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Organ~pper xeagenU of diffenmt compositions are highly useful tools in organic synthesis for the 
formation of new carbon - carbon bonds.1 Cons&able effort has been spent in attempts to achieve high 
stereoselectivityinthebolKlformation. Enan~vityviachiralauxilipritsindlecopperreagentpor 

ligands is an elusive field with some striking examples of success.2 Diasmvity via chirality in the 
organic substrate has proved to be a more accessible route1 

Oureffortshave~ndirectsdtowardsabetterunderstandingof~mechanianforthecarbon-carbon 

bond formation between the organocopper nzagent, mostly R$Ui. and enones or enoate& 

- “R-cu K 

We have shown by NMR qeumscopy that the reversible formation of a n-complex between copper in the 

organocvpper reagent and the alhe 1c-orbMs of the enoate probably is an early step in the reaction leading 
to the carbon - carbon bond.3 It has later been shown that alkene-copper xcomplex formation also takes place 
on addition of Me$uL.i to enon& and enynoates.5 llms z-complex formation is probably a general reaction 
thathtiStObethIlilltO2lCCOllUthdiSCUSSiOilSCO- g the tmdmism of carbon-carbon bond formation 

to aikenes activated by electmn withdmwing groups. 
Furthermore we have observed that the reactivity of the cqper magents and the chemoselectivity of dre 

reactions anz strongly tiuenced by the choice of solvent6 Also. in a noncoordjnatiag solvent as Muene or 
dichloromethane the presence of a chiral amino group can exert a strong intluence on the diastcreoselectivity 
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of the reaction.’ The effect of an alkoxy group is not as pronounced but it can exert some influence via 
chelation to lithium or copper during the reaction. 

Our previous investigations have been focused on phenyl subsituted acrylates. These substrates were 

chosen for the NMR-studies due to their simple pattern in the NMR which is favourable for interpretation. 
Their reactivity is also suitable for NMR-experiments. We have now attempted to test our models for the 
1,Caddition reaction on compounds that are more closely related to structures of interest for synthetic 
applications. 

Chiral y-alkoxysubstituted enones and enoates sometimes react with organocopper reagents to give good 

yields of the 1,4-addition products. Chitality transfer can lead to high diastereoselectivity. The presence of the 
oxygen in the @ltoxygroup also provides a position for chelation to a metal atom of the organometallic 

reagent.* 
It has also been observed that the T-alkoxy group can be removed from the substrate by reduction when the 

y-alkoxysubsituted enone is reacted with an alkylcuprate, R2CuLi.9 

Results and dlscusslon 

We have studied the addition of a range of organometallic reagents to the E and Z isomers of ethyl 3-[(s) 
2,2-dimethyl-1,3-dioxolan-4-yllpropenoate, 1 and 2 respectively. 

/+=)=O 

“x” OL- 
2 

3 4 5 

Scheme 1 

The metal composition and the structure of the organic part, R, of R-Met have been vrqied as well as the 
concentration of R-Met. In this investigation all organocopper reagents, RCu, RCu/TMSI and RzCuLi, have 
been prepared by addition of RLi to copper iodide, CuI, in diethyl ether. As the lithium iodide formed in the 
reaction was not removed before the reactions with 1 or 2 (except in one case) the reagents should rather be 
written with incorporation of LiI, e.g. RCu-LiI. It has been demonstrated previously that this presence of LiI 
is important for the reactivity of the organocopper reagents. lo The effect of additives, change of the solvent 
and the temperature have also been studied. Some results are summarked in the Table. The anri and syn 
configurations of the products 3 and 4 respectively were assigned by analogy with results reported by 
Leonard et al., who have shown the syn configuration to be the main product on addition of alkyllithium 
reagents to 1.11 

The 1 +addition products 3 and 4 could be obtained for R = methyl, butyl or phenyl in high yields and 
reasonable to high stereoselectivity by a careful choice of reaction conditions and composition of the 
organocopper reagent “RCu”. 
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As seen from Table 1, dialkyl cuprates ate not useful reagents for the formation of a new carbon-carbon 

bond to 1 or 2. Whether the R group of the dialkylcuprate, R2CuLi. is methyl or butyl, 5 is the only product 
formed. These observations am in good agreement with those of Takano et al. who suggested that 5 is formed 
via a reduction - marrangement process where the diikuprate reacts with electron transfer solely.12 
Stuprisingly, Leonard et al. have reported that Bu2CuLi adds with transfer of the butyl group to the methyl 
ketone analogues of 1 and 2.13 

Table 1 Reactions between the E and Z isomers 1 and 2 with various organometallic reagents R-Met at 
temperatures and times indicated. Reactions were performed in diethyl ether unless indicated otherwise. 
The concentration of R-Met varied between 0.04 - 0.11 M, with a reagent : substrate ratio of 2 : 1 
&CuLi counted as a monomer). 

