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M-Tte rcactioa of lithium dimclhylcupptc with E4henyl-J-bu1cn-2or~ in ticrent sdvmts has been 
invest&cd. Fast conjugate addition occurs in bybrourbons. dkhkxomethane aDd dkthykfbcr. whiJc I& reaction 
is retarded in hena coordillatiug solvcflls. 

la hi&y polar solvents such as DUF 01 DMW. no cox~jugate addition is observed. Dichbromcthoac-dz was 
chosen as a co~cnicr~~ solvent for NMR investigations of cuqatcs. Tte reaction of lithium dimcthylaurPtc with 
different ew3re-s gave DO coajugatc addition products. but hue inducd scY~o&nsalion of ericmcs. 

Ia earlier investigations we have studied the asymmetric 
induction in the conjugate addition of mixed chii dior- 
garKKuprates lo prochiral a&unsaturated carbonyl 
compounds. I-’ Enantiomeric excess of up lo 23% has 
been obtained: 

il..Rbi.+ . R-cc~cH-c~--P 

R’- H-c-2co-t?‘. :dcur 
-i 

In order (0 improve the asymmetric i&&n. more 
knowkdge about the structures of the cuprates involved 
and the mechanism(s) of the conjugate addition of these 
is needed. Several hypotheses have been presented.6’o 

wld(I) compounds are known to give oxidative 
addition to alkyl halides. forming relatively stable trialk- 
ylgoldflIItphosphine compounds. Organic products are 
formed by reductive elimination of R-R from tbe 
R,Au(lII)L species.” The reaction between lithium 
diorganocuprates and alkyl halides and tosylates is 
thought to proceed via a nuckophilic attack of copper on 
the halide, with the intermediate formation of a cop- 
pcrtII1) specks, followed by reductive elimination, giving 
the C-C bond:‘*-” 

r 
_,‘I?+- . _=c-X- 

L 
R@tf 1 - 9-C=_ l LIRXCU 

Cu(III) specks have also been suggested as inter- 
mediates in the conjugate addition of cuprates to 
enones. II is. however, quite reason&k to ~ssumc the 
operation of difTerent mechanisms depending on the 
reaction conditions. e.g. the choice of sokent of Sub- 
strate. An alternative mechanism, I+2+ddition of tbc 
cuprate to the enoae C=C bond, has been suggested.‘o 

In the present investigation we have studied ti 
inlIucnce of the solvent on tbc reactivity of the cuprate 
in the conju@e addition and on competing reactions. 
The aim has also been to hnd suitabk solvents for future 
NMR investigations of conjugate additions. Furtber- 
more. we have explored some possibk analog& be- 
tween Cd) and Au(I) reactions by studying the reaction 

between lithium dimethylaurate and some enoncs. The 
reaction between lithium dimetbylcuprate and E-4 
phenyl-Ebuten-2_one, 1. was carried out in various 
solvents. The results are summarized in Table I: 

2 

Lithium dimethykuprate was prepared in a small volume 
of tolutnc at 0”. giving a white suspension. The solvent 
u&r investigation was then added to the lithium 
dimethykuprate, which is sparingly soluble in hexane. 
toluene and dichbromethanc. On addition of any of the 
following solvents, dkthyl ether, tetiydrofuran CrHF). 
pyridine, acetonitrik, N.Ndimethylformamide (DMP), 
and dimethylsulfoxide (DMSO). the white suspension 
dissolved. However, LiMeXu probably reacted with 
DMF and DMW. 

The cuprate was assumed to be dimeric”.” and the 
substrate, compound 1, was used in an quimolar 
amount. The reactions were run at 0” and followed by 
GLC analysis. The expected product, +phenyl-2-pen- 
tanone. 2. was formed quantitatively within kss than a 
minute in hexane. toluenc. dkthykthcr, or di- 
chbromethaee. In THF the reaction was considerably 
sbwer, a compuabk yield being o&a&d only after I hr. 

