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Abs t rac t :  ( 1 : ' ) -  and  (Z ) - l - l i t h i o - l - p ropcnc  ( l ) and  (C ) -  and  (Z ) - l - l i t h i o - l - pheny l - l - bu tenc  (2 )  r eac t  w i t h  d i ox l "gen  a t  - 7 t J  oC

and f  ie ld  the cor rcsponding l i th ium cnola tes wi th  par t ia l  loss o f  s tcrcochemist r r  around the double  bond.  React ions o f  I  and
2 wi th  l i th iunt  lc r t -but1, l  perox ide -v- ie ld  enola tcs  wi th  re tent ion o iconf igurat ion.  Thesc s tcrcochemica l  observat ions impl icate
f rec v iny l ic  rad ica ls  in  rcact ions o f  v in l " l ic  l i th ium reagents  wi th  d ior rgcn.  and cxc lude thcnr  in  react ions wi th  l i th ium ter t -
bu t v l  nc rox idc .

Transformat ion of  an organol i th ium or  -magnesium re-
agent  to  thc  cor rcsponding a lcohola te  by react ion wi th  d iox-
ygen  o rd ina r i l y  occu rs  i n  two  d i s t i nc t  s teps : l

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

ROOM +  RM *  2ROM (2 )

Forrnat ion o f  an in ter rncd ia tc  organic  perox ide by react ion
between the organometa l l ic  rcagcnt  and d ioxygcn has been
proposed to requirc ini t ial  single-electron transfer to dioxygen:a
th is  c lsc t ron t ransfer  may or  mi l ) 'not  generate  a  f ree rad ica l ,
R - ,  depend ing  on  t he  so l va t i on  o r  ex ten t  o f  agg rega t i on  o i  t he
o rganometa l l i c  spcc i cs .5  The  mechan i sm(s )  o f  conve rs ion  o f
organic  perox idcs to  a lcohola tes has not  been carefu l ly  ex-
amined,  but  a  re la ted react ion that  o f  d i - ter l -buty l  perox ide
w i th  e thv l l i t h i um,  y i e l d i ng ,  i n te r  a l i a ,  l i t h i um re r l - bu tox ide
and e lhy l  /er l -buty l  e ther- -has f ree a lky l  and a lkoxy l  rad ica l
i n te rmed ia tes .6

Here we describe stereochcmical evidence that indicates that
v i nv l i c  r ad i ca l s  a re  i n te rmed ia tes  i n  t he  ox ida t i on  o f  v i ny l i c
l i t h i un i  r eagen ts  t o  l i t h i um eno la tes  by  d ioxygen ,  bu t  no t  b1 '
l i t h i um /e r t - bu t i ' l  pc rox idc .  E  and  Z  d ias te reomers  o f  app ro -
pr ia te ly  subst i tu tcd v in l ' l i c  l i th ium reagents ,  and of  the der ived
l i t h i um eno la t cs .  can  bc  p repa red  w i t h  h i gh  s te reose lec t i v i t y
and provcd to  be s tereochcmica l l l  s tab lc  under  the condi t ions
rcqui rcd for  thcsc ox idat ions V inv l ic  rad ica ls  undergo
r a p i d  7  E i s o n c r i z a t i o n ( A i =  1 0 8  l d r ' ' s - l f o r v i n y l  r a d i c a l
i t s c l l ) . 7  ' )  

Thus ,  i i  f r cc  v i ny ' l i c  r ad i ca l s  a re  i n te rmed ia tes  i n
ox id i r t i on  o f  d i as te r co r -ne  r i ca l l v  pu re  Z  o r  C  v i ny ' l i c  l i t h i um
rcagcn ts .  t he  p roduc t  l i t h i u rn  eno la tes  w i l l  be  f o rmed  as  a
m ix tu re  o f  d i as t c reomers . l 0  Conve  r se  11 .  i i  t hc  p roduc t s  o f  r e -
ac t i on  a rc  gcne ra t cd  w i t h  re te  n t i on  (o r  i nve rs i on )  o f  s t c reo -
chcm is t r y .  r ' i n1 ' l i c  r ad i ca l s  a r c  no t  i n te rmed ia tes .

Thcsc s tud ics  cont r ibutc  to  thc  body, '  o l  mechanis t ic  in for -
r r a t i on  wh i ch  u ' i l l  c ven tua l l r  r a t i ona l i z c  t hc  nuc leoph i l i c  and
c l cc t ron - t r ans fe r  pa thwars  l - o l l owcd  i n  reac t i ons  o f  o rgano -
n rc ta l l i c  compounds .  Thcy  a l so  p rov ide  i i  ncw  me thod  f o r  t hc
s l c r cosc l cc t i v c  gcne ru t i on  o l ' cno la t cs .  and  n tav  havc  app l i ca -
i r o n :  i I t  r \ n l h : t i  I I

Resul ts

( C ) -  a n d  ( 7 , ) - l - l i t h i o p r o p e n e  ( ( 1 , ) -  a n d  ( Z ) - l )  w e r e  p r e -
pa rcd  b1 '  r cac t i on  o f  l i t h i un r  mc ta l  w ' i t h  ( f  ) -  l - ch lo rop ropene
and  (2 . ) -  l - b ro rnop ropcnc .  r cspcc t i vc l l ,  i n  d i e thy l  e the r  so lu -
t i on .  r 0 . t :  G ) -1  -L i t h i o -  |  - phcny ' l -  |  - bu tene  ( (Z ) -2 )  was  ob ta ined
b1  a  l i t h i un r  ha logcn  cxchange  reac t i on  bc twcen  n -bu t y l -
l i th iurn  and (E ) -  I  -bronro-  I  -pheny ' l -  I  -butene in  hexane so lu t ion
a t  2 2  o C  o r  T t l F  s o l u t i o n  a t  - 7 8  o C . r l  a n d  ( A ) - 1 - l i t h i o - l -
p h c n l l - l - b u t c n c  ( ( E ) - 2 )  b y  r e a c t i o n  o f  i r - b u t l ' l l i t h i u m  l v i t h
( Z ) - l  - b r o n r o -  l - p h c n r  l -  l - b u t c n c  i n  T H  F  s o l u t i o n  a t  - 7 8
oC. l  I  Thc d iastcrcorncrs  o f  I  and 2 are conf igurat iona l ly  s tab le
a t  t hc  t cmpc ra tu res  used  f ' o r  t he  o r i da t i on  s tud ies  ( -7 t t
o C ) . l 0 . l l . l r  T h c  l i t h i u m  c n o l a t e s  3  a n d  4 ,  g e n e r a t e d  b y  o x i -
da t i on  o f  t hc  l i t h i um r cagen ts  I  and  2 ,  can  be  assayed  i o r  d i -
astereorncr ic  composi t ion b1 ' '  acy" la t ion wi th  acet ic  anhydr ide,
and analys is  b1 ( i t -C of  thc  rcsu l t ing enol  acetates 5  and 6.  The
y ie l ds  and  i son i c r i c  con rpos i t i on  o f  t hc  e  no la te  an ions  f o rmed
by or idat ions o f  these rcagcnts  w 'crc  detcrmincd b, " - 'qucnching
thc  reac t i on  m i r t u r cs  u i t h  cxccss  acc l i c  anh l "d r i dc .  and  ana -
l i z i ng  t hc  r csu l t i ng  eno l  acc t i r t es  by 'GLC (Scheme I ) .  Be fo rc
thc  con rpos i t i ons  o f ' t hcsc  n r i x t u res  o f  eno l  ace ta tes  cou ld  bc
uscd as the bas is  f 'o r  conc lus ions conccrn ing the s tcreochern-
i s t r y  o l ' convc rs i on  o l ' v i n r  l i c  l i t h i um r cagen ts  t o  l i t h i um eno -
latcs. hou'evcr. i t  \ \ 'as ncccssary to cstabl ish that (a) convcrsion
o f '  l i t h i un r  cno lu t c  t o  cno l  ace ta t c  p roceedcd  i n  h i gh  y ' i e l d
w i t hou t  i son rc r i za t i on .  ( b )  t hc  l i t h i un r  cno la t cs  wc rc  s te reo -
chc rn i ca l l r  s t ab l c  unde  r  t hc  o r i da t i r , ' e  cond i t i ons  uscd  t o  gcn -
cn r te  t hcn r  I ' r o rn  t he  v i n l l i c  l i t h i um reagen ts .  and  ( c )  ne i t he r
d iastcrconrcr  o f  thc  pa i rs  o f  cno la tcs  was dcst roycd ox idat ivc ly
a t  a  n ruch  f us t c r  r a t c  t han  t hc  o the r .

