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SUMMARYo

An Examination of the S te ro id s  o f S is a l  Ju ice

An. examinât ion of tho s te ro id a l  oapogenin con ten t of s i s a l  

ju ic e  r e s u lte d  in  th e  is o la t io n  of th reo  knomi sapogenins, 

nep tigogen in , nephocogonin ( s is s la g e n in )  and hecogonin, and a 

conipound of unknown s t ru c tu re ,  compound S a c e ta te ,

Compound S a c e ta te  on Wolff-Kishnor red u c tio n  gave tig o g en in  

a c e ta te ,  in d ic a tin g  th a t  compound S a c e ta te  i s  a  k e to tig o g en in  

a c e ta te . U nsuccessful a t te i ip ts  were made to  determ ine th e  p o s it io n  

of th e  coTbonyl gro\q.

/.-Bromo- and A -Chlorocholest-A>-;en-3-one

ÈXi unambiguous method of p rep a ra tio n  o f 4“bromc>-and A“’Chloro~ 

cholcr>t-4“Sn“3“*on0 has been found. This com prised in  trea tm en t 

of Ap:5-eposq'-coprostaii-3""one w ith hydrobromic o r hy d ro ch lo ric  

acidc The u l t r a - v io l e t  ab so rp tio n  c h a ra c te r i s t ic s  of th e se  

compounds and d e r iv a tiv e s  ware examined.

E:cpsriments lead in g  to  a new s te reo fo n n u la  fo r  oi-amyrin 

are  dosoribedg inc lu d in g  the  conversion o f a sim ple u rsane 

d e r iv a tiv e  to  an olearano d e r iv a tiv e . With th e  n a tu re  o f r in g  E



s t i l l  in  doubt, experim ents w ith  th e  o b je c t o f in troducing  

re a c tiv e  groupings in  r in g  E were c a rr ie d  out in  order to  

o b ta in  some d i r e c t  evidence to  th e  n a tu re  of th i s  r in g .

A thorough exam ination of th e  o x id a tio n  of u r s a -9 ( l l )*  

1 2 -d ien -3p -y l a c e ta te  was made, fo u r  n e u tra l  compounds being 

is o la te d  and id e n t i f ie d .

The f i r s t  recorded p re p a ra tio n  of an. u rsane  d e r iv a tiv e  w ith 

a double bond in  r in g  E i s  described® Four compounds w ith  an 

18-19 double bond were o b ta in ed , th e se  a r e ,  u r s a - 9 (H ) s l2 s l8 -  

tr ie n -3 p -y l  a c e ta te ,  3ps •2 -d ia c e to x y u rs a -9 ( ll) s l2 :1 8 - tr ie n e , 

1 2 -o x o u rsa -9 (ll)s l8 -d ie n -3 p “y l  a c e ta te ,  And 12-oxours-18-en- 

3p -y l a c e ta te .

A d iscu ss io n  of the  m erits  of th e  two p r in c ip a l  stereoform ulae 

fo re l-am y rin  ( i . e .  the  six-membered r in g  E, and the  f iv e -  

membered r in g  £) i s  given©
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I NTRODUCTION

S te ro id a l eapogenins are  v a lu ab le  s ta r t in g  m a te r ia ls  

fo r  the  sy n th esis  of s te ro id  hormones (e*g, p rogesterone , 

endrogterone and c o r tis o n e , 4?5 ,6  )<, Of p ^ t i c u l a r

importance a re  th e  sapogenins which a re  oxygenated a t  Gig, since  

methods ai'o a v a ila b le  fo r  the  in tro d u c tio n  of oxygen fu n c tio n s  

a t  C i i , s ta r t in g  from Gig oxygenated s te ro id s*  S te ro id  

sapogenins may bo is o la te d  from D ig i ta l is  p la n ts ,  Hexica?> 

e a r s a s p a r i l ia  ro o t ,  Mexican p la n ts  of th e  l i l y  species and 

v a rio u s  Agaves or s i s a l  p la n ts ,  o ccu rring  in  Mexico, sou thern  

United S ta te s , and Kenya*

S is a l  waste has been examined by Callow, C ornforth and 

Spensley who showed i t  to  bo a good source of hecogenin ( l ) ;

they  a lso  is o la te d  sm all amounts of anoc^J-^nsaturated k e tone , 

probably 9-^Ghydrohecogenin ( l l )«  R ecently  Callow and James (3) 

is o la te d  a  number of o th e r s te ro id a l  sapogenins from th i s  source* 

This l a t t e r  p u b lic a tio n  (3) appeared some time a f te r  the  

com pletion o f th e  work d escribed  in  th i s  th e s is .

Ai

Ac



Through the  kindness of T, and H. Smithy L td ,, Edinburgh, 

s i s a l  ju ic e  re s id u e s  from which th e  bulk  of hecogenin ( l )  

had boon removed wore made a v a ila b le , and an examination 

th e i r  s te ro id a l  con ten t was p o ss ib le .

S te ro id a l sapogenins ore th e  aglyconea re s u lt in g  on 

h y d ro ly sis  of g ly c o s id ic  saponins, Tîioir chem istry has been 

sunurarised by F io sar and F ie s a r , (7) and Marker from 1939"~1947, 

in  partiG ulez' (4 )* The e a r l i e s t  knoim s te ro id  sapogenins aro 

d ig ito g en in  ( i l l ) ,  (8 « 1 1 ), sarsasapo  g)nin ilV ), (12 -  I4 )p 

and tig o g en in  (V), ( l l ,  1 5 )e

/fo
H

The im portant d iscovery  by Jacobs and F leck , (16, 17 ),



th a t  Diels* hydrocarbon Is  obtained on dehydrogenation o f th e  

SGpogenins suggested th a t  th e  sapogenins possess the  s te ro id  

r in g  système P re c is io n  a n a ly s is  of sev e ra l sapogenins e s ta b lish e d  

th e i r  C-27 ch a rac te r  (18, 1 9 )« The s p iro k e ta l fo rm ulation  was 

proposed by Marker (20), The v ario u s eapogenins are  r e la te d ,  

numerous in te r c enversions and c o r re la tio n s  have been ach ieved , 

p a r t ic u la r ly  by Marker and h is  co-w orkers, The s tru c tu re s  of 

some sapogenins are  shown in  the  formula© ( l )  to  (VIl)o

Mo
MO

OH

The ste reo ch em istry  of the  sp iro k e ta l  s id e  chain  o f th ese  

substances has u n t i l  r e c e n tly  i^enmined obscure. The sapogenin 

sp iro k e ta l  s id e  chain  co n ta in s  th ree  asymmetric cen tre s  as shoims

24,

24

When sapogenins ai'o heated  w ith  a c e tic  anhydride a t  200° in  a 

sea led  tube (21), ru p tu re  o f r in g  F occurs w ith the  form ation



L

of isom eric paeudosapogenins of s tru c tu re  s-

2?

O xidation of a pseudpsarogenin w ith chromic tr io x id o  g ives a 

A*“16“prognen«3“on0 d o r iv a tiv o , and ôf—methyl g lu ta r io  a c id , which 

s t i l l  con ta in s an asyimaetric cen tre  derived  from the o r ig in a l  

eapogonin. I t  has bean found th a t  D- and L-^-’-mothyl g lu ta r io  

ac id s  have been o b ta ined , depending on th e  na tu re  of th e  s ta r t in g  

sapogonin (22), A p.seudoggpogenln on trea tm en t w ith  e th an o lic  

hyd roch lo ric  ac id  a t  r e f lu x  re v e r ts  to  th e  o r ig in a l  sapogenin. 

However, i f  ^oak ac id  co n d itio n ,s(ls i a c e t ic  ac id  : e th an o l) are  

used a t  room tem peratu re , the  pseudosapogenin i s  converted in to  

an isom er, d i f f e r in g  from the o r ig in a l  sapogenin only in  

co n fig u ra tio n  a t  Ĉ o « This isomer i s  known as a 2O -iso0apogonin«. 

Treatm ent of th e  20«'^spsapogenin w ith  a c e t ic  anhydride reg en e ra tes  

th e  p aran t pseudosapogenin. Refluxing th e  20- i s o sapogenin in  

e th an o lic  hyd roch lo ric  ac id  r e s u l t s  in  rap id  form ation  of th e  

sapogenin (23).

C a ta ly tic  hydrogenation of sarsasapogenin  (IV ), and of 

sm ilugenin (Cqo isom ers) r e s u l t s  in  the  form ation  of th e  

corresponding dihydrosapogonin, (V II l) , which ware shown by Scheer 

o t sJ.. (22) t o  d i f f e r  only a t  This fo llow s from th e  conversion

of oach in to  the  same l 6 :22-epoxycoprostan-3^ “’o l ,  and in to  D« and 

«methyl g lu ta r io  a c id , re sp ec tiv e ly o  S im ilar hydrogenation of 20=
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isos'arsacspûgenizi and of 20™J;posniilagonin g ives dlhydro«20«

ipcpjarsasapogeniù (IX) and dihyclro-20«inqsinilagonin which again

d if fe r  only in  configuration a t .
CMâ f  M Ch od/

— iCHY 2,- ■ ' c w V .■ — y

f'KY° - °
j j ^  j  y ?

N

—————

Hydrogonation of paeiidogaraasapogonin and pseudosrâllaganin , as 

the  3 :26"d i& cetate3 , follow ed by a lk a lin e  h y d ro ly s is , y ie ld  the  

corresponding dihydropseudcsapogenins (IX ). These are id e n tic a l  

w ith  th e  dihydrc-v'SO-ijgpsapogenins (IX) obtained  as described  

abo^re. The conversion of 20«-isosapogenins to  pseudoGcpogenins 

and d iliydrc-20'^d.8c sapogsnins i s  analagous to  th e  re a c tio n s  of 

n o rual sapogenins. From th i s  d a ta  i t  was concluded th a t  the 

20-isosapQ genins Kust have th e  sp iro k e ta l  s ide  chain s im ila r  to  

th a t  of th e i r  n a tu ra l.ly  occurlng analogues (23)o O xidation of 

20-i^ogapogenins g ivo A*-l6-pregnen"3s20-’d ione , and c i th e r  D- or 

L-Ot'-^sthyl g lu ta r i  c ac id .

Configurations a t ™  Steroid al sapogenins (natural) 

and th e ir  20-i3q  cnaloguee must have one of the configurations A 

and B. Examinâticn  of models in d icates that the le s s  stab le  

20«*ispeapogenin sl.ould be formulated as B. Accordingly, naturally  

occurring eapogenir.s have the configiiration shown in  A.
/Cl

,4 s .fo 3 .V ..s , 'h " ------K |



ï i l i s  i s  tlî3 SQiQO abso liita  con jilguratipn  aa th e  side  chain  of 

c h o le s te ro l ;  which has been e s ta b lish e d  as  (o() by Jeg er (24) 

and C ornforth  (25)o

Ring F in  s te ro id a l  

sapogenins can th e o re t ic a l ly  have two co n fig u ra tio n s  a t  Cgg , 

and Ĉ 5 o The 'vaD.-ious p o s s ib i l i t i e s  of r in g s  E and F may be 

c o n s titu te d  w ith  r i  ng F in  a v a r ie ty  o f p lan a r ch a ir  fo rm ss- ■

Q. a

l a.  S a r s a S o . t  & CM&. 2>a. S a r  a  » ; 6 = 4 .

1 ^ .  5 w i ( a g e r ; i  n ,  a  r  - a  : îi . à b .  JûgCiriir»^ a  r. U j  6 =  CHj.

7.i< . Sar's,a 5> f  0 9 C • 6 -  M . 

2b. SM, lAg rniV»  ̂ x >5
CK

. SâKîSa Sa j»og 2*̂*»»̂  ̂ d « H - gc

a

CH3

Fi’om a study  of m olecular modols and conforznatiom l evidence (23, 

26, 27, 2 8 ), 4 a , i s  the  p re fe rre d  fo rm u la tion  fo r  sa rsasapogen in
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(IV ), and acco rd ing ly  em ilagenin i s  form ulated as 2b* Tho same 

conclusions have boan reached by Shoppoo (29) who a lso  s t a te s

th a t  abso lu te  c o n fig u ra tio n  a t  Cgg -is s t i l l  undeterminedf.

The p re f ix  goo- in  th e  fo llow ing  te x t  does no t r e f e r  to  

th e  20*4 3 08apogonins.^ bu t to  the  Ggs isomer of a normal sapogenin . 

Gag. g ^h eco g en in  (now given th e  t r i v i a l  namo of a isa la g e n in  (3) ) 

which i s  converted in to  hecogenin by m ineral ac id  and neotig o g e n in  

which i s  converted in to  tig o g en in  by m inera l acid*



g

THEORETICAL

Til© sôurco o f tho  s i s a l  ju ic e  v/as th e  c u ltiv a te d  e i s a l  

p la n t  A^ave elf^alana P e rrln e  grovra in  Kenya* A fte r th e  f ib r e  

i s  removed from th e  s i s a l  p la n t ,  th e  re s id u e  i s  compressed - 

and th e  ju ic e  c o lle c te d . This Ju ice  con ta in s the  eapogenins 

as t h e i r  g ly co sid es , and i s  a commercial source of hecogenin, 

( l ) ,  (2 ) , (5o(522{ s25D )-sp irogtai'i-12-on0«3p“o l5 nom enclature by 

N.R.C. sub-committee on s te ro id  nomenclature -  G, iie u llo r  and 

Bo Rie&el). Tho g lycosides are  hydrolysed by m ineral a c id , and 

th e  crude sapogenins ex tra c te d  w ith isopro p y l o th e r , Tho o th er 

•is concontrated and tho crude eapogenins removed by f i l t r a t i o n .  

A cé ty la tio n  of tho crude sapogenins i s  c a rr ie d  out by re f lu x in g  

w ith  G cotic anhydride. The re a c tio n  s o lu tio n  i s  then  d i lu te d  

w ith  methanol* From th i s  so lu tio n  crude hecogenin a c e ta te  ( l )  

se p a ra te s , Tho mother liq u o r  from th i s  crude hecogenin a c e ta te  

( l )  was the  s ta r t in g  m a te r ia l fo r  th e  p re se n t in v e s tig a tio n .

The mother l iq u o r  (75 1. ) was evaporated to  d ry n ess , and 

a p o r tio n  of tho  s o lid  re s id u e  chromatographed on alum ina,

Threo known compounds wore is o la te d  and id e n t i f ie d .  The most 

e a s i ly  e lu ted  compound was nootigogenin  a c e ta te  (X), p rev io u sly  

described  by Goodson and R o lle r (30 ), H ydrolysis of th e  a c e ta te  

gave &0otlgogen in  (X), th e  p h y s ica l co n s tan ts  o f which were 

in  good agreement w ith  those p rev io u sly  re p o rte d . F u rth e r



e lu tio n  of tho aluraina column gave a c ry s ta l l in a  m ix tu re , repea ted  

r e c r y s ta l l i s a t io n  of which gave a le s s  so lu b le  component 

id e n t i f ie d  as hecogonin a c e ta te  ( l)" b y  d i r e c t  comparison w ith 

an au th en tic  sample. The more so lub le  component from tho 

f r a c t io n a l  c r y s ta l l i s a t io n  i s  considered to  bo neqhocogonin 

a c e ta te  (X l), f i r s t  described  by I& rker, and isom erieed by him 

to  hecogenin a c e ta te  ( l )  (4)0 H ydrolysis of the a c e ta te  gave 

npohocogenin (X l), the  constan ts  of which wore in  good agreement ' 

w ith  those rep o rted  in  th e  l i t e r a tu r e  (4)0 As s ta te d  e e x lie r  

ncqhccogenin ha.s boon renamed s is a la g e n in  to  avoid confusion 

w ith  th e  20-i3^qsapogeninB= Callow and James (3) o lso  obtained 

th ese  tlii'ee compounds in  an oxam ination of s i s a l  ju ic e .  Their 

co n s tan ts  and those found in  t h i s  work are  ta b u la ted  s-

Compound Ggllow and James As Found

nepTigogonin ace ta to
m.po

175-181* "79
m.p,

175-178*
Ma
-86*

i^eqTigogenin 197-2030 "75 198-202* -739

Hecogenin ace ta to 237-2430 4 244- 245° -2 .5

ne^cHs^ogenin (S iealagen in ) 228- 232* -12* 220-222* - 14^

ac e ta to

npoHeccgenin (S isa lag en in ) 244.-246* - 45* 238- 240* -  4^

d cr Ac.



I'A

The laoBt s tro n g ly  adsorbed f r a c t io n  from the  coluran was 

ro -a c e ty la ta d , as a p recau tio n  a g a in s t hy-drolysis having talcan 

p lace on th e  alumina column. In  th e  p rocess of working up th e  

a c é ty la t io n  m ixture tlu-ough e th e r , an in so lu b le  f r a c t io n ,  was 

ob ta ined . A fte r chromstography of th i s  in so lu b le  f r a c t io n ,  and 

ex ten siv e  c ry s ta l] . is a t io n  of th e  e lu ted  s o l id ,  a pure compound 

was ob ta ined , This compound w il l  be r e fe r re d  to  as compound 

S a c e ta te . Ginide compcund S a c e ta te  i.Oo as obtained from the  

column, and befo re  a number of c r y s ta l l i s a t io n s  showed l i g h t  

ab so rp tio n  (238 6= 1 ,200), in d ic a tiv e  of th e  presence of

approxim atoly 10/t of on ctJ—u n sa tu ra ted  k e to n e , such as 

9-dchydrohecogenin ( l l ) .  Small amounts of tho  dshydro compound 

do not appeoj* to  depress the  m olting p o in t of th e  p a ren t 

s a tu ra te d  ccmpounôj a sim il a r  behaviour i s  shovm. by 4 -dehydro- 

hecogenin ( l ï )  which does n e t depress the  m elting  p o in t of 

hacogenin, ( l ) ,  (31).

A method for the separation of saturated ketones from 

o'lS-Hinsaturatod ketones, by app lication  of Girard ? reagent, has 

been developed by N eu ller, (32), Tho separation depends upon 

the rap id ity  with which saturated ketones form tho Girard addend 

in  comparison with the time taken by the o^p-unsaturated ketones. 

Whon crude compound 3 acetato was treated  by th is  method, pure 

compound S acetato was obtained, and a small quantity of an 

uniclcntifiodo^jS “unsaturated ketone (238 11,200) was a lso

iso la te d .
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A nalysis of compound S ace ta to  agrees w ith  tho m olocular 

forniula 0,9% *%  » H ydrolysis o f th a  a c o ta ta  y ie ld ed  the  

corresponding compound S a lcoho l Assuming th a t  compound

3 a lco h o l i s  a s te ro id  sapogenin, two of tho fo u r oxygen atoms 

w il l  bo p re se n t in  the sp iro k o ta l s ide  cha in , and one as a hydroxyl 

fu n c tio n . The natu re  of the  fo u rth  oxygen atom was e s ta b lish e d  

by the  ready  form ation of a c ry s ta l l in e  2!4-d in itrophenylhydrazono 

from compound S a c e ta te . Compound S a c e ta te  g ives no co lour 

w ith  te tran itro m e th an e  in  chloroform , and does no t show h igh  

in to r ie ity  u l t r a -v id fd ',  l i g h t  absorption*

VJol?f«Kislmer red u c tio n  of compound S a c e ta te ,  fo llow ed , 

by a c é ty la t io n , gave tig o g en in  a c e ta te  (V), c h a ra c te rise d  bo th  

by i t s  a c e ta te  and a lc o h o l, the  co n s tan ts  of which were in  good 

agreement w ith  those published  ( l l ,  15). The id e n t i f ic a t io n  was 

confirmed by comparison w ith  an a u th e n tic  sample of tig o g e n in  

a c o ta te  (V) ,  obtained  by isom orising  i ^ t ig o g e n in  a c e ta te  (X) by 

th e  standard  procedure u s in g  o th an o lic  hydroch lo ric  a c id , (4 )*

The red u c tio n  of compound 3 a c e ta te  to  tig o g en in  a c e ta te  (V) 

shows th a t  compound S a c e ta te  i s  a k o to -tig o g en in  a c e ta te .

The u l t r a - v i o l e t  sp e c tra  of the 2 :4"d in itrcphenylhydrazone o f 

compound 3 a c e ta te  (370 & = 26,000) shows th a t  th e  carbonyl

i s  a ke tone , r a th e r  than  an aldehyde group. Aldehyde 2:4*^ii^i‘̂ 270- 

phenylhydrazones absorb from 358 -  361 , w hile ketone 254~dinitro-

phenylhydraaones absorb from 365 -  368 (33) •
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Attem pts were made to  determ ine th e -p o s i t io n  o f the  

carbonyl group. Compound S a lco h o l was ox id ised  to  a d iketone 

, which does not give a co lour w ith  f e r r i c  ch lo rid e  

so lu tio n I consequently , th e  ketone group in  compound S a c e ta te  

cannot be a t  C^, C ^ , or a t  The ease of form ation  of th e  

2 î4 -d in itrophenylhydrazone excludes the  Gn p o s it io n , and ' 

fu rtherm ore , th e  c ry s ta l l in e  form and o th e r p h y sica l p ro p e r tie s  

show th a t  compound S a c e ta te  d iffe rs fro m  ll-k e to tig o g e n in  

ac e ta to  (X Il) , (su p p lied  by Glaxo, L td . , ) ,  12-KetotigO;genin 

i s  hecogenin ( l ) ,  end compound S a c e ta te  g ives a la rg e  d ep ress io n  in  

m elting  p o in t when mixed w ith hecogenin a c e ta te  ( l ) .

7-K etotigogonin  a c e ta te  (X IIl)  was prepared by c a ta ly t ic  

hydrogenation of 7-ketodio8g8nin  a c e ta te ,  (supp lied  by 

Dr, G.T. Newbold, R .T .G ,), (XIV), The more s ta b le  c o n fig u ra tio n  

of the  hydrogen a t  C3 , i . e .  (oc) forms during  the  hydrogenation 

of 7 -ketod iosgen in  a c e ta te  (XIV) (4 , 7b ) , The co n s tan ts  of 

7 -k o to tig o g en in  a c e ta to  (X III) were again  found to  be d i f f e r e n t  

from those o f compound S a c e ta te ,

6-KetotigogQ nin a c e ta te  (XV) could not be r e a d i ly  o b ta in ed , 

bu t 6-koto tigogenone (XVl) (chlorogenono) was p repared . Mild 

o x id a tio n  of d iosgon in  (V Il) w ith  chromic ac id  a t  room tem perature 

gave 3 î6 “dik0todiosg8n-4"0no (X 7II), which on red u c tio n  by z inc  

in  a c e t ic  ac id  gavo 6-ketotigogonono (XVl), th e  hydrogen aga in  

assuming th e  mure s ta b le  oC-conf ig u ra tio n  a t  C5 . The d iketone 

obtained by o x id is in g  compound S a lco h o l d if fe re d  in  p ro p e r tie s
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from 6-ketotigogenono (XVl).

The con stan ts  of compound S a lco h o l and i t s  d e r iv a tiv e s  and 

o th er ke to tig o g en in  a c e ta te s  are  ta b u la te d

m.p.

Compound S a lcoho l 24O-242* =6.0*

Compound S ac e ta to  238-241®. +1,0

Compound o 3-hotono 236* +22*0

D epression 

in  m.p.

12-K etotigogenin ac e ta to  24-4-245® -2.5® 40®

ll-K e to tig o g en in  a c e ta te  222-224® -40®

7-K etotigogenin  a c e ta te  (4 ) 206* -107* 20*

6-Kototigogonono (34) 233-235® , -75.4® 7*

The in f ra - re d  ab so rp tio n  sp e c tra  of compound S a lco h o l shows a 

strnng  carbonyl band a t  1706 cm.*"^, from which i t  i s  concluded th a t  

tho carbonyl group i s  no t a t  0^6»

P o sitio n s  1 , 2 , 4; 6 , 7 , 11, 12 and 15 have been e lim in a ted  

as the  p o ss ib le  lo c a tio n  o f the  carbonyl group, bu t a  re-exam ination  

of p o s itio n s  6 and 7 would be d e s ira b le  as in v e rs io n  a t  C5 may have 

occui’rod during th e  V/olff-Kishner red u c tio n  of compound S a c e ta te . 

