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A b s t r a c t

T h e  p u r p o s e  c f  t h i s  r e s e a r c h  was t o  i n v e s t i g a t e  r e c e n t ly -  

d i s c o v e r e d  p a th w a y s  i n  t h e  s u l f u r i c  a c i d - c a t a l y z e d  r e a r r a n g e ­

m en t o f  2 , 2 - d i m e t h y l - 1 , 3 - p r o p a n e d io l  t o  3 - r a e t h y l - 2 - b u t a n o n e .

T he r e a c t i o n  o f  2 , 2 - d i m e t h y l - l , 3 - p r o p a n e d i o l - ( 0 D ) 2 

w i th  55$  d e u t e r i o s u l f u r i c  a c id  a t  1 5 0 °  g a v e  3 - m e t h y l - 2 -  

b u ta n o n e  w h ic h  was 6 8 .1 $  d e u t e r a t e d .  M ass s p e c t r a l  e v id e n c e  

i n d i c a t e d  t h a t  39$ ± 1$  o f  t h e  k e to n e  w as c o m p l e t e l y  d e u t e r a t e d  

(d 1Q s p e c i e s ) .  C o m p le te ly  d e u t e r a t e d  3 - m e t h y l - 2 - b u t a n o n e  

was a t t r i b u t e d  t o  p a th w a y s  w h ic h  i n c l u d e  1 - m e t h y lc y c lo p r o p y l -  

c a r b i n o l  a s  an  i n t e r m e d i a t e .

When 2 , 2 - ( d i m e t h y l - ^ C ) - 1 ,3 - p r o p a n e d i o l  w as a l lo w e d  t o  

r e a c t  w i t h  55$  s u l f u r i c  a c id  a t  1 5 0 ° ,  t h e  3 - m e t h y l - 2 - b u ta n o n e  

p r o d u c t  was fo u n d  t o  h a v e  c a r b o n - 1 -̂ l a b e l  d i s t r i b u t e d  among 

a l l  o f  i t s  c a rb o n  a to m s .  T he c a r b o n - 1 ^  d i s t r i b u t i o n  p a t t e r n  

was c o n s i s t e n t  w i t h  27$ ± 5$  o f  3 - m e t h y l - 2- b u ta n o n e  b e in g  

fo rm e d  th r o u g h  p a th w a y s  w h ic h  i n c l u d e  1 - m e t h y lc y c lo p r o p y l -  

c a r b i n o l  a s  an  i n t e r m e d i a t e .
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B a c k g ro u n d

The s u l f u r i c  a c i d - c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  

o f  2 , 2 - d i m e t h y l - l , 3 - p r o p a n e d i o l  ( I )  w as r e p o r t e d  a s  e a r l y  

a s  1 9 0 0 . 1  I t  w as n o t  u n t i l  1 9 6 1 , h o w e v e r , t h a t  G la d s to n e 2 

f i r s t  r e p o r t e d  t h e  c o r r e c t  p r o d u c t s  t o  h e  2 - m e t h y lh u t a n a l  

( I I ) ,  3 - m e t h y l - 2 - h u t a n o n e  ( I I I )  and  5 » 5 - d i m e t h y l - 2 - (2 -  

b u t y l ) - l , 3 - d i o x a n e  ( IV )  ( i n c o r r e c t l y  r e p o r t e d  a s  2 , 2 -  

d i m e t h y l - 2 - ( 2 - b u t y l ) - 1 , 3 - d i o x a n e ) .

?h3 h?so, 5̂ 2 9̂ 2
CH3 -C -C H 20H — - — =-> C H ^-C H g-C H -C H  +  C H ^-C H -C -C H ^

ch2oh

I  I I  I I I

CH3 ^ 0 - C H 2
+  C H --C H 0-CH -CH3 2 \  \

X 0 -C H 2 ^ C H 3

IV

? 4  ^ 6Y v e r n a u l t  an d  M aze t l a t e r  c o n f i r m e d  t h e s e  p r o d u c t s

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

c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  o f  v a r i o u s  2 , 2 - d i s u b s t i -  

t u t e d  1 , 3 - p r o p a n e d i o l s .  T he e f f e c t s  o f  d i f f e r e n t  a c id  c o n ­

c e n t r a t i o n s  an d  r e a c t i o n  t e m p e r a t u r e s  on p r o d u c t  c o m p o s i t i o n
h,

w e re  s t u d i e d .  S i x t e e n  s y m m e tr ic a l  a n d  n o n - s y m m e t r ic a l  2 , 2 -  

d i s u b s t i t u t e d  1 , 3 - p r o p a n e d i o l s ^ ’ ^ w e re  r e a c t e d  w i th  s u l f u r i c  

a c i d  t o  s tu d y  t h e  m ig r a t i o n  a p t i t u d e s  o f  t h e  s u b s t i t u e n t  

g r o u p s .  Y v e r n a u l t  an d  M azet i n t e r p r e t e d  a l l  o f  t h e i r  

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

1
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o
G la d s to n e ,  w h ic h  was b a s e d ,  i n  p a r t ,  on t h e  w o rk  o f  G re e n  

7
an d  H ic k in b o t to m .  T h is  p a th w a y  i s  r e p r e s e n t e d  b y  M echan ism  

I .  P - 3 .

M ech an ism  I  i n v o lv e s  t h e  l o s s  o f  w a te r  f ro m  p r o t o n a t e d  

d i o l  I  a n d  a  1 ,2 - m e th y l  s h i f t  t o  fo rm  t e r t i a r y  c a t i o n  V I . 

P r im a ry  c a rb o n iu m  i o n s ,  s u c h  a s  V, a r e  b r a c k e t e d  an d  p r o b a b l y  

do n o t  h a v e  a n y  s e p a r a t e  e x i s t e n c e .  C a t io n  VI c o u ld  u n d e rg o  

a  1 , 2 - h y d r i d e  s h i f t  t o  t h e  m ore  s t a b l e  p r o t o n a t e d  a ld e h y d e  

V I I ,  w h ic h  w o u ld  d e p r o t o n a t e  t o  g i v e  2 - m e t h y lb u t a n a l  ( I I ) .

The c h a r g e  i n  c a t i o n  VI c o u ld  a l s o  b e  d i s s i p a t e d  b y  t h e  d i r e c t  

e l i m i n a t i o n  o f  a  p r o to n  i n  t h r e e  d i f f e r e n t  d i r e c t i o n s  t o  fo rm  

u n s a t u r a t e d  com pounds V I I I ,  IX o r  X. Compound V I I I  i s  t h e  

e n o l  fo rm  o f  a ld e h y d e  I I .  2 - M e t h y l - 2 - b u t e n - l - o l  (IX ) c o u ld  

u n d e rg o  a n  a l l y l i c  r e a r r a n g e m e n t  t o  3 - m e t h y l - 3 - b u t e n - 2 - o l  

( X I ) .  P r o t o n a t i o n  o f  XI w o u ld  l e a d  t o  X I I ,  w h ic h  l i k e  V I, 

c o u ld  u n d e rg o  a  1 , 2 - h y d r i d e  s h i f t  t o  fo rm  a  p r o t o n a t e d  

c a r b o n y l  com pound , X I I I ,  w h ic h  c o u ld  d e p r o t o n a t e  t o  3 - m e t h y l -

2 - b u ta n o n e  ( I I I ) .  C a t io n  X II  c o u ld  a l s o  fo rm  I I I  t h r o u g h  i t s  

e n o l ,  XIV. 2 - E t h y l - 2 - p r o p e n - l - o l  (X) c o u ld  a l s o  u n d e rg o  an  

a l l y l i c  r e a r r a n g e m e n t ,  b u t  i t  w o u ld  b e  u n p r o d u c t i v e  s i n c e  i t  

w o u ld  n o t  l e a d  t o  a  new  s p e c i e s .  5 , 5 - D i m e t h y l - 2 - ( 2 - b u t y l ) -

1 ,3 - d i o x a n e  ( IV ) r e s u l t s  f ro m  t h e  c o n d e n s a t io n  o f  I I  w i th  

t h e  s t a r t i n g  d i o l ,  I .
7

G re e n  a n d  H ic k in b o t to m ' r e p o r t e d  t h a t ,  u p o n  r e a c t i o n  

w i th  s u l f u r i c  a c i d ,  X g i v e s  a ld e h y d e  I I ;  XI g i v e s  k e to n e  I I I

an d  IX  g i v e s  a  m ix t u r e  o f  b o t h  I I  a n d  I I I  i n  a  1 : 2 .5  r a t i o
7 2T h is  w o rk ' w as c i t e d  b y  b o t h  G la d s to n e  and  Y v e r n a u l t  a n d

2
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M ech an ism  I :  F o r m a t io n  o f  2 - M e th y lb u ta n a l  ( I I )  an d  3 - M e th y l -
2 - b u ta n o n e  ( I I I )  t h r o u g h  t h e  A l l y l i c  S h i f t  P a th w a y 3- i n  t h e  
S u l f u r i c  A c id - C a ta ly z e d  D e h y d r a t io n - R e a r r a n g e m e n t  o f  2 , 2 - D i -  
m e t h y l - 1 , 3 - p r o p a n e d i o l  ( I ) .

CH0 CH~ 1 , 2 -CH3
c h 3 - £ - c h 2 - c h 3

1 ,2 -H

:3 - c - c h 2 - c h 3
+CH0H

CH^OH

c h 3 - c = c h - c h 3 CH„=C-CH„-CH
CH^OH CH J j H

j, A l l y l i c  s h i f t

CH3~C-CH-CH3 
CHZ

C H y C - C H n - C H

CHOH

V I I ICH--C-CH-CH
OH

CH„-C=C-CHr} CHo-C-CH0-CH„

CH~-CH-C-CH„
J  I J— ✓

CH3

3
XIV

0
-CH-C-CH3

CH3

I I I

E s s e n t i a l l y  t h e  m ech an ism  p r o p o s e d  b y  G l a d s to n e 2 a n d  Y v e r­
n a u l t  a n d  M a z e t .3

3
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3 k-M a z e i r ’ i n  t h e  f o r m u l a t i o n  o f  M echan ism  I ,  p .  3*

D em ersem an  a n d  R o y e r^  r e p o r t e d  I I ,  I I I  an d  IV  t o  b e  t h e  

m a in  p r o d u c t s  o f  t h e  r e a c t i o n  o f  I  w i t h  p y r id i n iu m  h y d r o ­

b r o m id e .  T h e y  c i t e d  t h e  w o rk  o f  Y v e r n a u l t  an d  M azet-^ and  

d e s c r i b e d  t h e  p r o d u c t s  a s  fo rm in g  t h r o u g h  i n t e r m e d i a t e s  VI 

a n d  IX o f  m e c h a n ism  I .

F o r  s i m p l i c i t y  i n  f u r t h e r  m ec h a n ism s  i n  t h i s  t h e s i s ,  i t  

w i l l  b e  a s su m e d  t h a t ,  i n  M echan ism  I ,  p .  3 i a ld e h y d e  I I  

fo rm s  t h r o u g h  V II a n d  t h a t  k e to n e  I I I  fo rm s  t h r o u g h  X I I I .  

T h e re  a r e  n o  m e c h a n i s t i c  c o n s e q u e n c e s  o f  t h i s  a s s u m p t io n .

K a s c h e r a s ^  r e a c t e d  d i o l  I  w i th  50% d e u t e r i o s u l f u r i c  

a c i d  (DgSO^) a n d  d e te r m in e d  t h e  d e u te r iu m  i n c o r p o r a t i o n  i n  

t h e  v o l a t i l e  p r o d u c t s .  2 - M e th y lb u ta n a l  ( I I )  was 1 3 * 3 ^  

d e u t e r a t e d  a n d  c o n s i s t e d  m a in ly  o f  d-  ̂ an d  d 2 s p e c i e s  (T a b le  

I ,  p .  5 ) .  3 - M e th y l - 2 - b u ta n o n e  ( I I I )  was 6 5 . 0% d e u t e r a t e d ,  

a n d  t h e  m a jo r  d e u t e r a t e d  s p e c i e s  w e re  d ^ , d g , d^  a n d  d ^ Q 

( T a b le  I I ,  p .  6 ) .

T he f o r m a t i o n  o f  m ono- an d  d i d e u t e r a t e d  a ld e h y d e  I I  i s  

c o m p a t ib l e  w i t h  t h e  a l l y l i c  s h i f t  p a th w a y  (M ech an ism  I I ,  

p .  7 ) ,  p r o v id e d  t h a t  t h e  f o r m a t i o n  o f  a ld e h y d e  I I  f ro m  

c a t i o n  VT i s  r e v e r s i b l e  ( s e e  Schem e I ,  p .  8 ) a n d  t h a t  t h e  

a - h y d r o g e n s  o f  I I  a r e  e x c h a n g e a b le .  A c c o rd in g  t o  Schem e I ,  

a ld e h y d e  I I  i s  p r o g r e s s i v e l y  d e u t e r a t e d  b y  a  s e r i e s  o f  

a - e x c h a n g e s  a n d  1 , 2 - d e u t e r i d e  and  1 ,2 - h y d r i d e  s h i f t s .  Such

1 , 2 - s h i f t s  i n  p r o t o n a t e d  a ld e h y d e s  h a v e  b e e n  p r e v i o u s l y  r e ­

p o r t e d . 10  When a ld e h y d e  I I  was r e a c t e d  w i th  50% D2 S 0 ^  t h e  

r e c o v e r e d  I I  c o n s i s t e d  m o s t ly  o f  t h e  d 2 s p e c i e s  ( T a b le  I ,

k
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T a b le  I :  P e r c e n t  D eu ter iu m  I n c o r p o r a t io n  and I s o t o p i c  D i s t r i ­
b u t io n  i n  2 -M e th y lb u ta n a l ( I I )  from  R e a c t io n s  i n  50 % DgSO^.3-

I s o t o p i c  D i s t r i b u t io n  

m /e% °
P e r c e n t 86 87 88 89 90 91

R e a c ta n t I n c o r p o r a t io n d0 d l d 2 d3 d4 s

I 1 3 -3 1 5 -5 4 5 .8 3 0 .8  6 .0 1 .9 0 .0

I I 1 6 .8 1 2 .4 2 8 .7 5 1 .5  6 .9 0 .8 0 .0

a Taken from  r e f e r e n c e  9» p« 1 4 .
^ C o r r e c te d  f o r  (M +l) c o n t r i b u t i o n ,  b u t  n o t  f o r  (M -l)  c o n t r i ­
b u t io n  w h ich  i s  4 .1  fo M i n  u n la b e le d  2 -m e th y lb u ta n a l  ( I I ) .

5
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M echanism  I I :  F o r m a tio n  o f  2 -M e th y lh u ta n a l ( I I - d p ) and 3 -  
M e th y l-2-b u ta n o n e  ( I I I - d 7 ) th r o u g h  th e  A l l y l i c  S h i f t  P a th -  
way3- in  t h e  D_S0 4 - C a t a ly z 6d D e h y d ra tio n -R e a r ra n g em e n t o f
2 , 2- D im e t h y l - 1 , 3- p r o p a n e d io l  ( I ) .

1 ) D+ 
 *

2 ) -HOD

c h 3 - c = c h - c h 3
CDo0Du 2u.

IXa

A l l y l i c  s h i f t

c h 3 - c = c h - c h 3
c d 2od

X Ia

, 3
-C -C H ,+

1 , 2-CH -

I1
CH3 -C -C H 2-CH3

CDo0D

I 1’
D

-C-CH
+CD0D

V IIc

| - D+

D
h 3 - c - c h 2- c h 3

+CD0D

3
X l l a

X H I a
3

I l i a

0

-CD-C-CD

I I I b ( I I I - d 7 )

^ e e  f o o t n o t e  M echanism  I ,  p . 3* 
^ S ee Schem e I ,  p .  8 .

7
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Scheme Ii Formation of 2-Methylbutanal (II-cU) and VIb from
Intermediate VI.a

1 , 2-H V "
 * c h 3 - c - c h 2 - c h 3 —

+CHOH ^PH

V II  I I

a - e x c h a n g e

CH„-C-CH0-CH~ 
j  t ^ j  

CHDOD

1 ,2 -D

1 1 2-H

+CH0D

V i l a

1 ,2 -D

+CD0D

V llb

C H3 - C - C H 2 - C H 3  4— 
+CDOD

CHo-C-CH_-CH q
j  i ^ j

CH3 -C-CH 2-CH3

l i b

a -e x c h a n g e

^ e e  M ech an ism  I I ,  p .  7.
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p .  5 ) .  T h i s  i s  e v id e n c e  f o r  t h e  f o r m a t i o n  o f  I I  f ro m  VI 

(M ech an ism  I I ,  p .  7 )  th r o u g h  Schem e I ,  p .  8 .

When k e to n e  I I I  w as r e a c t e d  w i th  50fo D g S O ^  r e c o v e r e d  

I I I  c o n s i s t e d  o f  p r e d o m in a n t ly  t h e  d^ s p e c i e s  (T a b le  I I ,  p .

6 ) ,  d e m o n s t r a t i n g  b o th  t h e  e x c h a n g e a b i l i t y  o f  i t s  a -h y d r o g e n s  

a n d  i t s  r e s i s t a n c e  t o  f u r t h e r  d e u t e r a t i o n .  S t e p  X Ia  -  X l l a  

o f  M ech an ism  I I ,  p .  7 p r e d i c t s  t h e  i n c o r p o r a t i o n  o f  o n e  

d e u te r iu m  a to m  i n t o  I I I ,  a n d  t h e  r e a c t i o n  s t e p s  show n i n  

Schem e I ,  p .  8 , c o u ld  a c c o u n t  f o r  t h e  i n c o r p o r a t i o n  o f  o n e  

o r  tw o m o re . T h e s e  tw o p a th s  t o g e t h e r  w i th  a - e x c h a n g e  c o u ld  

a c c o u n t  f o r  t h e  f o r m a t i o n  o f  k e to n e  I I I  c o n t a i n i n g  d ^ , dg 

a n d  d^ s p e c i e s .

I t  i s  t h e  d e u te r iu m  i n c o r p o r a t i o n  b e y o n d  dr, i n  I I I  t h a t  

i s  o f  m o s t  i n t e r e s t .  The dg and  d^  c o n t r i b u t i o n s  a r e  m in o r  

w h i l e  t h a t  o f  d 1Q i s  m a jo r  (T a b le  I I ,  p .  6 ) .  M echan ism  I I ,  

p .  7 , c a n  a c c o m o d a te  t h e  i n c o r p o r a t i o n  o f  m ore t h a n  s e v e n  

d e u te r iu m  a to m s  i n  tw o m a n n e r s .  One i n v o lv e s  t h e  a l l y l i c  r e ­

a r r a n g e m e n t  o f  Xa -  Xb (Schem e I I ,  p .  1 0 )  f o l l o w e d  b y  t h e  r e ­

v e r s a l  o f  VI -  X, i . e . ,  Xb -  V ic  a n d  t h e  o t h e r  i n v o lv e s  t h e  

r e v e r s a l  o f  X Ia  -* X l l a  (Schem e I I I ,  p .  1 0 ) .

I n  Schem e I I ,  p .  1 0 , a n  a l l y l i c  r e a r r a n g e m e n t  o f  Xa -* Xb 

w o u ld  i n t e r c h a n g e  t h e  m e th y le n e  d e u te r iu m s  o f  t h e  h y d ro x y m e th y l  

g ro u p  w i t h  t h e  v i n y l  h y d r o g e n s .  D e u t e r a t i o n  o f  Xb w o u ld  l e a d  

t o  V ic .  I n  V ic  t h e  m e th y le n e  h y d ro g e n s  o f  t h e  h y d ro x y m e th y l  

g r o u p  a r e  a v a i l a b l e  f o r  d e u te r iu m  e x c h a n g e  th r o u g h  Schem e l a ,  

p .  1 1 ,  t o  fo rm  V ie  and  V l f .  I n t e r m e d i a t e s  V ic ,  V ie  an d  V lf  

c o u ld  a c c o u n t  f o r  t h e  f o r m a t i o n  o f  a ld e h y d e  I l - ( d g - d ^ )  an d

9
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Schem e I I :  A l l y l i c  R e a r ra n g e m e n t  o f  X a -* Xb a n d  R e v e r s a l  o f  
VI -  X i n  M ech an ism  I I .

Xa

A l l y l i c  s h i f t

n 2 l
CD.

c - c h 2- c h 3

k e to n e  I I I - ( d g - d 1 0 ) t h r o u g h  t h e  a l l y l i c  s h i f t  p a th w a y  ( s e e  

i . e . ,  M ech an ism  I l a ,  p .  1 2 ) .  The p a u c i t y  o f  d e u t e r a t e d  a l d e ­

h y d e  c o n t a i n i n g  m ore t h a n  tw o  d e u te r iu m  ar "ms ( T a b le  I ,  p « 5 ) >  

h o w e v e r , i s  e v id e n c e  t h a t  Schem e I I  d o e s  r p l a y  t h e  m a jo r  

r o l e  i n  t h e  f o r m a t i o n  o f  e i t h e r  a ld e h y d e  I I  o f  k e to n e  I I I .

Schem e I I I :  F o r m a t io n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I I I - d i n ) t h r o u g h  
t h e  R e v e r s a l  o f  3 - M e t h y l - 3 - b u t e n - l - o l - ( 0 D )  (X Ia )  -*• C a t io n  X l l a  

i n  M ech an ism  1 1 .

°D D+ + OD _H+ OD
CH--C-CH-CH0 ------- > CH^-C-CH-CH-  » CH =C-CH-CH„

3 ii 3 3 t 3 2
CD0 CD- CD- -H2 ^ 3  3 e t c .

, OD 0 0
+  ,  i i  a - e x -  it

CD --C-CH -CH-  >  >  > — > CD --CH -C-CH-  » CD--CD-C-CD-
J  Zn  J  (S e e  M ech an ism  J  J  c h a n g e  J  J

3 H a ,  p .  1 2 ,  3 3
X l l b  f o r  d e t a i l s ) I I I c  I I I e ( I I I - d 1 0 )

10
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Scheme la: Formation of 2-Methylbutanal (II-d^) and Vlf from
Intermediate VIc.a 5

1 ,2 -H
CD -C-CH -CH 

+CH0D

( s e e  Schem e I I ,  p . 8)

cd 3 - c - ch 2 - ch 3

H e

a -e x c h a n g e

CD -C-CH -CH 

CHDOD

+CH0D

V H f i i f

‘ CD3 -C -C H 2 -CH3 
+CD0D

V H g H g

a -e x c h a n g e

c d 3 - c - c h 2 - c h 3 e -  
c d 2od

V lf

c d 3 - c - c h 2 - c h 3
+CD0D

c d 3 - c - c h 2 - c h 3

C^D

I I h ( I I - d 5 )

^ e e  Schem e I ,  p . 8 .

11
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M ech an ism  I l a :  F o r m a t io n  o f  2 - M e th y lh u ta n a l  ( I l - d j - )  a n d  3 -  
M e th y l - 2 - h u ta n o n e  ( I I I - d - , 0 ) t h r o u g h  t h e  A l l y l i c  S h i f t  P a t h -  
w aya  i n  t h e  D^SO • - C a ta l y z e d  D e h y d r a t io n -R e a r r a n g e m e n t  o f
2 , 2 - D i m e t h y l - I , 3 - .. ~ o p a n e d io l  ( I ) .

1 ) D

2) -HDO
c h 3 - c - c h 2+

c h 2° h

1 , 2-CHo
c h 3 - c - c h 2 - c h 3

h ,  c

c d 3 - c = c h - c h 3
c d 2od

IX h
A l l y l i c  s h i f t

CD„-C-CH-CH„ 
3 ii 3 

CD2

X Ic

I D+

c d 3 - c - c h - c h 3

6 d 3
X l l h  
I 1 ,2 -H

V lf

| ll2-D
D

CD3 -C-CH2 -CH3
+CD0D

V llh

K

I I h ( I I - d 5 )

*  OD
Do-CH-C-CH^ 

J  » +  J
c d3

X H I h I I I c

ch a n g e
c d 3

I I I e ( I I I - d .1 0 )

^ e e  fo o tn o te *  M ech an ism  I ,  p 0 3* 
^ S e e  Schem e I I ,  p .  10„ 
c S e e  Schem e l a ,  p .  11»
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R e p e a te d  d e u te r iu m  e x c h a n g e  i n  d e u t e r i o s u l f u r i c  a c i d  

b e tw e e n  t h e  XI an d  X II  s p e c i e s  o f  Schem e I I I ,  p .  1 0 , w o u ld  

e v e n t u a l l y  l e a d  t o  X l lb  a n d ,  i n  t u r n ,  I I I c  ( s e e  M echan ism  I l a ,  

p .  1 2 ) .  Upon a - e x c h a n g e ,  I I I c  c o u ld  g i v e  f u l l y  d e u t e r a t e d  

k e to n e  I I I - d 1 0 . When a l l y l i c  a l c o h o l  XI w as r e a c t e d  w i t h  50%> 

DgS O ^,^  t h e  k e to n e  I I I  p r o d u c t  c o n s i s t e d  m a in ly  o f  a  d^  s p e c i e s  

a n d  o n ly  a  m in o r  am o u n t o f  d ^ Q s p e c i e s  ( T a b le  I I ,  p .  6 ) .  T h is

f i n d i n g  i s  c o n s i s t e n t  w i th  t h e  i r r e v e r s i b i l i t y  o f  X Ia  -

X l l a  i n  M ech an ism  I I ,  p .  7»

The l a b e l i n g  p a t t e r n  i n  a ld e h y d e  I I  o f  d^> d^> d^  ( T a b le  I ,  

p .  5 ) ,  a n d  t h e  t o t a l  c o n t r i b u t i o n  o f  t h e s e  s p e c i e s ,  i s  c o n ­

s i s t e n t  w i t h ,  a t  m o s t ,  a  m in o r  c o n t r i b u t i o n  f ro m  t h e  r e a c t i o n s  

o f  Schem e I I ,  p .  1 0 , a n d /o r  Schem e I I I ,  p .  1 0 , t o  M echan ism  

I I ,  p .  7 .  T h e  l a b e l i n g  p a t t e r n  i n  k e to n e  I I I  o f  d g , d^  «  d10

( T a b le  I I ,  p .  6 ) ,  h o w e v e r , s u g g e s t s  a  t o t a l l y  d i f f e r e n t

m ec h a n ism , n o t  p a r t  o f  M echan ism  I I ,  p .  7*

The p r e s e n c e  o f  a  s u b s t a n t i a l  q u a n t i t y  o f  I I I - d 10> 

t h e r e f o r e ,  p r e c l u d e s  M echan ism  I I ,  p .  7 ,  a s  t h e  s o l e  s o u r c e  

o f  3 - m e th y l - 2 - b u ta n o n e  ( I I I )  f ro m  d i o l  l a .  M o re o v e r ,  t h e  

l a b e l i n g  p a t t e r n  i n  I I I  o f  a  m inim um  a t  dg  a n d  d^  ( T a b le  I I ,  

p .  6 ) s u g g e s t s  t h e  s im u l t a n e o u s  o p e r a t i o n  o f  a t  l e a s t  tw o 

m e c h a n ism s , o n e  l e a d i n g  t o  I l l - ( d ^ - d ^ )  (M echan ism  I I ,  p .  7 ) ,  

a n d  ( a t  l e a s t )  o ne  o t h e r  l e a d i n g  t o  m a in ly  I I I -  d 1 0 *

P r o to n a t e d  c y c lo p r o p a n e s  a r e  i n t e r m e d i a t e s  i n  t h e  a d d i t i o n  
11 12o f  a c id s  t o  c y c lo p r o p a n e s  ’ a n d  a c c o u n t  f o r  som e o f  t h e

13 1 ^h y d ro g e n  s c r a m b l i n g  i n  t h e  2 - b u t y l  c a t i o n .  ^ Deno h a s  

s u g g e s t e d  t h a t  a  p r o t o n a t e d  c y c lo p r o p a n e  i n t e r m e d i a t e  (XVI)

13
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m ig h t  a c c o u n t  f o r  t h e  m u l t i p l e  d e u t e r a t i o n  ( 1 .8 4  d e u te r iu m  

a to m s  p e r  m o le c u le )  a n d  d e u te r iu m  s c r a m b l in g  ( 1 .5  d e u te r iu m  

a to m s  i n  t h e  m e th y l  g r o u p s  an d  0 .3 4  i n  C -3 )  fo u n d  i n  t h e

CH„ D oSOk , -H  H .COOK
J ^  c -C ,H -  (C H ,)C 0 0H  -------- » XC = C .

COOH J 5 ^ H3Cx  NCH3X
XV XVI XV II

t r a n s - 2 - m e t h y l - 2 - b u t e n o ic  a c id  (X V II) p r o d u c t  o f  t h e  r i n g  

o p e n in g  o f  1 - m e t h y lc y c lo p r o p y l c a r b o x y l i c  a c i d  (XV) w i t h  98%

d 2 s o v

K a s c h e r a s ^  r e a c t e d  1 - m e t h y lc y c lo p r o p y l c a r b in o l  (X V III)  

w i t h  50% D2 S0^  a t  1 6 0 °  an d  fo u n d  a ld e h y d e  I I  a n d  k e to n e  I I I  

a s  t h e  m a jo r  p r o d u c t s .  F u r th e r m o r e ,  t h e  k e to n e  I I I  p r o d u c t  

was show n t o  b e  a lm o s t  c o m p le te ly  d e u t e r a t e d  ( s e e  T a b le  I I ,  

p .  6 ) .  K a s c h e r a s ^  p r o p o s e d  a  p r o t o n a t e d  c y c lo p r o p a n e  

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

f o u n d  i n  k e to n e  I I I  f ro m  t h e  r e a c t i o n  o f  d i o l  I  w i th

D2 S04 '
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Statement of the Problem

The o b j e c t i v e  o f  t h e  w o rk  r e p o r t e d  i n  t h i s  d i s s e r t a t i o n  

i s  t o  d e t e r m i n e ,  t h r o u g h  d e u te r iu m  a n d  c a r b o n - 1 4  l a b e l i n g  

e x p e r i m e n t s ,  t h e  m ec h a n ism  b y  w h ic h  2 , 2 - d i m e t h y l - l , 3 - p r o p a n e ­

d i o l  ( I )  r e a r r a n g e s  i n  t h e  p r e s e n c e  o f  s t r o n g  a q u e o u s  s u l f u r i c  

a c i d  t o  2 - m e t h y lb u t a n a l  ( I I )  a n d  3 - m e t h y l - 2 - b u t a n o n e  ( I I I ) .

I t  w as f i r s t  n e c e s s a r y  t o  c o n f i r m  t h e  r e s u l t s  o f  

K a s c h e r a s ,^  w h ic h  i m p l i c a t e d  a  p r o t o n a t e d  c y c lo p r o p a n e
9i n t e r m e d i a t e  p a th w a y .  T he p r e v i o u s  e x p e r i m e n t a l  t e c h n i q u e s  

w e re  c o n s i d e r a b l y  im p ro v e d  b y  1 ) c o n d u c t in g  t h e  a c i d - c a t a l y z e d  

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

a c i d i t y  a n d  t e m p e r a t u r e ,  2 ) u s e  o f  2 , 2 - d i m e t h y l - l , 3 - p r o p a n e ­

d i o l -  (0D ) 2 ( l a )  t o  m in im iz e  p r o t o n i c  s p e c i e s  c a u s e d  by  

p r o t o n a t i o n  f ro m  t h e  r e a c t i o n  s o l u t i o n  a n d  3 ) e l i m i n a t i o n  

o f  e r r o r s  d u e  t o  i s o t o p i c  f r a c t i o n a t i o n  d u r in g  g a s  c h ro m a to g ­

r a p h y  i n  t h e  d e u t e r i u m - i n c o r p o r a t i o n  a n a l y s i s  o f  t h e  3 - m e t h y l -

2 - b u ta n o n e  ( I I I )  p r o d u c t .

The m ec h a n ism  p r o p o s e d  b y  K a s c h e r a s ^  t o  a c c o u n t  f o r

3 - m e t h y l - 2 - b u ta n o n e  ( I I I - I ^ q )  i n v o l v e s  a  r e a r r a n g e m e n t  o f  

t h e  c a r b o n  s k e l e t o n .  To i n v e s t i g a t e  t h i s  p o i n t ,  2 , 2 - ( d i -  

m e t h y l - ^ C ) - 1 , 3 - p r o p a n e d i o l  was s y n th e s i z e d  and  r e a c t e d  w i th

s u l f u r i c  a c i d .  The r e s u l t i n g  3 - m e th y l - 2 - b u ta n o n e  ( I I l ) [ b l ]

( s e e  p .  1 8 )  p r o d u c t  w as d e g ra d e d  t o  d e te r m in e  i t s  c a r b o n - 1 4  

d i s t r i b u t i o n  p a t t e r n .  The s y n t h e t i c  an d  d e g r a d a t iv e  p a th s  a r e  

show n i n  S chem e IV , p .  16 a n d  Schem e V, p .  17 , r e s p e c t i v e l y .
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Schem e IV : S y s r r t h e s i s  o f  2 , 2 - ( D i m e t h y l - ^ C ) -1
( i - l 2*c).

d^O

I i 2l
H-C-CH . + 1 C H ,I

I
C-0CH,CH- X X -^ C
'b  ^ ^

lk ,

£d  o c h 9ch „

I 3
CH_-C-CH_3 , 3

C^0CH2CH3

, 3 - p r o p a n e d i o l

CH OH

w  ICH^-C-CH-

I
CH20H
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Scheme V: Degradation of Carbon-1^ Labeled 3-Methyl-2-
butanone (III).

c h3 - c - c h ( c h 3 ) 2

I I l C l - 4 , ^ }

NaOH, B r2

Na 0C-CH(CH3 ) 2COOHNHCNH
XXV[2 - ^ ,4 }

XX VIII
CH„Br

c h 3- c - c h ( c h 3 ) 2

X X I I lC l - ^ ,^ }

CH3 -COCH(CH3 ) 2

X X I X { l - ^ }

XX IV{l}

r - ( Q ) - C - C H 20C-CH(CH3 ) g 

XXVII { 2 -4 -,^}
CH3-C0 Na + H0CH(CH3 ) 2 

x xx{ i , 2} X X X l{ 3 ,4 ,^ }

0
II

‘CH2 " C
XXVI

X X X I l{ l , 2 }

>0N
CC1

,0N
XX XIII

,0N.

XXX{3,4} XXIV{4}

CH~Br
XXVI

x x x i v { 3 ,^ , ^ }

X X X Il{3 ,^}
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N o m e n c la tu re

Many d i f f e r e n t  d e u t e r a t e d  a n d  c a rb o n - 1 4  l a b e l e d  3~ 

m e th y l - 2 - b u ta n o n e s  ( . I I I )  a r e  r e f e r r e d  t o  i n  t h i s  t h e s i s .

To d i s t i n g u i s h  th em  l e t t e r s  a n d  n u m b ers  i n  b r a c k e t s  a r e  

u s e d .  I n  r e f e r r i n g  t o  t h e  k e to n e  I I I :

[ a l ]  d e n o te s  k e to n e  I I I  f ro m  t h e  r e a c t i o n  o f  2 , 2 -  

d i m e t h y l - 1 ,3 - p r o p a n e d i o l - ( O D j g  ( l a )  w i th  55$ 

d e u t e r i o s u l f u r i c  a c i d ,  p .  1 3 1 .

[ a 2 ]  d e n o te s  k e to n e  I I I  f ro m  t h e  e x c h a n g e  r e a c t i o n  

o f  3 - m e t h y l - 2 - b u t a n o n e  ( I I I )  w i th  DgO, p .  140.

[ a 3 ]  d e n o te s  k e to n e  I I I  f ro m  m ix in g  e q u a l  v o lu m e s

o f  3 - m e t h y l - 2 - b u t a n o n e  ( I I l ) [ a 2 l  a n d  u n d e u t e r -  

a t e d  k e to n e  I I I ,  p .  140 .

[ b l ]  d e n o te s  k e to n e  I I I  f ro m  t h e  d e h y d r a t i o n - r e a r r a n g e -  

m en t o f  2 , 2 - ( d i m e t h y l - 1 \ 0 - l , 3 - p r o p a n e d i o l  ( I - ^ C ) ,

p .  1 0 8 .

[ b 2 ]  d e n o te s  k e to n e  I I I  f ro m  t h e  d e c a r b o x y l a t i o n  o f  

m e th y l  2 , 2 - ( d im e th y l - lZfC ) a c e t o a c e t a t e  (XXXVI), 

p .  1 2 0 .

[ b 3 ]  d e n o te s  k e to n e  I I I  f ro m  t h e  a t t e m p t e d  i s o m e r i z a t i o n  

o f  3 - m e t h y l - 2 - b u t a n o n e - 4 - l 4 C ( I I I ) [ b 2 ]  w i th  55$

h 2 s o v  p .  1 2 5 .

E a c h  com pound c h e m i c a l l y  d e r i v e d  f ro m  c a r b o n - 1 4  l a b e l e d  

3 - m e t h y l - 2 - b u t a n o n e  ( I I I )  i s  nam ed f i r s t  a c c o r d i n g  t o  t h e  

k e to n e  I I I  f ro m  w h ic h  i t  i s  d e r i v e d  and  s e c o n d  a c c o r d i n g  t o  

w h ic h  o f  t h e  c a rb o n  a to m s o f  t h e  k e to n e  I I I  i t  c o n t a i n s .
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T h e  k e to n e  f ro m  w h ic h  a  com pound i s  d e r i v e d  i s  d e n o te d  w i th  

a  l e t t e r  a n d  a  n u m b er i n  s q u a r e  b r a c k e t s  ( [  ] )  a s  d e s c r i b e d  

o n  t h e  p r e v i o u s  p a g e .  T he c a rb o n  a to m s o f  t h e  k e to n e  I I I  

w h ic h  a r e  c o n ta i n e d  i n  t h e  com pound a r e  d e n o te d  b y  t h e  

k e to n e  p o s i t i o n  n u m b ers  o f  s a i d  a to m s i n  b r a c e s  ({ } ) .

