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ABSTRACT

I t  has been found th a t  th e  r e a c t io n  o f  l i th iu m  n a p h th a le n id e  w ith  

b e n z y llc  h a l id e s  and q u a te rn a ry  ammonium s a l t s  p roduces r a d ic a l s .

R a d ic a ls  produced by t h i s  r e a c t io n  appear e i th e r  as  re d u c tio n  

p ro d u c ts  o r as  d im ers. For example in  r e a c t io n s  o f l i th iu m  naph th a len e  

w ith  benzy l and benzhydry l d e r iv a t iv e s  ( c h lo r id e s ,  brom ides and 

q u a te rn a ry  ammonium s a l t s )  th e  r a d ic a ls  a re  co n v erted  in to  phen y la ted  

m ethanes ( to lu e n e  and d iphenylm ethane) o r  ph en y la ted  e thanes  ( e .g .  b i ­

benzy l and sy m m e tr ic a l- te tra p h e n y le th a n e ) .

In  t h i s  t h e s i s  a study  o f  th e  p ro b ab le  and p o s s ib le  mechanism o f 

dimer fo rm atio n  i s  d e sc rib e d . One p o s s ib le  mechanism fo r  dim er fo rm atio n  

i s  a lp h a  co u p lin g  o f  two b e n z y llc  r a d ic a l s ,  ( Path  A). An a l t e r n a t iv e  

pathway fo r  dim er fo rm a tio n  in v o lv es  a second re d u c tio n  s te p  by ArH* 

c o n v e rtin g  a r a d ic a l  in to  a  ca rb a n io n  which th e n  r e a c ts  w ith  more 

s t a r t i n g  m a te r ia l  in  a  normal d isp lacem en t p ro cess  (P a th  B o r  a  ca rb ­

an ion  mechanism).

I t  was found th a t  p a th  A cou ld  be favo red  by adding th e  arom atic  

r a d ic a l  an ion  slow ly  to  th e  b e n z y llc  d e r iv a t iv e .  C onversely  pathway B 

was fav o red  by adding  th e  b e n z y llc  d e r iv a t iv e  to  th e  r a d ic a l  an ion .

The e f f e c t s  o f  changing halogen from f lu o r in e  to  c h lo r in e  to  

bromine were s tu d ie d . I t  was found th a t  f lu o r in e  d e p a r ts  much more slow ly  

th an  th e  o th e r  h a l id e s  d u rin g  r a d ic a l  fo rm atio n  in  harmony w ith  r e c e n t ly  

p u b lish ed  d a ta .

Evidence fo r  th e  in te rm ed iacy  o f r a d ic a ls  in  r e a c t io n s  o f  l i th iu m  

n ap h th a len id e  w ith  q u a te rn a ry  ammonium s a l t s  comes from r e a c t io n  w ith  

5-hexenyltrim ethylanm onium  io d id e  to  produce 5 ~ h e x e n y l-ra d ic a ls  which
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c y c l iz e  to  m e th y lcy c lo p en ty l r a d ic a ls  a t  a known r a te .  M ethy lcyclo - 

pen tane  (k $ ) was formed among th e  o th e r  p ro d u c ts . A d d itio n a l ev idence 

f o r  r a d ic a l  in te rm e d ia te s  and th e  a lp h a  co u p lin g  mechanism was o b ta in e d  

from co m p e titio n  experim en ts  u t i l i z i n g  equim olar m ix tu re s  o f  benzhydry l 

c h lo r id e  and benzy l c h lo r id e  r e a c t in g  w ith  one e q u iv a le n t o f  l i th iu m  

n a p h th a le n id e  to  produce th r e e  p h en y la ted  e th an es  (b ib e n z y l,  1 ,1 ,2 - t r i ­

phenyl e th an e  and s y m m e tr ic a l- te tra p h e n y le th a n e )  in  th e  s t a t i s t i c a l  

r a t i o  o f 1 :2 :1  expec ted  fo r  p a th  A.

C arbanion  d isp lacem en t s tu d ie s  p a r a l l e l  to  th e  l i th iu m  n a p h th a le n id e  

re d u c tio n  s tu d ie s  were c a r r i e d  o u t fo r  each carb an io n  th a t  cou ld  have 

formed from s in g le  e le c t ro n  re d u c tio n  o f th e  in te rm e d ia te  r a d ic a l  

( i . e ,  p a th  B). I t  was found th a t  b e n z y llc  ca rb a n io n s  d is p la c e d  brom ine 

and c h lo r in e  much more r a p id ly  th a n  f lu o r in e  and th e  r a t e s  appeared  to  

be com parable w ith  th e  v e ry  f a s t  n ap h th a len id e  io n  re d u c tio n s  o f  b e n z y llc  

c h lo r id e s  and brom ides.

Evidence th a t  th e se  d isp lacem en ts  occur w ith  100$ in v e rs io n  o f  

c o n f ig u ra tio n  was secu red  by co n v ers io n  o f  R (+ ) -  a  -  p h e n y le th y l t r i -  

methylamnonlum io d id e  w ith  benzhydryl l i th iu m  to  g iv e  R (+ ) 1 ,1 , 2 - t r i -  

pheny lpropane. The a b s o lu te  c o n f ig u ra tio n  o f  9 8 .5 $  o p t i c a l l y  p u re  

R (+ ) 1 ,1 ,2 - tr ip h e n y lp ro p a n e  was determ ined  by i t s  s y n th e s is  from 

S (+ ) h y d ra tro p ic  a c id .

F u r th e r ,  i t  was found th a t  tr lp h en y lm e th y l c h lo r id e  (o r  brom ide) 

cou ld  o x id iz e  tr lp h en y lm e th y l ca rb an io n  to  produce two t r i t y l  r a d ic a ls .  

However, tr lp h e n y lm e th y l f lu o r id e  gave l i t t l e  o r no r e a c t io n  in  

te tra h y d ro fu ra n  s o lv e n t. A ll a tte m p ts  to  o x id iz e  b e n z y llc  ca rb a n io n s  

w ith  d ipheny lm ethy l h a l id e s  to  produce r a d ic a ls  proved f r u i t l e s s .
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HISTORICAL*

INTRODUCTION

F orm ation  o f  an a rom atic  r a d ic a l  an ion  was f i r s t  reco rd ed  in  

1867 when B e r th e lo t  d e sc r ib e d  th e  appearance o f a b la c k  a d d i t io n  

p ro d u c t on fu s in g  m e ta l l ic  po tassium  w ith  n ap h th a len e . 1 S to ic h io m e tr ic  

in v e s t ig a t io n s  were c a r r ie d  ou t by Schlenk and cow orkers some y e a rs  

l a t e r  on sodium an th racen e  ad d u c ts . 2 *3

E arly  r e p re s e n ta t io n  o f  th e  compounds formed from th e  a d d it io n  of 

an a l k a l i  m eta l to  arom atic  hydrocarbons o r ig in a te d  w ith  W i l l s t a t t e r 4 

who v is u a l iz e d  th a t  th e  m e ta l was bonded to  th e  r in g  as shown fo r  

n ap h th a len id e  in  1

Na

1

Use o f  t h i s  ty p e  o f  d e s ig n a t io n  co n tin u ed  u n questioned  u n t i l  1956 

when i t  became ev id en t th a t  th e  adduct was io n ic  r a th e r  th an  e le c ­

t r i c a l l y  n e u t r a l .  P e r t in e n t  o b se rv a tio n s  were th a t  th e  adduct was 

formed in  th e  more p o la r  e th e r  so lv e n ts  such as d im ethy l e th e r  o r  

te tra h y d ro fu ra n , b u t not d ie th y l  e th e r  o r  benzene , 5 and th a t  s o lu tio n s  

a lso  conducted  e l e c t r i c  c u r r e n t . 0 Huckel and B re tsc h n e ld e r , th e re fo r e ,  

m od ified  th e  W i l l s t a t t e r  form ula, su g g es tin g  fo r  th e  f i r s t  tim e th e  

id e a  th a t  th e  adduct was formed v ia  e le c t ro n  t r a n s f e r . 7

‘ A b b rev ia tio n s  used in  t h i s  d i s s e r t a t i o n  a re  found on page 137



2-

F in a l  v e r i f i c a t i o n  o f  th e  r a d ic a l  an io n  n a tu re  o f  th e  adducts  

was made by Weissman and h is  a s s o c ia te s  u s in g  e le c tro n  s p in  resonance 

r e a r )  sp ec tro sco p y  by 1953.8 ,9

A b e t t e r  u n d ers tan d in g  o f  th e  io n ic  and f r e e  r a d ic a l  c h a ra c te r  

o f  th e  arom atic  hydrocarbon-m etal adducts  was p rovided  by p h y s ic a l 

measurements such as  io n ic  c o n d u c t iv i t ie s ,  p o la ro g ra p h lc  and p o te n t-  

lo m e trlc  d e te rm in a tio n  o f  a rom atic  hydrocarbon  e le c tro n  a f f i n i t i e s  

and e le c tro n  exchange r a te s  m easured by k in e t i c  e le c tro n  sp in  resonance  

f KESR). A heavy em phasis on th e  p h y s ic a l chem istry  re s e a rc h  o f arom atic  

r a d ic a l  an ions occulted d u rin g  th e  p e rio d  1953-68, and c r i t i c a l  review s 

have been p u b lish ed  by S zw arc .10>10® The s ig n i f i c a n t  c o n c lu sio n s  o f 

th e se  and o th e r  p h y s ic a l measurements w i l l  be d iscu ssed  in  a l a t e r  s e c tio n .

As p ro g re ss  tow ard u n d ers tan d in g  th e  p h y s ic a l p ro p e r t ie s  and 

s t r u c tu re s  o f a rom atic  r a d ic a l  an ions developed , i n t e r e s t ,  p ro g ress  

and r e s u l t s  in  s tu d ie s  on t h e i r  chem istry  expanded, slow ly  a t  f i r s t  in  

th e  n in e te e n  f i f t i e s  and very  r a p id ly  from i 960 to  th e  p re se n t.  The 

review  a r t i c l e s  by G a rs t11 p ro v id e  th e  most c r i t i c a l  a n a ly s is  o f th e  

chem istry  and p h y s ic a l p ro p e r t ie s  o f a rom atic  ra d ic a l  an io n s, and th e  

re c e n t rev iew  by Holy22 se rv e s  as a good le x ic o n  to  th e  fundam ental 

l i t e r a t u r e .

Chem istry o f A rom atic R ad ica l Anions

Aromatic r a d ic a l  an ions fu n c tio n  as redu c in g  ag en ts  in  t h e i r  

r e a c tio n s  w ith  o th e r  compounds. The g e n e ra l mechanism by which they  

t r ig g e r  chem ical r e a c t io n  la th rough  t r a n s f e r  o f an e le c tro n  to  th e  

re a c tin g  p a r tn e r  w ith  re g e n e ra tio n  o f n e u t ra l  arom atic  hydrocarbon.

The most w idely u t i l i z e d  a rom atic  hydrocarbons a re  naph th a len e  and b i ­

phenyl. C le a r ly  th e s e  compounds would be expected to  have d i f f e r e n t
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e le c t ro n  a f f i n i t i e s  and th e re fo re  d i f f e r e n t  reducing  powers. A good 

com parison fo r  th e  reducing  power o f a rom atic  r a d ic a l  an ions would be 

w ith  sodium o r po tassium  d is s o lv e d  in  l iq u id  ammonia. I t  w il l  become 

ap p aren t t h a t  a ro m atic  r a d ic a l  an ions a re  weaker, and th e r e f o r e ,  more 

s e le c t iv e  red u c in g  ag en ts  than  a l k a l i  m e ta ls  in  l iq u id  ammonia.

A lthough th e  most w idely s tu d ie d  r e a c t io n  o f a rom atic  r a d ic a l  an ions 

has been w ith  halogen  c o n ta in in g  o rg an ic  compounds, th e  e a r l i e s t  r e l i a b l e  

work concerned I t s e l f  w ith  r e a c t io n s  o f  w ater and carbon d io x id e  w ith  

sodium n a p h th a le n id e . In r e a c t io n s  of th i s  ty p e , two e x p e rim en ta lly  

determ ined  f a c t s  a re  param ount: ( l )  d lh y d ro , o r  s u b s t i tu te d  d ihydro

d e r iv a t iv e s  o f th e  p a ren t hydrocarbon a re  formed; (2 )  in  th e  absence o f 

excess a l k a l i  m e ta l, h a l f  o f th e  o r ig in a l  hydrocarbon i s  reco v ered  

unchanged, w hereas in  th e  p resen ce  o f  excess a l k a l i  m e ta l, th e  o r ig in a l  

hydrocarbon i s  com plete ly  converted  to  d ihydro  compound.

With th e s e  o b se rv a tio n s  a t  hand, P au l, L ip k in , and Weissman12 p re ­

sen ted  th e  fo llo w in g  m ech an is tic  scheme to  e x p la in  th e  c a rb o n a tio n  o f 

naph th a len e  m ononegative io n :

n 0



- k -

Ma
■> .

#r  CloHg

H C-ff

co2

C-0

c-o:

o

C le a r ly ,  r e d u c tiv e  p ro to n a t io n  w ith  w ate r would fo llow  th e  p a th  as 

shown below, t o  g ive  th e  co rresp o n d in g  d ih y d ro n ap h th a len es .

H H

H H

+ HgO

H H

+ OH

H H

+ HpO

H H

+ OH



In  o rd e r  to  t e s t  t h i s  proposed mechanism, Bank and C losson13 t r e a te d  

th e  r a d ic a l  an ion  o f n ap h th a len e  w ith  t r i t i a t e d  w ater. The com position  

o f  th e  r e a c t io n  m ix tu re  was naph tha lene  ( 58 . 7%), d ih y d ro n ap h th a len es  

(U-0.7#), and t e t r a l l n  (0 .6$) .  A ll o f th e  r a d io a c t iv i ty  was c o n c e n tra te d  

in  th e  d ih y d ro n ap h th a len es  and t e t r a l l n ;  no a c t iv i t y  was found in  

n ap h th a len e . R ece n tly , Bank and B ockrath14 provided  more su p p o rt fo r  

t h i s  mechanism by m easuring th e  k in e t ic s  o f p ro to n a tio n  o f  th e  r a d ic a l  

an ion . A ll o f th e  ev idence i s  c o n s is te n t  w ith  th e  above mechanism and 

d e f in i t e l y  excludes th e  fo llo w in g  a l t e r n a t iv e  mechanism th a t  accoun ts  

f o r  th e  observed  p ro d u c ts  by a r a d ic a l  d ls p ro p o r t io n a tio n  r e a c t io n  

( Naph re p re s e n ts  n a p h th a len id e  io n ) .

Naph" + H2 0 ------ > NaphH' + OH’

2NaphH* -------- ^  NaphHa + Naph

I f  such a mechanism were o p e ra t iv e , d ls p ro p o r t io n a tio n  o f  th e  la b e le d  

r a d ic a l  f NaphH*) to  n ap h th a len e  and d ih yd ronaph tha lene  would le a d  to  

in c o rp o ra tio n  o f t r i t iu m  in  th e  recovered  naph thalene .

The u se  o f  arom atic  r a d ic a l  an ions as e le c tro n  t r a n s f e r  ag en ts  

i s  w ell known. 8’ 11>12 They have been o f p a r t i c u la r  use  as  i n i t i a t o r s  

in  a n io n ic  p o ly m e riz a tio n s8’ 15>18’ 17’ 18 and more r e c e n t ly  have been used 

to  g e n e ra te  a lk y l f r e e  r a d ic a ls  by e le c tro n  t r a n s f e r  to  a lk y l and a ry l  

h a l i d e s .19

I I  E le c tro n  T ra n s fe r  to  A lkyl and Aryl H alides

O rganic c h lo r id e s ,  brom ides, and io d id e s  r e a c t  ra p id ly  w ith  naph­

th a le n e  o r  b ip h en y l r a d ic a l  an ions w ith  c leav ag e  o f  th e  h a lo g en -carb o n  

bond to  produce an o rg an ic  r a d ic a l  and a h a l id e  an ion . Presum ably 

t h i s  e le c t ro n  t r a n s f e r  re d u c tio n  in v o lv es  fo rm ation  o f h a l id e  r a d ic a l



anion, 2, prior to departure of halide anion.

(1 ) R-X + Naph' Cio H8 + R-X
2

R-

1

+ X

However, moat r e s e a rc h e r s ,w i th  th e  e x c e p tio n  o f  B unnett, ig n o re  2 

because  r a d ic a l s ,  appear to  be formed so ra p id ly  th a t  no p h y s ic a l 

ev idence fo r  2 has ever been found. S ince  5~hexenyl f lu o r id e  has been 

re p o r te d  to  re a c t  slow ly w ith  a rom atic  r a d ic a l  an io n s, i t  would seem 

th a t  in te rm e d ia te s  such as  2 should  p o ssess  l i f e t im e s  long enough fo r  

e s r  m easurem ents.

D uring re d u c t iv e  c leav ag e  of halogen  by an a rom atic  r a d ic a l  anion 

a v a r ie ty  o f  re d u c tio n  p ro d u c ts  i s  formed. These p ro d u c ts  and th e  

p ro b ab le  pathways to  t h e i r  fo rm atio n  a re  shown in  scheme 1.

Scheme I

Naph 
R-X ------} R

V’

2R*

Naph R-X or
 » R-Naph* ----   > R-Naph-R + R-Naph-H

H30

Naph"

R;-  Solvent^  R_H

R-X

R-R (R-H + o le f in )

(N ote: In  t h i s  scheme, m etal c o u n te r  io n s  and re g e n e ra te d  arom atic

hydrocarbons, and s o lv e n t d e riv e d  p ro d u c ts  a re  om itted  to  avoid 

c l u t t e r i n g  o f th e  diagram . )
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A1though th e re  has been c o n s id e ra b le  re s e a rc h  in  t h i s  a re a ,  on ly  

th e  r a d ic a l  an ions o f  n ap h th a len e , b ip h e n y l, and an th ra cen e  have 

re c e iv e d  a t t e n t io n ,  and most o f th e  a v a i la b le  d a ta  a re  from n ap h th a len id e  

r e a c t io n s .  11

Among th e  a l k a l i  m e ta ls  r e l a t i v e  r a t e  c o n s ta n ts  fo r  M+ n a p h th a len id e  

w ith  5~hexenyl f lu o r id e  have been determ ined  and show th a t  L i+Naptf r e a c ts  

f a s t e r  th a n  Na+Naph . See ta b le  1.

T ab le I * - M etal Ion  E ffe c ts  on R ates o f  R eac tio n s  o f  A lk a li N aphthalenes 

w ith  5 -hexeny l f lu o r id e  in  DME a t  25°.

A lk a li R ad ica l Anion 104k ( t .  mol xsec  1)

LiNaph 270+20

Na Naph 2 .8  + 0 .5

K Naph 0 .02

Cs Naph No R eac tion

a. Data from J .  F. G a rs t and F.E . B arton  I I ,  J . Amer. Chem. S o c ., $6,  523

'197*0.

In  th e  mechanism, th e  in d iv id u a l s te p s  seem reaso n ab ly  c e r t a in

excep t th a t  fo r  fo rm atio n  o f th e  "d im er" , i . e .

R-X
R" ------ » 2R*  *  R-R (2 )

which i s  s u b je c t  to  d eb a te .
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The f i r s t  s te p  I s  s  f a s t  e le c tro n  t r a n s f e r  to  th e  a lk y l  h a l id e  

fo llow ed by a ra p id  ex p u ls io n  o f  h a l id e  an ion . In  th e  mechanism, th e  

s te p  In v o lv in g  e le c t r o n  t r a n s f e r  re d u c tio n  o f th e  r a d ic a l ,  2 , to  a 

ca rb an io n  seems f irm ly  supported  by d a ta  in  th e  l i t e r a t u r e .  However, w hether 

"dim er" fo rm atio n  o ccu rs  by th e  coup ling  o f  two r a d ic a ls  has been a 

s u b je c t  o f  c o n tin u in g  co n tro v e rsy .

Only r a t e s  fo r  r e a c t io n  o f sodium Naph w ith  5~hexenyl f lu o r id e  

a re  found to  have r a t e  c o n s ta n ts  o f  about 5 * 10”4 t .  m o l . \ e c  x. For 

o th e r  halogens ex p u ls io n  i s  f a s t  and com plete , as in d ic a te d  by th e  use  

o f sodium b ip h e n y lid e  fo r  q u a n t i ta t iv e  ha logen  a n a ly s i s .25 One p roduct 

formed from th e  r a d ic a l  i s  a a lk an e , conce iv ab ly  by e i th e r  o f  two 

eom peting pathways.

R-H + S. f } )

From an a n a ly s is  o f  th e  r a t e  o f c y c l iz a t io n  o f  5 -hexeny l r a d ic a l  

to  cy c lo p en ty lm eth y l r a d ic a l  fk  = 105 sec  x) c o n tra s te d  w ith  th e  r a t e  

o f e le c tro n  t r a n s f e r  from n ap h th a len id e  io n  to  r a d ic a ls  fk s a  2 x 10e 

£ . mol 1 sec x) , G a r s t l s , s e  has concluded th a t  th e  c a rb a n io n ic  ro u te  

predom inates over hydrogen atom a b s t r a c t io n  from th e  s o lv e n t. The 

ca rb an io n  has even been trap p ed  by anhydrous magnesium brom ide which 

forms th e  G rignard  re a g e n t in  good y i e l d .26

The r a t e  o f e le c tro n  t r a n s f e r  between n ap h th a len id e  and th e  a lk y l  

r a d ic a l  i s  v i r t u a l l y  d i f fu s io n  c o n tro l le d ,  (10® - 1010 M 1 sec x). The 

chem ical consequences o f  such a h igh  r a te  fo r  r a d ic a l  re d u c tio n  can be 

seen in  th e  s te reo c h em ica l s tudy  o f  Jacobus and Pensak, concern ing  th e
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r e d u c t lo n  o f  an o p t i c a l l y  a c t iv e  cy c lo p ro p y l b rom ide .27 Treatm ent o f 

o p t i c a l l y  p u re  ( + ) - ( S )-l-b ro m o -l-m e th y l-2 ,2 -d ip h e n y lc y c lo p ro p a n e  w ith  

sodium naph than ide  in  DME y ie ld s  29$ o p t i c a l l y  pu re  ( - ) - (R ) - l-m e th y l-

2 ,2 -d ip h en y lc y c lo p ro p an e  (eq . 5 ).

Ph

Br

Ph Ph Ph Ph

Naph

Ph

CH3

Ph Ph

DME

(R)



10.

R eduction  o f  th e  o p t i c a l l y  a c t iv e  f r e e  r a d ic a l  must have a r a t e  

com parable to  th e  In v e rs io n  frequency  o f  th e  cy c lo p ro p y l r a d ic a l28 

f10s - 1010 sec  1). In  a s im i la r  r e a c t io n ,  S argen t and Browne were a b le  

to  t r a p  e ls- and t r a n s -Iso m ers  o f  v in y l  r a d ic a l s  formed as In te rm e d ia te s  

In  th e  re d u c tio n  o f  e ls- and t r a n s - V c h lo ro -5 -h e x e n e  w ith  sodium 

n a p h th a le n ld e .39

An e le g a n t p ie c e  o f  work I s  th a t  o f  C r ls to l  and Barbour20 who used 

a s o lu t io n  o f  sodium b lp h e n y lld e  to  co n v e rt th e  Isom eric  c h lo r id e s ,  

c h o le s te ry l  c h lo r id e  4 and /3 -cy c lo ch o le s tan y l c h lo r id e  to  monomeric 

hydrocarbon p ro d u c ts  In  58-84$ y ie ld s .  C h lo rid e  U gave on ly  5_c h o le s te n e  

11 w h ile  c h lo r id e  £  gave m ix tu res  o f 11 and 5 ol, 5 a -c y c lo c h o le s te n e  10 

acco rd ing  to  Scheme I I ,  T h e ir  r e s u l t s  su g g es t th a t  th e  co u rse  o f re d u c tio n  

o f  £  In v o lv es  th e  i n i t i a l  t r a n s f e r  o f  an e le c tro n  from th e  r a d ic a l  an ion  

to  th e  c h lo r in e  atom r e s u l t in g  in  th e  lo s s  o f  c h lo r id e  Ion and fo rm ation  

o f  th e  c y c lo c h o le s ta n y l f r e e  r a d ic a l ,  6 , which i s  p a r t ly  reduced to  

an ion  8 and p a r t ly  re a rra n g e d  to  r a d ic a l  7 b e fo re  re d u c tio n  to  an ion  2*

T his r e a c t io n  showed th a t  th e  r a t e  o f  re d u c tio n  o f  r a d ic a l  6 to  carb an io n  

8 i s  com parable in  speed to  th e  r a t e  o f  rearrangem ent o f  r a d ic a l  6 tc  

r a d ic a l  7. The u se  o f  sodium b lp h e n y lld e  as an e le c tro n  t r a n s f e r  agen t 

p ro v id es  fo r  th e  most pow erful reducing  ag en t p o s s ib le  s in c e  i t s  re d u c tio n  

p o te n t ia l  i s  -2 .165  v. A lso , w ith  1 ,2 - dim ethoxyethane (DME) as s o lv e n t, 

th e  fo rm atio n  o f com ple te ly  d is s o c ia te d  ions is  favored  and e le c tro n
30>31> 32

t r a n s f e r  i s  no t r e ta rd e d  as i s  th e  case  w ith  t i g h t ly  bound io n  p a i r s .

The p resen ce  o f  an an ion  in te rm e d ia te  i s  f u r th e r  in d ic a te d  by 

chem ica lly  induced dynamic n u c le a r  p o la r iz a t io n .  R eduction  o f  p - f lu o ro  

b e n z y l-h a lid e s  (X=C1, I )  forms an in te rm e d ia te  which Rakshys in t e r p r e t s  

to  be c o n s is te n t  w ith  th e  c o l l i s i o n a l  p a i r  12 o f th e  p -f lu o ro b en z y l 

r a d ic a l  and n ap h th a len ld e  p a i r . 33
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A lk y la tio n  o f  th e  aro m atic  n ucleus ty p i c a l ly  accoun ts  fo r  between 

5 and 6/0% of th e  a lk y l  h a l id e .  A number o f  mechanisms could  c o n c e p tu a lly  

account fo r  th e se  d e r iv a t iv e s .  An Sjj2 d isp lacem en t ( e q .6 )  was 

p o s tu la te d  o r ig i n a l l y 34 b u t has s in c e  been ru le d  ou t fo r  two p r in c ip a l  

r e a s o n s :33’ 38

Naph«
■»

H

■»

(6 )

H R

S o lven tR-X

f 1) th e  id e n t i ty  o f  th e  halogen  has no e f f e c t  on th e  amount o f mono- 

a lk y la t io n  p ro d u c t; (2)  th e  p e rce n tag e  o f a lk y la te  in c re a s e s  in  going 

from prim ary to  t e r t i a r y  h a l id e s ,  e x a c tly  o p p o s ite  o f  what would be 

expected  on th e  b a s is  o f  an S^2 re a c tio n .

A nother p o s s ib le  pathway su g g ested  by H o ijt in k  in v o lv es  d i r e c t  

a t ta c k  o f th e  a lk y l  r a d ic a l  on th e  aro m atic  n u c leu s, i . e . , on n ap h th a len e  

i t s e l f  (eq . 7 ) ,

R H

(7)
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b u t e s tim a tio n  o f  th e  r a t e  c o n s ta n t ,  k, from an analogous r e a c t io n  r e v e a ls  

th a t  I t  must be to o  sm all fo r  t h i s  ro u te  to  be s i g n i f i c a n t . 38 F urtherm ore , 

v a r ia t io n  o f  th e  amount o f  n ap h th a len e  in  th e  r e a c t io n  does no t a f f e c t  

th e  p roduct d i s t r i b u t i o n . 38 (T h is  i s  th e  mechanism, however, which a t  

p re s e n t has th e  g r e a t e s t  su p p o rt in  th e  s i l y l a t i o n  o f  n ap h th a len e  w ith  

s l l y l  h a l id e s ) .

The f i r s t  a lk y la t io n  s te p  i s  accounted  fo r  by eq. 8.

R-X
Naph

slow

Naph
(8)

R H

Coupling o f  th e  r a d ic a l  and th e  r a d ic a l  an io n  i s  consonant w ith  th e  

independence o f th e  amount o f m onoalky late  w ith  th e  id e n t i t y  o f  th e  

halogen. I t  i s  a ls o  c o n s is te n t  w ith  k in e t i c  o b s e rv a tio n s ; th e  r a t e  i s  

f i r s t  o rd e r  in  b o th  n ap h th a len ld e  and a lk y l  h a l id e .22 F urtherm ore , as 

th e  re d u c tio n  p o te n t ia l  o f  th e  a lk y l  h a l id e  in c re a s e s  on going  from prim ary 

to  t e r t i a r y  in te rm e d ia te s  (meaning le s s  re d u c t io n  o f R* to  R: ) ,  th e re  

i s  a co rresp o n d in g  in c re a s e  in  a lk y la te .  C oupling w ith  n a p h th a len ld e  

(and  presum ably o th e r  r a d ic a l  an io n s) must be v i r t u a l l y  d i f f u s io n  

c o n tro l le d  fo r  t h i s  r e d u c tio n  to  compete e f f e c t iv e ly  w ith  re d u c tio n  o f 

th e  a lk y l r a d ic a l  to  an ion .

The second a lk y la t io n  i s  b e lie v e d  to  be sim ple  S^2 d isp lacem en t from 

th e  an ion ; t h i s  i s  re p re se n te d  by eq. 9*

R-X (9)
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S argen t and Lux determ ined  th a t  neopen ty l and t e r t i a r y  h a l id e s  do not 

y ie ld  d ia lk y la te ,  b u t In s te a d  g iv e  on ly  m onoalky late ; t h i s  behav io r I s  

c o n s is te n t  w ith  what would be expected  from a d isp lacem en t r e a c t io n . 38 

The p e rce n tag e  o f e l s  and t r a n s  isom ers has no t been s p e c if ie d .

R eductive  d im e r is a tlo n  i s  th e  l e a s t  understood  o f  th e  v a r io u s  

r e a c t io n s  o f  a lk y l h a l id e s .

Naph
2R-X ----------  R-R + 2X* (10)

"Dimer" fo rm ation  i s  a p p re c ia b le  only  w ith  a lk y l  io d id e s ; i t  i s  no t 

uncommon fo r  50$ o f th e  a lk y l io d id e  to  be accounted  fo r  by th i s  ro u te . 

With brom ides th e  y ie ld  i s  u s u a lly  about 5$; fo r  th e  c h lo r id e s  dimer 

fo rm atio n  i s  a ty p ic a l  and fo r  f lu o r id e s  t h i s  p roduct a p p a re n tly  has not 

been observed . T h is  tr e n d  was in te r p r e te d  to  imply r a d ic a l - r a d i c a l  

c o u p lin g . 21 ,38

The h igh  y ie ld s  from io d id e s  were viewed to  be a consequence o f 

th e  d im in ished  re d u c tio n  p o te n t ia l s  o f io d id e s  compared to  o th e r  a lk y l 

h a l id e s  which p e rm itte d  such ra p id  p ro d u c tio n  o f  f r e e  r a d ic a ls  th a t  a 

s u f f i c i e n t  r a d ic a l  c o n c e n tra tio n  was ach ieved  fo r  a p p re c ia b le  coup ling . 

A r a d ic a l - r a d i c a l  co u p lin g  mechanism was f u r th e r  recommended by th e  

o b se rv a tio n s  th a t  tre a tm e n t o f a equim olar m ix tu re  o f  n- and iso p ro p y l 

io d id e s  r e s u l te d  in  a s t a t i s t i c a l  d i s t r i b u t io n  o f  th e  p o s s ib le  d im ers21 

and by th e  r e a c t io n  o f neopen ty l io d id e  which forms a h igh  y ie ld  o f 

d i-n e o p e n ty l . 38

Z ieg er, A ngres, and M aresca40 have shown th a t  fo r  th e  case  o f th e  

b e n z y lic  brom ides and c h lo r id e s ,  h igh  y ie ld s  o f  dim er a re  formed. For 

example, when e q u iv a le n t q u a n t i t i e s  o f l i th iu m  n ap h th a len ld e  were 

t i t r a t e d  w ith  benzhydryl c h lo r id e , sym -te trap h en y le th an e  ( 70- 78$) was



produced. The fo rm atio n  o f  th e  above dim er may occu r e i th e r  by cou p lin g  

o f  benzhydry l r a d ic a l s  o r by Ŝ 2 d isp lacem en t between d lphenylm ethyl 

l i th iu m  and benzhydry l c h lo r id e . However, th e  slow  in v e rse  a d d i t io n  o f 

one e q u iv a le n t o f  n a p h th a len ld e  to  benzhydryl c h lo r id e  a ls o  produces 

sy m -te trap h en y le th an e  ( 75$) under c o n d itio n s  where h a l id e  i s  in  excess 

and no ca rb an io n  fo rm atio n  can be d e te c te d  v is u a l ly .  Under th e se  

c o n d itio n s  r a d ic a l  co u p lin g  must be th e  predom inant pathway fo r  th e  f o r ­

m ation o f  dim er. However, C losson41 b e l ie v e s  th a t  dim er fo tm a tio n  a r i s e s  

p redom inan tly  th rough  th e  fo llo w in g  pathway:

R- + Naph — ------ —  ■ -■> R: + Naph

R:" + R-X ---------------------------» 2R‘ + l “ ----------- ► R-R + i"

His ev idence i s  based  on e f f i c i e n t  tra p p in g  o f th e  ca rb an io n  in te rm e d ia te  

w ith  t - b u ty l  a lc o h o l.

O ther in v e s t ig a t io n s ,  however, su ggest some o th e r  mechanism must 

be o p e ra t iv e . The r e a c t io n s  o f 1 ,^ -d iio d o b u ta n e  and 1 ,5 -d iio d o p en tan e  

forms no b im o lecu la r  re d u c tio n  p ro d u c ts , and, in  f a c t ,  99$ o f th e  

s t a r t i n g  m a te r ia l  can  be accounted  fo r  by th e  p ro d u c ts  cy c lo b u tan e , 

e th y le n e , and m onoa lk y la tio n  d e r iv a t iv e s .36® ^  The r e a c t io n  i s  b e lie v e d  

to  tak e  th e  cou rse  shown in  Scheme I I I .  Thus th e  f a te  o f th e  i n i t i a l l y  

formed a lk y l  r a d ic a ls  i s  to  be reduced by, o r  to  combine w ith ,  sodium 

n a p h th a len ld e . C oupling o f  two a lk y l  r a d ic a ls  does not occur.

Thus th e re  i s  som ething of a dilemma, th e re  i s  ev idence su g g es tin g  

a r a d ic a l  pathway, and y e t ,  acco rd ing  to  o th e r  experim en ta l d a ta , i t  

appears th a t  i t  i s  no t th e  r a d ic a l  which i s  th e  m ajor pathway to  

b im o lecu la r re d u c tio n  p ro d u c t. An a l t e r n a t iv e  i s  p o s s ib le  when one 

c o n s id e rs  th e  r e a c t io n  o f  a lk y l l l th iu m  w ith  a lk y l h a l id e s .  These r e a c t io n s
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a re  known to  have r a d ic a l  In te rm e d ia te s . S im ila r  a p p l ic a t io n  o f 

th a t  mechanism to  th e s e  re a c t io n s  r e s u l t s  in  eq. 11 ,

( R”L i+) + R’ - X ------ »  R. R*’ L i+X~ ( R: ~Li+ )  > R-R ( l l )'n  '  'n ~ i  '

in  which r a d ic a l  p a i r s  a re  g en e ra ted  in  a cage by e le c tro n  d o n a tio n  from 

th e  a lk y ll i th iu m . The r a d ic a l  p a i r s  may th e n  combine, d is p ro p o r t io n a te ,  

o r  d i f f u s e  a p a r t .  The in te rm e d ia te  r a d ic a ls  have been tra p p e d , 42 

observed  by e s r , 48 ,44  in fe r re d  from ch em ica lly  induced n u c le a r  sp in  

p o la r i z a t io n 45*46 and from s te reo c h em ica l ex p erim en ts . 47

Scheme I I I

I

I

^  D im eriza tio n

I
Naph- .— c------ ► p ro d u c ts

A lk y la tio n

Naph”

'  r

o r
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Most o f  th e  re s e a rc h  on a lk y l h a l id e  re a c t io n s  has used  n a p h th a l­

en lde  as  th e  r a d ic a l  an ion . O ther r a d ic a l  an io n s  e s p e c ia l ly  th o se  

which a re  le s s  pow erful reducing  a g e n ts , shou ld  le ad  to  somewhat 

d i f f e r e n t  p roduct d i s t r i b u t io n s .  I t  would be re a so n a b le  to  a n t ic ip a te  

le s s  u n lm o lecu la r re d u c tio n  p roduct because th e  r a d ic a l  an ion  would 

no t as r e a d i ly  reduce th e  a lk y l  r a d ic a l  to  ca rb an io n . There I s  a t  

l e a s t  one ske tchy  re p o r t  on r e d u c t io n /a lk y la t io n  which su p p o rts  t h i s  

p o s s i b i l i t y . 40 However, I t  Is  a lso  e n t i r e ly  p o s s ib le  th a t  l i t t l e
49change in  r e d u c t io n /a lk y la t io n  w il l  be found as  Bank has observed .

In  view  o f th e  f a c i l e  re a c t io n s  o f  a lk y l h a l id e s ,  i t  i s  not 

s u rp r is in g  th a t  v i c in a l  d ih a l id e s  r e a c t  r e a d i ly  w ith  n a p h th a len ld e . The 

d ih a l id e  i s  co n v erted  to  o le f in  by d e h a lo g en a tio n  and t h i s  may occur by 

e i th e r  c i s  o r  t r a n s  e lim in a tio n . T his te ch n iq u e50 g iv e s  h ig h e r  y ie ld s  

o f  o le f in  u s in g  s h o r te r  r e a c t io n  tim es , and th e re fo re  has r e a l  s y n th e t ic  

advan tages o ver o th e r  methods.

Adam and A rce have found th a t  upon tre a tm e n t o f  th re o  and e ry th ro  

2 , 3-d ib rom o-3-m ethy lpen tane  w ith  sodium n a p h th a len ld e , d eh a lo g en a tio n  

occurs  p r in c ip a l ly  in  a  t r a n s  fa sh io n . 51 The 2 ,3 -d ic h lo ro -b u ta n e s  

d eh a lo g en a te  w ith  r e g io s e l e c t iv l t y  ( same p roduct m ix tu re  from meso 

and d , l  isom ers) w hile  th e re  i s  a s l i g h t  s t e r e o s p e c i f i c i ty  observed  

fo r  th e  re a c t io n s  o f 2 , 3“dibrom obutanes (brom ine being  a b e t t e r  b rid g in g  

atom th a n  c h lo r in e ) .

An e le g a n t example o f  t h i s  k ind  o f  d eh a lo g en a tio n  i s  i l l u s t r a t e d  

in  th e  r e a c t io n  s tu d ie d  by McDonald and F r ic h e y . 52 T reatm ent of compound 

11 w ith  disodium  phenan threne e f f e c t s  d e c h lo r in a t io n  in  h igh y ie ld .

