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INTRODUCTION TO THE CHEMISTRY OF CLOVENE

1

"Clovene" i s  th e  t r i v i a l  name, in v a ria b ly  used in  p lace  o f th e  

cumbersome sy stem atic  d e s c r ip t io n , 4?4‘,8 -  t r im e th y l t r ic y c lo

dodec-2-ene, fo r  th e  o le f in ic  rearrangem ent product ( l )  

ob ta ined  to g e th e r  w ith  c a ry o la n - l-o l  (2) by su lp h u ric  ac id  trea tm en t ^ o f 

caryophyllene  (3 ) ,  th e  major c o n s ti tu e n t o f o i l  o f c lo v es . Although i t

was e a r ly  c h a ra c te r is e d  as  a s ta b le  t r i c y c l i c  compound, b .p .  261—263°,
33 2n 1.4913, W p-2 3 ° , co n ta in in g  one c is  d is u b s t i tu te d  double bond, i t  i s

ev iden t th a t  a s t r u c tu r a l  e lu c id a tio n  o f clovene ( l )  through c o n tro lle d

o x id a tiv e  d eg radation  would have been v i r t u a l ly  im possib le , because o f

th e  environment o f th e  double bond, the  only s i t e  amenable to  a t ta c k .

The structure o f clovene was, in fa c t , postu lated  and c nfirmed in  th e
3 4 5 6 19course o f  a s e r ie s  o f stu d ies 9̂ 979 9 7 by Barton and h is  co llab orators,

which e s ta b lis h e d  th e  t o t a l  s tru c tu re  o f caryophyllene ( 3 ) .  T his l a t t e r

s tru c tu re  has now been confirm ed by th e  recen t e legan t sy n th e s is  by Corey
7

and h is  co-w orkers.

For over a cen tu ry , p r io r  to  1847? in v e s t ig a tio n s  on caryophyllene

had been d ire c te d  towards r a t io n a l i s in g  th e  numerous p roducts ob ta ined
2

from th e  sesq u ite rp en e  by a v a r ie ty  o f o x id a tio n  te ch n iq u es . In  1947 >
Q

however, T re ib s  found th a t  th e  c r y s ta l l in e  monoepoxide ( 4 ) o f 

caryophyllene could be o x id ised  to  formaldehyde and a c r y s ta l l in e  k e to -  

epoxide, ^ 4^ 22^2^ ^ *  T his observation  la id  th e  foundation fo r  th e  

modern phase o f  th e  s t r u c tu r a l  e lu c id a tio n , in  which in v e s t ig a to r s ,  

p r in c ip a l ly  B arton and h is  co-w orkers, d ire c te d  t h e i r  e f f o r t s  towards 

r a t io n a l i s in g  th e  complex s k e le ta l  tran sfo rm a tio n s  undergone by 

caryophyllene and i t s  d e r iv a t iv e s .
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B esides confirm ing th e  presence o f  an exo-methylene fu n c tio n , T re ib s 1 

work enabled Sorm to  propose a t r i c y c lo  (7 ,2 ,0 )  undecane sk e le to n  fo r  

caryophy llene , on th e  b a s is  o f th e  c lo se  s im i la r i ty  between th e  carbonyl 

reg ions o f th e  in f r a - re d  sp ec tra  o f  ( 5 ) and cyclononanone.^ In  

a d d itio n , th e  a v a i l a b i l i ty  o f t h i s  keto-epoxide enabled B arton to  c a rry

out a s e r ie s  o f rearrangem ents^’^ which i n i t i a l l y  confirm ed and then
9

extended Sorm's p ro p o sa l. B a rto n 's  su ccessfu l in te rp re ta t io n  o f  th ese
4 6s k e le ta l  rearrangem ents, coupled w ith c o n tro lle d  o x id a tiv e  d eg rad a tio n s , ’

led  to  th e  unequivocal estab lishm ent o f s tru c tu re  ( 3 ) fo r  caryophyllene,

which i s  id e n t ic a l  to  th a t  f i r s t  proposed by Dawson, Ramage and W ilson,
9

but d if f e r e n t  from those  suggested by Sorm.

During th e  caryophyllene in v e s t ig a t io n s , Barton suggested , on 

conform ational grounds, th a t  th e  form ation of clovene ( l )  and cary o lan -1 - 

01 ( 2 ) arose  from two modes o f c y c lis a t io n , dependent on a l te rn a t iv e  

conform ations o f th e  n ine membered r in g .^  S im ila rly  th e  two c r y s ta l l in e
r Q

d io ls  ( 6 , 7 ) ,  ob tained  as by-products in  the  epoxidation o f caryophyllene, ’ 

were seen to  be produced by s t r i c t l y  analogous rearrangem ents during  p erac id  

tre a tm e n t.

Since th e  plane o f th e  endocyclic double bond i s  normal to  th e  plane o f 

the  four-membered r in g  in  th e  probable conform ations (3a , 3b) o f caryophyllene, 

the  methyl group a t C-4 , depending on th e  conform ation adopted, p ro je c ts  

upwards or downwards w ith  re sp ec t to  th e  hydrogen atom on C -l. In  a 

rearrangem ent o f the  l a t t e r  conform ation (3 a ) , £ -  a t ta c k  by an 

e le c tro p h i le ,  0H+ or H+, on th e  endocyclic double bond induceso£- a t ta c k  on 

C-4  by th e  developing methylene b rid g e . Subsequent bond s h i f t  from C-9 to  

give e -  a t ta c k  on C-8, followed by h ydra tion  or proton lo s s ,  com pletes th e  

form ation o f clovan-2 £ ,  9«C -diol(6) or clovene, as th e  case may be .



C y c lisa tio n  in  th e  o th e r conform ation (3 b) produces a o r ie n ta te d  

methylene b ridge  which p ro h ib its  a bond s h i f t  to  C-8, but perm its 

n u c leo p h ilic  a t ta c k  to  in s e r t  the  hydroxyl groups o f  c a ry o la n - l-o l  

(2) and ca ry o lan -1 ,9 ^  - d io l  ( 7 ) .

The above scheme  ̂ i s  a development o f e a r l i e r  conceptions o f th e  

caryophyllene r e a r r a n g e m e n ts in v h ic h  clovene and c a ry o la n - l-o l  

were b e liev ed  to  r e s u l t  from the  same in te rm ed ia te  carbonium ion (3 c ) . 

A c a re fu l r e p e t i t io n  o f  th e  dehydration o f caryo lan-1-Q l, however, 

enabled Lutz and Reid to  show th a t co n tra ry  to  re p o r ts  in  th e  e a r l i e r  

l i t e r a t u r e ,  clovene was not a dehydration  product o f c a ry o la n - l-o l , 

and th a t  th e  caryolane skele ton  could not be rearranged  to  th a t  of 

clovane.

On th e  b a s is  o f t h i s  evidence, Barton proposed the two
£

independent c y c lis a tio n  mechanisms described  above. The conclusion 

th a t  th e  re s u lta n t  caryolane and clovane skele tons possessed methylene 

b rid g es  o f opposite  c o n fig u ra tio n , was f u l ly  upheld by subsequent
1 j

m olecular ro ta t io n  s tu d ie s .

S tru c tu ra l  c o r re la t io n  between c a ry o la n - l-o l ( 2 ) and caryo lan-1 ,9 /?-

d io l  (7) was ob tained  as  fo llow s. Oxidation o f the  d io l fu rn ished  a

k e to l  (8) which gave c a ry o la n - l-o l on Wolff-ICishner red u c tio n  and a

no n -en o lisab le  but ep im erisable k e to -a c id , by fu r th e r

o x ida tion  w ith  selenium  dioxide and permanganate^- X-ray in v e s t i -

15ga tio n  v o f 1-ch lorocaryo lane and 1-bromocaryolane provided th e  f in a l  

co rro b o ra tio n  of th ese  s tru c tu re s , and sim ultaneously confirm ed th e  

stereochem istry  o f th e  r in g  ju n c tio n  in  caryophyllene, since  C-2 and 

C-5 a re  not involved in  th e  caryolane c y c lisa tio n .^
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The s t r u c tu r a l  re la t io n s h ip  between clovene and c lovan-2^, 9 * L -  

d io l  (6) was e s ta b lish e d  by th e  fo llow ing tran sfo rm atio n s^

Oxidation o f  th e  d io l fu rn ish ed  a d iketone (10) which on Wolff—

K ishner red u c tio n  a ffo rd ed  clovane ( l l )  id e n t ic a l  w ith  th e  product 

o f hydrogenation o f c lo v e n e ^  S e lec tiv e  o x ida tion  o f th e  d io l  (6) 

y ie ld ed  a k e to l (l2,R=H),'V = 1730cnu (cyclopentanone); a c e ty la tio nnicix»

o f the  k e to l ,  and exhaustive brom ination fu rn ished  a dibromoketone 

( 15) confirm ing th e  presence o f two hydrogen atoms ad jacen t to  th e  

carbonyl fu n c tio n . S im ila r ly , brom ination o f the  c r y s ta l l in e  

d iketone ( lO ) ,v  = 1730 , 1702 cm.^ (cyclohexanone), y ie ld e d  a
IQclX •

c ry s ta l l in e  te trab ro m id e , i l l u s t r a t i n g  th e  presence o f two hydrogen

atoms ad jacen t to  th e  cyclohexanone carbonyl grouping^ The

acetoxyketo l (l2,R=CH^C0) was ox id ised  w ith selenium  d ioxide and the

re s u lta n t U.-d iketone (13) c leaved  w ith a lk a lin e  peroxide;

h y d ro ly s is , o x id a tio n , and W olff-Kishner reduction  completed a

sequence^ which provided a product id e n t ic a l  w ith cloven ic  ac id

( 14) ,  o b ta in ab le  by d ire c t  o x ida tion  of clovene (see below)!^
Both th e  s tru c tu re  and the  s tereochem istry  o f c lovan- 2/5,9bt-diol

(6) were confirm ed by a c o n tro lle d  degradation^ o f th e  derived  

diketone ( lO ). Oxidative cleavage o f t h i s  l a t t e r  compound 

y ie ld ed  a k e to -d ica rb o x y lic  ac id  ( l6 )  which on successive t r e a t 

ments w ith  selenium  dioxide and a lk a lin e  peroxide fu rn ished  a 

te tra c a rb o x y lic  ac id  (l7 )«  P y ro ly sis  a t 270° produced a smooth 

c y c lis a tio n  to  a k e to -d icarb o x y lic  ac id  ( 18) which d id  not form 

an anhydride on fu s io n . Oxidation o f th e  cyclopentanone r in g

was accomplished as before  by selenium dioxide and a lk a lin e  perox ide .



D ecarboxylation , w ith  concom itant a ro m a tisa tio n , o f th e  t e t r a -  

carboxy lic  a c id  ( 19) fu rn ish ed  p-cymene, which was id e n t i f ie d  by 

in f r a - re d  and u l t r a - v io le t  spectroscopy, and by o x id a tio n  to  

te re p h th a l ic  a c id .

The l im ite d  inform ation provided by clovene i t s e l f  was derived  

from clovenic ac id  ( 14)? i t s  product o f o x id a t io n ^  The 

re s is ta n c e  o f t h i s  a c id  to  fu r th e r  ox ida tion  or brom ination, and 

th e  form ation o f a very s ta b le  anhydride ra th e r  than  a ketone on 

p y r o ly s is ^  suggested a d i t e r t i a r y  ac id  formed by cleavage o f a 

cyclo pentene r in g . In  an attem pt to  co rrobo ra te  B arton’ s work, 

Lutz and R e id ^  undertook a degradation  sequence s ta r t in g  from 

cloven ic  ac id  ( 14)- Lithium aluminium hydride reduction  fu rn ished  

a d io l ( 2 ) which was expected to  undergo dehydration-rearrangem ent 

to  a m ixture o f o le f in ic  a lco h o ls . I t  was hoped th a t one o f th ese  

(2 l)  could then  be ox id ised  to  a k e to -ac id  co n ta in in g  a cy clo - 

hexanone r in g  (2 2 ) . This o b jec tiv e  was n o t, however, achieved, 

since  dehydration  o f th e  d io l ( 2) y ie ld ed  a c y c lic  e th e r which on 

ox ida tion  fu rn ish ed  an in e r t  lac to n e  ( 23) and a degraded a c id ,
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Since much o f th e  e a r ly  work on caryophyllene and clovene was 

c a r r ie d  out b e fo re  th e  advent o f in f r a - re d  spectroscopy and g as- 

l iq u id  chromatography, i t  i s  in e v ita b le  th a t  re lia n c e  on b o il in g  

p o in ts , r e f r a c t iv e  in d ic e s , and o p tic a l  r o ta t io n s  as a means o f 

id e n t i f ic a t io n ,  should have re s u lte d  in  a number o f  d isc rep an c ies  

in  t h i s  f i e ld .

In  th e  e a r ly  work Deussen showed th a t  caryophyllene from o i l

17o f c loves c o n s is te d  o f th re e  main components; a h ig h -b o ilin g

o p tic a l ly  in a c tiv e  component, o^-caryophyllene, which he id e n t i f ie d

w ith a hydrocarbon is o la te d  from o i l  o f hops, humulene, and two

lo w er-b o ilin g  o p tic a l ly  a c tiv e  components, /? -  and y -  caryophyllene,
5

l a t e r  renamed caryophyllene and isocaryophyllene re s p e c tiv e ly .

That th e  impure n a tu re  o f  normal caryophyllene d id  not in v a lid a te  

th e  r e s u l t s  o f o x ida tive  degradation  was shown by Ramage and 
18

Simonsen, who obtained  the same and ac id s  by ozonolysis 

o f  a pure c r y s ta l l in e  carophyllene n i t r o s i t e ,  as were ob tained  by 

degradation  o f th e  caryophyllene m ixture. Lutz and R e id ^  v/ere 

likew ise  ab le  to  show th a t th e  clovene norm ally obtained  by ac id  

rearrangem ent o f  caryophyllene was a complex m ixture o f hydro

carbons. For th e  purpose o f comparison, they  prepared th e  f i r s t  

c r y s ta l l in e  d e r iv a tiv e s  o f clovene, the  d ia ste reo iso m eric  

dibrom ides o f m elting  p o in ts  41 -  43° and 70 -  72° which on 

zinc dust trea tm en t regenera ted  clovene, id e n t ic a l  in  in f r a - re d

spectrum , and s im ila r  in  r e f ra c t iv e  index to  a sample prepared by 
19Eschenmoser by c a re fu l but ted io u s  f r a c t io n a tio n . The care 

f u l ly  p u r if ie d  clovene was found to  give a high y ie ld  o f clovenic



ac id  on o x id a tio n ; th e  vary ing  low y ie ld s  o f  ac id  rep o rted  in  th e  

l i t e r a t u r e  r e f le c t  the  v a r ia b le  p ro p o rtio n  o f isom eric im p u ritie s  in  

th e  samples o f "clovene" employed.

B esides p rov id ing  a method o f id e n tify in g  and p u rify in g  clovene,

Lutz and Reid dem onstrated co n c lu siv e ly  th a t ,  c o n tra ry  to  re p o r ts  in  

12 13th e  l i t e r a t u r e ,  ’ dehydration  o f c a ry o la n - l-o l d id  not g ive 

isoclovene and clovene, but isoclovene and an isom eric compound which 

they  termed pseudoclovene^  The l a t t e r  compound, although s im ila r  

in  p h y s ica l p ro p e r tie s  to  clovene, re ac ted  w ith  N-bromosuccinimide, 

and on o x ida tion  a ffo rded  an o i ly  d icarb o x y lic  a c id  which could be 

brom inated by th e  H ell-V o lhard -Z elin sk i tech n iq u e. With t h i s  

evidence a v a ila b le , Lutz and Reid proposed th e  s t r u c tu r e , (24) fo r  

pseudoclovene, th e  sim plest c o n s t i tu t io n  c o n s is te n t w ith  the  known 

f a c ts .

The s tru c tu re  o f th e  u n s tab le  isoclovene (25) was e s ta b lish e d  

by X-ray s tu d ie s ^0 o f the  c r y s ta l l in e  hydrochloride and hydrobrom ile. 

The suggested s k e le ta l  tran sfo rm atio n  which g ives r i s e  to  

isoclovene exem plifies some r a th e r  unusual fe a tu re s  o f carbonium ion 

rearrangem ent s ^

Although th e  s tru c tu re s  o f caryophyllene and i t s  rearrangem ent 

products were unequivocally  e s ta b lish e d  d e sp ite  th e  presence o f 

im p u ritie s  in  the caryophyllene, a s u f f ic ie n t  number o f d isc rep an c ies  

have a r is e n  to  cause confusion regard ing  both  the  s tru c tu re  and th e  

o r ig in  o f th e  so -c a lle d  06-caryophyllene a lco h o l, which has been 

rep o rted  by numerous w orkers^’ ^ ’ "^as an ac id  rearrangem ent 

product o f  caryophyllene.



In  th e  course o f  th e  work on caryophyllene B arton suggested th a t

••C-caryophyllene a lco h o l had th e  c o n s ti tu t io n  c lo v an -2- o l ( 26) ,  a

fo rm ulation  in  accordance w ith the  re p o rted  f a c t s .  Thus

©C-caryophyllene a lco h o l, C ^H ^O , was a s a tu ra te d , t r i c y c l i c ,

secondary a lco h o l, which on dehydration was s ta te d  to  g ive clovene,
21and on v igorous o x id a tio n , cloven ic  a c id . Two y ears  l a t e r ,  

however, Barton and Hickon^ prepared the epim eric c lo v an -2 -o ls , m.p. 

96-97° and 97-98° and showed th a t  n e ith e r  was id e n tic a l  w ith

c<-caryophyllene a lco h o l, m.p. 117° In th e  l ip h t o f th e se  f a c ts ,
22th e  work o f Dev, who in  1951 obtained  a compound, ap p aren tly

id e n tic a l  w ith  oC-caryophyllene a lco h o l, by acid  rearrangem ent o f

humulene(27)» assumed a new s ig n if ic a n c e , since humulene i s  norm ally

p resen t as an im purity  (up to  57<0 in  caryophyllene.

Work in  th ese  la b o ra to r ie s  has been d ire c ted  toward e s ta b lish in g

th e  o r ig in  o f oC-caryophyllene a lco h o l. Samples o f caryophyllene

and humulene were p u r if ie d  and th e i r  homogeneity confirm ed by g as-

l iq u id  chromatography. Treatment o f pure samples o f each w ith

su lphuric  ac id  under id e n tic a l  conditions'^ showed th a t  humulene

alone fu rn ished  c r y s ta l l in e ,  o p tic a l ly  in a c tiv e , oC-caryophyllene

a lco h o l. Such a r e s u l t  p la in ly  demanded r e p e t i t io n  o f th e

dehydration  o f the a lcoho l under th e  co n d itio n s  rep o rted  in  th e  
12l i t e r a t u r e .  A nalysis o f th e  dehydration product by g a s - liq u id  

chromatography revealed  a m ixture o f fo u r components, none o f  which 

ex h ib ited  the  same re te n tio n  time as au th en tic  clovene.
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For t h i s  re a so n , i t  i s  d i f f i c u l t  to  r a t io n a l i s e  th e  r e s u l t s  o f 

21B ell and Henderson who ox id ised  -caryophy llene  a lco h o l to  c loven ic  

ac id  and cloven ic  anhydride m.p. 50- 51^  id e n t ic a l  in  m elting  po in t 

and mixed m elting  po in t w ith au th en tic  samples prepared  by R u zick a^  

Such a r e s u l t  i s  p la in ly  incom patible w ith th e  sy n th e tic  work here

a f t e r  described,, s ince  th e  sy n th e tic  ( i )  -  c lovenic  anhydride obtained  

e x h ib ited  a m elting  po in t o f 76- 78? C lea rly , s ince  oC-caryophyllene 

a lcoho l i s  th e  product o f rearrangem ent o f an o p tic a l ly  in a c tiv e  

compound, humulene, i t  must be a racem ate, and i f ,  th e re fo re , i t  d id  

fu rn ish  c lovenic  anhydride on o x id a tio n , the  m elting  po in t should 

correspond to  th a t o f th e  racemic sy n th e tic  compound, m.p. 76- 78° 

ra th e r  than  to  th a t o f the o p tic a l ly  a c tiv e  anhydride, m.p. 50- 51°  

C u rren tly , X-ray in v e s tig a tio n  o f a heavy atom d e r iv a tiv e  o f 

oC-caryophyllene a lcoho l i s  being undertaken , to  e s ta b l is h  th e  

s tru c tu re  o f  t h i s  c o n tro v e rs ia l compound.
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THEORETICAL.

C urrent in te r e s t  in  t h i s  department in  bridged r in g  compounds 

and th e  unique t r i c y c l i c  r in g  system o f clovene ( l )  combined to  

s tim u la te  in te r e s t  in  th e  sy n th es is  o f t h i s  sesq u ite rp en o id  a r te f a c t .

A lo g ic a l a p p ra isa l o f t h i s  problem demands th e  p u rsu it o f one or 

o th e r o f two sy n th e tic  schemes? the  clovene skele ton  may be con

s tru c te d  by e lab o ra tio n  o f a su ita b le  b icy c lo  (4 >3?0 ) nonanone, 

co n ta in in g  the geminal dim ethyl grouping, but re q u ir in g  s te re o s p e c if ic  

a n n e lla tio n  to  a tta c h  the  th i r d  r in g . A lte rn a tiv e ly , th e  use o f a 

b ic y c lo (3 s3 ,l)nonane p recu rso r l im its  th e  stereochem ical problems but 

n e c e s s i ta te s  unequivocal in tro d u c tio n  o f the  geminal dim ethyl group

ing  a t a l a t e r  s tag e .
24The i n i t i a l  sy n th e tic  in cu rs io n s  in to  t h i s  problem followed 

the  l a t t e r  scheme, in  which 5“me'fcb y l-3 -k e to b icy c lo -( 3 ,3? l)n o n an e-l- 

carboxy lic  ac id  (2,R=0H) was chosen as a su ita b le  s ta r t in g  m a te r ia l. 

Methyl 3 -m ethy lcyclohexan-l-one-3-aceta te  ( 3) was condensed w ith 

m a lo n o n itrile  to  give th e  u n sa tu ra ted  d i n i t r i l e  ( 4 ) which reac ted  

w ith sodium cyanide in  dimethylformamide to  y ie ld  a c r y s ta l l in e  but 

in sep arab le  m ixture o f  isom eric t r i n i t r i l e s  (5)» Vigorous acid  

h y d ro ly s is , followed by e s te r i f i c a t io n ,  and Dieckmann c y c lis a t io n  

a ffo rd ed  the  expected m ixture o f b icyclo  k e to -e s te rs .  F u rth er hydro

ly s is  and sim ultaneous decarboxylation  y ie ld ed  a m ixture o f 

products from which th e  d e sired  k e to -ac id  (2,R=0H) was obtained  by 

c r y s ta l l i s a t io n .

Extension o f th e  side  chain fo r  co n stru c tio n  o f the r e q u is i te
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diketone ( 7 ) ,  which was expected to  c y c lis e  by an in tram o lecu lar

M ichael re a c tio n , was accomplished hy ad d itio n  o f isohutene to  the

k e to -a c id  ch lo rid e  (2,R =C l). P u r if ic a t io n  and dehydroch lo rination

o f th e  r e s u l ta n t  ch lorod iketone  (8) were e ffe c te d  hy chromatography

on alumina which o ffe red  th e  sim plest ro u te  from (8) to  the  diketone

( 7 ) .  n  was found, however, th a t  th e  s te r ic  in te ra c t io n  between

the  2-methylene grouping and th e  te rm in a l isopropylidene fu n c tio n

prevented c y c lis a tio n  o f ( 7 ) under e i th e r  a c id ic  or h a sic  c o n d itio n s .

To overcome th e  s te r ic  problem, and sim ultaneously  encourage

ir r e v e r s ib le  c y c lis a tio n  hy an S^2' re a c tio n , the  ketone ( 7 ) was

converted  in  two s tep s  to  the  more f le x ib le  h ro sy la te  (9,R=p-BrC^

H^SOg) and to s y la te  e s te r s  (^^p-CH^C^H^SC^) • D espite the

presence o f a good 1leav in g 1 group, however, base c a ta ly s is  f a i le d

to  induce th e  necessary  c y c lis a tio n  by th e  anion o f ( 9 ) in  e i th e r
25case . In  fa c t the  product obtained from both e s te rs  was shown to  

be th e  conjugated diene (1 0 ).

Although th i s  3-ketobicyclo(35 3?l)nonane approach had not 

affo rded  a t r i c y c l i c  product the k e to -e s te r  (6,R=CH^) provided 

inva luab le  inform ation about 2-ketobicyclo  compounds. Treatment 

o f  the derived  k e to -ac id  ch lo rid e  w ith aluminium ch lo rid e  gave th e  

ch lo ro lac tone  ( l l ) ,  dem onstrating th e  f e a s ib i l i ty  o f th e  d e s ired  

type o f r in g  form ation when th e  necessary  a c tiv a tio n  was a v a ila b le . 

