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A convenient, one-pot procedure for the synthesis of 1-benzoyl-2(S)-substituted-5-iodo-2,3-dihydro-4(H)-
pyrimidin-4-ones by tandem decarboxylation/â-iodination of the corresponding 6-carboxy-perhydropy-
rimidin-4-ones was developed. In addition, several 1-benzoyl-2(S)-substituted-5-bromo-2,3-dihydro-4(H)-
pyrimidin-4-ones were readily prepared by bromination of 1-benzoyl-2(S)-substituted-2,3-dihydro-4(H)-
pyrimidin-4-ones. Subsequently, Sonogashira coupling of the halogenated heterocyclic enones with various
terminal alkynes produced 1-benzoyl-2(S)-isopropyl-5-alkynyl-2,3-dihydro-4(H)-pyrimidin-4-ones in good
yields. Hydrogenation of the unsaturated C-C moieties in the Sonogashira products followed by acid
hydrolysis afforded highly enantioenrichedR-substitutedâ-amino acids.

Introduction

Perhydropyrimidinone carboxylic acid (2S,6S)-1a has been
used as an efficient starting material for the enantioselective
synthesis of (R)- and (S)-R-substituted1 and R,R-disubstituted
â-amino acids.2 Furthermore, several analogues of pyrimidinone
(S)-2 have proven useful for the asymmetric synthesis of
â-substituted,R,â-disubstituted, andâ,â-disubstitutedâ-amino
acids (Scheme 1).3

Recently, we reported that treatment of carboxylic acid
(2S,6S)-1awith diacetoxyiodobenzene/iodine (DIB/I2)4 afforded
a 1.6:1.0 mixture of the iodoenone (S)-3a and the enone (S)-
4a.5 The finding that iodoenone (S)-3a is cleanly converted into
enone (S)-4aupon treatment with iodotrimethylsilane (generated

with chlorotrimethylsilane and sodium iodide) (Scheme 2a) led
to the development of a one-pot protocol involving decarboxy-
lation,â-iodination, and hydrodeiodination of (2S,6S)-1a to give
(S)-4a in 71% yield (Scheme 2b).6

Nevertheless, in view of the structural similarity between
5-iodopyrimidinone (S)-3a and various 5-halouracils showing
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antiviral activity (Figure 1),7 we sought to develop reaction
conditions for the decarboxylation/â-iodination of (2S,6S)-1a
to provide (S)-3a as the single product.

The structural similarity of haloenones3 and 5-halouracils
(Figure 1) suggested that they should present the same chemical
reactivity. For example, there are successful reports of the
application of Sonogashira couplings to substitute the halogen
in 5-halouracils.8 Thus, compounds (S)-3 presented themselves
as interesting substrates for this kind of coupling. Furthermore,
the expected products could prove to be suitable precursors to
enantiomerically pureâ-amino acids.9

Results and Discussion

Diastereomerically pure perhydropyrimidinone-6-carboxylic
acids1a-c were prepared by condensation of (S)-asparagine
with pivalaldehyde, isobutyraldehyde, or benzaldehyde, respec-
tively, followed by in situ N-benzoylation3a,10 (Scheme 3).

Treatment of perhydropyrimidinone-6-carboxylic acids1a-c
with DIB (2 equiv) and iodine (1 equiv) in CH2Cl2 during 4.5
h afforded a mixture of the expected5 enones4 and iodoenones
3 (cf. Scheme 2). We were pleased to find that addition of BF3‚
Et2O (2 equiv) to the resulting reaction mixture resulted in the
fast conversion of the enone into the corresponding iodoenone,
which becomes the sole reaction product (Scheme 3).

Because acetic acid is formed in the reaction medium upon
reduction of DIB, it is likely that acetic acid reacts with the
DIB/I2 reagent to produce acetyl hypoiodite,11 which is activated
by BF3 to liberate iodonium ion (Scheme 4a). Finally, iodonium
ion adds to enones4 to give, afterâ-elimination of a proton,
the desired iodoenones3 (Scheme 4b).

In addition, bromoenones5a-c were prepared from enones
4a-c by bromination with pyridine perbromide hydrobromide
(Pyr‚HBr‚Br2)12 (Scheme 5). The mechanism for the bromina-
tion reaction is anticipated to be similar to that presented in the
iodination reaction (cf. Scheme 4b), with bromonium, Br+,
instead of iodonium ion.