Au the  n t i c  l i t h i um eno lu tes  we re  p repa red  by  t r ca t i ng  eno l
l ucc ta t cs  u ' i t h  un  cxccss  o l 'me th1 ' l l i t h i um.  I l  s t e reochemica l l y
p u r c  ( > 9 9 q , )  ( 1 , 1 -  o r  ( I  ) - 5  o r  - 6  r v a s  c o n v e r t e d  t o  l i t h i u m
cno la t c  b r  t h i s  p rocedu rc .  and  t hcn  qucnchcd  w i t h  acc t i c  an -
h rd r i dc .  t hc  o r i g i na l  cno l  i i c c ta t c  w 'as  ob ta ined  i n  )90061 ' i c l d ,
r . r ' i t h  no  de t cc tab l c  l oss  o f  s t c reochcm is t r v .  The  v i e l ds  and
stcrcochcrn is tn  o i  thc  cno l  accta tes obta ined by '  ac1 ' la t ion rv i th
r r ce  t i c  r r nh i  d r i dc  t hus  uccu ra te l r  r e f ' l e  c t  t he  compos i t i on  o i  t hc
l i t h run r  cn r - r i l r l r i  l ' r o i l  r r  h i ch  t he  l '  uc r c  dc r i l ' cd .
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Scheme I .  Interconversions Used in Test ing the Stereochemical  IOO
Course  o f  Ox ida t ion  o f  V iny l i c  L i th ium Reagcn ts  to  L i th ium
L,nolates
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( A  ) - 3  ( 0 . 1  \ . I : t . o .  l l  " c )  r c s u l l s  i n  c o n c o r n i l u n t  i s t t n t c r i z r r t i o n  o l ' / :  t , r

Z  c n o l u t c  l r n d  d c s t r u c t i t t n  t r l ' t h c  c n t l l l t t c s .  I : n o l l t t c s  u c r c  e n l t l r z c d  b r  ( i l  (

l b l l o u i n g  c ( ) n v c r s r ( ) n  t o  c n ( ) l  l t c c t a t c s  u i t h  l t c e t i c  l r n h r d r i d c
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R , = C H , l R , = H 1 , 3 , 5
R ,  =  C r H r i  R ,  =  C o H s  2 ,  4 ,  6

To test  the isomeric stabi l i ty  of  the l i th ium enolates to oxi-
dat ion,  isomerical ly pure samples of  (E)-3 and (Z)-3 in ether
solut ion were exposed to dioxygen at  22 and at  -78 oC. At
both temperatures,  enolates were destroyed by autoxidat ion.
At the higher temperature.  loss of  stereochemistry in the en-
olate occurred compet i t ively wi th th is autoxidat ion.  Figure I
shows the absolute yields of (E)-3 and (Z)-3 (estimated as enol
acetates 5) io l lowing treatment wi th acet ic anhydr ide of  a l i -
quots f rom a sample to which increasing volumes of  d ioxygen
were added. The product ion of  Z isomer f rom 6 is evident in
this plot. Similar conversions from (Z)- to (f )-3 were observed
in samples originally highly enriched in the former. At -78 'C,

however, no evidence for isomerization of Z to E (or vice versa)
dur ing autoxidat ion was observed. Whatever the react ion re-
sponsible for  the isomerizat ion dur ing oxidat ion,  i t  is  unim-
portant at  -78 oC. Oxidat ions of  I  could,  accordingly.  be
conducted at  th is temperature wi th the assurance that the
ini t in l ly  formed l r th ium enolates would not isomerize under
thc  reac t ion  cond i t ions .

The relat ive rates of  autoxidat ion of  the enolates der ived
from 1, (E)-3,  and (Z)-3 were establ ished by exposing mix-
tures of  the two to dioxygen at  -78 oC, per iodical ly wi th-
drawing aliquots, and converting the remaining enolates to enol
acetatcs and analyzing. The mechanism and the kinet ic rate
cxpression for the disappearance of enolate are not known. The
simplest  real ist ic assumption about th is react ion is that  au-
toxidat ion of  both Z and E enolates is descr ibed by rate ex-
pressions that are of  the same form (e.g. ,  for  (E)-3,  eq 3).

d [ ( f  ) - 3 ]  
-  - k 2 t ( E ) - 3 l " C d r  ( 3 )

Here rr  and C. are unknown constants which are the same for
(E)-3 and (Z)-3.  I fcr  = l ,  a plot  of  - ln (ElEd vs.  - ln ( .ZIZo)
should be l inear,  wi th s lope kr lkz.Figure 2 indicates that the
relation is followed cxperimentzrl ly, and that ks/k7 ry 1.5. The
signi f icance of  th is number l ies in the f i rct  that  i t  establ ishes
that (E)-3 and (Z)-3 prcsent in the same solution arc destroyed
by autoxidat ion at  s imi lar  rates.  I t  is  therefore unnecessary to
tr) '  to correct  the rc lat ive amounts oi  ( f  ) -  and (Z)-5,  the enol
acetates obtained from ( Z)-  and (E)-3,  ior  d i f ferent ia l  rates
of autoxidat ion of  these enolates before t reatment wi th acet ic
anhvdride. in order to estimate accuratclv the relative amounts
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I i g u r e 2 .  \ r t r r l r : t s t r l  c t t t t t p c t i t i r c ; t u t ' r r i d l t t i r l n s t r l  t t l i r t u r c \ ( ) l  ( l :  ) - l  ' r r t t l

( / ) - l  accord ing  to  cq  - l  ind ica tcs  th ' t t  k1  fk7  r '  l  5  Opcn and I ' i l l cd  c i rc lcs

. r r c  d l r t l t  l ' r r t t r r  l r r r t  i n t l c p c n t l c n t  c r p c r i t t t c t t l : .

oi  thc  d iastereomer ic  enola tes generatcd by ox idat ions o f

p ropenv l l i t h i um (  I  ) .
Thcsc  s tud i cs  cs tab l i sh  t ha t  t hc  d i as te reomer i c  compos i t i on

o[  ths  enola tes produced by ox idat ion o f  I  can be determined

by convers ion to  enol  acetates wi th  acet ic  anh. t - 'd r ide and

ana l ys i s  by  ( i t -C ,  p rov idcd  t ha t  t hc  cno l l t t c s  l t r c  no t  c rposcd

to  o rygcn  a t  t c t l pcn l t u r cs  l i bovc  -7 l t  o ( - .  A l t hough  r vc  havc

not  car r icd through anul t lg t lus  s tud ics  l 'o r  thc  cnt l la tcs  4  cx-

p l i c i t l i , ' .  we  assun te  t ha t  t hc  s r l l i t c  conc lus i t l n  app l i c s  t o  t hc i r

de te rn - r i na t i on :  t h i s  ussu t t r p t i on  i :  j us t i l ' i cd  qua l i t a t i v c l l  b l  t hc

rcsu l ts  t  hu t  l -o l lon .
Ox idat ion o f  V in . ' - l i c  l - i th ium Reagents  wi th  L i th ium and

Sodium ferf-Butyl Perorides Occurs with Retention of C'on-

f i gu ra t i on .  Thc  l i t h i um sa l t  o l ' l e r l - bu t r l  hvd rope ro r i dc  r vas

prepared b l  s lowly-  adding a so lu t i t tn  o l 'n lc thy ' l l i th ium in  c thcr

t o  a  we l l - s t i r r cd  s t t l u t i on  o f  l c r l - bu t l  l  hvd ropc ro r i de  i n  c thc r
(o r  THF)  coo led  t o  -7 l l  oC .  Thc  sod iun t  sa l t  was  p repa rcd  b r

a l l ow ing  / e r l - bu t1 ' l  h l d rope ro r i dc  t o  r cac t  w i t h  a  suspcns ion

o f  s o d i u m  h y ' d r i d e  i n  T F { [ : s o l u t i o n  a t  0  o C . r ] , \ n a l y s i s  o l ' t h c

d is t r ibut ion o f  products  obta incd b1 pcrnr i t t ing ( t i ) -  and (7- ) - l

to  react  rv i th  l i th iunt  / ( ' r1-but r l  hy 'dropcror ide in  e ther  a t  -7 tJ
o C .  a n d  ( E  ) -  a n d  \ / ) - 2  t o  r c a c t  u i t h  l i t h i u t t l  r t n d  s o d i u n t

/ e r l - bu t ) ' l  h , t - d ropc ro r i dc  i n  T t l  F  r r t  - 7 ,3  oC .  cs tab l i shcs  t ha t

c o n v c r s i o n  o f  t h c  v i n r l i c  l i t h i u n t  r c a g c n t  t o  l i t h i u m  c n o l l t t c

occu rs  c l ean l l  w i t h  r c t cn t i on  o l '  c t l n f  i gu r l t t i on  l t r ound  t hc

doub le  bond  (T rb l c  l ) .  t  n r c r t c t cd  o rg r t no l i t h i un l  r cagcn ts

p rcsen t  on  qucnch ing  t hc  r cac t i on  t t t i r t u r c  u ' i t h  acc t i c  i . l nh \ -

d r i de  appca r  as  subs t i t u t cd  r l c t h r  I  r  i n r  I  ke  t oncs .  Thc  l l ' l i . l . l o r

s i d c  p r o d u c t s  i n  t h c , r r i d l r t i o n  r c l t c t i t l n s  r l r c  o l c t ' i n s .  l t  i s  n r l t

know 'n  whe thc r  t hcsc  r t l t t c r i i l l s  l t r c  gcnc r r t t cd  f ' r o t t l  p r t l t on

