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D ire c to r :  J a m e s  E , M ulvaney

" P a r t  I . —A study  w as m ade of th e  re a c tio n  bd tw een  t_-butyl- 

lith iu m  and v a r io u s  n o n -co n ju g a ted  a lk e n e s . t_- B utylli^hium  did hot 

r e a c t  w ith  l-h e x e n e , d y d o p e n ten e , cyc lohexene, o r  cy c lo o c ten e  u n d er 

th e  cond itions em pldyed . B icy c lo -2 . 2. l - h e p t- 2 - e n e  (h o rb o rn en e) 

and  i^ -bu ty llith ium  did r e a c t  in  l ig ro in  to  g ive on t re a tm e n t  w ith  so lid  

ca rb o n  d iox ide 32% of 2 d -b u ty ln o rb o rn a n e -  3 - c a rb o x y lic  a c id  ( la ) .  

H y d ro ly s is  of th e  Id b u ty l l i th iu #  nO rbbrnene re a c tio n  m ix tu re  gave 

3b%; 2 -t_ -b u ty ln o rb o rn an e  (lb ) w hile  h y d ro ly s is  w ith d e u te r iu m  oxide 

y ie ld ed  45% 2 - t_ -b u ty ln o rb o rn an e 1-d~ 3 (1c).

T r im  eth y l v in y ls ila n e  and t_ -bu ty llith ium  re a c te d  a t -4 0 °  in  

d ie th y l e th e r  to  give 2 (25% y ield) on tre a tm e n t  w ith so lid  c a rb o n  

d iox ide ,

Lx



1 - C 4H 9

X c h 3

( 1) ( 2 )
a. x = COgH

b. x = H

c. x = D

P a r t  I I . - -D ip h en y lace ty len e  w as found to  r e a c t  w ith  a v a r ­

ie ty  of o rg an o lith iu m  com pounds. The o rd e r  of r e a c t iv i ty  w as

35-4 5 ° to  g ive a f te r  ca rb o n a tio n  15.4%. 2, 3 -d ip h en y l-4, 4 - d im e th y l-2- 

p en ten o ic  a c id  (3a), 12% 2 -ph en y l- 3- (o- ca rb o x y p h en y l)- 4, 4- d im e th y l- 

2 -p en ten o ic  a c id  (4a), and  4. 2% 2 -pheny l- 3-t^-buty lindone (5a). 

H y d ro ly s is  in s te a d  of ca rb o n a tio n  y ie ld ed  X - 1^-buty lstilbene (6 ). 

H y d ro ly s is  of th e  re a c tio n  m ix tu re  w ith d e u te r iu m  oxide gave a 

m ix tu re  of m ono- and d id e u te ra te d  -T -b u ty ls tilb en e .

t^-butyl, iso p ro p y l ) m e th y l.

t^ -B uty llith ium  re a c te d  w ith  d ip h en y lace ty len e  in  lig ro in  a t

R
X c —c

^ C O g H

(3)

a. R = t^-C4Hg

b. R = i - C 3 H 7

(4)
a. R = ty-C^Hg

c. R = C6H5 b. R = C2H5



D ip h en y lace ty len e  and  iso p ro p y llith iu m  re a c te d  in  lig ro in  

a t 3 9 -4 5 ° to  g ive a f te r  ca rb o n a tio n  7. 8 % 2,  3- d ipheny l- 4- m e th y l-  2- 

pen ten o ic  ac id  (3b).

n -B u ty llith iu m  re a c te d  w ith  d ip h en y lace ty len e  in  d ie thy l 

e th e r  to  y ie ld  a f te r  h y d ro ly s is  of the  re a c t io n  m ix tu re  w ith  d e u te r iu m  

oxide 40% d id e u te ra te d  t r a n s  -of- n- b u ty ls tilb en e  and 24% m o n o d eu te ra ted  

d ip h en y lace ty len e .

C arb o n a tio n  of th e  e th y llith iu m  d ip h en y lace ty len e  re a c tio n  

m ix tu re  y ie ld ed  11. 9% 2 -p h en y l- 3- (o -ca rb o x y p h en y l)- 2 -p en ten o ic  

a c id  (4b) and  11. 5% 2-p h en y l-  3- e thy lindone (5b).

M ethy llith ium  did  not r e a c t  w ith  d ip h en y lace ty len e  in d ie thy l

e th e r .

P h en y llith iu m  re a c te d  w ith d ip h en y lace ty len e  to  g ive a f te r  

ca rb o n a tio n  11% tr ip h e n y la c ry lic  a c id  (3c).

A te n ta tiv e  m ech an ism  fo r  th e  above r e a c tio n s  w as p ro p o sed .



T he re a c tio n  be tw een  ^ -b u ty iy th ittr ia  W ##% gheny laeety lene 

a t 80° in  l ig ro in  w as found to  eyp lve iso b u ty le n e , E v id en ce  fo r  the  

p ro p o se d  in te rm e d ia te  7 w as g iyen  by e, s . r ,  s tu d ie s  end  d e u te r iu m  

e x p e r im e n ts . A m e ch an ism  w as p ro p o se d  fo r  th e  r e a c tio n .

c 6h 5- c =c . c 6h 5

(7)

3C11



PA R T I: TH E ADDITION O F ORGANOLITHIUM

COMPOUNDS TO ALKENES 

INTRODUCTION

Since Schlenk and Holz* in  1917 found th a t o rg an o lith iu m  

com pounds could  be p re p a re d  fro m  the  ac tio n  of lith iu m  m e ta l on 

a lk y l-  and a r y l - m e r c u r y  com pounds, th e  o rg a n ic  com pounds of 

lith iu m  have been  of in te r e s t .  H ow ever, it w a sn 't  u n til 1930 when 

Z ie g le r  and C olon ius found a m o re  p ra c t ic a l  m ethod  of p r e p a r a ­

tion , the  d ire c t  re a c tio n  of a lk y l-  o r  a ry l-h a l id e s  w ith m e ta llic  

lith iu m , th a t r e s e a r c h  in th e  c h e m is try  of o rg an o lith iu m  com pounds 

in ten s if ied . ^

In re c e n t y e a r s  th e  in te r e s t  in o rg an o lith iu m  com pounds 

h a s  been a r e s u l t  of th e ir  re m a rk a b le  a b ility  to  in itia te  s te r e o -  

sp ec ific  p o ly m e riz a tio n . F o r  ex am ple , iso p re n e  m ay be p o ly m e riz e d  

by a lk y llith iu m  com pounds to  give n a tu ra l  ru b b e r , i. e . , poly  c is  -1, 4- 

iso p re n e ^  (F ig u re  1).



V ario u s  o th e r  in i t ia to rs ,  includ ing  the  o th e r  a lk a li  m e ta l 

o rg an ic  com pounds, a s  w ell a s  f re e  ra d ic a l  and c a tio n ic  ty p es , 

p ro d u ce  a p o ly iso p ren e  con tain ing  1, 2 -u n its , 3, 4 -u n its  a s  w ell 

a s  c is  and  t r a n s  1, 4 -u n its . ^ T he s te re o s p e c if ic i ty  of th is  r e a c ­

tion  is  e x tre m e ly  se n s itiv e  to  so lv en t p o la r ity . In so lv en ts  of 

g r e a te r  ion iz ing  pow er than  h y d ro c a rb o n s , e. g. , e th e r s ,  a po ly­

iso p re n e  of ran d o m  s tru c tu re  is  ob ta ined . ^ In a r a th e r  o v e rs im p li­

fied  m a n n e r  one m ay s u m m a riz e  c u r re n t  th ink ing  co n cern in g  the 

n a tu re  of th is  re a c tio n  a s  fo llow s. O rg an o lith iu m  com pounds, in 

c o n tra s t  to o th e r  o rg a n o a lk a lis , have a c a rb o n -m e ta l  bond w ith a 

high d e g re e  of co valen t c h a ra c te r .  In h y d ro ca rb o n  so lv en ts  a 

s ix - c e n te r  t ra n s i t io n  s ta te  1 h as  been  su g g ested  fo r  th e  s te re o -

CH

C  CH

H9c ' l ch9 

R L i

(1)

4
sp e c ific  p ro p ag a tio n  s tep . A p la u s ib le  exp lanation  of the  lack  of 

s te re o s p e c if ic i ty  in  p o la r  so lv en ts  o r  when u s in g  o th e r  a lk a li m e ta l 

com pounds is  th a t m o n o m er adds to  ion p a ir s  r a th e r  than  co o rd in a tin g  

w ith the  co v a len t c a rb o n -lith iu m  bond.



The s te re o s p e c if ic  re a c tio n  of o rg an o lith iu m  com pounds

in  p a r t  s tim u la te d  th is  w ork. It w as of in te re s t  to  d e te rm in e  the  

scope , n a tu re  and  s te re o c h e m is try  of th e  r e a c t io n s  of o rg an o lith iu m  

com pounds and non- con jugated  a lk e n e s .

A. O rg an o lith iu m  A dd itions to  A lkenes

T he ad d itio n  of o rg an o lith iu m  com pounds to  con jugated
5

a lk e n e s  is  not a new re a c tio n . Z ie g le r  et^aL re p o r te d  th a t a lk y l- 

lith iu m  com pounds r e a c t  w ith  1 , 1 - d ip h eny le thy lene  2  f a s te r  in  e th e r  

th an  in benzene to  g ive 4 on c a rb o n a tio n . T he a c id  4 w ould be the  

ex p ec ted  p ro d u c t fro m  add ition  a c r o s s  the  c a rb o n -c a rb o n  double 

bond s in c e  the  c a rb a n io n  in te rm e d ia te  3 would be s ta b iliz e d  by 

re so n a n c e  w ith th e  phenyl r in g s  (F ig u re  2). n -B u ty llith iu m  w as

RLi

( 2) (3)

CO 2 CgH^-C-CHgR

(4)

R = C 2 H 5, n - C 3 H7, n -C 4 H 7

Figure 2



4

a lso  re p o rte d ^  to  add to  s tilb en e  to  g ive 2, 3 -d ipheny lhep tano ic  

a c id  a f te r  ca rb o n a tio n .

The con jugated  double bond sy s te m  of d im ethy lfu lvene  

5 u n d e rg o es  ra p id  add ition  of p h en y llith iu m  to  th e  ex o cy c lic  double 

bond. ® S im ila r ly , ^ -b if lu o re n e  rap id ly  adds® p h eny llith ium

to  th e  a c tiv e  double bond 6 . T he r e a c t io n s  of o rg an o lith iu m  co m ­

pounds w ith s im p le r  con jugated  double bond s y s te m s , e. g . , b u ta ­

d iene, iso p re n e , e t c . , a r e  fu lly  d is c u s s e d  e lse w h e re . 4

(5) (6 )

U ntil re c e n tly  it w as a s su m e d  th a t the  ad d itio n  of alkyl- 

lith iu m  com pounds to  e th y len ic  double bonds w as confined  to 

con jugated  s y s te m s . Z ie g le r  and  G e lle r t  how ever o b se rv e d  a 

ra p id  re a c tio n  betw een  n -b u ty llith iu m  and e thy lene  a t room  te m ­

p e r a tu r e  in  d ie thy l e th e r  if high p r e s s u r e s  w ere  u se d  (100-500 

a tm . L T e rm in a tio n  of th e  re a c tio n  w ith  fo rm a ld eh y d e  gave a 

m ix tu re  of a lco h o ls  in d ica tin g  som e p o ly m e riz a tio n .



5

A m uch  g r e a te r  r e a c t iv i ty  to w a rd s  e thy lene  w as ex h ib ited  

by sec o n d a ry  and t e r t i a r y  a lk y llith iu m  com pounds. B a r t le t t^  found 

th a t although: t  - b iSyl- and  iso p ro p y llith iu m  w e re  s ta b le  in  d ie th y l 

e th e r  a t te m p e ra tu re s  below  - 50°, th e  re a g e n ts  c leav ed  d ie th y l e th e r  

above -5 0 °  to' g iye p ro d u c ts  re su ltin g -f ro m  ad d itio n  to  e th y len e .

W hen e thy lene  w as bubbled  th ro u g h  a  d ie thy l e th e r  so lu tion  

of e i th e r  t_ -bu ty llith ium  o r  iso p ro p y llith iu m  and  th en  ca rb o n a ted , good 

y ie ld s  of d ineohexyl o r  d iiso am y l k e to n es  w e re  obtained® (F ig u re  3).

O

C° 2  II
 4  R C H g C ^ C C H g C H g l tR L i + CH 2 =CH2  —

R = i-GgH^, t - e 4 H9

F ig u re  3
i-

C ason  and B ro o k s  re p o rte d ^  th e  ad d itio n  of s e v e ra l  o rg an o - 

lith iu m  re a g e n ts  a c r o s s  th e  e th y len ic  double bond of tr ip h e n y l v in y l- 

s ila n e  (7) (F ig u re  4), C a rb o n a tio n  of the. re a c tio n  m ix tu re  gave 9. 

The d ire c tio n  of ad d itio n  of th e  o rg an o lith iu m  com pound w as  a s  

ex p ec ted  s in c e  th e  p ro b a b le  in te rm ed ia te^  ca rb an io n  (8 ) w ould 

be s ta b iliz e d  by ex p ansion  of th e  s ilic o n  o c te t. It w as in te re s t in g  

th a t th e  c a rb an io n  (8 ) w as u n re a c tiv e  to w a rd s  ca rb o n  d iox ide.



0 3 SiCH=CH 2  J l - l f r

(7)

<JgSiCHCH2R

Li+

(8)

1. co2
2 - HOH l  OgSiCHgCHgR

(9)

R = n -C 4 Hg, CgH^, p - to ly l ,  o - to ly l, C<rnaphthyl, £ - d im e th y lam in e - 
phenyl

F ig u re  4

N o rb o rn ad ien e  r e a c t e d ^  w ith  s e v e ra l  o rg an o lith iu m  

com pounds to  give a v a r ie ty  of p ro d u c ts . P h en y llith iu m  re a c te d  

w ith n o rb o rn ad ien e  in  d ie th y l e th e r  to  g ive a m ix tu re  of 10-14 

(R = CgHjj) w hile n -b u ty llith iu m  g iv es  com pounds 10-12 (R = 

n-C ^H g (F ig u re  5). I sop r  opy llith ium  and t_ -bu ty llith ium  in

RLi

L i
( 10 )

(12) (13) 

F ig u re  5

( 1 1 )

L i R

L i

R

L i

(14)



p e tro le u m  e th e r  gave only ( 1 2 , R = t_-C^Hg) in  y ie ld s

of 50 and 62%, re sp e c tiv e ly . No s tru c tu re  p ro o fs  w e re  re p o r te d .

Even a f te r  ten  h o u rs  of re flu x  in  d ie thy l e th e r-h e x a n e  

th e re  w as no s ig n ifican t a b s tra c tio n  of a 7-h y d ro g en  in  n o rb o rn a -  

d iene by n -b u ty lli th iu m .

N o rb o rn ad ien e  underw en t a qu ite  d iffe ren t c o u rse  of 

re a c tio n  when t r e a te d  w ith am yl sodium  in p en tan e . ^  The cycl- 

p en tad ien e  d im e r  shown below  w as ob ta ined  and th is  com pound

+

m ay a r i s e  a s  in d ica ted  in  th e  above seq u en ce . N o rb o rn e n e ^ l 

r e a c te d  w ith am y lso d iu m  to  g ive only n o rb o rn en e -  2 - ca rb o x y lic  

ac id , a p ro d u c t a r is in g  fro m  a b s tra c tio n  of a v in y lic  p ro to n .



RESULTS AND DISCUSSION

A lthough th e  w ork  of B artle tt®  d e m o n s tra te d  the  fa r

g r e a te r  re a c tiv ity  of seco n d a ry  and te r t i a r y  o rg an o lith iu m  

com pounds to w ard  e thy lene , th is  re a c t iv i ty  w as not found to 

m an ife s t i ts e lf  in s im ila r  re a c t io n s  w ith  su b s titu te d  o le fin s . 

T hus, 1 -hexene, cy c lo o c ten e , cyclohexene and cyclopen tene  

did not give add ition  p ro d u c ts  w ith t^ -bu ty llith ium  in d ie thy l 

e th e r  a t -5 0 °  o r  in  h y d ro ca rb o n  so lv en ts  a t 80°.

b ec au se  of the  b icy c lic  r in g  sy s te m  w as found to r e a c t  w ith 

t^-bu ty llith ium  in lig ro in  a t 6 4 -7 0 °  o v e r  a p e r io d  of 24 h o u rs  to  

g ive 32% 2 - t^ -b u ty ln o rb o rn a n e -3 -c a rb o x y lic  a c id  (15b) a f te r  

c a rb o n a tio n  by d ecan ta tio n . The a c id  gave the c o r r e c t  a n a ly s is  

and n e u tra liz a tio n  eq u iv a len t fo r  th e  p ro p o sed  s t r u c tu r e  (15b).

H ow ever, n o rb o rn en e  having  a s tra in e d  double bond

H

x
C ° 2 H

(15) (16)

a . x = H c. x = C 0 2 CH 3

b. x = COgH d. x = D

8



Two o th e r  s t r u c tu r e s  fo r  the  adduct should  be c o n s id e re d . 

A ddition  of t_- b u ty llith iu m  to the  double bond in  n o rb o rn en e  would be 

exp ec ted  to  g ive in te rm e d ia te  17 w hich m ight un d erg o  re a r ra n g e m e n t.

t - C .H
CO

(17) (17a) (17b)

o r  le s s  lik e ly  p e rh a p s  be d e lo ca lized , to  give 17a Which could r e a c t  

w ith ca rb o n  dioxide to give 17b. A lte rn a tiv e ly  17 m igh t give r i s e  to 

20 and 21 by the  fo llow ing seq u en ce . T he d riv in g  fo rc e  fo r  r e a r r a n g e

(17)

CH n-C H

t - C 4 H 9

( 20 )

CO,

h o 2 c - c h 2 - c h 2

( 2 1 )

m ent to  2 0  would be the  r e l ie f  of an g le  s tr a in  in th e  n o rb o rn an e  rin g  

sy s te m  and th e  c o n v e rs io n  of a se co n d a ry  ca rb an io n  to  a m o re  s ta b le  

p r im a ry  c a rb an io n . T he n. m . r .  sp e c tru m  of the  p ro d u c t v e ry



c le a r ly  e lim in a ted  21 a s  a p o s s ib ili ty . A m ong o th e r  things- no 

o le fin ic  p ro to n s  w e re  o b se rv e d  in  th e  p ro d u c t.

D iffe re n tia tio n  betw een  r e a r r a n g e d  p ro d u c t 17b and 

u n re a r ra n g e d  p ro d u c t 16 w as m o re  co m p lica ted  and  w as b a sed  

on the  follow ing a rg u m e n ts .

. T he v a r io u s  p ro to n s  in  n o rb o rn a n e  have b een  a s s ig n e d -^ 3- 

f re q u e n c ie s  a s  fo llow s in  o rd e r  of in c re a s in g  f ie ld  s tre n g th . . A 

p eak  of r e la t iv e  in te n s ity  2 . 0  (7. SOT) w as a ttr ib u te d  to  th e  two 

t e r t i a r y  b rid g e h ea d  hy d ro g en  a to m s, a doublet w ith r e la t iv e  in te n ­

s ity  4. 0 (8 . 45 and 8 . 62*7’'’ ) w as a tt r ib u te d  to  th e  fo u r exo equa­

to r ia l  h y d ro g en s  and an i r r e g u la r  p eak  of in te n s ity  6 . 4 (8 , 81 ‘Y  ) 

w as a t tr ib u te d  to  th e  o v e rlap  of th e  two b rid g e  hy d ro g en  a to m s w ith 

th e  fo u r endp a x ia l p ro to n s .

T he m m . r .  sp e c tru m  of th e  t^-bu ty llith ium  no^bornene  

p ro d u c t show ed th e  fo llow ing bands ( in teg ra tio n  v a lu e s  in  p a re n ­

th e se s ) :  7 .4 3 , 7 . 5 1 7 ' (2 . 0 ); 7. 81Y  (1 ,0 ); 8 .3 1 , 8 .4 0 ‘.Y '(2 .  1);

8 . 54, 8 . 73, 8 . 8 8  Y  (5. 4); 9. 14 Y  (S. 5). The in s e r t io n  of a 

c a rb o x y l group in  th e  m o lecu le  in  th e  2 -p o s itio n  w ould be  expected  

to  c au se  d esh ie ld in g  of su rro u n d in g  p ro to n s  and th u s  sh ift them  to  

a lo w er fie ld . *® endo- 2 -N o rb o rn an ec a rb o x y lic  a c id  '16 had  a b s o rb ­

a n c e s  of 7. 27, 7, 38 and 7. 75 Y  fo r  its p ro to n  a lp h a  to  th e  ca rb o x y l 

g roup  and i t s  b r id g e h e a d  h y d ro g en s. In te g ra tio n  show ed th re e
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h y d ro g en s. The ch e m ica l sh if ts  of 7. 43, 7 .5 1  and  7 .8 1  in 2-t_- 

b u ty ln o rb o rn a n e -3 -ca rb o x y lic  ac id  (15b) w ere  th u s  id en tified  a s  

th e  one hydrogen  a lpha  to  the  ca rb o x y l group and th e  two b r id g e ­

head  h y d ro g en s . In te g ra tio n  ag a in  show ed th re e  p ro to n s .

On th is  b a s is  the fo llow ing sc h e m a tic  d ia g ra m s  (re la tiv e  

in te g ra tio n  in te n s i t ie s  above th e  peak s) w ere  w hat would be exp ec ted  

fo r  15b and 17b, exclud ing  th e  1̂ -bu ty l g roup .

5

2 2 
1

t - C .H

Ha Hb Hc . H d

in c re a s in g  f ie ld  s tre n g th

(15b)

(17b)

H'a Hb Hc Hd

in c re a s in g  f ie ld  s tre n g th

A s w as s ta te d  e a r l i e r  the  ca rb o n a tio n  p ro d u c t show ed a 

s e r ie s  of bands th a t in te g ra te d  fo r  2 .0 , 1 .0 , 2 .1  and  5. 4 p ro to n s .
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re sp e c tiv e ly . T h is  w as c o n s is te n t w ith  s tru c tu re  15b h u t riot'T7b. 

