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Theprefenxlceforc&lgateadditioninrca&nlsof 
oqanocoprata~ &CuLii with a,@unsrturated ketones 
(scheme1)ha8bl!enwiddyexploitedinorganicsyll- 
thc3ia:Themechanismof&i8rl!actkmhasreceived 
some atta&n’ however, to date, a comprd1cn8ive 
mecbaaiam baa not evolved. we were iotercsted in 
exam&g tJle stereochemistry of orgawcoprate coo- 
jItgateeddsons,and~thisstndybecameiuvolved 
in conskleration of several mechansc featuns of the 
nsctkwl. Herein we report the reslllta of this involve- 
ment. 

ThemoatQotablefeatIwofthec&lgateadditkm 
WithR&UIipnthatthCreactionpKUhUX8alleaokte 
aaion‘alJinitialproductandtber~~ofth~ 
sz ~&v~yR2Qu ” reta&L 

mnactlve towards 
satuwed calbonyl compouls and collaideration of 
th~CE8Ult8llXdtotheproposalJofaUdectroPtransfCI 
processocwringdor&conjugateaddSm.Ardatkm- 
shipb&vecntbesnccessofconju@eadd&aandthe 
abilityofthe uaatwated ketone to accept electrons, aa 
measured by redwtkm potential8 (I&), haa evolved 
which is in accordance with the dectron transfer 
mecha&ic wnccpt. 

One&ctron traoefcz from R&Li to a&mWu&ed 
k&mea wW lead to radical anions, which have 
established properties, aQd,fomlally organowppem 
8peciea.Thefofmatilmofradicrlanionsinmixturwof 
R&LiandoJ~ k&mea haa begl.danon- 
atrat& using a steraxllanical probe and we attempted 
to obtain direct evidase for mm in these 
llhxtum. 

4-CbdeWl-lone1nactsWithM&lLiatODtogiW 
5j¶-methykholWan-3+ae 2 in high yields? Addition of 
anethercalsohttionof1toetherealMe2cIlLiat-1300 
#ave a bxight oraoge solotion. Hydrolysis of ao aliqwt at 
-1w gave only ullnacw 1. oo & the oraoge 

wlntbn to ca. -MP a rapid p&pita& of yellow Mdh 
wa8obwvalaQd2wa6imolatedinhighyidd+Rep&tnl 
ofthiasquenceintheptobeofaaEsRspe&nnneter 
gave no de&table &nal.a for any puamqg& species. 
It has bee0 shown previoody’o that it is unlikely 
that R2cuLi and the CIC double bond of the 
aJIB CO system form a coordination com- 
plut,asthecoaju@additioll~nisnotreCarded 
by~norpyridiaewhichwotibeqectalto 
competewiththeuwwatal CO compound for coot- 
dinstkmaitesoncopper.lherciaal8onoevidenccfora 
o&tooCcomplex,PadhUKXthCildtialresctionaf 
R0Liand8ub&atewooMappcartoinv&eacharge 
tralufer c4xuplex.1’ 

Inanattempttod&ermineifaadectrontranafer 
proccas ia involved in these reactions, 1 was Ieactal with 
MsCuLiintheptes~ofaraiesofnitrocompoPnds. 
which reportedlyn inhibit dectron transfer procearw. 
When a mixture of 1 and lOmole 46 of lJdi&ro- 
aaphthaleee was added to’M&uI..i a puple solotion 
was formed rapidly. work up gave only muexted 1. 
Repetition with nitrobenzene or Zchloro-2-nitropropaae 
gave sm results. ‘l&i8 i&Won of Me&Li con- 
jqate additkm to 1 is prewmably caused by the 
or@uoa~etallic rq& b& p&ra~tinlly oxidized by 
tbl? nitro compouD&.~ 

