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Contents In general, use of MAL gives good to excellent selectiv-
ities and yields but, if required, screening of related reagents
1. Unusual Regioselectivities in Nucleophilic Additions to like 5, 6 or even more bulky aluminium complexes with three

Carbonyles phenolic substituents may result in improved results [4].
2. Use of MAD in Mukaiyama Aldol Reactions and One

Carbon Homologations 1. Unusual Regioselectivities in Nucleophilic Additions
3. Radical Reactions to Carbonyles

4. Cycloadditions Due to the high oxophilicity of the monomeric MAD sta-

ble Lewis acid complexes are formed with carbonyl oxygen.

Bulky designer aluminum Lewis acids of typ¢l], first in- : . : ; i
X . ; ’ This complexation leads to steric protection of initially less
troduced into organic synthesis by Yamamoto and COWorkerﬁindered substrate positions by the bulky ligands of the alu-

[2], provide remarkably versatile reagents for the control of _. = : ;
regio-, stereo- and chemoselective transformations. The firgT'mum complex. MADL can thus act as both Lewis acid

described compound of this class, methylaluminum bis(2,6- atalystand a protective agent to enhance selectivity, or often
di-tert-butyl-4-methylphenoxide) (MAD). proved to be a also reverse the stereo- or regiospecificity of reactions.
universal tool for the selective promotion of carbon—carborl7 Complexation of a wide range of substituted cyclohexa-

bond formation, radical or pericyclic reactions. The reagen ec():r:i(\a/ist oL?gﬂgg;ﬁtamﬂ:ﬁ:owme!ﬁnnsvrﬁ;zit:e :ﬁglmitsigl_l
is readily available in a large scale from low cost commercia y 9 P y 9 y

precursors [2]. avoured equatorial side (scheme 2) [2, 5].
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Aluminum alkoxide- and aryloxide compounds generally  This sequence, leading nearly exclusively to tertiary axial
show the tendency to maximise their coordination number by pstituted alcohols lik or 9 was carried out with different
association to give aggregates containing tetrahedral or octagky| or allyl organolithium or Grignard reagents giving ex-
hedral centres. This aggregation leads to decreased Lewiglient to quantitative axial selectivities. The approach has
acidity, and can be prevented by use of the steric hinderegso heen used successfully in the stereoselective alkylation
aryloxide derived ligand 2,6-dert-butyl-4-methylphenold)  of the steroidal ketoneBmethylcholestan-8-ol [2].

(BHT, from the trivial name butylated hydroxytoluene) [3],  complexation of thex-chiral aldehydel0 with MAD 1
or structurally related phenolic ligands I&er4 (scheme 1).  has been shown to reverse the selectivity of amphiphilic
The resulting monomeric aluminum Lewis acids k&, or — alkylation [2]. After complexation with MADL, an ethyl
6 show different reactivities, depending on the number, elecgrignard reagent preferentially attacks opposite to the bulky
tronic properties and steric hindrance of the ligands [4].  gluminum reagent (scheme 3) leading todht Cram11la

and Cram produdtlbin a ratio of 75 : 25 (90% yield), while

R? toluene R2 alkylation without preceding complexation gives a product
or CH,Cl, ratio of 13 : 87 favouring the Cram produddt.

2 R1QOH + AMeg ———»  MeAl O‘Qm Another example of unusual selectivity in nucleophilic ad-
R2 ’ R2 ) ditions is the use of MAD for directing organolithium addi-

tion to a,B-unsaturated carbonyl compounds. While conju-

421 21 = M-e; ij gﬁu; 3R!=Br; R?= t-Bu; Ei = thg; Ejf f‘E“E ngé gate addition tar, S-unsaturated carbonyl compounds is gen-
T Ri= I RZ=Ph: MAPH 6 erally affected by soft organometallics (Cu, 8lic), use of

Scheme 1 organolithium reagents for that purpose has long been a chal-
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S smoothly with silyl$nolether$8 e}nd21 in tge presinfel olf a
Me / HMe Me Me catalytic amount of a mixture of MAD and trimethylsilyl-
Ph/k?o (MAD) H@’;h\ N EMOX Ph/K_/\ * Ph/H/\ sulfonates (scheme 5).
10 ~prC 112 OH 11b OH The strategy involved was based on selective molecular
7\ 112/ 11b = 7525 recognition of a triflate anion by MAR. The anionic spe-
cies is trapped, and the equilibrium is shifted towards an elec-
Scheme 3 tron deficient carbonyl species which reacts readily with the

silyl enolether as shown in scheme 5.
Organoaluminum promoted selective C1- homologation or

