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Ab&mct-Asymineti alkyiath of bciwaldchydc rad ace~nc by mod&d ~~ “ate” compiexeJ are 
npatad. LiAl&, NaAl4, LiAln-3*, NaAlwBut nmdifkd by c&r (-~N-~y~~n or (+)cincboninc or 
c-lqukillc WQt used. 

Usiq hydrowboa aolvcnts and soa~~timcx umkr nickel catatysix the treatment of carboayl canpounds by 
mod&d “ate” compkxea wodwd cbiral akobolr with bath cbemkl xad o&al rood vi&la. NaAl4 mod&d 
by (-)-N-mcU~ykpb&n r&ted with bcnAdeby& to give !+)l-pbcnyl-1 p&ta&l in Z!O% cnaatik excess. 
The xame mgcnt raeted with acetopbmone to give S(-)Z-pbcayl-2 butaaol in 33% eie. NaAlnBu, mod&cd by 
(-)_N-mcthykpbedrin reacted witb bcaz&k&dc to give !+)lpbcayl-t-pent in 27% e.e. or with atopbcno~~~ 
to give (-)2~ey~2~x~~ in 44% c.c* 

Sii a wide nap of Rcw asymwtric attytxti~ rqcnts has been o&ained frum xtuminium “‘ate” compkxcs 
and chiral fGampaudr. it can be xssumed that tbc mctbod dL?scribcd could be useful to syntktise chirxl xkoholx 
wall bi opticil yield. 

Although, many papers have dealt with asyInmctric 
reduction of prochiral carbonyl co~unds,‘” asym- 
metric alkylation of these compounds has not been stu- 
dii as much. Such asymmetric alkylation reactions, 
expected to yield chiral tertiary alcohols were attempted 
with o~ome~ic compounds in chiral solvents,‘c or 
with ~~siurn compounds mod&d by optically 
active compounds~b~7 However low enantiomeric ratios 
were usually obtained. 

On the other band, it is well known that rca@s 
obtained from lithium sunburn hydride and chii al- 
cohols, amines or ~n~~ols provided high enan- 
tiomcric ratios by asymmetric reductions of pro&al 
carbonyl compounds.c’o 

Recently, it was observed that aluminium “ate” com- 
plexes were 
CpOXidCS."*'2 a% 

to alkykte carbonyl compounds and 
expctimentS have Shown that the 

reactivity of mourn “ate” compkxes increased when 
the solvent was hydroca&on sod when catalytic amount 
of nickel chloride was addaLiL’* We con&&d that 
aiominium “ate” compkxes mod&d by &al aminoal- 
cob01 when s~ien~y reactive, could be useful in 
asymmetric alkyktion reactions and the present study 
began after the observation that lithium teq&tyl- 
aluminate mod&d by (-j-N-methykphedrin could alkyl- 
ate carbonyl compounds with asymmetric induction.” In 
this paper we descrii asymmetric alkylation of bcn- 
zaldehyde and acctophcnonc with various ahuninium 
“‘ate” complexes, mod&d by various ~in~~hols in 
die~ylct~r or hydr~~n solvents. 

Modi&d aluminium %te” complexes were prepared 
by reacting equimokr amounts of an ‘*ate*’ complex and 
chirsd ~in~ohol according to Scheme 1. 

Such mod&d ‘“ate” complexes reacted with carbonyl 
compounds according to !3chcmc 2. Results an: nportai 
in Tabks l-4. 

Several invcstigators’“’ have presented spcctrosco- 
pical evidences that the structure of alum&m “ate” 

MA& + R*OH 5 MA&OR* + RH 

M=li (R=f*” 
R*OH = (-)-N-mcthykphcdrin 

(-)quininc 
(+)cinchoninc 

scheme 1. 

. MA&OR* + CJKOR, = ~~R,RCOH 

RI = H. Me. Et 

Scheme 2. 

compkxes was solvent dependent. fn hydrocarbon 
solvents %tc” compkxes existed mainly as contact ion 
p&s whcreaa an equilibrium occured between sdvatcd 
ion pairs and separated ions in coordinating solvents 
Et& THF, DMF, DMS&). 

We have shown, in previous papers, that the reactivity 
of “ate” canpkxcs with cpoxides and carbooyl com- 
pounds was solvent dependent’“” and much higher in a 
hydroc&on solvent than in dkthykther. Moreover 
when the “ate” complex was dissolved in THF, no 
reaction took place with epoxides or ketones. This 
dcpcndancy of the relativity with regard to the solvent, 
underlines the important rok of tbc cation. This solvated 
by coordii solvents was no longer able to intervene 
through tbc ekctrophiic assistance which was essential 
for tit alkylation of epoxides and ketone. 