Panek, Kai.ser, White.side.r , l  O,r idation oJ-Vint ' l ic Lithium Reagents
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Table I .  D iastereomer ic  Composi t ions and Product  Y ie lds f rom Oxidat ions o f  V iny l ic  L i th ium Reagents  RCHCR'L i  w i th  O2 and Mcta l
t e rt -Butyl Hydroperoxides ( ROOM )

Products,  y ie ld,  o l ,

o/o Eb

RL i "  Ox idan t  RL i RCH:CR'OAC

RCH:CR '
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l t  7 l
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8 . 8
5 . 1
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5 . 3
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t t

9 . 1
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l 4
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l 0

(
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r 0 0
9u
rJ9
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rJ3
-5 -5
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u2
1 1

t{9
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tt .1
3 8
99
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l 0 - l
9-s
1 7
Ir9

ROOLi  95
4 . 1
80
i 1

I J

ROONa 25
Ozs  100

r00
91
9 l
91
91
-s.3
4 . 5
4 . 5
ri0
80
l 8
l 8
20
1 0

[4e]
[ 4 s ]
l l  7 l
l l  7 l
[27]
i l 5 1

40 lJ.u
-s.0 39
I 6 .l-5

96
2.4
8 . 3
43
l 6
l 5
2 l
1 7
2 1
1 2
22
3 . 0
1 . 5
A <

29
29
66
6 t
40
56

- t J

3 7

60
48
74
l 3
( 6 8 ) t  t
( 7 4 1 t  ' '
( e Y
(
(
4 . 6

e
e

l 5
t )

e

e

1 9  1 . 6
29 8. - l
2 . 6  1 . 3
3 . 7  8 . 0
-s .7  I  l
2.1 .1..1

-5 .9
-5.  I
E . l
9 . 0
.+.0
l 6

" IRL i ]  =0 .10*001  M ,un lessno tedo the rw i se . ,Thed ias te reomer i ccompos i t i ono f t hcv iny l i cb ro rn idcswrsdc t c rn incdb t -C l -C rna l ys i s
ot the vinyl ic bromides produccd by reaction with |  ,2-dibromoethane. Th€ Z. I .  system of nomenchlurc is such that oxidrl ion ol {Z )-2 with
re len t i ono fcon f i gu ra t i ongene ra les ( [ ) - 6 .Thenumbers inb racke ts i n theco lumn fo reno luce ta tes i l r es imp l y l 00 - ( ] , l l . i l nda re inc luded
to faci l i tat€ dircct comparison with % t for RLi. ,  (E)- and (Z)-pent-3-en-2-one were not dist inguishcd under thc CLC condit ions uscd. Both
methylvinyl ketones and l-bromopropene are derived from unreacted vinyl ic l i thium rcag€nls prescnt in solut ion. , /  Product balancc. bascd
on start ing RLi. r '  Not detected (<0.5%). /  [RLi] = 0.01 N. 3 Oxygen was injecl€d by syringe inlo the r lmospherc ovcr lhc solul ion. unlcss
noted otherwisc. i  The solut ion was equimolar in the l i thium enolates of butanal (94% Z). Ten perccnt of thc mixturc of butanal enolales was
oxidiz€d (96% Z after oxidation). t  Oxygen was added at I  I  mL/h to the atmosphcre abovc l0 ml- of solut ion in the bcvcled-bottomcd oxjdation
apparatus described prcviously: E. J. Panek and C. M. Whitesides, "/ . ,4ra. Chem. Sot..94,8'768 \1912). i  Valucs in parcnrhcscs arc vicldr
ol- l -bromopropenes determined after treating with reaction mixture with I  .2-dibromoetha ne. ( 5.6% t. / ' [hc solut ion $as 0.1 M in l- iBr.
"r 5.9% t ' .  'THF solut ion. " [RLi l  = 0.2 N in hexane solut ion.

sources inc luded wi th  the ter l -but1 ' l  perox ide sa l ts ,  f rom wate r
in t roduced acc identa l ly .  or  f rorn  o ther  rc f ,c t ions.

The re tent ion o f  conf igurat ion obscrved in  thesc rcact ions
estab l ished that  f ree v iny l  rad ica ls  arc  not  in termediatcs  in  thc
ox ida t i on  o f  I  and  2  by  t e r t - bu t y l  pe rox idc  sa l t s .  and  p re -
sumab ly ,  by  ana logy .  by  sa l t s  o f  o the r  hvd rope rox ides . r i

Oxidation of Vinyl ic l- i thium Reagents with Dioxygen
Cenerates Enolates with Signif icant Loss in Stereochemistry.
React ion o f  I  and 2 wi th  d ior l -gen,  fb l lowed by 'acy la t ion o f  the
resu l t ing enola tes wi th  acet ic  anh1, 'dr idc  and analys is  by G t -C.
gave mix tures o f  eno l  acetatcs  in  which some loss in  s tereo-
chemis t r y  had  occu r red  a round  thc  doub l c  bond .  Thc  ex t cn t
o f  l oss  dcpended  on  t hc  s t ruc tu r c :  (E  ) - l  showcd  g rea t c r  l oss
than  (Z ) - l  and  ( t ' - ) - 2  g rea t c r  l oss  t han  (Z ) -2 .  S ince  (C ) -3  i s
more rap id ly  ox id izcd lhan (7 , ) -3 ,  par t  o i  th is  apparent  d i f ' -
ference in  the degrec to  which s te  reochcrn is t ry  is  los t  n tav bc
art i factual.  The yields of enol acctatcs rvcre higher from 2 than
f rom l .  In  cont ro l  exper inrcnts .  p l r r t ia l l i , 'ox id izcd so lu t ions o f
o rgano l i t h i um reagen ts  wc rc  a l l o r vcd  t u  reac t  w i t h  1 ,2 -d ib ro -
moethane or  acet ic  anhydr ide.  and the s tereochemist r l  o f  thc
v iny l ic  moiety  o i  the rcsu l t ing v inr , ' l i c  bront ides or  methy l  v in l ' l
ketones compared with that ol ' thc samc nurterials dcrived fronr
the  o r i g i na l .  unox id i zcd  so lu t i ons .  Thcsc  con rpa r i sons  cs tab -
l i shed  t ha t  t he  v i n l  l i c  l i t h i u r l  r cagcn ts  \ \ ' c r c  no t  i son t c r i zcd
undc r  t hc  reac t i on  cond i t i ons .  Scven r l  . " ' a r i a t i ons  i n  t hc  c r -
pe r imen ta l  cond i t i ons  had  no  s i gn i f  i c xn t  qua l i t i r t i ve  i n l l ue  ncc
o n  t h e  d i s t r i b u t i o n  o l ' p r o d u c t s :  c h a n g c s  i n  t h c  r a t e  a t  u h i c h
d ioxygcn  was  addcd  t o  t hc  r c r r c t i on  n r i x t u r cs .  u l t cn r t i on  o l ' t hc
c o n c e n t r a t i o n  o { '  v i n v l i c  I i t h i u r l  r c a g c n t .  a d d i t i o n  o f '  I r t h i u n r

b rom ide  o r  o f  t hc  l i t h i un r  cno la t c  o f -  bu tana l  t o  t hc  so lu t i ons .
a n d  v a r i a t i o n s  i n  t h e  n a t u r c  o l ' t h c  s o l v c n t .  a l l  r c s u l t c d  i n  r c -
act ion mix tures shorv ing thc sa lnc t1 , 'pes o f 'products  und son. rc
degree of  loss in  s tcrcochcmist r \  in  thc  cno l  accta tcs .  a l though
the d is t r ibut ion o l -  products  bctw 'ccn cnol  ucetatcs .  mcthy ' l  v in l l
k c tones .  and  o thc r  p roduc t s  va r i cd  w i t h  t hcsc  (and  o thc r ,  un -
i den t i i i cd )  changcs  i n  cxpc r i n r cn tu l  cond i t i ons  i n ' , r , avs  t hu t
have  no t  becn  ra t i ona l i z cd .

