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A convenient, one-pot procedure for the synthesis of 1-benz&is2(bstituted-5-iodo-2,3-dihydro-4j-
pyrimidin-4-ones by tandem decarboxylatigrddination of the corresponding 6-carboxy-perhydropy-
rimidin-4-ones was developed. In addition, several 1-benz@l{bstituted-5-bromo-2,3-dihydroH)-
pyrimidin-4-ones were readily prepared by bromination of 1-benzo§)-&(bstituted-2,3-dihydro-#)-
pyrimidin-4-ones. Subsequently, Sonogashira coupling of the halogenated heterocyclic enones with various
terminal alkynes produced 1-benzoyBg{sopropyl-5-alkynyl-2,3-dihydro-4{)-pyrimidin-4-ones in good

yields. Hydrogenation of the unsaturatee-C moieties in the Sonogashira products followed by acid
hydrolysis afforded highly enantioenrichedsubstituted3-amino acids.

Introduction with chlorotrimethylsilane and sodium iodide) (Scheme 2a) led
to the development of a one-pot protocol involving decarboxy-

L ; . - . lation, g-iodination, and hydrodeiodination of $6S)-1 iV
used as an efficient starting material for the enantioselective ation, f-iodination, and hydrodeiodination o atogive

o o i
synthesis of R)- and ©-a-substituted and o, a-disubstituted (S)N4a'" ;1IA’ yield (S_’Che”;ehm)' ! similarity b

B-amino acidg. Furthermore, several analogues of pyrimidinone _ evertheless, in view of the structural similarity between
(9-2 have proven useful for the asymmetric synthesis of 5-iodopyrimidinone §)-3a and various 5-halouracils showing

pB-substitutedo,S-disubstituted, ang,S-disubstituted3-amino
acids (Scheme B). (3) (a) Konopelski, J. P.; Chu, K. S.; Negrete, GJROrg. Chem1991,

; i4 56, 1355-1357. (b) Juaristi, E.; Escalante, J.; Lamatsch, B.; Seebach, D.
Recently, we reported that treatment of carboxylic acid >3 > 001695 57 23962398, (c) Chu, K. S.. Negrete, G. R.
(25168)'13W|_th d'acetoxy“_)dObenzeneho‘j'ne (DIByt afforded Konopelski, J. P.; Lakner, F. J.; Nam-Tae, W.; Olmstead, M.JMAm.
a 1.6:1.0 mixture of the iodoenon&){3a and the enoneSj- Chem. Soc1992 114, 1800-1812. (d) Juaristi, E.; Escalante,1.0rg.
4a5 The finding that iodoenoneS(-3ais cleanly converted into ~ Chem-1993 58, 2282-2285. (e) Amoroso, R.; Cardillo, G. Tomasini, C.;

ith iodotri hvlsil d Tortoreto, P.J. Org. Chem.1992 57, 1082-1087. (f) Cardillo, G.;
enone §-4aupon treatment with iodotrimethylsilane (generated 14omelli’ A Tomasini, C.Tetrahedron1995 51, 11831-11840. (g)

Escalante, J.; Juaristi, Hetrahedron Lett.1995 36, 4397-4400. (h)

Perhydropyrimidinone carboxylic acid $55)-1a has been

t Present address: Departamento dénGea Orgaica, Facultad de QGmica, Beaulieu, F.; Arora, J.; Vieth, V.; Taylor, N. J.; Chapell, B. J.; Snieckus,
Universidad Nacional Auttoma de Meico, Ciudad Universitaria, 04510 V. J. Am. Chem. S0d.996 118 8727-8728. (i) Juaristi, E.; Lpez-Ruiz,
México, D. F., Mexico. H.; Madrigal, D.; Rarmez-Quirs, Y.; Escalante, Jl. Org. Chem1998

(1) (a) Juaristi, E.; Quintana, D.; Balderas, M.; GarBleez, E. 63, 4706-4710. (j) Seebach, D.; Boog, A.; Schweizer, W.Eur. J. Org.
Tetrahedron: Asymmetr§996 7, 2233-2246. (b) Avila-Ortiz, C. G; Chem 1999 335-360. (k) Castellanos, E.; Reyes-Rangel, G.; Juaristi, E.
Reyes-Rangel, G.; Juaristi, Eetrahedron2005 61, 8372-8381. Helv. Chim. Acta2004 87, 1016-1024.