Thus i f  e x tra p o la tio n  from a b icy c lo (3 s2 ,1 )octane system to  a 

b ic y c lo (3 ,3Sl)nonane one were p e rm issib le , the diketone (l2,R=H) 

ought to  undergo f a c i le  c y c lis a tio n  to  give a t r i c y c l i c  compound
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( 24,R=CH^) s u ita b le  fo r  fu r th e r  e la b o ra tio n .

A ccordingly, 2-carbethoxy-6-m ethylcyclohexanone was prepared

by g ly o x y la tio n  o f 2-methylcyclohexanone and therm al decarbonylation

o f th e  in te rm ed ia te  oC -keto-ester. The doubly a c tiv a te d  2-methine

grouping o f the  /5 -k e to -e s te r  perm itted  a Michael ad d itio n  to

a c ro le in  to  proceed a t low tem perature; the r e s u lt in g  aldehyde (13)

was then  c y c lise d  by means o f cold concen tra ted  su lphuric  a c id  to

a ffo rd  a m ixture o f the req u ired  b ic y c lo (3 ,3?l)nonane k e to -e s te r

(14,E=C_H ) an isom eric b ic y c lo (3 ,2 ,l)  compound ( 15)> and an

arom atic a c id  ( l6 f .  Since the  carbonyl function  o f th e  b ic y c lo -

(3>3?l)nonane k e to -e s te r  (l4,R=C££!,_) i s  sub jec t to  considerab le

s te r ic  h indrance, sep a ra tio n  o f the k e to -e s te rs  was re a d ily

achieved through s e le c tiv e  semicarbazone form ation by the

«*,/l-unsaturated ketone ( l 5 ) .  Thus, d e sp ite  the inconvenience

in troduced  by th ese  rearrangem ent p roducts , s a t is fa c to ry  amounts

(300 g .)  o f th e  9 -k e to -e s te r  (l4,R=C2fi^) could be obtained  by th i s

d ra s t ic  c y c lis a tio n  procedure.

Although ^ -k e to -e s te r s  are  g en era lly  unstab le  to  bo th  ac id  and

base , i t  was co n fid en tly  expected th a t  h y d ro ly s is  o f th e  e s te r

(l4,R=C H_) would proceed without d is ru p tio n  o f th e  b icy clo  nucleus,
27since Cope and Synerholm had shown th a t  th e  analogous 5-desm ethyl

e s te r  underwent h y d ro ly s is  without r in g —fis s io n .  The b icyclo  keto—%
acid  (14,R=H) was in  fa c t obtained as a c ry s ta l l in e  s o lid  m.p. 139-

143° and no cleavage products were is o la te d . Such s t a b i l i t y  i s  a
28consequence o f th e  s te r ic  fa c to rs  summarised in  B red t’ s ru le  and 

i s  observed in  o th e r ^ -k e to -a c id s  possessing  a bridgehead carboxyl
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29group.

At t h i s  stage in  th e  sequence, th e  9“keto  fu n c tio n , e s s e n t ia l

fo r  co n stru c tio n  o f  th e  "bicyclo system , hut now no longer d e s ire d ,

was removed hy Clemmenson red u c tio n  o f the ac id ; th e  p o ssib le

a l te r n a t iv e ,  W olff-K ishner method invo lv ing  th e  a c tio n  o f hydrazine

on the k e to -e s te r  (L^j R^^H j.) f a i le d ,  th e  only product heing  th e

pyrazolone (l7 )»  The product o f Clemmensen red u c tio n  co n s is ted

m ainly o f th re e  a c id s , th e  9~nie'thylene (l9,R=H), 9-keto  and 9-

hydroxyl (l8,R=H) compounds; to  f a c i l i t a t e  sep a ra tio n , the  m ixture

was e s te r i f i e d  and the re s u l t in g  m ixture of e s te r s  reduced w ith

sodium borohydride. Separation  o f th e  two-component m ixture was

accomplished hy chromatography on alumina; only the 9-methylene

e s te r  (l9,R=CH^) was e lu ted  hy l ig h t  petroleum  and i t s  p u r ity  was
24e s ta b lish e d  hy g a s - liq u id  chromatography.

Since an e f fe c t iv e  method o f p rep a ra tio n  o f a b ic y c lo (3 ?3 ,l)n o n -

3-ene in te rm ed ia te  had been devised., completion o f the  p ro jec ted

sy n th e s is  now hinged on th e  in tro d u c tio n  of an oxygen func tion  in

th e  2 -p o s itio n  o f th e  o le f in  e s te r  (l9,R=CH^). A fte r sev era l

unsuccessfu l e f f o r t s  to  e ffe c t d ire c t  a l l y l i c  o x id a tio n  to  the

-u n sa tu ra ted  k e to -e s te r  (20,R=CH^) hy means o f t -b u ty l  ch rom at^
32and chromium tr io x id e  in  a c e tic  a c id , a stepw ise procedure was 

developed in  which the  k e to -e s te r  (20,R=CH^) could he obtained  in  

accep tab le  y ie ld . Treatment of the o le f in  e s te r  w ith t-h u ty l  

perhenzoate in  th e  presence of cuprous b ro m id e^ ’ ^  and m e th an o ly si^  

o f th e  re s u l t in g  v iscous d ie s te r  (21,R=CH^, R’=C^H^CO) gave the  

a l l y l i c  hydroxy-ester (2 1 ,R=CH ,̂ R1=H) which was q u a n tita t iv e ly
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oxidised, to  th e  d e s ired  c£,/J-unsaturated k e to -e s te r  (20,R=*CH^) hy

manganese d iox ide ,^ - th e  product e x h ib itin g  u l t r a - v io le t  ab so rp tio n

a t 230 mp. ( 7 5370)• C onfirm ation th a t  th e  o x id a tio n  had fu rn ish ed

th e  2- k e to - e s te r ,  was ob tained  by c a ta ly t ic  hydrogenation to  a

/8 - k e to -e s te r  (22,R=CH^) which reac ted  re a d ily  w ith  hydrazine to  form

a c ry s ta l l in e  pyrazolone ( 23)«

U n fo rtu n ate ly , a ttem pts to  ex p lo it the 2-keto func tion  by a

Reform atski re a c tio n  w ith e th y l o£-bromoisobutyrate proved uniform ly

unsuccessfu l! d e sp ite  an ap p aren tly  vigorous re a c tio n , no u se fu l

product was is o la b le , and t h i s  approach was th e re fo re  summarily

abandoned. Likewise, p ro je c ted  a lk y la tio n s  o f th e  enamine o f

acetone by th e  m esylate or to s y la te  o f th e  a l l y l i c  alcohol (21,R=CH^,

R*=H) were f r u s tr a te d  a t th e  o u tse t by the  f a i lu r e  o f th e  a lcoho l to

re a c t w ith th e  ap p ro p ria te  sulphonyl c h lo r id e .

The complete lack  o f success enjoyed in  t h i s  approach prompted
36the  adoption o f a second method o f e lab o ra tio n  in  which th e

o b jec tiv e  was th e  dione (l2,R=H) (a  4”5” sec0  c lovane), capable o f

undergoing in tram olecu lar a ld o l condensation to  th e  t r i c y c l i c

4-desm ethylclov-4-en-3-one (24 jR=CH^). Although the  isopropy l

ketone (l2,R=CH^) would in  p r in c ip le  have been the  id e a l p recu rso r

fo r  a clovene skele ton , use o f such a compound would in e v ita b ly  have

p ro h ib ited  form ation of an <tf*y8-un sa tu ra te d  keton^ and might have p re -
24c ip i ta te d  the  so rt o f s te r ic  com plications p rev iously  encountered.

In th e  case o f the  e th y l ketone (l2,R=H), th e  clovane skele ton  would 

be re a d ily  ob ta inab le  from th e  4“desmethyl compound (24,R=CH^) by
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m ethy la tion , since  a lk y la tio n  o f a system o f t h i s  n a tu re  i s  known

to  produce th e  geminal dim ethyl ketone, ra th e r  than  th e

37o*,aC*-dimethyl compound.

As a  f i r s t  s tep  towards the  necessary  diketone (l2,R=H ), th e  

o le f in  ac id  (l9,R=H) was homologated hy an A rn d t-E is te r t sequence; 

trea tm en t o f th e  ac id  w ith oxaly l ch lo rid e  gave q u a n tita tiv e  

conversion to  th e  ac id  ch lo rid e  which provided a yellow  c r y s ta l l in e  

diazoketone hy the  a c tio n  o f diazomethane. The Wolff rea rran g e

ment to  the  homologous o le f in  e s te r  (25,R=CH^, Rf=H) was 

accomplished hy ad d itio n  o f a s a tu ra te d  so lu tio n  o f s i lv e r  henzoate
•50

in  tr ie th y la m in e  to  a so lu tio n  o f the diazoketone in  anhydrous 

m ethanol. The e s te r  was obtained  free  o f a la c to n ic  im purity  

( in f r a - r e d  absorp tion  a t 1770 cm. ^ ), hy chromatography on alumina, 

from which only the  e s te r  was e lu ted  by l ig h t  petroleum .

Chain ex tension  was completed hy a cy la tio n  o f cadmium d i e t h y l ^ ’^  

hy th e  derived  a c id  ch lo rid e  to  g ive an ex ce llen t y ie ld  (80fo) o f 

th e  monoket one ( 26 , R=H) .

In  view o f i t s  su ccessfu l a p p lic a tio n  to  th e  o le f in  e s te r  

(l9,R=CH^) t -h u ty l  perhenzoate was th e  obvious reagent fo r  

attem pted a l ly l i c  ox idation  o f the ketone (26,R=H). The re s u lt in g  

keto-henzoate  (26,R=C^H^C00) was obtained  as a p a r tly  s o l id  epim eric 

m ixture which, hy successive trea tm en ts  w ith sodium horohydride and 

aqueous base , fu rn ished  a p a r t i a l ly  c ry s ta l l in e  d io l (2 7 ).

O xidation, followed hy c a ta ly t ic  hydrogenation of th e  re s u l t in g  

enedione (63,R=C H ) \  228-232vnu( 2,500) completed th e  p rep ar-
(L j  fflc iX  •  1

a tio n  o f th e  d iketone (l2,R=H). A nalysis hy g a s- liq u id
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chromatography, however, confirmed the  su sp ic io n  engendered "by th e  

low in te n s i ty  ab so rp tio n  o f th e  enedione (6 3 ^ = 0 ^ ^ )  namely, th a t  

the f in a l  product was f a r  from homogeneous.

A fte r sev e ra l f r u i t l e s s  a ttem pts to  p u rify  th e  dione (l2,R=H) 

th e  crude m a te ria l was employed fo r b a se -ca ta ly sed  r in g  c lo su re ; 

th i s  gave a product e x h ib itin g  u l t r a - v io le t  absorp tion  in  the 

expected reg io n , 241-245^* C arefu l chromatography u ltim a te ly  

provided a sm all q u an tity  o f th e  cyclopentenone ( 24 ,R=CH^) which was 

c h a ra c te r is e d  through i t s  da rk -red , 2 ,4-d in itrophenylhydrazone, m.p. 

223-225?

As had been a n tic ip a te d , base c a ta ly sed  m ethylation o f the 

sa tu ra te d  ketone (24>R=CH^) gave ex c lu siv e ly  the  geminal 

dim ethylcyclopentanone (28) which d isp layed  carbonyl absorp tion  in  

th e  in f r a - re d  a t 1740 cm. \  and gave a yellow  c ry s ta l l in e  2 ,4 -  

din i t  rophenylhydrazone. A paucity  o f m a te r ia l, however, and the  

doub tfu l p u rity  o f th a t  which was a v a ila b le , prevented fu r th e r  

p rogress towards clovene, the sy n th e tic  g o a l.

In  s p i te  o f th e se  o b s tac le s , th e  r e s u l t s  of t h i s  approach 

had j u s t i f i e d  th e  use o f a 2 -ketobicyclo  in term ed ia te  and had, 

furtherm ore, dem onstrated th e  f e a s ib i l i ty  o f r in g  form ation through 

th e  diketone (l2,R=H). I f  a successfu l ro u te  to  th i s  p recu rso r 

could be dev ised , every in d ic a tio n  suggested th e  p o s s ib i l i ty  o f 

successfu l com pletion o f th e  sy n th es is .
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Although th e  r e s u l t s  obtained  through th e  use o f a b icy c lo  

(3>3>l)nonan-2-one p recu rso r augured w ell fo r subsequent ex tension  

and improvements i t  was, n e v e rth e le ss , deemed expedient to  inves

t ig a te  th e  a l te rn a t iv e  approach to  clovene by way o f  a b icyclo(4> 3 , 

O)nonane p recu rso r, while fu r th e r  s tu d ie s  on the former system were 

conducted. Since th e  s u b s ti tu te d  indanone ( 29) seemed em inently 

s u ita b le  as a s ta r t in g  m a te r ia l, e f f o r t s  were d ire c te d  tow ards th e  

p rep a ra tio n  o f /$ - (3-m ethoxy-4-m ethylphenyl)-isovaleric  a c id  

( 30,R=CH^0jR’=0H) which could be expected to  c y c lise  to  th e  indanone 

( 29) .  A F ried e1 -C ra fts  re a c tio n  between to luene and m esity l oxidi^

read ily  afforded 4-m ethyl-4-{p-tolyl)’pentan-2-one ( 30,R=H,R'=CH^)
42which on treatm ent w ith sodium hypobromite fu rn ished  

c r y s ta l l in e  3-m ethyl-3-{p*-toly^isovaleric ac id  ( 30,R=H,R' =0H).

The l a t t e r ,  however, f a i le d  to  give a homogeneous product on 

n i t r a t io n  and thus precluded th e  standard  sequences n i t r o  compound- 

amine-phenol-m ethyl e th e r . The d e sired  ac id  (30,R=CH^0, R'=OH) was, 

in  f a c t ,  ob tained  by an a l te rn a t iv e  rou te  s ta r t in g  from 3-amino-4- 

m ethylacetophenonef^ which was converted  in  two s tep s  to  3-methoxy- 

4-m ethylacetophenone^ This compound condensed w ith both e th y l 

cyanoacetate  and m alo n o n itrile  to  give low y ie ld s  o f th e  expected 

products ( 31 ,R=COOC2Ĥ_! R=CN). The l a t t e r  reac ted  w ith  excess 

methylmagnesium iodide to  give a good y ie ld  o f th e  s a tu ra te d  geminal 

dim ethyl compound (32, R=CN) by conjugate ad d itio n  to  the  bond. 

Prolonged vigorous hy d ro ly sis  fu rn ished  the expected d icarb o x y lic  

ac id  which decomposed a t l60° to  carbon dioxide and /5-(3-methoxy-

4-m ethy lpheny l)isovaleric  ac id  (30, R=CH^0, Rf=0H). Because o f  the
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poor y ie ld s  in  t h i s  se ries ., and the  encouraging r e s u l t s  in  concurrent 

work, t h i s  approach was pursued no fu r th e r ,  a lthough th e  req u ired  

s ta r t in g  m a te r ia l had heen a t ta in e d .
45In  t h i s  context th e  work o f Dutta and h is  co lleagues ^ i s  

worthy o f  m ention. In a s im ila r  scheme /* -(p -an isy l) is o v a le r ic  

ac id  (33) obtained  v ia  conjugate ad d itio n  o f methylmagnesium iodide 

to  th e  cy an o -este r (34)? was cy c lised  by polyphosphoric ac id  to  the 

indanone (35)? which gave th e  «l>/3-unsaturated ketone ( 36) hy hydro- 

g eno lysis  and B irch  red u c tio n . F u rther e lab o ra tio n  was 

accomplished by sim ultaneous conjugate cyanide ad d itio n  to  the  

double bond and conversion o f the  ketone to  the  cyanohydrin by means 

o f sodium cyanide in  aqueous e th an o l. H ydrolysis, e s te r i f ic a t io n  

and tw o-stage reduc tion  gave a d ie s te r  (37? R’^R" =CH ,̂ R=H) which 

was s e le c t iv e ly  hydrolysed to  th e  a c id -e s te r  (37? R=H, R*=H, RM = 

CH^). In tro d u c tio n  o f the  p o te n tia l  bridgehead methyl group o f 

clovene was accomplished by a Favorski rearrangement o f  the  

Chloromethyl ketone ( 38) ,  obtained in  th re e  s tep s  from th e  a c id -  

e s te r .  The y ie ld  o f the  derived  d i t e r t i a r y  e s te r  (37? R=R’=R' =

CH^) was, however, unexpectedly poor, th e  product c o n s is tin g  mainly 

o f  th e  a l te rn a t iv e  prim ary e s te r  (39)•

The c is  re la tio n s h ip  of the  e s te r  groupings in  th e  former was 

dem onstrated by the  f a c i le  anhydride form ation (4^ o f the derived  

ac id , bu t no evidence was presen ted  to  confirm  th a t  cyanide ad d itio n  

re s u lte d  in  a c i s -fu sed  bicyclo(4?3?0)nonane sk e le to n . Thus since 

conjugate cyanide ad d itio n  to  th e  octalone ( 41 ) and c h o le s t-4 -en -3 - 

one ( 42 ) has been show n^’^  to  fu rn ish  a m ixture of c i s  and tra n s
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isom ers, the  stereochem istry  o f th e  r in g  fusion  in  th e  d ie s te r  

(37 , R=R! ' =CH )̂ would seem a t le a s t  debatable  i f  not in c o r re c t .  

Furtherm ore, although chain ex tension  o f the  d ie s te r  and r in g  

form ation by standard  methods could be expected to  fu rn ish  t r i 

c y c lic  m a te ria l th e  lack  o f a su ita b le  su b s titu en t in  the  cyclo - 

pentane r in g  would lim it t h i s  ro u te  to  the  sy n th es is  o f th e  

s a tu ra te d  clovane (43 )•

While the  b ic y c lo (4 ?3,0)nonane approach was being  pursued, 

e f f o r t s  were d ire c te d  towards s a t is fy in g  what had emerged as the  

ou ts tan d in g  need in  the  b ic y c lo (3 , 3 ?l)nonane scheme -  v iz .  the 

unequivocal in tro d u c tio n  of an oxygen function  in  the  2-p o s i t io n . 

Since previous e x p e r ie n c e ^  had rev ea led  th e  f a c i l i t y  w ith which 

the  diketone (l2,R=H) gave t r i c y c l i c  m a te ria l, i t  was f e l t  th a t  an 

id e a l in te rm ed ia te  would be the  k e to -a c id  (45> R=H), which 

p re d ic tab ly  would be a c r y s ta l l in e ,  re a d ily  p u r if ie d , s o l id .

In the  course of the  p rep a ra tio n  of the  o le f in  e s te r  

( l9 ,  R=CH^), th e  p o s s ib i l i ty  had been considered o f reducing the  

9 -keto -a c id  ( 14 , R=H) by the  W olff-Kishner method in s te ad  o f by the 

lab o rio u s  Clemmensen techn ique. I t  was found, however, th a t 

d e sp ite  th e  use o f anhydrous h y d ra z in e ,^  the  form ation o f a 

pyrazolone ( 17) s t i l l  prevented red u c tio n , as in  th e  case o f 

9 -k e to -e s te r  ( 14 , R = C ^.^)»  Since th e  homologous 9 -k e to -e s te r

( 44 , R=CH )̂ could not give such a s ta b le  d e riv a tiv e  '  th e  9~keto->49

ac id  ( 14 , R=H) was sub jected  to  an A rn d t-E is te rt homologation, but 

the product was complex, c o n sis tin g  apparen tly  o f a c ry s ta l l in e  

lac tone  and th e  unhomelogated 9 " k e to -e s te r , For th i s  reason i t
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seemed w iser to  c a rry  out a l l y l i c  o x ida tion  on th e  homologated

e s te r  (25, R=CH^, R1 =H) i t s e l f  r a th e r  than  to  attem pt th e

homologation o f th e  £ -k e to -e s te r  (22, R=CH^) made a v a ila b le  by

treatm ent o f  th e  o le f in  e s te r  ( 19 , R=CH^) w ith t -b u ty l  perbenzoate .

The encouraging r e s u l t s  o b ta in ed ^ th ro u g h  th e  use o f the

l a t t e r  reagen t prompted a study of i t s  behaviour towards th e  e s te r

(25, R=CH ,̂ R1=H). Under co n d itio n s  id e n tic a l  to  those p rev iously

employed, th e  e s te r  gave a product which fu rn ish ed , a f t e r

chromatography on alum ina, th e  benzoyloxy-ester ( 25 , R=CH ,̂ R,S=Ĉ

H,_COO) as a p a r t i a l ly  so lid  product, re a d ily  p u r if ie d  by

c r y s ta l l i s a t io n .  H ydrolysis o f th e  pure compound, m.p. 91-92°

gave a n e u tra l f ra c tio n  c o n s is tin g  o f th e  c ry s ta l l in e  lactone

( 46 , R=H) o f 2 ^ -hydroxy-5-m ethylb icyclo(3 ,3 , l)n o n -3 -e n e -l~ ac e tic
50a c id . M ethanolysis^ of th e  crude benzoate, however, gave a

m ixture o f methyl benzoate, the  la c to n e , and th e  2«C-hydroxy-ester

(25,R=CHy R'=OH), re a d ily  separable  by chromatography.

A lte rn a tiv e ly , d ire c t  a lk a l in e  h y d ro ly sis  o f th e  o ily  m ixture o f

epim eric benzoates affo rded  th e  lactone  (4 6 , R=H), benzoic ac id  and

the  c r y s ta l l in e  2e(-hydroxy-5-methylbicyclo( 3 ,3 , l)n o n -3 -e n e -l-a c e t ic

a c id . T his l a t t e r  s tru c tu re  (25,R=H, R’=OH) te n ta t iv e ly  assigned

to  th e  ac id  on th e  b a s is  o f th e  known behaviour o f t -b u ty l  

33 35perbenzoate, J Avas confirmed a t a l a t e r  stage in  th e  work.

Although t h i s  method had fu rn ished  workable q u a n tit ie s  o f th e  

lac to n e , th e  moderate y ie ld s  stim u la ted  fu r th e r  in v e s tig a tio n  in to  

a l te rn a t iv e  means o f a l l y l i c  ox idation  which might provide th e  

2 -k e to -e s te r  (4 8 , R=CH )̂ d ir e c t ly  in  good y ie ld .
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In  th e  course o f stereochem ical s tu d ie s  on th e  «*-amyrins C o re ^  

had achieved ex ce llen t y ie ld s  in  th e  conversion o f methyl 

a ce ty lo le a n a te  (47) to  methyl a c e ty l- l l -k e to o le a n a te  by ox ida tion  

w ith sodium dichromate d ihyd ra te  in  a c e tic  a c id . A pp lication  o f 

t h i s  method to  the  homologated e s te r  gave a good recovery (60$) o f a 

n e u tra l p ro d u c t,^  = 230-232 mu. ( 3 ,500). Chromatographic
IIlclX • /

sep a ra tio n  o f th e  product fu rn ished  s ta r t in g  m a te ria l and a m ixture

o f th e  u n sa tu ra ted  k e to -e s te r ,  ( 48 , R=CH.) V* =1725, I 67O cm**”^3 max •
and a la c to n e . V  = 1770 cm. ^* max.

On hydrogenation, the  m ixture ra p id ly  absorbed an amount of 

hydrogenirt equ ivalen t to  65$ o f th e  th e o re t ic a l  uptake, and 

h y d ro ly s is  o f  the  product fu rn ished  a n e u tra l  f ra c tio n  id e n t ic a l  in  

m elting  po in t and in f r a - re d  spectrum to  the  lactone  (4 6 , R=H) 

p rev iously  ob tained , and a liq u id  k e to -ac id  which could not be 

induced to  c r y s ta l l i s e .

