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INTRODUCTION

In  1967 H auser, Mao, and M iles^ d e sc rib ed  in  a com­

m un ication  th e  su c c e s s fu l p re p a ra t io n  o f s e v e ra l  ketone 

d e riv e d  d ian io n s t h a t  h i th e r to  had n o t been re p o r te d . In ­

cluded  in  th i s  communication was th e  p re p a ra t io n  of th e  

d ia n io n  o f 1-phenyl-2-propanone (3 ) . P re v io u s ly , i t  had 

been shown th a t  po tassium  amide in  l iq u id  ammonia r e a d i ly

con v erted  l-p h e n y l- 2 -propanone ( 1 ) to  th e  e n o la te  s a l t  2
+  4 - 2(M = K ) but f a i l e d  to  e f f e c t  d im e ta la tio n  to  form 3.

I t  was found, however, t h a t  _3 was r e a d i ly  o b ta in ed  by s e ­

q u e n t ia l  m e ta la tio n  o f 1 -p h e n y l-2 -propanone w ith  an a l k a l i  

amide and n -b u ty ll i th iu m  accord ing  to  th e  ro u te  shown in  

Scheme I.'*'

Scheme I

0~M+
I

PhCH=CCH3  

2

1

0
|| mnh9

PhCH2CCH3  NH3 ( l i q . )
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2

0
n-C,HgL i _ || _ , .

 ^  b  (PhCHCCH2) H , Li.

M+ = L i+ , Na+ , K+

A lthough s e v e ra l  r e a c t io n s  o f 3 w ith  e le c t r o p h i le s  were 

d e sc r ib e d , no r e a c t io n s  w ith  a lk y la t in g  ag e n ts  were r e ­

p o r te d  nor have such r e p o r ts  d e s c r ib in g  th e  a lk y la t io n  o f 

3 o r r e la te d  d ia n io n  system s appeared  in  th e  more rece n t 

l i t e r a t u r e .  Because o f t h i s  la ck  o f in fo rm a tio n , a s tudy  

o f th e  m o n o a lk y la tio n  o f th e  l -p h e n y l- 2 -propanone d ian io n  

was i n i t i a t e d .
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HISTORICAL

S u b s ti tu te d  ace to n e s  o f th e  g en e ra l ty p e  4, where G 

i s  a m ethylene a c t iv a t in g  and an ion  s t a b i l i z in g  s u b s t i t u ­

e n t ,  a re  co n v erted  w ith  h ig h  r e g io s e le c t iv i ty  to  th e  c o r ­

responding  e n o la te  an ions .5 on r e a c t io n  w ith  one eq u iv a-

a c id ic  p ro to n  from  th e  m ethyl group (C3 ) o f  5 shou ld  r e ­

s u l t  in  th e  fo rm a tio n  o f th e  1 ,3 -d ia n io n  6 . As t h i s  sp e­

c ie s  p o ssesses  two r e a c t iv e  carbon c e n te r s ,  r e a c t io n  a t  

th e se  c e n te rs  w ith  a l im ite d  amount o f an e l e c t r o p h i le  E 

may le ad  to  th r e e  p o s s ib le  p ro d u cts  as shown in  Scheme I I .

le n t  of s tro n g  b a s e .^  C o n cep tu a lly , removal o f  th e  le s s

Scheme I I

>  gch=cch3

4 5

0

M+B"
> (GCHCCH )̂ 2M+

-BH

6

3
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4

0"M+
I

■> 6 CH=CCH2E 

6 a

0
Hr+

gch2 cch2e

7

2E

>'

0
II

GCH(E)CCH2E

9

0"M +

-> GCH(E)C=CH2 

6 b

Hr+
0
II

GCH(E)CCHc

8

R e ac tio n  e x c lu s iv e ly  a t  th e  te rm in a l p o s i t io n  (Cg) would 

lead  to  th e  fo rm a tio n  o f gamma s u b s t i tu te d  d e r iv a t iv e s  1\  

r e a c t io n  e x c lu s iv e ly  a t  C-̂  would le a d  to  th e  fo rm a tio n  of 

a lp h a  s u b s t i tu te d  d e r iv a t iv e s  8 ; and r e a c t io n  a t  bo th  C-̂  

and C3 e i t h e r  s im u lta n eo u s ly  o r s e q u e n t ia l ly  v ia  th e  two 

p o s s ib le  e n o la te  a n io n s , 6 a and 6b would le ad  to  th e  f o r ­

m ation  o f 1 ,3 - d is u b s t i tu te d  d e r iv a t iv e s  9̂ .

One o f th e  f i r s t  examples o f a d ia n io n  o f th e  g e n e ra l 

ty p e  6  to  appear i n  th e  l i t e r a t u r e  was re p o r te d  by Hauser 

and H a rr is  in  1958.^  I t  was shown th a t  1 -p h e n y l- l ,3 -  

bu taned ione  (1 0 ) cou ld  be converted  to  th e  correspond ing
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1 ,3 -d ian io ri 11 by th e  a c t io n  o f two e q u iv a le n ts  o f  p o ta s ­

sium amide in  l i q u id  ammonia. S ubsequen tly , an ex ten s iv e  

s tu d y  o f th e  r e a c t io n s  o f  t h i s  d ia n io n  w ith  a la rg e  number 

o f e le c t ro p h i le s  was made.

Scheme I I I

0 0 0 0
II || 2 MNH, | | .  || _ .

PhCCH,CCH, /  %> (PhCCHCCH,) 2M
^ ^ IMĤ ( l i q . ) **

10 l i

M+ = Na+ , K+

11
1. PhCH2Cl

2. H

-h

0  0  
II II

PhCCH2 CCH2CH2Ph

12

0  0  
II II

PhCCHCCHQ
I 3
CH2Ph

13

0  0  
II II

PhCCHCCH2 CH2Ph

CH2Ph

14
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6
A lk y la tio n  o f 11 w ith  benzy l c h lo r id e  le d  to  th e  ex­

c lu s iv e  fo rm atio n  o f 1 ,5 -d ip h en y l-1 ,3 -p en ta n ed io n e  (12) th e  

p roduct o f  C-j s u b s t i tu t i o n .^  N e ith e r  th e  C-̂  s u b s t i tu t i o n  

p ro d u c t, l-p h e n y l-2 -(p h e n y lm e th y l)- 1 , 3-bu taned ione (1 3 ), nor 

th e  p ro d u ct o f 1 ,3 - d i s u b s t i tu t io n ,  1 ,5 -d ip h en y l-2 -(p h e n y l- 

m e th y l)- 1 ,3 -pen taned ione  (14) were observed. P re v io u s ly ,

13 was o b ta in ed  by r e a c t in g  th e  sodium e n o la te  o f 1 -pheny l-
fi

1 , 3 -bu taned ione  w ith  b enzy l c h lo r id e .

A cy la tio n  of th e  d ip o ta ss iu m  s a l t  o f was e f f e c te d
5 7w ith  e th y l  benzoate and o th e r  arom atic  e s te r s  to  g iv e

l ,5 - d ia r y l - l ,3 ,5 - p e n ta n e t r io n e s  li5. The 5 -a lk y l analogues

16 were o b ta in ed  on r e a c t io n  o f a lk an o ic  ac id  e th y l  e s te r s
Q

w ith  th e  d i l i th iu m  s a l t . R eac tio n  of 1 1  w ith  m ethyl

0 0 0 0 0 0
II II II l{ II II

PhCCH2 CCH2CAr PhCCH2CCH2CAlkyl

15 16

cinnam ate gave a m ix tu re  o f  th e  t r ik e to n e  1 , 7 -d ip h e n y l- l-  

h e p te n -3 , 5 ,7 - t r io n e  (1 7 ), and m ethyl 5 ,7 -d io x o -3 ,7 -d ip h e n y l-
Q

h ep tan o a te  ( 18a) . The mode o f r e a c t io n  proved to  be se n ­

s i t i v e  t o  th e  ease o f d isp lacem en t o f th e  a lco h o l m oiety  as 

17 was o b ta in ed  in  h ig h  y ie ld  from phenyl cinnam ate w h ile  

18b was th e  only p roduct o b ta in e d  from t - b u ty l  c innam ate .

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



7

0 0 0 0 0
II II II II II

PhCCH2 CCH2 CCH=CHPh PhCCH2 CCH2 CHCH2C02R

17
I
Ph

18 a) R =  CH3

b) R = t-C 4H9

5 10Benzaldehyde and p-m ethoxybenzaldehyde re a c te d  w ith

11 to  g iv e  th e  hydroxydiones 19a and 19b. S im ila r ly , ben- 

zophenone re a c te d  w ith  th e  disodium  s a l t  and acetophenone 

re a c te d  w ith  th e  d i l i th iu m  s a l t  o f 1 1  ̂ to  g iv e  th e  hydroxy­

d iones 19c and 19d. ^  The r e a c t io n  o f 11 w ith  1 ,3 - 

d ip h e n y l-2 -p ro p e n -1 -one a ls o  proceeded  v ia  1 , 2 - a d d i t io n  to  

g iv e  th e  u n s a tu ra te d  hydroxydione 19 e . However, th e  r e a c ­

t io n  o f  11 w ith  3 -p h e n y l- l- (2 ,4 ,6 - tr im e th y lp h e n y l) -2 -  

p ro p en -l-o n e  gave only  th e  t r ik e to n e  2 0 , th e  product o f

1 ,4 - a d d i t i o n . ^

0 0 OH
II II I

PhCCH2 CCH2CAr

R

19 a) R = H, Ar = Ph

b) R = H, Ar = p-(CH3 0)C6 H4

c) R = Ar = Ph

d) R = CH3 , Ar = Ph

e) R = PhCH=CH2 , Ar = Ph

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



8
CH

PhCCHoCCHoCHCHoC CH

Ph

20

A second s u b s t i tu te d  ace tone  o f th e  g e n e ra l  ty p e  4 

shown to  be r e a d i ly  co n v erted  to  a 1 ,3 -d ia n io n  o f th e  gen­

e r a l  ty p e  6 by two e q u iv a le n ts  of an  a l k a l i  amide in  l iq u id  

ammonia i s  2 ,4 -p en tan ed io n e  (21). S ev e ra l 2 ,4 -p e n ta n e -  

d ione homologues a ls o  have been con v erted  t o  th e  c o r re s ­

ponding 1 ,3 -d ia n io n s  by t h i s  method and th e  s y n th e t ic
1 9a p p l ic a t io n s  o f th e s e  d ia n io n s  have been rev iew e d .

Scheme XV

0 0 0 0 
II II 2  mnh2  |L ||

CH3CCH2CCH3 ~ n h ^ " ( i i q  )— *  (CH3CCHCCH2 ) 2M 

21 22

0  0
1 . PhCHoCl || ||

 ----- —    y PhCH9CH9CCH9CCH.
2 . HoO z. /. z. o

2

M+ = L i+ , Na+ , K+

23

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



R e ac tio n  o f 22 w ith  one e q u iv a le n t o f  benzy l c h lo r id e

gave l-p h e n y l-3 ,5 -h ex an e d io n e  (23) as th e  s o le  product."*

This in  tu r n  was con v erted  to  th e  d ia n io ri 24 which on ben-
13z y la t io n  gave 1 , 7 -d ip h e n y l-3 , 5 -h ep tan ed io n e  (25 ). No 

o th e r  a lk y la t io n  p ro d u c ts  were d e te c te d . R eac tio n  o f th e

Scheme V

0 0
2 MHNo II. II +

^  ~ M 3  ( l i q .  ) > <™ H 2CH2CCHCCH2 ) 2M+

24

1. PhCH2Cl 0  0

+ ■> PhCH2 CH2CCH2CCH2CH2Ph

25

d ia n io n  2 2  w ith  s e v e ra l  a lk y l h a l id e s  gave a s e r ie s  o f 1 -

a lk y l-2 ,4 -p e n ta n e d io n e s  which a re  l e s s  r e a d i ly  a c c e s s ib le

by o th e r  m e th o d s .^  These in  tu r n  have been converted  to

1 ,5 - d ia lk y l - 2 ,4 -pen taned iones th ro u g h  a lk y la t io n  of th e
12co rrespond ing  1 ,3 -d ia n io n s .

1 ,3 ,5 -T r ik e to n e s  26 were o b ta in e d  from  th e  d ia n io n
6  o

2 2  on r e a c t io n  w ith  e s t e r s  of a r y l  and a lk y l  ca rb o x y lic

a c id s . R e ac tio n  w ith  benzophenone le d  to  th e  fo rm atio n  o f
9

1 , l -d ip h e n y l- l -h y d ro x y -3 , 5-hexanedione (2 7 ).

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



10
0 0 0 OH 0 0
II II I  I I  II

RCCH2 CCH2 CCH3 Ph2 CCH2 CCH2 CCH3

26 27

Where two d i f f e r e n t  s i t e s  w ith  s im i la r  r e l a t i v e  

b a s i c i t i e s  cou ld  be developed , i t  was found th a t  more th a n  

one d im e ta la te d  sp e c ie s  could  a r i s e  from  th e  p a re n t k e to n e . 

D im e ta la tio n  o f 2 ,4-hexanedione (28) w ith  sodium amide 

fo llow ed  by a d d i t io n  o f one e q u iv a le n t o f iodom ethane gave 

89% 3 , 5 -h ep tan ed io n e  (29) and 11% 5 -m eth y l-2 ,4 -h ex an ed io n e  

(30) ^  (Scheme V I). These p ro d u c ts  w ere shown to  a r i s e  

from two d i s t i n c t  d ia n io n s  w hich under th e  r e a c t io n  co n d i­

t io n s  w ere n o t in te rc o n v e r te d , so t h a t  th e  p roduct r a t i o  

i s  n o t r e p r e s e n ta t iv e  o f a m ix tu re  o f  28a and 28b a t  e q u i­

l ib r iu m  bu t r a th e r  i s  r e p r e s e n ta t iv e  o f  th e  r e l a t i v e  

b a s i c i t i e s  o f th e  two s i t e s  o f secondary  io n iz a t io n .  As 

shown in  Scheme V II, r e p e t i t i o n  o f t h i s  r e a c t io n  w ith  th e  

disodium  s a l t  o f  30 gave 99% 6 -m e th y l-3 , 5-hexanedione (31) 

and 1% 5 , 5 -d im eth y l-2 ,4 -h ex an ed io n e  ( 3 2 ) ^  w hich r e f le c te d  

th e  in c re a se d  b a s i c i t y  o f th e  carbon  induced by th e  

m ethyl s u b s t i tu e n t .  The d isodium  s a l t  o f l -p h e n y l-2 ,4 -  

p en taned ione  (3 3 ), when re a c te d  w ith  one e q u iv a le n t o f  

iodom ethane, 1 - io d o b u ta n e , o r  benzy l c h lo r id e ,  gave on ly  

th e  co rresp o n d in g  l- a lk y l- l -p h e n y l-3 ,4 -p e n ta n e d io n e s  3 4 , 

th e  p o s i t io n  being  a c t iv a te d  by th e  phenyl s u b s t i tu e n t .
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Scheme VI

0 0  
II II

CH3 CH2CCH2 CCH3

28

2 NaNH2 , NH3  ( l i q . )

0 0

IL II -  +(CH3 CH2 CCHCCH2) 2Na 

28a

ch3i

2. Hr+

0  0

,  - II- II +(CH3 CHCCHCCH3) 2Na

28b

ch3i

2. Hr+

0  0  
II II

CH3 CH2 CCH2 CCH2CH3

0  0  

,  ,  II II(CH3 ) 2 CHCGK2CCH3

29 (89%) 30 (11%)
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Scheme VII

0 0  

,  s 11 11(CH3 ) 2 CHCCH2 CCH3

30

2 NaNH2> NH3  ( l i q . )

0  0  

S II- II -((CHo)9 CHCCHCCH9) 2Na

0  0  
JL II

((CH3 ) 2CCCHCCH3) 2Na

1 . ch3i

2. H+

1 . ch3i

2. H+

0  0  
, N n n
(ch3) 2 chcch2 cch 2 ch 3

31 (99%)

0  0

 ̂ 11 11 (CH3 ) 3 CCCH2 CCH3

32 (1%)
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Scheme VIII

0 0 0 0 
II II 2  NaNH2  , -  IL II ,

PhCH2 CCH2 CCH3  "n h 3  ' ( l iq ' T * (PhGHGGHGGH3 ) 2Na

33

0  0
1 . RX „ ____ !L_ IJ

, >  PhCHCCH0CCHo
H I 2 3

R

34

But i f  th e  phenyl s u b s t i tu e n t  i s  on th e  carbon b e ta  to  th e  

ca rb o n y l, th e  a lpha  p o s i t io n  i s  no t a c t iv a te d ,  s in c e  benzy- 

l a t i o n  of th e  d ip o ta ss iu m  s a l t  o f  1 -p h e n y l-3 ,5 -hexaned ione 

(24) gave e x c lu s iv e ly  th e  sym m etrical d ik e to n e  1 , 7 -d ip h en y l-

3 ,5-hep taned ione ( 2 5 ) ^  (Scheme V).

Through co m p e titiv e  m e ta la t io n  of m ix tu res  o f  c e r t a in

1 ,3 -d ik e to n e s  and a n a ly s is  o f th e  p ro d u cts  o b ta in e d  on 

a lk y la t io n ,  i t  was determ ined  t h a t  th e  r e l a t i v e  b a s i c i t i e s  

o f  th e  s i t e s  of secondary  io n iz a t io n  in c re a se d  ac co rd in g  to  

th e  fo llow ing  o rd e r  o f s u b s t i tu e n t s  on th e  p a re n t a c e to n e :

0 0 0 0
™ . 11 11 'I I'PhCH2 C- <  Ch3 C- <  CH3 CH2 C- <  (CHO-CHC-
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C om petitive a lk y la t io n  of m ix tu res  o f  th e  co rrespond ing  1 ,3 -  

d ia n io n s  o f  1 ,3 -d ik e to n e s  in c o rp o ra tin g  th e s e  groups e s ta b ­

l is h e d  t h a t  th e  r e l a t i v e  r e a c t i v i t i e s  o f th e  secondary  s i t e s  

tow ards a lk y la t io n  a ls o  in c re a se d  acco rd in g  to  th e  same s e ­

quence, w ith  th e  r e l a t i v e  r e a c t i v i t y  o f  p ro p io n y l and i s o -
17b u ty ry l b e in g  o f th e  same o rd e r  o f m agnitude.

