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The human immunodeficiency virus type-1 (HIV-1) encodes three enzymes essential for viral replication:

a reverse transcriptase, a protease, and an integrase. The latter is responsible for the integration of the viral
genome into the human genome and, therefore, represents an attractive target for chemotherapeutic intervention
against AIDS. A drug based on this mechanism has not yet been approved. Benzyl-dihydroxypyrimidine-
carboxamides were discovered in our laboratories as a novel and metabolically stable class of agents that
exhibits potent inhibition of the HIV integrase strand transfer step. Further efforts led to very potent compounds
based on the structurally related-lMe pyrimidone scaffold. One of the more interesting compounds in

this series is the 2-N-Me-morpholino derivati?&a, which shows a Clg; of 65 nM in the cell in the
presence of serum. The compound has favorable pharmacokinetic properties in three preclinical species and
shows no liabilities in several counterscreening assays.

Introduction the catalytic core from residues 51 to 212 and the C-terminal
The HIV genome exists within the virus as a positive sense DNA binding domain from residues 213 to 288, whose function

RNA strand and encodes three constitutive viral enzymes that!S Pinding and orientation of viral DNA during the integration
are required for viral replication: a protease, a reverse tran- Process. The catalytic core domain contains two aspartate

scriptase, and an integrase. Inhibitors of the viral reverse (ASP64, Asp116) and one glutamate (Glu152) residues that are
transcriptasé; “ along with protease inhibitofs; have been essential for the catalytic activity of the integrase and are
combined to form the basis of the so-called triple combination believed to bind M§" or Mn** ions*® The presence of either
therapy or “HAART". Attacking the virus on as many fronts of these divalent ions is required for HIV integrase catalytic
as possible has proven to be the most effective way of activity and also the activity of integrase inhibitors such as
suppressing viral replication in patients. While triple therapy diketoacidsl, which were recently disclosed by us and otHérs,
has extended the lives of many, there are others for whom drugwas shown to be metal-dependent. The diketoacid strudture
treatment has failed, either because of the emergence of viralwas believed to be essential for the activity of many integrase
strains resistant to the current drugs or simply because of theinhibitors. The structures of diketotriazole (S136jliketotet-
intolerable side effects of the drugs themselves. For theserazoles (5CITEP)® diketopyridinel” and 7-carbonyl-8-hydroxy-
reasons, many laboratories have been involved in unraveling(1,6)-naphthyridin& are examples of bioisosteres of the dike-
the structure and function of HIV integrase, with the ultimate toacid pharmacophore. Naphthyridir® was shown to be
goal of finding small molecule HIV integrase inhibitors with  efficacious against replication of simian-human immunodefi-
clinical utility.8~1! Integration is believed to be mediated by ciency virus (SHIV) 89.6P in infected rhesus macaques,
integrasé” in three steps: assembly of a stable nucleoprotein ey gnstrating that integrase inhibitors can be engineered with
complex with viral DNA sequences, cleavage of the tWo 5 1o appropriate properties required for an effective therapy
nucleotides from the'ermini of the linear proviral DNA, and to treat HIV infectiong® In our laboratories, studies on inhibitors

covalent joining of the recessedC termini of the proviral " . i i
DNA at a staggered cut made at the host target site. The fourthgetrgieheg?éﬁsag zil:rkl:asto(ai?d;/g aRI:\(IjA 3d_ﬁp3:1§xent rRa’:i-gﬂZ
step in the process, repair synthesis of the resultant gap, may " . o0 Y ypy .
be accomplished by cellular enzymes. The viral integrase is carboxylic acid derivativ8,?° led to the preparation of a series

expressed as a 32 kDa, 288 amino acid residue protein®f gl-egrgll-s,6_—dihydroxypyrimidine-4-carboxy|ic acidg(Figure
containing three distinct regions: the N-terminus of the enzyme 1)~ - HIV integrase and HCV RNA polymerase are mecha-
contains a zinc binding domain, including amino acid residues Nistically related enzymes in which divalent magnesium cations
1-50, with a highly conserved “HHCC” motif, followed by (Mg?*) play a pivotal role in catalysis. Thus, metal-chelating
inhibitors such as diketoacids or mimics thereof are effective
*To whom correspondence should be addressed. Phoh&9- against both enzymes. Due to their_ hi.gl_’ll_y charged nature,
0691093279. Fax:+39-0691093654. E-mail: cristina_gardelli@merck.com. compounds4 showed only moderate inhibition in the subge-
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Figure 2. From aromatic derivatives to aliphatic heterocyclic compotffds.
Table 1. Enzymatic and Antiviral Activity, Rat and Human Plasma fold when the assay was conducted in the presence of 50%

Protein Binding, Oral Bioavailability, and Plasma Clearance in Rat of

normal human serum as a consequence of extensive binding of
Compounds8—11

these molecules to human plasma proté#Sompound was

ICs0? . CICos (/tl\él) protsin binding Jrat ; profiled further and showed modest oral bioavailabiliy £
cmpd (M) (10% FBS)(50% NHS}  raf/humaf  FiClp 27%) and high plasma clearance (€175 mL/min/kg) in rats.
8 012 0.15/0.62 89/97 nd/nd In parallel with the further development of the dihydrox-
1% 8'% g'égjg'gg 2?;22 ﬁg%g ypirimidines, we studied the effect of methylation on the N-1
11 044 0.83/1.00 48/55 100/31 pyrimidine git;‘ogeﬂ, with tlhe.golal to imlprov? ;he inlviV(I)
tency and t rm [ roperti the m .
aHIV strand transfer assay results are the mean of at least three pole Cﬁ/. a € pha daCO %g cal prope e.s 0 g 0 E(.:u es
independent experiments; d¢ls the concentration of inhibitor that reduces n this paper we describe an extensive and consistent

the HIV integrase activity by 50963031 b Spread assay results are the ~ Structure-activity relationship that led to the identification of
mean of at least three independent experimentspgiéChe concentration compounds that inhibit HIV integrase in vitro at nanomolar
of compound that inhibits HIV replication in the cell-based assay by 95% concentration, block effectively HIV replication in cell culture

in the presence of 10% of fetal bovine serum (FBSY.Spread assay results . . .
are the mean of at least three independent experimentsss GiQthe in the presence of high serum concentration, and show excellent

concentration of compound that inhibits HIV replication in the cell-based Physicochemical and pharmacokinetic @piroperties.

assay by 95% in the presence of 50% normal human serum (RHS). ] )

dpercentage of compound bound to rat plasma proféirfsPercentage of Results and Discussion

compound bound to human plasma protétd.Oral bioavailability (%). . . .

gplagr:a Cbafance (muL/min/pkg). P loavailability (%) The structure-activity relationship around and 9 had
previously established that the amine contained in the ring had

the HIV integrase in the strand transfer assay was observed,to occupy the benzylic position with respect to the pyrimidine

where5?8 displayed an 16 value of 85 nM. and that small alkyl groups, such as methyl or ethyl on the
A focused library of 200 carboxamides was assemblieahd nitrogen of the saturated heterocycle, are prefeftétle hoped

the 4-fluorobenzylamidé emerged as the optimal substituent, that conversion of the dihydroxypyrimidine to the more polar

displaying an 8-fold improvement in potend; (Cso = 10 nM) N-methylpyrimidone would be beneficial for cell-based potency

although with low cellular activity (Clgs >10 uM in the by reducing binding to plasma proteins and targeted first the

presence of 10% FBS). Improvement of potency in the cell- direct analogs o8 and9 (Figure 3).

based assay was obtained by the introduction of a basic residue Despite the reduction in intrinsic and in cell-based potency,

in position 2 of the pyrimidine, leading t6 and ultimately to compoundL1 showed only a small shift between 10% and 50%

equipotent 2-pyrrolidinyl or 2-piperidinyl-substituted dihydroxy-

pyrimidines8 or 9, which inhibited the strand transfer process  aapbreviations: TFA, trifluoroacetic acid; TMS, tetramethylsilane;

of integration, with an 16, of 120 and 220 nM, respectivel DMSO, dimethyl sulfoxide; DCM, dichloromethane; THF, tetrahydrofuran;
g , Go » resp y . / e, 11 .

(Figure 2 and Table 1). Both compounds were potent inhibitors TEA triethylamine:m CPBA, metachioroperbenzoic acid; TFAA, trifluo-

of HIV-1 replication in cell culture, with CIgs of 150 nM in roacetic anhydride; MTBEtert-butyl methyl ether; DMAP, 4-dimethy

. g k laminopyridine; DAST, (diethylamino)sulfur trifluoride; PK, pharmacoki-
the presence of 10% fetal bovine serum, which shiftedt-3 netic.
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Figure 3. From dihydroxypyrimidine8 and9 to N—Me pyrimidones
10and1l.

serum, because the polar pyrimidone has a lower affinity for
plasma proteins. The pyrrolidine derivatiu® is 5-fold less
potent than compoundl, but also here no shift in the cell-
based assay was observed. The more potent compdiwds
characterized further and its PK profile in rat was encouraging.
The compound showed moderate clearance@GIL mL/min/

kg) and high oral bioavailability = 100%). Encouraged by
these preliminary data, we continued the SAR studies on five-
and six-membered heterocycles, with the aim to further probe
both the cell-based activity and the pharmacological properties
of these compounds.

The structure-activity relationship surrounding the pyrroli-
dine ring revealed a certain degree of tolerance for diverse
chemical functionalities that could be incorporated, and this
confirmed the previous observation that the moiety at the
2-position is not involved in a specific interaction with the
enzyme (Table 2). For better comparison of the data, compound
10 is reported in Table 2 in its enantiomerically pure form,
having a &-configuration,10a Initially, a methyl group was
scanned on the pyrrolidine ring by preparation of compounds
12—15, and the substitution on the position 4 of the ring, as in
compoundsl3 and 14, gave the best enzymatic activity. The
(9-configuration was preferred, leading to compodr&iwith
an 1Gy = 10 nM. Based on these data, further SAR was
conducted. As position 4 was the most appropriate for substitu-
tion, to explore the possibility to vary the physicochemical
properties of this class of molecules to achieve activity also in
cells, thetrans-4-hydroxy pyrrolidine was initially selected based
on its synthetic accessibility and ease of decoration; this strategy
proved to be both informative and productive.

Starting from this building block, a series of compounds were
prepared. The free hydroxyl group present in compdLégave
a moderate activity in the cell, whereas the methoxy, ethoxy,
and benzyloxy compounds’—19 were potent both in vitro and
in cell-based assays. Interestingly, no shift was observed for
the small alkyloxy groups, while the benzyloxy derivatii/@
showed at least a 4-fold drop in activity in high serum. The
sulfonamide20 and the acetamid2l were potent in vitro, but
had low activity in the cell, probably as a result of an increased
polar surface area. The replacement of the hydrogen with a
fluorine atom gave potent compounds on the enzymeis-ar
transfluorine atom in the 4-position was well accepted. The
stereochemistry of the fluorine proved to be not crucial in vitro,
indeed the two diasterecisome28 and 23 and also the 4,4-
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Table 2. Enzymatic and Antiviral Activity of 2-Pyrrolidinyl

N-Me-pyrimidones

(o]
~ OH F
e Cr
R N
(6]

CICos (uM)
Compd R ICsp (nM)*
(10% FBS)" / (50% NHS)*
10a Qé' 62 >1.00 />1.00
\
12 [ffg 710 2.50/5.00
\
13 \[,}E 10 >1.00/>1.00
\
14 Lot 190 >1.00/>1.00
\
15 Q ¢ 690 >1.00 />1.00
\
HO.,,
16 Qé 100 0.63/0.63
\
MeO,,‘
17 (ot 180 0.15/0.17
\
EtO,
18 Lo 200 0.17/021
\
BnO,,,
19 Lo+ 130 <0.08/0.31
\
i
Nea-!
20 &% Q; 30 0.50/0.50
\
R
n o T 61 >1.00/>1.00
\
.
22 \fh}? 20 0.06/0.13
\
Fa,,
23 QE- 20 0.13/0.25
\
.
24 FJ[N%— 30 0.03/0.17
\

difluorinated compoun@4 showed similar potency. In the cell-
based assay, compougd had ClGs = 0.13uM, with a 2-fold
shift of the low serum value; the diastereocisometians
compound23was 2-fold less potent. The difluoroderivati2é
exhibited good potency in cells in 10% serum, but lost almost
6-fold in high serum.

We then analyzed a six-membered-based substitution in
position 2 of the pyrimidine, exploiting the possibility in this

aHIV strand transfer assay results are the mean of at least three
independent experiments; 4¢Is the concentration of inhibitor that reduces
the HIV integrase activity by 5093031 b Spread assay results are the
mean of at least three independent experimentsy£38Ghe concentration
of compound that inhibits HIV replication in the cell-based assay by 95%
in the presence of 10% of fetal bovine serum (F&S§.Spread assay results
are the mean of at least three independent experimentsss @Che
concentration of compound that inhibits HIV replication in the cell-based
assay by 95% in the presence of 50% normal human serum (RHS).
d Mixture of diastereoisomers (2:1), undetermined stereochemistry.
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Table 3. Six-Membered Heterocycles in the 2-Position of the

Pyrimidone
(0]
~ OH F
R™ 'N
O
CICys (uM)
Compd R ICso (nM)?
(10% FBS)” / (50% NHS)*
1 Q i 440 0.83/1.04
\
HO,
25 D;, 21 0.50/0.50
N\
BnQ,
26 O;. 62 0.25/1.00
N\
O
7 () 60 0.06/0.10
\
S
s ()t 70 0.05/0.13
\
s
297 - 37 >1.00/>1.00
e
2
o=
30 O 140 >1.00/>1.00
N\
\N
31 Q__N}g— 100 0.25/0.19
\N
32 o }g 50 125/1.25
\

aHIV strand transfer assay results are the mean of at least three
independent experiments;dgls the concentration of inhibitor that reduces
the HIV integrase activity by 50933031 b Spread assay results are the
mean of at least three independent experimentsp438Che concentration
of compound that inhibits HIV replication in the cell-based assay by 95%
in the presence of 10% of fetal bovine serum (FBSY.Spread assay results
are the mean of at least three independent experimentsss @Che
concentration of compound that inhibits HIV replication in the cell-based
assay by 95% in the presence of 50% normal human serum (REHSA
9:1 mixture, undetermined stereochemistry.
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a 2-fold shift between low and high serum. Also, the thiomor-
pholine 28 was potent, whereas the oxidation of the sulfur to
the sulfoxide29 and sulfone30 caused reduced activity in cells.
The piperazine31 was potent in cells, while the lactaB,
lowering the basicity of the N1 nitrogen, was less active. The
interesting data relative to the piperazine compo8hded us

to further explore this versatile scaffold, and several derivatives
were prepared (Table 4).

As for N1, in the case of the nitrogen in the 4 position, the
methyl and ethyl residues gave potent compounds su@i as
and34; a free NH or a bigger substituent gave compourg$s (
and 35) with comparable enzymatic activity but with lower
potency in the spread assay. A sterically hindered carbamate
36 was well tolerated by the enzyme but exhibited an almost
7-fold shift from 10% to 50% serum in cells. The acetyl group
was used as a substituent on the N4-nitrogen, as in compound
37 where it was well-tolerated, and also to reassess the need of
an amino group in the position 1 of the piperazine: compound
38, having the acetyl group on the N1 nitrogen was as expected
of low activity. Other substitutions on the nitrogen in the 4
position, such as benzoate, amino acetyl, and ethyli8@a (
41), were accepted by the enzyme but did not translate into
high potency in the cell-based assay. The activity on the enzyme
was further increased with sulfonamide and sulfamide moieties,
and in the case of a simple mesyl derivatd® the CIGs was
125 nM without any shift in high serum. The phenyl sulfona-
mide43 was more potent in the presence of 10% of fetal bovine
serum, but the shift was more than 16-fold between the two
serum conditions. The sulfamide! had ClGs = 125 nM.

With all these compounds having good potency on the
enzyme and in the cell-based assay available, we decided to
further develop some of them to see if the PK profiles might
be able to differentiate among these molecules. The PKs of the
most potent and structurally different compounds were studied
in rats, and the results are summarized in Table 5 together with
some measured log D and the plasma protein binding data.

Apart from compoundl16, which displayed a low oral

bioavailability F = 2%), and the piperazine derivative@g and

42 that in rat showed high clearance (42 and 78 mL/min/kg,
respectively) and moderate oral bioavailability (17 and 38,
respectively), all the other compounds had moderate-low
clearance, from 10 to 28 mL/min/kg and oral bioavailability
from 60 to 100%. Two structurally different compounds, such
as24and27, were further profiled in dog, where they displayed
excellent PKs: both had 100% oral bioavailability and low
plasma clearance (5 and 3 mL/min/kg, respectively, Table 6).

Due to the better potency in the presence of 50% normal
human serum, the lower serum shift, and the lower clearance
in dog, compound®7 was one of the more interesting com-
pounds made so far and it was the focus of further SAR studies.
The dihydroxypyrimidine analog5 was tested as well, and
although it showed better in vitro potency than the analog

case to introduce heteroatoms both inside and outside of thepiperidine compoun@ and the corresponding N-Me pyrimidone

ring (Table 3).

Also in the case of six-membered derivatives, the introduction
of a heteroatom was beneficial; the 4-OH-N-Me piperidine
derivative25 was 20-fold more potent in the enzyme assay and
it did not show any shift in cells between low and high serum
conditions. This shift was more pronounced with the benzyloxy
derivative 26, as we observed in the pyrrolidine series. The
introduction of a heteroatom inside the ring was beneficial: the
morpholine derivativ7 showed a high affinity for the enzyme

27, it still exhibited an 8-fold shift between low and high serum
and its oral bioavailability in rat was relatively low, 16%. The
role of the amino group was revisited, and the most indicative
analogs, such as compoungs—49, were prepared (Table 7).
The need of an amino group on the nitrogen of the ring linked
to the pyrimidine was reassessed, and the tertiary amino group
was shown to be optimal for cell activity. Whereas the free NH
compound 46 exhibited low activity in the spread assay,
probably as a consequence of a high number of hydrogen bond

and displayed equal activity in the spread assay, with less thandonors, the ethyl derivativé7 was equipotent with the methyl
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Table 4. 2-Piperazinyl N-Me-pyrimidones

Journal of Medicinal Chemistry, 2007, Vol. 50, No. 2057

Table 5. Rat Pharmacokinetic Parameters, Log D, Rat, and Human
Plasma Protein Binding

o
~\ OH F AuUCH protein binding
R)%N | H\/@ cmpd F2  Clp° ty° after PQugig LogD rat/humarh
o 16 2 21 1.8 0.3 9 78/72
17 79 19 15 5.3) 9 89/75
19 75 28 23 2.3.4 2.2 93/95
Compd R ICso (aM)” C1s D 22 94 21 17 4. 9 92/94
> . 23 100 12 2.0 12. 0.66 97/86
(10% FBS)"/(50% NHS) 24 93 11 06 11 §§ o 94/88
\ 27 92 22 1.6 4.323) 0.59 78/69
31 O 100 0.25/0.19 28 76 10 05 9.6 o 983
N 31 62 21 07 5.5 9 972
37 17 42 09 0.8 0.09 970
H 42 38 78 08 0.8) 9 969
N
33 &_ﬁ— 200 0.7570.50 aOral bioavailability (%).P Plasma clearance (mL/min/kg)Plasma half-
N life following iv administration (h).¢ Area under the curve following oral
administration at the dose indicated in bracketd (x h). © Percentage of
Et, compound bound to rat plasma protetas. Percentage of compound bound
N if8. 9 No dat
34 &\ré- 250 0.25/0.25 to human plasma proteidd. 9 No data.
N
N Table 6. Dog Pharmacokinetic Parameters and Dog Plasma Protein
r Binding of Compound®4 and27
35 {“__&;- 130 0.50/0.50 Aucd dog protein
N cmpd F2  ClpP  ty  after PO (mg/kg)  binding
Bo 24 100 5 6 9.9y 85
1 ‘N_>§ al 013,081 27 100 3 10 1bs) 47
Q—N\ ' ' aQral bioavailability (%).P Plasma clearance (mL/min/kg)Plasma half-
life following iv administration (h).4 Area under the curve following oral
Ac, administration at the dose indicated in brackefs! (x h). ¢ Percentage of
37 Q\ri- 32 0.23/0.30 compound bound to dog plasma proteins.
N
K Table 7. Morpholino-N-Me-pyrimidones
\N—>_§7 o)
38 Q_N\ 4000 >1.00/>1.00 R. OH E
Ac N | H
Bz, N N
39 {“__}; 12 nd?/0.25 (Oq)\N o)
N "Ry
N ClCgs (NM)
N4 cmpd R R ICs* (NM)  (10% FBSY/(50% NHSY
N
40 O 4 0:50/1.00 27 Me  Me 60 60/100
N 45 H Me 30 30/230
46 Me H 50 >1000/1000
N _{o 47 Me Et 33 50/90
48 Me Ac 15 >1000/1000
N
“ o 52 025/>1.00 49 Me Boc 20 >10001000
* aHIV strand transfer assay results are the mean of at least three
00 independent experiments; d¢ls the concentration of inhibitor that reduces
—¥ the HIV integrase activity by 50933031 b Spread assay results are the
42 {“:3_;_ 11 0.13/0.13 mean of at least three independent experimentsy£38Ghe concentration
N of compound that inhibits HIV replication in the cell-based assay by 95%
in the presence of 10% of fetal bovine serum (FBSY.Spread assay results
Q.0 are the mean of at least three independent experimentsss @Cthe
@—‘S{N concentration of compound that inhibits HIV replication in the cell-based
43 &_ﬁ_ 7 0.03/0.50 assay by 95% in the presence of 50% normal human serum (RHS3ee
N ref 29.
ARYS derivative 27. Acetyl compound48 and the carbamaté9,
4 ! {_\ré 8 0.06/0.13 although potent on the enzyme, showed low activity in the cell-

based assay.
The structure-activity relationship around the benzylamide

aHIV strand transfer assay results are the mean of at least three portion was assessed by the preparation of different amides
independent experiments;d§ls the concentration of inhibitor that reduces (Table 8)

the HIV integrase activity by 5093031 b Spread assay results are the . .
mean of at least three independent experimentsp43#the concentration The unsubstituted benzylamid® was shown to have the

of compound that inhibits HIV replication in the cell-based assay by 95% ideal length, while the homologous phenethylanbdeand the
in the presence of 10% of fetal bovine serum (FBSY.Spread assay results ~ N-Me benzylamides2 had CIGs higher than &M. Different
are the mean of at least three independent experimentsss @Che halogens were tested in the three different positions of the phenyl
concentration of compound that inhibits HIV replication in the cell-based . S S .
ring, and considering the activity in the cells in the presence of

assay by 95% in the presence of 50% normal human serum (RHS)No - .
data. 50% normal human serum, the 4-position was the favorite for
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Table 8. 2-N-Me-morpholinyl-N-Me-pyrimidone Carboxamides

O
~N | OHR mﬂ%
o/\)\\N NS
I\/ N\ o ?
CICos(NM)
cmpd R R» Rs n ICs@#(nM) (10% FBSY(50% NHS}

50 H H H 1 66 156/156
51 H H H 2 71 >8000/ 8000
52 H H Me 1 >5000 >8000/ 8000
53 2-F H H 1 175 156/625
54 3-F H H 1 62 125/250
55 3-Cl H H 1 62 16/63
56 3-Br H H 1 19 16/63
57 3-OMe H H 1 140 125/125
58 4-F 3-F H 1 21 31/63
59 4-F 3-Me H 1 86 16/42
60 4-F 3-Cl H 1 28 <8/31
61 4-F 3-Br H 1 44 31/125

aHIV strand transfer assay results are the mean of at least three
independent experiments; 4ls the concentration of inhibitor that reduces
the HIV integrase activity by 50933031 b Spread assay results are the
mean of at least three independent experimentsp438Che concentration
of compound that inhibits HIV replication in the cell-based assay by 95%
in the presence of 10% of fetal bovine serum (FBSY.Spread assay results
are the mean of at least three independent experimentsss @Che
concentration of compound that inhibits HIV replication in the cell-based
assay by 95% in the presence of 50% normal human serum (RHS).

