  

out a t  room temperature in  methylene ch lo r ide  so lu t ion  by the 

slow a d d i t io n  of 1.1 molar equiva len ts  of aluminium chlor ide  

over 0 .75  hours .  The major product,  however, showed no v in y l i c  

p ro tons  in  i t s  n .m . r .  spectrum and had a sharp methyl s in g le t  

a t  1-5*+$ . The u .v .  spectrum (Amax. 2 6 8 , 288 and 29^ nm)

was c o n s i s te n t  with  a J-methoxyindan-I-one system and the 

compound was ass igned  the s t r u c tu re  (22a or b) ,  confirmed by 

e lem enta l  an a ly s i s  and by a q u a l i t a t i v e  t e s t  fo r  halogen.
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E v id en t ly  the hydrogen ch lo r ide  re le a sed  during the c y c l i s a t io n

had added r a p id ly  to the r e a c t iv e  double bond. The £ is  r ing

fu s io n  was assumed from the s te reochem istry  of  the! cyc lo-

hexane p recu rso r  and from the known p re fe r red  c i s  r ing  fus ion
I*tof  hexahydrofluorenones. The s te reochemistry  of the ch lo ro -  

and methyl groups r e l a t i v e  to the o the r  c h i r a l  cen tres  was 

no t  determined.

An at tem pt was now made to dehydrochlorinate  the ch lo ro-  

compound (22a o r  b) in  the hope th a t  the des i red  product

(15) might r e s u l t .  A sample of (22a o r  b) was t r e a te d  with

1 , 5- d i a z a b i c y c lo ( ^ . 3 . 0 )non-5-ene in  re f lux ing  toluene but the 

product  was an o i l  which showed no v in y l i c  protons in i t s  

n .m . r .  spectrum. A so lu t io n  of (22a o r  b) in  20% methanolic

potassium hydroxide was re f luxed  overnight  and gave, in

moderate y i e l d ,  a c r y s t a l l i n e  ac id ic  substance which contained 

no v i n y l i c  protons and which was shown to be a benzoic acid  

of  the  c o n s t i t u t i o n  I t s  formulation as an a ry l

ac id  was e s t a b l i s h e d  from i t s  i . r .  spectrum ( V max. 1708 and 

2 5 0 0 -3 5 0 0  cm"1 ) and i t s  observed s h i f t  to sh o r te r  wavelength 

u .v .  abso rp t ion  ( A max. 250—^*2Mf nm) when t r e a te d  with 

sodium hydroxide s o lu t io n .  The formula was in fe r re d  from 

e lem en ta l  an a ly s is  and high r e so lu t io n  mass spectrometry.

The compound a lso  contained a ketone function  as evidenced 

by an abso rp t ion  a t  1685 cm 1 and the f a c t  th a t  i t  s ta in ed  

orange on t . l . c .  when t r e a te d  with d .n .p .  reagen t .  From 

these  data  and a d e t a i l e d  study of i t s  proton n .m . r .  spectrum 

(see experimenta l  s ec t io n )  t h i s  a r t i f a c t  was t e n t a t i v e l y  

ass igned  the b ic y c lo ( 3 .1 .0 . )  s t ru c tu re  (23).  This can be
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r a t i o n a l i s e d  m e ch an is t ic a l ly  as shown in  scheme 2; peroxides 

p re se n t  in  the methanolic potassium hydroxide used as reagent 

could have reac ted  with  (22a or  b) to form the hydroperoxide 

(2*f), which, under base c a t a l y s i s ,  might rearrange to the 

k e to -a c id  (25)* Elimenation of hydrogen ch lo r ide  ac ross  the 

r in g  would give (23).  This e limenation would be a s s i s t e d  by 

the benzy l ic  proton being doubly a c t iv a te d .

Peroxide o x ida t ions  of  t h i s  type to ketones v ia  the
18enol form are  w e l l  known, as i s  the rearrangement of  the

yO
r e s u l t i n g  oc-ketohydroperoxides to k e to -a c id s .  However, 

when the r e a c t io n  was repea ted ,  apparen t ly  under i d e n t i c a l  

c o n d i t io n s ,  no a c id ic  m a te r i a l  was d e tec ted  and severa l  

f u r t h e r  a t tem pts  met with  no success .  The products of these 

l a t e r  experiments cons is ted  of the fluorenone*^2 6 ) and the 

hexahydrofluorenone (27).  The reason fo r  the i n a b i l i t y  to 

r e p e a t  the  p rep a ra t io n  of  (23) can only be explained by 

peroxide  im p u r i t ie s  being p resen t  in  one batch of methanolic 

potassium hydroxide used as reagent  but not in  o th e r s .

In one experiment the chloro compound (22a o r  b) was 

re f lu x ed  in  20# methanolic potassium hydroxide with a 

co n s tan t  stream of a i r  passing through the s o lu t io n .  This 

r e s u l t e d  in  the i s o l a t i o n  of only the fluorenone (2 6 ) in  

65# y i e l d .

The occurrance o f  the hexahydrofluorenone (27) from 

base trea tm ent  of (22a or  b) was i n t e r e s t i n g ,  s ince i t  

im pl ied  a d ispropor tdonat ion  re ac t io n  as w ell  as elimenation
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of  hydrogen c h lo r id e .  Such a d i s p ro p o r t io n a t io n ,  favoured 

by the aromatic s t a b i l i t y  of the f luo renone , r e q u i re s  an 

in te rm o le c u la r  hydride t r a n s f e r .  This might occur vi& the 

enol  form of  the ketone as shown in  (2 8 ) o r  the eno la te  as 

in  (29)* No s im i l a r  behaviour o f  analogous compounds was 

found in  the l i t e r a t u r e .

Because of the unusual behaviour of the chloro compound 

(22a o r  b) i t  was decided to i n v e s t ig a te  more f u l l y  base 

t rea tm en t  o f  chloro-hexahydrofluorenones to d iscover  i f  any 

ac id  m a te r i a l  analogous to (2 3 ) could be formed and i f  the 

d i s p ro p o r t io n a t io n  descr ibed  above was a genera l  r e a c t io n .  

Chloro-hexahydrofluorenones (3 0 ) and (3 1 ) were chosen fo r  

s tudy because of t h e i r  resemblance to (22a or  b) and to 

d isco v e r  whether o r  not  the methoxyl group inf luenced  the 

r e a c t i v i t y .

These compounds were prepared by a route  s im i la r  to th a t  

used f o r  the p rep a ra t io n  of the chloro compound (22a or  b ) .

In  the sy n th e s is  of (31),  the ac id  ch lo r ide  derived from the 

known1^ ac id  (32) was d isso lved  in  methylene ch lo r ide  and 

t r e a t e d  with  aluminium ch lo r ide  in  a stoppered v e s s e l .  This 

gave the chloro compound (3^),  the s t ru c tu re  of  which was 

confirmed by i t s  s p e c t r a l  data  and elemental a n a ly s i s .  

Compound (3 0 ) was prepared by re f lux ing  the a lcohol  (33) 

with  a c r y l i c  acid  in  toluene followed by F r ie d e l -C ra f t s  

c y c l i s a t i o n  v ia  the derived acid  ch lo r ide  with concomitant 

a d d i t io n  of hydrogen ch lo r ide  to the double bond. The 

a lco h o l  (33) was av a i la b le  from the rea c t io n  of methyl
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magnesium iod ide  w ith  the enone (3*f). The s t r u c t u r e  of  (3 0 ) 

was aga in  ev ident  from i t s  s p e c t r a l  data  and elemental 

a n a l y s i s •

Both chloro compounds (3 0 ) and (31) were t r e a te d  with  20$ 

methanolic  potassium hydroxide under r e f lu x  but n e i th e r  gave 

any ac id  p roduc t .  Thus base trea tm ent of (3 0 ) gave a t  l e a s t  

f i v e  u n id e n t i f i e d  products  (by t . I . e . ) .  The only read i ly  

i d e n t i f i a b l e  product of the f iv e  o r  more compounds re su l t in g  

from s im i l a r  t rea tm ent  of  (3 1 ) was the known^^ f luo reno l  (3 5 )• 

The appearance of  t h i s  compound does a t  l e a s t  show th a t  hydride 

t r a n s f e r  had occurred .

In one chromatographic se p a ra t io n  of  the products  of  

base t rea tm ent  of (3 1 ) the mixture was l in e d  onto a 

chromatoplate  and the so lven t  removed in  a cu r ren t  of hot 

a i r .  Subsequent development and e x t r a c t io n  gave the 

f luorenone 2(̂  (3 6 ) in  about double the y ie ld  of  the f luoreno l  

(3$) p rev io u s ly  i s o l a t e d .  A er ia l  ox ida t ion  had obviously 

occurred  and no f lu o re n o l  was d e tec ted .  The increased y ie ld  

of  f luorenone (3 6 ) in  t h i s  experiment over f lu o ren o l  (3 5 ) In 

the previous case shows th a t  some o the r  e a s i ly  ox id isab le  

p recu r so r  to the f luorenone (3 6 ) was p resen t  in  the product 

m ix tu re .

Since the chloro compound (22a or b) could not be 

dehydrochlor ina ted  to the te trahydrof luorenone (15) requ ired  

f o r  the syn thes is  of (2 ) ,  the F r ie d e l -C ra f t s  c y c l i s a t io n  

of (2 1 ) was sub jec ted  to c lo se r  study in  an e f f o r t  to f in d  

cond i t ions  whereby the te trahydrof luorenone (15) could be
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o b ta in ed  d i r e c t l y .

In  the o r i g i n a l  experiment the Lewis ac id  had been 

added over  a per iod  of about 0 .7 5  hours to a methylene 

ch lo r id e  s o lu t io n  of  the ac id  ch lo r ide  (21).  In searching 

f o r  the c o r r e c t  F r i e d e l - C r a f t s  cond i t ions  the most obvious 

procedure to t r y  was the rap id  a d d i t io n  of c a t a l y s t  to the 

s u b s t r a t e .  The r e s u l t  of  t h i s  a t tempt was the i s o l a t i o n  of

a 7®% y i e ld  of  a chloro compound which was not  i d e n t i c a l  to

the  chloro  compound produced in  the o r i g i n a l  F r ie d e l -C ra f t s  

c y c l i s a t i o n  o f  (21) .  The product of  the p resen t  r e ac t io n  was 

thought to be epimeric  a t  C-3 with the chloro compound 

p re v io u s ly  p repared .  The sp ec t ra  of  these two compounds were

s i m i l a r  but no t  i d e n t i c a l  and they had d i f f e r e n t  melting

p o i n t s .  The occurrance of these  two epimers can be explained 

by co n s id e ra t io n  of the d i f f e r e n t  r eac t io n  condit ions  under 

which they were formed. Slow add i t ion  of  c a t a l y s t  would 

i n i t i a l l y  c y c l i s e  a small amount of the ac id  ch lo r ide  

r e l e a s in g  hydrogen ch lo r ide  which could add to uncyclised 

m a t e r i a l .  I f  c y c l i s a t i o n  of the chlorocyclohexane1 thus 

produced was f a s t e r  than c y c l i s a t io n  o f  the cyclohexene then 

a d d i t io n  o f  hydrogen ch lo r ide  would be to a cyclohexene; 

v i z . a d d i t io n  before c y c l i s a t i o n .  In support of t h i s  

hypo thes is  i t  should be mentioned th a t  in spec t ion  of 

molecular  models in d ic a ted  g r e a te r  r ing s t r a i n  in  the 

te t rahydro f luo renone  (1 5 ) than in  the corresponding hydrogen 

ch lo r id e  ad d i t io n  compound (22a or  b) .  Thus the t r a n s i t i o n  

s t a t e  lead ing  to c y c l i s a t io n  might be more favourable  f o r  

the chloro-cyclohexane than fo r  the cyclohexene (scheme 3 )•
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In the second case ,  rap id  a d d i t io n  of c a t a l y s t  might 

e f f e c t  c y c l i s a t i o n  before ad d i t io n  of hydrogen c h lo r id e ,  so 

t h a t  the l a t t e r  r e a c t io n  would involve a te trahydrof luorenone 

and n o t  a cyclohexene as befo re .  I t  i s  reasonable to 

suppose t h a t  a d d i t io n  to a double bond in  two d i f f e r e n t  

s t r u c t u r a l  systems could w ell  r e s u l t  in  a d i f f e r e n t  s t e r e o 

chemical outcome. That c y c l i s a t i o n  before ad d i t io n  occurred 

in  the  l a t t e r  case was shown by t r e a t i n g  the ac id  ch loride  

( 2 1 ) with  powdered aluminium ch lo r ide  in  one por t ion  and 

quenching the r e a c t io n  a f t e r  ex ac t ly  0 ,2 5  hours by pouring 

the mixture  onto i c e .  This r e s u l t e d  in  the i s o l a t i o n  of the 

r e q u i r e d  te trahydro f luo renone  (15) in  good y i e ld .  The 

s t r u c t u r e  of  t h i s  compound was ev ident  from i t s  s p e c t r a l  data 

and e lemental  a n a ly s i s .  Notably i t s  n .m . r ,  spectrum showed 

a one v in y l i c  proton m u l t ip l e t  a t  5 «6S e s ta b l i s h in g  the 

presence of the double bond.

For the sake o f .completeness, the chloro compound (22b or  a ) ,  

o b ta in ed  by rap id  add i t ion  of aluminium chlor ide  to the 

ac id  ch lo r id e  (2 1 ) , and the hydrofluorenone (1 5 ) were also  

t r e a t e d  with  methanolic potassium hydroxide.  The chloro 

compound gave an almost i d e n t i c a l  product d i s t r i b u t i o n  to 

t h a t  of  s im i la r  t rea tment of i t s  C-3 epimer; yI z * a mixture 

o f  the  fluorenone (2 6 ) and the hexahydrofluorenone (27).  The 

product ob ta ined  from base treatment of (15) cons is ted  of the 

same components in  almost q u a n t i t a t iv e  s to ich io m e tr ic  amounts.

In  n e i t h e r  case was any ac id ic  m a te r ia l  i s o l a t e d .

Although the re  was stereochemical ambiguity concerning
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the structures of the chloro compounds (22a and b), further 

study in th is  area was outwith the scope of the objective of  

the th e s is ;  y IZ jl the synthesis of the gibbane intermediate (2 ) .

With the hydrofluorenone (15) now readily  ava ilab le , the 

next step in  the synthesis of the indanone (9) was the 

a lk y la t io n  o f  (15 ) with methyl bromoacetate to produce the 

k e to -e s te r  ( I1*). The ketone (15) was treated with potassium 

i -b u tox id e  in  ether followed by addition of methyl bromo

a c e ta te .  The o i ly  product consisted  of at le a s t  f iv e  

u n id en tif ied  compounds ( t . l . c . )  which were separated by 

chromatography and analysed by u .v . spectroscopy. No 

m ateria l with the ch a ra c ter is t ic  5-methoxyindan-I-one 

chromophore was detected . Also, when the ketone (15) was 

treated  with potassium t.-butoxide without addition of 

a lk y la ting  agent no startin g  ketone or other material with 

the required chromophore was recovered. The use of sodium 

hydride and sodium methoxide as bases in further attempts 

gave only the unreacted ketone (15)* Sodium hydride in 

refluxing  glyme gave r ise  to a number of highly polar 

substances none of which exhibited the desired chromophore.

The fa i lu r e  of  (15) to undergo a lkylation  had not been 

an tic ip ated  but perhaps can be ra tion a lised  by recognising  

the h ighly active  nature of the ba. b e n z y l ic -a l ly l ic  proton 

which i s  a lso  vinylogously related  to the ketone function  

in  (15). Abstraction of th is  proton presumably leads to 

breakdown of the hydrofluorenone structure. As a simple 

t e s t  o f  th is  explanation a sample of the ketone (15) was
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hydrogenated over 10$ palladium on charcoal  to give the 

corresponding dihydro compound (2 7 ) which was r e a d i ly  

a lk y la t e d  using potassium £-butoxide and methyl bromoacetate 

to give the e s t e r  (37) in  high y ie ld .  The £±s fused r ing  

ju n c t io n  was assumed from s im i la r  a lk y la t io n s  in the 

hydrofluorenone system!1*

I t  was i n t e r e s t i n g  to note th a t  the ketone (27), 

produced by hydrogenation of  (1 5 ) ,  was i d e n t i c a l  to the 

ketone r e s u l t i n g  from potassium hydroxide treatment of the 

chloro  compounds (22a and b) and of the o l e f i n  (15). Since 

base trea tm ent  of  (2 7 ) would r e s u l t  in  the more s ta b le  c is  

r in g  fus ion?*  and s ince  hydrogenation of (1 5 ) would be 

u n l ik e ly  to e f f e c t  any ep im er isa t io n ,  t h i s  f u r th e r  e s tab l i sh ed  

the c i s  fused r ing  junc t ion  in  (15). I t  i s  a lso  noteworthy 

t h a t  both methods of producing (27) r e s u l t  in  the same, but 

undetermined, s te reochem is try  a t  C-3.

The products  of  the above described  potassium £-butoxide 

t rea tm en t  of the ketone (1 5 ) were compared ( t . l . c . )  with 

the products  of  potassium hydroxide treatment of (15) 

d esc r ib ed  e a r l i e r ,  but no c o r r e l a t io n  was observed.

Since the ketone (27) r e a d i ly  underwent a lk y la t io n ,  i t  

was envisaged th a t  the n o n -a lky la t ion  of (15) might be 

overcome by rep lac ing  the o l e f i n i c  double bond in  (15) with 

some s y n th e t i c  equ iva len t  p r io r  to a l k y la t io n .  Since th i s  

double bond was to be ox id ised  l a t e r  in  the sequence, the 

d i o l  (38) seemed a s u i t a b le  s u b s t ra te  fo r  a lk y la t io n .  In 

o rd e r  to avoid 0 - a lk y la t io n  of  the a lcohol  groups, (3 8 )
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could  conven ien t ly  be p ro tec ted  as the corresponding 

ace ton ide  (39)* A p o ss ib le  method was av a i la b le  fo r  the 

convers ion of the o l e f i n  (1 5 ) to the acetonide (3 9 ) y12l the 

epoxide (MD). This cons is ted  of preparing the epoxide (VO) 

from the o l e f i n  ( I? )  by standard  methods and t r e a t i n g  i t  with 

boron t r i f l u o r i d e  e t h e r a te  in  dry acetone to give the acetonide 

(39) d i r e c t l y . m e c h a n i s m  of t h i s  r eac t ion  involves 

a t t a c k  by the carbonyl oxygen of the solvent  and has been 

shown to proceed in  a t r a n s  f a s h io n .2  ̂ Ring opening of the 

n e c e s s a r i l y  c i s  epoxide (H-0 ) would thus give a t rans  fused 

a c e to n id e .  The s te reochem is t ry  with respec t  to the o ther  

c h i r a l  c e n t r e s  would depend upon the o r i e n t a t i o n  of the

epoxide p recu rso r  and might poss ib ly  r e s u l t  in  a mixture of

isom ers .  The transform ation  of a cyclohexene oxide to a 

t r a n s  ace ton ide  had not  ye t  been attempted and the  f i r s t  

such ace ton ide  had only r e c e n t ly  been prepared22 and under 

r a t h e r  fo rc in g  co n d i t io n s .  Standard methods fo r  the

p re p a ra t io n  of t r a n s  acetonides from trans_ 1 ,2  cyclohexane

d io l s  have f a i l e d ? ^  I t  was with some i n t e r e s t  then, tha t  th i s  

procedure was at tem pted .

