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I .  CONVERSION OF oC-OXIMINO ESTERS TO NITRILES 

IN ALKALINE DIETHYLENE GLYCOL

INTRODUCTION

I n  c o n n e c t i o n  w i t h  th e  s y n t h e s i s  o f  an  amino a c i d  

a n a l o g u e ,  we p r e p a r e d  e t h y l  «<-oximino- - d i e t h o x y h u t y r a t e  

( I ) ,  T h is  compound s u b s e q u e n t l y  was fo u nd  t o  u n d e rg o  two 

v e r y  i n t e r e s t i n g  c h e m ic a l  t r a n s f o r m a t i o n s ,  o f  which one i s  

u n iq u e  t o  ( I ) ,  and t h e  o t h e r  may o f f e r  a  new s y n t h e t i c  a p 

p l i c a t i o n  f o r  o x im in o  e s t e r s .

When t r e a t e d  w i t h  d i l u t e  aqueous  a c i d ,  ( I )  gave  a 

compound, CgH-jgNOi,., am oun t ing  t o  t h e  l o s s  o f  e t h a n o l .  I t  was 

a s s i g n e d  t h e  s t r u c t u r e  ( I I )  on t h e  b a s i s  o f  i t s  i n f r a r e d  

s p e c t r u m  and i n t e r p r e t a t i o n  o f  i t s  N.M.R. s p e c t r u m .  This  

s t r u c t u r e  i s  m e c h a n i s t i c a l l y  r e a s o n a b l e  on t h e  b a s i s  o f  h y 

d r o x y l  a t t a c k  on t h e  ca rbon ium  i o n  r e s u l t i n g  from l o s s  o f  a 

m o le c u le  o f  e t h a n o l  f rom  t h e  a c e t a l  f u n c t i o n .

NOH 0 ----- N
(Et0)2CHCH2(Ü-C02Et  S Î  >EtO

COpEta
( I )  ( I I )
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The second  Tinusual r e a c t i o n  o f  ( I )  was e n c o u n te r e d  

i n  an  a t t e m p t e d  s a p o n i f i c a t i o n  w i t h  p o t a s s i u m  h y d r o x id e  i n  

d i e t h y l e n e  g l y c o l  a t  110° .  I n s t e a d  o f  o b t a i n i n g  t h e  e x p e c te d  

ox im ino  a c i d ,  c y a n o a c e t a l d e h y d e  d i e t h y l a c e t a l  was i s o l a t e d  i n  

75^  y i e l d ,  a p p a r e n t l y  t h e  r e s u l t  o f  a n o v e l  " s e c o n d - o r d e r "  

Beckmann ty p e  o f  r e a c t i o n .  The n i t r i l e  i s  o r d i n a r i l y  de 

r i v e d  from th e  ox imino  a c i d  by d i l u t e  aqu eo us  a c i d  ( 1 ,  2 ) ,  by 

t h e  u s u a l  Beckmann c o n d i t i o n s  ( 3 ) ,  o r  by  h e a t i n g  t o  t h e i r  

m e l t i n g  p o i n t s  ( 4 - 1 0 ) .  Beckmann r e a c t i o n s  o f  t h i s  ty p e  have  

a l s o  b e e n  c a r r i e d  o u t  u s i n g  t h e  combined a c t i o n  o f  b a s e  and 

an  a c y l a t i n g  o r  s u l f o n y l a t i n g  a g e n t  ( 1 1 - 1 3 ) .  There  i s  no 

m e n t io n  i n  t h e  l i t e r a t u r e ,  how ever ,  o f  t h e  p ro m o t io n  o f  t h i s  

t y p e  o f  r e a c t i o n  by b a s e  a l o n e .  There  i s  a l s o  no r e p o r t e d  

o n e - s t e p  c o n v e r s i o n  o f  oximino e s t e r s  t o  n i t r i l e s .

Oximino e s t e r s  u s u a l l y  a r e  h y d r o l y z e d  by aqueous  b a se  

t o  t h e  c o r r e s p o n d i n g  a c i d s ,  which  a r e  r e p o r t e d  t o  be s t a b l e  

i n  a q u eou s  b a s e  (14-). The oximino a c i d s  a r e  t h e n  c o n v e r t e d  

t o  n i t r i l e s  by h e a t i n g  w i t h  d i l u t e  a q u eo u s  a c i d  ( 2 ) .  The 

p u r p o s e  o f  t h i s  s t u d y  was t h e n  t o  d e t e r m i n e  w h e the r  oximino 

e s t e r s  c o u ld  be r e a d i l y  c o n v e r t e d  t o  n i t r i l e s  i n  b a s i c  s o l u 

t i o n .  Not o n ly  would a  o n e - s t e p  p r o c e s s  be more c o n v e n i e n t ,  

b u t  i t  would a l s o  be  u s e f u l  f o r  compounds h a v in g  a c i d -  

s e n s i t i v e  f u n c t i o n a l  g r o u p s .  For  i n s t a n c e ,  c y a n o a c e t a l d e 

hyde  d i e t h y l a c e t a l  c o u ld  n o t  have  b e e n  o b t a i n e d  by t r e a t m e n t  

o f  t h e  c o r r e s p o n d i n g  a c i d  o f  ( I )  w i t h  a q u eo us  a c i d  b e c a u se  

o f  t h e  i n s t a b i l i t y  o f  t h e  a c e t a l  f u n c t i o n  t o  a c i d ;  b u t  i t
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was c o n v e n i e n t l y  and r e a d i l y  o b t a i n e d  d i r e c t l y  f rom th e  

ox im ino  e s t e r  by r e a c t i o n  i n  b a s e .

To d e te r m in e  t h e  p o t e n t i a l  s y n t h e t i c  v a l u e  o f  t h i s  

r e a c t i o n ,  i t  was b r i e f l y  i n v e s t i g a t e d  w i t h  two s i m p l e r  and 

r e a d i l y  a v a i l a b l e  ( 15 ) compounds, e t h y l  o c -o x im in o c a p ro a t e  

( I I I )  and  e t h y l  ®<-oximino- ^  - p h e n y l p r o p i o n a t e  ( I V ) .

NOH NOH
CH3(CH2)3C-C02Et C^H^CH2C-C02Et

( I I I )  ( IV)



RESULTS AND DISCUSSION

E t h y l  o c - o x i m in o c a p r o a t e  ( I I I )  when h e a t e d  a t  110° 

f o r  one h o u r  w i t h  f o u r  e q u i v a l e n t s  o f  p o t a s s i u m  h y d r o x i d e  i n  

a l k a l i n e  d i e t h y l e n e  g l y c o l  gave v a l e r o n i t r i l e  i n  62% y i e l d ;  

b u t  e t h y l  « » < - o x i m i n o - ^ - p h e n y l p r o p i o n a t e  (IV) u n d e r  t h e  same 

c o n d i t i o n s  was c o n v e r t e d  q u a n t i t a t i v e l y  t o  = < - o x i m i n o - ^  -  

p h e n y l p r o p i o n i c  a c i d  (V ) .  At 18 ^ ° ,  h o w e v e r ,  ( IV) gave  t o l u o -  

n i t r i l e  i n  59^  y i e l d  and p h e n y l a c e t i c  a c i d ,  a r i s i n g  f rom  h y 

d r o l y s i s  o f  t h e  n i t r i l e ,  i n  39% y i e l d .  By u s i n g  o n ly  one 

e q u i v a l e n t  o f  b a s e ,  ( IV)  t h e n  gave  t h e  n i t r i l e  i n  a s a t i s 

f a c t o r y  77^ y i e l d .  F u r t h e r ,  when ( IV )  was h e a t e d  a t  180° i n  

t h e  a b s e n c e  o f  b a s e ,  no  r e a c t i o n  o c c u r r e d .  These r e s u l t s ,  

w h ich  a r e  summarized i n  T ab le  1, c l e a r l y  i m p l i c a t e  t h e  ox imino  

a c i d  a s  t h e  r e a c t i v e  s p e c i e s  p r o d u c i n g  t h e  n i t r i l e .

NOH NOH _
R-C-C02Et — R- C- C0£ ---------> RON ■ > RCOg

( I ) ,  R = ( E tO ) 2CHCH2 -  

( I I I ) ,  R = CH3 (CH2 ) 3 -

( I V ) ,  R = C5H5CH2 -
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TABLE 1

RESULTS OF A STUDY OF THE EFFECT OF TEMPERATURE AND BASE 
ON ( I I I ) ,  ( I V ) ,  AND (V) IN DIETHYLENE GLYCOL

B a s e /
Oxime

Temp. 
°C

Time 
H r s . P r o d u c t ( s ) Y i e ld

%

CH2(CH2)3^
[OH
-C02Et ( I I I )

110 1 n i t r i l e 62

NOH
C^H^Hg&COgEt (IV)

1+ 110 1 (V) 92

0 180 1 (IV) 99*

4 185 1 n i t r i l e 59

p h e n y l a c e t i c  a c i d 39

1 185 1 n i t r i l e 77

NOH
C6H5CH2C-CO2H (V)

• • •

1 1 50 0 . 5 n i t r i l e 9^

0 125 0 . 5 n i t r i l e

(V)

66

2^*

1 125 0 . 5 n i t r i l e

(V)

43

53*

* r e c o v e r e d  m a t e r i a l
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I n  o r d e r  t o  d e t e r m i n e  t h e  I n f l u e n c e  o f  b a s e ,  i f  any ,  

and t e m p e r a t u r e  on t h e  n i t r i l e  f o r m a t i o n  from t h e  oximino 

a c i d ,  a  b r i e f  s t u d y  was c a r r i e d  o u t  u s i n g  «=<-o x i m i n o - ^  - 

p h e n y l p r o p i o n i c  a c i d  (V) .  When (V) was h e a t e d  a t  150° f o r  

o n e - h a l f  h o u r  i n  t h e  p r e s e n c e  o f  a s t o i c h i o m e t r i c  amount o f  

b a s e ,  t h e  n i t r i l e  was q u a n t i t a t i v e l y  p r o d u c e d .  Under con

d i t i o n s  o f  i n c o m p l e t e  r e a c t i o n  ( 1 2 5 ° ) ,  t h e  n i t r i l e  was ob

t a i n e d  i n  66^ y i e l d  w i t h o u t  u s i n g  b a s e  and i n  o n ly  k-3^ y i e l d  

when a s t o i c h i o m e t r i c  amount o f  b a s e  was u s e d .  I t  i s  n o t  

c l e a r  f rom t h e s e  r e s u l t s  why t h e  y i e l d s  w i t h  and w i t h o u t  base  

a r e  n o t  v e r y  d i f f e r e n t .  The p r e s e n c e  o f  b a se  s l i g h t l y  r e 

t a r d s  t h e  r e a c t i o n ,  y e t  t e m p e r a t u r e  e x e r t s  a s i g n i f i c a n t  i n 

f l u e n c e  on t h e  r a t e  of  t h e  r e a c t i o n .

Our r e s u l t s  i n  T ab le  1 i n d i c a t e  t h a t ,  d e s p i t e  t h e  r e 

p o r t e d  ( 14-) s t a b i l i t y  o f  ox imino  a c i d s  i n  aqueous  b a s e ,  one 

can  t a k e  a d v a n t a g e  o f  t h e i r  th e r m a l  i n s t a b i l i t y ,  i n  o r d e r  t o  

o b t a i n  t h e  d e s i r e d  n i t r i l e  u n d e r  n e u t r a l  o r  b a s i c  c o n d i t i o n s ,  

by em ploy ing  a  s o l v e n t  t h a t  a l l o w s  t e m p e r a t u r e s  above  100°.  

S in ce  b a s e  i s  r e q u i r e d  o n ly  f o r  t h e  h y d r o l y s i s  o f  t h e  e s t e r  

and o n ly  s l i g h t l y  r e t a r d s  f o r m a t i o n  o f  t h e  n i t r i l e ,  t h i s  

method em ploy ing  s t o i c h i o m e t r i c  q u a n t i t i e s  o f  b a s e  i n  d i 

e t h y l e n e  g l y c o l  o f f e r s  a u s e f u l ,  o n e - s t e p  c o n v e r s i o n  o f  

ox imino  e s t e r s  t o  n i t r i l e s .

T h is  c o n s i d e r a b l e  i n f l u e n c e  o f  t e m p e r a t u r e  on th e  r a t e  

o f  t h e  r e a c t i o n  i s  r e a s o n a b l e  from t h e  e v id e n c e  i n  t h e  l i t e r a 

t u r e  o f  p y r o l y t i c  d e c o m p o s i t i o n  o f  oximino a c i d s  (^—1 0 ) .  Most



oximino a c i d s  d e s c r i b e d  a r e  r e p o r t e d  t o  decompose a t  t h e i r  

m e l t i n g  p o i n t  w i t h  e v o l u t i o n  o f  g a s . T h is  g a s  was r e c o g n i z e d  

a s  c a r b o n  d i o x i d e  i n  some c a s e s  w h i l e  i n  o t h e r s  t h e  second 

p r o d u c t  o f  p y r o l y s i s  was i d e n t i f i e d  a s  t h e  n i t r i l e . The 

s t r u c t u r e s  o f  oximino a c i d s  r e p o r t e d  t o  y i e l d  n i t r i l e  on d e 

c o m p o s i t i o n  a r e  shown i n  Table  2.

TABLE 2

OXIMINO ACIDS REPORTED TO YIELD NITRILE ON
HEATING TO THEIR MELTING POINTS

Compound Ref , Compound R ef .

H-C-CO2H (5)
ÇH3

HO2C-CH2CHCH2G-CO2H (8 )

H(r HO^

HOoC-CHp-C-COoH
" ^ J "

H O ^

(4) H02C-(CH2) l̂ C-C02H ( 7 )

h /

H02C-CH2-^-C02H ( ^ )
CH3

HOpC-(CH?):)(l:— C-CO2 H 
iH j I  

H0<^

(9 )

CH3
HO2C-CHCH2 -Ç-CO2H (6 ) CH3Ç-CO2H (10)

yHO^ H o /

HO C(CH ) -C-CO H (7)À
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The p y r o l y t i c  d e c o m p o s i t i o n  o f  ox im ino  a c i d s  c o u ld  

r e a s o n a b l y  p r o c e e d  by  a c y c l i c  c o n c e r t e d  mechanism, which 

would be f a v o r e d  by s t r o n g  i n t r a m o l e c u l a r  h y d ro g e n  bond ing  

and would r e q u i r e  t h e  sv n  c o n f i g u r a t i o n .

H

r ^ ' ' H

' h   > RC3Ï + COg + HgO

However,  t h e  mechanism f o r  t h e  r e a c t i o n  i n  b a s e  would c l e a r l y  

i n v o l v e  t h e  a n i o n  o f  t h e  oximino a c i d  and may p r o c e e d  by a 

c o n c e r t e d  t r a n s  e l i m i n a t i o n ,  which  r e q u i r e s  t h e  a n t i  con

f i g u r a t i o n  ( 1 6 ) .

H (Ç
N

R- ^  -----------> R - C ^  + HCO^

r
From o u r  l i m i t e d  exam ples  we a r e  u n a b l e  t o  d i s c u s s  

f u r t h e r  t h e  above mechanisms f o r  t h e  c o n v e r s i o n  o f  ox im ino  

a c i d s  t o  n i t r i l e s .  We c a n ,  h o w ever ,  e l i m i n a t e  t h e  m e c h a n i s t i c  

p o s s i b i l i t y  o f  i n i t i a l  t h e r m a l  d e c a r b o x y l a t i o n  o f  t h e  ox im ino  

a c i d  f o l l o w e d  by  t h e r m a l  d e h y d r a t i o n  o f  t h e  r e s u l t i n g  

a id o x i m e .  H a u se r  r e p o r t e d  t h a t  b e n z a ld o x im e  and s e v e r a l  

s u b s t i t u t e d  b e n z a ld o x im e s  when h e a t e d  a t  110° i n  2N aqueous  

s o d i u m .h y d r o x id e  gave  t h e  c o r r e s p o n d i n g  a c i d s  ( 1 7 ) .  More
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NOH NOH
II II

RCCO2H R-CH ---- > RON + H2O

r e c e n t l y ,  R apo p o r t  and N i l s s o n  showed t h e  b a s e - c a t a l y z e d  d e 

h y d r a t i o n  o f  a ld o x im es  t o  be a g e n e r a l  r e a c t i o n  ( 1 8 ) .  T h e i r  

r e a c t i o n  c o n d i t i o n s  c o n s i s t e d  o f  a r a t i o  o f  p o t a s s iu m  

h y d r o x i d e  t o  a ld ox im e  i n  d i e t h y l e n e  g l y c o l  a t  a b o u t  190° and 

gave  t h e  c o r r e s p o n d i n g  a c i d  o f  t h e  n i t r i l e .  The r e s u l t s  o f  

b o t h  g r o u p s  showed t h a t  b a s e  was n e c e s s a r y  f o r  n i t r i l e  fo rm a

t i o n  and R ap o p o r t  p o i n t e d  o u t  t h a t  t h e r m a l  d e h y d r a t i o n s  

u s u a l l y  r e q u i r e  much h i g h e r  t e m p e r a t u r e s . I n  our  e x p e r im e n t s  

w i t h  t h e  oximino a c i d  (V ) ,  b a s e  was n o t  r e q u i r e d  f o r  n i t r i l e  

f o r m a t i o n  and i n  f a c t  r e t a r d e d  t h e  r e a c t i o n  s l i g h t l y .  We 

a l s o  were  u n a b le  t o  i s o l a t e  any  a ld o x im e  u n d e r  c o n d i t i o n s  o f  

i n c o m p l e t e  r e a c t i o n .



EXPERIMENTAL

A l l  m e l t i n g  p o i n t s  and b o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .  

The i n f r a r e d  s p e c t r a  were r u n  i n  c h lo r o f o r m  s o l u t i o n s  on a 

P e r k in - E lm e r ^  Model 21 s p e c t r o m e t e r .  N.M.R. s p e c t r a  were 

t a k e n  on a V a r ia n  A-60 s p e c t r o m e t e r  u s i n g  t e t r a m e t h y l s i l a n e  

a s  a n  i n t e r n a l  r e f e r e n c e .  Samples were r u n  i n  d e u t e r i o c h l o r o -  

fo rm  s o l u t i o n s ,  and th e  c h e m ic a l  s h i f t s  a r e  r e p o r t e d  i n  

S ' - v a lu e s  ( p . p . m .  f rom TMS).

E le m e n ta l  a n a l y s e s  were  c a r r i e d  o u t  by t h e  A l f r e d  

B e r n h a r d t  L a b o r a t o r i e s ,  Mulheim, Germany.

P r e p a r a t i o n  o f  D i e t h y l  2 ^ 2 - D i e t h o x y e t h y l m a l o n a t e .

T h is  compound was p r e p a r e d  a s  d e s c r i b e d  by P e r k i n  and P in k  

( 1 9 ) .  To 1>+.2 g . ( 0 .6 2 7  mole)  o f  sodium i n  200 ml.  o f  a b 

s o l u t e  e t h a n o l  was added a l l  a t  once 100 g .  ( 0 . 6 2 5  mole)  o f  

d i e t h y l  m a lo n a te  and 80 g .  ( 0 .4 0 6  mole) o f  b r o m o a c e t a l .  The 

m ix t u r e  was im m e d ia te ly  s e a l e d  i n  a n  a u t o c l a v e  and h e a t e d  t o  

180° w i t h  s t i r r i n g  f o r  *+ h r s .  The c o o le d  m ix t u r e  was 

f i l t e r e d  and t h e  s o l i d s  washed w i t h  e t h a n o l .  The f i l t r a t e s  

were  c o n c e n t r a t e d  on t h e  r o t a r y  e v a p o r a t o r ,  d i l u t e d  w i t h  

w a t e r  a n d ,  a f t e r  e x t r a c t i o n  w i t h  e t h e r ,  gave a y e l l o w  o i l ,  

w h ich  upon f r a c t i o n a t i o n  gave 67 g .  (60 ^ )  o f  p r o d u c t ,  b . p .

10
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13^° a t  3 - 5  mm., 1 .^ 25 6 ;  r e p o r t e d  ( 2 0 ) ,  b . p .  108-109°

a t  0 . 7  mm., 1 .4-282.

The i n f r a r e d  s p e c t ru m  d i s p l a y e d  bands  a t  1725 cm"^ 

( e s t e r )  and 1058 and 1120 cm“  ̂ ( a c e t a l ) .

N i t r o s a t i o n  o f  D i e t h y l  2 . 2 - D i e t h o x y e t h y l m a l o n a t e .

To 55*2 g .  ( 0 . 2  mole) o f  d i e t h y l  2 , 2 - d i e t h o x y e t h y l m a l o n a t e  

i n  a 500 ml.  f l a s k  f i t t e d  w i t h  a s t i r r e r ,  r e f l u x  c o n d e n s e r ,  

and a d r o p p in g  f u n n e l  was added 30 g .  (O.k-0 mole)  o f  e t h y l  

n i t r i t e  ( 2 1 ) .  The m ix t u r e  was k e p t  a t  0°  f o r  0 . 5  h r . w i t h  

s t i r r i n g ,  t h e n  c o o le d  t o  -4-0° and a s o l u t i o n  o f  5 g- ( 0 . 22<y, 

a tom) o f  sodium i n  120 ml. o f  a b s o l u t e  e t h a n o l  added  d r o p -  

w is e  o v e r  a  p e r i o d  o f  one h o u r .  A f t e r  k e e p in g  t h e  r e a c t i o n  

m ix t u r e  a t  - 2 0 °  o v e r n i g h t ,  t h e  s o l v e n t  was t h e n  removed i n  

vacuo  w i t h o u t  h e a t i n g .  D i l u t i o n  w i t h  100 m l .  o f  w a t e r  and 

e x t r a c t i o n  w i t h  e t h e r  removed d i e t h y l  c a r b o n a t e .  A d d i t i o n  

o f  c o n c e n t r a t e d  ammonium c h l o r i d e  s o l u t i o n  t o  t h e  aqueous 

p h a se  p r e c i p i t a t e d  t h e  oxime a s  an  o i l ,  which  was i s o l a t e d  

by e x t r a c t i o n  w i t h  e t h e r .  The d r i e d  e t h e r  e x t r a c t s  were 

d i s t i l l e d  t o  g iv e  4-6.6 g .  ( 8 9 . 6 ^ )  o f  c ru d e  e t h y l  «^c-oximino- 

> - d i e t h o x y b u t y r a t e  ( I ) .  R e c r y s t a l l i z a t i o n  from c o ld  

hex an e  gave h y g r o s c o p i c  n e e d l e s ,  m .p .  3 7 - 3 8 ° .

A n a l . C a l c d ,  f o r  C-ioH-i^NO^; C, 51 •4-9; H, 8 .2 1 ;

N, 6 . 0 1 .  Found; C, 51.4-6; H, 8 . 2 2 ;  N, 6.04-.

The i n f r a r e d  sp e c t r u m  (CHClg) showed bands  a t  

3200  cm”  ̂ ( h y d r o x y l )  and 1720  cm“  ̂ ( e s t e r ) .
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T r e a tm e n t  o f  E t h y l  «x^-Oximlno->  c ^ - D l e t h o x v b u t v r a t e  

( I )  w i t h  Aqueous A c i d . To 2 . 0  g . o f  ( I )  i n  10 m l.  o f  e t h a n o l  

was added 50 m l . o f  2% aqueous  h y d r o c h l o r i c  a c i d .  T h is  

s o l u t i o n  was warmed a t  s t e am  h a t h  t e m p e r a t u r e s  f o r  1 . 5  h r s . ,  

c o o l e d ,  and e x t r a c t e d  w i t h  e t h e r .  The combined e t h e r  e x 

t r a c t s  were washed w i t h  d i l u t e  sodium b i c a r b o n a t e  s o l u t i o n ,  

w a t e r ,  and d r i e d  o ve r  sodium s u l f a t e .  Removal o f  t h e  é t h e r  

l e f t  a  l i g h t  y e l l o w  o i l ,  which upon f r a c t i o n a t i o n  t h r o u g h  a 

s p i n n i n g  band column gave a m ajo r  f r a c t i o n ,  b . p .  9 ^ - 9 5 °  a t

1.1 mm. R e d i s t i l l a t i o n  gave  1 .2  g . {75%)  o f  3 - c a r b e t h o x y -  

5 - e t h o x y - 2 - i s o x a z o l i n e  ( I I )  a s  a  c o l o r l e s s  o i l ,  b . p .  79°  a t

0 . 5  mm.

A n a l . C a lc d .  f o r  CgH^gNOi^: C, 5 l* 3 3 ;  H, 7«00;  N,

7 A 8 .  Found: C, 5 0 .8 3 ;  H, 6 .9 4 ;  N, 7 . 7 2 .

The i n f r a r e d  sp e c t r u m  (CHCl^) showed bands  a t  

1738 cm“  ̂ ( e s t e r )  and 1596 cm"^ (C=N). The p e a k s  d i s p l a y e d  

i n  t h e  N.M.R. s p e c t r u m  a r e  l i s t e d  b e lo w ,  f o l l o w e d  by t h e i r  

m u l t i p l i c i t y  and i n t e g r a l  v a l u e s ,  and t h e i r  r e s p e c t i v e  s t r u c 

t u r a l  a s s i g n m e n t s .  The most  s i g n i f i c a n t  f e a t u r e  i s  t h e  ABX 

sy s te m  composed o f  t h e  a c e t a l  p r o t o n  and t h e  m e th y le n e  p r o 

to n s  i n  t h e  i s o x a z o l i n e  r i n g .  From t h e  tw e lv e  l i n e  ABX 

s y s te m ,  18 c . p . s .  can  be r e a d i l y  m ea su re d ,  and  J ^ x "

3 c . p . s .  and Jgÿ= 5  c . p . s .  can  be e s t i m a t e d  ( 2 2 ) .

CH^CH2

(II)
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5 . 7 0 ^ ( 1  H)

a s s ig n m e n t

- 0 - ? : 3 .0 8  o c t e t ( 2 H )

a s s ig n m e n t

« A s

^..28a ( 2H)

3 . 6 8 o(2H)

—G—0—CH2"
T

-CH,

1 o31t(3H)

1 .1 6 t (3 H )

> -CH,

T re a tm e n t  o f  E th y l  cx'-Oximino- 3̂ , . ^ ' - D l e t h o x y b n t y r a t e  

( I )  w i t h  A l k a l i n e  D i e t h y l e n e  G l y c o l . To a m ix t u r e  o f  30 m l . 

o f  d i e t h y l e n e  g l y c o l ,  5 g» o f  p o t a s s i u m  h y d r o x i d e  and 5 ml. 

o f  w a t e r  was added 10 g.  o f  ( I ) .  The m i x t u r e  was h e a t e d  to  

110° f o r  1 o5 h r s . ,  t h e n  c o o le d  and d i l u t e d  w i t h  ammonium 

c h l o r i d e  s o l u t i o n .  E x t r a c t i o n  w i t h  e t h e r  gave  a y e l lo w  o i l ,  

whose i n f r a r e d  s p e c t ru m  showed a hand a t  2250  cm"' ( n i t r i l e ) .  

D i s t i l l a t i o n  o f  t h i s  o i l  gave 4 . 6  g. (7 5^ )  o f  c y a n o a c e t a l d e 

hyde d i e t h y l a c e t a l ,  b . p .  87- 88°  a t  1 0 .7  mm., n^^^  1 .4 1 3 6 ; 

r e p o r t e d  ( 2 3 ) ,  b . p . 91-93-5**at  11 mm. , n ^ ^ ^  1 .4 1 5 3 »

N i t r o s a t i o n  o f  D i e t h y l  n - B u t v l m a l o n a t e . The p r o c e d u r e  

employed was e s s e n t i a l l y  t h a t  o f  S h i v e r s  and Hauser  ( 1 5 ) -  To 

4 3 . 2  g .  ( 0 . 2  mole) o f  d i e t h y l  n - b u t y l m a l o n a t e  was added 30 g .  

( 0 . 4 0  mole)  o f  e t h y l  n i t r i t e  ( 2 1 ) .  The m ix t u r e  was co o le d  t o  

- 1 0 °  and 5 g .  ( 0 . 2 2  g .  a tom) o f  sodium i n  120 ml. o f  a b s o l u t e  

e t h a n o l  was added d ro p w ise  o ve r  a p e r i o d  o f  one h o u r .  A f t e r  

k e e p in g  t h e  r e a c t i o n  m ix t u r e  a t  - 2 0 °  o v e r n i g h t ,  i t  was con

c e n t r a t e d  on t h e  r o t a r y  e v a p o r a t o r ,  t h e n  d i l u t e d  w i t h  100 ml. 

o f  w a t e r ,  and e x t r a c t e d  w i t h  e t h e r  t o  remove d i e t h y l
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c a r b o n a t e  « The aqueous  p h a se  was a c i d i f i e d  t o  pH 5 w i t h  c o ld  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and t h e  o i l y  p r o d u c t  e x t r a c t e d  

w i t h  e t h e r .  D i s t i l l a t i o n  o f  th e  e t h e r  l e f t  a y e l l o w  s o l i d ,  

which  a f t e r  c r y s t a l l i z a t i o n  from h e x a n e ,  gave 27 g* (80^)  o f  

e t h y l  c ^ - o x im in o c a p r o a te  ( I I I ) ,  m.p.  5 3 -55 ° ;  r e p o r t e d  (1 5 )  

m.p.  5 3 -5 5 ° .

N i t r o s a t i o n  o f  D i e t h y l  B e n z v l m a l o n a t e . To 50 g •

( 0 . 2  mole)  o f  d i e t h y l  b e n z y lm a lo n a te  was added 30 g .  (O.k- 

mole) o f  e t h y l  n i t r i t e  ( 2 1 ) .  The m ix t u r e  was c o o le d  t o  - 1 0 °  

and 5 g .  ( 0 . 2 2  g . a tom) o f  sodium i n  120 ml. o f  a b s o l u t e  

e t h a n o l  was added  d ro p w ise  ov e r  a p e r i o d  o f  one h o u r ,  t h e n  

k e p t  a t  - 2 0 °  o v e r n i g h t .  A f t e r  c o n c e n t r a t i o n  on t h e  r o t a r y  

e v a p o r a t o r ,  t h e  s o l u t i o n  was d i l u t e d  w i t h  w a t e r ,  and t h e  

d i e t h y l  c a r b o n a t e  e x t r a c t e d  w i t h  e t h e r .  A c i d i f i c a t i o n  o f  th e  

aqueous  p h a se  and e x t r a c t i o n  w i t h  e t h e r  g a v e ,  a f t e r  r e c r y s 

t a l l i z a t i o n  f rom h e x a n e ,  31 g .  (75^)  o f  e t h y l  « ^ -o x im in o  -  

p h e n y l  p r o p i o n a t e  ( I V ) ,  m .p .  57-59° ;  r e p o r t e d  (15)  m .p .  

5 6 -5 8 ° .

The i n f r a r e d  sp e c t r u m  (CHCl^) showed bands  a t  3560 

and 3260  cm“  ̂ ( h y d r o x y l )  and 1720 cm“  ̂ ( e s t e r ) .

H y d r o l y s i s  o f  E th v l  o< -O xim inocaproa te  ( I I I ) . A s o 

l u t i o n  o f  1 . 0  g .  o f  e t h y l  «<-o x im in o c a p r o a te  ( I I I )  i n  30 ml. 

o f  10^ sodium h y d r o x i d e  s o l u t i o n  was h e a t e d  a t  s t e a m  b a t h  

t e m p e r a t u r e s  f o r  t e n  m i n u t e s .  The c o o le d  s o l u t i o n  was a c i d i 

f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  

The d r i e d  e t h e r  e x t r a c t s  were  d i s t i l l e d  t o  g iv e  0 .8 1  g.
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(.97%) o f  c r u d e  c r y s t a l l i n e  «sc-oximinocaproic  a c i d .  R e c r y s 

t a l l i z a t i o n  from benzene  gave c o l o r l e s s  c r y s t a l s ,  m .p .  

135- 136° ;  r e p o r t e d  ( 15 ) m.p.  136°.

The i n f r a r e d  sp e c t ru m  showed s i g n i f i c a n t  bands  a t  

31̂ 00 -3000  cm~^ ( h y d r o x y l ) ,  I 69O cm“  ̂ ( a c i d ) ,  and 1650 cm” ^

( o x im e ) .

A l k a l i n e  D e g r a d a t i o n  o f  E th v l  c < -O x im in o c a p ro a te

( I I I ) . A m ix t u r e  o f  3 -7  g* (0 .021  mole)  o f  ( I I I ) ,  15 m l . o f  

d i  e t h y l e n e  g l y c o l ,  2 . 5  g* (0.014-5 mole)  o f  p o t a s s i u m  h y d r o x i d e ,  

and 2 . 5  ml.  o f  w a t e r  was h e a t e d  f o r  one h o u r  a t  110° .  The 

c o o le d  m i x t u r e  was d i l u t e d  w i t h  w a t e r ,  a c i d i f i e d  w i t h  d i l u t e  

h y d r o c h l o r i c  a c i d  (g a s  e v o l u t i o n ) ,  an d  th e  o i l y  p r o d u c t  e x 

t r a c t e d  w i t h  e t h e r .  D i s t i l l a t i o n  o f  t h e  d r i e d  e t h e r  e x t r a c t s  

l e f t  a n  o i l ,  w hich  a f t e r  d i s t i l l a t i o n ,  f u r n i s h e d  1 .1 0  g .  (62^)  

o f  v a l e r o n i t r i l e ,  b . p .  13i<-° a t  735  mm., n^^^ 1 -3 9 5 5 ; a u t h e n t i c  

m a t e r i a l ,  b . p .  137°  a t  735  mm., n ^ ^ ^  1 . 3911-6 ; r e p o r t e d  (2h)  

b . p .  1if1°  a t  76I4 mm., n^*  ̂ 1 -3969.

