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ABSTRACT

One-pot asymmetric Mannich−hydrocyanation reactions are described. Reaction of unmodified aldehydes with N-PMP-protected r-imino ethyl
glyoxylate in the presence of catalytic amounts of L-proline followed by the addition of Et2AlCN provided highly enantiomerically pure
â-cyanohydroxymethyl r-amino acid derivatives possessing three contiguous stereogenic centers as single diastereomers (93−99% ee). Control
of reaction temperature during the cyanation step directed whether cyclization of the products to lactones occurred.

Enantiomerically pure functionalized amino acid derivatives
are an extremely important class of compounds because they
are potentially bioactive themselves, are components of

bioactive peptides, and are synthons for natural products and
pharmaceuticals.1 The development of methodologies for
accessing amino acid derivatives has therefore received much
attention.1-3 Here we report an efficient approach to highly
enantiomerically pure functionalized amino acid derivatives
possessing three contiguous stereogenic centers via one-pot
Mannich-hydrocyanation reactions.

Recently we developed direct catalytic enantioselective
Mannich-type reactions of unmodified aldehydes withN-
PMP-protectedR-imino ethyl glyoxylate to form aldehyde-

(1) Steurer, S.; Podlech, J.Eur. J. Org. Chem.2002, 899. LeTiran, A.;
Stables, J. P.; Kohn, H.Bioorg. Med. Chem.2001,9, 2693. Solladie, N.;
Hamel, A.; Gross, M.Tetrahedron Lett.2000, 41, 6075. Steurer, S.; Podlech,
J. Org. Lett. 1999,1, 481. Gossage, R. A.; Jastrzebski, J. T. B. H.; Van
Ameijde, J.; Mulders, S. J. E.; Brouwer, A. J.; Liskamp, R. M. J.; Van
Koten, G.Tetrahedron Lett.1999,40, 1413. Corey, E. J.; Noe, M. C.; Xu,
F. Tetrahedron Lett.1998,39, 5347. Porte, A. M.; van der Donk, W. A.;
Burgess, K.J. Org. Chem.1998,63, 5262. Easton, C. J.; Hutton, C. A.
Synlett1998, 457. Bitan, G.; Muller, D.; Kasher, R.; Gluhov, E. V.; Gilon,
C. J. Chem. Soc., Perkin Trans. 11997, 1501. Smith, A. B., III; Benowitz,
A. B.; Favor, D. A.; Sprengeler, P. A.; Hirschmann, R.Tetrahedron Lett.
1997,38, 3809. Kress, M. H.; Yang, C.; Yasuda, N.; Grabowski, E. J. J.
Tetrahedron Lett.1997,38, 2633. Denmark, S. E.; Hurd, A. R.; Sacha, H.
J. J. Org. Chem.1997, 62, 1668. Zwanenburg, B.; Thijs, L.Pure Appl.
Chem.1996, 68, 735. Easton, C. J.; Roselt, P. D.; Tiekink, E. R. T.
Tetrahedron1995, 51, 7809. Kohn, H.; Sawhney, K. N.; LeGall, P.;
Robertson, D. W.; Leander, J. D.J. Med. Chem.1991, 34, 2444. Tsuboyama,
S.; Miki, S.; Chijimatsu, T.; Tsuboyama, K.; Sakurai, T.J. Chem. Soc.,
Dalton Trans.1989, 2359. Kohn, H.; Conley, J. D.Chem. Ber.1988,24,
231. Adlington, R. M.; Baldwin, J. E.; Basak, A.; Kozyrod, R. P.J. Chem.
Soc.,Chem. Commun.1983, 944. Herscheid, J. D. M.; Nivard, R. J. F.;
Tijhuis, M. W.; Scholten, H. P. H.; Ottenheijm, H. C. J.J. Org. Chem.
1980,45, 1880. Pellarini, F.; Pantarotto, D.; Da Ros, T.; Giangaspero, A.;
Tossi, A.; Prato, M.Org. Lett.2001,3, 1845.