The la rg e  t_-butyl g roup  w as a s su m e d  to  be in  th e  exb co n fig u ra ­

tio n  s in c e  ad d itio n s  to  n o rb o rn en e  a r e  known to  o c c u r  f ro m  the 

l e s s  h in d e re d  s id e  of th e  m o lecu le  to  p ro d u ce  exo p ro d u c ts , *2 b

The m eth y l e s te r  of 2 - t_ -b u ty ln o rb o rn an e- 3- ca rb o x y lic  

a c id  (15c) w as p re p a re d  by  the  ac tio n  of d iazo m eth an e  on th e  ac id  

(15b) a t 0° in  d ie th y l e th e r . The e s te r  w as shown to  be p u re  by 

v a p o r p h ase  ch ro m a to g rap h y  and gave a  c o r r e c t  a n a ly s is , fo r  

C i iH ig  (COOCH3 ). T h e n .  m . r .  of 15c show ed c h e m ic a l sh if ts  

a s  fo llow s (a ss ig n m e n ts  b a se d  on a rg u m e n ts  fo r  15b): 7. 42, 7. 62, 

and 7. 9 0 ^  (h y d ro g en s on b rid g e h e ad  and a lpha to ca rb o m eth o x y  

group , in te g ta te d  fo r  th re e  p ro to n s); 6 . 4 2 ^  (h y d ro g en s,o n  m ethy l 

g roup of e s te r ,  in te g ra tio n  show ed th re e  h y d ro g en s); 8 , 36 .and 

8 .4 7  'T [exo (e q u a to ria l)  h y d ro g en s, in te g ra te d  fb r  tw o h y d ro g e n s ] ;  

8 . 69 and 8 . 83 ' Y  fendb(axial) h y d ro g en s  o v erlap p in g  w ith  b rid g e  

h y d ro g e n s ] ; and 9. 27 ' Y  ( 8 . 8  p ro to n s  on the  ty b u ty l  g roup). T h is  

w as in  a g re e m e n t w ith  the  u n re a r ra n g e d  ac id  (15b).

E s te r if ic a t io n  of the  c ru d e  a c id  fro m  the  c a rb b n a tio n  of 

th e  t_~butyllithium  and n o rb o rn e n e  re a c t io n  m ix tu re  gave m ethy l 

e s te r  (15c) w hich a p p e a re d  a s  one p eak  on five foot C a r  bo wax. 

S ilicone  and U con P o la r  v .p .c .  co lu m n s. T h e s e .re s u lts ' im p lied  

only one a c id  p ro d u c t in  the  re a c tio n  m ix tu re . An a tte m p t at



e p im e r iz a tio n  of th e  e s te r  by the m ethod  of B e rso n  and B e n -E fra im 15

gave an e s te r  w ith th e  sam e  re te n tio n  tim e  a s  the u n e p im e riz e d  

e s te r .

w as h y d ro ly zed  a f te r  24 h o u rs  a t 60-7 5° in lig ro in  o r  tr ie th y la m in e  

33% 2 -t_ -b u ty ln o rb o rn an e  (15a) w as ob ta ined . T he y ie ld  w as in c re a s e d  

to  45% by re a c tio n  in tr ie th y la m in e  fo r  72 h o u rs . T he com pound gave 

th e  c o r r e c t  a n a ly s is  fo r  C ^ l ^ g .  N. m . r .  a n a ly s is  show ed the fo llow ­

ing  c h e m ic a l sh if ts  ( in te g ra tio n  v a lu e s  in p a re n th e se s ) :  7. 8 8  ^  (2 .0 ); 

8 . 44 and 8 . 62 T  (3. 0); 8 . 79 and 8 . 96 T  (6 . 3); and  9.18 Y  (8 . 7). 

C o m p ariso n  w ith th e  ch em ic a l sh if ts  o b se rv e d  fo r  n o rb o rn an e  show ed 

both  com pounds to have e s se n tia l ly  the  sam e  ta u  v a lu e s  w ith the 

excep tion  of th e  t_-butyl h y d ro g en s  w hich a p p e a re d  a t 9. 18 and 

an in te g ra tio n  of only th re e  e q u a to r ia l h y d ro g en s  a t 8 . 44 and 8 . 62 Y  

in s te a d  of fo u r. E x am in a tio n  of th e  fo llow ing f ig u re  ag a in  show ed 

the  a ss ig n m e n t of an u n re a r ra n g e d  p ro d u c t to be c o r r e c t .

When the  t_ -buty llith ium  and n o rb o rn e n e  re a c tio n  m ix tu re

6

3
2

c c

(15a)
in c re a s in g  f ie ld  s tre n g th



c 
( 2 2 )

—  ^
in c re a s in g  f ie ld  s tre n g th

T e rm in a tio n  of the  V- bu ty llith iu m  n o rb o rn en e  re a c tio n  

by h y d ro ly s is  w ith d e u te r iu m  oxide a f te r  23 h o u rs  a t 6 8 -7 9 °  in 

lig ro in  gave 45% d e u te ra te d  2 -t^ -b u ty ln o rb o rn an e  (15d). The 

d e u te ra te d  com pound had the  sam e  bo iling  poin t and r e f r a c t iv e  

index a s  th e  u n d e u te ra te d  com pound. D e u te ra te d  15d show ed one 

d e u te r iu m  a tom  p e r  m o lecu le  by a n a ly s is .  The in f r a r e d  sp e c tru m  

w as id en tic a l to  th a t of th e  u n d e u te ra te d  com pound w ith the  ex cep ­

tio n  of a m ax im um  a t 2 2 0 0  cm . * (c a rb o n -d e u te r iu m  s tre tc h in g  

freq u en cy ). The ch em ic a l sh if ts  of th e  h y d ro g en s w e re  id e n tic a l 

to  th o se  of the  u n d e u te ra te d  com pound had  in te g ra tio n  of the equa­

to r ia l  h y d ro g en s a t 8 . 47 and 8 . 64 ' Y show ed only two h y d ro g en s.

t_- B u ty llith ium  and tr im e th y lv in y ls ila n e  (7) r e a c t  in 

d ie thy l e th e r  a t -4 0 °  o v e r  a p e r io d  of 24. 5 h o u rs  to  g ive 25% ac id  

18 a f te r  ca rb o n a tio n . A ssig n m en t of s tr u c tu re  w as b ased  on a n a ly s is , 

neu t. e q u iv . , and n. m . r .  sp e c tro sc o p y . The t_-butyl h y d ro g en s



had  a  tau  v a lu e  of 9. 13 and in te g ra te d  fo r  n ine h y d ro g en s . A , 

c h e m ic a l "shift of 9. 9 2 . wa s  o b se rv e d  fo r  th e  hyd rogens, on the  

tr im e th y ls i ly l  g ro u p . In te g ra tio n  show ed nine h y d ro g en s; The 

m e th y len e  and m e th in e  hydrogens, a p p e a re d  a s  an  i r r e g u la r  peak  

a t 7. 97, 8. 03, and 8. 13 "Y • In te g ra tio n  show ed th re e  hy d ro g en s  

T he ca rb o x y l p ro to n  had  a tau  v a lu e  of -1 . 96.

A ddition  of the  ty b u ty llith iu m  a c ro ss , th e  ca rb o n - ca rb o n  

double bond could  fe a s ib ly  o c c u r in e ith e r  of two w ays to  give 

e i th e r  18 o r  19 on carb o n a tio n . . Com pound 18 w as p ro p o se d  a s  

i t  f it th e  o b se rv e d  d a ta  b e s t. If th e  t_ -bu ty llith ium  did  a d d 'a c ro s s  

th e  Carbon- ca rb o n  double bond to  g ive 19, th e  in term ed& ate an ion  

w ould not be  s ta b iliz e d  by th e  s ilic o n e  a tom  a s  th e ; p re e u r^ o r  (7, 

R = t_-butyl) to  18 w as. C ason  and  B ro o k s^  r e p o r te d ., # 1 0  ad d itio n  

of s e v e ra l  o rg an o lith iu m  com pounds to tr im e th y lv in y ls ll,an e , a ll 

adding in th e  sam e  d ire c tio n  a s  th a t p ro p o se d  fo r 'T rb u ty lli th iu m .



P A R T  II: REACTION O F ORGANOLITHIUM

COMPOUNDS WITH D IPHEN Y La C E TY L EN E

INTRODUCTION

In the  p a s t  s ix  o r  sev en  y e a r s  th e  re a c tio n s  and  s tru c tu re  

of o rg an o lith iu m  com pounds have re c e iv e d  in c re a s in g  a tten tio n .

One of the  m a jo r  re a s o n s  fo r  the  a c tiv ity  in  o rg an o lith iu m  c h e m is try  

is  the  often  unique c h a ra c te r  of su ch  com pounds in  in itia tin g  s te re o -  

sp e c ific  p o ly m eriza tio n ^  a su b jec t d isc u s s e d  m o re  th o ro u g h ly  in  

th e  in tro d u c tio n  to  P a r t  I of th is  th e s is .  N e v e r th e le s s  th e r e  is  

v e ry  l i t t le  in fo rm a tio n  in  the. l i t e r a tu r e  co n cern in g  r e a c t io n s  of 

non- ca rb o n y l con jugated  a c e ty le n e s  ..with o rganolith ium . com pounds,

Iti th is  th e s is  th e  r e a c t io n s  of' o rg an o lith iu m  com pounds 

and d ip h en y lace ty len e  w e re  in v e s tig a te d  to  expand th e  know ledge 

of th e  o rg an ic  com pounds of lith iu m ,

D ip h en y lace ty len e  w as p a r t ic u la r ly  ad v an tag eo u s -to study 

in  th a t i t s  sy m m e try  w ould a id  in  p ro d u c t id en tifica tio n , the  phenyl 

g ro u p s  would help  in  th e  d e te rm in a tio n  of the  s te re o c h e m is try  of 

any o le fin ic  p ro d u c ts , and th e  a b se n ce  of m eth y len e  g ro u p s  ad jacen t 

to  th e  t r ip le  bond would p re v e n t s im p le  p ro to n  a b s tra c t io n . In

i .
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ad d itio n  th e  b u lk in e ss  of the  pheny l group 's w ould in h ib it p o ly m e r i­

za tio n  of th e  aee ty le riic  m o ie ty .

R ecen t w ork  in  th e se  lab o ra to rie s^ ®  h a s  show n th a t 

n -b u ty llith iu m  r e a c t s  w ith  d ip h en y lace ty len e  to  g ive a  d ica rb o x y lic  

a c id  and  su b s titu te d  indone a r is in g  f ro m  ad d itio n  a c r o s s  th e  ca rb o n - 

ca rb o n  t r ip le  bond and m e ta la tio n  of th e  phenyl r in g . I t w as a lso  

fouhd'*"® th a tTt_-bu ty llith ium  re a c te d  a t high, te m p e r a tu r e s  w ith  

d ip h en y lace ty len e  to  g ive 1, 2, 3, 4 - te tra p h e n y lb u ta d ie n e  and  

t r a n s -  s tilb en e .

In th e  p re s e n t  w ork  both  th e .s te re o c h e m is try .o f  th e ,  

a c id  and th e  p o s itio n  of the  ca rb o x y l g roup on the  pheny l r in g  

w e re  unequivocalily  d e m o n s tra te d . The s tru c tu re  of th e  indone 

w as u n am biguously  shown. E v idence  w as given  fo r  th e  m ech an ism  

of fo rm a tio n  of th e  1, 2, 3, 4 - te tra p h en y lb u ta d ie n e .

The scope of re a c tio n  w ith  d ip h en y lace ty len e  w as expanded 

to  inc lude  a n u m b er of o rg an o lith iu m  com pounds and an in s ig h t in to  

th e  m e c h a n ism s  of th e  v a r io u s  r e a c t io n s  w as ob ta in ed .

A. O rg a n o m e ta llic  A dd itions to A ce ty len es

T he a lk a li  m e ta l  o rg a n o m e ta llic  re a g e n ts  h av e  not been  

re p o r te d  to  r e a c t  w ith  ace ty len ic -co m p o u n d s  in  any way o ther' 

th a n .a b s tra c tio n  of a c id ic  p ro to n s . T he G rig n a rd  re a g e n ts ,  •



o rg a n o m e ta llic  com pounds w ith an  a c tiv ity  u su a lly  l e s s  than

th a t of o rg an o lith iu m  com pounds, do not add to a ce ty le n ic

17bonds u n d er th e  u su a l cond itions fo r  G r ig n a rd  r e a c t io n s .

It h a s  been  re p o r te d , how ever, th a t u s in g  a te tra h y d ro fu ra n -  

xy lene so lv en t sy s te m , phenyl G rig n a rd  rea g e n t w ill r e a c t  with 

diphenylacety lene^®  to  give a s m a ll am ount of hexapheny lbenzene

(24) and a d im e r  of te tra p h e n y lc y c lo b u ta d ie n e  la te r  s h o w n t o  

be octapheny lcubane  (23). (See F ig u re  6 .)

P h

C 6H 5 -C - C - C 6H 5 + C 6 H 5M gB r

T H F -x y len e

P h

P h

P h

P h

Ph' P h
(23)

+

P h

P h P h

P h P h

P h
(24)

F ig u re  6

O rg an o alu m in u m  com pounds have been  re p o r te d  to  

re a c t  w ith d ip h en y lace ty len e . T rip h en y la lu m in u m  r e a c t s  w ith 

d i p h e n y l a c e t y l e n e ^  in  d iphenyl e th e r  to  g ive an  a lu m in o le  (26) 

and benzene . T he a lu m in o le  p ro b ab ly  a r i s e s  fro m  a c o n c e r te d  

ad d itio n  of trip h en y la lu m in u m  to  d ip h en y lace ty len e  to  g ive the
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u n iso la te d  in te rm e d ia te  (25) w hich then  fo rm s  the  a lu m in o le  (26) 

th ro u g h  m e ta la tio n s . The e n c irc le d  h y d ro g en  in 25 is  p ro p o se d  

to  have "p su ed o ac id  c h a r a c te r ."  (See F ig u re  7 .)

C6H 5 C 6H5

w
C 6 H5 /  

■A1

L * 0

(25)

> C6H + c 6 H 5

(26)

F ig u re  7

2 1T rie th y la lu m in u m  and d ip h en y lace ty len e  r e a c t  a t 

100-120° to  g ive on a lc o h o ly s is  40%cK -e th v lstilb en e  (27), 5%

1, 2, 3, 4 - te tra p h e n y lb u ta d ie n e  (28), and 4% of two is o m e r ic  fo rm s  

of 1, 2, 3, 4 - te tra p h e n y l- l ,  3 -h ex ad ien e  (29). (See F ig u re  8 .)  An

P h  P h

c 6 h 5 - c e c - c 6 h 5  + ( c 2 h 5)3a i

P h  P h

+
P hP h

(28)

C 2 H 5 C— CH 

(27)

P h  P h  P h  P h

+ C 2H 5C = ^ C *rC ^ = C H

(29)

F igure 8



alum inum  a lk y l to  d ip h en y lace ty len e  r a t io  of 2. 5 to  1 gave 

re s p e c tiv e  y ie ld s  of 24%, 29%, and 6 .4% . A c o n c e r te d  add ition  

a c r o s s  th e  ca rb o n - ca rb o n  t r ip le  bond to  g ive an  in te rm e d ia te  

s im ila r  to  (25) w as p ro p o sed .

T he m ixed  o rg a n o m e ta llic  re a g e n t, tr ip h e n y ls ily llith iu m ,

22r e a c ts  w ith d ip h en y lace ty len e  to  g ive a la rg e  am ount of po ly ­

m e r ic  m a te r ia l  and 1 , 2 - b is  - ( tr ip h e n y ls ily l) -  1 , 2 - d ipheny le thane 

(30). The p ro d u c t (30) su g g e s ts  th a t tw o m o le s  of tr ip h e n y ls i ly l­

lith iu m  added a c r o s s  the  c a rb o n -c a rb o n  t r ip le  bond (F ig u re  9).

(C 6H 5)3S iL i
c 6 h 5 c = c c 6 h 5  ------------------ > c 6 h 5 - c h - c h - c 6 h 5

( C g W i  S U C g H ^  

(C 6 H5)3SiK (30)

4

(C6 H5)4Si

(31)

F ig u re  9

W ith tr ip h e n y ls ily lp o ta s s iu m  the  r e a c t io n  p ro d u c t is o la te d  w as 

te tra p h e n y ls ila n e  (31), a lthough th is  re a g e n t r e a c ts  w ith  t r a n s  - 

s tilb en e  to  give the s im p le  ad d itio n  p ro d u c t. (See F ig u re  9 .)

p o
P h en y llith iu m  h as  been re p o rte d ^  to  add to  benzyne 

(32) to  y ie ld  b iphenyl on h y d ro ly s is  (F ig u re  10).
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o
II + C6H 5L i C 6 H 5 - C fiH

6  5 6  5

(32)

F ig u re  10

D ia lky la lum inum  h y d rid e s , fo r  exam ple  d iiso b u ty l- 

a lum inum  h y d rid e , add^^^. to  in te rn a l a lk y n es  to  g ive c is  p ro d ­

u c ts . The t re a tm e n t  of 1 -pheny lp ropyne  w ith a s lig h t e x c e s s  of 

d iiso b u ty la lu m in u m  h y d rid e  (33) gave th e  ad d u cts  (34) w hich upon 

h y d ro ly s is  y ie ld ed  the  c is  a lk en es  (35). The m ix tu re  of a lk en es  

w as shown by n .m . r .  a n a ly s is  to  be a 4:1 m ix tu re  of (35a) and 

(35b). (See F ig u re  11.)

(35a)
+ DgO

*

/  \
r 2a i H D H

(34) (35b)

Figure 11
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S a lts  of th io ls  a r e  not c o n s id e re d  to be o rg a n o m e ta llic

com pounds in the  u su a l se n se  but th e ir  ad d itio n  re a c t io n s  w ith

a c e ty le n e s  show a t le a s t  a  s u p e rf ic ia l  re se m b la n c e  to  th e  p re se n t

24
w ork. M ethyl- and p - to ly lth io l add to  s e v e ra l  a c e ty le n e s , e . g . ,  

p h en y lace ty len e , 1 -h ex y n e , and 2 -b u ty n e , when a sod ium  ethoxide 

c a ta ly s t is  em ployed  in  an  e th an o lic  so lu tio n  (F ig u re  12). T ru c e

H CH
3

C6Hb-C B C -C H 3 + CH 3 W L  \ = C /

Z  \
i

(oply c i s )

c 6 h 5  s c 7 h 7

H CH

3- _ 3   ^  W  W ”  ^
c „h 5o h  \

C H o-C =C -C H q + CH V ( /  \>-SNa'r ------------ » yC
\

(only t r a n s )

CH 3 SC7H7

H . H
c 2 h 5o h

CfiH = -C = C -H  + CH 3 S 'N a + ---------------> C = !rC '
/  \  

c 6 h 5  c h 3

(only c i s )

Figure 12
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and H e in e ^ k  r e p o r te d  th a t in  each  of th e  c a s e s  s tu d ied , the  

th io l ad d itio n  o c c u r re d  in  a t r a n s  m a n n e r . T ru c e  and H e i n e ^ 4 b  

found th a t th e re  w e re  in d ica tio n s  in  th e  l i te r a tu r e  p r io r  to th is  

w ork  th a t only one s te r e o is o m e r  w as fo rm e d  in  e v e ry  c a s e  of 

n u c leo p h ilic  ad d itio n  to  a c e ty len ic  m o ie tie s  ty p ified  by phenyl- 

a ce ty len e  and r in g  su b s titu te d  p h e n y lac e ty le n e s , ^5 e thy l p ro p r io -  

la te  o r  $  - su b s titu te d  p ro p io la te , 26 d ie th y la ce ty le n e d ic a rb o x y l-  

a te , 26b, c an(j a c e ty le n ic  k e to n es . ^

The above l i t e r a tu r e  and h is  own r e s u l t s  le d  T ru c e  to  

p o s tu la te  th e  "R u le  of t r a n s  N ucleo p h ilic  A ddition" to  a c e ty le n e s . 

He h a s  a ttr ib u te d  th is  s te re o  sp e c if ic ity  to the  fa c t th a t in  the  

tra n s i t io n  s ta te  th e  n eg a tiv e  c h a rg e  a r is in g  fro m  th e  u n sh a re d

e le c tro n  p a ir  on ca rb o n  and th e  n eg a tiv e ly  c h a rg e d  a ttack in g
/

n u cleo p h ile  a r e  a s  g re a tly  s e p a ra te d  a s  p o s s ib le . T h u s th e  

n u c leo p h ilic  add ition  of an  ion  p a i r  to  the  t r ip le  bond le a d s  to 

ex ac tly  th e  o p p o site  s te re o c h e m is try  w hich one o b s e rv e s  in th e  

add ition  of th e  co valen t o rg an o lith iu m  com pound to  iso p re n e .



RESULTS

D ip h en y lace ty len e  and n -b u ty llith iu m  re a c t  in d ie thy l e th e r  

a t room  te m p e ra tu re  to  g ive^^ a f te r  ca rb o n a tio n  14% 2 -pheny l- 3-

(o -carb o x y p h en y l)- 2 -h ep ten o ic  ac id  (36b) and w hat w as concluded 

to  be 16% 2 -phenyl- 3 -n -b u ty lin d o n e  (37b). The te n ta tiv e  a ss ig n m e n t 

of an o rth o  c a rb o x y lic  a c id  in (36b) w as b a se d  on n. m . r .  a n a ly s is , 

w hich show ed a s in g le  p ro to n  doublet w ith  a ch em ica l sh ift of 2 . OO'T' 

and a coupling co n s tan t (J = 10. 4 cps) of the  r e q u ire d  m agn itude  fo r 

a hyd rogen  a d jacen t to  a ca rb o x y l group on a benzene  r in g . The 

a c id  had  the  c o r r e c t  e m p ir ic a l  fo rm u la , n e u tra liz a tio n  equ iv a len t, 

and s p e c tra  fo r  the  s tru c tu r e  (36b).

(36) (37)

a. R = C 2 H 5 a. R = c 2h 5

b. R = n -C 4 H g b. R = n -C 4 H g

c. R = l " C 4 Hg c. R = ! - C 4 H9

d. R = i - C 3 H 7

24



In th e  p re s e n t  w ork  r in g  c lo su re  of the d iac id  (36b) w ith 

th iony l ch lo rid e  to  y ie ld  an h y d rid e  (38) unam biguously  p ro v ed  the 

o rth o  a s s ig n m e n t of th e  ca rb o x y l g roup in  (36b) a s  w ell a s  the  

t r a n s  n a tu re  of the  phenyl g ro u p s. (See F ig u re  13 .) T he s tru c tu re

H-C4H9 y C6H5

CO H
+ SOC1

CC14

re flu x

(38)

F ig u re  13

of the an h y d rid e  w as p ro v en  by a n a ly s is  and  in f r a re d  s p e c tra  a s  

fo llow s.

A cy clic  a n h y d rid es  u su a lly  have two ca rb o n y l a b so rp tio n

bands in the  ra n g e  of 1820 to  1800 cm . " I  and 1760 and 1740 c m ."" *

- 1  28with an a lm o s t in v a r ia b le  se p a ra tio n  of about 60 cm . . C yclic  

s ix -m e m b e re d  r in g  a n h y d rid es  co n d en sed  to  a ro m a tic  s y s te m s  

have been shown to  a b so rb  a t lo w er f re q u e n c ie s  (1770 and 1736 cm . 

w ith a m uch s m a lle r  s e p a ra tio n  of the  two f re q u e n c ie s  (34 cm . *). 

The s e v e n -m e m b e re d  r in g  an h y d rid e  (38) w hich is  co ndensed  to  an
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a ro m a tic  sy s te m  h a s  s lig h tly  h ig h e r  f re q u e n c ie s  (1788 and 1748 

c m . - '*") th an  th e  s ix -m e m b e re d  r in g  an h y d rid e s . The s e p a ra tio n  

of f re q u e n c ie s  (40 cm . - *") is  about th e  sa m e  a s  found in  th e  s ix - 

m e m b e re d  s e r ie s .  The anhydbide (38) a lso  had  a s tro n g  a b s o rp ­

tio n  (1276 c m . - "*") in  th e  rangfe 1310-1210 c m . - *- th a t is  n e c e s s a ry  

fo r ,  but not p ro o f  of, a c y c lic  an h y d rid e  w ith  r in g  s tra in .