Table 9. N-Me-morpholine Derivative®7, 27a and27b

(0]
~ OH F
L T
* NS
O/\)\N
K/N‘Me °

CICgs (uM) human protein
cmpd IG# (nM)  (10% FBSY/(50% NHS} binding’
27(+)e 60 65/100 70
27a+)! 20 40/65 81
27h(-)f 25 90/190 74

aHIV strand transfer assay results are the mean of at least three
independent experiments; 4¢ls the concentration of inhibitor that reduces
the HIV integrase activity by 50%:3%31 b Spread assay results are the
mean of at least three independent experimentsp43$Ghe concentration
of compound that inhibits HIV replication in the cell-based assay by 95%
in the presence of 10% of fetal bovine serum (FBSY.Spread assay results
are the mean of at least three independent experimentsss @Che
concentration of compound that inhibits HIV replication in the cell-based
assay by 95% in the presence of 50% normal human serum (RHS).
d Percentage of compound bound to human plasma proteiAgirifluo-
roacetate salf.Hydrochloride salt.

substitution; although, also in tlmeetaposition, substitution was
well-accepted. The combination of the two different substitutions
was beneficial, and compoun&8—61 were potent, although
with a higher serum shift passing frof® to 61 probably as
consequence of an increased log D.

Separating the two single enantiomers of compo2nas
possible by chiral HPLC resolution, and compour2ds and
27bwere submitted for testing (Table 9). The intrinsic activity
on the enzyme was the same for the two enantiomergg #C
20 and 25 nM for27a and 27b. Compound27a was 3-fold
more potent than its enantiom2rb in the spread assay in the
presence of 50% normal human serum, so it was further
characterized with respect to its PK properties. The hydrochlo-
ride salt of compoun@7awas a white crystalline solid, with a
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Figure 4. Glucuronide formation rate of compour¥ain rat, dog,
rhesus, and human liver microsomes in the presence of UDPGA.

solubility of 5.8 mg/mL at physiological pH and a measured
log D = 0.47.

An important feature was that compou®damaintained low
affinity toward human plasma protein (hPRB 81), which
translated into a less than 2-fold shift in potency against HIV-1
replication in the presence of 50% NHS. The metabolic stability
of compound27a was assessed in rat, dog and human liver
microsomes in the presence of UDPGA and NAD®Hh the
presence of NADPH, it was stable in microsomes from all
species and no turnover was observed. Similarly, the glucu-
ronidation rate was minimal; to rank the rate of glucuronidation
among the species, we analyzed the rate of appearance of the
glucuronide, and this was higher in rat and lower in dog and
human microsomes (Figure 4). It did not show significant
degradation both in human and in rat hepatocytesoup i of
incubation (data not shown).

Compound27awas dosed in rats intravenously and orally
at 3 mg/kg: it exhibited low clearance (9 mL/min/kg) and it
was found to be well-absorbed, with an oral bioavailability of
56%, a good exposure (AUE 8.0 uM x h), and high Gax
(5.6 uM).

When dosed in dogs intravenously and orally (4 mg/kg iv
and 10 mg/kg p.o.), it exhibited low clearance (2.2 mL/min/
kg) and good half-life g, = 7.2 h) and it was found to be
well-absorbed, with an oral bioavailability of 69%, excellent
exposure (AUG= 136uM x h), and high G.ax(35uM). After
48 h, the plasma concentration was still higher than thesCIC
of the compound (Figure 5). Compour2ira was dosed
intravenously and orally also in rhesus monkeys (1 mg/kg): it
exhibited moderate plasma clearance (14 mL/min/kg) and it was
found to be well-absorbed, with an oral bioavailability of 73%
(Table 10).

Compound27apresented low to moderate clearance in three
preclinical species and good oral bioavailability, thus, was an
ideal candidate for further investigation. In counterscreening,
it was a selective HIV integrase inhibitor, displayingé@igher
than 50uM with respect to HCV polymerase, HIV reverse
transcriptase, and human DNA polymeraseg, andy. It was
tested on a panel of 170 assays for potential ancillary activities
and no significant responses were noted (MDS Pharma Services-
Panlabs).

Compound27awas tested for hERG-channel activity, and it
showed 1Gy = 24 uM.35 It did not inhibit the major CyP450
enzymes (3A4, 2D6, 1A2, and 2C19) up to 1ad. It did not
react with glutathione after incubation at 3¢ for 24 h, and
the PH]-27a after administration in rat (30 mpk, po) did not
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Figure 5. Pharmacokinetic profile for compour¥ain dogs dosed intravenously (4 mg/kg) and orally (10 mg/kg) as a solution in 35%DMSO/
65% (0.9% NacCl) and in 1% methylcellulose, respectively.

Table 10. Rat, Dog and Rhesus Monkey Pharmacokinetic Parameters 65,3940 which was selectively benzoylated to compous®l

for the Racemic Compoung7 and Its Single Enantiome&7aand27b Methylation with LiH and dimethyl sulfate gave the desired
Fa ClpP ty® AucCH N-alkylated heterocycle; in the case of compowtd a 10:1
rat/dog/  rat/dog/  rat/dog/ after PQmgikg) ratio between theN- and O-regioisomers67a and 68a was
cmpd rhesus  rhesus  rhesus rat/dog/rhesus obtained*! Amidation and debenzoylation were accomplished
27(+)  92/100/53  22/3/14  1.5/10/1.4  4:3/22 5/1.7) by refluxing with 4F-benzylamine in MeOH, and the corre-
g""f) 222%73 1%,22'26/: 4 1%'/11/79'3/2'0 6<3%36<1§>’2'2<1> sponding benzylamidd9 was obtained. Removal of the Boc
bC™) : i @/2%/ group under acidic conditions or of the Cbz group by hydro-
aQral bioavailability (%).° Plasma clearance (mL/min/kg)Plasma half- genation afforded compound%, which were submitted to

life following iv administration (h).4 Area under the curve following oral

administration at the dose indicated in brackets! (x h). © No data. reductive alkylation to give compounds, 26-28, and47 or

to acetylation to obtain compound8. Compound25 was
obtained from26 by catalytic hydrogenation. The oxidized
thiomorpholine compound29 and 30 were obtained from
thiomorpholine 28 through NalQ and m-CPBA oxidations,

show measurable covalent binding to liver, kidney, and plasma
proteins. Glucuronidation was the major metabolic pathway of
compound27ain rats and dogs. The major metabolite in rat

urine accounting for about 30% of the dose on the basi8rof respectively. . ) )
analysis, was the glucuronide conjugate in position 5 of the AS far as the preparation of the starting mater@a, this
pyrimidine 2 LC-MS and1°F-NMR experiments demonstrated Was initially prepared through a five-step synthesis, arriving at
that no racemization occurs in vivo. A second minor metabolite the methyl-morpholine-3-carboxylate. According to a procedure
was theN-demethylated morpholine. reported in the literaturé the carboxylate was then manipulated
to the required morpholine-3-nitrile. To overcome the low yield
Biology and the length of this pathway, a novel and efficient synthesis

Compounds were routinely assessed for activity against the to morpholine-3-nitriler1, reported in Scheme 2, was developed

purified HIV-1 integrase enzynié.Integrase-mediated strand based on a Iitergt_ure procedure for piperidine 2-carb_onft:iil_e.
transfer activity was determined as publisRé€Compounds Morpholine nitrile 71 was prepared from morpholine via
were tested in HIV-1 replication assays: antiviral activity was ©Xidation to N-chloromorpholine, followed by elimination/
assessed by measuring the decrease in HIV-1 p24 core antigert,nmerlzafuon to70, which was subsequently _cyanated. Treatment
in MT-4 human T-lymphoid cells/HIV-1lllb cultured in the ~ Of 71 with BOC anhydride gave the nitrilé2a For the
presence of an increasing concentration of inhibitor, as pub- formation ofN-chloromorpholine, different solvents were evalu-
lished32 Cells were infected en masse at low multiplicity (0.01) ated, among these were ethyl ether, THF, and MeOH, but
using HIV-1 strain Illb and were incubated for 24 h. At this SWitching to MTBE, the exotherms were milder and the possible
time, cells were washed and distributed into 96-well microtiter formation of an explosive compound such as MeOCI was
dishes. Serial 2-fold dilutions of inhibitor were added to the e€liminated.

wells, and the cultures were maintained for three additional days. Nitrile 62b was prepared from the ethyl thiomorpholine
Control cultures in the absence of inhibitor were fully infected ~carboxylater2 obtained according literature proceddféitrile

at 4 days. 62c was synthesized from the oxygenated pipecolic acid
. derivative 75 that was obtained according to a literature
Synthesis proceduré® (Scheme 3).
The chemistry used to prepare analogs reported in Tables 3 A different synthetic pathway was followed for the synthesis
and 7 is presented in Scheme 1 for final compoubtjs25— of compound32, and it is illustrated in Scheme 4; in this case,

30, and 46—49. A procedure reported by Culberts8nwvas the lactam was formed after having built the-Nle pyrimidone
followed starting from the appropriate nitri&2. Formation of carboxamide scaffold9.

the aldoxime63 followed by Michael reaction with dimethy- The five-membered derivatives were synthesized in an ana-
lacetylene dicarboxylate (DMAD) gave the mixture of tig/ logous manner to compounds reported in Scheme 1, and the
trans adducts64. synthesis is summarized in Scheme 5. Compadldias also

This mixture was heated in refluxing-xylene to effect a prepared in the enantiomerically pure fodfa This led us to
thermal rearrangement that afforded the dihydroxypyrimidine a careful monitoring of the enantiomeric excess at each step of
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Scheme 1.Synthesis of Final Compoundsl, 25—30, and46-4%
OH

. OH
el COOMe NP |

2N I I ~ o
X a X NH X NH2 COOMe c X N ~
K/ NBoc K/ NBoc N Boc K/ NBoc 0]

62a-c 63a-c 64a-c 65a-c

X
K/ 6 —— Ly o (_NBoc ©

Y=Boc 66a-c Y=Boc 67a-c 68a
Y=Cbz 66d f Y=Cbz 67d
(e}
~ OH F
N | H h,o.f (to 11)
S N or
X N g,1f (to 48)

L_NBoc © N
49 %0 285 XACHOH; R=Me
j gorh 49b-c h (X=CHOBn)

- ﬁ~¢iﬁ

N morn

“H CF3C OH x =8)
46 X=0 =CH.- R=
R 11 X=CH,; R=Me ﬁ
27 X=0; R = Me

a: X=0 28 X=S; R=Me
b: X=S 26 X = CHOBn; R=Me
cP: X=CHOBn 47 X=0; R=Et §§§ 282RRMN?e
d® X=CH, 48 X=0; R=Ac

aReagents and conditions (yields are reported for comp@ind(a) NH,OH-HCI, EtN, EtOH, reflux, 5 h, 89%; (b) DMAD, CHG| reflux, 1 h, 78%;
(c) o-xylenes, reflux, 12 h, 54%; (d) B®, Py, 3 h, 71%; (e) LiH, dioxane, M8Os, 64%; (f) 4F-BnNH, MeOH, reflux in a sealed tube, 2 h, 68%; (g)
TFA-DCM, rt, quant.; (h) H, Pd/C, MeOH, rt, 5 h; (i) HCOH or CECOH, NaCNBH, MeOH; (I) Ac,O, Py; (m) NalQ, H,O, EtOH; (n)m-CPBA, DCM,;
(0) NEt, Mel, THF. bcis-Configuration.cReference 29.

Scheme 2.Novel Synthesis of Boc-Protected Morpholine-3-nitii2ef

0™ N _
D] O T et
K/NH \/N\m [ j/ K/NH

aReagents and conditions: (&BuOCI, MTBE; (b) NaOMe, MeOH; (c) HCN, bD; (d) BoeO, DMAP, DCM.

Scheme 3. Synthesis of Boc-Protected Nitril&2b and 62¢

S/\(COOEt ab S(/\rCOOH .

CONHZ S/\(CN
K/NH /\r

K/N “Boc K/N\Boc

“Boc
72 73 62b
@,COOH HO COOH BnO COOH
N~ BOC \K/\( UBOC
62¢c

aReagents and conditions: (a) B&; NaHCQ, H:0, CHCl;, (b) NaOH, MeOH, (c) BogO, NHHCO;s, Py, dioxane, rté (d) TFAA, EtN, DCM, rt;
(e) L-selectride, THF, OC, 2.5 h, 95%; (f) NaH, THF, BnBr.

the synthesis, starting from optically actileéBoc-L-proline. according to Scheme 6. Nitrile81b and 81e were prepared
After the cyclization step, followed by benzoylation of the 5-OH from the corresponding pyrrolidinon@db and91ethat were
group, the enantiomeric excess of compo@aa was 8494 Cbz-protected and then reduced with super hydride to the

and this e.e. was retained after the methylation step for com- corresponding lactam alcohd®8b and 93e These were then

pound 86a Recrystallization from ethyl acetate and hexanes submitted to the reaction with TMSCN in the presence of,Znl

gave86aas a white solid with 99.8% e.e., and this high enantio- to give the desired nitrile81b and81le

meric purity was maintained until the end of the synthesis. The nitriles81cand81d, as a mixture, were prepared through
The necessary nitrile81b—e were synthesized through the usual steps from the 4-methyl proline carboxyl8te

manipulation of the appropriate pyrrolidine building blocks Compound95 was obtained by catalytic hydrogenation of
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Scheme 4.Synthesis of Compoung2?
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aReagents and conditions: (a) LiH, dioxane, 86y; (b) 4F-BnNH, MeOH, reflux, 2 d; (c) H, Pd/C, MeOH 1 N HCI; (d) EgEN, DCM, MsClI, rt, 2
h; (e) BnMeNH, CHCN, reflux, 3 h; (f) TFA-DCM, rt, 3 h; (g) EEOCOCOH, NaCNBHMeOH, EgN; (h) EN, MeOH, reflux, 5 h; (i) HCOH, NaCNBE|
MeOH, EgN.

Scheme 5. Synthesis of Final Compound®a and12—24?
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d <j|/j\\N RN O h (for 86i) \H\
- NPG NPG NP G
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10a, 13, 14 (for 87p)
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~N | OBz
/\H\ N /i: gorh ,\l)\ f <j‘)\ O
NPG
Noy CF3080H NPG
90a-h, 90I-o, 89a-h, 89l-o, 88q-r
90g-r m 89q-r

PG = Boc for compounds 10a, 13-16, 19
PG = CBz for compounds 12, 17, 18, 20-24

[0}
~N OH F
X ~ I H
X N
N\Me ¢}

a: X=H it X=(4S) NHBoc
b: X=3Me I: X=(4S) F
c: X=(4S) Me m: X=(4R) F
d: X=(4R) Me n: X=4F F
10a X=H 18 X=(4R) OEt e: X=5Me 0: X=(4R) OH
120 X=3Me 19 X=(4R) OBn f: X=(4R) OBn p: X=(4S) NH,
mxusme I e ok s iy
= (o] = =
14 X=(4R) Me 22 x=§4sg F r: X=(4S) NHAC
15° X= 5Me 23 X=(4R) F
16 X=(4R) OH 24 X=4F F

17 X=(4R) OMe

aReagents and conditions: (a) NBH-HCI, EtN, EtOH, reflux, 5 h; (b) DMAD, CHG, reflux, 1 h; (c)o-xylenes, reflux, 12 h; (d) BD, Py, 3 h; (e)
LiH, dioxane, MeSO, or CsCOs, THF, MeSOy; (f) 4F-BnNH,, MeOH, reflux in a sealed tube, 2 h; (gpHPd/C, MeOH; (h) TFA-DCM, rt; (i) MsClI,
EtN, DCM, rt, 1 h; (I) AgO, Py, rt, 1 h; (m) HCOH, NaCNBk MeOH. PMixture of diastereoisomers, undetermined stereochemistry.

methylene compoun®4 that was prepared in three steps,
starting from the commercially available%2R)-4-hydroxy-2-
(methoxycarbonyl)pyrrolidinium chloride, using a procedure
reported in the literaturé® Table 4 are reported in Scheme 8. The orthogonal protection
The nitriles81f—h, having an alkoxy substituent in theR)¢ of the piperazine ring with the Boc and the Cbz groups allowed
position, were synthesized from the corresponding carboxylic the distinct derivatization of the N1 and N4 nitrogens. The Chz
acids98, prepared according to the literat#feThe nitrile 81i deprotection of the NMe pyrimidone 106, followed by
was obtained through transformation of th&4ydroxyl group reductive alkylation and formation of the 4F-benzylamide gave
into a (45-NHBoc moiety, followed by the usual formation of the advanced intermedia86. This compound was submitted
the primary amide and its dehydration. Fluorinated nitriles to Boc-deprotection to obtair83, which was reductively
81l—n were obtained by DAST reaction from the appropriate alkylated to the corresponding compoungt 34, and 35.

4-OH-proline (from 4R-OH for 811 and 4OH for 81m) or
4-oxo-proline (Scheme 7).
The elaboration steps toward the piperazine compounds of
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Scheme 6.Protected Methylpyrrolidine Nitrile81b—e?
R R R R
R' N O - "R N O R' N~ OH — T R N~ CN
H Cbz Cbz Cbz

91fbR=MeR' =H 92bR=MeR'=H 93bR=MeR' =H 81bR=MeR'=H
99eR=H R'=Me 92eR=H R'=Me 93eR=H R'=Me 81eR=H R'=Me

N~ "CO,CH; N~ "CO,CH3 N~ "CONH,
Boc Boc Boc Boc

94> 95 96 81c + 81d

aReagents and conditions: (a) NaH, CbzCl, DMF; (b) LiBEtTHF; (c) TMSCN, Zn}; (d) Hy, PtO;, MeOH; (e) NH; 32%, THF; (f) TFAA, EgN,
DCM. PReference 48.

Scheme 7.Synthesis of Cbz 4-Substituted Pyrrolidine Nitri@$f—n?

e F o HO, R0, RO,
ISV S UL B ST N LN Y
N” “COOR N” COOH N7 CN
E’IG CN y COOMe PG PG PG
def,
81n 99 97 \_hbe(R=Me) 98 R=Bn 81f R=Bn
hb 98g® R=Me 81g R=Me
ihb.c 98h ReEt 81h R=Et
Fb\ (R=Me) BocHN -
N7 CN z—N—>\CN
PG PG
81l 81i

PG = Boc in structures 98f and 81f
PG = Cbz in all the other structures

aReagents and conditions: (a) NaH, THRXR(b) Boc,O, NH4HCO;z, Py, dioxane, rt, 72%° (c) TFAA, EN, DCM, rt; (d) TsCl, Py; (e) Nahl DMF;
(f) PPh;; H20, THF; (g) BoeO, EN, DCM; (h) NaOH, MeOH; (i) DAST, dry DCM~78 °C; (I) DMSO, (COCI}, EtN, DCM. ? Reference 49.

Compound33 was acylated to derivative37, 39, and 40 or on a Biotage system, eluting with petroleum ether/ethyl acetate
sulfonylated to compound43 and 44. The ethyluread1 was mixtures. HPLC-MS analyses were performed on a Waters Alliance
obtained by treatment of compou® with ethyl isocyanate 2795 apparatus, equipped with a diode array and a ZQ mass
in pyridine. Compound8 was obtained by acetylation of the ~SPectrometer, using an X-Terragzolumn (Sum, 4.6 50 mm).
N1 nitrogen followed by Boc-removal and reductive methylation 1€ Solvent system was acetonitrile. 19% HCOOH/water0.1%

. - HCOOH, gradient 1890% over 6 min, with a flow rate of 1 mL/
of the N4. The mesylate compoud@ was obtained by leaving : ’ . ) o - i
the formation of the 4F-benzylamide and the concomitant min. Preparative reversed-phase high-performance liquid chroma

. tography (RP-HPLC) was performed using a Waters Delta Prep
deprotection of the benzoyl group as the last step. 4000 operating with a flow rate of 20 mL/min and incorporating a
The SAR on the benzylamide portion of the morpholino series dual absorbance detector 2487 or a Shimadzu HPLC 10AV-VP
reported in Table 8 was performed following a more convergent operating with a flow rate of 15 mL/min and incorporating a diode

approach based on the formation of the carboxamide at the lastarray detector SPD10AV-VP. The stationary phases used were for

step (Scheme 9). compound27, PrepNovaPack HR fg, 6 um-60A (40x 100 mm);
for the other final compounds, Waters Symmetryg Eum, 19 x
Conclusions 100 mm, Gg 7 um, 19 x 150 mm, and & 7 um, 19 x 300 mm.

. L The mobile phase comprised a linear gradient of binary mixtures
The development of a potent serieshbimethyl pyrimidone of acetonitrile (containing 0.1% TFA) and,8 (containing 0.1%

denva’qves exhibiting nanomolar potency against repllcatlon_of TFA). The purity of final compounds was more than 99% by area.
HIV-1in cell-based assay was described. The N-Me morpholine ag criterion of purity, chromatographic systems with NMR and
analog27ainhibited viral growth with a Clgs of 65 nM in the MS data were employed. Nuclear magnetic resonance spéfitra (
presence of 50% normal human serum. This level of antiviral NMR recorded at 600, 500, 400, or 300 MH2C NMR recorded
potency is comparable to that of the clinically effective protease at 100 or 75 MHz) were obtained on Bruker AMX spectrometers
inhibitors indinavir and nelfinavir (Clg; values of 50 nM and and are referenced in ppm relative to TMS. Unless indicated, spectra
400 nM, respectively). Compound7a displayed excellent ~ were acquired at 300 K. Low-resolution mass speatua)(were
biological and physical properties that reflect excellent PK recorded on a Perkin-Elmer API 100 (electrospray ionization) mass
profiles in rats, dogs, and monkeys. It did not show any liabilities spectrometer. AI_I th'e accurate mass measurements were carr_led out
in a great number of counterscreening assays and no CyP45(Py electrospray ionization (ESI) on TSQ Quantum Ultra AM triple

S S . . - .. quadrupole, operating in enhanced mass-resolution mode (peak
inhibition. I_3ased on this data, it represents a promising antiviral width of 0.2 Th FWMH). Accurate mass determinations by ESI-
agent against HIV-1.