Ienge due to their hard nucleophilic character [6] Remarkaring expansion of ketones liK&3, 25 or 28 and a|dehydes
ble 1,4-selectivities were reported for the addition of organo26, 27), using diazoalkanes, has been investigated using a
lithium compounds to substituted cyclohexenones and lineayariety of aluminum Lewis acids. MAR was found to be
ketones in the presence of MAIJ7] or the structurally re-  hjghly effective as a complexing agent, suppressing multiple
lated aluminum tris(2,6-diphenylphenoxide) [8]. Complexa- homologation and oxirane formation, often observed with
tion of the substrate with MAD sterically disfavours the  ynhindered aluminium reagents (scheme 6) [11].
more reactive carbonyl position, directing attack of the nu-
cleophile to they-position. For example, MALL was used y

e

very efficiently for the direction of alkyllithium and Grig- P ™0 o Ove o O

nard reagent addition to quinone monoketals [9], thus pro- CHsCHN, MAD: 24/24b = 98/2

viding a universal route tmetasubstitutedp-methoxyphe- >~ * MesAl: 24a/24b = 38/62
24a 24b

nols (scheme 4). Good yields were obtained in alkylations of Crech T
the quinone monoketdl2a and the quinone eth&2b with
aryl organometallic&3, 16, 2-lithio-1,3-dithianel4, and even

MAD,
i thi o CH3CHN o o o o)
the acetylenic lithium reagef®. o= R > R v . R
R™ "R Chyclp, -78°c R R R R Rﬂ/
0 o 25 R=Ph; R =Me; 26 R= CgHg; E‘:H
- = - P R =
13 R = OMe, R'M = PhLi (78 %) 2TR=CyHex R=H, 28R=™"1 (R =Me
MAD 14 R = OMe, R'M = 2-lithio-1,3-dithiane (70%) OSiMes!Bu
R'M g 15R=0Me, RM= TMSC=CLi (86%)
Ro" OMe Re“ OMe 16 R = Ph, R'"M = PhLi (80 %) Scheme 6
12a R = OMe
12b R=Ph . .
3. Radical Reactions
Scheme 4 The use of Lewis acids to control the regio- and stereochemi-

cal course of radical reactions is an emerging field [12]. Ac-

. . . cording to several recent studies, the use of sterically hin-
2. Use of MAD in Mukaiyama Aldol Reactions and One  gered Lewis acids of typeenhances the reactivity, and pro-
Carbon Homologations vides better control of the selectivity of radical reactions.
Oishiet al. recently reported a remarkable rate enhancemeriyloufid and Renaud investigated the carbon—carbon bond for-
in the trialkylsilyl triflate-catalysed Mukaiyama aldol reac- mation of the iodohydri@9and methyl-2-[(tributyl-stannyl)
tion of silyl enol ethers using MAR or MABR 5 as cocata- methyl]propenoat&0 (Scheme 7) [13].
lysts [10]. The aliphatic aldehyder and keton€0 reacted

COMe
) MAD, AIBN . %}’ Snés o~
1) MAD/Me 3SIiOTf oH o A0 | — > = 8 Y
Ph. _CHO  OSiMe; (5mol %) hv,10°C d CO,Me

\( * /I\Ph anc P Ph 29 HO Al(OAY), 3 MO
o 1 (lsgyglzal/:ti: 91/9) Scheme 7
OSiMe; 1) MAD/Me 3SiOTf o ) )
o] (5 mol %) In the absence of Lewis acids only modetedes selec-
N )j\ + @ 2) Hel Ho)I) tivity was observed for the alkylation &0 (trans/cis31:
5/1). Furthermore, use of the covalently bound butkyt{
20 21 Ph 22 60% butyl) diphenylsilyl group on the alcohol moiety 29 did
not significantly improve this ratio (protectétns/cis31L
Al 7/1). In contrast, an almost complete control of the stereo-
RL (MAD) Rt SiMe o chemical course of the reactidreis/cis31: 100: 1) was ob-
D=0 . Me;SIOTF — >=o(; * + To-A— served after treating the free alcol28@ with MAD. In this
R? R? N example, the production of methane during the addition of
MAD indicated formation of an intermediate aluminum alk-
Scheme 5 oxide.
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Coordination of MAD to chiral esters lik&2 and34 en- 4. Cycloadditions
hances stereoselectivity of radical cyclisations (scheme 8) [14
In the presence of MAD, the chiral radical acceffbgave a
96 : 4 mixture of diastereome38aand33hb. This selectivity
was attributed to a favouredransconformation of the MAD
complexeda,B-unsaturated ester radical as shown in schem
8. Similar results were obtained for the cyclisation to the cy
clopentene derivativ85, opening a new approach to these
versatile chiral building blocks.

biscrimination of different hindered carbonyl groups using
MAD can be employed to increase the selectivity of Diels—
Alder reactions. As an example, complexatioriest-butyl
lgnethyl fumarate8 with one equivalent of MALL gave the
‘organoaluminium-fumarate complex exclusively on the less
hindered oxygen. It reacted readily at —78 °C with dienes to
give the product89, 40and41 (scheme 10)[16].