( eq. 12)
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.H
Phenan threne2

(12)

12*

Treatm ent o f s t i lb e n e  d ib rom ides w ith  sodium n ap h th a len id e  formed 

many p ro d u c ts . 51 One o f th e s e  was d ip h e n y la c e ty le n e  which l i k e ly  

o r ig in a te s  v ia  dehydrobrom ination . I I t  re g a in s  to  be proven th a t  E2 

dehydrobrom ination  i s  a p o s s ib le  r e a c t io n  pathway fo r  th e se  r a d ic a l  

a n io n s) .

S a rg e n t^ h a s  re p o r te d  th e  r e s u l t s  o f  a  g em -d ich lo rid e  r e a c t io n  and 

has found evidence fo r  a carbene r a d ic a l  an ion , h i t h e r to  an u n rep o rte d  

in te rm e d ia te . The o v e ra l l  e q u a tio n  i s

I /
CH3 + fC % )3C—C=CHa

19* 38* (13)

+ ( CH3 )3C—CH2—CH3
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He su g g e s ts  th e  cyclopropane d e r iv a t iv e  has a carbene  o r carb en d ld  

o r ig in ,  th e  a lk en e  a r i s in g  v ia  " e l im in a t io n  and re d u c t io n  r e a c t io n s ."  

The a lkane  ljj5 was proposed to  be th e  p ro d u c t o f  a carbene r a d ic a l  

an ion  in te rm e d ia te  (Scheme IV).

Scheme IV

Cl . .
| Naph Naph

R—C—CH3  > R—C—CH3 -----■-------* R—C—CH3 + C l'
I !
Cl Cl

o r  H
Naph- SH !

R—C—CHg  » R—f —CH3  » R—C—CH3

Cl

H H
| Naph- | SH

R—C— CH3  ------------ * R—C—CH3 ------------> R—CHP—CH3

R eac tio n  o f  a ro m a tic  h a l id e s  w ith an e le c tro n  sou rce  was a p p a re n tly  

reco rd ed  f i r s t  in  1862 when i t  was found th e se  compounds form t h e i r  

co rresp o n d in g  hydrocarbons upon tre a tm e n t w ith  m e ta l l ic  sodium. 54 

A nother e a r ly  s tu d y  was th a t  o f W hite, who reduced ch lorobenzene w ith  

sodium in  l iq u id  ammonia. 55 Benzene was th e  m ajor p ro d u c t, th e  au th o r 

presumed t h i s  p roduct to  be d e riv e d  from a t ta c k  o f  phenyl r a d ic a l  on 

ammonia. A n ilin e , d iphenylam ine, and t r ip h e n y l  amine were a ls o  reco v ered . 

A pparen tly  b ip h e n y l was no t formed.

S tu d ie s  w ith  r a d ic a l  an ions as th e  e le c tro n  source  showed th e  r e a c t io n s  

to  be f a s t . 56 P roduct s tu d ie s  were com pleted by Cheng, H eadley, and 

H alasa , 57 The o v e ra l l  r e a c t io n  o f  v a r io u s  arom atic  h a l id e s  w ith  sodium
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n a p h th a le n ld e  I s  summarized by eq. lk  w ith  y ie ld s  In  T ab le I I .

Q

Ph

X = F , C l, B r, I

From th e  y ie ld s  i t  I s  ev id en t th a t  th e  p roduct d i s t r i b u t io n ,  w ith 

th e  ex cep tio n  o f th e  r e a c t io n  o f  flu o ro b en zen e , i s  independent o f th e  

h a l id e . T h is su g g e s ts  t h a t  th e  slow  s te p  in  th e  r e a c t io n  i s  not c leav ag e  

o f th e  a ry l-h a lo g e n  bond. These r e s u l t s  were in te r p r e te d  by Cheng, e t . a l . , 

to  be accomodated by th e  mechanism in  Scheme V.



Table I I  -  R e la tiv e  Amounts o f  I d e n t i f ie d  P roducts  from th e  R eac tio n  o f  Sodium N aphthalene w ith  Ha lo ­
be nzenes b e fo re  H y d ro ly sis .

ArX Na+Naph* 
ArX

T°-C° $ $ <f> o £ m # p i  a  % p
benzene b iph en y l te rp h e n y l te rp h e n y l te rp h e n y l phenyl phenyl

Naph Naph

Bromobenzene

1/1 - 60°

Bromobenzene

2 /1  - 60 °

Bromobenzene

1/1  27°

Bromobenzene

2 /1  27°

Fluorobenzene

1 /1  -6 0 °

Chlorobenzeme

1 /1  -60 °

Iodobenzene

1 /1  27°

86 .9

86.5

89 .7  

85 .O 

72.2 
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Scheme V
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Cheng, e t . a l . , found th e  fo llow ing  o b se rv a tio n s  to  be c o n s is te n t  w ith  

th e  proposed mechanism, f l )  The p roduct d i s t r i b u t io n  i s  independent 

o f th e  Na+Naph /ArX r a t i o ;  (2)  a sm all amount o f THF dim er i s  seen 

by mass sp ec tro sco p y ; ( 5 ) quenching th e  r e a c t io n  w ith  D2O d id  not r e s u l t  

in  th e  fo rm ation  o f  any d e u te ra te d  benzene, p ro v id in g  evidence a g a in s t 

th e  in term ed iacy  o f  phenyl anion.

These r e s u l t s  a re  com patib le  w ith  th o se  o f  M uller and R oscheisen , 58 

who in te rp r e te d  th e  r e a c t io n  between disodium  te tra p h e n y le th y le n e  

and bromobenzene as being c o n s is te n t  w ith  th e  scheme in  eq. 15.

M uller and R oscheisen  used CO2 as a d ia g n o s t ic  fo r  th e  p resen ce  o f th e



phenyl an ion . They is o la te d  no benzo ic  a c id  and th e re fo re  concluded 

th a t  a r a d ic a l  mechanism was o p e ra t iv e .

PhaC—CPh2 + PhBr ----------- > 2( Ph- ) + Ph2C=CPh2 + 2NaBr

Na+ Na+ j (15)
Ph—Ph + Ph—H

In a somewhat d i f f e r e n t  environm ent th e re  i s  d i r e c t  ev idence fo r  

th e  phenyl an ion . A fte r  t r e a t in g  fluo robenzene  w ith  d i l i th iu m  b ip h e n y l, 

carbon d io x id e  was bubbled in to  th e  r e a c t io n  m ix tu re  and benzo ic 

a c id  was i s o la te d . 59

S tu d ie s  more s e r io u s ly  q u e s tio n in g  th e  v a l i d i t y  o f a r a d ic a l  

pathway were p u b lish e d  by S a rg e n t. 60 His in te r p r e ta t io n s  a re  t o t a l l y  

a t  odds w ith  th o se  o f  Cheng, e t  a l .  He c i t e s  th e  fo llo w in g  o b se rv a tio n s :

1. G ars t has observed  th a t  a b s t r a c t io n  o f  a hydrogen from THF by th e  

5-hexeny l r a d ic a l  does not compete w ith  re d u c tio n  o f th a t  r a d ic a l  

to  th e  co rresp o n d in g  an io n . 19,35  F urtherm ore , S argen t has 

determ ined  th a t  th e  sp2 h y b rid ized  3 - hexen-3- y l  r a d ic a l  i s  reduced  to  the 

anion more r a p id ly  than  i t  can e x t r a c t  a hydrogen from THF61. These 

r e s u l t s  a re  in  c o n f l i c t  w ith  th o se  in  Scheme V.

2. I t  i s  d i f f i c u l t  to  account fo r  th e  fo rm atio n  o f b ip h en y l on th e  

b a s is  o f  th e  coup lin g  o f  phenyl r a d ic a l  w ith  benzene. The benzene 

fo r  t h i s  p ro cess  can on ly  come from a r e a c t io n  o f a ry l  h a l id e  w ith

sodium n ap h th a len ld e . A r e a c t io n  which concom itan tly  produces a 

m olecule o f n ap h th a len e . Thus, th e  c o n c e n tra tio n  o f  n ap h th a len e  must 

always be equal to  o r g r e a te r  th a n  th a t  o f  benzene. S ince  th e  phenyl 

r a d ic a l  has g r e a te r  a f f i n i t y 62 fo r  naph th a len e  th en  benzene by a 

f a c to r  o f  2 4 :1 , more phenyl naph th a len e  th an  b ip h en y l would be 

a n t ic ip a te d  by a r a d ic a l  mechanism. In c re a s in g  th e  c o n c e n tra tio n



- 2 k -

o f benzene by perform ing  th e  r e a c t io n  in  a  s o lv e n t which was 

40-60 v o l#  benzene-THF produced no s ig n i f i c a n t  change in  th e  

y ie ld  o f b ip h en y l.

3. A lk y la tio n  o f  naph th a len e  has c l e a r ly  been dem onstrated  no t to  

in v o lv e  r a d ic a l  a d d i t io n  to  n ap h th a len e , bu t r a th e r  to  be a 

consequence o f  a lk y l r a d ic a l - r a d i c a l  an ion  coup ling . T here a re  no 

p r io r  d a ta  which would su g g es t th a t  phenyl r a d ic a ls  behave d i f f e r e n t ly .

S argen t proposed a mechanism which i s  f u l l y  in  agreem ent w ith th e  

r e a c t io n s  o f a lk y l h a l id e s  and sodium n ap h th a len ld e . ( Scheme V I).

A com parison o f  th e  re a c tio n s  o f  phenyl l i th iu m  and sodium 

n a fh th a le n id e  i s  o f i n t e r e s t .  Upon tre a tm e n t w ith phenyl li th iu m , 

fluo robenzene  i s  converted  to  u n s ta b le  o rth o -f lu o ro p h e n y 11ith iu m  

which decomposed to  benzyne in te rm e d ia te s . 03 No ev idence i s  seen  in  

th e  r e s u l t s  o f Cheng, e t . a l . ,  o f s im i la r  beh av io r. D ilith lu m  b ipheny l 

does not p rep o n d e ran tly  co n v ert fluo robenzene  to  a benzyne in te rm e d ia te

Scheme VI

X

N aphthalene D e r iv a tiv e s

Naph"

H
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B iphenyl



-25-

e l th e r . 58 E le c tro n  t r a n s f e r  i s  th e  favo red  p ro cess  fo r  b o th  th e  r a d ic a l  

an ion  and d ia n io n .

I l l  E le c tro n  T ra n s fe r  to  A ldehydes and Ketones

R eac tio n s  o f  a ro m atic  a ldehydes and k e to n es  w ith  sodium n ap h th a len ld e  

le ad  to  two p ro d u c ts  which in  a l l  l ik e lih o o d  r e f l e c t  e i th e r  a one o r 

a two e le c t ro n  r e d u c t io n . 04 For benzaldehyde and r e la te d  compounds 

th e  m ajor p ro d u c t i s  d lo l .  The p ro d u c ts  l i k e ly  a r i s e  v ia  th e  Scheme V II, 

which i s  c o n s is te n t  w ith  e l e c t r o l y t i c  re d u c tio n .

Scheme VII

Coupling

A lcohol co u ld  co n ce iv ab ly  a r i s e  v ia  d is p ro p o r t io n a tio n  o f  th e  d ia n io n  

lk ,  bu t t h i s  i s  no t p ro b ab le  in  view  o f th e  constancy  o f  th e  y ie ld  

w ith  a v a r i a t io n  in  r e a c t io n  tim e and method o f  quenching. 84
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IV E ther C leavage

E th e rs  a re  th e  s o lv e n ts  o f  c h o ice  In  th e  p re p a ra t io n  and r e a c t io n s  

o f  a l k a l i  m e ta l-a ro m a tic  r a d ic a l  an io n s. Form ation o f  th e se  adducts  

i s  h ig h ly  dependent on s o lv a t io n ,  e s p e c ia l ly  o f th e  c a t io n . But 

e th e rs  them selves r e a c t  w ith  r a d ic a l  an io n s, a l b e i t  more slow ly  th a n  

o th e r  fu n c t io n a l  g roups. The o v e r a l l  r e a c t io n  o f  th e  e th e r s  i s  c leav ag e , 

and th i s  may o ccu r by e le c tro n  t r a n s f e r  o r p ro to n  a b s t r a c t io n .  ( See 

appendix A).

The quenching o f  many o f  th e  in te rm e d ia te s  co n sid e re d  e a r l i e r  was 

shown to  occur by r e a c t io n  betw een th e  in te rm e d ia te  and th e  e th e r  so lv e n t . 

One prom inent example invo lved  th e  quenching o f  in te rm e d ia te s  d e riv e d  

from a lk y l  h a l id e s .  In  DME. th e  p o s s ib le  ro u te s  a re  shown in  e q . l 6 and 17.

S tu d ie s  on 5~hexenyl f lu o r id e  a re  h e lp fu l  in  choosing  betw een 

( 16 ) and (17 ).

CH30-CH2-CH2-GCH3
R-CH2CH2:" --------------------- --------- > R-CH2CH3 + CH3-b-CH=CH2 +70-CH3 (16)

*V Naph

R-CH2-CH2‘

CH3 -'o-0 % - CH2-
' f

RCH2CH3 + CH3 -0-CH2 -£HQCH3  ............... -> CH3 -()-CH2-CH-QCH3
Naph- ”

CH3 -p-CH=CH2 + " : 0 -CH3 (17)

G ars t found th a t  th e  re d u c tio n  o f 5_hexenyl f lu o r id e  w ith  sodium 

n a p h th a le n ld e  y ie ld e d  1-hexene , 1^ , and m ethyl cy c lo p en tan e  16, th e  

r e a c t io n  p a th s  g iven  in  Scheme V III  have been su g g es ted . 65
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Schama VIII

C y c liz a tlo n

Naph"

DME
y

16

W ith an excess o f sodium n a p h th a len ld e  th e  r a t i o  1-hec e n e m e th y lc y c lo -  

p en tane  i s  as  much as ^ 0 :1 ; i t  never f a l l s  below 2 :1 . C onsequently , th e  

r e a c t io n  p a th  v ia  ( 17 ) i s  le s s  l ik e ly  th an  v ia  ( 16 ) because i t  i s  known 

th a t  c y c l iz a t io n  o f th e s e  r a d ic a ls  i s  much f a s t e r  th a n  hydrogen atom 

t r a n s f e r .  10 ,66 ,07  Hence in  t h i s  r e a c t io n  th e  favo red  pa th  in v o lv es  

p ro to n  a b s t r a c t io n  from th e  so lv e n t.

In  e th e rs  having  one o r more components cap ab le  o f undergoing 

re d u c tio n , th e  m ajor c leav ag e  mechanism appears  to  in v o lv e  e le c tro n  

t r a n s f e r .  T his co n c lu s io n  i s  based e n t i r e ly  upon th e  p ro d u c ts  d e riv e d

Naph"

21



from th e  r e a c t io n s  found in  p u b lish e d  r e p o r ts  because m e ch an is tic  

s tu d ie s  have n o t been made. T h e re fo re , a  summary o f  th a se  r e p o r ts  on 

e th e r s  i s  p rov ided  in  Appendix A to g e th e r  w ith  re a c t io n s  o f  a rom atic  

r a d ic a l  an ions w ith  Efe, Ng and compounda c o n ta in in g  s u l f u r  and n it ro g e n .

V. New S y n th e tic  A spects

In  g e n e ra l ,  r a d ic a l  an ions a r e  good red u c in g  a g e n ts ,  however, p roduct 

i s o la t io n  Invo lves s e p a ra t io n  from th e  r a d ic a l  an io n  p ra c u rso r  ( e .g .  

n a p h th a len e ) and i s  o f te n  d i f f i c u l t . 68 Bank and P la t s 69 have so lved  

th e  problem  by u s in g  a  c o n v e n ie n tly  re c o v e ra b le  r a d ic a l  an io n  p re c u rso r . 

The p re c u rs o r  i s  ce-dim ethylam inonaphthalene (DIMAN) 1J.

ch3 . ch3
\ N :

By s t i r r i n g  f r e s h ly  cu t sodium, DIMAN, and s o lv e n t ,  THF o r  DME, 

in  a  d ry  oxygen f r e e  v e s s e l  th e re  i s  o b ta in ed  a  d ark  g reen  c o lo r  in  

m inu tes and r e a c t io n  i s  com pleted in  s e v e ra l  h o u rs . For t h e i r  compara­

t i v e  s tu d ie s ,  fo u r c h a r a c t e r i s t i c  and d iv e rs e  sodium n ap h th a len ld e  

r e a c t io n s  were In v e s tig a te d :  c leavage  o f  c y c lo h e x y lto sy la te  to  cy c lo -

h ex an o l, e l im in a tio n  in  1 ,2  cyclododecane d im esy la te  to  cyclododecene, 

p re p a ra t io n  o f  b e n z y l tr lm e th y ls l la n e  from b en sy l c h lo r id e  and tr im e th y l 

s i ly l c h lo r id e  and r e a c t io n  w ith  hydrogen to  g iv e  a c t iv a te d  sodium h y d rid e . 

In  each In s tan ce  DIMAN was q u a n t i ta t iv e ly  removed by su c cess iv e  w ashings 

w ith  aqueous a c id .  Y ie ld s w ith  sodium DIMAN a re  com parable to  those
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w ith  sodium n a p h th a len e , a lth o u g h  aouswhat low er. More s ig n i f i c a n t l y ,  

th e  I s o la te d  y ie ld s  o f  pure p ro d u c ts  a re  s u b s ta n t i a l  and should  

re n d e r th e  re a g e n t o f  s y n th e t ic  u s e . They found no ev idence fo r  c leavage 

o f  th e  dim ethylam ino group. Sodium DIMAN r e a c ts  slow ly  w ith  THF, however,

to  g iv e  b o th  e l s  and t r a n s  c r o ty l  a lc o h o l and fo r  t h i s  rea so n  s y n th e t ic

r e a c t io n s  a re  run  p r e f e r e n t i a l ly  in  DME, a s  so lv e n t decom position  p ro d u c ts  

i f  any, do n o t I n te r f e r e  w ith  p ro d u c t i s o la t io n .  No mechanism la  g iven  by

Bank as  to  th e  r e a c t io n  o f  th e  r a d ic a l  an io n  w ith  THF to  g ive  c i s

and t r a n s  c r o ty l  a lc o h o l.

The ra p id  and e x te n s iv e  fo rm atio n  o f  sodium DIMAN r a d ic a l  an io n  

In d ic a te s  th a t  th e  c o n ju g a tiv e  e f f e c t  o f  th e  d im ethy l amino group does 

n o t s ig n i f i c a n t l y  r a i s e  th e  re d u c tio n  p o te n t ia l  o f  th e  naph th a len e  

r in g .  Q u ite  p o s s ib ly  th e  o p e ra t iv e  e f f e c t  i s  an  I n te r n a l  s o lv a t io n  o f  

th e  sodium io n , s im i la r  to  th a t  observed fo r  v a r io u s  o th e r  o rgano- 

m e ta l l l c  compounds.70

VI. Review o f  Some Of th e  P h y s ic a l C hem istry o f  R ad ica l Anions

1. E le c tro n  a f f i n i t y

The s in g le  c h a r a c t e r i s t i c  m ost im portan t in  d e f in in g  th e  r e a c t i v i t y  

o f  r a d ic a l  an io n  i s  th e  ease  w ith  which th e  nu c leu s  i s  reduced ; one 

measure o f  t h i s  i s  g iven  by th e  e le c t r o n  a f f i n i t y  in  th e  gas ph ase ,

(se e  Table I I I ) .

From Table I I I  one may see  th a t  th e  d if f e re n c e  in  e l e c t r o n  a f f i n i t y  

between naph th a len e  and a n th ra c e n e , i s  0.U0 eV w ith  an th racen e  being  

th e  more e a s i l y  reduced .

In  s o lu t io n  th e  d if fe re n c e  in  e le c tro n  a f f i n i t y  between any two 

compounds v a r ie s  w ith  th e  s t a b i l i z a t i o n  a ffo rd ed  by s o lv a t io n .  The 

deg ree  o f  s t a b i l i z a t i o n  i s  n o t un ifo rm  and depends on th e  a re a  o f  th e
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TABLE I I I  -  E le c tro n  A f f in i t i e s *

Compound E le c tro n  A f f in i ty  
eV

N aphthalene 0.152  + 0.016

P henanthrene 0 .308  + 0 . 021+

Chrysene 0 . 1+19 + 0.036

A nthracene 0.552  + 0.061

Azulene 0 .587  + 0 .065

*W.E. W entworth, E. Chen, and J .E . L ovelock , J .  Phyg. Chem. . 70 . 1+1+5 (1966)
R .S. Becker and E. Chen, J .  Chem. Phye. , 1+5, 21+03 ( 1966).

r a d ic a l  a n io n ; s o lv a t io n  Is  more Im portan t in  th o se  r a d ic a l  an ions o f  

r a th e r  sm a ll a re a  bu t n o t as im p o rtan t In  la r g e r  r in g s  In  w h ich  s o lv a t io n  

becomes n e a r ly  c o n s ta n t .71*72 Thus, In  s o lu t io n  th e re  Is  an In c rea se  

In  th e  d i f f e r e n c e  between th e  e l e c t r o n  a f f i n i t i e s  o f  sm all ( e .g .  n ap h th a len e ) 

and la rg e  ( e .g .  an th ra cen e ) m o lecu les.

A nother method o f  d e te rm in in g  e le c t r o n  a f f i n i t y  was p ioneered  by 

H o ljt ln k  and h is  a s s o c ia t e s .73 E s s e n t ia l ly  th e  method In vo lves p o te n t lo -  

m e tr lc  t i t r a t i o n  o f  a ro m a tic  compounds w ith  a s ta n d a rd  s o lu t io n  o f  b ipheny l 

and b lp h en y len ld e  (b ip h en y l has a  h ig h  re d u c t io n  p o te n t i a l ) .  One e le c tro d e  

was In  th e  b lp h e n y l-b lp h en y len ld e  s o lu t io n ,  th e  o th e r  In  th e  a ro m a tic  

hydrocarbon  to  be reduced . The p o te n t i a l  d if f e re n c e  was m easured as th e  

b lp h e n y l-b lp h e n y le n ld e  s o lu tio n s  were added. Improvements In  t h i s  techn ique  

w ere made by S la te s  and Szw arc.74 T h e ir  d a ta  a re  p re se n te d  in  Table IV.
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T abla IV. Potentlom e t r i e  T i t r a t i o n  w ith  B iphenyl-B lphenylen lde*

A rom atic Hydrocarbon P o te n t ia l
V

Biphenyl (0 . 0 )

N aphthalene 0 . 0U3 + 0 .0 2

T rlpheny lene 0.132  + 0 .0 1

Phenanthrene O.H*2 + 0 .0 1

Pyrene 0.592  + 0 .0 1

A nthracene 0.6U2 + 0 .0 1

Benzo (a )  pyrene 0 .7 6 0  + 0 .0 2

P ery lene 0 .965  + 0 .0 1

Naphthacene I .O 58 + 0 .0 2

a ln  THF s o lv e n t .  Taken from re fe re n c e  Tk.

2 . S tru c tu re  and S o lv a tio n  o f  Ion  P a ir s

The e q u ilib r iu m  c o n s ta n t f o r  th e  r e a c t io n  o f  an a l k a l i  m e ta l w ith  an 

a ro m a tic  hydrocarbon

M + Ar -----------------------P Ar" M+ (18)

depends upon th e  n a tu re  o f  th e  m e ta l, th e  hydrocarbon , th e  s o lv e n t ,  and th e  

te m p e ra tu re . These same fa c to r s  a ls o  d e term ine  w hether th e  c a t io n  r a d ic a l  

an io n  in te r a c t io n  w i l l  be a s  so lv e n t se p a ra te d  ( " f r e e " )  Io n s , so lv e n t 

se p a ra te d  ( lo o s e )  Ion p a i r s ,  o r  c o n ta c t ( t i g h t )  Ion  p a i r s .

Much o f  ou r u n d ers tan d in g  o f  th e  e q u i l i b r i a  between a l k a l i  m e ta ls  

and a ro m a tic  hydrocarbons In  e th e r  s o lv e n ts  i s  a t t r i b u t a b l e  to  Szwarc10* ’ ^ 

and S h a te n sh te In .75-77 The e q u ilib r iu m  c o n s ta n t fo r  th e  e l e c t r o n - t r a n s f e r
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r e a c t io n  from a l k a l i  m e ta l t o  a ro m a tic  hydrocarbons Is o f te n  to o  la rg e  

to  p erm it q u a n t i ta t iv e  s tu d ie s .  However, w ith  n ap h th a len e  and p a r t i c u l a r ly  

b ip h en y l th e  re d u c tio n  p o te n t ia l s  a re  s u f f i c i e n t l y  h ig h  th a t  under p ro p er 

c o n d itio n s  co n v ers io n  to  r a d ic a l  an ions Is o n ly  p a r t i a l .  S h a te n s te ln ’ s 

r e s u l t s 75' 77 shew th a t  s t e r i c  f a c to r s  In  th e  c o o rd in a tin g  so lv e n t a re  

more Im portan t th an  d i f f e r e n c e s  in  b a s ic i ty .  The h ig h e s t  y ie ld  o f  r a d ic a l  

an io n s I s  o b ta in ed  fo r  e th y le n e  g ly c o l e th e r s  because o f  th e  a b i l i t y  o f  

th e se  s o lv e n ts  to  form com para tive ly  s ta b le  flve-m em bered c h e la te  r in g s .

The In f lu e n c e  o f  th e  I d e n t i ty  o f  th e  m e ta l on th e  e q u ilib r iu m  may be 

summarized by In d ic a tin g  th a t  th e  h ig h e s t e q u ilib r iu m  c o n s ta n t in  a 

p a r t i c u l a r  so lv e n t I s  u s u a lly  o b ta in ed  fo r  th e  s m a lle s t  c a t io n  because
^ ^ *4* 4*

o f  th e  h ig h e r  h e a t o f  s o lv a t io n  (L i? , N ar,K ?, Cs ).

The r e la t io n s h ip  between th e  id e n t i t y  o f  th e  a l k a l i  m e ta l and th e  

tendency to  form Ion p a i r s  I s  h ig h ly  dependent upon th e  s o lv e n t and 

an io n . In  s i tu a t io n s  where a l l  th e  c a t io n s  form c o n ta c t Ion p a i r s ,  l i th iu m

bin d s most s tro n g ly  w ith  th e  an io n s . But th e re  a re  o th e r  cases  where
+ +  + +L I compounds a re  s o lv e n t s e p a ra te d  io n  p a i r s  w h ile  t h e i r  Na , K o r  Cs

c o u n te rp a r ts  form c o n ta c t Ion p a i r s .

Ion p a ir in g  I s  favored  In  th e  sm a lle r  hydrocarbons where th e  charge 

i s  more c o n c e n tra te d , 71 and th e re fo re  th e  I n te r a c t io n  w ith  th e  c o u n te r - io n  

becomes more im p o rta n t . 75 Hence th e re  i s  a  g r e a te r  tendency  fo r  ion  

p a i r in g  In  n a p h th a len ld e  th an  th e re  I s  fo r  a n th ra c e n id e  o r  p e ry le n ld e .

The 8odium s a l t s  o f  n ap h th a len e , b ip h e n y l, a n th ra c e n e , and p e ry le n e  

have n e a r ly  id e n t ic a l  d is s o c ia t io n  (10 ®- 10 7 ) c o n s ta n ts  a t  -70° In  THF.

As th e  tem p era tu re  in c re a s e s  lo n -p a lr ln g  becomes more e x te n s iv e ;  t h i s  

r e f l e c t s  th e  o b se rv a tio n  th a t  a l l  o f  th e se  d i s s o c ia t io n  p ro c e sse s  a re  

exo therm ic . The sm a lle r  r a d ic a l  an ions show g r e a te r  a t t r a c t i o n  fo r  th e
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c o u n te r  Ion  th a n  la rg e r  a n io n s , so  th e  sodium c a t io n  i s  more e x te n s iv e ly  

so lv a te d  in  th e  p resen ce  o f  th e  la rg e  p e ry le n ld e  an io n  and th e re fo re  

d i s s o c ia t io n  i s  l e s s  exo therm ic .

The in t e r a c t io n  le a d in g  to  th e  s e p a ra t io n  o f  ions by a so lv e n t 

m olecule  (o r  m o lecu le s) was c l e a r ly  v is u a l iz e d  by W lnste ln78 and e la b o ra te d  

by G runw ald.80 The p o te n t ia l  energy  o f  two ions In c re a se s  a s  they  a re  

p u lle d  away from t h e i r  c o n ta c t p o s i t io n .  I n i t i a l l y ,  t h e i r  a t t r a c t i o n  fo r  

each  o th e r  i s  n o t a t te n u a te d  by th e  so lv e n t because th e  gap between them 

i s  to o  sm all t o  accommodate a so lv e n t m o lecu le . a l t a s  However, a t  

some c r i t i c a l  d is ta n c e  a p o la r  s o lv e n t m olecule may be accommodated and 

th e n  th e  energy  o f  th e  system  d e c re a se s  as  th e  s o lv e n t f i l l s  up th e  vacan t 

sp ace .

The s o lv e n t  se p a ra te d  lo n -p a l r s  e x i s t  on ly  in  th o se  m edia in  which a t  

l e a s t  one o f  th e  io n s , when f r e e ,  i s  co o rd in a ted  w ith  s o lv e n t m olecu les.

The a s s o c ia t io n  o f  such io n s  p roceeds sm oothly u n t i l  th e  s o lv a t io n  s h e l l  

touches th e  c o u n te r io n . A t t h i s  s ta g e  a s o lv e n t- s e p a ra te d  p a i r  i s  formed. 

F u r th e r  approach  r e q u ire s  e x p u ls io n  o f  th e  s o lv a t io n  s h e l l  (a  d isco n tin u o u s  

process) and y ie ld s  a  c o n ta c t - p a l r .

The e f f e c t s  o f  s o lv e n t and m eta l ion  can be r a t io n a l i z e d  as fo llo w s: 

f r e e  ions a re  p repon d eran t on ly  in  h ig h ly  p o la r  so lv e n ts  (HMPA), in  DME 

lo o se  io n  p a i r s  a re  more t y p i c a l ,  and in  s o lv e n ts  o f  low p o la r i ty  and 

c o o rd in a tin g  a b i l i t y  (THF, d loxane) c o n ta c t io n  p a i r s  a re  found to  e x i s t .

Anions have d i f f e r e n t  c a t io n  a f f i n i t i e s ,  i . e .  d i f f e r in g  a b i l i t i e s  to  

a t t r a c t  c a t io n s .  The c a t io n  a f f i n i t y  can be id e n t i f i e d  w ith  th e  s tan d ard  

f re e  energy  change accompanying d i s s o c ia t io n  o f  a gas-phase  ion  p a i r .

Anions w ith  la rg e ,  c o n c e n tra te d , s t e r i c a l l y  a c c e s s ib le  charges have h igh  

c a t io n  a f f i n i t i e s .  Those w ith  sm a ll, h ig h ly  d is p e rs e d ,  o r  s t e r i c a l l y  

in a c c e s s ib le  charges have low c a t io n  a f f i n i t i e s .
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On th e  o th e r  hand, in  e o lu t lo n  s o lv a t io n  e f f e c t s  on a l k a l i  m e ta l 

c a t io n s  w i l l  m odify th e  c a t io n  a f f i n i t i e s .  S ince th e  sm a lle r  th e  c a t io n ,  

th e  g r e a te r  th e  s o lv a t io n ,  th e  c a t io n  a f f i n i t i e s  may be com plete ly  re v e rse d  

In  s o lu t io n  compared to  th e  gas phase.

A f u r th e r  com plex ity  a r i s e s  in  th a t  th e  a l k a l i  m e ta l - r a d lc a l  an ions  

ag g reg a te  to  form d im ers and n mers In  s o lu t io n .  The r e s u l t  I s  th a t  a 

th e o r e t i c a l  a n a ly s is  o f  th e  p h y s ic a l d a ta  does n o t le ad  to  c l e a r ,  sim ple 

c o r r e la t io n s  o f  c a t io n  a f f i n i t i e s  w ith  a l k a l i  m eta l atom s iz e  o r s o lv a t io n  

e n e rg ie s .  Some a ro m a tic  r a d ic a l  an io n s (n a p h th a le n e , p h en an th ren e) a re  

s ta b le  In  s o lv e n ts  o f  w id e ly  ran g in g  d i e l e c t r i c  c o n s ta n t (2 -He THF, HMPTA) 

w h ile  o th e rs  such as  P ery len e  do n o t form s ta b le  r a d ic a l  an ions In  s o lu t io n .  

D lsp ro p o r tlo n a tlo n  o ccu rs  to  d la n lo n  (se e  below) and n e u t r a l  hydrocarbon.

M etal Ion  e f f e c t s  have been observed  to  cause d ls p ro p o r t lo n a t lo n  

to  go In  e i t h e r  d i r e c t io n .  For exam ple, In  2 -m ethy l THF ( c ^ .9 2 ) L l + fav o rs  

th e  d ls p ro p o r t lo n a t lo n  o f  s t i lb e n e  r a d ic a l  an io n  to  d la n lo n  over Na+ w h ile  

In  te tra h y d ro fu ra n  (e= 8 .2 3 ) th e  o p p o s ite  I s  t r u e . 83 ,34 ,85  W hatever e l s e  

may be concluded In  term s o f  c a t io n  a f f i n i t i e s  in  r e l a t i o n  to  p o la r i ty  

o f  s o lv e n t ,  I t  s u f f ic e s  fo r  our pu rposes to  say  th a t  s o lv e n t e f f e c t s  to  

c a t io n s  o f  a ro m a tic  r a d ic a l  an ions a re  f a r  more im portan t th a n  to  th e  an ions 

because th e  s o lv e n t m ust c o o rd in a te  to  th e  m e ta l e a tIo n  In  o rd e r  to  s o lu b i l i z e  

(o r  even form a t  a l l )  th e  r a d ic a l  an io n .

3 . D lanlon  Form ation

M etal s a l t s  o f  th e  d ia n lo n s  can be p rep a red  fo r  a l l  o f  th e  hydrocarbons 

which we have co n s id e re d . Of th e  th re e  most commonly employed hydro­

carb o n s , a n th ra c e n e , hav ing  th e  low est re d u c tio n  p o te n t i a l ,  most e a s i l y  

forms th e  d la n lo n . The l i th iu m , sodium , p o tassium  and rubid ium  compounds 

have been p re p a re d .36 B iphenyl forms th e  d la n lo n  w ith  l i th iu m 37 sodium33,
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and po tassium ?9 *90 Tha l i th iu m  s a l t  I s  m ost s t a b l e ,  a  consequence o f  

I t s  b in d in g  s t r e n g th .  The po tassium  s a l t  decomposes In  DME so  th a t  a f t e r  

h hours (a p p a re n tly  a t  room te m p era tu re ) 90% o f  th e  I n i t i a l  c o n c e n tra tio n  

i s  d e s tro y e d .

Form ation o f  th e  d la n lo n  o f  n ap h th a len e  was f i r s t  reco rd ed  by 

S h a te n s te ln ,  a t  a l . , Buschow and H o lj t ln k , and l a t e r  by Sm ld.9°  Only 

th e  d l l i th lu m  s a l t  has be® p rep ared  in  a p p re c ia b le  c o n c e n tra t io n .91 

T re a tin g  p o tassium  n ap h th a len ld e  w ith  m e ta l l i c  po taaslum  in  DME Is  re p o r te d  

to  y ie ld  1 ,4 -d ih y d ro n a p h th a le n e .92 Presum ably n a p h th a le n ld e  i s  reduced 

by po tassium  to  th e  d la n lo n  which I s  th en  p ro to n a ted  by DME. An e x p la n a tio n  

o f  why b ip h en y l forms th e  d la n lo n  w ith  more a l k a l i  m e ta ls  th a n  naph th a len e  

I s  n o t known, b u t t h i s  undoubtedly  has I t s  o r ig in  In  th e  s t r e n g th  o f  th e  

m e ta l-d la n lo n  I n te r a c t io n .  From X -ray s tu d ie s  on th e  c r y s ta l l in e  complex* 

b is  ( te tra m e th y le n e  d iam ine) l i th iu m  n ap h th a len e  d la n lo n , I t  i s  known th e  

d la n lo n  i s  s i tu a te d  between th e  c a t io n s  w ith  one c a t io n  p o s itio n e d  over one 

r in g  and th e  rem ain ing  c a t io n  p o s itio n e d  under th e  o th e r  r i n g . 83 The 

d la n lo n  i s  n o t p la n a r  w ith  fo u r atoms 0.15A o f f  th e  mean p la n e  o f  th e  g ro u p .93

A c h a r a c t e r i s t i c  o f  th e  r a d ic a l  an io n s  w hich must be e v a lu a te d  when 

one i s  I n te r p r e t in g  th e  r e s u l t s  o f  a r e a c t io n  I s  th e  tendency o f  many 

r a d ic a l  an ions to  d is p ro p o r tio n a te .  Hence, a " r a d ic a l  an ion" s o lu t io n  may 

c o n ta in  d la n lo n  which could  account fo r  a  s ig n i f i c a n t  p o r t io n  o f  th e  chem ical 

a c t i v i t y .

2Ar~ M+ f = ±  Ar2 " 2M+ + Ar (19)

The hydrocarbons d iscu ssed  h ere  do form d ia n io n s  under fa v o ra b le  c o n d itio n s ,  

such as  use o f  excess  m e ta l so  t h e i r  p resen ce  In  r a d ic a l  an io n  s o lu t io n  

and t h e i r  e f f e c t s  upon ensu ing  r e a c t io n  must be e v a lu a te d . Even In  

s i tu a t io n s  where th e  d la n lo n  Is  no t formed In  d e te c ta b le  c o n c e n tra t io n s ,  

th e re  may be p re s e n t t in y  q u a n t i t i e s  o f  th e  d la n lo n  in  e q u ilib r iu m  w ith  th e
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r a d ic a l  an io n . In  p r in c ip le ,  r e a c t io n s  o f  even th e se  s o lu t io n s  may p ro ceed , 

in  p a r t ,  th rough  th e  d la n io n .

The most com plete s tu d y  o f  d is p ro p o r t io n a t lo n  i s  on te tra p h e n y le th y le n e
71(T ). S tu d ie s  on th e  d is p ro p o r t io n a t lo n  e q u i l i b r i a  o f  a l k a l i  m e ta l 

a ro m a tic  d ia n lo n s  such as  d l l l th lu m ,  dieodium , and d lp o tass lu m  b iph en y l 

and d l l l th lu m  naph th a len e  have e i t h e r  n o t been perform ed o r have rece iv ed  

on ly  cu rso ry  a t te n t io n .

Szwarc and a s s o c ia te s  have r e c e n t ly  e lu c id a te d  th e  mechanism o f 

e l e c t r o n  t r a n s f e r  in  th e  te tra p h e n y le th y le n e  d is p r o p o r t io n a t lo n .94 They 

conclude th a t  e l e c t r o n  t r a n s f e r  occurs  most r a p id ly  from th e  f r e e  r a d ic a l  

an io n  to  th e  io n  p a i r .

T-  + T“ Na+ ;  T + T2" 2Na+ (20)

The p ro c e ss  in d ic a te d  by eq . 21 i s  s l i g h t l y  s lo w er, and th a t  by eq . 22 

i s  to o  slow  to  c o n tr ib u te  s ig n i f i c a n t l y  to  th e  d is p ro p o r t io n a t lo n  p ro c e ss .

