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Abstract—New chiral diamines were prepared, based on the cyclohexane diamine core. The two different substituents on each
nitrogen allow this heteroatom to become a stereogenic center upon chelation with a metal, such as lithium. The enantioselective
addition of MeLi to imines, with ee’s up to 68%, illustrates the validity of this concept.
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Since the development of asymmetric synthesis, the
design of new chiral ligands has become an important
issue to improve enantioselectivity of organic reactions.
Diamines have been widely used as efficient chiral
inductors, particularly tertiary diamines, which have
found applications in many asymmetric processes.!
These types of reactions are particularly interesting
when catalytic amounts of ligand can be used, and
several examples have recently been reported in the
literature.>

Our project has focused on the development of a
conceptually new class of C, symmetric tertiary
diamines in which the nitrogens can become a stereo-
genic center in the reactive species. In a cyclic chelated
intermediate, the conformation of the nitrogens will be
locked, and space discrimination will be determined by
the N-substituents. It is expected that the bulky sub-
stituent on nitrogen would adopt a trans relationship
with the R group of the carbon backbone. This situa-
tion will be possible when the diamine is associated
with a metal, and this principle can be tested in all
reactions where the two species are combined (Scheme

).

Among the reactions available to validate our concept,
we have chosen to study the addition of organolithium
reagents to imines. Organolithium reagents are very
useful nucleophiles in organic synthesis due to their
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wide availability, but to date only a few efficient cata-
lytic asymmetric transformations have been described
because of their high reactivity. Nucleophilic additions
to imines have shown good levels of enantioselectivity,?
but the development of new systems is still needed to
improve those results.

Diamines are interesting tools for this purpose because
they are easily available in enantiomerically pure form,
many structural varieties are possible, and they are
easily tunable with respect to the nitrogen substituents.
Based on the cyclohexanediamine backbone we have
synthesized ligands la—j with different substitution at
nitrogen, the goal being to make the nitrogen chiral in
the chelated species, in order to obtain better spacial
discrimination in the asymmetric reaction.
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Table 1. Reductive amination of N,N’-dimethyl-1,2-cyclo-
hexanediamine producing ligands la-j

Entry Product R Yield (%)
1 1b Et 68
2 1c "Pr 89
3 1d Pr 72
4 le Bu 82
5 1f CH4Bu 83
6 1g Ph 49
7 1h CH,Ph 82
8 1i CH,CH,Ph 75
9 1j 2,4,6-Me;-CoH, 87
Bu Bu
+ BuCOCI oﬁ/ 1) LAH, THF (
O/NHS 'OOCIOH H,0, NaOH UNH A 15d., 36% O/N\
“NHg -00C” YOH  400¢, 3 h, 70% “NH 2) HCHO, HCOOH N
. gy 100°C, 72%, I\,Bu
6 1K
Scheme 3.

Table 2. Enantioselective addition of MeLi to imine 7
with ligands 1a and 1g

Entry Ligand Yield (%) Ee (%)*

1 1a (2 equiv.) 78 20 (R)
1g (2 equiv.) 78 48 (R)

3 1g (20 mol%) 94 40 (R)

4 Determined by supercritical fluid chromatography.

O\ 0\
“~ MelLi, L* (20 mol%)
AN N _— A N

= PhMe, -78°C, 15 h l = H

7 8

Scheme 4.

Starting directly from the tartaric acid salt of 1,2-cyclo-
hexanediamine,* we have obtained ligand 1a (R =H) on
a large scale by an Eschweiler—Clark reaction while the
other diamines (R #H) have been prepared by reduc-
tive amination of N,N’-dimethyl-1,2-cyclohexane-
diamine® with the appropriate aldehyde (Scheme 2).

The ligands 1b-j were obtained in good yield after
bulb-to-bulb distillations (Table 1).

