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The intermediates resulting from the addition of lithium dimethylcuprate to 
the 1-phenyl-3,4-pentadien-2-one have been identified by NMR and IR spectro- 
scopy. These intermediates are ar-cuprio ketone and copper enolate species. 
The reported results are consistent with a 1,2 addition of the cuprate to the 
activated carbon-carbon double bond. This mechanism seems to be general 
for ar-allenic carbonyl compounds 

Recently we reported [ 11 that the reaction of lithium cnmethylcuprate with 
the allenic ketone Ib proceeds by 1,Zaddition to the activated carbon-carbon 
double bond to give a cuprate-type intermediate IIb. This species is slowly 
established in equilibrium with the isomer copper enolate IIIb. Upon hydrolysis 
IIb leads to the fi,y-ethylenic ketone Vb and IIIb to the &unsaturated 
ketone VIb as illustrated in Scheme 1. 

SCHEME 1 

CH2=C=CHCOBz ‘= CH2=C(CH3)CHCOBz 2 CH2=C(CHs)CH=CBz 
CH,CU,Li b 

! CHsdu,Li 

<a> (1%) <nib ) 

Bz = CH,C6H, H20. H20. 
NH&l 

CH2=C(;H&&COBz 

1 NH4Cl 

(CH,),C=CHCOBz 



This mechanism was based on the analysis of the influence of time, tempera- 
ture;and ligands-on the ratio Vb/VIb and on a study. of deuteriation of the 
i&i-mediates. The absence. of the lithium enolate IVb in the system was 
established. 

CH,=C(CH,)CHC(O)Bz <I_ ) 
Li 

We have investigated this problem further by spectrometric techniques (IR; 
NMR) and by dn asymmetric induction study. We compared the IR spectra of 
the reaction medium resulting from the addition of lithium dimethylcuprate 
to Ib to those of the anionic species obtained by metallation of VIb and of a 
Vb + VIb mixture. The results are reported in Table 1. 

From -the results it can be concluded that the two bands observed in run 1 
must be assigned to at least one copper species, but more detailed analysis is 
difficult *. The same reactions have been examined by NMR spectroscopy, the 
results are reported in Table 2. In run 1 the integration curves lead us to the 
following assignments: 

CH3 

~H~=C--CHC(O)CH~C~H~ 
CH&& 

CH,Cu,Li 
c”H,=c&=C4 

CH,du,Li 
e .- e 

(I= ) (Irm> 

As shown in Table 3 the Vb/VIb ratio observed after hydrolysis is in good 
agreement with the IIb/IIIb ratio calculated from this assignment. The results 
are consistent with the assumption that hydrolysis of IIb leads to Vb and of IIIb to 
VXb_ We were able to induce some optical activity by the following sequence: 

IC HzO; NH&l 

(CH,),C!u,Li -JE5= _____f _____f 
OcC: 30 min-780C; 3 min 

CH1=C(CH,jCH(CH,)C(0)Bz + (CH,)&=C(CH,)C(O)Bz 

WC) WIG) 

When (+)-DIOP is used the mixture Vc + VIc had [a] g i- 2” and when (-)-DIOP is 
used f&]g” -1-6”. The observed optical activity cannot arise from a chiral impuri- 
m because: (i) it slowly decreases, probably owing to the keto-enolic equili- 
brium and (ii) the same experiment performed with ketone Ib leads to an optical- 
ly inactive product. The optical activity of Vc cannot be satisfactory explained 
if we assume that Vc arises from the hydrolysis of a copper or lithium enolate 
species **. Thus we assume that the &y-ethylenic ketones are derived from the 
hydrolysis of a cuprate-type species II. These results establish the formerly prop- 

* Little is known about IR absorption spectra of cuprates or copper eoolate specier However. bY 

compax%on with Klein’s data [S] our z&gnments seem most Iikely. 

** ILfet.a&tioa of the Vc + VIc mixfun by NaH, followed by hydrolysis in the presence of DIOP 

gives an optically inactive product. 
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TABLE 1 

IR SPECTRA (Solvent: 0.3 M dietbyl ether) 

Run characteristics (V (cm-‘) 

1 Ib + (CH3)2Cu,Li; P(n-CqHg)f a 1605s 
1615s 

2 Vb + VIb @O/20) -t NaH ’ 1560~ = 
1585w = 

3 Wb+NaHb 1560m 
1585m 

o Spectra were recorded after different reaction times (5.30. 60 min) at various temperatures in the 
range -5O- +20°C. Probably owing to the proximity of the two absorption bands no significant change 
in their relative intensities was obsexed. Under these conditions the addition was complete. b No displace- 
ment of the absorption bands was observed on addition of lithium iodide or on varykg the temperature_ 
c These two bands can be assigned to the anionic species resulting from the metal&ion of VIb as demon- 
strated in the appendix. 

osed mechanism illustrated in Scheme 1. Such a mechanism appears to be 
general for a-allenic carbonyl compounds. The results reported in Table 4 
show that the addition of lithium dimethylcuprate to the allenic ketone Ic or 
the allenic ester Id (CH,=C=CHC(O)OCH,) leads mainly to the corresponding 
&y-ethylenic compounds Vc/Vd for short time condensations. Then the ratio 
V/VI decreases with time to reach an equilibrium value. 