2T~ Na+ —  T + T2 ” 2Na+ (21)

2T~ . ... ■- T2 " + T (22)

The s o lv e n t i s  an  im p o rtan t f a c to r  in  th e se  e q u i l i b r i a .  S o lv en ts  

w hich form s tro n g  a s s o c ia t io n s  w ith  th e  c a t io n s ,  such as  DME o r HMPA, 

fav o r fo rm ation  o f  th e  f r e e  r a d ic a l  a n io n s , which do n o t d is p r o p o r t io n a te .95 

The re d u c tio n  p o te n t i a l  o f  th e  f r e e  r a d ic a l  an io n  i s  h ig h e r  th a n  th e  io n  

p a i r .  L ess p o la r  so lv e n ts  such as dloxane do no t b ind s tro n g ly  w ith  th e  

c a t io n ,  so d la n io n  fo rm atio n  i s  co rresp o n d in g ly  more fa v o ra b le .

U. K in e tic s  o f  E le c tro n  T ra n s fe r

E le c tro n  exchange between a ro m a tic  r a d ic a l  an ions and t h e i r  p a re n t 

hydrocarbons i s  ex trem ely  ra p id .  Exchange r a t e s 9® 102 a re  determ ined  from
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l i n a  b roaden ing  In  e a r  s p e c tr a  and a re  found to  be on th e  o rd e r  o f  

109M”1s e c " 1. T h is  r a t e  depends upon w hether th e  c a t io n - r a d ic a l  an io n

com bination  i s  " f re e "  o r  an io n  p a i r .  E le c tro n  t r a n s f e r  in  th e  exchange
+ i

r e a c t io n  between Na Naph was observed to  be n e a r ly  two o rd e rs  o f  m agnitude 

slow er fo r  io n  p a i r s  th a n  fo r  th e  f re e  io n s .121 E le c tro n  t r a n s f e r  from th e  

ion  p a i r  must be accompanied by m ig ra tio n  o f  th e  co u n te r io n , th e  n e t  

e f f e c t  i s  th a t  atom t r a n s f e r  occu rs  from io n  p a i r s , and t h i s  i s  slow er 

th an  sim ple t r a n s f e r  o f  an  e l e c t r o n .103

I t  shou ld  be p o in ted  ou t t h a t  th e  s o lv e n t s e p a ra te d  ( f r e e )  r a d ic a l  

an io n  may n o t prove to  be th e  m ost r e a c t iv e  s p e c ie s  in  a l l  e l e c t r o n  t r a n s f e r  

(o r  o th e r )  r e a c t io n s .  Some e le c t r o n  t r a n s f e r s  p roceed  more r a p id ly  

th rough  io n  p a i r s .  There a re  many exam ples in  th e  In o rg an ic  l i t e r a t u r e  

where " b rid g in g "  groups a re  Invo lved . I t  i s  l i k e ly  th a t  th e  f i r s t  example 

from o rg a n ic  ch em istry  was no ted  by G arst and a s s o c i a t e s .104 They observed 

th a t  th e  a i r  o x id a tio n  o f  th e  ca rb an io n  r e la te d  to  K oelsch*s r a d ic a l  

(2 -p h en y l b is  (b lp h en y len e) a l l y l )  proceeded more r a p id ly  fo r  Ion p a i r s  

th a n  th e  f re e  an io n . This r e s u l t  was In te rp re te d  a s  being  c o n s is te n t  w ith  

a t r a n s i t i o n  s t a t e  in  which th e  charge i s  more co n c e n tra te d  th a n  in  th e  

r e a c ta n t  an ion .

•

R :“ + 02 -----------------► R* + 0 /  (23)

In  t h i s  r e a c t io n  th e  e le c t r o n  re c e p to r  i s  much sm a lle r  th a n  in  th e  

exchange o f  an e le c t r o n  between n aph tha lene  r in g s ,  so i t  shou ld  be 

a n t ic ip a te d  th a t  io n  p a ir in g  would be more im p o rtan t in  th e  t r a n s i t i o n  

s t a t e .

The f a c to r s  invo lved  in  th e  r a t e  o f  e le c t r o n  t r a n s f e r  from aro m a tic  

d ia n lo n s  a re  even le s s  w e ll d e f in e d . From d is p ro p o r t io n a t lo n  s tu d ie s  o f
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r a d lc a l  an io n s  i t  I s  known th a t  t h i s  o u s t  a l s o  be f a s t . 82

There I s  a l s o  a  f a s t  r a t e  o f  e le c t r o n  t r a n s f e r  from hydrocarbon 

r a d ic a l  an io n s to  a  v a r ie ty  o f  m olecules b e a r in g  fu n c tio n a l  g roups.

The r a te s  v ary  from 10® to  IO10 mol” 1se c " 1. The r a t e  d if f e r e n c e  has 

a s ig n i f i c a n t  Impact on th e  cou rse  o f  chem ical r e a c t io n s ;  th e re  a re  a 

number o f  exam ples In  which e i t h e r  p ro to n  a b s t r a c t io n  o r  e le c t r o n  t r a n s f e r  

Is  In h e re n t ly  p o s s ib le  on th e  b a s is  o f  a c i d i ty  and re d u c tio n  p o te n t i a l .  

Because o f  th e  r a t e  d i f f e r e n c e ,  e le c t r o n  t r a n s f e r  from n a p h th a le n ld e , 

fo r  exam ple, I s  s ig n i f i c a n t  even fo r  soeie compounds having pKa’ s as low 

a s  20 -23 .

S ince l i th iu m  n a p h th a len ld e  was known to  r e a c t  w ith  5~bexenyl f lu o r id e  

a t  a r a t e  100 tim es f a s t e r  th an  sodium n a p h th a len ld e  (se e  Table 1 , page 7 ) ,  

I t  was dec ided  th a t  r a d ic a l  g e n e ra tio n  w ith  l i th iu m  n ap h th a len ld e  In  THE 

would p robab ly  be f a s t e r  th a n  sodium n ap h th a len ld e  In  r e a c t io n s  o f  

b e n z y lic  h a l id e s  o r  o th e r  fu n c tio n a l groups such as  q u a te rn a ry  ammonium 

s a l t s .  In  a d d i t io n ,  w ith  l i th iu m  as  th e  c o u n te r  Ion r a th e r  th a n  sodium , any 

ca rb an lo n s  g en era ted  In  fo llo w in g  p ro c e sse s  would be le s s  r e a c t iv e  tow ard 

r e a c t io n  w ith  th e  so lv e n t (THF) th an  ca rb an lo n s o f  organosodlum  compounds 

w hich a re  known to  c leav e  e th e r s  I n s ta n t ly  on th e  la b o ra to ry  tim e s c a le .
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STATEMKNT OF THE PROBLEM 

I n t e r e s t  in  th e  re a c t io n s  o f  a rom atic  r a d ic a l  an ions a ro se  when
11* 13* 14* 26

I t  was d isc o v e re d  th a t  sodium n a p h th a le n ld e  r e a c ts  w ith  a lk y l
57* 6°

and a ry l  h a l id e s  to  p roduce a lk y l  and a ry l  r a d ic a l s .  A lthough

in te rm e d ia te  halogen  c o n ta in in g  r a d ic a l  an ions a re  h y p o th esized  to  form , 

no experim en ta l ev idence  fo r  them has ev e r been o b ta in e d  because  th e y  

e l im in a te  h a l id e  to  form r a d ic a l s  very  r a p id ly .  In  th e  p re p a ra t io n  o f 

resonance  s t a b i l i z e d  b e n z y lic  r a d ic a l s ,  e l im in a tio n  o f  halogen  appears
40

to  be alm ost in s ta n ta n e o u s .

Few fu n c t io n a l  groups o th e r  th an  halogen  have been  s tu d ie d .
105

T o sy la te s  a re  c leav ed  by n a p h th a le n ld e  to  g iv e  a lc o h o ls ,  s u lfo n -
106 107

amides a re  c leav ed  to  g iv e  am ines, and po lyphen y le th an es  a re

c leav ed  to  g iv e  m ethanes.

V a r ia t io n  o f th e  o x id a tio n  s t a t e  o f  n itro g e n  does no t appear to  

have been co n s id e re d  as a means fo r  c le a v in g  carbon-X  bonds th rough  r e ­

d u c tio n  w ith  n a p h th a le n ld e  ion . C onsequently , we began a study  of th e  

re a c t io n s  o f n a p h th a le n ld e  io n  w ith  q u a te rn a ry  amnonium s a l t s  1.

R
I

Rx-N-R

I t  seems re a so n a b le  to  assume th a t  th e  r a d ic a l  an ion  cou ld  reduce  th e  

s a l t  by t r a n s f e r r in g  an e le c t ro n  to  c r e a te  an u n s ta b le  r a d ic a l  analogous 

to  th e  supposed a lk y l- c h lo r id e  r a d ic a l  an ion  in te rm e d ia te . Such r a d ic a l  

in te rm e d ia te s  fo r  1 shou ld  decompose to  produce n e u t r a l  m olecules (3 °am ines)
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and r a d i c a l s .  These r a d ic a l s  should  behave l i k e  th e  ones formed 

from a lk y l  and a r y l  h a l id e ^  O bviously , th e  r e l a t i v e  power o f  d i f f e r e n t  

r a d ic a l  an ions cou ld  be te s t e d  a g a in s t  model q u a te rn a ry  s a l t s  such as 

b en zh y d ry l, a n llln lu m  and tetram ethylam m onlum  s a l t s .

A com parison o f  r e d u c t iv e  c leav ag es  by li th iu m  n a p h th a le n ld e  w ith  

d isp lacem en t r e a c t io n s  o f  b e n z y lic  ca rb a n lo n s  was p lanned fo r  r e a c t io n s  

w ith  q u a te rn a ry  ammonium s a l t s  and t h e i r  ha logen  c o u n te rp a r ts .  The 

rea so n  fo r  making t h i s  com parison i s  t h a t  r a d ic a l s  formed In  th e  re d u c t iv e  

c leav ag e  by an arom atic  r a d ic a l  an ion  m ight co n ce iv ab ly  form d im eric  

p ro d u c ts  e i t h e r  by cou p lin g  o f  th e  r a d ic a l s ,  o r  by an a l t e r n a t iv e  

pathway in v o lv in g  r a d ic a l  r e d u c tio n  to  a  ca rb a n io n  which th e n  d i s ­

p la c e s  a 3° amine from th e  o r ig in a l  s a l t  o r  h a l id e  from th e  s t a r t i n g  

h a l id e .

In  o rd e r  to  de term ine  w hether th e s e  d isp lacem en ts  o ccu rred  w ith  

in v e rs io n  o f  c o n f ig u ra tio n  a t  carbon , d isp lacem en t r e a c t io n s  w ith  

R (+ ) and S ( - )  -  O' -  phenyle thy ltrim ethy lam non ium  io d id e  were p lanned .

In  a d d i t io n ,  an a l t e r n a t iv e  s y n th e s is  o f  1 ,1 ,2 - tr ip h e n y lp ro p a n e  from 

S ( + ) h y d ra tro p ic  a c id  was p lanned  in  o rd e r  to  e s ta b l i s h  th e  a b s o lu te  

c o n f ig u ra tio n  o f  th e  o p t i c a l l y  a c t iv e  hydrocarbon and, th e re b y , th e  

s te re o c h e m is try  o f  th e  p ro c e ss  by which i t  form s.

I t  was expected  th a t  a l l  o f th e s e  q u a te rn a ry  ammonium s a l t s  would 

r e a c t  to  g iv e  a lk y l  o r a ry l  r a d ic a ls  when re a c te d  w ith  th e  r a d ic a l  

an ion . I t  was hoped th a t  th e  r e a c t io n s  o f q u a te rn a ry  anmonium s a l t s  

would g iv e  t e r t i a r y  .amines when c le a v e d , and t h i s  would be a  new 

method fo r  removing n itro g e n  from carbon.

I t  i s  known th a t  p -n itro b e n z y l h a l id e s 108 r a a d t  w ith  th e  2 - n i t r o -  

propane an io n  to  g iv e  carbon  a lk y la t io n  v ia  a  r a d ic a l  an ion  c h a in
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1X0
mechanism. S im ila r ly ,  th e  r e a c t io n  o f  p -n ltro cu m y l c h lo r id e  w ith  

am ines has been  proposed to  proceed v ia  in te rm e d ia te  2 , a r a d ic a l  

an ion :

Such a  r a d ic a l  an io n  has no t been p rep a red  d i r e c t l y ,  b u t i t  would be 

expec ted  to  form i f  l i th iu m  n a p h th a le n ld e  were to  t r a n s f e r  an e le c tro n  

to  th e  q u a te rn a ry  amnonium s a l t .

In  th e  stu d y  o f  q u a te rn a ry  ammonium compounds, we sought to  le a rn  

w hether th e  r a d ic a l  an ion  can  t r a n s f e r  a n in th  e le c tro n  in to  th e  

v a le n c e  s h e l l  o f  N to  form an u n s ta b le  in te rm e d ia te  which decomposes 

w ith  e l im in a tio n  o f  th e  r a d ic a l .  A nother q u e s tio n  th a t  o ccu rs  i s  w hether 

th e  q u a te rn a ry  ammonium s a l t  must c o n ta in  an a ry l  r in g  in  o rd e r  fo r

r e a c t io n  to  o ccu r.

Throughout re d u c t iv e  c leav ag e  work w ith  l i th iu m  n ap h th a len ld e  

on t r im e th y l  a lk y l  and a r y l  s u b s t i tu te d  q u a te rn a ry  s a l t s ,  th e  q u e s tio n  

a ro se  w hether th e  p re c u rs o rs  to  r a d ic a l  p o sse ssed  any s e l e c t i v i t y  a t  

a l l  w ith  r e s p e c t  to  which r a d ic a l  and which 3° amine would form. 

C onsequently , co m p e titio n  s tu d ie s  were p lanned  w ith  q u a te rn a ry  anmonium 

s a l t s  which p o sse ssed  two d i f f e r e n t  o rg an ic  g roup ings and two m ethyl 

groups in  o rd e r  to  see  w hether th e  more s ta b le  r a d ic a l  would be formed 

from th e  ammonium s a l t  r a d ic a l  p re c u rso r . Such in tra m o le c u la r  c o m p e titio n  

s tu d ie s  were p lanned  fo r  r e a c t io n s  o f  l i th iu m  n a p h th a le n ld e  w ith

CHs
Clfe-C— N-Clfc Cl"

N02

2

106
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N -benzhydryl-N -benzyl-N , N-dimethylanmonium brom ide, and N -benzyl- 

N, N-dimethyl-N-pheuylammonium brom ide, n o t only  to  e s t a b l i s h  th a t  th a  

c leav ag e  would proceed  so a s  to  produce th e  more s ta b le  r a d ic a l ,  b u t 

a ls o  to  a s c e r t a in  w hether th e  I n i t i a l  e le c t r o n  t r a n s f e r  s te p  re q u ire d  

th e  p resen ce  o f  an a rom atic  n ucleus in  th e  o r ig in a l  s a l t  In  o rd e r  f o r  

re d u c t iv e  c leav ag e  w ith  n ap h th a len e  r a d ic a l  an ion  to  be su c c e s s fu l.

D uring th e  p a s t  n in e  y e a rs  in  s tu d y  o f h a l id e  r e a c t io n s  w ith  

a rom atic  r a d ic a l  an ions a co n tro v e rsy  has developed as to  w hether th e
40

dim er o f  th e  o r ig in a l  h a l id e  forms by a lp h a  co u p lin g  (P a th  A in  e q .1)
41

o f two r a d ic a ls  o r  by an a l t e r n a t iv e  sequence (P a th  B) in v o lv in g  

e le c tro n  t r a n s f e r  re d u c tio n  o f  r a d ic a l  to  a ca rb an io n  fo llow ed  by a  d i s ­

placem ent r e a c t io n  on th e  o r ig in a l  h a l id e .  In  o rd e r  to  se c u re  ev idence 

on t h i s  p o in t ,  in te rm o le c u la r  c o m p e titio n  s tu d ie s  u s in g  equim olar 

m ix tu re s  o f b e n z y lic  h a l id e s  r e a c t in g  w ith  one e q u iv a le n t o f 

n a p h th a le n ld e  were designed  to  a s c e r t a in  w hether o r  no t m ix tu res  o f 

f r e e ly  d i f f u s in g  r a d ic a ls  cou ld  be formed so as to  g iv e  a  s t a t i s t i c a l
40

a rra y  o f  p r e d ic ta b le  co u p lin g  p ro d u c ts .

2R* — R - R  « R-X + R:" + CxoHe7 U )

S in ce  e a r l i e r  w orkers o f te n  have t a c i t l y  assumed th a t  h a l id e  an io n  

i s  r a p id ly  c leav ed  by n ap h th a len ld e  io n  w ith  r a d ic a l  fo rm atio n , a  s tu d y  

o f  th r e e  b e n z y lic  h a l id e s  hav ing  f lu o r in e ,  c h lo r in e ,  o r  brom ine as th e  

d e p a r t in g  h a l id e  io n  was p lanned in  o rd e r  to  e s ta b l i s h  w hether th e  r a t e  

o f r a d ic a l  fo rm atio n  was th e  same in  each ca se . I t  was b e lie v e d  th a t  a 

d iv i s io n  o f r a d ic a l  f a te s  betw een p a th  A and p a th  B cou ld  be  ach ieved  

th a t  would be r e f l e c te d  in  th e  re d u c tio n  p ro d u c t: co u p lin g  r a t i o .
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RESULTS AMP DISCUSSION
I. REACTIONS OF LITHIUM HAPHTHALENIDE WITH BEKZYLIC CHLORIDgS AMD 

BROMIDES.
D uring n ap h th a len ld e  Ion  re d u c tio n  experim en ts  on b e n z y lic  h a l id e s ,  

s to ic h io m e tr ic  fo rm atio n  o f  tr lp h an y lm e th y l r a d ic a l s  from t r l t y l  c h lo r id e  

and l i th iu m  n ap h th a le n ld e  was o b serv ed , r e g a rd le s s  o f  th e  o rd e r  o f  m ixing 

th e  re a g e n ts .  T h is  Independence o f  th e  o rd e r  o f  a d d i t io n  d u rin g  t i t r a ­

t io n s  su g g es ted  th a t  t r l t y l  c h lo r id e  o x id iz e s  t r l t y l  ca rb an lo n  to  a  

r a d ic a l  in  a  s in g le  e l e c t r o n  t r a n s f e r  p ro c e ss .

T l t r im e t r lc  a d d i t io n  o f  t r l t y l  c h lo r id e  ( 0 .2171 g /m l) to  one 

e q u iv a le n t o f  l i th iu m  n ap h th a len ld e  ( 0 .039  mole) in  THF ( 100 ml ) 

p roduces one e q u iv a le n t o f  tr lp h e n y lm e th y l r a d i c a l s ,  w hich d lm erlze  to  

form l-d ip h e n y lm e th y le n e -4 -tr ip h e n y lm e th y l-2  ,5 -cy c lo h ex a d len e  1 .

See eq . 1 and 2 .

( C^Hg )3 C-C1 + L l+Naph"  * ( CsHg )3 C* + Naph ( l )

The end p o in t can be observed  upon th e  d isap p ea ran ce  o f  th e  g reen  

co lo re d  n a p h th a le n ld e  io n  whereupon th e  yellow  c o lo r  o f  th e  t r l t y l  r a d ic a l  

I s  d e te c te d .

A f te r  co o lin g  to  -7 8 ° , th e  e q u ilib r iu m  o f  eq . 2 i s  s h i f te d  s tro n g ly  

tow ards th e  dim er JL. Iso m e riz a tio n  o f  \  to  p -b en zh y d ry lte trap h en y lm eth an e  

2 was accom plished in  98 .5 $  y ie ld  w ith  e th y l l i th iu m  and th e n  w a te r .

See eq . 3» and 5*

1
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( C * ) A / — \  / * *  E tL i ( C A ) =C'  ^  'C<,H5

Li

C
H \ _ ✓ \  "t 8 ° L1 >— /  'CgH5

CeHs 0055 CH (3)

(CaH5 )3Cv / = \ / ^ / C6H5 / = \
v  z y = C\  ------------- * (c 6Hs)3C - ^  ^ C : -  (k)

CeHs  ' CeHs

O
CeHs 
C-H (5)

CeHs

When t r l t y l  c h lo r id e  was added to  an ex cess  o f  n a p h th a len ld e  

(> 2 e q u iv a le n ts  /  e q u iv a le n t R-Cl ) ,  s t i r r e d  fo r  30 m inu tes and t r e a te d  

w ith  w a te r , th e  o n ly  p ro d u c ts  d e te c te d  were tr ip h en y lm eth an e  and naph tha­

le n e . T h is may be ex p la in ed  by r a p id  re d u c tio n  o f  th e  r a d ic a l s  to  c a rb -  

an io n  b e fo re  th ey  can co u p le . See T able 1. and eq . 6 and 7 .

(CeHs^C* + L i+Naph" ---------- ► (C6H s)3C :"L i+ + Naph (6)

(CgHs)3C
CeHs

CeHs

(C0H5 ) 3C :"L i+ ----- — * (CqHs^C-H + OH" (7)
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Table 1. L ith iu m  n ap h th a len ld e*  r e d u c t io n  o f  b e n s v lic  c h lo r id e s  and 
brom ides.

Compound5 Mol r a t i o  
ArH* /  R-X

% R-R H R-H

PhoC-Cl 1 100° 0

PheC-Cl 3 0 100°

PhgC-Br 1 100° 0

PhgCH-Cl 1 78c I 8d

PhgCH-Cl 2 .2 7 4 1 .7 ° 51.2d

PheCH-Cl 3 19d 71d

PhsCH-Br 1 75° lTd

PhCHe-Cl 1 72d 16d

PhCHg-Cl 3 22d 70d

a .  0 .3 9  M In  THF. b . 0 .7 -  l .jh -  M In  THF; h a lid e  i s  added slow ly  to

ArH7 c . By I s o la t io n . d . By q u a n t i ta t iv e  gas chrom atography.

In  t i t r a t i o n s  o f  e q u iv a le n t q u a n t i t i e s  o f  l i th iu m  n ap h th a len ld e  

w ith  benshydry l c h lo r id e  o r  brom ide, eym -  te tra p h e n y le th a n e

(2. , 70-78^) was produced . See eq . 8 .

L i+Naph~ + (CeH5 ) 2CH-Cl ------------- > (C q H s)^ . + Naph

H

(8)

(C6H5 ) 2C C(CeHs) 2
H H

1
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The fo rm a tio n  o f  2. «»y occu r e i t h e r  by co u p lin g  o f  benxhydryl r a d ic a l s  

(Eq. 8 ) o r  by S^2 d isp lacem en t between d lp h a n y lm e th y lll th lu a  and benz- 

h y d ry l c h lo r id e .  T h is  second pathway a r i s e s  by re d u c t io n  o f  th e  benz- 

h y d ry l r a d ic a l s  t o  benxhydryl ca rb an lo n  (Eq. 9 )  fo llow ed by r e a c t io n  

w ith  th e  h a l id e  to  produce £ .

(C eH s ) sC —  C (C g H s) 2  

H H

2

However, th e  slow  in v e rse  a d d i t io n  o f  one e q u iv a le n t o f  n a p h th a le n ld e  

Ion  to  benxhydry l c h lo r id e  a ls o  produces 2. (75 /0  under c o n d itio n s  where 

h a l id e  la  in  ex cess  and no ca rb an lo n  fo rm atio n  can be d e te c te d  v i s u a l ly .  

Under th e se  c o n d i t io n s ,  Z ie g e r , A ngres, and M aresea assumed th a t  r a d ic a l  

co u p lin g  m ust be th e  predom inant pathway fo r  th e  fo rm atio n  o f  2.»4°  This 

view was ch a llen g e d  in  197b by C losson41 who used  m ix tu res  o f  n a p h th a le n ld e  

Ion  and t->butanol In  re a c t io n s  w ith  b e n z y lic  h a l id e s  and found d im in ished  

y ie ld s  o f  e th an e  co u p lin g  p ro d u c ts  and enhanced y ie ld s  o f  re d u c t io n  

p ro d u c ts  (p h en y la ted  m e thanes). However, th e se  experim en ts  had h ig h e r  

mole r a t i o s  (1 0 :1 ) o f  n a p h th a len ld e  io n  to  h a l id e  because o f  th e  slow  

r e a c t io n  o f  th e  r a d ic a l  an io n  w ith  th e  t - b u ta n o l  tra p p in g  a g e n t. Comparison 

o f  C losson’ s r e s u l t s  w ith  th o se  fo r  a 5 :1  mole r a t i o  o f  r a d ic a l  an io n  to  

h a l id e  shown In  T able 1 show no s ig n i f i c a n t  d i f f e r e n c e s .  T h e re fo re , th e  

problem  o f  f in d in g  a  good tra p p in g  ag en t fo r  r a d ic a l  in te rm e d ia te s  g en e ra ted

(CeHs)a£* + Li^Neph*
H

(CsHgJaC:"!.! + Naph

(CqHb ^CH-CI (9)



in  a ro m a tic  r a d ic a l  an io n  aystem s r a a a in s  u n so lv ed , to g e th e r  w ith  th e  

q u e s tio n  o f  w hether th e  e th an e  co u p lin g  p ro d u c ts  a r i s e  by a lp h a  cou p lin g  

o f  two henry l i e  r a d ic a l s  o r  by th e  two s te p  ca rb a n lo n  mechanism.

In  h is  c r i t i c i s m  o f  my o r ig in a l  work C losson  igno red  th e  com peti­

t i o n  experim en ts  (d e sc r ib e d  below , see  s e c t io n s  I I I  and IV) as  w e ll  a s  th e  

known c leavage  r e a c t io n  o f  e th a n e s  by a ro m a tic  r a d ic a l  a n io n s . In  1963 

E isc h 107 showed th a t  sodium b ip h e n y len ld e  c le a v e s  p o ly p h e n y le th a n es , and 

Szwarc has m easured th e  r a t e s  o f  c leavage  o f  1 ,2 -d 1 -tr-n ap h th y le th an e  w ith  

sodium n a p h th a le n ld e .108 Our own r a te  s tu d ie s  on th e  c leav ag e  o f  sym- 

te tra p h e n y le th a n e  (2.) in  w hich e q u iv a le n t q u a n t i t i e s  o f  l i th iu m  n ap h th a- 

le n id e  and 2. had re a c te d  fo r  one h ou r, showed h2̂ > o f  2. unchanged.

(See Table 2 . ) .

T able 2 .  C leavage o f  sy m -te trap h en y le th an e  (TPE) by l i th iu m  n a p h th a le n ld e .

sym- TIE g
R eac tio n
tim e

R a tio
NaphT /  sym TPE

U nreacted 
sym -  TPE ^ u n reac ted

3 .3 ^  g 1 h r . 1 1 .40  g

1 .67  g 1 h r . 2 O.Ub g 26#

1 .1 0  g 1 h r . 3 0 .1 5  g \ki»

Thus, in  system s hav ing  a  te n - f o ld  m olar ex cess  o f  n ap h th a len ld e  io n , 

th e  p ro d u c t m ethanes would a ls o  be formed by c leav ag e  o f  f i r s t - fo rm e d  

e th a n e s . S ince  t h a t  i s  u n q u es tio n ab ly  t r u e ,  C losson’ s co n c lu s io n  th a t  

e th an e  dim ers can  n o t be formed by co u p lin g  o f  b e n z y lic  r a d ic a l s  

g e n e ra te d  In  th e  absence o f  ex cess  r a d ic a l  a n io n  ( i . e . ,  by slow  dropw lse 

a d d i t io n  o f  n a p h th a le n ld e  io n  to  h a l id e )  i s  somewhat l e s s  th a n  com pelling , 

i f  n o t com plete ly  v i t i a t e d .
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S im lla r  t i t r a t i o n s  o f  ona a q u lv a la n t o f  l l t h i u a  n ap h th a lan ld e  

w ith  ona a q u lv a la n t o f  banzy l c h lo r id e  gave 12$ o f  b lb a n c y l U, In  a g re e ­

ment w ith  a  p rev io u s  r e p o r t . ^  See e q . 10.

CoHs-CH^-Cl + L i+Naph” ------------ > CaHs-CH2 * + Naph (10)

V

C0H5 -CH2-CH2-C6H5

k

E xperim ents in  w hich a n  ex cess  o f  n ap h th a len ld e  i s  p re s e n t  c l e a r ly  

reduced  b u t d id  n o t e l im in a te  com ple te ly  th e  fo rm atio n  o f  e th an e  dim ers 

( s e e  T ab le l ) .  T his may be ex p la in ed  in  term s o f  a f a s t  r e a c t io n  between 

th e  r a d ic a l  and l i th iu m  n a p h th a le n ld e  to  produce a  ca rb a n lo n  w hich can 

d is p la c e  h a l id e  from s t a r t i n g  m a te r ia l ,  form ing a  p o lypheny le thane  o r  

a b s t r a c t in g  a  p ro to n  from th e  s o lv e n t t o  g iv e  a  p h en y la ted  m ethane.

A s u r p r is in g  r e s u l t  in  Table 1 i s  th a t  a th r e e - f o ld  m olar excess  

o f  l i th iu m  n a p h th a le n ld e  r e a c t in g  w ith  benzhydry l h a l id e  does n o t com plete ly  

su p p ress  th e  fo rm atio n  o f  svm- te tra p h e n y le th a n e  e i t h e r  by red u c in g  benzhydry l 

r a d ic a l s  to  ca rb a n lo n s  f a s t e r  th a n  th e y  can coup le  o r  by c le a v in g  sym- t e t r a -  

pheny le th an e  a f t e r  i t  i s  formed. An a n a ly s is  o f  th e  r e s u l t s  would su g g es t 

e i t h e r  t h a t  benzhydry l r a d ic a l  i s  n o t reduced  by n a p h th a le n ld e  a t  d i f f u s io n -  

c o n tro l le d  r a t e s  o r  t h a t  benzhydryl an io n  r e a c t s  w ith  benzhydry l h a l id e  

v ia  d isp lacem en t a t  a  r a t e  co m p e titiv e  w ith  t h a t  o f  l i th iu m  n a p h th a le n ld e .

I t  I s  h ard  to  im agine an  S^i d isp lacem en t by benzhydry l an io n  on benzhydry l 

h a l id e  w hich can o p e ra te  a t  a r a t e  c o m p e titiv e  w ith  th e  r a t e s  o f  re d u c tio n  

e s tim a te d  fo r  e l e c t r o n  t r a n s f e r  from n a p h t h a l e n l d e . P e r h a p s  o x id a tio n



-1*9-

o f  benzhydryl on io n  by th e  h e l ld e  con produce two ro d lc o ls  w ith  th e  to n e  

speed os n o p h th o len ld e  Ion  re d u c t io n  o f  o r o d lc o l ;  see  e q u a tio n  below.

(CaH5)2C : 'L l+ + (CeH5 ) 2C-Cl -------------- *  2(CeH5 ) 2C-

H H H

(11)

*

(CsH5 )2C— C (CeHs) 2 
H H
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I I .  RKACTIOHS OF LITHIDM NAPHTHALAN IDE WITH BENIYLIC FLPORIDES.

The r e a c t io n s  o f  b e n z y lic  f lu o r id e s  w ith  n a p h th a len ld e  io n  e x h ib ite d  

an unusual d e p a r tu re  from th o se  r e s u l t s  secu red  fo r  b e n z y lic  c h lo r id e s  and 

brom ides. For exam ple, d u rin g  n ap h th a len ld e  io n  re d u c tio n  o f  t r l t y l  

f lu o r id e ,  r e g a rd le s s  o f  th e  o rd e r o f  th e  a d d i t io n ,  on ly  ( f lu o r id e  added

to  n a p h th a le n ld e )  and 2$ (n ap h th a len ld e  added to  f lu o r id e )  o f  p -b en zh y d ry l-  

te trap h en y lm eth an e  was i s o la te d .

From th e  r a t e  s tu d ie s  o f  G ars t on 5“hexenyl f lu o r id e s  i t  i s  known 

th a t  f lu o r id e  io n  i s  c leav ed  much more slow ly  th a n  c h lo r id e  o r  bromide 

(ky w 5 x  10 ”4M“ 1s e c ”1 , kc l  «  2 x 102 H” 1 se c  “x , and k ^  M 7 .2  x 

104 M_1 sec  - 1 ) .  14^  T h e re fo re , in  th e  t r i t y l  f lu o r id e  system  th e  t r i t y l  

r a d ic a l  i s  formed much more slow ly  th a n  fo r  t r i t y l

c h lo r id e  o r  t r i t y l  brom ide and th e  s e l f  coup lin g  r e a c t io n  fo r  PhgC* cannot 

compete e f f e c t iv e l y  w ith  e l e c t r o n  t r a n s f e r  re d u c t io n  to  t r i t y l  c a rb an lo n .

By f a r  th e  most s ig n i f i c a n t  r e s u l t ,  how ever, was th e  d is c o v e ry  th a t  

th e  t r l t y l  ca rb a n lo n  i s  n o t o x id ized  by t r i t y l  f lu o r id e  to  produce two 

t r l t y l  r a d i c a l s .  C onsequen tly , once th e  t r l t y l  ca rb an lo n  i s  formed from 

i t s  r a d ic a l  p r e c u r s o r ,  i t  does n o t r e v e r t  to  t r i t y l  r a d ic a l  by a  one- 

e le c t ro n  o x id a tio n  w ith  t r i t y l  f lu o r id e  as  was found fo r  t r i t y l  c h lo r id e  

and brom ide.

The fo rm u la tio n  in  e q u a tio n  (12) o f  a  p re -e q u ilib r iu m  o f  t r l t y l  

f lu o r id e  r a d ic a l  an io n  w ith  n a p h th a len ld e  su g g e s ts  a new a re a  o f  re s e a rc h  

in  t h a t  e l e c t r o n  s p in  resonance sp ec tro sco p y  ought to  be a b le  to  d e te c t  such 

an In te rm e d ia te .

Naph* + Ph3C-F Naph +
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For th e  ben zy l and benzhydry l f lu o r id e  system  I t  wee found th a t  th e se  

two f lu o r id e s  p a r a l l e l  th e  r e a c t io n  o f  th e  c h lo r id e  and brom ide. The 

r e s u l t s  a r e  summarised In  T ab les 3 and b .

T able 3* A d d itio n  o f  b e n z y llc  f lu o r id e s  to  l i th iu m  n a p h th a le n ld e .

Mole r a t i o  
Compound ArH* /  R-F $ R-R $ R-H

PtfeC-F 1 

PhsCH-F 1 

PhCHe-F 1

ba 90b

70a 22b
^ b b 
61 30

a .  By i s o la t io n .  b . By q u a n t i ta t iv e  gas chrom atography.

T ab le b . A d d itio n  o f  l i th iu m  n ap h th a le n ld e  to  b e n z v llc  f lu o r id e s .

Mole r a t i o  
Compound ArH* /  R-F $  R-R $ R-H

PI^C-F 1 

Ph£>CH-F 1 

P h C ^-F  1

2a 95b 

79* 15b 

71b 20b

a . By i s o la t io n .  b . By q u a n t i ta t iv e  gas ch ronatog raphy .

From th e  T ab les I t  may be In fe r re d  a g a in  th a t  under c o n d itio n s  where

h a l id e  i s  In  ex cess  a p o r t io n  o f  th e  p ro d u c t m ust be form ing by th e  a lp h a  

co u p lin g  o f  r a d ic a l s  as  can be seen  by an  In c re a se  In  co u p lin g  p ro d u c t 

y ie ld s .

In  c o n t r a s t  to  Gar8t ’ 8 o r ig in a l  work on f lu o r id e s 35  in  w hich he 

su g g e s ts  th a t  f lu o r id e s  do n o t form dim ers a t  a l l ,  a  71 - 79$  y ie ld  o f 

dim er from benzhydry l and benzy l f lu o r id e  was o b served . This f in d in g
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l u d i  to  th e  co n c lu s io n  th a t  benzhydry l and benzy l r a d ic a ls  coup le  a t  

r a t e s  c o u p e t i t lv e  w ith  one e le c t r o n  re d u c t io n  by n a p h th a len ld e  io n  to  

ca rb a n lo n .

At this point two Important questions arise: (l) I s  Garst*s mechanism 
for dimer formation completely general?, (2) how facile Is nudeophlllc 
displacement of fluoride?.

The first question can be answered by examination of the following 
equations which constitute Garst*s mechanism:

Naph” + R-X  ► R- ( 13)

R* + Naph* ------ ► R :“ (111)

R : "  +  R - X  -----------*■ R - X " ---------- *• j x -  R - J ----------- ► R - R  ( 1 5 )

G a rs t’ s  i n t e r p r e t a t i o n  does n o t p ro v id e  f o r  th e  p o s s i b i l i t y  o f  th e  

co u p lin g  o f  I n i t i a l l y  formed r a d ic a l s  (eq . 13 ) ,  bu t In s te a d  r e q u ire s  th a t  

th e y  be reduced  to  ca rb an lo n s a t  a f a s t e r  r a t e  (eq . lit-). The proposed  

mechanism f u r th e r  su g g e s ts  th a t  th e  ca rb an lo n  r e a c ts  w ith  th e  h a l id e  

to  produce two r a d ic a l s  in  a  cage w hich su b seq u en tly  couple to  produce 

d im er, (eq . 15 ). As a  t e s t  fo r  eq . 15 I  chose th e  r e a c t io n  o f  t r l t y l -  

l i th iu m  w ith  benzhydry l f lu o r id e .  T h is  r e a c t io n  (eq . 16) shou ld  produce 

h ig h  y ie ld s  o f  p en tap h en y le th an e  because t r i t y l l l t h i u m  la  an  e x c e l le n t  

e l e c t r o n  donor and a  good n u c le o p h ile  as dem onstrated  by I t s  a b i l i t y  t o  

d is p la c e  brom ide, c h lo r id e  and tr lm eth y lam in e  from th e  co rresp o n d in g  

benzhydry l sy stem s.

Ph3C :”L i+ + Ph2CH-F — V — *■ (ph3C- Ph2CH-] a Ph3C-CHPha (16)



However, no p en tap h en y le th an e  a t  a l l  la  found, when t r i t y l l i t h i u m  r e a c t s  

w ith  benzhydry l f lu o r id e .  This r e s u l t  su g g e s ts  two p o s s ib le  e x p la n a tio n s : 

r a d i c a l - r a d i c a l  co u p lin g  i s  th e  predom inant pathway fo r  fo rm atio n  o f  dim ers 

in  th e  r e a c t io n  o f  l i th iu m  n ap h th a len ld e  w ith  benzhydryl and benzy l f lu o r id e s  

sim ple n u c le o p h ll ic  d isp lacem en t o f  f lu o r id e  m ust be o c c u rr in g . In  th e  

l a t t e r  c a s e ,  In s te a d  o f  go ing  th ro u g h  a p a i r  o f  caged r a d ic a l s  (e q . 15) ,

R:~ perfo rm s a  sim p le  n u c le o p h ll ic  d isp lacem en t o f  X-  from R-X to  produce 

R-R d i r e c t l y .

T his l a s t  argum ent b r in g s  me to  th e  second q u e s tio n : how easy  i s

n u c le o p h ll ic  d isp lacem en t o f  f lu o r id e ?  D uring n u c le o p h ll ic  d isp lacem en t 

s tu d ie s  on f lu o r id e s ,  i t  was found th a t  as  th e  group bound to  f lu o r in e  

became l a r g e r ,  th rough  su c c e ss iv e  a d d i t io n s  o f  pheny l g ro u p s , th e  r e a c t io n  

became slow er and slow er u n t i l  i t  reached  th e  p o in t  o f  no r e a c t io n ,  as  

in  th e  r e a c t io n  o f  t r i t y l l i t h l u m  w ith  b en zh y d ry l- and t r i t y l -  f lu o r id e s .

