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ABSTRACT
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A new one-pot procedure for the efficient synthesis of novel 3-substituted morpholin-2-one-5-carboxamide derivatives using commercially
available glycolaldehyde dimer as a bifunctional component with various a-amino acids and isocyanides by the Ugi five-center three-component
reaction (U-5C-3CR) was developed.

Recently, multicomponent condensation reactions have be-1, has come into widespread use for generating large
come one of the most powerful methods for the synthesis of collections of molecules in combinatorial synthesis (Scheme
small molecule libraries, due to the fact that products are 1)2

formed in a single step by simultaneous reactions of several

condensation reagents and the molecular diversity required R NG

for such combinatorial libraries can be achieved by simply gcheme 1. Synthesis of an N-Substituted Acyl Amino Amide

varying each compone#t. 1 from a Carboxylic Acid, a Primary Amine, an Aldehyde or
Especially the Ugi four-component condensation reaction, Ketone, and an Isocyanide in a One-Pot Manner
which combines a carboxylic acid, an amine, a carbonyl R'—COzH 0 R Ry
compound, and an isocyanide to afford @amino amide R2=NH, RN N. s
R°R*cO R2 O
T Sogang University. R5-NC 1
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Table 1. Ugi Five-Center Three-Component Reaction of Glycolaldehyde Dingith Various Isocyanide$ and a-Amino Acids 6
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time yield time yield
entry R! R2 (h) product (%)@ dr® entry R! R2 (h) product (%)2  drP
1 (CH3),CH— (CH3)sC— 24 7a 80 1.2:1° 9 PhCH,— EtO,CCH,— 48 7i 30 121
2 (CH3),CH— PhCH,— 24 7b 88 3.6:11° 10 PhCH,— TosCH2— 48 7j 37 371
3 (CH3).CH— cyclohexyl— 24 7c 84 36:1 11 CHs— (CH3)sC— 45 7k 64 1.8:1
4 (CH3),CH— EtO,CCH,— 48 7d 58 1.1:1¢ 12 CHs— PhCH,— 42 71 64 211
5  (CHs),CH— TosCH,— 48 7e 44 2011 13  CpHsCH(CHz)— (CHs)sC— 45 7m 81 1.7:1
6 PhCH,— (CH3)3C— 24 7f 90 241 14 C2HsCH(CH3z)— PhCH,— 32 n 65 431
7 PhCH,— PhCH,— 24 79 85 231 159 CH3SCH,CH,— (CH3)sC— 36 70 63 3.0:1
8 PhCH,— cyclohexyl— 24 7h 78 291 169 CH3SCH>CH,— PhCH,— a7 P 44 161

alsolated yields? Diastereomeric ratios were determined 1y NMR spectroscopy: Diastereomeric ratios were determined by isolatfom-Amino
acid was used.

employing homoserin2 having three functional groups (an  reactions using glycolaldehyde dimer in the Ugi reaction have

amine, a carboxylic acid, and a hydroxy group) combined never been exploited. We report an efficient synthetic method

in one molecule (Scheme 2. of novel morpholin-2-one derivativeg a new skeleton in
these series, by reacting isocyani@esith the bifunctional

I ol2(g materiat ando-amino acidss (Scheme 3)
Scheme 2. Synthesis of
N-Carbamoylmethyl-a-aminobutyrolacton8sy the Ugi _
Five-Center Three-Component Reaction (U-5C-3CR) Using Scheme 3. One-Pot Synthesis of the
L-Homoserine2 Morpholin-2-one-5-carboxamide Derivativésrom

Glycolaldehyde Dimed, a-Amino Acids 5, and Isocyanides
CO,H 0 . dw RZ H
HO/\/'\ + )I\Rz + R N c — >k[( ‘R3