Since th i s  k e to -ac id  could not be s a t i s f a c to r i ly  c h a ra c te r is e d  

through spectroscop ic  or a n a ly t ic a l  d a ta , a ttem pts were made to  con

firm  th e  p o s itio n  of th e  carbonyl function  by th e  p rep a ra tio n  o f

t r i c y c l i c  d e r iv a tiv e s . However, treatm ent o f  th e  ac id  w ith  a c e tic
53anhydride con tain ing  fused sodium ace ta te^  fa i le d  to  y ie ld  any 

c r y s ta l l in e  en o l-lac to n e  (49)• Likewise th e  derived  ac id  c h lo rid e , 

on trea tm en t w ith aluminium c h lo rid e , fu rn ished  no c ry s ta l l in e  

ch lo ro lac tone  analogous to  th a t  ( l l )  ob tained  from the  corresponding 

2-keto  b ic y c lo (3 ,2 ,l)o c ta n e  a c i d . ^

D espite the  lack  o f c ry s ta l l in e  p roducts , i t  was f e l t  th a t  

spectroscop ic  evidence o f a l l y l i c  ox id a tio n  ju s t i f i e d  fu r th e r  study
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o f methods o f  d ire c t  o x id a tio n . A fte r a f r u i t l e s s  attem pt employ

in g  potassium  chromate in  re flu x in g  a c e tic  a c id , encouraging 

r e s u l t s  emerged from th e  re a c tio n  o f  th e  e s te r  (25,R=CH^, R^H) w ith

anhydrous potassium  chromate in  a m ixture o f a c e tic  a c id , a c e tic

54anhydride, and "benzene. Thus the  e s te r ,  a f te r  trea tm en t w ith t h i s  

m ixture fo r  two days a t 40° gave an ex ce llen t recovery o f a 

n e u tra l  product, V  =1725, 1670 cm. \  \  =230-232 m u( 5»100),iDcix • iricix • *

separab le  hy alumina chromatography in to  a number o f f ra c t io n s  w ith 

e x tin c tio n  c o e f f ic ie n ts  ranging from 2,000 to  6 ,900 . The pu rest 

f r a c t io n  (£ 6 ,900) gave, on d i s t i l l a t i o n ,  a co lo u rle ss  o i l  (€ 8,200) 

which underwent h y d ro ly s is  to  a c r y s ta l l in e  k e to -ac id , m.p. 

l6 0 - l6 l°  (48,R=H). The l a t t e r  fu rn ish ed , by borohydride reduction  

in  aqueous sodium b icarbonate  so lu tio n , a hydroxy-acid (25,R=H,

R’=0H) m.p. 142-144° id e n tic a l  to  th a t ob tained  d i r e c t ly  from th e  

•^-butyl perbenzoate ox id a tio n , and in d ir e c t ly  from the  potassium  

chrom ate-acetic  a c id  o x id a tio n . C a ta ly tic  hydrogenation o f the  

k e to -a c id  ( 48 ,R=H) m.p. 160-161? re a d ily  affo rded  the corresponding 

sa tu ra te d  k e to -ac id  (45,R=H) m.p. 138-139° whose s tru c tu re  was l a t e r  

unequivocally  e s ta b lish e d  by i t s  conversion to  a c r y s ta l l in e  eno l- 

lac to n e  (4 9 ), m.p. 32-34?

Although seeding o f various o ily  samples of the  k e to -ac id  

(45,R=H) p rev iously  obtained , affo rded  fu r th e r  small q u a n ti t ie s  o f 

c r y s ta l l in e  m a te r ia l, th e  amount a v a ilab le  was p a te n tly  inadequate 

fo r  long term  work. At th i s  ju n c tu re , th e re fo re , i t  was inescapable 

th a t  a successfu l completion o f th e  sy n th es is  demanded a method o f 

a l l y l i c  ox ida tion  fa r  more e f f ic ie n t  than  those so f a r  employed.
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Of th e  w e ll- t r ie d  a l l y l i c  o x id is in g  ag en ts , selenium diox ide had

never been in v e s tig a te d  in  th i s  c o n tex t. Towards organic compounds,

selenium  dioxide e x h ib its  a v a r ie ty  o f behaviour, unequalled  by any 

55 56o th e r re a g en t. B esides being capable o f c a rry in g  out d ire c t

o x id a tio n , as fo r example the  conversion o f d iphenylacety lene  to

b e n z il ,  or anthracene to  anthraquinone, selenium d ioxide can a lso

e f fe c t  dehydrogenation o f cyclohexane d e riv a tiv e s  to  a rom atics, and

o x id a tio n  o f  1 , 4-d ik e to n e s , such as acetony lacetone , to  the

corresponding conjugated enediones.

Of p a r t ic u la r  re levance  to  the  sy n th es is  o f clovene, however,

were th e  ox idations o f a c tiv e  methylene groups ad jacen t to  carbonyl

fu n c tio n s , arom atic r in g s  and is o la te d  double bonds achieved by th i s

reag en t. From a study o f th e  a l l y l i c  oxidation  o f o le f in s  by

57selenium  dioxide in  a c e tic  a c id , Guillemonat derived  two em pirical 

ru le ss  f i r s t l y ,  th a t  ox idation  took  p lace a t the carbon atom 

ad jacen t to  th e  more s u b s titu te d  carbon of the e th y len ic  linkage , 

and secondly th a t  th e  ox idation  o f  a te rm in a l double bond affo rded  

a m ixture o f products through double bond m igration . These
58proposals were su b s ta n tia te d  by th e  work o f Colonge and Reymermier 

who obtained  only 2-m eth y l-p en t-2- e n - l ,  5"d.iol ( 50?R=0H) from 2-  

m ethy l-pen t-2 -en -5 -o l (50,R=H) but is o la te d  both h ex -2 -en -l,

6-d io l  (52) and h ex -l-en -3 , 6-d io l  (51,R=0H), from th e  ox idation  of 

h e x - l-e n -6- 01 (5 1 ? R=H) .

F ie se r and h is  co lleag u es, having noted the  h igh ly  sp e c if ic  

o x ida tion  o f c e r ta in  s te ro id s  possessing  a 1 4 -hydrogen atom, 

in v e s tig a te d  th e  f a c i le  o x ida tions in  a c e tic  acid  o f c h o le s t-7-en o l
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(53) and. methyl cho lenate  (54)* In both  c a s e s ^ ’^ i t  was shown 

th a t  th e  products were those o f a l l y l i c  rearrangem ent, which, th ese  

workers suggested, was preceded by a s tra ig h tfo rw a rd  a l l y l i c  

o x id a tio n , although in  n e ith e r  case could th e  p o s s ib i l i ty  o f  double 

bond m igration  p r io r  to  ox ida tion  be r ig o ro u s ly  excluded. With the  

o b jec t o f e s ta b lish in g  a d e f in i te  mechanism fo r such o x id a tio n s , 

Nelson and Trachtenburg^^"examined th e  behaviour o f o p t ic a l ly  ac tiv e  

carvomenthene (55?R=H) toward selenium dioxide in  a c e tic  a c id . 

Because th e  product co n sis ted  o f racemic carvomenthenol a c e ta te  

(55,R=CH^COO) th ese  workers proposed th a t ox idation  occurred through 

e le c tro p h i l ic  a t ta c k  by selenium dioxide on the double bond g iv ing  a 

symmetrical d ip o la r  in term ed ia te  (56 ) which furn ished  a hyposelen ite  

e s te r  (5 5 jR=OSeOH) by proton t r a n s fe r ;  subsequent so lv o ly s is  by 

a ce tic  ac id  then produced th e  observed racemic carvomenthenol 

a c e ta te .  Such a suggestion , however, besid es  ignoring  th e  fa c t 

th a t  carvomenthene may be racem ised by ac id  a lone, tak es  no account 

o f  th e  fa c t  th a t  such an e le c tro p h i l ic  a t ta c k  on an unsymmetrical 

compound should y ie ld  the  product o f complete a l ly l i c  rearrangem ent, 

which i s  not in  fa c t observed in  the  m ajo rity  o f c a se s .

Despite the  lack  of a concrete ox idation  mechanism and the
6?consequent d i f f i c u l ty  o f p re d ic tin g  products, th e  f a c i le  ox idation  

o f  cedrene (57 j N=H) to  cedrenol a c e ta te  (57 ,R=CHjCOO) prompted inves

t ig a t io n  in to  th e  behaviour of th e  b ic y c lo (3 ?3 ,l)non-3-ene e s te rs  

(l9,R=CH^; 25,R=CH ,R!=H) towards selenium d iox ide . I n i t i a l l y ,  to  

ob ta in  reproducib le  co n d itio n s , th e  more a v a ilab le  o le f in  e s te r  

(I9,R=CH^) was t r e a te d  wrfch selenium dioxide fo r vary ing  periods in  a
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number o f so lven t system s, aqueous dioxan, aqueous e thano l a c e tic

anhydride, a c e tic  a c id . Thus i t  was found th a t  t h i s  o le f in  e s te r

when heated  under re f lu x  fo r  1.5 hours w ith  1 .1  eq u iv a len ts  o f

selenium  dioxide in  a c e t ic  a c id  was converted to  an epim eric m ixture

o f  th e  corresponding a l l y l i c  a c e ta te s  ( 21,R=CH^,R‘=CH^CO) whose

in f r a - re d  spectrum was c o n sis te n t w ith  t h i s  assigned  s t ru c tu re .

This epim eric m ixture o f a c e ta te s  was so lvolysed  to  a m ixture of

hyd roxy-este rs  ( 21,R=CH^,R!=H) by trea tm en t w ith anhydrous methanol

co n ta in in g  a c a ta ly t ic  amount o f sodium m ethox ide^  o x ida tion  by

means o f chromium tr io x id e  fu rn ished  the  k e to -e s te r  (20,R=CH^),

\  = 229-230 mu.( 8 , 250) which was c a ta ly t ic a l ly  reduced to  thenicix • r

sa tu ra te d  k e to -e s te r  (22,R=CH^). The homogeneity o f th e  l a t t e r  was 

confirmed by g a s - liq u id  chromatography, and the  p o s itio n  o f the  

carbonyl function  e s ta b lish e d  by pyrazolone (23) form ation on t r e a t 

ment w ith hydrazine.

These r e s u l ts  taken to g e th e r gave cause fo r  considerab le  

optimism, suggesting , as they  d id , th a t  th e  d e sired  a l l y l i c  

ox id a tio n  had been accomplished w ithout a l l y l i c  rearrangem ent.

The homologous e s te r  (25jR=CH^, R*=H) when tr e a te d  in  id e n tic a l  

fash ion  w ith selenium dioxide in  a c e tic  a c id , fu rn ished  a so lid  

product id e n t i f ie d  by in f ra - re d  spectrum and m elting  po in t as th e  

lac tone  (46,R=H) p rev iously  ob tained . Although th e  l a t t e r  could be 

re a d ily  freed  from accompanying a l l y l i c  a c e ta te  by r e c r y s ta l l i s a t io n ,  

an improved y ie ld  ( 78$) of th e  lactone re s u lte d  from h y d ro ly sis  o f 

the  crude ox idation  product to  m ixture o f th e  lactone  (46,R=H) and 

the  hydroxy-acid (25,R=H, Rf=OH) followed by chemical sep ara tio n
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p r io r  to  r e c r y s ta l l i s a t io n  o f  th e  la c to n e .

In  view o f the  neighbouring group p a r t ic ip a t io n  observed in  th e
50form ation o f  th e  lactone  by m ethanolysis^ o f th e  benzoyl o x y -es te r

(25,R=CHy R! =C^H^C00), th e  d ire c t  form ation o f the lactone

(46 , R=H) by ox idation  o f th e  e s te r  (25,R=CHy R’=H) in  a c e t ic  ac id

was not unexpected. However, the  high y ie ld  o f homogeneous

lac tone  and hence th e  apparent s te r e o s p e c if ic i ty  o f th e  o x ida tion

procedure must be reco n c iled  w ith th e  fa c t th a t  both *t- and

a tta c k  on th e  2 -  methylene o f th e  e s te r  (25,R=CH^, R1 =H)

appeared equally  f e a s ib le .  This seeming paradox may be reso lved

i f  the assumption i s  made th a t  th e  f i r s t  s tep  in  the  o x ida tion  i s

th e  form ation o f a h y p o selen ite  e s te r  ( 25 ,R=CH^, R*=OSeOH) by

a tta c k  o f selenium dioxide followed by a hydrogen t r a n s fe r  of the

type involved in  the  o x ida tion  of hydrocarbons by chromium

51tr io x id e  in  a c e tic  acid< The fa te  o f the hyposelen ite  e s te r  

( f i g . l )  i s  then  dependent on th e  co n fig u ra tio n  a t the  C -2 p o s itio n . 

Thus th e  2 ^ -e p im e r may la c to n ise  d ir e c t ly  by a n u c leo p h ilic  a t ta c k  

on th e  p ro tona ted  carbometk 'oxy group w hile th e  <<-epimer may be 

so lvo lysed  by th e  a c e tic  ac id  w ith in version  a t C-2 to  the  

f t  -a c e ta te  which can c y c lise  by a s im ila r  n u c leo p h ilic  a t ta c k . In 

each case selen iun r— has been converted to  se le n iu m ^  which may be 

fu r th e r  reduced to  m e ta llic  selenium in  a subsequent a l l y l i c  

o x id a tio n . A lte rn a tiv e ly , one molecule o f the  oxidant may be 

sim ultaneously  linked  to  two molecules o f th e  o le f in ic  e s te r  (25,R= 

ch3 ,r«^h) so th a t  se le n iu m ^  species have only tra n s ie n t ex istence  

in  th e  re a c tio n  medium.
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The a v a i l a b i l i ty  o f th e  lac to n e  (4.6 , R=H) now p e rm itted  co n tin 

u a tio n  o f in v e s t ig a tio n s  which had been in i t i a t e d  to  convert the- 

la c to n e  to  th e  k e to -a c id  (45>R=H) o r the  d iketone (12, R=H).

Since a t r i a l  hydrogenation of th e  lac tone  had revealed  a 

s u s c e p t ib i l i ty  to  hydrogenolysis, a ttem pts to  achieve opening o f the  

la c to n e  r in g  were c a r r ie d  out on the  u n sa tu ra ted  lac to n e  i t s e l f .

In  th e  f i r s t  approach, conversion of the  lac to n e  to  th e  h em i-ace ta l 

(58 ) o f th e  k e to -a lco h o l (26,R=0H) by re a c tio n  w ith one eq u iv a len t
64

o f ethylmagnesium bromide was envisaged, but th e  lac to n e  was 

recovered  unchanged, even when excess reagent in  re flu x in g  t e t r a -  

hydrofuran  was employed.

The p o s s ib i l i ty  was then  considered o f p rep arin g  th e  bromo- 

la c to n e  (46,R=Br) which could conceivably be hyd.rolised to  th e  

u n sa tu ra te d  k e to -ac id  (48,R=H). However, a l l y l i c  brom ination o f 

th e  lac to n e  w ith e i th e r  H-bromosuccinimide o r bromodan 

(N,N!-dibrom odim ethylhydantoin) a ffo rded  only  s ta r t in g  m a te ria l 

and an u n id e n tif ie d  acid . In  a s im ila r  approach o x id a tio n  o f the  

la c to n e  w ith potassium hypobromite gave a n e u tra l  m a te ria l which 

decomposed over a period  of months to  a substance which was 

l a t e r  id e n t i f ie d  as the  requ ired  k e to -ac id  (48,R-H).

In  s p ite  of th i s  success, the f in a l  method adopted fo r  the  la rg e -  

sca le  conversion o f the  la.ctone (46, R—H) to  the  k e to -ac id  (48 , R—H) 

was th e  fo llow ing  th re e -s te p  procedure. Reduction o f the  lac to n e  

(46,R=H) by means of lith ium  aluminium hydride gave a q u a n tita tiv e  

y ie ld  of a sw eet-sm elling c ry s ta l l in e  d io l (59). However, o x id a tio n
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o f t h i s  l a t t e r  compound by commercial manganese d ioxide in  l ig h t

petroleum  gave, not the  expected u n sa tu ra ted  k e to -a lco h o l (62) but

a q u a n ti ta tiv e  recovery o f the la c to n e . In view o f th e  numerous

examples of s e le c tiv e  o x ida tion  o f a l l y l i c  a lco h o ls  in  the  presence

o f o th e r hydroxyl g ro u p in g s^  t h i s  re s u l t  was both  su rp ris in g  and

d isc o n c e rtin g . Arigoni and h is  co -w o rk ers^  however, ob tained  a

s im ila r  anomalous re s u l t  in  th e  ox ida tion  o f th e  sesqu ite rpene  d io l

(60) which gave a keto-aldehyde on trea tm ent w ith manganese d iox ide ,

through a t ta c k  on both  hydroxyl fu n c tio n s . I t  was assumed,

th e re fo re , th a t  the  commercial manganese dioxide employed had been

s u f f ic ie n t ly  a c tiv e  to  ox id ise  the  ca rb in o l grouping to  an aldehyde,

p e rm itt in g  subsequent r in g  c losure  to  a hem i-aceta l ( 6 l ) .  Further

ox ida tion  o f  th e  l a t t e r  could then have furn ished  the  lactone  by a
67re a c tio n  o f th e  type observed by Highet and Wildman in  the

conversion o f 2-hydroxytetrahydropyran to  the  corresponding y - la c to n e

by manganese d iox ide .

Since a change o f so lvent in  no way a l te re d  th e  course o f

o x id a tio n , a sample o f manganese dioxide was prepared according to

th e  method of A ttenburrow ^ Oxidation of the d io l  (59) by the

manganese dioxide thus prepared c o n s is te n tly  gave th e  d e sired  k e to -

a lcoho l ( 62) = 231-233 m u( 6,800) con ta in in g  a sm all propor-max. •

t io n  o f lac to n e  and unoxidised d io l .  F u rther ox idation  o f the  

crude k e to -a lco h o l ( 62) affo rded  th e  req u ired  ac id  (48,R=H) \  =
IHclX 0

231-233 mjA ( 8,200) and a n e u tra l f ra c tio n  c o n s is tin g  of th e  lactone 

(46,R=H) and th e  keto-aldyhyde (62,R=H), which could be recycled  to  

r a is e  th e  o v e ra ll y ie ld  in  th e  conversion of th e  lactone to  th e  ac id
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to  80$. The l a t t e r  compound ra p id ly  absorbed hydrogen, in  th e  

presence o f p a lla d ise d  ch arco a l, to  fu rn ish  th e  s a tu ra te d  k e to -a c id  

(45,H=H) m.p. 138-139? the  in te rm ed ia te  e s s e n t ia l  fo r  c o n s tru c tio n  

o f a t r i c y c l i c  system by chain ex tension  o f the  prim ary ac id  

grouping.

Although th e  i n i t i a l  re a c tio n  had envisaged th e  a cy la tio n  o f 

39cadmium d ie th y l by the s a tu ra te d  k e to -a c id  ch lo rid e  as the  obvious

ro u te  to  th e  d iketone (l2,R=H) and hence th e  t r i c y c l i c  cyclopen-

tenone (24 jR=CH^) th e  p o s s ib i l i ty  had not been overlooked o f

p rep arin g  the  l a t t e r  from th e  en o l-lac to n e  (49)• The re a c tio n  o f

S-en ol-lactones with methylmagnesium iodide has been employed to

a d v a n ta g e ^ ’^  for the preparation o f C-4 la b e lled  cholest-4 --en-3-
71one(64). From a study of t h i s  type of re a c tio n  Fujimoto was ab le  

to  show th a t Grignard reagen ts  a ttack ed  the  acyl p o rtio n  o f an en o l- 

lac tone  (66) w ith sim ultaneous rearrangem ent of th e  acy l carbon atom 

to  th e  /^ -o le f in ic  carbon atom to  form an in te rm ed ia te  b icyclo

( 3 ,3 ,l)nonane  k e to -a lco h o l ( 65) .  The k e to -a lco h o l, under s tro n g ly  

b a sic  co n d itions provided an ex ce llen t y ie ld  o f th e  app ro p ria te  

«*>^-unsaturated ketone ( 64) w ithout is o la t io n  o f th e  in te rm ed ia te  

d iketone ( 67) .  The mechanism of th e  re a c tio n  was confirmed by 

s tu d ie s  on model compounds, and by the  conversion o f th e  e n o l-e s te rs , 

isopropenyl a c e ta te  and v iny l a c e ta te , to  2 ,4 -d im ethy lpen tan-2 ,4“ 

d io l and 3-m ethy lhep tan-3 ,5-d io l by treatm ent w ith  methylmagnesium 

iodide (2 moles) and ethylmagnesium bromide (2 m oles).

S u rp ris in g ly , ap p lica tio n  o f t h i s  method to  the  p rep a ra tio n  of 

A -norcholestenone (68) from the  y -la c to n e  ( 69) met w ith l i t t l e



31

72su ccess. Jacobs and Takahashi obtained no recognisable products

73from th e reaction  while Dauben and h is  co llea g u es 'J obtained a low 

y ie ld  (20$) o f the intermediate b icyc lo  ( 3 ,2 ,l)o c ta n e  keto-alcohol 

( 70) whose structure was confirmed by in fra-red , u ltr a -v io le t  and 

N.M.R. spectroscopy. Prolonged treatment o f th is  compound with 

strong base afforded a complex mixture containing a small proportion 

o f A-norcholestenone (68) characterisable only through i t s  2 ,4 -  

dinitrophenylhydrazone.

In  th e  l ig h t  of th e se  r e s u l t s ,  th e  re a c tio n  o f th e  y -e n o l-  

lac to n e  (49) w ith Grignard reagent was a n tic ip a te d  w ith no g rea t 

optimism. In a d d itio n  th e  low m elting  p o in t, high s o lu b i l i ty  in  

organic so lv en ts , and the consequent d i f f i c u l ty  o f p u r if ic a t io n  by 

r e c r y s ta l l i s a t io n  rendered th e  en o l-lac to n e  q u ite  u n su itab le  as an 

in te rm ed ia te . The substance d id  in  fa c t appear to  re a c t w ith  one 

equ iv alen t o f ethylmagnesium bromide but the  product was 

s u f f ic ie n t ly  complex to  discourage fu r th e r  re a c tio n s  o f th i s  ty p e .

A tten tio n  was then  d ire c te d  towards chain extension by the  

method developed in  e a r l i e r  work on th e  o le f in ic  ac id  ( 25 ,Ra,R,asH) 

i . e .  th e  a cy la tio n  o f cadmium d ie th y l. P relim inary  in v e s t ig a tio n s , 

however, showed th a t  th e  product obtained by a cy la tio n  w ith e i th e r  

th e  k e to -a c id  ch lo rid e  o r i t s  ’mixed’ anhydridej^ co n sis ted  e n t i r e ly  

o f th e  s ta r t in g  k e to -a c id  (45>R=R) and th e  en o l-lac to n e  (4 9 )• The 

carbonyl group was th e re fo re  p ro tec ted  by k e ta l is a t io n  o f th e  e s te r  

(45>K=CH.) w ith ethylene g lyco lj^  and the  c ry s ta l l in e  k e ta l-a c id  

(71,R=0H) obtained by ca re fu l h y d ro ly sis  o f the  re s u l t in g  k e ta l - e s te r  

(71,R=0CH^). Unexpected d i f f ic u l ty  was encountered in  th e
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p re p a ra tio n  o f th e  re q u ire d  k e ta l-a c id  ch lo rid e  ( 71 ,R»Cl)5 d e sp ite  

th e  use o f  oxaly l ch lo rid e  and th e  sodium s a l t  o f th e  ac id  a m u lti

p l i c i t y  o f  peaks in  th e  carbonyl reg ion  o f th e  in f r a - r e d  spectrum of 

the product c a s t considerab le  doubt on th e  homogeneity o f th e  

p ro d u c t. Since rep eated  a ttem pts f a i le d  to  provide a product w ith 

th e  expected s in g le  carbonyl abso rp tion , the  ac id  ch lo rid e  (71 ,RaCl) 

was added w ithout p u r if ic a t io n  to  excess cadmium d ie th y l in  benzene. 

A fte r a prolonged re a c tio n  tim e, trea tm en t w ith aqueous m ineral a c id  

and f in a l ly  m ethanolic potassium  hydroxide fu rn ished  mainly k e to - 

a c id  (45,R=H) and a sm all n e u tra l f r a c tio n  ( 6$) id e n t ic a l  in  in f r a 

red  and u l t r a - v io le t  sp ec tra  w ith the  cyclopentenone (24,R=CH^) 

ob ta ined  in  previous work. The id e n t i ty  o f th e  product was fu r th e r  

co rrobora ted  by p rep a ra tio n  o f a red  2 , 4“din itrophenylhydrazone, m.p. 

223- 225° and by m ethy la tion , under co n d itions p rev iously  em ployed^ 

to  clov-5-en-3-one ( 28) .  This l a t t e r  product was developed as one 

spot on th in  la y e r  chromatography, but d e sp ite  i t s  apparent homo

gen eity  a s a t is fa c to ry  an a ly s is  o f d i s t i l l e d  m a te ria l could not be 

ob ta ined , and th e  ketone could only be c h a rac te rised  through i t s  

in f r a - re d  spectrum and the  c ry s ta l l in e  2 , 4 ,-d in itropheny lhydrazone .

At t h i s  s tag e , i t  was apparent th a t the abysmal y ie ld  ( l$ )  in  

th e  conversion o f th e  k e ta l-a c id  (71,R=0H) to  clov-5-en-3-one (28 ), 

p recluded th e  use of cadmium d ie th y l fo r  th e  r e q u is i te  chain 

ex ten sio n . To s a t i s f y  th e  need fo r  an a l te rn a t iv e  method o f

e la b o ra tio n , a tte n tio n  was d ire c ted  towards another c la s s  o f organo-
76m e ta llic  compound, th e  organolithium sj whose s in g u la r combination 

o f high r e a c t iv i ty ,  ease o f p rep a ra tio n , and s o lu b i l i ty  in  in e r t
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so lv e n ts , have encouraged th e i r  use in  an e v e r-in c rea s in g  number o f

re a c tio n s . Though p rim arily  employed in  p lace o f Grignard

re a g en ts , o rganolith ium  compounds o ften  o f f e r  s u b s ta n tia l

advantages and perm it re a c tio n s  which a re  unsuccessfu l w ith  th e

form er. In  t h i s  case , the  p rep a ra tio n  o f methyl ketones by the

a c tio n  o f  m ethy l-lith ium  on carboxy lic  a c id s , or t h e i r  lith iu m  

79s a l t s ,  was o f p a r t ic u la r  re levance . Such a re a c tio n  was in  fa c t 

f i r s t  recognised  by Gilman and van Ess during  attem pted carbonation
81

o f pheny l-1ith ium 5 in s te ad  o f benzoic a c id , only benzophenone was 

ob ta ined  when the  re a c tio n  was conducted a t  normal tem peratu re .

