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Abstract: Scheme 1

(Pyridonyl-1)propargyl malonate 7 was prepared through two OxNH

consecutive alkylations of pyridone 2 with ethyl bromomalonate

and propargyl bromide in one pot in nearly quantitative yields. \(\ﬁN l \N\)OLN —

Malonate 7 was hydrolyzed to give racemic acid<£)-1, which oN H o \\\H | omt

was then resolved with (-)-norephedrine to give §)-1. The I

recovered acid, which was enriched with undesiredR)-1, was AGT404

activated with CDI, and a complete racemization was achieved OsNH

in the presence of triethylamine at room temperature. Malonate s e

7 was also treated with LiBr and underwent selective mono- ~rN Y NAom

decarboxylation to give (pyridonyl-1)propargylacetic ester 6, oN H oAy o I on

an enzymatic resolution substrate, directly in 87% yield. o 7(0 5

Scheme 2 @

Introduction S o o M
Chiral (pyridonyl-1)propargylacetic acidS}-1is a key HoN N+ /(,—\NACI a \gfu \OHN

intermediate in the synthesis Af57404(Scheme 1), which OH o )

is a selective irreversible inhibitor of human rhinovirus ~ _ P

(HRV) 3C proteasé Initially, (9-1 was synthesized through e OH b on — ove -

alkylation of pyridone2 with triflate 3, followed by a 8 HO™ HO T

chemical resolution (Scheme 2). The synthesis is lengthy and

involves expensive propargylglycine and hazardous diazo- Z R oM ;

tization. Although a chiral version of the synthesis starting TfoJ?DMe WH oN COMe_—

from enantiopure propargylglycine was demonstrated on © X

laboratory scale¥racemization control in both the alkylation 3 4

and subsequent hydrolysis proved to be difficult. \@Iﬁ” J;;N coH 5. “g?gﬁﬁ J;E\IYCOZH

Results and Discussion g1 (S oS

A two-step glkylatlon approa(':h' Wlth bromoacetate apd aReagents and conditions: (a) NETHF, 87%: (§ 1 M H,SQs, NaNOy
propargyl bromide was explored initially (Scheme 3). While  (c) 4 M HCl/dioxane, MeOH, 60% over two steps; (d®f 2,6-lutidine, 70%;

the first alkylation with bromoacetate proceeded smoothly, EE)) ivaaﬁcf\f%%JHF, 80%; () aq LiOH, THF, 91%; (g) (i)-)-norephedrine;
ii s b.
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T Amgen Inc., Chemical Process Research and Development, One Amgenthe second one with propargyl bromide was not clean due
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aReagents and conditions: (a) DBU, ethyl bromoacetate, THF, 95%; (b)
LIHMDS, propargyl bromide, DMPU/THF, 70% isolated yield; (c) aq LiOH,
THF, 93%.
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aReagents and conditions: (a) BiBr, powdered KCO;, ethyl bromo-
malonate, acetone; (b) propargyl bromide98% over two steps.
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aReagents and conditions: (a) CDI, EtOAc, Z0; (b) NEg, 20 °C, 3 h; (c)
2 N HCI.

resulted only in decomposition. A practical in situ activation/
racemization sequence was developed (Scheme 5). Th
recoveredl was treated with CDI in the presence of
triethylamine. A complete racemization was achieved within
3 h at room temperature. The mixture was then quenched
with 2 N HCI, and imidazolideB was hydrolyzed to give
(£)-1.

Because a more selective and efficient enzymatic hy-
drolysis of estei6 had been developé&ddirect conversion
of malonate7 to mono-este6 became more desirable. As
expected, conventional hydrolysis failed to provide selectiv-
ity, but monodecarboxylation in the presence of an alkali
metal halide did give relatively clean reactioh&mong the

g
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aReagents and conditions: (a) LiBr, DMA, 87%.

DMA, 85 °C), 6 was obtained in 87% yield witkr98%
HPLC purity (Scheme 6).

Conclusions

A simple and efficient synthesis of malonatestarting
from pyridone2 and ethyl bromomalonate was developed.
Malonate7 was hydrolyzed to give acidH)-1, which was
resolved to give $)-1. The recovered acid, enriched with
the undesiredR)-1, was racemized using an in situ activa-
tion/racemization process in the presence of CDI and
triethylamine at room temperature. A direct monodecarboxy-
lation to convert malonat@ to monoestef, an enzymatic
resolution substrate, was developed, &ndas obtained in
85% from 2.