P o s itio n s  23 and 24 have no t been examined bu t the  in f ra - r e d  

spectrum of the  pseudosapogenin, prepared by a c e to ly s is  of compound 

3 a c e ta te , would in d ic a te  the  presence of a carbonyl in  such 

p o s it io n s .
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EXPERIMENTAI

MopSo are  uncorrocted» S p ec ific  ro ta t io n s  were measured in  

cliloroform  so lu tio n  a t  room tem peratui‘6 w ith a 1 dm, tube* 

U ltr a -v io le t  ab so rp tio n  sp e c tra  wore measured in  e th an o l so lu t io n  

u n le ss  otherwisG s ta te d ,  w ith an Unicam S«P. 500, and a H ilg e r 

H 700,307 spectrophotom eter. GradeII alumina and a l ig h t  

petroleum  f r a c t io n ,  (b<,po 60«80°) were used fo r  clrronatographyo

I s o la t io n  of neoTigpgpnin A ce ta te , Hecogenin A ce ta te , necfiecogonin

A cetato  and Compound S Acet t e ,

Tho mother l iq u o r  (75 1») from crude hecogonin a c e ta te  

was evaporated to  d ry n ess , undor reduced p re ssu re . The d ry  

s o lid  (3 kg®) was c o lle c te d , and a p o r tio n  (100 g ,)  a c e ty la te d  

u s in g  pyi’id in e  (lOO c, o*) and a c e tic  anhydride (100 c ,c .  ) a t  

room tem perature f o r  15 hours. The m ixture was poured in to  

wator ( l  l a ) ,  and th e  s o lid  ex tra c to d  w ith  e th o r (3 x 500 o*o*)

Tho o th e r e x tra c t  was washed w ith water, hydi'ochloric ac id  and 

s a tu ra te d  sodium b ica rb o n a te  so lu tion* Tho e x tra c t  was d r ie d  

(NogSO^), and evaporated  y ie ld in g  a dark-brown s o lid .  The 

s o lid  was d isso lv ed  in  a m ixture of l i g h t  petroleum  (bop. 60-80^) 

and benzcno (3 :1 , 1500 c .c * ) ,  and chromatographed on alum ina 

(2.5 k g .) .  E lu tio n  w ith  bsnseno ( l  1 .)  gave f ra c t io n  a) (2 .5  g . ,
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m.po 165- 170^)0 Benzôno (17 l o )  and bensone/S^ o th e r m ixture 

(11 l o )  gave f r a c t io n  b) (X5 go, m.p. 190-220®), Benzena/50& 

o th e r m ixture (5 1 . ) gave u n c ry st a l i i  sab le  gums (5 g«). E ther 

(5 l o )  and ether/lOJo methanol (7 1 ,)  gave a so lid  re s id u e  ( 4 , 6  g . )

F rac tio n  a) c r y s ta l l i s e d  from chloroform -m othanol as 

la rg o  p la to s  ( l  g , ) ,  and fu r th e r  c r y s ta l l i s a t i o n  from acetone 

gave nep tigogenin  a c a ta to  (0.6  g . ) ,  m.p. 175-178®,

(C, 2 , 03)0 Ana3.ysiSo Found; C, 75o7; H, 1U*3« C alc, fo r  

0 ^ 9 Ot ; C, 75 ,9 : H, 10,1%, I t  g ives no colour w ith

to tran itro m ath an e  in  chloroform , and does n o t show h igh  in te n s i ty  

u l t r a - v i o l e t  l i g h t  ab so rp tio n .

Fraction b) on c r y s ta ll is a t io n  from chloroform-nethanol 

gavo a f i r s t  crop, which on repeated c r y s ta ll is a t io n  from 

chloroform-methanol gave hecogenin acetate as long needles m,po 

and mixed m,p. 24.4- 45®, M i “2,45®, (C, 3 .9 ) .  A nalysis. Founds 

C, 73.5; il, 9 . 4 . Calc, for GgglLtOg : G, 73.7; H, 9,4%.

I t  shows no high in te n s i ty  u l t r a - v i o l e t  l ig h t  ab so rp tio n . The 

combined mother l iq u o r s  on co n cen tra tio n  gave a c ry s ta l l in o  

s o lid  repea ted  r e c r y s ta l l i s a t i o n  o f which from cliloroform*- 

methanol y ie ld ed  nsohacogcnin a c e ta te  as p la te s ,  m.p. 220-222®,

(ov']̂ - 14®, (C, l ü l ) .  A iiily s is . Found: C, 73.45 H, 9 .6 .

Calc, fo r  C, 73 .7 ; H, 9.4%. I t  does no t show

s e le c tiv e  ab so rp tio n  of h igh  in te n s i ty  in  th e  u l t r a - v i o l e t .

The res id u e  from th e  column (46 g. ) was re a c e ty la te d  u sin g  

p y rid in e  and a c e t ic  enhydrido a t  100® fo r  2 hours. In  tho  process
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of working up through e th e r  an in so lu b le  p o r tio n  was ob tained

(6*5 gv)* ï l i is  p o r tio n  was d isso lvod  in  a  m ixture of l i g h t

petroleum  (b.p« 60-80®) and bonsene (1 :1 , 200 CoC*), and

cliromatographod on alum ina (190 g*); l i g h t  petroleuiii/75% benzene,

benzene and benzono/50^ e th o r a l l  e lu ted  f ra c t io n s  m.p. 230-240°,
» o

l i g h t  ab so rp tio n  A max* 2380 A, t -1 ,2 0 0 , (5 g«)« A fte r seven 

r e c r y s ta l l i s a t io n s  from chloroform -m othanol compound 3 A cetate 

was obtained a s .la rg o  l e e f lo t s  m.p. 238-241®, no h igh  in te n s i ty  

l i g h t  ab so rp tio n . Tho m.p. of a  m ixture w ith  hecogonin a c e ta te  

(m.p. 244“%5®) was 205-211®; -^1®,(C 1 .7 ) ,  i t  g ives no colour

w ith  to tran itro m eth an e  in  chloroform . A nalysis. Found:

0, 73 .6 ; H, 9*7. (l,g%va,Oa re q u ire s :  G, 73 .7 ; H, 9.4%

A" so lu tio n  o f nootigogenin  a c e ta te  (135 mg.) 

in  e th au o lic  potassium  hydroxide so lu tio n  (3%, 7 c.c®) was 

ro fluxod  fo r  2 hours* The re a c tio n  m ixture was poured in to  wator 

and e x tra c te d  w ith ether® Tiio e th o r was washed w ith  w ater, d r ied  

(Na^SCk), and evaporated  to  y ie ld  a s o lid  (100 mg*), which on 

c r y s ta l l i s a t i o n  from methanol gave &&gtigcgenin as n eed les m̂ p® 

198-202®, [y -73®, (C, 1 .1 ) .  Analysis* Found? 0, 7 7 .8 ; H, 10.8, 

CalOo fo r  % c", 7 7 .8 ; H, 10.75%

nqqHecogonin a c e ta te  (l45mg«) was hydrolysed 

as d escribed  above. acoHecogenizi sep ara ted  from aqueous acatono 

as f in e  ncedlos (70 m g.), m.p* 238-240®, (G, 1 .1*)
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Am lysiSo Founds 75 .6 ; 10«0. Calc* fo r  Q27ÎU3 Q3.S

C, 75*3; H, 9.8^*

Compound S a lc o h o ls -  A lkaline h y d ro ly s is  of compound S 

a c e ta te  (30 mg*) y ie ld ed  compound S a lco h o l as square prism s 

from methanol (17 m g,), m*p* 240- 242° , - 6®, (C, loO ).

Analysis* Founds G, 75*2; H, 9*4, Gg7%gQg. req u ires?

0 ,7 5 .3 ;  H, 9*8^.

Ketone from Compound S A lcohol?- Compound S a lco h o l (200 mg*) 

in  g la c ia l  a c e t ic  ac id  s o lu tio n  (50 c.Co) was t r e a te d  w ith  a 

so lu tio n  of chromium tr io x id o  (45 mg.) in  a c e t ic  ac id  (95^ , 100 c .c . )  

a t  room tem perature f o r  16 hours. The product is o la te d  through 

e th e r ,  c r y s ta l l i s e d  from acetone to  give th e  ketone as long f in e  

need les (75 m g.), m.p. 236°, C^lj,+22°, (C, l .O ) .  A nalysis. Founds 

C, 75 .1 ; H, 9 . 5 . Cr)7% o%  req u ires?  C, 75 .6 ; H, 9.4%*

2 ?4”D initrophenylhydrazone of Compound S A c e ta te s- A so lu tio n  

of compound S a c e ta te  (100 mg.) in  e th an o l (40 CoC.) was tr e a te d  

w ith  Brady’ s reag en t ( a c id if ie d  e th a n o lic  so lu tio n  o f 2 ?4~dinitro™  

phonylhydrazine). llie hydrazone was c o l le c te d , d r ie d , d isso lv ed  

in  benzene and f i l t e r e d  through an alum ina column. The f i l t r a t e  

was evaporated  and th e  product c r y s ta l l i s e d  from chloroform ^ 

e th an o l as p la te s ,  m.p@ 250® ( d . ) ,  l i g h t  ab so rp tio n  A maxo 3700 A»
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<:= 26,000. A nalysis* Found? C, 63*3; H, 7*4.

C35% 8% %  raquiroQS G, 64*4 ; H, 7 .4^

_Wol.ff-Kishnor  Reduction of Coimound S A ce ta to s- 

Compound S a c s ta ta  (700 m g.) was heated  w ith  sodium methoxide 

(1 go of sodium in  10 c*c* methanol) and hydrazine hydrate  

(100%, 5 c.Ca) fo r  17 hours a t  200°* The re a c tio n  m ixture was 

poured in to  w ater and e x tra c te d  w ith  ethero The e th e r  was 

washed w ith  hy d ro ch lo ric  ac id  and w ate r, d ried  (Ke-^SO^) and 

evaporated to  dryness. The re s id u e  was d isso lv ed  in  p y rid in e  

(2 c . c . )  and a c e tic  anhydride (2 c . C o )  and heated  f o r  2 hours 

a t  100°. The p roduct (48O mg*) is o la to d  through e th e r  c iy s ta l l i s o  

from methanol to  g ive tig o g en in  a c e ta te ,  as long need les mop, 

203- 205®, "68 , 5®, (C, lo 2 ) ,  no h igh  in te n s i ty  l ig h t

ab so rp tio n . A nalysis , Found; G, 75 .8 ; H, 10*3» Calc» 

fo r  Gggh&gCh: G, 75 ,9 ; H, 1 0 ,Ig

TigPj-;onin; -  Tigogenin a c e ta te  (100 mgo) was hydrolysed 

by e th an o lic  potassium  hydroxide in  tho u su a l way* Tigogenin 

c r y s ta l l i s e d  as p la te s  from m ethanol, m«p. 203*̂205®, -75®

(C, lo2)o A nalysis, Founds C, ?4o9; H, 10 .6 . C alc, 

fo r  C37%,^03*GH30H G, 74*9; H, 10*8^,

Isornerlsa t io n  of n3oTicofænin A c e ta to ;-  w ith  H.8 . Watson

BoSco

A so lu tio n  of neo tigogen in  a c e ta te  (1 g . } in  e th an o l (100 c , C o )
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ana concentrated  hydi'oclilori c ac id  (20 c*Co) was rcf.lUKed 

fez 20 hours, l/a tor uc,s added to  the  r e a c t io n  m ix ti.re , and the 

so lid  co lleo to d , d r ie d , and heated w ith  a c e tic  anhydride (15 c .c . )  

fo r  30 minutes* ’ The p roduct separated  on cooling  and was c ry s ta l l i s e d  

from acetone to  y ie ld  tig o g en in  a c e ta te  as long needles (800 m g o ) ,  

ri.po 203- 205®5 (C, 1 , 2)0 A nixriure w ith  tig o g en in  a c e ta te

prepared as described  above from compound S a c e ta te ,  was undepressed 

in  lii.po

G irard Sépar a t io n  of Crude Cor/oo^uid 3 A ce ta te s-  

Crude compound S a c e ta te  (m.p, 230-240®,2%%=1;200) (500 mg.) 

was ro fluxed  fo r 30 m inutes w ith  Giræ.'d reagen t (i/yridiniu-îi 

;-ac3to-hydraaido chloricTo) (1*2 g. ) 131 othcuiol (20 CoCo) and g la c ia l  

a c e tic  ac id  (2 CoCo). The cooled re a c tio n  m ixture was poured In to  

ico -co ld  sa tu ra te d  sodium corborato  so lu tio ji (500 CoCo), and the  

w hite p re c ip i ta te  c f  u n sa tu ra to d  ketone e x tra c te d  w ith e th o r , Tho 

o th e r was washed w ith  sodium carbonate s o lu t io n , the  washings 

being re ta in e d . Tho e th e r  was washed w ith w ate r, d r ie d  (NooSOi.) 

and evaporated to  y ie ld  a yellow  s o lid  (10 mgo), which a f t e r  two 

c r y s ta l l i s a t io n  from methanol had m.po 228-235®, u l t r a - v io l e t  

l ig h t  ab so rp tio n , }^moXo 23BCA, 1 =  11.200. Tho a lk a lin o  so lu tio n  

of the  Girai'd addend uae a c id if ie d  w ith  g la c ia l  a c o tic  ac id  

(75 c ,C o), and then  ex tra c to d  w ith etherc The e th e r  was washed freo  

of a c id , d ried  (Nâ SQ?.. ) ,  and evaporated to  y ie ld  a w hite s o l id ,

(400 mgc-)e This, s o lid  crysta3J-ised  from methanol as la rg o  l e a f l e t s
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of compound S a c o ta ta , m.p* 238-241®, ty]^+0,8*, (G, 1*2), 

mixed a .p ,  w ith  hacoganin a c e ta te  (2/j4.-245®) was 20$ -214°* 

Analyeis* Founds G, 73*9; H, 9 .7 , Required fo r  C^9%&05 :

C, 73 .7 ; H, 9*4% »

7-X.9tot Iggg^enin A cetate : -  A so lu tio n  o f 7«*ketodioagQnin a c e ta te

(1 go) in  e th a r  (150 CoCo) was shaken w ith p a llad ium -stron tium  

cerboi'ato  c a ta ly s t  (2 go ) and hydrogon a t  3 atm ospheres p ressu re  

fo r  2 hours. The c a ta ly s t  was removed and th e  so lv en t evaporated 

to  dryness y ie ld in g  a re s id u e , which c r y s ta l l i s e d  from ace to n e , 

to  give 7 -k e to tig o g en in  a c e ta te  as long f l a t  need les m.p* 206®, 

mixed m.po w ith compound 3 a c e ta te  (238-241®) was 185-206°, 

yl^-107® , (C, 1*7), Karkor g ives m.p* 216-218®, (4 ) .

6-K etot 1 gogenone, (Chlorogancno) D iosgenin (2 g, ) in

g la c ia l  a c o tic  ac id  so lu t io n  (200c*c*) was tr e a te d  w ith  a 

so lu tio n  o f chromic tr io x id e  (2 go) in  a c e t ic  ac id  (95%, 40 CoC,) 

a t  room tem perature fo r  1 hour* Methanol was added and the  

r e a c tio n  m ixture poured in to  w ater and e th e r  ex tracted*  The 

o th e r was washed, d r ie d  (l'ÏSySQg. ) ,  and evaporated to  y ie ld  

3?6-d lkatodio3gen-4 '’<3n3 as a palo  yollow  so lidg  The crude 

eno-dicne was d isso lv ed  in  g la c it l .  a c e t ic  ac id  ( I60 CoCo), 

and zinc dust (4 g. ) aided* Tho m ixture was re f lu x ed  f o r

4 hours, and then  f i l te r e d *  The f i l t r a t e  was d i lu te d  w ith

w a te r1 and e th e r  ex tracted*  The e th e r  was washed w ith  w ate r,



d rio d  (NagSCk), and evaporated to  give a w hite so lid  (800 mg»), 

which on c r y s ta l l i s a t i o n  from acetone gave ô-keto tigogenone as 

p la te s ,  m.pa 233-235®, &̂ 3;o“75o4®, (S , 1 .8 ) ,  a m ixture w ith  th e  

ketone from compound S a lco h o l had m»po 229-233®.

L ite ra tu re  co n s ta n ts , m.p* so ften s  236®, 247-248®,|/']^-69o6®, 

and -81.4® in  dioxon, (35).
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INTRODUCTION,

Tho c h a ra c te r is t ic  u l t r a - v io l e t  ab so rp tio n  sp e c tra  of 

s te ro id o  con ta in ing  im saburated  groups e re  of considerab le  value  

as' a guide to  s tiu c tu re »

Tho e x tin c t io n  cu rve , r e la t in g  wavelength of 3.ight ( A ) and 

th e  in te n s i ty  of ab so rp tio n  a t  th e se  w avelengths as expressed  by 

tho m olecular oxta.nction c o e f f ic ie n t  ( ^  ) ,  c o n s is ts  of groups of 

narrow absorp tion  bands each re p re se n tin g  a t r a n s i t io n  from a 

ptirlvicu'iar com bination of v ib ra tio jia l  and ro ta tio z ie l le v e ls  in  th e  

e le c tro n ic  ground s ta te  to  the  corresponding com bination in  on 

ex c ited  e le c tro n  s ta te»

A bsorption of u l t r a - v i o l e t  l i g h t  by organic compounds, such 

as c/6 -u n sa tu ra ted  k e to n es , involve th e  valency  e lec tro n s*  In  

f/A -u n sa tu ra ted  ketones th e  e lo c tro n s  involved a re ,  tho  ^  - e le c tro n s  

forming the  double bonds, end th e  ^ - e le c tro n s  which a re  th e  

unsharod e le c tro n  p a i r  on th e  oxygon atom* The sp e c tre  due to  

indiv iduel, groups sjpe m odified by in te ra c t io n  w ith th e  o th er 

groups present*  E le c tro n ic  in te r a c t io n  occurs in  V ^-u n sa tu ra ted  

ketones, and i s  p a r t ic u la i 'ly  s tro n g  as th e  grouping co n ta in s  

h ig h ly  p o la r is a b lo  TT -and |> -e lo c tro n s« The c la s s ic a l  term  fo r  tho 

e lo c trc n ic  in te r a c t io n ,  where th e re  i s  an arrangem ent of m u ltip le  

bonds in  ad jacen t p o s it io n s  i ,e *  sep ara ted  by one s in g le  bond i s  

conjugation* With a  few excep tions each type of con jugation
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ï*0s u i t s  in  a c lo sin g  up of ground and o x cited  le v a is  i . o .  decrease 

in  t r a n s i t io n  energy and consequent band displacem ent to  longer 

w avelengths, (bathochroai c s h i f t )•

In  modern usage chromcphora d e s ig n a te s  -e le c tro n  groups, 

and auxochroma, ^ - e le c t ro n  groups» Two chromophorea in  

con jugation  produce in ta n se  bands from 230 apupwards, c>/p-unsaturated 

ketones produce in te n se  bands from 23( # i  to  260mu, dependent upon 

onviroiMnont* This in te n se  band i s  due to  the  in te ra c t io n  of 

tho  TÎ « e lec tro n s  of th e  C = C group, and the  C = 0 group»

A band of Icnf in te n s i ty  e x i s ts  from 315mu to  320 mp, which i s  

dependent on the  in te ra c t io n  of theIT -e le c tro n s  of the  chromophoro 

0 = 0 ,  and th e  ^ -e le c tro n s  of the  auxochroma = 0 ;»  The former 

band, i*e« 230 mu to  260 i s  used fo r  c h a ra c te r is a tio n  purposes

of 6-u n sa tu ra ted  ketones* The l a t t e r  band has no t so f a r  been 

so w idely used fo r  s t r u c tu r a l  d e te rm in atio n  purposes.

Most su b so itn en ts  which possess no unshared e le c tro n s  have 

w ell dofinod bathochrom lc,o ffoo ts when d i r e c t ly  a ttach ed  to  tho 

cliromophoric system* R o la tiv a ly  few s u b s t i tu a n ts  in  tho same 

p o s it io n  cause a hypsochi’omic e f f e c t  {i<,a« band displacem ent to  

lower w avelengths). (Soe review s e ,g , 1 , 2 ) .

Considerable i n t e r e s t  has been ahowvi in  tho  e f f e c t  on th e  

u l t r a - v io l e t  sp e c tra  of v p  -u n sa tu ra tsd  kotones by halogen 

s u b s t itu te d  on tho e tliy lc n ic  linkage of tho  «^«^ansaturated k e tones, 

cspocisJJ-y in  tho  s te ro id  s e r ie s  ( 3 ,4 ,5 ,6 ) .  The d a ta  a v a ila b le



aro  not vorÿ oxoonsive, and th e  bathochrom ic s h i f t s  observed have 

made some of th e  s tru c tu re s  p o s tu la te d  fo r  halogen s u b s t i tu te d  

-u n sa tu ra ted  s te ro id a l  ketones open to  doubt. The hypsochromic 

s h i f t s  a re  a lso  of value as p roof of s tru c tu re  e .g .  in  th e  halogen 

s u b s t itu te d  -u n sa tu ra ted  ketones and th e  hydras ones of th ese  

ketones,

A d iscu ss io n  of th e  p re p a ra tio n , chem istry , and the  u l t r a 

v io le t  ab so rp tio n  c h a ra c te r i s t ic s  of 4”bromo- and 4 -o h lo ro c h o le s t-  

4-en-3-one ( l )  and d e r iv a tiv e s  i s  p resen ted .

k
1 I  J

\
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mORETICAI

A study of tho  u l t r a - v io l e t  spectrum of a  s e r ie s  of 

of-brom o'^p-unsatureted ketouos has shoim th a t  th e  %-bromine 

s u b s t i tu t io n  r e s u l t s  in  a  bathochromic s h i f t  of 25 iïçi,

(5 -1 2 ), r a th e r  than  pa 10 mp. as s ta te d  e a r l i e r  ( l ,  13-3-5 )•

A study o f 2-bromo-A 1 -3 -k e to s to ro id s  was made by D je ra s s i ,  

(6 ) , who s ta te s  th a t  th e  s tru c tu re s  of th ese  compounds appear to  

bo co n c lu siv e ly  e s ta b lish e d  by th e i r  mode of sy n th eses , and 

th e i r  reac tio n s*  2-Bromo-A l-B -k e to s te ro id s  were prepared  

e i th e r  by deliydrobrom ination of a 2 s2-dibrom o-3-ketone, or by 

d i r e c t  brom ination of a A 1 -3 -k e to s te ro id . Debromination of 

th e  2 bromo-6 1 - 3-k o to s te ro id  by means of z in c  in  e th an o l g ives 

th e  corresponding A l-3 -k o to s to ro id , D je ra ss i found th a t  2-bromo- 

Û 1 -3 -k e to s te ro id s  e x h ib it  a  maximum a t  ca 255 to  be compared 

w ith  a maximum a t  230 mp fo r  A l - 3”k0to s te r o id s ,  i . e .  of-bromine 

s u b s t i tu e n t causes a bathochromic s h i f t  of ca 25 mp. This 

o b serv a tio n  in  tu rn  made un tenab le  the  s tru c tu re s  given to  a 

s e r ie s  of brom ination p roducts o fA 4 -3 -k o to s te ro id s  ( l ) ,  which 

have subsequently  been re v ise d  (6 ),

In  a review  of c o n s t i tu t io n  and u l t r a - v i o l e t  s p e c tra , F ie se r  

and F ie se r  ( l ) ,  r e f e r  to  th re e  h a lo g e n -su b s titu te d  u n sa tu ra te d  

k e to n es, the s t ru c tu re s  o f which a re  c e r ta in ly  in c o r re c t .  Of th e

th re e  compounds, 4-brom ocholest-4~8n-3-one ( l )  i s  th e  most
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im portsjit. Thia oromo- compound was d escribed  by Barkov (16) 

who prepared  i t  by t o t r a -  or hera-brom inating  cho iest-i^ -en -3-on0 

( l l )  fo r  24 hours J and re  f lu x in g  th e  so lu tio n  to  complete 

spontaneous dehydrobroulnation» The po lyunsa tu ra ted  dibromo- 

d e r iv a tiv e  was then  re flu x ed  w ith palladium -barium  su lpha te  

c a ta ly s t  in  amyl a lcoho l in  an atmosphere of hydrogen fo r  8 hours j. 

to  give a product in  sria.ll y ie ld ,  c h a ra c te rise d  by a  bromine 

a n a ly s is  (2 .4 /à too  high fo r  G,7Ĥ 3 0B r), ojîd by i t s  u l t r a - v i o l e t  

maximum a t  250 myi» On th e  b a s is  o f th e  l ig h t  ab so rp tio n , th e  

s tru c tu re  4“bromocholost-4*^32i”3~ono ( l )  was assigned to  th i s  

compounds D je rass i p red ic ted  an u l t r a - v io l e t  ab so rp tio n  maximum 

of ca 265 mp. fo r  4“bronioohol0st"'4“*eiT̂"3~one ( l ) ,  (6 ).

A simple unambiguous method has been d iscovered  fo r  the  

p rep a ra tio n  of 4”broniochoD.est«^»4-en-3”'On© ( l ) .  This c o n s is ts  in  

trea tm en t of 4 f i 5- 0poxycopro8t&n-3-onG ( i l l )  w ith  hydrobromic 

a c id , and invo lves d io x ia l opening of the  epoxide, and 

spontaneous dehydration  of the  in te rm ed ia te  p -hydroxy ketone 

(IV) to  y ie ld  tho bromoketone ( l ) .  :5-Epoxycoprostan-3-ono

( i l l )  was prepared  by the  a c tio n  of a lk a lin e  hydrogen peroxide 

on chclest-A -on-l-^ona ( l l ) ,  (17)o Cho3.est-4-an-3-on9 ( l l )  was 

i t s e l f  prepared by on improved method developed by F ie se r  (18)»
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o
OH

4-Brom ochoiest-4-oïi-3-one ( l )  e x h ib its  an u l t r a - v io l e t  

maxiraum a t  260 nji ( £ =  11, 500), and n e t a t  250 niji as in  Barkov’ s 

compound» In  comparison w ith  a bathochromic s h i f t  o f 25 

observed on s u b s t i tu t io n  of a bromine atom a t  Cg in  c h o le s t - l -  

en-3-one, (V), (12 ), th e  brosüoketono ( l )  e x h ib its  a s h i f t  of 20 mji 

w ith  re sp e c t to  choleat*-4‘-on -3 -one(ïl)e  In  the  au th o r’ s op in ion  

Bai’kov’ s compound was no t 4~bromocholest-4*G%-3-one ( l ) .