Discussion

The  ox ida t i on  o f ' v i n r  l i c  l i t l r i u r r t  r cuge  n t s  I  and  2  t o  l i t h i u r t r
eno la tes  3  and  4  b1 '  l i t h i un r  t s r t - bu t r l  pc ro r i de  p rcsc rvcs
con f i gu ra t i on  a round  the  doub l c  bond . l r  So rnc  l oss  i n  s t c r co -
chemis t r y ' occu rs  du r i ng  o r i da t i on  b1  d ioxy ' gcn  (Schcn tc  l ) .
To  i n t c rp rc t  t hc  l l r t t c r  obsc rv t r t i on .  \ ! c  essun rc  t ha t  t hc  sc -
quencc  o f  r cac l i ons  dcsc r i bcd  b1  cq  I  and  I  dcsc r i bes  t hc
conve rs ion  o l - v i ny l i c  l i t h i u r l  r cagcn ts  t o  l i t h i u rn  eno la tes .  and
tha t  t he  r cac t i on  o l '  ' u ' i n r  l i c  l i t h i un r  co r rpound  w i t h  l i t h i un t
v i ny l i c  pe rox idc  r c ta i ns  s t c r cochcn r i s t r v  a round  bo th  v i nv l i c
doub le  bonds .

Ana l y ' s i s  o l ' t he  d i s t r i bu t i ons  o l - p roduc t s  I ' r on r  r cac t i on  o l '
( f  ) -  a n d  ( Z \ - 2  u  i t h  d i o x l  g c n .  b a s c d  o n  t h c s c  a s s u m p t i o n s .  i s
compat ib le  u ' i th  thc  c t lnc lus ion that  both t '  L rnd Z d iastcrco-
mcrs producc the samc mix ture o f  s te  reo isomcrs o f  the (pre-
sumed)  l i t h i u r r t  v i ny l i c  pc rox ide  i n te rmed ia t c .  I n  a  t yp i ca l
cxamplc. reaction of 2 ( I  8oti ,  L, and 82olo Z) with oxygen yiclds
8J ' / , ,  E and I  7e i ,  Z  cno la te .  The y ic lds  o f  ent t la te  der ived f ronr
r cduc t i on  o f  i n t c rn t cd ia te  pc ro r i des  a rc  assumed  to  be  ha l i o i
t he r  t o ta l  ( bccausc  no  pc ro r i dcs  su rv i vc  t hc  reac t i on  )  and  a rc
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calcufated to  be 4 l% L,  (0 .5  x  82n/u)  and9o/o Z (0 .5  X l t lo /o) .
Subt ract ion o f  these y ie lds f rom thc overa l l  y ie lds  g ives the
y ie lds o l  the d iastereomer ic  v iny l ic  perox ides der ived f rom
init ial  reaction with dioxygen. 42o/o E (83o/o - 4lo/o) and 8'n Z
(17% -  9V" ) .  A  s im i l a r  ca l cu la t i on  on  a  second  reac t i on  o f  2
wi th  d i f ferent  d iastereonrer ic  composi t ion (80o/o E 'a .nd 20o/n
Z) which yields 55Vn E and 45ozo Z enolate indicatcs that the
v ic lds  o l  thc  d iastcrcomer ic  v iny l ic  hydroperor ides der ived
f rom th is  react ion would bc 45o/o E and 5%o Z.  These d iaste-
reome ric composit ions calculated from dif ferent reactions are
cons idcred to  be the same wi th in  expcr imcnta l  er ror .  A l incar l5
v iny l ic  rad ica l  is  a  p laus ib lc  in termediatc  to  use in  ra t iona l iz ing
th i s  s te r cochemica l  equ i l i b ra t i on  (eq  4 ) .

3 7 r l

\ 1 t l - I 00  spec t ro rnc te rs .  chenr i ca l  sh i f t s  a re  r cpo r t cd  in  pa r t s  pc r
n r r l l i on  down l - i c ld  f rom in tc rna l  t e t ramethv ls i l ane  and  coup l ing  con-
s t i rn t s  i n  he r t z .  lR  spcc t ra  werc  run  as  ca rbon  te t rach lo r ide  so lu t i ons
in  sod iun r  ch lo r idc  cc l l s  us ing  Perk in - f r l n re r  2378  o r  Beckman Modc l
l l { . , \  g ra t i ng  spec t ro r } r c t c rs .  Bo i l i ng  po in ts  a rc  uncor rcc tcd .  M ic ro -
r r n i r l l s c s  w c r c  p c r l i r r m c d  b y  M i d u e s t  M i c r o l a b .  I n c . .  I n d i a n a p o l i s .
l n d . .  e n d  G a l b r a i t h  l - a b o r a t o r i c s .  I n c . .  K n o x v i l l c .  T e n n .

Ana lv t i ca l  ( i l -C  an : r l - v -ses  o f  reac t ions  o l ' I  and  thc  eno la tes  o f
p rop iona ldchvde  werc  pe r lb rn rcd  on  F  and  M Modc l  8  l 0  i ns t rumcn ts
c q u i p p c d  w i t h  f l a m c  r o n i z a t i o n  d e t c c t o r s  u s i n g  u  0 . 2 . 5  i n .  x  2 0  l t .
l l . - i ' ) 1 ,  TCI :OP on  80 /  100  rncsh  ( .  h romosorb  W co lu rnn  opcn t t cd  r r t
l 0  o C  ( l i r r  r c a c t i o n s  w i t h  r r c c t i c  a n h v d r i d c ) a n d  - 1 5  o C  ( f o r  r e u c t i o n
w i th  1 .2 -d ib ron roc thanc ) .  ( ; l .C  unu l l scs  o l ' r cac t i t t ns  2  werc  pc r l i r r r r cd

o n  a  G o w - M a c  M o d c l  7 - 5 Q  i n s l p u r n c n t  ( f l a m c  i o n i z a t r o n  d c t c c t o r )
us ing  a  0 .115  in .  X  l0  11 .  7 "u i ,  SB-30  on  l l 0 /  100  n rcsh  Chro rnosorb  \ \ '
c o l u m n  o p e r a t e d  a t  I l 0  o ( ' .

l f a te r ia l s .  n -Bu t1 ' l l i t h iun r  was  pu rchased  l ro rn  l i t h ium ( ' o rp .  o f '
\ n r c r i c u  a s  a  h c r u n e  s o l u t i o n .  M e t h r l l i t h i u n r  ( l ' r o m  n r c t h ) l c h l o r i d c )

r r r r s  p u r c h a s c d  | r o m  l j o o t c  l r s  a n  c t h e r  s o l u t i o n .  ( r !  ) -  a n d  l Z l l t o ' t :
r rnd  -2 l l  wc rc  p rcp r r r cd  r r s  dcsc r ibcd  p rcv ious l r ' .  C t lnccn tn r t i ons  end
d i a s t c r c o n r c r i c  c o t n p o s i t i o n :  o t ' o r g l r r t o l i t h i u l r r  r c r r g c r l t  : o l u l i o n :  u  c r c
d c t c r n r i n c d  b r  t h e  ( i i l r t r r r r t  t l o u b l c - t i t r l t i o n  n t e  t h o r l  u  i t h  I  . l - d i b r o -
n r t l e t h r t n c  a n d  ( i l - (  l r n l r l r s i s . l o  i l  r r l ' h c  1 :  r r r t t l  . /  c n o l  l r c c t r r t c s  o l '
b u t r r r t p h e n o n c  l l r c  d e s e r r b c t l  c l s c u l t c r c  l  t r ' t ' t - l l u t r l  l r r t i  t ' o l . r c r 1 1 1 i 1 l g
u u s  p u r c h l r s c d  I ' r o n r  \ l (  [ J  r r r r d  p u r r l i c d  b r  r c r l  r r c c d  p r e s s u r c  d r s t i l l r r -
t i on  bc f i r r c  usc .

( E - t -  a n d  ( 7 . 1 - l - I > r o p c n r l  \ c e t a t c .  \  n r i r t u r e  o l  l 5 0  g  t l . . i  n r o l ) o l
r r c c t i c  l r n h r d r i d c .  l 0  g  o l ' l . r t l t r r : s i r r n r  r c c t r l t c .  r r n c l  l ( X )  g  (  l . ( ) i  r n o l )  r r l '
p r o p r o n l l d c h r d c  u l r .  r c l ' l  u r c c i  l i r r  l ( )  i r  l '  I ' r , , r l  r r e  t s  r r  h i e  h  t l  i s l i l i c t l
b e  l o u  I  l 8  o (  l r c r c  c o l l c c t c d  l n r l  n c u t r - r r l i z c t l  r r  i t h  s l r l u r u t c d  i r q u c ( ) u \
N a : C O r .  r v a s h c d  r r i t h  b r i r r c .  l n t l  t l r i c d  t \ l r : S O q ) .  I - u e l r c  g r l n r s  o l '
n u r t c r i u l  ( 1 0 " r , ' n r e l c i )  u l r s  o b t l r i n c d .  l ) i s t r l l l r t i o n  o n  l r  T e  I ' l t i n  l r n n u l l r r
s p i n n i n g  b a n d  c o l u r n n  r i c l d e d  r r  1 ' r r r c t i o n  u i t h  b p  l 0 l  o (  ( 5 . 7  s . 9 9 . - f ( ' r )
L  b " t  G  l - C  )  a n d  r r n o t h c r  I ' r r r c t i o n  u  i t h  b p  | 0 5  ' (  ( 3 . t )  g .  t ) 9  7 ' r i ,  I  b r
G t - C )