As a n  e x a m p le : t h e  d e g r a d a t i o n  o f  3 - m e th y l - 2 - b u ta n o n e  

( I I l ) [ b l ] ,  f ro m  t h e  d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 - ( d im e th y l -  

" * " ^ 0 -1 ,3 - p r o p a n e d io l  ( I - ^ C )  r e s u l t s  i n  tw o p -b ro m o p h e n a c y l  

a c e t a t e s  ( X X X I I ) [ b l ] .  One r e s u l t s  f ro m  t h e  h y d r o l y s i s  o f  

i s o p r o p y l  a c e t a t e  (X X IX )[b l3 a n d  c o n t a i n s  t h e  C - l  a n d  C -2  

a to m s  o f  k e to n e  I I l [ b l 3 .  I t  i s  d e n o te d  p -b ro m o p h e n a c y l  

a c e t a t e  ( X X X I I ) [ b l ] { l , 2 } .  The o t h e r  r e s u l t s  f ro m  t h e  b ro m o - 

fo rm  r e a c t i o n  o f  i s o p r o p a n o l  (XXXI) [ b l ] { 3 , a n d  c o n t a i n s  

t h e  C-3 a n d  C -^  a to m s o f  k e to n e  I I l [ b l ] .  I t  i s  d e n o te d  

p - b ro m o p h e n a c y l  a c e t a t e  (X X X II) [ b l 3 [ 3 » ^ 3 •
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R e s u l t s  a n d  D i s c u s s i o n

I Dehydration of 2,2-Dimethyl-l,3-propanediol-(0D)o (Ia)«

A) P r o c e d u r e

T he a p p a r a t u s  show n i n  F i g .  I  (p .  2 1 ) m ade i t  p o s s i b l e

t o  s tu d y  t h e  a c i d - c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  o f

2 , 2 - d i m e t h y l - l , 3 - p r o p a n e d i o l  ( I )  u n d e r  m ore a d v a n ta g e o u s
g

c o n d i t i o n s  t h a n  th o s e  p r e v i o u s l y  u s e d .  By e m p lo y in g  a  

s e c o n d  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l  t h e  r a t e  o f  a d d ­

i t i o n  o f  w a t e r  c o u ld  b e  a d j u s t e d  t o  m a i n t a i n  c o n s t a n t  a c i d ­

i t y  w i t h o u t  d i s t u r b i n g  t h e  u n i fo r m  a d d i t i o n  r a t e  o f  d i o l  I .

By c i r c u l a t i n g  o i l  f ro m  a  l a r g e  r e s e r v o i r  (1 4  1 . ) ,  t e m p e r ­

a t u r e  e q u i l i b r i u m  c o u ld  b e  q u i c k l y  a t t a i n e d  a n d  e a s i l y  m a in ­

t a i n e d .  T he s u b s t i t i u t i o n  o f  2 , 2 - d i m e t h y l - l , 3 - p r o p a n e d i o l -  

(0 D )2 ( l a )  f o r  u n d e u te r a t e d  d i o l  ( I ) ,  w h ic h  w as u s e d  i n  t h e  

d e h y d r a t io n - r e a r r a n g e m e n t  e x p e r im e n ts  o f  t h e  p r e v i o u s  d e u t e r ­

ium  w o r k , ^ h a d  t h e  a d v a n ta g e  o f  m in im iz in g  p r o to n  i m p u r i t i e s  

i n  a ld e h y d e  I I [ a l ]  an d  k e to n e  I I l [ a l ]  c a u s e d  b y  p r o t o n a t i o n  

f ro m  t h e  r e a c t i o n  s o l u t i o n .  T he u s e  o f  a  t o t a l  e f f l u e n t  g a s  

c h ro m a to g r a p h y  c o l l e c t i o n  s y s te m  ( s e e  A p p e n d ix , p . 1 3 2 )  made 

i t  p o s s i b l e  t o  q u a n t i t a t i v e l y  a n a ly z e  s a m p le s  f o r  d e u te r iu m  

i n c o r p o r a t i o n  w i t h  e x c e l l e n t  a c c u r a c y  an d  p r e c i s i o n .

A l l  e x p e r im e n t s  w e re  r u n  i n  d u p l i c a t e .  E ach  o f  t h e  e n ­

t r i e s  i n  T a b le  I I I ,  p .  22 an d  T a b le  IY , p .  2 3 , i s  t h e  a v e r a g e  

o f  f o u r  d e t e r m i n a t i o n s  ( d u p l i c a t e  m ass  s p e c t r a  on e a c h  o f  two 

c o l l e c t e d  s a m p le s  ( g l c ) ) .

20
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T a b le  l i l t  P e r c e n t  D e u te r iu m  I n c o r p o r a t i o n  a n d  I s o t o p i c  D i s t r i b u t i o n  i n  2 -M e th y l -  
b u t a n a l  ( I I ) [ a l ]  f ro m  t h e  A c id - C a ta ly z e d - D e h y d r a t io n - R e a r r a n g e m e n t  o f  2 ,2 -D im e th -  

y l - 1 , 3 - p r o p a n e d io l - ( O D ) ^  ( l a )  w i t h  55 $  D2S 0 4

I s o t o p i c  D i s t r i b u t i o n

______________ m /e # a ,b _______________
fo D e u te r iu m  86  87 88  89  90 91

S am p le  Run I n c o r p o r a t i o n ^  d 0 d l  d 2 d 3 d4  d 5

I l [ a l ]  1 1 9 .7  1 .9  2 8 . 3  4-9-0 1 4 .1  4-. 7 1 .9

2 1 9 . 4- 2 . 6  2 8 .7  4 8 .6  1 3 . 8  4 . 2  2 . 0

I I C 1 3 . 3  1 5 .5  4 5 .8  3 0 . 8  6»0  1 . 9  0 . 0

C o r r e c t e d  f o r  (M +l) c o n t r i b u t i o n .  E a c h  e n t r y  i n  Runs 1 a n d  2 i s  
t h e  a v e ra g e  o f  f o u r  d e t e r m i n a t i o n s  ( d u p l i c a t e  m ass s p e c t r a  on  e a c h  
o f  two c o l l e c t e d  s a m p le s  ( g l c ) ) .  c T a k e n  f ro m  r e f e r e n c e  9 , p ,  1 4 .
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T a b le  IV i P e r c e n t  D e u te r iu m  I n c o r p o r a t i o n  an d  I s o t o p i c  D i s t r i b u t i o n  i n  3 - M e th y l- 2 - b u ta n o n e  
( I I I ) [ a l ]  f ro m  t h e  A c i d - C a ta l y z e d  D e h y d r a t io n -R e a r r a n g e m e n t  o f  2 ,2 - D im e th y l- 1 , 3 - p r o p a n e d i o l -  
_______________________________________ ( 0 P ) 2 ( l a )  w i t h  55% P 2S 0 ^ .___________________________________________ _

S am p le Run
% D e u te r iu m  

I n c o r p o r a t i o n

I s o t o p i c  D i s t r i b u t i o n  
m /e # a ,b

86 8 7 88 89 90 91 92  93 94 9 5 96
d0 d l d 2 *3 d4 d5 d6 d7 d8 d9 d10

I I l [ a l ] 1 8 0 . 7 0.5 0.5 0 . 8 1.7 2 . 1  8 . 8 7.3  18.3 6 . 8 11.4 42 .0

2 8 0 . 1 0 . 2 0.3 0 .4 0.4 2.4 10.7 8 . 6  21.5 6.7 8.7

oO 
I

11 1° 6 5 . 0 0 . 8 0 . 3 0.5 0 . 6 5 .2  32.4 19.1 16.3 3.7 3.9 1 6 . 8

C o r r e c t e d  f o r  (M +l) c o n t r i b u t i o n .  E a c h  e n t r y  i n  Runs 1 a n d  2 i s  t h e  a v e ra g e  o f  f o u r  d e ­
t e r m i n a t i o n s  ( d u p l i c a t e  m ass  s p e c t r a  on  e a c h  o f  two c o l l e c t e d  s a m p le s  ( g l c ) T .  T a k e n  f ro m  
r e f e r e n c e  9 ,  p„ 1 8 .
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B) R e s u l t s

The d r o p w is e  a d d i t i o n  o f  a  s o l u t i o n  o f  2 , 2 - d im e th y l -

1 . 3 - p r o p a n e d i o l - ( 0 D ) 2 ( l a )  t o  55% a q u e o u s  DgSO^ a t  1 5 0 ° ,  

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

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

o f  2 - m e t h y lb u t a n a l  ( I l ) [ a l ]  a n d  3 - m e th y l - 2 - b u ta n o n e  ( I I I ) [ a l ] .  

The i s o t o p i c  d i s t r i b u t i o n  p a t t e r n s  o f  I l [ a l ]  and  I I l [ a l ^ | ,  a s  

d e te r m in e d  b y  m ass s p e c t r a l  a n a l y s i s ,  a r e  p r e s e n t e d  i n  T a b le  

I I I ,  p .  2 2 ,  a n d  T a b le  IV , p .  2 3 , r e s p e c t i v e l y .  T he p a t t e r n s  

show  t h e  sam e g e n e r a l  t r e n d s  a s  t h e  o n e s  o b t a i n e d  b y  

K a s c h e r a s ^  i n  t h e  d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 - d im e th y l -

1 . 3 - p r o p a n e d i o l  ( I )  w i t h  50% D2S04 ^ O 0 .

I n  a g re e m e n t  w i t h  t h e  r e s u l t s  o f  K a s c h e r a s ,^  2 - m e th y l -  

b u t a n a l  ( I I ) [ a l ]  c o n s i s t e d  o f  m a in ly  d-ĵ  a n d  d2 s p e c i e s  

( T a b le  I ,  p .  5 )«  T h e s e  s p e c i e s  c o u ld  b e  accom m odated  b y  

M echan ism  l i b ,  p .  2 5 , i n  w h ic h  H ~ d 2 i s  fo rm e d  t h r o u g h  t h e  

r e v e r s a l  o f  s t e p s  V Ig -  l i e  (Schem e l b ,  p .  2 6 ) .  K a s c h e r a s ^  

r e a c t e d  a ld e h y d e  I I  w i th  50% D2S0^  201(1 r e c o v e r e d  11 an d  

k e to n e  I I I  a s  p r o d u c t s .  The p a t t e r n  o f  i s o t o p i c  d i s t r i b u t i o n  

i n  I I I  ( T a b le  I I ,  p .  6 )  was s i m i l a r  t o  t h a t  o b t a i n e d  i n  I I I  

f ro m  t h e  r e a c t i o n  o f  I  w i th  50% D gS O ^,^  i n d i c a t i n g  t h a t  I I I  

fo rm e d  f ro m  I I  t h r o u g h  M echanism  l i b ,  p .  2 5 , and  Schem e l b ,

p .  2 6 . The g r e a t e r  c o n t r i b u t i o n  o f  H - d 2 i n  t h e  p r e s e n t

s tu d y  c o m p a re d  t o  t h a t  fo u n d  b y  K a s c h e ra s ^  ( T a b le  I I I ,  p .  2 2 ) 

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

r o l e  i n  a ld e h y d e  I I  f o r m a t i o n  i n  t h e  p r e s e n t  w o rk .

2 - M e th y lb u ta n a l  ( I l ) [ a l ]  c o n s i s t e d  o f  l a r g e r  c o n t r i b u -

2 k
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M ech an ism  IIt> : F o r m a t io n  o f  2 - M e th y lb u ta n a l  ( I I - d 2 ) a n d  3 -
M e th y l - 2 - b u ta n o n e  ( I I I - d 7 ) t h r o u g h  t h e  A l l y l i c  S h i f t  P a th w a y  
i n  t h e  D p S O ^ -C a ta ly z e d  D e h v d r a t io n -R e a r r a n g e m e n t  o f  2 ,2 - D i -  
m e t h y l - 1 ,3 - p r o p a n e d io l - ( O D ; 2 ( l a ) .

1) D+

CH3 -C=CH-CH3
CD20D

c h ^ c - c h 9- c h „

v i g

]*
CH3-C-CH2 -CH3

c d 2od

Y lb

A l l y l i c  s h i f t

OD

CH3 -C-CH-CH3
5d 2

X Ia

r> 0 D  
-CH 

uD3

X l l a

1 ,2 -H
OD

c h 3 - ch - c - ch3
c d3

^ e e  f o o t n o t e ,  M ech an ism  I ,  p„ 3 . 
^ S e e  Schem e l b ,  p .  2 6 .

c h3- c - c h 2 - ch3
+CD0D

c h3- c h - c - ch3 ■

CD3 c h a n g e

Y I Ic

1 - +
D

c h 3 - c - c h 2- c h 3 

k!PD

-> CH3 -CD-C-CD3

I I I b ( I I I - d 7 )
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Scheme lbs Formation of 2-Methylbutanal ( I I - O  and VIb
From Intermediate VIg.a

+ 1 ,2 -H  V -D
-C-CH 9-CHo ------------ ^ CHo-C-CH^-CHo  * CH ,-C-CH 2-CH

CH2OD 3 +CHOD 3

V Ig V i l a  I I

a - e x c h a n g e

V

CH3 -C-CH 2 -CH.
+CH0D

c h 3 - c - c h 2 - c h .
CHDOD

c h 3 - c - c h 2- c h .
+CD0D

V llb

a -e x c h a n g e

1 , 2 -D 7 D 7
— c h 3 - c - c h 2- c h 3 ^ --------  c h 3 - c - c h 2 - c h 3

+CD0D ^CD

V IIc  I I c ( I I - d J

^ e e  Schem e I ,  p .  8 a n d  M echan ism  l i b ,  p .  2 5 .
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t i o n s  f ro m  t h e  d ^ -c^5 s P e c -̂e s  "th e  P r e s e n t  s tu d y  ( T a b le

I I I ,  p .  2 2 )  c o m p a re d  t o  t h e  p r e v i o u s  w o r k .^  T h e s e  s p e c i e s  

c a n  a r i s e  t h r o u g h  M ech an ism  l i b ,  p .  2 5 , w i th  t h e  i n t e r v e n t i o n  

o f  Schem e I I ,  p .  10 an d  Schem e l a ,  p .  11  ( s e e  p a g e s  9 a n d  1 0 ) .  

T he c o m b in a t io n  o f  S chem es I I  a n d  l a  a l l o w s  f o r  t h e  i n c o r p o ­

r a t i o n  i n  a ld e h y d e  I I  o f  f ro m  t h r e e  t o  f i v e  d e u te r iu m  a to m s 

w i t h  a  l a b e l i n g  p a t t e r n  o f  d ^ > d ^> d ^ , a s  i s  f o u n d .

I n  a g re e m e n t  w i t h  t h e  r e s u l t s  o f  K a s c h e r a s ^  3 - m e t h y l - 2 -  

b u ta n o n e  I I l [ a l | ]  c o n s i s t e d  m a in ly  o f  d ^ - d 1Q s p e c i e s  ( T a b le

IV , p .  2 3 ) .  T h e  a l l y l i c  s h i f t  p a th w a y  ( s e e  p .  9) p r e d i c t s  

t h e  i n c o r p o r a t i o n  o f  5 d e u te r iu m  a to m s i n  k e to n e  I I I  an d  

Schem e I ,  p .  8 , c o u ld  b e  in v o k e d  t o  a c c o u n t  f o r  dg a n d  dr, 

s p e c i e s  ( s e e  p .  9 ) .  T h e  l a r g e r  c o n t r i b u t i o n  m ade b y  dg  an d  

dr, s p e c i e s  r e l a t i v e  t o  d ^  ( T a b le  IV , p .  2 3 ) c o n s t i t u t e s  

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

g r e a t e r  r o l e  i n  p r o d u c t  f o r m a t i o n  i n  t h e  p r e s e n t  w o rk  ( s e e  

p .  2k )  c o m p a re d  t o  t h a t  o f  K a s c h e r a s .^

As i n  t h e  p r e v i o u s  w o rk ,^  i t  i s  t h e  p a t t e r n  o f  d e u te r iu m  

i n c o r p o r a t i o n  i n  k e to n e  I I I  a b o v e  dr, t h a t  i s  o f  m o st i n t e r e s t .  

T he c o n t r i b u t i o n  m ade b y  t h e  I I I - d g  an d  I I I - d ^  s p e c i e s  i s  n o t  

m a jo r ,  i n  c o n t r a s t  t o  t h e  I I I - d ^ 0 s p e c i e s  w h ic h  i s  t h e  m o st 

a b u n d a n t  p r o d u c t .  T he f i n d i n g ,  i n  t h e  p r e s e n t  w o rk , o f  a  

s u b s t a n t i a l  a m o u n t o f  I l - ( d ^ - d ^ )  (T a b le  I I I ,  p .  2 2 ) w a r r a n t e d  

a  r e c o n s i d e r a t i o n  o f  Schem e I I ,  p .  1 0 , a s  a  s o u r c e  o f  k e to n e  

I I I - ( d g - d 1 0 ) ( s e e  p .  1 0 , and  M echan ism  l i b ,  p .  2 5 ) .

H o w ev er, t h e  a b s e n c e  o f  a  m a jo r  c o n t r i b u t i o n  b y  a ld e h y d e

I I - d ^  ( T a b le  I I I ,  p .  2 2 )  i n d i c a t e s  t h a t  t h e  r e v e r s a l  o f  s t e p
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VI -  X (S chem e I I ,  p .  1 0 )  i s  n o t  t h e  m a jo r  s o u r c e  o f  k e to n e

I I I - d 1 0 . T h e  l a b e l i n g  p a t t e r n  i n  a ld e h y d e  I I  i s  d ^> d ^> d ^  

w h i l e  t h e  l a b e l i n g  p a t t e r n  i n  k e to n e  I I I  i s  d g < d ^ « d ^ Q .  S in c e  

som e d^  a ld e h y d e  I I  i s  fo rm e d , a  m in o r  am o u n t o f  k e to n e  I I I -  

d-^Q p r o b a b l y  a r i s e s  b y  t h i s  r o u t e .  The g r e a t e r  a m o u n t o f  I I -  

dg a n d  I I - d ^  ( r e l a t i v e  t o  I I - d ^ )  fo rm e d  s u g g e s t s  t h a t  Scheme

I I ,  p .  1 0 , h a s  g r e a t e r  im p o r ta n c e  i n  t h e  f o r m a t i o n  o f  I I I - d g

a n d  I l l - d ^ ,  i n  p a r t i c u l a r  t h e  f o r m e r  s p e c i e s .

The g r e a t e r  c o n t r i b u t i o n  m ade b y  III -d -^ Q  fo u n d  h e r e ,
a

c o m p a re d  t o  t h a t  fo u n d  i n  t h e  p r e v i o u s  w o rk , i n d i c a t e s  t h a t  

a  m ech an ism  ( o r  m e c h a n ism s)  o t h e r  t h a n  M echan ism  I ,  p .  3 .  

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

T he i s o t o p e  d i s t r i b u t i o n  p a t t e r n s  o f  a ld e h y d e  I I  ( T a b le

I I I ,  p . 2 2 ) a n d  k e to n e  I I I  ( T a b le  IV , p .  2 3 )  ( s e e  p a g e  24  and

2 7 )  i n d i c a t e  t h a t  Schem e I ,  p .  8 ,  an d  Schem e I I ,  p .  1 0 , p l a y ­

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

co m p a re d  t o  t h e  w ork  o f  K a s c h e r a s . ^ T he p r e v i o u s  w o rk ^  was 

d o n e  i n  58 .2%  (w/w) a t  1 6 0 °  w h i l e  t h e  p r e s e n t  w o rk  was

d o n e  i n  70 .2%  (w/w) DgSO^ a t  1 5 0 ° .  The f lo w  o f  n i t r o g e n ,

w h ic h  c o n t i n u o u s l y  rem o v ed  t h e  v o l a t i l e  p r o d u c t s  f ro m  t h e  

r e a c t i o n  m ix t u r e ,  was a l s o  d i f f e r e n t .  T h e s e  d i f f e r e n c e s  i n  

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

t h e  d i f f e r e n t  e x t e n t s  t o  w h ich  Schem e I  an d  Schem e I I  a r e  

i n v o lv e d  i n  b o t h  a ld e h y d e  I I-  a n d  k e to n e  I I I  f o r m a t i o n .  The 

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

a l s o  a c c o u n t  f o r  t h e  g r e a t e r  r o l e  p l a y e d  by  t h e  m e c h a n ism (s )

l e a d i n g  t o  k e to n e  I I I - d 10 i n  t h e  p r e s e n t  s tu d y .
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I I  D e h y d r a t io n -R e a r r a n g e m e n t  o f  2 , 2 -  ( D i m e t h y l - ^ C ) - ! ,  3 -  

t> ro p a n e d io l  ( I - ^ C ) .

A) P r o c e d u r e

T h e  s y n t h e s i s  o f  2 , 2 - ( d im e th y l - 1 ^ )  ) - l , 3 - p r o p a n e d io l  

( I - ^ C )  i s  show n i n  Schem e IV , p .  1 6 . The d e g r a d a t io n  o f

3 - m e t h y l - 2 - h u t a n o n e  ( I I l ) [ b l ]  i s  show n i n  Schem e V, p .  17 

an d  a g a in  h e r e  on  p .  3 0 .

G as c h ro m a to g r a p h y  p r o v e d  m ore s e n s i t i v e  t h a n  p r o to n  

m a g n e t ic  r e s o n a n c e  t o  c h e m ic a l  i m p u r i t i e s  f o r  k e to n e  I I I  

a n d  was u s e d  t o  e s t i m a t e  p u r i t y .  R a d io c h e m ic a l  p u r i t y  o f  

k e to n e  I I I  was e s t a b l i s h e d  b y  a  c o m p a r is o n  o f  t h e  m o la r  

a c t i v i t y  o f  I I I  w i th  t h a t  o f  i t s  s e m ic a r b a z o n e  d e r i v a t i v e

(X X II I ) ,  w h ic h  w as r e c r y s t a l l i z e d  t o  c o n s t a n t  a c t i v i t y .

C o u n t in g  e f f i c i e n c y  w as g e n e r a l l y  b e tw e e n  80% a n d  90% 

w i t h  a  m o d i f ie d  B r a y ’ s  s o l u t i o n  a s  t h e  s c i n t i l l a t i o n  s o l v e n t  

( s e e  p .  9 8 ) .  S a m p le s  w e re  c o u n te d  lo n g  en o u g h  t o  p ro d u c e  

an  i n s t r u m e n t  c o u n t i n g  e r r o r  o f  l e s s  t h a n  1%. D e r i v a t i v e s  

w e re  r e c r y s t a l l i z e d  u n t i l  c o n s e c u t iv e  m o la r  a c t i v i t y  d e t e r ­

m in a t io n s  a g r e e d  w i t h i n  1%.

I n  o r d e r  t o  d e te r m in e  i f  t h e  d e g r a d a t io n  o f  3 - m e t h y l - 2 -  

b u ta n o n e  ( I I I ) [ b l ]  (Schem e V, p .  3 0 )  p r o d u c e d  a n y  c a r b o n - l ^  

l a b e l  r e a r r a n g e m e n t ,  3 - m e t h y l - 2 - b u t a n o n e - 4 - 1 \ l  ( I I l ) [ b 2 ]  was 

s y n t h e s i z e d  (Schem e V I, p .  3 1 )  an d  d e g ra d e d  a c c o r d in g  t o  

Schem e V. G lc  d e t e c t e d  l e s s  t h a n  1% im p u r i t y  i n  k e to n e  I I I  

[ b 2 ] .  R a d io c h e m ic a l  p u r i t y  ( s e e  a b o v e )  o f  I I l [ b 2 3  was fo u n d  

t o  b e  g r e a t e r  t h a n  99%.
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S chem e V: Degradation of Carbon-14- L a b e le d  3-Methyl-2-
butanone (III).

c h 3 - c - c h ( ch3 ) 2

I I l { l - 4 - ,4 .}

H„NCNHNH„ C l
XX II

Na 0C-CH(CH3 ) 2t^NHCNH COOH
XX V{2 -4 - ,4-j X X IV flj

X X V III

C-CH „Br

c h 3 - c - c h ( c h 3 ) 2

X X I I l { l - 4 ,4 }

c h 3 - c o c h ( c h 3 ) 2

XXIX{l-4-,4*}

NaOH
r - ^ ^ - C - C H 20C-CH(CH3 ) 2 

XXVIl{2-4-,4-}
CH„-CO Na + HOCH(CH_)

X X X {l,2 }
3 2 

X X X l{3 ,4 -,^}

0
II

BrCH2-C

XXVI

x x x n f 1 , 2}

XXX { 3.-4-'

NaOH B r
X X X III

C0CH(CHo )

XXXI'V{ 3.4-,4-}

.. XXVI

B r - < Q > - C - CH20 C -CK3

xxxn{3,4}

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Scheme VI: Synthesis of 3-Methyl-2-butanone (III)[b2].

4C' OCH.
3

Na
HC-CH.

3

o
->

JH.
3 / °

O'OCH.
XXXV

i'CH3 -C-CH 3

I I l [ b 2 ]

XXXVI

T he m o la r  a c t i v i t y  o f  s e m ic a r b a z o n e  X X I I I [ b 2 ] { l - 4 , 4}

( T a b le  V, p .  3 2 )  and  t h e  d e r i v a t i v e s  c o n t a i n i n g  b o th  C -4  m e th y l  

g r o u p s  o f  k e to n e  I I l [ b 2 ] ,  p -b ro m o p h e n a c y l  i s o b u t y r a t e  (X X V II) 

[ b 2 ] [ 2 - 4 , 4 ]  a n d  i s o p r o p y l  3> 5 - d i n i t r o b e n z o a t e  (X X X IV )[b2]

[ 3 > 4 ,4 } ,  a r e  a l l  t h e  sam e (±  0 .8 % ) .  p -B ro m o p h e n a c y l a c e t a t e  

(X X X I I ) [b 2 ] [ 3 ,4 }  an d  C B r^ (X X IV )[b 2 ]{ 4 ]  e a c h  c o n t a i n  o n e  o f  

t h e  tw o C -4  m e th y l  g r o u p s  o f  k e to n e  I I l [ b 2 ] .  As e x p e c t e d ,  

t h e r e f o r e ,  t h e  m o la r  a c t i v i t y  o f  e a c h  i s  h a l f  ( 5 0 . 2% a n d  5 0 «5$> 

r e s p e c t i v e l y )  t h a t  o f  X X I I l [ b 2 ] { l - 4 ,4 } . A l th o u g h  CB r^ (XXIV) 

[ b 2 ] { l ]  h a d  som e a c t i v i t y  ( 4 .3 $ )>  i t  was c o n s id e r e d  s p u r i o u s  

s i n c e  X X V I l [b 2 ] { 2 -4 ,4 } , p r e p a r e d  i n  t h e  sam e r e a c t i o n ,  c o n ­

t a i n e d  a l l  o f  t h e  a c t i v i t y  fo u n d  i n  X X I I l [ b 2 ] [ l - 4 ,4 }  a n d  a l s o  

s i n c e  p -b ro m o p h e n a c y l  a c e t a t e  (X X X II) [ b 2 ] [ l ,2 }  h a d  no  s i g ­

n i f i c a n t  a c t i v i t y .  The sum o f  t h e  m o la r  a c t i v i t i e s  o f  XXXII 

[ b 2 ] { 3 , 4 ]  an d  X X IV [b2]{4}  (T a b le  V, p .  3 2 )  i s ,  w i t h i n  1%, t h e  

sam e a s  b o th  t h e  m o la r  a c t i v i t y  o f  X X X IV [b 2 ][3 ,4 ,4 }  a n d  o f  

X X I I l [ b 2 ] { l - 4 ,4 } .
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T a b le  V» M o la r  A c t i v i t i e s  a n d  P e r c e n t  X X III  V a lu e s 8- f o r  3 - M e t h y l - 2 - b u ta n o n e - 4 - ^ C  ( I I I ) [ b 2 ] ,
I I l [ b 3 ]  a n d  t h e i r  D e r i v a t i v e s .

[ b 2 ] 0 3 ]

Compound
A c t i v i t y  i n  

l i e , /m o le
fo X X III  

V a lu e
A c t i v i t y  i n  

l i e . /m o le
fo X X III  

V a lu e

3 - M e th y l- 2 - b u ta n o n e  ( I I I ) 4 3 2 . o b> ? 9 9 .6 4 7 6 .3 ± 0 .6 C 1 0 0 .6

S e m ic a rb a z o n e  ( X X II I ) £ 1—Ift 4̂*3 
o f  K e to n e  I I I

4 3 3 .9 ± 0 .7 ( 1 0 0 .0 ) 4 7 3 .4 1 0 ,6 ( 1 0 0 .0 )

C a rb o n  t e t r a b r o m id e  (X X IV )[ l] 1 8 . 6 ± 0 .0 4 .3 2 2 .2 1 0 .0 4 .7

p -B ro m o p h e n a c y l A c e t a t e  
(X X X II)[ 1 , 2 ]

0 .6 6  
± 0 .0 1

0 .1 5 Oo35
± 0 .0

0 .7 4

p -B ro m o p h e n a c y l I s o b u t y r a t e  
(X X V II)[ 2 - 4 , 4 }

4 4 0 .6 ± 0 .5 1 0 1 .5 4 7 2 . 6 1 0 . 7 9 9 .8

I s o p r o p y l  3 i 5 - D i .n i t r o b e n z o a te  
(XXXIV)[ 3 , 4 ,4 }

4 3 7 .9 + 0 .1 1 0 0 .9 4 7 4 .1 1 0 .1 1 0 0 .1

p -B ro m o p h e n a c y l  A c e t a t e  
(X X X II)[ 3 ,4 }

2 1 7 .8 ± 0 .2 5 0 . 2 2 3 7 .1 ± 0 .2 5 0 . 1

C a rb o n  t e t r a b r o m id e  (XX IV ){4} 2 1 9 .2 1 0 .2 5 0 .5 2 4 1 .2 1 0 ,3 5 1 . 0

^ M o la r  a c t i v i t y  d iv id e d  b y  th e  m o la r  a c t i v i t y  o f  t h e  s e m ic a r b a z o n e  X X III  d e r i v a t i v e  x  1 0 0 . 
O n ly  one d e t e r m i n a t i o n  w as m ade.
The m o la r  a c t i v i t y  o f  I I l [ b 3 ]  d e r i v a t i v e s  a r e  g r e a t e r  t h a n  t h o s e  o f  I I l [ b 2 ]  b e c a u s e  I I I  

[ b 2]  w as s l i g h t l y  d i l u t e d  p r i o r  t o  d e g r a d a t i o n  ( s e e  p .  1 1 6 ) .
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F o r  c o n v e n ie n c e  t h e  m o la r  a c t i v i t i e s  i n  T a b le  V, p .  3 2 , 

w e re  t r a n s l a t e d  i n t o  % X X III  v a lu e s  w h ic h  r e p r e s e n t  one 

h u n d r e d  m u l t i p l i e d  b y  t h e  r a t i o  o f  t h e  m o la r  a c t i v i t y  o f  an y  

d e r i v a t i v e  t o  t h e  m o la r  a c t i v i t y  o f  t h e  s e m ic a r b a z o n e

d e r i v a t i v e  X X II I [1 -4 ,4 -}  o f  t h e  sam e k e to n e  I I I .

To i n s u r e  t h a t  t h e  v a lu e s  f o r  m o le c u la r  a c t i v i t y  a n d  % 

X X III  o f  t h e  d e r i v a t i v e s  o f  k e to n e  I I l [ b 2 ]  a r e  v a l i d ,  i n t e r n a l  

c o n s i s t e n c i e s  i n  t h e  d e g r a d a t i o n  sch em e  w e re  s o u g h t .  The 

m o le c u la r  a c t i v i t y  ( o r  % X X III  v a l u e )  o f  a  d e r i v a t i v e  m u st 

b e  e q u a l  t o  t h e  sum o f  t h e  m o la r  a c t i v i t i e s  ( o r  % X X III  

v a l u e s )  o f  tw o o t h e r  d e r i v a t i v e s  o f  t h e  sam e k e to n e  I I I  i f

t h e  f o rm e r  c o n t a i n s  t h e  sam e c a rb o n  a to m s  a s  b o t h  t h e  l a t t e r

tw o t o g e t h e r .  F o r  e x a m p le : t h e  % X X III  v a lu e  o f  X X I I l [b 2 ]  

{ 1 - 4 ,4 }  s h o u ld  b e  e q u a l  t o  t h e  sum o f  t h e  % X X III  v a lu e s  o f  

X X X I l [b 2 ] { l ,2 }  a n d  X X X IV [b 2 ]{3 , 4 ,4 } .  And i n d e e d ,  t h i s  i s  t h e  

c a s e  a s  c a n  b e  s e e n  i n  T a b le  V I, p .  3 4 .

I t  may b e  c o n c lu d e d  f ro m  c o m p a r is o n s  o f  t h e  m o la r  a c t ­

i v i t i e s  i n  T a b le  V, p .  32  a n d  t h e  % X X III  v a l u e s  i n  T a b le  

V I, p .  34  t h a t  3 - m e t h y l - 2 - b u t a n o n e - 4 - 1 ^C ( I I l ) [ b 2 ]  was d e ­

g r a d e d ,  a c c o r d i n g  t o  Schem e V, p .  3 0 , w i t h o u t  c a rb o n - 1 4  

r e a r r a n g e m e n t .  Schem e V, t h e r e f o r e ,  c o u ld  b e  u s e d  t o  d e t e r ­

m in e  c a r b o n - 1 4  d i s t r i b u t i o n  i n  k e to n e  I I l [ b l ]  f ro m  t h e  

s u l f u r i c  a c i d - c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 -  

( d im e th y l - 1 ^ ) ) - 1 , 3 - p r o p a n e d i o l  ( I - ^ C ) .

F r y 1 ^ h a d  r e p o r t e d  on t h e  a c i d - c a t a l y z e d  r e a r r a n g e m e n t

o f  a - b r a n c h e d  a l k y l  k e t o n e s ,  a n d , m o re  r e c e n t l y ,  h a s  f o u n d ^  
l kt h a t  3 - m e t h y l - 2 - b u t a n o n e - l -  C r e a r r a n g e s  t o  3 - m e t h y l - 2 -  
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Table VI: Internal Consistancies in the Degradation of 3-
Methyl-2-butanone (III).a

Com pounds

P e r c e n t  X X III  V a lu e s 13 

[ b l ]  [ b 2 ]  [ b 3 ]  

Run 1 Run 2

3 - M e th y l- 2 - b u ta n o n e  ( I I I ) 1 0 1 .2  1 0 0 .5  9 9 .6  1 0 0 .6

X X III  { 1 - 4 ,4 } ( 1 0 0 .0 ) ( 1 0 0 .0 ) ( 1 0 0 .0 ) ( 1 0 0 = 0 )

XXIV {1} + XXVII { 2 - 4 ,4 } 1 0 1 .5  9 8 .9 7  1 0 5 . 8  1 0 4 .5

XXXII { 1 ,2 }  + XXXIV { 3 ,4 ,4 } 1 0 1 .6  1 0 0 .7  1 0 1 .0  1 0 0 .8

XXXIV { 3 ,4 ,4 } 5 2 .9 6  5 2 .8 2  1 0 0 .9  1 0 0 .1

XXXII { 3 ,4 }  + XXIV {4} 5 2 .7 9  5 2 .8 6  1 0 0 .7  1 0 1 .1

^ e e  T a b le  V, p .  321 a n d  T a b le  V I I ,  p .  3 8 . 
bS e e  F o o tn o te  a ,  T a b le  V, p .  32.
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b u t a n o n e - ^ - ^ ^ C . I f  t h i s  c a r b o n - 1 4  r e a r r a n g e m e n t  o c c u r r e d  i n  

k e to n e  I I l [ b l ]  a f t e r  i t  f o rm e d  i n  t h e  r e a c t i o n  v e s s e l ,  i t  

w o u ld  n o t  b e  p o s s i b l e  t o  a s c e r t a i n  t h e  c a r b o n - 1 4  d i s t r i b u t i o n  

i n  I I l [ b l ]  d u e  s o l e l y  t o  i t s  f o r m a t i o n  f ro m  d i o l  I - ^ C .  

T h e r e f o r e ,  i t  w as c o n s id e r e d  n e c e s s a r y  t o  t e s t  t h e  s t a b i l i t y  

o f  k e to n e  I I I  t o  r e a r r a n g e m e n t  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s .

3 - M e t h y l - 2 - b u ta n o n e - 4 - 1 \ :  ( I I l ) [ b 2 ]  was a d d e d  d r o p w is e ,
l a ­u n d e r  e s s e n t i a l l y  t h e  sam e c o n d i t i o n s  a s  u s e d  f o r  d i o l  I -  C,

t o  5 5 $  s u l f u r i c  a c i d  a t  1 5 0 ° .  The o r g a n ic  e x t r a c t  c o n t a i n i n g  

t h e  c ru d e  p r o d u c t  was c o n c e n t r a t e d  an d  r e f l u x e d  w i th  s i l v e r  

o x id e  (p .  1 0 8 )  f o r  18  h r .  i n  o r d e r  t o  rem o v e  a n y  a ld e h y d e  

I I [ b 3] t h a t  m ay h a v e  fo rm e d .  The o r g a n ic  e x t r a c t  c o n t a i n i n g  

k e to n e  I I l [ b 3 ]  w as d r i e d ,  f i l t e r e d  an d  d i s t i l l e d .  3 - M e th y l -  

2 - b u ta n o n e  ( I I I ) [ b 3 ]  was fo u n d  t o  c o n t a i n  l e s s  t h a n  1% 

c h e m ic a l  i m p u r i t y .  R a d io c h e m ic a l  p u r i t y  (p .  2 9 ) ,  a s  d e t e r ­

m in e d  f ro m  t h e  v a l u e s  i n  T a b le  V, p .  32 was g r e a t e r  t h a n  9 9 $ .

I n  T a b le  V, p .  3 2 , t h e  % X X III v a lu e s  o f  X X I I l [b 3 ]  

[ 1 - 4 , 4 ] ,  X X Y I l [ b 3 ] [ 2 - 4 ,4 ]  a n d  X X X IV [b3]{3 ,4 ,4 }  a r e  a l l  t h e  

sam e (± 0 . 2 %) .  F u r th e r m o r e ,  X X IV [b3]{4} an d  X X X II[b 3 ]{ 3 ,4 }  

e a c h  c o n t a i n  h a l f  ( 5 0 .1 $  a n d  51*0$’) o f  t h e  a c t i v i t y  o f  X X III  

[ b 3 ] [ l - 4 , 4 ] .  Once a g a in ,  t h e  CBr^ (X X IV )[l}  d e r i v a t i v e  c o n ­

t a i n e d  a c t i v i t y .  H ow ever, s i n c e  X X V II[b 3 ]{ 2 - 4 ,4 }  c o n ta i n e d  

a l l  o f  t h e  a c t i v i t y  o f  X X I I l [ b 3 ] [ l - 4 ,4 ]  an d  X X X I l [ b 3 ] [ l , 2] 

h a d  no  s i g n i f i c a n t  a c t i v i t y ,  t h e  a c t i v i t y  ( 4 .7 $ )  i n  CB r^

( X X IV ) [ b 3 ] [ l ]  was c o n s id e r e d  s p u r i o u s .  T he sum o f  t h e  %

XXI I I  v a lu e s  o f  X X X I l[b 3 ] [3 ,4 }  an d  X X Iv [b 3 ] [4 ]  an d  t h e  $

X X III  v a lu e  o f  X X X IV [b3]{3 ,4 ,4 }  a n d  t h e  $  X X III  v a lu e  o f
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X X I I l [ b 3 ] { l - 4 ,4 }  a r e  t h e  sam e, w i t h i n  1 .1 #  ( T a b le  V I , p .  3 4 ) .

