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Abstract- --When used in non-coordinating solvents (hydrocarbons) NaAIEt, and LiAlnBu, are good 
alkylation agents for epoxides. The presence of catalytic quantities of transition-metal salts. particularly 
NICI, or NiBr,. greatly accelerate the reactions, making them possible withm a reasonable time in the case of 
disubstituted epoxides such as cyclohexene oxide, 2-3 epoxybutane. I phenyl-2,3-epoxybutane. In the case of 
aliphatic epoxides. dialkylmagnesium, NaAIEt, and LiAlnBu, lead mamly to alkylatlon of the least 
substituted carbon of the epoxide ring; while in the case ofepoxldes with a C- 0 bond In the benzyl position. 
it is this carbon that IS alkylated. The reaction always proceeds by total mverSion of the configuration of the 
carbon in the epoxlde ring, namely the site of the alkylation. 

NaAIEt, IS also a good agent for alkylatmg carbonyl compounds when used in solvents of low basicity 
such as diethylether, or in totally non-coordinating solvents such as the hydrocarbons. The yields ol the 
alcohol are greatly improved by using catalytic quantities of NiCI,. The behaviour of NaAIEt, with 2- 
phenylpropanol is qtnte remarkable: In dlcthylether NaAI Et, gives predominantly the pair ofcnantiomers 

predIcted by Cram’s rule. and with greater stereoselectivIty than 11’EtMgBr was used, while m pentane rhe 
reaction is no longer stereoselective. Finally, with a cyclic ketone. 4-1-butylcyclohexanone. NaAIEt, m 
diethylether and in hexane in the presence of NiCI, gives predominantly theequatorIal alcohol resulting from 
an axial attack. which is generally not favoured at all 

The interest in the ate complexes of aluminium in 
organic synthesis has increased considerably since the 
recent discovery that a wide variety of these ate 
complexes can be prepared by the hydroalumination 
of multiple C-C bonds with LAH in the presence of 
transition-metal salts’ ’ or by the addition of an 
organoaluminium compound to a multiple C C bond 
in the presence of an organolithium compound.’ ’ 
This has motivated us to publish the results obtained 
in the reaction of sodium tetraethylaluminate and 
lithium tetrabutylaluminate with epoxides and 
carbonyl compounds. 

I. The reacficirx of NaAlEt, and LiAlnBu, wirh Mom+ 
or disuhstirured epouides und (I hj/wtctiona/ compound, 

efh~l 3-phcwylg/yidatr 

Examination of this Table shows that the alkylating 
agent is indeed the ate complexes NaAIEt, or 
LiAlnBu, and not the trialkylaluminium AlEt, or 
AlnBu,, nor the nBuLi, all of which react with I- 
phenyl-2,3-epoxypropane 10 give different products. 
Thus. like the dialkylmapnesiums’“.” or the 
cuprates.‘L.” the tetraalkylaluminates of sodium and 
lithium react with a terminal cpoxlde such as I-phenyl- 
2,3-epoxypropane to give a secondary alcohol 
resulting from the opening of the cpoxidc ring when 
the least substituted carbon is alkylated. A gc 
investigation revealed no products produced by 
previous isomerisatlon of the cpoxide into carbonyl 
compounds. The reaction of these ate complexes is 
slow. requiring 24 hr at 35 for an alcohol yield higher 
than 90 “<,. 

Our first aim was to verify that the agent responsible Ir$ur~e of’ the s&em u~d rhe remctum ratio. The 
for alkylating the epoxides was indeed the ate complex structure of the complex aluminates has been studied 
itself and not the products of any dissociation it might in detail. both in the solid state and in a variety of 
have undergone. For this purpose we brought these solvents. In the solid state these compounds arc 
various organometallic compounds together with a essentially ionic, the Al atom being tetracoordinated 
terminal epoxide. namely l-phenyl-2,3 epoxypropane into an AIR; anion, which has a symmetry similar to 
under identical experimental conditions. The results that of a regular tetrahedron.” I” In solution,“-” 
are shown in Table 1. equilibria exist between the various species (Scheme I ). 