H y d r o l y s i s  o f  E th v l  o < - O x im in o - > / - P h e n v ln r o p io n a t e  

( I V ) . A s o l u t i o n  o f  1 .0  g . o f  e t h y l  <s< -ox im ino- /^ -pheny l-  

p r o p i o n a t e  ( IV )  i n  30 ml. o f  10^ sod ium  h y d r o x i d e  s o l u t i o n  

was h e a t e d  a t  s t e am  b a t h  t e m p e r a t u r e s  f o r  t e n  m i n u t e s .  The 

c o o le d  s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  

and e x t r a c t e d  w i t h  e t h e r .  The d r i e d  e t h e r  e x t r a c t s  were  

d i s t i l l e d  t o  g i v e  0 . 8 5  g .  (98%)  o f  c ru d e  c r y s t a l l i n e  

<=»<-o x i m i n o - - p h e n y l p r o p i o n i c  a c i d  (V ) .  R e c r y s t a l l i z a t i o n  

f rom  a q u eo u s  e t h a n o l  gave c o l o r l e s s  n e e d l e s ,  m .p .  168° ;
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r e p o r t e d  (25)  m .p .  168°.

D e g r a d a t i o n s  o f  E th v l  o x i m i n o - ^ - p h e n y l p r o p i o n a t e

( I V ) . ( a ) .  A m ix t u r e  o f  2 .0 7  g . (1 0  mmoles) o f  e t h y l

* < ' - o x i m i n o - / f - p h e n y l p r o p i o n a t e  ( I V ) ,  1 5 ml.  o f  d i e t h y l e n e  

g l y c o l  and 2.2^- g .  (^0  mmoles) o f  p o t a s s i u m  h y d r o x i d e  was 

h e a t e d  a t  110° f o r  one h o u r .  The c o o l e d  s o l u t i o n  was d i l u t e d  

w i t h  w a t e r  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t s ,  

a f t e r  b e in g  d r i e d  o v e r  sodium s u l f a t e  and  d i s t i l l e d ,  f u r 

n i s h e d  no n e u t r a l  p r o d u c t .  The aqueo u s  p h a s e  was a c i d i f i e d  

w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  The 

d r i e d  e t h e r  e x t r a c t s  f u r n i s h e d  1 .6 5  g« ( 9 2 ^) o f  <s<-oximino- 

- p h e n y l p r o p i o n i c  a c i d  (V ) ,  m .p .  168° .

(b)o  A s o l u t i o n  o f  2 .0 7  g « (10  mmoles) o f  e t h y l  

« ^ - o x i m i n o - - p h e n y l p r o p i o n a t e  ( IV )  i n  15 ml.  o f  d i e t h y l e n e  

g l y c o l  was h e a t e d  a t  180° f o r  one h o u r .  The c o o le d  s o l u t i o n  

was d i l u t e d  w i t h  w a t e r  and e x t r a c t e d  w i t h  e t h e r .  Removal o f  

t h e  e t h e r  f rom t h e  d r i e d  e x t r a c t s  gave  a  q u a n t i t a t i v e  r e 

c o v e r y  o f  t h e  s t a r t i n g  m a t e r i a l ,  m .p .  168°.

( c ) .  To 2 .0 7  g - (10  mmoles) o f  e t h y l  «< -ox im in o -  

- p h e n y l p r o p i o n a t e  (IV) d i s s o l v e d  i n  15 ml.  o f  d i e t h y l e n e

g l y c o l  was added  2 . 2 4  g .  (4 0  mmoles) o f  p o t a s s i u m  h y d r o x i d e .  

A f t e r  t h e  m ix t u r e  had  been  h e a t e d  a t  185° f o r  one h o u r ,  t h e  

s o l u t i o n  was c o o l e d ,  d i l u t e d  w i t h  w a t e r  and  e x t r a c t e d  w i t h  

e t h e r .  The d r i e d  e t h e r  e x t r a c t s  were  d i s t i l l e d  t o  g i v e  c ru d e  

o i l y  m a t e r i a l ,  w hich  a f t e r  d i s t i l l a t i o n  gave 0 . 5 0  g .  (43 ^ )  o f  

p h e n y l a c e t o n i t r i l e ,  b . p .  9 8 °  a t  10 mm., n ^ ^^  1 . 5 2 0 1 ; r e p o r t e d
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(26)  b . p .  107° a t  12 mm., 1 .5 2 1 0 .  A c i d i f i c a t i o n  o f  t h e

aqueous  p h a s e  g a v e ,  a f t e r  e x t r a c t i o n  w i th  e t h e r  and c r y s t a l 

l i z a t i o n  w i t h  h e x a n e ,  0 .5 3  g« (39%) o f  p h e n y l a c e t i c  a c i d ,  m.p.  

82 - 83° ;  a u t h e n t i c  s a m p le ,  m .p .  82°;  r e p o r t e d  ( 2 7 ) m .p .  76 ° .

The i n f r a r e d  s p e c t r a  o f  p h e n y l a c e t o n i t r i l e  and p h e n y l a c e t i c  

a c i d  were  i d e n t i c a l  w i t h  t h e  s p e c t r a  o f  a u t h e n t i c  m a t e r i a l s .

( d ) .  A s o l u t i o n  o f  2 .O7 g .  (10  mmoles) o f  e t h y l  

œ - o x i m i n o - / ^ - p h e n y l p r o p i o n a t e  ( I V ) ,  15 ml.  o f  d i e t h y l e n e  

g l y c o l  and 0 .5 6  g . (10  mmoles) o f  p o t a s s i u m  h y d r o x i d e  was 

h e a t e d  a t  185° f o r  one h o u r .  The c o o le d  s o l u t i o n  was d i 

l u t e d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  e t h e r ,  and t h e  e x t r a c t s  

d r i e d  ove r  sodium s u l f a t e .  D i s t i l l a t i o n  o f  t h e  e t h e r  gave 

c ru d e  p h e n y l a c e t o n i t r i l e .  D i s t i l l a t i o n  o f  t h e  c ru d e  p r o d u c t  

f u r n i s h e d  O.9O g. (77%)  o f  p h e n y l a c e t o n i t r i l e ,  b . p .  96°  a t  

8 mm. The p h e n y l a c e t o n i t r i l e  and p h e n y l a c e t i c  a c i d  were f u r 

t h e r  i d e n t i f i e d  by com par ing  t h e i r  i n f r a r e d  s p e c t r a  w i t h  t h o s e  

o f  a u t h e n t i c  s a m p le s .

R e a c t i o n s  o f  «x '-Oxim ino-X^-nhenvlnroDionic  Acid  (V) 

i n  D i e t h y l e n e  G l y c o l , ( a ) .  A m ix tu r e  o f  1 .79  g* (10  mmoles) 

o f  o f - o x i m i n o - / ^ - p h e n y l p r o p i o n i c  a c i d  (V ) ,  15 m l . o f  d i e t h y l 

ene  g l y c o l ,  and 0 .5 6  g . (10  mmoles) o f  p o t a s s i u m  h y d r o x i d e  

was h e a t e d  a t  150° f o r  o n e - h a l f  h o u r .  A f t e r  t h e  s o l u t i o n  had 

be en  c o o l e d ,  i t  was d i l u t e d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  e t h e r ,  

and t h e  e t h e r  e x t r a c t s  d r i e d  ove r  sodium s u l f a t e .  Removal o f  

t h e  e t h e r  l e f t  an  o i l ,  which  on d i s t i l l a t i o n  f u r n i s h e d  1.1 g .  

(9k%) o f  p h e n y l a c e t o n i t r i l e ,  b . p .  97°  a t  9 mm.
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( b ) . A s o l u t i o n  o f  0 .9 0  g . ( 5  mmoles) o f  

« r - o x i m i n o - / ^ - p h e n y l p r o p i o n l c  a c i d  (V) i n  8 ml.  o f  d i e t h y l e n e  

g l y c o l  was h e a t e d  a t  125° f o r  o n e - h a l f  h o u r . The c o o le d  

s o l u t i o n  was d i l u t e d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  e t h e r ,  and 

th e  e t h e r  e x t r a c t s  were washed w i t h  d i l u t e  sodium b i c a r b o n a t e  

s o l u t i o n .  The d r i e d  e t h e r  p h a se  was d i s t i l l e d  t o  g i v e  c ru d e  

o i l y  m a t e r i a l .  D i s t i l l a t i o n  o f  t h i s  o i l  gave O.38  g . (66^)  

o f  p h e n y l a c e t o n i t r i l e ,  b . p .  98°  a t  10 mm. The b i c a r b o n a t e  

w ash in g s  were a c i d i f i e d  w i th  d i l u t e  h y d r o c h l o r i c  a c i d  and ex

t r a c t e d  w i t h  e t h e r .  These d r i e d  e t h e r  e x t r a c t s  were  d i s 

t i l l e d  t o  g iv e  0 .2 2  g .  (2 ^ ^ )  o f  r e c o v e r e d  (V),  m .p.  167°.

( c ) .  A s o l u t i o n  o f  0 . 9 0  g . ( 5  mmoles) o f  

^ - o x i m i n o - / ^  - p h e n y l p r o p i o n i c  a c i d  (V ) ,  8 ml. o f  d i  e t h y l e n e  

g l y c o l ,  and 0 . 2 8  g .  ( 5  mmoles) o f  p o t a s s i u m  h y d r o x i d e  was 

h e a t e d  a t  125° f o r  o n e - h a l f  h o u r .  The c o o le d  s o l u t i o n  was 

d i l u t e d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  e t h e r ,  and t h e  e t h e r  e x 

t r a c t s  were  washed w i t h  sodium b i c a r b o n a t e  s o l u t i o n .  Removal 

o f  t h e  e t h e r  l e f t  an  o i l y  m a t e r i a l ,  w hich  on d i s t i l l a t i o n  

f u r n i s h e d  0 . 3 5  g . (4-3^) o f  p h e n y l a c e t o n i t r i l e ,  b . p .  98°  a t

10 mm. The b i c a r b o n a t e  w ash ings  were  a c i d i f i e d  w i t h  d i l u t e  

h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w t i h  e t h e r .  The d r i e d  e t h e r  

e x t r a c t s  were  d i s t i l l e d  t o  g iv e  0.4-7 g . (53^)  o f  r e c o v e r e d

(V ) ,  m .p .  168°.



SUMMARY

E th y l  e < -o x im in o -  - ^ - d l e t h o x y b u t y r a t e , e t h y l  

<5<-oxlminocaproate,  and e t h y l  - < - o x i m i n o - / ^ - p h e n y l p r  op d o n a te  

were d e g ra d ed  I n  good y i e l d s  t o  t h e  c o r r e s p o n d i n g  n i t r i l e s  

by t h e  a c t i o n  o f  b a s e  i n  d i e t h y l e n e  g l y c o l  a t  t e m p e r a t u r e s  o f  

110° t o  185°* The c o r r e s p o n d i n g  ox imino  a c i d  i s  c l e a r l y  im

p l i c a t e d  a s  t h e  r e a c t i v e  s p e c i e s  p r o d u c i n g  t h e  n i t r i l e ,  a p 

p a r e n t l y  by a n o v e l  " s e c o n d - o r d e r "  Beckmann t y p e  o f  r e a c t i o n .  

The u s u a l  Beckmann c o n d i t i o n s  employ a c i d  c a t a l y s t s  o r  t h e  

combined a c t i o n  o f  b a s e  and a n  a c y l a t i n g  o r  s u l f o n y l a t i n g  

a g e n t .  There  i s  no m e n t io n  i n  t h e  l i t e r a t u r e ,  h o w ev er ,  o f  

th e  p ro m o t io n  o f  t h i s  ty p e  o f  r e a c t i o n  by b a s e  a l o n e .  I t  was 

found  t h a t  b a s e  s l i g h t l y  r e t a r d s  t h e  f o r m a t i o n  o f  n i t r i l e ,  

b u t  t e m p e r a t u r e  e x e r t s  a  s i g n i f i c a n t  i n f l u e n c e  on t h e  r a t e  o f  

t h e  r e a c t i o n .  Thus,  by u s i n g  a s t o i c h i o m e t r i c  q u a n t i t y  o f  

b a s e  t o  s a p o n i f y  t h e  ox im ino  e s t e r  t o  t h e  s a l t  o f  t h e  a c i d ,  

which  a p p a r e n t l y  i s  c o n v e r t e d  t o  t h e  n i t r i l e  by a  t h e r m a l  

p r o c e s s ,  t h e  e s t e r  i s  c o n v e n i e n t l y  c o n v e r t e d  t o  t h e  n i t r i l e  

i n  a s i n g l e  s t e p .  T h is  method i s  e s p e c i a l l y  u s e f u l  f o r  com

pounds h a v in g  a c i d - s e n s i t i v e  f u n c t i o n a l  g r o u p s .

19



BIBLIOGRAPHY

1. A. Ahmad and I .  D. S p e n s e r ,  C an . J .  Chem. , 3 ^ ,  1625
(I960).

2.  A. Ahmad and I .  D. S p e n s e r ,  i b i d . , 22.') 13^0 ( 1 9 6 1 ) .

3 . L. G. Donaruma and W. Z. H e l d t ,  "O rg a n ic  R e a c t i o n s , "
V o l .  11, Joh n  W iley  and Sons ,  I n c . ,  New Y ork ,  N. Y. ,  
I 9 6 0 ,  p .  1.

C. C ram er ,  B e r . ,  2^ ,  1198 ( 1 8 9 1 ) '

5 . C. C ram er ,  i b i d . . 2^ ,  713 ( 1 8 9 2 ) .

6 .  E. E. B l a i s e  and  H. G a u l t ,  B u l l , s o c . c h im . F r a n c e ,
[ ^ ] ,  a ,  ^58 ( 1911 ) .

7 . W. Dieckmann, B e r . . 3 3 . 579 ( 1 9 0 0 ) .

8 .  W. Dieckmann and A. G ro e n e v e ld ,  i b i d . . 2 3 ;  959 (1 9 0 0 ) .

9 . P .  J .  T a r b o u r i e c h ,  Comp. r e n d . . 1 5 6 . 75 ( 1 9 1 3 ) .

10.  J .K .H .  I n g l i s  and L. E. K n ig h t ,  J .  Chem. S o c . ,  Ü ,  1595
( 1908 ) .

11.  A. H. B l a t t  and R. P.  B a r n e s ,  J .  Am. Chem. S o c . ,  2Â)
1148 ( 1 9 3 4 ) .

12.  A. F.  F e r r i s ,  J .  O r e . Chem. . 2 5 . 12 ( I 9 6 0 ) .

1 3 . A. F.  F e r r i s ,  G. S. J o h n s o n ,  and  F. E. G ould ,  i b i d . ,
2 5 , 1813 ( I 9 6 0 ) .

14 .  K. L. W ate r s  and W. H. H a r tu n g ,  i b i d . . X i ,  469 ( 1 9 4 7 ) .

1 5 . J .  C. S h i v e r s  and C. R. H a u s e r ,  J .  Am. Chem. S o c . , ^
1264 ( 1 94 7 ) .

16.  C. A. Grob, B u l l , s o c . c h im . F r a n c e . 1360 ( I 9 6 0 ) .

20



21

17* E. J o r d a n  and C . 'R .  H a u s e r ,  J .  Am. Chem. S o c . .  ^ 8 ,
1304 ( 1 9 3 6 ) .

18. H. R ap o p o r t  and W. N i l s s o n ,  J .  Org . Chem. , 2 7 . 629 
( 1 9 6 2 ) .

1 9 . W. H. P e r k i n ,  J r .  and H. S. P i n k ,  J .  Chem. S o c . , 191
( 1925 ) .

20.  R. A. R aphae l  and C. M. Roxburgh,  i b i d . .  3^05 (1955)*

21 .  W. L. Semon and V. R. D a m e r e l l ,  "O rgan ic  S y n t h e s e s , "  
C o l l .  Vol .  I I ,  A. H. B l a t t ,  E d . ,  John  Wiley and Son, 
I n c . ,  New York,  1943, P* 204.

22 .  L. M. Jackman,  " A p p l i c a t i o n s  o f  N u c le a r  Magnet ic  
Resonance  S p e c t r o s c o p y  i n  O rg an ic  C h e m i s t r y , "  Pergamon 
P r e s s ,  L t d . ,  O xfo rd ,  E n g lan d ,  1959, p .  90 .

2 3 . S. M. McElvain  and R. L. C l a r k e ,  J .  Chem. .Soc . ,  6 9 .
2657 ( 1947 ) .

24 .  R. B. Wagner and H. D. Zook, " S y n t h e t i c  O rgan ic  Chem
i s t r y , "  Jo h n  W iley  and Sons ,  I n c . ,  New York ,  N. Y. ,
1953 , p .  610.

2 5 . K. E. Ham lin ,  J r .  and W. H. H a r tu n g ,  J .  B i o l . Chem. ,
1 4 5 ,  349 ( 1942 ) .

2 6 . I .  H e i l b r o n ,  " D i c t i o n a r y  o f  O rgan ic  Compounds," Vol. I ,
Oxford U n i v e r s i t y  P r e s s ,  New York ,  N. Y . , 1953, P- 92 .

2 7 . I .  H e i l b r o n ,  i b i d . . Vol .  IV, p .  272.



I I .  SYNTHESIS OF^x'-IMINO, «^-KETO AND o<'-AMINO ACETALS 

■ FROM GRIGNARD-DIMETHOXYACETGNITRILE ADDUCTS

INTRODUCTION

The s y n t h e s i s  o f  d i m e t h o x y a c e t o n i t r i l e  by E r i c k s o n  (1 )  

i n  1951 o f f e r e d  a  s im p le  b u t  i n t e r e s t i n g  new s t a r t i n g  m a t e r i a l  

f o r  p r e p a r i n g  p o t e n t i a l l y  u s e f u l  compounds.  I n  t h i s  p r e s e n t  

work we s t u d i e d  t h e  r e a c t i o n  o f  d i m e t h o x y a c e t o n i t r i l e  w i t h  

G r ig n a rd  r e a g e n t s  and c o n v e r s i o n  o f  t h e  r e s u l t a n t  a d d u c t s  ( I )  

t o  a<- im ino ,  ^ - k e t o  and c<-amino a c e t a l s .  Mild h y d r o l y s i s  or 

m e t h a n o l y s i s  ( 2 )  o f  ( I )  gave t h e  «x'-imino a c e t a l s  ( I I ) ,  and 

h y d r o l y s i s  w i t h  ammonium c h l o r i d e  o r  aqueous  sodium h y d r o x i d e  

gave t h e  e x p e c t e d  cx '-keto a c e t a l s  ( I I I ) .  R e d u c t i o n  o f  ( I )  

w i t h  l i t h i u m  aluminum h y d r i d e  i n  t e t r a h y d r o f u r a n  ( 3 )  f u r n i s h e d  

th e  =<-amino a c e t a l s  ( I V) .

R-MgX + (MeO)2CHCN

J .1
{-MgX

R—C—CH(OMe )2

\y Me OH

NH

R-C-CH(0Me)2

( I I )

i
0

( I ) NH^Cl \k LiAlH^

J - CH(OMe),

( I I I )

W 2
R-CHCH(OMe).

( I V )
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These c h e m ic a l  t r a n s f o r m a t i o n s  c o n s t i t u t e  a n  im

p ro v em en t  and  s i m p l i f i c a t i o n  o f  o t h e r  s y n t h e t i c  a p p r o a c h e s  t o  

t h e s e  i m p o r t a n t  v i c i n a l l y  d i f u n c t i o n a l  compounds, which  a r e  

o f  i n t e r e s t  t h e m s e l v e s ,  o r  a s  i n t e r m e d i a t e s  i n  t h e  s y n t h e s i s  

o f  a  v a r i e t y  o f  h e t e r o c y c l i c  s y s t e m s .  œ - K e t o  a c e t a l s  have  

b e en  i m p l i c a t e d  i n  p l a n t  and a n im a l  c e l l  m e ta b o l i s m  (4-) and 

more r e c e n t l y  m e t h y l g l y o x a l  b i s - g u a n y l h y d r a z o n e  p ro d u c e d  th e  

f i r s t  s i g n i f i c a n t  r e m i s s i o n s  i n  a d u l t  m y e l o c y t i c  l e u k e m ia  

(5 )*  T h i s  f i n d i n g  s t i m u l a t e d  o t h e r s  (6 )  t o  p r e p a r e  hom olo

gous a l k y l g l y o x a l  g u a n y lh y d r a z o n e s  i n  hope o f  f i n d i n g  more 

e f f e c t i v e  d r u g s .  They were  f a c e d ,  h o w e v e r ,  w i t h  t h e  p ro b le m  

o f  t h e  l a c k  o f  a c o n v e n i e n t  and g e n e r a l  s y n t h e s i s  o f  t h e  r e 

q u i r e d  i n t e r m e d i a t e  = < - k e t o  a ld e h y d e s  o r  t h e  c o r r e s p o n d i n g  

a c e t a l s .

A v a r i e t y  o f  methods f o r  t h e  s y n t h e s i s  o f  cx^-keto 

a c e t a l s  o r  a ld e h y d e s  h a v e  b e e n  d e v e l o p e d ;  y e t  few h a v e  b e en  

g e n e r a l .  Such methods i n c l u d e  t h o s e  s u i t a b l e  f o r  p r e p a r i n g  

a r y l  o<-ke to  a ld e h y d e s  such  a s  t h e  o x i d a t i o n  o f  a r y l  m e th y l  

k e t o n e s  w i t h  s e l e n iu m  d i o x i d e .  P h e n y l g l y o x a l  h a s  b e e n  p r e 

p a r e d  f rom  a c e to p h e n o n e  by t h i s  method ( ? ) •  P h e n a c y l  b ro m id e s  

h a v e  b e en  t r e a t e d  a t  room t e m p e r a t u r e  w i t h  d i m e t h y l  s u l f o x i d e  

t o  f u r n i s h  y i e l d s  o f  71 t o  9 5 ^  o f  t h e  p h e n y l g l y o x a l s  ( 8 ) .

The r e a c t i o n  o f  n i t r o s y l  c h l o r i d e  w i t h  a c e to p h e n o n e  i n  e t h a n o l  

a t  a p p r o x i m a t e l y  2 5 - 6 0 °  h a s  p ro d u c e d  p h e n y l g l y o x a l  d i e t h y l -  

a c e t a l  i n  y i e l d s  a p p r o a c h i n g  53^ (9 )*

A more g e n e r a l  s y n t h e s i s  o f  «=e-keto a c e t a l s  h a s
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I n v o l v e d  t h e  r e a c t i o n  o f  d i e t h o x y a c e t y l p i p e r i d i n e  (V) and 

G r ig n a r d  r e a g e n t s  ( 1 0 - 1 2 ) .  t - B u t y l g l y o x a l  d i e t h y l a c e t a l  was 

p r e p a r e d  by t h i s  method i n  82^  y i e l d  and p h e n y l g l y o x a l  d i 

e t h y l a c e t a l  was p r e p a r e d  i n  56^ y i e l d  ( 1 2 ) .

g
(EtOgCHC

(V)

- O
1) RMgX
2) HgO

^  R -C -C H (0 E t )2

A n o th e r  c o n v e n i e n t  and g e n e r a l  s y n t h e s i s  h a s  em

p lo y e d  c o n d e n s a t i o n s  w i t h  e t h y l  y - d i e t h o x y a c e t o a c e t a t e  (VI)  

(4 0 .  T h is  method h a s  t h e  a d v a n t a g e  o f  n o t  b e in g  l i m i t e d  t o  

t h e  G r ig n a r d  r e a c t i o n .

(Et0)oCH(ü-CH2C02Et
1 ) NaOEt
2) R-Br
3)  NaOH

(EtO)2CHfiR

(V I)

Though t h e s e  l a t t e r  two m ethods  h ave  been  v e r y  u s e f u l ,  t h e  

s t a r t i n g  m a t e r i a l s  (V) and (VI)  a r e  n o t  r e a d i l y  a v a i l a b l e .

One r e c e n t  and i m p o r t a n t  u s e  o f  «x '-ke to  a c e t a l s  i s  

t h e i r  c o n v e r s i o n  t o  <=»<-keto e s t e r s  on t r e a t m e n t  w i t h  N-bromo- 

s u c c i n i m i d e .  This  t r a n s f o r m a t i o n  h a s  b e e n  b r i e f l y  e x p lo r e d  

by W rig h t  and r e p r e s e n t s  a  c o n v e n i e n t  t w o - s t e p  s y n t h e s i s  o f  

«=<-keto e s t e r s  f rom G r ig n a rd  r e a g e n t s  ( 1 2 ) .

J -R-C-CH(OR )2 NBS
■ 0 ^ R  ■
R-C— ^Br

)R

— R—Br i J . i l OR
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Though «x-amino a ld e h y d e s  t h e m s e lv e s  a r e  g e n e r a l l y  

u n s t a b l e ,  t h e y  have  been  p r e p a r e d  and i s o l a t e d  a s  t h e i r  a c e t a l  

d e r i v a t i v e s .  <%--Amino a c e t a l s  have  been  s y n t h e s i z e d  by s e v 

e r a l  m ethods ;  y e t  none a r e  p a r t i c u l a r l y  s a t i s f a c t o r y .  Amino- 

a c e t a l  i t s e l f  h a s  be en  p r e p a r e d  by t h e  ammonolysis  o f  bromo- 

a c e t a l  i n  3 2 - 3 9 ^  y i e l d  ( 1 3 ) .  P o t e n t i a l  a n t i ^ h i s t a m i n i c  and 

s p a s m o l y t i c  compounds o f  t h e  N - s u b s t i t u t e d  amino a c e t a l  type  

h ave  b e e n  p r e p a r e d  by t h e  a n a lo g o u s  am m ino lys is  r e a c t i o n  (143 .

Two methods have  employed «K-amino a c i d s  and a r e  th u s  

o b v i o u s l y  l i m i t e d  t o  t h e  a v a i l a b i l i t y  o f  t h e  amino a c i d s .

The f i r s t ,  and one o f  t h e  most  w id e ly  u se d  m e th od s ,  h a s  i n 

v o lv e d  t h e  sodium amalgam r e d u c t i o n  o f  h y d r o c h l o r i d e  d e r i v a 

t i v e s  o f  c<-amino e s t e r s  (V I I )  ( 1 5 - 1 8 ) .  The seco n d  method has  

u t i l i z e d  p h t h a l i m i d e  d e r i v a t i v e s  o f  «xr-amino a c i d s  and has  

i n v o lv e d  th e  Rosenmund r e d u c t i o n  o f  t h e  c o r r e s p o n d i n g  a c i d  

c h l o r i d e s  t o  t h e  p r o t e c t e d  amino a l d e h y d e s ,  which  were  t h e n  

c o n v e r t e d  t o  t h e  a c e t a l s  ( 1 9 ) .  S a p o n i f i c a t i o n  o f  th e  

p h t h a l i m i d e  group f i n a l l y  p ro d u ce d  t h e  amino a c e t a l .

R-CH-COgEt ^^ ) R-CH-CH(0Et)2
NHg-HCl 2) EtOH, H+ NHg

( V I I )

A n o th e r  method i n v o l v e s  t h e  o z o n o l y s i s  o f  aqueous  

s o l u t i o n s  o f  a l l y l  amine h y d r o c h l o r i d e s  ( V I I I )  and i s  a l s o  

r e s t r i c t e d  t o  a r a t h e r  s p e c i a l i z e d  c l a s s  o f  compounds ( 2 0 ) .

Amino a c e t a l s  have  b e e n  u s e f u l  f o r  t h e  s y n t h e s i s  o f  a
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number o f  h e t e r o c y c l i c  s y s t e m s .

R-CH=CHCHR 1) 03 , ^ 20^ (EtOjgCH^HR
^Eg.HCl 2) EtOH,H+ NHg'HCl

( V I I I )

I n  t h e  s y n t h e s i s  o f  q u i n i n e ,  Woodward and D o er in g  condensed  

a m i n o a c e t a l  w i t h  m -h yd ro x yb en za ldeh y de  t o  p r e p a r e  7 - h y d r o x y -  

,i s o q u i n o l i n e  ( IX)  ( 2 1 ) .

'bH(OEt)p
H2NCH2CH(0Et)2 (IX)

Lawson u s e d  ^ - a m i n o  a c e t a l s  and «=<-amino a l d e h y d e s  

t o  p r e p a r e  2 , 5 - d i s u b s t i t u t e d  i m i d a z o l e s  (X) by r e a c t i o n s  w i t h  

i m i d a t e s  ( 2 2 ) .  He a l s o  p r e p a r e d  5 - s u b s t i t u t e d  2 - h y d r o x y -  

i m i d a z o l e s  (XI)  i n  27-57% y i e l d s  u s i n g  p o t a s s i u m  c y a n a t e  ( 2 3 ) .  

A kabor i  and Numano l i k e w i s e  s y n t h e s i z e d  a number o f  5 - s u b s t i 

t u t e d  2 - m e r c a p t o i m i d a t e s  (X I I )  by t h e  a c t i o n  o f  ammonium 

t h i o c y a n a t e  on t h e  s o l u t i o n s  o f  amino a ld e h y d e s  ( 2 4 ) .
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NH
HOMe,H KGNO,HR-

V V

(X I I )(XI)(X) OH SH
The c o n d e n s a t i o n  o f  amino a c e t a l s  w i t h  cyanamide  a l s o  p r o 

duced  2 - a m i n o im i d a z o l e s  ( X I I I )  (25)*

(EtO)pCHCHpNHR + HoNCN - -D. HOAc .
^ 2) HCl

NH2-HCI
( X I I I )

T h i a z o l i d i n e  compounds s i m i l a r  t o  a p o r t i o n  o f  t h e  

p e n i c i l l i n  m o le c u le  and a d a p t e d  f o r  u s e  i n  t h e  s y n t h e s i s  o f  

compounds c h e m i c a l l y  r e l a t e d  t o  p e n i c i l l i n  were  p r e p a r e d  by 

c o n d e n s in g  ^ - d i m e t h y l c y s t e i n e  h y d r o c h l o r i d e  w i t h  a c e t a l s  

c o n t a i n i n g  amino o r  s u b s t i t u t e d  amino g ro u p s  ( 2 6 ) .  The f o l 

lo w in g  r e a c t i o n  shows th e  s y n t h e s i s  o f  2 - ( c a p r o y la m in o m e th y l ) -  

^ - -c a rb o x y -5 î  5 - d i m e th y l  t h i a z o l i d i n e  h y d r o c h l o r i d e  (XIV).



(AIX)

H^O-0

H^OO

% 00-SH

TOH lOH

82



■ RESULTS AND DISCUSSION

I n i t i a l  s t u d i e s  o f  G r ig n a rd  r e a c t i o n s  w i t h  d im e th 

o x y a c e t o n i t r i l e  were c o n d u c te d  u s i n g  phenylmagnesium b rom id e .  

A f t e r  p r e p a r a t i o n  o f  t h e  G r ig n a rd  r e a g e n t ,  a n  e t h e r e a l  s o l u 

t i o n  o f  d i m e t h o x y a c e t o n i t r i l e  was added s lo w ly  a t  room tem

p e r a t u r e ,  and th e  r e a c t i o n  p r o c e e d e d  sm oo th ly  w i t h  m i ld  e v o lu 

t i o n  o f  h e a t .  H y d r o l y s i s  o f  t h e  complex ( l a )  (a ,R = p h e n y l )  

w i t h  aqueous  ammonium c h l o r i d e  gave a y e l l o w  o i l y  m a t e r i a l  

which  showed k e t i m in e  a b s o r p t i o n  bands  i n  t h e  i n f r a r e d  ( 2 7 ) .  

The N-H band a p p e a re d  a t  32^0 cm"^ and th e  Q=N band a t  

1620 cm“ ^ . A t tem pted  d i s t i l l a t i o n  o f  t h i s  p r o d u c t  r e s u l t e d  

i n  v i g o r o u s  e v o l u t i o n  o f  ammonia and d e c o m p o s i t i o n  o f  t h e  ma

t e r i a l .  H y d r o l y s i s  o f  t h e  c ru d e  k e t i m in e  w i t h  aqueous  sodium 

h y d r o x i d e  c o n v e r t e d  i t  t o  t h e  c o r r e s p o n d i n g  k e to n e  ( I l i a ) ,  as  

i n d i c a t e d  by th e  a p p e a ra n c e  o f  a n  i n f r a r e d  band a t  1695 cm~^. 

P h e n y l g l y o x a l  d i m e t h y l a c e t a l  ( I l i a )  was a l s o  p r e p a r e d  i n  

y i e l d  by d i r e c t  a l k a l i n e  h y d r o l y s i s  o f  ( l a ) .  I t s  N.M.R. 

s p e c t r u m  showed t h e  a c e t a l  p r o t o n  a s  a sh a rp  s i n g l e t  a t  

^ . 6 5  p . p . m .  and th e  two a c e t a l  m ethy l  g rou p s  a s  su pe r im posed  

s i n g l e t s  a t  2 .8 2  p . p .m .  Two a r o m a t i c  p r o t o n s ,  t h o s e  o r t h o  

t o  t h e  r i n g  s u b s t i t u e n t ,  a p p e a re d  a t  7*67 p . p . m . ,  and th e

29
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r e m a in i n g  t h r e e  a r o m a t i c  p r o t o n s  were  c e n t e r e d  a t  6.91  p . p . m .