The e x te n s iv e  s tu d ie s  by Hauser and cow orkers o f th e  

r e a c t io n s  o f  1 ,3 -d ia n io n s  d eriv ed  from  1 ,3 -d ik e to n e s  e s ­

ta b l is h e d  t h a t  th e  s i t e  o f  secondary  io n iz a t io n  i s  a ls o  th e  

more r e a c t iv e  c e n te r  g iv in g  on r e a c t io n  w ith  e le c t ro p h i le s  

p ro d u c ts  o f th e  g e n e ra l ty p e  1_ r a th e r  th a n  p ro d u c ts  o f th e  

g e n e ra l ty p e  j3. These f in d in g s  prompted in v e s t ig a t io n s  of 

o th e r  s t a b i l i z e d  1 ,3 -d ia n io n  system s o f ty p e  6 . Thus, sub­

s t i t u t e d  ace to n e s  4, where G i s  e i t h e r  an  a ldehyde, e s t e r ,  

su lfo n e , s u lfo x id e , s u l f id e ,  o r  d ia lk y lp h o sp h o n a te  have 

been co n v e rted  to  co rrespond ing  1 ,3 -d ia n io n s  and re a c te d  

w ith  v a r io u s  e l e c t r o p h i l e s .

The 3 -o x o b u tan a l d ia n io n  (36) was o b ta in e d  on r e a c t io n

of th e  sodium e n o la te  o f  3 -oxobu tana l w ith  an a l k a l i  amide
18in  l iq u id  ammonia. R e ac tio n  w ith  s e v e ra l  a lk y l  h a l id e s

18gave a s e r i e s  o f  4 -a lk y l-3 -o x o b u ta n a ls  37. A lk y la tio n  of 

th e  2 - (p h en y lm eth y l)- 3-oxobutanal d ia n io n  a ls o  o ccu rred  a t  

th e  te rm in a l carbon  (C^) as  benzyl c h lo r id e  and iodomethane
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Scheme IX

0 0 0 0 
. IL II _ + 1 . RX II ll
(HCCHCCH9) 2M --- — * HCCH9CCH9R

Z 2. H+

36 37

gave th e  r e s p e c t iv e  4 -a lk y l  d e r iv a t iv e s  38a and 38b. 18

Scheme X

0  0  
II II

HCCHCCHq
I 3
CH2Ph

0  0
1. RX II II 
 HCCHCCH0R
2. H+ | 2

CH2Ph

38 a) R = CH2Ph 

b) R = CH3

0  0
2NaNH2 || || _ +
 7 7 7— (HCCCCCH0) 2Na( l i q . )  j ^NH3

CH2Ph

Evidence f o r  a lk y la t io n  a t  C2 was n o t found. R e ac tio n  o f

36 w ith  m ethyl benzoate gave 5 -p h e n y l-3 ,5 -d io x o p en tan a l

(39) and th e  1 ,2 -a d d i t io n  p ro d u c t, 5 ,5 -d ip h en y l-5 -h y d ro x y -

3 -o x o p en tan a l (40) was o b ta in ed  from  th e  r e a c t io n  o f  36
19w ith  benzophenone.
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0 0 0
fl II II

HCCH2 CCH2CPh

39

0 0 OH
II II I

HCCH2CCH2CPh2

40

E th y l 3-oxobutanoate (4 1 ), as w e ll as  o th e r  3-oxobu- 

ta n o a te  e s t e r s  have been co n v e rted  to  t h e i r  co rrespond ing

1 .3 -d ia n io n s  e i th e r  on r e a c t io n  w ith  po tassium  amide in
20l iq u id  ammonia o r in  te t r a h y d ro fu ra n  by s e q u e n tia l

pi
m e ta la t io n  w ith  sodium h y d rid e  fo llow ed  by n -b u ty ll i th iu m .

A lk y la tio n  was found to  occur e x c lu s iv e ly  a t  th e  te rm in a l

carbon (C^) g iv in g  4 -a lk y l-3 -o x o b u ta n o a te  e s te r s  43 w ith
91 99h ig h e r  y ie ld s  o b ta in ed  by th e  l a t t e r  method. ’ The

1 .3 -d ia n io n s  o f 3 -k e to e s te r s  b e a r in g  on a lk y l  s u b s t i tu e n t

a t  e i t h e r  C2  o r  a ls o  r e a c te d  w ith  a lk y l h a l id e s  a t  th e
22te rm in a l p o s i t io n .

Scheme XI

0 0 0 0
II II a) KNH2 , NHo ( l i q . )  || || ,

CHoCCH9 C0C9Hs -----------    > (H0 CCCHCOC9H,-) 2M
D b) 1. NaH, THF 1 1 *

2. n-C^HgLi

41 42

0
1. RX ||

~ H+ v r c h 2 cch2 co 2 c 2h 5 

43
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The d ia n io n  42 re a c te d  w ith  e s te r s  to  g iv e  3 ,5 -d ik e to -  

:s 4 4 ^  and w ith  1 

k e to e s te r s  ( 4 5 ) . ^ ’^

23e s te r s  44 and w ith  ketones and aldehydes to  g iv e  hydroxy-

0 0 OH 0
II II I II

RCC^CC^CC^R R2CCH2CCH2C02R'

44 45

Phenyl (2-o x o p ro p y l)-su lfo x id e  (46) when r e a c te d  in

te tra h y d ro fu ra n  w ith  sodium h y d rid e  fo llow ed by n -b u ty l
26 27l i th iu m  gave th e  co rrespond ing  1 ,3 -d ia n io n  47. ’ A lk y l­

a t io n  o f 47 o ccu rred  e x c lu s iv e ly  a t  th e  te rm in a l p o s i t io n  

(Cg) to  g iv e  48 and ev idence f o r  a lk y la t io n  a t  o r

Scheme X II

0 0 0 0
II II 1 NaH THF II ^ -t-

PhSCHnCCHo — :-------2— >• (PhSCHCCH«) 2M+
2  3  2. n-C4 H9L i 2

46 47

0 0
1. RX II II

> PhSCH2CCH2R
2. H+

48
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2 61 ,3 - d ia lk y la t io n  was no t found. Analogues of 46 b e a rin g

28 26an a lk y l  s u b s t i tu e n t  a t  e i t h e r  C-̂  o r  when co n v e rted

to  t h e i r  co rrespond ing  1 ,3 -d ia n io n s  a ls o  re a c te d  a t  th e  

te rm in a l  p o s i t io n  w ith  a lk y l  h a l id e s  to  g ive  p ro d u cts  o f  Cg 

s u b s t i tu t i o n .  R eac tion  o f  47 w ith  benzophenone and a c e to -

phenone gave th e  1 ,2 -a d d it io n  p ro d u c ts , 49a and 49b. C yclo-
96hexene ox ide  gave th e  h y d ro x y k e to su lfo x id e  50.

0 0 OH
II II I

PhSCH2CCH2CPhR

49 a) R = Ph
b) R = CH3

0 0 
II II

PhSCH2 CCH,

50

OH

a , 3 -U n sa tu ra ted  e s te r s  w ere found to  re a c t  w ith  47

to  y ie ld  s o le ly  4 -k e to e s te r s  51, w hereas a , 3 -u n sa tu ra te d
27k e to n es  gave e x c lu s iv e ly  th e  1 ,2 - a d d i t io n  p roducts 52.

Scheme X III

1. R1CH=CHC0oR

47

1. R’CH=CHCR

0
II

0
II

PhSCH2CCHCH2C02R

R'

51

0 0 OH
II II I

PhSCH9CCH0CCH=CHR’
2 2|

R

52
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The phenyl (2 -o x o p ro p y l)-su lfo n e  d ia n io n  (53) was

o b ta in ed  on r e a c t io n  of th e  p a re n t k e to n e  w ith  po tassium
28amide in  l iq u id  ammonia. I t  was a l s o  shown th a t  d im eta -

l a t i o n  cou ld  be e f fe c te d  w ith  sodium  h y d rid e  fo llow ed by

n -b u ty l l i th iu m  i n  te tra h y d ro fu ra n  o r  by lith iu m  d i is o p ro -  
30pylam ide. A d d itio n  of benzy l c h lo r id e  r e s u l te d  i n  a lk y l

a t io n  a t  th e  te rm in a l  carbon (C^) t o  g iv e  th e  k e to su lfo n e
2954. A lk y la t io n  o f th e  monoanion w ith  benzyl c h lo r id e

Scheme XIV

0 0 0 0
|| || a ) 2KNH? , NHo ( l i q . )  |l II ,

PhSCH9CCHo ------------- “------ - ------------- >■ (PhSCHCCH9) 2M+
|| 2 J  b) 1. NaH, THF || ^
0  2. n-C4H9L i 0

c) 2 LiDPA, THF
53

0 0
1. PhCHnCl || ||

 r  y PhSCH0CCH0CH9Ph
2. H+ II 2 2 2

0

54

n Q
gave on ly  th e  iso m eric  s u b s t i t u t i o n  product 55. Acyl 

a t io n  a t  Cg was r e a l iz e d  w ith  m ethyl benzoate  g iv in g  th e
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d ik e to s u lfo n e  56, w h ile  th e  r e a c t io n  o f th e  monoanion w ith

29benzoyl c h lo r id e  gave on ly  th e  0 - a c y la t io n  product 51_.

0 0

PhSCHCCHo
« \  3
0 CH2Ph

55

0
II

0  0  0 0  OCPh
II II I  II I

PhSCH0CCH0CPh PhSCH=CCHo
II 2 2  II 3
0 0

56 57

The phenyl (2 -o x o p ro p y l)- th ia n e  d ia n io n  (58), g e n e r­

a te d  by s e q u e n t ia l  m e ta la tio n  w ith  sodium hydride  and n -  

b u ty l  l i th iu m  re a c te d  w ith  a lk y l  h a l id e s  a t  th e  te rm in a l 

carbon  (C^) to  g iv e  a s e r ie s  o f c h a in  extended d e r iv a t iv e s

Scheme XV

0
|| , . 1. RX, E t90

(PhSCHCCH") L i , Na ---------  PhSCH2CCH2R
2. H

58 59
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D im ethyl (2 -oxopropy l)-phosphonate  (60) was conver­

te d  to  th e  co rrespond ing  1 ,3 -d ia n io n  i n  a s im ila r  m a n n e r .^  

R eac tio n  w ith  a lk y l  h a l id e s  gave e x c lu s iv e ly  p roducts o f 

s u b s t i t u t i o n  61 .

Scheme XVI

8 8 0 0II 'I 1. NaH, THF IL II , ,
(CH3 ° ) 2PCH2 CCH3  — ------- —H" > ((CH3 0 ) 2 PCHCCH2 ) L i , Na+

60 60a

0 0
1. RX , II II

---------- — (CHoO)9PCH0CCH9R
2.  H J 1 l

61

A second a lk y l  group was in tro d u ce d  a t  C3  by re a c tin g  th e

1 ,3 -d ia n io n  g en e ra te d  from 61 w ith  a second a lk y l h a l id e  

to  g iv e  d i s u b s t i tu t e d  d e r iv a t iv e s  6 3 . ^ ’^
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Scheme XVII

0 0
1. NaH, THF ||_ II . ,

61  >■ ( (CH.O) oPCHCCHR) L i , Na
2 . n - C ^ L i  J c

62

0 0
1 . R'X # || ||

 t  ► (CHoO)0PCHoCCHRR
2 . H i l l

63

In  a d d i t io n  to  1 -phenyl-2-propanone (1 ) , o th e r  a r y l -  

ace tones have been converted  to  t h e i r  r e s p e c tiv e  d ia n io n s . 

Thus, 1 ,3 -d ipheny l-2 -p ropanone was co n v e rted  to  th e  d ia n io n  

64 w ith  p o tassiu m  amide in  l iq u id  ammonia which on re a c ­

t i o n  w ith  e i t h e r  one o r two e q u iv a le n ts  o f benzyl c h lo r id e  

g iv e , r e s p e c t iv e ly ,  th e  p ro d u cts  o f  mono- and d ib e n zy la -  

t i o n  l ,2 ,4 - tr ip h e n y l-3 -b u ta n o n e  (65) and 1 ,2 ,4 ,5 - t e t r a -  

p heny l-3 -pen tanone ( 6 6 ) . ^
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Scheme XVIII

1. PhCH2Cl

0 
II

PhCH0CHCCH0Ph
2| 2 

Ph

65

1 ,1-D iphenyl-2-propanone was co n v e rted  to  th e  c o r r e s ­

ponding 1 ,3 -d ia n io n  67 by s e q u e n tia l  m e ta la t io n  w ith  p o ta s ­

sium amide i n  l iq u id  ammonia fo llow ed  by n -b u ty ll i th iu m  in  

te tra h y d ro fu ra n  b u t was not re a c te d  w ith  a lk y la t in g  a g e n ts .^  

A study  o f th e  r e a c t io n s  of t h i s  d ia n io n  w ith  lim ite d
o /

amounts of a lk y la t in g  ag e n ts , s in c e  com pleted , was un d er­

tak en  by an o th e r  member of our r e s e a rc h  group a f t e r  th e  

f in d in g s  o f  th e  s tu d y  to  be d isc u sse d  fo r th w ith  were ob­

ta in e d  by t h i s  a u th o r .

0
II

PhCH2CCH2Ph

2 KNH2 , NH3  ( l i q .)
T

0
II 2 PhCH2Cl

(PhCHCCHPh) 2K ------------

64

PhCH0CHCCHCH0Ph 2 \ | 2
Ph Ph 

66
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Scheme XIX

0  0
|| 1. KNH2 , NHo ( l i q . )  || , ,

PhoCHCCHo ---------------------   h  (Ph9CCCH«) K , Lx
1 6 2. n-C4 H9L i, THF z z

67
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RESULTS AND DISCUSSION

The p u b lish ed  p rocedure o f  H auser, Mao and M iles f o r  

th e  co n v e rs io n  o f 1 -p h e n y l-2 -propanone (1 ) to  th e  c o r r e s ­

ponding d ia n io n  3^ i s  a two s te p  r e a c t io n  in v o lv in g  f o r ­

m atio n  o f th e  a l k a l i  e n o la te  w ith  an a l k a l i  amide i n  

l iq u id  ammonia fo llow ed  by th e  r e a c t io n  o f t h i s  i n t e r ­

m ed ia te  w ith  n -b u ty ll i th iu m  i n  te tra h y d ro fu ra n  (THF) as
31shown in  Scheme I .  G r i f f i t h s  m od ified  t h i s  p ro ced u re

by u s in g  sodium h ydride  w ith  THF as th e  so lv e n t to  form

th e  e n o la te  s a l t , th u s  e l im in a tin g  th e  need to  change

s o lv e n t system s. A l im i ta t io n  o f sodium h y d rid e  i n  t h i s

ty p e  o f  r e a c t io n  i s  i t s  low r e a c t i v i t y ,  p r in c ip a l ly  due
35to  i t s  low s o lu b i l i t y  in  m ost o rg an ic  s o lv e n ts .  Because 

o f t h i s ,  a ttem p ts  to  form sodium e n o la te s  from  r e a d i ly  

e n o l iz a b le  k e to n es o f te n  i s  s e v e re ly  impeded by com peting 

s e lf - c o n d e n s a t io n . A lthough th e  a l k a l i  e n o la te s  o f  1 

a re  s t a b le  tow ards s e lf - c o n d e n s a t io n , i t  was a n t ic ip a te d  

t h a t  k e to n es  which do form  r e a c t iv e  e n o la te  s a l t s  would 

be co n v e rted  to  t h e i r  r e s p e c t iv e  d ian io n s  and t h e i r  r e a c ­

t io n s  s tu d ie d . For a g e n e ra l ly  a p p lic a b le  method to  

a c h iev e  t h i s  conversion , th e  re a g e n t re q u ire d  to  form  th e  

in te rm e d ia te  e n o la te  an io n  was one th a t  was r e a d i ly  

hand led  and p o ssessed  s u f f i c i e n t  r e a c t iv i t y  to  r e a d i ly  

io n iz e  th e  ketone w ithou t com peting s id e  r e a c t io n s . The

25
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re a g e n t o f cho ice  proved to  be po tassium  h y d rid e  which was

37r e c e n t ly  shown by Brown to  r e a d i ly  convert e n o liz a b le  

k e to n e s , in c lu d in g  ac e to n e , to  po tassium  e n o la te s  w ith o u t 

co m p e titiv e  s id e  r e a c t io n s .

Form ation and R eac tio n s  o f th e  Potassium  E n o la te  
o f 1-Phenyl-2-Propanone (2)

38Follow ing th e  p rocedu re  o f  Brown, 1 -p h e n y l-2-

propanone was added to  a s t i r r e d  suspension  o f  po tassium  

h y d rid e  in  THF under a n itro g e n  atm osphere to  g iv e  an 

o ran g e -red  s o lu t io n  o f th e  po tassium  e n o la te  2 . The r e a c ­

t i o n  was v ig o ro u s and exotherm ic bu t could  be re g u la te d  by 

c o n t ro l l in g  th e  r a t e  o f  a d d i t io n  and w ith  c o o lin g . In  

s e v e ra l  in s ta n c e s  th e  r e a c t io n  was m onitored  by c o l le c t io n  

o f th e  hydrogen evo lved . The r e a c t io n  ceased  once th e  

th e o r e t i c a l  amount o f gas was c o l le c te d  in d ic a t in g  th a t  

th e  ketone  had com plete ly  re a c te d . N e u tr a l iz a t io n  w ith  

H20 gave o n ly  l-p h en y l-2 -p ro p an o n e . A n aly s is  o f  th e  re a c ­

t i o n  m ix tu re  by gas chrom atography (gc) f a i l e d  to  show 

ev idence  o f any s id e  r e a c t io n  p ro d u c ts .