M”‘AlR’,’ e M-AIR’;, 

unsolvated 
solid 

contact 
ion pairs 

solvent separated 
Ion pairs 

Scheme I, 

“Preliminary results: 7rrruhedrof1 Lrrrers 2521 (1975): Ibid. 
993 (1976). 
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Table 1. Reaction of - 1 phenyi-2.3 epoxy propane wth sodium and Mhium tetraalkylaiuminates. 
trialkylaluminiums. and butylhthium 

1) C6115 - CIl2 ” Lll - f‘ll. + LiA11!U4 
\,/ ” 

- c6Hs - cH2 
- 7’ - CH2 - B” 

CIi 

2) C6H5 - CH2 - W,;,,fl$ + AlBuS - C6H5 - CH2- F” - CH2OH + C6Hs(CH2)2 CS2oH 

Au rxx; 

3) C6HS - CIl2 - C~JZll2 + l.iEu -- resins 

2) C6HS - CH2 - CT!-/ill2 l WIEtd p, C6H5 - 012 - 0’ - Et 

a1 

5) C6tf5 - CH2 - g,-,“2 l AlEt -F C6Hs - CH2 

0 

- y - CH2OH + C6Hs(CH2)2 Cl1 ,Mi 

Et {SO:) 

Solvent: pentanc: Reactton time at 35 : 24 hr; Ratio: organometallic compound;epoxtdc = 2; Hqdrolysts 
with aqueous NH,CI 20 *‘_. 

The sodium salts such as NaAIEt, or NaAlnBu,, if 
they are soluble in noncoordinating solvents such as 
the hydrocarbons, exist essentially in the form of 
contact ion pairs, whereas in sufficiently basic 
coordinating solvents such as THF, DMSO, or DME. 
in which they are always soluble, they exist essentially 
in the form of ion pairs separated by the solvent. The 
various results reported in the literature indicate that 
Li salts are less easy to dissociate in the form of ion 
pairs separated by the solvent than are Na salts. The 
results observed in our investigation of the reactivity as 
a function of the solvent are shown in Table 2. 

Solrcrzr: THF. In this basic solvent the reaction did 
not take place and after hydrolysis the epoxide was 

recovered quantitatively (Experiments 7 and 8). 
LiAlnBu, and NaAIEt, are probably largely present, 
as ion pairs separated by the solvent. It then seems 
plausible that the Li ’ or Na’ cations in their strongly 
solvated state are no longer able to complex at the 
oxygen of the epoxide bridge, and that such complex 
formation is in all likelihood essential to the opening of 
the epoxide ring. 

Sol~~trr: Et,O. The reaction did not take place with 
NaAIEt,, but with LiAlnBu, the yield of the alcohol 
was 80”,, under similar conditions (Experiments 5 and 
6). The difference in reactivity observed between 
LiAlnBu, and NaAlEt, may be connected with the 
difference in the acid assistance between Li’ and Na-. 

Table 2. Solvent effect m the reactmn of l-phenyi-2.3-epoxypr[~pane with NaAlEt, and LtAlnBu, 
-- -. ._ ..__ _ 

M Al Rq solvent Ratio C6ti5 - CH2 - $H - 012 - R -1 

w1R4/ePx 
OH 

yield % 
-- 

i I 3 NaAlEt4 

i 
pent- I l/l 

I I 5 LiAlnsU4 1 1 1/l Et20 

I I 6 MAlEt 
I 

Et20 
I 

“1 traces 

f 
I 1 I t - I 

! I 7 LiAlnBuq THF ‘0 

/ T tt F / ‘/l j 8 j SaAILtq 

Reaction time at 35 : 24 hr. 

0 

-_-- 
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but in our opinion it is due to the difference between 
the structures of these two ate complexes: LiAlnBu&. 
the more reactive ate complex, exists mainly in Et,0 in 
the form of contact ion pairs, while in the same solvent 
NaAIEt, is largely in the form ofion pairs separated by 
the solvent. 

The above interpretation is supported by the 
following facts: (a) There is no such difference in 
reactivity bct\veen I\iaAIEt, and LiAlnBu, in a 
noncoordinating solvent such as pentane. (b) The ate 

complexes arc most reactive in solvents. in which they 
are insoluble and exist in the form of ions in contact. 

Solr~r~r: p~rurle. Generally in any noncoordinating 

solvent (hexanc. cyclohexane) the reaction was almost 
quantitative. irrespective of whether the 

MAIR,:cpoxide ratio was 1; 1 or 1;I (Experiments I to 

4). 
As the ratio of reactants has no affect and the 

reactivity decreases considerably in coordinating 

solvents. the first stage of reaction is probably the 
formation of a complex between the organometallic 

and the cpoxide. This complex then changes 
spontaneousIt without the need for any excess of 
organometalhc a$ is the case with R,Mg or R,AI.” -Is 

Consequently. we propose the following reaction 
Scheme: 

+ M”AIR; # 

Scheme 2 

L) 
0 --- M” AIR, 

c 
Products 

In a noncoordmating solvent the equilibrium is 

shifted completely towards the formation of the 

complex. 
Ctrralysis by .sult.s qJ r/w rra,l.siriorl rnerclls. The 

reaction of the ate complexes with I-phcnyl-2.3- 

epoxypropane is slow, requiring 24hr at 35 for 
alcohols yields higher than 90 “,,. 

