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INTRODUCTION

The c a rb o n y l  m o ie ty  h a s  lo n g  been  one o f  th e  m ost 

v e r s a t i l e  - fu n c t io n a l  g ro u p s  o f  o rg a n ic  c h e m is t r y .

Not o n ly  d oes  t h e  c a rb o n y l  i t s e l f  s e r v e  a s  a  

r e a c t i o n  s i t e ,  b u t  i t  i s  a l s o  u se d  t o  i n f lu e n c e  

r e a c t i o n s  a t  a d j a c e n t  c a r b o n s .  F re q u e n t  u se  i s  

made o f  t h e  e l e c t r o n - w i th d r a w i n g  c a p a b i l i t y  o f  th e  

c a rb o n y l  t o  i n f l u e n c e  th e  a c i d i t y  o f  a d j a c e n t  c a rb o n -  

hy d rogen  oonds. Due t o  t h e  a c i d i t y  e n h a n c in g  

c h a r a c t e r  o f  t h e  c a r b o n y l ,  c a r b a n io n s  can  be 

p r e p a r e d  a t  t h e  a lp h a  c a r b o n s .  These c a r b a n io n s  

may be r e a c t e d  w i th  o t h e r  e l e c t r o n  d e f i c i e n t  s p e c i e s .

We w ish  t o  p r e s e n t  h e re  th e  r e s u l t s  o f  o u r  

i n v e s t i g a t i o n  o f  t h e  r e a c t i o n s  o f  th e  1 , 1 - d i p h e n y l -  

2-p ro p an o n e  d i a n i o n  w i th  v a r i o u s  a l k y l  h a l i d e s  

and t o  d i s c u s s  th e  somewhat s u b t l e  f a c t o r s  which 

d e te rm in e  th e  u n e x p e c te d  a l k y l a t i o n  p r o d u c t s .
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HISTORICAL BACKGROUND

When $ - d i k e t o n e s  (1J a r e  t r e a t e d  w i th  a  b ase  su c h  

a s  a  m e ta l  am id e , th e  m ost a c i d i c  p r o t o n ,  t h e  m eth y len e  

p r o t o n ,  i s  removed and s u b s e q u e n t  a l k y l a t i o n  a f f o r d s  

compounds o f  g e n e r a l  s t r u c t u r e  2 .  The a d d i t i o n  o f  

two e q u i v a l e n t s  o f  b a se  g i v e s  t h e  d i a n io n  3» A d d i t io n

o o  9 9
r5 c h 25 c h 3 r c c h c c h 3

R
A , - L

o f  one e q u i v a l e n t  o f  a n  a l k y l a t i n g  a g e n t  su c h  a s  an  

a l k y l  h a l i d e ,  fo l lo w e d  by  an  aqueous w ork -up , g iv e s  

0” M+' 0“ K+’ 0~M+ 0
r 5= c h - 6= ck 2 <— > r c = c h - c c h 2 m+

i
0 0 _M+’ 0

R d - C H -C = C H 2 <--------» RCJ-CH-CCH2 M

1
a  t e r m i n a l l y  a l k y l a t e d  p r o d u c t (4 )  a s  th e  o n ly  p r o d u c t .

S
1)  1 e q u iv .  RX

» r $ c h 2§ c h 2r ;3
^  2 )  HoO

A
H a r r i s  and  H a r r i s  t h e o r i z e  t h a t  u n d e r  t h e  c o n d i t i o n s  

o f  t h e  r e a c t i o n  ( l i q u i d  am m onia), th e  n u c l e o p h i l i c i t y  

o f  t h e  m onocarban ion  i s  to o  low  t o  p ro d u ce  an  o b s e r v a ­

b l e  r e a c t i o n  i n  th e  m e th y len e  p o s i t i o n  o f  th e  d i a n io n  

a s  opposed  t o  th e  t e r m i n a l  p o s i t i o n .

2
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Groups o t h e r  th a n  th e  /S-keto  g roup  can  be used

t o  a c t i v a t e  th e  c a rb o n -h y d ro g en  bond to w ard s  a n io n
2 3fo r m a t io n .  Both /?ke to  s u l f o x i d e s  *J and /3- k e t o  

k  ' z
p h o sp h o n a te s  have b een  s u c c e s s f u l l y  c o n v e r te d  

t o  t h e i r  d i a n i o n s  5, and j6 , r e s p e c t i v e l y ,  w i th  sodium 

h y d r id e  and n - b u t y l l i t h i u m .  T rea tm en t  w i th  a l k y l  

h a l i d e s  a f f o r d s  th e  t e r m i n a l l y  a l k y l a t e d  p r o d u c ts  

7 and 8 , r e s p e c t i v e l y .

Q _ 0  _ 1 ) 1  e q u iv .  RX 0 0
PhSCHcCHp  r ----------------» PhSCH2tfCH2R

2 ) HoO
5 3 L

Q - 0  _ 1 )  1 e q u iv .  RX Q 0
(CH3 0 )2PCHCCH2 -------+--------------- * (C^0)2PCH2CCH2R

2 ) H-sO
7 ^ 8

H auser  f i r s t  s u c c e s s f u l l y  c o n v e r te d  a  monoketone
6

( o t h e r  th a n  d ib e n z y l  k e to n e )  t o  i t s  d i a n i o n .  The 

a d d i t i o n  o f  one e q u i v a l e n t  o f  b ase  such  a s  a  m e ta l  

amide t o  1- p h e n y l - 2-p ro p a n  one {9)  g iv e s  th e  mono­

a n io n  1 0 , w hich upon a d d i t i o n  o f  an  a l k y l a t i n g  a g e n tAA
g iv e s  th e  C - l  a l k y l a t e d  p ro d u c t  11 , a s  e x p e c te d .

The a d d i t i o n  o f  two e q u i v a l e n t s  o f  m e ta l  amide 

t o  9̂  g i v e s  no d i a n i o n .  n~Bu'ty1 ]-i't 'n 5Luin» a  s t r o n g e r  

b a s e ,  would be e x p e c te d  to  be c a p a b le  o f  rem oving 

th e  second  p r o to n  to  g iv e  th e  d i a n i o n .  However, 

H auser found  t h a t  th e  c a rb o n y l  was th e  s i t e  o f  a t t a c k

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



C h H5CH3R
11

1 e q u iv .  RX

“ ~+ NfL>o mnh2 m_ 9 / O P  mj?o
<>CH? CCHo------------- » <>CH-CCH^ (H> P=cC E f>CH-CCH3

J l i q .  NH3 > H CH3
a  b J c

9 10

n-C^H^Li

o V
1 ) CH3O-OCHC I d 2o

PhCH9CCH=CH'QK)CHo «-----  r Q  /C. — *©^HCCH2D
J 2) -H20 H^ T-^CH2 ®

14 12 13
/ v v  /v v

t o  g iv e  15• To c irc u m v e n t  t h i s  p ro b le m , he used  a
• > / v \

m e ta l  amide t o  form th e  monoanion 1 0 , t h u s  e f f e c t i v e l y

rem ov ing  th e  c a rb o n y l  a s  th e  s i t e  o f  a t t a c k o  A d d i t io n

o f  n - b u t y l l i t h i u m  to  10 th e n  gave th e  d ia n io n  1 2 ,
" "  ******

w hich  a f t e r  t r e a t m e n t  w i th  DgO gave th e  d i d e u t e r a t e d  

p r o d u c t  13• T re a tm e n t  o f  th e  d i a n i o n  12 w ith  

p - a n i s a ld e h y d e  th e n  gave th e  t e r m in a l  ( o r  C-3)

OH
n-C4 HoLi I

1   — > 0 CH2- ? - CH:
fyH9

15
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5
c o n d e n s a t io n  p r o d u c t  1M. I n  a  s i m i l a r  m anner, th e

1 , 1 - d i p h e n y l - 2-p ro p a n o n e  d i a n i o n  16 a l s o  gave th e  

d i d e u t e r a t e d  p r o d u c t  a f t e r  t r e a t m e n t  w i th  D20 and 

th e  t e r m in a l  c o n d e n s a t io n  p r o d u c t  a f t e r  t r e a tm e n t  

w i th  p - a n i s a l d e h y d e .  H ause r  s t a t e s  t h a t  " th e  

c o n d e n s a t io n  o f  [ 12 ] w i th  a n is a ld e h y d e  was i n d i c a t e d

1) CH30-Q-CH0

i n i t i a l l y  t o  g iv e  th e  c o r r e s p o n d in g  c a rb o n y l  a d d i t i o n

p r o d u c t ,  b u t  i t  was n o t  i s o l a t e d , " ^  b u t  does n o t

e l a b o r a t e  on t h i s  s t a t e m e n t .

9 1 )  LiNH2/ l i q .  NH-, O'Li^ D20 0
PhpCHCCHo ----------------------------------------------------  » PhpCdjCHoD

3 2 )  n - C ^ L i  2 5

1? 16
\ x ; un ju-

2) -H20 
^ 0 

Ph2CHCCH=CH-Q-0CH3

N oth ing  h as  y e t  a p p e a re d  in  th e  l i t e r a t u r e  on

th e  a l k y l a t i o n  o f  monoketone d ia n io n s  w i th  a l k y l
7

h a l i d e s .  I t  has  been  shown by work done by H in k ley  

in  t h i s  l a b o r a t o r y  t h a t  th e  a l k y l a t i o n  o f  12 a f f o r d s/W
m ix tu r e s  o f  th e  C - l  and C-3 a l k y l a t e d  p r o d u c t s ,  and 

i n  many c a s e s  th e  C - l  a l k y l a t e d  p r o d u c t  a lo n e .

See T ab le  I .  T h is  u n e x p e c te d  p r e f e r e n c e  f o r  C - l  

a l k y l a t i o n  ( i n  v iew  o f  th e  s i t e  o f  ^ - d i k e t o n e  

a l k y l a t i o n  and th e  much g r e a t e r  b a s i d i t y  o f  th e  

C-3 a n io n )  h a s  l e d  us  t o  i n v e s t i g a t e  th e  a l k y l a t i o n  

o f  th e  d i a n io n  o f  a n o th e r  p h e n y l - 2- p ro p a n o n e , nam ely 

th e  d i a n io n  o f  1 , 1- d i p h e n y l - 2-p ro p a n o n e .
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STATEMENT OF PROBLEM

When th e  s u b j e c t  o f  k e to n e  d i a n io n  a l k y l a t i o n

is raised, one immediately thinks of /S-diketone
d i a n i o n s  and  t e r m i n a l  a l k y l a t i o n .  T h is  word

a s s o c i a t i o n  r e s p o n s e  i s  due t o  th e  s im p le  f a c t

t h a t  t h e  l i t e r a t u r e  d e a l s  a lm o s t  e x c l u s i v e l y  w i th

5 - d ik e to n e  and £ - d i k e t o n e - l i k e  s u b s t r a t e s  o f  
1 -5Type I .  Group G i n  Type I  compounds a lw ay s

f e a t u r e s  a  c a rb o n ,  s u l f u r ,  o r  p h o sp h o ro u s  tt o r  dn 

bonded t o  oxygen . T h is  i n  f a c t  r e p r e s e n t s  o n ly  

one ty p e  o f  f u n c t i o n a l  g ro u p .  G can be a number 

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

Type I I  compounds.

0
II

G-^H-X-CIU 
G' >

X=C,S,P

Type I  G*=H; G=r| - ,  R ^ - ,  R^-
( 0 )

Type I I  G*=H; G=Ar, CN, NOg, RS, RO, C=CR, e t c .  

Type I l i a  G'=H; G=Ph 

Type I l l b  G'=G=Ph

6
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7
A lth o u g h  h u n d re d s  o f  ^ s -d ik e to n e  (Type I )  

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

o f  d i a n i o n s  o f  Type I I  compounds have e i t h e r  b een  

ig n o re d  o r  have b een  assum ed by a n a lo g y  t o  fo l lo w

th e  c o u rs e  o f  ^ - d i k e t o n e  d i a n io n  a l k y l a t i o n s .
7

H in k le y  h a s  i n v e s t i g a t e d  th e  a l k y l a t i o n  o f  th e  

1 , 3 - d i a n i o n  o f  1 -p h e n y l-2 -p ro p a n o n e  (Type I l i a )  

and found  t h a t  a l k y l a t i o n  o c c u r s  p r e d o m in a n t ly  a t  

th e  C - l  p o s i t i o n — j u s t  th e  o p p o s i t e  o f  w ha t would 

be e x p e c te d  from  a n a lo g y  w i th  a  ^ - d ik e to n e  Type I  

sy s te m .

The p u rp o se  o f  t h i s  i n v e s t i g a t i o n  i s  t o  

exam ine th e  e f f e c t  o f  a  second  p h e n y l  g roup  (Type I l l b ) 

on th e  s i t e  o f  a l k y l a t i o n  o f  th e  p h e n y l - 2-p ro p an o n e  

sy s te m .

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



RESULTS

As m en tion ed  i n  th e  S ta te m e n t  o f  Problem  

s e c t i o n ,  t h e  p u rp o se  o f  t h i s  work was t o  d e te rm in e  

th e  s i t e  o f  a l k y l a t i o n  o f  th e  l , l - d i p h e n y l - 2-p ro p an o n e  

d i a n i o n .  The r e a c t i o n  sequence  i s  sum m arized be low .

0
Ph2(?dCH,

R J

A p p ro x im a te ly  1 .5  e q u i v a l e n t s  o f  KH were added 

t o  1 ?» fo l lo w e d  by 1 . 5  e q u i v a l e n t s  o f  n - b u t y l -

l i t h i u m .  V a r io u s  a l k y l  h a l i d e s  were th e n  added 

t o  th e  d a rk  r e d  d i a n i o n ,  fo l lo w e d  by  th e  a d d i t i o n  

o f  w a te r .  For a  more d e t a i l e d  d i s c u s s i o n ,  s e e  th e  

E x p e r im e n ta l  s e c t i o n .

The r e s u l t s  o f  th e  r e a c t i o n  o f  th e  d i a n io n  

o f  1 , l - d i p h e n y l - 2-p ro p an o n e  w i th  v a r i o u s  a l k y l  

h a l i d e s  a r e  summarized i n  T able  I I .  For c o m p a r iso n ,  

se e  th e  r e s u l t s  o f  th e  a l k y l a t i o n  o f  l - p h e n y l - 2-  

p ropanone  in  T able  ! •

RX
H20

8
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T ab le  I

the 1-Ph«
D ia n io n  (1 2 )  w i t h  A lk y l  H a l id e s

A l k y l a t i o n  o f  t h e  1 -P h e n y l - 2 -p r o p a n o n e
i l id e n V

A lk y l  H a l id e O v e r a l l  Y ie ld  {%) C - l  A l k y l a t i o n  i C-3 A l k y l a t i o n

(CH3 )2CHBr 63 Only C - l  a l k y l a t i o n

(CH3 )2CHCH2Br 57 Only C - l  a l k y l a t i o n

or 61 Only C - l  a l k y l a t i o n

or 65 Only C - l  a l k y l a t i o n

n-C^H^Br 72 19 * 1

n - C ^ I 57 9 i 1

CH^CHgBr 55 >999^ C - l  a l k y l a t i o n

c h 3c h 2 i 65 5 « 1

ch3 i 62 5 .5  « 4 . 5

( a )  I s o l a t e d  by  vacuum d i s t i l l a t i o n .