N  M R  s p c c t r a  u c r c  u s c d  t o  l r s s i g n  t h c  g c o n r c t r i c l r l  c o n f  i q u r l r t i o n s
o f  t h e s e  p r o d u c t s .  ( l  ) - I - P r o p c n r I  l c c t u t c :  l R  | 7 6 | .  | 6 7 0 .  t ) 1 7  c n r  1 :

\ l V { R  A 6 . 9 0 ( I  I l . d . , l  =  | |  0  I l z . o l ' q . , /  :  i . 5  } l z ) .  - 5 . 1 0 ( I  I l . d . . /
=  I  l . 0  l l z .  o l ' q . . /  =  6 . ) l l t  )  l . 0 l  ( r  l l .  s ) .  l . 5 E  ( . 1  I l .  d .  . l  =  6  ) l l t .
o f ' d . - /  =  l . - 5  l l z )  ( Z ) - l - f ) r o p c n r l u c c t r r t c .  l R  1 7 6 0 .  I ( r 7 - r c n r - l : \ \ l R
6  6 . u 7  ( l  t J .  d .  , l  =  5 . , .  l l z .  o l ' q . . /  :  6 . 5  l l z ) .  1 . 0 5  ( j  l l .  s ) .  l . 6 l  ( - l  1 1 .
d .  . l  :  6 . - r  H z .  o l ' d .  . /  :  L 6  l l r ) .

, A n a l .  C a l c t i  t i r r  ( ' r l l r ( ) : .  (  . 5 9 . ( ) x ;  1 1 .  x . 0 ) .  l o u n t i  ( i :  ) : ( . 5 ( ) ( ) ( r :
H .  8 . 0 6 .  (  / . \ ' .  ( '  .  5 ( ) . , ! l :  I  l .  7 . 9 1 .

( f - ) -  a n d  ( Z ) - l - B u t e n l l  \ c e t a t e . ' [ ' h c  r n c t l t r t d  o l  ; r r c p u r u t i t l n  i s  t h e
s a m c  a s  t h i r t  d e s c r i b c d  u b o r e  e \ c c p t  t h l t  t h e  n n l e r i r r l  d i s t i l l i n g  b c -
t w e e n  7 0  a n d  l - 1 1  o C  u u s  c o l l e c t c d  u n d  n c u l r l l i z c d .  [ , p o n  c l i s t i l l r r t i t l n
th rough  u  Tc l ' l on  l rnnu lu r  sp rnn ing  b l rnd  c t t l un rn  l ' n rc t i ons  u  i t h  bo i l t ng
p o i n t s  l : l  o C  ( . 9 9 , ' r , 1  b r  ( i l . ( ' )  a n d  l - l 0  o ( ' (  l 0 0 , r , l  b r  ( i l . ( ' )  r r c r c
ob ta incd .  Thc  spcc tn r  i r r c  s i rn i l l r r  l ( )  t hose  rcp t l r t cc l  r r  bovc .
( E ) - l - B u t c n \ l r c c l r r t e :  l R  1 7 6 1 .  l ( ) 7 0 . 9 1 5  c n r - 1 .  \ V R , l 6 . 9 1  ( l  l l .
d . J  =  l 1 . l  t l z .  o l  t . . /  =  l . l  l l z ) . 5 . 1 5  ( l  l l .  d .  J  :  l l . l  1 1 t .  o l ' 1 . , . /  :

6 . 2  H t . \ .  ( Z ) -  l - U u t c n r . l  u c c t u t c :  l l t  I  7 6 0 .  i ( ) 7 0  e  n r -  r '  \  \ l  R  ;  6 . S l
(  I  H . d .  J  :  5 . , 1  I l z . o 1 ' t . . l  :  1 . 1 I l t l . - 1 . 1 0  (  |  I l . d . . /  =  5 . 7  l l z . o l ' t .
- /  =  6 . - 5  I l z ) .

A n u l .  C ' a i c d  f i r r  ( - , , H  1 q 1 O : :  ( ' .  6  1 .  1  - 1 :  l  l .  f i . 8  l .  l i o u n d  (  i :  ) :  ( ' .  6 - 1 . 1 . 1 :
t l .  1 t . 9 0  ( 1 ) :  (  . 6 1 . 7 5 :  l l .  3 . 7 9 .

( E ) - P e n t - 3 - c n - 2 - o n e .  \  n r i r t u r c  o l '  6  l  g  ( 1 5  n r n t o l )  o 1 '  r r c c l r l -
m c t h v l c n c t r i p h c n r  i p h t r s p h r l r . u r c l r  r r n c l  I  I  g  ( - l ( )  n r r n t l l  )  o 1 ' r r c c t l r l d c -
h l d c i n l 0 n r l  t t l ' t l c t h r l c n c c h l t t r i t l c r r l r s s t i r r c d l t r ( x ) n r t e l n p e r i l l u r c
l b r  I  d u i s .  l 5  r n l .  o l ' p c n t r r n e  u r r s  r r i i r i c d .  r r n r l  t h c  p r c c i p i t r r t e d  t r i -
p h e n l ' l p h t t s p h i n c  o r i d c  \ \ r r \  r c l l ( ) \ ' c d  b r  l ' i  l t r r t t i o n .  l - h c  s o l v c n l  u r r s
r c m o v c d  b r  d i s t i l l r r t i o n  t h r o u g h  r r n  f i 0 - e n r  V i s r c u \ .  c o i u n t n  l r n d  t h c
r e s u i t l t n t  r c d  s o l u t i o n  u r r s  d i s t i l l c d  t l r r o r r g h  l r  s h o r t - p u l h  c t i l u n t n  t , l

l i c l d  l . l l g  t l - l  r n n l o l . t ) . l " i , r i c l t l ) o l ' r r  c o l o r l c s s  l i r l u t t l  u i t h  b p  l l - i  l l l
o C '  ( l i t . : )  l l . l  i  l ( )  o ( ' ) .  h u r r n g  i l l  . p c c t r u n r  ( ( ' l l (  l r ) i n d i s r r n g u r s h -
r tb l c  I ' r t r r t t  t l t l r t  ren t r r t cd  

' '

l - P h e n r ' l b u t e n - l - r l  \ c e t a t e  t { t .  f  h c  1  r ' n t r l  : r c c t r r t c  r i l ' b u t r  r o p h c -
n ( )nc  \ \ ' i i s  t hc  l r cdonr i r l t n t  ( ) ( )5 " , ,1  1 - . ro t l  r i c t  I i r rn te r l  i n  b t l t h  l r c i t l -  l r r t r l
b a s c - c l t t l t l r z c t l  r e r t e t t t r n s  r r l  [ 1 1 1 1 t ' o 1 . r l 1 g p 1 1 1 1 g ' , \ r t l r  i l c c t r c  r r n h r c l r i t l c . ] l
T h e  p u r c  l .  l r n d  . /  i : r t n r c r s  u c r c  o b t l r i l r c t l  [ r r  n r c n l r r l r l i v c  ( r l . (  : c p l r
r r t l i o n . l l  T l t c i r , - ' o n l ' i g l r r i r t i r l n \  , , r g 1 - q ' ; l . r i g n t t l  b r  c o n r l - r l r r i s o n , r l ' l l t c  v i r r r l
p r o t o n  c h c r t t i c l L i  s h t l l r  r i r t l t  l l t o s e  r u t r ( ) r t c ( i  l r r r ' t h c  c r t o l  l t c c l l r l c s  o l '
p rop i t l nhcn t lnc l  

- , t  
n t i  i r  l  l  h  t  l t , r sc  e l l  i t  t i l l t  t c t l  l - . r  I - t l bc r ' s  t t l c l ho t i . : ' \
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Calcu la t ion o f  the d iastcreomer ic  composi t ion o f  in terme-
diate peroxidcs in the rcactions of oxygen with I  is not as easi l)
jus t i i i cd  s ince ox idat ion o f  cno la tes is  a  morc severe prob lem,
and the enola te  y ic lds  are lower  and less s ign i f icant  than those
from 2. Calculat ions on reactions with high total product yields
ind i ca t c  t ha t  nea r l y  equa l  amoun ts  o f  C  and  Z  pe rox ides  a re
compa t i b l c  w i t h  t hc  f i na l  y i e  l ds  o f  eno la tes .

