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The Mannich reaction is one of the most widely utilized chemical Table 1. Additions to Glyoxalate Imines?

transformations for the construction of nitrogen-containing com- imine 4 yield 5° ced5
pounds! By the sheer nature of this multicomponent reaction, entry ketone Ar = R= cat. (%) dres (%)
considerable inersit'y with as many as two chir.al centers could be " e CeHs H 1a 76 6.51 95
generated. With the increasing occurrence of nitrogen in drugs and 24 la 79 8:1 >08
natural products, highly asymmetric variants of the Mannich bff CeHs CHs 2a 92 121 >99
reaction are desirabfe.Moreover, a catalytic diastereo- and o la 97 8.6:1 98
tioselective reaction would be the most efficient means of 4-MeO-Gfs Chs la n 21 o4
enantioselectiv nt | 4 3-MeO-GHs CH;  2a 59 71 08
constructing this class of compounds because the chirality control- 5 2-MeO-GH4 CHs 2a 81 >20:11  >99
ling element is used in limited quantities. Although the Mannich 6 2-furyl CH; 2a 81 8:1 >99
reaction has gained increased popularity, only recently have - ] ] ] -
asymmetric catalytic variants been realiZe@ur interest in the a All reactions are as in eq 1 using a 2:1 ratio of hydroxyketone to imine

. . . . using 5 mol % catalyst unless noted otherwis8ee ref 5¢ Determined
development of a catalytic asymmetric Mannich-type reaction stems 14 NMR spectroscopy on the crude mixtufeDetermined by chiral

from our results with the analogous aldol reactfom this HPLC on a Chiracel OD or AD columif.10 mol % catalyst! 2.5 mol %
communication, we report the application of our dinuclear zinc Oc/atglygt.sg Hydroxyketone-to-imine ratio 1.1:1 in the presence of 3.7 mol
catalyst to a highly asymmetric imine aldol (Mannich-type) reaction RPS.

to generate syn 1,2-amino alcohols. Table 2. Additions to Aldiminesa
As previously reportedthe dinuclear zinc catalyst is generated
by exposing ligandd—3 to 2 equiv of diethylzinc in THF (Scheme entry K/itOile Imine | cat. ng;i Gl Y eij 7
1). Subjection of glyoxalate iminda (R = H) and hydroxy- - %) %)
1a g 6a 1a 61 1.71 99
Scheme 1. Generation of Dinuclear Zinc Catalysts b © 3a 64 4.31 99
Ar Ar Ar Et Ar
Ar—-OH  HO—[ A—-%),, P~ar 2a 2s 6b 1a 66 >15:1 | >99
L ~ SR b O 3a 70 >15:1 99
N OH N N 0 N
2 eq. Et,Zn 3a°f e 6c 1a 0 >15:1 >09
THF b @ 3a 87 >151 | >99
4 @i‘; 6 | 1a| e | >151 | >o8
1 Ar = phenyl 1a Me
2 Ar = 4-biphenyl 2a O <.
3 Ar = g-naphthyl 3a 5 08 6c 1a 74 | >151 | 99

acetophenone to the standard dinuclear zinc catalyst (10 mol %) a All reactions are as in eq 1 using a 2:1 ratio of hydroxyketone to imine

gave a high yield of the desired amino alcohol add#etith good using 5 mol % catalyst unless noted otherwfis8ee ref 5¢ Determined
diastereoselectivity favoring the syn adduct (6.5:1) and excellent by 'H NMR spectroscopy on the crude mixtufeDetermined by chiral
enantioselectivity (95%) (eq 1 and Table 1, entry 1). HPLC on a Chiracel OD or AD columri.Hydroxyketone-to-imine ratio

i 0, f
Optimization of the reaction conditions as well as the substitution 1.1:1 in the presence of 7.5 mol % JsO. 75 mmol scale.

pattern of the nitrogen arene showed that the sterically more The use of more electron-rich aromatic hydroxy ketones required

demanding 2-methyl-4-methoxy aniline derivatives gave better higher catalyst loads of 5 mol % (no reaction at the 2.5 mol %

results (eq 1 and Table 1, entries@). With hydroxyacetophenone  load) (entries 3-6). The electron-rich arenes should facilitate the
subsequent BaeyeWilliger oxidation. Surprisingly, the '4dmethoxy