4 -C h lcrocho le3 t-4“ 3n-3-one ( l )  was obtained by b r i e f  

trea tm en t o f the epoxide ( i l l )  x/ith hydrogen c h lo rid e . The 

chloroketone e x h ib its  on u l t r a - v io l e t  maximum a t  256 ngi ( €. =

11 ,000). In tro d u c tio n  of an e (-ch lo rin e  atom in to  ch o lo st-4 -en -3 -o n e  

( l l ) ,  thus causes a bathochromic s h i f t  of 16 ngi, in  e x c e lle n t 

agreement w ith  th e  s h i f t  of 15 found fo r  the change from 

cholest-l-e^n-3-one (v) to  2 -c h lo ro c h o le s t- l-e n -3 -o n e (V l) , (19» 20) e
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Treatment o f the  bromoketone ( l )  w ith  zinc in  a c e t ic  ac id  

gave chole3t-4.-en“3"-one ( l l ) ,  bu t under th e  same co n d itio n s the  

chloroketone ( l )  was recovered unchanged» The chloroketone ( l )  

was a lso  recovered unchanged a f te r  re f lu x in g  in  e th an o l so lu t io n  

w ith  Raney n ic k e l.  The bromoketone ( l )  was recovered unchanged a f t e r  

re f lu x in g  in  c o l l id in e  so lu tio n .

The a c tio n  of h yd riod ic  ac id  on p : 5 -ep oxy c opr o s tan -3  -one 

( i l l )  did not produce the  d e s ire d  ^ " io d o ch o les t-4 -en -3 -o n e , 

th e  re a c tio n  lead in g  to  e h o le s t-4 “9n-3-ono ( l l ) .

and 6^>-Bromo- and ch3.oro- d e r iv a tiv e s  of c h o le s t-4 -  

en«3 '”0ne ( l l )  on trea tm en t w ith  2 î4 -d in itro p h en y lh y d raz in e  in  ho t 

a c e t ic  ac id  y ie ld  c h o le s ta “»426"dien*“3”One 2 :4 -d in itropheny lhydrazone 

(V II) (21, 22, 23 ),
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4-Bromo- and 4 ‘"C hlorochol0st”4*’0ii”3-one ( l )  give 2 :4 -  

d in itrophenylhydrazones w ith  r e te n t io n  of th e  halogen atom.

Tills p a r a l le l s  the  behaviour of 2-bromo- and 2 -ch lo ro ch o le s t“l~  

en«»3”0n8 (Vl) (21, 22, 23)©

The 2 :4-dinitrophenylhydrazonG 8 provide fu r th e r  examples of 

the  hypsochromic e f f e c t  of halogen s u b s t i tu t io n  on th e  e th y le n ic  

double bond of e<p-unsatu}.’a ted  ketone 2s4-<^initrophenylhydrazoneSo 

Cholest~4*’ôu-*3“*one 2 :4 -d in itrophenylhydrazone has an u l t r a 

v io le t  maximum a t  390 mji, whereas the  bromo- and ch lo ro - compounds 

have maxima a t  38$ mp and 384 cÿi r e s p e c tiv e ly , g iv ing  hypsochromic 

e f f e c ts  of 5 mp, and 6 mp re s p e c tiv e ly . Those v elues a re  in  

good agreement w ith  those  found fo r  the  2 :4 -d in itrophenylhydrazones 

of c h o le s t- l - e n -3“on0 , and 2-bromo- and 2 -c lilo ro c h o le s t- l-e n -3 -o n e , 

i , e ,  the  u n su b s titu to d  hydrazone has an u l t r a - v io l e t  maximum a t  

382 end the  two s u b s t i tu te d  hydrazones have maxima a t  375 ngi 

and 374 mji r e s p e c tiv e ly , g iv ing  a hypsochromic e f f e c t  of 7 mp and 

8 rqi re sp e c tiv e ly .

These e f f e c t s  a re  in  agreement w ith  v a lu es given by D je ra ss i

vizo

A l«3“k e to -a llo 3 te ro id s  hydrazones -  3 8 2 - 3 8 np, 2 -b rom o-û l-3 -keto - 

a l lo s te ro id s  hydrazone3-375-376 up (24) .

A fter p u b lic a tio n  of th ese  r e s u l t s  (2 5 ), Petrov  and h is  

co-workers (26 , 27) described  a lte rn a tiv e  p rep a ra tio n s  of th e  

h a lo k e to n es,d esc rib ed  above, and rep o rted  th e i r  u l t r a - v io l e t



c h a ra c te r i s t ic s  and o th e r constan ts

Bromoketone

Author * 8

+1070

2600 A

11,500

P e tro v 's

113* m.p.

+110° r*]%

26IO-262OA )'max, 

12.000 <

Chloroketone 

A u th o r'8

124- 125*

+106*

2560 A 

11,000

P e tro v 's

126-1270

+ 106*

2560 X

l4.,000(propan-

2- 0I ) .
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EXPERIMENTAL

Choieg t-4 -en -3 -o n e : -

a) C ho leste ro l Dibromide: -  A so lu tio n  of c h o le s te ro l 

(150 go) in  ab so lu te  e th e r  ( l  1 ,)  was t r e a te d  a t  25* w ith  a  

so lu tio n  of anhydrous sodium a c e ta te  (5 g» ) and bromine (68 g» ) 

in  g la c ia l  a c e t ic  ac id  (6OO c*Co). The m ixture was cooled to  

15-20*, and the separated  dibromide c o lle c te d  and washed w ith  

g la c ia l  a c e tic  ac id  (3 1«) u n t i l  th e  f i l t r a t e  was c o lo u r le s s .

b) 5<X s6p-Dibrom ocholestan-3-one : -  The m oist dibrom ide

from 150 go of c h o le s te ro l was suspended in  g la c ia l  a c e t ic  ac id  

(2 l o ) and the  suspension s t i r r e d .  A so lu tio n  of sodium 

dichrom ate (80 g . ) in  g la c ia l  a c e tic  ac id  (2 l o )  prehea ted  to  

90* was poured in to  the  s t i r r e d  suspension . S ti r r in g  was 

continued fo r  30 m inutes, and the  so lu tio n  th en  cooled to  20*.

The product was c o lle c te d , and washed w ith  methanol ( 3  l o )  u n t i l  

th e  f i l t r a t e  was c o lo u rle ss .

c) C ho lest-5 -en -3 -ones-  The m ethanol-m oist 5cJ s6piibro  

cho lestan-3-one from 150 g. of c h o le s te ro l was covered w ith  e th e r  

(2 l o ) ,  a c e tic  ac id  was added (25 c . C o ) ,  and th e  suspension 

s t i r r e d ,  Zinc d u st (40 g. ) was add-sid over 5 m inutes y th e  tem perature 

being m aintained a t  15* by coo ling . P y rid ine  (70 CoCo) was added 

and the  s t i r r e d  m ixture was f i l t e r e d  to  remove th e  z inc  complex.

The f i l t r a t e  was washed w ith  w ater (3 x 1 l o ) ,  sodium b icarb o n a te
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so lu tio n  {5% “ 600 CoCo), d r ie d  (Ns%8 % ), and concen tra ted  

to  a volume of 1 l i t r e .  A fte r a d d itio n  of methanol (500 c . c . )  

co n cen tra tio n  was continued u n t i l  so lid  s ta r te d  to  se p a ra te  as 

w hite n eed les . The so lu tio n  was th en  allowed to  cool and 

cho lest-5 -on -3 -one (99 g«) was c o lle c te d , m.p® 127-129*,

(c(l^-2o5*, (C, 1.7)o L ight ab so rp tio n  Xmax. 2060 fi, C =4^000® 

Ohol6st-4-Gn-3-ones-  A so lu tio n  o f cho l0st-5 -en -3 -one (20 g . )

and anhydrous o x a lic  ac id  (2 g . ) in  e th an o l (95%, I 60 c . c . )  

was concen tra ted  to  100 c . c . ,  cooled and seeded. Cholest - 4 -e n -

3-ono (19 go) separa ted  as long n eed le s , moP, 81-82* [^0>+92*,

(C, 1 . 3)0 L ight ab so rp tio n  Xmax. 24OO A, £  =17,000.

L ite ra tu re  co n stan ts  (18 ), m.p. 81-82*, +92*, Xmax. 2405

18,000.

4p«5-rBpoxycoprostan-3-one2-  To a so lu tio n  of cho lest-4-QU-

3-one (5 g. ) in  methanol (500 c . C o ) ,  a so lu t io n  of sodium 

hydroxide (20 c , c . ,  4 h ), and hydrogen pero.icide (20 c . C o ,  30%) 

were added dropwise sim ultaneously , w ith  s t i r r i n g .  The m ixture 

was kep t a t  4 * fo r  A8 hou rs, when the  la rg e  w hite n eed les of 

4 ^^5-apo% ycoprostan-3-on0 were f i l t e r e d  o f f ,  and r e c r y s ta l l i s e d  

from aqueous m ethanol, (2,5 g . ) ; i t  has m.po 1 1 8 - 1 1 9 ° ,+ 1 2 8 * ,

(C, 2o5), and no h igh  in te n s i ty  u l t r a - v io l e t  l i g h t  ab so rp tio n . 

L ite ra tu re  c o n s ta n ts , (17), m.p. 116-117*, +134*«

4-Brom ocholest-A-en-3-one s-  Aqueous 40% hydrobromic ac id  (2 c.c< 

was added to  a s o lu t io n  of 4|P:5-epoxycoprostan-3-one (200 mg.)
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in  chloroform  (20 CeC@) and g la c ia l  a c e t ic  a c id .(2  CoCo)®

A fte r 16 hour a a t  room tem peratu re , th e  m ixture was d i lu te d  

w ith water and ex tra c te d  w ith chloroform . The chloroform  

waa washed w ith  w ate r, d ried  (NagSCh), and evaporated to  give an 

o i l  which c r y s ta l l i s e d  from aqueous methanol or aqueous acetone 

to  give /. ̂ h'TmTTrncholest-A-en-3-one ® as long need les (120 mg. ) 

m.po 114- 115* +107*, (C, 1 . 4)0 A nalysis. Found: C, 70 .2 ;

H, 9 ,7 . Required fo r  C^vH^sOBr: C, 69 .9 ; H, 9*4%* L igh t

ab so rp tio n : 2600 £  = 11,500.

L ite ra tu re  co n stan ts  (2 6 ), m.p. 113*s t=4^+110*, 2610-

2620 A, E =  12,000

A-Bromocholest-A-en0"One 2 :A-d in itronhenv lhvdraz  one: -  

A so lu tio n  of 4-hromocholest-4-®ii-'3-one (500 mg.) and 2 :4 -  

d in itro p h en y lh y d raz ine (250 mg.) in  a c e t ic  ac id  (15 c . c . )  

was heated a t  100* fo r  15 m inutes. The so lu tio n  was cooled 

and the  product c o lle c te d  and r e c r y s ta l l i s e d  from chloroform - 

e thano l to  3d  e ld  A-brGm ocholest-4-en-3-one 2: 4 -d in it^o p h en y lh y d ra - 

zone as red  b lad eü ; ,m.p. 217*( d . ) ,  l ig h t  ab so rp tio n  (GHGI3 )

^max. 2620 À, £ =17,000, 3850 A, =26,800, Analysis© Founds 

C, 6 lo9 ; H, 7 . 4 . Required fo r  C33%.7 0g,%Brs C, 61 .6 ; H, 7.4% 

A ction of Zinc Dust on 4-B rom ocholest-4-en-3-one: -  

Zinc d u st (250 m g.) was added to  a s o lu tio n  of 4-brom ocholest-4 - 

en -3-one (50 mg.) in  g la c ia l  a c e t ic  ac id  (30 c .c . )  and th e  m ixture 

re flu x ed  fo r  4 hours. The z inc  was removed, and the  f i l t r a t e
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d ilu te d  w ith  w ate r, and ex tra c te d  w ith  e th e r .

o The e th e r  was washed f re e  of ac id  w ith  w ater ̂  

ü&ied iWügSCk), and evaporated to  y ie ld  c h o l e - o n e  as 

need les (20 mgo), from aqueous m ethanol, m.p. and mixed m.p® 

8 1 - 8 2 * , + 9 1  (C, lo 7 ) ;  l i g h t  ab so rp tio n , »\max 2400 A,/„=17,000<

A ction of C o llid in e  on A-Brom ocholest-A-en-3-oneî -  A s o lu t in : . ' 

o r 4**broinocholast-4-en-3-one (lOO mg.) in  c o l l id in e  (2 c.Co) was 

re flu x ed  fo r  1 hour. The re a c tio n  so lu tio n  was d i lu te d  w ith 

e th e r ,  f i l t e r e d ,  and th e  f i l t r a t e  washed w ith  hy d ro ch lo ric  ac id  

(3 X 40 CoCo_, 3N), w ate r, and sa tu ra te d  sodium b icarbonate  

so lu tio n . A fter d ry ing  (NagSCU,), and evapora ting  to  d ry n ess , 

a red  gc;: vas o b ta in ed , which was d isso lv ed  in  l ig h t  petroleum  

(b.po 60-80*) and chromatographed on alum ina (3 g®)» E lu tio n  

w ith p e tro l/b en zen e  (6 s i)  gave a w hite gum c r y s ta l l i s in g  from 

aqueous acetone to  give 4-brom ocholest-4 -en-3-one (80 mg® ) as 

n eed les , m.p. and mixed m.p. 114-115*; l ig h t  ab so rp tio n , /m ax. 

2600 A, £ = 11,000.

A-Chlorooholest-A-GU -3-one.—  A stream  of hydrogen ch lo rid e  gas 

was passed through a so lu tio n  of 4p:5-G poxycoprostan-3-one 

(500 m g o )  in  chloroform  (20 c .c . )  fo r  2 m inutes. The so lu tio n  

was washed f re e  from ac id  w ith  w ate r, d r ied  (NsgSQt), and 

evaporated to  y ie ld  an o i l  which c r y s ta l l i s e d  from aqueous 

methanol to  give 4 -ch lo rocho leet-A -en-3-one as need les (420 mg.)  ̂

m.p. 124- 125*, B ^^1 0 6 * , (C, 1 . 5 ) . A nalysis. Found: C, 77.65;
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H, IO060 Required fo r  Q37H3.3OCI: C, 77 .4 ; H, 10®3%© L ight

ab so rp tio n , ^ insxo 2560 A,C =11,000.

L ite ra tu re  co n s tan ts  (2 7 ), m.p® 126-127°, +IO6* Eiax. 2560 A,

£ = 14,000 ( in  propan-2-o l)o

A -G hlorocholest-4.-en-3-one 2 ;4-d in itrophenylhydrazone : ~

2 :4-D in itropheny lhydrazine  (250 mg. ) was added to  a  s o lu tio n  

of 4 -ch lo ro ch o le s t-4 -8 a -3 -o n e  (5OO mgo) in  g la c ia l  a c e t ic  ac id  

(15 C . C o ) .  The m ixture was heated  a t  100° fo r  15 m inutes, cooled 

and the product c o lle c te d  and re  c r y s ta l l i s e d  from chloroform - 

e th an o l to  g ive 4.-ch I6rocholest-4 .-en-3-one 2 ;4 -d in itropheny lhvdrazone 

as red  b la d es , m.p« 255* (d. ) ,  l i g h t  ab so rp tio n , X^iax. 2630 1 .

6 = 13,700, 3840 A, £ =  27,300 ( in  CHCI3 ) . A nalysis . Found:

0, 6 6 o 5 ;  H, 7 o 8 .  Required fo r  G33% 7 Cl% 0g.: 0 , 6 6 .3 ; H, 7 . 8 % .

4 -C h lo ro ch o lest-4- e n - 3-one Semicarbazone : -  A s o lu t io n  of 

sem icarbazide hydrochD.oride (200 mg® ) and sodium a c e ta te  (300 mg. ) 

in  w ater ( l  c .c . )  was added to  a so lu tio n  of 4 -c h lo ro c h o le s t-

4 -en -3-one (200 m e.) in  e th an o l (50 c . c . ) ,  and the  m ixture 

re flu x ed  fo r  1 hour. Water was added, and on cooling  th e  

product sep ara ted . C ry s ta l l i s a t io n  from chloroform -m ethanol 

gave 4-chlorocholG st-4-cn~3-one semicarbazone « as need les m.p®

165* (do), l i g h t  ab so rp tio n , .I max. 2700 1 ,£ =  21 , 000 .

A nalysis. Found: 0 , 70 .9 ; H, 9*3 Required fo r  G g s O N 3Cl :

C, 70 .7 ; H, 9o7#.
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A so lu tio n  o f A ^s^-epoxycoprostan-l-one (500.mg,) in  chloroform 

(25 c.c®) was re flu x o d  w ith  f re s h ly  d i s t i l l e d  48% h y d ri‘x îic  

ec id  (6 G,Ca), f o r  1 hour® The so lu tio n  was washed w ith w ater, 

sodium th io su lp h a to  so lu tio n  (10%) and w ate r, d ried  (Nag80^), 

and evaporated. C ry s ta l l is a t io n  of th e  re s id u e  from aqueous 

methanol gave cholest-4-*'en-3-one (450 mg®) m.p, and nlxod m.p® 

81-82°, fï^ljj+91*, (Cj l« 4 ) l l ig h t  ab so rp tio n , /  max, 24OO A,

£ =  17,100,
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INTRODUCTION:-

The neBü tr i te rp o jie  i s  app lied  to  a c la s s  of m tu r a l ly  

occurring  hydrocarbons £ijid orygene.tod hydrocarbons p co n ta in in g  

30 cai'ton atoms arranged i s  such a mamior th a t  s ix  iso p entane 

u n i ts  can bo recognised  in  th e  m olecular sk e le to n . In  re c e n t 

y e a rs 5 as a r e s u l t  of th e  d iscovery  th a t  c e r ta in  n a tu ra l  p roducts 

w ith obvious tr i te rp o n a  c h a ra c te r i s t ic s  djre in  f a c t  C31 compounds 

(1 -  4 )? th e  more comprehensive term  tr i te rp e n o id  has been adopted, 

Apart from the  a l ip h a t ic  hydrocarbon squalene, th e  t r i te rp e n o id s  

a re  a l ic y c l ic  end the  m a jo rity  co n ta in  hydro:{ylg ctmbcfiyl or 

carbonyl oxygen functions*  They can be convenien tly  subdivided 

in to  th re e  main c l& sso s:-

a) The a l ip h a t ic  compound squaD-ene, and the  t r i c y c l i c  compound, 

ambra in .

b) The to tra c y c lio  compounds such as la n o s to ro l ,  ag n o s to ro l, 

the  elem ic a c id s , the  po lyporen ic  a c id s ,e b u ric o ic  a c id , 

euphol, t i r u c a l l o l ,  and butyrosperm ol, which a].l b ear a 

s t r u c tu ra l  ra J .a ticn sh ip  to  th e  ste ro id s*

c) The p en tacy c lic  t r i te rp s n o id s  which form the  la r g e s t  c la s s , 

and include such compounds a s  of- and |p-&myrln, lu p e o l, 

ta r a x a s te ro l ,  and to ra x o ro l.



Ho mono- or d i- c y c l ic  tr i to rp e n o id o  a ra  knoim. Tha re c e n tly  

cheiracterisod  p e n ta cy c lic  t r i te r p a n o id s ■ cycloartenol@  (5 , 6 ) ,  

and cycilxlsjLidenol (3 ,4 ) ;  a re  c lo se ly  r e la te d  to  la n o s te ro l ,  and 

a re  b e s t c la s s i f ie d  w ith  th e  te t r a c y c l ic  t r i te ip e n o id e , S im ila r ly , 

th e  hexacyclic  t r i te rp e n o id  p h y lla n th o l, (5 ) which i s  c lo se ly  

r e la te d  to  cK-amyrin i s  b a s t c l a s s i f ie d  w ith  th e  p en tacy c lic  

t r i te rp e n o id s .  More re c e n tly , th e  t r i te rp e n o id  onocerin  has boon 

shown to  be t6 tracycliC o(7 ).

This se c tio n  of th e  th e s is  i s  concerned w ith th e  p en ta cy c lic  

t r  i t  erp^noids * The m a jo rity  of th e se  a re  p o ly fim c tio n a l compounds, 

which can be r e la te d  to  sim pler monohydric a lco h o ls  oy f a i r l y  

standai'd  methods (B, -  11) ,  and can be considered to  be members 

of fo u r main c la sse s  based on c^-amyrin, p -am yrin , lu p e o l, and 

ta ra x a s te ro l*  The sa tu ra te d  hydrocarbons from which th ese  a lco h o ls  

could th e o re t ic a l ly  be derived  a ra  u rsane ( la  o r lb ) ,  oleanane 

( l l ) ,  lu.pona ( i l l ) ,  and ta ra x a s ta n e  (IV) re sp ec tiv e ly *  A ll 

t r i te rp s n o id s  belonging to  th e se  c la s se s  can be named sy s to m a tica lly  

as d e r iv a tiv e s  of th e  b a s ic  hydrocarbons, ©ego (^-aniyrin i s  

urs-12-en-3& -ol (Va or Vb), fi^amyxin i s  olean-lS-an-^l^â'-ol ( v l ) ,
» Ü *

lupoo l i s  lu p -2 0 (29)-en -3 p -o l (V I l ) , and ta x a x a s te ro l i s  tn r a x a s t-  

20(30)-on-3p*ol (V lïï)o  This r a t io n a l  nom enclature w i l l  bo used 

whonover p o ss ib le  throughout t h i s  section*



r

1

^ > 1 1

rttfi''
À  4

iit

Ho

x %

V i
i \  n

I I "
^ ' Y f



4 7

In  ad d itio n  to  a la rg e  mimber of in te rco n v e rs io n s  which have boon 

achieved w ith in  each c la s s ,  in te rco n v ers io n s  among th e  o leanane, 

lupane and taraxe.stane groups have a lso  been effected*  The 

f i r s t  recorded in stan ce  of the  conversion of an u rsane d e r iv a tiv e  

in to  a d e r iv a tiv e  of ano ther t r i te rp o n o id  group was c a r r ie d  out 

by co-workers in  th i s  la b o ra to ry , during  th e  course of t h i s  work, 

and was v e r if ie d  by the  au thor as rep o rted  in  t h i s  s e c tio n .

For comprohansive d iscu ss io n s  of th e  t r i te rp e n o id s  as a  

whole and fo r  d e s c r ip tio n s  of the  g en era l methods employed in  

t h e i r  s tm c tu r a l  e lu c id a tio n , a t te n t io n  i s  dravm to  th e  review s 

of Haworth, (12) Spring, (13 ), H oller ( I4 ) ,  Jeg er (15 ), B irch (16) 

and Barton (17 ), and to  Elseviei^s Encyclopaedia of Organic 

Chemistry (13).



D0/%r&dation of  (X -A w rlxi.

{îK-Aüiyrin i s  th e  p a ren t a lco h o l o f the  u rsane  group of 

tr ite rp en o id S ÿ  end ^  -am yrin i s  th e  parent, a lco h o l of the  

oleanane groupo The p re se n t s e c tio n  summarises th e  p r in c ip a l  

degradativG  evidence regard ing  th e  s tru c tu re  of cx-amyrin a t  the  

tim e th e  work describ ed  in  th i s  th e s is  commencedo The ex ten siv e  

re sea rch es  of km s io k a g Jeg er e t  a l a , in  Zurich le d  them' to  propose 

s tru c tu re  ( l )  as an s.doquate re p re se n ta tio n  of th e  c o n s t i tu t io n  

of (X -amyTinc ( 19 ) o

The c o n s ti tu t io n  and s te reo ch em istry  of ^ -am yrln  ( l l ;  a re  

supported by a w ealth  of experim ental evidence.

and a re  e s ta b lish e d  w ith  alm ost complete c e r ta in ty ,  a lthough a 

t o t a l  sy n th esis  has no t been achieved (15 , 20 , 21) ,

In sp ec tio n  of form ulae ( l )  ejid ( l l )  shows th a t  th e  only 

c o n s t i tu t io n a l  d if fe re n c e  botweon o<- andô -am yrin  i s  in  r in g  E, ioO, 

in  th e  p o s it io n  of two methyl groupso Jeg er (1 5 ), s ta te s  th a t  

b o th - r a id  p-o inyrin  on dehydrogenation give th e  same hydrocarbons, 

an apparent d iscrepancy  which ho d id  no t overlook. The 

hydrocarbons ob tained  from (X-amyi'in ( l ) ,  and r e la te d  ac id s



inc luded  IsS-^im ethylpioon©  ( I I I ,  R = H), r a th e r  than  IsZsG- 

trim ethylpicQ iie ( I I I ,  R ~ CHg) es would be expected*

lit

Jeg er (15) has suggested th a t  an u n id e n tif ie d  hydrocarbon, 

m.p, 306^ obtained  in  the  dohydrogenation of o4~aiayrin (22, 23) 

may be 1 s2 ^ 8 -trln e th y lp lco n e  ( I I I ,  R = C% )o

Euîiicka (25, 26) and h is  co-workers have shoivn by the  

fo llow ing  s e r ie s  of re a c tio n s  th a t  r in g s  A, B, and C in  OC- 

and ^ -s iiy r in  a re  s im ila r ly  c o n s titu te d  and th a t  the co n fig u ra tio n s  

a t  C3 , C3 , Cq , and C^o are  the same, P eracid  o x id a tio n  of 

Ct”smyi*in a c e ta te  to  1 2 -o%oursan-3^»yl a c e ta te  ( I V ) , followed 

by brom ination  a t  Cj 1 and subsequent dehydrobrom ination g ives 

12-oxourS“9 ( l l ) - 3 n “3f»‘“y l  a c e ta te  (V)o This compound (V) was 

ox id ised  to  12-oxol.q.ôursa^9^-l) sL i-d ie n - lp -y l a c e ta te  (V I) 

w ith  salonium  dioxidec Osmium to tro x id e  o x id a tio n  o f (Vl) gave 

th e  ] ^ : 15""diol which on cloavago gave a dikoto-m onocarboxylic 

ac id  ( V I I )« P y ro ly s is  a t  300* of (V I l )  gave two fra c tio n s*  The 

v o la t i l e  f r a c t io n  was a monobasic ac id  ( V I I I )  considered to  &urisQ

F o p tiy tq  l s 2 s8«Trim othylpicen0 ( i l l ,  R = 0% ) hs,s re c e n tly  
been prepared  (24) ,  and although no d i r e c t  comparison has boon 
made, i t s  m,po 252- 254* i s  so d i f f e r e n t  from th a t  o f the  hydivo* 
carbon (ra,po 306*) ob tained  from (X-amyrin th a t  i t  i s  h ig h ly  
u n lik e ly  th a t  the  two compounds are  id e n tic a l*



from r in g  E in  O^-ansyrin* F u rth e r o x id a tio n  o f (V IIl)  g a v e p -  

m e th y ltr lc a rb a lly l ic  aci(ÏIX)o Tho n o n -v o la ti le  f r a c t io n ,  a 

d ikotone (X), was converted by diazomethane in to  two eno l e th e rs  

(XI, X Il) , considered  to  o r ig in a te  in  r in g s  A, B, and C of 

o(-amyrin ( l) .  A s e r ie s  of p a r a l l e l  re a c tio n s  on p  -Amyrin ( l l )  

gave the  same two enol o th e rs  (XI, X II).