NH, R Ji ]/ /'\ RO CF3CH20H R, )J\[ R!
1 2 40°C-rt
2 HO O R NHR -40°C - r.t. I
5
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During our extensive work with the Ugi reaction, we found
that glycolaldehyde dime# containing an aldehyde func- The glycolaldehyde dime# was reacted withtert-
tional group and a hydroxy functional group could be a potent butylisocyanide and-phenylalanine in 2,2,2-trifluoroethanol
bifunctional coupling regent. Despite its versatility, the at—40 °C, and the mixture was stirred for 1 day at room
temperature to afford 3-benzylift-butylamino carbonyl
(3) (@) Zhang, J.; Jacobson, A.; Rusche, J. R.; HerlihyJV@rg. Chem morpholin-2-one in 90% vyield with diastereoselectivity in a

1999,64, 1074—-1076. (b) Pitlik, J.; Townsend, C. Bioorg. Med. Chem. ; . ;
Lett, 1997, 7, 3129—3134. (c) Miali, A. M. M.. Short, K. MTetradron ratio of 2.4:1 (Table 1, entry 6). The progress of the reaction

Lett. 1097.38, 359—362. (d) Harriman, G. C. Betrahedron Lett1997, largely depends on the experimental procedure. The addition

gg gggé—gggg- (e) Hanusch-Kompa, C.; UgiTetrahedron Lett1998, of a premixed solution of an isocyanide and the glycol-
(4) Bienayme, H.; Bouzid, KTetrahderon Lett1998,39, 2735—2738.  aldehyde dimer in 2,2,2-trifluoroethanol to the precooled

(5) Zhang, C.; Moran, E. J.; Woiwode, T. F.; Short, K. M.; Mjalli, A.  suspension of an-amino acid in 2,2,2-trifluoroethanol gave

M'('(\S")' (;)etg?gi?(g” kektlllgﬁgﬁi?r{g75'l'l;7'5'4r.empest b.A: Amstrong, . the best result, while a typical addition of an isocyanide to

W. Tetrahedron Lett1996,37, 1149-1152. (b) Keating, T. A.; Armstrong,  the solution of the glycolaldehyde dimer and amino acid was

R. W.J. Am. Chem. S0d 996,118, 2574-2583. (c) Mjalli, A. M. M., ynsuccessful. This reaction did not proceed at all when
Sarshar, S.; Baiga, T. Jetrahedron Lett1996,37, 2943—2946. .
(7) (@) Hulme, C.. Morrissette, M. M.; Volz, F. A.; Burns, c. J. MeCN or DMF were used as the solvent. When it was run

Tetrahedron Lett1998,39, 1113—1116. (b) Ugi, I.; Horl, W.; Hanusch-  in MeOH or THF in the presence of 1 equiv of ZnCthe
Kompa, C.; Schmid, T.; Herdtweck, EHeterocyclesl998,47, 965. ; ; : : 0

(8) (3) Hulme, C.. Peng, J.: Louridas, B.. Menard, P.: Krolikowski, P. dgswed produ_ct was |solate_d in lower yield (65 or 64 A).), but
Kumar, N. V. Tetrahedron Lett1998, 39, 8047—8050. (b) Rossen, K.;  with better diastereoselectivity (5:1 or 3:1), respectively.

Sager, J.; DiMichele, L. MTetrahedron Lett1997 38, 3183. (c) Zychlinski, Other examples are shown in Table 1.
A. V.; Ugi, |I. Heterocyclesl998,49, 29-32. h . . .
(9) (a) Keating, T. A.; Armstrong, R. WA, Org. Chem1996 61, 8935 The reaction of the glycolaldehyde dim&mith various

E9g9- d(_b)_ HulnFlgz, g.; Péer?g, igggag??,sg.z-\lﬂ;ig%ggns, C. J.; Morize, I.; o-amino acids5 and isocyanide$ provided 3-substituted
apaudiniere, . 0rg. em ,00, - . . . . . .
(10) Park, S. J.: Keum, G.. Kang, S. B.. Koh, H. Y.: Lee, D. H.: kim, morpholin-2-one-5-carboxamide derivativésn moderate