(2) Williams, R. M. Synthesis of Optically ActiVe R-Amino Acids;
Baldwin J. E., Ed.; Organic Chemistry Series; Pergamon Press: Oxford,
1989. Williams, R. M.; Hendrix, J. A.Chem. ReV. 1992, 92, 889. Williams,
R. M. Aldrichima Acta1992,25, 11. Duthaler, R. O.Tetrahedron1994,
50, 1539. Williams, R. M. InAdVances in Asymmetric Synthesis; Hassner,
A. Ed.; JAI Press: Stamford, CT, 1995; Vol. 1, pp 45-94. Arend, D.Angew.
Chem.,Int. Ed.1999,38, 2873. Ferraris, D.; Young, B.; Cox, C.; Dudding,
T.; Drury, W. J., III; Ryzhkov, L.; Taggi, A. E.; Lectka, T.J. Am. Chem.
Soc.2002,124, 67. Evans, D. A.; Janey, J. M.; Magomedov, N.; Tedrow,
J. S.Angew. Chem.,Int. Ed. 2001,40, 1884.
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G.; Betancort, J. M.; Barbas, C. F., III.J. Am. Chem. Soc.2002,124, 1842.
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substitutedR-amino acid derivatives using catalytic amounts
of L-proline.3a Because of the aldehyde functionality present
in the product, the excellent diastereo- and enantioselectivities
of the reaction, and the mild reaction conditions provided
by L-proline catalysis,4 the products should be useful for the
further transformations such as nucleophilic reactions on the
aldehyde carbonyl to form another carbon-carbon bond
without workup/purification. Here we examine the potential
of this reaction for further one-pot transformations. We chose
a cyanation reaction with Et2AlCN5 for the second step in
the one-pot sequence. Proline-catalyzed Mannich-type reac-
tions followed by cyanation of the first product aldehyde
would provideâ-cyanohydroxymethylR-amino acid deriva-
tives. Cyanohydrins are versatile functional groups in organic
synthesis6 and can be easily transformed toR-hydroxy acid
derivatives,7 R-hydroxy aldehydes,8 â-hydroxy amines,9 and
amino acid derivatives.10 Therefore, the one-pot Mannich-
cyanation reaction products could be transformed into a wide
variety of amino acid derivatives. To the best of our
knowledge, our strategy is the first to provide access to chiral
amino acid derivatives bearing a cyanohydroxymethyl group
at theâ position.

First, we examined reaction conditions for the cyanation
step in this one-pot sequence (Table 1). When the Mannich-

type reaction was performed using valeraldehyde in THF at
room temperature according to our procedure3a and the
reaction mixture was cooled to-78 °C followed by the
addition of Et2AlCN, â-cyanohydroxymethylR-amino acid
derivative1awas obtained as a single diastereomer with good
yield and high enantioselectivity (61% for two steps, 93%
ee) (entry 1) after purification. To complete the reaction, 4
equiv or more of Et2AlCN was required. Increasing the
temperature (-78°C to rt) of the cyanation step afforded
lactone2a (60%, 97% ee) (entry 2) with no trace of1a. The
cyanation at-40 °C also afforded1a (40%) as the main

product (entry 3) with2a (<5%). When dioxane was used
as solvent, the reaction also provided2aas the main product
at rt (entry 4) and a mixture of1a and2a at 0 °C (data not
shown). The formation of either1a or 2a was dependent on
the temperature of the cyanation step and was controlled by
changing the temperature.

To broaden the scope of this methodology, we demon-
strated it efficacy in reactions using a variety of aldehydes
(Tables 2 and 3). The reactions involving cyanation at-78

°C afforded cyanohydrin1 (Table 2) and at increased
temperature afforded lactone2 (Table 3). The yield of either
1 or 2 ranged between 40% and 68%. Excellent enantio-
selectivities were observed in the case of aldehydes with a
longer chain length (Rg n-pentyl) for the formation of1.
High enantioselectivities were also observed in the formation
of lactone2. A single diastereomer was isolated in all cases,
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Table 1. Reaction Conditions Effect One-Pot
Mannich-Cyanation Reactions To Provide Either1a or 2aa

entry solvent tempb timeb product yieldc (%) eed (%)

1 THF -78 °C 3 h 1a 61 93
2 THF -78 °C to rt 5 h 2a 60 97
3 THF -40 °C 3 h 1a 40 e
4 dioxane rt 18 h 2a 40 e

a PMP) p-methoxyphenyl. A mixture of ofN-PMP-protectedR-imino
ethyl glyoxylate (0.5 mmol), valeraldehyde (1.0 mmol), andL-proline (0.15
mmol) in THF or dioxane (5 mL) as indicated was stirred at room
temperature for 16-20 h, and Et2AlCN (1 M in toluene, 2 mmol) was added
into the reaction mixture at the temperature shown in this table.b Conditions
for the cyanation step.c Isolated yield after column chomatography.
d Enantioselectivities were determined by chiral-phase HPLC analysis.e Not
determined.

