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S-412 96 Coteborg,  Sweden 

Abst rac t  - A mechanis t ic  model for  t h e  addition of lithium dimethylcupra te  to 
enoates  and enones is proposed on t h e  basis of chemical  and NMR-spectroscopic 
studies. The f i r s t  s t e p  of t h e  react ion is t h e  reversible  format ion  of a copper($ 
alkene n-complex by coordination of t h e  C - C  group to one of t h e  copper  a t o m s  
in t h e  dimeric  c luster  s t r u c t u r e  (Me Culi&. The following s teps  lead to t h e  i r re-  
versible formation of t h e  new carbon-carbon bond. With chiral  subs t ra tes  t w o  
diastereomeric  n-complexes a r e  postulated,  t h e  s tereoselect ivi ty  being de termined  
by t h e  re la t ive  r a t e s  for  their  i r revers ible  decay. In t h e  react ion between methyl  
S-ortho-dimethylaminoethylcinnamate, 10, and lithium dimethyl- and lithium 
diphenylcuprate t h e  d ias te reomer ic  product  ra t ios  a r e  ca 5: 1. 
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INTRODUCTION 

Conjugate  addi t ion of lithium diorganocuprates ,  R2CuLi, t o  Michael type  acceptors ,  z. enones and 
enoates ,  is a valuable tool in organic  synthesis, a par t icular ly  useful f e a t u r e  of t h e  reac t ion  being 
t h e  high s tereoselect ivi ty  which of ten  can  be  obtained. The vast  a r e a  of organocopper compounds 
in organic  synthesis has been reviewed (ref .  1 )  several  t imes  s ince t h e  ear ly  1970s and has been t h e  
subject of a book (ref. 2). 

Our a t t e m p t s  at asymmetr ic  synthesis using chiral  mixed cupra tes  in conjugate  addi t ions (ref .  3) 
have s t imulated our in te res t  in t h e  detai led mechanism of these  react ions.  

The problem has been addressed by several  groups and d i f fe ren t  mechanis t ic  schemes  have been 
presented. House (ref. 4) has suggested t h a t  a f t e r  initial coordination t o  t h e  carbonyl  oxygen t h e  
conjugate  addition s t a r t s  by a single e lec t ron  t ransfer  (SET) f rom t h e  cupra te  to t h e  subs t ra te  
enone, followed by copper-carbon bond format ion  to give copper(II1) in te rmedia te ,  which a f t e r  
carbon-carbon bond formation gives  t h e  lithium enola te  as t h e  observable product  of t h e  react ion,  
- cf. Scheme 1. An a l te rna t ive  route  to a copper(II1) in te rmedia te  via e lec t ron  t ransfer  within a 
charge  t ransfer  complex has  been proposed by Smith and Hannah (ref .  5 ) ,  g. Scheme 1 .  
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However, object ions have been raised to t h e  single e lec t ron  t ransfer  as an ear ly  s t e p  in t h e  con- 
jugate  addition, and t h e  react ion can  also be thought  to proceed by a nucleophilic addition mecha- 
nism (ref. 6). Both mechanisms a r e  viewed a s  proceeding via an oxidat ive addi t ion to give a Cu(II1) 
adduct  which subsequently undergoes reduct ive elimination to t h e  observed enola te ,  cf. Scheme 1. 
Resul ts  obtained by Casey (ref. 7) have been in te rpre ted  in t e r m s  of a d i rec t  nucleophilic a t t a c k  of 
cupra te  on t h e  substrate .  

Based on s tudies  of t h e  addition of organic  cupra tes  to al lenes  subst i tuted with e lec t ron  with- 
drawing groups, Berlan (ref. 8) has  proposed a mechanism related to t h e  classical  organometal l ic  in- 
ser t ion reac t ion  or carbometalat ion.  The cupra te  carbon-copper bond adds across  t h e  a lkene  group 
forming a n  a-cuprioketone which is  rearranged to t h e  thermodynamically more s tab le  lithium 
enolate ,  Scheme 2. The mechanism proposed in ref. 8 a  includes a hypothet ical  copper(1)-alkene n -  
complex. 
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Based on a kinet ic  study Krauss and Smith (ref. 9) propose a mechanism in which t h e  r e a c t a n t s  a r e  
in equilibrium with an in te rmedia te  complex, which may unimolecularly rear range  to form a trialkyl- 
copper(II1) species  with copper bonded to t h e  B-carbon of t h e  lithium enola te ,  followed by reduct ive 
elimination. I t  was proposed t h a t  t h e  initial complex is formed by lithium coordinat ion to t h e  
carbonyl oxygen. 