The o l e f i n  (15),  in  methylene ch lo r ide ,  was t r e a ted  

w ith  m-chloroperbenzoic ac id  a t  0° to give a 7̂ % y ie ld  of 

the epoxide (*+0) as a s ing le  isomer. The cis, r ing  fusion 

was assumed to be s t i l l  i n t a c t  but the o r i e n ta t io n  of the 

epoxy group was undetermined. The n .m .r .  spectrum of th i s  

compound showed no v in y l i c  protons and exhib i ted  a broadened 

s i n g l e t  a t  3 . 10$ c o n s is te n t  with an oxirane proton.
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In one p rep a ra t io n  of the epoxide (̂ +0 ) cru.de o l e f i n  was 

used as s t a r t i n g  m a te r ia l  which apparen t ly  contained a small 

amount of  the chloro compound (22b or  a) as impurity .  The 

f i r s t  c r y s t a l l i n e  m a te r ia l  i s o l a t e d  from th i s  re ac t io n  was 

a sm all  amount of  the ch lo ro - lac tone  (̂ +1 ) ,  obviously formed 

by B a ey e r -V i l l ig e r  ox ida t ion  of the ketone function  of  the 

chloro  compound (22b or  a ) .  The s t r u c tu re  of th i s  a r t i f a c t  

was ev id en t  from i t s  s p e c t r a l  da ta  and from elemental 

an a ly s is*

The epoxide (*+0 ) was now t r e a t e d  with boron t r i f l u o r i d e  

e t h e r a t e  in  dry acetone to g ive ,  a f t e r  c a re fu l  work up, the 

ace ton ide  (39) in  e x c e l l e n t  y i e ld .  The s t r u c t u r e ,  i f  not 

the s te r e o c h e m is t ry ,o f  t h i s  compound was apparent from i t s  

s p e c t r a l  d a ta .  I . r  absorp t ion  a t  I 3&5 and 1375 cm 

confirmed the presence of a gem dimethyl group. I t s  n .m .r .  

spectrum c l e a r l y  showed the two acetonide methyl groups as 

no n -eq u iv a len t  s i n g l e t s ,  and a doublet a t  *f.50$ ind ica ted  

the  d ioxa lane  p ro ton .

This acetonide (39) was read i ly  hydrolysed to the d io l

(3 8 ) in  high y ie ld  by treatment with d i lu t e  mineral acid  a t

room temperature. Attempts to regenerate the acetonide (39)

from the  d i o l  (3 8 ) by standard methods were unsuccessfu l .

Thus refluxing  the d io l  in acetone using a variety  of acid

and Lewis ac id  c a t a l y s t s  gave only the s t a r t i n g  d i o l ,  (3 8 )

unchanged. This i s  in  accord with the known re s i s ta n c e  to
23

ace ton ide  formation of t rans  1 ,2  cyclohexane d io ls  and 

confirms the  t r an s  r e la t io n s h ip  of the hydroxyl groups in  (3 8 ) .
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After the su ccessfu l preparation of the acetonide (39), 

attempts were now made to a lkylate  i t  °C to the ketone with 

methyl bromoacetate. These attempts, however, met with no 

more success than did the attempts to a lk y la te  the o le f in  (15 ).  

Treatment of  (39) with potassium i-butoxide in ether followed  

by addition  of methyl bromoacetate gave a se r ie s  of highly  

polar compounds none of which exhibited  the required 

5-methoxyindan-I-one chromophore. Indeed,treatment of the 

acetonide with the above base but without addition of 

a lk y la tin g  agent gave a mixture of highly polar compounds 

among which no startin g  ketone or other material with the 

required chromophore was detected ( t . l . c . ) .  Similar attempts 

using other bases and so lvents gave no better r e su lts .  The 

f a i lu r e  of th is  reaction  must presumably again be attributed  

to a c t iv a t io n  of the benzylic proton and i t s  abstraction by 

base and subsequent breakdown of the hydrofluorenone system.

The p o s s ib i l i t y  that ring stra in  in the required enolates of  

(15 ) and (39) in h ib ited  the ir  formation was not considered 

to be a major factor  a fter  inspection of molecular models of  

these stru ctures .

Other more exo tic  methods of a lky lation , which might be 

e f fe c te d  under neutral conditions, were considered.! For 

example carbene addition to the enol acetate of (39J and 

subsequent manipulations, i f  the enol acetate could be 

prepared. However, at th is  point a p a ra lle l  in vestigation  

in to  a s l ig h t ly  d ifferen t synthetic  route to the keto-ester  

(I*+) had proved moderately su ccessfu l, and the f i r s t  approach 

described above was abandoned*
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This second approach cons is ted  of  r eac t in g  the diene (17)

w ith  i t a c o n i c  ac id  ( -̂2 ) in s tead  of with a c ry l i c  ac id  as before.

This should give the d i a c i d . (^*3) as a mixture of  epimers from

which the anhydrides (bb-a and b) would be a v a i l a b le .

Methanolysis o f  these  anhydrides might be expected to give

the h a l f  e s t e r s  (b^a and b) by r e g io s e le c t iv e  r ing opening

of  the anhydrides a t  the l e s s  hindered c e n t re .  These

h a l f  e s t e r s  r eq u i re  only to undergo F r ie d e l -C ra f t s  c y c l i s a t io n

to give the  req u ired  k e t o - e s t e r  (1^ ) ,  toge ther  with i t s

*fa epimer. However, an analogous sequence had fa i le d  at

the F r i e d e l - C r a f  t s  s tage  by formation of the corresponding

hydrophenanthrene in s tea d  of the requ ired  hydrofluorene 
25

(scheme *+). The ac id  ch lo r ide  had ev iden t ly  undergone 

t r a n s e s t e r i f i c a t i o n  before o r  during c y c l i s a t io n .  j i t  was 

in  the  l i g h t  of  t h i s  knowledge th a t  the above approach had 

no t  been a t tempted e a r l i e r ,  but now i t  was decided to put i t  

to  the  t e s t .

D ie l s -A ld e r  ad d i t io n  of i t a co n ic  acid  (V2 ) to the 

d iene (1 7 ) was e f f e c t e d  in  re f lux ing  toluene and gave a 

3 :2  epimeric  mixture ( g . l . c . )  of the anhydrides (i+lfa and b) 

in  91% y i e l d  by dehydrat ion of the i n i t i a l l y  formed d iac ids  

(^3a and b ) .  An i d e n t i c a l  r e s u l t  was obtained when the 

a lco h o l  (19) was used in  p lace of the diene (17)* The 

anhydrides  (Mfa and b) r e s i s t e d  methanolysis in  re f lux ing  

methanol,  but were r e a d i ly  opened to. the ha l f  e s t e r s  (’45a and 

b) by t rea tm ent  with sodium methoxide in  dry methanol a t  0° .

In r o u t in e  p repara t ions  of (*+?a and b) i t  was found 

convenient to p u r i fy  the crude half  e s t e r s  a t  t h i s  stage by
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base e x t r a c t io n  followed by ca re fu l  a c i d i f i c a t i o n  to avoid

l a c t o n i s a t i o n .  The acids Q+̂ a. and b) were converted to the

correspond ing-ac id  ch lo r ides  by treatment with o x a ly l  ch lo r ide

in  benzene a t  room temperature* The y ie ld  of t h i s  r e ac t io n

was e f f e c t i v e l y  q u a n t i t a t iv e  as determined by i . r #  spectroscopy

(no hydroxyl absorp t ion  and carbonyl bands a t  1790 and 
-1

1725 cm o n ly ) .  F r ie d e l -C ra f t s  c y c l i s a t io n  of these ac id

c h lo r id e s  was e f f e c te d  in  methylene chloride so lu t ion  using

1 .1  molar equ iva len ts  of aluminium chloride as c a t a l y s t .  The 

exper ience  gained in  the F r ied e l -C ra f ts  c y c l i s a t io n  of the 

ac id  ( 1 6 ) proved use fu l  and the f i r s t  c r y s t a l l i n e  m a te r ia l  

i s o l a t e d  a f t e r  work up proved to be a 1 6 0 5/̂  y ie ld  of the 

r e q u i r e d  k e t o - e s t e r  ( I5*). The s t ru c tu re  of th i s  compound 

was e s t a b l i s h e d  from i t s  sp e c t r a l  c h a r a c te r i s t i c s  and from 

s p e c t r a l  comparisons with the analogous ketones (15) and 

(37) .  The p o s i t io n  of the double bond was confirmed by a 

double i r r a d i a t i o n  experiment on i t s  proton n .m .r .  spectrum#

In t h i s  experiment the v in y l ic  proton s igna l  a t  5#8C$

sharpened cons iderab ly  on double i r r a d i a t i o n  a t  3«75S the

benzy l ic  resonance#

From the mother l iq u o rs  of the above F r ie d e l -C ra f t s  

r e a c t io n  a second crop of c ry s ta l s  was obtained (39/^) 

which proved to be the not unexpected hydrophenanthrene (M3).

As has been s u g g e s te d ^  the ac t ive  in termediate  in the 

c y c l i s a t i o n  was probably the anhydride-like ca t io n ic  species  

(^7 ) , '  genera ted  by neighbouring group a t ta c k  on the complexed 

ac id  c h l o r id e .  C yc l isa t ion  could thus take place a t  e i t h e r  

o f  the  two p o ss ib le  carbonyl centres# Inspec tion  of molecular



models suggested much g re a te r  s t r a i n  in the t ran s  fused 

hydrofluorenone than in  the corresponding pig fused compound. 

In the case of  the hydrophenanthrenes no r e a l  p reference  

f o r  ^is.  o r  t r a n s  r ing  fus ion  was p red ic ted .  I t  was thus 

thought  t h a t  the p a r t i c u l a r  epimer of the ac id  ch lo r ide  

from ac ids  (k5a and b) which could lead  to the c i s  fused 

hydrofluorenone (I^f) did in  f a c t  do so, and th a t  c y c l i s a t io n  

of  the o th e r  epimer led  to the c is  fused hydrophenanthrene 

(M3). Some t r a n s  fused hydrophenanthrene might a lso  be 

formed a t  the expense of the c is  hydrofluorene r e s u l t in g  in 

the observed low y ie ld  of (1^ ) ,  but th i s  was not v e r i f i e d .

I t  was thus only by remarkable luck th a t  any of the 

r e q u i r e d  isomer was i s o l a t e d  a t  a l l .

The isomeric ketones (I^f) and (M3) were r e a d i ly  

d i s t in g u i s h a b le  by comparison of t h e i r  u .v .  sp e c t ra  with  

the  u .v .  spectrum of  the 6 -methoxyhydrofluorenone (1 5 ) .  An 

i n t e r e s t i n g  d i f fe re n c e  in t h e i r  n .m . r .  spec tra  was the 

appearance of the two protons of the pendant a c e t i c  e s t e r  

group in  ( I 1*) as a d i s t o r t e d  AB q uar te t  with a la rge  geminal 

coupling c o n s t a n t 5 the corresponding protons in  (M3) s i t u a te d  

<*-to the ketone fu n c t io n ,  appeared only as a s l i g h t l y  

broadened s i n g l e t .

Having obtained only a low y ie ld  of the ketone (1^) in 

the F riedel-C rafts  step , attempts were now made to improve 

the y ie ld  of  (I^f) from the half es ters  (^5a and b ). I t  was 

reasoned that i f  the active  e lec tro p h ilic  intermediate in  

the c y c l isa t io n  was in fa ct  the oxonium species ( +̂7)* then
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i t s  formation  from the acid  chloride might be in h ib i t e d  by 

having the e s t e r  group in  (V5a and b) derived from a bu lk ie r ,  

more h indered alcohol* Thus the anhydrides (M+a and b) were 

t r e a t e d  w ith  sodium iS£L-propoxide to give the corresponding 

iS£.-propyl ha l f  e s t e r s  which were cyc l ised  by the same method 

as f o r  the methyl ha l f  e s t e r s .  The r e s u l t in g  o i l y  product 

was ana lysed  by t . l* c *  and was shown to co n s is t  of two major 

compounds. P repara t ive  separa t ion  ( t . l . c . )  of  these  

subs tances  followed by u .v .  sp e c t ra l  examination ind ica ted  

t h a t  the r a t i o  of  hydrophenanthrene to hydrofluorene was 

about 2:1 This was no improvement over the previous method 

which gave a s im i la r  r a t i o  of the two compounds as determined 

by g . l . c *  a n a ly s i s .

The p o s s i b i l i t y  of cyc l is ing  the anhydrides (Mfa and b) 

d i r e c t l y  was now in v e s t ig a ted .  This had not been t r i e d  

before  because i t  was hoped th a t  t r a n s e s t e r i f i c a t i o n  of the 

ac id  ch lo r id e  might not occur.  However, since t h i s  hope was 

no t  f u l f i l l e d ,  the d i r e c t  c y c l i s a t io n  of the anhydrides was 

p r e d ic t e d  to give a t  l e a s t  as good a r e s u l t  as the f i r s t  

method while  elimenating two s teps .  One disadvantage, 

however, was th a t  p u r i f i c a t i o n  of the anhydrides by base 

e x t r a c t i o n  p r i o r  to cy c l i s a t io n  was not p o ss ib le .  This 

p u r i f i c a t i o n  of the n o n -c ry s ta l l in e  epimeric mixture of 

anhydrides  had been poss ib le  in the previous c y c l i s a t io n  a t  

the h a l f  e s t e r  s tage .  An advantage of th i s  procedure was 

th a t  th e re  was no p o s s i b i l i t y  of hydrogen ch lor ide  add i t ion  

to the  double bond. The anhydrides (*4fa and b) in  methylene 

c h lo r id e  were t r e a te d  with aluminium chloride and gave a f t e r
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work up, a yel lowish  o i l .  A sample of t h i s  o i l  was t r e a t e d  

with  diazomethane and analysed by g . l . c .  which showed th a t  

the r a t i o  of  hydrophenanthrene to hydrofluorene was again 

about 2 :1 .  Repeated c r y s t a l l i s a t i o n  of the o r i g i n a l  ac id ic  

products  even tu a l ly  gave about a 10% y i e ld  o f  the hydro

phenanthrene ac id  (M3) , i d e n t i c a l  to a sample prepared by 

a lk a l i n e  hydro lys is  o f  the e s t e r  (M>).

In one F r i e d e l - C r a f t s  c y c l i s a t i o n  experiment the methanol 

used f o r  the p rep a ra t io n  of  the h a l f  e s t e r s  (!+5a and b) was 

no t  r ig o ro u s ly  d r ied  and, a f t e r  the u sua l  procedures ,  the 

f i r s t  c r y s t a l l i n e  m a te r i a l  i s o l a t e d  from the f i n a l  work up 

proved to be a 9% y i e ld  of  the lac tone  (^9 ) .  The formation 

of t h i s  compound can be r a t i o n a l i s e d  by recognis ing  th a t  

sodium hydroxide in  the methoxide used f o r  opening the 

anhydrides (M+a and b) could give r i s e  to the d iac id s  ( 50a 

and b ) .  Mineral ac id  trea tm ent  of these  ac ids  a f t e r  base 

e x t r a c t io n  could s e l e c t i v e l y  l a c to n i s e  th a t  epimer in which 

the t e r t i a r y  carboxyl group i s  a x i a l .  This epimer would be 

the  one in which both a c e t i c  ac id  and a r y l  groups adopted 

the p r e f e r r e d  e q u a to r i a l  o r i e n t a t i o n .  Subsequent c y c l i s a t i o n  

would then give (^9) .  This type of l a c to n i s a t i o n  could a lso  

occur in  the case of the h a l f  e s t e r  and may account f o r

one of the u n id e n t i f i e d  products  from the i n t e r n a l  F r i e d e l -  

C r a f t s  r e a c t io n  of and b ) .

For comparison purposes i t  was decided to l a c to n i s e  the 

ac id  (M3) which had been assigned the £ i s  fused  r ing  Junc t ion .  

Thus the ac id  (M3) was t r e a t e d  with methanesulphonic ac id  a t
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room temperature to give the lac to n e  (5D  in  high y i e l d .  

Lactones (^9 ) and (51) were s p e c t ro s c o p ic a l ly  s im i l a r  but 

v a r i e d  widely in  p h y s ic a l  p r o p e r t i e s .

Although the ketone (I*+) could be prepared only in  low 

y i e l d ,  the l a rg e  sc a le  on which t h i s  p rep a ra t io n  could be 

c a r r i e d  out  made u se fu l  amounts a v a i la b le  and the s y n th e t i c  

sequence was advanced to i t s  next s tage  -  the ox ida t ion  of 

the double bond of (1^) to give the r eq u i red  indanone (9 ) .

The f i r s t  method employed ox ida t ion  w ith  a mixture of sodium 

p e r io d a te  and potassium permanganate in  aqueous acetonef  

but r e s u l t e d  only  in  the recovery of the s t a r t i n g  ketone.  

During t h i s  procedure the reduced manganate ion should have 

been r e -o x id i s e d  to permanganate by the p e r io d a te ;  however, 

a brown p r e c i p i t a t e  of  manganese dioxide was observed and 

no f u r t h e r  ox ida t ion  took p la ce .  There seemed no obvious 

exp lana t ion  fo r  t h i s .

A second at tempt was su c c e s s fu l  when the ketone ( I1*-) 

was ozonised a t  -78° in  e th y l  a c e ta t e  to g ive ,  a f t e r  ox id a t iv e
i

work up, a 65^ y ie ld  of  a c id ic  m a te r i a l .  This o i l j r  product 

r e s i s t e d  a l l  a t tem pts  a t  c r y s t a l l i s a t i o n  and was shorn by 

n .m . r .  to be a mixture of  epimers. P a r t i a l  inve rs ion  a t  the 

C-3 p o s i t i o n  had ev id en t ly  occurred .  Complete c h a r a c te r 

i s a t i o n  of t h i s  m a te r i a l  was no t  a t tempted and i t  was used 

in  the next  s tep  without f u r t h e r  p u r i f i c a t i o n .  S p ec t ra l  

examination d id ,  however, r ev ea l  t h a t  the 5-methoxyindan-I-one 

system was s t i l l  i n t a c t  ( u . v . ) ,  and a s ig n a l  a t  *+.50$ in  i t s  

n .m . r .  spectrum suggested th a t  the C-3 proton was both 

benzy l ic  and oc to a carboxyl group.
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Vith  the apparen t ly  su c ce s s fu l  p re p a ra t io n  of the 

indanone (9 ) completed, the next s tage  in  the sy n th e s i s  of 

the t e t r a c y c l i c  k e t o - e s t e r  (2 ),  conversion of (9 ) to (2 ),

■was embarked upon. Reaction cond i t ions  f o r  the a ld o l  

c y c l i s a t i o n  o f  (9 ) to the t r i c y c l i c  enone (1 0 ) were in f e r r e d  

from the cond i t ions  used fo r  the anne la t ion  of indanones 

using methyl v in y l  ketone and from a s im i la r  c y c l i s a t i o n  

descr ibed  by Raphael?^ However, t rea tment of  the indanone 

(9) w ith  s t rong  bases under a v a r i e t y  of cond i t ions  gave 

no product e x h ib i t in g  the c h a r a c t e r i s t i c  chromophore of the 

conjugated "cinnamoyl1’ system of (1 0 ) ,  At t h i s  po in t  i t  

was thought th a t  the p o ss ib le  re t ro -M ichae l  r e a c t io n ,  which 

could compete with  c y c l i s a t i o n ,  was occurr ing  so f a s t  th a t  

no c y c l i s a t i o n  a t  a l l  was taking p la c e .  Accordingly, 

a t tem pts  to c y c l i s e  the indanone (9 ) were made using ac id  

c a t a l y s t s  as w el l  as t ry in g  to e f f e c t  c y c l i s a t i o n  v ia  an
28enamine in te rm e d ia te .  As f a r  as could be determined, however, 

only s t a r t i n g  m a te r i a l  was recovered in  each case .