These workers proposed th a t the  h igh ly  re a c tiv e  phenyl-1ithium  

a tta ck ed  th e  i n i t i a l l y  formed lith iu m  benzoate to  form th e  d ilith iu m  

s a l t  o f  a dihydroxydiphenylmethane (72,R=Li) which a ffo rd ed  benzo

phenone by h y d ro ly sis  during the  work-up. Gilman was ab le  to  extend

th e  re a c tio n  to  th e  p rep a ra tio n  o f sev e ra l unsymmetrical ketones,
79and th e  scope of th e  re a c tio n  was i l l u s t r a t e d  by Tegner. In 

a d d itio n , the l a t t e r  e s ta b lish e d  th a t  th e  use o f th e  f re e  ac id  or 

i t s  lith iu m  s a l t  exerc ised  l i t t l e  e f fe c t  on th e  y ie ld s  o f  methyl 

ketones obtained from th e  cognate re a c tio n  between m ethy l-lith ium  

and carboxy lic  a c id s .

The fa c t th a t  n e g lig ib le  y ie ld s  o f th e  corresponding t e r t i a r y  

a lco h o ls  were observed in  th i s  re a c tio n , was a t t r ib u te d  to  th e  

form ation o f th e  s ta b le  d ilith iu m  s a l t  (72,R=Li) r e s is ta n t  to  fu r th e r  

s u b s t i tu t io n  o r e lim in a tio n  o f lith iu m  oxide. Prom the  re a c tio n  o f 

pheny l-lith ium  on lith iu m  benzoate Zook is o la te d  a w hite , e th e r -  

in so lu b le  s o lid , s ta b le  t o  heat in  an in e r t  atmosphere, but re a d ily
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82hydro lysab le  to  benzophenone and lith iu m  hydroxide. The a n a ly s is

o f  th e  s >lid was c o n sis te n t w ith th e  proposed s tru c tu re  (72,R=Li),

but a ttem pts to  rep lace  the  lith iu m  atoms by trea tm en t w ith  methyl

io d id e , e th y l bromide, and ethylene dibrom ide, in v a ria b ly  fu rn ished

benzophenone. I t  was assumed, th e re fo re , th a t  replacem ent o f one

lith iu m  atom by an a lk y l group a ffo rded  an unstab le  in te rm ed ia te

(72,R =alkyl) which lo s t  lith iu m  alkoxide before  fu r th e r  s u b s t i tu t io n .

In  view o f th e  considerab le  inform ation a v a ila b le  on a lk y l-  
76lith iu m s , i t  was f e l t  th a t  th e  ap p ro p ria te  diketone (l2,R=H) might

be ob ta inab le  v ia  th e  ac tio n  o f e th y l- lith iu m  on the  k e ta l-a c id

(71,R=0H), although no example o f th e  p rep a ra tio n  o f an e th y l ketone

in  t h i s  way had been encountered in  the  l i t e r a tu r e .

E th y l- lith iu m  i s  ob ta in ab le  as a c ry s ta l l in e  s o l i d ^  m.p. 98°

but i s  most conveniently  prepared in  so lu tio n  by c a re fu l ad d itio n
77 78o f e th y l bromide to  lith iu m  wire in  pentane. ? By th i s  method 

th e  e th y l- lith iu m  i s  obtained as a v io le t  suspension, contam inated 

w ith lith iu m  bromide, in  a sa tu ra te d  so lu tio n . I f  a product free  

o f lith iu m  bromide i s  req u ired , th e  e th y l- lith iu m  can be e x tra c te d  

by benzene and r e c r y s ta l l i s e d .  A lte rn a tiv e ly , th e  ready d isp lace 

ment o f  mercury from diethylm ercury by lith iu m  m etal, p rovides a
80convenient ro u te  to  c ry s ta l l in e  e th y l- lith iu m .

Although both m ethy l-lith ium  and e th y l- lith iu m  are  c ry s ta l l in e  

so lid s  and can be considered as homologous, the  d iffe ren c es  in  t h e i r  

p ro p e rtie s  in e v ita b ly  ra is e d  doubts as to  the  f e a s ib i l i ty  o f the  

chain ex tension  envisaged. Thus while m ethy l-lith ium  i s  norm ally 

prepared in  e th e rea l so lu tio n  by ad d itio n  of methyl iodide to  lith iu m
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79m etal, in  th e  cognate p rep a ra tio n  o f e th y l- lith iu m  only butane i s
01produced (by Wurtz coupling  between e th y l iod ide  and e th y l- l i th iu m ) .

Furtherm ore, re f lu x in g  e th e r i s  i t s e l f  decomposed by e th y l- lith iu m
76w ith  form ation o f e th y len e , ethane and lith iu m  e thoxide , and an 

in e r t  so lven t i s  th e re fo re  a p re re q u is ite  fo r  th e  p rep a ra tio n  o f  

e t hy1-1i t  hium.

In a p re lim inary  in v e s t ig a tio n , encouraging r e s u l t s  were 

obtained  from treatm ent o f th e  k e ta l-a c id  (71,R=0H) w ith excess 

m e th y l-lith iu m , which fu rn ish ed , in  good y ie ld ,  a c o lo u rle ss  o i l  

(71,R=CH^) w ith carbonyl and k e ta l  abso rp tion  in  th e  in f r a - re d  

spectrum, but no in d ic a tio n  o f a hydroxyl group. With e th y l- lith iu m , 

however, the  k e ta l-a c id  fu rn ished  a n e u tra l  product ^ l j R 0̂ ! ^ . ) , 

d isp lay in g , in  ad d itio n  to  th a t  expected, absorp tion  ty p ic a l  o f a 

hydroxylic compound. The im purity  was i n i t i a l l y  removed by 

chromatography but i t  was u ltim a te ly  found th a t  d ire c t  a c id  hy d ro ly sis  

o f th e  crude k e ta l-k e to n e  gave the  expected d i-ketone

(l2,R=H) fre e  o f any hydroxylic m a te r ia l. I t  was concluded, th e re 

fo re , th a t  cleavage o f the k e ta l  r in g  by e th y l- lith iu m  a ffo rd ed  the

hem i-ketal (74»R=C_H(_0) which was re a d ily  hydrolysed in  ac id  to  the  
2 5

diketone (l2,R=H).

In  one s e r ie s  of re a c tio n s , a sample o f the diketone (l2,R=H) 

thus ob ta ined , fu rn ished  on chromatography a c ry s ta l l in e  compound 

e x h ib itin g  hydroxyl, but not carbonyl, absorp tion  in  th e  in f ra - re d ; 

on th e  b a s is  o f a n a ly t ic a l  data  the substance was assigned  th e  

t r i c y c l i c  hem i-ketal s tru c tu re  (73)•

Since th e  k e ta l-a c id  (71,R=0H) was not u su a lly  r ig o ro u sly
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p u r if ie d  "before trea tm en t w ith e th y l- lith iu m , i t  seemed probable 

th a t  s u f f ic ie n t  k e to -ac id  (45>R=H) had been p resen t to  give a 

compound o f  t h i s  type  by ad d itio n  o f e th y l- lith iu m  to  both  th e  

carboxyl and carbonyl fu n c tio n s , and c y c lis a tio n  o f  th e  re s u lta n t  

hydroxy-ketone ( 74»R=C2^5 )*

Base ca ta ly sed  c y c lis a tio n  o f the  crude diketone (l2,R=H)

read ily  furnished the cyclopentenone (24,R=CIL) \  243-245 m|A»j  max• I
w ith e x tin c tio n  c o e f f ic ie n t in v a riab ly  g re a te r  than 10,000. Since 

th e  pu rest sample obtained  showed an in te n s i ty  of 14 , 600 , p u r i f i 

c a tio n  by chromatography was c a r r ie d  out to  obtain  samples, which 

were homogeneous on th in  la y e r chromatography, fo r  fu r th e r  work.

The corresponding re a c tio n  between the k e ta l-a c id  (71,R=0H) and 

m ethy l-lith ium  presen ted  no problems a t th e  f i r s t  s tag e , but th e  base 

trea tm en t which had e ffe c te d  r in g -c lo su re  o f the e th y l analogue 

a ffo rd ed  a product with complex carbonyl absorp tion  in  the  in f ra - re d , 

and u l t r a - v io le t  abso rp tion  a t 237-238 mp ( 5>700). I t  was f in a l ly  

r e a l is e d ,  however, th a t prolonged base treatm ent was necessary  to  

o b ta in  th e  cyclopentenone (24,R=H) w ith e x tin c tio n  c o e f f ic ie n t above 

13,000.
At t h i s  stage in  th e  sy n th es is , considerab le  encouragement was 

derived  from a p u b lica tio n  by Ringold and h is  co-workers on 

conjugate anion form ation and a lk y la tio n  o f A^-3-k e to  s te ro id s .
Qyl

P rev iously  Yanagita had been unable to  exp lain  the  r e s u l t s  o f  a 

study o f m ethylation o f th e  octalones (75?R=Hj 75>R=0H^). While 

trea tm ent o f th e  former ketone ( 75>R=H) w ith f i r s t l y  potassium  

t-b u to x id e , then methyl io d id e , re a d ily  a ffo rded  th e  1 , 1-dim ethyl
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deconjugated ketone ( 76 ) ,  under id e n t ic a l  c o n d itio n s  th e  ketone

(759R=CH^) was u n re a c tiv e . S im ilar behaviour, observed in  th e  
85s te ro id  f i e ld ,  s tim u la ted  in v e s tig a tio n  by Ringold and h is  

co lleagues in to  th e  m ethylation  o f 17<f-m ethyltestosterone (77 jR=H,

R! =CH^) and te s to s te ro n e  (77 jR=Ri =H), and th e i r  4-methyl analogues 

(77,R=CH3) .  I t  was found th a t the  base trea tm ent which le d  to  the  

deconjugation  o f  te s to s te ro n e  to  (78,R=R’=H) l e f t  th e  4 -m eth y ltes- 

to s te ro n e  (77 jR!=H, R=CH^) unchanged. Thus in  base te s to s te ro n e  

undergoes a rap id  anion form ation which may be followed by 

i r r e v e r s ib le  p ro tona tion  by a c e tic  a c id  to  fu rn ish  th e  deconjugated 

ketone o r m ethylation by methyl iodide to  give th e  4-methyl 

deconjugated ketone (78,R=CH^, R! =H). Since the  C-4 proton o f the  

l a t t e r  i s  more a c id ic  than the C-6 proton of e i th e r  te s to s te ro n e  or 

4 -m e th y lte s to ste ro n e , under basic  co n d itio n s  rap id  anion form ation 

w il l  occur, followed by e i th e r  o f two competing reactions?  ( i )  

m ethylation  a t C-4? which i s  favoured by the  use o f an excess o f 

methyl iod ide  a t low tem peratu res, or ( i i )  p ro tona tion  a t C-4, 

follow ed by double bond rearrangem ent, which can be encouraged by 

th e  use o f a low co n cen tra tion  of methyl c h lo rid e , s ince  th e  l a t t e r  

w il l  h inder a lk y la tio n  but leave th e  r a te  of p ro to n a tio n  u n a ffec ted . 

Thus, by th e  app ro p ria te  choice o f co n d itio n s , te s to s te ro n e  may be 

converted d ire c t ly  to  A ^-4j4“d im eth y ltesto ste rone  (78,R=R’CH^) by a 

rou te  which does not involve the  un reac tiv e  4 -m ethy ltesto sterone
Q t

(77,R=CH3, K'*h) as an in te rm ed ia te .

These observations were o f p a r t ic u la r  relevance a t t h i s  stage 

o f th e  sy n th e tic  approach, since s im ila r  behaviour in  the  and
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cyclopentenones ( 24) would have made th e  former th e  more s u ita b le  

p recu rso r fo r  c lov-5-en-3-one ( 28) .  In  fact;, when th e  ketone 

was t r e a te d  w ith  potassium  t-b u to x id e , then  methyl io d id e , th e  

d e s ired  c lo v -5- e n -3-one was obtained in  a y ie ld  appreciab ly  g re a te r  

than  th a t  enjoyed in  monomethylation o f th e  compound.

U nfo rtunate ly , however, a l l  a ttem pts to  s a tu ra te  th e  double 

bond o f th e  ketone ( 28) by c a ta ly t ic  hydrogenation were uniform ly 

u n su ccessfu l, and the  cyclopentenone (24,R=CH^) once more 

assumed th e  ro le  o f key in te rm ed ia te .

In  a p re lim inary  study, i t  was observed th a t the  ketone 

(24>R=H) absorbed hydrogen over pallad ium -charcoal very slow ly; 

i t  was f e l t  th a t  th e  use o f a more vigorous c a ta ly s t  to  a c c e le ra te

th e  uptake might w ell induce hydrogenolysis of the  ketone (24,R=CH^)
86as in  th e  reduc tion  o f n eo tenu lin  ( 79 ) io  desoxoneotenulin (80 ) .

The compound was th e re fo re  reduced by lith iu m  to  l iq u id  ammonia, 

and th e  r e s u lt in g  sa tu ra te d  a lcohol re -o x id ise d  to  th e  ketone ( 8 l ) .  

Thin la y e r  chromatography of th e  crude product revealed  th e  presence 

o f two fa s t  t r a v e l l in g  components, but a f te r  alumina chromatography 

th e  re s u l t in g  low-m elting s o lid  was q u ite  homogeneous on th in  lay e r 

chromatography and g a s - liq u id  chromatography. Since th e  B irch 

reduc tion  had apparen tly  fu rn ished  a s te r ic a l ly  homogeneous product 

( a f t e r  p o ss ib le  e q u ilib ra tio n  a t C-4  induced by th e  alum ina), i t  was 

now im perative th a t  th e  na tu re  of the  r in g  fusion  in  th e  sa tu ra te d  

ketone ( 8 l )  be e s ta b lish e d , before fu r th e r  p rogress was made.
Qry

Although Barton i n i t i a l l y  proposed th a t  the  product o f  m etal- 

ammonia reduc tion  of conjugated ketones was the  thermodynamically
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88 89more s ta b le  one. S tork  J l a t e r  showed from a study o f  th e  

red u c tio n  o f  o c ta lo n es , th a t product s t a b i l i t y  was not a c o n tro ll in g  

fa c to r ;  in  f a c t ,  th e  s te r ic  course o f red u c tio n  was governed by the  

r e la t iv e  s t a b i l i t i e s  o f th e  c is  (82) and tr a n s  ( 83) in te rm ed ia te  

eno la te  anions which had the  developing p -o rb i ta l  o f th e  -carbon 

atom a x ia l  to  th e  ketone r in g .  Thus th e  red u c tio n  o f an octalone 

w ith  lithium-ammonia g ives the  more s ta b le  o f th e  c is  and tra n s

isomers having the  newly in troduced  ^-hydrogen atom a x ia l  t  o the
88ketone r in g . From an examination o f th e  models o f th e  eno late

anions corresponding to  the  reduction  o f th e  ketone (24,R»CH^)

i t  was concluded th a t  the  s te r ic  course o f the  B irch red u c tio n  was

not p re d ic ta b le  w ith any c e r ta in ty . The c is  conformer, however,

possessed tw o l-3 -d ia x ia l in te ra c t io n s  fewer than the  corresponding

tra n s  conformer, when the  bicyclononane nucleus was regarded as

formed of two ’c h a ir s ’ . In a d d itio n , only the  c is  conformer

perm itted  th e  five-membered cyclopentene r in g  to  adopt a s t r a in le s s

conform ation, provided the  ad jacen t cyclohexane r in g  of the  b icy c lo -

(3 ,3 ,l)n o n an e  system was allowed to  adopt a boat conform ation.

To e s ta b lis h  th e  stereochem istry  o f ketone (8 l)  unequivocally ,
90th e  l a t t e r  was condensed under basic  co n d itio n s  w ith fu r f u r a l ,  and 

the r e s u l t in g  crude product m ethylated d ire c t ly ;  t r i t u r a t i o n  o f th e  

dark  o i l  ob tained , affo rded  th e  fu rfu ry lid en e  d e riv a tiv e  o f th e  

Ĉ j_ ketone, C20H26°2? aS a pale y e l l ° w c ry s ta l l in e  s o lid , m.p.

108-109° \  333-335 mu( 22,000).IPcLX • 1
O zonolysis o f the  l a t t e r  followed by treatm ent w ith  hydrogen 

peroxide in  a c e tic  ac id  provided only a n e u tra l c ry s ta l l in e  so lid
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p ossessing  in f r a - re d  abso rp tion  a t 1762, 1806 cm. \  ty p ic a l  o f a 

g lu ta r ic  anhydride. The product, a f t e r  chromatography on s i l i c a  

and r e c r y s t a l l i s a t io n ,  m elted a t 76- 78° somewhat h igher than  th e  

m elting  p o in t, ^ 0 - ^ 1 °  o f ( - )-c lo v e n ic  anhydride ( 85 ) prepared by 

o x id a tio n  of (-)-c lo v en e  ( l ) .  The in f r a - re d  sp ec tra  (carbon 

te tr a c h lo r id e  so lu tio n ) , however, were e n t i r e ly  superposable, and 

th e  two derived  c lovenic  ac id s  (86) ex h ib ited  the  same m elting  p o in t, 

undepressed on adm ixture. C learly  th en , in th e  ketone (8 l)  the  

cyclopentanone r in g  was fused in  the  req u ired  c is  manner to  the  

bicyclononane nucleus, and the  reduc tion  o f the  ketone ( 24 ,R=CH^) 

had taken  the  d e sired  course .

The a v a i l a b i l i ty  o f th e  ke to n e(8 l) s tereochem ically  id e n tic a l  

to  clovene, la id  the  foundation fo r  a f in a l  s e r ie s  o f re a c tio n s  

which culm inated in  the sy n th esis  o f (+ )-c lovene. A t r i a l  methyl

a tio n  o f the  ketone by means of methyl iodide and 1.05  equ ivalen t o f 

sodium t-am y la tl^  fu rn ished  a m ixture o f products, and the  need fo r 

a ’b lo ck in g 1 group was c le q r ly  in d ic a ted . Of such groupings, the

m ethylanilinom ethylene group which had been used w ith considerab le  
92 9^ 94s u c c e s s ,9 appeare(i  most l i k e l y  to  a ffo rd  c ry s ta l l in e

d e r iv a tiv e s  and was th e re fo re  the grouping o f choice. Accordingly, 

th e  ketone (8 l)  was condensed with e th y l formate in  the  presence of 

sodium methoxide, and the re s u lt in g  a lk a l i- s o lu b le  hydroxymethylene 

d e riv a tiv e  (87,R=H) t r e a te d  w ith 1.2 equ ivalen ts o f N -m ethylaniline 

in  e i th e r  benzene o r methanol, the  l a t t e r  providing s l ig h t ly  b e t te r

53y ie ld s .  Tke m ethylanilinom ethylene d e riv a tiv e  (88,R=H) was 

obtained  as a dark o i l  which could not be induced to  c r y s ta l l i s e  and
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was th e re fo re  m ethylated d i r e c t ly ,  w ithout fu r th e r  p u r i f ic a t io n .

Treatment w ith  potassium  t-b u to x id e  fo r  s ix te en  hours and methyl

iod ide  fo r  f iv e  hours a ffo rd ed  a dark red  o i l  (88,R=CH^) which, l ik e

i t s  p recu rso r , y ie ld ed  no s o l id  m a te r ia l. Since prolonged base 

53hy d ro ly sis  gave a product which s t i l l  contained  s ta r t in g  m a te r ia l,
92h y d ro ly s is  was accomplished by the  tw o-stage procedure o f  Robinson.

The m ethylanilinom ethylene d e riv a tiv e  was f i r s t l y  converted  by means 

o f hydroch lo ric  ac id  to  th e  hydroxym ethylenecbrivative (87>R=CH^) and 

th e  l a t t e r  hydrolysed by s trong  a lk a l i  to  clovan-3-one ( 89 ) .

The o v e ra ll y ie ld ,  however, was only 20$, a f te r  chromatographic 

p u r if ic a t io n ,  and th e  in f ra - re d  spectrum o f the  product suggested 

th a t  i t  co n sis ted  o f m ixture o f clovanone and s ta r t in g  m a te ria l ( 8 l ) .  

The m ethylation  procedure was th e re fo re  repeated  w ith sodamide in 

benzene in  p lace of potassium  t-b u to x id e  in  t-b u ta n o l. As b efo re , 

th e  tv/o stage h y d ro ly sis  fu rn ished  a poor y ie ld  o f product, but the 

in f r a - re d  spectrum d if fe re d  markedly from the  s ta r t in g  ketone and 

a n a ly s is  o f th e  clovan-3-one ( 89 ) by g a s - liq u id  chromatography 

rev ealed  th e  presence of le s s  than 5$ o f 4*~d.esmethylclovan-3-one (8 l)„  

R ep e titio n  o f t h i s  procedure on a la rg e r  s c a le , helped by th e  

observation  th a t clovan-3-one ( 89 ) was s tea m -v o la tile , provided a 

good y ie ld  ( l.8 4 g ) o f th i s  v i t a l  ketone. Reduction o f the  pu.ro 

m a te ria l by means o f lith iu m  aluminium hydride fu rn ished  clovan—3-ol 

(90,R=H) as a c ry s ta l l in e  mixture o f epim ers, m.p. 70- 85*5 th e  crude 

alcoho l was e s te r i f i e d  d ire c t ly  w ith  e th y l chlorocarbonate and th e  

absence o f clovan-3-one ( 89) or c lovan-3-o l (90,R-H) confirmed by 

th in  la y e r chromatography o f th e  r e s u lt in g  clovan-3-y l e th y l carbonate
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( 9 l ) . A p o rtio n  o f  t h i s  e s te r  was d isso lv ed  in  s i l ic o n e  f lu id  and

heated  fo r  four hours a t 300° the  product v/as is o la te d  by rap id

d i s t i l l a t i o n  in to  a l iq u id  n itro g en -co o led  t r a p ,  freed  o f  s ta r t in g

m a te ria l by chromatography on alumina, and d i s t i l l e d  under high

vacuum to  fu rn ish  a c o lo u rle ss , mobile o i l  id e n tic a l  in  in f ra - re d

spectrum to  au then tic  ( - ) -c lovene. Treatment o f  the  product with

bromine in  carbon te trach lo ride '* ' a ffo rded  a v iscous dark  o i l  which

on t r i t u r a t i o n  v/ith ethanol y ie ld ed  a c ry s ta l l in e  d ia s te reo iso m eric

m ixture o f racemic dibrom ides (92 ) ,  m.p. 60-75°

From t h i s  s o lid  d e r iv a tiv e  very pure (-)-c lo v en e  v/as reg enera ted ,

by trea tm en t v/ith zinc dust in  e th an o l, as a co lo u rle ss  l iq u id

in d is tin g u ish a b le  ( in f r a - r e d ,  N.M.R., mass sp ec tra , and g a s - liq u id

chromatography) from s im ila r ly  regenera ted  ( - ) - c lo v e n e ^

During th e  e a r ly  s tages o f the  foregoing sy n th e tic  work,

a l te rn a t iv e  ro u te s  to  clovenic ac id  (86) received  a t te n t io n . Hot

th e  l e a s t  a t t r a c t iv e  of such schemes involved a Michael reac tio n

between 2-carbethoxy-6-m ethylcyclohexanone and the  u n sa tu ra ted

aldehyde (95) ’to give th e  adduct ( 96) .  I f  the  l a t t e r  could have

been obtained  in  t h i s  way, then c y c lis a tio n  by means o f concen tra ted

su lphuric  ac id  would have provided the e s te r  (97), id e n t ic a l  in

carbon skele ton  w ith clovenic ac id . Although th i s  ro u te  v/as id e a l

in  p r in c ip le , a number o f inherent d i f f i c u l t i e s  v/ere unavoidable.