enone + Me4Cu2Li2 - in te rmedia te  - products  ( 2 )  

In an e f f o r t  t o  resolve t h e  above mentioned mechanis t ic  differences,  w e  have studied t h e  conjugate  
addition of lithium diorganocuprates  t o  enones and enoates  by NMR spectroscopy and have also in- 
vest igated t h e  effect of coordination by solvent or coordinating groups in t h e  reac tan ts .  Our major 
goal has been t o  improve t h e  prospects  for ra t ional  design of asymmetr ic  synthesis using organo- 
cupra tes. 

N MR INVESTIGATIONS 

The react ion between methyl  c innamate ,  1 ,  and lithium dimeth Icu r a t e ,  MezCuLi, was studied by 
I3C and ' H  NMR spectroscopy in t h e  t e m p e r a t u r e  range - I  10 
Me CuLi is used for simplicity without  any s t ruc tura l  implications. Two d i f fe ren t  solvent sys tems 
were  used, diethyl e ther /dichloromethane-d 

o y p  to +6OoC (ref. 10). The notat ion 
2 and tetrahydrofuran/toluene-5. -2 

+ CH,Cu (3) 

1 dCH, 2 OCH, 

In t h e  I3C NMR spec t ra  a t  low tempera tures ,  below -5OoC, t h e  olef inic  carbon C 2  and C 3  signals 
a r e  found shif ted strongly upfield, cf Table 1 .  The signals assigned t o  C 2  and C 3  were  observed as 
doublets, JC-H = 160 Hz. 

The observed upfield shif ts  of carbons C 2  and C 3  a r e  of t h e  order  of magni tude typical  for  co- 
ordination shif ts  for trigonal a lkene  - t ransi t ion meta l  complexes. The coordination sh i f t s  for some 
Ni, Pd, and P t  complexes a r e  repor ted  to be approximately -60 ppm (ref .  1 1 ) .  W e  have in te rpre ted  
t h e  s t rong upfield shif t  of C 2  and C 3  a s  being due to bond formation between t h e  e n o a t e  C:C bond 
and copper in Me2CuLi giving a copper-alkene n -complex and thus found experimental  evidence for 
t h e  in te rmedia te  proposed by Berlan (ref. 8a). The s t ronger  coordination shif t  of t h e  e n o a t e  6-carbon 

TABLE 1. 
1 ,  and Me2CuLi in Et20/CD2CI2.  

13C NMR chemica l  shif t  d a t a  ( 6  rel. to TMS) for methyl  c innamate,  

System C I  c 2  c2 c3 c3 C 4  Temp OC 

1 167.6 118.4 145.0 135.0 -60 
1 +Lil 170.3 117.3 - 1 . 1  147.7 +2.7 134.7 
1+Me CuLi 173.3 62 -55 74.6 -73.1 139.4 -70 
enolafe  2 161.8 73.8 36.5 150.1 0 
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probably indicates  a change in delocalisation in t h e  c innamate  n -system. When t h e  solvent sys tem is 
changed f rom diethyl e ther /methylene  chloride to THF/toluene t h e  signals for  C 2  and C 3  a r e  shif ted 
even fur ther  upfield, t h e  coordination shif ts  being C 2  -65.7 ppm and C 3  -83.1 ppm respect ively.  The 
larger  coordination shif ts  indicate  a higher e lec t ron  density around copper  when THF is present. 
When t h e  react ion mixture  containing t h e  n-complex was warmed t o  tempera tures  above -5OOC t h e  
product enolate ,  2, was formed irreversibly, Table 1. 

The shif t  changes observed on addition of MeZCuLi t o  methyl  c innamate  a r e  less likely to be 
caused by lithium coordination to t h e  C = C  bond or t h e  carbonyl oxygen. Lil was added to methyl  
c innamate  in a separa te  experiment ,  6. Table 1, and only minor chemical  sh i f t  changes were ob- 
served. 

