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Abstract—A set of polydentate secondary amines, each containing two stereogenic centres, were prepared. These were subsequently
utilised in magnesium-mediated asymmetric deprotonation reactions and excellent enantiomeric ratios were obtained (up to 94:6 er).
Furthermore, these bases tend to be highly efficient in the absence of strong Lewis base additives, which demonstrates an additional

practical advantage over existing protocols.
© 2004 Elsevier Ltd. All rights reserved.

Chiral magnesium amides have been shown to be
effective reagents in asymmetric synthesis both as
homo-'? and heteroleptic species.®> Our recent studies
into enantioselective deprotonations have, for the most
part, been carried out using the structurally simple and
commercially available (R)-N-benzyl-a-methylbenzyl-
amine (R)-1 as its respective magnesium bisamide (R)-2
(Fig. 1). Having stated this and in a more general sense,
the substantial literature on the lithium amide counter-
parts* has shown that many of the most selective sys-
tems utilise more complex ligands, which commonly
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incorporate side arms capable of chelating to the metal
centre.’> With this in mind, we decided to prepare a set of
polydentate amines for use in our Mg-mediated enan-
tioselective deprotonation processes.

There are three key points to our ligand design: (i) each
ligand has the ability to form a stable five-membered
chelate ring (chelation model 3 shown in Fig. 1); (ii) a
subset of the amides contain yet another heteroatom as
a potential donor site; and (iii) each amine features two
stereocentres in order to investigate the effect of the
second stereogenic centre upon the selectivity of their
respective magnesium bisamides. In this regard we tar-
geted the set of six amines shown in Figure 2.

Figure 2.
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The original preparation, and hence application, of
amines of this type has suffered from convoluted syn-
thetic routes involving four or more steps from amino
acid starting materials.®® However, alternatives to the
initially published routes have appeared recently’ and
the ‘one-step’ synthesis from O’Brien and co-workers
has been particularly notable.” More specifically, this
route starts from optically enriched styrene oxide 10,
which is commercially available, albeit around 1000-fold
more expensive than in its racemic form. Alternatively,
optically enriched styrene oxide may be obtained
through the efficient catalytic hydrolytic kinetic resolu-
tion method of Jacobsen and co-workers.® Through the
minor modification of doubling the catalyst loading (to
1.6%), in addition to increasing the quantity of the H,O
nucleophile (to 0.7 equiv), we found that (R)-10 is con-
sistently produced in excellent optical purity (>99% ee),
without loss of catalyst activity.

With quantities of (R)-10 in hand the synthesis of the
first set of six amines was undertaken, following the
route proposed by O’Brien and co-workers.” Upon
isolation and purification, pure amines 4-7 were
obtained in 53-60% overall yield,’ ready for application
in Mg-mediated asymmetric processes. Somewhat dis-
appointingly, using the same approach, the amine pos-
sessing the N-methylpiperazine unit (R,R)-8 was isolated
in a low 21% yield. Based on this, an alternative route to
the remaining desired N-methylated amine (S,R)-9 was
attempted. More specifically, using an N-formyl unit
(as a masked methyl group), (R)-10 was treated with
N-formylpiperazine 11, giving the requisite aminoalco-
hols, and the aziridinium ion (S)-12 upon mesylation.
Trapping with the amine nucleophile (S)-13 in a
biphasic mixture, but this time using slightly different
conditions, that is, with THF as co-solvent and an ex-
tended reaction time of 72 h, we obtained the N-formyl
amine (S,R)-14. Subsequent reduction with LiAIH, gave
the pure targeted amine (S,R)-9 (74%; Scheme 1).

In order to test the generality of the latter set of con-
ditions for amine formation, the syntheses of the
piperidine-derived amines (R,R)-4 and (S,R)-5 were
repeated employing THF as a co-solvent and a longer
reaction time of 72h. Using commercially available
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Scheme 1.

solvents and reagents, without additional purification,
afforded 77% and 80% yields of (R,R)-4 and (S,R)-5,
respectively, showing a 20% improvement over the
previous conditions.