In pyrihc or acetonitrik the slow formation of 2 was 
accompanial by the formation of a dimcr 4-acetyC35 
dipbcaykycbbcxanoae. 3. of 1.’ Traces of S-acetyl4.6 
dip&nyl-2-bepta~~mc. 4, were observed when THF. 
pyridine. or acetonitrik were used as solvents. In 
acctonitrik. E - 3 - hydroxy - 3 - methyl - 5 - phcnyl - 4 - 
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Tobk I. Addition of lithium dimcthylcuprate IO E4-phcnyl-3-butm-2-one. I. in various solvents II 0’. Tbc ratio 
of (L.iMe+A~).+~~bstrate was I : I. The yields were measured by GLC with tunzylpbenyktber as internal standard. 
The observed products were I-phenyl-!-pcntanonc. 2 Caceryl-3.~.diphcnylcyclohexanone. 3. S-acetyl4.6diphenyl- 
2-heptanoae. 4. and E-3-hydroxy-Smethyl-5-phcnyl4penterenitrile, S. The solubili~y of the organccqpcr species is 

indicated as i - insotubk. ms - moderately solubk and s = sotubk 

Solvent Solubillty Reaction YlSld of producte, s 
CHsCU Ll KH3l2CU time, mln I z 3 4 5 

noxanc 1 1 1 0 

Tolusne 1 es 1 0 

Dicthyl cthcr 1 s 1 0 

Dlchloromethane 1 ma 1 0 

t)lF s * 1 64 

10 14 

60 3 

Pyrldlne s s 1 78 

10 60 

60 58 

Acotonltrlls 1 s 1 43 

10 11 

60 6 

DI(F * * 60 5 

DMO I3 s 1 >98 

10 30 

60 10 

>90 

>98 

>90 

>98 

35 

62 

90 

17 

28 

28 

28 

50 

54 

0 

0 

0 

0 

1 

4 

7 

4 1 

8 4 

9 5 

3 2 24 

7 1 25 

7 a 25 

mixture of products 

mixture of product0 

pentencnitrile. 5 was also formed: 

CHj 
6 

The addition of lithium diphenykuprate to I in pyri- 
dine at 0” afforded the conjugate addition product 4.4 
diphenyl-2-butanone in quantitative yield after 3 hr. whik 
a complex mixture of products was obtained in DMF 
solution. 

‘H and “C NMR spectra of lithium dimethykuprate 
and lithium diphcnykuprate. present in dichloromethane- 
d2 amI pyridine-d, solutions were recorded. Considerable 
differences in chemical shifts were observed on changing 
the solvent (c/ Tables 2 and 3). 

Lithium dirncthylaurate, LiMe2Au. was prepared from 
methylgoklfI)-triphenylphosphine and MeLi in diethy- 
kther at O”.” Addition of 4-phenyl-3-buten-2one or 2- 

cyclohcxenone to the solution of LiMe*Au at fP gave a 
light yellow precipitate. while the remaining solutions 
turned yellow. The substrate enones could not be detec- 
ted by GLC. The precipitate was an orgarmgold species 
not further characterized. With Zcyclohexenonc several 
products of higher molecular weight were formed, while 
with 1 the dimer 3 was the main product. After addition 
of methyl E-3-phenylpropenoate to LiMe,Au the starting 
material was recovered unchanged. 

The reaction between I.iMe*Cu and 1 is very fast in 
solvents such as hexane. toluene, and dicthylethcr. as 
has earlier been observed in some cases,” and is also 
rapid in dichloromcthane in spite of the limited solubility 
of the cuprate in these solvents. This indicates a high 
reactivity of the “naked” cuprate towards the enone in 
these solvents. The conjugate addition is sufficiently fast 
in dichloromethane that any competitive substitution 
reaction with the solvent does not interfere. 