A number of results reported hlghlight the 
activation of the reactions of organometallics by 

catalytic quantities of transition-metal salts. 

Thus. in the case of organoaluminiums brought 
together with electrophilic substrates, Ashby, showed 

that l.4-addition of AlMe, and LiAIMe, to an r$- 
ethylenic ketone is catalyscd by nickel acetyl- 

acetonatc. ” Similary Mole VI (I/. used catalytic 

quantltles of transition-metal salts to activate the 
reactions of AlMe, with ketones, nitriles, and X,/I- 
ethylcnic ketones.” “’ The reactions of NaAIEt, with 
1-phenyl-2,3-epoxypropane are reported in Table 3. 

Table 3. Reactmn of I-phenyl-2.3-epoxypropane with NaAIEt, in the presence of catalytic amounts 01 

transitlon metal 

__J-___~ 
i PtO, 1 hexane 

/ !i i XiC12 1 T tI F ( 

Reaction tlmr at 25 tjmm: Ratlo: NaAIEt,.‘epoxyde;catalyst: t ,2.:1:‘0.02: Hydrolysis wth aqueous 
NH,(‘I ‘O”,,: a: Klckel of Kane!. washed several times wth methanol then tolucnc. 
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When the solvent is a hydrocarbon, the reaction rate 
is increased considerably in the presence of catalytic 
quantities (about 2”,,) of NiCI,, NiBr,, CoCI,. or 
TiCI (Experiments 2, 3, 5, 8). Table 3. 

The most efficient catalysts were found to be NiCI, 
and NiBr,; thus, in the presence of these salts the 
alcohol yield was greater than 90 :‘,, after 15 min at 35’, 
whereas without catalyst a comparable yield was 
achieved only after 24 hr. 

Among the other salts used, FeCI, and CuCl were 
less efficient. It should be noted that PtO, is an 
effective catalyst for the reaction. 

In the presence or absence of these various catalysts 
the product was the same I-phenyl-2-pentanol, 
sometimes together with small amounts of I-phenyl- 
2-propanol which may have resulted from reduction of 
the epoxide. 

Finally in THF the reaction did not take place in the 
presence or absence of NiC12 (Experiment 1 I, Table 3). 

The addition of these metal salts to the ate complex 
produced a very finely divided black powder, or in the 
case of TiCI, a brown colour. Probably the salt was 
reduced to the metal, except perhaps in the case of 
TiCI,. 

Although Ni” as a catalyst proved unsuccessful 
(Experiments 9 and 10. Table 3), the surface condition 
of the metal obtained when NiCI, was reduced by the 
ate complexc was without doubt very different from 
that of Raney Ni. 

In addition, the reaction of LiAlnBu, with l-phenyl- 
2,3-epoxypropane was also catalysed by salts such as 
NiC12, NiBr, or TiCI,. Whereas CuI had no catalytic 
action. No reaction took place in THF, even in the 
presence of NiCI,. 

The behaciour ICI/ NaAIEt& in the presence q/. a 
sroichiomerric quantity of NiClz crrr shown in Tub/e 4. 
With an NaAlEt,/NiCl,,‘epoxide ratio of 2:l:l the 
reactivity was similar to that of triethylaluminium with 

this epoxide or, more precisely, the reactivity of Et,AI 
in the presence of NiC12. 

This result can be explained in terms of the following 
Scheme: 

2NaAIEt. + NiCI, __) (NiEt3) + 2NaCI + 2AIEt, 

(NiEW d Ni’+ hydrocarbons 

Scheme 3. 

The process is comparable to the one proposed for 
the reduction of Ni(acac), by trlalkylaluminium.3” 

Thus, it may be supposed that when catalytic 
quantities of NiC12 are added to the ate complexe the 
nickel salt is reduced to the state of Ni” in accordance 
with a scheme analogous to the one just proposed. 

On the basis of existing knowledge it does not seem 
reasonable to propose a reaction mechanism that 
would take this catalytic action into account. 
However, our results seem very comparable to those 
obtained by Mole rr al. for the reaction of AlMe, with 
nitrile, ketones or x./I-ethylenically unsaturated 
ketones in the presence of nickel.2’-2’ 

Regioselectir;ity and .stereochrmistry. In addition to 
I-phenyl-2.3-epoxypropane, the reactions of 
LiAlnBu, and NaAIEt, were investigated with various 
mono- or disubstituted epoxides. The results are 
shown in Table 5. 
NaAIEt, and LiAlnBu, both reacted easily with 
styrene oxide: as in the case of the dialkylmapnesiums, 
the reaction product was the primary alcohol obtained 
when the ring was opened by alkylation of the benzyl 
carbon. This result emphasises the importance of acid 
assistance when epoxide rings are to bc opened by 
tetraalkylalummates. Thus, it is plausible that. as with 
the dialkylmagnesiums,“.j2 a partial positive charge 
appears in the transition state on the carbon about to 
by alkylated. In the case of styrene oxide this charge is 