(2) (@) Juaristi, E.; Balderas, M.; Ramz-Quirs, Y. Tetrahedron: (4) Boto, A.; Herriadez, R.; Sz, E.J. Org. Chem200Q 65, 4930~
Asymmetrny1 998 9, 3881-3888. (b) Juaristi, E.; Balderas, M.! hez-Ruiz, 4937.
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SCHEME 1. Enantioselective Synthesis gf-Amino Acids
via Chiral Pyrimidinones
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SCHEME 2. Preparation of Enone §)-4a
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antiviral activity (Figure 1Y, we sought to develop reaction
conditions for the decarboxylatighodination of (5,69-1a
to provide §-3a as the single product.

The structural similarity of haloenon&sand 5-halouracils
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FIGURE 1. Structural similarity between haloenorgeand biologically
relevant 5-halouracils.

Treatment of perhydropyrimidinone-6-carboxylic aclds-c
with DIB (2 equiv) and iodine (1 equiv) in Ci€l, during 4.5
h afforded a mixture of the expecfeehonest and iodoenones
3 (cf. Scheme 2). We were pleased to find that addition of-BF
Et,O (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/1, reagent to produce acetyl hypoioditeyhich is activated
by BF; to liberate iodonium ion (Scheme 4a). Finally, iodonium
ion adds to enone4 to give, afters-elimination of a proton,
the desired iodoenon&s(Scheme 4b).

In addition, bromoenonesa—c were prepared from enones
4a—c by bromination with pyridine perbromide hydrobromide
(Pyr-HBr-Br,)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 §-5b were obtained by recrystallization from
CH.CI, and ethyl acetate, and the crystal structure was
determined by X-ray diffraction crystallography (Figure 2,
Supporting Information).

For the preparation of bromoenoné&s—c (Scheme 5),
starting enoneda—c were prepared in good yields following
our recently reported decarboxylatigAbdination/hydrodeio-
dination tandem protocolle—c — 4a—c, cf. Scheme 2bj.A

(Figure 1) suggested that they should present the same chemica$ingle crystal of 1-benzoyl-g-phenyl-2,3-dihydro-4)-pyri-
reactivity. For example, there are successful reports of the Midin-4-one, §)-4c, could be obtained, and Figure 3 (Supporting
application of Sonogashira couplings to substitute the halogen Information) shows its molecular structure.

in 5-halouracil$ Thus, compounds3-3 presented themselves

as interesting substrates for this kind of coupling. Furthermore,
the expected products could prove to be suitable precursors t

enantiomerically purg-amino acids.

Results and Discussion

Diastereomerically pure perhydropyrimidinone-6-carboxylic
acids la—c were prepared by condensation &-asparagine

(9) For monographs, see: (a) Juaristi, E., Edantioselectie Synthesis
of f-Amino Acids Wiley: New York, 1997. (b) Juaristi, E.; Soloshonok,

Ov. second Edition of Enantioseleggi Synthesis g8-Amino Acids Wiley:

New York, 2005. For additional review articles, see: (c) Juaristi, E.;
Quintana, D.; Escalante, Aldrichimica Actal994 27, 3—11. (d) Cole, D.
C. Tetrahedrornl994 50, 9517-9582. (e) Cardillo, G.; Tomasini, Chem.
Soc. Re. 1996 25, 117-128. (f) Juaristi, E.; Lpez-Ruiz, H.Curr. Med.
Chem.1999 6, 983-1004. (g) Abele, S.; Seebach, Bur. J. Org. Chem.
200Q 1-15. (h) Liu, M.; Sibi, M. P.Tetrahedron2002 58, 7991-8035.
(i) Gnad, F.; Reiser, OChem. Re. 2003 103 1603-1623. (j) Ma, J.-A.

with pivalaldehyde, isobutyraldehyde, or benzaldehyde, respec-Angew. Chem., Int. EQ003 42, 4290-4299. (k) Sewald, NAngew. Chem.,

tively, followed by in situ N-benzoylatici#1° (Scheme 3).

(6) Iglesias-Arteaga, M. A.; Castellanos, E.; Juaristi, TEtrahedron:
Asymmetn2003 14, 577-580.