R e d u c t io n  o f  ( l a )  t o  o<-am inopheny lace t a ld e h y d e  d i 

m e t h y l a c e t a l  ( IV a)  i n  69^  y i e l d  was c a r r i e d  o u t  by t h e  a d d i 

t i o n  o f  l i t h i u m  aluminum h y d r i d e  i n  t e t r a h y d r o f u r a n .  I n  

work by P o h lan d  and S u l l i v a n  w i t h  G r i g n a r d  a d d u c t s  o f  s im p le  

n i t r i l e s ,  optimum y i e l d s  o f  p r i m a r y  am in es  were  o b t a i n e d  

u s i n g  1 .2  moles  o f  l i t h i u m  aluminum h y d r i d e  p e r  mole o f  t h e  

complex ( 3 ) .  I f  l e s s  t h a n  1 .2  m oles  o f  t h e  r e d u c i n g  a g e n t  

were  u s e d ,  t h e  d e s i r e d  amine was c o n ta m i n a t e d  w i th  a n  u n d e 

s i r a b l e  im ine  formed i n  a s i d e  r e a c t i o n .  I n  t h e  p r e s e n t  w ork ,  

we assumed a y i e l d  o f  a p p r o x i m a t e l y  80^  o f  t h e  a d d u c t  ( l a ) ,  

ba sed  on th e  72% y i e l d  o f  ( I l i a )  a f t e r  d i s t i l l a t i o n ,  and 

c a l c u l a t e d  t h e  amount o f  l i t h i u m  aluminum h y d r i d e  r e q u i r e d  

on t h i s  b a s i s .  When t e t r a h y d r o f u r a n  was u se d  a s  th e  s o l v e n t  

i n  p r e p a r i n g  ( l a ) ,  r e d u c t i o n  t o  ( IV a)  gave  e s s e n t i a l l y  t h e  

same y i e l d .  The N.M R. sp e c t ru m  o f  ( IV a )  e x h i b i t e d  m ethy l  

group  s i n g l e t s  a t  3 .1 6  p . p .m .  and 3 - 3 ^  p . p .m .  The two p r o t o n s  

o f  t h e  amino group  a p p e a re d  a s  a b ro a d  s i n g l e t  a t  1 .5 7  p . p .m .  

The a c e t a l  and b e n z y l i c  p r o t o n s  e x h i b i t e d  an  AB p a t t e r n ,

J a b / (  S-q- S which  d i s p l a y e d  a q u a r t e t  w i t h  a p eak  i n 

t e n s i t y  r a t i o  o f  1 : 2 : 2 : 1  ( 2 8 ) .  The e s t i m a t e d  c h e m ic a l  s h i f t s  

o f  t h e  A and B p r o t o n s  were 3 .9 7  p . p . m .  and ^ . 2 0  p . p . m . ,  r e 

s p e c t i v e l y ;  and c . p . s .  was m easu red  from t h e  s p e c t r u m .

A m u l t i p l e t  f o r  t h e  f i v e  a r o m a t i c  p r o t o n s  was c e n t e r e d  a t  

7*3^ p . p . m .

The h y d r o c h l o r i d e  o f  ( IV a )  was p r e p a r e d  q u a n t i t a t i v e l y
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by a d d in g  d r y  h y d ro g en  c h l o r i d e  t o  an  e t h e r  s o l u t i o n  o f  t h e  

a m in e .  The a c e ta m id e  d e r i v a t i v e  was p r e p a r e d  by a d d in g  

a c e t y l  c h l o r i d e  t o  a  s o l u t i o n  o f  t h e  amine i n  p y r i d i n e  and 

b en zen e  ( 2 9 ) .  Both d e r i v a t i v e s  gave s a t i s f a c t o r y  a n a l y s e s .  

The benzam ide  d e r i v a t i v e  was p r e p a r e d  by t h e  same method a s  

f o r  t h e  a c e ta m id e  d e r i v a t i v e  and showed a c h e m ic a l  com posi

t i o n  c o r r e s p o n d i n g  t o  a  h e m i a c e t a l  s t r u c t u r e  r a t h e r  t h a n  th e  

a c e t a l ;  a l t h o u g h  i t s  i n f r a r e d  s p e c t ru m  d i d  n o t  c o n f i r m  t h e  

p r e s e n c e  o f  an h y d r o x y l  g r o u p .  D e s p i t e  th e  u n s a t i s f a c t o r y  

a n a l y s i s ,  we c o n v e r t e d  t h e  benzam ide  d e r i v a t i v e  t o  t h e  amide 

d i e t h y l a c e t a l  by em ploy ing  a b s o l u t e  e t h a n o l  and a c a t a l y t i c  

amount o f  h y d rog en  c h l o r i d e .  The benzamide d i e t h y l a c e t a l  d e 

r i v a t i v e  had  a  s a t i s f a c t o r y  a n a l y s i s  and was h y d r o l y z e d  w i t h  

aqueous  a c i d  t o  th e  c o r r e s p o n d i n g  a ld e h y d e ,  which  was i s o 

l a t e d  a s  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e .

CaH^CHCHCOMeig C6H5CHCH( OEt)2 C5H5ÇHCHO
NHCC6H5 NHCC6H5 NHCC6H5

0 0 0

a s  2,M—DNP

The N.M.R. s p e c t r u m  o f  t h e  benzamide d i e t h y l a c e t a l  

d e r i v a t i v e  f u r n i s h e d  a d d i t i o n a l  c o n f i r m a t i o n  o f  i t s  s t r u c t u r e ,  

which  i s  summarized i n  F i g u r e  1. The c h e m ic a l  s h i f t s  o f  th e  

s p e c t r a l  p e ak s  a r e  f o l l o w e d  by t h e i r  m u l t i p l i c i t y  and i n t e 

g r a l  v a l u e s .
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/ OCH2CH3

H ^0CH2CH3 
C6H5

p « p « ni.

1 . 15  t  (3H) 
1 .20 t  (3H)

3 . 6 6  m (M-H)

1+.71 d (1H)

a s s ig n m e n t

-OCH2CH2

-OCH2CH3

- f t

P ** P ® ÎIl «

5 .39  M  (1H)

7 . 1 2  d (1H)

7 .^ 2  m (8H)

7 . 8 5  dd (2H)

a s s i g n m e n t
]pH-

C6H5-C-

a r o m a t i c

F i g .  1 . — N.M.R. s p e c t r a l  d a t a  and a s s i g n m e n t s  f o r  
N -B e n z o y la m in o p h e n y la c e ta ld e h y d e  d i m e t h y l a c e t a l .

A f t e r  c h a r a c t e r i z a t i o n  o f  t h e  p r o d u c t s  d e r i v e d  from 

t h e  r e a c t i o n  o f  phenylmagnesium brom ide  and d im e th o x y 

a c e t o n i t r i l e ,  t h e  g e n e r a l  u t i l i t y  o f  t h e  r e a c t i o n  f o r  sy n 

t h e s i s  o f  homologous oc- im ino,  = ^ k e t o  and <s^amino a c e t a l s  

was i n v e s t i g a t e d .  E. D. P a r k e r  ( 3 0 ) t h e n  p r e p a r e d  th e  

G r i g n a r d - d i m e t h o x y a c e t o n i t r i l e  a d d u c t s  ( I ) ,  where  R r e p r e s e n t s  

m e t h y l ,  e t h y l ,  i - p r o p y l ,  s e c - b u t y l ,  i - b u t y l  and b e n z y l ;  he 

c o n v e r t e d  them a l s o  t o  t h e  r e l a t e d  p r o d u c t s  ( I I ) ,  ( I I I )  and 

\ I V ) .  M e th a n o ly s i s  o f  ( I )  gave t h e  cxr-imino a c e t a l s  ( I I ) ,  

w h ic h ,  u n l i k e  t h e  p h e n y l  G r ig n a rd  a d d u c t ,  were  r e a d i l y  d i s 

t i l l e d .  H y d r o l y s i s  o f  ( I )  w i t h  ammonium c h l o r i d e  p r o d u c e d  th e
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e x p e c te d  oi '-keto a c e t a l s  ( I I I ) ;  and r e d u c t i o n  o f  ( I )  w i th  

l i t h i u m  aluminum h y d r i d e  gave th e  o ^ a m i n o  a c e t a l s  ( I V ) .  

These r e s u l t s  a r e  summarized i n  T ab le  1.

TABLE 1

RESULTS OF THE SYNTHESIS OF COMPOUNDS 
OF THE TYPE ( I I ) ,  ( I I I )  AND (IV)

R

R^CH(0Me)2

( I I )

0
R-CCH(0Me)2

( I I I )

NH2
RiHCH(0Me)2

(IV)

m ethyl - ^5 31

i - p r o p y l 75 59 63

s e c - b u t y l 75 87 66

i - b u t y l 6>+ 73 73

b e n z y l 50 ^5 67

The =<-keto a c e t a l s  were  c o n v e r t e d  t o  b i s - s e m i -  

c a rb a z o n e  d e r i v a t i v e s ,  and th e  <=><-amino a c e t a l s  were  con

v e r t e d  t o  t h e  benzamide  d e r i v a t i v e s .  The low y i e l d s  o f  

^ - k e t o -  and -=<-aminopropionaldehyde d l m e t h y l a c e t a l s  were 

p o s s i b l y  due t o  t h e  l o s s  of  m a t e r i a l  due t o  s o l u b i l i t y  and 

l o s s  d u r i n g  d i s t i l l a t i o n  o f  t h e s e  v o l a t i l e  m a t e r i a l s .

The p o s s i b i l i t y  o f  a s i d e  r e a c t i o n  o c c u r r i n g  by 

a b s t r a c t i o n  o f  t h e  <=c-hydrogen o f  d i m e t h o x y a c e t o n i t r i l e  was 

a l s o  c o n s i d e r e d .  A b s t r a c t i o n  o f  t h e  «K-hydrogen by th e  

G r ig n a rd  r e a g e n t  would r e s u l t  i n  a d i f f e r e n t  c o u r s e  o f  r e 

a c t i o n  and t h u s  lo w e r  t h e  y i e l d s  o f  p r o d u c t s  e x p e c te d  from
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c o n d e n s a t i o n  w i t h  th e  n i t r i l e  g r o u p .  I n  a s t u d y  o f  t h e  i n 

f l u e n c e  o f  s t r u c t u r e  on t h e  r e a c t i o n s  o f  G r ig n a r d  r e a g e n t s  

w i t h  n i t r i l e s  h a v in g  o c -h y d ro g e n ,  H a u se r  showed t h a t  t h e  ex

t e n t  o f  a b s t r a c t i o n  o f  t h e  «x '-hydrogen  depended on how 

s t r o n g l y  t h e  =<-hydrogen  was a c t i v a t e d  by t h e  n a t u r e  o f  t h e  

R group  o f  t h e  n i t r i l e  ( 3 I ) .  The m ethoxy l  g ro u p s  o f  d i 

m e t h o x y a c e t o n i t r i l e  sh o u ld  r e a s o n a b l y  be e x p e c t e d  t o  e x e r t  

a  n e g a t i v e  i n d u c t i v e  e f f e c t  t h u s  i n c r e a s i n g  t h e  a c t i v a t i o n  

o f  t h e  (%-hydrogen.  I n  t h e  p r e s e n t  work ,  h o w e v e r ,  t h e  s a t i s 

f a c t o r y  y i e l d s  of  most p r o d u c t s  w a r r a n t e d  no s u s p i c i o n  o f  

any  s i g n i f i c a n t  r e a c t i o n  o c c u r r i n g  v i a  a b s t r a c t i o n  o f  t h e  

h y d ro g e n  a tom .  F a i l u r e s  i n  s e v e r a l  a t t e m p t s  t o  a l k y l a t e  d i 

m e t h o x y a c e t o n i t r i l e  a l s o  s u p p o r t  t h i s  v iew .



EXPERIMENTAL

A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  T e t r a h y d r o f u r a n  

was d i s t i l l e d  f rom  l i t h i u m  aluminum h y d r i d e .  The i n f r a r e d  

s p e c t r a  were  r u n  i n  c h lo r o f o r m  s o l u t i o n s  on a P e r k i n - E l m e r , 

Model 21 s p e c t r o m e t e r .  N.M.R. s p e c t r a  were t a k e n  on a V a r ia n  

A-60 s p e c t r o m e t e r  u s i n g  t e t r a m e t h y l s i l a n e  a s  an  i n t e r n a l  

r e f e r e n c e .  Samples were  r u n  i n  v a r y i n g  c o n c e n t r a t i o n s  i n  

d e u t e r i o c h l o r o f o r m  s o l u t i o n s ,  and th e  c h e m ic a l  s h i f t s  a r e  r e 

p o r t e d  i n  S’- v a l u e s  ( p . p . m .  from TMS).

A n a l y s e s  were c a r r i e d  o u t  by t h e  A l f r e d  B e r n h a r d t  

L a b o r a t o r i e s ,  Mulheim, Germany.

P r e p a r a t i o n  o f  D i m e t h o x y a c e t o n i t r i l e  ( 1 ) .  To a mix

t u r e  o f  ^ 2 ^  g . (1+ m o le s )  o f  m ethy l  o r t h o f o r m a t e  and 236 ml.

(6  m oles )  o f  h y d r o c y a n i c  a c i d  was added  1 .6 2  g . (12  mmoles) 

o f  z in c  c h l o r i d e .  A f t e r  t h e  m ix t u r e  had  s t o o d  a t  room te m p e r a 

t u r e  f o r  one week, t h e  c a t a l y s t  was n e u t r a l i z e d  w i t h  

m e t h a n o l i c  p o t a s s i u m  h y d r o x i d e .  Removal o f  t h e  h y d r o c y a n i c  

a c i d  a t  t h e  w a t e r  a s p i r a t o r  l e f t  an  o i l  which  was d i s t i l l e d  

t o  g i v e  3^3 g .  (85^)  o f  d i m e t h o x y a c e t o n i t r i l e ,  b . p .  137°  a t  

736 mm. ; 1 . 3 8 7 8 ; r e p o r t e d  (1 )  b . p .  1 39 - 5°  a t  772  mm.,

n ^^^  1 . 3818.

35
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R e a c t i o n  o f  Phenylmagnesium Bromide w i t h  Dimethoxv-  

a c e t o n i t r i l e . To 2 .8 8  g . ( 0 . 1 2  g .  a tom) o f  magnesium I n  a 

1-L. f l a s k  f i t t e d  w i th  a c o n d e n s e r  and d r y in g  t u b e ,  a me

c h a n i c a l  s t i r r e r ,  and an a d d i t i o n  f u n n e l  was added d ro p w lse  

18 .8  g .  ( 0 . 1 2  mole) o f  bromobenzene I n  100 ml. o f  d r y  e t h e r .  

A f t e r  a d d i t i o n  o f  t h e  bromobenzene was c o m p le te ,  t h e  m ix tu re  

was s t i r r e d  f o r  an  a d d i t i o n a l  o n e - h a l f  h o u r .  Dropwlse a d 

d i t i o n  o f  10.1 g .  ( 0 . 1 0  mole)  o f  d i m e t h o x y a c e t o n i t r i l e  I n  

50 ml.  o f  d r y  e t h e r  a t  room t e m p e r a t u r e  to ok  a p p r o x i m a t e l y  

one h o u r .  A s m a l l  amount o f  a  gummy r e s i d u e  d e p o s i t e d  on th e  

s i d e s  o f  t h e  f l a s k .  S h o r t l y  a f t e r  t h e  a d d i t i o n  was c o m p le te ,  

ammonium c h l o r i d e  s o l u t i o n  was c a r e f u l l y  added t o  t h e  I c e -  

c o o le d  m i x t u r e ;  t h e  gummy r e s i d u e  r e a d i l y  d i s s o l v e d .  The 

e t h e r  p h a s e  was t h e n  s e p a r a t e d .  The y e l l o w  o i l  r e m a in in g  

a f t e r  rem oving  th e  e t h e r  f rom t h e  d r i e d  s o l u t i o n s  showed 

k e t i m i n e  a b s o r p t i o n s  i n  t h e  I n f r a r e d  a t  3240 cm"1(NH) and 

1620 cm"1 (C=N). A t tem pted  d i s t i l l a t i o n  o f  t h i s  o i l  a t  r e 

duced p r e s s u r e  r e s u l t e d  I n  e v o l u t i o n  o f  ammonia and decompo

s i t i o n  o f  t h e  o i l .  H y d r o l y s i s  o f  t h e  o i l  r e m a in in g  I n  t h e  

f l a s k  gave  a s u b s t a n c e  t h a t  e x h i b i t e d  I n f r a r e d  b ands  a t  

1695 cm”  ̂ ( a r y l  k e to n e )  and 1120 and 1066 cm“  ̂ ( a c e t a l ) .

P r e p a r a t i o n  o f  P h e n y l g l y o x a l  D i m e t h y l a c e t a l . To 

2 .8 8  g .  ( 0 . 1 2  g . atom) o f  magnesium I n  a  1-L. f l a s k  f i t t e d  

w i t h  a c o n d e n s e r  and d r y i n g  t u b e ,  a  m e c h a n ic a l  s t i r r e r ,  and 

an  a d d i t i o n  f u n n e l  was added  d ro p w lse  1 8 .8  g .  ( 0 . 1 2  mole) o f  

bromobenzene I n  100 ml. o f  d r y  e t h e r .  A f t e r  a d d i t i o n  o f
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bromobenzene was c o m p le t e ,  t h e  m ix tu r e  was s t i r r e d  f o r  an  

a d d i t i o n a l  o n e - h a l f  h o u r .  Dropwlse a d d i t i o n  o f  10.1 g .

( 0 . 1 0  mole) o f  d i m e t h o x y a c e t o n i t r i l e  i n  50 ml.  o f  d r y  e t h e r  

a t  room t e m p e r a t u r e  to o k  a p p r o x i m a t e ly  one h o u r .  Near  t h e  

end o f  t h e  a d d i t i o n  o f  d i m e t h o x y a c e t o n i t r i l e ,  t h e  s o l u t i o n  

became c lo u d y  and a  gummy r e s i d u e  d e p o s i t e d  on t h e  s i d e s  

o f  t h e  f l a s k .  D i l u t e  sodium h y d r o x id e  was a d d e d ,  and th e  

e t h e r  p h a se  was s e p a r a t e d  and d r i e d  o v e r  sodium s u l f a t e .  Re

moval o f  t h e  s o l v e n t  l e f t  a y e l lo w  o i l ,  which showed k e t i m i n e  

a b s o r p t i o n s  i n  t h e  i n f r a r e d  sp e c t ru m  a t  3240 cm“  ̂ (NH) and 

1620 cm"1 (C=N). T h is  o i l  was sh a k en  w i t h  d i l u t e  sodium 

h y d r o x id e  s o l u t i o n  u n t i l  t h e  e v o l u t i o n  o f  ammonia c e a s e d .  

E x t r a c t i o n  w i t h  e t h e r  gave an o i l  which  l a c k e d  t h e  k e t i m i n e  

i n f r a r e d  a b s o r p t i o n  b a n d s .  D i s t i l l a t i o n  o f  t h i s  o i l  gave 

13 g . ( 72^) o f  p h e n y l g l y o x a l  d im e th y l  a c e t a l ,  b . p .  108° a t  

4 . 7  mm., ng25 1 . 5 1 61;  r e p o r t e d  (9 )  b . p .  109° a t  5 mm., n^^^

1 . 5157 .

The i n f r a r e d  sp ec t ru m  e x h i b i t e d  bands  a t  1695 cm"^ 

( a r y l  k e t o n e ) ,  1120 and 1066 cm"^ ( a c e t a l ) .

The N.M.R. sp e c t ru m  d i s p l a y e d  p e a k s  a t  2 .8 2  _s (6H),  

4 . 6 5  s (1H ) ,  6.91  m (3H ) ,  and 7 -67  dd (2H ) .

P r e p a r a t i o n  o f  «<-A m inophenv lace ta ldehyde  D im e th y l 

a c e t a l  . To 2 .8 8  g .  ( 0 . 1 2  g . atom) o f  magnesium was added 

d ro p w ise  18 .8  g .  ( 0 . 1 2  mole) o f  bromobenzene i n  100 ml.  o f  

d r y  e t h e r .  A f t e r  a d d i t i o n  o f  bromobenzene was c o m p l e t e ,  the  

m ix tu r e  was s t i r r e d  f o r  an  a d d i t i o n a l  1 . 5  h r .  A d d i t i o n  o f
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10.1 g .  ( 0 . 1 0  mole) o f  d i m e t h o x y a c e t o n i t r i l e  i n  50 m l.  o f  

d r y  e t h e r  was p e r fo rm e d  d ro p w ise  a t  room t e m p e r a t u r e  ove r  a 

p e r i o d  o f  one h o u r ;  and  a gummy r e s i d u e  d e p o s i t e d  on th e  

s i d e s  o f  t h e  f l a s k .  A s l u r r y  o f  3*8 g . ( 0 . 1 0  mole)  o f  

l i t h i u m  aluminum h y d r i d e  i n  200 m l .  o f  d r y  t e t r a h y d r o f u r a n  

was c a r e f u l l y  added w i t h  c o o l i n g  t o  t h e  G r ig n a r d  i n t e r m e d i a t e .  

A f t e r  a l l  t h e  l i t h i u m  aluminum h y d r i d e  was a d d e d ,  t h e  r e 

a c t i o n  m ix tu r e  was a l l o w e d  t o  s t i r  o v e r n i g h t  a t  r e f l u x .  Hy

d r o l y s i s  o f  t h e  i c e - c o o l e d  m ix t u r e  was e f f e c t e d  by c a r e f u l  

a d d i t i o n  o f  h ml.  o f  w a t e r ,  3 ml.  o f  20^ sodium h y d r o x i d e ,  

and f i n a l l y  iM- ml.  o f  w a t e r ,  w hich  r e s u l t e d  i n  t h e  p r e 

c i p i t a t i o n  o f  i n o r g a n i c  m a t t e r .  The m ix t u r e  was f i l t e r e d ,  

t h e  s o l i d  washed w i t h  e t h e r ,  t h e  combined f i l t r a t e s  d r i e d  

ove r  sodium s u l f a t e ,  and  t h e  s o l v e n t  removed i n  v a c u o . D i s 

t i l l a t i o n  o f  t h e  r e s i d u a l  o i l  gave 13*7 g « o f  a main f r a c 

t i o n ,  b . p .  7 5 -8 2 °  a t  0 . 6  mm. R e d i s t i l l a t i o n  t h r o u g h  a s p i n 

n in g  band column gave 1 2 .5  g* (6 9 # )  o f  c o l o r l e s s  o i l ,  b . p .  

6 7 . 5°  a t  0 . 5  mm., n ^ ^ ï  1 . 5107 ; r e p o r t e d  ( 3 2 ) b . p .  13^ - 136° 

a t  18 mm.

A n a l . C a lc d .  f o r  C^QH^^NOg: C , 6 6 .2 7 ;  H, 8.3^-;

N, 7 . 7 3 . Found: c ,  6 5 .7 5 ;  H, 8 . 3 3 ;  N, 8 . 0 3 .

The N.M.R. s p e c t r u m  d i s p l a y e d  p e a k s  a t  1 .5 7  .§ (2H ) ,  

3 . 1 6  s (3H ) ,  3 . 3^  s (3 H ) ,  3 . 9 7  and ^-.29 (2H),  AB q u a r t e t ,  

and 7 . 3^ m ( 5H).

An e x p e r i m e n t  i n  which t e t r a h y d r o f u r a n  was u s e d  a s  

t h e  s o l v e n t  i n  p l a c e  o f  e t h e r  gave  t h e  amino a c e t a l  i n
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e s s e n t i a l l y  t h e  same y i e l d .

P r e p a r a t i o n  o f  <=»^-Aminophenvlacetaldehvde D im e th y l 

a c e t a l  H y d r o c h l o r i d e . Dry h y d ro g e n  c h l o r i d e  was bubb led  

i n t o  a  s o l u t i o n  o f  0 . 5  g* ( 2 . 8  mmoles) o f  c^ -a m in o p h en y l -  

a c e t a l d e h y d e  d i m e t h y l a c e t a l  i n  10 m l .  o f  e t h e r .  The c o l o r 

l e s s  p r o d u c t  p r e c i p i t a t e d  and was f i l t e r e d  and washed w i t h  

e t h e r .  R e c r y s t a l l i z a t i o n  f rom  a b s o l u t e  e t h a n o l  gave 0 . 5 5  §• 

( 92^) o f  c o l o r l e s s  n e e d l e s ,  m .p .  1/ 0 - 171° .

A n a l . C a l c d .  f o r  C10H-15CINO2 : C, 55 -17 ;  H, 7 - ^ 1 ;

N, 6 . 4 3 . Found; C, 55 -17 ;  H, 7 - 1 9 ;  N, 6 . 2 1 .

P r e p a r a t i o n  o f  N - A c e tv l a m i n o p h e n v l a c e t a l d e h v d e  D i

m e t h y l a c e t a l  - The p r o c e d u r e  employed f o r  t h e  N -benzoy l  

d e r i v a t i v e  below was u s e d .  When 5 g .  (28  mmoles) o f  amino-  

p h e n y l a c e t a l d e h y d e  d i m e t h y l a c e t a l  was t r e a t e d  w i t h  2 . 1 6  g.

(28  mmoles) o f  a c e t y l  c h l o r i d e ,  a  y e l l o w  o i l ,  w hich  c r y s t a l 

l i z e d  on s t a n d i n g ,  was p r o d u c e d .  R e c r y s t a l l i z a t i o n  from 

w a t e r  gave  2 . 0  g .  o f  t h e  N - a c e t y l  d e r i v a t i v e ,  m'.p. 1 1 6 .5 -

117°-

A n a l . C a l c d .  f o r  C^2^ l 7N0 3 î C, 6 ^ .5 5 ;  I ? 7 -6 8 ;

N, 6 .2 7 -  Found:  C, 64^^2 ;  H, 7 - 5 2 ;  N, 6 .3 9 -

P r e p a r a t i o n  o f  N - B e n z o v la m ln o p h e n v la c e ta ld e h v d e  D i

m e t h y l a c e t a l . To 5 -0  g .  ( 0 .0 2 8  mole)  o f  a m i n o p h e n y l a c e t a l d e -  

hyde d i m e t h y l a c e t a l  i n  a  s o l u t i o n  o f  100 ml.  o f  d r y  benzene  

and 25  m l .  o f  p y r i d i n e  was added  2 . 8 8  g .  ( 0 .0 2 8  mole)  o f  

b e n z o y l  c h l o r i d e  i n  10 m l .  o f  benzene  ( 2 9 ) -  The m ix t u r e  was 

warmed t o  6 5 ° ,  s t i r r e d  f o r  0 - 5  br., t h e n  p o u r e d  i n t o  100 ml.
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o f  sodium c a r b o n a t e  s o l u t i o n ,  t h e  benzene  p h a se  s e p a r a t e d ,  

washed w e l l  w i t h  w a t e r ,  d r i e d  ove r  sodium s u l f a t e  and con

c e n t r a t e d .  The s o l i d  p r o d u c t  was p r e c i p i t a t e d  by a d d in g

h e x a n e .  R e c r y s t a l l i z a t i o n  from aqueous  m e thano l  gave 6 . 7  g . 

( 85^) o f  c r y s t a l l i n e  a m id e ,  m.p.  1 44 -1^5° .

A n a l . C a lc d .  f o r  Ci^Hi^NO^: C, 7 ’'* 5 6 ;  H, 6 .7 1 ;

N, 4 . 9 1 . C a lc d .  f o r  CiaHiyNOg: C, 7 0 .8 3 ;  H, 6 .3 2 ;  N, 5 .1 6 .

Found; C, 7 0 .6 4 ;  H, 5*83; N, 5*15*

The i n f r a r e d  sp e c t r u m  (CCl^) showed s i g n i f i c a n t  bands

a t  3472  cm“  ̂ (NH) and 1675 cmT^ ( a m i d e ) .

P r e p a r a t i o n  o f  N -B e n z o v la m in o p h e n v la c e ta ld e h v d e  D i-  

e t h v l a c e t a l . Dry h y d r o g e n  c h l o r i d e  was p a s s e d  b r i e f l y  i n t o  

a s o l u t i o n  o f  1 .0  g .  o f  N - b e n z o y la m in o p h e n y la c e ta ld e h y d e  

d i m e t h y l a c e t a l  i n  200 ml.  o f  a b s o l u t e  e t h a n o l .  The s o l u t i o n  

was t h e n  a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  10 h r s .  

S u f f i c i e n t  e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  was t h e n  added t o  

n e u t r a l i z e  th e  a c i d .  C o n c e n t r a t i o n  o f  t h e  s o l u t i o n ,  d i l u t i o n  

w i t h  w a t e r ,  and e x t r a c t i o n  w i t h  e t h e r  gave 0 .9 7  g » (88 ^ )  o f  

t h e  c r y s t a l l i n e  p r o d u c t .  R e c r y s t a l l i z a t i o n  from aqueous  

m e th an o l  gave n e e d l e s ,  m .p .  125 -127° .  T h is  m a t e r i a l  was r e 

s u b m i t t e d  t o  t h e  above  c o n d i t i o n s  and t h e  r e s u l t i n g  p r o d u c t  

r e c r y s t a l l i z e d  from aqueous  m ethano l  g i v i n g  a n  a n a l y t i c a l  

s a m p le ,  m .p .  117° .

A n a l . C a lc d .  f o r  C, 7 2 .8 2 ;  H, 7*40.

Found: C, 7 2 .8 8 ;  H, 7 . 4 5 .

The i n f r a r e d  s p e c t r u m  (CCl^) showed s i g n i f i c a n t  bands
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a t  3^70 cm”  ̂ (NH) and 1675 cm"^ ( a m id e ) .

The N.M.R. s p e c t r u m  d i s p l a y e d  p eaks  a t  1 .1 5  i  (3 H ) ,

1 .2 0  t  (3H),  3 . 6 6  m (4%),  4.71  d (1H) (J=3  c . p . s . ) ,  5 .3 9  M  

( I E ) ,  7 . 1 2  d ( I E ) ,  7 . 4 2  m ( 8 E ) ,  and 7 -8 5  dd (2 E ) .

The 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  p r e p a r e d  i n  t h e  u s u a l  

manner (33 )  had m.p .  183 -18 4 °  a f t e r  r e c r y s t a l l i z a t i o n  from 

e t h a n o l .

A n a l . C a l c d .  f o r  C2iEiyN^0^:  C, 6 0 . l 4 ;  E, 4 . 0 9 .

Found; C, 6 0 .1 9 ,  E, 4 . 0 5 .



SUMMARY

The r e a c t i o n  o f  G r ig n a r d  r e a g e n t s  (R = p h e n y l ,  m e t h y l ,  

i - p r o p y l ,  s e c - b u t y l ,  i - b u t y l ,  and b e n z y l )  w i t h  d im e th o x y 

a c e t o n i t r i l e  p r o v i d e s  i n t e r m e d i a t e  a d d u c t s  ( I )  which  r e a d i l y  

f u r n i s h  t h e  r e l a t e d  c^- imino ,  <?(.-keto and <><-amino a c e t a l s .  

M e th a n o ly s i s  o f  ( I )  p r o d u c e s  t h e  <=><r-imino a c e t a l s  ( I I ) ;  and 

h y d r o l y s i s  o f  ( I )  w i t h  ammonium c h l o r i d e  g i v e s  t h e  a ^ - k e t o  

a c e t a l s  ( I I I ) .  R e d u c t i o n  o f  ( I )  w i t h  l i t h i u m  aluminum h y d r i d e  

f u r n i s h e s  t h e  «sK-amino a c e t a l s  ( I V ) .  I n  t h e  s i x  exam ples  i n 

v e s t i g a t e d  t h u s  f a r ,  no  s i g n i f i c a n t  d i f f i c u l t i e s  o r  s i d e  r e 

a c t i o n s  were e n c o u n t e r e d .