9
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T ab le  I I

A l k y l a t i o n  o f  th e  1 » l -D ip h e n y l - 2 - p r o p a n o n e  
D ia n io n  w i th  A lk y l  H a l id e s

A lk y l  H a l id e E q u i v a l e n t s O v e r a l l
P r o d u c t  D i s t r i b u t i o n a  ( R e l a t i v e  %)

o f  RX Y ie ld  (# ) Ph2^C0CH2 R Ph2CHC0CH2 R Ph2^COCH3

(CH3 )2CHC1 1 .5 60 19 81

(CH3 )2CHBr 1 .5 54 36 64

c h 3c h 2c h 2c i 1 .5 87 52 48

CH^CHgBr 1 .5 87 61 39

CH^CHgl 1 .5 76 25 68 7

ch3 i 1 . 0 77 48 52

CHoI 3 .0 86 100b

c h 3c h 2 i o O 40 71°
c

29

c h 3c h 2 i 3 .0 36° 64°

( a )  C a l c u l a t e d  from  i s o l a t e d  y i e l d s .  (b )  An i n s e p a r a b l e  m ix tu r e  o f  
Ph2CRC0CH2R and  Ph2CRC0CHRR was o b t a i n e d .  ( c ) C a l c u l a t e d  f r o m  th e  
NMR s p e c t ru m .
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DISCUSSION

T r a d i t i o n a l l y  £ - d i k e t o n e  d i a n i o n s  have been

th e  m ost e x t e n s i v e l y  s t u d i e d  d i a n i o n s .  In  £ - d i k e t o n e

d ia n i o n s  i t  i s  found  t h a t  th e  o r d e r  o f  a d d i t i o n  o f

an  e l e c t r o p h i l e  p a r a l l e l s  th e  b a s i c i t y ,  t h a t  i s ,

th e  more b a s i c  s i t e  i s  th e  s i t e  o f  th e  f i r s t  a l k y l -  
1 ,8

a t i o n ,  a s  shown b e lo w 0 N a t u r a l l y ,  when th e  

p 0 1 e q u iv .  b a se  P - Q  i  e q u iv .  b a se

l - p h e n y l - 2 -p ro p a n o n e  d i a n io n  was f i r s t  c o n s i d e r e d ,  

i t  was assum ed t h a t  th e  same p a t t e r n  would be 

fo l lo w e d .

T h is  i s  in  f a c t  n o t  th e  c a s e .  T h is  d i s s i m i l a r i t y  

in  mode o f  a l k y l a t i o n  can b e s t  be e x p la in e d  by 

ex am in in g  th e  e l e c t r o n  d i s t r i b u t i o n  o f  th e  d i a n io n  

o f  a  , s -d ik e to n e  and a  p h e n y lp ro p a n o n e . The p - d i k e t o n e  

d i a n io n  3 i s  more r e a l i s t i c a l l y  d e p ic te d  a s  a  s p e c i e s

in  w h ich  th e  c h a rg e  does n o t  r e s t  on a  d i s c r e t e  atom 

a t  any  i n s t a n t ,  b u t  i s  i n s t e a d  d e l o c a l i z e d  a s  shown 

in  18 . As can  be s e e n  from 1 8 , th e  c h a rg e  in  th e

RdcH2dcH3
3

R'X

o. _  ;0 •

3
R

18

11
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12
d ia n io n  i s  more l o c a l i z e d  on C-3 th a n  on C -l»  th u s  

C-3 i s  th e  s i t e  o f  h i g h e r  e l e c t r o n  d e n s i t y  and  t h e r e ­

f o r e  th e  s i t e  o f  th e  a d d i t i o n  o f  an e l e c t r o p h i l e .

The p h e n y lp ro p a n o n e  d i a n i o n  12 , on th e  o t h e r  

hand, shows a  d i f f e r e n t  p a t t e r n  o f  d e l o c a l i z a t i o n .

PhCH§CH2 <-> PhC H =?CH 2

O '

12
W %

The oxygen a tom , th e  m ost e l e c t r o n e g a t i v e  atom in  

th e  m o le c u le ,  e f f e c t i v e l y  l o c a l i z e s  one o f  th e  

n e g a t iv e  c h a r g e s .  U n like  t h e  "d oub ly  t r a p p e d "  

e l e c t r o n  p a i r s  in  1 8 , th e  o t h e r  p a i r  o f  e l e c t r o n s  

in  12 i s  f r e e  t o  t r a v e l  th e  l e n g t h  o f  th e  p h e n y l-  

p ropanone  m o le c u le .  T h is  se co n d  e l e c t r o n  p a i r  w i l l  

come t o  r e s t  n e a r  th e  i n d u c t i v e  p h e n y l  g roup  and 

th u s  C - l ,  r a t h e r  th a n  C-3t w i l l  be t h e  s i t e  o f  

h i g h e s t  e l e c t r o n  d e n s i t y  and t h u s  th e  s i t e  o f  

e l e c t r o p h i l i c  a d d i t i o n .

R ecen t '- E x perim en ts-  i n  - th ig  l a b o ra to ry ^  s u g g e s t  

t h a t  th e  p re s e n c e  o f  e l e c t r o n - d o n a t i n g  and e l e c t r o n  

w i th d ra w in g  g ro u p s  on th e  p h e n y l  s u b s t i t u e n t  changes  

th e  r a t i o  o f  C - l  t o  C-3 a l k y l a t i o n  i n  th e  manner 

e x p e c te d  f o r  s p e c i e s  12 . The e l e c t r o n  d o n a t in g  

p -m ethoxy g roup  in  19 would be p r e d i c t e d  to  s h i f t  

th e  e l e c t r o n  d e n s i t y  away frojn C - l  tow ard  C-3

PhCHC=CHo
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r e l a t i v e  t o  p h e n y lp ro p a n o n e  i t s e l f .  T h is  i s  bo rne

o u t  e x p e r i m e n t a l ly .  The p r e s e n c e  o f  a lo n e  p a i r

o f  e l e c t r o n s  a lp h a  t o  C - l  a s  in  21 h as  a  s i m i l a r  
10

e f f e c t .  A p - c h l o r o - s u b s t i t u t e d  p h e n y l  group  a s  

in  20 would be even  more i n d u c t i v e l y  w i th d ra w in g
A A /

t h a n  a  s im p le  p h e n y l  g roup  and would i n c r e a s e  th e

in c id e n c e  o f  C - l  a l k y l a t i o n  o f  20 r e l a t i v e  t o

p h e n y lp ro p an o n e  i t s e l f .

In  f a c t ,  t h e  p h en y lp ro p a n o n e  d i a n io n  r e s e m b le s

an a l l y l  benzene  m onoanion much more c l o s e l y  th a n

a  /S -d ik e to n e  d i a n i o n .  The NMR sp e c tru m  o f  th e
31

a l l y l  benzene  m onoanioh and th e  p h en y lp ro p a n o n e  
7

d ia n io n  a r e  v e ry  s i m i l a r .  The manner o f  a d d i t i o n  

o f  a l k y l  h a l i d e s  t o  th e  p h en y lp ro p an o n e  d i a n io n  

i s  a l s o  v e ry  s i m i l a r  t o  t h a t  o f  th e  a l l y l  benzene  

m onoanion.

The a d d i t i o n  o f  th e  monoanion 22 t o  an  e x c e s s
/ W

o f  m ethy l brom ide g iv e s  th e  i n t e r n a l l y  a l k y l a t e d

p r o d u c t  i n  92$ y i e l d ,  w h i le  a d d i t i o n  o f  m eth y l

brom ide t o  th e  a n io n  g i v e s  38$ o f  th e  i n t e r n a l l y

m o n o -a lk y la te d  p r o d u c t  and 26$ o f  th e  e x t e r n a l l y
12m o n o -a lk y la te d  p r o d u c t .  S i m i l a r l y ,  22 was

/ s / V

i n d i c a t e d  t o  g iv e  23 upon t r e a tm e n t  w i th  a l l y l
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^~^-<?H-CH=CH2 + ^~^-CH=CHCH2CH3 + ^^-(pC H =C H 2

2 6 % 36%

CH3Br added d ropw ise  
t o  a n io n

Na+
NaNH2 __ NaNH2

(  >CH=CHCH, ------------A  /VCH-CH-CHp <------------------/>-CH?CH=CH2
* l i q .  NH3 ^  l i a .  NH3 ^

22

\y
a n io n  added t o  
l a r g e  e x c e s s  o f  CJ^Br

^ ~ ^ c h c h = c h 2  + ^ ^ c h = c h c h 2c h 3 

9 2 % 8%

22
CH2=C H C H 2 B r

-------------------- >  (x  /> -C H -C H = C H 2
C H oC H =C H ?

^  :h
2c h = c h 2 

23/ss+J
b ro m id e .  No o t h e r  p r o d u c t s  a r e  m en tio n ed  a l th o u g h

13th e  y i e l d  o f  23 was a b o u t  50%.
A /V

The p o s s i b i l i t y  o f  i n i t i a l  a l k y l a t i o n  a t  oxy- 

g e n ^ in  12 to  g iv e  24 e x i s t s  (and some 0 - a l k y l a t i o n
aa  A-***'

OR OR OR
I I -  -  I

Ph A  =  Ph-C=C-CH2 Ph-C-C=CH?
„ /C ? ~ > C H 2 ft ft

k *ph9H -c -c n 2
R

25
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does o c c u r ;  se e  th e  E x p e r im e n ta l  s e c t i o n ) *  b u t  

t h i s  does n o t  change  th e  p a t t e r n  o f  e l e c t r o n  d i s t r i ­

b u t io n .s h o w n  in  1 2 .  V in y l  e th e r -  a n io n s  ( 2 4 ) a re  

known t o  be u n s t a b l e  and w i l l  r e a r r a n g e  t o  s p e c i e s  

such  a s  25 . However, O - a l k y l a t i o n  p r o b a b ly  p l a y s  

a  m inor r o l e  a s  f u r t h e r  d i s c u s s e d  l a t e r  in  t h i s  

s e c t i o n .

I t  m ust be em phasized  t h a t  s im p le  r e l a t i v e  

b a s i c i t y  c a n n o t  be u se d  a s  a  c r i t e r i a  f o r  p r e d i c t i n g  

th e  s i t e  o f  a l k y l a t i o n  o f  a  d i a n i o n .  B a s i c i t y  i s  

a k i n e t i c  phenomenon and a s  su c h  i s  r e v e r s i b l e .  

A l k y l a t i o n  i s  a  therm odynam ic  phenomenon and i s  

i r r e v e r s i b l e .  T r a d i t i o n a l l y  many a u t h o r s  have 

used  th e  te rm  b a s i c i t y  i n  th e  d i s c u s s i o n  o f  a l k y l ­

a t i o n s  when i n  f a c t  th e y  mean e l e c t r o n  d e n s i t y .

T h is  te n d e n c y  i s  due t o  h u n d re d s  upon h u nd reds  

o f  ,5 -d ik e to n e  a l k y l a t i o n s  i n  t h e  l i t e r a t u r e  in  

which th e  f i r s t  a l k y l a t i o n  o c c u r s  a t  th e  more 

b a s i c  s i t e ,  and a l t h o u g h  ^ - d i k e t o n e s  a r e  th e  m ost 

s t u d i e d  d i a n i o n s ,  t h e y  a r e  b u t  one r a t h e r  u n iqu e  

c l a s s  o f  d i a n i o n s .  A more d e t a i l e d  d i s c u s s i o n  o f  

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

i s  i n  o r d e r .

I t  i s  a p p a r e n t  from T a b le s  I  and  I I  t h a t  th e  

s im p le  b a s i c i t i e s  o f  t h e  C - l  and  C-3 a n io n s  does 

n o t  a c c o u n t  f o r  t h e i r  b e h a v io r  to w ard  a l k y l  h a l i d e s .
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The r e a c t i o n s  do n o t  f o l lo w  th e  " l a s t  o f f ,  f i r s t  

on" o r d e r  n o rm a l ly  s e e n  i n  c a rb o n -h y d ro g e n  a c i d -  

b a se  ty p e  r e a c t i o n s .  We m ust c o n c lu d e  t h a t ,  w h i le  

a c i d i t y  d e te rm in e s  w hich  o f  th e  p r o t o n s  i s  f i r s t  

removed and by w hat b a s e s ,  i t  i s  t h e  r e l a t i v e  

n u c l e o p h i l i c i t y  o f  th e  C - l  and C-3 a n io n s  tow ard  

e l e c t r o p h i l e s  w hich  d e te rm in e s  th e  a l k y l a t i o n  

p r o d u c t s .  We m u s t ,  t h e n ,  examine th e  f a c t o r s  which 

d e te rm in e  n u c l e o p h i l i c i t y .

O pin ion  i s  d iv id e d  a s  t o  w hich  f a c t o r s  a r e  most 

r e l e v a n t  t o  n u c l e o p h i l i c i t y .  H e n d r ic k s o n ,  Cram, 

and Hammond s t a t e  t h a t ,  "C om parisons o f  n u c l e o p h i l e s  

h a v in g  th e  same a t t a c k i n g  atom does show t h a t  w i t h i n

such  a  r e s t r i c t e d  s e r i e s  i n c r e a s e d  b a s i c i t y  r e s u l t s
0

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

s t a t e  t h a t  p o l a r i z a b i l i t y  and s o l v a t i o n  p l a y  an 

im p o r ta n t  r o l e  and t h a t  q u a n t i t a t i v e  r e l a t i o n s h i p s

among t h e s e  t h r e e  f a c t o r s  have n o t  b e e n  d e v is e d .
14S t r e i t w i e s e r  l i s t s  th e  s o l v a t i o n  e n e rg y  o f  

th e  b a s e ,  th e  s t r e n g t h  o f  i t s  bond w i t h  a  c a rb o n  

2p o r b i t a l ,  i t s  s t e r i c  e f f e c t ,  e l e c t r o n e g a t i v i t y ,  

and p o l a r i z a b i l i t y  a s  th e  main f a c t o r s  d e te rm in in g  

n u c l e o p h i l i c i t y .  H u d s o n ^  c o n s i d e r s  e l e c t r o s t a t i c  

a t t r a c t i o n  o f  th e  r e a c t a n t s  a s  th e  m ost im p o r ta n t  

f a c t o r  i n  n u c l e o p h i l i c i t y .  Edwards and  P e a r s o n ‘S  

l i s t  b a s i c i t y ,  p o l a r i z a b i l i t y ,  and t h e  p re s e n c e
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o f  u n sh a re d  e l e c t r o n  p a i r s  on n e ig h b o r in g  atom s 

( th e  a lp h a  e f f e c t )  a s  th e  m ain f a c t o r s  a f f e c t i n g  

n u c l e o p h i l i c i t y .  I t  i s  from Edward and P e a r s o n 's  

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

t h a t  th e  f o l lo w in g  d i s c u s s i o n  i s  drawn.

