
TETRAHEDRON REPORT NUMBER 239 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

ORGANOALUMINUMS IN ORGANIC SYNTHESIS 

Km MARUOKA and H~SASHI YAMAMO~ 
DepPrtmcDt of Applied Cbemirwy. Nagoya University. Chikun. Nagoya 464. Japan 

(f&cehud 18 Jumuzry 1988) 

CoKlFlvrs 

IntrQduaioa. . 

Ractioa~ with hydrocarbons 

Akkhydaand ketona 

Aciddcrivatives . 

A&oboidaiwivcs . . 

Etbws. cpoxida and aoctala 

Halo4ydrocarbom. . . 

Nitrogcncompotmds . 

Sulfur compounds. 

Misullanbow compoufxb . 

c42ocluding-. . . 

I I 

. 

.: . . 

. 

. . 

. 

. . 

so28 

5028 

5029 

ReferrrmJ. . . . . ‘ . . .’ . so30 

1. INTBOOUCIION 

Organoaluminum compounds, little known until the 195os, have become widely accepted and 
increasingly important in the field of industry and in the laboratory, particularly after K. Zicglcr 
and cullcagucs discovered the direct synthesis of t~alkylal~n~s and their brilliant application 
to the polymerization of of&s.‘*’ The chemistry of organoal~n~ compounds has been under- 
stood in terms of the dynamic nature of the C-AI bond and the high Lewis acidity of their 
monomeric species. This is directly related to the pronounced tendency of the aluminum atom to 
build up an octet of electrons. The C-AI bonds exhibit a unique set of properties : (i) their ability 
to alkylate certain metals and to reduce transition metal salts (ii) their tendency to form bridged 
complexes containing other metals and organomctailics and (iii) their facile reactions with olefins 
under certain conditions. Organoaluminum compounds also possess a strong affinity for various 
heteroatoms in organic molecules, particularly oxygen. They generate 1: 1 cootdination complexes 
even with neutral bases such as ethers. Utilization of this property (hetcrogcnophilicity including 
oxygenophilicity) in organic synthesis allows facile reactions with hetcro atoms particularly oxygcn- 
and carbonyl-containing compounds. However, in sharp contrast to classical Lewis acids such as 
BF,*OEt,, AICI,, SnCI,, and TiCI., they arc endowed with a latent nuclcophilic character which 
can emerge prominently on coordination with a betcro-atomcontaining functional group. Tbc 
aluminum atom sc~cs primarily as the coordination site for the substrate, while the nuclcophilic 
center attached to the aluminum atom can be activated by the formation of the coordination 
complex facilitating the nuclcophilic attack oo the substrate as illustrated by the s ucaMvc Beckmann 
it-alkylation sequarcc using trialkyl&minums (Sdxmc I).’ Oazasionally t& nuclco- 
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phihc center may behave as a proton scavenger. These characteristic features are of great interest 
to synthetic organic chemists. 

A comprehensive review of organoaluminum chemistry appeared in 1972, covering a variety of 
literature up to late 1971.’ Other important review articles have been published Sims then.>” It is 
the aim of this Report to survey the more important recent developments in this area from 1984 
with particular emphasis on the synthetic reactions of organoaluminum compounds with organic 
substrates, arranged by their functional groups. Polymer chemistry using organoaluminums as 
coordination catalysts will not be discussed here and investigations of a more mechanistic nature 
on organoaluminum compounds are also excluded. 

2. REACTIONS WITH HYDROCARRONS 

In view of a weak affinity of the ionic AI-H bond for olef%rs’S” the bydroalumination of 
olefins has been studied extensively in the presence of transition metal catalysts. Among these, only 
Ti and Zr catalysts have proved to be effective for obtaining hydroahunination products and their 
subsequent functionalization with various electrophiks has been studiedzz2’ Recently, several 
other transition metals have been utilized. L&rare&al et ol. found that UCl, or UCI. is an effective 
catalyst for the preparation of organoaluminates from terminal okfins and LiAlH..” The active 
species in this reaction is thought to be U(AIH.),. 

UCI, W 
I: RCHacH, l LIAIH, - mqH,),AIH,,U - f-v”, 

1 R - C”H,., (n-O-4). r-O-41 

Nickel(O)-olefin complexes such as tris(ethykne)nickel(O) and tris(bicycloheptene)nickel(O) are 
highly active homogeneous catalysts for the transalkylation of trialkylaluminum with terminal 
olefins.” After completion of the reaction the “naked’‘-nickel(O) can be removed in the form of 
Ni(C0). by reaction with CO. 

Extensive studies have shown that only terminal olefins can be successfully utilized and hydro- 
alumination of internal olefins proceeds reluctantly even in the presence of transition metal 
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catalysts.‘~” In this amtext the possibility of 01gBn0bOrBrlc-CBtaly hydfOdumiMtion hBs bum 

upkmd by the authors with consideration for the distinct advantage of hydroboration which is far 
rupcriur to other hydrom8tatatioa reactions. This expectation has ban realis& by combining the 
use of catalytic orgaooboranasand Cl#H as the lxydrometalatioo ageat.26C4+IH (or its synthetic 
equivalent) can be generated in riru from (A) LiAlH, and AlCl, in etbtr or (B) R#H (R = Et or 
i-Bu) and AKT, in 1,2dichkoroethane. The orgar&omnccatalyzd hydroafvmination using the 
catalytic PhB(OH)&l,AlH or catalytic Et,iMIl&H systems in ether (condition A) is applicable 
to the regio- and chemo-selective functionalization of monosubstituted ole6ns. Internal olefins as 
well as terminal ok6ns are readily hydrometalated with catalytic Et,BCl,AlH in 1,2dichloroethane 
(condition B). Apparently, the coordination of an ethereal oxygen to a Lewis acidic aluminum 
center under condition A signifrcantly lowers the reactivity of the catalytic system. 

CL5 Cal R-04 

CL 
E’ 

I - 
CI~IH * 0, 6040% 
ether 

AICI, E 

E - y Br. I, OM 

ul Et,B 0, 

El&IM-AlC4, 
Ala, - 0 

80% OH 
CICH,CH,CI 

A new carbon-carbon 4x& formation can be real&d by the selective coupiing between the 
intermediate alkylaluminum dichloride, generated under the condition B, and certain organic 
electrophiles.26~27 

d%B CM,COCI 
C,,H,,CM=Ctl, - %%A’C’, - %“H~sCOC’% 

CI,AIM 82% 

I 

Cl 

Y.OblCOOY. 

OYO 

C,,M,d”COOY. 71% 

During the course of the investigation on the organoborane-catalyzed hydroahunination, a highly 
etBcient u&i-MarkownikoBbydration of okfins has been found which involvus tbe combination of 
catalytic organoborane and C12AB4 in THF under dry air.” organoboraaes such as PIIB(OH)~ 
and Et,B are active catalysts but inorganic boron catalysts (BF,.OEt,, B(OMe),, B(OH),, etc.) 
gave much less satisfactory results. 

cal Et,0 
* 

Cl#JH. 0, OH 

TMF 
02% 

The ztrco-talyzed a&roalumination reaction of alkyna has bca~ chdpai by Nqishi 
etal.toshrn~raewroutcto~aad~o-defhwdtri~oWns.n~kae 
and rnxfal other aikyne3 on treatment with CpJrCi*c& undergo &additioa to yk&l the 
corqxmdiq~alkenylaluminums almost exdusiveiy (Scheme 2). Such alkenylahuninrrmb have 
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already proven to be versatile intermediates for the preparation of a wide variety of trisubstituted 
olcfins. Although the Cp&CI+atalyzed teaction ofalkynes with trialkyhthuninam possessing fl- 
hydrogen3 is complicated by competitive hydrometalation 22 and diminished the regiosekxtivity 
(70-80%) the trydrometdation can be avoided by using dialkylaluminum chloridc.in place of 
trialkylaluminum. Based on the mechanistic studies, they concluded that the Zrcatalyxd 
carboalumination reaction probably involves the direct AI-C bond addition assisted by Zr. 