(7) () Shealy, Y. F.; O'Dell, C. A.; Shannon, W. M.; Arnett, & Med.
Chem. 1983 26, 156-161. (b) Howell, H. G.; Brodfuehrer, P. R.;
Brundidge, S. P.; Benigni, D. A.; Sapino, €.Org. Chem1988 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.Jl.Med. Chem1988 31, 144—
149.

(8) (a) Tanaka, H.; Haraguchi, K.; Koizumi, Y.; Fukui, M.; Miyasaka,
T. Can. J. Chem1986 64, 1560-1563. (b) Hobbs, F.WJ. Org. Chem
1989 54, 3420-3422. (c) Robins, M. J.; Barr, P. Jetrahedron Lett1981,
22, 421-424. (d) Robins, M. J.; Barr, P. J. Org. Chem1983 48, 1854—
1862. (e) Hudson, R. H. E.; Li, G.; Tse, Jetrahedron Lett2002 43,
1381-1386.

Int. Ed. 2003 42, 5794-5795. (I) Palko, M.; Lorand, K.; Hap, F.Curr.
Med. Chem.2005 12, 3063-3083. (m) Garrido, N. M.; Diez, D,
Dominguez, S. H.; Gafa, M.; Sachez, M. R.; Davies, S. Gletrahe-
dron: Asymmetn2006 17, 2183-2186.

(10) (a) Juaristi, E.; Quintana, Detrahedron: Asymmet}992 3, 723
726. (b) Juaristi, EHandbook of Reagents for Organic Synthesis. Chiral
Reagents for Asymmetric SyntheBiaquette, L. A., Ed.; Wiley: Chichester,
2003; pp 53-56. (c) Hopkins, S. A.; Ritsema, T. A.; Konopelski, J.JP.
Org. Chem.1999 64, 7885-7889.

(11) (a) Concepcin, J. |.; Francisco, C. G.; Freire, R.; Hénmiez, R;
Salazar, J. A.; Suaz, E.J. Org. Chem1986 51, 402-404. (b) de Armas,
P.; Concepcin, J. |.; Francisco, C. G.; Herndez, R.; Salazar, J. A.; Sed,
E. J. Chem. Sa¢Perkin Trans. 11989 405-411.

(12) (a) Fieser, M.; Fieser, IReagents for Organic SynthesWiley:
New York, 1967; p 967. (b) Barili, P. L.; Bellucci, G.; Marioni, F.; Morelli,
I.; Scartoni, V.J. Org. Chem1972 37, 4353-4357. (c) Djerassi, C.; Scholz,
C. R.J. Am. Chem. S0d.948 70, 417-418.
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SCHEME 3. Preparation of Enantiopure lodoenones 3ac
0 H O H O
H,N . N 1.DIB /I N
1. KOH, R-CHO R 2 R=( p=
HoN 2. C¢HsCOCI, NaHCO, N 2. BF3.Et,0 N
COH  H,0, 0°C 0=(  COA CH,Cl,, rt o=
CeHs CeHs
(S)-asparagine 1a, (25, 6S), R = (CH3)sC, 71% 3a, (S), R = (CH3)5C, 56%
1b, (25, 6S), R = (CH3),CH, 68%  3b, (S), R = (CH3),CH, 78%
1c, (25, 6S), R = CgHs, 15% 3¢, (S), R = CgHs, 59%
SCHEME 4. Proposed Mechanism in the lodination TABLE 1. Sonogashira Reaction of lodoenoneS)-3b and
Reaction of Enones 4 Terminal Alkynes
(a) H O H O
BF3OEt, i N} N
o 0 O BF — ) _ PdCl, (8 % mol) >—< )—R
H C—< DlB/|2 H C—{ H C—< 3 . N + R— 2 N
3 — H; ) — > Hs o= Cul (8 % mol) o=
OH Ol CgHs PPh3, CH3CN CgHs
Et3N, rt, 30min - 1h
() (S)-3b 6a-d
H o] H o) mp yield
N H\N 2 | N entry R product (°C) [a]%% (%)
R—<.q VA Re=( §< — R=( Yl 1 CeHs 6a 249-251  +652.8 88
N7\ N=" H N 2 CHy(CH,)sCH3 6b 157-158  +543.0 76
o= o= o= 3 CHCHp)CHs  6c  129-131 +5380 82
CeHs CeHs CeHs 4 CH,OH 6d 187-189  +594.5 59
4 3
_— . . structure is shown in Figure 4 (Supporting Information). As also
SCHEME 5. Bromination of Enones 4a-c with Pyridine g (Supp g )