-s»-
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The S tru c tu re  and..Stereoohem lstry o f  OUtora-ln.

As o u tlin ed  e a r l i e r  the  co n fig u ra tio n s  a t  Cg, Qs,

Gs f GZid, Gxo (X-amyrin v/era e s ta b lish e d  by d eg rada tion  in to  

two enol o th e rs ,o b ta in e d  by a p a r a l l e l  s e r ie s  of re a c tio n s  

from p*«amyrin whose s te reo ch em istry  has been f u l ly  elucidatedo  

In  a d d itio n  com parative s tu d ie s  on ursane and oleonano d e r iv a tiv e s  

suggested th a t  co n fig u rà tio u a  a t  Cg and Gi.3, in  both groups a re  

id e n t ic a l  (19 , 26) a lth o u g h ,th ese  d id  no t c o n s t i tu te  an 

abso lu te  proofc L a te r s tu d ie s  (27, 28) proved th e  c o rre c tn e ss  

of these  l a t t e r  c o n fig u ra tio n a l ass ig m en tso

Apart from th e  c o n fig u ra tio n  of a lk y l su b s t i tu e n ts  in  r in g  E, 

th e  rem aining asymmetric c e n tre s  to  be considered are  a t  Cj ? ,

and 0 0̂ 0 During th e  l a s t  th ree  y e a rs , each o f th e  fo u r

th e o re t ic a l l j r  p o ss ib le  arrangem ents fo r  the lock ing  of r in g s  L 

and S have been inc luded  in  re p re se n ta tio n s  of th e  s te reo ch em istry  

of (X-aBiyi’SJi (27, 29, 30, 31, 32, 33).

An e a rly  o b se rv a tio n  o f importance w ith  regard  to  the

s te re o  chem istry a t  th ese  p o s it io n s  was made by B arton and Holneas

(20) who obseznred th a t  m ethyl 11-ozourso lato  a c e ta te  (X IIl)  was 

no t isom orised on trea tm en t w ith  ac id  o r base in  c o n tra s t  to  

methyl 11-oxo-o leana to  a c e ta te  (XIïï) which was isom orised to  

i t s  18Dirtsomor (X¥)« This c le a r ly  in d ic a ted  th a t  th e  hydrogen
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atom a t  Qis in  thocl-amyrin s e r ie s  has th e  more s ta b le  co n fig u ra tio n , 

or thcit no hydrogen i s  p re se n t a t  t h i s  positiono

In  1951, Jeg er (30) o u tlin ed  a  s e r ie s  o f deg radations on 

o(~ end j3”ainyTin lead in g  to  two tr ic a rb o x y lic  e s te r s  co n ta in in g  

th e  o r ig in a l  C17 o f th e  isom eric amyrins as th e  only asymmetric 

c e n tre . I t  claim ed th a t  those e s te r s  were enantiom orphs, 

and th a t  th e  m ethyl group a ttach ed  to  Q1.7 in  o^amyrin must 

have th e  opposite co n fig u ra tio n  to  th a t  in  p -am yrin , i .e »  

o<-ajnyrin has a  1% "-methyl groupo Experim ental d e ta i l s  o f th ese  

degradations have n o t been revealedo In  apparen t agreement , 

but again  lack in g  any th e o re t ic a l  d isc u ss io n  o r ex p erim en ta l,

Jeger and Ruzicka (33) more re c e n tly  s ta te d  th a t  r in g s  D and E 

in  (X-amyrin ere  c is -^ - fu s e d . (S tru c tu re  l a ) .

I t  has a lso  been suggested by Ruzicka (29 ), on co n s id e ra tio n  

of tho b iogenesis  o f t r i te rp e n o id s  th a t  o(-arayrin should, be 

rep resen ted  as Ib .

î b
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Coray and Urepning (27, 31) p re se n t reasons .Oiïvî:iT::ci.ng a  th i rd  

form ula ( ic )  f o r  (K-cjnyrin, They s ta te  th a t  th e  hydrogen a ttach ed  

to  Cg, which w il l  no t opim orise when ad jacen t to  an 11-carbony l 

fu n c tio n  (20), must have th e  s ta b le  ^ -c o n f ig u ra tio n  as in  f>-amyrin^ 

and th i s  conclusion  i s  supported by a  comparison of th e  

dehydrohologenation of l l - b ro a o -12-ketonea deriv ed  from bo th  

u rsane  end oleanane s e r ie s  (20 , 34)« ^ ith  the  co n fig u ra tio n s  a t  

V3 , Gs, Gs, Gg, and 0±q determ ined, th e re  are  e ig h t  p o ss ib le  

form ulae f o r  c<-amj'rin which d i f f e r  a t  th e  th re e  rem aining 

asymmetric ce n tre s  i . e .  0^^, , and Qie » Corey and Unsprung

r e je c t  s ix  of these  form ulae on s t e r i c  c o n s id e ra tio n s , le av in g  

two s tru c tu re s  ( ib )  and ( ic )  which correspond to  IBcV-olean-12-  

en -3p-o l and ole& r.-12-en-3p-ol re sp ec tiv e ly o  A co n s id e ra tio n  

o f the  s t a b i l i t i e s  o f la c to n e s  derived  from u r s o l ic  ac id  (XVl), 

o leo n o lic  ac id  (XV Il), end 18& roleanolic ac id  (X V IIl), and of 

m olecular r o ta t io n  r e la t io n s  and conform ational th eo ry  le d  th ese

au tho rs to  th e  view th a t  oC-emyrin has th e  s tru c tu ro  ( ic )

%
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Thr fo u rth  D/E r in g  lock ing  fo r  (X-amyrin, ehov/n in  ( id )  

mcLQ proposod by Baton and H a lsa ll (32) o Dehydration of d-am yrin 

w ith phosphorus pontordLdo in  benzene g ives the  hydrocarbon 

i-C5(~amyradieno» O-'his compound co n ta in s a h e te ro an n u la r 

conjugated system , and a  s a t is f a c to ry  mechanism fo r  th e  form ation  

of such A dieno was h ith ez to  d i f f i c u l t  to  dev ise « A p a r t i  culor* 

d i f f i c u l ty  was th e  reason  fo r  th is  re a c tio n  being c h a ra c te r i s t ic  

of oC-ajiyrin, bu t no t of ^-amyrin® According to  Baton and Hal s a i l  

(32 ) ,  th i s  d if fe re n c e  i s  a sc rib ed  to  a conform ational d r iv in g  

fo rc e  supplied  by th a  s p e c if ic  n a tu re  of th e  lock ing  of r in g s  

D and E in  oC-rmyrin es rep resen ted  in  ( Id ) ;  a d r iv in g  fo rc e  not 

supp lied  by the  D/E fu s io n  in  p-am}Tin. The s t iu c tu re  (XIX) was 

proposod by Beton and Hal s a i l  f o r  1 -# -  smyradieno, b u t t h i s  

s tru c tu re  (XDC) has s ince  been shown to  be unaccep tab le  (35 , 36)o 

Tho tru e  s tru c tu ro  o f l “<\'~amyradiona i s  shown in  (XK)® I t  has 

a lso  been found



th a t^ a m y rin  d e r iv a tiv e s  undergo a change comparable w ith  the  

o(-&myrin —̂  adieno re a c tio n . For th e se  rea so n ss tru c tu ro

( id )  fo r  (X"umyrln ie  untenableo

Becently-; a new s to re  of ornrala f o r  c<-amyrin has been proposed 

(28y 37), and a  s h o r t d e s c r ip tio n  o f th e  arguments which le d  

to  th i s  p roposal w i l l  now be given. As s ta te d  e a r l i e r  (poA9) 

th e  coîif igunations a t  C3 , % , C3 , and Ĝ q in  o<-amyrin have been 

e s ta b lish e d .

Evidence th a t  th e  co n fig u ra tio n  a t  Cg in  (X-amyrin i s  the  

more s ta b le  ai'rangement has a.lready been in d ic a ted  (po52, 54 )

A proof th a t  t h i s  view i s  c o rre c t was ob tained  in  th e  fo llow ing  

way, 11-OxGurs-12-en-3p-yl a c e ta te  (XXV*), which i s  ob ta ined  

by o x ida tion  of cVamyrin a c e ta te  ( l )  \d.th chromic ac id  (22) ,  

and which i s  reduced to  (X'^asyrin a c e ta te  ( l )  by c a ta ly t ic  

hydrogenolysis (38) ,  fo m s  an enol a c e ta te ,  which i s  s tro n g ly

d e x tro ro ta to ry  ( W D+275^), and which shows an ab so rp tio n  

maximum a t  2760 A (1 8 ,0 0 0 ), A ll Icnov/n 9 (1 1 )s l2“d i0nos derived



51

from ursane and oloansne show a s im ila r ly  s trong  d e x tro ^ ro ta tlo n , 

and an ab so rp tio n  maximum a t  ca 2800 A« In  c o n tra s t ,  th e  isom eric  

I l s l 3 ( l 8 )-Kîi0nea a re  la o v o ro ta to ry , and a ra  c h a ra c te rise d  by an 

in te n se  t r i p l e t  ab so rp tio n  curve, tho major peak of which i s  a t  

ca 2500 A ( 30 ,000). Tiioso f a c t s  show th a t  the  eno l a c e ta te

i s  3 p ll~ d iac8 to ïîyu rsa*“9 ( l l )  s l2 “diQne (XXI) and no t th e  h e te ro 

annular isomer (ZXIl)* The observa tion  th a t  h y d ro ly sis  o f th e

H t -  ' , 4 1 -  ^

eno l ace bat» (XXl), w ith  e i th e r  ac id  or a l lc a li ,  follow ed by

A T ' .

re a c e ty la t io n , reg en e ra te s  ll-o^ tours-12-G n-3^-yl a c e ta te  (XX\T) in  

e x c e lle n t y ie ld  e s ta b lish e d  th a t  tho  hydrogen a t  Gg ino^am yrin has 

th e  more s ta b le  co n fig u ra tio n  (3 7 ), and consequently  has a  9^- 

hydrogen atoBio

Tho co n fig u ra tio n  a t  0^8 v d l l  now bo consideredo Vigorous 

o x id a tio n  of ©(-amyrin a c e ta te  ( l )  vrlth selenium  d iox ide g ives u rsa- 

l ls l3 ( l8 ) -d io n -3 jV y l a c e ta te  ( M i l l )  (39 ), c a ta ly t ic  hydrogenation  

of which y ie ld s  u r s "13(18)-en -3 ^ -y l a c e ta te  (XXIV). This l a t t e r  

compound (MIV) on trea tm ent w ith  m inera l ac id  iso m erises to  

C(-amyrin a c e ta te  ( l )  (39) ,  from which i t  fo llow s th a t  tho  hydrogen 

atom a ttach ed  to  has the  more s ta b le  configuration*



O xidation of 1 2 -o x o u rs~ 9 (ll)“exi“3p"yl a c e ta te  (V) w ith  

selenium  dioxide g ives 1 2 -o x o iso u rsa~ 9 (ll)  “y l

a c e ta te  (Vl) (40 ) ,  and s im ila r  o x id a tio n  of th e  corresponding 

12-oxO“‘O lean~ 9fll)-en“-3|5“y l  a c e ta te  (XXVI) gives 12-oxotBoÔleana- 

9 (11) îl4~dlen«3p-y l a c e ta te  (XXVIl) (25), I t  has been noted (41 ) 3» 

th a t  the  same trea tm en t o f 12-*oxo-18<X“O leaii"9(ll)-en«‘3p-y l a c e ta te  

(XXy^Iïl) does no t y ie ld  an analogously  c o n s titu te d  dienone*

7

This suggests th a t  the  hydrogen atom a ttach ed  to  Qta in

o(-8myrin and in  A-amyrin have th e  same configuration®
t '

Treatment o f th e  sa tu ra te d  12-ketones derived  from c(«ainyrin, 

p-am yrina and l&^-p-amyrin w ith  hyd ro iod icacid  in  a c e t ic  ac id  

(35ÿ 36) ,  under th e  same co n d itio n s , causes dehydration  to  give 

d i f f e r e n t  p roducts in  each case. The u n se tu ra ted  ketones ob tained  

from and p -  amyrin have th e  p a r t i a l  s tru c tu re  shown in  (XXIX), 

whereas a s im ila r  product i s  no t ob tained  from th e  18 c^-isomer# 

Txiis exper'iment a lso  provides strong  support f o r  th e  view th a t  

th e  hydrogen atom a t  C^g has th e  same co n fig u ra tio n  ( i , o , p  ) in  

bo th  C<- and ainyrinc
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Three u rsad i0 n “3p“y l  a c e ta te s  a re  known. These a re  the 

honioannular n r s a ~ 9 ( l l)  s l2 ”dien«*3|S«yl a c e ta te  (XXX) (42 ) ,  th e  

h e te ro a m u la r  u r s a « l l :1 3 (18)-dien-3^""yl a c e ta te  (XX IIl) (see po ^7; 

(39) ÿ and th e  none on ju g a te  d n r  sa-9  ( 11 ) s 13 ( 18 ) «dien-3^=yl 

a c e ta te  (XXXI) (3?)» The th ree  corresponding oleanadien«-3^*?-yl 

a c e ta te s  a ra  knov/n, and, o f those th e  H : 13( 18)-diGn-'3A'-yl 

a c e ta te  i s  therniodynaraically the  most s ta b le  since  i t  i s  

ob ta ined  from the isom eric  9(11) î 13(18)-» and 9 ( H ) :  12"d ien-3p-y l 

a c e ta te s  by trea tm en t w ith  m ineral ac id  (43 , 44)» A study  of 

th e  a c tio n  o f m ineral ac id  (37) on th e  th re e  u rsad ion«3^-y l 

a c e ta te s  has r e c e n tly  revea led  th a t  u r s a - 9 ( l l )  s 13(18)-<iien~3,^“y l  

a c e ta te  (XXXl) i s  isom erised  to  o leana-11 :13(18)--dien-i^™yl 

a c e ta te  (XXXIl) in  IO5S pure y ie ld  w ith  h y d ro ch lo ric« a ce tic  ac id .

This conversion of ur8a*”9 ( l l ) s  13(18 )“d ien -3 ^“y l  a c e ta te  (XXSl) 
in to  o le a n a - l l î  13(18 ) “dien«3^‘“y l  a c e ta te  (XXXIl) proceeds througîi 

u r s a - l l  : 13 ( 18 ) -< lien -^  - y l  a c e ta te  (XXIII ) s ince  th e  l a t t e r  

compound (XSIIl) i s  ob ta ined  from (XXXI) under m ilder co n d itio n s , 

and trea tm en t of (XXIII) \f ith  h y d ro c h lo r ic -a c e tic  ac id  a3,so 

g ives oloana-3J.s3.3(l8)“dien-3^"-yl a c e ta te  (XXXIl) in  10^ pure



6ü

y i o l d c  A g a in ,  t h e  Game t r e a t m e n t  o f  t h e  h o m o a m r a la r  u r s a -

9(11) s l2 -d ien -3 ^ -y l a c e ta te  (XXX) g ives o le a n a - l l : 13( 18)-dien-3^^^1

a c e ta te  (XXXIl) in  s im ila r  y ie ld  (3?)*

V

Those experim ents ore the  f i r s t  recorded in s ta n ce s  of th e  conversion 

of a  simple uxsane d e r iv a tiv e  in to  an isom er belonging to  ano ther 

t r i te rp e n o id  group • and proves th a t  th e  s te reo ch em istry  of c^-amyrin 

a t  C3 , C3 , Cq p Cg p G±op and C17 i s  id e n t ic a l  w ith  th a t  in  ^-am yrin

As sta ter, e a r l i e r  (p. 57 ) tho  hydrogen atom a t  Gis Inp^-am yrin has 

alm ost c e r ta in ly  the  p -c o n f ig u ra tio n , and 0̂ -amyrin must be rep resen ted  

by th e  p a r t i a l  form ula (XXXIIl)* Any complete re p re s e n ta tio n  of the  

c o n s t i tu t io n  and s te reo ch em istry  of o(«*amyrin must inc lude th i s  p a r t i a l  

form ula (XXXIII ) ,  and ag a in , in  the  op in ion  of
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I' • *S As. 5î H XXXÜI

tho  au th o r, p roposais th a t  tho mothyl group a ttach ed  to  C17 i s  

Q^-oriontated (30 , 32, 33 , )  a re  in iralidatedo

In  viow of the  importanco of the  conclusions drawn from th i s  

conversion of urea~9( 11) ;12“d ie n “3^«-yl a c e ta te  (XXX) to  

oloana-].l:13(l8)«*dien-3p”y l  a c e ta te  (X X ÎII), which was in  

v ery  low y ie ld  (lO ^J, i t  was considered  n ecessary  to  v e r i f y  t h i s  

im portant u rsa n e — 3̂  oleanane conversion* In  th e  author* s 

o p in ion , th i s  low y ie ld  was probably  due to  th e  i n s t a b i l i t y  of 

th e  3j^"~&cetoxy group under s tro n g ly  ac id  c o n d itio n s , where secondaiy 

re a c tio n s  such as co n tra c tio n  of r in g  A may occur*

To ovorcose th is  d i f f i c u l t y  u r s a - 9 ( l l )  :12-d ien -3""0ne XXXIV)

was chosen as s ta i 't in g  m a te r ia l , s in ce  r in g  A c o n tra c tio n  would 

th en  bo avoided*

n r s a - 9 ( l l )  :l2«dien'"3'"ono (XXXIV) was p rep ared , by an improved 

method, by o x id a tio n  o f ursa«»9(ll) sl2«d ion -3^-o l w ith 

chromic tr io x id e -p y r id in e  complex (45 ) ,  tlius p reven ting  o x id a tio n  of 

th e  conjugated dione oysteuo As a n tic ip a te d  trea tm en t o f u r s a -
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9 ( ) : 12-dlGïi-3-one (XXXH) w ith hy id roch lo ric -aco tic  ac id  gave 

oleana«3.1ol3(lB)«dien'-3*"Or.a (XXX?) in  a crudo y ie ld  of 65#, 

ajid a pure y ie ld  of 30#, An an th en tie  sample of o le a n - ll:1 3 (1 8 ) ' 

d ien«3--onô (XXXV) was prepared  by o x id a tio n  of the  corresponding 

edcohol w ith chromic t r io x id e  in  a c e t ic  a c id .

0
H

Since > as has been shovm, and ^  «amyrin a re  id e n t ic a l  in  

r in g s  AjBpG. and the  conform ât!onal end s ti-u c tu ra l n a tn ro  

of r in g  B must be re sp o n sib le  fo r  th e  s t a b i l i t y  of th e  c i effu s io n  

of th i s  r in g  w ith  r in g  D= Tho n a tu re  of r in g  S must a lso  ex p la in  

tho  g re a te r  s t a b i l i t y  c f  u r s - lS -e n - j^ -y l  a c e ta te  (XXXIII) 

r e la t iv e  to  u rS '-13 (lS )-en -3^-y l a c e ta te  (XXIV)^ and the  

s u b s ta n tia l  hinderanco upon tiio double bond in  ^ -a iay rin , and 

upon tho  ketone group in  12-oxoursan-3p «yl a c e ta to  (IV ), Again 

r in g  E of tho ursano group must he so c o n s titu te d  th a t  i t  can 

rea rran g e , under s u ita b le  co n d itio n s , to  th e  oleanane system»

These c o n s i d e r a t i o n s  a r e  b e s t  r e f l e c t e d  an d  exp la ined , i n  t h e  

a u t h o r ' s  o p i n i o n V i f  r in g  E o f (^ '-am yrin  i s  5“ m sm bored  w i t h  a n  

j^ s o p r o p y l  g r o u p  a t t a c h e d  t o  G ^g, T he c o n s t i t u t i o n  a n d  

s t G r e o o h e a i e t r y  o f  { ^ -a n y r in  i s  t h e r e f o r e  r e p r e s e n t e d  b y  (XXXVl),
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X'Xî»

The igopro p y l group i s  given th e  p -  co n fig u ra tio n  fo r  two 

reaso n s. F i r s t l y ,  an / -̂"isop ro p y l group g ives a m olecular s tru c tu re  

in  which severe in te ra c t io n  between th i s  group and th e  Qt̂ j, methyl 

group tak es  p la ce . Secondly, the  chosen co n fig u ra tio n  loads to  a 

confor?aation in  which th e  isop ropy l group p ro te c ts  th e  double 

bond in  fi-amyrin, and the  carbonyl group in  12-oxoursan-3p~yl 

a c e ta te  (IV ), thus a ffo rd in g  a  s a t is fy in g  ex p lan a tio n , of the 

in e r t  ch a ra c te r  of th e se  two fu n c tio n s . The ac id  ca ta ly sed  

rearrangem ent of tho u rsa d ie n -3 ^ r l a c e ta te s  probably in c lu d es ,
I

as a f ir - s t  phase, iso m érisa tio n  to  u r s a - l l : 13(18)-dien-3^"i%rl 

a c e ta te  (XXIIl) p ro to n a tio n  of which g ives th e  ion  (XXXVIl).

The p roxim ity  of th e  Ĉ o hydrogen and Gig carbonium ion perm its 

a tran g an n u la r hydride exchange w ith  synchronous r in g  enlargem ent, 

th u s lead ing  to  th e  ion  (XXX^TIIl), xdiich rea rran g e s  to  o leana -  

ll:1 3 (1 8 )-d ien -3 4 î“y l  a c e ta te  (XKXIl).

icxtJn



With a view to obtaining more conclusive evidence regarding
tho  s tru c tu re  of r ig g  E in  D('-Gjayrin, w herein l i e s  th e  reasons 

fo r  th e  d iffo renco  in r e a c t iv i ty  as compared to  ^-am yrin 

(see 27, 46 , 4‘7 ) , the  o x id a tio n  of tho re a d i ly  a v a ila b le  

u rB a"9 (ll)  s l2 “dien«3p‘“y l  a c e ta te  (XXX) was undertaken w ith  tho 

hope of in troducing  fu n c tio n a l groups in  r in g  E®



O xidation of U r8 a « 9 (ll)2l 2- d l9n«3^ -y l  A cetate

Methods a v a ila b le  fo r  th e  p re p a ra tio n  o f u r s a - 9 ( l l ) s l2 «  

d ien “*3^-7l a c e ta te  (XXX) from (X-amyrin a c e ta te ,  inc lude 

dehydrogenation by su lphur a t  210* (48 ) ,  o x id a tio n  of (X-amyrin 

a c e ta te  by chromic tr io x id e  to  H -oxour3 '-12-en-3^-y l a c e ta te  (XXV), 

follow ed by red u c tio n  of th e  ketone by sodium in  amyl a lc o h o l, 

and subsequent dehydration  to  th e  homoannular d iene (XXX) (22)@

The e a s ie s t  method and the  one g iv ing  th e  b^et y ie ld  i s  o x id a tio n  

of iX-amyrin a c e ta te  or benzoate w ith  N-bromosuccinimide to  give 

u rsa .-9 ( l l)  ! l2 “diQn~3p-yl a c e ta te  or benzoate (XXX) (49) o

The o x id a tio n  of u rs a ~ 9 ( l l)  sl2-dien-'3i^“*yl a c e ta te  (XXX) by 

chromic trio ;d .de  in  a c e t ic  ac id  was f i r s t  examined by Spring 

e t  e^o, (50) ,  who is o la te d  an a c e ta te ,  in  which th e

presence of aniÿ^-unsaturated ketone and a  t e r t i a r y  hydroxyl 

m s e s ta b lish e d . This a c e ta te ,  was form ulated  as (XXXIX) o r 

(XL).

