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Abst ract :  Treatment  o f  a lky lmercur ic  ha l ides in  successron wi th  I  ec lLr iv  o f  iodo( t r i -n-b i r ty lphosphine)copper( l )
anc l  3  ec l l t iv  o f  rc r t -b t t ly l l i th iLrm at  -7E- ' in  le t rahyt l ro fumn rcsLr l ts  in  formar ion of  ,  r . , , . r iu .  a tc  contpr lex  which
incorporatcs  thc  a lk-v- i  grourp or ig ina l l l 'L ronc lcc l  to  nrercurv .  Thc react ions o f  th is  a lky l  group rcsenrb lc  those of  a
l i th iLrm c l ia lky lcr , rpratc :  i t  can be a lky la tec l  w i th  a lky l  ha l ic ' les  anc l  couplcc l  w i th  a  rc i r -bLr t -y l  moiety  by or idat ion
wi th  n i t robenzene:  i t  does not .  however .  L tnc ic ' rgo con iLrgate ac lc l i t ions to  r r . iJ -unsaturatec l  ketones.  In  cer ta in
instanccs.  b t r t  not  a iways.  the overa l i  convers ion f ronr  a lk l ' ln rcrcr r r ic  ha l i t lc  1o product  takes p lacc wi th  re tent ion
of configLrrat ion at the carbon original ly bonclci i  to ntercur.y..  The structure(s) of these ate compleres czrnnot be
estab l ishec l  f ron i  the ava i lab le  t la ta ,  bLr t  c lLra l i ta t i re  ev ic lcncc sL lggests  that  l i th iurm.  copper( l ) .  anc l  mercury( l l )  are
a l l  present  in  the tneta l  core.  Poss ib le  appl icat ions an i l  l in r i ta t ions o f  thesc corn; r lcxe.s  in  synthes is  are br ie f ly  o l r -
l ined.

Th.  invers io r r  o f  s te reochenr is t ry  tha t  charac tc r izcs
I  SN2 d isp lacenten t  a t  carbon is  the  bas is  fo r  many

important nrethods of  control l ing stereochemist .y in
organic synthesis (eq 1).  In pr inciple,  i t  shoulc i  bc
possible to carry out stereoselect ivc t ransfornrat ions at
carbon using diastereomeric carbanions (or their  l 'unc-
t ional  equivalents) as nuclcophi les (eq 2):  t i iesc specics

the special  instances in rvhich they have been prepared,
only onc ol-  t r ic-r  d iasterconicrs has bcen obtained. i ,
Indced.  c rc -n  i f  i t  uc rc  poss ib le  to  genera te  d ias te reo-
merical ly prrrc . rcc ' -a lkyl l i th iunt  and -magncsium re-
ngcr-r ts,  i t  is  not  c lcar that  thcy w,ould be ntorc than
marginal ly sta blc tou ard epirner izat ion.  1-6

In  cont ras t .  d ias te rcor le r ica l l y  pure  or  cnr iched
organometal l ic  der ivat ives of  a number of  other
metals-  part icLr lar ly rnercury(I I ) ,  t in( lV),  and lead-
( lV)--have bcen prcparcdT-e and establ ished not to
epirner ize readi ly oncc. formed.10 Unfortunately,  or-
ganornetal l ic  der ivat i res of  these metals are only l l ,eakly
n ucleophi l ic  and of  I r r l i tcd synthet ic ut i l i ty .

The rvork rcported in th is paper u,as directed toward
developing rnethods for increasing thc nucleophi l ic

( 5 )  F .  R .  J c r r s c r r  a n d  I ( .  L .  N a k l n t a l ' c , . 1  . . 4 t r r c r .  C h c m . . S o c . , 8 8 . 3 4 3 7
1 1 9 6 6 ) ;  W ,  H .  G l a z c  r r n c l  C .  \ 1 .  S c l n l t n , J .  O r e .  C h c n r . , 3 3 ,  1 9 8 7  ( 1 9 6 8 ) ;
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would also be useful  in mechanist ic studies.  In prac-
t ice,  d i f f rcul t ies in generat ing and ut i l iz ing the reqLr i red
nucleophi l ic  species hav'e preventeci  comnton Llse of
procedures based on this pr incipic.  Gencral  ntethods
for the synthesis of  pure diastereomers of  organor i th iunl
and magnes ium spec ies  i i re  no t  ava i lab lc . ; r  1  , ind l  even in

_ 
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Scheme I. Organomercury Compounds erdo-l
High Stereoselectivity

and exo-l Are Converted to a Copper Ate Complex and to Products with
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exo-2-norbornylmercuric bromide (1) because lithium
alkyl(endo-2-norbornyl)cuprates had previously been
demonstrated to retain stereochemistry at  the carbon-
meta l  bond fo r  long  per iods  s f  1 lms. t ; r ' i ' 1  In  a  typ ica l
exper iment,  a tetrahydrofuran solut ion containing I
mmol of  endo- l  was treated with I  equiv of  iodo(tr i -n-
butylphosphine)copper( l )  at  -78o, and then with 3.6
mmol of  ter t -buty l l i th ium. The nature of  the organo-
metal l ic  species present in the resul t ing solut ion has not
been def ined in detai l :  for  convenience we wi l l  refer to
them simply as e.yo- and endo-Z. The representation
used fo r  2  in  Scheme I ,  R [CuL iHg] ' (C(CHr) , ) ' ,  shou ld
be taken to refer to the composi t ion of  the solut ion
rather than to the structure of  the complex,  a l though
qual i tat ive evidence suggests that  a l l  three metals are in-

corporated into a common cluster in these ate com-
plexes (uide irtfru).

Addi t ion of  rnethyl  iodide (3 mmol)  to the l ight
yel low solut ion of  endo-Z, react ion of  the resul t ing mix-
ture for  30 min at  -  78 " ,  and convent ional  work-up
yielded 797(,  of  2-methylbornane (3,  95% endo, 5%

exo) as determined by glpc analysis;  oxidat ion of  endo-Z
with an excess of  n i t robenzene at  -78'  y ie lded -407i '

of endo-2-tert-butylnorbornane (4, 95% endo, 5fl exo).
These and paral le l  resul ts obtained start ing wi th exo-1
are out l ined in Schemc I .  Nei ther the y ie ld nor the
stereochemical  pur i ty of  the products var ied s igni l icant ly
with the proport ions of  reagents used, providcd that
R H g B r : l C u P E u ; : ( C H r ) ; C L i  i s  l : 1 : 3 .  I i  t h e  t r a n s -
metalation betr/een I and tert-butyll i thium is carried
out before adc i t ion of  ICuPBu3, the products obtained
from the resul t  ng2 are extensively epimerized. t ;

,+"
C'Hr

<95% endo'3

75% exo'3

H

) 5% endo-3

<95% exo'3.

reactivity of one or more of the classes of organometall ic
substances capable of  y ie ld ing diastereomerical ly or
enant iomerical ly pure compounds, whi le at  the same
t ime retaining a useful  degree of  conf igurat ional  sta-
bil i ty at the carbon-metal bond. Effort has been con-
centrated on at tempts to convert  d iastereomeric and
enant iomc-r ic organomercury compounds into copper( I )
ate complexes I  I  having react iv i ty t :  and conf igura-
t ional  stabi l i tyr3 ' r4 s imi lar  to that  of  l i th ium diorgano-
cuprates.  This ef for t  has been part ia l ly  successful :
certain organomercury reagents have been converted
with useful stereoselectivity into copper(l) ate com-
plexes having adequate reactivity for use in synthesis.
Others,  however,  epimerize part ia l ly  or  completely
dur ing these transformat ions, or generate ate com-
plexes of low reactivity. These studies suggest correla-
tions between structural features in the starting organo-
mercury reagents and the synthetic uti l i ty of the derived
copper ate complexes, and provide qual i tat ive infor-
mat ion concerning a new and potent ia l ly  valuable c lass
of copper ate complexes.

Results

Init ial experiments were carried out using endo' and

( 1 1 )  G .  W i t t i g ,  Q t r a r t .  R e c . ,  C h e m .  S o c . , 2 0 ,  1 9 1  ( 1 9 6 6 ) :  W .  T o c h t c r -

n r a r l n ,  A t t g e w ' .  C h e n t . ,  I t t t .  E d .  E r t g l . , 5 , 3 5 l  ( 1 9 6 6 ) .
( 1 2 )  J .  F .  N o r m a n t ,  S . t r r t f t c s i s , 6 3  ( 1 9 7 2 ) ;  G .  H .  P o s r r c r ,  O r g .  R c c t c t . ,

1 9 ,  1  ( 1 9 7 2 ) ;  G .  B i i h r  a n c l  P .  B t r r b a  i r r  " M c t h o d c t r  t l c r  o r g a n i s c h c n

Chcmic , "  4 th  cc l ,  l3  l ,  E .  ML i l l c r ,  Ec l . ,  Gcorg  Th ic r le  Vcr lag ,  S t t r t tgar t ,

G e r m a n y ,  1 9 7 0 ,  p p  7 3 1 - 1 6 1 .
( 1 3 )  G .  M .  W h i t c s i c l c s ,  J .  S a n  F i l i p p o ,  J r . ,  E .  R .  S t c c l r o r r s k y ,  a n c l

C .  P .  C a s c y ' ,  J .  A n t e r .  C h e m .  S o c . , 9 1 , 6 5 4 2  ( 1 9 6 9 ) .
( 1 ' 1 )  G .  M .  W h i t c s i c l e s  a r . r d  P .  E .  I { c n d a l l ,  J .  O r g .  C h c n t . , 3 7 ,  3 7 1 8

(1972).
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Several  qual i tat ive observat ions concerning solut ions
of 2 indicate that  th is solut ion does not contain ei ther
norbornylmercury( l l )  hal ide,  - ( t r i -n-butylphosphine)-

copper( I ) ,  or  - l i th ium in appreciable concentrat ion,  and
that i t  a lso does not contain l i th ium (tert-buty l ) (nor-
bornyl)cuprate:  First ,  2 does not react wi th ketones
under condi t ions that would resul t  in rapid consump-
t ion of  isopropyl l i th ium or 2-norbornylmagnesium
bromide. The thermal stabi l i ty  of  2 in THF solut ion
(ca .2  h r  a t  25 ' )  i s  incons is ten t  w i th  the  thermal  ins ta -
bil i ty of 2-norbornyl(tri-n-butylphosphine)copper(l) and
also wi th the react iv i ty of  most secondary alkyl l i th ium
reagents toward THF. The faci le conversion of  2 to 3
by react ion wi th methyl  iodide, and of  2 to 4 wi th ni t ro-
benzene, is incompat ib le wi th formulat ions of  2 as
ei ther 2-norbornylmercur ic hal ide,  b is-2-norbornylmer-
cury,  or  2-norbornyl( t r i - r i -buty lphosphine)copper( l ) .
The fai lure of  2 to add to mesi ty l  oxide establ ishes that
i t  is  not  s imply an ate complex between 2-norbornyl( t r i -
n-butylphosphine)copper( l )  and tert-buty l l i th ium.ia
The simplest interpretation of all of these data is that 2
is a ternary ate complex containing copper( l ) .  mercury-
( I I ) ,  and l i th ium. The number of  atoms of  each nretal
in the c luster ( i f  indeed there is only one type of  c luster
present) ,  the disposi t ion of  norbornyl  and ler l -buty l
groups on i ts surface, and the extent to which t r i -n-
butylphosphine and iodine ion are associated u ' i th the
cluster are al l  unknor. l 'n.