I o n iz a t io n  was found to  proceed  sm oothly i n  b i s -  

(m ethoxy)-ethane bu t was s u b s ta n t ia l ly  slow er i n  d ie th y l  

e th e r  (E t20 ) . A d d itio n  o f sm all amounts o f THF to  d ie th y l

e th e r  had a s ig n i f ic a n t  c a t a l y t i c  e f f e c t  and red -o ran g e
4" +s o lu t io n s  o f  2 (M = K ) were r e a d i ly  o b ta in e d . T his
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ap p a re n tly  i s  n o t due to  in c re a se d  s o lu b i l iz a t io n  o f th e

s o l id  h y d rid e  as po tassium  h y d rid e  i s  r e p o r te d ly  "com-
37p le te ly  in s o lu b le "  in  THF. R a th e r , t h i s  may be due to

com plexation o f po tassium  h y d rid e  by THF in  a manner much

l ik e  th e  com plexation  o f a l k a l i  s a l t s  by m acrocyclic  
39p o ly e th e rs . S ev era l r e a c t io n s  w ere ru n  in  d ie th y l  e th e r  

co n ta in in g  by volume 15% THF as th e  co so lv en t. T his mixed 

so lv e n t system  w i l l  su b seq u en tly  be r e f e r r e d  to  as THF- 

Et£0 •

I o n iz a t io n  o f 1̂ can g ive  two p o s s ib le  geom etric 

isom ers o f th e  e n o la te  s a l t  2 , one p o sse ss in g  th e  Z con­

f ig u r a t io n  (2a) and th e  o th e r  p o sse ss in g  th e  E c o n f ig u ra ­

t io n  (2 b) w hich d i f f e r  in  th e  s p a t i a l  r e la t io n s h ip  b e ­

tween th e  phenyl group and oxygen around th e  bond.

The isom er r a t io n s  of 2a and 2b g en e ra te d  under v a r io u s  

co n d itio n s  have been determ ined by tra p p in g  w ith  c h lo ro -  

t r im e th y ls i la n e . ^  ^  R eac tio n  o f th e  po tassium  e n o la te  

g en e ra ted  from  1̂ w ith  po tassium  h y d rid e  in  both  THF and 

THF-Et2 0  gave as th e  on ly  p roduct Z - l -p h e n y l-2 - ( t r im e th y l- 

s i lo x y )- l-p ro p e n e  ( 6 8 a ) in d ic a t in g  th a t  th e  e n o la te  a n io n  

ob ta in ed  under th e s e  c o n d itio n s  p o ssessed  only th e  Z con­

f ig u ra t io n .  T h is i s  c o n s is te n t  w ith  th e  r e s u l t s  re p o r te d  

f o r  th e  io n iz a t io n  o f 1  w ith  sodium h ydride  as t r im e th y l -  

s i ly a t io n  gave 98% 6 8 a and 2% 6 8 b . ^

S tru c tu re  assignm ent of t h i s  p roduct was made th ro u g h  

th e  NMR spectrum  which in  d eu te r io ch lo ro fo rm  showed a broad
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Scheme XX
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Ph 0 " M+

H ■ch3

2 a 6 8 a

(CH3) 3SiC l
>-

H OSi(CHo)

2 b 68b

m u lt ip le t  c e n te re d  a t  6 7.33 th a t  in te g r a te d  f o r  f iv e  p ro ­

to n s  and a s s ig n e d  to  th e  phenyl g roup and a s in g le t  a t  <5 

5 .38 th a t  in te g r a te d  fo r  one p ro to n  and a ss ig n ed  to  th e  

v in y l ic  p ro to n . T his compared c lo s e ly  w ith  th e  p u b lish ed

which showed a s im i la r  broad m u l t ip le t  f o r  th e  a b so rp tio n s  

of th e  phenyl p ro to n s  and a s in g l e t  a t  6 5 .32  fo r  th e  

a b s o rp tio n  o f  th e  v in y l ic  p ro to n . The NMR spectrum  o f th e  

E isom er 6 8 b i n  GCl^ was a ls o  p u b lish e d  and was c h a ra c te r ­

iz ed  by a s l i g h t l y  broadened s in g l e t  a b s o rp tio n  f o r  th e

phenyl p ro to n s  and a sharp  s in g le t  a b s o rp tio n  a t  <5 5.77
35fo r  th e  v in y l i c  p ro to n . From t h i s  i t  was concluded t h a t  

th e  e n o la te  an io n  formed on m e ta la t io n  o f  1  w ith  po tassium  

hy d rid e  was la r g e ly ,  i f  no t e x c lu s iv e ly ,  th e  Z-isom er

35spectrum  o f  th e  Z-isom er 6 8 a i n  ca rbon  t e t r a c h lo r id e
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The p o tassiu m  e n o la te  2a was r e a c te d  w ith  s e v e ra l  

a lk y l  h a l id e s  i n  bo th  THF and THF-Et2 0  t o  g ive a s e r i e s  o f

1 -a lk y l-1 -p h en y l-2 -p ro p an o n e s  6 SL The r e s u l t s  a re  sum-

0
II

PhCHCCHo
I 3
R

69

m arized  i n  T able I .  R eac tio n  w ith  iodomethane p receeded  

r a p id ly  and sm oothly to  g iv e  i n  good y ie ld  3 -p h en y l-2 - 

bu tanone. The o th e r  a lk y l h a l id e s  r e a c te d  le s s  r a p id ly ,  

o f te n  r e q u ir in g  re a c t io n  p e r io d s  o f  e ig h te e n  to  tw en ty - 

fo u r  h o u r s . The long r e a c t io n  tim es  were f e a s ib le  due to  

th e  s t a b i l i t y  o f th e  e n o la te  a n io n  tow ards co n d en sa tio n  

w ith  th e  r e a c t io n  product and a l s o  because o f th e  d e­

c rea sed  a c id i t y  o f th e  rem ain ing  b e n z y lic  p ro to n  o f th e  

p ro d u c t. Thus, p ro to n  exchange e q u i l i b r i a  commonly ob­

se rv ed  betw een more r e a c t iv e  e n o la te  an io n s , such as t h a t  

o f cyclohexanone and i t s  a lk y la t io n  p ro d u c ts , were n o t 

observed  i n  t h i s  case as a n a ly s is  by gc o f th e  crude r e a c ­

t i o n  p ro d u c ts  d id  no t re v e a l ev id en ce  f o r  1 , 1 - d i a lk y l a t i o n  

o r  co n d e n sa tio n .

A la r g e  d if fe re n c e  i n  r e a c t i v i t y  was observed betw een 

benzy l c h lo r id e  and benzyl brom ide. Benzyl c h lo r id e  f a i l e d  

to  r e a c t  w ith  2a a f t e r  1 .5  h o u rs  w hereas 3 , 4 -d ip h e n y l-2 - 

bu tanone was i s o la te d  in  60% y ie ld  from  th e  r e a c t io n
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TABLE I
ALKYLATION OF THE POTASSIUM ENOLATE 2a WITH ALKYL HALIDES

RX S olven t Time (h rs ) P roduct Y ie ld  (%)a R eference

CH3I THF 2 . 0 3-P h en y l-2 -b u tan o n e 69 58

CH3 I THF-Et2 Ob 1 . 0 3 -Pheny1 - 2 - butanone 76 58

c 2 h5i THF-Et2 Ob 18.0 3 -P h en y l-2 -p en tan o n e 87 58

n-C4 H9I THF 18.0 3 -Pheny1 - 2 -hep tanone 77 58

n-C4 H9I THF-Et2Ob 2 0 . 0 3 -P h en y l-2 -h ep tan o n e 76 58

(CH3) 2CHBr THF 24.0 4 -M eth y l-3 -p h en y l-2 - 
butanone (6 0 )c

(CH3) 2CHBr THF-Et2 Ob 36.0 4 -M eth y l-3 -p h en y l-2 - 
butanone (15) c

PhCH2Br THF 1 .5 3 ,4 -D ip h en y l-2 -b u tan o n e 60 58

PhCH2Cl THF 1 .5 3 ,4 -D ip h en y l-2-bu tanone ( n . r . ) c

a I s o la t e d .  b15% THF by volume in  d ie th y l  e th e r .  cN orm alized y ie ld s  as 
de te rm ined  by gas chrom atography.

<jOo



o f 2a w ith  b enzy l brom ide over th e  same p e r io d . T his was

of some i n t e r e s t  as b enzy l c h lo r id e  i s  commonly used  as a

b e n z y la tin g  ag en t o f te n  w ith  e n o la te  a n io n s . A com parison

o f th e  r e l a t i v e  r e a c t i v i t i e s  of s e v e ra l  a lk y l  h a l id e s  was 
/ 0

made by Conia and b en zy l bromide was found to  be ap p ro x i 

m ate ly  t h i r ty - s e v e n  tim es  as r e a c t iv e  as  benzy l c h lo r id e .  

The g r e a te r  p o l a r i z a b i l i t y  o f bromine may w e ll account f o r  

th e  d if f e r e n c e  i n  r e l a t i v e  r e a c t i v i t i e s  o f th e s e  benzy l 

h a l id e s .

The e f f e c t s  o f  so lv e n t on th e  r a t e  o f a lk y la t io n  o f 

2 a were q u a l i t a t i v e l y  dem onstrated  i n  th e  r e a c t io n s  o f 2 a 

w ith  2-brom opropane i n  b o th  THF and THF-Et2 0 . A lthough 

t h i s  r e a c t io n  proceeded slow ly in  b o th  so lv e n ts  a t  room 

te m p e ra tu re , p ro d u c t fo rm a tio n , a s  determ ined  by gas 

chrom atography, was approx im ately  60% com plete a f t e r  

tw e n ty -fo u r  h ou rs i n  THF and about 15% com plete a f t e r  

t h i r t y - s i x  hours i n  THF-Et2 0 . The on ly  o th e r  component 

p re se n t was l-p h en y l-2 -p ro p a n o n e . The slow  r a t e  o f  r e a c ­

t i o n  can  be p a r t i a l l y  a t t r i b u te d  to  th e  low r e l a t i v e  r e a c ­

t i v i t y  o f 2 -brom opropane and a ls o  to  th e  d if f e re n c e  i n  

s o lv a t io n  o f  th e  p o tassiu m  s a l t  o f  2 a by th e  two so lv e n t 

system s. Zook and R elahan  have examined th e  r e a c t io n s  o f

a lk y l  h a l id e s  w ith  sodium e n o la te s  o f  p rim ary  and second-
1 6ary  a lk y l  k e to n es  and found th a t  th e  r a t e  o f a lk y la t io n  

in c re a se d  w ith  in c re a s in g  s o lv a tio n  power o f  th e  e th e r  

s o lv e n t.  In  a d d i t io n ,  House and cow orkers re p o r te d  th a t
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th e  lith iu m  and sodium s a l t s  o f 2 a e x i s t  as so lv e n t sepa­

r a te d  ions i n  THF and p r im a r ily  as  c o n ta c t io n  p a i r s  in

t i o n  power o f THF. The d if fe re n c e  in  r a te s  o f p roduct 

fo rm atio n  in  2 -p ro p y la tio n  o f 2a w ith  2 -bromopropane

v en t sep a ra ted  io n s i n  THF and p r im a r i ly  as c o n ta c t io n  

p a i r s  in  THF-Et2 0 .

Form ation and R eac tio n s  o f th e  1 -Pheny l-
2-Propanone D ian ion  (3)

A d d itio n  o f a s l i g h t  excess over one e q u iv a le n t o f
+ +n -b u ty ll i th iu m  in  hexane to  a s o lu t io n  o f 2a (M = K ) in  

e i t h e r  THF o r THF-Et£0 a t  -78° r e s u l t e d  in  imm ediate f o r ­

m ation  of th e  1-pheny l-2 -propanone d ia n io n  (3) o b ta in ed  

as an  in te n s e ly  dark  red  s o lu t io n .  The re p o r te d  p rocedure 

c a l le d  fo r  a d d i t io n  to  ta k e  p la c e  a t  am bient tem perature,'* '

however, c leavage o f  THF i s  m inim ized by low ering  th e  reac
44t io n  tem p era tu re . The d ia n io n  3 appeared to  be q u ite  

s ta b le  over long p e rio d s  and d id  n o t undergo lo s s  o r 

change o f c o lo r  on warming.

Scheme XXI

35d ie th y l  e th e r  r e f l e c t in g  th e  s ig n i f i c a n t ly  h ig h e r  so lv a -

found suggests  th a t  2a (M+ = K+) may a ls o  e x i s t  as s o l -

Ph

H CH3

2a

n-C HnLi 
________4_9______
THF-hexane, -78°

0

, - 1 - + +> (PhCHCCH2) K ,L i
II

3
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R eac tio n  o f _3 w ith  p-m ethoxybenzaldehyde gave th e  un­

re p o rte d  beta-hydroxyketone  70 i n  44% y ie ld  w hich in  tu r n  

was dehydrated  to  th e  u n s a tu ra te d  k e tone  71 .^

A ttem pts to  o b ta in  l ,3 ,7 - t r ip h e n y l - l ,6 - h e p ta n e d io n e ,  

th e  re p o r te d  p roduct i s o la te d  from  th e  r e a c t io n  o f .3 w ith  

l^ - d ip h e n y l^ - p r o p e n - l - o n e , 1  w ere u n su c c e s s fu l . The un­

id e n t i f i e d  p ro d u ct was o b ta in ed  a s  a w h ite  s o l id  w ith  a 

m e ltin g  p o in t o f  183-185°; th e  re p o r te d  m e ltin g  p o in t o f 

th e  M ichael a d d i t io n  p roduct was 1 1 4 ° .^

0 OH 0
II I II

PhCH2 CCH2 CHC6H4  (OCH3 ) -p  PhCH2 CCH=CHC6 H4  (0CH3) -p

70 71

The main p a r t  o f  t h i s  in v e s t ig a t io n  in v o lv ed  th e  

r e a c t io n s  o f th e  d ia n io n  3 w ith  a lk y l  h a l id e s .  When a 

s l i g h t  excess o f one e q u iv a le n t o f  iodom ethane was added 

to  a s o lu t io n  o f 3 in  THF a t  0 ° , th e  in te n s e  re d  c o lo r  o f 

th e  d ia n io n  soon d isap p ea red  and a w h ite  p r e c i p i t a t e  

formed. A f te r  n e u t r a l i z a t io n  and workup, a n a ly s is  o f th e  

crude product by gc re v e a le d  th e  p resen ce  o f a  two com­

ponent m ix tu re  c o n s is t in g  o f 3 -p h e n y l-2 -b u tan o n e , th e  

product o f a lk y la t io n  i d e n t i f i e d  by com parison o f th e  

r e te n t io n  tim e w ith  th a t  o f an a u th e n t ic  sam ple, and a 

component t e n t a t i v e ly  id e n t i f i e d  a s  1 -p h e n y l-2 -butanone 

th e  p roduct o f  a lk y la t io n  a t  C3 , i n  a r a t i o  o f  3 t o  2.
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A lk y la tio n  under s im ila r  c o n d itio n s  w ith  iodoethane and

1 -io d o b titan e  ag a in  led  to  th e  fo rm a tio n  o f two component 

p ro d u c t m ix tu re s  w ith  on ly  t r a c e s  of 1  - phenyl -  2  -  p r opanone 

d e te c te d  by gc. U nexpectedly (v id e  su p ra ) , th e  amount o f  

C-ĵ  a lk y la t io n  in c re a se d . Iodoethane gave a p roduct m ix­

tu r e  w here th e  a lk y la t io n  p roduct predom inated by a  

r a t i o  o f  approx im ately  5 .7  to  1, and 1 -iodobu tane gave a 

p ro d u c t m ix tu re  where th e  C-̂  a lk y la t io n  p ro d u ct predom i­

n a te d  by a r a t i o  o f approx im ately  19 to  1. These C-̂  

a lk y la t io n  p ro d u c ts , 3 -pheny l-2 -pen tanone and 3 -p h e n y l- l-  

hep tanone were a ls o  i d e n t i f i e d  by com parison o f th e  r e t e n ­

t i o n  tim es  w ith  th o se  o f a u th e n tic  sam p les . S ince th e  

co m p le tio n  o f  t h i s  s tudy  th e  m inor p ro d u c ts  o b ta in ed  have 

been  c o n c lu s iv e ly  e s ta b lis h e d  as b e in g  th e  p ro d u cts  o f
Q /

a lk y la t io n  by o th e r  members o f t h i s  r e s e a rc h  group.

These i n i t i a l  r e s u l t s  in d ic a te d  t h a t  u n lik e  o th e r  a c e to n e  

d e r iv e d  d ia n io n s  (6 ) ,  a lk y la t io n  o f  _3 was governed by 

o th e r  f a c t o r s .

The d ia n io n  2  was nex t re a c te d  w ith  a s e r ie s  o f  a lk y l  

h a l id e s ,  b o th  prim ary  and secondary , t h a t  v a r ie d  w id e ly  i n  

r e l a t i v e  r e a c t i v i t i e s .  A s o lu t io n  o f  3 in  e i th e r  THF o r  

THF-Et2 0  was t r e a te d  w ith  a s l i g h t  excess o f one eq u iv a ­

le n t  o f  a lk y l  h a l id e  under c o n d itio n s  s im ila r  to  th o se  d e s ­

c r ib e d  above, and a f t e r  a llow ing  th e  r e a c t io n  to  p roceed  f o r  

a p re s c r ib e d  p e r io d , u s u a lly  fo u r  h o u rs , i t  was quenched 

w ith  H^O. When f e a s ib le ,  th e  p ro d u c ts  o b ta in ed  were
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p u r i f i e d  by d i s t i l l a t i o n  under reduced p re s s u re  and ch a r­

a c te r iz e d  by p h y s ic a l and chem ical means. The r e s u l t s  a re  

summarized in  Table I I .  A ttem pts to  maximize y ie ld s  were 

n o t made and w ith  one e x c e p tio n , 4 -m e th y l-3 -p h en y l-2 -h ex a- 

none, a l l  compounds p rep a red  by t h i s  method have been des­

c r ib e d  in  th e  l i t e r a t u r e .

