
TITLE OF THE INVENTION HIV INTEGRASE INHIBITORS CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of U.S. Provisional
Application No. 61/195,271 (filed October 6, 2008), the disclosure of which
is hereby incorporated by reference in its entirety. FIELD OF THE INVENTION
The present invention is directed to certain 2- {[(substituted
benzyl)amino]carbonyl}-3-hydroxy-4-oxo-4,6,7,8,9,l 0-hexahydropyrimido[
1,2-a]azepin-l 0-yl)- N,N!,N'-trialkylethanediamide compounds, certain 2-
{[(substituted benzyl)amino]carbonyl}-3- hydroxy-4-oxo-6,7,9,1
0-tetrahydro-4H-pyrimido[ 1,2-d] [1,4]oxazepin-l 0-yl)- N N N -
trialkylethanediamide compounds, and pharmaceutically acceptable salts
thereof, their synthesis, and their use as inhibitors of the HIV integrase
enzyme. The compounds and pharmaceutically acceptable salts thereof of the
present invention are useful in the prophylaxis or treatment of infection
by H3V and in the prophylaxis, delay in the onset or progression, or
treatment of AIDS. BACKGROUND OF THE INVENTION A retrovirus designated
human immunodeficiency virus (HIV), particularly the strains known as HIV
type-1 (HIV-I) virus and type-2 (HIV-2) virus, is the etiological agent of
the complex disease that includes progressive destruction of the immune
system (acquired immune deficiency syndrome; ATDS) and degeneration of the
central and peripheral nervous system. This virus was previously known as
LAV, HTLV-III, or ARV. A common feature of retrovirus replication is the
insertion by virally-encoded integrase of +proviral DNA into the host cell
genome, a required step in HIV replication in human T-lymphoid and
monocytoid cells. Integration is believed to be mediated by integrase in
three steps: assembly of a stable 



nucleoprotein complex with viral DNA sequences; cleavage of two nucleotides
from the 3' termini of the linear proviral DNA; covalent joining of the
recessed 3' OH termini of the proviral DNA at a staggered cut made at the
host target site. The fourth step in the process, repair synthesis of the
resultant gap, may be accomplished by cellular enzymes. Nucleotide
sequencing of HIV shows the presence of a pol gene in one open reading
frame [Ratner, L. et al., Nature, 313, 277(1985)]. Amino acid sequence
homology provides evidence that the pol sequence encodes reverse
transcriptase, integrase and an HIV protease [Toh, H. et al., EMBO J . 4,
1267 (1985); Power, M.D. et al., Science, 231, 1567 (1986); Pearl, L.H. et
al., Nature, 329, 351 (1987)]. All three enzymes have been shown to be
essential for the replication of HIV. iIt is known that some antiviral
compounds which act as inhibitors of HIV replication are effective agents
in the treatment of AIDS and similar diseases, including reverse
transcriptase inhibitors such as azidothymidine (AZT) and efavirenz and
protease inhibitors such as indinavir and nelfinavir. The compounds of this
invention are inhibitors of HIV integrase and inhibitors of HIV
replication. The inhibition of integrase in vitro and HIV replication in
cells is a direct result of inhibiting the strand transfer reaction
catalyzed by the recombinant integrase in vitro in HIV infected cells. The
following references are of interest as background: Kinzel et al., Tet
Letters 2007, 48(37): pp. 6552-6555 discloses the synthesis of
tetrahydropyridopyrimidones as a scaffold for HIV-I integrase inhibitors.
Ferrara et al., Tet. Letters 2007, 48(37), pp. 8379-8382 discloses the
synthesis of a hexahydropyrimido[l,2-a]azepine-2-carboxamide derivative
useful as an HTV integrase inhibitor. Muraglia et al., J. Med. Chem. 2008,
5j_: 861-874 discloses the design and synthesis of bicyclic pyrimidinones
as potent and orally bioavailable HIV-I integrase inhibitors. 



US2004/229909 discloses certain compounds having integrase inhibitory
activity. US 7232819 and US 2007/0083045 disclose certain
5,-dihydroxypyrimidine-4- carboxamides as HIV integrase inhibitors. US
7169780, US 7217713, and US 2007/0123524 disclose certain N-substituted
5-hydroxy-6-oxo-l,6-dihydropyrimidme-4-carboxamides as HIV integrase
inhibitors. US 7279487 discloses certain hydroxynaphthyridinone
carboxamides that are useful as HIV integrase inhibitors. US 7135467 and US
7037908 disclose certain pyrimidine carboxamides that are useful as HIV
integrase inhibitors. US 721 1572 discloses certain nitrogenous condensed
ring compounds that are HIV integrase inhibitors. US 7414045 discloses
certain teti ahydro-4H-ryrido[l,2-a]pyrimidine carboxamides,
hexahydropyrimido[l,2- ]azepine carboxamides, and related compounds that
are useful as HIV integrase inhibitors. WO 2006/103399 discloses certain
tetrahydro-4H-pyrimidooxazepine carboaxmides, tetrahydropyrazinopyrirnidme
carboxamides, hexahydropyrimidodiazepine carboxamides, and related
compounds that are useful as HIV integrase inhibitors. US 2007/0142635
discloses processes for preparing hexahydroryrimido[l,2-
a]azerine-2-carboxylates and related compounds. US 2007/0149556 discloses
certain hydroxypyrimidinone derivatives having HIV integrase inhibitory
activity.Various pyrimidinone compounds useful as HIV integrase inhibitors
are also disclosed in US 7 115601, US 7157447, US 7173022, US 7176196, US
7192948, US 7273859, and US 7419969. US 2007/01 11984 discloses a series of
bicyclic pyrimidinone compounds useful 



as HTV integrase inhibitors, SUMMARY OF THE INVENTION The present invention
is directed to certain 2- {[(substituted benzyl)amino]carbonyl}
-3-hydroxy~4-oxo-4 6,7,8,9 l 0-hexahydroryrimido[ 1,2-a]azepin-l 0-yl)-
N,N',N'-trialkylethanediamide compounds and certain 2- {[(substituted
benzyl)amino]carbonyl}- 3-hydroxy-4-oxo-6,7,9, 10-tetrahydro-4H-pyrimido[
1,2-d] [1,4]oxazerin-10-yl)- N N'JVtrialkylethanediamide compounds. These
compounds (including hydrates and solvates thereof), optionally in the form
of pharmaceutically acceptable salts, are useful in the inhibition of HIV
integrase, the prevention of infection by HIV, the treatment of infection
by HIV and in the prevention treatment, and delay in the onset or
progression of AIDS and/or ARC, either as compounds per se, or as
pharmaceutical composition ingredients, whether or not in combination with
other HIV/AIDS antivirals, anti-infectives, immunomodulators, antibiotics
or vaccines. More particularly, the present invention includes compounds of
Formula I and pharmaceutically acceptable salts thereof: wherein: X and X2
are each independently H, halogen, or C1-3 alkyl, with the proviso that at
least one of Xl and X is other than H; Y is CH2 or O; RlA is H or Ci-3
alkyl; RlB is H, Ci -3 alkyl, or O-Ci-4 alkyl; R is H or CI 3 alkyl; and R3
is C1 3 alkyl; and provided that:(C) when Y is O then RlA and RlB are both
H and R2 is Ci_3 alkyl; and (D) when Y is CH2, then 



(i) R is H, RlA is Ci-3 alkyl and RlB is C1.3 alkyl or O-C1.4 alkyl; (ii) R
is C 3 alkyl, RlA is H and RlB l s H; or (iii) R is H RlA is H and RlB is
O-Ci-4 alkyl. The present invention also includes pharmaceutical
compositions containing a compound of Formula I or a pharmaceutically
acceptable salt thereof. The present invention further includes methods
involving compounds of Formula I for the treatment of AIDS, the delay in
the onset or progression of AIDS, the prophylaxis of ADDS, the prophylaxis
of infection by HIV5 and the treatment of infection by HIV. Other
embodiments, aspects and features of the present invention are either
further described in or will be apparent from the ensuing description,
examples and appended claims. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is
the X-ray powder diffraction pattern for the crystalline form of Compound
2A described in Example 2. Figure 2 is the X-ray powder diffraction pattern
for the crystalline form of Compound 4A described in Example 4-1. Figure 3
is the X-ray powder diffraction pattern for crystalline Form I of Compound
5A described in Example 5-1 . Figure 4 is the X-ray powder diffraction
pattern for crystalline Form II of Compound 5A described in Example 5-1.
Figure 5 is the X-ray powder diffraction pattern for the crystalline form
of Compound 6A described in Example 6-1 . DETAILED DESCRIPTION OF THE
INVENTION The present invention includes compounds of Formula I above
(including 



hydrates and solvates thereof), and pharmaceutically acceptable salts
thereof. These compounds are effective inhibitors of wild-type HIV
integrase (e.g., HTV-I) and mutant strains thereof, as demonstrated by the
results shown in Examples 7 to 9 below. Certain of the compounds have also
exhibited advantageous pharmacokinetics in animal models. A first
embodiment of the present invention (alternatively referred to herein as
"Embodiment El ") is a compound of Formula I (alternatively and more simply
referred to as "Compound I"), or a pharmaceutically acceptable salt
thereof; wherein: Xl is F or CH3;X2 is H, F, or CH3, and provided that: (A)
when X is F, then X2 is H or CH3, and (B) when Xl is CH3, then c 2 is F; Y
is CH2 or O; RlA is H or CH3; RlB is H, CH3, or OCH3; R2 is H, CH3, or
CH2CH3; and R3 is CH3 or CH2CH3; and provided that: (C) when Y is O then
RlA and RlB are both H, R2 is CH3 or CH2CH3, and R3 is CH3; and (D) when Y
is CH2, then (i) R is H, R3 is CH3, RlA is CH3 and RlB is CH3 or OCH3; (ii)
R2 is CH3, R3 is CH3, RlA is H and RlB is H; or (iii) R2 is H, R3 is
CH2CH3, RlA is H, and RlB is OCH3. A second embodiment of the present
invention (alternatively referred to herein as "Embodiment E2") is a
compound of Formula p (alternatively referred to as "Compound II"), or 



a pharmaceutically acceptable salt thereof: wherein: Xl is F or CH3; X2 is
H F, or CH3, and provided that: (A) when Xl is F, then X2 is H or CH3, and
(B) when Xl is CH3>then c 2 is F; Y is CH2 or O; RlA l s H or CH3; RlB is H
CH3, or OCH3; and R2 is H, CH3, or CH2CH3; and provided that:(C) when Y is
O then RlA and RlB are both H and R2 is CH3 or CH2CH3; and (D) when Y is
CH2, then (i) R2 is H, R A js CH3 and RlB is CH3 or OCH3, or (ii) R2 is
CH3, and RlA is H, and RlB is H. A third embodiment of the present
invention (Embodiment E3) is a compound of Formula HI (or "Compound IH"),
or a pharmaceutically acceptable salt thereof: wherein: Xl is F or CH3; X
is H, F, or CH3, and provided that: (A) when c l is F, then c2 is H or CH3,
and (B) when Xl is CH3, then c 2 is F; and R2 is H. i an aspect of
Embodiment E3, R2 is H. A fourth embodiment of the present invention
(Embodiment E4) is a compound of 



Formula I (or "Compound I") or Compound If or Compound IH, or a
pharmaceutically acceptable salt thereof, wherein X is F and c 2 is H or
CH3; and all other variables are as originally defined (i.e., as defined in
the Summary of the Invention) or as defined in Embodiment El or Embodiment
E2 or Embodiment E3 In an aspect of Embodiment E4, Xl is F and c 2 is H. In
another aspect of Embodiment E4, Xl is F and c 2 is CH3. A fifth embodiment
of the present invention (Embodiment E5) is a compound of Formula I or
Formula Hor Formula IH, or a pharmaceutically acceptable salt thereof,
wherein X is CH3 and X2 is F; and all other variables are as originally
defined or as defined in Embodiment El or Embodiment E2 or Embodiment E3. A
sixth embodiment of the present invention (Embodiment E6) is a compound of
Formula H, or a pharmaceutically acceptable salt thereof, wherein Y is CH2;
R2 is H; RlA is CH3; and RlB is CH3 or OCH3; and all other variables are as
defined in Embodiment E2.A seventh embodiment of the present invention
(Embodiment E7) is a compound of Formula II, or a pharmaceutically
acceptable salt thereof, wherein Y is CH2; R is CH3; Rl is H; RlB is H; and
all other variables are as defined in Embodiment E2. An eighth embodiment
of the present invention (Embodiment E8) is a compound of Formula II, or a
pharmaceutically acceptable salt thereof, wherein Y is O; R and RlB are
both H; R is CH3 or CH2CH3; and all other variables are as defined in
Embodiment E2. A ninth embodiment of the present invention (Embodiment E9)
is a compound of Formula I selected from the group consisting of: and
pharmaceutically acceptable salts thereof. A tenth embodiment of the
present invention (Embodiment ElO) is a compound of Formula I or Formula II
or Formula in, or a pharmaceutically acceptable salt thereof, wherein the
compound is a stereomerically pure compound. 15 An eleventh embodiment of
the present invention (Embodiment El 1) is a 



compound of Formula I, or a pharmaceutically acceptable salt thereof,
wherein the compound is a compound as set forth in any of Examples 1 to 6;
i.e., the compound is Compound IA, Compound IB Compound 2A, Compound 2B,
Compound 2C, Compound 2D, Compound 3A, Compound 3B, Compound 4A, Compound
4B, Compound 4C, Compound 4D, Compound 5A, 20 Compound 5B, Compound 5C,
Compound 5D, Compound 6A, or Compound 6B. A twelfth embodiment of the
present invention (Embodiment El 2) is a compound of Formula I or a
pharmaceutically acceptable salt thereof, wherein the compound is Compound
IA Compound 2A Compound 2D5Compound 4A, Compound 4B, Compound 4C, Compound
5A, Compound 5B, or Compound 6A. In an aspect of this embodiment, the
compound is 25 stereomerically pure. Each of the foregoing compounds is a
separate aspect of Embodiment El 2. A thirteenth embodiment of the present
invention (Embodiment El 3) is a compound of Formula I, or a
pharmaceutically acceptable salt thereof, which is:In an aspect of this
embodiment, the compound is Compound 6A: In a feature of this aspect, the
compound is stereomerically pure. A fourteenth embodiment of the present
invention (Embodiment E14) is a compound of Formula I, or a
pharmaceutically acceptable salt thereof, which is: In an aspect of this
embodiment, the compound is Compound 5A: In a feature of this aspect, the
compound is stereomerically pure. A fifteenth embodiment of the present
invention (Embodiment El 5) is a compound of Formula I, or a
pharmaceutically acceptable salt thereof, which is:In an aspect of this
embodiment, the compound is Compound 2A: In a feature of this aspect, the
compound is stereomerically pure. A sixteenth embodiment of the present
invention (Embodiment El 6) is a compound of Formula I, or a
pharmaceutically acceptable salt thereof, which is: In an aspect of this
embodiment, the compound is Compound 4A: In a feature of this aspect, the
compound is stereomerically pure. 



