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ABSTRACT: The desymmetrization of meso-diamines was
accomplished via enantioselective monobenzoylation facili-
tated by the cooperative action of two small-molecule
catalysts. A chiral acyl-transfer reagent is formed in situ through
the interplay of benzoic anhydride, 4-(dimethylamino)-
pyridine as a nucleophilic catalyst, and a chiral amide—thiourea
cocatalyst.

chal diamines are versatile building blocks, ublqultous
substructures of ligands for asymmetrlc catalysis," and core
components of many organocatalysts In addition, derivatives of
vicinal diamines have been reported to possess a variety of
biological activities (see the examples in Figure 1).> Enantiopure
trans or syn vicinal diamines are readily available by classical
resolution of the corresponding racemic diamines.* In addition, a
number of catalytic enantioselective approaches to this structural
motif have been reported.' In contrast, significantly fewer
methods are available for the synthesis of enantioenriched cis
or anti vicinal diamines." One promising method is the aza-
Henry (nitro-Mannich) reaction of nitroalkanes with imines.
However, achieving high levels of diastereoselectivity has proved
to be challenging, especially in the case of aryl nitromethanes.> A
notable recent advance is the catalytic enantioselective synthesis
of cis-stilbenediamines by Johnston and co-workers, an 1nnova-
tion that was further applied to the synthesis of (—)-Nutlin-3.°
An attractive approach to enantioenriched cis vicinal diamines is
the desymmetrization of meso-1,2-diamines by catalytic enantioselec-
tive acylation.” Although several catalytic enantioselective approaches
to the desymmetrization of meso-diols have been reported® the
correspondmg reaction with simple meso-1,2-diamines has remained
elusive.” "> Here we report the first example of such a process.
Although there are significant challenges associated with the
high nucleophilicity of primary amines, a few elegant small-
molecule-based approaches to the kinetic resolution of racemic
amines and some of their less nucleophilic derivatives have been
reported."* However, this challenge has not been fully addressed,
and no general solutions exist. For instance, the catalytic
enantioselective monoacylation of cis-1,2-diamines has not been
reported, perhaps because it offers some additional challenges.
While the nucleophilicity of amines makes the intervention of
chiral nucleophilic catalysts difficult,"® the monoacylation of
diamines is challenging in itself because of facile dlacylatlon,
which often occurs even when a large excess of diamine is used.'
We recently developed a new concept for asymmetric nucleo-
philic catalysis in which a simple nucleophilic catalyst such as
4-(dimethylamino)pyridine (DMAP) is used in combination
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Figure 1. Proposed desymmetrization of meso-1,2-diamines and se-
lected 1,2-diamine based drug candidates.
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Figure 2. Concept for the in situ generation of chiral acylating reagents
via a dual small-molecule catalysis approach.

with a chiral anion receptor (Figure 2)."”'® The achiral ion pair I is
rendered chiral upon interaction with the chiral anion receptor.'® '
This concept was successfully applied to the kinetic resolution of
benzyhc, propargyhc, b and allylic amines."”®

With the goal of applying the dual catalysis concept to the
desymmetrization of meso-diamines, we initiated our studies by
using meso-1,2-diamine Sa as a model substrate (eq 1). The
results of this survey are summarized in Table 1. Gratifyingly,
reactlon conditions similar to our previously optimized condi-
tions'”® with catalyst 1a (10 mol %) and DMAP (10 mol %)
produced monobenzoylated product 6a in good yield with
excellent enantioselectivity (entry 1). The addition of triethyl-
amine was necessary in order to achieve full conversion. Various
amide—thiourea catalysts and other bifunctional thiourea cata-
lysts were also evaluated under the same conditions but gave
inferior results (entries 2—8). As expected on the basis of our
earlier findings, the absence of both catalysts 1a and DMAP led to
very low conversion (entry 9). Interestingly, the use of DMAP
(10 mol %) as the only catalyst led to substantial conversion
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Table 1. Evaluation of Reaction Parameters”

o > s CFy 1a:R;=CF3 R;=R3=H \ s
Ry  Y—NH HN—/< bRy =CFa, Ry =Ry =H o HN_/<
1¢: Ry = OMe, Ry =Ry =H
IR Rs 1d: R = Rz Ry=H
CFs 1e:Ry=Rp=Ry=F CF,
Rz R
>\—NH - 9
3
FsC
HB-catalyst
DMAP, cat

o Qo NEt; (1.1 equiv)
IR, ey

Ph
PhMe (0.01 M), 4 A MS

Chart 1. Scope of the Diamine Desymmetrization”