S u b s t i t u t i o n  r e a c t i o n s  can  be w r i t t e n  a s  

g e n e r a l i z e d  a c i d - b a s e  r e a c t i o n s  such  a s  e q u a t io n  (1 )

N + SX — * NS + X (1)

where N i s  th e  n u c l e o p h i l e ,  S i s  th e  e l e c t r o p h i l i c  

s u b s t r a t e  (S = H i n  a c i d - b a s e  r e a c t i o n s ) ,  and X 

i s  th e  l e a v i n g  g ro u p .  We m ust lo o k  a t  t h e  r e l a t i o n ­

s h ip  b e tw een  th e  c h a rg e  on S i n  th e  t r a n s i t i o n  s t a t e  

and th e  b a s i c i t y  o f  N tow ard  S.

"A h ig h  p o s i t i v e  ch a rg e  on S i n  th e  
t r a n s i t i o n  s t a t e  can l e a d  to  a  s t r o n g  
i n t e r a c t i o n  w i th  th e  h ig h  n e g a t iv e  p o t e n t i a l  
o f  a  b a s i c  r e a g e n t  N. T h is  w i l l  lo w e r  
th e  e n e rg y  o f  th e  a c t i v a t e d  complex and 
c au se  a  h ig h  r a t e  o f  r e a c t i o n .  Thus 
b a s i c i t y  w i l l  be an  i n c r e a s i n g l y  im p o r ta n t  
f a c t o r  i n  r a t e  o f  s u b s t i t u t i o n  a s  th e  
p o s i t i v e  c h a rg e  on th e  e l e c t r o p h i l i c  
atom i n  th e  s u b s t r a t e  i n c r e a s e s . "15

From th e  above we would p r e d i c t  t h a t  CH3CH2+

would p r e f e r  t h e  more b a s i c  a n io n  in  th e  d ia n io n

( th e  C-3 a n io n )  a s  compared t o  (CH^)2CH+ due to

h ig h  p o s i t i v e  c h a rg e  l o c a l i z e d  on th e  p r im a ry

carbon ium  io n  i n  CH^CH2+» In  th e  i s o p r o p y l  c a t i o n

th e  m e th y l  g ro u p s  a r e  e l e c t r o n  d o n a t in g  so  t h a t

l e s s  p o s i t i v e  c h a rg e  i s  l o c a l i z e d  on th e  s e c o n d a ry

carbonium  io n .
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The l , l - d i p h e n y l - 2 - p r o p a n o n e  c a s e  f o l lo w s  t h a t  

o f  1- p h e n y l - 2-p ro p an o n e  b u t  has  a  s t e r i c  f a c t o r  

o v e r l a p p in g  th e  r e l a t i v e  n u c l e o p h i l i c i t y  f a c t o r .

Thus th e  a d d i t i o n a l  p h e n y l  g roup  on C - l  w i l l  i n t e r ­

f e r e  w i th  th e  a p p ro a c h  o f  th e  C - l  a n io n  t o  th e  

e l e c t r o p h i l e  a n d ,  by d e f a u l t ,  more C-3 a l k y l a t i o n  

w i l l  be o b se rv e d  compared t o  th e  l - p h e n y i - 2-p ro p an o n e  

c a s e .  (The a d d i t i o n a l  p h e n y l  g roup  would be e x p e c te d  

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

a c t e r i s t i c s  upon th e  m o le cu le  and t h i s  may oppose 

th e  s t e r i c  e f f e c t s .  However, even  i f  th e  e l e c t r o n  

d e n s i t y  a t  C - l  i s  i n c r e a s e d ,  th e  e l e c t r o p h i l e  may 

be p r e v e n te d  from a p p ro a c h in g  c l o s e l y  enough t o  

form a bond by th e  two p h e n y l  g r o u p s . )

T able  I  shows t h a t  f o r  th e  l - p h e n y l - 2 - p r o p a n o n e  

c a se  e t h y l  io d id e  gave C - l  t o  C-3 a l k y l a t i o n  in  th e  

r a t i o  o f  5 t o  1 .  When more a l k y l  g ro u p s  a r e  added 

to  th e  a l k y l  h a l i d e  a s  i n  n - b u t y l  i o d i d e ,  th e  

r a t i o  o f  C - l  t o  C-3 a l k y l a t i o n  i n c r e a s e s  t o  9 t o  

1 .  The same t r e n d  i s  s e e n  i n  th e  1 , l - d i p h e n y l - 2 -  

p ropanone  c a s e .  T able  I I  shows t h a t  e t h y l  brom ide 

a l k y l a t e s  th e  C - l  and C-3 p o s i t i o n s  i n  th e  r a t i o  

o f  39 t o  6 1 . i - P r o p y l  b ro m id e , on th e  o t h e r  hand , 

a l k y l a t e s  i n  th e  r a t i o  o f  6 4 t o  3 6 , C - l  t o  C -3 , even  

th oug h  th e  i n c r e a s e d  s t e r i c  h in d r a n c e  o f  i - p r o p y l  

brom ide would f a v o r  C-3«
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Thus th e  more c o n c e n t r a t e d  th e  p o s i t i v e  c h a rg e  

i s  on t h e  e l e c t r o p h i l e ,  t h e  more im p o r ta n t  b a s i c i t y  

i s  i n  d e te r m in in g  r e l a t i v e  n u c l e o p h i l i c i t i e s .  I n d e e d ,  

th e  more th e  e l e c t r o p h i l e  r e s e m b le s  a  p r o to n  (h ig h  

p o s i t i v e  c h a r g e ,  no o u t e r  e l e c t r o n s ) ,  t h e  more we 

sh o u ld  e x p e c t  a l k y l a t i o n  a t  t h e  more b a s i c  s i t e .

T h is  i s  m ost d r a m a t i c a l l y  i l l u s t r a t e d  i n  th e  a l k y l a ­

t i o n s  w i t h  m e th y l  i o d i d e .  I n  th e  1 -p h e n y l -2 -p ro p a n o n e  

c a s e ,  m e th y l  io d id e  gave a  55 t o  45 m ix tu re  o f  C - l  

t o  C-3 m e th y la te d  p r o d u c t s ;  i n  th e  1 , 1- d i p h e n y l - 2-  

p ro p an o n e  c a se  a  48 to  52 m ix tu r e  o f  p r o d u c t s  was 

o b t a i n e d .  A ga in , th e  i n c r e a s e d  s t e r i c  b u lk  o f  th e  

d ip h e n y l  m o ie ty  s h i f t s  th e  r a t i o  s l i g h t l y  in  th e  

d i r e c t i o n  o f  C-3 a l k y l a t i o n .  Thus we se e  t h a t  th e  

c h a r a c t e r i s t i c s  o f  t h e  e l e c t r o p h i l e  a r e  v e r y  im por­

t a n t  i n  d e te r m in in g  th e  c o n t r i b u t i o n  o f  b a s i c i t y  

t o  th e  o v e r a l l  n u c l e o p h i l i c i t y  o f  th e  n u c l e o p h i l e .

The second  f a c t o r  c o n t r i b u t i n g  to  n u c l e o p h i l i ­

c i t y  w hich  Edwards and P e a rs o n  d i s c u s s  i s  p o l a r i z a ­

b i l i t y ,  Two t h i n g s  can  happen  ( s im u l t a n e o u s ly )  

i n  p o l a r i z a b l e  m o i e t i e s  w hich  i n c r e a s e  n u c l e o p h i l i c ­

i t y ,  F i r s t ,  t h e  b o n d in g  e l e c t r o n s  a re  p o l a r i z e d  

tow ard  th e  e l e c t r o p h i l e .  S econd , th e  n o n -b o n d in g  

e l e c t r o n s  w i l l  t r y  t o  g e t  a s  f a r  away from th e  

b o n d in g  e l e c t r o n s  a s  p o s s i b l e ,  so  th e y  w i l l  be 

p o l a r i z e d  away from th e  e l e c t r o p h i l e .  The n e t
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r e s u l t  i s  t h a t  t h e  b o n d in g  e l e c t r o n s  " r e a c h  o u t"

t o  g r a b  th e  e l e c t r o p h i l e  w h i le  th e  n o n -b o n d in g

e l e c t r o n s  s t e p  b ack  o u t  o f  th e  way and a l lo w  th e

e l e c t r o p h i l e  to  a p p ro a c h  more c l o s e l y  th a n  i t

o th e r w is e  w ou ld . T h a t th e  o r b i t a l s  m ust p r o j e c t

w e l l  o u t  from  th e  r e a c t i n g  atom s i s  se en  from th e

b o n d in g  d i s t a n c e s  i n  th e  t r a n s i t i o n  s t a t e .  The

c a rb o n -h y d ro g e n  b o n d in g  d i s t a n c e  i s  a b o u t  1 .0  A

w h e re a s  th e  b o n d in g  d i s t a n c e  be tw een  th e  c a rb o n s

o f  t h e  n u c l e o p h i l e  and t h e  e l e c t r o p h i l e  in  th e
* 15t r a n s i t i o n  s t a t e  i s  a b o u t  1 .5  t o  2 .0  A.

Thus we would p r e d i c t  t h a t  i n  o u r  p h e n y lp r o -  

p a n o n e — a l k y l  h a l i d e  r e a c t i o n s ,  a  l a r g e  t r a n s i t i o n  

s t a t e  bond d i s t a n c e  would f a v o r  t h e  more p o l a r i z a b l e  

s i t e  o v e r  t h e  more b a s i c  s i t e .  The p h en y lp ro p an o n e  

d i a n i o n ,  w i th  one c h a rg e  l o c a l i z e d  on oxygen and 

th e  o t h e r  c h a rg e  f r e e  t o  t r a v e l  t h e  c a rb o n  b ack ­

b o n e ,  h a s  t h e  h i g h e s t  e l e c t r o n  d e n s i t y  a t  C - l ,  a s  

d i s c u s s e d  e a r l i e r  i n  t h i s  s e c t i o n .  T h is  h ig h  e l e c t r o n  

d e n s i t y  a t  C - l  i s  th e n  a v a i l a b l e  f o r  (o r  p o l a r i z e d  

to w a rd )  t h e  e l e c t r o p h i l e .  T ab le s  I  and I I  show t h a t  

a s  t h e  b u lk  o f  th e  a l k y l  h a l i d e  i n c r e a s e s  (and co n ­

s e q u e n t l y  t h e  t r a n s i t i o n  s t a t e  bond d i s t a n c e ) ,  

th e  i n c id e n c e  o f  C - l  a l k y l a t i o n  i n c r e a s e s .

In  /3- d i k e t o n e ,  ,0 - k e t o s u l f o x i d e , and 0 - k e t o -  

p h o sp h o n a te  d i a n i o n s  p o l a r i z a b i l i t y  would have a  

n e g l i g i b l e  c o n t r i b u t i o n  t o  n u c l e o p h i l i c i t y .  The
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n e g a t iv e  c h a r g e s  a r e  " t r a p p e d "  and no p o o l  o f  h ig h  

e l e c t r o n  d e n s i t y  i s  a v a i l a b l e  t o  r e a c h  o u t  and 

bond w i th  t h e  e l e c t r o p h i l e .  I n  a l l y l  benzene  

m onoanions one would e x p e c t  a  r a t h e r  l a r g e  c o n t r i ­

b u t io n  t o  n u c l e o p h i l i c i t y  from  p o l a r i z a b i l i t y  due 

t o  t h e  a b i l i t y  o f  t h e  n e g a t iv e  c h a rg e  to  t r a v e l  

th e  l e n g t h  o f  th e  m o lecu le  and " c o l l e c t "  a t  th e  

a lp h a  ( " C - l " )  c a rb o n .

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

th e  p r e s e n c e  o f  an  u n sh a re d  p a i r  o f  e l e c t r o n s  on 

th e  atom a d j a c e n t  t o  th e  n u c l e o p h i l i c  atom ( th e  

a lp h a  e f f e c t ) .  The im p o r ta n c e  o f  t h e  a lp h a  e f f e c t  

i s  r a t i o n a l i z e d  by  Edwards and P e a rs o n  a s  f o l lo w s :  

One can  im ag ine  in  th e  l i m i t i n g  c a se  a n u c le o p h i l e  

c o m p le te ly  d o n a t in g  i t s  p a i r  o f  e l e c t r o n s  t o  th e  

e l e c t r o p h i l e .  The n u c l e o p h i l e  h a s ,  t h e n ,  r e l a t i v e  

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

become more p o s i t i v e  o r  carbon ium  i o n - l i k e .  One 

m ig h t  t h e n  e x p e c t  f a c t o r s  w hich  s t a b i l i z e  carbonium  

io n s — su c h  a s  an u n sh a re d  p a i r  o f  e l e c t r o n s  on th e

a lp h a  a to m - - to  a l s o  s t a b i l i z e  th e  n u c l e o p h i l e  in
*• •• , + +  _a - b - c  —> a -b  > a=b + c

th e  t r a n s i t i o n  s t a t e .

In  t h e  p h en y lp ro p an o n e  c a s e  th e  C - l  atom does 

n o t  have an  u n sh a re d  p a i r  o f  e l e c t r o n s  a lp h a  t o  i t ,  

b u t  th e  r e l a t i v e l y  e l e c t r o n - r i c h  p h e n y l  g r o u p ( s )
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w i l l  h e lp  s t a b i l i z e  th e  n u c l e o p h i l e ^  a s  i t  d o n a te s  

i t s  e l e c t r o n s .

