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Abst ract :  Neophy l l i th ium ( l )  has been ox id ized in  so lu t ion by react ion wi th  molecu lar  oxygen at  very  low,  con-
trol led, rates. When autoxidation is carr ied out at 25" in n-pentane or n-heptane solut ion, a signif icant fract ion of
the reaction products contain the benzyldimethylcarbinyl moiety; these products strongly implicate neophyl free
rad ica l  as  an in termediate .  [n  hydrocarbon so lu t ions conta in ing te t rahydrofuran or  t r ie thy lamine,  and in  pure
d ie thy l  e ther  so lu t ion,  format ion oI these products  is  large ly  suppressed.  Neophy l l i th ium is  te t ramer ic  in  n-pentane
at concentrat ions of 0.07 M but dimeric in diethyt ether at similar concentrat ions ( -0. l0 M); vapor pressure studies
establ ish that I  coordinates strongly with tetrahydrofuran, but weakly with tr iethylamine and diethyl ether. Cor-
relat ion of product distr ibutions with the composit ion of the aggregates of I  inferred from these physical studies
indicates that the unsolvated tetrameric aggregates of neophyl l i thium auto,xidize in major part by a path involving
free neophyl radicals, while the solvated dimeric aggregates autoxidize predominantly by a path not involving free
alky l  rad ica ls .

Th.  reac t ion  o f  o rgano l i th ium and -magnes ium com-
I  pounds w i th  mo lecu la r  oxygen is  impor tan t  as  a

synthe t ica l l y  use- fu l  method o f  conver t ing  these reagents
to  a lcoho ls  and as  an  a lmost  ub iqu i tous  s ide  reac t ion
in  the i r  p repara t ion  and hand l ing . , r - ;  These au tox ida-
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metals. ' l8.r0 are bel ieved to occur in two dist inct .  and
mechanist ical ly unrelated steps: f i rst .  I  equiv of  or-
ganometa l l i c  compound is  conver ted  to  an  in te rmed ia te
metal  hydroperoxide by react ion wi th oxygen; and
second, th is hydroperoxide is reduced to alcohol  by
react ion wi th a second equivalent of  the organometal l ic
reagent.  This general  scheme has found convincing
support  in the isolat ion of  respectable y ie lds of  hydro-

():
R-M + R-O-O-lvl

R-O-O-M + RM -+ 2ROM (2)

peroxides from the autoxidat ion of  a lkyl l i th ium and
-magnesium reagents under careful ly control led con-
di t ions,r-7 and by observat ion that Gr ignard and or-
ganol i th ium reagents reduce hydroperoxides to al-
cohols,  and peresters to ethers ( inter al ia) ,  under re-
ac t ion  cond i t ions  s imi la r  to  those encountered  in  the
autox ida t ion  reac t ions . { -  t  I

Cur ren t  in te res t  in  the  mechan is rn  o f  au tox ida t ion
o f  o r g a n o l i t h i u m  a n d  - m a g n e s i u m  c o m p o u n d s  i s  c e n -
te red  about  the  dc ta i l cd  na tL l re  o f  the  convers ion  o f
these reagents  to  hvdroperox ic le  sa l ts  (eq  l ) .  D i rec t
reac t ion  o f  an  organometa l l i c  compound w i th  g round
sta te  ( t : * - )  oxygen has  been cons ide  red  un l i ke ly  s ince
the  hydroperox ide  wou ld  be  fo rmed in  a  h igh-energy
t r ip le t  e lec t ron ic  conf igura t ion ,  i f  e lec t ron  sp in  angu lar
m o m e n t u m  i s  c o n s e r v e d  d u r i n g  t h e  r e a c t i o n .  t  3

Mechan is t i c  s tud ics  by  Russe l l  and coworkers  have es tab-
I i shcd  tha t  the  most  common pathway f  o r  the  au tox ida-
t ion of  waukl .y '  bu: ; ic ' ,  rcsonurrcc stabi l i :e c l  carbanions is
a  f ree  rad ica l  cha in  reac t ion . r ' t . r r  T l ie  ev idence con-
cern ing  the  in te rmed iacy  o f  f ree  a lky l  rad ica ls  in  au tox i -
da t ion  o f  s t rong l ) ,  bu : ; i c  o rgano l i th iu rn  o r  -magnes ium
reagents  i s  less  ex tens ive .  a l though the  produc ts  ob-
served on  au tox ida t ion  o f  the  Gr ignard  reagents  f rom
5-hexeny l  b romide r ; '  and  a ,a -d ipheny la l l y lcarb ioy l  t t ;

b romide suggest  rad ica l  in te rmed ia tes .  A  th ree-s tep
rad ica l  cha in  mechan ism has  been proposed r  3 -  r5

lo r  the  convers ion  o f  o rganometa l l i c  compoL lnds  (as-
sumed to  be  monomer ic )  to  hydroperox ide  sa l ts  tha t
is  cons is ten t  w i th  these da ta  (eq  3-5) .  The cha in

R M + O r + R ' * M O :  ( 3 )

R.  +  O:  +  ROO (1)

ROO. + RVt -+ ROOivl  + R. (5)

transfer step (eq 5) could occur ei ther uia electron trans-
fe r  r  3 '  t  {  o r  d isp lacement .  r5

Two di f ferent f ree radical  chain mechanisms for
hydroperox ide  sa l t  fo rmat ion  can be  wr i t ten  when
augregated  ra ther  than monomer ic  cova len t  o rgano-
meta i l i c  compounds are  cons idered ( i l l us t ra ted  here
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wi th  a l ky l l i t h i um te t ramers  ) . r ;  . { ,  s - ' i c : r . e  ana log t - rus
t o  p r e v i o u s l y  p r o p o s e d  m e c h a n l s r s  .  ;  :  {  u ' o u l d  y i e l d
a  f r ee  a l ky l  r ad i ca l  i n te rmed ia rc  b r  ca ib r r : l -mc ta l
bond c leavage fo l lowing e lect ron t rans ' l ' c r  i r . . . : l  thc
agg reg ra te  (eq  6_g ) .  I f  t he  ox id i zed  asg r . { : 3 : : '  $c : c

(RLi ) ,  *  O:  - - ->  R.  +  RrL i , '  +  G

R + O: -> ROO.

ROO.  +  (RL i ) r  - *  (ROO)RrL i {  +  R .  \

not  to  f ragment  before react ing fur ther ,  hydropcr-
ox ide  sa l t  m igh t  be  f o rmed  w i t hou t  t he  i n te rmed iac . "
o f  a  f r ee  a l ky l  r ad i ca l  ( . q  9 -12 ) . "  The  cha in  t r ans t ' c r

( R L i ) {  *  O r  +  ( R L i ) , . +  *  O r . -  ( 9 r

(RL i ) { . *  *  O r  - ->  ROO.  *  R rL i r *

ROO.  +  (RL i ) r  ->  ROO-  +  (RL i ) { . +

ROO- + R, ,L io  (ROO)R3Li r

( l )

( 1 0 )

i l l )

0 2 )

s tep  in  th is  reac t ion  (eq  l l )  wou ld  occur  by  e lec t ron
t rans ter .  Reasonab le  s t ruc tu ra l  p recedents  fo r  thc
proposed par t ia l l y  ox id ized  aggregates  ex is t .  R3L i r *
has  been observed in  mass  spec t romet r ic  s tud iesre  and
complexes  o f  n re thy l  rad ica l  w i th  l i th ium ha l ide  havc
b e e n  o b s e r v e d  i n  l o w - t e m p e r a t u r e  m a t r i x  i r  s t u d i e s . - '
The essent ia l  d i f le rcnce be tween the  two pa thways  is
tha t  thc  h rs t  invo ives  a  f ree  a lky l  rad ica l  in te rnred ia tc
a n d  t h c  s e c o n d  c i o e s  n o t .

Wc have exp lo red  the  in rpor tance o f  f ree  rad ica ls  as
i n t e r m e d i a t e s  i n  t h e  a u t o x i d a t i o n  o f  o r g a n o l i t h i L r n r
compounds by  exanr in ing  the  reac t ion  o f  oxygen w ' i th
n e o p h y l l i t h i L r m  ( l ) .  T h c ' r e  a r e  a  n u m b e r  o f  r e a s o n s
f o r  c h o o s i n g  n c o p h y l l i t h i u n r  f o r  s t u d y .  [ t  c a n  b c  p r c -
pared in  h igh  pur i ty ,  f rec  o t ' l i th ium ha l ides  or  a lkox idcs .
a n d  i t  i s  s o l u b l c  i n  h y d r o c a r b o n  s o l v e n t s .  r r  T h u s .
the  au tox ida t ion  o t ' I  can  be  s tud ied  in  pure  hydrocarbon
so lu t ions  as  we l l  as  tn i - r tu rc . r -  o f  hydrocarbon and donor
so lvents .  T i r i s  f lex ib i l i t y  in  cho ice  o f  so lvent  i s  o t '
p a r t i c u l a r  i m p o r t a n c e  i n  l i g h t  o i  t h e  w e l l - d o c u m e n t e d
c h a n g c  i n  t h e  r e a c t i v i t v  o t ' a l k y l l i t h i u m  s o l u t i o n s  t h a t
mav i l ccompan) -  changcs  in  the  so lvent  compos i t ion .  17  : r

T h e  c h a r a c t e r i s t i c  r e a r r a n g c m c n t  o f  t h e  n e o p h y l  r x t l -
i c a l  t o  t h e  d i m e t h y l b e n z y l c a r b i n y l  r a d i c a l  i s  a  p a r -
t i c u l a r l y  w e l l - u n d e r s t o o d  p r o c e s s . :  r ' r 3  T h e  f a c t  t h a t
t h e  l . l - a r y l  m i g r a t i o n  i s  n o r  c o n c e r t e d  w i t h  f o r m a t i o r r
o f  the  neophy l  rad ica l ,  and occurs  on ly  subsequent  t t r
the  fo rmat ion  o f  a  d isc re te  c lass ica l  neophy l  rad ica l .
i s  o f  par t i cu la r  per t inence to  th is  work .2 {  Neophy l -
l i th ium i tse l f  does  no t  rear range to  benzy ld imethy l -
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pose c l  .
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THF/ a-C8Hts (soturon)