I t  may b e  c o n c lu d e d  f ro m  c o m p a r is o n s  o f  m o la r  a c t i v i t i e s  

i n  T a b le  V, p .  3 2 ,  t h a t  a l l  o f  t h e  c a r b o n - 1 4  i n  k e to n e  I I I  

[ b 3 ]  w as c o n ta i n e d  i n  t h e  C -4  m e th y l  g r o u p s .  I n  c o m p a r in g  

t h e  #  X X III v a l u e s  i n  t h e  I I l [ b 2 ^ ]  an d  I I l [ b 3 3  d e r i v a t i v e s  

( T a b le  V, p .  3 2 ) ,  t h e r e  a r e  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  

C - l  c o n ta i n i n g  o r  C -4  c o n t a i n i n g  d e r i v a t i v e s .  I t  may b e  

c o n c lu d e d ,  t h e r e f o r e ,  t h a t  u n d e r  o u r  r e a c t i o n  c o n d i t i o n s  

l a b e l e d  k e to n e  I I I  d o e s  n o t  u n d e rg o  c a r b o n - 1 4  s c r a m b l i n g .

T he d i s t r i b u t i o n  o f  c a r b o n - 1 4  l a b e l  i n  3 - m e t h y l - 2 -  

b u ta n o n e  ( I I I ) [ b l ^ ,  a s  d e te r m in e d  b y  d e g r a d a t i v e  Schem e V, 

p .  3 0 , i s  d ue  s o l e l y  t o  t h e  s u l f u r i c  a c i d - c a t a l y z e d  d e -  

h y d r a t i o n - r e a r r a n g e m e n t  o f  2 , 2 - ( d i m e t h y l - ^ C ) - l ,  3 -  

p r o p a n e d i  o l  ( I  - " ^ C ) .
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B) R e s u l t s

The d r o p w is e  a d d i t i o n  o f  a n  a q u e o u s  s o l u t i o n  o f  2 , 2 -

( d i m e t h y l - ^ C ) - 1 , 3 - p r o p a n e d io l  ( I - ^ C )  t o  5 5$  HgSO^ a t  1 5 0 ° ,

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

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

o f  t h e  a b o v e -m e n tio n e d  c a r b o n y l - c o n t a i n i n g  p r o d u c t s :  2 - m e th y l -

b u t a n a l  ( I I ) [ b l ]  a n d  3 - m e t h y l - 2 - b u t a n o n e  ( I I I ) [ ] b l ] .  A ld e h y d e

w as d e s t r o y e d  b y  r e f l u x i n g  w i t h  s i l v e r  o x id e  (p .  1 0 8 .

K e to n e  I I l [ [ b l ]  w as d e g ra d e d  a s  d e s c r i b e d  i n  Schem e V, p .  3 0 .

T h e  e n t i r e  r e a c t i o n  s e q u e n c e  i n v o l v i n g  t h e  d e h y d r a t i o n - r e -  
14a r r a n g e m e n t  o f  d i o l  I -  C and  t h e  d e g r a d a t io n  o f  i s o l a t e d

k e to n e  I I l [ b l ]  w as c a r r i e d  o u t  i n  d u p l i c a t e .  The c h e m ic a l

p u r i t y  o f  I I l [ b l 3  f ro m  r u n s  1 a n d  2 w as 9 8 .9 $  a n d  99-5$»

r e s p e c t i v e l y .  T h e  r a d i o c h e m i c a l  p u r i t y  ( s e e  p .  2 9 ) o f  I I l [ b l ]

f ro m  t h e  tw o r u n s  was c a l c u l a t e d  t o  b e  9 8 . 8$  a n d  9 9 -0 $ .

The m o la r  a c t i v i t i e s  o f  I I l [ b l ]  and  i t s  d e r i v a t i v e s  and

t h e i r  $  X X III  v a l u e s  ( s e e  p .  3 3 )  a r e  shown i n  T a b le  V I I ,  p .

3 8 .  The k e to n e s  I I l [ b l ]  fro m  t h e  tw o d e h y d r a t i o n - r e a r r a n g e -  
14m e n ts  o f  d i o l  I -  C w e re  d i l u t e d  t o  d i f f e r e n t  e x t e n t s  p r i o r  

t o  d e g r a d a t io n  a n d  t h e r e f o r e  h a v e  d i f f e r e n t  m o la r  a c t i v i t i e s .  

I t  i s  t h e r e f o r e ,  m ore  c o n v e n ie n t  t o  c o n s id e r  t h e  d e r i v a t i v e s  

o f  k e to n e  I I l [ b l ]  i n  t e r m s  o f  t h e i r  $  X X III v a l u e s .

I n t e r n a l  c o n s i s t e n c i e s  ( s e e  p .  3 3 )  i n  t h e  $  X X III  v a lu e s  

o f  t h e  d e g r a d a t i o n  o f  k e to n e  I I l [ b l ]  a r e  show n i n  T a b le  V I, 

p .  3^* The sum o f  t h e  $  X X III v a lu e s  o f  d e r i v a t i v e s  X X IV [b l]  

{1}  a n d  X X V I l[ .b l3 { 2 -4 ,4} i s  t h e  sam e a s  t h a t  f o r  t h e  s e m i c a r -  

b a z o n e  X X I I I [ b l 3 [ l - ^ » ( ±  1 *5$  f o r  r u n  1 a n d  ± 1 .0 $  f o r  r u n
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T a b le  V I I « M o la r  A c t i v i t i e s  a n d  P e r c e n t
i t s

X X III  V a lu e s 3, 
D e r i v a t i v e s .

f o r  3 - M e th y l- 2 - b u ta n o n e ( I I I ) [ b l ]  a n d

[ b l ]  Run 1 [ b l ]  Run 2

Compound
A c t i v i t y  i n  

U C o/m ole
$  X X III  

V a lu e
A c t i v i t y  i n

U C o/m ole
% X X III  

V a lu e

3 - M e th y l- 2 - b u ta n o n e  ( I I I ) 8 4 3 .8 + 0 .4 b 1 0 1 .2 2 4 1 .9 1 0 .5b 1 0 0 .5

S e m ic a rb a z o n e  (X X II I)  [ 1 - 4 , 4 ]  
o f  K e to n e  I I I

8 3 3 . 7 ± 0 o 2 (lOOoO) 2 4 0 .8 1 0 03 ( 1 0 0 .0 )

C a rb o n  t e t r a b r o m id e  (X X IV )[ l] 3 7 8 .8 ± 0 .5 4 5 .4 4 1 0 3 . 1 1 0 . 1 4 2 .8 2

p -B ro m o p h e n a c y l A c e t a t e  
( X X X I I ) { l ,2]

4 0 1 .8 ± 0 .8 4 8 .2 0 1 1 5 .4 1 0 .1 4 7 .9 2

p -B ro m o p h e n a c y l I s o b u t y r a t e  
(X X V II)[ 2 - 4 , 4 ]

4 6 7 .8 + 0 .2 5 6 .1 1 1 3 5 .2 1 0 .2 5 6 .1 5

I s o p r o p y l  3 , 5 - D i n i t r o b e n z o a te  
(XXXIV)[ 3 ,4 , 4 }

4 4 1 .5 1 0 .4 5 2 .9 6 1 2 7 .2 1 0 .4 5 2 .8 2

p -B ro m o p h e n a c y l A c e t a t e  
( X X X II ) [3 ,4 ]

2 2 3 . 0± 0 . 3 2 6 .7 4 6 5 . 0 1 0 . 1 2 6 .9 9

C a rb o n  t e t r a b r o m id e  (XXIV)£4} 2 1 7 .0 1 0 .2 2 6 . 0 3 6 2 . 3+ 0 . 1 2 5 .8 7

bM o la r  a c t i v i t y  d i v id e d  b y  t h e  m o la r  a c t i v i t y  o f  t h e  s e m ic a r b a z o n e  X X III  d e r i v a t i v e  x  1 0 0 .
The m o la r  a c t i v i t i e s  o f  I I l [ b l ]  d e r i v a t i v e s  f o r  r u n s  1 an d  2 a r e  d i f f e r e n t  b e c a u s e  k e to n e s  

I I l [ b l ]  w e re  d i l u t e d  t o  d i f f e r e n t  e x t e n t s  p r i o r  t o  d e g r a d a t i o n  ( s e e  p .  ) .
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2 ) .  T he  sam e i s  t h e  c a s e  f o r  t h e  sum  o f  #  X X III  v a lu e s  f o r  

d e r i v a t i v e s  X X X I l [ b l ] [ l , 2} an d  X X X IV [b l]{ 3 , 4 ,4 }  (±  1 .6 #  f o r  

r u n  1 a n d  ± 0 .7 #  f o r  r u n  2 ) .  F u r th e r m o r e ,  t h e  sum o f  t h e  #  

X X III  v a l u e s  f o r  X X X I l[b l]{ 3 ,4 }  an d  X X IV [b l]{ 4 }  i s  e q u a l  t o  

t h a t  o f  X X X IV [b l]{ 3 ,4 ,4 ]  (±  0 .3 #  f o r  r u n  1 a n d  ± 0 .1 #  f o r  r u n

2 ) .  T h e s e  i n t e r n a l  c o n s i s t e n c i e s  i n d i c a t e  t h a t  t h e  r e p o r t e d  

v a l u e s  o f  t h e  a c t i v i t i e s  i n  T a b le  V I I ,  p .  3 8 ,  a r e  r e l i a b l e .

The p e r c e n t a g e  o f  c a rb o n - 1 4  l a b e l  i n  t h e  d i f f e r e n t  

p o s i t i o n s  o f  3 - r a e th y l - 2 - b u ta n o n e  ( I I I ) | j b l ]  i s  c a l c u l a t e d  fro m  

t h e  #  X X III  v a lu e s  o f  T a b le  V I I ,  p .  3 8 , an d  i s  b a s e d  on  t h e  

a v e r a g e  o f  a t  l e a s t  tw o  c a l c u l a t i o n s  ( s e e  b e lo w  an d  a l s o  

Schem e V, p . 3 0 ) .

T he p e r c e n t a g e  o f  c a r b o n - 1 4  l a b e l  i n  t h e  C - l  p o s i t i o n  o f  

I I l [ b l ] ,  show n i n  T a b le  V I I I ,  p .  4 0 ,  i s  c a l c u l a t e d  a s  e q u a l  

t o  t h e  #  X X III  v a lu e  ( s e e  p .  3 3 )  o f  CB r^ ( X X IV ) [ b l] { l ]  an d  

a l s o  a s  t h e  d i f f e r e n c e  i n  #  X X III  v a lu e s  o f  t h e  s e m ic a r b a z o n e  

X X I I l [ b l ] { l - 4 , 4 ]  an d  t h e  e s t e r  X X V I I [ b l ] { 2 - 4 ,4 } .

The p e r c e n t  o f  c a r b o n - 1 4  l a b e l  i n  t h e  C -2  p o s i t i o n  o f  

I I l [ b l ]  i s  c a l c u l a t e d  i n  t h r e e  w ays ( T a b le  IX , p .  4 1 ) .  The 

f i r s t  way i s  t h e  d i f f e r e n c e  i n  #  X X III  v a lu e s  o f  e s t e r  XXXII 

[ b l ] { l , 2 }  a n d  C B r^ ( X X IV ) [ b l] { l ]  a n d  t h e  s e c o n d  i s  t h e  d i f f e r ­

e n c e  i n  #  X X III  v a lu e s  o f  e s t e r s  X X V I I [ b l ] [ 2 - 4 ,4} an d  XXXIV 

[ b l ] { 3 , 4 , 4 } .  T h e  t h i r d  way i s  t h e  d i f f e r e n c e  i n  #  X X III  

v a lu e s  b e tw e e n  t h e  s e m ic a r b a z o n e  X X I I l L b l3 { l - 4 ,4} an d  t h e  

sum o f  e s t e r s  X X V I l [ b l ] [ 2 - 4 ,4 }  an d  X X X I l [ b l ] [ l ,2 } .

T a b le  X, p .  4 2 , show s t h e  t h r e e  d i f f e r e n t  c a l c u l a t i o n s  

f o r  t h e  p e r c e n t  c a rb o n - 1 4  l a b e l  i n  t h e  C-3 p o s i t i o n  o f  I I I
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Table VIII: Percent Carbon-14 Label in the C-l Position
of 3-Methyl-2-butanone (III)[bl]

{ C - l}
C a l c u l a t i o n  Run {% X X III  V a lu e a )

{1} 1 4 5 .4 4

2 4 2 .8 2

{ 1 - 4 ,4 }  -  { 3 * 4 ,4 }  1 1 0 0 .0  -  5 6 .1 1  = 4 3 .8 9 -

2 1 0 0 .0  -  5 6 .1 5  = 4 3 .8 5

A v e ra g e  { C - l}  4 4 .0 ± 0 „ 7

^ e e  f o o t n o t e  a ,  T a b le  V, p .  32 .
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Table IX» Percent Carbon-14 Label in the C-2 Position of
3-Methyl-2-butanone (III)[bl]

{C-2}
C alculation  Run (JS XXIII Valuea )

{1 .2 } - {1} 1 48.20 - 45 .44  = 2.76

2 47.92 - 42.82 = 5.10

{2 -4 ,4 } -  { 3 , ^ } 1 56.11 - 52.96 = 3 .15

2 56.15 - 52.82 = 3.33

{2 -4 ,4 } ♦ {1 ,2} -  {1 -4 ,4 } 1 56.11 + 48.20 - 1 0 0 . 0  = 4 . 3 1

2 56.15 + 47.92 - 100.0 = 4 .07

Average {C-2} 3 .8±0.7

^ e e  footnote a, Table V, p. 3 2 .
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Table X» Percent Carbon-14 Label in the C-3 Position of 3-Methyl-2-butanone (III)[bl]

C alculation Run
{C -3}

(% XXIII Valuea)

-  W 1 2 6 .7 4  -  26 .0 3  = 0 .7 1

2 26 .9 9  -  2 5 .8 7  = 1 .1 2

2 {3 A }  -  { 3 , ^ } 1 2 ( 26 . 74) -  52 .9 6  = 0 o52

2 2 (2 6 .9 9 )  -  5 2 .82  = 1 .1 6

[ 3 , W ]  -  2{4} 1 5 2 .9 6  -  2 (2 6 .0 3 )  = 0 .9 0

2 5 2 .8 2  -  2 (2 5 .8 7 )  = 1 .08

Average {C-3} 0 . 90± 0 . 2

^ e e  footnote  a, Table V, p . 32 .
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[ b l ] .  The f i r s t  i s  t h e  d i f f e r e n c e  i n  % X X III v a lu e s  o f  t h e  

e s t e r  X X X I I [b l ]{ 3 ,4 }  an d  C B r^ ( X X I V ) [ b l ] [ 4 ] . T he s e c o n d  i s  

t h e  d i f f e r e n c e  i n  tw o t im e s  t h e  % X X III  v a lu e  o f  e s t e r  XXXII 

[ b l ] { 3 , 4 ]  a n d  t h e  % X X III  v a lu e  o f  XXXIV[ b l  ] { 3 , 4 , 4 ] .  The 

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

% X X III  v a lu e  o f  X X X Iv [b l]{ 3 ,4 ,4 }  a n d  tw o t im e s  t h e  % X X III  

v a lu e  o f  C B r^ ( X X I V ) [ b l] { 4 ] .

The p e r c e n t  c a r b o n - 1 4  l a b e l  i n  t h e  C -4  p o s i t i o n  o f  I I I  

[ b l ]  (T a b le  X I , p .  4 4 )  i s  c a l c u l a t e d  a s  e q u a l  t o  tw o t im e s  

t h e  % X X III v a lu e  o f  X X IV [b l]{ 4 ]  a n d  a l s o  a s  tw o t im e s  t h e  

d i f f e r e n c e  i n  % X X III  v a l u e s  o f  e s t e r s  X X X IV [b l]{ 3 ,4 ,4 }  an d  

X X X I I [b l ]{ 3 »4} .

The a v e r a g e  v a lu e s  f o r  t h e  p e r c e n t  o f  c a r b o n - 1 4  l a b e l  i n  

e a c h  o f  t h e  p o s i t i o n s  o f  k e to n e  I I l [ b l ]  ( T a b le s  V I I I  t h r o u g h  

X I) a r e  n o r m a l iz e d  i n  T a b le  X I I ,  p .  4 5 . The n o r m a l iz e d  

p e r c e n t  c a r b o n - 1 4  l a b e l  d i s t r i b u t i o n  i n  3 - m e t h y l - 2 - b u ta n o n e  

( I I I ) [ b l ]  i s  4 3 .7  ± 0 . 7 ,  3 - 8  ± 0 . 7 ,  0 .9  ± 0 . 2  a n d  5 1 .6  ± 0 .3  

f o r  t h e  C - l ,  C -2 , C -3 an d  C -4  p o s i t i o n s ,  r e s p e c t i v e l y .

T a b le  X I I I ,  p .  4 6 , g i v e s  t h e  e x p e c t e d  c a r b o n - 1 4  l a b e l  

d i s t r i b u t i o n  i n  3 - m e t h y l - 2 - b u t a n o n e  ( I I l ) [ b l ]  f ro m  t h e  a c i d -  

c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 - ( d i m e t h y l - '1'^ C ) -

1 , 3 - p r o p a n e d i o l  ( I - ^ C )  a s  a  f u n c t i o n  o f  v a r i o u s  m ec h a n ism s  

( t o  b e  d i s c u s s e d  l a t e r ) .  The a l l y l i c  s h i f t  p a th w a y  (M ech­

a n is m  I - ^ C ,  p .  4 7 )  w o u ld  d i s t r i b u t e  a l l  o f  t h e  c a r b o n - 1 4  

l a b e l  e q u a l l y  b e tw e e n  t h e  C - l  a n d  C -4  p o s i t i o n s  o f  k e to n e  

I I l [ b l ] .  I n c o r p o r a t i o n  o f  c a r b o n - 1 4  l a b e l  i n  t h e  C -2  an d  

C -3 p o s i t i o n s  o f  k e to n e  I I l [ b l ]  r e q u i r e s  t h e  f o r m a t i o n  o f
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Table XI t Percent Carbon-l4 Label in the C-4 Position of 3-
Methy1-2-butanone (III)[bl]

C alculation Run
2{C-4}a 

(fo XXIII Value13)

1 2(26.03) = 52.06

2 2(25.87) = 51.74

zC D .1*^ } -  £3 .^}) 1 2(52.96 -  26.74) = 52.44

2 2(52.84 -  25.87) = 51.66

Average 2{C-4} 5 2 . 0±0 . 3

^ h ere  are 2 C 4  p o s itio n  atoms in  the ketone I I I [b l ]  
m olecule.
bSee footnote  a, Table V, p. 3 2 .
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Table XIIt Normalized Values for the Percent Carbon-l4 Dis­
tribution in 3-Methyl-2-butanone (III)[bl]

CH3----------- C-------------CH (CH3) 2

P o s itio n  {C -l} {C-2} {C-3} {C-4}

Average Valuea 44 .0±0.7  3*8±0.7 0 .9±0.2  52.0±0.3

Normalized Value 43.7±0.7  3 .8±0 .7  0 .9±0.2  51.6±0.3

^ e e  Tables VIII through XI.
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Table XIII* Expected Carbon-14 D istr ib u tio n  in  3-M ethyl-2-bu- 
tanone ( I I I )  from the S u lfu r ic  Acid-Catalyzed Dehydration-Re- 
arrangement o f 2 ,2 - (D im eth yl-^ C j-l,3 -p rop an ed io l (I-l^-C) as 

a Function o f Mechanism

1-Vh
14  . 3  55*  H SO, 0M

— (CH3 ) 2
CH20H

oh3

( I - lZfC) (I I I )

Mechanism t c - 1} {C-2} {C-3} {C-4}

(Experimental Values3-) 4 3 . 7±
0.7

3.8±
0 .7

0 0 51.6+
0 .3

Mechanism 47) 50.0 5 0 . 0

Mechanism VI(Path A )(p . 67 ) 2 5 . 0 2 5 . 0 5 0 . 0

(Path B)(p. 68) 2 5 . 0 12.5 62.5

(Path C)(p. 69 ) 16.67 16.67 66.67

Mechanism VIII(Path A )(p . 74) 25.0 2 5 . 0 5 0 . 0

(Path B) (p . 75) 31.25 12.5 56.25

(Path C) (p . 7 6 ) 33-33 1 6 . 6 7 5 0 . 0

Mechanism IX(p. 77) 100.0

Mechanism X(p. 78) 50.0 5 0 . 0

^ e e  Table XII, p. 32 .
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Mechanism I-^C» Formation of 3-Methyl-2-butanone (III)

i !*c h ,1 h, . 3  
1 XH3-C-CH2OH ■

CHgOH

I - l ^ C

1) H+

2)-H,0

r  ^ C H -i l  » 3 
fL̂ CH3-C-CH2+

i Z|'ch3- c=ch- i Z,'ch3 ^ C H ^ C -C H g -

1 .2-

l* rr

A lly l ic  s h i f t

TOH

3 ll 3
g h 2

Xle

"*
J o n

l^CH.3
XIIc

I  1>2- H
OH

1 CH--CH-C- CH- ■ 3, , + 3
i 4ch3

X IIIc

0 0 
‘ l 4CH3 -CH-C-lZfCH3 =  CH3-C-CH(CH3 ) 2

1 C
3

I l l f I l l f

^ e e  Mechanism I ,  p. 3.
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som e I I l [ b l ]  t h r o u g h  a  m ec h a n ism  o t h e r  t h a n  t h e  a l l y l i c  

s h i f t  p a th w a y .

The c o n c l u s i o n s  f ro m  o u r  d e u te r iu m  l a b e l i n g  s t u d i e s  i s  

c o n f i r m e d ;  t h e  a l l y l i c  s h i f t  p a th w a y  (M echan ism  I )  i s  n o t  

t h e  o n ly  m ec h a n ism  i n v o lv e d  i n  t h e  f o r m a t i o n  o f  3 - m e th y l -

2 - b u ta n o n e  ( I I I )  f ro m  t h e  s u l f u r i c  a c i d - c a t a l y z e d  d e h y d r a t i o n -  

r e a r r a n g e m e n t  o f  2 , 2 - d i m e t h y l - l , 3 - p r o p a n e d i o l  ( I ) .
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Ill Mechanisms

A) Cyclo-propane Pathway
I n  s e a r c h i n g  f o r  a  m ec h a n ism  t h a t  c o u ld  a c c o u n t  f o r  t h e

o b s e rv e d  p r o t o n  e x c h a n g e  ( s e e  p .  1 4 )  i n  t h e  f o r m a t i o n  o f  3 -

m e th y l - 2 - b u ta n o n e  ( I I I ) ,  K a s c h e ra s ^  c o n s id e r e d  t h e  p o s s i b l e

i n t e r v e n t i o n  o f  p r o t o n a t e d  c y c lo p r o p a n e  i n t e r m e d i a t e s .  The

tw o c y c lo p r o p a n e s  t h a t  c a n  fo rm  fro m  d i o l  I  a r e  show n i n
17Schem e V I I ,  p .  5 0 .  D epuy a n d  c o w o rk e rs  ' h a v e  show n t h a t  

c y c lo p r o p a n o ls  t e n d  t o  r i n g - o p e n  i n  a c id  m e d ia  t o  g iv e  

c a r b o n y l  c o m p o u n d s . When 2 , 2 - d im e th y l c y c l o p r o p a n o l  (X L I) 

w as r e a c t e d  w i th  50% DgSO^ a t  1 6 0 ° ,^  a  m ix t u r e  o f  2 , 2 -  

d i m e t h y lp r o p a n a l  ( X L I I ) , a  3 - m e t h y lb u t a n a l  ( X L I I I )  a n d  k e to n e  

I I I  was fo rm e d .  W h ile  I I I  was t h e  m a jo r  p r o d u c t ,  nm r s p e c ­

t r o s c o p y  i n d i c a t e d  i t  w as n o t  e x t e n s i v e l y  d e u t e r a t e d .  S in c e  

X L II I  was n o t  fo u n d  among t h e  r e a c t i o n  p r o d u c t s  f ro m  d i o l  I  

an d  s i n c e  t h e  k e to n e  I I I  f ro m  I  i s  e x t e n s i v e l y  d e u t e r a t e d  

( s e e  T a b le  I I ,  p .  6 an d  a g a in  h e r e  on  p .  5 1 ) ,  XLI c a n  b e  

r u l e d  o u t  a s  t h e  m a jo r  i n t e r m e d i a t e  l e a d i n g  t o  I I I -  d 10*

C y c lo p ro p y lm e th y l  d e r i v a t i v e s  s o lv o l y z e  r e a d i l y  y i e l d i n g
18 1 9  20 21r e a r r a n g e d  and  p o s i t i o n - s c r a m b l e d  p r o d u c t s .  ’ y ’ ’ T h re e  

t y p e s  o f  r e a r r a n g e m e n ts  o c c u r :  1 )  r i n g  e x p a n s io n  t o  c y c l o -  

b u t y l  p r o d u c t s ,  2 )  r i n g  o p e n in g  t o  3 - b u t e n y l  p r o d u c t s  a n d  

3 )  r e a r r a n g e m e n t  th r o u g h  a  d e g e n e r a t e  i n t e r m e d i a t e  t o  c a r b o n -  

s c r a m b le d  c y c lo p r o p y lm e th y l  p r o d u c t s .

a 2 , 2 - D im e th y lp r o p a n a l  (X L II)  h a s  b e e n  show n t o  r e a c t  w i t h  50% 
HgSO^ a t  1 6 0 ° t o  fo rm  k e to n e  I I I . 9

49

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Sc
he

m
e 

V
II

i 
F

or
m

at
io

n 
of 

C
yc

lo
pr

op
an

e 
Sy

st
em

s 
fro

m
 

2
,2

-D
im

e
th

y
l-

l,
3

-p
ro

p
an

ed
io

l 
(I

).

° - . +

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

C
H

qO
H



R
eproduced 

with 
perm

ission 
of the 

copyright ow
ner. 

Further 
reproduction 

prohibited 
w

ithout perm
ission.

T a b le  I I  * P e r c e n t  D e u te r iu m  I n c o r p o r a t i o n  a n d  I s o t o p i c  D i s t r i b u t i o n  i n  3 - M e th y l - 2 - b u ta n o n e  
( I I I )  f ro m  R e a c t i o n s  i n  $ 0f<> D2S 0 ^ . a

% D e u t e r ­

I s o t o p i c  D i s t r i b u t i o n  

.. m/ejSb
ium  I n c o r ­ 86 87 88 89 90 91 92 93 9k 95 96

R e a c ta n t p o r a t i o n d0 d l d 2 d 3 % d 5 d 6 d 7 d8 d 9 d10

I (CH3 ) 2C(CH20H) 2 6 5 . 0 0 . 8 0 .3 0 .5 0 . 6 5 . 2 3 2 . k  1 9 . 1 1 6 .3 3 .7 3 .9 1 6 . 8

I I
CH3C)

CH3 -CH2 -CH-CH

CHyD

7 0 .9 0 .9 1 .7 2 .3 1 .3 2 .9 5 .9 2 0 . 6 3 1 . 2 6 .k 7 .8 1 8 .5

I I I CH3 -CH-C-CH 3 3 8 .9 0 .7 l . k 2 . 1 k .7 9 0 .3 0 . 0 0 . 1 0 .7 0 . 0 0 . 0 0 . 0

IX CHt3 -C -C H (03[)-C K ,

CH?OH
, 5 1 .9 1 .3 l . k 1 . 2 1 . 2 6 .7 7 ^ .5 3 .5 2 ,5 1 . 2 1 . 1 5 .k

XI CH2=C-CH2 -CH3 
J GHpOH

5 0 , 6 1 . 0 1 . 2 0 .9 1 . 2 8 . 1 7 8 . 0 3 .1 1 .5 0 . 8 0 . 8 3 .k

X V III
^  n CHo0 H

9 5 .5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 0 .3 ' 0 . 9 2 .7 8 . 5 2k ,  5 6 3 . 0

XLIV
CH3

H0CH2 -C (0 H )-C H 2--CH3 6k .  3 0 . 1 0 . 8 1 . 1 1 . 6 5 .6 2 9 . l t  1 6 . 2 2 3 . 8 k . k 3 .2 1 3 . 8

? H3
CH2=C-CH2 -CH20HXLIX 9 3 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 2 0 .7 2 .7 *t.9 9 .k 2 0 . 6 6 1 . 5

a T a k e n  f ro m  r e f e r e n c e  9 , p .  1 8 , ^ C o r r e c t e d  f o r  (M +l) c o n t r i b u t i o n .



When 1 - m e t h y l c y c l o p r o p y l c a r b i n o l  (X V II I)  was r e a c t e d  

w i t h  50% a t  1 6 0 ° , ^  k e to n e  I I I ,  a ld e h y d e  I I ,  an d  a

t r a c e  o f  2 , 2 - d im e th y l p r o p a n a l  (X L II)  w e re  o b t a i n e d .  T h e  

k e to n e  I I I  p r o d u c t  w as show n b y  m ass  s p e c t r a l  a n a l y s i s  t o  b e  

v e r y  e x t e n s i v e l y  d e u t e r a t e d ,  ( T a b le  I I ,  p .  5 1 ) .  When 2 -  

m e t h y l - l ,2 - b u ta n e d i o l ( X L I V )  w as r e a c t e d  w i t h  50%> DgSO^, t h e  

i s o t o p i c  d i s t r i b u t i o n  p a t t e r n  i n  t h e  k e to n e  I I I  p r o d u c t  was 

s i m i l a r  t o  t h a t  i n  k e to n e  I l l C b l ]  f ro m  t h e  r e a c t i o n  o f  d i o l  

I  w i t h  50% D2S 0^  ( T a b le  I I ,  p .  5 1 ) .  D io l  XLIV w o u ld  b e  e x ­

p e c t e d  t o  g i v e  c a t i o n  VI u p o n  p r o t o n a t i o n  an d  l o s s  o f  w a t e r .

I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  c a t i o n  VI i s  a l s o  a  s o u r c e  o f  

c y c lo p r o p a n e  X V III  f ro m  d i o l  I .

R o b e r ts  a n d  c o w o r k e r s 20 h a v e  s t u d i e d  t h e  1 - m e t h y lc y c lo -  

p r o p y lm e th y l  s y s te m  i n  som e d e t a i l .  T hey  o b s e r v e d  t h a t  ( 1 -  

m e t h y l c y c l o p r o p y D c a r b i n y la m in e  (XLV) an d  1 - m e t h y lc y c lo -  

b u ty la m in e  (XLVI) u p o n  r e a c t i o n  w i th  n i t r o u s  a c i d  i n  a q u e o u s  

p e r c h l o r i c  a c i d  y i e l d e d  e x c l u s i v e l y  1 - m e t h y lc y c lo b u t a n o l  

(X L V II) ( s e e  Schem e V I I I ) .

Schem e V I I I :  N i t r o u s  A c id  D e a m in a t io n  o f  ( 1 - M e th y l c y c lo p r o p y l ) -  
c a r b i n y la m in e  (XLV) a n d  1 - M e th y lc y c lo b u ty l a m in e  (X LV I).

DxCH3^  ch2nh2

HNO^, HCIO^, H20
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N i t r o u s  a c i d  d e a m in a t io n  o f  3 - m e t h y l - 3 - b u t e n y la m in e  

(X L V II I )  i n  a q u e o u s  p e r c h l o r i c  a c i d  y i e l d e d  a  m ix tu r e  o f  

a l c o h o l s  ( s e e  Schem e IX ) i d e n t i f i e d  a s  55$  X L V II, 2% (±2%)

S chem e IX : N i t r o u s  A c id  D e a m in a t io n  o f  3 - M e t h y l - 3 - b u te n -

l - m e t h y l c y c l o p r o p y l c a r b i n o l  ( X V I I I ) ,  3 3 $  3 - m e t h y l - 3 - b u t e n - l -

u n s a t u r a t e d  o p e n - c h a i n  a l c o h o l s  a r e  d e r i v e d  f ro m  t h e  3 - m e t h y l -

3 - b u t e n y l  c a t i o n  (L ) ,  w h ic h  c o u ld  r e a c t  w i th  s o l v e n t  o r  u n d e r ­

go  a  1 , 2 - h y d r i d e  s h i f t  t o  fo rm  t h e  r e s o n a n c e  s t a b i l i z e d  1 , 2 -  

d i m e t h y l a l l y l  c a t i o n  ( L I ) .  R e a c t io n  o f  L I w i t h  w a te r  w o u ld  

b e  e x p e c t e d  t o  y i e l d  b o t h  IX and  X I.

y la m in e  (X L V III)

X L V III

HC10

XLVI I

+ + (3 3 $ )

X V III XLIX

CĤ  OH

+ c h 2=c— c h - c h 3 ( 6%)

XI

o l  (X L IX ), 4 $  IX an d  6fo X I . 20 T he a u th o r s  s u g g e s t e d  t h a t  t h e

:h  =C-CH0-C H 0+
1 ,2 -H

3
L L I

A l l y l i c  a l c o h o l s  IX a n d  XI ( s e e  Scheme IX ) a r e  b o th
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i n t e r m e d i a t e s  i n  t h e  a l l y l i c  s h i f t  p a th w a y  (M ech an ism  I ,  p .

3 )  a n d  a r e  known t o  y i e l d  k e to n e  I I I  u p o n  r e a c t i o n  w i th  
7 9s u l f u r i c  a c i d .  K a s c h e r a s 7 h a s  f u r t h e r  d e m o n s t r a t e d  t h a t  

u p o n  r e a c t i o n  w i th  50%> H2S0^  1 ^ ° °  g i v e s  k e to n e  I I I  an d

IX g i v e s  a  m ix t u r e  o f  a ld e h y d e  I I  a n d  I I I .  I t  i s  i n d e e d  

p o s s i b l e  t h a t  IX a n d  XI a r e  t h e  s o u r c e  o f  k e to n e  I I I  f ro m  

X V III  ( s e e  p .  5 2 )  an d  a r i s e  t h r o u g h  c a t i o n  L I  ( s e e  p .  5 3 ) .  

S u ch  a  s e q u e n c e  was p r o p o s e d  b y  K a s c h e ra s ^  (M ech an ism  I I I ,

p .  5 5 ) .

When 3 - m e t h y l - 3 - b u t e n - l - o l  (XLIX) was r e a c t e d  w i th  50%

DgSO^ a t  l 6 0 ° , ^  t h e  k e to n e  I I I  p r o d u c t  was show n t o  c o n s i s t

o f  m a in ly  t h e  d1Q s p e c i e s  (T a b le  I I ,  p .  5 1 ) .  T he  k e to n e

p r o d u c t  f ro m  1 - m e t h y lc y c lo b u t a n o l  (X L V II) , u n d e r  t h e  sam e
g

r e a c t i o n  c o n d i t i o n s ,  w as a l s o  m a in ly  t h e  d ^ 0 s p e c i e s .  When 

X V III a n d  XLVII w e re  r e c o v e r e d  f ro m  t h e  a b o v e  r e a c t i o n  o f  

X V III  w i th  50%> D^S0^ n e i t h e r  p r o d u c t  show ed d e u te r iu m  i n ­

c o r p o r a t i o n . ^  E x t e n s i v e  d e u te r iu m  i n c o r p o r a t i o n  th ro u g h  

i n t e r c o n v e r t i n g  p r o to n a t e d  c y c lo p r o p a n e s 11 i s  t h u s  p r e c l u d e d .

T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  t h e  r e p o r t e d  t r i t i a t e d
12s u l f u r i c  a c i d  (51%) s o l v o l y s i s  o f  c y c lo p r o p a n e  i n  w h ic h  no 

m ore t h a n  one t r i t i u m  a to m  was i n c o r p o r a t e d  i n  t h e  p r o d u c t .

A l l y l i c  a l c o h o l s  IX a n d  XI h a v e  a l s o  b e e n  r e a c t e d  w i th  

50% D2 S 0^ a t  1 6 0 °  ( s e e  T a b le  I I ,  p .  5 1 ) • 9 I n  b o th  c a s e s ,  

t h e  k e to n e  I I I  p r o d u c t  c o n s i s t e d  o f  m a in ly  t h e  d^ s p e c i e s .  

W ith  r e f e r e n c e  t o  M echan ism  IV , p .  5 8 , e x t e n s i v e  d e u te r iu m  

e x c h a n g e  i n  t h e  r e a c t i o n  o f  X V III t o  fo rm  k e to n e  I I I - d ^ 0 

m u s t t a k e  p l a c e  b e tw e e n  XLIX an d  c a t i o n  L l a .

5k

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Mechanism III* Formation of 3-Methyl-2-butanone (III) from
1-Methylcyclopropylcarbinol (XVIII).

CH.
W

CH.

XLVIIXVIII

?H3
CH_*C-CH~-CH0+

c h 3
CH_*C-CHo-CHo0H

XLIX

CĤ OH CH3
CH0=C—CH-CH, + H0CHo-C=CH-CH„ <-----

2 3 ^ -H
XI IX

^ A l ly l ic  s h i f t  /

H+

CH3 0 H
-c—c:_

+
XII

1 , 2-H

HpO V 3
—  H0C-^C-^CH-CH„

CHo-C— CH-CH- 
* + *

C ^O H
-CH-C-"

+
XIII

“ 3°
-CH-C

I II
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T he s o u r c e  o f  t h e  e x t e n s i v e  d e u te r iu m  e x c h a n g e  may 

i n v o lv e  a n  e q u i l i b r i u m  b e tw e e n  3 - m e t h y l - 3 - b u t e n - l - o l  (XLIX) 

a n d  i t s  p r o t o n a t e d  s p e c i e s  ( L I I )  ( s e e  Schem e X) w h ic h  w o u ld

Schem e X: R e v e r s i b l e  D e u t e r a t i o n  o f  3 - M e t h y l - 3 - b u t e n - l - o l

l e a d  t o  e x t e n s i v e l y  d e u t e r a t e d  a l c o h o l  XLIXb. A r e v e r s i b l e  

p r o t o n a t i o n  o f  t h e  d o u b le  b o n d  i n  XLIX w o u ld  n o t  b e  a n a lo g o u s  

t o  t h a t  i n  Schem e I I I ,  p .  1 0 , ( X l a ^ X I I a ) ,  i n  w h ic h  a  1 , 2 -  

h y d r id e  s h i f t  t o  fo rm  a  p r o t o n a t e d  k e to n e  X H I a  ( s e e  M echan ism  

I l a ,  p .  1 2 )  c o m p e te s  f a v o r a b l y  w i t h  d e p r o t o n a t i o n  t o  r e f o r m  

X Ia . I n  t h e  c a s e  o f  L I I  no  p r o t o n a t e d  c a r b o n y l  com pound c a n  

r e s u l t  f ro m  a  s i n g l e  1 , 2 - h y d r i d e  s h i f t  an d  d e p r o t o n a t i o n  t o  

r e f o r m  XLIX s h o u ld  b e  m o re  c o m p e t i t i v e .

When XLIX w as r e a c t e d  w i th  5$  s u l f u r i c  a c i d  a  $0% y i e l d  

o f  3 - m e t h y l - 1 , 3 - b u t a n e d i o l  was o b t a i n e d ,^  i n d i c a t i n g ,  a

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

(XLIX)

XLIXa

CD2=C-CH2-CH20H

XLIXb

XLIX

c h3 - c - c h 2 - c h 2(
OH

L I I I
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d i l u t e  a c i d  c o n d i t i o n s .