MS were performed using positive negative ionization mode. HPLC
analysis of the final compounds was carried out on two systems:
Agilent 1100 HPLC, with chromatography performed on a Waters
Solvents and reagents were obtained from commercial suppliersSunfire Gg column (30x 2.1 mm, 5um) at room temperature,
and were used without further purification. Flash chromatography and detection was carried out using a ThermoFinnigan TSQ
purifications were performed on Merck silica gel (20000 mesh) Quantum Ultra mass-spectrometer equipped with an electrospray
as the stationary phase or were conducted using prepacked cartridgefESI) ion source; Waters Acquity UPLC equipped with a PDA

Experimental Section



HIV Integrase Inhibitors Journal of Medicinal Chemistry, 2007, Vol. 50, No. 2063

Scheme 8.Synthesis of Piperazinel and 33—442
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a Reagents and conditions: (a) SQ®y, DMF, THF, 4 h, 40C; (b) NH; 0.5 M in dioxane, DCM, 2 h, 40C; (c) CbzCl, E{N, DCM, rt, o/n; (d) TFAA,

EtzN, DCM, 0 °C; (e) NH,OH, EgN, MeOH, rt, o/n; (f) DMAD, CHCE, reflux, 12 h; (g)o-xylenes, 160°C for 8 h and then 120C for 48 h; (h) BzO,
Py, rt, 3 h; (i) CsCOs, THF, M&SO0,, 40 °C, 1 h; (I) H, Pd/C, MeOH; (m) HCOH or CECOH or acetone, NaCNB41MeOH; (n) 4F-BnNH, MeOH,
reflux in sealed tube, 12 h; (0) TFADCM, rt; (p) Ac;O or BzO in pyridine orN,N-dimethylglycine hydrochloride, WSCDI, HOBt, DIPEA, DCM; (q)
EtNCO, Py, rt, 0.5 h; (r) PhS&I or MeeNSO:CI, NaOH (1 M), DCM; (s) MsCl, NE, DCM.

Scheme 9. Synthesis of Carboxamidé&®—612

~
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67a 107 50-61
aReagents and conditions: (a) TFACM, rt; (b) HCOH, NaCNBH, MeOH; (c) RR'NH, MeOH, reflux.

Detector Acquity, and chromatography was performed on an ether/EtOAc= from 7:3 to 1:1), yielding the desired addué&4éa
Acquity UPLC BEH Gg column (50x 2.1 mm, 1.7uM). as a mixture of configurational isomeesandZz, 57 g (78% yield).
tert-Butyl 3-[Amino(hydroxyimino)methyllmorpholine-4-car- IH NMR (DMSO-ds, 400 MHz) 6 6.60 and 6.20 (2bs, 2H), 5.58
boxylate (63a).Compounds2a(40.0 g, 188 mmol) was dissolved  and 5.41 (2s, 1H), 4.36 (bs, 1H), 4.04 (bs, 1H), 3.8 (bs, 1H), 3.76
in ethanol (530 mL), then N}OH-HCI (18.57 g, 266 mmol) and and 3.72 (2s, 3H), 3.63 and 3.58 (2s, 3H), 3.53 Jte; 13.6, 3.7
EtN (45.0 mL, 320.4 mmol) were added. The reaction mixture Hz, 1H), 3.44 (tJ = 10.4 Hz, 1H), 3.31 (m, 2H), 1.35 (s, 9H). MS
was stirred at reflux for 5 h. Ethanol was concentrated and the m/z 388 (M + H)™*.
residue was taken up in EtOAc and water; the aqueous layer was tert-Butyl 3-[4,5-Dihydroxy-6-(methoxycarbonyl)pyrimidin-
extracted with EtOAc three times, dried (}$0,), filtered, and 2-yllmorpholine-4-carboxylate (65a).The mixture of adducté4a
concentrated under vacuum to give the desired comp68ad40 (30 g, 77.4 mmol) was refluxed io-xylene (110 mL) for 12 h.
g (89% yield), as a yellow solidH NMR (DMSO-ds, 400 MHZz) The reaction mixture was cooled down; petroleum ether was added
0 9.16 (bs, 1H), 5.32 (bs, 2H), 4.30 (bs, 1H), 4.08J¢e; 11.6 Hz, until formation of a precipitate, which was filtered to give the
1H), 3.75 (d,J = 6.8 Hz, 1H), 3.56-3.33 (m, 4H), 1.38 (s, 9H). desired compoun@b5aas a light brown solid, 15.3 g (54% yield).
MS m/z 246 (M + H)*. 1H NMR (DMSO-ds, 400 MHz, 340 K)d 4.62 (s, 1H), 4.15 (dJ
Dimethyl 2-[({-Amino[4-(tert-butoxycarbonyl)morpholin-3- = 12 Hz, 1H), 3.84 (bs, 1H), 3.82 (s, 3H), 3.70 (dd= 12.3,
yllmethylene} amino)oxy]but-2-enedioate (64a).A solution of 4.0 Hz, 1H), 3.61 (ddJ = 12.2, 3.8 Hz, 1H), 3.56 (1] = 13 Hz,
dimethylacetylene dicarboxylate (228 mL, 226.2 mmol) and 1H), 3.43 (td,J = 11.5, 3.4 Hz, 1H), 1.35 (s, 9H). MBvz 356
compounds3a(45 g, 188.5 mmol) was refluxed in chloroform (230 (M + H)™.
mL) for 1 h. The CHC} was evaporated under vacuum and the tert-Butyl 3-[5-(Benzoyloxy)-4-hydroxy-6-(methoxycarbonyl)-
residue was purified by column chromatography (Sigetroleum pyrimidin-2-yllmorpholine-4-carboxylate (66a). The pyrimidine
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65a(23 g, 64.8 mmol) in dry pyridine (260 mL) was treated with
benzoic anhydride (29.32 g, 129.6 mmol) and stirred overnight at

Gardelli et al.

sodium acetate (1.18 g, 14.4 mmol), formaldehyde 37% w/w aq
soln (2.2 mL, 27 mmol), and sodium cyanoborohydride (0.798 g,

rt. The mixture was evaporated, taken in ethyl acetate, and washedl2.87 mmol). The mixture was left stirring at rt for 1 h. Volatiles

with HCI (1 N), NaHCQ satd soln, and brine. Organics were dried
(NaSQy), filtered, evaporated, and purified by flash chromatography
(SIO;,, petroleum ether/EtOAe= 3:7) to obtain66a as a brown
solid (21 g, 71% yield)*H NMR (DMSO-ds, 400 MHz, 340 K)o
13.3 (bs, 1H), 8.07 () = 7.5 Hz, 2H), 7.76 (tJ = 7.5 Hz, 1H),
7.61 (t,J = 7.5 Hz, 2H), 4.73 (s, 1H), 4.22 (d,= 12.4 Hz, 1H),
3.86 (d,J = 11.0 Hz, 1H), 3.78 (ddJ = 12.4, 3.9 Hz, 1H), 3.73
(s, 3H), 3.58 (tJ = 13.9 Hz, 2H), 3.47 (td) = 10.7, 3.6 Hz, 1H),
1.36 (s, 9H). MSWz 600 (M + H)™.

Methyl 5-(Benzoyloxy)-2-[4-tert-butoxycarbonyl)morpholin-
3-yl]-1-methyl-6-ox0-1,6-dihydropyrimidine-4-carboxylate (67a).
The benzoyl-protected pyrimidir&6a (82 g, 87 wt %, 156 mmol)
was added to a suspension of LiH (1.36 g, 1.1 equiv) in dioxane
(714 mL) at rt. The mixture was aged 45 min at 38 and was
then cooled to rt. Dimethylsulfate (19 mL, 1.3 equiv) was added,
and the mixture was warmed to 3€ (4 h) and 56°C (4 h). The
reaction mixture was cooled to 2€ and glacial acetic acid (0.89
mL, 0.1 equiv) was added, followed by water (714 mL) and EtOAc

were removed under vacuum and the crude was purified by
preparative HPLC giving compourg¥ as trifluoroacetate saltH
NMR (DMSO-ds + TFA, 600 MHz) 6 12.33 (bs, 1H), 10.05 (bs,
1H), 9.48 (t,J = 6.4 Hz, 1H), 7.357.33 (m, 2H), 7.157.12 (m,
2H), 4.98 (d,J = 8.8 Hz, 1H), 4.57 (dJ = 6.4 Hz, 2H), 4.36 (d,
J=12.7 Hz, 1H), 4.13 (d) = 12.4 Hz, 1H), 3.77 () = 12.5 Hz,
1H), 3.69 (d,J = 12.8 Hz, 1H), 3.54 (s, 3H), 3.483.41 (m, 2H),
2.83 (s, 3H).13C NMR (DMSO<s + TFA, 100 MHz) § 168.4,
161.7, 157.8, 148.0, 142.7, 134.6, 129.2, 124.8, 115.5, 68.1, 64.2,
62.7,53.4,41.7, 41.4, 30.7. M8z 377 (M + H)*. HRMS calcd

for CigH2oFNsO4 (M + H)*, 377.16196; found, 377.16156.
Compound27 was resolved into its enantiomers by semipreparative
chiral HPLC on column Chiralpak AS, 250 46 mm at 1.0 mL/
min, collected by absorption at 260 nM, mobile phase: hexane:
ethanot1:1 both containing 0.2% TFA. The first eluted was the
enantiomeR7a[o]p = +55.42 (MeOHc 0.24, 25°C). The second
eluted was the enantiomeb [o]p = —51.63 (MeOH,c 0.215,

25 °C). Compound27a as trifluoroacetate was converted in the

(714 mL). The aqueous layer was separated and extracted withhydrochloride salt by dissolving it in dry MeOH and adding to that

EtOAc (400 mL). The combined organic layer was dried @)

solution HCI (2 N) in E£O in a ratio of 5:1. The methanolic solution

and concentrated to an oil containing the two regioisomeric products was evaporated under vacuum, and the procedure was repeated five

N—Me (678 and O-Me (689 in the ratio 9.4:¥! The two

regioisomers were separated by column chromatography,,(SiO
EtOAc/hexanes= 1:1). The fractions containing the desired
compound67awere evaporated to a foamy solid. This solid was

dissolved in ethyl ether and re-evaporated to a foamy solid that

times; the dry material was recrystallized by MeOH to gR&a
hydrochloride salt as a white crystalline solid. Anal. Calcd for
ClgngFN404C|Z C, 52.32: H, 5.35; N, 13.56. Found: C, 52.61;
H, 5.64; N, 13.62.
4-Ethyl-3-(4-{[(4-fluorobenzyl)amino]carbonyl} -5-hydroxy-

could be scraped out easily. This solid was dried in a vacuum oven 1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl)morpholin-4-ium Tri-

overnight at 40°C to afford N-methylpyrimidone67a as a pale
yellow solid, 48 g (64% vyield). Crystallin&-methylpyrimidone
67awas obtained from ether67a H NMR (DMSO-ds + TFA,
400 MHz, 330 K)o 8.09 (d,J = 7.3 Hz, 2H), 7.77 (t) = 7.5 Hz,
1H), 7.62 (t,J = 7.8 Hz, 2H), 5.08 (dJ = 3.4 Hz, 1H), 4.21 (d,
J=12.3 HZ, 1H), 3.95-3.85 (m, 3H), 3.76 (s, 3H), 3.58 (s, 3H),
3.55-3.50 (m, 2H), 1.34 (s, 9H). M8Vz474 (M + H)™. (683 *H
NMR (DMSO-ds, 400 MHz, 330 K)o 8.09 (d,J = 7.3 Hz, 2H),
7.77 (t,J = 7.3 Hz, 1H), 7.61 (tJ = 7.4 Hz, 1H), 4.94 (bs, 1H),
4.50 (d,J = 11.6 Hz, 1H), 4.0 (s, 3H), 3.853.81 (m, 2H), 3.76
(s, 3H), 3.66 (dJ = 10.4 Hz, 1H), 3.49-3.45 (m, 2H), 1.35 (bs,
9H). MSm/z 474 (M + H)*.

tert-Butyl 3-(4-{ [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)morpholine-4-car-
boxylate (49). The methyl este67a (9.2 g, 19.43 mmol) in dry
MeOH (190 mL) was treated with 4-fluorobenzylamine (5.55 mL,
48.6 mL) at reflux in a sealed tube for 2 h. Solvent was removed
in vacuum and the residue was triturated with@Eto obtain the
titte compound49 as a white solid (6.14 g, 68% yield}d NMR
(DMSO-ds, 400 MHz, 320 K)o 11.95 (bs, 1H), 8.32 (1) = 6.0
Hz, 1H), 7.39-7.35 (m, 2H), 7.19-7.13 (m, 2H), 4.96 (ddJ =
4.2, 2.4 Hz, 1H), 4.62 (dd]) = 6.9, 4.2 Hz, 1H), 4.49 (dd] =
14.9, 5.8 Hz, 1H), 4.16 (dd, = 12.2, 2.0 Hz, 1H), 3.8#3.79 (m,
2H), 3.706-3.64 (m, 1H), 3.553.45 (m, 5H), 1.23 (s, 9H). MS
m/z 463 (M + H)*.

3-(44 [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)ymorpholin-4-ium Trifluoro-
acetate (46) Compound49(6.13 g, 13.25 mmol) was treated with
a mixture of DCM/TFA (2:1, 420 mL) fol h at rt.Volatiles were
removed under vacuum to give a residue that upon addition,6f Et
formed a precipitate that was filtered as a pale pink sdi&d
(quantitative yield)*H NMR (DMSO-ds, 400 MHz) 6 9.45 (bs,
1H), 7.39-7.36 (m, 2H), 7.19-7.15 (m, 2H), 4.93 (dJ = 9.2 Hz,
1H), 4.64 (ddJ = 15.4, 6.7 Hz, 1H), 4.55 (dd] = 15.4, 6.2 Hz,
1H), 4.35 (dJ = 12.8 Hz, 1H), 4.08 (dJ = 12.6 Hz, 1H), 3.77 (,
J = 12.4 Hz, 1H), 3.55 (s, 3H), 3.543.46 (m, 2H), 3.46-3.34
(m,1H). MSm/z 363 (M + H)™.

3-(4{[(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (27).Compound46 (4.3 g, 9 mmol) was dissolved
in MeOH (9 mL) and treated with TEA (1.37 mL, 9.9 mmol),

fluoroacetate (47).Following the same procedure used to synthe-
size compound®7, compound4?7 was prepared from compound
46 using acetaldehyde instead of formaldehy#tNMR (DMSO-
ds + TFA, 300 MHz)6 10.03 (bs, 1H), 9.65 () = 6.2 Hz, 1H),
7.36 (dd,J = 8.3, 5.8 Hz, 2H), 7.17 (t) = 8.7 Hz, 2H), 5.05 (d,
J = 8.3 Hz, 1H), 4.65 (dd) = 15.4, 6.9 Hz, 1H), 4.51 (dd] =
15.4, 5.8 Hz, 1H), 4.40 (dJ = 12.9 Hz, 1H), 4.19 (dJ = 12.2
Hz, 1H), 3.85 (t,J = 13.4 Hz, 2H), 3.55 (s, 3H), 3.553.48 (m,
1H), 3.40-3.25 (m, 2H), 3.26-3.07 (m, 1H), 1.19 () = 7.2 Hz,
3H). MSm/z 391 (M + H)*.
2-(4-Acetylmorpholin-3-yl)-N-(4-fluorobenzyl)-5-hydroxy-1-
methyl-6-oxo-1,6-dihydropyrimidine-4-carboxamide (48).Com-
pound67a(0.184 g, 0.39 mmol) was treated with a TFA/DCM/
H,0 solution (65:35:10, 10 mL) at rt for 30 min and then evaporated
under vacuum to give a compound that was taken up i® Bnd
evaporated several times before being dissolved in pyridine (2 mL)
and treated with acetic anhydride (0.073 mL, 0.78 mmol). The
reaction mixture was stirred at rt overnight and then concentrated
to dryness. The resulting crude (0.39 mmol) was then dissolved in
MeOH (3.0 mL), and 4-fluorobenzylamine (0.133 mL, 1.17 mmol)
was added; the mixture was refluxed overnight. The reaction
mixture was then evaporated under vacuum to give a residue that
was purified by RP-HPLC to provide compoud@®. 'H NMR
(DMSO-ds, 300 MHz, 330 K)d 12.00 (bs, 1H), 8.45 (bs, 1H),
7.37 (t,J = 7.8 Hz, 2H), 7.16 (tJ = 8.6 Hz, 2H), 5.25 (s, 1H),
4.61-4.48 (m, 2H), 4.22 (dJ = 12.4 Hz, 1H), 3.883.76 (m,
3H), 3.58-3.48 (m, 2H), 3.48 (s, 3H), 2.03 (s, 3H). M8z 405
M + H)*.

Methyl 5-(Benzoyloxy)-2{ 1-[(benzoyloxy)carbonyl]piperidin-
2-yl}-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxylate (67d).
Pyrimidine 66d was dissolved in THF and treated with C©;

(2.0 equiv) and methyl iodide (5.0 equiv). The reaction mixture
was stirred at 40C for 2 h, cooled to rt, and concentrated. The
residue was taken up in ethyl acetate and washed WiN HCI

and brine. The organic layer was separated, dried8g, filtered,

and concentrated, and the residue was purified by column chro-
matography (SiQ petroleum ether/ethyl acetate 6:4) to give
compounds7din 52% yield.'H NMR (CDClz, 400 MHz) 6 8.14
(d,J=7.9 Hz, 2H), 7.66 (tJ = 7.4 Hz, 1H), 7.61 (t) = 7.5 Hz,

2H), 7.377.34 (m, 5H), 5.30 (bs, 1H), 5.22 (d= 12.2 Hz, 1H),
5.17 (d,J = 12.2 Hz, 1H), 4.144.11 (m, 1H), 3.83 (s, 3H), 2.99
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(s, 3H), 2.91-2.88 (m, 1H), 2.552.52 (m, 1H), 1.78-1.52 (m,
5H). MS m'z 506 (M + H)*.

pressure. The yellow oil obtained was dissolved in MeOH (200
mL) and NaOH (2 M) was added (160 mL). The reaction mixture
N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-(1-methylpiperidin- was stirred at rt for 3 h. MeOH was removed under reduced pressure
2-yl)-6-0x0-1,6-dihydropyrimidine-4-carboxamide (11). Com- and the aqueous phase was washed wig® Efo the aqueous phase
pound 67d was taken up in methanol and hydrogenated at AcOEt was added, and the mixture was cooled on ice bath and
atmospheric pressure in the presence of 10% Pd/C. The mixtureacidified with HCI (6 N). The organic phase was washed with brine,
was stirr@l 5 h at rt,filtered through celite, and concentrated. The dried (NaSQy), and evaporated under reduced pressure to afford
residue was suspended in THF and treated with TEA (3 equiv) compound/3as a yellow solid, which was used in the next step as

and methyl iodide (3 equiv). The reaction mixture was stirred at

such (67% yield)!H NMR (DMSO-ds, 400 MHz, 340 K)6 12.52

40°C for 0.5 h, then concentrated and partitioned between EtOAc (bs, 1H), 4.92 (bs, 1H), 4.13 (d,= 13.7 Hz, 1H), 3.26-2.82 (m,

and 1 N HCI. The organic layer was washed with brine, driech{Na

3H, (1H hidden by water signal), 2.6&.52 (m, 2H), 1.41 (s, 9H).

SQy), filtered, and concentrated under reduced pressure to an oily MS m/z 248 (M + H)*.

residue that was dissolved M-methylpyrrolidinone and treated
with 4-fluorobenzylamine (3 equiv) at 90C for 15 min. The
reaction mixture was cooled to rt, and the title prodiittwas
isolated as its trifluoroacetate salt by RP-HPLENMR (DMSO-
ds, 400 MHz)6 12.28 (bs, 1H), 9.50 (bt, 1H), 9.31 (bs, 1H), 7.37
(dd, J = 8.4, 5.6 Hz, 2H), 7.18 (t) = 8.8 Hz, 2H), 4.8-4.6 (m,
1H), 4.57 (d,J = 6.4 Hz, 2H), 3.76-3.60 (m, 1H), 3.50 (s, 3H),
3.40-3.30 (m, 1H), 2.78 (bs, 3H), 24.3 (m, 1H), 1.92-1.46
(m, 5H). MSm/z 375 (M + H)*.