W ith th e  ex c e p tio n  o f th e  h ig h ly  r e a c t iv e  a lk y l  h a l ­

id e s ,  a lk y la t io n  g e n e ra l ly  o ccu rred  p r e f e r e n t i a l l y  and 

o f te n  w ith  h ig h  r e g io s p e c i f i c i t y  a t  C- .̂ Iodom ethane and 

benzy l bromide gave a m ix tu re  o f p ro d u c ts  i n  w hich th e  C-̂  

s u b s t i tu t i o n  p roduct predom inated  on ly  s l i g h t l y .  I t  was 

found th a t  a lk y la t io n  o f C-̂  in c re a se d  w ith  in c re a s in g  

le n g th  o f th e  a lk y l  c h a in . R e g io s e le c t iv i ty  a ls o  i n ­

c rea sed  as th e  number o f s u b s t i tu e n ts  on th e  halo g en  b e a r­

ing  carbon  was in c re a s e d . A r e p re s e n ta t iv e  example i s  2- 

bromopropane which gave alm ost e x c lu s iv e ly  4 -m eth y l-3 - 

p h e n y l-2 -p e n tanone (6 8 % is o la te d  y i e l d ) . Those a lk y l  h a l ­

id e s  w hich a re  prone to  base c a ta ly se d  e l im in a t io n  such as

2 -brom obutane and brom ocyclohexane gave good y ie ld s  o f 

s u b s t i tu t i o n  p ro d u c ts  w hich su g g es ts  th a t  un d er th e s e  con­

d i t io n s  e l im in a tio n  o ccu rred  on ly  to  a l im ite d  e x te n t .

When th e  le a v in g  group was changed from  e i th e r  bromide 

to  c h lo r id e  o r  io d id e  to  c h lo r id e  th e  in c re a s e d  r e g io s e le c ­

t i v i t y  tow ards a lk y la t io n  a t  C-̂  was o b se rv a b le  experim en­

t a l l y  on ly  when a la rg e  change in  r e l a t i v e  r e a c t i v i t i e s  

was e l i c i t e d .  Thus, i n  b e n z y la tio n , benzy l brom ide gave
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TABLE II
ALKYLATION OF 1-PHENYL-2-PROPANONE DIANION (3)

RX S o lv en t

ch3i THF

ch 3 ch2i THF

ch 3c h 2i THF-Et20

n-C4 H9I THF

n-C4 H9I THF-Et20

n-C4 H9Cl THF

(CH3) 2CHBr THF

(CH3) 2CHBr THF-Et20

(CH3 ) 2 CHCH2Br THF

CH3 CH2CHBr

CHo

THF

WITH ALKYL HALIDES

(h rs )  _________P roduc t_____

2  3-P h en y l-2 -bu tanone

1 - P henyl- 2 -b u t anone

4 3 -P h en y l-2 -p en tan o n e

4 3 -P h en y l-2 -p en tan o n e

4 3 -P h en y l-2 -h ep tan o n e

1 3 -P h en y l-2 -h ep tan o n e

8  3 -P h en y l-2 -h ep tan o n e

4 4 -P h e n y l-3 -p h en y l-2 -
pentanone

6  4 -P h e n y l-3 -p h en y l-2 -
pentanone

4 5 -M eth y l-3 -p h en y l-2 -
pentanone

4 4 -M eth y l-3 -p h en y l-2 -
hexanone

Y ie ld  (7o)a R efe ren ce

(65)b

(35)

79 58

54 58

58 58

54 58

82 58

6 8 58

59 58

72 58

65 u>
O '
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TABLE II (CONTINUED)
ALKYLATION OF l-PHENYL-2-PROPANONE DIANION (3) 

WITH ALKYL HALIDES

RX S o lv en t Time (h rs ) P roduct Y ie ld  (%)a R eference

cyclo-C^HgBr THF 3 1 -C y c lo p e n ty l- l-p h e n y l-
2 -propanone 62 60

cyclo-CgH-j^Br THF 4 1 - Cyc1 o h ex y l- 1 - p h en y l-
2 -propanone 61 61

cy c lo -C g H ^ C ^ B r THF 4 4 -C y clo h ex y l-3 -p h e n y l-
2 -bu tanone 71 62

PhCH2Cl THF 3 3 ,4 -D ip h en y l-2 -b u tan o n e 47 58

PhCH2Br THF 3 M ix tu re *3 ’ d

o~ to ly l-C H 2Br THF 3 M ix tu re*33 d

a I s o la t e d .  ^As determ ined  by gas chrom atography. , c S a t i s f a c to r y  p h y s ic a l  and 
a n a ly t i c a l  d a ta  w ere o b ta in e d  f o r  t h i s  compound. P ro d u c ts  w ere n o t i d e n t i f i e d .

CO
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a p ro d u c t m ix tu re  which co n ta in e d  in  on ly  s l i g h t  excess 

th e  p roduct o f a lk y la t io n  3 ,4 -d ip h en y l-2 -b u ta n o n e  whereas 

benzy l c h lo r id e  showed h ig h  s e l e c t i v i t y  f o r  a lk y la t io n  a t  

C-ĵ  and 3 ,4 -d ip h en y l-2 -b u tan o n e  (47%) was i s o la te d  on p u r i ­

f i c a t i o n .  'When 1 -ch lo ro b u tan e  was used  in  p la c e  o f 1- 

iodobu tane  l i t t l e  in c re a se  in  s e l e c t i v i t y  was observed 

e x p e rim e n ta lly  as 1 -iodobu tane  a lre a d y  dem onstra ted  a h igh  

r e g io s e l e c t iv i t y  f o r  a lk y la t io n  a t  C^. I t  sh o u ld  be noted

t h a t  1 -io d o b u tan e  has a much low er r e l a t i v e  r e a c t i v i t y
42th a n  benzy l bromide.

W hether r e g io s e le c t iv e  a lk y la t io n  a t  cou ld  be 

ach iev ed  by u sin g  ex trem ely  r e a c t iv e  a lk y la t in g  ag en ts  was 

n o t de te rm ined . Such re a g e n ts ,  f o r  example M eerw ein 's 

r e a g e n t ,  may in s te a d  g iv e  p ro d u c ts  o f O -a lk y la t io n ^  o r 

even 0 ,C -d ia lk y la t io n .

The so lv e n t media w hich was found to  g r e a t ly  i n f l u ­

ence th e  r a t e  o f  a lk y la t io n  o f th e  po tassium  e n o la te  2 a 

appeared  to  have l i t t l e  e f f e c t  on th e  r a t e  o f  a lk y la t io n  

o f th e  d ia n io n  3. I s o la te d  y ie ld s  o f C-̂  s u b s t i tu te d  prod­

u c ts  from iod o e th an e , 1 - io d o b u tan e , and 2 -bromopropane in  

THF-Et2 0  ranged from 50-60% over r e a c t io n  tim es o f under 

s ix  h o u rs . These p roduct y ie ld s  a r e  com parable to  th o se  

o b ta in e d  w ith  th e  same re a g e n ts  in  THF. D ete rm in a tio n  o f 

th e  r o le  o f THF in  s o lv a tio n  o f th e  d ia n io n  3 has y e t to  

be made, so i t  i s  no t known w hether th e  r e a c t i v i t y  of th e  

d ia n io n  i s  f o r  th e  most p a r t  independen t o f g e n e ra l
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s o lv e n t e f f e c t s  o r  w hether i n  THF-Et2 0  t h i s  d ia n io n  i s  

s e l e c t i v e l y  so lv a ted  by THF perhaps in c re a s in g  th e  s o lu ­

b i l i t y  and lead in g  to  enhanced r e a c t i v i t y .

The fo rm a tio n  o f th e  d ia n io n  3 was re a so n a b ly  w e ll 

e s ta b l i s h e d  by Hauser and cow orkers.^  They o f fe re d  sub­

s t a n t i a t i n g  ev idence o f  d ia n io n  fo rm a tio n  by d e u te r a t io n  

o f th e  r e a c t io n  in te rm e d ia te  o b ta in ed  a f t e r  a d d i t io n  of 

n -b u ty l  l i th iu m  to  a s o lu t io n  o f 2 in  THF. The amount o f  

d eu te riu m  in c o rp o ra te d  as c a lc u la te d  from  th e  NMR sp ec­

trum  was re p o r te d  to  be 0 .95-0 ,98D  a t  Cg and 1.00D a t  C- .̂ 

T h is was re p ea ted  in  t h i s  s tu d y  to  determ ine th e  e x te n t 

o f co n v e rs io n  o f 2a to  3 b u t i t  was found th a t  th e  deu­

te r iu m  c o n te n t a t  C-̂  and v a r ie d  and was caused  by deu- 

te rium hydrogen  exchange d u rin g  workup.

R e g io sp e c if ic  a lk y la t io n  o f a s t a b i l i z e d  ac e to n e  de­

r iv e d  d ia n io n  6 a t  has n o t been observed p re v io u s ly .

Only e x c lu s iv e  a lk y la t io n  a t  Cg o f 6 has been found to  

occur (v id e  su p ra ) . S ince a lk y la t io n  a t  C-̂  i s  th e  expected  

mode f o r  th e  e n o la te  an io n  2 a , i t  rem ained to  be e s ta b ­

l i s h e d  beyond doubt th a t  th e  r e a c t iv e  in te rm e d ia te  b e ing  

a lk y la te d  was indeed th e  d ia n io n  _3 r a th e r  th a n  a d i f f e r e n t  

r e a c t iv e  in te rm e d ia te  such  as one s im ila r  to  th e  e n o la te  

an io n s  2 a o r 2 b.

To o b ta in  th e  r e q u ire d  in fo rm a tio n  NMR sp e c tro sco p y  

was em ployed. The NMR spectrum  o f th e  p o tassiu m  e n o la te  

2a was reco rd ed  in  THF w ith  te t r a m e th y ls i la n e  a s  th e
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e x te rn a l  s ta n d a rd . The a b so rp tio n s  o f  th e  o r th o , meta and 

p a ra  r in g  p ro to n s , ce n te red  a t  6 6 .7 3  were c l e a r ly  d i s t i n ­

g u is h a b le , each  s p l i t  in to  a complex m u l t ip le t .  The ab ­

s o rp t io n  s ig n a l  o f  th e  v in y l  p ro to n  was a  sharp  s in g le t  a t

6 4 .50  (T ab le  I I I ) .  T his spectrum  i s  com parable to  th e
35spectrum  p u b lish ed  by House and cow orkers o f  th e  Z -isom er

2a (M+ = Na+) reco rd ed  in  THF w hich a ls o  shows th e  v e ry

complex s p l i t t i n g  p a t te r n  o f th e  pheny l p ro to n s  ce n te red

a t  6 7 . 1 0  and th e  sharp  s in g le t  o f  th e  v in y l  p ro to n  a t

6 4 .9 3 . The u p f ie ld  s h i f t  o f th e  v in y l  p ro to n  when th e

co u n te r  io n  i s  changed from  Na+ to  K+ i s  in d ic a t iv e  o f an
35in c re a s e  i n  n e g a tiv e  charge a t  C- .̂ The spectrum  len d s 

added su p p o rt t o  th e  assignm ent o f  th e  Z c o n f ig u ra tio n  to  

th e  p o ta ss iu m  e n o la te  by t r im e th y l s i l y l a t i o n .

F o llow ing  t h i s ,  th e  NMR spectrum  o f th e  s o lu t io n  ob­

ta in e d  from  th e  r e a c t io n  o f 2 a w ith  n -b u ty ll i th iu m  was 

reco rd ed  i n  THF-hexane. In  t h i s  spectrum , th e  re g io n  up­

f i e l d  from  S 3 .80  was alm ost co m p le te ly  obscured  by r e s o ­

nance a b s o rp tio n s  o f THF and hexane. The a b so rp tio n s  o f 

th e  pheny l r in g  p ro to n s were n o t obscured  and showed a 

marked u p f ie ld  s h i f t  from  th e  p o s i t io n s  o f  th e  s ig n a ls  o f  

th e  r in g  p ro to n s  o f  2a. A b so rp tio n s t h a t  could  be a t t r i ­

bu ted  to  th e  p resen ce  o f 2 a o r  2 b w ere n o t found in  t h i s  

spectrum  as n e i th e r  th e  complex s p l i t t i n g  p a t te r n  o f  th e  

phenyl p ro to n s  c h a r a c te r i s t i c  o f  2 a no r th e  s l i g h t l y
35broadened s in g l e t  e x h ib ite d  by th e  phenyl p ro to n s  o f 2 b
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C ounter- 
Anion io n

2a K.+

+2a Na

2 a K

2ac M+

2ad M+

2b L i+
+ +  3a K ,L i

R ecording
S o lven t

THF

THF

NH3 ( l i q . )

THF/hexane

THF-dg/
hexane

DME

THF/hexane

TABLE III
CARBANION H NMR CHEMICAL SHIFT DATA ( 6 )

A b so rp tio n s

Phenyl H1 H2 H3 Ref

6 .27
6 .7 3
7.32

(1H, m, p a ra )  
(2H, m, m eta) 
(2H, m, o r th o )

4 .5 0  (s) --- _a
—

6 .7 ?
7 .1 k
7-5

(m, p a ra )  
(m, m eta) 
(m, o r th o )

4 .9 3  (s) _ — _a 35

6.57
7.01
7 .6 4

(p a ra )
(meta)
(o rth o )

4 .67  (s ) —  “ 1.72  (3H) 55

6.25
6 .7 2
7 .3 0

(m, p a ra )  
(m, m eta) 
(m, o r th o )

4 .5 0  (s ) _a

6 .25
6 .70
7 .28

(m, p a ra )  
(m, m eta) 
(m, o r th o )

4 .5 0  (s) “  “ 2 . 0 2 64

6 . 8 b (s) 5 .2 5  (s) --------- — 35

5 .43
6 .30

(b rd  m, p a ra )  
(b rd  m, o r th o  
and m eta)

-_<*) ---------
_a

—

H-1
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C ounter- 
Anion io n

3a K+ ,L i+

74a L i+

74c K 

74a KH

.+

72 M

R ecording
S o lv en t

THF-dg/
hexane

TABLE III (CONTINUED)
CARBANION H NMR CHEMICAL SHIFT DATA ( 6 )

A b so rp tio n s

Phenyl

THF-d 8

5 .47  (1H, b rd  m, 
p a ra )

6 . 3 3  (4H, b rd  m, 
o r th o  and 
m eta)

5 .7 0  (m, p a ra )
6 .3v  (m, p a ra )  
6 . 6  (m, m eta)

THF-d8 6 .7 0  (p a ra )

NHo ( l i q . )  5 .4 8  (p ara )
5 .9 0  (1H, o r th o )
6 .2 -6 .5  (3H, o r th o , 

m eta)

THF/hexane 6 .73  (brd  m)

H, H,

3 .82  (1H,
b rd  s)

4 .1  (d ) 1

4 .22  (1H) 6 .63  (1H)

H.

2 .60  (2H,
b rd  d)

6.7  (m) 2.9  (m)

2 .93  (1H) 
3 .39  (1H)

P ro to n  a b s o rp tio n s  obscured  by s o lv e n t a b s o rp tio n s .  E stim ated  from  th e  p u b lish e d
c dspectrum . From t i t r a t i o n  w ith  D2 0 . From t i t r a t i o n  w ith  H20 .

eD im ethoxyethane. ^W hether th e  c o u n te r io n  i s  e i t h e r  Li*" o r  K*" i s  n o t known.

R e f .

56

56

55

ho
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were found. In  a d d i t io n ,  s ig n a ls  a s s ig n a b le  to  th e  v in y l i c  

p ro to n s  which shou ld  a l s o  be o b se rv ab le  were n o t found .

From t h i s  i t  was concluded t h a t  th e  co n v ers io n  o f 2a to  

th e  d ia n io n  2  w^s com plete , and, as th e  NMR spectrum  d id  

no t change w ith  tim e , r e p ro to n a tio n  a t  Cg was n o t ta k in g  

p la c e .

A com plete spectrum  of th e  d ia n io n  _3 was reco rd e d  in  

THF-dg/hexane a t  a te m p e ra tu re  o f 43° and w ith  te t r a m e th y l-  

s i l a n e  as an e x te rn a l  s ta n d a rd . The fo llo w in g  a b so rp tio n s  

were observed: a m u l t ip le t ,  somewhat broadened and p o o rly

re s o lv e d , cen te red  a t  6 6 .33(4H ), assigned  to  th e  o r th o  

and m eta r in g  p ro to n s ; a broad m u lt ip le t  c e n te re d  a t  6 

5.47(1H) assig n ed  to  th e  p a ra  r in g  p ro to n ; a b road  s in g l e t  

a t  6 3.82(1H) a ss ig n ed  to  H-jj and a p a r t i a l l y  re so lv e d  

d o u b le t cen te red  a t  <5 2.60(2H) assig n ed  to  Hga and Hg-g.

W ith th e  ev idence f o r  com plete d ia n io n  fo rm a tio n  and 

lack  o f  re p ro to n a tio n  o b ta in ed  by NMR, th e  p o s s i b i l i t y  

th a t  th e  C-̂  a lk y la t io n  p ro d u c ts  o r ig in a te d  by a lk y la t io n  

o f an e n o la te  an ion  was d isc o u n te d . Supporting  ev idence

l 2 -

\  Ho 0

o

C C C

H-1

3
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th a t  th e s e  p ro d u c ts  o r ig in a te d  by a lk y la t io n  of th e  d ia n io n  

3 was a ls o  o b ta in e d  th rough  th e  u se  o f  NMR.