The reactivity of alum&m “ate** complexes modified 
by chiral aatinoakohols was found also solvent &pen- 
dant. In dkthykt&r, tbc various modifkd “ate” com- 
pkxes studied, reacted very slowly with ketones (Tables 
I, 3 and 4) whereas usb hydroc&on solvents, the 
reactivity md sbikidy (Tabk 4). Neverthekss in 
diitbykther, benxaldehydc was still alkylatcd. but an 
inversion in stercosckctivity occur& LiAln-Bu, 



‘Bolveat: cycbbexaae. Rmctioo time at 20’: ‘20 br; ‘48 hr. 
‘2-3% d ldnctba pmduct c&cHPH. 
‘Iiquidl=l:t=2r. 

T&k 3: Rmctkm of Ndlo-Bu, mdibd by (-~N-metbykqldrS 

I ‘6% - =!3 
I 

4cf* * 

YJolvent: cycbbexMe. Racti& ime at 2v. 
‘24IU 1-2%OfdiBCtbO~ 
csa bt. 

'With catalytic amounts of Niih inticat bdore (-)N-metbylepbah Radiom PVC l-296 d radrrtirwr 
pyhct(&fHO- 

*A Ha&.;. P. &utte and R Weidmo, BaE SM. ckk I+. 3513 (1966). 
&A. Scbds sad A. Hamu, Tt.tahdm L.&CSY 3259 (1977). 
‘WundC=121:t=ZT. 
‘EM by NhfR with the aid of cbii shift rryeat Wtiac.ksb 

mqditkd by (-)-N-mcthykpbaih eve R-l-pkwl-l- 4).usi6gbtxmldehytkorscetopbetKmeul~~ 
pentmml with 2.5% e.e. in dkthykzilu wbuals Sl- cycbbexuKassolveat,Liiw8Bfdwmpotcat~ 
pbalyl-l-pellti was obtahcd with 8% C.C. in cycb- NaeinyirMiagdditionakoho&.N~B~modieed 
bcxmc (T&k 4). by (-)-N-uiethykp&drin oo acdo@mm &we 10% of 

antheotbMhMd,tbcradvityofowdifkd”atc” 2-phenyl-2.hmnol iu SOb wbiki IiAn-Bti in the sunc 
CompkX# lwhctiap ill 8 llydluadm 8otveotwasfound rcstioayiddal%%dtllen8mcrlcobdhUbr. 
closely dependent on the cation M(B itself Crabka 3 ad laamtrasttbestc-msekctivity~fdmaeim- 



AaylMwtric alkyluiml of c&ooyl cullpouwh 

Tab& 4. Ractioa of LiAln-Blq moditkd by (-~N-mctbykpbafrin’, 

I459 

5olvcotz J&O. Rcxtioa time at 20’. 
‘cycbhcxMc. 
cnc;6%ofrcd&product 
‘4 hr; I-5% of rafuc. pnxhlct. 
‘Liquid1=1.1=24. 
‘24 bt; 3A% of rcduc. product. 
‘Noattcmpttoisohteul&ooalI1ICObd. 
‘With catalytic amnmts of NiCh (- 2%). 
‘EthMol.c=ll.8.t=zr. 
‘Evahmtd by NMR. 

Tabk 5. Raction of LiAh-Bu, modiQal by (-)quiok” or (+)cincw’” 

cbird amim dcdnd: ‘(-)quininc; *(+)cincbonioc. 
‘sotvcrlt: 50% cycbhcxslw + so% tolutne: ltstion time at m. 
‘6 hr. 4-6% of reduction product C,H,CH@H. 
‘S dayr. 
‘4 drya. 
‘liquidl=l.t=F. 
QthMolc=I3,1=zT. 
‘EthMolc=loJ.t=P. 

portant with N@’ than with Lii; the chid alcohd was 
obtained with 44% e.e. using Nae and with 31% c.e. 
W&lltbCdOll~Lii. 

We have shown previoudy that nickel chloride 
catalyscd the alkyiation of carboayl compoud by alu- 
rninium “ate” compkx.” As the sodium salt of mdilkd 
“ate” compkx gave a poor yield of the chid dcohol 
when reacted with acctophawoc. similar catalysis of 
reaction by NiCk was attempted. 

We have found that the dkytating reaction was 
catalyzed only if nickel chloride was introduced io the 

mixture before the chid amiwakuhol. In the present 
case, upon addition of the nickel chbridc a black sus- 
pcnxion appad probnbly due to N? fwmation. Al- 
thou& the mechanism of nickel catalysis bar not been 
yet ckuly elldata.l, our result!3 wclc closely dated to 
thoseubcaind~rcactiugtrimcthyloluminiumwith 
ketoou.= nitriks oc a, @ unsaturcd ketoocs,- u&r 
Ni catalyds. It shadd be DO&XI that’ the steosckctivity 
of aIkyiation iwased with s&c hidance of dkyl 
~IXMP: sodium tetracthylah~minate modifkd by (-)-N- 
mcthykphc&in nactal with acetophenone giving chid 
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Tabk 6. Effect on the reactivity with w dtbcx#e8DdtbclnulWrofprcpGl#lithiumrlcoxy 
tr&butyW’ 

tertiary alcohol with 33% e.e., whereas uxing sodium 
1etrabutyMmlinaW in the same reactions, 44% e.e. of 
chiral tertiWy alcdlol wen obGned. 