Morpholine-3-carbonitrile (71). In a flask fitted with a con-

tert-Butyl 3-Cyanothiomorpholine-4-carboxylate (62b) To a
solution of carboxylic acid’3 (18 g, 73 mmol) in dioxane (110
mL) and pyridine (3.65 mL), (BogD (20.7 g, 95 mmol) and NH
HCO; (7.3 g, 92 mmol) were added. The reaction mixture was
stirred at rt overnight. The solvent was removed under reduced
pressure, and the crude was taken into EtOAc, washed with water,
1 N HCI, and brine, dried (N&0O;), and evaporated under reduced
pressure to give a crude compound as a yellow oil (18 g, 73
mmol), which was suspended in DCM (500 mL) and TEA (21.3
mL, 153 mmol) and treated with TFAA (11.2 mL, 80 mmol) added

denser and a thermocouple, a solution of morpholine (43.6 g, 0.5 dropwise. After 20 min, NaHC&satd soln was added, DCM was

mol) in THF (81 mL) was prepared and cooled td5 °C. To
this, t-BuOCI (56.5 mL, 0.5 mol) was added over 15 min, keeping
the internal temperature0 °C to generat&9. After 30 min at this
temperature, 25% NaOMe/MeOH (114 mL, 0.5 mol) was added
over 15 min, keeping the internal temperatws@ °C. The mixture
was allowed to warm to 45C over 1 h then cooled to rt to generate
70. (Caution: Warm up gradually to prevent a violent reflux.) The

washed with water and brine, dried (#$2), and evaporated under
reduced pressure to give compoud2b as a yellow solid (85%
yield). *H NMR (DMSO-ds, 400 MHz, 340 K)o 5.58 (t,J = 3.4
Hz, 1H), 4.23 (dJ = 14.0 Hz, 1H), 3.16-2.81 (m, 3H, 1H hidden
by water signal), 2.742.46 (m, 2H), 1.45 (s, 9H).

tert-Butyl 3-[5-(Benzoyloxy)-4-(methoxycarbonyl)-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl]thiomorpholine-4-carboxy-

resulting slurry was filtered over celite and rotary evaporated. The late (67b). The product was obtained in five steps froent-buty!

residue was diluted with water (100 mL) and solid KCN (32.6 g,
0.5 mol) was added, stirred until most of the solid dissolved, and
cooled to 0°C. Concd HCI (60 mL) was added over 20 min,
keeping the internal temperature20 °C then stirring fo 2 h at rt.
(Caution: Acidification generates HCN, therefore, use of fumehood

3-cyanothiomorpholine-4-carboxyla®@b, following the same steps
described for the synthesis of compowgith (4.8% yield over five
steps)H NMR (DMSO-ds + TFA, 340 K) 6 8.08 (d,J = 7.6 Hz,
2H), 7.75 (t,J = 6.8 Hz, 1H), 7.64.7.57 (m, 2H), 5.5%6.23 (m,
1H), 3.98-3.82 (m, 2H), 3.74 (s, 3H), 3.58 (s, 3H), 3:38.10

is required and use of caustic scrubber advised to catch any ventedm, 2H), 2.872.65 (m, 2H), 1.31 (s, 9H). M8/z490 (M + H)*.

gas.) This mixture was cooled and basified to pH 10 with 50%
NaOH (12 mL). This was extracted five times with DCM (50 mL),
dried (N&SQy), rotary evaporated to a residue that was chromato-
graphed (Si@ EtOAc containing 0.2% TEA), and concentrated to
an oil, which crystallized on standing. The solids were stirred in
EtOAc/hexanes= 1:1 and filtered to afford@1in two crops, 23 g
(41% yield). Mp: 81.4— 87.3°C.*H NMR (CDCl;, 400 MHz)d
3.9-3.7 (m, 4H), 3.60 (m, 1H), 3.22 (m, 1H), 2.79 (ttl= 12.3,
2.9 Hz, 1H), 2.16 (s, 1H}C NMR (CDCk 100 MHz) ¢ 118.7,
68.1, 67.5, 46.4, 42.8. LRM®V/z 113 (M + H). HRMS m/z
113.0713 (M+ H), 113.0715 (expected).

tert-Butyl 3-Cyanomorpholine-4-carboxylate (62a)Morpho-
line nitrile 71 (51.6 g) was dissolved in DCM (350 mL), and DMAP

(2.2 g, 0.04 equiv) was added. This was cooled over ice and BOC-

tert-Butyl 3-(4-{[(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-o0x0-1,6-dihydropyrimidin-2-yl)thiomorpholine-4-
carboxylate (49b).From compound7b, following the same step
described for compound9, compound49b was obtained in 51%
yield. 'H NMR (DMSO-ds + TFA, 340 K) 6 8.77 (bs, 1H), 7.46
7.33 (m, 2H), 7.157.08 (m, 2H), 5.12 (bs, 1H), 4.561.49 (m,
2H), 3.85-3.18 (m, 2H), 3.48 (s, 3H), 3.25 (dd= 14.0, 7.5 Hz,
1H), 3.01 (ddJ = 14.0, 4.0 Hz, 1H), 2.782.58 (m, 2H), 1.28 (s,
9H). MS mVz 479 (M + H).

N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-(4-methylthiomor-
pholin-3-yl)-6-oxo-1,6-dihydropyrimidine-4-carboxamide (28).
Compound 49b (330 mg, 0.67 mmol) was deprotected and
submitted to the next reductive alkylation, following the same step
described for compoungl7, to obtain compoun@8in 47% yield.

anhydride (110 g, 1.1 equiv) was added. The mixture was stirred '"H NMR (DMSO-ds + TFA, 400 MHz) ¢ 10.80 (bs, 1H), 10.09
3 h at rt and then was quenched with the addition of water (200 (bs, 1H), 7.41 (tJ = 7.8 Hz, 2H), 7.13 (tJ = 8.7 Hz, 2H), 5.05

mL). The organic layer was dried (MgQQfiltered, and concen-
trated to a solid, which was crystallized from EtOAc/hexanes in
two crops to affords2a 52.5 g. The mother liquor was purified by
flash chromatography (ethyl acetate/hexane3:7) to afford 28 g
additional62a(82% yield). Mp 99.7101.3°C. *H NMR (CDCls,
400 MHz) 6 4.88 (brs, 1H), 4.04 (d) = 11.9 Hz, 1H), 3.94 (brd,
J=10.5 Hz, 1H), 3.80 (brs] = 12.7 Hz, 1H), 3.61 (dd) = 11.8,
3.1 Hz, 1H), 3.47 (dt) = 11.9, 2.8 Hz,1H), 3.22 (brs, 1H), 1.48
(9H, s).13C NMR (CDCk, 100 MHz) 6 153.7, 116.6, 82.3, 67.6,
66.6, 44.0, 41.3, 28.2. LRM8vVz 157 (M + H — t-Bu). HRMS
m/z 235.1055 (M+ Na), 235.1059 (expected).
4-(tert-Butoxycarbonyl)thiomorpholine-3-carboxylic Acid (73).
To a solution of ethyl thiomorpholine-3-carboxylatg** (15.5 g,
0.11 mol) in CHC}, NaHCG; (9.2 g, 0.11 mol), and NacCl (22 g)
in H,O (168 mL), followed by (BogO (26.4 g, 0.12 mol), were
added. The reaction mixture was stirred at reflux for 4 h. The
aqueous phase was washed with C&hd the organic phase was
washed with brine, dried (N&80y), and evaporated under reduced

4.90 (m, 1H), 4.56:4.40 (m, 2H), 3.88 (dJ = 12.2 Hz 1H), 3.55
(s, 3H), 3.56-3.26 (m, 3H), 3.052.95 (m, 2H), 2.76 (s, 3H). MS
m/'z 393 (M + H).
N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-(4-methyl-1-oxidot-
hiomorpholin-3-yl)-6-oxo-1,6-dihydropyrimidine-4-carboxam-
ide (29). To a solution of compoun@8 (20 mg, 0.04 mmol) in
EtOH (0.5 mL), a solution of 0.34 M of Nalg{117uL) was added
dropwise at rt. After 18 h, the solvent was removed under reduced
pressure. Purification by prep HPLC gave compo@@ds a 9:1
mixture of diastereoisomers in 45% yieltH NMR (DMSO-ds +
TFA, 400 MHz)6 10.15 (bs, 1H), 7.41 () = 8.0 Hz, 2H), 7.11
(t, J=8.4 Hz, 2H), 5.41 (dJ = 11.2 Hz, 0.9H), 5.26 (dJ = 11.2
Hz, 0.1H), 4.56-4.34 (m, 2H), 4.08-3.82 (m, 1H), 3.86-3.57 (m,
2H), 3.56-3.37 (m, 4H), 3.353.04 (m, 2H), 2.85 (s, 2.7H), 2.73
(s, 0.3H). MSmM/z 409 (M + H).
N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-(4-methyl-1,1-di-
oxidothiomorpholin-3-yl)-6-oxo-1,6-dihydropyrimidine-4-car-
boxamide (30).To a solution of compound8 (20 mg, 0.04 mmol)
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in DCM (0.5 mL), mCPBA (19.7 mg, 0.08 mmol) was added
portionwise at O°C. After 18 h at rt, solvent was removed under
reduced pressure. Purification by prep HPLC gave comp&ond
IH NMR (DMSO-ds + TFA, 300 MHz) ¢ 9.18 (bs, 1H), 7.39
7.33 (m, 2H), 7.157.05 (m, 2H), 5.67 (d) = 10.4 Hz, 1H), 4.85
4.7 (m, 1H), 4.66-4.40 (m, 2H), 4.153.95 (m, 2H), 3.76-3.25
(m, 3H), 3.60 (s, 6H). MSWz 425 (M + H).
tert-Butyl-4-(benzyloxy)-2-cyanopiperidine-1-carboxylate (62c).
Compound75 (prepared according to a literature procedtirg;18
g, 30 mmol) was dissolved in dry THF (200 mL), then L-Selectride
(2 Min THF, 70 mL, 70 mmol) was added af@, and the mixture
was stirred at OC for 2.5 h. After quenching with water, boranes

Gardelli et al.

amidoxime63c) and about 10% of the corresponditngns-isomer.

A solution of compoun@6c (547 mg, 1.0 mmol) in dry 1,4-dioxane
(5 mL) was added at rt to a suspension of LiH (9.3 mg, 1.2 mmol)
in dry dioxane (3 mL). After stirring 45 min at 40C, Me,SO,
(0.14 mL, 1.5 mmol) was slowly added at rt, and the mixture was
stirred at 55°C for 4 h (additional MgSO, was added). After
pouring into brine, the reaction mixture was extracted with AcOEt,
washed with brine, and dried over }&0;, filtered, and evaporated
under vacuumCrude was purified by column chromatography
(SiO,, AcOEt/petroleum ether 1:1) to afford67c (345 mg, yield
62%).H NMR (CDCls, 300 MHz) 6 8.18 (d,J = 7.3 Hz, 2H),
7.63 (t,J = 7.3 Hz, 1H), 7.50 (t) = 7.6 Hz, 2H), 7.19-7.33 (m,

were removed by extraction, the aqueous phase was acidified with5H), 4.90 (bs, 1H), 4.50 (d] = 11.9 Hz, 1H), 4.39 (dJ = 11.9

1 N HCI and extracted with EtOAc, and the organic layer was
washed with water and brine, dried ($:D,), filtered, and
evaporated under vacuum. Crudé (6.85 g, 95%) was used as
such. Part of crud@6 (2.96 g, 12.5 mmol) was dissolved in THF
(150 mL) and 60% NaH in mineral oil (2.0 g, 50 mmol) was added
at 0 °C; after stirring at rt for 40 min, BnBr (6.0 mL, 50 mmol)
was added, again at’C, and the mixture was stirred at rt overnight.
Quenching with water and evaporation of solvent gave a bis-
benzylated product that was taken in MeOH (50 mL) and
hydrolyzed wih 2 N agNaOH (25 mL) at 50°C for 4 h. After
acidification with KHSQ, the product was extracted with EtOAc,
and the organic layer was washed with water and brine, driegt (Na

Hz, 1H), 4.02-4.16 (m, 1H), 3.853.90 (m, 1H), 3.77 (s, 3H),
3.60-3.67 (m, 1H), 3.58 (s, 3H), 2.112.28 (m, 2H), 1.851.95
(m, 2H), 1.38 (s, 9H). MSWz 578 (M + H)*.
2-[4-(Benzyloxy)-1-methylpiperidin-2-yl]-N-(4-fluorobenzyl)-
5-hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxam-
ide (26). Compound67c (340 mg, 0.59 mmol) was dissolved in
MeOH (20.0 mL) and 4-fluorobenzylamine (0.30 mL, 2.7 mmol)
was added, and the mixture was refluxed for 4 h. Evaporation to
dryness gave crudé9c, which was used as such. Crud@c was
then treated fo2 h at rtwith a TFA/DCM (2.5:1) solution, then
evaporated under vacuum to give a crude (1.38 g) that was purified
by RP-HPLC to providd6c(61% overall yield fron67¢). IH NMR

SQy), filtered, and evaporated under vacuum. The crude was purified (CDsOD, 400 MHz) 6 7.30-7.44 (m, 7H), 7.10 (tJ = 8.7 Hz,

by chromatography to provide compourt¥ (2.86 g, 68%).
Compound77 (2.85 g, 8.5 mmol) was dissolved in pyridine (25
mL), then BogO (2.14 g, 9.8 mmol) and NHHCO; (0.77 g, 9.8

2H), 4.76 (bd,J = 12.1 Hz, 1H), 4.584.67 (m, 4H), 3.934.00
(m, 1H), 3.62-3.70 (m, 1H), 3.62 (s, 3H), 3.25 (§, = 12.2 Hz,
1H), 2.71 (bd,J = 13.7 Hz, 1H), 2.43 (bd) = 13.1 Hz, 1H),

mmol) were sequentially added, and the mixture was stirred at rt 1.69-1.80 (m, 1H), 1.5#1.66 (m, 1H). MS/z 467 (M + H)*.

overnight. After removing volatiles, the product was taken in
EtOAc, the organic layer was washed it N HCI, NaHCQ satd
soln, and brine, dried (N&Qy), filtered, and evaporated under

Crude46c (0.11 mmol) was dissolved in MeOH (2.0 mL), TEA
(0.04 mL, 0.3 mmol), sodium acetate (33 mg, 0.4 mmol), acetic
acid (0.023 mL, 0.4 mmol), and sodium cyanoborohydride (25 mg,

vacuum. The crude was dissolved in DCM (30 mL), and TEA (3.5 0.4 mmol) were added to the solution, followed by a 37%
mL, 25.5 mmol) was added. The resulting mixture was cooled at formaldehyde solution in water (0.15 mL, 2.0 mmol). The reaction
0°C, TFAA (1.8 mL, 12.7 mmol) was added, and the mixture was mixture was stirred at rt for 5 h, then evaporated to get the

stirred at rt for 2 h. Solvent was evaporated under vacuum, the N-methylated produc26 that was purified by RP-HPLC (35 mg,
residue was taken up in EtOAc, the organic layer was washed with 56%).'H NMR (CD3;OD, 400 MHz)¢ 7.39-7.43 (m, 2H), 7.27

1 N HCI, satd NaHC@ and brine, dried (N&OQy), filtered, and

7.35 (m, 5H), 7.09 (bt) = 8.8 Hz, 2H), 4.76-4.84 (m, 1H), 4.63

evaporated under vacuum. The crude was purified by chromatog- (s, 2H), 4.61 (bs, 2H), 3.853.93 (m, 1H), 3.78 (bd) = 13.1 Hz,

raphy to provide compouné2c (1.87 g, 70%)H NMR (CDCls,

400 MHz) 6 7.43 (bd,J = 7.2 Hz, 2H), 7.36 (bt) = 7.4 Hz, 2H),
7.27-7.31 (m, 1H), 5.19 (bs, 1H), 4.73 (d= 12.0 Hz, 1H), 4.54
(d,J=12.0 Hz, 1H), 3.90 (bs, 1H), 3.85 = 2.7 Hz, 1H), 3.41
(bs, 1H), 2.32 (dJ = 14.5 Hz, 1H), 1.99 (bd) = 13.5 Hz, 1H),
1.83 (ddd,J = 14.6, 6.3, 2.5 Hz, 1H), 1.551.64 (m, 1H), 1.50
(s, 9H).

Methyl 5-(Benzoyloxy)-2-[4-(benzyloxy)-14ert-butoxycarbo-
nyl)piperidin-2-yl]-1-methyl-6-oxo-1,6-dihydropyrimidine-4-car-
boxylate (67c).A solution of hydroxylamine hydrochloride (688
mg, 9.9 mmol) in MeOH (20 mL) was added afO to a solution
of KOH (557 mg, 9.9 mmol) in MeOH (20 mL). After stirring for
10 min, KCl was filtered off, and the filtrate was added to a solution
of 62¢ (1.87 g, 5.9 mmol) in MeOH (25 mL); the mixture was
stirred at 55°C overnight. Additional hydroxylamine (0.8 equiv,

1H), 3.62 (s, 3H), 3.333.39 (m, 1H), 2.86 (s, 3H), 2.67 (bd,=

14.1 Hz, 1H), 2.42 (bdJ = 14.1 Hz, 1H), 1.782.00 (m, 1H),

1.67-1.77 (m, 1H). MSm/z 481 (M + H)™.
N-(4-Fluorobenzyl)-5-hydroxy-2-[4-hydroxy-1-methylpiperi-

din-2-yl]-1-methyl-6-oxo0-1,6-dihydro-pyrimidine-4-carboxam-

ide (25). Compound26 (25 mg of TFA salt, 0.04 mmol) was

dissolved in MeOH (5.0 mL), some drop$ ® N HCI and cat.

Pd/C 10% was added, and the reaction mixture was stirred under

H, atmosphere at rt for 3.5 h. Filtration on celite gave a solution

from which solvent was evaporated under vacuum. The residue

was purified by RP-HPLC to provid@5 as trifluoroacetate salt

(10.2 mg, yield 50%)*H NMR (CD3OD, 400 MHz)¢ 7.40 (dd,J

= 8.2, 5.5 Hz, 2H), 7.40 (tJ = 8.7 Hz, 2H), 4.85 (under }D

peak, 1H), 4.574.65 (m, 2H), 3.974.05 (m, 1H), 3.76 (bd) =

12.5 Hz, 1H), 3.62 (s, 3H), 3.39 @,= 13.3 Hz, 1H), 2.87 (s, 3H),

prepared in the same way) was added and stirring was continued2.49 (bd,J = 13.7 Hz, 1H), 2.24 (bd) = 13.7 Hz, 1H), 1.76

for 5 h. Evaporation to dryness gave a criBe (2.3 g, 100%)
that was used as such. A solution of amidoxif8e (5.9 mmol)
and dimethyl acetylene dicarboxylate (1.1 g, 7.7 mmol) in GHCI
(50 mL) was stirred at rt overnight. The crude prodé4t, obtained

1.86 (m, 1H), 1.63-1.72 (1H, m). MSm/z 391 (M + H)™ .
N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-(4-methyl-5-0x-

opiperazin-2-yl)-6-oxo-1,6-dihydropyrimidine-4-carboxamide (80).

To a solution of compoun@d8(9.8 g, 18.7 mmol) in dry 1,4-dioxane

after evaporation of the solvent under vacuum, was used as such(150 mL) was added LiH (200 mg, 25 mmol). After stirring 90

for the following cyclization reaction. A solution 6#c (theoretical,

5.9 mmol from previous step) in toluene (120 mL) was refluxed
(Dean—Stark trap) for 48 h. The mixture was evaporated under
vacuum, the resulting crudgbcwas dissolved in pyridine (30 mL),
and benzoic anhydride (3.0 g, 13 mmol) was added.r/gtéa of

min at 100°C, M&SQ, (2.7 mL, 28 mmol) was slowly added at
rt, and the mixture was stirred at 6C for 1.5 h. After pouring
into brine, the reaction mixture was extracted with AcOEt, washed
with brine, and dried (Ng&0O,), filtered, and evaporated under
vacuum to give a crude that was purified by column chromatog-

stirring at rt, the mixture was evaporated under vacuum and the raphy (SiQ, AcOEt/petroleum ether 1:1) to afford the corre-

residue was dissolved in EtOAc, washedhwit N HCI, NaHCQ
satd soln, and brine, dried over }0D,, filtered, and evaporated

sponding N-Me pyrimidone (7.0 g, yield 69%). The NVe
pyrimidone (4.86 g, 9.0 mmol) was dissolved in MeOH (70.0 mL),

under vacuum to provide crude benzoate, which was purified by 4-fluorobenzylamine (2.38 mL, 20.8 mmol) was added, and the

flash chromatography to providg6c (632 mg, 19% vyield from

mixture was then refluxed for 2 days. After cooling to rt, cat. Pd/C
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10% and 1 N HCI (5 mL) were added, and the reaction mixture
was stirred under patmosphere, at rt overnight. Filtration on celite
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reduced pressure, the residue was triturated wit® Eand the
corresponding free pyrrolidinium trifluoroacetate was collected by

gave a solution from which solvent was evaporated under vacuumfiltration in 97% yield.'H NMR (CDCl;, 300 MHz) 6 8.18 (d,J

to give a crude compound9 (3.9 g) that was used as such. The
primary alcohol79 (8.9 mmol) was dissolved in dry DCM (100
mL), TEA (6.3 mL, 45 mmol) and MsCl (1.7 mL, 22 mmol) were
added, and the mixture was stirred at rt for 2 h. Evaporation to

= 7.5 Hz, 2H), 7.67 (t) = 7.6 Hz, 1H), 7.50 (t) = 7.6 Hz, 2H),
5.46 (t,J = 6.6 Hz, 1H), 3.82 (s, 3H), 3.63 (s, 3H), 3:78.50 (m,
2H), 2.80-2.70 (m, 1H), 2.46-2.00 (m, 3H). MSm/z 358 (M +
H)*. To a stirred solution of the pyrrolidinium trifluoroacetate (0.1

dryness gave a residue (mono- and bismesylate) that was (0.84g, 0.21 mmol) in 1,2-dichloroethane (10 mL)zEt(0.04 mL, 0.25

mmol) taken up in CKECN (12 mL), and excess BnMeNH (1 mL)
was added. The mixture was stirred at reflux ® h and then
overnight at rt; the residue obtained by evaporation was purified
by RP-HPLC to provide a tertiary amine compound that (235 mg,
0.38 mmol) was dissolved in DCM (5 mL); TFA (2 mL) was added,
and the mixture was stirred at rt for 3 h. Evaporation to dryness
gave a residue that was taken in MeOH (2.0 mL), TEA (0. 4 mL,
3 mmol), and acetic acid (0.25 mL, 4.5 mmol) were added to the
solution, followed by ethyl oxoacetate (2.0 mmol) and sodium
cyanoborohydride (100 mg, 1.6 mmol). The reaction mixture was
stirred at rt for 3 h, then Pd/C 10% @i N HCI (1.5 mL) were
added, and the mixture was stirred under.atiosphere overnight;
filtration on celite, followed by evaporation, gave a residue that

was used as such. This crude (0.38 mmol) was taken up in MeOH,

mmol), AcOH glacial (0.02 mL, 0.34 mmol), 37% HCHO (0.03
mL, 0.42 mmol), and NaCNB{0.02 g, 0.30 mmol) were added.
The reaction mixture was stirred at rt overnight, then poured in
aqueous NaHC@satd soln, and extracted in EtOAc. The organic
layer was collected, dried (NaQy), filtered, and concentrated under
reduced pressure. The residue was used in the next step without
further purification. A solution of théN-methylpyrrolidine com-
pound (0.073 g, 0.20 mmol) iN-methyl-2-pyrrolidinone (0.5 mL)
was treated with 4-fluorobenzylamine (0.067 mL, 0.60 mmol), and
the solution was heated at 9C€ for 30 min. After cooling to rt,
the reaction mixture was purified by preparative RP-HPLC to
give compoundl0a in 40% yield. 'H NMR (DMSO-ds, 300
MHz) 6 12.47 (bs, 1H), 9.63 (1) = 6.6 Hz, 1H), 9.42 (bs, 1H),
7.35 (dd,J = 8.6, 5.6 Hz, 2H), 7.18 (tJ = 8.8 Hz, 2H), 4.95

excess TEA was added, and the mixture was refluxed for 5 h. The 4.80 (m, 1H), 4.59 (dJ = 6.4 Hz, 2H), 3.86-3.70 (m, 1H), 3.42

residue obtained after removing volatiles was purified by chroma-
tography to give the desire80 (28 mg of TFA salt, 32% vyield
over four steps)tH NMR (DMSO-ds, 300 MHz)6 12.20 (bs, 1H),
9.39 (t,J = 6.5 Hz, 1H), 7.43 (ddJ = 8.6, 5.5 Hz, 2H), 7.24 (t,
J=8.6 Hz, 2H), 5.32 (bd) = 6.6 Hz, 1H), 4.62 (bd) = 4.9 Hz,
2H), 3.90-3.99 (m, 3H), 3.61 (s, 3H), 3.553.65 (m, 1H), 2.97
(s, 3H). MSnV/z 390 (M + H)™.
2-(1,4-Dimethyl-5-oxopiperazin-2-yl)N-(4-fluorobenzyl)-5-hy-
droxy-1-methyl-6-oxo-1,6-dihydro-pyrimidine-4-carboxamide (32).
Et:N (0.025 mL, 0.18 mmol), acetic acid (0.03 mL), and 37% aq
HCHO (0.1 mL) were added to a solution of compo@i{30 mg
of TFA salt, 0.06 mmol) in MeOH (2 mL); excess NaCNBH

(s, 3H), 2.94 (bs, 3H), 2.702.10 (m, 1H), 2.36-2.10 (m, 1H),
2.10-1.80 (m, 2H). fJp = —62 (CHCN, ¢ 0.01, 20°C). MSnv/z
361 (M + H)".