The o x ida tion  of tho  diene was rep ea ted  by Je g e r , Ruzicka, 

e t  (51) who o b ta in ed , in  a d d itio n  to  th e  a c e ta te  (C33H50O5.)
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(XXXIX or XL), a second ac e ta to  GaglitaO^, which they  suggested

con ta in s th e  group -C -  C “  C C In  te r n s  of th e  g en e ra lly
6 6

accepted form ula or tho new sterooform ula fo r  ,'v-£unyrin a c e ta te , 

i t  i s  im possible to  form ulate such an one-diono system u n le ss  mol

ec u la r  rearrangem ent i s  assumed during  the  o x id a tio n  o f the  

homoannular diene (XXX),

R ep e titio n  of th e  o x id a tio n  showed th a t  no le s s  than  fou r 

n e u tra l ox ida tion  p roducts ere  formed. In  a d d itio n  to  th e  a c e ta te s  

{Acetate A) and GsgHi-sÔ . (A cetate B) p rev io u s ly  d escrib ed , 

two now ox id a tio n  p roducts were is o la te d  (A cetates C, and D),

An exam ination of the s tru c tu re  o f th ese  fo u r p roducts was 

th e re fo re  undent alien,

S tru c tu re  of A cetate A,

Reduction o f A cetate A (XXXIX or XL) w ith  s in e  in  a c e t ic  acid  

gave 11 -oxours-12-en-3j%-yl a c e ta te  (XXV)

S f i  f ‘

in  e x c e lle n t y ie ld ,  from which i t  fo llow s th a t  tho  p a re n t 

ace ta to  i s  ll-o y m re-lZ -en o -l^  :9  ̂ --diol 3 -a c e ta te  (XXXIX),

Rusicka e t  (‘51 ) found th a t  trea tm en t o f A cetato A (XXXIX) 

w ith strong  a lk a l i  a t  200* follow ed by a c é ty la tio n  gave a 

m ixturo of two compounds, one of which was form ulated as C32H1.3 O3
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i . e .  as  a dehydration  product o f th e  A cetate A, The

au tho r noted th a t  the  p ro p e r tie s  o f t h i s  compound (m.p. 285- 

286*,^1^+93®! y\maXo 248O A ( log.Z 4*05); no, co lour w ith  

te tran ltro m o th an e  in  chloroform ) ara vary  s im ila r  to  those of

ll-oxours-12-en-»3p“y l  a c e ta to  (XXV) (m.p. 2 8 4 - 2 8 5 * ^ 9 8 * |

)\piaXo 2480 A (logoîi4»08)5 no co lour w ith  to tran itro m ath an e  

in  chloroform ). R e p e titio n  of tho experim ent showed th a t  t h i s  

p ro d u c t, which i s  obtained  as the  more so lu b le  component o f tho  

r e a c t io n  m ix ture , i s  indeed 11-oxours-12-en-3^-y l a c e ta te  (XXV), 

and i t s  form ation  i s  to  be a sc rib ed  to  re d u c tio n  and not to  a 

dehydration  of A cetate A.

The le s s  so lu b le  component obtained from th e  strong  alkaJ,i

trea tm en t of A cetate A d if fe re d  co nsiderab ly  from th e  second

compound is o la te d  by Ruzicka. In  c o n tra s t to  th e  compound

d escrib ed  by jduzicka, which had m.p. 190 -  191®, (i^3^-20*,|\mxs

3150 A (lo g llo 4 5 ) and em pirical, form ula GggHgoOa,, th e  product

03g% c%  » obtained  in  t h i s  work had m.p. 169 -  170*, «60®,

and e x h ib ite d  end ab so rp tio n  ( £ 9,800 a t  2080 1 ) in  the

u l t r a - v i o l e t  reg io n . The iîifra~ red  spootnim of th e  product

is o la te d  in  th is  work in c lu d es bonds a t t r ib u ta b le  to  a  hydrogen-

bonded hydroxyl group, a hydrogen-bonded s ix - r in g  carbonyl group,

end an a c e ta te  group. The product g ives a p a le  yellow  colour w ith

to tran itrom ethaJie  in  chloroform . The in te n s i ty  o f ab so rp tio n
«>

in  th e  2,000 -  2250 A reg io n  i s  com patible w ith  th e  view 

th a t  th e  product co n ta in s  a  13518-double-bond (44 ) «
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Product QssHsoQt

613- I 8 neo-â-am yrin â 9 " H  ^12-13

^208 = 10,800  ^208 =  3200 ^207 = 3100

^210 =■■ 10,000 ^211 = 5900 2211 = 5000 ^210 = 3000 £210 = 2200

^215 = 6,800 &215 = 5100 £215 = 4500 £215 = 1600 ^215 = 850

2220 = 3,800 *220 = 3500 «220 = 3100 £220 = 500 £220 = 260

£225 = 1,800 £'225 = 1800 £225 = 1800 £225 = 190 £2% = 185

On tho baeio  of th ese  p h y sica l p ro p e r t ie s ,  th e  most l ik e ly  

s tru c tu re  for the  product CsgHsoOt i s  (XLï)

/LI

A cetate A (XXXIX) co n ta in s  an c^-ketol groupo A ttem pts mado 

to  cleave th i s  system using  lead  t e t r a - a c e ta t e  or p e iio d ic  ac id  

were u n su ccessfu l, A cetate A being recovered  unchanged* 

A ttempts were a lso  made to  form th e  eno l a c e ta te  of A cetate A 

(XXXIX)* ll^O xour8-12-en -3 ^ -y l a c e ta te  (XXV) under a c id  

con d itio n s forms ll-aceto% yurG a™ 9(ll):12-d ien-^p-y l a c e ta te  

(ZXI) (see Po57)o The enol a c e ta te  o f A cetate A (XXXIX) was 

not obtained* however, H '^ zo u rs-lS -cn ^ ^ jü -y l a c e ta te  (XXV) 

being the  only product is o la te d  from th i s  roaotiono
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S tru c tu re  of A cetate  B

Tho a c e ta te ,  CsgîksQî,, obtained  by o x id a tio n  of u rsa « 9 (H )s  

2.2-dien'“3^“7 l  a c e ta te  (XXX) has boon id e n t i f ie d  as 13slS£«^poxy-

12->-oxourC'-9(ll)"’*en«3^-yl a c e ta te  (XLH)o This compound g ives an 

in f ra - r e d  spectrum which in c lu d es bands a t t r ib u ta b le  to  th e  

a c e ta te  group, and tho ^^^-unsaturatod ketone ( u l t r a - v io le t  

l i g h t  ab so rp tio n  ^maxo 2560 Î. (log#Ao08), b u t i t  does not 

inc lude bands due to  th e  presence o f e i th e r  a  hydroxyl o r an 

is o la te d  ketone group.

Reduction o f A cetate B w ith  zinc  in  e th an o l g ives 12-oxoursa- 

9( 11 ) : 13( 18)-dlen-3j&-yl a c e ta te  (X L IIl), a  yellow  coloured 

compound which shows a h ig h ly  c h a r a c te r i s t ic  u l t r a - v i o l e t  

ab so rp tio n  curve, s im ila r  to  th a t  o f 12-oxo«oleana-9(1 1 )s13(18)- 

d ien -%  - y l  a c e ta te  (XIjIV) (43 o ) The c h a ra c te r i s t ic  ab so rp tio n
I

spectrum of th ese  two compounds i s  a t t r ib u te d  to  th e  c ie o id -  

t r  ans old geometry of i t s  C = C « ç ,  -  C = C chromophor©| in  c o n tra s t ,  

compounds con ta in ing  th e  same ciirompphore in  a s ix -  

memborod r in g  show an ab so rp tio n  a t  ca 2400 A. Tho cis o id  « 

tran g p id  dionone, 1 2 -o x o u rsQ -9 (ll)s13(18)-d ien -3 p “y l  a c e ta te  

(X L IIï), d i f f e r s  from i t s  oleanane ana3.ogu© (XLIV) in  po ssessing  

a  yellow  co lo u r, confirm ation  th a t  t h i s  co lour was c o n s t i tu t io n a l  

v/as obtained by hylro ly s i s  to  th e  corresponding alm ost co lo u rle ss  

a lco h o l, follow ed by ro a c e ty la tio n  to  th e  yellow  ace ta teo
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Xlll

O xidation o f tho  yellow  dienono j, 12-oxoursa”9 ( H  ) s 13 ( 18 )~ 

dlGn”3 ^-y l a c e ta te  (X L IIl) w ith chromic tr io x id e  in  a c e t ic  

ac id  reg en e ra tes  A cetate  B* On th i s  evidence and th a t  f rœ i th e  

u l t r a - v io l e t  and in f ra - r e d  s p e c tra , A cetate  B must p o ssess 

an oxide ring» The oiygen atom removed from A cetate B by 

a inc  must be th e  o x id ic  fu n c tio n , and th e re fo re  two c o n s ti tu t io n s  

a re  p o ss ib le  fo r  the  A cetate B, v iz .  (XLII) and (XLî)»

Of tho  a l te r n a t iv e s  f o r  A cetate B, th e  form er (XLII) i s  

p re fe rre d  fo r  tizo reasons® F i r s t l y ,  th e  epoxide i s  recovered  

unchanged a f t e r  trea tm en t w ith  h y d ro c h lo r ic -a c e tic  acid* In  

tho  a u th o r’s op in ion , th e  s e c o n d a ry - te r tia ry  oxide in  (XLV) 

would no t su rv ive t h i s  treatment® Secondly, the  in te n s i ty  of
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u l t r a - v i o l e t  ab so rp tio n  maximum of A cetate  B i s  no t com patible 

w ith  th e  presence of a  c iso id  «unsa tu ra te d  ketone as in  (XLV)

In  c o n tra s t  to  s in c -e th a n o l red u c tio n , red u c tio n  o f A ootate 

B (XLIl) w ith  z in c  in  a c e t ic  ac id  y ie ld ed  a m ixture which was 

sep ara ted  by chromatography in to  12-oxoursa-9( 11 ) : 13 ( 18 ) -d le n -  

3 p -y l a c e ta te  (X L IIl), and u rsa -9  ( 11 ) : 13 ( 18 ) -d ie n - i^  - y l  a c e ta te  

(XXXI)* O xidation o f u r s a -9 (11 )513(18)-dien-3^==yl a c e ta te  (XXXI) 

w ith  ozone gave 12-oxour sa-9  ( 11 ) : 13 ( 18 ) - d ie n - 3 ^ y l  a c e ta te  (X L IIl), 

1 2 -0 x o u rsa -9 ( ll)s l3 (1 8 )-d ie n -3 ^ -y l a c e ta te  (X IJ I l)  can be hydrogoni

x u \ X U i i

olysed  to  u r s a -9 (1 1 ):1 3 (1 8 )-d ie n -3 ^ -y l a c e ta te  (XXXI) (52). 

In d u c tio n  of A cetate  B (XLII) w ith  chromouS ch lo rid e  a lso  g ives 

12-oxour sa-9  ( 11 ) s 13 ( 18 ) -dien^^.^^-yl a c e ta te  ( XLIII ),

o th e r  a sp ec ts  of th e  chem istry  of A cetate  B, 13 s 18^-cpoxy- 

12 -oxours-9 (11)- e n - i^ -y l  a c e ta te  (XLII) w i l l  be d iscu ssed  l a t e r ,
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Is o la t io n  of A cetates C and D,

A fter removal of A cetates A and B from th e  m ixture 

ob tained  by o x id a tio n  of u rsa~ 9 (H ) sl2-Kîien~3A“y l  a c e ta te  (XXX), 

th e  re s id u es  were combined and chromatographed on alumina»

E lu tio n  of the  column w ith benzene gave a h igh  m elting  compound, 

A cetate  C, OsgEi-sOi, w ith a c h a ra c te r i s t ic  u l t r a - v io l e t  l i g h t  

ab so rp tion  a t  2360 A (logf4»04)» I t  does no t give a colour 

w ith  te tran itro m e th an e  in  chloroform . F u rth er e lu t io n  of th e  

column w ith  benzene gave su ccess iv e ly . A ce ta te  B (X L Il), and 

pji A cetate  D, r e a d i ly  id e n t i f ie d  by d i r e c t  comparison as 12-oxours- 

9(ll)**en-3.à"yl a c e ta te  (V)o F u rth e r e lu tio n  w ith  benzene-ether 

gave A cetate  A (XXXIX).

S tru c tu re  of A cetate C.

A ^-am yrin  derive .tive  fg knovm which has s im ila r  

physical- c h a ra c te r i s t ic s  to  A cetate  C« The ^ -am yrin  compound, 

GsgHtgOg., form ulated as (XLVl) or (XLVIl), i s  ob tained by vigorous 

o x id a tio n  of 1 2 -o x o is p -o le a n a -9 ( ll) ; l4 “d ie n -3 ^ -y l a c e ta te  (XXVIl) 

(53) .  and has an u l t r a - v io l e t  maximum a t  2360 A (lo g ^ 4 o ll)  

and a high m alting  p o in t (315°)
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Sines 12-oxours-“9 ( l l ) " e n - 3 ^ y l  a c e ta te ,  (A cetate D) (V), 

and A cetate  G, G3g%g % , wore obtained by th e  ox id a tio n  of 

u r6 a -9 (ll)s l2 "d ie n -3 & -y l a c e ta te  (XXX), tho  p ro b a b il i ty  th a t  

A cetate G was an o x id a tio n  product of A cetate D (V) was considered 

l ik e ly ,  and v e r i f ie d  experim en ta lly . Although A cetate D (V) i s  

s ta b le  to  cold chromic a c id , v igorous o x id a tio n  y ie ld ed  A cetate C 

in  good y ie ld  (54 )o In  order to  account fo r  th e  u l t r a - v io l e t  

spectrum of A cetate C, the  p o s s ib i l i ty  o f m olecular re-arrangem ent 

during  i t s  fo rm ation  was considered» In  th is  connection 12- 

o x o .iso u rsa -9 (ll)  s l/>.-di8n-3^-yl a c e ta te  (Vl) suggested i t s e l f  

as a l ik e ly  in te rm e d ia te , which under th e  in flu en ce  of ac id  would 

form a second in te rm ed ia te  , 1 2 -o x o p h y llan th -9 (ll) -e n -3 p -y l 

a c e ta te  (XLVIIl) (55)« In  agreement wi.th th i s  p o s tu la te ,  12- 

o x o iso u rsa -9 ( ll)  sl4-*“-diQ2^-3^‘"yl a c e ta te  (V l), prepared by the  

standard  method of selenium  diox ide o x id a tio n  o f 12-oxours-9(ll)'-en*" 

3 ^ -y l a c e ta te  (V) (40 ) ,  gave 12-oxophyllan th -9(11 )-en-3^ 

a c e ta te  (XLVIII) on trea tm en t w ith  cold chromic acid* Moreovf^r, 

v igorous chromic ac id  o x id a tio n  of e i th e r  in te rm ed ia te  (Vl) 

or (XLVIIl) gave A cetate G* On tho b a s is  of th ese  sy n th eses , 

the  s tru c tu re  of A cetate C i s  considered to  be 12:15-d io x o p h y llan th - 

9 (11) -e n -3 ^ -y l a c e ta te  (XLlX)* The in f ra - re d  spectrum of A cetate 

0 (XLIX) e x h ib its  bands a t  I 648 and I 686 cm*  ̂ which may be a t tr ib u te d  

to  th e  cyclppropanedione system*

Tho course of the  o x id a tio n  of A cetate D (V), to  A cetate 0 (XLIX)
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10 Qhovm bolows-

, I «I ■ "g**

Xf.V!W

A cetates A,B,C ojid D have th e re fo re  been t ie n t i f  led  and 

chai’a c te r iso d i e2though th e i r  s tru c tu re s  gave no d i r e c t  evidence 

regard ing  the  ntvbure of r in g  S, A cetate B (XLIl) w ith i t s  13:18 

epoxide fu n c tio n  proved to  be a u s e fu l s ta r t in g  m a te r ia l f o r  tho 

in tro d u c tio n  o f uns a tu ra tio n  in  r in g  E, as described  la te r*

An attem pted o x id a tio n  of u r  sa-9  ( 11 ) : 12-d i en'-3^-yl ao e ta to  

(XXX) with selonium d iox ide was u n su ccessfu l, th e  diene being 

recovered unchanged. Under s im ila r  cond itions o le a a a ~ 9 (ll) :1 2 -  

dion~3^“-yl a c e ta te  (L) g ives 1 2 :1 9 -d io x o ~ o l8 an a -9 (ll) :1 3 (l8 )~  

dien-3B^yl a c e ta te  (L l) (56, 5?)» In  tho author*s op in ion , 

th i s  d iffe re n ce  is  in d ic a t iv e  of the presence of an allcyl group 

ax» Qi 9 c
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S tru c tu re  o f Ring £ in  O^-Amvrln.

C onsideration  w il l  now be given to  experim ents designed to  

o b ta in  more conclusive evidence regard ing  th e  natu re  of r in g  E 

in  o(~amyrin and to  a d isc u ss io n  of th e  r e la t iv e  m erits  o f th e  

a l te r n a t iv e  formulae fo r  X'-amyrin, i , e .  th e  s tru c tu re s  invo lv ing  

the  five-membered r in g  E, and th e  s ix -  membered r in g  E«

Reduction of A cetate B, 13:18^ «-epoxy-l^-oxours-?( 11 )«»en-3^'"yl 

a c e ta te  (XLIl) w ith  lith iu m  aluminium hydride gave, 1 3 :l^^epoxyurs- 

9 ( l l ) ’“ene-3p l2^»d io l 3-acGtato (L II) * The u l t r a - v io lo t  spectrum 

o f (L II) showed double bond ab so rp tio n  oifLy (2080 1 log  of 3 c 63) 

and the  in f ra - re d  spectrum confirmed the  presence of a hydrogen- 

bonded hydroxyl groups Tho compound (L I l)  gave a yellow  co lour 

w ith  te tran itro m e th an e  in  chloroform  so lu tion*  On a c é ty la t io n  

i t  gave th e  d io l  m onoacetate, 13:18^-ep o x y irs -9 (11)-one-3 ^ :12 f-  

d lo l  3-acG tato ( L I l ) ,  the  12-hydroxyl group being s t e r i c e l l y  

hindered» The d io l  monoacetato (L II) was r e a d i ly  ox id ised  by 

chromic tr io x id e -p y r id in e  complex (45) to  th e  13s18f-opoxide 

(X L Il), in d ic a tin g  th a t  no m olecular rearrangem ent had occurred  

during  th e  red u c tio n  s ta g e .

X LU
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Treatm ent of the  diolm onoacetate (L Il)  w ith  m ineral ac id

gave a compound which givos a l ig h t  yellow  co lour w ith

te tran itro m e th an e  in  chloroform  s o lu t io n , and showed u l t r a -
o

v io le t  end ab so rp tio n  a t  204.0 A (log^3»66)* I t s  s tru c tu re  has 

no t been e lucidated*  The in f ra - re d  spectrum of th i s  compound 

showed stro n g  ab so rp tio n  a t t r ib u ta b le  to  a s ix - r in g  carbonyl 

group. The compound was recovered unchanged a f t e r  trea tm en t w ith  

p y rid in e  and a c e tic  pnh;ydrido, z inc d u st in  e thano l or a c e t ic  

a c id , end chromons ch lo rid e  reag en t. Reduction of the  compound 

w ith  lith iu m  aluminium hydride follow ed by a c é ty la tio n  gave a 

gum.

Reduction of 12-oxoursa-9(11 ):13 (18 )-d ie n -3 ^ -y l a c e ta te  

(XL IIl) w ith  lith iu m  aluminiiim hydride gave the expected u r s a -  

9 (ll) :1 3 (l8 )-d ieu e9 ^ * 1 2 % -d io l ( L I I l ) ,  which on a c é ty la tio n  gave 

a m ixture of two p ro d u c ts , r e a d i ly  separab le  by cliromatography.

The more s tro n g ly  adsorbed compound, C^.^HsoO^, i s  the  corresponding

d io l  monoacetate ( L I I l ) ,  3 ^ "ace to x y u rsa -9 (ll)  :13 (18)-d io n -1 2 (-o l, 

which was re a d ily  dehydrated by trea tm en t w ith  a c e t ic  srJr^'dride 

a t  100® to  y ie ld  a p roduct, , id e n t ic a l  w ith tho  second

( le s s  s tro n g ly  adsorbed^ compound is o la te d  by chromâtograply ,

On the  b a s is  of i t s  method of fo rm ation , the  s t r u c tu re ,  ursa*-9(3l)s 

1 2 :1 8 - tr ie n -3 ^ -y l a c e ta te  (LIV) can be a t t r ib u te d  to  t h i s  compound* 

The conjugated t r ie n e  s tru c tu re  i s  supported by th e  u l t r a - v io l e t  

maximum a t  3CoO A (log% 4,15); t h i s  s l ig h t ly  lower ab so rp tio n
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wavelength; as compared to  o lean a-9 ( 11 ) î 1 2 :1 8 -brion-3^-y’l

a c e ta te  (LV) (3100 X lo ^ 4 * l)( /^ 3 )# which has one le s s  a l i y l  su b stitu e ]

on th e  t r ie n e  system , i s  su rp r is in g , and may be a t t r ib u ta b le  

to  th e  d if fe re n c e  in  s iz e  of r in g  E,

3rrr
U

This u r s a tr ie n e  (LIV) in  which th e  p aren t ursane sk e le to n  

has not undergone re  -arrangem ent (see l a t e r )  i s  the f i r - s t  example 

of an ursane d e r iv a tiv e  w ith  an etby3.enic lin k ag e  in  r in g  E* I t  

dem onstrates co n c lu siv e ly  tho  ex is tan ce  of a hydrogen atom a t  

Cj.9 in  ^-em yrin , and consequently  excludes forniulao fo r  K-ajnyrin 

such as(lv :i) . te n ta t iv e ly  Buggssted by Meakins (58).

N i

Tho f i r s t  a ttem pt to  e s ta b l is h  th a t  th e  tr io n e  (LIV) s t i l l  

re ta in e d  the  u rsane sk e le to n , co n s is ted  of c a ta ly t ic  hydrogenation , 

in  tho hope of is o la t in g  a 3oiown u rsad ie n y l a c e ta te  o r u rsen y l 

aceta te*  This was unou ccassfu l, however, since tho only is o la te d  

product hsving h igh  in te n s i ty  eb so rp tio n  in  th e  u l t r a - v io l e t  

reg io n , i s  p o ss ib ly  an unknovm non-conjugated d ieno . Tho in te n s i ty  

of the  ab so rp tio n  in  th e  2000 -  2250 & reg io n  i s  com patible
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w ith tho view th a t  the  compound co n ta in s a lls lB -d o u b lo  bond,

i  e O o

IMro&omtion.Prgdugt gra~i:i(lM rAte3f"yl-a ce t

210 = 8,400  210 = 4,000

215 = 7 ,200 219 = 5,100

220 = 4,900 222 = 2,800

225 = 3,000 223 = 1,100

230 = 1,100

This hydrogenation product was recovered unchanged on m inera l 

ac id  trea tm en t, in  marked c o n tra s t to  the  t r io n e  (LIV) from 

\m ich no c r y s ta l l in e  p roducts could be is o la te d  on s im ila r  ac id  

trea tm en t.

Tho conversion of u r s a -9 (H )  :1 2 s l8 - tr ie n -3 ^ -y l a c e ta te  (LIV) to  

a  Imovm u rsad ie n y l a c e ta te  was re a d i ly  achieved however^by employing 

lith iu m  m etal in  l iq u id  ammonia as th e  reducing ag en t, u r s a - 9 ( l l ) :

13(18)-d1en-3&«^1 a c e ta te  (XXXl) was r e a d i ly  is o la te d  and 

id e n tif ie d o

A second u r s a t r ie n y l  a c e ta te ,  3|^ 212-d iacetoxyursa- 

9 (ll):1 2 :1 8 -tri0 % G  (b V Il) , was obtained in  e x c e lle n t 

y ie ld  by su b je c tin g  12-oxoursa-9(3-l) sl3(lB)-di© n~3^“y l  a c e ta te  

(XL IIl) to  fo rc in g  enol a c e ty la tin g  conditionso VJhen hydrolysed 

w ith  m ethanolic h y d ro ch lo ric  a c id , the  enol a c e ta te  (LVII) gave 

12-oxoursa‘“9 ( l l )  5l3(lB )-dien--3^“o l ,  c h a ra c te rise d  by form ation 

o f i t s  a c e ta te  (XL IIl)^ In  c o n tra s t ,  base h y d ro ly sis  of the  enol 

a c e ta te  (LV Il), follow ed by a c é ty la t io n , gave a m ix tu re , from which
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two iaom eric compounds were is o la te d  by c r y s ta l l i s a t i o n  and 

chromât ography*

'fhe f i r s t  compound, C33H4.8O3 , was an c^jS-^nsaturated ketone 

( Xmaxc 25COil)v;hich gave a yellow  colour w ith  te tra n itro m e th an e  

in  chloroform  s o lu t io n , in d ic a tin g  th e  presence of an is o la te d  

double bond. A ccordingly th e  compound i s  form ulated as 12-oxoursa- 

9(13.) s l8 ”d ien -3 ^”y l  a c e ta te  (L V IIl), in  agreement w ith  t h i s  

s t r u c tu r a l  assignm ent, trea tm en t of (LV IIl) w ith  m inera l a c id , 

folJLoved by a c é ty la tio n  gave 12-oxour sa-9  ( 13. ) : 13 ( 18 ) -d ien -3 ^  -y  1 

a c e ta te  (X L IIl).