(See T able 5*)

S in ce  n u c le o p h ll ic  d isp lacem en t o f  f lu o r id e  i s  p o s s ib le ,  and th e  

r e a c t io n  tim es f o r  d isp lacem en t a re  com parable to  th e  r e a c t io n  o f  l i th iu m  

n a p h th a le n ld e  w ith  th e  f lu o r id e s ,  t h i s  le a d s  me to  conclude th a t  in  th e  

r e a c t io n s  o f  l i th iu m  n a p h th a len ld e  w ith  b e n z y lic  f lu o r id e s ,  in te rm e d ia te  

b e n z y lic  r a d ic a l s  can be reduced  to  ca rb a n lo n  and compete in  d im er fo rm atio n  

w ith  th e  a lp h a  cou p lin g  pathway.

I f  th e re  i s  an  excess  o f  n ap h th a len ld e  p re s e n t  th e n , th e  i n i t i a l l y  

formed r a d ic a l  i s  reduced to  ca rb an lo n  f a s t e r  th a n  i t  can  coup le ( fa v o r in g  

n u c le o p h ll ic  d is p la c e m e n t) , w h ile  in  th e  c a s e s  where n ap h th a le n ld e  i s  added 

dropw ise to  a  s o lu t io n  o f  th e  f lu o r id e  th e  r a d ic a l  i s  g en e ra ted  in  th e  

absence o f  n a p h th a le n ld e , th e re fo re  fa v o rin g  a lp h a  co u p lin g .
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T ab le  5* R eactIona o f  b e n z y lic  carban lon*  v l t h  some b e n z y lic  f lu o r id e s .

C arbanlon F lu o rid e
R eac tio n
Time Product

I s o la t e d
Y ie ld

Pl*C :" PhgCH-P 6 days PhgC-CHPh2 o#

P l^C :" PhCBfe-P b .7 5  hours PlfeC-CfePh 91#

Ph2CH:” PhsCH-F 1 hour PhsCH-CHPhs 96#

PhCtfe: ” PhCIfe-F 20 m ln. PhClfe-ClfePh 95#
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I I I .  REACTIONS OF BENZYLIC CHLORIDES AND BROMIDES WITH BENZYLIC 

CARBANIONS AMD 80MB COMPETITION EXPERIMENTS.

The q u e s tio n  a ro se  a s  t o  w hether b e n z y lic  o rg an o llth lu m  re a g e n ts  

could  o x id iz e  h a l id e s  to  r a d ic a l s .  D uring th e  t i t r a t i o n  o f  one e q u iv a le n t 

o f  t r l t y l  c h lo r id e  w ith  one e q u iv a le n t o f  l i th iu m  n a p h th a le n ld e , th e  re d  

c o lo r  o f  th e  tr ip h e n y lm e th y l ca rb an lo n  could  be d is c e rn e d  in  th e  dark  

n ap h th a len ld e  s o lu t io n .  The f a c t  t h a t  b o th  th e  re d  and g reen  c o lo r  

w ere d isc h a rg e d  r a p id ly  w ith  a  s in g le  drop o f  h a l id e  s o lu t io n  a t  the 

end p o in t  sug g ested  th a t  t r l t y l  c h lo r id e  r a p id ly  o x id iz e s  t r ip h e n y l-  

m e th y lllth iu m  to  t r l t y l  r a d ic a l s  v ia  e le c t ro n  t r a n s f e r ,  (eq . 17 ).

(CsH5 ) 3C:‘ L i+ + (CeHcOgC-Cl ---------------» 2(CaH5)3C*

V e r i f ic a t io n  was secu red  th rough  p re p a ra t io n  o f  a u th e n t ic  tr ip h e n y lm e th y l-  

l i th iu m  by m e ta la t io n  o f  tr ip h en y lm eth an e  w ith  n - b u ty l l l th iu m .114 T i t r a t i o n  

o f  t r i t y l  ca rb an lo n  w ith  t r i t y l  c h lo r id e  u n t i l  d is c h a rg e  o f  th e  re d  c o lo r  

o f  th e  ca rb an lo n  q u a n t i t a t iv e ly  produced 1_ a s  judged by I s o la t io n  o f  one 

mole o f  p -b en zh y d ry lte trap h en y lm eth an e  fo r  each  mole o f  t r l t y l  c h lo r id e  

added. In v e rse  o rd e r  o f  a d d i t io n  experim en ts, in  w hich t r l t y l  ca rb an lo n  

i s  added to  t r l t y l  c h lo r id e  produced one mole o f  JL fo r  each  mole o f  added 

ca rb an lo n .

C le a r ly  tr ip h e n y lm e th y l c h lo r id e  r e a c ts  w ith  tr ip h e n y lm e th y l

(IT)

1
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carb an lo n  v ia  a  o n e -e le c tro n  o x id a tio n  p ro cess  to  produce 2 moles 

o f  t r l t y l  r a d ic a l s .  The b e s t  analogy  fo r  th e  p re s e n t  e le c t r o n  t r a n s f e r  

o x id a tio n  o f  t r i t y l  ca rb an lo n  by t r l t y l  h a l id e  I s  found In  th e  work o f  

Kornblum115’ 110 and R u sse ll43 who have dem onstra ted  t h a t  a  r a d ic a l  an io n  

ch a in  mechanism o p e ra te s  In  o x id a tio n  o f  2 -n ltro p ro p a n e  li th iu m  s a l t s  

by compounds such as  p -n lt ro c u n y l c h lo r id e  and e t,p -d in itro c u m e n e .115

The q u e s tio n  a r i s e s  w hether d lpheny lm ethy l h a l id e s  r e a c t  In  a  s im i la r  

manner w ith  tr ip h e n y lm e th y l ca rb a n lo n .

Treatm ent o f  tr lp h e n y lm e th y ll l th lu m  w ith  benzhydry l brom ide produced 

p en tap h en y le th an e , £  in  95$ y ie ld .  (See eq . 1 8 .)

(CaH5)3C :'LI+ + (C sH ^CH Br----------»  (CsHs^C-CfCeHs);? (18)
H

I
Use o f  benzhydryl c h lo r id e  a ls o  produced p en tap h en y le th an e , In  91$ y ie ld .  

These r e a c t io n s  ap p ea r to  Invo lve  e i t h e r  sim ple n u c le o p h ll ic  d isp la cem e n t117 

o r fo rm ation  o f  a  p a i r  o f  caged r a d ic a l s 37 w hich combine w ith o u t d e te c ta b le  

escape  from th e  cage. E f f i c i e n t  cou p lin g  o f  th e se  r a d ic a l s  would be 

a n t ic ip a te d ,  s in c e  ex cess  v ib r a t io n a l  energy  could  be r e a d i ly  sp read  

th roughou t a number o f  modes o f  v ib r a t io n .  I f  any f r e e  benzhydry l o r  

t r i t y l  r a d ic a ls  w ere form ed, sym- te tra p h e n y le th a n e  and _1 would have been 

produced.

In  o rd e r to  show th a t  c ro s s  co u p lin g  p ro d u c ts  would form from 

m ix tu re s  o f  benzhydry l and t r l t y l  r a d i c a l s ,  co m p e titio n  experim en ts  

u s in g  one e q u iv a le n t o f  equ im olar benzhydry l and t r i t y l  h a l id e s  s o lu t io n  

w ith  one e q u iv a le n t o f  l i th iu m  n ap h th a len ld e  were ru n . A f te r  d isc h a rg e
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o f  th e  a ro m a tic  r a d ic a l  an io n  c o lo r ,  oxygen was bubbled th rough  th e  

m ix tu re  to  co n v ert r e s id u a l  t r l t y l  r a d ic a ls  in to  b is ( tr ip h e n y lm e th y l)  

p ero x id e  (1 8 $ ). P en tapheny le thane (36$) and te tra p h e n y le th a n e  (32$) 

were I s o la te d .  See scheme 1.

Scheme 1.

Naph-
PhgC-Cl

PhgCH-Cl
Naph

PhgC*

Ph2CH*

PhgC*

PhgCH*

PhgCH*

PhgCH-

P entapheny le thane (36$)

_> sy m -te trap h en y le th an e  (32$)

PhgC- b is (T rip h en y lm e th y l)  p erox ide  (18$)

Comparison o f  th e  co m p etitio n  experim ents w ith  n ap h th a len ld e  

io n  w ith  th e  tr ip h e n y lm e th y llith iu m -d ip h e n y lm e th y l-h a lid e  r e a c t io n s  

le ad s  to  th e  co n c lu sio n  th a t  d iphenylm ethy l h a l id e s  do no t o x id ize  

tr ip h e n y lm e th y l ca rb an lo n  by a s in g le  -  e le c t ro n  t r a n s f e r  p ro cess  th a t  

produces f re e  t r i t y l  and benzhydryl r a d ic a l s .

The q u e s tio n  o f  w hether t r l t y l  h a l id e s  r e a c t  w ith  d ip h en y l- 

m e th y llith iu m  to  produce r a d ic a l  in te rm e d ia te s  was s tu d ie d .

R eac tio n  o f  d ip h e n y lm eth y llith iu m  and tr ip h e n y lm e th y l c h lo r id e  

was follow ed by quenching w ith  oxygen and gave p redom inan tly  p en tapheny l- 

e th an e  (6 0 $ ), to g e th e r  w ith  sym-te tra p h e n y le th a n e  (6 $ ) ,  b is ( tr ip h e n y lm e th y l)  

pero x id e  (7$) and benzhydryl and t r i t y l  c h lo r id e s .  These r e s u l t s  a re
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l n  harmony w ith  r a p id  e s ta b llsh a m n t o f a halogen  -  n a t a l  i n t e r  co n v ers io n  

e q u ilib r iu m , a s  shown in  eq . 19.

(CeH 5)2C:'Li+ + (CqH5 ) 3C-C1 5=-----(CeiM sCH-Cl + (CeH5 ) 3C :-L i+ (19)

H

T his e q u ilib r iu m  l i e s  w e ll  to  th e  r i g h t  a s  judged by th e  low y ie ld s  o f  

p e ro x id e  and svm- te t r a p h e n y le th a n e . I f  s in g le - e le c t r o n  t r a n s f e r  o x id a tio n  

o f  th e  p rim ary  r e a c ta n ts  was o c c u rr in g  to  any s ig n i f i c a n t  e x te n t  th e  

y ie ld s  o f  p e n tap h en y le th an e , svm-te tra p h e n y le th a n e . and p e ro x id e  shou ld  

be com parable n o t on ly  in  a b so lu te  amounts b u t a l s o  to  th e  r e s u l t s  from 

th e  n a p h th a le n ld e  io n  co m p e titio n  ex p erim en ts . The f a c t  t h a t  th e y  a re  

n o t s t a t i s t i c a l l y  e q u iv a le n t  le a d s  to  th e  c o n c lu s io n  th a t  coup lin g  o f 

f r e e  r a d ic a l  in te rm e d ia te s  i s  n o t  th e  mechanism fo r  fo rm ation  o f  p e n ta -  

p h en y le thane  and sym-te tra p h e n y le th a n e  from d ip h e n y lm eth y llith iu m  and 

t r l t y l  c h lo r id e  r e a c t io n .  T h is  c o n c lu s io n  f in d s  ex p erim en ta l su p p o rt 

in  th e  work o f  Sommer117, Sauer and B ra ig4 7 , and more c o n c lu s iv e ly  in  

th e  work o f  A ngres and Z ieg e r (See s e c t io n  V II) who have shown th a t  

benzhydry l l i th iu m  r e a c ts  w ith  ( - ) - r t-p h e n y le th y l c h lo r id e  o r  R (+ )-o -p h e n y l-  

e thy ltrim ethy lam non lum  io d id e  w ith  100$ in v e rs io n  o f  c o n f ig u ra tio n  to  

g iv e  ( - )  1 ,1 ,2 - tr lp h e n y lp ro p a n e  and (+) 1 ,1 ,2 - tr ip h e n y lp ro p a n e .

Whether th e  r e a c t io n  o f  d ip h e n y lm e th y llith iu m  w ith  benzhydryl 

c h lo r id e  in v o lv es  a p o la r  d isp lacem en t mechanism o r an e le c t r o n  t r a n s f e r  

p ro cess  could  n o t be deduced from th e  97 .2$  y ie ld  o f  sym- te t r a p h e n y l -  

e th a n e .
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IV. COMPKTITIOW m>KBTMQir8 .  REACTIONS OF LITHIUM HAPHTHALEHIDE WITH

8QPIM0LAR MIXTURES OF BKMZYLIC CHLORIDES.

E a r l i e r  ( s e c t io n  I I I )  I  d e sc r ib e d  a c o n p e t i t io n  experim ent to  show 

th a t  th e  r e a c t io n  o f  t r l t y l l l t h i u m  and benshydrylbrom ide d id  n o t produce 

f re e  t r i t y l  and benzhydry l r a d ic a l s ,  fo r  i f  th e y  w ere p re s e n t  th e y  should  

coup le  in  a random o r  s t a t i s t i c a l  fa sh io n . The r e a c t io n  o f  one eq u iv a ­

le n t  o f  l i th iu m  n ap h th a len ld e  w ith  one e q u iv a le n t o f  an equim blar m ix ture 

o f  t r i t y l  c h lo r id e  and benzhydry l c h lo r id e  produced a f t e r  d isc h a rg e  o f th e  

a ro m a tic  r a d ic a l  an io n  c o lo r  and bubb ling  o f  oxygen th rough  th e  system  a 

m ix tu re  o f  b is  ( tr ip h e n y lm e th y l)  pero x id e  ( I 83&), p en tap h en y le th an e  (36%) 

and te tra p h e n y le th a n e  (32%). T h is  i s  s tro n g  ev idence  f o r  th e  fo rm atio n  

and co u p lin g  o f  f r e e  r a d ic a l s .

More ev idence  was o b ta in ed  d u rin g  t i t r a t i o n s  o f one e q u iv a le n t o f 

an equ im olar m ix tu re o f  benzhydry l and benzy l c h lo r id e s  w ith  one e q u iv a ­

le n t  o f  l i th iu m  n ap h th a len ld e  to  produce th e  expec ted  s t a t i s t i c a l  a r ra y  

o f  co u p lin g  p ro d u c ts ,  namely 25^ b ib e n z y l, 'yQfja 1 ,1 ,2 - tr ip h e n y le th a n e  and 

25$ sym - te tra p h e n y le th a n e . T h is  d i s t r i b u t io n  o f  co u p lin g  p ro d u c ts  was 

independent o f  te m p e ra tu re . See T able 6 and Scheme 2 . I f  co u p lin g  

occu rs  by r a d ic a l  com bination  (se e  Scheme 2 ) ,  th e  th re e  e th an es  should 

be formed in  a r a t i o  1 :2 :1  which r e f l e c t s  only th e  c o n c e n tra tio n s  o f  th e  

two r a d ic a l s  form ed.125 T his p r e d ic t io n  which h a s  re c e iv e d  e x te n s iv e  

ex p erim en ta l v e r i f i c a t i o n ,  d e r iv e s  from th e  f a c t  th a t  a lp h a  co u p lin g  o f  

r a d ic a ls  r e q u ire s  e s s e n t i a l l y  no a c t iv a t io n  en e rg y . I f  co u p lin g  o ccu rs  

by d isp lacem en t (see  Scheme 3 ) no 8U°h s t a t i s t i c a l  p ro d u c t d i s t r i b u t i o n  

would be ex p e c te d . In  a w ide v a r i e ty  o f  n u c le o p h ll ic  d isp la cem e n t r e a c ­

t io n s  which v a ry  in  a b so lu te  r a te  c o n s ta n t over s e v e ra l  powers o f  te n , 

th e  r a t e  fo r  d isp lacem en t on benzy l exceeds th a t  o f  benzhydry l by a t
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T able 6 . R e la tiv e  y ie ld s  o f  p o ly p h en y le th an ee  from r e a c t io n  o f  l l th lm a  
n a p h th a le n ld e  w ith  an  equ lm o lar M ixture o f  ben rh y d ry l and 
benzy l c h lo r id e s *

T° PhgCH-CHPhg Ph2CH-CH2Fh FhCH2 -GH2Ph

I  2  i

Ambient 23% k9% 2k%

Ambient 2h% k9% 2k%

-78° 2h% 26%

Naphl
f p h 2 C H -C l

|PhCH2-Cl PhaCH* + PhCHa* + Naph

2P haC H * c — t n a t l o n  > P h 2 C H -C H P h2

PhjjCH* + phCHe* com bination  ^ PhaCH-CHaPh

2

2PhC H a*
com bination P h C H a -C H a P h

1

l e a s t  a f a c to r  o f  tw en ty . This c o n s id e ra tio n  le a d s  to  th e  co n c lu sio n  

th a t  a ca rb an io n  ro u te  i s  no t o p e ra tin g  d u rin g  dim er fo rm atio n  in  r e a c t io n s  

o f  n a p h th a le n ld e  io n  w ith  b e n z y lic  h a l id e s ,  fo r  i f  i t  were th e  y ie ld s  

o f  sym - te tra p h e n y le th a n e  should  be c o n s id e ra b ly  low er, w h ile  th e  

y ie ld s  o f  b ib e n zy l and 1 ,1 ,2 - tr ip h e n y le th a n e  should  be s u b s t a n t i a l l y
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hlgher because of the lower sterlc hindrance to their formation.

Sch

Ph2CH:"

Ph2CH:' 

PhCHg:'

PhClfe:'

PhCH2-Cl

PhaCH-Cl

PhCHg-Cl

PhaCH-Cl

-*• PhsCH-CHsPh

2
-> Ph2CH-CHPh2

1
PhCHa-CHsPh

2

Ph^H-CIfePh
2

Direct experimental detection of a benzylic radical by electron 
spin resonance spectroscopy would provide the best physical evidence 
that radicals are formed from halides upon reaction with naphthalenlde 
ion.

Recently, Shrelner and Zieger have accomplished the esr detection
of the bls-(3,5~di~tert-butylphenylmethyl) radical from reaction of
sodium naphthalenlde with bis-(3,5"di-tertbutylphenylmethyl bromide)
in an esr flow system, using mixing chamber experiments. Of special
interest was the observation that the radical was unusually long-lived
as determined by its detection in the bottom portion of a 6.0 cm long 

190measuring cell.
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V. REACTI0M8 OF LITHIUM NAPHTHALENIDE WITH QUATERNARY AMMONIUM SALT8.

I t  was found th a t  th e  r e a c t io n  o f  l i th iu m  n ap h th a len ld e  w ith  a l i p h a t i c  

and a ro n a t lc  trlm ethylam aonlum  a a l t s  o ccu rs  s e le c t iv e ly  w ith  e l im in a tio n  

o f  tr im e th y lam in a . The s a l t s  l i s t e d  in  T ab le 7 undergo re d u c tiv e  c leav ag e  

w ith  l i th iu m  n a p h th a len ld e  in  te tra h y d ro fu ra n . The carbon -  n itro g e n  

bond to  th e  l a r g e r  R group i s  c leaved  p r e f e r e n t i a l l y  to  form r a d ic a ls  

and trim e th y lam in a .

Evidence fo r  th e  fo rm atio n  o f  r a d ic a ls  i s  in fe r re d  from th e  r e a c t io n  

o f  5-hexenyltrim ethylam m onium  io d id e , to  produce 5~hexenyl r a d ic a ls  

which c y c l lz e  to  cy c lo p en ty lm eth y l r a d i c a l s .66 ,07  See eq . 20.

( 20)

The cyc lo p en ty lm eth y l r a d ic a l s  r e a c t  su b seq u en tly  w ith  l i th iu m  n ap h th a- 

le n id e  to  g ive  cy c lo p en ty lm eth y l c a rb a n io n , which undergoes p ro to n a tio n  

to  produce m ethy lcyclopen tane in  y i e ld .  A com plete e x p la n a tio n  as to  

why fo rm ation  o f  m e thy lcyc lopen tane se rv e s  as ev idence fo r  th e  p resen ce  

o f  $ -hexenyl r a d ic a ls  h as  been g iven  by G ars t and h i s  cow orkers fo r  

r e a c t io n  o f  5 -hexenyl h a l id e s  w ith  sodium n a p h th a le n ld e .19

A n aly sis  o f  th e  r e s u l t s  on benzhydry11rlm ethy1ammonium io d id e ,  1, 

to  form sym -  te tra p h e n y le th a n e , a ls o  su g g e s ts  th a t  some o f th e  sym- 

te tra p h e n y le th a n e  i s  formed by a lp h a  co u p lin g  o f  two benzhydry l r a d ic a ls  

(P ath  A ).

(A) (C6H5)2C. ----------------------- » (C6%)2C-C(CoH5)2
H H H



Table 7 . R eac tions o f  l i th iu m  n ap h th a len ld e  w ith  q u a te rn a ry  ammonium Iod id e  s a l t a  in  THF.

RN+(CJfe)3 l" N°
R eac tio n  tim e 
m inutes % R-R #R-H

^Recovered
s a l t

g
*(CIfc)3N: W c i f e J s

(CeHgJaCH- 1 <5
b

57 22° 22
b

81-85 5

(CeHsJCHe- 2 < 5 6 C 72* 9 87b 8b

CgHs- I 15 Uc
c

59 1*8 8 lb
c

10

d
I-C 10B7- k 90 0 .2 C U5C kh 80b

c
17

Cife=CH(CIfe)4- 5 120
55

58 80b e e e e

a .  One e q u iv a le n t o f  n ap h th a len ld e  io n  p e r  each  e q u iv a le n t o f  s a l t ;  d ry  s a l t  I s  added to  n ap h th a len ld e  io n  

In  one p o r t io n ,  b. T rim ethylam lne was d i s t i l l e d ,  d e r lv a t iz e d  w ith  m ethyl io d id e , and te tra m e th y l-  

anmonium io d id e  was I s o la te d ,  c . Q u a n ti ta t iv e  gas chrom atography, d . L ith ium  b lp h en y len ld e  was used , 

e . M ethy lcyclopen tane. f .  1 -hexene. g. The v a lu es  below w ere c a lc u la te d  acco rd ing  th e  amount o f  

q u a te rn a ry  s a l t s  th a t  re a c te d .
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R ad lca ls  formed in  th e  p re sen ce  o f  an  a ro m stlc  r a d ic a l  an io n  a re  

expected  to  be reduced to  carban lona  f a s t e r  th a n  th e y  can couple to  d i n e r . 11* 

P a th  B summarized in  e q . 21 , Inv o lv es  two s e q u e n tia l- o n e -e ls e tro n  red u c ­

t io n s  d u rin g  which benchydry l r a d ic a l  I s  reduced  by a  second e q u iv a le n t 

o f  n a p h th a le n ld e  io n  to  fo ra  a d lpheny lm ethy l ca rb an io n  w hich th e n  d i s ­

p la c e s  tr im e th y l amine from 1, y ie ld in g  sy m -te trap h en y le th an e*

( CeHs)2CHN(C%)3 I"  —Kaph‘ > (CaH5)2CH* _M 5e£ ------>

( 21)
+

(CflHgJaCH:" + (Ca H5)2CHN(CH3)3 I"  -----------» (CaH5)2CH-CH(Cs H5)2

+:N(CHa)3

T h is re d u c t iv e  c leav ag e  o f  a carbon  -  n i t ro g e n  bond by n a p h th a len ld e  

io n  i s  analogous to  th e  sodium in  l iq u id  ammonia f i s s i o n  o f  q u a te rn a ry  

ammonium s a l t s  which h as  been s tu d ie d  s y s te m a tic a l ly  by G ro v e n s te in .118,119

T his r e a c t io n  has  some analogy  to  Emde re d u c t io n  and th e  e l e c t r o ­

chem ical d e g ra d a tio n  o f  aqueous s o lu tio n s  o f  q u a te rn a ry  ammonium s a l t s . 120 

However, th e  r e s u l t s  d i f f e r e d  s u b s t a n t i a l l y  from th o se  re p o r te d  h e r e ,  

owing to  th e  u se  o f  w a te r as so lv e n t ( e . g . ,  b e n z h y d ry l tr le th y l  ammonium 

a c e ta te  was reduced to  d ip h en y lm eth an e).

The most s u r p r is in g  d i f f e r e n c e  betw een o u r r e s u l t s  w ith  l i th iu m  

n a p h th a le n ld e  and th o se  re p o r te d  e a r l i e r  i s  t h a t  te tra m e th y l ammonium 

io d id e  d id  n o t  r e a c t  w ith  l i th iu m  n ap h th a len ld e  a f t e r  3 days a t  23° .

Sodium in  l iq u id  ammonia on th e  o th e r  hand r e a d i ly  c leav ed  te tr a m e th y l-  

ammonium brom ide com ple te ly  w ith in  1 .0  - 2 .0  h o u r s .118^

Whereas re d u c tio n s  w ith  sodium in  l iq u id  ammonia can be com plica ted  

by th e  p re sen ce  o f  s tro n g ly  b a s ic  amide io n s ,  a ro m a tic  r a d ic a l  an io n s  a re  

w eakly b a s ic  and s id e  r e a c t io n s  a t t r i b u t a b l e  to  Sonm elet-H auser and S tevens
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rearrangem en ts  a r a  no t en co u n ta rad .

Wa have c a r r ie d  o u t S o m e le t-H a u s e r  and S tevens rearrangem ent 

s tu d ie s  on 1. and 2 u s in g  a lk y l l l th lu m  re a g e n ts .  Use o£ t r i t y l l i t h i u m  

o r  b e n zh y d ry llith itim  in  THF on 1. and 2 g iv e s  y ie ld s  o f  > 90$ o f  

d isp lacem en t p ro d u c ts , p en tap h en y le th an e , svm -  te tra p h e n y le th a n e , 

unsvm -  te tra p h e n y le th a n e , 1 ,1 ,2 -  t r ip h e n y le th a n e . (For f u r th e r  

d is c u s s io n  see  s e c t io n  V II o f  r e s u l t s  and d is c u s s io n .)

Horm ally in  re d u c tio n s  w ith  n a p h th a le n ld e  io n  one e q u iv a le n t 

o f  n ap h th a len e  must be se p a ra te d  from th e  p ro d u c ts .  A lthough i t  i s  

p o s s ib le  to  use  <*-dimethy1am inonaphtha1en e’ s  r a d ic a l  an io n  as  th e  

red u c in g  a g e n t ,69 we have c leaved  1, to  g iv e  sym - te tra p h e n y le th a n e  

(38-100$ y ie ld s )  u s in g  a  c a t a l y t i c  amount o f  n ap h th a len e  ( l  g ) by th e  

p o rtio n w lse  a d d i t io n  o f  one e q u iv a le n t o f  l i th iu m  to  a  su sp en sio n  o f

The re d u c tiv e  c leavage  o f  a  c a rb o n -n ltro g e n  bond by n ap h th a len e  ion

s u b s t i tu t io n  a t  t e r t i a r y  carbon in  p -n itro cu m y l c h lo r id e  and a , p - d i n i t r o -  

cumene by t e r t i a r y  am ine .110 An a l t e r n a t iv e  p o s s i b i l i t y  i s  th a t  

n a p h th a le n ld e  io n  t r a n s f e r s  th e  e l e c t r o n  d i r e c t l y  in to  th e  v a len ce  

s h e l l  o f  th e  n i t ro g e n  atom to  form an u n s ta b le  In te rm e d ia te  which 

e l im in a te s  th e  more s ta b le  r a d ic a l  and a  t e r t i a r y  am ine.

1 in  THF.

may form th e  same type o f  in te rm e d ia te  ( e .  g . 6 o r  £ )  a s  i s  g en era ted  

in  th e  s y n th e s is  s te p  o f  th e  r a d ic a l  an io n s c h a in  mechanism121fo r

c h n ( c % ) 3  I
+

6 1
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Intermediates £ or X could eliminate tertiary amine as follows:

6

CH
CeHs

CH +(dfe)3N: + Li I

I
CeHs

Intermediate 8 is nothing other than a resonance form of the benzhydryl 
radical Similar elimination of amine from may occur as follows:

I 10
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VI. COMPETITION gTTgRTMENTS. IWTRAMOLBCULAR STUDIES INVOLVING LITHIUM
MAPHTHALKMTPg Alj) QUATERNARY AMCMIPM SILTS. MCHAHISTIC IMPLICATIONS.

C om petition  experim en ts  w ith  N ,N -d im sthy l, R,R* -  q u a te rn a ry  ammonium 

s a l t s  c o n ta in in g  two d i f f e r e n t  p o te n t i a l  le a v in g  groups w ere c a r r ie d  o u t .  

The purpose  o f  th e se  experim en ts  was to  show w hether l i th iu m  n ap h th a len ld e  

i s  s e le c t iv e  in  i t s  c leav ag e  r e a c t io n s .

We chose q u a te rn a ry  ammonium s a l t s  1_ and 2 .

When one e q u iv a le n t o f  1^was added to  one e q u iv a le n t o f  l i th iu m  

n a p h th a le n ld e  th e  s a l t  c leaved  e x c lu s iv e ly  (100$) to  p roduce th e  more 

s ta b le  benzy l r a d i c a l .  The p ro d u c ts  o b ta in ed  were b ib e n z y l (66$) and 

to lu e n e  (33$) • T h is  experim ent su g g es ts  th a t  an  sp2 C to  N bond i s  

s tro n g e r  th a n  an sp3 C to  N bond.

Use o f  s a l t  2 produced th e  fo llo w in g : (See eq . 2 2 .)

1 2

CHa

Napht + 0-CH2- N -  C $ 2
|+ Br-
CHa

*  02CH-CH 0 2 +

26$

02CH-C«2 0

20$
(22)

0 2CIfe + 0-CH2-CH2-0

22$ 1$
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A galn , t h i s  experim ent su g g e s ts  h l g i  s e l e c t i v i t y  In  fev o r o f  

c leav ag e  o f  a  benzhydry l group o v er a  benzy l m o ie ty . One may ask  

w hether th e  co u p lin g  p ro d u c t r a t i o  in  e q . 22 can be ex p la in ed  in  term s 

o f  a ca rb a n io n  d isp lacem en t mechanism as shown in  th e  fo llo w in g  scheme o r  

by th e  a lp h a  co u p lin g  o f  th e  b e n z y lic  r a d ic a l s .

Naph*

C H q

O-CHa-N -CH0a 02CH‘

Naphr

0aCH:" + Naph

02CH-CH02

D isplacem ent s tu d ie s  in  which benzhydryl ca rb an io n  was p e rm itte d  

to  a t ta c k  th e  mixed s a l t  2 , gave th e  r e s u l t s  o f  eq . 23 w herein  a 3:1  r a t i o

o f  svm-te tra p h e n y le th a n e  to  1 , 1 , 2 -  tr ip h e n y le th a n e  was found.

*  02CH-CH02 + 02CH-CH20 ( 23 )

75# 25#

In  th e  scheme shown above, th e  benzhydry l r a d ic a l  undergoes re d u c tio n  to  

d ipheny lm ethy l ca rb an io n  which th en  a t ta c k s  th e  le s s  h in d e red  «t-carbon 

o f  th e  benzy l group in  2 r a th e r  th a n  th e  a  -carbon  o f  th e  benzhydry l group

in  2 . I f  e le c t r o n  t r a n s f e r  was equal on each s id e  o f  2 , and f re e  benzhydry l

02CH:"Li+

Cflg

0-Ctfe-N-CH02 
B r t l  °  C%
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and benzy l r a d ic a l*  w are p roduced , one ahould g e t  th e  same s t a t i s t i c a l  

a r ra y  o f  co u p lin g  p ro d u c ts  as  th o se  re p o r te d  e a r l i e r  In  s e c t io n  IV.

S in ce  th e  r e s u l t s  o f  eq . 22 in d ic a te  th a t  1 ,1 ,2 - t r lp h e n y le th a n e  I s  

p re s e n t  In  a p p re c ia b le  amount, (b u t n o t In  a  1 :3  r a t i o  w ith  sym -  t e t r a ­

p h e n y le th a n e ), i t  i s  hard  to  avo id  an I n te r p r e ta t i o n  o f  a  c a rb a n io n lc  

pathway conco m itan tly  com peting w ith  r a d le a l - r a d l e a l  c o u p lin g . T h is  le a d s  

to  th e  co n c lu s io n  th a t  dim er fo rm atio n  occurs by b o th  pathw ays.

S im i la r ly ,  i f  d im er fo rm atio n  in  e q . 22 i s  o c c u rr in g  p r im a r ily  by 

a c a rb a n io n lc  pathw ay, th e  p ro p o r tio n  o f  sym - te tra p h e n y le th a n e  to  

1 ,1 ,2 -  tr ip h e n y le th a n e  should  be th e  same a s  in  e q . 23 . S ince  th e  

r e s u l t s  d i f f e r ,  i t  would appea r th a t  bo th  pathways a re  o p e ra t in g .

The b e s t  one can say  from th e  q u a n t i t a t iv e  d a ta  from eq . 22 i s  th a t  20# 

o f  1 ,1 ,2 -  tr ip h e n y le th a n e  a r i s e s  v ia  d isp la c e m e n t, o r  th a t  20# o f  benz­

h y d ry l r a d ic a ls  s u f f e r  co n v ers io n  to  ca rb a n io n . A nother p o s s ib le  ex p la n a ­

t io n  i s  th a t  s a l t  2 i s  c leaved  80# s e le c t iv e ly  a t  th e  benzhydry l m oiety .
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V II . STEREOCHEMISTRY OF THE MULCT ION OF BEHZYLIC CARBANIONS WITH 

QUATERNARY AttCNIUM SALTS.

S ince  one o f  Che pathways by which d in e r  fo rm atio n  can o ccu r from 

re a c t io n s  o f  l i th iu m  n a p h th a le n ld e  w ith  q u a te rn a ry  ammonium s a l t s  i s  

d isp lacem en t o f  a  t e r t i a r y  amine by a  ca rb a n io n , a s tu d y  o f  th e  s t e r e o ­

ch em istry  o f  t h i s  r e a c t io n  seemed a p p ro p r ia te .

S (+) h y d ra tro p ic  a c id ,  9 8 .2 $  o p t i c a l l y  p u re  l a .  was co n v erted  w ith  

d iazom ethane in to  S (+) m e th y lh y d ra tro p a te , 95$ l b .  E s te r  lb  re a c te d  w ith  

two moles o f  phenylmagneslum brom ide to  g iv e  4 6 A $  o f  S ( - )  1 ,1 ,2 -  t r i ­

p h e n y l-1 -p ro p a n o l, l £ .  A lcohol l c  was reduced w ith  sodium in  l iq u id  

ammonia to  g ive  50$ o f  R (+) 1 ,1 ,2 - tr ip h e n y lp ro p a n e , 2 . See Scheme 1 .

Scheme 1

(0 6 % ) aCl

H

Ce% CqHs

S 1 R 2

X [a]g2°= + 50.15°
a = -  C00H

b = -  COOC%
c = - C0H(C6H5 )2
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T hat no ra ce m iza tlo n  o ccu rs  d u rin g  th e  a d d i t io n  o f  phenylmagnaslum 

brom ide to  e s t e r  lb  h as  a lre a d y  been  dem onstra ted  by Cram and co w o rk ers .128

When benzhydry l l i th iu m  was re a c te d  w ith  R (+) ct -p h e n y la th y ltr lm e th y 1- 

ammonium Io d id e  o f  97*5$ minimum o p t i c a l  p u r i t y , 2 was o b ta in ed  in  65$ 

y i e ld .  See eq . 2 5 .

H

( C 6 H 5 )2 C H :-  + ( /  O l

CaHk

H

* (Ce H5 )2C H r sY ^

Cq%

3 R (+) 2

[ a ] ^ ° =  + 10. 72° 11

*8 
a

1—
1 

8 
1 _

1

(25 )
C%

30.99°

S ince  th e  sam ple o f  2 o b ta in ed  by d isp lacem en t o f  trim ethy lam lne  from \  

has a s l i g h t l y  h ig h e r  r o ta t io n  th a n  th e  a u th e n t ic  sample o f  scheme 1 , i t s  

o p t i c a l  p u r i ty  i s  h ig h e r  in d ic a t in g  th a t  th e  s t e r e o s p e c i f i c l ty  o f  r e a c t io n  

(25) i s  q u ite  h ig h , i f  no t 100$. As th e  arrangem ents o f  groups in  R (+)

\  i s  o p p o s ite  to  th a t  in  R (+) 2 , r e a c t io n  (25 ) o ccu rs  s t e r e o s p e c i f lc a l ly  

w ith  in v e rs io n  o f  c o n f ig u r a t io n .123

The re a c tio n s  o f  t r i t y l - , b e n z h y d ry l- , and b e n z y lllth iu m s  w ith  benz­

h y d ry l- ,  U and benzyltrlm ethylam m onlum  io d id e s ,  5., to  8*-ve p o ly p h en y l- 

e th an e  cou p lin g  p ro d u c ts  in  g r e a te r  th an  90$ y ie ld s  a re  summarized in
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T ab le  8 . Mo ev id en ce  fo r  Sonm elet-H auser rearrangem ent p ro d u c ta  cou ld

be d e te c te d  a lth o u g h  such p ro d u c ts  a re  th e  predom inant ones In  r e a c t io n s

o f  U and £  w ith  a lk y l l l th lu m  r e a g e n ts . 124

E a rly  work re p o r te d  f a i l u r e  to  co n v e rt lb  in to  l c  b u t d e sc r ib e d  th e

r e a c t io n  o f  (+ ) fl( -ch lo roe thy lbenzene ,C a]D  ■ +19.5*, to  ■*2> ■ •♦6 .67*,

w ith  benzhydry l sodium . 120 T hat th e  s t a r t i n g  m a te r ia l  and p ro d u c t w ere o f

low o p t i c a l  p u r i t y  can be seen  from th e  d a ta  on th e  l a t e r  co n v ers io n  o f
25*

( - )  IS -c h lo ro e th y lb e n z e n e , 6 , (h7$ o p t i c a l l y  p u re , [oOp -  -59 .3°»  n e a t 

in to  ( - )  2 (C a3 ^* =  - 2 1 .7 ° ) .117

The c o n c lu s io n 117 t h a t  b en zh y d ry llith iu m  re a c te d  w ith  ( - )  6 w ith  

In v e rs io n  o f  c o n f ig u ra tio n  i s  c o r r e c t ,  a lth o u g h  th e  $ s t e r e o s p e c i f l c l ty  

u s in g  th e  r o t a t i o n  v a lu e  from t h i s  work I s  70$. No doubt b en zh y d ry llith iu m  

r e e c ts  w ith  6  n o t on ly  by d isp lacem en t bu t a l s o  to  e s t a b l i s h  a  ha logen  

m e ta l I n te r  co n v e rs io n 127 e q u ilib r iu m  form ing a - l l th io e th y lb e n z e n e ,  J_

(eq . 2 6 ) ,  w hich upon re v e rs io n  to  6 s u f f e r s  ra c e m iz a tlo n .