1) n-euu cP?q 

PhClCH - PhCmCD 

2) D,O -4 
I 

Application of the Zrcatalyzed carboalumiriation to haloalkyl-substituted I -(trimethylsilyl)- I - 
alkynes provides a new metal-promoted cyclization reaction. ” The reaction of 4bromo-3-methyl- 
I-(trimethylsilyl)-I-butyne (1) and its regioisomer 2 with Cp2ZrC12-Me,Al gave rise to the same 
product 3. The regiochemicaf results are in good agreement with the intermediary of 4. 

The same group also investigated the Cp,ZtU,catalyzed aUylalumination and benzyl- 
alumination of alkynes. These reactions are highly stereoselective but are not regioselective.” 

- Amu’* 40 GM13 H C,Hll n 

C,H,,CGCH w L 

Cp,ZrCI, c H + H 3 
lomb (3:1) 

The bimetallic species, Bu,Mg-2Et,AI was found by Ckhima and Nozaki to be effective for the 
carboalumination of silylacetykne. 32 The compound, Bu,Mg-ZBt,Al has the bridged structure 5 
which is esserrual for enhancing the reactivity of the C-AI bond. A similar bimetallic ,bridged 
species 6 is also involved in the Cp2ZrC12-catalyzed carboahrmination of terminal acetykna with 
Me,AI.” The new rcisction proceeds in a regiospecific but nonstereoselective manner. However, 
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substrati carrying unsaturated groups in conjugation with the triple bond exhibit high or exclusive 
rrans selectivity (Scheme 3). 

5 6 

v SIN., 
1) t+wyYg-E8,AI 

- 
CIHI3 

* 

2) 4 
3) Bu,NF 

I 
66% 

Regioseldve stamylmetahttion of acetylenes in the presence of transition-metal ‘catalysts has 
beenexplored by the stunt group. 34 Among various combinations of Bu,SnMetal-transition metal 
catalyst, Bu&AlEt&uCN, (Bu&)&r-Pd(PPh,),, and Bu,SnMgMe-CuCN provide vinyl- 
stannanes In high yields. 

Smot%CuCN 
PhC=CH 

Et+lSnBu, 
60% T8 : n 

This chemistry has also been extended to the transition-metal catalyzed silylmetalation of 
allenes.” Whereas copper catalyzed silamagnesation of 1.2cyclononadiene gives ldimethylphenyl- 
silyl-lcyclononene exclusively, palladium catalyzed silylalumination resulted in the preferential 
formation of 3dimethylphenylsilyL I cyclononene. 

SIPhYo, + 

SIPhYo, 

mot% CU~M~U~S~P~IY~~ : 76% (06 : 5) 
5 mot% PdCI,(P(o-Tolyl)~~t~lSlPhMo, : 26% ( 10 : 60 ) 

3. ALDEHYDES AND KETONES 

Oxygenophilic organoaluminum reagents are capable of reacting with various aldehydes and 
ketones as alkylating and reducing agents. A good summary of this area is described by Mole and 
Jeffery.’ More recently, Eisch et al. studied the reaction of acenaphthenylaluminum with carbonyl 
substrates. 36 The benzylic reagent, I-acenaphthenyldiisobutylahtminum (7) was prepared by the 
hydroahunination of acenaphthene with diiso8utylahuninum hydride (DIBAH). At -78°C the 
aluminum reagent 7 reacts with propiophenone giving, upon hydrolysis, 3-( I-hydroxy-l-phenyl-l- 
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propyl)-1,3dihydroacenaphthte (8). On the other hand, the same reagent at 70°C led to the 
formation of 1-( 1 -hydroxy- I -phenyl- 1 -propyl)acenaphthene (9). In addition, the stereochemically 
defined adduct of acenaphthylene and diisobutylaluminum deuteride. (cir-2deuterio-l-acenaph- 
thenyl)diisobutylaluminum diethyl etherate, is found to react with ketones at 65°C to yield a 1 : 1 
mixture of CL- and front-2deuterioI-acenaphthenylcarbinols. These findings indicate that elec- 
trophilic attack at the ortho position is the kinetically controlled process, while rearrangement to 
C, at higher temperature is thermodynamically favored. 

Ph OH 

66% 60% 
6 ? 6 

Pronounced solvent as well as temperature effects on the course of trialkylaluminum-induced 
cyclization of unsaturated aldehydes were observed by the authors.” Thus, unimolecular decompo 
sition of the 1: 1 complex of citronellal-Me,Al at - 78°C to room temperature yielded the acyclic 
compound 10 in hexane, whereas isopregol (11) was produced exclusively in 1,2-dichloroethane. 
Furthermore, the cyclization-methylation product 12 was formed with high selectivity using excess 
Me& in CH2U2 at -low temperature (Scheme 4). The 1: 1 complex of other trialkylaltiaum- 
citronellal decomposed upon warming to room temperature to furnish a reduction product, citro- 
nellol as a major product. The reactions of trialkylahnninum wirh several aliphatic ketones including 
2-, 3-alkanones and cyclic ketones have been studied by Nakamura et al. to examine the effect of 
their alkyl substituents on the reaction mode.‘* 

9 OH 

12 

65% Yo,*l 

OH r- Hoaano 

60% 

10 

s e 
CM0 - AIM., 

CICH,CH,CI 

66% 

Ctt,Cl, 
t 

P OH 

11 

46U 34% 

schane4. 
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Snider and,co-workers reported tire studies of MeAlCl,-induced cyclization of unsaturated 
ketones. I&r results indicate the advantage of alkyhtluminum chloride over AlCl, in Lewis acid 

zfi- 
~~feagcntsrvtcapabkofacting~pprotoascawngaaaswellasLewis 

ma&on is interpreted as a MeAQ-promoted cychzatioo ofthe y,&unsaturated ketone 
followed by the sequential hydride and methyl shift as illwtrated in S&me 5. 

Organoaluminumcatalyzed aldol condensation of aldehydes and silyl en01 ethers has been 
reported.‘0 Me,AlCl (0.050.5 equiv.) is most effective and other organoaluminum reagents such 
as Me,Al, EtAlC12, Et,AlCl, and MeAlCl, lowered the yields of aldol products. 

0 Ott 
ut uD,AICI 

l PhCHO 
Ph 

C”,Q, 

Another ah!01 reaction has been reported by Ckhima and No&i.” They generated the aluminum 
enolate regiospecihcahy by tr@ment of a-halo carbonyl compounds with reagents of the type 
Bux$iUEt,,,Bu,PbAlEt2, orPh,PbAlEt2 and reaction with aldehydes or ketones gave fl-hydroxy 
carbonyl compounds under mild conditions. The foIlowing aldol reaction is accekratid by adding 
catalytic Pa(PPh,),. 