As used herein and unless otherwise indicated, the term "stereomerically
pure" in reference to a compound of the invention means one stereoisomer of
a compound that issubstantially free of other stereoisomers of that
compound. For example, a stereomerically pure compound having one chiral
center will be substantially free of the opposite enantiomer of the
compound. A stereomerically pure compound having two chiral centers will be
substantially free of other diastereomers of the compound. A
stereomerically pure compound comprises greater than about 75% by weight of
one stereoisomer of the compound and less than about 25% by weight of other
stereoisomers (e.g., greater than about 80% of one stereoisomer and less
than 20% of the other stereoisomers) of the compound, preferably greater
than about 90% by weight of one stereoisomer of the compound and less than
about 10% by weight of the other stereoisomers of the compound, more
preferably greater than about 95% by weight of one stereoisomer of the
compound and less than about 5% by weight of the other stereoisomers of the
compound, and most preferably greater than about 97% by weight of one
stereoisomer of the compound and less than about 3% by weight of the other
stereoisomers (e.g., greater than about 99% of one stereoisomer and less
than 1% of the other stereoisomers) of the compound. The level of purity of
the compounds and salts can be determined using a standard method of
analysis. If more than one method of analysis is employed and the methods
provide experimentally significant differences in the level of stereomeric
purity determined in a given sample, then the method providing the highest
purity level governs. It is understood that all isomeric forms of the
compounds of Formula I, whether isolated or in mixtures, are within the
scope of the present invention. Stereomerically pure compounds represent
only one facet of the present invention. A seventeenth embodiment of the
present invention (Embodiment El 7) is a crystalline form of Compound 2A
wherein the crystalline form is characterized by the XRPD, DSC and TGA
analysis set forth in Example 2 below. In an aspect of this embodiment, the



crystalline Compound 2A is characterized by an X-ray powder diffraction
pattern obtained using copper K radiation (i.e., the radiation source is a
combination of Cu K <cl and K 2 radiation) which comprises 2Q values (i.e.,
reflections at 2Qvalues) in degrees of about 8.5, 9.3, 13.3, 17.0, 18.8 and
20.8. In this embodiment, and any analogous embodiments which follow, the
term "about" is understood to modify each of the 2Q values. In another
aspect of this embodiment, the crystalline Compound 2A is characterized by
an X-ray powder diffraction pattern obtained using copper K radiation which
comprises 2Q values in degrees of about 5.7, 8.5, 8.9, 9.3, 11.6, 12.6,
13.3, 14.6, 15.9, 16.4, 17.O5 17.5, 18.4, 18.8, 19.7, 20.4, 20.8, 21.7,
23.3, 23.7, 24.5, 25.5, 25.7, 26.0, 26.3, 26.9, 27.9, 28.4, 29.3, 30.4,
30.6, 31.2, 32.3, 32.7, 34.2, 34.5, 34.8, 35.5, 36.4, 36.6, 38.6 and 39.3.
An eighteenth embodiment of the present invention (Embodiment El 8) is the
crystalline form of Compound 2A wherein the crystalline form is
characterized by the PDF trace derived from its X-ray diffraction pattern
shown in Figure 1. The PDF trace provides a fingerprint of the inter-atomic
distances that define the crystalline form. A PDF trace can beobtained in
the manner described in WO 2005/082050. In one aspect of this embodiment,
the crystalline form is characterized by the parts of the PDF trace
corresponding to the 2Q values in degrees of about 8.5, 9.3, 13.3, 17.0,
18.8 and 20.8 in the XRPD. In another aspect of this embodiment, the
crystalline form is characterized by the parts of the PDF trace
corresponding to the 2Qvalues in degrees of about 5.7, 8.5, 8.9, 9.3, 11.6,
12.6, 13.3, 14.6, 15.9, 16.4, 17.0, 17.5, 18.4, 18.8, 19.7, 20.4, 20.8,
21.7, 23.3, 23.7, 24.5, 25.5, 25.7, 26.0, 26.3, 26.9, 27.9, 28.4, 29.3,
30.4, 30.6, 31.2, 32.3, 32.7, 34.2, 34.5, 34.8, 35.5, 36.4, 36.6, 38.6 and
39.3 in the XRPD. A nineteenth embodiment of the present invention
(Embodiment E19) is a crystalline form of Compound 4A wherein the
crystalline form is characterized by the XRPD, DSC and TGA analysis set
forth in Example 4-1 below. In an aspect of this embodiment, the
crystalline Compound 2A is characterized by an X-ray powder diffraction
pattern obtained using 



copper IQ radiation which comprises 2Q values in degrees of about 6.1,
10.4, 12.9, 13.7, 19.4 and 22.9. In another aspect of this embodiment, the
crystalline form of Compound 4A is characterized by an X-ray powder
diffraction pattern obtained using copper K <cradiation which comprises
2Qvalues in degrees of about 6.1, 10.0, 10.3, 10.4s 12.2, 12.9, 13.7, 14.5,
15.1, 15.5, 17.5, 17.7, 18.3, 18.6, 19.2, 19.4, 20.0, 20.6, 20.9, 21.7,
22.0, 22.3, 22.9, 23.5, 24.0, 25.6, 25.9, 26.5, 27.1, 27.5, 28.5, 29.3,
30.2, 31.1, 31.5, 32.4, 33.1, 33.7, 34.1, 35.8 and 37.4. A twentieth
embodiment of the present invention (Embodiment E20) is a first crystalline
form of Compound 5A wherein the crystalline form is characterized by the
XRPD, DSC and TGA analysis set forth in Example 5-1 below. In an aspect of
this embodiment, the Form I crystalline Compound 5A is characterized by an
X-ray powder diffraction pattern obtained using copper K <cradiation which
comprises 2Q values in degrees of about 8.4, 8.6, 18.0, 20.5, 20.8, 25.2,
26.1 and 27.2. In another aspect of this embodiment, the Form I crystalline
Compound 5A is characterized by an X-ray powder diffraction pattern
obtained using copper K radiation which comprises 2Q values in degrees of
about 8.4, 8.6, 10.4, 14.8, 16.0, 16.8, 18.0, 19.5, 20.5, 20.8, 23.0, 24.5,
25.2, 26.1, and 27.2. In another aspect of this embodiment, Form I
crystalline Compound 5A is further characterized by a peak temperature of
about 149C in a DSC curve taken under nitrogen at a heating rate of
10C/minute in a closed aluminum pan. A twenty-first embodiment of the
present invention (Embodiment E21) is a second crystalline form of Compound
5A wherein the crystalline form is characterized by the XRPD, DSC and TGA
analysis set forth in Example 5-1 below. In an aspect of this embodiment,
the Form II crystalline Compound SA is characterized by an X-ray powder
diffraction pattern obtained using copper K cradiation which comprises
2Qvalues in degrees of about 8.4, 8.6, 18.0, 20.4, 20.8, 25.9, 26.2 and
27.1 . In another aspect of this embodiment, the Form II crystalline
Compound 5A is characterized by an X-ray powder diffraction pattern
obtained using copper K 



radiation which comprises 2Q values in degrees of about 8.4, 8.6, 10.3,
14.8, 16.0, 16.7, 18.0, 19.4, 20.4, 20.8, 23.0, 24.4, 25.1, 25.9, 26.2 and
27.1. In another aspect of this embodiment,Form II crystalline Compound 5A
is further characterized by a peak temperature of about 155C in a DSC curve
taken under nitrogen at a heating rate of 10C/minute in a closed aluminum
pan. A twenty-second embodiment of the present invention (Embodiment E22)
is a crystalline form of Compound 6A wherein the crystalline form is
characterized by the XRPD, DSC and TGA analysis set forth in Example 6-1
below. In an aspect of this embodiment, the crystalline Compound 6A is
characterized by an X-ray powder diffraction pattern obtained using copper
Ka radiation which comprises 2Q values in degrees of about 10.6, 14.2,
17.4, 18.8 and 20.4. In another aspect of this embodiment, the crystalline
Compound 6A is characterized by an X~ray powder diffraction pattern
obtained using copper K .radiation which comprises 2Q values in degrees of
about 5.6, 7.0, 9.9, 10.6, 12.8, 14.2, 15.0, 16.0, 16.2, 16.6, 17.4, 18.O3
18.4, 18.8, 19.8, 20.0, 20.4, 20.6, 21.2, 21.7, 22.1, 22.7, 23.1, 23.2,
24.1, 24.8, 25.1, 25.5, 26.1, 26.2, 26.6, 27.9, 28.5, 29.2, 29.3, 30.1,
30.6, 31.0, 31.5, 32.0, 32.3, 32.6, 33.1, 33.9, 34.5, and 35.5. Embodiments
E23 to E26 of the present invention respectively correspond to crystalline
Compound 4A, Form I crystalline 5A, Form II crystalline 5A, and crystalline
Compound 6A as set forth in Embodiments El 9 to E22, wherein the
crystalline form is characterized by the PDF trace derived from its X-ray
diffraction pattern shown in Figures 2, 3, 4 and 5. The term "about", when
modifying the value of a physical property or the like refers to variation
in the numerical quantity that can occur, for example, through typical
measuring, handling and sampling procedures involved in the
characterization of the substance or composition; through inadvertent error
in these procedures; through differences in the manufacture, source, or
purity of the ingredients employed to prepare the substance or carry out
the procedures; and the like. In the particular case of the 2Q values in
degrees in an XRPD 



described herein, the term "about" typically means the value  0.1. Another
embodiment of the present invention is Compound I, or a pharmaceutically
acceptable salt thereof, as defined in any of the foregoing embodiments
(e.g., Compound II in Embodiment E2 or Compound HI in Embodiment E3) or
aspects, wherein the compound or its salt is in a substantially pure form.
As used herein "substantially pure" means suitably at least about 75 wt.%,
typically at least about 80 wt.%, preferably at least about 90 wt.% (e.g.,
from about 90 wt.% to about 99 wt.%), more preferably at least about 95
wt.% (e.g., from about 95 wt.% to about 99 wt.%, or from about 98 wt.% to
100 wt.%), and most preferably at least about 97 wt.% (e.g., from about 99
wt.% to 100 wt.%) of a product containing a compound Formula I or its salt
(e.g., the product isolated from a reaction mixture affording the compound
or salt) consists of the compound or salt. The level of purity of the
compounds and salts can be determined using a standard method of analysis
such as thin layer chromatography, gel electrophoresis, high performance
liquid chromatography, and/or mass spectrometry. If more than one method of
analysis is employed and the methods provide experimentally
significantdifferences in the level of purity determined in a given sample,
then the method providing the highest purity level governs. A compound or
salt of 100% purity is one which is free of detectable impurities as
determined by a standard method of analysis. The compounds of the invention
have one or two asymmetric centers and thus can occur as mixtures of
stereoisomers. It is to be understood that a substantially pure compound
can be either a substantially pure mixture of the stereoisomers or a
substantially pure individual diastereomer or enantiomer. A substantially
pure individual diastereomer or enantiomer is also stereomerically pure.
Other embodiments of the present invention include the following: (a) A
pharmaceutical composition comprising an effective amount of Compound I, or
a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier. 



(b) A pharmaceutical composition which comprises the product prepared by
combining (e.g., mixing) an effective amount of Compound I, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier. (c) The pharmaceutical composition of (a) or (b), further
comprising an effective amount of an anti-HIV agent selected from the group
consisting of HIV antiviral agents, immunomodulators, and anti-infective
agents. (d) The pharmaceutical composition of (c), wherein the anti-HIV
agent is an antiviral selected from the group consisting of HIV protease
inhibitors, non-nucleoside HIV reverse transcriptase inhibitors, nucleoside
HIV reverse transcriptase inhibitors, HIV integrase inhibitors, HIV fusion
inhibitors, and HIV entry inhibitors. (e) A combination which is (i)
Compound I, or a pharmaceutically acceptable salt thereof, and (ii) an
anti-HIV agent selected from the group consisting of HIV antiviral agents,
immunomodulators, and anti-infective agents; wherein the compound of
Formula I and the anti- HIV agent are each employed in an amount that
renders the combination effective for the inhibition of HIV mtegrase, for
the treatment or prophylaxis of infection by HIV, or for the treatment,
prophylaxis or delay in the onset or progression of AIDS. (f) The
combination of (e), wherein the anti-HIV agent is an antiviral selected
from the group consisting of HIV protease inhibitors, non-nucleoside HIV
reverse transcriptase inhibitors, nucleoside HIV reverse transcriptase
inhibitors, HIV integrase inhibitors, HIV fusion inhibitors, and HIV entry
inhibitors. (g) A method of inhibiting HIV mtegrase in a subject in need
thereof which comprises administering to the subject an effective amount of
Compound I, or a pharmaceutically acceptable salt thereof. (h) A method for
the treatment or prophylaxis of infection by HIV in a subject 



in need thereof which comprises administering to the subject an effective
amount of Compound I, or a pharmaceutically acceptable salt thereof.(i) The
method of (h), wherein the compound of Formula I is administered in
combination with an effective amount of at least one antiviral selected
from the group consisting of HIV protease inhibitors, non-nucleoside HIV
reverse transcriptase inhibitors, nucleoside HIV reverse transcriptase
inhibitors, HIV integrase inhibitors, HIV fusion inhibitors, and HIV entry
inhibitors. (j) A method for the treatment, prophylaxis, or delay in the
onset or progression of AIDS in a subject in need thereof which comprises
administering to the subject an effective amount of Compound I, or a
pharmaceutically acceptable salt thereof. (k) The method of (j), wherein
the compound is administered in combination with an effective amount of at
least one antiviral selected from the group consisting of HIV protease
inhibitors, non-nucleoside HIV reverse transcriptase inhibitors, nucleoside
HIV reverse transcriptase inhibitors, HIV integrase inhibitors, HIV fusion
inhibitors, and HIV entry inhibitors. (1) A method of inhibiting HIV
integrase (e.g., HIV-I integrase) in a subject in need thereof which
comprises administering to the subject the pharmaceutical composition of
(a), (b), (c) or (d) or the combination of (e) or (f). (m) A method for the
treatment or prophylaxis of infection by HIV (e.g., H GV-1) in a subject in
need thereof which comprises administering to the subject the
pharmaceutical composition of (a), (b) >(c) or (d) or the combination of
(e) or (f). (n) A method for the treatment, prophylaxis, or delay in the
onset or progression of AJDDS (e.g., AIDS due to HIV-I) in a subject in
need thereof which comprises administering to the subject the
pharmaceutical composition of (a), (b), (c) or (d) or the combination of
(e) or (f). The present invention also includes a compound of the present
invention or 



pharmaceutically acceptable salt thereof, (i) for use in, (ii) for use as a
medicament for, or (iii) for use in the preparation or manufacture of a
medicament for: (a) therapy (e.g., of the human body), (b) medicine, (c)
inhibition of HTV integrase, (d) treatment or prophylaxis of infection by
HIV or (e) treatment, prophylaxis of, or delay in the onset or progression
of AIDS . h these uses, the compounds of the present invention can
optionally b e employed in combination with one or more anti-HIV agents
selected from HIV antiviral agents, anti-infective agents, and
immunomodulators. Additional embodiments of the invention include the
pharmaceutical compositions, combinations and methods set forth in (a)-(n)
above and the uses (i)(a)-(e) through (iii)(a)-(e) set forth in the
preceding paragraph, wherein the compound of the present invention employed
therein is a compound of one of the embodiments (e.g., Compound II in
Embodiment E2 or Compound ITl in Embodiment E3) or an aspect thereof, as
described above, hi all of these embodiments etc., the compound may
optionally be used in the form of a pharmaceutically acceptable
salt.Additional embodiments of the present invention include each of the
pharmaceutical compositions, combinations, methods and uses set forth in
the preceding paragraphs, wherein the compound of the present invention or
its salt employed therein is substantially pure. With respect to a
pharmaceutical composition comprising Compound I or its salt and a
pharmaceutically acceptable carrier and optionally one or more excipients,
it is understood that the term "substantially pure" is in reference to a
compound of Formula I or its salt per se. Still additional embodiments of
the present invention include the pharmaceutical compositions, combinations
and methods set forth in (a)-(n) above and the uses (i)(a)-(e) through
(iii)(a)-(e) set forth above, wherein the HIV of interest is HIV-I. Thus,
for example, in the pharmaceutical composition (d), the compound of Formula
I is employed in an amount effective 



against HIV-I and the anti-HIV agent is an HIV-I antiviral selected from
the group consisting of HIV-I protease inhibitors, HIV-I reverse
transcriptase inhibitors, HIV-I integrase inhibitors, HGV-1 entry
inhibitors and HTV-I fusion inhibitors. As would be recognized by one of
ordinary skill in the art, compounds of the present invention can exist as
tautomers, such as the following: AU tautomeric forms of the compounds,
whether isolated or in mixtures, are within the scope of the present
invention.The person of ordinary skill in the art would also understand
that compounds of the invention can form hydrates and/or solvates.
Chemically stable hydrates and solvates of compounds encompassed by Formula
I and their pharmaceutically acceptable salts are within the scope of the
present invention. The term "alkyl" refers to a monovalent straight or
branched chain, saturated aliphatic hydrocarbon radical having a number of
carbon atoms in the specified range. Thus, for example, "Ci 4 alkyl" (or
"C1-C4 alkyl") refers to n-, iso-, sec- and t-butyl, n- and isopropyl,
ethyl and methyl. As another example, "Ci -.3 alkyl" refers to n- and
isopropyl, ethyl and methyl. The term "halogen" (or "halo") refers to
fluorine, chlorine, bromine and iodine (alternatively referred to as
fluoro, chloro, bromo, and iodo). A "stable" compound is a compound which
can be prepared and isolated and whose structure and properties remain or
can be caused to remain essentially unchanged for a period of time
sufficient to allow use of the compound for the purposes described herein.
The compounds of the present inventions are useful in the inhibition of HIV
integrase (e.g., HIV-I integrase)., the prophylaxis or treatment of
infection by HIV and the prophylaxis, treatment or the delay in the onset
or progression of consequent pathological conditions such as AIDS. The
prophylaxis of AIDS, treating AIDS, delaying the onset or progression of
AIDS, the prophylaxis of infection by HIV, or treating infection by HIV is
defined 



as including, but not limited to, treatment of a wide range of states of
HIV infection: ADDS, ARC (AIDS related complex), both symptomatic and
asymptomatic, and actual or potential exposure to HIV. For example, the
compounds of this invention are useful in treating infection by HIV after
suspected past exposure to HIV by such means as blood transfusion, exchange
of body fluids, bites, accidental needle stick, or exposure to patient
blood during surgery. The compounds of this invention are useful in the
preparation and execution of screening assays for antiviral compounds. For
example, the compounds of this invention are useful for isolating enzyme
mutants, which are excellent screening tools for more powerful antiviral
compounds. Furthermore, the compounds of this invention are useful in
establishing or determining the binding site of other antivirals to HIV
integrase, e.g., by competitive inhibition. Thus the compounds of this
invention can be commercial products to be sold for these purposes. The
compounds of the present invention can be administered in the form of
pharmaceutically acceptable salts. The term "pharmaceutically acceptable
salt" refers to a salt which possesses the effectiveness of the parent
compound and which is not biologically or otherwise undesirable (e.g., is
neither toxic nor otherwise deleterious to the recipient thereof). Suitable
salts include acid addition salts which may, for example, be formed by
mixing a solution of the compound of the present invention with a solution
of a pharmaceutically acceptable acid such as hydrochloric acid, sulfuric
acid, acetic acid, or benzoic acid. Compounds of the invention cany an
acidic moiety and thus suitable pharmaceutically acceptable salts thereof
caninclude alkali metal salts (e.g., sodium or potassium salts), alkaline
earth metal salts (e.g., calcium or magnesium salts), and salts formed with
suitable organic ligands such as quaternary ammonium salts. Also, in the
case of an acid (-COOH) or alcohol group being present, pharmaceutically
acceptable esters can be employed to modify the solubility or hydrolysis
characteristics of the compound. The term "administration" and variants
thereof (e.g., "administered" or 