The p r o p o s e d  p a th w a y ,  i n v o lv i n g  a  c y c lo p r o p a n e  i n t e r ­

m e d i a t e ,  f o r  t h e  e x t e n s i v e  d e u te r iu m  i n c o r p o r a t i o n  i n  k e to n e  

I I I  f ro m  t h e  d e h y d r a t io n - r e a r r a n g e m e n t  o f  d i o l  l a  i s  show n i n  

M echan ism  IV , p .  5 8 . P r im a ry  c a rb o n iu m  i o n s  a r e  b r a c k e t e d  

a n d  p r o b a b l y  do n o t  h a v e  a n y  s e p a r a t e  e x i s t e n c e .  E dge a n d  

c o r n e r  p r o t o n a t e d  c y c lo p r o p a n e s  XXXIXa a n d  XLa, r e s p e c t i v e l y ,  

a r e  d e p i c t e d  a s  f o rm in g  b o th  f ro m  l a  d i r e c t l y  ( s o l i d  a r r o w s )  

an d  t h r o u g h  t h e  i n t e r m e d i a c y  o f  c a t i o n  V Ig  (b ro k e n  a r r o w s )  

( s e e  p .  5 2 ) .  E x c h a n g e  b e tw e e n  XLIX a n d  L I I  r e s u l t s  i n  

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

u l t i m a t e l y  b ecom e t h e  u n e x c h a n g e a b le  p o s i t i o n s  o f  k e to n e  I I I  

a c c o r d i n g  t o  M echan ism  I I ,  p .  7-
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M echanism  IV»  F o rm a tio n  o f  3 -M e th y l-2 -h u ta n o n e  ( I I I - d i Q )  from  
th e  D ^ O ^ -C a ta ly z e d  D e h y d ra tio n -R e a rra n g e m e n t o f  2 ,2 -D im e th y l -
1 , 3 -p r o p a n e d io l - (O D )o  ( l a )  th ro u g h  1 -M e th y lc y c lo p r o p y lc a r b in o l  
( X L IX ) .

ch3
C H ,-C -C H o0D

j  t ^

l a

1 ) D
C H .-C -C H 0+

j  • ^

1 , 2 -C H , +
_  _  -  c h 3- c - c h 2- c h 3

Va

-CH. .CH.

V Ig

[X" “ 3
CHo0D C f°

X L V I Ia

X L IX c

I*
MECHANISM I V  IS  

CONTINUED ON P .

X L IX e

B roken  l i n e s  in d ic a t e  X X X IX a  and XLa fo r m a t io n  fro m  l a  
th ro u g h  in te r m e d ia te  V Ig .
DSee Scheme X , p . 56.
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Mechanism IV* continued.

c d 2* c - c h 2- c h 2od

X L IX e
2) ~D2 °

1 ,2 -H

1 ) D O
1) D„0

CD^OD

D^C-ktC-st CH-CH,

A l l y l i c  s h i f t

CD^-C— CH-CH-

CD3OD

5 ^ 2  a -e x c h a n g e
CD3 -CD-C-CD3 k----------------------

I I I e ( I I I - d 1 0 )
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B) M e th y lo l  S h i f t  P a th w ay

I t  i s  p o s s i b l e  t o  c o n s id e r  3 - m e t h y l - 3 - b u t e n - l - o l  (XLIX) 

a s  a n  i n t e r m e d i a t e  i n  t h e  f o r m a t i o n  o f  k e to n e  I I I  f ro m  d i o l  

I  w i t h o u t  p o s t u l a t i n g  t h e  i n t e r v e n t i o n  o f  a  c y c lo p r o p y l  p r e ­

c u r s o r .  I n  M ech an ism  V, p .  6 1 , L l l b  r e s u l t s  f ro m  a  1 , 2 -  

m e th y l  o l  (-CHgOD) s h i f t  a n d , i n  t u r n ,  fo rm s  XLIXc u p o n  d e p r o ­

t o n a t i o n .  E x t e n s i v e l y  d e u t e r a t e d  XLIXe may b e  fo rm e d  fro m  

XLIXc t h r o u g h  t h e  r e a c t i o n s  o f  Schem e X, p .  5 6 . K e to n e  I I I -  

d ^ 0 c o u ld  t h e n  fo rm  f ro m  XLIXe th r o u g h  M echan ism  IV , p .  59*

A s m a l l  b u t  g ro w in g  n u m b er o f  e x a m p le s  a r e  known i n

w h ic h  e l e c t r o n - w i t h d r a w i n g  s u b s t i t i u e n t s  u n d e rg o  i n t r a m o l e c -
2 2  22u l a r  1 , 2 - s h i f t s  o f  t h e  W a g n er-M ee rw e in  t y p e .  ’ J C a rb o -

m e th o x y  g ro u p s  h a v e  b e e n  r e p o r t e d  t o  u n d e rg o  1 , 2 - s h i f t s  w i th
22 24t h e i r  e l e c t r o n s  t o  a  c a t i o n i c  c e n t e r .  K agan  h a s  s u g g e s t ­

ed a  r e a r r a n g e m e n t  s e q u e n c e  (Schem e X I, p .  6 2 ) w h ich  i n c l u d e s  

a  1 , 2 - m e t h y lo l  s h i f t  i n  t h e  a c i d - c a t a l y z e d  c o n v e r s i o n  o f

2 , 2 , 3 - t r i m e t h y l - 3 - o x e t a n o l  (LIV ) i n t o  3 - m e th y l - 3 - h y d r o x y -  

m e t h y l - 2 - b u ta n o n e  (L V ). I t  i s  o f  i n t e r e s t  t h a t  i n  L V II 

(Schem e X I, p .  6 2 ) a  m e th y lo l  (-CHgOH) g ro u p  m ig r a t e s  i n  

p r e f e r e n c e  t o  a  m e th y l  g r o u p .
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M echanism  V: F o rm a tio n  o f  D e u te r a te d  3 - M e t h y l - 3 - 'b u t e n - l - o l  
(X L IX e ) fro m  2 , 2 -D im e t h y l - 1 ,3 -p r o p a n e d io l - ( O D ) 2 ( l a ) .

CH„-C-CH«+
2) -D  JD CH~OD

1 , 2-CHo0D

L l lb

CH3 -C -C H 2-C H 20D

^ e e  Scheme X , p .  56 .
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Scheme XIi A 1,2-Methylol Shift in the Formation of 3-Methyl-3-hydroxymethyl-2-butanone (LV).

H0X / H3 
c

( O K j l V  \ h 2 
0

LIV

CH^-C— C-CH^ < -

HO /0H3
c

(CH3) 2 <  ) 0H2 ' 
0+
H

LVI

CH^OH

CH^-C— C-CK^

c h 2oh

HO CH0

X
( c h 3 ) 2c+ \ h 2oh

LVI I

1 , 2 -C H ,0H

HO / H 3

A
(GH3 } 2C\

c h 2oh

LVI 11
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C) L a b e l i n g  E x p e r im e n ts

I s o t o p i c  l a b e l i n g  t e c h n i q u e s  h a v e  shown t h a t  a  h ig h  

d e g re e  o f  m e th y le n e  g r o u p  r e a r r a n g e m e n t  a c c o m p a n ie s  s o l -  

v o l y s i s  w hen c y c l o p r o p y l c a r b i n y l  (LX) , c y c lo b u t y l  (L X I) a n d  

a l l y l c a r b i n y l  (L X II)  d e r i v a t i v e s  i n t e r c o n v e r t . 2 5 > 2 6 ,2 7 ,2 8

P > - c h 2x Q J  ch2 =c h - c h 2 - c h 2x

LX LXI LXI1

R o b e r t s 2 ^ f o u n d  e x t e n s i v e  b u t  n o t  c o m p le te  m e th y le n e  g ro u p

s c r a m b l i n g  d u r in g  t h e  n i t r o u s  a c i d  d e a m in a t io n  o f  c y c lo p r o -

p y l c a r b i n y l - R - ^ C - a m i n e  ( L X I I I ) .  S i m i l a r  r e s u l t s  w e re  o b s e r v -  
91ed  b y  S c h l e y e r  d u r i n g  t h e  s o l v o l y s i s  o f  c y c l o p r o p y l c a r b m y l -  

1 . 1 ' . l * - t r a n s - 2 , 3 . 3 - d ^  m e t h a n e s u l f o n a t e  (L X IV ).

.CD «

■D
L X II I  D" "  " ° 'C D 2 OS02CH3

LXIV

R o b e r ts  a n d  c o w o r k e rs  s u g g e s t e d  t h a t  t h e s e  i n t e r c o n ­

v e r s i o n s  p r o c e e d  v i a  a  r a p i d l y  e q u i l i b r a t i n g  s e t  o f  n o n -  

c l a s s i c a l  b ic y c lo b u to n iu m  i o n s . 2^ A b i c y c lo b u to n iu m  i o n  

(LXV) i s  c o n s id e r e d  t o  be  a  r e s o n a n c e  h y b r id  o f  t h e  c a n o n ­

i c a l  s t r u c t u r e s  LXV a — c w i t h  g e o m e t ry  r e s e m b l in g  t h a t  o f

3 2 
H2 C “£H * c q  ~ iti nM

- 4  i  

LXV

6 3
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c y c lo b u t a n e .  F o r  s u b s t i t u t e d  c y c l o p r o p y l c a r b i n y l  s y s te m s ,  a  

s e t  o f  e q u i l i b r a t i n g  " s y m m e tr ic a l  h o m o a l l y l i c " o r  " b i s e c t e d "  

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

t h e  i n t e r c o n v e r s i o n s .^ ^ > 3 1  ^  " b i s e c t e d "  c a t i o n  (LXVI) i s

:CH2
f e -  =  { [ > - + « - »  < - »  f 2 CH=,

LXVI LXVIa LXVIb LXVIc LXVId

c o n s id e r e d  t o  b e  a  r e s o n a n c e  h y b r id  o f  c a n o n i c a l  s t r u c t u r e s  
3 2L X V Ia-d . M ore r e c e n t l y ,  O la l r  p r o p o s e d  a  s e t  o f  e q u i l i b r a t ­

i n g  s t r u c t u r e s  c o n t a i n i n g  t h r e e - c e n t e r  b o n d s  (L X V IIa -c )  t o

2  k&
L X V IIa  LX V IIb LX V IIc

e x p la i n  t h e s e  i n t e r c o n v e r s i o n s .  We may c o n s i d e r  s c r a m b l in g  

i n  c y c l o p r o p y l c a r b i n y l  d e r i v a t i v e s  (LX) t o  o c c u r  e i t h e r  

t h r o u g h  c y c l o p r o p y l c a r b i n y l  ( L X V I I I ) - c y c lo b u t y l  (LXIX) i o n

3

J < | 7 l CH2+'

L X V IIIa  LXIXa L X V IIIb  LXIXb LXIXb

i n t e r c o n v e r s i o n s  o r  th r o u g h  d i r e c t  i n t e r c o n v e r s i o n s  o f  c y c l o ­

p r o p y l c a r b i n y l  (L X V III)  i o n s .

3

^ ° H2+ ^ k

L X V IIIc

6 k
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R o b e r ts  h a s  c o n s id e r e d  t h e  i n t e r c o n v e r s i o n  o f  t h e  1 -  

m e t h y l c y c l o p r o p y l c a r b i n y l  (LX X ), 1 - m e t h y lc y c lo b u t y l  (LXXI) 

a n d  3 - m e t h y l a l l y l c a r b i n y l  (LX X II) c a t i o n s .  A m in o r  c o n ­

t r i b u t i o n  f ro m  e q u i l i b r a t i n g  n o n c l a s s i c a l  c a t i o n s  w as r e ­

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

t h e  1 - m e t h y lc y c lo b u t a n o l  (X L V II) p r o d u c t  f ro m  t h e  n i t r o u s
14a c i d  d e a m in a t io n  o f  1 - m e t h y l c y c l o p r o p y l c a r b i n y l - a -  C -am in e  

( X L V - ^ C ) .20 S a u n d e r s  h a s  p r o p o s e d  t h a t  an  e q u i l i b r i u m  f a ­

v o r in g  t h e  1 - m e t h y lc y c lo b u t y l  c a t i o n  (LXXI) b e s t  d e s c r i b e s  

t h e  1 - m e t h y lc y c lo p r o p y l c a r b in y l  c a t i o n  (L X X ).-^

LXX LXXI

The r e c o v e r y  o f  n o n - d e u t e r a t e d  X V III  a n d  XLVII p r o d u c t s  

f ro m  th e  r e a c t i o n  o f  X V III  w i t h  50*fo D2S 04  ( s e e  p .  54) i n ­

d i c a t e s  t h a t  e x t e n s i v e  e x c h a n g e  d o e s  n o t  t a k e  p l a c e  i n  t h e  

c y c lo p r o p y l  o r  c y c l o b u t y l  s t r u c t u r e s . ^ T h e re  i s  l i t t l e  e v i ­

d e n c e  f o r  e q u i l i b r a t i n g  n o n c l a s s i c a l  s t r u c t u r e s  i n  t h e  1 -  

m e t h y l c y c l o p r o p y l c a r b i n y l  s y s te m .  N e i t h e r  e q u i l i b r a t i n g  

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

t h e r e f o r e ,  c a n  b e  in v o k e d  t o  e x p l a i n  t h e  c a r b o n - 1 4  d i s t r i ­

b u t i o n  i n  3 - m e th y l - 2 - b u ta n o n e  ( I I I )  f ro m  th e  s u l f u r i c  a c i d -  

c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 - ( d i m e t h y l - 1^ C ) -

1 ,3 - p r o p a n e d i o l  ( I - ^ C )  ( s e e  p .  4 3 ) .

M echan ism  V I , p .  6 6 , show s t h a t  i n  t h e  d e h y d r a t i o n - r e -  
14a r r a n g e m e n t  o f  I -  C t h e  i n t e r m e d i a c y  o f  1 - m e t h y lc y c lo p r o p y l -  

c a r b i n o l  (X V IIIb )  w o u ld , b y  v i r t u e  o f  i t s  sy m m e try , p r e d i c t
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M ech an ism  V I: F o r m a t io n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I I I )  f ro m  t h e  
S u l f u r i c . A c i d - C a t a l y z e d  D e h y d r a t io n - R e a r r a n g e m e n t  o f  2 , 2 - ( D i -  
m e th y l -  V ) - 1 , 3 - p r o p a n e d i o l  ( I - ^ C )  t h r o u g h  1 - M e t h y lc y c l o p r o -  
p y l c a r b i n o l  (X V I I I ) . a

fCH.3 1) HT | ch 3
3 -C -C H 2+

CH20Hj

1 , 2-CH~

,CH.—;CH.

XLhXXXIXb

2
CH20H

V Ih

I t x !

P a t h  B , C

1 0 5 °

P a t h  A P a t h  C

XLIXf X L V IIc

CH~OH

X L IX g

MECHANISM VI IS  
CONTINUED ON P . 67- 6c.

B ro k e n  l i n e s  i n d i c a t e  XXXIXb a n d  XLb f o r m a t i o n  f ro m  I  
t h r o u g h  i n t e r m e d i a t e  V lho

I V
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Mechanism VI; Path A continued.

1) H ? H3 t  I
CH,=C— CH,-CH_-

1 ,2 -H

H0CrIo -C =C H -C H .
3

I X f

A l l y l i c  
s h i f t  |

H„C-^C-^CH-CH.

L ib
CH3 |  i  

CH2=C— CH-CH3 
OH

CHo-C— CH-CH-
J U- » J

OH

CH3 -CH-Cqr-CH3
OH

X H I e

c h 3- c - c h ( c h 3 ) 2
* * t
4 4  2

I H g

CH--CH-C— CH„
3 n 3 

0

n i g
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Mechanism VI; Path B continued.

XLIXg

1) H+

1 ,2 -H

A l l y l i c
s h i f t

3 8

IX g

1) Ho0

2) -H ‘

H ,C -sm< W J H -C H o

X lg

H

4 -  'I E
f c  SH3§ *xoCH~-C— CH—CH.,

-3 .1. f
OH

^ ^ H3 S  
CH^—CH—C^—CH^

OH

X H I f

U +

CH3-C-C H (C H 3 ) 2

c I^C H  * 
t-z* . 3 S |  

CH-—CH—C— CH- 
3 w 3 

0

I l l h
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Mechanism V I;  Path C continued.

3 6 1) H *31 I

A l l y l i c
s h i f t

1) H „0

H^Ci^C-srCH-CH

1) Ho0

2 ) - H ‘

6 t H3 6 6 
CH~—C— CH—CH- 

J  +  t  j  
OH

X l l g

* j*,7J * *
3 . 3  6 ?
CH3-CH-Cqr-OH3

OH

X H I g

-H+

CH3-C -C H (C H 3 ) 2 =

I I f

* pir * *
3 ? 3 5 S
CH-j—CH—C—CH- 

J  n j  
0

I l l i
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some m e th y le n e  g ro u p  e q u i l i b r a t i o n  a n d  l e a d  t o  c a rb o n - 1 4  a t  

t h e  C -2  p o s i t i o n  o f  k e to n e  I I I .  The a l l y l i c  p a th w a y  ( p .  4 7 )  

p r e d i c t s  t h e  a b s e n c e  o f  c a r b o n - 1 4  a t  C -2 . The 1 - m e t h y lc y c lo -  

p r o p y l c a r b i n y l  c a t i o n  (LXXa) o f  X V IIIb  ( s e e  M echan ism  V I, 

p .  66) may 1) r in g - o p e n  t o  t h e  3 - m e t h y l a l l y l c a r b i n y l  c a t i o n  

(L b) o f  XLIX f d i r e c t l y  ( P a th  A ); 2) fo rm  Lc th r o u g h  t h e  i r r e ­

v e r s i b l e  f o r m a t i o n  o f  t h e  1 - m e t h y lc y c lo b u t y l  c a t i o n  (X L V IIb) 

( P a th  B) o r  3) fo rm  Le a f t e r  c o m p le te  e q u i l i b r a t i o n  w i t h  

X L V IIc ( P a th  C ) .  .

M echan ism  IV , p .  5 8 , d o e s  n o t  r e p r e s e n t  t h e  o n ly  p o s ­

s i b l e  p a th w a y  b y  w h ic h  XLIXe c o u ld  fo rm  c o m p le te ly  d e u t e r -  

a t e d  k e to n e - d 1Q. A n o th e r  p a th w a y  i s  show n i n  M echan ism  V I I ,  

p .  7 1 . I n  s u p p o r t  o f  t h i s  m ech an ism  a s  a  p o s s i b l e  p a th w a y  

i n  o u r  w o rk , 3 - m e t h y l - 2 - b u t e n - l - o l  (L X X II) , u p o n  r e a c t i o n  

w i t h  50% DgSO^ a t  l 6 0 ° ,  h a s  b e e n  show n t o  g iv e  a  low  y i e l d
Q

o f  k e to n e  I I I  a n d  a ld e h y d e  I I ,  i n  a  9 ; 1 r a t i o . 7 The i n c o r ­

p o r a t i o n  o f  s i x  d e u te r iu m  a to m s  i n  L X X IIa  (M echan ism  V I I ,  

p .  71) c a n  r e s u l t  f ro m  t h e  r e v e r s a l  o f  XLIX L I I  ( s e e  Schem e 

X, p .  5 6 ) .  I t  s h o u ld  be  n o t e d  t h a t  M echan ism  V II  c a n n o t  a c ­

c o u n t  f o r  k e to n e  I I I - d ^ Q  u n l e s s  e i t h e r  LXXIV -  X I I I  o r  

L X X III -  LXXIV a r e  r e v e r s i b l e .  The r e v e r s a l  o f  LXXIV -  X I I I  

c o u ld  l e a d  t o  LXXIVb w h ic h  w o u ld  l e a d  t o  I l l k ,  w h ic h  a f t e r

? D3 1 , 2-CD^ + ? D3 -D+ ?,
c h 2d- c - c d- c d 3 -------------- U  c h 2d - c - cd- cd 3 ---------- > c h 2d- c- c d ( c d 3 ) 2

° D ° D I l l kLXXIVb X H I i  l i± ic
a - e x c h a n g e ,  w o u ld  fo rm  I I I - d ^ Q .  The r e v e r s a l  o f  LXXIV -  X I I I  

i n  M echan ism  V I I ,  p .  71» i s  n o t  a n a lo g o u s  t o  t h e  r e v e r s a l  o f
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Mechanism VII: Formation of 3-Methyl-2-t>utanone (III-din)
from Deuterated 3-Methyl-3-buten-l-ol (XLIXe) through 3-
Methyl-2-huten-l-ol (LXXII).

C D 3
-CH

XLIXe

CD.3
V

LIIc

D3 a l l y l i c  ? ° 3
• cd3-c=cd-ch2od < -

s h i f t
LX X IIb

CD„-C-CD-CH0D 
3 » +  2 OD

c h 2d -c -c d -c d3
. OD 

LXXIVb

CD^-C-CD-CHgD
OD

X H I h

l - D

°  ? D3 
-C-CD-

I I I  j

CH2D-C-CD-CD3
OD

X H I i

? D3
CD3-C-CD-CD3

OD

LXXIVc
1 ,2 - C H J } /

1 ,2 -C D 3
y / b

1 , 2-CD3 1 , 2-CD3

c d 3-c -c d -c d 3
OD

X H I j

-D

0 CD„
c h 2d -c -c d -c d 3

ch a n g e

R e v e r s a l  o f  L X X III -  LXXIV ( (L X X III  ^  LXXIV) -  LX X IV c). 

^ R e v e r s a l  o f  LXXIV -  X I I I  (LXXIVa -  X H I h  -  LX X IV b).
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X I -  X II  i n  Schem e I I I ,  p .  1 0 . H e re  a  1 ,2 - m e th y l  s h i f t  i s  

r e q u i r e d  t o  fo rm  a  p r o t o n a t e d  c a r b o n y l  com pound a n d  d e p r o ­

t o n a t i o n  t o  r e f o r m  L X X III s h o u ld  b e  m ore i m p o r t a n t .

M ech an ism  V I I I ,  p .  7 3 , show s t h e  p r e d i c t e d  c a r b o n - 1 4  d i s t r i b -  
14u t i o n  i n  k e to n e  I I I  f ro m  I -  C t h a t  w o u ld  r e s u l t  f ro m  a  

p a th w a y  o f  t h e  t y p e  show n i n  M echan ism  V I I ,  p .  7 1 , w h ic h  

i n v o lv e s  LX XII a s  a n  i n t e r m e d i a t e .  As i n  M echan ism  V I, 

p .  6 6 , t h e  r e l a t i o n  b e tw e e n  X V III  and  XLVII b e f o r e  t h e  

f o r m a t i o n  o f  XLIX a f f e c t s  t h e  c a rb o n - 1 4  l a b e l  d i s t r i b u t i o n ,  

i n  t h i s  c a s e ,  i n  t h e  e x t e n t  o f  l a b e l  a t  t h e  C-3 p o s i t i o n  o f  

k e to n e  I I I .

M ech an ism  IX , p .  77 show s t h e  p r e d i c t e d  c a r b o n - 1 4
14d i s t r i b u t i o n  i n  k e to n e  I I I  f ro m  d i o l  I -  C, b y  way o f  t h e  1 , 2 -  

m e t h y l o l  s h i f t  p a th w a y  (M echan ism  V, p .  6 l ) .  A l l  a c t i v i t y  

w o u ld  b e  e x p e c t e d  a t  t h e  C -4  p o s i t i o n  o f  I I I .  T h is  p a th w a y  

c a n n o t  a c c o u n t  f o r  t h e  a p p e a r a n c e  o f  a c t i v i t y  a t  t h e  C -2  an d  

C -3  p o s i t i o n s  ( T a b le  X I I I ,  p .  8 0 ) .

T he p o s s i b i l i t y  was c o n s id e r e d  t h a t  t h e  c o m b in a t io n  o f  

a  1 , 2 - m e t h y l o l  s h i f t  a n d  t h e  i n t e r m e d i a c y  o f  3 - m e t h y l - 2 -  

b u t e n - l - o l  (L X X III)  m ig h t  b e  a b l e  t o  e x p l a i n  o u r  r e s u l t s  

( T a b le  X I I I ,  p .  8 0 ) a n d  t h u s  o b v i a t e  t h e  n e c e s s i t y  o f  i n v o k in g  

a  c y c lo p r o p y l  i n t e r m e d i a t e .  M echan ism  X, p .  7 8 , show s t h a t  

s u c h  a  c o m b in a t io n  l e a d s  o n ly  t o  c a rb o n - 1 4  a t  t h e  C - l  an d
14C -4  p o s i t i o n s  o f  k e to n e  I I I  m  t h e  m an n er o f  m ec h a n ism  I -  C, 

p .  48  ( T a b le  X I I I ,  p .  8 0 ) .

O nly  m ec h a n ism s  i n v o l v i n g  a  c y c lo p r o p a n e  i n t e r m e d i a t e  

p r e d i c t  c a r b o n - 1 4  l a b e l i n g  a t  t h e  C -2 an d  C -3 p o s i t i o n s  o f  

k e to n e  I I I ,  a s  was fo u n d  e x p e r i m e n t a l l y  ( T a b le  X I I I ,  p .  8 0 ) .

72

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



M ech an ism  V I I I :  F o r m a t io n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I I I )  f ro m  
t h e  S u l f u r i c  A c i d - C a ta l y z e d  D e h y d r a t io n - R e a r r a n g e m e n t  o f  2 , 2 -  
( D i m e t h y l - l ^ C ) - 1 ,3 - p r o p a n e d i o l  ( I - ^ C )  t h r o u g h  1 - M e th y lc v c lo -  
p r o p y l c a r b i n o l  (X V II Ib )  a n d  3 - M e t h y l - 2 - b u t e n - l - o l  ( L X X II ) .a

1 , 2-CH
3-> c h 3 - c - c h 2- c h 3c h 3 - c - c h 2oh CH~-C-CH~+

2 ) -H o0 /  CHJDHc h 2oh CH~OH

C-CH

CH^OHCH^OH

CH^OH P a th  C
X V IIIb X LV IIb

P a th  CP a t h  A. P a th  B

CH„=C— CH„-CH20H CH2=C— CH2-CH20H

XLIX f XL V IIc

CH„=C— CH CH^OH
MECHANISM V I I I  IS  

CONTINUED ON P . 7 4 - 7 f>XLIXh
1 u= i C l a b e l .

B ro k e n  l i n e s  i n d i c a t e  XXXIXb a n d  XLb f o r m a t i o n  f ro m  I -  
th r o u g h  i n t e r m e d i a t e  V Ih .
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Mechanism VIII; Path A continued-

I
CH„ f  ^ 3 1  *

CH3-C — CH2-C H 20H

4
•4
CH0

CH3~C— CH=CH2
A l l y l i c

s h i f t

■4
CH~

|
1 , 2-CH-

|
I  H? ? H3 l
CH_—C—CH—CH„ 

3 + i  3

CH3-C -C H (C H 3 ) 2

7^
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Mechanism VIII; Path B continued.

! H3 I  5 H+ J
=C— CH2-C H 20H  > 1DCH3-C — CH2-C H 20H

XLIXg L l l g

5 CH -  
T B *  . 3 8  %
1 °CH3-G — CH=CH2 

OH

X *

A l l y l i c

s h i f t

IS ,
TC 3 8

X *  v

5H3 §  I
CH,,—C— CH-CH„ 

J  » + J>
OH

5
15*

1 ,2 -C H ,
32  o

TB*. *?

LXXIVf

c h 3- c- c h ( c h3 ) 2
5 * * -

— I D / it -

T B * i B
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Mechanism VIII; Path C continued.

* p u  * *
3 ? 3 6 6
CH3-C — CH2-C H 20H 

L l l h

3 *H3 I 1
CH3-C — CH=CH2 

OH

A l l y l i c4______
s h i f t

“S' /-ITT ■Jt* *

3 ? 3 6 6
c h 3- c= ch- c h 2oh

L X X I I I e

* 3 * *
3 ?H3 6 6
CH--C— CH—CHo3 V .

OH

3
1 , 2-CH-

5

3 ? H ? H3 5
CH^-C— CH—CH~ 3 + * 3

L X X IV g

CH3-C-C H (C H 3 ) 2

3 6 2

I I I o

3 » ?H3 I
CH3-C-CH -CH 3
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M ech an ism  IX : F o r m a t io n  o f  3 - M e th y l - 2 - b u ta n o n e  ( I I I )  f ro m  t h e  
S u l f u r i c  A c i d - C a ta l y z e d  D e h y d r a t io n -R e a r r a n g e m e n t  o f  2 , 2 - ( D i -  
m e t h y l - 1^ ) - !  , 3 - p r o p a n e d i o l  ( I - l ^ C )  t h r o u g h  a  1 ,2 - M e th y l o l

1 , 3  D
CH^-C-CHo0H ------------

3 » . 2  p 'l.w
c h 3 - c - c h 24

Ch 2° h

1 , 2-CH,0H

2Cv3 ^ S H’■CH, ( -
1) H‘

1) Ho0

h o c h 2- c=c h - c h 3 CH0=C-CH-CH0

X LIX i

N _______________/  x i i
A l l y l i c  s h i f t

CH -C-CH-CH„ 
3 + » 3

OH

c h 3 - c - c h ( c h 3 ) 2

I  ? H>
CH3 -CH-C-CH3

OH

X I I I o

/ - H +

I I I p

I  ? H3 
CH3 -CH-C-CH3

I I I p  °

77

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



M ech an ism  X: F o r m a t io n  o f  3 - M e th y l - 2 - h u ta n o n e  ( I I I )  f ro m  t h e  
S u l f u r i c . A c i d - C a t a l y z e d  D e h y d r a t io n - R e a r r a n g e m e n t  o f  2 , 2 - ( D i -  
m e t h y l - ^ C ) - 1 , 3 - p r o p a n e d i o l  ( I - l ^ C )  t h r o u g h  a  1 ,2 - M e th y l o l  
S h i f t  a n d  I n t e r m e d i a t e  L X X II.

I
CH0

CH3 -C -C H 2OH

I - l ^ C

1) H
CH3 -C -C H 2+

c h 2oh

CH3 -C=CH-CH2OH

LX X IIg

A l l y l i c  s h i f t

c h 3 - c - c h=c h 2
OH

CH3 -C-CH-CH3
OH

|
1 ,2 -C H

*
*  CH „*2 + t J 4
CH3 -C-CH-CH3

OH

c h 3 - c - c h ( c h 3 ) 2

X I I I p  

-H+

I  ° > 3 l
CH3 -C-CH-CH3

0

I l l q I l l q
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IV Exterrt of Cyclopropane Intermediate Pathways

C arb o n -1 4 - a t  t h e  C -2  a n d  C -3  p o s i t i o n s  o f  3 - m e t h y l - 2 -  

b u t a n o n e  ( I I l ) [ b l ]  i s  c o n s id e r e d  t o  a r i s e  f ro m  M echan ism  

V I, (p .  6 6 )  an d  M echan ism  V T II ( p .  7 3 ) .  r e s p e c t i v e l y .  B o th  

m e c h a n ism s  i n c l u d e  1 - m e t h y lc y l c o p r o p y l c a r b in o l  (X V II I)  a s  

a n  i n t e r m e d i a t e .  T he e x t e n t  t o  w h ic h  t h e s e  m ech an ism s  

c o n t r i b u t e  t o  t h e  o v e r a l l  f o r m a t i o n  o f  k e to n e  I I I  i n  t h e  

r e a c t i o n  o f  d i o l  I  w i t h  s u l f u r i c  a c id  w as c o n s id e r e d .

B a se d  u p o n  t h e  a v e r a g e  v a l u e s  o f  c a r b o n - 1 4  l a b e l  i n  t h e  

C -2  an d  C -3  p o s i t i o n s  o f  k e to n e  I I I  ( T a b le  X I I I ,  p .  8 0 ) ,  

maximum a n d  minimum c o n t r i b u t i o n s  f ro m  M echan ism s VI a n d  V I I I  

c a n  b e  c a l c u l a t e d .  T he maximum c o n t r i b u t i o n  fro m  M echan ism  

VI i s  c a l c u l a t e d  b y  d i v i d i n g  3 * 8 , t h e  a v e r a g e  o b s e rv e d  

p e r c e n t a g e  o f  c a rb o n - 1 4  a t  C -2 , b y  1 2 .5 ,  t h e  p r e d i c t e d  

p e r c e n t a g e  o f  c a rb o n - 1 4  a t  C -2  a s su m in g  a l l  k e to n e  I I I  i s  

f o rm e d  t h r o u g h  t h e  i r r e v e r s i b l e  f o r m a t i o n  o f  XLVII f ro m  

X V III  ( P a th  B, M echan ism  V I, p .  6 6 ) .  T h i s  maximum v a lu e  i s  

3 0 .4 $ .  T he  m inimum  c o n t r i b u t i o n  f ro m  M echan ism  VI i s  c a l c u ­

l a t e d  b y  d i v i d i n g  t h e  sam e 3 *8  b y  2 5 -0 , t h e  p r e d i c t e d  p e r c e n t ­

a g e  a s su m in g  a l l  k e to n e  I I I  i s  fo rm e d  t h r o u g h  t h e  d i r e c t  r i n g -  

o p e n in g  o f  X V III  ( P a th  A ) . T h is  v a lu e  i s  1 5 .2 $ .

By s i m i l a r  c a l c u l a t i o n s  b a s e d  on t h e  a v e ra g e  o b s e rv e d  

p e r c e n t a g e  o f  c a r b o n - 1 4  a t  C -3 ( 0 .9 ) ,  t h e  maximum ( P a th  B) 

a n d  m inimum  ( P a th  A) c o n t r i b u t i o n s  f ro m  M echanism  V I I I ,  p .

7 3 , a r e  7 .2 $  an d  3 .6 $ ,  r e s p e c t i v e l y .  T h e s e  r e s u l t s  a r e  summa­

r i z e d  i n  T a b le  XIV, p .  8 2 . The t o t a l  c o n t r i b u t i o n  o f
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T a b le  X I I I ;  E x p e c te d  C a r b o n - l4  D i s t r i b u t i o n  i n  3 - M e t h y l - 2 - b u -  
t a n o n e  ( I I I )  f ro m  t h e  S u l f u r i c  A c i d - C a ta l y z e d  D e h y d r a t io n - R e ­
a r r a n g e m e n t  o f  2 , 2 - ( D im e th y l - 1^ 'C ) - l , 3 - p r o p a n e d i o l  ( I - l 4 c )  a s  

a  F u n c t io n  o f  M ech an ism

11} . 3  55/5 K SO^ 0it
C " " ( Cn3^ 2

CH20H
u ll^

( i - 14c ) ( I I I )

M ech an ism C c-l] { C -2 } {C -3 } {C -4}

( E x p e r im e n ta l  V a lu e s 3-) 4 3 . 7± 
0 .7

3 .8 +
0 . 7 0 

0 5 1 . 6± 
0 . 3

M ech an ism  I - * ^ C ( p .  ^+7) 5 0 . 0 5 0 . 0

M ech an ism  V I ( P a th  A ) ( p .  6 7 ) 2 5 .O 2 5 . 0 5 0 . 0

( P a t h  B ) ( p .  6 8 ) 2 5 . 0 1 2 .5 6 2 . 5

( P a t h  C ) ( p .  6 9 ) 1 6 . 6 7 1 6 .6 7 6 6 . 6 7

M ech an ism  V I I I ( P a t h  A ) ( p .  74) 2 5 . 0 2 5 . 0 5 0 . 0

( P a t h  B) ( p .  75) 3 1 .2 5 1 2 . 5 5 6 . 2 5

( P a t h  C) ( p .  76 ) 3 3 .3 3 1 6 . 6 7 5 0 . 0

M ech an ism  I X ( p .  77) 1 0 0 .0

M ech an ism  X (p .  78 ) 5 0 . 0 5 0 . 0

S e e  T a b le  X I I ,  p .  32.
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c y c lo p r o p a n e  i n t e r m e d i a t e  p a th w a y s  i n  t h e  f o r m a t i o n  o f  k e to n e  

I I I ,  c a l c u l a t e d  i n  t h i s  m a n n e r , h a s  a  maximum v a lu e  o f  3 7 * 6 $  

i f  P a th  B i s  f o l l o w e d  a n d  a  m inim um  v a lu e  o f  1 8 .8 $  i f  P a th  A 

i s  f o l l o w e d .

I n c l u d e d  i n  T a b le  XIV, p .  8 2 , a r e  t h e  c a l c u l a t e d  c o n ­

t r i b u t i o n s  f ro m  M ech an ism s VI a n d  V I I I  a s s u m in g  t h a t  a l l  

k e to n e  I I I  i s  fo rm e d  a f t e r  c o m p le te  e q u i l i b r i u m  i s  e s t a b ­

l i s h e d  b e tw e e n  i n t e r m e d i a t e s  X V III  an d  XLVII ( P a th  C, Mech­

a n is m  V I, p .  6 6 ) .  T he c a l c u l a t e d  c o n t r i b u t i o n s  f ro m  M ech­

a n is m s  VI a n d  V I I I ,  a s s u m in g  P a th  C, a r e  i n t e r m e d i a t e  b e tw e e n  

t h o s e  c a l c u l a t e d  f o r  P a th s  A a n d  B. T h u s , a  c o n t r i b u t i o n  

f ro m  P a th  C i s  c o n s id e r e d  i n d i s t i n g u i s h a b l e  f ro m  a  co m b in ed  

c o n t r i b u t i o n  f ro m  P a t h s  A an d  B. As n o t e d  p r e v i o u s l y  (p .  65), 

e q u i l i b r a t i n g  n o n c l a s s i c a l  i o n s  do n o t  p l a y  m ore  t h a n  a  m in o r  

r o l e  i n  t h e  l - m e t h y l c y c l o p r o p y l c a r b i n y l / l - m e t h y l c y c l o b u t y l / 3 -  

m e t h y l a l l y l c a r b i n y l  s y s te m .  P a t h  C w i l l  t h u s  n o t  b e  c o n s i d e r ­

ed  f u r t h e r  i n  c a l c u l a t i o n s  t o  d e te r m in e  t h e  e x t e n t  o f  i n v o l v e ­

m en t o f  c y c lo p r o p a n e  i n t e r m e d i a t e  p a th w a y s .