On th e  o t h e r  hand , th e  p re s e n c e  o f  an  u n sh a re d  

p a i r  o f  e l e c t r o n s  on th e  atom a lp h a  t o  th e  n u c le o -  

p h i l i c  atom w i l l  te n d  t o  d is c o u ra g e  th e  b u i ld u p  o f  

n e g a t iv e  c h a rg e  on th e  n u c l e o p h i l i c  atom due t o  

r e p u l s i o n .  W hether th e  a lp h a  e f f e c t  h e lp s  o r  h in d e r s  

i s  p ro b a b ly  d e te rm in e d  by o t h e r  s t e r i c  and e l e c t r o n i c  

f a c t o r s  i n  th e  m o le c u le .  In d e e d ,  one s u s p e c t s  t h a t  

th e  a lp h a  e f f e c t  i s  g r e a t l y  overshadow ed by o t h e r  

e f f e c t s .  In  th e  ph en y lp ro p an o n e  and a l l y l  benzene  

c a s e s ,  t h e  i n d u c t iv e  w i th d ra w in g  e f f e c t  o f  th e  

p h e n y l  g r o u p ( s ) ,  w hich  i n c r e a s e s  th e  n e g a t iv e  ch a rg e  

d e n s i t y  on th e  C - l  c a rb o n ,  would ou tw e igh  th e  a lp h a  

e f f e c t .  In  th e  c a se  o f  th e  th io p h en o x y p ro p an o n e  

d i a n io n  21 t h e  f r e e  f lo w in g  n e g a t iv e  c h a rg e  would 

be r e p u l s e d  by th e  lo n e  p a i r s  on s u l f u r  and th u s  

would te n d  to  s h i f t  th e  e l e c t r o n  d e n s i t y  back  to w ard s  

C-3» ( I f  one o f  th e  n e g a t iv e  c h a rg e s  o f  th e  d i a n io n  

were n o t  l o c a l i z e d  on th e  oxygen a tom , th e  o t h e r  

n e g a t iv e  ch a rg e  would n o t  be so  f r e e  t o  move a roun d  

and a  more ’’r i g i d "  sy s te m  would r e s u l t .  ) The a lp h a  

e f f e c t  would n o t  be a p p l i c a b l e  t o  ^ - d i k e t o n e ,  /3, - k e to -  

s u l f o x i d e ,  o r  /2, -k e to p h o sp h o n a te  d i a n i o n s .

In  summary (se e  T ab le  I I I ) ,  we have d i s c u s s e d  

th e  c o n t r i b u t i o n  o f  b a s i c i t y ,  p o l a r i z a b i l i t y ,  and 

t h e  a lp h a  e f f e c t  t o  th e  n u c l e o p h i l i c i t y  o f  th e  C - l
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and C-3 a n io n s  o f  p h e n y lp ro p a n o n e . We have se e n  t h a t  

i n  ^ - d ik e to n e  d i a n io n s  b o th  th e  a lp h a  e f f e c t  and 

p o l a r i z a b i l i t y  a r e  n e g l i g i b l e  f a c t o r s  i n  b e s to w in g

TABLE I I I  

C o n t r i b u t i o n  t o  N u c l e o p h i l i c i t y

N u c le o p h i le B a s i c i t y P o l a r i z a b i l i t y A lpha E f f e c t

q 0
RCCHdCH? 

"C-\‘J ~c-f"
C - l ,  C-3 ••

Q - c h 8c h 2 C-3 C -l C - l

OCHCHCHo 
“C-l" "c-3"

- C -l C - l

n u c l e o p h i l i c i t y  upon th e  a n io n s .  By d e f a u l t  t h i s

l e a v e s  b a s i c i t y  a s  th e  m ost im p o r ta n t  f a c t o r .  In  th e

a l l y l  benzene  m onoanion , we have r a t i o n a l i z e d  t h a t

th e  a lp h a  e f f e c t  and p o l a r i z a b i l i t y  a r e  im p o r ta n t

f a c t o r s  and f a v o r  th e  C - l  p o s i t i o n  o v e r  t h e  C-3

p o s i t i o n .  B a s i c i t y  does  n o t  s t r i c t l y  a p p ly  in  th e

s e n s e  t h a t  we a r e  rem oving  on ly  one p r o to n  a s  opposed

t o  d i a n io n  fo r m a t io n  (and can n o t  s a y  from which

c a rb o n  i t  came s i n c e  d e l o c a l i z a t i o n  o c c u r s  im m ed ia te -

3.y3V so  we c a n n o t  compare th e  r e l a t i v e  b a s i c i t i e s

o f  th e  C - l  and  C-3 c a r b o n s .  B a s i c i t y  w i l l  a p p ly  in

t h e  s e n s e  o f  r e - p r o t o n a t i o n  o f  t h e  a n io n ,  i n  w hich
18

c a s e  th e  C-3 p o s i t i o n  i s  f a v o r e d .  When an  a l k y l
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h a l i d e  becomes t h e  e l e c t r o p h i l e ,  t h e  C - l  p o s i t i o n  

becomes more f a v o r e d  t h e  l e s s  t h e  e l e c t r o p h i l e  

r e s e m b le s  a p r o t o n .

In  th e  p h e n y lp ro p a n o n e  c a s e  we se e  a  co m p o s ite  

o f  t h e  - d i k e t o n e  and a l l y l  benzene  c a s e s .  P o l a r i z a ­

b i l i t y  and  th e  a lp h a  e f f e c t  ( i f  i t  i s  im p o r ta n t  a t  

a l l )  f a v o r  C - l  a s  t h e  more n u c l e o p h i l i c  c a r b a n io n ,  

w h i le  b a s i c i t y  f a v o r s  C-3» I t  i s  p o l a r i z a b i l i t y  

( a lo n g  w i t h  t h e  i n d u c t i v e  e f f e c t  o f  t h e  p h e n y l  g ro u p )  

w hich  d o m in a te s  u s i n g  a l k y l  h a l i d e s  a s  th e  e l e c t r o p h i l e .

The i n f l u e n c e  o f  th e  g ro up  b e in g  a t t a c k e d  by 

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

i s  changed  from an  a l k y l  g roup  t o  a c a r b o n y l ,  in  

w hich c a s e  b a s i c i t y  becomes t h e  d om inan t f a c t o r .

T h is  i s  r e f l e c t e d  in  t h e  r e a c t i o n  o f  t h e  l - p h e n y l - 2 -  

p ropanone  d i a n i o n  w i th  p - a n i s a ld e h y d e  t o  g iv e  th e  

C-3 c o n d e n s a t io n  p r o d u c t .  R e a c t io n  o f  t h e  1 ,1 -  

d ip h e n y l -2 -p r o p a n o n e  d i a n i o n  w i th  benzophenone gave 

o n ly  u n r e a c t e d  s t a r t i n g  m a t e r i a l .  I t  m ig h t  be 

e x p e c te d  t h a t  th e  s t e r i c  b u lk  o f  b o th  th e  1 , 1 -  

d ip h e n y l -2 -p ro p a n o n e  d i a n i o n  and benzophenone would 

d i s f a v o r  th e  r e a c t i o n .  F ree  r a d i c a l  f o r m a t io n  in  

benzophenone can  a l s o  r e a s o n a b l y  be s u s p e c te d  a s  a 

f a c i l e  a l t e r n a t i v e  r e a c t i o n .

What we have o p e r a t i n g ,  t h e n ,  i s  a  "power p l a y ” 

among th e  v a r i o u s  f a c t o r s  a f f e c t i n g  n u c l e o p h i l i c i t y .
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We have s e e n  t h a t  we can  m a n ip u la te  w hich  f a c t o r s  

a r e  dom inan t by c h a n g in g  th e  c h a r a c t e r  o f  th e  

e l e c t r o p h i l e .  The p ro b lem — and c o n s i d e r a b l e  

c h a l l e n g e - - c o n f r o n t i n g  c h e m is ts  i s  t o  make mea­

su re m e n ts  o f  t h e s e  f a c t o r s  su c h  t h a t  num bers can  

be “p lu g g e d  i n t o * e q u a t i o n s  and num bers r e p r e s e n t i n g  

n u c l e o p h i l i c i t y  w i l l  come o u t .

Many q u e s t i o n s  rem a in  and s e v e r a l  s p e c u l a t i o n s  

c an  be made. What i f  t h e  p h e n y l  m o ie ty  o f  th e  

p h e n y lp ro p a n o n e  sy s te m  i s  r e p l a c e d  w i th  an  e t h e r  

m o ie ty  a s  i n  26? W il l  t h e  a lp h a  e f f e c t  a t  C - l  be 

l a r g e  enough t o  o f f s e t  th e  l o s s  o f  t h e  p h e n y l  g roup

su ch  t h a t  a l k y l a t i o n  w i l l  s t i l l  o c c u r  a t  C - l?

(T h is  p ro b lem  h a s  been  a d d r e s s e d  e a r l i e r  i n  t h i s  

p a p e r .  See page 13*) I f  th e  c a rb o n y l  i s  r e p l a c e d  

w i th  a  s u l f o n e  a s  i n  27» w i l l  p o l a r i z a b i l i t y  become

an  im p o r ta n t  f a c t o r  i n  th e  n u c l e o p h i l i c i t y  o f  th e  

C-3 a n io n  due t o  th e  a v a i l a b l e  d o r b i t a l s  on th e  

s u l f u r ?  What i f  t h e  m o le cu le  i s  s e t  up a s  i n  28

su c h  t h a t  th e  e l e c t r o p h i l e  i s  c o n f r o n te d  w i th  a  

" s t a c k e d  d eck "?  Here one would p r e d i c t  t h a t  th e  

lo n e  p a i r s  on t h e  oxygen would "push" th e  n e g a t iv e  

c h a rg e  to w ard  C - l t w h i le  th e  p h e n y l  g roup  would 

" p u l l "  th e  e l e c t r o n s  to w ard  th e  C - l  p o s i t i o n .

R0CH2CCH3 O gh2SCH3

27

2 cch2 or

26 28

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



26
The n e t  r e s u l t  would be a  v e ry  l a r g e  p r e f e r e n c e  

f o r  C - l  a l k y l a t i o n o

T hree  f a c t o r s  rem a in  t o  be d i s c u s s e d .  These 

a r e  th e  e f f e c t s  o f  s o l v e n t ,  th e  e f f e c t s  o f  th e  

c o u n t e r - i o n ,  and C- v e r s u s  O - a l k y l a t i o n . . O f ten  

t h e s e  f a c t o r s  a r e  i n t e r d e p e n d e n t .

As w i t h  any  r e a c t i o n  in  o rg a n ic  c h e m is t r y ,  

th e  s o l v e n t  p l a y s  an  im p o r ta n t  r o l e  in  d e te r m in in g  

th e  f i n a l  outcome o f  th e  r e a c t i o n  ( e x c e p t  i n  g a s  

p h a se  s t u d i e s ) .  S o lv e n ts  a r e  g e n e r a l l y  c l a s s i f i e d  

a c c o r d in g  t o  t h e i r  p o l a r i t y  (a s  m easured  by t h e i r  

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

and  th e  a v a i l a b i l i t y  o f  p r o t o n s .  Thus we have d i p o l a r ,  

p r o t i c  s o l v e n t s  su c h  a s  w a te r  and  th e  a l c o h o l s ;  

d i p o l a r ,  a p r o t i c  s o l v e n t s  such  a s  d im ethy lfo rm am ide  

and d im e th y l  s u l f o x i d e ;  and n o n - p o l a r ,  a p r o t i c  

s o l v e n t s  su c h  a s  t e t r a h y d r o f u r a n  and h e x an e .  THF 

was th e  s o l v e n t  o f  c h o ic e  i n  th e  p h en y lp ro p an o n e  

r e a c t i o n s  b e c a u se  (1 ) i t  i s  c o m p a tib le  w i t h  th e  

s t r o n g  b a s e s  u se d  i n  g e n e r a t i n g  th e  d i a n i o n ,  ( 2 ) 

a s  a  n o n - p o l a r ,  a p r o t i c  s o l v e n t  i t  f a v o r s  th e  S^2 

r e a c t i o n  w i th  a l k y l  h a l i d e s ,  and ( 3 ) i t  i s  e a s i l y  

o b t a in e d  in  th e  a n h y d ro u s  form .

For r e a s o n s  d i s c u s s e d  in  t h e  H i s t o r i c a l  Back­

ground  s e c t i o n ,  p o ta s s iu m  h y d r id e  and n - b u t y l l i t h i u m  

w ere c h o sen  a s  t h e  b a s e s 0 The p o ta s s iu m  c a t i o n  i s
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a  l a r g e  s p e c i e s  w hich  t e n d s  t o  form c o n t a c t  io n  

p a i r s .  The l i t h i u m  c a t i o n ,  on th e  o t h e r  hand ,

MX M+X~ ^  M+|| X" M+ + X"
c o n t a c t  s o l v e n t  f r e e

io n  s e p a r a t e d  io n
p a i r  io n  p a i r

i s  sm a l l  and t e n d s  t o  form  s o l v e n t - s e p a r a t e d  ion  
19p a i r s .

The c a t i o n - a n i o n  s p e c i e s  can  be e i t h e r  o f  th e  

s p e c i e s  shown b e low , o r  a  m ix tu re  o f  th e  tw o. From 

0"K+ CfLi+

Ph^ Ph^
t r / C /  -  S C H ?  h " C ^  -  N C H

L i+ H K+

29 30

th e  o r d e r  o f  a d d i t i o n ,  we would e x p e c t  2£ r a t h e r  

t h a n  30 a s  th e  more l o g i c a l  s p e c i e s .  M e ta th e s i s  

c a n n o t ,  how ever, be r u l e d  o u t .

The p o s s i b i l i t y  o f  O - a lk y l a t i o n  a l s o  e x i s t s  

i n  th e  am b id en t p h e n y lp ro p a n o n e  d i a n i o n .  The p re s e n c e  

o f  some O - a l k y l a t i o n  i s  i n d i c a t e d  by th e  p r e s e n c e  

o f  a  s i g n a l  in  t h e  NMR sp e c tru m  o f  s e v e r a l  o f  th e  

c ru d e  r e a c t i o n  m ix tu r e s  a t  a b o u t  3*8 ppm, t y p i c a l  

o f  e n o l  e t h e r s .  These O - a lk y la te d  p r o d u c t s  a r e  

m ino r  p r o d u c t s  and a r e  a l s o  known t o  be u n s t a b l e .

They can be i s o l a t e d  in  some c a s e s  (se e  E x p e r im e n ta l )  

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

l i q u i d  c h ro m a to g ra p h y , b u t  would be e x p e c te d  t o  f a l l  

a p a r t  a t  th e  h ig h e r  t e m p e r a tu r e s  o f  d i s t i l l a t i o n  o r  GC.
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Kornblum p ro p o s e s  t h a t  th e  in c id e n c e  o f  0 -

and C - a l k y l a t i o n  i s  d e te rm in e d  by th e  amount o f
17

SN1 and Sjj2 c h a r a c t e r  o f  th e  r e a c t i o n .  When 

S ^ l  c h a r a c t e r  d o m in a te s ,  a l k y l a t i o n  o c c u rs  p r e ­

d o m in a n t ly  on th e  atom w i th  th e  h i g h e s t  e l e c t r o ­

n e g a t i v i t y .  o When Syj2 c h a r a c t e r  p re d o m in a te s ,  

a l k y l a t i o n  o c c u r s  on t h e  atom w i th  th e  lo w er  

e l e c t r o n e g a t i v i t y  (and h i g h e r  p o l a r i z a b i l i t y ) .

