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The Mannich reactiof,in which an enol or enolate attacks an tion. We follow precedent in invoking steric repulsion to rationalize

imine or an iminium ion, is a powerful tool for introducing the results with 2-alkylpyrrolidinesH).
aminoalkyl fragments into organic molecules. Imines derived from

aryl aldehydes have been common substrates in recent efforts to o
develop asymmetric organocatalytic versions of this reaction; these Bne _Bn WS .pn q)‘\ionae
subst_rates necgssarily proyide Mannich ao!ducts containing aryl Nkc:m q)\{nhq&"gmph . j\wphanm }LﬁiH Ph
substituents adjacent to nitrogérOur attention was drawn to R °: Ph : Ph RHH H z

formaldehyde-derived substrates becg8isenino aldehydes from
such substrates can be used to gengiatEmino acids, which are
valuable building blocks fof-peptide foldamers and other targéts.
Many routes to enantioenrich@g@amino acids have been described;
most involve chiral auxiliaries, and few are amenable to large-scale
synthesig. Here we report an enantioselective organocatalytic
method for aminomethylation of aldehydes, which leads to a new
and efficient synthesis @?-amino acids (Scheme 1). Our observa-

Our hypothesis is consistent with computational results of Houk
et al. for Mannich reaction amines in which an ionic attraction
between protonated imine and carboxylate was propb¥éeitested
our hypothesis by conducting theproline-catalyzed reaction in
the presence of LiCl. If the putative iminium/carboxylate attraction
determines the direction of iminium approach to the enamine, then
the ionic additive should diminish enantioselectivity because the

Scheme 1. Aminomethylation of Aldehydes and Its Application in lithium cation will compete with the iminium for ion pairing, and

B2-Amino Acid Synthesis chloride will compete with the carboxylate. Indeed, thproline-
o} 0 o catalyzed Mannich reaction showed little or no enantioselectivity
HJ\ f’”\ﬁ'B“ HJH/\NBnQ_;, HO)H/\NHBOC in the presencefdl M LiCl (Table 1), which supports transition
R R R
Table 1. Salt Effect
tions provide evidence that non-H-bonded ionic interactions at the 0 OMe 1)20 mol% catalyst, DMF, -25 °C
Mannich reaction transition state can influence stereochemical HJ\ . l\N,Bn with or w/o 1 M LiCl HO™ > Nein,
outcome Pr én 2) excess NaBHy4 Pr
. L . MeOH, 0 °C, 20 min
Formaldehyde does not form stable imifiexp we examined 2eq  1eq
formaldehyde derivatives, such Asthat can generate a methylene avored
iminium  species in sitd. We examln(.e.dl_-prtl)llne. and chiral entrys catalyst salt ime cab enantiomere
pyrrolidines as catalysts for nucleophilic activation of aldehyde " >a ) S
reactants. The Mannich reaction produatssubstituted3-amino t:g:glmg Lic by e
aldehydes, were immediately reduced to the corresporfisigp- 3 C-HOAC 2h 67 R
stituted y-amino alcohols to avoid epimerization. Initial studies 4 C-HOAC LiCl 2h 80 R
involving pentanal revealed modest enantioselectivity when the
reaction was carried out with 20 mol % catalyst in DMF-&25 aYield of all reactions was 80% as measured Bid NMR of the crude
°C for 24 h. Th . . f b d witholi reaction mixture before reduction; the reduction is quantitafi@etermined
or - The enantiomeric preference observed wiffroline by chiral phase HPLC: See Supporting Information for stereochemistry

was opposite that observed with 2-alkylpyrrolidines derived from determination.

L-proline, such ad8 or C7 (used with equimolar acetic acid). A

comparable switch in product configuration for organocatalytic state modelD. However 1 M LiCl leads to a moderate but
Mannich reactions involving aryl imines and foramination of reproducible enantioselectivignhancemerfor the reaction cata-
aldehydes has been observed by Barbas, Jargensen, List, Cordovdyzed by 2-alkylpyrrolidineC; a similar result was observed for
and otherg:1¢ The commonly accepted rationale for this stereo- B.1° The origin of this enhancement is unclear.

chemical preference switch involves hydrogen bondintire In our initial studies, the reaction catalyzed Bygave better
carboxylic acid group of the-proline-derived enamine is thought  enantioselectivity than di@. We attribute the improved enanti-
to H-bond to the electrophile at the transition state, while the oselectivity of catalys€C relative toB to the increased steric bulk
substituent of a 2-alkylpyrrolidine sterically repels the electrophile, of the 2-substituent irC. Jgrgensen et al., Hayashi et al., and
forcing it to approach the enamine from the opposite face. This Cordova et al. have recently reported nucleophilic activation of
hypothesis is reasonable but cannot explain our results with aldehydes byF,!! in which the trimethylsilyl group provides a
L-proline since our electrophile, an iminium ion, cannot accept a further increase in steric bulk relative to the methyl groupCin
hydrogen bond. We propose instead that approach of the electrophiléNe found thatF leads to an improvement in enantioselectivity
to the proline-derived enamine is controlled by an electrostatic relative to C.10 Table 2 shows that Mannich reactions of five
attraction of iminium to carboxylateD(); the carboxylate is aldehydes proceeded with90% ee when catalyzed by 20 mol %
presumably generated by methoxide liberated upon iminium forma- of F (with 20 mol % of acetic acid) in DMF containjnl M LiCl.
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Table 2. Enantioselective Aminomethylation of Aldehydes commercially available, and such building blocks are readily
Q*@TMS o prepared from the analogoasamino acids® Our catalytic route
9 ome H  Ph offers large-scale accessA&amino acids, as well as to other chiral
k 1) 20 mol% F-HOAc . . . .
H)S + SNB" 1 MLiciDMF, -25°C, 2 h HO™ N Nen, molecules ¢-substituteg3-amino aldehydeg3-substituted/-amino
R Bp  2) excess NaBH,, MeOH, 0 °C, 20 min R alcohols) of potential value.
2eq 1eq
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