Et.@lsnekl, 

T?lF 

0% 30 dn 

OAm* 0 OH 
Ye No PhCHO 

- w Ph 

ssx 

Lithium tetraalkylaluminate prepared by the TiCl,-catalyzed hydroalurnination of terminal 
olegns with LiAlH, was found to add to (-)-menthyl phenylglyoxylate in a diastereosekctive 
manner.“,A variety of a-substituted rnandelic acid esters with the absolute configuration of R were 
obtainabk in 64-76% de. 

0 b?P 0 

A 0 
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The reaction of hetno-substitnted allytic carbanions with carbonyi compounds via alI* aluminum 
“ate” complex was investigated in detail by Yamaxnoto and Maruyama.” Aldehydes reacted 
with the oxygen-, sulfur-, selenium- and silicon-substituted allylic &ions a1 the a-position via 
ate complexes. In particular, the aluminum ate complex of the allyloxy carbanions gave iisc to the 
eryrhro isomer with very high stereoselectivity. This procedure has betn applied to the ~tercojtkctive 
synthesis of exe-brevicomin (Scheme 6). 

LI 

CH,OCH,O~ 

- 
EW 0 

- 
< 

T-) RCHO 
OCH,OYo 

‘. l - 

LI AlEt, - 
R 

0” 
+ 

OH 

Y.’ Rxml : 84% 
RrBu : 80% 

1) &AI 

2)CH,CO(Ctl,),CHO G 

82% 
OCH,OY* 

nylhro/threo I 89 : 11 

0x0-Bfovbomln 

schauc 6. 

The standard Wittig reagents can function as strong bases and remove the acidic a-protoos of 
carbonyl compounds. With easily enolizable ketones, prottih &traction becomes the dominant 
reaction. However, Tebbe’s reagent, Cp2TiCHz * AlMe&3, wliiiich &anIy convtrt@ esters and la0 
to& irito their corresponding enol ethers” was found tq be highly e;ffec+ive for the methylenation 
of enolizable ketones.” The titanium methylidene fragment Cp,TiS2 is an active species which 
reacts chemoselectively with ketones over esters. 

Organoaluminum compoundsare endowed with high oxygenophilic character and so are capable 
of forming long-lived monomeric I : 1 complexes with carbonyl substrates. For ekamplqthe reaction 
of benzophenone with Me,AI in a 1 : 1 molar ratio gives a yellow, long-lived monomeric 1: 1 species 
which decomposed unimolecularly to dimethylaluminum I, ldiphenylethoxide during 
some minutes at 80°C or many hours at 25’C.46 This unique property may be utilized for stereo- 

Yo,AI 
Ph,CmO - 

26% 

Ph,C.O . ..AIYo. 

yollor cmlplox 

- 

8O.C 

Ya 

Ptlld - OAIYO, 
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s&ctivc activation of the carbonyl group. Among various organoaluminum derivatives which 
have been examined, exceptionally bulky, oxygenophilic organoaluminum reagents such as methyl- 
aluminum bis(2,6di-retr-butyl4alkylphenoxide) (MAD and MAT), have shown excellent dia- 
stereofacial selectivity in carbonyi alkylation.“*” Thus, treatment of 4-rerr-butykyclohexaone with 
MAD or MAT in toluene prduced a 1 : I complex which on subsequent treatment with methyl- 
lithium or Grignard reagents in ether at - 78°C afforded the equatorial alcohol almost exclusively. 
Methyllithium or Grignard reagents undergo preferential equatorial attack yielding axial alcohols 
as the major product. MAD and MAT have played a crucial role in the stereoselective synthesis of 
hitherto inaccessible equatorial alcohols from cyclohexanones. Interesting results were also obtained 
for nonsterically demanding nucleophiles such as acetylene and acetonitrile anions which originally 
provided equatorial alcohols preferentially on reaction with cyclohexanones.” Alkylation of Qterr- 
butylcyclohexanone with MADMe,SiCzCLi system gave rise to the equatorial alcohol (24%) 
exclusively with the recovery of unreacted ketone (72%). This result indicates that decomplexation 
during nucleophilic attack of Me,SiC-=CLi at the aluminum center of the ketone-MAD complex 
takes precedence over the desired nucleophilic alkylation at the carbonyl group of the ketoneMAD 
complex. In fact, the ate complex derived from MAD and Me,SiC=CLi is unreactive to ketones 
and this results in the recovery of most of the starting ketone. On the other hand, MADLiCH*CN 
system inneases the propensity for equatorial attack of the nuckophile. This suggests the initial ate 
complex formation by attack of LiCH2CN upon the MAD followed by alkylation of the ate complex 
by the ketone. 

RY I YoLI 64% ( W:l) 
EWgBr 01% (loo :O) 
BlIMgBr 67% (1oo:O) 

AllywgBr 00x ( 01:O) 
Yo,SIC 5 CLI 24% (1OO:O) 
LICH,CM -t 2:3) 

scheme 7. 

This approach has been quite useful in the stereoselective alkylation of steroidal ketones. 
Reaction of 3chokstanone (13) with MeLi gave predominantly 3B_methylcholestan-3a-al (axial 
alcohol) (14) whereas amphiphilic alkylation of the ketone with MAD/MeLi or MAT/MeLi 
afforded 3x-metbykholestan-3/I-01 (equatorial alcohol) (15) exclusively. In addition, unprecedented 
unr&Cram sdactivity was achievabk in the MAD- or MAT-mediated alkylation of adhal akkhydcs 

posmabg~o ihility to be chelated. The sbraoc#laidl ae of equatorial mb.6&Cram 
edbdivityiuaulms@alkyUioniakat e: forbynudeophilic ad&on of e to ekctro 
phibmlly:ratintcd carbonyl sub&t-area witb MAD 01 MT (* 9). In co-t withotdirary 
car- aR#Ui~~,such an amphiphil&Ily activated w4tioar would be regaxlWae a W, as 
yet unexplored class of alkylation. ‘O 
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RY or Yo 

c R 
Ph 

YATIAY /c 
OH 

Cram 

I 
‘Al’ 

YoYgI 54% (72:2a 
YATIYOY~I @5X( 7:w 
ElMgBr 75% (54:15 
YAT/EtM#t 20% (13:57 

Scheme 8. 

Ph 
Ii 

A 
R’ 

. J or 

H 
0 

Yb 

HO c&Q 
Ii. Ii 15 

MuweLl : ol% (rx/oqr2:0() 
yATa8u : et% (woqrl:99) 

MO 

l A/ 
R 

Ph 

& 

antl-Cram 

t. a”& 0.. .*I’ ,\ 0’ 

Ph A’ 

MO’ 

1 
l da I 

t-Bu 
-Al: 

0’ 

on&Cram 

Conjugate addition to a&unsaturated carbonyl compounds is usuaIly effaabd by soft O-O- 
metallics (Cu. Ni., Zr, Zn, Al, etc.). The u9t of organolithium reagents has never been developed 
in view of their hardm&ophilic character. However, unusual conjugate addition of organolithium 
reagents to r,B_u~~~~turatcd carbonyl compounds can be accomplished by using the amphiphilic 
reaction system described above.” 
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R l Ye 88% 
C.EU ?3% 
Ph 71% 
CH,CoOEt 87% 

Discrimination of two different carbonyl groups has been successfully carried out by complexing 
the less hindered carbonyl selectively with MAD,” This observation cnabied the selective reduction 
of stcrically more hindered or electronically less polarisable carbonyl substrates. Treatment of an 
equimolar mixture of acetophenonc and pivalophenone in CH2C12 with MAD (1 equiv.) followed 
by reduction with DIBAH (1 equiv.) at - 78°C yielded the alcohols (66% combined yield) in a ratio 
of I : 10. The ‘3C NMR rn~su~ent of an equimolar mixture of MAD, acetophenonc, and 
pivalophcnone in CD2ClI at - 70°C revealed that the original signal of the acetopbenone carbonyl 
at d 198.3 entirely shifted downfkld to S 213.6, whereas the signal of the pivalophcnone carbonyl 
remained unchanged. From a synthetic point of view, use of each 2 equiv. of MAD and DIBAH 
seems to be satisfactory in both selectivity and chemical yield (ratio = 1 : 16; 85% yield). This 
suggests that decomplexation of the more hindered pivalophenont and MAD occurs during the 
reaction with DIBAH. 

ttydrlda rtteck to ttm mow hhdomd cubonyl 

!3ckmc IO. 