The is o la te d  fi-18 bond in  (LV III) i s  no t s tro n g ly  h in d ered , 

s in ce  trea tm en t w ith  m onoperphthalic an id  y ie ld ed  th e  mono- 

epoxide s t i l l  possessing  the  ty p ic a l  u l t r a - v io l e t  ab so rp tio n  

spectrum  of an t^^^'unsaturated ketone. This epoxide i s  th e re fo re  

considered  to  bo 18 s19^ -epoxy-12-o xours-9 ( l l ) - e n - 3^ -y l  a c e ta te  

(LIX). Reduction o f 1 2 -o x o u rsa -9 (ll) :1 8 ~ d i0 n -3 ^ -y l a c e ta te  (LV III] 

w ith  l ith iu m  m etal in  l iq u id  ammonia gave 12-oxours-18-en-3^-y l 

a c e ta te  (U l). An attem pt to  convert th e  dienone (LV III) to  a 

d iene by c a ta ly t ic  hydrogenolysis f a i l e d ,  s ta r t in g  m atoria]. 

being  recoveredo
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Tho second isom er Iso la te d  from base h y d ro ly sis  o f th e  enol

a c e ta te  (LVII). e x h ib its  the  % ^ ic a l  u l t r a - v io l e t  ab so rp tio n
o

spectrum (maxima a t  2050, 2620, and 2940 A) o f a  c is o id - tra n s o id  

"en-one-ene" system» Since i t  d i f f e r s  from 1 2 -o x o u rsa -9 (ll)5 l3 (1 8 ) 

-dicn-3^-y3. a c e ta te  (X L IIl), the  most l ik e ly  fo rm ula tion  i s  th a t  

o f the  19 - a l kyl  isom er (LXI)» This compound, u n fo r tu n a te ly , 

was extrem ely l a b i l e ,  sim ple r e c r y s ta l l i s a t io n s  causing change

U

Lyii

of m alting  p o in t range and a l t e r a t io n  of s p e c if ic  r o ta t io n .

An attem pt to  gain  experim ental support f o r  the  su p p o sitio n  

th a t  ac id  h y d ro ly s is  of th e  enol a c e ta te  was g iv ir^  th e  thermo

dynam ically more s ta b le  isomer w ith  a 19^“* a lk y l group (XX III) ,  

and a lk a lin e  h y d ro ly s is  y ie ld ed  the  le s s  s ta b le  isomer w ith  the  

19pl-alkyl group (LXl), f a i le d  because no c ry s ta l l in e  p roduct could 

be is o la te d  from a lk a lin e  h y d ro ly sis  of 12”Oxours-18-en-»3^-yl 

a c e ta te  (LX).

Reduction of th e  enol a c e ta te  (LYIl) w ith  lith iu m  m etal in
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l iq u id  ammonia g follow ed by ro a c é ty la tio n  y ie ld ed  a  &iibstence,
o

Ga-t-HsoOsj e x h ib itin g  an u l t r a - v i o l e t  ab so rp tio n  maximum a t  2620 A 

(logEA* 28) g whose s tru c tu re  has n o t been e lucidatedo

Budziarikg Manson, and Spring (34) rep o rted  th a t  v igorous 

chromic ac id  o^Lidation o f |8-am yrin a c e ta te  y ie ld ed  acetonej 

under id e n t ic a l  cond itions^  no acetone was is o la te d  from o(-amyrin 

a c e ta te .  In  view of th e  id e n t i ty  o f r in g s  A,B,G, and D in  th e se  

compounds^ i t  seems l ik e ly  th a t  th e  acetone from ^ -am yrin a c e ta te ,  

i s  d eriv ed  from r in g  Eo In  view o f tho known ease o f o x id a tiv e  

a t ta c k  in  r in g  E o f ^ -am yrin  (e .g . p rep a ra tio n  o f 12sl9-<iioxo- 

o le a m -9 ( 11 ) s 13(18)-d ie n -3 ^ -y l a c e ta te  (L l) see p .74 ) ,  th e  

acetone might w ell be derived  from th e  gem- d im ethyl group a t  

Ggo « The f a i lu r e  to i s o la te  acetone from X -am yrin a c e ta te ,  might 

a t  f i r s t  s ig h t ,  appear to  support th e  Ruaicka -  Jeg er fo rm u la tio n  

( l ) ,  end bo construed as evidence a g a in s t th e  five«inembered r in g  

E s tru c tu re  (XXXVl). I t  should

be borne in  mind, however, th a t  th e  Gig, G13 , Qis and Clq reg io n  

in,)(-aiiiyrin i s  su b je c t to  severe h inderance , and p r io r  to  th i s  

work, no u rsan e  d e r iv a t iv e s  w ith  u n s a tu ra tio n  or oxygen fu n c tio n s  

in  r in g  E had been sy n th e s ised . A ccordingly , the  non-appearance 

of acetone in  th e  o x id a tio n  p roducts o f o^-amyrin a c e ta te  could
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b0 a t t r ib u te d  to  th e  hindercaice oid.dative a t ta c k  in  tho

environment of r in g  E© The a v a i l a b i l i ty  o f an u r s a tr ie n e  xfith 

u n sa tiira tio n  a t  Qte perm itted  tho te s t in g  of t h i s  h y p o th esis . 

Vigorous o x id a tio n  o f 3|î ?12-d iac0 toxyursa-9(L l) s l2 s l0 « tr i0 n e  

y ie ld ed  acetone , i s o la te d  as i t s  2 :4,‘-d in itro p h 0nylhydrazoae.

These o b serva tions may th e re fo re  be in te rp re te d  as evidence in  

favour o f th e  X-amyrin fo rm ula tion  (XXXVl) possessing  an isop ropyl 

groupo

Summarising th e  s ta te  of knowledge concerning th e  s tru x tu re  

of L<-amyrin two form ulae (A) and (B) e x is t  from which a d e f in i te  

choice rem ains to  be made.

A

llo

The fo rm u la tion  (à) was proposed (28, 37) on th e  b a s is  of experim ents 

performed in  th e se  la b o ra to r ie s ,  some of which a re  the  su b je c t 

m a tte r o f th i s  th e s is*  The p r in c ip a l  p o in ts  of in te r e s t  a r e : -  

1« The ste reo ch em istry  a t  a l l  asymmetric ce n tre s  he.s been

e lu c id a ted  on tho b a s is  of chem ical evidence.

2o The s t o b i l i t y  of tho  r in g  D/E c i^ -fu sed  system i s  r e a d i ly

ex p lic a b le  on tho b a s is  of a hydrindano system.

3* The s t e r i c  h inderance observed on re a c tio n s  o f th e  ^ -s jay rin

double bond, or 1 2 -k e to - d e r iv a tiv e s  i s  explained  by tho
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p ro te c tin g  in fluence  of the  buJicy iso p ro p y l group.

4» A s a t is f a c to ry  mechanism fo r  the  u rsad ie n y l a c e t a t e ---------

o leanadienyl a c e ta te  i s  given*

5» The d if fe re n c e s  in  behaviour of a n d - a m y r in  a c e ta te s  

on vigorous o x id a tio n  have boon ra tio ric lise d o  

A fter public a t lo n  of the  new Bterooform ula (a) se v e ra l papers 

have appes^rod p resen tin g  new (and in  somo cases c o n f lic t in g )  evidence, 

somo of which has been in te rp re te d  as favouring  (A), and some 

favouring  (B), th e  s tm c tu r e  proposed o r ig in a l ly  by R iz icka ,

Jegor and co-workers (19) and o labo ra ted  by Corey and Ursprung 

(27, 31 ).

The o b jec tio n s  to  f c m u l a  (A) m ade by Corey and Urepning (31) 

a r e  5 -

lo Tlis f iv e  membered r in g  E i s  in  apparen t disagreem ent w ith  

sev e ra l degrada tive  s tu d ie s  c a rr ie d  out by Rusicka e t  a l .

(see p,49and p53 I t  should be borne in  mind, th a t  th ese  are  

m ostly pju’o ly t ie  re a c tio n s  in  which th e  p o s s ib i l i ty  o f ro -  

arrangem ent has no t boon excluded, n o n -c ry s ta l lin e  in te rm ed ia tes  

only have been is o la te d  and in  some in s tan ce s  f u l l  e^cporimontal 

d e sc r ip tio n s  have not been g iv e n .

2o I t  is  unnecessary to  adopt a five-member od r in g  E to  exp la in  

th e  u r  s a n e o l e a n a n e  in to rconverslcno  since  th i s  could be 

expected on th e  b a s is  o f a six-membored r in g  E. They quota 

(31) th a t  'ÿ' - ta ra x a e te n e  (L X Il), t a r  axes tone (L X IIl), and 

lup o n a-I (LX3!V) isom erises to  olaan~13(l8)--8n-3|^“o l (LXV), which 

invo lves the  tran sfo rm atio n  of a 19:20 dim ethyl group to  a 20:20
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dijaothyl groupe ïh e i r  otatem ont th a t  " th is  i s  com plotely ana.logcus

a

X ]

•s

y

to  th a t  which i s  roqu irod  i f  (B) i s  th a  s tru c tu re  of e^«amyrin" 

i s  somewhat s u p e r f ic ia l .  I f ;  indeed, th e  meclianism involves 

th e  m igration  of the u n sa tu ra ted  system in to  r in g  E to  e f f e c t  

the  re-'JiïTangement, i t  must involve th e  d iene system lo s in g  i t s  

conjugation* Moreover no examples o f conversion of an u rsane 

d e r iv a tiv e  to  an oloanenQ d e r iv a tiv e  are  knovm*

3o If(X -am yrin has s tru c tu re  (A), u r s o l ic  la c to n e  ( t ran s-p en ta lan a ) 

would be more s tra in e d  than  o lean o lic  lac to n e  ( tra r^ -h y d rin d a n e ) , 

con tra ry  to  o b serv a tio n . Coro:.  and Ursprung (31) form ulate 

th e  s tru c tu re  of c^^-amyrin as having a m ethyl group, and

an ^-Cgo methyl gi*oup as shovm in  (LXVI)*

l ' X j -

!lo'
JXJ L%.s\

/\ U
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'nioÿ s ta te  th a t  d i r e c t  e lu c id a tio n  of th e  co n fig u ra tio n s  a t  

C3.9 , and G30 i s  n o t a sim ple m a tte r , because of the  d i f f i c u l t y  

encountered in  ca rry in g  out ste reo ch em ica lly  m eaningful re a c tio n s  

in  r in g  E» However, many of the  re a c tio n s  in  th e  a c c e ss ib le  r in g s

C and D of the  g^-amyrins a re  s tro n g ly  a f fe c te d  by th e  c o n fig u ra tio n s

Ci9 and Ggo» The co n fig u ra tio n s  a t  and are  

resp o n s ib le  fo r  th e  p i s - fu s io n , s ince  th e re  i s  only one 

o r ie n ta t io n  of th e  two methyl groups, which i s  c o n s is te n t w ith  

th ese  findings* I h is  o r ie n ta t io n , 19j& -oquatorial, and 20-X  

e q u a to r ia l ,  i s  such th a t  th e  c is - lo c k in g  of r in g  E i s  anchored 

by th e  two methyl groups, which a re  e q u a to r ia l only as long as 

r in g s  D and S a re  c i s -locked* The methyl groups would be fo rced  

in to  th e  unfavourable a x ia l  o r ie n ta t io n  i f  the  r in g  ju n c tio n  

D/E was tran s-fu sed *  I f  th e  G^g-m ethyl group was a x ia l  ieO.

had tho  ^ -c o n f ig u ra tio n , severe in te ra c t io n  would occur w ith

th e  Cl ̂ -m ethyl group, causing th e  c^ is-^-fusion  to  be so 

d e s ta b il is e d  th a t  t r a n s -  fu s io n  of r in g s  D and E would be th e  

more s ta b le .  The in e r tn e s s  of the  12 :13-double bond i s  due 

to  th e  hinderance by th e  19^-m ethyl group.

Attempts have been made to  d is t in g u is h  between form ulae (A) 

and (e) by means of in f  re -re d  sp ec trcg rap h ic  d e te rm in a tio n s .

Meakins (58) drew a t te n t io n  to  th e  f a c t  th a t  formiula (A) has two 

and form ula (B) has on].y one gem-dimethyl groupe Since t h i s

s t r u c tu r a l  system e x h ib its  a  c h a r a c te r i s t ic  peak n ear 1367 cm *(62),
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a p h yeica l method of d is t in g u ish in g  between the  two form ulae 

was a v a ila b le .

'î’o accen tuate  th e  d if fe re n c e , ^-am yrin  was converted to  tho  

t r i  g norhydrocarbon vizo

th u s removing th e  gem»dimethyl group from r in g  A. jS-ihnyrin 

and lupanol were lik e w ise  converted to  th e  corresponding 

trisnorhydrocarbonso  In  a l l  th re e  d e r iv a t iv e s ,  th e  in te n s i ty  

a t  1367 cm* was th e  same, in d ic a tin g  th a t  in  a l l  th re e  

hydrocarbons t l^ re  was one gem*dimethyl group present*  I t  was 

th e re fo re  concluded th a t  ^(-amyrin possessed two gem»dim ethyl 

g roups,thus excluding  form ula (B). An a l te r n a t iv e  s tru c tu re  

fo r  cC-amyrin, o th e r th an  (A), was proposed by Meakins b u t th i s  

i s  exclu ied  by experim enta l evidence d iscu ssed ' in  th i s  th e s is

(p .78 ).

Meakins conclusions have v ery  re c e n tly  been cha llenged , by 

Colo, Thornton, and m i t e  (6 3 ), who claim  th a t  th e  ab so rp tio n  a t  

1365 cm. * in  ^ —amyrin and lupane i s  much more in te n se  th an  th a t  

o f K-emyrin.

Jegor and co-w orkers (59) d ism iss th e  form ula (a) f o r
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^-am yrin in  tho l ig h t  o f re c e n t deg rada tion  re a c tio n s  which they  

have c a rr ie d  cute P y ro ly s is  of 3 sl2 “d io x o iso u rsa -9 (H ) s l4-d ien e  

(LXYII) a t  320 « y ie ld ed  a hydrocarbon, C9H13 , to  which 

a tio ic tu re  (LXVIÏI) or (LXIX)ie assig n ed , trea tm en t o f which w ith  

m onoperphthalic ac id  gave an oxide (LXX) or (LXXI)« Treatm ent of 

t h i s  oxide w ith Lewis ac id  y ie ld ed  a  ketone ( - ) - 2 :3 :6 -trim ethy l"- 

£y^qhexanone (LXXIl), id e n t i f ie d  by sy n th e s is  from D(+)«pulegone 

(LXXIII)« On t h i s  evidence Jeger claim s th a t  th e  form ation  of ketone

f

I

L m

(LXXIl) cannot be in te rp re te d  on tho b a s is  o f th e  f iv e -  membered
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r in g  S fjtinxcture (A), and a lso  th a t  on th e i r  s tru c tu re  tho mothyl 

group a t  O20 possesses th e  0 \-conflguratio iu

I t  should bs notûd, however, th a t  th a  p o s s ib i l i ty  of m olecular 

re-arrangem ent e i th e r  during  th e  p y ro ly s is  o r ac id  trea tm en t s ta g e s , 

has no t been excludedo

Jeger (sea ^  ) has po in ted  out a d iscrepancy in  h is

structur'©  fo r  cK-amyji’in  ( l ) ,  in  th a t  th e  dohydrogenation products 

from -«amyrin aro the sjsio as those from ^-am yrin , and include 

1 ;3-dim ethylpicene ( i l l  .H ~ H) r a th e r  than  the expected 1:2^%- 

trim o thy lp icene  ( i l l  R = 0 % ). Because of tho  d i f f i c u l ty  l a  

making comparisons rjnong th e  h igh-m elting  piceno d e r iv a t iv e s , Jegor 

he.3 suggested th a t  th e  hydrocsTbon m*p, 306^, obtained in  the  

dehydrogoncition of c\-amyi'in (22p 23) might w ell be tho expected 

trin io th y lp icen a , which was unlmoim a t  th e  time*

1:2  ̂ G-^Trimothylp icone has re c o n tly  been s^nathesisod by 

P h i l l ip s  and 'fu ite s  (24 ) ,  and d i f f e r s  from th e  306® hydrocarbon»

Thoga au tho rs s ta te  ^Slnce th e ro  seems to  bo no w ell e s ta b lish e d  

example of th e  e3.1raln£ition of non-qualornary methyl groups during 

dohydrogenation (60), we f in d  i t  d i f f i c u l t  to  r a t io n a l i s e  # rr  

o b serv a tio n s on the  b a s is  of Jegor*s s tru c tu re  f o r  ci-amyrin»

M oreover. i ;e l l  a u th e n tic a ted  example a of ^-membox-ed r in s a  oxoandin.^ to  

6-memborod r i% s  d u rin a  dehydro,genation aro on reco rd  (6I ) ,  sc 

th a t  thero  i s  some preceden t fo r  tho  form ation  of IsS-dim othylpiceno 

( i l l  B ~ H)» îhûp although  more d é f in i t0 d eg rada tions are



h ig h ly  d e s ira b le , our o b serva tions a re  com patible w ith  (a ) 

as the  s tru c tu re  of cZ-amyrin and not w ith  (B)”o

At the  p re se n t tim e, the  form ulae of th e  fam ily  o f 

compounds based on û^»amyrin must be regarded  as u n se ttled »



For genera l in s tru c t io n s  see p .1$. Colour t e s t s  w ith  te t r a n i t r o -  

methane were done in  ciiloroform so lu tion»

EXPERD^NTAL 

U rsa-9 ( 11) sIE*clienf-3-one,.---- -

Chz^oaixim tr io x id e  (2 g») in  p y rid in e  (20 c ,c . )  was added to  a 

so lu tio n  of u ra a ~ 9 ( ll)s l2 « d ie n “3p"ol (2 g) in  p y rid in e  (20 CoCo), 

and the  m ixture kept a t  room tem perature fo r  13 hours w ith  

o ccasio n a l shaking» The suspension was f i l t e r e d  through Id teselguhr, 

th e  f i l t r a t e  d ilu te d  w ith  w ater and ex tra c te d  w ith  e th e r . The 

e th e r  e:^rbraot was washed w ith  d i lu te  hydroch lo ric  a c id , w a te r, 

sodium b icarb o n ate  s o lu t io n , d ried  (NagSO .̂-) and evaporated . A 

s o lu t io n  o f the product in  benzene was f i l t e r e d  through an alumina 

column, th e  f i l t r a t e  evapora ted , and the  re s id u e  c r y s ta l l i s e d  

from chloroform -m ethanol to  give iu r8 a^9 (ll) :1 2 -d ien -3 -o n e  as 

f in e  need les (1 .3  g o ), m.p I 64- I 66®, (5? 1°?)? •*’414®

(C, loO ); Amaxc 2820 I  ( ê  3.0,200). I t  g ives a red-brown colour 

w ith  te tra n itrc m e u lian t. A nalysis. Founds G, 85d ;  H, 11.15°

C alc, f o r  CgyikaOs G, 85c2, H, 11.0 %»

Jacobs and F leck , (46 ) give m.p® 133-134®s H l 2 °  (p y r id in e ) . 

Spring and V ic k e rs ta f f , (22) give m.p® 135-137*#

Ur 1 B.-y \ 11 j  ̂.x2—cli en—3—one Oximo '̂—=•

A so lu tio n  of u r3 a-9 (ll):1 2 -d ien -3 "o n e(lO O  mg.) in  e th an o l (40 c.Co)
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was re flu x ed  w ith  a m ixture of hydrojgrlanine hydrochloride (lOO mg. ) 

and c ry s ta l l in e  sodium a c e ta te  (100 mg) d isso lv ed  in  minimum of 

w ate r, fo r  90 m inutes, llie so lu tio n  was concen tra ted  and cooled.

Ti;.0 so lid  which separa ted  was c o lle c te d  end c r y s ta l l i s e d  from 

chloroform -m ethanrl to  y ie ld  u r  sa-9  ( l l  ) : 12-dien-3 -one oxime as 

n eed les , m.p« 249-250*(do ) ,  X max. 2060, 2820 A (l.4#700j 9 , 4-00) 

Analysiso Founds C, 82 .6 ; H, 10.9c Calc, fo r  C3o%?NOs 

0 ,8 2 .3 ; H, 10.8%,

Jacobs and Flock (4.8), give m.p* 233-235®, and Spring and V ick o rs ta ff  

(22) g ive m.p* 236®*

  At
so lu tio n  of o].e&n-12-en -^3&-y]. a c e ta te  (15 g. ) and selenium dioxide

(15 g^) in  a c e t ic  ac id  ( l  lo )  was re flu x ed  fo r  3 hours. The 

so lu tio n  was filtex -e f;, and the  f i l t r a t e  concen tra ted  u n t i l  so lid  

bogen to  sep a ra te . The so lid  was c o lle c te d , d r ie d , and a so lu tio n  

in  benzene was f i l t e r e d  tlrcough a column of alumina (200 g. ) .  Tho 

o lu a te s  on ovaporation  gavo tho product which c iy s t s l l i s e d  from 

chloroform -m ethanol to  give o le a n a - l l ;1 3 ( l8 ) -d le n ‘"3p“y l  aoe ta to  

as p la te s  (5 g . ) ,  m.po 225-226®. (O, 1 ,1) }vma::o 2 , 420 ,

2500, 2600 A. (^126,500; 30,000; 19,300).

Oleana-11 ; 13 ( 18 ) "dion-3.#*'Ol. — —-11 i, nii ■'wti m iHi« la i ■ i n ■■ »& i H

A so lu tio n  of olaon^y-ll:13 (18)-d ien -3 ^ '^ 1  o.cetate (5 g« ) in

m ethanolic potassium  hydroxide (3%, 600 c .c . )  was re flu x ed  

fo r  3 hours® The p ro d u c t, is o la te d  by means of o th e r , was 

c r y s ta l l i s e d  from acetone or methanol to  give o leana-11 :13(18)-d io n
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3p“0l as plates (4 o5 g*), m.pc 2 3 0-2 3 1 0,

0 Wm!:ll 2l3 {l8 W W
A solution of ciiromium trioxide ( 2 8 0 mg,) in acetic acid (5 c.c») 

was added to a solution of oleana"llsl3 (l8 )«-dien-3p”Ol (l go) 
in acetic acid ( 6 0 0 CoCo) at 3 0 ,̂ and the mixture kept at room, 

temperature for 5 0 hours« The product « isolated through etherp 
and a solution of it in benzene filtered through a column of 
alumina ( 2 0 g« ), crystallised from chloroformHneths-nol to give 

oleang- 1 1  s 1 3 ( 1 8 )-dien-3-ono as fine needles, m®p® 2 3 6-24.0 ®,^J^-4.8 o5 ^ 5  

(0 ,0 ,8 3 ) it gives a reddish-brown colour with tetranitromethano^ 
imaic. 2 4 2 0 , 2 5 0c, 2 6 0 0 A, ( £ , 2 8 ,2 0 0 ; 3 2 ,4 0 0 ; 2 1 ,1 0 0 ).
ünalysiso Founds G, 8 5 ,2 ; H, 1 0 ,8 , CsoH^sO requires C, 8 5 ,2 ;
H, lloĈ ,

Oleana-1 1 ;1 3 (1 8 )-dien-3-one Oxime,---

A solution of ol0 anr.-llsl3 (l8 )-dien~3~one ( 1 0 0 mg,) in ethanol (4.O c&Co) 

was refluxed for 9 0 minutes with a solution of hydroxylamine 

liydrochloi'*ide ( 1 0 0 mg,) and crystalline sodium acetate ( 1 0 0 mg,) 

in water ( 1  c,Co), Water was added, and the solution cooled. The 

solid was collected, dried, end crystallised from chloroform-methanol 

to give plo^ a -1 1 : 1 3 (1 8 )-dien-3 -one oxime as needles, m.p,2 7 9 - 2 8 0 (do)
2 4 2 0 , 2 5 1 0, 2 6 0 0 I  i t ,  2 9 ,2 0 0 ; 3 2 ,0 0 0; 2 0 ,7 0 0 ),

AneJ.ysis, Found 0 , 8 2 ,1 ; H, 1 0 ,9 . O3 0H1.7NO requires C, 8 2 ,3 ;
H, 1 0 ,8%.

Conversion of Dr8a=9.(n)j.l2rdien-3 -'Pne into Oleanarll*1 3 (1 8 )-dien"3 -ona.—  

nrs&9 (ll) '1 2-dien-3-one (3 6O mg, ) was heated with concentrated 
hydrochloric acid (5 c,Co) and acetic acid ( 3 0 c,c,) at 1 0 0®
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f o r  60 h o u rs , w ith  a d d itio n  of h yd roch lo ric  ac id  (5 c .c . )  a f t e r

%  hours and 4.8 hourso C oncentration  of the  so lu tio n  y ie ld e d

need les (34.0 mg, ); a  so lu tio n  o f which in  benzene was f i l t e r e d

through a column of alumina (5 g’o)o The f i l t r a t e  was evapora ted ,

and a s o lu t io n  of the  s o lid  (280 mg,) in  l ig h t  p e tro lo u n  f i l t e r e d

through sl-umina (5 g, )@ The product (24.O mg, ) vms c r y s ta l l i s e d

uwlco from c h l o r o f t h a n o l  to  give oleana-11 s 13 ( 18 )-d ien -3 -one

as need les (110 m g,), m,p, and mixed m,p, 236»'238®, C^Jj£,~46^(C, 1 ,0 ) ;
V o
A max, 24.30 , 2510, 26OO A ( 2. ,  25 , 400; 28 , 500; 18 ,400 ) ,

( 11 ; ; 12-dl6n-3& -yl A cetate .  -------

To a s t i r r e d  so lu tio n  of u r s a -9 ( l l)3 l2 - ’d ien “3 |‘“y l  a c e ta te  (7,65 go)

in  a c e t ic  ac id  (200 c ,c , )  added, over 15 m inutes, a  so lu t io n

o f  chromic t r i  oxide (7,5 go) in  a c e t ic  ac id  (90;^, 80 c ,c ,  ) ,  The

mixrbure was re flu x ed  fo r 30 m inutes, d ilu te d  w ith  w ate r, cooled ,

and e th e r  added, A c r y s ta l l in e  s o lid  remained und isso lved  in  the

e th e r . This s o lid  was c o lle c te d  and c r y s ta l l i s e d  from chloroform -

m ethanol to  give ll-o x o u rs -1 2 “ene-3p2 9 ^ -d io l 3-a c e ta te  (A cetate  A)

as b lades ( lo 5 g o ) ,  m,p, 316-317® (h ig h -v a c ,) ,  ^‘j^+52®, (C, lo 4 ) ,

l i g h t  a b so rp tio n , Xmax, 2500 A ( 5 .  13 ,500), The ccsnpcfund g ives

an o range-red  colour w ith  concen tra ted  su lp h u ric  a c id , bu t g ives

no co lour w ith  te tra n itro m e th an e  in  chloroform  s o lu t io n . A nalysis,

Founds C, 77 ,3 ; R, 10 ,3 . Calc, fo r  CggHsoOt : 0 , 77 ,1 ; H, 10ol%

Beynon, S h arp ies , and S pring , (50 ) g ive m,po 312®, ^ ^ f 6 l® ,

Ruzicka, Je g e r , B edel, and V o ll i ,  (51) give m,p, 316® (high-vaco)

^<^+62®o A cetate A was recovered  unchanged a f t e r  re f lu x in g  w ith 

p e r io d ic  ac id  in  th an o ly cr lead  t c t r a - s c e t a te  in  a c e t ic  ac id  so lu tio n .
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The e th e r  e x tra c t  was evaporated and th e  rea ld u e  c r y s ta l l i s e d  

from chloroform -m ethanol to  give 13 ‘ 18f  -epoxy-12" 03coure-9  ( 11 ) -e n -  

(A cetate B) as p la te s  (2,65 g* ), m.p, 269-271®,

[̂ 1̂ *̂ ’70® (C, ls 4 ) l  X 2560 A ( £ 11 , 900) , I t  does no t g ive a 

colour' w ith  te tra n itrc m e th a n e . A nalysis, Found: 0 , 77 ,7 ; H, 9 .6 ,

CsgîksÛ^, re q u ire s  0 , 7 7 ,4 ; H, 9«7%, In fra - re d  ab so rp tio n , 1250 

and 1722 c m , ( a c e t a t e  g roup), I 603 and 1652 cm,"^ (es^^-uneaturated 

k e to n e) ,

R iz icka , Je g e r , Redel, and V o ll i ,  (51) g ive m.p, 258®, O'j^'*'70®, 

and X 2590 A ( lo g ,C 4 ,l) .