The small amount of toluenc present from the pre- 
paration of LiMe*Cu does not seem to alter the effect of 
the solvents under investigation. In the more polar and 
coordinating solvents such as THF, pyridine and 
acetonitrile. the conjugate addition is substantially 
slower. It has been proposed that such solvents are 
coordinated to the Li atom in the cuprate. The activating 
effect of Li coordination to the CO oxygen of the sub 
strate could thus be hampered by complexation between 
Li and solvent molecules. ‘.6.‘0.“.‘9 Competing reactions 
occur when the conjugate addition is slow. The for- 
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Table 2. ‘H and “C NMR spectra for mcthyRitMum. tithium dimethykuprte and lithium dimethytaura~c in various 
sotvents. Chemical shifts are relative to l-MS as internal standard 
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CH3Ll’I 

Ll KH’) 2cu 

Solvent reap. Chsmlcal ahifts, 6 QQfB 

Oc ‘Ii ’ ‘c 

dlethylsther -60 -1.9 -13.2 

tstrahydrofursn -80 -2.1 -16.2 

dlethylaalne -80 -2.1 -12.2 

dlethylether -67 -l.llb -9.6’ 

dlchlororathsne-d2 -50 -0.96 -0.1 

pyrldlne-d5 0 0.13 -8.5 

dlethylether -0.18 

a ref 23, 
b 

ref 15, lb, ’ rsf 19, 
d 

rcf 17. 

Tabk 3. ‘H and “C NMR spectra for phenyllithium. lithium dipheaykuprale. lithium ditolykuprate. and phcnyi- 
copper in varkws solvents. Cbcmical shifls are relative to TMS (u iatemal standard 

Solvent %rQ. Chemical rhlfts, .I QQm, ‘H / ’ ‘c 

OC 1 2,6 3,5 4 
_ --. 

PhLl dlathylether 8.024 7.025 6.958’ 

111.7 141.4 126.1 125.4 
b 

LlPh2Cu dlchloroawthans-d2 -50 8.1 1.2 

162.3 142.2 128.4 

pyrldlned5 0 8.57 (d,2H) 7.21 (d,210 

173.6 141.8 125.9 

Ll (c-toll 2cu bentons-d6 8.20 (d.2H) 7.0 (d,2HlC 

7.1 

126.8 

7.10 (t.111) 

122.7 

PhCu chlorofom-d -30 7.90 (d,lH) 7.25 lm,‘H) 

137.2 144.4 127.5 131.3d 
-_ --__-_ 

a 
rot 26, 

b 
ref 

’ 
27, ref 25, 

d 
rof 28. 

mation of by-products 3 and 5 is probably induced by the 
cupratc acting as a base.” An enolate anion 6 of tfk 
substrate 1 is generated and performs a Michael addition 
to a second molecuk of 1, followed by ti closure to 3 
in a second Michael addition.’ TIK formation of 5 is 
obviously initiated by proton abstraction from acetoni- 
trik. followed by attack by the anion on 1. 

Product 4. observed in reactions run in THF. pyridine, 
or acetonitrik is probaMy formed oiu attack of primarily 
formed enolatc 6 on another mokcuk of 1. We have 
previously observed this type of attack in the reaction 
between lithium diorganocupratcs arui methyl E- 
butenoate in THF.” This reaction might be synthetically 
interesting.” 

The sin& product 3 identifkd from the reactions 
between LiMe,Au and different enoues indicates that 
LiMe& in analogy with LiMe#Zu can act as a base 
abstracting u-protons from the enones. Unlike LiMe#Zu. 
however. LiMe?Au shows no reactivity towards the B-C 
of the crmrk. 