IbeumceptofRKuLirwtionspweedingbyd~ 
tron transfer lead to thepwbibility of rea&ion with other 
eaailyredocedcarbonylcompound&AccordiDglyben- 
zuphmoae3wasfoundtoreactwithM&uLiatODand 
gave l,ldipha~yletbanol 4. A similar rcactkm at -78” 
gave a red sob&m from which 3 wan recovered WI- 
chnq@.Rwtionof(n-RuhCoLiwith3at-Wgavea 
mixture of 1,ldiphenyWpen~ 5 and benzhydrol6 in 
32%and68%yiddrcqstivdy(baaedonamontof3 
com?unai) and woctane (Scheq! 2). ‘l&w resulta are 
conaWmtwithaodectrontrausferpmwasproc&ing 
viaachargetwufercomplex.Attbetimethiswortwa8 
being pursued a report appeared of a comprehguive 
im’edti&onoftbereactioaofMe&uLiwithdiaryl 
k&aea’*andourrewltaandinte~r&tioaaareiu 
agreementwiththiarepolt.Inandforttoiovestigatethe 
nature of the oxidized 0 ~~~resultiae 
from electnw traaefer to 3, the radical trap Z4,tLtri-t- 

‘butyhdtrosobeazcne 7” was tidal to a solotioo of 

1183 



1184 

Ph- f -Ph + (n-Bu)&uLi 

Me?CuLiand3.E.SRexamh&mofthereAt@red 
Wlution showed a spectlum cum&t& with the for- 
mation0f8whicllcanbeexplaiaal’“osnWltingfrom 
dectron transfer to 7 (!schane 3). Halce the de&on 
trannfer properties of R&uLi system8 are wdi 
estabuled. 

AnotherfcatureofR2CuIiconjugateaddsonrea5 
tionai8thenec&tyforaCOgrouptobeinanso- 
cessiie position. This is shown by the lack of xa&vity 
of RzCnLi with easily rahlcible non-CO WbatraW e.g. 
anthfacene, and we ob8erved no Wctiml betwu!a 
M&nLi and Scholesten-7+n1e 9, a compoand expec&d 
to have a comparable L to 1’ but condderabIy more 
St& hh&ance at the co oxygen. 

‘l%e i&ility to dirstly detect iatermediatea result& 
fnm dectron transfer in the rca&ons of R&Li 
promoted posdbitity of trappipe a reducal form of the 
llmsWat~8ubstnrte.Rk?ctrontransfertoMo1Jg-ub 
Wuratedketonemustrcaultinincreuddectrondeb 
sityoIlthCUWhJfated8ystem~iQperticuhr,tbe 
&carbon now becomes a site for dectrophilic attack 

trap any iocipialt /Ia 
10 ha8 beal reporta?‘ to react intrsmoiecnlarly under 
dmilarcircumstapcesinmc$d/ammoniared&onsW 
die8,tilIul10wasreactedwithMe2Culiandwasf0und 
to give 11 in !R% yidd. ‘Ihe st.rucWe for 11 followal 
from spactroscopic andyti, Memture data, and by 
reaction on acid treatment to give. octaloae 12. The 
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aLolateMtureoftheinitidlyformdp~weadIown 
by the iaola&m of W from the rcactkm afta treatmat 
wit!~ acetic anhydride (Scheme 4). ‘Ibe ratknule for these 
ramltsbthetduingthercactionthejLcuboodoea 
indeed develop anionic chnracter which is &ctivdy 
trappedintramoleculariy. 

R.&G conjugate addition reactions are routindy 
calTiedoutwithexcessrcagenthlordertomaximiWthe 
yiddoftheorganicprodWt.Thisplocedweiagaleiauy 
adoptedbecau8eofthcthermdiuutabWofmauy 
olganocqti. udng the rdativdy stable M&lLi 
prepared from car&@ purilled reeeents, end a 1:l 
cuppex-sub&ate atoichiometry we have been able to 
achieve high yiddr of conjugate addition products. 
Reaction of 10 with 1.1 eqivdat of &CuIi followed 
byric&aahydridegaveWiu7846yidd.InM&uLi 
conjl@ePddition~oneoftheMegrouprb 
tmnsfdtothe(~~~kdoned 
the other Me group remaiMattachedtocopper,batiu 
theinternsltnppingrcactimtranaferofMegmupianot 
obeervalAccordingly,anexamh&mofthefateofthc 
Me group wan undertaken. Reaction of 10 with MezCnli 
gave a Aution which, after hydtolyaia, wan fonnd to 
ConQin k&methane in 8696 yield. stnndprd experimaits 
dlowcdthat8ohltilmaof&CuLiandthera?ctkmmir- 
turefromtheco@gateaddiGmofMe&uIitoI2 
contained in&n&ant amount8 of iodomdhene. From 
the8eresult9thc8toichiom&yfortheraxtion~ 