Experimental Section

Diethyl [3-{[(5-Methylisoxazol-3-yl)carbonyl]Jamino} -
2-oxopyridin-1(2H)-yl](prop-2-yn-1-yl)malonate (7). Com-
pound2 (75.0 g, 0.342 mol), powdered potassium carbonate
(142 g, 1.03 mol), and B¥Br (11.0 g, 0.034 mol) were
suspended in acetone (600 mL). The mixture was heated to
40 °C and stirred for 30 min. Diethyl bromomalonate (67.0
mL, 0.393 mol) was added at 40—5C. The suspension
was then stirred at 40C for 30 min and cooled to 2€C.
Propargyl bromide (50.0 mL, 0.455 mol) was added at
20—30°C. The mixture was stirred at 2& for 20 h. Acetic
acid (30 mL, 0.52 mol) was added slowly at-280 °C.
Water (1.2 L) was added carefully at 280 °C, and the
resulting mixture was stirred for 2 h under house vacuum
(~30 mmHg). The suspension was filtered to afford crude
7 as a tan solid (140.5 g, 98.8% yield, 97.3% HPLC purity).
H NMR (300 MHz, CDC}) 6 9.52 (s, br, 1H), 8.52 (ddl
=7.4,1.6 Hz, 1H), 7.53 (ddl = 7.4, 1.6 Hz, 1H), 6.50 (s,
1H), 6.35 (t,J = 7.4 Hz, 1H), 4.36 (m, 4H), 3.46 (d, =
2.6 Hz, 2H), 2.53 (s, 3H), 2.07 (3,= 2.6 Hz, 1H), 1.33 (t,
J=7.1Hz, 6H);**C NMR (75 MHz, CDC}) 6 171.7, 165.1,
159.1, 158.0, 157.6, 130.4, 128.8, 123.6, 105.8, 101.5,
78.2,73.0,63.4,24.7,14.2, 12.5; HRMS (@1)z416.1476
(416.1485 calcd for gH2oN3O7, MH™).

2-(3-(5-Methylisoxazole-3-carboxamido)-2-oxopyridin-
1(2H)-yl)pent-4-ynoic acid (1).Crude7 (20.0 g, 48.1 mmol)
was suspended in THF (50 mL), and 2 N LiOH (96.5 mL,
193 mmol) was added at 2@€. The mixture was stirred for

83,

salts tested, LiBr gave the best results. A large excess ofy 1) A clear solution formed initially and soon became a
LiBr was necessary to achieve a reasonable reaction rate ajhite suspension subsequently. The mixture was acidified

mild temperatures. DMPU and DMA proved to be good
solvents. A relatively large solvent volume (about 20
volumes) was crucial to avoid bimolecular side reactibns.
Under current conditions (10 equiv of LiBr, 20 volumes of

with 6 N HCI (~35 mL, 210 mmol) to pH= 3, was filtered
and washed with water, and dried under vacuuxn8(
mmHg) at 50°C to give acidl as a tan solid (12.8 g, 84%
yield, 98% HPLC purity)!H NMR (300 MHz, DMSO#)

(2) Martinez, C. A.; Yazbeck, D. R.; Tao, Tetrahedror2004,60, 759—764.
(3) Krapcho, A. P.; Weimaster, J. F.; Eldridge, J. M.; Jahngen, E. G. E.; Lovey,
A. J.; Stephens, W. Rl. Org. Chem.1978,43, 138—147.

(4) An unknown impurity with a molecular weight of about twice that of
compound was detected in an appreciable amount in concentrated reaction
mixture.
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0 13.30 (br s, 1 H), 9.45 (s, 1 H), 8.32 (dii= 7.4, 1.6 Hz,  m/z 316.0944 (316.0933 calcd for free acids814NsOs,
1 H), 7.55 (ddJ = 7.0, 1.6 Hz, 1 H), 6.73 (d] = 0.8 Hz, MH™).
1H),6.43 (t,J=7.2 Hz, 1 H), 5.29 (dd) = 10.7, 4.5 Hz, Racemization of Undesired Enantiomerically Enriched
1 H), 3.20 (dddJ = 17.5, 10.7, 2.6 Hz, 1 H), 2.97 (ddd, (R)-1. The enantiomerically enrichedr}-1° (30.0 kg, 95.2
= 17.4, 4.5, 2.7 Hz, 1 H), 2.86 (§, = 2.5 Hz, 1 H), 2.51, mol) and CDI (18.5 kg, 114 mol) were suspended in ethyl
(s, 3 H);3C NMR (125 MHz, DMSO-¢) 6 172.92, 169.32, acetate (450 L). Triethylamine (14.6 L, 104.6 mol) was
158.77, 157.10, 156.67, 133.41, 127.54, 123.56, 105.82,added. The mixture was stirred for 3 h and quenched with 2
101.67, 80.06, 73.99, 61.16, 19.07, 12.30; HRM%z N HCI (250 L). The organic solution was washed with
316.0945 (316.0933 calcd forg14N30s, MH™). saturated NaCl and dried azeotropically. The solution was