With quantities of the desired set of amines in hand,
initial tests using magnesium bisamide derivatives could
be carried out. We chose the enantioselective deproto-
nation of the benchmark conformationally locked pro-
chiral ketone 4-tert-butylcyclohexanone 15 to form
optically enriched samples of trimethylsilyl enol ether
16. Bisamide formation was carried out using our
established method' of heating 2equiv of the amine
together with commercially available BuyMg 17 in THF
for 90 min (Scheme 2).

These bases were then used directly in deprotonation
reactions, using the previously optimised conditions for
our magnesium-mediated processes.! The reactions were
carried out both in the absence and presence of the
Lewis base additives HMPA and DMPU, since we have
previously shown that these can have effects on both
reactivity and selectivity.!® Considering the magnesium
bisamide derived from the piperidine substituted amine
(R,R)-18 we see good conversions and excellent ers of
93:7 observed for all reaction runs (Table 1, entries 1-3).
These results are particularly encouraging in that they
represent the highest levels of enantioselection achieved
to date with this substrate within our magnesium-med-
iated systems."!© Moreover, these enhanced levels of
selectivity are achieved even in the absence of a donor
additive. It is also interesting to note that the opposite
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Scheme 2.

Table 1. Enantioselective deprotonation of 15 with Mg-bisamides

18/19
A

Mg
0 PR N, X OTMS
N
TMSCI, additive, H
tay THF, -78°C, 75 min t3y
15 (R)-16

Entry Mg-amide X Additive Conv. er (R):(S)!

(0.5equiv) (%)

1 (R.R)-18 CH, HMPA 77 93:7
2 (R.R)-18 CH, DMPU 90 93:7
3 (R.R)-18 CH, None 58 93:7
4 (S,R)-19 CH, HMPA 66 87:13
5 (S.R)-19 CH, DMPU 88 88:12
6 (S,R)-19 CH, None 87 88:12
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enantiomer of silyl enol ether (R)-16 was formed pref-
erentially here, compared with the (S)-enantiomer,
which is accessed in excess from the use of the previously
employed Mg-amide bases, for example, (R)-2."'° The
conversions obtained with the Mg-systems are also
worthy of note; in the presence of additives a conversion
of up to 90% was achieved (Table 1, entry 2)!! and,
importantly, in the absence of any additive the conver-
sion of 58% was observed (cf. the 33% obtained previ-
ously with our more simple Mg-bisamide system (R)-2
with no additive, over 6h at —78 °C).! Additionally and
overall, these results also compare favourably with those
obtained using this substrate within the analogous chiral
lithium amide base area.*>!?

On examining the effect of changing to the (S,R)-dia-
stereomer of this piperidine-derived base (S,R)-19,
again, consistently high conversions were obtained and
most notably 87% in the absence of donor additive
(Table 1, entry 6). However, in each of these reactions a
small reduction in enantioselectivity was observed. It is
notable that the same (R)-enantiomer of product was
formed preferentially,’!® indicating that this second
chiral centre has only a minor effect on the selectivity of
these bases.

Next, we wished to test whether the presence of an
additional heteroatom within the ligand would afford a
more selective system. The first species investigated were
the two N-methylpiperazine-derived Mg-amides, (R,R)-
22 and (S,R)-23. Good to excellent conversions were
again achieved in all cases, most notably in the presence
of 0.5equiv of DMPU wherein up to 94% conversion
was obtained after 75min (Table 2, entry 2). For the
most part, the ers obtained were comparable between
the two stereoisomers (except that shown in entry 6,
with no additive, wherein a lower er was observed).
Overall with (R,R)-22 and (S,R)-23, only slightly lower
levels of selection were obtained than with (R, R)-18,
with the optimum ers of 92:8 being obtained in the
presence of DMPU with either diastereomer (Table 2,
entries 2 and 5).

Moving to test the effect of changing to an oxygen
heteroatom within our ligand, we observed comparable

Table 2. Enantioselective deprotonation of 15 with Mg-bisamides
20-23

Entry Mg-amide X Additive Conv. er (R):(S)!
(0.5equiv) (%)

1 (R,R)-22 NMe HMPA 86 91:9
2 (R,R)-22 NMe DMPU 94 92:8
3 (R,R)-22 NMe None 88 91:9
4 (S,R)-23 NMe HMPA 68 91:9
5 (S,R)-23 NMe DMPU 92 92:8
6 (S,R)-23 NMe None 59 87:13
7 (R,R)-20 (0] HMPA 93 86:14
8 (R,R)-20 (6] DMPU 96 88:12
9 (R,R)-20 (0] None 89 90:10
10 (S,R)-21 (0] HMPA 57 86:14
11 (S,R)-21 (0] DMPU 83 89:11
12 (S,R)-21 O None 55 89:11