This process demonstrates the use of MAD as a temporary protecting group for the normally 
more reactive functionality of a bifunctional molecule. This is illustrated in Scheme I I. 
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Based on the concept of the diastereoselective activation of carbonyl groups with MAD or MAT, 
the bulky, chiral organoaluminum reagent 16 has been devised for enantioselective activation of 
carbonyl groups. The sterically hindered, optically pure (R)-( +)-3,3’-bis(triarylsilyl)binaphthol 
(R)-17 required for the preparation of (R)-16 can be synthesized in two steps from (R)-( +)-3,3’- 
dibromobina~hthol by the his-t~a~lsilylation and subsequent intramolecuiar 1,3-rearrangement of 

(It)-16 (S).l6 

Br 

OSlAr, 

OSlAr, 

Br 

I-BUl.4 --- 
THF 

86.65% 

17 
scheme 12. 

the triarylsilyl group. J3 Reaction of (R)-17 in toiuene with tieSAl produced the chirat organo- 
aluminum reagent (R)-16. fts molecular weight, found cryoscopically in benzene, corresponds 
closely with the value calculated for the monomeric species 16. The modified organoahuninum 
reagent 16 was shown to be employable as a chiral Lewis acid catalyst in the asymmetric hetero- 
Diels-Alder reaction. )’ Reaction of various aldehydes with activated dienes under the influence of 
catalytic 16 (S-10 mol%) at - 20°C gave, after exposure of the resulting hetero-Die&Alder adducts 
to trifluoroacetic acid, cirdihydropyrone predominantly in high yield with excellent en- 
antioselectivity. 

+ PhCt?O 
1) 6.10 moI% (fQ.18 

IL 
2) CF,COOH 

AYIPh 
At I 3,bXylyl 

1) 6.10 md% (A).16 
l PhCHdNCHO c 

#6*,810 
2) CF,COOH 

Yb 

Y* 
0 

0 G Ph 

MO 

?7% (S6%r) 
60% (OnbW) 

7% 
3% 

Yb 

r”‘ 0 + ! 
O+Ph .yPh 

Y* 

Ar.Ph 88% t--t 10% 

Ar I 3,scxyfyl 83% (88%..) 2% 

The success of the present asymmetric hetero-Die&-Alder reaction depends upon development 
of a new method of preparing the optically active disilylbinaphthol 17. The chiral oxygenophilic 
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organoaluminum catalyst 16 with its sterically hindered chiral auxiliary may form a stable I : I 
complex with benzaldehyde. This allows the enantioselective activation of the carbonyl group as 
illustrated in 18. The diene would then approach bervaldehyde with an endo alignment of the 
aldehyde phenyl residue and the diene in order to minimize the steric interaction Wween the 
incoming diene and the front triarylsilyl moiety, thereby yielding the cLr adduct predominantly in 
accord with experimental findings. The hetero-Dicls-Alder adduct, once it is formed, :hen splits off 
readily from the aluminum center as a result of steric rclcasc between the adduct and the aluminum 
reagent. This results in regeneration of the catalyst 16 for further use in the catalytic cycle of the 
reaction. In marked contrast, thechiral organoaluminum rcagcnt derived from Mc,Al and (H)-( + )- 
3,3-dialkylbinaphthol (alkyl = H, Me, and Ph) was employable only as a stoichiometric reagent. This 
gave much less satisfactory results in reactivity and enantiosclectivity in the hetcro-Dicls-Alder 
reaction. 

Since the resultant optically active dihydropyrones arc readily transformed in a stereoselective 
way to glycals of the type 19, the C-glycosidation of glycal 19 with trialkylaluminums has been 
investigated. Their high synthetic utility as chiral building blocks for the structural elaboration to 
the concise synthesis of a variety of carbohydrates and polyether antibiotics has been demonstrated 
by the formation of various C-glycosides which can he obtained with high rcgie and stereo- 
selectivity.J’ 

- _- 
--. _) 

OAc 

19 

A,AI A 
- c 

CH,CI, Ph Ph 

M*,AI 96% ( 90:4) 

i-Bu,Al 74% ( 94 : 6) 

Et,AIC r CEu 65% (1W:O) 

Regioselective olefin formation from ketones has been .exploited by Oshima and Nozaki.‘6 
Conversion of ketones to the corresponding enol diphenylphosphates and subsequent coupling of 
enol phosphates by stereospecific C4 bond fission with ai’ky&luminum in the presencz of catalytic 
Pd(PPh,), yields alkenes. In this coupling alkenyl and alkynyl groups are introduced selectively in 
preference to alkyl substituents. The reaction does not affect a cu-existing vinyl sulfide group. This 
feature en&&d 1.2- and 1,3carbonyl transposition, with ot wit&out alkylation. via phonylthio- 
substituted enol phosphates. 
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1) LDA 

2) CIPO(OPh), 

OPO(OPh)z CECPh 

cat Pd(PPh,), \ 
-- 
Et,AIC= CPh 

70x 0 

A 

0 OPO(OPh), MO 
1) LDAJPhSSPh 

MO 
Ph 

Ph 
2) NWCIPO(OPh), + 

cat Pd(PPh,), 
SPh _ 

- Ph 
SPh 

Mo,AI + 
MO Me 

64% 7tx 

TICI, 

I 

H,O/AcOH 

Ph 

The tandem aldol condensation-radical cyclization sequence for the elaboration of functionalixed 
bicyclo[3.3.0]octant systems has been developed by Leonard and Livinghouse.” Conjugate addition 
of Me,AISePh to dimethylcyclopentenone followed by trapping of the resultant enolatc with alde- 
hyde afforded the rruns, eryrhro aldol predominantly which then underwent radical cyclization with 
Bu,SnH and catalytic AIBN yielding the bicyclic ketol stereospecifically. This approach represents 
a highly convergent method for the annulation of carbocycles leading to the polyquinane sesqui- 
tcrpenes. 

0 

1) M@,AISePh 

Diisobutylaluminum hydride (DIBAH) is undoubtedly one of the most common reducing agents 
in organic synthesis and recent interest in the synthetic utility of DIBAH has been directed toward 
diastcreoselective reduction of carbonyl substrates. Kiyooka and coworkers have achieved high 1,3- 
~yn diasttreoselectivity in the chelation-controlled reduction of /I-hydroxy ketones with DIBAH in 
THF.” The choice of solvents strongly afkcts the selectivity. Use of CH2C12 or toluene in place of 
THF did not show any diastereoselectivity. 