"administering") in reference to a compound of the invention mean providing
the compound or its salt (or a hydrate or solvate) to the individual in
need of treatment or prophylaxis. When a compound of the invention is
provided in combination with one or more other active agents (e.g.,
antiviral agents useful for the prophylaxis or treatment of HIV infection
or AIDS), "administration" and its variants are each understood to include
provision of the compound and other agents at the same time or at different
times. When the agents of a combination are administered at the same time,
they can be administered together in a single composition or they can be
administered separately. As used herein, the term "composition" is intended
to encompass a product comprising the specified ingredients, as well as any
product which results, directly or indirectly, from combining the specified
ingredients. By "pharmaceutically acceptable" is meant that the ingredients
of the pharmaceutical composition must be compatible with each other and
not deleterious to the recipient thereof. The term "subject" (or,
alternatively, "patient") as used herein refers to an animal, preferably a
mammal, most preferably a human, who has been the object of treatment,
observation or experiment. The term "effective amount" as used herein means
that amount of active compound or pharmaceutical agent that elicits the
biological or medicinal response in a tissue, system, animal or human that
is being sought by a researcher, veterinarian, medical doctor or other
clinician. In one embodiment, the effective amount is a "therapeutically
effective amount" for the alleviation of the symptoms of the disease or
condition being treated. In another embodiment, the effective amount is a
"prophylactically effective amount" for prophylaxis of the symptoms of the
disease or condition being prevented. The term also includes herein the
amount 



of active compound sufficient to inhibit HIV integrase and thereby elicit
the response being sought (i.e., an "inhibition effective amount"). When
the active compound (i.e., active ingredient) is administered as the salt,
references to the amount of active ingredient are to the free acid or free
base form of the compound. For the purpose of the inhibition of HIV
integrase, the prophylaxis or treatment of HlV infection, or the
prophylaxis or treatment or delay in the onset or progression of AIDS5the
compounds of the present invention, optionally in the form of a salt (or
hydrate or solvate), canbe administered by any means that produces contact
of the active agent with the agent's site of action. They can be
administered by any conventional means available for use in conjunction
with pharmaceuticals, either as individual therapeutic agents or in a
combination of therapeutic agents. They can be administered alone, but
typically are administered with a pharmaceutical carrier selected on the
basis of the chosen route of administration and standard pharmaceutical
practice. The compounds of the invention can, for example, be administered
orally, parenterally (including subcutaneous injections, intravenous,
intramuscular, intrasternal injection or infusion techniques), by
inhalation spray, or rectally, in the form of a unit dosage of a
pharmaceutical composition containing an effective amount of the compound
and conventional non-toxic pharmaceutically- acceptable carriers, adjuvants
and vehicles. Liquid preparations suitable for oral administration (e.g.,
suspensions, syrups, elixirs and the like) can be prepared according to
techniques known in the art and can employ any of the usual media such as
water, glycols, oils, alcohols and the like. Solid preparations suitable
for oral administration (e.g., powders, pills, capsules and tablets) can be
prepared according to techniques known in the art and can employ such solid
excipients as starches, sugars, kaolin, lubricants, binders, disintegrating
agents and the like. Parenteral compositions can be prepared according to
techniques known in the art and typically employ sterile water as a carrier
and optionally other ingredients, such as a solubility aid. Injectable
solutions can be prepared according to methods known in the art wherein the



carrier comprises a saline solution, a glucose solution or a solution
containing a mixture of saline and glucose. Further description of methods
suitable for use in preparing pharmaceutical compositions of the present
invention and of ingredients suitable for use in said compositions is
provided in Remington's Pharmaceutical Sciences , 18th edition, edited by
A. R. Gennaro, Mack Publishing Co., 1990 and in Remington - The Science and
Practice of Pharmacy , 2 1st edtion, Lippincott Williams & Wilkins, 2005.
The compounds of this invention can be administered orally in a dosage
range of about 0.001 to about 1000 mg/kg of mammal (e.g., human) body
weight per day in a single dose or in divided doses. One preferred dosage
range is about 0.01 to about 500 mg/kg body weight per day orally in a
single dose or in divided doses. Another preferred dosage range is about 0
.1 to about 100 mg/kg body weight per day orally in single or divided
doses. For oral administration, the compositions can be provided in the
form of tablets or capsules containing about 1.0 to about 500 milligrams of
the active ingredient, particularly 1, 5, 10, 15, 20, 25, 50, 75, 100, 150,
200, 250, 300, 400, and 500 milligrams of the active ingredient for the
symptomatic adjustment of the dosage to the patient to be treated. In one
embodiment, a compound of the present invention is administered orally to
adult humans in a convenient form (e.g., as a solution in aqueous methocel,
or in the form of capsules or tablets) in an amount of from about 200 mg to
about 800 mg once per day or twice per day. The specific dose level and
frequency of dosage for any particular patient may be varied and will
depend upon a variety offactors including the activity of the specific
compound employed, the metabolic stability and length of action of that
compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the
particular condition, and the host undergoing therapy, As noted above, the
present invention is also directed to use of the HIV integrase inhibitor
compounds of the present invention with one or more anti-HIV agents useful
in the 



treatment of HIV infection or AIDS. An "anti-HIV agent" is any agent which
is directly or indirectly effective in the inhibition of HIV integrase or
another enzyme required for HTV replication or infection, the treatment or
prophylaxis of HTV infection, and/or the treatment, prophylaxis or delay in
the onset or progression of AIDS. It is understood that an anti-HIV agent
is effective in treating, preventing, or delaying the onset or progression
of HIV infection or AIDS and/or diseases or conditions arising therefrom or
associated therewith. For example, the compounds of this invention may be
effectively administered, whether at periods of pre-exposure and/or
post-exposure,, in combination with effective amounts of one or more HIV
antivirals, imunomodulators, antiinfectives, or vaccines useful for
treating HTV infection or AIDS, such as those disclosed in Table 1 ofWO
01/38332 or in the Table in WO 02/30930. Suitable HTV antivirals for use in
combination with the compounds of the present invention include, for
example, those listed in Table A as follows: Table AEI = entry inhibitor;
FI = fusion inhibitor; InI - integrase inhibitor; PI = protease inhibitor;
nRTI = nucleoside reverse transcriptase inhibitor; nnRTI = non-nucleoside
reverse transcriptase inhibitor. Some of the drugs listed in the table are
used in a salt form; e.g., abacavir sulfate, indinavir sulfate, atazanavir
sulfate, nelfinavir mesylate. It is understood that the scope of
combinations of the compounds of this invention with anti-HIV agents is not
limited to the HIV antivirals listed in Table A and/or listed in the
above-referenced Tables in WO 01/38332 and WO 02/30930, but includes in
principle any combination with any pharmaceutical composition useful for
the treatment or prophylaxis of HPV infection or AIDS. The HIV antiviral
agents and other agents will typically be employed in these combinations in
their conventional dosage ranges and regimens as reported in the art,
including, for example, the dosages described in the Physicians' Desk
Reference, Thomson PDR, Thomson 



PDR, 57th edition (2003), the 58th edition (2004), the 59th edition (2005),
and subsequent editions thereof. The dosage ranges for a compound of the
invention in these combinations are the same as those set forth above.
Abbreviations include the following: ACN = acetonitrile; AcOH = acetic
acid; Barg = bar-gauge; Bn = benzyl; Boc = t-butyloxycarbonyl; (Boc)2q =
di-t-butyl carbonate; BOP = benzotriazol-
1-yloxytris-(dimethylamino)phosphonium; DABCO = 1,4-
diazabicyclo[2.2.2]octane; DBA (or dba) = dibenzylideneacetone; DBU = 1,8-
diazabicyclo[5.4.0]undec-7-ene; DCC = dicyclohexyl carbodiimide; DCE =
1,2-dichloroethane; DCM = dichloromethane; DMAC N,N-dimethylacetamide; DMAD
= dimethylacetylenedicarboxylate; DMAP =4-dimethylammopyridine; DMF =
N5Ndimethylformamide; DMPU = N,N!-dimethylrroryleneurea; DMSO =
dimethylsulfoxide; EDC = l-ethyl-3-(3-dimethylaminopropyl) carbodiimide; ES
MS = electrospray mass spectroscopy; Et - ethyl; EtNH2 = ethylamine; EtOAc
= ethyl acetate; EtOH = ethanol; FBS = fetal bovine serum; GC == gas
chromatography; HDPE = high-density polyethylene; HMPA =
hexamethylphosphorarnide; HOAT = l-hydroxy-7-azabenzotriazole; HPLC = high
performanceliquid chromatography; HRMS = high resolution mass spectroscopy;
IPA = isopropyl alcohol; IPAc - isopropyl acetate; LAH = lithium aluminum
hydride; LC-MS = liquid chromatographymass spectroscopy; LDA = lithium
diisopropylamide; Me = methyl; MeOH - methanol; MeTHF =
2-methyltetrahydrofuran; MsCl = methanesulfonyl (or mesyl) chloride; MTBE =
methyl tertbutyl ether; NBD = norbornadine; NBS N-bromosuccinimide; NMM =
N-methylmorpholine; NMP = N-methylpyrrolidone; NMR = nuclear magnetic
resonance; NOE = nuclear Overhauser effect; OBD = optimum bed density
(chromatography column); PTSA = p-toluenesulfonic acid; RB = round
bottom(ed) (flask); TBAF = tetrabutylammonium fluoride; TBS-Cl =
tert-butyldimethylsilyl chloride; t-BuOK = potassium tert-butoxide; TEA =
triethylamine; TEMPO = 2,2,6,6-tetramethyI-l- piperidine-1 -oxyl; Tf
triflate ( trifiuoromethanesulfonate); 



TFA = trifluoroacetic acid; TFE = 2,2,2-trifluoroethanol; THF =
tetrahydrofuran; TLC = thin layer chromatography; UV = ultraviolet; XRPD =
X-ray powder diffraction. The following examples serve only to illustrate
the invention and its practice. The examples are not to be construed as
limitations on the scope or spirit of the invention. In these examples,
"room temperature" or "ambient temperature" refers to a temperature in a
range of from about 200C to about 25C. The relative stereochemistry of each
of the title products in Examples 2-5 was determined by comparative NOE
studies of the isomers. EXAMPLE l N-((10R)-2-
{[(4-fluoro-3-methylbenzyl)amino]carbonyl }-3-hydroxy-7,7-dimethyl-4-oxo-
4J6,758,9,10-hexahydropyrimido[l,2-a]azepm-10-yl)-N,N',N'-trimethylethanedi
amide (Compound IA). N-(( 10S)-2-
{[(4-fluoro-3-methyTbenzyl)amino]carbonyl}-3-hydroxy-7,7-dimethyl-4-oxo-
4,6,7,8,9,1 0-hexahydropyrimido[l ,2-a]azepin-l
O-yl)-N,N',N'-trimethylethanediamide (Compound IB).Step 1: Methyl 2
2-dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propanoate To a stirred mixture
of hydroxypivalic acid methyl ester (50.0 g, 378 mmol) and
p-toluenesulfonic acid monohydrate (1.439 g, 7.57 mmol) in 250 mL of
methyl-tert-butylether was added dihydropyran (48.1 mL, 568 mmol) slowly
with cooling. The mixture was stirred at room temperature overnight, 50 mL
of saturated NaHCq 3 added and the mixture shaken and separated. The
organic layer dried over MgSq 4 and concentrated. Purification of the
residue by flash chromatography using 33O g column, 0%-5% ethyl acetate in
hexane gave methyl 2,2- dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propanoate
as a clear oil: ijH NMR (400 MHz, CDCI3) d 4.5 (s, IH), 3.8-3.6 (m, 2H),
3.6 (m, 3H), 3.4 (s, IH), 3.25 (m, IH), 1.7 (m, IH), 1.6-1.18 (m, 5H), 1.05
(m, 6H). Step 2: 2,2-dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propan-l-ol 



To solution of L1AIH4 (397 mL, 397 mmol) in THF (250 mL) cooled in an ice
bath to O0C was added methyl
2,2-dimethyl-3-(tetrahydro-2H-pyran-2-yIoxy)propanoate (82 g 378 mmol) in
THF (250 mL) via addition funnel keeping the internal temperature below
60C. When addition was complete the reaction was allowed to warm to room
temperature and stir overnight. The mixture was cooled in an ice bath and
quenched with H2O (16 mL, 888 mmol), then after 5 minutes, I ON NaOH (16
mL, 160 mmol), and after another 15 minutes, H2O (48 mL, 2664 mmol). The
mixture was allowed to stir for 30 minutes, then filtered with a THF rinse.
The filtrate was concentrated and azeotropically dried with toluene.
Further drying undervacuum gave
2,2-dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propan-l-ol as a colorless
liquid: lH NMR (400 MHz CDCI3) d 4.58 (m, IH), 3.85 (m, IH) 3.6 (d, IH),
3.5 (m, 2H)5 3.4 (m, IH), 3.2 (d, IH), 2.8 (t, IH), 1.8 (m, 2H), 1.6 (m,
4H), 0.85 (s, 6H). Step 3:
2,2-dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propanal To a stirred solution
of 2,2-dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propan-l-ol (20 g, 106 mmol)
an TEA (44.4 niL, 319 mmol) in dry dichloromethane (300 mL) cooled in an
ice bath to 00C  5C was added a solution of sulfur trioxide pyridine
complex (50.7 g 319 mmol) in anhydrous DMSO (300 mL) in one portion. There
was an exotherm to 27 C. The bath was removed and the mixture allowed to
stir for 20 minutes at room temperature after which time conversion was
complete by TLC. The reaction was quenched with 225 mL of saturated NaHCq
3, concentrated on the rotovap to remove dichloromethane and extracted with
3 x 200 mL of ethyl acetate. The combined extracts were washed once with
250 mL of 10% citric acid, dried over MgSq 4 and concentrated. Drying under
vacuum gave 2,2-dimethyl-3-(tetrahydro-2Hpyran- 2-yloxy)proranal as an oil.
Contains -40% DMSO by NMR: H NMR (400 MHz, CDCI3) d 9.6 (s IH), 4.6 (m,
IH), 3.8 (d, IH), 3.5 (m, IH), 3.38 (d, IH), 1.8-1.4 (m, 6H), 1.06 (s, 3H),
1.04 (s, 3H). Step 4 : Ethyl
(2E)-4,4-dimethyl-5-(tetrahydro-2H-pyran-2-yloxy)pent-2-enoate 



To a slurry of mixture of acetonitrile (200 mL) and lithium chloride (13.66
g, 322 mmol), under nitrogen at 25C was added Methyl phosphonoacetate (64.5
mL, 322 mmol) and then DBU (32.4 mL, 215 mmol). During the addition the
reaction temperature rose to 330C then cooled back to 25C over 30 minutes.
The mixture was stirred and cooled to 00C and Reactant 1 (20 g, 107 mmol)
was added with a 5 mL CH3CN rinse in. After stirring for 1 hour at O0C the
mixture was allowed to warm and stir at 25C for 2 hours, then diluted with
250 mL of MTBE and 250 mL of water, separated and the organic layer washed
with 100 mL of water. The combined aqueous layers extracted 100 mL of MTBE
and the combined organic extracts washed 200 mL of brine and dried over
MgSq 4, then concentrated. Purification by flash chromatography eluting
with 0% to 10% EtOAc in hexane gave ethyl
(2E)-4,4-dimethyl-5-(tetrahydro-2H-pyran2-yloxy)rent-2-enoate as a
colorless oil; lH NMR (400 MHz, CDCI3) d 7.0 (d, IH), 5.8 (d, IH) 4.58 (t,
IH), 4.2 (q, 2H), 3.8 (m, IH), 3.6 (d, IH), 3.5 (m, IH), 3.16, (d, IH),
1.8-1.5 (m, 6H), 1.3 (t, 3H), 1.06 (s, 3H), 1.05 (s, 3H). Step 4 : Ethyl
4,4-dimethyl-5-(tetrahydro-2H-pyran-2-yloxy)pentanoate A mixture of ethyl
(2E)-4,4-dimethyl-5-(tetrahydro-2H- ryran-2-yloxy)pent-2- enoate (23 g, 90
mmol) and 5% Pt on carbon (3 g, 14.65 mmol) in ethanol (200 mL) was shaken
on the Parr under 45 psi of hydrogen for 5 days (complete conversion by
TLC: 10% EtOAc/hexane-no UV active spots). The catalyst was filtered off
catalyst and the filtrate concentrated. Drying under vacuum gave ethyl
4,4-dimethyl-5-(tetrahydro-2H-pyran-2- yloxy)pentanoate as a colorless oil:
H NMR (400 MHz, CDCI3) d 4.7 (t, IH), 4.12 (q, 2H), 3.8 (m, IH), 3.5 (m,
IH), 3.4 (d, IH), 3.0, (d, IH), 2.3 (m, 2H), 1.8 (m, IH), 1.7-1.5 (m, 6H),
1.9 (s, 3H) 1.88 (s, 3H). Step 5:
4,4-dimethyl-5-(tetrahydro-2H-pyran-2-yloxy) rentanal To a solution of
ethyl 4,4-dimethyl-5-(tetrahydro-2H-pyran-2-yloxy)pentanoate ( 11 3g, 43.7
mmol) in toluene (300 mL) cooled to -780C under nitrogen was added 



