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HISTORICAL*



INTRODUCTION*

Two c la s s e s  o f non-nitrogenous substances, co n ta in in g  approx- 

- im ate ly  t h i r t y  carbon atoms, a re  to  be found in  th e  v a s t f i e l d  o f 

n a tu ra l ly  o ccu rring  compounds. The f i r s t  c la s s  co n ta in s  c e r ta in  

sapogenins and th e  s te r o ls ,  whose t e t r a c y c l ic  s tru c tu re  has been 

examined in  g re a t d e ta i l .  The second c la s s  co n ta in s  compounds o f th e  

p o ly cy c lic  t r i te r p e n o id  type which are  w idely d is t r ib u te d  in  th e  

vegetab le  kingdom, e sp e c ia lly  in  r e s in s  and p la n t saps, where they  

occur in  th e  f r e e  s t a t e ,  as g lycosides (sap o n in s) , and as e s te r s .  The 

t r i te r p e n e s  y ie ld  c h a r a c te r is t ic  common dehydrogenation p ro d u c ts , most 

o f them napthalene homologues, which have fu rn ish e d  u se fu l evidence 

concerning th e  b a s ic  carbon sk e le to n s . The t r i t e r p e n e s ,  although 

d i s t in c t  from, a re  r e la te d  to  th e  mono-, s e sq u i- , and d ite rp en es  in  

th a t  a l l  ap p aren tly  co n ta in  s tru c tu re s  b u i l t  up from iso p ren e ,

CsHs*

S tru c tu ra l ly ,  th e  t r i te r p e n e s  may be d iv ided  in to  th e  fo llow ing  

groups*-

(a) The s t r a ig h t  chain  compound squalene, and th e  t r i c y c l i c  ambrein.

(b) The te t r a c y c l ic  compounds such as euphol, la n o s te ro l ,  a g n o s te ro l,

and th e  elem ic ac id s .

(c) The p e n tac y c lic  eC -  and j 3 -  amyrin and l ip e o l  groups.

No mono-, or d ic y c lic  t r i te r p e n e s  a re  known and only re c e n tly  has th e  

occurrence of a hexacyclic  t r i te r p e n e  been r e p o r te d ( l ) .  As y e t no 

c e r ta in  method i s  a v a ila b le  fo r  th e  ra p id  a l lo c a tio n  o f any new
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member to  a s p e c if ic  group, though a p p lic a tio n  of th e  method of 

m olecular r o ta t io n  d iffe re n c e s  h e lp s  in  th e  assignm ent o f a compound 

to  i t s  c o rre c t c la s s  (2 ,3 ) .

During th e  p a s t  20 y e a rs , r ig o ro u s  re la t io n s h ip s  have been 

e s ta b lish e d  between a la rg e  m a jo rity  o f th e  w ell c h a ra c te r is e d  

p e n tac y c lic  t r i te r p e n e s  and one or o th e r o f th e  th re e  p a re n t a lco h o ls  

oL -am yrin, p  -am yrin, and lu p e o l, and re c e n tly  lu p e o l and f i  -am yrin 

have been converted  in to  common in te rm ed ia te s  by re a c tio n s  capable 

o f s tru c tu ra l, i n t e r p r e t a t i o n ^ ) .  So f a r  no in te rc o n v e rs io n  o f th e  

oC -  andytf- amyrins has been achieved*

The work to  be described  in  t h i s  th e s is  was concerned w ith  th e  

s t r u c tu r a l  chem istry of the^?-am yrin  or fy?-am yrin  -  o le an o lic  ac id "  

group o f t r i te r p e n e s  and th e re fo re  sp ec ia l emphasis w i l l  be l a id  upon 

th e  developments in  t h i s  group. Comprehensive summaries on t r i te r p e n e  

chem istry as a whole have been made by Haworth(5), S pring (6) ,  H o lle r(7) 

and Je g e r(8) .

E arly  work on in d iv id u a l t r i te r p e n e s  was b e se t by a number of 

p r a c t ic a l  d i f f i c u l t i e s ,  since p u r i f ic a t io n  o f c e r ta in  compounds proved 

d i f f i c u l t  m olecular weight de term inations were in co n c lu siv e , and 

methods o f analyses used  o fte n  f a i l e d  to  d is tin g u is h  between homologous 

form ulae. With improved a n a ly t ic a l  techn iques o f m icro-com bustion 

and m ic ro - t i t r a t io n  e t c . ,  i t  was e s ta b lish e d  th a t  th e se  compounds 

con tained  t h i r t y  carbon atoms*
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DETECTION OF FUNCTIONAL GROUPS.

Owing to  th e  com plexity o f th e  t r i te r p e n e  m olecule and, in  some 

in s ta n c e s , to  th e  lo c a t io n  of c e r ta in  fu n c tio n a l groups w ith in  th a t  

m olecule, th e i r  r e a c t iv i ty  i s  so reduced as to  make th e i r  d e te c tio n  

by stan d ard  methods im possible*

Carbonyl groups in  the  t r i te r p e n e s  a re  in  g en era l very  u n re a c tiv e  

and do no t r e a c t  w ith  th e  u su a l re a g en ts  such as sem icarbazide, pb^nyl- 

-hyd raz ine , hydroxylamine e t c . ,  (9 ,1 0 ,1 1 ,1 2 ,1 3 ,1 4 ) . Such groupings 

a re  b e s t d e tec ted  by spec tro scop ic  methods in  U.V. and I .E . re g io n s .

The carboxyl group in  some o f th e  t r i te r p e n e  ac id s  such as 

o lean o lic  a c id  and u r s o l ic  a c id  cannot be e s t e r i f i e d  by th e  F isc h e r-  

Sp ier method and e s t e r i f i c a t io n  n e c e s s i ta te s  th e  use o f diazomethane*

The methyl e s te r s  so prepared  a re  hydrolysed only on d ra s t ic  trea tm en t 

w ith  a lk a l i .  This behaviour in d ic a te d  the  presence o f a t e r t i a r y  

carboxyl group in  th e se  substances*

In e r t  e th y len ic  bonds a re  commonly met w ith  in  t r i te r p e n e  

s tru c tu re s . Such lin k ag es  can be d e tec ted  by a number o f methods 

however, th e  sim p lest o f which i s  th e  te tran itro m e th an e  co lour t e s t 5 

th e  colour produced by a t r i te r p e n e  when a chloroform  so lu tio n  i s  

t r e a te d  w ith  te tran itro m e th an e  i s  in d ic a tiv e  o f th e  number o f double 

bonds p re sen t in  th e  molecule and /o r th e  ex ten t o f con ju g atio n (l5 )*

The t e s t  f a i l s  in  th e  case o f* /? -  u n sa tu ra te d  ketones which give no 

c o lo ra tio n  (1 3 ,1 4 ,1 5 ).
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T rite rp en e  ac id s  on trea tm en t w ith  bromine give b ro n o la c to n es (l6) , 

from which th e  f r e e  ac id s  a re  re g e n e ra te d  by zinc and g la c ia l  a c e t ic  

acid* This in d ic a te d  th e  p resence o f a double bond in  such compounds 

as o le an o lic  a c id  and hederagenin , and th a t  the  double bond was 

probably  P *  o r jr6  w ith  re sp e c t to  th e  carboxyl group. The probab le  

mechanism of t h i s  re a c tio n  i s  in d ic a te d  by th e  p a r t i a l  form ulae shown 

below

I I  | | Br2 | I | | (-H Br) , I , I
- c = c - c - c  > - c - c - c -  c -  > - c - c - c - c -1 I I I 1 I II 1 I

COOH Br Br COOH Br 0 -------;— CO

R ecently , use has been made o f l ig h t  ab so rp tio n  in te n s i t i e s  in  
o

th e  reg io n  2050-225Q& fo r  in v e s t ig a t io n  o f is o la te d  double bonds in  th e  

tr i te r p e n e  f i e l d  o f chem istry (17)• An in sp e c tio n  of th e  € v a lues a t  

va rio u s  wavelengths w ith in  th i s  reg io n  shows th a t  they  depend p rim a rily  

upon th e  degree o f s u b s t i tu t io n  o f th e  double bond and d is t in c t io n  can 

be made between d i - ,  t r i - ,  and t e t r a - s u b s t i tu te d  e th y le n ic  linkages*

The l ig h t  ab so rp tio n  in  th i s  reg io n  i s  u n re l ia b le , however, when any 

o th er chromophore i s  p re sen t in  th e  molecule#

Evidence fo r  th e  presence of one double bond in  lu p eo l and 

b e tu l in  was o b ta in ed 'b y  c a ta ly t ic  hydrogenation to  d ih y d ro lu p eo l(l5 ) 

and d ih y d ro b e tu lin ( l8) re s p e c tiv e ly , one mole of hydrogen being 

absorbed in  each case . Subsequent in v e s t ig a tio n s  showed th a t  th e  

double bond in  lu p eo l was con tained  in  an isop ropenyl s ide  c h a in ( l9 , 20) 

t h i s  being in  d ire c t  c o n tra s t to  t r i te r p e n e s  o f th e  oc -am yrin and 

-amyrin groups which co n ta in  n uc lear type double bonds and cannot



be hydrogenated under s im ila r  conditions*  The presence o f a double 

bond inyS -am yrin (and r e la te d  compounds) was shown by th e  yellow  

colour produced w ith  th e  te tra n itro m e th a n e  reag en t and by o x id a tio n  

w ith  hydrogen p e ro x id e (2 l) or perbenzoic  a c id ( l3 )  to  g ive a s a tu ra te d  

ketone, which was fu r th e r  reduced to  g ive  ̂ 3 -am yranol, a compound 

which i s  s a tu ra te d  to  te tra n itro m e th a n e (22 ). Chromic a c id  o x id a tio n  

o f j i  -am yrin a c e ta te  gave an ¥ -  u n sa tu ra te d  k e to n e(2 3 ), f u r th e r  

in d ic a tin g  th e  p resence o f a double bond in  th e  molecule* S im ilar 

types of experim ents proved the  e theno id  linkage  in  o£ -a n y rin  and 

r e la te d  compounds*

Taken in  con junction  w ith  th e  m olecular form ulae, i . e . ,

Q30H50O fo r  th e  monohydric a lco h o ls  oc -  andytf -am yrin, th e  p resence 

o f one double bond in d ic a te d  th a t  th ese  substances were pen tacyclic*  

This was confirm ed by dehydrogenation experim ents which w i l l  be 

d iscussed  l a t e r  in  th i s  sec tio n .

The secondary hydroxyl grouping , common to  a l l  

t r i te r p e n e s ,  i s  re a d ily  d e tec ted  by a c e ty la t io n , b en zo y la tio n , and 

o x id a tio n  to  th e  corresponding ketone.
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TRITERPENE INTER-RELATIQNSHIPSo

V arious in te r - r e la t io n s h ip s  have been e s ta b lish e d  w ith in  each 

group, between in d iv id u a l members o f th e  at- and p -  amyrin and lu p eo l 

groups. Such in te r - r e la t io n s h ip s  have been achieved u s in g  s tan d ard  

methods o f o x id a tio n  o f prim ary a lco h o l groupings to  a c id  g roupings, 

re d u c tio n  o f carbonyl groupings, and by a method f i r s t  a p p lie d  by 

Ruzicka and S ch ellenberg (25 ), in  th e  conversion  o f o le an o lic  a c id  

in to  th e  a lco h o ls , p -  amyrin and e ry th ro d io l . The method, 

i l l u s t r a t e d  below, c o n s is ts  in  conversion  of th e  a c e ta te  o f th e  

a c id  to  i t s  a c id  ch lo rid e  follow ed by Rosenmund red u c tio n  o f th i s  

to  th e  corresponding aldehyde which i s  then  reduced by th e  W olff-  

K ischner method to  give the  re q u ire d  a lco h o l.

RCOsH --- - -> RC0G1 ----- >  R C H O  >RC Ife +  RCBgQH

R ecently , use has been made o f th e  v e r s a t i l e  reag en t li th iu m  

aluminium hydride which has made a v a ila b le  th e  fo llow ing  ro u te (64 ,24).

A fu r th e r  v a r ia n t depends upon th e  d esu lp h u riza tio n  o f a th io e s te r  

by Raney n ic k e l to  give th e  corresponding a lcoho l which i s  converted  

as shown (24a)

RCHO

RC0C1
Cklaridc

^  RCH2OTs RCHq

RC0C1 ---- > RCOSMe  > RCH3 OH RCH2 OTs -^ R C H 2I

RCHq .
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The vario u s  t r a n s i t io n s  w ith in  th e  /3  -amyrin group a re  shown 

in- Chart 1 . These in te rc o n v e rs io n s  show th a t  a l l  th e  t r i te r p e n e s  

invo lved  possess th e  same b asic  carbon sk e le to n  and d i f f e r  only in  

th e  n a tu re  and p o s it io n  o f th e  fu n c tio n a l groups p re se n t.

S im ilar re la t io n s h ip s  have been shown to  e x is t  in  th e  oC -am yrin 

group and lu p eo l group of which e x c e lle n t summaries w i l l  be found 

e lsew here(26 ,27).

The more im portan t members o f th e  th re e  main groups o f p en ta - 

c y c lic  t r i te r p e n e s  a re  l i s t e d  in  ta b le s  I ,  I I ,  and I I I  to g e th e r  w ith  

th e  p o s i t io n  of th e  v a rio u s  fu n c tio n a l groups in  th e  p a re n t hydro­

carbons o le a n a n e (l) , u r s a n e ( l l ) ,  and lu p a n e ( l l l ) .

CHART I .

c< - Bosw ellic a c id  ------- > e p i-yd-Amyrin

G ly cy rrh e tic  a c id   -Amyrin ----------^  tf -Amyrenol <----- Germanicol

i
^  Q leanolic  a c id

E ry th ro d io l

M orolic a c id

Genin A M anilad io l

E ch inocystic  a c id   S ia re s in o lic  a c id

Sum aresinolic a c id
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TA3LS I .

P  -Amyrin group*

. T rite rp en e
Double
Bond Hydroxyl Oxo COOH Occurrence.

f t  -Amyrin 12*13 2 - - Manila Elemi r e s in .

E ry th ro d io l 12113 2.28 - - F r u i ts  of E ry throxylon  
novogranatense.

M anilad io l 12*13 2 .1 6 (ep i) - - M anila Elemi r e s in .

Genin A 12*13 2.16.28 - - Prim ula.

oC -B osw ellic a c id 12*13 2 (ep i) - 23 Frankincense.

O leanolic  a c id 12*13 2 - 28 Cloves and o lives*

Hederagenin 12*13 2.23 - 28 Leaves o f ivy .

Sum aresinolic a c id 12*13 2 .7 28 Sumatra gum benzoin.

E ch inocystic  a c id 12*13 2.16 - 28 Root of E ch inocystis  
fabacea.

S ia re s in o lic  a c id 12*13 2.19 - 28 Siam gum benzoin.

Gypsogenin 12*13 2 S3 28 Soap ro o t .

Q u illa ic  a c id 12*13 2.16 23 28 Q u illa ia  saponin

G ly cy rrh e tic  a c id 12*13 2 11 30 Roots o f l iq u o r ic e .

Germanicol 18*19 2 - - Lactuearium  germanicum.

M orolic a c id 18*19 2 28 Heartwood o f Mora 
exce lsa  Benth.

w,
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This group a lso  con ta in s  th e  soyasapogenols whose s tru c tu re  

i s  s t i l l  in  doubt. Soyasapogenin A i s  a te tra h y d r ic  a lc o h o l, w h ile , 

soyasapogenin B i s  a t r ih y d r ic  a lco h o l and soyasapogenin C i s  a 

d ie n e -d io l. Each co n ta in s  a Cg-hydroxyl group and a 12213 double 

bond(28).

TABLE' I I .

<X -Amyrin group»

T rite rp en e
Double
Bond Hydroxyl COOH Occurrence*

o( -Amyrin 12S13 2 - M anila Elemi res in *

Uyaol 12*13 2 .2 8 (? ) - C rataegus cuneata .

B rein 12*13 2 .2 l(o r  22) - Manila Elemi res in o

p  -B osw ellic a c id 12*13 2 23 Frankincense*

U rso lic  a c id 12*13 2 23(?) Wax co a tin g  o f app les 
and p e a rs .

Quinovic ac id 12213 2 27.28 Zygophyllum coccineum L.
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TABLE I I I ,  

Lupeol group*

T rite rp en e
Double
Bond Hydroxyl COOH Occurrence*

Lupeol 20*29 2 - Shea nut fa t*

B e tu lin 20329 2*28 - B irch  bark*

B e tu lin ic  ac id 20:29 2 28 Bark o f Cornus 
f lo r id a  L.

2 V

The ta r a x a s te ro ls  a re  c lo se ly  a l l i e d  to  lu p eo l bu t th e  s tru c tu re  o f 

rin g -E  i s  u n c e rta in (2 9 ,3 0 ).



-  11 -

ELUCIDATION OF THE TRITERPENE STRUCTURE.

a) DeRydrogenation evidence.

Dehydrogenation s tu d ie s  over a number o f y ea rs  p layed  a v i t a l  

p a r t  in  th e  e lu c id a tio n  o f the  s t ru c tu re s  o f th e  p e n tac y c lic  t r i t e r ­

penes. Experiments u s in g  selenium , and l a t e r  pa llad ium , as 

dehydrogenating a g en ts , le d  to  the  i s o la t io n  o f a number o f p roducts 

o f which th e  most im portan t a re  shown below (IV -  X). (3 1 ,3 2 ,3 3 ,3 4 ,3 5 ,1 3 ) .

HO—

I F FT

W

HO

JLI X

V n  T rv -v1
VIII

The oC- and p  -an y rin s  both gave I t5 i6 -tr im e th y ln a p h th a le n e (lV ), 

2-hydroxy-lt5»6 -trim eth y ln ap h th a len e(V ), and I t2 t5 t6 - te tra m e th y l-  

naphthalene('TIi), which axe formed from r in g s  A and B o f th e  

p e n tac y c lic  s t ru c tu re s ,  to g e th e r w ith  2 t7 -d im ethy lnaphthalene(V Il) 

and lt2 » 7 -tr in e th y ln a p h th a le n e (V IIl)  which o r ig in a te  from r in g s  D 

and E. The i s o la t io n  o f lt8 -d im eth y lp icen e(lX ) and 1%8-d im ethy l-
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2-hydroxy-picene(X ) in d ic a te d  th a t  th e  p a re n t substances possessed  a 

reduced  p icene s t ru c tu re ,  and le d  R uzicka, Goldberg and Hofmann(36) to  

advance form ula(X l) fo r  th e  p  -am yrin group o f t i te rp e n e s  •

( e .g . ,  R = R = CI% f o r p -amyrenol^ R = COOH R = CEfe; f o r  o lean o lic

HO

X I

In  g en era l a l l  t r i te r p e n e s  o f th e  -  and/?-am yrin groups give most o f 

th e  ty p ic a l  dehydrogenation p ro d u c ts , whose s tru c tu re s  were confirm ed 

by syntheses (3 7 ,3 8 ,3 9 ,4 0 ,4 1 ).

Lupeol, on th e  o ther hand, d id  no t give p roducts (VII),(VIII), 
(IX) and (x) on dehydrogenation(42) in d ic a tin g  a s u b s ta n t ia l  d iffe ren c e  

in  th e  b asic  carbon ‘sk e le to n  of lu p eo l from th a t  of p  -am yrin. The 

d io l b e tu l in ,  which has th e  same b asic  s tru c tu re  as lu p e o l, d id  give 

th e  napthalene d e r iv a tiv e s  (VIl) and (VIIl) on dehydrogenation but no 

p icene d e riv a tiv e s  were iso la ted (4 -3 ).

Ruzicka* s form ula (Xl) fo r  th e  p  -am yrin group of t r i te r p e n e s  

a ffo rd ed  an adequate exp lana tion  of th e  dehydrogenation r e s u l t s  and 

was c o n s is te n t w ith  the  isoprene r u le .  The form ation  o f I i2 t5 t6 -  

te tram ethy lnaph thalene  during dehydrogenation i s  re a d i ly  exp lained  by
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HO

a s e r ie s  o f changes in v o lv in g  dehydration  o f th e  a lco h o l grouping of 

r in g  A follow ed by a re tro p in a c o lin e  rearrangem ent as shown* The 

fornrula(X l) d id  not account s a t i s f a c to r i l y  fo r  v a rio u s  o x id a tio n  

re a c tio n s  of fii -am yrin and o le an o lic  a c id , and a l te rn a t iv e  s tru c tu re s  

were suggested by K ita sa to (4 4 ) , S p rin g (2 3 ), Haworth(5), and Kon(45). 

Of th e se , th e  s tru c tu re (X II)  suggested  by Haworth, i s  now g e n e ra lly  

accep ted  as being th a t  of th e  f3 -am yrin group o f tr i te rp e n e s*

CH3 CHj

HO

M

b) O xidative D egradation Evidence.

( i )  O xidation o f hydroxyl bearing  r in g *

The f i r s t  im portan t advances towards an e lu c id a tio n  o f th e  

s tru c tu re  o f the  t r i te r p e n e s  by o x id a tiv e  methods were made on 

hederagenin , and f in a l ly  re s u l te d  in  th e  c o rre c t re p re se n ta tio n  

o f r in g  A of the  p  -am yrin group«
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O xidation , by Jaco b s(4 6 ), of ih e  methyl e s te r  o f hederagenin  

(X IIl)  w ith  chromic anhydride, r e s u l te d  in  ohe form ation  o f a m ixture 

o f th e  methyl e s te r s  o f a C29-k e to  acid(XIV) and a d ib a s ic  C29-k e to  

acid(XV) which were fu r th e r  o x id ised  w ith  potassium  hypobromite

was ob ta ined  a (^Q -d icsrboxy lic  a c id  lactone(X V TIl) which x^s pyro lysed  

to  a C27-k e to  lactone(X IX) • This keto  la c to n e  on o x id a tio n  a,nd sub­

sequent e s t e r i f i c a t io n  gave the  tr im e th y l e s te r  lactone(X X ). These 

r e s u l t s  were in te rp re te d  as shoxm in  Chart I I  and in d ic a te d  a l* 3 -d io l  

system in  hederagenin* The form ation  of the  tr ic a rb o x y lic  la c to n e  

excludes th e  p o s s ib i l i ty  of th e  presence o f a methyl group a t  C6 and 

le d  to  th e  p a r t i a l  exp ression  (XXI*, R = CI^OH) fo r  hederagenin  and 

hence fo r  o lean o lic  a c id  and /3 -amyrenol (R = CE^)*

gen in , and by o x id a tiv e  a t ta c k  on th e  u n sa tu ra te d  c en tre  o f o le an o lic  

acid*

(47 ,48 ,11) to  th e  monomethyl e s te r s  o f a C29- tr ic a rb o x y lic  acid(XVl) 

and a C ^ e -tric a rb o x y lic  acid (X V Il). From th e  C ^ e -tr ic a rb o x y lic  a c id

F u rth e r p roof fo r  t h i s  p a r t i a l  form ula was ob ta ined  by Ruzicka 

and Giacomello(49) in  the  course o f s im ila r  degradations o f gyp so-

t 3
A b

HL
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CHART I I .

H O O C

COO He
HOOC

HO

X I V X V IXI I ICHiOH

|'o-C
- c ‘

H O O C
HOOC H O O C

X I X

i -e

CHjOOC
CHjOOC

XX

( l l )  O xidation o f the u n sa tu ra te d  c e n tre .

The most im portant degradations o f t h i s  type were c a r r ie d  out 

on o lean o lic  a c id , b u t, as b e fo re , any in fo rm ation  therefrom  reg ard in g  

th e  s tru c tu re  of th i s  compound may be taken  as evidence in  the  p roo f 

o f th e  s tru c tu re s  o f th e  compounds o f th e  p  -am yrin group in  g en era l.
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O xidation o f a c e ty l o le an o lic  acid(X X Il) w ith  chromic anhydride 

gave a c e ty l k e to -o le a n o lic  a c id  lactone(X X IIl) and a c e ty l lceto- 

o le an o lic  a c id  (XXIV)(5 0 ,5 1 ,5 2 ). The form er product was fu r th e r  

o x id ised  to  a k e to -d ica rb o x y lic  a c id  la c to n e  (XXV, R = H)(3 4 ,5 1 ,5 2 ). 

P y ro ly s is  of the monomethyl e s te r  of (XIV)(R = Clfe) by R uzicka(53,54) 

gave a m ixture which was separa ted  in to  ke to n ic  and non-ketonic  

f r a c t io n s .  The ke to n ic  fragm ent was reduced by the  W olff-K ischner 

method to  a hydrocarbon i )  which on dehydrogenation w ith

selenium  gave 15.6 -  dim ethylnaphthalene (XXVII) .  The non-ketonic

f r a c t io n  was hydrolysed w ith  a lk a l i  and thereby  sep ara ted  in to  a c id ic  

and n e u tra l  f r a c t io n s ,  each of which gave 257-dim ethylnaphthalene 

(XXVIIl) on selenium  dehydrogenation*

CHART I I I .

COOH

CooH

A «0 XXi?m

Rooc
HOOC

0=)
JM.

xM l
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These re a c tio n s  a re  o u tlin e d  in  Chart I I I  and proved con­

c lu s iv e ly  th a t  th e  double bond o f o le an o lic  a c id  i s  in  f a c t  s i tu a te d  

in  r in g  C, and th a t  e a r l i e r  in te rp re ta t io n s  o f th e  dehydrogenation 

r e s u l t s  were c o r re c t .

The co n fig u ra tio n s  o f r in g s  A and B have been compared in  

d if f e r e n t  s e r ie s  by examining the  p y ro ly s is  fragm ents co n ta in in g  th e se  

r in g s .  Thus, p y ro ly s is  of the  dim ethyl e s te r  o f (XXV) gave two 

k e to n ic  e s te r s  (JIXIX) and (XXX) co n ta in in g  r in g s  A and B o f th e  

o r ig in a l  t r i t e r p e n e (56)• Reduction o f th e  s a tu ra te d  e s te r  (XXX) by 

th e  W olff-Kischner method, gave an a c id  (XXXl) which proved to  be 

id e n t ic a l  w ith  an a c id  p rev io u s ly  ob ta ined  from ambrein and 

corresponding to  r in g s  A and B of th a t  t r i c y c l i c  t r i te r p e n e  ( m u ) , 

and th e  d ite rp en es  manool, s c la re o l ,  and a b ie t ic  a c id  (5 7 ,5 8 ). This 

c o r re la t io n  le d  to  th e  e lu c id a tio n  o f th e  s tereochem istry  of r in g s  

A and B in  th e  A -am yrin group which w il l  be d iscussed  elsew here.

co o  Me c o o m e c o o H

X X I X  X X X  X X X l

OH
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By a s im ila r  s e r ie s  of re a c tio n s  M eisels Jeger and Ruzicka(55) 

opened r in g  C o f oC -am yrin and oboamed. p y ro ly s is  p ro d u c ts  corresponding 

to  r in g s  A and B in  th e  p  -am yrin s e r ie s .  But from th e  p roducts  c o r re s ­

ponding to  r in g s  D and E, dehydrogenation gave IS217-tr im e th y ln ap h th a len e  

(XXXIII) in s te a d  o f 2S7-dim ethylnaphthalene ob ta ined  from p  -am yrin.

Rings D and E in  o( -am yrin a re  th e re fo re  form ulated  as in  (XXXIV) 

( c . f . I l ) .

x x x m xxX iv
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STEREOCHEMISTRY.

The complex s tru c tu re  o f th e  p e n ta c y c lic  t r i te r p e n e s  p re sen ted  

a d i f f i c u l t  problem in  s tereochem istry  on which l i t t l e  a t ta c k  had been 

made u n t i l  re c en t y e a rs , when, due m ainly to  th e  work o f D.H.R.Barton 

and h is  co lle ag u es , an alm ost complete stereochem ical s tru c tu re  has

As has been shown in  th e  p reced ing  s e c tio n , r in g s  A-3 of 

o le an o lic  a c id  had been r e la te d  to  r in g s  A-B o f th e  t r i te r p e n e  am brein. 

Ambrein had been r e la te d  through th e  d ite rp en e  manool to  a b ie t ic  a c id  

(XXXV), which by degradation  to  a - tr ic a rb o x y lic  a c id  (XXXVl) was

shown to  have r in g s  A-B tra n s  fused  (8 ,5 9 ) . From t h i s  re la t io n s h ip  

i t  was concluded th a t  r in g s  A-B in  o le an o lic  a c id  a re  t r a n s  fused#

and H olness(6l) th a t  t h i s  change can be e ffe c te d  w ith  a lk a l i  and th a t  

th e  iso m erisa tio n  invo lves only th e  hydrogen atom a tta ch e d  to  CteJ

been proved fo r  th e  f t  -am yrin group.

H O OC COOH
COOH

r ^ N - — COOH
A

XXXVl

Treatment o f m ethy l-1 1 -k eto -o lean o la te  (XXXVll) w ith  hydrogen 

bromide in  a c e tic  a c id  was shown by K itasa to (6 0 ) to  give an isom eric 

m ethyl j /  -!!■-k e to -o le a n o la te . R ecen tly , i t  has been proved by Barton
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p o ss ib le  iso m e risa tio n  a t  Qlo was excluded by conversion o f bo th  e s te r s  

in to  th e  same d iene , methyl dehydro-oleanolate(XXXVTIl), by re a c tio n s  

no t invo lv ing  th e  Qlo -p o s itio n *  The s t a b i l i t y  o f th e  Ci0 -p o s i t io n  in  

y9-amyrin had been dem onstrated p re v io u s ly  by Budziarek e t  a l(62 )»

Rings D-E in  o le an o lic  a c id  were thus shown to  be fused  in  th e  u n s tab le  

c is  co n fig u ra tio n , and since th e  p ro p e r t ie s  o f th e  carboxyl grouping 

in d ic a te d  th a t  t h i s  grouping was v e r t i c a l  (p o la r ) (6 3 )(6 4 ), and th e re ­

fo re  in  th e  p  p o s i t io n ,  r in g s  D-E a re  rep re se n te d  as in  (XXXVIl).

That r in g s  D-E a re  s im ila r ly  fused  in  s ia r e s in o l ic  a c id  was a lso  

proved by Barton and Holness ( lo c * c i t . ) .

coo He

HO

XXXVIl XXXWl

During an in v e s t ig a t io n  of raorolic a c id  (o lean -1 8 -en o lic  ac id ) 

(XXXIX), Barton and Brooks(64) were ab le  to  prove th a t  th e  Cj.3 -hydrogen 

was v e r t ic a l  and on th e  same side  of the  molecule as th e  Qj. 7 -carboxy l 

grouping* The p a r t i a l  sy n th es is  o f m orolic a c id (6 5 ), by W olff-K ischner 

re d u c tio n  o f dihydro-12-ke to  s ia r e s in o l ic  a c id  (XL>R = OH) follow ed 

by dehydration , in d ic a te d  th a t  th e  Ql3 -hydrogen, in  m orolic a c id , was 

in  th e  thermodynamically more s ta b le  con figu ra tion^  th e  same being
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t ru e  fo r  12-k e to  o le an o lic  a c id  (XL>R = H)* The c o n fig u ra tio n s  a t  

p o s it io n s  Ql3 , Qlq* Ql7 having been determ ined, B arton and H o ln e s s ( lo c .c i t . ) 

by analogy w ith  th e  r e la t iv e  s t a b i l i t i e s  o f th e  perhydrophenanthrenes 

(6 6 ,6 7 ) , concluded th a t  r in g s  C,D, and E in  o le an o lic  a c id  a re  fu sed  

tr a n s  -  syn -  c is  as shown in  (XL).

COOH COOH

NO HO

X X X I X  XL

The stereochem ical c o n fig u ra tio n  a t  Qlo > i s  o le an o lic  a c id , was 

deduced by Barton and E o lness(6 l) in  th e  fo llow ing  way*

The p ro p e r tie s  of th e  C n-hydroxy l group in  2223-d iacetoxy-o lean- 

l l - o l ( X L l) , p repared  by red u c tio n  o f m ethyl-11-k e to -o le a n o la te  a c e ta te  

w ith  lith iu m  aluminium hydride , and th e  Ĉ 2 "hydro:ryl group in  th e  

hydroxylactone (X L ll), p repared  by o x id a tio n  o f o lean o lic  a c id  a c e ta te  

w ith  p e rh y d ro lin  a c e t ic  a c id (6 6 ), in d ic a te d  th a t  bo th  were v e r tic a l*

The method of form ation  o f (XLll) in d ic a te d  th a t  th e  Ql2 -hydroxyl must 

l i e  on th e  opposite  s ide  o f th e  molecule to  th e  la c to n e  lin k a g e , i . e * ,  

in  th e  oC -p o s i t io n , and since r in g  C e x is ts  in  th e  c h a ir  form, th e
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v e r t i c a l  0±±-hydroxyl in  (XLl) must th e re fo re  have th e  p  configu ra tion*  

Furtherm ore, th e  G±± v e r t i c a l  hydroxyl group must be t r a n s  w ith  re s p e c t 

to  th e  Qlo “hydrogen, because o f ease o f dehydration  to  g ive o lean -10-  

en e-2J28 -d io l d ia ce ta te e  Consequently, th e  Qlq “hydrogen must have th e

co n fig u ra tio n  shown in  (XLl) and (XLll)*

OH

X L ll

HO
CHiOAc

X U

The co n fig u ra tio n s  a t  C2 and C9 rem ain fo r  d iscussion*  That a t  

Cs i s  regarded  as yS , on e lim in a tio n  evidence, w hile th e  s te r ic  

p ro p e r tie s  in d ic a te d  an e q u a to r ia l hydroxyl group (6 3 ,6 l ) .  No d i r e c t  

chemical evidence i s  a v a ila b le  by which a c o n fig u ra tio n  can be ass igned  

to  th e  methyl group a t  C9 . Two p o ss ib le  s tereochem ical re p re se n ta tio n s  

(XLlll) and XL1V) can th e re fo re  be w r it te n  fo r  p  -amyranol*

H OH O

XUII XUV
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By comparison o f th e  m olecular ro ta t io n  d if fe re n c e s  o f C7 

s u b s t i tu te d  t r i te r p e n e s  and C6 s u b s ti tu te d  s te r o id s ,  Klyne(67) has 

been ab le  to  decide in  favour o f (X L H l)j a d ec is io n  which i s  in  

agreement w ith  the  s tereochem istry  deduced from X -ray in v e s t ig a t io n  

o f methyl o lean o la te  io d o ace ta te  (e .f .6 3 )«

The id e n t ic a l  s te r ic  co n fig u ra tio n s  in  r in g s  A-B and C o f 

^g-amyrin and lu p e o l, and a t  C-13 in  lu p eo l and m orolic a c id , have been 

shown by th e  in te r - r e la t io n s h ip  of lu p eo l and p  -am yrin(4-), and 

b e tu l in ic  a c id  and m orad io l(69). That lu p eo l d i f f e r s  from ^ -a m y rin  

in  having a tra n s  fu s io n  o f r in g s  D and E has been proved by Davy,

Hal s a i l  Jones and M eakins(70), and confirm ed by Barton and H olness(6l )  •
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NOMENCLATURE AND CONVENTIONS,

U n til  re c e n t ly ,  i t  has been customary to  w rite  t r i te r p e n e  form ulae 

as shown in  (XLV). However, th e re  i s  evidence(73) th a t  th e  conven tional 

re p re se n ta tio n  o f th e  C10 -m ethyl group in  th e  s te ro id s  and th e  C5 -m ethyl 

group in  th e  t r i te r p e n e s  -  both  la b e l le d ^ ? -  was used  in  opp o site  senses* 

With a view to  re c o n c ilin g  th e se  conventions, H a ls a i l ,  Jones and 

Meakins(74) proposed th a t  form ula (XLV) should be tu rn ed  through 180° 

about an ax is  through Ci and C7 and th a t  th e  o< and p re f ix e s  o f 

th e  t r i te r p e n e s  be re ta in e d  as p reviously*  This le d  to  form ulae o f th e  

type (X L lll) which emphasise th e  apparent re la t io n s h ip s  between s te ro id s  

and tr i te rp e n o id s*  The l a t t e r  type o f p ro je c tio n  form ulae has been 

used  throughout th i s  th esis*

W O

The ever in c reas in g  number of t r i te r p e n e  d e riv a tiv e s  has r e s u l te d  in  

more freq u en t use o f th e  convention f i r s t  proposed by Ruzicka e t . a l .  