EI l -or ts to subst i tute .sec-butyl l i th iunr,  isopropyl-
l i th ium, n-butyl l i th ium, or phenyl l i th ium for tar t -
buty l l i th ium in the preparat ion of  2 w'ere not successl-ul :
in no instance was an ate complex obtained which was
capable of  t ransferr ing the norbornyl  group in ei ther
alkylat ions or in oxidat ive coupl ings.  This observa-
t ion does not necessar i ly  mean that no ate contplex
was formed on mixing l ,  ICuPBu3, &f ld these organo-
l i th ium reagents,  but  only that  i f  an ate complex is
formed, i t  reacts by t ransfer of  the alkyl  group or ig inal ly
bonded to l i th ium, rather than the norbornyl  group.
with high select iv i ty.  16'  17

The transformat ions in Scheme I  establ ish that  i t  is
possible to convert  one part icular type of  secondary
organomercury  compound,  l ,  to  a  reac t ive  copper ( l )  a te
complex,  and to induce this ate complex to undergcr
certain types of  react ions rv i th high stercoselect iv i ty.
I t  is  not  evident,  however,  that  stereochernical  resul ts
obtained using the 2-norbornyl  moiety arc necc-ssar i l l '
typical  of  other sccondary organic groLlps.  The .scc-
butyl  group lacks thc structural  pecul iar i t ies associated
with the 2-norbornyl  moiety.  and scc-butylmercur ic
bromide (5) has been resolved:r '  r1 '  thus.  the- scr ' -btr ty l
analog of  2 seemed to provide a compouncl  that  u 'ould
give some indicat ion of  the general i ty of  thc stereo-

(15)  Th is  cp imcr iza t ion  may rc f l cc t  fo rnra t ion  o f  l - r ro rbor r ry l l i th iu r r .
s e c - B L r t y l l i t h i u m  a p p c a r s  t o  i n v c r t  r a p i c l l y  o n  a  c h c n i i c a l  t i n r c  s c a l c :
D .  Y .  C r r r t i n  a n d  W .  J .  l ( o c h i ,  J r . ,  J .  . . l n t c r .  C h c n t . . S o c . , 8 4 .  1 9 6 7
(  I  962) .

(16)  A  s in r i la r  c l l ' cc t  i s  obscrvcc l  i r r  rcac t ions  o f  l i th i t rn r  2 - r . ro rborn l - l -
( i r l ky l )cu t r ra tcs :  on l l  u  hcn  i r l k l ' l  l c r r -bu ty l  c lo  thcsc  conrp lcxcs
t rans fer  2 -norborn l l  in  con. jugatc  ac l i l i t i ons  to  n . rcs i t l l  ox i t l c .  I1  I t  may '
b c  p o s s i b l c  t o  c o l r \ , c r t  c l t l t c r  r n c r c u r : ( l l )  a l k y l s  t o  r c i t c t i V r r  i l t e  c o n t -
p l c r c s  u s i r r g  o r g a n o i j t h i t r r l  t l c r i v i r t i v c s  o t h c r  t l r a n  t c r l - [ r u t i .  l .  t /

(  l 7 )  T h e  r c l a t i v c  r c a c t i v i t i c s  o f  a l k l  l  g r o u p s  i n  n r i r c t l  l i t h i t r r l  c l i a l k - v l -
c l l l ) ra tcs ,  RR'CuL i ,  u rc  r l i f l i cu l t  to  1 - .1 . . ' ' .11 . , :  r ' f .  W.  H.  Ml rn t i cv i l l c  l t r r t l
C .  M .  W h i t c s i d c s ,  , 1 .  O r g .  C h c n t . , 3 9 , 4 0 0  ( 1 9 7 1 ) .

( 1 8 )  F .  R .  J c r t s c n ,  I " - .  D .  \ \ ' h i p p l c ,  D .  h .  \ r V c c l c g a c r t n c r ,  a r t d  J .  A .
Lar rc lg rcLrc ,  J .  A t t tc r .  Chun.  Soc . ,  82 ,  14(16  (  1960) .

( 1 9 )  J .  A .  L a n c l g r c b c  a n c l  R .  D .  N { a t h i s ,  J .  . , 1 r n c r .  ( h c n r . . S o c . ,  8 8 ,
3 5 4 5  (  I  9 6 6 ) .
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chemical  resul ts obtained with 1.  When enant iomer-
ical ly enr iched (*)-scc-butylmercur ic bromide was
treated with ICuPBur and tert-buty l l i th ium using con-
d i t ions  s imi la r  to  those employed w i th  1 ,  an  a te  com-
plex,  6,  was formed which had react iv i ty s imi lar  to that
of  2.

The react ion of  enant iomerical ly enr iched 6 wi th l -
iodohexane was chosen for stereochemical  examinat ion.
The product of  th is react ion,  3-methylnonane (7),  is

( 'H ,  t  ICuPBu"

| 
- 78', Tr-rF

f l>f  <f ig! .

|  2 . 3 ( C H r ) 1 C L i

C.H, -78"

( + ) - 5

9l{'
1 rr-( ' ,  I{  ,

l l> ( '<  l ( 'u l i } {e  l '  t ( ' tCt {  I  i
t '
I

C,H,

6

C H ,
I

] { >C<( - , , [ { , ,

(\,H.

( + ) - 7

stereochemical ly stablc under the react ion condi t ions,
and also under a r igorotrs work-up procedure designed
to  e l im ina te  op t ica l l y  ac t i ve  impur i t ies  (see Exper in ren ta l
Scc t ion) .  In  add i t ion ,  the  abso lu te  conf igura t ions  o f
(+) -5 r f ( ,1e  and (+) -7 :0  a re  bo th  S , '  thus ,  the  s te reo-
chemistry of  the prodr"rct  and start ing ntatcr ia l  can be
related direct ly.  Thc stereochent istry observed dur ing
convers ions  o f  (+ ) -5  (ca .  3311 enant iomer ic  cxcess)  to
(+)-7 uiq 6is sunrmarized in Table L

Table I .  Conversion of  (S)-(*) - -3- .v 'c-Buty lntercurr ic  Brorrr idc
(5 )  to  (S ) - ( f  ) -3 - \1e thy ' l nonane  (7 ) "

Reac t ion

!cmn. 
C

- 78,
- 78 , , 1
_ 7 8
- 7 8

I  1 1- l t t

Equi l ib ra t ionr '
t imc l 'or 6^ min

60
3(X)

l 0
60
l 5

:l; stereo-
selectivi ty '

5 * 1  Y i e l d .  l l ; , d

5t  25
5fi 25
68 2-5
7 1  2 5
7 5  1 5

"  These react ions were ru l t  wi th 5 having 32.8 ' l  , ;  et la l l t lomcr lc

e rcess  (ee ) .  "  E .c lL r i l i b ra t i on  t imc  rep resen t \  t he  t i rne  the  comp le r

6 rvas al lowed tg st i r  at  t l te i r tc l icatct l  rezrct ion tempcrature.  before

acic l i t io l  of  l - iodohcrane. '  " , ,  s tereoselect iv i ty  is  del inecl  as [ee
(5) -  ec (7) l i  ee (5) .  '1  l -hese rcprcsent  approxintate isolatecl  l ie lds
t-rasecl  ou star t ing 5.  Yie lds assalecl  l r r  g lpc before work-u; l  were

ca. J-5 -50 ",;. The r,r,ork-u1-l prtlceclure ttscd rvas specificall," cle-

s igner l  t9 e l i r l inate l rossib le cot l tanr inat ion wi th opt ical ly  act ive

i rnp r - r r i t i es .  ra the r  tha r t  t o  o l t t i n t i ze  r i c lds .  '  The  spec ia l l y  con -

structecl  apparat ls  descr ibecl  i r l  the Erper inrental  Sect ion was uot

usccl  in th is exl rcr imetr t .  As a consccluel lce.  acld i t iorr  of  lcr l -br-r t1 l -

l i t l t ium to l l re react ion nr ix ture resLt l tec l  in at  lcast  a 20-10 c\o-

therm. J This react ion \ \ 'as ru l l  in  the presel lcc of  5 eclLr iv  of  aclded

H i \4I)A.

The stereosclect i r , i ty  of  the overal l  conversion of  5 to
7 is lorver than that of  thc corresponding react ions of
the  ana logous 2-norborny l  a te  complex  2 .2 r  The loss

(20)  E .  LcCo l i ' .  S .  E .  L l r i ch ,  an t l  D .  B '  Dcnncy ,  / .  , ' lmer .  Chcm.