F i r s t l y ,  even i f  th e  requ ired  aldehyde (95) could be prepared,

M ichael ad d itio n  to  such a compound possessing  a bulhy su b s titu en t
95on th e  /*-carbon atom is  unfavourable. Secondly, th e  s te r ic  course 

o f t h i s  re se tio n  was not p re d ic tab le , and f in a l ly  the  c y c lis a tio n
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o f  th e  adduct ( 96) would have been a ttended  by the  formation o f  

rearrangement products o f  the  type encountered during  the  

c y c l i s a t io n  of th e  aldehyde (l3)«

The d e s ired  aldehyde (95) was in  fac t prepared in  poor y ie ld  

by condensation o f  the  aldehyde ( 9 4 ^  with e th y l v iny l e the?7 

followed by hydro lys is  o f  the  in term ediate  a c e ta l  ( 98?^ to  a 

mixture o f  th e  s t a r t i n g  aldehyde (94) and the unsa tu ra ted  aldehyde 

(9 5 ) j which was separa ted  by f r a c t io n a l  d i s t i l l a t i o n .  The 

corresponding re a c t io n  between the  d ie th y l  a ce ta l  o f  the  aldehyde 

(94) and e thy l v in y l e th e r  f a i l e d  to  y ie ld  the  expected in term ediate  

(99) which would have provided the des ired  aldehyde (95) on hydrolysis , 

In view of the  successfu l ap p l ic a t io n s  of t h i s  l a t t e r  type of reac t io n  

by Ogawl^ and N aza ro ^  t h i s  r e s u l t  was both su rp r is in g  and inconven

i e n t ,  n e c e s s i ta t in g  as i t  d id  the  employment of th e  free  aldehyde

( 94 ) fo r  a condensation re ac tio n  which in ev itab ly  gave a mixture of

99s t a r t i n g  m ate r ia l  and product.

Although the y ie ld  in  the successfu l condensation was low, 

s u f f ic ie n t  aldehyde (95), \ j ax = 218-220 mjji ( 13,400) was 

a v a i la b le  to  permit a t r i a l  Michael re ac tio n  with 2-carbethoxy-6- 

methylcyclohexanone. Unfortunately, no base ca ta ly sed  reac tio n  

could be induced between t h i s  ^3-keto-ester and the  unsa tu ra ted  

aldehyde^ a t low temperature ( - 15°) no change was observed in  the  

in te n s i ty  of the  absorption in  the u l t r a - v i o l e t  spectrum o f the  

re a c t io n  m ixture, and when the mixture was heated under re f lu x  

severe decomposition v/as evident.

In a second approach to  clovenic ac id  (86) the  terpene carvone



44

(102) was employed fo r  th e  p rep a ra tio n  o f  th e  k e to -a c id  (l01,R=H)

hy a d d itio n  o f formic a c id ^ ^  to  th e  isopropenyl fu n c tio n  o f

d iliyd rocarvone^^  I f  th e  keto-ester(l01,R=CH ^) were sub jec ted  to
27the  a n n e lla tio n  procedure which had been employed fo r  co n stru c tio n

o f th e  b a s ic  b ic y c lo (3 ,35l)nonane skele ton  v iz . g ly o x y la tio n ,

Michael a d d itio n , and c y c lis a tio n , then th e  re s u lta n t b icyclo(3 ,3>

l)nonane system (101) should have possessed the  carbon framework

of clovenic  a c id . Again, however, th e  p ro jec ted  sy n th es is  was

f r u s t r a te d  a t the  ou tse t by a complete lack  of success in  the

carboxy la tion  o f the  double bond o f dihydrocarvone.

A fte r the  su ccessfu l sy n th esis  o f ( i) -c lo v e n ic  anhydride ( 85 )

a ttem pts were made to  e f fe c t  an acy lo in  condensation on the  methyl

e s te r  o f clovenic a c id . Reduction o f th e  t r i c y c l ic  ke to -a lco h o ls

thus ob ta ined , followed by treatm ent o f the  re s u lta n t d io l (90,R=
102OH) w ith phosphorus d iio d id e  could have afforded  th e  d esired  

o le f in  clovene ( l ) .  In fa c t the  req u ired  c y c lis a tio n  was 

accomplished in  low y ie ld  by means o f a so lu tio n  o f sodium in  

l iq u id  ammonia^^ and only the  successfu l conversion o f th e  ketone 

(8 l)  to  clovan-3-one (89) in te rru p te d  a prom ising l in e  o f 

inve s t  ig a t io n .
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EXPERIMENTAL

A ll m elting poin ts (corrected) were determined on a Kofler 

block; b o ilin g  points are uncorrected. Infra-red absorption  

spectra of liq u id  film s and nujol mulls were recorded on a Perkin- 

Elmer Infracord spectro photometer, so lu tion  spectra on a Unicam 

S.P.1Q0 spectrophotometer. U ltr a -v io le t  absorption spectra, 

measured on a Perkin-Elmer 137 U,V. spectrophotometer and a 

Unicam S .P . 500 spectrophotometer, refer  to  ethanol so lu tio n s,

Ifess spectra were determined on a M etropolitan-Vickers M.S.9 mass 

spectrom eter, and N,M.R. spectra on the A .E .I. R .S.2 spectrometer.

The neutral alumina (Woelm) was used in  the condition in  vftiich 

i t  was obtained from the su pp liers, and for  ordinary usage neutral 

alumina was prepared from Spence H alumina, and graded according to  

Brockmann and Schodder. Thin layer  chromatography was carried nut 

on s i l ic a g e l  G (Merck), and g a s-liq u id  chromatography on a Pye 

’Argon Chromatograph’ with C e lite  545 (120-150 mesh) acting as a 

support fo r  Apiezon L stationary phase.

The term ’l ig h t  petroleum’ refers to the l ig h t  p etro l fraction  

b ,p , 40—60 •

l-Carbomethcxy-5-methylbicyclo (3 ,3 ,1 )  nen-3-ene (19 , R-CH )̂.

This e ster  (19,R=CH^) was obtained as a sweet-sm elling colourless  

l iq u id , b .p . H4°/20m .m ,, v  * 3000, 1730, 1260, 730 cm, “1 , by theTiP-*-
26method of Murray, Parker, Raphael, and Jhaveri.



Methyl 5*-methylbicyclo (3 ,3 ,1) non-3-ene-1-acetate (25 ,R=CH ,̂RNi)

( i )  The o le f in  e s te r , 19, R=CĤ  (45.8g) was heated under reflu x  

fo r  four hours with a so lu tion  of potassium hydroxide (45g .) in  

methanol (450m l.). After removal of so lven t, the residue was 

taken up in  water, extracted once with ether, and a c id if ie d  with  

d ilu te  sulphuric acid (6N). Ether extraction  (3 x  250 m l.)#  

follow ed by brine washing, drying, and solvent removal furnished  

the o le f in  acid (19,R=H) as a white c ry s ta llin e  so lid  (4 0 .5 g .)  

which was employed without re c r y s ta llisa t io n  fo r  the next stage .

( i i )  Oxalyl chloride (19ml.) was added cautiou sly  to a so lu tion  of 

the o le f in  acid , 19,R=CH^, (30g .) in  anhydrous benzene (300ml.) 

containing dimethylformamide (0 .1 m l.) . When gaseous evolution  had 

ceased (three hours), the solvent and successive portions (4  x  50ml.) 

were evaporated under reduced pressure to remove excess ex a ly l 

ch loride, leaving the acid chloride as a pale orange o i l ,  ''̂ nax *

17S5 cm7  ̂ which was used for  the next step without p u rifica tio n .

( i i i )  A so lu tion  of the acid chloride (3 2 .9g .) in  anhydrous ether  

(320ml.) was added to an ic e -co ld  so lu tion  of diazomethane (S ix  

equivalents) and the resu ltant yellow  so lu tion  allowed to  stand for  

four hours a t room temperature. I f  necessary further treatment 

with diazomethane was carried out t i l l  the product showed no 

absorption in  the in fra-red  at 1785 cm Removal o f solvent gave 

the corresponding diazoketone as a yellow  c ry s ta llin e  so lid

(3 2 .3g .) , = 2100, 1620 cm- 1 .
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( iv )  A saturated so lu tion  of s i lv e r  benzoate in  triethylam ine (20m l.) 

was added portionw ise, w ith s t ir r in g , to  a so lu tion  of the 

diazoketone (3 2 .3 g .)  in  anhydrous methanol ( 600m l.) . When the brisk  

exothermic, evolution  of nitrogen (3 .51) had ceased (1 .5  hours), ether 

(600 m l.) was added and the black p recip ita te  of s i lv e r  removed by 

f i l t r a t io n .  A fter evaporation of the so lven t, the resid u al dark

o i l  was taken up in  lig h t  petroleum and the resu ltan t so lu tion  washed 

su ccessiv e ly  with d ilu te  hydrochloric acid  (IN ), brine, aqueous sodium 

bicarbonate, brine, and dried over magnesium sulphate. Careful 

evaporation o f so lven t through a short Vigreux column yielded  a yellow  

o i l  (31g*), = 1770, 1730cm- 1 . The crude m aterial was adsorbed
IIlcLfCa

on alumina (grade H, &00g.) from l ig h t  petroleum, and elu tion  with th is  

so lven t (12 1 .)  gave a product (26g.) free  of la c to n ic  impurity.

Fractional d is t i l la t io n  afforded the homologated ester  (25,R«CH^,R1*H) 

as a co lo u r less , sweet-sm elling o i l  (2 1 .2 g .) , b .p . 04°/O.5m.m.,

Vm ax” 3000' 1730 ’ 1260» 7°5om.-:l

Attempted W olff-Kishner reduction of the 9-k eto-acid  (1 4 »R=H) t

The keto-acid  (2 g .) was heated under reflu x  for  1 .5  hours with a 

mixture of d iethylene g ly co l ( 60m l.) , ethylene g ly co l (15m l.), and 

hydrazine hydrate (100^, Ami.). A fter the addition of a solution  

of sodium (2*5g.) in  diethylene g ly co l (40m l.), the mixture was heated 

under re flu x  a t 195° for four hours. The cooled mixture was poured 

onto ic e -c o ld  brine, a c id if ied  with d ilu te  hydrochloric ac id , and 

extracted with ether. The resu ltant product was found to  co n sist of 

the c r y s ta llin e  pyrazolone (17) containing neith er startin g  m aterial 

nor the required 9-methylene acid  (19, R=H).



Attempted homologation of the 9-k eto-acid  (14,R°H).

The 9-k eto-acid  (2 g .) v/as subjected to  the A m dt-E istert 

procedure employed fo r  the preparation of the e ster  (25>R-CH^,

R^=H). The product (2 .7 2 g ), however, was shown by th in  layer  

chromatography to co n sist of a t le a s t  s ix  components. Chromatography

on s i l i c a  gave two main cry sta llin e  fr a c tio n s , V  =1730, V  *1770,max. max.
1 7 3 0 c m .t h e  former of these appeared to  con sist of the k eto -ester  

(14,R=CH^), and the la t t e r  a mixture o f the same m aterial and an 

u n id en tified  la c to n ic  product.

Methyl 2 -bs nzoyloxy-5-m ethylbicyclo (3 , 3 , l)n on -3-en e-1-acetate
( 2 5 .R-CH-.Ri-CgHjOOO).

t-B u ty l perbenzoate (3 .9 g .)  was added dropwise with s t ir r in g ,

over one hour to  a suspension o f cuprous bromide (0 .2 g .)  in  the e s te r ,

25,R*CH^, R=H, (3 .9 g .)  held a t 115° under n itrogen. The resu ltin g

blue mixture was stirred  for  a further hour before addition o f ether

(250ml.) and removal of unchanged cuprous bromide by f i l t r a t io n .  The

etherea l so lu tion  was washed with aqueous sodium carbonate so lu tion  to

remove d isso lved  copper s a l t s ,  brine, and dried over magnesium sulphate.

After removal of so lven t, the residual reddish o i l  ( 6 .4g) was adsorbed

on alumina (grade I ,  120g .) from lig h t  petroleum and unchanged startin g

m aterial (1 .8 g .)  eluted with the same so lven t. Further e lu tio n  with

benzene-light petroleum mixtures (1 :9 , 1 :4 , 1:1) afforded a p a r tia lly

so lid  mixture (3 * lg .)  of the epimeric benzoates (2 5 ,R=CH ,̂R^=H),

V  = 1730-1700, 1600, 15f30cnT^, which on re c r y s ta llisa t io n  from max.
l ig h t  petroleum ( 60-B0°) furnished the y8-epimer as g lis te n in g  white
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prisms- m.p, 91-92°. (Pound: C,73.05; H, 7 .55 . ^20^24^4 re4u^res  

C, 73.15; H, 7 .3 5 .)

Methanolysls of epimeric mixture of
methyl 2-benz oyloxy-5-meth ylb icyclo  (3 ,3 ,1 )  n on -3-en e-l-aceta te

(25 ,R=CH3 ,Rl=C6H5COO ),

The mixture of benzoyloxy-esters (3 .7 g .)  was heated under reflu x

w ith a so lu tion  of sodium (O.Olg.) in  anhydrous methanol (20m l.) for

four hours. The cooled solution  was neutralised  w ith gaseous carbon

dioxide and the methanol removed in  vacuo. The residu al o i l  (3*72g.)

was adbsorbed on s i l i c a  g e l (lOOg.) from lig h t  petroleum and

chromatographed. E lution with l ig h t  petroleum and benzene served to

e lu te  methyl benzoate completely and further e lu tion  w ith benzene-

chloroform mixtures (4:1, 1:1, 1:4) provided the lactone, 46,R«H,(1.84g.)

of methyl 2-hydroxy-5-mcthyl b icyclo  (3 ,3 ,1 )  n on -3 -en e-l-acetic  acid

(25 , R=H, R̂ *=OH). R ecry sta llisa tio n  from lig h t  petroleum furnished

white n eed les, m.p. 56-57°, V  (CC1,soln.) * 1770cm~^ (Found:max. 4
C,75.15; H ,8.?0. reclu ires c > 7^«95; H, 8 .AO.)

Hydrolysis of methyl 2 p -benzoyloxy-5-methylbicyclo (3 ,3 ,1 )  non-3- 
en e-l-a ce ta te  (2 5 , R=CĤ , R=Ĉ Ĥ COO )#

The cry s ta llin e  benzoyloxy e ster  (0 .663g .) in  methanol (15ml.) 

containing potassium hydroxide (0«6g.) was heated under reflu x  for  s ix  

hours. A fter evaporation of the methanol, the residue was d isso lved  in  

d ilu te  brine and extracted with ether before a c id if ic a t io n  w ith d ilu te  

sulphuric acid (6N). The resultant mixture was extracted thoroughly



w ith ether and benzoic acid was removed w ith aqueous sodium bicarbonate 

so lu tio n . Further washing w ith brin e , drying, and so lven t removal 

y ie ld ed  crystal l i ne lacton e, 46, R=H, (0 .384g.)«  A c id ifica tio n  of the 

aqueous a lk a lin e  ex tracts furnished only benzoic acid*

Hydro ly s i s  o f mixture of epimeric benzoates (25,R=CH^, R̂ =Ĉ Ĥ COO)̂

The above procedure, applied to  the mixture of epimeric benzoates 

(0 .5 2 8 g .) , furnished a neutral fraction  con sistin g  of the c r y s ta llin e  

lacton e , 46, R*=H, and an ac id ic  brovn o i l  (0 .1 5 g .) which on tr itu ra tio n  

w ith ether y ie ld ed  small white c ry sta ls . R ecry sta llisa tion  from ether  

gave a product m.p. 141-144°, ^  * 3300-2900 , 3400, 1715 , 705cnf.‘L, 

la te r  shown to  be 2U.- hydroxy-5-methylbicyclo (3 ,3 ,1 )  non -3-en e-l- 

a a etic  acid  (25 , R=H, R1»0H). (Found: 0 ,68 .55; H ,8.40. 

requires C, 68.55; H ,8.40.)

Attempted a l ly l i c  oxidation of the ester  (25,R*CH«j, R̂ *H) using  

potassium chromate.

The ester  ( l . l l g . )  was heated under reflu x  with potassium chromate 

(2 .9 g .)  in  a cetic  acid (10m l.). At hourly in terv a ls  samples were 

withdrawn, d ilu ted  with water, and extracted  with l ig h t  petroleum. The

u ltr a -v io le t  spectra of the various fra c tio n s , hew ever, showed no 

evidence of the presence of the k eto -ester  (4^,R=CH^) even a fter  

prolonged treatment.

A lly l ic  oxidation using sodium dichromate dihydrate.

The o le f in ic  e s te r , 25, RCH^R^H, (0 .# 7 g .)  was stirred  fo r  eigh t  

hours with a mixture of sodium d i chromate dihydrate (2 .1 5 g .) and a cetic



acid (5ml.) held at 85-100°• The cooled mixture was diluted with water
and extracted thoroughly w ith l ig h t  petroleum. The combined extracts

were washed with brine, followed by aqueous sodium bicarbonate so lu tio n ,

and dried over magnesium sulphate. Solvent removal furnished a yellow

o i l  (0 .5 7 5 g .) , Vmax = 1780 ( - / - la c to n e ) , 1725, 1670cm"1 , \ max=230-232mu

( 3 ,400 ). The product was adsorbed on alumina (grade I I I ,  20g.) from

lig h t  petroleum and chromatographed. E lution with l ig h t  petroleum

afforded unchanged startin g  m aterial and further elu tion  with benzene-

lig h t  petroleum provided a pale yellow  o i l  (0 .212 g .) ,  v  = 1110 ymax.
1725, 1670 cm ?■, \  = 230-232 mu. ( 5 ,100), consisting  of the keto-max* 1
ester  (48,R=CH^) containing a small proportion of lacton ic  m aterial, 

la te r  shown to be (46,R=H).

A lly lic  oxidation by means of anhydrous potassium chromate.

Anhydrous potassium chromate (5 .4 g .)  was added to a so lu tion  of the 

o le f in ic  e ster  25, R=CĤ , R^=H, (3 g .) in  g la c ia l a c e tic  acid (105ml.) and 

a c e t ic  anhydride (50m l.) containing benzene (1 .1  m l.) held a t 42°. The 

i n i t i a l  orange so lu tion  gradually became dark green through an in ter 

mediate brown stage over twenty-four hours. The cooled reaction mixture 

was added to a so lu tion  of sodium m etabisulphite (6 g .) in  water (180ml.) 

and the resu ltin g  mixture thoroughly extracted w ith l ig h t  petroleum.

The combined ex tracts were washed repeatedly with a mixture of brine and 

aqueous sodium carbonate solution  to remove the la s t  traces of a c e t ic  

anhydride and dried over magnesium sulphate. Removal of solvent gave a 

yellow  o i l  ( 3 .B ig.) which was adsorbed on alumina (grade I I ,  lOOg.) from 

l ig h t  petroleum and chromatographed. E lution with benzene—lig h t
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petroleum (3 .2 ) .gave an o i l  (0 .5 7 5 g .) , ^  = 230-232 mjj. ( 2 ,0 0 0 ), and

further e lu tio n  w ith benzene-light petroleum (4 .1 ) and benzene afforded  

a pale yellow  liq u id  ( I .1 4 g .) ,  "X __ = 231-232 mu ( 6 ,9 0 0 ). The
UicOC v /

la t t e r  fra c tio n  on d is t i l la t io n  furnished methyl 2-ketobicyclo  (3 ,3 ,1 )

n on -3 -en e-l-aceta te  (4B,R=CH^) as a co lourless o i l  ( 0 .6 g .) ,  b .p .

94-96°/0*4m.m, \  =230-232 mu ( 6 ,200).max. *

Reactions of impure methyl 2-ketobicyclo (3 ,3 ,1 )  n on -3-ene-l-acetate  
(46,R=CH^) and i t s  d eriva tives.

Hydrogenation of the mixture of k eto -ester  (48,R=CH^) and lactone  

(46,R=H) from sodium dichromate oxidation .

The mixture (0 .2 l2 g .)  of k eto -ester  and lactone was shaken with  

pal]adium-char coal (10®, O .lg,.) suspended in  e th y l acetate (20m l.) t i l l  

uptake of hydrogen had ceased (15m l., 65% of th eo re tica l uptake).

F iltr a tio n  and concentration in  vacuo furnished a co lourless o i l  

(0 .196g .) which was heated under reflu x  fo r  four hours with a so lu tion  

of potassium hydroxide (0 .2 g .)  in  methanol (5m l,). A fter evaporation 

of methanol, the residue was a c id if ied  with d ilu te  hydrochloric acid  

(6N) and extracted with ether. The organic m aterial was separated into  

a c id ic  and neutral components by extraction with aqueous sodium carbonate 

so lu tion . The combined b a s ic , extracts were a c id if ied  and extra etc dvr. 

ether to give a pale yellow  o i l  which could not be induced to  c r y s ta ll is e .  

The. n eutral fraction  of the extracts was found to  con sist of c iy s ta ll in e  

lactone (A6fR=H) , V  = 1770 cm"1 , id en tica l to  that previously obtained.; ' 7 m a v
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Attempted enol-lacton e and pseudo acid chloride form ation.

(a) N onfcrysta lline keto -acid , .45, K«H, (0 .1 5 g .) was heated under reflu x  

fo r  e igh t hours with a so lu tion  of sodium acetate (0 .0 2 g .) in  a c e t ic  

anhydride (2 m l.)* After concentration in  vacuo, the residu al viscous  

mixture was taken up in  l ig h t  petroleum and extracted repeatedly with  

aqueous sodium bicarbonate so lu tion . The organic layer  was dried over 

magnesium sulphate and concentrated in  vacuo to  furnish a dark o i l  which 

exhib ited  complex carbonyl absorption in the in fra-red  between 1700 and 

lQOOcm  ̂ and could not be induced to y ie ld  any cry s ta llin e  product.

(b) OxalyJ chloride (0 .5  m l.) was added to a so lu tion  of the liq u id  

keto-acid  (0 .2 g .)  in  anhydrous benzene (5m l.). When gaseous evolution  

had ceased the excess of reagent was removed by repeated evaporation under 

reduced pressure with small volumes of so lven t. The resu ltant crude 

acid  chloride was warmed on the steam bath for twenty minutes with  

aluminium chloride (0 .2 g .) .  Addition of d ilu te  hydrochloric acid (IN) 

follow ed by ether extraction  and the customary brine washing and drying 

over magnesium sulphate yielded  a viscous dark o i l  which was adsorbed on 

alumina from lig h t  petroleum and chromatographed. E lution with benzene 

and benzene-chloroform mixtures afforded small q u an tities  of viscous 

m aterial which fa i le d  to provide any of the expected c ry sta llin e  pseudo 

acid ch loride.

2-Keto-5Hnethylbicyclo (3 j3» l) n on -3-en e-l-acetic  acid (48,R=H).

The k e to -e s te r , 4S,R=CH ,̂ (0 .8 g .) ,  \ iax=230-232 mp, ( 8,200)

obtained by oxidation of the ester  (25,R=CH^, R^H) w ith anhydrous 

potassium chromate, was heated under reflu x  for  four hours with a
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so lu tion  of potassium hydroxide (0 .7 g .)  in  methanol (10m l.). After
removal of methanol, the residue was taken up in  d ilu te  brine and

extracted once w ith ether. The aqueous layer was a c id if ie d  with d ilu te

sulphuric acid (6n) and extracted thoroughly with ether. The combined

extracts  were washed with brine, dried over magnesium sulphate and

concentrated in  vacuo to give a p a r tia lly  so lid  product (0 .744g .) which

afforded the c r y s ta llin e  keto-acid , AS, R=H, (0 .150g .) on tr itu ra tio n

w ith ether. Sublimation a t 140°, or r ec r y sta llisa t io n  from benzene

furnished co lou rless prisms, nup* 159-160°, -v = 1720* 1630,820cm"?'max.
(Found: C, 69.15; H, 7 .60 . requires C, 69.20; H ,7.75).

2«(.-Hydroxy-5-methylbicyclo (3 ,3 ,1 )  n on -3 -en e-l-acetic  acid

( 25»R*H, Rlg 0H).

The k e to -ester , 48,R=CH^, (0 .120g .) was d issolved  in  methanol 

(2  m l.) and treated  with a solution  of sodium borohydride (0 .0 2 g .) in  

water (0 .5  m l.) fo r  three hours. The so lu tion  was a c id if ie d  with  

d ilu te  hydrochloric acid (6N) and extracted thoroughly w ith ether. The 

combined extracts were washed with aqueous sodium bicarbonate so lu tion , 

brine, and dried over magnesium sulphate. Removal of so lven t gave the 

expected hydroxy-ester (25, R=CĤ , R^=0H) as a viscous o i l  (0 .120g.)  

which was heated under reflux  for four- hours with a so lu tion  of 

potassium hydroxide (0 .1 2 g .) in methanol (2 .4 m l.) . A cid ifica tion  of 

the cooled so lu tion , followed by ether extraction  furnished a p a r tia lly  

so lid  product which on recry sta llisa t io n  proved to be id e n tic a l in  

in fra-red  spectrum and melting point with the acid (25,R=H, R^=0H) 

obtained by hydrolysis of methyl 2«/ -benzoyloxy-5-m ethylbicyclo (3 ,3 ,1 )
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n on -3-en e-l-aceta te  (2 5 ,R=CH0 ,R^=C/HcCOO).j  o 5

A sample (0 .0 4 g .)  of the hydroxy-acid (25,R=H, R̂ =OH) in  acetone 

(2m l.) was treated  w ith a so lu tion  (8N) of chromium tr io x id e  in  d ilu te  

sulphuric acid at 0° t i l l  a permanent red coloration  persisted* The 

precip ita ted  chromium s a lts  were taken up in  water and the mixture 

extracted thoroughly with ether. The etheral so lu tion  was washed with 

brine, dried over magnesium sulphate, and concentrated in  vacuo to give  

a so lid  product (0 .037g .) Which on r ec r y sta llisa t io n  from benzene 

furnished a sample of the keto-acid  (48,R=H) id e n tic a l with that obtained 

from the potassium chromate oxidation,

2-Keto-5-m ethylbicyclo (3 ,3 ,1 ) non ane-l-acetic  acid (45,RgH)

The c ry sta llin e  keto-acid , 48, R=H, (O .l l lg .)  rapidly absorbed the

expected volume of hydrogen When shaken with a suspension of palladium-

charcoal (10^, 0 .0 5 g .) in  eth y l acetate (20m l.). F iltr a tio n  and solvent

removal furnished the expected keto acid (0 .112g .) which on rec r y sta llisa t io n

from benzene-light petroleum (1:1) afforded small white prisms m.p.