(54) fo r  naming such compounds* In  t h i s  scheme, th e  t r i te r p e n e s  

and th e i r  d e r iv a tiv e s  are  rep resen ted  as o r ig in a tin g  from th e  hypo­

th e t i c a l  hydrocarbons o le a n a n e (l) , u r s a n e ( l l )  and lu p a n e ( l l l ) .  Hence 

p  -amyrin becomes 2-hydroxy-12(l3)-o leanene o r , s ince  th e  lo c a tio n  of 

th e  Cg-hydroxyl group i s  g en era lly  assumed, o lean-12(13 )-enol„
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This system i s  u se fu l fo r  naming new s tru c tu re s ,  p a r t i c u la r ly  

isom eric  s t ru c tu re s ,  and w i l l  be used  in  t h i s  work, wherever possib le*  

T r iv ia l  names w i l l  be used fo r  w e ll known substances where common 

usage has excluded a l l  p o s s ib i l i ty  o f ambiguity*



THEORETICAL*



lo A cety lk e to -o lean o lic  Lactone and i t s  H ydrolysis Products*

O xidation of a c e ty lo le a n o lic  a c id  (XLVI3 R = H) w ith  chromic 

anhydride g ives a c e ty lk e to -o le a n o lic  a c id  end a c e ty lk e to -o le a n o lic  

la c to n e  (75 ,12 ). The s tru c tu re  (XLVIl) o f t h i s  l a t t e r  compound has 

been e s ta b lish e d  unequivocally  and i t s  form ation  i s  preceeded presura- . 

ab ly  by the  o x id a tio n  o f the double bond of o lean o lic  a c id  to  th e  

g ly co l (XLVIIl), fo llow ed by la c to n is a t io n  o f th e  t e r t i a r y  hydroxyl 

group and fu r th e r  o x id a tio n  o f th e  secondary hydroxyl to  a carbonyl. 

Support fo r  th i s  th eo ry  of form ation  i s  to  be found in  th e  form ation  

of th e  hydroxy lac to n e  (XLIX) by m ilder o x id a tio n  of a c e ty lo le a n o lic  

a c id  w ith  hydrogen p e ro x id e , and subsequent o x id a tio n  o f t h i s  compound 

to  give a c e ty lk e to -o le a n o lic  la c to n e  ( 66) .

X L V I l

C O O R

A c O

OH

-  c

OH
OH

COOH

X I V / / / XL/ X



-  27 -

Treatm ent of a c e ty lk e to -o le a n o lic  lac to n e  w ith  hydrogen bromide

fo rm ulated  as (L •, R = COOIx) by R usicka, Cohen, F u r te r  and Sluys V eer(7 l) 

who ob ta ined  i t  by trea tm en t of th e  la c to n e  w ith  hydrogen bromide in  

e th an o l. This form ula rece iv ed  support from th e  behaviour of th e  

a c id  on tre a tm e n t w ith  b o ilin g  q u in o lin e , an isom eric n e u tr a l  compound

R = COOMe) by o x id a tio n  to  methyl a ce ty ld ih y d ro k sto -o lea n o la te  

(LI *, R = COOMe) (12) follow ed by brom ination of th e  l a s t  compound* 

Bromination o f f t  -amyranonyl a c e ta te  (LI •, R = CBq ) ,  which d if f e r s  

from methyl a c e ty l dihy dr o -o lean o la t e so le ly  in  th e  n a tu re  of th e  

attachm ent a t  Cl7 , g ives i  so-  f t -hmyrenonyl a c e ta te  which has been 

shown to  be 12 -ke to -o lean -lO -eny l a c e ta te  (L II •, R = CH3 ) ( 77) .  By 

analogy the  s tru c tu re  of methyl a c e tv lk e to is o o lean o la te  would be 

(LH •, R = COOMe).

being o b ta ined , presumably by la c to n is a t io n  between th e  carboxyl 

group and the  double bond.

According to  P ica rd  Sharpies and Spring(7d) methyl acety lketo- 

i s o o lean o la te  can be p repared  from methyl a c e ty lo le a n o la te  (XLVI-,

R

L U
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Of th e . a l te rn a t iv e  form ulae (L *, R = COOH) and (LII*, R = COOH) fo r  

a c e ty Ik e to iso o le an o lic  a c id , the  l a t t e r  i s  not in  harmony w ith  th e  

behaviour o f the  a c id  when t r e a te d  w ith  q u in o lin e . The fo rm ation , 

under th e se  c o n d itio n s , o f an isom eric  la c to n e  re q u ire s  th a t  th e  

carboxyl group and th e  e th y len ic  lin k ag e  o f th e  ac id  be r e l a t iv e ly  

c lo se  to  each o th e r , i . e . ,  th a t  a c e ty l k e to iso o le an o lic  a c id  i s  a 

/ r -  or -  u n sa tu ra te d  a c id . On th e  o th e r hand, comparison of th e  

o p tic a l  ro ta t io n s  of th e  corresponding o le an o lic  a c id  and j $ -am yrin 

d e r iv a tiv e s , which a re  shown in  Table I ,  supports th e  view th a t  

i s o -/-am y ren o n y l a c e ta te  (ill* , R = CH3 ) and a c e ty lk e to i s o o lean o lic  

a c id  d i f f e r  only in  the  n a tu re  o f the  s u b s ti tu e n t a tta ch e d  to  C170 

With th e  o b jec t of deciding between th e  a l te rn a t iv e  form ulae ( l )  and 

(L II) a ce ty lk e to iso o lea n o lic  ac id  was re-examined*

' TABLB I .

^5-amyrin a c e ta te  +81° (27) A cety l o le an o lic  a c id  +75° (27) 
Methyl a c e ty lo le a n o la te  +70° (27)

^-am yranonyl a c e ta te  -15° (77) Methyl a ce ty ld ih y d ro k e to - 
o lean o la te . -11° (78)

i s o - J$-amyrenonyl a c e ta te  +61°(77) A ce ty lk e to iso o lean o lic
a c id . +61° (71 ).
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Treatment of a c e ty lk e to -o le a n o lic  la c to n e  w ith  hydrogen bromide 

in  e thano l gave an ac id  which proved to  be th e  h i th e r to  undescribed  

k e to is o o lean o lic  a c id  and not th e  a c e ta te  a c id  as d esc rib ed  by 

Ruzicka e t  a l ( 7 l ) .  A ce ty la tio n  of t h i s  a c id  gave a c e ty lk e to is o ­

o le an o lic  a c id , th e  p h y s ica l co n stan ts  of which were in  good ag ree ­

ment w ith  those  observed by th ese  workers fo r  th e  p roduct ob ta ined  

d ir e c t ly  from the  a c id  trea tm en t of th e  la c to n e . The s p e c if ic  

r o ta t io n  (+61°) o f th e  a c e ty lk e to iso o le a n o lic  a c id  o b ta ined  was in  

agreement w ith  th a t  recorded  by th e  Swiss workers (+61°)? but was 

markedly d if f e r e n t  from th e  value (+47°) re p o rte d  by K ita sa to (7 2 ) .

This value i s  more c o n s is t an t w ith  the  sp e c if ic  r o ta t io n  (+45°) of 

k e to is o o lean o lic  a c id  is o la te d  from th e  o r ig in a l  re a c tio n  m ix ture.

A repeat:, of K ita sa to 1 s experiment gave a c e ty lk e to iso o le an o lic  ac id .

S s te r i f i c a t io n  of a ce ty lk e to iso o le a n o lic  a c id  w ith  diazomethane 

gave methyl a c e ty lk e to iso o le a n o la te , th e  p h y s ica l co n s tan ts  o f which 

were s im ila r  to  those re p o rte d  by P ic a rd  Sharpies and Spring(76) fo r  

th e  e s te r  obtained  by brom ination of methyl ace ty lk e to d ih y d ro - 

o le an o la te . Since d ire c t  comparison of the e s te r  o b ta in ed  by th e se  

workers w ith th e  e s te r  o f th e  ac id  ob ta ined  by th e  a c tio n  of hydrogen 

bromide on th e  la c to n e  was not made, the  p o s s ib i l i ty  e x is te d  th a t  

th e  two m a te r ia ls , although s im ila r , were d i s t in c t ,  th e  e s te r  ob ta ined  

by the  borm ination ro u te  being methyl 1 2 -k e to -o lean -lO -en o la te  

(LII* R = COCMe) and th a t  obtained  from th e  lac to n e  th e  isom eric 

methyl 1 2 -k e to -o lean -1 3 (l8 )-en o la te  (L* R = COOMe).



Bromination of th e  sa tu ra te d  k e to -e s te r ,  methyl a ce ty lk e to d ih y d ro - 

o le a n o la te , gave th e  u n sa tu ra te d  k e to -e s te r ,  methyl a c e ty lk e to is o -  

o le a n o la te , as re p o r te d  by P ic a rd  Sharp ies and S pring , and a d ire c t  

comparison by mixed m elting  p o in t was made between t h i s  e s te r  and 

th a t  ob ta ined  by the  route ' invo lv ing  h y d ro ly s is  o f th e  lactone*  The 

two e s te r s  proved to  be id e n t ic a l ,  a n d - th is  ‘was confirm ed by h y d ro l­

y s is  of methyl a c e ty lk e to iso o le a n o la te , ob ta ined  by th e  brom ination 

ro u te , to .m ethy l k e to iso o lea n o la te  and comparison w ith  a specimen 

ob ta ined  by m ethy la tion  o f k e to iso o lea n o lic  a c id . The co n stan ts  o f 

th e  e s te r s  from both  s e r ie s  of re a c tio n s  a re  shown below in  Table I I .

TABLE I I *

From(LI»,R=CQQ ) From (XLVIl).
m.p. * [oi 1L Jp m.p. M d

Methyl a ce ty lk e to iso o lea n o la te 208-209° + 57° 207-208° + 56

Methyl k e to iso o lea n o la te 233° + 42° 232-233° + 40

In  order to  d is t in g u is h  between the  two form ulae (L',R=C00H) and 

LII* R=C00H) fo r  a c e ty lk e to isoo lean o lic  a c id , a ttem pts were made to  

reduce the  ketone group w ith  form ation of a diene system.

S tructu re(L ) would be expected to  give th e  h e te ro an u la r diene 

system (L II l)  w hile s tru c tu re  (L II) would product a homoanular diene 

(LIV). Both systems e x h ib it c h a r a c te r is t ic  l i g h t  ab so rp tio n , dienes



of th e  type (L II l)  a t  25Q0A (8 0 ,3 l)  and dienes co n ta in in g  both

Attem pts to  p rep are  th e  diene from methyl a c e ty lk e to iso o le a n ­

o la te  by red u c tio n  w ith  sodium and amyl a lco h o l, and by re d u c tio n  

w ith  sodium analgam were u n su ccessfu l. However, the  re d u c tio n  of 

k e to iso o lea n o lic  a c id  w ith  sodium analgam proceeded smoothly to  give 

a hydroxy-dienoic a c id  which i s  alm ost c e r ta in ly  id e n t ic a l  w ith  th e  

dehydrois o oles.nolic a c id  ob tained  by a s im ila r  re d u c tio n  of a c e ty l-

k e to iso o lea n o lic  a c id  by K i ta s a to ( l l ) .  The hydroxydienoic ac id
o

ex h ib ite d  an in ten se  l ig h t  ab so rp tio n  maximum a t  2830A, which 

proved i t  to  be o lean -1 0 :l2 ~ d ien o lic  a c id  (LIV* R=€00H), and 

consequently  th a t  a c e ty lk e to iso o le a n o lic  a c id  i s  a c e ty l -12-k e to -  

o lean -lQ -eno lic  a c id  (LII*, R=C00H) and not a c e ty l-12-k e to -o le a n - 

13(18)-en o lic  a c id  (L$ R = COOH). This d ec is io n  was confirm ed by 

two methods*

F i r s t l y ,  a c e ty lk e to is o o lean o lic  a c id  was sublimed unchanged 

in  a vacuum a t  250°. This pronounced s t a b i l i t y  to  h ea t i s  in  accord 

w ith  formula (LII*, R = COOH) bu t not w ith form ula (L*, R = COOIl)*, 

th e  ^ ^ i m s a tu r a t e d  a c id  would be expected to  lo se  carbon d ioxide 

when hea ted , to  give the  nor-i?-am yrenonyl a c e ta te  (LV).

double bonds in  one r in g  a t  2800A (23,79)*
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Secondly, Clemmensen red u c tio n  of a c e ty lk e to iso o le a n o lic  a c id  

g ives a c e ty l is o o le an o lic  a c id ( 7 l ) , w hile th e  analagous re d u c tio n  of 

i s o -  y?-amyrenonyl a c e ta te  by th e  same method(77) or by c a ta ly t ic  

means(82) g ives o lean-10-enyl a c e ta te  (LVI5 R = CB3 ) .  I f  a c e ty l- 

ke t  o i so o le  an o lic  a c id  i s  rep re sen ted  by- form ula (LII*, R = COOH), 

ace ty l i s o o lean o lic  a c id  i s  a c e ty l-o lea n -1 0 -e n o lic  a c id  (LVI*,

R = COOH). I f ,  011 th e  o th er hand, a c e ty lk e to iso o le an o lic  a c id  i s  

rep re sen ted  by (L$* R = COOH), a c e ty liso o le a n o lic  a c id  i s  a c e ty lo le a n -  

1 3 ( l8 ) -e n o lic  a c id  (LVII*, R=COOH). The l a s t  form ula i s  used  w ithout 

t i t l e  in  E lsevier* s "Encyclopaedia o f Organic Chem istry"(1940, Vol. 

XIV, p. 543) and assumes not only th a t  L*, R=G00Ii) i s  a v a l id  re p re ­

se n ta tio n  o f a c e ty lk e to iso o lean o lic  a c id  but th a t  Clemmensen reduc­

t io n  of th e  -u n sa tu ra ted  k e to -a c id  has proceeded w ithout m ig ration  

of th e  double bond.. Support fo r  t h i s  l a s t  assum ption i s  to  be found 

in  the  s t a b i l i t y  of o lean -1 3 (l8 )-en y l a c e ta te  (LVII*, R^CI^) to  

m ineral a c id (8 3 ). Methyl a c e ty lo le a n -1 3 (l3 )-e n o la te  (LVII*, R=

CQOCEq ) has been prepared  by an unambiguous method from methyl 

a ce ty lo le a n o la te  by ox id a tio n  w ith selenium  dioxide to  methyl 

a c e ty lo le a n - l ls l3 ( l8 ) -d ie n o la te  (L III*  R = COG Me) fo llow ed by c a ta l ­

y t ic  red u c tio n  of th e  l a t t e r  (84,64-).
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C a ta ly tic  re d u c tio n  of methyl a c e ty lk e to is o o le an o la te  gave 

methyl ace ty l l s o o le an o la te  to g e th e r w ith  a sm all amount o f m ethyl 

ace ty lo lean -1 0 * 1 2 -d ien o la te  (LIV*, R=OOOMe) though th e  q u a n tity  o f th e  

l a t t e r  substance was in s u f f ic ie n t  fo r  complete p u rif ica tio n ®  Methyl 

ace ty l i s o o lean o la te  d i f f e r s  from methyl a ce ty lo le a n -1 3 (1 8 )-e n o la te  

th u s  proving th a t  th e  former compound i s ,  in  f a c t ,  m ethyl a c e ty lo le a n -

1 0 -en o la te  (LVI*, R=CQQrte) and th a t  a c e ty lk e to iso o le an o lic  a c id  i s  

no t ac e ty l~ 1 2 -k e to -o le a n -1 3 (l8 )-en o lic  a c id  (L$ R=C00H)® The 

r e d u c ib i l i ty  o f methylac e ty lk e to i soo le an o la te  i s  in  c o n tra s t  to  th a t  

o f th e  corresponding a c id  which was recovered  unchanged from attem pted  

c a ta ly t ic  red u c tio n  by Ruzicka e t . a l . ( 7 l ) .

Since a c e ty lk e to iso o le a n o lic  a c id  i s  a c e ty l -12-k e to -o lean -1 0 - 

en o lic  a c id  (LII*, R=COOH), the  form ation  of a la c to n e , isom eric  w ith  

a c e ty lk e to -o le a n o lic  la c to n e , which has been re p o rte d  by Ruzicka e t . 

a l . ( 7 l )  re q u ire s  comment. This la c to n e  was p repared  by trea tm en t 

o f a c e ty l k e to iso o lean o lic  ac id  w ith  q u ino line  . S everal attem pts 

were made to  re p e a t t h i s  p re p a ra tio n , th e  m a jo rity  o f which were 

u n su ccessfu l. In  one case , however, a very sm all y ie ld  o f a n e u tra l  

product was' ob ta ined , the  m elting  p o in t and c r y s ta l l in e  form of which 

were s im ila r  to  th o se  observed by Ruzicka and h is  co-w orkers.

Although th i s  n e u tra l compound was not a v a ila b le  in  s u f f ic ie n t  

q u an tity  fo r  d e ta i le d  s tudy , i t  e x h ib its  a l i g h t  ab so rp tio n  maximum
o

a t  2570k (€  = 14,000) and does not give a co lour w ith  th e  t e t r a n i t r o -  

methane reag en t. Whatever th e  na tu re  of th i s  n e u tra l  p ro d u c t, the

presence th e re in  of a s tro n g ly  absorbing chromophore shows th a t  i t  - 

has not been produced from a.c e ty lk e t o i soo lean o lic  a c id  by sim ple
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a d d itiv e  in te ra c t io n  of the  carboxyl group and the double bond, 

and i t s  form ation  does not in d ic a te  a n e c e s sa r ily  c lo se  p rox im ity  

o f th e se  two fu n c tio n s  in  t h i s  ac id .

In  an a ttem pt to  e s ta b l is h  th e  s tru c tu re  of th i s  n e u tra l  product 

a c e ty lk e to -o le a n o lic  lac to n e  (XLVIl) was t r e a te d  w ith  brom ine, when 

i t  was hoped th a t  dehydrobrom ination would r e s u l t  in  the  form ation  

o f th e  lac to n e  (L V IIl). The product o f th e  brom ination was 11-bromo- 

12-k e to -o le a n o lic  lac to n e  a c e ta te  (LIX). On a ttem p ted  dehydro- 

brom ins/tion, th e  brom o-lactone was recovered  unchanged a f t e r  h ea tin g  

in  a c e t ic  a c id  a t  100° fo r  two days, and trea tm en t w ith  sodium 

io d id e  in  acetone gave an amorphous s o l id  which con ta in ed  no halogen 

bu t showed no ap p reciab le  l ig h t  a b so rp tio n . I t  may be assumed th a t  

brom ination of a ee ty k e to -o lean o lic  la c to n e , u n lik e  th a t  o f m ethyl 

a c e ty l-1 2 -k e to -o le a n o la te  (LI^ R=C0CMe) r e s u l t s  in  replacem ent of 

Q l i - 0C-hydrogen atom*, the  r e la t iv e ly  la rg e  bromine atom being below 

th e  p lane o f the  molecule w hile th e  la c to n e  lin k ag e  l i e s  above th e  

p lane as shorn in  (LIX). The stereochem ical c o n fig u ra tio n  of th e  

Qlo -hydrogen ( v e r t ic a l )  and th e  Qa -bromine (e q u a to r ia l)  th u s  renders  

d i f f i c u l t  the io n ic  e lim in a tio n  o f hydrogen brom ide(63).

Lvni u x



Since th e  com pletion of t h i s  work, Barton e t.a J^ S s)  have attem pted  

to  prepare- the  la c to n e  (Z II l)  by th e  sane method. When th ese  

workers t r e a te d  th e  brom o-lactone w ith  c o l l id in e ,  lo s s  o f hydrogen 

bromide was accompanied by red u c tiv e  opening o f th e  la c to n e  r in g  

to  give a c e ty l-12-k e to -o le a n -10-e n o lic  a c id  (LII* R=C00H).

Following th e  proceeding in v e s t ig a t io n , which proved th a t  

brom ination o f methyl a c e ty l-12-k e to -o le a n a te  and h y d ro ly s is  of 

a c e ty lk e to -o le a n o lic  lac to n e  r e s u l t  in  th e  form ation  o f methyl 

a c e ty l-12-k e to -o le a n -10-e n o la te , an in v e s t ig a tio n  of th e  a c tio n  o f 

selenium dioxide on th i s  e s te r  was undertaken . Green, Mower, 

P ica rd  and 3pring(8S) have shown th a t  o x id a tio n  o f th e  analagous 

12-k e to -o le a n -10-en y l a c e ta te  w ith th i s  reag en t r e s u l t s  in  th e  

form ation of i s o -^ -am y rad ien o n y l a c e ta te ,  which was fo rm ulated  by 

th e se  workers as (LX), and by Jeger and Ruzicka(82) as (LXl)*

The s tru c tu re  of iso-ytf-am yradienonyl a c e ta te  w il l  be d iscu ssed  in  

g re a te r  d e ta i l  in  a l a t e r  sec tio n  o f th i s  work, and a t  th i s  

ju n c tu re  i t  i s  s u f f ic ie n t  to  say th a t  a considerab le  weight of 

evidence supports s tru c tu re  (LX l).

AcQ

L X l
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O xidation of methyl a c e ty l-12-k e to -o le a n -lG -e n o la te  gave a. 

n e u tra l  p ro d u c t, which gave no colour w ith  t e t r a n i t r o -

methane in  chloroform  and showed a l i g h t  ab so rp tio n  maximum a t
c

2380/ y S. = 11,450, in d ic a tiv e  o f an cL/S -u n sa tu ra te d  ketone grouping. 

E stim ation  o f metho.xyl con ten t proved th a t  th e  substance was not a 

methyl e s te r  and th a t  o x id a tio n  had re s u l te d  e s s e n t ia l ly  in  th e  

lo s s  of methane (GHj.) from the  m olecule. Attempted h y d ro ly s is  o f 

th e  substance by trea tm en t w ith  e th an o lic  hydrogen bromide and by 

re f lu x in g  w ith  e th an o lic  potassium  hydroxide re s u l te d  in  recovery  

of unchanged s ta r t in g  m a te r ia l, a f t e r  ace ty la .tio n  o f th e  i n i t i a l  

product in  each case . The substance was a lso  r e s i s t a n t  to  

c a ta ly t ic  red u c tio n .

Of th e  two p o ss ib le  s tru c tu re s  (LV IIl) and (LXIl) fo r  th i s  

compound, th e  form er i s  re je c te d  fo r  two reaso n s. F i r s t l y ,  i n t r o ­

duction  of the  la c to n e  grouping as in  a c e ty lk e to -o le a n o lic  la c to n e  

(XLVIl), and in tro d u c tio n  of the  Qlo * Qli double bond as in  

a ce ty l-1 2 -k e to -o lean -1 0 -en o lic  a c id  (LII} R=C0QH) produce a p o s it iv e  

change in  the  s p e c if ic  ro ta t io n  o f th e  sa tu ra te d  ke tone, e .g . 

methyl a ce ty l-1 2 -k e to -o le an o la te  (LI*, R=CQQMe), and th e re fo re  a 

compound o f s tru c tu re  (LVIIl) would be expected to  be d e x tra ro ta to ry . 

The product ob tained  had a pronounced negative  ro ta t io n  ( - 73° ) ,  

which in d ic a te s  th a t  la c to n is a t io n  has not taken  p lace  a t  th e  Q1.3 

p o s it io n . Secondly, Lreiduiig, Jeger and Ruzicka(37) re c e n tly  

showed th a t  a s im ila r  o x id a tio n  o f methyl a c e iy l- 12-ko to~ ursa- 10-
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en o la te  (LX IIl) r e s u l t s  in  the  form ation  o f two la c to n e s , form ulated  

as (LXIV) and (LXV). The lac to n e  (LXIV) e x h ib its  l i g h t  a b so rp tio n  

a t  2380A, 6  -  10 ,700, and la c to n e  (LTV) a t  257QA, 6  = 11,700.

The form er compound, which would seem to  be the  analogue of th e  

product ob ta ined  from the  o x id a tio n  o f methyl a c e ty l-12-k e t o~ o lean -

10-e n o la te , was ob ta ined  by Manson(88) who recovered  i t  unchanged 

from .attem pted  c a ta ly t ic  red u c tio n  and a f t e r  trea tm en t w ith  a lk a l i .

.C"l

A cO

COOMe

LXIV

*0 ~c

AcO
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Both la c to n es  (LXIl) and (LXIV) a re  formed presum ably through 

th e  carbonium io n  a t  C14. • I 11 th e  case o f i s o - Of -  or i s o - a m y r e n o n y l

a c e ta te  th i s  r e s u l t s  in  th e  in tro d u c tio n  of th e  0±̂ . 1 0j.5 e th y len ic  

bond of iso-o£-am yradienonyl a c e ta te  or i s o - ^  -am yradienonyl 

a c e ta te ,  w hile in  th e  a c id  s e r ie s  t h i s  in te rm e d ia te 'is  s t a b i l i s e d  

through the  lone p a ir  of e le c tro n s  on the  oxygen of th e  carbomethoxyl 

grouping as i l l u s t r a t e d  below*

- ± C — C H i - C H r - C -  - C - C H , - e i k - C -

/  — *  \  /  -— >  \  /
C H i O ----------- C '  C / / 3 0 ------------- C '  0 --------------c

S " SO o 0

The above lac to n e  (LXIl) was ob ta ined  a lso  by selenium  d iox ide 

ox id a tio n  of methyl ace ty l-1 2 --k e to -o lean o la te  (L Ij RaGOCMe) to g e th e r 

w ith  th e  methyl e s te r  o f a d iospheno l-carboxy lic  a c id  (LXVI*, 

R=CGQMe)* Ruzicka and Jeger(22) have provided  s u b s ta n t ia l  ev id ­

ence in  support o f (LXVI*, R=CI^) fo r  th e  diosphenol ob ta ined  by a 

s im ila r  o x ida tion  of 1 2 -ke to -o leany l a c e ta te .  The presence  of

th e  diosphenol grouping was proved by th e  strong  f e r r i c  c h lo rid e
o

re a c t io n  and the l ig h t  absorp tion  maximum a t  2380A, E = 10,300.

This re a c tio n  has since been in v e s t ig a te d  ^y Barton e t.a l.(8 5 ) who 

a lso  is o la te d  the  diosphenol (LXVI} R=GQQ 112) but not th e  la c to n e  

(LX Il). This i s  probably  due to  th e  m ilder co n d itio n s  used by 

th ese  workers*



LXVI LXV I I

In  view o f the  r e s u l t s  ob ta ined  by trea tm en t of a c e ty lk e to -  

o lean o lic  lac to n e  w ith  hydrogen bromide, a re in v e s t ig a t io n  was made 

o f th e  a lk a lin e  h y d ro ly s is  of t h i s  la c to n e , which according  to  

K itasa to (43 ) g ives 1 1 -k e to -o lean -lQ -en o lic  a c id  (LXVTl)«

A h y d ro ly sis  of the  lac to n e  w ith  e th an o lic  ptoassium  hydroxide 

gave an ac id  f r a c t io n  which, however., re la c to n is e d , presum ably in  

th e  presence of hydrogen ion  during th e  ensuing process o f working 

up, to  give unchanged lactone* A re p e a t h y d ro ly s is , u s in g  th e  method 

of K ita sa to , in  which the  potassium  s a l t  o f the  a c id  was t r e a te d  

w ith  dimethyl su lp h a te , gave, a n e tu ra l  product which was ace ty la ted*  

The r e s u l ta n t  a c e ta te  could not be p u r i f ie d  adequate ly , bu t showed 

no ap p reciab le  l i g h t  ab so rp tio n  and th e re fo re  was not m ethyl a c e ty l-

ll-k e to -o lean -1 2 -en © la te . Ruzicka and Sluys Veer(89) a lso  have 

been unable to  re p e a t K ita sa to 1s re s u lts*



II® Decarboxy la t io n  of A cety ldehydro-o leano lic  Acid®

K itasa to (7 2 ) has shown th a t  trea tm en t of methyl a c e ty l - l l - k e to -  

o lean -1 2 -en o la te  (LXVIIl) w ith  m ineral a c id  g ives a j /  -isom er. This 

iso m e risa tio n  could  involve e i th e r  Qlo or Qls or both  c en tre s  

s im iltan eo u sly , bu t the  f a c t  th a t  brom ination o f th e  corresponding 

a c id  g ives the  conjugated ace ty ld eh y d ro -o lean o lic  a c id , form ulated  

by R u z ic k a ,?Jeger and W inter(90) as (LXIX), in d ic a te s  th a t  e n o lis a -  

t io n  of (LXVIIl) invo lves Qls* That ace ty ld eh y d ro -o lean o lic  a c id  

i s  form ulaied  c o rre c t ly  as a c e ty l- l l-k e to -o le a n -1 2 :1 8 -d ie n o lic  a c id  

(LXIX) was confirm ed by decarboxylation  o f th e  a c id , p repared  

according to  Ruzicka e t . a l .(90) to  give n o r- P -am yradienonyl a c e ta te  

(LXX) id e n t ic a l  w ith  the  compound ob ta ined  o r ig in a l ly  from prolonged 

trea tm en t of a c e ty l- l l -k e to -o le a n -12-e n o lic  a c id  w ith  b o ilin g  quin- 

o l in e (7 l ) .  The ease of decarboxylation  of the  clienone-acid 

in d ic a te s  th a t  i t  i s  a -u n sa tu ra ted  ac id  and th i s  a ffo rd s  a d d i t ­

io n a l p roof fo r . th e  proposed s t ru c tu re .  . I t  i s  noteworthy th a t  th i s  

decarboxylation  p rov ides an a d d itio n a l example of the  s h i f t  o f th e  

double bond from th e  / 3 Y -  to  th e  o(p  -p o s it io n  during decarboxy la tion  

o f ac id s  of th is  type and according to  Barton and Brooks(64) i s  

to  be in te rp re te d  as proceeding through th e  t r a n s i t io n  s ta te  as 

shown.
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Proof of iso m erisa tio n  a t  Ql8 in  m ethyl y*-11-k e to -o le a n o la te  has 

been ob tained  by B arton and H olness(6l )  and i s  p a r a l le le d  by i s o ­

m erisa tio n  of f t  -amyrenonyl a c e ta te  to  18- i s o - - a m y r e n o n y l  

a c e ta te  (70)•



In  1941, Ruzicka and Jeger(33) ox id ised  o l e a n a - l l t l 3 ( l8 ) -  

d ien y l a c e ta te  (LXXl) w ith  chromic a c id  and ob ta ined  an a c e ta te ,  C33 I-l£605 . 

This substance was not form ulated  by th e se  workers and was ob ta ined  

l a t e r  by I lower, Green and S pring (9 l) by o x id a tio n  o f l l-k e to -o le a n -1 2 -  

enyl a c e ta te  (LXXII*, ) and ll-k e to -o le .an a -1 2 :1 8 -d ien y l a c e ta te

(LXXIIl) w ith  selenium dioxide in  a c e tic  a c id . The corresponding 

benzoate was prepared  by s im ila r  o x id a tio n s  w ith  selenium  d iox ide . By 

a s l ig h t  m o d ifica tio n  of the  method used by the  Swiss w orkers, Mower 

e t . a l .  is o la te d  a mixed c ry s ta l  of t h i s " 05 -a c e ta te "  and 11-k e to -o le a n a - 

12*18-d ieny l a c e ta te  by chromic a c id  o x id a tio n  of the -11«13(13)-d iene  

(LXXl). The conversion of (LXXl) in to  (LXXIIl) had been e ffe c te d  

p rev io u s ly  (92) by o x id a tio n  w ith  le a d  t e t r a - a c e ta t e .  The analagous 

"07 -a c e ta te "  was p repared  by Green e t* a l .  by o x id a tio n  of m ethyl a c e ty l-

ll-k e to -o le a n -1 2 -e n o la te  (LXXII5 R=C00Me) w ith selenium d io x id e , thus 

proving th a t  th e  angular methyl group a tta ch ed  to  i s  not invo lved  

in  the  form ation of the  "0S-a c e ta te " . The "O s-aceta te" was a lso  

ob tained  by Jeg e r, Morymberski and Ruzicka(34) by o x id a tio n  of o lean - 

1 3 (l8 )-e n y l a c e ta te  (LXXIV) w ith  chromic a c id . The "05 -a c e ta te "  i s  

thus a major o x id a tio n  product in  t h e - a m y r i n  se r ie s  and th e  work 

described  in  th i s  s ec tio n  was c a r r ie d  out w ith  a view to  e s ta b lis h in g  

i t s  s tru c tu re*
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LXXl L X X I I l

A* O

L X X I V l x x h

Chromic a c id  o x id a tio n  of o ls a n a - l l t  13 ( l3 ) '-d ien y l a c e ta te  in  

the  presence of water proceeded smoothly to  give the  "05 -a c e ta te "  as 

described  by Mower, Green and Spring(91). I t  was found, however,

th a t  the  n e u tra l f r a c t io n  from which, th e  "05 -a c e ta te "  was is o la te d  

a lso  contained  a s u b s ta n tia l  q u an tity  of th e  mixed c r y s ta l ,  m .p.213- 

217°, o f the  "05 -a c e ta te "  and ll-k e to -o lean a -1 2 * 1 8 -d ien y l a c e ta te  

d escribed  by th e se  workers. Since th e  "05 -a c e ta te "  i s  formed by 

o x id a tio n  of 11-k e to -o lean a-1 2 *13-d ien y l a c e ta te  w ith  selenium  

d io x id e , th e  mixed c ry s ta l  was re so lv ed  by a. trea tm en t w ith  selenium 

dioxide which gave a fu r th e r  q u an tity  of pure "05 -a c e ta te " .  I t  was 

shown th a t  during the  initial chronic a c id  o x id a tio n  no v o la t i l e  

fragment containing a carbonyl group i s  produced. This f a c t  supports



— 44: “

the  C33E1.3Q5 form ula fo r  th e  "05 " a c e ta te " .

The "05 -a c e ta te "  g ives a p a le  yellow  colour w ith  t e t r a n i t r o -  

methane in  chloroform  and shows l ig h t  ab so rp tio n  in  th e  u l t r a - v i o l e t  

a t  223GA, €  =4,100, w ith  a low in te n s i ty  in f l e c t io n  a t  3,00q£. I t  

does not give a co lour in d ic a tiv e  of a 1*2 - or 1 : 3 -d iketone  system w ith  

f e r r i c  ch lo rid e  in  a lcoho l or dioxan so lu tio n . Previous in v e s t ig a tio n s  

by Mower, Green and Spring have shown th a t  i t  i s  u n a ffe c ted  by b o ilin g  

a c e tic  anhydride and does not co n ta in  an a c tiv e  hydrogen as estim ated  

by the Z e riw itin o ff method and th e re fo re  does not co n ta in  a hydroxyl 

groups fu rtherm ore , th e se  workers re p o rte d  th a t  th e  "05 - a c e ta te "  does 

not give a p o s i t iv e  Legal t e s t ,  i s  u n re a c tiv e  towards hyd roch lo ric  a c id  

and hydrogen bromide in  hot a c e tic  a c id , and i s  recovered  unchanged 

a f t e r  heating  w ith  hydr oxy lami ne a c e ta te  and from attem pted  red u c tio n  

by th e  Clemmensen method, and c a ta ly t ic  hydrogenation in  e th y l a c e ta te .  

During th e  course o f the  p re sen t .work th e  "05 -a c e ta te "  was found a lso  to  

be r e s i s ta n t  to  c a ta ly t ic  red u c tio n  in  a c e tic  a c id ,

On trea tm ent w ith  m ethanolic hydrogen c h lo rid e , th e  a c e ta te  

was converted  in to  the corresponding alcohol^ O30 , by Mower o t . a l .