Table 2. One-Pot Mannich-Cyanation Reactions to Form1a

entry R product yieldb (%) eec (%)

1d i-Pr 1b 40 94
2 n-Bu 1c 60 93
3 n-Pent 1d 68 98
4 n-Hex 1e 65 98
5 PhCH2 1f 62 >99

6 1g 42 >99

7d 1h 40 >99

a A mixture of ofN-PMP-protectedR-imino ethyl glyoxylate (0.5 mmol),
aldehyde (1.0 mmol), andL-proline (0.15 mmol) in THF (5 mL) was stirred
at room temperature for 16-20 h, and the reaction mixture was cooled to
-78 °C followed by the addition of Et2AlCN (1 M in toluene, 2.0 mmol
except as noted). The mixture was stirred at the same temperature for 3 h.
Typical workup with saturated NaHCO3, extraction with ethyl acetate, and
silica gel column purification afforded1. b Isolated yield after column
chromatography.c Enantioselectivities were determined by chiral-phase
HPLC analysis.d Et2AlCN (3.0 mmol) was used.
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in the formation of either1 or 2. The presence of other
diastereomers was not observed in the1H NMR after silica
gel column purification.11,12

The stereochemistries of1b and2b were determined by
NMR study on2b and by the transformation of1b to 2b.
ROESY analysis of2b demonstrated an NOE between the
vicinal protons at C3 and C4, and no NOE between the
protons at C2 and C3.12 An NOE was also observed between
the methine proton of the isopropyl group and the proton at
C2. Therefore, it was confirmed that2b has a trans
relationship between the amino group at C2 and the isopropyl
at C3 and acis relationship between the isopropyl and the
cyano group at C4 in theγ-lactone. Since1b was transformed
to 2b (75%) as a single diastereomer with Et2AlCN,13 the
relationship between the substituents at the three contiguous
stereogenic centers of1b was determined to be allsyn as
indicated (Scheme 1). The first step of the one-pot, Mannich-

type reaction of isovaleraldehyde provided isomer3 (R )
i-Pr) that possessed a (S) configuration at C2.3a Thus the
absolute stereochemistry of2b was determined to be

(2S,3S,4R) and that of1b is as indicated.14 The cyanation
product retains the (3S) configuration of the major isomer
of 3 set at the Mannich-type reaction step.3a Cyanohydrin
1b was obtained from3 (R ) i-Pr) without epimerization at
C3. This is an advantage of this one-pot sequence because
workup/purification of the aldehyde-Mannich products de-
creases the diastereomeric ratio by epimerization at C3.3a The
selectivity of cyanation with Et2AlCN can be explained by
a nonchelated transition state model, the Felkin-Anh
model15,16 (Figure 1).

Ourâ-cyanohydroxymethylR-amino acid products can be
readily transformed to hydroxyglutamic acid derivatives (4
and5) and hydroxyornithine derivatives (6and7) bearing

an alkyl substituent via cyano group hydrolysis7 and
reduction,7b,9 respectively. Although hydroxyglutamic acid17

(5) Nagata, W.; Yoshioka, M.; Okumura, T.Tetrahedron Lett.1966, 847.
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Table 3. One-Pot Mannich-Cyanation Reactions to Form2a

entry R product yieldb (%) eec (%)

1d i-Pr 2b 42 97
2 n-Bu 2c 62 98

a The reaction was performed as described in the footnote in Table 2
except for the temperature for the cyanation step (-78 °C to rt for 5 h).
b-d See footnotes in Table 2.

Scheme 1. Transformation of1b to 2b

Figure 1. The Mannich-type reaction product (major isomer) and
a plausible transition state for cyanation with Et2AlCN in the one-
pot reaction

Figure 2. Hydroxyglutamic acid derivatives (4 and 5) and
hydroxyornithine derivatives (6and7) are readily prepared from
â-cyanohydroxymethylR-amino acid derivatives. P) protective
group or H.
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and hydroxyornithine18 are important compounds, synthetic
approaches to such alkyl-substituted versions are rare.19 Our
methodology provides ready access to these compounds.
Further, our recent discovery that (S)-2-methoxymethyl-
pyrrolidine (SMP) catalyzes direct asymmetric Mannich-type
reactions of unmodified aldehydes withN-PMP-protected
R-imino ethyl glyoxylate in a highlyanti-selective manner
(dr up to 19:1) with high enantioselectivity suggests that a
wide range ofâ-cyanohydroxymethylR-amino acid stereo-
isomers and their derivatives can be readily accessed.3c

In summary, we have demonstrated thatL-proline-
catalyzed Mannich-type reactions followed by cyanation with
Et2AlCN provides in one pot highly enantiomerically pure
cyanohydrin-functionalizedR-amino acid derivatives bearing
three contiguous stereogenic centers. These results indicate
that aldehyde products ofL-proline-catalyzed Mannich-type
reactions can be efficiently used for further reactions without
purification. Additional applications of this one-pot strategy
are currently underway in our laboratory.
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