Substrate Reagent T=~P Tii YiielQ 46 DhStCAWlUlUiC 

R-Met “C h of 3+4, GC ratio 

3 : 4 

1 MeCu(LiI) 0 12 uotraction 

1 MeCu~SI -20 20 70 6.5 : 1 

2 MeCU(LiI)~SI -20 27 no reaction 
1 MCCU(LiI)ITUSI -85 23 60 11: 1 

1 MeCuRMSI -85 23 noreaaion 

1 BuCu&iIj/lMSI -85 23 83 100: 0 

1 PhCu&iIyIMs1 -10 24 80 9.6 : 1 

1 Ph$hLi(LiIj 0 1 76 4 : 1 

1 Ph2CuLi(Ui a 0 0.5 18 c 3 : 1 

1 PhzCuLi(Li0 6 0 1 70 2.6 : 1 

2 ~ULi&iI) 0 5 80 182: 1 

1 MeLi -78 3 99 1 : 210 

1 BIlLi -78 5 76 0 : 100 

1 Me$ZuLi(LiI) -78 2 (s)d 

1 Me&NCuLi2 -78 5 (5) 

1 Bu2CuLi(Li,iI) -78 5 (5) 

2 MezCuLi(LiI) -78 5 (5) 

a Reaction in THF, b Reaction in CH$& c high yields of 6, 
d 5 is the only product 

Contrary to the alkylcuprates Ph2CuLi shows the normal reactivity affording high yields of the 1,4- 
addition products 3 and 4 in diethyl ether. Similarly, divinylcuprates have been reported to react with 
normal 1,4-addition affording the anti and syn products from ymethoxyenoates.14 
The addition of Ph2CuLi to 1 affords a moderate stemoselectivity while the addition to 2 gives the ~ti 

adduct 3 only. The addition of Ph$uLi to 1 was repeated with tetrahydrofuran, THP, and dichlorometbane, 
respectively, as solvents. The stereoselectivity of the reaction was not strongly affected by the change of 
solvent as seen from the Table. However, THP induces a considerable change in the reactivity of the cuprate 
as has been observed previously.63 7 The W-addition of a cuprate to 1 is slow in THP giving a low yield of 3 
and 4 while once an enolate is formed, it adds to a second molecule of 1 leading to the isolation of a high 
yield of three or four stereoisomers of the high molecular weight product 6, c$ Scheme 2. 
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1thasbeenIEqmed13thatthemonoor ganwqpx reagent BuCu reacts with methyl ketone analogues of 1 
and 2, giving the 1,kddition products with a& -syn -selectivity 1: 1.5. As expected, eaters 1 and 2 exhibit 
lower reactivity towards organocopper reagents as demonstmted by the attempt to react 1 with methylcopper. 
After 12 h at 0’ with MeCu&ii the starting material, 1, was recovered m Addition of iodo- 
trimethylsihu~ TMSL” to MeCuO before addition of 1 afforded high yields of the l&addition products 3 
and 4 even at -85”, while the Z isomer2 at -20’ is stiR umeactive towards MeCu(Lir3/rusI. Removal of LiI 
formed in the pmpankn renders the reagent MeCr$MSI umeactive towards 1. 

The mgents lSCu(LiIyzusI and BuCu&@TMSI also teact with 1 to give comparable total yields of 3 
and4.The smmos&ctivity &mined with -1 and PhCuo/IuSI are of the same order of 
magnitude while only one m can be observed on CC and NMR analysis of the crude product from 
addition of BuCu(LiIyMSI to 1. This product has been assigned the unri configuration after comparison 
with the product we obtain& from addit& of BuLi to 1, which has been assigned the syn configuration.8 

Previous discussions of the sWeo&e&vity of the l&ddikon of an alkyl or vinyl group to ‘y-alkoxy 
substituted enones or enoates have been based on a modified FWin-Anh-model for the transition state of the 
reaction. The Mn selectivity of the carbon-carbon bond tkmation with organocopper reagents, RCu or 
RCu-BF3 has been attributed to steric effects causing bond formation dnri to the ‘y-alkoxy group (L). 

-c RCU 

inside 

-fD- H M COR 
He. ..** 

Mod&d Fdkii-Anh model 
H 

1 

an6 

The syn stemodectivities observed for R-U has been atttibuted to the chelation of lithium to the ‘y-alkoxy 
oxygenatomasthisis assmned to dii the nucleophile to the opposite face of the &ene.l6J7 

To increase our understanding of the relative &po&nce of sterk efkts relative to chelation effects we have 
compared the reactions of 1 and 2 with the addition of Me2CuLi to the chii cinnamates 7a - d performed in 
dichloromethane at O*C, Scheme 3. 