F rgu rc  l .  Vapor  p rcss r l re  - compos i t i on  da ta  used  to  examine  the
iu rc rac t iou  be twcen  t c t rahy  d ro t ' u ran  (  1  )  (  TH F )  and  neoph- " - l l i t h iu rn
rn  / r - l ) cn tane  so l r . r t i on  i l t  amb ic r l t  t empera tu rc .  Da ta  ob ta incd  i r r
thc  p rcscnce  o t ' - { ) .07  I  a re  r r rd i ca tcd  l r v  ( ) :  t hose  ob ta ined  in  thc
l r t r scncc  o l '  u rgano l i t h iL r rn  r cagcn t  a re  i r rd i ca tec l  by  A .  T l re  axcs
rc l ) resc l r t  t hc  ra t i t l s  i l l ' t hc  a rcas  due  to  THF and  / r -oc tanc  (an  rne r t
g lpc  s tandurc l )  i n  g l l l c  t races  o t ' i . r l i r p ro ts  taken  f r cm the  so lu t i o r r
c ( )n ta ln i l rg  I  and  l ' r o r r r  t he  va [ )o r  ovc r  thc  so lu t i o r r .  l -Dodccano l
\ r l 5  a ( ldcd  to  t l t c  so lu t i on  to  c r  u tuc l t  t hc  I  a t  t hc  i r rd i ca tcd  no i r r t .

ce rb iny l l i th  iu  n r  L rnde r  the  r r 'ac t ion  cond i t ions  en-
c o u n t e r e d  i n  t h e  a u t o x i d a t i o n  r e a c t i o n s . :  I  F i n a l l y ,
t h e  n c o p h v l  r a d i c a l  r e a r r a n g e n r e n t  i s  s u f h c i e n t l y  s l o w r t
( k  <  l 0 ;  s e c - t a t  1 0 0 ' )  t h a t  r e a r r a n g e m e n t  c a n n o t  c o m -
p c t e  w i t h  r e a c t i o n s  t a k i n g  p l a c e  w i t h i n  a  s o l v e n t  c a g e . : 5
Thus.  observa t ion  o I  rear ranged produc ts  in  reac t ions
o i  n e o p h y l l i t h i L r m  c a n  b e  s i m p l y  i n t e r p r e t e d  i n  t e r m s  o f
c lass ica l  f ree  rad ica ls .  w i thout  concern  fo r  a ry l  par t i c i -
pa t ion  in  rac l i ca l  fo rmat ion ,  o r  fo r  de ta i l s  and t im ing  o t '
th r '  p rocesses  lead ing  to  escape o f  the  rad ica l  f rom thc
s o l v c n t  c a g e  i n  w h i c h  i t  i s  i n i t i a l l y  f o r m e d .

I l  esu l ts

Preparat ion and Propert ies of  Neophy' l l i th ium. Neo-
phv l l i th ium was prepared by  t ransmeta la t ion  o f  d ineo-
ph, " " imercury  w i th  l i th ium meta l  and was recrys ta l l i zed
t ' r o r n  r r - p e n t a n e  s o l u t i o n  a t  - 7 8 o . ' r t  N e o p h y l l i t h i u m
disso lves  read i l y  in  d ie thy l  e ther  and te t rahydro furan
( T H F )  b u t  i s  o n l y  s o l u b l e  t o  t h e  e x t e n t  o f  c a .  0 . I  i /  i n  r r -
pentane.  Hydro lys is  o f  representa t ive  samples  o f  re -
cry 'stal l ized mater ia l  y ie lded tert-buty lbenzene quan-
t i ta t i ve lv :  neophy l  a lcoho l  was  de tec ted  in  less  than
0. lT ;  y ' ie ld .  React ion  o f  1  w i th  l i th ium te r t -bv ty l
peror ide  in  e ther  so lu t ion  a t  room tempera ture  gave
r reophy l  a lcoho l  in  90% y ie ld .  No produc t  der ived
f ' ro r l  the  benzy ld imethy lcarb iny l  mo ie ty  cou ld  be  de-
t e c t e d  i n  e i t h c r  e x p e r i m e n t .  T h u s .  t h e  n e o p h y l l i t h i u m
t rsed in  the  au tox ida t ion  s tud ies  was f ree  o f  benzy ld i -
m e t h v l c a r b i n y l l i t h i L r n r  a n d  o f  n e o p h y l  a n d  b e n z l , l d i -
n r e t h y l c a r b i  n y l  a l  k o x i d e s .

T h e  e x t c n t  o f  a g g r e g a t i o r r  o f  n e o p h y l l i t h i u m  i n  l -
pentane was dc t t - ' rn r ined b-v  i so thermal  d is t i l l a t ion  a t
room te ' r1 )pe fx tu re .  Trvo  de ternr ina t ions  o f  the  ap-
parent  mo lccu la r  we igh t  y ie lded degrees  o f  assoc ia t ion
r r  o f  J . 8 0  a n d  1 . 9 - l  a t  a  c o n c e n t r a t i o n  o f  I  o f  c a . 0 . 0 7  N .

t l 5 l  R .  \ 1 .  N o . r ' c s ,  P r o g r .  R c , u c t .  K i r t c t . , l , l l 0 r l 9 6 l ) .

Al though the  ra te  o f  reac t ion  o f  neophy l l i th ium wi th
diethyl  ether at  room temperature was suff ic ient ly rapid
that isothermal dist i l lat ion y ie lded unrel iable values for
the  molecu la r  we igh t ,  i so thermal  d is t i l l a t ion  exper i -
ments could be carr ied out at  -  20o without Signi f icant
compet i t ion t rom ether c leavage. The degrees of  asso-
c ia t ion  de termined in  th is  so lvent  a t  a  neophy l l i th ium
c o n c e n t r a t i o n  o f  c a . 0 . 1 0  / /  a r e  2 . 0 0  a n d  2 . 0 6 . 2 6  T h u s .
neophy l l i th ium is  te t ramer ic  in  n -pentane,  bu t  appar -
en t ly  d imer ic  in  d ie thy l  e ther .  Other  s te r ica l l y  c rowdcd
organo l i th ium reagents  a re  te t ramer ic  o r  d imer ic  in
hydrocarbon so lu t ions  and many organo l i th ium re-
agents form smal ler  aggregates in donor solvents.2T

The ab i l i t y  o f  neophy l l i th ium to  f  o rm complexes  w i th
donor  so lvents  was de termined by  measur ing  the  vapor
compos i t ion  over  pentane so lu t ions  o f  I  con ta in ing
added donor solvent and a smal l  amount of  r r -octane
(as  an  in te rna l  g lpc  s tandard l . : s  Compar ison o f  the
par t i t ion ing  o f  t r ie thy lamine or  d ie thy l  e ther  be tween
an r r -pentane so lu t ion  and the  a tmosphere  over  the  so-
Iu t ion  ind ica ted  the  presence o f  0 .07  ,A /  I  in  so lu t ion  had
no in f luence on  the  apparent  vapor  p ressure  o f  thes . -
donors  and demonst ra ted  tha t  any  conrp lexes  fo rmc 'd
between neophy l l i th ium and these donors  must  be
weak.  S i rn i la r  measurements  made us ing  te t rahydro-
fu ran  as  the  donor  c lear ly  denrons t ra ted  the  fo rmat ion
o f  a  c o m p l c x  o f  a p p r o x i m a t e  s t o i c h i o m e t r y  [ ( R L i t , . 1 '
T H F ] "  ( F i g u r e  l ) . : c  T h u s .  q u a l i t a t i v e l y ,  I  c o o r d i n a t e s
s t rong ly  w i th  te t rahydro furan .  bu t  weak ly  w i th  d ie th ; r l
e t h e r  a n d  t r i e t h y l a m i n e .

Oxidat ion in FI1 'drocarbon Solvents.  React ion t ) t '
n e o p h y l l i t h i u r n  i n  a  h y c l r o c a r b o n  s o l u t i o n  w i t h  o x y g c n .
lo l lowed bv  hy 'd ro lys is ,  y ie lds  a  number  o f  p roduc ts
whosc  re la t i v 'e  y ie lds  depend pr imar i l y  on  the  temper -
a tu re  and ra te  o I  add i t ion  o t '  oxygcn.  Rap id  add i t ion
o f  oxygen to  a  so lu t ion  o f  I  a t  room tempera turc

(PhC(CHr) rCH:L i , *  
t  ' ' '  t - ' t  

PhC(CHrh *  PhCHTCH(CHr) :  - r -

I  
' J  l l : ( )  Z  3

phCH,rC(CH,) :CH]  *  phCH:C(CH,) , :  - . : -  PhC(CHr) rOH +
. 1  5 6

I ,hCHjC(CHr) . :OH + PhC(CH I ) :CH:OH *
7 8

PhC(CHr):rCH:CH.,C( CH,. ). :Ph +
9

PhC(CH, ) :CH:C(CH ' ) :CH: [ )h  *
l 0

PhCHTC( CH' ) rC(CH r ) tCH:Ph
l 1

resu l t s  i n  f o rma t i on  o f  neophy l  a l coho l  ( 8 )  as  t he  on l y '

oxygen -con ta in i ng  p roduc t .  Unde r  t hese  cond i t i ons .

t he  ava i l ab i l i t y '  o i  oxygen  i n  so lu t i on  i s  p resumab ly

( 1 6 )  I n  o n c  e x p c r i m c n t  t t r c  i s o t l r e r r n a l  d i s t i l l a t i o r r  a p p a r a t u s  \ \ i t s

o p c n c d  u n d e  r  l r  r r i r r o g c n  a t n r t t s p h c r c  u t ' t c r  e q u i l i t t r i t r m  h t r d  b e e  n  a t t a r n c d
a n t l  t h c  n e o p h y l l i t h i u m  n l s  q u c r r c h c d  * i t l t  l , l ' e i i b r o r n o c t h a n e .  G I p c

a n i t l y s i s  i r t c l i c a t c d  . r  9 0 i  y i c l d  o t ' n c o p h l l  b r o m r c l c .
( 1 7 )  H .  L .  L c r r t s  u r t c l  T .  L .  B r t t r r r t .  . , / .  . ' 1  r r t c r .  C l t e m .  S a c ' , 9 2 .  1 6 6 4

( 1 9 7 0 ) ;  P .  \ \ ' e s t .  R .  W a a c k ,  a r r d  J .  I .  P t t r t t r o t .  i b i t l  . , 9 2 , 8 " 1 0  ( 1 9 7 0 ) :  \ \  '

H .  G l a z c  a n d  C .  H .  F r e c r t r a n .  i b i L l  . . 9 1 ,  7 l 9 S  t 1 9 6 9 ) ;  C .  E .  H i t r t u ' c l l
. r r rd  A .  . - \ l l c rh . rnd .  i l : i d . .  93 .  - l - {  I  -s  t  l ( )7  |  t .