U sing  t h i s  p r i n c i p l e ,  we would p r e d i c t  C - a l k y l a t i o n  

u s i n g  an  Syj2 f a v o r i n g  s o l v e n t  su c h  a s  THF. We m ig h t  

a l s o  p r e d i c t  t h a t  i f  a  more p o l a r  s o l v e n t  su ch  a s  

DMF w ere used  t h e  in c id e n c e  o f  O - a lk y l a t i o n  would 

i n c r e a s e .

Hogen-Esch and Smid have shown t h a t  a t  -30°

i n  THF f l u o r e n y l l i t h i u m  e x i s t s  e n t i r e l y  a s  th e
19s o l v e n t - s e p a r a t e d  io n  p a i r .  F lu o r e n y lp o ta s s iu m ,  

how ever, e x h i b i t s  l i t t l e  i f  any  s o l v e n t  s e p a r a t i o n  

o f  i o n s .  From t h i s  and a  v a r i e t y  o f  o t h e r  p i e c e s  

o f  e x p e r im e n ta l  e v id e n c e  t h e y  c o n c lu d e  t h a t  th e  

s o l v e n t - s e p a r a t e d  io n  p a i r  i s  much more r e a c t i v e  

th a n  th e  c o n t a c t  ion  p a i r .  T h is  comes a b o u t  b e ca u se  

a s  th e  c a t i o n  and a n io n  a p p ro a c h  each  o t h e r  th e  

s o l v a t i o n  s h e l l  each  one h a s  m ust be rem oved.

T h is  w i l l  r e q u i r e  an in p u t  o f  e n e rg y .  Once t h e '  

s o l v a t i o n  s h e l l  i s  rem oved, how ever, s t r o n g  e l e c t r o ­

s t a t i c  f o r c e s  come i n t o  p l a y  and  a  g r e a t  d e a l  o f  

e n e rg y  i s  r e q u i r e d  t o  overcome th e s e  f o r c e s —
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more t h a n  i s  n eed ed  t o  remove th e  s o l v a t i o n  s h e l l .  

(See F ig u re  1 . )  The s m a l l e r  c a t i o n s  such  a s  l i t h i u m

a r e  much more e f f e c t i v e l y  ( t i g h t l y )  s o l v a t e d  th a n  

t h e  l a r g e r  c a t i o n s  su ch  a s  p o ta s s io m  and cesium  

due t o  t h e  h i g h e r  c h a rg e  d e n s i t y  on th e  com pact 

l i t h i u m  c a t i o n .

N e g le c t in g  f o r  th e  moment th e  f a c t  t h a t  we 

a r e  co m parin g  t h e  io n  p a i r s  o f  two d i f f e r e n t  a n io n s  

(C'M+ and o” M+ ) and lo o k in g  o n ly  a t  th e  e f f e c t s  o f  

t h e  c a t i o n  and s o l v e n t ,  we would p r e d i c t  t h a t  i f  

we do in d e e d  have s p e c i e s  2 9 , t h e n  we w ould  e x p e c t  

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

be more r e a c t i v e  tow ard  a l k y l a t i o n  th a n  t h e  oxygen- 

p o ta s s iu m  c o n t a c t  io n  p a i r .

The C- v e r s u s  O - a l k y l a t i o n  p r o d u c t  r a t i o s  o f  

t h e  p h en y lp ro p a n o n e  d i a n i o n s  would be e x p e c te d  t o  

s h i f t  a s  we moved t o  s o l v e n t s  w h ich  prom oted  s o l v e n t -  

s e p a r a t e d  io n  p a i r s .  More p o l a r  s o l v e n t s  o r  s o l v e n t s  

c a p a b le  o f  c h e l a t i n g  th e  c a t i o n s  would i n c r e a s e  th e

E k c a l

r  A
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p r o p o r t i o n  o f  s o l v e n t - s e p a r a t e d  io n s  a s  compared

t o  a  s o l v e n t  w hich  does n o t  p rom ote  io n  s e p a r a t i o n

Thus a  s w i tc h  from  THF t o  th e  more p o l a r  DMF o r

DMSO would i n c r e a s e  th e  p r o p o r t i o n  o f  oxygen-

p o ta s s iu m  s o l v e n t - s e p a r a t e d  io n  p a i r s  and t h u s

th e  amount o f  O - a l k y l a t i o n .  A s w i tc h  t o  d im e thox y -

e th a n e  o r  d ioxstne , s o l v e n t s  o f  com p arab le  p o l a r i t y ,

would be e x p e c te d  t o  i n c r e a s e  t h e  p r o p o r t i o n  o f

s o l v e n t - s e p a r a t e d  io n  p a i r s  due t o  t h e i r  a b i l i t y

t o  s o l v a t e  th e  c a t i o n  v i a  b i d e n t a t e - t y p e  c o o r d i -  
19n a t i o n .  The a d d i t i o n  o f  crown e t h e r s  w hich 

c o u ld  c h e l a t e  c a t i o n s  a c c o rd in g  t o  s i z e  w ould  a l s o  

be e x p e c te d  t o  have a d ra m a t ic  e f f e c t  on C- v e r s u s

O - a l k y l a t i o n  r a t i o s .  As we move from KH t o  NaH a s

th e  f i r s t  b a se  we m igh t a l s o  e x p e c t  more O - a l k y l a t i o n  

due t o  th e  g r e a t e r  p r o p o r t i o n  o f  s o l v e n t - s e p a r a t e d  

io n  p a i r s  on g o in g  to  th e  s m a l l e r  sodium  c a t i o n .

In  c o n c l u s i o n ,  we have s e e n  t h a t  many f a c t o r s  

may be r e s p o n s i b l e  f o r  th e  s i t e  o f  a l k y l a t i o n  on 

th e  p h e n y lp ro p a n o n e  d i a n i o n .  The p r e s e n c e  o f  

f u n c t i o n a l  g ro u p s  such  a s  a  p h e n y l  group  b e t a  

t o  th e  c a rb o n y l  h a s  a  p ro fo u n d  e f f e c t  on t h e

n u c l e o p h i l i c i t y  o f  th e  d i a n io n  tow ard  a l k y l  h a l i d e s ,

m aking a n a lo g y  w i th  th e  p - d i k e t o n e  d i a n io n  r e a c t i o n  

u n w a r ra n te d .  The e l e c t r o p h i l i c  p r o p e r t i e s  o f  th e  

a l k y l  h a l i d e ,  i n  c o n ju n c t io n  w i th  th e  g roup  b e t a
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t o  t h e  c a r b o n y l ,  a l s o  i n f lu e n c e  th e  a l k y l a t i o n  

p ro d u c ts #
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EXPERIMENTAL

G en era l

M a t e r i a l s

A l l  g la s s w a r e  was d r i e d  by h e a t i n g  a t  80-100° 

f o r  s e v e r a l  h o u r s .  T e t r a h y d r o f u r a n  (THF) from 

B urd ick  and J a c k s o n  L a b o r a t o r i e s  was d i s t i l l e d  

from sodium and benzophenone im m e d ia te ly  p r i o r  

t o  u s e .  P o ta s s iu m  h y d r id e  (A lpha) was p u rc h a s e d  

a s  a  2 4 .3 #  K H -m inera l o i l  s u s p e n s io n .  The m in e r a l  

o i l  was removed p r i o r  t o  use  by w ash in g  t h r e e  t im e s  

w i th  S k e l ly  S o lv e  B o r  c y c lo h e x a n e .  n - B u t y l l i t h i u m  

(F o o te )  was u se d  a s  a  1 .6  M s o l u t i o n  in  h e x an e .

l , l - D ip h e n y l - 2 - p r o p a n o n e  was p u rc h a se d  from  A ld r i c h  

and was p u r i f i e d  by ch ro m a to g rap h y  t o  remove a  

s m a l l ,  h i g h ly  f l u o r e s c e n t  im p u r i ty .  A l l  r e a c t i o n s  

were ru n  u n d e r  an  a rg o n  a tm o sp h e re .

I n s t r u m e n t s

The compounds w ere  i s o l a t e d  v i a  h ig h  p r e s s u r e  

l i q u i d  ch ro m a to g ra p h y  on Merck 60 s i l i c a  g e l  u s in g  

a  1" by 4* colum n. M e l t in g  p o i n t s  w ere t a k e n  on 

a  Thomas-Hoover m e l t in g  p o i n t  a p p a r a tu s  and a r e  

u n c o r r e c t e d .  NMR's w ere t a k e n  on a  V a r ia n  A-60D 

u s in g  t e t r a m e t h y l s i l a n e  a s  an  i n t e r n a l  s t a n d a r d .

32
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The h ig h  r e s o l u t i o n  mass sp e c tru m  o f  9 was t a k e n  

on a  CEC 21-110B mass s p e c t r o m e t e r .  I n f r a r e d  s p e c t r a  

w ere r e c o r d e d  on a  P e rk in -E lm e r  Model 137 s p e c t r o ­

p h o to m e te r .

G enera l p ro c e d u re

A 250  ml t h r e e - n e c k e d ,  round  "bottomed f l a s k  

and a  m a g n e tic  s t i r  b a r  w ere h e a te d  f o r  s e v e r a l  

h o u rs  a t  8 0 -1 0 0 ° in  a  d r y in g  oven . About 10 ml 

o f  c y c lo h e x a n e  o r  S k e l ly  So lve  B was added  to  th e  

f l a s k ,  two o f  th e  o p e n in g s  were c o v e re d  w i th  ru b b e r  

s e p t a ,  and th e  f l a s k  and c o n te n t s  w ere  t a r e d .  

P o ta s s iu m  h y d r id e  i n  m in e r a l  o i l  was th e n  a d d e d ,  

t h e  r e m a in in g  o p en in g  was c o v e red  w i t h  a  r u b b e r  

sep tum , and th e  a p p a r a tu s  was th e n  c o n n e c te d  to  

an  a rg o n  s o u r c e .

The c y c lo h ex a n e  o r  S k e l ly  S o lv e  B was removed 

w i th  a  s y r in g e  h a v in g  a  f l a t - t i p p e d  n e e d l e .  More 

c y c lo h e x a n e  o r  S k e l ly  S o lve  B was a d d e d ,  t h e  m ix tu re  

was s t i r r e d  b r i e f l y  and th e n  a l lo w e d  t o  s e t t l e  f o r  

s e v e r a l  m in u te s ,  and th e  c y c lo h ex a n e  o r  S k e l l y  S o lv e  

B was a g a in  removed w i th  th e  s y r i n g e .  T h is  w ash in g  

p ro c e d u re  was r e p e a t e d  a  t h i r d  t im e  and th e n  f r e s h l y  

d i s t i l l e d ,  d ry  THF was added t o  th e  re m a in in g  KH.

The a p p a r a t u s  was th e n  c o n n e c te d  t o  a  m in e r a l  o i l  

b u b b le r .
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l , l - D i p h e n y l - 2 - p r o p a n o n e  was d i s s o l v e d  in  a  

minimum amount o f  f r e s h l y  d i s t i l l e d ,  d ry  THF in  

a  d ry  ro u n d  b o tto m ed  f l a s k .  The a rg o n  s o u rc e  was 

removed and t h e  1 , 1 - d i p h e n y l - 2 - p ro p an o n e  s o l u t i o n  

was added  d ro p w ise  from a  s y r i n g e  t o  th e  KH s u s ­

p e n s i o n .  When h y d ro g en  e v o l u t i o n  c e a s e d  th e  

b u b b le r  was rem oved and t h e  a rg o n  s o u rc e  was r e ­

a t t a c h e d .  The y e l lo w - o r a n g e  m onoanion s o l u t i o n  

was s t i r r e d  f o r  30 m in u te s  and  th e n  c o o le d  in  a  

Dry I c e - a c e t o n e  b a t h .  n - B u t y l l i t h i u m  in  hexane 

was added  d ro p w ise  from a  s y r i n g e  t o  th e  monoanion 

s o l u t i o n .  A f t e r  th e  a d d i t i o n  o f  n - b u t y l l i t h i u m  

was c o m p le te ,  t h e  Dry- I c e - a c e t o n e  b a th  was removed 

and th e  d e e p rr o s e  r e d  r e a c t i o n  m ix tu r e  was s t i r r e d  

f o r  an a d d i t i o n a l  t h i r t y  m in u te s .  In  e v e ry  i n s t a n c e  

a  p r e c i p i t a t e  form ed f i v e  t o  t e n  m in u te s  a f t e r  th e  

Dry I c e - a c e t o n e  b a th  was removed and t h e  r e a c t i o n  

m ix tu re  became a  q u i t e  e a s i l y  s t i r r e d  s l u r r y .

For v e r y  r e a c t i v e  o r  low b o i l i n g  a l k y l  h a l i d e s  

th e  r e a c t i o n  m ix tu r e  was c o o le d  a g a in  i n  an ic e  

b a th  and th e  a l k y l  h a l i d e  was t h e n  added  r a p i d l y  

from a  s y r i n g e  t o  th e  d i a n i o n .  In  th e  more r e a c t i v e  

c a s e s  t h e  l o s s  o f  th e  r e d  d i a n i o n  c o l o r  was a lm o s t  

im m edia tee  The r e d  ( o r  s l i g h t l y  p in k - y e l lo w )  c o l o r  

was s t i l l  v i s i b l e  t w e n ty - f o u r  h o u r s  l a t e r  f o r  th e  

more u n r e a c t i v e  a l k y l  h a l i d e s .
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When th e  t w e n ty - f o u r  h o u r  r e a c t i o n  p e r io d  was 

o v e r  t h e  r e a c t i o n  m ix tu re  was c o o le d  i n  an i c e  h a th  

and w a te r  was c a r e f u l l y  ad d ed . The m ix tu re  was 

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 ,  a f t e r  s h a k in g ,  

th e  aq-ueous l a y e r  was t r a n s f e r r e d  t o  a  second  s e p a r a ­

t o r y  f u n n e l ,  w here i t  was e x t r a c t e d  tw ice  w i th  

m e th y len e  c h l o r i d e .  The THF and m eth y len e  c h l o r i d e  

l a y e r s  were com bined , f i l t e r e d  th ro u g h  anh yd rous  

sodium s u l f a t e ,  and t a k e n  t o  d ry n e s s  on a r o t a r y  

e v a p o r a t o r .  At t h i s  p o i n t  a  s m a l l  a l i q u o t  was 

removed f o r  NMR a n a l y s i s .

S e p a r a t io n  o f  p r o d u c t s  was a c c o m p lish e d  v i a  

h ig h  p r e s s u r e  l i q u i d  ch ro m a to g rap h y  on Merck 60 

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

m e th y len e  c h l o r i d e : S k e l ly  S o lve  B a s  e l u e n t .