Crystals of (S)-5b were obtained by recrystallization from
CH2Cl2 and ethyl acetate, and the crystal structure was
determined by X-ray diffraction crystallography (Figure 2,
Supporting Information).

For the preparation of bromoenones5a-c (Scheme 5),
starting enones4a-c were prepared in good yields following
our recently reported decarboxylation/â-iodination/hydrodeio-
dination tandem protocol (1a-c f 4a-c, cf. Scheme 2b).6 A
single crystal of 1-benzoyl-2(S)-phenyl-2,3-dihydro-4(H)-pyri-
midin-4-one, (S)-4c, could be obtained, and Figure 3 (Supporting
Information) shows its molecular structure.

(6) Iglesias-Arteaga, M. A.; Castellanos, E.; Juaristi, E.Tetrahedron:
Asymmetry2003, 14, 577-580.

(7) (a) Shealy, Y. F.; O’Dell, C. A.; Shannon, W. M.; Arnett, G.J. Med.
Chem. 1983, 26, 156-161. (b) Howell, H. G.; Brodfuehrer, P. R.;
Brundidge, S. P.; Benigni, D. A.; Sapino, C.J. Org. Chem. 1988, 53, 85-
88. (c) Beauchamp, L. M.; Serling, B. L.; Kelsey, J. E.; Biron, K. K.; Collins,
P.; Selway, J.; Lin, J-C.; Schaeffer, H. J.J. Med. Chem. 1988, 31, 144-
149.

(8) (a) Tanaka, H.; Haraguchi, K.; Koizumi, Y.; Fukui, M.; Miyasaka,
T. Can. J. Chem. 1986, 64, 1560-1563. (b) Hobbs, F.W. J. Org. Chem.
1989, 54, 3420-3422. (c) Robins, M. J.; Barr, P. J.Tetrahedron Lett. 1981,
22, 421-424. (d) Robins, M. J.; Barr, P. J. J. Org. Chem. 1983, 48, 1854-
1862. (e) Hudson, R. H. E.; Li, G.; Tse, J.Tetrahedron Lett.2002, 43,
1381-1386.

(9) For monographs, see: (a) Juaristi, E., Ed.EnantioselectiVe Synthesis
of â-Amino Acids; Wiley: New York, 1997. (b) Juaristi, E.; Soloshonok,
V. Second Edition of EnantioselectiVe Synthesis ofâ-Amino Acids; Wiley:
New York, 2005. For additional review articles, see: (c) Juaristi, E.;
Quintana, D.; Escalante, J.Aldrichimica Acta1994, 27, 3-11. (d) Cole, D.
C. Tetrahedron1994, 50, 9517-9582. (e) Cardillo, G.; Tomasini, C.Chem.
Soc. ReV. 1996, 25, 117-128. (f) Juaristi, E.; Lo´pez-Ruiz, H.Curr. Med.
Chem.1999, 6, 983-1004. (g) Abele, S.; Seebach, D.Eur. J. Org. Chem.
2000, 1-15. (h) Liu, M.; Sibi, M. P.Tetrahedron2002, 58, 7991-8035.
(i) Gnad, F.; Reiser, O.Chem. ReV. 2003, 103, 1603-1623. (j) Ma, J.-A.
Angew. Chem., Int. Ed.2003, 42, 4290-4299. (k) Sewald, N.Angew. Chem.,
Int. Ed. 2003, 42, 5794-5795. (l) Palko, M.; Lorand, K.; Fu¨löp, F. Curr.
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SCHEME 1. Enantioselective Synthesis ofâ-Amino Acids
via Chiral Pyrimidinones

SCHEME 2. Preparation of Enone (S)-4a

FIGURE 1. Structural similarity between haloenones3 and biologically
relevant 5-halouracils.
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Finally, compounds6a-d were obtained by Sonogashira
coupling.13 The reaction proceeded satisfactorily using io-
doenone (S)-3b and terminal alkynes (phenylacetylene, prop-
argylic alcohol, 1-heptynyl, and 1-hexynyl) in the presence of
triethyl amine, PPh3, CuI, and with PdCl2 as catalyst in
acetonitrile. The coupling was carried out at room temperature,
and the isolated yields obtained varied in the 59-88% range
(Table 1).