T h is  method c o n s t i t u t e s  an  improvement  and s i m p l i f i 

c a t i o n  o f  s y n t h e t i c  a p p r o a c h e s  t o  t h e s e  v i c i n a l l y  d i f u n c t i o n a l  

compounds,  which a r e  o f  i n t e r e s t  t h e m s e lv e s  a s  w e l l  a s  f o r  

i n t e r m e d i a t e s  f o r  p o t e n t i a l  d r u g s  u s e f u l  i n  c a n c e r  chemo

t h e r a p y  and f o r  i n t e r m e d i a t e s  i n  t h e  s y n t h e s i s  o f  a v a r i e t y  

o f  h e t e r o c y c l i c  s y s t e m s .

h-2
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I I I .  STUDIES DIRECTED TOWARD THE CHARACTERIZATION OF 

MAMMOSIN, A DITERPENE LACTONE ISOLATED FROM THE 

GORGONIAN, EUNICEA MAMMOSA LAMOUROUX

INTRODUCTION

Mammosin i s  t h e  name g i v e n  t o  a d i t e r p e n e  l a c t o n e  

which  h a s  been  i s o l a t e d  from th e  p e n ta n e  e x t r a c t s  o f  E un icea  

mammosa Lamouroux, a  m ar ine  i n v e r t e b r a t e  commonly c l a s s i f i e d  

a s  a g o r g o n i a n  ( 1 ) .  P r e l i m i n a r y  s t u d i e s  o f  t h e  s t r u c t u r e  o f  

t h i s  compound have  d i s c l o s e d  t h e  f u n c t i o n a l  g ro u p s  p r e s e n t  

( 2 ) .  Mammosin, 020^ 300!+» was found  from s p e c t r a l  and chemi

c a l  d a t a  t o  c o n t a i n  a ^ - l a c t o n e  g ro u p ,  a t e r t i a r y  h y d r o x y l  

g ro u p ,  t h r e e  m ethy l  g r o u p s ,  two d o u b le  b o n d s ,  and an  i n e r t  

oxygen,  presumed t o  e x i s t  a s  a n  e t h e r  g ro u p .  Based on th e  

above  fo r m u la  and f u n c t i o n a l  g r o u p s ,  i t  was c o n c lu d e d  t h a t  

mammosin c o n t a i n s  one c a r b o c y c l i c  r i n g .  F a i l u r e s  i n  a t 

t e m p ts  t o  o b t a i n  an  a r o m a t i c  compound on d e h y d r o g e n a t i o n  l e d  

t o  t h e  c o n c l u s i o n  t h a t  mammosin p o s s e s s e s  a l a r g e  c a r b o 

c y c l i c  r i n g .

S in c e  t h e  a i d  o f  N.M.R. s p e c t r o s c o p y  was n o t  r e a d i l y  

a v a i l a b l e  d u r i n g  t h e s e  p r e l i m i n a r y  s t u d i e s ,  d e t e r m i n a t i o n  o f  

s t r u c t u r a l  f e a t u r e s  was l i m i t e d  o n ly  t o  i n f o r m a t i o n  g a in e d

h5
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from  th e  v a r i o u s  c h e m ic a l  t r a n s f o r m a t i o n s  and t o  t h e  i n t e r 

p r e t a t i o n  o f  t h e  U.V. and I . R .  d a t a  o f  t h e  v a r i o u s  p r o d u c t s  

o b t a i n e d .  I t  w i l l  be s e e n  from t h e  p r e s e n t  work t h a t  N.M.R. 

s p e c t r o s c o p y  g r e a t l y  a s s i s t e d  i n  d e t e r m i n i n g  most o f  t h e  

s t r u c t u r a l  f e a t u r e s  o f  mammosin.



RESULTS AND DISCUSSION

The m o le c u l a r  w e ig h t  o f  33^? d e te r m i n e d  by mass 

s p e c t r o m e t r y ,  c o n f i rm e d  t h e  m o le c u l a r  fo rm u la  

mammosin. D e s p i t e  t h e  p r e s e n c e  o f  two d o u b le  b o n d s ,  mammosin 

a b s o r b e d  o n ly  one mole o f  h y d ro g e n  and gave a  m ix t u r e  o f  two 

d i a s t e r e o i s o m e r i c  d i h y d r o  d e r i v a t i v e s .  A f t e r  ch ro m a to g ra p h y  

on F l o r i s i l ,  one d i a s t e r e o m e r , m .p .  195°? was o b t a i n e d  p u r e .  

Com par isons  o f  t h e  U .V . ,  I . E . ,  and  N.M.R. s p e c t r a  o f  mammosin 

and t h e  d i h y d r o  d e r i v a t i v e  c o u ld  be i n t e r p r e t e d  i n  te rm s  of 

s a t u r a t i o n  o f  a n  i s o l a t e d  d o u b le  bond and i s o m e r i z a t i o n  o f  an 

o < , - u n s a t u r a t e d  ^ - l a c t o n e  g r o u p i n g .  S in c e  d o u b le  bond 

i s o m e r i z a t i o n  o c c u r s  d u r i n g  t h e  c a t a l y t i c  h y d r o g e n a t i o n ,  th e  

p r o d u c t  i s  named d ihydro isomam mosin  ( I I ) .

A l th o u g h  mammosin e x h i b i t s  no c h a r a c t e r i s t i c  U.V. 

a b s o r p t i o n  above  220 mpi, t h e  c a t a l y t i c  d i h y d r o  compound 

showed a maximum a t  226 m>i ( € 1 6 ,5 0 0 ) .  The l a c t o n e  c a r b o n y l  

and d o u b l e  bond a b s o r p t i o n s  i n  t h e  I . R .  s p e c t r u m  o f  mammosin 

( 1765  cm"1 and I 667 cm“ ^ , r e s p e c t i v e l y ) ,  shown i n  F i g u r e  1, 

were  s h i f t e d  t o  17^0 cm“  ̂ and  I 68O cm“ \  r e s p e c t i v e l y ,  i n  th e  

d i h y d r o  compound. The N.M.R. s p e c t r u m  o f  mammosin e x h i b i t e d  

a  p a i r  o f  low f i e l d  d o u b l e t s  a t  5*7 p .p . m .  ( J= 3  c . p . s . )  and
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P i g .  1 . — I n f r a r e d  Spec trum  o f  Mammosin

o'

P i g .  2 . — I n f r a r e d  Spec trum  o f  Isomammosin
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6.M- p . p . m .  (J=3 c . p . s . ) ,  e a c h  i n t e g r a t i n g  f o r  one p r o t o n .  

A n o th e r  o l e f i n i c  p r o t o n  a p p e a re d  a s  a t r i p l e t  a t  5*1 p . p . m . ,  

i n d i c a t i v e  o f  an  o l e f i n i c  p r o t o n  on a c a rb o n  atom a d j a c e n t  

t o  a  m e th y len e  g ro u p .  A v i n y l  m e thy l  group s i n g l e t  a p p e a re d  

a t  1 . 5  p . p . m .  The N.M.R. sp e c t r u m  o f  t h e  c a t a l y t i c  d i h y d r o  

compound d i s p l a y e d  a  new m e th y l  g roup  s i n g l e t  a t  1 . 8 5  p . p . m . ,  

which i s  c h a r a c t e r i s t i c  o f  a v i n y l  m e th y l  g roup on a c a r b o n  

atom a d j a c e n t  t o  a  c a r b o n y l ,  and a m e th y l  g roup d o u b l e t  a t  

1 .0 0  p . p . m .  (J= 6  c . p . s . ) .  The t h r e e  o l e f i n i c  p r o t o n s  i n  

mammosin, a s  w e l l  a s  t h e  v i n y l  m ethy l  g roup a t  1 .5  p . p . m . ,  

were m i s s i n g  i n  t h i s  s p e c t r u m .

The n a t u r e  o f  th e  d o u b le  bonds was i n f e r r e d  f rom  t h e  

s p e c t r a l  d a t a .  The i n f r a r e d  a b s o r p t i o n  a t  174-0 cm“  ̂ f o r  t h e  

l a c t o n e  c a r b o n y l  i n  t h e  d i h y d r o  compound i s  c h a r a c t e r i s t i c  o f  

i n t r a c y c l i c  - u n s a t u r a t e d  « ^ - l a c to n e s  ( 3 ) .  The U.V. d a t a

i s  a l s o  c o n s i s t e n t  w i t h  su c h  a s t r u c t u r e  a s  van  Tamelen h a s  

p o i n t e d  o u t  i n  h i s  work w i t h  = < -m e th y le n ic  P ' - l a c t o n e s  ( 4 ,  5 ) .  

The I . R .  a b s o r p t i o n  f o r  t h e  l a c t o n e  c a r b o n y l  i n  t h i s  sy s te m  

a p p e a r s  i n  t h e  r e g i o n  (1770  cm“ ^ ) o f  t h e  sp e c t ru m  c h a r a c t e r 

i s t i c  o f  s a t u r a t e d  X - l a c t o n e s  ( 6 - 8 ) .

The low f i e l d  d o u b l e t s  i n  t h e  N.M.R. s p e c t ru m  o f  mam

m osin  a r e  c h a r a c t e r i s t i c  o f  an  ex om e th y len e  group c o n j u g a t e d  

w i t h  a  ^ - l a c t o n e , a s  shown i n  p a r t i a l  s t r u c t u r e  ( I ) .

W. H erz  and o t h e r s  h a v e  s t u d i e d  numerous s e s q u i t e r p e n e  l a c 

t o n e s  c o n t a i n i n g  t h i s  o c -m e th y le n ic  « ^ - l a c t o n e  s y s te m  ( 6 ,  9 -

17 ) .
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With th e  o < -m e th y le n lc  ^ - l a c t o n e  sy s te m  e s t a b l i s h e d  

i n  mammosin, t h e  r e m a in in g  o l e f i n i c  p r o t o n  a t  5-1 p .p . m .  and 

t h e  v i n y l  m e thy l  g roup a t  1 . 5  p .p .m .  must r e s i d e  on a d j a c e n t  

c a r b o n  a tom s o f  a secon d  d o u b le  bond .  I f  t h e y  were  on th e  

same c a r b o n ,  t h e  s p l i t t i n g  p a t t e r n  o f  t h e  o l e f i n i c  p r o t o n  

would a p p e a r  more c o m p l i c a t e d  t h a n  t h e  o b se rv e d  t r i p l e t .  

F u r t h e r m o r e ,  t h e  a p p e a r a n c e  o f  a new s e c o n d a r y  m e th y l  group 

a t  1 . 0 0  p . p .m .  (J=6 c . p . s . )  c o n f i r m s  t h e  p a r t i a l  s t r u c t u r e

( I I )  f o r  t h e  d i h y d r o  compound.

-CH2C=C-

)
Hg/PtOg

( I )

ÇH:
-CH2CH2Ç - '

CH

( I I )

3 /

C a t a l y s t s  such  a s  p l a t i n u m  and p a l l a d i u m  f r e q u e n t l y  

c a u s e  su c h  d o u b le  bond m i g r a t i o n s .  T h is  i s  t h e  c a s e  when t h e  

e n d o c y c l i c  d o u b le  bond i s  d i f f i c u l t l y  r e d u c e d ,  a s  i s  f r e 

q u e n t l y  t h e  c a s e .  I n  most  i n s t a n c e s  m i x t u r e s  o c c u r  and th e  

c o m p o s i t i o n  o f  t h e  m i x t u r e ,  composed o f  t h e  r e d u c e d  and i s o -  

m e r i z e d  exo m ethy lene  d o u b le  bond p r o d u c t s ,  dep en d s  u s u a l l y  

on t h e  h y d r o g e n a t i o n  c o n d i t i o n s  employed ( 1 0 ) .  I n  t h e  h y d r o 

g e n a t i o n  o f  mammosin v e r y  l i t t l e  r e d u c t i o n  o f  t h e  c o n j u g a t e d  

e x o m e th y le n e  group  t a k e s  p l a c e  and t h a t  w hich  does  p r o b a b l y
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o c c u r s  b e f o r e  I s o m e r i z a t i o n ,  s i n c e  d ihydroisomammosin  ( I I )  

r e s i s t s  f u r t h e r  h y d r o g e n a t i o n  even  u n d e r  a p r e s s u r e  o f  

1300 pounds ( 2 ) .

Double  bond i s o m e r i z a t i o n  w i t h o u t  c o n c u r r e n t  s a t u r a 

t i o n  o f  t h e  t r i s u b s t i t u t e d  d o u b le  bond was a c h i e v e d  by h y d r o 

g e n a t i n g  p l a t i n u m  o x ide  i n  a b s o l u t e  e t h a n o l  and t h e n  r e p l a c 

in g  t h e  h y d ro g e n  a tm o sph e re  w i th  n i t r o g e n .  Mammosin d i s s o l v e d  

i n  a b s o l u t e  e t h a n o l  was c a r e f u l l y  a d d e d ,  so  a s  n o t  t o  l e t  a i r  

e n t e r  t h e  s y s t e m ,  t o  t h e  a c t i v a t e d  c a t a l y s t  and s t i r r e d  f o r  

a b o u t  tw e lv e  h o u r s .  Mammosin ( I )  was q u a n t i t a t i v e l y  con

v e r t e d  t o  isomammosin ( I I I )  by t h i s  p r o c e d u r e .  Isomammosin 

h a s  a  U.V. a b s o r p t i o n  a t  227 mp (6  2 5 ,8 0 0 )  and s i g n i f i c a n t  

I .R .  a b s o r p t i o n s  a t  17^5 cm"^ and 1681 cm” ^ , shown i n  F i g 

u r e  2 .  The N.M.R. sp e c t ru m  showed th e  exom ethy lene  p r o t o n s  

m is s in g  and d i s p l a y e d  th e  new v i n y l  m ethy l  group s i n g l e t  a t

1 .8 5  p . p . m .

—CH^—C—C—

( I I I )

The p r e s e n c e  o f  t h e  e x o m e th y le n e  group was f u r t h e r  

e s t a b l i s h e d  by o z o n o l y s i s  o f  mammosin t o  g iv e  fo rm a ld eh y d e  

a s  t h e  d imedone d e r i v a t i v e  and a l s o  by r e a c t i o n  w i t h  d i a z o m e th 

ane  t o  g i v e  t h e  p y r a z o l i n e ,  ( I V ) .  P y r a z o l i n e  d e r i v a t i v e s  have
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be en  u se d  by van  Tamelen t o  c h a r a c t e r i z e  t h e  « x - m e th y le n ic  

P ' - l a c t o n e  group ( 5 )*

H

'NH ( IV)

F u r t h e r  c h a r a c t e r i z a t i o n  o f  t h e  two doub le  bonds i n  

mammosin was p e r fo rm ed  by th e  p r e p a r a t i o n  o f  a d ih y d ro b ro m id e  

d e r i v a t i v e  (V) w i t h o u t  t h e  f o r m a t io n  o f  a new h y d ro x y l  

g ro u p ,  which m ight  o ccu r  i f  t h e  e t h e r  were an e p o x id e  and had  

been  opened by h y d ro g en  bromide to  t h e  b rom o h y d r in .  The r e 

g e n e r a t i o n  o f  mammosin, a l t h o u g h  i n  low y i e l d ,  by d e h y d ro -  

b r o m i n a t i o n  w i th  p y r i d i n e  s u g g e s t s  t h a t  no s k e l e t a l  i s o 

m e r i z a t i o n  o c c u r r e d  d u r i n g  th e  f o r m a t i o n  o f  th e  d i h y d r o 

brom ide  d e r i v a t i v e .

—CHp—CHp—E —̂  

Br

(V)

Q u a n t i t a t i v e  e p o x i d a t i o n  o f  mammosin w i t h  mono- 

p e r p h t h a l i c  a c i d  gave  a mono-epoxide  d e r i v a t i v e ,  w h i l e  r e 

a c t i o n  w i t h  h y d ro g en  c h l o r i d e  gave a m o n o -h y d ro c h lo r id e  

d e r i v a t i v e .  The N.M.R. s p e c t r a  o f  t h e  two compounds r e v e a l e d
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t h a t  t h e y  were  d e r i v a t i v e s  o f  d i f f e r e n t  d o u b le  b on d s .

The h y d r o c h l o r i d e  d e r i v a t i v e  d i s p l a y e d  t h e  o l e f i n i c  

p r o t o n  t r i p l e t  a t  5*2 p . p . m .  and t h e  v i n y l  m e th y l  group 

s i n g l e t  a t  1 . 5  p .p .m .  The a b se n c e  o f  t h e  d o w n f i e ld  ex o 

m e th y le n e  p r o t o n s  i n d i c a t e d  t h e  o c c u r r e n c e  o f  M ichae l  a d d i 

t i o n  o f  h y d ro g en  c h l o r i d e  t o  t h e  <=<-methylenic > ' - l a c t o n e  

g roup  t o  g i v e  t h e  p a r t i a l  s t r u c t u r e  ( V I ) .  No r e a c t i o n  o c 

c u r r e d  a t  t h e  r e l a t i v e l y  h i n d e r e d  t r i s u b s t i t u t e d  d o u b le  bond;  

and  a p o s i t i v e  t e t r a n i t r o m e t h a n e  t e s t  a l s o  c o n f i rm ed  i t s  

p r e s e n c e .  However,  t h e  more r e a c t i v e  h y d ro g e n  bromide  d id  

add a l s o  t o  t h i s  d o u b le  bond t o  g i v e  t h e  d ih y d ro b ro m id e  (V ) ,  

a l t h o u g h  d ihydro isom am m osin  ( I I )  was u n r e a c t i v e  toward  h y d r o 

gen  b ro m id e .

^  H CH3
CHgCl -C H g C ^ -^

(V I I )

F o r m a t io n  o f  a n  e p o x id e  h a v in g  t h e  p a r t i a l  s t r u c t u r e

( V I I )  i s  i n d i c a t e d  on t h e  b a s i s  t h a t  t h e  i s o l a t e d  d o u b le  bond 

i s  r e a c t i v e  toward  th e  e l e c t r o p h i l i c  r e a g e n t ;  w h i l e  t h e  c o n 

j u g a t e d  ex o m e th y len e  g roup  would be e x p e c t e d  t o  be u n r e a c t i v e  

( 1 8 ) .  A ppearance  o f  a  m e thy l  g roup s i n g l e t  a t  1 .2 5  p . p . m .  

i n  t h e  N.M.R. sp e c t r u m  w i t h  d i s a p p e a r a n c e  o f  t h e  v i n y l  m e th y l  

g roup  s u b s t a n t i a t e s  t h i s  s t r u c t u r a l  a s s i g n m e n t .

A l s o ,  t h e  i n t a c t  c< -m ethy len ic  / ’- i a c t o n e  g r o u p ,  now
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i n  t h e  a b s e n c e  o f  t h e  s t r o n g  U.V. end a b s o r p t i o n  d i s p l a y e d  by 

t h e  t r i s u b s t i t u t e d  d o u b le  bond ,  e x h i b i t s  a  maximum a t  206 m/i 

( €  1 0 , 3 0 0 ) ,  which i s  c h a r a c t e r i s t i c  o f  t h i s  t y p e  o f  group ( 1 0 ) .

Mammosin was c o n v e r t e d  t o  dihydromammosin ,  r e p r e s e n t e d  

by p a r t i a l  s t r u c t u r e  ( V I I I ,  by c h e m ic a l  r e d u c t i o n  w i th  sodium 

i n  r e f l u x i n g  b u t a n o l .  T h is  method r e d u c e s  do u b le  bonds o f  

u n s a t u r a t e d  e s t e r s  b u t  n o t  i s o l a t e d  d o u b le  bonds ( 1 9 ) .

The N.M.R. s p e c t r u m  showed th e  ex om e th y le n e  group m is s in g  and 

t h e  a p p e a r a n c e  o f  a new m ethy l  group d o u b l e t  a t  1 .2 5  p .p .m .  

( J= 6  c . p . s . ) ,  c o n s i s t e n t  w i t h  th e  p a r t i a l  s t r u c t u r e  ( V I I I ) .

R e d u c t io n  o f  dihydromammosin ( V I I I )  w i t h  l i t h i u m  

aluminum h y d r i d e  p ro d u c e d  a  d i o l  ( I X ) ,  which  formed th e  t r i t y l  

e t h e r  (X) on t r e a t m e n t  w i t h  t r i t y l  c h l o r i d e  i n  p y r i d i n e .  

O x i d a t i o n  o f  t h i s  t r i t y l  e t h e r  w i t h  chromium t r i o x i d e  and 

p y r i d i n e  gave a k e to n e  (XI)  w i t h  an  I . R .  a b s o r p t i o n  a t  

1717 cm“ ^ . T h is  s e q u en c e  o f  r e a c t i o n s  c o n f i rm e d  t h e  p r e s e n c e  

o f  a s i n g l e  p r o t o n  on t h e  c a rb o n  atom bonded t o  t h e  l a c t o n e  

oxygen .
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03CCI 
P y r .  ^

'H

CH^^H CrO- C H ^ \

CHgOC#.

(X)

CH2OC03

(XI)

R é d u c t io n  o f  mammosin ( I )  w i t h  l i t h i u m  aluminum h y 

d r i d e  gave a gummy s o l i d  t h a t  gave a p o s i t i v e  t e t r a n i t r o m e t h 

ane  t e s t  and a b s o r b e d  one mole e q u i v a l e n t  o f  h y d ro g e n  on c a t a 

l y t i c  h y d r o g e n a t i o n .  T h is  h y d r o g e n a t e d  p r o d u c t  gave a  n e g a 

t i v e  t e t r a n i t r o m e t h a n e  t e s t .  I t  was c o n c lu d ed  t h a t  th e  h y d ro 

g e n a t e d  p r o d u c t  had t h e  p a r t i a l  s t r u c t u r e  ( X I I )  and  c o n s i s t e d  

o f  a  m ix t u r e  o f  d i a s t e r e o i s o m e r s . L i th iu m  aluminum h y d r i d e  

a p p a r e n t l y  r e d u c e d  t h e  exo m e thy len e  group a s  w e l l  a s  th e  

l a c t o n e  g r o u p .  I n  c r e a t i n g  th e  new asym m etr ic  c e n t e r  on r e 

d u c t i o n  o f  t h e  exo m e th y le n e  g ro u p ,  a  m ix tu r e  o f  d i a s t e r e o m e r s  

r e s u l t e d ;  c a t a l y t i c  r e d u c t i o n  o f  t h i s  m ix tu r e  c r e a t e d  s t i l l  

a n o t h e r  a sym m etr ic  c e n t e r ,  t h u s  g i v i n g  an  even  more c o m p l i 

c a t e d  m i x t u r e .

OH
( X I I )

R e d u c t i o n  o f  ( I )  w i t h  sodium b o r o h y d r i d e ,  s u r p r i s 

i n g l y ,  a l s o  r e d u c e d  b o t h  t h e  c a r b o n y l  and d o u b le  bond o f  th e
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l a c t o n e  g r o u p in g  and gave a m ix tu r e  o f  s t e r e o i s o m e r s .  There  

a r e  s e v e r a l  examples o f  r e d u c t i o n  o f  t h e  c o n j u g a t e d  d o u b le  

bond i n  b u t e n o l i d e  sy s te m s  ( 2 0 , 2 1 ) u s i n g  sodium b o r o h y d r i d e ,  

one ( 2 1 ) o f  which i s  a n  c< -m ethy len ic  jK - l a c to n e  sy s te m ;  b u t  

r e d u c t i o n  o f  b o t h  t h e  c o n ju g a t e d  d ou b le  bond and l a c t o n e  

c a r b o n y l  g rou p s  was u n e x p e c t e d .

Dihydroisomammosin ( I I )  on r e d u c t i o n  w i t h  l i t h i u m  

aluminum h y d r i d e  e a r l i e r  ( 2 ) had g i v e n  a p r o d u c t ,  whose a n a l 

y s i s  s u g g e s t e d  th e  p a r t i a l  s t r u c t u r e  ( X I I I ) .  A p p a r e n t l y ,  t h e  

v e r y  h i n d e r e d  i n t r a c y c l i c  c o n ju g a te d  d o u b le  bond was n o t  r e 

duced by l i t h i u m  aluminum h y d r i d e .

OH CH ( X I I I )

H y d r o b o r a t i o n  (2 2 )  o f  isomammosin ( I I I )  w i t h  b i s -  

( 3 - m e t h y l - 2- b u t y l )  b o r a n e  r e a d i l y  o c c u r s  a t  t h e  t r i s u b s t i 

t u t e d  d o u b le  bond.  A l k a l i n e  h yd ro g en  p e r o x i d e  o x i d a t i o n  o f  

t h e  i n t e r m e d i a t e  a l k y l  b o ra n e  p ro d u ce d  t h e  a l c o h o l  (XIV),  

which was f u r t h e r  o x i d i z e d  t o  (XV) w i t h  chromium t r i o x i d e  and 

p y r i d i n e .

OH H O H

—C Hp C — Ç —  C r O ^  —C H g —u —Ç—
à  6h3 -------- — > CH3

(XIV) (XV)
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T h is  k e to n e  f a i l e d  t o  d e h y d r a t e  i n  a l k a l i n e  e t h a n o l  and i t  

was c o n c lu d e d  t h a t  t h e  t e r t i a r y  h y d r o x y l  group was t h e r e f o r e  

n o t  b e t a  t o  th e  k e to n e  c a r b o n y l .

The n a t u r e  o f  t h e  h y d r o x y l  g roup i n  mammosin was 

shown t o  be t e r t i a r y  by i t s  u n r e a c t i v i t y  toward  r e a g e n t s  e x 

p e c t e d  t o  f u r n i s h  d e r i v a t i v e s  o f  p r i m a r y  o r  u n h i n d e r e d  s e c o n d 

a r y  h y d r o x y l  g roups  ( 2 ) .  The p o s s i b i l i t y  o f  a h i n d e r e d  s e c 

o n d a ry  h y d r o x y l  was r u l e d  o u t  by t h e  N.M.R. s p e c t ru m  o f  mam

m osin  i n  d i m e t h y l  s u l f o x i d e .  A s h a r p  s i n g l e t  a t  >+.3^ p . p . m .

f o r  t h e  h y d r o x y l  p r o t o n  i n d i c a t e d  t h e  a b se n c e  o f  a p r o t o n  on

t h e  c a r b o n  bonded t o  t h e  h y d r o x y l  g roup  ( 2 3 ) .

Mammosin, isomammosin, o r  dihydromammosin f a i l e d  t o  

d e h y d r a t e  u n d e r  m i ld  c o n d i t i o n s  em ploy ing  p o t a s s i u m  h y d ro g e n  

s u l f a t e  i n  a nhydrous  d io x a n o  ( 2 4 ) .  D e h y d r a t io n  w i t h  t h i o n y l  

c h l o r i d e  and p y r i d i n e ,  h o w ev er ,  gave  a m ix tu r e  o f  p r o d u c t s  

( 2 5 ) .  An N.M.R. sp e c t ru m  o f  t h i s  m ix t u r e  showed p a r t  o f  a 

v i n y l  m ethy l  g roup  and p a r t  o f  an  exom ethy lene  g r o u p ,  i n d i 

c a t i n g  t h e  d e h y d r a t i o n  o f  a m e thy l  c a r b i n o l  sy s te m  (XV I) .  

F u r t h e r  v e r i f i c a t i o n  o f  t h i s  g r o u p in g  was p r o v i d e d  by a c é t y l a 

t i o n  o f  t h e  t e r t i a r y  h y d r o x y l  g roup  w i t h  a c e t i c  a n h y d r i d e  and 

b o ro n  t r i f l u o r i d e  e t h e r a t e  a t  - 2 0 °  f o r  1 . 5  h r s .  Mammosin 

a c e t a t e  (XVII) t h u s  p ro d u c e d  d i d  n o t  e x h i b i t  a  p a r a m a g n e t i c

- C — CH3 A c 2 0 / B F y E t2 0 ^  — C - C H 3
&H d)Ac

(XVI) (XVII)
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s h i f t  o f  a  p r o t o n  bonded t o  a c a r b i n o l  c a r b o n ,  o r d i n a r i l y  ob

s e r v e d  i n  t h e  N.M.R. on a c y l a t i o n  o f  a p r i m a r y  o r  s e c o n d a ry  

h y d r o x y l  g roup  ( 2 6 ) .  However, t h e  t e r t i a r y  m e th y l  g roup  a t  

1 .1 5  p . p . m .  d i d  e x h i b i t  a  p a r a m a g n e t i c  s h i f t  t o  1 .*+5 p .p .m .  

on a c y l a t i o n  o f  t h e  h y d r o x y l  g ro u p .

The r e l a t i o n s h i p  be tw een  t h e  t r i s u b s t i t u t e d  d o u b le  

bond and t h e  t e r t i a r y  h y d r o x y l  g roup  i n  mammosin was p a r t l y  

r e v e a l e d  by  o z o n o l y s i s .  S e l e c t i v e  o z o n o l y s i s  o f  t h e  t r i 

s u b s t i t u t e d  d o u b le  bond was c a r r i e d  o u t  u n d e r  c o n t r o l l e d  

c o n d i t i o n s  (27 )  i n  m e th y len e  c h l o r i d e - p y r i d i n e  ( 9 9 : 1 )  a t  

- 70° .  The p r o g r e s s  o f  t h e  r e a c t i o n  was f o l l o w e d  by t h i n  

l a y e r  c h ro m a to g ra p h y .  The gummy p r o d u c t  i s o l a t e d  e x h i b i t e d  

I . R .  a b s o r p t i o n s  c o r r e s p o n d i n g  t o  ^ - l a c t o n e ,  k e to n e  and 

d o u b le  bond;  and i t s  N.M.R. sp e c t r u m  r e v e a l e d  t h e  i n t a c t  

e < -m e th y le n ic  ^ - l a c t o n e  sy s te m  a s  w e l l  a s  a m e th y l  g roup 

c o r r e s p o n d i n g  t o  a m e thy l  k e t o n e .  The a b s e n c e  o f  t h e  e x 

p e c t e d  a ld e h y d e  group s u g g e s t e d  t h e  h e m i a c e t a l  s t r u c t u r e  

( X V I I I ) .  The p r e s e n c e  i n  t h e  N.M.R. sp e c t ru m  o f  a p r o t o n  a t

(X V III )

5 . 5  p . p . m . ,  a t t r i b u t e d  t o  a n  a c e t a l  p r o t o n  ( 2 8 ) ,  s u p p o r t s  

t h i s  c y c l i c  h e m i a c e t a l  s t r u c t u r e .  However, t h e  e l e m e n t a l  

a n a l y s i s  o f  t h i s  gummy m a t e r i a l  was n o t  i n  good a g re e m e n t
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w i t h  t h i s  s t r u c t u r e .

A more d i r e c t  p r o o f  was o b t a i n e d  i n  t h e  f o l l o w i n g  

way. Dihydromammosin ( V I I I )  on h y d r o x y l a t i o n  w i t h  p o t a s s i u m  

p e rm a n g a n a te  i n  a c e t o n e  r e a d i l y  a f f o r d e d  d i h y d r o x y d ih y d r o -  

mammosin (XIX).  O x i d a t i o n  o f  (XIX) w i t h  e x ce ss  chrom ic  a c i d  

p r o d u c e d  a n e u t r a l  compound (XX), which had  I . R .  a b s o r p t i o n s  

c o r r e s p o n d i n g  t o  two P ^ - Ia c to n e  g ro u p s  and a k e to n e  g ro u p .

A m e th y l  s i n g l e t  a t  2 .1 8  p .p .m .  i n  t h e  N.M.R. sp e c t ru m  con

f i r m e d  th e  p r e s e n c e  o f  t h e  m ethy l  k e to n e  g ro u p .  A p a r a 

m a g n e t i c  s h i f t  o f  0 . 2 5  p .p . m .  f o r  t h e  t e r t i a r y  m e thy l  group

H
CH, CH

OH
OH

CH

3
0:

C d ^ O H

(XIX) (XX)

was a l s o  o b s e r v e d .  The s p o n ta n e o u s  l a c t o n i z a t i o n  o b s e r v e d  i n  

t h e  above  r e a c t i o n  d e m o n s t r a t e s  t h a t  t h e  c a rb o n  atom b e a r i n g  

t h e  o l e f i n i c  p r o t o n  o f  t h e  t r i s u b s t i t u t e d  do ub le  bond i s  

gamma t o  t h e  t e r t i a r y  h y d r o x y l  g ro u p .

(XX) c o u ld  a l s o  be p r e p a r e d  d i r e c t l y  i n  s a t i s f a c t o r y  

y i e l d  f rom  ( V I I I )  w i t h o u t  i s o l a t i n g  th e  i n t e r m e d i a t e  (XIX).  

T h is  d i r e c t  p r o c e d u r e  h a s  been  v e r y  c o n v e n i e n t  f o r  p r e p a r i n g  

k e t o  l a c t o n e s  f rom  such  s y s te m s ,  a s  i n  t h e  c a s e  o f  

c < - t e r p i n e o I  ( 2 9 ) .

A t tem p ted  chromic  a c i d  o x i d a t i o n  o f  (XIX) t o  t h e
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o^-hydroxy k e to n e  by u s i n g  a  s t o i c h i o m e t r i c  amount o f  c h r o 

mium t r i o x i d e  gave a  compound whose I n f r a r e d  s p e c t r u m  sug

g e s t e d  t h e  h e m i k e t a l  s t r u c t u r e  (XXI).

pH

CH

(XXI)

O x i d a t i o n  o f  (XX) w i t h  p e r o x y t r i f l u o r p a c e t i c  a c i d  by 

t h e  p r o c e d u r e  o f  Emmons (3 0 )  l e d  i n  good y i e l d  t o  t h e  a c e t a t e

(X X II ) .  I t s  N.M.R. sp e c t ru m  had  a m ethy l  s i n g l e t  a t  2 .0 6  

p . p . m . ,  which i s  c h a r a c t e r i s t i c  o f  an  a c e t a t e  m e th y l  g ro up .

CH^

0 = 4 ^  (XXII)

dHgCHg-

The p r o t o n s  on t h e  c a r b o n  bonded t o  t h e  a c e t a t e  g ro u p  a p 

p e a r e d  a t  *+.08 p . p . m .  a s  a t r i p l e t .  T h is  s u g g e s t e d  t h e  p r e s 

ence o f  a  m e th y len e  group a d j a c e n t  t o  th e  c a r b o n  bonded t o  t h e  

a c e t a t e  g ro u p .