A 1" x 10" s c r u b b e r  column fo l lo w e d  by a  1"  x 4 '  

column was u se d  and f r a c t i o n s  were c o l l e c t e d  in  

10 , 2 0 ,  o r  50 ml a l i q u o t s .  The compounds have 

v e r y  p o o r  uv a b s o r p t i o n  and t u r n  c o l o r  v e ry  

s lo w ly  w i th  p o ta s s iu m  perm an gana te  s p r a y .  The 

s e p a r a t i o n s  were b e s t  m o n ito re d  by TLC e l u t i o n  

w i th  a  4 0 :6 0  m e th y len e  c h lo r i d e s  S k e l l y  S o lve  B 

s o l v e n t  sy s te m ,  fo l lo w e d  by s p r a y i n g  w i th  a  5% 

phosphom olybd ic  a c i d :  95% e t h a n o l  s o l u t i o n  and 

warm ing on a  h o t  p l a t e  t o  e f f e c t  v i s u a l i z a t i o n  

o f  th e  p l a t e .  A v a n i l l in -H ^ P O ^  s p r a y  a l s o  works
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n i c e l y  ( th e  C - l  and  C-3 a l k y l a t e d  p r o d u c t s  have 

d i f f e r e n t  c o l o r s  w i th  th e  s p r a y )  b u t  th e  s p ra y  

t e n d s  to  decompose r a t h e r  r a p i d l y .

The p r o d u c t s  were i d e n t i f i e d  by t h e i r  d i s t i n c ­

t i v e  NMR s p e c t r a  and by sem ica rb azo n e  o r  2 , 4 - d i n i t r o -

p h e n y lh y d ra zo n e  d e r i v a t i v e s ,  w hich  were made by
25te x tb o o k  p r o c e d u r e s .  The C-3 a l k y l a t e d  p r o d u c t s  

were u s u a l l y  s l i g h t l y  y e l lo w  i n  c o l o r ,  u s u a l l y  v e ry  

f o u l  s m e l l i n g ,  and te n d e d  t o  decompose upon s t a n d in g  

f o r  s e v e r a l  days o r  w eeks . The C - l  a l k y l a t e d  p r o d u c t s  

were c l e a r ,  s t a b l e ,  and v e ry  v i s c o u s - - e v e n  c r y s t a l l i n e  

i n  th e  i s o p r o p y l  c a s e .

R e a c tio n s

1 ,l-D i~ p h en y l-2 -h ex a n o n e  (1 )  and 3 . 3 -D ip h e n y l-2 -  
hexanone (2.)

To 4 .9 5  g (0 .0 3  m o le s)  o f  2 4 .3 #  KH in  25 ml 

o f  d ry  THF was added d ropw ise  4 .2 1  g (0 .0 2  m o le s)  

o f  l , l - d i p h e n y l - 2 - p r o p a n o n e  in  20 ml o f  d ry  THF.

A f t e r  35 m in u te s ,  th e  o ra n g e -y e l lo w  r e a c t i o n  m ix tu re  

was c o o le d  in  a  Dry I c e - a c e to n e  b a th  and 1 8 .7  ml 

( 0 .03  m o le s )  o f  1 . 6  M n - b u t y l l i t h i u m  in  hexane was 

added d ro p w ise .  The Dry I c e - a c e to n e  b a th  was th e n  

removed and th e  deep  r e d  m ix tu re  was s t i r r e d  f o r  

an a d d i t i o n a l  35 m in u te s  (a  p r e c i p i t a t e  formed 

a f t e r  s e v e r a l  m in u t e s ) ,  a f t e r  w hich  2 .6 4  ml (0 .0 3
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m o le s )  o f  n - p r o p y l  c h l o r i d e  was th e n  added and th e  

r e a c t i o n  m ix tu re  was s t i r r e d  f o r  4*1- h o u rs  a t  room 

t e m p e r a t u r e .  The f l a s k  was th e n  c o o le d  in  an  i c e -  

w a te r  b a th  and w a te r  was s lo w ly  a d d e d .  The o rg a n ic  

l a y e r  was removed and washed w i th  w a t e r .  The aqueous 

l a y e r s  were combined and washed tw ic e  w i th  m ethy lene  

c h l o r i d e .  The o r g a n ic  l a y e r s  were f i l t e r e d  th ro u g h  

sodium  s u l f a t e  and ta k e n  t o  d r y n e s s .  The r e s id u e  

was c h ro m a to g rap h ed  tw ic e  v i a  h ig h  p r e s s u r e  l i q u i d  

c h ro m a to g ra p h y  ( h p l c )  u s in g  m e th y len e  c h l o r i d e  a s  

e l u e n t ,  t o  a f f o r d  2 .2 6  g o f  1 , i - d i p h e n y l - 2-hexanone

(1 ) and 2*11  g o f  3 »3- d i p h e n y l - 2- hexanone ( 2 ) .

1 MR (CDCl^): 5 0 .8 5 .  3 H, m u l t i p l e t ;  5 1 .4 1 ,  4 H,

m u l t i p l e t ;  5 2 .5 5 .  2 H, t r i p l e t ;  S5»1 4 ,  1 H, s i n g l e t ;  

5 7 .2 8 ,  10 H, s i n g l e t .  2,4-DNP: m .p . 158-159°

( l i t . 20 159“).

2 NMR (CDCl^): 5 0 .9 0 ,  5 H, m u l t i p l e t ;  5 2 . 0 2 ,  3 H, 

s i n g l e t ;  5 2 .29*  2 H, t r i p l e t ;  5 7 .3 0 ,  10 H, s i n g l e t .  

2,4-DNP; m .p . 1 7 0 .5 -1 7 1 .5 °  ( l i t . 21 174-175°).

l , l - D i p h e n y l - 2-p e n ta n o n e  (3 ) and 3 , 3- D ip h e n y l - 2-  
p e n ta n o n e  (4 )

To 4 .9 5  g (0 .0 3  m o le s)  o f  24.3% KH i n  25 ml 

o f  d ry  THF was added d ropw ise  4 .2 1  g (0 .0 2  m o le s)  

o f  1 ,1 - d ip h e n y l - 2 - p r o p a n o n e .  The y e l lo w -o ra n g e  

m ix tu re  was s t i r r e d  f o r  25 m in u te s .  A f t e r  c o o l in g
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i n  a  Dry I c e - a c e t o n e  b a t h ,  1 8 .7  ml (0 .0 3  m o le s )  

o f  1 . 6  M n - b u t y l l i t h i u m  i n  hexane  was added and 

a  deep r e d  s o l u t i o n  was o b t a i n e d .  The Dry I c e -  

a c e to n e  b a t h  was removed and th e  m ix tu re  was s t i r r e d  

f o r  an a d d i t i o n a l  20 m in u te s .  The d ro p w ise  a d d i t i o n  

o f  2 ,2 4  ml (0 .0 3  m o le s )  o f  brom oethane l e d  t o  r a p i d  

d i s a p p e a r a n c e  o f  th e  r e d  c o l o r .  A f t e r  s t i r r i n g  f o r  

an  a d d i t i o n a l  3 h o u rs  a t  room t e m p e r a tu r e ,  t h e  f l a s k  

was c o o le d  in  an  i c e - w a t e r  b a th  and w a te r  was c a r e ­

f u l l y  a d d e d .

The o r g a n ic  l a y e r  was s e p a r a t e d  and washed 

once w i t h  w a t e r .  The w a te r  l a y e r s  were combined 

and w ashed tw ic e  w i th  m e th y len e  c h l o r i d e .  The 

o rg a n ic  l a y e r s  were t h e n  com bined , f i l t e r e d  th ro u g h  

sodium s u l f a t e ,  and ta k e n  t o  d ry n e s s  in  v a c u o .

The r e s i d u e  was ch ro m atog raph ed  tw ic e  v i a  h p lc  

u s in g  m e th y len e  c h l o r i d e  a s  th e  e l u e n t  t o  g iv e  2 .5 3  g 

o f  l , l - d i p h e n y l - 2-p e n ta n o n e  Q )  and I .63  g o f  3 *3-  

d i p h e n y l - 2-p e n ta n o n e  ( 4 ) .

2  NMR (CDCl-j): S 0 . 8 6 , 3 H, t r i p l e t ;  6 1 . 6 1 ,  2 H,

s e x t u p l e t ;  6 5 .1 2 ,  1 H, s i n g l e t ;  6 7 .2 7 ,  10 H, s i n g l e t .  

S e m ic a rb a z o n e : m .p . 190-191* ( l i t .**0 191-192 ) .

4 NMR (CDCl-j) * 8 0 .6 9 ,  3 H, t r i p l e t ;  6 2 .0 2 ,  3 H,

s i n g l e t ;  6 2 . 3 8 , 2 H, q u a d r u p l e t ;  6 7 .31* 10 H, s i n g l e t .  

S e m ic a rb a zo n e :  m .p .  197-199° ( l i t . 2'*' 199-200°).
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l . l - D ip h e n y l - 4 - m e th y l - 2 - p e n t a n o n e  (5 )  and 3 , 3-D ip h e n y l -  
4 -m e th y l - 2 - p e n ta n o n e  ( 6 )

To 4 .9 5  g ( 0 .0 3  m o le s)  o f  2 4 .3 #  KH i n  30 ml o f  

d r y  THF was added 4 ,2 1  g (0 .0 2  m o le s )  o f  1 , 1 - d i p h e n y l -  

2 -p ro p an o n e  i n  20 ml o f  THF. The y e l lo w -o r a n g e  

m ix tu re  was s t i r r e d  a t  room te m p e r a tu r e  f o r  30 m in­

u t e s .  The f l a s k  was th e n  c o o le d  i n  a  Dry I c e - a c e t o n e  

b a t h  and 1 8 .7  ml ( 0 ,0 3  m o le s )  o f  1 . 6  M n - b u t y l l i t h i u m  

i n  hexane  was a d d e d .  The Dry I c e - a c e t o n e  b a th  was 

removed and  th e  deep  re d  s o l u t i o n  was s t i r r e d  f o r  

30 m in u te s  (a  p r e c i p i t a t e  form ed a f t e r  s e v e r a l  

m i n u t e s ) ,  a f t e r  w h ich  th e  f l a s k  was p l a c e d  in  an 

i c e - w a t e r  b a th  and  2 .7 4  ml ( 0 .0 3  m o le s )  o f  i s o p r o p y l  

c h l o r i d e  was a d d e d .  A f t e r  a b o u t  24 h o u rs  th e  f l a s k  

was c o o le d  a g a i n  i n  an i c e  b a t h  and w a te r  was c a r e ­

f u l l y  added  t o  th e  s t i l l  red -b ro w n  r e a c t i o n  m ix tu r e .

The o r g a n ic  l a y e r  was s e p a r a t e d  and  washed once 

w i t h  w a t e r .  The aqueous l a y e r s  w ere  combined and 

e x t r a c t e d  tw ic e  w i t h  m e th y len e  c h l o r i d e .  The o r g a n ic  

p h a s e s  w ere  th e n  com bined , f i l t e r e d  th ro u g h  sodium 

s u l f a t e ,  and  ta k e n  t o  d ry n e s s  i n  v a c u o .

The r e s u l t i n g  r e s i d u e  was c h ro m a to g rap h ed  tw ic e  

v i a  h p lc  on s i l i c a  g e l  w i th  m e th y len e  c h l o r i d e  a s  

e l u e n t  t o  g iv e  0 ,5 7  g o f  l , l - d i p h e n y l - 4 - m e t h y l - 2 -  

p e n ta n o n e  (5 )  and 2 .4 5  g o f  3 » 3 - d ip h e n y l - 4 - m e th y l -

2-p e n ta n o n e  ( 6 ) .
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J> NMR (CDC13 ): S' 0 . 8 ? ,  6 H, d o u b le t*  J  = 6 .5  Hz;

§ 2 .1 2 ,  1 H, b ro ad  m u l t i p l e t ;  § 2 . 3 8 ,  2 H, m u l t i p l e t ;

§ 5 .1 0 ,  1 H, s i n g l e t ;  § 7 .2 8 ,  10 H, s i n g l e t .  I r  (N u jo l  

m u l l ): C=0, 1710 cm"1 . L i t . 22 NMR: § 0 . 8 6 ,  6 H,

d o u b l e t ,  J  = 5 .1 0  Hz; S 2 .3 7 ,  2 H, d o u b l e t ;  § 5 .0 8 ,

1 H, s i n g l e t ;  § 7 . 2 6 ,  10 H, s i n g l e t .  I r  (KBr): C=0,

1708  cm"1 .

6 NMR (CDCI3 ): <S0.7**-. 6 H, d o u b l e t ,  J  = 6 . 8  Hz;

S i . 9 7 , 3 H, s i n g l e t  ( s h a r p ) ;  £3*31* 1 H, q u i n t u p l e t ;

S7«31» 10 H, s i n g l e t .  I r  (N u jo l  m u l l ) :  C=0, 1 7 0 0 c m " 1 .

M.p. 92.5-9**-.0° from  m eth y len e  c h l o r i d e :  c y c lo h e x a n e .

1 , l - D i p h e n y l - 4 - m e th y l - 2 - p e n ta n o n e  (2 )  and 3 . 3 -D ip h en y l-  
4 -m e th y l - 2 - p e n ta n o n e  ( 8 )

To 4 .9 5  g (0 .0 3  m o le s )  o f  2 4 .3 #  KH in  d r y  THF 

was added  4 .2 1  g  ( 0 .0 2  m o le s )  o f  1 , l - d i p h e n y l - 2-  

p ro p an o n e  i n  20 ml o f  d ry  THF. The y e l lo w -o ra n g e  

m ix tu re  was s t i r r e d  a t  room te m p e r a tu re  f o r  40 

m in u te s .  The f l a s k  was th e n  c o o le d  in  a Dry I c e -  

a c e to n e  b a th  and 1 8 .7  ml (0 .0 3  m o le s )  o f  1 .6  M 

n - b u t y l l i t h i u m  i n  hexane was a d d e d .  The Dry I c e -  

a c e to n e  b a t h  was removed and th e  deep  r e d  m ix tu re  

was s t i r r e d  f o r  30 m in u te s  (a  p r e c i p i t a t e  formed 

a f t e r  5-10  m i n u t e s ) ,  a f t e r  w hich  t h e  f l a s k  was p la c e d  

i n  an  i c e - w a t e r  b a th  and 2 .8 2  ml ( 0 .0 3  m o le s )  o f  

i s o p r o p y l  brom ide was ad d ed . A f t e r  24 h o u rs  th e
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f l a s k  was c o o le d  a g a i n  in  an  i c e  b a th  and w a te r  

was c a r e f u l l y  added t o  th e  y e l lo w - p in k  m ix tu r e .