The a lco h o l ex h ib ited  the  same l ig h t  ab so rp tio n  as the  a c e ta te  and was 

re a c e ty la te d  to  t h i s  compound on trea tm en t w ith  a c e tic  anhydride and 

pyrid ine#

In  c o n tra s t to  the  s t a b i l i t y  of th e  05 -a c e ta te "  w ith  hydro­

c h lo r ic  a c id , trea tm en t w ith  a lco h o lic  potassium 'hydroxide r e s u l t s  in  

a more profound change than  simple h y d ro ly sis  o f the  a c e ta te  grouping 

s,o orq Gg p o sib loh . in u s , Mower o t . a l ,  oDtained 9, substance which
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could, not be ob tained  c r y s ta l l in e  but gave a w e ll-d e fin ed  a c e ta te  Qn 

a ce ty la tio n *  According to  th ese  w orkers, t h i s  a ce ta te  i s  to  be 

fo rm ulated  as Q32E l605 o r a near liomologue, does not give a co lour w ith  

te tran itro m e th an e  or f e r r i c  c h lo r id e , and i t  does not show in te n se
o

s e le c t iv e  ab so rp tio n  in  th e  u l t r a - v i o l e t  above 22QGA. From a s im ila r

a lk a lin e  hy d ro ly sis  o f the  n05 - a c e ta te ” Ruzicka, Jeger and Norymberski

(92) a lso  ob ta ined  the  same amorphous compound c h a ra c te r is e d  as i t s

c r y s ta l l in e  ace ta te*  The a c e ta te  was s a tu ra te d  to  te tra n itro m e th a n e
o

and showed a low in te n s i ty  ab so rp tio n  maximum a t  2,900A, €  = 80, 

in d ic a tiv e  of an is o la te d  carbonyl group* Ruzicka fo rm ulated  the  

a c e ta te  as OaoRa-gO*, an^ recovered i t  unchanged a f t e r  an a ttem pted  

c a ta ly t ic  reduction* The same compound was ob ta ined  a f t e r  a c e ty la t io n  

of th e  p roduct from an attem pted red u c tio n  o f the ”05 -a c e ta te "  by 

th e  W olff-Kischner method*

. Both groups of workers re p o r t  th e  form ation  of an a c id  during 

the  a lk a lin e  h y d ro ly sis  of th e  "05 -a c e ta te " . Mower e t . a l .  g ive m.p. 

292-293° fo r  th i s  compound, while Ruzicka e t .a l*  re p o r t m*p. 274-275° 

( in  vacuo) * The a c id  was form ulated  by th e  Swiss workers as CsqI-L^C^•, 

i t  shows l ig h t  abso rp tio n  a t  227QA ( £  = 18 ,000), i t  i s  s a tu ra te d  to  

te tran itro m e th an e  and i t  gives 110 co lour w ith f e r r i c  ch loride*  In  

view of th ese  varying r e s u l t s  the  a lk a l in e  h y d ro ly sis  o f th e  "05 -  

a c e ta te "  was re-examined*

The n05 -a c e ta te "  was hydrolysed w ith  potassium  hydroxide in  

aqueous methanol to  give an a c id ic  and a n e u tra l p ro d u c t. The n e u tra l  

pj-Oduct, Wiiich was amorpnous, was a c e ty la te d  w ith a c e t ic  anhydride s rd  

p y rid in e  a t  100° to  give a w e ll-d e fin ed  a c e ta te ,  (W H^O*, which gives
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no co lour w ith  te tran itro m e th an e  in  chloroform  and shows l i g h t  ab so rp tio n  

a t  2100A, £ =  1 ,768. The sp e c if ic  r o ta t io n  (+158°) of t h i s  a c e ta te  i s

in  good agreement w ith  the value (+158°) recorded  by Ruzicka e t . a l .  

fo r  th e  compound ob ta ined  from h y d ro ly s is  o f th e  "05 - a c e t a t e . "

C onsideration  o f the  l ig h t  ab so rp tio n  o f th i s  a c e ta te ,  QgiHisQ&j 

suggests th a t  th i s  substance co n ta in s  an is o la te d  double bond. This 

p o s s ib i l i ty  was excluded when the  a c e ta te  was recovered  unchanged a f t e r  

trea tm en t w ith chromic a c id , potassium  permanganate and perbenzoic  a c id . 

Furtherm ore, the  absence of any ab so rp tio n  in  th e  hydroxyl s tre tc h in g  

reg io n  o f the  in f r a - r e d  proves th a t  th e  compound does not co n ta in  a 

hydroxyl group.

The a c id ic  p roduct ^ o R ^ O s , m.p. 272-274-°, g ives no colour 

w ith  te tran itro m e th an e  in  chloroform  and i s  id e n t ic a l  w ith  th e  a c id  

CagHg-gOs is o la te d  by Ruzicka e t . a l . , bu t d if f e r e n t  from the  a c id , m.p. 

292-293°, is o la te d  by Mower e t . a l .  No a n a ly t ic a l  data  i s  g iven  by 

Mower e t . a l .  fo r  th i s  compound. The id e n t i ty  was confirm ed by l ig h t  

ab so rp tio n  o f the  ac id  prepared  by a m odified h y d ro ly sis  o f the  "05 - 

a c e ta te ’1.

The m odified method of h y d ro ly sis  of the  05 - a c e ta te ” using  

potassium  hydroxide in  anhydrous methyl a lcoho l r e s u l te d  in  th e  form ation  

of th re e  p ro d u c ts . F i r s t l y ,  an a c id , m.p. 272-274°, which e x h ib its  

l i g h t  abso rp tion  in  th e  u l t r a - v io le t  a t  226QA, £  -  12,700 and i s

id e n t ic a l  w ith  th e  a c id  obtained  from the  h y d ro ly s is  o f th e  n05 -a c e ta te "  

using  an aqueous so lv en t. Secondly, p u r i f ic a t io n  of th e  c r y s ta l l in e
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n e u tra l  f r a c t io n  gave an a lco h o l, Q3j.H3.eQ5 > which e x h ib its  l i g h t  absorp -
o

t io n  in  the  u l t r a - v i o l e t  w ith  a maximum a t  2220A, £  = 15,500* This 

a lco h o l does not give a colour w ith  te tran itro m e th an e  in  chloroform , 

bu t i t  g ives a p o s i t iv e  Legal t e s t ,  a lthough somewhat more slow ly than  

sim pledjS-unsaturated lactones*  A c e ty la tio n  of th e  a lc o h o l, Q33.H3.8O5 

gave a w e ll-d e f in ie d  a c e ta te ,  Q33H5006 , showing e s s e n t ia l ly  th e  same 

l i g h t  ab so rp tio n  p ro p e r tie s  as th e  p a ren t a lco h o l. While a c e ty la t io n  

of an amorphous f r a c t io n  ob tained  from th e  c r y s ta l l i s a t io n  o f th i s  

c r y s ta l l in e  a lco h o l, Q3iH l805 , gave, as th e  th i r d  p roduct from th e  

h y d ro ly s is , th e  a c e ta te ,  G3j.H3.sQ4 , id e n t ic a l  w ith  th a t  d esc rib ed  above*

The s im ila r i ty  o f the  l ig h t  ab so rp tio n  of th e  c r y s ta l l in e  a lco h o l, 

Q3j.H3.sQ5 , and th a t  of th e  a c id  ob ta ined  in  th ese  h y d ro ly s is  experim ents 

suggested th a t  th e  former compound might be a methyl este r*  This was 

confirm ed by e s te r i f i c a t io n  of the  ac id  w ith  diazomethane to  g ive a 

product which was id e n t ic a l  w ith  the  a lco h o l, Q33.H3.sO5 , and by e s t i ­

m ation of th e  methoxyl con ten t of the  a c id  i t s e l f *

Attempts to  c h a ra c te r is e  fu r th e r  the  a lco h o l methyl e s te r ,

C33.H4.Q06 , by trea tm en t w ith  bromine, and by o x id a tio n  o f th e  c o rre s ­

ponding a c e ta te  w ith  potassium  permanganate, were f r u i t l e s s  and re s u l te d  

in  each case in  the  recovery  of unchanged s ta r t in g  m ateria l*  The
G

u l t r a - v i o le t  ab so rp tio n  maximum a t  2220A ex h ib ited  by th e  methyl e s te r ,  

Q3j.Hj.sO5 > corresponds to  th a t  shown by an -u n sa tu ra ted  la c to n e  system 

(93,94) and th e re fo re  an a ttem pt was made to  hydrolyse t h i s  compound.
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A fte r  trea tm en t w ith  5/o m ethanol!c potassium  hydroxide, th e  e s te r  was

recovered  unchanged, bu t employing more d ra s t ic  h y d ro ly s is  conditions*

a c id  was ob tained  which was amorphous, bu t gave a c r y s ta l l in e  dim ethyl

ester:,. C32H5306 , on trea tm en t w ith  diazomethane# This dim ethyl e s te r

gave a c r y s ta l l in e  a c e ta te  dim ethyl e s t e r ,  Q34H54Q7 , on a c e ty la t io n

w ith  a c e t ic  anhydride and pyridine® None of th ese  compounds g ives a

co lour w ith  th e  te tran itro m e th an e  reag en t and the a c e ta te  dim ethyl
o

e s te r ,  Q32H52Q6 , e x h ib its  l ig h t  ad so rp tio n  a t  28G0A, £  = 340, in d ic a t iv e  

o f an is o la te d  carbonyl grouping® The a c e ta te  dim ethyl e s te r  was 

recovered  unchanged a f t e r  a ttem pted  brom ination and th e  suspected  

carbonyl group could not be reduced by the  Clemmensen method. The 

presence of a carbonyl group, o th e r than  th o se  of the  e s te r  groupings, 

in  th e  dim ethyl e s te r ,  CgaH^Oe, was confirm ed, however, by th e  i n f r a ­

re d  l ig h t  ab so rp tio n  o f t h i s  compound. Two in te n se  bands o f d iag n o stic

s ig n ific a n ce  a t  1734 cnf 1̂ and 1723 cm”1 were apparen t in  th e  carbonyl

s tre tc h in g  region*, th e  band a t  1735 cm i s  a t t r ib u te d  to  th e  carbonyls 

o f the  e s te r  groupings, w hile th e  band a t  1723 cm”1 i s  in d ic a t iv e  of a 

ketone in  a six-membered r in g .

Since hy d ro ly sis  o f the  monomethyl e s te r ,  C^Ha-sPs, ob ta ined  from 

the  "05 - a c e ta te " , lias r e s u lte d  in  th e  form ation  of a second carboxyl 

grouping and a carbonyl group, th e  e s te r  probably  con ta in s  a la c to n e  

grouping as w ell as th e  e s te r  grouping. By v ir tu e  of the  u l t r a - v i o le t  

l ig h t  ab so rp tio n , th e  lac to n e  must be u n sa tu ra te d  in  th e  p o s i t io n  oC to  

the  carbonyl and since the  dimethyl e s te r ,  833115205, does not co n ta in  a 

double bond, th i s  u n sa tu ra te d  cen tre  must be capable of m ig ration  during 

h y d ro ly sis  to  form p a r t  o f an en o lised  ketone which i s  s ta b le  as th e
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keto  form in  the  dim ethyl e s te r  Q32H50 06 *

A co n sid e ra tio n  o f th e  experim ents which have been d esc rib ed  

so fax  in  t h i s  work, in d ic a te s  th a t  th e  't>5 - a c e ta te ” must have a la c to n e  

type o f s tru c tu re - and must a lso  co n ta in  an e th y len ic  bond which i s  not 

in  con jugation  w ith  a carbonyl group, b u t ,  which can r e a d i ly  m igrate  

ip to  such a p o s it io n  to  form p a r t  o f an -u n sa tu ra te d  la c to n e  system 

shown to  be p re sen t in  th e  methyl e s te r ,  C31 RisCso survey o f th e  

methods of p re p a ra tio n  of t h e ’Os -a c e ta te "  shows th a t  i t  i s  formed 

under c e r ta in  co n d itio n s  from compounds co n ta in ing  fu n c tio n a l groups a t  

the-.Cio >Qli »Ql2 ^Ql3 >Qls and Ql9 , and i s  produced by a change in  th e  

Q l o " Q l 9  chain  of carbons* From th e  evidence p re sen ted , s tru c tu re  

(LXXV) i s  proposed as a reasonab le  fo rm u la tion  fo r. th e  "Q5 -ace ta te "*  

This s tru c tu re  s a t i s f i e s  a la rg e  p a r t  o f th e  chemical ev idence, and th e  

mechanism of form ation  from the  vario u s  p recu rso rs  o f th e  "05 - a c e ta te "  

w il l  be d iscussed  l a t e r  in  th i s  section*

Some measure o f support has been ob ta ined  fo r  th i s  proposed fo rm u la tio n , 

by in v e s t ig a tio n  of th e  in fra - re d . ab so rp tio n  spectrum of th e  "Q ^-alcohol" 

corresponding to  th e  ”05 -ace ta te"*  This compound e x h ib its  in te n se  

ab so rp tio n  in  the  hydroxyl s tre tc h in g  reg io n  a t  34-50 cnf1 , in  th e
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carbonyl s tre tc h in g  reg io n  a t  1742 cm and 1728 cm"1 , and in  th e  

e th y len ic  bond s tre tc h in g  reg io n  a t  1686 cm 1 . The carbonyl band
•nLa t  1728 cm may be a t t r ib u te d  to  th e  five-membered r in g  k e to n e , and 

th e re fo re  th e  ab so rp tio n  a t  1742 cm"1 must be considered  to  be th a t  

o f th e  la c to n e  carbony l, though th i s  value i s  somewhat lower than  

expected fo r  such a grouping(98)• The band a t  1686 cm"1 i s  s i g n i f i ­

can t in  th a t  th e  in te n s i ty  (0 .63) c a lc u la te d  in  the  manner d escribed  by 

Rosenkrantz and Gut(98) in d ic a te s  th a t  th e  te rm in a l carbon o f th e  double 

bond i s  d i r e c t ly  a tta ch e d  to  an oxygen atom* This band i s  comparable
JL

w ith  the  in ten se  band a t  1696 cm ex h ib ite d  by cholestanone en o l-

a c e ta te  which has been a t t r ib u te d  by Rosenkrants and Gut to  th e  
/

-  0 -  C = Cn* grouping*

From s tru c tu re  (LXXV) i t  i s  th e o r e t ic a l ly  p o ss ib le  to  o b ta in  

two compounds by a lk a l in e  hydrolysis*  Thus, h y d ro ly s is  w ith  m ethanolic 

potassium  hydroxide r e s u l t s  in  cleavage o f th e  C h iQ l3 bond follow ed 

by m igration  of the  Cie*Qi9 double bond to  th e  Gl3 *Cl8 p o s i t io n  to  

give th e  en o l-lac to n e  e s te r  (LXXVl). This s tru c tu re  p rov ides an 

adm irable exp lanation  o f th e  p ro p e r tie s  of the  monomethyl e s t e r ,  ChiHieOs* 

Derived from th i s  s t ru c tu ra l  formula th e  dim ethyl e s te r ,  C^gBggQg, 

i s  rep re sen ted  as (LXZFIl). The p o s it io n  of the  ketone group of 

t h i s  compound a t  th e  s t e r i c a l ly  h indered  Ci9  p o s i t io n , a f fo rd s  a 

reasonable  exp lanation  why t h i s  carbonyl could not be reduced by th e  

Clemmensen method, and doubtless a s im ila r  s te r ic  e f fe c t  exp la in s th e  

u n re a c tiv i ty  o f th e  a c e ta te  dimethyl e s te r ,  , towards

bromine*
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H ydrolysis of th e  "05 -a c e ta te "  u sing  aqueous m ethanolic 

potassium  hydroxide i s  v is u a l is e d  as proceeding through h y d ro ly s is  of 

the  lac to n e  r in g  of (LXXV) to  give the  in te rm ed ia te  y8 -k e to  a c id  (LZXVIIl) 

which on decarboxylation  and subsequent a c e ty la tio n  would give th e  

ls4 -d ik e to n e  (LXXIZ). This l a t t e r  fo rm u la tion  i s  proposed fo r  th e  

a c e ta te ,  ob ta ined  from th e  "05 -ace ta te"*

In  order to  confirm  th e  s tru c tu re  (LHXIX) a fu r th e r  study was 

made of th e  a c e ta te ,  Q3±H^eOb♦ . Although the  a lcoho l corresponding to  

th i s  a c e ta te  had never been obtained  c r y s ta l l in e  by d ire c t  h y d ro ly s is  ' 

of th e  "05 -a c e ta te " , an a lcoho l was ob ta ined  by h y d ro ly s is  of th e  

a c e ta te  i t s e l f .  This a lcoho l c r y s ta l l i s e s  from aqueous methanol 

w ith  one molecule o f methanol o f c r y s ta l l i s a t io n  and i s  r e a d i ly  

re a c e ty la te d  to  p a ren t a c e ta te . The in f r a - r e d  ab so rp tio n  spectrum 

of th i s  a lco h o l was k ind ly  recorded  by Dr. u.D. Meakins of M anchester
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U n iv e rs ity  w ith the  o b je c t o f d e tec tin g  th e  presence of a ketone group 

in  a five-membered. r in g . The spectrum showed two bands o f d iag n o stic  

s ig n if ic a n c e  in  th e  carbonyl s tre tc h in g  reg io n  a t  1725 cm"1 and 

1706 cm"1 and a lso  th e  hydroxyl s tre tc h in g  band a t  3690 cm 1 . In  a l l  

p ro b a b il i ty  th e se  f ig u re s  in d ic a te  th a t  one ketone group i s  in  a 

five-membered r in g  and th e  o th e r in  a six-membered ring* The only 

unexpected fe a tu re  i s  th e  p o s it io n  (1725 cm ) of th e  five-membered 

r in g  ketone. This value i s  decidedly  low by about 10 cm"1 • This 

s h i f t  to  the  longer wavelength could be caused by such a sp e c ia l fe a tu re  

as in tram o lecu la r hydrogen bonding o f th e  carbonyl w ith  a hydroxyl 

group, and, when i t  i s  considered  th a t  t h i s  compound co n ta in s  a 

molecule o f methanol o f c r y s ta l l i s a t io n ,  th i s  would seem to  be 

extrem ely probable and would not n e c e ssa r ily  r e s u l t  in  displacem ent of 

the  hydroxyl s tre tc h in g  baud which might be expected to  absorb a t  a 

lower frequency under th ese  co n d itio n s . I t  may be no ted , however, 

th a t  th e  p o s s ib i l i ty  cannot be overlooked th a t  th e  1725 cm"1 ab so rp tio n  • 

does re p re se n t a six-membered r in g  ketone which has been d isp laced  to  

a h igher frequency. This type of e f f e c t  i s  p o ss ib le  in  compounds 

having two carbonyl groups in  c lo se  p rox im ity , e .g .. 1*2-, 1*3-, 1*4 -  

d iketones (95,96-)*

An attem pt was made to  reduce th e  a c e ta te ,  C^Ha-eCla., by th e  

Glemmensen method. This re s u lte d  in  recovery  o f unchanged s ta r t in g  

m a te r ia l. The a c e ta te  was a lso  recovered  u n a lte re d  a f t e r  prolonged 

trea tm en t w ith  a ce tic  anhydride and sodium a c e ta te  in  an a ttem pt to  

iorm an eno l-ace ta te*  In  th e  hope th a t  a py rid az in e  d e r iv a tiv e  

would be obtained  from th e  1*4-d iketone s t ru c tu re ,  the  a c e ta te  was
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heated  a t  200° w ith  hydrazine* This r e s u l te d  only in  th e  h y d ro ly s is  

o f th e  Gg-acetoxy grouping* Reduction o f th e  a c e ta te  w ith  li th iu m  

aluminium hydride in  e th e r  gave an u n c ry s ta i l is a b le  gum which was not 

p u r i f ie d  by chromatography, w hile trea tm en t w ith  th e  m ilder reducing  

agent sodium borohydride again  re s u l te d  in  th e  recovery  o f th e  s ta r t in g  

m a te r ie l a f t e r  a ce ty la tio n *

An attem pt to  in tro d u ce  a double bond between the  carbonyl 

groups of th e  a c e ta te  by trea tm en t w ith  selenium  d ioxide r e s u l te d  in  

th e  form ation  of a n e u tra l  substance o f unknown c o n s ti tu t io n  co n ta in in g  

an a d d itio n a l oxygen atom and showing l i g h t  ab so rp tio n  in  th e  u l t r a ­

v io le t  a t  2570i£, £  = 6,800* This substance g ives a p a le  yellow  co lour

w ith  te tran itro m e th an e  in  chloroform  but no colour w ith  f e r r i c  ch lo rid e  

in d ic a tiv e  of a 1%2-d iketone  system*

Ruzicka, Jeger and Norymberski(92) re p o rte d  p rev io u s ly  th a t  

brom ination o f th e  a c e ta te ,  ob tained  by h y d ro ly s is  o f th e  "05 - a c e ta te ”, 

w ith  two moles o f bromine r e s u l t s  in  th e  lo s s  o f two atoms of hydrogen 

from th e  molecule w ith  form ation  o f a yellow  substance which a b so rb s '
O o

in  th e  u l t r a v io le t  a t  250QA, 6=  10,000, and 3500A, £  = 4,000* Since

t h i s  brom ination would be expected to  r e s u l t  in  th e  fo rm ation  of th e  

dionene (LXZX) from th e  a c e ta te  (LXXIX), t h i s  re a c tio n  was re in v e s t ig a te d .

Ac O
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Bromination according to  the  method, o f R uzicka, Jeg er and 

Norymberski d id  not give a homogeneous compound but gave what was 

ap p aren tly  a m ixture o f two substances. The f i r s t  p roduct is o la te d  

was a coloured substance e x h ib itin g  l i g h t  ab so rp tio n  in  th e  u l t r a ­

v io le t  a t  230QA, £  = 7 ,120, and 35Q0A, £  = 8,24-0 and the  second p ro d u c t,
o

which was a lso  co loured , absorbed a t  2500X, 6  = 9,700 and 3500A,

E = 2 , 100. I n view o f t h i s  r e s u l t ,  t h i s  method was abandoned in  

favour of th a t  u sing  one mole of bromine and subsequent r e s u l t s  prove 

th a t  th e  substance is o la te d  by th e  Swiss workers was a m ix ture.

Treatment o f the  a c e ta te ,  C31.H4.8Qa. w ith  one mole of bromine a t  

50° follow ed by h ea tin g  a t  100° fo r  one hour gave an orange co loured  

substance, Q31Har6Qfl.y m.p. 211-213°, W „  + 91°, showing l i g h t  absorp­

t io n  in  the u l t r a - v i o le t  a t  2280A, .€  = 6,700 and 3500A, £ =  9,300. This 

substance con tains no bromine and gives a red-brown co lour w ith  t e t r a ­

nitrom ethane in  chloroform . The m ethanolic mother l iq u o rs  from the  

c r y s ta l l i s a t io n  of t h i s  substance, which were yellow  in  c o lo u r, became 

alm ost co lo u rle ss  on stand ing  fo r  some days and d eposited  very  p a le  

yellow  c ry s ta ls  which were r e c r y s ta l l i s e d  unchanged to  give a compound 

OgiH^-gO^., m.p. 211—213 D ‘ ~  119° showing l ig h t  a b so rp tio n  in  th e
Q

u l t r a - v io le t  a t  250QA, £ = 10,000, and g iv ing  no colour x - ji th 'te tra ­

nitrom ethane in  chloroform* A sy n th e tic  m ixture of th e se  two compounds
o o

e x h ib its  l i g h t  ab so rp tio n  a t  25GGA and 350CA, which i s  comparable w ith  

th a t  rep o rted  by Ruzicka e t .  a l .  fo r  the  brom ination p ro d u c t.

In  a fu r th e r  v a r ia t io n  of the  method of brom ination , th e  a c e ta te ,  

Q31 H&sQi t was t r e a te d  a t  50° wioh two moles of bromine which were added 

in  two s tag es . Tne product proved to  be a co lo u rle ss  bromo-compound
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showing l ig h t  ab so rp tio n  in  th e  u l t r a - v i o l e t  a t  21204, c  = 4 ,3 0 0 , and
o 0

2 ,70Q&, £  = 5,400, w ith  a low in te n s i ty  in f le c t io n  a t  3,500A. This 

bromo-compound, Q31ik 7O4.Br, g ives no co lour w ith  te tra n itro m e th a n e  and 

i s  dehydrobrominated by re f lu x in g .w ith  c o ll id in e  to  give th e  orange

coloured  substance described  above and e x h ib itin g  l ig h t  a b so rp tio n  -at
0 0  

228QA'and 3,5QQA.

On th e  b a s is  o f the  proposed s tru c tu re  (LXXIX) fo r  th e  a c e ta te

Hsi. , ob tained  from the  "O s-ace ta te " , th e  above brom ination  r e s u l t s

are  d i f f i c u l t  to  in te r p r e t .  However, th e  u l t r a v io le t  ab so rp tio n
o

spectrum o f the compound, CgiHisQi, absorb ing  a t  25QGA i s  c o n s is te n t 

w ith  th e  l ig h t  ab so rp tio n  of low in te n s i ty  shown by c iso id  l* 4 -d ik e to -en es  

(64,85) and suggests th e re fo re  th a t  t h i s  product i s  to  be form ulated  

as (LXXX)

This form ulation.w as supported by th e  form ation  of a w e ll-  

defined  co lo u rle ss  e n o l-a c e ta te  on trea tm en t o f th e  a c e ta te ,  CgiHieQi, 

w ith  a c e tic  anhydride and fused  sodium a c e ta te .  The e n o l-a c e ta te , 

QDaHfceOg, gives a yellow  colour w ith  te tran itro m e th an e  and ex h ib its , 

s e le c tiv e  absorp tion  in  th e  u l t r a - v io le t  a t  2280A, €  = 7 ,400 , and



~  56 -

285QA, E = 13,690* The in te n se  band a t  285GA c lo se ly  resem bles th a t
\  i l i I

shown by compounds co n ta in in g  th e  chromophore ^ C = C - C = C - C - 0 ( 9 7

and would be e j e c t e d  to  be ex h ib ited  by th e  e n o l-a c e ta te  (LXXXl)
o

derived  from (LXXX). The appearance of the  band a t  228QA in  th e  en o l- 

a c e ta te  ab so rp tio n  spectrum  i s  s ig n if ic a n t  in  th a t  th i s  ab so rp tio n  band 

i s  shown a lso  by the  orange coloured brom ination product*

Assuming th a t  th e  orange product i s  produced from th e  compound
> o

showing l ig h t  ab so rp tio n  a t  2500A by an e n o lis a tio n  mechanism, th e  

l a t t e r  compound was t r e a te d  w ith a lk a li*  The p ro d u c t, which was a
o o

m ix ture, showed l ig h t  ab so rp tio n  a t  2500A, £ = 9,980, and 3500A,

E = 1 ,372 , and was not examined fu rth e r*

The fo rm ulation  o f the  orange brom ination product on th e  b a s is  

o f (LXXIX) fo r  th e  a c e ta te ,  CsiHtaQj., from which i t  was o b ta in ed , i s  

rendered  d i f f i c u l t  when account i s  taken  o f th e  p ro p e r tie s  o f th e  

brom ination product and in  p a r t ic u la r  of i t s  rem arkable u l t r a - v i o l e t  

ab so rp tio n  .spectrum* The compound must, however, possess  the  same 

b asic  s tru c tu re  as th e  a c e ta te ,  O^Ha-sO^., since i t  i s  smoothly converted  

to  th i s  compound by simple red u c tio n  w ith  zinc and a c e tic  acid* In  

c o n tra s t to  t h i s ,  th e  coloured product i s  c a ta ly t ic a l ly  reduced to  

give a co lo u rle ss  compound which i s  not id e n t ic a l  w ith  th e  a c e ta te ,.
° c-(^ iH t8Qa. and e x h ib its  l ig h t  ab so rp tion  a t  2060A, c  = 1 ,800 , and

Q
280QA, £ =  650. This p ro d u c t i s  form ulated  as Q3±h50 C^, and since

o
th e  abso rp tion  a t  2800A in d ic a te s  the  presence of a carbonyl group, 

the  compound i s  probably formed by red u c tio n  of one of the  carbonyls 

of the  brom ination product to  an a lcoho l grouping and s a tu ra t io n  of a

double bond. In s u f f ic ie n t  m a te ria l p reven ted  fu r th e r  in v e s t ig a t io n  of
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t h i s  product# '

I t  i s  obvious from th e  work described  above th a t ,  w hile s tru c tu re  

(LXXV) a ffo rd s  an adequate exp lana tion  o f th e  p ro p e r tie s  o f th e  "G5 - 

a c e ta te " ,  some re a c tio n s  a re  not e a s i ly  form ulated  on th e  proposed 

s tru c tu re s  o f i t s  d e riv a tiv es*  Such anom alies cannot be taken  as 

d e f in i te  p roof th a t  th e  proposed s tru c tu re  i s  in c o rre c t and indeed  i t  i s  

d i f f i c u l t ,  w ith  th e  evidence a v a ila b le , to  o therw ise form ulate  th e  "05-  

a c e ta te " . Moreover, the  proposed s tru c tu re  i s  a lso  supported  by 

co n sid e ra tio n  o f th e  methods o f p re p a ra tio n  of th e  "O s-ace ta te”* As 

p o in ted  out p re v io u s ly , th e  "05 -a c e ta te "  must be produced by a b reak ing  

of th e  Qlo to  Q1.9 chain  of carbons* From each o f th e  compounds from 

which th e  "O s-acetate" has been ob tained  ( c . f ,  pp . 42 ) i t  i s  th e o r e t i ­

c a l ly  p o ss ib le  to  de riv e  s tru c tu re  (LXXXIl) by o x id a tio n . This hypoth­

e t i c a l  compound p rov ides a su ita b le  in te rm ed ia te  p receeding  the  form ation  

o f th e  "05 - a c e ta te " , since  fu r th e r  o x id a tio n  would r e s u l t  in  th e  

form ation  of the  a c id  (LXXXIIl) which i s  v is u a l is e d  as forming th e  

k e to -lac to n e  (LXXVJ by la c to n is a t io n  o f th e  C13-carboxyl w ith  th e  en o lised  

C ig-ketone and by in te r a c t io n  o f the  Ci0 -carboxyl w ith  th e  -hydrogen 

atom. The form ation o f the  "05 -a c e ta te "  through an ac id  in te rm ed ia te  

i s  confirmed to  some e x ten t by the  presence o f an a c id ic  f r a c t io n  in  

th e  re a c tio n  m ixture ob ta ined  from o x id a tio n  o f o le a n a - ll» 1 3 ( l8 ) -  

d ieny l a c e ta te .
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R ecently  B arton , H olness, Overton and R osenfelder(85) have shorn 

th a t  trea tm en t of methyl a ce ty l-1 2 » 1 9 -d ik e to -o lean o la te  (LZXZIV) w ith  

selenium  dioxide r e s u l t s  in  the form ation  of the  "O7 - a c e ta te " ,  whereas 

a s im ila r  ox id a tio n  o f methyl acetyl-12* 19-d±keto-18o(-olea.nolate (LXXXV) 

r e s u l t s  in  the recovery  of unchanged e s te r .  These r e s u l t s  would seem 

to  in d ic a te  th a t  the  form ation  of the "07 -a c e ta te "  from (LXXXIV) i s  

preceeded by in tro d u c tio n  of th e  C13*Ciq double bond to  give methyl 

a c e ty l-12*19-d ik e to -o lean -1 3 (l8 )~ en o la te  (iXCCVl) which i s  then  

ox id ised  fu r th e r  to  th e  "O7- a c e ta te " . I f  t h i s  i s  th e  c ase , then  th e  

analagous "05 -a c e ta te "  cannot be formed through the  in te rm ed ia te  (LXXXIl). 

However, Barton o t . a l .  have a lso  shown th a t  methyl a ce ty l-1 2 * 1 9 -d ik e to - 

o lean-13*18-eno late  (LXOTT) does not r e a c t  w ith selenium  d iox ide .

This i s  taken  as being proof th a t  th i s  compound i s  not an in te rm ed ia te  

in  th e  form ation of th e  "O7 -a c e ta te "  from (LXXXIV), and th a t  o x id a tio n  

of t h i s  compound a t  G1± to  give the  tr io n e  type in te rm ed ia te  w ith  

subsequent form ation of the  "O7 -a c e ta te "  i s  p o s s ib le .
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IV* p  -Amyradiendlonyl A cetate  and i t s  D e riv a tiv es .

P  -Amyradiendionol, i n i t i a l l y  designated, as "Jacob* s k e to -d io l"  

was f i r s t  p repared  by Jacobs and Fleck(lO O ). The corresponding a c e ta te  

was subsequently  p repared  by Ruzicka and Jeger(33) , by o x id a tio n  of 

f3 -am yrin a c e ta te  w ith  selenium d io x id e , and form ulated  as (LXXXVIl).

This fo rm ulation  has re c e n tly  been s u b s ta n tia te d  fo r  the corresponding 

dienone of o lean o lic  a c id , methyl ace ty l~ 12*19~diketo-o leana-lG *13(l8)- 

d ie n o la te , by B arton, H olness, Overton and R osenfe lder(85) who achieved 

a p a r t i a l  sy n th esis  of th i s  compound from s ia r e s in o l ic  acid© ‘ -Amyrad- 

ien d io n y l a c e ta te  ( 12*19-diketo-oleana~10*13( is ) - d ie n y l  a c e ta te )  i s  one 

o f th e  two major o x id a tio n  p roducts which a re  ob tained  from compounds 

o f t h e - a m y r in  group (th e  second being th e  "05- a c e ta te " ) , and i t  was 

from th i s  compound th a t  a s e r ie s  o f experim ents was undertaken  w ith  

th e  o b jec t o f p rep arin g  the  non-conjugated d ieny l a ce ta te s*  o leana- 

10*13(13)-, -10*18-, and -11*18-d ien y l a c e ta te s ,  which were re q u ire d  

fo r  comparison w ith  a non-conjugated d ieny l a c e ta te  o b ta ined  from 

i s o -y(?-amyradienonyl a c e ta te ( lO l) • The work to  be d escribed  in  

t h i s  sec tio n  c o n s t i tu te s  p a r t  of th i s  s e r ie s .

AcO
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As a f i r s t  approach to  o leana-lO t13(18)-d ie n y l acetate(LXXXVIII) ,

th e  hydrogenolysis o f ^  -am yradiendionyl a c e ta te  was examined. This

re d u c tio n  had been examined p rev io u s ly  by Ruzicka and Jeger(83) who

re p o rte d  th e  form ation of two p ro d u c ts , an a c e ta te ,  C32H4.8O4. , and an

a c e t a t e ,■C32H48Q3 • The former substance showed an u l t r a - v i o l e t  absorp-
o

t io n  maximum a t  2420A, €  = 10,100, and was considered  to  have been

formed by red u c tio n  of a carbonyl group to  an a lco h o l group. The

second product gave a brown colour w ith  te tran itro m e th an e  and m s

f u r th e r  c a ta ly t ic a l ly  reduced to  an a c e ta te ,  Cq2H6oQ3> which showed

no co lour w ith  te tran itro m e th an e  and absorbed in  th e  u l t r a - v i o l e t  a t  
o

259Q&, c =  6,300*, t h i s  substance was p ro v is io n a lly  fo rm ulated  as 

(LXXXIX).