S ince th e  o r ig in a l a c id  (36b) could  be re g e n e ra te d  fro fn  

th e  an h y d rid e  u n d e r m ild  h y d ro ly s is  con d itio n s, the  p o s s ib il i ty  

th a t a d iac id  w ith  a c is  co n fig u ra tio n  of pheny l g ro u p s  had  is 'o m er- 

iz ed  u n d er an h y d rid e  fo rm in g  cond itions to  a d iac id  of t ra f ts  con­

fig u ra tio n  m ay  be d isco u n ted .

The s t r u c tu r e  of th e  n e u tra l  m a te r ia l  ob ta ined  a f te r

16ca rb o n a tio n  of n -b u ty llith iu m  and d ip h en y lace ty len e  w as a s s ig n e d  

a s  2 - p h e n y l-3 -n -b u ty lin d o n e  on th e  b a s is  of e m p ir ic a l  and  s p e c tra l  

a n a ly s is  and a lso  by c o m p a riso n  w ith  an  au th en tic  sam p le  sy n th e ­

s iz e d  by the  re a c tio n  of n -b u ty l G rig n a rd  re a g e n t w ith b en za lp h th a - 

lid e . (The re a c tio n  of p h en y llith iu m  w ith  b en za lp h th a lid e  g iv es
on

2, 3 -d ipheny lindone. ) T he 2, 4 -d in itro p h e n y lh y d ra z o n e s  of the 

ca rb o n y l com pounds ob ta in ed  fro m  th e  n -b u ty llith iu m  re a c tio n  

w ith  d ip h en y lace ty len e  and  fro m  th e  G rig n a rd  re a c tio n  w ith  

b en za lp h th a lid e  w e re  id e n tic a l. The in d o n es  how ever w e re  

ob ta ined  a s  im p u re  r e d  o ils  in  each  c a se  and th e  b en za lp h th a lid e  

ro u te  w as not e n tire ly  unam biguous.
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A cco rd in g ly , in  th is  w ork, 2 -pheny l- 3-n -bu tyU ndone  w as
on

unam biguously  sy n th e s ize d  by th e  p ro c e d u re  p u b lish ed  fo r  the  

sy n th e s is  of 2 -pheny l- 3 -a lk y lin d o n es  (F ig u re  14). The 2, 4 -d in itro -

O

^  „  2RM gBr <-6 t l 5    >

OH

O M gBr

'M gBr

■>

(37)

a. R = C 2 H 5

b.. R = n-C ^H g
F ig u re  14

p h en y lh y d razo n es  of a l l  th re e  com pounds w e re  id e n tic a l, con ­

c lu s iv e ly  p ro v in g  th e  indone s tru c tu r e .

The re a c tio n  betw een  d ip h en y lace ty len e  and n -b u ty llith iu m  

in d ie thy l e th e r  w as s h o w n ^  to y ie ld  40% t r a n s -o ^ -n -b u ty ls tilb en e  

on h y d ro ly s is . H y d ro ly s is  of the  re a c tio n  m ix tu re  w ith d e u te r iu m  

oxide gave d e u te ra te d  t r a n s  -g ^ -n -b u ty ls tilb en e  w ith two d eu te r iu m  

a to m s p e r  m o lecu le . N. m . r .  a n a ly s is  show ed the lo s s  of an
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o lefin ic  p ro to n  and an a ro m a tic  p ro to n . T he d id e u te ra te d  s tilb en e  

h as  been  a s s ig n e d  the  s tru c tu re  39 on the  b a s is  of th e  above n. m . r . 

a n a ly s is  and ca rb o n a tio n  e x p e r im e n ts .

re c o v e re d  fro m  the  above d e u te ro ly s is  r e a c tio n  co n ta in s  3. 87 atom  

p e rc e n t e x c e s s  d e u te r iu m . If we a s su m e  th a t each  d e u te ra te d  

d ip h en y lace ty len e  m o lecu le  co n ta in s  one a tom  of d eu te riu m  then  

a rough  ca lc u la tio n  in d ic a te s  th a t about 24% of the  re c o v e re d  

d ip h en y lace ty len e  is  d e u te ra te d .

w ith d ip h en y lace ty len e  to give p ro d u c ts  r e s u lt in g  fro m  m e ta la tio n  

of d ip h en y lace ty len e  a lone and fro m  ad d itio n  to p lu s  m e ta la tio n  of 

d ip h en y lace ty len e .

e th e r  a t ro o m  te m p e ra tu re  to  g ive 11. 5% 2-p h en y l- 3 - e thy lindone 

(37a) and 11.9%  2 -pheny l- 3 - (o -ca rb o x y p h en y l)- 2 -p en ten o ic  ac id  

(36a) when the  re a c tio n  w as te rm in a te d  by ca rb o n a tio n  by d ecan ta - 

tion  o v e r so lid  ca rb o n  d ioxide.

The p re s e n t  w ork  h as  shown th a t the  d ip h en y lace ty len e

The d e u te r iu m  a n a ly s is  show th a t n -b u ty llith iu m  r e a c ts

E th y llith iu m  re a c te d  w ith d ip h en y lace ty len e  in d ie th y l
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T he s tru c tu r e  of the  indone (37a) w as d e te rm in e d  by 

c o m p a riso n  w ith an  au th en tic  sam p le . ^  (See F ig u re  14.) T he 

n. m . r .  s p e c tra  of th e  indone show ed a q u a r te t  equal to  tw o p ro to n s  

a t 7. 33 V  w ith a coupling  co n stan t of th e  re q u ire d  m agn itude  (J =■

7. 5 cps) fo r  a  m e th y len e  g roup . The m eth y l group a p p e a re d  a s  a 

t r ip le t  a t 8 . 73 T ' w hich show ed an  in te g ra tio n  of th r e e  p ro to n s  and 

a  coupling co n stan t id e n tic a l to  th a t of th e  m eth y len e  p ro to n . T he 

a ro m a tic  p ro to n s  show ed a  s tro n g  s in g le t a t 2. 87 "Y and in te g ra tio n  

fo r  n ine p ro to n s .

The a c id  iso la te d  f ro m  th e  re a c tio n  m ix tu re  w as a ss ig n e d  

th e  S tru c tu re  2 -p h en y l- 3- (o -ca rb o x y p h en y l)- 2-penten6ic; a c id  (36a) 

on the  b a s is  of a n a ly s is , n. m . r .  sp e c tro sc o p y , and analogy  to  the  

r e s u l t s  ob ta ined  w ith  th e  a lk y llith iu m  re a g e n t of s im i la r  re a c tiv ity , 

n -tiu ty llith iu m . The n . m .  r .  of th e  ac id  in  d eu te riu m  o x id e -so d iu m  

d eu te ro x id e  show ed the  ex p ec ted  CHgCH^X p a tte rn , a q u a r te t  equal 

to  two p ro to n s  at 7. 6 8  ‘7^ w ith  a coupling co n stan t of th e  c o r r e c t  

m agn itude (J = 7 .5  cps), a n d a .tr ip le t  fo r  th e  m eth y l g roup  a t 9. 21'T' 

co rre sp o n d in g  to  th re e  p ro to n s  w ith a coupling  co n sta n t id e n tic a l 

to  th a t of th e  m eth y len e  p ro to n s . T he com pound a lso  gave a s in g le t 

a t 2. 49 y  w ith  an  in te g ra tio n  of n ine p ro to n s .

W hen the  e th y llith iu m  and d ip h en y lace ty len e  re a c t io n  w as 

te rm in a te d  by bubbling  ca rb o n  dioxide th ro u g h  the re a c t io n  m ix tu re .



a m ethod  known to  in c r e a s e  th e  y ie ld  of k e to n es  a t th e  ex p en se  of 

a c id s  in  th e  c a rb o n a tio n  of o rg an o lith iu m  re a g e n ts , ^  th e  y ie ld  

of indone (37a) w as in c re a s e d  to  27% w hile th e  y ie ld  of d iac id  

(36a) d ropped  to  6 .95% ,

M eth y llith iu m  did not r e a c t  w ith  d ip h en y lace ty len e  in  

d ie th y l e th e r  a t ro o m  te m p e ra tu re  o r  in  1 , 2 -d Im eth o x y eth an e  

a t 55°.

D ip h en y lace ty len e  and pheny llith ium . r e a c te d  in  d ie thy l 

e th e r  to  g ive on ca rb o n a tio n  by d ech n ta tib h  1 1 % tr ip h e n y la c ry lic  

a c id  (no d e p re s s io n  of m ix ed  m e ltin g  point) and 8 , 2 % tr ip h e n y l-  

c a rb in o l (no d e p re ss io n  of m iked  m e ltin g  po in t). S im ila r  r e s u l ts  

have been  re p o r te d . ^

D ip h en y lace ty len e  and  iso p ro p y llith iu m  re a c t  in  l ig ro in  

a t 39-45 to  g ive 2, 3 - d ip h en y l-4 - m e th y l-2 -p e n te n o ic  a c id  (40a) 

a f te r  c a rb o n a tio n  by d ecan ta tio n . T he y ie ld  of 40a in c r e a s e s  fro m  

0, 4% a f te r  1. 5 h o u rs  of re a c tio n  tim e  to  2. 8 % a f te r  8 . 5 h o u rs  and 

7. 8 % a f te r  25 h o u rs .  ’

T he s t r u c tu r e  of the  ac id  w as p ro v en  by a n a ly s is ,  neu­

tra l iz a t io n  equ iv a len t and  n. m , r . sp e c tro sc o p y . The a c id  show ed 

tw o s in g le ts  in  the  n .m .  r .  s p e c tru m  a t 2. 67 and 2 ,7 7 /7/  th a t in e -  

g ra te d  fo r  10 pro tons*  T he m eth in e  p ro to n  show ed a m u ltip le t w ith 

m idpo in t a t 7 ,1 9  ^  th a t h a s  a coupling  co n stan t of th e  c o r r e c t
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m agn itude  (J = 7 .0  cps) and c o r re c t  in te g ra tio n . T he m eth y l 

p ro to n s  of th e  iso p ro p y l g roup a p p e a r  a s  a doublet equal to  th re e  

p ro to n s  fo r  each  peak  a t 9. 12 and 9. 23 'V  . The s p e c tru m  a lso  

in te g ra te s  fo r  one ca rb o x y l p ro to n  a t - 1 . 1  MM .

The t r a n s  co n fig u ra tio n  of the  phenyl g ro u p s  in  40a w as 

shown by r in g  c lo su re  of th e  ac id  w ith  th io n y l c h l o r i d e t o  give 

th e  known com pound 2 -p h e n y l-3 -iso p ro p y lin d o n e  (37d). It w as 

n e c e s s a ry  fo r  a phenyl and ca rb o x y l g roup to  be c i s , i. e. , phenyl 

g ro u p s a r e  t r a n s  , to  g ive the  o b se rv e d  indone.

a. R = iso p ro p y l

(40)

In add ition  to  having  th e  c o r r e c t  m e ltin g  po in t and a n a ly s is , 

the  2 - p h e n y l-3 -iso p ro p y lin d o n e  gave th e  ex pected  n . m . r .  sp e c tru m . 

The n ine a ro m a tic  p ro to n s  a p p e a re d  a s  a b ro ad  s in g le t a t 2. 65 7^ 

and  the  m eth in e  p ro to n  gave a m u ltip le t w ith  a coupling co n stan t 

of 7 .0  cps a t 6 . 75 Y  . T he m e th y l p ro to n s  a t 8 . 60 and  8 . 72 Y  

in te g ra te d  a s  th re e  p ro to n s  p e r  m e th y l g roup .

-00R
b. R = t - bu ty l
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T he re a c tio n  of t_ -bu ty llith ium  an d  d ip h en y lace ty  1 ene in  

l ig ro in  a t 3 5 -45° fo r  22 h o u rs  gave on ca rb o n a tio n  by d ecan ta tio n  

th re e  com pounds, 12% 2 -p h e n y l-3 -(o -c a rb o x y p h e n y l)-4, 4 - dim  e th y l- 

2 -p en ten o ic  a c id  (36c), 15.4% :2, 3 - d ip h en y l- 4 ,4 -  d im  e th y l-  2 - p ent enoi c 

a c id  (40b), and 4 .2%  2 -pheny l- 3 - t_-butyUndone (37 c). R eac tio n  t im e s  

of one, n ine and  th ir te e n  h o u rs  gave 1%, 4. 4% and  6 . 2%, r e s p e c ­

tiv e ly , of th e  d iac id  (36c) and  2%, 6 , 3%, and  8 . 1%, re s p e c t iv e ly , of 

th e  m onoacid  (40b).

The s t r u c tu r e  of th e  m onoacld  (40b) w as p ro v e n  by a n a ly s is , 

n e u tra liz a tio n  eq u iv a len t, and  n, m . r ,  sp e c tro sc o p y . T he ac id  gave 

th e  ex p ec ted  s in g le ts  a t  2. 98 ^  fo r  th e  a ro m a tic  p ro to n s  and  a t 8 . 75 'Y  

fo r  th e  p ro to n s  in  th e  R -buty l g roup . In te g ra tio n  of th e  p eak s  show ed 

te n  a ro m a tic  p ro to n s  and  n ine eq u iv a len t a lip h a tic  p ro to n s .

R ing c lo su re  of tfib a c id  w ith  th io n y l ch lo rid e  to  g ive th e  

known com pound 2 -p h en o l-  3-t^-buty lindone (37c) gave p ro o f  of the  . 

t r a n s  co n fig u ra tio n  of th e  pheny l g ro u p s  in  40b.

33T he indone h ad  th e  c o r r e c t  l i t e r a tu r e  m e ltin g  po in t,

a n a ly s is , and  su p e rim p o sa b ility  of th e  in f r a r e d  s p e c tra .  The 2, 4 -d in i tro -

33pheny lh y d razo n e  of the  indone had  th e  hr s p o r te 4  m e ltin g  po in t.

T he d iac id  (36c) gave th e  c o r r e c t  a n a ly s is  fo r  a com pound 

of e m p ir ic a l  fo rm u la  CgQHgQO^, T he n. m . r .  sp e c tru m  in  sodium  

d e u te ro x id e -d e u te r iu m  oxide show ed th e  a ro m a tic  p ro to n s  a s  a  

b ro ad  band fro m  2, 76 to  3 ,1 8  Y  w hich  had  an  in te g ra tio n  va lue
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equal to  th a t of the  a lip h a tic  p ro to n s . The a lip h a tic  p ro to n s  gave 

a s in g le t a t 8 . 73  ‘'Y' w ith  a ch em ic a l sh ift equal to  th a t fo r  the  

t^-butyl g roup .

The n e u tra liz a tio n  equ iva len t of th e  ac id  w as about equal 

to  the  m o le c u la r  w eight of the  p ro p o se d  s tru c tu re ,  not o n e -h a lf  of 

the  m o le c u la r  w eight a s  would be ex pected . T h e se  r e s u l t s  m ay be 

exp la ined  in  two w ays. T he lith iu m  s a lt  of the  a c id  (36c) m ay have 

undergone  an ac id  c a ta ly z e d  r in g  c lo su re  d u rin g  w orkup of the 

re a c tio n  m ix tu re  to  g ive 41. T h is  s tr u c tu r e  a g re e s  w ell w ith  the

0 0H

o
* (4D

da ta  p re se n te d  w ith the  ex cep tio n  th a t no m eth in e  p ro to n  w as o b se rv ed  

in  the  n. m . r .  sp e c tru m .

T he o th e r  p o s s ib le  ex p lan a tio n  of the  o b se rv e d  n e u tra l iz a ­

tio n  eq u iva len t is  th a t th e  two ca rb o x y l g ro u p s  a r e  fo rc e d  so c lo se  

to g e th e r  by the  s te r ic  re q u ire m e n ts  of th e  t_-butyl g roup  (th is  idea 

is  upheld  by m o le c u la r  m odels) th a t a lthough  one ca rb o x y l p ro to n  

is  t i t r a te d  a s  ex p ec ted  the  o th e r  p ro to n  i s  s tro n g ly  in te rm o le c u la r ly
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hy d ro g en  bonded. The second  c a rb o x y lic  ac id  group th en  h a s  such 

a h igh pK a so a s  to  give no n o ticeab le  in flec tio n  in  the. p o te n tio m e tr ic  

t i t ra t io n . The follow ing data  upholds th is  second  exp lanation .

The n. m . r .  sp e c tru m  of th e  a c id  in  v e ry  d ry  ace to n e  

show ed a p eak  of Q. 10 th a t in te g ra te d  fo r  two p ro to n s . T h is  

peak  w as in  th e  re g io n  known fo r  ca rb o x y l p ro to n  a b so rp tio n . In 

ace to n e  the  sp littin g  of th e  p ro to n  a lpha  to  th e  ca rb o x y l g roup on 

th e  phenyl r in g  w as shown. T h is  p eak  had  a ch e m ic a l sh ift of 2. 3 2 ‘T" 

w ith th e  ex p ected  coupling  co n stan t (J - 10 cps) fo r  a p ro to n  o rth o  

to  a COO- group and in te g ra te d  fo r  one p ro to n . The re m a in in g  eight 

a ro m a tic  p ro to n s  a p p e a re d  a s  two s in g le ts  a t 2 . 72  and 3. 00 ^  . The 

n. m.  r .  of th e  im p u re  d im eth y l e s te r 1 of 36c show ed two p eak s  of 

equal in te n s ity  a t 6 . 09 and 6 . 36 ^ . T h e se  two p eak s  a r e  due to 

th e  p ro to n s  on th e  tw o carb o m eth o x y  g ro u p s. The s p e c tra  a lso  

show ed th e  ex p ected  m ax im a  a t 2. 36 'Y *(proton o rth o  to  -CO O M e),

2. 89 and 3 . 03 "Y  (o th e r a ro m a tic  p ro to n s) and 8 . 76 Y  (ty  butyl 

p ro to n s ) .

T he in f ra re d  s p e c tru m  of th e  d iac id  (36c) v a r ie d  f ro m  the 

o th e r  d iac id s  in  th is  w ork  in  th a t it had  two s tro n g  ca rb o n y l a b so rp ­

tio n s  of a lm o s t equal in te n s ity  a t 1715 and 1675 cm .  ̂ r a th e r  th an  

th e  s in g le  m ax im a  a t 1710 cm . ex h ib ited  by 36a and  36b. The 

1715 cm . p eak  could be a s s ig n e d  to  th e  ca rb o x y l g roup  on the
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p h en y l ring., w hile  th e  1675 cm . ~  ̂ m ax im u m  w as in  th e  ra n g e  of

th a t a s s ig n e d  fo r  c in n am ic  ac id , 34

If th e  d iac id  (36c) h a s  been  th e  la c to n e -a c id  (41) th e  carb o n y l 

f re q u e n c ie s  would have been  in  th e  ra n g e  1760-1740 cm . ~  ̂ (lactone) 

and 1725-1705 cm . ~ I (a lip h a tic  ac id ). The in f r a r e d  s p e c tra  r e s u l ts  

w e re  tak en  a s  fu r th e r  p ro o f  ag a in s t la c to n e  (41).

An u l tra v io le t  s p e c tra  study added  co n c lu s iv e  ev id en ce  fo r  

th e  d ica rb o x y lic  n a tu re  of 36d. The u n d is s o d ia te d 'a c id  (HgA) had 

an  a b so rb a n c e  of 0 . 555 a t 283 m^< in  e th a n o l. A dd ition .o f one 

equ iva len t of sod ium  h y d ro x id e  gave a  p la te a u  a t an a b so rb a n c e  of 

0. 375 (HA- ). A ddition  of a second  eq u iv a len t of sod ium  h y drox ide  

gave an  a b so rb a n c e  p la te a u  a t 0 . 430: (A- ) w hich re m a in e d  s tead y  

upon th e  ad d itio n  of e x c e s s  b a se , (See F ig u re  15).

T he indone ,(37d) iso la te d  f ro m  the  t_ -bu ty llith ium  ahd 

d ip h en y lace ty len e  re a c t io n  m ix tu re  w as n e v e r  co m p le te ly  p u rif ied . 

H ow ever, th e  m elting , po in t of a  2, 4 -d in itro p h e n y lh y d ra z o n e  show ed 

no d e p re s s io n  when m ix ed  w ith an a u th en tic  sam p le . T he indone
o g

(37d) w as p re p a re d  unam biguously  by th e  g e n e ra l m eth o d  of K oelsch . 

The twO h y d raz o n es  had  the  sam e  in f r a r e d  sp e c tru m .

H ydolysis  of th e  t_ -bu ty llith ium  and d ip h en y lace ty len e  r e a c -  . 

tio n  m ix tu re  a f te r  18 h o u rs  a t ro o m  te m p e ra tu re  in  hexane  gave 

10. 5% © f-h -b u ty is tilb en e . The ^ - t_ -b u ty ls ti lb e n e  liad a  m e ltin g
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F ig u re  15

T he E ffec t of A cid  and B ase  on th e  U ltra v io le t 

S p ec tru m  of 2 -P h en y l-  3- (o- carb o x y p h en y l)-4 , 4- 

p en ten o ic  A cid  (36c).

0. 050 N h y d ro c h lo ric  a c id  and 0. 0557 N 
sod ium  hy d ro x id e  w e re  added to  1.128 • 10" ^ N 
so lu tio n s  of 36c in 95% ethano l.
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p o in t and bo ilin g  po in t in  a g re e m e n t w ith .th a t r e p o r te d  in  th e
o c  o e

l i t e r a tu r e .  ' T h e n .  m . r .  s p e c tra  show ed ten  a ro m a tic  p ro to n s  

in  th e  ra n g e  2\ 64- 3 . 27 'T ’ and a .s in g le t due to  the  o le fin ic  p ro to n  

a t 3. 52 T* . The n ine p ro to n s  on th e  t^-butyl group a p p e a re d  a s  

a s in g le t a t 8 . 82 'T / .

W hen th e  re a c t io n  betw een  t_ -W ty llith ium  and dipheriyl- 

a ce ty le n e  w as te rm in a te d  w ith d eu te r iu m  oxide, d e u te ra te d  ^  -t_- 

b u ty ls tilb e n e  and n o n -d e u te ra te d  d ip h en y lace ty len e  w e re  ob ta ined . 

T he s tru c tu r e  of th e  d e u te ra te d  £< -t_ -b u ty ls tilb en e  w as c o n firm ed  

by a m e ltin g  po in t id e n tic a l to  th a t of th e  n o n -d e u te ra te d  com pound 

and in f r a r e d  s p e c tra  w ith  th e  sam e  m ax im a . T h is  d e u te ra te d  com ­

pound had an  n. m . r .  . sp e c tru m  s im i la r  to  th a t of th e  u n d e u te ra te d  

s tilb en e  w ith  th e  a ro m a tic  p ro to n s  a p p e a r in g  a s  a b ro a d  band fro m

2. 65 to  3. 22 r '  and th e  t_-butyl p ro to n s  a t 8 . 82 T / - T h e re  w as, 

how ever, no m ax im u m  in  th e  reg io n  of 3. 52 Y* in d ica tin g  the  

co m p le te  re p la c e m e n t of th e  o le fin ic  p ro to n  by d e u te riu m .