A s o lu t io n  o f th e  d ia n io n  3 was p rep a red  as b e fo re  i n  

THF-hexane and th e  NMR spectrum  re c o rd e d . The expected  

resonance a b s o rp tio n  p a t te r n  of th e  phenyl p ro to n s was ob­

se rv ed . B enzyl c h lo r id e  was added to  th e  s t i r r e d  s o lu t io n  

u n t i l  th e  in te n s e  re d  c o lo r  o f  th e  d ia n io n  had perm anently  

d isa p p ea re d . The NMR spectrum  o f  th e  r e s u l t in g  s o lu t io n  

was th e n  re c o rd e d  (Table I I I ) . I t  was expected  th a t  ben- 

z y la t io n  a t  would g iv e  r i s e  to  an  e n o la te  an ion , e i t h e r  

73a o r  73b whose NMR spectrum  would resem ble  th e  NMR sp ec­

trum  of e i t h e r  2a o r 2b. Such a spectrum  would be r e a d i ly  

i d e n t i f i a b l e  by th e  p resence  o f a  s ig n a l  due to  th e  ab­

s o rp t io n  o f th e  v in y l ic  p ro to n  on C-̂  and should  be lo c a te d  

c lo se  to  th e  p o s i t io n s  o f th e  v in y l i c  p ro to n  s ig n a ls  of 

e i th e r  Za o r  2 b as i t  i s  n o t ex p ec ted  t h a t  th e  i s o la te d  

benzyl group would have an e x te n s iv e  in f lu e n c e  on th e  en ­

vironm ent o f  th e  C-̂  p ro to n . I f ,  how ever, a lk y la t io n  took  

p lace  a t  t o  g iv e  7_2 th e  environm ent around would be 

g r e a t ly  a l t e r e d .  The a b so rp tio n s  o f  th e  phenyl p ro to n s 

should  c o l la p s e  in to  a s in g l e t  r e f l e c t i n g  th e  lo s s  o f 

charge d e lo c a l iz e d  in to  th e  r in g .  The a b s o rp tio n  o f th e  

p ro to n , now a m ethine hydrogen, sh o u ld  be lo c a te d  con­

s id e ra b ly  u p f ie ld  from  th e  re g io n  o f th e  v in y l ic  p ro to n  

a b s o rp tio n s . The s ig n a ls  of th e  two v in y l ic  p ro to n s 

should a ls o  be lo c a te d  f u r th e r  u p f ie ld .  The NMR spectrum

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



45
Scheme XXII

PhCH2Cl

a lk y la t io n  a t  C-, 
------------------------------------------------ 1— y .

a lk y la t io n  a t

0“M+
I

PhCHC=CH0
I 2
CH2Ph

72

Ph

H

\ > /  
/  \

0"M+

CH2CH2Ph

73a

*>h .CH9CH9Ph\  /  2 2  
,C=C

/  \  -  +H 0M+

73b

of th e  s o lu t io n  d id  d is p la y  reso n an ce  a b so rp tio n s  th a t  were 

expected  f o r  th e  e n o la te  an ion  form ed on b e n z y la tio n  a t  C-̂ . 

O ther th a n  th e  resonance  a b so rp tio n s  o f THF and hexane th a t  

obscured  th e  r e g io n  o f th e  spectrum  u p f ie ld  from  6 3 .8 , th e  

on ly  s ig n a ls  observed  were a broad a b s o rp tio n  a t  6 6 .73 and 

a broad s in g l e t  a t  5 6.81 and a re  c l e a r ly  a t t r i b u t a b l e  to  

th e  p ro to n s  o f  th e  two phenyl r i n g s . The NMR spectrum  of 

th e  E -isom er 73b would be expected  to  have s in g le t s  f o r  

th e  phenyl p ro to n  a b s o rp tio n s , as i n  th e  spectrum  of 2 b
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o n ly  a s l i g h t ly  broadened s in g le t  f o r  th e  phenyl p ro to n  

a b so rp tio n s  was o b serv ed . In  a d d i t io n , an  o b se rv ab le  

a b s o rp tio n  due to  th e  v in y l ic  p ro to n  shou ld  a ls o  have been 

observed  in  th e  spectrum  o f 73b. As i t  was n o t , benzy la- 

t i o n  a t  g iv in g  r i s e  to  72. must have o ccu rred  and w ith  

v e ry  h ig h  r e g i o s p e c i f i c i t y .

A d d itio n a l su p p o rt f o r  th e  fo rm a tio n  o f 72 has been 

o b ta in ed  s in c e  by o th e r  members o f t h i s  r e s e a rc h  group by 

tra p p in g  w ith  c h lo ro tr im e th y ls i la n e  th e  in te rm e d ia te  ob­

ta in e d  on th e  r e a c t io n  o f 3̂ w ith  2 -brom opropane to  y ie ld
Q /

4 -m e th y l-3 -p h en y l-2 - ( t r im e th y ls i lo x y ) - l -p e n te n e .

The s i t e  o f i n i t i a l  p ro to n a tio n  o f th e  d ia n io n  3̂ was 

determ ined  a ls o  by NMR in  a manner s im ila r  to  th e  d e te r ­

m in a tio n  o f th e  s i t e  o f a lk y la t io n .  A s o lu t io n  o f 2  was 

p rep ared  in  THF-hexane and D2O was th e n  added u n t i l  th e  

in te n s e  red  c o lo r  was com pletely  d isch a rg ed  g iv in g  a l ig h t

re d  s o lu t io n . The NMR spectrum  of t h i s  s o lu t io n  compared
+ +v e ry  c lo s e ly  w ith  th e  spectrum  o f 2a (M = K ) w ith  th e  

d i s t i n c t iv e  m u l t ip le t s  o f  th e  o r th o , meta and p a ra  r in g  

p ro to n s  and th e  s in g l e t  o f th e  v in y l ic  p ro to n  lo c a te d  a t  

6 4 .5 0  (Table I I I ) .  From t h i s  spectrum  i t  was determ ined 

th a t  i n i t i a l  p ro to n a tio n  o f th e  d ia n io n  3  o ccu rred  ex c lu ­

s iv e ly  a t  Cg to  g iv e  on ly  th e  Z-isom er o f th e  e n o la te  an ion  

2 a . This i s  i n  keep ing  w ith  th e  p r in c ip le  o f m icroscop ic  

r e v e r s i b i l i t y  s in c e  th e  d ia n io n  _3 has been  shown to  a r i s e  

from  th e  d e p ro to n a tio n  o f 2 a a t  C^.

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



47
In  g e n e ra l ,  v a r io u s  s tu d ie s  have shown t h a t  a ketone 

o f th e  g e n e ra l ty p e  4 when converted  to  i t s  correspond ing  

d ia n io n  §_ v ia  th e  e n o la te  anion ,5 r e a c ts  w ith  a lk y la t in g  

ag en ts , ca rb o n y l compounds, e s t e r s ,  co n ju g ated  system s and 

epoxides a t  th e  s i t e  of secondary io n iz a t io n .  In  none

Scheme XXIII

0
_ II -|- +

(PhCHCCH2) K ,L i — — 

3

o f th e  system s p re v io u s ly  s tu d ie d  was a lk y la t io n  o f th e  

m ethine carbon o b served . The h ig h  r e a c t i v i t y  o f th e  se c ­

ondary s i t e  in d ic a te s  t h a t  th e  i n i t i a l  charge formed on 

secondary io n iz a t io n  rem ains la rg e ly  lo c a l iz e d  a t  t h i s  

s i t e  m a in ta in in g  th e  h ig h  b a s ic i ty  o f t h i s  p o s i t io n .

As w ith  o th e r  d ian io n s  d e riv ed  from  k e to n es of th e  

g en e ra l ty p e  4 , th e  d ian io n  o f l-p h en y l-2 -p ro p an o n e  (3) 

underwent 1 ,2 - a d d i t io n  a t  th e  te rm in a l p o s i t io n .^  A lso , 

i t  was e s ta b l is h e d  th a t  th e  i n i t i a l  s i t e  o f  p ro to n a tio n

Ph 0"M

*  \ = /  /  \
H CH2D

2 a

M+0" H

C=C
/  \PhCH H

I
D
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was a t  th e  te rm in a l p o s i t io n .  R eac tio n  w ith  a lk y l  h a l id e s ,  

however, le d  to  p r e f e r e n t i a l  a lk y la t io n  a t  whereas a lk y ­

la t i o n  o f a l l  o th e r  ketone  d ian io n  system s i s  a t  th e  p o s i­

t i o n  analogous t o  C-j. I t  must be concluded , th e n , th a t  th e  

d ia n io n  3 i s  a ty p e  o f  r e a c t iv e  in te rm e d ia te  d i f f e r e n t  from  

o th e r  d ia n io n  system s d e r iv e d  from k e to n es  o f  th e  g en e ra l 

ty p e  4, and i s ,  i n  f a c t ,  r e p re s e n ta t iv e  o f  a h e re to fo re  

unrecognized  c la s s  o f s t a b i l i z e d  ketone  d ia n io n s .

The u n u su a l ch em istry  d isp lay ed  by th e  d ia n io n  3 i s  

no t w ith o u t analogous p reced en t as th e  ch em istry  o f th e  

propenylbenzene an ion  (74) on com parison proves to  be q u ite  

s im ila r .  Campbell and Y oung^ showed t h a t  quenching o f  74

Ph— C H ^  CH— CH^

74

(M+ = Na+) i n  l iq u id  ammonia w ith  th e  p ro to n  donors ammo­

nium c h lo r id e , m ethano l, and phenylethyne gave ap p ro x i­

m ate ly  85% 1 -propenylbenzene and 15% 2-p ropeny lbenzene. 

Quenching o f th e  sodium s a l t  of 74 in  p en tan e  w ith  m ethanol
A O

gave 74% 2-propenylbenzene and 26% 1-propenylbenzene sug­

g e s tin g  th a t  i n  le s s  p o la r  so lv e n ts  p ro to n a tio n  occurred  

p r e f e r e n t ia l ly  a t  C-̂  r a th e r  th a n  C3 . As excess sodium amide 

was p re se n t in  th e  r e a c t io n  m ix tu re , th e  p o s s i b i l i t y  th a t  

e q u i l ib r a t io n  o ccu rred  could  no t be d isc o u n ted . Herbrandson
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49and Mooney observed  s im i la r  r e s u l t s  on quenching of th e  

l i th iu m  s a l t  o f 11̂  i n  l iq u id  ammonia w ith  ammonium c h lo r ­

id e  and in  d ie th y l  e th e r  w ith  m ethanol. In  th e  form er 

c a se , 80% 1 - propeny lbenzene and 2 0 %, 2 -p ropeny lbenzene was 

o b ta in ed  and i n  th e  l a t t e r  case ap p ro x im ate ly  54% 

1-propenylbenzene and 48% 2-propenylbenzene w ere o b ta in ed .

Acetophenone r e a c te d  w ith  th e  sodium s a l t  o f 74 in  

l iq u id  ammonia,'*® as  d id  benzophenone w ith  th e  l i th iu m  

s a l t  o f 74 in  d ie th y l  e t h e r , ^  a t  to  g iv e , r e s p e c t iv e ly ,

1 , 4 -d ip h e n y l-4 -h y d ro x y -l-p en te n e  and 4 -h y d ro x y -l ,4 ,4 -  

t r ip h e n y l - l - b u te n e .

R eaction  of 74 (M+ = Na+) in  l iq u id  ammonia w ith  

benzy l c h lo r id e  gave 3 ,4 -d ip h en y l-  1 -bu tene ,'*^  th e  

p roduct o f a lk y la t io n  a t  C- .̂ M eth y la tio n  w ith  se v e ra l

m e th y la tin g  a g e n ts ,  in c lu d in g  iodom ethane was shown to
52occur alm ost e x c lu s iv e ly  a t  C-̂ . In  a d d i t io n ,  a lk y la t io n  

o f  74 (M+ = Na+) i n  l iq u id  ammonia w ith  a l l y l i c  h a l id e s
C O  c  /

gave m ainly p ro d u c ts  o f C-̂  s u b s t i tu t io n  ’ w ith o u t r e ­

arrangem ent o f th e  a l l y l i c  m oiety in d ic a t in g  th a t  a lk y la -
r /

t i o n  proceeded by an Sn2 mechanism. The same r e a c tio n s

when run  in  pen tan e  d id  y ie ld  p ro d u cts  o f  b o th  C-̂  and

s u b s t i tu t io n  and w ith  some rearrangem ent o f  th e  a l l y l i c

m oie ty  and i t  was su g g es ted  th a t  t h i s  r e a c t io n  in  a le s s
48p o la r  so lv en t was p a r t i a l l y  Snl in  c h a ra c te r .

The NMR spectrum  o f th e  ca rban ion  74 has been reco rded
r r r /*

i n  bo th  l iq u id  ammonia and te tra h y d ro fu ra n  w ith  lith iu m ,
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sodium and p o tassiu m  as th e  c o u n te r io n s . The resonance  

a b so rp tio n s  o f th e  o r th o  and meta r in g  p ro to n s  w ere found 

betw een 8 5 .90  and 8 6 .7 0 , th e  o r th o  p ro to n  a b s o rp tio n s  

b e in g  s l i g h t l y  u p f ie ld  from  th e  a b so rp tio n s  o f th e  meta 

p ro to n s . The a b s o rp tio n  o f th e  p a ra  r in g  p ro to n  was found 

app rox im ate ly  0 .5  ppm u p f ie ld  from th e  s ig n a ls  o f  th e  o th e r  

r in g  p ro tons (Table I I I ) .  In  l iq u id  ammonia, w ith  p o ta s ­

sium as th e  c o u n te r io n , th e  a b s o rp tio n  o f th e  p a ra  p ro to n  

appeared  a t  8 5 . 4 8 . ^  In  THF, w ith  l i th iu m  o r  sodium as 

th e  c o u n te rio n s , t h i s  a b s o rp tio n  appeared  a t  8 5 .7 0  and 

w ith  po tassium  as th e  c o u n te r io n , t h i s  a b s o rp tio n  was 

found a t  6 5 .6 3 .^  The la rg e  u p f ie ld  s h i f t  o f  th e  phenyl 

p ro to n  ab so rp tio n s  when compared w ith  th e  phenyl p ro to n  

ab so rp tio n s  o f th e  n e u t r a l  m olecule ( 6  7 .10  f o r  1 -p ro p en y l- 

benzene and 2 -p ro p e n y lb e n z e n e )^  i s  a t t r i b u t e d  to  e x ten ­

s iv e  d e lo c a l iz a t io n  o f th e  n e g a tiv e  charge in to  th e  r in g .

The la rg e  u p f ie ld  s h i f t  o f th e  p a ra  p ro to n  a b s o rp tio n  i s  

an in d ic a t io n  o f th e  d eg ree  o f charge d e lo c a l iz a t io n  and 

consequen tly  th e  d eg ree  o f  a s s o c ia t io n  o f th e  ca rb an io n  

and i t s  c o u n te r io n  w hich i s  dependent on b o th  th e  n a tu re  

o f  th e  co u n te r io n  and th e  s o lv a t io n  power o f th e  s o lv e n t .

The s t r u c tu r e  o f  th e  propenylbenzene an io n  i n  s o lu ­

t i o n  as deduced from  th e  NMR s p e c tra  was re p o r te d  t o  be
55 56p la n a r  w ith  th e  C-̂  and C2  hydrogens o r ie n te d  t r a n s  (74a). ’

A p la n a r  s t r u c tu r e  w ith  th e  C-̂  and C£ hydrogens o r ie n te d
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c is  ( 74b) was co n s id ered  to  be s u b je c t  to  s t e r i c  crowd­

in g . The r e la t io n s h ip  o f l-p h en y l-2 -p ro p an o n e  and

1 -p ropeny lbenzene i s  r e a d i ly  a p p a re n t as  th e  tau to m eric  

enol o f  t h i s  k e to n e  i s  2 -h y d ro x y -l-p ro p en y lb en zen e . Eno- 

l a t e  an ion  fo rm a tio n  can be c o n s id e red  sim ply as conver­

s io n  o f  th e  a lc o h o l to  th e  a lk o x id e  s a l t ,  w ith  2 a being  

analogous t o  tra n s -1 -p ro p e n y lb e n z e n e . Secondary io n iz a ­

t io n  by rem oval o f a  p ro to n  a t  from  2 a i s  com parable to  

io n iz a t io n  o f  1 -propenylbenzene to  th e  propenylbenzene 

an ion  ( 74a) . Both th e  1 -pheny l-2 -p ropanone d ian io n  (3) 

and th e  propenylbenzene an ion  (74a) have been shown to  

r e a c t  w ith  ca rb o n y l compounds a t  th e  te rm in a l carbon (Cg)
Q /

v ia  1 ,2 - a d d i t io n .  R eac tio n  o f 3 w ith  1^0 was shown to  

occur e x c lu s iv e ly  a t  C^. R e ac tio n  o f  74a w ith  p ro to n  

donors, o ccu rred  p r e f e r e n t i a l ly  a t  i n  l iq u id  ammonia 

w hile  i n  l e s s  p o la r  so lv e n ts  C-̂  p ro to n a t io n  in c re a se d . 

