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Abstract: Low temperature 13C NMR 
“Ei 

ectra of solutions generated durmg the ad&non of metallocuprates 
(PhMe2S1)3m2, PhMe2S<Me)Cu(CN) 2, (Me3Sn)3Cuh2 and Me3Sn(Me)Cu(CN)L12 to cyclohex-2-en-l- 
one suggest that these remans proceed mitially VUI unstable lithium coordmated copper(I)-olefin x-complexes 
Workup of these reactions results m exclusive dehvery of R34 or R3Sn moiety m a 1 &manner 

The fac1hty with which cuprates beanng alkyl.lJ sllyl, 394 and my14 amens mtroduce these groups m 
a Michael sense to a&unsaturated carbonyl compounds (1) makes them the reagents of choice for these 

transformations F’revious mechamstic studuza of these processes have centered only on G1hnan reagents [1 e., 

(R2CuL1)2,2] 5-16 While m1tial coordmation of the substrate carbonyl with hthmm (1 + 2 + 3) and formation 

of a b substituted enolate (4) are common featutes, there has been consuierable &vergence of opm1on concemmg 

the mtervemng steps (Scheme 1). 

Kmet1c data by Krauss and Smith6 as well as Corey’s7 isolation of an msoluble species that was 

convertible to products suggest a process mvolvmg mtermedw that unnnolecularly rearrange to the enolate. 4 
On the basis of the correlatmn of redumon potentmls of a$-unsaturated carbonyl systems VJlth cuprate reactwlty 

House8 proposed that imt1al carbonyl-lithmm coordmauon was followed by a smgle electron transfer process 

(3 + 5) and thence by copper-carbon bond formanon to gve the Cu(III) species, 6 A shghtly dtiferent proposal 

mvolvmg duect formation of 6 from 1 and 2 vu a charge transfer complex (7) was advanced by Smith and 

Hannah9 (Scheme 1) 

Johnson10 and Casey1 1 view the producQon of the Cu(III) adduct (6) as occumng vlu a nucleophlhc 
add1hon of the reagent to the p carbon atom of the substrate without the mterventlon of a smgle electron transfer 

step Be&n12 and &vie&3 proposed the formanon of a copper(I)-alkene Ir-complex (8) In Berlan’s proposal 8 

reacts vta direct carbocuprat1on to @ve an u-cupnoketone, 9, which rearranges to the thermodynarmcally more 

stable hthmm enolate 412 (Scheme 1) 
Cogent evidence for bmdmg between copper and it* MO of the enone as m 8 comes from the mfrared12 

and NMRl4.15 spectroscopic stu&es of reactions mvolvmg unsaturated esters and 214 or Me(2-th1enyl)CuLl l5 
Thus, Ullenlus has provided mc1s1ve NMR evidence for the reversible formauon of 8 VIQ (1 + 2 + 3) m the 

addmon of 2 to methyl cmamatel4 (Scheme 1) At -7oOC dus reacuon gave an mtewate species m which the 
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Intermedate x-complexes 1179 

signals due to both the C2 and C3 carbons were &fted upfleld by 55 and 73 ppm respecuvely.l6 These shifts are 

m the range of coonlmation shti (- 60 ppm) for tngonal alkene-transmon metal complexes of N1, Pd and Pt 17 

The present study involved measurements of the l3C NbIR spectra of solutions generated durmg the 
addition of metallocuprates (PhMe2Si)gCuL12 (lo), l8 PhMe2S1(Me)Cu(CN)Li2 (11),19 (Me3Sn)3CuL12 

(12).20 and MegSn(Me)Cu(CN)h2 (13)lg to cyclohex-2cne-l-one (14) These reagents dehver R3S1 or R3Sn 

exclusively VU l&addmon to 14 to pve 15 (Table 1) 21 

Table 1. Reaction of metallocuprates with cyclohexenone 

0 0 0 1) “RsMCu” 