' H  NMR spec t ra  of solutions of Me CuLi and methyl  c innamate  show t h e  olef inic  proton signals 
shif ted strongly upfield, H2 f r o m  6 g.55 t o  4.3 and H3 f rom 7.73 to 4.6 in 1 ,  confirming t h e  form- 
at ion of a copper-alkene n-complex. Dynamic NMR exper iments  in t h e  t e m p e r a t u r e  region - 1  1 O°C 
t o  +6OoC show t h a t  t h e r e  is an equilibrium between t h e  r e a c t a n t s  and t h e  copper-alkene n -complex. 
Signals due to t h e  n-complex, t h e  c u p r a t e  and methyl  c innamate  can  be  observed separa te ly  at 
tempera tures  below -70 C.  Between -50' and -7OOC coalescense of t h e  olefinic proton signals 
occurs  but relowering of t h e  t e m p e r a t u r e  regenera tes  t h e  original spectrum. Above -5OOC t h e  ir- 
reversible conjugate  addition occurs  giving rise to signals due to t h e  product  enolate ,  2. 

On t h e  basis of our NMR d a t a  we suggest t h e  formation of a copper-alkene n-complex t o  be t h e  
f i rs t  s t e p  in t h e  conjugate  addition, Scheme 3. We also propose t h a t  t h e  reversible  format ion  of a 
n-complex and i t s  unimolecular decay to an enola te  a r e  t h e  react ions studied by Krauss and Smith 
(ref. 9). A lithium-oxygen interact ion within t h e  n-complex is likely but can  be nei ther  confirmed 
nor disproved on t h e  basis of our da ta .  

Previous to t h e  present  investigation, few copper-alkene complexes f rom alkenes with e lec t ron  with- 
drawing subst i tuents  had been isolated i nd charac ta r ized .  Kochi ( ref .  12) had reported a er ies  
of complexes formed between copper  t r i f la te  and cycl ic  a lkenes with isolated C - C  bonds. The 'H 
and 13C NMR coordination chemica l  shif ts  reported for  these  alkene-copper ca t ions  a r e  substantially 

0 

smaller than those  we have observed. 
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PREPARATION A N D  STRUCTURE OF CUCI-ENONE 7-COMPLEXES 

The synthesis of some coordination compounds f rom copper(1) chloride and s imple enones was under- 
taken t o  verify t h e  formation of unstable  n-complexes between coppper(1) and carbonyl  subst i tuted 
alkenes. Copper(1) chloride was mixed with propenal (ref. 13a), butenone (ref .  13b) and 
1 -pentene-3-one (ref. 13c) under an iner t  a tmosphere.  The corresponding copper-alkene n-complexes, 
obtained as highly labile solids which decompose on exposure to air ,  were  invest igated by single 
c rys ta l  X-ray diffraction. The propenal - CuCl complex has a polymeric s t ruc ture ,  Fig. 1 ,  with 
adjacent  copper(1) a toms being bridged by propenal and chloride ligands to form a three-dimensional 
network. 

Copper is s i tua ted  1.967 A dis tan t  f rom t h e  midpoint X of t h e  C = C  bond. The  copper-carbon co- 
ordination dis tances  a r e  Cu-C2: 2.088 A and C3: 2.075 A (ref. 13a) and a g r e e  well with values de- 
termined previously for  n-complexes between copper(1) and isolated alkenes (ref. 13a and re ferences  
c i ted  therein). The C = C ,  C-C and C - 0  bond lengths  in coordinated propenal do not  differ  signifi- 
cant ly  f rom values obtained for  s-trans-propenal itself (ref. 14). 
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The propenal coordinates  another  copper through t h e  carbonyl oxygen, presumably y& a lone-pair 
donation. However, t h e  connect ivi ty  relationships within t h e  bridging propenal molecule  suggest  t h a t  
both t h e  alkene-copper(1) and t h e  oxygen-copper(1) interact ions a r e  re la t ively weak and t h e  copper(1) 
a lkene bonding is probably mainly a n  alkene-to-copper donation. Back-donation f rom copper  d-orbitals 
to t h e  alkene +-orbital would be expec ted  to manifest  itself in lengthening of t h e  C = C  bond. 

