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ABSTRACT
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H™ “CO,Et 2) ELAICN & R NHPMP
ee: 93—>99% ee: 97-98%

One-pot asymmetric Mannich—hydrocyanation reactions are described. Reaction of unmodified aldehydes with N-PMP-protected a-imino ethyl
glyoxylate in the presence of catalytic amounts of L-proline followed by the addition of Et,AICN provided highly enantiomerically pure
B-cyanohydroxymethyl a-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 bioactive peptides, and are synthons for natural products and
are an extremely important class of compounds because theypharmaceuticals.The development of methodologies for
are potentially bioactive themselves, are components of accessing amino acid derivatives has therefore received much
attention'~3 Here we report an efficient approach to highly
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substitutedx-amino acid derivatives using catalytic amounts
of L-proline32Because of the aldehyde functionality present

product (entry 3) witiRa (<5%). When dioxane was used
as solvent, the reaction also providgalas the main product

in the product, the excellent diastereo- and enantioselectivitiesat rt (entry 4) and a mixture dfa and2aat 0°C (data not

of the reaction, and the mild reaction conditions provided
by L-proline catalysig,the products should be useful for the
further transformations such as nucleophilic reactions on the
aldehyde carbonyl to form another carberarbon bond
without workup/purification. Here we examine the potential
of this reaction for further one-pot transformations. We chose
a cyanation reaction with E&AICN® for the second step in
the one-pot sequence. Proline-catalyzed Mannich-type reac
tions followed by cyanation of the first product aldehyde
would provides-cyanohydroxymethyéi-amino acid deriva-
tives. Cyanohydrins are versatile functional groups in organic
synthesi&and can be easily transformeddehydroxy acid
derivatives’ a-hydroxy aldehyde8 3-hydroxy amine$,and
amino acid derivative¥ Therefore, the one-pot Mannieh
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 the position.

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

Table 1. Reaction Conditions Effect One-Pot
Mannich—Cyanation Reactions To Provide Eitleror 2a?

o PMP 1) L-Proline PP
~N (30 mol%) OH HN” NC... o._0
H N JJ\ rt. 16-20 h : B
H™ “COEt 2)ELAICN NC~ Y “COEt
n-Pr : n-Pr  NHPMP
n-Pr
1a 2a
entry solvent temp® time® product yield® (%) eed (%)

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

a PMP = p-methoxyphenyl. A mixture of o-PMP-protected-imino
ethyl glyoxylate (0.5 mmol), valeraldehyde (1.0 mmol), angroline (0.15
mmol) in THF or dioxane (5 mL) as indicated was stirred at room
temperature for 1620 h, and EAICN (1 M in toluene, 2 mmol) was added
into the reaction mixture at the temperature shown in this tél@enditions
for the cyanation step.lsolated yield after column chomatography.
d Enantioselectivities were determined by chiral-phase HPLC anafysist
determined.

type reaction was performed using valeraldehyde in THF at
room temperature according to our procedurand the
reaction mixture was cooled te-78 °C followed by the
addition of E;AICN, S-cyanohydroxymethyb-amino acid
derivativelawas 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 BAICN was required. Increasing the
temperature (—78C to rt) of the cyanation step afforded
lactone2a (60%, 97% ee) (entry 2) with no trace b&. The
cyanation at—40 °C also affordedla (40%) as the main
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shown). The formation of eithelra 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-@8

Table 2. One-Pot Mannich—Cyanation Reactions to Fdk

O PMP. 1) L-Proline (30 mol%) OH HN’PMP
THF, r.t., 16-20 h H H
L AN,
H)H " H7 O COLEt 2) ERAICN NC™ 57 COkRt
R THF-toluene, -78 °C, 3 h R
1b-h
entry R product yield® (%) ee® (%)

1d i-Pr 1b 40 94
2 n-Bu 1lc 60 93
3 n-Pent 1d 68 98
4 n-Hex le 65 98
5 PhCH> 1f 62 >99
6 ™ \"0TBDMS 1g 42 >99
7d BN NN 1h 40 >99

a A mixture of of N-PMP-protectedr-imino ethyl glyoxylate (0.5 mmol),
aldehyde (1.0 mmol), andproline (0.15 mmol) in THF (5 mL) was stirred
at room temperature for 280 h, and the reaction mixture was cooled to
—78 °C followed by the addition of BAICN (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 NaHGQextraction with ethyl acetate, and
silica gel column purification afforded. ® Isolated yield after column
chromatography< Enantioselectivities were determined by chiral-phase
HPLC analysisd EtAICN (3.0 mmol) was used.