Table 4. Reactions of I-phenyl-2,3-epoxypropane with NaAIEt, and Et,AI in presence and absence of NICI~ 

56 I NJ 75 tracts 

18 ?O 2: tracez 

c61is-aiz - F - aI3 traces 7 3 25 

w 
j 

i6H5-Q12- y - CH*Cl 

OH 

i C6Hj- LX2 - y--J2 , / 70 , 

Solvent: hexane; Reaction time at 35 a: 24hr; b: 2 hr; Ratio: NaAIEt,(epoxide = 2:l: C: Et,Al/cpoxldc 
= 2;l: d: Et,Al:epoxide = l/l; e: reversal introduction. 
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Table 5. ReactIon of various epoxldcs with NaAIEt, and LiAlnBu, 

C6Hj - CH - 04 a 
\(/ 2 

.- - 
addition alcohols 

yield 9. 

P 

P 
LiAlrlPu4 C6t15 - Cl1 - CT120H 92 

94 

Solvent: pentane; Rcactlon time at 35 a: 4 hr; b: 24 hr; c: in this case the solvent is toluene. The reaction 
gives also I2 ‘I,, ofcyclohexanol; d: yields of alcohols normalized to IOO”,,. The yield of the reaction in more 
than 90 I’,,. 

strongly stabilised on the benzyl carbon by the 
presence of the phenyl group. 

The reaction of NaAIEt, and LiAlnBu, with styrene 
oxide was more rapid than that with I-phenyl-2,3- 
epoxypropane, so that there was no need for a 
transition-metal catalyst. 

The reactions with trons-2,3-cpoxybutane, cyclo- 
hexene oxide, and trans-I-phenyl-2,3-epoxybutane 
were very slow in the absence of NiCI, or NiBr, 
(alcohol yields lower than 10 “,, after 48 hr at 35’ ). In 
the presence ofca 2”,, NiCI, or NiBr, they were almost 
quantitative after 24 hr at 35 

Incesrig~tio~~ y/’ rhe reactians of’ NaAIEt, and 
LiAlnBu, with trans ethyl 3-phunylglycidate. As 
LiAlMe, has no action upon esters..‘” We investigated 
the behaviour of tetraalkylaluminates with tratls-ethyl 
3-phenylglycidate. 

The only product of the two reactions was the 
hydroxy ester produced by an attack of organo- 
metallic on the benzyl carbon of the epoxide bridge; 
the ester group being unaffected. 

The action of NaAIEt, on rrans-ethyl 3- 
phenylglycidate gave exclusively a pair of enanti- 
omers: ethyl 3-phenyl-2-hvdroxypentanoatc (2R. 3.7) 
(2s. 3R), and the action of LiAlnBu, gave exclusively 
ethyl-3-phenyl-2-hydroxy-heptanoate (2R, 3s) (2S, 
3R). 

Therefore the reactions of these ate complexes 
proceed by total inversion of the configuration of the 
benzyl carbon of the glycidic ester. 

AIMe, and AlnBu, reacted with this glycidic ester to 
give the same type of hydroxy esters as NaAIEt, and 
LiAlnBu,, but the configuration of the benzyl C atom 
was now largely retained.34.35 

The results obtained with the ate complexes of 
aluminium are all the more interesting in that this 
glycidic ester with dialkylmagnesiums and alkyl- 
lithiums mainly gives resins. 

II. Reuc’ficity and srereoselectivit) of the ulkpk~~ion q/ 

curhonpl compounds by sodium tetraeri~~lalumi~~ate 

Ashby et al., investigating the alkylation of cyclic 
and bicyclic ketones by various ate complexes of Mg. 
Zn. B and Al.3h.“7 have shown that with Al complexes 
the stereochemistry is different from that of the other 
organometallics with 4-t-butylcyclohexanone, a high 
percentage of the equatorial alcohol being produced. 

Our own work with epoxides has revealed: (a) The 
considerable influence of the solvent on the reactivity 
of the tetraalkylaluminates and (b) the catalytic 
activation of these reactions by transition-metal salts, 
particularly Ni salts. Consequently we studied the 
reaction of a Na salt, namely sodium tetraethyl- 
aluminate. on carbonyl compounds in variety of 
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Table 6. ReactIons of (runs-3-phenyl-2.3-epoxypropanoic acid ethyl ester with NaAIEt, and LiAlnBu, 

I I (ZK, 3S)(ZS, 311) 1W. 