One puzzling  f e a tu re  of the products of s trong base

trea tm en t  of the indanone (9 ) was th a t  when an a l iq u o t  was

removed d i r e c t l y  from the r e ac t io n  v e s s e l  during an experiment

i t  showed an abso rp t ion  maximum a t  about 300nm. Addition

of a few drops of m inera l  ac id  to the contents  of the u .v .

c e l l  r e s u l t e d  in  an immediate r e tu rn  to s h o r te r  wavelength

ab so rp t io n .  The PH dependence of the u .v .  absorp t ion
30maximum suggested th a t  a ^ - d i k e t o n e  was being formed, the 

most l i k e l y  s t r u c t u r e s  o f  which were (52) and (53)« This 

hypothesis  was s u b s t a n t i a t e d  when an analogous r e a c t io n  was
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found in  the l i t e r a t u r e *  During the annexation of the 

indanone (5*+) w ith  methyl v in y l  ketone,  Matsui2^ found th a t  

the  f i r s t  in te rm ed ia te  was a £>-diketone, (55)* (5&)* or  both. 

Subsequent conversion of t h i s  in te rm ed ia te  diketone to the 

r e q u i r e d  enone (57) was e f f e c t e d  simply by trea tm ent  with  

aqueous sodium hydroxide. Accordingly, the indanone (9) 

was t r e a t e d  w ith  sodium methoxide in  methanol followed by 

aqueous sodium hydroxide. This procedure gave a yellow o i l  

which on m ethy la t ion  with  diazomethane and chromatographic 

p u r i f i c a t i o n  on alumina gave the t r i c y c l i c  d i e s t e r  (58) as 

yellow c r y s t a l s  in  3I % y i e l d .  An i d e n t i c a l  r e s u l t  was 

ob ta ined  when the  indanone (9) was t r e a t e d  d i r e c t l y  with  

aqueous sodium hydroxide followed by the above m an ipu la t ions .  

The moderate y i e ld  of  (58) was a t t r i b u t e d  to the competi t ive 

re t ro -M ich ae l  r e a c t io n  mentioned e a r l i e r .

The s t r u c t u r e  of the t r i c y c l i c  enone (58) was ev ident

from i t s  s p e c t r a l  c h a r a c t e r i s t i c s .  I t s  n .m . r .  spectrum

showed the enone v i n y l i c  proton as a sharp s in g l e t  a t  6.20S

and the benzylic  proton appeared s i m i l a r ly  a t  *f.5^S* ^he

u .v .  spectrum showed the long wavelength abso rp t ion  ty p ic a l

of the extended ncinnamoyl11 system. I . r .  spectroscopy showed

the u n sa tu ra ted  ketone abso rp t ion  a t  1660 cm“ -̂. The

s te reo ch em is t ry  was considered to be as shown s ince  the

cond i t ions  under which c y c l i s a t i o n  of (9) took place  were

s t ro n g ly  bas ic  and e q u i l i b r a t i o n  to the more s t a b le  trans,
IIisomer would be expected by analogy w ith  Loewenthal’s 

o b s e rv a t io n s •

With the su cces s fu l  conversion of the indanone (9) to
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to  the t r i c y c l i c  enone ( 5 8 ) accomplished, th e re  remained 

but one f a r t h e r  s tage before the gibbane ske le ton  was 

co n s t ru c te d ,  namely the c lo su re  of r ing  D. This had 

p rev io u s ly  been e f f e c t e d  by ac id  ca ta ly sed  cyclodehydrat ion  

of  enone ac id s  of gene ra l  s t r u c tu r e  (59).  Since i t  had 

been e l e c t e d  to handle the t r i c y c l i c  enone as i t s  dimethyl 

e s t e r  ( 5$ ) ,  and s ince  s a p o n i f i c a t io n  could cause undesired 

r e t r o  r e a c t io n s ,  the f i n a l  r ing  c losu re  was c a r r i e d  out 

using the d i e s t e r ,  a r e a c t io n  f o r  which the re  was no 

p receden t ,  but no obvious reason f o r  f a i l u r e .

Treatment of the d i e s t e r  (58) w ith  naph tha lene-2 -  

su lphonic  ac id  in  r e f lu x in g  benzene gave the requ ired  

t e t r a c y c l i c  d i k e t o - e s t e r  ( I I )  in  high y i e ld  as a s ing le  

isomer.  The mother l iq u o r s  of  t h i s  r e a c t io n  cons is ted  

almost e n t i r e l y  ( t . l . c . )  o f  the unreacted  d i e s t e r  ( 5 8 ) which 

could be recyc led  in  a subsequent r e a c t io n .

The s t r u c t u r e  of ( I I )  was apparent from i t s  s p e c t r a l

d a ta ,  no tab ly  the c h a r a c t e r i s t i c  s h i f t  to longer  wavelength

u .v .  abso rp t ion  (3 2 8 — ^^ O n m )  on going from the t r i c y c l i c

(58) to the t e t r a c y c l i c  s t r u c t u r e  ( I I )  .̂a The s te reochem is try

of  ( I I )  was assumed to be as shown, again by analogy with
TTLoewenthal’s f in d in g s .

Another p o ss ib le  method of e f f e c t in g  the c y c l i s a t i o n
8 b

( 58— > 1 1 )  has been descr ibed  by Loewenthal and co n s i s t s  

of  t r e a t i n g  a t r i c y c l i c  enone of type ( 5 9 ) w ith  t r i f l u o r o -  

a c e t i c  a c i d / t r i f l u o r o a c e t i c  anhydride a t  room tem perature .  

However, when app l ied  to the d i e s t e r  (58) a much reduced
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y ie ld  of ( I I )  was o b ta in ed .

The l a s t  remaining s tep  in  the sy n th es is  of the key 

in te rm e d ia te  (2 ) was the removal of the enone system in 

r in g  C o f  ( I I ) .  Because of the low y ie ld s  encountered 

in  two of the s te p s  lead ing  to ( I I ) ,  v i z . p rep a ra t io n  of 

the  k e to - e s te r  (1*+) and c y c l i s a t io n  of the indanone (9 ), 

a high y ie ld  conversion of ( I I )  to (2) was necessary  to 

make s y n th e t i c a l l y  u s e fu l  amounts of (2 ) a v a i la b le  fo r  

f u r th e r  e la b o ra t io n .  The hydrogenation procedure described
O - L

by Loewenthal seemed id e a l  f o r  t h i s  purpose. Before

committing any v a lu ab le  s t a r t i n g  m a te r ia l  i t  was decided

to  c a r ry  out some model experiments in  o rder  to  optim ise

the r e a c t io n  c o n d i t io n s .  I t  was known th a t  the product

d i s t r i b u t i o n  of such a hydrogenation re a c t io n  was s e n s i t iv e
^2to  a v a r i e ty  of  f a c to r s  and i t  was thought th a t  a u se fu l 

t e s t  compound would be one which would give a known compound 

as the re q u ired  p ro d u c t.  A sm all amount of the gibbane (60)
gQ

was a v a i la b le  and the expected product (6 1 ) of
8a

hydrogenation /hydrogeno lysis  of th i s  compound was known .

Thus a su p e r-a c t iv e  c a ta ly s t  was prepared by 

prehydrogenating a m ixture of palladium ch lo rid e  and p u r i f i e d  

c h a rco a l in  pure a c e t i c  a c id  u n t i l  uptake was complete. To 

the c a t a l y s t  m ixture was added a warm so lu t io n  of the gibbane

(6 0 ) in  a c e t i c  ac id  and the whole was hydrogenated a t  50° 

f o r  0 .75 hours. The product of th i s  re a c t io n  was, q u ite  

unexpected ly , the k e to -o le f in  (6 2 ), the s t ru c tu re  of which 

was in f e r r e d  from s p e c t r a l  d a ta .  N otably, the enone carbonyl
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a b so rp tio n  of the s t a r t i n g  compound was absen t in  i t s  i . r .  

spectrum and a chromophore c o n s is te n t  w ith  a s ty ren e  type 

of s t r u c tu r e  was observed in  the u . v . .  A s ig n a l  a t  5.6U-S 

in  i t s  n .m .r .  spectrum confirmed the presence of the double 

bond.

F u r th e r  confirm ation  fo r  the s t r u c tu re  assigned  to 

(6 2 ) was o b ta ined  by hydrogenation of (6 2 ) using 10% 

palladium  on cha rcoa l as c a t a ly s t  which gave a high y ie ld  

of the known gibbane (6 1 ) ,  e s ta b l i s h e d  by comparison w ith  

the sp e c tra  and m elting  p o in t of an a u th e n t ic  sample of 

( 6 I ) ? 1

Removal of the C -I2 ketone fu n c tio n  from (6 0 ) 

presumably proceded by an i n i t i a l  rap id  hydrogenation to 

an a l l y l i e  a lco h o l which underwent hydrogenolysis . The 

reason why the o l e f i n i c  double bond should remain unaffec ted  

and y e t  l a t e r  hydrogenate ra p id ly  under ap p aren tly  le s s  

fo rc in g  c o n d it io n s ,  i s  no t c l e a r .

With r e a c t io n  cond itions  fo r  the  proposed reduction  of 

the  enone ( I I )  to  the k e to -e s te r  (2 ) a v a i la b le ,  a ttem pts 

were now made to  e f f e c t  th i s  t ran sfo rm atio n . Thus ( I I )  

was hydrogenated as described  above, but the main product 

in  t h i s  case was the diketone (6 3 ), r e s u l t in g  from simple 

hydrogenation of the o le f in i c  double bond. A g .c .m .s .  

a n a ly s is  o f  the mother l iq u o rs  of the above re a c t io n  showed 

no m a te r ia l  w ith  the requ ired  m olecular weight of 3 0 0 .

Some v a r ia t io n s  on the hydrogenation procedure were t r i e d .  

A ddition  of a few drops of p e rc h lo r ic  ac id  r e s u l te d  only
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in  the  d e s t ru c t io n  of the c a ta ly s t*  A longer  period  of 

hydrogenation  had no e f f e c t  a t  a l l .  Since i t  was suspected  

th a t  an a l l y l i c  a lcoho l might be an in te rm ed ia te  in  the 

hydrogenation reac tio n ,-  a sample of the enone ( I I )  was 

t r e a te d  w ith  sodium borohydride to give a mixture of 

a lco h o ls  which was su b jec ted  to the hydrogenation process  

w ithou t c h a r a c te r i s a t i o n .  The product of th i s  red u c tio n  

was o x id ised  w ith  Jones reagent and analysed by g .c .m .s . ,  

but again  no m a te r ia l  w ith  the req u ired  molecular weight 

was d e te c te d .  |I

F in a l ly ,  the hydrogenation of ( I I )  was c a r r ie d  out

a t  the  h igher tem perature of 100° and, a f t e r  chromatographic

s e p a ra t io n  of the p ro d u c ts ,  a low y ie ld  (Ca. b%) of an o i l y

substance was o b ta in ed , which was shown by high r e s o lu t io n

mass spectrom etry  to  have the req u ired  c o n s t i tu t io n  C j8^ 20* \  *

I . r .  examination of th i s  m a te r ia l  showed carbonyl abso rp tion

maxima c o n s is te n t  w ith  e s t e r  and cyclopentanone groupings.

The mass spectrum of th i s  compound showed an M+minus-42

fragment in d ic a t in g  the lo s s  of ke tene , a process which is

thought to occur a t  the CD- two carbon bridge and which has
33been observed in  s im i la r  gibbane systems. From these  data  

and from the p recu rso r  and re a c t io n  cond itions from which 

t h i s  substance was o b ta in ed , i t  i s  d i f f i c u l t  to a ss ign  a 

s t r u c tu r e  o th e r  than (2 ) to  th i s  compound. However, s ince  

la ck  of m a te r ia l  prevented f u l l  c h a ra c te r i s a t io n  and lack  

of time prevented the p rep a ra t io n  of la rg e r  amounts of the 

substance , i t s  tru e  id e n t i t y  was no t unambiguously d e f in ed .

Why the  enone ( I I )  should no t undergo e f f i c i e n t
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re d u c t io n  to (2 ) under cond itions  which reduced s im ila r

systems was no t c l e a r .  I t  i s  notew orthy, however, th a t  the

red u c t io n  of (6 0 ) to (6 1 ) and the red u c tio n  d escr ibed  by 
_ , 8 b

by Loewenthal both had carbomethoxy groups in  the  s u b s t ra te

a t  the C-4 p o s i t io n ,  and both gave r i s e  to  the un n a tu ra l

trans, s te reo ch em is try  a t  the BC r in g  junction* Reduction

of ( I I ) ,  which had no C-4 s u b s t i tu e n t ,  would be expected to

r e s u l t  in  the c i s  BC rin g  fu s io n ,  d ic ta te d  by the s te re o -
I Ichem istry  of the C-6  s u b s t i tu e n t .

Other methods fo r  the removal of the  enone system from 

( I I )  were contem plated, but the procedures a v a i la b le  in  the 

l i t e r a t u r e  a l l  involved c i r c u i to u s ,  low y ie ld  routes** 

and a t t e n t io n  was now turned to the second, a l t e r n a t iv e  

approach to  the  sy n th e s is  of the k e to - e s te r  (2 ) .

(2 )

In t h e i r  sy n th e s is  of the d iketone (6*+), Baker and 

Goudie^1* prepared  the b ic y c lo (3 *2 . 1 , )  octanone (6 5 ) in which 

the  a r y l  and carboxyl groups are  c i s  r e l a t e d .  Any method of 

c y c l is in g  the carboxyl group, or an ap p ro p ria te  d e r iv a t iv e ,  

to  the  a n is y l  group would thus r e s u l t  in  a gibbane of the 

re q u ire d  c is  BC r ing  fu s ion  (eg. 6*f). I t  was envisaged th a t  

the k e to - e s te r  (2 ) might' be a v a i la b le  from the k e to -a c id  

(6 5 ) by the fo llow ing  sequence: p ro te c t io n  of the ketone

fu n c t io n  of (6 ?) as i t s  e thy lene  k e t a l  followed by mono- 

brom ination of the benzene r in g ;  homologation of the  ac id  

fu n c tio n  and e s t e r i f i c a t i o n  would then give (6 6 ) which 

should be co n v e rt ib le  to (2 ) by base trea tm en t a
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benzyne in t e r m e d ia te ^  (scheme 5). The p o s i t io n  of bromin- 

a t io n  of the a n is y l  group would be unimportant s ince  e i th e r  

p o s s ib le  isomer would give r i s e  the same benzyne. Homolog

a t io n  of the  ac id  fu n c tio n  v ia  the derived  diazoketone in  

an A rn d t -E is te r t  procedure should be possib le*

Thus the k e to -a c id  was prepared in  a m u lt is te p  sequence*^ 

s t a r t i n g  from the D ie ls -A ld e r  a d d i t io n  product of i ta c o n ic  

ac id  to the  diene (6 7 ). Because of the necessary  se p a ra t io n  

of isomers a t  one stage  in  the sequence, the f i n a l  y ie ld  

of  (6 5 ) was r a th e r  low. I t  was hoped th a t  i f  i n i t i a l  

experim ents proved su c c e s s fu l ,  then the e n t i r e  mixture of 

(6 5 ) and i t s  accompanying C-2 epimer might be sub jec ted  to

the  sequence (6 5 ------>  2 ) in  the hope of se p a ra tin g  the isomers

a t  the f i n a l  c y c l i s a t io n  s tep  by s e le c t iv e  re a c t io n  of the  

c i s  isomer to the p re fe r re d  c i s  BC gibbane (2 ) .  This type 

o f  s e p a ra t io n  had been e f fe c te d  on the same m ixture of isomers 

in  the p re p a ra t io n ^ 1* of (6U-).

In an attem pt to k e t a l i s e  the C-6  ketone func tion  of 

(6 5 ) , t h i s  k e to -a c id  was t r e a te d  w ith  e thy lene g ly co l and 

to luene-p .-su lphonic  ac id  in  re f lux ing  benzene. The product 

of t h i s  re a c t io n  was a m ixture of the req u ired  c r y s t a l l i n e  

k e t a l  ac id  (6 8 ) and the corresponding o i ly  hydroxyethyl e s t e r  

(6 9 ) ,  obviously  formed by e s t e r i f i c a t i o n  of the ac id  w ith  

e thy lene  g ly c o l .  These two compounds were r e a d i ly  separab le  

by v i r tu e  of the base s o l u b i l i t y  of the a c id ,  but a ttem pts 

to  o b ta in  the ac id  w ithout e s t e r i f i c a t i o n  occurring  were 

u n su c cess fu l .  I t  was a lso  noteworthy th a t  on prolonged
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r e a c t io n  the r a t i o  of k e t a l  ac id  to k e t a l  e s t e r  remained 

alm ost c o n s ta n t .  I t  thus appeared th a t  k e t a l i s a t i o n  and 

e s t e r i f i c a t i o n  occurred  a t  comparable r a te s  and th a t  

e s t e r i f i c a t i o n  could be follow ed by k e t a l i s a t i o n  but no t 

v ic e  v e r s a . No s i g n i f i c a n t  amount of  u n k e ta l i s e d  e s t e r  was 

d e te c te d .  The k e t a l  e s t e r  (6 9 ) was r e a d i ly  converted  to  the 

k e t a l  ac id  in  good y ie ld  by a lk a l in e  h y d ro ly s is .

Attempts to  mono-brominate the k e t a l  ac id  (6 8 ) were 

now undertaken . When (6 8 ) was t r e a t e d  w ith  bromine in  

carbon t e t r a c h lo r id e  s o lu t io n  in  the presence of f e r r i c  

bromide the  product was a brown t a r  which showed a t  l e a s t  

seven h ig h ly  p o la r  p roducts  on t . l . c . .  Bromine trea tm en t 

of (6 8 ) w ithou t c a t a l y s t  gave an o i l  which appeared to 

co n ta in  mono and di-bromo compounds by mass spectrom etry  

and which was un reso lv ab le  on t . l . c . .  The n .m .r .  spectrum 

of t h i s  o i l  was u n in fo rm ative . However, when the k e ta l  

e s t e r  (6 9 ) was t r e a te d  w ith  bromine in  carbon te t r a c h lo r id e  

s o lu t io n  w ithou t added f e r r i c  bromide, the rap id  p r e c ip i t a t io n  

o f  an o i l  was observed and a f t e r  work up and chromatographic 

s e p a ra t io n  on s i l i c a  a good y ie ld  of the o i ly  monobrominated 

e s t e r  k e t a l  (70) was o b ta in e d .  The p o s i t io n  of bromination 

in  the  arom atic  r in g  was no t c l e a r ,  but as was mentioned 

e a r l i e r ,  t h i s  was no t im portant in  the o v e r a l l  r e a c t io n  

scheme. The success of the  brom ination e v id e n t ly  la y  in  

the i n s o l u b i l i t y  of the r e a c t io n  product in  carbon t e t r a 

c h lo r id e .

I t  was now in tended  to  hydrolyse the bromo e s t e r  (70)
\
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to the  corresponding ac id  (7 1 ) p r io r  to homologation of the 

a c id  fu n c t io n ,  but s e v e ra l  a ttem pts  using aqueous sodium 

hydroxide a t  v a r io u s  co n cen tra t io n s  gave only a m ixture of 

p roducts  which again were unreso lvab le  by t . l . c .  and which 

d e f ie d  a l l  a ttem pts  a t  c r y s t a l l i s a t i o n .  I . r .  and n .m .r .  

sp e c tra  of these  m ixtures were in c o n c lu s iv e .  I t  thus 

appeared th a t  the  req u ired  k e t a l  ac id  (7 1 ) was not going 

to  be r e a d i ly  a v a i la b le .

In  p a r a l l e l  w ith  the above experiments attem pts were

made to d isc o v er  i f  the h indered  ac id  group of the paren t

k e to -  ac id  (6 5 ) could be homologated to the a c e t ic  acid  (7 2 ) .