OBSERVATIONS OF COPPER-ENONE T-COMPLEXES 

Corey and Boaz have discussed t h e  initial s t e p  of t h e  conjugate  addi t ion in t e r m s  of d-orbital 
s tereoelectronic  control ,  & interact ions between diffuse filled copper(1) d-orbitals and a n  enone 
Y "orbital ( ref .  15). These workers  have been ab le  to isolate  a yellow prec ip i ta te  f rom t h e  reac t ion  
(&ethyl e ther ,  -78%) between Me CuLi and a spiro enone carrying a y-oxygen (ref. 16). The iso- 
la ted  complex afforded s te reo ismer ic  conjugate  addition products  when suspended in diethyl e t h e r  or 
partially dissolved in THF in t h e  presence of trimethylsilyl chloride. This is  thought  to be  t h e  f i r s t  
case in which a cuprate-enone n-complex has  been isolated and shown to be  convert ible  to con- 
jugate addition products  (ref. 16). 

So far ,  copper-alkene coordination has  been discussed without considering t h e  c u p r a t e  s t ructure .  W e  
use t h e  d imer ic  s t r u c t u r e  proposed for Me2CuLi in diethyl e t h e r  on t h e  basis of molecular weight 
determinat ions (ref .  17) although i t  is not c lear  whether  this  is a lso t h e  reac t ing  species. 

2. 

EFFECTS OF LIGAND COORDINATION ON CONJUGATE ADDITION 

Diethyl e t h e r  and te t rahydrofuran,  THF, a r e  t h e  most  commonly used solvents  for  conjugate  
additions of cupra tes  to enones and enoates .  Previous observations suggest  t h a t  t h e  presence of 
good donor solvents  or donor ligands may be  deleter ious (ref. 18 and work c i ted  therein). We have  
studied t h e  eff ic iency of t h e  conjugate  addition of Me2CuLi to E-4-phenyl-3-buten-2-one, 3, in 
different  solvents  (ref. 19). Our resul ts  a r e  summarized in Table  2. 

3 d H ,  4 

The high reac t iv i ty  observed for t h e  react ions performed in hexane, toluene and dichloromethane is 
remarkable  considering t h a t  t h e  c u p r a t e  is only moderately soluble in these  solvents. A la rge  par t  
of M e  CuLi is present  as a suspension. A few equivalents  of coordinated diethyl e t h e r  remain in 
t h e  cupra te  f rom i t s  preparat ion and c a n  not  be  removed even  a f t e r  ex tens ive  pumping (ref .  20). 
The amount  of diethyl e t h e r  present  can  be monitored by NMR spectroscopy and is found t o  cor-  
r e l a t e  with coordination of one or t w o  diethyl e t h e r  molecules per  Me CuLi unit. 

Our  chemical  d a t a  in Table  2 toge ther  with NMR d a t a  imply t h a t  in diethyl  e t h e r ,  hydrocarbon sol- 
vents  and in dichloromethane t h e  s a m e  reac t ive  species  is taking par t  in conjugate  addi t ion while in 
good donor solvents  like THF, ace toni t r i le  or pyridine d i f fe ren t  species  may be  act ive.  W e  propose 
t h a t  t h e  r e a c t i v e  species  in t h e  fast reac t ions  is M e  CuLi coordinated by one or t w o  diethylether  
molecules to e a c h  lithium, assuming t h a t  lithium is tte electrophi l ic  par t  of t h e  cupra te .  

Lipshutz and coworkers  have  compared t h e  7Li and H NMR s p e c t r a  of Me CuLi in diethyl  e ther ,  
diethyl e ther /THF and THF solutions, respect ively (ref. 21). They found tha? t h e  choice  of solvent 
for t h e  preparat ion of t h e  c u p r a t e  has a s t rong inf luence on what  kind of species  a r e  formed.  In 
diethyl e t h e r  a single species  is obtained,  (Me2CuLi)2, while preparat ion in THF gives  a mixture  of 
t h r e e  species; 
Me CuLi in diethyl  e ther  does not  give r ise  to  t h e  equilibri2m &arac ter i s t ic  of t h e  c u p r a t e  t h a t  
has been prepared in THF. Instead, a single species  with a slight change in chemica l  sh i f t  is ob- 
ta ined a f t e r  addition of THF. These observations cor robora te  our suggestion t h a t  d imer ic  
Me CuLi(ether), is t h e  reac t ing  species  in hydrocarbon solvents  or dichloromethane while good 
donor solvents  induce a change in s t ruc ture .  However, t h e  formation of highly r e a c t i v e  species  in 
very low concentrat ions (and thus  not  observable  by NMR) can  not  be  ruled out. 