R catalyst R hydroxy ketone (entry 3) saw a dramatic drop in the diastereo-

(0] L. . . .
Ao+ NOOME ﬁ, 9 HNOOW ) selectivity. The syn-to-anti ratio was a mere 2:1. With the methoxy
P i Ar CO,Et substituent in the meta-position (entry 4), the diastereoselectivity

EtO,C 6-12hrs . . i
4 was regained (d= 7:1, 98% ee) but with some loss of reactivity

(59% yield). With the ortho-substituted methoxy hydroxy ketone
and imine4b (R = methyl) (entry 2a), an increase in both the (entry 5), complete diastereo- and enantioselectivity were observed
diastereo- (8:1 vs 6.5:1) and the enantioselectivity (98% vs 95%) (dr = >20:1, >99% ee). In addition, a “near” atom-economical
of the resultant amino alcohol was observed with a substantial lower reaction (1.1 equiv of ketone) is possible with the “zincaphilic”
catalyst load (2.5 mol % vs 10 mol %). The reaction also showed additive PRPS (entry 2c) with no deleterious effect on conversion
a dramatic ligand effect. With biphenyl liga@dentry 2b), a further or stereocontrol (entry 2a vs 2c¢). Hetereoaromatic hydroxy ketones
increase in the dr was observed (12:1 vs 8:1) accompanied by awere also found to be applicable in our imine aldol reaction.
yield increase. Thus, biphenyl ligadvas adopted as the standard 2-Hydroxyacetylfuran (entry 6) gave the desired 1,2-amino alcohol
ligand for the glyoxalate series. adduct with comparable selectivities as the parent acetophenone
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donor. Moreover, the furan moiety adds another element of diversity nOe studies. The absolute stereochemistry was determined by
to the amino alcohol scaffold. converting the amino alcohols into their O-methyl mandelate
Another class of imines investigated was those derived from amides® It is noteworthy that the absolute configuration in these

aromatic aldehydes. Table 2 and eq 2 summarize the results for areactions is opposite that observed in the aldol reactianresult
number of examples. The standard phenyl ligarf8 mol %) with that may derive from the fact that lone pair coordination in the
hydroxyacetophenone and imita (R, = 4-methoxyphenyl, R case of aldehydes occurs anti to the bulky group but syn in the
= H) (entry 1a) only slightly favored the syn-isomer (1.7:1), but, case of imines. CAN-promoted oxidative dearylation gave oxa-
encouragingly, both diastereomers had excellent enantioselectivityzolidinone 9. Regioselective BaeyeiVilliger oxidation with bis-
(99%). A strong ligand effect was also observed in this aromatic (trimethylsilyl) peroxidé as the oxidant gave phenyl estdy and
series. Thegg-naphthyl ligand3 (entry 1b) more than doubled the  “proof of principle” that the amino alcohols can be utilized as a

diastereoselectivity (4.3:1). synthetic scaffold for the synthesis afhydroxy3-amino acids.
In summary, we have demonstrated the application of our
o R1—|N O HN-Ry dinuclear zinc catalyst in the catalytic asymmetric Mannich-type
M on + K@\ LMSO» Ar @ reaction. Typically, the diastereoselectivity of the reaction was at
o R T?:téifstc OH R least 8:1 with most substrates in thé.5:1 range. In all cases, the
6 7 enantiomeric excess of the reaction was typical§8%.

6a (R =4 - methoxyphenyl, R, = H)
6b (R4 = 2 - methoxyphenyl, R, = H)
6¢ (Rq = 2 - methoxyphenyl, R, = Cl)
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With imine 6b (R; = 2-methoxyphenyl, R= H) (entry 2a), a
dramatic increase in diastereoselectivityl6:1) was observed. The
increased diastereoselectivity can be rationalized through a bidentat
binding model with the ortho-substituted derivative. The two-point
binding of the imine through the nitrogen and methoxy helps rigidify Supporting Information Available: Experimental details and
the dynamic nature of the imine-Lewis acid compiéhe increased characterization data for all new compounds (PDF). This material is
rigidity should prevent th&/Z isomerization of the carbemitrogen available free of charge via the Internet at http://pubs.acs.org.
double bond, which may account for the low dr in entry la.

With imines 6b and 6c, the ligand effect was negligible (entry
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