2MeLI + Cul 

I 
l 

10 + Me&JLl + Lil 
yQ$l + Me’ 

+M&u+2Li++TsO- 

c&Q Ha, &c0 
II 

I u3wm4J I “a’ 
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the prqmmtkm of l&cuI.& to give the ob!3elvad 
iodoml?&anepmduct. 

‘Ihese resulta do not provide evida~~ in favour of 
R&l+ over RZCUR’ nor ally intenWdiatc p&ially com- 
plexed o- 8pecie8 and s&ale 5 pre3aH.Y 
an interpretation of the resulta which involve8 a 
@arizcd/3Cx!ubond.nleproductionofalli8olak4 
MC2CU+SpeciesWOUldrrppearUlliikdyaSthisWonld 

mpirctlle CollcMmt cOnvenhIl Of the o#unsatarated 

kctoaeintoadCon,aproceasexpcctedtobeener- 
gcticany improbable? 

The overall two-daztn?ll traaafer process can be 
eoviMgalas auwniug by two oae-dectron transfer steps 
orbyasinglctwo-ekctrontransfer.Fromourcarlier 
reaults,aoneekctrootranderprocuskadingtoamdicd 
anionmuatberapidlyfollowzdbyascumdstcpleading 

tornO_IJfromtberadicrl._ intermediate. with 10 it is pou- 
dble to have to8ylate 
14followcdbyrcdu&noftbetricyclicradical15to 
enolate (Schane 6). To examiae this poAWity, 10 was 
nctcd with triphenylmcA@lWum, rqortcdly” a g& 
onedcctron transfer agent, but 11 was not observal ia 
thCE&iOflprodlK%.lbiSlWlltilldAtl%dth~thC 

. . 
dhMtXHldOeSnotllCClUattllCladicalanionSt8gCO~, 

ahuutivdy, the triphenytmethyl anion ia not a 
wdaciently powerful da%ron domx to induce d&n 
traasfer to 10. &mpalGoo of the malaural’ L value 
for triphenybnethyl anion (-1.3 V) and the c&&ted 
IL for 10 (-2.2 V) would indicate that de&on transfer 
ill indeal UlcrgcticBny prohiiitive but triphalyl- 
m&hyiWium ha8 been observedl’to undergo c4mjugate 

BtfWure 17 fqmalta one emll~a (lRsR$aR) of a 
mealicmixtlue. 

OTs 
/ 

addition to 2cycbbexell-l~De (I&-= -2.1 v), 
presu&iyviaandcctnmtra&ermcchaniam,socoa- 
chldonsbuedonrdativeav~caiothecaaeof 
triphenylmcthyBi&ium woukl appear to be ta~uo~. 
other ob8l%vatimu” wjth tliphalyhncthyl anion have 
cxm6rmaltbiavkwsndthcteactionsappautobcalso 
dfaztaibyWichWanceatthe@xrbon.Knowledge 
ofwhethertbet@atedqartaaftcxtheadditkmofoae 
or two dcctrona to 10 has obvious impoltant . . 
ftmhbom for the mcchani8m of R&Ii co&ate 
dditioIuaadandectrochc&al&udyofthisregctionis 
being undertake at present. 