To  gain some fur ther  insight into t h e  role  of t h e  solvent and t h e  effect of coordination to t h e  
c u p r a t e  during t h e  conjugate  addi t ion we have studied t h e  react ion of Me2CuLi with methyl  cinna- 
mates ,  5a-f, having built-in ligands in t h e  +-position of t h e  benzene ring. The methyl thiomethyl ,  
5d, dimethylaminomethyl ,  5e, and t h e  methoxymethyl ,  5f, groups were  chosen to test S ,  N and 0 as 
coordinat ing a t o m s  isolated f rom t h e  delocalized n-electron sys tem by a methylene group. A 
methoxy group, 5c, was included as a probe for  "purely" e lec t ronic  effects while t h e  &-propyl 
group, 5b, was studied to g e t  a measure  of t h e  s t e r i c  effect of an e - s u b s t i t u e n t  on t h e  r a t e  of 
t h e  conjugate  addition. The reac t ions  were  quenched a f t e r  5 min in order  to use t h e  yield of t h e  
products, 6a-f, a s  a fa i r  measure  of t h e  re la t ive  reac t iv i t ies  of t h e  subs t ra tes  5a-f, (ref. 22, 3a). 
The resul ts  a r e  summarized in Table  3. 

2 

2 

1 

(Me2CuLil2 in equilibrium with MeLi and M e  Cu Li. Addition of THF to a solution of 

2 

2 
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TABLE 2. 
Me CuLi  to E-4-phenyl-3-buten-2-one at 0 "c. R e a c t a n t  r a t i o  2: 1. 

Yield of 4-phenyl-2-pentanone, 4, f r o m  t h e  addition of 

2 

Solvent Yield of 4 Chemica l  sh i f t  for  Me2CuLi 
6 ' H  6 I3c 

Hexane  
Toluene 
Diethyl e t h e r  
Dichloromethane  

Tet rahydrofuran  
Acetoni t r i le  
Pyridine 

- - - - - - - - - 

>98%* 
>98% 
>98% - 1 . 1 1  -9.6 
>98% -0.96 -8.7 _ _  
90%** 
54% 
28% 0.13 -8.5 

** 
*wi th in  I rnin at 0' a f t e r  60 rnin at 0' 

TABLE 3. Yield of prodcuts  6a-f a f t e r  5 rnin 
of reac t ion  b e t w e e n  Me C u l i  and  *- 
subs t i tu ted  methyl  c i n n a m a t e s  5a-f. 

2 

5 
Yield of 6, 
% a f t e r  min E+ v 

oo -zoo 
a, -H 18 2 -1.81 (ref.  4b) 

C ,  - 0 C H  10 -1.83 
d, -CH ?CH 15 
e, -CHtN(Cd,),  27 

b, -CH(CH3)2 10 

I f ,  -CH;OCH; >98 20 -1.79 

Comparison of 5a and 5b shows t h a t  t h e  introduct ion of a bulky *-substituent has only a l imited 
e f f e c t  on t h e  reac t iv i ty  of t h e  product. The higher react ivi ty  exhibi ted by t h e  dimethylaminomethyl ,  
5e, and t h e  methoxymethyl ,  5f, c innamates  is a t t r ibu ted  to t h e  ability t o  coord ina te  t h e  built-in 
ligand to lithium in t h e  cupra te .  The  d i f fe rence  in E, values is small  and assumed t o  be  insignifi- 
c a n t  s ince 5a, 5b, 5e and 5f should be  electrochemichl ly  similar. 