Methyl 5-(Benzoyloxy)-2{1-[(benzyloxy)carbonyl]-3-meth-
ylpyrrolidin-2-yl }-1-methyl-6-oxo-1,6-dihydropyrimidine-4-car-
boxylate (86b).Compound35b (1.1 g, 2.2 mmol) was added at rt
to a suspension of LiH (20 mg, 2.4 mmol) in dioxane (10 mL).
The mixture was stirred for 45 min at 3& and was then cooled
to rt. Dimethylsulfate (0.28 mL, 2.9 mmol) was added dropwise,
and the mixture was warmed to 58. After 2 h, the crude was
cooled to rt and added to NaCl satd soln, followed by the addition
of EtOAc (10 mL). The aqueous phase was separated and extracted

(10 mg) was added and the mixture was stirred at rt for 2.5 h. The with EtOAc. The combined extracts were dried {8@éy) to afford

residue obtained by evaporation was purified by RP-HPLC to

provide 32 as trifluoroacetate salt (15 mg, yield 49%H NMR

(DMSO-ds, 400 MHz) 6 9.28 (t,J = 6.3 Hz, 1H), 7.38 (ddJ =

8.2, 5.8 Hz, 2H), 7.18 (tJ = 8.8 Hz, 2H), 5.23 (ddJ = 3.9, 10.4

Hz, 1H), 4.55 (dJ = 6.3 Hz, 2H), 4.23 (dJ = 16.5 Hz, 1H), 4.04

(d,J=16.5 Hz, 1H), 3.92 (ddJ = 3.9, 13.7 Hz, 1H), 3.663.75

(m, 1H), 3.59 (s, 3H), 2.91 (s, 3H), 2.82 (s, 3H). Mi¥z 404

(M + H)*.
Methyl-5-(benzoyloxy)-2-[(2)-1-(tert-butoxycarbonyl)-pyrro-

lidin-2-yl]-1-methyl-6-oxo-1,6-dihydro-pyrimidine-4-carboxy-

late (86a).Methyl 5-(benzoyloxy)-2-[(8)-1-(tert-butoxycarbonyl)-

pyrrolidin-2-yl]-6-hydroxy-pyrimidine-4-carboxylat®5a (0.5 g, 1.1

mmol) was added at rt to a suspension of LiH (10 mg, 1.2 mmol)

in dioxane (5 mL). The mixture was stirred for 45 min at 38

and was then cooled to rt. Dimethylsulfate (0.14 mL, 1.4 mmol)

was added dropwise, and the mixture was warmed G\ fter

3 h, the crude was cooled to rt, and brine (2 mL) was added,

a residue that was purified by flash column chromatography
(EtOAc/petroleum ether 1:1) to give compoun86bin 66% yield.

IH NMR (CDCl;, 300 MHz)d 8.25-8.12 (m, 2H), 7.76-7.60 (m,
1H), 7.55-7.45 (m, 2H), 7.46-7.30 (m, 5H), 5.26-4.80 (m, 3H),
3.80, 3.79 (2s, 1.5H), 3.78, 3.76 (2s, 3H), 3-6030 (m, 1H), 3.37,
3.34 (2s, 1.5H), 2.862.60 (m, 1H), 2.46-2.20 (m, 1H), 2.06-
1.90 (m, 1H), 1.76-1.60 (m, 1H), 1.36-:0.80 (m, 3H).

Methyl 5-(Benzoyloxy)-2{1-[(benzyloxy)carbonyl]-5-meth-
ylpyrrolidin-2-yl }-1-methyl-6-oxo-1,6-dihydropyrimidine-4-car-
boxylate (86e).Following the same reaction described to obtained
compound86b, compoundd6ewas obtained fron85e 'H NMR
(CDCl;, 300 MHz) ¢ 8.25-8.15 (m, 2H), 7.76-7.60 (m, 1H),
7.60-7.40 (m, 2H), 7.46-7.30 (m, 5H), 5.26-4.80 (m, 3H), 4.56-
4.30 (m, 1H), 3.78 (s, 2H), 3.75 (s, 1H), 3.69 (s, 1.5H), 3.41 (s,
1.5H), 2.60-2.30 (m, 2H), 1.951.80 (m, 1H), 1.66-1.50 (m, 1H),
1.32 (d,J = 6.4 Hz, 1.5H), 1.22 (dJ = 6.4 Hz, 1.5H).

2-(44[(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-

followed by EtOAc (10 mL). The aqueous phase was separated 6-oxo-1,6-dihydropyrimidin-2-yl)-1,3-dimethylpyrrolidinium Tri-

and extracted two times with EtOAc (2 10 mL). The combined
extracts were dried (N80Q;) to afford a residue that was purified
by column chromatography (S}OEtOAc/petroleum ether 1:1),
80% yield; N-Me/O—Me = 13:1; e.e. 85.5% Recrystallization
from EtOAc/hexanes gave compouB6a as a white solid; e.e.
99.8%; []p = —19.13 (CHCN, ¢ 0.05, 20°C). *H NMR (CDCl;,
300 MHz, mixture of rotamers) 8.18 (d,J = 7.5 Hz, 2H), 7.63
(t,J=7.2 Hz, 1H), 7.50 (tJ = 7.6 Hz, 2H), 5.16-5.00 (m, 0.5H),
5.00-4.90 (m, 0.5H), 3.80 (s, 1.5H), 3.78 (s, 1.5H), 3.69 (s, 1.5H),
3.65 (s, 1.5H), 3.653.45 (m, 2H), 2.56-2.30 (m, 1H), 2.36-2.10
(m, 1H), 2.16-1.90 (m, 2H), 1.56 (s, 5H), 1.45 (s, 4H). M8z
458 (M + H)* .

2(9)-(44 [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-1-methylpyrrolidinium Trif-
luoroacetate (10a) Compound6a(75 mg, 0.16 mmol) was treated
with DCM/TFA = 7:3 (7 mL) at 0°C. The solution was allowed
to warm to rt and stirred for 1 h. Volatiles were removed under

fluoroacetate (12).A solution of compoun@6b (0.6 g, 1.2 mmol)

in MeOH (20 mL) was treated with 4-fluorobenzylamine (0.34 mL,
3.0 mmol), and the solution was stirred at reflux overnight. The
solvent was removed in vacuo, and the residue was taken up in
EtOAc, washed wht 1 N HCI and brine, and dried (N&GOy).
Evaporation of the solvent gave a residd8h, which was used in

the next step without further purification. To a solution of compound
89b (0.5 g, 1.0 mmol) in MeOH (20 mL), Pd/C (10 mg, 0.1 mmol)
and HCI (1 N, 1 mL, 1.0 mmol) was added and the reaction mixture
was stirred under a fFatmosphere (1 atm) for 2 h. Then the mixture
was filtered through celite, and the solvent was removed under
vacuum affordingd0b, which was used in the next step without
further purification. To a stirred solution of compoug@b (0.07

g, 0.17 mmol) in CHG (10 mL), EgN (0.029 mL, 0.20 mmol),
AcOH glacial (0.016 mL, 0.27 mmol), 37% HCHO (0.032 mL,
0.23 mmol), and NaCNBE{0.015 g, 0.24 mmol) were added. The
reaction mixture was stirred at rt overnight, then poured in aqueous
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NaHCG; satd soln, and extracted in EtOAc. The organic layer was
collected, dried (Ng5Oy), filtered, and concentrated under reduced

Gardelli et al.

further purification. It was (0.063 g, 0.16 mmol) dissolved in
N-methyl-2-pyrrolidinone (0.5 mL) and treated with 4-fluoroben-

pressure. The residue was purified by preparative RP-HPLC to give zylamine (0.047 mL, 0.40 mmol), and the solution was heated at

compoundl2 as a 2:1 mixture in 26% yieldH NMR (DMSO-ds,
300 MHz) 6 12.50 (bs, 1H), 9.64 (bs, 1H), 7.38 @&,= 8.8 Hz,
2H), 7.18 (t,J = 8.8 Hz, 2H), 5.08-4.90 (m, 1H), 4.66-4.50 (m,
2H), 3.90-3.80 (m, 1H), 3.48 (s, 1H), 3.45 (s, 2H), 3:18.00
(m, 1H), 2.88 (s, 3H), 2.462.20 (m, 1H), 2.06-1.60 (m, 2H),
1.21 (d,J = 6.5 Hz, 1H), 0.70 (dJ = 6.5 Hz, 2H). MSm/z 375
(M + H)*™.

Methyl 5-(Benzoyloxy)-2-[1-tert-butoxycarbonyl)-4-meth-
ylpyrrolidin-2-yl]-6-hydroxypyrimidine-4-carboxylate (85c,d).
Following the usual chemistry toward@-benzoylated pyrimidine
85, compound85cand85d were obtained from nitril@1cd as a
mixture. The two diastereoisomeric produ&sc and 85d were
separated by column chromatography (Sig@troleum ether/EtOAc
= from 8:2 to 1:1) as yellow solids:86¢) Methyl 5-(Benzoyloxy)-
2-[(2S,4S)-1-(tert-butoxycarbonyl)-4-methylpyrrolidin-2-yl]-6-
hydroxypyrimidine-4-carboxylate (34%); Rr = 0.3 (EtOAc/
petroleum ether= 1:1). 'H NMR (DMSO-ds, 400 MHz) 6 8.10
(d,J=7.5Hz, 2H), 7.80 (tJ = 7.2 Hz, 1H), 7.60 (tJ = 7.6 Hz,
2H), 4.60-4.50 (m, 1H), 3.75 (s, 3H), 3.78.60 (m, 1H), 3.16
3.00 (m, 1H), 2.56-2.40 (m, 1H), 2.46-2.20 (m, 1H), 1.76-1.50
(m, 1H), 1.46-1.20 (2s, 9H), 1.05 (d) = 6.6 Hz, 3H). MSm/z
458 (M + H)*; (85d) Methyl 5-(Benzoyloxy)-2-[(XS,4R)-1-(tert-
butoxycarbonyl)-4-methylpyrrolidin-2-yl]-6-hydroxypyrimidine-
4-carboxylate (16%); R = 0.4 (EtOAc/petroleum ether 1:1).
IH NMR (DMSO-ds, 400 MHz) ¢ 8.10 (d,J = 7.5 Hz, 2H), 7.80
(t, J= 7.2 Hz, 1H), 7.60 (t) = 7.6 Hz, 2H), 4.76-4.50 (m, 1H),
3.75 (s, 3H), 3.763.60 (m, 1H), 3.06-2.80 (m, 1H), 2.56-2.40
(m, 1H), 2.16-1.80 (m, 2H), 1.40,1.20 (2s, 9H), 1.00 @= 6.6
Hz, 3H). MSm/z 458 (M + H)*.

Methyl 5-(Benzoyloxy)-2-[(35,45)-1-(tert-butoxycarbonyl)-4-
methylpyrrolidin-2-yl]-1-methyl-6-oxo0-1,6-dihydropyrimidine-
4-carboxylate (86¢).Compound5¢ (0.4 g, 0.9 mmol) was added
at rt to a suspension of LiH (10 mg, 1.0 mmol) in dioxane (5 mL).
The mixture was stirred for 45 min at 3& and was then cooled
to rt. Dimethylsulfate (1.3 equiv, 0.11 mL, 1.1 mmol) was added
dropwise, and the mixture was warmed to BB. After 3 h, the
crude was cooled to rt and brine (2 mL) was added, followed by

90 °C for 30 min. After cooling to rt, the reaction mixture was
purified by preparative RP-HPLC to give the desired compound
13 as trifluoroacetate salt in 10% yieltH NMR (DMSO-dg, 400
MHz, 330 K) 6 12.50 (bs, 1H), 9.62 (bs, 2H), 7.36 {t= 8.8 Hz,
2H), 7.16 (t,J = 8.8 Hz, 2H), 5.06-4.90 (m, 1H), 4.66-4.50 (m
2H), 3.90-3.80 (m, 1H), 3.43 (s, 3H), 2.95 (bs, 3H), 2:90.80
(m, 1H), 2.80-2.70 (m, 1H), 1.66-1.50 (m, 1H), 1.07 (dJ = 6.5
Hz, 3H). MSm/z 375 (M + H)*.

Methyl 5-(Benzoyloxy)-2-[(25,4R)-1-(tert-butoxycarbonyl)-4-
methylpyrrolidin-2-yl]-1-methyl-6-oxo-1,6-dihydropyrimidine-
4-carboxylate (86d).Compound36dwas obtained from compound
85d using the same reaction described to obtain comp@6wl
H NMR (CDCls, 300 MHz, 330 K)o 8.17 (d,J = 7.5 Hz, 2H),
7.62 (t,J = 7.6 Hz, 1H), 7.49 () = 7.6 Hz, 2H), 5.06-4.80 (m,
1H), 3.79, 3.77 (two s, 3H), 3.66 (s, 1.5H), 3:98.80 (m, 1H),
3.63 (s, 1.5H), 3.283.00 (m, 1H), 2.76-2.60 (m, 1H), 2.16-2.00
(m, 1H), 1.86-1.70 (m, 1H), 1.45, 1.29 (2s, 9H), 1.09 (7= 6.6
Hz, 3H). MSm/z 472 (M + H)*.

(2S,4R)-2-(44 [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)-1,4-dimethylpyrro-
lidinium Trifluoroacetate (14). Compoundl4 was obtained from
the intermediat®@6d following the same three steps used to prepare
compoundl3. 'H NMR (DMSO-ds, 300 MHz)d 12.47 (bs, 1H),
9.61 (bs, 2H), 7.35 (m, 2H), 7.18 d,= 8.8 Hz, 2H), 5.06-4.90
(m, 1H), 4.66-4.50 (m 2H), 3.96-3.80 (m, 1H), 3.42 (s, 3H), 2.94
(bs, 3H), 2.36-2.20 (m, 3H), 1.12 (dJ = 6.5 Hz, 3H). MSm/z
375 (M + H)*.

2-(4{[(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-1,5-dimethylpyrrolidinium Tri-
fluoroacetate (15).Following the same steps described for the
preparation of compounil2, compoundl5 from nitrile 81e was
obtained as a 1:2 mixturéd NMR (DMSO-ds + TFA, 400 MHz)

0 9.55, 9.37 (2bs, 1H), 7.38 (8, = 7.5 Hz, 2H), 7.17 (tJ = 8.7
Hz, 2H), 5.00-4.90 (m, 1H), 4.76-4.60 (m 2H), 4.26-4.00 (m,
0.5H), 3.76-3.60 (m, 0.5H), 3.46 (s, 1.5H), 3.45 (s, 1.5H), 2.96
(s, 1H), 2.82 (s, 2H), 2.862.60 (m, 1H), 2.46-2.30 (m, 0.5H),
2.30-2.10 (m, 0.5H), 2.181.90 (m, 1.5H), 1.861.70 (m, 0.5H),

EtOAc (10 mL). The aqueous phase was separated and extracted..47 (d,J = 6.6 Hz, 1H), 1.39 (dJ = 6.6 Hz, 2H). MSm/z 375

two times with EtOAc (2x 10 mL). The combined extracts were
dried (Na&SQy) to afford a residue, which was purified by column
chromatography (Si§) EtOAc/petroleum ether= 1:1) to give
compound86écin 68% yield.'H NMR (CDCl;, 300 MHz) ¢ 8.17
(d,J=7.5Hz, 2H), 7.62 (tJ = 7.6 Hz, 1H), 7.50 (tJ = 7.6 Hz,
2H), 5.00-4.80 (m, 1H), 3.80, 3.78 (2s, 3H), 3.69 (s, 1.5H), 3-:90
3.80 (m, 1H), 3.65 (s, 1.5H), 3.22.90 (m, 1H), 2.66-2.50 (m,
1H), 2.40-2.20 (m, 1H), 1.86-1.60 (m, 1H), 1.44, 1.28 (2s, 9H),
1.15 (d,J = 6.6 Hz, 1.5H), 1.12 (dJ = 6.6 Hz, 1.5H). MSm/z
472 (M + H)*.

(25,4S)-2-(44 [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-o0x0-1,6-dihydropyrimidin-2-yl)-1,4-dimethylpyrro-
lidinium trifluoroacetate (13). Compound6c(0.35 g, 0.74 mmol)
was treated with DCM/TFA= 7:3 (7 mL) at 0°C. The solution
was allowed to warm to rt and stirred for 1 h. Volatiles were
removed under vacuum. The residue was triturated wit® Fnd
the corresponding free pyrrolidinium trifluoroacetate was collected
by filtration in 97% yield.*H NMR (CDCls, 300 MHz) 6 8.16 (d,

J = 7.5 Hz, 2H), 7.67 (tJ = 7.6 Hz, 1H), 7.50 (tJ = 7.6 Hz,
2H), 5.50-5.40 (m, 1H), 3.96-3.80 (m, 1H), 3.80 (s, 3H), 3.63
(s, 3H), 3.66-3.50 (m, 1H), 3.18-:3.00 (m, 1H), 2.96-2.70 (m,
2H), 1.60-1.50 (m, 1H), 1.20 (dJ = 6.5 Hz, 3H). MSm/z 372

(M + H)*. The pyrrolidinium trifluoroacetate (0.1 g, 0.21 mmol)
was dissolved in 1,2-dichloroethane (10 mL)NE{0.035 mL, 0.25
mmol), AcOH glacial (0.02 mL, 0.34 mmol), 37% HCHO (0.03
mL, 0.42 mmol), and NaCNB§{(0.02 g, 0.30 mmol) were added.
The reaction mixture was stirred at rt overnight, then poured in
aqueous NaHC@satd soln, and extracted in EtOAc. The organic
layer was collected, dried (N&Qy), filtered, and concentrated under

M + H)*.

Methyl 5-(Benzoyloxy)-2-[(Z,4R)-4-(benzyloxy)-1-tert-bu-
toxycarbonyl)-pyrrolidin-2-yl]-1-methyl-6-oxo-1,6-dihydropyri-
midine-4-carboxylate (86f).To compound5f (1.91, 3.58 mmol),
dissolved in THF (30 mL), GE€O; (1.75 g, 1.5 equiv) and dimethyl
sulfate (678 mg, 1.5 equiv) were added, and the reaction mixture
was stirred at 50C for 1 h. The reaction mixture was cooled down
to 0 °C and HCI (1 N) was added. The reaction mixture was
extracted with ethyl acetate, and the organic phase was washed
with HCI (1 N) and brine, dried (N&Qy), filtered, and concentrated
in vacuo. The title producB6f was isolated by column chroma-
tography (SiQ, petroleum ether/ethyl acetate 7:3) as a 2:3
mixture of rotamers by NMR (0.816 g, 40% vyield{d NMR
(DMSO-ds, 300 MHz)6 8.18 (d,J = 8.1 Hz, 2H), 7.63 (tJ= 7.5
Hz ,1H), 7.49 (tJ = 7.5 Hz, 2H), 7.4%726 (m, 5H), 5.13 (1) =
6 Hz, 0.4H), 5.05 (tJ = 6 Hz ,0.6H),), 4.654.45 (m, 2H), 4.41
(bs, 0.4H), 4.32 (bs, 0.6H), 3.98.63 (m, 8H), 2.572.40 (m, 1H),
2.30-2.20 (m, 1H), 1.44 (s, 3.6H), 1.30 (s, 5.4 H). Mi$z 564
M + H)*t.