Ph 

87% (03:7) 

Solladie and Kosugi independently reported the highly diastereoselective reduction of chiral /I- 
keto sulfoxide with DIBAH in the presence of ZnC12. ‘M* The exclusive formation of the (4, &)- 
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hydroxy sulfoxides is accounted for by the initial compkxation of the &keto sulfoxide with ZnCl? 
and subsequent attack of a hydride from DIBAH on the less hindered site of the chelated species. 
Interestingly, the sole use of DIBAH resulted in stereochemical reversal, yielding (S,, S,)-hydroxy 
sulfoxides predominantly. The resulting optically active /I-hydroxy sulfoxides are readily trans- 
formed to a variety of syntheticahy useful intermediates including chiral allylic alcohols, vi&al 
triols, and epoxides. This method can be successfully applied to the efficient synthesis of optically 
pure (R)-( +)-hexadecano-1.5lactone. the pheromone responsible for some aspects of the social 
behaviour of the Oriental Hornet. I’espo orienialis (Scheme 13). 

DIBAWZnCI, 

DIBAH 

0 0 
DIBAH 

bBUO,C(CH,), ZnCI, 

I’ 1 

0 

0 c, 
Ii 

‘. CllHYJ 
SC& 13. 

The efficacy of the DIBAH/ZnCl, system in the diastereosekctive reduction of carbonyl group 
has been also demonstrated by Frenette et al. for the preparation of important intermediates in the 
synthesis of selective receptor antagonists of leukotriene D,.6’ Reduction of keto-acid 20 with 
DIBAH in the presence of ZnClr proceeded in a highly stereosclective manner giving product ratio 
of 97: 3 to 99: 1 in favor of the desired eryfhro products. Hydrosilane-based reduction, zinc 
borohydride, and L-selectride gave much less satisfactory results. 

20 
92U 

99 : 1 
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The reducing reactivity of DIBAH can be dramatically modified by adding a transition-metal 
compound as exemplified by the methylcopper(catalyzed highly efficient and selective conjugate 
reduction of z&unsaturated carbonyl compounds with DIBAH.*‘ Here, HMPA is an indispensable 
component for the present conjugate reduction, and it functions as a ligand rather than a asolvent. 
The newly developed MeCu/DIBAH/HMPA system exhibits the high chemoselectivity and even in 
the presence of’saturated carbonyl groups, the selective conjugate reduction of a&unsaturated 
carbonyl compounds took place efficiently. 

64% 6% 

The enantioselective reduction of prochiral ketones with chiral organoaluminum reagents has 
been studied by several research groups. Giacomelli er al. prepared optically active cti-myrtanyl- 
aluminum and (2-methylbutyl)aluminum derivatives. 6s67Theextenl ofenantioselectivity was found 
to depend heavily on the structure of the ketonic substrate. Midland ef al. observed that the absolute 
configuration in the reduction of prochiral ketones with cis-myrtanylaluminum dichloride is the 
opposite of that obtained wi!h a similar organoboron reagent (Scheme 14).68 

67% 60% 

66% ” 66% . . 

Scheme 14 

Mukaiyama and coworkers reported the asymmetric reduction of prochiral z- and /?-hydroxy 
ketones with a reagent generated from SnCII, a chiral diamine, and DIBAH.69 They concluded that 
use of MEM ethers as a substrate and (S)-l-ethyl-2-(piperidinomethyl)pyrrolidine as a chiral ligand 
is the most effective lo achieve high enantioselection. 
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4. ACID DERlVATfVEoi 

Asymmetric Diels.Alder reactions are little affected by solvent changes. However, the Lewis 
acids exert a strong catalytic effect and induce higher optical yields. As a consequence of faster 
rates, increased stereoselectivity, and enhanced regioselectivity, the L.qvis acid-catalyled [4+2] 
cycloadditions offer many attractive synthetic advantages. Homogeneous ~ylal~inum chlorides 
have now been accepted as most reliable reagents. Evans 41 al. found that chiral z.j?-unsaturated 
N-acyl oxazolidones exhibit high diastereofacial selection in Diels-Alder reactions, particularly 
those conducted in the presence of Et*AICl.70 Reaction of the chiral acrylate and crotonate imides 
with cyclopentadiene furnished en&-adducts almost exclusively with diastereosclcction of about 
95%. The exceptional reactivity of these dienophile Lewis acid complexes allowed the use of less 
reactive acyclic dienes with high diastereoselectivity ( > 95% de). The chiral auxiliary is cleaved by 
transesterihcation with lithium bcnxyloxide to the corresponding benzyl ester in 85 .95% yield. 

PhCH,OLI 
-_-_- 

Lile x ’ * THF 
U* 

.1oo*c 03% 

The same group applied this asymmetric Diels-Alder reaction intramol~ularly.” (rE,E)- 
Trienecarboximides derived from chiral oxazolidones undergo Me,AlCl-catalyzed intramol- 
ecular Die&Alder reactions yielding bicyclic compounds with high endo- and diastereoselectivity 
(endolexo = *C 100: I). The stereochemistry is controlled by the stereogcnic center at C, of the chiral 
auxiliary. 

The distinct advantage of homogeneous alkylaluminum chloride over AICI, was clearly demon- 
strated by the organoaluminumcatalyzed asymmetric DielsAlder reaction of ( -.)-dimenthyl 
fumarate with various cyclic as well as acyclic dienes with remarkably high diastcrcofacial 
selectivity.” Here a single reaction species may be responsible for the cycloaddition, since a straight 
line of the observed enantio~l~ti~ty, In (S,S)/(R,R) against the reciprocal of the temperature, l;T 
(in K) was obtained at temperatures ranging from 25 to -40°C. 

Al reagent COO-(-f-IJmthyl 

* e * 

c/r, COO-(-)-Yenthyl 
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EtAIClr-catalyzed Diels-Alder reactions between alkyl-substituted l.3-butadienes and (q’- 
acryloyl)(q5-cyclopentadienyl)dicarbonyliron(II) complexes have been reported by Hemdon.” In 
these reactions, the observed regio- and stereo-chemistry were consistent with that generally observed 
in Diels-Alder reactions. Conventional Lewis acids such as BF,-OEt, and TiCI, were not effective 
in promoting the desired cycloaddition. 

M.+<@ l Jc./ 
0 

EIAICI, 
- . _* F.(C,H,)(CO), 

bbnrene 
co Ye 

co 2!s*c 

Davies and coworkers studied aldol condensations of the enolate derived from the iron acetyl 
complex (rr5-C5H5)Fe(CO)(PPh,)(COMe) with aldehydes.“.” Although the lithium enolate did 
not show any selectivity, the corresponding aluminum enolate by transmetalation with Et,AICI 
exhibited exceptionally high diastereoselectivity ( > 99% de). The resultant /I-hydroxy acyl complexes 
are transformed to j?-hydroxy acids on decomplexation with Br2. 

1) BULI ECHO -* 
2) EtyCl -1oo*c 

>80% 

+ 

*loo : 1 ( 1.2 : 1 with llthlum enolato) 

Subsequently they found that the enolates derived from the iron propionyl complex @I’- 
C,H5)Fe(CO)(PPh,)(COCH2CH ,), chiral propionate enolate equivalents, undergo highly stereo 
selective aldol condensations with aldehydes to yield in the case of the aluminum enolate rhreo- 
z-methyl-&hydroxy acids. For the copper enolate, the corresponding eryrhro isomers predominate.76 
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A remarkable directing effect of Et,AlOEt was observed in the Ni(O)-catalyxed cyclodimcrixation 
reaction.” Treatment of methyl 2,4-pcntaacdicnoate with each 5 mol% of Ni(COfI)2 and PPh, 
gave cyclohexene derivatives predominantly whereas in the presence of Et&KIEt (10 mol%), 
cyclooctadimt derivatives can be obtained exclusively. The observed regio- and stereochemical 
control has been ascribed to &active chelation between the ester oxygen atoms and the oxygenophilic 
organoaluminum reagent as shown in Scheme 1.5. 
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A new ketone synthesis from acyl chlorides was executed by Oshima and Nozaki.” Previously 
this tran~fo~ation was accomplished with organometahics inning Cd, Cu, Mg, Mn, etc. In 
place of these reagents, they utilized trialkylaluminum in THF with a catalytic amount of Pd(PPh ,),. 
In the case of dialkylalkeny1ahaminums and dialkylalkynylaluminums, selective transfer of alkenyl 
and alkynyl groups was observed. 