Solvent: hexane; Reaction time at 35 : 4hr; Ratio MAIRJepoxyester = 1: Hydrolysis .wlth aqueous 
NH,CI 20”,, no catalyst used. 

solvents: (THF, Et,O, hydrocarbons) in the presence 
and absence of catalytic quantities of NiCI,. 

We investigated the reactivity with acetophenone 
and I-phenyl-2-propanone. and then studied the 
stereoselectivity in relation to a Cram-type aldehyde, 
2-phenylpropanal. and to a cyclic ketone: 4-t- 
butylcyclohexanone. 

The reactions o/ NaAIEt, with acetophenone and l- 
phenJ/-2-propa,lone. Thus, NaAIEt, reacted with these 
ketones in accordance with Scheme 4 below: 

R-C-CH, 
1 NaAIEl, 

2 R- 
LH, + ,-E-CH, 

. 

bH b H 

R = CsHs. CsHs-CHI 

Scheme 4. 

The addition alcohol was sometimes accompanied 
by small amounts of R.-CHOH-CH,. In THF, after 
hydrolysis, acetophenone was unaffected whether or 
not catalytic quantities of NiClz were present (Table 7, 
Experiments l-3). 

This lack of reactivity could be due to enolisation 
but this was rejected as NaAlEt, will not react with 
benzophenone under similar conditions (2 hr at 35 ). 

In diethylether. toluene. or pentane. and in the 
absence of NiC12, the reaction was incomplete (Table 
7, Experiments 4,5,7,8,9; Table 8, Experiments 1 and 

3). 
The yield of alcohol did not change if the reactant 

ratio NaAIEt,/ketone was changed (Table 7. 
Experiments, 4, 5, 7, 8, 9). 

Except in THF, the presence of NiCI, greatly 
improved the yield ofalcohol (Table 7, Experiments 6, 
10, 12; Table 8, Experiments 2 and 4). In these cases, 
besides the addition alcohol, very small amounts of the 

Table 7. Solvent and ratio effects in the reaction of acetophenone with NaAIE1, 

a Toluene 

9 Tolu:nc 

10 ToluEnc (SiCl,) 

11 Pentane 

12 Pentanc (?liC12) 

Reaction time at 35 : 2 hr. 
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Table 8. Solvent and catalyst elTcct in the reactjon of I-phenyl-2-propanone with NaAlEt, 

I solvent addition alcohol 
Exp. (catalyst) yield 0 

1 I I Et20 12 

2 Et20 (NiCI2) 60 

reduction alcohol 
yield % 

0 

traces 

j I kn:xe 35 0 

! 4 Pentane (KiC12) 82 3 

I I 

Reactwn time at. 35 : 2 hr. Rat10 NaAIEt,.‘ketonc 

reduction alcohol were produced. As alkylation was 
predominant in the presence of NiCI,. the use of an 
organometallic offering the possibility ofa /I-reduction 
was surprising. Thus. Grignard reagents. with an H 
atom in the /j position gave the reduction product of 
the substrate in the presence of nickel salts.‘x.“u These 
results show that there is a strong analogy between the 
reactivity of NaAIEt, with epoxides and ketones: 

(a) The basicity of the solvent influences the 
reactivity to a considerable extent. 

(b) The ratio of reactants appears unimportant 
(c) Catalytic activation by NiCI,. 

Results (a) and (b) indicate that. as with the epoxides. 
the addition reaction entails the formation of a 
complex that subsequently changes spontaneously in 
accordance with Scheme 5. 

>C = 0 + Na”AIEt$ e )C = O----Na'"AIEt . 

1 
products 

Scheme 5. 

In a basic solvent such as THF formation of this 
complex would be strongly inhibited. 

Several reports emphasise the importance of the 
complexing ofthe alkali metal cation at the CO oxygen 
in the reduction of ketones by double hydrides 
(LiAIH,, LiBH,, NaBH,). By masking the cation by 
macrobicyclic coordination, it was shown that this is 
an indispensable feature of reduction by a 

The problem is complicated since the solvent 
influences both the positton of the equilibrium that 
leads to the complex and the structure of the 
organometallic by modifying the equilibria mentioned 
in Scheme I. 

Inrwtigurion of r/w reacrion of NaAIEt, wth u C‘rotn- 

rype ddehyde, 2-phen_vlpropunal. Table 9 shows that 
NaAIEt, reacted with 2-phenylpropanal to give a 
mixture of three and eryrhro addition 
according to Scheme 6. 

The addition alcohols were accomoanicd 
small amount 

H Et 
‘\ ,t’ 

of the redu’ction 

1 NaAIEl. 
c Ha-‘C - c-1 OH 

C,“,’ ‘H 
“Erythro” 

+ C&V3-l(CH&H~0H 

Scheme 6. 