Based on t h e  a n a l y t i c a l  r e s u l t s  and t h e  d e t e r m i n a t i o n  

o f  t h e  f u n c t i o n a l  g ro u p s  m en t io n ed  ab o v e ,  i t  i s  c o n c lu d e d  

t h a t  mammosin c o n t a i n s  a m o n o c a rb o c y c l i c  r i n g  s y s t e m .  The 

s t r u c t u r e  ( l a )  i s  p r o p o s e d  f o r  mammosin on t h e  b a s i s  o f  the  

c h e m ic a l  t r a n s f o r m a t i o n s  o u t l i n e d  above and t h e  f o l l o w i n g  i n 

t e r p r e t a t i o n  o f  i t s  N.M.R. s p e c t r u m ,  shown i n  F i g u r e  3 ,  as
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well as the spectrum of dihydromammosin (Villa), shown in 
Figure 4. The use of nuclear magnetic double resonance 
(N.M.D.R.) spectroscopy aided substantially in arriving at 
the structure (la).

IS

(la) (Villa)

The d o u b le  d o u b l e t  a t  ^ . ^ 3  p .p .m .  i n  t h e  N.M.R. s p e c 

t rum o f  mammosin i s  a t t r i b u t e d  t o  t h e  p r o t o n  a t  C-3 and 

a r i s e s  f rom th e  s p i n  c o u p l i n g  o f  t h e  C-3 p r o t o n  w i t h  t h e  C-2  

and C-^ p r o t o n s .  T h is  was d e m o n s t r a t e d ,  a s  shown i n  T a b le  1, 

by c o l l a p s e  o f  t h e  d o u b l e  d o u b l e t  t o  a d o u b l e t  on i r r a d i a t i o n  

a t  t h e  f r e q u e n c y  o f  t h e  0 - 2  p r o t o n ,  which  i s  a t  2 . 8 5  p . p . m .  

L ik e w i s e ,  by d e c o u p l i n g  t h e  C- 2  p r o t o n  f rom  t h e  C-3 p r o t o n  on 

d o u b le  i r r a d i a t i o n  a t  t h e  C-3 p r o t o n  f r e q u e n c y ,  t h e  d o u b l e t  

a t  2 . 8 5  p .p . m .  c o l l a p s e d  t o  a s i n g l e t .  C-1 t h e n  h a s  no 

h y d ro g en  atoms bonded t o  i t  s i n c e  th e  C-2 p r o t o n  i s  s p i n  

c o u p le d  o n ly  t o  t h e  C-3 p r o t o n .  The m e th y l  c a r b i n o l  s y s te m  

t h e n  must  be a t  C - 1 . T h is  c o n c l u s i o n  r e q u i r e s  no o t h e r  

q u a t e r n a r y  c e n t e r s  i n  t h e  m o l e c u l e ,  w hich  a r e ,  h o w ev er ,  n o t  

p o s s i b l e  on t h e  b a s i s  o f  a s i n g l e  c a r b o c y c l i c  r i n g  s y s te m .

The t r i s u b s t i t u t e d  d o u b l e  bond c o u ld  n o t  be  s i t u a t e d  a d j a c e n t  

t o  C-2 t o  a c c o u n t  f o r  t h i s  on t h e  b a s i s  o f  t h e  c h e m ic a l
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Fig. 3-— N.M.R. Spec trum  of  Mammosin ( l a )

ÎTT

F i g .  M-.—N.M.R. Spec trum o f  Dihydromammosin ( V i l l a )
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transformations leading to the partial structure (XXII). By 
then putting together the lactone, ether, and tertiary hy
droxyl groups and combining them with the trisubstituted 
double bond that is beta to the tertiary hydroxyl group, we 
arrive at the partial structure (XXIII). By combining (XXIII) 
with the N.M.R. spectrum for a disecondary ether as well as

(XXIII)

t h e  a b s e n c e  o f  any a l i p h a t i c  s i d e  c h a i n s ,  we can  c o n c lu d e  a 

14—membered r i n g  s t r u c t u r e  f o r  mammosin. More i n f o r m a t i o n  

u se d  i n  a r r i v i n g  a t  t h e  s t r u c t u r e  ( l a )  was s u p p l i e d  by th e  

f o l l o w i n g  N.M.D.R. r e s u l t s .

The p r o t o n  a t  C-4 ,  r e p r e s e n t e d  by th e  m u l t i p l e t  a t

3 . 5  p . p . m . ,  was s t u d i e d  by s p i n  d e c o u p l i n g .  The low f i e l d  

d o u b l e t  a t  6 .4 2  p . p . m . ,  a t t r i b u t e d  t o  one of  t h e  exom ethy lene  

p r o t o n s ,  c o l l a p s e d  t o  a s i n g l e t  on d ou b le  i r r a d i a t i o n  a t  t h e  

f r e q u e n c y  o f  th e  p r o t o n  a t  3 » 5 p . p . m .  L ik e w i s e ,  t h e  d o u b l e t  

a t  5 .68  p .p .m .  a l s o  c o l l a p s e d  t o  a s i n g l e t  by d e c o u p l i n g  w i t h  

t h e  p r o t o n  a t  3 . 5  p .p . m .  Thus,  t h e  a l l y l i c  C-4 p r o t o n  i s  

s p i n  c o u p le d  t o  t h e  ex o m e thy len e  p r o t o n s  a s  w e l l  a s  t h e  C-3 

and C-5 p r o t o n s .  This  i n f o r m a t i o n  r e a d i l y  e x p l a i n s  t h e  l a r g e  

m u l t i p l i c i t y  o f  t h i s  s i g n a l .  P r i o r  t o  t h i s  o b s e r v a t i o n  we 

had  assumed t h a t  t h e  p a i r  o f  exom ethy lene  d o u b l e t s  r e s u l t e d
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w i t h  each  o t h e r  o r  t h e i r  c o u p l i n g  c o n s t a n t  i s  e s s e n t i a l l y  

z e r o .  This  a l l y l i c  c o u p l i n g  s i t u a t i o n  e n a b le d  us t h e r e f o r e  

t o  l o c a t e  t h e  C-)+ p r o t o n  a s  t h e  m u l t i p l e t  a t  3*5 p . p . m .  This  

was c o n f i rm e d  by t h e  sp e c t ru m  o f  dihydromammosin ( V i l l a ) .

The p e a k  a t  3 . 5  p .p .m .  i n  t h e  s p e c t r u m  o f  mammosin i s  

n o t  p r e s e n t  i n  t h e  s p e c t ru m  o f  ( V i l l a )  s i n c e  t h e  C-^- p r o t o n  

i s  no l o n g e r  a l l y l i c ,  b u t  th e  a p p e a r a n c e  o f  two p r o t o n s  a t  

a b o u t  2 . 6  p . p . m .  i n  t h e  sp e c t ru m  o f  ( V i l l a )  s u g g e s t e d  t h a t  

t h e s e  p r o t o n s  were  t h o s e  a t  C-h  and C -5 .  T h is  was p r o v e n  by 

d e c o u p l in g  t h e  C-3 and C-^ p r o t o n s  i n  ( V i l l a )  by d o u b le  i r 

r a d i a t i o n  a t  t h e  C-)+ p r o t o n  ( 2 .6  p . p . m . )  f r e q u e n c y .  The 

d o u b le  d o u b l e t  a t  ^ . 3 2  p . p . m . ,  a t t r i b u t e d  t o  t h e  C-3 p r o t o n ,  

c o l l a p s e d  t o  a  d o u b l e t .  A l so ,  by d e c o u p l i n g  t h e  p r o t o n s  o f  

t h e  new s e c o n d a r y  m ethy l  group a t  1 .2 7  p . p . m .  w i t h  one o f  th e  

p r o t o n s  a t  2 . 6  p . p . m . ,  t h e  m ethy l  d o u b l e t  c o l l a p s e d  t o  a 

s i n g l e t .  Th is  t h e n  c o n f i rm ed  t h e  s u s p e c t e d  p o s i t i o n  o f  th e  

C -1 5 p r o t o n  a s  one o f  t h e  p r o t o n s  a t  2 . 6  p . p . m .  These r e 

s u l t s  a r e  summarized i n  Table  2 .

The c h e m ic a l  s h i f t  o f  t h e  C- 6  p r o t o n  i n  mammosin was 

l o c a t e d  a t  1 .8 3  p .p .m .  by f i n d i n g  t h e  d o u b le  i r r a d i a t i o n  

f r e q u e n c y  where  t h e  C-6  m e thy l  d o u b l e t  s i m p l i f i e d  t o  a  s i n g 

l e t .  D e c o u p l in g  t h i s  C- 6  p r o t o n  i n  dihydromammosin  ( V i l l a )  

t h e n  w i t h  t h e  C -5  p r o t o n  a t  3 .3 6  p . p . m .  s i m p l i f i e d  t h e  d o u b le  

d o u b l e t  t o  w ha t  a p p e a re d  t o  be a b ro a d  s i n g l e t .  T h is  b ro a d  

s i n g l e t  i s  p r o b a b l y  t h e  r e s u l t  o f  p a r t i a l  d e c o u p l i n g  a l s o
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TABLE 1

SPIN DECOUPLING RESULTS FOR MAMMOSIN ( l a )  IN CDCI3 (60  Me.)

I r r a d i a t e d

P r o t o n f  S  

Ass ignm ent Observed
M u l t i p l i c i t y ^

Change

C-if,  3 A 3  

C A ,  3 . 1+3
1

/
6 . 4 2 ,  C-16B 

5 . 6 8 , C-16A
\

d t o  s 

d t o  s

C - 1 3 , 2 . 0 4 -CH? t - C ' C
13  IZ

5 . 0 7 , 0 -12 t  t o  s

\
C -3 ,  4 . 4 3  

c - 2 , 2 . 8 5
>

2 . 8 5 ,  C-2 

4 . 4 3 , C-3

d t o  s 

dd t o  d

C—6,  1 .83
"9 H3

— C H —6 0 . 8 5 ,  C-17 d t o  s

r e f e r s  t o  t h e  number o f  t h e  c a r b o n  t o  which 
t h e  p r o t o n ( s )  i s  a t t a c h e d .

^ A b b r e v i a t i o n s :  s means s i n g l e t ;  d ,  d o u b l e t ;  t ,
t r i p l e t ;  d d ,  d o u b le  d o u b l e t ;  and  m, m u l t i p l e t .
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TABLE 2

SPIN DECOUPLING RESULTS FOR DIHYDROMAMMOSIN ( V i l l a )
IN CCl^ (60  Me.)

I r r a d i a t e d
P r o t o n ,  S' 
Ass ignm ent Observed

M u l t i p l i c i t y
Change

C— , 2 .6 0 4 . 3 2 , C-3 dd t o  d

C -6 ,  1 .83
CH3 U

- à n - f H — 3 - 3 6 ,  C-5 dd t o  b ro a d  s

C -1 5, 2 .6 0
'tH j

— CH—C—0  
1

1 . 2 7 , C-16 d t o  s

w i t h  t h e  C-^- p r o t o n ,  s i n c e  i t  d i f f e r s  by o n ly  a b o u t  *+0 c . p . s .  

f rom t h e  p r o t o n  a t  C-5-

The p ro p o s e d  s p i n  c o u p l in g  be tw een  t h e  p r o t o n  on C-6  

and t h e  p r o t o n  on C -5  i s  c o n s i s t e n t  w i t h  t h e  d a t a ,  b u t  i t  i s  

n o t  c e r t a i n  s i n c e  t h e  C-6  p r o t o n  c h e m ic a l  s h i f t  i s  s im p ly  

t h a t  o f  o r d i n a r y  m e th y le n e  p r o t o n s .  Thus ,  t h e  o b se rv e d  d e 

c o u p l i n g  c o u ld  a s  w e l l  have o c c u r r e d  w i t h  any  o f  th e  o t h e r

p r o t o n s  w i t h  a s i m i l a r  c h e m ic a l  s h i f t .

By t h e  b i o g e n e t i c  i s o p r e n e  r u l e  we p r e f e r  t o  p l a c e  

t h e  s e c o n d a r y  m e th y l  group  on C-7 a s  i n  ( I b ) ;  y e t  t h e  d o u b le  

d o u b l e t  r e p r e s e n t e d  by t h e  C-5 p r o t o n  p e r m i t s  c o u p l i n g  w i t h  

o n ly  one p r o t o n  on C -6 . The s e c o n d a r y  m e th y l  i s  t h e r e f o r e

p l a c e d  on C -6 , a s su m in g  t h a t  t h e  e t h e r  i s  bonded a t  C-5-
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O t h e rw is e ,  p l a c i n g  t h e  s e c o n d a ry  m ethy l  group a t  C-7 a s  i n  

( I b )  would r e q u i r e  t h e  c o u p l i n g  c o n s t a n t  f o r  th e  s p i n  cou

p l i n g  be tw een  t h e  C-5 e t h e r  p r o t o n  and one o f  t h e  C- 6  m e th y l 

ene p r o t o n s  t o  be z e r o .  Or, i f  t h e  e t h e r  were bonded a t  C-6  

and t h e  s e c o n d a r y  m ethy l  group were  a t  C -7 ,  a s  i n  ( I c ) ,  th e  

c o u p l i n g  c o n s t a n t  be tw een  one o f  t h e  m e th y lene  p r o t o n s  a t  

C-5 and t h e  p r o t o n  a t  C-6  would have  t o  be z e r o .  S in c e  t h e r e  

i s  no v a l i d  r e a s o n  f o r  t h i s  ty p e  o f  s p i n  c o u p l i n g  t o  o c c u r  i n  

a l a r g e  r i n g  s y s te m ,  t h e  s t r u c t u r e  ( l a )  i s  f a v o r e d .  Cb- 

v i o u s l y ,  f u r t h e r  c h e m ic a l  e v id e n c e  i s  r e q u i r e d  t o  r i g o r o u s l y  

p ro v e  t h e s e  r e m a in i n g  u n c e r t a i n  f e a t u r e s  o f  t h e  m o le c u l e .

OH
( I b )

OH

I n  a n  a t t e m p t  t o  c o n f i rm  t h e  1^-membered r i n g  s t r u c 

t u r e ,  mammosin was s u b j e c t e d  t o  a v a p o r  p h a se  h y d r o g e n o l y s i s  

employing  p a l l a d i u m - c o a t e d  a lum in a  p e l l e t s  a t  3CC°. A mix

t u r e  o f  h y d r o c a r b o n s  was o b t a i n e d  f rom which  a  m a jo r  com

p o n e n t  was i s o l a t e d  p u r e  by p r e p a r a t i v e  gas  c h ro m a to g ra p h y .  

T h is  h y d r o c a r b o n  was shown by mass s p e c t r o m e t r y  t o  have  t h e  

f o r m u la ,  CgoHgg. A m o le c u l a r  i o n  p e a k  was found  a t  m/e 2 7 8 . 

I n t e n s e  p e a k s  a t  m/e 263 and m/e 235 c o r r e s p o n d e d  t o  l o s s  o f
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m ethy l  (mass 15 ) and i s o p r o p y l  (mass k-3 ) g r o u p s ,  r e s p e c t i v e l y .  

From t h e  above fo r m u la  t h e  h y d r o c a r b o n  a p p a r e n t l y  was b i -  

c y c l i c .  From t h e  p r o p o s e d  s t r u c t u r e  ( l a )  f o r  mammosin, t h e  

h y d r o c a r b o n  formed on h y d r o g e n o l y s i s  c o u ld  have t h e  b i c y c l i c  

s t r u c t u r e  (XXIV) formed by r i n g  c l o s u r e  d u r i n g  c l e a v a g e  o f  

t h e  e t h e r  r i n g .  From t h e  f a i r l y  g e n e r a l  f r a g m e n t a t i o n  p a t 

t e r n  f o r  b i c y c l i c  and  t r i c y c l i c  d i t e r p e n e s  such  a s  manool

( l a )  H^/Pd-AlgO^ 
300°

Z

3

•OH
(XXV)

(XXIV)

( XXVII)

(XXV), where  c l e a v a g e  o f  t h e  6 -7  and 9 -1 0  bonds and a s s o c i 

a t e d  l o s s  o f  a h y d r o g e n  a tom from t h e  c h a r g e - r e t a i n i n g  r i n g  A 

f r a g m e n t  ( 3 1 ) o c c u r s ,  we c o u ld  e x p e c t  s i m i l a r  b e h a v i o r  from 

t h e  h y d r o c a r b o n  (XXIV). T h is  i s  a  r e a s o n a b l e  f r a g m e n t a t i o n  

p a t t e r n  f o r  t h i s  s t r u c t u r e  s i n c e  t h e  r i n g  A f r a g m e n t s  would 

be e x p e c te d  t o  g i v e  t h e  most  s i g n i f i c a n t  and i n t e n s e  p e a k s .  

B e s i d e s  t h e  two f r a g m e n t s  a l r e a d y  m e n t io n e d ,  t h e  mass sp e c t r u m
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e x h i b i t e d  s i g n i f i c a n t  p e ak s  a t  m/e 123 and  m/e 109 which 

c o u ld  r e a s o n a b l y  a r i s e  f rom f r a g m e n t a t i o n  i n  t h e  manner shown 

f o r  (XXVI) and (XXVII) .

I n  a  p o r t i o n  o f  our  s t r u c t u r a l  s t u d i e s ,  we were con

c e r n e d  w i t h  t h e  p o s s i b l e  c l e a v a g e  o f  t h e  e t h e r  r i n g  and w i th  

v a r i o u s  o x i d a t i v e  c l e a v a g e s  o f  t h e  l a c t o n e  g ro u p .  I n  most  

c a s e s  su c h  a  complex  m ix t u r e  o f  p r o d u c t s  was o b t a i n e d  t h a t  i t  

was d i f f i c u l t  t o  o b t a i n  m a t e r i a l s  s u f f i c i e n t l y  p u re  t o  a l l o w  

any s t r u c t u r a l  i n t e r p r e t a t i o n ;  and i n  some c a s e s  th e  i s o l a t e d  

p r o d u c t s  a p p e a r e d  t o  be  more c o m p l i c a t e d  t h a n  th e  s t a r t i n g  

m a t e r i a l s .  For  i n s t a n c e ,  i n  a t t e m p t i n g  a c l e a v a g e  o f  th e  

e t h e r  by r e a c t i o n  w i t h  a c e t i c  a n h y d r i d e  and b o ro n  t r i f l u o r i d e  

e t h e r a t e  a t  - 20°  f o r  t h r e e  h o u r s ,  mammosin a c e t a t e  was ob

t a i n e d  c o n ta m i n a te d  w i t h  a n o t h e r  compound, This

compound was p r e p a r e d  i n  good y i e l d  by e x t e n d i n g  th e  r e a c t i o n  

t im e t o  s e v e n  h o u r s .  I t s  i n f r a r e d  sp e c t r u m  showed ^ ' - l a c t o n e ,  

e s t e r ,  and k e t o n e  c a r b o n y l  a b s o r p t i o n s .  On h y d r o l y s i s  w i t h  

aq ueou s  sod ium  h y d r o x i d e ,  a k e t o n e ,  020^ 3 0 ®̂ -» was o b t a i n e d .

I t  was f u r t h e r  shown t o  be a m e th y l  k e to n e  by t h e  m ethy l  

s i n g l e t  a t  2 . 0 5  p . p . m .  i n  i t s  N.M.R. s p e c t r u m .

An a n a l o g o u s  compound was o b t a i n e d  f rom  isomammosin 

u n d e r  t h e  same r e a c t i o n  c o n d i t i o n s ,  b u t  d ihydro isom am m osin  

gave o n l y  i t s  a c e t a t e  e s t e r .  The compound d e r i v e d  from i s o 

mammosin on c a t a l y t i c  h y d r o g e n a t i o n  a b s o r b e d  one mole o f  h y 

d r o g e n  and gave  a  compound, C2I+H35O5 , whose i n f r a r e d  s p e c t r u m  

showed ^ - l a c t o n e ,  a c e t a t e ,  and k e to n e  c a r b o n y l  a b s o r p t i o n s .
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The f o r m a t i o n  o f  t h e s e  k e to n e  p r o d u c t s  w i t h  mammosin and i s o 

mammosin, b u t  n o t  w i t h  d ihydro isom am m osin ,  l e a d s  t o  t h e  co n 

c l u s i o n  t h a t  t h e  t r i s u b s t i t u t e d  do ub le  bond p r o b a b l y  was 

a c y l a t e d  t o  a m e th y l  k e to n e  which  u n d e rw en t  r e a r r a n g e m e n t .  

Because  o f  t h e  p r o b a b l e  o c c u r r e n c e  o f  t h e s e  a c y l a t i o n  and 

r e a r r a n g e m e n t  r e a c t i o n s  w i t h  t h e s e  m a t e r i a l s ,  t h e y  p r o b a b l y  

no l o n g e r  c o n t a i n e d  t h e  o r i g i n a l  s k e l e t o n ;  t h e r e f o r e ,  no 

f u r t h e r  work was p e r f o r m e d  w i t h  them.

I n  e a r l i e r  work ( 2 ) ,  o x i d a t i o n  o f  d ihydro isomam mosin  

( I I )  w i t h  p e rm a n g an a te  l e d  t o  a  k e t o n e ,  I n  a t t e m p t 

in g  a m i l d e r  o x i d a t i o n  o f  ( I I )  w i th  p e rm a n g a n a te ,  two i s o 

m er ic  ^ - l a c t o n e s ,  were  i s o l a t e d .  However, th e y

were o b t a i n e d  i n  r a t h e r  low y i e l d s  by l a b o r i o u s  ch rom atography  

o f  a  complex m i x t u r e .

O x i d a t i o n  o f  mammosin w i t h  chrom ic  a c i d  a t  room tem

p e r a t u r e  gave a m i x t u r e  which was shown by t h i n - l a y e r  

c h ro m a to g ra p h y  t o  be v e r y  complex .  On column c h ro m a to g ra p h y ,  

t h e  m a t e r i a l  f i r s t  e l u t e d  was a c r y s t a l l i n e  k e t o n e ,  020^ 28^ 6 ’ 

whose N.M.R. s p e c t r u m  i n d i c a t e s  r e a c t i o n  a t  t h e  t r i s u b s t i t u t e d  

d o u b le  bond;  y e t ,  we were  u n a b le  t o  p r o p o s e  a  r e a s o n a b l e  

s t r u c t u r e  f o r  t h i s  compound t h a t  i s  c o n s i s t a n t  w i t h  t h e  e l e 

m e n ta l  and s p e c t r a l  d a t a .  M a t e r i a l  l a t e r  e l u t e d  f a i l e d  t o  

y i e l d  any  u s e f u l  p r o d u c t s .

O z o n o ly s i s  o f  d ihydro isomam mosin  ( I I )  had  l e d  e a r l i e r  

( 2 )  t o  a  k e t o n e ,  I n  t h e  p r e s e n t  work ,  o z o n o l y s i s

o f  ( I I )  u n d e r  d i f f e r e n t  c o n d i t i o n s  gave a m ix t u r e  f rom which
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was I s o l a t e d  a compound, whose i n f r a r e d  s p e c t ru m

showed a ld e h y d e  and > ' - l a c t o n e  a b s o r p t i o n s .  The N.M.R. 

sp e c t ru m  o f  t h i s  compound i n d i c a t e d  t h e  a ld e h y d e  group t o  be 

on a s e c o n d a r y  c a r b o n .  The a b s e n c e  o f  an  h y d r o x y l  g roup  sug 

g e s t e d  l a c t o n i z a t i o n  o f  t h e  t e r t i a r y  h y d r o x y l  group w i t h  t h e  

newly formed c a r b o x y l  g ro up .  The N.M.R. sp e c t ru m  a l s o  d i s 

p l a y e d  two p r o t o n s  a t  a b o u t  4 .1 p . p . m . ,  presumed t o  be e t h e r  

p r o t o n s .  S in c e  t h e s e  p r o t o n s  a r e  a t  lo w er  f i e l d  i n  t h i s  com

pound t h a n  i n  ( I I ) ,  i t  i s  r e a s o n a b l e  t o  c o n c lu d e  t h a t  t h e y  

a r e  d e s h i e l d e d  by th e  a ld e h y d e  o r  l a c t o n e  g r o u p s .  T h is  con

c l u s i o n  d e m o n s t r a t e s  t h e  p r o b a b i l i t y  o f  t h e  p r o x i m i t y  o f  t h e  

e t h e r  and l a c t o n e  g r o u p s ,  a l t h o u g h  no r e a s o n a b l e  s t r u c t u r e  

can  be p r o p o s e d  f o r  t h i s  compound. Assuming t h a t  t h e  s t r u c 

t u r e  ( l a )  f o r  mammosin i s  c o r r e c t ,  t h i s  u n u s u a l  s t r u c t u r a l  

s i t u a t i o n  I n v o l v i n g  t h e  l a c t o n e  and e t h e r  g ro u p s  may e x p l a i n  

t h e  immense d i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e s e  s t r u c t u r a l  

s t u d i e s  o f  mammosin by o x i d a t i v e  m ethods .



EXPERIMENTAL

A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d . A l l  comm erc ia l  

s o l v e n t s  were r e d i s t i l l e d .  T e t r a h y d r o f u r a n  was d i s t i l l e d  

f rom  l i t h i u m  aluminum h y d r i d e .  D iazom ethane  was p r e p a r e d  

f rom  EXR-101 (Du P o n t ) .  A d s o r b e n t s  u s e d  i n  c h ro m a tog raph y  

were  Merck ( D a r m s ta d t )  a lu m in a ,  a c t i v e  n e u t r a l ;  F l o r i s i l  

( 1 0 0 /2 0 0  mesh) ;  and M a l l i n c k r o d t ' s s i l i c i c  a c i d  (p o w d e r ) .

T h in  l a y e r  c h ro m a to g ra p h y  was p e r fo rm ed  on 5 x 20 cm. 

g l a s s  p l a t e s  c o a t e d  w i t h  Merck ( D a r m s ta d t )  s i l i c a  g e l  H. 

S u b s t a n c e s  on a d e v e lo p e d  p l a t e  were r e n d e r e d  v i s i b l e  w i t h  

i o d i n e  v a p o r .  Gas c h ro m a to g ra p h y  was c o n d u c ted  w i t h  a Barber-  

Colman, Model 20 ,  a M ic ro -T ek ,  GC-1600 o r  a n  A erograph  A uto-  

p r e p ,  A-7 0 0 . The u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  were  ob

t a i n e d  from ^5% e t h a n o l  s o l u t i o n s  i n  0.1  cm. c e l l s  u s i n g  a 

Beckman r e c o r d i n g  s p e c t r o m e t e r .  Model DK-1. The i n f r a r e d  

s p e c t r a  were r u n  i n  c h lo r o f o r m  o r  c a r b o n  t e t r a c h l o r i d e  s o l u 

t i o n s  o r  a s  p o t a s s i u m  brom ide  p e l l e t s .  The s p e c t r a  were  r e 

c o rd e d  on P e r k i n - E l m e r , Model 21 and Beckman IR-8  s p e c t r o 

m e t e r s .  N.M.R. s p e c t r a  were t a k e n  on a V a r ia n  A-60 s p e c t r o 

m e t e r  u s i n g  t e t r a m e t h y l s i l a n e  a s  a n  i n t e r n a l  r e f e r e n c e .

Samples were r u n  i n  v a r y i n g  c o n c e n t r a t i o n s  i n  d e u t e r i o c h l o r o -  

fo rm  s o l u t i o n s .  The c h e m ic a l  s h i f t s  a r e  r e p o r t e d  i n

7 2
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^ - v a l u e s  ( p . p . m .  from TMS) f o l lo w e d  by th e  m u l t i p l i c i t y  o f  

t h e  s i g n a l s  and c o r r e s p o n d i n g  c o u p l i n g  c o n s t a n t s .  The f o l 

low ing  symbols  a r e  employed to  d e n o te  m u l t i p l i c i t y :  _s,

s i n g l e t ;  d ,  d o u b l e t ;  t ,  t r i p l e t ;  d o u b le  d o u b l e t ;  and m,

m u l t i p l e t .

A n a ly s e s  were  c a r r i e d  o u t  by th e  A l f r e d  B e r n h a r d t  

L a b o r a t o r i e s ,  Mulheim, Germany. Mass s p e c t r a  o f  s e v e r a l  

sam p les  were  k i n d l y  p r o v i d e d  by  Dr.  K. Biemann o f  M .I .T .  The 

v a p o r  p h a s e  h y d r o g e n o l y s i s  o f  mammosin was p e r fo rm ed  by 

Mr. P a u l  H. Washecheck. The mass s p e c t r u m  of  t h e  h y d r o 

g e n o l y s i s  p r o d u c t  was p e r fo rm e d  by D r .  C. B. Koons o f  J e r s y  

P r o d u c t i o n  C o . ,  T u l s a ,  Oklahoma. The N.M.R. d o ub le  r e s o n a n c e  

e x p e r i m e n t s  were  k i n d l y  p e r f o r m e d  by Dr.  P a t  W. F l a n n i g a n ,  

C o n t i n e n t a l  O i l  Company, Ponca C i t y ,  Oklahoma,

Mammosin. Mammosin was i s o l a t e d  from t h e  p e n ta n e  e x 

t r a c t s  o f  E u n icea  mammosa o b t a i n e d  n e a r  T u r t l e  Rock, B im in i ,  

Bahamas ( 1 ) .  The c ru d e  p e n t a n e  e x t r a c t s  were  c h ro m a tog raph ed  

on F l o r i s i l  w i t h  benzene  g i v i n g  a  c o l o r l e s s  s o l i d ,  which a f t e r  

s e v e r a l  r e c r y s t a l l i z a t i o n s  f rom  h e x a n e -b e n z e n e  ( 3 : 1 ) ,  gave an  

a n a l y t i c a l  sp e c im en ,  C20H30O1+, m .p .  1 5 ^ - 1 5 5 .5 °  and '3_

8 9 ( c = 0 . 75 ,  CHCI3 ) ( 2 ) .  A n a l y s i s  f o r  a c t i v e  h y d rog en  and 

C -m ethy l  gave  r e s u l t s  f o r  one a c t i v e  h y d ro g e n  and 2 . 2  

C -m e th y l  g ro u p s  ( 2 ) .  A m o l e c u l a r  w e i g h t  o f  33^ by mass s p e c 

t r a l  a n a l y s i s  c o n f i rm ed  t h e  f o r m u la  020^ 30014-- The u l t r a 

v i o l e t  s p e c t r u m  d i s p l a y e d  s t r o n g  end a b s o r p t i o n  which  had a 

s h o u l d e r  w i t h  a maximum p r o b a b l y  b e tw e e n  200 and 220 nyf. The
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i n f r a r e d  spe c t ru m  d i s p l a y e d  s i g n i f i c a n t  bands  a t  3623 and 

3^97 cm” ' ( h y d r o x y l ) ,  1?65 cm"' ( à r - l a c t o n e ) ,  and 166^ cm”  ̂

( d o u b l e  b o n d ) .  The N.M.R. spec t ru m  i n  d im e th y l  s u l f o x i d e  

showed a s h a r p  s i n g l e t  a t  4 . 3 ^  i n d i c a t i v e  o f  a t e r t i a r y  h y 

d r o x y l  group ( 3 ) .  The N.M.R. sp e c t ru m  i n  d e u t e r i o c h l o r o f o r m  

showed m eth y l  g ro u ps  a t  1 .5 2  1 .1 5  and 0 .8 5  d

(J=7 c . p . s . ) .  O l e f i n i c  p r o t o n s  a p p e a re d  a t  6 . ^ 0  d

(J~3 c . p . s . ) ,  5 “70 d (J=3 c . p . s . ) ,  and 5 .07  i -  The p r o t o n  

on t h e  c a rb o n  bonded t o  t h e  l a c t o n e  oxygen a p p e a re d  a t  ^ . ^ 3  dd 

( J - 1 0  c . p . s .  and 10 c . p . s . ) .  Two e t h e r  p r o t o n s  a p p e a re d  a t  

3 . 2 5  dd ( J = 1 0 . 5  and 1 0 . 5  c . p . s . )  and 2 .8 5  _d ( j =10 c . p . s . ) .

The p r o t o n  a l l y l i c  t o  t h e  exom e thy lene  group a p p e a re d  a s  a 

m u l t i p l e t  a t  3 -5  p .p .m .

H y d ro g e n a t io n  o f  Mammosin. A s o l u t i o n  o f  3 -0  g . o f  

mammosin i n  50 ml. o f  a b s o l u t e  e t h a n o l  was h y d r o g e n a t e d  a t  

a t m o s p h e r i c  p r e s s u r e  and room t e m p e r a t u r e  over  O.7O g .  o f  

p r e h y d r o g e n a t e d  p l a t i n u m  o x i d e .  The i n i t i a l  u p t a k e  o f  h y d r o 

gen  was r a p i d  and 0 . 9 5  mole o f  hy d ro g en  p e r  mole o f  mammosin

was t a k e n  up i n  a b o u t  two h o u r s .  A f t e r  a 2 ^ - h r .  p e r i o d  h y 

d r o g e n  u p ta k e  c o r r e s p o n d e d  t o  1 .0 5  moles o f  h yd rog en  p e r  mole 

o f  mammosin. F i l t r a t i o n  o f  t h e  c a t a l y s t  and e v a p o r a t i o n  o f  

t h e  s o l v e n t  l e f t  3-1 g- o f  c ru d e  d ihydroisomammosin  which  was 

shown by gas  c h ro m a to g ra p h y  t o  c o n s i s t  o f  a  m i x t u r e .  Chro

m a to g rap h y  o f  1 g .  o f  t h i s  m ix tu r e  on 50 g- o f  F l o r i s i l  w i t h  

b e n z e n e  (2 5 0 -m l .  f r a c t i o n s )  p r o v i d e d  t h e  f o l l o w i n g  m a t e r i a l s :  

0 . 2  g .  ( f r a c t i o n s  1 2 - 1 6 ) ,  m .p.  190-195° ;  0 . 2  g .  ( f r a c t i o n s
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17- 2 1 ) ,  m.p.  158- 190° ;  and 0 . 6  g .  ( f r a c t i o n s  2 2 - 2 6 ) ,  m .p .  