Itwasalsofomldthat16IvactcdrcadilywitbM&cllQ 
to give ticydic ketone 17.t ‘flu anrchlre of 17 followed 
routindy from npe&oxqic andysis and by converdon 
onacidtreatmcattooctabne12.Treatmeat”of 17with 
DzSD, in CIWD gave l%1,3,3Jbsdr which, on bsk 
exchange, gave l%l,Sdz M shown by “CNMR. Rcac- 
tion of Mc2CnLi or (o-RuhC!uG with the mcsylate 18 
alaogave17ingoodyield,iQ&cat@thatthedinp~ 
meotdidnotariacfrominitiddectronacc@mcebythe 
anmmtic tory1 group in 14. lllcae product8 CBll be ac- 
countedforbyaniutenncdiateU(!3chane7)dm&rto 
that previoody proposed for the formatioo of 11. No 
EWtiUll~obsmedwitbM&lIiaIUl2),U&&g 
the poaaii of prior formation of mixed cuprate 21 
followed by intramolecular co&ate addSon. 

RC8&lloftheUMtabh?monocyclickCtoto8yiatC2& 
produced from thdlium(III) nitrate dethioacetelisation of 
23,withMc&Iigaveamixtureofpn3duct8contaiuing 
maiuly24andmiaoramount8of2!tand#Pre8umably 
the conforma&mal ilexWty in the monocy&c rystan 
enablescoajugatcaddi&mtocqM?tedYectivdywith 
the iIltenlal tmpping altemative. 

/fOTs 

+ MescULl +s? 
IO 

rJ + Mel + MeCu + TsO- 

IO I4 Ib 

!3ckmc 6. 

o.:_@ - &gQ +RCU+R’+X- 
U 

RL ,- 
R 

scheme 7. 
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Roadon of Wdand hficnchcr ketone 27 with 
lithium/ammonia ha!l been rcpolted~ to give the cycle 
propanol 22. Reaction of Zl with M&&i gave the 
UMjU@tC&dditiOllprodact29illhighyiddwithOO 
evidence of 28. A possible exphution for this obaer- 
vatkm is that intemal capture now reqdrcd a rcvemiMe 
aldol-type naction wheWa. the pWiOUdy 8llUXSSfld 
internal trapping rc&oll5 blvolvcd cWNidly inever- 
aible 8lkyMioM. 

RudalduL”rcpoltcdthercactkmofMsCpLiwith 
&Substituted U&m&I&d ketones, i~&uliug 10, gave 
iatcrMl di@ecunalt produds. lllc3c result8 arc con- 
8iatcntwiththecnationofarmcleophilicj3xarboninthe 
@-rated k&me SyStUtl and, dtbo@ the authom 
p&lTCd II OllC-dCCtlOll tl’aUSf= SeqaeaCe with di3- 
placement (x!uur@ at.the r&dical anion sta& becauc 
“a more compreheosive mcchaniwa could be drawn”, an 
overall W-electron tnmsfer from copper wan not 
exdukd. 

In summary, these results farther demonstrate that 
o-rates am c5ciatt dcctron truufer raqents 
andconju@additionr&ion8iuvdvotheacccp~ 
ofcoasiduabkde&ondc&tybythosubstmtcw%ich 
illtllIllrerrctsWithtilCOXidiZdcopper8pCCkStOgiVC 
tbc ~berval products. A possible mechanism which is 
co&tent with the known facts is give0 (!Schcmo 8) 
involving a formaUy olvlmocopper(III) * be& 
created at the @carbon follow& an da%ron transfer 
proc8M.Raiudive~oftbo~~ 
iotcfmediatcwithreaeationof~ 
thoj3-cadmgiveathoeaalateproduct. 

~iutonucdiatoaha~o~P_~v~ 

po8tnlatod in sovonll othor roMtKm& 

OXpOhC&daadttlaO~StUdi~ OfthCEductive . . . chmm&on of t&ky&ou(III) cainpouQd8 have bee0 
rqMxtcdrecalttyandtheanabgyoftbosorcaultswith 
the orsanocopper(m) l&atioo has bcul notin Iho 
impl&atkmofSchane8istbatthostcrcochauistryof 
the product ia de&mined by tho stcreochanistry of the 
orgaMmleCalliciutermcdi8tcandthisfcaturchaarcccivcd 
some thuM.ical SUb¶&llti&oll.~. 
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~);mk2%tZA+A~ yp 3320 to-@, iw (C-0) cm-*. 
*H~do~(8,3H,cft),3~(r,l&~~3Jo(BL, 
lH,S-mS.S4(r, l&O.ucNy[Rd 16.S(BcH3*=2(t, 
C-7). 3o.3 (1, C-6). 31.0 (1. cd), 3S5 (1. C-4.h 37.4 (11 G3h 39.3 
(t, sCHlIP 39s (b C-10), $9.7 (1, sfws 65.3 (I, cz), 78.2 (6 
C-S), 1264 (d, Cl) 1433.1 (s, C+. (pamd C, 6fJk H, 79, S. 24.~5. 
ctJfmos$ lcqllk: c, 603, I% 73, s, 2Sm. 