Thus (6 5 ) was t r e a t e d  w ith  o x a ly l  ch lo r id e  in  benzene to give

the corresponding ac id  c h lo r id e  which was added to an excess

of diazomethane in  e th e r  a t  0 ° .  This r e s u l te d  in  the

form ation  of the diazoketone (7 3 ) as evidenced by an

a b so rp tio n  in  i t s  i . r .  spectrum a t  2010 cm"^. Wolff

rearrangem ent of  diazoketones has been e f fe c te d  in  two ways;

f i r s t l y ,  rearrangem ent of the diazoketone may be ca ta ly sed
37by s i l v e r  oxide o r  o th e r  m etal c a t a l y s t ,  and secondly by

•3 o

h ea tin g  in  the absence of c a t a l y s t  in  a high b o iling  so lv e n t .  

Attempted rearrangem ent of (73) by the f i r s t  method by 

adding a s lu r r y  of s i l v e r  oxide to the diazoketone in  aqueous 

dioxane gave a m ixture of th ree  or more a c id ic  products 

none of .which were i d e n t i f i e d .  However, when the diazoketone

(7 3 ) was heated a t  180° in  c o l l id in e  contain ing  benzyl 

a l c o h o l ^  followed by s a p o n if ic a t io n  of the r e s u l t in g  benzyl 

e s t e r ,  the major p roduct, according to i t s  s p e c t r a l  d a ta ,  

was the  req u ired  a c e t ic  ac id  (7 2 ) .
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Thus, a lthough homologation of the ac id  group of (6 5 ) 

could be ach ieved , the p re p a ra t io n  of the bromo compound 

(71) was no t immediately p o ss ib le  and fo r  th i s  reason and 

la c k  of time th i s  approach to the sy n th e s is  of the k e to -  

e s t e r  (2 ) -was suspended. In a d d i t io n  to the above d i f f i c u l t y ,  

i t  was found th a t  when the m ixture of (6 5 ) and i t s  

accompanying C-2  epimer p lus  o th e r  unavoidable im p u r i t ie s

were su b jec ted  to  the sequence ( 6 5 ----- >«7 0 ), a b lack ,

i n t r a c t a b l e  t a r  was o b ta in ed .

I t  would appear th a t  i f  t h i s  ro u te  was to have any 

chance of success a means of in tro d u c in g  the bromine group 

in to  the arom atic  r in g  a t  an e a r ly  stage would have to be 

cons idered . Also, to  o bv ia te  the n e c e s s i ty  of separa ting  

isom ers a t  some s ta g e ,  a s te r e o s p e c i f ic  sy n th e s is  of the 

b ic y c lo (3 «2 . I )o c tan o n e  (6 5 ) would be advantageous.
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Experim ental

A ll m elting  p o in ts  were determined on a K ofler  m icro

scope h o t-s ta g e  and are uncorrec ted  un less  o therw ise  s ta te d .

Routine in f r a re d  ( i . r . )  sp e c tra  ( l iq u id  f i lm s ,  potassium 

bromide d is c s )  were recorded on Pye Unicam S .P . 200 or 

Perkin-Elm er 257 spec tropho tom ete rs ; so lu t io n  i . r .  sp e c tra  

were recorded by Mrs. F . Lawrie on e i t h e r  a Perkin-Elmer 

257 spectrophotom eter o r  a Unicam S .P . 100 double beam 

spectropho tom eter, equipped w ith  an S .P . 130 sodium ch lo rid e  

prism g ra t in g  double monochromator opera ted  under vacuum.

High re s o lu t io n  i . r .  sp e c tra  (a t  high d i lu t io n ,  i . e .  a t  

approxim ately  0.003M co n cen tra tion  in  carbon t e t r a c h lo r id e )  

were recorded on th i s  l a t t e r  spectrophotom eter.
\

U l t r a - v io l e t  ( u .v . )  sp e c tra  were measured on a Pye 

Unicam S .P . 8000 spectrophotom eter as so lu t io n s  in  95$ 

e th a n o l .

Nuclear magnetic resonance (n .m .r . )  sp e c tra  were 

ob ta ined  on V arian T-60 and H.A. 100 spec trom eters , using 

approxim ately  0.3M s o lu t io n s  in  deu terioch lo roform , un less 

o therw ise  s ta te d ,  w ith  te tra m e th y ls i la n e  as an in t e r n a l  

s ta n d a rd . Coupling co n s tan ts  ( J )  were measured in  Hertz (Hz).

A n a ly tica l  g a s - l iq u id  chromatography ( g . l . c . )  was 

c a r r ie d  out on a Pye Argon chromatograph equipped w ith a 

^ - i o n i s a t i o n  d e te c to r .  A ll compounds were analyse^ on a 

5$ QF-I column a t  a tem perature of e i t h e r  200 or 225 degrees 

c e n t ig ra d e .
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Mass sp e c tra  were recorded on a G .E .C .-A .E .I . M.S.12 

sp ec tro m ete r .  High re s o lu t io n  mass measurements were made 

on an A .E .I .  M.S. 902S machine. The f ig u re s  quoted fo r  the 

m olecular ion (M) r e f e r  to the m/e v a lu e .

M icroanalyses were c a r r ie d  out by Miss F . Cowan,

Mrs. W.W. Harkness and th e i r  s t a f f .

Thin la y e r  chrom atoplates were spread w ith  Merck 

K ie s e lg e l  G and developed in e th y l  a c e t a t e / l i g h t  petroleum. 

P re p a ra t iv e  chrom atoplates were spread w ith  Merck K iese lge l 

HF251*.

L ight petroleum r e f e r s  to th a t  f r a c t io n  which b o ils  

w ith in  the  range 60- 80° .

S o lu tio n s  were d r ied  over e i t h e r  anhydrous magnesium 

su lpha te  o r  anhydrous sodium s u lp h a te .

I Combined gas chromatography-mass spectrom etry  (g .c .m .s . )  

an a ly ses  were c a r r ie d  out on an L.K.B.9,000 ins trum en t.

i
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I-(n i-m ethoxyphenyl)-t r a n s -b u t- I -en -^ -o n e  (1 8 ) .

This compound was prepared in  8 6 % y ie ld  by an id e n t i c a l  

method to th a t  used fo r  the p rep a ra t io n  of the corresponding 

32,-methoxy i s o m e r ? 5 j Acetone was condensed w ith  m-methoxy- 

benzaldehyde in  aqueous sodium hydroxide to give the enone 

(18) as a pa le  yellow o i l ,  b .p .  IMD° a t  I  t o r r  ( l i t .  b .p .  

173° a t  8 t o r r 16)j S 2.35 (3H, s ,  CO-CH3 ) ,  3 .8 0  (3H, s ,  

OMe), 6 .6 3  (IH, d , J * l 6Hz, v in y l  H), 7.M3 (IH,. d , J= l6Hz, 

v in y l  H) and 7*00 (*+H, m, a ry l  H).
|

I-(m -m ethoxyphenyl)-3-m ethyl-iiiaas.-bu ta-I ,3 -d iene | (17).

Method I .

To a s t i r r e d  suspension of triphenylmethylphosphonium 

bromide (39g) in  dry e th e r  (200  ml) was added potassium 

t-b u to x id e  (I3g) and s t i r r i n g  continued fo r  2h. The enone 

(18) ( 5g) in  dry e th e r  (25ml) was added a t  room tem perature 

over 0 . 5h and the re a c t io n  mixture was s t i r r e d  fo r  a fu r th e r  

l 6h. The r e a c t io n  mixture was poured onto ice  and the organic 

la y e r  se p a ra te d ,  washed twice w ith b r in e ,  d r ied  and the 

so lv e n t  removed. The r e s id u a l  brown o i l  was e x tra c te d  

w ith  f iv e  p o r tio n s  of l i g h t  petroleum and the combined 

e x t r a c t s  f i l t e r e d  and so lven t removed to give the diene (17) 

as a c o lo u r le s s  mobile o i l  (*f.2g, 8*4$), b .p .  120 a t  0 .0 2  

t o r r ;  y  max. ( th in  f i lm ) 1 5 8 0 , 1 6 0 0 , 9 6 0 , and 780 cm"1 ;

Xmax. 280 nm ( t  2 8 , 0 0 0 );  § 2 .0 0  (3H, s ,  v in y l  Me), 3 .8 0  

(3H, i s , OMe), 5.10 (2H, s ,  C=CH2 ), 6.35-7.MD (6H, m, v in y l



and a r y l  H) ( Found: M=l7if.lOif36. c i 2Hiif° re q u ire s  M=I7if.IOM+6 ).

Method 2 .

To a s t i r r e d  suspension of magnesium tu rn ings  (5g) in  e th e r  

( 50ml) was added, under dry n i t ro g e n ,  methyl iod ide  (32g) 

in  e th e r  (50ml). A fte r  0.75H a l l  the magnesium had d isso lv ed  

and the enone (1 8 ) ( I 8 g) in  e th e r  ( 50ml) was added a t  0 ° 

over Ih  and s t i r r i n g  continued fo r  a f u r th e r  2h. Dry acetone 

was added u n t i l  no more hea t was evolved and the re a c t io n  

m ix ture  t r e a te d  w ith  s a tu ra te d  aqueous ammonium ch lo ride  

(IjOml). The o rgan ic  la y e r  was se p a ra te d ,  washed twice w ith 

b r in e ,  d r ie d  and the so lv en t removed to give I-(m-methoxy- 

p h e n v l) -V m e th v l- t r a n s - b u t - I - e n - V o l  (1 9 .5g) as a co lo u rle ss  

o i l ,  y  max. ( l iq u id  f i lm )  3^ 6 0 , *5^0 , 1 6 0 0 , 9 8 0 , and 780 cm"-1-; 

g l . k O  (6H, s ,  g£m di-M e), 2.35 (IH, s ,  OH), 3 .75 (3H, s ,  

OMe), 6 .1 0 -7 .^  (6H, m, v in y l  and a r y l  H).

D ehydration of the crude a lco h o l was e f fe c te d  in  two ways:

a )  D i s t i l l a t i o n  of  the a lco h o l (19) from potassium 

b isu lp h a te  ( 500mg) a t  0 .0 2  t o r r  gave the pure diene 

(1 7 ) (I^f.Sg, 8 2 /o based on s t a r t i n g  enone) id e n t ic a l  

w ith  the m a te r ia l  p repared  as described  in  method I .

b) Refluxing the a lco h o l (1 9 ) in to luene (250ml) contain ing  

toluene-E.-sulphonic ac id  (IOOmg) followed by removal

of so lven t and passage through a sh o r t  column of 

n e u t r a l  alumina w ith  l i g h t  petroleum gave, a f t e r  

removal o f  so lv en t,  the diene (17) (I5»2g, based 

on s t a r t i n g  enone) id e n t i c a l  w ith  the m a te r ia l  prepared
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by method I .
t . . .

2JLS. 2-(m -m ethoxyphenyl)-*f-m ethylcyclohex-3-ene-I-carboxylic
I

a c id  (1 6 ).

Method I .

A m ixture of the d iene (17) (2*7g), a c ry l ic  ac id  ( 2 . 5g) and
■ . /

hydroquinone ( I 5mg) in  to luene (25ml) was re f lu x ed  under 

n i t ro g e n  fo r  I 6h. The re a c t io n  m ixture was cooled , ex tra c te d  

tw ice w ith  sodium carbonate so lu tio n  and the combined 

e x t r a c t s  a c id i f i e d  to PH-5 w ith  d i lu t e  hydroch lo ric  ac id .

E ther e x t r a c t io n ,  followed by washing w ith  b r in e ,  drying 

and so lven t removal gave the crude a c id .  Excess a c ry l ic  ac id  

was removed by d isso lv in g  the crude product in  xylene and 

evapora ting  to d ryness . R e-so lu tion  in  e th y l  a c e ta te  (3ml) 

and t r i t u r a t i o n  w ith  l i g h t  petroleum gave c r y s ta l s  of the 

pure ac id  (2 . 8g, 70%), m.p. 127 - 128° ;  ^  max; (KBr) I 690 and 

3 ,0 0 0  cm”1 ; \  max. 273 run (£ 2 5 1 0 ) and 280 nm (2^7 0 );

5  1 .75 (3H, s ,  v in y l  Me), 2.00 0*H, m, a l ip h a t ic  H), 2 .8 0

(IH, m, C0-CH), 3 .6 8  (IH, m, benzylic  H), 3.70 (3H, s ,  OMe),

5 . 5*4- (IH, b r .d ,  v in y l  H), 6.60 (*+H, m, a ry l  H) and II.0(IH,

s ,  OH) (Found: C, 73.09; H, 7.12$. C j5 ^ 3 0 3  r e q u ire s :  C, 73.1^5 

H, 7.37%).

A m ixture of the a lcoho l (1 9 ) (20g), a c ry l ic  ac id  (I8g) and 

hydroquinone (30mg) in  to luene (250ml) was re f lu x ed  f o r  I6h 

w ith  co ns tan t sep a ra tio n  of water using a Dean-Stark t r a p .

The re a c t io n  was worked up as described  in  method I above



g iv ing  the cyclohexene ac id  (1 6 ) (2 3 . ^-g, 70%) i d e n t ic a l  to 

the  m a te r ia l  p repared  by method I .

3-M ethyl-6-m ethoxy-I,2,lfa^,9a^-tetrahydro-9-fluorenone (15 ) .

(1)
The a c id  (1 6 ) (ICOmg) in  polyphosphoric ac id  (2ml) was 

s t i r r e d  w hile the tem perature of the mixture was ra ise d  

by about 1° per m inute. The re a c t io n  was monitored by
\

u .v .  spectroscopy  and when the tem perature reached 8 5 - 90° 

a change in  the chromophore was observed. The mixture 

was poured onto i c e ,  e x t ra c te d  w ith  e th e r ,  washed w ith 

sodium b icarbonate  s o lu t io n ,  then w ith  b r in e ,  d r ied  and 

the so lv en t removed to give a brown gum which could not 

be reso lv ed  on t . l . c .  and which appeared to be polymeric 

in  n a tu r e .

(2 )
The a c id  (16) (IOOmg) in  80$ su lp h u r ic  ac id  (2ml) was 

s t i r r e d  a t  room tem perature and the re a c t io n  monitored 

by u .v .  spectroscopy and t . l . c .  A fte r  2h the mixture 

was poured onto ic e ,  ex tra c te d  w ith  e th e r ,  washed with 

sodium b icarbonate  s o lu t io n ,  then b r in e ,  d r ied  and the 

so lv en t removed to give a brown o i l  which co ns is ted  of 

a t  l e a s t  f iv e  h igh ly  p o la r  compounds.

(3 )
To a so lu t io n  of the ac id  (1 6 ) ( I lg )  in  dry benzene (I50ml) 

was added o x a ly l  ch lo rid e  (7ml) and the m ixture s t i r r e d  

f o r  2h. Solvent and excess reagent were removed under 

reduced p ressu re  and the. r e s u l t in g  ac id  ch lo r id e  (2 1 )
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('Vmax. 1790 cm"1 ) was d isso lv ed  in  methylene ch lo rid e  

(500ml). To th i s  v ig o ro u s ly  s t i r r e d  s o lu t io n  was added 

aluminium ch lo rid e  (7 . 0 g) in  one p o r t io n .  A fte r  e x a c tly  

I 5min. the re a c t io n  m ixture was poured onto i c e ,  

e x t ra c te d  w ith  chloroform , washed once w ith  b r in e ,  twice 

w ith  sodium carbonate so lu t io n  and once again w ith b r in e .  

Drying and removal of so lven t gave the crude product which 

was c r y s t a l l i s e d  from e th y l  a c e t a t e / l i g h t  petroleum to 

g ive the pure ketone (6 . 5g, 6b%) as c o lo u r le s s  prism s, 

m.p. 1 0 6 - 108° ;  U  max. (KBr) I 69O cm"1 ; X max. 269nm 

(111,800), 288nm (9 ,000 ), 293nm (8 ,500); S 1 . 60 (3H, s , 

v in y l  Me), I . 85  0*H, m, a l i p h a t i c  H), 2.80 (IH, m,

C0-CH), 3.75 (IH, m, benzylic H), 3.80 (3K, s ,  OMe),

5.60 (IH, b r .d ,  v in y l  H), 6 .9 0  (2H, m, a r y l  H), 7.65

(IH, d, J=8Hz, a r y l  H) (Found: C, 78.82; H, 6 . 98$.

Cj^Hj^02 r e q u i r e s :  C, 78.92; H, 7 .06$)

3^ -c h lo ro - 3^ -me t h y l - 6 -me th o x y - I , 2 , 3 , ^ a ^ , 9a^-hexahydro- 9-  

f luorenone (22a o r  b ) .

To a s t irr ed  so lu tion  of the acid chloride (21) (from 5g a c id ) ,  

prepared as described in the preparation of (15) above, in  

methylene chloride (250ml) was added aluminium chloride (3.*+g) 

over 0.75h and s t ir r in g  continued for 2h in a stoppered 

f la s k .  The reaction was worked up as for the preparation 

of (1 5 ) above and the product c r y s ta l l is e d  from eth y l acetate  

giving the pure ketone (3«9g, 68$), m.p. 126-127°; O f max.
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II . .

(KBr) 1695 cm"1 ; X  max. 268nm (1 1 1 , 9 0 0 ) , 288nm (8 , 6 0 0 ) and 

29*«im (8 ,300 ); S 1 . 9 *  (3H, s ,  CX-CMe), 1 .70-2 .58  (6H, m, 

a l i p h a t i c  H), 2.80 (IH, m, CO-CH), 3 .70 (IH, m, benzy lic  H), 

3 .8 8  (3H, s ,  OMe), 6 .9 2  (2H, m, a r y l  H) and 7 .7^ (IH, d, 

J=9Kz, a r y l  H) (Found: C, 67.91; H, 6.kO%. CjjHj^O^CI 

r e q u i r e s :  C, 68.00; H, 6.k6fo).

The ch loro  compound (22b or a) epimeric w ith  the above chloro 

compound (22a or b) a t  C-3 was prepared by adding aluminium 

c h lo r id e  (3 **+g) to a methylene ch lo ride  (250ml) so lu t io n  

o f  the  ac id  ch lo rid e  (2 1 ) (from 5g ac id )  in  one p o r t io n .

The re a c t io n  was s t i r r e d  fo r  2h in a stoppered f la s k  and was 

worked up as fo r  the above p repara tion  of the ketone (1 5 ). 

C r y s t a l l i s a t i o n  from ethano l/ace tone gave the pure chloro 

ketone as c o lo u rle ss  prisms (3 . 8g, 71$), m.p. I 3 6 - I 370 ;

V max. (KBr) 1698 cm"1 ; / \m ax . 268nm (£. 10 , 9 0 0 ) ,  286nm 

(8 ,3 0 0 ),  292nm (7 ,900); §  1 . 78 (3H, s ,  Cl-CMe), 1 . 60-2. ̂ 5 

( 6H, m, a l ip h a t i c  H), 2.70 (IH, m, CO-CH), 3**+0 (IH, m, 

b en zy lic  H), 3.8*f (3H, s ,  OMe), 6 .8 5  (2H, m, a ry l  H) and 

7.73 (IH, d, J=9Hz, a ry l  H) (Found: C, 68.12; H, 6 . 6IJ&., 

C15H17O2CI r e q u ire s :  C, 68.00; H, 6 M % )

The presence of halogen in  the above chloro compounds was 

dem onstrated by the green co lo ra tio n  produced when a sample 

o f each substance was placed on a clean copper wire and 

burn t in  a clean bunsen flame.
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Base trea tm en t of the ch loro-ketones (22a o r  b) and (22b or a ) .

The ketone (22a or b) (I20mg) in  toluene (I5ml) contain ing  

I »5 d ia z a b ic y c lo ( b . 3 .0 )non-5-ene (60mg) was re f luxed  fo r  I 6h* 

The so lu t io n  was t re a te d  w ith d i lu te  hydrochloric  ac id  and 

e x t ra c te d  w ith e th y l  a c e ta te  washed,dried and so lven t removed* 

This gave an o i ly  res idue  which contained a small amount of 

the  s t a r t i n g  ketone ( t * l . c . )  but examination by n .m .r .  

spec troscopy  showed no evidence of v in y l ic  protons in  the 

m ix tu re .