The o r g a n ic  l a y e r  was s e p a r a t e d  and washed 

once w i th  w a t e r .  The aq ueous l a y e r s  were combined 

and e x t r a c t e d  tw ic e  w i t h  m eth y len e  c h l o r i d e .  The 

o rg a n ic  l a y e r s  were com bined , f i l t e r e d  th ro u g h  

sodium s u l f a t e ,  and ta k e n  t o  d r y n e s s  i n  v a c u o .

The r e s i d u e  was ch ro m atog raph ed  v i a  h p lc  on a  s i l i c a  

g e l  column u s in g  m e th y len e  c h lo r i d e  a s  e l u e n t  t o  

g iv e  0 .9 8  g o f  l , l - d i p h e n y l - 4 - m e t h y l - 2 - p e n t a n o n e  

(£) and lc 7 5  g  o f  3 » 3 -d ip H e n y l -4 -m e th y l -2 -p e n ta n o n e  

(8 ).

2  NMR (CDCI3 ) i £ 0 .8 ? ,  6 H, d o u b l e t ,  J  = 6 . 5  Hz; 

5 2 .1 2 ,  1 H, m u l t i p l e t ;  5 2 .3 8 ,  2 H, m u l t i p l e t ;  5 5«jL0# 

1 H, s i n g l e t ;  5 7 .2 6 ,  10 H, s i n g l e t .  I r  ( n e a t ) :

C=0, 1710 cm"1 . L i t . 22 NMR (CDCI3 ) :  § 0 . 8 6 ,  6 H,

d o u b l e t ,  J  s  5 .5  Hz; § 2 . 3 7 .  2 H, d o u b l e t ;  § 7 .2 6 ,

10 H, s i n g l e t .  I r  (KBr): C=0, 1708 cm"1 .

8 NMR (CDCI3 ) :  8' 0 .7 4 ,  6 H, d o u b l e t ,  J  = 6 . 8  Hz; 

£ 1 .9 7 .  3 H, s i n g l e t ;  §3»3 l»  1 H, q u i n t u p l e t ;  § ? . 3 1 ,  

10 H, s i n g l e t .  I r  (N u jo l  m u l l ) :  C=0, 170 0  cm"1 .

M.p. 9 2 . 5 - 9 4 . 0Cfrom EtOH: w a t e r .  C a lc u la t e d  f o r  

c 18h200j C» H» 7 .9 9 .  Found: C, 8 5 . 5 4 ;

H, 8 .1 4 .
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1 » 1 ~ D ip h en y l-2 -p en ta n o n e  (9)»  3 . 3 -D ip h e n y l-2 -n e n ta n o n e  
(XO). and 3 ,3 -D ip h e n y l -4 -h e p ta n o n e  (11)

To 4 .9 5  g ( 0 .0 3  m o le s )  o f  2 4 .3 #  KH i n  d ry  THF 

was added  4 .2 1  g ( 0 .0 2  m o le s )  o f  l , l - d i p h e n y l - 2-  

p ropanone  in  20 ml o f  d ry  THF. The y e l lo w -o ra n g e  

m ix tu re  was s t i r r e d  a t  room te m p e ra tu re  f o r  40 

m in u te s .  The f l a s k  was th e n  c o o le d  in  a  Dry I c e -  

a c e to n e  b a th  and 1 8 .7  ml (0 .0 3  m o le s )  o f  1 .6  M 

n - b u t y l l i t h i u m  in  hexane  was ad d ed . The Dry I c e -  

a c e to n e  b a th  was removed and th e  deep r e d  m ix tu re  

was s t i r r e d  f o r  40 m in u te s  (a  p r e c i p i t a t e  formed 

a f t e r  5-10  m i n u t e s ) ,  a f t e r  w hich  th e  f l a s k  was c o o le d  

in  an  i c e - w a t e r  b a t h  and 2 .4 0  ml (0 .0 3  m o le s )  o f  

e t h y l  i o d id e  was a d d e d .  A f t e r  18 h o u rs  t h e  f l a s k  

was c o o le d  a g a in  i n  an  i c e - w a t e r  b a th  and w a te r  was 

c a r e f u l l y  ad d ed .

The o rg a n ic  l a y e r  was s e p a r a t e d  and washed 

once w i th  w a t e r .  The aqueous p h a s e s  were combined 

and e x t r a c t e d  tw ic e  w i th  m eth y len e  c h l o r i d e .  The 

o rg a n ic  p h a s e s  w ere  com bined, f i l t e r e d  th ro u g h  

sodium s u l f a t e ,  and  t a k e n  t o  d ry n e s s  in  v a c u o .

The r e s i d u e  was ch ro m a to g rap h ed  tw ic e  v i a  

h p lc  on a  s i l i c a  g e l  column u s in g  m eth y len e  c h l o r i d e  

a s  e l u e n t  t o  g iv e  0 .9 2  g o f  3 ,3 - d ip h e n y l - 4 - h e p ta n o n e  

( £ ) ,  2 .4 6  g o f  1 , 1 - d i p h e n y l - 2-p e n ta n o n e  ( 1 0 ) ,  and 

0 .25  g  o f  3 *3- d i p h e n y l - 2-p e n ta n o n e  (1 1 ) .
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2  NMR (CDCI3 ) :  & 0 . 6 8 , 6 H, b ro ad  t r i p l e t ;  S i . 28 ,

2 H, m u l t i p l e t ;  6 2 .3 5 ,  4  H, m u l t i p l e t ;  £ 7 . 2 8 ,  10 H, 

s i n g l e t .  High r e s o l u t i o n  mass sp e c tru m : C a lc u l a t e d

f o r  C19H220 , m+/e 2 6 6 .1 6 7 1 .  Found, m+/ e  2 6 6 .1 6 5 1 . 

S e m ic a rb a zo n e :  m .p .  82° from  e t h a n o l :  w a t e r .

10 NMR (CDCI3 ) :  6 0 .8 6 ,  3 H, t r i p l e t ; 6' 1 . 6 1 ,  2 H, 

q u i n t u p l e t ;  6 2 .5 2 ,  2 H, t r i p l e t ;  £ 5 .1 2 ,  1 H, s i n g l e t ;  

$ 7 o25, 10 H, s i n g l e t *  T h is  sp e c tru m  i s  s u p e r im p o s a b le  

w i th  t h a t  o f  jJ.

11 NMR (CDCI3 ) :  £ 0 . 6 9 ,  3 H, t r i p l e t ;  6 2 .0 0 ,  3 H, 

s h a r p  s i n g l e t ;  6 2 . 3 6 ,  2 H, q u a d r u p l e t ;  £ 7 . 2 8 ,  10 H, 

s i n g l e t .  T h is  NMR sp e c tru m  i s  s u p e r im p o s a b le  w i th  

t h a t  o f  4 .

1 . 1 -D ip h e n y l -2 -b u ta n o n e  (12 )  and 3 .3 - D ip h e n y l - 2 -  
b u tan o n e  (1 3 )

To 4 .9 5  g  (0 ,0 3  m o le s )  o f  2 4 .3 #  KH i n  d r y  THF 

was added 4 ,2 1  g ( 0 .0 2  m o le s )  o f  1 , 1 - d i p h e n y l - 2-  

p ropano ne  i n  20 ml o f  d ry  THF. The y e l lo w -o r a n g e  

s o l u t i o n  was s t i r r e d  f o r  30 m in u te s  a t  room tem p era ­

t u r e .  The f l a s k  was th e n  c o o le d  in  a  Dry I c e - a c e t o n e  

b a th  and 1 8 .7  ml (0 .0 3  m o le s )  o f  1 .6  M n - b u t y l l i t h i u m  

i n  hexane was a d d e d .  The Dry I c e - a c e t o n e  b a th  was 

removed and t h e  d eep  r e d  m ix tu re  was s t i r r e d  f o r  

50 m in u te s  ( a f t e r  5 -1 0  m in u te s  a  p r e c i p i t a t e  fo rm e d ) ,  

a f t e r  w hich  th e  f l a s k  was c o o le d  i n  an  i c e - w a t e r  b a th
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and 1 . 2 5  ml ( 0*02 m o le s )  o f  m e th y l  io d id e  was a d d ed .

A f t e r  24 h o u r s  w a te r  was c a r e f u l l y  added  and th e  

o rg a n ic  l a y e r  was s e p a r a t e d  and w ashed once w i th  

w a t e r .  The aq u eo u s  l a y e r s  w ere  combined and e x t r a c t e d  

tw ic e  w i th  m e th y len e  c h l o r i d e .  The o r g a n ic  l a y e r s  

w ere  com bined , f i l t e r e d  th ro u g h  sodium  s u l f a t e ,  and 

ta k e n  t o  d r y n e s s  i n  v a c u o .

The r e s i d u e  was ch ro m a to g rap h ed  tw ic e  v i a  h p lc  

on a  s i l i c a  g e l  column u s in g  m e th y len e  c h l o r i d e  a s  

e l u e n t  t o  g iv e  1 .6 1  g o f  1 , l - d i p h e n y l - 2-b u ta n o n e  (1 2 ) 

and 1 .8 2  g o f  3 , 3- d i p h e n y l - 2- b u ta n o n e  (1 3 )»

12 NMR (CDCI3 ) :  § 1 . 0 5 ,  3 H, t r i p l e t ;  £ 2 . 5 6 ,  2 H, 

q u a d r u p l e t ;  S 5 » 1 2 , 1 H, s i n g l e t ;  £ 7 . 2 7 ,  10 H,
o

s in g le t* .  S e m ic a rb a zo n e :  m .p . 193-194  from e t h a n o l :

w a te r  ( l i t . ^ 3  194- 195%

13 NMR (CDCI3 ) :  £ 1 . 8 7 ,  3 H, s h a r p  s i n g l e t ;  S 2 .1 0 ,

3 H, s h a r p  s i n g l e t ;  $ 7 , 27 , 10 H, s i n g l e t .  Semi-
O

c a rb a z o n e i  m.p© 180-182  from e t h a n o l :  w a te r  

( l i t e 2^  182°).

2 . 2 - D ip h e n y l -3 -p e n ta n o n e  and 2 ,2 - D ip h e n y l - 4 - m e th y l -
3-p e n ta n o n e  (1%)

To 4 .9 5  g (0 .0 3  m o le s )  o f  24.3% KH i n  d ry  THF

was added  4 .2 1  g ( 0 .02  m o les)  o f  1 , 1- d i p h e n y l - 2-

p ropanone  in  20 ml o f  d r y  THF. The y e l lo w -o ra n g e

s o l u t i o n  was s t i r r e d  f o r  20 m in u te s  a t  room tem p era -
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t u r e .  The f l a s k  was t h e n  c o o le d  in  a  Dry I c e - a c e to n e  

b a th  and  1 8 .7  ml ( 0 .0 3  m o le s )  o f  1 .6  M r 7 n - b u t y l -  

l i t h i u m  in  hexane  was a d d e d . The Dry I c e - a c e to n e  

b a th  was removed and th e  deep r e d  m ix tu re  was s t i r r e d  

f o r  50 m in u te s  ( a f t e r  a b o u t  10 m in u te s  a  p r e c i p i t a t e  

fo rm e d ) ,  a f t e r  w h ich  th e  f l a s k  was c o o le d  i n  an i c e -  

w a te r  b a th  and 3»74 ml ( 0 .0 6  m o le s )  o f  m e th y l  io d id e  

was addedo A f t e r  24 h o u r s  w a te r  was c a r e f u l l y  added 

and t h e  o r g a n ic  l a y e r  was s e p a r a t e d  and  washed once 

w i th  w a t e r .  The aq ueous p h a s e s  were combined and 

e x t r a c t e d  tw ic e  w i th  m e th y len e  c h l o r i d e ,  f i l t e r e d  

th ro u g h  sodium  s u l f a t e ,  and ta k e n  t o  d ry n e s s  i n  v a c u o .

Hplc tw ic e  on s i l i c a  g e l  w i th  7 0 :30  m eth y len e  

c h l o r i d e s  S k e l l y  So lve  B gave a  s i n g l e  f r a c t i o n  

w hich  mass sp ec  and NMR showed t o  be a  m ix tu re  

( 3*87 g )  o f  1 , 1 - d i p h e n y l - 3-p e n ta n o n e  and 2 , 2- d i -  

p h e n y l - 4 - m e th y l - 3 - p e n ta n o n e .  The mass sp ec tru m  

showed two p e a k s ,  m+/ e  238 and 2 5 2 , i n  a  r a t i o  o f  

a p p ro x im a te ly  5 t o  1 .

1 , l - D ip h e n y l - 2 - p e n ta n o n e  (15) and 3 .3 -D ip h e n y l -  
2-p e n ta n o n e  (lTTY

To 4 .9 5  g (0 .0 3  m o le s )  o f  2 4 .3 #  KH i n  d ry  THF 

was added  4 .2 1  g ( 0 .02  m o le s )  o f  l , l - d i p h e n y l - 2-  

p ropanone  i n  d r y  THF. The y e l lo w -o ra n g e  s o l u t i o n  

was s t i r r e d  a t  room te m p e r a tu re  f o r  25 m in u te s .

The f l a s k  was th e n  c o o le d  i n  a  Dry I c e - a c e to n e
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b a th  and 1 8 .7  ml ( 0 .0 3  m o le s )  o f  1 . 6  M n - b u t y l -

l i t h i u m  i n  hexane was ad d ed . The Dry I c e - a c e t o n e  

b a th  was removed and th e  deep r e d  m ix tu re  was s t i r r e d  

f o r  20 m in u te s  ( a f t e r  a b o u t  5 -10  m in u te s  a  p r e c i p i t a t e  

fo rm ed ) ,  a f t e r  w hich  th e  f l a s k  was p la c e d  i n  an i c e -  

w a te r  b a th  and 1 . 6 0  ml ( 0 .02  m o le s )  o f  e t h y l  io d id e  

was ad d ed . A f t e r  24 h o u rs  w a te r  was c a r e f u l l y  added 

and th e  o r g a n ic  l a y e r  was washed tw ic e  w i th  m eth y len e  

c h l o r i d e .  The o r g a n ic  l a y e r s  w ere  com bined , f i l t e r e d  

th ro u g h  sodium  s u l f a t e ,  and t a k e n  t o  d r y n e s s  i n  v a c u o .

The r e s i d u e  was ch ro m a to g rap h ed  v i a  h p lc  on a 

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

t o  g iv e  1 .8 8  g o f  a  m ix tu re  o f  1 , 1- d i p h e n y l - 2-p ro p an o n e  

and 3 » 3 -d ip h e n y l -2 -p e n ta n o n e  i n  a  r a t i o  (NMR) o f  2 .4  

t o  1 .