( : S )  I t .  W l l c k .  \ 1 .  A .  D o r l t t t ,  l t t t t l  [ ) .  E .  S t e v c r t s o t t ,  i b i t l . , 8 8 ,  f  l ( ) ( )
( 1 9 6 6 ) .

I  l 9  )  P l o t s  s i n r i l ; r r  t o  t h a t  i r t  F i g u r e  I  r r  e  r e  o b t l r i n c d  i t r  c x p e r i n r e  r t t  '

c a r r i c d  o u t  t c  t c s t  t h c  c x p c r i n r e  t t t l l  t c c h r r i c l t r c  u s i r r g  0 . 0 5  N  n - b u t 1  l -

l i t h i u m  i n  4 - p e t t t a r r c  i t t t d  s t h e r  o r  t r r e t h l i a m i r t c .  T h e s c  p l o t s  c o n t i  r r r r

t h c  c x i s t c r r c e  o l ' c o r n p l c x c s  o t ' l p p r o x i l t t i t t c  s t o i c h i o m c t r y  ( r r - B u L i ) r ' T E A

a r t d  ( r r - l l u L i ) , : ' O E t :  i n t t r r c d  f r o n r . t n l t l o g o u s  s t u d i c s  u s l l ' l g  m o r e  c o r l -

c c n t n r t c d  s o l u t i o r r s  ( s c c  t h c  E x p c r i r n c r r t ; . t l  S c c t i o r t ) . : :

o . 2  5
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Table I. The Influence of Oxygen Addirion Rate and Reaction Temp€ralure on Pr oduct Yields ( i;) in Oxidation of Neophyllithium'

Solvent
Temp, oC

Oxygen addn rate (ml/hr)
Product

n-Pentane
)5  )5  25
2 9  5 . 5  3 .  I

r r -Heptane
25

3 . l d

25
3 .  l b

45
J .  t

70
_  3 . 1

C6HiC(CHr)r  (2)
crHrcH:cH(cHr), (3)
CeH'CHzC(CHTFCHT (4)

CoH,,CH:C(CHr)z (5)

CoHsC(CHr)2OH (6)"

CeH'CH:C(CHr)zOH (7)

C6HrC(CHr)zCHzOH (8)

R-Rd (9)

R_R,d  (10 )

R ' - R ' ,  d  ( 1 1 )

Froduct ba,lance, /o
lf, reanc,ngement in

dimerrc hydrocarbons
alcohols

Dimer la lcohols

8 . 4
0 . 5
0 . 6
0 .  t
0 . 8
7 . 9

66.3
t 7  . 7
0 . 9
0 . 4

103  .7

5 . 0
1 0 . 6
o . 2 6

12.4
1 . 3
1 . 5
0 . 4
0 . 4
8 . 5

52.9
12.3
1 . 9
0 . 3

9 1 . 9

8 . 6
1 3 . 8
0 . 2 4

12 .2

< 0 . 2
< 0 .  I

1 0 .  I
49 .3
12.4
2 . 5
0 . 4

9 5 . 9

1 0 . 8
t 7 . 0
o . 2 6

26.O
0 . 7
1 . 0
0 . 9
o . 7
6 .  t

5 4 . 0
12 .7
1 . 3

< 0 . 2

1 0 3  . 4

4 . 9
1 0 .  I
o . 2 3

)
I

)2"1 0
i

0 2
0.  - l
< t
J . a

5 3 .  I
1 5 . 2

t l
l . $

< 0 .  2

99 .7

A 1

9 . 2
0 .  2 8

3 1 . 6
0 . 8
t 2
0 8
0 . 8
6 5

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

9 5 . 2

1 0 .  s
1 3 . 3
o . 2 2

) + . I

1 . 5
l 0
a r
J . +

0 5
J 6

2 7  . )
) . t

1 . 3
0 . 1

8 0 . 0

2 l
1 4 5
0  1 9

. l0 ml of 0.05 l{ solution of neophyllithium was oxiCized in the flask diagammed in Figure 2. Yields are based on organometallic com"
ponent and are estimated to be accurale to +l% (relative). t Duplic4te exp€rimenls. The exlen! to which they resemble one another ls

iypical of rhe reproducibility encounrered in rhis work. . Characterized by glpc retenlion time only. r R .efers to neophyl; R' refers !o

benzyldime.hylcarbinyl.

re la t i ve ly  h igh . ' r0  S ince  the  ra te  o f  reac t ion  o f  s imp le
alkyl  radicals wi th oxygen is c lose to di f fusion con-
t ro l led , ' r t  l . l -pheny l  migra t ion  in  any  neophy l  rad ica ls
t 'ormed under these condi t ions would not be expected to
compete  w i th  scaveng ing  o f  the  neophy l  rad ica ls  by
oxygen.  ln  o rder  to  p rov ide  reac t ion  cond i t ions  in
wh ich  the  rear rangement  o f  an  in te rmed ia te  neophy l
rad ica l  cou ld  compete  w i th  th is  scaveng ing ,  the  s teady-
s ta te  concent ra t ion  o f  oxygen in  the  so lu t ion  was re -
duced to  a  low va lue  by  s lowly  in t roduc ing  th is  reagent
in to  a  n i t rogen a tmosphere  above a  v igorous ly  s t i r red
so lu t ion  o l  1  f rom a  cap i l la ry  in le t  (F igure  2) .  Prod-
ucts obtained in representat ive react ions carr ied out
us ing  these cond i t ions  are  g iven in  Tab le  I .  For  com-
par ison ,  th is  tab le  a lso  inc ludes  produc t  d is t r ibu t ions
observed at  h igher oxygen addi t ion rates.  and at  h igher
tempera tures .

In  p rac t ice .  the  reproduc ib i l i t y  o f  the  produc t  y ie lds
obta ined in  these exper iments  was on ly  fa i r :  var iab le
(<  l5 l )  amounts  o f  advent i t ious  hydro lys is  (bu t  t to t  o f
ox ida t ion  )  apparent ly  accompan ied  man ipu la t ion  o f  I
dur ing  the  course  o f  the  exper iments .  and consequent ly
the absohrre y ie ld data der ived from these oxidat ions
var ied .  In  o rder  to  min imize  ambigu i t ies  in  in te r -
pretat ion ar is ing f rom this uncertainty in the relat ive
quant i t ies  o f  I  consumed by  reac t ion  w i th  oxygen and
by un in tended reac t ion  w i th  water .  Tab le  I  inc ludes
three parameters der ived from the product y ie lds:  the
"percentage rearrangement" in the dimeric hydro-
carbons  and the  a icoho ls  (de f ined as  100(0 .5  l0  +  11) i
(9 + l0 = l1)  and 100(7)t 'Q + 8),  respect ively,  where.
c .g . ,  t0  ind ica tes  the  y ie ld  o f  compound 10) ,  and the
ra t io  o f  the  v ie lds  o f ,  d imer ic  p roduc ts  to  a lcoho ls .  In
pr inc ip le .  each o f  these quant i t ies  shou ld  be  indepen-
dent  o f  snra l l  var ia t ions  in  the  amoLln t  o f  advent i t ious
hydro l .v -s is  occur r ing  dur ing  an  e , rper iment :  in  p rac t ice ,

r l 0 )  T h e  m o l e  f n r c t i o n s  o f  o x 1 ' g e n  s a ! u r i l t L ' d  c t h e r ,  r r - h c x a r r e ,  a n d
r r - h c p t a r r c  u r  l , < '  u r c  1 . 9 8  X  l 0 - . t ,  l . 9 l  X  [ 0 - 1 ,  l t n d  1 . 9 7  X  l 0 - r ,
r e s p c c ! i v e i r ' :  J .  C .  C j a l d b a e k ,  , l c t q  C l t e t n .  S c u r u l . ,  6 ,  6 2 3  ( 1 9 5 1 ) .

( l l )  C .  A .  R u s s c i l  i n  " P c r o x i d c  R c l c t r o r t  i V l c c h r n i s m s , "  J .  O .  E d -
r r r r r d s ,  E d . .  I r r r c r s c i c r r c c ,  N c w  Y o r k ,  N .  Y . ,  1 9 6 1 ,  p  1 0 7 ;  s c c  i . t l s o  P .  D .
B l r t l c t t ,  R .  E .  P i n c o c k .  J .  H .  R o l s t o n ,  w .  G .  S c h i r r d c l  a r r c l  L .  A .  S i n g e r ,
J .  . . l t r r c r .  C l t a t r r .  S o c . .  t 7 .  2 5 9 0  (  1 9 6 5 ) .