)
The ketone (22a or b) (Ig )  was d isso lved  in  20% methanolic 

potassium  hydroxide so lu tio n  (60ml) and the mixture rufluxed 

f o r  I 6h w ithout exclusion  of a i r .  The re ac t io n  mixture was 

d i lu te d  w ith  w ate r, a c id i f ie d  w ith  d i lu t e  hydrochloric  ac id  

and e x t ra c te d  w ith  e th y l  a c e ta te .  The e x t ra c t  was washed, 

d r ie d  and the so lvent reduced to a small volume. Addition 

of  a few drops of l i g h t  petroleum gave, a f t e r  th ree  days a t

0 - 5° ,  c r y s t a l s  of a compound (0 . 28g, 29$) which was thought 

to  be I ^ - ( 2 l -carboxy-5 , -methoxyphenyl)-5^-niethyl-bicyclo 

( 3 .1 .0 )hexan-2 -one (23), m.p. 200-202°; 17 max. (KBr) 1 7 0 8 , 

1685  and 2 , 500- 3 ,5 0 0  cm- 1 ; A max. 250nm (€ .8 ,370) and 2l 0nm 

( I l f ,7 5 0 ); A max. (b a s if ie d  w ith sodium hydroxide) 2¥fnm;

§ 1.06 (3H, s ) ,  1.1(2 (2H, s ) ,  2 .0 0 - 2 .5 0  (ifH, m), 3.8*f (3H, s ) ,  

6 .8 2  (2H, m), 8 . Ilf (IH, d , J=9Hz) and 10.53 (IH, b r . s ) .

(Found: M= 260.10lf678; C, 6 9 .^2 ; H, 6.1(2#. C ^H ^O ^  re q u ire s :  

M= 260.101(851; C, 69.21; H, 6 . 20%). .

Treatment of a sample of the above compound (23) w ith  excess
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e t h e r a l  diazomethane followed by removal of so lv en t gave the 

corresponding methyl e s t e r  as an o i l  which showed V  max.

(CCl^) 1725 and 1735 cm-1; S 1.06 (3H, s ) ,  1.1-6 (2H, s ) ,  

2 .00 -2 .55  Of-H, m), 3.82 (3H, s ) ,  3.87 (3H, s ) ,  6 .82 (2H, m) 

and 8.06 (IH, d, J=9Hz).

)
The above base trea tm ent of the chloro compound (22a or b) 

was rep ea ted  in  an apparen tly  id e n t ic a l  manner but se v e ra l  

a t tem p ts  gave none of the above product (23). The m a te r ia l  

produced c o n s is te d  of a mixture of .3 -m ethyl-6 -me thoxy-9 -  

f luorenone (2 6 ) (2lOmg, 28$) and the hexahydrofluorenone (27) 

(520mg, 60$) a f t e r  chromatography on s i l i c a .  The hexa

hydrofluorenone was id e n t ic a l  in  a l l  re sp e c ts  to the m a te r ia l  

p repared  by hydrogenation of the ketone (15)* The fluorenone 

(2 6 ) was c r y s t a l l i s e d  from d i - isop ropyl e t h e r / l i g h t  petroleum 

’and had m.p. 11^.5-115.5° (co rre c ted )  ( l i t . 31 m.p. 127°); 

y> max. (KBr) I 698 cm-1; A max. (cyclohexane) 222nm (£  12 , 500), 

260 ( 5 1 , 0 0 0 ) ,  275nm (3 9 *0 0 0 ), 297nm (1 0 , 3 0 0 ) ,  322nm (3 , 1 0 0 ) 

and 338nm (2 ,100); £ 2.10 (3H, s , a ry l  Me), 3.90 (3H, s ,

OMe) and 6 .60-7 .60  (6H, m, a ry l  H) (Found: C, 8 0 . 6 0 ;

H, 5 .58^. c i5 Hi2°2 re(ia i r e s :  c ? 8 0 . 3 3 ; H, 5*39/0

) I
The ch lo ro-ketone  (22a or b) d 30mg) in  20$ methanolic 

potassium  hydroxide so lu t io n  (30ml) was re f luxed  fo r  I 6h 

w ith  a cons tan t flow of a i r  through the s o lu t io n .  The 

r e a c t io n  was worked up as described  in  (2 ) above to g ive , 

a f t e r  chromatography on s i l i c a ,  the fluorenone (230mg,. 65$) 

i d e n t i c a l  to the fluorenone (2 6 ) prepared above.
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(5)
The ch lo ro -ke tone  (22b o r  a) isom eric a t  C-3  w ith  the ch lo ro -  

ketone (22a o r  b) was t r e a te d  in  an i d e n t i c a l  manner to th a t  

d escr ib ed  in  (2 ) above. No ac id  product was d e tec ted  by 

sodium carbonate e x t ra c t io n  of the product mixture and 

the  products were the same as fo r  the procedure described  

in  (3 ) above in  e s s e n t i a l l y  the same y ie ld s .

Base trea tm en t of the k e to -o le f in  (15).

The k e to -o le f in  (15) (250mg) was t r e a te d  w ith  potassium 

hydroxide in  the u sua l way and gave the fluorenone: (2 6 ) (80mg) 

and the hexahydrofluorenone (2 7 ) ( I 50*ng) as the only  p ro d u c ts .

Base trea tm ent of the  ch loro-ketone (3 0 ) .

The ch lo ro-ketone  (30) (I70mg) was t r e a te d  w ith  20$ 

m ethanolic  potassium hydroxide so lu t io n  ( I 5ml) in  the usua l 

way to give an o i ly  res idue  which co n s is te d  of a t  l e a s t  

f iv e  compounds ( t . l . c . )  none of which could be ex tra c te d  

w ith  aqueous sodium carbonate or  r e a d i ly  id e n t i f i e d .

Base trea tm en t of the ch loro-ketone (31)*

The ch lo ro-ketone (31) (I80mg) was t r e a te d  w ith  m ethanolic 

potassium  hydroxide so lu t io n  ( I 5ml) in  the usua l way to 

give a m ixture of a t  l e a s t  f iv e  compounds ( t . l . c . )  none of 

which could be e x tra c te d  with aqueous sodium carbonate . 

P re p a ra tiv e  chromatographic separa tion  of these  substances
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on s i l i c a  and subsequent s p e c tr a l  examination r e s u l te d  in  the 

i d e n t i f i c a t i o n  of the known1^ 3 -m e th y lf lu o ren -9- o l  (3 5 )

(I5mg), m.p. I b 6 - I b 7 ° ; JJ max. (CCl^) 3605  cm"1 ; $ 2.06

(IH, b r . s ,  OH), 2 .MD (3H, s ,  a r y l  Me), 5*^2 (IH, s ,  

benzy lic  H) and 7 .00-7 .70  (7H, m, a r y l  H). The o th e r  

components of the mixture could not be induced to c r y s t a l l i s e  

and were n o t i d e n t i f i e d .

In  one chromatographic se p a ra tio n  of the products of the 

above r e a c t io n  !the so lv en t was blown o f f  the l in e d  but 

undeveloped chrom atoplate using hot a i r .  This was accompanied 

by the appearance of a yellow c o lo ra t io n  in  the adsorbed 

m a te r ia l .  Subsequent development and e x t ra c t io n  gave the 

fluorenone (3 6 ) (32mg), m.p. 69° ( l i t . 2^ m.p. 68° ) ;  37 max. 

(KBr) 1707 cm- 1 ; S 2.20 (3H, s ,  a r y l  Me) and 6.95-7.80 

(7H, m, a r y l  H). In th i s  se p a ra t io n  no f lu o re n o l  (35) was 

d e te c te d .

^ -P h e n y l-^ -m e th y lc y c lo h e x ^ -e n e - I^ c a rb o x y l ic  ac id 1 (32).

This compound was prepared in  78$ y ie ld  by the method of
13

Alder*^ to give the ac id  (3 2 ) m . p .  16^ - 165° ( l i t .  j i n . p .  159° ) ;

V max. (KBr) 2 ,*f0 0 -3  , 500 and 1710 cm"1 ; S 1.75 (3H, s ,  v in y l 

Me), 1 .50-2 .30  (ifH, m, a l ip h a t ic  H), 2 .80 , (IH, i m ,  CH-C0),

3.80 (IH, m, benzy lic  H), 5.50 (IH, b r .d ,  v in y l  H), 7.20 

(5H, s ,  a r y l  H) and II.^f0 (IH, s ,  OH).



3'f-m ethyl-3 |>- c h l o r o - I , 2 , 3 ) ^ A a? j9 a 9 -h e x a h y d ro -9 -f lu o r enone (31 )•

To a so lu t io n  of the ac id  (32) (Ig )  in  dry benzene (30ml) 

was added o x a ly l  ch lo r id e  (Iml) and the m ixture s t i r r e d  

fo r  2h. Solvent and excess reagent were removed under 

reduced p re ssu re  and the r e s u l t in g  ac id  ch lo rid e  ( y  max 

I8I0  cm”1 ) was d isso lv ed  in  methylene ch lo rid e  (100ml).

Aluminium c h lo r id e  (650mg) was added over 0.75b and s t i r r i n g  

continued  fo r  a f u r th e r  I 6h in  a c losed  v e s s e l .  The 

re a c t io n  m ixture  was poured onto i c e ,  e x t ra c te d  with 

chloroform , washed once w ith  b r in e ,  twice w ith aqueous 

sodium carbonate and once more w ith  b r in e .  The so lu t io n  was 

d r ie d  and the so lv en t removed to give the crude ketone. 

C r y s t a l l i s a t i o n  from e th y l  a c e t a t e / l i g h t  petroleum gave 

the pure ch lo ro-ketone (3 1 ) as c o lo u r le s s  prisms (820mg,

76%) m.p. I3O-I3I0; %> max. (KBr) 1713 cm"1 ; X max. 2lf5nm 

(£ 1 7 , 9 0 0 ) and 285nm 0*,900); S 1.55 <3H, s ,  CCl-Me),

1 . 60 -3 .00  ( 7H, m, a l ip h a t i c  H and CO-CH), 3.75 (IH, m, 

benzy lic  H) and 7*50 (*+H, m, a r y l  H) (Found: C, 71.80;

H, 6 .62$. c ilfHi 5ocl  r e q u ire s :  C, 71.6^; H, 6 .*+^$)

2£ - ( a -  me thoxyphenyl)-lf-methylcyclo hex-3 -ene-If  - c a r  boxylic 

a c id .

I-(p.-m ethoxyphenyl)but-I-en-3-one (3^) (5g) in  dry e th e r  was 

added dropwise over Ih to a s t i r r e d  so lu t io n  of methyl 

magnesium iod ide (from I .3 g  magnesium) in  dry e th e r  (50ml), 

and the m ixture s t i r r e d  fo r  a f u r th e r  Ih .  Dry acetone was
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added slowly u n t i l  no more heat was evolved and the mixture 

t r e a t e d  w ith  s a tu ra te d  ammonium ch lo rid e  so lu t io n  :( I0m l).

The o rgan ic  la y e r  was se p a ra te d , washed w ith  b r in e ,  d r ied  and 

the so lv en t removed to give an o i ly  a lcoho l (V max. 3If30cnT1 ). 

The crude a lcoho l (33) was d isso lv ed  in  to luene (50ml) 

con ta in ing  a c ry l ic  ac id  (3 *5g) and hydroquinone ( I 5mg) and 

the e n t i r e  m ixture was re f lu x ed  fo r  l 6h w ith  constan t | 

s e p a ra t io n  of w ater using a Dean-Stark t r a p .  The cooled 

r e a c t io n  m ixture was e x t ra c te d  w ith  sodium carbonate 

s o lu t io n  and the e x t ra c t  a c id i f i e d  to PH5 w ith  d i lu te  

h yd roch lo ric  a c id .  The o rgan ic  m a te r ia l  was d isso lved  in  

e th e r ,  washed w ith  b r in e ,  d r ied  and the so lven t removed 

to  give the crude a c id .  C r y s ta l l i s a t i o n  from e th y l  a c e ta te /  

l i g h t  petroleum  gave the pure cyclohexene ac id  as c o lo u rle ss  

prisms (*4-.5g, 0*1° based on s t a r t i n g  enone) m.p. 136-137°; 

y  max. (KBr) 2 ,5 °0 -3 5600 and 1715 cm”1 ; X max. 275nm (£ 1750)? 

286nm (1*4-6 0 ); §  1 .80 (3H, s ,  v in y l  Me), 1.65-2.5+0 (*4-H, m, 

a l i p h a t i c  H), 2.85 (IH, m, CO-CH), 3*80 (3H, s ,  OMe),

3.90 ;(IH, m, benzylic  H), 5*?0 (IH, b r .d ,  v in y l  H), 7.80

and 7.15 (h-H, dd, J=9Hz, a r y l  H) and 10.55 (IH, b r . s ,  OH)
i  ^

(Found: C, 7 3 . 2 6 ; H, 7 .60%. Cj^HjgO^ re q u ir e s :  C, 73.1^;

H, 7 .3 7 :0 .

3f-C hloro-3t-m ethyl-7-m ethoxy-1,2 ,3  9a?-hexahydro-9-

fluorenone (3 0 ).

To a s t i r r e d  so lu t io n  of the ac id  from the previous p rep a ra t io n  

( Ig )  in  dry benzene (>+0 inl) was added o x a ly l  ch lo rid e  (0 . 8 g)
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and s t i r r i n g  continued fo r  a f u r th e r  2h. Solvent and excess 

reag e n t were removed under reduced p ressu re  to give the acid  

c h lo r id e  as a c le a r  o i l  (IV max. 1805 cm"1 ). This ac id  

c h lo r id e  was d isso lv ed  in  methylene ch lo rid e  (80ml) and 

t r e a te d  w ith  aluminium ch lo rid e  (0 . 55g) in  p o r tio n s  over 

0 .75h w ith  s t i r r i n g .  The s t i r r e d  mixture was l e f t  fo r  I 6h 

then poured onto i c e ,  e x t ra c te d  w ith  chloroform, washed 

once w ith  b r in e ,  twice w ith  sodium carbonate so lu t io n  and 

once again  w ith  b r in e .  Drying and removal of so lven t gave 

the  crude ketone. C r y s t a l l i s a t i o n  from e th e r / l i g h t  

petroleum  gave the pure ch loro-ketone (3 0 ) as co lo u rle ss  

need les  (0 .73g ,68^) m.p. 12^-125°; V  max. (KBr) 1712 cm"1 ;

A max. 2^ 9nm (E 10,800) and 3 I 9nm ( ^ , 2 0 0 ); § I .  JO (3H, s ,

CCl-Me), 1.60 - 2 .6 0  ( 6H, m, a l ip h a t ic  H), 2.80 (IH, m, CO-CH),

3.60 (IH, m, benzy lic  H), 3 .80 (3H, s ,  OMe) and 7.25 (3H,

m, a r y l  H) (Found: C, 6 8 .30; H, 6 .57^. c i5 Hi7°2C1 re<l a i r e s :

C, 68.05; H,

Attempted a lk y la t io n  o f  the k e to -o le f in  (15).

To a s t i r r e d  so lu t io n  of the ketone (15) (IOOmg) in  anhydrous 

e th e r  (10ml) was added potassium i-b u to x id e  ( 50mg) and 

s t i r r i n g  continued a t  room temperature fo r  Ih .  Methyl 

bromoacetate (60mg) in  anhydrous e th e r  ( 5ml) was added over 

0 .25h and the re a c t io n  mixture s t i r r e d  fo r  a f u r th e r  Ih .

The m ixture was poured onto i c e , th e  organic la y e r  separa ted , 

washed w ith  b r in e ,  d r ied  and the so lven t removed. The



- 6 8 -

r e s u l t in g  ye llow ish  o i l  ( 93mg) co n s is te d  of a t  l e a s t  f iv e  

compounds by t . l . c .  a n a ly s is .  P re p a ra tiv e  chromatographic 

s e p a ra t io n  of these  compounds on s i l i c a  followed by u .v .  

s p e c t r a l  examination showed th a t  none of these  products 

e x h ib i te d  the ty p ic a l  5-methoxyindan-I-one chromophore.

( 2 )

The ketone (15) (IOOmg) was t r e a te d  as in  ( I )  above except 

th a t  no methyl bromoacetate was added. No s t a r t in g  ketone 

was found among the fou r  o r  more compounds which r e s u l te d .  

S epara tion  of these  substances by p rep a ra t iv e  t . l . c .  and

u .v .  s p e c t r a l  examination again shoved no m a te r ia l  with 

the re q u ire d  chromophore.

(3)

To a s t i r r e d  s o lu t io n  of the ketone (15) (IOOmg) in  dry 

e th e r  (10ml) was added a 60$ suspension (25mg) of sodium 

hydride in  benzene. The mixture was s t i r r e d  fo r  2h and 

m ethyl bromoacetate ( 50mg) in  dry e th e r  ( 5^ 1 ) was added 

over 0 .25h and s t i r r i n g  continued f o r  Ih . Dry ethanol 

was c a r e fu l ly  added u n t i l  e ffervescence ceased and| the 

m ix ture  was poured onto i c e .  A fter  the usual manipulations
t

the s t a r t i n g  ketone was recovered in  the absence of any 

o th e r  p roduc t.
i
|

Method (3) above was repea ted  except th a t  dry sodium 

methoxide (UOmg) was used in s tead  of sodium hydride. The 

s t a r t i n g  ketone was recovered almost q u a n t i ta t iv e ly .
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(5 )

To the  ketone (15) (IOOmg) in  dry dimethoxyethane (10ml) 

was added methyl bromoacetate ( 50mg) and a 60$ suspension 

(25mg) of sodium hydride in  benzene. The mixture was 

re f lu x e d  fo r  8 h and was monitored by t . l . c .  A fter  the 

u su a l  work up procedure a mixture of a t  l e a s t  fou r  h ighly 

p o la r  compounds was o b ta in ed . Separation  followed by u .v .  

s p e c t r a l  examination showed th a t  none of these compounds 

e x h ib i te d  the ty p ic a l  5-methoxyindan-I-one chromophore.

3^-m ethyl-6-m ethoxy-I,2 ,3j^)V aPj9ap-hexahydro-9-fluorenone (27).

A m ixture of the k e to -o le f in  (15) (5g) and 10% palladium 

on cha rcoa l (IOOmg) in  e th y l  a c e ta te  (50ml) was hydrogenated 

a t  room tem perature and atmospheric p ressu re  u n t i l  I . I  

molar eq u iv a len ts  of hydrogen were absorbed. The c a ta ly s t  

was f i l t e r e d  o f f  and removal of so lven t gave the reduction  

product (5g, 100$). C r y s ta l l i s a t i o n  from d i - isop ropyl 

e t h e r / l i g h t  petroleum gave the requ ired  ketone (27) as 

f in e  need les  m.p. 80-81°; U  max. (KBr) 1700 cm"1 ; A max.

269nm (£ 1^ ,000), 288nm (1 0 , 3 0 0 ) and 295 (9,900); % 0.90 (3H, 

d , J=6Hz, a l ip h a t ic  He), 1 .6 0  (7H, m, a l ip h a t ic  H), 2.75

(IH, m, CO-CH), 3.35 (IH, m, benzylic H), 3.90 (3H, m, OMe),

6.90 (2H, m, a r y l  H) and 7.70 (IH, J=9Hz, d, a ry l  H) (Found:

C, 78 . 20; H, 7.7155. c i5 Hi8°2 recla i r e s :  c ? ^8.23; H, 7 .88$).
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Me t  hy 1 (3^ -me t  hy 1-6 -me t  hoxy-9-oxo -1 ,2 ,3 ,^ - ,  * 9a-hexahydro -

9 a ^ - f lu o re n y l) a c e ta te  (37).