138-139°, V „ = 1720, 1670 cm- '*". Further small crops of c ry sta llin e  max.
m aterial were obtained by seeding the products of hydrogenation, and 

then h yd ro lysis , of the crude k eto -ester  (48,R=CH^) obtained from the 

various oxidation procedures. The structure o f th is  keto-acid  was 

unequivocally estab lished  a t a la te r  stage by i t s  conversion to  a 

c ry sta llin e  enol-lactone (4 9 ), m.p. 32-34°. This la t t e r  derivative  

also  confirmed that the correct structures had been assigned to  the 

keto-acid  (48,R=H), m.p. 159-160°, and the hydroxy-acid (25,RgH,

R1=0H), m.p. 141-144°.
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Selenium Dioxide Oxidations.

( i )  The o le f in  e s te r , 19, R=CĤ , ( l ,1 4 g .)  was heated under reflu x  for  

one hour w ith selenium dioxide (0 .3 5 g .) in  aqueous dioxan (1 :1 , 10 m l.) 

and the product iso la te d  by thorough extraction  with l ig h t  petroleum 

a fter  removal of precip itated  selenium by f i l t r a t io n .  The m aterial 

obtained, however, was id e n tic a l in  in fra-red  spectrum w ith the startin g  

m ateria l, and even when the reaction time was extended to  s ix  hours no 

evidence o f a l l y l i c  oxidation was observed.

( i i )  A sim ilar r e su lt  was obtained when the e ster  was heated under 

reflu x  for twelve hours with selenium dioxide ( l . l  equivalents) in  

aqueous ethanol (1 :1 ) . The product iso la ted  showed minimal hydroxyl 

absorption in  the in fra -red , desp ite  the deposition of black selenium  

from the reaction mixture.

( i i i )  A so lu tion  o f the o le f in  e ster  ( lg . )  in  a cetic  anhydride (5 m l.) 

containing a ce tic  acid (1 m l.) was heated on the steam bath for  f iv e  

hours with selenium dioxide (0 .3 3 g .) . The cooled mixture was d ilu ted  

with l ig h t  petroleum (100 m l.) , freed of selenium by f i l t r a t io n ,  

extracted repeatedly with a mixture of brine and aqueous sodium 

bicarbonate, then concentrated in  vacuo to give a dark orange o i l  

(0 .8 5 g .) whose in fra-red  spectrum showed a displacement of the double 

bond absorption from 710 to 750 cm"".1 , suggesting that the desired a l ly l i c  

su b stitu tion  had been accomplished.

( iv )  When the e ster  (19,R=CH^) was heated under reflu x  with selenium  

dioxide ( l . l  equivalents) in  a c e tic  anhydride, black selenium was 

rapidly deposited. After two hours, the product was iso la te d ,
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according to the above procedure, as a dark red oil whose infra-red
spectrum suggested strongly that although a l ly l i c  oxidation had been 

e ffe c ted , the conditions were rather severe.

(v) F in a lly , i t  was observed that the a l ly l i c  oxidation was 

accomplished most e f f ic ie n t ly  when the e s ter  (19, R=CĤ ) was heated 

under re flu x  fo r  ninety minutes with a suspension o f selenium dioxide  

(1 .1  equivalents) in  a cetic  acid . Under these conditions, the product 

consisted  of a pale orange o i l  which was p a r tia lly  d eco lorised  when 

heated under gentle  refline for  f if te e n  minutes with s i lv e r  powder in  

benzene. The resu ltan t sweet-sm elling o i l  exhibited in fra-red  

absorption which suggested that the o le f in  e ster  (19,R=CH^) had been

com pletely oxidised to the corresponding 2-acetoxy compound (21 , R*CH ,̂
1 -1  R KJĤ CO) ; thus the s in g le  carbonyl absorption a t 1720cm" had been

enhanced , the C-methyl absorption (1370cm~^) had been enhanced, and the

double bond absorption had been displaced from 710 to 750 cm."^

I-Carbomethoxy-2-keto-5-methylbicyclo (3 ,3 ,1 )  nonane (22,R=CH^)#

(a) The acetoxy e s te r , 21, R=CĤ , R =̂CĤ C0, (1 .5 g .)  prepared as in  (v) 

from the o le f in  e s te r , 19, R=CĤ , (1 .3 8 g .) was purified  by chromatography 

on alumina (grade I I I ,  3 0 g .). S lu tion  with benzene-light petroleum (1:1) 

furnished the desired d ie s ter  (1 .05g .) as an orange o i l ,  V  «1720,nicwc*
750cm- 1 .

(b) Although the d ie s te r  (21, R=CĤ , R̂ =CĤ C0) could be converted in  

two steps to  the corresponding hydroxy-ester (21, R=CĤ , R =H) by base 

hydrolysis followed by addition of diazomethane to the resu ltan t 

hydroxy-acid (21 , R=R^=H), a d irect conversion was more conveniently
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achieved by m ethanolysis. Thus the d ie s te r  (4 .3 6 g .)  was heated under 

reflu x  w ith  a c a ta ly tic  quantity of sodium methoxide in  methanol (50m l.). 

The cooled so lu tion  was neu tra lised  with carbon dioxide and concentrated 

in  vacuo to g ive the hydroxy-ester (21, R=CĤ , R̂ =H) as a yellow  o i l ,

VJnax = 3400, 1715, 1250 , 750 cm”.1 , which was adsorbed from lig h t  

petroleum on s i l i c a  and chromatographed. Elution with chloroform  

afforded an epimeric mixture (3 .4 7 g .) of the hydroxy-esters as a pale 

yellow  o i l .

(c) A so lu tion  (8n) of chromium tr iox id e  in  d ilu te  sulphuric acid was 

added slow ly to a so lu tion  of the hydroxy-ester, 21, R̂ CĤ , R^=H, (3 .4 7 g .)  

in  acetone (34 .7  m l.) held a t 0 ° , t i l l  a permanent red coloration p ersisted . 

The mixture was d ilu ted  with brine (10%, 150ml.) and the whole extracted  

thoroughly with l ig h t  petroleum. The combined extracts were freed of 

acid and chromium s a lt s  by repeated washing with brine, dried over 

magnesium sulphate, and concentrated in  vacuo to give the unsaturated 

k eto -ester  (20) as a pale yellow  o i l  (3 .2 1 g .) , v  * 1720, 1650, 1250,
J tlo X *

820cm”1 , \  = 229-230 mu ( 8 ,250).nisx« 1
(d) The k e to -es ter , 20, (3 .2 1 g .) rapidly absorbed the expected volume 

of hydrogen when shaken with palladium-charcoal (10%, 0 .6 4 g .)  in  ethyl 

aceta te  (64  m l.) . F iltr a tio n , followed by evaporation of solvent and 

d is t i l la t io n , afforded l-carbomethoxy-2-keto-5-methylbicyclo (3 ,3 ,1 )  

nonane (22) as a co lourless liq u id  (2 .8 9 g .) , b .p . 86-87°/0.15 m.m.,

=1720, 1685 cm”1 . A sample of the e s te r , subjected to  analysis  

by gas—liq u id  chromatography was eluted as a s in g le  peak a fter  seven 

minutes from an APL column (5%) at 175°.
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W ith the  homogeneity of th e  e s t e r  e s ta b lish e d , th e  s tru c tu re  (22) 

was confirmed by i t s  conversion to  a t r i c y c l i c  c r y s ta l l in e  pyrazolone 

(2 3 ). Thus the  k e to -e s te r ,  22, (0 .264g .) was heated under re f lu x  f o r  

s ix te en  hours w ith  a m ixture of hydrazine hydrate (100^, 0 ,5m l.) and 

e th an o l ( l  m l . ) . A fte r evaporation of so lven t a t  th e  w ater pump, the  

res id u e  was ex trac ted  w ith  e th e r  and the  r e s u lta n t  so lu tio n  washed 

thoroughly  w ith  a m ixture of d i lu te  hydroch loric  ac id  (IN) and b r in e , 

follow ed by b rin e . By th i s  procedure, the  pyrazolone (23) was obtained  

as a w hite  c ry s ta l l in e  s o lid , which on r e c r y s ta l l i s a t io n  from methanol

affo rd ed  co lo u rle ss  p la te s  in d e n tic a l  in  m elting p o in t, 114-115°, and
2Lin f r a - re d  spectrum to  the  sample p rev iously  obtained.

A lly l ic  ox idation  of m ethyl 5-m ethylbicyclo (3 ,3 ,1 ) n o n -3 -en e -l-a c e ta te
(2 5 , r*ch3 , R^H).

The homologated o le f in  e s te r  (50g.) was heated under re f lu x  fo r  

n in e ty  m inutes w ith  a suspension of selenium dioxide ( l6 .6 .g )  in  g la c ia l  

a c e tic  ac id  (400 m l.) . As soon as the m ixture reached re f lu x  

tem perature amorphous red selenium was p re c ip ita te d  but as ox idation  took 

p lace  the  selenium  gradually  formed a b lack d ep o sit on the  w a lls  of the 

re a c tio n  v e s s e l . The re s u l ta n t  c le a r  yellow  so lu tio n  was d ilu te d  w ith 

l ig h t  petroleum  (800 m l.) and f i l t e r e d  in to  d i lu te  b rin e  (1D%, 1 .6  1 . ) .

The product was thoroughly ex trac ted  w ith  l ig h t  petroleum (4  x  250 m l.) and 

th e  combined e x tra c ts  washed thoroughly w ith  b r in e , followed by aqueous 

sodium b icarbonate  so lu tio n , d ried  over magnesium su lp h a te , and 

concen trated  in  vacuo to  give an orange waxy s o lid  (45g.) which on 

r e c r y s ta l l i s a t io n  from l ig h t  petroleum afforded  the  lac to n e  (46,R=H)
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as w hite  need les  (31•4g.) • The mother liq u o rs  y ie ld ed  a m ixture ( I 2 g .)

of th e  la c to n e  and what was assumed to  be the  2 U -a c e to x y -e s te r  

(25, R=CH^, H^=CH^C00) which was heated under re f lu x  f o r  fo u r hours w ith 

a so lu tio n  of potassium  hydroxide (12g.) in  methanol (200 m l.) .  A fte r 

co n cen tra tio n  in  vacuo, follow ed by a c id i f ic a t io n , the  r e s u l ta n t  m ixture 

of la c to n e  and hydroxy-acid (25, R=R1=H) was taken up in  e th e r  and 

separa ted  by e x tra c tio n  of the  acid  w ith  aqueous sodium b icarbonate  

so lu tio n  to  g ive a fu r th e r  q u a n tity  (5g .) of crude la c to n e . This 

m a te r ia l was adsorbed on s i l i c a  from l ig h t  petroleum  and chromatographed; 

e lu tio n  w ith  chloroform-benzene (2 :3) affo rded  a fu r th e r  q u a n tity  (3g .) 

of pure la c to n e  (46, R=H).

Attempted r in g  opening of the  lac to n e  (46, R=H)4

( i )  When th e  lac to n e  (O.lOOg.) was shaken w ith pallad ium -charcoal 

( l Q%, 0 .0 2 g .) in  e th y l a c e ta te , th e  uptake of hydrogen was extrem ely 

slow. The r e s u l ta n t  product was found to  c o n s is t p r in c ip a lly  of 

unchanged s t a r t in g  m a te r ia l, b u t a broad band in  th e  in f ra - re d  a t  2700—

3300 cm”1 and the  reduced in te n s i ty  of th e  carbonyl absorp tion  a t  

1770 cm-1  suggested th a t  hydrogenolysis of the  a l l y l i c  oxygen fu n c tio n  

had preceded any hydrogenation.

Since the  corresponding sa tu ra ted  lac to n e  was unobtainable by th i s  

method, the  la c to n e . 46, R=H, (O.lOOg.) was hydrolysed by trea tm ent w ith  

a so lu tio n  of potassium  hydroxide ( th re e  equ ivalen ts) in  methanol (5 m l.) . 

The m ixture wns heated under re flu x  fo r  fo u r hours, concentra ted  in  

vacuo, and heated  under g en tle  re f lu x  fo r  a fu r th e r  th ree  hours w ith  

m ethyl io d id e  (2 ml*). Evaporation of so lv en t afforded  a m ixture of



67

lactone and the hydroxy-ester (25 , R=CH_, R =OH) which was taken up in

l ig h t  petroleum and chromatographed on s i l i c a .  Elution with benzene-

chloroform (3:2) afforded unchanged lacton e, and further e lu tion  with  

chloroform furnished a small quantity (0 .0 2 g .) of the hydroxy-ester,

'VJnax = 3400, 1715 cm \  The la t t e r  in  acetone (0 .5  n il .) ,  was treated  

w ith a so lu tion  (8N) of chromium tr iox id e  in  d ilu te  sulphuric acid  but 

the product iso la ted  consisted  not of the desired k eto -ester  (48,R*=CH )̂ 

but of the lactone ( 46, R=H), formed by acid-catalysed  c y c lisa tio n  of 

the hydroxy-ester.

( i i )  In an attempt to obtain the hydroxy-ketone (26, R«=0H), the lactone  

( 46, R=H) was treated  with an ethereal solution  of ethylmagnesium 

bromide (one equivalent) a t 0° fo r  one hour. The mixture was treated  

w ith an aqueous solution  of ammonium chloride and extracted with ether.

The resu ltan t product, hew ever, consisted en tire ly  of unreacted startin g  

m aterial. The reaction was repeated, f i r s t ly  by addition of the 

Grignard reagent to an ethereal solution  of the lactone, maintained at 

reflu x , and secondly by carrying out the en tire  reaction with  

tetrahydrofuran as solvent. In each case, however, the lactone was 

recovered qu ite  unchanged.

( i i i )  Since i t  seemed probable that the bromolactone (46,R»Br) would 

be hydrolysed by base to the keto-acid ( 48, R=H) methods of a l ly l ic  

bromination were investigated . Thus N-bromosuccinimide (0 .4 3 g .) was 

added to  a so lu tion  of the lactone, 46, R=H, (0 .354g .) in  carbon 

tetrach lorid e (15 m l.) containing a trace of dibenzoyl peroxide, and 

the mixture heated under reflux  for f if te e n  minutes. The cooled  

so lu tion  was freed of succinimide by f i l tr a t io n  and concentrated in
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product was th e re fo re  heated  under re f lu x  fo r  two hours w ith  a so lu tio n

of potassium  hydroxide (0 .5 g .)  in  methanol (l£) m l.) .  A fte r evaporation

of so lv en t, the  re s id u e  was a c id if ie d  w ith  d i lu te  su lp h u ric  ac id  (6N)

and e x tra c te d  w ith  e th e r . The re s u l ta n t  product (0 .3 8 g .) ,  v max.
=1770, 1630, 1700 , 2700-3200 cm was separated  by chromatography on

s i l i c a  in to  th e  la c to n e , 46, R=H, (0 .0 7 g .) and an a c id ic  component

(0 .2 5 g .) whose u l t r a - v i o le t  spectrum, \  = 247-248 m u  , showed th a tmax«

i t  d if f e r e d  from th e  req u ired  k e to -ac id  ( 48 , R=H), =231-232 mp

( 8 , 200) .

( iv )  S ince th e  use of bromodan (N ,N^-dibromodimethylhydantoin) in  p lace  

of N-bromosuccinimide brought about no improvement, a so lu tio n  of the  

la c to n e  (0 .120g .) in  aqueous e thanol (1 :1 , 1 m l.) was t r e a te d  f i r s t l y  

w ith  aqueous potassium  hydroxide so lu tio n  (33^, 0 .5  m l.) ,  then w ith 

bromine ( O . l lg . ) .  When th e  so lu tio n  had assumed a f a in t  yellow  

c o lo ra tio n , the  m ixture was a c id i f ie d  w ith d i lu te  su lphuric  ac id  (6N) 

and th e  product ex trac ted  w ith  e th e r . The combined e x tra c ts  were 

washed w ith  b r in e , d ried  over magnesium su lphate , and concentra ted  in  

vacuo to  give a c ry s ta l l in e  n e u tra l product, in so lu b le  in  l ig h t  

petroleum  and d if f e r in g  in  in f ra - re d  absorp tion  from th e  s ta r t in g  

la c to n e  ( 46 , R=H). R e c ry s ta llis a tio n  from e th e r  a ffo rded  co lo u rle ss  

prism s which decomposed in  the so lven t a t  -10° over a period  of months. 

The r e s u l ta n t  brown m ixture was taken up in  e th e r , washed w ith  b rin e  

con tain ing  a sm all q u a n tity  of sodium meta b is u lp h ite ,  d ried  over 

magnesium su lphate  and concentrated  in  yacuo to  g ive a product id e n t ic a l  

in  a l l  re sp ec ts  to  th e  ke to -ac id  (43, R=H) p rev iously  obtained .
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(v) Before th is  observation was made, however, ring opening o f the  

lacton e (46 , R=H) had been achieved by means o f lith ium  aluminium 

hydride. Thus the lactone (3 1 ,4 g .)  in  anhydrous ether (125 m l.) was 

added dropwise to a suspension of lithium  aluminium hydride (6 g .) in  

ether (620 m l.) to  maintain a gentle reflux  which was continued fo r  a 

further 2 .5  hours before careful addition of wet ether, followed by 

d ilu te  hydrochloric acid (6n) .  The resu ltant mixture was extracted  

thoroughly with ether, and the combined extracts washed repeatedly with  

brine, dried over magnesium sulphate, and concentrated in  vacuo to give  

a viscous sweet-sm elling o i l  (31g.) which on tr itu ra tio n  with l ig h t  

petroleum furnished completely so lid  m aterial. R ecrysta llisa tion  from 

the la t t e r  solvent afforded the d io l (59) as g lis ten in g  prisms, m.p.

61-62°. (Found: C,73.43; H, 10.10. ^^20^2. rec3u;’-res 73.45;

H, 10 .2 5 .)

2-K eto-5-m ethylbicyclo (3 ,3 ,1 )  n on -3-en e-l-acetic  acid (4fl>R»HX

When the d io l ,  59, (0 .09g .) was shaken for six teen  hours with a 

suspension of commercial manganese dioxide ( lg . )  in l ig h t  petroleum  

(10 m l.) the product obtained by f i l t r a t io n ,  followed by evaporation of 

so lv en t, consisted  en tire ly  of the lactone (46, R=H), whose u ltr a -v io le t  

spectrum showed no maximum in the region 225-235 mjx # The oxidation  

was, therefore, repeated employing sp e c ia lly  prepared oxidant. Thus 

the d io l (31g .) was shaken with manganese dioxide (310g.) suspended in  

chloroform (2 .5  .)  fo r  twenty hours to give the desired keto-a lcoh ol,

62, (31g .) contam inated w ith some lac to n e  (46 , R=H) and unchanged d io l  

(5 9 ) . R e c ry s ta ll is a tio n  from l ig h t  petroleum fu rn ish ed  the k e to -a lco h o l
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(62) as co lou rless  prisms m.p. 45-47°, * 3400, 1650, 820 cm"1 ,max»

\ i a x . = 231“232 m |i( 8 ,200). (Found: C,74.10; H, 9.40 C^H^Og 

requires C,74.20; H, 9 .3 5 .)

Oxidation of the keto-alcohol (62) to the desired  keto-acid  

(48,R=H) was accomplished by dropwise addition of a so lu tion  (8N) of 

chromium tr icx id e  in  d ilu te  sulphuric acid to a so lu tion  o f the k eto-  

alcohol (31g.) in  acetone (310 m l.) , maintained a t 0 ° , t i l l  a 

permanent red coloration  p ersisted . After 1 .5  hours, brine (500 m l.) 

was added to  the mixture and the acetone carefu lly  evaporated under re

duced pressure before thorough ether extraction . The combined extracts  

were washed with brine t i l l  co lo u r less , and the keto-acid  thoroughly 

extracted with aqueous sodium bicarbonate so lu tion . The aqueous layer  

was then a c id if ied  w ith d ilu te  sulphuric acid (6n) and extracted with  

ether to g ive white cry sta llin e  k eto-acid , 48, R=H, (2 0 .3 g .) . The 

i n i t i a l  ether ex tra cts , on evaporation afforded the neutral component 

(ID .7g .) which appeared to con sist of a mixture of the lactone (46,R=H) 

and the aldehyde (63,R=H). This neutral fraction  was combined w ith the 

crude lactone (3 g .) obtained from the mother liq uors of the in i t i a l  

r e c r y sta llisa t io n  of the lactone, and reduced as before to the d io l  

(5 9 ) . Two stage oxidation again furnished a further quantity (6 .9 g .)  

of the keto-acid  (48, R=H) and the expected neutral fraction  which was 

recycled . In th is  way, the lactone (3 4 g .) , obtained by oxidation of 

the ester  25, R=CĤ , R^H, (5 0 g .) , was converted to  the keto-acid ,

48, R=H, (30g.) in  a y ie ld  of 80^.



71

2-K eto-5-m ethylbicyclo (3 ,3 ,1 )  non ane-l-acetic  acid  (45,R=H) ,

The k eto -acid , 48, R=H, (4 .7 2 g .) rapidly absorbed hydrogen when

shaken w ith  palladium-charcoal (10^, 0 .472g .) in  eth y l aceta te  (100 m l,) ,

The keto-acid  (45 , R=H) was obtained by f i l t r a t io n ,  followed by removal

of so lvent as a white so lid  (4«73g.) which on r e c r y sta llisa t io n  from

benzene furnished co lourless prisms, m.p, 133-139°, V  „  ■ 1720,max*

1670 cm"1 (Found: C, 68.85; H, 8 .45 . ^ -^ 1 ^ 3  reclu;*-res 68.55;

H, 8 .6 5 .)

The enol-lacton e (49) of the keto-acid (45.RgH) #

The keto-acid  (1 .6 g .)  was heated under reflu x  fo r  twenty hours with

a so lu tion  of sodium acetate (0 .l6 g .)  in  a ce tic  anhydride (24 m l.) .

A fter evaporation of the solvent under reduced pressure, the residue was

taken up in  ether and the resu ltan t solution  washed thoroughly with

aqueous sodium bicarbonate so lu tion  and f in a l ly  brine. The ethereal

so lu tion  was dried over magnesium sulphate and concentrated in  vacuo to

furn ish  a dark o i l  (1 .5 g .)  Which was adsorbed on alumina (Woelm grade I ,

l6 g .)  from lig h t  petroleum and chromatographed. Elution w ith l ig h t

petroleum afforded the enol-lactone (49) as a pale yellow  so lid  (1 .0 6 g .)

which on r ec r y sta llisa t io n  from pentane yielded large translucent p lates

m.p. 32-34°, V  = 1800, 1700 cm"1 (Found: C,74.75; H, 8 .10 , r 1 max.

'̂12Hl6 02 re^u ires 74.95; H, 8 .AO.)

The in fra-red  spectrum of the compound was unusual in  respect of

the in te n s ity  of the double bond at 1700 cm. and the number of high

in te n s ity  absorption peaks between 1A00 and 800 cm
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The enol-lacton e (49) was read ily  hydrolysed by treatment w ith a 

so lu tion  o f potassium hydroxide (three equivalents) in  methanol on the 

steam bath fo r  th ir ty  minutes. A cid ifica tion  o f the cooled so lu tion  

follow ed by extraction  with ether provided a quantitave y ie ld  of a 

c r y s ta llin e  product id e n tic a l in  a l l  respects to  the keto-acid  (45 ,R*H).

2,2-Ethylenedioxy-5-m ethylbicyclo (3 ,3 ,1 )  nonane-l-acetic  acid (73-,R*OH)#

The k e to -ester  (45,R=CH^) was obtained as a co lourless o i l  by the 

addition of an eth erea l solution  of diazomethane to the keto-acid  

(4 5 , R=H). K eta lisation  was accomplished by heating a m ixttrc of the 

k eto -ester  ( 5 .0 g .) ,  ethylene g lyco l (7 .8  m l.) , e th y l orthoformate 

(15 .6  m l.) ,  and p-toluenesulphonic acid (0 .0 5 g .) , a t 165° fo r  two hours.