The low reactivity of LiMc,Cu in conjugate additions 
in solvents more polar than dkthyktber could be 
rationalized as due to stronger coordination of solvent 

mokcules. THF. or pyridine. to the cuprate. At present 
little is known about the structure of LiMe*Cu in 
solvents other than dkthylether. NMR studies,“~‘b.‘e a 
liquid phase X-ray investigation,” and mokcular weight 
measurements“ indicate a dimeric cluster structure, 
Li,Me,Cul. in diethykther. LiMe,Au is more stabk than 
its Cu analog. and its structure has been studied using ‘H 
NMR and Rahman spectroscopy”~?’ with diethylether as 
solvent. Spectra indicate a monomeric. solvent-separated 
ion pair with the dimethylaurate ion having a linear 
structure.” There is littk or no tendency towards further 
association to Au(l). However, addition of pyridine 
yields crystals of lithium dimethyl-bis(pyridine)_ 
auratefl).” The crystals probably have pyridine coor- 
dinated to Li. giving the composition Li(pyMMe2Au).” 

Our NMR data (Tabk 2) indicate that the electronic 
s~noundings of the Me groups in LiMegu are relatively 
similar in dkthykther and dichloromethane. ‘H and “C 
chemical shifts uadcrgo only small changes. However, 
pyridine cau~s a downfktd shift of co I ppm of the Me 
protons. This deshklding effect is targer than the solvent 
effects observed for MeLi” (Tabk 2) and is contrary to 
the expected shietding &ct of an aromatic solvent. The 
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proton shift for tiMe2Cu in pyridine is close lo that 
observed for LiMe2Au in dktbyktber.” 

The downfield shift is hardly consistent with a strw- 

tufe of the ion pair type, Li(pyMMe2Cu). This structure 
is expected to show an upfkld shift in its ‘H aad “C 
absorptions due to an increased electron density on the 
MClCU group.U 

A comparison of the NMR proton chemical shifts for 
LiPhXu (Tabk 3) in dichloromethane with those for 
lithium di(4-tolyl)cuprate. Li(4-tol)lCu, in benzene” 
shows only small differences in the shifts for the orrho 
protons, suggesting similar structures. Li(+tolhCu 
probably has a dimeric ctiter structure with the Ctdyl 
group bridging Li and Cu in a 2u3c bond.” It is lIot 
unreasonabk to assume a simiIar dimeric chster struc- 
ture, Li,PhJZu,. for lithium diphcnylcuprate in nonpolar 
solvents. 

The rather small shift differences observed in the C, 
and H. absorptions on going from PhLi-.” to LiPh,Cu 
to PhtY in various solvents seem to indicate that a 
change in metal&n bonding or coordination of 
solvent molecuks has rather small effects on the ring 
current or ntkctron densities (c/ benzene chemical 
shift at 128.7 ppm).” 

However. the downfield shift for C, in LiPh,Cu on 
changing from dkhbromethane to pyridine. 11.3ppm. 
indicates a change in magnetic anisotropy for tbc C,- 
metal bond. This downfield shift can be related to an 
increased ionic character in the C,-metal bond in the 
more polar solvent, as indicated by a comparison with 
PhLi and PhCu (Table 3). The polymeric PhCu has its C, 
absorption at 137.2 ppm. The C-Cu-C 2e-3C bond can be 
assumed to be largely covalent, while the C,-Li bond in 
PbLi has been interpreted to have a large ratio of ionic 
character (C, at 171.7 ppm).“.” 

Pyridine is known to be a good coordinating solvent for 
Cu(1) compounds.- Addition of pyridine to cuprates 
changes the ionic character of the C-metal bonds and the 
nuckophilicity of Cu. 

It is thus concluded that the reduced reactivity of 
lithium diorganocuprates towards enones in polar, coor- 

dinating solvents at kast in patt is due to structural 

changes in the cuprate clusters, caused by coordination 
of solvent mokcuks. Exchange between clusters of 
dilTerent composition could also be anticipated. The lack 
of “C-Li and “C-Cu couplings could indicate fast 

exchange reactions. but is likely an effect of the large 
quadrupok moment of Cu on relaxation.)o 

Organometallic reactions were carried out under dry. 0: free N:. 
All solvents ucrc dried before use Dkthylcthcr. toluene and THF 
were distilled from sudium bcnzophenone kctyl. hexanc was 
distilled from K. Pyridinc. DMF and CH.CI: were dried dynamic. 
ally with molecular sieve\ 4k and acctonitrilc with molecular 
sieves JA Commercially availabk DMSO (<O.OlQ H:O) *as 
used. Commercial Mc1.1 m dicrhvletbcr was used aflcr litralion.” 