(0] R* COR* /COR* o s
MAD, BuzSnH H Al 5O
| - A MAD!
Z toluene -78°C * Buo | ; | OMe
OMe
N0
ﬁ 33 33 s O A

33a/33b = 96/4

/
R
© I\
R = Me, OSiMe;
sAI
o) . CO,tBu CoMe R .CoBu R ACOMe
| s-cis e
/O /5 + \O\ +
U A CO,Me CO,Bu

CO,Me CO,Bu

39a 3% 40a R=Me 40b R=Me
39a/39%b = 99/1 4la R=0OSiMe3 41b R=OMe

O F COR* _-COR* 40a/40b = 86/14; 41a/4lb = 99/1

| MAD, BuzgSnH
7 P ¥ Scheme 10
toluene -78°C
35a 35b . L . .
i 35a/35b = 90/10 The unusual high selectivities of these reactions were in

contrast to the nearly statistical product ratio obtained in the
presence of the Lewis acid,BtCl or in the absence of an
appropriate catalyst. This concept could be also applied to
the asymmetric Diels—Alder reaction of I-menthylmethylfu-
marate giving the cycloaddition products with 84% [16].

The domino radical cyclisation of tyj3 chiral sufoxides  High regiochemical control was reported for the MAD as-
was recently reported by Lacoge al. (scheme 9)15]. An sisted [2+2] cycloaddition of ketene diethyl acetal or ketene
anti-Michael-5exatrig-radical cyclisationB-elimination se-  dimethyl thioacetal t88 [17].
quence of the chiral sulfoxid®s leads to the chiral cyclopen-  As a key step in the total synthesis of an A-ring precursor
tane37 with 96%e.e.(S) in 93% vyield (scheme 9A). 45 to 1a,25-dihydroxyvitamin D, an inverse-electron-de-

Remarkably, the stereochemical course of the cyclisatiommand Diels—Alder reaction was catalysed by MAD pro-
was inverted in the presence of MAD, ai)-87 could be  mote cycloaddition between pyrone sulfetiand the vinyl
isolated with 92%.e albeit with lower yield (52%). The ster- ether §-43 (Scheme 11) [18].
eochemical outcome of this reaction is directed by complex- With 0.5 equivalents of MALL as a catalyst, the cycload-
ation of the sulfoxide oxygen with the bulky aluminum rea- duct44 was isolated on a 1.5 g scale in 93% yield as a 98:2
gent as depicted in scheme 9B. ratio ofendo: exodiastereomers. This high degree of asym-

(’
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)\ E S*OTol E
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EB/O, E E E
BuzSnH £ Ar.g* e 537
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Scheme 8

OMe

OMe (o)
s B
36 Tol Y EtBIO, E
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E = CO,Me, MAD
R = C(CH3),0OMe 5-37 ) OMe
92% e.e.

Scheme 9

408 J. Prakt. Chenl999 341, No. 4



-45°C,
Tol / CHyCly O

sinska, J. Organomet. Chet75 90, C43

Methylaluminium bis(2,6-dtert-butyl-4-methylphenoxide) (MAD) THE REAGENT
P(O)Ph, References
SO,Tol Ph}%\ Ph
RN LM - MAD0.5eq. Tol0,S Hx [1] K. B. Strarowieyski, S. Pasynkiewicz, M. Skowronska-Pta-
o ﬁO 457G o o iPr —»

(2]
(3]

[4]
[5]

metric induction could be obtained even though the spatial
movement of the inducing chiral centrelBwas not restricted  [6]
by the chiral centre being bound to the reaction centre. In thd 7]
absence of MAD, both the selectivity and yield of the reac- 8
tion was reduced drastically. (8]

The efficacy of MADL1, and related bulky Lewis acids as [9]
catalysts for the Claiseearrangement were compared [19].
While MAD 1 results in only moderate rate enhancementg10]
and selectivities, the sterically more demanding aluminum
tris(2,6-diphenylphenoxide) or the MAD-analogue with elec- [11]
tronic withdrawing ligand® improved yields and selectivi-
ties significantly. This study demonstrated the use of varioug!2]
structurally related bulky aluminum Lewis acids with tuned [13
properties for obtaining optimum results. [14]

In conclusion MADL provides a versatile Lewis acid cata- [15]
lyst that affects the regiochemical and stereochemical out-
come of a wide array of reactions. The reagent allows the uges]
of unusual reagents and substrates in carbon—carbon bond
formation reactions like nucleophile additions, radical reac{17]
tions and cycloadditions. With the predictable outcome of
MAD 1 controlled reactions it allows the use of new strate-[18]
gies in synthesis. [19]
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Preparation of Methylaluminum bis(2,6-di-tert-butyl-4-
methylphenoxide) (MAD) [2]

MAD is readily prepared by treatment of a &olution of
Me;Al (Fluka, Deisenhofen) in hexane with two equivalents
of 2,6-di-tert-butyl-4-methylphend®) in dry toluene or
CH,CI, at room temperature with exclusion of air and mois-
ture. After 30 to 60 min the reaction is complete, and the crud%I
product should be used directly for best results, no furthe,
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