(2S/4R)-4-(Benzyloxy)-2-(4{[(4-fluorobenzyl)amino]carbonyl} -
5-hydroxy-1-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)-1-meth-
ylpyrrolidinium Trifluoroacetate (19). To compound36f (0.20
g, 0.36 mmol) dissolved in methanol (16 mL), 4-F-benzylamine
(0.155 g, 3.5 equiv) was added. The reaction mixture was stirred
at reflux overnight. Methanol was removed in vacuo, and the residue
was dissolved in ethyl acetate and washed with HCI (1 N) and
brine, dried (NaSQy), filtered, and concentrated in vacuo. The
residue was triturated with diethyl ether to give the compo8@id
that was submitted to the next step without further purificattéh.

reduced pressure. The residue was used in the next step withouNMR (DMSO-ds, 300 MHz, 330 K) 3:7 mixture of rotamerd
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11.98 (bs, 1H), 8.68 (bs, 0.7H), 8.52 (bs, 0.3H), #4®2
(m, 7H), 7.19 (tJ = 8.8 Hz, 2H), 5.2-4.90 (m, 1H), 4.63-4.42
(m, 4H), 4.25 (bs, 1H), 3.853.72 (m, 1H), 3.58 (s, 0.9H), 3.51
(s, 2.1H), 2.152.29 (m, 1H), 1.26 (bs, 2.7H), 1.11 (bs, 6.3H).
MS m/z 553 (M + H)*. Compound39f was treated with DCM (2S,4R)-2-(4{[(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-

TFA (6 mL, 1:1), and the mixture was stirred at rt. After 1 h, 1-methyl-6-oxo0-1,6-dihydropyrimidin-2-yl)-4-methoxy-1-meth-
volatiles were evaporated and the residue was triturated with diethyl ylpyrrolidinium Trifluoroacetate (17). Formaldehyde (37 wt. %
ether obtaining compoun®of, which was submitted to the next  solution in water; 3L, 3 equiv) and sodium acetate (20 mg, 1.6
step without further purification. Formaldehyde (37 wt. % solution equiv) were added to the amir@0g (50 mg, 0.133 mmol) in

in water; 53uL, 2 equiv) and sodium acetate (26 mg, 1.6 equiv) methanol (3 mL) followed by NaCNB#(12 mg, 1.4 equiv) after
were added to a mixture of the compoud@f and EgN (49 uL, 1 10 min. After stirring overnight, volatiles were evaporated under
equiv) in methanol (3 mL), followed after stirring for 10 min by  reduced pressure, affording a residue, which was redissolved in
NaCNBH; (31 mg, 1.4 equiv). After stirring overnight, volatiles DMSO and purified by RP-HPLC. Fractions containing the pure
were evaporated under reduced pressure, affording a residue, whicttompound were combined and freeze-dried, yielding compaind
was redissolved in DMSO and purified by RP-HPLC. Fractions (20 mg, 36% yield over three stegH NMR (DMSO-ds + TFA,
containing the pure compound were combined and freeze-dried 300 MHz) 6 10.65 (bs, 1H), 10.42 (bs, 1H), 7.44 (m, 2H), 7.16 (t,

(bs, 1H), 7.36 (ddJ = 8.5, 5.7 Hz, 2H), 7,19 (t} = 8.8 Hz, 2H),
5.01 (bs, 1H), 4.584.60 (m, 2H), 4.19 (bs, 1H), 3.5%.45 (m,
1H), 3.47 (s, 3H), 3.453.35 (m, 1H), 3.32 (s, 3H), 2.74 (dd,=
13.9, 7.5 Hz, 1H), 2.172.10 (m, 1H). MSmz 377 (M + H)*.

yielding compoundl9 (82 mg, 40% vyield over three stepsH
NMR (DMSO-ds, 500 MHz)6 12.54 (s, 1H), 9.78 (s, 1H), 9.68 (t,
J = 6.2 Hz, 1H), 7.43-7.30 (m, 7H), 7.19 (tJ = 8.8 Hz, 2H),
5.11 (bs, 1H), 5.684.53 (m, 4H), 4.48-4.30 (m, 1H), 4.22-3.98
(m, 1H), 3.58-3.50 (m, 1H, partially obscured by water), 3.46 (s,
3H), 2.87 (dd,Jd = 13.5, 7.7 Hz, 1H), 3.00 (d] = 3.7 Hz, 3H),
2.19-2.06 (m, 1H), 2.242.16 (m, 1H). MSm/z 467 (M + H)*.
(25,4R)-2-(44 [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-oxo-1,6-dihydro-pyrimidin-2-yl)-4-hydroxy-1-meth-
yl-pyrrolidinium Trifluoroacetate (16). Compound86f (0.30 g,

J=8.7,2H), 5.05 (tJ = 10.2 Hz, 1H), 4.56-4.42 (m, 2H), 4.2%+
4.07 (m, 2H), 3.47 (s, 3H), 3.33 (s, 3H), 3:38.21 (m, 1H), 2.94
(d,J= 4.5, 3H), 2.76 (ddJ = 7.5, 7.2 Hz 1H), 2.192.06 (m,
1H). MSm/z 391 (M + H)™.

(2S,4R)-4-Ethoxy-2-(4{ [(4-fluorobenzyl)amino]carbonyl} -5-
hydroxy-1-methyl-6-o0xo0-1,6-dihydropyrimidin-2-yl)-1-meth-
ylpyrrolidinium Trifluoroacetate (18). Following the same
reactions performed to obtain compouhd compoundl8 was
prepared in 34% yieldH NMR (DMSO-ds, 300 MHz) ¢ 12.50
(s, 1H), 9.60 (s, 1H), 9.49 (bs, 1H), 7.37 (m, 2H), 7.2Q)(* 8.8

0.53 mmol) was dissolved in methanol (15 mL) and Pd/C (10%, Hz ,2H), 5.08 (m, 1H), 4.60 (m, 2H), 4.28 (m, 1H), 3.98 (m, 1H),
150 mg, 50% w/w) was added. The mixture was stirred under aH 3.59-3.40 (m, 6H, partialy obscured by water), 3.00 Jd+ 5.6
atmosphere at rt overnight. The reaction mixture was filtered and Hz, 3H), 2.78 (m, 1H), 2.16 (m, 1H), 1.17 @¢= 7.2 Hz, 3H). MS

methanol was removed in vacuo to give compo8rid(86% yield).
Compound870 (0.215 g, 0.45 mmol) was dissolved in methanol

m/z 405 (M + H)*.
Methyl 5-(Benzoyloxy)-2{ (2S,4S)-1-[(benzyloxy)carbonyl]-4-

(15 mL) and 4-F-benzylamine (0.176 g, 3.1 equiv) was added. The [(tert-butoxycarbonyl)-amino]-pyrrolidin-2-yl }-1-methyl-6-oxo-
reaction mixture was stirred at reflux overnight. Methanol was 1,6-dihydropyrimidine-4-carboxylate (86i). The pyrimidine85i
removed in vacuo, and the residue was dissolved in ethyl acetate(1.9 g, 3.1 mmol) in THF (70 mL) was treated with dimethylsulfate

and washed with HCI (1 N) and brine, dried ($&y), filtered,

(360uL, 1.2 equiv) and cesium carbonate (1.2 g, 1.2 equiv). The

and concentrated in vacuo. The residue was triturated with diethyl reaction mixture was stirred at 5@ for 1.5 h. Volatiles were

ether to give the desired compou8€lo that was submitted to the
next step without further purificatiotH NMR (DMSO-ds, 400
MHz) 3:7 mixture of rotamers 12.15 (bs, 0.7H), 12.08 (s, 0.3H),
8.90 (t,J = 6.6 Hz, 0.7H), 8.71 (tJ = 6.6 Hz, 0.3H), 7.347.25
(m, 2H), 7.26-7.05 (m, 2H), 5.05 (bs, 1H), 4.95 @,= 7.7 Hz,
1H), 4.98-4.40 (m, 2H), 4.34 (bs, 1H), 3.76 (dd,= 10.9, 4.0
Hz, 1H), 3.53 (s, 0.9H), 3.50 (s, 2.1H), 2:38.05 (m, 2H), 1.26
(bs, 2.7H), 1.10 (bs, 6.3H). M8Vz 463 (M + H)*. Compound
890 was treated with DCMTFA (6 mL, 1:1), and the mixture

removed under vacuum, the residue was dissolved in EtOAc,
washed with HCI (1 N) and brine, dried (b&0,), and filtered to
give after concentration a residue, which was purified by column
chromatography (Si§) petroleum ether/ethyl acetate from 4:6

to 3:7), yielding compound6i (1.2 g, 64% yield).'H NMR
(DMSO-ds, 300 MHz, 340 K)o 8.09 (d,J = 7.5 Hz, 2H), 7.45 (t,

J = 7.5 Hz, 1H), 7.63 (tJ = 7.6 Hz, 2H), 7.06-6.91 (bm, 5H),
6.92 (bd,J = 5.7 Hz, 1H), 5.18 (ddJ = 8.3, 5.9 Hz, 1H), 5.13

4.80 (bm, 2H), 4.22 (m, 1H), 3.963.82 (m, 1H), 3.76 (s, 3H),

was stirred at rt. After 1 h, volatiles were evaporated, and the residue3.72-3.31 (br m, 4H), 2.75 (m, 1H), 1.99 (m, 1H), 1.39 (s, 9H).

was triturated with diethyl ether obtaining compou@b, which
was submitted to the next step without further purification.
Formaldehyde (37 wt. % solution in water; 186, 4 equiv) and
sodium acetate (119 mg, 3.2 equiv) were added to the a@tine
dissolved in methanol (10 mL), followed after stirring for 10 min
by NaCNBH; (80 mg, 2.8 equiv). After stirring overnight, volatiles

MS m/z 607 (M + H)*.
(3S,59)-5-[5-(Benzoyloxy)-4-(methoxycarbonyl)-1-methyl-6-
0x0-1,6-dihydropyrimidin-2-yl]-1-[(benzyloxy)carbonyl]pyrro-
lidin-3-aminium Trifluoroacetate (87p). The Boc-protected py-
rimidine 86i (496 mg, 0.82 mmol) was stirred for 40 min in TFA/
DCM/H,0 (65:35:10, 18 mL). Volatiles were removed iv, and the

were evaporated under reduced pressure, affording a residue, whichresidue was taken up several times with ethyl ether until a pale
was redissolved in DMSO and purified by RP-HPLC. Fractions brown solid appeared upon removal of volatiles iv, yielding
containing the pure compounds were combined and freeze-dried,compoundd7p (556 mg, quantitative yield), which was submitted

yielding compoundl6 (89 mg, 60% yield over three stepsH
NMR (DMSO-dgs, 500 MHz)6 12.52 (s, 1H), 9.64 () = 5.5 Hz,
1H), 9.54 (s, 1H), 7.35 (dd] = 8.6 Hz, 5.7 Hz, 2H), 7.18 (1 =
8.8 Hz, 2H), 5.80 (bs, 1H), 5.09 (d,= 8,2 Hz, 1H), 4.57 (dJ =
6.3 Hz, 2H), 4.47 (bs, 1H), 4.613.90 (m, 1H), 3.44 (s, 3H), 3.26
3.18 (m, 1H), 3.00 (d) = 3.7 Hz, 3H), 2.65-2.55 (m, 1H, partially
obscured by DMSO0), 2.222.09 (m, 1H). MSWz 377 (M + H)™.
N-(4-Fluorobenzyl)-5-hydroxy-2-[(2S,4R)-4-methoxypyrroli-
din-2-yl]-1-methyl-6-o0xo0-1,6-dihydropyrimidine-4-carboxam-
ide (90g). Compound89g (0.51 g, 1.02 mmol) was dissolved in

to the next step without purificatioitd NMR (DMSO-ds, 300 MHz,
340 K) 6 8.37 (bs, 3H), 8.12 (d) = 7.7 Hz, 2H), 7.81 (t)= 7.4
Hz, 1H), 7.66 (tJ = 7.6 Hz, 2H), 7.44-7.03 (bm, 5H), 5.32 (bd,
J= 7.9 Hz, 1H), 5.18-4.92 (bm, 2H), 4.07 (bm, 1H), 3.93.33
(bm partially obscured by 0, 8H), 2.89-2.73 (m, 1H), 2.46-
2.26 (m, 1H). MSm/z 507 (M + H)*.

(2S,4S)-2-(4{ [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)-1-methyl-4-[(meth-
ylsulfonyl)amino]pyrrolidinium Trifluoroacetate (20). Methyl
sulfonyl chloride (25uL, 1.1 equiv) was added dropwise to a

methanol (50 mL) and Pd/C (10%, 70 mg, 14% w/w) was added. solution of compound7p (182 mg, 0.29 mmol) and EX (102

The mixture was stirred under g ldtmosphere at rt. After 2 h, the

uL, 2.5 equiv) in DCM (2 mL), cooled at 0C, and stirring was

reaction mixture was filtered and methanol was removed in vacuo continued at rt. After 1 h, volatiles were evaporated under vacuum

to give the title produc®0g which was used in the following step
without further purification’H NMR (DMSO-ds + TFA, 400 MHz)
0 12.58 (bs, 1H), 10.16 (bs, 1H), 9.74 {t= 6.3 Hz, 1H), 8.90

iv, the residue was dissolved in EtOAc, washed with water, HCI
(1 N) and brine, dried (N&O;), and filtered to give after
concentration a residue, which was purified by column chroma-
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tography (SiQ, DCM/MeOH= 80:1), yielding compoun88q (122
mg, 71% yield). Compoun®8q (118 mg, 0.20 mmol) and 4-F-
benzylamine (9L, 4 equiv) were heated at 9C in methanol (2

Gardelli et al.

and freeze-dried, yielding compou2 (57 mg, 57% vyield over
three steps)!H NMR (DMSO-ds, 300 MHz) 6 12.59 (bs, 1H),
10.05-9.87 (bs, 1H), 9.77 (bm, 1H), 7.417.32 (m, 2H), 7.25

mL) in a closed vessel. After 4 d, volatiles were evaporated ivto 7.16 (m, 2H), 5.61 (bd) = 49.9 Hz, 1H), 5.04 (bm, 1H), 4.69
give a residue, which was washed with ethyl ether leaving the 4.53 (m, 2H), 4.174.02 (bm, 1H), 3.79:3.62 (m partially obscured
desired compound@9qg, which was submitted to the next step by H,0, 1H), 3.39 (s, 3H), 3.323.01 (m, 1H), 2.93 (bs, 3H), 2.47
without purification. Pd/C (10%, 12 mg, 10% w/w) and the 2.34 (m, 1H). MSm/z 379 (M + H)*.

pyrimidine89qin methanol (30 mL) were stirred under a hydrogen (2S,4R)-4-Fluoro-2-(4< [(4-fluorobenzyl)amino]carbonyl} -5-
atmosphere. After 3 h, solids were filtered away and volatiles were hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl)-1-meth-
evaporated iv to give a resid®dg, which was submitted to the  ylpyrrolidinium Trifluoroacetate (23). Following the same steps
next step without purification. Formaldehyde (37 wt. % solution followed to obtain compoun#2, compound23was obtained from
in water; 50uL, 3 equiv) and sodium acetate (29 mg, 1.6 equiv) 86min 27% yield.'H NMR (DMSO-ds, 300 MHz) ¢ 12.57 (bs,
were added to the amin@0q in methanol (4 mL) followed by 1H), 9.76 (bs, 1H), 9.63 (bs, 1H), 7.4%.32 (m, 2H), 7.25 (1) =
NaCNBH; (20 mg, 1.4 equiv) after 5 min. After stirring for 4 h, 9 Hz, 2H), 5. (bdJ = 52.5 Hz, 1H), 5.33 (btJ = 8.2 Hz, 1H),
volatiles were evaporated under reduced pressure affording a4.69-4.53 (m, 2H), 4.25 (dd) = 31.5, 15.0 Hz, 1H), 3.81 (dd,
residue, which was redissolved in DMSO and purified by RP- = 23.3, 15.0 Hz, 1H), 3.52 (s, 3H), 3.22.91 (m, 4H), 2.4#

HPLC. Fractions containing the pure compounds were combined 2.34 (m, 1H). MSm/z 379 (M + H)*.

and freeze-dried yielding compourgd (82 mg, 72% vyield over
three steps)*H NMR (DMSO-ds, 300 MHz, 340 K)o 12.80-
12.23 (bs, 1H), 9.789.47 (bm, 2H), 7.447.36 (m, 2H), 7.28 (d,
J=4.3Hz, 1H), 7.22-7.12 (m, 2H), 4.96 (bm, 1H), 4.63 (m, 2H),
4.38 (bm, 1H), 3.883.75 (bm, 1H), 3.673.43 (bm partially
obscured by KO, 4H), 3.14-2.94 (m, 7H), 2.04 (m, 1H). M&vz
454 (M + H)*.

Methyl 2-{(2S,4S)-4-(Acetylamino)-1-[(benzyloxy)carbonyl]-
pyrrolidin-2-yl }-5-(benzoyloxy)-1-methyl-6-oxo-1,6-dihydropy-
rimidine-4-carboxylate (88r). Acetic anhydride (58, 2 equiv)
was added dropwise to a solution of compo@7g (190 mg, 0.31
mmol) in pyridine (2.5 mL). After 2 h, volatiles were evaporated

2-[(29)-4,4-Difluoro-1-methylpyrrolidin-2-yl]- N-(4-fluoroben-
zyl)-5-hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-car-
boxamide (24). Following the same steps followed to obtain
compound22, compound4 was obtained fron86nin 47% yield.
IH NMR (DMSO-ds + TFA, 300 MHz, 340 K)o 9.43 (t,J= 6.0
Hz, 1H), 7.43 (tJ = 8.2 Hz, 2H), 7.19 (tJ = 8.9 Hz, 2H), 5.32
(t, 3= 9.0 Hz, 1H), 4.60 (ddJ = 15.7, 6.6 Hz, 1H), 4.56 (ddl
=15.7, 6.0 Hz, 1H), 4.34 (td] = 12.3, 4.1 Hz, 1H), 3.96 (dl =
18.5, 12.2 Hz, 1H), 3.44 (s, 3H), 3.33.30 (m, 1H), 3.00 (s, 3H),
2.88-2.74 (m, 1H). MSm/z 397 (M + H)*.

Benzyl 3-Methyl-2-oxopyrrolidine-1-carboxylate (92b).To a
suspension of NaH (4.8 g, 121.5 mmol, 60% dispersion in mineral

under vacuum iv, the residue was dissolved in EtOAc, washed with oil) in dry DMF (100 mL) was added 3-methylpyrrolidin-2-one

water, HCI (1 N), and brine, dried over p&0,, and filtered to
give after concentration compourd8r, which was submitted to
the next step without further purificatiold NMR (DMSO-ds, 300

MHz, 340 K) ¢ 8.11 (d,J = 7.6 Hz, 2H), 7.92 (bd) = 6.9 Hz,

1H), 7.80 (t,J = 7.4 Hz, 1H), 7.65 (tJ = 7.6 Hz, 2H), 7.43-6.99

(bm, 5H), 5.21 (ddJ = 8.4, 5.6 Hz, 1H), 5.134.82 (bm, 2H),

4.47 (m, 1H), 3.963.84 (m, 1H), 3.77 (s, 3H), 3.78B.33 (m

partially obscured by kD, 4H), 2.76 (dtJ = 13.2, 7.8 Hz, 1H),
2.05-1.94 (m, 1H), 1.83 (s, 3H). M&/z 549 (M + H)*.

(2S,49)-4-(Acetylamino)-2-(4{[(4-fluorobenzyl)amino]carbo-
nyl}-5-hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl)-1-
methylpyrrolidinium Trifluoroacetate (21). Following the same
three steps used for the synthesis of compa@®dinal compound
21 was obtained fron88r in 48% yield.'"H NMR (DMSO-ds, 300
MHz, 340 K) 6 12.97-11.87 (bs, 1H), 10.439.09 (bs, 1H), 9.60
(bm, 1H), 7.98 (dJ = 4.4 Hz, 1H), 7.46-7.32 (m, 2H), 7.23
7.09 (m, 2H), 4.95 (bm, 1H), 4.60 (m, 2H), 4.42 (bm, 1H), 3.83
(bd,J = 11.3 Hz, 1H), 3.58-3.22 (m partially obscured by J@,
2H), 3.46 (s, 3H), 3.07#2.92 (m, 1H), 2.96 (s, 3H), 2.01 (m, 1H),
1.76 (s, 3H). MSWz 418 (M + H)™.

(25,49)-4-Fluoro-2-(44 [(4-fluorobenzyl)amino]carbonyl} -5-
hydroxy-1-methyl-6-oxo0-1,6-dihydropyrimidin-2-yl)-1-meth-
ylpyrrolidinium Trifluoroacetate (22). Compound86l (1.53 g,
3.00 mmol) and 4-F-benzylamine (1.0 mL, 3 equiv) were heated
at 90°C in methanol (23 mL) in a closed vessel. After 24 h, the
reaction mixture was diluted with ethyl ether and the precipitated
solid was collected by filtration, affording the desired compound
891, which was submitted to the next step without purification. Pd/C
(10%, 100 mg, 10% w/w) and the pyrimidi®8l in methanol (110
mL) were stirred under a hydrogen atmosphere. After 17 h, TFA

91b (10.0 g, 100.8 mmol) at OC, and after 15 min, benzyl
chloroformate (17.3 mL, 121.0 mmol) was added and the solution
was stirred at rt for 2 h. Then NJ@| satd soln was added, the
aqueous phase was extracted with EtOAc, and the organic phase
was dried (NgSOy). Evaporation of solvent gave a residue, which
was purified by column chromatography (Si@etroleum ether/
EtOAc = from 8:2 to 1:1) to obtain compour@Rb (60% vyield).
H NMR (CDCls, 300 MHz) 6 7.50-7.30 (m, 5H), 5.28 (s, 2H),
3.90-3.80 (m, 1H), 3.76-3.60 (m, 1H), 2.652.50 (m, 1H), 2.36-
2.20 (m, 1H), 1.751.55 (m, 1H), 1.24 (dJ = 7.0 Hz, 3H).

Benzyl 2-Cyano-3-methylpyrrolidine-1-carboxylate (81b)To
a solution of compoun®2b (4.0 g, 17.2 mmol) in dry THF (20
mL) was added lithium triethylboron hydride (superhydride, 20.6
mL, 1 M solution in THF, 20.6 mmol) at78 °C under nitrogen.
After the mixture was stirred for 30 min at this temperature, the
reaction was quenched with NaHg®atd soln, and the mixture
was allowed to reach 8C. Then HO, (33%) was added, and the
mixture was stirred for 40 min. The aqueous layer was extracted
with EtOAc, and the combined organic layers were dried,{Na
SQOy). Evaporation of solvent gave a residue of the lactam alcohol
93b, which was used in the next step without further purification.
To a solution of compoun®3b in dry DCM (20 mL), TMSCN
(6.9 mL, 51.0 mmol) and Znl(0.54 g, 1.7 mmol) were added, and
the reaction mixture was stirred overnight at rt. The solvent was
removed in vacuo, and the residue was partitioned between water
and EtOAc. The organic layer was washed with brine and dried
(Na;SQOy). Evaporation of solvent gave a residue that was purified
by column chromatography (SiOpetroleum ether/EtOAe 8:2)
to obtain compoun@&1b (50% yield).'H NMR (CDCl;, 300 MHz)
0 7.40-7.30 (m, 5H), 5.26-5.10 (m, 2H), 4.76-4.50 (m, 1H),

(308uL, 2 equiv) was added to dissolve the desired product. Solids 3.70-3.60 (m, 1H), 3.56-3.30 (m, 1H), 2.56-2.30 (m, 1H), 2.26-
were filtered away and volatiles were evaporated iv to give a residue 2.10 (m, 1H), 1.96-1.80 (m, 1H), 1.341.24 (m, 3H).

containing compoun®0l, which was submitted to the next step
without purification. Formaldehyde (37 wt. % solution in water;

Benzyl 2-Cyano-5-methylpyrrolidine-1-carboxylate (81e)Fol-
lowing the same three steps for the preparation of niiléy,

34 uL, 3 equiv), sodium acetate (20 mg, 1.6 equiv), and TEA (42 compoundlewas prepared frorfi2e *H NMR (CDCl;, 300 MHz)
uL, 2 equiv) were added to compour@®I (1/15 of the amount 0 7.50-7.30 (m, 5H), 5.36-:5.10 (m, 2H), 4.66-4.50 (m, 1H),
obtained from the previous step) in methanol (3 mL), followed by 4.20-4.10 (m, 1H), 2.46-2.20 (m, 3H), 1.86-1.70 (m, 1H), 1.36-
NaCNBH; (14 mg, 1.4 equiv) after 10 min. After stirring for 4 h,  1.10 (m, 3H).

volatiles were evaporated under reduced pressure affording a 1-tert-Butyl 2-Methyl (2 S)-4-Methylpyrrolidine-1,2-dicarbox-
residue, which was redissolved in DMSO and purified by RP- ylate (95). To a solution of ltert-butyl 2-methyl (Z)-4-methyl-
HPLC. Fractions containing the pure compounds were combined enepyrrolidine-1,2-dicarboxylat€94 (0.2 g, 0.8 mmol) in MeOH
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(20 mL), PtQ (20 mg, 0.08 mmol) was added and the reaction
mixture was stirred under agthtmosphere (1 atm) for 12 h. Then
the mixture was filtered through celite and solvent was removed
under vacuum affording compour@b as an inseparable mixture
of cisltransisomers (5:1, based on NMR data), which was used in
the next step without further purificatioAH NMR (CDClz, 300
MHz) 6 4.20-4.00 (m, 1H), 3.64 (s, 3H), 3.6€8.50 (m, 1H),
3.00-2.80 (m, 1H), 2.46-2.20 (m, 1H), 2.26-2.10 (m, 1H), 1.56-
1.40 (m, 1H), 1.37 and 1.31 (2s, 9H), 0.98 {d= 6.5 Hz, 3H).
MS m/z 244 (M + H)™*.