“ThrBo” 

alcohols. 

by a very 
alcohol 

Table 9. Reaction of 2-phenylpropanal with NaAlEt, 

r- -.- 

Exp. Solvent ’ Erythro S Three % Reduction alcohol 
(catalyst)/ vield $ 

I 1 T II F 

traces 

! 
I 

I.24 I 

I 31 Et2o (liiC12) 68 19 I 

4 Pentnne 37 37 

1 5 1 PetnaneIh.iC12) 1 45 j 39 1 

l- I I I -- l 
I / I .--. 

ReactIon tlmc at: 35 : I hr: Ratlo NaAlEt,‘aldehyde = I. 
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C,H,CH(CH3)CH20H. No reaction took place in 
THF. 

In diethylether we obtained a mixture of the etythro 

and rhrro addition alcohols in which the erythro pair of 
cnantiomers predominated. 

The use of NiClz increased the yield of addition 
alcohols without appreciably changing the 
erphro/thrro ratio. It should be noted that in this 
solvent NaAlEt, showed a better stereoselectivity than 
EtMgBr. which gave an eryrhro(threo ratio equal to 
3.44 

In pentane the use of NiCI, improved the yield of 
addition alcohols without appreciably altering the 
stereoselectivity. 

Finally. in both diethylether and pentane, the 
stereoselectivity remained almost the same whether 
the NaAIEt,!aldehyde ratio was equal to I or 2 and the 
reaction time to 1 hr or 2 hr. 

Incestigution oj’ the stereochemistry of the reaction qf 

NaAIEt, with a cyclic ketone, 4-t-hutylcpclohexanone. 
Table IO shows that NaAIEt, reacted with this cylic 
ketone to give a mixture of the equatorial E and axial A 
addition alcohols, according to Scheme 7. 

A very small amount (~5”“) of a mixture of 
reduction alcohols was also formed. No reaction took 
place in THF. 

In diethylether or hexane the reaction gave a high 
percentage of the equatorial alcohol E. The E/A ratio 
was greatest in hexane in the presence of catalytic 
quantities of NiC12. Ashby had already found a high 
percentage of the equatorial alcohol in the reaction of 
LiAIMc, with this cyclic ketone.jh 

Finally. the reactant ratio (NaAIEtJketone = I or 
2) and the reaction time (2 hr or I hr) had only a very 
small effect on the stereoselectivity of this reaction. 

The fact that the equatorial alcohol E was obtained 
predominantly is rather unusual. In fact, except for 
trialkylaluminiums in hydrocarbon solvents with 

AIR,/ketone = 2,45-J’ and for ZnMe, or CdMe, in 
the presence of MgX,, 48 the other organometallics 
produce a preponderance of the axial alcohol. 

In general three factors, steric approach control, 
torsional effect and compression effect are taken into 
account in the stereochemistry of the alkylation of4-t- 
butylcyclohexanone.3’.‘H.5” 

The compression effect acts to oppose equatorial 
attack, thus favouring the production of the equatorial 
alcohol.3” This effect is invoked mainly to explain the 
high percentage of the equatorial alcohol obtained in 
the reaction of AlMe, with this cyclic ketone when the 
AIMeJketone ratio 22. An equatorial attack of a 
second AlMe, molecule compresses the complexed 
carbonyl against the H atoms 2 and 6 in the transition 
state. In contrast, an axial attack decreases the steric 
hindrance between the complexed carbonyl and the 
equatorial hydrogens in positions 2 and 6. Thus. in the 
case of the cychc ketones the compression effect may 
favour axial attack (the attack that is sterically 
unfavourable). 

The transition states proposed for the reaction of 
AlMe, with ketones when the AlMeJketone 22 are 
similar to those postulated for the reaction of NaAIEt, 
with a ketone. 

In the reaction of NaAIEt, with 4t-butylcyclo- 
hexanone, as suggested by Ashby for the reaction of 
LiAlMe, with this ketone, the compression effect 
accounts for the presence of substantial quantities of 
the equatorial alcohol. 

NaAIEt, and LiAlnBu, when using noncoordinat- 
ing solvents (hydrocarbons), are good alkylating 
agents for epoxides. 

The presence of catalytic NiC12 or NiBr,. greatly 
accelerates the reactions. In the case of disubstituted 

Et OH 

I I 

E 

Scheme 7. 

Table 10. Reaction of 4-I-hutylcvclohexanone with NaAIEL. 

F. “l,:‘rtal,,St) 1 E; htio E/hA A; 

2 EL20 23 21 1,lO 

-___ 

3 EtZC 40 
(NiC12) 

35 1.14 

4 HCXZUM? 19 20 0,95 

5 Hcxn”e 38 
(NiC12) 

26 1 ,46 
, 

Reaction time at 35 : 4 hr; Ratio KaAlEt,;ketonc: I. 