°C afforded cyanohydrinl (Table 2) and at increased
temperature afforded lacto2gTable 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 (R= n-pentyl) for the formation of.

High enantioselectivities were also observed in the formation
of lactone2. A single diastereomer was isolated in all cases,

(4) Recent studies in proline catalysis: Bui, T.; Barbas, C. F., Ill.
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Thayumanavan, R.; Barbas, C. F., Metrahedron Lett2001,42, 4441.
Notz, W.; Sakthivel, K.; Bui, T.; Zhong, G.; Barbas, C. F., Metrahedron
Lett. 2001,42, 199. Sakthivel, K.; Notz, W.; Bui, T.; Barbas, C. F., Ul.
Am. Chem. So2001,123, 5260. Betancort, J. M.; Barbas, C. F., Okg.
Lett.2001, 3, 3737. Cérdova, A.; Notz, W.; Barbas, C. F., 01.Org. Chem.
2002 67, 301. Thayumanavan, R.; Dhevalapally, B.; Sakthival, K.; Tanaka,
F.; Barbas, C. F., lllTetrahedron Lett2002,43, 3817. Ramachary, D. B.;
Chowdari, N. S.; Barbas, C. F., [Tetrahedron Lett2002,43, 6743. List,

B.; Pojarliev, P.; Martin, H. JOrg. Lett.2001,3, 2423. List, B.; Pojarliev,

P.; Castello, COrg. Lett.2001,3, 573. List, B.; Pojarliev, P.; Biller, W.
T.; Martin, H. J.J. Am. Chem. So2002,124, 827. MacMillan, D. W. C.;
Northrup, A. B.J. Am. Chem. So002,124, 6798. Enders, D.; Seki, A.
Synlett2002 26. Bogevig, A.; Kumaragurubaran, N.; Jorgensen, K. A.
Chem. CommurR002, 620. Bogevig, A.; Juhl, K.; Kumaragurubaran, N.;
Zhuang, W.; Jorgensen, K..AAngew. Chem.Int. Ed. 2002, 41, 1790.
Kumaragurubaran, N.; Juhl, K.; Zhuang, W.; Bogevig, A.; Jorgensen, K.
A. J. Am. Chem. So2002,124, 6254.
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Table 3. One-Pot Mannich—Cyanation Reactions to Fdn

o] PMP\N 1) L-Proline (30 mol%) nc., OO
H)J\ . L THF, r.t, 16-20 h
H” ~CO,Et 2)EtAICN
R THF-toluene R NHPMP
78°Ctort,5h 2b-c
entry R product yield® (%) eet (%)

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

aThe reaction was performed as described in the footnote in Table 2

except for the temperature for the cyanation stef@§ °C to rt for 5 h).
b-d See footnotes in Table 2.

in the formation of eitherl or 2. The presence of other
diastereomers was not observed in tHeNMR after silica
gel column purificatiort112

The stereochemistries db and2b were determined by
NMR study on2b and by the transformation dfb to 2b.
ROESY analysis o2b demonstrated an NOE between the

vicinal protons at C3 and C4, and no NOE between the

protons at C2 and CB.An NOE was also observed between

the methine proton of the isopropyl group and the proton at

C2. Therefore, it was confirmed thd&b has atrans

relationship between the amino group at C2 and the isopropy

at C3 and ais relationship between the isopropyl and the
cyano group at C4 in the-lactone. Sincdb was transformed
to 2b (75%) as a single diastereomer with,ACN,* the

relationship between the substituents at the three contiguous

stereogenic centers dib was determined to be adlynas

indicated (Scheme 1). The first step of the one-pot, Mannich-

Scheme 1. Transformation oflb to 2b

_PMP
OH HN NG 4020
P e EAICN (3 eq)
NCRESCOEt 4
: THF-toluene /| NHPMP
PaN O0°Ctort,4h
1b 2b 75%

type reaction of isovaleraldehyde provided isoBgR =
i-Pr) that possessed &) configuration at C2 Thus the
absolute stereochemistry db was determined to be

(5) Nagata, W.; Yoshioka, M.; Okumura, Tetrahedron Lett1966 847.
Moss, D. K.; Olmstead, M. M.; Nantz, M. Hl. Org. Chem.1998, 63,
5259. Ruano, J. L. G.; Paredes, C. G.; Hamdouchi,T€trahedron:
Asymmetn1999,10, 2935. Garcia, M. M. C.; Ruano, J. L. G.; Castro, A.
M. M.; Ramos, J. H., R.; Fernandez,Tletrahedron: Asymmetri998,9,
859. Nicolaou, K. C.; Vassilikogiannakis, G.; Kranich, R.; Baran, P.; Zhong,
Y.-L.; Natarajan, SOrg. Lett.2000,2, 1895.