S o c . .  8 0 . 6 2 1  (  1 9 5 8 i .
( l l  )  f  Ie  cx rc l t  6 f  rc te  l t io t r  o f  cc l r t l i ggru t io t l  rc l lo r tcc l  i1  Tab lc  I

rc t ) l ' L ' sc t i t s  u  t r t i t . t i t t r t t t t r  v l t l l t c .  Jc r lsCt ' t  h i IS  Sta tc ( l  :  I  th i t t  h is  rc l lOr tc t l

r i r luc  o f  I r r , ]  : r : ' 1 r  - r< . t  I s  to r  t r - (+ ) -scc-b t r ty l t l l c rc t t r i c  t r ro r . r l idc  p robab ly

is  s l ighr ly  lo rv .  Buscr i  on  cL l r rcn t  cs t imatcs  t t f  t l . r c  ro t l t t io l l  o f 'o l l t i ca l l -v -

l t u r c . s c < . - b u t 1 l  l r r o n r r c l c i : ,  l r n r l  t h c  a s s u r l p t i o n  t h a t  [ r r t t m i r r a t i t l n  t l f  5  i r t

i t - r ' r i t t i n c  t l t k c s  p l a c c  s t c r c o s p c c i l i c a l l l  u  i t h  r c t c l l t i o n  o f  c o r r l i g t r r a t i o t r , ;  \

thc  ro ta t io t r  o f  op t ica l l l  pgrc  5  ca l  bc  cs t i r l ra tcc l  to  bc  i r l  thc  r ; . l r tgc

Bergbreiter, White,sides I Copper(l) Ate C<tntplexes J-rom Alkt'lmercttry Reagents
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Scheme I I .  React ions of  Ate Conrplexes
cis-8 Are Exlensivell, Eltinrerizecl

Der ivecl  f rom trutr , t -8 
' fake 

Placc r i ' i th  High Stereoselect iv i tv :  Proclucts Der ivecl  f ronr

CH3

trans-$
I
I  l .  l ICuP(Bu).

|  :  3 ( C H ? ) 1 C L i

+

TIgBr

C'u l i l I g l . i t  ( ' l  i .  r , t '  r ,

I

98y' tlans

CH.

:]87i cis

5  o - n i t r o t o l u e n e ,  - 7 8 o 3 CTI " I

, 1811C r t ' H  r

c(cH3)r

3Ct{ l I

4 5 " 1

CH,
29% cis

I
I  l ,  I ICuP(Bu) ,
|  2 .  3 ( C H 1 ) ' C L i

l
CH.
t "
\..
\ - - ]

t-a 

\

Lt t* t , , .

in stercochcmistry apparent ly c loes not rel ' iect  rucenr iz i t -
t ion of  thc . rcc ' -bLrty l  nrc-r ict ics o1'  6.  s i r rce t l ie opt icul
pLr r i t y  o f  7  appears  to  bc  indcpenc lc r r t  o f  thc  length  o t '
t i n r e  t h a t  6  i s , l l o w c c l  t o  s t u n d  a t  - 7 8 ' b c ' f t r r c  a l k r ' l l r -
t i o n  u i t h  l - i o d o l r c r a n c .  R u c c n r i z a t i o r r  n i g h t  t h u s  b c
occur r ing  e i thcr  c lu r ing  conre . rs ion  o l -  s  to  6 .  o r  c l r r r . inq
reac t ion  o l '6 .

l n  a n  e l l ' o r t  t o  c l c t c r n r i n e  l i h a t ' u u r i a b l e s  l c u d  t o  t h i s
low 'c r  s te rcose lec t i r  i t f  , r rc l  a ls r ' r  to  c rur r i i r c  anothcr
type o l -  sccondarv  a lk t , ln rc rcury  reagent  l rs  s t l r r t in_s
muter ia l .  \ \ ,e  cxar l ined  thc  a tc  conrp lc rcs  gcncra tcc l
f ronr c ' is-  and rrun.s-{ . - t ' t ' rcth1' lcvcloherylnrcrcur ic bro-
nr ide (c is-  and trurt .s-8).- ' ' '  This substratc ol l -crs thc cx-
per in ren ta l  udr ,an tagc  orc r  5  tha t  the  c l ias tc reor r re r ic
contposi t i t - rn ol '  proclucts c lcr i r  ccl  l ' rorn i t  c i l l t  hc i rs-
saycd by  g lpc .  \ \ i tho , t  thc  exhaust i r .e  pLr r i f i c 'u t i c tn  re  -
qur red  fo r  op t ica l  ro ta t i t tn  mcasr l rc lnents .

Exper in ren ts  ( ) l t  sunrp lcs  h igh l l  cnr ichec l  i r r  c i th r : r
( ' r . r -  or  r /c i r .s ' -8 cstabl is i rccl  t l rat  a l t l roush hiuh stcrct . r -

[ o ]  
'  t t  l - 5 . t )  l l . t )  ( r . / .  E r r ] . t . 1 - i l r e  l t i 1 l  S e c t i ( ) p  ) .  

- l  
f i c  r  . r i r r c s  i 6  

' T r r l . l e  
I

r r e r c  c : i l c t t l l t t c t l  o t t  t i t t :  l r s s L l l n n t i o n  l i r l i t  t l r e  l L r t . r l i o r r  t r t ' r i p t r e ; l i l )  l - . L r t . t  5
i r  f r i j  : n  r  ] - s . S  t r '  - 1 .  E t ( ) t {  ) .  r r r t l  t l r l t  l i r r  o I t i ; r r i l r  i . u r c  7  i ,  [ , . ]  , r r
+  9 . 1  ( n c l t t ) . r ' r  T l r c s e  e l r l c r r l l t i o r r s  l s s u r r r c c l  t h t r t  r , , n l L r r f  i o n r c t r c  l . r r r r t , .
i s  l i l r c r r r l l  r e  l i r t c t l  t o  o 1 . r 1 i g ' 1 1  p u r i t 1 . , , l

( l l )  R c { c r e  r r e c  7 ,  p  ( ) 1 .

{ l - i 1  6 ; .  \ 1 .  r \ l r i r c s i t l e s ,  \ \ ' .  F .  F i s c h c r _  J r . . . T .  S i i  i r  [ : i i i 1 1 1 . 1 ; , . J r . .  R .  \ \ ' .
[ ] r r : l r e ,  r u t c l  l { .  O .  H o u r e ,  . / .  . l r t r c r .  ( ' l r c t r t . . ! o r ' . . 9 1 .  - i S 7 i  1 1 t ; 1 , r , .

( l - + )  R .  L .  l - r r t s j n g i r  u n r l  . l  .  ( i .  ' [  
r t r l n l t l t n t ,  . l  .  . . 1 t r t t , r .  (  l r o r r . . ! a c . .  7 ] .

s - l ( . )  ( 1 9 - s 0 ) .  o t l r c l  l o u ! r '  \ . r l u L \  i , r p  i 1 , , '  \ l r u . i l r e  l r i l , r i i o i r  , r f ' l - n r c t l i r l -
I ) ( ) l l u t c  h i r i  e  l . e c r r  r e  p o r t c ( | . 1 ,  l { r t r r c y c r ,  t l r c  h i g l r e  r  r  i L l r r c  r r f  [ , , ] , ,  p( , ) . 3  s c e l l l s  l l l ( ) \ t  r L c c r . r i i r t e .  : i n c c  t h c  s v r r t h c s i s  g i v i n g  t l r i s  r  l r l L r c  c l r ( l  l r ( ) t
i r r r  o i t  c  l r r t r ' 1 9 1 1 g 1 j 1 1 1 1  i t I  i l r r  . r r r  n r r r r u t r i c . . e r r t r , l . .

( 1 5 )  F , r  a . r c  i ' r s t l r r r c c  i r r  * l r i c h  t h i s  l r s s i i r . r r l - r l i . r r  i s  i ; 1 q , r , t l .  r . / . . \ .
[ - f  o r e r r r r . ' l ' c t  r u l t c r l r o r t  I . c t t , ,  3 l  ]  I  (  i 9 ( r 9 ) .

( l ( r )  F .  R .  J e  n - g r  l r n r l  L .  F I  .  (  j r r l c ,  . L  . A r n a r .  C h c t t t .  . \ r 1 1 - . .  g ? .  :  i <
(  1 9 6 0 ) .

\  i ;  r  l . s - 8

sc lcc t i r . i ty  is  obrscr r  cc l  in  r r 'ac t ions o t -  the la t tc r ,  procructs
c l c r i r  c c l  l - r on r  t hc  l ' o r rnc r  a r c  e  x t cns i r  e  I v  cp i rne  r i z cd
(Schc rnc  l l ) .  I nc l i s t i r r gu i shab l c  s t c r coche r -n i ca r  r cs r , r l t s
\ \  r - r c  ( ) b t i r i ncc l  \ \  hcn  s ( ) l u t i r i ns  o f  t hc .  r cage  n t s  l r t  r oon r
t c r l pcn r t i r r e  \ \  c re  l r r l c l ec l  t o  co l t l  f cac t i on  n r i r t r r r cs  and
r r ,  hcn  t h r :  f e  usc t l t r  \ \  c r c  c i l r , : f u l l y  p r ccoo l cd  t o  -  7g .
bc fo rc  n r i r i r r g .  Thc  obsc r \  i r t i ( ) n  t ha t  t hc  san re  s tL - r c r ) -
sc l ec t i r  i t , r ,  chun rc t c r i zcs  \  c r \  c l i l l ' c r cn t  r c i t c t i ons
n  uc l coph i l i c  r t t i l c k  ( ) n  n l c thy l  i oc l i c l c  and  ox ida t i r ,  c
co r rp l i ng  i nc l t r ccc l  l . ' 1 '  o -n i t r t l t o l ucnc  sL lggcs t s  t ha t  t hc
cp in tcr izat ion th l r t  ( )ccurs  c lur in_q conrcrs i t - ln  i l f  c , i .s -9  t t t
p roc luc t s  r . l ocs  n ( ) t  l l l k c  p l acc  c l u r i ng  r cac t i on  o f  t hc  u l c
cc - rn rp l c . r .  h r r t  r u t l r c r  t l r r r i ng  i t s  f  r ) n r i r t i on .  A  sa rnp l c  o l -
9  p r r -p t t r c r l  l ' r r r n t  ' ) 6  ' ' , ;  l r r t t t s -8  f  i c l c l cc l  ( ) 8  " , ,  11 .4 r ;  s -  l  . J -
t l i r r ' r c t h_ r  l c r  c l t r h . ) . . 1n . '  . r l ' t c r  s l . i l nd ing  l i r r  I  h i -  r r t  lN  :
i r c n c c .  a s  \ \  r i h  ( r .  t h c r c  i s  n t r  i n d i c u t i o n  t h a t  t h c  e  t r i r n e  r . -
i zu t i t - r n  oh rsc r r . ' r l  r i  i t h  9  t akcs  p lacc  a t i c r  i t s  i ' ( ) r n r i . r t i ( ) n .
T h u s .  t h c  n r a f  o r i t i  o 1 '  t h c  c p i n r c r i z a t i o n  r r r '  r  i  r - 8 .  l r n c l
p r o b a h r l v  o f ' 6 .  r r r r - t  t r r k c  p l a c c  c l u r i n _ q  t h c  l - r ' ' r n l r l i ( ) p  \ ) r
t h c s c  r r ' l - q c n t s .  l n  I l i c t ,  c x p c r i n r c n t s  o r r t l i n e d  i n  T u b l c
I I  susgcs t  t ha t  t  i  s ' - 8  rnay  r cac t  i n  a  c l i l l e r cn t  n r i r nnc r
t l r i r n  r r o r t . s -8 :  spcc i f i ca l l " ' .  t n rnsn rc t l i l a t i on  o f -  e  i t hc r
. i . r -  . r  t r u r r s -8  hc l i r r c  , c l c i i t i . n  o f -  IC , r ) (B , ) , ;  g i r cs  1 r r . d -
tucts  i i  i th  s tcrL . ( )c l r .nr is t r l '  s imi lar  t r r  thosc r r l -  r , i . r -8
i r r  S c h c n r e  I l .  T h i s  t r b s c r r  a t i o n  s u g g c s t s  t h i r t  i n  t h c
case  o f '  r ' i . v -8  l ' r c c  l i t h i r r r n  r cugcn t  o r  s ( )n re  o thc r  o rgano -
n rc ta l l i c  sn r ' c i cs  c l r pu  b l c  o1 '  cp in r r . r i zu t i on  cx i s t s  c l u r i ng
t l i c  f i r r nu r i i r t r r  o l - t hc  con tp l c r  6 .