T he re a c tio n  be tw een  t_ -bu ty llith ium  and d ip h en y lace ty len e  

a t 70° to  80° in  lig ro in  w as reported"*"® to  g ive on h y d ro ly s is  34%

1, 2, 3, 4 -te trap h en y lb u tad ie 'n e  and 14% t r a n s  s tilb en e . T he  1, 2 , 3, 4- 

te tra p h en y lb u ta d ie n e  w as id en tified  by c o m p a riso n  (m ixed, m . p . and
o n

sp e c tra )  w ith  an au th en tic  sam p le . The n. m . r .  s p e c tra  of the 

te tra p h en y lb u ta d ie n e  sh o w ed .a ro m a tic  p ro to n s  at 2.61, 3; 0 1 , and
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3. 18 "K . The o le fin ie  p ro to n s  a p p e a re d  a s  a s h a rp  s in g le t a t

3. 64 j '-' . In te g ra tio n  of the  sp e c tru m  gave a r a t io  of te n  a ro m a tic  

p ro to n s  fo r  ev e ry  one o le fin ie  p ro to n  a s  expected . T he t r a n s  - 

s tilb e n e  w as id e n tified  by c o m p ariso n  w ith  an au th en tic  sam p le .

T he o ily  re a c tio n  m ix tu re  f ro m  w hich d ip h en y lace ty len e  and t r a n s - 

s tilb e n e  w e re  re c o v e re d  show ed a com pound by v . p .  ,c. th a t had  a 

s h o r te r  re te n tio n  th an  d ip h en y lace ty len e . S ubsequen t w o rk  h a s  

shown t^-butyl s tilb en e  to  have  a re te n tio n  tim e  s im i la r  to  th a t of 

th e  unknown com pound.

The p re s e n t  w ork  h a s  a lso  show n th a t iso b u ty len e  i s  a

b y p ro d u c t of th e  above re a c tio n . T he iso b u ty len e  o b ta ined  h ad  the

sam e  in f ra re d  s p e c tra  a s  r e p o r t e d ^  and gaye a d ib ro m id e  w ith  th e

39c o r r e c t  bo ilin g  po in t. T he iso b u ty len e  d ib ro m id e « p re p a re d  fro m  

iso b u ty len e  and b ro m in e  in  m e th y len e  c h lo rid e  at i-40° had  the  

ex p ec ted  n. m . r .  s p e c tru m . T he m e th y len e  p ro to n s  a p p e a re d  a s  a 

s in g le t a t 6 . 13 ‘Y  and th e  m eth y l p ro to n s  a t 8 . 31 ‘T ' . In te g ra tio n  

of the  sp e c tru m  show ed a m eth y len e  to  m e th y l r a t io  of one to  th re e  

a s  expected .

D e u te ro ly s is  of a re a c tio n  m ix tu re  of m e ta ll ic  lith iu m  and 

d ip h en y lace ty len e  a f te r  two h o u rs  a t ro o m  te m p e ra tu re  gave 96% 

of d e u te ra te d  1, 2, 3, 4 - te tra p h e n y lb u ta d ie n e . The com pound w as 

id en tified  by c o m p a riso n  (m ixed  m e ltin g  po in t and sp e c tra )  w ith an



39

au th en tic  sam p le . The n . m , r„ s p e c tru m  show ed a ro m a tic  p ro to n s  

w ith  ch e m ic a l sh if ts  of 2„ 70, 2. 9 3 -3 . 22, and  3. 2 5 -3 . 51 'T, but 

no o le fin ic  p ro to n s . D eu te riu m  a n a ly s is  show ed two d e u te riu m  

a to m s  p e r  m o lecu le  of 1, 2, 3, 4 -te tra p h e n y lb u ta d ie n e .

W hen th e  hbove re a c tio n  w as a llow ed  to  ru h  fo r  th re e  days 

befo rS  te rm in a tio n  w ith d e u te riu m  oxide. 84% of d e h te ra te d  

1 , 2 , 3 - trip h e riy ln ap h th a len e  w as ob ta ined . Idetitificati-on of the  

com pouiids w as b ased  on a g re e m e n t of m e ltin g  po in t w ith  

l i t e r a tu r e ,  ^  T he com pound show ed ch em ica l sh if ts  of 2. 82 

and 3 .1 3  Y due to  a ro m a tic  p ro to n s  only. D eu te riu m  a n a ly s is  

in d ica te d  one d u e te riu m  a tom  p e r  m o lecu le .

i



O rg an o lith iu m  com pounds a r e  known to e x is t a s  p o ly m e ric

a g g re g a te s . E th y llith iu m  is  h e x a m e ric  in  benzene and ev idence

fro m  n . m .  r .  and in f r a re d  s p e c t r o s c o p y ^  h a s  in d ica ted  h ighly

s y m m e tr ic a l  s t r u c tu r e s  fo r  th e se  a g g re g a te s  involv ing  e le c tro n

d efic ien t ca rb o n - lith iu m  bonds s im i la r  to  the  s itu a tio n  found in  the

d im e ric  a lum inum  a lk y ls . t_ -B uty llith ium  is  te t r a m e r ic  in  both

41benzene and hexane. In d ie thy l e th e r  th e se  s t r u c tu r e s  a r e  b roken

42down som ew hat a s  shown by the  w ork  of W ittig , M ey er, and  L ange 

who m e a su re d  the  d e g re e s  of a s so c ia tio n  (by bo iling  po in t e levation) 

of fou r o rg an o lith iu m  com pounds and found them  to  be two to  five 

fold  a g g re g a te s . M ore  re c e n tly  n - b u ty l l i th iu m ^  h a s  been  shown 

to  e x is t a s  a so lv a ted  d im e r  in  d ie th y l e th e r  (42).
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A lthough th e  o rg an o lith iu m  com pounds a r e  p o ly m eric - a 

f a c i l e ,e q u ilib riu m  e x is ts .  T hus it  i s  known th a t in  h y d ro c a rb o n

(R L i)n ......... :$■ n R L i

o r  d ie thy l e th e r  m ed ia  i t  is  th e  m o n o m e ric  fo rm  w hich ad d s

a c r o s s  th e  double bond of p o ly m e riz a b le  o le fin s  suqh a s  s ty re n e ,

44b u tad ien e  o r  iso p re n e . In th e  p o la r  so lven t it m ay w ell be an 

ion  p a ir  w hich r e a c ts  w ith  a m o n o m er. In view  of th is  fa c t and 

fo r  s im p lic ity  o rg an o lith iu m  com pounds w ill be d isc u s s e d  in  t e r m s  

of the  m o n o m e ric  s p e c ie s  R L i o r  th e  ion  p a i r  R - L i+ .

It h a s  been  shown th a t in th is  w ork  th a t th e  o rd e r  of 

r e a c t iv i ty  of a lk y llith iu m  com pounds to w ard  d ip h en y lace ty leh e  

i s  t - buty l, isa p ro p y l ^  n -b u ty l, e th y l ^  m eth y l. T hus in  d ie thy l 

e th e r  so lu tio n  m e th y llith iu m  does not r e a c t  w ith  d ip h en y lace ty len e  

u n d er co n d itio n s such  th a t both e th y l- and  n -b u ty llith iu m  re a d ily  

r e a c t .  F u r th e rm o re , a lthough  n -b u ty llith iu m  does not r e a c t  w ith 

d ip h en y lace ty len e  in  h y d ro ca rb o n  m ed ia  bo th  iso p ro p y llith iu m  

and_t- b u ty llith iu m  do un d erg o  re a c tio n . The n a tu re  of th e  p ro d ­

u c ts  fro m  e i th e r  h y d ro ly s is  o r  ca rb o n a tio n  in d ica te  th a t new 

o rg an o lith iu m  com pounds a r e  fo rm e d  by a p o la r  p r o c e s s  c o n s is t­

ing  of ad d itio n  a n d /o r  m e ta la tio n . (The re a c tio n  be tw een  h -b u ty l­

lith iu m  and d ip h en y lace ty len e  a t h igh  te m p e ra tu re s  w ill bq c o n s id e re d
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l a t e r . ) The g r e a te r  r e a c tiv ity  of the  se c o n d a ry  and t e f t i a r y  

a lk y llith iu m  com pounds m a n ife s ts  i t s e l f  in th e  fac t th a t th e se  

com pounds u ndergo  the  add ition  and m e ta la tio n  re a c tio n  in 

h y d ro ca rb o n  m ed ia . T h is  o rd e r  of re a c t iv i ty  of o rg an o lith iu m  

re a g e n ts  is  in a c c o rd  w ith th a t exp ec ted  fro m  re c e n t r e p o r ts  th a t 

th e  o rd e r  of c a rb an io n  s ta b ili ty  i s  p r im a ry  ^  s e c o n d a ry ^  t e r ­

t ia ry .  ^

T he re a c tio n  of d ip h en y lace ty len e  w ith  both e th y llith iu m  

and n -b u ty llith iu m  show s th a t r in g  m e ta la tio n  a s  w ell a s  add ition  

a c r o s s  the  t r ip le  bond ta k e s  p lace . T he s t r u c tu r e  of th e  d ilith iu m  

adduct in  th e se  c a s e s  is  of c o n s id e ra b le  in te re s t .  F i r s t  co n s id e r  

s tru c tu re  43 a s  a p o s s ib lity  in  w hich th e  p ro d u c t is  r e g a rd e d  a s

R C 6 H 5

+

R = n -C 4 Hg, C 2 H 5

(43)

an ion p a ir .  The d e u te ro ly s is  e x p e r im e n ts  shed  som e lig h t on how 

th is  in te rm e d ia te  a r i s e s .  W ith n -b u ty llith iu m  a p p ro x im a te ly  55% 

re c o v e re d  d ip h en y lace ty len e  and 39% d id e u te ra te d  t r a n s -g^ -n -bu ty l - 

s tilb e n e  (39) is  ob ta ined . T he re c o v e re d  d ip h en y lace ty len e  con ta in s



0. 387 a tom  of d eu te riu m  p e r  m o lecu le . A ssu m in g  th a t any one 

m o lecu le  of d ip h en y lace ty len e  would have one d eu te riu m  atom , 

the  d e u te riu m  a n a ly s is  in d ic a te s  a 24% y ie ld  of m o n o d eu te ra ted  

d ip h en y lace ty len e . T h e se  r e s u l ts  a r e  c o n s is te n t w ith  the  fo llow ­

ing s te p s . M eta la tio n  o c c u rs  f i r s t  a t th e  o rth o  p o s itio n  follow ed 

by a m o re  ra p id  second  s tep  in  w hich n*bu ty llith ium  ad d s a c ro s s

slow

the  t r ip le  bond of the  m e ta la te d  s ta r t in g  m a te r ia l .
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T hat the m e ta la te d  in te rm e d ia te  is  m o re  r e a c t iv e  than  

d ip h en y lace ty len e  i ts e lf ,  in sp ite  of th e  fa c t th a t a t le a s t  a p a r t ia l  

n eg a tiv e  c h a rg e  e x is ts  in  the  m o lecu le , is  shown by th e  above

d ip h en y lace ty len e  and d id e u te ra te d  n- b u ty ls tilb en e . If the  f i r s t

s tep  in  th e  re a c tio n  seq u en ce  involved  ad d itio n  then  no d eu te riu m  

should  be found in  the  re c o v e re d  d ip h en y lace ty len e  and fu r th e rm o re  

c a rb o n a tio n  o r  d e u te ro ly s is  p ro d u c ts  c o rre sp o n d in g  to  44 m ight be 

exp ec ted . No such  p ro d u c ts  w ere  o b se rv e d .

a f te r  h y d ro ly s is  o r  ca rb o n a tio n  it m ay sa fe ly  be sa id  th a t th e se  

p ro d u c ts  in d ica te  the  s te re o c h e m is try  of the  d ica rb a n io n  s in ce  

c a rb o n a tio n  r e a c tio n s  in th is  s e r ie s ,  and  v e ry  p ro b ab ly  h y d ro ly s is

n a tu re  of the  d ilith iu m  com pounds d o es  not n e c e s s a r i ly  re f le c t  

th e  in itia l  m ode of ad d itio n  of the  n -b u ty llith iu m . C u rtin  and

m en tioned  y ie ld s  of r e c o v e re d  d ip h en y lace ty len e , d e u te ra te d

(44)

W ith r e g a rd  to  the  t r a n s  n a tu re  of the  p ro d u c t ob ta ined

re a c tio n s , o cc u r  w ith  re te n tio n  of co n fig u ra tio n . T he t r a n s

K o e h l^  have shown th a t c i s -s ti lb e n y lli th iu m  can m a in ta in
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co n fig u ra tio n  a t low te m p e ra tu re  in  h y d ro ca rb o n  m ed ia  but th a t 

in  e th e r-b e n z e n e  a t 0 °  co m p le te  iso m e r iz a tio n  to  t r a n s - s t i lb e n y l-  

lith iu m  o c c u rs  in l e s s  than  th ir ty  m in u te s . U nder co n d itio n s  u sed  

in  th is  w ork  the  r e a c ta n ts  re m a in  in e th e r  so lu tion  fo r  a p p ro x im a te ly  

24 h o u rs  d u rin g  w hich tim e  iso m e r iz a tio n  to  the  m o re  s ta b le  s te r e o ­

is o m e r  would c e r ta in ly  have o c c u r re d . If the  s tr u c tu r e  (45) i s  an

a c c u ra te  r e p re s e n ta t io n  of the  p ro d u c t fo rm ed , it i s  not obvious 

th a t th e  t r a n s  co n fig u ra tio n  would be th e  m o re  s ta b le . In the  c is  

co n fig u ra tio n  the  crow ding  of th e  two phenyl g ro u p s m igh t be m o re  

than  o ffse t by hav ing  the  two n eg a tiv e  c h a rg e s  a s  fa r  re m o v ed  fro m  

each  o th e r  a s  p o s s ib le .

and e th y llith iu m . One i s  th a t the  r in g  m e ta la te d  com pound, a m ono- 

c a rb an io n  c a r ry in g  a fu ll o r  a t le a s t  a p a r t ia l  neg a tiv e  c h a rg e , is  

m o re  re a c t iv e  in th e  fo rm a tio n  of a d ic a rb a n io n  lik e  su b s tan ce  than  

is  d ip h en y lace ty len e  i ts e lf .

C 6 H 5

(45)

T h e re  a r e  two fa c ts  to  be ra tio n a liz e d  in th e  c a s e  of n -b u ty l
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Both of th e se  fa c ts  m ay be ex p la in ed  in  te r m s  of co o rd in a ­

tion  of the  lith iu m  atom  in  the  m e ta la te d  p ro d u c t w ith th e  IT sy s te m  

of the  t r ip le  bond a s  re p re s e n te d  in s t r u c tu r e  46. T h is  in te rm e d ia te

/ C 6H 5

Li"

(46)

/

m ay then  be m o re  su sc e p tib le  to  a tta c k  by a n o th e r  R L i+ a t the  

c a rb o n  a tom  b e a r in g  the  p o s itiv e  ch a rg e  than  would be d iphenyl- 

a ce ty le n e . R eac tio n  w ith  R ~Li+ w ould g ive 47, w hich a lso  ex p la in s

R

L i L i

(47)

the  s te re o c h e m is try  of th e  o b se rv e d  p ro d u c t. T he lith iu m  cation  

is  known to  have a h igh  co o rd in a tin g  a b ility . F u r th e rm o re  a 

som ew hat analogous s itu a tio n  h as  been  show n to e x is t in  th e  ca se  

of the m e ta la tio n  by n -b u ty llith iu m  of b en zy ld im eth y lam in e . 47 

In th is  c a se  co o rd in a tio n  w ith  lith iu m  involv ing  the  u n s h a re d  p a ir  

of e le c tro n s  on n itro g e n  o c c u rs .
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CH 9 N(CHr.)

n- C^H gLi +

A n u m b er of a ro m a tic  com pounds having  su b s titu e n ts  

w hich a r e  in d u c tiv e ly  e le c tro n  w ithdraw ing , such  a s  b e n z o tr i-  

f lu o rid e  and a n iso le , m e ta la te  re a d ily  w ith  n -b u ty llith iu m  in  the 

h in d e re d  o rth o  p o s itio n  w h ere  the  in d u c tiv e  effect is  m o s t s tro n g ly  

fen. 48' 49' 50

It m ight be ex p ec ted  th a t the  s tro n g ly  e le c tro n e g a tiv e

c a rb o n -c a rb o n  t r ip le  bond, and m o re  e le c tro n e g a tiv e  -G 2 C -P h

m o ie ty  would p ro m o te  m e ta la tio n  of an  o rth o  ca rb o n  in  d iphenyl-

a ce ty le n e . The - I  in d u ctiv e  e ffec t of -C E C -P h  is  i l lu s t r a te d  by

the  m a rk e d  in c re a s e  of ac id  s tre n g th  in  p h en y lp ro p io lic  a c id  o v er

512 -p h en y lp ro p an o ic  a c id  o r  even c in n am ic  ac id  (see  T ab le  1).

In th e  ty b u ty llith iu m  ca se  th e  fo llow ing fa c ts  a r e  o b se rv e d . 

No d e u te riu m  is  found in  th e  re c o v e re d  d ip h en y lace ty len e  and ac id s  

36c and 40b a r e  fo rm ed . T he s te re o c h e m is try  of th e  m ono ac id  

w as shown to be t r a n s . A lthough the  s te re o c h e m is try  of th e  d iac id  

o r  th e  d ian ion  p r e c u r s o r  is  not known, it  m ay  be a s su m e d  by analogy
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TA B LE 1

THERMODYNAM ICALLY CO RRECTED  ACIDITY CONSTANTS 
O F UNSATURATED ACIDS IN W ATER A T 25°

A cid F o rm u la 105Ka

P ro p a n o ic CHgCH^COOH 1. 33

2 -P h en y lp ro p an o ic p tv  c h 2 c h 2c o o h 2. 19

tr a n s  - C innam ic Ph- CH:CHCOOH 3 .6 5

c is  - C innam ic P h e CH:CHCOOH 13.2

P h en y lp ro p io lic Ph- CECCOOH 59 0 .0

to  the  n -b u ty llith iu m  c a se  th a t the  t r a n s -d ia c id  is  o b ta in ed . T h is  

a ssu m p tio n  i s  in a c c o rd  w ith the  p ro p o se d  pathw ay. T he ab sen ce  

of any d e u te riu m  in  th e  r e c o v e re d  d ip h en y lace ty len e  and  th e  p re se n c e  

of the m ono a c id  (40b) is  tak en  to  m ean  th a t in  th is  c a s e  add ition  

o c c u rs  f i r s t .

1 - c 4 h 9  C«Hk

l - C 4 H9L i + c 6 h 5 - c = c - c 6 h 5  ------ » ' N :  =  c

c 6 h 5  X i

(48)

T he s te re o c h e m is try  of the  add ition  p ro d u c t r e q u ire s  

co m m en t. In th e  r e p re s e n ta t io n  shown above th e  la r g e s t  su b stitu en t



a tta c h ed  to the double bond, the t^-butyl g roup , is  on th e  s a m e  side  

a s  the phenyl g roup . One p o ss ib le  re a s o n  fo r  th is  fac t i s  th a t in 

the  h y d ro ca rb o n  m ed ia  the  o lefin ic  lith iu m  com pound e x is ts  a s  a 

p o ly m e ric  ag g re g a te  and b ecau se  of th is  the  la rg e s t  su b s titu e n t 

i s  a c tu a lly  th is  m o ie ty  a s so c ia te d  w ith  th e  lith iu m . A n o th er 

exp lanation  w hich is  h e re  o ffe red  and w hich is  c o n s is te n t w ith  our 

o th e r  a rg u m e n ts  is  th a t co o rd in a tio n  of th e  17" sy s tem  of th e  benzene 

r in g  w ith the  lith iu m  ca tio n  i s  a s  in d ica te d  below . T h is  i s  som ew hat

1 - C 4 H 9

(49)

s im i la r  to  the  p re v io u s ly  d isc u s s e d  n -b u ty llith iu m  c a s e . S ince the 

d iac id  (36c) is  ob ta ined  in a y ie ld  a m o st the  sam e  a s  th a t of the mono 

a c id  and fu r th e rm o re  th a t d ip h en y lace ty len e  is  re c o v e re d , th e  r e a c ­

tiv ity  of the  m onoanion (48) m u st be s im i la r  to  th a t of d ip h en y lace ty len e  

i ts e lf .  If the s tr u c tu re  (49) is  c o r r e c t  re m o v a l of the  p ro to n  o rth o  to  

the  double bond should  o c cu r re a d ily  by re a c tio n  w ith  RTLi"1’ to  give
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i - C 4Hg i - C 4Hg

— C«H

Li

(52)

.+L i

(50)

Brow n and J o n e s ^  have re c e n tly  r e p o r te d  th e  fo rm a tio n  

of an ion  r a d ic a ls  fro m  a lk y llith iu m  and a ro m a tic  com pounds. An 

anion  r a d ic a l  would exp la in  the  o b se rv e d  r e s u l t s  of re a c tio n  betw een 

t_-bu ty llith ium  and d ip h en y lace ty len e  a t 80° in  lig ro in . A re a c tio n  

sequence  such  a s  shown in  F ig u re  16 is  in  a c c o rd a n c e  w ith  the

CH.

C H g -C -L i + C 6 H 5 -C = C -C 6 H 5

CH,

CH-

CH.

> c h 3 - c -  + c 6 h 5 - c = c - c 6 h 5

(51)

d im e riz a tio n

(53)

H2 °

6  5 C6H5

C 6 H 5 C8H5

(52)

Figure 16
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o b se rv a tio n s . T he bu ty l r a d ic a l  could  u tidergo  s e v e ra l  re a c tio n s : 

d im e riz a tio n  to' fo rm  2, 2 , 3, 3 - te tra m e th y lb u ta n e , hy d ro g en  a b s tr a c ­

tio n  to  fo rm  iso b u tan e , o r  d isp ro p o rtio n a tio n  to y ie ld  th e  o b se rv e d  

iso b u ty len e . H y d ro ly s is  of the  re a c tio n  m ix tu re  w ould co n v e rt 

u n d im e riz e d  . r a d ic a l  an ion  in to  s tilb e n e , a p p a re n tly  to  t r a n s  - 

s tilb e n e  only.

