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Abstract—The asymmetric Michael addition of glycine imine esters to simple o,B-unsaturated ketones via PTC is investigated. It is
found that by employing 1 mol % of a chiral quaternary ammonium salt, derived from a-methylnaphthylamine in conjunction with
Cs,CO3, high enantioselectivities can be obtained in conjugate additions involving simple alkylvinylketones.

© 2005 Elsevier Ltd. All rights reserved.

The quaternary ammonium salt catalysed Michael addi-
tion of benzophenone glycine imines 1' to o,B-unsatu-
rated ketones offers rapid access to a range of useful
amino acid derivatives such as 2 and 3 (Scheme 1).2
However, to date there have been relatively few highly
enantioselective versions of this process reported.’”’
Given the wide range of chiral quaternary ammonium
salts that have now been found to promote the corre-
sponding alkylation reactions between imines 1 and
alkyl halides,® we considered that it should be possible
to expand the scope of this chemistry and in this letter
we outline some of our preliminary studies in this area.

We recently demonstrated that the a-methylnaphthyl-
amine derived quaternary ammonium salt 432 is a highly
effective catalyst for the alkylation of imine 5 (Fig. 1).”
Unfortunately initial attempts to employ this catalyst
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in the asymmetric conjugate addition of imine 5 to
methyl vinyl ketone (MVK) gave disappointing results.

For example, alkylation of imine 5 with benzyl bromide
using 1 mol % of 4 in an aqueous KOH/toluene mixture
gave the (S)-enantiomer of imine 6 in near quantitative
yield and with high enantioselectivity. The correspond-
ing reaction of 5 with MVK also gave the desired prod-
uct 7'° in near quantitative yield, but in this case the
enantioselectivity was substantially lower (Scheme 2).

In order to gain more insight into the factors influencing
the enantioselectivity of this latter process we performed
the reaction under a wide range of conditions. Some typ-
ical results from this study are shown in Table 1. As can
be seen, successful reaction could be achieved using
1 mol % 4 under both liquid-liquid (entries 1-5) and so-
lid-liquid (entries 6-16) phase-transfer catalysis (PTC)
conditions. The nature of the base had a significant
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Table 1.

5 1 mol% 4

MVK, 2-18 h
base (10 eq)

Entry Solvent Base Temperature (°C)  ee® (%)

1 PhMe 9M aq KOH 0 63
2 PhMe 9M aq KOH -30 64
3 CH,Cl, 9M aq KOH -30 6
4 THF 9M aq KOH -30 11
5 Et,0 9M aq KOH -30 76
6 PhMe Cs,CO; -30 77
7 CH2C12 CS2C03 -30 0
8 Et,O Cs,CO; -30 90
9 CHCl;  Cs,COs ~30 0
10 EtOAc Cs,CO; -30 59
11 CH:CN  Cs,CO;3 ~30 0
12 PhMe RbOH-H,O 0 56
13 PhMe RbOH-H,O -30 64
14 THF RbOH-H,O -30 15
15 Et,O RbOH'H,O -30 79
16 t-BuOMe RbOH-H,O -30 60

2 Determined via HPLC analysis of the crude product 7.!% In all cases
reactions had proceeded to >95% conversion.

influence on the level of enantioselectivity obtained (e.g.,
compare entries 2, 6 and 13, or 5, 8 and 15), but by far
the most significant factor was the nature of the organic
solvent employed. Simply by switching from dichloro-
methane to diethyl ether resulted in an increase in the
enantiomeric excess of the product by 70-90% ee (com-
pare entries 3 and 5 or 7 and 8). This is in sharp contrast
to the corresponding alkylation reactions where toluene,
diethyl ether and dichloromethane all gave similar levels
of enantioselectivity, and suggests that the transition
state arrangements leading to an enantioselective conju-
gate addition are far less robust than those leading to
alkylation.!! This in turn indicates that asymmetric Mi-
chael additions of this type are likely to benefit from
optimisation of all reaction parameters.