3.01 il, 3H, soxH3), 3.34 (r. 4% sCH2CHB, 4.35 (m, win- 
16H2, lH, S-H). 5.67 (s, lH, q. ‘%I NMR 8 17.7 (q, 
ltXJ’i~, 23.9 (t, Gtl, 28.7 (t, cab 30.6 (t, cs), 3% R W, 
37.1 (t, G3), 38.8 (q, -3). 39.1 (s, GlOf, 395 (t, SCfQ, 40.0 
0, scH3, 61.8 (r, Gz), 88.6 (a. cs)s m.2 (d, Cl), 1409 (b 
C+. (pound: C, SO.% II, 69; S, 28.8. C#n4s, mwim: C, 
S0.3; H, 6.6 s, 28.8%). 

ArxH_y)* 3.27 (r. 4H, sCHzCH&, 3.k (m; w, dita,, %k(r; 
1E MD. 733 and 7.78 IAR svhn. Ju - 8 Hz. 4H. ammatk . -- 
H).- ‘%Z IkR b 21.4 a hIk md 3-CH,), 2S.i (t, ‘GS), 37.7 
(5 C-4, 37.7 (6 W, 39.7 (21. SCM 64.7 (L Cl), 7O.4 0, 
CHzO), 127.7 @I, aronmtk c). 129.0 (B, G3), 1 W.7 @d, anmutk 
Ch ‘3oT (6 G2L l32.S (1, hXfi.$, 144.6 (r, %Cl. 

j~~~,i.i6(4J=SHz,~Od9(5iH,ZEi); 
7.33 and 7.78 (AR ayntem. JAI - 8 Hz, 4H. aromatk If). “C NMR 
8 21.7 (s. -1s 22.6 (e =HsI, 243 (f Gs), 34.O (k ca), 
39.2 (4 w, 69.3 (t. Cm), 127.8 m uolmJc Cl, 129.2 (a, C2h 
1299 (2d, aromtk C),132?S (I, Cd), MS.1 (r, SOQ, lS86 
(1. G3h 1979 (s. Cl). 

0.78 (S 3& ti 1.03 (SI 3H. 0, ti (r. jH, Ar-CHsh 4.oS 
(m, ZH, CJXO), 7.36 md 7.81 (AB system, JAB =7Hq rrt, 
mmtic HI. “C NMR 8 215 (24). 255 (1). W.6(a). 31.7 (s). 398 
(t), 44.4 (a),Vss.7 (t), 70.7 (0, ltisczd), iijis tiik.9 (;);1448 
(1). 209.9 (a); mi a mkture (OB62a) of 1 - mUky0kyh 14.t.ol 
~-3-oncI:lnlrlU~.ERrru1710~010~cm-*.*R 

3omin.1o%NH4a~(SomI)ruddodaDdtbelmixtuhwolied 
up in the ueual way to tie 9,lwkerhyfdecafh-lwbae 29 
(o.ug, 83%) which mbiimcd at 8Dw~mm; m.p. l47.%14E% at/e 
1~~IR*,1d83(ao)~-‘.*H~d0~(~3H.cffs), 
1.23 (I, 3H, a). %Z! NMR 8 209 (p), 21.6 (1). 23.1 (qh 31.3 (t), 
34.3 (t), 36.9 (t), 38.6 (t), 44.6 (8). SO5 (t), S1.S (r), 209.3 (s), 214.4 
(8). (Found: c, 74.R K P.S. c131moz mqtiim: c, 7m H, 9.3%). 
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