A lso , bo th  3 and 74a were found to  r e a c t  w ith  a lk y l h a l ­

id e s  p r e f e r e n t i a l l y  a t  C-̂  w ith  th e  propenylbenzene an io n
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g iv in g  n e u t r a l  p roducts l-a lk y l- l-p h e n y l-2 -p ro p e n e s  (75)

CHCH=CH,

and 3 on m onoa lky la tion  g iv in g  th e  e n o la te  an io n  7j6. The 

fo rm a tio n  o f  t h i s  in te rm e d ia te  was s u b s ta n tia te d  by t r a p ­

p ing  7j6 (R = CHCCHg^) w ith  c h lo ro tr im e th y ls i la n e  to  g iv e  

th e  tr im e th y ls ilo x y p ro p e n e  T7_. The NMR spectrum  o f  th e

0 "M OSi(CHo)o
| (CHo)oSiCl | J  J

PhCHC=CH0 ------- — ------- >  PhCHC=CHo
l 2  I 2
R R

76 77

in te rm e d ia te  o b ta in ed  on t i t r a t i o n  o f 3 w ith  benzy l c h lo r ­

id e  d id  no t have th e  C-̂  v in y l i c  p ro to n  a b so rp tio n  expec ted  

f o r  th e  analogous e n o la te  an io n  o f 2 a bearin g  th e  b enzy l 

s u b s t i tu e n t  a t  . A lk y la tio n  o f th e  propenylbenzene an io n  

i s  though t to  proceed v ia  an  Sn2 mechanism. A lthough not 

proven, a lk y la t io n  of th e  d ia n io n  3 should proceed v ia  a 

s im ila r  mechanism.
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I n  th e  NMR s p e c tra  of 3 and 74a s i m i l a r i t i e s  a re  a lso  

found. In  b o th  s p e c tra  th e  a b so rp tio n s  o f th e  o rth o  and 

meta p ro to n s  a r e  found to g e th e r  a lth o u g h  th e  chem ical 

s h i f t s  v a ry , w ith  th e  a b so rp tio n  o f th e  p a ra  p ro ton  found 

app rox im ate ly  0 .5  ppm u p f ie ld .  The a b s o rp tio n s  o f th e  C-̂  

and p ro to n s  a ls o  have com parable chem ical s h i f t s  (Table 

I I I ) . As th e  s o lu t io n  s t r u c tu r e  o f  th e  propenylbenzene 

an ion  i s  p la n a r  w ith  th e  and C£ hydrogens o r ie n te d  

t r a n s ,  a long  w ith  th e  c lo se  s i m i l a r i t i e s  of th e  NMR spec­

t r a  o f 3̂ and 7 4 a , i t  i s  p robab le  t h a t  th e  s o lu t io n  s t r u c ­

tu re  o f  3 i s  a ls o  p la n a r  w ith  th e  C-̂  hydrogen and th e  C£ 

oxygen o r ie n te d  t r a n s  ac ro ss  th e  C-^-C2 bond (3 a ) . I t  i s  

a lso  p ro b ab le  t h a t  th e  s o lu t io n  s t r u c tu r e  3b w ith  th e  

phenyl r in g  and th e  C£ oxygen o r ie n te d  t r a n s  ac ro ss  th e

0

2 -
0

H O L / H

H H
O "

3a 3b

C^-C2 bond would be su b je c t to  s t e r i c  crowding as i s  

74b and would n o t be a favored  con fo rm atio n . Only r e ­

c e n tly  has th e  u n s ta b le  Z ,E -1 ,3 -d ip h en y lp ro p en y l anion
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(78) been observed  and on ly  a t  te m p e ra tu re s  below -45° as 

ra p id  rearrangem en t to  th e  more s ta b le  E ,E -isom er (79) 

occurs a t  h ig h e r  te m p e ra tu re s .* ^

Scheme XXIV

/  \
Ph CHr

Ph
THF, -45°

Ph

7978

Two m ajo r resonance r e fe re n c e  s t r u c tu r e s  a re  sug­

g es ted  f o r  th e  1 -pheny l-2 -p ropanone d ia n io n , 3c and 3d.

H H

H

3c 3d

The resonance  re fe re n c e  s t r u c tu r e  3c i s  s im ila r  to  74a w ith  

one n e g a tiv e  charge lo c a l iz e d  on oxygen and th e  o th e r  n eg a­

t i v e  charge h ig h ly  d e lo c a liz e d  o v er C- ,̂ C£ and Cg and th e  

phenyl r in g .  T his i s  in  keep ing  w ith  th e  observed s im i­

l a r i t i e s  i n  th e  ch em istry  and th e  NMR s p e c tra  o f 74a and 3.

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



S u b tle  d if fe re n c e s  in  th e  p ro d u c t d i s t r i b u t i o n  on p ro to n a ­

t i o n  o f 74a and 2  and on m e th y la tio n  w ith  iodom ethane in  

p o la r  so lv e n ts  a re  o b se rv ed . The form er ca rb an io n  u n d er­

goes alm ost ex c lu s iv e  C-̂  m e th y la tio n  and g iv e s  a m ix tu re  

o f 1 -  and 2 -propenylbenzene and th e  l a t t e r  c a rb an io n  under 

goes e x c lu s iv e  p ro to n a tio n  a t  Cg and g iv e s  a m ix tu re  o f  C-̂  

and Cg m e th y la tio n  p ro d u c ts  w hich su g g es ts  n o t a s i g n i f i ­

can t d if fe re n c e  in  th e  ch a rg e  d e n s ity  a t  C- ,̂ b u t r a th e r ,  

r e f l e c t s  a d if fe re n c e  i n  th e  charge d e n s i ty  a t  Cg. An in ­

c re a se d  charge d e n s ity  a t  Cg may be in d ic a t iv e  o f  th e  im­

p o rta n c e  o f 3d as a re so n an ce  re fe re n c e  s t r u c t u r e .  The 

charge  d e n s ity  on Cg m ust s t i l l  be c o n s id e ra b ly  le s s  th a n  

th e  charge  d e n s ity  on th e  te rm in a l  carbon o f th e  d ia n io n s  

o f 1 ,3 -d ik e to n e s  80 as  in  th e s e  system s a lk y la t io n  and 

o th e r  r e a c t io n s  w ith  e l e c t r o p h i l e s  occur e x c lu s iv e ly  a t  

th e  te rm in a l p o s i t io n .

The mode o f p ro to n a tio n  o f 3a i s  as y e t n o t w e ll de­

f in e d .  I n i t i a l  p ro to n a tio n  a t  C-̂  fo llow ed  by r a p id  e q u i l ­

ib r a t i o n  to  2 a i s  no t c o n s id e red  l ik e ly  in  view  o f th e

0 0

R

H H

80
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0 "M +

3a Hr+
-> PhCH2C=CH2 2a

r e s u l t s  o f  a lk y l a t i o n - s i l y l a t i o n .  Such a p ro to n  s h i f t  

may a ls o  le a d  to  fo rm a tio n  o f 2b w hich shou ld  be d e te c ­

ta b le  by NMR and by tra p p in g  w ith  c h lo ro tr im e th y ls i la n e . 

P ro to n a tio n  o f  74a i s  no t w ell u n d ers to o d  e i t h e r ^  and i t  

appears th a t  th e  p o s i t io n  of p ro to n a tio n  under k in e t i c a l ly  

c o n tro l le d  c o n d itio n s  i s  dependent on th e  r e a c t io n  s o l ­

v e n t. In  l iq u id  ammonia th e  ca rb an io n  74a on p ro to n a tio n  

w ith  a v a r i e ty  o f  p ro to n  donors a f fo rd e d  1 -propenylbenzene
A O  A Q

in  excess o f  90%, ’ w hereas, p ro to n a tio n  in  le s s  p o la r
A Q  A Q

so lv e n ts  gave la rg e ly  2 -p ropeny lbenzene. ’

In  summary, i t  has been found t h a t  l im ite d  amounts of 

a lk y l h a l id e s  re a c te d  w ith  th e  p o tassiu m , l i th iu m  s a l t  o f 

th e  1 -p h e n y l-2 -propanone d ian io n  (3) p r e f e r e n t i a l l y  and 

o f te n  w ith  h ig h  r e g io s p e c i f i c i ty  a t  C-̂  i n  b o th  THF and 

THF-Et2 0. The r e l a t i v e  amount o f C-̂  a lk y la t io n  was found 

to  depend upon th e  ease  o f  d isp lacem en t o f  th e  leav in g  

group. 1 ,2 -A d d itio n  a t  by p-m ethoxybenzaldehyde, f i r s t  

re p o r te d  by H auser and coworkers'*' was confirm ed by i s o l a ­

t io n  o f 4 -hydroxy-4 - (p-m ethoxyphenyl)-1 -p h e n y l-2-butanone 

(70) which was d eh y d ra ted  to  th e  r e p o r te d  alkenone 71. 

R eac tio n  w ith  H20 and D20 occurred  e x c lu s iv e ly  a t  to
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g iv e  th e  e n o la te  an io n  2a which p o sse sse s  th e  Z -co n fig u ra - 

t i o n .  I t  was concluded th a t  th e  ch em istry  o f th e  d ia n io n  

2  was b e s t ex p la in ed  in  term s o f th e  ch em istry  o f th e  p ro ­

penylbenzene an io n  r a th e r  th a n  in  term s o f th e  chem istry  

shown by o th e r  s t a b i l i z e d  ketone d ia n io n  system s and i s  

re p re s e n ta t iv e  o f  a h i th e r to  un recogn ized  c la s s  of s t a ­

b i l i z e d  ketone d ia n io n s .
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TABLE IV

TRIMETHYLSILOXYPROPENE H NMR CHEMICAL SHIFT DATA ( 6 )

______________________ A b so rp tio n s  _____________ _____
Compound S o lv en t Phenyl ^3 Si(CH3 ) 3  R efe rence

6 8 a CDC13 6 .9 5 -7 .5 7  (m) 5 .38 (1H, s) 1 .90 (3H, s) 0 .15 —

6 8 a CC14 6 .9  -  7 . 6 a (m) 5.32 (1H, s ) — — 35

6 8 b CC14 CO
wC

M 5.77 (1H, s) — — 35

ZZb 7 . 1 2  (m) 2 .77 C1H, d) 4.03 (2H, d) 65

aE stim ated  from  th e  p u b lish e d  spectrum . ^R = CHCCHg^-



EXPERIMENTAL

G eneral

Potassium  h y d rid e  was o b ta in ed  as e i t h e r  a 22.5% o r 

a 35% su sp en sio n  by w eigh t i n  l ig h t  m in e ra l o i l  from  A lfa  

In o rg a n ic s , In c . n -B u ty ll i th iu m  was o b ta in e d  as e i t h e r  a 

2 .20  m olar o r  a 2 .45  m o lar s o lu t io n  in  hexane from  th e  

V entron C o rp o ra tio n . l-P h en y l-2 -p ro p an o n e  was o b ta in ed  

from  M atheson, Coleman and B e ll and d i s t i l l e d  b e fo re  u se . 

The a lk y l  h a l id e s  w ere o b ta in ed  from v a r io u s  com m ercial 

so u rces  and used w ith o u t f u r th e r  p u r i f i c a t i o n .  D ie th y l 

e th e r  and te tr a h y d ro fu ra n  were d r ie d  by r e f lu x in g  over 

sodium h y d rid e  fo llo w ed  by d i s t i l l a t i o n .  Hexane was d rie d  

s im i la r ly  over sodium .

A ll p re p a ra t iv e  r e a c t io n s  were c a r r ie d  ou t i n  a 250 

mL th re e -n e c k  M orton f l a s k  f i t t e d  w ith  a p re s s u re  eq u a l­

iz in g  a d d i t io n  fu n n e l ,  condenser, septum, and m agnetic 

s t i r r e r  under a n i t r o g e n  atm osphere. A ll g la ssw a re  used 

was oven d r ie d . The m in e ra l o i l  was removed from  p o ta s ­

sium hydride  by w ashing th e  su spension  w ith  two 20 mL p o r-  

t io n s  of hexane as d e s c r ib e d  by Brown, th e n  th e  r e a c t io n  

so lv e n t was added. The amounts of KH used  i n  each  e x p e r i­

ment a re  reco rd ed  a s  d ry  w e ig h ts . A ll p ro d u c ts  p rep a red , 

w ith  th e  ex c ep tio n  o f  4 -m ethy l-3 -pheny l-2 -hexanone a re
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d esc rib ed  i n  th e  l i t e r a t u r e  and t h e i r  d e r iv a t iv e s  p repared  

by s ta n d a rd  m ethods.

A ll b o i l in g  p o in ts  and m e ltin g  p o in ts  a re  u n c o rrec ted . 

The m e ltin g  p o in ts  were ob ta in ed  w ith  a Thomas-Hoover m e lt­

in g  p o in t a p p a ra tu s . The in f ra re d  s p e c t r a  were recorded  

w ith  a Beckman IR - 8  in f r a re d  sp e c tro p h o to m e te r . The NMR 

s p e c tra  were reco rd e d  w ith  a V arian  A-60A n u c le a r  m agnetic 

resonance sp ec tro p h o to m e te r in  ch lo ro fo rm  w ith  t e t r a -  

m e th y ls ila n e  as th e  in te r n a l  s ta n d a rd . The NMR s p e c tra  o f 

th e  ca rb an io n s w ere reco rd ed  in  th e  r e a c t io n  so lv e n t w ith  

te t r a m e th y ls i la n e  as th e  e x te rn a l  s ta n d a rd . Gas chromato­

g rap h ic  a n a ly s is  o f th e  crude r e a c t io n  m ix tu re s  was done 

u s in g  a V arian  A erograph 2700 gas chrom atograph.

P rocedures

P re p a ra tio n  and A lk y la tio n  o f th e  P o tass iu m  E no late  of 
l-P h en y l-2 -p ro p an o n e  (2 a ) . 3 -P h en y l-2 -b u tan o n e . MetHod A.

O Q

Follow ing th e  procedure of Brown, a s o lu t io n  o f 1- 

pheny l-2 -propanone (2 .68  g , 20 mM) i n  20 mL o f  dry  THF was 

added dropw ise t o  a s t i r r e d  su sp e n s io n  o f po tassium  h y d rid e  

(1 .04  g, 26 mM) in  20 mL of dry THF w hich  gave a f t e r  gas 

e v o lu tio n  ceased  a c le a r  o ran g e-red  s o lu t io n  o f th e  p o ta s ­

sium s a l t  o f 2a. A f te r  s t i r r i n g  f o r  an  a d d i t io n a l  10 min­

u te s ,  th e  s o lu t io n  was cooled  to  0 -5 ° ( ic e - ^ O )  and iodo- 

methane (3 .88  g , 27 mM) d isso lv e d  in  20 mL o f  d ry  THF was 

added. S t i r r i n g  was con tinued  f o r  two hours du ring  which
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tim e a heavy w h ite  p r e c ip i t a t e  (KI) formed as th e  red  

c o lo r  d isa p p e a re d . To t h i s  s o lu t io n  100 mL o f  d ie th y l  

e th e r  was added a long  w ith  20 mL o f H30 and th e  la y e r s  

were se p a ra te d  a f t e r  s t i r r i n g  5 m in u tes . The o rg an ic  

la y e r  was washed s u c c e s s iv e ly  w ith  d i l u t e  HC1 and s a tu r ­

a ted  NaHCOg s o lu t io n  and d r ie d  (Na2 S0 ^ ) . C o n c en tra tio n  

under reduced p re s s u re  and d i s t i l l a t i o n  gave 2 .04  g (69%) 

o f 3 -p h en y l-2 -b u tan o n e : bp 68-70° (1 .8  t o r r ) , ( l i t ^  bp

106-110° (22 t o r r ) ) ;  IR 1704 cm"1 ; NMR (CDClo) 5 1 .35  (d,
0  J

3, PhCHCH3) ,  1 .9 8  ( s ,  3 , CCH3) ,  3 .7 4  (q , 1 , PhCH) 7 .2 4  (s ,

5, Ph) ; sem icarb azo n e: mp 173-174° ( l i t * ^  mp 170-172°).

3 -P h en y l-2 -b u tan o n e . Method B.

1-P h e n y l-2-propanone (2 .68  g , 20 mM) was added d rop- 

w ise from a s y r in g e  to  a s t i r r e d  su sp en s io n  o f po tassium  

hydride  (1 .04  g , 26 mM) in  90 mL o f  T H F-diethyl e th e r  

(15% THF by v o lu m e). A f te r  gas e v o lu tio n  ceased , a c le a r  

red d ish -o ran g e  s o lu t io n  of th e  po tassium  s a l t  o f  2 a was 

o b ta in ed . A f te r  co o lin g  to  -78° (d ry  i c e - 2-p ro p an o l) iodo - 

methane (3 .88  g , 27 mM) was added from  a s y r in g e . A fte r  

5 m inu tes, th e  tem p era tu re  was brought to  0 -5° ( i c e - ^ O ) .

The s o lu t io n  was s t i r r e d  f o r  one hour. The c o lo r  soon 

d is s ip a te d  and a heavy w hite  p r e c ip i t a t e  (KI) form ed. To 

t h i s  was added 20 mL ^ 0 ,  th e  la y e r s  se p a ra te d  and th e  

o rg an ic  la y e r  washed w ith  H30  u n t i l  th e  washes were n e u t r a l
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to  l i tm u s . The s o lu t io n  was d r ie d  (Na2 S04) and concen­

t r a t e d  under reduced  p re ssu re  to  an  arom atic  o i l .  D i s t i l ­

l a t i o n  gave 2 .96  g (76%) o f 3 -p h en y l-2 -b u tan o n e : bp 78-79°

(3 .6  t o r r ) ,  ( l i t 5 8  bp 106-110° (22 t o r r ) ) ;  IR 1704 cm"1 ;
0

NMR (CDCI3 ) 6 1 .35 (d , 3, PI1CHCH3 ) , 1 .97 (s , 3, CCH3 ) ,

3 .74  (q , 1, PhCH), 7 .24  (s , 5, P h ) ; sem icarbazone: mp 

169-171°, ( l i t 5 9  170-172°).

3 -P henyl- 2 - pentanone

The po tassium  s a l t  of 2a, p rep a red  accord ing  to  

method B, was re a c te d  w ith  io d o e th an e  (4 .20  g , 27 mM) f o r  

18 hours to  g iv e  2 .82  (87%) o f 3 -p h en y l-2 -p en tan o n e : bp

74-76° (2 .2  t o r r ) ,  ( l i t 58  116-119° (23 t o r r ) ) ;  IR 1710 

cm"1 ; NMR (CDCI3 ) 5 0 .81  ( t ,  3, CH2 CH3) , 2.00 ( s ,  3, CCH3 ) , 

1 .5 0 -2 .3 8  (m, 2, CHCH2 CH3) , 3.55 ( t ,  1, PhCHCH2) , 7 .25 ( s ,

5, P h ) ; sem icarbazone: mp 186-188°, ( l i t 5 8  mp 190-191°).