Significantly, this study identified conditions (Cs,CO3/
Et,0) that generated the product 7 with high enantio-
meric excess. A variety of other bases (K,CO3, NaOH,
CsOH-H,0,> BEMP*) that have been previously em-
ployed in PTC reactions'? were also investigated, but
all led to reduced levels of enantioselectivity.

Inspection of Table 1 suggests that there is no simple
correlation between solvent property'* and enantioselec-

Table 2.
s 1moi%a
Csp,CO3 (10 eq.),
MVK, 2-18 h
Entry  Solvent Temperature (°C)  ee” (%)
1 Et,0 0 91
2 Et,0 -30 90
3 Et,0 (anhydrous) -30 90
4 i-Pr,0 0 92
5 i-Pr,0 -30 94
6 t-BuOMe 0 86
7 t-BuOMe -30 82
8 Diethoxymethane -30 90
9 2,2-Dimethoxypropane  —30 89
10 THF =30 49
11 1,2-Dimethoxyethane -30 28

a Determined via HPLC analysis of the crude product 7. In all cases
reactions had proceeded to >95% conversion.

tivity of the reaction, however for each of the bases
investigated, diethyl ether gave the highest selectivity.
Because of this, we selected the best base (Cs,COs3)
and examined a range of alternative ether solvents
(Table 2).

Table 2 shows that a number of these solvents gave sim-
ilar results (entries 1-5 and 8-9), whereas substantially
reduced selectivities were obtained with THF and 1,2-
dimethoxyethane. This would appear to indicate that
better coordinating ethers lead to reduced selectivity
and may indicate increased involvement of either water
or caesium ions in the conjugate addition process when
these solvents are used.!> Although this may account for
the lower selectivity with some ether solvents, it still does
not adequately account for all the solvent effects out-
lined in Table 1.

Overall diethyl ether and di-isopropyl ether appeared to
be the solvents of choice.!® Using these solvents we
found that it was possible to reduce the amount of base
to 50 mol % without significantly altering the enantio-
meric excess or rate of reaction.!”

In order to probe the generality of this process we em-
ployed these optimised conditions to a series of related
transformations (Table 3). Reactions involving addition
to o,B-unsaturated ketones (entries 1-5) generally pro-
ceeded in good yields, however, the structure of both en-
one and imine affected the level of enantioselectivity.
Reactions involving acrylate and acrylamides (entries
6-7) were unsuccessful giving low levels of conversion.
This observation is interesting as acrylate esters readily
participate in asymmetric PTC Michael additions with
glycine imines*”’ and suggests that the conditions re-
ported here may show useful chemoselectivity.

Minor changes to the enone structure are tolerated,
(compare entries 1, 4 and 5), whereas variation of the
imine ester influences the level of enantioselectivity
(compare entries 1-3) with benzhydryl and benzyl esters
giving the best results. This latter finding again contrasts
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Table 3.

PhoC=N.__CO.R
PhoC=N___CO,R _4(1mol%)

Cs,CO3 (50 mol%),
i-Pr,0, 0°C ;

o] R o)
\)kFg
Entry R R! Time (h)  Yield (%)  ee® (%)
1 Ph,CH Me 2 84 94
2 PhCH, Me 2 94 91
3 -Bu Me 18 45 60
4 Ph,CH Et° 18 74 92
5 Ph,CH »n-CsH;, 18 60 94
6 Ph,CH O--Bu 18 <10 —
7 Ph,CH NMe, 18 <10 —
See Ref. 17.

3 Determined via HPLC analysis of the crude products.'?
6 equiv of enone used (added as 3 x 2 equiv over 4 h).

with observations on the corresponding reactions of gly-
cine imines with alkyl halides using catalyst 4 where
benzhydryl and zerz-butyl esters give very similar levels
of enantioselectivity.’