Other  l 'o tcnt i : r l  Appl icat ions o f  Organomcrcur l  -De-
r i l ' e c l ' \ t e  c ' omp lc res .  Thc  s t c r cochcn r i ca l  c rnc r i r ncn t s
a l r l i r c l v  o r r t l i r r c t l  i r r d i ca t c  t l r a t  t hc  deg rcc  o r -  succcss  r . i ' i t l r
w 'h i ch  r l i us t c r r r - r r nc r i c  coppc r ( l )  a t c  c t ' r n rp l c r cs  cAn  t r c .

QRq' ,  imnc

CH"

Jotrr rn l  t l  t l tc  , lnter iccut  Clrcnr icul  Soci t , t t .  96;1.1 . l t i i r .  l j .  lg7- /



Sterco-
chc rn i s t r r  c l l
t l  (  " , ,  t ra t t :  )

96

t ;
96,,
16 , ,

Table I I .  React ions of  Atc Cornl t leres preparecl  f rorr
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f igurat ion.  A l though the s tereochenr is t ry  o f  th is  re-
ac t i o l t  shou l c l  no t  be  t akcn  t oo  se r i oL l s l y  s i ncc  t hc
ana logous  c i s  d i as t c r r ^on t c r  \ \  as  no t  ava i l ab le  f o r  s tudy .
thc procec lure appeurs  to  o f ' le r  a  rnethoc l  o f  generat ing
thc f 'L rnct i t ' rna l  eqLr i la lent  o l '  an * -hydroxy carbanior i .
A t t en rp t s  t o  ca r r y  oL r t  a  s im i l a r  t r ans f . o r r l u t i on  s ta r t i ng
u ' i th  t ro t t . r - l - rnethoxycyc lohexy l -2-nrcrcur ic  bror l ic le
ta i l cd .  p resu rnab l y  because  o l  e l i r n i na t i on  y i e l d i ng
cyc lohexcnc.  Othcr  ( )xy lncrcLrra t ion prod ucts  wi l l
serve as sLrbst ra tcs  in  th is  react i ,on.  brut  thc  y ie lc l  o1-
a l ky l a tec l  p roc l r r c t  i s  q r r i t c  s r . ns i t i \ c  t o  expe r i n ren ta l
cond i t i ( r ns  i "  anc l  t o  t hc  subs t ra t c  uscd .  Fo r  c - xan rp le  .
the a tc  con ip lcx  f ' ronr  cr )  thro-  or  i l t r t ,o-3-hydroxy-2-
bu t y l n re rcu r i c  b ron i i c l e  g i r es  no  l r l k y l a t cc l  p roduc t  on
t reatntcnt  r i ' i th  ioc lor r ie tha l re .  u ,h i le  thut  l - ronr  2-hy-
d rox l ' oc t , " l n r c r cu r i c  b ron r i c l c  y i c l r l s  5 -undccano l  i n  I  I  , , , ,

l , i e l c l  on  t r ca tn t cn t  u  i t h  i t t c l r r p r r )p l l nc .
A ry  l n re rcu r i l r l s  r l t )  n t ) t  r cac t  i n  t hc  san rc  n rannc r  i i s

a l k l ' l n r c r cu r i l r l s .  Fo r  cxan rp l c .  t he  con rp le r  f o r r r cd  by
pheny ln r c r cL r r i c  b ro rn ide .  l cL r [ )Bu , r .  i u r c l  l c r . l - bL r t ' r ' l -
I i th iurn  docs l ' t r rn t  /c r '1-but r  lbcrzc l . lc  i l '  o r ic l ized r , i  i th
n i t r o b c n z c - n c  *  i t h i n  l 5  r n i n  u l ' t c r  n r i x i n g  t h c  c o n r -
p t ' r ncn t s .  T l i i :  co rnp l c r  c l ocs  no t  r euc t  $  i t h  a l kV l
h a l i d c s  t o  t o r n r  r i k l  I  b c n z e  n c s .  A f ' t e r  i 5  n r i n  a t  -  7 i
t he  con rp le  r  bcc t rn r cs  r l r r i t e  u r r r cac t i r  c .  bo th  che rn i ca l l y
i r n d  t h c n r r i r i i l .

[ ) r in rar ; '  o rq i lnor lc rcury  conrp( )Lrnc ls  car r  bc  rc-ac l i r i , '
; r rcparcc l  f ' ronr  o lc f ins  r ia  l r1r l robor i i t i t rn  nrcrcurat ic ln .
Thcsc pr inrar l  ( ) rganonrercr r r ) '  reugcnts  rcact  rap ic l ly
t o  l ' o rn t  coppc r ( l )  u t c  cc ' r r l p i cxes .  Thc  i i l kS , l  s roup
o r i g i na l i l  bounc l  t o  mc rcL r r - \  i s  t r sua l l l ,  l r ans l c r rec l  i n
g o o c l  f i c l c l  ( 5 0  6 0 ' 1 , ,  b ) ' g l p c . - 1 0  - l 0 l ; ,  i s o k i r e c l )  t o  a r r
a l k r l  ha l i c l c .  Thc  a t c  con rp l cx  l l ' on t  c thv l  i  i - ( b ron to -
rncrcur i ,1rnrc le  c l  no i l t t - '  r l id  r ro t .  hou er  cr .  rcact  u  i th
rncth , r ' l  iod idc:  t l rc  e  th-y l  unc ' lcc i inoatc  rccor  erc-c i  or r
w ork-u1-r  o l -  thc  rcact io i r  r l i x t i r re  nr i ly  rcs t r l t  f l 'onr
cno l i za t i o r r  o l -  t hc  cs t c l '  f ' r r nc t i c t nu l i t t  .

T a k c n  t o g c t h c r .  t h c s c  c x p c r i r r c n t s  i n d i c a t c  t h a t  a t c
c t t n tp l c r  i t r r i t u t t i c ' 11  g r ; l r q i t l c s  i i  1 - ross ib l e  n r c thod  o f -  i n -
c r c i t s i ng  t hc  r cuc t i r  i i r  t r i - a  n r i n l bc r  o f  l r n r c l t c t i r c  t ) r g11111 ; -
r11e  r c r l r \  c ( )n tpou l t t l s  l r r  l i i i l r b l c  bV  t t r y r . nc rc r r ra t i on  l l nd
hyd robo r i l i i ' r i i  p r t , e t t l L t r es .  u r t t l  t hL rs  r cpc l c r s  t 6csc
c lasscs  o l '  r na t c r i u l s  r r sc f ' u l  as  reugcn ts  i n  cc r t a i n  t vpcs
o l '  organic  s-v  n  thcses.

Conclus ions

l l eac t i r l t  o l -  a l k t  l n i c r cu r i c  h ; i l l d c - s  r i  i t h  / r , r . 1 -h l i t ' . , 1 .
l i t h i L rm  i n  t hc  p r cse l t cc  o1 -  a  so l r r b l c  copp t_ . r ( l )  h i r i i , i . .
gc l lera t r -S Lut  l t t { . '  c t - rn tp lex that  appcaIS t t )  inc t r rp t ; r - ; r t , , ,
i i l l  t h r cc  n r c t l r l l i c  c l cn ren t s .  T l i e  r cuc t i r  i t r  r r r '  t i r c  a l i . : r , i
g roup  o r i g i n i t l l l  bondcd  t o  l nc r c r i r ) .  n r ; r y  bc  s i gn i l -
i ean t l r  cnhuncc r l  by ' t h i s  co r , ' r i . l ex  f t r r n ru t i t r n .  t o  u  i c r c l
o n l v  s l i g h t l v  l c s s  t h i i r r  r h i , i  c h : r r l r c t e r i z i n g  ! i t h i r r n t  c l i -
a l i ' i ' i c r - r p ru r t cs :  t hcsc  l n l r t c r i u l s  r c i i c t  i r  i t h  a l k r , ' l  I r a l i des
r . t nc i  u  i t h  t , . r i t l i z i ne  agcn ts :  t hcv  c i t t  no t  r  cuc t  u  i t h  . r . r J -
iu- ts l r t  ur ; . r tcc l  kc t t tncs r r i t t lc l '  c : r tnc i t t ions \ \  c  l t l r ' , - ,  cx-
r t n r i r r cc l .  l n  cc r t u i n  i r r s tu r t r - ' i -S  ( . , . . g . ,  1 .5 .  t r u r t . s -8 "  t r t i i i s -
l 0 ) .  t hcse  r cuc t i t ' u r s  occu r  r i  j i h  usc l - L r l  s t c r c r r sc l i e  t t r  i t r  :
i n  o t l t c r s .  r cuc t i on  r csu l t s  i n  cg - r i r nc r i zcd  p roc l r r t  i .