2) II+ 
-b MRs 

14 15 

;=s& Rg=g& 
= ; = 

(IO) 70% 

(II) 94% 

(12) 82% 

(13) 92% 

Addmon of 10 (Figure la). to 14 m THF at -85°C gave the l3C NMR spectrum shown m @me lb, 
S1gnal.s for C2 and C3 of I4 which normally resonate at 120.9 ppm and 150 7 ppm respectively are not present 

but have been replaced by several signals near 60 ppm and 35 (35.7,33 8) ppm. Comcldent wnh the appearance 

of these new signals. 1s the appearance of four mayor (-2.3, -2.6, -4.4, -5 1 ppm) and two mmor (-3 5. -3 8 ppm) 

resonances atmbutable to sllyl bound methyls. As the solution 1s allowed to stand at -70°C. the high field methyl 

resonances at -2 3 and -2.6 ppm disappear while those at 4 4 and -5 1 ppm grow. This 1s accompanied by a 

decrease m the signal mtensmes near 60 and 35 ppm and the appearance of new sharp signals at 38 6 and 23 7 

ppm. The signal ongmally (-85°C) obtamed for the rumle carbon (159.3 ppm) 1s replaced (-45°C) by another at 

152.7 ppm Workup of this macuon yields 15 (Table 1). 
It 1s attractive to atmbute the signals near 35 and 60 ppm to C2 and C3 of a copper-alkene x-complex 

slmtlar to 8 but contauung sdyl amon ligands on copper whale the signals at 38 6 and 23 7 ppm are attnbuted to 
the C2 and C3 of the comspondmg enolate (4) The signal due to the C3 carbon of the product (15) appears at 26 

ppm The upfield methyl signals at -2 3 and -2 6 are assigned to the sdcon bound methyls m the copper-alkene 
n-complex, 8 The signal due to the carbonyl (Cl) cannot be dmgmshed from baselme nofie 22 

The low-temperature l3C NMR spectrum of mixtures of 11 (F~gum lc) and 14 @ve slmllar spectra, the 

obvious common feature of which 1s the appearance of the high field doublet at -4 4 and -5.2 ppm atmbutable to 
sllyl bound methyls m the enolate (4. Figure Id) The s1gnal.s for C2 of thl~ adduct also appear around 35 ppm 
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Interme&ate Ir-complexes 1181 

(33.5 ppm) whtle those for C3 (24 ppm) cannot be observed due to overlappmg of the stgnal by THF signals The 

pnmarydifferencebetweenthLsspectrumandthato~by~oflOand14Istheappearanceofaslgnal 

at -12 5 ppm correspondmg to MeCu(CN)L~~ (16) w&h 1s formed as a result of exclusive sdyl group transfer. 

The appearance of 16 allows one to deduce that hthmm IS coordmated to enolate. 4. The broad signal for the 

mmle (159 4 ppm) m this solution is replaced by another at 151.3 ppm as the reacnon IS warmed from -85°C to 

-45°C. The set of signals around 60 and 35 ppm (Figure Id) ate hypothesized to be due to a copper-alkene 
x-complex (conespondmg to 8). the signal at -9.10 ppm ts asstgned to the methyl of this complex. 

The formation of a &ml center on =g a sllylcuprate (10) wtth 14 IS a suatght-forward basts for the 

presence of two signals for stlyl bound methyls m the l3C NMR spectrum asswed to the enolate 4 (-4 4 and 
-5.1 ppm) and the copper-alkene z-complex 8 (-2 3 and -2.6 ppm; Scheme 1). Thus, the s&on 111 each species 

is bound to a choral center and the silyl bound methyls ate dtasterotoplc. The presence of hthmm salt m the 

solutions of these cuprates may be tesponslble for the appearance of the addmonal signals at -3 5 and -3 8 ppm 

Coordmation wuh these salts may result m the formtion of a stable adduct 9 smce no signals were obtamed 

around -3 5 ppm m solutions free of LiCl. Alternattvely, the aggregation state of the sllylcuprates and the 
lr-complexes could vary and hence gave nse to species with the enone carbons m dtietent magneuc envmmments. 

