Modified guanidines as chiral superbases. application to asymmetric Michael
reaction of glycine imine with acrylate or itsrelated compounds
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Modified guanidines efficiently catalysed the asymmetric
Michael reaction of a prochiral glycine derivative with
acrylate or its related compounds either in solution or
without a solvent under simple and mild conditions (> 95%
ee).

Guanidines can be characterized as superbases' in organic
synthesis due to their strong basicity.2 We have explored the
possibility of readily available modified guanidines® as re-
useable chiral superbases in asymmetric synthesis.4 Glycine
imines are used as chiral templates for asymmetric synthesis of
«-amino acids, in which enantiosel ective phase-transfer alkyla-
tion with akyl halides has been established as a genera
method.> Ma and Cheng® attempted a conjugate addition of
glycine imines with vinyl carbonyl compounds in the presence
of Co-symmetrical linear-type guanidines in place of phase-
transfer catalysts;” however, the best ee observed by them was
up to 30%. Re-examination of the Michael reaction using our
modified guanidines under various conditions led to effective
asymmetric induction ( > 95% e€) when 4 (or ent-4, Fig. 1) was
used as a catalyst either in solution or without a solvent. In this
communication we present the utility of modified guanidines as
clean chiral superbases in an asymmetric Michael reaction
under ssmple and mild reaction conditions.

According to the reported conditions® we preliminarily
examined the Michael reaction of tert-butyl diphenyliminoace-
tate (1) (1 equiv.) and ethyl acrylate (2a) (3.6 equiv.) in THF
(0.26 mmol ml—1) in the presence of 20 mol% of four different
types of chiral guanidines 4,4 5,3¢ 6,3c and 73b at 20 °C for about
one week. Reasonable asymmetric induction (79% ee) was
observed only in the case of 4 among the guanidines examined,
albeit the chemical conversion waslow (15%), in which an (R)-
excess adduct 3af was yielded (see Table 1, run 1). In other
cases, the reaction did not proceed. However, the guanidines
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used in these reactions were completely recovered in re-useable
forms by chromatographic separation. These results led us to
further examine the reaction using 4 under various conditions.
Although a stoichiometric reaction in THF dlightly increased
theyield [34% yield (77% e€)], changing THF to other solvents
in the catalytic reaction resulted in no improvement of the
reaction rate although high enantiosel ectivitieswere maintained
[9% vyield (84% ee) in chloroform; 4% vyield (73% ee) in
toluene] except in ethanol [7% yield (42% eg)].

We next examined the guanidine-catalysed Michael reaction
of 1 with methyl vinyl ketone (MVK)8 (2b) and acrylonitrile
(2c) as a Michael acceptor in place of 2a under the same
conditions. The former reaction smoothly proceeded to afford
an adduct 3b in 90% vyield, in which high enantioselectivity
(96% ee) was observed (Table 1, run 2), whereas the starting 1
was completely recovered when 2c was used (Table 1, run 3).
These facts suggested that 4 could lead to effective asymmetric
induction with the use of reactive Michael acceptors.

Solvent-free reactions,® in which rate acceleration is gen-
eradly observed, have attracted much attention from the
ecological point of view. Thus, 1 was treated with 2a without a

Table 1 Guanidine-catalysed Michael reaction of 1 and 2 using 4 either in
THF or without a solvent

Ph,C=NCH,CO,Bu' 4
: (0.2 equiv.)
1 (1 equiv) Ph,C=N-CHCO,Bu!
+ - .
20°C |
CH,=CHR in THE CH,CH,R
2 (3.6 equiv.) or 3
without a solvent
3
Run Solvent 2 (R) Time Yield? (%) Ee (%) Conf.?
1 l a (CO,E¢) 7d 15 79¢ R
2 THF b (COMe) 6d¢ 90 96/ 9]
3) ¢ (CN) 5d NRe _ _
4) a (CO,E¢) 3d 85 (100) 97¢ R
5 Without b (COMe) 15h 90 (100) 80/ 9]
6 a solvent ¢ (CN) 5d 79 (100) 55k 9]
7 d (CO,Me) 3d 98 (100) 93¢ 9]