These results are identical to those observed in the case of the ketone Ib [l] 
and can be rationalised by the mechanism shown in Scheme I for Ib. In conclu- 
sion it appears that the addition of lithium dimethylcuprate to a-allenic com- 
pounds proceeds by l,Z-addition to the activated carbon-carbon double bond. 
A similar conclusion was drawn for allenic phosphine oxides 121, sulfones and 
sulfoxides [ 31. The formation of copper intermediates was also suggested by 
Riviere [ 43 and Posner [ 5] for cr &ethylenic ketones, and established by Klein 
[6] and Normant [7] for acetyfenic compounds_ 

This leads us to reconsider the concept of a 1,4 addition usually assumed for 

TABLE 2 

NMR SPECTRA (Solvent: 0.3 fif diethyl ether) 

Run= Temp. ("C) signals (6 <pm-G) 

<a) 00 (cl Cd) (=I 

1 Ib + 
(CH3)~Cu,Li- +30 4.4 5.18 4.94 7.1 -0.66 

P(n-CaHgh @) -20 4.36 5.20 5.10 7.1 
-80 4.36 5.20 5.20 7.1 

2 
Vb + VIb <80??20%) 

+ NaH 
or& one signal within the range 
10-4 ppm whatever the temperature 
be: 6 = 7.1 ppm (aromatic protons) 

3 VIb+NaH 

(1 Owing to the use of ether as solvent and to the presence of tri-n-butylphosphine we could not investigate 

the 4-O ppmbregion. Attempts in THF-dg failed: in pure THF the intermediate species in - 1 are unstable 
or different_ Reproducibility and reversibility @y alternately loaering or increasing the temperature) 
were demonstrated. 



TA3LE3 

RATIOS OBTAINED AT VARIOUS TEMF’ERATURES 

+30 67-33 65-35 

-20 76-25 74-26 
-60 m-20 86-14 

TABLE 4 - 

(GH3)2cuLi 
Ch’2=7(R)520; NB4d CHZ=C(CH~)CH(R)X + (CEi3)2=C(R)X 

(3 WI W-0 

(Ic. Vc. VIC: R = CH3; X = C<O)CH~C~HS: Id, Vd. VId: R = H: X = CCO)OCH3) 

Ic 
IC 

IC 

Id 

Id 
Id 

Reaction 
time 

(=dw = 

3 
20 

60 

5 

20 
60 

v <Q) VI (9) 

70 30 
50 50 

50 50 

so 10 

78 22 
78 22 

Overall 
yield 

(S) 

80 
80 
80 

76 

76 
76 

a Temperature 80°C. 

these reactions: the generality of a 1,‘2 addition to the activated carbon-carbon 
multiple bond, leading to a cuprate-type intermediate, can be suspected. As it 
has been demonstrated in the allenic series [1,2,3} the stability and the evoiu- 
tion of this first-formed intermediate depend on the nature of the substrate, 
the added cuprate, the solvent, and the presence of complexing agents.. 

Appendix 

The metallation of the ketones Vb and VIb can be studied by IR spectroscopy 
by following the disappearance of their absorption bands. v(C=O) (Vb, 1725 
cm-’ ; VIb, 1692 cm-‘) and v(C=C) (Vb; 1658 cm-‘; VIb, 1628 cm-‘). When VIb 
is treated with Nail in refhrxing ether the disappearance of the two bands takes 
30 mm_ At the same time two new absorption bands appear at 1560 and 1585 
cm-‘. Deuteration leads quantitatively to the compound (CH&C=CHC(O)C(D)- 
HC,H, (IXb). 

When a Vb/VIb (80/2Q) mixture is simikrly treated, the disappearance of Vb 
within 5 min. can be assumed, but no new absorption band can be detected; then 
VIb slowly disappears and the two bands at 1560 and 1585 cm-’ can be seen; 
their intensities continue to increase after the metaJ.lation of Vb is complete. 
Deuteration gives the resuI$ shown _k TabIe 5_ From these results it can be 
assumed that: (i) the mefA.Iation of .Vb is faster than that of VIb; (ii) the two 
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Reaction 

time <min) 
Products (5%) = 

CH3 H 

>C=C< 

DCHz C(O)Bz 

<VI%) 

CH3 C<O)Bz 

>C=C’ 
\ 

DCHz H 

(VIIIb) 

IXb 

6 40 40 

30 30 30 

* Determined from NMR spectra: exp. error t34b. 