A s o lu t io n  of the ketone (27) (8Cmg) in  dry e th e r  (10ml) was 

t r e a t e d  w ith  potassium £-butoxide (85mg) and the mixture 

s t i r r e d  fo r  2h under n i t ro g e n .  Methyl bromoacetate (60mg) 

in  dry e th e r  ( 5ml) was added dropwise over 0 #5h and s t i r r i n g  

continued  fo r  a f u r th e r  Ih .  The re a c t io n  mixture was poured 

onto i c e ,  e x t ra c te d  w ith  e th e r ,  washed w ith  b r in e ,  dried  

and th e  so lv en t removed to give the crude k e to -e s te r  as an 

o i l . 1 A fte r  much t r i a l  and e r ro r  the pure k e to -e s te r  was 

e v e n tu a l ly  ob ta ined  in  a c r y s t a l l i n e  form (82mg,78$) as 

f in e  c o lo u r le s s  need les  from e t h e r / l i g h t  petroleum and 

gave m.p. 76-77 .5°; 39 max. (KBr) 1703 and I 7MD cm”^;

A  max. 269nm (£ 1 5 , 8 0 0 ) , 287nm (1 2 , 8 0 0 ) and 295nm (1 2 , 0 0 0 );

5  0.90 (3H, d, J=6Hz, a l ip h a t i c  Me), I . 10-2.20 (7H, m, 

a l i p h a t i c  H), 2.60 and 2.75 (2H, dd, J= l6Hz, e s te r  methylene),

3 .3 °  (IH, m, benzy lic  H), 3*50 (3H, s ,  e s te r  OMe), 3.90 

(3H, s ,  a r y l  OMe), 6.90 (2H, m, a r y l  H) and 7.70 (IH, d,

J=9Hz, a r y l  H) (Found: C, 71.72; H, 7 .^9^. c i8 H220lf 

r e q u i r e s :  C, 71*50; H, 7.33$)

3^-Me thy l-6 -m ethoxy-1 ,2 ,3 ,*+ A a? > 9a? -hexahydro-3t -epoxy-

- 9 -f luo renone  (MD).

To a s t i r r e d  suspension of disodium hydrogen phosphate (5g) 

and m -chloroperbenzoic ac id  (3g) in  dry methylene ch lo ride
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( 50ml) was added the o le f in  (1 5 ) ( Ig )  in  dry methylene 

c h lo r id e  ( 25ml) a t  0° over 0 . 2 5h and s t i r r i n g  continued fo r  

a f u r th e r  2h a t  0 ° .  The re a c t io n  mixture was washed with 

b r in e ,  w ith  sodium carbonate so lu t io n  and again w ith  b r in e .  

Drying and removal of so lven t gave the crude epoxide which 

was c r y s t a l l i s e d  from e th y l  a c e t a t e / l i g h t  petroleum to give 

the pure epoxide as c o lo u r le s s  prisms (790mg,71+/O, m.p. 1 53— 

15^°; y  max. (KBr) 1695 and 3030 cm"1 ; A max. 269nm 

(£  13 ,700), 290nm (10 , 700) and 298nm (10,100); § 1.20 (3H,

s ,  epoxide Me), 1 .30-2 .20  (J+H, m, a l ip h a t i c  H), 2.65 (IH,

m, CO-CH), 3*10 (IH, b r . s ,  epoxide H), 3 .80 (IH, b r . s ,

benzy lic  H), 3.90 (3H, s ,  OMe), 7.00 (2H, m, a ry l  H) and

7.70 (IH, d, J=8Hz, a r y l  H) (Found: C, 73.77; H, 6 . 83$. 

CI5HI6°3 r e t i r e s :  C, 73.75; H, 6.60%)

3^ -c hlo ro - 3 f  -me t  hy 1-6-me t  hoxy-9-oxa-I0 -oxo - 1 ,2 ,3 ,  ^-a^, 9,

1 0 , 10af-octahydrophenanthrene (*+I).

In  one p rep a ra t io n  of the epoxide (MD) crude s ta r t in g  o le f in  

(15) was used in s te ad  of r e c r y s t a l l i s e d  m a te r ia l .  A fter the 

procedure described  above the f i r s t  c r y s ta l l i n e  m a te r ia l  

which was i s o la te d  was the t i t l e  compound (32mg from Ig crude 

o l e f i n )  m.p. 159-160°; y  max. (KBr) 1757 cm"1 ; A  max. 238nm 

(£ 8 , 2 0 0 ) and 282nm (J+,8 0 0 ); £  1 . 63 (3H, s ,  CCl-Me), 1 .70-

2 .6 0  (6 h , m, a l ip h a t ic  H), 2.9^- (IH, m, CO-CH), 3*30-3.56

(IH, m, benzylic H), 3.76 (3H, s ,  OMe), 6 . 7^ (2H, m, 

a r y l  H) and 6.90 and 6 .9 8  (IH, d, J=8Hz , a ry l  H) (Found:

C, 63.92; H, 6.18$. OjjHj^O^Cl re q u ire s :  C, 6*+. 17; H, 6 .10$).
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3^-me th y l-3 ^  ,^ -d ih y d r o x y -6 -m e th o x y -I ,2 ,3  ,V ,*+ap, 9a0-hexahydro-

-9 - f lu o r e n o n e ,  3,*+-aceton id e  (39)*

( 1)

To a s o lu t io n  of the epoxide (ifO) (0 .5g) in  dry acetone (20ml) 

a t  room tem perature was added f r e s h ly  d i s t i l l e d  boron 

t r i f l u o r i d e  e th e ra te  (0 . 1ml) and the mixture s t i r r e d  fo r  

0 .5 h .  Anhydrous potassium  carbonate (0 .2 jg )  was added and 

the suspension s t i r r e d  v igo ro u s ly  fo r  0 .5 h . The mixture 

was then f i l t e r e d  through c e l i t e  and the so lven t removed 

fo llow ed by r e - s o lu t io n  in  e th y l  a c e ta te .  This so lu t io n  

was f i l t e r e d  and reduced to  a sm all volume to g ive , a f t e r  

t r i t u r a t i o n  w ith  l i g h t  petroleum , prisms of the acetonide 

(39) (580mg,86$) m.p. I 66- I 670 ; y  max. (KBr) 1 6 9 0 , 136? and 

1375 cm”'1'; X max. 269nm (£ 17 , *+0 0 ), 286nm (1 3 , 2 0 0 ) and 2 9 ?nm 

(11 ,300); 1.05 (3H, s ,  cyclohexane He), 1 . 50 (3H, s ,

ace ton ide  Me), 1.55 (3H, s ,  acetonide Me), I.80-2.V0 OfH, 

m, a l i p h a t i c  H), 2.90 (IH, m, CO-CH), 3*85 (IH, m, 

b enzy lic  H), 3.90 (3H, s ,  OMe), V.50 (IH, d, J=Hz,

d ioxa lane  H), 7.00 (2H, m, a ry l  H) and 7.70 (IH, d , J - 8H

a r y l  H) (Found: C, 71.70; H, 7 .^ $ *  c l8 H220l+ re l ui re s :

C, 71 .50; H, ,7 .33#).

( 2 )

Attempted prepa ra t io n  from .the d jo l  (38.).*.

The d io l  (3 8 ) (50mg) in  dry acetone (I5ml) contain ing  

to lu en e-a -su lp h o n ic  ac id  (5mg) was refluxed  fo r  36h. The 

m ixture was f i l t e r e d  through basic  alumina and the so lven t
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remove d to give the s t a r t in g  d io l  (3 8 ) (^8mg) as the only 

p ro d u c t.  This procedure was repea ted  using anhydrous 

copper su lphate  and boron t r i f l u o r i d e  e th e ra te  (3 drops) 

in s te a d  of the sulphonic a c id .  In each case the s ta r t in g  

d io l  was recovered in  the absence of any o th e r  p roduct.

3 (-M ethy l-3 f  , Iff-<IiHydroxy-6-methoxy-1, 2 ,3 A ^ a ^ ,  9a^-hexa- 

hydro- 9 -fluorenone (3 8 ). ;

i
To a s t i r r e d  so lu t io n  of the acetonide (39) (60mg) in  

e th e r  (8ml) was added d i lu te  hydrochloric ac id  (5 drops) 

and s t i r r i n g  continued fo r  0 .5h . The mixture was washed 

w ith  sodium carbonate s o lu t io n ,  then w ith b r in e ,  d r ied  and 

the so lv e n t removed to give the crude d io l .  C ry s ta l l i s a t io n  

from e th y l  a c e t a t e / l i g h t  petroleum afforded needles of the 

pure d io l  (^9mg,93$) m.p. 157-158°; >> max. (KBr) 33&0,

3I+.55 and 1685  cm- 1 ; X max. 269nm (e 1 1 , 2 0 0 ) ,  281mm (8 , 9 0 0 )

292nm (7 , 8 0 0 ); S 1.25 (3H, s ,  0 -C-Me), 1 . 15- 2 .5 0  OtH, m,

a l i p h a t i c  H), 2 .65-3 .35  (5H, m, CO-CH, CH-0, benzylic H

and 2 -OH), 3.83 (3H, s ,  OMe), 6 .8 3  (IH, dd, J - ^ H z ,

J  =2Hz, a r y l  H), 7 . I I  (IH, d, J=2Hz, a ry l  H) and 7 .6 0

(IH, d , J=9Hz, a r y l  H). (Found: C, 68.97; H, 6 . 62%.

CI5^I8<\  r e q u i r e s :  C, 6 8 . 6 9 ; H, 6 . 92$ ) .

Attempted a lk y la t io n  of the acetonide (39).

( I )  I
To a ! s t i r r e d  so lu t io n  of the acetonide (39) (IOOmg) in  dry



e th e r  (IOml) under n i tro g en  was added potassium t.-'butoxide 

(50mg) and s t i r r i n g  continued fo r  Ih# Methyl bromoacetate 

( 50mg) in  dry e th e r  ( 5ml) was added over 0 . 25h and s t i r r i n g  

continued  fo r  a f u r th e r  Ih# The mixture was poured onto 

i c e ,  e x t ra c te d  w ith  e th e r ,  washed, d r ied  and the so lven t 

removed to give a brownish o i l  (96mg) which co ns is ted  of 

a t  l e a s t  fo u r  h igh ly  p o la r  compounds ( t # l . c # ) .  Chromato

g raph ic  s e p a ra t io n  on s i l i c a  followed by u .v .  s p e c tra l  

examination d e tec ted  no m a te r ia l  which ex h ib ited  the 

c h a r a c t e r i s t i c  5-niethoxyindan-I-one chromophore. Also, 

trea tm en t o f  the ace ton ide  w ith  potassium £-butoxide as 

above but w ithout a d d i t io n  of methyl bromoacetate gave a 

m ixture  of f iv e  or  more highly  p o la r  compounds among which 

no s t a r t i n g  ketone o r  o th e r  m a te r ia l  w ith  the requ ired  

chromophore was d e tec ted  by the a n a ly s is  described  above.

S
i

To a so lu t io n  of the aceton ide (39) (IOOmg) in  dry 

dimethoxyethane (20ml) was added a 60$ suspension ‘(25mg) 

o f  sodium hydride in  benzene to g e th e r  w ith  methyl bromo

a c e ta te  (50mg) and the mixture was re f luxed  fo r  8 h. The 

re a c t io n  was monitored by t . l . c .  and a f t e r  th i s  time was 

t r e a te d  w ith  dry e thano l u n t i l  effervescence ceased. The 

m ixture  was poured onto ic e ,  e x tra c te d  w ith e th e r ,  washed 

w ith  b r in e ,  d r ied  and the so lven t removed to give a dark 

brown o i l  (92mg) which co n s is ted  of a t  l e a s t  f iv e  compounds 

by t . l . c .  A fter  the usual a n a ly s is  none of these substances 

was found to ex h ib i t  the requ ired  chromophore. An id e n t ic a l  

r e s u l t  was obtained  when the above procedure was repeated
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but w ithout the a d d i tio n  of methyl brom oacetate.
! '

(3)

To a s o lu t io n  of the aceton ide (39) (IOOmg) in  dry e th e r  

(20m l) was added sodium methoxide (30mg) and the so lu t io n  

re f lu x ed  under n i tro g en  fo r  Ih .  Methyl bromoacetate (JOmg) 

in  dry e th e r  ( 5ml) was added a t  room temperature and the 

s o lu t io n  re f lu x ed  fo r  a f u r th e r  2h. A fter the usua l work 

up the s t a r t i n g  ketone (82mg) was recovered. The only o th e r  

m a te r ia l  p re se n t ( t . l . c # )  was a small amount of a highly 

p o la r  substance which d id  no t e x h ib i t  the expected u .v ,  

ab so rp tio n ,

I -c a rb o x y -2 -(m-methoxyphenyl)-1+-methylcyclohex-3 -€nyl 

a c e t i c  ac id  anhydrides (Mfa and b ) .

( 1 )

The diene (17) (2g) was heated w ith  i ta c o n ic  acid  (^2 ) ( I .5 g )  

a t  135° w ithout so lven t fo r  two hours. The product 

c o n s is te d  of a polymeric t a r  which could not be analysed 

by t , l . c .

( 2 )

A m ixture of  the diene (17) (20g), i ta c o n ic  ac id  (20g) and 

hydroquiiione (2oomg) in to luene ( 500ml) was re f luxed  fo r  

72h w ith  cons tan t sep ara tio n  of w ater using a Dean-Stark 

t r a p .  The cooled so lu t io n  was f i l t e r e d  to remove excess 

i ta c o n ic  ac id  and the so lven t was removed under reduced 

p ressu re  to give the crude anhydrides (3Ig 91/0 which were
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c o n v en ien tly  p u r i f i e d  a t  the next s tep  in  the sequence by 

base ex tra c tio n *  A sample of the crude anhydrides was 

p u r i f i e d  by p re p a ra t iv e  t . l . c ,  and shoved V max*(liquid f ilm ) 

1780 and I 850  cm“ ; A max. 273nm and 280nm ; £  1 . 60-2 .Ml 

(7H ,m , a l ip h a t i c  H), 2.80-3*00 (2H, m, anhydride CH ),

3.80-V.00 (b-H, m, OMe and benzy lic  H), J.kO (IK, m, v in y l  H) 

and 6 . 60- 7 .30 (*fH, m, a ry l  H) (Found: M=286.I205I. CjpH-j-gO  ̂

r e q u i r e s :  M=286.I2050). G . l . c .  a n a ly s is  of the above 

anhydride m ixture shoved the epimers in  a r a t io  of 3 :2 .

When the  above r e a c t io n  was repea ted  using the alcohol 

(19) in  p lace  of the diene (17) an id e n t i c a l  r e s u l t  was 

o b ta in e d .

Methyl (3 -m ethyl-6-m ethoxy-9-oxo-I,2 ,1+ a0 ,9 a -- te trah y d ro -  

- 9a ^ - f lu o re n y l) a c e ta te  (1*+).

To a so lu t io n  of sodium methoxide (from I .7 g  sodium) in  

dry methanol (250ml) was added a t  0° the mixture of anhydrides 

( ^ a  and b) (20g) in  dry methanol (100ml) and the mixture 

s t i r r e d  fo r  Ih .  The so lven t was removed under reduced, 

p re s su re  and the r e s u l t in g  sodium s a l t  d isso lved  in  d i lu te  

aqueous sodium carbonate and vashed w ith e th e r .  The aqueous 

la y e r  was a c id i f i e d  to  PH5 w ith  d i lu t e  hydrochloric  acid  

and the o rgan ic  m a te r ia l  taken in to  e th e r , washed w ith b r in e , 

d r ie d  and the so lven t removed to give the h a lf  e s te r s  

(b-5a and b) (2 0 . 9g , 9W  as a mixture of epimers (by n .m . r . )  

which showed 3^max. ( l iq u id  f ilm ) 2 ,500-3,500 and I 69O- 

1750 cm”1 . This m a te r ia l  was d isso lved  in  dry benzene (250ml),
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t r e a t e d  w ith  o x a ly l  ch lo r id e  ( I 5g) and the mixture; s t i r r e d  

f o r  2 h. Excess reagen t and so lven t were removed under 

reduced p re ssu re  and the r e s u l t in g  ac id  ch lo rid e  e s t e r  (22g, 

100$) (V max, I 78O and 1730 cm”1 ) d isso lved  in  dry methylene 

c h lo r id e  (800ml). Aluminium ch lo rid e  (9 .5g) was added a l l  

a t  once and the r e a c t io n  was s t i r r e d  v igo rously  fo r  exac tly  

0 .25h . The m ixture was then poured onto ic e ,  ex tra c te d  

w ith  chloroform , washed once w ith  b r in e ,  twice w ith  sodium 

carbonate  s o lu t io n  and once again  w ith  b r in e .  A fter drying 

and removal of so lv e n t the crude product was red isso lv ed  in  

e th y l  a c e ta te  and t r i t u r a t i o n  w ith  l i g h t  petroleum gave the 

pure k e to - e s te r  (I**) as c o lo u r le s s  need les  (3.*+5g,l6.5$) 

m.p. I32-I330$ ^  max. (KBr) 1695  and 1732 cm”1 ; A max. 270nm 

(11 ,600), 288nm (8,600) and 29?nm (8 ,200); £  1 .50-2 .10  (ifH, 

m, a l i p h a t i c  H), I .7 0  (3H, s ,  v in y l  Me), 2.65 and 2.85

(2H, dd, J= l6Hz, e s t e r  methylene H), 3.52 (3H, s ,  e s te r  OMe),

3 .75  (IH, m, benzy lic  H), 3*86  (3H, s ,  a ry l  OMe), 5*80

(IH, m, v in y l  H), 6 . 9O (2H, m, a r y l  H) and 7.72 (IH, d,

J=8Hz, a r y l  H) (Found: C ,71.92; H, 6 . 76$. ^j8^20^b- recLuI r e s :

C, 71 .98; H, 6 .71$ ).

3-m ethyl-6-methoxy-9-oxo-I0a^-carbom ethoxy-1, 2 , Va^,9 51 0 ,10a- 

-hexahydrophenanthrene (^6 ).

The mother l iq u o rs  remaining a f t e r  c r y s t a l l i s a t i o n  of the 

k e to - e s t e r  (I^f) in the re a c t io n  described  above were 

evaporated  to dryness and re -d is so lv e d  in  d i - isop ropvl e th e r .  

The so lu t io n  was t r i t u r a t e d  w ith  l i g h t  petroleum and l e f t
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to  s tand  f o r  6 days a t  -1 0 ° . This r e s u l te d  in  the  sep a ra tio n  

o f  c o lo u r le s s  need les  of the hydrophenanthrene ( k6)  (8 . 5g, 

39%) m.p. IOV-IO50 ; max. (KBr) 168^ and 1735 cm- 1 ;

Am ax. 276nm (£ 15 ,000); S 1.70 (3H, b r . s ,  v in y l  Me), 1 .75 -

2.30 (^H, m, a l i p h a t i c  H), 2.80 (2H, s ,  C0-CH-), 3.50 (3H,

s ,  e s t e r  OMe), 3.80 (3H, s ,  a ry l  OMe), lf.00 (IH, m, 

b en zy lic  H), 5 .3 5  (IH, m, v in y l  H), 6 .80 (2H, m, a ry l  H) 

and 7.85 (IH, d , J=9Hz, a r y l  H) (Found: C, 71.77; H, 6 .75^. 

Cl8 H20°lf re<lu i r e s :  c * 71.98; H, 6.71/6).

G . l . c .  a n a ly s is  of the o r ig in a l  r e a c t io n  product in d ic a ted  

the presence of 2b% hydrofluorenone and 52$> hydrophenanthrene 

p lus  th re e  o th e r  u n id e n t i f ie d  compounds.

F u r th e r  F riede l-C  r a f t s  c y c l i s a t io n s  s t a r t i n g  from the 

anhydrides ( ^ a  and b ) .

