TETRAHEDRON
LETTERS

Tetrahedron Letters 42 (2001) 7111-7114

Pergamon

Effect of amine structure and reaction additives on
enantioselective deprotonations mediated by homochiral
magnesium amide bases
John D. Anderson,* Pilar Garcia Garcia,* Douglas Hayes,” Kenneth W. Henderson,**
William J. Kerr,** Jennifer H. Moir* and Kamalesh Pai Fondekar®

2Department of Pure and Applied Chemistry, University of Strathclyde, Thomas Graham Building, Glasgow G1 1XL,
Scotland, UK
®GlaxoSmithKline, Medicines Research Centre, Gunnels Wood Road, Stevenage, Hertfordshire SG1 2NY, England, UK

Received 18 July 2001; accepted 8 August 2001

Abstract—A series of novel, optically pure, Mg-bisamides have been prepared and, in turn, used to mediate enantioselective
deprotonations of conformationally locked ketones. The new bases exhibit a wide range of selectivities, from poor to excellent (up
to 95:5 e.r.); trends between amine structure and the subsequent selectivity of the deprotonation system are detailed. In addition,
the effects on the selectivity and the reactivity of the deprotonation process on replacing the Lewis base additive HMPA for
DMPU have been investigated and found to be related to the reaction temperature. © 2001 Elsevier Science Ltd. All rights
reserved.

Magnesium bisamides, (R,N),Mg, have recently been
highlighted as a class of reagent possessing distinctive
stability, reactivity, and selectivity characteristics' when
compared with more traditional metal base systems. In
particular, Mg-bisamides have found good utility in the
regio- and stereoselective formation® of synthetically
useful enolate ions, as well as, more notably, in enan-
tioselective deprotonation processes.* Indeed, this latter
category of reaction has only very recently been devel-
oped and, to date, the sole chiral Mg-bisamide utilised
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within this class of asymmetric transformation has been
that derived from the structurally simple amine (R)-N-
benzyl-a-methylbenzylamine 1. Use of this base system
in the deprotonation of conformationally locked 4-sub-
stituted and 2,6-disubstituted cyclohexanones, followed
by silyl enol ether formation, has resulted in good to
excellent levels of enantioselection and reaction conver-
sion.® Herein, we report the effects on enantioselectivity
of systematically altering both the achiral and the chiral
sidearms of 1. In addition, the consequences of replac-
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ing the reaction additive HMPA with DMPU are
presented.

A series of chiral amines (2-12) were prepared (Scheme
1).4 Initially, the chiral methylbenzyl sidearm was
retained while the achiral portion of the amine was
systematically varied (2-9). The results of the enantiose-
lective deprotonation reactions involving the resulting
Mg-bisamides in reaction with tert-butylcyclohexanone
13 are outlined in Table 1. Some clear trends are
apparent. Firstly, for the alkyl substituted amines 2-5,
increasing the steric bulk of the achiral unit results in a
progressive rise in the selectivity of the base (from 54:46
to 91:9 e.r.). In fact, the selectivity obtained using
amine 5 is identical to the best results achieved using 1
(91:9 e.r.), although the conversion to silyl enol ether is
significantly lower (18% with 5 and 80% with 1).

Next, the effect of substituting the phenyl ring of the
achiral sidearm in 1 by other unsaturated units was
studied (6-9). The deprotonation reactions using the
amines incorporating allyl, naphthyl, S5-methylthio-
phenyl, or mesityl units resulted in consistently good
conversions and delivered a narrow range of efficient
selectivities (between 81:19 and 8§7:13 e.r.). Having
stated this, it should be noted that these amines do not
provide any improvement over the selectivity of the
reactions using 1. In this respect, on consideration of
the selectivities arising from all of the amines 1-9, and
in particular when comparing those from amines 1, 5,
and the latter allyl/aryl-possessing amines 6-9, it is
likely that the preference for the benzyl unit (in 1) arises
from steric rather than electronic reasons.’

Table 1. Enantioselective deprotonations using Mg-
bisamides derived from amines 2-9

o OTMS
Chiral Mg-bisamide

TMSCI, HMPA or DMPU
(0.5 equiv.), THF, -78°C,1h

'Bu 13 Bu (S)-14
Entry Amine Additive Conv. (%) e.r. (S):(R)
1 2 HMPA 40 54:46
2 2 DMPU 42 55:45
3 3 HMPA 73 77:23
4 3 DMPU 73 75:25
5 4 HMPA 87 72:28
6 4 DMPU 87 80:20
7 5 HMPA 18 91:9
8 5 DMPU 17 88:12
9 6 HMPA 80 82:18
10 6 DMPU 87 81:19
11 7 HMPA 76 87:13
12 7 DMPU 87 87:13
13 8 HMPA 85 86:14
14 8 DMPU 83 87:13
15 9 HMPA 76 85:15
16 9 DMPU 97 84:16

Previously, we have shown that the use of the additive
HMPA in these systems greatly improves the reaction
rate and can also alter the selectivity of the deprotona-
tion process.® From the results presented in Table 1, we
were also pleased to note that, over a wide range of
amine structures, HMPA (known to be a mutagen)
could be replaced by the environmentally more accept-
able substitute DMPU without any deleterious effects
on either the conversions or the selectivities of the
deprotonation reactions (with the single exception of
amine 4).°

Returning to our amine structure/selectivity studies and
having established that the benzyl sidearm possesses the
optimum steric properties to maximise selectivity with
good reaction conversion, when used in combination
with the o-methylbenzylamino unit, we next focused
our attention on the chiral component of the amine.
Thus, amine 10 was prepared,* using commercially
available (R)-a-ethylbenzylamine, and subsequently
incorporated as part of the deprotonation system
(Table 2).7#