3-P hen y l-2 -h ep tan o n e

The po tassium  s a l t  of 2a, p rep a red  acco rd ing  to  

method A, was re a c te d  w ith  1 -io d o b u tan e  (4 .60  g , 25 mM) f o r  

18 hours to  g iv e  2 .95 g (77%) o f 3-p h en y l-2 -h e p tan o n e : bp

74-75° (0 .7  t o r r ) ,  ( l i t 5 8  bp 131-135° (16 t o r r ) ) ;  IR 1707 

cm"1 ; NMR (CDCI3 ) 6 0 .6 1 -2 .6 1  (m, 9 , n-C4H9) , 2 .02 ( s ,  3,

CCH3 ) , 3 .62 (q , 1, PhCH), 7.25 (s , 5 , P h ) ; sem icarbazone: 

mp 156-157°, ( l i t 5 8  mp 156-157°).
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The po tassium  s a l t  o f 2a, p repared  acco rd in g  to  method 

B, was re a c te d  w ith  1 -iodobu tane (5.00 g , 27 mM) f o r  20 

hours to  g iv e  2 .8 8  g (76%) o f 3 -phen y l-2 -b u tan o n e: bp

100-102° (3 .6  t o r r ) ;  sem icarbazone: mp 156-158°.

3 ,4 -D ipheny l-2 -bu tanone

The p o tassiu m  s a l t  o f  2a, p rep ared  acco rd in g  to  m eth­

od A, was r e a c te d  w ith  benzy l bromide (4 .00  g , 23 mM) f o r  

1 .5  hours to  g iv e  2 .68  g (60%) of 3 ,4 -d ip h e n y l-2 -b u ta n o n e :

bp 110-112° (0 .4  t o r r ) ,  ( l i t 5 8  bp 119-122° (1 t o r r ) ) ;  IR
0

1705 cm- 1 ; NMR (CDCI3 ) 6 1 , 8 5  ( s ’ 3 ’ CC53>’ 3 ‘ 1 2  2 ’

PhCH2 CH), 3 .95 ( t ,  1, PhCHCH2) , 7 .05 ( s ,  5 , P h ) , 7 .15 ( s ,

5, Ph); oxime: mp 134-135°, ( l i t 5 8  mp 133-134°).

R eac tio n  o f  2a (M+ = K+) , p repared  acco rd in g  to  m eth­

od A, w ith  b en zy l c h lo r id e  (2.86 g , 24 mM) f o r  1 .5  hours 

gave an o i l  as th e  crude p ro d u c t. Gas chrom atographic 

a n a ly s is  showed th a t  t h i s  o i l  con ta ined  benzy l c h lo r id e ,  

and 1 -pheny l-2 -propanone as th e  so le  com ponents. Evidence 

f o r  th e  expected  p ro d u c t 3 ,4 -d ip h en y l-2 -b u tan o n e  was n o t 

found.

R eac tio n  o f 2a (M+ = K+) w ith  2-bromopropane

The po tassium  s a l t  o f 2a, p repared  acco rd in g  to  method 

A, was re a c te d  w ith  2-bromopropane (3 .60  g , 30 mM) f o r  24 

hours a t  am bient te m p e ra tu re . The o i l  i s o la te d  from  t h i s
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r e a c t io n  was ana lyzed  by GC and was found to  c o n ta in  two 

m ajor components. In  o rd e r  o f  e lu t io n ,  th e s e  were id e n ­

t i f i e d  as l-p h en y l-2 -p ro p an o n e  (40%) and 4 -m ethy l-3 - 

p h en y l-2 -butanone (60%) .

The po tassium  s a l t  o f 2a, p rep ared  acco rd in g  to  method 

B, was re a c te d  w ith  2-brom opropane (3 .32  g , 27 mM) f o r  36 

hours a t  ambient te m p e ra tu re . The o i l  i s o l a te d  from  t h i s  

r e a c t io n  was ana lyzed  by GC and found to  c o n ta in  two m ajor 

components. In  o rd e r  o f  e lu t io n ,  th e s e  were i d e n t i f i e d  as  

1 -phenyl-2-propanone (85%.) and 4 -m e th y l-3 -p h en y l-2 -b u ta -  

none (15%).

Z -l-P h en y l-2 -  ( t r im e th y ls i lo x y )  -1 -propehe (67a)

+  +According to  m ethod A, a s o lu t io n  o f 2a (M = K ) was 

p rep ared  in  THF from  p o ta ss iu m  h y d rid e  (1 .04  g , 26 mM) and

1-phenyl-2-propanone (2 .6 8  g , 20 mM) and cooled  to  0-5° 

( i c e - ^ O ) . T rie th y lam in e  (2 .63  g , 26 mM) fo llo w ed  by 

c h lo ro tr im e th y ls i la n e  (3 .26  g , 30 mM) was added d i r e c t l y  

in to  th e  s t i r r e d  s o lu t io n  by sy r in g e , a f t e r  w hich th e  

o ran g e-red  c o lo r  o f th e  s o lu t io n  was d isch a rg ed  and a  w h ite  

p r e c ip i t a t e  im m ediately  form ed. A f te r  s t i r r i n g  f o r  one 

hour, th e  so lv e n t was removed under reduced p re s s u re  and 

th e  re s id u e  ta k e n  up i n  p en tan e . This was f i l t e r e d  th ro u g h  

c e l i t e ,  d e c o lo r iz e d  w i th  a c t iv a te d  ch a rco a l and concen­

t r a t e d  under reduced p re s s u re  to  a c o lo r le s s  m obile l iq u i d .
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D i s t i l l a t i o n  gave 1.79 g (44%) o f Z - l -p h e n y l-2 - ( t r im e th y l­

s ilo x y )  -1 -p ro p e n e : bp 74-77° (1 .4  t o r r ) ,  ( l i t ^  bp 81°

(2 .0  t o r r ) ) ;  IR 1660 cm”1 ; NMR (CDCI3 ) 6 ° - 19  ( s ’ 9 ’ 

Si(CH3) 3) ,  1 .92 (s , 3, C-CH3) ,  5 .38  (s , 1, PhCH=C), 7 .0 0 - 

7.45 (m, 5, P h).

The po tassium  s a l t  o f  2a was p rep ared  acco rd in g  to  

method B from po tassium  h y d rid e  (1 .0 4  g , 26 mM) and 1- 

phenyl-2-propanone (2 .68  g , 20 mM) th e n  cooled  to  0 -5 ° . 

T rie th y lam in e  (2 .63  g , 26 mM) fo llow ed  by c h lo ro tr im e th y l-  

s i la n e  (3 .26  g , 30 mM) w ere th e n  added d i r e c t l y  in to  th e  

s t i r r e d  s o lu t io n  by s y r in g e . A f te r  s t i r r i n g  f o r  one h o u r, 

th e  so lv e n t was removed under reduced  p re s su re  and th e  

re s id u e  ta k e n  up in  p en tan e . F i l t r a t i o n  th ro u g h  c e l i t e  

gave a p a le  y e llo w  s o lu t io n  w hich was c o n c e n tra te d  under 

reduced p re s s u re  to  a m obile  l i q u id .  D i s t i l l a t i o n  gave

3.00 g (73%) o f  Z - l-p h e n y l-2 - ( tr im e th y ls i lo x y ) -1 -p ro p e n e :  

bp 89-94° (3 .6  t o r r ) ;  NMR (CDC13) 6 0 .19 ( s ,  9, Si(CH3) 3)

1.93  ( s ,  3, CH3) ,  5 .38 ( s ,  1, PhCH=C), 7 .0 2 -7 .4 5  (m, 5, P h ) .

P re p a ra tio n  o f th e  l-p h en y l-2 -p ro p an o n e  d ia n io n  (3) i n  THF. 
R eac tio n  w ith  io d o e th a n e .

The po tassium  s a l t  o f  2a was p rep ared  in  THF acco rd in g  

to  method A by dropw ise a d d i t io n  o f a s o lu t io n  o f 1 -p h en y l-

2-propanone (3 .36  g , 25 mM) in  20 mL o f dry  THF to  a s t i r r e d  

su sp en sio n  o f p o tassium  h y d rid e  (1 .20  g , 30 mM) in  25 mL o f 

THF. The r e s u l t in g  c l e a r  o ran g e -red  s o lu t io n  was s t i r r e d
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f o r  10 m in u tes , th e n  coo led  to  -78° (dry ic e -2 -p ro p a n o l) .  

n -B u ty ll i th iu m  in  hexane (29 mM, 12 mL, 2 .40  mM/mL) was 

th e n  added dropw ise by sy r in g e  and im m ediately  re a c te d  to  

g iv e  an  in te n s e  dark  re d  s o lu t io n  of th e  d ia n io n  3 . A fte r  

s t i r r i n g  f o r  2 0  m in u te s , th e  tem p era tu re  was brought to  

0 -5 ° (ice-E^O) and a s o lu t io n  o f iodoethane (4 .68  g , 30 mM) 

i n  20 mL o f dry  THF was added dropw ise. R e a c tio n  was a l ­

most i mm ediate w ith  d isc h a rg e  o f  th e  c o lo r  and fo rm atio n  

o f a  heavy w h ite  p r e c i p i t a t e .  A fte r  s t i r r i n g  4 h o u rs , 15 

mL o f H2O were added fo llo w ed  by 150 mL o f d ie th y l  e th e r .  

A f te r  s e p a ra t io n , th e  o rg a n ic  phase was washed re p e a te d ly  

w ith  H£0 u n t i l  th e  washes w ere n e u tra l  to  l i tm u s . A fte r  

d ry in g  (MgSO^), th e  s o lu t io n  was co n c e n tra ted  under r e ­

duced p re s su re  to  g iv e  th e  crude p ro d u c t. Gas chrom ota- 

g ra p h ic  a n a ly s is  showed o n ly  a sm all t r a c e  o f  1 -p h e n y l-2 -  

propanone and two m ajo r components in  a r a t i o  o f  85 to  15. 

The la r g e r  f r a c t io n  was th e  f i r s t  to  e lu te  and was i d e n t i ­

f i e d  as 3 -pheny l-2 -pen tanone  on com parison o f  r e te n t io n  

tim es  w ith  an a u th e n tic  sam ple. The sm a lle r  f r a c t i o n  was 

n o t id e n t i f i e d .  D i s t i l l a t i o n  gave 3.80 g (79%) o f p u r i f ie d

3 -p h en y l-2 -p e n tan o n e : bp 86-90° (3 .3  t o r r ) ;  ( l i t 5 8  116-

119° (23 t o r r ) ) ;  IR 1707 cm- 1 ; NMR (CDCl.) 6 0 .82  ( t ,  3,
J 0

CH2 CH3) ,  1 .93 (m, 2, CHCH2 CH3) , 2.00 (s , 3, CCH3) , 3 .58 ( t ,  

1, PHCHCH2 ) ,  7.25 (s , 5 , P h ) ; sem icarbazone: mp 185-186°,

( l i t 5 8  mp 190-191°).
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P re p a ra tio n  o f th e  1-phenyl-2 -propanone d ian io n  (3) in  
th e  T H F-diethy l e t h e r . R eac tio n  w ith  io d o e th a n e .

The p o tassiu m  s a l t  o f  2a was p rep a red  in  90 mL of 

T H F-diethyl e th e r  (15% THF by volume) accord ing  to  method 

B from p o tassiu m  hydride  (1 .04  g , 26 mM) and l-p h e n y l-2 -  

propanone (2 .68  g , 20 mM) as a c l e a r  orange s o lu t io n . On 

co o lin g  to  0 -5° ( ic e -^ O )  n -b u ty l l i th iu m  in  hexane (22 nM,

10 mL, 2 .25  mM/mL) was added dropw ise by sy rin g e  which 

im m ediately  re a c te d  to  g iv e  a d a rk  red  s o lu t io n . A f te r  

s t i r r i n g  f o r  45 m inu tes, a s o lu t io n  o f iodoethane (3 .42  g ,

22 mM) i n  20 mL o f  dry d ie th y l  e th e r  was added d ropw ise.

As th e  c o lo r  was d isch arg ed  a heavy w h ite  p r e c ip i ta t e  

formed. A f te r  s t i r r i n g  f o r  1 h o u r, 10 mL of H20 was added, 

th e  la y e rs  se p a ra te d , and th e  o rg an ic  la y e r  washed w ith  

H2O. D rying (Na2 S0^) and c o n c e n tra t io n  under reduced 

p re s su re  gave th e  crude p ro d u ct a s  a m obile l iq u id .  D is­

t i l l a t i o n  gave 1 .69  g (54%) of 3 -p h en y l-2 -p en tan o n e : bp

79-83° (2 .6  t o r r ) ;  NMR (CDCI3 ) 0 , 8 1  3 ’ CH2CS3>» 1 *9 3

(m, 2, CHCH2CH3) ,  2.01 ( s ,  3, CCH3 ) , 3 .58  ( t ,  1, PhCH),

7 .25 ( s , 5, Ph).

R eac tio n  o f  3 w ith  1 -iodobu tane

The d ia n io n  3 was p rep ared  i n  THF as d esc rib ed  p re ­

v io u s ly  and re a c te d  w ith  1 -io d o b u tan e  (5 .52  g , 30 mM) f o r  

4 h o u rs . The crude p roduct was an a ly zed  by gas chroma­

tography  and was found to  c o n ta in  two. m ajor components i n  a
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r a t i o  o f  95 to  5 . The la rg e r  f r a c t io n  w hich e lu te d  f i r s t

was shown to  be 3 -pheny l-4 -hep tanone by com parison o f th e

r e te n t io n  tim e w ith  th a t  o f an  a u th e n tic  sam ple. The

sm a lle r  f r a c t i o n  was not id e n t i f i e d .  D i s t i l l a t i o n  gave

2.80  g (59%) o f p u r i f ie d  m a te r ia l .  Bp 87-91° (1 .3  t o r r )

( l i t 5 8  bp 131-135° (16 t o r r ) ) ;  IR 1707 cm- 1 ; NMR (CDC1.)
0  J

6 0 .6 0 -2 .6 1  (m, 9, n-C4 H9) ,  2 .00 (s , 3 , CCH3 ) , 3 .62 (q, 1, 

PhCH), 7 .25  ( s ,  5, P h ) ; sem icarbazone: mp 151°, ( l i t 5 8  mp 

156-157°).

The d ia n io n  3 p repared  i n  THF-Et2 0  (15% THF by volume)

as d e s c r ib e d  p re v io u s ly  was re a c te d  w ith  1 - io d o b u tan e  (4 .10

g, 22 mM) to  g iv e  2 .00 g (53%) o f 3 -p h en y l-2 -h ep tan o n e :

bp 94-97° (2 .0  t o r r ) ;  NMR (CDC1.) 5 0 .5 9 -2 .6 0  (m, 9,
0 J

n-C4 Hg ) ,  2 .01  ( s ,  3 , CCH3 ) , 3 .6 4  (q, 1 , PhCHCH-), 7.25 (s ,

5, P h ).

R e ac tio n  o f  th e  d ia n io n  _3 w ith  iodomethane

A s o lu t io n  o f th e  d ia n io n  3 p rep ared  i n  THF-Et2 0  as 

d e sc r ib e d  p re v io u s ly  was cooled  to  -78° (dry  ic e - iso p ro p a n o l)  

and re a c te d  w ith  iodomethane (2 .8 4  g , 20 mM) f o r  1 hour th e n  

a t  0 -5 °  ( ic e - ^ O )  f o r  3 h o u rs . A nalysis  o f th e  crude prod­

u c t i s o l a t e d  from t h i s  r e a c t io n  by gas chrom atography 

showed th e  p resen ce  o f two m ajor components in  a r a t i o  of 

65 to  35. The m ajor f r a c t io n  which e lu te d  f i r s t  was shown 

to  be 3 -pheny l-2 -bu tanone by com parison o f th e  r e te n t io n
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tim e w ith  t h a t  o f an  a u th e n tic  sam ple. The o th e r  com­

ponent was n o t i d e n t i f i e d .

This r e a c t io n  was re p e a te d  as d esc rib ed  ex cep t t h a t  

iodomethane (3 .1 2  g , 22 mM) was added a t  0° and s t i r r e d  

f o r  2 .5  h o u rs . Gas chrom atographic a n a ly s is  o f th e  crude 

p roduct showed th e  p resen ce  o f two components i n  a r a t i o  

o f  6 8  to  32. The l a r g e r  f r a c t i o n  was found to  be 4- 

m ethy l-3 -bu tanone by com parison o f th e  r e te n t io n  tim e w ith  

th a t  o f  an a u th e n t ic  sam ple.

R eac tio n  o f  th e  d ia n io n  3 w ith  2-bromopropane

A s o lu t io n  o f th e  d ia n io n  _3 was p rep ared  i n  THF as 

d esc rib ed  p re v io u s ly  and re a c te d  w ith  2-bromopropane (3 .8 1  

g , 30 mM) f o r  4 h o u rs . From t h i s  was o b ta in ed  3 .00  g ( 6 8 %.) 

o f  4 -m eth y l-3 -p h en y l-2 -p en tan o n e : bp 78-82° (2 .2  t o r r ) ,

( l i t 5 8  bp 109-114° ( ) ) ;  IR 1703 cm"1 ; NMR. (CDCI3 ) 5

0.83 (q , 6 , CH(CH3) 2) ,  2.02 ( s ,  3, CCH3 ) , 2 .48 (m, 1, 

CHCH(CH3) 2) ,  3 .5 8  ( t ,  1, PhCHCH), 7 .25  ( s ,  5, P h ) ; sem i­

carbazone: mp 148-149° ( l i t 5 8  mp 153-154°).