Ciunamates 7a and 7c have chiral a&y1 groups of sin&r size (steric requirements) as the hetero atom 
substituted side chains in ~JJ and 7d, Scheme 3. It is evident from the observed stemoselectivities of these 
reactions that steric interactions (7a and 7~) do not diskminate between the two possible transition states. 
The introduction of oxygen in 7h causes some increase in stereoselectivity while with niuvgen in 76 69% 
d.e. is observed in the formation of 8d. This effect has been attributed to chelation of the nitrogen atom to 
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lithium in Me&t&i. The effect of oxygen is much smaller indicating that a larger share of the reaction 
proceeds via a competing reaction via a transition state without chelation.t* 

We thus conch& that the alkoxy group has a moderate chelating ability in noncoordinating solvents as 
dichloromethane. THF has been fouud to compete more favourably for coordination sites on lithium thus 
preventing chelation of alkoxy gtoups. In diethyl ether chelation of the alkoxy oxygen to lithium is a mom 
likely event. 

Sdlema3 

0’ 0’ 
0 0 

h&CuLi(Lil) 

CH&ta, o”, 1.5 h 

7 8 

7 Substituent X Yield, % d.e., % 

a” -C&G-I3 -0CH3 % 88 

C -CWCWz 62 
d -N(CH3)z 95 

7a,7E,&,&Ilienew~.lH,13CNMR_spacaaandMSwererrcorded. 
7b,7c,8bmd&havebeenreprtedinref.6aud7. 

15 2 

2 
69 

In good agreement with this, the addition of RLi to 1 and 2 and their ketone analogues has been 
rationalized by including chelation to lithium in the transition state model, see above. However, the 
corresponding transition state models for the reactions of the organocopper reagents have neither taken into 
account the composition and structure of “RCu”, nor the likely pathway via an alkene-copper x-complex. 

Based on previous work on the structutc of organocopper reagents in solution and in the solid state it is 

reasonable to assume that the organocopper reagents RCu used in this investigation all have cluster structures. 
The composition and structum is likely to intluence the course of the reaction, e. g. by introducing a site for 
chelation. Hem we will assume that a dimeric structure based on experimetsl evidence for lithium 
diorganccuprates can serve as a model.lg The basic unit of several reported clusters is a linear R-&-X anion 
linked by lithium cations to other units. The nucleophilicity versus electron transfer ability of copper in the 
R-Cu-X species will depend on the character of the R and X groups on copper. In this investigation R and X 
can be methyl, butyl, phenyl, trimethylsilyl or iodide. 

Fwposedsmlclufeforthedime.licmlitofrheliuliumdiorplnocnprate 
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Based on our previous investigations we would argue that au early step in the reaction between any 

organocopper reagent “RCu” and the enoates 1 and 2 is the reversible formation of a copper - alkene IC- 
complex.3 Depending on the structure and composition of “RCu” this x-complex may also exist in 
equilibtium with a-complexes that also have lithium - oxygen chelation to the carbonyl oxygen or the alkoxy 
oxygen or both. Although it has still not been possible to prove the next step of the reaction, it is generally 
agreed that a copper(III) intermediate is formed by copper acting as a nucleophile towards the barbon. The 
carbon-carbon bond is then formed by reductive elimination to form an enolate and a copper(I) species. The 

formation of the copper@) intermediate may be pteceeded by a one-electron transfer from copper to the 
enoate. Carbon-copper bond formation will lead to the copper(III) species and the normally observed 1,4- 
addition product, an enolate. The alternative route with transfer of a second electron will give reduced 

products as has been observed in several cases. The observed difference in chemoselectivity between 
RCu(LiI)/TMSI, giving carbon-carbon bond formation, and the alkyl cuprates, giving the reduced product 5, 
is in good agreement with the chemical scale on the electron transfer ability for organocopper reagents 
proposed by Yamamoto and co-workers.2o 
The substrates 1 and 2 used in this investigation provides a sensitive tool for fine tuning of the electron 

transfer ability of organocopper reagents. 
It is reasonable to assume chelation of oxygen to lithium also in the reactions with organocopper reagents. 