In conclusion, this study has demonstrated that the
enantioselectivity obtained in the asymmetric Michael
addition of glycine imine esters to o,f-unsaturated
ketones using quaternary ammonium salt 4 is strongly
influenced by the reaction conditions employed. By care-
ful optimisation of the reaction components, high levels
of enantioselectivity can be obtained, providing efficient
access to functionalised amino acid derivatives.

Acknowledgements

We thank EPSRC and AstraZeneca for support of this
research, Mr. S. R. James and Dr. B. McKeever for
helpful discussions and acknowledge use of the EPSRC’s
Chemical Database Service at Daresbury.

References and notes

1. For recent reviews relating to asymmetric PTC reactions
involving glycine imines see (a) Lygo, B.; Andrews, B. 1.
Acc. Chem. Res. 2004, 518-525; (b) O’Donnell, M. J. Acc.
Chem. Res. 2004, 506-517; (¢) Maruoka, K.; Ooi, T.
Chem. Rev. 2003, 103, 3013-3028.

2. van der Werf, A.; Kellogg, R. M. Tetrahedron Lett. 1991,
32, 3727-3730.

3. Corey, E. J.; Noe, M. C.; Xu, F. Tetrahedron Lett. 1998,
39, 5347-5350.

4. O’Donnell, M. J.; Delgado, F.; Dominguez, E.; de Blas, J.;
Scott, W. L. Tetrahedron: Asymmetry 2001, 12, 821-
828.

5. (a) Arai, S.; Tokumaru, K.; Aoyama, T. Chem. Pharm.
Bull. 2004, 52, 646-648; (b) Arai, S.; Tsuji, R.; Nishida, A.
Tetrahedron Lett. 2002, 43, 9535-9537.

6. Shibuguchi, T.; Fukuta, Y.; Akachi, Y.; Sekine, A.;
Ohshima, T.; Shibasaki, M. Tetrahedron Lett. 2002, 43,
9539-9543.

7. Akiyama, T.; Hara, M.; Fuchibe, K.; Sakamoto, S.;
Yamaguchi, K. Chem. Commun. 2003, 1734-1735.

8. For representative examples, see (a) Lygo, B.; Allbutt, B.;
James, S. R. Tetrahedron Lett. 2003, 44, 5629-5632; (b)
Park, H. G.; Jeong, B. S.; Yoo, M. S.; Lee, J. H.; Park, B.
S.; Kim, M. J.; Jew, S. S. Tetrahedron Lett. 2003, 44, 3497—
3500; (c) Thierry, B.; Plaquevent, J. C.; Cahard, D.
Tetrahedron: Asymmetry 2003, 14, 1671-1677; (d) Ooi, T.;
Kameda, M.; Maruoka, K. J. Am. Chem. Soc. 2003, 125,
5139-5157; (e) O’Donnell, M. J.; Delgado, F.; Hostettler,
C.; Schwesinger, R. Tetrahedron Lett. 1998, 39, 8775-
8778; (f) Corey, E. J.; Xu, F.; Noe, M. C. J. Am. Chem.
Soc. 1997, 119, 12414-12415; (g) Lygo, B.; Wainwright, P.
G. Tetrahedron Lett. 1997, 38, 8595-8598.

9. Lygo, B.; Allbutt, B. Synlett 2004, 326-328.

10. The major enantiomer of 7 has not been established
unambiguously. We have however, established that the
major enantiomer of the corresponding tert-butyl ester
(Table 3, entry 3) is (S) by comparison with published
HPLC retention times, see Ishikawa, T.; Araki, Y.;
Kumamoto, T.; Seki, H.; Fukuda, K.; Isobe, T. Chem.
Commun. 2001, 245-246.

11. Similar observations have been reported in Ref. 5a and for
NOBIN-catalysed Michael additions involving glycine
imine derivatives, see Belokon, Y. N.; Bespalova, N. B;
Churkina, T. D.; Cisarova, I.; Ezernitskaya, M. G.;
Harutyunyan, S. R.; Hrdina, R.; Kagan, H. B.; Kocovsky,
P.; Kochetkov, K. A.; Larionov, O. V.; Lyssenko, K. A.;
North, M.; Polasek, M.; Peregudov, A. S.; Prisyazhnyuk,
V. V.; Vyskocil, S. J. Am. Chem. Soc. 2003, 125, 12860—
12871.