Following recrystallization of compound (S)-6a, good crystals
were obtained, and the corresponding X-ray crystallographic

structure is shown in Figure 4 (Supporting Information). As also
shown in the X-ray crystallographic structures of compounds
4c, 5b, and6a (Figures 2-4, Supporting Information), the six-
membered heterocycles adopt conformations that approach a
sofa.14 The near-planarity among the N(3), C(4), C(5), C(6),
and N(1) atoms is due to conjugation of theR,â-unsaturated
amides.

Hydrogenation and Hydrolysis of the Sonogashira Prod-
ucts To Afford Highly Enantiomerically Enriched r-Sub-
stituted â-Amino Acids. Hydrogenation of the unsaturated
C-C segments in the Sonogashira product6a was then
attempted under various conditions (NiCl2‚6H2O/NaBH4,15 Mg/
ZnCl2,16 NaBH3CN,17 Zn/AcOH,18 Li/NH3, Mg/CH3OH19)
without success. By contrast, hydrogenation catalyzed with Rh-
alumina, Ni-alumina, Pt, and Pd/C afforded (S)-7, originating
from exclusive reduction of the side chain, as the main product
(Scheme 6).

Hydrogenation of the endocyclic double bond in alkylated
enone (S)-7 with H2/Raney Ni/AcOH/CH3OH provided epimers
(2S,5S)-8 and (2S,5R)-8, with the former product always
predominating as anticipated in terms of a more facile approach

(13) (a) Sonogashira, K.; Tohda, Y.; Hagihara, N.Tetrahedron Lett. 1975,
16, 4467-4470. For recent applications, see for example: (b) Feuerstein,
M.; Doucet, H.; Santelli, M.Tetrahedron Lett.2004, 45, 8443-8446. (c)
Garcı́a, D.; Cuadro, A. M.; Alvarez-Builla, J.; Vaquero, J. J.Org. Lett.
2004, 6, 4175-4178. (d) Karpov, A. S.; Mu¨ller, T. J. J.Org. Lett. 2003, 5,
3451-3454. (e) Nova´k, Z.; Kotschy, A.Org. Lett. 2003, 5, 3495-3497.
(f) McGuigan, C.; Barucki, H.; Blewett, S.; Carangio, A.; Erichsen, J. J.;
Andrei, G.; Snoeck, R.; De Clercq, E.; Balzarini, J.J. Med. Chem. 2000,
43, 4993-4997. (g) Verkade, J. G.; Urgaonkar, S.J. Org. Chem. 2004, 69,
5752-5755. (h) Cheng, J.; Sun, Y.; Wang, F.; Guo, M.; Xu, J.-H.; Pan,
Y.; Zhang, Z.J. Org. Chem. 2004, 69, 5428-5432. (i) Park, S. B.; Alper,
H. Chem. Commun. 2004, 1306-1307. (j) Miller, M. W.; Johnson, C. R.
J. Org. Chem. 1997, 62, 1582-1583. (k) Seela, F.; Zulauf, M.; Sauer, M.;
Deimel, M.HelV. Chim. Acta2000, 83, 910-926. For recent reviews, see:
(l) Agrofoglio, L. A.; Gillaizeau, I.; Saito, Y.Chem. ReV. 2003, 103, 1875-
1916. (m) Chinchilla, R.; Na´jera, C.Chem. ReV. 2007, 107, 874-922. (n)
Doucet, H.; Hierso, J.-C.Angew. Chem., Int. Ed.2007, 46, 834-871.

(14) (a) Seebach, D.; Lamatsch, B.; Amstutz, R.; Beck, A. K.; Dobler,
M.; Egli, M.; Fitzi, R.; Gautschi, M.; Herrado´n, B.; Hidber, P. C.; Irwin, J.
J.; Locher, R.; Maestro, M.; Maetzke, T.; Mourin˜o, A.; Pfammatter, E.;
Plattner, D. A.; Schickli, C.; Schweizer, W. B.; Seiler, P.; Stucky, G.; Petter,
W.; Escalante, J.; Juaristi, E.; Quintana, D.; Miravitlles, C.; Molins, E.HelV.
Chim. Acta1992, 75, 913-934. (b) Ramirez-Quiro´s, Y.; Balderas, M.;
Escalante, J.; Quintana, D.; Gallardo, I.; Madrigal, D.; Molins, E.; Juaristi,
E. J. Org. Chem. 1999, 64, 8668-8680.

(15) Khurana, J. M.; Sharma, P.Bull. Chem. Soc. Jpn. 2004, 77, 549-
552.

(16) Saikia, A.; Barthakur, M. G.; Boruah, R. C.Synlett2005, 523-
525.