1 ^5 -152° .  A f t e r  f r a c t i o n s  12-16  were  r e c r y s t a l l i z e d ,  s e v e r a l  

t im e s  from h e x a n e ,  an  a n a l y t i c a l  s a m p le ,  m.p.  195° ,  was ob

t a i n e d  .

A n a l . C a lc d .  f o r  020^ 32 ®̂-* 0 , 71 «39; H, 9 - 5 9 ;  mol.

w t . ,  3 3 6 ; one a c t i v e  h y d ro g en ,  O .3O. Found: C, 7 1 -5 9 ;  H, 

9.1+2; mol.  w t .  (mass s p e c t r u m ) ,  336; a c t i v e  h y d r o g e n ,  0.1+1.

The u l t r a v i o l e t  sp ec t ru m  had  an  a b s o r p t i o n  p e a k  a t  

226 m/6 ( 6  16 , 500 ) .  The i n f r a r e d  s p e c t r u m  (CHCI3 ) showed 

bands  a t  3^+50 cm"' ( h y d r o x y l ) ,  17 +̂0 cm~1 ( - u n s a t u r a t e d

- l a c t o n e ) ,  and 1680 cm“ l ( d o u b le  b o n d ) .  The N.M.R. s p e c 

t rum  showed m eth y l  s i g n a l s  a t  1 .85  1 .2 5  O.83  d

(J=6  c . p . s . ) ,  and 1 .0 0  d (J=6 c . p . s . ) .  The s i g n a l  a t  1 .8 5  

i s  c h a r a c t e r i s t i c  o f  a  v i n y l  m e th y l  g roup  a d j a c e n t  t o  a 

c a r b o n y l  g rou p .  P r o t o n s  on th e  c a r b o n s  b e a r i n g  t h e  e t h e r  

oxygen were c e n t e r e d  a round  3 -1 5  m. The p r o t o n  on t h e  c a rb o n  

b e a r i n g  th e  l a c t o n e  oxygen a p p e a re d  a t  1+.55 d ( J - 9  c . p . s . ) .

F r a c t i o n s  22-26  were r e c r y s t a l l i z e d  from aqu eo us  

e t h a n o l  and gave n e e d l e s ,  m.p.  1 6 8 -1 7 2 ° .  T h is  sam ple  p r o b a b l y  

c o n t a i n e d  two d i a s t e r e o m e r i c  d ih y d ro iso m a m m o s in s , one o f  

w h ic h ,  presumed t o  be t h e  195° compound. The i n f r a r e d  s p e c 

t rum  was i d e n t i c a l  w i t h  t h a t  o f  t h e  p u r e  i so m er  (m .p .  195° ) -  

The m other  l i q u o r  f rom  t h e  above r e c r y s t a l l i z a t i o n  a f f o r d e d  a 

second  c r o p ,  w h ic h ,  a f t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s  f rom  

h e x a n e ,  m e l ted  a t  109 -11 0 ° .  D e s p i t e  t h i s  r a t h e r  n a r r o w  m e l t 

i n g  r a n g e ,  t h i s  m a t e r i a l  was n o t  p u r e .  I t  c o n t a i n e d
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tetrahydromammosin (see ozonolysis of dihydroisomammosin mix
ture below), which was identified by thin layer chromatography 
on silica gel H (benaene-ethyl acetate, 7:3), and presumably 
the diastereoisomer of the 195° compound. N.M.R. analysis of 
this material revealed pàrt^pf a secondary methyl adjacent to 
a carbonyl, which is consistent with"the structure of the 
tetrahydro derivative. The ultraviolet spectrum, A  max.
226 lyt,  had  a lo w er  e x t i n c t i o n  c o e f f i c i e n t  r e l a t i v e  t o  t h a t  

o f  t h e  195° i s o m e r ,  i n d i c a t i n g  t h e  p r e s e n c e  of U.V. a b s o r b i n g  

m a t e r i a l  ( d i a s t e r e o i s o m e r i c  195° d ihydro isom am m osin)  and a 

n o n - a b s o r b i n g  (U.V.) compound ( t e t r a h y d r o m a m m o s in ) .  F i n a l l y ,  

t h e  e l e m e n t a l  a n a l y s i s  o f  t h e  109° m ix t u r e  f e l l  be tw een  

v a l u e s  c a l c u l a t e d  f o r  d i h y d r o i s o -  and te t rahy d ro m am m o s in .

A n a l . C a lc d .  f o r  C20H3 2O1+: C , 71-39; H, 9-59; 0,
1 9 . 0 2 . C a lc d .  f o r  CgoHg^O^: C, 7 0 .9 4 ;  H, 1 0 .1 2 ;  0 ,  18 .9 1 -

Found: C, 71.27; H, 9-97; 0, 1 9.0 0 .
C a t a l y t i c  I s o m e r i z a t i o n  o f  Mammosin t o  Isomammosin.

Gas c h ro m a to g ra p h y  on a M ic ro -T e k ,  GC-1600 was u s e d  t o  d i s 

t i n g u i s h  mammosin f rom  isomammosin i n  t h e  f o l l o w i n g  e x p e r i 

m e n t s .  A 10' X 1 /1 6 "  s t a i n l e s s  s t e e l  column p a ck ed  w i t h  5% 

SE- 3 0  on 120 mesh Gas Chrom Z was employed .  The column was 

m a i n t a i n e d  a t  270° ,  w h i l e  t h e  i n l e t  and d e t e c t o r  were  a t  

305° .  The h e l i u m  p r e s s u r e  was m a i n t a i n e d  a t  90 p s i .  w i t h  

t h e  a t t e n u a t o r  a t  1 x  64 u s i n g  sample  s i z e s  o f  0 .1  /<1.  Mam

m osin  had  a  r e t e n t i o n  t im e  o f  2 . 8  min.  w h i l e  isomammosin had  

a r e t e n t i o n  t im e  o f  3 - 6  m in .
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A m ix t u r e  o f  3*8 mg. o f  p l a t i n u m  o x id e  i n  10 ml.  o f  

a b s o l u t e  e t h a n o l  was h y d r o g e n a t e d  a t  a tm o s p h e r i c  p r e s s u r e .

The sy s te m  was t h e n  e v a c u a t e d  w i t h  a w a t e r  a s p i r a t o r  t o  r e 

move t h e  h y d ro g en  a tm o s p h e r e ,  and  a  s o l u t i o n  o f  100 mg. o f  

mammosin i n  10 ml.  o f  e t h a n o l  was added  to  t h e  h y d r o g e n a t e d  

c a t a l y s t .  With t h e  sy s tem  e v a c u a t e d ,  t o  p r e v e n t  t h e  c a t a l y s t  

f rom  b e in g  exposed  t o  a i r ,  t h e  m i x t u r e  was s t i r r e d  f o r  12 h r s .  

The c a t a l y s t  was t h e n  f i l t e r e d  and t h e  f i l t r a t e  e v a p o r a t e d ,  

l e a v i n g  a c o l o r l e s s  c r y s t a l l i n e  s o l i d ,  which a f t e r  r e c r y s t a l 

l i z a t i o n  f rom  hex an e  gave 98 mg. o f  isomammosin,  m .p .  126- 

128° .  Gas ch rom a to g ra p h y  showed an  a lm o s t  q u a n t i t a t i v e  

0 8 % )  c o n v e r s i o n  t o  isomammosin.

A n a l . C a lc d .  f o r  020^ 3001+* C, 7 1 .8 2 ;  H, 9*0^;  0 ,  

19.14-. Found: 0 ,  7 I . 9 I ;  H, 9 . 1 9 ;  0,  1 9 . 0 9 .

The u l t r a v i o l e t  sp e c t ru m  o f  t h e  p r o d u c t  had  an  a b 

s o r p t i o n  maximum a t  227 ^ 2 $ \ 8 0 0 ) .  The i n f r a r e d  sp e c t ru m

(CHCl^) e x h i b i t e d  b and s  a t  3610 and 3*+72 cm"^ ( h y d r o x y l ) ,

1745 cm“  ̂ ( yô - u n s a t u r a t e d  / K - l a c t o n e ) ,  and 168I cm“  ̂

( d o u b l e  b o n d ) .  The N.M.R. s p e c t r u m  showed m ethy l  g ro u p s  a t  

1 . 8 5 ^ 5  1 . 5 6 ^ ,  1.21 _s, and 0 . 9 4  d ( J= 6  c . p . s . ) .

M i g r a t i o n  o f  t h e  d o u b le  bond o f  t h e  t e r m i n a l  m e th y len e  

c o n j u g a t e d  w i t h  t h e  l a c t o n e  i n  mammosin p roduced  t h e  new 

v i n y l  m e th y l  g roup  a t  1 .8 5 -  The o r i g i n a l  o l e f i n i c  p r o t o n  a t  

5 .0 7  t  i n  mammosin was s t i l l  p r e s e n t ,  w h i l e  t h e  p r o t o n  on 

t h e  c a r b o n  b e a r i n g  t h e  l a c t o n e  oxygen was a t  4 . 5 2  d 

(J= 10  c . p . s . ) .
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I n  a n  e x p e r im e n t  u s i n g  5% p l a t i n u m - c h a r c o a l ,  the  

c a t a l y s t ,  p r e v i o u s l y  exposed  t o  h y d r o g e n ,  was s t i r r e d  f o r  

2 h r s .  w i t h  an  e t h a n o l i c  s o l u t i o n  o f  mammosin i n  th e  evacu

a t e d  sy s te m .  Gas c h ro m a to g r a p h ic  a n a l y s i s  o f  t h e  p r o d u c t  

showed t h a t  t h e  r a t i o  o f  isomammosin t o  mammosin was a b o u t  

3 : 1 .

When p l a t i n u m - c h a r c o a l  was u se d  w i t h o u t  b e in g  exposed  

t o  h y d r o g e n ,  no d o u b le  bond m i g r a t i o n  o c c u r r e d .  L ik e w is e ,  

when t h e  c a t a l y s t ,  e i t h e r  p l a t i n u m  o x id e  o r  p l a t i n u m -  

c h a r c o a l ,  was s u b j e c t e d  f i r s t  t o  h y d ro g e n  and th e n  t o  th e  

a tm o s p h e r e ,  no isomammosin was form ed.

The most  e f f e c t i v e  and c o n v e n i e n t  p r o c e d u r e  used  t o  

p r e p a r e  isomammosin i n v o lv e d  r e p l a c i n g  t h e  h yd ro g en  a tm os

p h e r e  by n i t r o g e n  a f t e r  h y d r o g e n a t i n g  p l a t i n u m  o x id e .  The 

e t h a n o l i c  s o l u t i o n  o f  mammosin was t h e n  c a r e f u l l y  added t o  

t h e  c a t a l y s t  w i t h o u t  l e t t i n g  a i r  e n t e r  t h e  sy s te m .  By s t i r 

r i n g  t h e  m ix tu r e  u n d e r  n i t r o g e n  f o r  12 h r s . ,  isomammosin was 

p ro d u c e d  q u a n t i t a t i v e l y  ( g a s  c h ro m a to g r a p h ic  a n a l y s i s  showed 

a s i n g l e  p e a k ) .

O z o n o ly s i s  o f  Mammosin. I s o l a t i o n  o f  Fo rm a ld eh y de .

An ozone s t r e a m  was p a s s e d  th ro u g h  a s o l u t i o n  o f  100 mg. o f  

mammosin i n  30 ml.  o f  a c e t i c  a c i d  a t  10° f o r  15 min. ( e x c e s s  

o z o n e ) .  The r e s u l t i n g  s o l u t i o n  was s t e a m  d i s t i l l e d  i n t o  an  

aqueou s  s o l u t i o n  o f  d im edone ,  a f f o r d i n g  1$ mg. (20^)  o f  form

a ld e h y d e  dimedone d e r i v a t i v e ,  m .p .  1 8 8 -1 8 9 ° ,  u n d e p re s s e d  on 

a d m i x t u r e  o f  a n  a u t h e n t i c  sam ple .



79
R e a c t i o n  o f  Mammosin w i t h  D iazom eth an e .  P r e p a r a t i o n  

o f  t h e  P y r a z o l l n e  D e r i v a t i v e . A s o l u t i o n  o f  100 mg. o f  

mammosin I n  5 m l . o f  e t h e r  was mixed w i t h  ^0 ml.  o f  an  

e t h e r e a l  s o l u t i o n  o f  e x c e s s  d i a z o m e th a n e  and a l lo w e d  t o  s t a n d  

f o r  t h r e e  days  a t  - 2 0 ° .  The e x c e s s  d iaz o m e th an e  and e t h e r  

were t h e n  removed on a r o t a r y  e v a p o r a t o r  w i t h o u t  h e a t i n g .  

T r i t u r a t i o n  o f  t h e  r e s i d u e  w i t h  warm hexan e  gave 90 mg. o f  

t h e  c ru d e  p r o d u c t ,  m .p .  117- 120° ,  w h ich  a f t e r  r e c r y s t a l l l z a -  

t l o n  from e t h y l  a c e t a t e - h e x a n e  s o l u t i o n  gave n e e d l e s ,  m .p .  

121- 122°  ( g a s  e v o l u t i o n ) .

Anal. Calcd. for €21^32^2 0 4: C , 66.99; H, 8.57; N,
7 .4 4 . Found: C, 66.95; H, 8.48; N, 7 . 6 4 .

The i n f r a r e d  sp e c t ru m  (CHCI3 ) had  bands  a t  3597 and 

3484 cm“  ̂ ( h y d r o x y l )  and 1773 cm"^ ( J k - l a c t o n e ) .  The do ub le  

bond a b s o r p t i o n  a t  1667 cm”  ̂ I n  mammosin was a b s e n t .

T r e a tm e n t  o f  Mammosin w i t h  Hydrogen Bromide.  P r e p a r a 

t i o n  o f  Mammosin D lh y d ro b ro m ld e . A s o l u t i o n  o f  2 . 0 0  g .

( 5 - 9 8  mmoles) o f  mammosin I n  200 m l.  o f  d r y  benzene  was 

c o o le d  t o  10°.  Dry h yd ro g en  b rom ide  was added ove r  a  p e r i o d  

o f  o n e - h a l f  h o u r ,  u n t i l  t h e  s o l u t i o n  was s a t u r a t e d .  The mix

t u r e  was t h e n  p o u re d  I n t o  100 m l .  o f  I c e  w a te r  and t h e  benzene  

p h a se  s e p a r a t e d ,  washed w i t h  w a t e r ,  and  d r i e d  over  sodium 

s u l f a t e .  D i s t i l l a t i o n  o f  t h e  b e n ze n e  l e f t  2 .4 5  g .  o f  p a l e -  

y e l l o w  c r y s t a l l i n e  m a t e r i a l .  The c o l o r  was removed by f i l t e r 

i n g  a  s o l u t i o n  o f  t h e  m a t e r i a l  I n  100 ml.  o f  e t h e r  t h r o u g h  a 

column c o n t a i n i n g  4  g .  o f  F l o r i s i l .  Mammosin d lh y d ro b ro m ld e  

c r y s t a l l i z e d  a s  c o l o r l e s s  n e e d l e s  upon  c o n c e n t r a t i o n  o f  t h e
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f i l t r a t e .  R e c r y s t a l l i z a t i o n  from b e n z e n e - h e x a n e  s o l u t i o n  

gave 2 . 3  g.  ( 77^) o f  n e e d l e s ,  m .p .  2 1 1° .

A n a l . C a l c d .  f o r  C2oH32Br20 l|.: 0 ,  4 8 . ^ 2 ;  H, 6 .50 ;

B r ,  3 2 .2 0 ;  mol.  w t . ,  ^96 ;  one a c t i v e  h y d r o g e n ,  0 . 2 0 .  Found:

C, '+8 . 3O; H, 6 , 3 7 ;  B r ,  3 1 -9 5 ;  mol.  w t .  (mass s p e c t r u m ) ,  ^-96; 

a c t i v e  h y d r o g e n ,  O . I 6 .

The i n f r a r e d  s p e c t r u m  (KBr) e x h i b i t e d  bands  a t  

3448 cm~^ ( h y d r o x y l )  and I 78O cm"^ ( ^ < - l a c t o n e ) .  The N.M.R. 

sp e c t ru m  showed no o l e f i n i c  p r o t o n s .

The m other  l i q u o r  f rom th e  above  r e c r y s t a l l i z a t i o n  a f 

f o r d e d  a second  c r o p ,  which  was a m i x t u r e  o f  t h e  d i h y d r o 

bromide  d e r i v a t i v e  and t h e  more s o l u b l e  monohydrobromide d e 

r i v a t i v e ,  which  had  b e e n  o b t a i n e d  e a r l i e r  ( 2 ) .  N.M.R. a n a l 

y s i s  o f  t h i s  m ix t u r e  showed p a r t  o f  a  new t e r t i a r y  m ethy l  a t  

1 .50  _s, p r e s e n t  i n  t h e  d ih y d r o b r q m id e  d e r i v a t i v e ,  and p a r t  o f  

a v i n y l  m e th y l  a t  1.61 _s, p r e s e n t  i n  t h e  monohydrobromide 

d e r i v a t i v e .

D e h v d r o b r o m in a t io n  o f  Mammosin D ih v d r o b r o m id e . A s o l u 

t i o n  o f  0 . 4 0  g .  o f  mammosin d ih y d ro b ro m id e  i n  20 ml.  o f  d r y  

p y r i d i n e  was r e f l u x e d  f o r  14 h r s .  The s o l u t i o n  was c o o le d ,  

d i l u t e d  w i t h  50 m l.  o f  e t h e r  and 100 ml.  o f  w a t e r ,  t h e  e t h e r  

p hase  s e p a r a t e d ,  washed w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  and 

t h e n  d r i e d  o v e r  sod ium  s u l f a t e .  Removal o f  t h e  s o l v e n t  l e f t  

a  c o l o r l e s s  s e m i - s o l i d ,  w hich  upon c h ro m a to g ra p h y  on 12 g .  o f  

F l o r i s i l  w i t h  b e n z e n e ,  gave  50 mg. o f  c o l o r l e s s  n e e d l e s ,  m .p .  

145 -1 4 7° .  R e c r y s t a l l i z a t i o n  f rom  b e n z e n e - h e x a n e  ( 3 : 4 )
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a f f o r d e d  4-0 mg. o f  n e e d l e s ,  m .p .  l4-7-l4-9°. Adm ix tu re  o f  t h i s  

m a t e r i a l  w i t h  mammosin gave  a mixed m e l t i n g  p o i n t  o f  l 4 8 -  

150° .  The i n f r a r e d  s p e c t r u m  o f  t h e  p r o d u c t  was i d e n t i c a l  

w i t h  t h a t  o f  mammosin. L ik e w i s e ,  gas  c h ro m a to g ra p h y  u s i n g  a 

B a rber -C o lm a n ,  Model 20 ,  gave  a r e t e n t i o n  t im e  ( 9 - 5  m in . )  

i d e n t i c a l  w i t h  t h a t  o f  mammosin. A 6 f t .  x  6 mm. ID U-shaped 

g l a s s  column which  was pack e d  w i t h  3% XE-60 on 120 /150  mesh 

Gas Chrom Z was u se d  a t  a  t e m p e r a t u r e  o f  2 2 5° .  The f l a s h  

h e a t e r  was a t  260° and t h e  d e t e c t o r  was a t  300° .  A peak  h a v 

in g  a r e t e n t i o n  t im e  o f  11 .3  min. was a l s o  p r e s e n t  t o  t h e  ex

t e n t  o f  a b o u t  The compound r e p r e s e n t e d  by t h i s  p e ak  was

n o t  f u r t h e r  i n v e s t i g a t e d .

Q u a n t i t a t i v e  E p o x i d a t i o n  o f  Mammosin w i t h  Mono-  

p e r p h t h a l i c  A c i d . To 0 .7 7 8  g . ( 2 .3 3  mmoles) o f  mammosin i n  

50 m l.  o f  e t h e r  c h i l l e d  t o  0° was added 8 . 0  ml.  o f  1.164- N 

m o n o p e r p h t h a l i c  a c i d  i n  e t h e r .  The m ix t u r e  was d i l u t e d  t o  

100 m l.  and th e  s o l u t i o n  k e p t  a t  0 ° .  The r e a c t i o n  c o u r s e  was 

f o l l o w e d  i o d o m e t r i c a l l y  by t a k i n g  10 ml. a l i q u o t s  and add in g  

them t o  a m ix tu r e  o f  5 m l.  o f  a c e t i c  a c i d ,  10 ml.  o f  10^ p o 

t a s s i u m  i o d i d e  s o l u t i o n ,  and 20 ml.  o f  w a t e r .  T i t r a t i o n  o f  

t h e  a l i q u o t s  and c o r r e s p o n d i n g  b l a n k s  w i t h  0 .1 0 0  N sodium 

t h i o s u l f a t e  gave  t h e  f o l l o w i n g  d a t a  f o r  t h e  number o f  moles o f  

m o n o p e r p h t h a l i c  a c i d  consumed p e r  mole o f  mammosin: 1 min.  —

0 .7 9 5  mole ;  1 5 m in . ,— 0 . 8 0 5  mole ;  4-5 min. —  0 . 8 2 5  mole;

120 m in .  —  0 .8 3 5  m ole ;  300 min .  —  0 . 9 9 5  m ole .

P r e p a r a t i o n  o f  Mammosin O x id e . To 1 . 0  g .  ( 2 . 9 9  mmoles)
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o f  mammosin I n  10 ml.  o f  c h lo r o f o r m  was added w i t h  s t i r r i n g  

2 .3 6  g . (12  mmoles) o f  m - c h lo r o p e r b e n z o ic  a c i d  (87*3^)  i n  

50 ml. o f  c h lo r o f o r m .  S t i r r i n g  was c o n t i n u e d  a t  room tem

p e r a t u r e  f o r  2 h r s .  The e x c e s s  m - c h l o r o p e r b e n z o i c  a c i d  was 

d e s t r o y e d  by w ash ing  t h e  c h lo r o f o r m  s o l u t i o n  w i t h  10^ sodium 

s u l f i t e  u n t i l  a  t e s t  w i t h  s t a r c h - i o d i d e  p a p e r  was n e g a t i v e .  

The o r g a n i c  l a y e r  was t h e n  washed w i t h  s e v e r a l  50 ml.  p o r 

t i o n s  o f  10^ sodium b i c a r b o n a t e ,  d r i e d  over  sodium s u l f a t e ,  

and f i n a l l y  c o n c e n t r a t e d .  Chromatography o f  th e  r e s i d u e  on 

30 g . o f  F l o r i s i l  w i t h  b e n z e n e - e t h e r  ( 1 9 : 1 )  removed, a t  

f i r s t ,  t r a c e s  o f  u n r e a c t e d  mammosin and m - c h l o r o p e r b e n z o i c  

a c i d .  F u r t h e r  e l u t i o n  w i t h  b e n z e n e - e t h e r  ( 9 : 1 )  gave c ru d e  

c r y s t a l l i n e  mammosin o x i d e .  This  m a t e r i a l  was r e c r y s t a l l i z e d  

from b e n z e n e -h e x a n e  ( 3:^)7  g i v i n g  0 .6 0  g . (57^ )  o f  c o l o r l e s s  

c r y s t a l s ,  m .p .  186-188° .  L a t e r  c h ro m a to g r a p h ic  f r a c t i o n s  a f 

f o r d e d  impure m a t e r i a l  t h a t  c o u ld  n o t  be p u r i f i e d  by r e c r y s 

t a l l i z a t i o n .  A dm ixture  w i t h  mammosin o x id e  p r e p a r e d  e a r l i e r  

(2 )  gave an  u n d e p r e s s e d  m.m.p.

The u l t r a v i o l e t  sp e c t ru m  showed a maximum a t  206 m/c 

( 6  10 , 3 0 0 ) .  The i n f r a r e d  sp e c t ru m  (KBr) showed s i g n i f i c a n t  

bands a t  3509 cm“  ̂ ( h y d r o x y l ) ,  1786 cm~^ ( ^ - l a c t o n e )  and 

1675 cm“  ̂ ( d o u b le  b o n d ) .  The N.M.R. sp e c t ru m  showed d o u b l e t s  

a t  6.4- d (J=3 c . p . s . )  and 5«7 d (J=3 c . p . s . )  i n d i c a t i n g  t h a t  

t h e  exom ethy lene  g roup  c o n ju g a t e d  w i t h  t h e  / - l a c t o n e  was 

s t i l l  p r e s e n t .  The d o u b le  d o u b l e t  (4-. 55 d d ) , i n d i c a t i v e  o f  

t h e  p r o t o n  on t h e  c a r b o n  b e a r i n g  t h e  l a c t o n e  oxygen,  was a l s o
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s t i l l  p r e s e n t »  P r o t o n s  on c a rb o n s  b e a r i n g  th e  e t h e r  oxygen 

a p p e a re d  a s  complex s i g n a l s  from 2 . 9 8 - 3 . ^ 2 .  However,  m e thy l  

group s i g n a l s  a p p e a r e d  a t  1 .2 5  1 .19  A and 0 .9 2  ^

(J=6 c . p . s . ) ,  t h e  seco n d  one r e p l a c i n g  t h e  v i n y l  m e th y l  s i g n a l  

o f  mammosin.

R e a c t i o n  o f  Mammosin w i t h  Hvdroeen C h l o r i d e .  P r e p a r a 

t i o n  o f  Mammosin H y d r o c h l o r i d e . To 50 m l . o f  g l a c i a l  a c e t i c  

a c i d  s a t u r a t e d  w i t h  d r y  h y d ro g e n  c h l o r i d e  a t  25° was added

1 . 0  g . ( 2 . 9 9  mmoles) o f  mammosin. The m ix t u r e  was a l l o w e d  

t o  s t a n d  a t  room t e m p e r a t u r e  f o r  a b o u t  36 h r s .  and t h e n  

p o u re d  i n t o  150 ml.  o f  w a t e r  which  p r e c i p i t a t e d  a  brown c r y s 

t a l l i n e  p r o d u c t .  A f t e r  s t a n d i n g  s e v e r a l  h o u r s ,  t h e  p r o d u c t  

was f i l t e r e d  and washed w i t h  w a t e r .  T re a tm e n t  w i t h  N o r i t ,  

f o l l o w e d  by c r y s t a l l i z a t i o n s  f rom a queous  e t h a n o l  gave 0 . 6 4  g. 

(58 ^ )  o f  mammosin h y d r o c h l o r i d e ,  m .p .  2 0 5 -2 0 6 ° .  The t e s t  f o r  

an  i s o l a t e d  d o u b le  bond w i t h  t e t r a n i t r o m e t h a n e  was p o s i t i v e .

A n a l . C a lc d .  f o r  02oHgiC10^: C, 6 4 .7 7 ;  H, 8 .4 2 ;  mol.

w t . ,  370 .  Found: C, 6 4 . 4 2 ;  H, 8 . 2 9 ;  m ol.  w t .  (mass s p e c 

t r u m ) ,  3 7 0 .

The i n f r a r e d  s p e c t ru m  (CHClg) e x h i b i t e d  bands  a t  

3570 cm 'l  ( h y d r o x y l )  and 1785 cm“  ̂ ( ^ - l a c t o n e ) .  The N.M.R. 

sp e c t r u m  showed an  o l e f i n i c  p r o t o n  a t  5 .2  t .  Methyl  g ro u p s  

a p p e a r e d  a t  1 .62  _s, 1 . l 4  _s, and 0.91 d ( J = 6 . 5  c . p . s . ) .  The 

p r o t o n  on t h e  c a r b o n  b e a r i n g  t h e  l a c t o n e  oxygen a p p e a r e d  a t  

4 . 4 0  ^  ( J= 1 0  c . p . s .  and 10 c . p . s . ) .  The a b s e n c e  o f  t h e  

d o w n f i e l d  o l e f i n i c  p r o t o n s  i n d i c a t e d  t h a t  h y d ro g e n  c h l o r i d e
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ad ded  t o  t h e  c o n j u g a t e d  e x o m e th y lene  g ro u p .

A t tem pted  R e a c t i o n  o f  Dihydroisomammosin  w i t h  Hydro

gen  B ro m id e . To 100 mg. o f  d ihydro isom am m osin ,  m .p .  195° ,  i n  

10 m l .  o f  d r y  benzene  was added  e x c e s s  d r y  h yd ro g en  brom ide  

and  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  f o r  4 h r s . ,  t h e n  po u red  

i n t o  30 ml.  o f  i c e  w a t e r .  The b e n ze n e  p h a se  was s e p a r a t e d ,  

washed w i t h  d i l u t e  sodium b i c a r b o n a t e  and w a t e r ,  and f i n a l l y  

d r i e d  o v e r  sodium s u l f a t e .  D i s t i l l a t i o n  o f  t h e  benzene  l e f t  

a y e l l o w  c r y s t a l l i n e  r e s i d u e ,  which  a f t e r  r e c r y s t a l l i z a t i o n  

f rom  b e n z e n e -h e x a n e  was i d e n t i f i e d  a s  s t a r t i n g  m a t e r i a l .

R e d u c t io n  o f  Mammosin w i t h  Sodium i n  n - B u t y l  A l c o h o l . 

P r e p a r a t i o n  o f  Dihydromammosin. To a r e f l u x i n g  and s t i r r i n g  

s o l u t i o n  o f  1 .0  g .  o f  mammosin i n  60 ml.  o f  n - b u t y l  a l c o h o l  

u n d e r  n i t r o g e n  was added a s  r a p i d l y  a s  p o s s i b l e  2 . 0  g .  o f  

sod ium . A f t e r  one h o u r  a l l  o f  t h e  sodium had  d i s s o l v e d ,  

whereupon  th e  s o l u t i o n  was c o o l e d ,  d i l u t e d  w i t h  150 ml. o f  

w a t e r ,  and c o n c e n t r a t e d  on t h e  r o t a r y  e v a p o r a t o r  t o  remove 

m ost  o f  t h e  b u t y l  a l c o h o l .  The r e s u l t i n g  aqueous  s o l u t i o n  

was e x t r a c t e d  w i th  e t h e r  t o  remove n e u t r a l  m a t e r i a l ,  a c i d i 

f i e d ,  t h e  p r e c i p i t a t e d  p r o d u c t  e x t r a c t e d  w i t h  e t h e r ,  and th e  

d r i e d  e t h e r  e x t r a c t s  e v a p o r a t e d .  R e c r y s t a l l i z a t i o n  o f  t h e  

r e s i d u a l  s o l i d  from b e n z e n e - h e x a n e  gave  550 mg. o f  d i h y d r o 

mammosin, m.p.  156-157°* The m o the r  l i q u o r  from t h e  r e c r y s 

t a l l i z a t i o n  a f f o r d e d  a n  a d d i t i o n a l  300  mg. o f  t h e  p r o d u c t  i n  

c r u d e  c o n d i t i o n .

A n a l . C a lc d .  f o r  C20H32OL1.: C, 7 1 .3 9 ;  H, 9 .5 9 ;  0 ,
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1 9 .0 2 .  Found: C, 71 .3^5 H, 9 . 5 0 ;  0 ,  19-16 ( c a l c d . ) .

The u l t r a v i o l e t  s p e c t r u m  showed o n ly  end a b s o r p t i o n .  

The I n f r a r e d  s p e c t ru m  (CHCl^) e x h i b i t e d  bands a t  3605 and 

3500 cm"1 ( h y d r o x y l )  and 1770 cm "* ( < ^ - l a c t o n e ) . The N.M.R. 

sp e c t r u m  showed m ethy l  s i g n a l s  a t  1 .6 2  _s, 1 .27  A (J=6  c . p . s . ) ,

1 .12  jS, and  0 . 8 5  d ( J = 5  c . p . s . ) .  An o l e f i n i c  p r o t o n  a t  5*1 Jt 

was a l s o  p r e s e n t .  The p r o t o n  on t h e  c a r b o n  b e a r i n g  t h e  

l a c t o n e  oxygen a p p e a re d  a t  4 . 3 2  ^  ( J= 10  c . p . s .  and 10 c . p . s . ) .  

P r o t o n s  on c a rb o n s  b e a r i n g  t h e  e t h e r  oxygen a p p e a re d  f rom 3 -0  

t o  3 . 5 .

R e d u c t io n  o f  Dihydromammosin w i t h  L i th iu m  Aluminum 

H y d r i d e . To O .7O g . o f  dihydromammosin  i n  100 ml. o f  d r y  

t e t r a h y d r o f u r a n  was added 1 . 5  g- o f  l i t h i u m  aluminum h y d r i d e .  

A f t e r  r e f l u x i n g  f o r  4 h r s . ,  t h e  m i x t u r e  was c o o le d  and 2 ml. 

o f  w a t e r  was ad d ed .  The p r e c i p i t a t e d  s o l i d s  were f i l t e r e d ,  

washed w i t h  t e t r a h y d r o f u r a n ,  and  t h e  s o l v e n t  removed on t h e  

r o t a r y  e v a p o r a t o r .  One r e c r y s t a l l i z a t i o n  o f  t h e  c r y s t a l l i n e  

r e s i d u e  f rom e t h y l  a c e t a t e  a f f o r d e d  0 . 4  g .  o f  dihydromammosin 

d i o l ,  m .p .  193- 194° .