The mother l iq u o r s ,  a f t e r  removal of above two compounds, 

were col3.octed and evaporated  to  dryness y ie ld in g  a yellow  gum 

(4 g ,)o  A so lu tio n  o f t h i s  gun in  l ig h t  petroleum /benzene (3 :2 ) 

was cbnomatographed on a column of alumina (120 g, ) , E lu tio n  o f the  

column w ith  benzene gave a substance (4OO m g,), c r y s ta l l i s e d  from 

chloroform -m ethanol to  give 123l5_rdio%ophy llm ith -9 ( 11 ) -en -3 ^ -y l 

a c e ta te  (A cetate C) as n eed le s , m,p, 321-324®, (C, lo 5 ) l

4-100® (C, 0o7)o The compound gives no co lour w ith  t e t r a n i t r  one thane;

X max. 2360 A ( £  11 , 000) ,  in f ra - re d  l ig h t  ab so rp tio n , 1255 and 1728 cm^ 

(a c e ta te  group), I 648 and I 686 c m , (cyolc^ropane-dlone system)

A n aly sis , Founds C, 77 ,8 ; 77 ,4 ; H, 9 ,5 ; 9 ,6 . re q u ire s

C, 77 ,7 ; H, 9.4^*

A cetate C was recovered  unchanged a f t e r  h ea tin g  a t  100® f o r  24 hours 

w ith  a c e t ic  ac id  and concen tra ted  h y d roch lo ric  ac id  (3C sl),
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F u rth e r e lu tio n  of th e  alumina column w ith  benssene gave 13: 

18^-epbxy«12“O xour0-9(ll)-Q n-3^«yl a c e ta te  (A cetate B) (700 m g,), 

follow ed by 12-oxoure-9(11)- e n - i^ -y l  a c e ta te  (A cetate D) (150 m g,), 

Kop, and mixed znop, 286-289^, c iy s ta l l i s in g  from chloroform -iiiethanol 

as need loe, ^ ? (g , 1,4^ * )^maXo 24.80 A ( £  12,000),

Continued e lu t io n  w ith benaeno/ethor (9 :1  to  1 :1 ) gave 

ll«oxourS “»12-8na-3^^9^“d io l  3 -aoo ta to  (A cetate A), (800 m g,). 

Red u c t ion of 3.1-pxours~3.2-Gn0- l^  29jr-diol 3 -a c e ta te  w ith  Zinc in
b

A cetic Acid,——

Zinc dust (4 .3  g , -  a c tiv a te d  by warming in  a  10^ amonium 

ch lo rid e  so lu tio n ) was added over 1 hour (c f . Barton and Robinson, 

(64 )) to  a re f lu x in g  s o lu t io n  of l l -o x o u rs -12“en©-3p :9t^«diol

3 -a c e ta te  (6OO mg,) in  a c e t ic  ac id  (50 c , C o ) ,  The zinc was removed, 

and th e  f i l t r a t e  d i lu te d  w ith  w ater. The p ro d u ct, i s o la te d  through 

e th e r ,  c ry staJ-lised  from cMorofoi*m-^9th an o l to  g ive l l -o x o u r s -12-  

sn - 3̂ - y l  a c e ta te  as p la te s  (520 m g,), m,p, and mixed m,p, 284-285®? 

^ k + 9 8 o , (Q 1^2)5 24.90 A ( i  12,500).

A ction of M ethanolic Potassium  Hydroxide upon ll-Q xours-12-en© r3^:

A s o lu t io n  of ll-oxour8-12-G ne-3^ i9£^-diol 3-a c e ta te  (3 g= ) and 

potassium  liydroxide (12 g o )  in  m ethanol (120 c ,c . )  was heated  a t  

175® fo r  6 hours. The p roduct is o la te d  through e th e r ,  was a c e ty la te d  

u s in g  p y rid in e  and a c e t ic  anhydride a t  100® fo r  2 hourso The 

a c e ty la te d  p roduct, ag a in  is o la te d  through e th e r , c r y s ta l l i s e d  from
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cli3. or of orm-me th an o l to  y ie ld  a substance as needles (900 mg* ) ,  

mop, 169-170®, -60®, (C, 1 ,1 ) ;  ^maxç, 2030 1 ( i  9?300); in f r a 

red  l ig h t  absorption? 3430 cm ,(h y d ro g en -b o n d ed  hydroxyl g roup),

1733 and 3.245 cm,*^ (a c e ta te  group), 1662 cza.*^ (hydrogen-bonded 

s ix - r in g  carbonyl g roup), 1624 cmo"^ (double bond), 1035 end 1005 cm,**! 

(C -  0 s t r e tc h ,  hydroxyl group). The substance g ives a pale^y^llow  

co lour w ith  te tra n itro m e th a n e , A nalysis, Found: 0 , 76,64; H, 10 ,36 , 

req u ire s  G, 77,06; H, 10,11^,

C oncentration of th e  mother l iq u o r  gave ll-oxour0«12-en-3ji‘“y l  

a c e ta te  as p la te s  (l«4  g* ) ? m,p, and mixed ra,p, 285®, H^+93® ,

(C, 0 ,9 ) ,  Xmax, 2480 A ( £ 12 ,2 5 0 ), i t  g ives no co lour w ith  t e t r a -  

n itrom ethane,

Rusicka, Je g e r , Eedol and V o ll i ,  (51) ob tained a substance 

m .p. 190- 191° ,  Xmaz. 3150 A ( lo g .£ l ,4 5 ) .

The substance , above, gave u n c ry s ta l i i s a b le  gums on trea tm en t 

w ith  hydroclilo ric  a d d  in  a c e t ic  a c id . Reduction u sin g  z inc  d u s t in  

a c e t ic  ac id  gave th e  same r e s u l t .

A ttempted Enol A cebylatlon  of 31^0xourS"°12-ene-3$ s9.> - d io l  3-Acetat9»— 

A so3-ution of th e  d io l-m onoacetate  (5 g* ) p -to lu en e  

su lphonic ac id  (2,5 g«) ,  concen tra ted  su lp h u ric  ac id  (0,25 c , 0o) 

in  a c e t ic  anhydride (300 c , C o )  i/as re f lu x ed  fo r  100 hou rs. Potassium  

a c e ta te  was added, and th e  m ixture evaporated to  d ryness. The 

re s id u e , in  l ig h t  petroleum  s o lu tio n , was chromatographed on a 

column of elumina (150 g* )* E lu tio n  o f th e  column w ith  benzene gave 

th e  only c ry s ta l l in e  m a te r ia l ,  r e  c r y s ta l l i s e d  from clilo ro f orm-



ma th an o l to  giva ll-oxours-12«an-3 |^“y l  a c e ta te  as p la te s  (1 ,7  g, ) 

m.po and mixed m.p, 286-288®, +99® (C, 0 .9 ) ;  2480 A

( ^  X2 ,000),

P^diLQtlon.or J ^ g l ^  -3;poxy-12_-oxp^.g^^^

wi t h  Zinc H ist in  B thanol ••
>■ * I —lamrw i im#m ■■mn ■ Mwm.wuMmh,»#*! catf. ^

A so lu tio n  of 13: 1 ^  -opoxy-12-oxour8 -9 (ll)"O n-^  - y l  a c e ta te  

(500 mg, ) in  e thano l (150 c,c@ ) was re flu x ed  td th  z inc  duet (10 g . , 

a c tiv a te d  w ith a ho t so lu tio n  of 10'% ammonium ch lo rid e ) f o r  5 hours.

The m ixture was f i l t e r e d ,  and the f i l t r a t e  evaporated to  g ive a 

yellow  s o lid . The s o lid  c r y s ta l l i s e d  from methanol to  give 12- 

oxoursa-9(11 )213(18)-d ie n -3 à -y l a c e ta te  as yellow  p la te s  (340 mg.) 

m,p, 202- 204®, K L ”40®, (C, 0 ,8 ) ;  J\ max, 2080 , 2630, 2950 A 

( €  7 ,900; 9,100; 7 ,3 0 0 ), yg

 ------

To a  so lu tio n  c f  12 -oxoursa-9 (11 ) :13 (13)'-di8n-3p'-yl a c e ta te  (75 mg, ) 

i n  s ta b i l i s e d  a c e t ic  ac id  (15 c.Ce) was added a so lu tio n  of chromic 

t r io x id e  {19 mgo) in  s ta b i l i s e d  a c e tic  ac id  (4 c , c , )  a t  room 

tem peraturo . The m ixture was allowed to  stand  a t  room tem perature 

fo r  18 hou rs, then  hea ted  a t  100® fo r  1 hour. The p ro d u c t, is o la te d  

through e ther?  was d isso lv ed  in  l ig h t  petroleum  and chromatographed 

on a  column of alumina (3 g«). E lu tio n  x/ith benzene gave a  product 

c r y s ta l l i s in g  from methanol to  give 13:13^ -0poxy-12-oxour6-9 (11) -on-3|^ -  

y l  a c e ta te  a t  p la te s  (35 mg. ) ,  m.p, and mixed m.p® 266-269®.»

•i-69.5° (Cp 0 . 7)5 A max. 2530 I ( é  11,400).

MWemlJk:id_Tre#ment  og..l38j.gy.-BEQ>y"12-pxouvs-9illjrQ-n-^^^̂^̂^

A so lu tio n  of 13: 1& -0poxy-12-oxours-9( 11 ) - e n - ^ - y l  a c o ta to  (250 mg»)



in  a c e tic  ac id  (30 c ,c ,  ) .and concentratod  hydroch lo ric  ac id  ( l  CeCo) 

was hoated a t  100® fo r  24 hours® The so lv en t was romcvod under 

reduced p ressu re  and tho re s id u e  s f t e r  th re e  c r y s ta l l i s a t io n s  from 

methanol gave unchanged 13 : l^-epoxy-12-o% ourB-9 (11 ) -8n-3p""yl 

a c e ta te  as p la te s  (150 mg®), mop* 267-270®, (C, 1*4)^ X

2560 Ï  ( £  12, 200)»

Zinc Dust in  A cetic  Acidc-*'----

To a re f lu x in s  s o lu tio n  of 13 :16^-epoxy-12-oxours-9( 11 )-a n -  

3 ^ -y l a c e ta te  (520 mg®) in  Analar a c e tic  ac id  (50 c .c * ) was added 

zinc  d u st (4 ,3  g®) over 1 hour® The z inc was removed, and th e  

f i l t r a t e  d ilu te d  w ith  w ater and e x tra c te d  w ith  ether*  The re s id u e  

ob ta ined  c r y s ta l l i s e d  from methanol as  p la te s  m.p* 208®, ['^.j^4-23o7®, 

(C, lo 2 ) ,  i t  gave a  yellow  co lour w ith  te tra n itro m e th a n e | 1, max*

2080, 2530, 2940 A ( i  8 ,500; 7,100; 4,500)® llie re s id u e  was

d isso lv ed  in  l ig h t  petroleum  (75 c .c , )  and chromatographed on a  

column of alumina (10 go)® E lu tio n  of th e  column w ith  l i g h t  

petroleuiii gave a product c iy g ta l l i s in g  from methanol to  give u re a -  

9 (11 ) :13(3.8)-dion-3f “y l  a c e ta te  as p la te s  (70 mgo), m,po 192-194®? 

!^l\+74® (C, lo0)|^Amaxo 2120 A ( 1 , ll^OOO), The compound g ives a 

deep-ye]l.ow colour w ith  te tran itro m e th an e  « E lu tio n  of the  column 

w ith  l i g h t  pstroleum /bonsene ( i s 2) gave a p roduct c r y s ta l l i s in g  

from methanol to  g ive 12-oxoursa-9(11):13 (18)-d ie n -3 ^ -y l a c e ta te  as 

yellow  p la te s ,  (30 mgo), n.po 202- 204®, ĵ *̂“44®(Sy 1 ,1 ) ; ^  max* 2060.
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2600, 2930 1 ( c  8,300? 8,800; 6 ,9 0 0 ). Analysis-. Pounds G, 79 .8 ;

H, lOéO. Calc, f o r  CagHiaO,? C, 79.951 H, 10.1%.

05:o2S.ly@jÆ.M'JkgAr9 ( l l ) l l 3_(l8 )-d i8n .3^ -y l Acetate.-----

A s o lu tio n  of u rs a “9 ( l l ) s l3 ( 1 8 ) “d isn -3 R -y l a c e ta ta  (150 mg.) inI
ch lo ro fo m  vras cooled ( e t h e r -ca rb o n  d iox ide b a th ) , and a  stream  

of 02one passed through fo r  2 hours® Tlie chloroform  so lu tio n  was 

washed w ith  w ate r, d r ie d  (Na^SQi), eind evaporated to  y ie ld  a yellow  gum 

c r y s ta l l i s in g  from methanol to  give 12-oxour^a-9 (11) : 13(18) -d io n -3^ -y l  

a c e ta te  as yellow  p la te s  (135 mg»), mop®' 201-203°, W>-40® (C, 0®5), 

Xmsjc, 2070; 264O, 2940 1 ( i  9 ,300; 9 , 500; 7 ,5 0 0 ),

Chromous. Chl o r i d e —

cf® Conant and C u tto r, (65)1 Cole and J u l ie n ,  (66) ; and Organic 

R eactions, Vol V II, p® 163©

Zinc d u st (ICO g» ) was a c tiv a te d  to  the  mosey foi-m hj  washing th re e  

tim es w ith a ho t hy d ro ch lo ric  ac id  so lu tio n  (2_N)® The mossy a in c , 

m ercuric ciilorido  (10 g®), concen tra ted  hyd roch lo ric  ac id  (5 c®c®) 

and w ater (150 c®c®) were s t i r r e d  to g e th e r  f o r  5 m inutes to  

amaJgamate th e  zinc® The aqueous so lu tio n  was decan ted , and the  

z inc  amalgam covered w ith  w ater (75 c.c®) and concen tra ted  h y d roch lo ric  

ac id  (100 c.c»)® Cliromic ch lo rid e  hexahydrate (40 g») was added 

to  th e  s in e  amalgam® The green s o lu t io n  soon tu rned  to  tho reduced 

blue chromous state® The s o lu tio n  was l e f t  f o r  4 hours to  complete 

reduction® The chromous ch lo rid e  s o lu tio n  was s to red  over z inc

amalgam®
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Beductl-on _.of__13:18̂ T%0%'Tl2Tq%om:'8T9.(ll ).ran»3fl.ryl.JS-Cgtate with

OffiOiMlfi-ÆMffidJâ •—

A so lu t io n  of 138l85“epo3y-12-osoure-9(ll)"en~3,î“y l  a o o ta ts  (100 mg.) 

in  s ta b i l i s e d  a c e t ic  ac id  (25 o*c® ) was covered w3.th carbon d iox ide 

g as , and a so lu tio n  of chromous ch lo rid e  ( l  g« in  5 c.c® as  from 

prev ious experim ent) added® The so lu t io n  was al.lowed to  stand  a t  

room tem perature fo r  30 m inutes, then  poured in to  water® The p ro d u c t, 

is o la te d  through e th e r ,  c :cy sta llig sd  from methanol to  g ive IS -o x o u rsa- 

9 ( l l ) §13(18)“dien~3^“’y l  a c e ta te  as yellow  p la te s ,  (90 mg®) m®p« 

and mixed m«p« 201 -203°, ~41  ̂ (C, 1*2); ^max* 2060, 2620,

2940 1 ( €  8,000; 8,900; 7 ,3 0 0 ).

A so lu tio n  of chromic tr io x id e  (l®$ go) in  a c e tic  ac id  (30 CoC®)

was added, over 30 m inutes, to  a  re f lu x ln g  so lu tio n  o f 12-oxourB-

9 (H )-0 n -3 ^ -y l a c e ta te  (1*5 g«) in  a c e t ic  ac id  (200 c.c®)® Tho

m ixture was re flu x ed  fo r  a fu r th e r  1 hour, d ilu te d  w ith  w a te r, and

e x tra c te d  w ith  ether® The p rcduct c r y s ta l l i s e d  from chloroform -

methanol to  give 12:15 "-dioxophyllanth-9( 13.) -en -3^^y l a c e ta te

(A cetate C) as need les (1*1 g®) ,  m.p® and mixed m«p® 321-324°,

4-103° (Ç, 1 .0 ) ;  X nax . 2360 A ( i  10 ,800).

0xidatlon„of„12-raxol3ou,£g.a^^  ̂ -----
!

a) A so lu tio n  o f 12.-oxoisoursa-9(ll)§L?!.~dien-3^"'yl a c e ta te  (350 mgo)
4 -̂ or l(o UrS.

in  a c e t ic  ac id  (100 c®Co) was t r e a te d  a t  room tem perature;^with 

a  so lu tio n  of chromic t r io x id e  (100 mg® ) in  a c e t ic  ac id  (90^,

2 c.c®)® I s o la t io n  o f th@ product through e th e r  gave a s o lid
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which c ry s to l l is o d  from chloroform - methanol to  give 12-oxophy llan th - 

9 ( l l ) “-en-3j*“y l  a c e ta te  aa n eed le s , (300 mgo), m»po and mixed m®pp 

268-272°, [=<k-i-157° (C, 2 . 0 ) , ^ max. 2360 Ï  ( |  9 ,2 0 0 ), i t  g iv es  no 

co lour w ith  te tra n itro m e th e n e «

w ith  Dr® GoG. Allan®

b) A so lu tio n  of 1 2 -o x o isg u raa-9 (H )§ l4 * ^ i0 n -3 ^ -7 l a c e ta te  (350 mgo) 

in  a c e t ic  ac id  (100 CoCo) was t r e a te d  a t  room tem perature 

w ith  E so lu tio n  of chromic tr io x id e  (350 mg®) in  a c e t ic  a c id  

(90^, 7 c®Co) fo r  16 hou rs, th an  heated  a t  100® fo r  3 hours®

The p ro d u ct, is o la te d  through e th e r ,  c r y s ta l l i s e d  from chloroform^ 

methanol to  give 12:15-d io % p h y lla n th -9 (11)-en-3& -yl a c e ta te

as need les (250 mg®) rriop® and mjmced m®p® 320-323°, 4-103°l y
(G, 1®8)®

0%id&tipn_of 12-0xophy l la n th ”9 ( 11 )-an-3g - y l  A cetate r - (w ith  Dr® G^cG.Allan 

To a re f lu x in g  so lu tio n  of 12~oxophyllanth«^9(ll)-en«*3S-yl a c e ta te
g

(480 mgo) in  a c e t ic  ac id  (75 CoC®) was added a so lu tio n  of chromic 

t r io x id e  (48O mg®) in  a c e t ic  ac id  (90^, 40 CoCo) over 20 minutosc 

R efluxing was continued fo r  1 hour, th en  th e  product, is o la te d  through 

o th e r  g c r y s ta l l i s e d  from chü-oroform-mothanol to  give 12 :15 - 

d io x o p h y lla n th -9 ( ll) ‘-en-3^“y l  a c e ta te  as n eed les , (3OO mgo), moPo 

and mixed m.pg 320-322®, ^+100°, (0 , 0®6)®

I
A so lu tio n  of u r s a -9 ( l l ) :1 2 -d le n -3 ^ -y l  a c e ta to  (1 g®) in  a c e t ic  

ac id  (200 CoCo) was re f lu x ed  w ith  a so lu tio n  of selenium  d io x id e  

( I  g®) in  w ater (1 c®Co) f o r  2 hours® The selenium  was removed
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th e  f i l t r a t e  evaporatod to  d ryness, and th a  product c r y s ta l l i s e d  from

nothano l to  give unchanged u rsa -9  ( 11 ) § 12«4ion-3^-yl e c e ta ta  as
» \

noadlos m.p® and mixed mcp® 165-166®, CSj 0:91)? f»

m a x . 2800 I  ( £  8 ,5 0 0 )®
R eduction of 13 § 18^':%o};^/'-12-oxcw &ç@tata_

Lithium  A lum W m  

Lithium  aluminium hydride (500 mg= ) was added to  a so lu t io n  of 

1.3§ 185-•epory«12-oxœu’f3-9 (1 1 )-e n -3 r-y l  a c e ta te  (550 ago) in  dry
Î

o th e r  (100 Co Co}* TIio m ixture was allowed, to  stand a t  room tem poraturo 

f o r  20 hours* iJa ter was added, and th e  product? ie o le te d  thjrough 

e th er?  c r y s ta l l i s e d  from ch lo ro foimi-^nethanol to  give

as p la te d , (/,20 mg.) m.p. 250-253° 

^2-^''‘S3°j (O, 1 . 4 ) }jnax« 2080 1 ( 4 ;200). The compound gives

a  lig J it-y o llo w  colotu’ \ / i th  te tra n itro m e th an e . A nalysis . Found;

C, 78.8./,; H, 10.61. C30H&GD0 re q u ire s  0 , 78.891 H, 10,59%.

C
A s o lu tio n  of 1 3 :1 ^  -epo% yurs«^(ll)«8n9-3^§12 i^ id l (125 mg* ) i3i 

p y rid in o  (8 c*c* ) sud a c e t ic  aahydzido (4 OoC® ) stood a t  room 

tcmperatuz'S fo r  46 hours * The product is o la te d  by means o f e th e r , 

o ry a ta l l is c d  from mothanol to  give

1 ^  - d io l  3~ACatate aa b-ladas, (103 mg. ) ,  k. d« 276'>279°j
••■ -.r.r.i .jr-. ĈrJu.-1 .urM: <r»» ./ '  IS » '.*  .. î . iï

(C, 0*8); max® 2C60 A ( £  5,001))* Infra-red spectrmi shows a 

b am  a t  3440 cm* (auj o]J ? 3455 (CHGlj ) —in te rn a l ly "

bonded hydroxyl group® Ihe compound gives a l ig h t  yellow  colour
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w ith  ta tran itrom ethana*  A nalysis. Founds 0 , 76 .6 ; 77 .6 ; 76®6.

H? 10 .2 ; 10 ,3 ; 10 .2 . re q u ire s  G, 77 .1 ; H, 10.3.%.

O xidation of 13 :1% -Epox m r s - S d l  ) -@ne-3% 3-a c 8 ta ta

A so lu tio n  of 1 3 :1 6 ^ -epoxyurs-9 ( l l ) - 0ne»3^ :32£ -d io l  3 -a c e ta te  

(100 mga) in  dry  p y rid in e  (10 c . c . )  was added to  chromic t r io x id e -  

py rid ino  complex (lOO mg. GrO  ̂ in  10 c .c .  d iy  p y rid in e ) and th e  

m ixture allowed to  stand  a t  room tem perature f o r  20 h o u rs . The 

m ixture was f i l t e r e d  through kiciso lguhr, and the  f i l t r a t e  poured 

in to  w ater and e x tra c te d  vrilth e th e r . The e th e r  e x tra c t  was washed 

if ith  d i lu te  h y d roch lo ric  ac id  so lu t io n , and w ate r, d r ie d  (NagSOj.)? 

and evaporated to  d ryness. The re s id u e  c r y s ta l l i s e d  from 

chloroform -m ethanPlto give 13 s 18^-epo%y-12-oxour8-9( 11 ) - e n - l^ -y l  

a c e ta te  as p la te s?  (75 mg.) m.p. and mixed m.p® 266-269°, j^+71°,

(Ç, lo4 )ly \iaax . 2580 A ( i  10 ,800).