L X X X l X

In  th e  re in v e s t ig a t io n  o f th i s  re a c tio n , using  p la tinum  as 

a c a ta ly s t  an d -ace tic  a c id  as so lven t two p ro d u c ts , were

is o la te d .  The.former compound g ives a deep yellow  colour w ith  

te tran itro m eth an e  in  chloroform  and shows an apparent ab so rp tio n  

maximum a t  2100a , c  = 10 , 000, but does not s e le c t iv e ly  absorb in  

.the u l t r a - v io le t  above 2200k° • These f a c ts  in d ic a te d  th a t  th e
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substance was a non-conjugated d iene , and t h i s  was confirm ed when,' on 

trea tm en t w ith  miners.1 a c id , th e  substance was isom erised  to  o lean a- 

11113 ( l3 ) -d ie n y l  a c e ta te  ( XC ) in  h igh  y ield*  Of th e  th ro e  p o ss ib le  

s t ru c tu re s ,  (LXXXVIII)(XCl) and (X C Il), fo r  th i s  compound, th e  f i r s t

i s  th e  most probable*, i t s  i te n s e  ab so rp tio n  o f l ig h t  between 2100A

and 225CA suggests th a t  the  substance con ta in s  a t e t r a - s u b s t i tu te d  

double bond (17 ,102), and th i s  w ith  th e  method of p re p a ra tio n  in d ic a te s  

& Ql3 *Ql8 e th y len ic  lin k ag e . I t  i s  th e re fo re  concluded th a t  th i s  

product i s  oleana-10*13(f8 )-d ie n y l a c e ta te  (LXXXVIII), a d ec is io n  

confirm ed by i t s  form ation  by ano ther ro u te  to  be desc rib ed . The 

corresponding a lcoho l was ob tained  by h y d ro ly s is , and r e a c e ty la t io n  

a ffo rd ed  th e  p a ren t a c e ta te  w ith  u n a lte re d  physics!, c h a r a c te r i s t i c s .

The second product o f th e  c a ta ly t ic  hydrogenolysis o f -am yradiendionyl

a c e ta te  was 19-keto -o lean-10-eny l a c e ta te  (X C IIl). In  support of 

th i s  view, th e  compound gives a yellow  colour w ith te tran itro m e th an e

G

O

X C X C / Xc//

and i t s  u l t r a - v io le t  abso rp tion  spectrum in d ic a te s  the  presence of a
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t r i p l y  s u b s ti tu te d  bond and an is o la te d  carbonyl group* The proposed 

s tru c tu re  again  was confirm ed by an unambiguous stepw ise sy n th es is  

from ^-am yrad iendionyl ace ta te*  The method w il l  be described  l a t e r  

in  t h i s  section*

In  an a ttem pt to  e ffec t con jugation  o f the  double bond w ith  th e  

ketone group, 19 -keto -o lean -lQ -eny l a c e ta te  was t r e a te d  w ith  hydro­

c h lo r ic  a c id  in  a c e tic  acid* The major product proved to  be th e  

isom eric 19-keto-18d  -o lean -10 -eny l a c e ta te  (XCIV) which had been ob ta ined  

p rev io u s ly  by an iso m erisa tio n  using  a lk a l i  (103)• As a by-product in  

t h i s  re a c tio n  as sm all amount o f a substance showing l ig h t  ab so rp tio n  

maxima a t  237QA, € =  20 ,000, 2450A, £  = 23,700, 255QA, £ =  15,500,

was iso la ted *  This substance gives a re d  brown colour w ith  t e t r a ­

nitrom ethane and the  m.p. i s  depressed on adm ixture w ith  o le a n a - ll* 1 3 ( l8 ) -  

d ieny l a c e ta te  (XC). In s u f f ic ie n t  m a te ria l preven ted  fu r th e r  in v e s t i ­

g a tio n .

AcO

XC/// X C i V
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Two attem pts to  p repare  the  enol a c e ta te  (XCV) of 1 9 -k e to - 

o lean -10-eny l a c e ta te  by trea tm en t w ith  iso p ropenyl a c e ta te  and by 

trea tm en t w ith  a m ixture o f p e rc h lo ric  a c id  and a c e tic  anhydride, 

r e s u l te d j in  the  recovery  o f unchanged s ta r t in g  m ateria l*

A tte n tio n  was next d ire c te d  to  th e  p re p a ra tio n  o f o leana-lQ t 18 

d ieny l a c e ta te  (XCl)* B arton, H olness, Overton and R osenfelder(85) 

observed th a t  methyl a ce ty l-1 2 * 1 9 -d ik e to -o lean a -1 0 » 1 3 (l8 )-d ien o la te  i s  

reduced smoothly by zinc and a c e tic  a c id  to  methyl ace ty l-1 2 * 1 9 -d ik e to  

-o lean-10-eno la te*  By analogy, re d u c tio n  o f th e  r e la te d  12*19-diketo 

d leana-10sl3(18)-d ien y l acetate(LXXXVIl) was expected to  give 12*19- 

d ik e to -o lean -1 0 -en y l a c e ta te  (XCVj) which would a f fo rd  s. convenient 

s ta r t in g  m a te ria l fo r  the  p re p a ra tio n  of th e  re q u ire d  diene*

xcw  Xc V/f

However, u sing  the  co n d itions of Barton e t . a l * , i t  was found th a t  

red u c tio n  ofyG-amyradiendionyl a c e ta te ,  u n lik e  th e  corresponding 

red u c tio n  in  the  o lean o lic  ac id  s e r ie s ,  gave a m ixture sep ara ted  by 1 

chromatography in to  th re e  components* The f i r s t  p roduct was th e  

unconjugated oleana-10*13(18)-d ien y l acetate(LXXXVIII) id e n t ic a l  w ith
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th e  product obtained  by c a ta ly t ic  hydrogenation o f th e  d iend ione. The 

second product was an a c e ta te ,  Q32H3.8Q3 &nd 'the th i r d  an a c e ta te  CsgEtaQg.* 

D ealing w ith th e  l a t t e r  product f irs t* , th i s  compound showed a
Q

c h a r a c te r is t ic  l ig h t  ab so rp tio n  maximum a t  246QA., E = 12 ,400, in d ic a t iv e  

o f an o^f-unsaturated  ketone grouping and i s  probably  id e n t ic a l  w ith  th e  

a c e ta te  ob tained  by Ruzicka and Jeger(83) from th e  c a ta ly t ic

re d u c tio n  of -am yradiendionyl a c e ta te  and fo r  which th e  structure(X C V II) 

was considered  and re jec ted *  Ruzicka and Jeger suggested th a t  th e  

a c e ta te  may have been produced by red u c tio n  of one of th e  carbonyl 

groups to  a secondary hydroxyl. B arton e t . a l * ( 8b) however, suggested 

th a t  th i s  red u c tio n  product i s  12*19-d iketo-o lean-10-eny l a c e ta te  (XCVl). 

That t h i s  view i s  undoubtedly c o rre c t was shown by the  fo llow ing  f a c ts .

The a c e ta te  was recovered  unchanged a f t e r  trea tm en t w ith  a c e t ic  anhyd­

r id e  and was s tab le  to  chromic anhydride a t  room tem perature  and t  h e re - 

f<pre does not con ta in  a secondary hydroxyl group. The presence of an 

o ^ -u n sa tu ra te d  ketone group having been e s ta b lish e d  by l i g h t  a b so rp tio n , 

th e  presence of a second carbonyl ( a t  Ck9 ) was proved by c a ta ly t ic  

red u c tio n  of the a c e ta te  which gave 19-keto -o lean -10 -eny l a c e ta te  id e n t i ­

c a l w ith  th e  product ob tained  by hydrogenolysis of ^ -a n y ra d ie n d io n y l 

a c e ta te .  Furtherm ore, the  a c e ta te , CQgRj-eOt? was ob ta ined  as th e  so le  

p roduct in  e x c e lle n t y ie ld  by red u c tio n  of p  -am yradiendionyl a c e ta te  w ith  

zinc dust in  e thano l. This l a t t e r  re a c tio n  prov ides confirm ation  o f th e  

proposed s tru c tu re , s in c e , the  r e la t iv e ly  m ild  reducing  co n d itio n s  make 

i t  u n lik e ly  th a t  any p a r t  of the  molecule o ther than  th e  double bond 

between th e  two carbonyl groups i s  reduced. This ev idence, in  to to ,
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a ffo rd s  adequate p roof th a t  th e  a c e ta te ,  i s  form ulated

c o r re c t ly  by (XCVl).

The d iffe ren c es  between th e  p roducts  ob ta ined  from th e  c a ta y l t ic  

re d u c tio n  of f t  -am yradiendionyl a c e ta te  by t h i s  au thor and those  ob ta ined  

by Ruzicka and Jeger a re  to  be a t t r ib u te d  e i th e r  to  d iffe re n c e  in  th e  

a c t i v i t y  of th e  c a ta ly s ts  used or to  th e  incom pleteness o f th e  l a t t e r  

re a c t io n ,  s in ce , as mentioned above, 12*19-d iketo -o lean-10-eny l a c e ta te  

(XCVl) can be fu r th e r  reduced to  19 -keto -o lean -10 -eny l a ce ta te (X C IIl)  

under co n d itio n s  s im ila r  to  those used in  th e  hydrogenolysis of 

-am yradiendionyl ace ta te*

Following from the  w orkcbscribed above, i t  would ’seem th a t  th e  

two p roducts a re  formed by concurrent re a c tio n s  in  the  hydrogenation of 

-am yradiendionyl ace ta te*  the  keto-ene (XCIIl) as a r e s u l t  o f 

s a tu ra tio n  o f the  Ci3 %C18 e th y len ic  bond follow ed by hydrogenolysis of 

th e  Cl2 -carbonyl group, and th e  diene (LXXXVIII) by i n i t i a l  hydrogen­

o ly s is  o f one of th e  carbonyl groups to  give 19- and /or 1 2 -ke to - 

o leana-10*13(18)-d ien y l a c e ta te s ,  which a re  then  fu r th e r  reduced to  th e  

10* 13 (1 8 )-'dienyl a c e ta te .

The a c e ta te ,  C32rLj.8Q3 > ob tained  as th e  th i r d  p roduct from th e  

red u c tio n  of /3  -am yradiendionyl a c e ta te  w ith  zinc and a c e tic  a c id , gives

a pa le  yellow  colour w ith  te tran itro m e th an e  and i t s  u l t r a - v i o l e t  ab-
o

so rp tio n  spectrum shows in ten se  maxima a t  2600A, £  = 9 ,250 , and
O

2950A, E=  3 ,450. As a f i r s t  attem pt to  e s ta b l is h  th e  s tru c tu re  of 

t h i s  compound i t  was sub jec ted  to  c a ta ly t ic  red u c tio n  and m s  

converted  thereby  in to  oleana-10*13(18)-d ien y l a c e ta te  (LXXXVIII).
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On o x id a tio n  w ith  selenium  dioxide in  ciioxan in  a sea led  tube i t  was 

converted  in to  th e  p a re n t p  -am yradiendionyl a c e ta te  (LXXXVIl)# 

Furtherm ore, during an attem pt to  convert i t  in to  an e n o l-a c e ta te  by 

prolonged re f lu x in g  w ith  a c e tic  anhydride and p o ta s s iu m 'a c e ta te , i t  was 

o x id ised  to  /^-am yradiendionyl a c e ta te ,  presumably by a i r  oxidation#

In  view o f th i s  rem arkable ease of o x id a tio n  the  substance was again  

t r e a te d  w ith  selenium  d iox ide , under le s s  d ra s t ic  conditions# 

-Amyradiendionyl a c e ta te  was again  iso la ted #  Reduction o f th e  

a c e ta te  O ^ I k s w i t h  lith iu m  aluminium hydride produced o leana-10»13(lS )- 

d ien y l a c e ta te  (ilDQCVTIl), w ith  a sm all q u a n tity  o f oleana-10*12*18- 

t r i e n y l  a c e ta te  (XCVIIl). Bee ause o f the  rem arkable u l t r a - v i o l e t

ab so rp tio n  spectrum of t h i s  compound, considerab le  pa ins were taken  to  

ensure i t s  homogeneity, on a lk a lin e  h y d ro ly s is  i t  gave a w e ll-d e fin ed  

a lc o h o l, Q3 0 Q3 ) showing e s s e n t ia l ly  the  same l ig h t  ab so rp tio n  as th e  

p a re n t ace ta te#  E eace ty la tio n  o f th e  a lcoho l y ie ld e d  th e  a c e ta te  w ith  

u n a lte re d  p h y sica l c h a ra c te r is t ic s#
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This a c e ta te  i s  formed from j3 -am yradiendionyl a c e ta te  by th e  

re d u c tio n  o f one o f th e  carbonyl groups to  a methylene and consequently  

i s  to  be form ulated as e th e r  (XCIX) or ( C )• I t  was r e a l i s e d ,  however, 

th a t  th e  n a tu re  o f the  ab so rp tion  spectrum i s  roughly c o n s is ta n t w ith  

th e 1 view th a t  the  substance i s  an in sep a rab le  m ixture of ( C ) and the
o

conjugated  dienone ( Cl )• 'This being so, th e  maximum a t  2950A i s

a t t r ib u ta b le  to  th e  dienone chromophore of ( Cl ) and th e  maximum a t  
o

26Q0A i s  due to  th e  o60-unsaturated ketone chromophore of ( C ) .

Cl

This view became improbable when the  a c e ta te  was found to  be 

unchanged a f te r  trea tm en t w ith strong m in e ra l.a c id , and in  p a r t i c u la r ,  

when th e  u l t r a - v i o le t  ab so rp tion  spectrum of th e  a c e ta te  was found to  be 

unchanged*, i f  the  mixed c ry s ta l  view were c o r re c t ,  m ineral a c id  t r e a t ­

ment would y ie ld  the  homogenous conjugated dienone ( Cl ) w ith  a 

consequent change in  l ig h t  abso rp tion . This in d ic a te d  th a t  th e  a c e ta te  

CbaHisCb , i s  12-keto-oleana-10* 13(18)-d ie n y l a c e ta te  ( XCIX ) and th i s  

was confirmed by an unambiguous p a r t i a l  sy n th es is  c a r r ie d  out .by 

3eaton (103)
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B rie f ly , th i s  sy n th es is  involved  red u c tio n  o f 12*19-diketo- 

o lean -10 -eny l a c e ta te  ( XCVI ) w ith  lith iu m  aluminium hydride to  th e  

. t r io l  ( O il ) which x^as ox id ised  w ith  manganese dioxide fo llow ed by 

p a r t i a l  a c e ty la tio n  to  give 12-k e to -o le a n -10-en -2* 19oc,- d io l -2 -a c e ta te  

( GUI ) .  Dehydration of the  l a t t e r  gave 12 -ke to -o leana-10»13-d isny l 

a c e ta te  ( CIV ) xiiich on trea tm en t x-jith m ineral a c id  r e a d i ly  gave 

1 2 -k e to -o lean a-1 0 » 1 3 (l8 )-d ien y l a c e ta te  ( XCIX ) id e n t ic a l  w ith  th e  

a c e ta te  C32H£8Q3 •



The-estab lishm ent o f th e  s tru c tu re  of the  a c e ta te  C32 H*eCb ^

( XCIX ) appears to  provide th e  f i r s t  example in  e i th e r  th e  s te r io d  or

t r i te r p e n e  f ie ld s  of a dienone in  which the  cliromophore i s  spread over

two rings*  ^he u l t r a - v i o le t  ab so rp tio n  sp ec tra  o f a number of conjug-
t I i /

a te d  dienones con tain ing  the  chromophoric group C = C - C - C = C
1 S  ' '

have been recorded (7 l)*  The acy c lic  phorone shows a s in g le  ab so rp tio n  
o

band a t  26504 in  a lco h o l w h ils t c y c lic  dienones of th a t  type which 

co n ta in  the  cliromophore in  a s in g le  six-membered r in g  (e .g . s te ro id  

l* 4 -d ien -3  ones) show an in ten se  ab so rp tio n  maximum a t  24-00JL I t  i s  

probable  th a t  the  abnormal ab so rp tion  spectrum of 12-k e to -o le a n a - 

10*13(18) -d ien y l a c e ta te  i s  to  be a t t r ib u te d  to  the  d is to r te d  geometry 

o f th e  chromophoric group* There i s  a noteworthy resem blance in  th e  

shape of th e  ab so rp tio n  curves of (XGIX) and umbellulone ( CV ) which
o o

shows anomolous ab so rp tio n  a t  22004, £  -  5,000, and 26504, £  = 2 ,900 , 

(104) which has been a sso c ia te d  w ith the d is to r te d  geometry of th e  

t o t a l  chromophone*

The red u c tio n  ofytf-amyradiendionyl a c e ta te  w ith  s ine  and a c e tic  

a c id  proceeds in  two ways* F i r s t l y ,  red u c tio n  of the  C13 tQ l3 double 

band to  give (XGVl) and secondly, red u c tio n  o f the  -carbonyl to  g ive 

th e  dienone (XCIX). This l a t t e r  compound i s  an in te rm ed ia te  in  the  

form ation  of oleana-10*13(13)-d ien y l a c e ta te  (LXXXVIIl), s in c e , on 

fu r th e r  trea tm en t w ith  zinc and a c e tic  ac id  th e  diene was ob ta ined  from 

a pure specimen of the-dienone* The red u c tio n  o f the Gi3 »Gj_8 e th y len ic  

bond o f^-am yrad iend iony l a c e ta te  in  th i s  re a c tio n  and th a t  using  zinc 

and ethanol invo lves c is -a d d it io n  of hydrogen as assumed by Barton
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e t . a l .  (85) fo r  the analgous red u c tio n  o f methyl ace ty l-1 2 * 1 9 -d ik e to - 

o lean a -1 0 * 1 3 (l8 )-d ien o la te . This was proved in  th e  fo llow ing  way. 

Treatm ent of 12*19-diketo -o lean -1 0 -en y l a c e ta te  (XCVl) w ith  a lk a l i  

fo llow ed  by re a c e ty la t io n  of th e  product gave th e  isom eric  12*19-diketo- 

18oC-olean-10-enyl a c e ta te  (CVl) which was c a ta ly t ic a l ly  reduced by 

Johnston(l03) to  give 19-keto-18ot-olean-10-enyl a c e ta te  (XCIV)* 

id e n t ic a l  w ith th a t  ob tained  by ac id  or a lk a l in e  trea tm en t o f 1 9 -ke to - 

o lean-10-eny l a c e ta te  (X G IIl).

HO.

H OAcO

cW cv/t

The conversion of 19-keto-18ot-olean-10-enyl a c e ta te  by Beaton 

(103) in to  18oC-oleana-2*19^-diol (CVIl) which was f i r s t  desc rib ed  by 

Ames, Davy, H a lsa ll and Jones (105), proves th a t  the  co n fig u ra tio n  a t  

C13 in  19 -keto -o lean-10-eny l a c e ta te ,  1 2 tl9 -d iketo~ o lean -10 -eny l 

a c e ta te ,  and i t s  a lk a l i - s ta b le  isomer 12*19-diketo-18fl(-olean-10-enyl 

a c e ta te ,  i s  th e  same ( f i )  as th a t  in  m orolic ac id  (6 4 ,6 l) .  I t  fo llow s 

th e re fo re  th a t  the  configu ra tions a t  C13 and Ci8 in  12*19-diketo-o lean

“10-enyl a c e ta te  a re  as  shown in  (XCVl) and th a t  red u c tio n  of
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j& -am yradiendionyl a c e ta te  has involved c i s -a d d itio n  . The f i r s t  case

o f such a c i s -a d d itio n  of hydrogen to  an ene-l»4-d ione was th a t  re p o rte d

by B arton e t . a l .  (85) and s. s im ila r ad d itio n  o f hydrogen to  a s te r io d -

ene- 1*4 -dione has since been rep o rted  (106).

In  a fu r th e r  in v e s t ig a tio n  o f the  p ro p e r tie s  o f 12»19-diketo-

o lean-10-eny l a c e ta te , a ttem pts were made to  e n o lise  one or both

ketone groupings in  th e  form ation of an e n o l-a c e ta te  by t  reatm ent w ith

sodium a c e ta te  and a c e tic  anhydride, and by tre a tm e n t'w ith  isop ropeny l

a c e ta te .  The former method gave 19-keto~12-acetyoxy-o leana-10 il2 -

d ieny l a c e ta te  (CVIIl) which shows s e le c tiv e  ab so rp tio n  in  th e  u l t r a -  
o ’

v io le t  a.t 280QA, £  = 9,150, c h a r a c te r is t ic  of a homoamular diene system. 

This e n o l-a c e ta te  was recovered  unchanged from attem pted  c a ta ly t ic  

hydrogenolysis* The second method of e n o l-a c e ta te  p re p a ra tio n  using  

iso p ropenyl a c e ta te  gave a p roduct, Ĉ s ^ sQb > which g ives a yellow
o

co lour w ith  te tran itro m eth an e  and e x h ib its  l ig h t  ab so rp tio n  a t  2200A,

£ = 5,850, and 324QiL, £ = 15,400*

C onsideration  of the  method o f p re p a ra tio n  o f th i s  compound 

in d ic a te s  th a t  i t  i s  12 il9-epoxy-oleana-10*12*18-triei]y l acetate(C IX ) 

formed by e n o lis a tio n  of the Q l 2 "  end C l 9 -carbonyl groups and subse­

quent lo s s  of the  elem ents o f water from th e  in te rm ed ia te  d iol*  This 

i s  confirm ed to  some ex ten t by comparison w ith ' the  analagous sulphur 

compound prepared  by Jacobs and Fleck (100) and form ulated  as  (CX) by 

Ruzicka and Jeg er(8 3 ). This th io -d e r iv a tiv e  shows l ig h t  ab so rp tio n  

a t  3200A, £ =  12,000. The su b s ta n tia l d iffe ren ce  in  th e  p o s it io n  of 

the  l ig h t  abso rp tion  maximum of the  compound (CIX) from th a t  o f fu ry l  

e th y len e  ( CXI ) a t  260C&", £  = 16,600, (107), i s  to  be
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a t t r ib u te d  to  the. degree of s u b s ti tu t io n  in  the  chromophoric grouping*, 

a s im ila r  discrepancy has been noted (33) between th e  a b so rp tio n  sp ec tra  

o f (CX) and o(-v inyl th iophene. The l ig h t  absorbing p ro p e r t ie s  o f both  

(CIX) and (CX) bear c lo  ser resemblance to  th a t  o f o le an a -1 0 * 1 2 tl3 -tr ie n y l 

a c e ta te  a t  31G0A (108),
Q

The. ab so rp tio n  maximum a t  324QA in d ic a te s  th a t  th e  compound 

(CIX) i s  r e la te d  to  th e •substance o f unknown c o n s ti tu t io n  is o la te d  by 

B arton et*al»  (85) during the  conversion o f methyl 19-hydroxy-12-l:eto- 

o le an o la te  a c e ta te  to  methyl 12»lS-diketo-180l-olean-lQ -enolate} th i s
o

substance showed an absorp tion  maximum a t  319QA, £  = 15,000*

A c O

C I X

A c O

A c O

cm

H O

C X

C X /
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As a conclusion to  th i s  p a r t  of the  work, comment may be rna.de 

on th e  form ation o f f f  -am yradiendionyl a c e ta te .  In  a re c e n t d iscu ss io n , 

B arton e t*al»  (35) s ta te d  th a t  the  diendione i s  never produced i f  

oxygen su b s titu e n ts  a re  a lread y  p re sen t in  the  m olecule, even i f  they  

a re  a t  p o s it io n s  12 and/or 19.

By v ir tu e  of th e  work on 12-keto~oleana-10»13(18)-d ie n y l 

a c e ta te  which has been d e ta i le d  h e re in , t h i s  can not be true*  Moreover, 

w hile th ese  au th o rs1 hypo thesis , th a t  selenium  dioxide o x id a tio n s  of 

-enes and -d ienes to  th e  -am yradiendionyl s tru c tu re  proceed v ia  

th e  1 0 i l2 i l8 - t r ie n e ,  may s t i l l  be t r u e ,  th e  1 2 -k e to -1 0 il3 ( l8 )-d ie n e  

does o f fe r  an a l te rn a t iv e  in te rm ed ia te  fo r  some of th e se  oxidations#

For example th e  ox id a tio n  of ̂ -am y rin  a c e ta te  may proceed through th e  

s tag es  shown below# The fa c t  th a t  th e  dienone has not been is o la te d  

as an in te rm ed ia te  i s  to  be explained by th e  r e la t iv e  ease of o x id a tio n  

o f t h i s  compound to  th e  diendione.
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V. iso-yf-Anyradiendionyl A cetate  and i t s  D e riv a tiv es .

In  an attem pt to  c o rre la te  12-ke to -o lean -10 -eny l a c e ta te  w ith

12*IS -d ik e to -o le an a -lQ ;13(18)-d ien y l a c e ta te ,  Green, Mower, P ic a rd  and

Spring(86) obtained  i s o -y^-amyradiendionvl a c e ta te  by selenium  dioxide

o x id a tio n  o f the  form er. This compound g ives a yellow  co lour w ith
o

te tran itro m e th an e  and shows l ig h t  ab so rp tio n  a t  245QA, £ = 1 0 ,0 0 0 . 

i s o -j^-Amyradienonyl a c e ta te  was ob tained  a lso  by th e  a c tio n  of bromine 

on 12 -keto -o lean-10-eny l a c e ta te  by th ese  workers and by Jeger and 

R uzicka(82). The form ula proposed by Green e t . a l .  has been shown to  

be in  e r ro r  by subsequent work on th e  i s o -A-amyradienonyl s tru c tu re  and 

by th e  p re p a ra tio n  o f the  dienone (XCIX) re p o rte d  in  th i s  th e s is  

(S ec tio n  IV ). The s tru c tu re  (CXIl) proposed by Jeger and Ruzicka, 

in  which i s o -^-am yradienonyl a c e ta te  i s  rep re sen ted  as being formed 

from 12-ke to -o lean-10-eny l a c e ta te  by m igration  of the  -m ethyl group 

and in tro d u c tio n  o f th e  Ql^*Qi.5 -double bond, has been s u b s ta n tia te d  

to  some ex ten t by re c e n t work of M eisels Jeger and Ruzicka (109).

These workers succeeded in  o x id is in g  i s o -/£-amyradienonyl a c e ta te  to  

th e  hydroxy d ik e to -ac id  (C X IIl), the  methyl e s te r  of which on p y ro ly s is  

gave an ac id  f r a c t io n  r  ep resen ted  as th e  hydroxy diketone (CXIV).

This hydroxy d iketone , by subsequent m ethy lation  and a c e ty la t io n ,  gave 

two isom eric methyl e th e rs  which were form ulated  as (CXV) and (CZVl), 

and were id e n t ic a l  with, two products ob ta ined  from oC-amyrin by a 

s im ila r  s e r ie s  o f re a c tio n s .
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A c O

CXf t

C O O HH O

CX/ i l

HO AcO AcO

C X V ICX/V

In  a re c en t d iscu ss io n , Budziarek, Johnston, Manson and Spring 

(77) p o in ted  out th a t  th ese  re a c tio n s  cannot be co n stru c ted  as p roo f 

of m ig ration  of the angular methyl group, and moreover, th a t  c e r ta in  

re a c tio n s  o f i s o -y^-amyradienonyl a c e ta te  and the  analagous i s o -p( -  

amyradienonyl a c e ta te  in d ic a te  th a t  such a m igration  lias not taken  

place* In  p a r t ic u la r ,  the  c a ta ly t ic  red u c tio n  of iso-0(-am yradienonyl 

a c e ta te  (CXVIl) in to  1 2 -k e to -u rs-10 -eny l a c e ta te  (CXVIIl) has been 

o ffe re d  as p roof a g a in s t such a hypothesis ( llO ) . The -work d e ta i le d  

h e re in  was undertaken w ith  a view to  e s ta b lish in g  the  c o rre c t s tru c tu re  

o f iso-yg-am yradienonyl a c e ta te ,  and as a f i r s t  approach, th e  c a ta ly t ic  

hydrogenation of th i s  compound was re-exam ined.
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CXV/tl

As mentioned above, the red u c tio n  of i s o - oC-amyradienonyl

a c e ta te  by c a ta ly t ic  hydrogenation r e s u l t s  in  th e  form ation o f a known

oC-a.myrin d e r iv a tiv e . On the  o ther hand, hydrogenolysis o f i s o -y£ -

amyradienonyl a c e ta te ,  according to  Budziarek e t « a l . (7 7 ), g ives a

compound which i s  designated as i s o - ^  -am yradienyl a c e ta te  and fo r  which

no s t r u c tu r a l  formula i s  given, ■ This compound i s  unique in  th a t  i t

d id  not show se le c tiv e  abso rp tion  in  the  u l t r a - v io le t  y e t gave a red

co lo u ra tio n  w ith the  te tran itro m eth an e  re a g en t, in d ic a tin g  a conjugated

diene system. The same product was ob ta ined  by hydrogenolysis of

th e  d ia c e ta te  of the  .d iene-d io l obtained  by red u c tio n  of i s o -yff-

amyradienonyi a c e ta te  w ith  lith iu m  aluminium hydride.

Reduction of iso -^ -am y rad ien o n y l a c e ta te  gave a p roduct which

was id e n t ic a l  w ith  th e  i s o -yff-amyradienyl a c e ta te  obtained  by Budziarek

e t . a l .  The compound, a lth o u g h 'ex h ib itin g  no s e le c tiv e  ab so rp tio n  in
o

the  u l t r a - v i o le t  above 220QA, i s  ch a rac te rised  by an ab so rp tio n  

maximum a t  212Cil, E = 4,450, •

As a f i r s t  a ttem pt to e s ta b lis h  the  s tru c tu re  of th i s  compound, 

i t  was t r e a te d  under d ra s tic  conditions w ith hydrochloric  a c id , when 

i t  was hoped th a t  conjugation  of the  u n sa tu ra ted  cen tre s  would r e s u l t .
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The s ta r t in g  m a te ria l was recovered unchanged. ' .On o x id a tio n  w ith  

potassium  permanganate in  a c e tic  a c id , i t  g ives as th e  main p ro d u c t, 

a substance which con ta in s  one atom of oxygen more than  th e  s ta r t in g  

m a te r ia l and shows no appreciab le  ab so rp tio n  in  th e  u l t r a - v i o l e t  and 

g ives no co lour w ith  te tran itrom ethane*  The second product from th e  

o x id a tio n  con ta in s  two atoms o f ouygen more -than the s ta r t in g  m a te ria l 

and lik ew ise  gives 'no co lour w ith the te tran itro m eth an e  re a g en t.

The rem arkable s t a b i l i t y  o f the  hydrogenation p roduct of i s o -y^?- 

amyradienonyl a c e ta te  to  m ineral a c id  in d ic a te d  th a t  t h i s  substance might 

be a mono-ene. Moreover, except fo r  th e  colour produced w ith  t e t r a ­

n itrom ethane, the  compound had the  in roperties of a mono-ene^ being 

ap p aren tly  o x id ised  to  a compound which war; sa tu ra te d  to  t e t r a n i t r o ­

methane and tra n sp a re n t in  the  u l t r a - v i o le t .  This l a t t e r  product was 

shorn to  be an oxide by the  form ation of a diene e x h ib itin g  l ig h t  

a b so rp tio n  a t  25801, €  -  21,000, on treatm ent w ith hydroch loric  a c id .

The fo rm ation  of t h i s  diene and not a t r ie n e  in  th i s  re a c t io n  i s  fu r th e r  

p roof of th e  s a tu ra tio n  of the  oxide and consequently th a t  the  product 

ob ta ined  by the hydrogenation of is o -y# -amyradienonyl a c e ta te  i s  not a 

d iene . This product i s  designated neo-^ -a m y rin  a c e ta te .

Following the  p roof th a t  neo-yff-amyrin a ce ta te  co n ta in s  one 

double bond, i t  was r e a l is e d ,  by co n sid era tio n  of the  l ig h t  ab so rp tio n , 

t h a t - t h i s  double bond must b e 'te t r a - s u b s t i tu te d  and th e re fo re  not one 

of th o s e 'o r ig in a l ly  p re sen t in  the  Ruzicka form ulation  of i s o -yff-  

amyradienonyl a c e ta te .  The mechanism of the  hydrogenation and subse­

quent fo rm ulation  of th e  s tru c tu re  of neo-^?-a.myrin a c e ta te  was
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e lu c id a te d  as fo llow s.

I t  was found ( i l l )  th a t  tre a tm e n t o f th e  d ia c e ta te  o f th e  

lith iu m  alum iniip. hydride red ac tio n  product of i s o -y? -am yradienonyl

c a ta ly t ic  red u c tio n  ra p id ly  absorbs two moles of hydrogen to  form neo-

s ta b le  to  c a ta ly t ic  red u c tio n  except in  th e  presence of a tra c e  o f 

m inera l acid* This stepw ise red u c tio n  of iso-y£-am yradienonyl a c e ta te  

suggested  tha t, the  c a ta ly t ic  hydrogenation proceeds v ia  th e  t r i e n e ,  and 

indeed  i t  was found th a t  the  r a te  of hydrogenation was in c reased  by a 

f a c to r  of fo u r by a d d itio n  of one drop of hydrochloric  a c id  to  th e  

re a c t io n  m ixture.

On th e  b a s is  o f th e  Ruzicka fo rm ulation , th e  red u c tio n  o f i s o -jff -

amyradienonyl a c e ta te  i s  form ulated as proceeding through th e  carbonium 

i

a c e ta te  w ith  hydroch loric  a c id  g iv e s .a  c ro ss-con jugated  t r i e n e  which on

A lso , the  same d ia c e ta te  (CXIX) was found to  be

CX/X



The s tru c tu re  (CXXl) fo r  neo- -arayrin a c e ta te  i s  p re fe r re d  to  

the  a l te r n a t iv e  (CXXIl) 011 th e  b a s is  of the  known s t a b i l i t y  o f th e  

Ql3 *Ql8 bond to  c a ta ly t ic  reduction  and th e  d is t in c t  s im i la r i ty  of
Q

th e  ab so rp tio n  spectrum of neo-yg -amyrin a c e ta te  below 2200A to  th a t  

o f o lean-13*(l8 )~ eny l a c e ta te  (17)* The 02d.de of neo~yg-amyrin 

a c e ta te  i s  form ulated  as (CXXIIl).

CXXIl

Three conjugated  d ienes (CXXIV), (CXXV), and (CXXVl) may be th e o r e t ic a l ly  

d e rived  from th e  oxide (CXXIIl). However, tra n so id  chromophores, in  

g e n e ra l, absorb w ith  h igher in te n s i ty  than  c iso id  chromophores (64 ,112), 

and th e re fo re  s tru c tu re  (CXXIV) i s  re je c te d  fo r  the  diene derived  from 

the  oxide of neo-yff-amyrin a c e ta te . On th e  evidence a v a ila b le , no 

d is t in c t io n  can be made w ith c e r ta in ty  between th e  rem aining two 

a l te r n a t iv e s ,  bu t since  th e  diene (CXXV) would be expected to  e x h ib it 

l i g h t  ab so rp tion  p ro p e r tie s  s im ila r to  o le a n a - l l i13(18)-d ie n y l a c e ta te ,  

s tru c tu re  (CXXVl) i s  p referred*
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The minor product from th e  o x id a tio n  o f neo-yff-amyrin a c e ta te  w ith  

potassium  permanganate was a t  f i r s t  thought to  be a l t2 - g ly c o l .  This 

was r e je c te d  when th e  in f r a - re d  ab so rp tion  spectrum showed th a t  i t  does

not co n ta in  a hydroxyl group* The compound shows an in te n se  ab so rp tio n
JL o  ,

a t  1691 cm , and th i s  w ith  the  low in te n s i ty  in f le c t io n  a t  295QA. in

th e  u l t r a - v i o l e t  i s  taken  as being in d ic a tiv e  o f an is o la te d  carbonyl 

group, and th e re fo re  s tru c tu re  (CXXVIl) i s  proposed fo r  th i s  d e r iv a tiv e .

C X X V  II

Since the  work on neo-yg-amyrin a ce ta te  o u tlin e d  in  th i s  s e c tio n  i s  

exp lained  adequately  on th e  b a s is  of th e  Ruzicka fo rm ulation  fo r  i s o -  

-am yradienonyl a c e ta te ,  th i s  may b e .o ffe re d  as a d d itio n a l evidence in  

favour o f such a s tru c tu re .