PdW’h,f, 
PhCOCl + c 

THF 

81% 

5. ALCOHOL DI3tIvATlvES 

~~~~rno~ asymmetric pinacol4ype rcarrangcments have btcn studied extcnsivcly 
by Suzuki and Tsuchihashi. First, they found that chirai j?-mcsyloxy tertiary alcohols, when treated 
with excess Et,AlCl or Et& undergo a stereospecific pinacol-type rearrangement as shown in 21 
to furnish optically pure r-alkyl, a-alkenyl, or a-aryl ketones. ‘p-*3 The reaction is particularly useful 
for preparation of optically pure a-methyl-&unsaturated ketones by migration of an alkenyl 
group, which occurs with retention of the olefin geometry. The resultant ketones can be reduced by 
lithium TV-~ec-butyl~rohy~d~ with high rttreo-selectivity (Scheme 16). 
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Reductive pinacol-type rearrangcmcnt of chiral z-mesyloxy ketones was executed by in situ 
reduction with DIBAH followed by addition of Et ,Al or Et,AICI. The resulting aldthydc is reduced 
as formed to an optically pure 2-aryl- or 2-alkenylpropanol.*’ 

1) DIEAH 
._. . 
2) Et,AI 

77% 

SIM., 

y-y 0” 

H MO 

DOS% . . 

The present pinacol-type l,2-rearrangement was highlighted by the stereocontrolled asymmetric 
total synthesis of protomycinolide IV where two chiral fragments, C(l) C(9) and C(I 1). C(l7) 
portions, were constructed from a common chiral starting material, (S)-ethyl lactate (Scheme 17).*’ 
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Cationic rcarrangcment of 3-(trimethylsilyl)mcthylcyclohexyl mcsylates was effected with excess 
Mc,A10Tf.*6 In this reaction, the silyl group exhibited a remarkable directing ctTcct to induce 
successive rearrangcmcnt of a hydride and an alkyl group in order to generate a stable /I-silyl cationic 
species which finally alforded the corresponding olefins. As observed in the usual cationic I,2- 
rcarrangemcnt process, successive migrations of two anti-periplanar substituents on axial positions 
may be greatly favored in these silicon-directing rearrangements. 

-?VC, 14 h 
60% 33% 5% 

A rcgio- and stcrco-chemical study on the alkylation of several allylic cyclohcxcnyl esters with 
Me,AI and i-Bu,Al has been cxccuted by Gallina. *’ Hc concluded that the regio- and stereochemical 
outcome of the reaction is strongly influenced by the nature of the allylic system, lcaving group, 
organoaluminum reagent and by the lcaving group orientation. In the case of propargylic acetates, 
substituted allenc was formed according to the acetylene-allenc rcarrangemcnt upon reaction with 
organoaluminum rcagcnts in the presence of 3 5 mol% FeCl,.” 

OAc cat FOCI, El 
ha.&< l El,Al -- - Y.,C.C.C< 

c .. CCH.CH~ 72n 
CHtCH, 
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Reaction of allylic derivatives with an aluminum-tin reagent has been reportcd by two research 
groups. Trost found a mild and efficient method for the formation of functional&d allylic stannanes 
from allylic acetates with Et2AISnBu, in THF in the presence of catalytic Pd(PPh,),.“’ This 
functional group interconversion represents a net conversion of the electronic nature of the ally1 
acetate from electrophile to nucleophile. The stannylating agent, which is readily available by 
reaction of Bu,SnLi with EtrAICI, exhibits a high degree of regioselectivity for the less substituted 
carbon of the ally1 system. The reaction also proceeds with a remarkably high chemoselectivity. 
Enone. ketone and ester functionalities remain totally intact even in the presence of excess stannyl- 
aluminum reagent. 

cat Pd(PPh,), 

COOMO COOY~ 

Ok ---- c...,..., l Q...“, Et+SnBu, 

THF 

73x 
7:3 

Oshima and Nozaki have developed a one-pot synthesis of homoallylic alcohols from allyhc 
phosphates and aldehydcs with an aluminum- tin reagent.” Treatment of allylic diphenylphosphate 
with the reagent prepared from Bu,SnLi and Et,AlCl or from SnF, and Et,AICI in the presence of 
catalytic Pd(PPh,), afforded allylic stannancs which then rcactcd with aldehydes, by the in siru 
generated EtZAIOPO(OPh)r as Lewis acid, to produce homoallylic alcohols. 

M.uOPO(OPh), l 
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Ucmura and coworkers investigated alkylation at the benzylic position of ($-arene)tricarbonyl- 
chromium complexes9 Thus, benzylic acetates and the corresponding free alcohols of (q”- 
arene)tricarbonylchromium complexes are alkylated stcreoselectively with trialkylaluminums 
producing exe-alkylchromium complexes. The free benzylic hydroxy group could not be replaced 
by Me,Al alone. but is smoothly substituted at room temperature in the presence of equimolar TiCI,. 

\ a Yo,Al 

Cr(CO), .. --.. c Cr(CO), -. 
/ CH,CI, cc / I 

&AC 00% MO 

6. ETHERS, EPOXIDF25 AND ACLTAIS 

Aliphatic Claisen rearrangements have been accomplished by Nozaki’s group under very mild 
conditions in the presence of organoaluminum reagents.” Treatment of simple ally1 vinyl ether 
substrates with trialkylaluminums resulted in the [3,3] sigmatropic rearrangement and subsequent 
alkylation on the aldehyde carbonyl group. The rearrangement-reduction product was obtained 
exclusively with i-Bu,Al or DIBAH. The aluminum reagent, Et,AISPh or a combination of Et,AICl 
and PPh, was effective for the rearrangement providing the normal Claisen products, ~,&unsaturated 
aldehydes, as indicated in Scheme lg. 
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Schcmc 18. 

The same group further expanded rhc organoalu~num-promote Claisen ~a~an~rncnt to 
five-membered ring enol ethers with vinyl substituents.93 Here reaction has proceeded in three 
different directions: (I) [3,3] sigmatropic rearrangement yielding 7-membered carbocycles, (2) 
isomerization to vinylcyclopropane derivatives, and (3) &2’ type reaction with phenylthio anion 
via oxolane ring opening 

OH 

Q - 
82% Ye 

Matthews and Eickhoff studied the regioselectivity of epoxide-opening reactions using alkynyl- 
aluminum reagents for prostaglandin synthesis.*‘ With two different cyclopentane oxide derivatives, 
they suggested that the simple substitution of an aluminum ate complex for the usual trialkyl- 
aluminum can sometimes be useful in achieving desired regioselectivity. 

OH OH OH 
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A selective ring-opening of 2,3-epoxy alcohols has been attained with organoaluminum reagents. 
Previously, two research groups independently reported the rcgioselectivc alkylation of epoxy 
alcohols with t~alkylaluminums. yJ.96 More recently, a highly regio- and stereo-selective addition of 
the azido group to 2,3-epoxy alcohols has been achieved with MeSiN,-Et,AIF system.97 This 
method is superior to the conventional one using atide anion which strongly retlects the steric effect 
of all of the epoxide substituents. 
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+0” --- OH + OH 
I + OH 
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Deoxygtnation of epoxides with Li[Bu,SnAIMe~ or Et#USiPhMe2 has been exploited by 
Oshima and Nozaki9’ The reaction with the AI--Sn or Al-Si reagents proceeded with overall 
retention of stereochemistry. This stereochemical outcome can be explained by the &2 type ring 
opening of epoxides by tributylstannyl anion followed by anti elimination of the Bu,Sn and OAIMe, 