Action of Mineral Aold pn.l3;18^..-EpQxsnra;^_(.ll)-ene-3.^8l2^iQl

3- a c e ta te ^  -

A so lu tio n  of 13:16 5 -8 p o x y u rs-9 (ll)-en e -3 ^  §12^-diol 3 -a c e ta te  

(1 .4  go) iu  a c e t ic  a c id  (180 c .c . )  and concen tra ted  h y d ro ch lo ric  

ac id  (3 c .c . )  stood a t  room tem perature fo r  16 hours. Water 

was added? and th e  p roduct was is o la te d  through e th e r . A so lu tio n  

o f th e  product in  l i g h t  petroleum  was chromatographed on a  

column c f  alumina (40 go ) .  E lu tio n  o f th e  column w ith  l i g h t  

petroleujij/bonzene (4§1) to  benzene gave m a te r ia l c r y s ta l l i s in g  from 

chloroform -raethanol to  g ive a substence as prism s? (975 m g.), 

m .p. 167“.170°? p l^ + 139° , (C? 0 .85) l ig h t  ab so rp tio n  ^ max. 204O S



( â  4 , 600) . In fra - re d  spectrum shews a very  strong  s ix - r in g  

carbonyl a t  1703 (niv) o l) and 1703 cia."^ (CHGI3 ) . The

ccmpound g ives a l ig h t-y e llo w  colour w ith  te tra n itro m e th an e  in  

chloroform  so lu tion»  A nalysis. Found: C, 7 6 .9 I 77.41 7 6 .7 .

K, 10.2; 10o2; 10 .1 . req u ires?  0, 77 .1 ; H? 10.1^.

The substence was recovered  unchanged a f t e r  trea tm en t w ith 

p y r id in e -a c e tic  anhydride a t  100° fo r  2 hours. Tlie substance was 

a ls o  recovered unchanged a f t e r  attem pted red u c tio n  \ / i th  s in e  in  

©thanol or a c e tic  acid? or chromous ch lo rid e  (s p e c if ic  fo r  epoxy- 

t<f-kotones).

Reduction of th e  substance w ith lith iu m  aluminium h y d rid e , 

fcllow od by ac é ty la tio n ?  gave an in tr a c ta b le  gum®

--------

A so lu tio n  of 12-oxoursa-9(11) §13(13) -d ie n -3 ^ 'y l  a c e ta to  (100 mg. ) 

in  dry  o th e r (50 c . c . )  was cooled to  0° ,  and lith iu m  aluminium 

hydrido (115 mg.) added. The m ixture was kept a t  0° f o r  72 hours. 

Water was added end tho product is o la te d  by means o f e th e r .

The product c r y s ta l l i s e d  from aqueous methanol (1 :1 ) to  give 

u r s a -9 (11 ) : 13( 13)-d io n e -3 1 2 s ^ io l  as needles? (70 mg.) ,  m.p® 

168*.169°,!c'4'^-®’̂ '’> 0«8); )>max, 20 60 I  ( £ 12 ,600). Tho

compound g ives a  yellow  co lour i?ith  to trau itrom athane^  A nalysis. 

Found: G? 31 .9 ; H, 1 1 .0 . re q u ire s  G? 31 .3 ; H, 11.0^»
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A co tv la tio n  o f ü r s a ~ 9 ( l l ) 8 l3 (1 8 )rd ie n e -3 ^ il2 < -d lo l.---------

A s o lu tio n  o f u r s a - ^ ( l l )  :1 3 (l8 )"d ie n e -3 A :l% -d io l( l« 8  g. ) in  

p y rid in o  (20 o .o ,)  and a c e tic  antg'-dride (20 o ,o , ) stood a t  room 

tom peratura f o r  48 hours® Wet o r was addod? and the  product was 

is o la te d  by moans of ether*  The p roduct (l®7 g. ) in  a  l ig h t  

petroleum  so lu tio n  ifas chromatographed on a column of alumina (45 g«)o 

E lu tio n  w ith  l i g h t  petroleum /benzene ( l?3 ) gave a compound c r y s ta l l i s in g  

from ciiJ.oroform*™KiQthanol to  give

a c e ta te as p r ism a tic  p la te s ,  (250 mg«), m op.l84- 185° ,  [^1^’̂ 784°

(C, lo 4 ) l '♦* 806° (G? Oc9 ); ^ma%* 3060 A (£  14 ,000 ), i t  g ives a

dark  rcd-broim  co lour w ith  te tran itro m e th an e  * A nalysis. Found:

C, 82*51 H, 10*4" OggH^gOg re q u ire s  G, 82*7; H, 10*4%.

E lu tio n  o f th e  column w ith  b en zen e /e th er (1 :1 ) gave a compound 

c ry s ta - l l is in g  from ciiloroforciH aethanol to  g ive u rea -9  ( 11 ) s 13 ( 18 ) -

d l2 ag r3 ^ ia ^ .T d io l_ 3 -acflta te  bs long p la te s ,  (4OO m g,), m.p, 190-193°.

136° ( 0 , l , l ) |^ m a x . 2140 A (^  9 , 000) ,  i t  g ives a  yellow  co lour 

w ith  tetranitrom ethane®  A nalysis. Found: C, 79.35 H, 10.3»

QsîjHôoOs re q u ire s  C, 79^6} H, 10*4

A cetic  Anhy dride  D ehydration of Ursa--9( 11) : 13(18 )-d ien e -3 |g :1 2 > -d id

r ~

A so lu tio n  o f u r s a -9 ( ] J .)§13 ( l6 )-d ie n e -3 ^ :1 2 ^ -d io l 3-a c e ta te  (80 mg.) 

in  a c e t ic  enliydride (8 c . c . )  was hea ted  a t  100 ° f o r  2 hours. The 

so lu t io n  was cooled and th e  c r y s ta l l in e  s o l id  c o lle c te d  and washed 

w ith  m ethanol. The p roduct on r e c r y s ta l l i s a t i o n  from methanol gavo
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u rsa -9 (ll)s l2 .^ 1 8 ~ tr iô n -3 ^ ”-yl a c e ta te  a s  p rism s, (60 mg»), niopo

and mixed m.p. 183-164.°, (G, 1®1); ^  max® 3060 A (£ 1 3 ,5 0 0 ).

B z â E o g o r^ t i i£ n .o ^ ^  -----

A so lu t io n  o f u rsa -9 (H )§ 1 2 s l8 - tr ie n -3 ^ ~ y l a c e ta te  (85 mg.) in  

g la c ia l  a c e t ic  ac id  (85 CoCo) was shaken w ith  platinum  c a ta ly s t  

(from 85 mg. PtO^ ) ov’e r  hydrogen a t  atm ospheric p ressu re  f o r  24 

houi'Sc The platinum  was removed, and th e  f i l t r a t e  evaporated to  

drynesso The res id u a  c r y s ta l l i s e d  from methanol to  give a su b stan ce 

as b la d e s , (75 m g.), m.p. 231-233°, M)J*‘34° (O 0*9); ^max* 2100 A 

( £» 9 , 000) ,  i t  g ives on orange-brown co l ou?.'* w ith  te tra n itro m e th an e . 

A n a ly sis . Found: C, 82 ,31; H, 10.73® C32H50O2 re q u ire s  G, 82.345

H, lo .eogc

The substance was recovered  unchanged a f t e r  trea tm en t w ith  hydro

c h lo r ic  -  a c e t ic  a c id .

Reduct io n  of U rsa -9 (1 1 )s l2 g l8 - t r i en -3 ^ -v l A cetate  w ith  Lithium  in

Liqu id  Ammoniar  -----

A so lu t io n  of u r s a -9 (1 1 )s12:18- t r ie n - 3 ^ -y l  a c e ta to  (4OO mg.) in  

d ry  e th e r  (50 c . c . ) was s t i r r e d  w ith  l iq u id  ammonia (200 c .c .)^  

Lith.lum m etal was eddod over 15 m inutes, and th e  r e a c tio n  allowed 

to  continue fo r  a fT^rther 30 m inutes, w ith  continuous s t i r r i n g .

Ago t o n e  w a s  a d d e d ,  a n d  t h e  am m onia  w a s  a l l o t t e d  t o  e v a p o r a t e .

The re s id u e  was ©xrbracted w ith  o th e r , and th e  o th e r e x t ra c t  washed 

w ith  d i lu ta  hy d ro ch lo ric  ac id  and w ate r, d r ie d  (NogSQj,), and 

evaporated  to  d ry n ess , The re s id u e  ( }\inaXo 2140 Î  (111,600) was



acG tylatod u s in g  pyr’id in o  and a c e t ic  anhydride f o r  2 hours a t  100° 

Tho product? is o la te d  by means o f  e th e r ,  c r y s ta l l i s e d  from 

chloroform»iP.ethanol to  give u rea -9  (H )  §13(18 )«-dien-3^-yl a c e ta to  

as p la te s  (310 mgo), m.po and mixed m.po 192-193°s (S?

0.97)§ Xmaxo 2100 A (£ 12 ,300), i t  g ives a s tro n g  yellow  co lour 

w ith  te trt^n itrom ethano .

Attempted Enol A cé ty la tio n  o f 12-Oxoursa-9(11 ):13 (18 )-d ien^^H -vl

Ac e ta te  o "

A s o lu t io n  o f 12-oxoursa-9(11 ):13 (18 )-d ie n -3 # -y l a c e ta te  (200 mgo) 

and f re s h ly  fused  sodium a c e ta te  (350 mgo) in  a c e t ic  anhydride 

(40 Co Co) was re flu x ed  f c r  66 hours* Water was added, and th e  

product i s o la te d  by meens o f e th e r ,c r y s ta l l i s e d  from m ethanol to  

give unchanged 12-oxoursa-9(1 1 )s13(18) - d i e n - ^ - y l  a c e ta te  as  yellow  

p la te s  (160 mgo), m.po and mixed m®pe 201 -203°, |y j =̂"41° (£ , 1*6); 

l.iMJCe 2040, 2$20j 2940 A (£  8 ,500; 9 ,700; 8 ,300).

Enol A cé ty la tio n  o f l?.^)xoui’ga '> 9(ll)8 l3(18)-d lear3^;g l_A get_a.te ,— - 

A s o lu t io n  of 12 -oxcursa-9 (1 1 ):1 3 (1 8 )-d ie n -3 ^ -y l a c e ta te  (500 mgo) 

p -to lu en e  su lphonic ac id  (250 mg®), concen tra ted  su lp h u ric  ac id  

(one drop) in  a c e t ic  anhydride (80 c.c®) v/as re flu x ed  fo r  100 

hourso Water vjas added, and th e  product was is o la te d  by moans of 

othero A so lu tio n  of th e  product (a b lack  gum) in  l i ^ t  petroleum  

was f i l t e r e d  through a column o f alumina (30 go)o A c o lo u rle s s  

gum was ob tained  which c r y s ta l l i s e d  from methanol to  give 

d la oetpxyu rsa -9 (3JL)g 12s IB -tr ie n e  as long n ee d le s , (l95 .iag«), m.p*
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2.42- 243°? (C, 1«5)| 2940 A ( £  13 , 000)? i t  g ives a

brovm colour w ith  totranitrom ethsino* Analysis® Founds 0 , 77*9;

Hp 9*8* Cs&HsoQk re q u ire s  0 , 78; 1; H, 9.6^* • This experim ent was 

rep ea ted  in  o rder to  improve th e  y ie ld .

ic  12-Oxoursa-9( 11 )§ 13( 18 )--dien-3p-yl a c e ta te  {250 mg*), p -to lu en e
i *•

su lphonic ac id  (125 mg«), a c e t ic  anhydride (40 c* c .)  re flu x ed  fo r  

24 hours. Y ield , 175 mg* -  70^*

i i .  IS 'O xoursa-9 ( 11 ) s 13 (18) -d ie n -3 ^ -y l a c e ta te  (250 mgo), p -to lu en o  

sulphonic a c id  (100 mgo), concen tra ted  su lp h u ric  ac id  (one drop) 

a c e t ic  anhydride (4O c .c * ) ,  heated  a t  100° fo r  24 hourso Y ie ld ,

195 mgo -  SQ%o

i i i o  12~Oxourea-9 (11) §13(18) -d ie n -3^ - y l  a c e ta te  (250 mg* ) ,  

p -to lu en o  sulphonic ac id  (125 mg*), a c e t ic  anhydsride (40 c « C o ) ,  

heated  a t  100^ fo r  24 hours* Y ie ld , 130 mg* -  50^*

In  a3JL th e se  cases tho  re a c t io n  so lu tio n  was poured in to  a 

m ixture of p y rid in e  and water* This m ixture decomposes th e  a c e t ic  

anhydride laich more ra p id ly  th an  water* The products wore 

is o la te d  by meena c f  e th e r ,  end f i l t e r e d  through alum ina. An 

a l te r n a t iv e  working: up p rocess was to  add potassium  a c e ta te ,  and 

evaporate  re a c tio n  so lu t io n  to  dryness? follow ed by f i l t r a t i o n  

of a s o lu t io n  of the re s id u e  in  l i g h t  petroleum  through aluiainao 

Employing t h i s  method and co n d itio n  i i  above, a  y ie ld  of 80^ 

was ob ta ined  i . e .  5®55 g» eno l a c e ta to  was ob tained  from 6*5 go 

12-oxourea-9 (11)§13(18 ) -d ie n -y p -y l a c e ta te  *
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A c i d  H y d r o l y s i s  o f  3  ,is  1 2 - D i a c o t o s j ' u r s a “ 9 ( 1 1 )  s l 2  * 1 8 " t r l e n » _

A so lu tio n  o f  3 6 § 1 2 - c I i 3 X 0 t o x y u r B a - 9 ( l l )  §12:18-tri© ne ( I 65 mg©) in  

mo th an o l (150 G .o ® )  and c o n c e n t r a t e d  h y droch lo ric  ac id  ( 9 c o C * ) w a s  rofluxoe 

fo r  2 hours. Wator \ras added, and tho  product? is o la te d  thrcragli 

o ther? c r j c t s l l i s o d  from aqueous methanol to  give 1 2 -o x o u rsa -9 (l]J  : 

3.3(lB )-dien-3A -ol as f a in t  yellow  b lades (120 i i ig ,  )  m . p ,  220-222°,1
(C, 1.1)5 ]m s^  2060; 2630, 2940 i  (1 9 ,3 0 0 ; 9 ,500; 7 ,5 0 0 ).

A cé ty la tio n  gave 12-oxoursa-9( 11 ) § 13( 18)"xlien-3^%71 a c e ta te ,  m.p®
V o

2 0 0 - 2 0 2 " , r ^ l 'A O *  ( 0 ,  1 . 3 ) ;  > Æ U « . 2 0 6 0  ,  2 6 2 0  ,  2 9 5 0  A  .  H  9 , 6 0 0 }

9 , 5 0 0 ;  7 , 9 0 0 ) .

A  so 3 u tlcn  of 3 |'§12 -d iac8 toxyursa-9 (H ) §12§3.8-tr*ianô (2© 2 g o )  in  

m ethanolic potassium  hydroixldo ( 3% -  800 c» c .)  was rc f lu z c d  fo r  

2-g* hours* Water \m.a added, and the  s o l id  © rbracted w ith  ether©

T h e  e th e r  e x t r a c t  was washed w ith  w a te r, d r ie d  ( N s g S C k )  and 

ovaporated to  dryAieffS© Th) re s id u e  was a c e ty la te d  u s in g  pyrd.dine 

and a c e t ic  anhydride fo r  16 hours a t  18°© The p rcduct is o la te d  

by means o f e th e r  c r y s t a l l i s e d  from ch lo rofo iv i- methanol t o  g i v e  

a s  a  f i r s t  c r o p  a s  p l a t e s

( 4 0 0  m g . )  m . p .  264- 265° ?  k ^ i ; ^ 4 . l 2 2 ° ( G ,  l o O ) ;  204O , 2 5 0 0  A ,

{ i  8,90^1 9,300)? i t  g ives a  yellow  co lour w ith  t e t r a n i t r o m e t h c n o . 

A n a l y s i s .  Found; G , 8 0 . 1 7 ;  K, 10© 18. G ^ g î î^ a O s  re q u ire s  C, 79®951 

I I ,  1 0 . 0 7 % .

The mother l iq u o rs  were evaporated  to  d ry n ess , and a so lu tio n  of
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th e  re s id u e  in  benzene was f i l t e r e d  through alumina® The product 

c r y s ta l l i s e d  from aqueous acetone to  give 19K-( is o nroovlXL2-oxours a -  

9 (1 1 )s13(18)-d ien -3^ - v l  a c e ta te  as n eed les , (950 m g,), m.p, 193-195°

<C, 0 .9 ) ;  Xmax. 2050, 2620, 2940 I  ( £  10,300; 9 ,300;

8 , 7 0 0 ) o A nalysis, Found: C ,  7 9 . 5 1  7 9 * 4 5 1  H ,  1 0 . 2 ;  1 0 , 2 .

Q s s H ia O a  re q u ire s  C , 7 9 * 9 5 ;  H , 1 0 . 1 % .

The more th i s  l a t t e r  compound was r e c r y s ta l l i s e d  th e  le s s  pure i t  

seemed to  become, v a r ia t io n s  in  m.p. and ro ta t io n  becoming marked.

Acid JtedrolY gle Qf 3 2 -O x o u rfla -9 (ll)s .l8 -d len -:y -y l A ce ta te .------

A so lu tio n  of 1 2 -o x cu rsa -9 (H ) §18-dian-30-yl a c e ta te  (70 mg. ) in  

m ethanol (50 c .c . )  and concen tra ted  hyd ro ch lo ric  ac id  (3 c .c . )  

was re flu x ed  fo r  2 h o u rs , th en  evaporated to  dryaess under reduced 

p re ssu re . The res id u e  c r y s ta l l i s e d  from aqueous methanol to  

g ive 12-oxoursa“9 ( l l )  s3 .3 (l8 )-d ien -3p-o l as p a le  yellow  b la d e s ,

(50 rag ,), m,po 220-222", [«:’f,-70® (C, 1 .2 ) ;  X®ax. 2050, 2620,

2940 A, ( f i l0 ,5 0 0 | 10,700; 8 ,3 0 0 ). A cé ty la tio n  gave 1 2 -oxoursa-9 (H )

: 13( 18)-d ie n -3 ^ -y l a c e ta te  m.p. 201-203°, [w ^-41° ,  (C, 0o73);

Xnaa:. 2040, 2630, 2940 1 ( Î  9 , 100; 9 ,400; 8 , 100) .

HonoRS£ohthalic Acid .0_xMation_pX. 1 2 -0 g o u rsa -9 (ll)  8 l8 -d len -3 » -y l

A cetate

A so lu tio n  of 1 2 -o x cu rea -9 (ll) ;1 8 = d ien -3 ^ -y l a c e ta te  (500 mg.)
I

in  e th e r  (250 CoC.) was t r e a te d  w ith  an e th e re a l  so lu tio n  o f 

m onoperphthalic ac id  (285 mg. -  1.5 m olar) f o r  10 days a t  20°.

The o th e ro a l so lu tio n  was washed w ith  sa tu ra te d  sodium b icarb o n ate
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s o lu t io n , w a te r, d r ie d  (NsgSQ^) and evaporated to  d ry n ess . The 

re s id u e  c r y s ta l l i s e d  from methanol to  give 18:19^ -en o x v -ia -

a c e ta to  as b lades , (380 m g.), m.p© 240-  

241° ,  +117°, (0 , 0 .9 6 ); max. Ẑ BO à  ( £ 1 0 ,0 0 0 ), i t  g ives

no colouj? w ith  te tra n itro m e th a n e 9 A nalysis . Founds C, 77 .9 ;

H, 9 .7 . re q u ire s  G, 77 .4 ; H, 9.7%

Reduct 1 on of 12 -̂Oxourea-9 ( 11 ) s 18-dien-3^ -y l  Acetate with Lith iu m in

To a s t i r r e d  so lu t io n  o f lith iu m  m etal (150 mg.) in  l iq u id  ammonia

(100 c . c . )  was added over 1 minute a  s o lu tio n  o f 12-o x o u rsa -

9 (11) î l 3 “diQn«3j^'-yl a cetat©  (245 H g .) in  d ry  e th e r  (50 c . c . ) .

The re a c t io n  continued f o r  2 m inutes, th en  acetone was added.

The sjnmonia was çH oi/ed to  evaporate end th e  p ro d u c t, is o la te d

through e th e r ,  a c e ty la te d  u s in g  p y rid in e  and a c e tic  anhydride

a t  100° f o r  2 hou?.*So The p ro d u ct, is o la te d  through e th e r ,  o ry s to lJ is e d

from m ethanol to  g ive 12-oxours-18-en-3^>̂ y l a c e ta te  as b la d es .
\  o

(50 a g e ) , m .p. 234.“237", [o«jy:-60®, (C, 1 .1 )}  \m ax. 2040 A (% 8 ,9 0 0 ), 

i t  g ives a  yellow  co lo u r w ith  te tra n itro m o th sn e . A nalysis.

Found: 0 , 79*8; H, 1 0 .6 . G33B50Q3 re q u ire s  C, 79*6; K, 10.4%.

With a l k a l i  (3% and 15% m ethanolic potassium  hydrox ide), 12-oxours- 

18-en-3& "yl a c e ta te  gave in t r a c ta b le  gums.

Attempted Ryd rogeno lysie  o f 12-0xour6A"Q ( 11^ 2 lA -d ien-3&-v l Acoibato  

A s o lu t io n  of 1 2 o x o u isa -9 ( ll)  :18-diG n-3^-yl a c e ta te  (150 mg.) 

in  a c e t ic  ac id  (45 c . c . )  was shaken w ith  platinum  c a ta ly s t  

(from 10«D mg. FtOg ) over hydrogen a t  atm ospheric p re ssu re  fo r



m

18 hours'© Tho c a ta ly s t  was removed, and the  f i l t r a t e  

evaporated to  dryness y ie ld in g  the  product c r y s ta l l i s in g  from 

methanol as unchanged 12-oxoursa-9(1 1 ):18-diG n-3^-yl a c e ta te  

as b la d e s , (135 mg.) ,  m.p. and mixed m.p© 2 6 3 - 2 6 5 + 1 2 2 °

(Ç, 1 ,0 ) .

rM W ctip n jlf  JA a2"D ta_coto:sm raa-9X .ll) in

Liquid Ammonia. —

A so lu tio n  of3 ^ :12-"d.iacetoiqÿursa-9(ll):1 2 :1 8 -tr ie n o  (500 mg.) in  

dry  o th e r  (lOO c*c«) was dropped in to  a so lu tio n  of lith iu m  m etal 

(150 mgo) in  l iq u id  ammonia (lOO CoC*) over a  p eriod  of 1 minute®

The re a c tio n  continued fo r  a f u r th e r  2 m inutes then  acetone was 

added© Tho ammonia uaa allowed to  ovap o ra te ,  and th e  product^ 

is o la te d  tlircnzgh e th e r ,  was re flu x ed  fo r  3 hours in  a  so lu tio n  

of m ethanolic potassium  hydroxide(3% •» 150 c .c * ) « The p ro d u c t, 

is o la te d  through e th e r ,  was a c e ty la te d  u sin g  pyi’id in e  and a c e tic  

anhydride a t  18° fo r  16 houi’s . The p ro d u c t, is o la te d  by 

means of e th e r ,  was d isoo lvod  in  l ig h t  peti'oleum and ciiromatographed 

on a column of alum ina. L ight petroleum /benaone e lu tod  th e  

only crj’s ta l .l in e  m a te r ia l ,  which on re  c r y s ta l l i s a t io n  from 

ch i or of oniWûG th an o l gave tho prqdupJi as b ladoo , (190 mg©), m.p© 

248- 2^9^, +159° (0? 1*0 )I y\ max* 2620 1 (£ .19 j500)j i t  g ives

a rod**brcxm colour w ith  to tran itro rae thanep  A nalysis. Found ; 0,80*24 

C, 80.98; H, lOoOO; 1 0 .0 7 . CztHgoCh re q u ire s  G, 80.5&; K? 9*95%»
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O xidation of 3^ § 12-D iac8toxvuroa-9(11 )3.2:18-trienQ  —

A so lu tio n  o f 3^^sl2-diacet03{yursa~9(ll) s lS s lS - tr ie n e  (loAlg* ) 

in  Q 'babilised a c o tic  ac id  (200 c . c . ) was g en tly  b o ile d  to  e f f e c t  

slow d i s t i l l a t i o n  o f tho soJ vente A s o lu tio n  o f chrcmic tr io sd d e  

(4o2 go? 15 molar excess) in  s ta b i l i s e d  a c e t ic  ac id  (80%? 50 CoC.) 

was added dropwise© 'The d i s t i l l a t e  was c o lle c te d  in  f r a c t io n s  

o f approxim ately 25 c.Coo The f ra c t io n s  were n e u tra liz e d  vrilth 

sodium hydroxide so lu tio n  to  p h eno lph tha le in  and th e  r e s u l t in g  

n e u tra l  f r a c t io n s  d is t i l le d o  D is t i l l a t e s  o f about 10 c .c .  were 

c o lle c te d  and t r e a te d  vrith a  h yd roch lo ric  ac id  so lu tio n  of 2:4*“ 

d in itropheny lhyd raz ine  * The f ra c t io n s  which gave a  p o s i t iv e  

carbonyl re a c tio n  were f i l t e r e d  and th e  p roducts r e c r y s ta l l i s e d  

from chloroform -m ethanol to  give acetone 2 sA ^'dinitrophenyl- 

hydrazono (105 mgo) as n ee d le s , m.p© and mixed m.p© 123-125°o 

Tho res id u a  from d i s t i l l a t i o n  was poured in to  w ater and 

o x tra c ted  w ith e th e r .  Ho in so lu b le  a c id  f r a c t io n  was obtained©

The neuiiral f r a c t io n  (a  broim #im) was chromatographed on a 

column of alumina? b u t f a i le d  to  produce any c r y s ta l l in e  m aterials
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