(6) Veum, L.; Kuster, M.; Telalovic, S.; Hanefeld, U.; Maschmeyer, T.
Eur. J. Org. Chem2002, 1516. Nicolaou, K. C.; Vassilikogiannakis, G.;
Kranich, R.; Baran, P. S.; Zhong, Y.-L.; Natarajan,(8g. Lett.2000,2,
1895. Gregory, R. J. HChem. Re. 1999 99, 3649. Effenberger, FAngew.
Chem.,Int. Ed. Engl.1994,33, 1555.

(7) Effenberger, F.; Eichhorn, J.; RoosTé&trahedron: Asymmet4995
6, 271. Tanaka, K.; Mori, A.; Inoue, S. Org. Chem1990,55, 181.

(8) Matthews, B. R.; Gountzos, H.; Jackson, W. R.; Watson, K. G.
Tetrahedron Lett1989,30, 5157.

(9) Brown, R. F. C.; Donohue, A. C.; Jackson, W. R.; McCarthy, T. D.
Tetrahedron1994,50, 13739.
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(2S,3S,4R) and that db is as indicated? The cyanation
product retains the (3S) configuration of the major isomer
of 3 set at the Mannich-type reaction sféCyanohydrin

1b was obtained fron3 (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 & Te
selectivity of cyanation with BAICN can be explained by

a nonchelated transition state model, the Felidmh
model>18 (Figure 1).

PMPNH,{-’\/COZEt

_PMP
o HN
H)K?AZCOZEt o H
R R H
3 CN~

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

Our B-cyanohydroxymethyi-amino acid products can be
readily transformed to hydroxyglutamic acid derivatives (4

jand5) and hydroxyornithine derivatives @nd?7) bearing

P

oy 3,00
HOWCOOH Ho
o R R HN-P
4 5
oHHN" 0_o
B H S
HZN\/\Z/\COOH HN (_\{/
R E HN-P
6 7

Figure 2. Hydroxyglutamic acid derivatives4(and 5) and
hydroxyornithine derivatives (&nd7) are readily prepared from
fB-cyanohydroxymethybi-amino acid derivatives. B protective
group or H.

an alkyl substituent via cyano group hydrolysiand
reduction]*?respectively. Although hydroxyglutamic aéld

(10) Warmerdam, E. G. J. C.; van Rijn, R. D.; Brussee, J.; Kruse, C. G.;
van der Gen, ATetrahedron: Asymmetr{996,7, 1723. Decicco, C. P.;
Grover, P.Synlett1997, 529.

(11) Other cyanation conditions, for example, use of TMSCN with or
without catalytic amount of ZnBy provided diastereomer(s) db or of
the TMS-form of1b, respectively.

(12) See Supporting Information.

(13) CyanohydrirLb was also gradually converted to lactdttewithout
any reagent. Whehb was stirred in EtOAc or in THF at room temperature,
formation of2b was observed after 24 h.

(14) The stereochemistries b&, 1c—h, 2a, and2c were determined by
analogy.

(15) Anh, N. T. Top. Curr. Chem.1980, 88, 145. Lodge, E. P
Heathcock, C. HJ. Am. Chem. S0d.987,109, 3351.

(16) Fujisawa, T.; Fujimura, A.; Ukaji, YChem. Lett1988 1541. Evans,

D. A,; Dart, M. J.; Duffy, J. L.; Yang, M. G.; Livingston, A. BJ. Am.
Chem. Soc1995,117, 6619.
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and hydroxyornithin¥ are important compounds, synthetic In summary, we have demonstrated thaproline-

approaches to such alkyl-substituted versions are'?@der catalyzed Mannich-type reactions followed by cyanation with
methodology provides ready access to these compoundsEtLAICN provides in one pot highly enantiomerically pure
Further, our recent discovery tha®){2-methoxymethyl- cyanohydrin-functionalized-amino acid derivatives bearing

pyrrolidine (SMP) catalyzes direct asymmetric Mannich-type three contiguous stereogenic centers. These results indicate
reactions of unmodified aldehydes witttPMP-protected  that aldehyde products ofproline-catalyzed Mannich-type
o-imino ethyl glyoxylate in a highlyanti-selective manner  reactions can be efficiently used for further reactions without
(dr up to 19:1) with high enantioselectivity suggests that a purification. Additional applications of this one-pot strategy
wide range of3-cyanohydroxymethyti-amino acid stereo-  are currently underway in our laboratory.
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