The opposite stemoselectivities observed for RLi and “RCu” can be related to the different steric requirements 
on complexation to the substrates forcing 1 and 2 to occupy different conformations on reaction with RLi and 

“RCu” respectively. 
In Fig 1 an attempt is made to accomodate the observed ~ti stereoselectivity of the “RCu” reactions with 

1 with a reaction model having copper-alkene x-complexation as the fust step. In Fig la the y-oxygen 
occupies the m&position with the oxymethylene group in the outside position. This conformation allows the 
organocopper cluster to approach unri to the y-oxygen with formation of a copper-alkene complex (Fig 1 
shows only fragments of the copper-lithium cluster). In the subsequent step copper should slide towards the 
P-carbon causing an increased steric crowding in the transition state for the formation of the copper(III)- 
intermediate. The steric strain will be relieved on the carbon-carbon bond formation. 

8 

Figure1 
b 

In Fig lb the y-oxygen occupies an inside position in a relatively co-planar conformation of the substrate 

allowing the approach of the large, dimeric cuprate. This conformation will favour interactions between 
copper and alkene ‘IE* orbitals as well as y-oxygen to lithium chelation as one of the lithium atoms of a dimeric 

copper-lithium aggregate will come fairly close to the oxygen. TMSI as part of the organocopper cluster (X = 
TMS) may participate by bridging between copper and the carbonyl oxygen, with TMS acting as a Lewis acid 
towards the carbonyl oxygen. 
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The stereoselectivity of the carbon-carbon bond formation will be determined by the relative reaction rates 

of this chelated and other possible n-complexes. 
The much stronger urui-selectivity observed on addition of “RCu” to the Z isomer 2 can also be 

rationalized in terms of a a-compIex with intramolecular lithium-oxygen chelation. In Fig 2 an attempt is 
made to vixualise a x-complex where the y-oxygen (in a pseudo-inside position) and the carbonyl oxygen 

are only slightly twisted out of the alkene plane bringing both oxygens into chelation to lithium. 

Figure 2 

The lower reactivity demonstrated by the Z isomer may be related to steric interactions forcing the carbonyl 
group out of planarity, reducing the activating effect of the electron-withdrawing group. The position of the 
two oxygens favour chelation to lithium in the cluster, thus lowering the transition state energy relative to 

other transition states. The opposite re face is effectively blocked for approach of the copper cluster. 

Conclusion 

On the basis of the observed stereoselectivity in the addition of RCu-TMSI-Lii to 1 and 2 we propose a 
reaction sequence where the first step is the formation of a copper-alkene n-complex with intramolecular 
oxygen to lithium chelation. The transition state energy is lowered by chelation relative to other possible 

tea&ion paths. The high selectivity observed when R = butyl can be understood in terms of the relative steric 
crowding in the transition state when copper is sliding towards the bcarbon. 

The esters 1 and 2 are sensitive probes for the reactivity of an organocopper reagent, as shown by the 

sequence: MeCu(LiI) and MeCWIMSI unreactive; RCu(LiI)/TMSI with R = Me, Bu, or Ph, and 
Ph$uLi(LiI) normal l&addition; Me2CuLi(LiI), Me2CNCuLi2, Bq$uLi(LiI) electron transfer. 

Experimental 

General 
All experiments with organome~aJlic reagents were carried out under an atmosphere of argon and with dried equipment 
Diethylether and THF were distilled fmm sodium benzcphenone ketyl aud dicbloromethane from CaH2. CopperOicdide was 
rccrysmllized using dimethylsultlde as a complexiug agent in dietbylether according to the method of House et ~l..~t Methyllithlum 
in diethyletber, butyllithimn in hexane and phenyllitbi~ in cyclohexauehietbyktber were all commercial (Aldrich aud Fluka) and 
used with no further purificatioo. CooceotratJons were determined by titmtio~~ with dipheoyl acetic acid TMSI were purchased from 
Janssen.TheEandZisomers1and2werep~hasedfromRuka1Hand13CNMRwererecordedonaVarianXL400MHz 
spectrometer and gas chromatograms on a Varian 3300 chromatograph(30 m DB-1, FID). Diitereomeric ratios of 3 aud 4 were 
determined on a cbiral co1mnu(Octakis(3-O-butyryl-2,6-O-peuty1-y-cyc1odextrin) for R = butyl before isolation by chromatography. 
High resolution mass spectra were run on a VG. ZabSpecFPlXCI, isobutaue). 

Typkal experimental procedures. 
Method I: -Addition of MeCu(Lii/IMS115 
A slurry of 1.1 mm01 Cul in 15 ml dichylether was cooled to 0°C before addition of 1 mmol(1.6I@ methylliium. The yellow 
precipitarewasstirredfor3Ominandthencoded~~C.1mmdTMSIwasaddedandtbemixture1eftwithstirringfor5min. 
The substrate dissolved in 3 ml diethyl ether was added drqnvise at the tern iudhted in Table 1 for the experiment and tie 
mixtmz then left stirriog for the specified time. ‘he reacfion was quenched with NH&VNH3 and left with vigorous stirring until 
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