The  de ta i l s  o f  t he  s teps  i n  wh i ch  f r ec  v i ny l i c  r ad i ca l  i n re r -
rncd ia tcs  are gcnerated and consumed in  these react ions are
no t  known .  The  v i nv l l i t h i um compounds  a re  p robab l y  agg rc -
gatcd under  the condi t ions o f  our  expcr iments .  I { '  However ,  the
absence  o f  any  s i gn i f i can t  e f f ec t  o f  so l ve  n t .  o r  l i t h i um ha l i de
or  enola tc  concent ra t ion,  on the react ions o f  2  wi th  oxygen
suggests that an electron-deficient aggregate. i f  formed. rapidly
re leases a f rcc  v iny l  rad ica l .  Th is  resu l t  is  surpr is ing:  neo-
phy l l i th ium shows a n tarked propcns i ty  to  react  w i th  oxygen
by pathways which do not  invo lve re lcase of  a  f rec  neophy l
rad ica l  in termediatc5 evcn though I  neophy l  rad ica l  should  be
rno re  cas i l y  f o rmcd  than  a  v i ny l  r ad i ca l . l T  Me ta l  ha logen
exchange I  r '  l f i  ,n6 thcrmal  decomposi t ion o f  organocopper(  |  )
r eagcn ts to ' l e  p rov ide  examp les  o f  r eac t i ons  i n  wh i ch  i n te r -
nred ia tc  a lky l  rad ica ls  are gencrated,  but  in tcrmediate  v in-v ' ' l i c
rad i ca l s  a re  no t .  Rcac t i on  o l  d i oxygen  w i t h  o rgano l i t h i um
rcagents  apparent lv  prov ides an obverse example.  but  the
undcr ly ing reasons for  thc  d i f fe  renccs between thcse types of
rcact ions arc  not  obv ious.

Qua l i t a t i v c  da ta  sugges t  t ha t  t hc  mechan i s t i c  schen rc  ou t -
l i ncd  bv  cq  l  J  mav  a l so  bc  app l i cab le  t o  t hc  au tox ida t i on  o f
c) 'c lopropy l  I  i th ium rcagents . '10

Erperimental Section

( ienera l  l \ le thods.  A l l  rcact ions inv t t lv ing org l rnontc t i r l l i c  c r tn t -
pounds u 'erc  car r icd out  undcr  a tnrosphcrcs t t l 'p rcpur i f  icd  n i t rogcn
r r s i ng  s tunda rd  t cchn iqucs . l l  F thc r  r vas  d i s t i l l ed  I ' r on r  l i t h i u rn  a l u -
r l inurn hydr idc  undcr  a  n i t rogcn utn t t tsphcre inrmedietc lv  bc lorc  u .c .
f  l l  F  rvas d is t i l l cd  l ront  a  dark  r rurp lc  so lu t ion r . t l ' sod iunt  bcnzophc-
nonc d i rn ion undcr  n i t rogcn.  Hexanc was purr f icd  bv scrubbine u ' i th
.onccn t ra t cd  su l i u r i c  r r c i d .  d r v i ng .  end  d i s t i i l i ng  I ' r o rn  a  suspcn \ i ( ) n
, r l ' soc i i u r r  bcnzophcnonc  kc t l l  unde  r  n i l r ogcn .  N  MR spcc t r i r  wc rc
run i ls  carbt in  tc t rach l r t r ide so iu t r t tns  t tn  Vrr r i l rn  ' \ -60 and . i  t rOl

Punek,  Kui .ser ,  ,4 'h i te t i , !er  i  Orrdut ion i , f  l ' iny l i t '  L i th ium Reagent . t
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ccntr i fugc tubc contuin ing a 
' rc f lon-ctxr lcd 

nr l rgnct ic  st i r r ing bl r r  , , r  cre
we ighcd  100  mg (  l . (X )  rnn ro l )  o f '  l - p ropcnr I  uce t l t c  (5 )  end  l  - i  n r_ l  o l
n -decunc .  A l i c r  t hc  tubc  had  bccn  f l ushcd  u i rh  n i t rogcn .8  n r l -  o l ' c thc r
r v a s  a d d e d  b v  c a n n u l r r .  T h c  e  n o l u t c  \ \ l r s  g e  n c r i r t c d  b r  l r d d i t i o n  o l ' 1 . - l
n r L  o f  a  1 . 6  N  s o l u t i o n  o f ' n t c t h l l l i t h i u r l  ( 1 . 0 8  n r r n o i ) .  H r d r o l i s i s  o l '
l t  0 . 5 - n t l  t t l i q u o t  t r l '  t h i s  s ( ) l u t t ( ) n  l r l ' t c r  l { )  r r r i r r  : l t o u c t l  t i r l r t  n t ,  c r r , r l
ace ta te  r cma incd .  (Thc  rcac t ion  rn i x tu res  th l r t  u  c rc  no t  o r id i zcd  l re  re
s t i r r c d  a t  r o o m  t c n t p c r a t u r c  l o r  . l 5  n t i n .  )  , , \  l  - l n  [ _  a l i q u o t  o l ' t h e  s o i u -
t i o n  u l r s  t r l r n s l ' e  r r c d  b r  e l r n n r r l t t  r r  n d c r  r r i l r , , l c n  r r r t , , . i  l l - r r r l  e c r r t r i -
f ugc  tubc  s toppc rcd  u ' i t h  a  \o -A i r  s t ( )ppc r  con ta in ing  I  n r l -  o l ' l cc r i c
a n h v d r i d c  ( b p  1 . 1 0  o c ) .  T h e  n .  u h i l c  s t i r r r n g  a r  r h c  d c s i r c d  t e n r p c n r -
t u r c ,  l 0  m l -  o l o x v g c n  u a s  l r d d c d  u i l u t  o n c c  b r  g u s - t i g h t  s r r i n g c  r t r
t h c  a t n r o s p h c r c  a b o v c  t h c  r c n r u i n i n s  s o l u t i o n  o l ' t h c  e  n r l l u t e i .  T h c  r c -
ac t ions  ue rc  s t i r r cd  fb r  t i r ncs  vu r r  i ns  l l ' on t  l 5  to  60  n t i n  bc l i r r c  r r  l - n t l -
a l i quo t  was  rcmovcd  b r  cunnu l , , ' , , n - .1  q r .n .hcd  w i rh  ace t i c  an l r r c i r i dc
a s  a b o v e .  T h c s e  s i r n r p l c s  u e r c  r L n u l r z e d  b r  ( i r - c ' u i t h o u r  l - i r r r h c r
t r e a t n r c n t .  T h c  s l r n r p l c s  u  h i c h  \ \ c r c  n ( ) t  u n l r l r  z c d  i n r n r c c l  i i r t c l \  \ \ c r c
s t o r e d  u n d c r  n i t r o g c n  a t  - 1 0  o ( ' .

( B ) o r ) g e n  u u s  u d d c d  b r  g l L s - t i g h t  s - r r i n g c  t o  r l r c  r r r n r o s p l r c r c  t l r e r
t h c  s t i r r c d  e n o l a t c  s o l u t i o n .  . , \ l ' 1 c r  l r  l 0 -  o r  I - : - r n i n  r c r r c t i o n  t i n r c .  l r
l -m l -  a l i qu t l t  t t f - t hc  s t l l u t i t t n  u l t s  l r r rns l ' c r r cd  b r  c lnnu l l r  unde  r  n r l rogc l
t o a  l l - r n l - c c n t r i f ' u g c t u b e  c o n l l r i n i n s  l n r l . o l ' r r c c t r c l L n h r d r i d c .  \ l t l r c
( ) x V g c n  w ' u s  t h c n  e d d c d  t o  t h e  l r t n r o s p h c | c  { ) \  c r  I l ] e  s , r l u t i r r n .

Or ida t ions  o f  l - l . i t h iop ropene .  T l r csc  o r id r r t i ons  nc rc  c r r r r i cc l  9u t
a t  - 7 8  o ( ' b )  a d d i n g  ( ) \ \ g c n  t o  t h c  l r t n r o s l r h e r e  l r b o ' c  s t i r r c t l  ( ) r  u n -
s t i r red  so lu t i ons  in '10 - r t t l .  ccn t r i l i r gc  l ubcs  o r  i n  thc  bc re l cd -bo t to rncd
f lask  appara tus :  r c l r c t i , rn  ' , 11 r . ,  , , , , , r  r i . r . r . l L rcnchcd  r r i t l r  ucc t i c  r rnh r i l r i dc
o r  l . l - d i b r o n t o e  t h u n c  l r s  l r b o v c .