(17) Marin, J.; Violett, A.; Briand, J.-P.; Guichard, G.Eur. J. Org. Chem.
2004, 3027-3039.

(18) Koulocheri, S. D.; Magiatis, P.; Haroutounian, S. A.J. Org. Chem.
2001, 66, 7915-7918.
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SCHEME 3. Preparation of Enantiopure Iodoenones 3a-c

SCHEME 4. Proposed Mechanism in the Iodination
Reaction of Enones 4

SCHEME 5. Bromination of Enones 4a-c with Pyridine
Perbromide Hydrobromide

TABLE 1. Sonogashira Reaction of Iodoenone (S)-3b and
Terminal Alkynes

entry R product
mp
(°C) [R]25

D

yield
(%)

1 C6H5 6a 249-251 +652.8 88
2 CH2(CH2)3CH3 6b 157-158 +543.0 76
3 CH2(CH2)2CH3 6c 129-131 +538.0 82
4 CH2OH 6d 187-189 +594.5 59

Dı́az-Sánchez et al.

4824 J. Org. Chem., Vol. 72, No. 13, 2007



of the reducing agent from the face of the double bond opposite
the isopropyl group1-3 (Scheme 6).

The two-step hydrogenation [H2/Raney Ni] of (S)-6a to give
epimers (2S,5S)-8 and (2S,5R)-8 (Scheme 6) can also be done
in a single step, although the yields were somewhat lower, 40%
and 6% of (2S,5S)-8 and (2S,5R)-8, respectively.

The major product (2S,5S)-8 was purified by flash chroma-
tography and exposed to a variety of hydrolytic conditions under

acid catalysis (Table 2). It was observed that while conventional
heating in a Thermoline apparatus (sealed tube) caused partial
racemization of the desiredR-substitutedâ-amino acid (entries
1-3 in Table 2), exposure of (2S,5S)-8 to 6N HCl during 6 h
under microwave irradiation (100 W) at 80-88 °C (temperature
controlled with air) afforded (S)-2-(aminomethyl)-4-phenylbu-
tanoic acid, (S)-9, with 96% ee but in low yield (entry 7 in
Table 2). We were gratified to find that product (S)-9 was
obtained with similar 96% enantiomeric excess but in a better
yield (66%) when increased power (200 W) microwaves and
lower concentration of the HCl (4N) were used (entry 10 in
Table 2). Attemped recrystallization of (S)-9 to increase its
stereochemical purity was unsuccessful.

In summary, efficient and simple procedures for the prepara-
tion of 2(S)-substituted-5-halopyrimidinones (S)-3a-c are de-
scribed. Sonogashira coupling of (S)-3b with various terminal
alkynes proceeded in good yields to afford derivatives (S)-6a-
d. The potential of these alkylated products as precursors of
R-substitutedâ-amino acids was demonstrated by means of
Raney Ni-catalyzed hydrogenation of Sonogashira product6a
followed by acid-catalyzed hydrolysis of the main product
(2S,5S)-8 to afford highly enantioenriched (S)-2-(aminomethyl)-
4-phenylbutanoic acid, (S)-9, in good yield.
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SCHEME 6. Catalytic Hydrogenation of Sonogashira Products

TABLE 2. Acid-Catalyzed Hydrolysis of (2S,5S)-8 in the
Preparation of (S)-2-(Aminomethyl)-4-phenylbutanoic Acid, (S)-9

entry
reaction

conditions
reaction
time (h)

temp
(°C) acid

yield
(%)

ee
(%)a

1 sealed tube 6 90 48% HBr 40 72
2 sealed tube 6 90 6N HCl 18 88
3 sealed tube 12 90 6N HCl 51 80
4 MW, 35-40 W,

no air cooling
6 100 6N HCl 45 82

5 MW, 100 W,
air cooling

12 95-100 6N HCl 66 84

6 MW, 150 W,
air cooling

6 120 6N HCl 53 88

7 MW, 100 W,
air cooling

6 80-88 6N HCl 24 96

8 MW, 100 W,
air cooling

12 80-86 6N HCl 45 90

9 MW, 200 W,
air cooling

6 80-88 6N HCl 81 86

10 MW, 200 W,
air cooling

6 98 4N HCl 66 96

11 MW, 150 W,
air cooling

6 82-88 6N HCl 80 88

a Determined by chiral HPLC (Chirobiotic T column, methanol/H2O (80:
20), 1 mL/min).
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