An e. s. r .  s tudy  of th e  re a c t io n  be tw een  t_ -bu ty llith ium  and

d ip h en y lace ty len e  gave su b s ta n tia l ev id en ce  fo r  th e  re a c t io n  sequence
• 1

p ro p o se d  above. W hen t_ -bu ty llith ium  and d ip h en y lace ty len e  w ere  

re a c te d  in  lig ro in  a t 80-85,° a liq u o ts  a f te r  0. 5 h o u r, 5 h o u rs , and 

23. 5 h o u rs  had  an  e. S, t .  s ig n a l w ith  no fine  s t r u c tu r e .  T he s ig n a l 

a f te r  5 h o u rs  w as 250% la r g e r  th an  th a t ob ta ined  a f te r  0. 5 ho u r.
! - ' a

A fte r  23. 5 h o u rs  th e  s ig n a l had  d e c re a s e d  only S ligh tly . N e ith e r  

d ip h en y lace ty len e  n o r t> b u ty llith iu m  a lone  gave a m e a s u ra b le  

e. s . r .  s ig n a l u n d e r th e se  co n d itio n s. An e . s. r .  s ig n a l in  a  sy s tem  

a s  w as s tu d ied  could  only a r i s e  fro m  a f r e e  e le c tro n  lo c a te d  on a 

ca rb o n  a to m  a tta c h e d  to  ho p ro to n s .

T h e re  w as a p o s s ib ili ty  th a t th e  t^- b u ty llith iu m  m ig h t d is ­

so c ia te  a t th e  te m p e ra tu re s  em ployed  to  g ive iso b u ty len e  and  lith iu m  

h y d rid e . T he lith iu m  h y d rid e  m igh t have  re a c te d  w ith  d ip h en y lace ty len e  

to g ive th e  o b se rv e d  r e s u l t s .  L ith iu m  h y d rid e  and d ip h en y lace ty len e  . 

a t 7 5 -8 5 °  fo r  tw elve  h o u rs  how ever did not r e a c t .



52

S m ith  and H oehn^? re p o r te d  th a t lith iu m  m e ta l and. d ipheny l- 

a ce ty len e  in  d ie thy l d the'r gave 1, 2, 3, 4 - te tra p h e n y lb u ta d ie n e  (53) 

when th e  re a c tio n  fhfosture w as h y d ro ly zed  a f te r  tw o - th re e  h o u rs  

shaking . R eac tio n  fo r  th re e  days a t ro o m  te m p e ra tu re  gave only 

1, 2, 3 - tripheny lnaph thalO ne on h y d ro ly s is  and w hat w as p ro p o sed  

to  be i^ c a rb p x y 1 2, 3 ,4 -tr ip h e n y ln a p h th a le n e  on c a rb o n a tlo n . T h ese  

p ro d u c ts  would be ex p ec ted  to  a r i s e  f ro m  a  r a d ic a l  an ion  such  a s  

51. Indeed  a n o th e r  g roup of w o rk e rs^ S  had  p ro p o se d  ah in te rm e d ia te  

s im i la r  to  51 but gave no p ro o f.

An e. s. r .  s tudy  of th e  re a c tio n  be tw een  lith iu m  m Otal and 

d ip h en y lace ty ien e  in  d ie th y l e th e r  show ned Un e. s . r .  peakvw ith no 

fine  s tr u c tu r e .  A liq u o ts  rem o v e d  fro m  th e  re a c tio n  m ix tu re  a f te r  

3 h o u rs  and a f te r  23 h o u rs  show ed th e  sa m e  e. s. r .  s ig n a l. T h is  

w as ta k e n  a s  ev idence  fo r  51.

In view  of w hat h a s  been  Said b e fo re  about th e  s ta b ili ty  of 

o rg an o lith iu m  com pounds i t  d oes not seem  u n re a so n a b le  th a t th e  

le a s t  s ta b le  t e r t i a r y  c a rb an io n  lik e  su b s ta n c e  should  g ive up an 

e le c tro n  to  th e  d ip h en y lace ty ien e  to  fo rm  th e  m o re  s ta b le  V -butyl 

ra d ic a l .



EX PER IM EN T A L

M elting  p o in ts  a r e  u n cb rrec tied . N u q lea r m a g n e tic  r e s o n ­

an ce  s p e c tr a  w e re  d e te rm in e d  on a  V aria ri M odel A - 60 (60 m e . ) 

s p e c tro m e te r  u s in g  t  e t r  am  e thy l s ila n e  a s  an  in te rn a l  s ta n d a rd , 

ex cep t w h ere  o th e rw ise  no ted . E le c tr o n  spiin re so n a n c e  s p e c tra  

w e re  d e te rm in e d  on a  V a r ia n  ¥4501 e . p^ r ,  s p e c tro m e te r .  E ith e r  

a  P e r k in - E lm e r  In f ra c o rd  o r  a  B eckm an  IR -4  s p e c tro p h o to m e te r  

w as u se d  to  d e te rm in e  in f r a re d  s p e c tra ;  a  p o ly s ty re n e  f ilm  w as u se d  

to  c a l ib ra te  th e  in s tru m e n ts .  M a ss  s p e c tr a  w e re  o b ta in ed  On a  Con­

so lid a te d  E le c tro d y n a m ic  C o rp o ra tio n  21-130 M a ss  S p ec tro m e te r*  

U ltra v io le t s p e c tra  w e re  d e te rm in e d  jLh 95% e th an o l on a  C a ry  14 

re c o rd in g  s p e c tro p h o to m e te r ,

M ic ro a n a ly se s  w e r 6  pbrfo rim ed  by th e  M ic ro -T e c h  L a b o ra ­

to r ie s ,  Skokie, I ll in o is , /D euterium ; a n a ly s e s  w erp  m ad e by Jo se p h  

N em eth ,;, U;rbana, I ll in o is , V ap o r b h a se  ch ro m a to g rap h y , u n le s s  

o th e rw ise  no ted , w as c a r r ie d  o u | on an  A ero g rap h , in s tru m e n t u s in g  

a  co lum n p ack ed  w ith  Dow.11 s ilic o n e  on f i r e b r ic k .

H y d ro ca rb o n  so lv en ts -(p en tan e , lig ro in , e t c , ) w e re  p u r if ie d
i

by w ash ing  w ith  95% s u lfu r ic  a c id , s t i r r in g  o v ern ig h t w ith  95% su lfu r ic
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a c id , w ash ing  w ith  d is t i l le d  w a te r , d ry in g  o v e r an h y d ro u s  m ag n esiu m
i • ‘ ■

su lfa te , and re flu x in g  o v e r  sod ium  m e ta l fo r  24 h o u rs  b e fo re  fin a l 

d is ti l la tio n  im m e d ia te ly  p r io r  to  u s e .

M a llin ck ro d t an h y d ro u s re a g e n t g ra d e  d ie th y l eth |er w as u se d  

w ith  no fu r th e r  p u r if ic a tio n . P r a c t ic a l  g ra d e  1, 2- d im ettioxyethane 

w as d r ie d  o v e r an h y d ro u s  m ag n es iu m  su lfa te , re flu x e d  o v e r  ^ m e ta llic  

sod ium  fo r  th r e e  to  fo u r  houi;s, and-xd istilied  f ro m  sod ium  m e ta l 

b e fo re  u s e .  In d u s tr ia l  g ra d e  te tra h y d ro fu ra n  w as re flu x e d  o v e r 

sod ium  fo r  fiv e  h o u rs  and d is t i l le d  o v e r  lith iu m  a lum inum  h y d rid e  

im m ed ia te ly  b e fo re  u se . P r a c t ic a l  g ra d e  tr ie th y la m in e  w as d rie d  

w ith  p o ta ss iu m  h y d ro x id e  p e l le ts ,  d is t i l le d  fro m  p o ta ss iu m  hydrox ide , 

and  s to re d  o v e r  an h y d ro u s m ag n es iu m  su lfa te . A n a ly tic a l re a g e n t 

g ra d e  b enzene  w as d is t i l le d  f ro m  sodium  and s to re d  u n d e r  h e liu m . 

A nhydrous ca rb o n  te t ra c h lo r id e  w as fhade tiy s t i r r in g  re a g e n t g ra d e  

ca rb o n  te t ra c h lo r id e  w ith  p h o sp h o rtis  p en to x id e . U .S .P .  g rad e  

m in e ra l  o il w hs w ash ed  f i r s t  w ith  95% s u lfu r ic  ac id , th en  w ith  w a te r , 

d r ie d  a t 200°C . o v e r  sod ium  w ith  v ig o ro u s  s t i r r in g ,  and f i l te r e d  hot 

u n d e r  re d u c e d  p r e s s u r e  th ro u g h  a  m ed iu m  s in te re d  g la s s  funnel.

R eagen t g ra d e  a lk y l and a r y l  h a lid e s  w e re  f u r th e r  p u r if ie d  

by d ry in g  o v e r an h y d ro u s sod ium  c a rb o n a te  and f ra c t io n a l  d is t i l la tio n  

u n d e r  a  h e liu m  a tm o sp h e re  th ro u g h  a  V ig re u x :: co lum n, u n le s s  o th e r ­

w ise  no ted  below .
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L ith iu m  w ire  and lith iu m  h y d rid e  w e re  o b ta in ed  f ro m  tbe  

L ith iu m  C o rp o ra tio n  of A m e ric a . T he h e liu m  and n itro g e n  u se d  

w e re  M atheson  d ry  p re p u r if ie d  g ra d e s . " -

D ip h en y lace ty len e  (m .p . 59. 5 -80 . 5 ° C .) w as p re p a re d  

a c c o rd in g  to  th e  p ro c e d u re  of Cope, S m ith /an d  C o t t e r . ^  T he 

dipheny la  c  e ty l ene w as  d r ie d  in  a vacuum  d e s ic c a to r  a t 0. 2 -0 . 5 m m . 

p r e s s u r e  b e fo re  u se . N o rb o rn en e , cy c lo p en ten e , dyclohexene, •

cy c lo o c ten e , l* h ex en e , and t r im  e thy l v iny l s ila n e  W ere f ra p tio n a lly
/ - . . 

d is t i l le d  th ro u g h  a V ig reu x  : co lum n.

... T he o rg an o lith iu m  com pounds w e re  p re p a re d  a s  ou tlined

below . P r io r  to  th e  u se  th e  organqilith ium  so lu tio n s , w ith  th e

ex cep tio n  of th e  1̂ -b u ty llith iu m  so lu tio n , w e re  f i l te r e d  th ro u g h  a

g la s s  w ool p lu g . The c o n c en tra tio n  of o rg ah o lith iu m  re a g e n t w as

d e te r ln in e d  by th e  O ilm an  double t i t r a t io n  m ethod . Both th e

p re p a ra t io n s  of th e  o rg an o lith iu m  com pounds and th e i r  r e a c tio n s

w ith  d ip h en y lace ty len e  w e re  ru n  u n d e r  helitim  a tm o sp h e re  in  f lam e

d rie d  a p p a ra tu s  p ro te c te d  by ca lc iu m  c h lo r id e  tu b e s .

M ethy llith ium  w as p re p a re d  (49-53%  yield) in -d ie th y l e th e r

fro m  m e th y l.io d id e  and lith iu m  by th e  p ro c e d u re  of G ilm an , Z o e lln e r , 

56and S elb y , ' E th y llith iu m  w as p re p a re d  bo th  by th e  m eth o d  u se d  fo r  

m e th y llith iu m ^ ( 2 6 - 3 9 %  yield) and by th a t fo r  h -b u ty l l i th iu m ^  (59-79%  

y ie ld ) . 1 so p ro p y llith iu m  w as sy n th e s iz e d  (-SS-44% y ie ld ) by th e  m ethod
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58of A p p leq u is t f ro m  iso p ro p y l c h lo r id e  and  lith ium , w ith  th e  excep tion  

th a t a lith iu m  "san d "  w as em ployed . T he lith iu m  d is p e rs io n  w as 

p re p a re d  a s  fo llo w s:

L ith iu m  m e ta l  and  p u r if ie d  m in e ra l  o il w e re  p la c e d  in  a  d ry  

M orton  f la sh  f itte d  w ith  a H e rsh b e rg  s t i r r e r .  A h e liu m  a tm o sp h e re  

w as m a in ta in ed  a long  w ith  g en tle  s t i r r in g  w hile th e  m ix tu re  w as h e a ted  

ra p id ly  to  l8 0 oC, W hen th is  te m p e ra tu re  w as a tta in e d  th e  S t i r r e r  w as 

s e t  a t fu ll sp eed  and th e  h e a t w as tu rn e d  o ff. A fte r  th r e e  to  five  m lh r  

u te s  th e  lith iu m  d isp e rs io n  w a s fv e ry  f in e  and th e  h ea tin g  m an tle  and  

g la s s  wool w rapp ing  w e re  rem oved* W hen th e  m in e ra l  o il cooled  to  

178. 5°C . th e  s t i r r e r  w as ittiin ed ia te ly  s to p p ed . T he  lith iu m  sand  i s  

s i lv e r  co lo red  and V ery fin e ly  d is p e r s e d .  A fte r  coo ling  to  ro o m  te m p e ra ­

tu r e  th e  su sp e n s io n  # a s  pour&d in to  a  s e p a ra to ry  fu n n e l. W hen th e  lith iu m  

had  r is e n  to  th e  su rface ,, th e  m in e ra l  o il w as ru n  out of th e  s topcock . T he 

lith iu m  w as w ash ed  w ith  d ry , u h s a tu ra te  f r e e  p en tan e  b e fo re  being  t r a n s ­

f e r r e d  to . th e  re a c tio n  fla sk : A ll w ash in g s  and t r a n s f e r s  were: c a r r ie d  out

u n d er h e liu m  a tm o s p h e re  th ro u g h  g la s s  equ ipm ent w ith  g round  g la s s  jo in ts  

■, T he iso p ro p y l c h lo r id e  u se d  fo r  th e  sy n th e s is  o f  th e  i sop ro p y  1- 

lith iu n i w as f ra c tio n a lly  d is t i l le d  th ro u g h  a  Todd cp lu to n  w ith  only th e  

34-i34. 50 C, bo ilin g  ra n g e  d is t i l la te  b e in g  C ollected . 4

,, Phenyllijfchium w as p r e p a re d  (71% y ield) f ro m  b ro m b b en zen e  

and  lith ium ,57b  ^
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T he t^ -bu ty llith ium  w as ob ta in ed  in  p en tan e  so lu tio n  fro m  

th e  L ith iu m  C o rp o ra tio n  of A m e ric a .

n -B u ty llith iu m  w as sy n th e s iz e d  fro m  n -b u ty l b ro m id e  and 

l i t h i u m i n  90-95%  y ie ld .

P a r t  I : O rg an o lith iu m  C om pounds and  A lk en es

A. G e n e ra l P ro c e d u re

T he a lk y llith iu m  re a g e n t in a  d ry  so lven t f r e e  of U n sa tu ra ted  

com pounds w as p la c e d  u n d e r a h e liu m  a tm o sp h e re  in  a f la rh e^ d i'ie d  

three;'-neck  f la sk  f it te d  w ith a  m ec h a n ic a l s t i r r e r ,  p r e s s u re - e q u a l iz in g  

d ropp ing  funnel, g a s  in le t tube , and  cb ld  w a te r  c irc u la tin g  P r ie d r ic h  

co n d e n se r  topped  w ith a  ca lc iu m  c h lo r id e  f il le d  tu b e . T he a lk en e  in  

th e  sam e  so lv en t a s  th e  a lk y llith iu m  re a g e n t w as added  to  th e  ra p id ly  

s t i r r e d  so lu tio n  in  th e  c o u rse  of a  few  m in u te s . . T he re a c t io n  w as 

th en  a llow ed  to  con tinue fo r  six: to  sev en ty -tw o  h o u rs  a t  th e  d e s ire d  

te m p e ra tu re .  T he re a c t io n  m ix tu re ' w as  coo led  to  - 50°C , if the  - 

r e a c tio n  w as to  be te rm in a te d  by c a rb o n a tio n  and  to  O^C. if h y d ro ly s is  

o r  d e u te ro ly s is  vyOre th e  m ethod  of te rm in a tio n .

W hen ca rb o n a tio n  w as u se d  to  stop th e  r e a c t io n  th e  m ix tu re  

w as p o u red  d ire c tly  w ith v ig o ro u s  s t i r r in g  onto th re e  Or fo u r in ch es  

of f re s h ly  c ru sh e d  D ry  Ice  iu  a  two o r  th re e  l i t e r  b e a k e r , A fte r  th e  

ca rb o n a tio n  m ix tu re  had  re a c h e d  ro o m  te m p e ra tu re ,  1 0 0  m l. of 6  N
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h y d ro c h lo ric  a c id  w as added  w ith  s t i r r in g .  The m ix tu re  w as v ig o r ­

ou sly  shaken  to  in s u re  co m p le te  h y d ro ly s is  of  any  lith iu m  s a lts  

p re s e n t .  The a c id ic  aq u eo u s .la y e r  w as rem o v ed . T he  o rg an ic  

la y e r  w as e x tra c te d  w ith  th re e  5 0 -m l. p o r tio n s  of aq u eo u s s a tu ra te d  

sod ium  c a rb o n a te  so lu tio n . T he aqu eo u s b a s ic  e x t r a c ts  w e re  com bined , 

w hile th e  n e u tra l  o rg a n ic  la y e r  w as d r ie d  o v e r  an h y d ro u s  m ag n es iu m  

su lfa te , f i l te r e d  and  d is ti l le d .

T he aqueous f ra c tio n  w as a c id if ie d  to  a  pH of one to  two w ith  

6  N h y d ro c h lo ric  a c id  and  e x tra c te d  w ith  th re e  100-m l. p o r tio n s  of 

d ie thy l e th e r . T he e th e r  e x tr a c ts  w e re  d r ie d  w ith an h y d ro u s  m ag n es iu m  

su lfa te  and d is ti l le d .

H y d ro ly s is  o r  d e u te ro ly s is  w as c a r r ie d  out by th e  drop  w ise  

ad d itio n  of a  fo u r- fo ld  e x c e s s  of w a te r  o r  d e u te r iu m  oxide to  th e  co ld , 

ra p id ly  s t i r r e d  m ix tu re . S t i r r in g  waS continued  o v e rn ig h t to  in s u re  

co m p le te  h y d ro ly s is .. T he aqueous and o rg a n ic  l a y e r s  w e re  s e p a ra te d . 

T he o rg a n ic  la y e r  w as d r ie d  w ith  an h y d ro u s  riiagnesium  su lfa te  and 

d is t i l le d . . ;  ' ' . . . .  ..

B. A ddition  of tj- B u ty llifh ium  to  N o rb o rn en e  . J -

1. T e rm in a t ion Of R eac tio n  by C arb o n a tio n . - - t - Butyllit-hium  

(0. 371 m ole) in  232 m l. of p en tan e  w as added  o v e r  a  p e r io d  of 5 m in u te s  

to  a ra p id ly  s t i r r e d  so lu tio n  of n o rb o rn e n e  (25. 0 g . , 0. 265 m ole) in  

400 m l. of l ig ro in  (b, p . 9S-1100). T he p a le  yellow  so lu tio n  w as
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s t i r r e d  a t 64 -7 4 ° fo r  24 h o u rs . T he l ig ro in  so lu tio n  b e c am e  o ra n g e

afieh  5 h o u rs . Carbonp.tion of th e  re a c t io n  m ix tu re  gave 36% p iv a lic

a c id  (b ased  on t  -b u ty llith iu m ) and  32% 2 -t rb u ty ln o rb o rn a n e -  3-

c a rb o x y lic  ac id , b .p .  100-105° (0. 3 m m .) .  A fte r  th r e e  r e c f y s ta l -
\  CHClg

l iz a tio n s  f ro m  h ex an e  th e  a c id  had  m . p . 94. 5-95 . 0°; ~u .m ax .

1710 c m .* 1; n . m . r .  (2 0 % in  C.C14), 7. 43 and 7. 51 Y & . O ) ,  7.. 81 'K  :

(1 . 0 ), 8 . 31 and  8 .4 0  Y  (2. 1), 8 . 54, 8 . 73 and 8 . 8 8  ^  (5. 4), 9 :14/ h  

(8 . 5). An ai41i.de d e r iv a tiv e , m . p;. 144. 5-145. 5° d . , w as  p re p a re d

by the method of Shriner, Fuson a n d - ,  V .

A nal. G alcd. fo r  C 1 1 H 1 9  (GOOH): C, 73. 43|,H> 10. 27; 

neu t. e q u iv . , 196. Found: C, 73. 36; H, 10. 27; neu t. equiy . 191,

200 .

T he m eth y l e s te r  of 2 -t_ -b u ty ln o rb o rn an e- 3 - c a rb o x y lic  ac id

w as m ade by adding a so lu tio n  of th e  a c id  (9. 15 g . , 0, 046 m ole) in  40

60m l. of d ie thy l e th e r  to  s t i r r e d  so lu tio n  of d iazo m eth an e  (ap p ro x i­

m a te ly  0. 070 m ole) in  100 m l. of d ie th y l e th e r  a t 0 °. 'fh e  yellow  

c o lo r  of th e  d iazo m eth an e  so lu tio n  slow ly  b ecam e  c le a r  and  c o lo r le s s  

w ith th e  ad d itio n  of th e  a c id . The so lu tio n  w as a llow ed  to. w arm  to  

ro o m  te m p e ra tu re  w ith  s t i r r in g  o v e r a  p e r io d  of 2 -3  h o u rs . G lac ia l 

a c e tic  a c id  (0. 5 m l . ) w as added  to  d eco m p o se  any e x c e s s  d iazo m eth an e  

The re s u l t in g  yellow  liq u id  a f te r  re m o v a l of th e  d ie th y l e th e r  gave 52% 

of th e  m eth y l e s te r  of 2 - t^ -b u ty ln o rb o rn a n e -3 - c a rb o x y lic  ac id , b .p .
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60. 0 -6 4 . 5° (0. 3 m m .), s in g le  p eak  in  v. p . c. ; 5 ^ . ; '1 7 6 5

c m . ' 1; r i .m . r .  (20% in  GDG13), 6 . 4 2 ^ ( 2 .  8 ), 7. 54 and  7 .6 2  Y (2 .0 ) ,

7. 907^(1 • 1), 8 . 36 and  8 . 47T / (1. 9), 8 . 69 and  8 . 83 ‘]y(5. 4), 9. 2 7 f '( 8 .  8 ) ;

A nal. C alcd . fo r  G n H 1 9  (COOCHg): C, 7 4 .24; H, 10. 55.

Found: C, 7 4 .0 4 ; ^ ,  10 .3 2 .

E p im e r iz a tio n  iof th e  m e th y l e s te r  of 2 -t^ -b u ty ln o rb o rn an e-

3 - ca rb o x y lic  a c id  w as c a r r ie d  out by th e  p ro c e d u re  u se d  fo r  e p im e r-
15

iz in g  th e  m eth y l e s te r  of endo- 5 -n o rb o rn e n e -  2 - c a rb o x y lic  ac id . A 

so lu tio n  of th e  m eth y l e s te r  (2. 5 g. , 0 . 012 m ole) in  8  m l. pf ab so lu te  

m eth an o l w as added  to  a  so lu tion  of sod ium  m eth o x id e  (0 . 024 m ole) 

in  5 m l. of a b so lu te  rhe thano l. T he m ix tu re  w as h e a te d  a t  r e f lu x  fo r  

25 h o u rs . T w elve m i l l i l i t e r s  of m e th an o l w e re  re m o v e d  by d is t i l la ­

tio n  and  th e  re m a in in g  so lu tio n  w as p o u re d  onto 20 m l. of ic e . T he 

r e s u lt in g  aqueous so lu tio n  w as e x tra c te d  w ith  th re e  2 0 tm l ,  p o r tio n s  

of d ie th y l e th e r .  T he e th e r  so lu tio n s  w e re  com bined  and  w ashed  w ith  

two 1 0 -m l.  p o r tio n s  of s a tu ra te d  aqu eo u s sod ium  c h lo r id e  so lu tion .