Perbromide Hydrobromide

H O H O

N N
R—< § Pyre«HBr<Br, R—< }Br

N CH,Cly, rt N
o= i o=

CgHs CeHs
4a, (S), R = (CH3)sC 5a, (S), R = (CH3);C, 69% yield
4b, (S), R = (CH3),CH 5b, (S), R = (CH3),CH, 79% yield
4c, (S), R = CgHs 5¢, (S), R = CgHs, 90% yield

Finally, compounds6a—d were obtained by Sonogashira
coupling?® The reaction proceeded satisfactorily using io-
doenone $-3b and terminal alkynes (phenylacetylene, prop-
argylic alcohol, 1-heptynyl, and 1-hexynyl) in the presence of
triethyl amine, PP§ Cul, and with PdGl as catalyst in
acetonitrile. The coupling was carried out at room temperature,
and the isolated yields obtained varied in the-88% range
(Table 1).

Following recrystallization of compoun®)6a, good crystals
were obtained, and the corresponding X-ray crystallographic

(13) (a) Sonogashira, K.; Tohda, Y.; Hagihara,¥trahedron Lett1975
16, 4467-4470. For recent applications, see for example: (b) Feuerstein,
M.; Doucet, H.; Santelli, MTetrahedron Lett2004 45, 8443-8446. (c)
Garca, D.; Cuadro, A. M.; Alvarez-Builla, J.; Vaquero, J.Qrg. Lett.
2004 6, 4175-4178. (d) Karpov, A. S.; Miler, T. J. J.0rg. Lett 2003 5,
3451-3454. (e) Nova, 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,JJ.Med. Chem2000
43, 4993-4997. (g) Verkade, J. G.; Urgaonkar,J5.0rg. Chem2004 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. Commur2004 1306-1307. (j) Miller, M. W.; Johnson, C. R.
J. Org. Chem1997 62, 1582-1583. (k) Seela, F.; Zulauf, M.; Sauer, M.;
Deimel, M.Helv. Chim. Acta200Q 83, 910-926. For recent reviews, see:
() Agrofoglio, L. A.; Gillaizeau, |.; Saito, YChem. Re. 2003 103 1875~
1916. (m) Chinchilla, R.; Niara, C.Chem. Re. 2007, 107, 874-922. (n)
Doucet, H.; Hierso, J.-CAngew. Chem., Int. EQ®007, 46, 834-871.
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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
sofal* The near-planarity among the N(3), C(4), C(5), C(6),
and N(1) atoms is due to conjugation of theg3-unsaturated
amides.

Hydrogenation and Hydrolysis of the Sonogashira Prod-
ucts To Afford Highly Enantiomerically Enriched o-Sub-
stituted f-Amino Acids. Hydrogenation of the unsaturated
C—C segments in the Sonogashira prod@e was then
attempted under various conditions (Ni®H,O/NaBH,,> Mg/
ZnCl,, 6 NaBH:CN,'” Zn/AcOH/® Li/NH3, Mg/CH3OHY)
without success. By contrast, hydrogenation catalyzed with Rh-
alumina, Ni-alumina, Pt, and Pd/C affordeg-{7, originating
from exclusive reduction of the side chain, as the main product
(Scheme 6).

Hydrogenation of the endocyclic double bond in alkylated
enone §-7 with Hy/Raney Ni/AcOH/CHOH provided epimers
(2559-8 and (Z5R)-8, with the former product always
predominating as anticipated in terms of a more facile approach

(14) (a) Seebach, D.; Lamatsch, B.; Amstutz, R.; Beck, A. K.; Dobler,
M.; Egli, M.; Fitzi, R.; Gautschi, M.; Herradg B.; Hidber, P. C.; lrwin, J.
J.; Locher, R.; Maestro, M.; Maetzke, T.; MoloinA.; Pfammatter, E.;
Plattner, D. A.; Schickli, C.; Schweizer, W. B.; Seiler, P.; Stucky, G.; Petter,
W.; Escalante, J.; Juaristi, E.; Quintana, D.; Miravitlles, C.; Moling;1&v.
Chim. Actal1992 75, 913-934. (b) Ramirez-Quirg Y.; Balderas, M.;
Escalante, J.; Quintana, D.; Gallardo, I.; Madrigal, D.; Molins, E.; Juaristi,
E. J. Org. Chem1999 64, 8668-8680.