20 

40 

observed absorption bands at 1560 and 1585 cm-’ can be assigned to the enolate 
IVb’; (iii) the enolate IVb slowly isomerises to VI’b upon time. 

CH3 
CHz=CSL~+$H,C,.H, --f (CH;)&=CH$<HC6HS 

0 Li 

Experimental 

Diethyl ether was treated with stannous chloride and dried over sodium wire. 
Copper iodide was regenerated from the complex [CuI, (n-C,H,),P], prepared 
according to ref. 10. Ethereal solutions of methyllithium (Alfa) were standar- 
dised against HCI and I? solutions. Compounds Ib, Id were prepared according 
to ref. 8. 

The reactions were performed under dried argon. Reagents were added with a 
syringe via a side arm capped with a rubber septum. NMR and IR cells were 
cooled to the appropriate temperature, purged, and filled under argon. In a 
standard procedure, to a suspension or a solution of a copper(I) salt (CuI or 
&I, (n-C,H,),P) 3 X 10e3 mol in 5 ml of ether two equivalents of CH3Li 
were added at -23°C. After 10 min 3 X 10m3 mol of the allenic compound (in 
5 ml of ether) were added at the relevant temperature_ Part of the solution was 
transferred to the NMR or IR cell, and the residue quenched with a saturated 
NH&l solution. 

Asymmetric induction: 10m3 mol of solid DIOP were added to a solution of 
lithium dimethylcuprate (10m3 mol in 5 ml of ether). The mixture was stirred 
at 0°C for 30 min. A light green, almost homogeneous solution was obtained. 
After cooling at -78°C 10e3 mol of Ic (in 5 ml of ether) were added. After 3 
min the solution was quenched with a saturated NH&l solution and the product 
purified by preparative TLC (silica gel Merck 60 PF254+366; hexane/ethyl acetate 
SO/ZO). 

Metallation of Vb and Vlb. Compounds Vb and VIb (3 X low3 mol in 5 ml of 
ether) were added to a suspension of sodium hydride (3 X low3 mol in 5 ml of 



.Compoundslwer~.identified from their IR and NMR spectra and by the obser- 
$atibti df the &01&&r ‘peak &I mass ipectrometry_ The. I&&I fiiatties ard ---. .--- 
indmated]beI&-w. NMR: G(ppm) (TMS inter&I standard); J (J$i); s, singlet; d, 
doublet; m, m&iplet_ 

2 b c -.d. 
CHz=C(CHS)CH,COCH,C,H, <-YI,) 

JR: v(C=C)i 1650 cm-*, v(C=O): 1715 cm-‘. NMR: (a) 4.83; 5.Om; (b) 1.74m; 
(c) 3.17m; (d) 3.75s. 

Ck, CO&&H; 
;c=c: <Vfi) 

c$f3 H 
c 

IR: vfC=C): 1630 cm-‘, v(C=O): 1690 cm-‘. NMR: (a) 2.16d, J(c) 1.25; (b) 
1_86d, J(c) 1.25; (c) 6_14m; (d) 2.82s. The IR and NMR spectra of compounds 
VIIb; YIHb and Mb are identical to those of VIb, 
2 

CH,=C(;H3)CH(~H,)COCH&HS tvc) 

IR: ti(C=C): 1650 cm-‘- , v(C=O): 1715 cm-‘. NMR: (a) 4.9m; (b) 1.66m; (c) 
3_3q, J(d) 7; (d) 1.16d; (e) 3.86s. 

&, ,& 
<vrc) 

cg3 

;C=C, 
COC$C,H, 

IR: v(C~C): 163O.cm-‘; v(C=O): 1695 cm‘-‘. LNMR: (a) 2.0s; (b) 2.3s; (c) 1.76s; 
jd) 3.94s. 

~H@(~H,)&~(O)O& CVd) 

IR: u(C=C): 1650 cm-‘; v(C=O): 1735 cm-‘. NMR: (a) 4.86m; (b) 1.8m; (c) 
3.03m; (d) 3.86s. 

ci?, ,c(ojoc&, 
>c=c, 0-d) 

cp3 H 
c 

IR: v(C=C): 1636 cm-‘; v(C=O): 1720 cm-‘. NMR: (a) 2.16d, J(c) 1; (b) &9d, 
J(c) 1; (c) 5_6m, (d) 3.66s.. 
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