F igu re  2 .  The  f l ask  used  to  ca r r ) -  oL t t  t he  au tox ida t ion  exper l t r l c r l t \ .

Th is  f l ask  w ls  cons t ruc ted  l rom a  100-m l  K jedah l  f l ask .  modr l i c t i  l r r

add i t i on  o f  a  cap i l l a ry  i n le t  t ube  lb r  i n t roduc t ion  o f  oxygen .  a t t c l  b , r

beve l i ng  the  bo t tom o f  the  f l ask .  to  improve  the  e f f i c iency  o l ' s t r r r rnu

a l though they  were  no t  comple te ly  reproduc ib le .  thev

did provide a more stable basis for  interpretat ion than

the  raw y ie lds .  Nonethe less .  the  smal l  unexp la ined
res idua l  var ia t ion  in  the  resu l ts  o f  these ox ida t ion  rcac-

t ions is suf f f ic ient  that  qual i tat ive t rends in the data ot '

Tab ie  I  shou ld  be  cons idered more  s ign i f rcan t  than 1n

ind iv idua l  da tum f l rom any  one exper iment .
Cont ro l  exper iments  in  wh ich  the  l i th ium sa l t  9 t '

neopenty l  a lcoho l  was  added to  pentane So lu t ions  t r t '  1

pr io r  to  au tox ida t ion  es tab l i shed tha t  a lkox ides  harc

neg l ig ib le  e f fec t  on  the  produc t  d is t r ibu t ion .  The ra t i , '

o f  d imers  to  a lcoho ls  i s  a lso  unaf fec ted  by  changcs  i r r

the react ion temperature and oxygen addi t iof l  r&tc ' '

oxidat ion of  1 in the Presence of  Coordinat ing Bascs.

The add i t ion  o f  smal l  amoLrn ts  o f  THF,  t r ie thy lanr inc .

o r  d ie thy l  e ther  to  pentane so lu t ions  o f  1  causet l  i . r

s imu l taneot ls  inc rease in  the  ra t io  o [  d imers  to  a lcc r l to l :

anc l  a  decrease in  the  percentage rear rangement  i r r  t l re

a lcoho ls  (Tab le  I I )  P lo ts  o f  the  change o f  thc :c

Pttnek.  LVhire.s i t les i  Reuct ion r t l '  NnPht ' l l i th iurn pi1 l1 Ov' ' '11"t

c o o r  I  l o r y  I n l c l  l u b a

To vocuurn' nlltoga n

m o n r f  o l d

Tc f  l o  n -< ,  ova rcd  rnoqna l r c

3 l r r r r nq  bo r



Inf luence of Added Tetrahydrofuran. Triethylamine. or Diethyl Ether on the Products of Oxidatron of Neophyl l i thium in

Base/CeHsC(CHr)rCHrLit 0 . 0 0 .  25
Product, % (TH

0 . 5 0 ho1 . 0

Monomeric hydrocarbonso
C6HlCH2C(CHr)zOH (7)
c6H'c(cHJrcHroH (8)
RR (9)^
RR',(10)i ' i
R ' ,R ' , (11; r , ' ;

Product balance, /"
/o reanangement in

Dimers
Alcohols

Dimers/alcohols

21.2
l 0 . l
49 .3
t2.4
2 . 5
0 . 4

9 s 9

1 l
1 7 . 0
o . 2 6

20.4
5 . 0

M . 4
20 .0
4 . 2
0 . 6

94 .6

l l
l 0 . l
0 . 5 0

3 1 . 6
1 . 8

3 4 . 2
2 2 . 5
4 . 8
0 . 3

9 5 . 2

t0
5 . 0
0 . 7 7

2 2 . s
1 . 4

J t . )

2 7 . 8
5 . 1
0 . 3

94.4

9
3 . 6
0 .  8 6

34.9
0 . 7

3 0 . 1
26.4
5 . 4
0 . 4

9 8 . 5

l0
2 . 3
1 . 0 5

' 10 ml of0.05 ly' solution of I was oxidiz€d at room temperatu.e with an oxygen addition rate of 3.1 .nl/hr, unless otherwise noted. t Milli-
rnoles of TEA, TH F, or diethyl ether/mmol of I in solution. . 192 mmol of ether/mmol of 1 corresponds to a solution of I in ether with no
pentane present. / Oxygen addition rate I I ml/hr. ' Oxygen addition rate 29 ml/hr. / Oxygen addition rale rapid (>50 mvmin). . No

2 0 . o

€>

I n , r , o t  R o r r o  [ r x r ] , 2 [ n u l

F igu re  3 .  
' l ' he  

i n f l uence  o f  added  rH  F  on  the  p roduc ts  ob ra ined  on
au tox rda t ion  o f '  neophy l l i t h ium in  r r -pen tane  so lu t i on .  The  t r vo
vertrcal  a, \es represent the per cent  rearrangement in the alcohols
and  d rmer ia l coho l  ra r io .  respec t i ve l y '  (Tab le  I t ) ,  observed  in  the
au tox rda t lon  as  a  l ' unc t ion  o f  the  in i t i a l  ra t i o  o t ' concen t ra t i ons  o l '
added  rHF to  neophy l l i t h ium.  The  in i t i a l  concenr ra t i on  o f  l  was
0 .05  /V  in  each  exper imenr .

produc t  parameters  re la t i ve  to  the  in i t ia l  ra t io  o f
n e o p h y l l i t h i u m  t o  T  H F  ( F i g u r e  J ) ,  t r i e t h y l a m i n e
(F igure  4) ,  and d ie thy l  e ther  (F igure  5)  show a  qua l i ra -
t i re  cor re la t ion  w i th  the  coord ina t ing  ab i l i t y  o I  the
bases  (THF
part icular interest  is  the c lear ly def ined break in these
produc t  parameters  a t  an  approx imate  s to ich iomet ry  o f
2  equ iv  o f  I  to  I  equ iv  o i  THF (F igure  3) .  Th is  b reak
correlates wi th the previously determined stoichiometry
o f  the  complex  be tween I  and THF (F igure  l ) .  When
I  i s  au tox id ized  in  pure  d ie thy l  e ther  so iu t ion  the  fo r -
mat ion oI  rearranged alcohol  is  completely suppressed.
Thus the  au tox ida t ion  o f  so lva ted  I  to  a lcoho ls  appar -
cnt ly fo l lows a much di f ferent pathway than does that
o f  unso lva ted  l .

Inc reas ing  the  ra te  o f  oxygen add i t ion  to  a  pure
ether  so lu t ion  o i  I  smooth ly  decreased the  ra r io  o f
d imers  to  a lcoho ls  (Tab le  I I ) . r ,  t f  the  oxygen was

(31 )  The  pcaks  assumed to  be  compounds  l0  anc r  l l  i n  au tox ida t ions
run  in  c thc r - r i ch  so lu t i ous  rve rc  l ss ig r . red  on ly  on  the  bas is  o f  r c te l r t i on
t t rncs ,  u r rd  the  y ie lds  r cpo r t cd  i r r  Tab lc  I I  t o r  thesc  compounds  a re  thus
uncc r l l i n .  Thc  i . rpparcn t  tb rmr t i on  o f  r ca rn rngcd  t l i n re rs  bu t  no t  o f
r c l r r r ; r r rge r t  t r l coh t r l  i s  su rp r i s i r rg .
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F igu re  J .  The  in f l uence  o f  added  t r re rhy ' l am ine  (TEA)  on  thc
p roduc ts  ob ta rned  on  au tox ida t ion  o l ' neophy l l i t h ium in  n -pen tanc
so lu t i on .  T I t c  a . res  and  in i t i a l  concen t ra t i ons  a re  the  same as  t l ' r osc
in  F igu re  i ;  t he  in r t i a l  concen t ra t l on  o t ' I  r vas  0 .05  N  in  each  exper i -
men t .

added suff ic ient ly rapidly that  oxidat ion was complete
in  I  m in ,  essent ia l l y  no  d imer ic  p roduc ts  were  fo rmed.
Thus.  the  reac t ion  pa th  lead ing  to  d imer iza t ion  is  com-
p le te ly  suppressed i f  the  ava i lab i l i t y  o f  oxygen in  e ther
so lu t ion  is  h igh .  A l iquots  removed dur ing  an  au tox i -
d a t i o n  o f  I  i n  p u r e  e t h e r  s o l u t i o n  a t  1 0 , 5 0 ,  a n d  1 0 0 9 ;
comple t ion  a l l  had  the  same ra t io  o f  d imers  to  a lcoho ls
and conta ined no  rear ranged a lcoho l .  Thus ,  as  in
pentane so lu t ion ,  a lkox ide  fo rmed dur ing  the  reac t ion
had no apparent inf luence on the react ion products.

L i th ium perox ide  or  sod ium superox idess  added to
pentane or  d ie thy l  e ther  so lu t ions  o f  I  were  apparent ly
unreac t ive  toward  1 .  However .  these resu l ts  may no t
be  mechan is t i ca l l y  s ign i f i can t  s ince  the  perox ide  and
superox ide  sa l ts  appeared to  be  inso lub le  in  the  reac-
t i o n  s o l u t i o n .