1-tert-Butyl (2S)-2-(Aminocarbonyl)-4-methylpyrrolidine-1-
carboxylate (96).Compound5 (0.3 g, 1.23 mmol) was heated in
a mixture of THF/32% aqg Nklsolution (1:9, 20 mL) at 60C
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Benzyl (2S, 4S)-4-[(tert-Butoxycarbonyl)amino]-2-cyanopyr-
rolidine-1-carboxylate (81i).'H NMR (DMSO-ds, 300 MHz, 340
K) 6 7.41 (m, 5H), 7.03 (m, 1H), 5.16 (s, 2H), 4.73 (bm, 1H),
4.07-3.99 (m, 1H), 3.63 (dd) = 107, 6.3 Hz, 1H), 3.35 (ddl =
10.7, 4.9 Hz, 1H), 2.47 (m, 1H), 2.3®.24 (m, 1H), 1.41 (s, 9H).
MS m/z 346 (M + H)*.

Benzyl-(2S,4S)-2-cyano-4-fluoropyrrolidine-1-carboxylate (81l)
andBenzyl-(25)-2-cyano-4,4-difluoropyrrolidine-1-carboxylate
(81n) were obtained from the corresponding carboxylic acids
prepared according literatut@Benzyl-(2S,4R)-2-cyano-4-fluoro-
pyrrolidine-1-carboxylate (81m) was used as such in the next step
of the synthesis and it was not isolate@ilfj tH NMR (DMSO-ds,
400 MHz, 340 K)o 7.42-7.30 (m, 5H), 5.40 (dbt, 4l = 52.3

overnight in a sealed tube. The solvents were reduced in vacuoHz, 1H), 5.20 (dJ = 12.7 Hz, 1H), 5.16 (dJ = 12.7 Hz, 1H),

affording the primary amid®6 as a white solid, which was used
in the next step without further purificatioft NMR (CDCl;, 300
MHz) 6 6.30-5.90 (m, 2H), 4.36-4.10 (m, 1H), 3.86-3.60 (m,
1H), 3.00-2.80 (m, 1H), 2.46-2.20 (m, 1H), 2.26-2.10 (m, 1H),
1.80-1.50 (m, 1H), 1.43 and 1.39 (2s, 9H), 1.04 &= 6.6 Hz,
3H). MSm/z 229 (M + H)*.

1-tert-Butyl (2S)-2-Cyano-4-methylpyrrolidine-1-carboxylate
(81c+ 81d). A solution of compoun®6 (0.25 g, 1.1 mmol) and
Et;N (0.5 mL, 3.7 mmol) in DCM(10 mL) was cooled to°C and
TFAA (0.18 mL, 1.3 mmol) was added dropwise under nitrogen.
Stirring was continued at rt for 1 h, and volatiles were removed in
vacuo. The residue was taken up in EtOAc, washed with water
and brine, and dried (N8Qy). Evaporation of solvent gave a residue
that was purified by column chromatography (gifetroleum ether/
EtOAc = 8:2) to obtain a mixture ofistrans-nitriles 81cand81d
in 75% yield.'H NMR (CDCl;, 300 MHz) 6 4.50-4.30 (m, 1H),
3.70-3.50 (m, 1H), 3.06-2.80 (m, 1H), 2.56-2.30 (m, 1H), 2.36-
2.10 (m, 1H), 1.96-1.80 (m, 1H), 1.48, 1.45 (2s, 9H), 1.12 (@,
= 6.6 Hz, 3H). MSm/z 211 (M + H)*.

Benzyl-(2S,4R)-2-cyano-4-methoxypyrrolidine-1-carboxy-
late (81g). To compound98g (10.94 g, 39.18 mmol) prepared
according literatur® and dissolved in dioxane (60 mL), Boc-
anhydride (11.11 g 1.3 equiv), NHCO; (3.46 g, 1.26 equiv), and
pyridine (2 mL) were added. The mixture was stirred overnight at
rt. Dioxane was removed in vacuo and the residue, dissolved in

4.94 (d,J = 8.4 Hz, 1H), 3.68-3.56 (m, 2H), 2.63-2.41 (m, 2H).
MS mV/z 249 (M + H)*. (81n) *H NMR (DMSO-ds, 400 MHz) 6
7.40-7.34 (m, 5H), 5.26:5.03 (m, 3H), 3.99-3.72 (m, 2H), 3.06-
2.69 (m, 2H).

tert-Butyl 3-(Aminocarbonyl)piperazine-1-carboxylate (101).
Compoundl100 (25.0 g, 75.7 mmol) was suspended in THF (125
mL), then pyridine (9.19 mL, 113.6 mmol), DMF (1.925 mL, 25.0
mmol), and thionyl chloride (7.25 mL, 100.8 mmol) were sequen-
tially added, and the mixture was stirred at 40 for 4 h. After
dilution with brine, the product was extracted with EtOAc, and the
organic layer was dried (N80Qy), filtered, and evaporated under
vacuum. The crude was dissolved in DCM (100 mL) and added to
a 0.5 M solution of ammonia in dioxane (350 mL, 175 mmol), and
the resulting mixture was stirred at 4C for 2 h, then at rt
overnight. Solvent was evaporated under vacuum, the residue was
dissolved n 1 N HCI, washed with diethyl ether, basified with
sodium hydroxide solution, extracted with DCM, dried (8@&y),
filtered, and evaporated under vacuum to provifiz(15.4 g, 89%).
H NMR (DMSO-ds, 400 MHz, 340 K)o 6.92 (bs, 2H), 3.84 (dd,
J =13.0, 3.0 Hz, 1H), 3.60 (d] = 13.0 Hz, 1H), 3.09 (ddJ) =
9.0, 3.0 Hz, 1H), 2.9862.78 (m, 3H), 2.66-2.50 (m, 2H), 1.41
(s, 9H).

1-Benzyl 4iert-Butyl 2-(Aminocarbonyl)piperazine-1,4-di-
carboxylate (102).To a stirred mixture of compountd1(3.85 g,
16.8 mmol) and EN (5.6 mL, 40.4 mmol) in DCM (150 mL),

ethyl acetate, was washed with HCI (1 N), saturated aqueous CbzCl (5.8 mL, 38.7 mmol) was added, and the mixture was stirred

NaHCG;, and brine, dried (N&Qy), filtered, and concentrated in
vacuo to get the primary amide, which was submitted to the next
step without further purification, 7.86 g (72% yield}d NMR
(DMSO-ds, 400 MHz) ¢ 7.50~-7.22 (m, 6H), 7.027.11 (m, 1H),
5.14-5.01 (m, 1H), 4.284.12 (m, 1H), 3.95 (bs, 1H), 3.613.41

(m, 2H), 3.21 (s, 3H), 2.482.18 (m, 1H), 1.99-1.82 (m, 1H).
The primary amide (7.86 g, 28.3 mmol) was dissolved in DCM
(250 mL) and treated with TEA (8.28 mL, 2.1 equiv). The mixture
was cooled down to 0C and TFAA (4.39 mL, 1.1 equiv) was
added. After 1 h, the organic solution was diluted, washed with
HCI (1 N), NaHCQ satd soln, and brine, dried (B80y), filtered,

at rt overnight. The mixture was washed fvit N HCI, NaHCQ
satd soln, then brine, dried (B80Oy), filtered, and evaporated under
vacuum to provide the product as an oil, which solidified upon
treatment with petroleum ether to gi%62(5.38 g, 88%)H NMR
(DMSO-ds, 400 MHz, 340 K)o 7.39-7.27 (m, 5H), 7.10 (bs, 2H),
5.09 (s, 2H), 4.464.42 (m, 1H), 4.26 (d) = 13.5 Hz, 1H), 3.82
3.72 (m, 2H), 3.46-3.35 (m, 1H), 3.20 (dd] = 13.5, 4.8 Hz, 1H),
2.97-2.87 (m, 1H), 1.40 (s, 9H).

1-Benzyl 41ert-Butyl 2-Cyanopiperazine-1,4-dicarboxylate
(103). To a 0°C solution of compound 02 (15.0 g, 41.32 mmol)
and TEA (12.1 mL, 87.0 mmol) in DCM (400 mL), TFAA (6.4

and evaporated in vacuo. The title product was obtained after mL, 45.5 mmol) was added dropwise. After 2 h, the mixture was

purification by column chromatography (SiQOpetroleum ether/
ethyl acetate= 8:2), yielding compoun@1g as a 4:6 mixture of
rotamers by NMR (4.62 g, 63% yielddd NMR (DMSO-ds, 400
MHz) 6 7.45-7.3 (m, 5H), 5.14 (s, 1.2H), 5.20 (d,= 12.0 Hz,
0.4H), 5.12 (d,J = 13.0 Hz, 0.4H), 4.75 (tJ = 7.0 Hz, 0.4H),
4.64 (t,J = 7.8 Hz, 0.6H), 4.02 (bs, 1H), 3:63.45 (m, 2H), 3.21
(s, 3H), 2.45-2.40 (partially under DMSO, m, 1H), 2.4®2.25
(m, 1H).

tert-Butyl (2S,4R)-4-(Benzyloxy)-2-cyanopyrrolidine-1-car-
boxylate (81f) and Benzyl-(&,4R)-2-cyano-4-ethoxypyrrolidine-
1-carboxylate (81h) were prepared by using the procedure
described above for the synthesis of compo8hgd (81f) *H NMR
(DMSO-dg, 300 MHz) 0 7.34-7.26 (m, 5H), 4.62 (tJ = 7.9 Hz,
1H), 4.53-4.45 (m, 2H), 4.19 (bs, 1H), 3.5B.41 (m, 2H), 2.45
2.40 (partially under DMSO, m, 1H), 2.4®2.22 (m, 1H), 1.44 (s,
9H). MSm/z303 (M + H)™. (81h) *H NMR (DMSO-ds, 300 MHz,
330 K) 6 7.53-7.24 (m, 5H), 5.255.11 (m, 2H), 4.72 (m, 1H),
4.21-4.10 (m, 1H), 3.633.37 (m, 4H), 2.472.25 (partially under
DMSO, m, 2H), 1.09 (tJ = 7.0 Hz, 3H).

washed with brine, dried (N&Q,), filtered, and evaporated under
vacuum to provide the desired produdd3in quantitative yield.
IH NMR (DMSO-dg, 300 MHz) 6 7.45-7.28 (m, 5H), 5.32 (bs,
(1H), 5.15 (s, 2H), 4.224.08 (m, 1H), 4.08-3.45 (m, 2H), 3.26-
3.04 (m, 1H), 3.022.80 (m, 2H), 1.42 (s, 9H).

1-Benzyl 4tert-Butyl 2-[(Amino(hydroxyimino)methyl]pip-
erazine-1,4-dicarboxylate (104)A solution of the nitrile103(10.0
g, 29.0 mmol) in MeOH (40 mL) was added to a stirred mixture
of hydroxylamine hydrochloride (2.60 g, 37.7 mmol) and TEA (6.0
mL, 43.5 mmol) in MeOH (30.0 mL), and the mixture was stirred
at rt overnight. After dilution with water and extraction with EtOAc,
the organic layer was dried (B80Qy), filtered, and evaporated under
vacuum to provide the produ&d4in quantitative yield!H NMR
(DMSO-ds, 400 MHz, 340 K)o 9.15 (bs, 1H), 7.467.30 (m, 5H),
5.42 (bs, 2H), 5.07 (s, 2H), 4.53 (bs, 1H), 4.25 Jd+ 13.0 Hz,
1H), 3.85 (bs, 1H), 3.71 (d] = 13.0 Hz, 1H), 3.42 (bs, 1H), 3.08
(bs, 1H), 2.81 (bs, 1H), 1.37 (s, 9H). M&z 379 (M + H)*.

1-Benzyl 4iert-Butyl-2-[5-(benzoyloxy)-4-hydroxy-6-(meth-
oxycarbonyl)pyrimidin-2-yl]-piperazine-1,4-dicarboxylate (105).
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A solution of amidoximel04 (10.96 g, 29.0 mmol) and dimethyl
acetylene dicarboxylate (4.95 g, 34.8 mmol) in CEH@5 mL)

Gardelli et al.

TEA (0.02 mL, 0.13 mmol), NaCNBH(0.02 g, 0.37 mmol), and
sodium acetate (0.04 g, 0.43 mmol) were added to the solution,

was refluxed for 12 h. The crude product, obtained after evaporation followed by a 37% formaldehyde solution in water (0.04 mL, 0.67
of the solvent under vacuum, (theoretical 29.0 mmol from previous mmol). The reaction mixture was stirred at rt for 1 h. Solvent was
step) was used as such for the following cyclization reaction, and evaporated under vacuum, to give a residue that was purified by

it was heated at 160C in xylene (85 mL) fo 8 h and at 120C

RP-HPLC to provide31 as trifluoroacetate salt (0.02 g, yield 75%).

for 48 h. The mixture was evaporated under vacuum, the resulting 'H NMR (DMSO-ds, 300 MHz) 6 9.19 (bs, 1H), 7.457.35 (m,
crude was dissolved in pyridine (103 mL), and benzoic anhydride 2H), 7.26-7.08 (m, 2H), 4.754.65 (m, 1H), 4.54 (dJ = 6.3 Hz,

(13.12 g, 58.0 mmol) was added. Aftgh stirring at rt, the mixture

2H), 3.75-3.45 (m, 6H), 3.48-3.25 (m, 2H), 3.22-3.09 (m, 1H),

was evaporated under vacuum, and the residue was dissolved ir2.81 (s, 3H), 2.66 (s, 3H). M&/z 390 (M + H)*.

EtOAc, washed with water, dried over anhydrous sodium sulfate,

2-(4-Ethyl-1-methylpiperazin-2-yl)-N-(4-fluorobenzyl)-5-hy-

filtered, and evaporated under vacuum to provide crude benzoate droxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxamide (34).

which was purified by column chromatography (Si@etroleum
ether/EtOAc) to providd.05(4.01 g, 23% yield over three steps).
1H NMR (DMSO-ds, 400 MHz, 340 K)o 13.35 (bs, 1H), 8.07 (d,
J=7.2Hz, 2H), 7.76 (tJ = 7.2 Hz, 1H), 7.62 (tJ = 7.8 Hz,
2H), 7.40-7.25 (m, 5H), 5.26-5.10 (m, 2H), 4.974.94 (m, 1H),
4.29 (d,J = 14.2 Hz, 1H), 3.93 (dJ = 13.8 Hz, 1H), 3.853.75
(m, 2H), 3.73 (s, 3H), 3.46 (dd] = 14.3, 4.5 Hz, 1H), a signal
hidden under KO, 1.30 (s, 9H). MS1/z 593 (M + H)™.

1-Benzyl 4tert-Butyl 2-[5-(Benzoyloxy)-4-(methoxycarbonyl)-
1-methyl-6-0xo-1,6-dihydropyrimidin-2-yl]piperazine-1,4-dicar-
boxylate (106).Compoundl05(1.78 g, 3.0 mmol) was dissolved
in dry THF (70 mL), then C£0O; (1.07 g, 3.3 mmol) and
dimethysulfate (0.404 mL, 3.3 mmol) were added. Afteh at 60
°C, the reaction mixture was concentrated, diluted with AcOEt,
washed with HCI (1 N), water, and brine, dried ¢S&)), filtered,

Compound33 (0.1 g, 0.2 mmol) was dissolved in MeOH (2 mL),

EtN (0.056 mL, 0.4 mmol), NaCNBK(17.4 mg, 0.28 mmol),

AcONa (26.2 mg, 0.32 mmol), and GBHO (1 mL) were added,

and the reaction mixture was stirred at rt for 1 h, and solvent was

removed under reduced pressure. The crude was purified by

preparative HPLC purification to give compoui3d (yield 8%).

IH NMR (DMSO-ds + TFA, 300 MHz) 6 9.38 (t,J = 5.9 Hz,

1H), 7.40-7.30 (m, 2H), 7.26-7.10 (m, 2H), 5.16-4.98 (m, 1H),

4.60-4.50 (m, 2H), 4.04-3.75 (m, 3H), 3.66-3.32 (m, 4H), 3.33

3.12 (m, 4H), 2.87 (s, 3H), 1.21 @,= 7.14 Hz, 3H). MSM/z 404

M + H)*.
N-(4-Fluorobenzyl)-5-hydroxy-2-(4-isopropyl-1-methylpiper-

azin-2-yl)-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxam-

ide (35).Compound33(0.10 g, 0.2 mmol) was dissolved in MeOH

(2 mL), and E4N (0.166 mL, 1.2 mmol), NaCNBE{(17.4 mg, 0.28

and evaporated under vacuum to give a crude that was purified bymmol), AcONa (26.2 mg, 0.32 mmol), and acetone (1 mL) were

column chromatography (S¥QAcOEt/petroleum ether 2:3; 0.74
g, yield 41%). The regioisomeric OMe compound was not isolated.
1H NMR (DMSO-ds, 400 MHz, 340 K)o 8.08 (d,J = 7.3 Hz,
2H), 7.77 (tJ = 7.4 Hz, 1H), 7.63 (t) = 7.7 Hz, 2H), 7.35-7.20
(m, 5H), 5.35-5.30 (m, 1H), 5.155.05 (m, 2H), 4.15 (bdJ =
14.7 Hz, 1H), 4.06:3.90 (m, 2H), 3.86-3.70 (m, 1H), 3.73
(s, 3H), 3.65-3.50 (m, 4H), 1.27 (s, 9H). M8&/z 607 (M + H)*.
tert-Butyl 3-(4-{ [(4-Fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-o0xo0-1,6-dihydro-pyrimidin-2-yl)-4-methyl-piperazine-
1-carboxylate (36). Compound106 (0.68 g, 1.12 mmol) was
dissolved in MeOH (45.0 mL), Pd/C (10%, 0.068 g, 10% w/w)

added. The reaction mixture was stirred at rt for 3 h, solvent was
removed under reduced pressure, and the crude was purified by
preparative HPLC purification. The product obtained was dissolved
in CHsCN (0.5 mL), HCI (1 N, 1.5 mL), and water (5 mL) and
lyophilized to give35 as hydrochloride salt (14% yield} NMR
(DMSO-ds + TFA, 400 MHz) 6 10.08 (bs, 1H), 7.487.38 (m,
2H), 7.18-7.08 (m, 2H), 5.2%5.12 (m, 1H), 4.574.43 (m, 2H),
4.08-3.80 (m, 3H), 3.76-3.50 (m, 6H), 3.32-3.20 (m, 1H), 2.87
(s, 3H), 1.28 (dJ = 6.6 Hz, 6H). MSm/z 418 (M + H)*.
2-(4-Acetyl-1-methylpiperazin-2-yl)-N-(4-fluorobenzyl)-5-hy-
droxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxamide (37).

was added, and the suspension was hydrogenated at atm pressur€ompound33(0.10 g, 0.2 mmol) was dissolved in pyridine (1 mL)
After 30 min, the catalyst was filtered and the filtrate was evaporated and acetic anhydride (1 equiv) was added. The reaction mixture
under vacuum to provide the crude compound, which was used aswas stirred at rt for 30 min. Solvent was evaporated under vacuum,

such for the following reaction. It was dissolved (0.60 g, 1.26 mmol)
in MeOH (10.0 mL), NaCNBH (0.11 g, 1.76 mmol) and sodium

to give a residue that was purified by RP-HPLC to prova¥eas
trifluoroacetate salt (0.015 g, 14% yieldd NMR (DMSO-ds +

acetate (0.17 g, 2.02 mmol) were added to the solution, followed TFA, 400 MHz; two conformers are present with a 1:1 raio)

by a 37% formaldehyde solution in water (0.204 mL, 2.52 mmol).

10.11 (bs, 1 H), 9.45 (bs, 1 H), 7.42.31 (m, 2 H), 7.2%£7.12

The reaction mixture was stirred at rt for 2 h, then evaporated to (m, 2 H), 5.03-5.59 (m, 0.5 H), 4.874.75 (m, 1 H), 4.644.52

give theN-methylated product that, without further purification,

(m, 2.5 H), 4.48-4.39 (m, 0.5 H), 4.224.12 (m, 0.5 H), 3.66

was suspended in MeOH (8.0 mL), where 4-F-benzylamine (1.15 3.77 (m, 1 H), 3.59-3.46 (m, 3.5 H), 3.423.16 (m, 1.5 H), 3.15

mL, 10.09 mmol) was added, and the mixture was stirred &30

2.95 (m, 0.5 H), 2.852.71 (m, 3.5 H), 2.142.05 (m, 3 H). MS

for 12 h. From the crude mixture solvent was evaporated under m/z 418 (M + H)*.

vacuum, and the crude was purified by RP-HPLC to provide pure

36 as trifluoroacetate saltH NMR (DMSO-ds + TFA, 400 MHz,
340 K) 6 7.40-7.35 (m, 2H), 7.187.10 (m, 2H), 4.83 (d) = 7.3
Hz, 1H), 4.59 (d,J = 6.3 Hz, 2H), 4.41 (dJ = 14.9 Hz, 1H),
4.20-4.10 (m, 1H), 3.753.60 (m, 1H), 3.54 (s, 3H), 3.38.25
(m, 2H), 3.15-3.05 (m, 1H), 2.85 (s, 3H), 1.45 (s, 9H). M8z
476 (M + H)*.
N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-(1-methylpiperazin-
2-yl)-6-0x0-1,6-dihydropyrimidine-4-carboxamide (33). Com-
pound36 was treated with a TFA/DCM solution, then evaporated
under vacuum to give a residue that was purified by RP-HPLC to
provide33 (0.065 g, 11% over 4 stepSH NMR (DMSO-ds, 400
MHz, 340 K) 6 12.25 (bs, 1H), 9.03 (bs, 1H), 7.42.35 (m, 2H),
7.20-7.10 (m, 2H), 4.624.45 (m, 2H), 4.144.09 (m, 1H), 3.62
(s, 3H), 3.62-3.52 (m, 1H), 3.48-3.32 (m, 1H), 3.253.15 (m,
1H), 3.15-3.05 (m, 2H), 2.442.32 (m, 1H), 2.34 (s, 3H). MS
m/z 376 (M + H)™.
2-(1,4-Dimethylpiperazin-2-yl)N-(4-fluorobenzyl)-5-hydroxy-
1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxamide (31)Com-
pound33 (0.05 g, 0.13 mmol) was dissolved in MeOH (2.0 mL).