T ' hc  nu tu rc  t l l '  t hc  f ' ac to r s  r csp r tns ib l e  i - o l '  t i r e  r \ -
t c t l s i r  c  cp in t c r i z i i t i t - r i t  oL rsc r \  c r i  ( ) n  r c l r c t i t t ns  r r i ' l i i t .  r ' ( ) l l *
p lc rcs  c lc . r i r  c r i  1 ' ront  r  i  l -8 .  t l rc  tc - r lcnrb lc  r i ic . ' r t . i i , , . l t i ; ( ) i . l

{ l t l )  
- [  

i l c  t ] r f  \ ! l i ! c  o i -  ' l  r t i L r i r  o i ' l i t i t i t r r r r  l l l i i . t t r i t l c  i r t  r i r e  i - r .
l r a r t . s - l { }  c i l U \ f \  t l t r '  , r l t .  , , r ; 1 1 g . i i ' r .  i i r l - 1 1 1 . 1 r i 1 1 , 1  t r t  i l t i l  g r r l l t i , l L : t t ,

e  l i r ' e  t  t s  l . f t r t r t ' i l r L . l t  t , - i : r i e  l r  l i . )  l i t e  , - l e c f C . t r c i . l  t - u l l c t i r  i t r  ( r i

l i t h i r r r r r  r l i t l r S l r r r ' r e  l r l \ r i l t e  s  t i t . i t  i 9 6 l . r i r r  l i l k o r l  g l . r ) L l i ) \ .  r . / .  r e  i  l r

l ) r r t r l l rc ts .
l ' ronr CH,, l  -  - l }or-n l r l rNC)r ,

Stcrcochcnt  Ste r .cochenr
Y i c k l .  " , ,  ( " , ,  t r e r r r s )  Y i e l d .  , ' , ,  ( " , ,  t r . i r n : )

+8 gii
5 1  7 2
-i-i 12
,)- j  7( l

- j8 70

77
t )

.t6

98
7 l
7 l

"  t r l t - I l i r t - r  l l i th i i r r r r  * i rs  a t l t le t l  be l 'u rc  l ( ' , . r  I )Bt r , r  in  th is  i r rs tuncc.
ln  a l l  o thcr : .  l ( ' r " r l ' l lL r , ,  r ia ;  r r rk lec i  bc l 'o rc  /a . / -bLr t \  l l i th iLr rn .

sencratec j  f ront  thc  anal t tgc- rus a lky lmcrcr l rv  reagents
c l c -pcnds  upon  the  s t r t r c tu r c  o f  t he -  a l ky ' i  g roup  i n r  c r l r cc l
i n  a  w 'av  t ha t  i s  no t  p r csc r r t l y '  cn t i r c l v  unc l r - r s tooc r .  I n
fa r  o rab l c  casL -s .  t hc  gcnc ra t i on  anc l  u t i l i za t i o r r  o f  t hc
f l tnc t ic lna l  cq t r i  r .  a  lcnt  o f '  r l ias tcrcorncr ic  r ) r  c -nzur t i r r rner ic
ca rbe rn ions  n ray  h i r r  e  p rac t i ca l  app l i ca t i o r r  i r r  s r  n thc t i c
o r  n r cc l r an i s t i c  s t t r c l i es .  e  r  c r r  i l -  accon rpan iec l  b r ,  a  ce r ta i n
an roL r l t t  o1 '  cp in r c r i za t i o l r .  Rcga rc l l c ss  o1 -  s t c r ! - ( ) chcn r i ca I
ou t c r ' r r r r c .  l i  n r c - t hoc l  o f  i r r c r cas ing  t hc  r cac t i \  i t v  o f
o r -qano l l l c r c l l r ) '  r e  agcn ts  by  a te  c t l n r  p l c r  f  t t r n ta t i t t n
r r r i gh t  bc  usc fu l  i n  sy ' n thes i s .

We  have  exan t i nec l  b r i c l ) i  t hc  bcha r i o r  o l ' r cp rcscn ta -
t i r .  e  o rganon rc rcu ry  r cagcn ts  t ha t  can  bc  c l b ta i ncc l  con -
r cn i cn t l y  by  p rocedu rcs  t ha t  c l o  n t r t  r cqu i re  i n te l n re r l i a t c
o rganon ragnes iun r  o r  - l i t h i r i n r  r c i l gc l t t s .  r ' i : . .  n r c r cu r i r -
t i on .  oxyn rc r c t rn l t i o r r  - i  l r nc l  r nc rcL l r v  b t r r o l r  i n tu r -
ch i t nge  .  r '  The  l - o r rna t i on  a r rd  r c i t c l i t r n  r r l '  t h . ,  l r l c  co r . n -
p l e  x e s  t r s c d  i n  t l r c s e  c x p c r i r ) ) e  n t s  \ \  e  r e  c . r l r i . . t l  t r u t  u 5 i n g .
p roccc lu r cs  s i n i i l a r  t r )  l hose  u l r cad l  c l csc r i bcc l :  a  TF IF
so lu t i on  o f  t hc -  o rg i . r non re  r c r r r i c  h l l i dc  \ f  as  t r cu t cd  u t
- 7 8 '  u i t i r  I  o r  n r o r c  c q u i l  o l -  I C L r P B u , , .  a r r r l  t h e n  r i i t l r  u
sc r  e ra l - f b l c l  c xcess  o f  1c l ' r - bu t y l l i t h i un r  :  t hc  p re  c i sc
cond i t i ons  chosen  c l cpc -nc led  upon  thc  p rescnce  ( ) r
i r b s e n c . ' o f  o t h e r  l ' L r n c t i c t n a l  g r c l u p s  ( r , . . g . . O H )  i n  t l t c
nro lccuI r -  th l r t  cou lc l  consur"ne or_qai ronrc ta I I ic  rc - l rgcnts .
T l i c -  r c s u l t i n g  s o l u t i o n  o l ' a t c  c o r r r ; r l c r  \ \ a s  a l l o u c c l  t o
s t i r  l - o r  l 5  n r i n  a t  - 7 8 ' .  a n c l  u u s  t r c a t c t l  n i t h  t h c  i n -

l l l
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I I

t

t ' I  I

) t i
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l i ' i i l t s

' r .  
C i l  , l

l i : i i  i i ; .  r 1 , ' 1 , 1 . ,
I i : ( ' l l . l . ,  i i i l i t

d ic i r tcc l  rc i lgcn t .  c -on1g;5 i1 ' . ,  n  o ' l  t . r t r rs -  l -hv t l ro ryc \  c lo -
l i cxv l - l -n rc rcLr r i c  b r r l ' r i c le  in to  l r  re  uc t i t .  . . . . rpp . i (  I l  a te
cor r rp lc r  u l rc l  subsc-qucnt  u lkv la t ion  o l '  th is  n r i i t c r ia l
takc  p lacc  in  sa t is fac to r l  r ' i c l c l .  Thc  or  c ra i l  t rans-
fc l r r rat ic ' l t  occLtrs l 'n i th conrpletc rctcnt i ( )n ol '  Lr()n-

C .  B i ' o u  n ,  . /

( - t t J t l t i ' t ' ( ! l . 1 t t ' ( ' t t t i : p l c . t ' t ' . s  l r t t r i r ; 1  l l , y / r r i t , r c tn ' r  l l augen t , s
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occuring with those obtained from 6, and the essen-
tially complete stereospecificity characterizing reaction
of complexes obtained from I are not evident from the
available data. The observation that the stereochemical
outcome of these reactions is not a thermodynamic
mixture and is independent of the time between the
preparat ion and ut i l izat ion of  the reagents establ ishes
that the ate complexes are configurationally stable.
The observation that the same stereochemical outcome
characterizes the two very different types of reactions
studied most carefully during this work nucleophil ic
and oxidat ive coupl ing-strongly suggests that  the loss
of stereochemistry observed in reaction of certain of the
ate complexes is not related to the coupl ing react ions
themselves. Thus, i t  appears that  the loss in stereo-
chemistry occurs during formation of the ate complexes.
Metal-halogen exchange reactions are believed to
involve f ree radicals,  at  least  in part ;30 i t  seems pos-
sible,  a l though unl ikely,  that  radicals may be in-
volved in these transmetalat ions.  More bel ievable is
the possibi l i ty  that  certain of  the organometal l ic  species
formed immediately on mixing the reagents are more
prone to epimerizat ion than are the ate complexes
f inal ly present when the system has reached equi l ibr ium.
This hypothesis is supported by the obscrvat ion that
mixing organol i th ium reagent wi th alkylmercur ic hal ide
in the absence of  copper( l )  sal ts fo l lowed by format ion
and react ion of  a copper( l )  ate complex resul ts in ex-
tensive loss of  stereochemistry in the products,  even
with 1.  Ef for ts to c i rcumvent th is problem by at-
tempt ing to prepare the copper( l )  ate conrplexes by
react ion between organomercury compound and pre-
formed cuprates have not led to significantly different
stereochemical results. In the absence of detailed
informat ion concerning the composi t ion of  solut ions
containing " l i th ium dialkylcuprates" and organol i th-
ium-organocopper( I )  ate complexes of  other stoichiom-
etr ies,  th is type of  exper iment nei ther proves nor dis-
proves the or ig inal  hypothesis.  Regardless,  th is pro-
cedure holds promise as a method of  prepar ing solu-
t ions that contain the funct ional  equivalent of  certain
types of  enant iomeric and diastereomeric carbanions,
and provides a method of  increasing the react iv i ty of
many organomercury reagents to a level  which makes
thern useful in organic synthetic procedures.