The e th e r  w as d r ie d  o v e r  an h y d ro u s m ag n esiu m  su lfa te , and  the  

so lv en t ev ap o ra te d . V apor p h ase  c h ro m a to g rap h y  of the re m a in in g  

o il on a U con P o la r  colum n Showed one p eak  w ith a  re te n tio n .tim e  

id e n tic a l to  th a t of th e  u n e p im e riz e d  e s te r .

A so lu tio n  of t^ -bu ty llith ium  (0. 291 m ole) in  170 m l. of 

p en tan e  w as added  o v e r  a p e r io d  of 5 m in u te s  to  a ra p id ly  s t i r r e d
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so lu tio n  of n o rb o rn en e  (20. 3 g . , 0. 216 m ole) in  250 m l. of d ie thy l 

e th e r  a t -4 0 ° . Tlie re a c t io n  m ix tu re  w as s t i r r e d  a t -4 0 °  fo r  24 

h o u rs . C arb o n a tio n  by d ecan ta tio n  gave 13% (b ased  on t_-buty llith ium )

4, 4 -d im eth y lp en tan o ic  a c id , b .p .  70° (1 .5  m m . ), ( l i t .^ ^ b .p .  200-215°); 

n§ 9  1 .4191 .

A nal. C alcd . fo r  C gH ig (COOH) neu t. e<4uiv._ -130. i'bund: 

neu t. equiv . 135.

T he am id e  of 4, 4 -d im e th y lp en tan o ic  a c id  had  im p . 139, 0- 

139. 5° a f te r  r e c ry s ta l l iz a t io n  fro m  w a te r  (lit.® ̂  m . p. 140-14.1°);.

2. T e rm in a tio n  of R eac tio n  by H y d ro ly s is  . - - 1 - B u ty llith ium  . 

(0 . 336 m ole) in  187 m l. of p eh tan e  w as added  o v e r  a p e r io d  of 5 m in u te s  

to  a  ra p id ly  s t i r r e d  so lu tio n  of n o rb o rn e n e  (22. 6  g . , 0. 240 m ole) in  

400 m l. of l ig ro in  (b. p . 100-1039). T he p a le  yellow  so lu tio n  w as 

s t i r r e d  a t  60-759 fo r  24 h o u rs . T he m ix tu re  w as coo led  to  -209 , and  

30 m l. of w a te r  w as c a re fu lly  added  d ro p w ise . T he so lu tio n  w as 

s t i r r e d  fo r  an ad d itio n a l h a lf  h o u r a f te r  th e  w a te r  . h a4  S een added.

The w a te r  la y e r  w as rem o v e d  and e x tra c te d  w ith d ie th y l e th e r . T he 

e th e r  and lig ro in  la y e r s  w ere  com bined  and  d r ie d  6 y e r  an hydrous 

m ag n esiu m  su lfa te . The m a jo r  p a r t  of th e  lig ro in  and e th p r  w ere  

re m o v ed  fro m  th e  p ro d u c t by d is t i l la t io n  th ro u g h  a  50 x 1 cm . g la s s  

h e lix  pack ed  colum n. D is ti l la tio n  of th e  re m a in in g  liq u id  gave a 33% 

y ie ld  of 2 - ty b u ty ln o rb o rn a n e , b .p .  30° (0 .4  m m .) .  V ap o r p h ase
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ch ro m a to g rap h y  show ed a s in g le  p eak  fo r  th e  com pound; .nj^- 5 

1 .4588; n . m . r .  (20% in  CC14), 7. 8 8  7^ (2 .0 ) , 8 .4 4  and  8 . 6 2 Y (3 . 0), ; 

8 .7 9  and 8 . 967^(6. 3), and  9 .1 8 ^ (8 .  7).

A nal. C alhd . fo r  C , 8 6 . 75; H, 13. 25. Found:

C, 8 6 . 82; H, 13 .0 9 .

W ith id e n tic a l r e a c tio n  co n d itio n s  in tr ie th y la m in e  a  30% 

y ie ld  of 2 -_ t-bu ty lnorbornane w as o b ta in ed  a f te r  24 h o u rs , and 45% 

y ie ld  a f te r  72 h o u rs .

3. T e rm in a tio n  of R eac tio n  by D e u te ro ly s is . - -t_- B u ty llith iu m  

(0. 321 m ole) in  190 m l. of p en tan e  w as added  o v e r  a p e r io d  of 10 

m in u te s  to  a  ra p id ly  s t i r r e d  so lu tio n  of n o rb o rn en e  (22. 6  g . , 0, 240 

m ole) in  400 m l. of l ig ro in  (b .p . 102-106°). T he p a le  yellow  so lu tio n  

w as s t i r r e d  a t 6 8 -7 9 °  fo r  23 h o u rs . T he m ix tu re  w as coo led  to  0° 

and d e u te r iu m  oxide (13; 4 g . , 0. 672 m ole) w as c a re fu lly  added d ro p - 

w ise . T he m ix tu re  w as s t i r r e d  fo r  an  a d d itio n a l 1. 5 h o u rs  a t ro o m  

te m p e ra tu re  b e fo re  40 m l. of w a te r  w as  added. T he aqueous la y e r  

w as e x tra c te d  w ith  d ie th y l e th e r .  T he e th e r  w as com bined  w ith the  

l ig ro in  and th e  so lu tion  d r ie d  o v er an h y d ro u s  m ag n es iu m  su lfa te .

T he m a jo r  p a r t  of th e  l ig ro in  and e th e r  w as re m o v ed  by d is ti l la tio n  

th ro u g h  a  50 x 1 cm . g la s s  h e lix  p ack ed  colum n. D is til la tio n  of the  

rem ain in g , liq u id  gave a 45% y ie ld  of d e u te ra te d  2 -1_-buty lnorbornane.
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b. p„ 34° (0. 4 m m . )j n. m„ r .  (20% so lu tio n  in  CDClg), 7, 901^(1.‘7), 

8 .4 7  and 8 . 6 4 ^ ( 2 .  4), 8 .8 2  and 8 . 96 T (5 . 9), an d  9. 20 ^ ( 9 .  0). V apor 

p h a se  c h ro m a to g rap h y  show ed a s in g le  p eak  fo r  th e  com pound, n^J

1. 4584, and  th e  in f r a r e d  sp e c tru m  w as id e n tic a l to  th a t o£ 2-t_-

1 ' ‘
b u ty ln o rb o rn an e  w ith  th e  excep tion  of a  p eak  a t 2 2 0 0 . cm . .

A nal. C alcd . fo r  C-q H ^qD: D, 5 .00  a to m  % e x c e s s  d e u te r ­

ium . Found: 4.15 a to m  % e x c e s s  d e u te r iu m .

CL A ddition  of t_ -B uty llith ium  to  T r im e th y lv in y ls ila n e

t_ -B uty llith ium  (0. 128 m ole) in  70 m l. of p en tan e  w as added 

o v e r  a  p e r io d  of 5 m in u te s  to  a  ra p id ly  s t i r r e d  so lu tio n  of t r im e th y l-  

v in y ls ila n e  (15. 0 m l . , 0. 100 m ole) in  250 m l. of. d ie th y l e th e r  a t 

-4 0 ° . The re a c t io n  m ix tu re  w as S tir re d  a t -30  to  -5 0 °  fo r  24. 5 

h o u rs . C arb o n a tio n  of th e  re a c tio n  m ix tu re  by. d e can ta tio n  gave 25% 

of 2 - tr im e th y ls i ly l-4 ,  4 -d im e th y lp en tan o ic  ac id , m . p. 9 3 -9 6 ° . A fte r  

th re e  r e  c ry s ta l l iz a t io n s  f ro m  hexane  th e  ac id  had  m . p. 98. 5- 99. 5°, 

-0 1 6 9Q' cm . ~ 1;„ n .rn .  r .  . (p0 % so lu tio n  in  CD Clg), ;7. 97,

8 . 03 and  8 .1 3 Y (3 .0 ), 9 .1 3 T (9 .0 ) ,  and  9. 927^(9 .0);

A nal. C alcd . fo r  C 9 H 2iS i (COOH): C, 59. 35; H, 10. 96;
f .

Si, 13 .88 ; n e u t. e q u iv . , 2 0 2 . Found: C, 59 .54 ; H , 10 .81 ; Si, 14 .00 ; 

neu t. e q u iv . , 2 0 1  .

F iv e  g ra m s  of u n id en tified  n e u tra l  m a te r ia l ,  m .p .  117-127°, 

"Omax. 1720 c m . - I ,  w as a lso  ob ta in ed .
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D, A ddition  of Iso p ro p y llith iu m  to  N o rb o rn en e

A so lu tio n  of n o rb o rn e n e  ( I t .  1 g . , 0. 118 m ole) in 50 m l. 

of l ig ro in  w as added w ith s t i r r in g  to  a  so lu tion  of is  op r  opy llith ium  

(CL 165 m ole) in  320 m l. of lig ro in . T he re a c tio n  m ix tu re  w as 

s t i r r e d  a t 60 to  6 6 °  fo r  24 h o u rs . T he m ix tu re  w as h y d ro ly zed  

w ith 50 m l. of w a te r . The aqueous la y e r  w as e x tra c te d  w ith 50 

m l .  of d ie thy l e th e r .  The o rg a n ic  l a y e r s  w e re  c o m b in e d ,-d r ie d  

bvfer an h y d ro u s  m ag n es iu m  su lfa te  and  th e  e th e r  w as rem o v ed  by 

d is ti l la tio n  th ro u g h  a 50 x 1 cm . g la s s  h e lix  p ack ed  co lum n. F u r th e r  

d is t i l la t io n  of th e  h y d ro ly s is  p ro d u c t u n d e r re d u ce d  p r e s s u r e  y ie ld ed  

1. 65 g. of u n id en tified  m a te r ia l ,  b. p ; 47° (0. 5 m m  ). V apor p h a se  

c h ro m a to g rap h y  show ed only one p eak  fo r  th e  com pound.

A nal. Found: C, 8 4 .0 9 ; H, 1 2 . 75.

:E. A ddition  of n -B u ty llith iu m  to  N o rb o rn en e  :

1. T e rm in a tio n  of R eac tio n  by H y d ro ly s is  . - - A so lu tion  of 

n -b u ty llith iu m  (0 .1 0 5  m ole) in  1 2 0  m l. of d ie thy l e th e r  w as added 

o v e r a  p e r io d  of 5 m in u te s  to  a  ra p id ly  s t i r r e d  so lu tio n  of n o rb o rn en e  

(8 , 0  g . , 0 . 085 m ole) in  175 m l. of d ie th y l e th e r .  T he re a c tio n  

m ix tu re  w as re flu x e d  w ith  s t i r r in g  fo r  44 h o u rs . T he m ix tu re  w as 

h y d ro ly zed  w ith 50 m l .  of w a te r  and  s t i r r e d  fo r  one h o u r» .The 

aqueous la y e r  w as e x tra c te d  w ith  50 m l. of d ie thy l e th e r ,  and the  

o rg a n ic  la y e r s  com bined  and d r ie d  o v e r  an h y d ro u s m ag n es iu m
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su lfa te . The e th e r  w as rem o v ed  by d is t i l la t io n  th ro u g h  a  50 x 1 

cm . g la s s  h e lix  p ack ed  colum n. F u r th e r  d is ti l la tio n  of th e  

h y d ro ly s is  p ro d u c t u n d e r  re d u c e d  p r e s s u r e  gave 1. 30 g. of an 

u n id en tified  m a te r ia l ,  b. p . 4 1 -4 2 °  (0. 25 m m .). V apor p h a se  

c h ro m a to g rap h y  show ed one p eak  fo r  th e  com pound.

A nal. Found: C, 83. 96; H, 12 .8 9 .

S im ila r  r e a c t io n s  be tw een  n -b u ty llith iu m  and n o rb o rn en e

in  lig ro in  a t 70° fo r  28 h o u rs  and  in  d ie th y l e th e r  a t  r e f lu x .fo r  21

62h o u rs  w ith  co p p er (II) a c e ta te  a s  a  c a ta ly s t gdve th e  sam e  r e s u l t s  

a s  above, a lthough  B irc h  and  S m ith  r e p o r te d  copper(II) ion  c a ta ly s is  

in  th e  ad d itio n  of G rig h a rd  re a g e n ts  to  a lk e n e s .

F . S y n th es is  of 4, 4 -D im e th y l- 2 -p en te n o ic  A cid  ‘ '

P iv a lo y l chloride® ^ w as c o n v e rted  to  p iva ldehyde  by 

re d u c tio n  of th e  am id e  fro m  ethylendm ihe. w ith lith iu m  alum inum  

hydride.® ^ P iv a ld eh y d e  w as condensed  w ith  d ie th y l m alonate,® ^ 

fo llow ed by saponification®® and d e c a rb o x y la tio n  to  g ive 4, 4- d im e th y l- 

2 -p e n ten o ic  ac id , b .p .  125-127° (18 m m .) .  A fte r  one re .q ry s ta lliz a -  

tio n  fro m  p e tro le u m  e ther.,the  a c id  had  im p . 60. 5 -6 2 .0 °  Qit. b .p .  

126-131° (23 m m ;) , m ,p .  6 2 - 6 3 ° ] .66
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G. A ttem p ts  a t S y n th esis  of 2-_t - B u ty ln o rb o rn an e - 3- ca rb o x y lic  

A cid  (15b)

A so lu tio n  of f re s h ly  d is t i l le d  cy c lo p en tad ien e  (0. 64 m l . ,

0 .00780  m ole) and  4, 4 - d im e th y l-2 -p e n te n o ic  a c id  (1 .0  g.,,. 6 .00780  

m ole) in  5 m l. of d ie th y l e th e r  w as re flu x e d  fo r  24 h o u rs . The 

re a c tio n  m ix tu re  w as e x tra c te d  w ith  aqu eo u s s a tu ra te d  sodium  

c a rb o n a te . A c id if ic a tio n  of th e  aqueous e x tra c t  gave 80% s ta r t in g  

m a te r ia l .  . ..

S im ila r  r e a c t io n s  in  b enzene  a t 75b fo r  72 h o u rs , in. d e ca lin  

a t 200° fo r  24 h o u rs , in  xy lene in  a  Sealed  tube a t 185^200° fo r  42 

h o u rs , and  in  xy len e  in  a  s e a le d  tube  a t 195-205° fo r  a  w eek gave 

80 to  90% s ta r t in g  m a te r ia l .  -

t$. S y n th es is  of e n d o -N o rb o rn an e - 2- c a rb o x y lic  A cid  (16)

87endo- 5 -N o rb o rn e n e -  2 - ca rb o x y lic  ac id  w as d ehydrogenated ,

o v e r  a p la tin u m  oxide catalyst® 8 to  g ive  endo- n o rb o rn a n e -  2- c a rb o x y lic  

ac id  (16 ) m .p .  6 3 .5 -6 5 .5 ° ,  n . m . r .  7 .2 7  and 7. 3 8 f  (2 .1 ),. 7 . 7 2 T

(1 .1 ), 8. 3 0 y ( 2 ,  3) and  8. 5 8 T (5 . 5).

P a r t  II: O rg an o ljth iu m  Com pounds and
D ip h en y lace ty len e

A. G e n e ra l P ro c e d u re

A so lu tio n 'o f  d ip h en y lace ty len e  in  a d ry , u n s a tu ra te d  f r e e  

so lv en t w as p la c e d  u n d e r a h e liu m  a tm o sp h e re  in  a  f la m e -  d r ie d ,
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th re e -n e c k  f la sk  f itte d  w ith a m e c h a n ic a l s t i r r e r ,  p r e s s u re - e q u a l iz in g  

dropp ing  funnel, g a s  in le t tube, and F r ie d r ic h  co n d e n se r  topped  w ith  

a  ca lc iu m  ch lo rid e  f il le d  tube . To th e  rap id ly  s t i r r e d  so lu tion  th e  

o rg an o lith iu m  w as added in th e  c o u rse  of a  few m in u te s . The r e a c ­

tio n  m ix tu re  w as a llow ed  to r e a c t  fo r  th e  d e s ire d  len g th  of tim e  

b e fo re  coo ling  to  - 30° t o -5 0 ° . W hen ca rb o n a tio n  w as u se d  to  

te rm in a te  th e  re a c tio n  it  w as u su a lly  c a r r ie d  out by p o u rin g  th e  

re a c tio n  m ix tu re  w ith v ig o ro u s  s t i r r in g  in to  th re e  o r  fo u r in ch es  

of f re s h ly  c ru sh e d  D ry  Ice  in  a two o r  th re e  l i t e r  b e a k e r . . (T e rm in a ­

tio n  of th e  re a c tio n  w ith  ca rb o n  dioxide g a s , o r  by h y d ro ly s is  and  by 

d eu te ro ly S is  w ill be d isc u s se d  in  th e  sp ec ific  c a s e s  w h ere  a p p l ic a b le .)

A fte r  th e  c a rb o n a tio n  m ix tu re  had  re a c h e d  ro o m  te m p e ra tu re ,  

100 m l. of 6 N h y d ro c h lo ric  a c id  w as added w ith s t i r r in g .  The m ix ­

tu r e  w as v ig o ro u s ly  shaken  to  in s u re  co m p le te  h y d ro ly s is  of any 

lith iu m  s a l ts  p re s e n t .  T he a c id ic  aquebus la y e r  w as rem o v e d  and . 

e x tra c te d  w ith  50 m l. of d ie th y l e th e r .  The o rg a n ic  la y e r s  w ere  

com bined  and e x tra c te d  w ith  th re e  5 0 -m l. p o r tio n s  of aqueous s a tu ra te d  

sodium  c a rb o n a te  so lu tion . The aqueous b a s ic  e x tr a c ts  w ere  com bined , 

w hile th e  n e u tra l  o rg a n ic  la y e r  w as d r ie d  o v er a n h y d ro u s .m a g n es iu m  

su lfa te , f i l te re d , and  d is ti l le d . .

T he aqueous f ra c tio n  w as ac id ifie d  to  a pH of one to  two w ith  

6 N h y d ro c h lo ric  a c id  and e x tra c te d  w ith  th re e  100-m l. p o r tio n s  of
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d ie th y l e th e r .  The e th e r  e x tr a c ts  w e re  d r ie d  o v e r an h y d ro u s  - 

m ag n es iu m  su lfa te  and  d is ti l le d .

E x c ep tio n s  to  the  g e n e ra l  p ro c e d u re  w ill be no ted  w here  

they  o c c u r  in  th e  sp ec ific  re a c t io n s  d e s c r ib e d  below .

B. M ethy llith ium  and D ip heny lace ty lene

M ethy llith ium  (0. 157 m ole) in  170 m l. of d ie th y l .e th e r 

w as added  to  a  so lu tion  of d ip h en y lace ty len e  (20. 0 g . , 0, 112 m ole) 

in  100 m l. of d ie th y l e th e r  a t ro o m  te m p e r a tu r e . T he re su lt in g  

c le a r ,  c o lo r le s s  so lu tion  w as s t i r r e d  a t ro o m  te m p e ra tu re  fo r 

24 h o u rs  to  g ive a cloudy, yellow  so lu tion . C a rb o n a tio n  of the 

re a c tio n  m ix tu re  gave a tan  so lid  w hich b ecam e  yellow  on s tand ing . 

H y d ro ly s is  of th e  c a rb o n a tio n  m ix tu re  gave a yellow  so lu tio n  w hich 

b ecam e  re d -b ro w n  on stand ing  (a ir -  o x id a tio n ). A t r a c e  of b row n 

a c id ic  m a te r ia l  w as ob ta ined  f ro m  th e  w orkup.

T he n e u tra l  f ra c tio n  y ie ld ed  19. 8 g. of b row n, o il so lid . 

One r e c ry s ta l l iz a t io n  fro m  95% ethano l y ie ld ed  13 .7  g. of so lid  

w ith a  m e ltin g  po in t 58 -6 0 ° in d ica tin g  re c o v e re d  d ip h en y lace ty len e .

R eac tio n  u n d e r the  sam e  cond itions fo r  12 days in d iethy l 

e th e r  a t ro o m  te m p e ra tu re  and fo r  7 h o u rs  in  20% d ie th y l e th e r -  

80 % 1, 2 -d im ethpxyethane :at 55° gave s im ila r  r e s u l t s .



69

C. E th y llith iu m  and D ip h eny lace ty lene

1. T e rm in a tio n  of R eac tio n  by C arb o n a tio n  , a . C arb o n a-

tio n  w ith Solid  C arbon  D ioxide. - -D ip h en y lace ty len e . (20. 0 g . , 0. 112

m ole) w as added  in one p o rtio n  to a so lu tio n  of e th y llith iu m  (0.148

m ole) in  240 m l. of d ie th y l e th e r .  T he cloudy g re e n  so lu tio n  b ecam e

y e llo w -g re e n  in  3 m in u te s  and w as b r ig h t yellow  a f te r  19. 5 h o u rs  of

s t i r r in g  a t ro o m  te m p e ra tu re .  T he b r ig h t yellow  R eaction m ix tu re

w as c a rb o n a te d  a f te r  27 h o u rs  of r e a c t io n  tim e  to  g ive a b r ig h t

o ran g e  m ix tu re .

D is til la tio n  of th e  n e u tra l  f ra c tio n  gave 59% d ip h en y lace ty len e

and 11. 5% 2 -p h e n y l-3 - e thy lindone ( 37a), b. p. 165-173° (0. 8  m m .) /

m . p.. 97. 5- 98° a f te r  fo u r r e c ry s ta l l iz a t io n s  f ro m  100%; e thano l

( l i t . ^  m .p .  97 -98°), m ix ed  m .p .  w ith  au th en tic  sa m p le  97-98°; ,

n .r i i . ,r .  (2 0 % in  C C W , 2. 67 and 2 . 8 7 r (8. 8 ), 7. 3 3 TC L 8 ), and 8 . 73.7"

(3 .4 ); *0 fflax^ -h717 cm.. S  m a x . 256 ib g  l e ,  f$|4. 56.-, > .

The 2, 4 -d in itro p h en y lh y d ra zo n e  had  m .p .  225-228° a f te r  one

30re c ry s ta l l iz a t io n  f ro m  e th an o l-e th y l a c e ta te  (lit. m .p .  206-207°),

m ix ed  m .p .  w ith  a u th en tic  sam p le  2 2 5 -226°;p h en y lh y d razo n e  m .p .

3096-97° a f te r  two, r e c ry s ta l l iz a t io n s  f ro m  e thano l ( l i t . 1 m .p .  96-97°).