groups. 

0 eu THF, 25*C 

eu\__ 
‘0” 

80% ( 90% pur. ) 

Recently, the reaction of chiral acetals with organoaluminum reagents has been thoroughly 
investigated by the authors.99*“0 Noteworthy is the unprecedented regio- and stereo-chemical 
control observed in the addition of trialkylaluminums to chiral x$-unsaturated acetals derived from 
optically pure tartaric acid diamide.‘O’-‘O’ The course of the reaction appeared to be strongly 
influenced by the nature of substrates, solvents, and temperature. These findings provide easy access 
to optically active a-substituted aldehydes, /I-substituted aldehydes, z-substituted carboxylic acids, 
or allylic alcohols. Since both (R.R)- and (S,S)-tartaric acid diamide are readily obtainable in 
optically pure form, this method allows the synthesis of both enantiomers of substituted aldehydes. 
carboxylic acids, and allylic alcohols from a&unsaturated aldehydes in a predictable manner as 
illustrated in Scheme 19. 
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This asymmetric reaction possesses vast potential in natural product synthesis. This is illustrated 
by the short synthesis of the side-chain alcohol which is present in the biologically important 
vitamins E and K. 
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Kinetic resolution of chiral acetals has been effected with certain organoaluminum reagents.“’ 
When a chiral acetal derived from (2R,4R)-( -)-pentanediol was treated with i-Bu,AI at room 
temperature, one diastemisomcr was found to react much faster than the other, and the residual 
enol ether is transformed to optically pure ketone. The efficiency of this method is demonstrated by 
a concise synthesis of (S)-( - )-S-hexadecano- 1.5-lactone, the pheromone of Vespa orienrulis (Scheme 
20). 
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Scheme 20. 

This reaction has been further extended to the asymmetrization of the symmetric acetal with 
various modified organoaluminum reagents including i-Bu,Al and bulky organoaluminum 
amides. ‘O’ 
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Palladium-catalyzed reactions of organoaluminum reagents with r&unsaturated acetals and 
orrho esters has been reported by Chattcrjec and Negishi.‘06 They employed alkenylaluminum 
reagents which are readily obtainable by the hydroalumination or Cp,ZrC12-catalyzed carbo- 
alumination of alkyncs with DIBAH or Mc,AI, respectively. 
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The reductive rearrangement of 2cthoxy-5-(2-alkenyl)-2H-tctrahydropyran systems with i- 
Bu,AI has been utilized as the key-step in the synthesis of fitlog-Djcrassi related lactones.‘07 

coon 

7. HALOHYDROCARBONS 

The reaction between alkyl halides and aluminum metal are the basis of the classical and oldest 
method for the synthesis of organoaluminum compounds. For example, propargylic bromides react 
with Alpine in ether giving organoal~inum compounds which on truant with acetals yielded 
z-ailenic ethers soleIy.‘O* However, the method involving simple alkyl halides and aluminum metal 
requires a long reaction time. 

Y) Al&mhu CHtOY* 
RUC~CCH,& - -* CH,rC*C: 

2) CH2(0-), BU 

70% 

Keccntly, Lin and coworkers utilized ultrasonic irradiation as a promising method to promote 
the reaction of methyl iodide with ahuninum powder.‘09 Methylaluminum sesquiiodide was first 
formed as an intermediate which, without isolation, was then redistributed with Et,AI to furnish 
Me3Al. The first heterogeneous step of the reaction was complete within 2 h at room tempcraturc 
by ultrasonic irradiation. 

uttrswnic 
wund l3,AI 

3M.l l 2 Al * Y*,AI,I, M*,AI 
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They aIso utilized the ultrasonic irradiation technique for one-pot synthesis of Et,Al*OEt, 
starting from ethyl bromide, aluminum, and rna~~i~ powders.“’ 

A highly convenient and versatile cyclopropanation method has been recentiy developed which 
involves treatment of olefins with various organoahuninum compounds and alkylickne iodide under 
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mild conditions. ’ ” Miller found that cyclopropane formation using Et]Al-methylene iodide in 
cyclohexene proceeds in quite disappointing yields. ’ ‘* However, making a survey of a range of 
aluminum reagents as well as manipulating experimental conditions, the authors have concluded that 
the intermediary dialkyl(iodomethyl)aluminuminum species 22 is responsible for the cyclopropanation of 
olefins and it easily undergoes decomposition in the absence of olefins or by excess trialkylaluminum. 
Hence, the use of equimolar amounts of trialkylaluminum and methylene iodide in the presence of 
olefins is essential for the achievement of reproducible results in the cyclopropanation process. In 
addition, since dialkylaluminum halide is also employable as a cyclopropanation agent, the use of 
half equiv. of trialkylaluminum is not detrimental. 
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The organoaluminum-mediated cyclopropanation exhibited unique selectivity which is not 
observable in the Simmons-Smith reaction and its modifications.“’ Treatment of geraniol with i- 
Bu,Al (2 equiv.)-methylene iodide (I quiv.) in CH1C12 at room temperature for 5 h gave rise to 
cyclopropanation products in 75% combined yields in a ratio of 76 : I : 4. Consequently, the meth- 
ylene transfer by the aluminum method takes place almost exclusively at the C(6)<(7) olefinic site 
far from the hydroxy group of geraniol and the C(2)<(3) olefinic bond was left intact. In sharp 
contrast the zinc method showed opposite regioselectivity via hydroxy-assisted cycopropanation. 

I43U,AI/CH,I, 76 1 

EtpCt& 2 74 
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3 

Posner and Haines utilized the strong affinity of aluminum for fluoride ions as a new method 
for carbon+arbon bond formation by reacting glycosyl fluoride with organoaluminum reagents.“’ 
Accordingly, various furanosyl and pyranosyl fluorides react rapidly with alkyl, alkenyl, alkynyl 
and arylaluminum reagents to furnish C-glycosides in high yields Effective application of this 
procedure to a 6-fluoro-l&anhydroglucose derivative produced a chaincxtended sugar ster- 
eospecifically (Scheme 21). 

Despite the use of polyhalomethane (CH2C12 etc.) as a solvent for organoahrminum reagents, 
explosive reactions have been sometimes observed for mixtures of CC!, with trialkylaluminums, 
alkylaluminum hydrides, and alkylaluminum halides.’ The reactions appear to be free-radical chain 
processes involving the trichloromethyl radical as an initiator. Rmtly, by manipulating the hitherto 
uncontrolled reactivity of organoalumin~polyhalomethane systems, a new procedure for the 
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regiosekztivc addition of polyhalomethanc to okfins has been developed by the authors. I’ $ Although 
various organoaiuminums were surveyed as initiator for the addition reaction, only Mc3Al was 
found to be satisfactory. 
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The present organoaluminum-induced addition reaction has been applied to the poly- 
~uoromcthy~ation of olefins as illustrated below. 