All the diamines la—j were readily obtained, except
when R was a bulky group (e.g. ligand 1k, R ='Bu).
Thus, ligand 1k was prepared by a different route. The
bis-amide 6 was prepared from cyclohexanediamine
tartaric acid salt 4 with pivaloyl chloride in basic
aqueous media.>* Reduction with lithium aluminium
hydride in refluxing THF gave, after 2 weeks, the
secondary diamine in moderate yield. Eschweiler—Clark
bis-methylation occurred efficiently to produce ligand
1k (Scheme 3).

As preliminary work, we have studied the addition of
methyllithium to imine 7. Many ligands have already
been tested in this reaction, showing the lack of efficient
diamine systems in this field.>” The stoechiometric use
of ligand 1a and 1g led to an increase in enantioselectiv-
ity which is consistent with our starting hypothesis. In
la, the nitrogens bear twice the same substituent
(NMe,), whereas in 1g, the nitrogens act as new stereo-
genic centers (Table 2). As described by Tomioka,”* we
have also observed that substoechiometric amounts of
ligand (20%) are sufficient to catalyze the reaction at
—78°C (Scheme 4).

Two series of ligands with alkyl chains have been used:
the first one with a substituent B to the nitrogen (lig-
ands 1d, 1k), and the second one with the substituent y
to the nitrogen (ligands le, 1f) (Table 3). The linear
chain gives, as expected, only a slight improvement of
ee (entries 1, 4). When a branching of this chain is
introduced, a large difference in behavior is then
observed. In the B series, the selectivity is strongly
reduced even with an isopropyl substituent (entries 2, 3)
while in the vy series, the substitution is beneficial and
the best result is obtained with the more hindered
ligand 1f (entries 5, 6).

The influence, on the ee, of the distance of the steric
hindrance from the nitrogen has also been examined
with the phenyl series. We have moved the phenyl
moiety away from the nitrogen by means of several
methylene spacer units. The best ee was obtained with
ligand 1h, while with three methylene groups (1i), the
selectivity decreased. It is interesting to note that ligand
1g which belongs to the B series gives an increase in ee,
in contrast to the other members of this series. How-
ever, when the hindered group is a mesityl, the selectiv-

Table 3. Enantioselective addition of MeLi to imine 7
with ligands substituted by an alkyl chain

Entry Ligand (20 mol%) Yield (%) Ee (%)*
1 1b 93 24 (R)
2 1d 94 0

3 1k 76 0

4 1c 93 34 (R)
5 le 94 53 (R)
6 1f 98 67 (R)

# Determined by supercritical fluid chromatography.
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Table 4. Enantioselective addition of MeLi to imine 7
with ligands substituted by an aromatic chain

Entry Ligand Yield (%) Ee (%)*
1 1g (1 equiv.) 78 48 (R)
2 1g (20%) 94 40 (R)
3 1h (20%) 98 68 (R)
4 1h (5%) 72 43 (R)
5 1h (1%) 62 32 (R)
6 1i (20%) 93 58 (R)
7 1j (20%) 95 0

* Determined by supercritical fluid chromatography.

ity disappears completely. This last result is consistent
with the behavior of the ligands of the [ series.

The amount of ligand 1h was decreased from 100% to
5 mol% and 1 mol%. The product was still obtained
with good conversion (Table 4, entries 4 and 5) but
with significant erosion of selectivity (respectively 43%
and 32%).

In conclusion, we have prepared a new class of diamine
ligands that give interesting levels of enantioselectivity
in the addition of methyllithium to an imine. We have
checked that substoichiometric amounts of this type of
ligand are sufficient to catalyze the reaction without
large loss of selectivity. The improved results with our
new ligands compared to the classic one, 1a, demon-
strate the validity of our initial hypothesis concerning
the stereogenicity of the nitrogens when they bear dif-
ferent substituents. These results are very promising
and the study of other reactions of the new ligands is in
progress in our laboratory as well as the examination of
the scope and limitations of this concept.
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