EXPERIMENTAL#
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A ll m elting p o in ts  a re  nnco rrec ted . S p ec ific  r o ta t io n s  were 

e s tim ated  a t  15-2^G  in  chloroform so lu tio n  using  a 1 dcm. tu b e , u n le ss  

o therw ise  s ta te d .

" S ta b iliz e d  a c e tic  acid" r e f e r s  to  g la c ia l  a c e tic  a c id  which 

has been re flu x e d  and d i s t i l l e d  over chromic anhydride.

E x tra c tio n of  Q leanolic Acid from Spent Cloves.

F in e ly  ground cloves (2 .7  k g .) were heated  under reflux: w ith  

e th e r  (7 1 .)  fo r  tw enty fou r hours, a f te r  which more e th e r  (7 1 .)  was 

added and heating  continued fo r twenty four hours. The so lu tio n  was 

f i l t e r e d ,  washed w ith  aqueous a lk a l i  (N. ,4 ) and the  potassium  s a l t  

f i l t e r e d ,  u sing  a "Hyflo" f i l t e r  pad on th e  paper. The d r ie d  s a l t  

was d isso lv ed  in  m ethylated s p i r i t s  and the  hot so lu tio n  f i l t e r e d  and 

a c id i f ie d  (congo red) w ith hydrochloric  ac id . Crude o le an o lic  ac id  

(120 g) was c o lle c te d , d ried  in  a i r  (m.p. 290°) and p u r i f ie d  by 

a c e ty la t io n .

A cety l Q leanolic  A cid.

Crude o lean o lic  a c id  (20g) was d isso lved  in  b o ilin g  a c e tic  

anhydride (140 ml.) and the so lu tio n  was heated  under re f lu x  fo r  th re e  

h ou rs . The d ia c e ty l compound which c r y s ta l l i s e d  from th e  so lu tio n  was 

c o lle c te d  and d isso lved  in  b o ilin g  methanol and th e  so lu tio n  re flu x ed  

fo r  two hours and allow ed to  cool. R e c ry s ta ll is a tio n  o f the  product 

from methanol gave a ce ty lo le a n o lic  a c id  (l5g) as needles m.p. 260- 

261°C. Wedekind and Schicke (Z .Physiol.Chem .195, 132) give m .p.268° 

fo r  t h i s  a c id .



O xidation  o f A cety lo leano lic  Acid w ith  Chrom

A cety lo lean o lic  ac id  (lOg) was d isso lv ed  in  s ta b i l iz e d  a c e tic  

a c id  (550 m l.) and to  th i s  so lu tio n  was added, dropwise over a p e rio d

o f two hours, chromic anhydride (6 .7g) d isso lv ed  in  a l i t t l e  w ater and 

g la c ia l  a c e tic  a c id  (385 m li) , according to  th e  method o f Ruzicka and

throughout th e  a d d itio n . S t i r r in g  was continued fo r  a fu r th e r  t h i r t y  

m inutes and then  th e  m ixture was allowed to  stand  a t  room tem perature 

f o r  two days. A fte r decomposing the  excess anhydride w ith  m ethanol, 

th e  so lven t was removed under reduced p ressu re  and th e  dark green 

re s id u e  d isso lv ed  in  a m ixture of chloroform  and w ater, to  which was 

added enough e th e r to  give two separable la y e r s . The e ther-ch lo ro fo rm  

e x tra c t  was washed w ith  water and then  w ith  sodium hydroxide so lu tio n  

(ZOO ml}, 2N). The emulsion was f i l t e r e d  under s l ig h t ly  reduced 

p re ssu re  and the  two la y e rs  o f the f i l t r a t e  were sep ara ted .

The e th e r-c h lo ro fo ra  la y e r  was washed w ith sodium hydroxide 

so lu tio n  (100 ml}, 2N), and w ith  w ater t i l l  the washings were n e u tra l ,  

and d rie d  over sodium su lphate . The re s id u e  (4 .4 g .)  ob ta ined  on 

evapo ra tion  of the  e ther-ch lo ro fo rm , was fu r th e r  p u r if ie d  by f i l t r a ­

t io n  through a sh o rt column of alumina, using  a 111 m ixture of benzene 

and l i g h t  petroleum  ( b .p .60-80°) as e lu a n t. C ry s ta l l is a t io n  from 

m ethanol-chloroform  gave a c e ty lk e to -o le a n o lic  lac to n e  as n eed le s ,

Cohen(l2). The w ell s t i r r e d  m ixture was kept a t  room tem perature

m.p. 283-285°, [* ]d + 10°(C, 1 .0 ) .

C alcu la ted  fo r

Found I

**

C, 75*1 } H, 9*6 %

C, 75-0 } H, 9*4 %
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The impure sodium s a l t  rem aining on the  f i l t e r  was d rie d  and d isso lv ed  

in  ethanol* The f i l t e r e d  so lu tio n  was made ac id  to  congo re d , and th e  

oxide a ce ty lk e to -o le a n o lic  a c id  (2 -ace to x y -ll-k e to -o lean -1 2 -en -1 7 -o ic  

ac id ) (3 .5g) which c r y s ta l l i s e d  on cooling  was r e c r y s t a l l i s e d  many 

tim es from m ethanol-chloroform . The ac id  c r y s ta l l i s e s  as f in e  n eed le s , 

m.p* 267-268.

L ight abso rp tio n  in  e thano l ) maximum a t  2,500 j£*, G = 11,900*

Treatm ent o f A cety lk e to -o lean o lic  Lactone w ith  Hydrogen Bromide«

(a) In  e th an o l*

A so lu tio n  o f a c e ty lk e to -o le a n o lic  lac to n e  ( l  g) in  dry e thano l 

(50 m l.) was s a tu ra te d  w ith dry hydrogen bromide, and re f lu x e d  fo r  

t h i r t y  m inutes. The m ixture was again  s a tu ra te d  w ith  hydrogen 

bromide and re flu x ed  fo r  th i r t y  m inutes. A fte r cooling  to  room tem per­

a tu re  th e  m ixture was sa tu ra te d  w ith  hydrogen bromide, kept o v e rn ig h t, 

and th en  d ilu te d  w ith  w ater. The p r e c ip i ta te  was e x tra c te d  w ith  e th e r ,  

th e  e x tra c t  washed w ith  aqueous sodium hydroxide (3%) and the  a lk a l in e  

so lu tio n  washed w ith e th e r before a c id i f ic a t io n  w ith  d i lu te  hydro­

c h lo r ic  acid* The p re c ip i ta te d  so lid  was c o lle c te d  by means o f e th e r ,  

and th e  e th e re a l so lu tio n  washed w ith w ater, d ried  over magnesium 

su lphate  and evaporated. The s o lid  re s id u e  (0 .8 g .)  was c r y s ta l l i s e d  

from m ethanol-chloroform  to  gitfe ke to - i s o -o le a n o lic  a c id  ( l2 - k e to -  

o lean -1 0 -en o lic  a c id ) as prism s, m.p. 320°( decomp.) ,  [oc]p + 45°

(C, 1 -14).

Found ; C, 76.8 ; H, 10.2 %

C30Hi.6Q* re q u ire s  I C, 76.55 % H, 9.9 %



Light ab so rp tio n  in  ethanol^ max* a t  2,49Q&, 6  = 10,000*

A cety l-12-k e to -o lean -1 0 -en o lic  Acid*

12-K eto-o lean-10-enolic  ac id  ( o . l  g) in  p y rid in e  ( l  hlQ and 

a c e t ic  anhydride (3 m l.) was heated  on the  steam ba th  fo r  one hour.

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

la y e r  washed w ith  d i lu te  hydrochloric  a c id  and aqueous sodium hydroxide 

(3$.
A c id if ic a t io n  of the a lk a lin e  e x tra c t  gave th e  f r e e  a c id  which 

was c o lle c te d  w ith  e th e r ,  and the e th e re a l so lu tio n  washed w ith  w ater, 

d r ie d  over magnesium sulphate  and evaporated* The re s id u e  c r y s ta l l i s e d  

from m ethanol-chloroform  as prisms> m.p. 328°(decomp.) ,  [oCjp + 61°(C, l .O ) .

Found l  C, 74.6 ; H, 9.7 %

C alcu la ted  fo r  Q32H1.8Q5 • C, 74.9 ; H, 9 .5  %

Ruzicka, Cohen, F u rte r  and S luys-V eer(7l) give m.p. 328-30°,

M d + 61°, and K itasa to (72 ) gives m .p .324-330° [oC]p + 4 7 ° , fo r  th i s  

a c id .

The a c id  was recovered  unchanged a f te r  sublim ation  in  vacuum 

a t  250°.

(b) In  a c e tic  a c id .

A cety lk e to -o lean o lic  lac tone  (0 .9g) was d isso lved  in  a c e tic  

a c id  (7 m l.)*  the  so lu tio n  was s a tu ra te d  w ith  dry hydrogen bromide and 

allow ed to  stand  a t  room tem perature fo r  a week, according to  th e  

method o f K ita sa to (7 2 ). The so lu tio n  was poured in to  w ater and th e  

product c o lle c te d  by means of e th e r . The e th e re a l e x tra c t  was th en  

worked up in  a manner s im ila r to  th a t  described  under m ethod(a).
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The a c id  f r a c t io n  c ry s ta l l i s e d  from m ethanol-chloroform  to  give 

ace ty l-1 2 -k e to -o lean -1 0 -en o lic  ac id  as p rism s, m .p.326°(decom p.), 

undepressed on admixture w ith  th a t  described  above under m ethod(a). •

Methyl 12-K eto-olean-10-en o la te  (Methyl is o -Keto- o le a n o la te ) -  

12 -K eto -o lean-10-eno lic  a c id  (0.2g) was d isso lved  in  dry e th e r (50 m l.) 

and to  t h i s  so lu tio n  was added an e th e re a l so lu tio n  of diazomethane (50 m l.) 

The m istu re  was allow ed to  stand fo r  two hours and the  excess of d iazo­

methane was then  evaporated off* The e th e r so lu tio n  was washed w ith  

sodium b icarbonate  so lu tion(3 /£), w ater, and d ried  over sodium sulphate*

The re s id u e  on evaporation  of the e th e r gave m ethyl-12-keto~olean-10- 

en o la te  as f in e  needles from m ethanol-chloroform , m.p. 232-233°,

hour. The m ixture was poured in to  w ater, e x tra c te d  w ith  e th e r ,  and 

th e  e th e r  la y e r  washed w ith d ilu te  hydroch loric  a c id , aqueous sodium 

hydroxide(3 %), and w ater. A fte r drying over sodium su lp h a te , th e  

e th e r  was evaporated and the residue  c r y s ta l l i s e d  from methanol as

[o t]D + 40°(G, 0 .5 3 ).

Found I C, 77.0 > H, 10.2 %

C alcu la ted  fo r  C, 76.8 > H, 10.0 %
o

Light ab so rp tio n  in  e thanol : max. a t  2,500 A, €  = 10,900. 

K itasa to (72 ) g ives m.p. 216°, [oC]p + 2 5 .7 ° , fo r  th i s  e s te r .

Methyl Ac e ty l -12 -k e t o-  olean-10- eno lat e (Methyl A cety lketo- i s o - o le a n o la te ) 

M ethy l-12-ke to -o lean-10-eno late(0 .12g .) was a c e ty la te d  w ith  

a c e t ic  anhydride (3 m l.) and p y r id in e ( l  m l.) on th e  steam ba th  fo r  one

p la te s ,  m.p. 207-208°, [ot]p + 56° (C, 0 .9 ) .
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Found l C, 75.5 •, H, 9.7 %

C alcu la ted  fo r  Q33H50O5 * C, 75.2 •, H, 9.6 %

Methyl A ce ty lo lean o la te .

A cetyl o lean o lic  ac id  (10 g .)  in  dry e th e r (500 m l.) was t r e a te d  

w ith  an excess o f diazomethane in  e th e r . The m ixture was allow ed to  

s tan d  a t  room tem perature fo r  two hours and the  excess o f diazomethane

was destroyed  w ith  a c e t ic  a c id . The e th e re a l so lu tio n  was washed w ith

aqueous sodium hydroxide (200 ml} 3%) and then  w ith w ater. The re s id u e  

o b ta in ed  on evaporation  of the  d ried  (Na^SO^) e th e re a l so lu tio n  was 

c r y s ta l l i s e d  from ethanol to  give methyl a c e ty l o lean o la te  (9 .6g) as 

p r ism a tic  n eed les , m.p. 219-221°, [a<Jd + 67° (C, 0 .6 7 ).

Methyl A ce ty l-12-k e to -o lean o la te  (Methyl A cetyl difay dr o k e to -o le an o la te ) .

Methyl a ce ty lo lean o la te  (5 .2 g .) was d isso lved  in  g la c ia l  a c e tic  

a c id  (178 ml) a t  80°. To th i s  so lu tio n , hydrogen peroxide (22.3 ml}

40 v o ls .)  in  g la c ia l  a c e tic  ac id  (45 m l.) was added dropwise, w ith  

s t i r r i n g ,  according to  the  method of Ruzicka and C ohen(l2). The 

a d d itio n  was made over a p e riod  of one hour. A sm all amount o f unchanged 

e s t e r ,  which c r y s ta l l i s e d  on cooling th e  so lu tio n , was removed by 

f i l t r a t i o n .  The f i l t r a t e  was heated on the  steam ba th  and th e  product 

was p re c ip i ta te d  by a d d itio n  of w ater, c o lle c te d , washed w ith  w ater, and 

d r ie d  in  vacuum over c au s tic  po tash . C ry s ta l l is a t io n  from methanol 

gave m ethy lace ty l-12-k e to - o leano la te  (4 .8 g .)  as needles m .p .194-195°.

The product gave nocoloura tion  w ith te tran itro m eth an e  in  chloroform .



Brom ination o f Methyl A cety l-12-k e to -o le a n o la te .

Methyl a ce ty l-1 2 -k e to -o lean o la te  (13 g . ) in  a c e tic  a c id  (850 ml*) 

was t r e a te d  w ith  a few drops of 48^ aqueous hydrobromic a c id , and th en  

w ith  a so lu tio n  o f bromine in  a c e tic  a c id  (85,5 ml} 5%) a t  40°. The 

so lu tio n  was kept a t  room tem perature overnight before being heated  on 

th e  steam b a th  fo r  t h i r t y  m inutes. The m ixture was th en  poured in to  

w a te r , and th e  p re c ip i ta te d  so lid  c o lle c te d , washed w ith  w a ter, d ried  

in  vacuo and c r y s ta l l i s e d  from methanol, to  give methyl a c e ty l-12-k e to -  

o lean -1 0 -en o la te  (8 ,5  g . ) as p la te s ,  m.p. 208-209°, M d + 57° (C, 1 .0 6 ).

Found i C, 75.2 * H, 9 .7  %

C alcu la ted  fo r  ChaHeoOg I C, 75.2 •, H, 9.6 %
o

L ight ab so rp tion  in  e thanol t max. a t  2,500 A, £  -  10,000.

A m ixture w ith  the  specimen (m .p.207-208°) ob ta ined  from a ce ty lk e to  

o le an o lic  lac to n e  had a m.p. 207.5 -  209°. Methyl a c e ty l-1 2 -k e to -o le an - 

1 0 -en o la te  c r y s ta l l i s e s  from methanol as e i th e r  p la te s  or p rism a tic  

need les according to  th e  concen tra tion  o f the  so lu tio n , th e  two forms 

being  in te rch an g eab le .

Methyl 12-K eto -o lean-10-eno la te .

Methyl a c e t y l -12-keto -o lean -10 -eno la te  (0 .2 g .) ,  p repared  as above, 

was d isso lv ed  in  e th an o lic  potassium  hydroxide so lu tio n  (10 ml.* 5/0 

and th e  so lu tio n  heated  under re f lu x  fo r  two hours. The m ixture was 

poured in to  w ater and the  so lid  c o lle c te d  w ith e th e r . The e th e rea l 

so lu tio n  was washed w ith  w ater, d ried  (Ne^SO*) and evaporated . The 

re s id u e  c r y s ta l l i s e d  from aqueous methanol to  give methyl 12 -k e to -o lean -

1 0 -en o la te  as n eed les , m.p. 233°, [ot]p + 42° (G, 0 .9 5 ).



-  39 -

Found I C, 77.1 * H, 10 .1  %

C alcu la ted  fo r  CbiHtsQt : C, 76*8 * H, 10.0  %

A m ixture o f t h i s  e s te r  w ith  the  hydroxy-ester (m .p.232-233°) 

from a c e ty lk e to -o le a n o lic  lac to n e  had a m.p. 233°.

Methyl A cety lo lean -1 0 -en o la te .

Methyl ace ty l-12~ keto -o lean -10 -eno la te  ( l  g .)  in  s ta b i l iz e d  

g la c ia l  a c e t ic  a c id  (75ml.) was shaken w ith  hydrogen in  th e  presence of 

p la tinum  (A 4 g .) a t  room tem perature and atm ospheric p re ssu re  fo r  two 

days, during which the  equ ivalen t o f approxim ately 2 mols. o f hydrogen 

was absorbed. The so lu tio n  was f i l t e r e d ,  the f i l t r a t e  d ilu te d  w ith  

w a te r , and th e  c ry s ta l l in e  s o lid , m.p. 172-177°, co llec ted*  A fte r 

two r e c r y s ta l l i s a t io n s  from m ethanol-chloroform  th e  product had.m.p* 

172-177° and showed an absorp tion  maximum in  ethanol a t  283QA (£  =880).

The s o l id  (0 .4 7 g .) was d isso lved  in  l ig h t  petroleum  (b .p . 60-80°*, 100 m l.) 

and chromatographed on a c tiv a te d  alumina (Grade II*, 15 x 2 cm.) .  L ight 

petroleum  (b .p . 40-60°*, 620 m l.) and l ig h t  petroleum -benzene (411 * 100 m l.) 

e lu te d  a s o l id  (235mg.), m.p. 184-187°, c r y s ta l l i s a t io n  o f which from 

m ethanol-chloroform  gave methyl a ce ty lo lean -1 0 -eno la te  as n eed les , 

m.p. 191 .5 -192 .5°, [oC]D + 52°, + 52° (C, 0.84* 0 .4 0 .) .

Found t C, 77.4 * H, 10.4 /£*

C33H53Q4: re q u ire s  t C, 77.3 *, H, 10.2 %

Methyl ace ty lo lean -1 0 -en o la te  g ives a yellow  colour w ith  

t i tra n itro m e th a n e  in  chloroform*, i t  does not show s e le c tiv e  ab so rp tio n
O

in  th e  u l t r a - v io le t  above 2200 A •
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A fte r the column had been washed w ith  l ig h t  petroleum -benzene 

(4 :1  •, 500 m l.) ,  benzene (200 m l.) e lu te d  a so lid  (42 mg.) m.p. 191-196°, 

X  2830A (fr£hr 1500). This f r a c t io n  was not ob ta ined  pure bu t 

p robab ly  contained  an appreciab le  q u an tity  of methyl ace ty lo leana-10«12- 

d ie n o la te .

Methyl Qlean-10-e n o la te .

Methyl a c e ty lo lean -1 0 -en o la te , (O .lg .) was t r e a te d  w ith  b o ilin g  

e th a n o lic  potassium  hydroxide (10 ml.} 5%) fo r  two hours. The p ro d u c t, 

methyl o lean -10-e n o la te , was is o la te d  by means of e th e r in  th e  u su a l way 

and c r y s ta l l i s e d  from methanol-chloroform  as needles m.p. 213-214°,

W d + 41° (C, 0 .9 3 ).

F o u n d : C, 79.1 * H, 11.0  %

CS1 H50Q3 re q u ire s  I C, 79.1 } H, 10.7 %

Treatm ent o f A cety l-12-ke to -o lean -lO -e n o lic  Acid w ith  Q uinoline.

A cety l-12 -ke to -o lean -10 -eno lic  a c id  (Q.3g) in  qu ino line(50  m l.) 

was heated  fo r  two hours a t  250-255°. The cooled so lu tio n  was poured 

in to  d i lu te  hydroch loric  a c id  (250 ml.} 7%), and the  m ixture e x tra c te d  

w ith  e th e r .  The e th e re a l e x tra c t was washed su ccessiv e ly  w ith  d i lu te  

hy d roch lo ric  a c id , sodium hydroxide so lu tio n  and w ater, and d ried  over 

magnesium su lp h a te . Removal of the so lven t gave a dark brown re s id u e  

(46 mg.) which a f te r  being washed w ith a l i t t l e  methanol was c r y s t a l l ­

is e d  from m ethanol, y ie ld in g  need les, m.p. 278-281°} a m ixture w ith  

a c e ty lk e to -o le a n o lic  lac to n e  (m.p. 280-282°) had m.p. 262-270°.
o

L ight ab so rp tion  in  ethanol } max. a t  257Q&, € = 14,200.
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A c id if ic a tio n  o f th e  a lk a lin e  washings o f th e  e th e re a l e x tra c t  

fo llow ed  by c r y s ta l l i s a t io n  of the  product from m ethanol-chloroform , 

gave ace ty l-1 2 -k e to -o lean -1 0 -en o lic  a c id  (0 .24g .) as prism s m .p .316- 

319° (decom p.), undepressed on mixed m elting w ith  s ta r t in g  m ateria l*

R eduction of Methyl A cety l-12-k e to -o lean -10-en o la te  w ith  Sodium 
and Amyl A lcohol.

To a b o ilin g  so lu tio n  of methyl a ce ty l-1 2 -k e to -o lean -1 0 -en o la te  

(0 .7 5 g .)  in  Technical amyl a lcohol(20 m l.) ,  sodium (0 .75g . ) was added 

over a p e rio d  of 2-3 m inutes. A fte r the  i n i t i a l  re a c tio n  had sub­

s id ed , a fu r th e r  q u an tity  o f sodium (0 .75g .) was added and th e  m ixture 

was re f lu x e d  fo r  fo r ty  m inutes. Amyl a lcoho l (8 m l.) was added and 

h ea tin g  continued fo r  a fu r th e r  hour. To the  cooled m ix tu re , hot 

w ater was added to  destroy the  sodium amyl oxide, and th e  amyl a lcoho l 

was d i s t i l l e d  o f f  in  steam. A1 brown res in o u s s o lid  was p r e c ip i ta te d  

as th e  d i s t i l l a t i o n  proceeded, which was f i l t e r e d  o f f  and d isso lv ed  

in  a m ixture of chloroform and e th e r . The e ther-ch loroform  so lu tio n  

was washed w ith  w ater and evaporated to  dryness a f te r  being d ried  over 

magnesium su lp h ate . The residue  was d isso lved  in  a c e tic  anhydride 

(25 m l.) and fused  sodium a c e ta te  (0 .3 g .)  was added and th e  so lu tio n  

was heated, under re f lu x  fo r  one hour. The cooled re a c tio n  m ixture 

was poured in to  w ater and the  product is o la te d  by means o f e th e r  in  

th e  u su a l way. The re s u lta n t  gum was d isso lved  in  p e t ro l  (150 m l.) 

and chromatographed on a c tiv a te d  alumina. Only two c r y s ta l l i s a b le  

f r a c t io n s  were ob tained  from the chromatogram,, Both f r a c t io n s  

c r y s ta l l i s e d  from methanol, m.p. 115°(approx .) and n e ith e r  gave a 

c o lo u ra tio n  w ith te tran itrom ethane  in  chloroform , or showed any
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ap p rec iab le  ab so rp tion  above 2 ,2QQiL.

R eduction of Methyl A cety l-12-k e to -o lean -lQ -eno la te  w ith  Sodium Amalgam* 

Sodium amalgam (50g*> 3%) Fas added" to  a b o ilin g  so lu tio n  o f 

m ethyl a c e ty l-12 -keto -o lean -10 -eno la te  ( l g . ) in  e th y l a lco h o l (250 ml**,

90%), The m ixture was heated  under r e f lu x  fo r  th re e  hou rs , cooled , 

f i l t e r e d  a c id i f ie d  w ith  d ilu te  hydrochloric  a c id  and th e  p re c ip i ta te d  

s o l id  e x tra c te d  w ith  e th e r . The e th e r e x tra c t  was washed w ith  w a ter, 

d r ie d  (MgSQ^.), and evaporated to  dryness* The re s id u e  was re d is so lv e d  

in  e th y l a lcoho l and the  above procedure repeated* The product ob ta ined  

gave a yellow  colour w ith  te tran itro m eth an e  and was d isso lv ed  in  a c e t ic  

anhydride (50 m l.) ,  fused  sodium a c e ta te  (0 .5 g .)  was added and th e  

s o lu tio n  was re flu x ed  fo r  one hour*

Working up th e  a c e ty la tio n  m ixture as before gave a product 

which c r y s ta l l i s e d  from m ethanol-chloroform  as n eed les , m*p. 180°(range) ,  

which gave a brown colour w ith te tran itro m eth an e  in  chloroform .

The product was heated under re f lu x  w ith  e th an o lic  potassium  

hydroxide (100 ml.*, 4/Q fo r  one hour and the  r e s u lt in g  a lco h o l was 

re a c e ty la te d  as described  above* C ry s ta l l is a t io n  of th e  product 

many tim es from m ethanol-chloroform  gave n eed les, m*p* 217-220°,

M d + 7 7 .5 ° , (C, 2 .3 ) .  The product gave a yellow  co lour w ith  

te tra n itro m e th a n e , which in d ica ted  th a t  i t  was not th e  re q u ire d  methyl 

ac e ty l-o lean -lO S 12-d ienolate*
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R eduction o f 12-Keto -o lean -10-eno lic  Acid w ith  Sodium Amalgam*

01eana-1 0 s l2 -d ien o lic  Acid*

12-K eto-o lean-10-enolic  a c id  ( l .2 g .)  was heated  under r e f lu x  in  

e th y l a lco h o l (100 ml*} 90%) w ith  sodium amalgam (70g. *, 3%) fo r  th re e  

hours* The co ld  m ixture was f i l t e r e d ,  then  a c id i f ie d  w ith  d i lu te  

hydroch lo ric  a c id , and th e  p re c ip i ta te d  s o lid  e x tra c te d  w ith  ether*

The e x tra c t  was washed w ith w ater, d rie d  over magnesium su lp h a te , and 

evaporated . The re s id u e  was c r y s ta l l i s e d  from m ethanol, to  give 

o leam *i0*12-dienolic  a c id  as prism s, m.p* 293-295°, [«C]j) + 202°

(C, 0.78)*

Found I C, 79.2 *, H, 10.2 %

C alcu la ted  fo r  C30H46Q3 • C, 79.2 y H, 10.2 %
o

L ight ab so rp tio n  in  e thanol y max. a t  2830A, 6  = 7 ,000.

K ita s a to ( l l )  g ives m.p. 295-300°, [ot]p + 206.8° fo r  th e  sodium 

amalgam red u c tio n  product from a c e ty lk e to - iso -o le a n o lic  a c id .

P u r if ic a t io n  o f th e  ac id  was extrem ely d i f f i c u l t  and, although 

th e  m.p. remained u n a lte re d  a f te r  each c r y s ta l l i s a t io n ,  th e  sp e c if ic  

r o ta t io n  and in te n s i ty  of the u l t r a - v io le t  abso rp tion  maximum in c reased  

s l ig h t ly .

Methyl 01eana-1 0 tl2 -d ien o la te  was prepared  hy e s t r i f i c a t i o n  of 

th e  a c id  w ith  e th e re a l diazomethane. I t  sep ara tes  from methanol as

n eed le s , m.p. 194-196°, [«<.]d + 203° (C, 0 .9 2 ).
Q

Light abso rp tion  in  ethanol s max. a t  2840 A, £ = 6,800.

K i ta s a to ( l l )  g ives m.p. 198? fo r  the  methyl e s te r  o f th e  a c id  

o b ta ined  by sodium amalgam reduc tion  o f a ce ty lk e to -i s o -o le a n o lic  a c id .
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Brom ination o f A cety lk e to -o leano lic  Lactone (l2 -K eto-01eanolic  Lactone 
S cetateJT" “ "

The k e to -lac to n e  a ce ta te  ( 0 .55g.) in  g la c ia l  a c e t ic  a c id  (50 m l.)

was t r e a te d  a t  50° w ith  a 48$ aqueous so lu tio n  o f hydrogen bromide

(3-4  drops) and then  w ith  bromine in  a c e tic  ac id  (3 .5  ml. \ 5$),

added dropwise w ith  s t i r r i n g .  The so lu tio n  was heated  on th e  steam 

b a th  fo r  f iv e  minutes and then allowed to  stand  overn igh t a t  room 

tem p eratu re . The product obtained by ad d itio n  o f w ater to  th e  ho t 

so lu tio n  was c o lle c te d  and r e c r y s ta l l i s e d  from a c e tic  a c id  to  give

l l -bromo-12-k e to - o lean o lic  lactone  a c e ta te  as n eed les , m .p .320°

(decomp.) w ith  darkening over 200°, M d  + 50 (£> .

Found l  C, 64.8 y H, 8 .1  $

Q32H47O5 re q u ire s  i  C, 65.0 % H, 8 .0  $

The compound gave a p o s it iv e  B e ils te in  t e s t  fo r  halogen and was 

recovered  unchanged a f te r  heating  a t  100° fo r  two days in  g la c ia l  

a c e t ic  a c id .

Treatm ent of l l - Bromo-12-K eto-01eanolic Lactone A cetate w ith  
Sodium Iod ide and Acetone.

The brom o-ketone(0.17g.) in  acetone(60 m l.) was t r e a te d  w ith  

sodium io d id e  (0 .5 g .)  and th e  so lu tio n  was heated under r e f lu x  fo r  

4J- hou rs. On coo ling , the  dark brown colour which had developed was 

destroyed  w ith  sodium th io su lp h a te  so lu tio n  and th e  p r e c ip i ta t io n  o f 

th e  s o l id  was completed by ad d itio n  o f w ater. The product was 

is o la te d  by means o f e th e r in  th e  u su a l manner. The re s id u e  ob tained  

on evaporation  of th e  e th e r was d isso lved  in  m ethanol-chloroform , 

from which an amorphous so lid  m s  deposited . The substance gave
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a n eg ative  B e i ls te in  t e s t  and could not be p u r i f ie d  by fu r th e r  

c r y s t a l l i s a t i o n  o r by chromatography*
o

L ight ab so rp tio n  in  e thano l } max. a t  2,200 A, £  = 800.

O xidation  o f M ethyl-A cetyl-12 -k e to -o le an -1 0 -enolate w ith  Selenium 
D ioxide.

Selenium d iox ide (0 .8 4 g .) was added to  a b o ilin g  so lu tio n  o f 

m ethyl a ce ty l~ 1 2 -k e to -o lean -1 0 -en o la te  (0 .8 4 g .) in  a c e t ic  a c id  (50 m l.) 

and th e  m ixture was hea ted  under re f lu x  fo r  24 hours. The cooled 

s o lu tio n  was f i l t e r e d  and th e  f i l t r a t e  d i lu te d  w ith  w a ter. The 

p r e c ip i ta te d  s o lid  was e x tra c te d  w ith  e th e r  and th e  e th e r  la y e r  was 

washed w ith  potassium  hydroxide so lu tio n  (3%) t i l l  th e  washings were 

s l ig h t ly  a lk a l in e ,  th en  w ith  potassium  cyanide so lu tio n  (100 ml.} 3%) 

and f in a l ly  w ith  w ater and d rie d  over sodium su lp h a te . On ev apora tion  

o f  th e  e th e r ,  th e  re s id u e  was d isso lv ed  in  l i g h t  petroleum  ( b .p .60-80°}

50 m l.) and benzene (40 m l.) and chromatographed on a column o f

a c t iv a te d  alumina [Grade II*, 13.5 x 1 .5  cm .). L ight petro leum - 

benzene ( l t l  •, 400 m l.) e lu te d  a s o l id ,  (l27m g.) m.p. 291-297°.

Benzene (1000 m l.) e lu te d  a f r a c t io n  (285 mg.) m .p.294-296°, and 

benzene-e ther ( 4 i l  } 300 m l.) gave a f u r th e r  138 mg., m .p .296-299°.

These th re e  f r a c t io n s  were combined and c r y s ta l l i s e d  tw ice  from 

m ethanol-chloroform  to  give an oC- y?-u n sa tu ra te d  keto  la c to n e , as 

n e ed le s , m.p. 300-302°, [oc]j) -  73° (C, 1 .4 3 ) .

Found » C, 75.2 } H, 9.15$ -OCHg, 0*0$

032^6^5 re q u ire s  % C, 75.25 } H, 9 .1  $
o

L igh t ab so rp tio n  in  e thano l } max. a t  2,380 A, £  = 11,450.

T his compound gave no co lo u ra tio n  w ith  te tra n itro m e th a n e  in  chloroform .
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A ttem pted Hydroly s is  o f the  Lactone O btained by th e  A ction  
o f Selenium Dioxide on Methyl A cety l-1 2 -k e t o - o le a n -1 0 -e n o la te «

a) Using hydrogen bromide*

The lac to n e  (0 .5 5 g .) ,  p repared  as above, was d isso lv ed  in  dry

e th an o l (50 ml*) and th e  so lu tio n  was s a tu ra te d  fo u r tim es w ith  hydrogen

brom ide, w ith  in te rm it ta n t  h a lf  hour re f lu x in g  a f te r  each sa tu ra tio n *

The co ld  so lu tio n  was poured in to  w ater and th e  s o l id  e x tra c te d  w ith

a m ixture o f e th e r  and chloroform* The e th er-ch lo ro fo rm  e x tra c t  m s

washed w ith  potassium  hydroxide so lu tio n  (3$) and w ater and d r ie d  over

sodium sulphate* A c id if ic a t io n  o f th e  a lk a l in e  washings gave no ac id

fra c tio n *  A fte r ev ap o ra tio n  o f th e  so lv e n t, th e  n e u tra l  f r a c t io n

c r y s ta l l i s e d  from methanol as sm all p r ism a tic  n eed le s , m .p .360-365°

(decomp*) The product gave a marked dep ression  on mixed m elting  w ith

th e  s ta r t in g  materiaJL and showed no te tran ith ro m e th an e  co loura tion*

A ce ty la tio n  o f th e  above product w ith  a c e tic  anhydride and

p y rid in e  on th e  steam b a th  and working up in  th e  u su a l way gave an

a c e ta te  which c r y s ta l l i s e d  from m ethanol-chloroform  as  p la te s ,  m.p*

307-309°, [o(]d -  75° (C, 1 .0 9 ) . This a c e ta te  showed no d ep ression  on

adm ixture w ith  th e  o r ig in a l  lactone*

The compound proved to  be dimorphous and can be c r y s ta l l i s e d

as  need les or p la te s  according to  th e  co n cen tra tio n  o f th e  so lu tio n

an d /o r th e  c r y s ta l l in e  form o f th e  seed  c r y s ta l .  The a c e ta te  in

th e  form o f n eed le s , m.p* 300-302° was undepressed by s ta r t in g

m ateria l*
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b) Using a lc o h o lic  potassium  hydroxide.

The la c to n e  (0 .3 g .)  in  e th an o lic  potassium  hydroxide (40 ml**, 

10/S) was heated  under r e f lu x  fo r  f iv e  hours. The so lu tio n  was cooled , 

a c id i f ie d  w ith  d i lu te  h y d ro c h lo ric .a c id , and th e  s o l id  e x tra c te d  w ith  

ether*  The e th e r  e x tra c t  was worked up in  th e  u su a l way and th e  

p roduct a c e ty la te d  on the  steam ba th  w ith  a c e t ic  anhydride and p y rid in e  

f o r  one hour. The a c e ty la t io n  m ixture was worked up in  th e  u su a l way 

and th e  p roduct c r y s ta l l i s e d  from m ethanol-chloroform  as need les 

m.p. 300-302°, undepressed  on adm ixture w ith  s ta r t in g  m a te r ia l .

A ttem pted C a ta ly tic  Hydrogenation of th e  Lactone Obtained by the  
A ction  o f Selenium Dioxide on Methyl A cety l-1 2 -k e to -o lean -1 0 -en o la te .