Et 
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‘Al ---Me 

E<E/E+ 
-Et 

Scheme 8. 

epoxides, these ate complexes are more reactive than 
the corresponding dialkylmagnesiums in diethylether. 

In the case of the aliphatic epoxides the sodium and 
lithium tetraalkylaluminates lead mainly to alkylation 
of the least substituted carbon of the epoxide ring. In 
the case of epoxides with a C- 0 bond in the benzyl 
position. this carbon is alkylated exclusively. 

The reaction always proceeds by total inversion of 
the configuration of the carbon in the epoxide ring, 
namely the site of the alkylation. 

Thus, since recent work has shown that it is easy to 
prepare a large variety of tetraalkylaluminates starting 
with a terminal ethylenic group.‘.’ these organo- 
metallics present a certain interest for the synthesis of 
alcohols formed by direct opening of the epoxide ring. 
We believe that in some cases they may be more 
interesting than the cuprates derived from the 
corresponding Grignard reagent (the most easily 
accessible cuprates) which, because of the presence of 
magnesium halides, involve a risk of isomerisation of 
certain epoxidcs. 

Finally, in their reaction with bifunctional 
compounds the ate complexes seem to be extremely 
selective: thus, with rrans-ethyl 3-phenylglycidate the 
only alcohol obtained is the result of alkylation of the 
bcnzyl carbon with total inversion of its configuration. 
whereas dialkylmagnesiums and alkyllithium give 
resins. 

NaAIEt, is a good agent for alkylating carbonyl 
compounds when used in solvents of low basicity such 
as diethylether. or in totally noncoordinating solvents 
such as the hydrocarbons. The yield of the addition 
alcohol are greatly improved by using NiCI,. In a 
more basic solvent such as THF we have not observed 
the alkylation of these carbonyl compounds, even in 
the presence of NiC12. 

The behaviour of NaAIEt, with 2-phcnylpropanal 
in diethyl ether gives predominantly the pair of 
enantiomers predicted by Cram’s rule, and this with 
better stereoselectivity than ethylmagnesium bromide, 
while in pentane the reaction is no longer 
stereoselective. 

Finally, with a cyclic ketone, 4-t-butylcyclo- 
hexanone, NaAIEt, m diethylether and in hexane in 
the presence of NiCI, gives predominantly the 

equatorial alcohol resulting from an axial attack, 
which is generally not favoured at all. 

Thus, with the ate complexes of aluminium it seems 
possible to alkylate the cyclic ketones in the axial 
position. It is known that the trialkylaluminiums too 
effect alkylation predominantly in the axial position, 
but except for the trimethylaluminium. they 
unfortunately give mixtures of the addition and 
reduction alcohols. 

So/cmr.s. THF, diethylether and toluene were distllled from 
LAH. Pcntane. hexane and cyclohexane were distilled from 
Na. All solventswere stored in dry box under NL atmosphere. 

Organometallic rompounds. Manipulation of organometal- 
hc compounds were performed whenever possible in a dry 

box under pure N,. 
LiAlnBu, was prepared by mixing equimolar amounts of 

nBuLi dissolved in hexane and pure nBu,Al. The white 
powder formed was filtered off. washed three times with 
pentane and dried under vacuum (3 hr 50 , 0.1 mm Hg).” 

NaAIEt, was prepared according to method Frey rr 01. by 
heating at I IO during 2 hr dispersed sodium and Et.,hl m 
toluene.” T’ 

Epo.~rde.~ I-phenyl-2.3-epoxypropane was prepared by the 
method of TilTeneau and Fourneau.53 

IR,,,. 0,: 700. 740. 1260. 301 I, 3060; ‘H NMR 82.2 to 3.1 
(m. 5) 6 7.15 (m. 5 aromatic). 

I-phenyl-2,3-epoxybutane (rro~s) was prepared by 
expoxodation ofmixture of I-phenyl-2.3 butene ((‘I\ + rrans) 
with p-nitroperbenzolc acid and separation by preparative 
gc.= ‘HNMR 61.2 (d, 3), ii2.4 to 2.8 (m, 4) ii7.1 (m. 5 
aromatic). 

Styrene oxide and cyclohexene oxide were commercial 
products. purified by distillation before use. 

rrum-2.3-Epoxybutane was prepared by the method of 
Winstein and Lucas” from commercial rrotl.+2-butene. 

At room temp. 0.25 mole ethyl choracetate was added to 
a flask containing 0.25 mole NaH in IOOml N,N-dlmethyl- 
formamide. 0.25 mole of benzaldehyde were then added. The 
mixture was allowed to stand over night then hydrolysed, and 
extracted with diisopropyl ether. After distillation. the tron.s 
Isomer (maior product) was separated by preparative pc. 20 “,, 
Carhowax 20M Chromosorb W (60 X0 a.w.). I H NMR 6: 1.3 

(1, 2, OCH, C’H,). 6: 3.35 (d. I. -(_‘H -CO,Et) d: 4, (d, I. 
C,H?- CH)J = 1.5Hz6:4.21 (q.2. 0 .CH2-CH,)6:7,3(m. 
5. aromatic). 