NMR s~cctra were recorded on a Bruker WH 270 MHz spec- 
uornetcr (67.89MHz “Cl. LDJ chromatomms on u HP SBXI 
chromat&b using OV -lOI. HPLC -chroma~og~~~s on a 
Waters 6000. and mass spectra on an AEI MS 902. 

Gmcml pnxedun for rrachs btiwttn li~hhrm dim&l- 
cuprate ad Elphen$-f-buten-2-one in wtiow rdwn~ mix- 
furs. MeLi (I6 mmd) in dktbyktbcr was transferred oia syringe 
lo a reaction aask flttcd with a sc@In and nlagncric stirring t!u. 
The dkthykthcr was evaporated and dry rducnc (2Oml) was 

added. Lithium dimctbyicuprate was prepared by ddiliDa of the 
McLiiatducactoaslurryol8mmolofC~)Iio5mltohwacr~ 
[P. After the addition of one equiv of MeLi a yellow ppt formed, 
whichI~iDtorwbittshuryrItcrIbtdditionoftbc~Dd 
c&v of Meti. After skirg for 3Omin tbc dry aolvu~~ under 
inv&gatioa was added to &e cuprate. The vdumc of h 
solvcf~t was chosen to dvc a total volume of 70 ml. EIPbcayC 
3.buten-2-one (4 mlaol) and anZylp&nykthcf (2 mmol, internal 
standard for GLC) dissdvcd in IOml of tbc dry solvent were 
added to lithium dimcthykupratc. The total vdw was 80mI 
and the ratio of tohscnc lo dry solvent 25 : 55. TIK reaction was 

kept PI 0’. A brown IO onnpc dour rp~carcd immediately on 
ad&ion of IIK subsuate am-rapidly ch&cd 10 ydbw. la some 
uxs a vellow oot fomcd. possibly M&I. When DMF or 
DMSO &s uKd’as sdvenrs’ the y&w cdour of IIK sola 
tie& after some I&. Small sunpks were witMrawn from 
tbc mixture after I. IO and 6Omia. bydrolysed with a satd 
NH&I/NH, aq. aed analyscd by GLC. The mixture was 
hydrolysed after 3hr. d tbc products recovered by 
extra&n.‘-” The reactions belwecn lithium diphcaylcuprate 
and Elpbcnyl-3-buten-2one ia pyridinc and in DMF were 
carried out Mly. The rf~tion in pyridiae gave a quan- 
titativc yield of 4,4dipbeayl-2-butar~mc after 3 hr. IIK reaction 
in DMF gave a complex product mixture that could not be 
idtntitkd. 

fsolarior and chamc~uisatior oj products jmm addifior oj 

LiMc+Ju. LiPhgu. and tiWelAu to enolvs. Compound 2 was 
isolated after distillation and the NMR spectrum compared with 
that of an aulbentic sampk. )’ 7%~ dimer 3 was isolated by 
preparative TLC as described cariicr.’ or by HPLC (bcunc. 
EtOAc 4: I) m.p. 99-100”. TIC NMR was compared lo that d III 
authentic sampk.’ 