Discussion

These str"rdies permit  two pr incipal  inferences con-
cern ing  the  mechan isms o I  au tox ida t ion  o f  neophy l -

(33 )  Sod ium ra thc r  tha r r  l i t h ium supc rox ide  rvas  uscd  in  these  exper i -
m e n t s  s i n c c  l i t h i u m  s u p c r o r i d c  i s  u r r s t a b l c  t h c r m l l l y ;  s c e  N . - G .  V a r t -
nc r f ' r e rg ,  P roq r .  I t ro rg .  C l te tn . ,4 .  l ]  I  (  l 96 l ) .
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effor! was made ro determine 2, 3, .1. and 5 separately in these experiments. Cumyl alcohol (6) was present in lrace amounts (< I 9;) itl
cerrain ofrhese etperirnents, but was no! analyzed quantitatively. ^ R refers to neophyl ; R'refers to benzyldimelhylcarbinyl. ildentttierl

by glpc retention time only in solutions containing THF and EhO.

l i th ium (1) .  F i rs t ,  s low autox ida t ion  o f  1  in  hydro-
carbon so lu t ions  proceeds to  a  la rge  ex ten t  a long pa th-
ways  requ i r ing  a  long- l i ved  in te rnred ia te  neophy l  rad-
ica l .  The de tec t ion  o f  a  s ign i f i can t  f rac t ion  (10-15%)
o i  p roduc ts  conta in ing  the  benzy ld imethy lcarb iny l
mo ie ty  and thc  observa t ion  tha t  the  y ie lds  o f  these prod-
ucts increase on decreasing thc oxygen addi t ion rate
( in  pentane)  and increas ing  the  reac t ion  tempera ture
( in  heptane)  a re  bo th  cons is ten t  w i th  th is  cont r -n t ion .
Thus .  inc reas ing  the  reac t ion  tempera ture  wou ld  be  ex-
pec ted  to  inc rease the  ra te  o f  the  1 ,2 -pheny l  migra t ion
re la t i ve  to  o ther  reac t ions  o l  the  neophy l  rad ica l ,  wh i l c
decreas ing  the  oxygen add i t ion  ra te  wou ld  decrease the
ra te  o f  the  reacr ion  o f  an  in te rmed ia te  neophy l  rad ica l
w i th  oxygen and increase i t s  l i fe t ime and probab i l i t y  o i
rear rangement .  Second,  the  neophy l  a lcoho l  fo rmed
o n  a u t o x i d a t i o n  o f  t  c o o r d i n a t e d  w i t h  d o n o r  l i g a n d s
does lo t  have f ree  neophy l  rad ica l  as  i t s  p recursor .  The
substan t ia l  in t luence o f  smal l  amoLrn ts  o f  THF on the
percentage o [  rear ranged a lcoho l  fo rmed on au tox ida-
t ion  o f  I  (F igure  3)  and the  genera l  cor re la t ion  be tween
p r o d u c t  d i s t r i b u t i o n s  a n d  t h e  s t r e n g t h  o f  c o o r d i n a t i o n
b e t w e e n  I  a n d  t h e  d o n o r  c o m p o n e n t  o f  t h e  s o l u t i o n
ind ica te  tha t  the  so lvent  e f fec ts  tha t  p rov ide  the  bas is
fo r  th is  asser t ion  are  no t  due s imp ly  to  changes in  bu lk
proper t ies  o f  the  so lvent ,  bu t  ra ther  to  spec i f i c  in te r -
ac t ions  be tween 1  and the  donors .  Fur ther ,  s ince  the
so lub i l i t y  o f  oxygen in  pentane and in  the  donor  so l -
vents  examined is  s im i la r ,s0  the  l i fe t ime o f  a  neophy l
radical  and the probabi l i ty  of  i ts  rearrangement before
t rapp ing  w i th  02  shou ld  be  essent ia l l y  the  same in  hy-
drocarbon and donor  so lu t ions .  F ina l l y ,  e ther  so lvents
are  no t  su tTrc ien t ly  ac t i ve  as  hydrogen a tom donors  to
suppress  ary l  m igra t ion  in  neophy l  rad ica ls  genera ted
in  o ther  reac t ions . : r ' ; r {  Thus ,  the  decreased y ie ld  o f
benzy ld imethy lcarb ino l  observed when 1  is  au tox id ized
in  the  presence o f  donor  so lvents  i s  no t  due to  rap id
reac t ion  o i  neophv l  rad ica ls  w i th  oxygen or  so lvent ,
bu t  to  a  d i f fe rence in  the  mechan isms o f  fo rmat ion  o f
a lcoho ls  i rom unso iva ted  and so lva ted  l .

The ro le  o f  the  neophy l  rad ica l  in  the  fo rmat ion  o f
d i rners  on  aLr tox ida t ion  o f  so lva ted  I  i s  p resent ly  r . rn -
c lear ,  s incc  rear ranged d imers  a re  apparent ly  fo rmed
even in  donor  so ivents ,  in  wh ich  f ree  neophy l  rad ica l
can be  exc luded as  a  p recursor  o f  neophy l  a lcoho l .

( l - 1  t  C .  R u c i t a r d t  . r n d  H .  T r a u t r v c i r r ,  C l t e t r t .  B e r . ,  9 6 ,  1 6 0  (  l 9 6 l ) ;
s c c  r r i s o  C .  R u c h l r d t  u n d  I l  .  T r a t r  l r v e i n .  i b i d . . 9 3 .  l l 9 7  ( 1 9 6 1 ) .

I n r l r o l  R o l r o  
. E l n a n , /  r i

F igu re  5 .  The  in t ' l uence  o l '  d rc t l t v l  e i l r c r  concen t ra t i on  ( ) r l  t l r e
p roduc ts  ob ta ined  on  aL l  t ox id t t t o t t  o l '  ncoph l ' l l i t h iu  m in  r t - l ) cn  t i . r  r l u
c t l ' l c r  so lu t l ons .  T l te  axes  have  thc  same mean ing  as  those  in  F rg t r re
3 .  The  rn i t i a l  concen t ra t i on  o t ' I  r vas  0 .05  ,V  tn  each  exper in tc t r t .

However .  desp i te  th is  uncer ta in tv  concern ing  the  mcc l t -
an ism(s)  o f  convers ion  o f  I  to  d imers ,  the  argr - r rne  n ts
der ived  f rom the  d is t r ibu t ions  o f  a lcoho ls  es tab l i sh  tha t
at  least  two fundamental ly di f ferent mechanisms exrst
fo r  the  au tox ida t ion  o f  th is  o rgano l i th ium reagent .

Exper imental  Sect ion

General  Nlethods.  Al l  reactrons tnvoiv ing organometal l ic  cc lnr-
pounds were carr ied out  under atmospheres of  prepur i f ied or

Crade  A  t re l i um us ing  : tandard  techn iques . ' t 5  D ioxane  was  p l l -

r i f ied b1'  d ist i l la t ion under n i t rogen I ' rom a dark purple solut ton ol

sodium benzophenone dianion.  Et l - rer .  tet rahydrofuran.  and t r t -

ethyiamine were dist i l ted l tonr l i th ium al t rminum hydr ide undcr r t

n i t rogen atmosphere immediatc l l '  before use.  Hydrocarbon s() l -

vents were scrubbed rv i th concentrated sul fur ic  acid to renlo\c

olef in ic impur i t ies and dist i l led f rom a suspension of  sodium [ ' renzo-
phenone kety l  under a n i t rogen atmospherc immediately bel 'orc t rsc.

Mel t ing l to ints rvere obtained using a Tl tomas-Hoover catr i l lerr

me l t i ng  po in t  appara tus  and  a re  uncor rec ted .  Bo i l i ng  po i t t t s  ; . t t c

uncOrrected.  Nmr Spectra werc r t l l l  as Carbon tetraChlOr idg 51r l t t -

t ions on a Var ian A-(10 spectrometer;  chernical  shi f ts  are t€ l lor tut l

in  parts per mi l l iorr  dorvnt ie ld l ' ronr tetramethyls i lane and coul ' ' l t t tg

cons tan ts  i n  l t e r t z .  I n t i a red  spec t ra  r vc re  taken  in  sod ium c [ l t r t ' t de

ce l l s  l s ing  Perk i ; r -E lmer  N lodc ls  l i 7 .  l l 7B .  o r  337  g ra l i ng  spec t ro r r l -

eters.  NIass spectra lvere de termincd on l t  Hi tachi  Perkin-Elr t tcr '

N {ode l  R iv lU-6D mass  spec t rop l to tomete r .  M ic roana l ; ses  \ \ c rc

per to rmed  b1 '  N l i dwes t  i \ l i c ro lab .  Inc . .  I nd ianapo l i s .  I nd .

(3 - r )  D .  F .  Shr i vc r ,  "T l t c  r - ta r t i pu la t i on  o f  A i r 'Sc r rs i t i ve 'Compot r r r ( l  i , '

l l cGn t rv -H i l l  Book  Co . .  I r t c . .  Ne*  \ ' o rk .  \ .  Y . '  1969 ,  Chap te r  7 .

Pttnck, Ll' lt itesiclcs ,t Reuctiort tt l Nartpltyll it l iuttt tvil lt O.ut'4r'rt



Ana l r t r ca l  g lpc  ana lvscs  rve re  pe r fo rmed  on  F  . t  M  l v lode t  g l0
Ins r rumcn ts  cqurpncd  wr th  l l ume ion iza t ion  dc tec to rs  us lng  response
lac t r r r s  ob ta rncd  ' , v r t i r  au thcn t rc  samp les .  A l l  componen ts  i n  the
rcac t r ( )n  m l \ ru rcs  cou ld  l r c  scpara ted  us lng  a  s r lan rzed  6 - f t  137 , ;  sE-
5 l  o n  s ( ) - l ( ) { )  m c s h  C h r o m o s o r b  w  c o l u m n  o p e r a t i n g  a t  1 5 0 , ( l ' o r
compounds  2  f t )  o r  l J ( ) '  ( l b r  compounds  9 - l l ) .  The  monomcr i c
h rd roca rbons  cou ld  be  ana lyzed  more  uccura tc ry  us ing  an  g - l ' t
l 0 ' ,  u c - \ ! ' 9 8  . n  8 0 - 1 0 ( )  m e s h  c h r o m o s o r b  w  c o l u m n  a t  l l 0 ' .