T h c  d i l u t c  s i r n r p l c  ( 0 . 0 1  \ )  u r r s  p r c p l l r - c d  b r  t n r n s l c r r i n g  c r r .  7 0  l t i l
o l ' a  0 . 1  N  s o l u t i o n  o l '  l - l i t h r o p r o p c n c  b v  c a n n u l a  t o  o n c  s i d c  o |  a
l ' l r r r r r c - d r i c d  d o r r b l c  S e h l c n k  t u b c  e ( ) n t r l i n i n g  r r  n l i r g n c r i e  , t i r r i n g  b r r r
on c l rch s idc.  Thc tube w'us dcgasscd and sci r lcd undcr vacuunr at  l iqui rJ
n t l r o $ c n  l c l n i l c r l t l u r c .  . \ l ' t c r  l I c  s t r l y c n t  I l r d  r r r c l t c d .  t h c  s 0 l u t i ( ) r ]  \ \ l r s
s loshed  a round  to  dcs t ro r  t r l l ccs  o l ' o r l gen  and  u 'a tc r  on  thc  i ns rdc  o l '
t hc  tubc .  Approx in ta te  l r  7  n r [ -  o l ' so lu t i on  was  pourcd  in to  t t ne  s idc .
l nd  thc  r cs t  o l ' t hc  so lve  n t  was  d i s t i l l cd  ove  r  i n to  tha t  s idc .  Thc  so lvcn t
was  l - rozcn  w i th  l i qu id  n i t rogcn  and  rhc  rube  scpura tcd  bv  sca l i ng  rhc
connec t ing  a rn r .  Thc  tube  con ta in ing  the  d i i u ted  so lu l i on  w ls  opcncd
o n  t h c  v A c u u n r  l i n c  a n d  s u r r o u n d c d  b l  l  b a t h  o l ' t h c  d c s i r e d  t c n r p e r -
a t u r e .  W h i l c  t h c  s o l u t i o n  w a s  s t i r r c d ,  o x v g c n  w a s  i n j c c t e d  i n t o  t h c
i so la tcd  po r t i on  o l ' t he  vucuunr  l i nc .  The  so lu t i on  was  i r l l o , , l . ' cd  ro  reac r
w ' i t h  the  oxvgcn  l i t r  ca .  I  h  bc fo re  an  a l i quo t  was  rcmoved .  A f te  r  t he
o r idu t ion  rcac t ion  w 'as  conrp lc te  .  a  l 0  l 0 -m l -  po r t i on  o f  thc  so lu t i on
w u s  t i t r a t c d  t o  d e t c r n t i n e  t h e  t o t a l  b a s e  c o n c c n t r a t i o n .

I n  t h c  c x p c r i n t c n t  o l ' T a b l c  I  i n  w h i c h  t h c  c n o l a t c  o f ' b u t a n a l  w a s
i n c l u d e d .  - 3 5 2  n r g  ( 3 . 0 9  r n r n o l ) o l ' l - b u t c n 1 , l  a c c t a t c  \ 9 1 . } o t i >  / . 1 d i s -
so lvcd  in  30  n t  l -  o l -  c thc r  was  a l l ou ,ed  to  r cac t  w , i t h '1 .0  n t  [ _  t t l '  r r  1  .6  \
n rc th - r  l l i t h iun r  so lu t i on  (6 . -1  rnmo l )  fo r  30  m in  a t  roonr  t cn rDcra ru rc .
l l r d r t l l , " s i s  o l ' a n  a l r q u t ) t  o l ' t h i s  s o l u t i o n  s h o u c d  t h u t  n o  c n o l  a c c t u t e
r c n u i n c d .  ( a ) - l - L i t h i o p r o p c n c  ( 3 0  n r l -  o l ' l 0 . 1 0  N  e t h e r  s o l u r i o n .
J . 0  n r r n o i )  w a s  a c l d c d  t t l  t h c  c t h c r  s o l u t i o n  c o n l u i n i n g  t h c  b u t r r n a l
c n o l a t c .  T i t r a t i o n  o l - a n  a l i q u o t  o f  r h i s  s o l u t i o n  w ' i t h  0 .  l 0  \  F l c ' l  t o  a
phcno lph tha lc in  cnd  po in t  i nd i ca tcd  tha t  thc  to t r l  base  conccn t r r r r i on
w u s  0 . 1 6  N .  T h u s .  t h c  c t l n c c n t r r r t i o n s  o l '  ( 1 .  ) -  l - l i t h i o p r o p c n c  l i n d
b u t u n u i  c n o l a t e  w c r c  c a . 0 . 0 9  N . , {  l 0 - n r t -  a l i q u o t  ( 1 . 8  n r m o l  o f ' c a c h
componcn l )  o i  t h i s  so lu l i on  w 'us  tn rns fc r red  to  r r  f l an rc -d r i cd  .10 -n r l -
ccn t r r l ugc  tubc  equ ipped  w i th  a  n ragne t i c  s t i r r i ng  ba r  and  sca led  i i , i t h
r r  \ o -A i r  s toppc r .  Thc  tubc  was  in rn rc rscd  in  l r  d r f  i cc /acc ronc  ba th
r rnd .  wh i l c  s t i r r i ng .  l 0  n r l -  o l ' o r r ' gcn  r . ras  i n  j cc tcd  in to  thc  a tn rosphere
ovc r  the  s t l l u t i on .  Thc  rcac t ion  w 'as  a l l o$ ' cd  to  p rocccd  fo r  I  h .  Thcn
r r  J -n r [ -  a l i quo t  o l ' t hc  so lu t i on  \ \ ' es  l r i l t i ' " ' ucd  lo  r c i l c t  w i th  ]  n r l -  o f - r r cc t i e
l t nh r .dnde  as  dcsc r ibcd  ubor . , c .

ox ida t ions  o f  l - l i t h io - l -phen l l - l -bu tene  r , , c re  a l so  cu r r i ed  ou t  a t
- 7 3  " c  r n  l l u n r e - d r i c d . 1 0 - r r [ -  c e n t r i l ' u g c  r u b e s  c q u i p p c d ' u i t h  r r t g -
n c t i c  s t i r r r n g  b u r s  i r n d  s c r r l c d  w r t h  N o - A i r  s t o p p e r s .  I n  i r  n ' p i c r r l  c x -
pc r i rnen t  - l . i  n t l -  o l ' l  0 .1  \  so lu t i on  o f ' 2  r vus  p rcpurcd  b r  add ing  0 . .1_5
n r l .  o l  l - b u t v i l i t h i u n r  u s  r r  h c r u n c  s o l u t i o n  ( i . 6  N . 0 . 7 1  n r n r o l ) t o  a
cuo lcd  (  -78  oC 

)  1 -H  l '  so lu r ion  1  -1 .0  rn  t_  )  o f '  (  l :  ) -  l  - b ron ro -  l  -phcn l  l -
l  -bu tcnc  (  1  .19  n tg .  0 .7  n tn to l  )  end  t c r r -bu t r  l bcnzcnc  (  2 ( r .6  n tg  ) . , \ l ' t c r
s t i r r i ng  f i r r  l r  l - e  u '  i n inu les .  0 .1 - rn l_  l r l r quo ts  wc rc  l . c r j t o r  cc l  und
q u e  n c h c d  *  i 1 h  c t h u n o l  r r n d  l . l - d i b n r n r t ) e t h l n c .  l ' c n  n r i l l i l i t e  r s  t l l '
( ) x \gcn  *  l r s  i n iec l c r i  i n t0  thc  u l l nosphe  rc  ( ) \ , e  r  t l l c  i ' e  rnu in rng  so iu l ron .
f  h c  o r i d a t i ( ) n  r c l c l i o n  w l r s  r i u e n c h c d  b r  r r d d i n g  t o  i l ( r c t r c . r n h r d r i d c
i - 1  0  r t r l - )  - 1 t )  r r r r n  r r l ' l c r  l h c  r l r r g u n  \ \ i t s  l r c l d c d .

Iden t i f i ca t i on  o f  thc  R t 'ac t i< ln  P roduc ts .  l , . r  rgc -se  a i c  , r r r c l r r i r ( ) l r  l ' c -
. i e l i ons  o f  i  I i t h r r t r r rop t ' nc  { t r . 0  l r rn t r r l  i r r  6 { )  n t i _  o l ' c thc r .  ( )q , r , ,  l - ' .  

- {1 , r , ,

l .  ,  and 98o/o Z) at  -7 l l  oC wcre que nchcd wi th cxcess acct ic  anhydr idc.
, \ l ter  thc l i th ium acetatc h ld bccn renrovcd by f i l t rat ion,  thc react ion
nr i x tu rcs  werc  d i s t i l l cd  on  a  Tc f lon  annu la r  sp inn ing  band  co lun tn  and
t h c  f ' r a c t i o n s  r v i l h  b p  I 0 0  l 2 - 5  o (  w c r c  c o l l c c t c d .  T h e  ( C ) -  a n d
( .2 ) -  l -p rope  n l l  acc t l r t es  fb rmcd  in  cach  rcac t ion  wcre  co l l ec tcd  f ron t
a  l 0 - f t .  l 0 '%,  TCEOP on  C 'h ron rosorb  W co lun tn  a r  8 -5  oC and  the  i r
lR  spec t ra  wc rc  comparcd  r . r , i t h  thosc  o f ' au thcn t i c  samp lcs .  In  add i -
t ion.  a sample ol  ( I  ) -pcnt-- l -cn-2-onc wi ts col lec lcd f rom thcggo/o L,
o r idu t ion  rcac t ion  m ix tu re  and  i t s  i n f ra rcd  spec t rum comparcd  w i th
t h a t  o i  t h c  a u t h c n t i c  s a n r p l c .