Y. Tetrahedron Lett1998,39, 7109—7113. to good yields. The best observed diastereoselectivity was
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Table 2. Ugi Five-Center-Three-Component Reaction of Glycolaldehyde Dingith Various Isocyanide$ and Cyclico-Amino
Acids 11

X
0. _OH % 0 \
7 n CF3CH,0H )
L j/ + COH+ R-NC ————=R. J N
Ho™ Yo N -40°C-rt. N
o o
12

4 11 6
entry n X R time (h) product vyield (%)@ dr® entry n X R time (h) product vyield (%)2 dr
1 0 H (CHs)sC— 20 12a 58 161 7 1 OH (CHs)sC— 24 12g 76 1.8:1
2 0 H PhCH.— 24 12b 74 1.0:1 8 1 OH (CHg)sC— 24 12h 68 1.7:1
3 1 H (CHa)sC— 24 12c 87 151 9 2 H  (CHs3)sC— 24 12i 85 2.1:1
4 1 H PhCHy— 24 12d 37 281 109 2 H  (CHs)C— 12 12j 84 201
5 1 H cyclohexyl— 24 12e 79 111 119 2 H PhCH,— 12 12k 90 1.7:1
6 1 H EtO,CCHy— 48 12f 73 261 12¢ 2 (CH3)sC— 12 121 77 1.2:1

a]solated yields? Diastereomeric ratios were determined Y NMR spectroscopyS b-Amino acid was used! b,L.-Amino acid was used: (S)-(—)-
1,2,3,4-Tetrahydro-3-isoquinoline-carboxylic acid was used.

4.3:1 (entry 14) by'H NMR spectroscopy, where each desired product in the view of product purity, reaction rates,

diastereomer was separated by column chromatography orand yields.

silica gel*! We were able to demonstrate that glycolaldehyde dimer
The mechanism of this reaction is summarized in Schemein the Ugi condensation reaction could be used efficiently

4. The addition of the isocyanid&to the prepared imin8

Scheme 4. Mechanism of the Ugi Five-Center
Three-Component Reaction
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gave the intermediat® The interception of the carboxylate
on the intermediate nitrilium carbon & followed by the
intramolecular hydroxy addition to the carboxylate carbon
of 10 resulted in formation of.

When the reaction was carried out in MeOH, the crude
product was impure with some ring-opening products, which
are formed by the external methanol attack on the carboxylate
carbon of the intermediate0. Using 2,2,2-trifluoroethanol
as a solvent for this reaction was critical in providing the

(11) General experimental procedure the solution of a glycolaldehyde
dimer 4 (0.4 mmol) and an isocyanidé (0.88 mmol) in CECH,OH (4
mL) was added slowly to a suspensionacsmino acid5 (0.8 mmol) in
CRCH,0OH (10 mL) at—40 °C under nitrogen. The mixture was allowed
to reach room temperature. After stirring for-248 h, the reaction mixture
was concentrated under reduced pressus® (0 mL) and EtOAc (20
mL) were added to the residue, and the resulting aqueous solution was [4S, 7R, 9R]-12h minor
extracted with EtOAc (4x 20 mL). The combined organic extracts were

washed with brine (10 mL) and dried over anhydrous sodium sulfate. The . . .
solvent was removed under reduced pressure, and the residue was purifie(!:Igure 1. Molecular structures (ORTEP diagrams) for the major

by flash column chromatography on silica gel with a mixture of hexane 'somer of [3,5R]-7fand minor isomer of [8,7R,9R]-12has
and EtOAc (1:1 or 1:2) to give the corresponding morpholin-2-one-5- determined by X-ray analysis.
carboxamider.
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to generate chemical diversity in short reaction sequencesand that of the minor isomer df2h has an S-configuration

and to provide libraries of small heterocycles. To the best (4S,7R,9R) at the newly generated stereogenic carbon C5

of our knowledge, only a few morpholin-2-one-5-carboxylic and C4 positions, respectively.