A n a l . C a lc d .  f o r  C20H36O1+: 0 ,  7 0 .5 4 ;  H, 1 0 .6 6 ;  t h r e e

a c t i v e  h y d r o g e n s ,  O .8 9 . Found:  C, 7 0 .5 5 ;  H, 10 .5 5 ;  a c t i v e

h y d r o g e n ,  0 . 9 0 .

The i n f r a r e d  s p e c t r u m  (KBr) e x h i b i t e d  a  v e r y  s t r o n g  

band a t  3310  cm"1 ( h y d r o x y l )  and showed t h e  a b s e n c e  o f  

c a r b o n y l  b a n d s .



86
P r e p a r a t i o n  o f  t h e  T r i t y l  E t h e r  o f  Dihydromammosin 

D i o l . A m ix t u r e  o f  100 mg. ( 0 .2 9 9  mmole) o f  dihydromammosin 

d i o l  and 8 3 A  mg. ( O . 3O mmole) o f  t r i t y l  c h l o r i d e  i n  1 ml. of  

p y r i d i n e  was h e a t e d  f o r  one m in u te  a t  s team  b a t h  t e m p e r a t u r e .  

The s o l u t i o n  was t h e n  l e f t  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  

two d a y s ,  d u r i n g  which p y r i d i n e  h y d r o c h l o r i d e  d e p o s i t e d .  The 

m ix tu r e  was d i l u t e d  w i t h  60 ml.  o f  w a te r  and e x t r a c t e d  w i th  

t h r e e  20 -m l .  p o r t i o n s  o f  c h lo r o f o r m .  The c h lo r o f o r m  e x 

t r a c t s  were washed w i t h  two s m a l l  p o r t i o n s  o f  d i l u t e  h y d r o 

c h l o r i c  a c i d ,  w i t h  w a t e r ,  and d r i e d  over  sodium s u l f a t e .  

Removal o f  t h e  s o l v e n t  l e f t  a  c o l o r l e s s  s o l i d ,  which  a f t e r  

two r e c r y s t a l l i z a t i o n s  from hexane  p roduced  110 mg. o f  t h e  

t r i t y l  e t h e r ,  m .p .  139- 1^ 1° .

A n a l . C a lc d .  f o r  C, 8 0 .3 3 ;  H, 8 . 6 5 ;  two

a c t i v e  h y d r o g e n s ,  0 . 3 ^ .  Found: C, 79 -55 ;  H, 8 . 7 5 ;  a c t i v e

h y d r o g e n ,  0 . 3 6 .

The i n f r a r e d  sp e c t ru m  showed bands a t  3605 and 

3^00 cm"^ ( h y d r o x y l )  and 1^90,  l4 8 0 ,  695, and 67O cm”  ̂ ( a r o 

m a t i c ) .  The N.M.R. sp e c t ru m  d i s p l a y e d  a r o m a t i c  p r o t o n s  

c e n t e r e d  a t  7-3  The o l e f i n i c  p r o t o n  o f  t h e  t r i s u b s t i t u t e d  

d o u b le  bond a p p e a re d  a t  5-2 t .  P r o t o n s  on t h e  c a r b o n s  con

t a i n i n g  t h e  e t h e r  oxygens a p p e a re d  a s  a complex band be tw een

3 -0  and 3 - 9 -  Methyl g roups  a p p e a re d  a t  1 .6 5  1 .0 5  A, 0 . 9 5  d

(J=7 c . p . s . ) ,  and O .7 I d ( J= 5  c . p . s . ) .

Chromic Acid  O x i d a t i o n  o f  t h e  T r i t y l  E t h e r  o f  D ihydro 

mammosin D i o l . To 100 mg. o f  t h e  t r i t y l  e t h e r  i n  2 ml.  o f



87

p y r i d i n e  was added a m ix t u r e  o f  100 mg. o f  chromium t r i o x i d e  

i n  1 ml. o f  p y r i d i n e .  The m ix t u r e  was a l l o w e d  t o  s t a n d  a t  

room t e m p e r a t u r e  o v e r n i g h t ,  t h e n  d i l u t e d  w i t h  a b o u t  5 m l . o f  

m e th a n o l .  A f t e r  t h i s  s o l u t i o n  had  s t o o d  f o r  2 h r s . ,  t h e  

s o l v e n t s  were removed on t h e  r o t a r y  e v a p o r a t o r  a t  room tem

p e r a t u r e .  A f t e r  e x t r a c t i o n  o f  t h e  r e s i d u e  w i t h  e t h e r ,  t h e  

e x t r a c t s  were  washed w i t h  d i l u t e  sodium b i c a r b o n a t e  and d r i e d  

o v e r  sodium s u l f a t e .  Removal o f  t h e  e t h e r  f o l l o w e d  by t h i n  

l a y e r  ch ro m a to g ra p h y  ( b e n z e n e - a c e t o n e , 8 : 2 )  o f  t h e  p r o d u c t  on 

s i l i c a  g e l  H, showed a m ajo r  p r o d u c t  ( R f - O . 8 3 ) w i t h  some 

s t a r t i n g  m a t e r i a l  (R ^=0.59)*  T r a c e s  o f  o t h e r  p r o d u c t s  were  

a l s o  o b s e r v e d .  C hrom atography  on s i l i c i c  a c i d  w i t h  b e n z e n e -  

e t h y l  a c e t a t e  ( 8 : 1 )  p ro d u c e d  c r y s t a l l i n e  m a t e r i a l ,  which 

showed i n f r a r e d  bands  a t  3600 and 3*+60 cm"^ ( h y d r o x y l )  and 

1717 cm"1 ( k e t o n e ) .  The N.M.R. sp e c t r u m  d i s p l a y e d  a r o m a t i c  

p r o t o n s  o f  t h e  t r i t y l  g roup  a t  7*3 m. The o l e f i n i c  p r o t o n  

a p p e a re d  a t  5*18 t .  Methyl  g ro u p s  a p p e a r e d  a t  1 .6 2  1 .1 0 _s,

0 .8 2  d ( J - 6 . 5  c . p . s . ) ,  and O.76  d ( J = 6 . 5  c . p . s . ) .

R e d u c t io n  o f  Mammosin w i t h  L i t h i u m  Aluminum H y d r i d e .

To 1 .0  g .  o f  mammosin i n  60 ml.  o f  t e t r a h y d r o f u r a n  was added

2 . 5  g- o f  l i t h i u m  aluminum h y d r i d e .  A f t e r  s t i r r i n g  a t  room 

t e m p e r a t u r e  ove r  a 2 ^ - h r .  p e r i o d ,  3 ml.  o f  w a t e r  was a d d e d .

The p r e c i p i t a t e d  s o l i d s  were  f i l t e r e d ,  washed w i t h  t e t r a 

h y d r o f u r a n ,  and t h e  s o l v e n t  removed on t h e  r o t a r y  e v a p o r a t o r .  

A l l  a t t e m p t s  t o  c r y s t a l l i z e  t h e  r e s u l t i n g  gummy s o l i d  f a i l e d .  

S u b l i m a t i o n  u n d e r  r e d u c e d  p r e s s u r e  gave  a c o l o r l e s s  s o l i d .
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m .p.  6 2 - 6 6 ° .  A t t e m p ts  t o  r e c r y s t a l l i z e  t h i s  m a t e r i a l  a l s o  

f a i l e d .  I n f r a r e d  a n a l y s i s  showed th e  a b s e n c e  o f  c a r b o n y l  

b a n d s .  A t e t r a n i t r o m e t h a n e  t e s t  was p o s i t i v e .

H y d r o g e n a t i o n  o f  0 . 2  g .  o f  t h e  above s u b l im e d  m a t e r i a l  

ove r  0.1 g .  o f  p r e r e d u c e d  p l a t i n u m  o x id e  r e q u i r e d  15 nil. o f  

h y d r o g e n ,  which  c o r r e s p o n d e d  t o  0 .9 6  d o u b le  bond .  The gummy 

m a t e r i a l  o b t a i n e d  c o u ld  n o t  be Ind u ced  t o  c r y s t a l l i z e .  A 

t e t r a n i t r o m e t h a n e  t e s t  was n e g a t i v e .

R e d u c t i o n  o f  Mammosin w i t h  Sodium B o r o h v d r i d e . To 

100 mg. ( 0 . 3  mmole) o f  mammosin i n  50 m l . o f  I s o p r o p y l  a l c o 

h o l  was added  16 .3  mg. ( 0 . 3  mmole) o f  sodium b o r o h y d r l d e .

A f t e r  s t i r r i n g  f o r  20 min.  a t  room t e m p e r a t u r e ,  100 ml.  o f  

d i l u t e  h y d r o c h l o r i c  a c i d  and 0.1 g, o f  m a n n i t o l  were  a d d ed .

The s o l u t i o n  was t h e n  e x t r a c t e d  w i th  e t h e r  and t h e  e x t r a c t s  

d r i e d  o v e r  sodium s u l f a t e .  D i s t i l l a t i o n  o f  t h e  e t h e r  gave a 

c o l o r l e s s  powder .  An i n f r a r e d  sp e c t ru m  showed no l a c t o n e  

c a r b o n y l  b a n d .

When 100 mg. o f  mammosin was t r e a t e d  w i t h  2 . 8  mg.

( 0 . 0 7  mmole) o f  sodium b o r o h y d r l d e ,  t h e  i n f r a r e d  s p e c t r u m  o f  

t h e  p r o d u c t  showed a weak band c o r r e s p o n d i n g  t o  l a c t o n e  

c a r b o n y l .  None o f  t h e  p r o d u c t s  i n  t h e s e  e x p e r i m e n t s  c o u ld  be 

c r y s t a l l i z e d  and were assumed t o  be m i x t u r e s  o f  e p i m e r s .

There  a r e  s e v e r a l  examples o f  d o u b le  bond r e d u c t i o n  

w i t h  sod ium  b o r o h y d r l d e  ( 2 0 ,  21) b u t  t h e  e x p e r i m e n t s  above 

i n d i c a t e  t h a t  b o t h  t h e  d o u b le  bond and c a r b o n y l  f u n c t i o n s  

were  r e d u c e d  by sodium b o r o h y d r l d e .
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H y d r o b o r a t l o n - O x i d a t l o n  o f  Isomammosin Fo l low ed  by 

Chromic Acid O x i d a t i o n  o f  t h e  R e s u l t i n g  A l c o h o l . To 25  m l . 

o f  a 0 . 6  M s o l u t i o n  o f  d l b o r a n e  (1 5  mmoles) I n  t e t r a h y d r o 

f u r a n  a t  0°  and u n d e r  a n i t r o g e n  a tm o sp h e re  was added d r o p -  

w ise  *+.20 g .  o f  2 - m e t h y l - 2 - b u t e n e  (6 0  mmoles) . The c o l d  s o 

l u t i o n  was s t i r r e d  f o r  two h o u r s .  Isomammosin, 1 .0  g.

(3  mmoles) i n  30  ml. o f  d ry  t e t r a h y d r o f u r a n  was added d ro p w lse  

t o  t h e  c o ld  b l s - ( 3 - m e t h y l - 2 - b u t y l )  b o r a n e ,  and t h e  s o l u t i o n  

was t h e n  a l l o w e d  t o  warm to  room t e m p e r a t u r e  w i th  c o n t i n u e d  

s t i r r i n g  f o r  an  a d d i t i o n a l  5 h r s .  The o rg an o b oran e  was o x i 

d i z e d  by a d d in g  I 5 ml. o f  \% aq u eo u s  sodium h y d r o x id e  and 

10 ml. o f  30^ h y d ro g en  p e r o x i d e ,  f o l l o w e d  by s t i r r i n g  a t  0°  

f o r  1 h r .  The s o l u t i o n  was a l l o w e d  t o  come t o  room t e m p e r a 

t u r e  and s t i r r e d  f o r  an  a d d i t i o n a l  2 h r s .  b e f o r e  e x t r a c t i o n  

w i t h  e t h e r  t o  g i v e  a y e l l o w ,  s e m i c r y s t a l l i n e  s o l i d .  I n f r a r e d  

bands  were  o b s e rv e d  a t  3600 and 3^+20 cm"' ( h y d r o x y l ) ,

1750 cm“  ̂ ( - u n s a t u r a t e d  P ' - l a c t o n e ) ,  and 1680 cm“ '

( d o u b le  b o n d ) .  T h is  c ru d e  p r o d u c t  was d i s s o l v e d  In  10 ml. o f  

p y r i d i n e ,  added  t o  a m ix tu r e  o f  1 . 0  g . o f  chromium t r l o x i d e  

I n  15 m l .  o f  p y r i d i n e ,  and s t i r r e d  o v e r n i g h t  a t  room t e m p e r a 

t u r e .  D i l u t i o n  w i t h  w a t e r  and a n  a t t e m p t e d  e x t r a c t i o n  w i t h  

e t h e r  gave  an  e m u ls io n  which was f i l t e r e d  th ro u g h  a s h o r t  

column c o n t a i n i n g  F l o r i s i l .  The f i l t r a t e s  were c o n c e n t r a t e d  

t o  an  o i l y  r e s i d u e  which  was c h ro m a to g ra p h e d  on s i l i c i c  a c i d  

w i t h  b e n z e n e - a c e t o n e  ( 8 : 2 )  t o  g i v e  c o l o r l e s s  n e e d l e s ,  m .p .  

1 6 2 -1 6 5 ° ,  which  a f t e r  r e c r y s t a l l i z a t i o n  f rom  e t h y l
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a c e t a t e - h e x a n e  p ro d u ce d  a n  a n a l y t i c a l  sam p le ,  m .p .  16 3 -1 6^ ° .

A n a l . C a l c d .  f o r  020^30^ 5 ' 0 ,  68 .5^5 H, 8 . 6 3 ;  0,

2 2 . 8 3 . Found; C, 6 8 . 6 ? ;  H, 8 A 6 ;  0 ,  2 3 .0 3 -

A t tem p ted  D e h y d r a t i o n  of  Isomammosin K e t o n e . The k e 

to n e  (50  mg.) I n  5 ml.  o f  m ethano l  was t r e a t e d  w i t h  2 ml.  o f  

aqueous p o t a s s i u m  h y d r o x i d e .  The s o l u t i o n  was a l l o w e d  t o  

s t a n d  a t  room t e m p e r a t u r e  f o r  2 h r s . ,  a c i d i f i e d  w i t h  h y d r o 

c h l o r i c  a c i d ,  d i l u t e d  w i t h  w a t e r ,  and e x t r a c t e d  w i t h  e t h e r .

The e t h e r  e x t r a c t s  were  d r i e d  over  sodium s u l f a t e  and t h e  

e t h e r  d i s t i l l e d .  The m e l t i n g  p o i n t  o f  t h e  r e s i d u a l  c r y s t a l 

l i n e  m a t e r i a l  on a d m ix tu re  w i t h  t h e  s t a r t i n g  k e to n e  showed 

no d e p r e s s i o n .

A t tem p ted  Mild D e h y d r a t io n  (24 )  o f  Mammosin, Isomam

m osin .  and Dihydromammosin. A m ix tu r e  o f  100 mg. o f  mammosin, 

0 .2 0  g . p o t a s s i u m  h y d ro g e n  s u l f a t e ,  and 10 ml. o f  a n h y d r o u s ,  

p e r o x i d e - f r e e  d lo x a n e  was r e f l u x e d  f o r  3 h r s .  The s o l u t i o n  

was c o o le d  and d e c a n t e d  from t h e  p o t a s s i u m  h y d ro g e n  s u l f a t e .  

The s o l v e n t  was removed on th e  r o t a r y  e v a p o r a t o r  and th e  

r e s i d u e  (98  mg.)  was c r y s t a l l i z e d  by t r i t u r a t i o n  w i t h  h e x a n e .  

R e c r y s t a l l i z a t i o n  f rom  hexane  gave n e e d l e s ,  m .p .  1^-9-150°, 

I d e n t i f i e d  a s  mammosin (m.m.p . and I . E . ) .  S i m i l a r l y ,  when 

Isomammosin and dihydromammosin were s u b j e c t e d  t o  t h e  same 

c o n d i t i o n s ,  b o t h  f a i l e d  t o  d e h y d r a t e .

R e a c t i o n  o f  Mammosin w i t h  A c e t i c  A nhydr ide  and Boron 

T r i f l u o r i d e  E t h e r a t e . To 1 .0  g .  o f  mammosin I n  10 ml.  o f  d r y  

e t h e r  and 30 ml.  o f  a c e t i c  a n h y d r id e  c o o le d  t o  - 2 0 °  was added
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7 ml. o f  b o ro n  t r i f l u o r i d e  e t h e r a t e .  The m i x t u r e  was k e p t  

a t  -1 8  t o  “ 20°  f o r  3 h r s . ,  t h e n  p o u re d  i n t o  a c o ld  s o l u t i o n  

o f  10 m l .  o f  p y r i d i n e  and 200  ml. o f  w a t e r  i n  a s e p a r a t o r y  

f u n n e l .  The s o l u t i o n  was shaken  f o r  s e v e r a l  m in u te s  and ex

t r a c t e d  w i t h  two 100-m l .  p o r t i o n s  o f  c h lo r o f o r m ;  t h e  c h l o r o 

form e x t r a c t s  were  washed w i t h  f i v e  100- m l .  p o r t i o n s  o f  

w a t e r ,  t h e n  t w i c e  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  once w i t h  

d i l u t e  sodium b i c a r b o n a t e ,  and f i n a l l y  w i t h  w a t e r .  The 

c h lo r o f o r m  s o l u t i o n  was d r i e d  ove r  sodium s u l f a t e  and t h e  

s o l v e n t  removed.  The l i g h t - y e l l o w  r e s i d u e  was t r i t u r a t e d  

w i t h  c o ld  hex an e  and r e c r y s t a l l i z e d  from h e x a n e -b e n z e n e  t o  

g iv e  n e e d l e s ,  m .p .  163 -16 5 ° .  S e v e r a l  more r e c r y s t a l l i z a t i o n s  

gave an  a n a l y t i c a l  s a m p le ,  m .p.  167- 168° .

A n a l . C a lc d .  f o r  C2 i4.H2i4.O5 : C, 6 8 . 8 8 ; H, 8 . 1 9 ;  0,

2 2 . 9 4 . Found:  C, 6 8 . 8 8 ; H, 8 . 0 5 ;  0 ,  2 2 .8 5 .

The i n f r a r e d  sp e c t ru m  (CHCl^) had bands  a t  1777 cmT^

( > f - l a c t o n e ) ,  1730 and 1240 cm"' ( a c e t a t e ) ,  1709 cm"^ ( k e 

t o n e ) ,  and 1667 cm"1 ( d o u b le  b o n d ) .  The N.M.R. sp e c t ru m  

showed m eth y l  s i g n a l s  a t  2 .03  s_ ( two m e th y l  g r o u p s ) ,  1 .46  

1 ,39  A) and 0 . 9 6  d (J= 7  c . p . s . ) .  The ex om e th y le n e  p r o t o n s  

were a t  6 .4 0  d (J=3 c . p . s . )  and 5»64 d (J=3  c . p . s . ) .  There  

was a l s o  a n  o l e f i n i c  p r o t o n  a t  5 .6 4 .  The p r o t o n  on t h e  c a r 

bon b e a r i n g  t h e  l a c t o n e  oxygen a p p e a r e d  a t  4 . 6 4  dd 

( J=10 c . p . s .  and  10 c . p . s . ) .  C e n te r e d  a t  3 . 4  m were a l s o  

f o u r  o t h e r  p r o t o n s .

The m other  l i q u o r  from t h e  r e c r y s t a l l i z a t i o n  o f  t h e
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above  r e s i d u e  a f f o r d e d  a second  c r o p ,  m .p .  152-155°* F u r t h e r  

r e c r y s t a l l i z a t i o n  from hexane  gave n e e d l e s ,  m .p .  155- 157°? 

which  p r o v e d  t o  be  t h e  a c e t a t e  o f  mammosin.

A n a l . C a lc d .  f o r  022^^2 ^^' C , 7O . I 8 ; H, 8 .5 7 ;  0,  

2 1 . 2 5 . Found; C, 7 0 .4 3 ;  H, 8 . 3 6 ; 0, 2 0 . 8 3 .

The i n f r a r e d  s p e c t ru m  showed bands  a t  1767 cm“ ^

( > - l a c t o n e ) ,  1730  and 1250 cm”  ̂ ( a c e t a t e ) ,  and 1662 cm"^ 

( d o u b l e  b o n d ) .  The N.M.R. sp e c t ru m  had  m e th y l  g roups  a t

2 .0 0  _s, 1.51  1 .4 5  f , and 0 . 8 5  d ( J= 5*5  c . p . s . ) .  The exo

m e th y le n e  p r o t o n s  were a t  6 .4 0  d ( J= 3«5  c . p . s . )  and 5 .62  d 

( j = 3 . 5  c . p . s . ) .  A no th e r  o l e f i n i c  p r o t o n  was a t  5»05 t .

O th e r  s i g n a l s  a p p e a r e d  a t  4 . 4 4  ( J= 10  c . p . s .  and 10 c . p . s . ) ,

3 . 4  m, and 2 . 8 7  d ( J= 1 0  c . p . s . ) .

P r e p a r a t i o n  o f  Mammosin A c e t a t e . To a s o l u t i o n  o f

1 . 0  g .  o f  mammosin i n  30 ml.  o f  a c e t i c  a n h y d r i d e  and 10 ml.  

o f  d r y  e t h e r  a t  - 2 0 °  was added 5 ml.  o f  b o ro n  t r i f l u o r i d e  

e t h e r a t e .  The m ix t u r e  was a l lo w e d  t o  s t a n d  a t  - 2 0 °  f o r

1 . 5  h r s .  The m i x t u r e  was t h e n  p o u red  i n t o  a c o l d  s o l u t i o n  

o f  10 ml.  o f  p y r i d i n e  and 200 m l .  o f  w a t e r ,  sh a k e n ,  and t h e n  

e x t r a c t e d  w i t h  c h l o r o f o r m .  The c h lo r o f o r m  e x t r a c t s  were 

washed w e l l  w i t h  w a t e r ,  t w ic e  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  

once w i t h  d i l u t e  sodium b i c a r b o n a t e  and f i n a l l y  w i th  w a t e r .  

A f t e r  d r y i n g  t h e  e x t r a c t s  over  sodium s u l f a t e ,  t h e  c h lo r o f o r m  

was rem oved ,  and t h e  r e s i d u a l  c r y s t a l l i n e  m a t e r i a l  r e c r y s t a l 

l i z e d  f rom  h e x a n e - b e n z e n e  t o  g i v e  0 .6 2  g . o f  mammosin a c e 

t a t e ,  m .p .  152- 155°* C o n c e n t r a t i o n  o f  t h e  m othe r  l i q u o r  gave
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a s e co n d  c r o p ,  0 .2 2  g . ,  m.p.  155- 157°9 I d e n t i c a l  w i t h  th e  

f i r s t  c ro p  and a l s o  i d e n t i c a l  (N.M.R. and I . E . )  w i t h  t h e  mam

mosin  a c e t a t e  o b t a i n e d  above .

A l k a l i n e  H y d r o l y s i s  o f  Mammosin A c e t a t e  t o  Mammosin.

A s o l u t i o n  p r e p a r e d  from 100 mg. o f  mammosin a c e t a t e  i n  

10 m l .  o f  e t h a n o l  and 10 ml.  o f  10^ sodium h y d r o x i d e  was a l 

lowed t o  s t a n d  a t  room t e m p e r a t u r e  f o r  6 h r s .  Upon d i l u t i o n  

w i t h  w a t e r  and a c i d i f i c a t i o n  w i t h  h y d r o c h l o r i c  a c i d ,  t h e  s o 

l u t i o n  became c lo u d y .  E x t r a c t i o n  w i t h  e t h e r ,  d r y i n g ,  and 

rem o v a l  o f  s o l v e n t  l e f t  c r y s t a l s ,  m .p .  l 4 4 - l 4 6 ° .  R e c r y s t a l 

l i z a t i o n  f rom  hexane  gave n e e d l e s ,  m .p .  l 4 ? - l 4 9 ° .  Admixture  

w i t h  mammosin d i d  n o t  d e p r e s s  t h e  m e l t i n g  p o i n t ,  m.m.p.  148- 

149° .  The i n f r a r e d  sp e c t ru m  o f  t h i s  m a t e r i a l  was i d e n t i c a l  

w i t h  t h a t  o f  mammosin. Thin  l a y e r  c h ro m a to g ra p h y  on s i l i c a  

g e l  H ( b e n z e n e - a c e t o n e ,  9 : 1 )  gave i d e n t i c a l  Rf v a l u e s  ( 0 . 5 2 )  

f o r  a u t h e n t i c  mammosin and mammosin o b t a i n e d  from t h e  a c e t a t e  

(Rf=0.93).
R e a c t i o n  o f  Mammosin w i t h  A c e t i c  A nhydr ide  and Boron 

T r i f l u o r i d e  E t h e r a t e .  P r e p a r a t i o n  o f  t h e  Keto A c e t a t e . To

1 .0  g .  o f  mammosin i n  30 ml. o f  a c e t i c  a n h y d r i d e  and 10 ml.  

o f  d r y  e t h e r  a t  - 2 0 °  was added 7 ml.  o f  b o ro n  t r i f l u o r i d e  

e t h e r a t e .  The m ix tu r e  was a l l o w e d  t o  s t a n d  a t  - 2 0 °  f o r  7 h r s .  

The w ork -up  was a s  d e s c r i b e d  i n  t h e  p r e c e d i n g  e x p e r i m e n t .  A 

gummy r e s i d u e  was o b t a i n e d  and was c r y s t a l l i z e d  by t r i t u r a t 

in g  w i t h  h e x a n e .  R e c r y s t a l l i z a t i o n  o f  t h i s  c ru d e  m a t e r i a l  

f rom h e x a n e - b e n z e n e  gave 0 .5 2  g . o f  n e e d l e s ,  m .p .  172- 173°*
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T h is  m a t e r i a l  was i d e n t i c a l  w i t h  t h e  k e t o  a c e t a t e  o b t a i n e d  

above» A second  c r o p ,  0 . 3 5  g . , was o b t a i n e d  by c o n c e n t r a t i o n  

o f  t h e  m other  l i q u o r .

T rea tm en t  o f  Mammosin Keto A c e t a t e  w i t h  Aqueous Sodium 

H y d r o x id e . A s o l u t i o n  c o n t a i n i n g  100 mg. o f  mammosin k e t o  

a c e t a t e  i n  5 ml. o f  e t h a n o l  and 5 m l.  o f  10^ sodium h y d r o x id e  

was a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  2 h r s . ,  t h e n  was 

d i l u t e d  w i th  w a t e r ,  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d ,  and 

e x t r a c t e d  w i th  e t h e r .  The e t h e r  e x t r a c t s  were  d r i e d  over  

sodium s u l f a t e  and t h e  e t h e r  d i s t i l l e d -  Thin  l a y e r  chroma

t o g r a p h y  on s i l i c a  g e l  H ( b e n z e n e - a c e t o n e ,  8 : 2 )  i n d i c a t e d  t h e  

p r e s e n c e  o f  some s t a r t i n g  m a t e r i a l  (R f= 0 .7 7 )  a s  w e l l  a s  t h e  

s a p o n i f i c a t i o n  p r o d u c t  (Rj>=0.36). Chrom atography  o f  t h e  r e s 

id u e  on s i l i c i c  a c i d  w i t h  b e n z e n e - a c e t o n e  ( 1 9 : 1 )  gave f i n e  

s i l k y  n e e d l e s ,  m .p .  111-112° .

A n a l . C a lc d .  f o r  C^oHgQO^: C, 7 1 -8 2 ;  H, 9-C4; 0,

1 9 .1 4 .  Found:  C, 7 1 .6 2 ;  H, 8 . 8 3 ;  0 ,  1 9 -32 .

The i n f r a r e d  sp e c t ru m  had  b a nd s  a t  3602 and 3500 cm"^ 

( h y d r o x y l ) ,  1766 cm“  ̂ ( ^ - l a c t o n e ) ,  1705  cm"^ ( k e t o n e ) ,  and 

1666 cm“  ̂ ( d o u b le  b o n d ) .  The N.M.R. s p e c t ru m  showed th e  

exom ethy lene  d o u b l e t s  a t  6 .4 6  d ( J = 3 - 5  c . p . s . )  and 5-71 d 

( J = 3 - 5  c . p . s . ) .  A n o the r  o l e f i n i c  p r o t o n  was su p e r im p o sed  

u n d e r  t h e  d o u b l e t  a t  5-71- Methyl g ro u p s  a p p e a re d  a t  2 . 0 5  

1 .48 _s, 1 . 1 5 ^» and  0 .9 6  d ( J=7  c . p . s .  ) .  The p r o t o n  on th e  

c a r b o n  a t t a c h e d  t o  t h e  l a c t o n e  oxygen a p p e a r e d  a t  4 . 6 5  ^

(J= 10  c . p . s .  and 10 c . p . s . ) .
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R e a c t i o n  o f  Isomammosln w i t h  A c e t i c  A nhydr ide  and 

T r l f l u o r l d e  E t h e r a t e . Boron t r l f l u o r l d e  e t h e r a t e  (O .7  m l . )  

was added  t o  100 mg. o f  Isomammosln I n  3 ml.  o f  a c e t i c  a n 

h y d r i d e  and 1 ml. o f  e t h e r  a t  - 2 0 ° ,  and was k e p t  a t  t h a t  

t e m p e r a t u r e  f o r  7 h r s .  b e f o r e  h y d r o l y s i s  and I s o l a t i o n  a s  

d e s c r i b e d  a b o v e .  R e c r y s t a l l l z a t l o n  o f  t h e  c ru d e  p r o d u c t  f rom  

b e n z e n e -h e x a n e  gave c o l o r l e s s  n e e d l e s ,  m .p .  1 7 9 -1 8 1 ° .

A n a l . C a lc d .  f o r  C2I+H2I1O5 : C, 6 8 .8 8 ;  H, 8 . 1 9 ;  0,

22.94-. Found: C, 6 8 .7 2 ;  H, 8 . 4 9 ;  0, 2 2 .9 4 .

S i g n i f i c a n t  I n f r a r e d  b ands  a p p e a r e d  a t  1750 cm“ ^

( cxr - u n s a t u r a t e d  / - l a c t o n e ) ,  1740 and 1245 cm”  ̂ ( a c e t a t e ) ,  

1705  cm“  ̂ ( k e t o n e ) ,  and 1690 cm“  ̂ ( d o u b l e  b o n d ) .  The N.M.R. 

sp e c t r u m  showed m ethy l  g ro u p s  a t  2 .0 6  _s ( two m eth y l  g r o u p s ) ,

1 .90  _s, 1 .49  and 1 .0 5  d ( J = 6 . 5 c . p . s . ) .  The p r o t o n  on t h e  

c a rb o n  a t t a c h e d  t o  t h e  l a c t o n e  oxygen d i s p l a y e d  a s i g n a l  a t  

4 . 6 6  d ( J= 1 0  c . p . s . ) .

H y d r o g e n a t io n  o f  Isomammosln Keto A c e t a t e . A s o l u t i o n  

o f  0 . 3 0  g . o f  Isomammosln k e t o  a c e t a t e  ( o b t a i n e d  above  by r e 

a c t i o n  o f  a c e t i c  a n h y d r i d e  and b o ro n  t r l f l u o r l d e  e t h e r e a t e  

w i t h  Isomammosln) I n  20 m l.  o f  e t h y l  a c e t a t e  was h y d r o g e n a t e d  

f o r  2 h r s .  ove r  100 mg. o f  10^ p a l l a d l u m - c h a r c o a l . A f t e r  

f i l t r a t i o n  o f  t h e  c a t a l y s t  and rem o v a l  o f  t h e  s o l v e n t ,  t h e  

r e s u l t i n g  c r y s t a l l i n e  m a t e r i a l  was r e c r y s t a l l i z e d  f i v e  t im e s  

f rom b e n z e n e - h e x a n e ,  g i v i n g  n e e d l e s ,  m .p .  1 6 0 -1 6 1 ° .

A n a l . C a lc d .  f o r  C2^#2&06: C , 6 8 .5 4 ;  H, 8 . 6 3 . Found:

C, 6 8 .4 6 ;  H, 8 . 7 4 .
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S i g n i f i c a n t  i n f r a r e d  bands  a p p e a r e d  a t  1750 cm” ^

( e X - u n s a t ' u r a t e d  - l a c t o n e ) ,  1730  and 1250 cm"^ ( a c e t a t e ) ,  

1705  cm“  ̂ ( k e t o n e ) ,  and I 69O cm“  ̂ ( c o n j u g a t e d  d o u b le  b o n d ) .  

The N.M.R. sp e c t ru m  showed m ethy l  g ro u p s  a t  2 . 1 0  _s, 2 .0 0  _s,

1 1 .07  d ( J=7 c . p . s . ) ,  and 0 .6 6  d ( J=7 c . p . s . ) .  The 

p r o t o n  on t h e  c a r b o n  bonded t o  t h e  l a c t o n e  oxygen a p p e a re d  

a t  ^.51 d (J= 9  c . p . s . ) .  P r o to n s  on t h e  c a r b o n s  bonded t o  t h e  

e t h e r  oxygens a p p e a re d  a t  4 .0 7  ^  ( J = 1 0 . 5  and 1 0 . 5  c . p . s . )  

and 3 ‘07 d ( J= 1 0  c . p . s . ) .