Repetition of these expenments usmg (Me3Sn)3CuLi2 (12) and Me3SnCu(Me)Ll2 (13) gave smular 

results III that signals near 35 ppm along wtth doublets at -10 2 and -10.3 ppm wete produced on mmal mtxmg at 
-85°C These signals disappeared as those for the stannylated enolate (C2.38 ppm, methyl, -117 and -11 8) and 

MeCu(CN)Li (6 -12.5) appeared 

These NMR studies suggests that COnJUgate addmon of mued metallocuprates to u$-unsaturated ketones 

mvolves mittal formauon of an mtermedmte copper(I)-olefin x-complex (8) as proposed for alkylcuprates A 

carbocupration step to afford a species analogous to 9 1s a reasonable alternative and cannot be unambtguously 

ruled out by any studtes, mcludmg these, repotted to date 

EXPERIMENTAL 

All glassware and syrmges were dned overnight m an oven at 12O’C Glassware was flame dned under 

vacuum and flushed with argon lmmedlately pnor to use Syrmges were flushed with argon and kept under 

posmve argon pressure until use Transfers of reagents were performed by syringes eqmpped wtth stamless steel 

needles Reacuons were camed out m three necked round bottom flasks eqmpped with iiltratton mts and teflon- 

coated magnetic sumng bars 

Transfer of CuCN took place m a glove bag All alkylhthmms were freshly titrated before use 24 

Cyclohexeneone was dtstfled before use. 

Tetrahydrofuran was freshly dtsnlled over potassmm benzophenone-ketyl Unless otherwlse stated, other 

chermcals obtamed from commerctal sources were used without fmther punficaaon 

13C NMR spectra were obtamed on Vanan XL-300 spectrometer with an operatmg frequency of 75 46 

MHz Parameters for the l3C spectral acqulsluon typically mvolved a spectral width of 15000 Hz, 32K of 

memory, an acqmsuton tune of 0 4 s and a 60” pulse of 12 ps The spectra were recorded on THF soluttons 

unless otherwise specfied and were referenced to THF, a = 25 3 ppm, p = 67 4 ppm 
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A vacuum-Jacketed, glass dewar measurmg 7.5 x 16 0 cm (id 5.5 cm) was dewed with tapermg bottom 

to fit m the cup of the vortex nuxer. All NMR samples were stmed whrle coolmg at the m&cated temperamres m 

thus dewar 

Preparation of PhMezSiLi in THF: Dimethylphenylsllyl llthmm was prepared from 

dunethylphenylsllyl chloride and titrated as described in reference 18 

Preparation of CuCN-2LiCI: THP (11.0 mL) was added to a nuxture of CuCN (0 98 g, 110 mmol) 

and LICI (0 95 g, 22 0 mmol) m a round-bottomed flask under argon A clear, famt yellow soluuon was obtamed 

after 0 5 h of stmmg Thl~ solunon was used as the CuCN source for all the 13C NMR sample preparations 

unless otherwise speclfied.25 

Preparation of (PhMe2Si)$uLi2: The above THP solution of CuCN (0 25 mL, 0 25 mmol) was 

added to a 5 mm NMR tube, equipped with an argon mlet The solution was cooled to -78V and 

dnnethylphenylsllyllithmm in THF (0 9 mL, 0 75 mmol) added dropw~se. The solunon was snrred on a vortex 

nuxer for 20 mm be.fonz. recording the NMR spectm 

Preparation of (Me#n)$uLi2: A THF solution of MesSnLl(0 5 mL, 0 25 mmol) was added to a 

5 mm NMR tube, eqmpped with an argon mlet The solutmn was cooled to -78°C and a solution of CuCN m THF 

(0 08 mL, 0 08 mmol) added dropwlse The solution was stmed on a voxtex rmxer for 10 mm before recordmg 

the NMR spectra. Inverse add~tmn of the reagents gave snmhu spectm 

Preparation of (PhMe2Si)Cu(Me)(CN)Li2 and (Me#n)Cu(Me)(CN)Li2: These mixed 

metallocuprates were prepared m THF as described m reference 19 

Reaction of (PhMe2Si)Cu(Me)(CN)Li2 with cyclohexenone (14) : Dlmethylphenylsllylllthlum 

m THF (0 3 mL, 0 25 mmol) was added dropwlse at -78°C to a pregenerated solution of MeCu(C 