(C6H5)aCH:“H + CHg-C-Cl

o
Ĉ / H

(Ce H5)2CH-Cl + C :"L i+ (26 )

As h a lo g en -m e ta l In te rc o n v e rs io n  i s  a very  f a s t  p ro cess  in  te tra h y d ro fu ra n , 

th e  co u p lin g  r e a c t io n  m ust be com parable In  sp eed . An a l t e r n a t e  e x p la n a tio n  

In v o lv in g  e le c t r o n  t r a n s f e r  mechanisms to  form r e d l c a l s 128 would c o n f l i c t  

w ith  th e  g e n e ra l view proposed by Sauer and B ralg47 t h a t  o rg an o lith lu m s 

c o n ta in in g  a l l y l l c  o r  b e n z y lic  groups r e a c t  w ith  h a l id e s  by S^2 mechanisms 

w h ile  a lk y l l l th lu m 8 r e a c t  w ith  h a l id e s  to  form p ro d u c ts  I n t e l l i g i b l e  only

128
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Table 8

Coupling R eac tio n s  o f  C harge-D elocallzad  Organo l i th iu m  Reagent* w ith  

T rlm ethvlam onluiB  Q uaternary  S a l ta

RLi R*$ (CJfe)3 I"  R -r ' $ y ield®

re a g e n t______________ re a c ta n t______________ p ro d u c t

(CeHgJa CL1* (CeHgJa CH -  k (CeHgJaC-CHCCeHgJa 91

(CeHgJa CLia CeHsClfe -  2 (CeHgJa C -C IfeC eH s 93

(CeHgJa CHLi® (CeHgJgCH -  k (CeHgJa CH—CHfCeHgJa 95

(CeHgJa CHL1* CeHgClfe -  $ (CeHgJa CH-ClfeCeHs 92

CeH5C ^ L ib ( CgHgJaCH ~ (CeHaJgCH— C^CgHs 91

C6H5CHaLib CeHgC^ -  2 CgHgCHe —  CJfeCeHg 90

(a )  P repared  by m e ta la t lo n  o f  th e  hydrocarbon  In  THF w ith  n -b u ty l l i th iu m .

(b ) P rep a red  by c leav ag e  o f  b e n zy lm e th y le th e r i t i t h  l i th iu m  m e ta l.

(c )  I s o la te d  y ie ld s .  Gas chrom atograph ic a n a ly s is  o f  m other l iq u o r  

In d ic a te d  a d d i t io n a l  amounts o f  m a te r ia l  f o r  a l l  compounds excep t 

p en tap h en y le th an e  w hich cannot be gas chrom atographed.



I f  r a d ic a l  in te rm e d ia te s  w ere formed.

In  th e  p re s e n t  s tu d y , ha logen  m e ta l In te rc o n v e rs io n  i s  n o t a  s e r io u s  

p o s s i b i l i t y  and i f  th e  co u p lin g  p ro d u c t o f  e q u a tio n  25 i s  form ing by an 

e le c t r o n  t r a n s f e r  p ro c e s s ,  th e n  a gem inate r a d ic a l  p a i r  in  a cage t i g h t  

enough to  p re v e n t ra c e m lsa tlo n  i s  re q u ire d . That r a d ic a l  in te rm e d ia te s  

form in  r e a c t io n s  o f  c h a rg e -d e lo c a llz e d  o rg an o llth iu m s w ith  h a l id e s  was 

shown r e c e n t ly 40 by th e  e le c t r o n  detachm ent o x id a tio n  o f  tr lp h e n y lm e th y l 

ca rb an io n  by tr lp h e n y lm e th y l h a l id e  which undergoes d is s o c ia t iv e  e le c t r o n  

a ttach m en t. 130 Q ua te rn a ry  ammonium h a l id e  s a l t s  a re  known to  o x id iz e  

po tassium  In  l iq u id  ammonia118 o r l i th iu m  n ap h th a len ld e  In  THF131 by an  

e le c t r o n  t r a n s f e r  p ro cess  to  produce r a d ic a l  sp e c ie s  o f  f i n i t e  l i f e t im e  

as  judged by tra p p in g  p ro d u c ts  formed th rough  ln te m o le c u la r  p ro c e s s e s .  I f  

such pathways a r e  be ing  fo llow ed d u rin g  th e  p re s e n t  cou p lin g  r e a c t io n s ,  

th ey  do no t produce r a d ic a l s  o f  s u f f i c i e n t  l i f e t im e  to  allow  d i f f u s io n  

follow ed by r e d u c t io n ,  coup lin g  o r  d ls p ro p o r t lo n a t io n  r e a c t io n s .  S ince 

th e  q u a te rn a ry  ammonium s a l t s  o f  T able 8 a re  th e  same as th o se  which 

formed r a d ic a l  In te rm e d ia te s  upon tre a tm e n t w ith  l i th iu m  n a p h th a le n ld e 131 

( s e c t io n  V o f  R e su lts  and D iscu ss io n  in  t h i s  d i s s e r t a t i o n ) ,  th e  d isp lacem en t 

o f  tr im e th y lam ln e  from s a l t  by a charge d e lo c a llz e d  o rg an o llth lu m  o ccu rs  by 

a p o la r  p ro c e ss  w ith o u t chem ical ev idence fo r  an e le c t r o n  t r a n s f e r  component.

Our r e s u l t s  shou ld  be c o n tra s te d  w ith  th o se  o b ta in ed  d u rin g  a s tu d y  

o f th e  s te re o c h e m is try  o f  f r e e  r a d ic a l  reco m b in a tio n  r e a c t io n s  a f t e r  th e rm al 

decom position  o f  SS ( - )  a zo b is  -  a  -  pheny le thane  to  produce a  -p h e n y le th y l 

r a d i c a l s . 133 The r e s u l t s  showed th a t  th e  p r in c ip a l  p ro d u c ts  were d eriv e d  

from a lp h a  co u p lin g  to  produce meso and racem ic 2 ,3 -d ip h e n y lb u ta n e s . Thus 

a s u b s t a n t i a l  lo s s  o f  s te re o c h e m is try  occu rs  in  th e  loose  r a d ic a l  cages which 

a re  re q u ire d  fo r  d e p a r t in g  n it ro g e n  in  such system s.
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One o f  th«  most Im portan t th in g *  a s c e r ta in e d  from th e se  d isp lacem en t 

r e a c t io n s  I s  th a t  th e  r e a c t io n s  proceed sm oothly to  g iv e  o n ly  one p ro d u c t. 

W hile re a c t io n s  w ith  ha logen  c o n ta in in g  compounds may be com plica ted  by s id e  

r e a c t io n s  l i k e  h a lo g e n m e ta l  In te rc o n v e rs io n  o r  th e  fo rm atio n  o f  c ro ss  

coup ling  p ro d u c ts , t h i s  i s  n o t th e  case w ith  b e n x y llc  t r im e th y l ammonium 

s a l t s .  T h e re fo re , th e se  s a l t s  a re  u s e fu l  f o r  th e  h ig h  y ie ld  p re p a ra t io n  o f  

po lyphen y le th an es  w hich p o sse ss  th e  h ig h e s t p o s s ib le  p u r i ty .
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SIB1ARY AND COHCLOSIOMS

The r e a c t io n  o f l i th iu m  n a p h th a le n ld e  w ith  b e n z y llc  h a l id e s  and 

q u a te rn a ry  ammonium s a l t s  has been shown to  produce b e n z y lic  r a d ic a l s .  

When th e s e  a re  formed in  th e  absence o f  n ap h th a len ld e  io n  th e y  have 

been found to  a  -  coup le  (P a th  A) to  produce h ig h  y ie ld s  o f  p o lypheny l- 

e thane  d im ers.

I t  has a ls o  been found th a t  dim er fo rm atio n  can  occu r by a  two s te p  

ca rb a n io n  mechanism in  th e  p resen ce  o f  excess n ap h th a len ld e  io n  (P a th  B). 

When n a p h th a le n ld e  io n  i s  added slow ly  to  th e  h a l id e  s o lu t io n ,  th e  main 

pathway fo r  dim er fo rm atio n  i s  a  - co u p lin g  o f  two r a d ic a l s  (P a th  A).

I t  was found th a t  by re p la c in g  c h lo r in e  o r  brom ine w ith  f lu o r in e
14b

th e  r e a c t io n  i s  much slow er in  harmony w ith  r e c e n t ly  p u b lish e d  d a ta .

The fo rm a tio n  o f  r a d ic a l  in te rm e d ia te s  d u rin g  l i th iu m  n ap h th a len ld e  

re d u c tio n  o f q u a te rn a ry  ammonium s a l t s  i s  suppo rted  by th e  r e a c t io n  

o f  5-hexenyltrim ethylam m onium  io d id e  to  produce 5" h e x e n y l- ra d ic a ls  

which c y c l iz e  to  m e th y lcy c lo p en ty l r a d ic a l s  to  g iv e  m e thy lcyc lopen tane  

among o th e r  p ro d u c ts .

By th e  u se  o f  equim olar m ix tu res  o f  b e n z y lic  h a l id e s  which were 

t i t r a t e d  w ith  one e q u iv a le n t o f  l i th iu m  n ap h th a le n ld e , i t  was found 

th a t  th e  s t a t i s t i c a l  d i s t r i b u t i o n  o f  coup led  p ro d u c ts  i s  formed. The 

fo rm atio n  o f a s t a t i s t i c a l  a r ra y  o f co u p lin g  p ro d u c ts  i s  I n te rp r e te d  

as s tro n g  ev idence fo r  th e  fo rm atio n  and co u p lin g  o f f r e e  r a d ic a l s .

F u rtherm ore , i t  has been shown t h a t  a lth o u g h  tr lp h e n y lm e th y l 

c h lo r id e  ( o r  brom ide) o x id iz e  t r i t y l l i t h l u m  to  produce two t r i t y l  

r a d ic a l s ;  t h a t  tr lp h e n y lm e th y l f lu o r id e  undergoes l i t t l e  o r  no r e a c t io n  

in  te tra h y d ro fu ra n  s o lv e n t.

One o f th e  accom plishm ents of t h i s  re s e a rc h  i s  th e  f in d in g  th a t  th e



-77-

r e a c t io n  o f  b e n z h y d ry llith iu m  w ith  R (+ ) -  a  -  p h e n y le th y ltr im e th y l-  

anmonium io d id e  p roceeds w ith  100$ in v e rs io n  o f  c o n f ig u ra tio n  to  

produce R (+ ) 1 , 1 ,2 - tr ip h e n y lp ro p a n e . T hat 100$ in v e rs io n  o f  c o n f ig u ra tio n  

o ccu rs  was dem onstra ted  by th e  s te r e o s p e c i f ic  s y n th e s is  o f R (+ ) 1 ,1 ,2 -  

tr ip h e n y lp ro p a n e  s t a r t i n g  from S (+ ) h y d ra tro p ic  ac id .

S im ila r ly ,  i t  has  been shown th a t  an N ,N -d im e th y l-M ,N ,-d isu b stitu ted  

ammonium s a l t  hav ing  two d i f f e r e n t  le a v in g  groups where th e  r a d ic a ls  

to  be formed a re  o f com parable energy , i s  c leav ed  w ith  h ig h  s e l e c t i v i t y .  

For exam ple, a  benzhydry l group i s  p r e f e r e n t i a l ly  e lim in a te d  r a th e r  th a n  

a  benzy l group.

F in a l ly ,  one o f  th e  m ost s ig n i f i c a n t  co n c lu s io n s  from t h i s  work 

i s  th a t  th a  mechanism o f dim er fo rm atio n  in  r e a c t io n s  o f  l i th iu m  

n ap h th a le n ld e  w ith  b e n z y lic  s u b s t r a te s  can p roceed  by tt-c o u p lin g  o f  

two r a d ic a ls  as w e ll as by a ca rb an io n  mechanism depending on th e  mode 

o f  o p e ra t io n .
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EXPERIMENTAL

REAGENTS
N aphthalene (Eastman Kodak C o ., "W hite L abel") was d r ie d  in  a vacuum 

d e s ic c a to r  o v er anhydrous ca lc ium  c h lo r id e .

T riphenvlm ethane (Eastman Kodak C o ., "W hite L abe l") waa r e c r y s ta l l i z e d  

once from hexane and d r ie d  in  a vacuum d e s ic c a to r  o v e r anhydrous calc ium  

c h lo r id e .

D iphenylm ethane (M atheson, Coleman and B e ll)  was vacuum d i s t i l l e d ,  

bp 120°-121° a t  9 an  and s to re d  over Linde U-A m o lecu la r s ie v e s .

Amines (A ld rich  Chemical Co.) were e i th e r  d i s t i l l e d  a t  a tm ospheric  

p re s s u re  o r  vacuum d i s t i l l e d  p r io r  to  u se .

L ith ium  w ire .  1/16 o f  an inch  in  d ia m e te r . (M atheson, Coleman and B e ll)  

was s to re d  under l i g h t  m in e ra l o i l  and washed tw ice w ith  THF p r io r  

to  u se .

T e tra h y d ro fu ra n  (Baker Analyzed) was d i s t i l l e d  from f re s h  l i th iu m  

aluminum h y d rid e  o r  sodium h y d rid e . Benzophenone and sodium m eta l 

were added to  the  d i s t i l l a t e  and th e  r e s u l t in g  k e ty l  was re f lu x e d  

fo r  2k h o u rs . The s o lv e n t was d i s t i l l e d  from th e  k e ty l  b e fo re  u se .

A lky l l i th iu m s  (A lfa  In o rg a n ic s )  were t i t r a t e d  p r io r  to  use as 

fo llo w s :135

To 20 ml o f  d ry  benzene, m ain ta ined  under an argon a tm osphere , was 

added by means o f a sy rin g e  5 .0  ml o f th e  s o lu t io n  o f  th e  a lk y l-  

l i th lu m . To th i s  was added 0 .5  ml o f  a 0.025 M s o lu t io n  o f phenan- 

th r o l in e  in  d ry  benzene. F h en an th ro lin e  form s a red-brow n co lo red  

complex w ith  th e  a lk y l l i th iu m . T h is  co lo red  s o lu t io n  i s  t i t r a t e d  

w ith  a 1 .0  M s o lu t io n  o f se c -b u ta n o l in  d ry  benzene. The endpo in t 

i s  in d ic a te d  by th e  d isap p ea ran ce  o f th e  red-brow n complex o f
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phenan th ro  l in e  w ith  a lk y l l l th lu m  and th e  fo r a a t lo n  o f  a p a le  s traw - 

y e llo w  s o lu t io n .  R e p lic a te  a n a ly se s  w ere accom plished by add ing  a 

f r e s h  a l iq u o t  o f  a l k y l l l t h l u a  and o f  p h e n a n th ro lln e  to  th e  f la s k .  

T i t r a t i o n s  were re p ro d u c ib le  to  w ith in  ± 0 .0 1  a l  by th i s  te c h n iq u e . 

Bensene ( j .  T. Baker) s p e c t r a l  g rad e  was s to re d  over so d lu a  rib b o n  

and d i s t i l l e d  p r io r  to  u se .

D eu te ra ted  s o lv e n t s : A ll  d e u te ra te d  so lv e n ts  w ere o b ta in ed  from 

S to h le r  Iso to p e  ch em ica ls .

D -T a r ta r lc  a c id  (A ld rich  Chem ical C o ., "Gold L abe l") was d r ie d  in  a 

vacuum d e s ic c a to r  p r io r  to  u se .

D lasa ld  (A ld rich  Chemical C o.) o f  mp 6 l° -6 2 °  was th e  on ly  p re c u rs o r  

f o r  d la z o a e th a n e .

Argon (M atheson) was used w ith o u t f u r th e r  p u r i f i c a t i o n .

T h iony l c h lo r id e  (Eastman Kcdak C o.) was d i s t i l l e d  p r io r  to  u se . 

bp 78° - 80° .

N-Broao s u c c ln la id e  (Eastman Kodak C o.) was r e c r y s ta lU s e d  to  c o n s ta n t 

m e ltin g  p o in t ;  mp l 8 0 ° - l 8 2 °.

S try ch n in e  (G a l la rd -S c h le s in g e r )  was used as o b ta in ed  w ith o u t f u r th e r
19°

p u r i f i c a t i o n ;  mp 28U°-288° , = " 139»0 ° (c» l$  In  ch lo ro fo rm ).

2-P henvl p rop ionaldehvde (A ld rich  Chem ical C o .) was used a s  o b ta in ed  

w ith o u t f u r th e r  p u r i f i c a t i o n .  T here i s  a 10$ im p u rity  which was 

i d e n t i f i e d  as acetophenone.

M ethyl Io d id e  (A ld rich  Chemical C o.) was d i s t i l l e d  p r io r  to  u se . The 

f r a c t io n  b o i l in g  a t  U l0-U2 ° was used .

B ensyl F lu o rid e  (P ie rc e  Chem ical C o .) was d i s t i l l e d  p r io r  to  use . 

bp lk 0 ° a t  a tm ospheric  p re s s u re .

F luo ro  t  riphenylm e thane (C a tio n ic s  I n c . )  was used w ith o u t f u r th e r  

p u r i f i c a t i o n ;  mp 103° - 10k o.



S i lv e r  F lu o r id e  (C a tlo n lce  I n c . )  was used w ith o u t f u r th e r  p u r i f i c a t i o n .  

Form ic Acid (90%) from Eastman Kodak Co. was used as o b ta in e d . 

Formaldehyde 37'$ s o lu t io n  (Baker A nalysed) was used as o b ta in ed  w ith o u t 

f u r th e r  p u r i f i c a t i o n .

INSTRUMENTS
Gas chrom atography was perform ed w ith  a H ew lett and Packard Model 

3730 B in s tru m en t equipped w ith  a flam e io n is a t io n  d e te c to r ,  the rm al 

c o n d u c tiv ity  d e te c to r  and d is k  in t e g r a to r .  Columns a re  1 /8  o f  an inch  

in  d ia m e te r , and th e  len g th  i s  s ix  f e e t  u n le ss  o th e rw ise  s p e c if ie d .

Three d i f f e r e n t  pack ings w ere u sed :

1. 10$ SE 30 on Chrom W-DMCS t r e a te d .

2. 20$ P o ly p h en y le th e r (3 r in g )  on Chrom W-DMCS t r e a te d .

3 . 10$ Carbowax 20M on Chrom W DMCS t r e a te d .

C on d itio n s  fo r  vapo r phase chrom atography w i l l  be g iven  in  th e  fo llo w in g  

a b b re v ia te d  form:

(6 .0  f t .  column, 20$ Polyester/A nakrom , 280°/215°, 13^ m l/m in)

T h is  would in d ic a te  th a t  th e  chrom atographic column used was 6 .0  f t .  

in  le n g th  and was packed w ith  20$ n eo p en ty l g ly c o l se b a c a te  on Anakrom 

ABS (hO/3 0  m esh). The head tem pera tu re  o f  the  VPC a p p a ra tu s  was 280°.

The fu rn ace  was 213° and th e  helium  flow  r a t e  was 130 m l/m in.

NMR s p e c tr a  w ere o b ta in ed  on a  V arian  A-60-A and T-60 sp e c tro m e te r. 

The form er i s  equipped w ith  a v a r ia b le  tem p era tu re  p ro b e . S p e c tra  were 

o b ta in ed  as s o lu t io n s  in  carbon t e t r a c h lo r id e  o r  d e u te ro ch lo ro fo rm  a t  

a probe tem p era tu re  o f  35°"39°j u n le s s  o th e rw ise  n o te d . I n f ra re d  s p e c tra  

were taken  on a P erk in-E lm er Model 137; P erk ln-E lm er Model 267 o r  a 

P erk in -E lm er Model 21 p rism  in f r a re d  sp ec tro p h o to m ete r. S p e c tra  were 

c a l ib r a te d  by means o f  p o ly s ty re n e  c a l ib r a t io n  f i lm . Mass s p e c tr a  w ere
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ru n  on a V arian  CH-7 mass sp e c tro m e te r. A ll  r e a c t io n s  In v o lv in g  a lk y l-  

l i th lu m s  and r a d ic a l  an iona w ere c a r r ie d  o u t under an argon  atm osphere.

A ll m e ltin g  p o in ts  and b o i l in g  ran g es a re  u n c o rre c te d . S o lv en ts  were 

removed in  vacuo w ith  a  r o ta r y  e v a p o ra to r  u n le ss  s p e c if ie d  o th e rw ise .

A ll  s o l id  p ro d u c ts  were d r ie d  o v e rn ig h t in  vacuo o v er ca lc ium  c h lo r id e  

b e fo re  w eigh ts  and m e ltin g  p o in ts  w ere tak en . A n a ly t ic a l  sam ples were 

d r ie d  to  c o n s ta n t w eigh t in  th e  same manner.

The in f r a r e d  s p e c tr a  o f  l iq u id  sam ples were o b ta in ed  from th e  n e a t 

l iq u id  on sodium c h lo r id e  p l a t e s .  S o lid  samples w ere p rep ared  as  p re ssed  

KBr d is k s .  I t  was n ece ssa ry  to  p u lv e r is e  th e  m ix tu re  o f  KBr and sample 

fo r  5 -10  m inu tes w ith  a Wig-L-Bug am algam ator. 136

E lem ental a n a ly se s  were perform ed by Schwarskopf M ic ro a n a ly tic a l 

L a b o ra to r ie s ,  W oodslde, N. Y.

QUANTITATIVE ANALYSIS OF REACTION MIXTURES

Vapor phase chrom atography was employed a s  th e  main method o f  quan­

t i t a t i v e  a n a ly s is  u n le ss  o th e rw ise  s p e c i f ie d .  The example below (u sing  

an I n te r n a l  s ta n d a rd )  w i l l  show how th e  c a lc u la t io n s  were made:

1. A known w eigh t o f  r e a c t io n  m ix tu re  was tak en , 0 .1000 g , from th e  

20 .0000 g o f  th e  main r e a c t io n  m ix tu re . A known q u a n t i ty  o f  an i n t e r n a l  

s t a n d a r d j ( i ) , 0 .0100 g , was added to  th e  r e a c t io n  m ix tu re  a l iq u o t .  A gas 

chromatogram was tak en  and th e  a re a  under th e  curve fo r  i  was determ ined  

as 150 u n i t s  and th e  a re a  fo r  th e  unknown compound C was 100 u n i t s .

2 . A resp o n se  r a t i o  m ix tu re  o f  C and i  was composed: For example 0 .2000 g 

o f  C and O .25OO g o f i .  Then a n o th e r  gas chromatogram was ru n . The a r ­

eas  o b ta in ed  w ere C * U00 u n i t s  and 1 * u n i t s .
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2. A response  r a t i o  m ix tu re  o f  C and i  was composed: For example 

0 .2000 g o f  C and 0 .2500  g o f  i .  Then a n o th e r  gas chromatogram was 

ru n . The a re a s  o b ta in e d  were C » kOO u n i t s  and i  ■ JOG u n i t s .

J .  S o lu tio n

wt C 0 .2 0

Response r a t i o  - r -  » —^  ■ —  « -----------   = 0 .6 0  ( T )r  i  a re a  C 400 i
a re a  i  J00

apmA P j C \
wt o f  C in  a l iq u o t  = ----------  x response  r a t i o  ( 7  ) x wt o f  i

a re a  i  L

= i ~  x 0 .6000 X 0.0100

= 0 .0039 g

From th e  fo llo w in g  p ro p o r tio n  th e  t o t a l  w eigh t o f  C in  th e  a l iq u o t  

was c a lc u la te d .

0 .0039  R = t o t a l  w eigh t C
0 .1000  g a l iq u o t  = 20.0000  g r e a c t io n  m ix tu re

T o ta l  w eigh t o f  C * O.78  g

In  c e r t a in  ca se s  NMR sp ec tro sco p y  was used f o r  q u a n t i t a t iv e  a n a ly s is  o f  

r e a c t io n  m ix tu re s . T h is  a n a ly s is  was perform ed a s  o u tl in e d  by S c h a e ffe r137.

BENZHYDRYL BROMIDE138

A m ix tu re  o f  d lphenylm ethane 3 6 .96  g (0 .22  m o l) , N-Bromosuccin- 

im ide 3 6 .2  g (0 .2 0  m o l), b ensoy l p e ro x id e  (0 .U8 g , 0.005  mol) and 110 ml 

o f  d ry  carbon te t r a c h lo r id e  was h ea ted  under r e f lu x  u n t i l  a l l  o f  th e  NBS 

had been consumed (n e g a tiv e  e x te rn a l  te x t  w ith  m oistened  s ta r c h - lo d id e  

p a p e r ) ,  r e a c t io n  tim e k j  m in u tes . The r e a c t io n  m ix tu re  was cooled in  

an ic e -b a th  and then  f i l t e r e d  to  remove su cc in im id e . The carbon t e t r a ­

c h lo r id e  was removed in  th e  ro ta ry  e v a p o ra to r , and th en  JO ml o f  p e t r o ­

leum e th e r  was added and th e  s o lu t io n  coo led  in  an ic e -b a th .  A f te r  c o o l-
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Ing f o r  3 hour* a q u a n t i ta t iv e  y ie ld  (4 9 .4  g) o f  b en sh y d ry l brom ide was 

o b ta in e d , mp 4 0 °-4 2 ° ; ( l i t . 140 op 4 1 ° ) .

i t  (CDC13 ) 6 6 .3  ( s ,  1 B ) , 7 -4  (m, 10 H ). See nmr spectrum  number 1.

BENZHYDRYL CHLORIDE
In  a 3^0 ml round bottom ed f l a s k  equipped w ith  a r e f lu x  condenser 

and d ry in g  tu b e , w ere p laced  6 0 .0  g (0 .2 1  mol) o f  b en sh y d ro l and 130 ml 

o f  to lu e n e . Then 40 g (0 .3 7  mol) o f  th io n y l c h lo r id e  was added slow ly  

u n t i l  a l l  o f  th e  ben sh y d ro l went in to  s o lu t io n .  The m ix tu re  was r e ­

flu x ed  fo r  two and o n e -h a lf  hou rs  o r  u n t i l  no s u l f u r  d io x id e  o r  hydrogen 

c h lo r id e  evo lved . The to lu e n e  was removed by sim ple d i s t i l l a t i o n ,  and 

th e  b en sh y d ry l c h lo r id e  was d i s t i l l e d  in  vacuo to  a f fo rd  37 .8  g (90$) 

o f  a c o lo r l e s s  l iq u id ,  bp 135° - 137° a t  5 *■»; np 17°; ( L i t . 141 mp 1 8 °). 

nmr (CDCl3 ) 6 6 .1  ( s ,  1 H ), 7*3 (®» 10 H ). See nmr spectrum  number 2.

BENZHYDRYL FLUORIDE
Benshydryl bromide (0 .2  mol; 49-4 g) in 100 ml of dry acetonitrile 

was treated with 38  g (0 .3  mol) of silver fluoride in I3O ml of aceto­
nitrile as solvent. The reaction was exothermic and the termperature 
of the reaction mixture was kept between 20° and 40°. To get a smooth 
reaction, the solution of the fluoride was added to the benshydryl 
bromide in six portions during a period of 20 minutes. After 2 hours, 
the silver bromide was filtered, the organic layer was washed four times 
with distilled water and dried over sodium sulfate. Removal of any ex­
cess acetonitrile was accomplished by simple distillation. The remain­
ing organic material was distilled in vacuo to give 18.7 g (5 0$) ot  

benshydryl fluoride, bp 110° - I I 3 0 at 1 mm.
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nmr (CDC13 ) 6 6 .4  (d , 1 H; JH. F -  48 H s) , 7 -3  (« , 10 H ). See nmr 

sp e c tru n  number 4 .

A nal. C alcd . f o r  CxaHnF: C, 8 3 . 8 7 ; H, 5 .9 1 ; F , 10.21 

Found: C, 83 . 7 2 ; H, 6 .0 2 ; F , 1 0 .3 3 .

TRITYL CHLORIDE:142 A m ix tu re  o f  250 g o f  tr lp h en y lm e th an o l and 80 ml 

o f  d ry  bensene was p laced  in  a 1-1  round bottom ed f la s k  p rov ided  w ith  a 

r e f lu x  condenser and a ca lc ium  c h lo r id e  d ry in g  tube  a t  th e  to p . The mix­

tu r e  was h ea ted  on a steam  b a th ; when i t  was h o t ,  50 ml o f  f r e s h ly  d i s ­

t i l l e d  a c e ty l  c h lo r id e  was added through th e  top  o f  th e  condenser.

H eating  was con tinued  w h ile  th e  m ix tu re  was shaken v ig o ro u s ly . In  

abou t 5 m inu tes a l l  th e  s o l id  tr ip h e n y lc a rb in o l  d isap p ea red  and a c l e a r  

s o lu t io n  formed. In  th e  course  o f  10 m in u te s , an a d d i t io n a l  100 ml o f  

a c e ty l  c h lo r id e  was added in  10 ml p o r t io n s .  The s o lu t io n  was re flu x e d  

fo r  30 m inu tes lo n g e r.

The s o lu t io n  was cooled  by shaking  th e  f l a s k  under running  w a te r , 

and d u rin g  th i s  o p e ra t io n  200 ml o f  p e tro leum  e th e r  was added through th e  

top  o f  th e  condenser. The t r i t y l  c h lo r id e  c r y s t a l l i s e d  a s  cubes. The 

m ix tu re  was coo led  in  an ic e -b a th  fo r  1-2  h o u rs , and th e  p ro d u c t f i l t e r e d  

and washed w ith  100-I50 ml o f  pe tro leum  e th e r .  The c o lo r le s s  s o l id ,  

a f t e r  d ry in g  in  a vacuum d e s ic c a to r  over ca lc ium  c h lo r id e ,  w eighed 200 g 

(73$) had mp 110°-113° w ith  s l i g h t  p re v io u s  s o f te n in g ; ( L i t . 142 

mp 110°-113°). An a d d i t io n a l  30 g o f  c o lo r le s s  m a te r ia l  was o b ta in ed  

by c o n c e n tra tin g  th e  f i l t r a t e  to  a volume o f  about 73 m l ; t o t a l  y ie ld

i s  230 g (87* ) .



TRITYL BROMIDE
A m ix tu re  o f  tr lp h en y lm eth an e  U8 .8  g (0 .0 2  m o l), NBS J6 .2  g 

(0 .2 0  m o l), b ensoy l p e ro x id e  0 .U8 g (0 .002  mol) end 200 ml o f  dry  

carbon  te t r a c h lo r id e  was h ea ted  under r e f lu x  u n t i l  a l l  o f  th e  NBS had 

been consumed (n e g a tiv e  e x te rn a l  t e s t  w ith  m oistened  s ta r c h - io d id e  

p a p e r ) ,  r e a c t io n  tim e 1 1 /2  h o u rs . The r e a c t io n  m ix tu re  was cooled  in  

an ic e -b a th  and f i l t e r e d  to  remove su cc in im id e . The carbon  t e t r a -  

c h lo r id e  was removed in  the  r o ta r y  e v a p o ra to r  and th en  100 ml o f  p e t r o ­

leum e th e r  was added and th e  s o lu t io n  was f i l t e r e d .  The c r y s t a l s  w ere 

washed w ith  two 50 ml p o r t io n s  o f  p e tro leum  e th e r  and had mp 151° - 153°*

The coaipound was s to re d  im m ediately  in  a d e s ic c a to r  to  avoid  h y d ro ly s is .  

( L i t . 14T mp 150° - 152° ) .

TRITYL LITHIUM143

To a s o lu t io n  o f  tr lp h en y lm e th an e , U.88  g (0 .02  mol) in  100 ml o f  

d ry  THF m ain ta in ed  under argon  a t  0° was added to  0 .021  mol o f  n -b u ty l  

l i th iu m . The s o lu t io n  was allow ed to  s t i r  f o r  one hour b e fo re  u se .

DIPHENYLMETHYL LITHIUM

To a s o lu t io n  o f  d ipheny lm ethane, 3*3 g (0.0196 mol) in  75 “ 1 o f  

d ry  THF m ain ta ined  under argon a t  0° was added 0 .0 2  mol o f  n -b u ty l  l i th iu m . 

The s o lu t io n  was allow ed to  s t i r  f o r  3 hou rs b e fo re  u se .

BENZYLLITHIUM1 4 4

B ensylm ethyl e th e r ,  (13-3 g* 0 .108  mol) was added dropw ise to  a 

r a p id ly  s t i r r e d  m ix tu re  o f e th y l  e th e r  (250 ml) and li th iu m  w ire  (5 g) 

which had been c u t in to  sm all p ie c e s  and f la t te n e d  o u t.  The s traw - 

co lo re d  m ix tu re  was s t i r r e d  f o r  2 h o u rs , a f t e r  which a s tra w -c o lo re d
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m a te r la l  s e t t l e d ,  le a v in g  a b r ig h t  red  s o lu t io n  o f  b e n sy l l i th iu m  which 

was removed from th e  s o l id  and th e  u n re a c te d  l i th iu m  by means o f  argon 

p re s s u re .

TRITYL RADICALS AND GOMBERG’ S DIMER ( l-DIPHENYlMETHYLENE-^-TRIPHEWYIJiETHYL 

-2.5-CYCLCHEXADIENB)

To 0 .0 2  mole o f  t r i t y l  l i th iu m  in  100 ml o f THF a t  0°C , th e re  was 

added dropw ise 5*56 g (0 .02  mol) o f  t r i t y l  c h lo r id e  in  23 ml o f  THF 

o v e r  a  p e rio d  o f  15 m in u tes . A f te r  a d d i t io n  o f  th e  l a s t  drop o f  c h lo r id e  

th e  red  c o lo r  o f t r i t y l l l t h i u m  d isap p ea red  a f t e r  which th e  yellow  c o lo r

o f  th e  t r i t y l  r a d ic a l  appeared . The p resen ce  o f th i s  r a d ic a l  was d e­

te c te d  by two chem ical m ethods:

a )  R eac tion  w ith  oxygen: A f te r  th e  t r i t y l c h l o r i d e  had been com plete ly

added to  th e  ye llow  r e a c t io n  m ix tu re , oxygen was bubbled through th e  

s o lu t io n  fo r  10 m in u tes . A la rg e  p r e c i p i t a t e  appeared . T his w h ite  p r e ­

c i p i t a t e  was i d e n t i f i e d  as  Gooiberg's b is - ( t r ip h e n y lm e th y l)  p e ro x id e  

mp 1 8 5 ° - 1 8 5 ( L i t . 145 mp 185°-186°).

b .  I so m e rlc a tlo n  w ith  E th y lli th iu m  to  p -B en«hydry lte trapheny lm ethane 

The s o lu t io n  c o n ta in in g  t r i t y l  r a d ic a ls  (0 .0L  mol) was coo led  to  - t 8 °C. 

Then 0 .0 2  mol o f e th y l  l i th iu m  was added and th e  r e a c t io n  m ix tu re  im­

m e d ia te ly  tu rn ed  re d . T h is was allow ed to  s t i r  f o r  one h o u r, and th en

quenched w ith  5 ml o f  d i s t i l l e d  w a te r . The r e a c t io n  m ix tu re  was poured 

in to  100 ml o f  s a tu ra te d  ammonium c h lo r id e  and th e n  tho ro u g h ly  e x tra c te d  

w ith  (2 x 100 m l) o f  e th e r .  The o rg an ic  la y e r  was d r ie d  o ver calcium  

c h lo r id e  and th e  e th e r  removed in  th e  ro ta ry  e v a p o ra to r . The p -benc- 

h y d ry lte trap h e n y lm e th an e  was washed w ith  hexane and f i l t e r e d ,  

mp 226°-22T°; ( L i t . 140 mp 2 27°). 

rrmr (CDC13) 8 5 ^  (S , 1 l l ) , 7-15 (®, 29 H).
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PENTAPHENYLETHANE VIA HALIDES

a) To 0 .0143 mol o f  t r i t y l l i t h i u m  in  100 ml o f  THF a t  0°C, th e re  was 

added dropw lse 3*55 g (0 .0143 m ol) o f  ben sh y d ry l bromide in  25 ml o f  

THF. A f te r  com plete a d d i t io n  o f  the  brom ide, th e  red  c o lo r  o f  th e  c a r -  

b an ion  d isap p ea red  and th e  f i n a l  c o lo r  was y e llo w . The r e a c t io n  m ix tu re  

was poured in to  100 ml o f s a tu ra te d  ammonium c h lo r id e  and e x tra c te d  

th o rough ly  (2 x $00 ml) w ith  e th e r .  Removal o f  th e  e th e r  a ffo rd ed  a 

w h ite  s o l id ,  which was d is so lv e d  in  th e  minimum amount o f  warm benzene 

and 100 ml o f  a b so lu te  e th y l  a lc o h o l was added le ad in g  to  th e  c r y s t a l ­

l i z a t i o n  o f  a w h ite  s o l id .  Two c ro p s o f  c r y s ta l s  were c o l le c te d ,  th e  

f i r s t  c r y s t a l l i z a t i o n  gave 4 .1 8  g o f  p en tap h en y le th an e . C o n cen tra tio n  

o f  th e  m other l iq u o r  a ffo rd e d  1 .40  g more o f p en tap h en y le th an e . T o ta l 

y ie ld  5 .5 8  g (95$) mp 1 5 7 ° - l6 l° ;  ( L i t . 147 mp 1 5 9 ° - l6 6 ° ) . 

nmr (CDC13 ) ft 7«1 (m, 25 H ), 5*8 (S , 1 H ). See nmr spectrum  number 3- 

Anal C a lcd . f o r  C32H2 6 : C, 93-65; H, 6.35  

Found: C 9 3 .3 7 ; H 6 .4 4  

c 9 3 .3 3 ; H 6 .4 8

PENTAPHENYLETHANE VIA DIPHENYLMETHYL TOLUENE p-SULPHONATE

a )  P re p a ra t io n  o f  D iphenylm ethyl Toluene p -S u lp h o n a te14a

Powdered s i l v e r  to s y la te ,  8 .37  g (0 .03  mol) was added to  a s o lu t io n  

o f  benzhydry l c h lo r id e ,  6 .06  g (0.05 mol) in  d ry  e th e r  (250 m l) . The 

m ix tu re  was h ea ted  under r e f lu x  f o r  1 h o u rs , th e n  f i l t e r e d  and concen­

t r a t e d  under reduced p re s s u re  to  5® m l. On c o o lin g  to  0 ° , d ipheny lm ethy l 

to s y la te  6 .5  g (66$) s e p a ra te d , mp 60° ( d e c .) ,  ( L i t . 14® mp 6 3 °) ( d e c .) .  

Complete s o lv o ly s is  in  aqueous ace to n e  and t i t r a t i o n  o f  th e  l ib e r a te d  

a c id  showed 100$ p u r i ty .



b) P en tap h eav le th an e  - To a s lu r r y  o f  benzhydryl to s y la te  6 .4 8  g (0 .0 2  

tnol) in  d ry  e th e r  a t  G°C was added 0 .0 2  mol o f t r i t y l  l i th iu m  in  THF.

The t r i t y l  l i th iu m  l o s t  i t s  c o lo r  in s ta n t ly .  A d d itio n  o f  100 ml o f 

w a te r, e x t r a c t io n  in to  100ml o f e th e r ,  d ry in g  over Na2S04 and removal 

o f th e  s o lv e n t ,  a ffo rd e d  7 .38  g (90$) o f  PPE» mp 155° " l 60°.

c) Using e x a c tly  th e  same p rocedu re  as o u tl in e d  above, bu t s u b s t i tu t in g  

benzhydry l c h lo r id e ,  2 .9 1  g (0 .014  mol) in  p la c e  o f th e  to s y la te ,  th e re  

was o b ta in e d  5 . 3 I  g ( 91$) o f  p en tapheny le thane .