The lac to n e  (0*24g.) in  s ta b i l iz e d  a c e tic  a c id  (150 m l.) was 

shaken w ith  p latinum ’ (0.1g«) in  an atmosphere of hydrogen, a t  room 

tem peratu re  fo r  twenty fo u r hours. The so lu tio n  was f i l t e r e d  and th e  

p roduct p r e c ip i ta te d  from th e  f i l t r a t e  by a d d itio n  o f w a te r , was 

c o l le c te d ,  d r ie d , and c r y s ta l l i s e d  from m ethanol-chloroform  to  give 

n e ed le s , m.p. 300-302°, undepressed by s ta r t in g  m a te r ia l , M d -73°

(C, 1 .0 ) .

Ox id a tio n  o f Methyl A cety l-12-k e to -o le a n o la te  w ith  Selenium D ioxide.

Methyl A cety l-12-k e to -o le a n o la te  ( l g . ) was d isso lv ed  in  s t a b i l ­

iz e d  a c e t ic  a c id  (50 m l.) .an d  the  so lu tio n  was re f lu x e d  w ith  selenium  

d iox ide  ( l g . ) f o r  tw enty fo u r hours. The cold  so lu tio n  was f i l t e r e d  

and th e  f i l t r a t e  d i lu te d  w ith  w ater. The p re c ip i ta te  was e x tra c te d  

w ith  e th e r  and th e  e th e r  e x tra c t  was worked up as d esc rib ed  in  th e  

o x id a tio n  o f methyl ace ty l-12 '-ke to -o lean -10~ eno la te  ^ />- 9? ) #
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The re s id u e  rem aining a f t e r  removal o f th e  so lv en t from th e  d rie d  e th e r  

e x t r a c t ,  was d isso lv ed  in  l i g h t  petro leum  (b .p . 60-80°} 100 m l.) and 

benzene (50 m l.) and chromatographed on a column o f a c t iv a te d  alumina 

(Grade I I  } 14 x 15 cm.)

F ra c tio n  Solvent E lu a te

1 400 m3.. p e tro l-b en zen e d » i ) 70 mg. m.p.. Wide range.

2 , 100 ml. tt it (2 t3 ) 25 mg. O il

3 200 ml. ti ti (3 .7 ) 65 mg. m.p., 288-292°

4 100 ml. n it (1*4) 30 mg. m.p., 288-292°

5 400 ml. benzene 76 mg. m.p. 284-290°

6 400 ml. benzene- e th e r (9 .1 ) 93 mg. m.p. Wide range.

7 100 ml. it ti (9»1) 130 mg. m.p. 219-221°

8 100 ml. ti ii (1 .1 ) 10 mg. m.p. 219-221°

9 200 ml. e th e r . T race.

10 200 ml. methanol . 153 mg. m.p. 218-221°

F ra c tio n s  3 ,4  and 5, being undepressed in  m elting  p o in t when mixed, 

were combined and c r y s ta l l i s e d  tw ice from methanol to  g ive n eed le s , 

m .p .297-300°, M d -  71°(C, 1 .1 3 ). This substance gave no depression  

on mixed m elting  w ith  th e  lac to n e  ob ta in ed  by selenium  d iox ide  o x id a t­

io n  o f methyl a c e ty l-1 2 -k e to -o le a n -1 0 -e n o la te , and an a lc o h o lic  or 

dioxan so lu tio n  gave no colour w ith  f e r r i c  chloride#

F ra c tio n  7 \/as c r y s ta l l i s e d  from methanol to  g ive m ethyl-11-k e to -

12-hydroxyolean-1 2 -en o la te  a c e ta te  as n eed le s , m .p.224-225 M b + 123° 

(C, 0 .3 ) .
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Found* C, 72.65 > H, 9 .5  f

033^0^6 re q u ire s  * C, 73,0  > H, 9.3 /£
o

L igh t a b so rp tio n  in  e th an o l•, max. a t  2 ,880 A, £ = 10,900.

This substance gave a b lu is h  green co lour w ith  a lc o h o lic  f e r r i c  

c h lo r id e  and a yellow  co lour w ith  te tra n itro m e th a n e .

F ra c tio n  10 a f t e r  many c r y s ta l l i s a t io n s  from methanol was ob ta in ed  

as  n eed le s , m .p.218-221°, undepressed on adm ixture w ith  th e  substance 

i s o la te d  from f r a c t io n  7.

Found* C, 72.65 *, H, 9 .2  ^

C33^500q re q u ire s  * C, 73.0  •, H, 9.3 $

A lk a lin e  H ydrolysis o f A c e ty lk e to -o lean o lic  Lactone.

Method (a ) .

A ce ty lk e to -o lean o lic  l a c to n e ( lg . ) was heated  und.er r e f lu x  fo r  

one hour w ith  e th an o lic  potassium  hydroxide (50 m l.* IN ). The so lu tio n  

was poured in to  w ater and the  m ixture tw ice washed w ith  e th e r .  The

e th e r  washings were d iscarded  end th e  a lk a l in e  e x tra c t  was a c id i f ie d

w ith  d i lu te  hyd roch lo ric  a c id . The r e s u l ta n t  p r e c ip i ta te  from 

a c id i f ic a t io n  o f th e  a lk a l in e  la y e r  was e x tra c t  w ith  e th e r  and th e  

e th e re a l  so lu tio n  was washed w ith  w ater and d r ie d  over sodium su lp h a te . 

The re s id u e  ob ta ined  011 evaporation  o f th e  e th e r  was t r e a te d  w ith  an 

e th e re a l  so lu tio n  o f diazomethane. A fte r d estro y in g  the  excess o f 

diazomethane w ith  a c e tic  a c id , the  e th e re a l  so lu tio n  was washed w ith  

potassium  hydroxide so lu tio n  (3/o) and w ater and d ried  over sodium
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su lp h a te . No a c id  f r a c t io n  was o b ta in ed  on a c id i f ic a t io n  o f th e  

a lk a l i  wash. The n e u tra l  f r a c t io n  was a c e ty la te d  w ith  a c e tic  anhydride 

and p y rid in e  011 th e  steam b a th  fo r  one hour. The a c e ty la t io n  m ixture 

was worked up in  th e  u su a l way and th e  p roduct (0 .9 g .) was c r y s ta l l i s e d  

from m ethanol-chloroform  as n eed le s , m.p. 255-260°.

The substance was d isso lv ed  in  l i g h t  petroleum  (b.p.60-80°*,

100 m l.) and passed  through a column o f a c t iv a te d  alumina (20x2 cm .). 

Washing th e  column w ith  m ixtures o f l i g h t  p e tro l-b en zen e  and benzene 

gave 0.6  g. o f s o l id  which c r y s ta l l i s e d  from methanol as n eed les , 

m.p. 280-282°, [oC]p + 10°(C , 1 .3 ) .  T his p roduct gave no depression  

on m elting  w ith  a c e ty lk e to -o le a n o lic  lactone®

F u rth er washing of the  column w ith  benzen e-e th er, and e th e r 

gave f r a c t io n s  which were gummy s o lid s  and could  no t be p u r i f ie d  

further®

Method (b ) .

( c . f .  K ita sa to , A cta. Phytochim. , 1933, 7 , 1 . )

A ce ty lk e to -o lean o lic  la c to n e  (225 mg.) was hydrolysed  w ith  

m ethanolic potassium  hydroxide (0 . 0%) to  give k e to -o le a n o lic  la c to n e  

as  need les from m ethanol, m.p. 299-301°.

K eto -o lean o lic  la c to n e  (0 .2  g .)  was t r e a te d  w ith  b o ilin g  

. e th a n o lic  potassium  hydroxide (16 ml.* IN) fo r  two hours® The 

m ixture was poured in to  w ater and f i l t e r e d .  The sm all re s id u e  was 

n eg lec ted . The a lk a l in e  so lu tio n  was shaken w ith  dim ethyl su lp h a te

( l  m l.) and allow ed to  stand  o v ern ig h t. The m ixture was tw ice
1

e x tra c te d  w ith  e th e r and the  a lk a l in e  l iq u o r  was again  shaken w ith
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dim ethyl su lphate  and then washed w ith  e th e r .  The e th e r  e x tra c ts  

were combined and worked up in  th e  u su a l way. The p roduct was 

ace ty la ted . w ith  a c e t ic  anhydride and sodium a c e ta te  in  th e  u su a l way. 

The a c e ta te  c r y s ta l l i s e d  from methanol to  g ive an impure so lid ., m.p. 

300° which could not be p u r i f ie d  fu r th e r  and showed no ap p rec iab le  

l i g h t  ab so rp tio n .

A c id if ic a t io n  o f th e  o r ig in a l  a lk a l in e  e x tra c t  gave a s o l id  

which was is o la te d  th rough e th e r  in  th e  u su a l manner. The product 

was c r y s ta l l i s e d  w ith  d i f f i c u l ty  from methanol to  give p rism s, m.p.
o

380°, showing no ap p rec iab le  l ig h t  a b so rp tio n  above 2 , 20QA. This 

a c id  was not p u r i f ie d  any fu r th e r ,  s in ce  i t  obviously  d id  no t co n ta in  

any o< -  p  u n sa tu ra te d  ketone grouping.

Brom ination o f A cety l- l l - k e to -o lean -1 2 -en o lic  Acid.

( c . f .  Ruzicka, Jeger and W inter Helv. Chim. A cta. 1943,75 .265).

A cety l“ll-k e to -o le a n -1 2 -e n o lic  a c id  ( lg . )  in  g la c ia l  a c e tic  a c id  

(200 m l.) was t r e a te d  a t  80° w ith  hydrobromic a c id  (48$ aqueous), and 

th en  w ith  bromine in  a c e t ic  a c id  (3 ,5  ml.*, 10$) added dropw ise,w ith  

s t i r r i n g .  The re a c t io n  was very  s lu g g ish , and th e  orange coloured  

so lu tio n  was l e f t  s tand ing  overn igh t and th en  heated  on th e  steam 

b a th  fo r  one hour. The m ixture was poured in to  water and th e  product 

was c o lle c te d , washed w ith  w ater and d r ie d . C r y s ta l l i s a t io n  from 

m ethanol-chloroform  ( th r ic e )  gave a c e ty l- l l-k e to ~ o le a n -1 2 * 1 8 ( l9 )-  

d ie n o lic  a c id  (acety lk e to d eh y d ro -o lean o lic  ac id ) as n e ed le s , m.p. 

287-288°. Y ield  = 25$.
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The product gave a yellow  co lour w ith  te tra n itro m e th a n e .

Ruzicka e t  a l .  g ive m.p. 288-289° fo r  t h i s  arid*

D ecarboxylation of A ce ty l-11-k e to -o le a n a -12»18(19)-d ie n o lic  A cid.

The a c id  (0 .25  g .)  was heated  in  an atmosphere o f n itro g en  a t  

285-295°. A fte r f iv e  m inutes, when th e  ev o lu tio n  o f carbon d ioxide 

had ceased , th e  m ixture was cooled  and d isso lv ed  in  e th e r .  The e th e r  

s o lu tio n  was washed w ith  sodium hydroxide so lu tio n  (5 $ ), w ater and d r ie d  

over magnesium su lp h a te . The re s id u e  on evapo ration  o f th e  e th e r  was 

d is so lv e d  in  l i g h t  petroleum  (b.p.60-80°*, 100 m l.) and f i l t e r e d  

th ro u g h  a column o f a c t iv a te d  alumina (Grade I I ) .

A fte r  the  column had been washed w ith  l ig h t  petroleum  (200 m l.) 

and l i g h t  petroleum -benzene (7*1*, 100 m l.) ,  e lu a te s  were o b ta ined  by 

washing w ith  l ig h t  petroleum -benzene (4*1*, 100 m l.) ,  l i g h t  petro leum - 

benzene ( ltl* , 500 m l.) and e th e r  (100 ml.)*, th e se  were combined (75 mg.) 

and c r y s ta l l i s e d  th re e  tim es to  give nor-y£am yradienonyl a c e ta te  as 

prism s from m ethanol, m.p. 203-205°, W d + 144° (C, 1 .2 3 ) . The 

p roduct gave a b r ig h t yellow  colour w ith  te tra n itro m e th a n e .

Found * C, 80.0 *, H, 10 .1  $

C alcu la ted  fo r  C31.H4.6Q3 * C ,7 9 .8   ̂ H, 9 . 9 $
o —

L ight ab so rp tio n  in  e thano l *, max. a t  2,970 A, c  = 22,000.

Ruzicka Jeger and W inter ( l o c . c i t . )  g ive m.p. 202°, W d + 150°
o

and l ig h t  ab so rp tio n  maximum a t  2,97QA, (6  = 22,400) f o r  no r-fl- amyra- 

dienonyl a c e ta te  ob ta ined  by trea tm en t o f a c e ty l - l l - k e to  o lean -12-  

en o lic  a c id  w ith b o ilin g  q u in o lin e .
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I s o la t io n  o f f t  -Amyrenyl Benzoate.

M anila Elemi r e s in  (5000 g . ) from which th e  steam v o la t i l e  

c o n s ti tu e n ts  had been p re v io u s ly  removed, was s t i r r e d  fo r  fo u r hours 

w ith  80$ aqueous m ethy lated  s p i r i t  (l2> L) • The m ixture was allow ed to  

s tan d  overn igh t and th e  s o l id  was c o lle c te d , washed w ith  aqueous 

m ethy lated  s p i r i t ,  and d rie d  a t  80°. The m elting  p o in t o f th e  

mixed amyrins a t  t h i s  stage was 155-157°.

The-mixed am yrins (l8 0 0 g .) were d isso lv ed  in  p y rid in e  (1 .2  1 .)  

a t  100°, and benzoyl ch lo rid e  (792 m l.) was added dropwise w ith  s t i r r ­

in g . A fte r s t i r r i n g  fo r  6 hours, th e  m ixture was coo led , and d i lu te d  

w ith  chloroform  (3 * 5 1 .). The chloroform  so lu tio n  was washed f iv e  

tim es w ith  hyd roch lo ric  a c id  (5$*, 1 1 . ) ,  th r i c e  w ith  sodium hydroxide 

s o lu tio n  (5$*, 1 .5  1 . ) ,  once w ith  sodium c h lo rid e  so lu tio n  (2$*, 1 1 . ) ,  

and once w ith  w ater ( l  1 . ) .  The so lu tio n  was then  co n cen tra ted  to  

ca . 1 .5  l i t r e s  and ho t methanol (1 .2  1 .) was added. The m ixture was
i

allow ed to  stand overn igh t and th e  c r y s ta l l i s e d  mixed benzoates (885g.) 

were c o lle c te d  by f i l t r a t i o n .  C oncen tra tion  o f th e  f i l t r a t e  gave a 

f u r th e r  q u a n tity  (532g .) o f benzoates*

The crude mixed benzoates were shaken w ith  e th e r  (1 .5  L )  and 

th e  c le a r in g  p o in t o f th e  und isso lved  m a te r ia l was determined*. This 

e th e r  washing was re p ea ted  t i l l  a c le a r in g  p o in t o f 214° was o b ta in ed , 

when th e  re s id u e  was c r y s ta l l i s e d  fo r  m ethanol-chloroform  to  g ive 

j 3  -amyrenyl benzoate (320g ,) m.p. 232-234°.
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^-A m yrenyl benzoate (44*5g.) was d isso lv ed  in  b o ilin g  benzene 

(268 m l.) and a so lu tio n  o f potassium  hydroxide (2 2 .4 g .)  in  e thano l 

(334 .m l.) and w ater (57 m l.) was added. The so lu tio n  was re f lu x e d  fo r  

24 ho u rs , co n cen tra ted  t i l l  s o l id  began to  appear, and f i n a l l y  poured 

in to  w ater. The s o l id  was e x tra c te d  w ith  e th e r  and th e  e th e r  e x tra c t  

was washed w ith  w ater and d ried  over sodium su lp h a te , f i  -Amyrenol 

(4 4 g .) , m.p. 186-187°, was ob ta ined  on ev ap o ra tio n  of th e  ether*

P  "M yreny l Acetate*

Crude ft -amyrenol (44g. ) was hea ted  on th e  steam b a th  fo r  fo u r 

hours w ith  a m ixture o f benzene (84 m l .) ,  p y rid in e  (150 m l.) and 

a c e t ic  anhydride (176 m l.) .  On coo ling  th e  so lu tio n , f i  -am yrin 

a c e ta te  (3 5 .5g.) c r y s ta l l i s e d  as n eed le s , m.p. 240-24-2 ° 9 [°0d +

(C, 1 .5 ) .

P  -Amyradienyl- I I -A cetate  (Qleana-11*13(18)- d ieny l A ce ta te ) .

( c . f .  R uzicka,M uller and S chellenberg . Iielv . Chim.A cta.
1939, 22, 7 6 7 .) .

^-A m yrenyl a c e ta te  (30g.) in  b o ilin g  g la c ia l  a c e t ic  a c id  

(l,'2Q0 m l.) was t r e a te d  w ith  a so lu tio n  o f selenium  d iox ide  ( l5 g . ) in  

w ater (15 m l.) and a c e tic  a c id  (600 m l.) added dropwise over a p e rio d  

o f one hour. The m ixture was re f lu x e d  fo r  a fu r th e r  hour a f t e r  th e  

a d d it io n  was com pleted, and fu sed  sodium a c e ta te  ( l2 0 g .) was th en  

added and re f lu x in g  continued  fo r  15 rnins. The so lu tio n  was f i l t e r e d  

and allow ed to  co o l. The product which c r y s ta l l i s e d  out was
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c o lle c te d  and r e c r y s t a l l i s e d  from acetone to  give j9  -am y rad ien y l-II-  

a c e ta te  ( l5 g .)  as p la t e s ,  m.p. 229-231°, [ocjp -  66° (C, 1 .8 8 ) .

The o r ig in a l  a c e t ic  a c id  mother l iq u o r  was poured in to  w ater 

and th e  s o l id  c o lle c te d , washed w ith  w ater and d rie d . C ry s ta l l i s a t io n  

from acetone gave a fu r th e r  q u a n tity  (7 g .)  o f th e  d ien e , m .p .227 .5-229 .5°.

The diene gave a re d  brown co lour w ith  te tra n itro m e th a n e  in  

chloroform .
O

L ight ab so rp tio n  in  ethanol*, max. a t  2420^, £ = 29,000 y
2 50Cl|, £ = 30,000 y 
2600k , £  = 21,000. -

O xidation  o f /3 -Amyradienyl- I I  A cetate  w ith  Chromic Anhydride.

( c . f .  Mower, Green and Spring J . , 1944, 256 .)

-A m yradienyl-II a c e ta te  ( l5 g . ) was d isso lv ed  in  b o ilin g  s t a b i l ­

iz e d  a c e t ic  a c id  (1200 m l.) and a so lu tio n  o f chromic anhydride ( l5 g . ) 

in  w ater (15 m l.) and g la c ia l  a c e tic  a c id  (4-50 ml..) was added over a 

p e r io d  o f  t h i r t y  m inutes. During th e  a d d itio n  of th e  chromic anhydride 

th re e  f r a c t io n s  (20 ml. each) were d i s t i l l e d  o f f  from th e  re a c t io n  

m ix tu re . A fte r  the  a d d itio n  was com pleted, th e  so lu tio n  was b o ile d  

fo r  two hou rs , th e  excess o f chromic anhydride was destroyed  w ith  

m ethanol, and th e  m ixture was evaporated to  dryness under reduced p re s s ­

u re . The dark g reen  re s id u e  was d isso lv ed  in  a m ixture o f  e th e r and

d i lu te  su lphu ric  a c id . The e th e r la y e r  was sep a ra ted  and washed w ith  

potassium  hydroxide so lu tio n  (3 $ ), w a ter, and d rie d  (Na^SO^.). Cry­

s t a l l i s a t i o n  o f the  e th e r  re s id u e  from m ethanol-chloroform  gave th e  

n05 - a c e ta te n(4c.8g.) as n eed les , m.p. 2 59 .5 -260 .5°, [oCjp + 38° (C, 0 .9 1 ).

Found * C, 75.5  y H, 9 .5  $.

C alcu la ted  fo r  C32H£605 * C, 75.3 *, H, 9 .1  $
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The "05-a c e ta te "  gave a yellow  co lou r w ith  te tra n itro m e th a n e  and

no co lou r w ith  f e r r i c  c h lo rid e  in  dioxan or ethanol*
o

L ight ab so rp tio n  in  e th an o l •, max. a t  2280A, 6 = 3,400 w ith
o

low in te n s i ty  in f l e c t io n  a t  3,000A.

The second crop of c ry s ta ls  m.p. 213-217° corresponded to  th e  

mixed c r y s ta l  o f "05-a c e ta te "  and l l -k e to -o le a n a -1 2 tl8 -d ie n y l  a c e ta te  

d e sc rib ed  by Mower, Green and Spring ( lo c . c i t . ) .  This was t r e a te d  as 

d e sc rib ed  below*

The p r e c ip i ta te  ob ta ined  on a c id i f ic a t io n  o f th e  o r ig in a l  a lk a l i  

washings was worked up through e th e r  in  th e  u su a l way and e s t e r i f i e d  

w ith  e th e re a l  diazomethane* The p roduct o f th e  e s t e r i f i c a t i o n  was a 

gum and could no t be c ry s ta ll is e d *

The th re e  frac tio n s  which were d i s t i l l e d  o f f  from th e  o r ig in a l  

r e a c t io n  m ixture were made a lk a l in e  to  ph en o lp h th a le in  w ith  potassium  

hydroxide so lu tio n  (50/£) and d is t i l le d *  The d i s t i l l a t e  in  each case 

was t r e a te d  w ith  a so lu tio n  o f 2 :4 -d in itro p h en y lh y d raz in e  in  HGl). 

No p re c ip i ta te  was ob ta ined  from any f r a c t io n ,  in d ic a tin g  th a t  no 

v o la t i l e  carbonyl compounds had been produced during ox idation*

The second crop from th e  c r y s ta l l i s a t io n  o f th e  "05 -a c e ta te "  

was combined w ith  th e  mother liq u o r  m a te r ia l and d isso lv ed  in  g la c ia l  

a c e t ic  a c id  (300 m l.)* The so lu tio n  was re f lu x e d  fo r  n ine  hours w ith  

selenium  dioxide (lO g .) ,  f i l t e r e d  and d i lu te d  w ith  w ater. The s o lid

was c o lle c te d , washed w ith  w ater and d r ie d . C r y s ta l l i s a t io n  from 

m ethanol-chloroform  gave need les (3 g .) ,  m.p. 258.5-259*5°, undepressed 

w ith  th e  above specimen o f "05 -a c e ta te " .
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A ttem pted C a ta ly tic  Reduction o f th e  "05 -A cetate"

The "05- a c e ta te "  ( lg . )  in  s ta b i l iz e d  a c e t ic  a c id  (100 ip l.)  was 

shaken w ith  p latinum  (Q .25g.) in  an atm osphere o f hydrogen a t  room 

tem peratu re  and p re ssu re  fo r  65 hours. There was no ap p rec iab le  

uptake o f hydrogen during  th is* tim e . The so lu tio n  was f i l t e r e d  and 

th e  f i l t r a t e  taken  to  dryness under reduced  p re s su re . The re s id u e  was 

c r y s ta l l i s e d  from m ethanol-chloroform  as  need les m.p. 259-260°, 

undepressed  w ith  s ta r t in g  m ateria l*

H ydrolysis o f th e  "05 -A ce ta te" .

Method (a ) .

The "05 -a c e ta te "  ( l . l g . ) was h eated  under r e f lu x  fo r  th r e e  hours 

w ith  a so lu tio n  o f potassium  hydroxide (5 g .) in  w ater (10 m l.) and 

m ethanol (90 m l.) .  The m ixture was poured in to  w a ter, e x tra c te d  w ith  

e th e r ,  and th e  e th e r  e x tra c t  was washed w ith  w a ter, and d r ie d  (Na^SO* ) • 

The re s id u e  o f n e u tra l  m a te r ia l ob ta ined  oh evapo ration  o f th e  e th e r 

could  not be c r y s ta l l i s e d  and was a c e ty la te d  w ith  a c e t ic  anhydride 

and p y rid in e  a t  100°. The a c e ty l a t  ion  m ixture was worked up in  th e  

u su a l way and th e  p roduct c r y s ta l l i s e d  from m ethariol-acetone as n e ed le s , 

m .p. 259 .5 -260 .5°, [<*]p + 158° (C, 0 .9 3 ) . Y ie ld  660 mg. (60%).

This, p roduct gave a marked dep ression  011 mixed m elting  w ith  th e  

"05 -a c e ta te "  and no co lour w ith  te tran itro m eth an e*

Found 1 C, 76.6 •, H, 9.857. -  OCH3 ,  0.0%.

C alcu la ted  fo r  CQoHksQt * 76.55 * H, 9.85$

C alcu la ted  fo r  C3i.H4.8Qi * 76.8 $ H, 10.0%>

L ight ab so rp tio n  in  e thano l * max. a t  2 ,1002, £ -  1 ,760.
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A c id if ic a t io n  o f th e  o r ig in a l  a lk a l in e  so lu tio n  gave an a c id  

f r a c t io n  which was is o la te d  through e th e r  in  th e  u su a l way* The a c id

(50 mg*) c r y s ta l l i s e d  from a c e to n e -p e tro l a s  n eed le s , m.p*' 272-274°,

(279-281° in  vacuo) , [oC JD _  36° (C, 1 .2 6 ) .

Found • C, 74.2 •, H, 9.6%

Q30H46Q5 r e q u ire s  * C, 74.0  *, H, 9.5/i

Method (b ) .
r

The n05 - a c e ta te ” ( l .7 8 g .)  was h eated  under re f lu x  w ith  a 

so lu tio n  o f potassium  hydroxide ( l .7 g . )  in  methanol (34 m l.) fo r  two

hours. The cooled so lu tio n  was poured in to  w ater and th e  s o l id

e x tra c te d  w ith  e th e r . The e th e re a l so lu tio n  was washed w ith  w ater 

and d rie d  over sodium sulphate* The re s id u e  o b ta ined  on ev apo ra tion  

o f th e  e th e r  was c r y s ta l l i s e d  from aqueous methanol to  give an e s te r  

as  cubes, m .p. 234-236°, [oCjp “ 46° (C, 1 .6 3 ) . Y ie ld  765 mg. (43/£).

The compound gave no co lo u r w ith  te tra n itro m e th a n e  in  ch lo ro ­

form nor w ith  f e r r i c  ch lo rid e  in  dioxan. A c o lo u ra tio n  was produced 

from a Legal t e s t  a f t e r  stand ing  fo r  some tim e.
. r ■

Found » C, 74.6 * H, 9.6% -OCH3 ,  6.0%.

CqiH^sOs re q u ire s  * C, 74.7 > H, 9.7%> -QGBq , 6.4/£.
0L igh t ab so rp tio n  in  e th an o l % max. a t  225QA, c =  15,500.

The a c e ty l e s te r  was ob ta ined  by a c e ty la t io n  w ith  a c e t ic  

anhydride and p y rid in e  a t  100°.

The m ixture was worked up in  th e  u su a l way and th e  p roduct 

c r y s ta l l i s e d  from aqueous methanol as e longated  p rism s, m.p. 192 -  

194°, [o(]D -  33° (G, 1 .1 9 ) .
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Found * C, 73.3 •, H, 9.3 $

Qj3 ^ o 06 re q u ire s  * C, 73 .0  *, H, 9.3 %
Q

L ight ab so rp tio n  in  e th an o l t max. a t  2240A, €  = 15 ,700.

A ce ty la tio n  o f the  mother l iq u o r  m a te r ia l from th e  n e u tra l  

f r a c t io n  w ith  a c e tic  anhydride and p y rid in e  a t  100° , gave a p roduct

which c r y s ta l l i s e d  from m ethanol-acetone as n eed le s , m.p. 253-256.5°,

undepressed  w ith  a c e ta te  desc rib ed  under method ( a ) .

A c id if ic a t io n  o f th e  o r ig in a l  a lk a l in e  so lu tio n  o f th e  hydro ly­

s i s  w ith  d i lu te  h y d roch lo ric  a c id  gave an a c id  f r a c t io n  which was 

i s o la te d  through e th e r  in  th e  u su a l way. The a c id  c r y s ta l l i s e d  

from a c e to n e -p e tro l as n eed le s , m.p. 272-273 ° M d -37° (C, 0 .7 4 ) , 

and showed no d ep re ss io n  on mixed m elting  w ith  th e  a c id  desc rib ed  

under method (a ) .  Y ie ld  40 mg. ( 2 .2 $ ) .

Found * C, 74.05 •, H, 9.63$

C30H16O5 req u ires*  C, 74 .0  •, H, 9 .5  $
o

L ight ab so rp tio n  in  e thano l } max. a t  2,260A, £ =  12,720.

The corresponding e s te r  was o b ta ined  by e s t e r i f i c a t i o n  w ith  

e th e re a l  diazomethane and c r y s ta l l i s e d  from aqueous methanol a s  p rism s, 

m.p. 231-232.5° undepressed on adm ixture w ith  th e  m ethyl e s te r  desc rib ed  

above.

A ttem pted C a ta ly tic  Reduction o f th e  Methyl E s te r  O btained 
from th e  M0fi -A cetate  .

The methyl e s te r  (m .p.234-235°)(0 .3 5 g .) in  s ta b i l iz e d  a c e t ic  

a c id  (100 m l.) was shaken w ith  p la tinum  (O .lg .)  in  an atmosphere o f 

hydrogen fo r  tw enty fo u r hours a t  room tem peratu re  and p re s su re .
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The platinum  was removed by f i l t r a t i o n  and the  f i l t r a t e  was taken  to  

dryness under reduced p re s su re . The re s id u e  was c r y s ta l l i s e d  once 

from aqueous methanol as cubes, m.p* 230-231°, undepressed on adm ixture 

w ith  s ta r t in g  m a te r ia l .

A ttem pted H ydrolysis o f th e  Methyl E s te r  

Method ( a ) .

The e s te r  (0*25g.) was heated  under r e f lu x  fo r  th re e  hours w ith  

a so lu tio n  o f potassium  hydroxide ( l g . ) in  methanol (18 m l.) and w ater 

(2 m l.) . The so lu tio n  was poured in to  w ater and th e  s o l id  i s o la te d

by means o f e th e r  in  th e  u su a l way. The m a te r ia l c r y s ta l l i s e d  from 

aqueous methanol as cubes m.p. 232-234°* undepressed w ith  s ta r t in g  

m ate ria l*  Recovered y ie ld ,  G*2g*

Method (b)*

The methyl e s te r  (0 .3 5 g .)  was d isso lv ed  in  e th an o lic  potassium  

hydroxide (40 ml. > 20^) and th e  so lu tio n  was h eated  in  a tube au toclave  

a t  200° fo r  e ig h t hours. No s o lid  was p re c ip i ta te d  on pouring  th e  

co ld  so lu tio n  in to  w ater. A c id if ic a t io n  o f th e  a lk a l in e  so lu tio n  w ith  

d i lu te  hydroch lo ric  a c id  gave an a c id  f r a c t io n  which was e x tra c te d  w ith  

e th e r .  The e th e re a l so lu tio n  was washed w ith  w ater and d ried  over 

magnesium su lphate  and evaporated* The a c id  m s  ob ta ined  as an 

amorphous s o l id  from m ethanol-acetone, m.p* 332-333°(decom p.), M d 

- 28° in  p y rid in e  (C, 1 .2 5 ) .
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Found * C, 7 0 .8 , 7 0 .8 , 
7 0 .4 , 7 0 .6 ,

H. 9 .6 , 9 .7V  « U y  V  •  I j

9 .7 , 9 .6  $

C31 H50O6 re q u ire s  * C, 71.8

C29 H^qOq re q u ire s  \  C, 71.0

Q30H3.8O6 re q u ire s  * C, 71.4

> H, 9 .7  $ 

•, H, 9.6 $ 

•, H, 9 .4  $

-OCIfe found * 4 .3  $

031 EfeoOe re q u ire s  * 6 . 0 $

CJ30H3.8O6 re q u ire s  * 6 .1  $

CggHteOe re q u ire s  % 6.2  $

The a c id  gave no co lour w ith  te tra n itro m e th a n e .
o

L igh t ab so rp tio n  in  e th an o l * max. a t  2 ,800 A, fc = 390.

The dim ethyl e s te r  was p repared  by e s t e r i f i c a t i o n  w ith  e th e re a l 

diazom ethane. The e s te r  c r y s ta l l i s e d  from acetone-n-hexane as 

hexagonal p la te s  m.p. 228°, [oC]  ̂ -  35° (C, 1 .0 ) .

Found 1 C, 72.3 * H, 10 .0$ , -OCEb, 11 .1$

CssHssOg req u ires*  0 ,7 2 .1  *, H, 9 .8 $ , -OCEfe, 11.7$.

T his e s te r  gave no co lour w ith  te tra n itro m e th a n e  and gave a marked 

dep ress io n  on mixed m elting  w ith  th e  methyl e s te r  o b ta in ed  by h y d ro ly s is  

o f  th e  n05 -a c e ta te " .,

The acet a te  dim ethyl e s te r  was ob ta ined  by a c e ty la t io n  w ith  a c e tic  

anhydride and p y rid in e  a t  room tem perature fo r  s ix te en  h o u rs . I t  c ry -  . 

s t a l l i s e d  from n-hexane as prism s m.p. 202 .5 -203 .5°, [(Xjp -  2 8 .5°

(C, 1 .27)
Found* C, 7 1 .0 , 71 .6 ,71 .2*  H, 9 .8 , 9 .7 , 9 .8 , 

7 1 .3 , 7 0 .8 , 9 .7 , 9 .5  $

Q34H54O7 re q u ire s  * C, 71.0 •, . H, 9 .5  $
o

L igh t ab so rp tio n  in  e th an o l •, max. a t  2,80QA, 8  = 340
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H ydrolysis o f th e  Ace ta te  C31 H4.6Q4 O btained by H ydrolysis of th e  
uD5 - a c e ta te 1*!

The a c e ta te  (m .p .259 .5 -2 6 0 .5 °)(80mg.) p repared  as d esc rib ed  on 

page was d isso lv ed  in  e th a n o lic  potassium  hydroxide (25 ml.*, 5%) 

and th e  so lu tio n  was h eated  on th e  steam b a th  fo r  th re e  hours* The 

m ixture was worked up through e th e r  in  th e  u su a l way. The a lco h o l 

c r y s ta l l i s e d  from aqueous methanol as  need les nup .102-103°, W D +

147° (C, 1 .4 6 ) .

Found * C, 76.3 •, H, 10.7%

CggH4.0Q3 oCBIg OH req u ires*  C, 75.9 } Ii, 10.6
o

L ight ab so rp tio n  in  e thano l *, max. a t  2090k, x. = 1 ,700 .

A c e ty la tio n  o f t h i s  p roduct w ith  a c e tic  anhydride and p y rid in e  

a.t 100° gave a q u a n ti ta t iv e  y ie ld  o f th e  o r ig in a l  a c e ta te  , m.p. 2 59 .5 - 

2 6 0 .5 ° , M d + 154° (C, 1 .0 4 ) .

R eduction o f th e  A ceta te  C31H4.8Q& w ith  Lithium  Aluminium Hydride.

The a c e ta te  (m .p .2 5 9 .5 -2 6 0 .5 °)(0 .3 g .) was d isso lv e d  in  dry e th e r  

(50 m l.) and th e  so lu tio n  was added dropwise to  a suspension o f li th iu m  

aluminium hydride (0 .7 g .) in  dry e th e r (25 m l.) a t  room tem peratu re .