diisobutylaluminum hydride 1.0M in heptane (53 mL, 52.5 mmol) slowly,
keeping the internal temperature below -700C. The mixture was allowed to
stir in the cold for 15 minutes (TLC: 20% EtOAc in hexane). The reaction
was quenched with MeOH (3.00 mL, 161 mmol) allowed to warm to - 1OC,
diluted with 500 mL of ethyl acetate and 500 mL of saturated NaCl. The
mixture was allowed to warm and stir for 60 minutes forming a gel. The
gelatinous mixture was filtered through diatomaceous earth and washed with
750 mL of ethyl acetate. The organic layer was separated, dried over MgSO4
and concentrated. Drying under vacuum gave 4,4-dimethyl-5
(tetrahydro-2H-pyran-2-yloxy)pentanal as a clear oil: lH NMR (400 MHz,
CDCI3) d 9.8 (s, IH), 4.6 (t, IH), 3.8 (m, IH), 3.6 (m, IH), 3.5 (d, IH),
3.0, (d, IH), 2.4 (m, 2H), 1.8 (m, IH), 1.7-1.5 (m, 6H) 0.93 (s, 3H), 0.92
(s, 3H).Step 6: tert-Butyl [l-cyano-4,4-dimethyl-5-(tetrahydro-2H~pyran-2-
yloxy)pentyl]methylcarbamate A mixture of crude 4
4-dimethyl-5-(tetrahydro-2H~pyran-2-yloxy)pentanal, MTBE ( 15 mL),
methylamine hydrochloride (3.08 g, 45.7 mmol), sodium cyanide ( 1399 mL,
45.7 mmol) and water (15.0 mL) was stirred in a stoppered flask for 24
hours. TLC (10% EA/hexanes) indicates complete consumption of starting
material. The mixture was extracted with 25 mL of ethyl acetate,
concentrated on rotovap. Drying under vacuum gave of a clear oil. The crude
aminonitrile was taken up in 25 mL of ethyl acetate and di-tert-butyl
dicarbonate (10.49 mL, 45.7 mmol) was added. After stirring at room
temperature over the weekend, the mixture was concentrated. Purification by
flash chromatography eluting with 10%EtOAc/hexane afforded tert-butyl
[1-cyano-4,4-dimethyl-5-(tetrahydro-2H-pyran-2-
yloxy)pentyl]methylcarbamate: H NMR (400 MHz, CDCI3) d 4.7 (dd, IH), 3.8
(t, IH) 3.6 (m, 1H) 3.5 (dd, IH), 3.0, (dd, IH) 52.89, 2.88 (2s, 3H), 1.8
(m, 2H), 1.5 (m, 6H)5 1.47 (s, 9H), 1.3 (m; 2H)5 0.92 (s, 3H), 0.915 (s,
3H). Step 7: tert-Butyl
[l-[amino(hydroxyimino)methyl]-4,4-dimethyl-5-(tetrahydro-2H-pyran- 



2-yloxy)pentyl]methylcarbamate To a stirred solution of tert-butyl
[1-cyano-4,4-dimethyl-5-(tetrahydro-2H-pyi-an-
2-yloxy)rentyl]methylcarbamate (8.5 g, 23.98 mmol), in methanol (5 mL) was
added 50% hydroxylamine ( 1.543 mLs 25.2 mmol). The mixture was heated to
6O0C for 3 hours (LC-MS indicates complete conversion) cooled and
concentrated. Removal of excess hydroxylamine azeotropically with methanol
gave tert-butyl [l-[(Z)-amino(hydroxyimino)methyl]-4,4-dimethyl-
5-(tetrahydro-2H-ryran~2-yloxy)pentyl3methylcarbamate: MS (ES+): 388.26
(M+H). Step 8: Dimethyl
(2-({[(l-amino-2-[(tert-butoxycarbonyl)(methyl)amino]-5,5-dimethyl-6-
(tetrahydro-2H-pyran-2-yloxy)hexylidene]amino}oxy)but-2-enedioateTo a
stirred solution of crude tert-butyl [l-[amino(hydroxyimino)methyl]~4,4-
dimethyl-5-(tetrahydro-2H-pyran-2-yloxy)pentyl]methylcarbamate (98 mmol) in
MeOH (800 mL) cooled to -100C under nitrogen was added slowly dimethyl
acetylenedicarboxylate (12.09 mL, 98 mmol) keeping the internal temperature
at -1O0C. The resulting solution was aged at or below -1O0C (in freezer)
overnight, then allowed to warm to 25C and stir for 30 hours. The mixture
was diluted with 200 mL of toluene and concentrated. Drying under vacuum
overnight gave a thick brown oil which contained toluene by NMR and was a
mixture of isomers. The crude product was used in the next step without
further purification: MS (ES+): 530.2 (M+H). Step 9: Methyl 2-[
1-[(tert-butoxycarbonyl)(methyl)amino]-4,4-dimethyl-5-(tetrahydro-
2H-pyran-2-yloxy)rentyl]-5-hydroxy-6-oxo-l,6-dihydropyrimidine-4-carboxylat
e The crude dimethyl
(2-({[l-amino-2-[(tert-butoxycarbonyl)(methyl)amino]-5,5-
dimethyl-6-(tetrahydro-2H-pyran-2-yloxy)hexylidene]amino}oxy)but-2-enedioat
e (40.6 g) was dissolved in o-xylene (100 mL), and heated at 115C 50C (oil
bath at 1200C) for 12 hours. The reaction mixture turned dark soon after
reaching 115C. TLC and LC-MS assay after 48 hours indicated one isomer was
consumed, but about 10% of the other (minor) isomer remained. Heating was
continued for an additional 48 hours at which time complete conversion was 



observed as determined by LC-MS. The mixture was cooled to room
temperature, diluted with 100 mL of EtOAc filtered through a 4-inch pad of
silica gel eluting wth EtOAc. The filtrate wasconcentrated under reduced
pressure. Drying under vacuum gave the title product as a brown foam: MS
(ES+): 498.1 (M+H). Step 10: Methyl
2-{l-[(tert-butoxycarbonyl)(methyl)amino]-5-hydroxy-4,4- dimethylpentyl
}-S-hydroxy- -oxo- 1,6-dihydropyrimidine-4-carboxylate A mixture of the
crude methyl 2-[l-[(tert-butoxycarbonyl)(methyl)ai iino]-4 ; 4-
dimethyl-5-(tetrahydro-2H-pyran-2-yloxy)pentyl]-5-hydroxy-6-oxo-l
6-dihydropyrimidine-4- carboxylate (32 g) and 1 g of p-toluenesulfonic acid
monohydrate was dissolved in methanol ( 100 mL) and stirred at room
temperature for 2 hours. The reaction was quenched with 3 mL of saturated
NaHCq 3 and concentrated. The residue was taken up in 500 mL of EtOAc,
washed with saturated NaHC q 3 and dried over Na2SO4_ Removal of solvents
under reduced pressure gave the title product as a brown foam: MS (ES+):
314.1 (M+H). Step 11: tert-Butyl
[1-(4-{[(4-f1uoro-3-methylbenzyl)amino]carbonyl }-5-hydroxy-6-oxol,
6-dihydropyrimidin-2-yl)-5~hydroxy-4,4-dimethylpentyl]methylcarbamate A
mixture of methyl 2-{l-[(tert-butoxycarbonyl)(methyl)amino]-5-hydroxy-4,4-
dimethylpentyl}-5-hydroxy-6-oxo-l,6-dihydropyrimidine-4-carboxylate (5.1 1
g, 12.36 mmol), 1- (4-fluoro-3-methylphenyl)memanamme (2.064 g, 14.83
mmol), and TEA (3.45 mL, 24.72 mmol) in 2-propanol (80 mL) under nitrogen
was heated to 8O0C  2C (oil bath at 82C) overnight. The mixture was
concentrated and the residue taken up in 100 mL of iPrOAc, washed with 2
x50 mL of IN HCl, 2 x 25 mL of water, 25 mL of saturated NaHCC-3, and dried
over MgSq 4 - The solution was diluted with 50 mL of toluene and
concentrated. Drying under vacuum gave a tan foam: MS (ES+): 521 .19 (M+H).
lH NMR (400 MHz5CDCI3) d 9.3 <br s, IH) 7.2 (m, 2H), 6.9 (t, IH), 5.4 ( br
S5 IH) 54.8 (d, IH), 4.5 (m, 2H), 3.3 (m, IH), 3.0, (s, 3H), 2.2 (s, 3H),
2.0 (m, 



1H), 1.7 (m, 2H), 1.2 (s, 9H), 0.92 (s, 6H). Step 12:
5-[(tert-Butoxycarbonyl)(methyl)amino]-5-(4- {[(4-fluoro-3-
methylbenzyl)amino] carbonyl }-5-hydroxy-6-oxo-
1,6-dihydropyrimidin-2-yl)-2 ,2- dimethylpentyl methanesulfonate To an ice
cold solution (T 2C  20C) of (5.45 g , 10.47 mmol) was added TEA (8.75 mL,
62.8 mmol), then MsCl (4.89 mL, 62.8 mmol) dropwise keeping the internal
temperature below 100C. The resulting slurry was aged at 2C  2C for 2.5
hours, then 5N NaOH (14.66 mL, 73.3 mmol) was added slowly to the cold
reaction mixture. The reaction mixture was then warmed to 8O0C  20C (oil
bath at 83C) for 20 hours. After cooling to 50 C, 6N HCl (34.0 mL, 68.0
mmol) was added dropwise over 1 hour until the pH was 2.5-3.0 (pH indicator
paper and strips). The filtrate was diluted with 100 mL of water, adjusted
the pH to 2 (from 8) with 2N HCl and extracted 3 x 500 mL of isopropyl
acetate. The extracts were combined, dried over Na2SO4 and concentrated
under reduced pressure. The resulting tan solid product was dried under
vacuum: MS (ES+): 599.1 (M+H). Step 13; tert-Butyl
(2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-7,7-
dimethyl-4-oxo-4,6,7,8,9, 10-hexahydropyrimido[ 1,2-a]azepin~ 10-
yl)methylcarbamateA mixture of
5-[(tert-butoxycarbonyl)(niethyl)amino]-5-(4-{[(4-fluoro-3-
methylbenzyl)amino]carbonyl}-5-hydroxy-6-oxo-l,6-dihydropyrimidin-2-yl)-2,2
-dimethylpentyl methanesulfonate (7.8 g 13.03 mmol), cesium carbonate (11
g, 33.8 mmol) and 75 niL of dioxane was heated to 800C overnight. After
cooling to room temperature, the mixture was diluted with 100 mL of EtOAc,
washed with water (150 mL), saturated NaCl (50 mL), dried over Na2SO4 and
concentrated. The resulting tan solid product was dried under vacuum: MS
(ES+): 503.3 (M+H); lH NMR (400 MHz, CDCI3) d 7.8 (br s, IH), 7.6 (br s,
IH), 7.17 (m, 2H), 7.0 (m, IH), 4.9 (m, IH) 5 4.5 (m, 2H), 3.3 (dd5 IH),
2.8 (s, 3H), 2.3, (s, 3H), 1.6 (complex m, 6H), 



1.3 (s, 9H), 1.1 (s, 3H), 0.83 (s, 3H). Step 14:
N-(4-Fluoro-3-methylbenzyl)-3-hydroxy-7,7-dimethyl-10-(methylamino)-4-oxo-
4,6,7,8,9,1 0-hexahydropyrimido[l,2-a]azepine-2-carboxamide hydrochloride
The tert-butyl (2-
{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-7,7- dimethyl-4-oxo-4
J6,7,8 ;9,10-hexahydropyrimido[ 1,2-a]azepin- 10-yl)methylcarbamate (6.1 g,
12.14 mmol) was treated with 4N HCl in dioxane (15.17 mL, 60.7 mmol). The
mixture was allowed to sir at room temperature for 1.5 hours (complete
conversion by LC-MS) then concentrated. Drying under vacuum gave
N-(4-fluoro-3-methylbenzyl)-3-hydroxy-7,7-dimethyl-
10-(methylamino)-4-oxo-4,6,7, 8,9,1 0-hexahydropyrimido[ 1,2-a]azep
ne-2-carboxamide hydrochloride as a tan crystalline solid: MS (ES+): 403.2
(MH-H).Step 15:
N-(2-{[(4~FIuoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-7,7-dimethyl-4-
oxo-4,6,7,8,9,1 0-hexahydropyrimido[ 1,2-a]azerin- 10-yl>N,N',N'-
trimethylethanediamide To a mixture of
N-(4-fluoro-3-methylbenzyl)-3-hydroxy-7,7-dimethyl~l 0-
(methyamino)-4-oxo-4,6,7, 8,9,1 0-hexahydropyrimido[
1,2-a]azerine-2-carboxamide hydrochloride (200 nig, 0.421 mmol), HOAt (68.7
mg, 0.5 mmol), N,N-dimethyloxamic acid (74 mg, 0.631 mmol) and
triethylamine (0.235 mL, 1.683 mmol), in dichloromethane (5 mL) was added
EDC (224 mg, 1.262 mmol). The mixture was stirred at room temperature under
nitrogen overnight, diluted with 25 mL EtOAc, washed with 10 mL each of
saturated NaHCq 3 solution, H2O, and brine, and dried over Na2SO4.
Concentration gave a crude title product which was purilried by preparative
reverse phase chromatography (gradient elution 0.1% AcOH in
water/acetonitrile) to give the title product as a solid: HRMS (ES+):
502.2484 (M+H); lH NMR (400 MHz, CDCI3) d 9.35 (br s, 3H), 7.2 (m, 2H), 6.9
(t, J 9 Hz, IH), 5.34 (br s, IH), 4.8 (d, J = 14 Hz, IH), 4.5 (m, 21H), 4.5
(m, 2H) 3.3 (d, J 14 Hz5 IH), 3.0 (s, 3H), 2.98, (s, 3H), 2.96 (s, 3H), 2.2
(s, 3H), 2.0 (m, 2H), 1.9 (m, IH), 1.7 (s, 2H), 1.12 (s, 3H), 0.83 (s, 3H).



Resolution on a chiral column gave: IA. N-((l 0R)-2-
{[(4-fluoro-3-methylbenzyl)amino]carbonyl} -3-hydroxy-7,7-
dimethyl-4-oxo-4,6,7 8,9,10-hexahydropyrimido[l,2-a]aze rin-10-yl)-N N',N'-
trimethylethanediamide. [<X]D23C = +67.6 (c 0.5, MeOH); HRMS (ES+):
502.2482 (M+H); lH NMR (400 MHz, CDCI3) d 9.35 (br s, 3H), 7.2 (m, 2H), 6.9
(t, J 9 Hz, IH), 5.34 (br s, IH), 4.8 (d, J = 14 Hz, IH), 4.5 (m, 21H), 4.5
(m, 2H), 3.3 (d, J 14 Hz, IH), 3.0 (s, 3H), 2.98, (s, 3H), 2.96 (s, 3H),
2.2 (s, 3H), 2.0 (m, 2H), 1.9 (m, IH), 1.7 (s, 2H), 1.12 (s, 3H), 0.83 (s,
3H). IB. N-((l 0S)-2- {[(4-fluoro-3-methylbenzyl)amino]carbonyl}
-3-hydroxy-7,7- dimethyl -oxo S
lO-hexahydropyrimidofl^-aJazepin-lO-yO-N^^N'- trimethylethanediamide. [a]D2
3 C = -72.4 (c = 0.5, MeOH); HRMS (ES+): 502.2481 (M+H); lH NMR (400 MHz,
CDCI3) d 9.35 (br s, 3H), 7.2 (m, 2H), 6.9 (t, J 9 Hz5 IH), 5.34 (br s,
IH), 4.8 (d, J = 14 Hz, IH), 4.5 (m, 21H), 4.5 (m, 2H), 3.3 (d, J = 14 Hz,
IH) 5 3.0 (s, 3H), 2.98, (s, 3H), 2.96 (s, 3H), 2.2 (s, 3H), 2.0 (m, 2H),
1.9 (m. IH), 1.7 (s, 2H), 1.12 (s, 3H), 0.83 (s, 3H).EXAMPLE 2 Isolated
stereoisomers of
JV-(2-{[(4-fiuoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-7-
methoxy-7-methyl-4-oxo-4,6 ,7,8,9,1 0-hexahydropyrimido [1,2- ]azepin-
10-yl)-iV,/V Vtrimethylethanediamide Step 1: Methyl
2~methoxy-2-methylpent-4-enoate To a solution of diisopropylamine (2.34 L,
16.4 mol) in THF (6L) at -480C was added n-butyllithium (5.78 L 14.5 mol)
via additional funnel over 35 minutes, and the resulting mixture was warmed
to -150C over 20 minutes, held at -150C for 10 minutes, then cooled down to
-400C. To this solution was added methyl 2-methoxypropionate (1.85 kg, 12.4
mol) via additional funnel over 1.75 hours. After stirring for 30 minutes,
allyl bromide ( 1.4L, 16.4 mol) was added via additional funnel. The
resulting solution was stirred for 30 minutes, warmed to O0C over 1 hour,
then quenched with 3N HCl (7 L), and extracted with MTBE (2x4L). The 