.The  l r c id  o t ' t r ' r ' r -bu ty lbenzcne  t ' o rmed  in  the  ox rda t ions  was  co r -
rectcd l 'or  thc xmount o l '  tcrr -buty lbenzene present in the stock
so lu r ron  ' t '  l .  as  dc tc rm ined  by  1 .2 -d ib romoethane  quench .  com-
pounds were rdcnrr f ied by col lect ion t tom glpc and compar ison of
i r  sp rec r ra  tCC l , )  w r th  those  o f  au then t i c  samp les .

conccn t ra t i ons  o t '  o rgano l i t h ium reagen t  so lu t i ons  were  de -
t c rmrn r :d  by  rhe  G i lman  doub le - t i r ra t i on  method  w i th  1 ,2 -d ib ro -
m(^- . thane. using the procedure descr ibed previously.  2r ,  16

Neophl '  I  l i th ium (  I  ) ,  2-mcthy l - l -phenyl-2-propane (  4 ) ,  2-methy l - l -
pheny' l - l -propene (5) ,  2,5-dimethyl-2,S-diphenylhexnne (9) ,  l ,+
diphenyl-2,2,4- t r imethylpentane (10),  and 1,4_diphenyl-2,2,3,3-
tetr : rmcthylbutane (  I  I  )  rvere prepared as dcscr rbed previously.  r r
rerr-Rut-"" lbenzene (2) ,  isobuty lbenzene (3) ,  cumyl  a lcohol  (6) ,  ant l
henzvld imethy' lcarbinol  (7)  were commcrcia l  samples and w,ere
purr f ied bv dist i l lar ion Lretore use.  Bicum,r ' l  \vas prepared by rhe
rnc t i rod  o t 'Say lcs  and  Kharasch .  3 ;

) ieophy' l  a lcohol  (8)  v"as preperecl  by the oxic iat ion oi  neoph.v- l -
rnoqncs rL rm ch lo r ide  in  c lhe r  a t  ( )  . 18  Approx in ra te l y  100  m l  o f  a  2
.v  so lu t i on  o l ' neophy ' l  c r i gna rd  reagenr  i n  e thc r  was  p repared  l ' r om
l l . 0  g  t ( ) . 2 0  m o l )  o l ' n e o p h l , l  c h l o r i d e  a n d  5 . 0  g  ( 0 . 2 1  g - a r o m r  o l .
n l i t L lnes tum tL l rn rngs .  Thc  c r ignard  reegen t .  so lu r ion  was  coo lcd
ln  an  l cc  - \ va tc r  ba th  anc l  s t i r red  mechan ica l l y .  L rnder  a  t l r y  ox t ,gen
l r t r l l ( ) sp i t c rc  l b r  1 .5  h r .  I ce  l nd  then  sa tu ra tcd  aqLreous  ammon ium

.  ch [ ( ) r l dc  sc l l l r t i o t r  t ' c r c  adc icd  t t r  t hc  r c l r c t i on  rn rx tu rc  r v i t h  s t i r r i ng .
T l r c  c rhc r  an r l  ac luco r rs  l l r vc rs  were  se l )a ra tcc j .  t hc  aqueous  la le r  w is
c \ t rac tcc l  t r , v rcc  r v r t l r  c thc r .  and  t l r c  con rb inc r l  c the r  l a le rs  wc re
washcd  r r  r rh  b r inc .  r l r r cd  (  N IgSO; ) ,  conccnr ra te  d .  anc i  d i s t i l l ed  us ing
r r  s h o r t  V i g r c u x  c o l u n r n  t o  l r c l d  2 2 . 6  g ( 0 . 1 5  r n o l .  T j ' , )  o i  n e o l r h v t
l l c o h o l :  b 1 t  l l - 1  l l 5 '  (  l J  r n n r ) ,  l r l D  l . 5 2 1 9 i  l i t . , r  b r r  l 3 l  ,  G 0
r n n t ) .  r r r ' ) D  l . , i l ( r l ;  l i t . , ' E  t t l t  l l ( ) - 1 1 2 ,  i l l  m r n l .  r r r r D  l . 5 l g :  n m r
r C C l , ) d  7 . 1 5  r j  H .  a r y l  H ) ,  j . l 0  ( l  H .  s .  C H : ) ,  l . l 5 ( 6  H .  s .  C H r ) ,
ru r r t i  u  b roud  pcuk  lo r  t l r c  a l co l ro l  p ro ton ;  i r  (CCt . t  360 t ) .3+0( ) .
l , )70 .  160-1 .  l - s ( )0 .  t - l _ iO .  t - ' 190 .  t J70 .  1280 .  l { )25 .690cm- r .

l lcrrct ion of  Neoph-v- l l i th ium rv i th L i th ium terr-But t l  pcroxide.
A  1 . 5  . v  c r h c r  s ' l u r i o . r  o r '  m e t h l ' i l i t h i u m  ( 0 . J 5  m l .  0 . 5 2  m m o l )
rvas  addc r i  t l vc r  5  rn in  l ' r om a  sy r ingc  to  a  s t i r rec l  so lu r ion  o f  { ) .45  g
r t ) . i ( )  n r rno l )  o l ' l i ' r l - t ru t v l  hyd ro l ; c rox idc  i n  - i  m l  o l ' c t ,he r  a t  -7 f1  . .
. \  , j - r n l  a l i c l u o r  o t ' a  ( ) . 1 0  r V  s o l u t r o n  o f  I  ( ( ) . 5 ( )  m n r o l ) .  c o u r a r n i n g
,r- l rentudccane as an intcrnal  g l l rc  stanclarc l .  rvas at ic led The
rcac t lo l l  l vas  s t t r r cc l  l t I  ro ( ) r ' n  t cn r l ) c ra tu re  l ' o r  I  h r  [ re l ' o re  h . r -d ro l r s rs .
T h c  r r c l d  o t '  n e o p h v l  a l c o i r o l  l g l l t c )  r v a s  9 ( ) , 1 " .  N o  2 - m e r h v l - l -
phcn l  l p ro l l rn -2 - r t I  r vas  de  tec tec l .

E,r tcnt  ' f  \ggregl t iun of  Neophl ' l l i th ium in r r -pentane solut ion.
T I re  a l r l ra ren r  n ro lecu la r  r ve igh t  o r '  neoph l l l i t h ium in  r r -penrane
s . lu t i on  a t  room tempera t .L r re  was  c le te rm inec l  re la t i ve  to  r , l -
d rphenr l -2 . f . -1 .3 - te t ramethy lbu taue  b . , -  i so the rma i  d i s t r l l a r ron .  In
e  t ! ' p rca l  ex1 ;e r imen t .  one  a rm o t ' a  commerc ia l  i so the rma l  d i s t r l l a -
t l on  appara tus ;e  r vas  c losed  rv i th  a  No-A i r  s toppc r .  The  o rne r  a rm
rvas  a t tachcd  to  a  v 'acuum-n i r rogcn  man i fo l c l  by ,  a  th ree -way  s rop -
cock.  The remairr ing arm or '  the stopcock rvas sealed rv i th a No-
,A,rr  s to l r l rer .  T l re apLlaratus rvas f lamed-dr ieci  under vacuum. tnen
e 'acua ted .  and  h l l cd  . " v i t h  n i t rogen  a  number  o t ' t imes .  An  a l i quo t
o l  a  0 .0 t07  , v  so lu t i on  o t '  t . - l - d ip r reny r -2 ,2 .3 , -1 - te r ramerh . " - l bu tane  in
/ / - r rentane (0.012fJ mmo[)  rvas t ransl 'erred by.  l 'orced s iphon throLrglr
a  s t a i n l e s s  s t e e l  c a n n u l a  u n d e r  a  n i t r o g e n  a t m o s p h e r e  a t  - 7 g -
th rough  the  a rm o t ' t he  d i s t i l l a t i on  appara tus  cappec l  r v r rh  the  No-
Air  stopper.  The solut ion rvas ai lorved to rvarm io .oon.  lempcra-
tu re  and  l t s  vo lumc  measured  (1 .10  m l i .  A f . t c r  l reez ing  the  so lu -
t i on  rv i th  l i qu id  r r i t rogen  rvh i l e  under  a  n l r rogen  a tmosphere .  th i s
arm was sealecl  undcr vAcLrLlm. The apparar l ls  wers al lowed to
\ ! i l r r n  t o  - 7 8 ' .  a r r d  a n  a l i q u o t  o t ' l  ( ) . 1 0  r v  s o l u t i o n  o r ' n e o p h v [ -
l r t h i u m  r n  / r - r l € n r . n c  ( ( ) . 1 2 - l  m m o l  o t ' l ) w a s  a c l d e d  b y  s r a i n l e s s  s t e e l

t l o l  I { .  G i l r n a r r .  F .  t ( .  c . r r t l c d g c ,  . . d  S . - y .  S i n r ,  J .  o r q c t r t o n t e r a i( - l r e r t r . .  l .  ) l  (  l 9 6 l  ) .

cannula under a n i t rogen atmosphere to rhc other s ide of  the ap-
paratus.  The apparatus was agein al lowed to warm to roorn
tempera tu re  and  the  vo lume o l ' t hc  o rganomcta l l r c  so lu t i on  measurc t j
(1.2- l  ml t .  The two solut ions were dcgasv:d b."-  successive f reeze
thaw cycles at  l iquid n i t rogen temperature and the second arm was
sea led  under  vacuum.  The  so lu t rons  wcre  a l l owed  to  equ i l i b ra rc
a t  room tempera tu re ;  equr l rb r ium was  reached  w i rh in  3  days .  Thc
f inalconcentrat ion ol ' l  rvas calculated to bc 0.07 ,V.