1 equiv —78°C,4h

entry  HB-catalyst (mol %) DMAP (mol %)  yield (%) ee (%)

1 1a (10) 10 82 95

2 1b (10) 10 55 92

3 1c (10) 10 17 73

4 1d (10) 10 26 76

s Le (10) 10 28

6 2 (10) 10 57

7 3 (10) 10 74 82

8 4 (10) 10 72 —26

9 none none <4 N/A
10 none 10 25 N/A
11 1a (10) none 10 20
12% 1a (8) S 64 94
13° 1a (2) 2 45 93
14° 1a (10) 10 75 51

“ Reactions were run on a 0.2 mmol scale. The ee’s were determlned by
HPLC analysis (see the Supporting Information for details). " The
reaction was run for 7 h. “ The reaction was performed in the absence
of molecular sieves.

(entry 10). The amide—thiourea catalyst 1a alone gave rise to a
small amount of enantioenriched product, but the efficiency of
the process was poor. High enantioselectivity was maintained at
lower catalyst loadings, albeit at the expense of conversion
(entries 12 and 13). For reasons that are not yet clear, a reaction
conducted in the absence of molecular sieves under otherwise
optimal conditions led to a significant decrease in enantioselec-
tivity (entry 14). 2

An initial concern was that the enantioenriched product 6a
might undergo racemization under the reaction conditions or
during isolation by means of intra- or intermolecular acyl-transfer
reactions. Control experiments were thus performed to test for
this possibility (eq 2). A toluene solution of enantiomerically
enriched product 6a was stirred at room temperature in the
presence of a catalytic amount of DMAP (10 mol %). Essentially
no racemization could be detected within 24 h. Even exposure of
this solution to a temperature of 90 °C for a period of 6 h led to
only minor deterioration of the enantiomeric excess, indicating
the considerable configurational stability of monoamide 6a.

— —
NHBz Nhle, NHBz
/©/\| NHz l)"j PhMe (0.03 M)
+ R
cl = [ NZ
. X DMAP -

ol {10 mal%) m24h: 93% e |

94% ee 90 °C, 6 h: 92% ea

benzoic anhydride
DMI{;?qUiV) %) i RN 2
10 mol% i\
Wz N, catalyst 1a (10 mol%) HN)J\Ph NH HN N
AN 2 AwNH2  Ec
/\A, PhMe (0.01M), 4AMS  Ar” 3

i ° CF.
NEt; (1.1 equiv), =78 °C 6 Ar CFs 3

6a (82% yield, 4h) 6b (81% yield, 5h) 6c (71% yield, 4h)
95% ee 93% ee 92% ee

6d (68% yield, 8h) 6e (61% yield, 8h) 6f (65% yield, 11h)
72% ee 81% ee 71% ee

6g (77% yield, 4h)

6h (68% yield, 4h) 61 (60% yield, 6h)

86% ee 87% ee 79% ee
— — —

*See footnote a of Table 1.

The scope of the desymmetrization was explored under the
optimized reaction conditions (Chart 1). Substrates with elec-
tron-withdrawing groups at the para position of the aromatic
rings gave rise to the desymmetrized diamine products in good
yields with high levels of enantioselectivity. Substrates with
various other substitution patterns also underwent monoben-
zoylation to yield 1,2-diamine derivatives with good levels of
enantioselectivity. Although their formation cannot be ruled out
at this point, we did not observe any dibenzylated products under
these conditions.”

Davis and Johnston® previously demonstrated that a mono-
benzoyl diamine related to 6a can be used as a direct precursor of
Nutlin-3. Various other transformations of compounds 6 can be
envisioned. For instance, as outlined in eq 3, 6a was readily
transformed into the corresponding urea- and thiourea deriva-
tives 7 and 8. In addition, dialkylation of 6a followed by removal
of the benzoyl group under acidic conditions resulted in the
formation of diamine 9 (eq 4).

NCX :
+ —_— O
al
R R
7 (X =0, R = H), 64% yield
8(X =S, R = CFy), 94% yield
ii) HpS0y, A )
cl )
60% yield, two steps
3 ¢
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In summary, we have described the first catalytic enantio-
selective desymmetrization of meso-1,2-diaryl-1,2-diaminoethanes
by monobenzoylation. The cooperative action of two catalysts,
DMAP as an achiral nucleophilic catalyst and amide—thiourea 1a
as a chiral anion receptor catalyst, afforded the monoacylated
products in good yields with good to excellent enantioselectivities.
Further applications of this dual catalyst approach are currently
being investigated.
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