combined organic layers were washed with brine, dried over MgSOzj.,
filtered, and concentrated in vacuo. The crude residue was used in the next
reaction without further purification. Step 2 :
er?-Butyl[(2-methoxy-2-rnethylpent-4~en-l -yl)oxy]dimethylsilane To a
suspension of LAH (pellets, 251.4g, 6.29 mol) in THF (6L) at <10C was added
methyl 2-methoxy-2-methylpent-4-enoate (1.9 kg crude) via additional funnel
while maintaining the reaction temperature below 230C. The resulting
mixture was stirred at ~5C for 1 hour; then quenched with water (250 mL,
13.9 mol), 15% NaOH (250 mL, 12.4 mol), and water (750 mL, 4 1.6 mol); then
diluted with 8L of MTBE; dried over 50Og of MgSq 4 overnight;and filtered
via vacuum filtration. The resulting filter cake was washed with THF and
MTBE. The filtrates were combined and concentrated in vacuo to provide a
crude alcohol. To a solution of TBS-Cl (4.06 kg, 26.1 mol) in DCM (23 L)
was added DMAP (74 g, 0.606 mol) and the crude alcohol (2.6 kg, 20.08 mol)
and TEA (3.94 L, 28.1 mol). The resulting mixture was stirred overnight at
ambient temperature and quenched with water (6L). The organic layer was
collected, washed with IM HCl (6L) and with brine (4L), then dried over
MgSq 4 filtered and concentrated in vacuo. Flash column chromatography
(Biotage 150 L, 5 kg silica) eluted with DCM provided the TBS ether
derivative. The material was carried forward to next step without further
purification. Step 3: 5- {[ter?-Butyl(dimethyl)silyl]oxy)
-4-methoxy-4-methyrpentan-l -ol OMe .OTBS To a solution of tert-butyl
[(2-methoxy-2-methylpent-4-en~lyl) oxy]dimethylsilane (2.45 kg, 10.04mol)
in THF (3.5L) at <5C was added BH3 in THF (IM solution, 11.05 L, 11.05 mol)
via a funnel while maintaining the reaction temperature at < 150C. The
reaction mixture was stirred for 30 minutes and quenched with water ( 11.75
L 652 mol). To the stirred mixture was added sodium perborate tetrahydrate
(4.64 kg, 30.2 mol) and the mixture 



was stirred overnight at ambient temperature. The reaction mixture was then
filtered, and the filter cake washed with 14 L MTBE. The combined organic
layers were washed with brine/water (7L/3L) The aqueous layer was extracted
with MTBE (14L). The combined organic layers were sequentially washed with
18.75L of 5% aqueous sodium thiosulfate/brine/water (10L/5L/3.75L) and then
concentrated in vacuo to provide crude material. Flash column
chromatography (multiple runs) eluted with 0% to 100% DCM in heptane, then
1% to 50% EtOAc in DCM provided the desired alcohol lH NMR (300 MHz,
CDCI3): d 3.65-3.59 (m, 2 H); 3.47 (dd, J 23.9, 10.1 Hz, 2 H); 3.24 (s, 3
H); 2.21-2.07 (m, 1 H); 1.63-1.54 (m, 4 H); 1.05-0.70 (m, 9 H); 0.04 (s,
6H). Step 4: 5- {[te/-?-Butyl(dimethyl)silyl]oxy)
-4-methoxy-4-methylpentanal OMe ,OTBS To a solution of sodium bicarbonate
(627g, 74.6 mol) and potassium bromide (672g, 56.5 mol) in water (20L) was
added 5-{[ ert-butyl(dimethyl)silyl]oxy}-4-methoxy-4- methylpentan-1-ol
(3.5 kg, 11.2 mol), DCM (10 L)5TEMPO (17.6g, 113 mol). The resulting
mixture was cooled to <5C and NaOCl (13% solution, total 6.7L, 14.6 mol)
was added in portions via a funnel while maintaining the reaction
temperature <5C. The mixture was stirred6 hours warming to ambient
temperature. The organic layer was collected. The aqueous layer was
extracted with 4 L DCM. The combined organic layers were dried over MgSq 4
filtered, and concentrated in vacuo. The crude material, 4.2 kg, was used
in the next step without further purification. lH NMR (300 MHz, CDCI3): d
9.75 (t, J = 1.8 Hz, 1 H); 3.43 (q, J = 10.4 Hz52 H); 3.17 (s, 3H); 2.43
(t, J = 1.8 Hz, 2H); 2.02-1.65 (m, 2 H); 0.99-0.71 (s, 9H); 0.14 (s, 6H).
Step 5: tert-Buty\(5- {[tert-butyl(dimethyl)silyl]
oxy}-1-cyano-4-rnethoxy-4- methylpentyl)methylcarbamate To a solution of
methylamine hydrochloride (0.83 kg, 12.34 mol) in water 



(14.66L) was added dioxane (24.43L) and
5-{[tert-butyl(dimethyl)silyl]oxy}-4-methoxy~4- methylpentanal (crude, 2.9
kg, 11.22 mol) and NaCN (0.605 kg, 12.34 mol) over 10 minutes while
maintaining the reaction temperature at 150C. The reaction mixture was
stirred overnight, then NaCl ( 1.7 kg) was added and the layers separated.
The aqueous layer was extracted with EtOAc (2x4L). The combined organic
layers were dried over Na2SO4, filtered and concentrated to provide 5.63 kg
(>100%) of crude material. To a solution of the crude residue in EtOAc
(20L) at 60C was added di-tert-butyldicarbonate (2.57 kg, 11.78 mol) in
1.5L of EtOAc via additional funnel over 5 minutes. The reaction mixture
was stirred at 15C overnight and concentrated in vacuo. Flash column
chromatography eluted with 0 to 30% EtOAc in heptane provided the desired
product. Step 6:
tert-Butyl{5-{[tert-butyl(dimethyl)silyl]oxy}-l-[(hydroxyamino)(imino)methy
l]- 4-methoxy-4-methylpentyl}methylcarbamate To a solution of
tert-butyl(5-{[tert-butyl(dimethyl)silyl]oxy}-l-cyano-4-methoxy-
4-methylpentyl)methylcarbamate (4.37 kg, 10.91 mol) in MeOH (28L) at 3O0C
was added aqueous hydroxylamine (50% in water, 1.2L, 19.63 mol). The
resulting mixture was heated to 4O0C overnight, then cooled and
concentrated in vacuo. The crude residue was dissolved in 1.5L of toluene,
concentrated under reduced pressure, and dried in vacuo. The crude material
was used in the next step without further purification. LC-MS: 434.3.Step 7
: Methyl 2-(l-[(ter -butoxycarbonyl)(methyl)amino]-5-{[ifer;~
butyl(dimethyl)silyl]oxy} -4-methoxy~4-methyl rentyl)-5~hydroxy-6-oxo- 1,6-
dib.ydropyrimidine-4-carboxylate To a solution of
tert-butyl{5-{[tert-butyl(dimethyl)silyl]oxy}-l~
[(hydroxyamino)(imino)methyl]-4-methoxy-4-metbylpentyl}methylcarbamate
(4.17 kg, 96.18 mol) in MeOH (26L) at O0C was added dimethyl acetylene
dicarboxylate ( 1.3L, 10.7 mol) over 40 minutes while maintaining the
reaction temperature below 80C. The reaction mixture was 



heated to 3O0C overnight. Additional dimethyl acetylene dicarboxylate
(total 0.454L, 3.7 mol) was added. The reaction mixture was stirred at 3O0C
overnight, cooled, concentrated in vacuo, and concentrated from xylene to
provide the desired diester derivative. LC-MS: 576.2 A solution of the
diester derivative (4.15 kg, 7.21 mol) in xylene (24L) was heated at 14O0C
for 20 hours, then cooled, diluted the reaction mixture with 4L of heptane,
and filtered through a pad of Celite 545. Flash chromatography (Biotage
Flash Si 15OL, 5.0 kg silica) of the filtrate eluting first with heptane,
then 100% EtOAc over 60 minutes, and finally EtOAc with 1% acetic acid to
provide the title product. LC-MS: 544. 1 Step 8: terMJutyl
[l-(4-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-5-hydroxy-6-oxo-
1,6-dihydro ryrimidin-2-yl)-5-hydroxy-4-methoxy-4-
methylpentyljmethylcarbamate To a solution of methyl
2-(l-[(tert-butoxycarbonyl)(methyl)amino]-5-{[fer^-
butyl(dimethyl)silyl]oxy} -4-methoxy-4-methylpentyl)-5-hydroxy-6-oxo-
1,6-dihydroryrimidine- 4-carboxylate ( 1.73 kg, 5.1 1 mol) in 2-propanol
(10.23L) was added 4-fluoro-3-methylbenzylamine (0.854 kg, 6.14 mol). The
resulting mixture was heated to 750C overnight, then cooled and
concentrated in vacuo. The residue was diluted with EtOAc (8L) and washed
with 10% aqueous citric acid (5L). The white solid was removed by
filtration. The aqueous layer was extracted with EtOAc (2x2L). The combined
organic layers were washed with 50% saturated sodium bicarbonate (lx5L),
and brine (lx5L), dried over sodium sulfate, filtered, and concentrated in
vacuo to provide the crude amide. LC-MS: 651.1. To a solution of the crude
amide ( 1.75 kg, 2.69 mol) in THF (0.75L) at 250C was added TBAF (IM in
THF, 7.26L 57.26 mol) and powdered activated 3A molecular sieves (50Og).
The reaction mixture was rotated at 250C overnight, concentrated in vacuo,
and then additional TBAF ( 1M in THF, 1.076L, 1.076 mol) and powdered
activated 3A molecular sieves (300 g) were added. The reaction mixture was
rotated at 3O0C overnight and then filtered to remove the 



molecular sieves. The filter cake was washed with MeOH (3 L) and the
filtrate was concentrated in vacuo. The residue was dissolved in 6L of DCM,
washed with 30% sat NaHC q 3 (4x4L), dried over sodium sulfate, filtered,
and concentrated in vacuo to afford crude title product, which was used in
the next step without further purification. LC-MS : 537.1. Step 9:
tert-Butyl (2- {[(4-fluoro-3 -methylbenzyl)arnino]carbonyl
}-3-hydroxy-7-methoxy- 7-methyl-4-oxo-4,6,7,8,9,10-hexahydro ryrimido[l,2-
a]azepin-10- yl)methylcarbarnate To a solution of -butyl
[l-(4-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-5- hydroxy-6-oxo-
1,6-dihydro rvrimidin-2-yl)-5-hydroxy-4-methoxy-4~
methylpentyljmethylcarbarnate (1.44 kg, 2.68 mol) in anhydrous acetonitrile
(5.37L) at 00C was added TEA (1.87L, 13.42 mol) and methanesulfonyl
chloride (0.836L, 10.73 mol) dropwise over 45 minutes while maintaining the
reaction temperature below 50C. The resulting mixture was stirred at O0C
for 14 hours, diluted with 30% saturated NaHC q 3 (10L), and extracted with
MTBE (4x2L). The combined organic layers were washed with 5% citric acid
and brine, dried over Na2SO4, filtered, and concentrated in vacuo to
provide a crude mesylate. LC-MS: 670.1 (M+l-Boc). To a solution of the
crude mesylate from the previous step ( 1.53 kg, 1.985 mol) in DMF (7.94L)
was added CS2CO3 (2.59 kg, 7.94 mol). The reaction mixture was heated to
1000C for 15 hours, then cooled and concentrated in vacuo. The residue was
diluted with EtOAc (4L) and acidified to pH 4 with 10% critic acid. The
layers were separated. The aqueous layerwas extracted with EtOAc (3x2L).
The combined organic layers were washed with 50% brine (10L) 5and brine
(5L), dried over Na2SO4, filtered, and concentrated in vacuo. The crude
title product was used in the next reaction without further purification.
LC-MS: 519.1. Step 10:
10-[(te^-Butoxycarbonyl)(methyl)amino]-2-{[(4-fluoro-3-
methylbenzyl)amino]carbonyl}-7-methoxy-7-methyl-4-oxo-4,6,7 !8J9,10- 



hexahydro ryrimido[l ,2- ]azepin~3-yl methanesulfonate To
(2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-3-
hydroxy~7-methoxy-7-methyl-4-ox q 4,6,7,8,9,1 0-hexahydropyrimido[
1,2-a]azepin- 10- yl)methylcarbamate (1.029 kg, 1.98 mol) in dry
acetonitrile (8L) at 150C was added MsCl (0.27L, 3.47 mol). The reaction
mixture was stirred at -6O0C for 1 hour, diluted with EtOAc (4L), potassium
hydrogen sulfate (1.08 kg, 7.94mol, in 8L H2O), 4L of brine, and 6L of
EtOAc. The organic layer was collected and washed with brine (2x5L), dried
over Na2SO4, filtered, and concentrated in vacuo. The crude residue was
dissolved in DCM (1.5 L) and heptane ( 1 L) and solids were removed by
filtration. The filtrate was concentrated and purified by flash column
chromatography (Biotage 15OL, 5 kg silica) eluting with 50% heptane in DCM,
then 100%DCM, and finally to 12% acetone in DCM and gave the desired
mesylate. LC-MS: 597.2. Step 11:
/Y-(2-{[(4-Fluoro-3~methylbenzyl)amino]carbonyl}-3-hydroxy-7-methoxy-7-
methyl-4-oxo-4,6,7,8 9,10-hexahydropyrimido[l ,2-a]azepin- 10-y\) N ~
trimethylethanediamide To a suspension of
10-[(ter^butoxycarbonyl)(memyl)amino]-2-{[(4-fluoro-3-
methylbenzyl)amino]carbonyl}-7-methoxy-7~methyl-4-oxo-4,6,7,8,9,10-hexahydr
opyrimido[l,2- f zepin-3-yl methanesulfonate (0.291 kg, 0.488 mol) in EtOAc
(3.2L) at 00C was bubbled HCl(g) until saturation. The reaction mixture was
stirred at 00C for 1 hour, warmed to 150C for 15 minutes, then cooled to
O0C and stirred at O0C for 2 hours. The reaction mixture was purged with N2
gas for 20 minutes and concentrated in vacuo. The residue was concentrated
twice from EtOAc ( 1.5L) to remove HCl and was crystallized with IL of
EtOAc and 500 mL of MTBE. Filtration provided a light tan solid which was
rinsed with 500 mL of 1:1 EtOAc/MTBE following by IL of MTBE. The solid was
dried in vacuo at 5O0C for 30 minutes to afford an HCl salt. LC-MS: 497.1.
To a solution of the HCl salt (197.9g, 371 mol) in DCM (2L) at ambient 



temperature was added N,N-dimethyloxamic acid (87g, 743 mol), EDC (157g,
817 mol), and HOAt (50.5g, 371 mol). The reaction mixture was cooled to
90C. To the cooled solution was added N-methylmorpholine (0.204L, 18.56
mol) over 2 minutes. Additional N5Ndimethyloxamic acid (21 .74g, 186 mol),
EDC (36.6g, 189 mol), and HOAT (25. 3g, 186 mol) were added. The resulting
mixture was diluted with H2O (2L) and brine (IL). The layers were
separated. The aqueous layer was extracted with DCM (IL). The combined
organic layers were washed with 50% brine (2x2L), dried over Na2SO4,
filtered, and concentrated in vacuo. The product was crystallized from DCM.
The crystallization mixture was diluted with iso-propyl acetate. Filtration
provided a white solid which was dried in a vacuum oven at 3O0C. LC-MS:
596.2. To a solution of mesylate product (148.9g, 250mmol) in 2-propanol
(1.5L) was added IM NaOH (375mL, 375mmol). The resulting mixture was
sonicated without heating. After 3 hours, additional IM NaOH (125rnL,
125mmol) was added and the mixture was sonicated without heating for 1
hour. The reaction mixture was filtered and concentrated in vacuo. The
crude material was crystallized by addition of IM HCl (50OmL, SOOmmol) and
filtered. The filter cake was washed with 50% EtOH/H2 q and EtOH, then
dried in vacuo at 5O0C for 18 hours. The mixture was purified by chiral SFC
(AD-H column, 40%IPA, sample dissolved at Omg/mL in 1;1 chloroform: BPA,
1mL injection, 50mL/minute, cycle time: 3.5 minutes): Compound 2A - The
second eluting peak: 7-OMe is trans to 10-amide side chain, determination
of absolute stereochemistry described below, LC-MS: M + 1 = 518.2. HR MS
ESI: M + 1 theoretical 518.2409, observed 518.2436. H NMR (399 MHz, CDCI3):
d 12.20 (s, 1 H); 9.45-9.31 (m, 1 H); 7.23 (dd, J 7.5, 2.1 Hz, 1 H);
6.95-6.88 (m, 1 H); 5.17 (d, J 14.1 Hz, 1 H); 4.56 (dd, J = 14.5, 6.6 Hz, 1
H); 4.46 (dd, J = 14.5, 6.3 Hz, 1 H); 3.39-3.29 (m, 4 H); 3.03 