(Coupling constant for hydrogens on eppxide bridge was J 
= 6 H7). 

Gmrrcd procrdurr. In a dry box under pure K1 g. O.(X)5 mole 
of solld ate complex was introduced Into a 50 ml Hask litted 
with rubhr septum. IOml of the solvent was added through 
the septum with a syringe. The flask was then immersed m a 
thermostatic bath. and the orgamc compound (epoxide or 
carbonyl compound) was added with a syringe. The 
hgdrolysls was performed with 20”,, NH,CI aq, internal 
standard was added and after extraction analystis of organic 
layer was effectuated by gc. 

Idenrijcufion IV u/who/s. Alcohols resultmg of the 
alkylation of various epoxides were identified by cg with 
authentic samples generally obtained by reaction of the 
epoxide with Et,Mg or nBu,Mg in Et10.z3.‘4~“~5’ 
Furthermore we verified that the alcohols obtained had a 
retention time different from that of the alcohols which could 
result from isomerisation of the epoxide to carbonyl 
compound. The analyses by cg were performed on the 
followmg columns: I7 “,, carbowax 20 M on chromosorb W 
(60 X0) a.\\ : I7 ‘>,, JXR on chromosorb W (60 X0) a.w.: 12 I’,, 
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carbowax 20 M + 5”,, apiezon on chromosorb W (60-80) ‘“J Yamamoto and C A. Wilklc. Ihrd.. IO. 1129 (1971). 
a.w. “T. D. Westmoreland. J. K.. N. S. Bhacca. J. D. Wander and 

Efhyl 3-phm~l-2-hpnros~penranoure (ZR, 3s) (2s. 3R) und 
M. C. Day. J. Orgcmomrt. Chmr. 38. I (1972). 

efh!l 3-phm)l-2-h?:dro.u?‘heptanoore (2R, 3s) (2s. 3R) 
“‘Naseer Ahmad and M. C‘. Day. J. Am. Chrm. Sot.. 99. 941 

(lY771. 
These compounds were identified by gc as one of the “J. L. Wuepper and A. 1. Popov. Ihid. 92, l4Y3 (IY70). 

hydroxyestcrs obtained by rcactlon of Et ,Al or nBu,Al with “J F Ross and J. P. Ohrer. J. Orgu~omur. C/tern. 22. 503 
rrans-ethyl 3-phenylglycidate.J4 (i970,. 

The configuration of the hydroxyesters was determined “J L I\;amy, G. Boireau and Abenhaim. Bull. Sot. Chim.Fr.. 
after the transformation of ester group into a Me group.“” 3.19; (1971). 

The alcohols obtained by this transformation were 24G. Boireau. J. L. Namy and D. Abenhai’m. Ibid. 1042 (1972). 
identified by gc by comparison of their retention time with 25G Boireau and D. Abenhai’m. J. or~uwmrr. C/tarn. 92. 13 I 
alcohols obtained by reduction of 3-phenyl-2 pentanonc and 
3-phenyl-2 heptanone with LAH. The preponderant 
diastereomeric product was given by Cram’s rule. 

Reuckws wirh carbon)1 compounds. Acetophenone, I- 
phenyl-2 propanone, 2-phenyl propanal and 4-terbutyl- 
cyclohexanone were commercial products purified by 
distillation or crystallisation before reaction. 

Identifrcafion ofulcoho/.~. Alcohols obtained were identified 
by gc by means of reference alcohols by comparison of their 
retention times on two columns: 17”,, carbowax 20M on 
chromosorb W (60-80 a.~.). 12”” carbowax 2OM + 5”” 
Apiezon on chromosrob (60-80 a.w.). 

The absence ofaddition alcohol m the reaction oFNaAIEt, 
with benzophenone in the THF was verified by ‘H NMR on 
the crude product of reactlon. 

4-PhenyI-3 penrano/.s. A mixture of diastereomeric alcohols 
eythro and rhreo was prepared by reaction of Grignard 
reagent of EtBr with 2-phenylpropanal. In this reaction 
diastereomeric “Eryrhro” alcohol was the preponderant 
product.4J 

Crer But?/-I-er/l~lc~~lohe.~ano/s. A mixture ofalcohols was 
prepared by reaction of Grlgnard reagent of EtBr with 4-t- 
butyl-cyclohexanone. In this reaction. the alcohol A with the 
OH group in the axial position was the preponderant 
product.” 
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