The resu ltan t pale yellow  solution  was taken up in  l ig h t  petroleum, 

washed tw ice with brine (20$), dried over magnesium sulphate, and 

concentrated in  vacuo to give the k e ta l-e s ter  (71, R*CĤ 0) as a yellow  

o i l ,  which d is t i l le d  as a co lourless liq u id  (5 g .) ,  b .p . lQ9-HQ°/0.17 m.m., 

V  “ 1725, 1200-1100 cm"1 (Found: 0 ,66.90; H, 6 .45 . c^ z i P k  re'5u ires  

C, 67.15; H ,9 .0 0 .) .

The k e ta l-e s te r  (5g .) was heated under reflu x  with an aqueous 

so lu tion  of sodium hydroxide (IN, 60 m l.) t i l l  complete d isso lu tio n  had 

occurred. The cooled solution  was carefu lly  a c id if ied  a t 0 with  

standard hydrochloric acid (IN, 60 m l.) and then extracted thorou^ily  

with ether. The combined extracts were dried over magnessium sulphate 

and concentrated in  vacuo to give the k eta l-acid  (71, R=OH) as a viscous  

o i l  (4 .7 2 g .)  which s o lid if ie d  on standing. R ecrysta llisa tion  from lig h t  

petroleum furnished small prisms, m.p.80-83 ( Found:C,66.15, H.8.90 

^14^22^4 reclu r̂es 66.10; H, 8 .70 .)
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Diethylcadmium.

An ethereal so lu tion  of ethylmagnesium bromide was prepared by 

addition of an eth erea l solution  of e th y l bromide (1 .5  equivalents) to  

a suspension of magnesium turnings ( l  equivalent) in  a small volume of 

ether under nitrogen. When the i n i t i a l  vigorous reaction had subsided, 

the so lu tion  was heated under reflux  t i l l  the la s t  traces of magnesium 

had d isso lv ed . The so lu tion  was then cooled to 0° and anhydrous 

cadmium chloride (2 equivalents) added carefu lly  in  small portions. The 

mixture was stirred  fo r  one hour a t room temperature and then heated 

under reflu x  fo r  th ir ty  minutes to complete the formation of 

diethylcadmium. The mixture was evaporated to small volume and the 

residue d ilu ted  with anhydrous benzene. Repeated d is t i l la t io n  to  small 

bulk and addition of portions of benzene served to remove the la s t  traces  

of e th er , and give a so lu tion  of diethylcadmium in  benzene.

Preparation of l-(2-ketob utyl)-2-keto-5-m ethylb icyclo  (3.3*1) nonane 
(12 , R=H) by the acylation  of diethylcadmium.

(a) The acid  chloride of the keto-acid (45,R=H) was prepared by addition  

of oxa ly l chloride ( l  m l.) to a solution  of the acid (0 .2?0g .) in  

benzene (10 m l.) containing a trace of dimethylformamide. When the 

evolution of gaseous products had ceased (three hours), the solvent was 

removed and excess reagent eliminated by repeated evaporation of the 

so lu tion  to  small volume with portions (5 m l.) of benzene. The acid  

chloride was thus obtained as a viscous yellow  o i l ,  â 1000,

1700 cm"1 .
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A solu tion  of the acid chloride in  benzene (5 nil.) was added 

dropwise w ith s t ir r in g  to  a so lu tion  of diethylcadmium (prepared from 

magnesium, 0 .150g .) in  benzene. S tirr in g  was continued fo r  four hours 

at room temperature before addition of a mixture of ic e -co ld  brine and 

d ilu te  hydrochloric ac id . The mixture was extracted thoroughly with  

eth er , and the combined extracts washed with brine, dried over 

magnesium sulphate, and concentrated in  vacuo to g ive a pale yellow  o i l  

(0 .273g .) which was adsorbed on alumina (grade I I I ,  5g.) from lig h t  

petroleum and chromatographed. Elution with l ig h t  petroleum afforded

a co lou rless  o i l  (0 .0 5 g .) ,  V  * 1800, 1700 cm""?*, id e n tic a l in  in fra -max*
red spectrum to the enol-lactone (4 9 ) , and further e lu tion  with  

chloroform yielded  the starting  keto-acid , 45, R=H, (O.OSg.).

(b) The ’mixed' anhydride (45, R^^H^OCO) of the k eto-acid  (45,R=H) 

with carbonic acid was prepared by addition of ethyl chloroformate 

(0.3&2g.) in  benzene (10 m l.) to  a so lu tion  of the keto-acid  (O.TOOg.) 

in  benzene (5 m l.) and triethylam ine a t 0 ° . After fo r ty -f iv e  minutes, 

the precip itated  triethylam ine hydrochloride was removed by f i l t r a t io n  

and the resu ltan t c lear solution  added dropwise with s t ir r in g  to a 

so lu tion  o f diethylcadmium (prepared from magnesium, 0 .320g .) in  benzene 

under nitrogen. The mixture was stirred  fo r  six teen  hours a t room 

temperature and the product iso la ted  by the method described above.

The neutral m aterial obtained (0 .570g.) consisted , as before, of the 

enol-lacton e (49) which was hydrolysed by aqueous potassium hydroxide 

so lu tion  to the startin g  keto-acid (45, R^H).

(c ) The k eta l-acid  chloride (71, R=C1) was prepared by addition of 

oxa ly l chloride (3 .7  m l.) to a suspension of the anhydrous sodium s a lt
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of the k e ta l-a c id , 71, R=OH, (4 .7 2 g .) in  benzene (50 m l.) . A fter two 

hours the precip itated  sodium chloride was removed by f i l t r a t io n  and the 

resu ltan t c lea r  so lu tion  concentrated in  vacuo to give a v iscou s yellow  

o i l  ( 5 g . ) , “ 1700-1800 cm \  The crude acid chloride (71, R=C1)

in  benzene (75 ml.)was added with s tir r in g  over f if te e n  minutes to  a 

so lu tion  of diethylcadmium (prepared from magnesium, l ,3 g . )  in  benzene, 

under n itrogen. The mixture was stirred  for a further six teen  hours, 

and the product iso la ted  as before. To is o la te  the required diketone 

(12 , R=H) the crude product (4 .3 g .)  was heated under reflu x  fo r  two 

hours w ith aqueous a c e t ic  acid (1 :1 , 50 m l.) containing hydrochloric 

acid  (6N, 1 m l.) . The cooled so lu tion  was d ilu ted  with brine (I0/o,

200 m l.) and extracted with ether. The combined extracts were washed 

with d ilu te  brine (1053 and recovered keto-acid (45, R=H) extracted with 

aqueous sodium bicarbonate so lu tion . A cid ifica tion  of the aqueous 

a lk a lin e  la y er , followed by extraction with ether in  fa c t  afforded a large  

proportion (2 .47  g .)  of the keto-acid  (45, R=H). The neutral component 

(1 .4 5 g .)  consisted  of a yellow  o i l ,  ** 1700, 1730 cm.^; a portion
IDcUC,

( l g . )  of th is  m aterial was heated under reflux  for three hours with a

so lu tion  of potassium hydroxide ( lg . )  in  methanol (20 m l.) to  e f fe c t

cy c lisa tio n  of any diketone (12, R=H) present. After removal of

methanol, the residue was taken up in  a mixture of brine (1053 and ether,

and separated. The aqueous layer, on a c id if ica tio n  and extraction  with

eth er , afforded a further quantity (0 .528g.) of the keto-acid  (45,R=H)

w hile the ethereal so lu tion  furnished a neutral sweet sm elling o i l  (0 .2 1 g .)

'V  =1630, 1710 cmT1 , \  -  243-245 mw ( 10,000). This la t t e rmax. — * 7 max. >
m aterial was chromatographed on alumina (grade H, 4g.) to  give a number
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of fra c tio n s  243-245 mp ( 12,000-14,600). The o i l  was

id e n t if ie d  as 4-desm ethylclov-4-en-3-one (24, R=CĤ ) by preparation 

of a deep red 2,4-dinitrophenylhydrazone, id e n tic a l in  m elting point 

and mixed m elting po in t, 223-225°, to that obtained from the tr ic y c l ic  

cyclopentenone (24 , R=CĤ ) in  e a r lie r  work.

C lov-5-en-3-ono (2 3 ).

The conjugated ketone, 24, R=CĤ , (0 .060g.) was heated under reflu x

fo r  one hour with a suspension of potassium t-butoxide (0 .1 0 g .) in

benzene (10 m l.) in an atmosphere of n itrogen. A so lu tion  of methyl

iodide ( 1 m l.) in  benzene (5 m l.) was added to  the cooled mixture and

the whole heated under gentle  reflux  for a further hour. The mixture

was then poured onto ic e -co ld  brine and extracted with l ig h t  petroleum.

The product obtained consisted of a dark o i l  (0 .0 6 2 g .) , *V =1740, 1700,max.
1630 cm"1 , \  = 243-245 mu( 3 ,000). Careful chromatography onmsx* 1
alumina (Woelm grade I ,  2g.) furnished the ketone (23) as a co lourless

o i l  (0 .0 1 2 g .) , V  = 1740, 1365, 1365 cm”1 , which was developed as a max *
sin g le  spot on th in  layer chromatography. A le s s  pure sample (0 .022g.) 

was employed fo r  the preparation of the orange 2,4-dinitrophenylhydrazone, 

id e n tic a l in  m elting point and mixed m elting point, 156-158°, with that 

obtained in  previous in v estig a tio n s.

Addition of m ethyl-lithium  to the k eta l-acid  (71, R=0H) .

An eth erea l solution  of m ethyl-lithium was prepared by dropwise 

addition of a so lu tion  of methyl iodide (3 m l.) in  ether (25 m l.) to  

a w e ll-s t ir r e d  suspension of f in e ly  divided lithium  (0 .5 8 g .) in  ether 

(25 m l.) under n itrogen, at a rate su ffic ie n t to maintain a gentle
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r e f lu x . The m ixture was heated  under re f lu x  fo r  a fu r th e r  two hours to  

complete th e  d is so lu t io n  of th e  lith iu m , and th e  cooled so lu tio n  was 

f i l t e r e d  in to  a so lu tio n  of th e  k e ta l-a c id  (2 .8 4 g .) in  e th e r  (28 .4g .) 

m aintained a t  g en tle  re f lu x . The opaque w hite m ixture was heated  under 

re f lu x  f o r  two hours and th e  lith iu m  complex cau tio u sly  decomposed by 

the  a d d itio n  of ic e -c o ld  b rin e  (40 m l.) to  the  cooled so lu tio n . The 

m ixture was thoroughly  ex tra c te d  w ith  l ig h t  petroleum  and th e  combined 

e x tra c ts  washed w ith  b r in e . The aqueous a lk a lin e  la y e r  on a c id i f ic a t io n  

and e th e r  e x tra c tio n , provided a high p roportion  (1 .6 g .)  of unreacted 

k e ta l -a c id  (71 , R=0H), w hile  th e  o r ig in a l  l i g h t  petroleum  so lu tio n  

a ffo rd ed  a co lo u rle ss  o i l  ( 1 .4 g .) ,  c o n s is te n t in  in f ra - re d  ab so rp tio n ,

= 1710, 1200-900 cm”?', w ith  the  expected product (71,R"CH0) .
nidjCi j

l-A cetony l-2 -keto -5 -m ethy lb icyclo  (3 » 3 ,l)  nonane (93)>

The ketone, 71, R^CH^, ( l.O g .)  was heated under re f lu x  fo r  th re e

hours w ith  a so lu tio n  of hydrochloric  ac id  (6n , 0 ,1  m l.) in  aqueous

m ethanol (1 :1 , 10 m l . ) . The cooled re a c tio n  m ixture was d i lu te d  w ith

b rin e  (20 m l.) and e x tra c te d  w ith  l ig h t  petroleum (3 x 25 m l.) . The

combined e x tra c ts  were washed w ith  b r in e , d ried  over magnesium su lphate

and concen tra ted  in  vacuo to  give the diketone (93) as a yellow  o i l

(0 .8 2 7 g .) , V ,  = 1710 cm?", which was developed as one main sp o t, max*
v.’i tla  fo u r  minor im p u r itie s , on th in  la y e r  chromatography. A sample 

(0 .6 g .)  of the crude m a te ria l was adsorbed on alumina (grade I I I ,  l6 g .)  

from l ig h t  petroleum  and chromatographed. E lu tion  w ith  th e  same 

so lv en t affo rded  the  diketone (93) as a co lo u rless  o i l  (0 .250g.) which 

was homogeneous on th in  la y e r  chromatography.
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C yclisa tion  o f the diketone (93) to  the t r ic y c l ic  ketone (24 , R=H),

The diketone (0 .250g .) was heated under reflux  for  six teen  hours 

with a so lu tion  of potassium hydroxide (0 .4 g .) in  methanol (5 m l.) . The 

cooled so lu tion  was d ilu ted  with brine and extracted with l ig h t  petroleum. 

The combined extracts were dried over magnesium sulphate and concentrated 

in  vacuo to give the desired cyclopentenone (24, R=H) as a yellow  o i l  

(0 . lS 4 g .) ,  1690, 1630 cm'.1 , 237-238 mji(  12,700).

Clov-5-en-3-one (2 6 ) .

The tr ic y c l ic  ketone, 24, R=H, (O.lfiOg.) was heated under reflux  

fo r  one hour with a suspension of potassium t-butoxide (0 .500g .) in  benzene 

(10 m l.) in  an atmosphere of nitrogen. Methyl iodide (2 m l.) was added 

to  the cooled so lu tion  and the mixture heated under gentle  reflux  for  a 

further two hours. The mixture was treated  with ice -co ld  brine (20 m l.) 

and extracted with l ig h t  petroleum. The crude m aterial (0 .l6 8 g .)  thus 

obtained was adsorbed on alumina (Woelm grade I ,  5g.) from lig h t  petroleum. 

E lution with the same solvent furnished a colourless o i l  (O.lOOg.)

Ymav = 1740, 1365, 1365 cm”?', which was developed as a s in g le  spot onUlcUCt
th in  layer  chromatography, and read ily  gave the same orange 2 ,4 -  

dinitrophenylhydrazone as that obtained from the sample of clov-5-en-3-  

one prepared in  low y ie ld  by the acylation of diethylcadmium.

Addition of e th y l-lith iu m  to the k eta l-acid  (71,R=QH)<

A v io le t  so lu tion  of ethyl-lith ium  in  pentane was prepared by slow, 

regular addition w ith s tir r in g , over four hours, of a so lu tion  of eth y l 

bromide (40g .) in pentane (150 m l.) to lithium  wire (6g .) in  pentane
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(100 m l,) maintained a t gen tle  reflu x  in  an in er t atmosphere under a 

mercury s e a l. A fter one hour the lithium  metal assumed a purple 

coloration  w hile the solvent gradually became cloudy as a resu lt of 

the formation of lith ium  bromide and v io le t  eth y l-lith iu m . A fter  

f iv e  hours the so lu tion  and suspension were decanted and added rapidly  

to  a so lu tion  of the k eta l-acid  (1 1 .6 g .) in pentane (116 m l,) .  When 

the addition had been completed, the mixture was heated under reflu x  and 

s tir red  fo r  two hours. A fter carefu l addition of ethanol to destroy  

excess e th y l-lith iu m , the mixture was diluted with ice-co ld  brine 

(1D0 m l.) and the product extracted with l ig h t  petroleum. The neutral

m aterial (71 , R^^H^) consisted  of a pale yellow  o i l ,  *3400, 1710,

1200-900 cm”.̂  containing a hydroxylic impurity. The aqueous a lk alin e  

la y e r , furnished on carefu l a c id if ic a t io n , followed by extraction with  

eth er , some unreacted k eta ljacid  (71 , R=0H) which was recycled to  give  

a high y ie ld  (1 1 .6 g .) of the desired ketone (71, R^^H^). A sample 

(1 .3 g .)  was adsorbed on alumina (grade H, 30g.) from lig h t  petroleum 

and chromatographed; e lution  with the same solvent afforded the k e ta l-  

ketone as a co lou rless o i l ,  b .p . 104°/0.07m.m,, <vn]ax * 1710, l^DO- 

900 cm”?*, which was shown to be homogeneous by th is  layer chromatography. 

(Found: C, 72.05; H, 9 .55 . C2.^26°3 rec5u ires C*?2 '1^  H, 9 .6 5 .) .

l-(2-K etobutyl)-2-keto-5-m ethylb icyclo  (3 .3 ,1 ) nonane (12,R=H).

The ketal-ketone 71, R ^ ^ ,  (9 .9 g .)  was heated under reflu x  for  

three hours with a so lu tion  of hydrochloric acid (6N, 0 .5  m l.) in  

aqueous methanol (1 :1 , 250 m l.) . As hydrolysis proceeded the two- 

phase mixture gave way to a pale yellow  solution  vdiich was d ilu ted  with
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ic e -c o ld  brine (500 ml*) and extracted thoroughly with l ig h t  petroleum.

The diketone (12 , R=H) was obtained as a yellow  o i l  ( 8 .2 g . ) ,V max.
* 1710 cm , apparently free  of the hydroxylic impurity observed in  i t s  

precursor (71 , R=CgH,-). A sample (0 .6 g .)  of the crude m aterial was 

adsorbed on s i l i c a  (20g.) from lig h t  petroleum and chromatographed; 

e lu tio n  with e th e r -lig h t petroleum (1:19) afforded a so lid  product, which 

r e c r y sta llise d  from lig h t  petroleum as fin e  n eed les, m.p. 95-100°,

A/Jnax = 3450 cm”1 (Found: 0 ,76.10; H,11.25. C^Hg^g requires 0 ,76.15; 

H ,11.20). Further e lu tion  with e th er -lig h t petroleum afforded the 

desired diketone (12 , R=H) as a pale yellow  o i l  which d is t i l le d  as a 

co lou rless liq u id  b .p . 100°/0 .12 m.m., 'VJnax * 1710 cm”1 (Found:

0 ,75 .70; H, 10 .00 . C^Hg^Og requires C, 75.65; H, 9 .9 5 .) .

4-Desm ethylclov-4-en-3-one (24, R=CĤ )#

The diketone, 12, R=H, (7 .6 g .)  was heated under reflu x  for  three  

hours w ith  a so lu tion  of potassium hydroxide (8g .) in  methanol (120 m l.) . 

The cooled so lu tion  was d iluted  with brine (250 m l.) and extracted with  

l ig h t  petroleum. The combined extracts were washed w ith brine, dried  

over magnesium sulphate, and concentrated in  vacuo, to  g ive a sweet

sm elling yellow  o i l  (7 .3 7 g .) , Xnav. g ^90* 1630 cm 1 , **242-244 mp,

( 11 ,000 ). The crude m aterial was adsorbed on alumina (grade H ,l80g.)

from l ig h t  petroleum and chromatographed.

E lution with e th er -lig h t petroleum (1 :9 , 1 :4 , 1:1) afforded a pale 

yellow  o i l  ( 4 . l6 7 g .) ,  homogeneous on th in  layer chromatography, which on 

d is t i l la t io n  furnished the desired ketone (24 , R=CĤ ) as a colourless
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l iq u id , b .p . 7 4 -7 6 % ,05m.m., * 243-245 mp ( 12 ,600).

(Found: C, 61.60; H, 9 .60 . C-^H^O requires C, 62.30; H, 9 .6 5 .)

As was observed in  the e a r lier  work, methylation of th is  

product afforded the ketone (26) in  low y ie ld .

Attempted hydrogenation of clov-5-en-3-one (26) .

The ketone was recovered unchanged a fter  treatment w ith hydrogen 

a t atmospheric pressure and room temperature under these conditions.

( i )  Palladium-charcoal (10$) in  ethyl aceta te .
( i i )  Palladium-charcoal (10$) in  ethanol.
( i i i )  Platinum oxide in  a cetic  acid .
( iv )  Platinum oxide in  acetic  ac id , containing perchloric acid .

Hydrogenation of the ketone (24 , R=H).

When the ketone was shaken for  twenty hours with palladium-

charcoal (10$) in  ethyl acetate, the hydrogen absorbed was equivalent

to  one h a lf of the th eo retica l uptake. This was confirmed by the  

in fra-red  spectrum of the product, '̂ max = 1740-1690, 1630 cm and by 

an a ly sis  with th in  layer chromatography, which showed that the product 

consisted  of a mixture of startin g  m aterial (24, R=H) and the 

corresponding saturated ketone.

4-Desmethylclovan-3-one (61) #

Complete reduction of the ketone (24 , R=CH3) to the corresponding 

saturated alcohol was accomplished by addition of a so lu tion  of the 

ketone (0 .910g .) in  ether (20 m l.) to a w ell s tirred  solution  of 

lith ium  (0 .4 g .)  in  liq u id  ammonia (60 m l.) . After two hours the 

excess lith ium  was carefu lly  destroyed with wet ether, and d ilu te
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brine added. Extraction with l ig h t  petroleum afforded the expected

a lco h o l, = 3300 cm ?*, which was dissolved  in  acetone and treated

a t 0 w ith a so lu tion  (8N) of chromium tr iox id e  in  d ilu te  sulphuric

ac id . A fter f iv e  minutes the mixture was d ilu ted  with brine and

extracted thoroughly with l ig h t  petroleum. The crude product (0 .913g .)

was adsorbed on alumina (Woelm, grade I ,  30g.) and chromatographed;

elu tio n  with l ig h t  petroleum and e th er -lig h t petroleum (1:19) afforded

the d esired  ketone (8 l)  as a sw eet-sm elling, low-melting so lid  (0 .6 3 0 g .) ,

v  = 1740 cm which on rec r y sta llisa t io n  from pentane afforded  nicuc •

sm all white n eed les, m.p. 38-43° (Found: C, 81.85; H,10.70. C-yHggO 

requires C, 81.50; H, 10.75.)* The corresponding 2,4-d initrophenyl

hydrazone r ec r y sta llise d  from ethanol-ethyl acetate as fin e  orange 

needles m.p. 165-171°, 176-178° (Found: C,62.20; H, 7.25; N,14.20.

^20^26*^4^4 reclu^res C,62,15; H,6.80; N ,14 .30 .).

The homogeneity of the ketone (81) was established by gas-liqu id  

chromatography; on both 0.5^ and 10/? APL columns the ketone was eluted  

as a s in g le  component a fter  7.5 and 20.5 minutes, a t 125° and 150° 

resp ec tiv e ly , In addition i t  was observed that the ketone was 

developed as a s in g le  characteristic  wine-coloured spot on th in  layer  

chromatography.

(—) -  Clovenic Anhydride (85) ,

( i )  The ketone, 81, (0 .650g.) was treated with a solution  o f furfural 

(2  m l.) in  methanol (13 m l.) and aqueous potassium hydroxide solution  

(30%, 5 m l.) for  eighteen hours at room temperature. The resultant 

deep red reaction mixture was diluted with brine and extracted
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thoroughly w ith l ig h t  petroleum. The combined extracts were washed 

with b rin e , dried over magnesium sulphate, and concentrated in  vacuo 

to  g ive the expected furfurylidene derivative of the ketone (S i) as an 

orange o i l  (O .S50g.), V  = 3100, 1730-1700, 1600, 1540, 880,740 cm*".1 ,nicLX» •

^m ax = m|4. ( 14 ,500), which could not be induced to  c r y s ta ll is e .

( i i )  The crude furfurylidene derivative (0 .S50g.) was heated under 

reflu x  in  an in ert atmosphere for  sixteen hours with a standard solution  

of sodium t-am ylate (three equivalents) in benzene. The cooled 

so lu tion  was treated  with methyl iodide (4  m l.) and reflu x  maintained 

fo r  a fu rther f iv e  hours. The reaction mixture was d ilu ted  with ic e -  

cold brine and extracted with lig h t  petroleum. The combined extracts  

were washed with brine, dried over magnesium sulphate, and concentrated 

in  vacuo to give a dark o i l  (0 .826g.) which on tr itu ra tion  with lig h t  

petroleum provided the furfurylidene derivative ( 84) of clovan-3-one 

(89) as a pale yellow  so lid  (0 .210g.) m.p. 105-108°. The la t t e r  on 

r e c r y sta llisa t io n  yielded large pale yellow  prisms, m.p. 108-110°,

\m ax  = 333-335 mji ( 22,100). (Found: 0 ,80.55; H, 8 .90.

requires C, 80.50; H, S .8 0 .) .