UNSYMMETRICAL TETRAPHENYLETHANE VIA HALIDE:

To 0 .0 2  mol o f  t r i t y l l i t h i u m  in  100 ml o f  THF a t  0 ° , th e re  was 

added 2 .5 2  g (0 .0 2  mol) o f benzy l c h lo r id e  in  50 ml o f THF over a  p e rio d  

o f 15 m inu tes. A f te r  th e  l a s t  drop o f th e  c h lo r id e  was added, th e  red  

c o lo r  o f  th e  ca rb an io n  was d isch a rg ed . The m ix tu re  was poured in to  

100 ml o f  s a tu ra te d  ammonium c h lo r id e  s o lu t io n ,  and e x tra c te d  tho ro u g h ly  

w ith  e th e r  (2  x 50 m l). Removal o f th e  e th e r  a ffo rd ed  6 .35  g (95%) o f 

unsym m etrical te tra p h e n y le th a n e , mp l4 3 c- l4 5 ° ;  ( L i t 149m pl44°) .  nmr 

^CDCls) 6 3*95 ' S, 2H), 7 .3  fm,20 H). See nmr spectrum  number 5- 

SYMMETRICAL TETRAPHBHYLETHANE VIA HALIDS

a) To O.O305 mol o f  d ipheny lm ethy l li th iu m  in  100 ml o f THF a t  0°C, 

th e re  was added 6 .1 9  g (0 . O305 mol) o f benzhydry l c h lo r id e  in  25 ml o f 

THF over a p e rio d  o f  15 m inu tes. During th e  a d d itio n  o f th e  c h lo r id e ,

th e  r e a c t io n  weit th rough  g reen  and ye llow  c o lo rs .  At th e  end, th e  r e a c t io n  

m ix tu re  was c o lo r le s s .  Work-up u s in g  th e  method d e sc r ib e d  in  th e  p rev io u s  

p re p a ra t io n  gave 10 .2  g ( 100$) o f  sym m etrical te tra p h e n y le th a n e , which 

was r e c r y s t a l l i z e d  from benzene, mp 2 l8 ° -2 1 9 ° ; ( L i t l s °mp 2 l4 ° -2 1 5 ° ) . 

nmr (CDC13 )o 4 .8  ( S, 2 H), 7 .1  (m, 20H) see  spectrum  number 6 .

b) Follow ing  th e  same p rocedure as above, bu t u s in g  benzhydry l brom ide 

a lso  a ffo rd e d  a 100$ y ie ld  o f sy m m e tr ic a l- te tra p h e n y le th a n e .
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ADDITION OF BENZYL FLUORIDE TO TRITYL LITHIUM

To 0 .0 2  mol o f t r i t y l  li th iu m  in  100 ml o f  THF, th e re  was added 

dropw ise 2 .2 0  g (0 .0 2  mol) o f benzy l f lu o r id e  in  15 ml o f  THF fo r  a 

p e rio d  o f  15 m inutesi A f te r  a d d i t io n  th e  r e a c t io n  was s t i r r e d  u n t i l  th e  

red  c o lo r  o f  th e  ca rb an lo n  d isap p ea red  (k  3 /4  h o u rs ) . The r e a c t io n  

m ix tu re  was added to  100- ml o f  w ater, e x tra c te d  tw ice  w ith  50 ml p o r tio n s  

o f e th e r  and d r ie d  over sodium s u l f a t e .  Removal o f th e  so lv e n t a ffo rd ed  

6 .2  g (91$) o f unsym m etrical te tra p h e n y le th a n e , mp l4 l ° - l4 3 ° .  nmr (CDC13 )

6 3.95  ( S, 2 H), 7 .3  (m, 20 H).

ADDITION OF BENZHYDRYL FLUORIDE TO TRITYLLITHIUM

To 0 .0 2  mol o f  t r i t y l l i t h i u m  in  100 ml o f THF a t  0°C, th e re  was 

added in  one p o r t io n  3*72 g (0 .0 2  mol) o f benzhydryl f lu o r id e .  The 

r e a c t io n  was s t i r r e d  a t  room tem p era tu re  a f t e r  th e  a d d i t io n  o f  th e  

f lu o r id e .  A f te r  6 days o f s t i r r i n g  th e  red  c o lo r  o f  t r i t y l l i t h i u m  s t i l l  

p e r s i s te d ,  th e re fo re  th e  m ix tu re  was quenched w ith  10 ml o f d i s t i l l e d  

w ate r, poured in to  100 ml o f s a tu ra te d  ammonium c h lo r id e  and e x tra c te d  

in to  100 ml o f  e th e r .  Removal o f th e  so lv e n t a ffo rd e d  a y e llow  o i l .

Many a ttem p ted  r e c r y s t a l l i z a t i o n s  o f t h i s  o i l  were u n su c c e s s fu l.  Nmr 

a n a ly s is  showed i t  to  be a m ix tu re  o f  tr lp h en y lm eth an e , benzhydry l f lu o r id e  

and s o lv e n t r e la te d  s id e  p ro d u c ts  such as a lc o h o ls .

LITHIUM NAPHTHALENIDE

In a preflam ed th ree -n eck ed  f la s k  under an argon  atm osphere were 

p laced  naph th a len e  5 .00  g (0 .0 3 9  m ol), dry THF (100 m l) and L i w ire  

0 .270  g ( 0.039  mol) which had been f la t te n e d  and c u t in to  th in  s l i c e s .

The g reen  c o lo r  o f th e  r a d ic a l  an ion  appeared  w ith in  15-30 seconds 

a f t e r  l i th iu m  c o n ta c te d  th e  naph th a len e  s o lu tio n . T h is  s o lu t io n  was 

s t i r r e d  fo r  1 1 /2  hours b e fo re  use.
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ADDITION OF TRITYL CHLORIDE TO LITHIUM NAPHTHALSNIDE

To 0 .039  mol l i th iu m  naph th a len e  in  100 ml o f  THF a t  0 6C, th e re  

was added dropw ise 10 .8? g (0.039  mol) o f  t r i t y l  c h lo r id e  which was 

p re v io u s ly  d is so lv e d  in  kO ml o f THF. The r e a c t io n  resem bled an ac id  

b ase  t i t r a t i o n  s in c e  a t  th e  end o f th e  a d d i t io n  th e  g reen  c o lo r  o f th e  

r a d ic a l  an ion  was d isch a rg ed . The r e a c t io n  m ix tu re  was s t i r r e d  fo r  an 

a d d i t io n a l  h a l f  hour.

The tem p era tu re  o f  t h i s  m ix tu re  was b rought down to  -Td°C and 

(O.O39 mol) o f  e th y l l i th iu m  was added slow ly over a p e rio d  o f 5 

m inutes and th e  tem p era tu re  was no t allow ed to  r i s e  above -7 0 °. A fte r  

th e  f i r s t  two drops were added th e  s o lu tio n  tu rn ed  deep red  im m ediately 

and was s t i r r e d  fo r  1 /2  hour and quenched w ith  50 ml o f d i s t i l l e d  w ater.

The r e a c t io n  m ix tu re  was poured in to  100 ml o f s a tu r a te d  ammonium c h lo r id e ,  

e x tra c te d  w ith  100 ml o f  e th e r ,  and th e  o rg an ic  la y e r  d r ie d  over sodium 

s u l f a t e .  Removal o f th e  so lv e n t a ffo rd e d  a crude w h ite  r e a c t io n  m ix tu re . 

The crude  p ro d u c t was t r e a te d  w ith  50 ml hexane, warmed in  th e  steam  

b a th  and th e n  f i l t e r e d .  The in s o lu b le  s o l id  was d r ie d  and weighed g iv in g  

9 .2 8  g (98$ ). The above s o l id  was id e n t i f i e d  as p -b en zh y d ry lte tra p h « u y l-  

m ethane, mp 226°-227°, ( L i t 14emp 227°). nmr (CDCI3 , 10$ s o lu t io n ) ,

6 5.1*6 (S , 1 H), 7.15  (m, 29 H).

ADDITION OF 1 MOL OF TRITYL CHLORIDE TO 3 MOLES OF LITHIUM NAPHTHALENIDE

To 0 .039  mol o f l i th iu m  n a p h th a len id e  in  100 ml o f  THF a t  0°C, 

th e re  was added dropw ise 3*62 g (0.013  mol) o f t r i t y l  c h lo r id e  p re v io u s ly  

d is so lv e d  in  50 ml o f THF. The m ix tu re  was s t i r r e d  fo r  1 /2  hour and a t  

th e  end o f t h i s  p e rio d  th e  c o lo r  o f th e  m ix tu re  was g re e n ish - re d . The 

r e a c t io n  was quenched w ith  d i s t i l l e d  w ater and s t i r r e d  fo r  an a d d i t io n a l  

1 /2  hour.



Quantitative gas chromatography of the mixture (6 ft. column, 10$
SE 30/Chrom W; 250/150% 100 ml/min) showed 3 .17 g Cl00$) of triphenyl- 
methane.

Experiments with trityl bromide showed no appreciable differences 
in the results.
ADDITION OF BENZHYDRYL CHLORIDE TO LITHIUM NAPHTHALENIDE

To 0 .039  mol o f l i th iu m  n ap h th a len e  in  100 ml o f  THF, th e re  was 

added 7 .89  g (0 .0390  mol) o f  benzhydry l c h lo r id e  in  25 ml o f THF, 

dropw ise over a p e rio d  o f  10 m inu tes. A f te r  th e  g reen  c o lo r  o f th e  an ion  

was d isch a rg e d  (3 m in u te s ) , th e  r e a c t io n  m ix tu re  was t r e a te d  w ith  100 ml 

o f s a tu ra te d  ammonium c h lo r id e  s o lu t io n ,  and e x tra c te d  tw ice  (2  x 5° ml) 

w ith  e th e r ,  and d r ie d  over sodium s u l f a t e .  The e th e r  and THF were 

removed by sim ple  d i s t i l l a t i o n  and th e  crude p roduct was t r e a te d  w ith  20 ml 

o f benzene. The m ix tu re  was h ea ted  u n t i l  a l l  o f th e  s o l id  m a te r ia l  

d is so lv e d , and th en  allow ed to  coo l to  room te m p era tu re , whereupon 4 .4 0  g 

''78$ based  on re a c te d  benzhydry l c h lo r id e )  o f sym m etrical te tra p h e n y le th a n e  

c r y s ta l l i z e d ,  mp 218-219°; fL it^Q m p 214-215°), nmr ' CDC13) 6 4 .8  fS ,2  H), 

7 .1  Cm, 20H). See nmr spectrum  number 6.

Q u a n ti ta t iv e  gas chrom atography o f th e  rem ain ing  liq u o r  (6  f t .  column,

10$ SE 30/Chrom W; 250/1500, 100 ml/min) showed naphthalene (9 8$) 
diphenylmethane 0.99 g Cl8$), and unreacted benzhydryl chloride 1.2 g (1 5$). 
ADDITION OF BENZHYDRYL FLUORIDE TO LITHIUM NAPHTHALENIDE

To 0.039  mol o f l i th iu m  n a p h th a len id e  in  100 ml o f  THF, th e re  was added 

dropw ise 5-58 g (0 .03  mol) o f  benzhydryl f lu o r id e  in  50 ml o f THF. A fte r  

a d d i t io n  th e  r e a c t io n  was s t i r r e d  u n t i l  th e  g reen  c o lo r  o f  th e  n ap h th a len id e  

d isap p ea red  (ab o u t 1 1 /2  h o u rs ) . A d d itio n  o f  100 ml o f  w ater, e x t r a c t io n  

w ith  100 ml o f e th e r ,  fo llow ed by d ry in g  over sodium s u l f a t e  and removal 

o f th e  so lv e n t a ffo rd e d  a w h ite  s o l id  which was r e c r y s ta l l i z e d  from benzene.
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T h ls  s o l id  was id e n t i f i e d  as sym-te tra -p h e n y le th a n e . Y ie ld  3*51 g (7 0 $ ), 

mp 218°-219°. nmr (CDC13 ) 6 4 .8  (S , 2 H), 7 .1  (m, 20 H). Q u a n ti ta t iv e  

a n a ly s is  by gas chrom atography (6  f t .  column, 10$ SE 30/Chrom W, T°, 150°) 

gave 22$ d iphenylm ethane.

ADDITION OF ONE MOLE OF BENZHYDRYL CHLORIDE TO THREE HOLES OF LITHIUM 

NAPHTHALENE

To 0 .039  mol o f  l i th iu m  n a p h th a le n id e  in  100 ml o f  THF, th e re  was 

added dropw ise 3*21 g ( 0 .013  mol) o f benzhydry l c h lo r id e  d is s o lv e d  in  

50 ml o f THF. The s o lu t io n  tu rn e d  redd ish -b row n  and s t i r r e d  fo r  1 /2  hour. 

The c o lo re d  r e a c t io n  m ix tu re  was quenched w ith  20 ml o f d i s t i l l e d  w ater 

upon which i t  tu rn ed  c o lo r le s s .

Q u a n ti ta t iv e  gas chrom atography fo r  th e  h igh  b o i l in g  components 

(6  f t .  column, 10$ SE 30 Chrom W, 300°/2 5 0 ° ; 150 m l/m in) gave 0 .4 0  g (19$) 

o f svrn- te tra o h e n v le th a n e .

A n a ly s is  o f th e  low b o i l in g  components (6  f t  column, 10$ SE 30 Chrom W 

100° / 900, 100 m l/m in) gave 0 .58  g ( 16$) o f d iphenylm ethane.

ADDITION OF BENZYLCHLORIDE TO LITHIUM NAPHTHALENIDE

To 0 .039  mol o f l i th iu m  n ap h th a len id e  in  100 ml o f  THF, th e re  was

added dropw ise (4 .9 1  &> 0.039  mol) o f benzy l c h lo r id e  d is so lv e d  in  50 ml

o f THF. A fte r  th e  a d d i t io n  th e  s o lu t io n  tu rn ed  c o lo r le s s .

A n a ly s is  by gas chrom atography o f  th e  h igh  b o i l in g  components 

( 6  f t .  column, 10$ SE 3 0 /chrom W 250°/I5O0, 100 m l/m in) gave (2 .5 5  B>

7 2$) o f b ib e n z y l and n ap h th a len e  (9 2$ re c o v e ry ).

A n a ly s is  o f low b o i l in g  components (6  f t .  column, 10$ SE 30/chrom  W 

100° / 90° , 100 m l/m in) gave ( 0 .5 8  g, 16$) o f to lu e n e .

ADDITION OF BENZYL FLUORIDE TO LITHIUM NAPHTHALENIDE

To 0 .039  mol o f l i th iu m  n a p h th a le n id e  in  100 ml o f  THF, th e re  was

added dropw ise 50 ml (0 .039  mol) o f a s o lu t io n  th a t  c o n ta in s  0 .044 g/m l o f
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o f  ben zy l f lu o r id e .  A f te r  com plete a d d i t io n  o f  th e  f lu o r id e ,  i t  to o k  30 

m inu tes fo r  com plete d e c o lo ra t io n  o f  th e  g reen  n a p h th a len id e  s o lu t io n .  

A n a ly s is  o f  th e  r e a c t io n  m ix tu re  by gas chrom atography ( 6  f t .  column,

10$ SE 30/chrom  W, T° 150o) showed b ib e n z y l 2 .lf l  g (6 1 $ ). A n a ly s is

on th e  same column b u t a t  a column tem p era tu re  o f  9 0 ° showed to lu en e  (30$ ) .

ADDITION OF ONE MOL OF BEICYL CHLORIDE TO THREE MOLES OF LITHIUM 
NAPHTHALENIDE

To O.O39 mol o f  l i th iu m  n ap h th a len id e  in  100 ml o f  THF, th e re  was 

added dropw ise I .63  g (0 .013  mol) o f  b e n z y lc h lo r id e  d is so lv e d  in  50 ml 

o f  THF. A f te r  th e  a d d i t io n  was com pleted , the  s o lu t io n  tu rn ed  c o lo r l e s s .

Q u a n ti ta t iv e  gas chrom atography o f th e  h igh  b o i l in g  com ponents,

(6 f t .  column, 10$ SE 30/chrom  W, 250°/150°, I5 0 m l/m in) gave O.5 I g

(22$ ) o f b lb e n z y l and n ap h th a len e  (93$ re c o v e ry ) .

A n aly sis  o f  low b o i l in g  components (6 f t .  column, 10$SE 30 /chrom  W, 

100° / 90 ° , 100 m l/m in) gave 0 .8 4  g (70$) o f  to lu e n e .

ADDITION OF AM EOUIMOLAR MIXTURE CONTAINING BENZHYDRYL CHLORIDE AND 
TRITYL CHLORIDE TO LITHIUM NAPHTHALENIDE

To O.O39 mol o f l i th iu m  n a p h th a le n id e , a s o lu t io n  in  50 ml o f 

THF c o n ta in in g  5*4 g (0 .019 mol) o f t r i t y l  c h lo r id e  and 3*9 g (0 .019  mol) 

o f benzhydry l c h lo r id e  was added dropw ise u n t i l  th e  c o lo r  was d isc h a rg e d . 

About JO ml (60$) was re q u ire d  u n t i l  th e  c o lo r  was d isc h a rg e d . A d d itio n  

o f w a te r , e x t r a c t io n  w ith  e th e r  (2 x 50 ml) d ry in g  o ver Na2S04 and removal 

o f  th e  so lv e n t gave a f a in t l y  yellow  s o l id .  T reatm ent o f th i s  s o l id  

w ith  50 ml o f ch lo ro fo rm  and s u c tio n  f i l t r a t i o n  a ffo rd ed  O.5I  g (18$) o f 

Gombergs b is  ( tr ip h e n y lm e th y l)  p e ro x id e , mp l8 3 ° - l8 5 ° .

Evaporation of the chloroform and then recrystallization from benzene 
afforded 0 .6 6  g (36$) o f  sym-tetraphenylethane, mp 2 l8 ° -2 1 9 ° . Evaporation
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t o  d ry n ess  ag a in  and subsequen t r e c r y s t a l l i s a t i o n  from bensene (minimum 

amount re q u ire d  to  d is s o lv e  i t )  and a lc o h o l (ex cess) a ffo rd e d  1 .4 4  g (32$) 

o f  p en tap h en y le th an e ; mp 1 5 6 °-l6 0 ° .

ADDITION OF TRITYL CHLORIDE TO DIPHENYLMETHYLLITHIUM WITHOUT ISOMERIZING 
WITH ETHYL LITHIUM

To a s t i r r e d  s o lu tio n  o f d lp h e n y lm e th y llith iu m  (0 .0196 mol) a t  0°C, 

was added 15 ml (60$) o f  a THF s o lu tio n  o f  t r i t y l  c h lo r id e  (5*45 g> 25 ml) 

over a p e rio d  o f  f iv e  m in u tes . A f te r  the  15 ml w ere added, th e  red  c o lo r  

o f  th e  ca rb an lo n  was d isch arg ed  and th e  r e a c t io n  m ix tu re  was y e llo w ish  in  

c o lo r .

Through th i s  r e a c t io n  m ix tu re  an excess o f oxygen was bubbled to  co n v ert 

any t r i t y l  r a d ic a l  to  i t s  p e ro x id e . Subsequent work-up was accom plished 

by pouring  th e  r e a c t io n  m ix tu re  in to  100 ml o f s a tu ra te d  ammonium c h lo r id e  

s o lu t io n .  A fte r  e x t r a c t io n  w ith  e th e r  and removal o f i t ,  a w h ite  s o l id  

was I s o la te d .  T reatm ent w ith  ch loroform  d is so lv e d  a l l  p o s s ib le  hydrocarbons 

excep t b is  ( tr ip h e n y lm e th y l)  p e ro x id e , 0 .2 0  g (6 .6 $ ) mp l 8 3 ° - l 8 5 °.

A f te r  s e p a ra t io n  o f  the  p e ro x id e , th e  ch lo ro fo rm  was removed and on 

tre a tm e n t w ith  h o t benzene o f th e  w h ite  s o l id  and then  c o o lin g , an o th e r 

w h ite  s o lid  c r y s ta l l i z e d  which was id e n t i f i e d  as sym- te tra p h e n y le th a n e  

0 .2 0  g (6 $ ); mp 2 l8 ° -2 1 9 ° . A dd ition  o f  a lc o h o l to  th e  m other l iq u o r  

a ffo rd e d  2 .76  g (60$) o f  p en tap h en y le th an e ; mp 157°“l 6l ° .

ADDITION OF TRITYL CHLORIDE TO DIPHENYLMETHYL LITHIUM WITH ISOMERIZATION 
WITH ETHYLLITHIUM

To a s t i r r e d  s o lu t io n  o f d lp h e n y lm e th y llith iu m  (0 .0196 mol) in  100 ml 

of THF a t  0°C, was added 21 ml (84$) o f a (5-45 g/25 ml) THF s o lu t io n  

o f t r i t y l  c h lo r id e  over a p e rio d  o f  5 m in u tes . A f te r  d isc h a rg e  o f the
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red  c o lo r ,  th e  m ix tu re  was y e llo w ish  In  c o lo r .  The r e a c t io n  was cooled 

to  -78° and e q u i l ib r a te d  fo r  1 /2  h o u r, then  e th y l l i th iu m  (O.OI96 mol) 

was added in  one p o r tio n  and th e  m ix tu re  s t i r r e d  fo r  1 /2  h ou r. The r e a c t io n  

was quenched a t  -10°C w ith  10 ml o f  d i s t i l l e d  w a te r  and allow ed to  warm-up 

to  room tem p era tu re . Work-up o f th e  m ix tu re  was accom plished by adding 

100 ml o f ammonium c h lo r id e  s o lu t io n ,  e x t r a c t in g  w ith  100 ml o f e th e r  and 

d ry in g  o ver sodium s u l f a t e .  Removal o f  th e  e th e r  a ffo rd ed  a w h ite  s o lid  

which was d is so lv e d  in  h o t  benzene and cooled to  room tem p era tu re  to  

g iv e  te tra p h e n y le th a n e  O.U3 g (12$ ). The rem aining s o l id  was id e n t i f i e d  

by nmr to  be p en tapheny le thane  (87$)•

ADDITION OF TRITYL FLUORIDE TO DIPHENYIMETHYLLITHIUM,

To 0 .0 2  mol o f b e n z h y d ry llith iu m  in  100 ml o f  THF a t  0°C, th e re  was 

added 5*24 g (0 .02  mol) o f t r i t y l f l u o r i d e  in  One p o r t io n .  The l ig h t  

red c o lo r  o f the  m ix tu re  changed to  d ark  ch e rry  red in d ic a t in g  ha logen - 

m e ta l in te rc o n v e rs io n . A fte r  one hour o f s t i r r i n g  th e  r e a c t io n  m ix tu re  

was poured je tw ls e  in to  an excess  o f  d ry  ic e  in  e th e r .  The m ix tu re  was 

t r e a te d  w ith  50 ml o f w a te r and th e  la y e rs  were s e p a ra te d . The aqueous 

la y e r  was t r e a te d  w ith  5$ HCl u n t i l  a c id ic  and e x tra c te d  w ith  e th e r  

(2 x 50 m l). A f te r  e v a p o ra tio n  o f  the  e th e r  th e re  w ere I s o la te d  1 .0  g 

(17%) o f t r ip h e n y la c e t ic  a c id ;  mp 277°-280°.

ADDITION OF LITHIUM NAPHTHALENIDE TO AN EQUIMOLAR MIXTURE OF BENZYL- 

CHLORIDE AND BENZHYDRYL CHLORIDE

To an equim olar m ix tu re  o f  0 .0 1  mol o f benzy l c h lo r id e  and 0 .0 1  mol 

o f  benzhydry l c h lo r id e  th e re  was added dropw ise 0 .02  mol o f l i th iu m  

n a p h th a le n id e . The r e a c t io n  m ix tu re  was s t i r r e d  fo r  an hour b e fo re  i t  

was quenched w ith  10 ml o f d i s t i l l e d  w a te r . E x tra c tio n  w ith  100 ml o f 

e th e r ,  d ry in g  over sodium s u l f a t e  and then  removal o f th e  so lv e n t



a ffo rd e d  a w h ite  r e a c t io n  m ix tu re . T reatm ent o f  th i s  m ix tu re  w ith  th e  

minimum amount o f  h o t benzene fo r  d is s o lu t io n  and c o o lin g  to  room 

tem p era tu re  a ffo rd ed  0 t 40 g (24$) o f  gym- te t r a p h e n v le th a n e .

The re s id u e  rem ain ing  a f t e r  e v a p o ra tio n  o f  th e  benzene m other l iq u o r  

was analyzed  by nmr and then  by GC. T his re s id u e  co n ta in ed  b ib e n zy l 

(24$) and 1 ,1 ,2 - tr ip h e n y le th a n e  (49$).

The above experim ent was c a r r ie d  o u t th re e  tim es . Twice a t  am bient 

tem p era tu re  and a t  -60° w ith  no a p p re c ia b le  d i f f e r e n c e s  in  th e  y ie ld s .

ADDITION OF TRITYL FLUORIDE TO TRITYL LITHIUM

To 0 .02  mol o f  t r i t y l  li th iu m  in  100 ml o f  THF a t  0°C, th e re  was 

added dropw ise 5*24 g (0 .0 2  mol) o f t r i t y l  f lu o r id e  in  50 ®1 o f THF over 

a  p e rio d  o f  15 m inu tes .

A f te r  48 ho u rs  o f s t i r r i n g  th e  red c o lo r  o f  th e  ca rb an io n  s ta r t e d  to  

fade away a t  which p o in t th e  r e a c t io n  m ix tu re  was quenched w ith  10 ml 

o f d i s t i l l e d  w a te r . The m ix tu re  was poured in to  100 ml o f b r in e ,  e x tra c te d  

th re e  tim es w ith  50 ml p o r t io n s  o f e th e r  and d r ie d  over sodium s u l f a t e .

As th e  s o lv e n t was be in g  removed a w h ite  p r e c i p i t a t e  ap peared . T h is  was 

f i l t e r e d  and was id e n t i f i e d  as p -benzhydry l te tra p h e n y le th a n e  y ie ld  

0 .5  g (5 $ ) , ®P 226°-22?°. The rem ainder o f  th e  r e a c t io n  m ix tu re  was 

id e n t i f i e d  as a m ix tu re  o f tripheny lm ethane  and t r i t y l  f lu o r id e  (95$ 

re c o v e ry ) .

ADDITION OF BENZYL FLUORIDE TO BENZYLLITHIUM

To 0 .0 1  mol o f  b e n z y llith iu m  in  100 ml o f  e th e r  a t  0°C, th e re  was 

added 1 .1 0  g (0 .0 1  mol) o f b e n z y lf lu o r id e  in  one p o r t io n ,  and the  r e a c tio n  

m ix tu re  s t i r r e d  u n t i l  com plete d e c o lo ra tio n  o f th e  ca rb an io n  occurred  

(about 20 m in u te s ) . The m ix tu re  was poured in to  100 ml o f  s a tu ra te d



ammonium c h lo r id e  s o lu t io n  and then  e x tra c te d  In to  100 ml o f e th e r .

A f te r  d ry in g  over magnesium s u l f a te  and rem oval o f  th e  so lv e n t th e re  

was o b ta in ed  1 .73  8 (95$) o f  an o i l  which s o l id i f i e d  on s ta n d in g ; 

mp 50°-51°. T his s o l id  was id e n t i f i e d  as b ib e n s y l .  nmr (CDCl3) 6 

2 .9  (U H, S ) , 7 .1  (10 H, S ).

ADDITION OF BENZHYDRYL FLUORIDE TO DIPHENYLMETHYLLITHIUM

To 0 .0 2  mol o f  b e n sh y d ry llith iu m  In  100 ml o f THF a t  0°C, th e re  

was added dropw ise 3*72 g (0 .02  mol) o f  b e n s h y d ry lf lu o r id e  d is so lv e d  in  

^0 ml o f  THF. The r e a c t io n  m ix tu re  was s t i r r e d  u n t i l  com plete d e c o lo ra tio n  

occu rred  (one h o u r) . The m ix tu re  was poured in to  100 ml o f e th e r .  A f te r  

d ry in g  over magnesium s u l f a t e  and removal o f  th e  so lv e n t th e re  was 

o b ta in ed  6 .4 3  g (96$) o f sym- te t ra p h e n y le th a n e .  mp 2l 8 ° - 219°. nmr 

(CDCI3 ) 6 4 .8  ( s ,  2 H ), 7 .1  (m, 20 H ).

ADDITION OF LITHIUM NAPHTHALENIDE TO TRITYL FLUORIDE

To 5*24 g o f  t r i t y l  f lu o r id e  (0 .02  mol) in  50 ®1 o f  THF, th e re  was 

added dropw ise 0 .0 2  mol o f  li th iu m  n a p h th a le n id e . The m ix tu re  tu rned  

deep red  in  c o lo r  and rem ained th a t  way fo r  48 hou rs a t  which p o in t i t  

was quenched w ith  20 ml o f d i s t i l l e d  w a te r .

A n a ly s is  by gas chrom atography (6 f t .  column, 10$ SE 30/chrom  W, 

280 /200°, 100 m l/m in) gave n ap h th a len e  (92$ ) ,  trlph en y lm eth an e  (45$ ), 

and t r i t y l  f lu o r id e  (44$), p lu s  2$ p -b e n rh y d ry lte trap h e n y lm e th an e .

ADDITION OF LITHIUM NAPHTHALENIDE TO BENZYL FLUORIDE

To 4 .2 9  g (O.O39 mol) o f b en sy l f lu o r id e  in  50 ml o f  THF, th e re  was 

added dropw ise 0 .039  mol o f  l i th iu m  n a p h th a le n id e . The m ix tu re  was s t i r r e d  

fo r  an a d d i t io n a l  h a l f  an hour and then  quenched w ith  20 ml o f  d i s t i l l e d  

w a te r .
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Ana l y s i s  o f th e  h igh b o i l in g  components by q u a n t i ta t iv e  gas chroma­

tography  (6  f t .  column, 10$ SE 30/Chrom W, 250/150°, 100 m l/m in) gave 

2 .5 1  g ^71$) o f b ib e n z y l.

A n a ly s is  o f th e  low b o i l in g  components bu t a t  a column tem p era tu re  

o f 90° , gave 0 .7 2  g ( 30$) o f  to lu e n e .

ADDITION OF LITHIUM NAPHTHALENIDE TO BENZHYDRYL FLOORIDE

To 5 .24 g (0 .0 2  mol) o f  benzhydryl f lu o r id e  in  50 ml o f THF, th e re  

was added dropw ise 0 .0 2  mol o f l i th iu m  n a p h th a len id e . The m ix tu re  was 

s t i r r e d  fo r  an a d d i t io n a l  hour and th en  quenched w ith  20 ml of d i s t i l l e d  

w ater.

The r e a c t io n  m ix tu re  was t r e a te d  w ith  100 ml o f s a tu ra te d  ammonium 

c h lo r id e  s o lu t io n ,  and e x tra c te d  tw ice  w ith  50 ml o f e th e r .  A f te r  d ry ing  

over sodium s u l f a t e  and removal o f  th e  so lv e n t th e re  was o b ta in ed  a crude 

w h ite  m ix tu re . D is so lu tio n  w ith  th e  minimum amount o f h o t benzene (JO m l), 

and th en  c o o lin g  to  room te m p era tu re  a ffo rd e d  2.63  g ^79%) sym- t e t r a -  

pheny lethane .

A n aly sis  by gas chrom atography o f th e  rem ain ing  o rg an ic  m a te r ia l  

(6  f t .  column, 10$ SE 30/Chrom W, 250/150°, 100 m l/m in) gave 15$ o f 

d iphenylm ethane.

CHEMICAL EVIDENCE FOR THE REDUCTION OF TRITYL RADICALS TO TRITYL LITHIUM 

BY LITHIUM NAPHTHALENIDE

To a so lu tion  containing 4 .18 g ^0.015 mol) o f t r i t y l  ch loride in  

50 ml of THF, there was added dropwise 38 ml f0.015 mol) o f 0.39M 

lithium  naphthalenide. The so lu tion  was yellow  in  color a fter  the addition. 

Dropwise addition o f another 38 ml aliquot of lith ium  naphthalenide 

immediately turned the yellow  so lu tion  in to  a bright red color.

A fte r  th e  a d d i t io n  was com pleted, th e  b r ig h t  red  s o lu t io n  was 

s t i r r e d  fo r  45 m in u tes , and th en  added je tw is e  to  an excess of dry
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C0 2 in 100 ml o£ dry ether. The aqueous layer was extracted 3 times 
with 50 ml of ether. Addition of 5# HC1 to the aqueous layer gave a 
white precipitate which was identified as triphenylacetic acid lk g 
(96%). mp 277°-280°.

N.N DIMETHYL BENZHYDRYLAMINE
Benzhydrylam ine 3 6 .6  g (0 .2  mol) was added w ith  c o o lin g  to  51*0 g 

(1  mol) o f 90$ form ic a c id . Then 38 g (0.1»4 mol) o f  37# form aldehyde 

s o lu t io n  was added and th e  m ix tu re  was h ea ted  on th e  steam  b a th  under 

r e f lu x  fo r  fo u r hours u n t i l  e v o lu tio n  o f gas had ceased . About 17 ml 

( s l i g h t ly  more th a n  0 ,2  mol) o f  c o n c e n tra te d  HC1 was added and th e  

form ic a c id  and any excess form aldehyde were evapo ra ted  on th e  steam  

b a th . A f te r  e v a p o ra tio n , th e  r e a c t io n  m ix tu re  was t r e a te d  (w ith  co o lin g ) 

w ith  25# aqueous sodium hydroxide u n t i l  i t  was a lk a l in e .  A w hite  em ulsion 

appeared  which was e x tra c te d  th re e  tim es w ith  50 ml o f e th e r .  The e th e r  

was removed by sim ple d i s t i l l a t i o n  and a w h ite  s o l id  appeared upon 

co o lin g . The w hite  s o l id  was r e c r y s ta l l i z e d  from th e  minimum amount 

of e th an o l to  y ie ld  3 0 .0  g ( 71#), mp 69°-70°> ( L i t 152mp 72°-73°)» nmr 

( CD3CN) 5 2 .2  ^ s , 6 H), k.  1 f s ,  1 H), 7.^ ^m, 10 H). See nmr spectrum  

number 8 .

N-BENZHYDRYL-N.N.N-TRIMETHYLAMMONIUM IODIDE

N ,N -dim ethyl benzhydryl amine, 2 1 .1  g (0 .1  mol) was d is so lv e d  in  

150 ml o f  dry  benzene under an atm osphere o f argon. Then 21.3  8 (0 .015  mol) 

of m ethyl io d id e  was added in  one p o r t io n  and th e  m ix tu re  re f lu x e d  fo r  3 

hours. A fte r  c o o l in g jth e  w h ite  p r e c ip i t a t e  was f i l t e r e d  and s to re d  

im m ediately in  a dark  c o n ta in e r  and d r ie d  under vacuum. The w eight 

of th i s  s o lid  was 3^*5 g ^98#); mp 175° w ith  decom position ; ^ L it153 

mp 17^°-175° w ith  d ecom position ), nmr 'CDCI3 ) 6 3»5 ^8, 9 H), 6 .8  ( s, 1 H),
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7.*1-8.3 («n, 10 H). See nmr spectrum number 9«

N .N -D IM E T H Y L  BENZYLAMINE151

Benzyl amine 107 g (1 mol) was added with cooling to  235 g (5 moles) 

of 90$ formic acid. Then 190 g (2 .2  mol) of 37$ formaldehyde so lu tion  

was added, and the mixture heated on the steam bath under reflux  for 

four hours or u n til evolution  of gas had ceased. About 85 ml ( s lig h t ly  

more than 1 mol) o f concentrated HC1 was added and the formic acid and 

any excess formaldehyde was evaporated. The reaction  mixture was then 

made basic with 25$ sodium hydroxide and steam d is t i l le d .  The o i l  

that separated was dried over potassium hydroxide and d is t i l le d  over 

sodium to  g iv e  108 g f 80$) of N,N-dimethyl benzyl amine, bp 176°-l80°; 

(L it151 bp 176°-180°). nmr ( CD3CN) 6 2 .2  ' s ,  6 H) U ,  2 H), 7.3  

( s , 5 H). see nmr spectrum number 10.

N-BEN ZYL-N .N.N -TRIM ETHY LA M M O N IUM  IO D ID E

To 60.0 g (0.U4 mol) of N,N-dimethyl benzylamine d issolved  in  200 ml 

of absolute ethyl alcohol were added portionwise and with cooling 85.2  

g (0 .6  mol) o f methyl iodide with vigorous s t ir r in g . After a l l  the methyl 

iodide was added the mixture was stirred  for an additional f if te e n  minutes. 

Then about JOO ml of d iethyl ether was added to  fu lly  p rec ip ita te  the 

quaternary s a lt .  The amount of benzyl-trim ethyl ammonium iodide obtained 

was 110.8 g ''90$); mp 1780-179° with decomposition; l'L it154mp 178°-1790 

with decomposition), nmr in D2O 6 3*2 ( s , 9 H), h .6  ( s ,  2 H), 7 .7  ( m, 5 H). 

see nmr spectrum number 11.

N-PHENYL-N. N.N-TRIMETHYL AMMONIUM IODIDE
In a 500 ml round bottomed fla sk , 60.5 g (0 .5  mol) of N,N-dimethyl 

a n ilin e , 200 ml of dry benzene and 99 -^ g 0̂ .7  mol) of methyl iodide were
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mixed and the reaction  stirred  for three hours. After three hours most 

of the Iodide had precip ita ted . Upon f i l t e r in g  and washing with cold  

benzene, 125 8 ( 95$) of phenyltrlmethyl ammonium iodide were obtained. 

Decomposition point 216°; ^Lit133 228° d ec .) nmr (D2O) 6 3 .8  ( 8, 9 H),

7 .7  (m, 5 H). See spectrum number 12.

N-1-NAPHTHYL-N. N. N-TRIMETHYLAbMONIUM IODIDE

N,N-dimethyl 1-naphthylamine 17.1 g (0 .1  mol) was d isso lved  in  50 ml 

of dry a c e to n itr ile  under an atmosphere of argon. Then, 21.5 g (0 .15  mol) 

of methyl iodide was added in one portion and the mixture was refluxed  

for two hours. After cooling and addition of 200 ml of ether, the pre­

c ip ita te  was f i l te r e d  and washed twice with 20 ml of d ieth yl ether. The 

so lid  25 g ( 80$) was stored immediately in a dark container and maintained 

and dried under vacuum, mp 175°-175°, 'L it156 not reported), nmr 

/’D20, 10$ or DMS0 d6 ) 6 V. 1 ('s, 9 H), 8 .0  ' m, 7 H). See nmr spectrum 

number 13.

N -M ETH Y lflO M O PIPER ID IN E

In a one l i t e r  round bottomed fla sk , 99-18 g r L mol) o f homopiperidine 

was added with cooling to 255 g r5 moles) of 00$ formic acid. Then 190 g 

/ 2 .2  moles) o f 35$ formaldehyde was added and the mixture was heated 

under reflux over night. About 85 ml ^ slig h tly  more than one mol) of 

concentrated HC1 was added and the formic acid and any excess formaldehyde 

were d is t i l le d .  The reaction mixture was made basic with 25$ NaOH.

The brown o i l  which separated was dried over KOH. The amine was d is t i l le d  

over sodium to  g ive 91 g (80$) of N-methyl homopiperidine as a c lear  liq u id ,
e

bp l4 0 ° - l4 l° ;  ''L it157 bp 139°"1^1° at atmospheric pressure n^23= l .4490). 

nmr ĈD3(^N) 6 1 .6  'broad s in g le t , 8 H), 2.3 ( s ,  3 H), 3*6 (broad s in g le t ,

4 H). See nmr spectrum number 14.
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N.N-DIMETHYLHOMOPIPgRIDIN'TOM IODIDE
In a o n e - lite r  round bottomed fla sk  was placed 56 .6  g (0 .5  mol) 

o f N-methylhomopipertdine followed by $00 ml of absolute ethyl alcohol.