We suggest t h a t  t h e  r a t e  enhancement  observed for 5f is t h e  resul t  of coordinat ion of t h e  methoxy- 
methyl  oxygen to t h e  cupra te  in t h e  t ransi t ion s t a t e  thus lowering t h e  ac t iva t ion  energy. The 
methoxymethylcinnamate 5f can  be  considered as a t r i d e n t a t e  ligand for  a d imer ic  Me2CuLi species;  
in addition t o  bonding of copper(1) to t h e  enoate  C = C  bond, coordination of t h e  carbonyl oxygen and 
t h e  methoxymethyl  oxygen t o  t w o  lithium a t o m s  in t h e  cupra te  resul ts  in a t h r e e  point-interaction. 
Structural ly  and electronical ly  t h e  methoxymethyl  group resembles  diethyl e t h e r  and can  thus dis- 
place diethyl e t h e r  f rom coordination s i tes  on (Me CuLi) without causing s t ruc tura l  changes in t h e  
cupra te .  W e  propose t h a t  t h e  d imer ic  c luster  s t r u d u r e  of t h e  c u p r a t e  is essent ia l  for fast conjugate  
addition t o  t a k e  place. 

The planar d imer ic  c luster  s t r u c t u r e  proposed for Me CuLi in solution (ref. 17) has been corro-  
borated by t h e  f i r s t  de te rmina t ion  of t h e  c rys ta l  s t ruc ture  of a cupra te  by van Koten et. (ref. 
23), 6. Fig. 2. 

The cupra te  seems t o  be  made  up of t w o  near-linear R Cu units held toge ther  by t w o  lithium 
a t o m s  to give a n  almost  planar Cu Li arrangement .  The dimethylaminomethyl  groups serve  a s  
"intramolecular solvent molecules" ?re2 23) coordinat ing lithium. The Li-C bond is substant ia l ly  
longer than t h e  Cu-C bond. 

A theore t ica l  t r e a t m e n t  of M e  CuLi by Whangbo (ref. 24) using molecular orbi ta l  calculat ions gives 
a square-planar configurat ion for (Me CuLilz as depicted in Fig. 3. The major s t ruc tura l  f e a t u r e  is 
t h e  linear a r rangement  of methyl  groups at copper. 

2 

2 .  

2 
2 

Fig. 2 Schematic  s t ruc ture  of 
(C6H4CH2NMe2-2)4Cu2Li2. 

Me -Cu-Me 

Li 

Me -Cu-Me 

Fig. 3. Calculated s t ruc ture  

Li 
/ \  
\ /  

for  Me4Cu2Li2. 
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On t h e  basis of our results, toge ther  with t h e  s t ruc tura l  information above,  we  suggest t h a t  t h e  ob- 
served effect of donor solvents  and ligands is due t o  coordination t o  lithium in t h e  d imer ic  c u p r a t e  
obtained in diethyl e ther .  Bet te r  Lewis bases increase t h e  e lec t ron  density on lithium and weaken 
t h e  a t t rac t ion  t o  t h e  M e  Cu- group, thus increasing t h e  Li-C dis tance,  rf: t h e  chemica l  shif t  2 

CH,-CU-CH, CHTCU-CH, 

L*., : Li .*-L 
L/ Li : 'L Li ( L 2 c H,- CU-c H, 

I I 
CHrCU--dH, Y 7 

CH~-CU-CH, 

changes observed when exchanging diethyl e ther  for THF as a solvent for NMR exper iments  (ref. 
10). Strongly coordinating ligands will cause  t h e  disruption of t h e  cluster  s t r u c t u r e  by formation of 
ligand-separated ion pairs. 

Such an event  can  be  observed by addition of 12-crown-4 to Me2CuLi in diethyl e t h e r ,  affording a 
white  prec ip i ta te  of t h e  ion pair (ref. 25) which is unreact ive towards enones. The c rys ta l  s t ruc ture  
of this ion pair has been de termined  and shown to consist of well-separated cat ions,  
(Li(1 2-crown-4)2)' and linear anions Me2Cu- (ref. 26.). 

The coordination of built-in ligands t o  t h e  c u p r a t e  is fur ther  demonst ra ted  by t h e  resul t  obtained 
from a t t e m p t s  to add lithium dimethylcuprate  ( f ree  f rom lithium iodide) to a methyl  c innamate  
carrying a polyether side chain in t h e  %-position, 7. After  2 hours a t  O°C t h e  conjugate  addition 
product 8 was obtained in only 20% yield. Remaining 7 precipi ta ted a s  an ion pair 9 and was thus 
withdrawn f rom fur ther  react ion (ref. 22). 