( i i i )  Ozone was passed through a solution of the ketone, 84, (0 ,210g.) 

in  ethy l aceta te  (10 m l.) a t -70° t i l l  the la t te r  had assumed a blue 

coloration . The solution  was concentrated in  vacuo a t 2cP and the 

viscous residue taken up in  a cetic  acid (6 m l.) and treated with  

hydrogen peroxide (30/£, 2 m l.) for  two hours on the steam bath. After 

evaporation of the so lven t, the residue was extracted with ether and 

the combined extracts washed with aqueous sodium bicarbonate so lu tion ,
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brine, and dried over magnesium sulphate. Removal of solvent afforded

a c r y s ta llin e  so lid  m.p. 60-70 which was adsorbed on s i l i c a  and

chromatographed. Elution with l ig h t  petroleum-ethyl acetate  (49:1)

furnished a co lourless product which on re c ry sta llisa tio n  provided

(1 )-c lo v en ic  anhydride (85) as colourless prisms, m.p.76-78°. (Found:

C, 72.00; H ,8.75. C15H22°3 reclu ires 0 ,71.95; H ,8.85). The in fra-red

spectrum of th is  synthetic m aterial (CCl^ solution) was en tir e ly

superposable on th at of ( - )  -  clovenic anhydride, m.p. 50-51° V
m a x .

= 1805, 1760, 1385, 1365 cm.^ (CCl^soln.). In addition, the derived 

clovenic acid s (86) obtained by hydrolysis with aqueous sodium 

hydroxide so lu tion  exhibited the same melting point (180-I84°d .), 

undepressed on admixture.

Attempted methylation of 4-desmethylclovan-3-one (81) ,

The ketone, 81, (O.lOOg.) was heated under reflux  in  an in ert  

atmosphere fo r  sixteen  hours with a standard solution of sodium 

t-am ylate (one equivalent) in benzene. After addition of methyl 

iodide (1  m l.) reflu x  was maintained for  a further f iv e  hours before 

the addition  of brine, followed by extraction with lig h t  petroleum.

The crude product (0 .096g .) was adsorbed on alumina (Woelm, grade I ,

2g .) from lig h t  petroleum and chromatographed; elu tion  with the la t te r  

solvent gave a pale yellow  o i l  (0.020g.) = 17AO cm . However,

the in fra-red  absorption between 1A00 and 800 cm. confirmed that the 

product was a mixture of compounds, as expected, and no reaction of 

th is  type was subsequently attempted.



35

4-De smethyl-2-hydroxyme thylene clovan-3-one (87, R=H).

A so lu tio n  of the ketone, 31, (0 .371g .) and ethyl formate (0 .650g.)

in  benzene (1 ,5  m l.) was added dropwise with s tirr in g  to a suspension of

freshly-prepared sodium methoxide (0 .3 g ., dried at 130°/0«01 m.m. for

three hours) in  benzene (3 .5  m l.) held at 0° under nitrogen. Over

six teen  hours the in i t i a l  gelatinous mixture gave way to  a c lear  orange

so lu tio n . The reaction mixture was d iluted with an ice -co ld  aqueous

so lu tion  of potassium chloride ( 10a !, 20 ml.) and lig h t  petroleum (10 ml.)

and the base-so luble derivative ($7, R=H) separated. The organic layer

was extracted  several times with small volumes (5 ml.) of aqueous

potassium chloride so lu tion  and the combined aqueous extracts then

a c id if ie d  w ith d ilu te  hydrochloric acid and extracted with lig h t

petroleum. The combined extracts furnished a good y ie ld  (0 .337g.)

of a pale yellow  o i l  (37, R=H), V  = 1675, 1610, 1210, 1030, 320 cmmax.
fr e e  of any startin g  ketone (31).

2-(N-Methylanilinomethylene) clovan-3-one (33, R=CH )̂,

The ketone, 37, R=H, (0 .524g.) was treated with a solution  of 

N-m ethylaniline (0 .3 2 g .) in benzene (3 ml.) for sixteen  hours. The 

so lu tion  was then concentrated in  vacuo to g ive the desired product 

(33 , R=H) as a viscous orange o i l  (0 .730g.) /V'max>= 1^75, 1610, 1570,

960 , 920 , 750 cm"!1 , which could not be induced to y ie ld  cry sta llin e  

m aterial. The crude product was treated for sixteen  hours under 

nitrogen with a solution  of potassium t —butoxide ( f iv e  equivalents) in  

t-butan ol (5 m l.) and benzene (5 m l,) , and methyl iodide (2 m l.) was 

then added. A fter a further f iv e  hours, the reaction mixture was
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d ilu ted  w ith brine and extracted with lig h t  petroleum to obtain the 

d esired  ketone (88 , R=CĤ ) as a dark o i l  (0 .728g.) which could not be 

induced to  y ie ld  cry sta llin e  m aterial.

Clovan-3-one (89).

In an attempt to accomplish hydrolysis of 2 -(N-methylanilinome thylene) 

clovan-3~one in  one step , the la t te r  was heated under reflu x  with aqueous 

sodium hydroxide so lu tion  (30$) but the product iso la ted  c lea r ly  contained 

a high proportion of startin g  m aterial.

In a tw o-step procedure the ketone, 88, R=CĤ  (0 .698g.) was heated 

under reflu x  with a solution of hydrochloric acid (6N, 5 m l.) in  methanol 

(5 m l.) fo r  1 .5  hours to form 2-hydroxymethyleneclovan-3-one (87,R»CH^) 

which was rea d ily  iso la ted  by thorough extraction with l ig h t  petroleum.

The product obtained was heated under reflux  with a so lu tion  of 

potassium hydroxide (2g .) in  aqueous methanol (1 :1 , 10 m l.) for  three 

hours, and the desired clovan-3-one (89) extracted from the cooled 

reaction  mixture with lig h t  petroleum. The crude m aterial (0 .200g.) 

was adsorbed on alumina (Woelm, grade I ,  5g.) from lig h t  petroleum and 

chromatographed; elu tion  with th is  solvent afforded a low y ie ld  (0 .120g.) 

of a mixture of clovan-3-one (89) and the sta rtin g  ketone (8 1 ).

The above f iv e -s ta g e  procedure for methylation of 4-desmethylclovan-

3-one (81) was repeated with two m odifications:

( i )  the ketone (87,R=H) was condensed with N-methylaniline in  solution

in  methanol

( i i )  a lk y la tion  of the ketone (88,R=H) was accomplished by means of

sodamide-methyliodide by heating th is  product under reflux with
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the base ( f iv e  equivalents) in  benzene fo r  three hours before 

addition of the a lk y l h a lid e. This procedure gave a low y ie ld  

(2050 o f clovan-3-one (8 9 ), 1740, 1385, 1365 cm"1 ,

d iffe r in g  in  infra-red absorption from the ketone (8 1 ). Analysis 

by g a s-liq u id  chromatography showed that the la t te r  ketone was 

present to an extent of 5% in  the product.

In the large conversion of the ketone (8 l) to clovan-3-one, the 

former (2 .4 g .)  provided a good y ie ld  (1 .844g.) of the v i t a l  ketone (89) 

by the above procedure. Thus the ketone (88, R=H) was heated under 

reflu x  fo r  four hours under nitrogen with a suspension of sodamide ( f iv e  

equivalents) in  benzene (25 m l.). After addition of methyl iodide 

(5 m l.) to  the cooled mixture a gentle reflux was maintained for  a 

further s ix teen  hours. The excess base was carefu lly  decomposed with 

ic e -c o ld  brine and the mixture extracted thoroughly with l ig h t  petroleum 

to  g ive a dark o i l  (88, R=CH )̂ which was hydrolysed by the two-stage 

procedure previously employed. In the base hydrolysis of the ketone 

(8 7 , R=CH^), however, methanol was omitted and the desired clovan-3- 

one (89) iso la te d  by prolonged steam d is t i l la t io n  v\hich provided three 

fra ctio n s ( i )  0 .994g. ( i i )  0.244g. ( i i i )  0 .604g. id en tica l in  in fra

red spectra , V  = 1740, 1385, 1365 cm"1 . Analysis by gas-liqu id  max.
chromatographyJ however, showed that although fractions ( i i )  and ( i i i )  

were qu ite  homogeneous, fraction  ( i )  contained a small proportion of 

the ketone ( 8 l ) .  This observation was confirmed by thin layer  

chromatography, w hile fractions ( i i )  and ( i i i )  were developed as 

ch a ra cter istic  blue spots, fraction  ( i )  was developed as a blue spot 

with a marked reddish corona. Fraction ( i i i )  on d is t i l la t io n  afforded
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pure clovan-3-one (89) as a co lourless o i l ,  b .p . 8 0 % .0 3  num. (Found:

C, 81.90; H, 10.90. ^2.5̂ 24  ̂ requires C, 81.75; H ,11 .00), which gave 

an orange 2,4-dinitrophenylhydrazone (sm all needles from ethanol-ethyl 

acetate) m.p. 166-168° (Found: C,63.00; H,7.05; N, 14.00. 

requires C, 62.95; H, 7.25; N, 14.15.)

C lovan-3-ol (90, R=H).

Clovan-3-one, 89, (0 .244g.) was heated under reflux  for  three hours 

with a suspension of lith ium  aluminium hydride (0 .122g.) in  ether (10 m l.) . 

The excess reagent was destroyed by careful addition of ic e -co ld  brine, 

follow ed by d ilu te  hydrochloric acid , and the mixture extracted  

thoroughly w ith ether. The resultant alcohol was obtained as a 

viscous o i l  (0 .250g.) which slowly so lid if ied ; rec iy sta lH sa tio n  from 

pentane furnished clovan-3-ol as a c ry sta llin e  epimeric mixture, 

m.p. 70-85° (Found: C, 81.75; H,11.40; ^15^26°  rec3u ires 0 ,8 1 .0 5 ,

H ,11 .80).

C lovan-3-yl eth y l carbonate (91).

Ethyl chloroformate (2 ml.) was added dropwise to a solution  of 

clo v a n -3 -o l, 90, R=H, (0 .995g .)in  pyridine (3 m l.) held at -ID0 and the 

mixture then allowed to stand at 5° for  sixteen hours. The reaction  

mixture was a c id if ied  with a mixture of brine and d ilu te  hydrochloric 

acid  and extracted with l ig h t  petroleum. The combined extracts were 

washed w ith brine, dried over magnesium sulphate, and concentrated in  

vacuo to  give a pale yellow  o i l  which on d is t i l la t io n  provided the 

carbonate (91) &s a colourless mobile o i l  ( l .3 l8 g .)  , b .p . 120 /0.5m .m .,
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a x .= 172,0 ’ 1335 ’ 1365> 7^5 cm"‘1 - (Found: C,72.85; H ,9.85.

Cl8 H30°3 re(lu ires c > 73.45; H, ID .25).

(1 )-Clovene ( l )  #

A so lu tion  of clovan-3-yl ethyl carbonate, 91, (0 .930g.) in  

s il ic o n e  f lu id  (MS 200/1000 C .S ., 1 .5  ml.) was heated for hours in  a 

metal bath held a t 300 -  5° under a mercury sea l. After an in i t i a l  

vigorous reaction , the solution assumed a pale yellow  coloration under 

gen tle  reflu x . The product was iso la ted  by rapid d is t i l la t io n  a t 0.03m,m. 

in to  a trap cooled in  liq u id  nitrogen. D is t illa t io n  afforded clovene 

(0 .4 2 8 g .) as a co lourless o i l ,  b .p . 48-52°/0.1 m.m., V  = 3000, 1480,ffl£L2C«
1335, 1365, 745, 760 cm . \  free  of starting m aterial, but contaminated 

w ith traces of s ilic o n e  f lu id . A sample of clovene (1) of unimpeachable 

p u rity , necessary for  comparison with authentic (- )  -clovene, was 

obtained v ia  the cry sta llin e  epimeric dibromides (92). A solution of 

bromine (0 .3 7 g .)  in  carbon tetrach loride (3 .7  ml.) was added over four 

hours to  a so lu tion  of crude clovene (0.428g.) in the same solvent 

(4 .28  m l.) held at 0° t i l l  a p ersisten t red coloration was evident.

The so lu tion  was stirred  for a further sixteen hours at 5°, and four 

hours a t room temperature before addition of a mixture of brine and 

aqueous sodium bicarbonate solution (1 :1 , 20 m l.) . The resultant 

mixture was esrfcracted thoroughly with lig h t petroleum and the combined 

extracts washed with brine and dried over magnesium sulphate.

Concentration of the solution in vacuo gave the dibromides as a viscous 

red o i l  (0 .775g .) which on tritu ration  with ethanol afforded a vdiite 

c ry s ta llin e  epimeric mixture (0 .45$g.) the dibromides (92) m .p.61-75 .
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The p u rity  o f the product was estab lished  by th in  layer  chromatography, 

in  which the dibromides were developed as a s in g le  ch a ra cter istic  v io le t  

spot.

To obtain pure ( i )  -clovene, the mixture of dibromides (0.4G0g.) 

was heated under reflux: for six teen  hours with a suspension o f s in e  

dust (0 .200g .) in  ethanol (4  m l.) . The solution was d ilu ted  with l ig h t  

petroleum, f i l t e r e d ,  washed with brine, dried over magnesium, sulphate, 

and concentrated in  vacuo to give a pale yellow  o i l  (0 .229g.)>  which on 

d is t i l la t io n  furnished (1) -clovene (1) as a colourless liq u id  (0 .2Q 8g.), 

b .p . 0 0 % .1 5  rn.ni., = 1.4911, %a x ,= 3000, 1305, 1365, 760 , 745 cm"1 

(Found: C, 88.00; H,11.75. C]_5H24 rel u ires c > 88.15; K ,11.85), id en tica l 

in  a l l  respects (in fra -red , N.M.R., mass spectra, and gas-liq u id  

chromatography) to  s im ilarly  regenerated ( - )  -c loven e, n ^  * 1.4920.



4-M ethyl-4-p-tolylpentan-2-cne (30 , R=H,

91

This ketone, prepared in  good y ie ld  by the method o f  Barnes
I ■»

and Buckwalter, was a co lourless liq u id  b .p . 130-132°/l9  m.m.,

=1.5000.

3-p~TolyLzsc»raLeric acid (30, R=H, R̂ =0H).

A so lu tion  of the ketone, 30, R=H, R1^ ^ ,  (25g.) in  dioxan (60 mil.) 

was added dropwise, w ith s t ir r in g , over two hours to  a so lu tion  o f sodium 

hypobromite, prepared by addition of bromine (9 m l.) to  an ice -co ld  

so lu tion  of sodium hydroxide (25g .) in  water (200 m l.) , held a t  0 -5 ° .

When the aqueous so lu tion  had become co lou rless , s t ir r in g  was maintained 

fo r  a further three hours a t room temperature. After removal o f  

bromoform and dioxan by steam d is t i l la t io n ,  the a lkaline so lu tion  was 

washed once with ether, a c id if ied  with d ilu te  sulphuric acid  (6W), and 

extracted with ether. The combined extracts were washed with brine, 

dried over magnesium sulphate and concentrated in  vacuo to  g ive a so lid  

product which on rec r y sta llisa t io n  from lig h t  petroleum afforded the 

desired acid  as white needles, m.p. 76-73°, g 1700, 1510, 320,

730 can”1 (Found: C, 74.45; H, 8 .60 . requires C, 74.95,

H, 3 .4 0 .) .

Attempted n itra tio n  of the acid (30 , R=H, R =0H).

A mixture of fuming n itr ic  acid  (0 .5  m l.) , concentrated n it r ic  

acid  (0 .5  m l.) and concentrated sulphuric acid (1 .3  m l.) was added 

dropwise with s tir r in g  to a solution o f the acid  (1 .9 2 g .)  in  concoatrated 

sulphuric acid (3-3 m l.) held a t 0 -5°. After one hour the dark reaction
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mixture "was poured cautiously  on to  ic e -co ld  brine and extracted 
thoroughly with ether* The resu ltant product, however, consisted  

of a dark v iscou s o i l  which could not be induced to  y ie ld  c ry sta llin e  

m ateria l.

3-Methoxy-4-methylacetophenone.

This ketone was obtained in four step s, as a co lou rless low  

m elting s o lid , according to the method of Lindahl. ^

1 ,l-D icyano-2-( 3-methoxy-4-methylphenyl) propenc (31 , R=OQ.

3-Methoxy-4-methylacetophenone (6 .015g .) was heated under reflu x  

w ith a so lu tion  of m alononitrile (2 .475g .) in benzene (30 m l.) containing  

a c e t ic  acid  (0 .5  m l.) and ammonium acetate ( l g . ) ,  in  a Dean and Starke 

apparatus. When evolution of water had ceased, the so lu tion  was taken 

up in  ether, washed with brine containing aqueous sodium bicarbonate 

so lu tio n , dried over magnesium sulphate, and concentrated in vacuo to  

give  a yellow  so lid  which on recry sta llisa tio n  from lig h t  petroleum 

provided the d in itr i le  (31, R=CN) as fin e  white needles (2 .3 g .) ,

m.p. 97-98°, V* = 2250, 1610, 1570, 1240 cm"?-, \  = 240, 253, 315 mumax, likWv* i
(Found: C, 73.50; H,5.25; N, 13.00. requires C,73-55; H,5.70;

N ,13 .20 .)

l,l-D icyano-2-m ethyl-2-(3-methaxy-4~methylphenyl) propane (32,R=CK) .

An eth erea l so lu tion  of methylmagnesium iod id e, prepared from 

magnesium (0 .3 7 g .) , was added dropwise with s t ir r in g  to a so lu tion  of 

the unsaturated d in itr i le ,  31, R=CN, (1.54g») in  ether (20 m l.) . The 

opaque yellow  mixture in i t ia l ly  formed, ra p id ly  afforded a c lear  orange
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complex in so lu b le  in  the supernatant ether. A fter ten minutes, the 

complex was decomposed by means of aqueous ammonium chloride solution  

and thoroughly extracted with ether. The product consisted of a pale 

yellow  s o lid , which on recry sta llisa t io n  from lig h t  petroleum furnished  

the saturated d in it r i le  (32, R=CN) as white needles ( l .2 5 g .) ,  m.p.73-74° 

vna3Cis  2300, 1030, 870, 820 cmT1 (Found: 0 ,73.75; H,7.40; N,12.30. 

CH H16N2° re3u ires c > 73.65; H, 7.05; N,1 2 .2 5 .) .

3-Metho:xy-4-methylphenyl) iso v a ler ic  acid (30, R=CH 0̂, R^=0H),

The d in i t r i le ,  32, R=CN, (1 .15g .) was heated under reflux  for

three days with q so lu tion  of potassium hydroxide (3g .) in  water (7 m l.) .

A fter a c id if ica t io n  of the cooled so lu tion , ether extraction yielded the

expected acid  (32,R=C00H) as a white so lid  (0 .8 g .) which on

r e c r y s ta llisa t io n  gave small colourless prisms m.p. 142-143°. (Found:

0 ,63 .25; H ,6.75. c14H1g°5  requires 0 ,63.15; H ,6 .80 .).

This acid when heated a t 160°/19 m.m. read ily  afforded the

desired acid  (30 , R=CH 0̂, R^=0H) as a white so lid  (0 .5 g .)  which on

r e c r y s ta llisa t io n  from lig h t  petroleum was obtained as small needles

m.p. 64-65°, V  = 3500-2700, 1250 cm".1 (Found: C, 70.25; H, 7.90. max •

^13^1^3 reclu^res C,70.25; H ,8 .15 .).

E th yl c^-cyano-^-(3-methoxy-4-methylphenyl) acrylate (3 1 ^ = 0 0 0 0 ^ ) .

3-Methoxy-4-methylacetophenone (4 .1 g .)  was condensed with ethyl 

cyanoacetate (2 .8 3 g .) in  the manner previously described fo r  the 

m alononitrile condensation. The desired product (2 .4 g .) which 

c r y s ta llise d  from the reaction mixture, on r ecry sta llisa tio n  from
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l ig h t  petroleum afforded the ester  (31 , R^COOC^) as white needles 

m.p. 97-93°, 1720, 1600, 1610, 1590, 1250 cm"1 . (Found: C,69.25;

H ,6.55; N, 5 .40 . C15H1?N03 requires C,69.50; H,6.60; N ,5 .4 0 .) .

When th is  cyano-ester was treated with Grignard reagent as in  the 

case of the d in itr i le  (31 , R=CN) only startin g  material was recovered 

unchanged, desp ite  the use of freshly-prepared cuprous chloride.

Ethyl ^-form ylisobutyrate (94) and i t s  d iethyl a ceta l.

The a c e ta l was obtained as a co lou rless, sweet-sm elling, liq u id  

b .p . 104-107O/ l 9  m.m., n ^  1.4168, according to Deno.^ Acid 

hydrolysis read ily  afforded the corresponding aldehyde (94) as a 

co lou rless  liq u id , b.p, 62-64°/l9  m.m., n ^  = 1,4110.

y-C arbethoxy- y , y  -dimethylcrotonaldehyde (95)

A so lu tion  of ethyl v inyl ether ( lg .)  in  benzene (5 ml.) was 

added dropwise, with s tir r in g , to a solution of the a ceta l, of 94 

(3 g .) in  benzene (12 ml.) containing boron tr iflu o r id e  etherate 

(0 .1  m l.) held at 30-35°. The solution  was then stirred  at 45° 

t i l l  the pale yellow  colour had given way to an intense purple. The 

reaction  mixture was then taken up in  ether, washed with a mixture 

of brine and aqueous sodium acetate solution , dried over magnesium 

sulphate, and concentrated in vacuo to give a pale yellow  o i l  (3g .) 

id e n t ic a l in  in fra-red  absorption with the starting  m aterial (95 ),

V max = 1720 > 1385' 1363 ’ 1200"1000 cm~1,
A so lu tion  of ethyl v inyl ether (3 .54  ml.) in  benzene (10 ml.)

was added dropwise, with s tirr in g , to a solution of the aldehyde, 94

(8 .6 5 g .) in  benzene (12 ml.) containing boron tr iflu o r id e  etherate
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(0 .1  m l.) held a t 30—35 . The solution  was then heated for one hour 

a t 35 , and a further hour at 45 . Iso lation  of the product as before 

y ie ld ed  a red o i l  ( l l .3 g . )  which was heated under reflux  with a solution  

of a c e t ic  acid  (60 m l.) in  water (40 ml.) containing hydrochloric acid  

(6N, 0 .1  m l.) fo r  three hours. The cooled mixture was d ilu ted  with 

water (!£)0 m l.) and extracted with lig h t  petroleum, the combined 

ex tracts  were washed with aqueous sodium bicarbonate so lu tion , brine, 

dried over magnesium sulphate, and concentrated in  vacuo to give a 

dark orange o i l  ( 8 g .) which on fraction al d is t i l la t io n  furnished a 

large  proportion of starting  aldehyde (9 4 ), and also  the desired  

aldehyde, 95, ( l .5 g . )  as a pale yellow  o i l ,  b.p. 9&-108° / l 9 m.m. 

R e d is t illa t io n  afforded a pale yellow  liq u id , b .p . 108-110°/l9num .,

^  v = 2700, !7 25, 1690, 1630 cm”} ,  \  = 218-220 mu( 13,400).
iTicLX# JllaX. j

Attempted Michael reaction .

A so lu tion  of 2-carbethoxy-6-methylcyclohexanone (O.440g.) and 

the aldehyde, 95, (0 .406g.) in ethanol (2 ml.) was added dropwise with 

s t ir r in g  to  a so lu tion  of sodium (0.002g.) in  the same solvent (5 ml.) 

held a t -1 5 ° . Since the in ten sity  of the u ltra -v io le t  absorption 

underwent no appreciable change a fter  seventeen hours at room temperature, 

the so lu tion  was heated under reflux . The reaction mixture darkened 

rap id ly , however, and the product iso la ted  consisted of a deep red 

viscous o i l  which afforded no homogeneous fractions on d is t i l la t io n .

Attempted carboxylation of carvone (I£>2)#

A mixture of carvone (5g .) and formic acid (2 .3 g .) was added in  

pentane (5 m l.) with s tirr in g  to concentrated sulphuric acid (12 ml.)
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held a t 0 over two hours. The mixture was allowed to  stand at room 

temperature fo r  a further two hours, and then poured on to ice-co ld  

brine and extracted with l ig h t  petroleum. The dark yellow  o i l  thus 

obtained was found to be id en tica l to carvone, and no trace of the 

desired  acid  (100 , R=H ) was observed.

Acyloin condensation of dimethyl clovenate.

A so lu tion  of dimethylclovenate, prepared by the addition of

diazomethane to  clovenic acid , 66, (0 .750g .), in ether (50 m l . ) ,  was

added to  a so lu tion  of sodium (seven equivalents) in r e d is t i l le d ,

anhydrous, liq u id  ammonia, over one hour under nitrogen. After four

hours, the la s t  traces of ammonia were removed in a vigorous current

of nitrogen and excess sodium destroyed by means of a solution of

methanol in  ether (2%, 50 ml.) .  Extraction afforded a neutral pink

o i l  (O.lOOg.), V  = 3400, 1740 cm”1 , and a large fraction soluble in  max.
aqueous sodium carbonate solution . Before a er ia l of the pink keto- 

clovanol could take place, the la tte r  was reduced to a viscous d io l  

§0,Re=CH) which did not y ie ld  any crysta llin e  m aterial.
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