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The versatility of the coupling reaction was expanded by Negishi ef al. by the use of transition 
metal complexes as in the palladium- or nickel-catalyzed reaction of alkenylmetals with unsaturated 
organic halides as a selective route to arylated alkenes and conjugated dienes.’ I6 Palladium catalysts 
permit nearly 100% stereospecificity in both elkenyl-aryl and alkenyl-alkenyl coupling reactions, 
whereas nickel catalysts led to partial stereochemical scrambling in the aikenyl-alkenyl coupling. 
After the mechanistic study, they concluded that the coupling reaction proceeds by the oxidative 
addition of Pd(0) complexes, ratedetermining transmetalation involving Pd(II) complexes, and 
rapid decomposition of dior~opalIadi~(II) species to produce the coupling products in one or 
more subsequent steps. 

OIBAH 
C,H,,CZCH -- 

/ 
5 molX httn 

““‘+L? 
H &I 

NW’h,), 72% f 05% E.E ) 

PWf’h,), 76% ( 46% E,E ) 
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The reaction of organoaluminum compounds with aryl iodide and carbon monoxide in the 
presence of palladium complex provides a convenient route to the synthesis of various ketones.“‘*“* 

PdCI,(MeCN), 

’ 
+ CO + Ph,AI ---- U*O COPh 

DMSO 

50%. 4 h 
98X 

& NrrRocxN COMPOUNDS 

DIBAH is a reliable reagent for conversion of nitrilcs to the corresponding aldehydes via aldimine 
derivatives.“* 12’ Recently, the intermediary aldimines were successfully utilized by Overman for 
preparation of cyclic imines from haloalkylnitriles. ‘22 Since the starting haloalkynitriles are readily 
obtainabte by the haIoalkylation of the nitriles with LDA, the present reaction sequence serves as 
a new route to S- and (i-membered azacyclic compounds. 

The reaction of sterically hindered z-chloronitroso compounds with Me>Al was examined by 
Boer er al.‘23 The conspicuous reaction sequence is interpreted by the initial ring rupture, methane 
evolution and chlorine migration from carbon to al~inum, intramol~ular reaction of the carbon- 
carbon double bond with the rather electrophihc carbon atom from the nitrilc oxide moiety leading 
to a seven-membered ring having an exocyclic double bond as depicted in Scheme 22. After hydrolysis 
the corresponding oxime is obtained. 

Akiba and coworkers found the efficiency of Me,AICI in a new /I-lactam synthesis from lithium 
ester enolates and enolizablc aldimines. 12’ In the absence of Me,AICI, no /I-lactam formation was 
detected probably because of the proton removal from the enolizable aldimines with lithium ester 
enolate. 

0 
LDA Me 

he* Pr 

Me 
OMI - * f 

THF 
Yo 3 

.- N 
0 

VPh 
-7B.C 

95% 

9. SUIJTR COMPOUNW 

A novel alkynyl sulfenylation has been developed by Trost.“’ Alkene forms an adduct with 
~me~yl(methylthio)sulfonium tetrafluoroborate (DMTSF). Attempted reaction of this adduct 
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with bhium aortylidc failed to mact or producal complex mixtures or an allylic stide by elimination. 
However, the aluminum ate complex derived from lithium acctylide and Et jAl (I : 1 molar ratio) 
or Et,AlCI (2: 1 molar ratio) has proved to be highly effective for alkynyl sulfenylation with high 
regio-, chemo- and stereoselectivity. The products were converted into 1,3enynes by sulfoxide 
eli~nation or by alkyl~tionulimination (Scheme 23). 

M.&., SF; LIt3,AI(C s CC,H,,), 
,- 

CICH,CH,Ct THFltolwne 

88% 

Q 
DBU 

- 

Cat&H,, 

Scheme 23. 

cJ+ 
SYe 

.., c e CC,H,, 

I TfOCH,COOEt 

YeCN 

Trost also found the Lewis acid-initiated alkylation of allyhc sulfone with organoaluminum 
reagents.“6 Thus, combination of alkenyl- or ~k~ylaluminum reagents with AICll promotes the 
carbon-carbon bond formation of allylic sulfone substrate with removal of sulfonyl group in chemo- 
regio- and diastereo-selective fashions. The unique advantage of the sulfone as a leaving group stems 
from the ease of alkylation a to the sulfone prior to the substitution as illustrated in Scheme 24. 

-SOpPh 
1) euu 

m 

2) C,H,,Br 

fl;;,,, EtYz,cs”~ JJ++:,,,“,, 
l thw, QCH,CH,CI 

71% 
f8flUI 

scheme 24. 

The ability of sulfones to bc chemical chameleons, that is, to be nucleophiles in the presence of 
base and electrophiles in the presence of acid, appears to provide great opportunities for designing 
new reactions. This is demonstrated by a ring expansion to a-phenylthio and cx-methoxy ketones’ ” 
Although the lithium derivative of (phenylthio)methyl phenyl sulfone, generated with BuLi in THF 
at - 78°C adds very poorly to ketones, addition of excess Et,AlCl led to smooth alkylation to the 
carbonyl group. Subsequent rearrangement proceeds cleanly by treating adduct in CH #Zlz at - 78 ‘C 
with excess Et,AlCl (6 equiv.). 

0 SO,Ph SO,Ph SPh 

a5 

Lt &Ph 

HO ! H 

cis 

SPh Et#lCl 
-.-__- -.- 

Et,AICI CH,CI, & 

0 

92% (low yWd without E$AICI) 

-20% 4 h 
H 

70% 

10. MscEwiANEQus C~UNDS 

Nearly 25 years after Ziegler’s pioneering work, “’ DIBAH has secured its place as one of the 
most common reducing agents in organic synthesis: its popularity has increased considerably, 
especially after safe and easy-to-handle solutions of DIBAH in toluene and hexane became available. 
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However, most of the data available are for reactions carried out for preparative purposes, with the 
concentrations of the reactants, the temperature of the reaction, and the reaction tune not specified. 
Recently, the approximate rates and stoichiometry of the reaction of excess DIBAH with 69 selected 
organic compounds containing representative functional groups wete thoroughly investigated by 
Yoon and Gyoung under standardized conditions (toluene, O‘C) in order to compare its raking 
characteristics with aluminum hydride previously examined and to enlarge the scope of its appli- 
cability as a reducing agent.“’ 

Kim and Ahn have surveyed the “ate” complex generated from DIBAH and BuLi in an 
quimolar ratio either in THF-hexane or in toluenchexane with a series of selected organic 
compounds containing various functional groups in order to explore the reducing properties and to 
determine the synthetic utility of the reagent. ’ ” This reagent reduces ketones, esters, acid chlorides 
and acid anhydrides readily, even at -78°C. Consequently, it is useful for selective reduction of 
these groups in the presence of halide, amide and nitrile groups, which are inert at low temperature. 
Chemoselective reduction of a ketone in the presence of an ester group has been accomplished with 
I quiv. of the reagent at -78”. 

11. CONCLUDING REMARKS 

With the aid of numerous synthetic transformations, the present Report demonstrates that 
organoaluminum reagents possess a unique set of properties. This makes them highly attractive as 
versatile reagents in organic synthesis. However, even with these fruitful experimental findings it is 
difficult to predict how many other chemical properties will emerge in the long-lived organo- 
aluminum chemistry. One may therefore expect that the vast synthetic potential of organoaluminum 
reagents in sekctive organic synthesis will continue to be explored in the future. 
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