Table 3. Enantioselective deprotonation of 4-substituted cyclohexa-
nones 24-27 with Mg-bisamide (R,R)-18

N
(R,R)-18

TMS-CI, additive,
THF, -78°C, 75 min

J\ Mg
0 Ph "B 2 OTMS
Ph)\/

24: R=Me (R)-28

25: R=Ph (R)-29

26: R="Pr (R)-30

27: R='Pr (R)-31
Entry Ketone Additive Conv. er (R):(S)'

(0.5equiv) (%)

1 24 DMPU 89 92:8
2 24 None 67 937
3 25 DMPU 91 94:6
4 25 None 60 94:6
5 26 DMPU 93 94:6
6 26 None 76 94:6
7 27 DMPU 97 94:6
8 27 None 78 94:6

ers across the reactions attempted (Table 2, entries 7—
12). Interestingly, the enantioselection observed with
(R,R)-20 increased in a stepwise fashion, from having
HMPA to having no Lewis base additive (Table 2,
entries 7-9). Relatively good conversions were also
observed with, again, DMPU providing optimum effi-
ciency (up to 96%; Table 2, entries 8 and 11). Indeed,
this is in line with each of the bases studied (Tables 1 and
2). Therefore, it is clear that use of DMPU as additive
(and even, in some cases, no additive at all) is preferred
to the less acceptable HMPA.

In order to initially assess the wider utility of these
chelating bases, the species found to give the highest
levels of enantioselection, Mg-bisamide (R,R)-18, was
tested on a series of 4-substituted cyclohexanones 24-27
(Table 3). This base was tested on each substrate both
with no additive and in the presence of DMPU. In each
case, excellent enantioselectivity was obtained. The ers
of the products formed were comparable across each
substrate and, pleasingly, there was, generally, a signif-
icant improvement in selectivity over our other Mg-
amide bases.!!? Interestingly, the presence of DMPU as
additive seems to have very little, if any, effect on
selectivity, but affords a general increase in conversion
of around 20%. These promising results have prompted
further and ongoing investigations into the wider
application of this, and other, Mg-amide bases.

As part of efforts towards rationalising the various
effects of altering the ligand backbone, we carried out
ab initio molecular calculations on model systems at the
HF/6-31G* level of theory.'> The simple bisamide
complex 32 (Fig. 3), which contains a pair of N-methyl
amino anions and two S5-membered chelate rings,
geometry optimised to an energy minimum as shown.
This demonstrates that it is, indeed, possible to form a
chelate within such Mg-bisamide species, in the manner
proposed.
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Moving to examine the more complex system of a
potentially tridentate ligand (e.g., as would be possible
with the use of amines 6-9), we chose to incorporate
only one ligand onto the magnesium centre, to minimise
any possible steric influences. Based on this, model
complex 33 was constructed, which contains a mor-
pholine-based side arm and a methyl group as the sec-
ond anion on Mg (Fig. 3). Upon geometry optimisation
of 33 it was found that the additional oxygen chelation
is not possible, with the ligand preferring to undergo
donation exclusively through the nitrogen atom. Finally,
a comparative calculation was carried out using complex
34 to investigate the stability of the eight-membered ring
chelate (Fig. 3). Comparing isomers 33 and 34 we see an
increase in energy for the eight-membered chelate of
+9.98 kcal/mol, indicating that the former would be
significantly more stable.

In summary, a range of chiral amines with the potential
for chelation were targeted and prepared. These were
subsequently tested as their Mg-bisamides within
asymmetric deprotonation reactions and found to be
effective chiral bases that display the highest general
selectivity yet found within these systems. Furthermore,
even in the absence of donor additives, high reactivities
and selectivities were retained. Computational studies
on model compounds support the formation of the
doubly chelated complexes containing a pair of five-
membered chelate rings. However, these calculations
indicate that tridentate chelation to a magnesium centre
is precluded due to conformational constraints within
the ligands and complexes studied.
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