[(0 25 mmol, prepared by the reacaon of CuCN (0 25 mL, 0 25 mmol) and MeLl (0 18 mL, 0 25 mmol) m 
Et20 )] m a 5 mm NMR tube, eqmpped with an argon mlet The reacnon rmxture was stmed on a vortex mixer 

for 10 mm Cyclohexenone, 14 (0 25 mmol) was then added neat VU syrmge The 13C NMR spectrum was 

recorded after snrrmg for 20 mm at -78’C 

Reaction of (Me#n)Cu(Me)(CN)Li2 with 14: A THF solunon of Me,SnLi (0 5 mL, 0.25 mmol) 

was added dropwlse at -78°C to a solution of MeCu(C [(0 25 mmol, generated by the reacnon of CuCN m 

THF (0 25 mL, 0 25 mmol) and MeLi (0 18 mL, 0 25 mmol) m Et20 )] m a 5 mm NMR tube, equipped with an 

argon mlet The reactlon mixture was steed on a vortex nuxer for 10 mm. Cyclohexenone, 14 (0 25 mmol) was 

then added neat VU syrmge. The l3C NMR spectrum was recorded after sturmg for 20 mm at -78’C 
Typical Procedure for Reactions of PhMe2SiLiIMeLiKuCN Solutions with 14: PhMe2SlLl 

(125 mL, 10 mmol) was added dropwlse at -7O’C to a solunon of MeCu(CN)Li [( 10 mmol, prepared from the 
addition of MeLl m Et20 (0 7 mL, 10 mmol) and CuCN (0 089 g, 10 mmol m THF (2 mL) at -5O”C)I m THF 

(2 mL) under argon The resultmg deep red solution was stmed for 0 5 h after which cyclohexenone (0 08 mL, 

0 82 mmol) was added VUI a syrmge Reacuons were snrred for a further 0 5 h and then quenched with saturated 
NH4Cl/lO%NH40H Workup mvolved extracnon of the orgamc phase with Et20 (2 x 2 mL) and washmg with 

brme (2 x 2 mL) The combmed extracts were dned over anhydrous MgS04 and concentrated UJ vacua Column 

chromatography (4 1 hexanes EtOAc) ylelded 3-(dunethylphenylsllyI)-cyclohexanone m z= 90% isolated yield and 

> 95% purny as Judged by gas chromatographic analysis usmg dodecane as an mtemal standard The lH NMR 

and IR data for the 1,4-adduct matched those reported by Flemmg et al 3 for this compound 13C( lH1 (CDC13) 6 
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212.5 (C=O), 136.6 (ipso), 133.8, 1292, 127.8, 42.3, 41.8, 29.7, 27.5, 26.0, -5.4 (SCH3), -5.5 (SEH3), 

MS m/e (rel mtens1ty) 232 (M+, 20), 217 (15). 189 (5), 156 (22). 135 (100). Anal. talc. Cl4H20OSi 232.1283 

found 232 1282 
Typical Procedure for Reactions of Me$?mLi/MeLi/CuCN Solutions with 14: Me3SnL1 

(2 0 mL. 10 mmol) was added dropwlse at -78°C to a solution of MeCu( [(l.O mmol, generated from the 
reacuon of Meh m Et20 (0.75 m.L, 1.0 mmol) and CuCN (0.089 g. 10 mmol) in THF (2 n&)1 under argon. The 

resultmg yellow solution was stmed for 0 5 h atier which cyclohexenone (0 08 mL, 0.82 mmol) was added VU 
syrmge The reacuon was stirred for a funher 0.5 h and then quenched with saturated NI-L$Cl/lO% NH40H 

Standard workup followed by column chromatography (4.1 hexanes.EtOAc) yielded 3-(mmethylstannyl)- 

cyclohexanone m > 90% Isolated yield and > 95% punty as judged by gas chromatograpfuc analysis usmg 

do&cane as an mternal standani. The 1~ NMR and IR data matched those reported by Stlll4b for this compound. 

13C{l~) (CDC13) 6 212.2 (C=O), 45.8,42.1,30 8.29 4.25 2, -11.7 (SnCH3). MS m/e (rel mtenslty) 246 

(M+-lS,20), Anal talc CgH180Sn 246 1283 found 246 1282 
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