12. Lygo, B. Phase-Transfer Reactions, in Rodd’s Chemistry of
Carbon Compounds In Asymmetric Catalysis; Elsevier
Science Ltd: Oxford, 2001; Vol. 5, pp 101-150.

13. HPLC conditions for compounds reported in Table 3 are
as follows: entry 1, Chiralpak AD, 95:5 (hexane-2-
propanol), 0.2 mL/min, fg 14.0 and 16.9 min; entry 2,
Chiralpak AD, 99:1 (hexane-2-propanol), 0.2 mL/min, fg
22.9 and 25.5min; entry 3, Chiralcel OD-H, 97.5:2.5
(hexane—-2-propanol), 0.5 mL/min, tg 13.7 and 16.3 min;
entry 4, Chiralpak AD, 95:5 (hexane—2-propanol), 0.1 mL/
min, ¢g 18.0 and 21.0 min; entry 5, Chiralcel OD-H, 99:1
(hexane—2-propanol), 0.75 mL/min, #g 20.0 and 23.0 min.
For entries 1-4 the major enantiomer eluted second, for
entry 5 the major enantiomer eluted first.

14. Ballistreri, F. P.; Fortuna, C. G.; Musumarra, G.; Pavone,
D.; Scire, S. ARKIVOC 2002, 54-64.

15. Cs,COj3 in THF at rt has been reported to effect Michael
additions of this type without the need for a catalyst.”
Control experiments suggest that the loss of selectivity
observed here is not simply due to the increased rate of the
background reaction.

16. Di-isopropyl ether may be unsuitable for large scale
applications due to its propensity to form peroxides. For
further discussion of this see Laird, T. Org. Proc. Res. Dev.
2004, 8, 815.

17. Representative procedure: A solution of imine 5
(0.12 mmol) and catalyst 4 (0.0012 mmol, 1 mol %) in di-
isopropyl ether (4 mL) was degassed with argon and then
cooled to 0°C. MVK (2.0 equiv, 0.24 mmol) was then
added followed by anhydrous Cs,COj3; (0.06 mmol), and
the mixture stirred at 1500 rpm. After complete consump-
tion of starting glycine imine (ca. 2 h) the reaction mixture
was warmed to room temperature, filtered and concen-
trated under reduced pressure. If required, the crude
product could be purified by flash chromatography on
silica gel (petroleum ether—ethyl acetate-triethylamine
94:5:1) to give 7 as a colourless oil. vy, (CHCl3): 3060,
3029, 2931, 1739 (s), 1715 (s), 1622em™'; '"H NMR



B. Lygo et al. | Tetrahedron Letters 46 (2005) 4461-4464

(400 MHz, CDCly): & 7.67-7.63 (2H, m, ArH), 7.43-7.26
(16H, m, ArH), 7.10-7.06 (2H, m, ArH), 6.89 (IH, s,
CHPh,), 4.19 (1H, app. t, J 6.0 Hz, NCH), 2.58-2.50
(1H, m), 2.44-2.36 (1H, m), 2.23-2.18 (2H, m), 2.05
(3H, s, Me); *C NMR (100 MHz, CDCly): § 208.1,

171.1, 170.8, 140.0, 139.3, 136.1, 130.6, 128.9, 128.7, 128.6,
128.5, 128.1, 128.1, 127.9, 127.7, 127.4, 127.2, 127.0,
126.6, 77.2, 64.2, 39.6, 29.9, 27.6; mlz (CI) found
[M+H]" 4762241, Cs3HyNO; [M+H]" requires
476.2226.



	Asymmetric Michael addition of glycine imines via quaternary ammonium ion catalysis
	Acknowledgements
	References and notes