Chemical Resolution of ¢)-1. (£)-1 (30.0 kg, 95.2 mol) concentrated to about 100 L, and heptane (200 L) was added.
and (1R,2S)-(—)-norephedrine (7.19 kg, 47.6 mol) were The resulting suspension was stirred at® °C for 15 h
suspended in EtOH (52 L), and the resulting mixture was and filtered. The wet cake was dried under vacuum &G0
heated to reflux to form a solution. A solution of (1R,2S)- t0 give racemate (+)-1. (28.6 kg, 95% yield).
(—)-norephedrine (3.60 kg, 23.8 mol) in EtOH (8 L) was  Ethyl 2-[3-{[(5-Methylisoxazol-3-yl)carbonyljaminc} -
added at above 7%C. Ethyl acetate (300 L) was added in 2-0xopyridin-1(2H)-yl]pent-4-ynoate (6). Crude7 (140.4
four equal portions over 2 h at 70 3°C. The mixture was - 0-338 mol) and LiBr (293.5 g, 3.38 mol) were suspended
cooled to 5+ 5 °C over 3 h and was then cooled 4d.0 + in N,N-dimethylacetamide (2.8 L). The mixture was heated
5 °C and stirred for 3 h. The precipitate was isolated and © 85 °C and stirred for 16 h. The reaction mixture was
washed with ethyl acetate (60 L) and dried at&0o afford coole_d to room temperature, treated with charcoal (21 g),
(S)-1+(1R,2S)-(—)-norephedrine salt (14.6 kg, yield 33%) as and filtered. Water (3 L) was added at below and the
a snow-white solid with 95.8% ee by chiral HPECH NMR suspension was stirred at 20 for 6_h. The suspension was
(300 MHz, DMSO¢k) 6 9.50 (br, 1H), 8.25 (ddJ = 7.3, filtered to afford§ as a brown solid (101.1 g, 87% yield,
7.34 (m, 3H), 7.26 (m, 2H), 6.71 (s, 1H), 6.45 (br, 1H), 6.31 (& br: 1H), 8:51 (dd) = 7.4, 1.7 Hz, 1H), 7.21 (dd) =
(dd,3=7.2, 7.2 Hz, 1H), 5.21 (dd] = 7.2, 7.2 Hz, 1H), [0 1.7 Hz, 1H), 6.35 (1) = 7.2 Hz, 1H), 5.22 (dd) =
4.95 (d,J = 2.7 Hz, 1H), 3.37 (m, 1H), 2.98 (m, 2H), 2.69 2+ 4.6 Hz, 1H), 4.28 (q] = 7.13 Hz, 2H), 3.22 (ddd] =

_ _ } 17.5, 9.5, 2.7 Hz, 1H), 3.07 (ddd,= 17.5, 4.6, 2.7 Hz,

(t, J= 2.6 Hz, 1H), 2.50 (s, 3H), 0.87 (d,= 6.7 Hz, 3H); 1H) 2.53 (5. 3H). 2.04 (0 = 2.7 Hz, 1H), 1.29 () = 7.1
13C NMR (75 MHz, DMSOs) 6 171.1, 168.5, 157.1, 155.3, P ' o i : T :

.1
155.2, 140.1, 130.9, 126.6, 125.7, 125.3, 124.4, 120.7, 102.9,T;é11H)1’537C: 4N'\1"3f§)(g51'\g9Hf)' 012302 5132148'13(1759%53'27'2 ,
99.9, 80.1, 71.1, 69.8, 59.1, 50.2, 19.6, 10.5, 10.1: HRMS 1201 1574, 130.5, 129.0, 123.5, 1064, 1015, 79.0, 72.2,

62.6, 60.3, 20.7, 14.4, 12.5; HRMS (CilW/z 344.1267
(344.1273 calcd for GH1gN30s, MH™).

(5) Chiral HPLC analyses were performed with a Chiralcel O}+R 8olumn
(4.6 mm x 100 mm), 25°C, 0.5 mL/min flow rate, an isocratic solvent
system consisting of 25 mM NaRQ,, pH 4.0 (60%) and acetonitrile (40%), Received for review April 21, 2006.
and a total run time of 35 min.

(6) The undesired enantiomerically enriched (Rjvds obtained in>95%
recovery and~50% ee through acid—base extractive workup. OP0600916
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