(s 3 H); 3.00 (s, 3 H); 2.98 (s, 3 H); 2.24 (d, J = 1.9 Hz, 3 H); 2.22-2.16
(m, 1 H); 2.00-1.90 (m, 3 H); 1.12 (s, 3 H). Compound 2B - The third
eluting peak: 7-OMe is trans to 10-amide side chain, absolute
stereochemistry described below, LC-MS: M I 518.2. HR MS ESI: M + 1
theoretical 5 18.2409, observed 5 18,2435. H NMR is same as the second
eluting peak.Compound 2C - The fourth eluting peak: 7-OMe is cis to
10-amide side chain, absolute stereochemistry not determined, LC-MS: M + 1
= 518.2. HR MS ESI: M + 1 theoretical 5 18.2409, observed 5 18.2436. lH NMR
is the same as the first eluting peak. Compound 2D - The first eluting
peak: 7-OMe is cis to 10-amide side chain, absolute stereochemistry not
determined, LC-MS: M + 1 518.2, HR MS ESI: M + 1 theoretical 518.2409,
observed 518.2437. lH NMR (399 MHz, CDCI3): 12.10 (s, 1 H); 9.28 (s, 1 H);
7.22 (d, J = 7.5 Hz, 1 H); 6.97-6.87 (m, 1 H); 5.35 (s, 1 H); 5.27 (dd, J =
14.9, 2.0 Hz, 1 H); 4.58 (dd, J = 14.5, 6.6 Hz, 1 H); 4.49-4.40 (m, 1 H);
3.36 (d, J = 14.8 Hz, 1 H); 3.20 (s, 3 H); 3.04-2.97 (m, 10 H); 2.24 (s, 3
H); 2.16 (d, J 15.0 Hz, 2 H); 1.88 (d, J = 13.2 Hz, 1 H); 1.81- 1.70 (m, I
H); 1.46-1.24 (m, 3 H). Crystalline Compound 2A Preparation Amorphous
Compound 2A material obtained from the chromatographic separation described
above was dissolved in boiling absolute ethanol, the minimum amount
required for complete dissolution, and filtered through a fluted filter
paper. The hot solution was allowed to slowly cool to ambient temperature
during which time fine needles crystallized from solution. The cooled
crystallization mixture was aged for 3 hours and the crystalline compound
was isolated by filtration, washed with 10 mL of ice cold absolute ethanol,
and dried under vacuum. Characterization 



An X-ray powder diffraction (XRPD) pattern of the crystalline Compound 2A
was generated on a Philips Analytical X'Pert PRO X-ray Diffraction System
with PW3050/60 console using a continuous scan from 4 to 40 degrees 2Q(2
theta), Copper K-Alpha 1 (Ka 1) and K-Alpha 2 (K c2) radiation was used as
the source. The experiment was run under ambient conditions. The
diffraction peak positions were referenced by silicon which has a 2Qvalue
of 28.443 degree. The XRPD pattern is shown in Figure 1. 2Qvalues and the
corresponding dspacings in the XRPD pattern include the following: Table
2AThe crystalline Compound 2A was also analyzed with a TA Instruments DSC Q
1000 differential scanning calorimeter (DSC) at a heating rate of
10C/minute from 25C to 35OC in an open aluminum pan in a nitrogen
atmosphere. The DSC curve showed an endotherm with an onset temperature of
197C and a peak temperature of 198C. The enthalpy change was 84 J/g. The
endotherm is believed to be due to melting. A thermogravirnetric analysis
(TGA) of the crystalline compound was performed with a TA Instruments TGA Q
500 under nitrogen at a heating rate of 10C/minute from 25C to 35O0C. The
TG curve showed a weight loss of 0.21 wt.% up to 1000C indicating the
absence of water of hydration and solvent of solvation. An X-ray
crystallographic study of Compound 2A was performed on crystalline Compound
2A prepared as described above. The study was done using a CCD-based
diffractottieter from Oxford Diffraction (radiation source: Enhance-Ultra
Cu, detector model: Ruby) controlled by Oxford Diffraction CrysAlis Pro
software. Data collection, using Cu radiation, was performed at 100 K to
limit thermal motion and dynamic disorder as well as to improve the
diffraction measurements. The crystal selected was representative of the
bulk sample. Crystal data at 100 K: a =5.49010(12) A a= 90.00 V=2467.40(11)
A 



b 20.4635(6) b 90.00 Space group 212] 2i, #19 c - 21.9624(6) g 90.00 Z 4 A
total of 20038 reflections were measured to a resolution of 0.84 A-1 which
yielded 4297 unique reflections. The refinement, using SHELXL software, was
complete with R = 5.04% andwR-2 - 13.6% using all 4297 reflections. The
absolute configurations at C7 and ClO (see structure below) are both R as
determined by the anomalous dispersion arising from the six oxygen atoms in
the molecule. Analysis of the anomalous dispersion effect was performed
using the refined Flack parameter,-0.1(2), and the Hooft parameter
-0.05(4), both of which confirm the choice of absolute configuration.
Accordingly, Compound 2A is N-((7R, 10J?)-2-{[(4-fiuoro-3-
methylbenzyl)amino]carbonyl}-3-hydroxy-7-methoxy-7-methyl-4-oxo-4
6,7,8,9,10- hexahydropyrimido[ 1,2- ]azepin-l O-yl)-
^^-trimemylethanediarnide. In view of the stereochemistry assigned to
Compound 2A, by process of elimination, Compound 2B is N~((7S, 10 ) -2-
{[(4-fiuoro-3-methylb nzyl)amino]ca tbonyl}-3-
hydroxy-7-rnethoxy-7-methyl-4-oxo-4,6,7,8,9,l 0-hexahydropyrimido[
1,2-a]azepin- 10-yl)- V' N'-trimethylethanedi amide. EXAMPLE 3-1 i ? e c- r
"5-N-(2-{[(3-fluoro-4-methylbenzyl)amino]carbonyl}-3-hydroxy-6-methyl-4-oxo
- 4,6,7,8,9,1
0-hexahydropyrimido[l,2-a]azepin-10-yl)-N,N',N'-trimethylethanediamide
(Compound 3A) Step l ; 6-Methyltetrahydro-2 H-pyran-2- olA solution of
diisobutylaluminum hydride in methylene chloride (IM, 420 mL) was added
slowly to a -78C solution of d-hexanolactone (40 g 350 mmol) in methylene
chloride (1000 mL) over 1 hour. The resulting thin white suspension was
allowed to warm up gradually over 2 hours whereupon at -400C a clear
solution was attained. The reaction mixture was cautiously quenched via
slow proportion-wise addition of methanol (105 mL) over 30 minutes. It was
then stirred for 15 minutes, after which saturated aqueous sodium potassium



tartrate (350 mL) was added. The reaction mixture was then allowed to warm
to room temperature overnight. The organic phase was removed and washed
with brine and then dried over magnesium sulfate. The aqueous phase was
extracted with ethyl acetate, the extract then washed with brine and also
similarly dried. Filtration and concentration gave a mixture of
diastereomeric lactols as a colorless oil: H NMR (400 MHz, CDCI3)
Diastereomer A, d 5.28 (s, IH), 4.07 (m, IH), 2.42 (br m IH) 5 1.13-1.87
(m, 6H), 1.11 (d, 6.2 Hz, 3H). Diastereomer B, d 4.70 (m, IH), 3.56 (m,
IH), 2.86 (br m, IH), 1.13-1.87 (m, 6H), 1.21 (d, J 6.2 Hz, 3H). Step 2:
6~Hydroxy-2~(methylamino)heptanenitrile The
6~methyltetrahydro-2if-pyran-2-ol (42 g, 350 mmol) was dissolved in dioxane
(300 mL) and treated with methylamine (40% in water, 32 mL, 350 mmol)
followed by methylamine.HCl (19 g, 280 mmol) and then sodium cyanide (17 g,
350 mmol) followed by water (50 mL). After stirring at room temperature
overnight, the organic phase was decanted off and concentrated. The residue
was dissolved in ethyl acetate. Water was added to the initial aqueous
suspension (which had been left behind) until dissolution was complete,
after which both phases were combined and extracted. The organic phase thus
obtained was concentrated. The aqueous phase was extracted twice more with
fresh ethyl acetate and the extracts concentrated. The combined residue was
dissolved in ether and filtered to remove the remaining solids.
Concentration gave the product as a colorless oil: lH NMR (400 MHz, CDCI3)
d 3.81 (m, IH), 3.46 (t, J = 7 Hz, IH), 2.53 (s, 3H), 1.76 (m, 2H),
1.34-1.65 (m, 4H), 1.19 (d, J = 6.2 Hz, 3H). Step 3: tert-Butyl
(l-cyano-5-hydroxyhexyl)melhylcarbamateA solution of
6-hydroxy-2-(methylamino)heptanenitrile (76 g) in isopropyl acetate (350
mL) was warmed to 300C and then a solution of di-tert-butyl dicarbonate in
isopropyl acetate (150 mL) was added dropwise. Whenever the internal
temperature of the reaction rose above 35C, heating was discontinued or the
rate of addition was slowed to keep the internal 



temperature within a few degrees of this set point. The total required
addition time was about 1 hour. Heating was then resumed and the
temperature was maintained at 35C overnight. The reaction mixture was then
cooled to room temperature and treated with ammonium chloride (7 g), water
(50 mL) and concentrated aqueous ammonia (13 g) and the resulting mixture
allowed to stir at room temperature overnight. The reaction mixture was
then cooled to O0C and the organic phase separated and washed with cold
(O0C) IM NaOH, then 10% ammonium chloride, then 20% NaCl, then dried over
sodium sulfate. Filtration and concentration gave the product as a very
thick opaque oil which contained an undetermined amount of t-butanol: H NMR
(400 MHz, CDCI3) d 5.20 (m, IH), 3.78 (br s, IH), 2.87 (s, 3H), 1.81 (m,
2H), 1.25-1.63 (m, 4H), 1.45 (s, 9H), 1.18 (d, = 6.2 Hz, 3H). Step 4 :
tert-Butyl {l-[(Z)-amino(hydroxyimino)methyI]-5- hydroxyhexyl
}methylcarbamate The tert-butyl (1-cyano-5 -hydroxyhexyl)methylcarbamate
(129 g) which contained an undetermined amount of t-butanol was dissolved
in methanol (250 mL) and treated with 50% aqueous hydroxylamine (33 mL).
The mixture was then heated to 6O0C for 3 hours. The reaction mixture was
then cooled and the solvents removed in vacuo. The residue was
azeotropically dried twice with toluene (200 mL each time) and dried in
vacuo at 5O0C to give the product as a very thick clear oil which was
contaminated by t-butanol: ES MS M+l = 290.0.Step 5: Dimethyl
(2E)-2-[({(lZ)-l-amino-2-[(tert-butoxycarbonyl)(methyl)amino]-6-
hydroxyhertylidene}amino)oxy]but-2-enedioate The tert-butyl
{l-[(Z)-ammo(hydroxyimino)methyl]-5- hydroxyhexyl}methylcarbamate (161 g
overweight) was dissolved in methanol (250 mL) and cooled to -100C. DMAD
(65 mL) was added dropwise without allowing the reaction temperature to
rise above -50C then the reaction mixture was stored in a freezer at -100C
for 2 days. The reaction mixture was then concentrated to dryness. It was
azeotropically dried twice 



with toluene and dried in vacuo at 300C to constant weight to afford the
title product: ES MS M+l = 431.9. Step 6: Methyl
2-{l-[(tert-butoxycarbonyl)(methyl)amino]-5-hydroxyhexyl}-5-hydroxy- 6-oxo-
1J6-dihydropyrimidine-4-carboxylate The dimethyl
(2E)-2-[({(lZ)-l-amino-2-[(tert-butoxycarbonyl)(methyl)amino]-6-
hydroxyhertylidene}amino)oxy]but-2-enedioate (239 g overweight) was
dissolved in o-xylene (1000 mL) and the resulting solution heated at 1200C
for 48 hours. The resulting deep wine red solution was cooled to room
temperature and the solvent concentrated in vacuo. The thick dark residue
was dissolved in ethyl acetate (400 mL) and dichloromethane (100 mL),
cooled in an ice bath and treated with IM sodium hydroxide (400 mL). The
mixture was transferred to a separataory funnel but it was difficult to see
any separation due to the dark brown nature of the two layers. Therefore,
400 mL of the aqueous phase was drawn off. The remaining mixture waswashed
once with IM sodium hydroxide (100 niL), then 300 niL of liquid was run
off. The 400 mL and 300 mL draws were combined and extracted with ether
(300 mL). The separation between the phases was now visible. The aqueous
phase was separated off and cooled in an ice bath and while stirring
rapidly, it was acidified with 6M HCl (85 mL). The resulting mixture was
then extracted with methylene chloride and dried over sodium sulfate.
Concentration and drying under vacuum gave the title product as a tacky
brown sponge (140 g): ES MS M+l = 399.8. Step 7: Methyl 2-
{1-[(tert-butoxycarbonyl)(methyl)amino] -5-
[(raethylsulfonyl)oxy]hexyl}-5,-bis[(methylsulfonyl)oxy]pyrimidme-4-
carboxylate The methyl 2- {1-[(tert-butoxycarbonyl)(methyl)amino]
-5-hydroxyhexyl}-5- hydroxy-6-oxq l ,6-dihydropyrimidine-4-carboxylate from
Step 6 was azeotroped dry with acetomtrile (500 mL). The resulting thick
wine red gummy sponge (39 g) was redissolved in 



acetonitrile (500 mL) and cooled to 15-20 C. Triethylamine (54 mL) was
added followed dropwise over 30 minutes by mesyl chloride (27 mL). After
stirring at the same temperature for an additional 30 minutes, there had
been complete conversion to a 2:1 mixture of tri-mesylate and di-mesylate
as determined by LC-MS. The reaction mixture was filtered to remove
triethylamine hydrogen chloride and the filter cake washed well with
methylene chloride. The filtrate was concentrated and then partitioned
between methylene chloride and half-saturated brine. The organic phase was
removed and dried over sodium sulfate. Filtration and concentration gave a
dark red foam which was azeotropically dried with acetonitrile (500 mL) and
gave a wine red gum which was the tri-mesylate. Step 8: Methyl ra -r -10
[(tert butoxycarbonyl)(methyl)amino]-6-methyl-3-
[(methylsulfonyl)oxy]-4-oxo-4 6,7 8>9 l0-hexahydropyrimido[l 2-a]azepine-2-
carboxylateA mixture of the methyl
2-{l-f(tert-butoxycarbonyl)(methyl)amino]-5- [(methylsulfonyOoxyjhexylJ-S
-bistCmethylsulfony^oxyjpyrimidine^-carboxylate (62 g 98 mmol) and cesium
carbonate (64 g 196 mmol) in DMF (400 mL) was heated at 1000C overnight.
The reaction mixture was cooled to room temperature and then ccoled further
to O0C. More cesium carbonate (60 g) was added followed by MsCl (10 mL) and
stirring continued for 1 hour. The reaction mixture was filtered to remove
solids and the solids were then washed with methylene chloride until the
filtrate ran clear. The filtrate was then stripped and finally under high
vacuum at 35C to remove the DMF. The thick dark red residual sludge was
diluted with ether and filtered. The filter cake was washed with ether. The
resulting cream colored solid was dissolved in methylene chloride and
washed once with cold half-saturated brine and the solution dried over
sodium sulfate. Filtration and concentration gave the racemic trans
diastereomer as determined by NMR and LC-MS: lH NMR (400 MHz, CDCI3) d 5.74
(m, IH), 5.41 (dd, J = 1.6, 13.5 Hz, IH), 3.92 (s, 3H)5 3.50 (s, 3H), 2.95
(s, 3H), 1.60-2.94 (m, 6H), 1.57 (d, J 7.3 Hz5 