Compound 4, was separated by kugclrohr datillation foUowcd 
by Itash chromatography (EtOAc-hexane I : 3. silica ~1). m.p. 
E&8?+. Abs. mass 306.185. IR (KBr) l700cm ‘.M H NMR 
(270MHt. CDCI,): d 7.22 (IOH, m). 3.73 (IH. ddd. Jcd=4.S. 
J,,= 3.2.Ja= II.Hd).3.2fI(IH,dd.J,= 17.%J‘,= ll.H,).3.10 
(IH. dd. Jai = 10.5. Jcd - 4.S. H,). 3.01 (IH. pd. Jbc = 10.5. Jti - 
6.7, Ha. 2.88 (IH. dd. J,,. = 17.5. Jc = 3.2, k,. 2.10(3H. I). 1.3s 
(3H. d. Jti = 6.7, H.). I.12 (3H. s. H,). H, is shidded due to its 
position between two aromalic ir-syslems. 

0 

I 
H~-C~~H’-CH’CH’I’-C-CH> 

II I 
Pb c-o Pb 

CHI 

E- 5” vu isdakd by HPLC (bexane: EtOAc 4 : I. silh gel). 
‘H NMR (270MHz. CDCI,): 6 7.37 (5 H. ml, 6.77 (I H. d. I 
IOHz). 6.33 (I H. d. / IOHz), 2.66 (2H.s). 2.29 (I H. broad s), 
I.55 (3 H. I). 

4.CDipbcnyl-2-bum was isolated after kugdrotu dis- 
tiltat&. Its NMR spectrum was in agrccmcnt with I& publisbcd 
SpeCtrum.” 

Gcnrml pmcedwr /or the pmpamtior oj NhlR-son& oj 

tiMe$Zh and LiPbQ. MeLi or PbLi (I mnd) in dktbyl elbcr 
was added 10 CuI (0.52 mmd. recrystallized) at 0’. The ctbcr VU 
cvrpontcd by a stream of NI, cbc solvent under investigation 
was added. usd tbc sample was transferred 10 an NMR tube. In 
some uses lhc tube was se&d. in o&era spcciai tubes fitted 
with a da.ss stopper were used. The wtns sometimes contained 
traces if diethy; &er. No attempt was made IO remove the I.iI 
(I ca) formed in cbc wewrtioc~ of LiMeCu or LiPb,Cu. exccopt 
k ok case. No diff&n& ia tbc sp& could be o&wed. _ 

General pmcedun /or the nachoru betwetn lithium dhCrhti~- 

amrate and enone in ditihyktkr. Mctby~M(lRripl~nyI- 
pbosphinc” was prr~ared from -MeLi and tripbcnylP4osphinc 
&i(l) &bride” in dkthyktber at 0”. Litium dime&ytaunte 
was prepared by adding MeLi (1.0 mmol) in diethyktber 10 a 
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shury of nKlhylgold(l)_lrip&tty~s~ (I .06 mm4 in dictbyl 
cc&r (IO~I) at u’. The solid phase dissolved upoc~ addition d 
Meti. giviog a cdohs, cku sola of lilhbll biwlhyhmIc.* 
wbcb was slirled for 3omin bdm auioo of lbe enone 
(I .o mmd) dissolved in dictbyl ctbcr (5 ml). SolDc minutes after 
tbe addition of tbc substrate. tbc solo turned ydbw and a b&t 
yetlow ppt flXmcd. Afta stuling foe 2 hr aI (r. tbc ractiou was 
qttcncfmd by pouring tbc mixture inlo 0.5% H$G,. Tbc layers 
were separated. the et&r pbasc wasbml twice witb water and 
dried and tbc ether evapontcd. Tbc cnbdc mixtures were 
anaJyscd by GLC lad NMR, which sbowcd tbc absence of 
conjugate addilion poducts. With 2cycbbcxem~~ as the sub 
stnte 110 rcsktuai starting material was observed. whik several 
products of hi&her molecular weight had been fond. With 
E-4-pknyi-34nttcn-2-one no star& material w8s kfl. The 
dimcr 3 was the main product together with an unidcntifKd 
product of w molecular weight After rdditioa d methyl 
E-3-phcnylpropcnoate to LiMC~AU the starting material was 
ncovcrcd unchanged ( > 95%) Pita 2 hr. 
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