acid derivatives, which cannot be easily prepared by another In conclusion, by using commercially available glycol-

route, have been communicatédAnd this method might  aldehyde dimer that has an aldehyde and an alcohol

be the first general and useful synthetic method for the functional group in one component-amino acids and

preparation of the morpholin-2-one-5-carboxylic acid deriva- isocyanides in a U-5C-3CR, unique morpholine structures

tives, which represent new cyclic amino acids and cyclic were prepared. These new structures broaden the scaffolds

1,1'-iminodicarboxylic acid derivatives. that are accessible through the Ugi reactions. The biological
To expand the structural diversity accessible through this activities of the prepared morpholin-2-one derivatiVesd

type of the Ugi five-center three-component reaction (U- 12 are now under study.

5C-3CR), we were able to expand the scope of this reaction

by changing thex-amino acid part. When the cyclic amino Acknowledgment. We thank Professor Moon-Gun Choi

acids1l1were used, other unique heterobicyclic compounds at Yonsei University for kindly providing us with the X-ray
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Miyazawa, T.; Kuwata, S.; Matsumoto, K.; Sugiura, ®hem. Lett1987, 0.671, parameters refined 163. A dark orange crystal with approximate
723—726. (b) Ugi, |.; Demharter, A.; H6rl, W.; Schmid, Tetrahedron dimensions 0.50«< 0.44 x 0.32 mn? was selected and attached to the tip
1996,52, 11657—11664. (c) Ugi, |. K.; Ebert, B.; lHoN. Chemosphere of a glass fiber, transferred to a Bruker SMART diffractometer/CCD area

2001,43, 75-81. detector, and centered under liquid nitrogen in the beam at 233(2) K. The
(14) Crystal data for the major isomer . M, = 290.36, monoclinic, structure was solved using the direct methods from Eamap. The
space grouf2(1) (No. 4),a= 9.756(2) Ab = 6.265(3) A,c = 13.956(4) remaining non-hydrogen atoms were located in an alternating series of least-
A, 0. =90.00(3)°, = 98.56(2)°,y = 90.00(2)°V = 843.5(5) B,z =2, squares cycles and difference Fourier maps. All non-hydrogen atoms were
pealed = 1.143 Mg/n¥, F(000) = 312, u = 0.079 mm?, A(Mo Ka) = refined with anisotropic displacement coefficients. All hydrogen atoms were
0.71073 AT = 293(2) K, 1.48< 0 < 24.97, reflections collected 959, included in the structure factor calculation at idealized positions and were
unique 906 (R: = 0.1383), observed 906 ¢& 24(l)), final R factorsR; = allowed to ride on the neighboring atoms with relative isotropic displacement

0.0734, vir, = 0.1801, GOF= 1.135, parameters refined 190. The absolute coefficients. The absolute configuration at C4 was derived from the known
configuration at C5 was derived from the known configuration at C3. Crystal configuration of starting materiais-4-hydroxye-proline. Crystallographic
data for the minor isomer df2h: Mr = 256.30, orthorhombic, space group  data (excluding structure factors) for the structure reported in this paper

P2(1)2(1)2(1)a = 9.6199(15) A, b= 11.7608(18) Ac = 12.1665(19) A, have been deposited with the Cambridge Crystallographic Data Centre as
a=p=y=90°V=1376.5(4) B, Z= 4, pcaca= 1.237 Mg/n?, F(000) supplementary publication CCDC-1635873(3R)-7f] and CCDC-163588
=552, = 0.093 mnt?, (Mo Ka) = 0.71073 A T = 233(2) K, 2.41< [(4S,7R,9R)-12h]. Copies of the data can be obtained free of charge on
6 < 25.52, reflections collected 7251, unique 25B}: & 0.0532), observed application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax:
2561 (I > 20(l)), final R factorsR; = 0.0715, wR = 0.1939, GOF= (+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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