+ LiMe,Cu ____) 

ether, 0' c (6) 

Intramolecular ass is tance f rom built-in ligands has a lso been observed by Normant, Alexakis 3, 
(ref. 27). They have shown t h a t  t h e  regioselect ivi ty  of t h e  syn-addition of alkylcopper compounds t o  
alkynes carrying he teroa toms along t h e  carbon chain is dependant  on t h e  na ture  of t h e  coordinat ing 
group and on t h e  solvent. 

C O P P E R - A L K E N E  T - C O M P L E X  A S  A T R A N S I T I O N  S T A T E  M O D E L  

The copper(1)-alkene n-complex observed by NMR in t h e  react ions of methyl  c innamate  with 
Me CuLi now can  be discussed in more detai l ,  adopting t h e  square-planar d imer ic  s t ruc ture  for t h e  
cupra te .  The enoate  should be or iented to allow ef f ic ien t  bonding of t h e  C = C  bond t o  copper while 
t h e  carbonyl oxygen is or iented towards lithium displacing one diethyl e t h e r  molecule f rom t h e  co- 
ordination sphere. Enoates  with built-in ligands, 5c-f, can  d i rec t  t h e  he te roa tom towards t h e  second 
lithium a tom.  

2 

The next  s t e p  of t h e  react ion c a n  be e i ther  t h e  carbocupriat ion s t e p  suggested by Berlan (ref. 8) or 
t h e  formation of t h e  B-carbon-copper(II1) in te rmedia te  (ref. 4, 5, 7, 9). The configurat ion at t h e  
B-carbon a f t e r  carbon-carbon bond formation will be determined by t h e  geometry  of t h e  n -complex. 
With chiral  s ta r t ing  mater ia ls  t w o  diastereomeric  n-complexes should thus be  formed.  The s te reo-  
select ivi ty  of t h e  react ion will then  depend on t h e  re la t ive  r a t e s  of t h e  react ion of these  n -  
complexes in t h e  i r revers ible  formation of t h e  new carbon-carbon bond. 

The feasabi l i ty  of t h e  copper(1)-alkene n -complex a s  a reasonable  t ransi t ion-state  model can  also be  
investigated by molecular orbi ta l  calculations. Extended Huckel calculat ions on a model sys tem 
suggest an interest ing s t ruc ture  for  t h e  n-complex (ref .  28). Cinnamaldehyde was used a s  a model 
enone system and was allowed to approach a d imer ic  square-planar c u p r a t e  s t ruc ture  f rom "above" 
s ta r t ing  f rom a dis tance of 3.3 8 between one copper and t h e  midpoint X of t h e  C = C  bond. An 
opt imized s t ruc ture  is obtained with a copper-X d is tance  of ca 2.1 8. Geometr ical  changes within 
t h e  enone a s  well a s  within t h e  cupra te  a r e  worthy of not ice  (Fig. 4). 
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A signif icant  lengthening of t h e  C = C  and C=O bonds occurs  toge ther  with a shortening of t h e  C-C 
bond in t h e  enone. The cupra te  is no longer symmetr ica l  a s  t h e  Cu-C bonds of t h e  coordinated 
copper a t o m  a r e  unequal in lenth, 2.1 and 4.6 
of t h e  plane towards t h e  carbonyl oxygen, allowing for coordination of t h e  carbonyl  oxygen t o  both 
copper and lithium! 

The connect ivi ty  changes in t h e  cinnamaldehyde suggest  s o m e  Y3* charac te r  in t h e  delocalized 
e lec t ron  system. This observation together  with t h e  la rge  
indicate  t h a t  t h e  bonding interact ion in t h e  Ti-complex is not only a n  alkene-to-copper donation 
(filled enone Y 
orbi ta l  t o  t h e  6'3* enone LUMO. The effect of t h e  back donation is probably relat ively small  but  
decidedly more  e f f ic ien t  f rom a MeZCu unit with high e lec t ron  density on copper  re la t ive  to copper 
in copper(1) chlor ide (ref. 13) or copper cat ions in copper(1) t r i f la te  ( ref .  12). 

respectively. The other  copper a t o m  is bent ou t  

3C coordination shif ts  observed by NMR 

t o  vacant  copper 4s and 4p) but also some back donation f rom a filled copper  d- 

Fig. 4 Schematic  s t ruc ture  for a 
hypothet ical  Ti-complex f rom 
cinnamaldehyde and lithium 
dimethylcuprate ,  according to 
EHT calculations. 

