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The first highly enantioselective catalytic method for the

preparation of chiral aminals via the addition of imide

nucleophiles to imines is reported.

Over the last twenty years the adoption of new catalytic processes

with efficient stereocontrol for the synthesis of pharmaceuticals has

found a steady increase in the fine chemicals industry. A recent

analysis of the preparation of potential drug candidates indicates

that .90% of these molecules contain nitrogen and 54% are

chiral.1 Furthermore, in this analysis an investigation of the

methodology employed in the synthesis of such compounds by

three major pharmaceutical companies show that 19% of the

reactions used were carbon–heteroatom bond-forming reactions

involving alkylation or arylation. It is therefore important that new

stereoselective carbon–heteroatom bond forming reactions be

developed so diverse structures can be readily accessed. We wish

to report a method whereby imides can be added efficiently and

with notable enantiocontrol to imine electrophiles for the

preparation of chiral geminal diamines.

In 2005, we reported the first catalytic asymmetric method

whereby sulfonamides can be added to imines to provided chiral

aminals (gem-diamines) in high yield and enantiomeric excess

(ee).2a However, this methodology was limited to sulfonamide

nucleophiles, with other amides providing lower enantioselectivity

in the process. We believed that with more suitable protecting

groups on the nitrogen atoms of the aminal the incorporation of

chiral aminals into peptide structure could follow similar

procedures developed by Goodman3 and others4 to provide

retro-inverso peptide mimics. Additionally, we believe that through

this type of methodology the assembly of various core chiral

aminal subunits found in natural products5 and pharmaceuticals6

could be accessed.

As a part of our ongoing studies using chiral phosphoric acids

as organocatalysts2 we sought to develop additional protocols

whereby heteroatom nucleophiles could be added to electrophiles

in high yielding and enantioselective reactions. We found, initially,

that despite high yields for various nitrogen nucleophiles, our

enantioselectivities were quite limited. However, as we continued

to screen potential nucleophiles we discovered that imides were

suitable substrates for heteroatom additions. We determined that

the use of hindered BINOL phosphoric acids PA2–47 (Fig. 1)

could provide increasing enantioselectivities for the addition of

phthalimides to 1a (Table 1, entries 1–4). The use of a phthalimide

protected amine should allow for the differential deprotection of

either nitrogen of the aminal, allowing for the synthesis of

derivatives.8 We were pleased to find that the VAPOL derived

phosphoric acid PA5 catalyzed the addition of phthalimide

provided for the desired product in excellent yield and enantio-

selectivity (entry 5). This result is the first example in the literature

where an imide is shown to add in a 1,2-fashion to an imine with

high enantioselectivity.9 The use of simple amides as nucleophiles

under these conditions gave satisfactory yields but poor enantio-

selectivities (entries 6–8).

In an effort to show the generality of the imide additions a series

of aryl substituted imines were prepared and evaluated for the

chemistry. To our delight, we observed broad substrate scope with

respect to aryl and substituted aryl imines for the addition of

phthalimides (Table 2). Electron donating substituents in the ortho

(entries 3 and 6), meta (entry 4), or para (entries 1 and 5) were all

shown to be excellent substrates for the addition. Likewise, the use

of electron withdrawing substituents (entries 7–9) on the para
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Fig. 1 Chiral phosphoric acid catalysts.

Table 1 Catalyst optimization for the enantioselective addition of
amides and imides to N-BOC imines

Entry Ar Nucleophile (S)-PA Product Yield,%b ee,%c

1 1a phthalimide PA1 2a 31 0
2 1a phthalimide PA2 2a 80 56
3 1a phthalimide PA3 2a 76 34
4 1a phthalimide PA4 2a 82 47
5 1a phthalimide PA5 2a 92 96
6 1a PhC(O)NH2 PA5 2b 90 34
7 1b MeC(O)NH2 PA5 2c 89 18
8 1b acrylamide PA5 2d 96 21
a PMP = 4-MeOC6H4 group. b Isolated yields. c Enantiomeric excess
(ee) was determined by chiral HPLC and in each case was compared
to the respective racemate.
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position of the phenyl-substituted imines gave a substrate that

allowed for high yield and enantiomeric excess upon addition. The

relatively sterically hindered 1-naphthyl substituted imine 1j

(entry 10) was also an excellent substrate, allowing for the

preparation of 2m in an 86% yield with a 91% ee.

The absolute configuration of 2j was determined to be (R) by

X-ray crystallographic determination methods (Fig. 2).10

The substrate generality with respect to the imide was evaluated

using a series of substituted phthalimides and maleimide (Table 3).

The addition employing maleimide proceeded under the general

reaction conditions to provide an 82% yield of the respective

aminal 2n with an enantioselectivity of 92% (entry 2). Likewise,

both 3-methyl and 4-methylphthalimide were also shown to be

effective reaction partners, both providing good yields and

enantioselectivities (entries 3–4). Electron withdrawing substituents

were not problematic in the case of phthalimides, with 4-chloro,

4-bromo, 4-fluoro, and 3-fluorophthalimide providing 89–93% ee

with satisfactory yields of the respective aminal products in each

case (entries 5–8).

In summary, we have developed the first method whereby

imides can be added to imines with high enantioselectivity and in

good yield using a chiral VAPOL phosphoric acid catalyst. The

reaction was shown to be general in terms of the imine and

phthalimide substrates. Future work will include practical

applications of the methodology to the construction of chiral

aminals contained in potentially pharmacologically active

substances. Mechanistic studies are ongoing, and should provide

insight into the basis of the catalysis.
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Fig. 2 X-ray crystal structure of (R)-2j.

Table 3 The catalytic asymmetric addition of substituted imides to 1a

entry 1: product (2a)a entry 2: product (2n) entry 3: product (2o)
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a Isolated yields were obtained for all products.
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