(15) Khurana, J. M.; Sharma, Bull. Chem. Soc. Jpr2004 77, 549~
552.

(16) Saikia, A.; Barthakur, M. G.; Boruah, R. Gynlett2005 523~
525.

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

(18) Koulocheri, S. D.; Magiatis, P.; Haroutounian, SJAOrg. Chem
2001, 66, 7915-7918. .

(19) (a) Domnguez, C.; Cdg/, A. G.; Plumet, JTetrahedron Lett1991,
32,4183-4184. (b) Brettle, R.; Shibib, S. M. Chem. Soc., Perkin Trans.
11981 2912-2919.
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SCHEME 6. Catalytic Hydrogenation of Sonogashira Products

0
HNJ< H,, Pd/C
=CeHs >
> <N /

MeOH, 60 psi
o=< 22h
CeHs 80 %
(S)-6a
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CeHs

(S)7

Ho/Raney Ni

HN P HN:/§O
>O:<<Nj§_\—oaH5+ >O:<<N “”\—C6H5

CeHs

(25,55)-8, 49 %

TABLE 2. Acid-Catalyzed Hydrolysis of (25,55)-8 in the
Preparation of (S)-2-(Aminomethyl)-4-phenylbutanoic Acid, (S)-9

0] 0]
HN H40* HO
N CgH HoN CeHs
65 2
o=
CGHS (S)_g
(2S,5S)-8
reaction reaction temp yield ee
entry conditions time (h) (°C) acid (%) (%)
1 sealedtube 6 90 48% HBr 40 72
2 sealedtube 6 90 6N HCI 18 88
3  sealed tube 12 90 6N HCI 51 80
4 MW, 35-40 W, 6 100 6N HCI 45 82
no air cooling
5 MW, 100W, 12 95-100 6N HCI 66 84
air cooling
6 MW, 150 W, 6 120 6N HCI 53 88
air cooling
7 MW, 100 W, 6 80-88 6N HCI 24 96
air cooling
8 MW, 100W, 12 80-86 6N HCI 45 90
air cooling
9 MW, 200W, 6 80-88 6N HCI 81 86
air cooling
10 MW, 200 W, 6 98 4N HCI 66 96
air cooling
11 MW, 150 W, 6 82-88 6N HCI 80 88
air cooling

aDetermined by chiral HPLC (Chirobiotic T column, methanollH80:
20), 1 mL/min).

of the reducing agent from the face of the double bond opposite

the isopropyl group 2 (Scheme 6).
The two-step hydrogenation fHRaney Ni] of §-6ato give
epimers (&59-8 and (5,5R)-8 (Scheme 6) can also be done

CeHs
(2S,5R)-8,12 %

acid catalysis (Table 2). It was observed that while conventional
heating in a Thermoline apparatus (sealed tube) caused partial
racemization of the desiradsubstitutegs-amino acid (entries
1-3in Table 2), exposure of §59-8 to 6N HCI during 6 h
under microwave irradiation (100 W) at 888 °C (temperature
controlled with air) afforded9)-2-(aminomethyl)-4-phenylbu-
tanoic acid, §-9, with 96% ee but in low yield (entry 7 in
Table 2). We were gratified to find that produc$){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 HCI (4N) were used (entry 10 in
Table 2). Attemped recrystallization o8)9 to increase its
stereochemical purity was unsuccessful.

In summary, efficient and simple procedures for the prepara-
tion of 2(§)-substituted-5-halopyrimidinone§)¢3a—c are de-
scribed. Sonogashira coupling &){3b with various terminal
alkynes proceeded in good yields to afford derivativ@sta—

d. The potential of these alkylated products as precursors of
o-substitutedg-amino acids was demonstrated by means of
Raney Ni-catalyzed hydrogenation of Sonogashira pro@act
followed by acid-catalyzed hydrolysis of the main product
(2S59-8 to afford highly enantioenriche®)-2-(aminomethyl)-
4-phenylbutanoic acid §-9, in good yield.
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