Then 85 .2  g ^0.6 mol) of methyl iodide was added slowly and with cooling  

for a period of f if te e n  minutes and the reaction  was stirred  for an 

additional h a lf hour. Then four hundred ml of d ieth y l ether was added 

whereupon complete p rec ip ita tion  of the sa lt  occurred. After f i l te r in g  and 

drying, 120 g (95$) o f quaternary s a lt  were obtained, mp 270°; (L it158 

mp 265° ) . nmr (D20) 6 1 .8  (broad s in g le t , 8 H), f s , 6 H), 3*5 ( m>  ̂ H). 

See nmr spectrum number 15.

N.N-DIMETHYL-5 -HEXENYLAMINE

In a one hundred ml round bottomed fla sk  was placed 25.5 g (0 .1  mol) 

of N,N-dimethylhomopiperidinium iodide, followed by 50 ml of d ieth yl 

ether. The slurry was cooled to  0°C and then (0 .1  mol) of n-BuLi in  

hexane was added and the reaction  allowed to warm-up to room temperature.

The reaction  was stirred  for forty eight hours and quenched carefu lly  

with 10 ml o f d is t i l le d  water; 50 ml of ether was added and the layers 

separated. The aqueous layer was extracted (2 x 30 ml) with ether and 

the combined ether extracts dried over K0H. Removal of ether by simple 

d is t i l la t io n  at atmospheric pressure was followed by d is t i l la t io n  of 

the amine and afforded 7 .6  g (60$) of N,N dimethyl 5"hexenyl amine 

bp lU l°-li+3°; 'L it 15rbp l!*2°-lM*°). nmr (CD3C^N) 6 1.1*. ( m, k H), 2 .2  

(m, 10 H), U.8 -6 .2  (m, 3 H). ir  308O cm 1 (mediun, terminal o le f in ) .

900 cm 1 ( m onosubstituted). See spectrum nmr number 16.

N.N.N-TRIMETHYL-5- HEXENYL AMMONIUM IODIDE

To 7 .0  g (O.O55 mol) of N,N-dimethyl 5“hexenylamine in 30 ml of 

benzene, was added 8 .52  g 0̂ .0 6  mol) of methyl iodide and the reaction
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was s tirred  for one hour. The globules that appeared sank and were 

taken up in  chloroform. To the chloroform so lu tion  100 ml of ether was 

added and the so lu tion  was c h ille d  to 0°. The cry sta ls  that formed were 

f i l te r e d  and washed with ether. Y ield 13.2 g (9O/0, mp 125°-1280. 

nmr (CDC13 ) 6 1 .8  ( m, k H), 3.5 (m, 13 H), 4 .8 -6 .1  (m, 3 H). See nmr 

spectrum number 17.

N- BENZYL-N. N-DIMETHYL-N-PHENYLAMKWIUM BROMIDE

In a 500 ml round bottomed fla sk  were placed 100 ml of nitromethane, 

3k . 2 g (0 .2  mol) of benzyl bromide and 2k. 2  g (0 .2  mol) of fresh ly  

d is t i l le d  N,N dimethyl an ilin e . The reaction  mixture was stirred  for three 

hours a fter  which 250 ml of d iethylether was added to p rec ip ita te  the 

ammonium s a lt .  The white so lid  was co llec ted  by suction f i l t r a t io n  

and washed with two 50 ml portions o f ether. The so lid  was dried in  

a vacuum desiccator for 2k hours. Y ield 58.3  g (100%); mp l k k° - l k 6 °. 

nmr (D20) 6 3 .8  (6  H, s ) ,  5 ,2  f 2 H, s ) ,  7.k (3  H, m), 7 .8  ' 3  H, s ) .

See nmr spectrum number 18.

N-BENZHYDRYL-N-BENZYL-N.N-DIMETHYLAMMONIUM BROMIDE

In a 500 ml round bottomed fla sk , was placed 50 ml of nitromethane, 

k$.k  g (0 .2  mol) of benzhydryl bromide and 27.0 g (0 .2  mol) of N,N- 

dimethylbenzyl amine. The mixture was stirred  for two hours and 100 ml 

of d ieth y lether was added to p rec ip ita te  the sa lt . After adding the  

ether a sem i-so lid  appeared which was cooled u n til i t  s o l id if ie d  

completely. The white so lid  was recry sta llized  from acetone, mp 127°-130°, 

(L it159125°). Y ield 7 6 . k g (100$).

nmr ( CDC13 ) 6 3.25 (6  H, s ) ,  5 .0  (2 H, s ) ,  8 .0  (16 H, m). See nmr spectrum 

number 19.
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N-METHYL-1 .2 .3 .U-TETRAHYDROISOQUINOLINE

To 26.6 g (0 .2  mol) of l,2 ,3 ,l+ -tetrahydroisoqu inoline was added 

with cooling 26 g (0 .5  mol) o f 90$ formic acid. Then 19 g (0 .22  mol) 

of 35$ formaldehyde so lu tion  was added, and the mixture was heated on 

the steam bath overnight. About 18 ml ( s l ig h t ly  more than 0 .2  mol) of 

concentrated HC1 was added and the formic acid and any excess formalde­

hyde was evaporated. After evaporation the reaction  mixture was treated  

(with cooling) with 25$ aqueous sodium hydroxide. The aqueous layer 

was extracted with (3 x 15 ml) of ether and the ether extracts dried  

over KOH. Removal of the ether by simple d is t i l la t io n  afforded 23.50  

g ( 80$) of the amine; bp 98°"100° at 12mm.

nmr (CD3CN), 6 2 .2  ( s ,  3 H), 2 .5  ( t ,  2 H), 2 .8  ( t ,  2 H), 3.U ( s , 2 H ) ,

T .l fm, 1+ H). See nmr spectrum number 20.

N.N-DIMETHYL-1 .2 .5 . 1+-TETRAHYDR0IS00UIN0LINIUM IODIDE

To 62.8 g (0.1+0 mol) of N-methyl l,2,3>l+-tetrahydroisoquinoline  

disso lved  in 200 ml of absolute ethyl alcohol was added portionwise 

with cooling and vigorous s tir r in g  85 .2  g (0 .6  mol) of methyl iodide.

After a l l  the methyl iodide was added the mixture was stirred  for an 

additional f if te e n  minutes: About 300 ml of d ieth y l ether was added to

fu lly  p recip ita te  the quaternary sa lt ;  the y ie ld  was 113 g /'95$)> 

mp i 8t ° - i 88°.

nmr (DMSO, 10$), 6 3 . h- (m, 8 H ) ,  b.O ( t ,  2 H ) ,  l+.Q ! s , 2 H ) ,  7.5 ( m, b H ) .  

See nmr spectrum number 21.

N.N-DIMETHYL-1.2 .5 A-TETRAHYDROQUINOLINIUM IODIDE

A mixture of 26.6 g (0 .2  mol) of 1 ,2 ,7 j, b -tetrahydroquinoline 33.6  

g ( 0 . 1+ mol) of sodium bicarbonate, 5 6 .8  g ( 0 . 1+ mol) of methyl iodide and 

200 ml of methanol were heated under reflux with vigorous s tir r in g  for
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75 hours. After 24 and 48 hours additional portions of methyl iodide  

were added u n til a to ta l o f approximately k2 . 6  g (0 .3  mole) of methyl 

iodide had been used. The reaction mixture was then evaporated to  dryness 

under reduced pressure. The residual so lid  was extracted three times 

with 150 ml portions of b o ilin g  chloroform. The combined extracts were 

cooled, f i l te r e d  and evaporated to  dryness. The residual crude methiodide 

was recry sta llized  once from a mixture o f acetone and pentane or 

disso lved  in  chloroform and then precip itated  with ether;

Y ield 52.0 g (90$ o f theory) mp l8 2 °-l8 4 °; 'L it16°mp 174°).

nmr (CDC13) 6 2.k  (m, 2 H), 3-1 rt ,  2 H), 3 .6  ( s ,  6 H), 4 .0  ( t ,  2 H),

7 .8  fm, 4 H). See nmr spectrum number 22.

N.N-DIMETHYLINDOLINIUM IODIDE

A mixture of 35*75 8 (0-3 mol) of ind oline, 50.4 g (0 .6  mol) of 

sodium bicarbonate 85.20  g (0 .6  mol) of methyl iodide and 300 ml of 

methanol were heated under reflux with vigorous s tir r in g  for 75 hours.

After 24 to  48 hours additional portions o f methyl iodide were added 

u n til a to ta l of approximately 106.5  g ( 0.75  mol) of methyl iodide had 

been used. The reaction  mixture was then evaporated to dryness under 

reduced pressure. The residual so lid  was extracted three times with 150 ml 

portions of b o ilin g  chloroform. The combined extracts were cooled, 

f i l te r e d  and evaporated to dryness. The residual crude methiodide was 

recry sta llized  once from a mixture of acetone-pentane. Y ield 70 g (85*), 

mp 200°-2026; (L it161mp 196"-197°).

nmr (D20) 6 3 .6  (m, 8 H), 4 .3  ( t ,  2 H), 7 .7  ( m, 4 H). See nmr spectrum 

number 23 .
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ADDITION OF N- BENZHYDKYL-N. N. N-TRIMETHYL AMMONIUM IODIDE TO LITHIUM 

NAPHTHALENIDE

To 0.039 001 of lithium  naphthalenide in 100 ml o f THF at 0°C, 

was added as a slurry in  THF 13.76 g (0.039 mol) o f N-benzhydryl-N,N, N- 

trimethy1-ammonium iodide. The green color o f the radical anion disappeared 

almost instantaneously. The reaction  mixture was stirred  for an additional 

15 minutes and then f i l te r e d , to  g ive 2 .6  g (22%) of unreacted N-benzhydryl- 

N,N,N- trimethylammonium iod ide, mp 175° with decomposition.

The reaction  mixture was poured into a saturated sodium chloride  

so lu tion  to  which 50 ml of ether was added. The organic layer was extracted  

with 5% HC1. Upon removal of the ether and THF by simple d is t i l la t io n ,  

a white so lid  appeared, which was a mixture o f naphthalene, sym-tetraphenyl- 

ethane and diphenylmethane. The above so lid  was treated  with ml of 

benzene and then heated u n til the en tire  product went into so lu tion . Upon 

cooling 3*77 g ( 57%) of s^m-tetraphenylethane separated mp 2l 8° -219°.

The remainder of the mixture was analyzed by gas chromatography 

(6  f t .  column, 10% SE 30/Chrom W, 250°/150°, 100 ml/min) to  g ive 1 .h-b g 

(22%) o f diphenylmethane and naphthalene (95%) recovery. There was also  

N,N dimethylbenzhydryl amine (5%), due to methyl cleavage.

ADDITION OF N-BENZHYDRYL-N.N.N-TRIMETHYLAMMONIUM IODIDE TO LITHIUM 

NAPTHTHALENIDE WITH DISTILLATION OF THE TRIMETHYLAMINE

The same procedure as outlined above was followed, except that a 

d is t i l la t io n  apparatus was attached to the reaction  flask . Methyl iodide  

7 .1  g ^0.05 mol) was placed in  the receiving fla sk  which was cooled to  -5°C.

After a l l  of the quaternary s a lt  was added, the trimethylamine 

and THF were d is t i l le d  from the reaction  mixture. The trimethylamine 

reacted immediately with methyl iodide, and a fter  complete reaction there
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was Iso lated  (0 .0 2 6  mol) 85$ based on cleaved s a l t ,  of tetram ethyl- 

ammonium iod ide, decomposition point ) 300°.

ADDITION OF N-BENZYL-N.N. N-TRTMETHYLAMMONILM IODIDE TO LITHIUM 

NAPHTHALENIDE

To 0.039  mol of lithium  naphthalenide in  100 ml of THF, was added 

as a slurry 10.80 g (0.039 mol) o f N-benzyl-N,N,N-trimethylaranonium 

iodide in THF. The reaction  mixture turned c o lo r less  in f if t e e n  minutes, 

and i t  was stir red  for an additional f if t e e n  minutes. The mixture was 

f i l te r e d  to  remove unreacted N-benzyl-N,N,N-trimethylammonium iodide,

1 .0 g t 9$). The f i l t r a t e  was f ir s t  analyzed for high b o ilin g  components 

(6  f t .  column, 10$ SE 30/Chrom W, 250°/ I 5O0, 100 ml/min) and gave 

bibenzyl 0 .2 1  g ( 6 %).

Analysis of the low b o ilin g  components on the same column (column T°, 

85°) gave toluene 2.5 g (72$) and N,N dimethylbenzyl amine (major) plus 

other minor amine products in a to ta l y ie ld  of 8$.

An experiment in which the trimethylamine was d is t i l l e d  and 

derivatized  with methyl iodide afforded (0 .03  mol 87$ ,based on cleaved  

s a lt )  of tetramethylammonium iodide.

ADDITION OF N-PHENYL-N.N.N-TRIMETHYLAMMONIUM IODIDE TO LITHIUM 

NAPHTHALENIDE

To 0.039 mol of lithium  naphthalenide in 100 ml of THF at 0°C, 

was added 10.23 g f0.039 mol) of N-phenyl-N,N,N-trimethylammonium 

iodide. The reaction  mixture turned dark brown and i t  took  about CJ0 

minutes for complete decoloration. I t  was stirred  for an additional 30 

minutes and then f i l te r e d  to remove unreacted N-phenyl-N,N,N-trimethyl- 

ammonium iodide h. 0 2  g ^ 8$).
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The f i l t r a t e  was analyzed by gas chromatography for the high b o ilin g  

components f i r s t  (6  f t .  column, 10$ SE 30/Chrom W, 50°/150° > 100 ml/min) 

to give biphenyl 0 .1 2  g (4$).

Analysis o f the low b o ilin g  components on the same column (column 

T°-40°) gave benzene 1.17 g ^39$).

The reaction  mixture was extracted with 5$ HC1 <2 x 10 ml) and the 

amine was regenerated using 5$ NaOH. The amine was extracted with ether 

(15 ml). The ether layer was dried over potassium hydroxide and was 

removed by simple d is t i l la t io n .  The amine so obtained weighed 0.184 g ( 8$) 

and was id en tica l in a l l  respects to an authentic sample of N,N-dimethyl 

an ilin e .

nmr (CSD6 ) , fi 2 .6  ( s ,  6 H), 6 .9  ( m, 5 H).

Experiments in which the trim ethyl amine was d is t i l le d  and derivatized  

with methyl iodide afforded 0.019  mol f8 l$  based on reacted s a lt )  of 

tetramethylammonium iodide.

ADDITION OF N-1 -NAPHTHYL-N,N.N-TRIMETHYLAMMONIUMIODIDE TO LITHIUM 

BIPHENYLENIDS

To 0.01 mol of lithium  biphenylenide t prepared in the same way as 

lithium  naphthalenide) in 50 ml of THF at 0°C, was added 3-13 g (0 .01  mol) 

of N-l-naphthyl-N,N,N-trimethylammonium iodide.

The mixture turned dark brown and in 90 minutes i t  became co lo r le ss .

I t was f i l te r e d  to remove unreacted N-l-naphthyl-N,N,N-trimethylammonium

io d id e  1.40 g (44$)*

The f i l t r a t e  was analyzed by gas chromatography (6  f t .  column, 10$

SE 30/Chrom W, 250°/150°, 100 ml/min) to give naphthalene 0 .57 g (45$),

N, N-dimethyl-l-naphthylamine 0 .29  g (17^) 2nd 1 ,1  binaphthyl 0.025  S (0 . 2$). 

Experiments in which the trimethylamine was d is t i l l e d  and derivatized
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wit h methyl iodide a ffo rd e d  0.004 mol ( 80$ baaed  oa re a c te d  s a l t )  

o f  tetramethylam monlum io d id e .

ADDIT ION OF N . N . N - T R I M E T H Y L - 5 - HEXENYLAMMONIUM I O D I D E  TO LITHIUM 

NAPHTHALENIDE

To 0.02 mol of lith ium  naphthalenide in  50 ml of THF, was added 

5.38 g (0 .02 mol) of N,N,N-trimethyl-5-hexenylammonium iodide and 

the mixture stirred  u n til decoloration occured (2 hours). The reaction  

mixture was f i l te r e d  to g ive 2 .0 6  g (38$) o f unreacted quaternary s a lt .

Analysis by gas chromatography (20 f t .  column, 20$ Polyphenyl ether/ 

Chrom W, 60°/60°, 100 ml/min) afforded methylcyclopentane (O.O67 g, ^ )  

and 1-hexene 0 .58  g (35$).

Experiments in which the trimethylamine was d is t i l le d  and derivatized  

with methyl iodide afforded 1 .98 g ( 80$, based on reacted s a lt )  of 

tetramethylammonium iodide.

ADD IT ION  OF N - B E N Z Y L - N . N - D I M E ! H P L - N-PHENYLAMMONIUM BROMIDE TO LITHIUM 

NAPHTHALENIDE

To a so lu tion  of 0.039 mol of lithium  naphthalenide in 100 ml of 

THF, was added as a powder, 11.3 8  g (0.039 mol) of N-benzyl-N,N-dimethyl- 

N-phenylammonium bromide and the reaction  stirred  u n til complete decoloration  

of the naphthalenide occurred  (15 m inutes). The reaction mixture was 

poured into 50 ml of water and extracted with (2 x 50 ml) of ether. The 

organic layer was extracted thoroughly with 10$ HC1 and washed with 5$ KOH.

The aqueous layer was trea ted  w ith 10$K0H and the amine that formed 

was extracted  in to  benzene and d er iv a tized  with methyl iod ide to  g ive  

5-52 g (53$) of N-Phenyl-N,N,N-trimethylammonium iod id e.

The ether layer was analyzed by q u antitative gas chromatography
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( 6 f t .  column, 10$ SE 30/Chrom W, 250® /150c , 100 ml/min) to  g ive  

bibenzyl 1 .2 0  g (34$). Analysis on the same eolumn, but at a column 

temperature of 70® gave toluene 0 .6 5  g ( lB $ ) . No biphenyl was detected  

in  th is  reaction . The amount o f recovered sta rtin g  m aterial was 5*57 g

(48$).

ADDITION OF N-BENZHYDKYL N-BENZYL N.N-DIMETHYLAMMONIUM BROMIDE TO 

LITHIUM NAPHTHALENIDE

To 0.02 mol of lithium  naphthalenide in 100 ml o f THF there was 

added 7.64 g ( 0 . 02 mol) of N-benzhydryl-N-benzyl-N,N-dimethylammonium 

bromide and the reaction  stirred  u n til complete decoloration of the 

anion occurred (3 0  m inutes). The reaction was stirred  for an additional 

hour and quenched with 50 ml of d is t i l le d  water. The mixture was 

treated with 200 ml o f ether and extracted with 10$ HC1 u n til a l l  o f the 

b asic m aterial had been removed.

Analysis by gas chromatography of the ether layer (6 f t .  column 10$ 

SE 30/Chrom W, 280°/250o, lOOml/min) gave 1.05 g (20$) of 1 ,1 ,2 -trip h en y l-  

ethane, and 0 .8 6  g ( 26$) of sym-tetraphenylethane which was a lso  iso la ted . 

Analysis of the low b o ilin g  components (6 f t .  column, 10$ SE 30/Chrom W, 

2500/ 1500, 100 ml/min) gave 22$ diphenylmethane and 1$ bibenzyl.

Upon work-up of the amine layer and then an alysis of the amines by 

nmr spectroscopy there was obtained 52$ o f N,N-dimethylbenzyl amine, and 

14$ of N,N-dimethylbenzhydrylamine. The above amines were derivatized  

with methyl iodide and separated on the basis of th e ir  so lu b ility  in  

chloroform. The N-benzhydryl-N, N, N-trimethylammonium iodide was very 

soluble in CHCl3, while the N-benzyl-N,N,N-trimethylammonium iodide was 

only sparingly soluble in chloroform.
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ADDITION OF N-BENZHYDKYL-N-BENZYL-N,N-DIMETHYLAMMONIUM BROMIDE TO 

DIPHENYLMETHYLLITHIUM

To ( 0.013 mol) o f diphenylmethyllithium there was added 5.73 g 

''0.015 mol) of N-benzhydryl-N-benzyl-N,N-dimethylammonium bromide and 

the reaction  stirred  u n til  decoloration of the carbanion had occurred 

• 3 minutes). The reaction  mixture was poured into 100 ml o f water and 

extracted with 100 ml of d ieth ylether. The ether was extracted with 

10f0 HC1 u n til a l l  o f the basic m aterial had been transferred to  the 

aqueous phase. The ether layer was dried over magnesium su lfa te , solvent 

was removed in the rotary evaporator and rec r y sta lliza tio n  from benzene 

gave 3*50 g (75$) o f sym-tetraphenylethane. The benzene layer was 

d is t i l l e d  and the residual o i l  was chromatographed over a short column 

of alumina to afford 0.90 g (23%) of 1 ,1 ,1-triphenylethane. mp 50°-51°C.

After work-up of the amine layer the follow ing amounts o f amines 

were found: N,N-dimethylbenzylamine l.h-1 g (73%) and N, N-dimethyl-

benzhydrylamine 0.73 g (23%). The above amines were d erivatized  with 

methyl iodide and separated on the basis of th eir  s o lu b ility  in  chloroform. 

The N-benzhydryl-N,N,N-trimethylammonium iodide was very soluble in  CHCI3 , 

while the N-benzyl-N,N,N-trimethylammonium iodide was only sparingly  

soluble in chloroform.

RESOLUTION OF d. I -  ft- PHENYLETHYLAMINE

a. R ( + ) - Cl - phenylethylam ine.lea  A so lu tion  of 100 g f0 .75  mol) of 

7-m alic acid in 500 ml o f d i s t i l l e d  water was mixed with 120 g (1  mol) 

of d-t - n; - phenylethylamine. The resu ltin g  so lu tion  was heated for 15 

minutes on the steam bath, f i l te r e d  in to  a 1 l i t e r  beaker and allowed 

to cool slowly. A fter 2h hours, the crude d - O' - phenylethylamine - 

I  - malate which cry s ta lliz e d  was c o lle c ted  by suction  f i l t r a t io n  and
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washed on the f i l t e r  with 25 ml of ic e  water. The f i l t r a t e  and washings 

were evaporated on a steam bath to  a volume about two-thirds the o r ig in a l 

f i l t r a t e ,  and a second crop o f c ry sta ls  was obtained on cooling. By 

repeating the process, i t  was p ossib le  to obtain a th ird and usually  

.1 fourth crop, a fter  which the mother liquor became too viscous to  permit 

sa tis fa c to ry  c r y s ta lliz a tio n .

The successive crops of c ry sta ls  were system atica lly  recry sta llized  

as follow s: About two th irds o f the f i r s t  crop was d issolved  in  about

three parts of water and the hot so lu tion  allowed to  deposit c ry sta ls  

by slow cooling. The liquor was f ilte r e d  or decanted, and the remainder 

of the f ir s t  crop was d isso lved  in  i t ,  and the process of c r y s ta lliz a tio n  

was repeated. The remaining crops were sim ilar ly  recry sta llized  in  

succession from the same liq u or, the so lu tion  being evaporated to the 

appropriate volume (2 /3  each tim e) before each r ecry sta lliza tio n . The 

fin a l mother liquor was evaporated in  stages, and the viscous residue  

was united with that o f the o r ig in a l r ec r y sta lliza t io n . The various 

crops were then r ecry sta llized  u n til constant ro ta tion , (a fter  the f i f t h
O

r e c r y sta lliz a t io n  there was no change in rotation ; [ot]^ 3 = 12. 53°;

C = 8 g/100 ml, 3 = 2  dm). About 60 g of constant rotation  sa lt  was 

obtained ( 50$ of the th e o r e tic a l) .

The pure malate was decomposed by warming with very s l ig h t ly  more 

than two equivalents o f approximately 2 N sodium hydroxide. The amine 

was extracted, a fter  cooling , with three 25 ml portions o f ether, and 

the so lu tion  dried thoroughly over KOH. The ether was removed by simple 

d is t i l la t io n  and the amine was also d is t i l le d  by simple d is t i l la t io n ,  

bp I8h ° - l85°; ; 39.60° (neat) 3 = 0 .5  dm, op tica l purity 98 . 2 $
O

using the best lite r a tu r e  va lu e163 [o:j^5 ~ + k-0 . 6 0 ° fn eat).



nmr (CD3CN) 6 1 .3 (d, 3 « ) , l . k  (a , 2 H), b.O (q , 1 H), 7 ,5  (m, 5 H)

See nmr spectrum number 2b.

b. S (-)  - 01 - Phenylethylamine. 164 A mixture of 31*25 g (0 .208 mol) 

of f+) ta r ta r ic  acid and 1*50 ml o f methanol was placed in  a 1 l i t e r  

Erlenmeyer fla sk  and heated to b o ilin g . To the hot so lu tion  was added, 

cautiou sly  to  avoid foaming, 25 g (26 .2  ml, 0.20b mol) o f d£ - Q( - 

phenylethylamine and the resu ltin g  so lu tion  was allowed to  cool. Since 

c r y s ta lliz a t io n  occurs slow ly, the so lu tion  was allowed to stand at 

room temperature for approximately 2b hours. The ( - )  amine (+) hydrogen 

ta r tra te  separates as white prism atic cry sta ls . The product (18 .1  g) 

was co lle c ted  by suction f i l t r a t io n  and washed with a small volume 

'5-10 ml) o f cold methanol. A second crop (3*8 g) was obtained by 

concentrating the combined mother liquor and washings to  225 ml and 

allowing c r y s ta lliz a t io n  to  proceed at room temperature for 2b hours.

The two crops were red issolved  and recry sta llized  once more. The 

product 2 1 .9  g was p a r tia lly  d issolved  in 90 ml of water, and 12.5  ml 

of 50$ sodium hydroxide was added to convert the amine s a lt  to  the free  

base. The amine was extracted with ether (50  m l), and the extract was 

dried over anhydrous magnesium su lfa te  for 0 .5  hours. The ether was 

removed by simple d is t i l la t io n  on the steam bath, and the residue was 

d is t i l le d  at atmospheric pressure, ( considerable foaming) to  g ive  

S ( - )  - a  - phenylethylamine. Y ield 6 .9  g (5 5 $ )J hp l8U °-l86°.
O

[c:]^2 =-39*50° (neat) t  = 0 .5  dm, op tica l purity 98 . 0 $ using the
O

best lite r a tu r e  value165 [« 1q2 =-1+0 . 30° neat.

nmr (CD3CN) 6 1.3 ( d, 3 H), l . b  ( s ,  2 H), 1+.0 f q, 1 H), 7 .5  'm, 5 H).

See nmr spectrum number 25.

The above procedure was carried out 6 times in  order to  

secure enough m aterial. Total y ie ld  1+1 g (55$)* The lite r a tu r e  value
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o
( df5 = 0 . 9528) 163 for the density  of ^phenylethylam ine was used to 

ca lcu la te  the sp e c if ic  rotation .

R -  r + ) - N 1.  N- DIMETHYL- ' -' -PHENYLETHYLAMINE

R f + )  - r - p h e n y l e t h y l a m i n e  f 1 2 . 1  g ,  0 . 1  m o l )  w a s  a d d e d  w i t h  c o o l i n g  

t o  ^ 2 5 . 5  g» 0 5  m o l )  o f  9 0 $  f o r m i c  a c i d .  T h e n  ( 1 9  g ,  0 . 2 2  m o l )  o f  3 5 $  

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

b a t h  u n d e r  r e f l u x  f o r  f o u r  h o u r s .  A b o u t  9  m l  ( s l i g h t l y  m o r e  t h a n  0 . 1  m o l )  

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

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

f w i t h  c o o l i n g )  w i t h  2 5 $  s o d i u m  h y d r o x i d e  u n t i l  b a s i c .  T h e  a q u e o u s  l a y e r  

w a s  e x t r a c t e d  w i t h  e t h e r  /' 3  *  15  m l )  a n d  t h e  o r g a n i c  l a y e r  w a s  d r i e d  

o v e r  p o t a s s i u m  h y d r o x i d e .  R e m o v a l  o f  t h e  e t h e r  b y  s i m p l e  d i s t i l l a t i o n

f o l l o w e d  b y  v a c u u m  d i s t i l l a t i o n  a f f o r d e d  1 1 .  9 0  g  '  8 0 $ )  o f  R - (' + ) - N , N -
0

d i m e t h y l - ' - p h e n y l e t h y l a m i n e ;  b p  9 2 ° - 9^ °  a t  30 mm o f  p r e s s u r e ;  r " ' -Q 2  =r
O

60 . 50 ° ^ n e a t ) ,  f, = 0 . 5  dm,  u s i n g  a  d e n s i t y  v a l u e  d 18 = O . 8966 ;
4o

( L i t  i s o [ rv‘|2 6  _ + £ 1 . 7 6 ° ) ;  o p t i c a l  p u r i t y  w a s  98$. n mr  'C D 3CN) <'■

1 . 0  ' d ,  3 H ) ,  1 . 9 5  - s ,  6 H ) ,  2 . 8  ' q ,  1 H ) ,  7 .1  r 5 H>, _

S e e  nm r  s p e c t r u m  n u m b e r  2 6 .

S -  < -  ) - N .  N- DIMETHYL- -  -  PHENYLgTHYLAMINE

S -(-)- t t-p h e n y le th y la m in e  (2 4 .2  g , 0 .2  mol) was added w ith  

co o lin g  to  (51  g> 1 mol) o f  90$ form ic a c id . Then (38  g, 0 .44  mol)

o f  35 $  f o r m a l d e h y d e  s o l u t i o n  w a s  a d d e d  a n d  t h e  m i x t u r e  w a s  r e f l u x e d  

o n  a  s t e a m  b a t h  o v e r n i g h t .  A b o u t  l f i  m l  ^ s l i g h t l y  m o r e  t h a n  0 . 2  m o l )  o f  

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

e x c e s s  f o r m a l d e h y d e  w e r e  e v a p o r a t e d .  A f t e r  e v a p o r a t i o n ,  t h e  r e a c t i o n  

m i x t u r e  w a s  t r e a t e d  ' ' w i t h  c o o l i n g )  w i t h  25 $  a q u e o u s  s o d i u m  h y d r o x i d e .

T h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i t h  e t h e r  ! 3  x  2 0  m l )  a n d  t h e  o r g a n i c  

l a y e r  d r i e d  o v e r  p o t a s s i u m  h y d r o x i d e .  R e m o v a l  o f  t h e  e t h e r  b y  s i m p l e
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d is t i l la t io n  and then vacuum d is t i l la t io n  o f the amine afforded 25.80  g 

(80$) of S-(-)-N,N-dimethyl-o:-phenylethylamine. bp 92°-94° at 30 10111
O

of pressure. I/*"^2 --60 .48° (neat) K, -  0 .5  dm, using a density value

of di®° = 0.8996.

nmr (CD3CN) 6 1 .0  (d, 5 H ) ,  1.95 (a,  6 H ) ,  2 .8  (q, 1 H ) ,  7 .1  (m, 5 H)

See nmr spectrum number 27

R- f +) -N. N. N-TRIMETHYL-u:- PHEHYLETHYLAHiONIUM IODIDE

To a so lu tion  of R-f+)-N,N-dimethyl-a-phenylethylamine ^14.9 g, 0 .1  mol) 

in  ether (100  ml) was added slowly 21 .3  g (0.15  mol) of methyl iodide.

After f if te e n  minutes, the mixture had s o lid if ie d . The fla sk  was 

cooled in an ic e  bath for two hours and then allowed to stand at room 

temperature for twelve hours. The white so lid  was co llected  by suction  

f i l t r a t io n  and washed with two 100 ml portions of ether. After i t  had 

been dried in the vacuum desiccator for twenty four hours, the so lid  

weighed 27.64 g (95)6); n»P 155°-156°.

[oil^2 = + 10.72° in water, C = 0 .6l84 g/25 ml, 1 - 2  dm.

= + 23.28° in  95$ ethanol, C = 0.9393 g/25 ml, I  = 2 dm

/L it . 167 [a ]§6° = + 19.60° in alcohol C = 2 .5$ ).

nmr fCDCl3 ) 6 1 .8  ( d, 3 H), 3 .2  ( s ,  9 H), 4 .9  ( q, 1 H), 7 .8  ( s ,  5 H).

See nmr spectrum number 28

S-( - )-N.N. N-TRIM ETHYLPHENYL ETHYLAMMONIUM IODIDE

To a so lu tion  of S ( - )  N,N-dimethyl-a-phenylethylamine f l4 .9  g> 0 .1  mol) 

in 100 ml o f ether was added slowly 21 .3  g ( 0.15  mol) of methyl iodide.

After f if te e n  minutes a white p recip ita te  appeared . The fla sk  was

cooled in an ice  bath for two hours and allowed to stand at room 

temperature for 16 hours. The white so lid  was co llected  by suction  

f i l t r a t io n  and washed tw ice with 50 ml portions of ether. After i t  had
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been dried in  the a ir  and f in a lly  in  a vacuum desiccator (continuos 

pumping for twenty four hours) the so lid  weighed 27,6k  g (95$)- mp 155°-

156°; ( L i t } 07 mp 157 .0°-157 .5°). M 22°= - 12. 03° in  HsO, I  = 2 dm,

C = 0.67^9 g/25ml. [a]J°° = -22.95° in 95% ethanol, C = O.8568  g/25 ml, 

1 - 2  dm. (L it. see previous preparation)

See nmr spectrum number 29.

(+) 1 .1 .2-TRIPHENYLFROPANE FROM REACTION OF BENZHYDKYL LITHIUM WITH 

R-(+ )-N. N. N-TRIMETHYL-q-PHENYLETTHYLAMMONIUM IODIDE

To approximately (0.C& mol) of benzhydryllithium in  100 ml of THF 

at 0°C was added 11 .6k  g (0 .04  mol) of R-( + )-N,N,N-trimethyl-Ot-phenyl- 

ethylammonium iodide. The reaction was stirred  for 1 .0  hour after  

which the red color of the carbanion had disappeared. After a c id if ic a t io n  

with hydrochloric acid , extraction  with ether, drying o f the ether (CaCl2 ) 

and removal of the so lven t, the remaining o i l  was fra c tio n a lly  d is t i l le d  

in vacuo to g ive a middle fraction  of bp ( 1650) at 1 n«n. Treatment 

of th is  o i l  with cold methanol caused c r y s ta lliz a t io n  of 7 .0 2  g ( 65$) of
O

crude / + ) 1, 1 , 2 - triphenyl-propane, mp 60° -6U°, [a ]^ 3 = +29 . 56° in

acetone, £ = 2 dm. Five r ec r y sta lliza tio n s  from methanol afforded the
O

an aly tica l sample, mp 6k°-66°.  = + 30»99° in acetone, K - 2  dm,

C = 0.6061/25 ml.

Anal; Calcd for C2 iH2o'- c > 92. 6k; H, 7.35 

Found: C, 92.51; H, 7.*H

nmr ( CDC13 ) 6 1.20 ( d, 3 H), 3-6 (m, 1 H), h. 1 ( d, 1 H), 7-3 (m, 15 H)

See nmr spectrum number 30
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( - )  1 , 1 . 2-TRIPHBNYLPROPANE FROM REACTION OF BENZHYDKYLLITHIUM WITH 

S -(- ) -N .N .N -T R  METHYL-i<-PHENYL ETHYLAMMONIUM IODIDE

To approximately (0 .04  mol) o f benzhydryllithium at 0 ° , was 

added 11.64 g (0 .04  mol) o f S ( - ) N,N,N-trimethyl-a-phenylethylammonium  

iodide. The reaction was stirred  for 1 .0  hour a fter  which the red 

color o f the carbanion had disappeared. After a c id if ic a t io n  with HC1, 

extraction  with ether (100' ml), drying of the ether ( CaCl2 ) and 

removal of the so lvent, the remaining o i l  was fra c tio n a lly  d is t i l le d  in 

vacuo to  g ive a middle fraction  o f bp 165° at 1 mm. Treatment of th is  

o i l  with cold methanol caused c r y s ta lliz a t io n  of 8 .0  g  (73$) of crude
O

( - )  1 , 1 , 2 - t r i p h e n y l p r o p a n e ,  mp 60 ° - 6 3 ° .  = " 2 7 . 5 4 °  i n  a c e t o n e .

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

mp 6 5 ° - 6 7 ° ;  -  - 2 8 . 7 4 °  i n  a c e t o n e ,  7  = 2 dm,  C = 0 . 6 0 9 6  g / 2 5  m l .

A nal: C a l c d  f o r  C2 iH2 0 : C,  9 2 . 6 4 ;  H,  7 . 3 5

F o u n d :  C, 9 2 . 5 8 ;  H,  7 . 2 3

n mr  r C D C l 3 ) 6 1 . 2 0  ( d ,  3  H ) ,  3 .6  ( m ,  1  H ) ,  4 . 1  ( d ,  1  H ) ,  7 .3  ( m, 1 5  u )

See n m r  s p e c t r u m  n u m b e r

RACEMIC HYDRATROPIC ACI D

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

a s  a ^68  b ,  a n d  c 1 6 0 .

a .  T o  a  w e l l  s t i r r e d  s o l u t i o n  o f  ( 2 4 . 7  g j  0 . 1 8 4  m o l )  o f  d 7 - h y d r a t r o p a l d e -

h y d e  ( 9 0 '( p u r i t y )  a n d  69  g  r0 .k-06 m o l )  o f  s i l v e r  n i t r a t e  i n  110 m l  o f

e t h a n o l  a n d  I I P  m l  o f  w a t e r ,  a  s o l u t i o n  o f  ^ 2 5 .8  g ,  0 . 6 4 5  m o l )  o f  s o d i u m  

h y d r o x i d e  i n  5 2 0  ml  o f  1I2 0  w a s  a d d e d  o v e r  a  p e r i o d  o f  1 . 5  h o u r s .  T h e  

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

a n o t h e r  h o u r .  T h e  s i l v e r  a n d  s i l v e r  o x i d e  w e r e  r e m o v e d  b y  v a c u u m  f i l t r a ­

t i o n  a n d  w a s h e d  w i t h  w a t e r  a n d  e t h e r .  T h e  f i l t r a t e  w a s  e x t r a c t e d  t w i c e
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wit h ether (200 ml). The aqueous layer was d is t i l le d  u n til  the organic 

solvents were removed, then a c id if ied  with 10$ HC1 and extracted with 

two 100 ml portions of ether. The ether so lu tion  was dried over sodium 

su lfa te , concentrated and the residue d is t i l le d  in  vacuo. The hydra- 

trop ic acid d is t i l le d  at l4 4°-l47° at 11 mm, and weighed 20.5 g (74$).

The neutral fraction  upon d is t i l la t io n  gave ca 2 g (8$) o f acetophenone, 

bo 80°-82° (11 mm), 775° = 1. 5287.

The nmr of racemic hydratropic was as follow s:

nmr ĈDC13 ) o 1.4 ( d, 3 H), 3 .7  (1 , 1 H), 7.35 ( s , 5 H), 12 ( s , 1H).

b. Into a 3 l i t e r  fla sk , f i t t e d  with a mechanical stirrer , were placed 

1.4 l i t e r s  of 50:50  acetone-water mixture and 50 g of magnesium su lfa te , 

followed by 200 g (1 .5  moles) of d-f, hydratropaldehyde. Then potassium  

permanganate 170 g (1 .07  moles) was added in  15 g portions and the 

temperature was maintained between 30° and 35° . When the addition of 

permanganate was completed, the manganese dioxide was f i l te r e d  by vacuum 

f i l t r a t io n  . The so lu tion  was a c id if ied  with 10$ HC1 u n til s l ig h t ly  acid ic . 