2-(4-Benzoyl-1-methylpiperazin-2-yl)N-(4-fluorobenzyl)-5-
hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxam-
ide (39). To a solution of compoun®3 (30 mg, 0.06 mmol) in
pyridine (1 mL), benzoic anhydride (16 mg, 0.07 mmol) was added.
The reaction mixture was stirred at rt for 20 min, solvent was
removed under reduced pressure, and the crude was purified by
preparative HPLC purification to obtain a compound that was
dissolved in CHCN (0.5 mL), HCI (1 N, 0.5 mL), and water (1
mL) and characterized as hydrochloride s28t(53% yield).H
NMR (DMSO-ds + TFA, 300 MHz, 340 K)d 9.75 (bs, 1H), 7.66
7.38 (m, 7H), 7.26-7.10 (m, 2H), 5.024.92 (m, 1H), 4.68-4.20
(m, 4H), 3.75-3.20 (m, 7H), 2.83 (s, 3H). M8Vz 480 (M + H)*.

2-[4-(N,N-Dimethylglycyl)-1-methylpiperazin-2-yl]-N-(4-fluo-
robenzyl)-5-hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-
carboxamide (40).To a solution of compoun@3 (30 mg, 0.06
mmol) in DCM (2 mL), HOBt (10.5 mg, 0.08 mmol), WSCDI (15
mg, 0.08 mmol), DIPEA (0.06 mL, 0.32 mmol), and,N-
dimethylglycine hydrochloride (17.3 mg, 0.12 mmol) were added.
The reaction mixture was stirred at rt for 1 h, solvent was removed
under vacuo, and the crude was purified by preparative HPLC to
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give compound40 as trifluoroacetate salt (40% yieldH NMR
(DMSO-ds + TFA, 300 MHz)6 9.80 (bs, 1H), 9.50 (bs, 1H) 7.43
7.32 (m, 2H), 7.237.13 (m, 2H), 5.084.80 (m, 1.5H), 4.68
3.70 (m, 6.5H), 3.653.20 (m, 5H), 318-2.70 (m, 10H). MS1/z
461 (M + H)*.

2-{ 4-[(Ethylamino)carbonyl]-1-methylpiperazin-2-yl}-N-(4-
fluorobenzyl)-5-hydroxy-1-methyl-6-oxo-1,6-dihydropyrimi-
dine carboxamide (41).To a solution of compoun@3 (0.12 g,
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filtered, and evaporated under vacuum. The resulting crude was
treated with a TFA/DCM solution (2 mL) at rt for 30 min and then
evaporated under vacuum to give a compound deprotected on the
N4 nitrogen of the piperazine, which was used as such in the next
step. To a solution of this crude (theoretical 0.12 mmol) in MeOH
(3 mL) and TEA (0.017 mL, 0.12 mmol), NaCNBHKO.01 g, 0.17
mmol), sodium acetate (0.016 g, 0.19 mmol), followed by a 37%
formaldehyde solution in water (0.01 mL, 0.12 mmol), was added.

0.2 mmol) in Py (2.0 mL), ethyl isocyanate (0.016 mL, 0.2 mmol) The reaction mixture was stirred at rt overnight and then evaporated.
was added. The reaction mixture was stirred at rt for 30 min. Solvent The resulting crude was diluted with AcOEt, washed with water,
was evaporated under vacuum, to give a residue that was purifieddried (NaSQy), filtered, and evaporated under vacuum. The

by RP-HPLC to provide4l as trifluoroacetate saltH NMR
(DMSO-ds + TFA, 400 MHz, 340 K)o 9.30 (bs, partially hidden
by water signal, 1 H), 7.447.32 (m, 2 H), 7.26-7.08 (m, 2 H),
4.82-4.70 (m, 1 H), 4.654.52 (m, 2 H), 4.56-4.38 (m, 1H),
4.28-4.15 (m, 1H), 3.723.64 (m, 1H), 3.58 (s, 3H), 3.353.21
(m, 2 H), 3.26-3.16 (m, 2 H), 3.042.90 (m, 1 H), 2.84 (s, 3 H),
1.12-1.00 (m, 3 H). MSm/z 447 (M + H)*.
N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-[1-methyl-4-(phe-
nylsulfonyl)piperazin-2-yl]-6-oxo-1,6-dihydropyrimidine-4-car-
boxamide (43).To a solution of compound3 (39 mg, 0.08 mmol)
in DCM (0.5 mL), benzenesulphonyl chloride (0.07 mL, 0.56
mmol), and NaOH (1 M, 0.56 mL) were added. The mixture was
stirred at rt for 18 h and then warmed to 8C. After 2 h, the

resulting crude was then dissolved in MeOH (2.0 mL) and 4-F-
benzylamine (0.036 mL, 0.32 mmol) was added; the mixture was
stirred at 60°C overnight. The reaction mixture was then evaporated
under vacuum to give a residue that was purified by RP-HPLC to
provide38(0.012 g, 11% yield over five stepdl NMR (DMSO-

ds + TFA, 400 MHz, 340 K)o 8.88 (bs, 1H), 7.447.35 (m, 2H),
7.14-7.05 (m, 2H), 6.07 (m, 1H), 4.614.46 (m, 2H), 4.38-4.25

(m, 1H), 4.06-3.92 (m, 1H), 3.483.12 (m, 7H), 2.90 (s, 3H),
2.15 (s, 3H). MS1Vz 418 (M + H)*.

Methyl 5-(Benzoyloxy)-1-methyl-2-(4-methylmorpholin-3-yl)-
6-0x0-1,6-dihydropyrimidine-4-carboxylate (107) A solution of
compound67a (1.6 g, 3.4 mmol) in DCM (30 mL) was treated
with TFA (25 mL) at 0°C. The mixture was stirred and allowed to

reaction mixture was cooled and the solvent was removed underwarm to rt over 2 h. Volatiles were removed under reduced pressure

reduced pressure. Purification by RP-HPLC gave compattd
(35% yield).*H NMR (DMSO-ds + TFA, 300 MHz, 340 K)o
9.20-9.08 (m, 1H), 7.8#7.62 (m, 5H), 7.387.25 (m, 2H), 7.26-
7.10 (m, 2H), 5.034.91 (m, 1H), 4.66-4.48 (m, 2H), 4.36-
4.18 (m, 1H), 4.0#3.92 (m, 1H), 3.79-3.69 (m, 1H), 3.56
(s, 3H), 3.56-3.38 (m, 1H), 2.922.60 (m, 5H). MSm/z 516
(M + H).
2-{4-[(Dimethylamino)sulfonyl]-1-methylpiperazin-2-yl} -N-
(4-fluorobenzyl)-5-hydroxy-1-methyl-6-oxo-1,6-dihydropyrimi-
dine-4-carboxamide (44).To a solution of compound@3 (30 mg,
0.06 mmol) in DCM (0.8 mL), TEA (0.03 mL, 0.21 mmol) followed
by dimethylsulfamoy! chloride (0.084 mL, 0.08 mmol) was added.
After stirring for 18 h at rt, solvent was removed under reduced

to obtain 3-[5-(benzoyloxy)-4-(methoxycarbonyl)-1-methyl-6-oxo-
1,6-dihydropyrimidin-2-ylJmorpholin-4-ium trifluoroacetate as a
pale yellow solid (1.65 g, quantitative yieldYd NMR (DMSO-

ds, 400 MHz)6 9.63 (bs, 1H), 9.44 (bs, 1H), 8.09 @= 7.7 Hz,
2H), 7.81 (t,J = 7.1 Hz, 1H), 7.64 (tJ = 7.6 Hz, 2H), 5.05 (dJ

= 8.1 Hz, 1H), 4.40 (dJ = 12.1 Hz, 1H), 4.01 (dJ = 11.0 Hz,
1H), 3.87 (t,J = 10.4 Hz, 1H), 3.79 (s, 3H), 3.663.57 (m, 4H),
3.41-3.30 (m, 2H). M9z 374 (M+ H)*. This intermediate (1.65

g, 3.4 mmol) was solubilized in 1,2-dichloroethane (20 mL), and
EtN (0.57 mL, 4.08 mmol), acetic acid glacial (0.20 mL, 3.57
mmol), and formaldehyde 37% (0.50 mL, 6.8 mmol) were added
at rt, followed by NaCNBH (0.256 mg, 4.08 mmol). The mixture
was stirred at rt overnight, and then it was diluted with 1,2-

pressure and the crude was purified by RP-HPLC to give compounddichloroethane (150 mL) and washed with NaHCgatd soln (2

44 (28% yield).'H NMR (DMSO-ds + TFA, 600 MHz) 6 9.48—
9.40 (m, 1H), 7.39-7.33 (m, 2H), 7.26:7.15 (m, 2H), 5.024.94
(m, 1H), 4.59-4.54 (m, 2H), 4.174.09 (m, 1H), 3.93-3.84 (m,
1H), 3.78-3.70 (m, 1H), 3.52 (s, 3H), 3.463.08 (m, 2H), 3.14
3.04 (m, 1H), 2.86 (s, 3H), 2.78 (s, 6H). M8z 483 (M + H).
N-(4-Fluorobenzyl)-5-hydroxy-1-methyl-2-[1-methyl-4-(meth-
ylsulfonyl)piperazin-2-yl]-6-oxo-1,6-dihydropyrimidine-4-car-
boxamide (42).Compound106 was deprotected and methylated

on the N1 nitrogen, the Boc was removed as previously described,

and the resulting compound (0.05 g, 0.1 mmol) was dissolved in
DCM (2 mL) and TEA (0.03 mL, 0.21 mmol), and methanesulfonyl
chloride (0.01 mL, 0.11 mmol) was added. Afteh of stirring at

x 50 mL). Organics were dried (N8Qy), filtered, and concentrated
under reduced pressure to obtain compolifd as a white solid
(1.3 g, 98% yield) that was used as crude in the next $t¢pIMR
(DMSO-ds, 400 MHz) 6. 8.07 (d,J = 7.5 Hz, 2H), 7.79 (tJ =
7.3 Hz, 1H), 7.63 (tJ = 7.8 Hz, 2H), 3.89 (dJ = 9.4 Hz, 1H),
3.77 (s, 3H), 3.76 (s, 3H), 3.78.57 (m, 2H), 3.32 (s, 3H), 3.10
(9,3 = 7.1 Hz, 2H), 2.90 (dJ = 11.8 Hz, 1H), 2.38 (1) = 9.8
Hz, 1H). MSm/z 388 (M + H)*.

General Procedure for the Preparation of Compounds 56
61. Compound107 (45 mg, 0.18 mmol) in MeOH (2 mL) was
treated with the appropriate amine (2 equiv) under microwave
irradiation (1500 s, 100C). Volatiles were removed under reduced

rt, the solvent was evaporated and the residue was dissolved inpressure and the final compounds were purified by preparative RP-

MeOH (1.5 mL), 4-F-benzylamine (0.034 mL, 0.3 mmol) was
added, and the mixture was stirred at°®@overnight. The residue
was purified by RP-HPLC and the product was then treated with a
mixture d 3 N HCl/acetonitrile and lyophilized to obtain product
42 as a hydrochloride salt (0.013 gH NMR (DMSO-ds + TFA,
400 MHz, 340 K)6 9.95-9.88 (m, 1H), 7.457.39 (m, 2H), 7.15
7.05 (m, 2H), 5.06-4.93 (m, 1H), 4.52 (d) = 6.4 Hz, 2H), 4.26-
4.14 (m, 1H), 3.953.89 (m, 1H), 3.76:3.70 (m, 1H), 3.56-3.37
(m, 2H), 3.21-3.12 (m, 1H), 3.04 (s, 3H), 2.83 (s, 3H). M8z
454 (M + H)*.
2-(1-Acetyl-4-methylpiperazin-2-yl)-N-(4-fluorobenzyl)-5-hy-
droxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4-carboxamide (38).
Compound 106 was deprotected on the N1 nitrogen of the

HPLC. The final compounds were isolated as trifluoracetic salts
(yields 20-45%).

34 4-[(Benzylamino)carbonyl]-5-hydroxy-1-methyl-6-oxo-1,6-
dihydropyrimidin-2-yl }-4-methylmorpholin-4-ium Trifluoro-
acetate (50)!H NMR (DMSO-ds + TFA, 300 MHz)¢ 10.12 (bs,
1 H), 9.69 (t,J = 6.5 Hz, 1H), 7.66-7.49 (m, 5H), 5.19 (bs, 1H),
4.83 (d,J = 5.6 Hz, 2 H), 4.60 (dJ = 4.6 Hz, 1H), 4.37 (dJ =
11.3 Hz, 1 H), 3.99 (tJ = 12.5 Hz, 1 H), 3.90 (dJ = 12.4 Hz,
1H), 3.76 (s, 3H), 3.723.63 (m, 2H), 3.06 (s, 3H). M&V/z 359
M + H)*.

3-(5-Hydroxy-1-methyl-6-oxo0-4{[(2-phenylethyl)amino]car-
bonyl}-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (51)."H NMR (DMSO-ds + TFA, 400 MHz)d 10.08

piperazine, as previously reported, and a solution of the obtained (bs, 1 H), 9.11 (tJ = 5.8 Hz, 1H), 7.32-7.28 (m, 2H), 7.257.20

compound (0.10 g, 0.2 mmol) was dissolved in THF (2 mL) and
treated with pyridine (0.05 mL, 0.6 mmol), followed by acetyl
chloride (0.02 mL, 0.3 mmol). The reaction mixture was stirred at

(m, 3H), 4.96 (bs, 1H), 4.39 (dd,= 13.2, 2.9 Hz, 1 H), 4.17 (dd,
J=13.1, 2.2 Hz, 1 H), 3.78 () = 12.2 Hz, 1H), 3.70 (dJ =
13.2 Hz, 1H), 3.57 (g = 7.0 Hz, 2H), 3.53 (s, 3H), 3.43 (dd,

rt for 1 h and then concentrated to dryness. The resulting crude = 12.7, 10.5 Hz, 2H), 2.87 (] = 7.0 Hz, 2H), 2.81 (s, 3H). MS

was diluted with AcOEt, washed with HCI (1 N), dried (MD),

mz 373 (M + H)*.
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3-(4{[Benzyl(methyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (52).Two sets of signals, two rotamers (ratio 1:1)
were presenttH NMR (CDsCN + TFA, 400 MHz)¢ 7.50-7.34
(m, 5H), 4.86 (bs, 1H), 4.864.59 (m, 2H), 4.474.12 (m, 2H),
3.98-3.77 (m, 1H), 3.54 (s, 3H), 3.533.49 (m, 1H), 3.453.34
(m, 2H), 3.10 (s, 3H), 2.92 (s, 1.5 H), 2.86 (s, 1.5 H). M& 373
(M + H)*.

3-(44[(2-Fluorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (53).!H NMR (DMSO-ds + TFA, 400 MHz)6 10.08
(bs, 1 H), 9.49 (tJ = 6.1 Hz, 1H), 7.36-7.31 (m, 2H), 7.23-7.16
(m, 2H), 4.98 (bs, 1H), 4.63 (d = 6.1 Hz, 2 H), 4.38 (ddJ =
13.0, 2.7 Hz, 1H), 4.16 (dd] = 13.1, 2.5 Hz, 1 H), 3.80 (1) =
12.0 Hz, 1 H), 3.70 (dJ = 12.9 Hz, 1H), 3.54 (s, 3H), 3.483.35
(m, 2H), 2.84 (s, 3H). MSWz 377 (M + H)*.

3-(44{[(3-Fluorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (54).!H NMR (DMSO-ds + TFA, 400 MHz)6 10.04
(bs, 1 H), 9.50 (bt, 1H), 7.437.34 (m, 1H), 7.1%7.06 (m, 2H),
5.00 (bs, 1H), 4.63 () = 5.9 Hz, 2 H), 4.39 (dJ = 13.4 Hz, 1
H), 4.15 (d,J = 13.8 Hz, 1 H), 3.79 (1) = 12.6 Hz, 1H), 3.71 (d,
J = 13.2 Hz, 1H), 3.59 (s, 3H), 3.513.45 (m 2H), 2.86 (s, 3H).
MS m/z 377 (M + H)*.

3-(44{[(3-Chlorobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (55)'H NMR (DMSO-ds + TFA, 300 MHz)6 10.18
(bs, 1 H), 9.71 (tJ = 6.3 Hz, 1H), 7.647.49 (m, 4H), 5.18 (bs,
1H), 4.83 (dJ = 6.4 Hz, 2 H), 4.61 (dJ = 13.3 Hz, 1H), 4.38 (d,
J=12.6 Hz, 1 H), 3.99 (tJ = 13.7 Hz, 1 H), 3.91 (dJ = 13.3
Hz, 1H), 3.76 (s, 3H), 3.723.64 (m, 2H), 3.07 (s, 3H). M&V/z
393 (M + H)*.

3-(4{[(3-Bromobenzyl)amino]carbonyl} -5-hydroxy-1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (56).1H NMR (DMSO-ds + TFA, 300 MHz)6 10.15
(bs, 1 H), 9.70 (tJ = 6.1 Hz, 1H), 7.73-7.69 (m, 2H), 7.557.54
(m, 2H), 5.19 (bs, 1H), 4.83 (d = 6.6 Hz, 2 H), 4.61 (dJ =
12.0 Hz, 1H), 4.38 (dJ = 12.2 Hz, 1 H), 4.00 (tJ = 13.3 Hz, 1
H), 3.90 (d,J = 13.1 Hz, 1H), 3.76 (s, 3H), 3.72.61 (m, 2H),
3.07 (s, 3H). MSM/z 437/439 (M+ H)*.

3-(5-Hydroxy-4-{ [(3-methoxybenzyl)amino]carbony} -1-methyl-
6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-ium Tri-
fluoroacetate (57)H NMR (DMSO-ds + TFA, 300 MHz)6 9.97
(bs, 1 H), 9.46 (tJ = 6.5 Hz, 1H), 7.27 (tJ = 7.9 Hz, 1 H),
6.90-6.83 (m, 3H), 4.97 (bs, 1H), 4.59 (d= 6.4 Hz, 2 H), 4.39
(dd,J =13.4, 2.0 Hz, 1H), 4.17 (dd,= 12.8, 2.0 Hz, 1 H), 3.82
3.67 (m, 5H), 3.55 (s, 3H), 3.498.41 (m, 2H), 2.45 (s, 3H). MS
m/z 389 (M + H)™.

3-(44[(3,4-Difluorobenzyl)amino]carbonyl} -5-hydroxy-1-meth-
yl-6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-4-
ium Trifluoroacetate (58).1H NMR (DMSO-ds + TFA, 400 MHz)
0 10.08 (bs, 1 H), 9.60 (tJ = 6.3 Hz, 1H), 7.43-7.32 (m, 2H),
7.17-7.14 (m, 1H), 4.97 (bs, 1H), 4.60 (d= 6.1 Hz, 2 H), 4.38
(dd,J=12.9, 2.3 Hz, 1H), 4.15 (dd} = 12.5, 1.9 Hz, 1 H), 3.80
(t, J=12.5 Hz, 1 H), 3.68 (dJ = 12.6 Hz, 1H), 3.54 (s, 3H),
3.50-3.36 (m, 2H), 2.84 (s, 3H). M&/z 395 (M + H)*.

3-(44 [(4-Fluoro-3-methylbenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-
4-ium Trifluoroacetate (59).1H NMR (DMSO-ds + TFA, 400
MHz) 6 10.04 (bs, 1 H), 9.46 (] = 6.4 Hz, 1H), 7.23 (d) = 7.5
Hz, 1H), 7.19-7.08 (m, 2H), 4.98 (bs, 1H), 4.55 (d,= 6.4 Hz,
2H), 4.39 (dd,J = 12.9, 2.9 Hz, 1H), 4.20 (dd] = 12.7, 2.9 Hz,
1H), 3.80 (t,J = 11.8 Hz, 1H), 3.70 (dJ = 12.9 Hz, 1H), 3. 56
(s, 3H), 3.49-3.36 (m, 2H), 2.85 (s, 3H), 2.22 (d,= 1.3 Hz,
3H). MSm/z 391 (M + H)*.

3-(44{[(3-Chloro-4-fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-
4-ium Trifluoroacetate (60). 'H NMR (DMSO-ds + TFA, 400
MHz) 6 10.06 (bs, 1 H), 9.50 (i = 6.3 Hz, 1H), 7.50 (dJ = 7.2
Hz, 1 H), 7.37%7.32 (m, 2H), 5.00 (dJ = 8.8 Hz, 1 H), 4.59 (d,
J=6.1Hz, 2 H), 438 (dJ) = 12.7 Hz, 1 H), 4.15 (dJ = 12.5
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Hz, 1 H), 3.79 (tJ = 13.0 Hz, 1H), 3.71 (dJ = 13.4 Hz, 1H),
3.56 (s, 3H), 3.533.41 (m 2H), 2.86 (s, 3H). M&/z411 (M +
H)*.

3-(44{[(3-Bromo-4-fluorobenzyl)amino]carbonyl} -5-hydroxy-
1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl)-4-methylmorpholin-
4-ium Trifluoroacetate (61). '"H NMR (DMSO-ds + TFA, 400
MHz) ¢ 12.21 (bs, 1H), 9.88 (bs, 1H), 9.52 (= 6.0 Hz, 1H),
7.66 (d,J = 6.8 Hz, 1H), 7.38 (dJ = 7.0 Hz, 2H), 5.06-4.90 (m,
1H), 4.70-4.50 (m, 2H), 4.39 (dJ = 12.6 Hz, 1H), 4.16 (dJ =
12.6 Hz, 1H), 3.79 (tJ = 12.4 Hz, 1H), 3.68 (dJ = 12.2 Hz,
1H), 3.55 (s, 3H), 3.563.30 (m, 2H), 2.85 (bs, 3H). M8vz 455/
457 (M + H™).
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