Experimental Section
Gener:rl Nlethods. All reactions of air ancl rvater sensitive

organometal l ics were carr iec l  o i i t  in  l lanrc-dr ied glassware under
prepur i f ied ni t rogen using stanclard techniques.3l  Diethyl  ether
was dist i l led l rom calc iurn hydr ide under n i t rogen: tetrahydrof  uran
and other ethereal and hydrocarbon solvents were clisti l led from a
purple solut ion or  suspension of  d isodir . rm benzophenone c l ianion
pr ior  to use.  Mel t ing points were obtained on a Thomas-Hoover
capi l lar l '  mel t ing point  apparatus and are uncorrectccl .  Nmr
spectra were recorded on a Varian T-60 spectrometer. Tnliarecl
spectra r .vere taken in sodium chlor ide cavi ty cel ls  using a Perkin-
Elmer Model  537 grat ing spectrometer.  F&M Nlodel  810 gas
chromatographs were used for glpc analyses. Mass spectra wcre
taken on a RMU-6E Hi tachi  I 'erk in-Elmer mass spectromctcr .
L i th ium reagents were purchased t iom the Foote Mineral  Co. as
hydrocarbon solutions. Other reagents were purchasecl from
commercia l  sources in reagent qual i t l ' .  Organol i th ium reagents
were analy 'zed using the c louble t i t rat ion methocl  of  Gi lman.32

( 3 0 )  H .  R .  W a r d ,  A c c o u n t s  C h c n t .  R c s . , 5 ,  l 8  ( 1 9 7 2 ) .
(31 )  D .  F .  Shr i vc r ,  "Thc  Man ip t r l a t i on  o f  A i r  Sens i t i vc  Cornpour tds , "

McGrau  -H i l l ,  Ncs '  Yo rk ,  N .  Y . ,  1969 .
(32) H.  Gi l rnan,  F.  I ( .  Cart lcc lgc,  ancl  S.-Y.  Sinr ,  J .  Orgutrorr tctcr l .

Chen t , , l , 8  (1963) :  S .  C .  \ \ ' a t son  anc lJ .  F .  Eas tham,  i b i t l . , 9 ,165  (1967) .

Opt ical  rotat ions were measured wi th a Perkin-Elmer Model  l4 l
polar imeter in l -dm cel ls .  Tetrakis[ iodo(tr i - r r -buty lphosphine)-
copper( l ) l  was prepared by a publ ished procedure.33 c.ro-Bicyclo-

[2.2.  I  ]hepty l -2-mercur ic bromide (c,ro- l  )  had mp 1 69.5- l  70.0 '  ( l i t .o

n rp  169 .0 -169 .5 " ) r  enc lo - | |  had  mp l2O 121 '  ( l i t . s  mp  120 .5 -
1 2 1 . 5 ' ) .

Resolution of (S)-(-l-)-,icr'-Butylmercuric Bromide (5). Using the
procedure of  Landgrebe and Mathis, le ( - f ) - . rcc-buty lmercur ic

bromide was resolved as the niandel ic  acid sal t .  In our hands.  two
or threc recrystal l izat ions of  the (*)-sec-bLrty lmercur ic (+)-

mandelatc f rom absolute ethanol  at  0o were suf f ic ient  to g ive (S)-
(*) -^sec-buty lmercur ic bromide of  c 'a.  30[  opt ical  pur i ty  af ter
work -up .3  1 '  35

t r u n s -4-Nlethylcyclohexyl-1 -mercuric bromide (t ru u s-8), obtained
by  the  p rocedure  o f  Jensen  and  Ga le ,26  had  mp 156 .5  157 .5 "  ( l i t . zn
m p  1 5 7 . 7 - 1 - 5 8 ' ) ;  i r  ( K B r  p e l l e t )  1 4 4 9  ( s ) ,  1 3 7 9  ( s ) ,  1 3 0 2  ( m ) ,  1 1 6 9
(s ) .  1060  (m) .  1005  (m) .  961  (m) .  908  (m)cm ' .  The  d ias te reomer i c
pur i ty  of  th is mater ia l  was assayed by convert ing i t  to 4-methyl- l -
bromocyclohexane.sn l 'ollowed by glpc analysis. In a typical ex-
per iment.  r 'a .  0.- l  g (cu.  I  mmol)  of  8 was dissolved in l0 ml  of
p1 ' r i d ine .  A  so lu t i on  o t .b romine  (0 .5  m l )  i n  py r id ine  (10  m l )  was
added s lowly to thc solLr t ion contain ing 8 at  0 '  unt i l  the bromine no
longer was decolor ized.  The resul t ing react ion nt ix turc was poured
into 100 ml of 5 lV aqueous l-rydrochloric acid solution and extracted
with three 25-ml port ions of  ether.  The combined ethereal  extracts
were rvashed wi th t rvo 50-ml port ions ot 'water  to remove residual
pyr id ine,  and analy 'zed [ ry 'g l1tc using a 8 f t  X 0.125 in.  10] i -Carbo-
wax 20M on Chromosorb I '  colurnn at  B0' .  t ret ts-4-meth1' l - l -

bromocyclohexane elutes belbre cr.r--l-methy'l- l -bromocyclohexane

on th is column.
cr.r-4-Nlethy'lc1'clohexl' lmercuric Ilromide (ci.s-8). A mixture

conr l r t lsed of  8J", ,  r ' i . i - f l  at rd 16", ' ,  l rut t .s-8 was otr ta ined by repeated
l iact ional  cr ls ta l l iz i t t ion of  atr  epintcr ic  nt ix t l t re of  8 contposed of
cu.40' t ,1 c is nratcr ia l .  f l rs t  f ronr ethanol  and t l ren f ronr l tentane.
At tenrpts to separate lhese diastereonters by '  chronlatography
under a var iet l 'o f  conclr t ior- ls  were unsuccessful .  at rc l  in fact  appeared
to resul t  in e l r imer izat ion of  the mater ia l  appl icc l  to thc column.10
The c l iastereomeric pur i t l '  o f  8 w'as assayed as descr ibed above.
The mater ia l  having [3-1";  r ' i . r -8 hacl  mp 107- l l l  '  ancl  a c l i t lerent
in t i a red  spec tn rm (K l l r  pe l l e t ) :  l - 1 -19  (s ) .  l 14 l  ( s ) .  1379  (m) ,  l 37 l
( m ) .  1 3 - 1 0  ( s ) "  l 3 0 l  ( s ) .  1 2 3 6  ( s ) .  l l 6 9  ( m ) .  l l 6 l  ( s ) .  l l 0 0  ( s ) .  l 0 1 l
(m) .  967  (m) .  666  (s )  cm 1 .

t r u r t.s-2-*l.y- droxycl'clohexl' lmercuric bromide ( t ftt r rs-9)s had mp
150-1  52  c lec  ( l i t . e  mp  1 -50 . -5  151  .5  dec ) .

c-ra- and atultr2-meth1'lnorbornane (c.ro- tnd arulo-3). A nlixturc
of  63 g (0.47 nrol )  of  c l ic , rc lopentadiene ancl  60 g (1.-12 rnol)  of
propeue *as heated in a Lromb for  2.5 l t r  at  230 .3;  

' fhe 
product

mir ture rr  , r , ,  d ist i l lec l  and 20 g of  color less l iquid rvas obtained at
5 - 5 ' ( 8 8 ' I o r r )  ( l i r . 1 8  1 1 - 5 . - 5  1 1 5 . 8  ( 7 J l  T o r r ) ) .  T o  3 . 3 3  g  o f  5 -

rnethl l -2-norbornene in -50 rn l  o l 'e thyl  acetate was added 0.30 g of
plat inr-rm oxide.  The mir turc wirs h1'c l rogenateci  l tnc ler  atmospher ic
prcssure for  - l  hr  unt i l  the thet t ret ical  amoLlnt  of  hydrogen was ab-
sorbecl .  Remor, 'a l  o l '  solvcnt  and dist i l la t ion y ie lc led 2.98 g of

color lcss l iquic ' l  n1 -50 (71 Torr)  ( l i t .38 125.7 126.1 '  (747 - forr) ) .

Va l ro r  phase  ch romatogra l r l r l ' on  a  0 .25  in .  X  l8  f t  SE-710  co lumn

at 90" -" - ic ldcd two pcaks at  15.3 min (2-e.r-o-methy' lnorbornane)

and 16.3 rn in ( ) -crrdo-ntethl ' lnor t - rornane) wi th re lat ive areas ol

1 :3. :1.  resl tect ivel l  ( l i t . " ' i  I  :J .3) .  
' fhe 

rn l ' rared s l lectra of  samples

col lectecl  l ' rom t l t is  colunt t ' t  wcrc indist inguishable f rom those re-
ported by Bel ikova ancl  cow'orkcr \ . :18, : re

(33 )  G . I l .  I (au f rn lu r  r tnc l  L .  A .  Tc tc r ,  l t t o rg .5 . t t t . , 7 ,9  (1963) '
(34) Usc of  I  :  I  g l l  r r rc c l iorat tcr l '  f t ) r  thcsc rccr l 's ta l l izut i t lns oc-

casionlr l ly  lcd tc l  c lccorrr l r< ls i t ion of  thc rncrcur i i r l .  Dcconrposi t ior l  c l t r r -
i ng  rcc rys t i r l l i za t i o r r  t ' r o t t r  e tha t to l  uas  I css  l l l l l l o r ta l l t .

(35) Accorr l i r rg to I lor- tsc at tc l  cosorkcrs t l le  spcci f ic  rotat ion of  (*) -
2- l t rontobutanc is  l - rct rvcct t  33.4 ar tc l  3-5.7 Sir tcc Jcnsct ' t ;  s tatcs thr t t
(S)-(  + ) -scc- i - rut1 ' lnrcrcur ic broni ic lc  ( [ r r ]  : ip  25.8 '  (c  4,  EtOH ))  g ive s
( *  ) -2 -b ro r r l obu ta r rc ,  [< r ] r ; t l  33 .1  ,  i t r t d  th l t t  t h i s  b ron i i r ra t i on  l l r occcc ls
wi th con.rp lctc rctcnt iotr ,  thc i rc tL la l  t  a l t tc  for  (S)-(+ )- iec- t l t r ty l r l lcrct t r iu
bronr ic lc ntust  l ie  sc lntcnhcrc t rctw'cctr  15.9 ancl  27.9 ' .  Al l  our r . ' i t l t tcs
for  stcrcosclcct iv i t ics at i t l  o l t t ic i r l  pt r r i t ies in th is pal lcr  are l lasccl  on thc
lowcst  f iggrc,  i .c . .  [ r r ]  r ; t r  25. f i  '  for  thc orglnotncrcur i l l ,  at td thcrefore
lrrc rrrin irnur-n r. ' l l  ucs.