The acid was extracted with 5$ sodium bicarbonate and the bicarbonate layer  

was extracted thoroughly with ether to  remove unreacted aldehyde and aceto­

phenone. The acid was then regenerated by using 10$ HC1, extracted with 

ether (200 ml), dried ( Na2S04 ) and then d is t i l le d  in vacuo, bp l4 4 °-l4 7 °

'11 mm) .  Y i e l d  112 g (50$).

nmr ( CDCI3 ) 6 1 .4 (d , 3 H), 3 .7  ^q, 1 H), 7.35 ( s ,  5 H), 12 ( s ,  1 H).

c .  T o  a  c o m b i n e d  s o l u t i o n  o f  r a c e m i c  h y d r a t r o p a l d e h y d e  (159 g> 1.17 m o l e s )  

i n  480 m l  o f  e t h a n o l  a n d  h y d r o x y l a m i n e  h y d r o c h l o r i d e  r9 9 . 0  g, 1. 4 l  m o l e s )  

i n  120 m l  o f  w a t e r ,  w a s  a d d e d  s l o w l y  96 m l  o f  19 N a q u e o u s  s o d i u m  

h y d r o x i d e  s o l u t i o n .  A f t e r  t h e  m i x t u r e  w a s  s t i r r e d  fo r  t h r e e  h o u r s ,  i t  

was c o o l e d  b y  a d d i t i o n  o f  a b o u t  600 m l  o f  i c e  w a t e r  a n d  a l l o w e d  t o  w a r m  t o ,
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and remain overnight at room temperature. The basid reaction  mixture 

was exhaustively extracted with ether, and the combined ether extracts, 

a fter  drying and evaporation, y ielded  racemic hydratropaldoxime, 135 g 

(76=6); as a co lo r less  o i l ,  bp 110° (3*5 mm)* ( L i t .168bp 133° at H  n®1)- 

Ir f neat) i/max 3220 and 1500 cm 1 (bonded OH) and 1760 cm 1 (C=N).

The oxime (135 gt 0 .90 mol) was heated with a cetic  anhydride (200 ml) 

under reflux  during 0 .5 hour. After the orange reaction  mixture was 

allowed to cool to  room temperature and neutralized with sodium bicarbonate, 

i t  was exhaustively extracted with ether. Evaporation o f the combined 

and dried ( NagSO*) ether extracts provided racemic hydratroponitrile as 

a co lo r less  o i l :  84 g (71$); bp 74° (0 .5  tnm); (L it. 169bp 106° at 12 mm).

I r  ( n e a t )  y m a x  2 2 4 5  cm 1 ( C  = N)

Racemic hydratroponitrile (84 g, O.63  mol) was suspended in  concentrated 

aqueous sodium hydroxide so lu tion  and heated under gen tle  reflux during 

18 hours. The reaction  mixture was allowed to cool and carefu lly  a c id if ied  

with 10$ HC1, and the resu ltin g  acid ic  so lu tion  was extracted with ether. 

Evaporation o f the combined and dried ether extracts provided racemic

hydratropic acid: 72 g ( 76$ y ie ld ) ;  bp 113° (1  mm); (L it . 160 147° at

11 mm and 159° at 25 mm).

Ir ( n eat) t'max 2960 and 1701 cm 1

nmr ( CDC13 ) 6 1 .4 (d, 3 H), 3 .7  '1 , 1 H), 7.35 ( s , 5 H), 12 ( s ,  1 H).

RESOLUTION OF HYDRATROPIC ACID

S (+) HYDRATROPIC ACID: Racemic hydratropic acid (48 g, 0 .32 mol) and

-L-strychnine (88 g, - .2 6  mol) were d isso lved  in  200 ml o f 75$ (v /v )  

aqueous ethanol, and the resu ltin g  so lu tion  was kept in the refrigerator  

(ca, 0°C) for three days. The c ry s ta lliz e d  strychnine hydratropate 

was c o lle c te d , red issolved  in fresh 75$ aqueous ethanol and allowed once
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again to  c r y s ta ll iz e  slowly in  the refrigerator . This procedure 

was repeated through the s ix th  r e c r y sta lliz a t io n  since the f i f t h  

and s ix th  r e c r y s ta lliz a t io n  did not g ive r is e  to  any improvement in  

the m elting point (176°-177°) of the white c r y s ta llin e  s a lt .  The 

constant m elting strychnine hydratropate was taken up in  6 N HC1, and 

the lib erated  acid was extracted in to  ether (100 ml). D is t i l la t io n  of the 

o ily  residue obtained from evaporation of the combined and dried (Na^SO^) 

ether extracts gave S (+) hydratropic acid, 9*0 g, bp 101°-103° f0 .4  mm).

fc ]22 = 97.00° neat, £ -  0 .5  dm; (L it. 17° [a ]21 = 98.8° neat); op tica l

purity using the lite r a tu r e  value was 97.5$.

nmr (CDC13 ) 6 1 .4  (d, 5 H), 5-7 (q, 1 H), 7.55 (a , 5 » ) , 12 ( s ,  1 H).

See nmr spectrum number 52

S (+ ) METHYL HYDRATROPATE: This reaction  was carried out by using the

Diazald Kit sold by Aldrich. This experiment should be carried out in  a 

hood with a p rotective sh ie ld , because diazomethane i s  exp losive and 

very to x ic .

a. Diazomethane: A so lu tion  of potassium hydroxide (5 g) in 8 ml of water 

was placed in  the d is t i l l in g  fla sk  and 25 ml of 95$ ethanol was added 

(no b o ilin g  ch ip s). The fla sk  was heated in a water bath to 65° and a 

so lu tion  of 21.5 S (0 .1  mol) o f N-methyl N -nitroso-p-toluene sulfonamide 

in 150 ml of ether was added through the dropping funnel over a period 

o f  about 25 minutes. The rate of addition should be about the equal 

o f  the rate of d is t i l la t io n .  When the dropping funnel was empty, another 

20 ml of ether was added slowly and the d is t i l la t io n  was continued u n til  

the d i s t i l l in g  ether was c o lo r le ss . The combined ethereal d i s t i l la t e  

contains about 5 3 (approx. 0 .0 7  mol) of diazomethane and was approximately 

0.5 M.
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b. Methyl E ster: The acid (7 .5  g> 0.05 mol) was d issolved  in ether,

and the ethereal diazomethane so lu tion  was added in small portions with 

sw irling u n til  the yellow  color of the diaasjnethane p ersisted  and 

nitrogen gas was no longer evolved. The so lu tion  was warmed on a steam 

bath b r ie fly  to expel the excess reagent and the ether was evaporated.

The methyl ester  was vacuum d is t i l le d ;  bp 60°-65° at 2 mm. Y ield  7.80 g 

’95 $). = + 105.50° neat, I  = 0 .5  dm; /'Lit. 171bp 71°-75° at k.5  mm,
O

r :]^5 = . 24.4 . 5° neat, 7 = 1 dm. The availab le litera tu re  data only

has th is  rotation  for the levo-isom er).

nmr (CDC13 ) £ 1 .2  (d, 3 H), 3 ,5  ( s ,  3 H), 3-6 (q, 1 H), 7.35'm, 5 H).

S e e  nmr spectrum number 33

S ( - )  1 .1 .2  TRIPHENYL-1 -PROPANOL

The phenylmagnesium bromide was prepared by adding a so lu tion  of 

bromobenzene !2^.b g, 0.15 mol) in 50 ml of THF to 3 .2  g (0 .13  mol) of 

Mg and keeping a mild reflux  through the addition. After the addition  

was completed the Grignard reagent was refluxed for 0 .5  hour. Then 5-0 

g (0 .03 mol) of S (+) methyl hydratropate was added dcopwise, and a fter  

the addition the reaction  mixture was refluxed for two hours. The 

mixture was decomposed at 0 ° by adding carefu lly  100 ml of 10$ ammonium 

chloride so lu tion . The mixture was extracted thoroughly with ether 

(3 x 50 ml) and the organic layer dried over magnesium su lfa te . After  

evaporation of the so lven t, the o i l  was d is t i l le d  in vacuo to  give b.O 

g  of S r - )  1 ,1 ,2 - triphenyl-1-propanol, bp l80°-l82° (3 .0  mm);

[■ ]^3 = - 142° in methanol, C = 1.7171 g/25 ml, 7 = 2  dm.

nmr fCDC13 ) 5 1.1* (d, 3 « ), 2 .4  ( s, 1 H), 1*.0 (q, 1 H), 7.3 (m, 15 H).

ir  (neat) 36OO, 3020, 1150, 750, 710 cm' 1
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REDUCTION OF S ( - )  1 .1 .2 -TRIPHENYL-1 -PROPANOL TO R ( + ) 1 .1 .2 -  

TRIPHBNYLPROPANE WITH SODIUM IN LIQUID AMMONIA

The carbinol (5 .76  g, 0 .02 mol) and ethyl alcohol (2 .02  g, 0.044 mol) 

were d isso lved  In a mixture of 50 ml of THF and 200 ml of liqu id  

ammonia and sodium (1 .01  g, 0.044 mol) was added in  small p ieces with 

s tir r in g  during 45 minutes. After a l l  the sodium had disappeared most 

of the ammonia was evaporated, and the residue cautiously  decomposed 

by the addition of crushed ice . The product was extracted with etherj 

the ether was dried (NaaS04 ) and evaporated. The residual o i l  was 

d is t i l le d  in vacuo to  give R (+) 1 ,1 ,2 - triphenyl-propane (2 .72  g, 50$). 

Upon addition of cold methanol, the o i l  s o l id if ie d , mp 63°-65°.
O

Cajp2 = + 3°.15° in acetone, C = 0 .5998  g per 25 ml, L = 2 dm. This 

m aterial was id en tica l in  i t s  nmr and ir  spectra l properties to the 

sample described from the reaction  of R (+) N ,N ,N -trim ethyl-a-phenylethyl- 

ammonium iodide with benzhydryllithium.

PENTAPHENYLETHANE FROM TRITYLLITHIUM AND N-BENZHYDRYL-N.N,N-TRIMETHYL- 

AMMONIUM IODIDE

To a so lu tion  of tr ity llith iu m  (0 .02  mol) in THF at 0° under argon 

was added 7 .06 g (0 .02 mol) of so lid  N-benzhydryl-N,N,N-trimethylammonium 

iodide. A fter 25-30 minutes the red color o f the lithium  reagent 

disappeared completely. After work-up using ether and water, the ether 

layer was extracted exhaustively with 5$ HC1, neutralized with 5$ NaOH and 

dried over MgS04. Upon removal of the ether a lig h t  yellow  powder 

appeared which was d issolved  in  the minimum amount of hot benzene and 

precip itated  by adding excess absolute ethanol. Y ield 6.54 g (80$); 

mp 1 5 6 °-l6 l° . Concentration under reduced pressure gave 1.22 g (10$) 

additional of pentaphenylethane which was id en tica l to a sample described
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prevlously .40

nmr (CDC13 ) fl 5 .8  ( s ,  1 H), 7.2(m, 25 H).

UNSYMMETRICAL TETRAPHENYL ETHANE FROM TRIPHENYLMETHYLLITHIUM AND 

N-BENZYL-N, N. N-TRIMETHYLAl'fiONIUM IODIDE

To a so lu tion  o f tr ity ll ith iu m  (0 .02  mol) in  100 ml of THF at 0° 

under argon was added so lid  N-benzyl-N,N,N-trimethylammonium iodide  

(5.5^ g> 0 .02 mol) with s tir r in g  for four hours. The mixture was poured 

in to  ice  water and then extracted tw ice with 50 ml of ether. The ether layer  

was washed with 5$ HC1, neutralized with 5 (a NaOH and dried over MgSO,*.

Removal of the ether afforded crude unsym-tetraphenylethane which was 

recry sta llized  from a 50:50  mixture of ether and petroleum ether.

Y ield: 6.01 g (90$), mp i k y - l k y .  (L it. 172 mp lbk°) .

nmr (CDC13 ) 6 5.95 ( s ,  2 H), 7.2(m, 20 H).

SYMMETRICAL-TETRAPHENYLETHANE FROM DIPHENYLMETHYLLITHIUM AND 

N-BENZHYDRYL-N.N.N-TRIMETHYLAMMONIUM IODIDE

To a so lu tion  of benzhydryllithium (0 .01  mol) in 100 ml of THF 

was added (5*55 E> 0 .01 mol) of so lid  N-benzhydryl-N,N,N-trimethylammonium 

iodide with s tir r in g  for one hour. After work-up using ether and water, 

the ether layer was extracted exhaustively with 5$ HC1, neutralized with 

5.; NaOH and dried over MgSO,*. Removal o f the ether, followed by r e c r y s ta l l i­

zation of the crude product from benzene and alcohol (5 :1 ) , afforded a 3-01  

S (9 5 1) y ie ld  of sym-tetraphenylethane; mp 2l8°-219°; (L it. 15°mp 2 l4°-215°).

1 .1 .2  TRIPHENYLETHANE FROM BENZHYDRYLLITHIUM AND N-BENZYL-N.N.N-TRIMETHYL­

AMMONIUM IODIDE

To (O.OU mol) o f benzhydryllithium at 0° was added as a so lid  

(11.08 g. 0 .Oh no l) of N-benzyl-N,N,N-trimethylammonium iodide in one 

portion, and the reaction stirred  u n til complete decoloration o f the
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carbanion occurred. The reaction was poured into 100 ml of 5$ HC1 

and then extracted into 100 ml of ether. After drying over MgS04 and 

removal of the solvent there was obtained 9 .5 g of crude 1 ,1 ,2 -trip henyl- 

ethane (92$), mp 50°-52°. R ecrysta lliza tion  from 95$ alcohol gave 9 .1  g 

of the product as needless, mp 53<,_5*+°; ( L i t . l73mp 5*+°) 

nmr (CDCl3 ) 6 3*5 (d,  3 H), b . 3 f t ,  1 H), 7/2 'm, 15 H).

See nmr spectrum number 35*

1.1.2-TRIPHENYLETHANE FROM BENZYLLITHIUM AND N-BENZHYDRYL-N.N.N- 

TRIMETHYL AMMONIUM IODIDE

To (0 .01  mol) of benzyllithium  at 0° there was added ^3*53 S> 0 .01  mol) 

of N-benzhydryl-N,N,N-trimethylammonium iodide in  one portion, and the 

reaction stirred  u n til complete decoloration of the carbanion occurred.

The reaction was poured into 100 ml of 5$ HCl and extracted in to  100 ml

of ether. After drying over MgS04 and removal of the solvent there was

obtained 2.3*+ g (91$) of crude 1 ,1 ,2-triphenylethane, mp 50°“52°; 

f l i t .  173mp 5*+°).

nmr fCDCl3 ) 6 3-5 f d, 3 H), *+.3 f t ,  1 H), 7 .2  (m, 15 H).

See nmr spectrum number 35-

1 .2 -DIPHENYLETHANE FROM BENZYLLITHIUM AND N-BENZ1YL-N. N.N-TRIMETHYL- 

AMMONIUM IODIDE

To (0 .01  mol) of benzyllithium  at 0° there was added (2 .77  g> 0 .01 mol) 

of N-benzyl-N,N,N-trimethylammonium iodide in  one portion, and the 

reaction  mixture stirred  u n til complete decoloration of the carbanion 

occurred. The reaction was poured into 100 ml of 5$ HCl and then extracted  

into 100 ml o f ether. After drying over MgS04 and removal of the so lvent, 

there was obtained 1.63  g (90$) of an o i l  which s o lid if ie d  on standing, 

mp, 50°-51°; ( L i t .174mp.52 .0°-52. 5°).



- 125-

nmr f CDC13 ) 8 2 .9  f s ,  I* H), T. 1 ( s , 10 H).

ADDITION OF TRITYLBROMIDE TO LITHIUM NAPHTHALENIDE**

In a carbon copy experiment of that ju st described, in  which t r i t y l  

bromide ^12.59 0.059  mol) was substituted  for t r i t y l  ch loride,

id en tica l r e su lts  were secured.

ADDITION OF TRITYL FLUORIDE TO LITHIUM NAPHTHAL ENIDE**

To 0.02 mol of lithium  naphthalenide in 100 ml of THF, there was 

added dropwise ^.2h g ''0.02 mol) of t r i t y l  flu oride previously d issolved  

in THF ^50 ml). After complete addition, the reaction  turned red and 

remained red for lj-8 hours u n til i t  was quenched with 10 ml of d is t i l le d  

water. After work up using methods described previously there was 

obtained 0.1*5 g 'k't) of p-benzhydryltetraphenylmethane, mp 226°-22T°.

The remainder of the reaction  mixture was id en tified  as a mixture of 

triphenylmethane and t r i t y l  flu oride.

SOLUBILITY OF SOME QUATERNARY AMMONIUM SALTS IN THF

The s o lu b il ity  of the s a lt s  below was measured by the following  

method: An accurate weight of the sa lt  was d isso lved  in 25 ml of THF 

and the suspension stirred  and equilibrated at 20°C for two hours.

The suspension was f i l te r e d  and the THF evaporated u n til constant weight 

was achieved. The resu lts  are tabulated on the following page in Table 1.

These experiments should precede the one e n tit led  ADDITION OF ONE MOLE OF 

TRITYL CHLORIDE TO 5 MOLES OF LITHIUM NAPHTHALENIDE, on page 90 .
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SOLUBILITY OF QUATERNARY AWPNIUM SALTS IN THF AT 20° C.

SALT S o lu b i l i ty  in  g /25 ml S o lu b i l i ty  in  mg/ml

+
Ph-N(C% )3

r
0.00T5 0 .3 0

+
Ph-CHe-N(C%)3

I
o .cx ^o 0.12

+
Ph2CH-N(CBfe )3 

l “
0 .0918 3 -7

4*

Clfe=CH-(Clfe)4-N{Clk)3
I

0 .0108 0.U3

+
Naph -  1 -  N(Clfe)3 

I
0 .0277 1 .1

Clfe

PhgCH- N -ClfePh

V * '

0 .0350 1.32

c%
PhCIfe -.N  -  Ph 

Br Cifc
0.0133 0.53

T able 1.



CONTROL EXPERIMENTS

1. THE REACTION OF LITHIUM NAPHTHALENIDE WITH SYM-TETRAPHENYLBTHANE.

T h is  experim en t was c a r r ie d  out by r e a c t in g  fo r  one hour ene e q u iv a le n t 

o f  »ym- te tra p h e n y lc th a n e  w ith  one, two, and th re e  e q u iv a le n ts  o f  l i th iu m  

n ap h th a len id e  r e s p e c t iv e ly .  A f te r  d e c o lo ra tio n  o f  th e  r a d ic a l  a n io n , th e  

m ix tu re  was worked-up as  d e sc rib e d  p re v io u s ly  in  page 93• The r e s u l t s  

a r e  ta b u la te d  on page U8 in  Table 2 .

2 . THE REACTION OF N-BENZHTDCTL-N.N.N -TRIMETHYLAMMONIUMIODIDE WITH ALKYL- 

LITHIUM REAGENTS.

To a su sp en sio n  o f  N -benzhydryl-N , N, N-trimethylammonlum Io d id e , 1 .0  g 

(0.003 m ole) in  30 ml o f  THF, was added 0 .006  mole o f  KLi (RaCl^, Cl^Clfe,

I-C3H7 , and n-C4 lfe), and th e  r e a c t io n  s t i r r e d  fo r  two h o u rs . The r e a c t io n  

was c a r e fu l ly  t r e a te d  w ith  10 ml o f  d i s t i l l e d  w a te r , e x tra c te d  In to  50 ml 

o f e th e r ,  and th en  e x tra c te d  w ith  5$ HCl. T reatm ent o f  th e  aqueous 

la y e r  w ith  5$ K0H, e x t r a c t io n  In to  e th e r ,  fo llow ed by rem oval o f  th e  

e th e r  a ffo rd e d  0 .3  g o f  a m ix tu re  o f  am ines, w hich were id e n t i f i e d  by 

nmr sp ec tro sco p y  to  be :

The above am ines a r i s e  from S tevens and S oom elett-H auser rea rran g em en ts . 

These am ines were n o t found d u rin g  r e a c t io n s  o f  b e n z y lic  ca rban ions 

w ith  benzhydryltrlm sthylam nionium  io d id e .

N ,N -d im e th y l-2 ,2 -d ip h en y l- 
e th y 1 amine

2-B enzy l-N ,N -d im ethy lbenzy l-
amine
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APPENDIX A

A SUMMARY OF REACTIONS OF AROMATIC RADICAL ANIONS WITH SOME ETHERS.

SULFUR DIOXIDE. SULFONATE ESTERS. SULFONAMIDES. AMD HYDROGEN AND NITROGEN.

1. E th e r s ,

A ngelo1-75 In v e s tig a te d  th e  c leav ag e  o f  s e v e ra l  e th e r s .  The most 

l i k e ly  m e c h a n is tic  p o s s i b i l i t y ,  u sing  b e n sy lp h e n y le th e r  as a m odel, i s  

analogous to  th e  r a d ic a l  an ion  r e a c t io n s  e lu c id a te d  by Kornblum, e t  a l 1-70. 

(Scheme i )

Scheme I

^Coupling

R eduction  o f th e  e th e r  would presum ably form th e  r a d ic a l  an ion  in  which 

th e  added e le c t ro n  i s  in  th e  ben zy l r in g ,  E je c tio n  o f  phenoxide would 

form th e  ben zy l r a d ic a l ,  which upon re d u c t io n  and p ro to n a tio n  i s  converted  

to  to lu e n e . T races  o f  b ib e n z y l m ight r e s u l t  from r a d ic a l  c o u p lin g , b u t 

t h i s  i s  n o t c e r t a in .  The h ig h  y ie ld s  o f  d im er in  many re a c t io n s  r a i s e s  

c o n s id e ra b le  doubt about t h i s .  For exam ple, b i a l l y l  e th e r  forms 501° b i a l l y l
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and 30$ a lk y l  a lc o h o l. In  view o f th e  f a c i l e  re d u c tio n  o f  a lk y l  r a d ic a ls  

by sodium n a p h th a le n id e , a 5°^  y ie ld  o f  dim er by r a d ic a l  co u p lin g  seems 

much too  h ig h . Perhaps dim er fo rm atio n  i s  a c tu a l ly  th e  p ro d u c t o f  a d i s ­

placem ent r e a c t io n  betw een th e  a l l y l  ca rb an io n  and th e  e th e r .

E lsc h , u s in g  d i l i th lu m  b ip h e n y l, s tu d ie d  th e  c leav ag e  o f  a v a r ie ty  

o f  e th e r s ,  h e te r o c y c l ic s ,  and h y d rocarbons . 59 The ease  o f  c leav ag e  o f  

m olecu les o f  th e  type  A r-Z, where Z » F ,  OCHs , o r  N(CH3 )2 , I s  c o n s is te n t  

w ith  th e  d e c re a se  in  a  v a lu e s  o f  th e  s u b s t i tu e n ts . 177

•o . ch 3  >

o p +0 .062  - 0 .268  -0.0600

T hese re a c t io n s  a re  slow enough th a t  k in e t ic s  s tu d ie s  a re  f e a s ib le  and 

th e  r e s u l t s  m ight b e s t  be  accounted  fo r  by a new s c a le  o f  r a d ic a l  an ion  

v a lu e s .  These re a c t io n s  were I n te rp r e te d  by E lsch  to  be th e  r e s u l t  o f  a 

two e le c t r o n  t r a n s f e r .  (Shown in  eq u a tio n  1 fo r  a n l s o le ) .  In  view o f 

more re c e n t developm ents, a r a d ic a l  an ion  mechanism i s  more l i k e ly .

0 -CH3  (  V-'OCH,  ,  P roduct*

E le c tro n  t r a n s f e r  has a ls o  been proposed to  account f o r  th e  c leav ag e  

o f  fl -  t r i f l u o r o  e th y l  e th e r s  a s  a means o f  form ing a lc o h o ls  in  h igh  y i e l d s . 170

R-0 -CH2CFo ^ ap h - > R-0-CH2-CF2 * + F_ N>ph;- » R-0-CH*CF2 : ” (2)
•  •  • •  • •



T here e re  in h e re n t Advantages in  th e  use  o f  a l k a l i  m e ta l arom atic  

r a d ic a l  an io n s compared to  th e  use  o f  th e  m e ta l in  e f f e c t in g  e th e r  c le a v ­

ag e . The homogeneous c o n d itio n s  p e rm it th e  r e a c t io n s  to  p roceed  f a s t e r  

and g e n e ra lly  a f fo rd s  h ig h e r  y ie ld s  o f  th e  c leavage  p ro d u c ts . The r a p id ­

i t y  o f  th e  r e a c t io n s  p e rm its  lower r e a c t io n  te m p e ra tu re s . Use o f  a m e ta l,  

e s p e c ia l ly  l i th iu m , u s u a lly  r e q u ire s  an ex cess  to  be p r e s e n t ,  w hereas 

e th e r s  can be t i t r a t e d  w ith  th e  h ig h ly  co lo re d  r a d ic a l  an ion  s o lu tio n s  

u n t i l  th e  c o lo r  p e r s i s t s ,  th e n  quenched; th i s  te ch n iq u e  a llow s fo r  th e  

u se  o f s to ic h io m e tr ic  amounts o f r a d ic a l  an io n . Yet a n o th e r  advan tage 

i s  th a t  t h i s  method i s  s u c c e s s fu l f o r  compounds which a re  i n e r t  to  a m e ta l.

A v a r i e ty  o f  e th e r  c leavage  r e a c t io n s  have been perform ed w ith  a 

m e ta l in  th e  absence o f  an e le c t ro n  c a r r i e r  such as  n ap h th a len e  o r  b i ­

p h en y l. M ention i s  made o f  th e se  r e a c t io n s  sim ply because m e c h a n is tic a lly  

they  appear to  be v e ry  s im i la r  to  th e  re a c t io n s  a lre a d y  co n s id e re d . Some 

le a d in g  re fe re n c e s  a re  l i s t e d . 179

In  a n o th e r  type o f  r e a c t io n ,  Watanabe and a s s o c ia te s  r e p o r t  an 

a lk y la t io n  r e a c t io n  w ith  e th y l  v in y l  e t h e r . 180 Mo mechanism i s  s p e c if ie d .

R eac tio n s  o f  th e  hydrocarbons 1 ,6 -im ino  and l,6 -o x id o -1 0 -a n n u le n e s  

w ith  sodium and p o tassium  in  DME a re  p a r t i c u l a r ly  i n t e r e s t i n g .  E lim ina­

t io n  o f  th e  he te ro a to m  b r id e  o c c u rs , le a d in g  to  n ap h th a len e . Mo mechanism 

i s  proposed f o r  th i s  r e a c t io n . 181

+ ch3ch2- o- ch»ch2 (3)
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Na o r  K

DME
( k )

X» NH, 0

2 . SULFUR DIOXIDE. SULFONATES. AND SULFONAMIDES.

The r e a c t io n s  o f  a l k a l i  m e ta ls  arom atic  r a d ic a l  an ions w ith  compounds 

c o n ta in in g  s u l f u r  have been lim ite d  in  scope to  s u lf u r  d io x id e , s u l f o n a te ,  

and su lfonam ides.

S u lfu r  d io x id e  combines w ith  ty p ic a l  o rg a n o m e ta llic  re a g e n ts  such 

as  G rignard  re a g e n ts  to  form s a l t s  o f  s u l f i n l c  a c id s .  The d i f f e r e n c e  

betw een th e  ty p ic a l  o rg a n o m e ta llic  re a g e n t and arom atic  r a d ic a l  an ions i s  

a g a in  dem onstra ted  by th e  o b se rv a tio n  th a t  sodium n a p h th a len id e  undergoes 

a lm ost e x c lu s iv e ly  e le c t ro n  t r a n s f e r . 102 When e le c tro n  t r a n s f e r  i s  fa v o r­

a b le ,  th e  a ro m a tic  r a d ic a l  an ions a re  poor n u c le o p h ile s .  The s u l f u r  con­

ta in in g  p ro d u c ts  o f  th i s  r e a c t io n  a re  sodium th lo s u l f a te  (35$)» sodium 

s u l f i t e  (35$ ) ,  and sodium d l t h io n i t e  (30$ ) ,  and a re  accounted  f o r  by 

scheme I I .  D lth io n i te  2 i s  formed by d im e r ic a tlo n ;  t h i s  io n  i s  u n s ta b le  

and i s  known to  d is p r o p o r t io n a te . 103

Scheme II

So2 Naj)h » S02 2e ~
*  S20 32 + S032

2

Mot u n ex p ec ted ly , th e  e x te n t  o f  e le c t ro n  t r a n s f e r  depends upon 

com parative e le c t ro n  a f f i n i t i e s  o f  th e  aro m atic  compound and s u l f u r  d io x id e .
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N -su b s ti tu te d  a ry l  su lfonam ides undergo f a c i l e  c leav ag e  w ith  sodium 

n ap h th a le n id e  to  l i b e r a t e  am in es .184 The c leav ag e  method may have some 

v a lu e  in  th e  p re p a ra t io n  o f  p u re  secondary  am lnes18S and may co n ce iv ab ly  

have some a p p l ic a t io n s  in  p e p tid e  s y n th e s is .  The o v e r a l l  e q u a tio n  i s  

H

Ar-SOa -N-R(Ar) Naph- — » ArS02" + ArH + H^NR (Ar) (5 )

As f o r  so many r e a c t io n s ,  o n ly  n a p h th a len id e  has been in v e s tig a g e d . 

S e v e ra l o b se rv a tio n s  a re  no tew orthy . A lkylm ethane su lfonam ides do no t 

c le a v e  under th e  norm al r e a c t io n  c o n d itio n s .  For exam ple, even w ith  20 

e q u iv a le n ts  o f  sodium n a p h th a le n id e , N -octy lm ethanesu lfonam ide shows 2$ 

r e a c t io n  and was recovered  a f t e r  quenching . T h is  c o n t r a s t s  w ith  th e  

r e s u l t s  o f  N -p - to ly l -p - to lu e n e  sulfonam ide which forms c leav ag e  p ro d u c ts  

in  87$ y ie ld .  Such d i s p a r i ty  i s  a t t r i b u t a b l e  to  th e  d if f e r e n c e  in  r e ­

d u c tio n  p o te n t i a l s ;  the  d ia lk y l  s u lfo n a te s  do n o t as  r e a d i ly  acc ep t an 

e le c t r o n  as  t h e i r  a rom atic  c o u n te rp a r ts .  In  a l a t e r  pap er i t  was d e t e r ­

mined th a t  p ro to n  a b s t r a c t io n  from N -octy lm ethanesulfonam ide formed th e  

a n io n , which o f  c o u rse , i s  even le s s  prone to  r e d u c t io n . 186 T reatm ent 

o f N -p - to ly l -p - to lu e n e  su lfonam ide w ith  sodium n a p h th a le n id e , fo llow ed 

by quenching in  a i r  to  p re v e n t fo rm ation  o f  d ih y d ro n ap h th a len es  v ia  

h y d ro ly s is ,  i s  re p o r te d  to  lead  to  5 ^  2$ d ih y d ro n ap h th a le n es . Thus, 

e le c t ro n  t r a n s f e r  i s  c l e a r ly  th e  more fa v o ra b le  p ro c e ss  even though th e  

amide hydrogen i s  more a c id ic  than  in  th e  N -a lk y l an a lo g s .

The r e a c t io n  i s  am azingly s e le c t iv e .  C onceivably  th e  to lu e n e  s u l ­

fonam ides o f  d ip e p tid e s  cou ld  c leav e  a t  e i t h e r  th e  p e p tid e  o r  su lfonam ide 

l i n k s .  B ut, c leav ag e  i s  h ig h ly  s p e c i f i c ,  o c c u rr in g  a t  th e  su lfonam ide 

l in k  to  f r e e  th e  d ip e p tid e s  in  y ie ld s  g r e a te r  than  89$ in  every  c a se .

A ry l ha logens do n o t rem ain i n t a c t ,  however N -(m -ch lorophenyl) p - to lu e n e -



su lfonam ide i s  c leav ed  to  form a n i l i n e . 184 At room tem p era tu re  2-6  

e q u iv a le n ts  o f  sodium n a p h th a le n id e  a re  re q u ire d  f o r  su lfonam ide c le a v ­

ag e , b u t a t  -60° to  -80° e x a c tly  2 e q u iv a le n ts  a r e  s u f f i c i e n t . 186 In  

f a c t ,  th e  end p o in t  can be t i t r a t e d  to  th e  p e r s is te n c e  o f  a f a i n t  g reen  

c o lo r .  At -70° th e  o n ly  p ro d u c ts  a re  th e  sodium s a l t  o f  th e  amine and 

th e  sodium a ren e  s u l f l n a t e .  At h ig h e r  tem p era tu res  th e  a ro m a tic  com­

pound and a number o f  s u l f u r  c o n ta in in g  s a l t s  a re  formed.

Not s u r p r is in g ly ,  th e  c leav ag e  o f  to lu e n e s u lfo n a te s  a ls o  o ccu rs  

r e a d i ly ,  and a lc o h o ls  a re  reco v ered  in  h ig h  y ie ld s  (eq . 6 ) .

These r e a c t io n s  were perform ed a t  -80° w ith  2-6 e q u iv a le n ts  o f sodium 

n a p h th a le n id e . 187 Sodium p h en an th ren id e  ap p ea rs  to  work alm ost as  w e ll ,  

w hereas sodium a n th ra c e n ld e  r e a c ts  more slow ly  and g iv es  lower y ie ld s .

As w ith  su lfo n am id es, a lk y l  a lk a n e su lfo n a te s  do n o t g ive  good 

y ie ld s  o f  c leav ag e  a lc o h o l.  The s u lfo n a te s  do r e a c t ,  however; fo r  

exam ple, o c ta d e c y lb u ta n e su lfo n a te  forms o c ta d e c y la lc o h o l and 20$ 

p en tad ecan e , and JOfc i s  co n v erted  presum ably to  a lk y la te d  d lh y d ro - 

n a p h th a le n e s . The p ro d u c t d i s t r i b u t i o n  i s  s e n s i t i v e  to  th e  c o n c e n tra tio n  

o f  sodium n a p h th a le n id e , because  as  th e  n ap h th a le n id e  io n  c o n c e n tra tio n  

in c re a s e s  th e re  i s  formed an in c re a s in g  p e rc e n ta g e  o f  a lc o h o l.  T h is  

r e s u l t  i s  c o n s is te n t  w ith  th e  mechanism o f  eq . 7 - 9»180 w ith  in c re a s in g  

n a p h th a le n id e  fav o rin g  eq . 9 -

+ (6 )
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R* OSO*R + Naph7 

R’ OSOaR7

R’ 0S02R7 + Naph7

-» R* 0S02R- + Naph (7 )

R* + r s o 3" (8 )

R.' -O7 + RSOa " + Naph (9 )

3 . HYDROGEN

The r a d ic a l  an ion  and d ia n io n  o f an th racen e  r e a c t  w ith  m o lecu la r 

hydrogen to  form a d d u c ts , b u t th e y  do so by d i f f e r e n t  r o u te s .  H e te ro - 

l y t i c  c leavage  o f  hydrogen o ccu rs  in  the  p resen ce  o f  th e  d ia n io n . 189

2Na+ + H; + NaH
( 10)

The r a d ic a l  an ion  causes b o th  h e t e r o ly t l c  and hom oly tic  f i s s io n  o f  hy­

d ro g en , th e  l a t t e r  p ro c e ss  being  shown in  eq . 11.

2 Na He NaH (ID

H H

W hether th e se  p ro d u c ts  a re  formed by d i r e c t  com bination  o r  i n i t i a l  e le c ­

t ro n  t r a n s f e r  has  n o t been de term ined .

The 9 -m onohydroanthrscene a n io n , under d i f f e r e n t  c o n d i t io n s ,  does

e lim in a te  h y d rid e 190 E je c tio n  o f  th e  h y d rid e  i s  a s te p  in  th e  hydro ­

g e n a tio n  o f  b u ta d ie n e  to  1 and 2-b u te n e s  w ith  sodium a n th ra c e n id e  o r  th e  

co rresp o n d in g  d ia n io n .

t i l th  n ap h th a len id e  an e n t i r e ly  d i f f e r e n t  p ro c e ss  p redom inates 191
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N aphthalen ide  do n a tes  an e le c t ro n  to  hydrogen to  e f f e c t  it* f i s s io n ;  t h i s  

i s  shown in  scheme I I I .

Scheme I I I

Na-1 Hs -> NaH + H-

N aph thalen ide  a ls o  combines w ith  atom ic hydrogen (Scheme IV ). Experim ents 

w ith  d eu te riu m  in d ic a te  th a t  t h i s  ro u te  i s  m inor.

Scheme IV
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Schame IV (Contintuition)

H H

The r a te s  o f  r e a c t io n  fo r  scheme IV have been m easured fo r  a number 

o f  r a d ic a l  an ions and d ia n io n s .192

NITROGEN

I s o la t io n  o f  th e  f i r s t  sim ple chem ical complex o f  m o lecu la r n i t r o ­

gen was re p o r te d  in  1965 by A lle n  and S e r o f f .193 The fo llo w in g  y e a r 

V olp in  and Shur announced th e  chem ical f ix a t io n  o f  n i t r o g e n .194 T h e ir  

te ch n iq u e  Invo lved  t r e a t in g  CrCl3 , M0CI5 , WC16 , FeCl3 , o r  T iC l4 w ith  

ethylm agnesium  brom ide in  e th e r  s o lu t io n  under I5O atm . o f  n i t ro g e n .

A f te r  quenching w ith  a c id  th ey  w ere a b le  to  re c o v e r an average  o f about 

0 .1 2  mole o f  ammonia p e r  mole o f t r a n s i t i o n  m e ta l.

S ince t h i s  i n i t i a l  d is c o v e ry , a number o f  re f in e m e n ts  have been 

made. One o f  th e  most im p o rtan t o f  th e se  h as  been th e  use  o f  m etal 

aro m atic  r a d ic a l  an ions as th e  so u rce  o f e l e c t r o n s . 195 The advan tages o f 

r a d ic a l  an ions compared to  G rlgnard  re a g e n ts  In c lu d e  th e  fo llo w in g :

(1) th e  e le c t ro n  t r a n s f e r  from th e  G rlgnard  re a g e n t i s  no t as fav o rab le  

as  from th e  r a d ic a l  an io n ; (2 ) G rlgnard re a g e n ts  a re  b e t t e r  bases and 

n u c le o p h ile s  th an  a re  a ro m atic  r a d ic a l  an ions which means th ey  undergo 

co m p e titiv e  re a c t io n s  more r e a d i ly .
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APPENDIX B 

ABBREVIATIONS

N aphthalene-------------------------- -------------- ------- --------------------Naph

S y m m e tric a l- te trap h en y le  th an e---------------- -----------------------Sym-TPE

T e tra h y d ro fu ra n --------------------------------------------------------------- THF

Dime thoxye th a n e    - - --------------------------- DME

N uclear m agnetic reso n an ce------------------------------------------—-nmr

I n f r a - r e d -   ------------------------------------------ ------------— ~ - i r

Pen tapheny l e th a n e  —---------------------------------------------  -PPE

D ie le c t r ic  c o n s ta n t------------------------------------------------------------ C

2-m ethyl te tra h y d ro fu ra n -------------------------------------------------- 2-MeTHF
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APPENDIX C 

NUCLEAR MAGNETIC RESONANCE
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