OMe 

10 s 

l l a  S,S l l b  S,R 

(7) 

DIASTEREOSELECTIVE CONJUGATE ADDITIONS 

Several examples  of good s tereoselect ivi ty  in c u p r a t e  additions to enones possessing y-oxygen or 
amide  nitrogen subst i tuents  have been reported (ref .  29). Some of these  have been in te rpre ted  a s  
occuring in an an t i  sense re la t ive  to t h e  he te roa tom at 5. However, Fuchs (ref .  30) have 
demonstrated h ighs te reose lec t iv i ty  in t h e  amine-directed %-addition of cupra tes  to dimethylamino-  
subst i tuted cyclopentenyl sulfones. 

W e  a r e  present ly  trying t o  ut i l ize  t h e  effect of built-in ligands on diastereoselect ive synthesis 
s ta r t ing  with chiral  subst i tuents  in t h e  methyl  c innamate.  Methyl S-ortho-dimethyl- 
aminoethylcinnamate,  10, has been reac ted  with lithium dimethylcuprate ,  lithium die thylcupra te  and 
lithium diphenylcuprate, respect ively in diethyl e ther .  The addition products  a r e  formed in good 
yield. The diastereoselect ivi ty  var ies  slightly with t h e  s ize  of t h e  R group of t h e  cupra te ,  and with 
Me CuLi t h e  d ias te reomers  a r e  formed in t h e  re la t ive  ra t io  4.5:l (ref. 31). The select ivi ty  can  be 
improved by changing to dichloromethane as solvent for  t h e  react ion.  

The diastereoisomers ,  1 1 ,  obtained f rom react ion of 10 with lithium diphenylcuprate  have been se-  
parated by HPLC and t h e  major isomer has been assigned t h e  S,S configuration based on compari-  
sons of IH NMR spec t ra  of lla and llb with t h e  spec t rum of-- 
_ _  S,S-4-(2-( I -dimethylaminoethyl))phenyl-4-phenyl-2-butanone, 12, ( ref .  3b). The crystal  s t r u c t u r e  of 12 
has been de termined  by X-ray diffract ion (ref. 32). 

The formation of t h e  2,Z-diastereomer in cupra te  additions to 10 is in good agreement  with t h e  
proposed intramolecular  coordination of t h e  dimethylamino group t o  lithium within t h e  copper($ 
alkene T-complex. Inspection of CPK molecular models gives support t o  this  in te rpre ta t ion  s ince in 
t h e  least  hindered conformation of t h e  subs t ra te  10 t h e  dimethylamino group is best  accomodated  
in a position favouring coordination t o  t h e  cupra te .  

The magnitude of t h e  diastereoselect ivi ty  indicates  t h a t  o ther  f a c t o r s  a r e  a lso impor tan t , ,  
hindrance. With a s  bulky side-chains on t h e  enoate  a s  in 5e, 5f and 10 we also observe side re- 
act ions unless t h e  react ion conditions a r e  carefully controlled. 

2 

s t e r i c  

CONCLUSION 

The formation of a copper(1)-alkene complex a s  an initial s t e p  of t h e  conjugate  addition of lithium 
diorganocuprates  t o  enones and enoates  has been demonstrated.  The complex is s tab le  a t  t empera-  
tu res  around - 1  OOOC. On raising t h e  tempera ture  t h e  Ti -complex irreversibly forms  t h e  expec ted  
enola te  product f rom a conjugate  addition react ion which may occur  e i ther  via a carbocupriat ion 
(ref. 8) or t h e  formation of a t ransient  copper(II1) in te rmedia te  ( ref .  4 - 7 7 ) .  The coordination 
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within t h e  n-complex can be  used to  rat ional ize  t h e  effect of built-in ligands on t h e  s te reo-  
select ivi ty  in t h e  addition of cupra tes  to chiral substrates .  A rat ionale  for t h e  e f fec t iveness  of 
diethyl e t h e r  and/or hydrocarbons as solvents for  t h e  react ion has  also been obtained.  
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