(36 )  F .  R .  Jc r rscn  i t nc l  [ - .  H .  Ga lc ,  J .  . 4n te r .  Chem.  Soc ' ,82 ,  148  (19 ( r0 ) '
( -17) G. Cir l i r rgacrt ,  l -1.  Sr)r t )os,  ancl  H.  Slrapiro,  Incl .  Ent .  C'hctr t . ,36.

1 0 5 5  ( 1 9 4 . + ) .
(38) N.  A.  Bcl ikova,  U.  G. I lcrczkin,  ar ld A.  F.  Platc,  J '  Getr '  Cl tor t

u s s R .  3 2 . 2 8 9 6  ( l e 6 l ) .
(39) Both c.ro-  upr l  endo,3 g 'cre f i rs t  prcparcd i1 thcsc la l l t l r . r tor tct  1. ,1 '

D r .  A .  Fa r tg :  c l .  A .  Fang ,  Ph .D .  Thes is ,  Massac l . t usc t t s  In : t i t r l t t '  o t
Tcchnolog-"- ,  Canrbr ic lgc,  Mi tss. ,  1966.

Journal ol tlrc Antericcut Clrcntical Sctciet.t' I 96:15 i Jul)'24, 1974



4943
exo-2-tert-Butylbicyclo[2.2.1]heptane (exo-4), prepared from

norbornene and lerr-butyll ithium following a literature proce-
du re ,ao ,a l  had  bp  55 -57 ' (10  Tor r )  ( l i t . ro  bp  30"  (0 .4  To r r ) ) ;  nmr
(CClr)  6 0.82 (s,  rerr-buty l ) ,  1.0-2.9 (m),2.2 (broad s) .

errdo-2-tart-Butylnorbornane (enclo-4) was prepared by oxidative
coupling of l ithium tert-butyl(endo-2-norbornyl)cuprate at -78.
with nitrobenzene.a2,a3 The endo-4 thus prepared could be dis-
tinguished from exo-4 both by glpc retention times on a SE-30 or
carbowax 20M column and by nmr (the lerl-butyl resonance comes
at 6 0.82 for exo-4 and d 0.92 for endo-4).ar

cis-4-tert-Butylmethylcyclohexane. Hydrogenation of 35.6 g
(0.2 mol) of 4-terr-butylbenzoic acid in glacial acetic acid with 2.0
g of platinum oxide as catalyst and recrystall ization as described by
Stolow44 yielded 10.0 g (2870 of cis-4-terr-butylcyclohexanecar-
boxy l i c  ac id ,  mp  117- l18 .5 '  ( l i t . r ,  mp  I  l 7 -118" ) .  The  ca rboxy l i c
acid (13 g,  70 mmol)  was then reduced wi th d iborane in THF ac-
cording to the procedure of  Brown and Raoa6 to g ive 13.6 g (gO7y
of cis-4-rerl-butylcyclohexylcarbinol as a waxy solid which could
be  d i s t i l l ed :  bp  95"  (1 .3  To r r )  ( l i t . 46  bp  133-136 .  (27  Tor r ) ) ;
i r  (CC l , )  3610  (w) ,  3300  (b ) ,2910  (s ) ,  1470  (s ) .  1445  (s ) ,  1360  (s ) ,
1025  (s )  cm-1 ;  nmr  (CC l , )  6  3 .5  (d ) ,  3 .3  ( s ,  OH) .  2 .0 -1 .0  (m) ,0 .9
(s, C(CH3)3). This alcohol (6.3 g. 37 mmol) was allowed to react
wi th 60 ml of  a pyr id ine solut ion contain ing 15.7 g (g7 mmol)  of
p-toluenesulfonyl chloride according to the procedure of Moria6
and yielded 10.4 e (s771 of cis-4-rerr-butylcyclohexylmethyl
tosy la te :  mp  93 -9 .4 "  ( l i t . a6  mp 95-95 .5 " ) ;  nmr  (CC l , r )  6  7 .5  (4  H ,
m) ,  3 .0  (2  H ,  d ) .  2 .4  (3  H ,  s ) ,  1 .8  1 .0  (10  H ,  m) ,  0 .8  (9  H ,  s ) .  The
tosylate was reduced wi th l i th ium aluminum hydr ide in an adapta-
tion of the procedure used by Wiberg and Pfeiffer.aT A mixture of
6.5 g (20 mmol)  of  the tosylate and 0.84 g (22 mmol)  of  l i th ium
aluminum hydride in 60 rnl of etl-rer was refluxed for 2 days. The
reduct ion was worked up as descr ibed by Fieser and Fiesera8 to g ive
1.5 g (50%) of  crude product  which was dist i l led,  bp g4.  (22 Torr)
( l i t .+s 6p 188.8") .  The product  c is-4- ter l -buty l - l -methylcyclohex-
ane was further purified by preparative gl;rc and had nmr (CClr)
6 2.0-1.2 (m),  0.92 (-CH,.  d) ,  0.9 ( -C(CH,) , ,  s) .

tretrs-4-tert-Butyl-1-methylcyclohexane. Using a published pro-
cedure,50 3.2 g (32%i l  of  t rur ts-4- ter t -but .v lcyclohexanecarboxyl ic
acid.  mp 175.5 176.5 ( l i t .5o mp 176 177.) ,  was prepared f rom l0 g
of crude 4'te rt-butylcyclohexanecarboxylic acid. Using procedures
descril 'red above. the acid was reduce d to 4.2 c er 7) of crude trett.\-
4-tert-btrtylcyclohexylmethanol. This crude product was not
dist i l led but  was t reated wi th 9.5 (50 mmol)  of  p- to luenesul fonyl
chlor ide in 50 ml of  pyr id ine as descr ibed by Mor i16 to g ive 6.9 g
(86'r47 ol trarts-|-lerl-butylcl 'clohexylmethyl tosylate, mp g2.5-
83 .5 ' ( l i t . a6  mp 83-84 ' ) .  Us ing  the  p rocedures  desc r ibed  above  fo r
the c is isomer,  6.5 g (20 mmol)  of  th is tosylate was recluced wi th
1.0 g (ca.  25 mmol)  of  l i th ium aluminum hydr ide.  The product
tuns-4-methyl-terl-butylcl 'clohexane{e was purified by glpc on a
0.25 in.  X 8 f t  SE-30 column and had nmr (CCl1) 6 2.0-1.4 (m),
0 .85  (CH3,  d ) ,0 .8 - l  (C (CHr ) r .  s ) ;  i r  (CC l r )  1 ,175  (s ) ,  1465  (s ) .  1445
(s ) ,  1390  (m) ,  1363  (s ) .  124- l  ( s )  cm- r .  The  t rans  i somer  was  c l i s -
t inguished f rom the c is isomer in the nmr by the chemical  shi f t
of  the methyl  doublet  at  0.85 and 0.92 ppm, respect ively.  The i r
(CCl{)  spectra of  both isomers was v i r tual ly  ident ical  wi th the ex-
cept ion that  the c is isomer has a strong peak at  1243 cm-r.  whereas
the t rans isomer has a strong peak at  1233 cm-1.  Glpc analysis
used a 0.125 in.  X 8 f t  SE-30 on Chromosorb W column. the rrans
isomer elut ing f i rs t .
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Figure 1. ,\pparatus for low-temperature, slow addition of re-
agent: (A) precooled reagent l lask; (B) reaction vessel; (C)
Vibromixer; (D) cool ing batlr .

Complexes from Alkylmercury Compounds, TetrakisIhalo(tri-n-
butylphosphine)copper(I)1, and tert-l lutyll ithium. The alkylmercury
compound ( I mntol) was placed in a dry, 40-ml centrifuge tube
contain ing a magnet ic st i r r ing bar and an appropr iate amount of  an
internal  g lpc standard,  and the tube was stoppered and f fushed wi th
ni t rogen. THF (20 ml)  was added. and the resul t ing solut ion
coo led  to  -78" .51  A  *78 ' ,  THF so lu t i on  (10  m l )  con ta in ing
[ ICuP(r-Bu)r ] r  (0.393 g.  0.25 mmol of  t l ie  tetramer,  I  mequiv)  was
added, and the resul t ing solut ion was st i r red for  5 min at  -78".
Slow addi t ion of  3 mmol of  lcrr -buty l l i th iurn (ca.  3 ml of  a 1.0 l /
solut ion in pentane) y ie lded a le l low solut ion of  t l - re ate complex.
Th is  so lu t i on  was  a l l owed  to  s t i r  f o r  cu .5  m in ,  anc l  t hen  used ;
permit t ing the solut ion to st i r  for  longer t imes had no discernib le
inf luence on the y ' ie ld or  stereoselect iv i ty  of  these ate complexes.
The addi t ion of  the rcrr-buty l l i th ium to the solut ion contain ing
RHgX and ICurPBus w&S signi f icant ly  exothermic.  To minimize
the inf luence of  local  heat ing on the stereochemistry of  the copper
ate complex.  the lcr l -buty ' l l i th ium solut ion in a separate.  stoppered,
centr i fuge tube was cooled to the temperature of  the solut ion to
r .vhich i t  was to be added, and then added very s lowly, .  wi th vrgorous
st i r r ing,  through a sta in less steel  cannula.  This precaut ion was
part icular ly  necessary when larger quant i t ies of  reagents were
ut i l ized in preparat ive scale react ions involv ing diastereomeric or
enant iomeric organomercur) '  reagents.

Alkylat ion of  the ate complex prepared using th is procedure was
accomprl ished by adding 3 rnmol of  a lky lat ing agent dropwise by
syr inge er ther neat  or  in THFr or  pentane.2,r  The resr"r l t ing solut ion
was al lowed to st i r  at  -78 for  30 min,  rhen hydrolyzed by adcl i t ion
of  0.1 ml of  concentrated HClat  -78" or  by pour ing into saturatecl
aqueous ammonium chlor ide solut ion.  The hydrocarbon phase
of the resul t ing solut ion was analyzed di rect ly  by glpc.

Oxidat ive coupl ing of  the alky l  groups present in these ate com-
plexes was carr ied out  by adding an excess (ca.  I  ml)  of  n i t robenzenc
to the solut ion of  ate complex at  -78r.21,52 The resul t ing deep
red solut ion was al lowecl  to st i r  at  -78" for  30 min.  hy<iro ly,zed by
addi t ion of  0.1 ml of  concentrated HCl.  and analyzed by glpc.