Pleasingly, the deprotonation reactions with the ethyl-
substituted amine 10 displayed a small but reproducible
increase in selectivity compared to those with 1. In fact,
the 92:8 e.r. determined using 10 is the highest achieved
thus far for this benchmark ketone 13 using our Mg-
based strategy.!® Encouraged by this result, amines 11
and 12 were targeted to determine if an incremental rise
in selectivity would result from an increase in the steric
component at the a-position of the ligand. Both 11 and
12 were first prepared as racemates, and the optically
pure materials were isolated by fractional crystallisation
of their salts formed with (R)-mandelic acid.!'! On
reaction, both amines were found to give good conver-
sions to silyl enol ether (S)-14 but with lower selectivity
than the reactions involving 10 (Table 2). In particular,
the more highly substituted amine 12 showed an appre-
ciable reduction in enantioselectivity. This indicates
that branching at the o-position of the amine has a
negative influence on the selectivity of the resultant
base.

Throughout this study, again, HMPA and DMPU
could be exchanged without any major effects for the
reactions involving amines 10 and 11. In contrast, the
reactions using amine 12 displayed a 7% drop in selec-
tivity on replacing HMPA by DMPU.

In order to determine if the choice of additive plays a
role in the selectivity of the process at higher tempera-

Table 2. Enantioselective deprotonations of ketone 13
using Mg-bisamides derived from amines 10-12

Entry  Amine Additive Conv. (%) e.r. (S):(R)
1 10 HMPA 75 92:8

2 10 DMPU 70 92:8

3 11 HMPA 71 88:12

4 11 DMPU 88 88:12

5 12 HMPA 92 81:19

6 12 DMPU 93 74:26
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tures, a series of reactions were conducted at —40°C
using amine 10 in conjunction with 13, as well as with
the more hindered ketone cis-2,6-dimethylcyclohex-
anone 15 (Table 3).

From Table 3 it is clear that there is indeed a relation-
ship between the selectivity of the reaction and the
additive used at —40°C.® However, any selectivity differ-
ences between the reactions appears to be temperature
dependant, with very similar (or identical) results for
each additive at —78°C. It should also be noted from
Table 3 that increasing the reaction temperature from
—78 to —40°C only reduces selectivity of the reactions
by 2-3% when HMPA is present (entries 1, 3, 5 and 7),
but by 9-12% for the DMPU reactions (entries 2, 4, 6
and 8). Therefore, although the exchange of HMPA for
DMPU is clearly of benefit at —78°C, its utility at
—40°C must be considered against a possible reduction

critically important in determining the selectivity of the
base, with a benzyl unit achieving the optimum level of
enantioselection while maintaining good reaction con-
version. Substitution of the methyl group for an ethyl
group on the chiral sidearm of the amine results in a
small but consistent improvement in reaction selectiv-
ity. On the other hand, further increasing the size of the
alkyl unit to either an “Pr group or an 'Pr group leads
to a drop in the selectivity of the resultant base. Fur-
thermore, in almost all of the enantioselective deproto-
nation reactions studied at —78°C, the additive HMPA
could be replaced by DMPU without any undue effect
on either selectivity or conversion.

Table 4. Enantioselective deprotonation of 4-substituted

cyclohexanones 17-19 using a Mg-bisamide derived from
10

in reaction selectivity. 0 /'E\t OTMS
P
. . o . Ph N Ph) M
Finally, to assess the wider utility of the base derived ( 29
from 10, a series of reactions were carried out on the TMSCI, HMPA or DMPU
4-substituted cyclohexanones 17-19 (Table 4). Pleas- (0.5 equiv.), THF, -78°C,1h .1
ingly, the selectivities obtained in these reactions are 17 R=M (S)-20
comparable with, or exceed those, found in the systems . . €
using 1, confirming the general utility of 10 in the 18:R="Pr (S)-21
deprotonation process, and with either HMPA or 19:R="Pr (S)-22
DMPU 3#
Entry Ketone  Additive Conv. (%) e.r. (S):(R)
In summary, a range of chiral amines have been pre-
pared based around the systematic modification of (R)- 1 17 HMPA 65 91:9
N-benzyl-o-methylbenzylamine and  found, on 2 17 DMPU 59 90:10
4 . . . . . 3 18 HMPA 68 92:8
conversion to their Mg-bisamide derivatives, to react 1 18 DMPU 65 919
with 4- and 2,6-substituted cyclohexanones with good 5 19 HMPA 53 955
to excellent enantioselectivities. It appears that the 6 19 DMPU 53 95:5
steric nature of the achiral sidearm of the amine is
Table 3. Enantioselective deprotonation of ketones 13 and 15 using a Mg-bisamide derived from 10
o /Et OTMS
R R (Ph N/\Ph)2 Mg R R
TMSCI, HMPA or DMPU
(0.5 equiv.), THF
. R
13:R=H,R'='Bu (S)-14
15:R=Me,R'=H (R)-16
Entry Ketone Additive Temp. (°C) Conv. (%)* er.b
1 13 HMPA —78 75 92:8
2 13 DMPU —78 70 92:8
3 13 HMPA —40 74 89:11
4 13 DMPU —40 70 80:20
5 15 HMPA —78 36 94:6
6 15 DMPU —78 57 96:4
7 15 HMPA —40 75 92:8
8 15 DMPU —40 44 87:13

2 Reaction time 1 h for entries 1-4 and 7 and 8; 6 h for entries 5 and 6.

®(S):(R) for entries 1-4 and (R):(S) for entries 5-8.
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