The so lu tio n  was re f lu x e d  fo r  3^ hours and th e  excess o f hydride was 

th e n  destroyed  w ith  w ater. The m ixture was d i lu te d  w ith  d i lu te  

su lp h u ric  a c id  and th e  e th e r  la y e r  was sep a ra ted , washed w ith  w ater and 

d rie d  ‘over sodium su lp h a te . The re s id u e  ob ta ined  on ev apo ra tion  of 

th e  e th e r  was a c e ty la te d  w ith  a c e t ic  anhydride (5 m l.) and p y rid in e  

(2 m l.) a t  room tem perature  fo r  2 hours and a t  100° fo r  J  hour. The
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m ixture was worked up in  th e  u su a l way. The product which was a gum, 

cou ld  no t be c r y s ta l l i s e d  from any o f th e  u su a l so lv e n ts . -The gum 

was d isso lv ed  in  l i g h t  petro leum  (b .p . 60-80°* 50 m l.) and chromato­

graphed on a column of a c t iv a te d  alum ina. No c r y s ta l l in e  f r a c t io n  was 

o b ta in ed  from th e  chromatogram.

A ttem pted Form ation o f An Snol A ceta te  o f th e  A ceta te  C3i  H^Cli.

The a c e ta te  (0 .1 9 g .) was h eated  under r e f lu x  fo r  72 hours w ith  

a c e t ic  anhydride (10 m l.) and f re s h ly  fu sed  sodium a c e ta te  (0 . 2g . )•

The cooled m ixture was poured in to  w ater and heated  fo r  15 m inutes on 

th e  steam ba th . The so lu tio n  was th en  e x tra c te d  w ith  e th e r  and th e  

e th e r  la y e r  sep ara ted  and washed re p e a te d ly  w ith  w a ter. The re s id u e  

o b ta in ed  on evapora tion  o f th e  d rie d  (llgSO^) e th e r  e x t r a c t ,  c r y s ta l l i s e d  

from methanol as n eed le s , m.p. 257 .5 -260 .5° undepressed on adm ixture 

w ith  s ta r t in g  m a te r ia l .  Recovered y ie ld  O .lg .

A ttem pted Clemmensen Reduction o f th e  A ceta te  CsiHtsQt*

The a c e ta te  (0 .3 g .) in  g la c ia l  a c e tic  a c id  (100 m l.)  was h eated  

a t  100° fo r  th re e  hours w ith  amalgamated zinc ( l 0 . 2g . ) and co n cen tra ted  

h y d ro ch lo ric  a c id  (30 m l.) .  H ydrochloric a c id  (10 m l.) was th en  

added and hea tin g  continued  fo r  one hou r, when a fu r th e r  10 ml. o f 

h y d ro ch lo ric  a c id  were added and th e  h ea tin g  continued  fo r  a fu r th e r  

hou r. The hot so lu tio n  was f i l t e r e d  and th e  product p r e c ip i ta te d  w ith  

w ater and. is o la te d  through e th e r in  th e  u su a l way. A fte r  a c e ty la t io n  

w ith  a c e tic  anhydride and p y rid in e  a t  100° th e  p roduct c r y s ta l l i s e d  

from m ethanbl as n eed les , m.p. 259 .5 -260 .5°, which showed no depression



on mixed m elting  w ith  s ta r t in g  m a te r ia l  • In v e s tig a t io n  o f th e  mother 

l iq u o r  m a te r ia l y ie ld e d  fu r th e r  q u a n t i t ie s  o f unchanged a c e ta te .

Treatm ent o f the  A ceta te  ChiH -̂sQa: w ith  Chromic A nhydride.'

The a c e ta te  (0 .3 4 g .) in  b o ilin g  s ta b i l iz e d  a c e t ic  a c id  (20 m l.)

was t r e a te d  w ith  a so lu tio n  o f chromic anhydride (Q .1% .) in  w ater ( l  m l.)

and a c e tic  a c id  (10 m l.) ,  added over a p e rio d  o f 10 m inu tes. The

s o lu tio n  was re f lu x e d  fo r  2jL hours. Excess o f chromic anhydride was 

destroyed  w ith  m ethanol, and the  product was p re c ip i ta te d  by a d d itio n  

o f w a ter, c o lle c te d  by f i l t r a t i o n ,  washed w ith  w ater and d isso lv ed  in  

e th e r . The e th e re a l  so lu tio n  was worked up in  th e  u su a l way and th e  

re s id u e  on ev apo ra tion  o f th e  so lv en t was c r y s ta l l i s e d  from methanol 

to  give need les m.p. 257.5° -  259 .5° , undepressed w ith  s t a r t in g  

m a te r ia l .  Recovered y ie ld  0 .27g .

Treatm ent of th e  A ceta te  G31 H4.QO4. w ith  Potassium  Permanganate.

To a so lu tio n  o f th e  a c e ta te  (m .p .259 .5-260.5°) (0 .2 5 g .)  i n  

s ta b i l iz e d  a c e t ic  a c id  (110 m l .) ,  potassium  permanganate (0 . 2g . ) in  

w ater (20 m l.) was added dropw ise, a t  room tem peratu re . The so lu tio n  

was l e f t  stand ing  overn igh t and th e n  heated  on th e  w ater b a th  fo r  45 

m inutes. There was no immediate co lour change a t  room tem peratu re  b u t 

th e  so lu tio n  went brown on h ea tin g . The ho t so lu tio n  was deco lo u rised  

by a d d itio n  o f aqueous sodium m e tab isu lp h ite  so lu tio n . The product 

(0 . 2g . ) c r y s ta l l i s e d  from th e  re a c t io n  m ixture 011 co o lin g , as n eed le s , 

m.p. 259-260°. This m a te r ia l gave no m elting  p o in t dep ression  w ith  

s ta r t in g  m a te r ia l.
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Treatm ent o f th e  A ceta te  CsiHisQt w ith  Perbenzoic Acid.

The a c e ta te  (0 .3 3 g .)  in  dry chloroform  (5m l.) was t r e a te d  a t  0° 

w ith  a so lu tio n  o f perbenzo ic  a c id  in  chloroform  (2ml.* 73.5  m g ./m l) .

The so lu tio n  was allow ed to  stand  a t  0° fo r  10 days. T i t r a t io n  o f a 

sample o f t h e .s o lu tio n , w ith  sodium th io su lp h a te  s o lu tio n , compared 

w ith  th a t  o f a blank so lu tio n  in d ic a te d  no uptake o f oxygen.

The chloroform  so lu tio n  was washed w ith  s a tu ra te d  sodium b ic a r ­

bonate and w ater and d ried  over magnesium su lp h a te . The re s id u e , on 

ev ap o ra tio n , c r y s ta l l i s e d  from m ethanol, m.p. 258-260°, undepressed w ith  

s t a r t in g  m a te r ia l . . That th e  substance was s ta r t in g  m a te r ia l was 

confirm ed by l ig h t  ab so rp tio n .

Treatm ent o f th e  A ceta te  C3i H4.8Q4 w ith  Sodium Borohydride.

The a c e ta te  (0*3g . ) was d isso lv ed  in  dry methanol (50 m l.) .

Sodium borohydride (0 .2 9 g .) in  methanol (10 m l.) was added to  th e  b o ilin g  

so lu tio n  and re f lu x in g  continued fo r  2% hours. The so lu tio n  was l e f t  

s tan d in g  overn igh t and f i n a l ly  re f lu x e d  fo r  a. fu r th e r  hour. Concen­

t r a t e d  hydroch lo ric  a c id  (15 m l.) was added and the  so lu tio n  was heated  

f o r  an hour, poured in to  w ater and e th e r  e x tra c te d . The e th e r  e x tra c t  

was worked up in  th e  u su a l way. A fte r a c e ty la t io n  w ith  a c e t ic  anhydride 

and p y rid in e  a t  room tem perature fo r  16 hours th e  p roduct was c r y s t a l l ­

i s e d  from m ethanol, a s  need les m.p. 260-261°:, showing no d ep ress io n .o n  

adm ixture w ith  s ta r t in g  m a te r ia l .  Recovered y ie ld  85%*
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Treatm ent o f th e  A ceta te  CQiiLteOt w ith  H ydrazine.

The a c e ta te  (0 .4 g .)  in  e th an o l (25 m l.) was hea ted  in  a tube 

au to c lav e  a t  200° fo r  8 hours w ith  anhydrous hydrazine (6 m l .) .  The 

coo led  so lu tio n  was poured in to  w ater and the  s o l id  e x tra c te d  w ith  

e th e r  in  th e  u su a l way. The re s id u e  on ev apora tion  o f th e  e th e r  could  

no t be c r y s ta l l i s e d  from any of th e  u su a l so lv en ts . A c e ty la tio n  w ith  

a c e t ic  anhydride and p y rid in e  a t  100° gave an a c e ta te  which c r y s t a l l ­

i s e d  from methanol as n eed les , m.p. 256-259°, and gave no co lour w ith  

te tra n itro m e th a n e  and no d ep ression  w ith  s ta r t in g  m a te r ia l on mixed 

m eltin g  p o in t de term ina tion . Recovered y ie ld  7 5 /.

Treatm ent o f th e  A ceta te  w ith  Selenium Dioxide.

The a c e ta te  ( 0 .5 g .) in  a c e tic  a c id  (25 m l.) was hea ted  under 

r e f lu x  fo r  24 hours w ith  selenium  d ioxide (0 . 5 g .) .  The co ld  so lu tio n  

was f i l t e r e d  and th e  product p re c ip i ta te d  w ith  w ater, c o l le c te d ,  d r ie d , 

and c r y s ta l l i s e d  from methanol g iv ing  n e ed le s , m.p. 160°, which were 

recovered  unchanged from trea tm en t w ith  a c e tic  anhydride and p y rid in e  

a t  100°. The product was d isso lv ed  in  l i g h t  petroleum  ( b .p .60-80°*

55 m l.) and chromatographed on a column o f alumina (10.5  x 1 .5  cm .).

Washing the  column w ith  benzene (250 m l.) ,  benzene-ether (9*1 * 

250 m l.) and benzene-ether ( l * l  * 150 m l.) gave a s o l id  (320mg. ) 

which was c r y s ta l l i s e d  from aqueous methanol to  give a compound as 

n e ed le s , m.p. 165-166°, [oCjp -  73°, -72° (C, 1 .4 , 1 .3 ) .  A fte r  dry ing  

a t  80° t h i s  compound had a m.p. 245-246°.

Found * G, 75.1 * H, 9.65 /

CsiH^-eOs requ ires*  C, 74.7 * H, 9.3 / .



The compound gave a p a le  yellow  co lour w ith  te tra n itro m e th a n e  and no 

f e r r i c  c h lo rid e  c o lo u ra tio n .
o

L ight a b so rp tio n  in  e thano l * max. a t  2570A, £ = 6-,800.

Brom ination o f th e  Aceta t e  

Method (a ) .

( c . f .  Ruzicka, Jeger and Norymberski Helv. Chim. A cta .
1944, 27, 1532).

The a c e ta te  (0 .3 g .)  was d isso lv ed  in  b o ilin g  g la c ia l  a c e tic  

a c id  (120 m l.) and th e  so lu tio n  was t r e a te d  w ith  a 161/ drops of 

aqueous hydrobromic a c id  (4 8 /) . Bromine in  a c e t ic  a c id  (2 .1  ml. y 

9 .6 /  = 2 moles) was added dropwise to  th e  b o ilin g  so lu tio n  and r e f lu x -  

in g  was continued  fo r  5 m inutes, when th e  so lu tio n  tu rn ed  yellow  in  

co lo u r. The m ixture was poured in to  w ater and th e  s o l id  e x tra c te d  

w ith  e th e r .  The e th e r  e x tra c t  was washed w ith  potassium  hydroxide 

so lu tio n  ( 3 / ) ,  w a ter, and d ried  (NagSQ^). The re s id u e  on evaporation  

o f th e  so lven t was taken  up in  l i g h t  petroleum  (b .p . 60-80°* 50 m l.) 

and th e  so lu tio n  f i l t e r e d  through a c t iv a te d  alumina (12 g . ) .  The 

yellow  gum ob ta ined  a f t e r  washing th e  column w ith  l i g h t  petro leum - 

benzene (2* l) was c r y s ta l l i s e d  from methanol as yellow  n e ed le s , m.p. 

208-210°.
Q

L igh t ab so rp tio n  in  ethanol* max. a t  2,30QA, g = 7,120*
3 ,5 2 0 l, £ = 8 ,240 .

A second crop o f need les from th e  above c r y s t a l l i s a t i o n  had m.p. 

203-207°.
o

L igh t ab so rp tio n  in  ethanol* max. a t  2,50QA, € = 9,70Q\
3 ,50q£, g  = 2 ,1 0 0 .

This method was abandoned in  favour o f th a t  u s in g  one mole o f 
bromine®
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Method (b ) .

The a c e ta te  (0 .6 3 g .) was d isso lv e d  in  a c e t ic  a c id  (30 m l.) a t  

50° and a few drops o f aqueous hydrobromic a c id  (4-8/Q added. Bromine 

in  a c e t ic  a c id  (4 .2  ml. *, 5.5$ m 1 .1  m oles.) was added dropwise and 

th e  m ixture was kept a t  50° fo r  30 mins. and th en  h eated  on th e  steam 

b a th  fo r  one hour. The so lu tio n  changed in  co lour from re d  to  yellow  

and f i n a l l y  b lack . The m ixture was worked up as d esc rib ed  above and 

a so lu tio n  o f th e  p roduct in  l i g h t  petroleum  ( b .p .60-80°) was f i l t e r e d  

th rough  a sh o rt column o f alum ina. The yellow  gum o b ta ined  on evapor­

a t io n  o f th e  f i l t r a t e ,  was c r y s ta l l i s e d  many tim es fo r  methanol to  give 

orange ro d s , m.p. 211-213°, + 91° (C, 1 . 2 ) .  .The compound gave a

re d  brown colour w ith  te tra n itro m e th a n e  in  chloroform .

Found * C, 77.2 *, H, 9,7%

Q3;lH46Q5: R equires * C, 77 .1  *, H, 9*6$

L ight ab so rp tio n  in  ethanol* max. a t  2,28,0 A, £ = 6,700*,
3,500 1 ,  € = 9,300.

The mother l iq u o rs  from th e  c r y s ta l l i s a t io n  o f t h i s  substance 

became alm ost c o lo u rle ss  and dep o sited  very  p a le  yellow  need les a f t e r  

s tand ing  fo r  some tim e . R e c ry s ta l l is a t io n  from methanol gave n eed le s , 

m .p. 211-213°, [* ]D -  119° (C, 0 .98) which gave no co lour w ith  t e t r a ­

n itrom ethane.

Found * C, 76.8 *, H, 9.7 %

GgiHtsQt re q u ire s  * C, 77 .1  *, H, 9 .5  $
o

L ight ab so rp tio n  in  ethanol*, max. a t  2,500 A , £  = 10,800.

A sy n th e tic  m ixture o f th is  compound (6 mg) and th e  orange 

co lou red  product ( l  mg) showed l ig h t  ab so rp tio n  in  ethanol*, max. a t
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O O '
2,500 A, £  = 10,400} 3,500 A, €  = 1 ,750 , ( c . f .  p roduct from

method (a ))#

Method (c)«

The a c e ta te  (0 .9 6 g .)  was d isso lv ed  in  g la c ia l  a c e t ic  a c id  (60 m l.) 

a t  50° and th e  so lu tio n  was t r e a te d  w ith  a so lu tio n  o f bromine in  a c e tic  

a c id  (6 .3  ini.} 5.5$ :  1 .1  mole.)* The m ixture was kep t a t  50° fo r  30 

m inutes and th en  h eated  on th e  steam b a th  t i l l  th e  so lu tio n  j u s t  tu rn ed

yellow  in  co lo u r. The m ixture was worked up as b e fo re , and th e  p roduct

on c r y s ta l l i s a t io n  from methanol was m ixture o f yellow  and w hite 

sub stan ces .

The m ixture was re d is so lv e d  in  a c e t ic  a c id  (60 m l.) and t r e a te d  

as above w ith  ano ther 1 mole of bromine. The m ixture was worked up

th rough  e th e r  as before and th e  p roduct was c r y s ta l l i s e d  from methanol

as  c o lo u rle ss  n eed le s , m.p. 185°, w ith  darkening and decom position a t  

th e  m elting  p o in t ,  [oC]p **—175° (C, 1 .1 3 ) . The substance gave no 

co lou r w ith  te tran itro m e th an e  in  chloroform  and a p o s i t iv e  B e i ls te in  

t e s t  in d ic a te d  th e  presence o f halogen.

Found % C, 66.3 } H, 8 .3$

Q31Hj.7Qj.Br re q u ire s t C, 66.1 } H, 8 .4$
o

L igh t ab so rp tio n  in  ethanol*, max. a t  2 ,1201, g = 4,800 }
2,70Q£, £ = 5,400 *,
3 ,50q£ , £ = 170. '

Dehydrobromination of th e  Bromo Compound Prepared by M ethod(c).

The bromo compound (O .lg .) in  c o l l id in e  (5 m l.) was heated  under 

r e f lu x  fo r  two hours. The co ld  m ixture was poured in to  d i lu te  hydro­

c h lo r ic  a c id  and th en  e x tra c te d  w ith  e th e r .  The e th e r  e x tra c t  was
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washed w ith  w a ter, d r ie d  (Na^SO.*) and evaporated* The brown gum was 

c r y s ta l l i s e d  tw ice from methanol to  g ive orange co loured  ro d s , m*p* 

211-213°, W n  + 93° (C, 0.S9)* This p roduct gave a re d  brown co lour 

w ith  te tra n itro m e th a n e  and no dep ress io n  on mixed m elting  w ith  th e  

substance desc rib ed  under method(b)*
G

L ight ab so rp tio n  in  ethanol*, max* a t  2 ,280^, £  = 6,700}
3,5204, e  = 9,500*

R eduction o f the  Coloured Brom ination P roduction  w ith  
Zinc and A cetic  Acid*

The orange compound ( W d  + 9 1 ° )(0 .1 g .)  was d isso lv ed  in  

b o ilin g  a c e tic  a c id  (10 m l*). Powdered zinc (0*6g.) was added to

th e  b o ilin g  so lu tio n  over a p e rio d  o f te n  m inutes and re f lu x in g

continued  fo r  hou rs, during which tim e th e  so lu tio n  went co lo u r­

l e s s .  The so lu tio n  was f i l t e r e d  hot and the  product was is o la te d  

by means o f e th e r  and w ater in  th e  u su a l way* The product c y r s t a l l i s e d  

from methanol as c o lo u rle ss  n eed les , m.p* 258*5-260*5°, W d + 150°

(C, D .9). This substance gave no d ep ress io n  on mixed m elting  w ith  

th e  a c e ta te  C3i.H4.sQ4 (m .p.259.5-260*5°) p rev io u s ly  o b ta ined  from 

h y d ro ly s is  of th e  "05 - a c e ta te " . In v e s tig a t io n  o f th e  mother l iq u o rs  

from th e  c r y s ta l l i s a t io n  y ie ld e d  fu r th e r  q u a n ti t ie s  o f the  same 

substance*

Cat a l y t i c  Reduction o f th e  Coloured Brom ination Product*

The compound (70 mg.) was shaken w ith  p la tinum  (50 mg.) in  

a c e t ic  a c id  (50 m l.) a t  room tem perature in  an atm osphere o f hydrogen 

fo r  24 hours* The c o lo u rle ss  so lu tio n  was f i l t e r e d  f re e  o f p la tinum  

and th e  f i l t r a t e  was taken  to  dryness under reduced p re s su re . The
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re s id u e  was tw ice c r y s ta l l i s e d  from methanol to  give p la te s ,  m.p* 

272-273° [*] + 83° (C, 1 .2 4 ) .

Found s C, 76.3 •, H, 10 .5$

Q31H5 0 re q u ire s  * C, 76.5 $ H, 10.3$

Tliis compound showed a marked d ep ression  w ith  th e  a c e ta te  CQiHa-sOt 

used  in  th e  o r ig in a l  brom ination .
o

L ight ab so rp tio n  in  ethanol* max. a t  2 ,0604, 6  = 1,800$
2,8Q0£, t  = 650^

Treatm ent o f th e  C o lourless Brom ination Product w ith  A lk a li .

The substance([oC]p -  119°) (60 mg.) was heated  under r e f lu x  w ith  

e th an o lic  potassium  hydroxide (6 ml.*,'3 /0  fo r  3 hours. The m ixture 

was worked up through e th e r  in  th e  u su a l way and the  p roduct c r y s t a l l ­

is e d  from aqueous methanol as n eed le s , m.p. 225-228f*
o

L igh t ab so rp tio n  in  ethanol*, max. a t  2 ,500^ , £ = 9,980$
3,5004, £ = 3,872.

T his in d ic a te d  th a t  th e  substance was a m ixture and i t  was not in v e s t i ­

ga ted  fu r th e r .

P re p a ra tio n  o f th e  Bnol A cetate  of th e  C o lourless Brom ination P roduct.

The substance CQiH&eQi ([°<]-q -  119°) (99.2 mg.) was d isso lv ed  

in  a c e t ic  anhydride (10 m l.) and fu sed  sodium a c e ta te  (99 mg.) was 

added. The m ixture was re flu x ed  fo r  24 hours, poured in to  w a te r , 

and th e  so lu tio n  warmed s l ig h t ly  to  f a c i l i t a t e  decom position o f th e  

excess of anhydride. The co ld  m ixture was th en  e x tra c te d  and th e  

e th e r  washed many tim es w ith  w ater and d r ie d  (Mg.SQ*). E vaporation  

o f the  so lven t gave a brown gum which was c r y s ta l l i s e d  from methanol 

as p rism s, m.p. 225-226.5°, [oC]p -  56° (C, 0 .9 5 ) .



-  122  -

The enol a c e ta te  gave a yellow  co lour w ith  te tran itro m eth an eo

Found » C, 75.5  -, H, 9.22%

CgsHtsOs req u ires*  C, 75.5  -, H, 9.22$
o

L ight ab so rp tio n  in  ethanol-, max. a t  285Q&, 6 = 13,690-,
228q£, e  = 7 ,408.

o f the  Methyl E s te r  C3±H^e05 
O btained by H ydrolysis of th e  ^ Q.q-A ce ta te”•

The e s te r  (0 .3 g .)  was d isso lv ed  in  a c e t ic  a c id  (25 m l.) and 

a few drops of aqueous hydroborraic a c id  (48%) were added., Bromine 

in  a c e t ic  a c id  (5 .9  ml. o f 1 .9$  = 1 .1  m oles.) was added dropwise to

th e  so lu tio n  a t  100°. The so lu tio n  was re f lu x e d  fo r  5 m inu tes, and

a fu r th e r  q u a n tity  o f bromine was added to  the  cooled s o lu tio n , to  make 

th e  q u an tity  added eq u iv a len t to  2 m oles. The so lu tio n  was allow ed 

to  s tan d  o v ern ig h t, and th en  re flu x e d  fo r  a f u r th e r  5 m inu tes, cooled 

and poured in to  w ater. The p ro d u c t, which was a gum, was i s o la te d  

by means o f e th e r  in  th e  u su a l way, and was a c e ty la te d  w ith  a c e tic  

anhydride and p y rid in e  a t  100°. The product from th e  a c e ty la t io n

(0 .2 8 g .) was d isso lv ed  in  l ig h t  petroleum  (b .p . 60-80°-, 100 m l.) and 

chromatographed on a column o f a c t iv a te d  alumina (Grade I I 5 6.5x2 dm.). 

There was t o t a l  ad so rp tio n  of th e  d isso lv ed  s o lid  on th e  column.

Washing th e  column w ith  benzene (350 m l.) and benzene-ether(9%l-,10G in i.)  

e lu te d  a s o l id  (230 mg.) which was re  c r y s ta l l i s e d  from aqueous methanol 

as b la d es , m.p. 192-194°. This substance gave no d ep re ss io n  on mixed 

m elting  w ith  th e  a c e ta te  o f th e  s ta r t in g  m a te r ia l.

F u rth e r washing o f th e  column w ith  benzene-ether and e th e r  gave 

only tr a c e s  o f m a te r ia l which could no t be c r y s ta l l i s e d .
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Treatm ent o f the  A ceta te  Methyl E s te r  C33H50O6 w ith  Potassium  Permanganate

The e s te r  (0 .2 2 g .) (m .p .190-192°) d isso lv ed  in  acetone (15 ml. 

d i s t i l l e d  from KMnQi) was shaken a t  room tem peratu re  fo r  22 hours w ith  

powdered potassium  permanganate (0 .2 2 g .) .  The excess o f permanganate 

was destroyed  by a d d itio n  o f aqueous sodium m etab isu lp h ite  so lu tio n  and 

th e  r e s u l ta n t  m ixture was made ac id  to  congo re d  w ith  d i lu te  hydro­

c h lo r ic  a c id . P r e c ip i ta t io n  o f th e  s o l id  was completed w ith  w ater

and th e  m ixture was e x tra c te d  w ith  e th e r .  The e th e r  e x tr a c t  was 

washed w ith  potassium  hydroxide so lu tio n  (3 $ ) , w a ter, and d rie d  

(Na^SOfc). No ac id  f r a c t io n  was o b ta ined  from th e  a lk a l in e  wash. The 

n e u tra l  re s id u e  was c r y s ta l l i s e d  from aqueous methanol as b la d e s , m.p. 

190-192°, undepressed on adm ixture w ith  th e  s ta r t in g  m a te r ia l .

Recovered y ie ld  168 mg.(75$).

Treatm ent o f the  A cetate  Dimethyl E s te r  G34.H54.O7 w ith  Bromine.

The dim ethyl e s te r  (m .p .202 .5-203 .5°) (0 .44g. ) .in a c e t ic  a c id  

(50 m l.) was t r e a te d  a t  50° w ith  a few drops of hydrobromic a c id  (48$), 

and bromine in  a c e tic  a c id  (2 .8  ml. o f 5.12$ — 1 .1  moles) was added 

dropwise w ith  s t i r r i n g .  A fte r the  a d d itio n  was completed th e  

so lu tio n  was s t i r r e d  fo r  30 minutes a t  50° and then  slow ly heated  to  

100° and kept a t t h i s  tem peratu re  fo r  one hour. The colour o f th e  

so lu tio n  in d ic a te d  th a t  th e re  was no uptake o f bromine. The m ixture 

was worked up in  th e  u su a l way. C ry s ta l l i s a t io n  o f th e  p roduct from 

n-hexane gave p rism s, m.p. 201-203°, which gave no depression on mixed 

m elting  w ith  th e  s ta r t in g  m a te r ia l. Recovered y ie ld  370 mg.(84$).
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o
L ight a b so rp tio n  in  e th an o l } max* a t  2800A, 6. = 380.

A ttempted Clemmensen R eduction o f th e  A ceta te  Dimethyl E s te r  
Q34.H54.Q7 o

The e s te r  (0 .3 5 g .)  was d isso lv ed  in  g la c ia l  a c e t ic 'a c id  (100 m l.)* 

,J-’he so lu tio n  was h eated  a t  100° w ith  analganated  s in e  (12 g . ) and 

co n cen tra ted  hyd roch lo ric  a c id  (25 m l.) fo r  2 ho u rs , when a fu r th e r  

q u a n tity  o f co n cen tra ted  hyd roch lo ric  a c id  (5 m l.) was added and 

h e a tin g  continued  fo r  1 hour*, a d d itio n  of co n cen tra ted  hydroch lo ric  

a c id  (10 ml*)* and h ea tin g  fo r  30 m inutes completed th e  reac tio n *  The 

ho t so lu tio n  was f i l t e r e d  and th e  p roduct was p r e c ip i ta te d  w ith  w ater 

and i s o la te d  by e th e r  e x tra c tio n  in  th e  u su a l way. A fte r a c e ty la t io n  

w ith  a c e t ic  anhydride and p y rid in e  a t  100° ,  th e  substance c r y s ta l l i s e d  

fo r  n-hexane as p rism s, m.p. 20 2 .5 -2 0 3 .5 °, and gave no d e p re ss io n  on 

adm ixture w ith  th e  s ta r t in g  m a te r ia l .  Recovered y ie ld  240 mg. (69%) 9
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12*1 9 -D iketo-o leana- lQ t13(18)-d ie n y l Ace t a t e.
—r—irm-iwpiiiOTn.il (i—ir~—~thhitmh mŵ.n.i—ttm Tfrrw hmw.i m— iiwo—bbh—

( c . f .  R uzicka, Jeger and Norymberski Helv. Ghim.A cta. 1942,
25 , 451TJ

jS -Amyrenyl a c e ta te  (5 g .) was suspended in  dioxan (250 m l.) w ith  

powdered selenium  dioxide (8g . ) .  The m ixture was heated  in  an au to ­

c lave  a t  200° fo r  22 hours. The cooled so lu tio n  was f i l t e r e d  through 

s in te re d  g la ss  and th e  product was p r e c ip i ta te d  from th e  f i l t r a t e  by 

a d d itio n  o f w ater. The p re c ip i ta te d  s o l id  was e x tra c te d  w ith  e th e r  

and th e  e th e r  e x tra c t  was washed w ith  w a ter, d r ie d  (Na^SO^) and b o ile d  

w ith  anim al charcoal f o r  a few m inutes, f i l t e r e d  .and evaporated  to  

d ryness. The re s id u e  was d isso lv ed  in  benzene (100 m l.) and th e  

s o lu t io n  was f i3 .te red  through a sh o rt column of a c t iv a te d  alum ina.

The column was washed w ith  benzene and benzene-ether ( l » l ) .  The wash­

in g s  from th e  column were evaporated  and the  re s id u e  was re d is so lv e d  

in  benzene (100 m l.) and Again f i l t e r e d  through a sh o rt column o f 

alum ina, fo llow ed by washing w ith  benzene. The re s id u a l  s o l id ,  a f t e r  

ev ap o ra tio n  o f the  benzene so lu tio n  was c r y s ta l l i s e d  f iv e  tim es from 

aqueous methanol to  g ive 1 2 tl9 -d ik e to -o lea n a -1 0 » 1 3 (l8 )-d ie n y l a c e ta te  

as p la t e s ,  m.p. 242-43°, [* ]d -  90° (C, 1 .8 8 ).

The product gave no co lo u ra tio n  w ith  te tran itro m eth an e*
o

L igh t ab so rp tio n  in  e th an o l5 max. a t  2100A, c =■ 6 ,840 , and
2760a, €  = 11,850*

C oncen tra tion  of th e  mother liq u o rs  from th e  above c r y s ta l l i s a t io n s  gave

a fu r th e r  q u a n tity  ( l . 7 g . ) o f 1 2 il9 -d ik e to -o lean a -1 0 » 13(18)-d ie n y l

a c e ta te ,  m.p* 237-241°.

12s19-D iketo-oleana-10*13( is ) - d ie n y l  a c e ta te  can a lso  be c r y s ta l l i s e d
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from l ig h t  petroleum  (b .p . 60-80°) a s  p rism s, m.p* 242-243°.

C a ta ly tic  Hydrogenation o f 12119- D fketo-o leana-10 :1 3 (1 3 )- 
d ien y l A ceta te .

A so lu tio n  o f 12*19-diketo-o leana-10*13(18)-d ie n y l a c e ta te

( l .2 7 g . ) in  g la c ia l  a c e t ic  a c id  (120 m l.) was shaken w ith  hydrogen and

pla tinum  (from '0 .5g  P+Cfe) fo r  48 hours* Hydrogen ab so rp tio n  (approx.

4 moles) had th en  ceased and c r y s ta l l in e  s o l id  had separated* The

re a c t io n  product was is o la te d  in  the ' u su a l way, d isso lv ed  in  l i g h t

petro leum  (b .p . 60-80°} 100 m l.) and chromatographed on a column of

a c t iv a te d  alumina (12x2 cm).

L igh t petroleum  (600 m l.) and l i g h t  petroleum -benzene ( l t l  •,

100 m l.) e lu te d  a s o l id  (400 mg.) which a f t e r  fo u r c r y s ta l l i s a t io n s

from m ethanol-chloroform  gave o leana-10*13(18)- d ieny l a c e ta te  as

p la te s ,  m.p. 198 .5 -200 .5°, [oC]D + 60°, + 59.5° (C, 1 .3 ,  1 .0 ) .

Found * C, 32.6 *, H, 11 .1  %

Q3 2 0g requ ires*  C, 82.3 *, H, 10.8 %

L ight ab so rp tio n  in  ethanol*, €2100 = 10,000, £2150 = 9 ,000,
.£ 2 2 2 0  = 5,600.

Qleana-10*13(18 )-d ie n y l a c e ta te  g ives an in te n se  yellow  colour

w ith  te tran itro m e th an e  in  chloroform*

Oleana-1 0 .13(18)- d ien o l was ob ta ined  by h y d ro ly s is  o f th e  above a c e ta te  

w ith  e th an o lic  potassium  hydroxide (4/£) • The a lcoho l c r y s ta l l i s e d  

from methanol as n eed le s , m.p. 204 .5 -2 0 6 .5 °, [«C]p + 5 3 .5 ° , + 52°

(G, 0 .5 , 0 .9 ) .

Found* C, 84.9 } H, 11 .5  %

CsoHtsO requ ires*  C, 84.8 *, H, 11.4  /£.
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R e - a c e t y la t io n  o f  o le a n a -  1 0 * 1 3 (1 8 ) - d i e n o l  w ith  a c e t i c  a n h y d rid e  and  

p y r id in e  a t  1 0 0 °  gave o le a n a -1 0 * 1 3 ( 1 8 ) - d ie n y l  a c e t a t e ,  w h ich  was 

c r y s t a l l i s e d  once from  m e th a n o l-c h lo r o fo r m  a s  p l a t e s ,  m .p . 1 9 6 -1 9 8 °  

W d  + 5 7 °  (C , 1 . 1 8 ) .  T h is  sp ecim en  showed no d e p r e s s io n  on m ixed  

m e lt in g  w ith  th e  sp ecim en  d e s c r ib e d  a b o v e .

C on tin u ed  e l u t i o n  o f  th e  a lu m in a  w ith  b en zen e (3 0 0  m l .)  gave a  

c r y s t a l l i n e  s o l i d  (2 5 0  m g.) w h ich  a f t e r  f i v e  c r y s t a l l i s a t i o n s  from  

m e th a n o l-c h lo r o fo r m  gave 1 9 -k e to - o le a n -fO  e n y l  a c e t a t e  a s  p la t e s *

m .p . 2 5 4 -2 5 6 ° ,  M d + 1 1 7 .5 ,  + 1 1 6 °  (C , 1 .1 5 ,  1 . 0 ) .

Found* C, 7 9 .9  > H, 1 0 .4  % ■

C3 2 HS0 Q3 r e q u ir e s J  C, 7 9 .6  5 H, 1 0 .4  %

1 9 -K e t o -o le a n -1 0 -e n y l  a c e t a t e  g i v e s  a p a le  y e l lo w  c o lo u r  w ith  

c h lo r o fo r m ic  t e tr a n itr o m e th a n e .
o

L ig h t  a b s o r p t io n  i n  e th a n o l •, max. a t  3 0 2 0 4 , £  =  44 %

£ 2 0 6 0  =  3 ,4 0 0 *  £ 2 1 0 0  =  2 ,4 0 0 *  6 2 1 5 0  =  920*

F u r th e r  e l u t i o n  o f  th e  a lum ina column gave f r a c t i o n s  w h ich  c o u ld  n o t  

b e  a d e q u a te ly  p u r i f i e d  b u t w h ich  d id  n o t  show in t e n s e  s e l e c t i v e  a b so r p -
Q

t i o n  i n  th e  u l t r a - v i o l e t  above 2 2 0 0 4 .

C o n v ersio n  o f  O lean a-1 0 * 1 3 (1 8 ) - d ie n y l  A c e ta te  i n t o  O lean a-  
i m s i i s j  - d ie n y l  A c e ta te .  — ■ ■ -

A s o lu t io n  o f  o le a n a -1 0 * 1 3 ( 1 8 ) - d ie n y l  a c e t a t e  (8 7  m g.) i n  a c e t i c

a c id  (1 5  m l.)  c o n ta in in g  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  ( 1 .5  m l .)  was

h e a te d  f o r  th r e e  h ou rs 011 th e  steam  b a th . The m ix tu re  w as p o u ted

i n t o  w a ter  and th e  p r o d u c t , i s o l a t e d  by means o f  e t h e r ,  was t r e a t e d

w ith  a c e t i c  an h yd rid e ( l  m l .)  and p y r id in e  ( l  m l . ) .  The a c e t y la t e d

p ro d u c t was i s o l a t e d  i n  th e  u s u a l way and c r y s t a l l i s e d  from  m eth a n o l-
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chloroform  as p la te s ,  m.p. 223-226°, ~ 63° (C, 1 .2 ) .  The substance

gave a re d  brown co lour w ith  te tra n itro m e th a n e  and was undepressed  in  

tti.p . when mixed w ith  an au th en tic  specimen of o leana-11%13(18)-d ie n y l 

a c e ta te .
o

L ight a b so rp tio n  in  ethanol} max. a t  242OA, £ = '2 3 ,5 0 0 ,
250QL € =  27 ,000, and
260QA, £ = 17,600.