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

o b s e rv e d  c a r b o n - 1 4  d i s t r i b u t i o n  i n  k e to n e  I I I ,  c o m b in a t io n s  

o f  M echan ism  V I, p .  6 6 , M echan ism  V I I I ,  p .  7 3 . a n d  M echan ism  

I ,  p* 3 . w e re  c o n s i d e r e d .  T a b le  XV, p .  8 3 , show s t h e  e x p e c t ­

ed  c a r b o n - 1 4  d i s t r i b u t i o n  i n  k e to n e  I I I ,  fo rm e d  f ro m  v a r i o u s  

c o m b in a t io n s  o f  p a th w a y s .  C o m b in a t io n  B l r e p r e s e n t s  t h e  

maximum a m o u n ts  (p .  7 9 )  o f  M ech an ism s VI a n d  V I I I  w h ic h  w o u ld  

l e a d  t o  t h e  o b s e rv e d  l a b e l i n g  a t  C -2  a n d  C -3 .  C o m b in a t io n  

A1 r e p r e s e n t s  t h e  m inim um  a m o u n ts  (p .  7 9 )  o f  M ech an ism s VI
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Table XIV: Calculated Contributions from the Various Paths
of Mechanism VI and Mechanism VIII in the Formation of 3-

Methyl-2-butanone (III).

C o n t r i b u t i o n  

P a t h  A P a t h  B P a th  C

M ech an ism  VI (C -2 )  1 5 .2 $  3 0 .4 $  2 2 .8 $

M ech an ism  V I I I  (C -3 )  3 .6 $  7 .2 $  5 . 4$

T o t a l  C y c lo p ro p a n e  
I n t e r m e d i a t e  P a tw a y
C o n t r i b u t i o n  1 8 .8 $  3 7 .6 $  2 8 .8 $
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T a b le  XV: E x p e c te d  C a r b o n - l4  D i s t r i b u t i o n  i n  3 - M e th y l- 2 - b u ta n o n e  ( I I I )  Form ed  fro m  V a r io u s
C o m b in a t io n s  o f  M e c h a n is m s .a

C om bin- C o m p o s it io n  C a r b o n - l4  D i s t r i b u t i o n
a t i o n  C - l  C -2  C -3  C -4

( E x p e r im e n ta l  V a lu e s ) 4 3 - 7± 
Oo 7

3 o8±
Oo 7

o 
o 5 1 . 6± 

0 .3

B1 3 0 .4 % [M ech an ism  V I ( P a th  B ) ]  
a n is m  V I I I ( P a t h  B ) j  + 62 .4%

+ 7* 2%[M ech- 
M echan ism  I 4 1 .1 3 .8 0 .9 5 4 .2

A1 1 5 « 2% [M echanism  V I ( P a th  A ) ]  
a n is m  V I I I ( P a t h  A )J  + 81 .2%

+ 3 .6% [M ech- 
M echan ism  I 4 5 °3 3°8 Oo9 5 0 o0

M ix tu r e  I (45% B1 + 55% A l) 43  o 4 3 .8 0 .9 5 1 .9

B2 3 6 .0 % [M ech an ism  V I ( P a th  B ) ]  
a n is m  V I I I ( P a t h  B ) j  + 55-2%

+ 8o8% [M ech- 
M echan ism  I 3 9 .4 4 .5 l . l 5 5 .0

A2 1 8 . 0% [M echanism  V I ( P a th  A )1 
a n is m  V I I I ( P a t h  A )J  + 77.6%

+ 4„4% [M ech- 
M echan ism  I 4 4 .4 4 o5 1 .1 50 oO

M ix tu r e  I I (40% B2 + 60% A2) 4 2 .4 4 .5 1 .1 5 2 . 0

^ e e  T a b le  X I I I ,  p .  8 0 ,  f o r  c a rb o n - 1 4  d i s t r i b u t i o n  i n  k e to n e  I I I  d u e  t o  i n ­
d i v i d u a l  m e c h a n ism s .
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a n d  V I I I  w h ic h  w o u ld  l e a d  t o  t h e  o b s e rv e d  l a b e l i n g  a t  t h e  

C -2  a n d  C -3  p o s i t i o n s .  B o th , h o w e v e r ,  p r e d i c t  v a l u e s  som e­

w h a t d i f f e r e n t  f ro m  t h o s e  o b s e r v e d  f o r  C a rb o n -1 4  a t  C - l  and  

C -4 . M ix tu r e  I  5% B1 an d  55%> A l)  i s  c o n s i s t e n t  w i t h ,

( w i t h i n  e x p e r i m e n t a l  e r r o r ) ,  t h e  o b s e rv e d  v a lu e s  f o r  a l l  

p o s i t i o n s  o f  k e to n e  I I I .

As show n i n  T a b le  XVI, p .  8 5 , M ix tu r e  I  c a l l s  f o r  t h e  

t o t a l  c o n t r i b u t i o n  o f  c y c lo p r o p a n e  i n t e r m e d i a t e  p a th w a y s  i n  

t h e  f o r m a t i o n  o f  k e to n e  I I I  t o  b e  2 7 . 3$-

As show n i n  T a b le  IV , p .  2 3 , 51$±2$  o f  k e to n e  I I I  f ro m  

t h e  r e a c t i o n  o f  d i o l  l a  w i th  55%> i s  o b t a i n e d  a s  d^ o r

d-^Q s p e c i e s .  A p p r o x im a te ly  6% ( t h e  am o u n t o f  I I - d ^  o r  d^ 

f ro m  T a b le  I I I ,  p .  2 2 ) o f  I I I - d ^ , d 10 t h a t  c o u ld  b e  a t t r i b u t ­

ed  t o  Schem e I I ,  p .  10  o r  Schem e I I I ,  p .  10  ( s e e  p .  1 3 ) .  

T h e r e f o r e ,  1A-5%±2.(% c a n  b e  c o n s id e r e d  a s  t h e  am ount o f  k e to n e  

I I I - d ^ , d 10 fo rm e d  th r o u g h  a  p a th w a y  o t h e r  t h a n  t h e  a l l y l i c  

s h i f t  p a th w a y  (M echan ism  I I ,  p .  7 ) .

E v e ry  c y c lo p r o p a n e  p a th w a y  i n c l u d e s ,  a s  a n  i n t e r m e d i a t e ,

1 - m e t h y l c y l o p r o p y l c a r b i n o l  (X V III)  w h ic h  h a s  b e e n  show n by  

K a s c h e ra s ^  t o  g iv e  8?.5%  (d ^  + d 1Q) k e to n e  I I I  ( s e e  T a b le  I I ,  

p .  5 1 ) •  K e to n e  I I I  f ro m  d i o l  l a  show ed  c o n s i d e r a b l y  m ore 

d e u t e r a t i o n  u n d e r  o u r  c o n d i t i o n s  (55%> -*--50° )»  ‘th a n

k e to n e  I I I  f ro m  d i o l  I  u n d e r  t h e  c o n d i t i o n s  [50%> D2 S0if 

1 6 0 ° )  o f  K a s c h e r a s ^  ( s e e  T a b le  IV , p .  2 3 ) .  U n d e r t h e  p r e s e n t  

c o n d i t i o n s  t h e n ,  X V III  w o u ld  b e  e x p e c te d  t o  l e a d  t o  e s s e n t i a l l y  

c o m p l e te l y  d e u t e r a t e d  k e to n e  I I I .  A l l  k e to n e  I I I  fo rm e d  

th r o u g h  a  c y c lo p r o p a n e  i n t e r m e d i a t e  p a th w a y ,  t h e r e f o r e ,  

i s  e x p e c te d  t o  b e  d ^  o r  d ^ Q s p e c i e s .  I f  a l l  t h e  k e to n e  I I I -

8U

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T a b le  XVI: T o t a l  C o n t r i b u t i o n  o f  C y c lo p ro p a n e  I n t e r m e d i a t e  
P a th w a y s  t o  t h e  F o r m a t io n  o f  3 - M e t h y l - 2 - b u ta n o n e  ( I I I )  fro m  
t h e  S u l f u r i c  A c i d - C a ta l y z e d  D e h y d r a t ip n -R e a r r a n g e m e n t  o f  2 ,
2 - ( D i m e t h y i - 1 4 c ) - 1 ,3 - p r o p a n e d io l  ( I - l ^ C )  P r e d i c t e d  b y  M ix­

t u r e  I . a

C y c lo p ro p a n e  I n  
t e r m e d i a t e  P a t h ­

way C o n t r i b u t i o n

4 5 #  C o m b in a t io n  B1

0 .4 5  x  3 0 .4 $  M echan ism  V I ( P a th  B) = 1 3 -7 #

0 .4 5  x  7 .2 #  M ech an ism  V I I I ( P a t h  B) = 3 -2 #

0 .4 5  x  37-6%  T o t a l  P a t h s  B 1 6 ,9 #

5 5 #  C o m b in a t io n  A l

0 .5 5  x  1 5 .2 #  M echan ism  V I ( P a th  A) = 8 .4 #

Oo55  x  3 . 6#  M ech an ism  V I I I ( P a t h  A) = 2 . 0#

0 .5 5  x  1 8 .8 #  T o t a l  P a t h s  A 1 0 .4 #

T o t a l  M ech an ism  VI 2 2 .1 #

T o t a l  M ech an ism  V I I I  5 -2 #

T o t a l  O v e r a l l  C o n t r i b u t i o n  2 7 .3 #

\ 4 5 # (C o m b in a t io n  B l)  + 5 5 # (C o m b in a t io n  A l ) ] ( s e e  T a b le  XV, 
p .  8 3 , a n d  p .  8 1 .
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d ^ ,d 1Q f ro m  a  p a th w a y  o t h e r  t h a n  M echan ism  I  ( s e e  a b o v e )  

w e re  fo rm e d  th r o u g h  a  c y c lo p r o p a n e  i n t e r m e d i a t e  p a th w a y , t h e  

d e u te r iu m  s tu d y  r e s u l t s  i n d i c a t e  a  c o n t r i b u t i o n  b y  s u c h  p a t h ­

w ays o f  ^ 3 - 4 9 $ .

The o b s e r v e d  c a r b o n - 1 4  d i s t r i b u t i o n  i n  k e to n e  I I I  i s  

c o n s i s t e n t  w i th  a  maximum o f  2 7 - 3$  c o n t r i b u t i o n  f ro m  c y c lo ­

p r o p a n e  i n t e r m e d i a t e  p a th w a y s  ( T a b le  XVI, p .  8 5 ) .  A d d i t i o n ­

a l  c a l c u l a t i o n s  w e re  p e r fo rm e d  t o  d e te r m in e  i f  o t h e r  co m b i­

n a t i o n s  o f  M echan ism s I ,  VT a n d  V I I I  w o u ld  l e a d  t o  a  g r e a t e r  

in v o lv e m e n t  o f  c y c lo p r o p a n e  i n t e r m e d i a t e  p a th w a y s  w h i l e  s t i l l  

g i v i n g  t h e  o b s e rv e d  c a rb o n - 1 4  d i s t r i b u t i o n .  T a b le  XV, p .  831 

show s t h a t  a  m ix t u r e  o f  4 0 $  c o m b in a t io n  B2 a n d  60$ c o m b i­

n a t i o n  A2 (M ix tu re  I I )  p r e d i c t s  a  d i s t r i b u t i o n  o f  c a rb o n - 1 4  

i n  k e to n e  I I I  v e r y  c l o s e  t o  t h e  o b s e rv e d  d i s t r i b u t i o n .  T a b le  

X V II, p .  8 7 ,  show s t h a t  M ix tu re  I I  c a l l s  f o r  a  31*3% c o n t r i ­

b u t i o n  f ro m  c y c lo p r o p a n e  i n t e r m e d i a t e  p a th w a y s  t o  t h e  fo rm ­

a t i o n  o f  k e to n e  I I I .  A l th o u g h  o t h e r  m ix t u r e s  o f  c o m b in a t io n s  

o f  m ec h a n ism s  c o u ld  b e  c o n c e iv e d ,  3 1 - 32 $  a p p e a r s  t o  b e  t h e  

maximum c o n t r i b u t i o n  o f  c y c lo p r o p a n e  p a th w a y s  t o  t h e  f o r m a t i o n  

o f  k e to n e  I I I ,  t h a t  w o u ld  b e  c o n s i s t e n t  w i t h  t h e  o b s e rv e d  

c a rb o n - 1 4  d i s t r i b u t i o n .

B o th  c a r b o n - 1 4  an d  d e u te r iu m  l a b e l i n g  s t u d i e s  i n d i c a t e  

t h a t  i n  t h e  s u l f u r i c  a c i d - c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  

o f  d i o l  I  ( l a ) ,  k e to n e  I I I  i s  f o rm e d  th r o u g h  b o th  t h e  a l l y l i c  

s h i f t  p a th w a y  (M echan ism  I ,  p .  3 ) an d  c y c lo p r o p a n e  i n t e r m e d i ­

a t e  p a th w a y s  (M echan ism  V I a n d  V I I I ,  p .  66 a n d  7 3 , r e s p e c t ­

i v e l y ) .  T he  tw o s t u d i e s  d i f f e r ,  h o w e v e r ,  i n  t h e i r  p r e d i c t i o n s
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T a b le  X V II: T o t a l  C o n t r i b u t i o n  o f  C y c lo p ro p a n e  I n t e r m e d i a t e  
P a th w a y s  t o  t h e  F o r m a t io n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I I I )  f ro m  
t h e  S u l f u r i c  A c i d - C a ta l y z e d  D e h y d r a t io n -R e a r r a n g e m e n t  o f  2 ,
2 - ( D i m e t h y l - l ^ C ) - l , 3 - p r o p a n e d i o l  ( I - l ^ C )  p r e d i c t e d  b y  M ix­

t u r e  I I .  a

C y c lo p ro p a n e  I n ­
t e r m e d i a t e  P a t h -  

M ix tu r e  I I  w ay C o n t r i b u t i o n

4 0 $  C o m b in a t io n  B2

0 .4 0  x  3 6 . 07S M ech an ism  V I ( P a th  B) = 1 4 .4 $

0 .4 0  x  8 .8 $  M ech an ism  V I I I ( P a t h  B) = 3 -5 $

0 .4 0  x  4 4 .8 $  T o t a l  P a t h s  B 1 7 .9 #

60 $  C o m b in a t io n  A2

0 .6 0  x  1 8 .0 $  M ech an ism  V I ( P a th  A) = 1 0 .8 $

0 .6 0  x  4 .4 $  M ech an ism  V I I I ( P a t h  A) = 2 . 6$

0 .6 0  x  2 2 .4 $  T o t a l  P a t h s  A 1 3 .4 $

T o t a l  M ech an ism  VI 2 5 .2 $

T o t a l  M ech an ism  V I I I  5 -2 $

T o t a l  O v e r a l l  C o n t r i b u t i o n  3 1 - 3 $

a [ 4 0 # (C o m b in a t io n  B2) + 6 0 $ ( C o m b in a t io n  A 2 ) ] ( s e e  T a b le  XV, 
p .  8 3 , a n d  p .  8 6 .
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o f  t h e  e x t e n t  t o  w h ic h  t h e s e  p a th w a y s  c o n t r i b u t e  t o  k e to n e

I I I  f o r m a t i o n .  T he d e u t e r a t i o n  s t u d i e s  i n d i c a t e  4 3 -4 9 $

c y c lo p r o p y l  i n t e r m e d i a t e  p a th w a y  w h i l e  t h e  c a rb o n - 1 4

l a b e l i n g  r e s u l t s  i n d i c a t e  2 7 - 3 2 $ .  The d i f f e r e n c e  b e tw e e n

t h e s e  r e s u l t s  i s  1 1 - 2 2 $ . a

An a t t e m p t  t o  r a t i o n a l i z e  t h e  d i f f e r e n c e  b e tw e e n  t h e s e

tw o t y p e s  o f  s t u d i e s  w i l l  now b e  m ade i n  t h e  c o n t e x t  o f  t h e

m e c h a n ism s  a l r e a d y  p r e s e n t e d .

T h e  r e a c t i o n  m e d ia  w e re  5 5$  v / v  ( 7 0 .2 $  w /w) HgSO^ i n

t h e  c a r b o n - 1 4  s t u d i e s  an d  v / v  ( 7 0 . 2$  w/w) DgSO^ i n  t h e

d e u te r iu m  s t u d i e s .  The H am m ett a c i d i t y  f u n c t i o n s ,  Ho an d

D o ,- ^  h a v e  b e e n  show n t o  b e  e q u a l  o v e r  o u r  a c i d i t y  r a n g e , ^ 8 ,3 9

a n d  t h e  d i e l e c t r i c  c o n s t a n t s  f o r  HgO and  DgO a r e  r e p o r t e d  t o  
40

b e  v e r y  s i m i l a r .  DgO, h o w e v e r , h a s  b e e n  r e p o r t e d  t o  b e  a 
41 h.o

w e a k e r  b a s e  t h a n  HgO. ’ The f a c t  t h a t  m o st a c i d - c a t a l y z e d  

r e a c t i o n s  p r o c e e d  a t  a  h i g h e r  r a t e  i n  D2 0 t h a n  i n  HgO h a s  

b e e n  a t t r i b u t e d  t o  t h i s  f a c t . - ^

T he r e a c t i o n s  o f  s u b s t r a t e s  c o n t a i n i n g  h y d r o x y l  g ro u p s  

a s  t h e  b a s i c  f u n c t i o n s  u s u a l l y  e x h i b i t  s p e c i f i c  h y d ro g e n  io n  

c a t a l y s i s  a s  show n i n  Schem e X II  (J=H o r  D ) . ^  T he f i r s t

Schem e X I I :  M echan ism  o f  A c id  C a t a l y s i s .

S + J + , s o l v e n t  ■■v S J+ + s o l v e n t  (A)
x f a s t  +

S J  (+X) + s o l v e n t  s l ' - —> p r o d u c t s  + J  „ s o l v e n t  (B)

a 43 -  4 9 $  p r e d i c t e d  b y  d e u te r iu m  s t u d i e s
- 2 7  -  3 2 $  p r e d i c t e d  b y  c a r b o n - 1 4  s t u d i e s

11  -  2 2 $  (m in . 1 1 $  = 4 3 $  -  32$ )  (m ax. 2 2 $  = 4 9 $  -  2 7 $ )
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s t e p  (A) i s  t h e  r a p i d  r e v e r s i b l e  f o r m a t i o n  o f  t h e  c o n ju g a t e  

a c i d  o f  s u b s t r a t e  S . I n  t h e  s e c o n d  s t e p  ( o r  s e q u e n c e  o f  

s t e p s ) ,  (B ) ,  t h e  s lo w  s t e p ,  w h ic h  may o r  may n o t  b e  u n i -  

m o le c u la r ,  i s  a s su m e d  h e r e  t o  n o t  i n v o lv e  a  p r o to n  t r a n s f e r .  

T he c o n ju g a t e  a c i d  SH+ h a s  b e e n  show n t o  b e  s t r o n g e r  t h a n  

SD+ b y  a  f a c t o r  o f  2 .5  -  S in c e  t h e  r a t e  o f  t h e

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

S J+ , t h e  r a t i o  o f  t h e  o b s e r v e d  r a t e  c o n s t a n t s  I q ^ o A i^ O  

s h o u ld  b e  g r e a t e r  t h a n  o n e .  F o r  r e a c t i o n s  w h ic h  a r e  th o u g h t  

t o  p r o c e e d  b y  t h e  p a th  show n i n  Schem e X I I ,  p .  8 8 , k p ^ o A j^ O
ii.iL

h a s  b e e n  fo u n d  t o  b e  i n  t h e  r a n g e  1 . 5  -  2 . 8 .

I f  tw o o r  m ore  p r o d u c t s  a r e  fo rm e d  i n  Schem e X I I ,  p .  8 8 , 

t h e  p r o d u c t - r a t i o  w i l l  b e  d e te r m in e d  b y  s t e p  ( B ) .  I f  one  

p r o d u c t  i s  fo rm e d , b u t  f ro m  tw o o r  m o re  d i v e r g e n t  p a th w a y s ,  

t h e  r a t i o  o f  p a th w a y s  w i l l  a l s o  b e  d e te r m in e d  b y  s t e p  (B ) .

I n  t h e  a c i d - c a t a l y z e d  d e h y d r a t i o n  o f  d i o l  I ,  k e to n e  I I I  i s  

fo rm e d  fro m  b o th  t h e  a l l y l i c  s h i f t  a n d  c y c lo p r o p a n e  i n t e r ­

m e d ia te  p a th w a y s .  I t  i s  p o s s i b l e  t h a t  i n  c h a n g in g  t h e  

r e a c t i o n  s y s te m  fro m  H gSO ^H gO  t o  DgSO^/DgO, t h e  r a t i o  o f  

p a th w a y s  f o l lo w e d  i n  t h e  f o r m a t i o n  o f  k e to n e  I I I  i s  a f f e c t e d .

I n  M echan ism  IV , p .  5 8 , c y c lo p r o p a n e  p a th w a y  i n t e r ­

m e d ia te s  XXXIXa an d  XLa a r e  d e p i c t e d  a s  f o rm in g  fro m  d i o l  l a  

w i th  o r  w i t h o u t  t h e  i n t e r m e d i a c y  o f  c a t i o n  V Ig ( s e e  p .  5 2 ) .  

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

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

a s  show n i n  Schem e X I I I ,  p .  90  an d  S chem e XIV, p .  9 4 .

Schem e X I I I ,  p .  9 0 , show s t h e  f i r s t  tw o s t e p s  o f  t h e
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a c i d - c a t a l y z e d  d e h y d r a t io n  o f  d i o l  I - J .  I t  i s  a ssu m e d  h e r e  

t h a t  t h e  p r o t o n a t e d  c y c lo p r o p a n e  i n t e r m e d i a t e s  o f  M echan ism  

IV , p .  5 8 , a r e  fo rm e d  w i t h o u t  t h e  i n t e r m e d i a c y  o f  c a t i o n  V I.

I n  t h e  r a t e - d e t e r m i n i n g  s e q u e n c e  (B ) , c o m p e t i t i o n  e x i s t s  

b e tw e e n  t h e  u n i m o l e c u l a r  t r a n s f o r m a t i o n  o f  LXXV i n t o  i n t e r ­

m e d ia te s  V I - J  a n d  e i t h e r  XXXIX-J o r  X L -J  ( o r  b o t h ) .  T he t r a n s ­

i t i o n  s t a t e s  i n  t h e i r  f o r m a t i o n  a r e  d e p i c t e d  a s  LXXVI,

LXXVII a n d  L X X V III, r e s p e c t i v e l y .  C a t io n  VI g i v e s  r i s e  t o  

k e to n e  I I I  th r o u g h  t h e  a l l y l i c  s h i f t  p a th w a y  (M echan ism  I ,  

p .  3 )  a n d  i n t e r m e d i a t e s  XXXIX an d  XL g i v e  r i s e  t o  k e to n e  

I I I  t h r o u g h  c y c lo p r o p a n e  p a th w a y s  ( s e e  Schem e V I I ,  p .  50 

an d  M ech an ism  I I I ,  p .  5 5 )*  G r e a t e r  s t a b i l i z a t i o n  o f  LXXVII 

an d  LX XV III r e l a t i v e  t o  LXXVI i n  c h a n g in g  t h e  r e a c t i o n  m edium  

f ro m  HgSO^/HgO t o  DgSO^/DgO w o u ld  r e s u l t  i n  a  g r e a t e r  c o n t r i b ­

u t i o n  o f  c y c lo p r o p a n e  p a th w a y s  t o  k e to n e  I I I  f o r m a t i o n .

P r o to n a t e d  c y c lo p r o p a n e s  a r e  i n t e r m e d i a t e  i n  s t a b i l i t y
45  46 47

b e tw e e n  p r im a r y  a n d  s e c o n d a r y  c a rb o n iu m  i o n s .

T e r t i a r y  c a t i o n  V I - J  (Schem e X I I I ,  p .  9 ° )  i s  e x p e c t e d ,  t h e r e ­

f o r e ,  t o  b e  m ore  s t a b l e  t h a n  e i t h e r  XXXIX-J o r  X L -J . S in c e  

t r a n s i t i o n  s t a t e s  a n d  t h e  p r o d u c t s  w h ic h  t h e y  fo rm  a r e  g e n e r ­

a l l y  s t a b i l i z e d  b y  t h e  sam e f a c t o r s ,  we s h o u ld  e x p e c t  LXXV -  

LXXVI t o  b e  l e s s  e n d o th e r m ic  t h a n  e i t h e r  LXXV -  LXXVII o r  

LXXV -  L X X V III. T h i s  i s  i n  a g re e m e n t  w i th  b o th  t h e  d e u te r iu m  

an d  c a r b o n - 1 4  e x p e r im e n t s  w h ic h  i n d i c a t e  t h a t  m o st o f  k e to n e  

I I I  i s  fo rm e d  t h r o u g h  t h e  a l l y l i c  s h i f t  p a th w a y  (M echan ism  I ,

p .  3)>  w h ic h  i n c l u d e s  c a t i o n  VI a s  a n  i n t e r m e d i a t e .
, lq

Hammond s  p o s t u l a t e  s t a t e s  t h a t  f o r  a  s e r i e s  o f

91

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



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

t h e  c l o s e r  i n  s t r u c t u r e  w i l l  t h e  t r a n s i t i o n  s t a t e  h e  t o  t h e  

s t a r t i n g  s t a t e ,  a n d  c o n v e r s e ly ,  t h e  m ore e n d o th e r m ic  a  r e a c ­

t i o n  s t e p ,  t h e  c l o s e r  i n  s t r u c t u r e  w i l l  t h e  t r a n s i t i o n s  s t a t e  

h e  t o  t h e  p r o d u c t .  I f  we a ssu m e  t h a t  i n  Schem e X I I I ,  p .  9 0 , 

LXXV -  V I - J  an d  LXXV -  XXXIX-J ( o r  LXXV -  X L -J)  a r e  s i m i l a r  

s t e p s  ( t h e  s t a r t i n g  s t a t e s  a r e  t h e  s a m e ) ,  we w o u ld  p r e d i c t  

t h a t  LXXVII i s  c l o s e r  i n  s t r u c t u r e  t o  XXXIX-J (a n d  LXXVIII 

t o  X L -J)  t h a n  LXXVI i s  t o  V I - J .  T h e r e f o r e ,  t h e  l e a v i n g  o f  

J 2 0 i s  d e p i c t e d  i n  LXXVII a n d  LX XV III a s  h a v in g  p r o g r e s s e d  

f u r t h e r  t h a n  i n  LXXVI.

As m e n t io n e d  p r e v i o u s l y ,  DgO i s  a  w e a k e r  h a s e  t h a n  

HgO^1 ’ ^ 2 a n d , t h e r e f o r e ,  JgO i s  e x p e c t e d  t o  h e  a  b e t t e r  

l e a v i n g  g r o u p  i n  t h e  DgSO^/DgO s y s te m . S in c e  t h e  l e a v i n g  o f  

J 2 0 i s  m ore i m p o r t e n t  i n  LXXVII (a n d  L X X V III) , t h e s e  t r a n s i ­

t i o n  s t a t e s  a r e  e x p e c t e d  t o  h e  p r e f e r e n t i a l l y  s t a b i l i z e d  

c o m p a re d  t o  LXXVI w hen t h e  r e a c t i o n  s y s te m  i s  c h a n g e d  f ro m

h 2s o ^ / h 2 o t o  d 2 s o 4 / d 2 o .

S o l v e n t  i s o t o p e  e f f e c t s  may a l s o  p l a y  a  r o l e  i n  t h e  

r e l a t i v e  s t a b i l i t i e s  o f  t r a n s i t i o n  s t a t e s  LXXVI, LXXVII an d  

L X X V III. No d e t a i l e d  s t u d i e s  o f  t h e  p r o p e r t i e s  o f  DgSO^/
ZlQ

D2 0 m ix t u r e  h a v e  b e e n  r e p o r t e d .  7 B o th  s o l v e n t  s y s te m s  

(H2S 0 ^ /H 2 0 an d  DgSO^/DgO) a r e  a p p r o x im a te ly  t w o - t h i r d s  w a t e r  

b y  m o la r  p e r c e n t  (7 0 . 2% a c i d  b y  w t .  = 6 9 - 8  m o la r  % H2 0 , 6 8 .0  

m o la r  % D2 0 ^ ' A t r a n s i t i o n  s t a t e  i n  w h ic h  t h e  i n s i p i e n t  

c h a r g e  i s  m ore  d e v e lo p e d  a n d  m ore l o c a l i z e d  i s  e x p e c te d  t o  

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

LXXVII a n d  LX XV III t h a n  i n  LXXVI (Schem e X I I I ,  p .  9 0 ) ,  i t  

m ig h t  h e  e x p e c t e d  t h a t  m ore i n s i p i e n t  c h a rg e  w o u ld  h a v e  

d e v e lo p e d  i n  LXXVII a n d  L X X V III. On t h e  o t h e r  h a n d ,  t h e  

d e v e lo p i n g  c h a r g e  i n  LXXVII an d  L X X V III, a s  d e p i c t e d ,  w o u ld  

h e  e x p e c t e d  t o  h e  l e s s  l o c a l i z e d .  A d e f i n i t e  c o n c lu s i o n  on 

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

f o r e ,  h e  m ad e . H o w ev er, l e a v i n g  g r o u p  c o n s i d e r a t i o n s  a p p e a r  

t o  i n d i c a t e  t h a t  t r a n s i t i o n  s t a t e s  LXXVII an d  LX XV III a r e  

s t a b i l i z e d  r e l a t i v e  t o  LXXVI when t h e  r e a c t i o n  m e d ia  i s  

c h a n g e d  f ro m  HgSO^/HgO t o  DgSO^j/DgO. T h u s , i f  p r o t o n a t e d  

c y c lo p r o p a n e  i n t e r m e d i a t e s  a r e  fo rm e d  a c c o r d i n g  t o  Schem e 

X I I I ,  p .  9 0 , a  l a r g e r  c o n t r i b u t i o n  f ro m  c y c lo p r o p a n e  p a th w a y s  

w o u ld  h e  e x p e c t e d  i n  t h e  DgSO^A^O r e a c t i o n  s y s te m .  T h is  i s  

i n  a g re e m e n t  w i th  o u r  e x p e r i e m e n t a l  r e s u l t s .

I n  M ech an ism  IV , p .  5 8 , c y c lo p r o p a n e  p a th w a y  i n t e r m e ­

d i a t e s  may a l s o  fo rm  fro m  d i o l  l a  t h r o u g h  t h e  i n t e r m e d i a c y  

o f  C a t io n  V Ig . I n  Schem e XIV, p .  9 ^ , LXXV i s  fo rm e d  f ro m  

I - J  i n  a  f a s t  p r e - e q u i l i b r i u m  s t e p  (A) w h ic h  t h e n ,  i n  t u r n ,  

r e a r r a n g e s  t o  V I - J  i n  a  s lo w  s t e p  ( B - l ) .  T e r t i a r y  c a t i o n  

V I - J  c a n  t h e n ,  i n  a  s e c o n d  s lo w  s t e p  ( B - 2 ) ,  fo rm  I X - J  t h r o u g h  

LXXIX o r  X V I I I - J  t h r o u g h  XXXIX-J ( a n d / o r  X L -J ) .  I n t e r m e d i a t e  

IX g i v e s  r i s e  t o  k e to n e  I I I  th r o u g h  t h e  a l l y l i c  s h i f t  p a th w a y  

a n d  i n t e r m e d i a t e  X V III  g i v e s  k e to n e  I I I  t h r o u g h  c y c lo p r o p a n e  

p a th w a y s .

I n  (B -2 )  o f  Schem e XIV, p .  9 ^ , V I - J  -* LXXIX in v o lv e s  

t h e  t r a n s f e r  o f  a  p r o to n  t o  t h e  s o l v e n t  w h i l e  V I - J  -  XXXIX-J
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( a n d / o r  X L -J) i n v o lv e s  t h e  r e o r g a n i z a t i o n  o f  c a r b o n - t o -

h y d r o g e n  b o n d s  a s  t h e  t e r t i a r y  c a t i o n  i s  t r a n s f o r m e d  i n t o  a
4 1  42p r o t o n a t e d  c y c lo p r o p a n e .  HgO i s  m ore b a s i c  t h a n  DgO ’ 

a n d  i s  t h u s  b e t t e r  a b l e  t o  a b s t r a c t  a  p r o to n .  S in c e  p r o t o n  

a b s t r a c t i o n  i s  m o re  im p o r ta n t  i n  V I - J  -  LXXIX t h a n  i n  V I - J  -  

XXXIX-J ( a n d / o r  V I - J ) ,  i t  i s  e x p e c t e d ,  t h a t  t h e  f o rm e r  

p a th  s h o u ld  b e  p r e f e r e n t i a l l y  s t a b i l i z e d  when t h e  r e a c t i o n  

s y s te m  i s  c h a n g e d  f ro m  DgSO^/DgO t o  HgSO^/HgO. C o n v e r s e ly ,  

i n  c h a n g in g  f ro m  HgSO^/HgO t o  DgSO^/DgO V I - J  -  XXXIX-J 

( a n d / o r  X L -J) s h o u ld  b e  p r e f e r e n t i a l l y  s t a b i l i z e d  an d  a  

h i g h e r  c o n t r i b u t i o n  f ro m  c y c lo p r o p a n e  p a th w a y s  t o  k e to n e  

I I I  f o r m a t i o n  w o u ld  b e  e x p e c t e d .  T h is  i s  i n  a c c o r d  w i th  

o u r  e x p e r i m e n t a l  r e s u l t s .

I n  M echan ism  IV , p .  5 8 , c y c lo p r o p a n e  p a th w a y  i n t e r m e d i a t e s  

XXXIXc an d  XLc may fo rm  fro m  d i o l  l a  w i t h  a n d /o r  w i th o u t  

t h e  i n t e r m e d i a r y  o f  c a t i o n  V Ig . I n  e i t h e r  c a s e  i t  i s  

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

c y c lo p r o p a n e  p a th w a y  c o n t r i b u t i o n  t o  k e to n e  I I I  f o r m a t i o n ,  

on c h a n g in g  t h e  r e a c t i o n  m edium  fro m  H2 S 0 ^ /H 2 0 t o  DgSO^/DgO 

b y  b a s i c i t y  a n d  s o l v a t i o n  e f f e c t s .

I n  c h a n g in g  t h e  r e a c t i o n  m e d ia  f ro m  HgSO^/HgO t o  

DgSO^/DgO, t h e  e f f e c t  on t h e  r e l a t i v e  s t a b i l i t i e s  o f  t h e  

t r a n s i t i o n  s t a t e s  o f  t h e  c o m p e t in g  p a th w a y s  i n  b o th  Schem es 

X I I I ,  p .  90 an d  Schem e XIV, p .  94 , i s  e x p e c te d  t o  b e  s m a l l .

The p r e d i c t e d  c y c lo p r o p a n e  p a th w a y  c o n t r i b u t i o n  t o  k e to n e  I I I  

f o r m a t i o n  i n  t h e  c a rb o n - 1 4  (HgSO^/HgO) a n d  d e u te r iu m  

(DgSO^/DgO) s t u d i e s  d i f f e r s  b y  o n ly  1 1 -2 2 $  ( s e e  p .  8 8 ) .
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A r e l a t i v e  c h a n g e  i n  A G ^ (G^ = f r e e  e n e rg y  o f  a c t i v a t i o n )  

o f  o n ly  0 .0 8 8 - 0 .1 8  K c a l . / m o l e  i n  t h e  c o m p e t in g  p a th w a y s  

o f  e i t h e r  sch em e i s  s u f f i c i e n t  t o  a c c o u n t  f o r  s u c h  a  

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

a  s m a l l  d i f f e r e n c e  p r o b a b ly  c a r r i e s  w i th  i t  a  l a r g e  p r o b a ­

b i l i t y  o f  b e in g  i n  e r r o r .  T he a rg u m e n ts  p r e s e n t e d  i n  p a g e s  

8 8 -9 5 ,  s h o u ld ,  p e r h a p s ,  b e  t a k e n  w i th  a  s m a l l  g r a i n  o f  s a l t .

I n  a d d i t i o n ,  t h e  y i e l d s  o f  k e to n e  I I I  a n d  a ld e h y d e  I I  f ro m  

t h e  a c i d - c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  o f  d i o l  I  w e re  

( 4 3 .8 - 5 5 * * $ )  a n d  ( 9 .0 - 1 1 .8 $ ) ,  r e s p e c t i v e l y ,  ( s e e  p .  108 an d
Q

1 3 1 ) .  T h e s e  y i e l d s  w e re  a n  im p ro v e m e n t o v e r  p r e v i o u s  s t u d i e s 7

i n  w h ic h  t h e  c o m b in e d  y i e l d  o f  k e to n e  I I I  and  a ld e h y d e  I I  was

o n ly  1 5$« T h e re  i s  a  s u b s t a n t i a l  am o u n t o f  m a t e r i a l  f ro m

d i o l  I  n o t  a c c o u n te d  f o r  b y  v o l a t i l e  c a r b o n y l  p r o d u c t .

Y v e r n a u l t  a n d  M aze t^  r e p o r t e d  t h e  f o r m a t i o n  o f  som e n o n -

d i s t i l l a b l e  r e s i n s ,  a s  w e l l  a s  a c e t a l  IV  ( s e e  p .  1 ) ,  f ro m  t h e
g

r e a c t i o n  o f  d i o l  I  w i th  s u l f u r i c  a c i d .  K a s c h e r a s 7 h a s  

r e p o r t e d  some h ig h  m o le c u la r  w e ig h t  p r o d u c t  f ro m  t h e  s u l f u r i c  

a c id  r e a c t i o n  o f  3 - m e t h y l - 3 - b u t e n - l - o l  (X LIX ), w h ic h  i s  an  

i n t e r m e d i a t e  i n  b o t h  c y c lo p r o p a n e  p a th w a y s  (M echan ism s VI 

a n d  V I I I ,  p p .  66 a n d  7 3 , r e s p e c t i v e l y ) .  C h a n g in g  s o lv e n t  

s y s te m s ,  f ro m  HgSO^/HgO t o  DgSO^/DgO, m ig h t  a l t e r  t h e  

r e l a t i v e  am o u n ts  o f  r e s i n o u s  p r o d u c t s  fo rm e d  i n  t h e  c y c lo ­

p ro p a n e  an d  n o n - c y c lo p r o p a n e  p a th w a y s  a n d , t h u s ,  a f f e c t  t h e  

r a t i o  o f  v o l a t i l e  p r o d u c t s  fo rm e d  th r o u g h  t h e s e  p a th w a y s .