A  l a r g c - s c a l c  o r i d a t i o n  o i  l - l i t h i o -  l - p h c n y l -  l - b u r c n e  ( 7 . 1  n r m o l
in 3-5 nr l  of  Tt l  F.  lJ0,Zn Z) was qucnchcd wi th cxcess acet ic  anhydr idc
a n d  w o r k c d  u p  i n  t h e  u s u a l  l a s h i o n .  T h c  ( 1 1 ) -  a n d  ( Z ) - l - a c e t o x y ' - l -
phcn l l -  l - bu tcnc  lb rmcd  wcrc  co l l cc l cd  f ' r on t  a  l 0 - l ' t .  10 . /n  S [ : -30  on
C hronrosorb W' ct l lumn at  130 oC and thci r  lR spcctra werc comparcd
u  i t h  t h o s e  o l - a u t h c n t i c  s a r n p l c s .

Reaction of l-l, ithioprop€ne with Lithium ferf-Butyl Peroxide. To
r u  s t i r r c d  I 0 - r n l -  c t h c r  s o l u t i o n  o l ' 0 . 0 9 0  g  ( 1 . 0  r n n r o l )  o f  l e r r - b u t 1 ' l
h r d r o p c r o x i d c  u t  - 7 8 ' ( ' . 0 . 7 0  n r [ -  o f ' a  l . - 5  N  n ' ] c t h \ , l l i r h i u n r  s o l u t i o n
rn  c thc r  (1 .0  n rn ro l )  was  s lou , l r  addcd  b1  a  1 .00 -n r l_  sy , ' r i ngc .  A I ' t c r
s t i r r i n g  f ' o r  u  f ' o v  n r i n u t c s .  l 0  m L -  o l ' u  0 . 1 0  N  s o l u t i o n  o 1 - l - l i t h i o p r o -
p c n c  ( 1 . 0  m n t o i  )  w a s  r r d d c d  b v  c r r n n u l u .  T h c  r c a c t i o n  m i x t u r e  w a s
s t i r r cd  l t  0  "C ' l i t r  2  h  bc l i l r c  r r  1 .0 -n t l -  a l i quo t  r vas  udded  b r ,  cannu lu
t o  1 . 0  n t l -  o f ' a c c t i c  a n h r d r i d c  i n  a  l l - n t l -  c c n t r i { ' u g c  r u b c .

React ion of  2 wi th l . i th ium or Sodium /er f -Butv l  Peroxide.  Onc
l r i l l i r r t o l c  o l ' l i t h run t  l c r t -bu t \ l pc r t t r i dc  v ius  p rcpurcd  in  l 0  n t t_  o iTHF
r r t  -78  o ( '  b ) '  re i r c t i on  o f ' / c r l -bu r r l  hvd ropc ro r idc  w i th  mc thv l l i t h iun r .' l - h i s  

so iu t i on  $ i l s  t rans l ' c r r cd  b r  cennu l l r  t t l  -S .0  rn l -  o f  a  0 .2  \ , J  THF
s o l u t i o n  t l f ' 2  ( 1 . ( )  n t n t r l l ) u l s t l  c o o l c d  t t l  - 7 8  " ( ' .  T h e  r c a c t i o n  u ' u s  l r l -
I owcd  to  p roceed  l i r r  I  h  r r t  -78  " ( -  be f ' o rc  r rdd ing  to  excess  l r cc t i c
l n h l d r i d c .

St i l iunr  ter l -buty ' l  pcroxrde was prcparcd br  adding u coolcd (0.( ' )
T l l [ ]  s o l u t r o n  ( 1 5  r l [ - )  o l ' t t , r t - b u n l  h r d r o p c r o x i d c  ( 1 8 0  n r g .  2 . 0
r rn ro l  )  t o  1 .0  mmol  o l ' sod ium hvdr rdc  wh ich  had  becn  { ' r ccd  o l ' n r i ne r l l
o i l b , r ' w l s h i n g  w i t h  h c x a n c . l ' )  l l v d r o g c n  c v t t l u t i t t n  w a s  r a p i d  b u t  t h e
r c u c t i o n  n r i r t u r c  w a s  s t i r r c d  a t  0  o C ' f i t r  I  h .  T h c  s o l u t i o n  w u s  t h c n
c o o l c d  t o  - 7 8  o C  u n d  a d d c d  b v  c a n n u l a  r o  l 0  n t l _  o l ' a  0 . 2  N  T H F
s o l u t i o n  o f ' 2  ( 2 . 0  n r n r o l ) .  T h c  r c a c t i o n  n r i r l u r c  r v a s  s t i r r e d  f o r  I  h  a t
- 7 8  o ( ' b c l i t r e  u d d i n g  I o  r ; 1 1 . r r  r t c c t i e  r r r r h r t l r i c l c .

Reac t ion  o f  2  w i th  l . i t h ium o r  Sod iun r  n r - ( ' h lo ropc rbenzoa te .  So-
d i u m  l l - c h l r t r t l p c r b c n z ( ) i r t c  \ \ l r \  p r c p r r r c ( l  b r  l r d c l i n g  r r  T l l [ ]  s o l u t i o n
( l - \  n t [ - )  o l ' n t - c h l o r o p c r b c n z t l i c  l t c i d  1  1 - l - l  n t g .  ]  0  n t n t o l )  t o  l . ( )  p t r l g l
o l ' s t t d i u t t t  h l d r i d c  r r h i c h  h l r d  b e c n  l ' r c c t l o 1 ' n r i n c r l l o i l b r  r r r r s h i n g  u i t h
h c x a n c . l r  T h c  r c u c t i o n  n t i r t u r c  u l r s  r c l ' l u r e d  l i r r  X  h .  t l r e  s . r l t . . r l n h i t c
s o l i d .  r v a s  n o t  i s t t l u t c d .  

- f  
h c  : u s p c n s i o n  u r r s  c r l o l c d  t o  - 7 l i  o ( '  l r n c l  l 0

n r l -  o f ' a  0 . 1  \  
- f  

l l [ ]  s o l u t i o n  t t l ' 2  ( 8 5 , , , , , 2 .  I 0  r r t r r r o l ) l t  - l f i  o (  u r r s
l d d c d  b r  c u n n u l u .  T h c  r c l r c t i o n  r l i r t u r c  u r r s  s t i r r c d  l r t  - l f (  ' (  l i r r  I
h  bc l i r r c  addrng  to  ucc l i c  l nh rc l r i dc  ( t  n t l  )  l r  l l  o ( . .  Thc  cn ( ) l  i r cc l . l l c \
uc re  f i r rn rcd  in  l 0 ' r , ,  r i c ld  (8 ( r ' ' , ,  l .  ) .  f hus  l l r c  r c l r c t i on  i s  s t c rc t t spcc i l ' i c
b u t  l o u ' r i e l d .

l . i t h i u n r  l l - c h l o r o p c r b c n z o l r l c  \ \ i r \  p r c p i r r e d  l r t  - 7 X  o ( '  j n  T l l l ,
s o l u t i o n  b 1  s l o u l r  r r d d i n g  n r c t h r l l i t h i u r n  i r r  c t h c r  s o l r r t j o r r  t o  l r  s t l l u t i o n
o f ' l l - c h l t l r t t p c r b c n z o r c  r r c r d .  

- f  
h c  r c l r c l i o n :  r r  i t h  2  u c r e  d o n e  l s  d c -

scr ibcd abo,u 'c.
Srrra l l  srrmplcs ol '  (  I - ' ) -  and t  Z l -3-phcnr l -3-heren-2-one \ \  crc nrc-

p a r c d  b r  r e u c t i n g  ( 1 1 -  t n d  l t : \ - 2 ,  r c s p c c t i r c l r .  u i r h  r r c c r i e  r r n h r d r i d c
in  l ' t l F  so lu t i on  l r t  - f  I  o ( ' . - l - hc :e  co r r r l - roundr  \ \ c rc  n ( )1  ch r r r l r c t c r i zc t l .
T h c  r c l t c t i t t n  I t t i r t u r e s  u c r c  r r n l r l r z c d  b r  ( i l  (  t o  c n s u r c  t h l r t  l ) r ( ) ( i  u c t s
I ' r t t n t  t hc  r c l t c t i on  o l ' 2  r r  i l h  r rec r i i  l r r rh r t l r r c le  \ \ c re  n ( ) l  i i r t c r l ' c r l i nu  u  r th
t  hc  l t n l r i r  s i : ,  o l -  t l r c  cn t r l  r r ce  t l r t cs .
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