A s o lu t io n  o f th e  d ia n io n  was p rep ared  i n  THF-Et20 

as d e sc rib ed  p re v io u s ly  and r e a c te d  w ith  2 -bromopropane 

(2 .46  g , 20 mM) f o r  6  h o u rs . From t h i s  was o b ta in ed  2 .08  

g , (59%) o f  4 -m eth y l-3 -p h en y l-2 -p en tan o n e : bp 73-76° (1 .6

t o r r ) ;  NMR (CDC13) 6 0 .83 (q, 6 , CH(CH3) 2) ,  2 .01  ( s ,  3 ,
H
CCH3) ,  2 .48  (m, 1 , CHCH(CH3) 2) ,  3 .58  ( t ,  1, PhCHCH), 7 .25  

( s ,  5, P h ) ; sem icarbazone: mp 147-149°,
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R e ac tio n  of th e  d ia n io n  3 w ith  1 -ch lo ro b u ta n e

A s o lu t io n  o f th e  d ia n io n  _3 was p rep ared  in  THF as

d e sc r ib e d  p re v io u s ly  and re a c te d  w ith  1 -ch lo ro b u tan e  (2.78 g ,

30 mM) f o r  8 h o u rs . From t h i s  was o b ta in ed  3.39 g (70%)

o f 3 -p h en y l-2 -h ep tan o n e : bp 89-94° (1 .6  t o r r ) , ( l i t 5 8  bp

131-135° (16 t o r r ) ) ;  IR 1707 cm- 1 ; NMR (CDClo) 6 0 .61 -2 .61
0  J

(m, 9, n-C4 H9) ,  2.00 ( s ,  3, CCH3 ) , 3 .62  (q , 1 , PhCHCH2) ,

7 .25  (s , 5, P h ) ; sem icarbazone: mp 154-155°, ( l i t 5 8  mp

156-157°).

R eac tio n  of th e  d ia n io n  .3 w ith  2-m eth y l-  1-bromopropane

A s o lu t io n  o f th e  d ia n io n  _3 was p rep ared  in  THF as

d e sc r ib e d  p re v io u s ly  and re a c te d  w ith  2 -m ethy l-l-b rom opro - 

pane (4 .11 g , 30 mM) f o r  4 h o u rs . From t h i s  was o b ta in ed  

3 .4 2  g (72%) o f 5 -m eth y l-3 -p h en y l-2 -h ex an o n e : bp 81-85°

(1 .5  t o r r ) ,  ( l i t 5 8  bp 119-124° (14 t o r r ) ) ;  IR 1705 cm"1 ;

NMR (CDCI3 ) 5 0 .7 3 -2 .5 5  (m, 9 , -CH2 CH(CH3) 2) , 2 .00 ( s ,  3,
i(
CCH3 ) ,  3 .73 (q, 1, PhCHCH2) ,  7 .25 ( s ,  5, P h ) ; sem icarba­

zone: mp 115-116° ( l i t 5 8  mp 116 -118°).

R eac tio n  o f th e  d ia n io n  _3 w ith  2-brom obutane

A s o lu t io n  o f th e  d ia n io n  .3 was p rep a red  in  THF as

d e sc rib e d  p re v io u s ly  and re a c te d  w ith  2-brom obutane (4.11 g , 

30 mM) fo r  4 h o u rs . From t h i s  was o b ta in ed  3 .10 g (63%)
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o f 4 -m ethy l-3 -pheny l-2 -hexanone: bp 96-100° (3 .6  t o r r ) ;

IR 1712 cm"1 ; NMR (CDC13) 6 0 .5 7 -1 .7 4  (m, 8 , CH(CH3 )CH2CH3) , 
n

2 .03  (s , 3, CCH3) ,  2.33 (m, 1, CHCH(CH3 )CH2) , 3 .52  ( t ,  1, 

PhCHCH), 7 .25 (s , 5, P h ) .

Sem icarbazone: mp 141-144°.

A nal. Calcd f o r  C-^^H2 ^N3 0: C, 67 .88 ; H, 8 .56 ;

N, 16 .9 9 . Found: C, 67.88; H, 8 .5 8 ; N, 17 .15 .

2 ,4 -D in itro p h en y lh y d razo n e : mp 87-90°.

A nal. Calcd f o r  C-^H^N^O^, 0 .5  H2 0: C, 60.15;

H, 5 .8 4 ; N, 1 4 .7 6 . Found: C, 60 .26 ; H, 5 .85 ;

N, 14 .62 .

R eac tio n  o f th e  d ia n io n  _3 w ith  brom ocyclopentane

A s o lu t io n  o f th e  d ia n io n  3 was p rep a red  in  THF as 

d e sc rib ed  p re v io u s ly  and re a c te d  w ith  brom ocyclopentane 

(4 .47  g , 30 mM) f o r  3 h o u rs . From t h i s  was o b ta in ed  3 .10 g 

(62%) o f l-c y c lo p e n ty l- l-p h e n y l-2 -p ro p a n o n e : bp 100-105°

(1 .1  t o r r ) ,  ( l i t 6 0  bp 110-127° (2 .5  t o r r ) ) ;  IR 1703 cm"1 ;

NMR (CDC13) 6 0 .6 3 -2 .8 9  (m, 9 , cyclo-C 5 H9) , 2 .03 ( s , 3,
P i
CCH3) ,  3 .50 ( t ,  1, PhCH), 7 .26  (s , 5, P h ) ; 2 ,4 - d in i t r o -  

pheny lhydrazone: mp 114-115° ( l i t 6 0  mp 116 -118°).

R eac tio n  o f th e  d ia n io n  3̂ w ith  brom ocyclohexane

A s o lu t io n  of th e  d ia n io n  3 was p rep a red  as d esc rib ed  

p re v io u s ly  and re a c te d  w ith  bromocyclohexane (4 .90  g, 30 mM)
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f o r  4 hou rs. From t h i s  was o b ta in ed  3 .30  g (61%) o f 1-

cy c lo h ex y l-l-p h en y l-2 -p ro p an o n e : bp 110-113° (1 .1  t o r r ) ,

( l i t 6 2  bp 132-136° (2 .5  t o r r ) ) ;  IR 1712 cm"1 ; NMR (CDC1,)
0 J

6 0 .5 6 -2 .0 0  (m, 11, cyclo-C ^H -^), 2 .04  ( s ,  3, CCH^), 3.36 

(d, 1 , PhCH), 7 .16  ( s ,  5, P h ); 2 ,4 -d in itro p h en y lh y d razo n e : 

mp 151-152°, ( l i t 6 1  mp 155-156°).

R eac tio n  of th e  d ia n io n  3 w ith  brom omethylcyclohexane

A s o lu t io n  o f th e  d ian io n  _3 was p rep ared  in  THF as 

d esc rib ed  p re v io u s ly  and re a c te d  w ith  brom om ethylcyclo­

hexane (5 .31  g , 30 mM) fo r  4 h o u rs . From t h i s  was ob­

ta in e d  4.10 g (73%) o f 4 -cy c lo h ex y l-3 -p h en y l-2 -b u tan o n e :

bp 117-121° (1 .0  t o r r ) ;  NMR (CDC1.) 5 0 .5 5 -2 .2 4  (m, 13,
0 J

CH2C6H1;l) ,  2 .00  ( s ,  3, CCH3) ,  3.79 ( t , 1 , PhCH), 7.27 (s ,

5, P h ) ; 2 ,4 -d in itro p h e n y lh y d ra z o n e : mp 122-123°, ( l i t 6 2

mp 126-127°).

R eac tion  of th e  d ia n io n  3 w ith  benzy l c h lo r id e

A s o lu t io n  o f th e  d ian io n  3 was p rep ared  on THF as

d esc rib ed  p re v io u s ly  and re a c te d  w ith  benzy l c h lo rid e

(4 .70  g , 30 mM) f o r  4 h o u rs . From t h i s  was ob ta in ed  2.90 g

(52%) of 3 ,4 -d ip h en y l-2 -b u tan o n e : bp 115-120° (0 .5  t o r r ) ,

( l i t 5 8  bp 119-122° (1 .0  t o r r ) ) ;  IR 1704 cm '1 ; NMR (CDC1-)
0  J

6 1.89 (s , 3, CCH3) ,  3 .12 (m, 2, PhCH2 CH) , 3.90 ( t ,  1,
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PhCHCH2) ,  7 .04  ( s ,  5, Ph) , 7.17 ( s ,  5, P h ) ; 2 ,4 - d in i t r o ­

phenylhydrazone: mp 113-113.5° ( l i t ^  mp 115-117°).

R eac tio n  o f t he d ia n io n  .3 w ith  benzy l bromide

A s o lu t io n  o f th e  d ia n io n  _3 was p rep ared  in  THF as 

d esc rib ed  p re v io u s ly  and re a c te d  w ith  benzy l bromide 

(5 .13  g , 30 mM) f o r  3 h o u rs . From t h i s  th e  crude product 

was ob ta in ed  as  a pungent o i l .  Gas ch rom atrograph ic  an a ly ­

s i s  of t h i s  o i l  showed th a t  th re e  m ajor components were 

p re se n t in  about eq u a l amounts. The p resen ce  o f 3 ,4 -  

d ip h e n y l-2 -bu tanone as  one o f th e  m ajor components was 

a s c e r ta in e d  by com parison o f r e te n t io n  tim es  w ith  an 

a u th e n tic  sam ple.

R eac tio n  o f th e  d ia n io n  _3 w ith  p-m ethoxybenzaldehyde

A s o lu t io n  o f  th e  d ia n io n  3 was p rep ared  from  p o ta s ­

sium  h ydride  (2 .0 4  g , 26 mM), l-p h en y l-2 -p ro p an o n e  (2.68 g,

20 mM) and n -b u ty l l i th iu m  in  hexane (24 mM, 10 mL, 2.40 

mM/mL) in  100 mL o f THF. A s o lu t io n  o f p-m ethoxybenzalde­

hyde (2.72 g , 20 mM) in  30 mL o f THF was added dropwise a t  

0 -5 °  and s t i r r e d  f o r  2 h o u rs . A fte r  n e u t r a l iz in g  w ith  

H2 0, th e  la y e rs  were se p a ra te d  and d r ie d  (Na2 S 0 ^ ). Concen­

t r a t i o n  under reduced p re ssu re  gave a re d  o i l  which c ry s- 

t a l i z e d  on t r i t u r a t i o n  w ith  pentane to  g iv e  2 . 2 0  g (44%) o f 

crude 4-hydroxy-4- (p-m ethoxyphenyl)- 1 -pheny l-2 -b u tan o n e  (70) .
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R e c r y s ta l iz a t io n  from benzene-petro leum  e th e r  gave a cream
OH 0

w h ite  s o l id :  mp 78-79°; NMR (CDC1.) 6 2 .7 3 , ( s , 1, CHCH0C) ,
OH 0 J

2 .85  (d , 1, CCH2 C), 3 .23  (brd s ,  1, OH), 3 .67  ( s ,  2, PhCH2) , 

3 .77  ( s ,  3, OCH3) ,  5 .05  ( t ,  1, CH(0H)-CH2) ,  7 .00  (m, 4, 

p-(CH3 0)-C^H^) , 7 .23  ( s , 5, P h ) . A nal. C alcd  f o r  C-^yH^gO^: 

C, 75 .56 ; H, 6 .7 1 . Found: C, 75 .27; H, 6 .7 4 .

The hydroxyketone 70 (1 .50  g , 5 .5  mM) and p - to lu e n e -  

s u l fo n ic  a c id  monohydrate (0 .25  g , 1 .3  mM) were d is so lv e d  

in  75 mL o f benzene and h ea ted  a t  r e f lu x  f o r  4 h o u rs . On 

c o o lin g , th e  s o lu t io n  was washed w ith  two 10 mL p o r tio n s  

o f s a t . NaHCOg and d r ie d  (Na2 S 0 ^). C o n c en tra tio n  under 

reduced  p re s s u re  gave 0 .90  g (65%) o f 1-p-m ethoxyphenyl-

4 -p h e n y l- l-b u te n -3 -o n e  (71): mp 94-97° ( l i t ^  mp 99-101°);

NMR (CDClg), 6 3 .79 ( s , 3, 0CH3) , 3.90 ( s ,  2, PhCH2) , 6 .6 5 - 

7 .83 (m, 6 , p-CH3 0-C6H^CH=CH), 7.26 ( s , 5 , P h ) .

R e ac tio n  o f th e  d ia n io n  3 w ith  1 , 3 -d ip h e n y l- l-p ro p e n -3 -o n e

A s o lu t io n  o f th e  d ian io n  _3 was p rep a red  i n  40 mL o f 

THF from  po tassium  h y d rid e  (1 .66  g , 41 mM), l-p h e n y l-2 -p ro -  

panone (5 .36  g , 40 iriM) and n -b u ty l l i th iu m  in  hexane (48 mM, 

20 mL, 2 .40  mM/mL). To t h i s  was added a s o lu t io n  of 

1 , 3 -d ip h e n y l- l-p ro p e n -3 -o n e  (8 .32  g , 40 mM) in  d ry  THF and 

s t i r r e d  f o r  1 h o u r. This was th e n  n e u t r a l iz e d  w ith  20 mL 

o f  H2 0 , se p a ra te d  and washed w ith  d i l u t e  HC1 and s a tu ra te d
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NaHCO  ̂ s o lu t io n .  D rying and c o n c e n tra tin g  u n d er reduced 

p re s s u re  gave a w h ite  c r y s t a l l i n e  s o l id .  Mp 183-185°,

( l i t ^  113 -114°). The p ro d u c t was n o t f u r th e r  c h a ra c te r ­

iz e d .

NMR Spectrum  o f th e  po tassium  e n o la te  2a

The p o tassiu m  e n o la te  2a was p rep ared  by a d d i t io n  by 

sy rin g e  o f  l-p h en y l-2 -p ro p an o n e  (2 .68  g , 20 mM) to  a 

s t i r r e d  su sp e n s io n  o f po tassium  h y d rid e  (1 .0 4  g , 26 mM) in  

20 mL o f  THF. 469 mL (volume u n c o rre c te d )  o f  H2  was c o l­

le c te d  o v er H2O w ith  448 mL being  th e  c a lc u la te d  t h e o r e t i ­

c a l  volum e. The NMR spectrum  o f t h i s  s o lu t io n  was reco rded  

u s in g  te t r a m e th y ls i la n e  as  an e x te rn a l  s ta n d a rd . The 

a b so rp tio n s  were as  fo llo w s : 6 4 .50  (s , 1 , H^) , 6 .27 (m,

1, p a ra ) ,  6 .73  (m, 2, m e ta ) , 7 .32 (m, 2 , o r th o ) .  The

re g io n  u p f ie ld  from  6 4 .0  was obscured  by s o lv e n t ab so rp ­

t io n s .  The rem ainder o f th e  s o lu t io n  was n e u t r a l iz e d  w ith  

H2 O. A n a ly s is  by gas chrom atography showed o n ly  one com­

ponen t, t h a t  be ing  l - p h e n y l- 2 -propanone.

NMR Spectrum  of th e  d ia n io n  3a

The p o ta ss iu m  e n o la te  2a was p rep a red  by a d d i t io n  by 

sy rin g e  o f  l-p h en y l-2 -p ro p an o n e  (0 .53  g , 4 .0  mM) to  a 

s t i r r e d  su sp e n s io n  o f  po tassium  h y d rid e  (0 .2 1  g , 5 .2  mM) 

in  3 mL o f  THF. A f te r  s t i r r i n g  10 m in u te s , th e  s o lu t io n  

was coo led  to  -7 8 ° (d ry  i c e ,  iso p ro p an o l)  and n -b u ty l l i th iu m
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in  hexane (4 .8  mM, 2 mL, 2.40 mM/mL) was added. The deep 

red  s o lu t io n  was s t i r r e d  f o r  30 m inu tes th e n  brought to  

room te m p e ra tu re . The NMR spectrum  o f t h i s  s o lu t io n  was 

reco rded  u s in g  te tr a m e th y ls i la n e  a s  an e x te rn a l  s tan d a rd .

The a b s o rp tio n s  w ere as fo llo w s: 6 5 .43 (brd m, 1, p a ra ) ,

6.30 (brd  m, 4 , o r th o  and met a ) .

This was re p e a te d  in  THF-dg/hexane. The a b so rp tio n s  

were as fo llo w s : 6 2 .60 (brd  d , 2 , C -C I^ ), 3 .82 (brd s ,

1, PhCH-), 5 .4 7  (brd  m, 1, p a r a ) ,  6 .33 (brd  m, 4 , o rth o  

and p a r a ) .

T i t r a t io n  o f  th e  d ia n io n  3 w ith  D2 O

To th e  rem ainder of th e  s o lu t io n  in  THF-hexane p re ­

pared above D2 O was added dropw ise from  a sy rin g e  u n t i l  th e  

in te n se  re d  s o lu t io n  had perm anen tly  changed to  a red -  

orange s o lu t io n .  The NMR spectrum  was reco rd ed  and th e  

ab so rp tio n s  w ere as  fo llo w s: 6 4 .5 0  ( s ,  1 , PhCH=C), 6.25

(s , p a ra ) ,  6 .7 0  (m, m e ta ) , 7.28 (m, o r th o ) .

T i t r a t io n  o f  th e  d ian io n  3 w ith  b enzy l c h lo r id e

A s o lu t io n  o f th e  d ia n io n  _3 was p rep ared  from p o ta s ­

sium h y d rid e  (0 .21  g , 5 .2  mM) , 1-pheny l-2 -p ropanone (0.53 g ,

4 .0  mM) and n -b u ty l l i th iu m  in  hexane (4 .8  mM, 2 mL, 2 .40 

iriM/mL) as d e s c r ib e d  above. At 0° benzy l c h lo r id e  was added 

u n t i l  th e  in te n s e  red  co lo r had perm anen tly  d isap p ea red .
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The NMR spectrum  o f th e  r e s u l t in g  s o lu t io n  w ith  t e t r a -  

m e th y ls ila n e  as th e  e x te r n a l  s tan d ard  had th e  fo llo w in g  

a b s o rp tio n s : 6 6 .73 (brd  m ), 6.81 (brd  m ). The re g io n

u p f ie ld  from 6 4 .0  was obscured  by so lv e n t a b s o rp tio n s .
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