. The ac id  f ra c tio n  of th e  re a c t io n  m ix tu re  y ie ld ed  11. 9% 

2 -p h e n y l-3 - (o -ca rb o x y p h en y l)-2 -p e :n ten o icac id (3 6 a ), m .p .  191-192° 

a f te r  th re e  r e c ry s ta l l iz a t io n s  f ro m  ethano l; n. m . r .  (10% in  NaOD-DgO),
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2. 4 9 T  (8 . 8 ), 7. 6 8 Y (1 . 8 ), and 9; 2 1 't '(3 . 4); 0  170Q*m ax.
- 1cm . . •

A nal. : C alcd . fo r  C 1 ^H 1 4 (COOH)2 : C, 72.. 96; H, 5. 44; 

neu t. e q u iv . , 148. F ’oqod: C, 7 3 .13; H, 5 .4 8 ; neu t. e q u iv , , .148,. 

151.

W hen the  re a c tio n  w as ru n  in  d ie th y l e th e r  a t -7 0 °  fo r  429 

h o u rs  b e fo re  ca rb o n a tio h , 97% d ip h en y lace ty len e  w as re c o v e re d  

along  w ith  0. 07 g. of d c id ic  M a te r ia l ,  m .p ,  7 0 -8 7 ° .

b. C a rb o n a tio n  w ith  C arboA D iox ide  G as. - -D ip h en y l-
i

a ce ty len e  (2 0 . 0  g . , 0 . 1 1 2  m ole) w as added  to  a v ig o ro u s ly  s t i r r e d  

so lu tio n  of e th y llith iu m  (0: 278 m ole) in  290 m l. of d ie th y l e th e r . 

The blue g re y  so lu tio n  w as s t i r r e d  fo r  28 h o u rs  a t ro o m  te m p e ra ­

tu re  to  g ive a d a rk  o ran g e , tu rb id  so lu tio n . T he re a c t io n  m ix tu re  

w as c a rb o n a te d  by a s tr e a m  of ca rb o n  dioxide o v e r  a p e r io d  of 

th re e  h o u rs  w ith  coo ling . The re a c tio n  m ix tu re  g a v e .6 . 95% .

2 -p h e n y l-3 - (o -c a rb o x y p h e n y l)- 2 -p e n te n o ic a c id  (36a), and  27%

2 -p h e n y l-3 - e thy lindone (37a). D ip h en y lace ty len e  (23.4% ) w as 

a lso  re c o v e re d  along  w ith  8  g. of u n d is ti l la b le  t a r .

If the  re a c t io n  w as ru n  u n d e r  th e  sam e  co n d itio n s  but the  

re a c tio n  m ix tu re  w as d ilu ted  fo u r- fo ld  b e fo re  c a rb o n a tio n , w hich 

w as c a r r ie d  out o v e r  a  p e r io d  of 7 h o u rs , th e re  w as ob ta in ed  

15. 4% 2 -p h e n y l-3 - (o -c a rb o x y p h e n y l)- 2 - p eh ten d ic  ac id ' (36h) arid



71

30% 2-p h en y l-  3- e thy lindone ( 37a). D ip h en y lace ty len e  was. re c o y - 

e re d  in  17% y ie ld  and 5. 25 g.. of u n d is tilla b le  t a r  w as found. 

P re c ip ita t io n  of the  t a r  fro m  100% ethano l a t -5 0 °  gave 0. 87 

g. of an  o rah g e  pow der th a t m e lte d  a t 90-94 . 5° and  show ed no 

ca rb o n y l m axim um , in  th e  in f ra re d .

2 . T e rm in a tio n  of R ea c tio n  by H y d ro ly s is  . - -D ip h e n y l-  

ace ty len e  ( 1 0  g . , 0 . 056 m ole) w as added  ih  one p o r tio n  to  a 

v ig o ro u s ly  s t i r r e d  so lu tio n  of e th y llith iu m  (0 . 1 0 1  m old) in  160 

m l. of d ie thy l e th e r . T he b lue g re y  so lu tio n  w as s t i r r e d  a t  ro o m  

te m p e ra tu re  fo r  2 2  h o u rs  to  g ive an o ran g e  so lu tio n  w hich w as 

coo led  to  0 ° . .

The cold  re a c t io n  m ix tu re  w as slow ly  h y d ro ly z ed  w ith 

10 m l. of w a te r . A n o th er 90 m l. of w a te r  w as added , and  the  

m ix tu re  w as s t i r r e d  fo r  3 h o u rs . T he a q u e o u s 'la y e r  w as e x tra c te d  

w ith  th re e  5 0 -m l. p o r tio n s  of d ie thy l e th e r . The d ie th y l e th e r  

f ra c t io n s  w ere  com bined , d r ie d  w ith  anhydrous; m ag n es iu m  su lfa te , 

and  the  d ie thy l e th e r  w as re m o v ed  by d is ti l la tio n . T he rem a in in g  

9 . 3 5  g. of o il w as show n by v ap o r p h a se  c h ro m a to g ra p h y  to  co n s is t 

of 54% d ip h en y lace ty len e  and 46% of a m a te r ia l  w ith  a lo w e r  r e te n ­

tio n  tim e .
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D. P h en y llith iu m  and  D ip h en y lace ty len e

D ip h en y lace ty len e  (18. 0  g , , 6 . 1 0 0  m ole) w as added  in  

one p o r tio n  to  a v ig o ro u s ly  s t i r r e d  b lack  so lu tion  of p h en y llith iu in  

(0. 232 m ole) in  232 m l. of d ie thy l e th e r .  The so lu tio n  w as s t i r r e d  

a t ro o m  te m p e ra tu re  fo r  24 h o u rs  b e fo re  ca rb o n a tio n  by d ecan ta tio n .

The ta n  ca rb o n a tio n  m ix tu re  y ie ld ed  14.1 g. of a c id ic  m a te r ia l  and

24. 7 g. of n e u tra l  m a te r ia l .  The a c id ic  m a te r ia l  w as su spended  

in  650 m l. of bo iling  w a te r f  . and  f i l te r e d  hot to  g ive 1. 2 g . of t r i -  

p h e n y la c ry lic  ac id , m . p . 219, 5 -220° a f te r  th re e  r e c ry s ta l l iz a t io n s  

f ro m  e thano l ( lit. m . p. 216-217. 5 °®® and 213°^'*"), m ix ed  m . p, w ith  

a u th en tic  sam p le , 216^218 .

T he n e u tra l  f ra c tio n  w as d is t i l le d  to  g ive 23 g. of a  m ix tu re , 

b .p .  100-125° (0 . 6  mm': ), t )  £ £ * 4 ,. 1667 cm , " 1, ,w hich  p ro b a b ly
XllciX.

70 " C'Cl
c o n s is ts  of d ip h en y lace ty len e  and benzophehone (lit. m axf " - "

benzophenone. .1664 cm . ), T he u n d is tille d  p o r tio n  w as / r e c ry s ta l ­

liz e d  fro m  e thano l to  give 8 . 2 % (b ased  on pheny llith ium ) of tr ip h e n y l-

' 72
ca rb m o l, m , p. 160- 161°; ( lit. m . p. 161- 162°), m ix ed  m . p . 160. 5-162°.

69. a G urtin ; and R ic h a rd so n  s e p a ra te d  b enzo ic  a c id  and ftriphenyl-
a c ry l ic  a c id  by em ploying  the. d iffe re n c e  in so lu b itie s  in  bo iling  w a te r . 
B enzo ic  a c id  is  so lub le  in  w a te r  to th e  ex ten t of 2. 2 g. p e r  100 m l. a t . 
75°. T r ip h e n y la c ry lic  a c id  d is so lv e s  in  bo iling  w a te r  to  th e  ex ten t o f 
2, 8  m g. p e r  m l. of w a te r . T h e re fo re  650 m l. of b o iling  w a te r  w ill 
d isso lv e  1. 82 g. of tr ip h e n y la c ry lic  a c id  bu t 14. 3 g. of benzo ic  ac id .
T he to ta l y ie ld  (11%) of tr ip h e n y la c ry l ic  a c id  is  th en  3. 02 g . , 1. 2 g. 
iso la te d  and 1 . 8 ,2  g. lo s t  due to  so lu b ility  in  bo iling  w a te r .



E . Iso p ro p y llith iu th  and  D ip h en y lace ty len e

1. T e rm in a to n  of R eac tio n  by C arb o n a tio n , - -D ip h en y l­

a ce ty len e  (37. 0 g . , 0. 208 m ole) w as added  in  one p o r tio n  to  a 

ra p id ly  s t i r r e d  so lu tio n  Of isd p ro p y llith iu m  (0. 292 m ole) in  500 m l. 

of lig ro in . The b rig h t yelldw  so lu tio n  b ecam e b r ig h t o ran g e  in  .

10-15 m in u te s  and c h e r ry  r e d  in  an h o u r. The m ix tu re  w as h ea ted  

w ith  s t i r r in g  at 39 -4 5 ° fo r  25 h o u rs  b e fo re  c a rb o n a tio n . , W orkup 

of th e  ca rb o n a tio n  m ix tu re  gave a 7. 8 % y ie ld  of 2, 3--d ipheny l- 4- 

m e th y l-2 -p e n te n p ic  a c id  (40a), w hite pow der, m . p. 159. 5 -160° 

a f te r  th re e  r e c ry s ta l l iz a t io n s  f ro m  95% ethanol; n . m.- r .. (2.0% in  

CDClg), 2 . 67 and 2 . 77V  (9. 9), 7. 19 Y (0 . 92), 9. 1 2 ^ ( 3 .  0 ), 9 .2 3 '? '

(3. 2), -1 .1 Y (0 . 95); t )  1% 0 m t ' N

A nal. G alcd. fo r  G 1 7 fit1 7  (COOH): C, 81. 17; H, 6 .8 1 ; 

neu t. e q u iv . , 266. Found: C, 81. 31; H, 6 .8 5 ; neu t. e q u iv . , 264.

A to ta l  of 30. 7 g. of n e u tra l  m a te r ia l  w as o b ta in ed  a f te r
i

d is ti l la tio n  [ b .p .  105-175° (0 . 35 m m . )’] ; i t  had a ty p ic a l d ipheny l­

a ce ty len e  in f r a r e d 's p e c tru m  w ith  the  ex cep tio n  of a s tro n g  carb o n y l 

band a t 1682 c m . " ^ .

S im ila r  r e a c t io n s  w e re  ru n  fo r  s h o r te r  p e r io d s  in  re flu x in g  

p e n ta n e . R eflux  fo r  1. 5 h o u rs  gave a  0. 4% y ie ld  of 2, 3 - d ip h en y l-4- 

m e th y l- 2 -p e n ten o ic  a c id  (40a) and  a 97% re c o v e ry ,o f  d ip h en y lace ty len e . 

A re a c tio n  tim e  of 8 . 5 h o u rs  a t re f lu x  gave a 2 . 8 % y ie ld  of the  above 

a c id  w ith  a 76% re c o v e ry  of d ip h en y lace ty len e .
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2 . T e rm in a tio n  of R eac tio n  by H y d ro ly s is  . - - T e rm in a tio n  

of th e  re a c tio n  be tw een  iso p ro p y llith iu m  and d ip h en y lace ty len e  by 

h y d ro ly s is  gave 37% c ry s ta l l in e  d ip h en y lace ty len e  p lu s  a b row n o il : 

w hose v ap o r p h ase  c h ro m a to g rap h y  show ed to c o n s is t of 85% 

d ip h en y lace ty len e  (87% to ta l re c o v e ry )  and  15% of a m a te r ia l  of 

lo w er re te n tio n  tim e  (p robab ly  iso p ro p y ls ti lb e n e ) .

F . t_- B u ty llith ium  and D ipheiiy lace ty lene

1. T e rm in a tio n  of R eac tio n  by C arb o n a tjo n  . - -A  so lu tio n  

of t_ -bu ty llith ium  (0. 356 m ole) in  196 m l. of p en tan e  w as added w ith in  

a few  m in u te s  to  a ra p id ly  s t i r r e d  so lu tio n  of d ip h en y lace ty len e  (45. 0 

g . , 0. 254 m ole) in  414 m l. of l ig ro in . T he so lu tio n  im m e d ia te ly  

becam e  c h e r ry  re d . The lig ro in  so lu tio n  w as s t i r r e d  a t 34 -45° fo r  

2 2  h o u rs . The so lu tio n  b ecam e d a rk  r e d  a f te r  12 h o u rs  and  re d -  

b row n a f te r  22 h o u rs . C arb o n a tio n  of the  re a c tio n  m ix tu re  by 

d ecan ta tio n  gave a la rg e  am ount of a c id ic  yellow  o il. T r i tu ra tio n  

of th e  o il w ith  hex an e  gave 12% of so lid  2 -phenyl- 3 - (o- carboxypheny l)- 

4, 4 - d im e th y l-2 -p e n te n o ic  a c id  (36c), m .p .  216 -2 2 0 ° . A fte r  four 

r e  c ry s ta l l iz a t io n s  f ro m  e thy l a c e ta te  th e  a c id  had m .p .  228. 5-229. 5°; 

n .m . r .  (20% in  N aO D -D 2 0 ) /  2 . 76 -3 . 18 Y (9 . 1), 8 . 7 3 Y (8 , 9); n . m . r .  

( 1 0 % in  h ex ad eu te ro ac e to n e , c o r re c te d  fo r  e x te rn a l r e fe re n c e ) , 2 . 28‘Y  

(1 .1 ), 2. 70 and 3. 00 T ’ (119); 8 . 76 Y (9. 0); n. m . r . (20% in  ace to n e),

0. 1 0 t  (2 .1 ), 2 . 3 2 ^ ( 1 .  0), 2 . 72 and  3 .0 0  Y (7 . 9); 1.718;XXI *
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and 1675 cm."-*-; X m ax . 282 m / 4, log  e  -  8 . @3; 225 m //, log 

dS = 3 .9 2 , and  207 m //, log  <£ = 4. 40.

A nal. C alcd . fo r  C 1 8 H 1 8 (COOH)2: C, 7 4 .0 5 ;# ,  6 ,2 2 ; 

neu t. e q u iv . , 162. Found: C, 7 4 ,1 9 ; l i , 6 . 39; neu t, equ jv ,., 332.

D is til la tio n  of th e  hexane so lu b le  a c id ic  m a te r ia l-  gave

15. 4% 2, 3 - d ip h e n y l-4, 4 - d im e th y l-2 -p e n te n o ic  ac id  (40b), b .p .

175- 185° (0. 7 m m .) ,  m .p .  184. 5-185 . 5°. A fte r  r e c ry s ta l l iz a t io n

fro m  hexane th e  a c id  had  m . p. 186. 5 -187 . 0 °; n. m . r .  (15% in-CD Clg),

2v 98 Y (9 . 7), 8 . 75‘7 , (9. 3); ~d 1704 cm , " .m ax .

AnaL_ C alcd . fo r  G 1 8 H 1 9 (GOOH): G, 81 .4 0 ; H, 7 ,1 9 ; neu t. 

e q u iv . , 280. Found: G, 81. 73; H, 7 .2 6 ; neut. e q u iv . , 282.

T he n e u tra l  f ra c tio n  gave 53% d ip h en y lace ty len e  and  4. 2%

2- p h e n y l-3 - i  -b u ty lin d o n e  (37c), b .p .  145-155° (0. 25 m m .); - -
\ C H G l q  qq X 1 v

^ - n ih x .  1710 cni. ( lit. t )  m ax . 1710 cm . “ •*-), A m ax . 245 rn^M log  

€. = 3. 95, 240 m /f, lo g  <S - 3. 8 8  (sh o u ld e r), p lu s  im p u rity  m ax im a 

due m ain ly  to  d ip h en y lace ty len e .

A fte r  fo u r  r e c ry s ta l l iz a t io n s  f ro m  ethanol, th e  2, 4 -d in itro -  

d iphen y lh y d razo n e  d e r iv a tiv e  of th e  indone had m .p .  229-232° ( l i t . ^  

m .p .  236-240°), m ix ed  m .p .  w ith a u th en tic  indone d e r iv a tiv e , 234- 

237°. In f ra re d  s p e c tra  w as id e n tic a l to  th a t of au th en tic  sam p le .

R ea c tio n s  ru n .fo r  s h o r te r  p e r io d s  in  re flu x in g  pen tan e  gave 

s im i la r  r e s u l t s  a f te r  c a rb o n a tio n . R eac tio n  t im e s  of one, n ine, and
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th i r te e n  h o u rs  gave 1%, 4. 4%, and 6 . 2% y ie ld s1, re sp e c tiv e ly , of 

th e  d iac id , 2 -p h e n y l-3 - (o -ca rb o x y p h en y l)-4 , 4 - d im e th y l-2 -p e n te n o ic  

a c id  (36c), and 2%, 6 . 3%, and 8 . 1% y ie ld s , re sp e c tiv e ly , 6 f  th e  

m onoacid , 2, 3 -d ip h e n y l-4, 4 - d im e th y l-2 -p e n ten o ic  a c id  (40b),

D ip h en y lace ty len e  (10. 0 g . , 0. 056 m ole) and 'V -b u ty llith iu m  

(0. 135 m ole) in  20% p e n ta n e -80% d ie th y l e th e r  a t -35^  to  ■'60° fo r  49 

h o u rs  gave on ca rb o n a tio n  by d ecan ta tio n  3. 1% of the  m o noacid  (40b) 

and  95% d ip h en y lace ty len e  (w hite n e e d le s , m .p .  5 5 -5 6 °, in f r a re d  

s p e c tra  su p e rim p o sa b le  on th a t of au th en tic  sam p le ).

. 2. T e rm in a tio n  of R ea c tio n  by H y d ro ly s is  . - -A  so lu tion  of 

d ip h en y lace ty len e  (49. 5 g . , 0 . 280 m ole) ih  hexane w as added  in  one. 

p o r tio n  to  a ra p id ly  s t i r r e d  so lu tio n  of t_-bu ty llith ium  (0. 336 m ole) 

in  200 m l. of p en tan e . The r e d  so lu tio n  w as s t i r r e d  a t ro o m  te m p e ra ­

tu re  fo r  18 h o u rs  b e fo re  cooling it to  5°. H y d ro ly s is  gave 39 g. (79% 

re c o v e ry )  of c ry s ta l l in e  d ip h en y lace ty len e  and 1 0  g. of SLii o il w hicht 

v ap o r p h ase  c h ro m a to g rap h y  show ed to  c o n s is t of 30% d ip h en y lace ty len e  

and 70% of a m a te r ia l  w ith  a lo w er re te n tio n  tim e  th an  d ip h en y lace ty len e . 

T he o il w as d is t i l le d  and th e  f ra c tio n  bo iling  fro m  102-116° (0. 2 m m .) 

w as f ra c tio n a te d  th ro u g h .a p re p a ra tiv e  Scale v ap o r p h a s e  ch ro m a to g rap h y  

a p p a ra tu s  w ith  a Carbow ax colum n. D ip h en y lace ty len e  and 300 m g. of 

y - 1_-butylstilbene w e re  ob ta ined . T he w hite c ry s ta l l in e  gt- 1_ -b u ty ls til- 

bene had  m . p. 48. 5 -49 . 5° a f te r  tw o re c ry s ta l l iz a t io n s  f ro m  hexane
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36 m- p e 4 8 -4 9 ° , b .p .  164-105° (11 m m . Fj ; n .m ^ r .  (10% 

in  CDClg), 2 . 64 -3 . 27T*(10. 0 ), 3. 52ZT '(1 .0), and 8 . 8 2 ^ ( 9 .  0 );

) \m a x . 264 m //, log  <e - 4 . 0 3  (sh o u ld er), 255 m /  Ibg S  = 4 .1 4

226 m // log  ^  - 3. 90.

' \ ' .
W hen t^-bu ty llith ium  (0 .300  m ole) and d ip h en y lace ty len e

(45. 0  g . , 0 . 252 m ole) in  400 m l. of l ig ro in  w e re  s t i r r e d  a t 80-85°,

aq  e. s . r .  s ig n a l w ith  no fine  s tru c tu re  w as ob ta ined . T he e. s . r .

s ig n a l w hich w as O bserved  a f te r  0. 5 h o u r of r e a c t io n  w as 250%

la r g e r  a f t e r  five  h o u rs  to ta l re a c tio n  tim e  and had  d e c re a se d

only s lig h tly  a f te r  23. 5 h o u rs . N e ith e r  d ip h en y lace ty len e  alone

in  lig ro in  n o r  t_ -bu ty llith ium  a lone in  lig ro in  u n d e r th e s e  cond itions

gave a m e a s u ra b le  e. s . r .  s ig n a l.

H y d ro ly s is  of th e  re a c tio n  m ix tu re  a f te r  28. 5 h o u rs  gave

16th e  p re v io u s ly  r e p o r te d  p ro d u c ts . T he re a c tio n  a lso  evolved

4 m l. of a c le a r ,  c o lo r le s s  liq u id  id en tified  a s  isobu ty lefie  which

w as c o lle c te d  in  a D ry  Ice  t r a p ,  "D m m x, (S .rp m .) 1655 _ and

892 cm . - 1 (lit. ^  1664 and  897 cm . "*").m ax.

F u r th e r  p ro o f of s tru c tu r e  w as ob ta ined  by m ak in g  thb 

d ib ro m id e . A so lu tio n  of b ro m in e  (6 .4  g . , 0 . 040 m ole) in  100 m l. 

of d ich lo ro m e th an e  w as added  d ro p w ise  to  iso b u ty len e  (3 g . , 0 .0 5  

m ole) in  100 m l. of d ich lo ro m e th an e  a t -4 0 °  in th e  d a rk  ac c o rd in g  

to  th e  p ro c e d u re  of Ingold and I n g o ld ^  to  g ive iso b u ty len e  d ib ro m id e .
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b. p. 5 4 -5 6 ° (22 m m .) b. p. 5 4 -5 6 °  (24 m m .)]; ri. m ; r .  (20%

in  CDG13), 6 .1 3 t" (2 . 4) and 8 . 13 7 "(5 .6 ).

3. T e rm in a tio n  of R ea c tio n  by D e u te ro ly s is  . A  .solution 

of d ip h en y lace ty len e  (40. 0 g . , 0. 226 m ole) in  370 m l. of hexane w as 

added  in  one p o rtio n  to  a ra p id ly  s t i r r e d  so lu tio n  of t_ -bu ty llith ium  

(0. 316 m ole) in  170 m l. of p en tan e . The r e d  so lu tio n  w as s t i r r e d  

a t 37 -4 5 ° fo r  2.2 h o u rs  b e fo re  cooling  to  5°. D e u te ro ly s is  gave 65% 

re c o v e ry  of so lid  d ip h en y lace ty len e  and 13. 35 g. of an  oil.. The o il 

w as d is t i l le d  and  th e  f ra c tio n  bo iling  fro m  96. 0 -96 . 5° (0. 02 m m .) 

w as f ra c tio n a te d  through; a p re p a ra t iv e  s c a le  v ap o r p h a se  c h ro m a ­

to g rap h y  a p p a ra tu s  w ith  a carbow ax  colum n. D ip h en y lace ty len e  

and 600 m g. of t< -t_ -bu ty lstilbene  w e re  ob ta ined .

T he w hite, c ry s ta l l in e  d e u te ra te d  t_-butyl s tilb e n e  had  m .p .  

4 9 -5 0 °  a f te r  two re c ry s ta l l iz a t io n s  f ro m  hexane ( l i t . ^  m .p .  48 -4 9 °); 

n . m . r .  (20% in  CDClg), 2. 65 -3 . 2 2 ^ ( 8 .  9), aad 8 . 821^(9 .2 ); X m ax. 