3H), 1.44 (s, 9H). ESMS M+l 460.12. Step 9: Methyl
trans-rac-6-methyl-10-(methylamino)-3 -[(methylsul fonyl)oxy]-4-oxo-
4,6,7,8, 9,1 0-hexahydropyrimido[l,2-a]azepine-2-carboxylate To a solution
of the methyl "s-rac-10-[(tert-butoxycarbonyi cmethyl)amino]-6- methyl-
3-[(methylsulfonyl)oxy]-4-oxo-4,6 ,7,8,9,1 0-hexahydropyrimido
[1,2-a]azepine-2- carboxylate (3.5 g) in dioxane (25 mL) at 00C was added
4M HCl in dioxane (25 mL). After stirring for 30 minutes the reaction
mixture was allowed to warm to room temperature and stirred there for 4
hours. The solvent was stripped and the residue dissolved in water and
treated with excess sodium carbonate. The resulting mixture was extracted
with methylene chloride, thenchloroform and dried over sodium sulfate.
Filtration and concentration gave the amine as dark brown viscous oil. Step
10: Trans~rac-methy\
10-[[(dimethylammo)(oxo)acetyl](methyl)amino]-6-methyl-3-
[(methylsulfonyl)oxy]-4-oxo-4
;6,7,8,9,10-hexahydropyrimido[l,2-a]azepine-2- carboxylate Ethyl
chloroformate (0.4 mL) was added to a solution of dimethyloxamic acid (0.49
g) in tetrahydrofuran (15 mL) at - 15C. N-methylmorpholine (0.52 mL) was
added slowly in portions while maintaining the temperature below -5C. As
the addition proceeded the amine salt crashed out as a white solid.
Stirring was continued for 90 minutes then the salts were filtered off and
the resulting cold solution used directly. The methyl tmns-rac-6-methyi-lO-
(methyl amino)-3 -[(methylsulfonyl)oxy] -4-oxo-4 36,7
,8>9,10-hexahydropyrimido[ 1,2-a]azerine-2- carboxylate from Step 9 was
dissolved in THF (5 mL) and added to the mixed anhydride as prepared above
while cooling in a cold water bath. When the addition was complete, the
reaction mixture was allowed to warm up gradually to room temperature
whereupon a cream solid precipitated. The solid precipitate was filtered
off and washed well with ether then dried under vacuum. The resulting white
solid was the desired title compound: lH NMR (400 MHz, CDCI3) 



d 5.69-5.79 (m, 2H), 3.91 (s, 3H), 3.51 (s, 3H), 3.12 (s, 3H)5 3.03 (s,
3H), 3.00 (s, 3H), 1.82-2.14 (m, 6H), 1.61 (d, = 7.3 Hz, 3H). Step 11:
Racemic-trans~N-(2- {[(3-fluoro-4-methylbenzyl)amino]carbonyl}-3-hydroxy-6-
methyl-4-oxo~4,6,7,8,9,10-hexahydropyrimido[l 2-a]azepin-10-yl)-N,N',N'~
trimethylethanediamide The
10-[[(dimethylamino)(oxo)acetyl](methyl)amirio]-6-methyl-
3-[(methylsulfonyl)oxy]-4-oxo-4,6,7,8,9,10-hexahydro
ryrimido[l,2-a]azepine-2-carboxylate from Step 10 (50 mg) was dissolved in
DMSO (2 mL) and 4-methyl-3-fluorobenzylamine (0.1 mL) added. The resulting
mixture was heated at 1000C for 30 minutes. As determined by LC-MS, there
was complete conversion to product which was purified by reverse phase
Gilson chromatography: lH NMR (400 MHz, CDCI3) d 9.46 (br s, IH), 7.05 (m,
3H), 5.96 (m, IH),5.56 (br s, IH), 4.47 (qd, = 6.8, 14.5 Hz, 2H)5 3.02 (s,
3H), 2.99 (s, 3H) 2.94 (s, 3H), 2.21 (s, 3H)5 1.61-2.24 (m, 6H), 1.47 (d, J
7.5 Hz, 3H). ESMS M+l = 487.8. EXAMPLE 3-2 Isolated cis enantiomer of
N-(2-{[(3-fluoro-4-methylbenzyl)amino]carbonyl}~3-hydroxy-6-
methyl-4-oxo-4,6,7,8,9,l 0-hexahydropyrm do[l ,2-a]azepin-l 0-yl)-N,N*,N'-
trimethylethanediamide (Compound 3B) Step 1: Methyl cis-
10-[(tert-butoxycarbonyl)(metfoyl)amino]-6-methyl-3- [(methylsulfonyl)oxy]
-4-oxo-4,6 ,7,8 ,9, 10-hexahydropyrimido[ 1,2-a]azepine-2- carboxylate This
compound was prepared according to the procedure described for Example 3-1,
Step 8, except that here the reaction mixture was heated at 1000C for 4
hours instead of overnight. As a result of the reduced reaction time, the
product was isolated as a racemic cistmns mixture of diastereomers. This
mixture was separated into its 4 diastereomerically pure components by
chiral supercritical fluid chromatography: lH NMR (400 MHz, CDCI3) Cis 



diastereomer of unknown absolute confi guration d 5.45 (m, IH), 4.77 (m,
IH), 3.90 (s, 3H), 3.49 (s, 3H), 2.81 (s, 3H) 1.58-2.07 (m, 6H), 1.55 (d, J
= 6.8 Hz, 3H), 1.45 (s, 9H). ESMS M+l 460.10.Step 2 :
C^-N-(2-{[(3-fluoro~4-methylbenzyl)ammo]carbonyl}-3-hydroxy-6-methyl-4-
oxo-4,6,7,8,9,1 0-hexahydropyrimido[ 1,2-a]azepin- 10-yl)-N,N',N'-
trimethylethanediamide The methyl cis-
10-[(tert-butoxycarbonyl)(niethyl)amino]-6-methyl-3- [(methylsulfony
)oxy]-4-oxo-4,6,7,8,9,l 0-hexahydropyrimido[l ,2-a]azepine-2-carboxylate
from Step 1 was converted to the title compound according to the procedures
described for Example 3-1, Steps 8-11. Absolute stereochemistry -either
(6R,10S) or 6S,10R) - was not determined. lH NMR (400 MHz, CDCI3) d 9.66
(br s IH), 7.05 (m, 3H), 5.67 (br s, IH) 5 5.00 (br s IH), 4.54 (qd, J =
6.6, 14.5 Hz, 2H), 3.06 (s, 3H), 3.01 (s, 3H), 2.83 (s, 3H) 2.21 (s, 3H),
1.92-2.23 (m, 6H), 1.49 (d, J = 6.3 Hz, 3H). ES MS M+l 488.1 1. EXAMPLE 4-1
N-((6S ,10S)-2- {[(4-fluoro-3-methylbenzyl)amino]carbonyl
}~3-hydroxy-6~methyl-4-oxo- 6,7,9, 10-tetrahydro-4H- ryrimido[ 1,2-d]
[1S4]oxazepin-1 0-yl)-N N',N'-trimethylethanediamide (Compound 4A) N-((6S
J10R)-2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-6-methyl-4-oxo
~ 6,7,9, 10-tetrahydro-4H-pyrimido[l ,2-d][l 4]oxazepin-l
O-yl)-N,N',N'-trirnethylethanediamide. (Compound 4B) Step 1: 2(
)-l-(Allyloxy)propan-2-olTo a stirred solution of allyl alcohol (55.0 g,
947 ramol) in 300 mL of anhydrous N,N-dimethylforrnamide cooled in an ice
bath was added 60% oil dispersion of sodium hydride (37.9 g, 947 mmol) in 4
portions over 30 minutes. The mixture was allowed to warm to ambient
temperature and after 30 minutes the mixture was cooled in an ice bath and
(R)-1 ,2- epoxypropane (50 g, 861 mmol) was added slowly over 30 minutes.
The reaction mixture was 



allowed to warm to room temperature and stirred for 72 hours. The reaction
mixture was cooled in an ice bath, diluted with water, and extracted with
ethyl acetate (4X) The combined organic extracts were washed with water
(3X), brine (IX) and dried over anhydrous magnesium sulfate. Concentration
under reduced vacuum gave the crude product as an oil which was used in the
next step without purification: lH NMR (400 MHz, CDCI3): d 5.92 (ddt, J =
17.2, 10.4, 5.6 Hz, 1 H); 5.26 (dq, J = 17.2, 1.6 Hz, I H); 5.20 (dq, J
10.3, 1.3 Hz, 1 H); 4.03 (dt, J = 5.6, 1.4 Hz, 2 H); 3.95 (m, 1 H); 3.4-3.5
(m, 1 H); 3.24 (dd, J = 9.4, 8.2 Hz, 1 H); 2.4 (br s, 1 H); 1.15 (d, J =
6.4 Hz, 3 H). Step 2: 6(i?)-6-Methyl-1,4-dioxan-2-ol : A stream of ozone
was dispersed into a cold (initial T = -78C ) stirred solution of
2(J?)-l-(allyIoxy)propan-2-ol (84 g, 723 mmol) in dichloromethane (400 mL)
until a blue color persisted (required 4 hours). The solution was purged
with nitrogen until a clear, colorless solution was obtained. Dimethyl
sulfide (134 mL, 1.8 mol) and triethylamine (302 mL, 2.17 mol) were added.
The stirred mixture was allowed to warm to room temperature over 60
minutes. A test for peroxide with wet starch-iodide paper was negative. The
mixture was concentrated under reduced pressure at ambient temperature to
provide the crude title product which was used directly in the next step
without purification. Step 3: tert-Butyl
(l-cyano-2-{[(2)-2-hydroxypropyl]oxy}ethyl)methylcarbamate:To a stirred
solution of 6( )-6-methyl-l,4-dioxan-2-ol (100 g, 847 mmol) in dioxane and
water (3:1, 400 mL) was added methylamine hydrochloride ( 114 g 1.69 mol)
and sodium cyanide (83 g, 1.69 mol). The solution was stirred for 72 hours.
The product was extracted into ethyl acetate (3X) and the combined organic
layers were dried over anhydrous sodium sulfate, filtered, and the solvent
was removed under reduced pressure. The residue was dissolved in ethyl
acetate (100 mL) and to the solution was added di-tert-butyl dicarbonate
(369 g 1.69 mol). The solution was stirred at room temperature for 18
hours, diluted with ethyl 



acetate and washed with water (IX), and brine (IX). After drying over
sodium sulfate the crude product solution was filtered and concentrated
under reduced pressure. Purification by medium pressure chromatography on
silica gel with a 30-50% ethyl acetate in hexane gradient gave the title
product. lH NMR (399 MHz5CDCI3): d 5.5-5.1 (br m 1 H); 3.9 (m, 1 H); 3.8
(m, 2 H); 3.53 (td, J =9.5, 3.0 Hz, 1 H); 3.34 (ddd J = 14.1, 9.5, 7.4 Hz,
1 H); 2.96 (s, 1.5 H); 2.96 (s, 1.5 H); 1.48 (s, 9 H); 1.16 (d, J 6.4 Hz, 3
H). Step 4:
tert-Butyl[(2)-2-amino-l-({[(2i?)-2-hydroxypropyl]oxy}methyl)-2-
(hydroxyimino)ethyl] -methylcarbamate : To a solution of tert-butyl
(1-cyano-2- {[(2)-2-hydroxyproryl]oxy} ethyl)methylcarbamate (20 g, 77
mmol) in methanol (100 mL) was added a 50% aqueous solution of
hydroxy!amine (5.63g, 85 mmol) and the mixture was stirred at 400C for 18
hours. The solution was concentrated under reduced pressure and the residue
was purified by medium pressure chromatography on silica gel with a 10-90%
ethyl acetate in hexane gradient gave the title product as a yellow oil. ES
MS 292.2 (M+l).Step 5: Dimethyl
(2)-2-{[((l)-l-amino-2-[(tert-butoxycarbonyI)(methyl)amino]-3~{[(2R)-
2-hydroxypropyl]oxy}propylidene)amino]oxy}but-2-enedioate To a stirred
solution of tert-butyl[(2)-2-amino-l-({[(2i?)-2-
hydroxypropyl]oxy}methyl)-2~(hydroxyirnino)ethyl]-methylcarbamate (123.5 g,
424 mmol) in methanol at O0C was added dimethyl acetylenedicarboxylate
(52.4 ml, 424 mmol). After the addition, the reaction mixture was allowed
to warm to room temperature. Stirring was continued for 18 hours. The
solvent was removed under reduced pressure. The crude product was purified
by medium pressure chromatography on silica gel with a 10-85% ethyl acetate
in hexane gradient providing the title product. ESMS = 435.4 (M+l). Step 6:
Methyl 2-(1-[(tert-butoxycarbonyl)(methyl)amino] -2- {[(2R-)-2- 



hydroxypropyl]oxy}ethyl)-5,6-dihydroxyryrimidine-4-carboxylate A solution
of dimethyl (2)-2- {[((I)-I -amino-2-[(tertbutoxycarbonyl)(
methyl)amino]-3-{[(2R)- 2-hydroxypropyl]oxy}rropylidene)amino]oxy}but-2-
enedioate (140 g, 323 mol) in o-xylene (1000 mL) was heated at 1200C for 18
hours. The temperature of the solution was then increased to 1400C for 6
hours to convert the last of the substrate. The mixture was allowed to cool
to ambient temperature and concentrated under reduced pressure. The crude
residue was purified by medium pressure liquid chromatography on silica gel
with 40% ethyl acetate in hexane to remove low polarity components and then
theproduct was eluted with 10% ethanol in dichloromethane providing the
title product. ES MS = 402.4 (MH). Step 7: tert-Butyl
(l-(4-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-5 6-
dihydroxypyrimidin-2-yI)-2- {[(2)-2~hydroxypropyl]oxy}
ethyl)methylcarbamate To a stirred solution of methyl
2-(l-[(tert-butoxycarbonyl)(methyl)amino]-2-
{[(2R-)-2-hydroxypropyl3oxy}ethyl)-5,6-dihydroxypyrimidine-4-carboxylate
(40 g, 100 mmol) 2-propanol (400 mL) was added 4-fluoro-3-methylbenzylamine
(20.8 g, 149 mmol) in two parallel runs. The mixtures were heated to 6O0C
for 16 hours. With some substrate ester remaining as determined by LC-MS,
the temperatures of the heating baths were increased to 80C for 3 hours.
The solutions were cooled and combined and the solvent was removed under
reduced pressure. The crude product was dissolved in ethyl acetate and
washed with aqueous 10% citric acid (2X), saturated sodium bicarbonate (IX)
and brine (IX). The organic layer was separated, dried over anhydrous
sodium sulfate, filtered, and the solvent was removed under reduced
pressure. The crude product was used without further purification in the
next step: ES MS 509.5 (M+ 1). Step 8: (6S,10S) and (6S, 1Oi?) tert-Butyl
((6,10) -2-{[(4-fluoro-3- methylb enzyl)amino] carbonyl
}-3-hydroxy-6-methyl-4-oxo-6 ,7,9 ,1O-tetrahydro-4- 



pyrimidof 1>2-][ 1,4]oxazepin-l 0-yl)methylcarbamate Cis isomer Trans
isomer (6S 10S) (6S, 10R)Tert-butyl (1-(4- {[(4-fluorob enzyl)aniino]
carbonyl }-5,6-dihydroxypyrimidin-2-
yl)-2-{[(2)~2~hydroxybutyl]oxy}ethyl)methylcarbamate (40 g, 79 mmol) in two
parallel runs was dissolved in dry acetonitrile (200 mL) and cooled in ice
bath under nitrogen. To the stirred solution was added triethylamine (99
mL, 472 mmol) followed by the dropwise addition of methanesulfonyl chloride
(36.8 mL, 472 mmol) in 73 mL anhydrous methylene chloride. The mixtures
were stirred for 30 minutes and then treated with deionized water. The
mixtures were combined and extracted with chloroform. The organic layer was
separated and dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The residue was chromatographed in 2
runs on a 340 g Biotage SNAP cartridge with a 10% to 90% ethyl acetate in
hexane gradient to afford the crude trimesylate: ES MS: m/z = 743.5 (M+l).
A stirred solution of the trimesylate (25 g, 33.7 mmol) in
dimethylacetamide (500 mL) was purged with nitrogen gas for 10 minutes,
treated with cesium carbonate (43.9 g, 135 mmol) and stirred vigorously in
a 100 C oil bath for 15 hours. The reaction mixture was allowed to cool to
ambient temperature and filtered. The filtrate was diluted with water and
extracted with ethyl acetate. The organic layer was washed with water (3X),
brine (IX), dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The crude product was suspended in ether (200 mL),
stirred for 30 minutes, and the insoluble dark material was removed by
filtration. This material was suspended in ether again (600 mL), stirred
for 48 hours, and filtered. The combined filtrates were concentrated under
reduced pressure to provide the crude product. IjH NMR analysis indicated a
1:2 mixture of cis: trans diastereomers. ES MS = 491.2 (M+l) Step 9: (6
105) and (6S, 0 ) N-(4 iluoro-3-methylbenzyl)-3-hydroxy-6-methyl- l 0 



(methylamino)-4-oxo-  7,9,1O-tetrahydro-4-pyrimido[1,2-] [1,4]oxazepine-2-
carboxamide hydrochloride The mixture of c and trans diastereomers from the
previous step, (6S, 1OS) and (6S, 1OR) tert-butyl ((6,1O)-
2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-6-methyl-
4-oxo-6,7,9J0-tetrahydro-4-pyrimido[l,2-3[l,4]oxazepin-10-yl)methylcarbarna
te (13.5 g, 27.5 mmol), was dissolved in 4M HCl in dioxane (206 mL). After
30 minutes the precipitated solid was collected by filtration and dried
under vacuum. H NMR analysis of this solid found a 3:2mixture of trans:cis
diastereomers of the titled product. The filtrate was found to contain
predominantly the trans diastereomer. ES MS: m/z = 391.2 (M+ 1) Step 10:
N-((6S,1 0S)-2- {[(4-fluoro-3-raethylbenzyl)amino]carbonyl}
-3-hydroxy-6-methyl- 4-0X0-6,7,9, 10-tetrahydro-4H-pyrimido[ 1,2-d]
[1,4]oxazepin- 10-yl)-N,N',N'- trimethylethanediamide (Compound 4A) and
N-((6S,10R)-2-{[(4-fluoro-3- methylbenzyl)amino] carbonyl
}-3-hydroxy-6-methyl-4~oxo-6,7 ,9,1 0-tetrahydro-
4H-pyrimido[l,2-d][l,4]oxazepin-10-yl)-N,N',N'-trimethylethanediamide
(Compound 4B) A solution of the mixture of diastereomers form the previous
step, (65, 105) and (6S,
10i?>~N-(4-fluoro-3-methylbenzyl)-3-hydroxy-6-methyl-l
0-(methylamino)-4-oxo-6, 7,9,10- tetrahydro-4-pyrimido[ 1,2-]
[l,4]oxazepine-2-carboxamide hydrochloride (3.5 g, 9.0 mmol),
ethyl-(dimethylaminopropyl)carbodiimide hydrochloride (5.16 g, 26.9 mmol),
l-hydroxy-7- azabenzotriazole (3.66g, 26.9 mmol) , N N-dimethyloxalamic
acid (1.58 g, 13.5 mmol) and triethylamine (2.56 mL, 44.8 mmol), in dry
dichloromethane (10 mL), was stirred at room temperature for 1S hours. The
mixture was washed with water (6X) and with brine (IX). The aqueous washes
were back extracted with chloroform (3X) and the combined organic layers
were dried over sodium sulfate, filtered, and concentrated under reduced
pressure. The crude product was first purified by reverse phase preparative
HPLC on an Xterra (Waters) Prep MS Cl 8 OBD 