R eduction o f 12*19-D iketo -o leana-1 0 .13(18)- d ien y l A ceta te  
w ith  Zinc and A cetic  A cid.

A so lu tio n  of 12*19 -d ik e to -o lean a-1 0 * 13(18)-d ie n y l a c e ta te  

(Q .95g .) in  g la c ia l  a c e t ic  a c id  (100 m l.) was g e n tly  re f lu x e d  fo r  4 

hours w ith  zinc dust ( l . 8 g . ) .  .The ho t so lu tio n  was f i l t e r e d  f r e e  o f 

z inc  and th e  p roduct was p re c ip i ta te d  w ith  w a ter, c o l le c te d , washed w ith  

w ater and d isso lv ed  in  e th e r . The e th e r  so lu tio n  was worked up in  

th e  u su a l way.

A so lu tio n  o f th e  product in  l i g h t  petroleum  ( b .p .60-80°}

100 m l.) and benzene (40 m l.) was chromatographed on a column o f alumina

(15 x 1 .5  cm .). The f r a c t io n  (229 mg., m .p .190°) e lu te d  w ith  l i g h t  

petroleum -benzene (2*1 } 200. m l.) and l i g h t  petroleum -benzene ( l * l  >

300 m l.) was c r y s ta l l i s e d  th r ic e  from m ethanol-chloroform  to  o lean a- 

10* 13(18)-d ien y l a c e ta te  as p la te s ,  m.p. 195-197°, + 60°(C, 1 .0 )

undepressed  in  m.p. when mixed w ith  th e  specimens o b ta ined  by c a ta ly t ic  

hydrogenation o f p  -amyradiendiomyl a c e ta te .

A f r a c t io n  (28 mg.) ob ta ined  by continued washing o f th e  

alumina column w ith  l ig h t  petroleum -benzene(2*3} 100 m l.) was not 

examined. The f r a c t io n s  ob ta ined  from th e  column by washing w ith  

benzene (300 m l.) ,  benzene-ether (9*1 } 200 m l.) and benzene-ether
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^4*1 } 50 m l.) were combined (314 mg. } m.p. 204-207°) and c r y s t a l l ­

i s e d  from aqueous methanol from which 12-k e to -o leana-10*13(18)- 

d ien y l a c e ta te  s ep a ra te s  as p la te s  from co n cen tra ted  so lu tio n  and as 

p rism s from d i lu te  s o lu tio n , m.p. 205-207°, -  79°, -78° (C, 1 .0 ,

0 .9 ) .
Found* C, 79.95 •, H, 10.3 %

QBsHieCb re q u ire s  * C, 79.95 } H, 10 .1  /£

12-K eto-oleana-10*13(18)-d ie n y l a c e ta te  g ives a p a le  yellow  co lour w ith

chloroform ic te tra n itro m e th a n e .
o '

L igh t ab so rp tio n  in  ethanol*, max. a t  2080A, c  = 9,000*,
260oI, € = 9,250*,
295Q&, t  = 8,450.

A f r a c t io n  (157 mg. } m.p. 280-287°) ob ta ined  by washing th e

alumina column w ith  benzene-ether (3*2 } 50 m l.) ,  benzene-ether ( l * l  }

100 m l.) ,  e ther-benzene (3*2 } 50 m l.) and e th e r  (200 m l.) c r y s ta l l i s e d  

from aqueous methanol to  y ie ld  12119-d ik e to -o le a n -10  enyl a c e ta te  as 

p l a t e s ,  m.p. 285-287 °> W D + 132° (C, 1 . 0 ) .

Found * C, 77.6 } • H, 9.9 %

C32H3.8Q4 requ ires*  C, 77.4 } H, 9.7 %
o

L igh t ab so rp tio n  in  e thano l *, max. a t  246QA , £  = 12,400.

Ruzicka and Jeger (Helv. Chim. A cta . 1941, 24, 1236) g ive m.p. 

2 9 0 -2 9 2 ° (c o rr .) , X  max. a t  240QA (lo g  £ = 4 .05) fo r  a compound

ob ta ined  by c a ta ly t ic  re d u c tio n  o f -am yradiendiftnyl a c e ta te .

12-Keto- o leana-10*13(18)- d ieno l was ob ta ined  from th e  c o rre s ­

ponding a c e ta te  by re f lu x in g  w ith  e th an o lic  potassium  hydroxide (3%) 

f o r  3 hours. I t  sep a ra te s  from aqueous methanol as n e ed le s , m.p. 

267-269°, [c(.]d "  9 9 .5 ° , - 100°, -  9% (C, 1 .1 ,  0 .7 5 , 0 .8 ) .
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Found * C, 32.3 > H, 10.7 %

G30 Hg.6Qg req u ires*  C, 82 .1  *, H, 10.6 %
Q

Light, ab so rp tio n  in  ethanol*, max. a t  21004. £. = 7,600*
26204, £ = 8 ,6 0 0 , and
29504, t -  7 ,900 .

R eace ty la tio n  of t h i s  a lco h o l u s in g  a c e tic  anhydride and p y rid in e

gave 12-keto-o leana-lQ *13(18)-d ie n y l a c e ta te  as prism s or p la te s  from

aqueous m ethanol, m.p. 205-206°, [oC]jj -  78° (C, 1 .3 5 ) .

Treatm ent o f 12- k e to -o lean a -1 0 .13(18.)- d ien y l A ceta te  w ith  
M ineral Acid.

The dienone (l50m g.) was h eated  fo r  3 hours a t  100° in  g la c ia l

a c e t ic  a c id  (25 m l.) co n ta in ing  co n cen tra ted  laydrochloric a c id  (3 m l.) .

The m ixture was worked up in  th e  u su a l way and th e  p roduct was

a c e ty la te d  w ith  a c e t ic  anhydride and p y r id in e . The p roduct c r y s t a l l -  ■

is e d  from aqueous methanol as p la te s ,  m.p* 204-205°, M d -78*5°

(C. l . l )  undepressed on mixed m elting  w ith  th e  s ta r t in g  m a te r ia l .
o

L igh t ab so rp tio n  in  ethanol*, max. a t  20804, £ = 7,250*
260Q£, £ = 8,950*,
2950£, £ = 8 , 100.

C a ta ly tic  H ydrogenolysis.of 12-K eto-o leana-10*13(18)- 
d ien y l A ce ta te .

A so lu tio n  of th e  a c e ta te  (0 .3 g .)  in  a c e t ic  a c id  (50 m l.)

was shaken w ith  p la tinum  (from0.2  g. F Q3) and hydrogen fo r  7 hours.

Toi/ards the  end of th e  re a c tio n  th e  p roduct sep a ra ted  from th e

s o lu tio n . The 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

m ethanol-chloroform  to  give oleana-10*13(18)-d ien y l a c e ta te  (250 mg.)

as p la te s ,  m.p. 197-199°, [oljp + 59° (C, 0.9)*, th e  m.p. o f a
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m ixture w ith  a p re v io u s ly  p repared  specimen was undepressed*

R eduction o f 12-K eto -o leana-  10*13(18)- 
w ith  Zinc and A cetic  Acid*

A so lu tio n  o f  th e  a c e ta te  (250 mg.) in  g la c ia l  a c e t ic  a c id  

(50 m l.) was re f lu x e d  w ith  zinc (0*5g .) fo r  4 hours* The product 

was i s o la te d  by means o f e th e r and c r y s ta l l i s e d  from m ethanol-ch loro­

form to  y ie ld  th e  r e l a t iv e ly  in so lu b le  oleana-10*13(18)-d ie n y l a c e ta te  

(50 mg.) as p la te s ,  m.p. 190-191°. The mother liq u o r  was evaporated 

to  d ry n e ss , th e  re s id u e  d isso lv ed  in  g la c ia l  a c e tic  a c id  and th e  

so lu tio n  again  re f lu x e d  w ith  z inc  ( 0 .5 g .) fo r  4 hours. The product 

was i s o la te d  by means o f e th e r  and c r y s ta l l i s e d  from m ethano l-ch lo ro - 

form to  y ie ld  oleana-10*13(18)-d ie n y l a c e ta te  (58 mg.) a s  p la t e s ,  

m.p. 188-190°. Rec r y s ta l l i s a t io n  o f th e  combined crops from m ethanol- 

chloroform  y ie ld e d  th e  d ieny l a c e ta te  as p la te s ,  m.p. 196-198° 

undepressed when mixed w ith  an a u th en tic  specimen*

R eduction o f 12--Keto- o leana-16113(18) - d ieny l A ceta te  
w ith  Lithium  Aluminium Hydride*

A so lu tio n  o f the  acet.ate ( l .O g .) in  dry e th e r  (250 m l.) 

co n ta in in g  lith iu m  aluminium hydride ( l .O g .)  was re f lu x e d  fo r  3 hours* 

The excess o f hydride was destroyed  w ith  water and th e  product was 

is o la te d  by means o f e th e r ,  avoid ing  th e  use o f m ineral a c id . 

A c e ty la tio n  a t  room tem perature w ith  a c e t ic  anhydride and p y r id in e , 

and c r y s ta l l i s a t io n  from m ethanol-chloroform  gave a m ixture (approx* 

500 mg.) m.p. 192-194°* This m ixture gave a brown co lour w ith
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te tra n itro m e th a n e  and showed l ig h t  a b so rp tio n  in  e th an o l a t  295QA 

(£ .=  440) probably  due to  th e  presence o f o le a n a -1 0 tl2 » 1 8 -tr ie n y l 

ace ta te*  R e c ry s ta l l is a t io n  of t h i s  s o l id  from m ethanol-chloroform  

which was accompnaied by la rg e  lo s s e s ,  gave oleana-10*13(18)-d ie n y l 

a c e ta te  (50 mg*) as p la t e s ,  m*p* 199-^uu0, undepressed when mixed 

wiuh an a u th en tic  specimen, and g iv ing  a yellow  colour w ith  t e t r a ­

nitrom ethane in  chloroform*, [oCjp + 59° (C, 0*9, 1 .0 )
G

L ight absorption*, max* a t  21QGA, £ =  8,000*

12*19-D iketo-o leana-10 t13(18)-d ie n y l A ceta te  from 
12rK eto-o leana-10J13(18)-d ie n y l A c e ta te*

Method (a)*

The a c e ta te  (86 mg.) was re f lu x e d  fo r  72 hours w ith  a c e t ic

anhydride (10 m l.) co n ta in in g  f r e s h ly  fu sed  potassium  a c e ta te  (O.lg*)*

The p roduct was iso ls .te d  by d i lu t io n  w ith  a la rg e , excess o f w ater and
%

e th e r  e x tra c tio n  in  th e  u su a l way* C r y s ta l l i s a t io n  from methanol 

gave 1 2 \1 9 -d iketo -o leana~ 10*13(l8 )-d ieny l a c e ta te  (50 mg.) a s  p la t e s ,  

m.p. 241-242°, -89° (C, 0.6)* A m ixture w ith  a re fe re n c e  specimen

was undepressed in  m.p*
G

L igh t ab so rp tio n  in  e thano l } max. a t  278QA, £ = 11,000*

Method (b)*

The a c e ta te  (0 .3 7 g .) in  dioxan (50 m l.) was hea ted  in  a  sea led  

tube  a t  200° fo r  20 hours w ith  selenium  d ioxide (0 .6 g .) .  The co ld  

so lu tio n  was f i l t e r e d  through s in te re d  g la ss  and th e  p roduct was worked 

up in  th e  u su a l way through e th e r .  The e th e r  e x tra c t  was t r e a te d  

w ith  animal charcoal befo re  evaporation* C ry s ta l l is a t io n  o f th e
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product from aqueous methanol gave 12*1 9 -d ik e to -o leana-10*13(18)-

d ien y l a c e ta te  as p la t e s ,  m.p. 240-41°, [6k]j) -9 1 .5 °  (C, 1 .3 ) ,

undepressed  on mixed m elting  w ith an a u th e n tic  specimen.
o

L igh t a b so rp tio n  in  e thanol}  max. a t  2760A, £  = 12,500.

Method ( c ) .

The a c e ta te  (250m g.)in g la c ia l  a c e t ic  a c id  (50 m l.) was 

re f lu x e d  w ith  selenium  dioxide (250 mg.) fo r  6 hours. The m ixture 

was worked up as desc rib ed  above and th e  p roduct was c r y s ta l l i s e d  

from aqueous methanol to  give 12*19-d ike to -o leana-10*13(18)-d ie n y l 

a c e ta te  (l3Qmg.) as la rg e  square p la te s ,  m.p. 240-241 W D -  91°

(C, 1 .3 ) and g iv ing  no dep ress io n  on mixed m elting  w ith  a re fe re n ce  

sample.
o

L igh t ab so rp tio n  in  ethanol*, max. a t  276GA, £  = 12,500.

Reduction  of 12119- D iketo-o leana-10113(18)- d ien y l A ceta te  
w ith  Zinc Dust in  E thano l.

12*19-D iketo-o leana-10*13(18)-d ie n y l a c e ta te  ( l g . ) d isso lv ed  in  

e th an o l (100 m l.) was re flu x e d  fo r  5 hours w ith  a c tiv a te d  zinc dust 

( 5 g .) .  The so lu tio n  was f i l t e r e d  f re e  of zinc and th e  p roduct was 

i s o la te d  from the  f i l t r a t e  in  th e  u su a l way and c r y s ta l l i s e d  from 

methanol to  y ie ld  12»19*'diketo-olean-10-enyl a c e ta te  (0 .9 g .) as 

b lad es  m.p. 283-286°, M d  + 132° (C, 1 .28) undepressed in  m.p. when 

mixed w ith  a specimen p repared  by zinc and a c e tic  a c id  re d u c tio n  o f 

ft -am yradiendionyl a c e ta te .

12*19-D iketo-o lean-l0 -eny l a c e ta te  was recovered  unchanged 

a f t e r  h ea tin g  on th e  w ater bath  fo r  1 hour w ith  a c e tic  anhydride and 

p y r id in e . I t  was a lso  recovered unchanged a f t e r  stand ing  overn igh t
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in  g la c ia l  a c e t ic  a c id  co n ta in in g  chromic a c id  (l.O  atom 0 ).

12 .1 9 -D iketo-18A-o le a n -lQ -en y l ace ta te*

A so lu tio n  o f 1 2 tl9 -d ik e to -o lea n -1 0 -en y l a c e ta te  (400 m g .) 'in  

m ethanolic potassium  hydroxide (l0/£) was re f lu x e d  fo r  3 hours* The 

product was a c e ty la te d  u sin g  a c e tic  anhydride and p y rid in e  a t  100° .

A fte r  working up th e  m ixture in  th e  u su a l manner th e  a c e ta te  was

c r y s ta l l i s e d  from methanol to  give 12*19-d ik e tq -18«C-o le a n -10-en y l 

a c e ta te  a s  p la te s  m.p. 279-281°, M d + 91°, + 92° (C, 0 .5 ,  1 .2)*

Found » C, 77.6 *, H, 9 .7  %

C32H48O4- req u ire s*  0 , 77.4 *, H ,. 9 .7  %
o

L igh t a b so rp tio n  in  e thanol *, max. a t  24-3Q&, £  = 11,700*

H ydrogenolysis o f 1 2 t l9 -D iketo-o lean-10-en y l A ceta te .

A so lu tio n  o f 1 2 il9 -d ik e to -o lea n -1 0 -en y l a c e ta te  (0*8g .) in  

s ta b i l iz e d  a c e tic  a c id  (250 m l.) was shaken w ith  hydrogen and p latinum  

(from 0.3g  P4Q3) .  A bsorption o f hydrogen was slow and ceased a f t e r  

48 hours. The so lu tio n  was f i l t e r e d  and th e  f i l t r a t e  was evaporated 

to  dryness* The re s id u e  was c r y s ta l l i s e d  from m ethanol-chloroform  to  

g ive 1 9 -k e to -o lean -lQ -eny l a c e ta te  (0*66g.) as p la te s ,  m.p. 254-256° 

[* ]D + 117° (C, 2 .0 ) .  This product gave a yellow  co lour w ith  th e  

te tran itro m e th an e  reag en t and was undepressed on mixed m elting  w ith  a 

specimen p repared  by hydrogenolysis of 12»19-d ike to -o lean-10*13(l8 )- 

d ien y l a c e ta te .

Treatm ent o f 19-K eto-o lean-lQ -erp/l A ceta te  w ith  H ydrochloric A cid.

A so lu tio n  o f th e  a c e ta te  (0 .2 7 g .) in  a c e tic  a c id  (50 m l.) 

co n ta in in g  concen tra ted  hydroch loric  a c id  (4 m l.) was allow ed to  stand
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o vern igh t a t  room tem peratu re  and was th en  hea ted  a t  100° fo r  14 hours* 

The m ixture was worked up in  th e  u su a l way and th e  p roduct was a c e ty -  

l a t e d  w ith  a c e tic  anhydride and p y rid in e  a t  100°. The r e s u l ta n t  

p roduct was d isso lv ed  in  l i g h t  petroleum  ( b .p .60-80°)(50 m l.) and 

chromatographed on a column o f alumina ( 8 x 2 cm.)*

Washing th e  'column w ith  l ig h t  petro leum  (400 m l.) gave tra c e s  

o f gum which could  no t be c ry s ta l l is e d *  The f r a c t io n  (30 mg.) 

e lu te d  w ith  l ig h t  petroleum -benzene (9 :1  } 250 m l.) was c r y s ta l l i s e d  

w ith  d i f f i c u l ty  from m ethanol-chloroform  to  g ive p la te s  m .p .250-251°. 

T his substance gave a re d  brown co lour w ith  te tra n itro m e th a n e  in  

chloroform  and showed l i g h t  absor3>tion in  ethanol} max. a t  237QS,

£ =  20,000} 245Q& , £ =  23,700} 255o£ , £ =  15,500.

The compound gave a marked depression  on mixed m elting  w ith  o lean a- 

11*13(18) -d ie n y l a c e ta te .  Lack of m a te r ia l p reven ted  fu r th e r  

in v e s t ig a t io n .

F u rth e r e lu t io n  o f the  column w ith  lig h t-p e tro leum -benzene  

(1 :1  } 350 m l.) gave a s o l id  (100 mg.) which c r y s ta l l i s e d  from m ethanol- 

ch loroforn t as b la d es , m.p. 252-254°, [o^]^ + 137° (C, 0 .8 9 ) . This 

substance gave a yellow  colour w ith  th e  te tra n itro m e th a n e  reag en t 

and a marked depression  on mixed m.p. w ith  th e  s t a r t i n g  m ateria l*

The product gave no d ep ress io n  on adm ixture w ith  19 -ke to -18* -o lean - 

10-en y l a c e ta te .

Found: C, 79.6 } H, 10.6 %

C alcu la ted  fo r  (WHsoCh* C, 79.6 } H, 10.4 %
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A fu r th e r  q u a n tity  (30/iyg.) o f 19-keto-13«(-olean-10-enyl a c e ta te  

was o b ta ined  by washing th e  column w ith  b en zen e -lig h t petroleum  (3*1 > 

150 m l.)  and benzene (150 m l.) .

Continued washing o f th e  column w ith  so lv en ts  o f in c re a s in g  

e lu t in g  powers gave very  sm all f r a c t io n s  which could not be c r y s ta l l i s e d .

Treatm ent of 19-K eto-o lean  -10-en y l A ceta te  w ith  Iso propenyl A ce ta te .

To a b o ilin g  so lu tio n  o f th e  a c e ta te  (250 mg.) in  isopropeny l

a c e ta te  (10 m l.) one drop of co n cen tra ted  su lphu ric  a c id  was added,

and th e  so lu tio n  was re f lu x e d  fo r  3 hours. The product was is o la te d

by means o f e th e r  in  th e  u su a l way and c r y s ta l l i s e d  from m ethanol- 

chloroform  as p la te s ,  m.p. 252-254°, which gave a yellow  co lour 

w ith  te tra n itro m e th a n e  in  chloroform , and no depression  on mixed m.p. 

w ith  th e  s t a r t i n g ' m a te r ia l. Recovered y ie ld  200 mg. (fi0/£).

A ttem pted Formation o f th e  Enol A ceta te  o f 19-K eto-o lean-10 - 
eny l A ceta te .

The a c e ta te  (0 .3 g .) in  dry carbon te t r a c h lo r id e  (6 m l.) was 

t r e a te d  w ith  p e rc h lo r ic  a c id  ( l  drop o f 50/d aqueous) in  a c e t ic  

anhydride (0 .5  m l.) and th e  so lu tio n  was allow ed to  s tan d  a t  room 

tem peratu re  fo r  2 hours. The product was i s o la te d  in  th e  u su a l way 

and c r y s ta l l i s e d  from m ethanol-ether a s  p la te s ,  m.p. 250-253°, 

undepressed  by s ta r t in g  m a te r ia l. Recovered y ie ld . 240 mg. (80$).
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Treatm ent o f l£ I 9 - D ik e to -o lean -lQ -en y l A ceta te  w ith  
Iso propenyl Acetate*

A so lu tio n  o f 12*19 -d ik e to -o le a n -1 0 -e n y l a c e ta te  (0*6 g . ) in  

iso p ropeny l a c e ta te  (27 m l.) was t r e a te d  w ith  one drop o f co n cen tra ted  

su lp h u ric  a c id  and th e  m ixture was hea ted  under r e f lu x  fo r  3 hours*

The dark brown so lu tio n  was poured in to  w ater and th e  m ixture  was 

e x tra c te d  w ith  e th e r . The e th e r  e x t r a c t  was washed many tim es w ith  

w ater and th e  e th e r  evaporated . The s o l id  was d r ie d  by azeo tro p ic  

d i s t i l l a t i o n  o f th e  w ater w ith  benzene. The re s id u e  was c r y s ta l l i s e d  

from methanol to  give 12*19-epoxy- o lean a-lQ*12*18- t r i e n y l  a c e ta te  as 

p l a t e s ,  m.p. 180-181°, [<*] + 170° (C, 1.5* 1 .4 5 ) ,

Found * C, 80 .1  •, H, 9 .7$

CssHteCk req u ires*  C, 80.3 *, H, 9 .7$

The compound gave a yellow- co lour w ith  te tra n itro m e th a n e  in  chloroform .
Q

L ig h t ab so rp tio n  in  ethanol*, max. a t  3240^, £ =  15,400' *,
2200A , £ =  5,850.

Enol  A ceta te  o f 12*19-D iketo -o lean-1 0 -enyl Acet a t e .

A so lu tio n  o f 12*19-d ike to -o lean-10-eny l a c e ta te  (0 .4 g .) in  

a c e t ic  anhydride (50 m l.) was re f lu x e d  fo r  41. hours in  an atmosphere 

o f n itro g e n  w ith  f r e s h ly  fused  sodium a c e ta te  (0 .4 g .) .  The p roduct 

was p r e c ip i ta te d  w ith  a la rg e  excess o f w a ter and i s o la te d  by means 

o f e th e r  in  th e  u su a l way* The re s id u e  from ev ap o ra tio n  o f th e  

e th e r  e x tra c t  was c r y s ta l l i s e d  from m ethano l-e ther to  g ive  (0 . 2g . ) 

p l a t e s ,  m.p. 283-285°, undepressed on mixed m elting  w ith  s t a r t in g  

m a te r ia l .
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The mother l iq u o r  from the  above c r y s t a l l i s a t i o n  was co n cen tra ­

te d  and need les sep a ra ted  o u t. R e c r y s ta l l i s a t io n  from aqueous m ethanol 

gave 19- k e to-12-a c etoxy- o lean a-10*12 d ien y l a c e ta te  as n e ed le s , m.p. 

251-252 °9 W d  + 285° (C, 0 .5 7 ) .

Found* C, 75.8 *, H, 9.3%

034,115005 req u ires*  C ,75.8 *, H, 9 .4 /.

The compound gave a brown co lour w ith  te tra n itro m e th a n e  in  chloroform
o

and showed l i g h t  ab so rp tio n  in  ethanol*, max. a t  2060A, S = 5,900*,

280QA, E  = 9,150.

This compound was recovered  unchanged on a ttem pted  c a ta ly t ic  hydrogen­

o ly s is  in  a c e t ic  a c id .

12-K eto-o leananyl A ceta te .

A m ixture o f hydrogen perox ide (100 vol.*, 100 m is .)  in  form ic 

a c id  (98/o} 300 m is .) was added dropwise over a p e rio d  of 3 hours to  

a  w e ll s t i r r e d  so lu tio n  o f -am yrin a c e ta te  (4 0 g .) in  e th y l a c e ta te

(2800 m is .) a t  55-60°. The m ixture was s t i r r e d  fo r  6 hours a t  60°

and co n cen tra ted  under reduced p re ssu re  to  a volume of about 500 m is.

The s o l id  which had sep a ra ted  out on coo ling  was c o lle c te d , washed w ith  

w ater and d r ie d  a t  100°. R e c ry s ta l l is a t io n  from m ethanol-chloroform  

gave 12-keto-oleana.nyl a c e ta te  (2 7 g .) as p la te s ,  m.p. 298-299 °> M d ■

11° (c , 1.12).

12-K eto -o lean -lQ -en y l A ceta te .

12-K eto-oleananyl a c e ta te  (36 g .) in  g la c ia l  a c e t ic  a c id  (2500 m l.) 

was t r e a te d  a t  60° w ith  a few drops o f hydrobromic a c id  (50/£), and
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bromine (4 m l.) in  a c e t ic  a c id  (150 m l.) was added dropxd.se over a

p e rio d  o f liL hours. The so lu tio n  x/as s t i r r e d  fo r  3 hours a t  60-70°
2

and th en  d i lu te d  w ith  hot w ater (1500 m l.) .  The p roduct which c r y s t a l l ­

i s e d  on coo lin g  x/as r e c r y s t a l l i s e d  from m ethanol-chloroform  to  g ive 

1 2 -k e to -o lean -1 0 -en y l a c e ta te  (24g.) a s  p la t e s ,  m.p. 287-289°, W n  +

62° (C, 1.0).
o

L ig h t a b so rp tio n  in  ethanol*, max. a t  2450A, £ =  10 ,000 .

i s o - ^ -Amyradienonyl A ce ta te .

A so lu tio n  o f 1 2 -k e to -o lean -1 0 -en y l a c e ta te  (2 3 g .) in  g la c ia l  

a c e t ic  a c id  (900 m l.) was re f lu x e d  fo r  25 hours x/ith  selenium  d iox ide  

(2 3 g .) .  The col’d so lu tio n  was f i l t e r e d  and th e  p roduct was i s o la te d  

from th e  f i l t r a t e  by d i lu t io n  w ith  w ater and e th e r  e x tra c tio n #  The 

e th e r  e x tra c t  x^s x/orked up in  th e  u su a l x/ay. The p roduct x/as 

d is so lv e d  in  benzene and f i l t e r e d  through a sh o rt column o f alum ina.

The f i l t r a t e  was evaporated  and th e  re s id u e  x/as txdce c r y s ta l l i s e d  from 

l i g h t  p e tro leu m -e th e r and f i n a l ly  from methanol to  give i s o -  B~ 

am yradienonyl a c e ta te  ( l 3 g . ) as p rism s, m.p. 223-224*5°, W d  -  36°

(C, 1 .3 3 ) ,  undepressed in  m.p. x/hen mixed w ith  an a u th e n tic  specimen. 

i  so -^-Amyradienonyl a c e ta te  g ives a yellox/ co lour x/ith te tra n itro m e th a n e  

in  chloroform .
o

L ight ab so rp tio n  in  e thanol} max. a t  244QA, £, = 10,400*

C a ta ly t ic  H ydrogenolysis o f i s o - ^  -Amyradienonyl A c e ta te .

A so lu tio n  o f i s o -^-am yradienonyl a c e ta te  ( i g . ) in  a c e t ic  a c id  

(150 m l.) xjas shaken w ith  platinum  (from 0 .5g . PtQg) in  ansfcmosphere 

o f hydrogen fo r  4- days. The apparent ab so rp tio n  o f hydrogen x/as
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3-3*5 moles* The s o lu tio n  x/as f i l t e r e d  and th e  p roduct x/as p re c ip ­

i t a t e d  from so lu tio n  by a d d itio n  o f x /a te r, c o l le c te d , x/ashed w ith  

x/ater and d r ie d . C r y s ta l l i s a t io n  from m ethanol-chloroform  gave 

neo -am yrin a c e ta te  (0 .5 g .) as n e ed le s , m.p* 227-229°,

(C, 1 .0 ) .

Found* C, 82.2  } H, 11 .4$

C alcu la ted  fo r  CsghssCh* C, 82 .0  } H, 11.2$  

neo-yft-Amyrin a c e ta te  g ives a re d  brox/n co lour x/ith ch loroform ic 

te tra n itro m e th a n e .
o

L igh t a b so rp tio n  in  ethanol*, max. a t  212QA, c  = 4,450}

£  220 = 2860, £225  = 730.

In  a subsequent experim ent i t  was found th a t  th e  r a t e  o f hydrogen­

o ly s is  o f i s o -y?-am yradienonyl a c e ta te  x/as in c re a se d  by a f a c to r  o f 

4 by a d d it io n  o f one drop o f co n cen tra ted  h yd roch lo ric  a c id  to  th e  

r e a c t io n  m ix tu re .

Treatm ent o f neo-yff -Amyrin A ceta te  x/ith  H ydrochloric A cid.

The a c e ta te  (100 mg.) in  a c e t ic  a c id  (16 m l.) co n ta in in g  concen­

t r a t e d  hydroch lo ric  a c id  (1 .5  m l.) x/as h eated  on th e  steam  b a th  fo r  4 

h o u rs , x/hen fu r th e r  q u a n ti t ie s  of hyd roch lo ric  a c id  ( l . 5 m l.) and 

a c e t ic  a c id  (10 m l.) x/ere added and h ea tin g  continued  f o r  a fu r th e r  

3 hours* C oncentrated  hydroch lo ric  ( l  m l.) was added and th e  so lu tio n  

x/as ag a in  heated  fo r  3 hours. The product x/as th en  is o la te d  in  th e  

u su a l x/ay and a c e ty la te d  w ith  a c e tic  anhydride and p y rid in e  a t  

100°. A fte r working up th e  a c e ty l a t  io n  in  th e  u su a l x/ay, th e  

p roduct x/as d isso lv ed  in  l ig h t  petroleum  ( b .p . 60 -.80°}  50 m l.)
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and th e  so lu tio n  was f i l t e r e d  through a sh o rt column o f alum ina.

The p roduct was th en  c r y s ta l l i s e d  from m ethanol-chloroform  to  give 

n e e d le s , m.p. 225-226°, which gave a re d  brown co lour w ith  th e  t e t r a ­

n itrom ethane reag en t and no depression  on mixed m elting  w ith  sb arting  

m a te r ia l .  Recovered y ie ld  50 mg. (50$).

03d.elation o f neo-^? -Amyrin A ceta te  w ith  Potassium  Perm anganate.

A so lu tio n  o f potassium  permanganate (0 .1 5 g .) in  d i s t i l l e d  w ater 

(39 m l.) and a c e tic  a c id  (39 m l.) was added dropwise to  a w e ll s t i r r e d  

s o lu t io n  o f neo-^ -a m y r in  a c e ta te  (0 .6 2 g .) in  a c e t ic  a c id  (230 m l.) a t  

room tem peratu re . The a d d itio n  was made over a p e rio d  o f 30 m inu tes, 

a f t e r  which th e  s o lu tio n  was s t i r r e d  fo r  one hour. The so lu tio n  was 

d eco lo u rised  by a d d itio n  o f a so lu tio n  of sodium m e ta b isu lp h ite  and 

p r e c ip i ta t io n  o f th e  s o l id  was com pleted by a d d itio n  o f w a te r . The 

s o l id  was e x tra c te d  w ith  e th e r and the  e th e r e x tra c t  was worked up in  

th e  u su a l way. The product c r y s ta l l i s e d  from methanol to  g ive 

neo- ^ - amyrin oxide as p rism s, m.p. 207-208°, [oCjp 4J5° (G, 1 .1 3 ) .

Found* C, 79.4  •, H, 10.9 $

Q32H52Q3 req u ires*  C, 79.3 *, H, 10.8$

The oxide gave no co lou r w ith  chloroform ic te tra n itro m e th a n e .

The mother l iq u o r  from th e  above c r y s ta l l i s a t io n  was co n cen tra ted  

to  y ie ld  a compound which was r e c r y s t a l l i s e d  from aqueous methanol as 

n e e d le s , a.p* 230-232°, [<*]D -  6 3 ° ,-6 4 .5 °  (C, 1 .0 , 0 .8 8 ) .

Found* C, 76.8 * H, 10.6$

CssHsoQi req u ires*  C, 77 .1  *, H, 10.1$

This compound gave no colour w ith  te tran itro m e th an e  in  chloroform .



-  142 -

L igh t a b so rp tio n  in  ethanol*, max. a t  20GOA, £  = 400 x/ith 

low in te n s i ty  in f l e c t io n  a t  2950l.

Treatm ent o f n e o - ^ - Amyrin Oxide w ith  H ydrochloric A cid.

The oxide (150 mg.) in  chloroform  (3ml. ) and a c e tic  a c id  (20 ml#) 

was t r e a te d  w ith  hy d ro ch lo ric  a c id  (2 m l.) and th e  s o lu tio n  was allow ed 

to  s tan d  overn igh t a t  room tem p eratu re . The dark  green so lu tio n  was 

d i lu te d  w ith  w ater and th e  product was is o la te d  by means o f e th e r  in  

the u su a l way and a c e ty la te d  a t  100° w ith  a c e t ic  anhydride and pyrid ine#  

The p roduct o b ta in ed  from the  a c e ty la t io n  was d isso lv ed  in  l i g h t  

pe tro leum  (b .p . 60-80°) and th e  so lu tio n  was f i l t e r e d  th rough  a  sh o rt

column o f alum ina in  o rder to  d eco lo u rise . The f i l t r a t e  was evapor­

a te d  and th e  re s id u e  was c r y s ta l l i s e d  from aqueous a c e t ic  a c id  to  

g ive a diene as p la t e s ,  m.p. 192-194°, M d -  34°, [C, 0 .8 5 ) .

Found * C, 82.3 > H, 10.7 %

Q32H50Q3 req u ires*  C, 82.3 y H, 10.8 %

The diene gave a brown co lour w ith  t  e tran itro m eth an e  in  

chloroform .
o

L igh t a b so rp tio n  in  ethanol*, max. a t  258QA, £ =  21,000.

Brom ination o f n e o - ^ - Amyrin A ce ta te .

neo- p -Amyrin a c e ta te  (0 .3 g .) in  g la c ia l  a c e tic  a c id  (50 m l.) 

was t r e a te d  w ith  bromine in  a c e tic  a c id  (2 .6  ml. of 5% = 1 .1  m oles).

The bromine was ra p id ly  absorbed a t  room tem perature  and th e  so lu tio n  

was allow ed to s tan d  o v ern ig h t. The product was p r e c ip i ta te d  by 

addition of w ater and isolated by means of ether. The e th e r  e x tra c t  

was worked up in the usual way. Crystallisation from methanol gave
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n e e d le s , nup. 226-220°, undepressed  by s ta r t in g  m a te r ia l  and g iv ing  

a re d  brown co lour w ith  ch loroform ic te tra n itro m e th a n e . Recovered 

y ie ld  200 mg. (66/i).
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