Extcnt  of  . \ggregat ion of  Ncophyl t i th ium in Diethy ' l  Ether solut ion.
The  apparcn t  mo lecu la r  r vc igh t  o f  nc rp r rv l r i t h rum in  d ie thy l  e the r
solut ion was determrned relat iv  e ro I  rut t  s-9-  r  a r t -buty l -  lO-methy, l -
9 ,1O-d ihyd roan th racene  a t  -20 '  i n  t r re  manncr  desc r ibed  above  fo r
/ l -pentane.  To one tube of  t .he molecular  weight  apparatus wcrc
added  l . -18  m l  o f  a  0 .0271  M d ie thy l  c rhc r  so lu r ron  o f  the  s tan<Jard
(0 .0 "101  mmol )  and  1 .55  m l  o f  a  0 .1 .1  ,V  d ie th -v l  e rhe r  so lu t i on  o t '
neop l ' r y l l i t h ium (0 .217  mmol ) .  The  second  tube  conra ined  l . _s l
m l  o t ' t he  s tandard  so lu t i on  (0 .0412  mmol )  and  0 .90  m l  o f  t he  neo-
phy l l i t h ium so lu r ion  (0 .126  mmol ) .  I n  bo th  cases  equ i l i b r i um rvas
a t ta rned  a t  -20 ' '  w i th in  l 5  h r .  The  f i na l  concenr ra t i on  o f  neo-
phy l l i t h ium in  the  rube  was  0 . l lS  r vand  in  rube  rwo  was  0 .099  rV .

Tube one rvas opened under a n i t rogcn atmosphere in the man-
ner  desc r ibed  in  the  ncophy l l i t h ium p repara t ion . r r  An  excess  o l '
1 .2 -d ib romoerhane  was  addcd  ro  rhc  neophy  r t i t h ium so lu r ion .
A l ' t e r  rn i x ing  the  t r vo  so lu t i ons  in  onc  s ide  o l ' t he  i so the rma l  d i s -
t r l l a t l o r - l  appara tus .  an  a l i quo t  c l f  t h rs  m ix tu rc  was  ana lvz : t j  o_ ,
gl l rc  I 'or  neol lhy ' l  bromide : . , rnd rr r r r . r ' - r ) - r t , r r -buty ' l -10-methyl-9.1( i -
d rh vd roan thracenc.

coml )onson  rv i rh  a  s im i la r  so lu t ro r r  ob ta ined  l ' r om a l i quo ts  o l ' t hc
o r i g i n a l  n e o p h l l l i r h i L r m  a n d  s r a n d e r r l  s o l L r r r o n s  r n d i c a t e d  t h a t  9 ( ) " '
o l '  t he  addcd  ncophy  l l r t h run r  r vas  s t r l l  l ) r c : ;e  n r  i n  the  d i s t r l l a r i t rn
ap  pa  ra  t  us .

Interrrct ion of  \e,phvl l i th iunr in l - l )cntanc sorut ion wi th Donor
su lven ts .  T l r c  cx tcn t  ( ) l  i n t c rac t ro r r  l ' c t r r ccn  ucophy  l l i t h ium anc t
donor  s .o l ven ts  rn  / r - l ) cn t i l nc  ! vas  dc te rm incd  by  compar ing  thc
ra t i os  o l ' ( l ono r  sO lvc r . r r  t o  i r -oc tsnc  r r r  t hc  i l tmos i )hc rc  and  in  so lu -
t iOn .16  Thc  p rocc t l  u rc  uscd  to  c \ i l n l l l c  t i r c  i n te rac t ion  be t rvcc r r
T H F  a n d  n c ( ) [ ] h ) l l r t h r L r n r  r s  r y p i c u l .  A  l 0 ( ) - r n r  r o u n d - b o t t o m c ( l
t l ask  con tu in rng  l r  mr rg r rc t i c : t i r r r r r c  l r l t r  a r r r l  ca l r l r cd  r v i th  a  No-Ar r
s t ( )ppc r  r vas  l l amr :d -d r i cd  r rndc r  i l  n l t roge  n  s t re : . rm.  coo led ,  an r l
r i n s e d  w ' i r h  5  r n l  o l ' a  ( ) . O f i 7  r V  s o l L r r i o n  o r ' n c o p h y l l i t h i u m  r n  r r -
pcn tanc .  The  Uask .  con ta i r r i ng  a  s t i r r cd  so lu r ion  o t '  200  p l  o l '  t t -
oc tane  and  i0  mI  o t '  a  ( ) .067  rv  so lu r ron  o l '  ncophy l l i t h ium (2 . r )
mmo l )  i n  i r - l )e r l t anc .  wus  immerscd  in  a  room rcmpera tu re  t va te r .
b a t h .  T o  r h r s  s o l u r , i o r r  r v ' a s  a d d c d  l 0 , u l  o t ' T H F  ( 0 . 2 5  m m o l )  b r
m ic ro l i t e r  s r r i ngc .  A l ' t c r  r l l o rv rng  the  THF to  cqu i l i b ra te  be tween
thc  vapor  and  l i qu id  l rhuses  ( r ' r r .  I  i r r t  a  J -  to  5 -m l  samp le  o t ' t hc
vapor  ove r  thc  so lu t r t rn  r vus  i v i t hd ra rvn  r r s ing  a  5 -m l  gas - t i gh r
s t "nngc  r r r r l  ana l r zc t i  f ' o r  T l {F  a r rd  r r -oc tanc  b r  g l r ; c .  us ing  an  8 - t ' t
: 0 - , ,  UC- \ \ ' 98  on  i l 0 - t00  n rcsh  Chromosorb  \ ! '  co lumn a t  90 ' .
The  gas - t i g i r t  s1 ' r i ngc  was  ! v ra l l ncd  i r r  a  to rve l  du r ing  the  vapor
t rans t ' c r  t o  avo id  \ va rm lng  thc  s1  r i ngc  by ' l rand  con tac t .  s ince  suc l - r
r va rm ing  appcared  to  resu l t  i n  p re l t re r r r i a l  l oss  o t ' one  o f  the  com-
ponen ts  o t '  t he  m ix tu re .  T i r c  va l to r  co rn l tos i t i on  was  usua l l y  de -
te rmrned  t r v i ce .  A  l -n r l  a l i quo t  o t ' t he  . so l t t t i r t r t  i vas  then  w i thd ra rvn
by  sy r inge .  addcd  to  a  n i t rogen- f i l l cd  rube  sca lec l  r v i t h  a  No-A i r
s toppc r .  and  p ro to r ro l yzed  rv i rh  l ( )  u l  o l ' dodccan- l -o l .  Dodecano l
ra the r  than  wa te r  r vas  uscd  l ' o r  p ro tono l r s i s  so  tha t  the  compos i t i on
o t ' t he  so lu t i on  rvou ld  no r  bc  i n f l r - r cnce t i  by  pa r t r t i on ing  o f  rHF
rn to  an  aqL leous  la - r ' e r .  The  ra t i o  o f 'T I - {F  to  r r -oc tnne  in  the  so lu -
t i on  rvas  then  de te rm ined  b l '  g lp . ' c  ana l r s i s  o t '  r i r r s  so lu t i on .  Th is
1 ; rocedLr re  l vas  rep leArec i  f o r  adc l i t rona l  a l i quo ts  o l 'THF o f  20 .  50 .
an t l  100  u l .  A l ' t e r  add i t i on  and  equ i l i l _ r ra t i on  o t ' t he  tbu r th  a l i quo t
o l '  THF.  the  neo l rh r l l r t h ium was  L r ro ro r r t t I yzec l  r v r th  0 .67  m l  o t
dodccan-  l -o l  ( , 1 . ( )  mr r ro l ) .  Thc  rcsu l t s  t> t '  rhcse  cxper imen ts  a re
l r resen ted  in  F igL r rc  l .  The  inc rease  in  the  umoLrn r  o f  THF p resenr
rn  the  vaoor  phasc  a l ' t c r  l ) ro tono l r , i s  c lea r l v  cs tab l i shes  tha t  a
comp lex  i s  l ' o rmcc l  be t rveen  neophr  l l i t h iu rn  a r rd  TH F .

The  assoc ia r ion  cons tan rs  o t '  r r -bu r r  l l r t h ium and  neoohv l l i t h iun r
in  r r -pen t l r re  so lu t i on  * r th  rEA i l nd  c the r  r ve re  . te te rm ined  us ing
lhe  samc l t rocedr r re  .  Fo r  coml ta r rson  ' , v i t h  F igL r rc  l .  t he  da ta  on
rvh ic i r  t he  conc lus ions  concern ing  rhe  ab i l i t , r  o l ' d ie thv le the r  to  co -
o rd ina te  ' ' v i t h  i r -bu t - r ' l l i t h iu rn  an r l  I  n re  busec l  a re  summar ized  in
F tgu re  ( r .

Or id l t i ons  o f  \eophv l l i t h ium (  I  ) .  Thc  rcec t ions  o I  I  r v i t n  ox ] .gen
rve re  ca r r i e t l  ou r  rn  a  rnod i f i ed  l (X ) -m l  K re lda . i r l  r l ask  (F igu re  l t .
Thc  L - rev 'e led  bo r ton t  o l ' t h rs  f l ask  cns r t red  r  r so lo r rs  l rq i ta t i on  th rough-
o L r t  t h c  v o l L r m c  o t ' r h c  s o l u t i o n s  b e r n r l  o r i d i z e d  r  l 0  t o  l 0  n r l )  u s i r r g
n t lgne t i c  s t i r r i ng .  l r r  t r  p i ca l  ex l ) c r ' rmer r t s .  t he  l l ask  r vas  f l an re i l
u t tdc r  v l re  L lum a r r t l  I l r cn  t i l l c t l  w i th  n l t r ( )gcn  and  recvacua ted  a  nunr -
bc r  o t '  t t l t t es  hc to l c  [ - . c r r r !  cha rgc t l  r , ,  r r i r  t hc  n r t r I l l l  l t i t h ium so lu t i t r r r

t l T i  D .  C .  S . r y l c s  u n d  N I  .  S .  I ( h l r a s c I t , J .  O r q .
t - . l f i  )  t . r r  F .  C .  W h i r r r r o r e .  C .  A .  W c i s g c r b e r ,

J .  . - l t t r e r .  C l t e t r t .  S o c . ,  6 5 .  l 1 6 9  (  l 9 . l l  t ;  t  6 l  l .  L
F ( ) s t c r ,  . /  C i t c t t r . . S r - l c . ,  l 9 _ i S  ( 1 9 6 0 ) .