3 > 3 -D ip h e n y l-4 -h e p ta n o n e  (17) and  l , l - D i p h e n y l - 2 -  
pen tan o n e  (18)

To 4 .9 5  g (0 .0 3  m o le s )  o f  2 4 .3 #  KH i n  d ry  THF 

was added 4 .2 1  g ( 0 .02  m o le s )  o f  l , l - d i p h e n y l - 2-  

p ropanone  in  d ry  THF. The y e l lo w -o ra n g e  m ix tu re  

was s t i r r e d  a t  room te m p e r a tu re  f o r  20 m in u te s ,  a f t e r  

w hich  i t  was c o o le d  in  a  Dry I c e - a c e t o n e  b a th  and 

1 8 .7  ml ( 0 .0 3  m o le s )  o f  1 . 6  M n - b u t y l l i t h i u m  in  

hexane was ad d ed . The Dry I c e - a c e t o n e  b a th  was 

removed and  th e  deep  r e d  m ix tu re  was s t i r r e d  f o r  

20 m in u te s  ( a f t e r  5-10  m in u te s  a  p r e c i p i t a t e  fo rm e d ) .
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The f l a s k  was t h e n  c o o le d  i n  an  i c e  b a th  and 4 .8 0  ml 

(0 .0 6  m o le s )  o f  e t h y l  io d id e  was a d d e d .  A f t e r  s t i r ­

r i n g  f o r  24 h o u rs  w a te r  was c a r e f u l l y  added  and th e  

o rg a n ic  l a y e r  was s e p a r a t e d  and washed once w i th  

w a t e r .  The aq u eo u s  l a y e r s  were combined and washed 

tw ic e  w i th  m e th y len e  c h l o r i d e .  The o r g a n ic  l a y e r s  

were com bined , f i l t e r e d  th ro u g h  sodium  s u l f a t e ,  and  

ta k e n  t o  d ry n e s s  i n  v acu o .

The r e s i d u e  was c h ro m a to g rap h ed  v i a  h p lc  on a  

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

t o  g iv e  5 .2 0  g o f  a  m ix tu re  o f  3 ,3 - d ip h e n y l - 4 - h e p ta n o n e  

and l , l - d i p h e n y l - 2 - p e n t a n o n e  i n  a  r a t i o  (NMR) o f  1 

to  1 .7 5 .

l f l - D ip h e n y l - 4 - m e th y l - 2 - p e n ta n o n e  (19 )  and 3 ,3 -  
D ip h e n y l-^ -m e th y l-2 -p e n ta n o n e  (20)

To 4 .9 5  g (0 .0 3  m o le s )  o f  24.3% KH in  d ry  THF 

was added  4 .2 1  g ( 0 .0 2  m o le s )  o f  1 , 1- d i p h e n y l - 2-  

p ropanone  i n  20 ml o f  d ry  THF. The y e l lo w -o ra n g e  

s o l u t i o n  was s t i r r e d  a t  room te m p e r a tu re  f o r  20 

m in u te s .  The f l a s k  was th e n  c o o le d  i n  a  Dry I c e -  

a c e to n e  b a th  and 1 8 .7  ml (0*03 m o le s )  o f  1 .6  M 

n - b u t y l l i t h i u m  in  hexane  was a d d e d 0 The Dry I c e -  

a c e to n e  b a th  was removed and th e  deep  r e d  s o l u t i o n  

was s t i r r e d  f o r  20 m in u te s  ( a f t e r  5 -1 0  m in u te s  a  

p r e c i p i t a t e  fo rm e d ) ,  a f t e r  w hich  th e  f l a s k  was 

p la c e d  i n  an  i c e - w a t e r  b a th  and 2 .7 4  ml (0 .0 3  m o le s )
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o f  i s o p r o p y l  c h l o r i d e  was a d d e d .

A f t e r  24 h o u r s  th e  f l a s k  was c o o le d  in  an  

i c e - w a t e r  b a th  and  w a t e r  was a d d ed . The r e d - o r a n g e  

c o l o r  o f  t h e  r e a c t i o n  m ix tu r e  was im m e d ia te ly  d i s s i ­

p a t e d .  The o r g a n ic  l a y e r  was removed and washed 

once w i t h  w a t e r .  The aq u eo u s  l a y e r s  w ere  combined 

and  e x t r a c t e d  tw ic e  w i t h  m e th y len e  c h l o r i d e .  The 

o rg a n ic  l a y e r s  w ere  com bined , f i l t e r e d  th ro u g h  

sodium  s u l f a t e ,  and  t a k e n  t o  d r y n e s s  i n  v a c u o .

The r e s i d u e  was ch ro m a to g ra p h ed  v i a  h p lc  on 

s i l i c a  g e l  w i t h  m e th y le n e  c h l o r i d e  a s  e l u e n t .  The 

mixed f r a c t i o n s  w ere  re c h ro m a to g ra p h e d  u s in g  50:50  

m e th y len e  c h l o r i d e : S k e l l y  S o lve  B to  g iv e  0 .4 0  g 

o f  l , l - d i p h e n y l - 4 - m e t h y l - 2 - p e n t a n o n e  (12 )  and 

1 . 9 0  g  o f  3 * 3 -d ip h e n y l - 4 - m e th y l - 2 - p e n ta n o n e  (2 0 ) .

Note t h a t  t h e  p r o d u c t  r a t i o  i s  th e  same a s  t h a t  

o f  and 6>.

12  NMR (CDCI3 ) :  S 0 .8 7 ,  6 H, d o u b l e t ;  S 2 .1 2 ,  1 H,

b ro a d  m u l t i p l e t ;  5 2 . 3 8 , 2 H, m u l t i p l e t ;  5 5 « H »  1 H, 

s i n g l e t ;  5 7 .2 8 ,  10 H, s i n g l e t .

20 NMR (CDCI3 ) :  5 0 . 7 2 ,  6 H, d o u b l e t ;  <51.95» 3 H

s h a r p  s i n g l e t ;  § 3 * 3 0 ,  1 H, q u i n t u p l e t ;  5 7*30, 10 H, 

s i n g l e t ;
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A d d itio n  o f  Benzophenone t o  th e  l , l - D i p h e n y l - 2 -  
propanone D3.ana.on

To 4 .9 5  g (0 .0 3  m o le s )  o f  2 4 .3 #  KH in  d ry  THF 

was added 4 .2 1  g ( 0 .0 2  m o le s )  o f  1 , 1- d i p h e n y l - 2-  

p rop an one  i n  d ry  THF. The y e l lo w -o ra n g e  s o l u t i o n  

was s t i r r e d  a t  room te m p e r a tu re  f o r  45 m in u te s .

The f l a s k  was th e n  c o o le d  i n  a  Dry I c e - a c e t o n e  b a th  

and 1 8 .7  ml (0 .0 3  m o le s )  o f  1 .6  M n - b u t y l l i t h i u m  i n  

hexane was a d d e d .  The Dry I c e - a c e t o n e  b a th  was th e n  

removed and th e  deep  r e d  m ix tu re  was s t i r r e d  f o r  

45 m in u te s ,  a f t e r  w h ich  5*47 g ( 0 .0 3  m o le s )  o f  

benzophenone was a d d e d .  The deep r e d  c o l o r  changed  

t o  d a rk  brown and th e n  t o  d a rk  g r e e n  a s  soon  a s  th e  

benzophenone a d d i t i o n  was co m p le ted  ( w i th in  a b o u t  

30 s e c o n d s ) .

The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  16 h o u r s ,  

a f t e r  w h ich  i t  was c o o le d  i n  an  i c e - w a t e r  b a th  and 

w a te r  was c a r e f u l l y  a d d ed . The o r g a n ic  l a y e r  was 

removed and w ashed once w i t h  w a t e r .  The o rg a n ic  

l a y e r s  w ere  combined and e x t r a c t e d  tw ic e  w i th  

m e th y len e  c h l o r i d e .  The o r g a n ic  l a y e r s  were com­

b i n e d ,  f i l t e r e d  th ro u g h  sodium  s u l f a t e ,  and ta k e n  

t o  d ry n e s s  i n  v a c u o .

TLC o f  th e  c ru d e  r e a c t i o n  m ix tu re  e x h i b i t e d  

two s p o t s  w i th  t h e  same Rf 8s  a s  t h e  s t a r t i n g  m a t e r i a l s .  

NMR (CDCI3 ) o f  t h e  m ix tu r e :  S 2 .2 0 ,  s h a rp  s i n g l e t ;
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S5 « l l t  s i n g l e t ;  § ? • 2 8 ,  s i n g l e t ;  S 7 . 1 - 7 <>9 , comple- 

m u l t i p l e t *

3 . 3- D ib h e n y l - 2-h e p ta n o n e  (2 1 )

To 1*65 g  ( 9 .2  mmoles) o f  24-03^  KH i n  20 ml 

o f  d ry  THF was added  1 .9 ^  g (9 .2  mmoles) o f  1 ,1 -  

d ip h e n y l -2 -p ro p a n o n e  in  d ry  THF. A f t e r  s t i r r i n g  

f o r  20 m in u te s ,  1*37  g (10 mmoles) o f  n -b u ty lb ro m id e  

was ad d ed . The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  

17 h o u r s ,  a f t e r  w hich  w a te r  and m eth y len e  c h lo r i d e  

were a d d e d ,  t h e  m ix tu re  sh a k en  i n  a  s e p a r a t o r y  

f u n n e l ,  and th e  o r g a n ic  l a y e r  f i l t e r e d  th ro u g h  

sodium s u l f a t e .

The m ix tu re  was ch rom ato g raphed  v i a  h p lc  u s in g  

m eth y len e  c h l o r i d e  a s  th e  e l u e n t  t o  g iv e  1 .1 8  g o f

3 . 3- d i p h e n y l - 2-h e p ta n o n e  (2 1 ) ,  0 . 3^  g o f  r e c o v e re d  

s t a r t i n g  m a t e r i a l ,  and a  s m a l l  amount o f  th e  0-  

a l k y l a t e d  p r o d u c t .

21 NMR (CDCI3 ): § 0 .6 -1 .^ - ,  7 H, b ro a d  m u l t i p l e t ;

5 2 .0 ,  3 H, s h a rp  s i n g l e t ;  5 2 .1 5 -2 .^ 5 *  2 H, m u l t i p l e t ;  

5 7 .3 2 ,  10 H, s i n g l e t .

B enzyl M ethyl S u l f o x id e  and Benzyl M ethyl S u lfo n e

To 7 .5 7  g (0 ,0 5 ^ 8  m o le s )  o f  b e n z y l  m eth y l s u l f i d e  

in  a b o u t  150  ml o f  m eth y len e  c h l o r i d e  was added d ro p -  

w ise  1 1 .1 2  g ( 0 . 05^8 m o le s )  o f  85#  m -c h lo ro p e ro x y b e n z o ic
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a c id  i n  a  minimum amount o f  m e th y len e  c h l o r i d e .

An exo the rm  r e s u l t e d  ( c o o l in g  would be i n  o r d e r  h e re  

in  f u t u r e  r u n s ) .

The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  a b o u t  

2 h o u rs  o r  u n t i l  TLC shows no u n r e a c te d  s t a r t i n g  

m a t e r i a l  r e m a in in g .  A f t e r  e x t r a c t i o n  w i th  s a t u r a t e d  

aqueous  sodium b i c a r b o n a t e  s o l u t i o n ,  t h e  o r g a n ic  

l a y e r  was f i l t e r e d  th ro u g h  sodium s u l f a t e ,  t a k e n  to  

d r y n e s s ,  and ch ro m a to g rap h ed  v i a  h p lc  on s i l i c a  g e l  

u s in g  5#  m e th a n o l :  95#  m eth y len e  c h l o r i d e  a s  e l u e n t  

t o  g iv e  ? ,5 0  g (89# )  o f  b e n z y l  m e th y l  s u l f o x i d e  and 

0 ,4 7  g o f  b e n z y l  m e th y l  s u l f o n e .  B enzyl m e th y l  s u l f o n e  

can  be made t o  be th e  e x c l u s i v e  p r o d u c t  i f  two e q u iv a ­

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

B enzyl m e th y l  s u l f o x i d e  NMR (CDCl^): $>2.42, sh a rp

s i n g l e t ;  £ 3 . 9 7 , s i n g l e t ;  S 7 .3 3 .  s i n g l e t .

B enzyl m e th y l  s u l f o n e  NMR (CDCl^): & 2 .0 4 ,  3 H, 

sh a rp  s i n g l e t ;  £5*10 , 2 H, s h a rp  s i n g l e t ; § 7»35t 

5 H, s i n g l e t .

A ttem p t t o  A lk y la te  th e  B enzyl M ethyl S u l f o x id e  
D ia n io n

To 8 .0 3  g (0 .0 4 8 6  m o le s )  o f  2 4 .3 #  KH in  40 ml 

o f  d ry  THF was added 5«00 g (0 ,0 3 2 4  m o le s )  o f  b e n z y l  

m eth y l s u l f o x i d e  i n  d y r  THF. The o range-b row n  r e a c t i o n  

m ix tu re  was s t i r r e d  f o r  30 m in u te s ,  a f t e r  w h ich  i t  was
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c o o le d  i n  a  Dry I c e - a c e t o n e  b a th  and 3 0 .4  ml (0 .0 4 8 6  

m o le s )  o f  1 . 6  M n - b u t y l l i t h i u m  in  hexane was a d d ed .

The Dry I c e - a c e t o n e  b a th  was removed and  th e  

m ix tu r e  was s t i r r e d  f o r  30 m in u te s ,  a f t e r  w h ich  5»22 g 

(0.04-86 m o le s )  o f  n - b u t y l  brom ide was a d d e d .  ( A f t e r  

a b o u t  1 ml o f  n - b u t y l  brom ide was added  an  ex o therm  

b e g a n ,  so  t h e  Dry I c e - a c e t o n e  b a th  was added  d u r in g  

th e  a d d i t i o n  o f  t h e  r e m a in in g  n - b u t y l  b r o m i d e . )

A f t e r  s t i r r i n g  f o r  3 h o u r s  a t  room t e m p e r a t u r e ,  

t h e  r e a c t i o n  m ix tu re  was c o o le d  i n  an  i c e  b a th  and 

w a te r  was c a r e f u l l y  a d d e d .  The o r g a n ic  l a y e r  was 

removed and washed once w i th  w a t e r .  The aqu eou s  

p h a s e s  w ere  combined and w ashed tw ic e  w i th  m eth y len e  

c h l o r i d e .  The o rg a n ic  p h a s e s  w ere th e n  com bined , 

f i l t e r e d  th ro u g h  sodium  s u l f a t e ,  and t a k e n  t o  d ry n e s s  

i n  v a c u o .

TLC o f  th e  r e a c t i o n  m ix tu re  showed a  p l e t h o r a  

o f  s p o t s  ( b u t  no s t a r t i n g  m a t e r i a l )  and t h e  r e a c t i o n  

was n o t  f u r t h e r  p u r s u e d 0
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