264 rtyd, log  & = 4 .0 3  (sh o u ld er); 255 log <£ = 4. 14, 228 n y t, log  

<£ = 3 .7 9 . :

A nal. C alcd . fo r  C^gH^g_ ^gD^_ g: 5. 00 to  10. 00 a tom  % 

e x c e s s  d e u te r iu m . Found: 7. 82 a to m  % e x c e s s  d e u te r iu m .

The w hite, c ry s ta l l in e  d ip h en y lace ty len e  had  m .p .  59. 5- 

6 0 .0 °  a f te r  th re e  r e c ry s ta l l iz a t io n s  fro m  ethanol.
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A nal. C alcd . fo r  C-^^HgD^: D, 5. 00 a to m  % e x c e s s  

d e u te r iu m . Found: D, 0. 00 a tom  % e x c e s s  d e u te riu m .

G. n - B u ty llith iu m  and  D ip h en y lace ty len e

161. T e rm in a tio n , of R eac tio n  by D euteroly 'S-is. — D iphenyl- 

a ce ty le n e  (50. 0 g . , 0. 280 m ole) in  200 m l. of d ie th y l e th e r  w as 

added  in  one p o r tio n  to  a  ra p id ly  s t i r r e d  so lu tio n  of h .-bu ty llith ium  

(0. 368 m ole) in  300 m l. of d ie th y l e th e r .  The brow n so lu tio n  w as 

s t i r r e d  a t ro o m  te m p e ra tu re  fo r  20 h o u rs  b e fo re  co o lin g .it to  0 -5 ° .

T he co ld  re a c t io n  m ix tu re  w as slow ly h y d ro ly zed  with. 14. 8  

g. of d eu te riu m  oxide. T he so lu tio n  w as S tir re d  a t ro o m  te m p e ra tu re  

fo r  12 h o u rs . T hen  50 m L of w a te r  w as added. T he aqueous la y e r  

w as re m o v e d  and th e  e th e r  la y e r  w as d r ie d  o v er an h y d ro u s m ag n es iu m  

su lfa te . T he e th e r  w as re m o v e d  and th e  re su lt in g  o r a n g e .o i l /w as 

show n by v ap o r p h a se  c h ro m a to g ra p h y ^  to  c o n s is t. ofe5:5% t r a n s ­

it 2 - d ipheny l- 1 -hexene  (39% o v e r -a l l  y ield) and 45% d ip h en y lace ty len e . 

D is til la tio n  of th e  m ix tu re  y ie ld ed  d ip h en y lace ty len e , b.pi.- J97. 5 -1 1 3 ° 

(0 .3 0  m m .) .  A fte r  fo u r  r e  c ry s ta ll iz a tio n s ' fhbm  9 5% ethano l the 

w hite nebdleS  had  m . p. 59. 5 -6 0 .0 ° . > -

A nal. C alcd . fo r  C-^HgD: D, 5. 00 a tom  % e x c e s s ,d e u te r ­

iu m . Found: 3. 87 .a tom  % e x c e s s  d e u te riu m .
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H. L ith iu m  H y d rid e  and  D iphenylacetylfene

L ith iu m  h y d rid e  (5. 9 g . , 0. 074. m ole) w as added  in  one 

p o rtio n  to  a s t i r r e d  so lu tio n  of d ip h en y lace ty len e  (10 g. , 0. 056 

m old) in  90 m li of l ig ro in . T he w hite m ix tu re  w as s t i r r e d  #  75-85 

fo r  12 h o u rs  b e fo re  h y d ro ly s is  w ith cooling . The la y e r s  w ere  

S ep a ra ted  and  th e  aqueous la y e r  w as e x tra c te d  w ith  tuvo 50-m l. 

p o r tio n s  of d ie thy l e th e r .  T he com bined  o rg an ic  la y e r s  y ie ld ed  

6 .9  g. of w hite , c ry s ta l l in e  d iphenylacety lene. w hich m e lte d  w ith ­

out r e c ry s ta l l iz a t io n  at 59 -60°.

I. L ith iu m  M eta l and  D ip h en y lace ty len e

1, T e rm in a tio n  of R eac tio n  by D e u te ro ly s is  . a , The 

r e a c tio n  w as ru n  in  th e  sam e  m a n n e r  a s  th a t r e p o r te d  by Sm ith  

and  Hoehn. ^  S m all p ie c e s  of lith iu m  w ire  (1. 00 g . , 0. 144 g. atom ) 

w e re  su sp en d ed  in  70 m l. of an h y d ro u s  d ie thy l e th e r  u n d e r a h e lium  

a tm o sp h e re . D ip h en y lace ty len e  (5. 0 g , , 0. 028 m ole) w as added to  

th e  c le a r ,  c o lo r le s s  so lu tion  in  one p o rtio n . T he m ix tu re  becam e 

o ran g e , th en  r e d  in  30 m in u te s . A fte r  2 h o u rs , th e  re a c tio n  w as 

coo led  to  0 -1 0 °  and  d eu te riu m  oxide (6 . 0 g . , 0. 300 m ole) w as 

c a re fu lly  added  w ith  cooling  and s t i r r in g  o v e r a p e r io d  of one h o u r . 

The yellow  m ix tu re  w as a llow ed  to w arm  to  ro o m  te m p e ra tu re  o v e r  

a p e r io d  of fo u r  h o u rs . ,, T he  m ix tu re  w as th en  p o u red  in to  100 m l. 

of co ld  1 0 0 % ethano l. F i l t r a t io n  of th e  cold  e th an q lic  so lu tio n  gave



a 96% y ie ld  of 1, 2 , 3, 4 - te tra p h e n y lb u ta d ie n e -d 2 - 1 ,4 . A f te r  two 

re c ry s ta l l iz a t io n s  fro m  e thy l a c e ta te  th e  w hite n e e d le s  had  m .p . 

184-185° ( lit. 3 7  m .p .  183-184°); n .m .  r .  (10% in  CS^), ^  7 0 ^ ,

2 . 93 -3 . 2 2  Y , 3. 2 5 -3 .5 1 Y .

A nal. C alcd . fo r  (^28^20^2 ' a tom  % e x c e s s  d e u te r ­

ium . Found: 8 . 65 a tom  % e x c e s s  d e u te riu m .

b. T he re a c t io n  be tw een  lith iu m  m e ta l and  d iphenyl- 

a ce ty le n e  w as ru n  fo r  th re e  d ays u n d e r th e  sam e  co n d itio n s a s  

ou tlin ed  u n d e r (a). A fte r  3 h o u rs  and  23 h o u rs  a liq u o ts  of the  

m ix tu re  show ed a m o d e ra te  e. s . r- s ig n a l w ith ho fine  s tru c tu re .  

T e rm in a tio n  of th e  re a c tio n  w ith  d eu te r iu m  oxide a s  d esc rib ed - 

u n d e r (a) gave 84% d e u te ra te d  1, 2, 3 -tripheny lnaph thalene-. A fte r  

one r e c ry s ta l l iz a t io n  fro m  e thy l a c e ta te  th e  w hite n e e d le s  had  

m .p .  152-152. 5° ( lit. ? 7  m .p .  150-151°); n . m . r .  (2 0 % in  GDGlg), 

2 .8 2  <Y and 3 . 1 3 'T .

A nal. C alcd . fo r  CggH^gD: 5. 00 a to m  % e x c e s s .d e u te r ­

ium . Found: 4. 73 a to m  % e x c e s s  d e u te riu m .

J .  P re p a ra t io n  of 2- P h en y l-  3- e thy lindone (37a)

30U sing  th e  p ro c e d u re  of F ra n k  et a l. , 2 -p h en y l- 3- 

ethy lindone (37a) w as sy n th e s iz ed  fro m  2 -p h e n y l-1, 3 - in d an e- 

d ione and  e thy l b ro m id e  G rig n a rd  r e a g e n t.  Two re c ry s ta l l iz a t io n s
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f ro m  lpO% ethano l gave r e d  n e e d le s  w ith  m . p. 96. 5 - 9 7 . 5 °  (lit.
C C 1 ’ :

m .p . 97 -98°), l )  m ax^ 1717 cm . . A 2 , 4 - d in itro p h en y lh y d razo n e  

of th e  p ro d u c t had  m .p .  225-226° ( lit, m .p .  206 -207°). A m ixed  

m e ltin g  po in t w ith  th e  indone sa m p le  f ro m  th e  re a c t io n  of e thy l- 

lith iu m  w ith  d ip h en y lace ty  1 ene in  d ie th y l e th e r  show ed no d e p re s ­

sion , and a m ix ed  m e ltin g  po in t of th e  2, 4 - d in itro p h en y lh y d razo n es  

of th e  two indones show ed no d e p re ss io n .

K. S tab ility  of E th y llith iu m  in  R efluxing  D iethy l E th e r

A so lu tio n  of e ith y llith iu m  (0. 150 m ole) in  105 m l. of 

d ie thy l e th e r  w as re flu x e d  fo r  96 h o u rs . The am ount of e th y llith iu m  

w as d e te rm in e d  by th e  double t i t r a t io n  m ethod . ^

A fte r  53 h o u rs  26% of th e  re a c t iv i ty  w a s  l o s t - ^ f t e r  72 

h o u rs  of r e a c t io n  tim e  30% of th e  re a c t iv i ty  w as, lo s t ,  and 79% w a s  

lo s t  a f te r  96 h o u rs .

L . 'P re p a ra tio n  of T r ip h e n y la c ry lic  A cid  ,

T r ip h e n y la c ry lic  ac id  Was ob ta in ed  by h y d ro ly s is  of t r i -

' : ' ■ - ' 71p h e n y la c ry lo n itr ile  u s in g  the  p ro c e d u re  of B uu-H oi ahd»lserocq.

A fte r  one r e c ry s ta l l iz a t io n  fro m  aqueous a c e tic  a c id  th e  p ro d u c t
69 7 ]

had  m .p .  216-217° ( lit. m i.p ._ 2 1 6 -2 l7 . '5 °  and 213° 1 , and  a 

m ix ed  m e ltin g  po in t w ith th e  sam p le  f ro m  the  re a c tio n  Of phenyl- 

lith iu m  and  d ip h en y lace ty len e  in  d ie th y l e th e r  show ed no d e p re s s io n . 

T he in f r a r e d  s p e c tra  of th e  tw o sa m p le s  w ere  su p e rim p o sa b le .
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1/L R eac tio n  of 2 , 3 -D ip h e n y l-4 -m e th y l-  2 -p e n ten o ic  A cid-(40a)

W ith T hionyl C h lo rid e  ' -

T h is  re a c t io n  w as c a r r ie d  out a c c o rd in g  to  th e  m ethod  of 

K o e l s c h .  ^  2, 3 -D ip h e n y l-4 -m e th y l-2 -p e n te n o ic  acid! m g . ,

1. 9 x 1 0 "3 m ole) w as d isso lv e d  in  2. 5 m l. of anhydrpU h;ca rb o n  

te tra c h lo r id e  in  a h e liu m  a tm o sp h e re . Thionyl ch io rfd e  tS);50 m l . ,

5. 0 x 1 0 "3 m ole) w as added  and th e  m ix tu re  w as h ea te d  a t re flu x  

fo r  6  h o u rs . The yellow  re a c tio n  m ix tu re  w as a llow ed  to  cool to  

ro o m  te m p e ra tu re  and  w as p o u red  in to  15 m l. of w a te r . The 

m ix tu re  w as bo iled  on a w a te r  bath  fo r  0. 5 h o u r a n d  th e n  cooled

to  0°. Solid, yellow  2 -p h en y l- 3 - iso p ro p y lin d o n e  (37d) p re c ip ita te d .

The indone w as o b ta ined  in  91% y ie ld , m . p . 105-109°; 

a f te r  one r e c ry s ta l l iz a t io n .f ro m  ethano l, m . p. 109, 5 -1 1 0 °  ( l i t . ^^ 

m .p .  110°); n .m . r .  (20% in  CDClg), 2 . 6 5 T  (9. 4), 6 . 7 5 T (0 .7 9 ) ,

8 . 60 T  (2. 6 ), 8 . 7 2 - r  (3. 3); ~L> 1705 c m ." 1; A m a x . 250 n y /,

log  6 = 4 .  52. .

A nal. C alcd . fo r  C 1 8 H 1 6 Q: C, 87. 06; H, 6 . 50. Found:

C, 8 6 . 79; H, 6 . 54.

N. R eac tio n  of 2, 3 -D ip h e n y l-4, 4 - d im e th y l-2 -p e n te n o ic  A cid  (40b) 

W ith T hionyl C h lo rid e

T h is  re a c t io n  w as ru n  a c c o rd in g  to th e  m eth o d  of K o elsch . 32

2, 3 -D ip h e n y l-4, 4 - d im e th y l-2 -p e n te n o ic  a c id  (200 m g . , 7 .1  .x IQ"^
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m ole) w as d isso lv e d  in  1 m l, of an h y d ro u s  ca rb o n  te tra c h lo r id e  

in  a  he liu m  a tm o sp h e re , T hionyl c h lo rid e  (0. 20 m l . , 2: 0 x 10“ ® 

m ole) w as added  in  one p o rtio n  and th e  m ix tu re  w as h e a te d .a t 

re f lu x  fo r  6  h o u rs . T he yellow  re a c t io n  m ix tu re  w as a llow ed  to. 

cool to  ro o m  te m p e ra tu re  and w as p o u re d  in to  15 m l. of w a te r .

T he m ix tu re  w as b o iled  on a w a te r  b a th  fo r  one h o u r and th en  

coo led  to  0 ° . Solid , o ran g e  2 - p heny l- 3-t_-butylindone p re c ip i­

ta te d . ' .

T he indone w as ob ta ined  in  50% y ie ld , m .p .  127'-129°. 

A f te r  two re c ry s ta l l iz a t io n s  fro m  ethano l th e  com pound had m .p .  

131. 5 -1 3 2 ° ( l i tv ^  m .p .  131. 3 -1 3 1 .9 ° ) ; in f r a re d  s p e c tru m  id en ­

t ic a l  to  th a t of au th en tic  sample,®® ^ 1710 cm . j. A n a a x .m ax.

244 xsxjA, log  6  - 4. 61, 240 log  €  = 4. 56 (sh o u ld e r).

AnaL_ C alcd . fo r  Gig H lg C): C, 8 6 .99 ; H, 6 .9 2 . Found: 

C, 8 6 . 94; H, 6 .9 3 .

O. E s te r if ic a t io n  of 2 - P h en y l-  3- (o- ca rb o x y p h en y l)- 4, 4- dim ethyl-.

2 -p en ten o ic  A cid

D iazom ethane® ^ (ap p ro x im a te ly  0 .0 3 4  m o le , 120% ex cess)  

in  d ie th y l e th e r  w as added d ro p w ise  to  a S tirre d , 0 -5 °  so lu tion  of 

2-p h en y l-  3 - (o -ca rb o x y p h en y l)-4 , 4 - d im e th y l-2 -p e n te h b ic  ac id  

(5. 00 g . , 0. 0154 m ole) in  5(3 m l ,  of d ie th y l e th e r  u n til  th e  yellow  

co lo r  of th e  d iazo m eth an e  p e r s is te d .  The so lu tio n  w as s t i r r e d
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fo r  one h o u r b e fo re  th e  e x c e s s  d iazo m eth an e  w as decom posed

w ith a few m i l l i l i t e r s  of w a te r . T he aqueous la y e r  w as rem o v ed

and th e  o rg a n ic  la y e r  w as e x tra c te d  w ith  two 2 5 -m l. p o r tio n s  of

s a tu ra te d  aqueous sticlium c a rb o n a te  so lu tion . T he  e th e r  so lu tio n

w as d r ie d  w ith an h y d ro u s m ag n esiu m  su lfa te . E v a p o ra tio n  df th e

n G H C ln
e th e r  gave a 60% y ie ld  of e s te r ,  b .p .  145-155° (0. 1 m m . )j m ax ' 

(neat) 1725 c m . - '?-; X  max:. 223 m //, log  S' = 4 .0 5 ; n . m . r .  (2 0 % in  

CDClg); 2 ,7 5 ^ ( 0 .9 0 ) ,  2 .8 9  and  3 .0 3  T  (8 . 3), 6 . 09 T  (2. 8 ), 6 . 36 'Y  

(2. 8 ), 8 . 78 y  (9. 3), p lu s  im p u r i t ie s  a t 2 . 36-2 . 58 T , 8 . 51X  8 . 8 2 ^  

and  9. 0 9 y .

A n al. C alcd . fo r  C, 74. 98; H, 6 . 8 6 . Found:

C, 75 .7 8 ; f l, 7 .4 8 .

P . A nhydride  of 2 -P h e n y l-3 - (o -ca rb o x y p h e n y l)-2 -h e p te n o ic  

A cid  (36b)

2 -P h e n y l-3 - (o -ca rb o x y p h e n y l)-2 -h ep te n o ic  ac id^^  (5 .00  

g . , 0 ,0 1 5 5  m ole) w as su sp en d ed  in  100 m l. of an h y d ro u s  ca rb o n  

te t ra c h lo r id e  w ith  r a p id  s t i r r in g .  T hionyl c h lo rid e  (11. 70 g . , .

0. 0985 m ole) w as added  in  one p o r tio n  and th e  m ix tu re  w as h ea ted  

a t re f lu x  fo r  4 h o u rs . -

T he c le a r ,  yellow  so lu tio n  w as allow ed  to  cool to room  

te m p e ra tu re ,  p o u red  in to  75 m l. of 6  N. h y d ro c h lo ric  ac id , and  

s t i r r e d  fo r  one h o u r b e fo re , s tand ing  o v e rn ig h t. T he aqueous
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la y e r  w as e x tra c te d  w ith  d ie thy l e th e r  and  th e  o rg a n ic  la y e r s

w e re  com bined . T he e th e r-fca rb o n  te t ra c h lo r id e  so lu tib n  w as

th en  e x tra c te d  w ith  th re e  2 5 -n il. p o r tio n s  of aqueous, s a tu ra te d

sodium  c a rb o n a te  to  rem o v e  any u n re a c te d  ac id . S ubsequen t

a c id if ic a tio n  of th e  b a s ic  aqueous la y e r  w ith  6  N h y d ro c h lo ric

a c id  and  e x tra c tio n  w ith  d ie th y l e th e r  y ie ld ed  0. 15 g. of u n re a c te d

a c id . T he e th e r -c a rb o n  te t ra c h lo r id e  so lu tio n  w as d r ie d  o v er

an h y d ro u s m ag n esiu m  su lfa te , and th e  so lven t ev ap o ra ted . T he

an h y d rid e  w as o b ta in ed  a s  a  v isc o u s  yellow  o il in  70% y ie ld .

F iv e  r e c ry s ta l l iz a t io n s  f ro m  hexane  p ro d u ced  w hite c r y s ta ls

w ith  m . p. 8 7 .5 -8 8 .0 ° ,  ^  CHC1 3 , 1788, 1748, 1276 and  1255 cm . ' 1. ^ m ax .

A nal. C alcd . fo r  CgpH^gOg: C, 78. 40; H, 5. 92, Found:

C, 78. 34; H, 5. 98,

T he p u re  an h y d rid e  (0. 02 g . , 8 . 3 x 1 0 ~ 5  m ole) w as 

su sp en d ed  in  3 m l. of w a te r  and  s t i r r e d  fo r  5 d ay s  a t 2 8 -30°.

T he su sp e n s io n  w as f i l te r e d  and d r ie d  to  g ive 0 . 0 2  g. of 2 -p h en y l-

3 -(o ^ -ca rb o x y p h en y l)-2 -h ep ten o ic  ac id , m .p .  168-170°. A m ixed  

m e ltin g  po in t w ith  an  a u th en tic  sa m p le  of the  a c id  show ed no 

d e p re s s io n .

Q. P re p a ra t io n  of 2 - P h e n y l-3-n -bu tyU ndone

2 -P h en y l-  3 - n-butyU ndone w as p re p a re d  by th e  p ro c e d u re  

u se d  in  th e  sy n th e s is  of 2 - p h e n y l-3 - ethy Undone. ^  2 -P h e n y l- 1 , 3-



indaned ione (17. 5 g . , 0. 0795 m ole) in  450 m l. of an h y d ro u s 

ben zen e  w as added  in  one p o rtio n  u n d e r  a  he liu m  a tm o sp h e re  

to  a  v ig o ro u s ly  s ti r re d -n -b u ty l  G r ig n a rd  re a g e n t in  d ie th y l : - 

e th e r . T he G r ig n a rd  re a g e n t w as sy n th e s iz e d  f ro m  n -b u ty l 

b ro m id e  (26. 4 m l . , 0 . 25 m ole) and m ag n esiu m  (6 . 0 g . , 0. 25
rz c

g. a tom ) by th e  m eth o d  of F ie s e r .  The b r ig h t r e d  c o lo r  w hich 

d eveloped  when th e  f i r s t  indaned ione  w as added  soon  d isa p p e a re d . 

T he re s u lt in g  b row n m ix tu re  w as f i r s t  s t i r r e d  w ith  re flu x in g  fo r  

2 h o u rs  and th en  a t ro o m  te m p e ra tu re  fo r  2 h o u rs . T he ic e  

coo led  e th e r-b e n z e n e  so lu tio n  w as h y d ro ly zed  w ith 75 m l. of. 

cold  5 N s u lfu r ic  a c id . T he aqueous la y e r  w as re m o v e d  and, 

e x tra c te d  w ith  100 m l. of d ie th y l e th e r . T he O rganic la y e r s  w ere  

com bined  and w ash ed  su c c e s s iv e ly  w ith  two 1 0 0 - m l. p o r tio n s  of 

d ilu te  aqueous sod ium  c a rb o n a te  so lu tio n  and  two 1 0 0 - m l. p o r tio n s  

of w a te r . The e th e r -b e n z e n e  so lu tio n  w as th en  d r ie d  w ith  an h y d ro u s  

sod ium  su lfa te , f i l te re d , and evapO rated  down to 2 0  m l, u n d er 

a s p ir a to r  vacuum . D is til la tio n  y ie ld e d  14. 8  g. o f 2 -p h e n y l-3'-# 

butyU ndone, b .p .  170° (0. 30 mn&i); n '26 -^  1. 6148.

T he o ran g e  c ry s ta l l in e  2, 4- d in itro p h en y lh y d razo n e  Of 

th e  indone had  a  m e ltin g  po in t of 173- 174° a f te r  one re c ry S ta l l iz a -  

tio n  f ro m  e thy l a c e ta te . A m ix ed  m e ltin g  po in t w ith  th e  2, 4 -d in itro -  

p h en y lh y d razo n e  of th e  indone fro m  th e  re a c tio n  of n -b u ty llith iu m
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and  d ip h en y lace ty len e  in  d ie th y l e th e r  ® show ed no d e p re ss io n , 

n o r  w as th e re  any d e p re s s io n  w ith  th e  d e r iv a tiv e  of th e  indone 

o b ta ined  f ro m  th e  re a c tio n  of n -b u ty l G rig n a rd  re a g e n t and 

b en za l p h t h a l i d e 6
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