« Jsolated, non-optimized yields. Parentheses show estimation of the
product by 'H NMR spectra. ? Configuration of an excess enantiomer.
Parentheses show the expected absolute configuration. < The (R)- and (S)-
enantiomers were observed at retention times of 7.2 and 9.3 min,
respectively, in HPLC using CHIRALCEL OD (Daicel Co. Ltd.,) under the
following conditions; eluent: n-hexane—isopropanol = 100:1, flow rate: 1.0
ml min—!, detection: 254 nm. ¢ Reactions were carried out in 0.26 mmol
ml—! concentration of 1 in THF. ¢ The adduct 3b with the same ee was given
in 40% yield after 15 h. f The (R)- and (§)-enantiomers were observed at
retention times of 11.0 and 15.8 min, respectively, in the same HPLC as 3b.
¢ No reaction. # The (R)- and (S)-enantiomers were observed at retention
times of 12.0 and 16.7 min, respectively, the same HPLC as 3b. / The (R)-
and (S)-enantiomers were observed at retention times of 6.5 and 7.3 min,
respectively, in the same HPLC as 3b.
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Table 2 Examination of solvent-free asymmetric Michael reaction of 1 with
2a using various bases

base

1 + 2a 3a
(1 equiv.) (3.6 equiv.) 20°C, 3d
without a solvent
3a

Run Base (mol%) Yield* (%) Ee (%)®» Conf.c
14 4 (20) 85 (100) 97 R
2 4 (5) 40 97 R
3 None NRe — —
4 (—)-Quinine (20) NRe — —
5 ent-4 (20) 87 (100) 97 S
6 820 8 (17) 53 s
7 9 (20) 17 (35) 91 R
8 10 (20) NRe — —

@ Isolated, non-optimized yields. Parentheses show estimation of the
product by '"H NMR spectra.  See footnote d in Table 1. ¢ Configuration of
an excess enantiomer. ¢ The data in Table 1, entry 4. ¢ No reaction.

solvent (Table 1, run 4). A heterogeneous mixture of the two
components containing 4 was simply stirred at 20 °C for 3 d.10
Interestingly, both product formation and enantioselectivity
were dramatically improved to give an (R)-excess 3a with 97%
eein quantitative yield. Similarly, remarkable rate acceleration
was observed on two other Michael acceptors 2b and 2c. In the
former case (Table 1, run 5), reaction was completed after 15 h,
inwhich relatively high enantiosel ctivity (80% ee) waskept. On
the other hand, in the latter case (Table 1, run 6), 1 disappeared
after 5 days to afford 3c with 55% ee in spite of no reaction in
solution (see Table 1, run 3). In addition, as expected, the use of
methyl acrylate (2d) as a Michael acceptor led to the same
satisfactory results obtained with 2a (Table 1, run 7).

Thus, as a solvent-free reaction seems to be generaly
effective in the guanidine-catalysed Michael reaction of 1,
optimization wastried using 2a asaMichael acceptor (Table 2).
The same high ee was achieved even on reduction of the catalyst
amount, albeit with lower chemical conversion (Table 2, run 2).
No reaction was observed in the absence of aguanidine or inthe
presence of (—)-quinine (Table 2, runs 3 and 4). These facts
indicated that 4 effectively catalysed the solvent-free reaction of
1 with 2a in 20 mol% concentration.

The use of ent-4,11 as expected, afforded an (S)-excess 3ain
quantitative yield with the same high enantioselectivity (Table
2, run 5). The (9-excess 3a was also obtained when 8,32 a
diastereomer of 4, was used as a catalyst, but both chemical
yield and asymmetric induction were lowered considerably
(Table 2, run 6). Replacement of an (R)-phenylalaninol unit in
4to an (R)-phenylglycinol onein 932 afforded an (R)-excess 3a
with relatively high selectivity. However, chemical conversion
was not good (Table 2, run 7). On the other hand, the use of a
guanidine 104 lacking a hydroxyethyl function resulted in no
reaction (Table 2, run 8).

Experimental evidence obtained in the above solvent-free
reactions could be summarised as follows: (i) satisfactory
chemical conversion with high enantioselectivity in the use of
HOC,Hs-substituted cyclic guanidines with (4S5S1'R or
4R5R,1’S) configuration such as 4 indicates that the relative
configurations of these three chiral centers are very important
for effective asymmetric induction in addition to rate accelera-
tion; (i) predominant production of (R)-3awith 4 and 9 [or (S)-
3a with ent-4 and 8] shows that a stereogenic center of the
adduct should be dtrictly reflected by the chiraity of a
substituent at the external nitrogen; (iii) if the enolate of 1 could
be formed by action of 4, itsre-face should be attacked by 2a to
yield an (R)-excess 3a, for which the opposite si-faceis severely
blocked by the guanidine unit as shown in Fig. 2; (iv) athough
the absolute configuration of an excess enantiomer obtained in
each reaction of 1 with 2b, 2c or 2d has not been determined, an
(R)-excess 3b, 3c or 3d should be given in the reaction using 4
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due to the same face differentiation mentioned above, even in
solution.

In summary, it was found that modified guanidines effi-
ciently catalysed the asymmetric Michael reaction of aprochiral
glycine derivative with vinyl compounds either in solution or
without a solvent under simple and mild conditions. These
guanidine-catalysed asymmetric Michael reactions'2 could
contribute to development of green chemistry,13 because
modified guanidines are considered to be re-useable (economi-
caly favored) and easily functionalizable (widely applicable)
artificial organic bases.
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