R e a c t i o n  o f  Dihydroisomammosin  w i t h  A c e t i c  Anhydride  

and Boron T r i f l u o r i d e  E t h e r a t e . To a s o l u t i o n  o f  110 mg. of  

d ihydro isom am m osin ,  m.p . 195°, d i s s o l v e d  i n  3 ml.  o f  a c e t i c  

a n h y d r i d e  and 1 ml. o f  d r y  e t h e r  c o o le d  t o  - 2 0 °  was added 

0 . 7  ml.  o f  b o ro n  t r i f l u o r i d e  e t h e r a t e .  The m ix t u r e  was k e p t  

a t  - 2 0 °  f o r  8 h r s .  and was t h e n  p o u r e d  i n t o  a s o l u t i o n  o f  

1 ml.  o f  p y r i d i n e  and 50 ml. o f  w a t e r .  The p r o d u c t  was ex

t r a c t e d  w i t h  c h lo r o f o r m ,  and th e  c h l o r o f o r m  e x t r a c t s  were 

washed w e l l  w i t h  w a t e r ,  tw ic e  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  

once w i t h  d i l u t e  sodium b i c a r b o n a t e ,  and f i n a l l y  w i t h  w a t e r .  

A f t e r  t h e  c h lo r o f o r m  e x t r a c t s  had  b e e n  d r i e d  o v e r  sodium 

s u l f a t e  and th e  s o l v e n t  removed,  a s l i g h t l y  y e l l o w  c r y s t a l 

l i n e  p r o d u c t  was o b t a i n e d .  R e c r y s t a l l i z a t i o n  o f  t h i s  c ru d e  

m a t e r i a l  f rom  h ex an e  gave c r y s t a l s ,  m .p .  1 8 9 -19 2 ° .  Two more 

r e c r y s t a l l i z a t i o n s  gave c o l o r l e s s  p l a t e s ,  m .p .  196-197°*

A n a l . C a lc d .  f o r  022^ 31+0 ^; C, 69*81;  H, 9*05; 0,

2 1 .1 4 .  Found:  C, 7 0 .0 7 ;  H, 9*22;  0 ,  20 .93*
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The i n f r a r e d  sp e c t ru m  (CHCl^) showed ^  - i m s a t u -  

r a t e d  ^ - l a c t o n e  and a c e t a t e  c a r b o n y l  a b s o r p t i o n s  o v e r l a p p e d  

a t  17^2 cm” ^ . The c o n ju g a t e d  d o u b le  bond a p p e a re d  a t

1682 cm“ ^ , and t h e  a c e t a t e  c a r b o n - o x y g e n  s t r e t c h i n g  f r e q u e n c y

a t  125*+ cm“  ̂ . The N.M.R. s p e c t ru m  showed m ethy l  g ro u p s  a t

2.01 _s, 1 .89  1 . 5^  and 1 .00  d ( J = 6 . 5  c . p . s . ) . The p r o 

t o n  on t h e  c a r b o n  b e a r i n g  t h e  l a c t o n e  oxygen a p p e a re d  a t  

^.59  d ( J=9  c . p . s . ) .  The p r o t o n s  on t h e  c a rb o n s  b e a r i n g  t h e  

e t h e r  oxygen a p p e a r e d  be tw een  3 - 5  and 2 . 8 .

O z o n o lv s i s  o f  Mammosin. Ozone ( a b o u t  0.1 g . / h r . )  was 

b ub b led  i n t o  a  s o l u t i o n  o f  1 .0  g .  ( 3 .O mmoles) o f  mammosin i n  

100 ml.  o f  m e th y le n e  c h l o r i d e - p y r i d i n e  ( 9 9 : 1 )  a t  - 7 0 °  ( 2 7 ) .  

The r e a c t i o n  was f o l lo w e d  by t h i n  l a y e r  c h ro m a tog raph y  by 

sam p l in g  t h e  o z o n o l y s i s  s o l u t i o n  a t  15 m in.  i n t e r v a l s  and 

w a tc h in g  t h e  d i s a p p e a r a n c e  o f  mammosin. M icroscope  s l i d e s  

c o a t e d  w i t h  aluminum o x ide  G were u s e d  and d e v e lo p e d  w i t h  

h e x a n e - a c e t o n e  ( 9 : 1 ) .  A f t e r  65 m in .  a l l  t h e  mammosin had  

been  consumed and t h e  r e a c t i o n  m i x t u r e  was p o u red  i n t o  50 ml. 

o f  d i l u t e  h y d r o c h l o r i c  a c i d  and t h e  o r g a n i c  l a y e r  s e p a r a t e d .  

The o r g a n i c  p h a s e  was washed w i t h  w a t e r  and d r i e d  ov e r  sodium 

s u l f a t e .  Removal o f  t h e  s o l v e n t  l e f t  a  gummy y e l lo w  r e s i d u e .  

A f t e r  c h ro m a to g ra p h y  on F l o r i s i l  w i t h  b e n z e n e - e t h e r  ( 1 : 1 )  a 

g l a s s y  m a t e r i a l  was o b t a i n e d  and c o u ld  n o t  be i n d u c e d  t o  

c r y s t a l l i z e .  Gas c h rom a tog raphy  on a 5^ SE- 3 0  column showed 

a s i n g l e  p e a k .

A n a l . C a lc d .  f o r  CigH2g06: C, 6^-.75j H, 8.01 .
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Found: C, 6 ^ .7 5 ;  H, 8.17*

The i n f r a r e d  sp e c t ru m  showed bands  a t  3500 cm“  ̂ ( h y 

d r o x y l )  , 1780  cm”  ̂ ( P ' - l a c t o n e ) , 17 IO cm”  ̂ ( k e t o n e )  and 

166^  cm“  ̂ (d o u b le  b o n d ) .  The N.M.R. sp e c t ru m  d i s p l a y e d  t h e  

ex o m e th y le n e  p r o t o n s  a t  6.^- d and 5-7  d ,  i n d i c a t i n g  t h a t  t h e  

t r i s u b s t i t u t e d  d o u b le  bond was s e l e c t i v e l y  o z o n iz e d .  A 

m ethy l  g roup  a t  2.1 ^  i n d i c a t e d  t h e  p r e s e n c e  o f  a m e th y l  k e 

to n e  .

H y d r o x y l a t i o n  o f  Dihvdromammosin w i th  P o t a s s i u m  P e r 

manganate  . A s t i r r e d  s o l u t i o n  o f  1 .0 0  g . ( 2 . 9 8  mmoles) o f  

dihydromammosin i n  100 ml. o f  a c e t o n e - w a t e r  ( 1 : 1 )  was o x i d i z e d  

a t  room t e m p e r a t u r e  f o r  one h o u r  w i t h  O .7O6 g . ( 4 . 4 ^  mmoles) 

o f  p o t a s s i u m  p e rm a n g a n a te .  The manganese  d i o x i d e  was f i l t e r e d  

and washed w e l l  w i t h  a c e t o n e .  The combined f i l t r a t e s  were  

c o n c e n t r a t e d  on th e  r o t a r y  e v a p o r a t o r  u n t i l  t h e  p r o d u c t  began  

t o  p r e c i p i t a t e .  A f t e r  e x t r a c t i o n  w i t h  s e v e r a l  p o r t i o n s  o f  

m e th y len e  c h l o r i d e  and d r y i n g  th e  e x t r a c t s  ove r  sod ium  s u l 

f a t e ,  d ihydroxydihydrom am m osin  was o b t a i n e d  a s  c o l o r l e s s  

c r y s t a l s .  R e c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e  gave  0 . 8  g . 

o f  n e e d l e s ,  m .p.  2lU—216° .

A n a l . C a lc d .  f o r  020^ 3^ 0 5 : C, 64^84; H, 9-25*

Found: C, 6 4 .6 3 ;  H, 9 . 0 7 . (A n a ly z ed  w i t h  a n  F & M, Model 180

C,H,N A n a l y z e r ) .

The i n f r a r e d  sp e c t ru m  (KBr) e x h i b i t e d  bands  a t  

3410  cm 'l  ( h y d r o x y l )  and 1770 cm“  ̂ ( ^ - l a c t o n e ) .
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O x i d a t i o n  o f  Dihydroxydihydromammosin  w i t h  Chromic 

A c i d . To 0 . 1 0  g .  o f  d ihydroxyd ihydrom am m osin  i n  10 ml.  o f  

a c e t o n e  was added  a s u f f i c i e n t  q u a n t i t y  o f  J o n e s  R e ag en t  (32 )  

(267 g* o f  chromium t r i o x i d e  and 230 m l.  o f  s u l f u r i c  a c i d  

d i l u t e d  t o  1 L.  w i t h  w a t e r )  t o  g i v e  a  p e r s i s t e n t  o ran ge  c o l o r .  

The s o l u t i o n  was t h e n  p o u red  i n t o  w a t e r  and e x t r a c t e d  w e l l  

w i t h  e t h e r .  The e t h e r  e x t r a c t s  were  washed w i t h  d i l u t e  sodium 

b i c a r b o n a t e  and t h e n  w i t h  w a t e r .  The d r i e d  e t h e r e a l  s o l u t i o n  

was d i s t i l l e d  t o  g i v e  an  o i l ,  which c h ro m a to g ra p h e d  on 

F l o r i s i l  w i t h  b e n z e n e - e t h y l  a c e t a t e  ( 8 : 2 )  gave f i n e  s i l k y  

n e e d l e s ,  m .p .  8 5 - 8 6 ° .

A n a l . C a lc d .  f o r  C20H30O6 ' C , 65*55;  H, 8 .25* Found: 

C, 65*75; H, 8.31  *

The i n f r a r e d  sp e c t ru m  (CHCI3 ) e x h i b i t e d  bands  a t  

177^  cm"1 ( tw o  ^ - l a c t o n e s )  and I 712 cm“  ̂ ( k e t o n e ) .  The N.M.R. 

sp e c t r u m  showed m eth y l  g ro u p s  a t  2 . 1 8  _s, 1.4-0 _s, 1 .28  d 

(J=7 c . p . s . ) ,  and 0 . 9 4  d (J=7 c . p . s . ) .  The p r o t o n  on t h e  c a r 

bon b e a r i n g  t h e  l a c t o n e  oxygen a p p e a r e d  a t  4 . 4 5  M  and t h e  

o t h e r  p r o t o n s  a p p e a r e d  b e tw een  3*0 and  4 . 0 .

C o n t r o l l e d  O x i d a t i o n  o f  Dihydroxydihydromammosin  w i t h  

Chromic A c i d . To 0 .1 0 7 4  g .  (0 .291  mmoles) o f  d i h y d r o x y d i 

hydromammosin i n  10 ml.  o f  a c e t o n e  was added  19*4 mg. ( 0 . 1 9 4  

mmole) o f  chromium t r i o x i d e  d i s s o l v e d  i n  1 ml.  o f  w a t e r  and 

1 ml.  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d .  A f t e r  s t a n d i n g  a t  room 

t e m p e r a t u r e  f o r  15 m i n . ,  t h e  s o l u t i o n  was d i l u t e d  w i t h  w a t e r  

and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t s  were  washed
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w i t h  w a t e r  and d r i e d  ove r  magnesium s u l f a t e .  Removal o f  th e  

e t h e r  l e f t  a  c o l o r l e s s  s o l i d ,  w hich  upon c r y s t a l l i z a t i o n  from 

b e n z e n e -h e x a n e  gave n e e d l e s ,  m .p .  111-112° .

The I n f r a r e d  sp e c t ru m  (KBr) e x h i b i t e d  b an d s  a t  3580 

and 3^90 cm~^ ( h y d r o x y l )  and 1?60 cm”  ̂ ( ^ - l a c t o n e ) .

T h is  p r o d u c t  was o x i d i z e d  w i t h  e x ce ss  ch ro m ic  a c i d  to  

t h e  same k e t o  l a c t o n e  p ro du ced  on o x i d a t i o n  o f  d i h y d r o x y d i 

hydromammosin w i t h  e x c e s s  ch rom ic  a c i d .

O x i d a t i o n  o f  Mammosin Keto L ac ton e  w i t h  P e r o x v t r i -  

f l u o r o a c e t i c  Acid  ( 3 0 ) .  A s o l u t i o n  o f  p e r o x y t r i f l u o r o a c e t i c  

a c i d  was p r e p a r e d  by a d d i t i o n  o f  0 . 5  ml* (3*6 mmoles) o f  t r i -  

f l u o r o a c e t i c  a n h y d r i d e  t o  a s u s p e n s i o n  o f  0.1 ml.  ( 3 - 0  mmoles) 

o f  85^ h y d ro g e n  p e r o x i d e  i n  2 ml.  o f  c o ld  m e th y len e  c h l o r i d e .  

This  s o l u t i o n  was t h e n  added d ro p w is e  t o  a  s t i r r e d  s u s p e n s i o n  

o f  0.1 g .  o f  an h yd ro u s  d i s odium h y d ro g en  p h o s p h a te  i n  a mix

t u r e  o f  0 .1  g .  ( 0 .2 7 2  mmoles) o f  mammosin k e t o  l a c t o n e  i n  2 ml 

o f  m e th y len e  c h l o r i d e .  The s o l u t i o n  was t h e n  s t i r r e d  f o r  

30 min . a t  room t e m p e r a t u r e  and  t h e  s a l t s  f i l t e r e d  and washed 

w i t h  10 ml.  o f  m e th y len e  c h l o r i d e .  The combined f i l t r a t e s  

were washed w i t h  sodium b i s u l f i t e  s o l u t i o n  and sodium c a r 

b o n a te  s o l u t i o n  and t h e n  d r i e d  o v e r  magnesium s u l f a t e .  The 

s o l v e n t  was removed l e a v i n g  a c o l o r l e s s  o i l  w hich  c r y s t a l l i z e d  

on t r i t u r a t i o n  w i t h  warm h e x a n e .  Two r e c r y s t a l l i z a t i o n s  from 

b e n z e n e - h e x a n e  gave 80 mg. o f  n e e d l e s ,  m.p .  132-133°*

A n a l . C a lc d .  f o r  C2oHgoOy: C, 6 2 .8 1 ;  H, 7*91;  Found:

C, 6 2 .7 9 ;  H, 7 . 6 9 .
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The i n f r a r e d  sp e c t ru m  (CHCI3 ) showed s i g n i f i c a n t  bands 

a t  1775  cm'l  ( tw o  J K - l a c t o n e s ) ,  1730 cm”  ̂ ( e s t e r ) ,  and 

1230 cm“  ̂ ( a c e t a t e ) .

The N.M.R. sp e c t ru m  showed m ethy l  g ro u p s  a t  0 . 9 5  d 

( J = 6 . 5  c . p . s . ) ,  1 .29  d ( J = 5 ' 5  c . p . s . ) ,  1 .38  s_, and 2 .0 6  _s.

O ther  s i g n i f i c a n t  s i g n a l s  a p p e a re d  a t  *+.*+0 ^  (J=9 c . p . s .  and 

10 c . p . s . ) ,  M-.08 _t, 3*61 _t, 3 -23  d ( J - 1 0  c . p . s . ) ,  and 2 . 5 5  m.

O x i d a t i o n  o f  Dihydroisomammosin w i t h  P o t a s s i u m  P e r 

manganate  . A s o l u t i o n  o f  10 g . o f  p o t a s s i u m  pe rm an g ana te  i n  

100 ml.  o f  a c e t o n e - w a t e r  ( 1 : 1 )  was added d ro p w ise  o v e r  a 

p e r i o d  o f  one h o u r  t o  a s t i r r e d  s o l u t i o n  o f  5 . 0  g .  o f  d i 

hydroisomammosin ( m ix t u r e  o f  e p im e r s ,  m.p.  186-192°)  i n  

200 ml.  o f  a c e t o n e - w a t e r  ( ^ : 1 )  a t  room t e m p e r a t u r e .  The mix

t u r e  was s t i r r e d  f o r  an  a d d i t i o n a l  h o u r ,  and t h e n  c a r e f u l l y  

a c i d i f i e d  w i t h  c o ld  50^ s u l f u r i c  a c i d  and a l lo w e d  t o  s t a n d  

f o r  o n e - h a l f  hour  b e f o r e  f i l t e r i n g .  The f i l t r a t e  was made 

b a s i c  t o  a b o u t  pH 11, t h e  n e u t r a l  p r o d u c t s  removed by e x t r a c 

t i o n  w i t h  e t h e r ,  and t h e  a c i d i c  p r o d u c t s  o b t a i n e d  by a c i d i f i 

c a t i o n  o f  t h e  aqueous  ph ase  f o l l o w e d  by e x t r a c t i o n  w i t h  e t h e r .

The n e u t r a l  f r a c t i o n  was c h ro m a to g rap h ed  on F l o r i s i l  

w i t h  benzene  e l u t i n g  50 mg. o f  l a c t o n e  A, m.p. 20*+-205°- 

F u r t h e r  e l u t i o n  w i t h  e t h e r  gave l a c t o n e  B, m.p.  132-133°-  

A n a l . C a lc d .  f o r  C, 7 0 .3 3 ;  H, 9 - 9 ^ ;  0 ,

1 9 -72 .  Found f o r  l a c t o n e  A: C, 7 0 . ^ 5 ;  H, 1 0 .0 6 ;  0 ,  19-5^-

Found f o r  l a c t o n e  B: C, 7O .5O; H, 9 - 9 5 ;  0,  19-67-

The i n f r a r e d  s p e c t r a  o f  t h e  two l a c t o n e s  were  i d e n t i c a l
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and e x h i b i t e d  s i g n i f i c a n t  bands  a t  35^0 cin“  ̂ ( h y d r o x y l )  and 

1760 cm”  ̂ ( ^ - l a c t o n e ) .

The a c i d i c  f r a c t i o n  was d i s s o l v e d  i n  e t h e r  and t r e a t e d  

w i t h  an  e t h e r e a l  s o l u t i o n  o f  e x c e s s  d ia z o m e th a n e .  Chroma

t o g r a p h y  o f  t h e  r e s u l t i n g  p r o d u c t  on F l o r i s i l  w i t h  b e n zen e  

gave an  o i l  w hich  s o l i d i f i e d  a f t e r  s t a n d i n g  s e v e r a l  d a y s .  

R e c r y s t a l l i z a t i o n  o f  t h i s  c ru d e  s o l i d  from i s o p r o p y l  a l c o h o l  

and f i n a l l y  w i t h  aqueous  e t h a n o l  gave 0 . 2  g .  o f  c o l o r l e s s  

n e e d l e s ,  m .p .  9 0 - 9 1 ° .

A n a l . C a lc d .  f o r  CigHgoO^:: C , 6 6 .2 3 ;  H, 9 .2 6 ;  0 ,

2»+.5l. Found: C, 6 6 .$ 6 ;  H, 9 . 1 7 ;  0,  2^-.^3-

The i n f r a r e d  sp e c t ru m  (CHCl^) showed a band a t  

1765  cm"^ c h a r a c t e r i s t i c  o f  a  ^ - l a c t o n e .

The i n f r a r e d  sp e c t ru m  (CHCl^) showed bands  a t  3600 and 

3490  cm“  ̂ ( h y d r o x y l ) ,  1750 cm“  ̂ ( o ^ , ^  - u n s a t u r a t e d  

j X - l a c t o n e ) ,  I 710  cm"^ ( k e t o n e ) ,  and 1685 cm“  ̂ ( d o u b l e  b o n d ) .  

The N.M.R. s p e c t r u m  showed m eth y l  s i g n a l s  a t  1 .87  f , 1 .2 8  _s, 

and 1 .0  d ( J = 6 . 5  c . p . s . )  ( two m e th y l  g r o u p s ) .  The p r o t o n  on 

t h e  c a r b o n  bonded t o  th e  l a c t o n e  oxygen was a t  4 . 6 2  d 

( J=10 c . p . s . ) .

O z o n o ly s i s  o f  D ihvdro isom am m osin . Crude d i h y d r o i s o 

mammosin, 2.1 g .  ( p r e p a r e d  by h y d r o g e n a t i o n  o f  mammosin i n  

e t h a n o l  over  p l a t i n u m  o x id e  a t  room t e m p e r a t u r e  and 35 p s i . )  

was d i s s o l v e d  i n  60 ml.  o f  m e th an o l  and o z o n iz e d  a t  - 70° 

u n t i l  t h e  b l u e  c o l o r  o f  e x c e s s  ozone a p p e a r e d .  The m ix t u r e  

was t h e n  s te am  d i s t i l l e d .  Fo rm aldehyde  was i s o l a t e d  a s  t h e
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2 , l + - d i n i t r o p h e n y l h y d r a z o n e  from t h e  d i s t i l l a t e .  The r e s i d u e  

was e x t r a c t e d  w i t h  e t h e r ,  t h e  e x t r a c t s  d r i e d  and d i s t i l l e d  

g i v i n g  2.1 g . o f  g l a s s y  m a t e r i a l .  T h in  l a y e r  c h ro m a to g ra p h y  

on s i l i c a  g e l  H w i t h  b e n z e n e - e t h y l  a c e t a t e  ( 8 : 2 )  showed t h r e e  

m a jo r  compounds. Chrom atography  o f  t h i s  m ix t u r e  on 70 g .  o f  

s i l i c i c  a c i d  w i t h  b e n z e n e - e t h y l  a c e t a t e  ( 8 8 : 2 )  ( 30 -m l .  f r a c 

t i o n s )  p r o v i d e d  t h e  f o l l o w i n g  m a t e r i a l s :  180 mg. ( f r a c t i o n s

17- 2 1 ) ,  72 mg. ( f r a c t i o n s  2 2 - 2 6 ) ,  30 mg. ( f r a c t i o n s  2 7 - 3 0 ) ,

50 mg. ( f r a c t i o n s  31 - 3 7 ) ,  58-5  mg. ( f r a c t i o n s  3 8 - 4 4 ) ,  and 

350 mg. ( f r a c t i o n s  5 0 - 6 2 ) .  F r a c t i o n s  1 7 -2 1 ,  2 2 -2 6 ,  2 7 -3 0 ,  

and 3 1-3 7  were a l l  m i x t u r e s  ( t h i n  l a y e r  ch ro m a to g ra p h y )  and 

n o n - c r y s t a l l i n e .  F r a c t i o n s  3 8 -4 4  were  combined and r e c r y s 

t a l l i z e d  from hexane  f o r  a n a l y s i s .  T h in  l a y e r  c h ro m a to g ra p h y  

showed a s i n g l e  s p o t .

A n a l . C a l c d .  f o r  C15H26OL1.: C, 6 8 .0 6 ;  H, 9*28;  0 ,

2 2 . 6 6 .  Found: C, 6 7 -9 6 ;  H, 9 . 3O; 0 ,  2 2 . 6 7 .

The i n f r a r e d  sp e c t ru m  (CHCl^) showed bands  a t  

2695  cm ' l  ( a l d e h y d e  C-H),  1770 cm"' ( / ' - l a c t o n e )  and 1735 cm"^ 

( a l d e h y d e ) .  The N.M.R. sp e c t ru m  showed a n  a ld e h y d e  p r o t o n  a t  

9 . 2 4  d ( J = 0 . 8 5  c . p . s . ) .  Methyl g ro u p s  a p p e a re d  a t  1 .4 0  _s and 

0 . 9 0  d (J=7 c . p . s . )  ( two  m ethy l  g r o u p s ) .  Two e t h e r  p r o t o n s  

a p p e a r e d  a t  a b o u t  4 . 1 .  Two p r o t o n s  a l s o  a p p e a r e d  a t  2 .77* 

F r a c t i o n s  50-62 were r e c r y s t a l l i z e d  from h ex an e  t o  

g i v e  a n  a n a l y t i c a l  s a m p le ,  m .p.  1 0 9 -1 1 0 ° .

A n a l . C a lc d .  f o r  CgioHg^O^: C, 7 0 -9 7 ;  H, 1 0 .1 2 ;  0 ,

18.91  ; and one a c t i v e  h y d ro g e n ,  O .3O. Found: C, 7 1 . 1 7 ; H,
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1 0 .1 4 ;  0 ,  1 9 *1 2 ; and a c t i v e  h y d r o g e n ,  0 . 3 1 *

The i n f r a r e d  sp e c t r u m  (CHCl^) e x h i b i t e d  bands  a t  

3605 and 3^90 cm“  ̂ ( h y d r o x y l )  and 1768 cm“  ̂ ( ^ - l a c t o n e ) .

The N.M.R. s p e c t ru m  showed m e thy l  g ro u p s  a t  1 .30  d ( J= 7  c . p . s . ) ,

1 .12  _s, and two s e c o n d a r y  m e thy l  g ro u p s  n e a r  0 . 9 0 .  The p r o 

t o n  on t h e  c a r b o n  bonded t o  t h e  l a c t o n e  oxygen a p p e a r e d  a t  

4 . 5 5  dd .  Two e t h e r  p r o t o n s  a p p e a r e d  be tw een  3 and 4 .

O x i d a t i o n  o f  Mammosin w i t h  Chromic A c i d . To 0 . 5  g* 

o f  mammosin i n  100 ml.  o f  a c e t o n e  ( d i s t i l l e d  from p o t a s s i u m  

p e rm a n g a n a te )  was added  4 ml. o f  a  s o l u t i o n  o f  267 g- o f  

chromium t r i o x i d e  and 230 ml. o f  s u l f u r i c  a c i d  d i l u t e d  t o  

1 L. w i t h  w a t e r  ( 3 2 ) .  The m ix t u r e  was s t i r r e d  f o r  2 h r s .  a t  

room t e m p e r a t u r e ,  t h e n  d i l u t e d  w i t h  200 ml. o f  w a t e r ,  e x 

t r a c t e d  w i t h  f i v e  50 -m l .  p o r t i o n s  o f  c h lo r o f o r m ,  t h e  c h l o r o 

form e x t r a c t s  washed w i t h  w a t e r ,  and d r i e d  ov e r  sodium s u l 

f a t e .  The s o l v e n t  was removed on t h e  r o t a r y  e v a p o r a t o r  l e a v 

i n g  a y e l l o w  r e s i d u e .  Chrom atography  o f  t h i s  m a t e r i a l  on 

15 g* o f  F l o r i s i l  w i t h  e t h e r  gave 150 mg. o f  c r y s t a l l i n e  ma

t e r i a l .  S e v e r a l  r e c r y s t a l l i z a t i o n s  f rom benzene  gave a n  a n a 

l y t i c a l  s a m p le ,  m .p .  201 - 203° .

A n a l . C a lc d .  f o r  02QH2g0^: C, 6 5 -9 1 ;  H, 7*74 .

Found; C, 6 6 .2 4 ;  H, 7*70.

The i n f r a r e d  sp e c t r u m  (CHCl^) showed bands  a t  36OO 

and 3400  cm“  ̂ ( h y d r o x y l ) ,  1769 cm~^ ( ^ - l a c t o n e ) ,  and 

1709 cm“  ̂ ( k e t o n e ) .  The N.M.R. s p e c t r u m  showed t h e  e x o 

m e th y le n e  d o u b l e t s  a t  6 .5 0  d ( J= 3  c . p . s . )  and 5*72 d
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(J=3 c . p . s . ) *  Methyl g roups  a p p e a re d  a t  1.4-2 _s, 1 . 2 4 - ^ ,  and 

0 .9 8  d ( J=6 c . p . s . ) .

F u r t h e r  e l u t i o n  w i t h  e t h e r  gave o n ly  n o n - c r y s t a l l i n e  

m a t e r i a l .  Thin l a y e r  c h rom a to g rap h y  on s i l i c a  g e l  H u s i n g  

s e v e r a l  s o l v e n t s  and s o l v e n t  m ix t u r e s  a l l  i n d i c a t e d  a c o m p l i 

c a t e d  m ix t u r e  o f  p r o d u c t s .

A t tem p ted  H y d r o l y s i s  o f  Mammosin w i t h  S u l f u r i c  A c i d .

To 100 mg. o f  mammosin i n  20 m l.  o f  a c e t o n e  was added 1 ml. 

o f  9 N s u l f u r i c  a c i d .  A f t e r  s t a n d i n g  a t  room t e m p e r a t u r e  f o r  

8 h r s . ,  100 ml. o f  w a te r  was a d d ed .  E x t r a c t i o n  w i t h  c h l o r o 

form gave 95 mg. o f  mammosin, m .p.  14-9-151 u n d e p r e s s e d  on 

a d m ix tu r e  o f  a u t h e n t i c  m a t e r i a l .

Vapor Phase  H v d r o e e n o l v s i s  o f  Mammosin. A s o l u t i o n  

o f  0 . 5  g» o f  mammosin i n  3 m l . o f  e t h a n o l  was s lo w ly  ( o v e r  a

4—h r .  p e r i o d )  i n j e c t e d  o n to  a 2 f t .  g l a s s  column a t  300° con

t a i n i n g  p e l l e t s  o f  a lu m in a  c o a t e d  w i t h  0 . 5 #  p a l l a d i u m .  Hy

d ro g e n  was u se d  a s  a c a r r i e r  gas  a t  a f lo w  r a t e  o f  77 m l . / m in .  

A f t e r  a l l  t h e  sample  had been  i n j e c t e d ,  t h e  column was f l u s h e d  

f i r s t  w i t h  f o u r  0 . 25- m l .  p o r t i o n s  o f  e t h a n o l ,  t h e n  w i t h  s i x

0 . 5 - m l .  p o r t i o n s  o f  h e x a n e .  The e f f l u e n t  v a p o r s  were con

densed  i n  a  U-shaped tu b e  c o o le d  by i c e - w a t e r .  The c o l l e c t e d  

l i q u i d  was d r i e d  over  sodium s u l f a t e  and t h e  s o l v e n t s  r e 

moved. The r e s i d u a l  o i l y  m a t e r i a l  was d i s s o l v e d  i n  hexane  

and f i l t e r e d  t h r o u g h  a column c o n t a i n i n g  5 g* o f  n e u t r a l  

a lu m in a  t o  g iv e  100 mg. o f  a c o l o r l e s s  o i l .  Gas ch ro m a to 

g r a p h i c  a n a l y s i s  o f  t h i s  o i l  i n d i c a t e d  a complex m i x t u r e ,  b u t
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showed a major  compound. P r e p a r a t i v e  g a s  ch rom a to g rap h y  on 

an  A erograph  A u to - P r e p ,  Model A-7OO f u r n i s h e d  50 mg. ( l o s s  

due t o  a e r o s o l  f o r m a t i o n )  o f  th e  m a jo r  component ,  which was 

c o l l e c t e d  a b o u t  15 min.  a f t e r  I n j e c t i o n .  A 20 f t .  x 3 /8  I n .  

30^  SE-30  column was employed a t  255°*

Mass s p e c t r a l  a n a l y s i s  r e v e a l e d  t h e  fo rm u la  

by a pe ak  a t  m/e 2 7 8 , r e p r e s e n t i n g  t h e  m o l e c u l a r  I o n .  Other  

s i g n i f i c a n t  peaks  were a t  m/e :  2 6 3 , 2 3 5 , 12 3 , and IO9 .



SUMMARY

Mammosin, a  d l t e r p e n e  l a c t o n e ,  i s  i s o l a t e d  f rom th e  

p e n ta n a  e x t r a c t s  o f  t h e  g o r g o n i a n ,  E u n ic e a  mammosa Lamouroux. 

The mass s p e c t r u m  showed a m o l e c u l a r  i o n  p e a k  a t  m/e 33^ and 

c o n f i r m e d  t h e  f o r m u la  C20H30O1+' Mammosin c o n t a i n s  an  

< K -m ethy len ic  ^ - l a c t o n e  g r o u p i n g ,  a n  i s o l a t e d  t r i s u b s t i t u t e d  

d o u b le  bo n d ,  a  t e r t i a r y  h y d r o x y l  g roup  a s  a  m e thy l  c a r b i n o l  

sy s te m ,  and an  i n e r t  e t h e r  g r o u p .  Based on t h e  a n a l y t i c a l  

r e s u l t s  and t h e  d e t e r m i n a t i o n  o f  t h e  f u n c t i o n a l  g r o u p s ,  i t  i s  

c o n c lu d e d  t h a t  mammosin c o n t a i n s  a  m o n o c a r b o c y c l i c  r i n g  s y s 

tem. The e v i d e n c e  i n  t h e  N.M.R. s p e c t r u m  f o r  a  d i s e c o n d a r y  

e t h e r  r i n g  a s  w e l l  a s  t h e  n a t u r e  o f  t h e  s p l i t t i n g  p a t t e r n s  

f o r  t h e  e t h e r  p r o t o n s  and t h e  a b s e n c e  o f  a l i p h a t i c  s i d e  

c h a i n s  a l l  l e a d  t o  a 1*+-membered r i n g  s t r u c t u r e .  The s t r u c 

t u r e  ( l a )  i s  p r o p o s e d  f o r  mammosin on t h e  b a s i s  o f  i t s  chem

i c a l  t r a n s f o r m a t i o n s  and i n t e r p r e t a t i o n s  o f  i t s  N.M.R. s p e c 

t rum a s  w e l l  a s  t h e  s p e c t r a  o f  i t s  t r a n s f o r m a t i o n  p r o d u c t s .  

N.M.R. d e c o u p l i n g  s t u d i e s  a i d e d  s u b s t a n t i a l l y  i n  a r r i v i n g  a t  

t h e  s t r u c t u r e  ( l a ) .

1 0 7
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