( I )  |

The anhydrides (Uba and b) ( Ig )  in  dry isou ropanol (25ml) 

.were t r e a te d  w ith  sodium iso u ro rox ide  (from 180 mg sodium) 

in  iso p rouanol (I5ml) and the m ixture s t i r r e d  fo r  Ih .  The 

so lv en t was removed and the r e s u l t in g  sodium s a l t  d isso lved  

in  d i lu t e  sodium carbonate so lu t io n  and washed w ith  e th e r .  

The aqueous so lu t io n  was a c id i f i e d  to PH5 w ith  d i lu t e  

hydroch lo ric  a c id ,  e x tra c te d  w ith  e th e r ,  washed w ith  b r in e ,  

d r ie d  and the so lv en t removed to give the crude ac id  e s t e r s .  

This m a te r ia l  was d isso lv ed  in  dry benzene and t r e a te d  w ith  

o x a ly l  ch lo r id e  (0.8ml) w ith  s t i r r i n g .  The so lven t and 

excess reagen t were removed under reduced p ressu re  and the
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r e s u l t in g  ac id  c h lo r id e  e s te r s  0 ) max. 1730 and 1800 cm”1 ) 

d is s o lv e d  in  methylene c h lo r id e  ( 50ml) and t r e a te d  w ith  

aluminium c h lo r id e  (0 .5g) in  one p o r t io n .  The m ixture was 

s t i r r e d  v ig o ro u s ly  fo r  e x a c tly  0 . 2 5 h then poured onto ic e ,  

e x t ra c te d  w ith  chloroform , washed w ith  b r in e ,  w ith  sodium 

carbonate  s o lu t io n  and again  w ith  b r in e .  A fter  drying and 

removal o f  so lv en t the  product c o n s is te d  of a yellow o i l  

(0 . 93g) which r e s i s t e d  a l l  a ttem pts  a t  c r y s t a l l i s a t i o n .  

P re p a ra t iv e  t . l . c .  fo llow ed by u .v .  s p e c t r a l  a n a ly s is  

in d ic a te d  th a t  the r a t i o  o f  hydrophenanthrene to hydro- 

f lu o re n e  was about 2 :1 .

( 2 )

To a s t i r r e d  so lu t io n  of the anhydrides (Wa and b) (Ig )  

in  dry methylene c h lo r id e  ( 50nil) was added aluminium 

ch lo r id e  (0 . 5g) over 0 . 2 5h and s t i r r i n g  continued fo r  

a f u r th e r  0 . 75h* The r e a c t io n  m ixture was poured onto ic e ,  

washed w ith  b r in e  and the a c id ic  m a te r ia l  taken in to  

sodium carbonate  s o lu t io n .  This e x t r a c t  was a c id i f i e d  to 

PH5 w ith  d i l u t e  hydroch loric  ac id  and the organic m a te r ia l  

e x t ra c te d  w ith  e th e r ,  washed w ith  b r in e ,  d r ied  and the so lven t 

removed to give a ye llow ish  o i l  (0 . 9^g)* A sample of th i s  

o i l  was t r e a te d  w ith  excess e th e re a l  diazomethane and 

analysed  by g . l . c *  which showed th a t  the r a t io  of hydro

phenanthrene to hydrofluorene was about 2 :1 . Attempts to 

c r y s t a l l i s e  the o r ig in a l  a c id ic  products ev en tu a lly  r e s u l te d  

in  the  i s o l a t i o n  of the hydrophenanthrene ac id  0 *8 ) ( 95mg) 

id e n t i c a l  to the ac id  prepared by a lk a l in e  hydro ly s is  of the 

k e to - e s te r  (^6 ).
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3-Me t  h y l - 6 -met hoxy-9-oxo-IO a^-carboxy-I , 2 , ^ a 0 ,9 ,1 0 ,10a- 

hexahydrophenanthrene (̂ -8 ) .

The hydrophenanthrene e s t e r  (*+6 ) ( Ig )  was d isso lv ed  in  a 

1 :1  m ixture (60ml) o f  methanol and 10$ aqueous sodium 

hydroxide and the so lu t io n  re f lu x ed  fo r  I 6h. The re a c t io n  

m ixture was d i lu te d  w ith  aqueous sodium carbona te , washed 

w ith  e th e r  and a c id i f i e d  to PH5 w ith  d i lu t e  hydrochloric  

a c id .  The o rgan ic  m a te r ia l  was e x tra c te d  w ith  e th e r ,  washed 

w ith  b r in e ,d r ie d  and the so lven t removed to give the crude 

k e to -a c id .  C r y s t a l l i s a t i o n  from e th y l  a c e t a t e / l i g h t  

petroleum  gave prisms of the pure ac id  (k S )  (0.88g,92%) 

m.p. 177-179°; O^max. (KBr) 1675, 1722 and 2,500—3,>+00 cm"1 ; 

A  max. 27lttim (£. lM-,900); § 1.62 (3H, s ,  v in y l  Me),

1 .8 0 -2 .M) (l+H, m, a l i p h a t i c  H), 2.70 (2H, s ,  C0-£H2 ), 3.80

(3H, s ,  OMe), '3*90 (IH, m, benzylic  H), 5*30 (IH, b r . s ,

v in y l  H), 6.80 (2H, m, a r y l  H), 7.90 (IH, d , J=9Hz, a r y l  H)

and 10.8 (IH, b r . s ,  OH) (Found: C, 71.59; H, 6 . 67$. c i7 Hi8 0if 

r e q u i r e s :  C, 71.31; H, 6.3*+$).

3c<.-hydroxy-3^-m ethy l-6-methoxy-9-oxo-I0 a ^ -c a rb o x y -I ,2 , 3 , lf, 

lfa^ ,9 ,I0 ,I0a -oc tahyd rophenan th rene  I0a<—>3°C lac tone  (*+9).

In one p re p a ra t io n  of the k e to -e s te r  (I^f) in  which the 

methanol used fo r  the opening of the anhydride was no t 

e f f i c i e n t l y  d r ie d ,  the f i r s t  c r y s ta l s  which sep ara ted  from 

the crude product mixture were those of the t i t l e  compound.
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R e c r y s ta l l i s a t io n  from aqueous acetone gave the pure lac tone  

(lf9) ( I .8 g ,9 $  from 20g anhydride) m.p. 239-2*fO°; ^  max. (KBr) 

1675 and 1730 cnT1 ; A max. 271+nm (£ 1 5 , 0 0 0 ); 5 ( t r i f l u o r o -  

a c e t i c  a c id )  1.60 (3H, s ,  0-C-Me), I . 90-2.50 (5H, m, 

a l i p h a t i c  H), 2.80 (IH, m, a l i p h a t i c  H), 2.75 and 3*30

(2H, dd, J=I7Hz, C0-CH2) ,  3.70 (IH, m, benzy lic  H), if.00

(3H, s ,  OMe), 7.95 (2H, m, a r y l  H) and 8.20 (IH, jd, J=9Hz, 

a r y l  H) (Found: C, 7 I . 6O5 H, 6.V7$. re q u ire s :

C, 7 1 .31; H, 6 . 31$ ) .

3@ -hydroxy-3°C-m ethyl-6-m ethoxy-9-oxo-I0af-carboxy-I, 2,3 ,*+,

' i fap ,9 ,10, IOa-octahydrophenanthrene IOap— lac to n e  (51).

A s o lu t io n  of the ac id  ketone (lf8 ) (IOOmg) in  methane- 

su lphonic ac id  (2ml) was s t i r r e d  a t  room tem perature fo r  

2 .5 h . The m ixture was poured onto ic e ,  ex tra c te d  w ith  

e th y l  a c e ta te ,  washed w ith  sodium carbonate s o lu t io n ,  -then 

w ith  b r in e ,  d r ie d  and the so lven t removed to give the crude 

la c to n e  (51). C r y s t a l l i s a t i o n  from e thano l gave the pure 

la c to n e  as c o lo u r le s s  p la te s  (87mg,87$) m.p. 187-188  ; 

y  max. (KBr) 1750 and 1678 cm- 1 ; A max. 277nm (£ I lf ,300)5

5  I . 5 9  (3H, s ,  0-C-Me), 1 . 6 2 - 2 .2 0  (5H, m, a l ip h a t ic  H),

2.65 (IH, m, a l ip h a t i c  H), 2.72 and 3.00 (2H, dd, J=I7Hz, 

C0-CH2 ), 3.U0 (IH, m, benzylic  H), 3.90 (3H, s ,  OMe),

6.85 I (2H, m, a r y l  H) and 8 .05 (IH, d, J=9Hz, a ry l  H). ; 

(Found: C, 7I .O 65 H, 6 . c i 7Hi 8°lf r e q u i r e s :  C, 71.31;

H, 6 . 3W .
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Methyl ( I - 0X0 

a c e ta te  (9 ) .

( 1)

The k e to - e s te r  Cl1**) (I20mg) in  acetone (20ml) was t r e a te d  

w ith  a so lu t io n  (20ml) which was 0.0I9M in  sodium perioda te  

and 0 .0 0 3VM in  potassium  permanganate and s t i r r e d  a t  room 

tem perature  f o r  Ih* The pink co lo u ra t io n  due to permanganate 

ion  d isappeared  and a brown suspension , presumably manganese 

d io x id e ,  was formed. The acetone was removed under reduced 

p re s su re  and the o rgan ic  m a te r ia l  e x t ra c te d  w ith  e th e r .  

E x tra c t io n  w ith  sodium carbonate s o lu t io n  followed by 

a c i d i f i c a t i o n ,  r e - e x t r a c t io n  w ith  e th e r ,  washing w ith  brine 

dry ing  and removal of so lven t gave an impure ( t . l ^ c . )  brown

smear (2mg). The n e u t r a l  m a te r ia l  was worked up in  the
1

u su a l way to  give the s t a r t i n g  k e to - e s te r  (Il2m g).

( 2 )  I

The k e to - e s t e r  ( I 1*) (Ig )  in  e th y l  a c e ta te  (50ml) was ozonised 

a t  - 78° fo r  2h. The deep blue so lu t io n  was allowed to warm 

to room tem perature and was purged w ith  n itro g en  to remove 

the  l a s t  t r a c e s  of ozone. Removal of so lven t under reduced 

p re ssu re  a t  25° gave the req u ired  ozonide which was 

o x id a t iv e ly  cleaved by s t i r r i n g  fo r  l6h in  a 1:2 mixture 

( 50ml) of 30$ hydrogen peroxide and g la c ia l  a c e t ic  a c id .

The s o lu t io n  was then heated on a steam bath f o r  Ih  to 

decompose the pe rac id  then d i lu te d  w ith  e th y l  a c e ta te  and 

e x t ra c te d  w ith  sodium carbonate s o lu t io n .  This e x t ra c t  was 

a c id i f i e d  w ith  d i lu te  hydrochloric  a c id ,  e x tra c te d  w ith  e th e r ,

[ 2 , -ketobuty l)-3^carboxy-5-m ethoxy-2-indany l)
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washed, d r ie d  and the so lv en t removed to  give the crude 

indanone ac id  (9 ) (760mg) as a brown o i l  which could no t be 

persuaded to c r y s t a l l i s e .  This m a te r ia l  showed }Jmax. 1660  

1750 cm ; X max. 27 5 j 286 and 292nm$ n .m .r .  in d ic a te d  a 

m ixture of epimers and showed a s ig n a l  a t  V .50S .

Methyl (3-oxo-7-Jnethoxy-9<< carbom ethoxy-I ,2 ,3 ,9a-te trahyd ro -  

- 9a p - f lu o re n y l ) a c e ta te  ( 5 8 ) .

(1)

The indanone (9) (250mg) was d isso lv ed  in  S0% methanol (20ml) 

co n ta in in g  p y r ro l id in e  (0 . 5ml) and g l a c i a l  a c e t ic  ac id  

(0.5m l) and the m ixture re f lu x ed  fo r  l 6 h. The r e a c t io n  was 

m onitored by u .v .  spectroscopy and t . l . c .  E s s e n t ia l ly  no 

change was d e tec ted  by e i t h e r  method and the c h a r a c te r i s t i c

u .v .  ab so rp tio n  of the re q u ired  product was c e r t a in ly  absen t.  

The so lv en t was removed under reduced p ressu re  and the organic 

m a te r ia l  e x t ra c te d  w ith  e th e r ,  washed w ith  b r in e ,  d r ied  and 

the so lv en t removed to give an o i l  (2*flmg) in d is t in g u is h a b le  

from the s t a r t i n g  indanone.

(2 )

The indanone (9) (I20mg) was d isso lv ed  in  benzene (I5ml) 

co n ta in in g  to luene-p .-su lphonic ac id  ( 5mg) and the mixture 

re f lu x e d  f o r  I 6h. The re a c t io n  was monitored by u .v .  

spectroscopy  and t . l . c .  but again no change was d e te c te d .

The m ixture was washed w ith  w ate r, then w ith  b r in e ,  d r ied  and

the so lv en t removed to give an o i l  ( I l 8mg) which was
1
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in d is t in g u is h a b le  from the s t a r t i n g  indanone.

(3)

The indanone (9) (IOOmg) was d isso lv ed  in  5% methanolic 

potassium  hydroxide (10ml) and the so lu t io n  s t i r r e d  a t  50° 

f o r  2h. The r e a c t io n  was monitored by t . l . c .  and u .v .  

spec troscopy . A pronounced s h i f t  to longer wavelength 

a b so rp tio n  was observed (2 7 5 — >-300nm) when an a l iq u o t  

o f  the r e a c t io n  m ixture was t r a n s f e r r e d  d i r e c t ly  to the

u .v .  c e l l .  When a few drops of ac id  were added, however, 

the  ab so rp tio n  maximum re tu rn ed  to  s h o r te r  wavelength 

(277nm). This i s  c o n s is te n t  w ith  the form ation of a 

£ -d ike tone  en o la te  an ion . The re a c t io n  m ixture was 

d i lu t e d  w ith  w a te r ,  a c id i f i e d  w ith  d i lu t e  hydrochloric  ac id ,  

s a tu ra te d  w ith  sodium ch lo rid e  and the o rganic  m a te r ia l  

e x t ra c te d  w ith  e th e r ,  washed w ith  b r in e ,  d r ie d  and the 

so lv e n t removed to give an o i l  of which t . l . c .  a n a ly s is  

was inconc lusive  and which d id  no t e x h ib i t  the req u ired  

chromophore.

(if)

The indanone (9) (IOOmg) was. d isso lv ed  in  dry methanol (I5ml) 

con ta in ing  sodium methoxide (from I5mg sodium) and the 

m ixture re f lu x ed  fo r  I 6h. The re a c t io n  was monitored by 

t . l . c .  and u .v .  spectroscopy and showed ex ac tly  the same 

s p e c t r a l  changes as in  (3) above. The rea c tio n  was worked 

up as described  in  (3 ) above to give an o i l  (95mg) s im ila r  

to th a t  ob ta ined  in  (3 ) above.

(5)
The indanone (9) (Ig )  was d isso lv ed  in  10% sodium hydroxide
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s o lu t io n  (50ml) and re f lu x ed  fo r  I 6h. The s o lu t io n  was 

a c i d i f i e d  w ith  d i lu t e  hydrochloric  a c id ,  e x tra c te d  w ith 

e th y l  a c e ta te ,  washed w ith  b r in e ,  d r ied  and the so lven t 

removed to  give an o i l  (990mg) which was t r e a te d  w ith  

excess e th e r e a l  diazomethane. Chromatography on alumina, 

using e th y l  a c e ta te  (10$) in  l i g h t  petroleum as e lu a n t ,  

gave the t r i c y c l i c  enone (58) (3IOmg,3I$). C r y s ta l l i s a t i o n  

from e t h e r / l i g h t  petroleum  gave yellow prisms of the enone

m.p. 125-126°; y)  max. (CCl^) 1660 and I7*+0 cm \  max.

(£ 1 5 , 9 0 0 ), 30 Inm (1 3 , 0 0 0 ) and 328nm (2 1 , 6 0 0 );

5  2 .05 -2 .85  (6H, m, a l ip h a t i c  H and e s t e r  methylene H),

3.63 (6H, s ,  2 e s t e r  OMe), 3.82 (3H, s ,  a ry l  OMe), k .5 k  

(IH, s ,  benzy lic  H), 6.20 (IH, s ,  v in y l  H), 6.90 (2H, m,

a r y l  H) and 7.53 (IH, d , J=9Hz, a r y l  H) (Found:

M=3M+.I25M)5. cI 9H20°6 re(lu ires: M=3^. 125^978). !

An i d e n t i c a l  r e s u l t  was ob ta ined  when the o i ly  product 

o f  (*f) above was used as s t a r t i n g  m a te r ia l  in  th i s  procedure

3-methoxy-6oc-carbomethoxy-I2,l6-dioxogibb —I (10), 2 ,^ ,9 -  

- t e t r a e n e  ( I I ) .

Method ( I ) .

To a s o lu t io n  of the  t r i c y c l i c  enone (58) (250mg) in  dry 

benzene ( I 5ml) was added n a p h th a le n e -2-su lphonic  ac id  (30mg) 

and the m ixture re f lu x ed  f o r  I 6 h. The re a c t io n  m ixture was 

coo led , washed w ith  sodium carbonate s o lu t io n ,  then w ith
1

b r in e ,  d r ie d  and the so lven t removed to give the crude 

d ik e to n e . C r y s ta l l i s a t i o n  from e t h e r / l i g h t  petroleum
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affo rd ed  the  pure d ik e to - e s te r  ( I I )  as yellow prisms (I77mg, 

78%) m .p. 177-178°; y  max. (CCl^) 16 7 8 , 17^5 and I 757 cm- 1 ; 

A  max. 2Vmm (£ 6 , 3 0 0 ) ,  303nm (8 , 1 0 0 ) and 32+Onm ( 1 7 , 5 0 0 );

S  2 .5 0  (IfH, m, a l i p h a t i c  H and C0CH2 ), 3 .5 0  (IH, m, C0CHS0),

3.70 (3H, s ,  e s t e r  OMe), 3 .8 3  (3H, s ,  a r y l  OMe), i f . I J  

(IH, s ,  benzy lic  H), 6.15 (IH, s ,  v in y l  H), 7.00 (2H, m, 

a r y l  H) and 7 .6 0  (IH, d, J=8Hz, a r y l  H) (Found: C, 6 9 . 3 6 ;

H, 5 .36#. CjgH^O^ r e q u i r e s :  C, 69.22; H, 5.16$)

The mother l iq u o r s  of the above c r y s t a l l i s e d  product were 

shown ( t . l . c . )  to c o n s is t  almost e n t i r e ly  of the unreacted 

k e t o - d i e s t e r  and could be re -c y c le d  in  a l a t e r  p rep ara tio n  
of  ( I I ) .

Method (2 ) .

The t r i c y c l i c  enone (58) (IOOmg) was d isso lv ed  in  a 1:1 

m ixture (8ml) of t r i f l u o r o a c e t i c  ac id  and t r i f lu o r o a c e t i c  

anhydride and the s o lu t io n  s t i r r e d  a t  room temperature fo r  

l 6 h. The m ixture was poured onto i c e ,  ex t ra c te d  w ith  e th e r ,  

washed w ith  b r in e ,  d r ie d  and the so lven t removed to give a 

yellow  o i l .  C r y s t a l l i s a t i o n  from e t h e r / l i g h t  petroleum 

gave yellow prisms of the  t e t r a c y c l i c  enone ( I I )  ( 27mg,30^)

i d e n t i c a l  to the m a te r ia l  prepared by method .( I )  above.
j

The mother l iq u o rs  of  the c r y s t a l l i s e d  product co n s is ted  

alm ost e n t i r e l y  of unreacted  t r i c y c l i c  d i e s t e r  ( 5 8 ) .

Methyl 3 -methoxy-6^ -m e th y l - l6-oxo-9*H-gibb —I ( I0 ) ,2 ,V -

- t r ie n e -^ -c a rb o x y la te  (6 1 ) .