T h is  w o u ld  m ake t h e  o b s e rv e d  r e s u l t s  i n  t h e  d e u t e r a t i o n  an d  

c a r b o n - 1 4  s t u d i e s  n o t  c o r r e s p o n d  t o  t h e  r e a l  r a t i o  o f  a l l y l i c
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to cyclopropane pathways.
I n  c o n c lu s i o n ,  t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  d i s s e r t a ­

t i o n  i m p l i c a t e  a  h e r e - t o - f o r  u n s u s p e c t e d  p a th w a y , i n v o lv i n g  

a  c y c lo p r o p a n e  i n t e r m e d i a t e  i n  t h e  a c i d - c a t a l y z e d  r e a r r a n g e ­

m en t o f  2 , 2 - d i m e t h y l - 1 , 3 - p r o p a n e d i o l  ( I )  t o  3 - m e t h y l - 2 -  

b u ta n o n e  ( I I I ) .  U n d e r  o u r  r e a c t i o n  c o n d i t i o n s  t h i s  p a th w a y  

a c c o u n t s  f o r  a p p r o x i m a t e ly  o f  t h e  p r o d u c t .
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Experimental Section

M e l t in g  p o i n t s  w e re  d e te r m in e d  u s in g  a  T h o m as-H o o v er 

a p p a r a t u s ,  i n  o p e n  c a p i l l a r y  t u b e s ,  a n d  a r e  c o r r e c t e d ;  

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 .  M ass s p e c t r a  w e re  d e te r m in e d  

u s i n g  a  V a r ia n  CH5 M ass S p e c t r o m e t e r  a t  70 e v  w i t h  l i n e a r  

m ass  s c a n .  P r o to n  m a g n e t ic  r e s o n a n c e  s p e c t r a  w e re  d e t e r ­

m in e d  u s i n g  a  J o e l  MH-100 s p e c t r o m e t e r .  C h e m ic a l  s h i f t s  

a r e  e x p r e s s e d  i n  ppm (6 )  d o w n f i e ld  f ro m  i n t e r n a l  t e t r a -  

m e t h y l s i l a n e  ( 6 = 0 ) .  G as l i q u i d  c h ro m a to g ra p h y  w as p e r f o r m e d  

u s i n g  e i t h e r  a  V a r ia n  i8 6 0  c h ro m a to g r a p h  w i t h  f la m e  i o n i z a ­

t i o n  d e t e c t i o n  ( C o l .  1 a n d  C o l .  2) o r  a  V a r ia n  A 90-P  

c h ro m a to g r a p h  w i t h  t h e r m a l  c o n d u c t i v i t y  d e t e c t i o n  ( C o l .  3 )*  

C olum n 1 T r i s - ( c y a n o - 2 - e th o x y p r o p a n e )  (TCEP) (10%) 

o n  8 0 /1 0 0  m esh  v a r a p o r t  30 i n  a  1 /8 "  X 1 0 ' 

s t a i n l e s s  s t e e l  c o lu m n .

C olum n 2 D i e th y l e n e  g l y c o l  a d ip a t e  (DEGA) (10%) on 

8 0 /1 0 0  m esh  v a r a p o r t  30 i n  a  1 /8 "  X 1 0 ' 

s t a i n l e s s  s t e e l  c o lu m n .

Colum n 3 TCEP (20% ) o n  7 0 /8 0  m esh  c h ro m o so rb  P i n  

a  1 /4 "  X 2 0 ' s t a i n l e s s  s t e e l  co lu m n .

M o la r  a c t i v i t i e s  w e re  d e te r m in e d  u s in g  a  Beckm an L S- 

1 50  L i q u id  S c i n t i l l a t i o n  S y s te m . S a m p le s  w e re  c o u n te d  i n  

a  m o d if ie d  B r a y 's  S o l u t i o n  c o n s i s t i n g  o f  60 g .  o f  n a p t h a l e n e ,  

4  g .  o f  2 ,5 - d i p h e n y lo x a z o le  (P P 0 ) a n d  0 .2  g .  o f  l , 4 - b i s [ 2 -  

( 5 - p h e n y l o x a z o l y l ) ]  b e n z e n e  (P 0P 0P ) d i s s o l v e d  i n  a  m ix tu r e  

o f  880  m l. o f  p - d io x a n e ,  100 m l. o f  m e th a n o l  a n d  20 m l. o f  

e th y l e n e  g l y c o l .  A l l  s a m p le s  w e re  c o r r e c t e d  f o r  q u e n c h in g .
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W h e n ev e r a  r e a c t i o n  w as r u n  o v e r n i g h t  o r  a  r a d i o a c t i v e  

com pound w as h e a t e d ,  tw o c o n d e n s e r s  i n  s e r i e s  w e re  e m p lo y e d . 

One w as c o o le d  w i t h  c i r c u l a t i n g  a l c o h o l  ( i n  c a s e  o f  a  w a t e r  

p r e s s u r e  d ro p )  a n d  t h e  o t h e r  w i th  w a t e r  ( i n  c a s e  o f  e l e c t ­

r i c a l  f a i l u r e .
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I Preparation of 2.2-(Dimethvl-1^C)-l,3-'pro-panediol (I-^C)

A) Syn thesis o f Ethyl 2 .2 -(D im eth vl-1^C)malbnate (XXI)

A 2 - 1 f t h r e e - n e c k e d  f l a s k  w as f i t t e d  w i t h  a  C l a i s e n  

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

t u b e ,  a  F r i e d r i c h s  c o n d e n s e r  ( c o o l e d  w i t h  c i r c u l a t i n g  

a l c o h o l  a t  1 0 ° )  w i t h  a  d r y in g  tu b e  a n d  a  L i e b i g  c o n d e n s e r  

( w a te r  c o o le d )  w i t h  a  d r y in g  tu b e  a n d  a  s u s p e n d e d  th e r m ­

o m e te r  w h ic h  r e a c h e d  i n t o  t h e  f l a s k .  The g l a s s w a r e  w as 

p r e v i o u s l y  d r i e d  i n  a n  o v e n ,  a s s e m b le d  w h i l e  h o t  a n d  a l lo w e d  

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

The F r i e d r i c h s  c o n d e n s e r  w as d e ta c h e d  a n d  500 m l.  o f  

e th a n o l  ( p r e v i o u s l y  t r e a t e d  w i t h  so d iu m ) w as d i s t i l l e d  

i n t o  t h e  f l a s k .  S od ium  ( 1 2 .7  g . , 0 .5 5 9  m o le ) ,  i n  s m a l l  

p i e c e s  w as a d d e d  u n d e r  a  n i t r o g e n  a tm o s p h e re  a t  s u c h  a  r a t e  

a s  t o  m a i n t a i n  t h e  t e m p e r a t u r e  b e lo w  ^ 0 ° .  The F r i e d r i c h s  

c o n d e n s e r  w as r e f i t t e d .  The g a s  a d a p t e r  w as r e p l a c e d  b y  a  

p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l  c o n t a i n i n g  e t h y l  2 -  

m e th y lm a lo n a te  (XIX) ( 8 7 .1  g . . 0 .5 0 0  m o le ) ,  w h ic h  w as a d d e d  

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

t e m p e r a t u r e  b e lo w  2 0 ° .  The f l a s k  w as t h e n  c o o le d  i n  a n  i c e  

b a th  a n d  1 .0  m e. o f  m e th y l  i o d i d e - ^ C  (X X -^ C )  ( I n t e r n a t i o n a l  

C h e m ic a l  a n d  N u c le a r  C o r p . ,  I r v i n e ,  C a . ) ,  d i l u t e d  t o  8 3 . 5  g .  

( 0 .5 8 7  m o le ) w i t h  f r e s h l y  d i s t i l l e d  m e th y l  i o d id e  (XX) w as 

a d d e d  d ro p w is e  o v e r  a  p e r i o d  o f  15 m in . The r e a c t i o n  m ix tu r e  

w as g e n t l y  r e f l u x e d  f o r  12  h r .

A 5 - m l .  a l i q u o t  w as rem o v ed  a n d  e v a p o r a t e d  u n d e r  vacuum
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t o  g iv e  a  y e l lo w  l i q u i d  a n d  some w h i t e  s o l i d .  The a d d i t i o n  

o f  w a t e r  c a u s e d  t h e  s o l i d  t o  d i s s o l v e .  The o r g a n i c  l a y e r  

w as s e p a r a t e d  an d  t h e  a q u e o u s  l a y e r  w as e x t r a c t e d  w i t h  

s e v e r a l  p o r t i o n s  o f  e t h e r .  The o r g a n i c  l a y e r s  w e re  c o m b in e d , 

d r i e d  o v e r  m ag n esiu m  s u l f a t e  a n d  f i l t e r e d .  The s o l v e n t  w as 

e v a p o r a t e d  u n d e r  vacuum  t o  y i e l d  a  c l e a r ,  p a l e  y e l lo w  l i q u i d .  

G lc  ( C o l .  1 .  8 0 ° )  i n d i c a t e d  t h a t  a  few  p e r c e n t  o f  e t h y l  2 -  

m e th y lm a lo n a te  (X IX ) r e m a in e d .

S o d iu m  ( 1 .0  g . ) w as a d d e d  t o  t h e  r e a c t i o n  m ix tu r e  w i t h  

s t i r r i n g .  The f l a s k  w as c o o le d  i n  a n  i c e  b a th  a n d  m e th y l  

i o d id e  (XX) ( 2 0 . g . , 0 .1 4  m o le )  w as a d d e d  d r o p w is e .  The 

r e a c t i o n  m ix tu r e  w as s t i r r e d  f o r  15  m in . a n d  t h e n  g e n t l y  

r e f l u x e d  f o r  5 h r .  A n o th e r  5 -n il .  a l i q u o "  w as rem o v ed  

an d  w o rk e d  up  a s  t h e  f i r s t  a l i q u o t .  G lc  ( C o l .  1 ,  8 0 ° )  

i n d i c a t e d  t h a t  t h e  r e a c t i o n  w as c o m p le te .

The e n t i r e  r e a c t i o n  m ix tu r e  w as t r e a t e d  a s  w e re  t h e  

a l i q u o t s ,  a b o v e , t o  y i e l d  7 2 .2  g .  o f  e t h y l  2 , 2 - ( d i m e t h y l -  

lZ,'C )m a lo n a te  (XXI) ( 76.756 b a s e d  on  e t h y l  2 - m e th y lm a lo n a te  

(XIX) w h ic h  w as r e d u c e d  t o  2 , 2 - ( d i m e t h y l - ^ C ) - 1 , 3 - p r o p a n e ­

d i o l  ( I - ^ C )  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

B) R e d u c t io n  o f  E t h v l  2 . 2 - ( D i m e t h y l - ^ C  ) m a lo n a te  (XXI) 52 

A 1 - 1 ,  t h r e e - n e c k e d  f l a s k  w as f i t t e d  w i th  a  C l a i s e n  

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

a  F r i e d r i c h s  c o n d e n s e r  ( c o o le d  w i t h  c i r c u l a t i n g  a l c o h o l  a t  

1 0 ° )  w i t h  a  d r y in g  tu b e  a n d  a  1 5 0 - m l .  p r e s s u r e - e q u a l i z i n g  

a d d i t i o n  f u n n e l .  A l l  o f  t h e  g l a s s w a r e  w as p r e v i o u s l y  

d r i e d  i n  a n  o v e n , a s s e m b le d  w h i l e  h o t  an d  a l lo w e d  t o  c o o l
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u n d e r  a  n i t r o g e n  a tm o s p h e r e .

L i th iu m  a lu m in u m  h y d r id e  ( ^ 7 . 9  g . » 1 .2 6  m o le s )  w as 

a d d e d ,  w i t h  s t i r r i n g ,  t o  100 m l. o f  a n h y d ro u s  e t h e r  i n  t h e  

f l a s k .  To t h e  r e s u l t i n g  g r e y  s l u r r y ,  7 2 .2  g . (3 * 8 4  m o le s )  

o f  e t h y l  2 , 2 - { d im e th y l- 1^ C ) m a lo n a te  (XXI). ( p .  1 0 1 )  w as a d d e d  

o v e r  a  p e r i o d  o f  2 .5  h r .  The r e a c t i o n  m ix tu r e  w as t h e n  

g e n t l y  r e f l u x e d  f o r  3*5  h r . ,  s t i r r e d  a t  room  te m p , f o r  a n  

a d d i t i o n a l  k .5  h r .  a n d  c o o le d  i n  a n  i c e  h a t h .

W a te r  (3 0 0  m l . )  w as a d d e d  d ro p w is e  w i t h  s t i r r i n g  t o  

y i e l d  a  t h i c k  w h i t e  p a s t e .  The p a s t e  d i s s o l v e d  b y  a d d in g ,  

w i t h  v ig o r o u s  s t i r r i n g ,  50 m l. o f  1 0 $  HC1 f o l lo w e d  b y  400  

m l. o f  c o n c .  HC1. The o r g a n i c  l a y e r  w as s e p a r a t e d .  The 

a q u e o u s  l a y e r  w as e x t r a c t e d  w i t h  tw e lv e  2 0 0 -m l. p o r t i o n s  

o f  e t h e r .  The o r g a n i c  l a y e r s  w e re  c o m b in e d , d r i e d  o v e r  

m ag n esiu m  s u l f a t e  a n d  f i l t e r e d .  The s o l v e n t  w as e v a p o r a t e d  

u n d e r  vacuum  t o  g iv e  1 9 .5  g .  o f  a n  o i l y  w h i t e  s o l i d .  The 

s o l i d  w as s l u r r i e d  i n  a  few  m l. o f  c o ld  6 0 :4 0  b e n z e n e /  

h e x a n e  a n d  f i l t e r e d  t o  g iv e  1 5 . 9  g .  o f  a  w h i t e  c r y s t a l l i n e  

s o l i d .

The a q u e o u s  l a y e r  w as t r a n s f e r r e d  t o  a  c o n t in u o u s  

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

e t h e r a l  s o l u t i o n  w as s e p a r a t e d ,  d r i e d  o v e r  m ag n esiu m  s u l f a t e  

a n d  f i l t e r e d .  The e t h e r  w as e v a p o r a t e d  u n d e r  vacuum  t o  

y i e l d  1 7 .1  g .  o f  a  w h i t e  s o l i d .  The two w h i t e  s o l i d s ,  a b o v e ,  

w e re  co m b in e d  a n d  r e c r y s t a l l i z e d  t o  g iv e  2 , 2 - ( d i m e t h y l - ^ C ) -  

1 , 3 - p r o p a n e d i o l  ( I - ^ C )  ( 6 8 .8 $ ) ,  m .p . 1 2 7 -1 2 8 °  ( l i t . ^

1 2 7 ° ) .  D io l  I - ^ C  w as f u r t h e r  r e c r y s t a l l i z e d  f ro m  6 0 :4 0
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b e n z e n e /h e x a n e  (2 0  m l . / g . )  t o  c o n s t a n t  m o la r  a c t .  ( 2 .1 8 ?  m e . /  

m o le ) .  Nmr (C D C l^ 6 0 .8 7  ( s ,  6H, CK^) 3.4-3 ( b r o a d  s ,  4H, CH2 ) 

4 .2 1  ( b r o a d  s ,  2H, OH).
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I I  R e a c t i o n  o f  2 . 2 - ( D i m e t h v l - lZj'C ) -1 .3 - T > ro p a n e d io l  ( I - l2fC) w i t h  

S u l f u r i c  A c id

A) D e h y d r a t io n -R e a r r a n g e m e n t  o f  2 . 2 - ( D i m e t h y l - ^ C ) - 1 , 3 -  

p r o p a n e d i o l  ( I - ^ C )

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

t h i s  r e a c t i o n  i s  show n i n  f i g .  I ,  p .  1 05• A 2 - 1 .  j a c k e t e d  

t h r e e - n e c k e d  f l a s k  w i t h  a  f r i t t e d  g l a s s  d i s c  a t  t h e  b o t to m  

s e r v e d  a s  t h e  r e a c t i o n  v e s s e l .  The v e s s e l  w as f i t t e d  w i t h  

a  m e c h a n ic a l  s t i r r e r ,  a  C l a i s e n  a d a p t e r  c o n t a i n i n g  tw o 

p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l s  a n d  a  C l a i s e n  d i s t i l l a ­

t i o n  h e a d .  A K r o n b i t t e r  c o n d e n s e r  a n d  a  vacuum  a d a p t e r  

c o n n e c t e d  t h e  d i s t i l l i n g  h e a d  t o  a  2 - 1 .  r e c e i v i n g  f l a s k .

The r e c e i v i n g  f l a s k  w as i n  t u r n  c o n n e c t e d  t o  a  s e r i e s  o f  

f i v e  t r a p s  an d  a  f lo w m e te r .  The d i s t i l l a t i o n  h e a d  ( a n d  

t h e  n e c k  o f  t h e  r e a c t i o n  v e s s e l  t o  w h ic h  i t  w as a t t a c h e d ) , 

K r o n b i t t e r  c o n d e n s e r ,  r e c e i v i n g  f l a s k  an d  t h e  t r a p s  a l l  

c o n ta i n e d  s p h e r i c a l  j o i n t s  f o r  maximum f l e x i b i l i t y .

A n o th e r  f lo w m e te r  ( w i th  a  b y - p a s s )  w as c o n n e c t e d  th r o u g h  

t h e  d o u b le  w a l l  o f  t h e  r e a c t i o n  v e s s e l  t o  t h e  f r i t t e d  d i s c .  

S i l i c o n e  o i l  w as c i r c u l a t e d  t h r o u g h  t h e  f l a s k  j a c k e t  a n d  

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

c i r c u l a t i n g  b a th  (H aake  I n s t r u m e n t  C o r p . , S a d d le  B ro o k ,

N . J . , m o d el N B S.)

A s l i g h t  s t r e a m  o f  n i t r o g e n  w as a p p l i e d  t h r o u g h  t h e  

f r i t t e d  g l a s s  d i s c .  A m ix t u r e  o f  17 2  m l. o f  s u l f u r i c  a c i d  

( 9 6 .5 —98?S) a n d  13 2  m l.  o f  w a t e r  (?0 .2?S  a c i d  b y  w t . )  w as

10*f
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a d d e d  t o  t h e  r e a c t i o n  v e s s e l .  The s i l i c o n e  o i l  w as h e a t e d  

t o  1 5 5 °  i n  t h e  c i r c u l a t o r .  2 , 2 - ( D im e th y l - 1 ^ ) - l f 3 - p r o p a n e ­

d i o l  ( I - ^ C )  (1 0 . 0  g . , 0 . 0 9 6 0  m o le ) ,  m o la r  a c t .  2 .1 8 ?  m e . /m o le ,  

d i s s o l v e d  i n  180  m l.  o f  w a t e r ,  w as p l a c e d  i n  o n e  a d d i t i o n  

f u n n e l ,  a n d  180 m l.  o f  w a t e r  w as p l a c e d  i n  t h e  o t h e r .  The

2 - 1 . r e c e i v i n g  f l a s k  a n d  t h e  t r a p s  w e re  s u b m e rg e d  i n  d r y  

i c e - a c e t o n e  b a t h s .  W a te r  w as c i r c u l a t e d  th r o u g h  t h e  K r o n b i t t e r  

c o n d e n s e r  a n d  t h e  e x t e r n a l  pump o f  t h e  c i r c u l a t o r  w as o p e n e d  

to  c i r c u l a t e  s i l i c o n e  o i l  t h r o u g h  t h e  f l a s k  j a c k e t .  A f t e r  

th e  t e m p e r a t u r e  w as a d j u s t e d  t o  a  c o n s t a n t  1 5 0 ° ± 0 . 1 ° ,  t h e  

n i t r o g e n  f lo w  w as i n c r e a s e d  t o  2 .6  l . / m i n .  The d i o l  s o l u t i o n  

a n d  w a t e r  w e re  e a c h  a d d e d  a t  a n  a p p ro x im a te  r a t e  o f  0 . 5  

m l . /m in .  f o r  6 h r .  ( 0 . 0 1 6  m o le  d i o l / h r . ) .  S m a ll  a d ju s t m e n t s  

w e re  m ade i n  t h e  r a t e  o f  w a t e r  a d d i t i o n  d u r in g  t h e  r e a c t i o n ,  

s o  t h a t  t h e  r a t e  o f  t o t a l  a d d i t i o n  ( w a te r  p l u s  a q u e o u s  

s o l u t i o n )  w as e q u a l  t o  t h e  r a t e  o f  d i s t i l l a t i o n .  The v o lum e 

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

o u t  t h e  r e a c t i o n .  The r a t e  o f  d i o l  a d d i t i o n  w as u n i f o r m .  A 

c o n s t a n t  r e a d i n g  o n  t h e  f lo w m e te r  a f t e r  t h e  t r a p s  i n s u r e d  no

p r e s s u r e  b u i l d - u p  i n  t h e  r e a c t i o n  s y s te m .
lAWhen t h e  a d d i t i o n  o f  I -  C a n d  w a t e r  w as c o m p le te ,  30 m l. 

o f  w a t e r  w as a d d e d  th r o u g h  t h e  d i o l  a d d i t i o n  f u n n e l  o v e r  a  

p e r i o d  o f  25 m in . a  The n i t r o g e n  f lo w  w as t h e n  lo w e re d  t o  a  

r a t e  j u s t  l a r g e  e n o u g h  t o  p r e v e n t  t h e  a c i d  s o l u t i o n  f ro m  

b a c k in g - u p  t h r o u g h  t h e  f r i t t e d  d i s c .

_a I t  h a s  b e e n  s u g g e s t e d ,^  t h a t  t h e  e x t r a  r e a c t i o n  t im e  
p r o v id e d  b y  t h i s  a d d i t i o n a l  w a t e r  h e lp s  s h i f t  t h e  e q u i l i b r i u m

106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The r e c e i v e r  a n d  t r a p s  w e re  rem o v e d , s to p p e r e d  an d  

a l l o w e d  t o  warm  t o  room  te m p . The c o m b in e d  d i s t i l l a t e  

f ro m  t h e  r e c e i v e r  a n d  t r a p s ,  w h ic h  c o n s i s t e d  o f  tw o  c l e a r  

l i q u i d  p h a s e s ,  w as t r a n s f e r r e d  t o  a  s e p a r a t o r y  f u n n e l ,  a n d  

t h e  u p p e r  o r g a n i c  l a y e r  w as s e p a r a t e d .  The a q u e o u s  l a y e r  

w as e x t r a c t e d  w i t h  n i n e  25 - m l .  p o r t i o n s  o f  d i c h l o r o m e t h a n e .

The f i r s t  e i g h t  o f  t h e s e  e x t r a c t s  w ere  a d d e d  t o  t h e  o r g a n i c  

l a y e r  a n d  t h e  e n t i r e  o r g a n i c  p h a s e  w as d r i e d  o v e r  m ag n esiu m  

s u l f a t e  a n d  f i l t e r e d .  G lc  a n a l y s i s  ( C o l .  1 ,  8 0 ° )  o f  th e  

n i n t h  e x t r a c t ,  w h ic h  w as d r i e d  a n d  f i l t e r e d  s e p a r a t e l y ,  

i n d i c a t e d  t h a t  t h e  e x t r a c t i o n  w as c o m p le te .

The v o lu m e o f  t h e  a q u e o u s  l a y e r  a f t e r  e x t r a c t i o n  w as 

395 m l. (3 9 0  m l. o f  d i o l  s o l u t i o n  and  w a t e r  w e re  d e l i v e r e d  

to  t h e  r e a c t i o n  v e s s e l )  a n d  t h e  vo lum e o f  s u l f u r i c  a c i d  

r e c o v e r e d  f ro m  t h e  r e a c t i o n  v e s s e l  was 295  m l. ( t h e  s t a r t i n g  

vo lum e w as 290 m l . ) .  T h u s t h e  a c i d  s t r e n g t h  w as t h e  same a t  

t h e  b e g in n i n g  a n d  e n d  o f  t h e  r e a c t i o n .

The o r g a n i c  p h a s e  w as c o n c e n t r a t e d  t o  a  v o lu m e  o f  50 m l. 

b y  d i s t i l l a t i o n  th r o u g h  a  25 cm. V ig re u x  c o lu m n . G lc  ( C o l .  1 ,  

8 0 ° )  i n d i c a t e d  t h e  p r e s e n c e  o f  d i c h lo r o m e th a n e ,  2 - m e t h y lb u t a n a l

b e lo w  t o  t h e  l e f t ,  r e s u l t i n g  i n  a  g r e a t e r  y i e l d  o f  c a r b o n y l  
p r o d u c t s .

I I I IV
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( I I ) [ a l ]  (9 .075 y i e l d )  a n d  3 - m e t h y l - 2 - b u ta n o n e  ( I I I ) [ b l ]  

( 5 5 . ^  y i e l d )  i n  t h e  r e s i d u e .

B) I s o l a t i o n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I l D f b l l

I n  a  1 0 0 -m l .  f l a s k ,  e q u ip p e d  w i th  a  m a g n e t ic  s t i r r i n g  

b a r ,  5 2 . 1  g .  ( 0 . 3 0 7  m o le )  o f  s i l v e r  n i t r a t e  w as d i s s o l v e d  

i n  50 m l.  o f  w a t e r .  A c o o le d  s o l u t i o n  o f  2 5 .0  g .  ( 0 . 6 2 6  

m o le )  o f  NaOH i n  50 n i l.  o f  w a t e r  w as a d d e d ,  w h ic h  r e s u l t e d  

i n  t h e  f o r m a t i o n  o f  a  t h i c k  g r e y - b l a c k  p r e c i p i t a t e .  The 

c o n c e n t r a t e d  o r g a n i c  p h a s e  ( p .  1 0 7 ) w as a d d e d  t o  t h e  f l a s k  

w i t h  80 m l.  o f  w a t e r . ^  Two c o n d e n s e r s ,  i n  s e r i e s ,  w e re  

c o n n e c t e d  t o  t h e  f l a s k ,  a n d  t h e  m ix tu r e  w as h e a t e d  a t  9 0 ° 

f o r  16 h o u r s .

The c o o le d  r e a c t i o n  m ix tu r e  w as f i l t e r e d  w i t h  s u c t i o n  

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

i n  t h e  l i n e .  The f i l t r a t e  a n d  l i q u i d  r e c o v e r e d  f ro m  th e  

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

l a y e r  w as s e p a r a t e d ,  a n d  th e  a q u e o u s  l a y e r  w as e x t r a c t e d  

w i t h  f i v e  1 5 - m l .  p o r t i o n s  o f  d i c h l o r o m e t h a n e .  The f i r s t  

f o u r  e x t r a c t s  w e re  c o m b in e d  w i t h  t h e  o r g a n i c  l a y e r  a n d  t h e  

e n t i r e  o r g a n i c  p h a s e  w as d r i e d  o v e r  m ag n esiu m  s u l f a t e  an d  

f i l t e r e d .  G lc  ( C o l .  1 ,  7 8 ° )  o f  t h e  f i f t h  e x t r a c t ,  w h ic h  

w as d r i e d  a n d  f i l t e r e d  s e p a r a t e l y ,  i n d i c a t e d  t h a t  t h e  

e x t r a c t i o n  w as c o m p le te .  G lc  ( C o l .  1 ,  7 8 ° )  o f  t h e  o r g a n i c  

p h a s e  i n d i c a t e d  t h a t  3 . 6 3  g .  (^ 3 * 9 $  y i e l d )  o f  k e to n e  I I I  

[ b l ]  w as p r e s e n t .  The o r g a n i c  p h a s e  w as d i s t i l l e d  th r o u g h  

a  25 cm. V ig re u x  c o lu m n  t o  y i e l d  1 .5 5  g .  ( 1 8 .7 $ )  o f  k e to n e  

I I l [  b l  ] ,  b . p .  9 1 - 9 3 °  ( l i t .-5-5 b . p .  9 ^ . 2 ° ) ,  w h ic h  g l c  ( C o l .
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1 & 2 , 7 5 ° )  i n d i c a t e d  was > 96%> p u r e .  The p r o d u c t  was 

d i l u t e d  t o  4 .0  g .  w i th  u n l a b e l e d  k e to n e  I I I  a n d  w as r e ­

d i s t i l l e d .  G lc  ( C o l .  1 a n d  2 , 7 5 ° )  i n d i c a t e d  t h a t  t h e  

3 .2 5  g .  o f  3 - m e th y l - 2 - b u ta n o n e  ( I I I ) [ b l ]  ( b .p .  9 3 - 9 4 ° )  

o b t a i n e d  was > 96% p u r e .  Nmr (CDCl^) 6 1 .1 1  (d , 6H,

C(CH3 ) 2 ) 2 .1 6  ( s ,  3H, CH^) 2 .6 3  (m, 1H, C H ). T he  m o la r  a c t .  

w as 8 4 3 .8  (L ic./m ole ( s e e  T a b le  V I I ,  p .  3 8 ) .

T h e  d e h y d r a t io n  o f  d i o l  I -^ Q ,  a n d  i s o l a t i o n  o f  k e to n e

I I l [ b l ]  was r u n  i n  d u p l i c a t e .  I n  t h e  s e c o n d  r u n ,  t h e  y i e l d s
14f ro m  t h e  d e h y d r a t io n - r e a r r a n g e m e n t  o f  I -  C, a s  d e t e c t e d  m  

t h e  d i c h lo r o m e th a n e  r e s i d u e  w e re  9*1^  y i e l d  I I  a n d  5 5*4$  

y i e l d  I I I .  A f t e r  o x i d a t i o n  o f  I l [ b l ] ,  3 .4 1  g .  ( 4 1 .1  %>) 

k e to n e  I I l [ b l ]  w as d e t e c t e d  i n  t h e  o r g a n i c  p h a s e .  Upon 

i s o l a t i o n  a n d  d i l u t i o n  t h e  4 .2 7  g* o f  k e to n e  I I l [ b l ]

( b .p .  9 0 - 9 4 ° )  o b t a i n e d  w as fo u n d  t o  b e  > 99%> p u r e .  The 

m o la r  a c t .  was 2 4 1 .9  u c . / m o l e .
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Ill Carbon-14 Analysis of 3-Methyl-2-butanone (IIl)f~bl~l

K e to n e  I I l [ b l ] ,  i s o l a t e d  f ro m  t h e  tw o  d e h y d r a t i o n - r e -  

a r r a n g e m e n t  r e a c t i o n s  o f  d i o l  I - ^ C  (p .  1 0 4 ) ,  w as d e g r a d e d ,  

an d  c a r b o n - 1 4  a n a ly s e s  w e re  p e r f o r m e d  on  t h e  f r a g m e n t s .  The 

m o la r  a c t i v i t i e s  o f  a l l  t h e  d e r i v a t i v e s  o f  I I l [ b l l ,  f ro m  

b o t h  r u n  1 an d  r u n  2 , a r e  l i s t e d  i n  T a b le  V I I ,  p .  3 8 .

A) S e m ic a rb a z o n e  D e r i v a t i v e  o f  3 - M e th y l - 2 - b u ta n o n e  ' i ■ 

( I I D f b l l . 56

S e m ic a r b a z id e  h y d r o c h l o r id e  (X X II) (262  m g .,  2 .3 5  m m o le s .)  

a n d  s o d iu m  a c e t a t e  (412  m g ., 3*03  m m o le s .)  w e re  p l a c e d  i n  a  

2 5 - m l .  f l a s k  an d  d i s s o l v e d  i n  1 m l. o f  w a t e r .  3 - M e th y l - 2 -  

b u ta n o n e  ( I I I ) [ b l l  (203 m g ., 2 . 3 6  m m o le s .)  w as p i p e t t e d  i n t o  

t h e  f l a s k  w i t h  0 .4  m l. o f  9 5$  a q u e o u s  e t h a n o l .  The f l a s k  

w as s t o p p e r e d  a n d  s h a k e n  v i g o r o u s l y .  A w h i t e  s o l i d  p r e ­

c i p i t a t e d  w h ic h  w as d i s s o l v e d  by  w arm in g  on a  s te a m b a th .

Upon s t a n d i n g  f o r  14  h r .  , t h e  w h i t e  s o l i d  c r y s t a l l i z e d .  The 

m ix t u r e  w as r e f r i g e r a t e d  a t  l e a s t  24 h r .  , f i l t e r e d  w i th  

s u c t i o n  a n d  t h e  s o l i d  was w a sh e d  w i th  t h r e e  5 - ml* p o r t i o n s  

o f  w a t e r .  A f t e r  d r y in g  u n d e r  vacuum  t h e  s e m ic a r b a z o n e  (X X III)  

[ b l ] ( l - 4 , 4 }  (6 9 -4 $ )  o b t a i n e d  w as r e c r y s t a l l i z e d  t o  c o n s t a n t  

m .p . ,  1 1 3 -1 1 4 °  ( l i t . ^  m .p . 1 1 4 ° )  an d  m o la r  a c t . ,  833*7  

u c / m o l e , w i t h  13$  a q u e o u s  e t h a n o l  ( 8 . 7  m l . / g . ) .  T h e  m o la r  

a c t .  o f  X X I I l [ b l ] [ l - 4 , 4} u s e d  f o r  r u n  2 w as 2 4 0 .8  ( ic . /m o le  

(T a b le  V I I ,  p .  3 8 ) .

B) B rom oform  R e a c t io n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I l l ) f b l l ^ 8

A 1 0 0 - m l .  t h r e e - n e c k e d  f l a s k  was e q u ip p e d  w i th  a  th e r m ­

o m e te r  a n d  a  m a g n e t ic  s t i r r e r ,  a  s o l u t i o n  o f  5 . 7 2  g .  (143
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m m o le s .)  o f  NaOH i n  35  m l. o f  w a te r  w as a d d e d  an d  c o o le d  i n  

a n  i c e - w a t e r  b a t h .  T he s o l u t i o n  was s t i r r e d  a n d  3*08 g .

(1 9 * 2  m m o le s .)  o f  b ro m in e  w as a d d e d  d ro p w is e  a t  s u c h  a  r a t e  

a s  t o  m a i n t a i n  t h e  te m p , b e lo w  5°* 3 - M e th y l - 2 - b u ta n o n e  ( I I I )  

[ b l ]  (31 7  m g ., 3*68  m m o le s .)  w as p i p e t t e d  i n t o  t h e  f l a s k  w i th  

15  m l.  o f  w a t e r .  The r e a c t i o n  m ix tu r e  was s t i r r e d  f o r  2 h r .  

b e lo w  5 °» w arm ed t o  room  te m p , an d  s t i r r e d  f o r  a n o th e r  18 

h r .  T h e  c a r b o n  t e t r a b r o m i d e  (C B r^) w h ic h  fo rm e d  w as 

d i s t i l l e d  w i th  10 m l.  o f  w a t e r ,  f i l t e r e d  w i t h  s u c t i o n  a n d  

w a sh e d  w i th  t h r e e  5 - m l .  p o r t i o n s  o f  5 0 °  w a t e r .  T h i s  c r u d e  

CB r^ w as d i s s o l v e d  i n  e t h e r ,  d r i e d  o v e r  m ag n esiu m  s u l f a t e  

a n d  f i l t e r e d ,  an d  t h e  s o l v e n t  was e v a p o r a t e d  u n d e r  vacuum  

fro m  a n  i c e - w a t e r  b a t h .  T he CBr^ was f u r t h e r  p u r i f i e d  b y  

s u b l i m a t i o n  a t  4  mm. f ro m  a  warm w a te r  (4 0 ° )  b a t h  t o  y i e l d  

CB r^ ( X X IV ) [ b l] { l ]  ( 5 3 .2 $ )  w h ic h  was s u b lim e d  t o  c o n s t a n t  

m .p . ,  9 4 ° ,  ( l i t .  59  m.p.  9 4 . 3 ° )  an d  m o la r  a c t .  3 7 8 . 8  | i c . / m o l e .  

T he m o la r  a c t .  o f  X X IV [b l]{ l}  f ro m  r u n  2 was 1 0 3 .1  p c . / m o l e  

( T a b le  V I I ,  p .  3 8 ) .

T h e  r e m a in in g  40 m l. o f  b a s i c  r e a c t i o n  m ix t u r e ,  c o n t a i n ­

i n g  so d iu m  i s o b u t y r a t e  ( X X V ) [b l]{ 2 - 4 ,4 } , was a c i d i f i e d  w i th  

c o n c .  p h o s p h o r i c  a c i d  t o  pH 2 .  The b ro m in e  c o l o r  t h a t  fo rm e d  

u p o n  a c i d i f i c a t i o n  w as d i s p e l l e d  w i th  a  s m a l l  p o r t i o n  o f  

s o d iu m  b i s u l f i t e .  The c l e a r ,  a c i d i f i e d  s o l u t i o n  w as d i s t i l l e d  

t o  d r y n e s s ,  a n d  t h e  d i s t i l l a t e  was t i t r a t e d  t o  pH 8 .2  

( p h e n o l p h t h a l e in )  w i th  1 .0  N NaOH. The n e u t r a l i z e d  d i s t i l ­

l a t e  w as c o n c e n t r a t e d  t o  5 ml. To 4 .5  m l. o f  t h e  c o n c e n t r a t e  

c o n t a i n i n g  I . 7 6  m m oles o f  X X V [ b l ] [ 2 -4 ,4 } , 4 42  m g. ( 1 .5 9  

m m o le s .)  o f  p -b ro m o p h e n a c y l  b ro m id e  (XXVI) i n  1 0 .5  m l.  o f  
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86% a q u e o u s  e t h a n o l  was a d d e d .  T he am o u n t o f  so d iu m  

i s o b u t y r a t e  (XXV) p r e s e n t  w as b a s e d  u p o n  t h e  t i t r a t i o n  w i th  

NaOH a n d  f ro m  t h e  y i e l d  o f  CBr^ ( X X I V ) [ b l ] { l ] . The s o l u ­

t i o n ,  w h ic h  fo rm e d  on  h e a t i n g ,  w as r e f l u x e d  f o r  40 m in .

The p -b ro m o p h e n a c y l  i s o b u t y r a t e  (X X V II) [ b l ] [ 2 - 4 ,4 } ,  w h ic h  

fo rm e d  on  c o o l i n g ,  w as f i l t e r e d  w i t h  s u c t i o n  a n d  w a sh e d  w i th  

tw o  5 - ro l .  p o r t i o n s  o f  w a te r  and  o n e  5 - ro l .  p o r t i o n s  o f  c o ld  

63 .4%  a q u e o u s  e t h a n o l .  A f t e r  d r y in g  u n d e r  v acuum , t h e  

p -b ro m o p h e n a c y l  i s o b u t y r a t e  (XX VII) [ b l ] { 2 - 4 , 4} (57*9%) was 

r e c r y s t a l l i z e d  t o  c o n s t a n t  m .p . ,  7 6 - 7 7 ° ,  ( l i t . ^ °  m .p .  7 7 ° )  

an d  m o la r  a c t . ,  4 6 7 .8  f ic . /m o le ,  w i th  63.4%  a q u e o u s  e th a n o l  

(33 m l . / g . ) .  T he m o la r  a c t .  o f  X X V I l [ b l ] { 2 - 4 ,4} f ro m  r u n  

2 w as 1 3 5 .2  ( ic . /m o le  ( T a b le  V I I ,  p .  3 8 ) .

C) B a e v e r - V i l l i g e r  D e g r a d a t io n  R o u te

1 )  O x id a t io n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I l l ) f b l l . ^ 1 

A 50-ral*  f l a s k  w as e q u ip p e d  w i t h  a  m a g n e t ic  s t i r r i n g  b a r  

an d  tw o  c o n d e n s e r s  ( i n  s e r i e s )  w i th  a  d r y in g  t u b e .  To 1 .2 0  g .  