AlDOngtlRVariouSaminoalcohdSttstCdtbCbCSt 

stereosekctivity was usually observed using (-)-N- 
metbykphcdrin. But lithiumt&abutylaluminate mod&d 
by (+)cinchonine gave 1% e.e. with benzahkhyde, whik 
(-)_N-metbylephedrin and (-)quinine gave 8% and 3% 
e.e. respectively. 

Masher d aL- have shown the important effect of 
age of the asymmetric reducing wnt obtained by reac- 
tionofLiA)twitbachiralam&3koM.Theyobser- 
ved a reversal in staeoselectivity and a decrease in 
reactivity as a function of the e of &ii ratuc~ 
Ppent- 

In the present work it was found tbat w&n lithium. 
tetrabutyMuminate modifkd by (->N-methykpbedrin 
wasaUowedtostandfor15daysatfoomtempeWure 
before the introduction of acetophenooe. the yield of 
2-phenyl-2-hexanoi was very low (‘Table 6). This 
decrease of reactivity could be related to a mod&a&m 
of the structure of the reagent. 

Attempts to prepare tbc chiral alkykting reagent by 
mixing a@mokr ratio of tri-n-butyhduminium and 
lithium aminoakohokte were ineffective and the reagent 
obtained did not give any reaction with ac&op&enone 
(‘Tabk 6, expaiment 4). We could suppose that, when 
the rrplent wa.8 prepared in this way, tri-n-butyl- 
ah~minium gave a compkx with the pminogoup, such a 
cumpkx being unabk to alkykte the ketone. 

However, the experiments &own in the present study 
(Tabk 6, experiment 6) do not iodicate that &is inter- 
pretation is completely valid. When alkyl* reagent 
was prepared by mixiag equimolar amounta of tri-n- 
butylahuninium and lithium akdmlate instead of lithium 
amiooakohokte, we still observed the lack of reactivity. 
Such lack of reactivity was also observed very recently 
with aikylating reagents prepared by mixing equimolecu- 
lar amounts of ttictItylalutninium and lithium xatt Of 

chid amittotdcd~~I in dkthykther, whereas a similar 
~nt.&byusing~umororgaaomag- 
ocsium, gives. by reaction with aldehydcs, chiral secon. 
dary akobols with good chemical and optical yields.- 

At the present time, we cannot propose models that 
could IUTAluot for botb the reversal of staeoaekctivity 
as a function of the solvent us& the variation of the 
reactivity of the alkykting reagent as a function of its 
age and the way of its pqnuaGon. 

The compkxity of the reaction described is probably 
due to the presence of d&rent reactive specks formed 
by mix&t equimolar amounts of “ate” compkx and 
chi&m&akohd; i.e. (hfA&OR). or (MA&, 
MAlRAOR)&. As the state of aggregation or the struc- 
ture of such alkykting mnts has not been established, 
it seems unwise to attempt an intmp&ation of the 
present results in terms of ban&ion state models. 

-AL 
sdomu.~yktbaMdtohwaewac~from~. 

Cycbbcuac. e-@bne ti *peabe were didilkd from 
sodium.Msotvcnt~wereatoralin~ttryboxundcrN~atm. 

~dlfc cumpoah khipuhh of apaometrllii 
campou&w8xpf?f&wbmcvap0x8iiinrdryboxunda 
purcN~.IiAMMe),etbmlso&uufLiAWe),wwcprcpedby 
mixin# slowly 8t v unda rtirrisl. eqllindxr xm0uatx of Meti 
(low~urc3&Atfx)andpure(Me),4(p~ity9!9%K& 
K). l-i&-Bu), yu preprsd by w cquidu UIKMIII~~ of 
a-BP?. dinsolved in kxanc (Aldrich) xnd pm bi-e-bdyl- 
ahnnmm(K&K).Thcwhitepowdaformuiwu6ltcrcdd. 
wdlcdtbleetilEeswitbpcntaaexnddrkdlmdcrvxcuunI~3hr. 
W, 0.1 InmHI). Tbc dt w88 tbcn used witbaut furtlKY 
prriacatian. N-Et), vu PrcpMd by tbc method of Frey. Jr. 
d al” by beat& at IW duriw 2b dkpcnd sodium xnd 
t&by Wu&ium(K&K)intob~~~.AftertbeaoBdbuuttkd, 
l&bOtUppUh~WX8tM&IICdiatO~~evrcuUalilUk. 
NU?dkSob@iOCd~~WUCWubedUUCCtiwrwitb 
peatrac~~uadancuum(3hr.~,O.lmm~.NIAYa- 
Bu), w prepad by tbc mctbod of !WNSC~~~ and hy?’ Nx 
dispaWiun-bc@ocwaaob&aiby~witbn-bcptxnex 
5O%Na&paxkainpad11.Amixturroftri-r1~uminium 
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