Preparation of ( * )-3-\Iethylnonane from o-(* )-^rcc-But1'lmercuric
Ilromide. Using the procedure described involving precooled
reagents and the apparatus shown in Figure l ,  10.1 g (30 rnmol)  of
o-( f ) - . rcc-buty lnrercur ic bromide,  [o]r to 8.5" ( r '  3,  EtOH).  was
d isso lved  in  50  rn l  o f  THF and  a  coo led  so lu t i on  o f  l l . 8  C  Q.5
mmol )  o f  [CuPBur ] r  i n  ,50  m l  o f  THF-  o r  4 : l : l  THF-e the r  pen-
tane51 was aclded f rom the addi t ion f lask.  This solut ion was con-
verted into an ate compler or-r  addi t ion of  90 ml of  a I  ,V pentanc
solut ion of  lc , r l -buty l l i th ium (90 rnmol)  over 1.0 hr  at  -  78 or
-117" .  Th is  appara t l r s  was  des igned  to  pe rm i t  s low  add i t i on  o f
the cold ( temperatures as low as -  |  17 ' )  solut ion of  organol i th ium
reagent wi th v igorous st i r r ing and wi thout  the inconvenicnce and

(51)  Whcn  rcac t ions  l ve rc  cu r r i cd  ou t  a t  -  117"  (pcn tane- l i q r . r i d  n i t ro -
gcn s lush),  a solvcnt  systc l l  rv i th a lowcr f rcczing point  rvas usct l -
4 : l : 1  THF e the r  pcn tanc :  c / .  G .  l (ob r i ch  and  H .  T rapp .  Chen t .  Be r . ,
99,610 (1966).

(52) I f  n i t robenzcne or i ts  react ion proclL lcts intcr fcrrcd rv i th g lpc
analysis or  isolat iorr ,  arrother n i t roaromat ic cornpound was uscd.  The
yic ld in these coupl ing rcact iorrs is  not  l 'cry scnsi t ivc to the nature of  the
oxidant .

" ' a .t
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leakage of  a i r  into the react ion mixture that  commonly occurs wi th
l i igh-speed st i r r ing.  Af ter  lbrmat ion o1'  rhe atc complex,  l - iodo-
hexane  (15  m l .  100  mnro l )  d i sso lved  in  l 5  m l  o f  pen tane  was  added
slowly f rom the reagent part  of  the apparatus.  The react ion mir-
ture was al lowed to st i r  for  l5 min.  thcn hldroly 'zed b1, ,addi t ion of
100 ml of  a mixturre o l '  l0  ml  of  concenrratcd HCI in 90 rn l  of
methanol .  The hydrolyzed react ion mixture was poured into 2(Xl
ml of  HzO and al lowed to corne to room temperaturc.  The ether
layer was separated and the aqueol ls  layer cr t ractecl  rv i th t "vo 100-ml
port ions of  pentane.  Tl ie combined organic phase was c l r iec j
(MgSO.r)  anci  conceutrated to crr .  50 ml Lrs ing a rotar) 'evaporator  at
room temperaturc.  The resul t ing crude product  was dissolvecl  in
50 ml of  p l r id ine and t reatecl  w, i th a solu l ion ol  5 g of  bromine in
20 ml of  l ryr id ine t r r r t i l  thc bronr ine color  pers istecl .  The bront ina-
t ion react ion mir ture was t l ten caut iously pourecl  into 100 ml of  I
1V HCl.  The organic la1 'er  was sel larated and the aqueous phase
was washed rv i th two 50-ml l tor t ions of  pentane.  Tl re combined
orgauic phase was washecl  r i i th I 'our  10()-ml port ions of  1 ,V HCI
to remove resich-ral  1r1,r id iue.  The l tentane solut ion \ \ 'as col tcc l t -
t ratecl  to a volume of  cc.  2,5 ml.  a l tp l iec l  to the top of  a 2 X l5 cm
colur ln contain ing cu" 40 g of  Woelrn act iv i t l  I  a lurnina.  and c luted
using pentane.  Sl ight ly '  over one column volume (60 rr r l )  of  pen-
tane was col lectecl .  Vpc anal ls is  of  the solut ion showecl  2.2-di -
methyloctane.  3-ntethy, lnonane. and t races (  < 5 ' r , , )  of  I  - iodohexane.
This solr" r t ion was concentrated to a volume ol  cu.2 ml.  and the 3-
methylnonane was punf ied by prel tarat ive glpc using a 0.25 in.  X
8 f t .  SE-30 on Chromosorb W column: [a]2 io t1-pical ly ,  +2.0 '
( c  5 ,  pen tane)  ( l i t . :  t  [ q ] t i p  +9 .3  '  (nea t ) ) .

trurt.s-2-Nleth-vlc1'clohexanol b1' N'Iethylation of the .\te Complex
Formed from 2-Hvdrorycyclohexl' lmercuric Bromide, Copper(I),
and tcrr-But1 ' l l i th ium. Star t ing rv i t l - r  t rut t .s-2-hydroxlc lc lohexl l -
mercuric bron-ride. tl-rc ate com;llex was preparecl b1, the ltrocedure
descr ibed involv ing precooled reagents,  wi th the nrocl i f icat ion that  2
mequiv of  ICr-rP(r- tsu)3 and 5 mmol of  lcr l -but l l l i th iurn uas used
because of  the presence of  t l - re h1 c l roxy, l  protou in t l - re mercur ia l .
Reac t ion  w i th  n rc t l . r y ' l  i oc l i de  (2 .1  g .  l 5  mmo l )  f c r ' l  h r  a t  -78 '

fo l lowecl  by 'st i r r ing 1 'or  I  hr  at  0 'and hydrol l 's is  wi th I  nr l  of  con-
centrated h1'drochlor ic  acid gave a 41 i ;  y ie ld of  2-methy' lc1 'c lo-
hexanol  (9 lJ '1, ,  t rans.  2 ' l l1  c is) .  The y ie ld and stereochemical  pur i ty
rve re  c le te rm ined  b1 'ana lys i s  b1 'g lpc  us inga0 .125  in .  X  8  f t  TCEP
on Chromosorb P column.

Ethvl l l-bromomercuriundecanoate was preparecl in 85 9," l ield
lo l lowing the procedure of  Larock and Browns? and had mp 80-

B 1 ' :  i r  ( N u . i o l  m u l l )  1 7 3 7 . 1 3 1 1 .  1 2 7 8 ,  1 2 1 1 . 1 2 0 6 .  1 1 7 9 .  1 0 8 9 . 7 7 2 .
720 .  and  680  cm- ' .

Anu l .  Ca lcc l  f o r  CnH. : : ,B rHgOi :  C .  31 .61  ;  H .  5 .10 .  Found :
C . 3 1 . 4 6 :  1 1 . , s . 1 5 .

Octadecl' lmercuric bromide was 1lrepared from the Grignard
reagen t  as  desc r ibed  b r ,  \ 4ea ls  and  l - rac l  mp  I10 .5  I  I 1 .5  ( l i t . ; ,
m p  1 1 0 - l l 1  ) :  i r  ( N u l o l  m u l l . t  1 4 5 6  ( s ) ,  1 3 7 5  ( s ) . 7 0 7  ( s ) ,  a n d  6 7 9
( s )  c m - ' .

t h rt ' o-3-Bromomercuributan-2-ol was prepared from ci.r'-2-butene
and mercur ic acetatc r - rs ing the l r rocedure of  Hofmann and g6p6l5.5r- ,

The mercur ia l  l ias recr l 's ta l l izecl  l iom ethyl  acetate at  -20" ancl
hac l  mp  65  6 ( r ' dec :  i r  (KBr  pe l l e t )  3 -115  (b roac l ) .  2980  (s ) ,  2955
( s ) ,  2 9 3 0  ( s ) .  l - 1 , 1 8  ( s ) .  1 1 7 . s  ( s ) .  l l 6 l  ( s ) .  l l - 1 0  ( m ) .  l 0 9 B  ( s ) .  1 0 6 8
( s ) .  l ( X ) 3  ( s ) . 9 6 2  ( r n ) . 9 1 0  ( s ) . 8 8 6  ( m )  c n . r - r ;  n m r  ( C D C l , r )  6  4 . 3 0
( rn ) ,  3 .00  (m) .  i  . 90  (b roac l  s ) .  I  . ; 13  (d ) ,  I  . 33  (d ) .

Anu l .  Ca lcd  fo r  CrHgBrOHg:  C ,  13 .59 ;  H .  2 .56 .  Found :
C .  l 3 . 5 t i ;  H "  : . 6 7 .

crytltro-3-llromomercuributan-2-ol',vas preparecl frorn lrort.s-2-
t l l l tene and nrerc i r r ic  ucctatc r rs ing thc l r roceclure of  Hofnlann and
Sands. i ' i  T ' i :c  mercur ia l  u 'as recr , r 's ta l l ized f rom et l iy l  acetatc at
- 2 0 '  a n d  h a d  n r 1 . r  8 0 . 5  8 1 . 5 ' c l e c :  i r  ( K f l r  p e l l e t )  3 1 0 0  ( b r o a d  s ) .
2 9 8 0  ( s ) . 2 9 5 5  ( s ) . 2 9 1 0  ( s ) .  l 4 ; i 2  ( s ) ,  1 3 7 8  ( s ) .  l 1 6 7  ( s ) ,  1 3 0 5  ( s ) .
1 2 8 5  ( m ) .  l l 7 5  ( s ) .  l l 0 l  ( s ) .  1 0 9 - s  ( s ) .  I 0 6 0  ( s ) .  l 0 2 l  ( m ) .  1 0 0 5  ( s ) .
9 1 2  ( s ) . 8 9 0  ( s )  c n r  1 :  n m r  ( C D C l r )  6  4 . 3 : l  ( m ) . 3 . 0 7  ( m ) , 2 . 0 7
( b r o a d  s ) .  1 . 4 3  ( d ) .  1 . 3 3  ( d ) .

Al thougl-r  these two diastereomers have s inr i lar  spectra.  i t  was
possib le tc determirre t l - rc d iastereorner ic composi t ion of  their  mix-
tures wi t l - r  Eui l 'oc l ) r  as a shi f t  reagent.  In the shi f tec l  spectra.  t l re
rnethyl  groups a to the hydroxl ' l  coulc l  be easi ly  c l is t inguished s ince
the\ were selraratecl b1 over ().-5 1tpnr.
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