( I 3 . 9  m m o le s .)  o f  3 - m e th y l - 2 - b u ta n o n e  ( I I I ) [ b l ]  i n  1 4  m l. o f  

d i c h l o r o m e t h a n e ,  3 .8 1  g .  o f  79*9% m - c h lo r o p e r b e n z o ic  a c id  

(X X V III) ( 1 7 .6  m m o le s .)  w as a d d e d , a n d  t h e  r e s u l t i n g  s o l u t i o n  

w as r e f l u x e d  i n  t h e  d a r k  f o r  19  h r .  A w h i t e  p r e c i p i t a t e  o f  

m - c h lo r o b e n z o ic  a c i d  fo rm e d .  G lc  ( C o l .  1 ,  7 5 ° )  o f  t h e  

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

in g  k e to n e  I I l [ b l ] .  S odium  c a r b o n a t e  (1 M, 12  m l . )  was 

ad d e d  t o  d i s s o l v e  p r e c i p i t a t e d  a c i d ,  a n d  0 . 4  g .  o f  so d iu m  

b i s u l f i t e  w as a d d e d  i n  s e v e r a l  p o r t i o n s  w i th  s t i r r i n g  t o  

d e s t r o y  e x c e s s  p e r a c i d .  S t i r r i n g  w as c o n t i n u e d  u n t i l  tw o
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c l e a r  l a y e r s  w e re  o b t a i n e d .  NaOH (1 0 $ , 2 m l . )  w as a d d e d  t o  

a d j u s t  t h e  pH t o  1 0 .  The o r g a n i c  l a y e r  w as s e p a r a t e d  a n d  t h e  

a q u e o u s  l a y e r  w as e x t r a c t e d  w i th  t h r e e  2 .5 - m l .  p o r t i o n s  o f  

d i c h l o r o m e t h a n e .  The o r g a n i c  l a y e r s  w e re  c o m b in e d , d r i e d  

o v e r  m ag n esiu m  s u l f a t e  a n d  f i l t e r e d  i n t o  a  1 0 0 -m l .  f l a s k .

G lc  (C o l .  2 ,  5 0 ° )  i n d i c a t e d  t h a t  0 .94- g .  (6 6 $ )  o f  i s o p r o p y l  

a c e t a t e  ( X X I X ) [ b l] [ l - 4 - ,4-} w as p r e s e n t  i n  20 m l.  o f  d i c h l o r o ­

m e th a n e  s o l u t i o n .

2 )  H y d r o l y s i s  o f  I s o o r o p y l  A c e t a t e  (XXIX) Pbllf 1-4-, 4-)

A s o l u t i o n  o f  4-,24 g .  (0 .1 0 6  m o le )  o f  NaOH i n  JO m l.  

o f  w a t e r  w as a d d e d  t o  t h e  1 0 0 -m l .  f l a s k  ( s e e  a b o v e )  c o n t a i n ­

i n g  t h e  d i c h lo r o m e th a n e  s o l u t i o n  o f  i s o p r o p y l  a c e t a t e  (XXIX) 

[ b l l { l - 4 , 4 } .  A m a g n e t ic  s t i r r i n g  b a r  w as a d d e d  an d  two 

c o n d e n s e r s  ( in  s e r i e s )  w e re  a t t a c h e d .  The m ix t u r e  was r e ­

f l u x e d  w i th  s t i r r i n g  f o r  4-0 h r .  G lc  (C o l .  2 , 4 0 ° )  o f  t h e  

d i c h lo r o m e th a n e  l a y e r  i n d i c a t e d  t h e  a b s e n c e  o f  X X I X [ b l l { l - 4 ,4 } . 

The o r g a n i c  l a y e r  w as s e p a r a t e d ,  a n d  t h e  a q u e o u s  l a y e r  w as 

e x t r a c t e d  w i th  s e v e n t e e n  5 - rol* p o r t i o n s  o f  d i c h l o r o m e t h a n e .

The e x t r a c t s  w e re  c o m b in e d  w i th  t h e  o r g a n i c  l a y e r  an d  t h e  

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

f i l t e r e d .  G lc (C o l .  1 , 4 0 ° )  i n d i c a t e d  t h e  p r e s e n c e  o f  

0 .3 5 8  g .  (6 4 -.8 $ , b a s e d  on  X X I x [ b l ] { l - 4 , 4 } ) i s o p r o p a n o l  

( X X X I ) [ b l ] { 3 ,4 ,4 } .

The b a s i c  a q u e o u s  l a y e r  fro m  t h e  h y d r o l y s i s  w as a c i d ­

i f i e d  w i th  c o n c .  p h o s p h o r i c  a c id  a n d  d i s t i l l e d  t o  d r y n e s s .

T he d i s t i l l a t e  w as t i t r a t e d  w i th  1 . 0  N NaOH t o  pH 8 .2  

( p h e n o l p h t h a l e i n )  an d  t h e  r e s u l t i n g  s o l u t i o n  c o n c e n t r a t e d
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t o  11  m l.  The s o d iu m  a c e t a t e  ( X X X ) [ b l ] [ l ,2 }  ( 6 .4 1  m m o le s .)  

p r e s e n t  i n  t h i s  c o n c e n t r a t e  w as d e r i v a t i z e d  w i t h  5 *75  m m o les, 

o f  p - b ro m o p h e n a c y l  b ro m id e  (XXVI) i n  36  m l.  o f  4 7 . 5% a q u e o u s  

e t h a n o l  f o l l o w i n g  t h e  p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  p -  

b r o m o p h e n a c y l  i s o b u t y r a t e  ( X X V I I ) [ b l ] { 2 - 4 ,4 } , p .  1 1 1 . The 

p - b ro m o p h e n a c y l  a c e t a t e  ( X X X I I ) [ b l ] [ l ,2 }  ( 7 8 .4 # )  o b t a i n e d  

w as  r e c r y s t a l l i z e d  t o  c o n s t a n t  m .p . ,  8 4 - 8 5 °  ( l i t . ^ °  m .p .  8 5 ° )  

a n d  m o la r  a c t . ,  4 0 1 .8  p c . / m o l e ,  w i t h  47 .5%  a q u e o u s  e t h a n o l  

(3 5  m l . / g . ) .  The m o la r  a c t .  o f  XXXII [ b l ] { l , 2 ]  f ro m  r u n  2 

w as 1 1 5 * 4  ( a c . /m o le  ( T a b le  V I I ,  p .  3 8 ) .

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

i s o p r o p a n o l  ( X X X I ) [ b l ] { 3 ,4 ,4 ] , w as u s e d  f o r  t h e  p r e p a r a t i o n  

o f  a  3 » 5 - d in i t r o b e n z o a t e  d e r i v a t i v e .  3 ,5 - D in i t r o b e n z o y l  

c h l o r i d e  (X X X III) (353  m g .,  1 .5 0  m m o le s .)  a n d  d r y  p y r i d i n e  

( 0 .8  m l . )  w e re  d i s s o l v e d  i n  21 m l. o f  d i c h lo r o m e th a n e  

c o n t a i n i n g  1 .5 3  m m o les, o f  X X X l[ b l] { 3 ,4 ,4 }  i n  a  5 0 -m l .  f l a s k  

e q u ip p e d  w i t h  a  m a g n e t ic  s t i r r i n g  b a r  a n d  a  c o n d e n s e r  w i t h  

a  d r y i n g  t u b e .  The s o l u t i o n  w as s t i r r e d  a t  r e f l u x  f o r  3 h r .  

a n d  e x t r a c t e d  w i t h  f o u r  5 -m l .  p o r t i o n s  o f  1 0 #  HC1, t h r e e  

5 - m l .  p o r t i o n s  o f  5f° so d iu m  b i c a r b o n a t e  an d  tw o  5 - m l .  p o r t ­

i o n s  o f  w a t e r .  The r e a c t i o n  m ix tu r e  w as t h e n  d r i e d  o v e r  

m ag n e s iu m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  w as e v a p o r a t e d  

u n d e r  v acu u m . The c ru d e  s o l i d  w as r e c r y s t a l l i z e d  f ro m  7 .5  

m l.  o f  95% a q u e o u s  e t h a n o l  t o  y i e l d  O. 1 3 6  g .  (3 5 .7 % ) o f  

i s o p r o p y l  3 , 5 - d i n i t r o b e n z o a t e  (X X X IV ) [b l] [3 » ^ » ^ } » w h ic h  w as 

f u r t h e r  r e c r y s t a l l i z e d  t o  c o n s t a n t  m .p . ,  1 2 2 - 1 2 3 ° ,  ( l i t . ^ 2 

m .p .  1 2 2 .1 ° )  a n d  m o la r  a c t .  4 4 1 .5  p c . / m o l e ,  w i t h  95% a q u e o u s
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e th a n o l  (3 8  m l . / g . ) .  The m o la r  a c t .  o f  X X X IV [b l]{ 3 ,4 ,4 }  

f ro m  r u n  2 w as 1 2 7 .2  p c . / m o l e  ( T a b le  V I I ,  p .  3 8 ) .

3 )  B rom oform  R e a c t i o n  o f  I s o n r o n a n o l  ( X X X D f b l l f 3 . 4 . 4 ]

The r e m a in d e r  o f  t h e  d i c h lo r o m e th a n e  s o l u t i o n  c o n t a i n ­

in g  i s o p r o p a n o l  ( X X X I ) [ b l] { 3 » 4 ,4 ]  (p* 1 1 3 ) w as e x t r a c t e d  w i t h  

tw e n ty  5 _ml*  p o r t i o n s  o f  w a t e r .  The a q u e o u s  s o l u t i o n  w as 

r e f r i g e r a t e d .  B ro m in e  (4 -.50  g . , 2 8 .2  m m o le s .)  w as a d d e d  

d r o p w is e  t o  a  s t i r r e d  s o l u t i o n  o f  NaOH ( 6 . 67  g . » 1 67  m m o le s .)  

i n  50 m l.  o f  w a t e r ,  m a i n t a i n e d  b e lo w  5 °  w i t h  a n  i c e  b a t h ,  i n  

a  2 5 0 - m l .  t h r e e - n e c k e d  f l a s k  e q u ip p e d  w i t h  a  th e r m o m e te r  a n d  

a  m a g n e t ic  s t i r r i n g  b a r .  The a q u e o u s  s o l u t i o n  o f  i s o p r o p a n o l

( X X X I ) [ b l ] { 3 ,4 ,4 }  w as a d d e d  i n  2 0 -m l .  p o r t i o n s .  The r e a c t i o n  

m ix tu r e  w as s t i r r e d  f o r  t h r e e  h r .  b e lo w  5 °  a n d  f o r  a n  

a d d i t i o n a l  18 h r .  a t  room  te m p . The w h i t e  s o l i d  (C B r^ ) 

t h a t  p r e c i p i t a t e d  w as i s o l a t e d  a n d  p u r i f i e d  ( u s i n g  t h e  same 

p r o c e d u r e  a s  f o r  C B r^ ( X X I V ) [ b l ] { l ] , p .  I l l )  t o  y i e l d  4 .6 6  g .  

(25.3?S C B r^ ( X X IV )[ b l] { 4 } ,  w h ic h  w as s u b l im e d  t o  c o n s t a n t  

m .p . 9 3 °  ( l i t . ^  m .p . 9 4 .3 ° )  a n d  m o la r  a c t . ,  2 1 7 .0  p c . / m o l e .  

The m o la r  a c t .  o f  X X IV £ b l][4 }  f ro m  r u n  2 w as 6 2 . 3  p c . / m o l e  

( T a b le  V I I ,  p .  3 8 ) .

W a te r  (1 0 0  m l . )  w as d i s t i l l e d  f ro m  t h e  b a s i c  r e a c t i o n  

m ix tu r e  w h ic h  c o n ta i n e d  t h e  s e c o n d  r e a c t i o n  p r o d u c t ,  s o d iu m  

a c e t a t e  (X X X )[b l]{ 3 » 4 ] . The r e m a in in g  40  m l.  w as d e r i v a t i z e d  

w i t h  p - b ro m o p h e n a c y l  b ro m id e  (X X V I), u s in g  t h e  sam e p r o c e d u r e  

a s  f o r  t h e  b a s i c  r e a c t i o n  m ix tu r e  c o n t a i n i n g  so d iu m  a c e t a t e  

( X X X ) [ b l ] { l ,2} ,  p .  1 1 3 . The d e r i v a t i z i n g  r e a c t i o n  m ix tu r e  

c o n s i s t e d  o f  1 .4 5  m m o les, o f  X X X [ b l ] [ 3 ,4 ]  a n d  0 .0 4 0 3  g .
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( 1 .^ 5  m m o les .) o f  p -b ro m o p h en a c y l b ro m id e  (X X V I) i n  13 m l. 

o f  ^ 7.5%  aqueous e th a n o l .  The 0 .2 56 g . ( 68 . 6$ )  o f  p -b ro m o - 

p h e n a c y l a c e ta te  ( X X X II  ) [ b l ] [ 3 , V }  o b ta in e d  was r e c r y s t a l l i z e d  

to  c o n s ta n t m .p . ,  8 4 °  ( l i t . ^ °  m .p . 85° )  and m o la r  a c t . ,  223 .0  

p c . /m o le ,  w i t h  k7»5?° aqueous e th a n o l (3 5  m l . / g . ) .  The  

m o la r  a c t .  o f  X X X I I [ b l ] [ 3 , ^ }  fro m  ru n  2 was 6 5 .0  f ic ./m o le  

(T a b le  V I I ,  p .  38 ) .
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IV Preparation of 3-Methyl-2-butanone-4-lij'C (IIl)[~b2]

A) S y n t h e s i s  o f  M e th y l  2 - M e t h y l a c e t o a c e t a t e  (XXXV

T h e a p p a r a t u s  was t h e  sam e a s  t h a t  d e s c r i b e d  f o r  t h e  

s y n t h e s i s  o f  e t h y l  2 , 2 - ( d i m e t h y l - ^ C  ) m a lo n a t e  (X X I), p .  1 0 0 . 

T he F r i e d r i c h s  c o n d e n s e r  w as d e t a c h e d ,  an d  250 m l.  o f  

x y l e n e  an d  s o d iu m  (3 * 6 2  g . , 1 .5 7  m o le s )  w e re  a d d e d  u n d e r  a  

n i t r o g e n  a tm o s p h e r e .  T he F r i e d r i c h s  c o n d e n s e r  w as r e f i t t e d ,  

an d  t h e  m ix tu r e  w as r e f l u x e d .  When t h e  so d iu m  m e l t e d ,  

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

rem o v e d  an d  m o d e r a te  s t i r r i n g  w as m a i n t a i n e d .  On c o o l i n g ,  

s m a l l  so d iu m  s p h e r e s  w e re  o b t a i n e d .

The x y l e n e  w as d e c a n te d  u n d e r  a  n i t r o g e n  a tm o s p h e re ,  

a n d  t h e  so d iu m  s p h e r e s  w e re  w ash ed  w i t h  tw o  2 0 0 -m l .  p o r t i o n s  

o f  a n h y d ro u s  e t h e r  and  tw o 1 5 0 -m l .  p o r t i o n s  o f  d r y  b e n z e n e .  

D ry  b e n z e n e  (7 5 °  m l . )  w as t h e n  a d d e d  t o  c o v e r  t h e  so d iu m  

s p h e r e s .  M e th y l  a c e t o a c e t a t e  (XXXV) ( 1 7 4 .2  g . ,  1 .5 0  m o le s )  

w as a d d e d  d r o p w is e  o v e r  a  p e r i o d  o f  20 m in . ,  an d  t h e  m ix tu r e  

w as s t i r r e d  f o r  4 . 5  h r .  M e th y l  i o d i d e  (XX) ( 2 4 7 .5  g » . 1 . 74- 

m o le s )  was a d d e d  d r o p w is e  o v e r  a  p e r i o d  o f  15  m in . The 

n i t r o g e n  a tm o s p h e re  was re m o v e d . T h e  r e a c t i o n  m ix tu r e  w as 

s t i r r e d  f o r  18 h r .  a t  room  te m p , a n d  t h e n  g e n t l y  r e f l u x e d  

f o r  24  h r .

When t h e  s t i r r i n g  was s to p p e d ,  a  w h i t e  s o l i d  s e t t l e d  

o u t  o f  a  p a l e  y e l lo w  l i q u i d .  A 1 0 - m l .  a l i q u o t  w as e v a p ­

o r a t e d  u n d e r  v acuum  an d  f i l t e r e d .  Nmr a n a l y s i s  i n d i c a t e d  

t h a t  10% m e th y l  a c e t o a c e t a t e  (XXXV) r e m a in e d .  Sodium  (3 . 6  g . ,
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0 .1 6  m o le )  an d  m e th y l  i o d i d e  (XX) ( 2 4 .5  g « . 0 .1 7  m o le )  w e re  

a d d e d  an d  t h e  r e a c t i o n  m ix tu r e  w as s t i r r e d  f o r  24  h r .  a t  

room  te m p , an d  f o r  an  a d d i t i o n a l  24 h r .  a t  r e f l u x .  T he 

m ix t u r e  w as f i l t e r e d ,  an d  t h e  f i l t r a t e  was e v a p o r a t e d  u n d e r  

vacuum  t o  y i e l d  1 5 3 -2  g .  o f  a  y e l lo w  l i q u i d .  T h i s  l i q u i d  

w as d i s t i l l e d  th r o u g h  a  25 cm. V ig re u x  c o lu m n , b . p .  8 0 - 8 4 ° /  

1 9  mm. ( l i t . ^  b . p .  8 0 ° /2 0  mm.) t o  y i e l d  a  c l e a r ,  c o l o r l e s s  

l i q u i d .  G lc  ( C o l .  1 ,  1 1 6 ° )  i n d i c a t e d  t h a t  t h e  l i q u i d  c o n ­

s i s t e d  o f  89-8%  m e th y l  2 - m e t h y l a c e t o a c e t a t e  (XXXV), 8.7%  

m e th y l  2 , 2 - d i m e t h y l a c e t o a c e t a t e  (XXXVI) an d  1 .5%  m e th y l  

a c e t o a c e t a t e  (LXXV). T h is  m ix tu r e  w as u s e d  t o  s y n t h e s i z e  

m e th y l  2 , 2 -  ( d i m e t h y l - ^ C ) a c e t o a c e t a t e  (XXXVI) w i t h o u t  

f u r t h e r  p u r i f i c a t i o n .

B) S y n t h e s i s  o f  M e th y l 2 , 2 - ( D im e th y l- 1 ^ ) a c e t o a c e t a t e  

(XXXV)

The a p p a r a t u s  was t h e  sam e a s  t h a t  d e s c r i b e d  f o r  t h e  

s y n t h e s i s  o f  e t h y l  2 , 2 -  ( d i m e t h y l - ^ C  ) m a lo n a te  (XXI) p .  1 0 0 , 

e x c e p t  t h a t  a  5 0 ° - m l. t h r e e - n e c k e d  f l a s k  w as e m p lo y e d . S m a ll  

s o l i d  s p h e r e s  o f  so d iu m  (1 . 6 9  g*» 7 3 - 5  m m o le s .)  i n  100  m l.  o f  

b e n z e n e  w e re  p r e p a r e d  a s  i n  t h e  s y n t h e s i s  o f  m e th y l  2 - m e t h y l ­

a c e t o a c e t a t e  (XXXV), p .  1 17- A f t e r  t h e  f l a s k  h a d  b e e n  c o o le d  

i n  a n  i c e - w a t e r  b a t h  f o r  10  m i n . , m e th y l  2 - m e t h y l a c e t o a c e t a t e  

(XXXV) ( 1 0 .0  g . ,  6 9 .O m m o le s .)  a b o v e ,  w as a d d e d  d r o p w is e  

o v e r  a  p e r i o d  o f  10 m in . The m ix t u r e  w as s t i r r e d  a t  room  

te m p , f o r  11  h r .  M e th y l i o d i d e - ^ C  (X X -^ C )  ( 1 .0  m e .,  I n t e r ­

n a t i o n a l  N u c le a r  C o r p . ,  I r v i n e ,  C a . ) ,  d i l u t e d  w i t h  25  m l.  o f  

b e n z e n e  w as a d d e d ,  f o l l o w e d  b y  u n l a b e l e d  m e th y l  i o d i d e  (XX)
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( 1 0 .8  g . ,  7 6 .O m m o le s . ) .  T he n i t r o g e n  a tm o s p h e re  was r e ­

m o v ed . T he r e a c t i o n  m ix tu r e  was a l lo w e d  t o  s t a n d ,  w i t h ­

o u t  s t i r r i n g ,  a t  room  te m p , f o r  9 h r .  an d  was r e f l u x e d  

w i t h  m o d e r a te  s t i r r i n g  f o r  18 h r .

When t h e  s t i r r i n g  w as s to p p e d ,  a  w h i t e  s o l i d  s e t t l e d  

o u t  o f  a  y e l lo w  l i q u i d .  The m ix tu r e  w as f i l t e r e d  w i th  s u c t i o n .  

T he c l e a r ,  y e l l o w  f i l t r a t e  was d i s t i l l e d  u n t i l  tw o t h i r d s  o f  

i t s  v o lu m e  r e m a in e d .  G lc  (C o l.  1 ,  1 2 0 ° )  i n d i c a t e d  t h e  

c o n c e n t r a t e d  f i l t r a t e  t o  c o n t a i n  5$  m e th y l  2 - m e t h y la c e to ­

a c e t a t e  (XXXV). The c o n c e n t r a t e d  f i l t r a t e  w as a d d e d  t o  0 .1 2  g .  

(3 0 . 0  m m o le s .)  o f  so d iu m  ( in  s m a l l  p i e c e s )  i n  25  m l.  o f  

b e n z e n e  i n  t h e  o r i g i n a l  f l a s k .  The r e a c t i o n  m ix tu r e  w as 

s t i r r e d  f o r  4  h r .  d u r in g  w h ic h  t im e  som e w h i t e  s o l i d  fo rm e d .  

M e th y l  i o d i d e  (XX) ( 0 .6 8  g . ,  ^8 m m o le s .)  w as w ash ed  i n  w i th  

5 m l. o f  b e n z e n e .  The r e a c t i o n  m ix t u r e  w as r e f l u x e d  w i th  

s t i r r i n g  f o r  15  h r .  G lc  (C o l .  1 ,  1 1 5 ° )  i n d i c a t e d  t h e  

a b s e n c e  o f  m e th y l  2 - m e t h y l a c e t o a c e t a t e  (XXXV).

The r e a c t i o n  m ix t u r e  w as e v a p o r a t e d  u n d e r  vacuum  t o  

25  m l.  o f  a  d e e p  o r a n g e - r e d  o i l  a n d  a  y e l lo w  s o l i d .  W a te r  

(20  m l . )  was a d d e d  t o  d i s s o l v e  t h e  s o l i d .  The o r g a n ic  l a y e r  

w as s e p a r a t e d ,  a n d  t h e  a q u e o u s  l a y e r  w as e x t r a c t e d  s e v e r a l  

t im e s  w i t h  e t h e r .  The o r g a n ic  l a y e r  an d  e x t r a c t s  w e re  

c o m b in e d , d r i e d  o v e r  m agnesium  s u l f a t e  a n d  f i l t e r e d .  T he 

s o l v e n t  w as rem o v e d  u n d e r  vacuum  t o  y i e l d  a  c l e a r ,  y e l l o w  

l i q u i d .  T he 1 .8 0  g .  (1 7 . 5$ )  m e th y l  2 , 2 -  ( d i m e t h y l - ^ C ) a c e t o ­

a c e t a t e  (XXXVI) o b t a i n e d  was d e c a r b o x y l a t e d  t o  3 - m e t h y l - 2 -  

b u t a n o n e - ^ - ^ C  ( I I I ) [ b 2 ] ,  w i th o u t  f u r t h e r  p u r i f i c a t i o n .

119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



C) D e c a r b o x y la t i o n  o f  M e th y l  2 . 2 -  ( D i m e t h y l - ^ C ) a c e t o -  

a c e t a t e  (XXXVI)66 

M e th y l  2 , 2 - ( d im e th y l - 1 ^ ) a c e t o a c e t a t e  (XXXVI) ( 1 .2 7  g . .  

8 .8 0  m m o le s .)  was d i l u t e d  t o  2 .5 8  g .  ( 1 7 .9  m m o le s .)  w i t h  

u n l a b e l e d  e s t e r  XXXVI i n  a  1 0 - m l .  f l a s k  e q u ip p e d  w i t h  a  

m a g n e t ic  s t i r r e r .  C a lc iu m  i o d i d e  t e t r a h y d r a t e  (3 * 7 ^  g*»

1 0 .2  m m o le s .)  (V e n tro n  C o . ,  D a n v e r s ,  M a s s .)  w as a d d e d .  The 

f l a s k  w as f i t t e d  w i th  a  10 cm. V ig re u x  c o lu m n  a n d  a  

d i s t i l l a t i o n  h e a d  an d  im m ersed  i n  a n  o i l  b a t h ,  w hen t h e  

b a th  te m p , r e a c h e d  1 3 7 °  a  r e a c t i o n  o c c u r r e d ,  an d  a  tw o -  

p h a s e  d i s t i l l a t e  w as c o l l e c t e d .  A f t e r  c o o l i n g ,  1 .0 5  g .

( 1 2 .2  m m o le s .)  o f  u n l a b e l e d  3 - m e t h y l - 2 - b u t a n o n e  ( I I I )  w as 

a d d e d  t o  t h e  f l a s k ,  a n d  t h e  d i s t i l l a t i o n  w as c o n t i n u e d  i n  

o r d e r  t o  rem o v e  a n y  3 - m e t h y l - 2 - b u t a n o n e - 4 - li4'C ( I I I ) [ b 2 ]  h e ld  

u p  i n  t h e  c o lu m n . The tw o - p h a s e  d i s t i l l a t e  w as p l a c e d  i n  a 

2 5 - m l .  s e p a r a t o r y  f u n n e l  w i th  s e v e r a l  m l. o f  d i c h l o r o m e t h a n e .  

The a q u e o u s  l a y e r  w as rem o v ed  an d  t h e  o r g a n i c  p h a s e  was 

w ash ed  w i th  s e v e n  3 - m l .  p o r t i o n s  o f  w a t e r .  The o r g a n ic  

l a y e r  w as d r i e d  o v e r  m ag n esiu m  s u l f a t e  an d  f i l t e r e d .  G lc  

(C o l .  1 ,  8 0 ° )  i n d i c a t e d  t h e  p r e s e n c e  o f  m e th y l  i o d i d e  (XX), 

d i c h lo r o m e th a n e ,  a  v e r y  s m a l l  am o u n t o f  m e th a n o l  a n d  3 - m e th y l -

2 - b u ta n o n e - 4 - l 4 C ( I I I ) [ b 2 ] .

F r e s h l y  d i s t i l l e d  u n l a b e l e d  3 - m e th y l - 2 - b u ta n o n e  ( I I I )

( 3 .0  g . ,  35 m m o le s .)  w as a d d e d  t o  t h e  m ix tu r e  c o n t a i n i n g

3 - m e t h y l - 2 - b u t a n o n e - 4 - 1 \ :  ( I I I ) [ b 2 ]  i n  a  1 0 - m l .  f l a s k .  The 

f l a s k  w as f i t t e d  w i th  a  25 cm. V ig re u x  co lu m n  an d  t h e  

o r g a n ic  p h a s e  w as d i s t i l l e d  t o  y i e l d  2 .0 k  g .  o f  3 - m e t h y l -
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2 - b u t a n o n e - 4 - lZ|'C ( I I I ) [ b 2 ] f b . p .  9 2 -9 4 °  ( l i t . 55 b . p .  9 4 . 2 ° ) .  

G lc  (C o l .  1 ,  8 0 ° )  i n d i c a t e d  t h a t  t h e  k e to n e  I I l [ b 2 ]  w as 

a p p ro x .  9 9 ^  p u r e .  The 3 - m e t h y l - 2 - b u t a n o n e - 4 - lZjC ( I I l ) [ b 2 ]  

w as d i l u t e d  t o  6 .8 8  g .  Of t h e  a c t i v i t y  i n  t h e  m e th y l  i o d i d e -  

(X X -^ C )  ( 1 .0  m e .)  u s e d  i n  t h e  s y n t h e s i s  o f  m e th y l  2 , 2 -  

( d i m e t h y l - ^ C ) a c e t o a c e t a t e  (XXXV), 3 .5%  r e m a in e d  i n  3 - m e th y l -  

2 - b u ta n o n e - 4 - l 4 C ( I I I ) [ b 2 ] .

A p o r t i o n  o f  k e to n e  I I l [ b 2 ]  ( 4 .2 0  m l . ,  4 .8 8  m m o le s .)  

w as s e t  a s i d e  f o r  r e a c t i o n  w i t h  55%° HgSO^ (p .  1 2 5 ) .  The 

r e m a in d e r  o f  I I l [ b 2 ]  w as t r a n s f e r r e d  t o  a  v i a l ,  w i t h  a  

m in im a l  am o u n t o f  w a s h in g  w i th  u n l a b e l e d  k e to n e  I I I ,  f o r  

d e g r a d a t i o n  (p .  1 2 2 ) .  The m o la r  a c t i v i t y  o f  t h i s  s l i g h t l y  

d i l u t e d  k e to n e  I I l [ b 2 ]  was d e te r m in e d  t o  b e  4 3 2 .0  j i c . / m o le .
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v Carbon-14 Analysis of 3-Methyl-2-butajione-4-lZ<'C (IIl)Pb2~]

T h e  p r o c e d u r e  f o r  t h e  c a r b o n - 1 4  a n a l y s i s  o f  3 - m e t h y l -  

2 - b u ta n o n e  ( I I I ) [ b l ] ,  p .  1 1 0 , w as f o l l o w e d .  T he m o la r  a c t i v ­

i t i e s  a r e  l i s t e d  i n  T a b le  V, p .  32 .

A) S e m ic a rb a z o n e  D e r i v a t i v e  o f  3 - m e t h y l - 2 - b u t a n o n e - 4 -  

l2j,C ( I I I )P b 2 ~ !

T h e  r e a c t i o n  m ix t u r e  c o n s i s t e d  o f  244 mg. ( 2 .8 3  m m o le s .)  

o f  k e to n e  I I l [ [ b 2 ] ,  308  mg. ( 2 . 7 6  m m o le s .)  o f  s e m ic a r b a z o n e  

h y d r o c h l o r i d e  (X X II) a n d  487  mg. (3 -5 8  m m o le s .)  o f  s o d iu m  

a c e t a t e  i n  9 . 8  m l.  o f  26% a q u e o u s  e t h a n o l .  The s e m ic a r b a z o n e  

X X I I l [ b 2 ] { l - 4 , 4} (33%) o b t a i n e d  was r e c r y s t a l l i z e d  t o  c o n s t a n t  

m .p . ,  1 1 3 -1 1 4 °  ( l i t . 5 ?  m .p .  1 1 4 ° )  a n d  m o la r  a c t . ,  4 3 3 * 9  u c . /  

m o le .

B) B rom oform  R e a c t io n  o f  3 - M e t h y l - 2 - b u ta n o n e - 4 - 1 \ l

( I I I ) f b 2 l

T he  r e a c t i o n  m ix t u r e  c o n s i s t e d  o f  278  mg. (3 . 2 3  m m o le s .)  

k e to n e  I I l [ b 2 ] , .  2 .1 1  g .  ( 5 2 .8  m m o le s .)  o f  NaOH and 3 . 0 5  g .  

( 1 9 .1  m m o le s .)  o f  b ro m in e  i n  50 m l. o f  w a t e r .  The CBr^ 

( X X IV )[b 2 ][ l}  (1 7 .5 % ) o b t a i n e d  w as s u b l im e d  t o  c o n s t a n t  m .p . ,  

9 3 °  ( l i t . m . p .  9 4 . 3 ° )  an d  m o la r  a c t . ,  1 8 .6  p c . / m o l e .

S od ium  i s o b u t y r a t e  ( X X V )[b 2 ] (2 -4 ,4 ]  ( 3 .4 0  m m o le s .) ,  i n  

t h e  b a s i c  r e a c t i o n  m ix t u r e ,  w as d e r i v a t i z e d  w i th  0 . 8 0 6  g .

( 2 .9 0  m m o le s .)  o f  p -b ro m o p h e n a c y l  b ro m id e  (XXVI) i n  19  m i. 

o f  57% a q u e o u s  e t h a n o l .  T he p - b ro m o p h e n a c y l  i s o b u t y r a t e  

(X X V II) [ b 2 ] { 2 - 4 , 4} (6 4 .3 % ) o b t a i n e d  w as r e c r y s t a l l i z e d  t o  

c o n s t a n t  n u p . ,  7 7 °  ( l i t . ^ °  m .p . 7 7 ° )  a n d  m o la r  a c t . ,  4 4 0 .6  

u c . / m o l e .

1 2 2
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C) B a e y e r - V i l l i g e r  D e g r a d a t io n  R o u te

1 )  O x id a t io n  o f  3 - M e t h y l - 2 - b u t a n o n e - 4 - ( I I l ) l ~ b 2 ~ l

The r e a c t i o n  m ix tu r e  c o n s i s t e d  o f  1 .2 2  g .  ( 1 4 .2  m m o le s .)  

o f  k e to n e  I I l [ b 2 ]  an d  3 -8 5  g .  (1 7 -8  m m o le s .)  o f  7 9 - 9 ^  

m -c h lo r o p e r b e n z o ic  a c id  (X X V III) i n  1 4  m l. o f  d i c h l o r o m e t h a n e .  

G lc  (C o l.  1 ,  6 0 ° )  i n d i c a t e d  t h a t  1 2 .0  m m o les. [85%) o f  

i s o p r o p y l  a c e t a t e  ( X X IX ) [ b 2 ]{ l -4 ,4} w as p r e s e n t  i n  t h e  

d i c h lo r o m e th a n e  s o l u t i o n .

2 )  H y d r o l y s i s  o f  I s o p r o p y l  A c e t a t e  (XXXIX) Pb2~lf 1 - 4 .  41 

The r e a c t i o n  m ix tu r e  c o n s i s t e d  o f  1 2 .0  m m o les, o f  e s t e r

X X IX [b 2 ]{ l-4 ,4 }  i n  20 m l. o f  d ic h lo r o m e th a n e  a n d  2 .9 3  g - 

( 7 3 .2  m m o le s .)  o f  NaOH i n  30 m l. o f  w a t e r .  A f t e r  d i ­

c h lo r o m e th a n e  e x t r a c t i o n ,  t h e  r e m a in in g  b a s i c  a q u e o u s  

p h a s e  c o n ta i n e d  1 0 .5  m m oles, o f  s o d iu m  a c e t a t e  (X X X )[b 2 ^ { l,2 } ,  

w h ic h  was d e r i v a t i z e d  w i th  2 .5 7  g* ( 9 - 2 6  m m o le s .)  o f  

p - b ro m o p h e n a c y l  b ro m id e  (XXVI) i n  36 m l. o f  4 7 . 5% a q u e o u s  

e t h a n o l .  T he 2 .2 2  g .  ( 9 3 -3 $ )  o f  p -b ro m o p h e n a c y l  a c e t a t e

( X X X I I ) [ b 2 ] { l ,2} o b t a i n e d  w as r e c r y s t a l l i z e d  t o  c o n s t a n t  m .p . ,  

8 4 -8 5 °  ( l i t . ^ °  m .p . 8 5 ° )  a n d  m o la r  a c t . ,  0 .6 5  | i c . /m o l e .

I s o p r o p a n o l  (XXXI) [ b 2 ] { 3 ,4 ,4 }  ( 2 .5  m m o le s .)  i n  a  p o r t i o n  

(23 m l . )  o f  t h e  d i c h lo r o m e th a n e  e x t r a c t  o f  t h e  h y d r o l y s i s  

r e a c t i o n  o f  i s o p r o p y l  a c e t a t e  ( X X I X ) [ b 2 ] { l - 4 ,4} was d e r i v a t i z e d  

w i th  539 m g. ( 2 .4 3  m m o le s .)  o f  3 , 5 - d i n i t r o b e n z o y l  c h l o r i d e

(X X X III) i n  t h e  p r e s e n c e  o f  1 .5  m l. o f  d r y  p y r i d i n e .  T he 0 .2 1 1  

g .  (3 6 $ )  o f  i s o p r o p y l  3 , 5 - d i n i t r o b e n z o a t e  (X X X IV )[b 2 ]{ 3 , 4 ,4 }  

o b t a i n e d  w as r e c r y s t a l l i z e d  t o  c o n s t a n t  m .p . ,  1 2 2 °

( l i t . ^ 2 m .p .  1 2 2 .1 ° )  and  m o la r  a c t . ,  4 3 7 .9  p c . / m o l e .
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3 )  B rom oform  R e a c t io n  o f  I s o -p ro p a n o l  (XXXI) Pb2~lf3 ,4 .4 3  

I s o p r o p a n o l  (X X X I)[b 2 3 { 3 » 4 ,4 }  (7 * 4  r a m o le s .)  i n  t h e  r e ­

m a in d e r  o f  t h e  d ic h lo r o m e th a n e  e x t r a c t  o f  t h e  h y d r o l y s i s  

r e a c t i o n  o f  i s o p r o p y l  a c e t a t e  ( X X I X ) [ b 2 ] { l - 4 ,4} was 

e x t r a c t e d  w i th  w a t e r  an d  r e a c t e d  w i t h  1 1 .0  g .  (2 7 4  m m o le s .)  

o f  NaOH a n d  7 -2 9  g .  (4 5 -6  m m o le s .)  o f  b ro m in e  ( t o t a l  v o l .  

o f  w a te r  150  m l . ) .  The 0 .7 1 2  g .  ( 2 9 -3 # )  o f  CB r^ (XXIV) 

[ b 2 ] { 4 ]  o b t a i n e d  w as s u b lim e d  t o  c o n s t a n t  m . p . , 9 3 -9 4 °

( l i t . m . p .  9 4 . 3 ° )  and  m o la r  a c t . ,  2 1 9 . 2  j i c . / m o le .

The 6 .1 5  m m o les , o f  s o d iu m  a c e t a t e  (XXX) [ b 2 ] { 3 ,4 }  i n  

t h e  b a s i c  r e a c t i o n  m ix tu r e  was d e r i v a t i z e d  w i t h  1 .4 6  g . 