A m ixture o f  pa lladous ch lo rid e  (I5mg), p u r i f i e d  charcoal
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(30mg) and pure g l a c i a l  a c e t i c  ac id  (2ml) was hydrogenated 

a t  room tem perature and atmospheric p ressu re  u n t i l  uptake 

was complete (2 -3h ) . The tem perature of the m ixture was 

r a i s e d  to  50°  and the enone (6 0 ) (*fOmg) in  pure a c e t ic  ac id  

( 2ml) was added a l l  a t  once. The e n t i r e  m ixture was 

hydrogenated v ig o ro u s ly  fo r  0 . 75h, then cooled, the c a ta ly s t  

removed by f i l t r a t i o n  and the so lv en t removed under reduced 

p re ssu re  to give the crude k e to -o le f in  (6 2 ) (38mg) as an o i l ,  

^ m a x .  173° and 1752  cm"^; X max. 266,275 and 3I 0nm;

S I . 18 (3H, d, J=7Hz, benzylic  Me), I . 50-2.80 (7H, n, 

a l i p h a t i c  H), 3-35 (IH, d, J=7Kz, benzy lic  H), 3.80 (3H,

s ,  e s t e r  OMe), 3*86  (3H, s ,  a r y l  OMe), 5.6*f (IH, m, v in y l  H) 

and 6 .7 6  and 7 .3^  ( 2H, dd, J=8Hz, a ry l  H). This m a te r ia l  

was d is so lv ed  in  e th y l  a c e ta te  ( 5ml) and hydrogenated over 

10% palladium  on charcoal a t  room tem perature and atmos

p h e r ic  p ressu re  u n t i l  uptake was complete ( Ih ) .  The c a ta ly s t  

was f i l t e r e d  o f f  and the so lven t removed under reduced 

p r e s s u re  to g ive , a f t e r  c r y s t a l l i s a t i o n  from benzene /ligh t 

petro leum , the t i t l e  compound as prisms (27mg, 67%) m.p. 

I7 3 - I7 I+-° ( l i t . ^ Q m.p. 173.5-175°) id e n t ic a l  by u .v .  and i . r .  

spectroscopy  w ith  an au th e n tic  sample of (6 1 ) .

3-Methoxy-6<5,o-carbom ethoxy-I2,l6-dioxo-9fH-gibb —A -triene  (6 3 ) .

i1
The c a ta ly s t  m ixture described  above was prepared;from  

palladous  c h lo r id e  ( I 8mg) and charcoal (36mg) and the enone

( I I )  (50mg) in  pure g l a c i a l  a c e t ic  ac id  (2.5ml) added a l l  

a t  once a t  50°. The mixture was s t i r r e d  v igo rously  under 

hydrogen f o r  0 . 75h then cooled , the c a ta ly s t  removed by
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f i l t r a t i o n  and the so lven t removed under reduced p ressu re  

to  g ive a c o lo u r le s s  o i l .  C r y s t a l l i s a t i o n  from e th y l  a c e ta te  

/ l i g h t  petroleum gave the pure d iketone (32mg,6*+$) m .p .-

197-198° ; V m a x .  (KBr) 1697, 1737 and 1758 cm- 1 ; X  max.

280nm (£  2 590) and 286nm (2300); S 1.80-3.1*0 (8H, m,

a l i p h a t i c  H), 3.90 (3H, s ,  e s t e r  OMe), 3 .9 1*- (3H, s ,  i
!

a r y l  OMe), lf.35 (IH, s ,  CB302 ), 6.95 (2H, m, a r y l  H) and

7.35 (IH, d , J=9Hz, a r y l  H) (Found: M=3Il*-.II5Il*-. CjgHjgOj 

r e q u i r e s :  Jt=3I1i-.II51i-I)-
j

A g .c .m .s .  a n a ly s is  of the mother l iq u o rs  of the above 

r e a c t io n  showed no m a te r ia l  w ith  M=300.

3-Methoxy-6ac-carbomethoxy-l6-oxo-9^H-gibb-A-triene (2)

)

The above hydrogenation of the enone ( I I )  was repea ted  except 

th a t  hydrogenation was continued fo r  2h in s te a d  of 0.75h as 

above. The r e s u l t  was id e n t i c a l  to th a t  obta ined  p rev iously ,

I
The hydrogenation procedure was repea ted  except th a t  65$ 

p e rc h lo r ic  ac id  (2 drops) was added to the a c e t ic  acid  

so lu t io n  of the enone before a d d i t io n  to the c a ta ly s t  

m ix tu re .  This produced a deep blue c o lo ra t io n  and no hydrogen 

was absorbed.

The t e t r a c y c l i c  enone ( I I )  (IOmg) was d isso lved  in  95$ 

e th an o l (*Hnl) and w ater (Iml) added slow ly. Excess sodium 

borohydride in  95$ e thano l was added a t  0 and s t i r r i n g
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con tinued  f o r  0 .25h . IN sodium hydroxide (2ml) was added 

and the  product was e x t ra c te d  w ith  e th y l  a c e ta t e ,  washed w ith  

b r in e ,  d r ie d  and the so lv en t removed to give a m ixture 

( t . l . c . )  of a lco h o ls  (^Tmax. 1730 and 3500 cm"*1*). This 

m a te r ia l  (9^g) was hydrogenated as d esc r ibed  above and the 

product d is so lv e d  in  acetone (5ml) and t r e a te d  w ith  Jones 

reag en t (8N,1*- d ro p s ) .  S ep a ra t io n  of the o rgan ic  m a te r ia l  

fo llow ed by the u su a l m anipu la tions gave a m ixture of four 

or  more ( t . l . c . )  compounds none of which ( g .c .m .s . )  had 

the  re q u ire d  m olecular weight o f  3 0 0 .

)

The o r i g i n a l  hydrogenation procedure was repea ted  on the

enone ( I I )  (30mg) except th a t  the tem perature o f  the
! o

c a t a l y s t  m ixture was r a i s e d  to 100 p r io r  to  the a d d i t io n

of the s u b s t r a t e .  The product was mainly the diketone (6 3 )

but chromatographic se p a ra t io n  on s i l i c a  gave an o i ly

substance (ca . 2mg) which showed y max. (CCl^) 1720 and

I7HO cm A  max. 280 and 286nm (Found: M=300.135^5 •

^ 1 8 ^ 2 0 ^  M=300.1 3 6 1 5 ) .  The mass spectrum of

th i s  compound showed a fragment a t  m/e 25&.

I -c a r  boxy-a n t i - 2  -  (£-me t  hoxy p heny 1 ) -6  -e t  hy lene dioxo -  

b ic y c lo ( 3 . 2 . I )o c ta n e  (6 8 ) .  1

The keto -a c id  (6 5 ) (500mg) was re f lu x ed  for 30 h in  a m ixture 

of benzene (25m l), e thy lene  g ly co l ( 5ml) and to lu e n e -£ -  

su lphonic ac id  (20mg) w ith  co n s tan t se p a ra t io n  of w ater 

using a D ean-Stark  t r a p .  The cooled re a c t io n  m ixture was
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washed w ith  w ater then e x t ra c te d  w ith  sodium carbonate 

s o lu t io n .  This e x t r a c t  was a c id i f i e d  to PH8 and sa tu ra te d  

w ith  sodium c h lo r id e  w hile tak ing  the o rgan ic  m a te r ia l  in to  

a l a y e r  o f  e th y l  a c e t a t e .  S epara tion  of the o rgan ic  la y e r  

fo llow ed by drying and removal of the so lv en t gave the crude 

k e t a l  ac id  (I70mg, 29%). C r y s t a l l i s a t i o n  from e th y l  a c e ta te  

gave the pure k e t a l  ac id  as c o lo u r le s s  prisms m.p, 2M+-2V7° ;  

3  ̂max. (KBr) 1710 and 2,800-3,600 cm"'*'; Amax. 227*276  and 

283nm; £  1 .70-2 .50  (9H, m, a l i p h a t i c  H), 3.30 (IH, m,

benzy lic  H), 3 .75  (3H, s ,  OMe), 3 .90 (*+H, m, k e t a l  H),

6.80 (2H, d, J=9Hz, a r y l  H), 7.63 (2H, d , J=9Hz, a r y l  H)

and 10,58 (IH, b r . s ,  OH) (Found: M=3l8.I*+76*+ . c t8H22°5

r e q u i r e s :  M^3I8.I*+67I).

2-Hydroxyethyl (a n t i - 2- |p -m ethoxvphenv lj- 6 —ethylenedioxo

b ic y c lo [ 3 .2 . l ] o c ty l ) - I - c a r b o x y la te  (6 9 ) .

The n e u t r a l  o rgan ic  la y e r  in  the above p re p a ra t io n  of  the 

k e t a l  ac id  (6 8 ) was washed w ith  b r in e ,  d r ie d  and the so lven t 

removed to  give the crude o i ly  e s t e r  (390mg, 61%).  

P u r i f i c a t i o n  o f  a sample of t h i s  m a te r ia l  by p re p a ra t iv e  

t . l . c .  gave the pure k e t a l  e s t e r  which showed 2/max. ( l iq u id  

f i lm )  1735  and 3 ,5 0 0  cm”1 ; A max. 227* 276 and 283 run;

S  1 .68 -2 .66  (9H, m, a l i p h a t i c  H), 3.08 (IH s ,  OH),

3 .18 -3 .73  (5^j m, e s t e r  methylene H and benzy lic  H), 3.8V

(3H, s ,  OMe), *+.00 (*+H, m, k e ta l  H), 6.90 (2H, dd, J ];=9Hz,

J 2=2Hz, a r y l  H) and 7.30 (2H, dd, J^=9Hz, J2=2Hz, a r y l  H) 

(found: M=362.I737. C20H26°6  reclu lreS 5  ^=3 6 2 . 1 7 2 9 ) .
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When the  above k e t a l i s a t i o n  r e a c t io n  was c u r t a i l e d  a f t e r  

l e s s  than about 3 0 h, a m ixture of  k e t a l  a c id ,  k e t a l  e s t e r  

and s t a r t i n g  ketone was p re se n t  in  the product ( t . l . c . ) .  

Prolonged re a c t io n  (up to  7 2h) d id  n o t ap p rec iab ly  a l t e r  

the  r a t i o  o f  k e t a l  e s t e r  to  k e t a l  a c id .

" i ’i

P re p a ra t io n  o f  the k e t a l  ac id  (6 8 ) from the e s t e r  (6 9 ) .

The e s t e r  k e t a l  (6 9 ) (300mg) in  methanol (20ml) con ta in ing  

10# sodium hydroxide s o lu t io n  ( 5ml) was re f lu x ed  fo r  l 6 h. 

The cooled s o lu t io n  was d i lu te d  w ith  w ater and a c id i f i e d  

to  PH8 w ith  d i l u t e  hyd roch lo ric  a c id .  A fte r  s a tu ra t io n  

w ith  sodium c h lo r id e  the so lu t io n  was e x t ra c te d  w ith  e th y l  

a c e ta te  and the e x t r a c t  d r ie d  and the so lv en t removed to 

give the crude a c id .  C r y s t a l l i s a t i o n  from e th y l  a c e ta te  

gave the pure k e t a l  ac id  ( 220mg,8^#) i d e n t i c a l  to  the 

ac id  (6 8 ) p repared  p re v io u s ly .
I

^  i

I  -C arboxv-a n t i - 2 - (bromo-^-methoxypheny1) - 6-e  t  hylenedioxo-

b ic y c lo (3 *2 . 1 )octane (7 1 )* -

( I )  A ttem pted /p repara tion , from the k e t a l  acid. (6 8 ) .

a)
The ac id  k e t a l  (6 8 ) (50mg) in  carbon te t r a c h lo r id e  (25ml) 

was mixed w ith  f e r r i c  bromide ( 5®g) and t r e a te d  w ith  bromine 

(2  d ro p s ) .  The re a c t io n  was s t i r r e d  fo r  IOmin. and 10# 

sodium th io su lp h a te  s o lu t io n  (10ml) was added and the m ixture 

s t i r r e d  fo r  a f u r th e r  IOmin. The o rgan ic  la y e r  was se p a ra te d ,  

washed w ith  b r in e ,  d r ie d  and the so lven t removed to give a
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brown t a r  ( 55mg) which showed a t  l e a s t  seven h igh ly  p o la r  

compounds on t . l . c .

b)
The above procedure was rep ea ted  but w ithou t the  a d d i t io n  

o f  f e r r i c  bromide. The r e s u l t in g  o i l  could no t be reso lved  

on t . l . c .  and mass s p e c t r a l  a n a ly s is  showed fragments w ith  

a 1 : 2 :1  i s o to p ic  abundance p a t te r n  as w e ll  as fragments 

w ith  a 1 :1  p a t t e r n  in d ic a t in g  mono- and di-bromo compounds. 

The i s o to p ic  abundances of  B r ^  and Br^* a re  50.52$ and 

r e s p e c t iv e ly .  The n .m .r .  spectrum of th is ' o i l  

was un in fo rm ativ e .

(2) Attempted p re p a ra t io n  from the brom o-ester (70).

The k e t a l  e s t e r  (70) (50mg) in  methanol (20ml) con ta in ing  

20$ sodium hydroxide so lu t io n  ( 5ml) was re f lu x e d  fo r  I 0h. 

The cooled s o lu t io n  was d i lu t e d  w ith  w a te r ,  a c id i f i e d  to 

PH8 w ith  d i l u t e  hydroch lo ric  ac id  and s a tu ra te d  w ith  sodium 

c h lo r id e  while tak ing  the o rgan ic  m a te r ia l  in to  a la y e r  o f  

e th y l  a c e t a t e .  The o rgan ic  la y e r  was se p a ra te d ,  d r ie d  and 

the  so lv e n t removed to give an o i l  (b2mg) which was not 

re so lv ed  on t . l . c .  and which could no t be persuaded to 

c r y s t a l l i s e .  I . r .  and n .m .r .  sp e c tra  o f  th i s  o i l  were 

in c o n c lu s iv e .  This procedure was rep ea ted  using lower 

c o n c en tra t io n s  (10$ , 5$ and 2$) of aqueous sodium hydroxide 

and in  each case t . l . c .  showed th a t  the k e t a l  e s t e r  was 

consumed a f t e r  about 2 h producing an unreso lvab le  p roduct.
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2-Hydroxy e th y l  (an 11-2 -^ bromo4-methoxyphenvlj - 6-e th y le n e -  

d io x o b ic y c lo ^ 3 .2 . l jo c ty l ) - I - c a rb o x y la te  (70).

To the  k e t a l  e s t e r  (6 9 ) (IOOmg) in  carbon te t r a c h lo r id e  

(30ml) was added bromine (2  d rops) and the  r e a c t io n  s t i r r e d  

f o r  0 .25h . The p r e c i p i t a t i o n  of an o i l  was observed and 10$ 

sodium th io s u lp h a te  s o lu t io n  (8ml) was added and the  mixture 

shaken u n t i l  the  excess  bromine d isappeared . The organic 

la y e r  was s e p a ra te d ,  washed w ith  b r in e ,  d r ied  and the  so lven t 

removed to give an o i l .w h ic h  was p u r i f i e d  by chromatography 

on s i l i c a  to  give the o i ly  bromo compound (68mg,6 1f$)

'JJma.x ( l iq u id  f i lm )  1730 and 3*500  cm ^5 X  max* 286 and 

290 run; S 1.70-2.1*0 (9H, m, a l i p h a t i c  H), 2.52 (IH, s ,  OH),

3.30 (IH, m, benzy lic  H), 3*62 (**H, m, e s t e r  methylene H),

3.8*0 (3H, s ,  OMe), *+.10 (J+H, m, k e t a l  methylene H), 7 .0 5  

(IH, d , J=8Hz, a r y l  H) and 7***0 (2H, m, a r y l  H) (Found:
Ot

M=̂ i}-2 . 0 8 l l 6 • c 2oH25°6Br re q u ire s s  M = ^2 .08 l52 ).

a n t i - 2 -(p-m ethoxvphenvl)-6 -oxob icyc lo (3 «2 . I ) o c t y l - I - a c e t i c  

ac id  (7 2 ) .

The k e to -a c id  (6 5 ) (50mg) in  benzene (20ml) was t r e a te d  w ith  

excess o x a ly l  c h lo r id e  and the m ixture s t i r r e d  fo r  2h. 

Solvent and excess reagen t were removed under reduced 

p re ssu re  to  give the corresponding ac id  c h lo r id e  which was 

added over 0 . 5h a t  0° as a s o lu t io n  in  benzene ( 5ml) to 

an excess o f  diazomethane in  e th e r .  This s o lu t io n  was l e f t



to  s tan d  o v ern ig h t a t  0 - 5° and the excess diazomethane was 

des troyed  by adding a few drops o f  a c e t i c  a c id .  The so lu t io n  

was f i l t e r e d  and the so lv en t removed to  give the diazoketone 

(73) (} /max« 2010 cm” "̂) which was used in  the nex t s tep  

w ithou t p u r i f i c a t i o n .

(1)  .

The above diazoketone (from 50nig a c id )  was d isso lv ed  in  

aqueous dioxane (10ml) and s t i r r e d  a t  room tem perature while 

s i l v e r  oxide (60mg) was added in  p o r t io n s  as an aqueous 

s lu r r y  over 0 .5 h .  S t i r r i n g  was continued  fo r  2h, the 

m ixture f i l t e r e d  and the o rgan ic  so lv e n t  removed under 

reduced p re s s u re .  The o rgan ic  m a te r ia l  was taken up in to  

e th y l  a c e ta t e ,  e x t ra c te d  w ith  sodium carbonate s o lu t io n ,  

a c id i f i e d  w ith  d i lu t e  hydroch loric  ac id  and r e - e x t r a c te d  

w ith  e th y l  a c e ta t e .  The so lu t io n  was w ashed ,dried  and the 

so lv en t removed to give an o i ly  m ixture ( 29mg) o f  th ree  or 

more, compounds ( t . l . c . ) .

( 2 )

The above d iazoketone (from 50mg a c id )  was d isso lv ed  in  

2 , 6 - c o l l i d in e  (7ml) con ta in ing  benzyl a lco h o l (O.Jml) 

and the m ixture was heated a t  180° fo r  To the cooled

re a c t io n  m ixture was added e th y l  a c e ta te  (20ml) and the 

m ixture washed w ith  d i lu t e  hydrochloric  a c id ,  then w ith  

b r in e  and the so lv en t removed. The res id u e  was d isso lv ed  in  

methanol ( I 5ml) con ta in ing  d i l u t e  aqueous sodium hydroxide 

(2ml) and re f lu x ed  fo r  2h. The cooled r e a c t io n  m ixture was 

d i lu te d  w ith  w ate r, washed w ith  e th e r  and a c id i f i e d  w ith
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d i l u t e  hydroch lo ric  a c id .  The o rgan ic  m a te r ia l  was taken 

in to  e th y l  a c e ta t e ,  washed w ith  b r in e ,  d r ie d  and the so lven t 

removed to give an o i l  (32mg) which was p u r i f i e d  by 

chromatography on s i l i c a .  This r e s u l te d  in  the i s o l a t i o n  

of the o i l y  a c e t i c  ac id  (72), ^7 max. ( l iq u id  f i lm )  1710 -  

17*+0 and 2 ,*+0 0 - 3 ,6 0 0  cm X max. 276 and 283 run; § I . *+5 

(IH, b r . s ,  OH), 1 .70 -2 .80  (IIH , m, a l ip h a t i c  andoc carbonyl

H), 3.25 (IH, m, benzy lic  H), 3.85 (3H, s ,  OMe), 6 . 9O

(2H, d, J=9Hz, a r y l  H) and 7.30 (2H, d, J=9Hz, a ry l  H) 

(Found: M=2 8 8 . C ^ H ^ O ^  r e q u i r e s :  M=2 8 8 ) .
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