1 , i t ) t  S , i c n t i r i c  C i l r s s  A p p a n t t u s  C o . ,  I n c . ,
f  l r c  t r ' . , r  s r t i e  i . l r n t \  r n r : l s u r e  r l  . t  v o i u n r e  o t .  1 . 0 ( )
t i o r r : .

C h a t r r . ,  2 6 .  + l l 0  (  1 9 6  I  ) .
. r r r d  A .  C .  S h a b i c l .  J r , ,
G .  C a d o g e n  a n d  W .  R .

C a t i t l o g  \ o .  I l l - 8 S - i 0 .
r r r l  i n  0 . 0 1 - m l  g r a d u a -



contain ing / r -pentadecane as an internal  standard by forced s iphon

through a sta in less steel  cannula inserted through the s ide arm.

Oxygen was suppl ied to t l te t l isk i rom a compressed gas cyl inder

thrbugh a capi l lary b leed fashioned of  cr imped r /s- in.  a luminum

tub ing  las tened  to  a  l 215  ba l l  j o in t  w i th  epoxy  cement .  S ince  the

f lo* rate through th is capi l lary was a t 'unct ion oi  the pressure di f '

lerent ia l  across the capi l lary.  i t  could be contro l led accuratelv by

regulat ing the pressure on the redr. rc ing valve at  the oxygen tank.

bxidat ions of  the organometal l ic  solut ions were al lowed to

cont inue r t  a knowrt  oxygen addi t ion rate unt l l  an excess of  oxygen

had been added to the react ion f lask.  Al ' ter  the oxidat ion react ion

was complete.  the react ion mixture was t ransterred by cannula to a

dry centr i fuge tube capped wi th a rubber septum and f i l led wi th

ni i rogen. The oxidat ion f lask was r insed wi th an equal  volume of

dry,  oxygen-free solvent .  the rvash was added to the bulk of  the

react ion mixture in the centr i fuge tube by t ransfer  through the

cannula.  the combined solut ions were hydrolyzed wi th 20-30 pl  of

water.  and the hydrolyzed solut ions were analyzed by glpc.

The jo ints on the oxidat ion apparatus were lubr icated wi th

Apiezon L grease.  I t  was discovered that  dur ing the room-tem-

perature oxidat ion react ions much of  the grease was leached out  of

the jo ints by the solvent ;  however,  Apiezon L is  unreact ive toward

1.  When Dow Corning high-vacuum grease was used in the
jo ints,  the dissolved grease reacted wi th 1 to form 2. : l -d imethyl-4-
phenyl-2-s i lapentan- 2-ol .

The  sma l l  amoun ts  o t 'THF.  TEA.  anc l  e the r  used  in  the  m ixed

solvent  oxidat ion react lons were measured volumetr ical ly '  us ing a

microl i ter  syr inge.  A l2-ml centr i f 'uge tube rvhich was capped

with a No-Air  stopper and which had been t ' lame-dr ied under a

n i t rogen  s t ream rvas  charged  w i th  10 .0  m l  o l ' a  0 .05  N  so lu t i on  o f

neophy t l i t h ium (0 .50  mmol )  i n  / r -pcn tcne .  The  donor  so lven ts

were added i rnmediately bct 'ore the solut ion wers t ranst 'errcd to the

ox ida t ion  i l ppa ra tus .
Thc  so l r " r t i ons  o l '  ncophv l l i t h iun r  con ta in ing  thc  l i t h ium sa l t  o t '

neopen ty l  a l coho l  used  in  examin ing  the  in t l uence  o f  l i t h ium a lk -

ox ides  on  thc  ox ida t ion  o l '  I  were  p repared  bv  a l l o rv ing  10 .0  m l  o l ' a

0 .05  N  so lu t i on  o l ' neophy l l i t h ium in  r r -pen ta t re  ( ( ) .50  mmol  l )  t o

reac t  w i th  22 .0  mg (0 .25  mmol )  o t '  neo l ren ty ' l  a l coho l  i n  I  d ry  l 2 -m l

r r i t rogen-h l l ed  cen t r i t ' ugc  tubc  wh ich  was  capped  rv i th  a  No-A i r

stopper.  These solut ions were t ransl 'erred to thc oxidat ion ap'

paratus,  oxic l ized,  hydrol . " -zed,  and analyzed bv glpc as descr ibed

irbove.
A l i quo ts  ob ta incd  l ' r om ox ida t ion  exper imcn ts  ca r r i ed  to  pa r t i a l

complet ion were t ransfcrred t ' rom the react ion f lask by l 'orced

s iphon  under  n i t rogen  th rough  a  s ta in less  s tee l  cannu la  i n to  d ry  12 '

ml  n i t rogen-f i i led cerr t r i fuge tubes.  hy 'drolyzed.  and analy 'zed.

r \ t tcmpted Rcact ions of  Ncophyl l i th i t rm wi th Sodium Superoxide

and  L i th ium Perox ide .  We ighcd  amoun ts  o f  sod ium superox idc
(55  n rg .  1 .0  mmol )  o r  l i t h ium perox ide  ( ' 16  mg,  1 .0  mmol )  were

p lacec l  i n  d ry  l 2 - rn l  cen t r i f uge  tubcs .  The  tube :  r ve re  capped  w i th

No-A i r  s toppc rs  anc i  f l ushed  rv i th  n i t rogen .  A  so lu t i on  (10  m l .

0 .05  N)  o f  neophy l l i t h ium in  pen tane  (0 .50  mmol )  was  added  to  the
tubes  a t  room tempera tu rc :  t he  l i t h ium sa l t s  r ve re  inso lub le  i n

th i s  so l ven t ,  and  no  obv ious  reac t ion  took  p lace .  S imr la r l y ,  5 .0 '

m l  a l i q u o t s  o f  a  0 . 0 5  r V  s o l u t i o n  o t ' n e o p h y l l i t h i u m  i n  e t h e r  ( 0 . 2 5

mmol )  r ve re  added  to  tubes  con ta in ing  28  mg (0 .50  mmol )  o i
sod ium superox ide  o r  23  mg (0 .50  mmol )  o t  l i t h ium perox ide .

The  l i t h ium perox idc  appeared  to  be  inso lub le .  wh i le  the  sod ium

superoxide appeared to be s l ight ly  soluble.  The i 'o t r r  heterogeneous

react ion mixtures were st i r red at  room temperature for  " l  hr .  Glpc

sft --{

[e rnc . j7  [n -But - r ]

0 .25  0 .5  f ,

( E . h c r / r J 4 O H r r )  r  t O 4  1 3 6 1 , r 1 , 6 n y

Figure 6.  Vapor pressure-composi t ion data used to examinc thc
in te rac t ion  be tween  d ie thy l  e the r  and  neophy l l i t h ium (0 .05  N  rn  r -
penrane .  A )  and  r -bu ty l l i t h ium (0 .10  N  in  / r -pen tane ,  t r ) .  Dar : r
ob ta rned  in  the  absence  o f  an  o rgano l i t h ium reagen t  i n  pen tanc  a rc
indicated b:-  '1 .  The axes are rat los ot '  the areas due to d icthr  i
c thcr  and / r -pentane in g lpc t races of 'a l ic luots taken l iom the solutron
and l iom the vapor ovcr the solut ion.

analrs is ot '  hydrolyzed al iquots shorvcd t l t l t  no react ion had oc-
curred rn any case.

React ion of  the Li th ium Sal t  of  Neophl ' l  Alcohol  wi th Ox1"ucn.
Neophy ' l  a l coho l  (1 .5 -13  g ,  10 .29  mmol )  d i sso lved  in  ca .  100  m l  o t
e the r  r vas  a l l o rved  to  reac t  w i th  6 .0  m l  o l '  1 .7  N  e the r  so lu t i on  . . r l '

me thv l l i t h ium (10 . ,1  mmol ) ,  con ta in ing  r r -pen tadecane  as  an  in te rnu i
g lpc  s tandard ;  the  resu l t i ng  l i t h ium a lkox rde  was  so lub l€  a t  t h t :
conccn t ra t i on .  A  l0 -m l  a l i quo t  o I  t he  so lu t i on  was  t i t ra ted  to  . t
pheno lph tha le in  end  po in t  w i th  0 .10  rV  hyd roch lo r i c  ac id .  Thc
total  base concentrat ion was 0.12 l / .  Oxy'gen was bubbled throtrgh
the  rema inder  o f  t he  so lu t i on  a t  0 ' l b r  6  h r .  t hen  hyd ro l l ' zcd .
Clpc analysis ot 'a l iquots taken bel 'ore and af ter  exposure to o,r1 'gtn
yie lded the same rat io of  neophyl  a lcohol  to internal  standard.

React ion of  r r -Buty l l i th ium wi th Oxygen. A 0.05 N ether sol t t t ion

o [  r r -bu ty l l i t h iun r  con ta in ing  / t -nonanc  as  a  g lpc  i n te rna l  s tand l t r t l
was al lowed to react  rv i th oxygen in thc beveled-bot tom oxidatron

apparatus at  room temperature rv i th rn oxygen addi t ion rate ( ) l

3 .1  m l /h r .  The  two  ma jo r  reac t ion  p roduc ts  were  bu tan - l - , r l
(2571and  / r -oc tane  (  l 5  %) .
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