(5 * 2 4  m m o le s .)  o f  p - b ro m o p h e n a c y l  b ro m id e  (XXVI) i n  25 m l. 

o f  4 7 .5 $  a q u e o u s  e t h a n o l .  The O. 6 0 5  g .  o f  p -b ro m o p h e n a c y l  

a c e t a t e  ( X X X I I ) [b 2 ] { 3 ,4 ]  o b t a i n e d  w as r e c r y s t a l l i z e d  t o  

c o n s t a n t  m .p . ,  8 4 - 8 5 °  ( l i t . ^ °  m .p . 8 5 ° )  an d  m o la r  a c t . ,  

2 1 7 . 8  j a c . /m o le .
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YI A tte m p te d  D e t e c t i o n  o f  I s o m e r i z e d  a n d  C a rb o n -1 4  S c ra m b le d

P r o d u c ts  o f  3 - M e t h y l - 2 - b u ta n o n e - 4 - ^ C  ( I I l ) P b 2 " l

A) R e a c t i o n  o f  3 - M e th y l - 2 - b u ta n o n e - 4 - '^ 'C  ( I I l ) P b 2 l  w i th  

55$ S u l f u r i c  A c id

The p r o c e d u r e  a n d  a p p a r a t u s  was t h e  sam e a s  t h a t  f o r  

t h e  d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 - ( d im e th y l - 1 ^ ) - 1 , 3 -  

p r o p a n e d i o l  ( I - ^ C ) ,  p .  104 . 3 - M e t h y l - 2 - b u ta n o n e - 4 - 1 \ l  ( I I I )  

[ b 2 ]  ( 4 .2 0  m l . ,  4 .8 8  m m o le s .)  ( p .  121) w as p l a c e d  i n  a  6 - m l .  

p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l  an d  150  m l.  o f  w a t e r  was 

p l a c e d  i n  t h e  o t h e r  a d d i t i o n  f u n n e l .  T he k e to n e  I I l [ b 2 ]  was 

a d d e d  i n  0 .3 - m l .  p o r t i o n s  a t  10  m in . i n t e r v a l s  an d  w a te r  

w as a d d e d  d r o p w is e  t o  m a i n t a i n  c o n s t a n t  a c i d  v o lu m e  i n  t h e  

r e a c t i o n  v e s s e l .  T he tem p , d u r in g  t h e  r e a c t i o n  was m a i n t a i n ­

ed  a t  1 5 0 °  ± 0 . 2 ° .  A f t e r  a d d i t i o n  o f  t h e  k e to n e  I I I  was 

c o m p le te ,  15  m l.  o f  w a te r  w as a d d e d  o v e r  a  p e r i o d  o f  20 m in . 

G lc (C o l .  1 ,  7 5 ° )  i n d i c a t e d  t h a t  t h e  c o n c .  d ic h lo r o m e th a n e  

s o l u t i o n  c o n ta i n e d  4 4  m m oles. (9 1 $  r e c o v e r y )  o f  3 - m e th y l -

2 - b u ta n o n e  ( I I I ) [ b 3 ] .

B) I s o l a t i o n  o f  3 - M e th y l- 2 - b u ta n o n e  ( II I )P b 3 ~ 1 .

The o r g a n i c  p h a s e  was h e a t e d  w i th  s i l v e r  o x id e  r e a g e n t ,  

c o n s i s t i n g  o f  NaOH ( 1 8 .4  g . , 0 .4 6 0  m o le )  an d  s i l v e r  n i t r a t e  

( 3 8 .6  g . ,  0 . 2 2 5  m o le )  i n  100 m l.  o f  w a t e r ,  f o r  18  h r .  a t  8 0 ° 

a s  d e s c r i b e d  on  p .  1 0 8 . G lc (C o l .  1 ,  7 5 ° )  i n d i c a t e d  t h a t  

t h e  o r g a n ic  p h a s e  c o n ta i n e d  o n ly  3 - m e th y l - 2 - b u ta n o n e  ( I I I )  

[b 3 3  an d  d i c h l o r o m e t h a n e .  A f t e r  d i s t i l l a t i o n ,  1 .4 1  g .

( 3 3 -6 $ )  o f  3 - m e th y l - 2 - b u ta n o n e  ( I I I ) [ b 3 ] ,  b . p .  9 3 -9 4 °  ( l i t . 55
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b . p .  9 4 .2 ° )  was c o l l e c t e d .  G lc  (C o l.  2 ,  7 5 ° )  i n d i c a t e d  t h a t  

k e to n e  I I l [ b 3 H  w as g r e a t e r  t h a n  99% p u r e .  T he m o la r  a c t .  

o f  k e to n e  I I l [ b 3 ]  w as ^ 7 6 .3  ( i c . /m o le .
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VII Carbon-14 Analysis of 3-Methyl-2-butanone (III)Pb3~l

The p r o c e d u r e  f o r  t h e  c a r b o n - 1 4  a n a l y s i s  o f  3 - m e th y l -

2 - b u ta n o n e  ( I I l ) [ b l ] ,  p .  110 , w e re  f o l l o w e d .  T he m o la r  

a c t i v i t i e s  a r e  l i s t e d  i n  T a b le  V, p .  3 2 .

A) S e m ic a rb a z o n e  D e r i v a t i v e  o f  3 - m e t h y l - 2 - b u t a n o n e

( I I I ) [ V 3 l

The r e a c t i o n  m ix t u r e  c o n s i s t e d  o f  1 57  mg- ( 1 -8 2  m m o le s .)  

o f  k e to n e  I I l [ b 3 ]  , 203 mg- (1 -8 2  m m o le s .)  o f  s e m ic a r b a z id e  

h y d r o c h l o r i d e  (X X II) a n d  320  mg. ( 2 .3 5  m m o le s .)  o f  so d iu m  

a c e t a t e  i n  6 . 5  m l.  o f  2 3 $  a q u e o u s  e t h a n o l .  T he s e m ic a r b a z o n e  

X X I I l [ b 3 ] { l - 4 ,4 }  ( 5 1 .7 $ )  o b t a i n e d  w as r e c r y s t a l l i z e d  t o  c o n ­

s t a n t  m .p . ,  1 1 3 -1 1 4 °  ( l i t .-^6 m .p .  1 1 4 ° )  a n d  m o la r  a c t . ,

4 7 3 .4  ( i c . /m o le .

B) B rom oform  R e a c t io n  o f  3 - M e th y l - 2 - b u ta n o n e  (II I )Pb3~l

T he r e a c t i o n  m ix t u r e  c o n s i s t e d  o f  250  mg. ( 2 .9 0  m m o le s .)

o f  k e to n e  I I l [ b 3 ] ,  3 - 4 5  g- ( 8 6 . 3  m m o le s .)  o f  NaOH an d  1 .8 8  g . 

( 1 1 .8  m m o le s .)  o f  b ro m in e  i n  $0 m l.  o f  w a t e r .  T he CBr^

(X X IV )[b 3 ]{ l ]  ( 1 7 .5 $ )  o b t a i n e d  w as s u b l im e d  t o  c o n s t a n t  m .p . ,  

9 3 °  ( l i t . m . p .  9 4 .3 ° )  an d  s p e c ,  a c t . ,  2 2 . 2  p c . / m o l e .

S od ium  i s o b u t y r a t e  (X X V )[b 3 l{ 2 -4 ,4 }  ( 2 .4 1  m m o le s .) ,  i n  t h e  

b a s i c  r e a c t i o n  m ix t u r e ,  w as d e r i v a t i z e d  w i t h  O .5 9 I  g .  ( 2 .1 2  

m m o le s .)  o f  p -b ro m o p h e n a c y l  b ro m id e  (XXVI) i n  17  m l. o f  63$  

a q u e o u s  e t h a n o l .  T he p - b ro m o p h e n a c y l  i s o b u t y r a t e  (X X V II)[b 3 ]  

{ 2 - 4 ,4 }  ( 5 6 . 6$ )  o b t a i n e d  w as r e c r y s t a l l i z e d  t o  c o n s t a n t  

m .p . ,  7 7 °  ( l i t . 60 m .p . 7 7 ° )  an d  m o la r  a c t . ,  4 7 2 .6  ( i c . /m o le .
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C) B a e y e r - V i l l i g e r  D e g r a d a t io n  R o u te

1 )  O x id a t io n  o f  3 - M e th y l- 2 - b u ta n o n e  ( I I I )P b 3 ~ l

T he r e a c t i o n  m ix t u r e  c o n s i s t e d  o f  1 .0 0  g .  ( 1 1 .6  m m o le s .)  

o f  k e to n e  I I l [ b 3 ]  a n d  2 .4 5  g .  ( 1 4 .2  m m o le s .)  o f  79*9%  

m - c h lo r o p e r b e n z o ic  a c i d  (X X V III) i n  12  m l.  o f  d i c h l o r o m e t h a n e .  

G lc  ( C o l .  1 ,  6 0 ° )  i n d i c a t e d  t h a t  7 .7 3  m m o les. ( 67%) o f  

i s o p r o p y l  a c e t a t e  ( X X I X ) [ b 3 ] { l - 4 ,4} w e re  p r e s e n t  i n  t h e  d i ­

c h lo r o m e th a n e  s o l u t i o n .

2 )  H y d r o l y s i s  o f  I s o p r o p y l  A c e t a t e  (XXIX )Pb3 "If 1 - 4 ,4 1

T he r e a c t i o n  m ix t u r e  c o n s i s t e d  o f  1 2 .0  m m o le s , o f  e s t e r

X X I X [ b 3 ] [ l - 4 ,4 }  i n  20 m l. o f  d i c h lo r o m e th a n e  a n d  2 .8 4  g .

( 7 1 .0  m m o le s .)  o f  NaOH i n  30 m l. o f  w a t e r .  A f t e r  d i c h l o r o ­

m e th a n e  e x t r a c t i o n ,  t h e  r e m a in in g  b a s i c  a q u e o u s  p h a s e  

c o n ta i n e d  4 . 6 5  m m o les, o f  so d iu m  a c e t a t e  ( X X X ) [ b 3 ] f l ,2} w h ic h  

was d e r i v a t i z e d  w i th  1 .1 1  g .  ( 4 .0 0  m m o le s .)  o f  p -b ro m o p h e n ­

a c y l  b r o m id e  (XXVI) i n  16 m l. o f  4 7 >5% a q u e o u s  e t h a n o l .  T he

O .79 O g .  ( 7 6 . 8$ )  o f  p -b ro m o p h e n a c y l  a c e t a t e  (X X X II) [ b 3 3 { l ,2 }  

o b t a i n e d  w as r e c r y s t a l l i z e d  t o  c o n s t a n t  m .p . ,  8 4 - 8 5 °  ( l i t . 6 ^ 

m .p . 8 5 ° )  a n d  m o la r  a c t . ,  0 . 3 5  q c . / m o l e .

I s o p r o p a n o l  (X X X I)[b 3 ]{ 3 » 4 ,4 }  ( 2 .0  m m o le s .)  i n  a  p o r t i o n  

(19  m l . )  o f  t h e  d i c h lo r o m e th a n e  e x t r a c t  o f  t h e  h y d r o l y s i s  

r e a c t i o n  o f  i s o p r o p y l  a c e t a t e  ( X X IX ) [ b 3 ]{ l -4 ,4 ]  w as d e r i v a t i z e d  

w i th  445  mg. (1 .9 3  m m o le s .)  o f  3 , 5 - d i n i t r o b e n z o y l  c h l o r i d e  

(X X X III) i n  t h e  p r e s e n c e  o f  1 . 0  m l. o f  d r y  p y r i d i n e .  The 

8 6 . 3  m m o le s . ( 1 7 .6 $ )  o f  i s o p r o p y l  3 » 5 ~ d i n i t r o b e n z o a t e  (XXXIV) 

[ b 3 ] { 3 , 4 ,4 ]  o b t a i n e d  w as r e c r y s t a l l i z e d  t o  c o n s t a n t  m .p . ,

1 2 3 ° ( l i t . 62 m .p . 1 2 2 .1 ° )  a n d  m o la r  a c t . ,  4 7 4 .1  q c . / m o l e .
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3 )  B rom oform  R e a c t io n  o f  I so -p ro p a n o l  (XXXI) Pb3~lf 3 ,4 ,4 -}  

I s o p r o p a n o l  (X X X l)[b 3 ]{ 3 > 4 ,4 }  ( 7 -4  m m o le s . )  i n  t h e  

r e m a in d e r  o f  t h e  d i c h lo r o m e th a n e  e x t r a c t  o f  t h e  h y d r o l y s i s  

r e a c t i o n  o f  i s o p r o p y l  a c e t a t e  ( X X IX ) [ b 3 ]£ l - 4 ,4} was e x t r a c t ­

ed  w i t h  w a t e r  an d  r e a c t e d  w i t h  9*96  g .  (2 4 9  m m o le s .)  o f  

NaOH a n d  6 . 5 8  g .  ( 4 1 .2  m m o le s .)  o f  b ro m in e  ( t o t a l  v o l .  o f  

w a te r  150 m l . ) .  T he 0 .6 4 1  g .  ( 2 3 . 8JS) o f  CBr^ (X X IV )[b 3 ][4 ]  

o b t a i n e d  w as s u b lim e d  t o  c o n s t a n t  m .p . ,  9 3 - 9 ^ °  ( l i t . - ^  m .p . 

9 4 .3 ° )  an d  m o la r  a c t . ,  2 4 1 .2  [ i c . /m o le .

The 3*63  m m o les, o f  so d iu m  a c e t a t e  (XXX)Lb3U£3> i n  

t h e  b a s i c  r e a c t i o n  m ix tu r e  w as d e r i v a t i z e d  w i th  0 .8 1 0  g .  

( 2 .9 1  m m o le s .)  o f  p - b ro m o p h e n a c y l  b ro m id e  (XXVI) i n  20 m l. 

o f  4 6 .5 $  a q u e o u s  e t h a n o l .  T he  O. 4 3 6  g .  ( 5 8 .3 $ )  p -b ro m o ­

p h e n a c y l  a c e t a t e  (X X X II)[b 3 l£ 3 » o b t a i n e d  was r e c r y s t a l l i z e d  

t o  c o n s t a n t  m .p . ,  8 3 -8 4 °  ( l i t . ^ °  m .p . 8 5 ° )  an d  m o la r  a c t . ,  

2 3 7 .O j i c . / m o le .
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V I I I  R e a c t i o n  o f  2 , 2 - D im e t h y l - 1 ,3 - p r o p a n e d i o l - ( O D K  ( l a ) 

w i t h  55$  D e u t e r i o s u l f u r i c  A c id

A) P r e p a r a t i o n  o f  55$ D e u t e r i o s u l f u r i c  A c id  

D e u t e r i o s u l f u r i c  a c id  (DgSO^) w as p r e p a r e d  a c c o r d i n g  t o

t h e  m e th o d  o f  R o b e r t s . ^  I n  a  h o o d , a  2 - 1 .  f l a s k  w as 

e q u ip p e d  w i t h  a  1 - 1 .  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l  

w i t h  a  d r y i n g  t u b e .  A f t e r  t h e  a d d i t i o n  o f  270 m l. ( 1 4 .9  

m o le s )  o f  d e u te r iu m  o x id e  (D2t-1̂  (9 9 « 8 $ d ) ,  t h e  f l a s k  was 

im m ersed  i n  a  d r y  i c e - a c e t o n e  b a t h .  As a  p r e c a u t i o n ,  a  

p l e x i g l a s s  s h i e l d  w as s e t  u p  i n  f r o n t  o f  t h e  f l a s k .

S t a b i l i z e d  s u l f u r  t r i o x i d e  ( S u l f a n ,  B a k e r  an d  A dam son C o . ,  

M o rr is to w n , N . J . )  (4-73 m l . ,  1 1 .3  m o le s )  w as a d d e d  d r o p w is e  

( c a u t i o u s l y )  o v e r  a  p e r i o d  o f  2 h r .  T he w h i t e  s o l i d  w h ic h  

fo rm e d  w as a l lo w e d  t o  m e l t  s lo w ly  o v e r  a  p e r i o d  o f  16  h r . , 

y i e l d i n g  a  c l e a r ,  c o l o r l e s s  l i q u i d  ( f i n a l  v o lu m e , 74-0 m l . ) .

T he a c id  s t r e n g t h  w as d e te r m in e d  b y  t i t r a t i o n  t o  b e  3 4 .IN  

( 9 1 .1 $ ) .  Nmr a n a l y s i s  d e te r m in e d  t h e  DgSO^ t o  b e  9 9 *7$  

f r e e  o f  h y d r o g e n .  D2 S04 (5 5 $ )  was p r e p a r e d  by  d i l u t i n g  

1 8 1  m l. o f  9 1 *1$  a c i d  w i th  1 1 9  m l. o f  DgO.

B) P r e p a r a t i o n  o f  2 , 2 - D i m e t h y l - l , 3 - p r o p a n e d i o l - ( 0 D ) ^ ( l a )  

2 , 2 - D i m e t h y l - l , 3 - p r o p a n e d i o l  ( I )  ( 3 ^ .8  g . ,  0 .334- m o le )

w as d i s s o l v e d  i n  20 m l. ( 1 .1 0  m o le s )  o f  DgO, an d  a f t e r  

th o ro u g h  m ix in g ,  t h e  d e u t e r a t e d  w a te r  w as e v a p o r a t e d  u n d e r  

v acu u m . T h i s  p r o c e d u r e  was r e p e a t e d  f o u r  t im e s  t o  y i e l d  

31.9  g* (0 .3 0 0  m o le )  o f  2 ,2 -d im eth yl-l,3 -p rop an ed io l-(0D ) 2 ( l a ) ,  

m .p .  128°. No h y d r o x y l  p r o to n  was d i s c e r n i b l e  b y  nm r a n a l y s i s .
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C) D e h y d r a t io n - R e a r r a n g e m e n t  o f  2 , 2 - D i m e t h y l - l , 3 -•p ro ­

p a n e d i o l -  ( O P)^ ( l a )  w i t h  55^ D e u t e r i o s u l f u r i c  A c id

T he p r o c e d u r e  w as t h e  sam e a s  t h a t  f o l l o w e d  f o r  t h e  

d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 -  ( d i m e t h y l - ^ C )  - 1 , 3 - p r o p a n e ­

d i o l  ( I - ^ C ) ,  p .  1 0 4 . The r e a c t i o n  v e s s e l  c o n ta i n e d  278 m l. 

o f  55 % DgSO^ an d  w as m a i n t a i n e d  a t  1 5 0 . 3 °  ± 0 . 3 ° .  DgO 

(90  m l . )  a n d  a  s o l u t i o n  o f  5* 3 1  g - (50*0  m m o le s .)  o f  2 , 2 -  

d i m e t h y l - 1 ,3 - p r ’o p a n e d io l - ( 0 D ) 2 ( l a )  i n  90 m l.  o f  DgO w e re  

a d d e d  o v e r  a  p e r i o d  o f  185 m in . An a d d i t i o n a l  30 m l. o f  

DgO was t h e n  a d d e d  o v e r  30 m in . A f t e r  t h e  o r g a n i c  p r o d u c t  

was e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e ,  d r i e d  an d  f i l t e r e d ,  m o s t 

o f  t h e  d i c h lo r o m e th a n e  was d i s t i l l e d .  G lc  a n a l y s i s  (C o l .  1 , 

4 0 ° )  i n d i c a t e d  t h a t  6 . 1  m m o les. ( 1 1 .8 $ )  o f  2 - m e t h y lb u t a n a l

( I I ) [ a l ]  a n d  2 3 .2  m m o les. ( 4 3 .8 ^ )  o f  3 - m e th y l - 2 - b u ta n o n e

( I I I ) [ a l ]  h a d  b e e n  o b t a i n e d .  A f t e r  t h e  r e a c t i o n  270 m l. o f  

DgSO^ was r e c o v e r e d .  T h is  r e a c t i o n  w as r u n  i n  d u p l i c a t e .

G lc  a n a l y s i s  o f  t h e  d i c h lo r o m e th a n e  r e s i d u e  o f  t h e  s e c o n d  

r u n  i n d i c a t e d  t h a t  3 - 6  m m o les. ( 6 . 8$ )  o f  2 - m e t h y lb u t a n a l

( I I ) [ a l ]  a n d  2 5 . 9  m m o les. ( 4 8 .8 $ )  o f  3 - m e t h y l - 2 - b u ta n o n e

( I I I ) [ a l ]  h a d  b e e n  o b t a i n e d .

D) D e u te r iu m  A n a l y s i s  o f  2 - M e th y lb u ta n a l  ( I I ) f a l l  an d

3 - M e th y l - 2 - b u ta n o n e  ( I I I ) f a l l

The c o n c .  d i c h lo r o m e th a n e  s o l u t i o n ,  c o n ta i n i n g  2 - M e th y l -  

b u t a n a l  ( I l ) [ a l ]  a n d  3 - m e t h y l - 2 - b u t a n o n e  ( I I l ) [ a l ] ,  was 

c h ro m a to g ra p h e d  ( C o l .  3 ,  1 0 0 ° ) .  The i n d i v i d u a l  c a r b o n y l  

p r o d u c t s  w e re  c o l l e c t e d  i n  e v a c u a t e d  g l a s s  c o l l e c t i o n  

v e s s e l s  a n d  a n a ly z e d  b y  m ass  s p e c t r o m e t r y  ( s e e  A p p e n d ix , 

p .  1 3 2 ) .
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I Introduction

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

a c i d  c a t a l y z e d  d e h y d r a t io n - r e a r r a n g e m e n t  o f  2 , 2 - d i m e t h y l - l , 3 -  

p r o p a n e d i o l  ( 1 ) , ^  t h e  c a r b o n y l  p r o d u c t s  w e re  i s o l a t e d  b y  p r e ­

p a r a t i v e  g a s  c h ro m a to g ra p h y  i n  t h e  u s u a l  m a n n e r , i . e .  b y  c o n ­

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

c h ro m a to g ra p h y -m a s s  s p e c t r o s c o p y ,  h o w e v e r , t h a t  s u b s t a n t i a l  

i s o t o p i c  f r a c t i o n a t i o n  o f  d e u t e r a t e d  3 - m e th y l - 2 - b u ta n o n e  ( I I I )  

t a k e s  p l a c e  d u r in g  g a s  c h ro m a to g r a p h y .  M u l t i p l e  m ass  s c a n s  

o f  a  s i n g l e  p e a k  o f  k e to n e  I I I  e l u t i n g  f ro m  t h e  g a s  c h ro m a to ­

g r a p h  d e m o n s t r a t e d  t h a t  t h e  f o r e f r o n t  o f  t h e  e l u t i n g  sa m p le  

was r i c h e s t  i n  t h e  m ore e x t e n s i v e l y  d e u t e r a t e d  s p e c i e s .  S in c e  

t h e  u s u a l  m e th o d s  o f  c o l l e c t i o n  a r e  n o t  1 0 0 $  e f f i c i e n t ,  a n d ,  

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

h a d  t o  b e  u s e d  f o r  k e to n e  I I I  b e f o r e  t h e  m ass  s p e c t r a l  a n a l ­

y s e s  c o u ld  be a t t e m p t e d .

Two t o t a l  e f f l u e n t  c o l l e c t i o n  t e c h n i q u e s  h a v e  b e e n  r e ­

p o r t e d  i n  t h e  l i t e r a t u r e .  One in v o lv e s  t r a p p i n g  t h e  s a m p le

c o n ta i n i n g  c a r r i e r  g a s  i n  a  D r e c h s e l  t u b e  im m ersed  i n  l i q u i d  
68n i t r o g e n .  The o t h e r  i n v o lv e s  c o l l e c t i n g  t h e  s a m p le  c o n ­

t a i n i n g  c a r r i e r  g a s  i n  a n  e v a c u a t e d  v e s s e l . ^ * T h e  l a t t e r  

d o e s  n o t  r e q u i r e  t h e  c o l l e c t i o n  v e s s e l  t o  b e  im m ersed  i n  

l i q u i d  n i t r o g e n  d u r in g  c o l l e c t i o n  o f  s a m p le s .  T h is  f a c i l ­

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

i p l e  s a m p le s  f ro m  a  s i n g l e  g a s  c h ro m a to g ra p h y  i n j e c t i o n .

O n ly  a  g e n e r a l  p r o c e d u r e  a n d  a  s k e t c h  o f  a n  e v a c u a t e d
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6Qv e ss e l has been reported. A detailed  descr ip tion  o f such 

a c o lle c t io n  system and i t s  operation i s  presented.

I I  D escription  o f the C o llec tio n  System

The to ta l e ff lu en t c o lle c t io n  system used in  th is  work 

i s  shown in  f i g .  I I ,  f i g .  I l l ,  p. 135 and fig* IV, p. 1 3 6 .

The main components sre a four-way stopcock, two vacuum 

v e s s e ls ,  a flowmeter and a support system.

Figure II: Schematic Diagram o f Total E fflu en t Gas Chromato­
graphy C o llec tio n  System

TOP VIEW

gc

SIDE VIEW

350  ml.

4-way stopcockc o lle c t io n
v e sse l

f  1 ow m eter T''

gc
e x it-
port

To c ircu la to  
fo r  heating o. 
coo lin g  4-way 

stopcock

vacuum v e sse l support
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F i g u r e  IV : C o l l e c t i o n  S y s te m  A t t a c h e d  t o  t h e  G as C h ro m a to g ra p h
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Figure V, p. 1 3 8 , i s  a p ictu re  o f the four-way stopcock.

An outer g la ss  housing perm its the c ir c u la tio n  o f water or 

o i l  a t an e levated  temperature. A ll four extensions of the 

stopcock are made o f c a p illa r y  tubing (0.250 mm. OD X 0.078  

mm. ID ). Three o f the c a p illa r y  extensions are f i t t e d  w ith  

ST 7/25 inner jo in ts .  The inner plug c o n s is ts  o f a "T"- 

shaped h o le , which allow s a connection to  be made between 

the gas chromatograph, the flowm eter and e ith e r  one o f the 

c o lle c t io n  b o t t le s .

Each c o lle c t io n  v e ss e l i s  f i t t e d  w ith a ST 7/25 outer  

jo in t  through a c a p illa r y  bore high vacuum stopcock (Eck 

and Krebs, N .Y ., N.Y.) and a ST 24/25 outer jo in t .  The 

la t t e r  i s  present in  order to allow  access in to  the c o l le c t ­

ion v e ss e l fo r  clean ing purposes. The volumes o f the v e ss e ls  

were 350  ml. fo r  aldehyde II  c o l le c t io n  and 450 ml. for  

ketone I II  c o l le c t io n .  These volumes were chosen to  

insure complete c o lle c t io n  o f an aldehyde I I  peak and a 

ketone III  peak o f 5 and 7 m in ., r e s p e c tiv e ly , with a 

column flow rate o f 60  m l./m in.

The flowmeter i s  f i t t e d  w ith a ST 7/25 outer jo in t and 

contains a trap to prevent soap bubbles from backing-up into  

the c o lle c t io n  v e ss e ls  (see  f i g .  I l l ,  p. 135)• During c o l l e c t ­

ion the flowmeter insures th a t no ketone escapes and that no 

disturbance o f the separation  parameters o f the gas chrom­

atograph is  created (see  p. 1 3 9 ) .

The support system i s  composed o f a hollow metal brace 

screwed to the s id e  o f the gas chromatograph (Varian
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A e ro g ra p h  A -9 0 P , t h e r m a l  c o n d u c t i v i t y  d e t e c t o r )  a n d  t h r e e  

w ooden w e d g e s  w h ic h  s u p p o r t  t h e  f o u r - w a y  s to p c o c k  an d  tw o  

c o l l e c t i o n  v e s s e l s  ( f i g .  IV , p .  1 3 6 ) .

I l l  A sse m b ly  a n d  C o l l e c t i o n  o f  S am p les

F o r  a s s e m b ly ,  t h e  f o u r - w a y  s to p c o c k  i s  s l i d  i n t o  p l a c e  

a t  t h e  e x i t  p o r t .  T he b l u n t  end  c a p i l l a r y  e x t e n s i o n  i s  

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

se p tu m . Two e v a c u a t e d  v e s s e l s  an d  t h e  f lo w m e te r  a r e  s l i d  

i n t o  p o s i t i o n ,  a n d  t h e  j o i n t s  t o  t h e  f o u r - w a y  s to p c o c k  a r e  

s e c u r e d  w i t h  s p r i n g s .

The r e t e n t i o n  t im e s  o f  t h e  s a m p le s  w e re  p r e d e t e r m in e d .

T he p e a k s  w e re  o b s e rv e d  on  t h e  r e c o r d e r  d u r in g  c o l l e c t i o n .  

U n t i l  t h e  f i r s t  s a m p le  e l u t e d  t h e  e f f l u e n t  g a s  w as a l lo w e d  

t o  e s c a p e  t h r o u g h  t h e  f lo w m e te r .  J u s t  b e f o r e  a  s a m p le  was 

t o  e l u t e  a  b u b b le  was s t a r t e d  i n  t h e  f lo w m e te r  a n d  t h e  

s to p c o c k  t o  o ne  o f  t h e  e v a c u a te d  v e s s e l s  o p en ed  an d  a d j u s t e d  

so  t h a t  t h e  b u b b le  re m a in e d  s t a t i o n a r y  i n  t h e  f lo w m e te r .  I n  

t h i s  way t h e  e f f l u e n t  c o n t a i n i n g  t h e  t o t a l  s a m p le  was c o l l e c t ­

ed  w i t h o u t  d i s t u r b i n g  t h e  p r e s s u r e  a t  t h e  g a s  c h ro m a to g ra p h y  

o u t l e t .  When t h e  e n t i r e  s a m p le  h a d  b e e n  c o l l e c t e d  t h e  

v e s s e l  s to p c o c k  w as t u r n e d  t o  a l l o w  c o l l e c t i o n  i n  t h e  o t h e r  

e v a c u a te d  v e s s e l .  U n t i l  t h e  s e c o n d  sa m p le  e l u t e d  t h e  e f f l u e n t  

g a s  p a s s e d  f ro m  t h e  s y s te m  t h r o u g h  t h e  f lo w m e te r .  When t h e  

s e c o n d  s a m p le  e l u t e d ,  t h e  s to p c o c k  t o  t h e  s e c o n d  c o l l e c t i o n  

v e s s e l  w as o p e n e d  an d  a d ju s t e d  a s  w i th  t h e  f i r s t  s a m p le .

139

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



IV Analysis of the Collected Sample

The v e s s e l  c o n t a i n i n g  t h e  sa m p le  a n d  c a r r i e r  g a s  w as 

im m e rse d  i n  l i q u i d  n i t r o g e n  a n d  c o o le d  f o r  10 m in . The 

s to p c o c k  w as o p e n e d  t o  a  vacuum  ( 0 . 5 - 2 . 0  mm.) f o r  10 m in . 

a n d  t h e n  c l o s e d .  The v e s s e l  w as a l l o w e d  t o  w a rn  t o  room  

t e m p e r a t u r e  a f t e r  a t t a c h m e n t  t o  t h e  m ass  s p e c t r o m e t e r ,  t h e  

s to p c o c k  w as o p e n e d  a n d  t h e  m ass  s p e c t r u m  r e c o r d e d .

V R e s u l t s

A) D e u te r iu m  E x c h a n g e d  3 - M e th y l- 2 - b u ta n o n e  ( I I I ) f a 2 ~ ]

A 1 0 0 -m l. f l a s k  w as e q u ip p e d  w i t h  a  m a g n e t ic  s t i r r e r  

a n d  a  r e f l u x  c o n d e n s e r  w i t h  a  d r y in g  t u b e .  3 - M e th y l - 2 -  

b u ta n o n e  ( I I I )  ( 8 . 6 l  g . , 0 .1 0 0  m o le ) ,  d e u te r iu m  o x id e  

( 2 0 .0  g . , 1 .0 0  m o le )  a n d  2 .0  g .  o f  a n h y d ro u s  p o t a s s iu m  

c a r b o n a t e  w ere  a d d e d .  T h is  m ix tu r e  w as s t i r r e d  f o r  4  h r .  

a t  6 0 ° .  The o r g a n i c  l a y e r  w as s e p a r a t e d ,  d r i e d  o v e r  so d iu m  

s u l f a t e  a n d  f i l t e r e d .  Nmr (CDCl^) 6 1 .0 4  ( s ,  100  m o le  $ ,  

C(CH3 ) 2 ) ,  2 . 0 3  ( s ,  3*0 m o le  %, C H ^), 2 . 5 0  (m, 2 ? ,0  m o le  $ ,  

C H ). The p e r c e n t  o f  t o t a l  d e u te r iu m  i n c o r p o r a t e d  i n  k e to n e  

II l[a 2 ]]>  a s  c a l c u l a t e d  b y  n m r, w as 9 0 . 0$ .  3 - M e th y l- 2 -  

b u ta n o n e  ( I I I ) [ a 2 ]  w as u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

B) D e u t e r a t e d  3 - M e th y l- 2 - b u ta n o n e  ( I I I ) F a 3 l

3 - M e th y l- 2 - b u ta n o n e  ( I I I ) [ a 3 ]  w as p r e p a r e d  b y

m ix in g  e q u a l  v o lu m e s  o f  k e to n e  IH [_  a 2  ]  a n d  u n d e u t e r a t e d  

k e to n e  I I I .  Nmr (CD C l^) 61 .06  ( d ,  100  m o le  $ ,  C(CH3 ) 2 ) ,

2 .0 5  ( s ,  7 6 .8  m o le  $ ,  C H ^), 2 .3 9  (m, 1 5 0 .6  m o le  $ ,  C H ).

140

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The p e r c e n t  o f  t o t a l  d e u te r iu m  i n c o r p o r a t e d  i n  k e to n e  I I I  

[ a 3 ]  a s  c a l c u l a t e d  b y  n m r, w as

C) M ass S p e c t r a l  C o m p a ris o n  o f  D e u t e r a t e d  S a m p le s ;

1) I n j e c t e d  D i r e c t l y  i n t o  a  C o l l e c t i o n  V e s s e l .

2) C o l l e c t e d  f ro m  t h e  Gas C h ro m a to g ra p h .

One sa m p le  o f  e a c h  k e to n e ,  I I l [ a 2 ]  a n d  I I l [ a 3 ] »  

w as i n j e c t e d  d i r e c t l y  i n t o  a  c o l l e c t i o n  v e s s e l .  A n o th e r  

s a m p le  o f  e a c h  k e to n e  w as c h ro m a to g r a p h e d  ( C o l .  3> 1 0 0 ° )  

a n d  c o l l e c t e d  i n  a n  e v a c u a t e d  c o l l e c t i o n  v e s s e l .  The c o n t e n t s  

o f  e a c h  c o l l e c t i o n  v e s s e l  w as a n a ly z e d  b y  m ass  s p e c t r o m e t r y  

u s in g  t h e  c o m p le te  p r o c e d u r e  d e s c r i b e d  o n  p .  1 ^ 0 . The 

e n t i r e  a n a l y s i s  w as r e p e a t e d  t h r e e  t i m e s .

VI D i s c u s s i o n

T a b le  X V I I I ,  p .  1 ^ 3 ,  a n d  T a b le  X IX , p .  1 4 ^ ,  show th e  

p e r c e n t  d e u te r iu m  i n c o r p o r a t i o n  a n d  i s o t o p i c  d i s t r i b u t i o n  

i n  k e to n e s  I I l [ a 2 ]  a n d  I I l [ a 3 ] ,  r e s p e c t i v e l y ,  c o l l e c t e d  

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

c o l l e c t i o n  v e s s e l .  I n  t h e  c a s e s  o f  b o t h  k e to n e  s a m p le s ,  

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

a r e  e s s e n t i a l l y  i d e n t i c a l .  F u r th e r m o r e ,  t h e  v a lu e s  f o r  t h e  

p e r c e n t  t o t a l  d e u te r iu m  i n c o r p o r a t i o n  i n  k e to n e  I I l [ a 2 ]  

a n d  I I l [ a 3 ] »  d e te r m in e d  b y  m ass  s p e c t r o m e t r y ,  a g r e e  w i t h  

t h o s e  d e te r m in e d  b y  n m r.

T h e se  d a t a  i n d i c a t e  t h a t  t h e  c o l l e c t i o n  p r o c e d u r e  d o e s  

n o t  a l t e r  t h e  r a t i o  o f  d e u t e r a t e d  s p e c i e s  p r e s e n t ,  an d  t h a t  

100?? o f  e a c h  p e a k  i s  s u c c e s s f u l l y  c o l l e c t e d  b y  t h e  t o t a l  

c o l l e c t i o n  s y s te m .

I k l
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The t o t a l  e f f l u e n t  g a s  c h ro m a to g r a p h y  c o l l e c t i o n  s y s te m  

h a s  b e e n  s u c c e s s f u l l y  u s e d  t o  a n a ly z e ,  f o r  d e u te r iu m  

i n c o r p o r a t i o n ,  s a m p le s  i n  s o l u t i o n  a s  d i l u t e  a s  5$> w h ic h  

c o u ld  n o t  o t h e r w i s e  b e  i s o l a t e d .

142

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T
ab

le
 

X
V

II
Ij

 
P

er
ce

nt
 

D
eu

te
ri

um
 

In
co

rp
o

ra
ti

o
n

 
an

d 
Is

o
to

p
ic

 
D

is
tr

ib
u

ti
o

n
 

in 
3

-M
et

h
y

l-
2

-b
u

ta
n

­
on

e 
(I

II
)[

a
2

].

VT\ M3 

M3 up
3 001 
n vr]

0-3"  
M3 O

o o o| o
o o o o 
o o o o

o o o| o
o o o o o o o o

NO H col N n
0  0  0 ^ 0 0  
^  r S  -3- +1

o o o o o 
-3" -3- -3-1 -3- +1

oo th  opi cp-cp 
c«p 3? H  cA o

CM (TN 
CM CM |

o p o

CM O

-3- UP CM-3- 
CM CM| CM O V V  V I V

ON C°i Mil CP

o  o
CO CO

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

lC
or

re
ct

ed
 

fo
r 

(M
+l

) 
c

o
n

tr
ib

u
ti

o
n

.



R
eproduced 

with 
perm

ission 
of the 

copyright ow
ner. 

Further 
reproduction 

prohibited 
w

ithout 
perm

ission.

T a b le  XIXs P e r c e n t  D e u te r iu m  I n c o r p o r a t i o n  a n d  I s o t o p i c  D i s t r i b u t i o n  i n  3 - M e t h y l - 2 - b u ta n ­
o ne ( I I I ) [ a 3 ] .

I s o t o p i c  D i s t r i b u t i o n  
m /e -  r e l a t i v e  $ a  

$  D e u te r iu m  86 ' 87 88 89  ~ 90 91
E n t r y  I n c o r p o r a t i o n  d 0 d l  d 2 d 3 d4  13C#

I n . i e c t e d
s c a n  1 4 4 .1 1 0 0 .0 0 .2 2 . 9 2 6 . 0 6 4 .1 6 .4
s c a n  2 4 3 .8 1 0 0 .0 1 . 5 3 . 3 2 5 . 8 6 3 . 2 5 .5
s c a n  3 4 4 .8 1 0 0 .0 1 .1 2 .8 2 6 .7 6 6 .6 £ *8

C o l l e c t e d

4 4 .2 1 0 .6 1 0 0 .0 0 . 9
± 0 . 5

3 . 0
± 0 .2

2 6 . 2
± 0 .4

6 4 .6
± 1 .3

5 .7
± 0 .3

s c a n  1 4 5 .1 1 0 0 .0 0 .0 3 .9 2 6 . 1 6 7 . 6 7 .7
s c a n  2 4 4  n 2 1 0 0 .0 1 .7 2 .5 2 7 .6 6 4 .3 5 .5
s c a n  3 4 4 .2 1 0 0 .0 1 .1 2 5 .6 6 5 . 1 £ ^ 8

4 4 .5 ± 0 .6 1 0 0 .0 0 . 9  
± 0 .6

3 .1
± 0 .5

2 6 .4
± 0 .8

6 5 .7
± 1 .0

6 .3
± 1 .0

aC o r r e c t e d  f o r  (M +l) c o n t r i b u t i o n .
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