50X250 mm column using a 10-75% CH3CN/H2O (0. 1% TFA) 45 minute gradient
with a flow rate of 85 mL/minute. Concentration under reduced pressure gave
a 3:2 mixture of trans : cis diastereomers as a amorphous white solid. This
material was separated to give the cis-(6S, 105) and tmns-(6S, 1Oi?) title
diastereomers using supercritical fluid chromatography on a OJ-H column
(Chiralcel) with 15% ethanol in carbon dioxide as the mobile phase. The
first eluting peak was the trans diastereomer and the second eluting peak
was the cis diastereomer: Compound 4A Cis diastereomer (title compound,
(65, 105)): lH NMR (400 MHz, CDCI3): d 9.59 (t, J 6.4 Hz, 1 H); 7.21 (dd, J
= 7.5, 2.1 Hz, 1 H); 7.20-7.13 (m, 1 H); 6.91 (t, J 9.0 Hz, 1 H); 5.81 (s3
1 H); 4.99-4.90 (m, 1 H); 4.51 (d, J = 6.5 Hz, 2 H); 4.46 (t, J = 10.6 Hz,
1 H); 4.31 (d, J = 14.1 Hz, 1 H); 4.15 (dd, J = 11.8, 2.5 Hz, 1 H); 4.05
(dd, J = 14.1, 5.3 Hz, 1 H); 3.07 (s, 3 H); 3.02 (s, 3 H); 2.87-2.84 (m, 3
H); 2.28-2.21 (m, 3 H); 1.62 (d, J = 6.9 Hz, 3 H). HR MS: ESI = 490.2086
(M+ 1); calculated 490.2096 (M+l). Compound 4B - Trans diastereomer (65,
1Oi?): H NMR (appears as a 2:1 mixture of rotational isomers) (400 MHz, CDC
) : d 12.6-12.2 (br m, IH); 9.7-9.5 (m, 1 H); 7.2 (m, 2 H); 6.9 (t, J = 9.0
Hz, 1 H); 5.8-5.7 (ro, 2 H); 4.5-4.1 (m, 5 H); 3.8-3.6 (m, 2 H); 3.1 (s, 3
H); 3.1(s, 3 H); 3.0-2.8 (m, 3 H); 2.2 (d, J 1.8 Hz, 3 H); 1.6-1.5 (m, 2
H)HR MS: ESI = 490.2086 (M+l); calculated 490.2096 (M+l). Alternative
procedure Step 1: The mixture of diastereomers in Step 8 was separated
utilizing reverse phase liquid chromatography on an Xterra (Waters) Prep MS
C18 OBD 50X250 mm column eluted with a 10-75% CH3CN/H2O (0.1% TFA) 45
minute gradient at a flow rate of 85 mL/minute. Lyophilization of the
fractions containing the first and second eluting products gave the cis and
trans diastereomers, respectively, as tan amorphous solids: O s
diastereomer (6S, 1OS): 1H NMR (400 MHz, CDCI3): d 12.2-1 1.8 (br.s, 1 H),
7.77 (br s, 1 H); 7.12 (m, 2 H); 6.97 (t, J = 8.9 Hz, 1 H); 5.3-.5.0 (br m,
IH); 4.90 (t, J = 6.5 Hz, 1 H); 4.51 



(d, 6.4 Hz, 2 H); 4.36 (t, 9.5 Hz, 1 H); 4.12 (m, 2 H); 4.01 (dd, J = 13.9,
5.5 Hz, IH); 2.80 (br s, 3 H); 2.23 (d, J = 1.8 Hz, 3 H); 1.62 (d, J 6.9
Hz, 3 H); 1.27 (s, 9 H): ES MS: m/z 491.1 (M+l). Trans diastereomer (6S,
10R): lH NMR (appears as a 2:1 mixture of rotational isomers) (400 MHz,
CDCI3): 12.2-1 1.8 (br.s, 1 H), 7.83 (br s 2/3 H); 7.59 (br s, 1/3 H); 7.14
(m, 2 H); 6.98 (m, 1 H); 5.65 (m, 4/3H); 5.38 (m, 2/3H); 4.47 (m,
approximately. 2 H); 4.29-4.10 (m, approximately. 2 H); 3.59(d, J 13.4 Hz3
approximately. 2H); 2.79 (s) 2.76 (s) (3H); 2.26 (s, 3 H); 1.56 (d, J = 7.3
Hz, 1 H); 1.50 (d, J = 7.1Hz 2 H); 1.29 (s, 3H); 1.25 (s, 6H): ES MS =
491.2 (M+l). Step 2 : The cis isomer from the previous step, (6 IOS)
tert-butyl ((6,1O)- 2-{[(4-fluoro-3-
methylbenzyl)amino]carbonyl}-3-hydroxy-6-methyl-4-oxo-6,7,9,10-tetrahydro-4
-pyrimido[l ; 2- ][l,4]oxazepin-10-yl)methylcarbamate (1.7 g, 3.5 mmol),
was dissolved in ethyl acetate (69 mL), cooled in an ice bath with
stirring, and the solution was saturated with anhydrous HCl gas over 5
minutes. The mixture was stirred in an ice bath for 1 hour and then
concentrated under reduced pressure. The residue was dissolved in and
concentrated from ethyl acetate twice more and then dried under vacuum to
give the hydrochloride salt of (65,105) -N-(4-fiuoro-3-methylbenzyl)-3-
hydroxy-6-methyl- 10-(inethylamino)-4-oxo-6 , 7,9,1
0-tetrahydro-4-pyrimido[ 1,2- ][l,4]oxazepine-2-carboxamide hydrochloride
as a solid. lH NMR (399 MHz, d6DMSO): d 12.45 (s, 1 H); 9.95 (t, J 6.5 Hz,
1 H); 9.54 (br d, J 24.7 Hz, 2 H); 7.21 (m, 2 H); 7.10 (t, J = 9.0 Hz, 1
H); 5.03 (s, IH); 4.75 (td, J 6.8, 2.7 Hz, 1 H); 4.47 (d, J = 6.4 Hzm, 2
H); 4.1 (m, 2 H); 3.88 (m, 2 H); 2.65 (s, 3 H); 2.21 (d, J = 1.6 Hz, 3 H);
1.53 (d, J = 6.8 Hz, 3 H): ES MS: m/z = 391.1 (M+l).Step 3: A solution of
(65,105) -N-(4-fluoro-3-raethylben2yl)-3-hydroxy-6-methyl-10- 



(methylamino)-4-oxo-6, 7,9, 10-tetrahydro-4-pyrimido[ 1,2-]
[1,4]oxazepine~2-carboxamide hydrochloride (1.38 g 3.2 mmol),
ethyl-(dimethylaminorropyl)carbodiimide hydrochloride (1.24 $, 6.5 mmol),
1-hydroxy-7-azabenzotriazole (0.44 g 3.2 mmol) , N,N~dimethyloxalamic acid
(0.57 g, 4.9 mmol) and N-methylmorpholine (1.42 mL, 12.9 mmol), in
anhydrous N5Ndimethylformamide (32 mL) was stirred at room temperature for
18 hours. The mixture was diluted with ethyl acetate and 5% aqueous
potassium hydrogen sulfate. The layers were separated and the aqueous layer
was extracted with ethyl acetate (4X). The combined organic extracts were
washed with brine, dried over magnesium sulfate, filtered, and concentrated
under reduced pressure. The crude product was purified by reverse phase
preparative HPLC on an Xterra (Waters) Prep MS Cl 8 OBD 50x250 mm column
eluted with 10-75% CH3CN/H2O (0.1% TFA) 45 minute gradient at a flow rate
of 85 mL/minute. Product fractions were combined and lyophilized overnight
to give Compound 4A (cis-(6S, 105) diastereomer). Crystallization of
Compound 4A Amorphous Compound 4A prepared using the chromatographic
separation procedure described above was redissolved in methylene chloride
and partitioned with water adjusted to pH 3 with NaHCq 3. The aqueous layer
was extracted 3 times with methylene chloride. The combined organics were
dried over Na2SO4, filtered, and concentrated under reduced pressure. The
resulting solid was dissolved in warm MeOH, filtered through a nylon
syringe filter into a glass vial. The vial of solution was allowed to stand
open in a beaker containing EtOAc. Large crystals formed on the bottom of
the MeOH vial overnight. The solid was washed with ice cold MeOH, and then
Et2q to afford Compound 4A as crystalline solid. Characterization. An XRPD
pattern of the crystalline Compound 4A was generated on a Philips
Analytical X'Pert PRO X-ray Diffraction System with PW3050/60 console using
a continuous scan from 4 to 40 degrees 2Q. Copper K c and Ka2 radiation was



used as the source. The experiment was run under ambient conditions. The
diffraction peak positions were referenced by silicon which has a 2Qvalue
of 28.443 degree. The XRPD pattern is shown in Figure 2. 2q values and the
corresponding d-spacings in the XRPD pattern include the following: Table
4AThe crystalline Compound 4A was also analyzed with a TA Instruments DSC Q
1000 differential scanning calorimeter at a heating rate of 10C/minute from
25C to 35O0C in an open aluminum pan in a nitrogen atmosphere. The DSC
curve showed an endotherm with an onset temperature of 139C and a peak
temperature of 144C. The enthalpy change was 67 J/g. The endotherm is
believed to be due to melting. TGA of the crystalline compound was
performed with a TA Instruments TGA Q 500 under nitrogen at a heating rate
of 10C/minute from 250C to 3500C. The TG curve showed a weight loss of 0.03
wt.% up to 100 C indicating the absence of water of hydration and solvent
of solvation. EXAMPLE 4-2 N-((6R, 10R)-2-
{[(4-fiuoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-6~methyl-4-oxo- 6,7
9,10-tetrahydro-4H-pyrimido[l,2-d][l
J4]oxazepin-10-yl)-N,N',N'-trimethylethanediamide (Compound 4C)N-((6R,
10S)-2- {[(4-fluoro-3-methylbenzyl)amino] carbonyl
}-3-hydroxy-6-methyl~4-oxo- 6,7 ,9,10-tetrahydro-4H-pyrirnidot 1,2-d]
[1,4]oxazepin- 1O-yO-N^N'-trimethylemanediamide (Compound 4D) The title
compounds were prepared using the procedures set forth in Example 4-1
except that (S)-l,2-epoxypropane was used in place of (R)-1 ,2-epoxypropane
in Step 1. Cis diastereomer (6R, lOR): lH NMR (399 MHz, CDCI3): d 12.6-12.1
(br s, IH) 9.60 (t, J 5.9 Hz, 1 H); 7.21 (d, J 7.5, Hz, 1 H); 7.20-7.16 (m,
1 H); 6.91 (t, J 9.0 Hz, 1 H); 5.81 (s, 1 H); 4.94 (m, 1 H); 4.51 (d, J =
6.4 Hz, 2 H); 4.45 (t, J = 10.7 Hz, 1 H); 4.31 (d, J = 14.1 Hz, 1 H); 



4.15 (dd, J = 11.7, 2.4 Hz, I H); 4.04 (dd, J = 14.1, 5.3 Hz 1 H); 3.07 (s,
3 H); 3.02 (s, 3 H); 2.85 (s, 3 H); 2.24 (d, J 1.5 Hz 3 H); 1.62 (d, J =
6.8 Hz, 3 H). HR MS: ESI 490.2088(M+l); calculated 490.2096 (M+l). Trans
diastereomer (6R, 10S): H NMR (appears as a 2:1 mixture of rotational
isomers) (399 MHz, CDCI3): d 9.7 (br s, 1/3 H); 9.54 (br s 2/3 H); 7.21 (d,
J 7.3 Hz, 1 H); 7.19-7.15 (m, 1 H); 6.91 (t, J = 8.9 Hz 1 H); 5.80 (br d J
6.4 Hz 2/3 H) 5.69 (br s, 4/3 H); 4.58-4.36 (m, approximately. 3 H); 4.27
(d, J=Il. 7 Hz, approximately. 1 H); 4.15 (rn, approximately.. IH);
3.78-3.60 (m, 2 H); 3.07 (s, 3 H); 3.02 (s, 3 H); 3.97-2.82 (m, 3 H); 2.24
(d, J 1.8 Hz, 3 H); 1.56 (m, 2 H) HR MS: ESI 490.2098(M+l); calculated
490.2096 (M+l).EXAMPLE 5-1 -V-((6S,10S)-6-ethyl-2-
{[(4-fluorobenzyl)amino]carbonyl }-3-hydroxy-4-oxo-6,7 ,9,10-letrahydro-
4-pyrimido[l,2-][l ,4]oxazepin~10-yl)- iVTV'iV-triniethylethanediamide
(Compound 5A) Step 1: 2(R)-I -(Allyloxy)butan-2-ol To an oven dried one
liter round bottom flask was added sodium hydride (30.5 g, 763 mmol) and
DMF (433 mL). The mixture was cooled in an ice bath and allyl alcohol (51.9
mL, 763 mmol) was added in dropwise, keeping the temperature below 60C.
After the addition was completed, the reaction mixture was stirred while
being maintained in the ice bath for 15 minutes, and then at room
temperature for 45 minutes. The mixture was then cooled again in an ice
bath and (R)-l,2-epoxybutane (50 g, 760 mmol) was added slowly over 30
minutes as a DMF (30 mL) solution. The reaction mixture was allowed to warm
to room temperature and stirred for 72 hours. The reaction mixture was then
cooled and diluted with water (500 mL) and ether (200 mL). The layers were
separated and the product was extracted from the aqueous layer twice more
with diethyl ether (200 mL). The combined organic extracts were dried over
anhydrous sodium sulfate. Concentration gave a yellow oil. The crude
product was used in the 



next step without purification: lH NMR (400 MHz, CDCI3): d 5.92 (ddt, J
17.2, 10.4, 5.6 Hz, I H); 5.28 (dq, J = 17.2, 1.6 Hz, I H); 5.20 (dq, J =
10.4, 1.3 Hz, 1 H); 4.03 (dt, J = 5.6, 1.3 Hz, 2 H); 3.76-3.68 (m, 1 H);
3.48 (dd, J 9.5, 3.0 Hz, 1 H); 3.29 (dd, J = 9.5, 8.0 Hz, 1 H); 2.34 (d, J
3.3 Hz, 1 H); 1.56-1.41 (m, 2 H); 0.97 (t, J 7.5 Hz, 3 H). Step 2:
6(i?)-6-Ethyl-l ,4-dioxan-2-ol:A stream of ozone was dispersed into a cold
(initial T = -780C ) stirred solution of 2(R)-\ -(allyloxy)butan-2~ol (50 g
384 mmol) in methanol (200 mL) until blue color persisted (required 2
hours). The solution was purged for 10 minutes with nitrogen until a clear,
colorless solution was obtained. Dimethyl sulfide (45.5 mL, 615 mmol) and
triethylamine (30 mL) were added. The stirred mixture was allowed to warm
to room temperature over 60 minutes. (A test for peroxide with wet starch
-iodide paper was negative.) The mixture was concentrated under reduced
pressure at ambient temperature to provide crude title product which was
used directly in the next step without purification. Step 3 : tert-Butyl
(l-cyano-2-{[(2)-2-hydroxybutyl]oxy}ethyl)methylcarbamate: To a stirred
solution of 6(7?)~6-ethyl-l,4-dioxan-2-ol (50 g, 378 mmol) in methanol and
water (1:1, 300 mL) was added methylamine hydrochloride (51 g, 757 mmol)
and sodium cyanide (28 g, 568 mmol). The solution was stirred for 24 hours.
The solution was made basic (pH= 9) with saturated sodium carbonate
solution (50 mL). The product was extracted into ethyl acetate (3 x 200
mL). The ethyl acetate layers were combined, washed with brine (100 mL),
and dried over anhydrous magnesium sulfate. The solvent was removed under
reduced pressure. The residue was dissolved in dichloromethane (300 mL) and
to the stirred solution was added ditert- butyl dicarbonate (83 g, 378
mmol). The solution was stirred at room temperature for 18 hours, then
acidified with hydrochloric acid (50 mL, IM). The organic layer was
separated, washed with water (50 mL) and brine solution (50 mL). The
organic layer was dried over magnesium sulfate, filtered, and the solvent
was removed under reduced pressure. Purification 



by flash chromatography on silica gel (750 g cartridge) with a 5-50% ethyl
acetate in hexane gradient gave the desired product (Rf- 0.5, 40%
EtOAc/hexane). lH NMR (400 MHz, CDCI3): d 5.44-5.37 (m, 1 H); 3.77 (dd, J =
10.6, 10.5 Hz, 1 H); 3.76 (dd, J = 13.4, 6.6 Hz, 2 H); 3.61-3.53 (m, 1 H);
3.39 (ddd, J 14.1, 9.5, 7.4 Hz, 1 H); 2.96 (s, 3 H); 1.51-1.47 (m, 2 H)5
1.48 (s, 9 H); 0.97 (t, J 7.5 Hz, 3 H). ES MS = 273.3 (M+1). Step 4 :
tert-Butyl[(2)-2-amino-l -( {[(2#)-2-hydroxybutyl]oxy}methyl)-2-
(hydroxyimino)ethyl]-methylcarbamate:To a solution of tert-butyl
(l-cyano-2-{[(2)-24iydroxybutyl]oxy}ethyl)methylcarbamate (5.1 g 18.7 mmol)
in methanol (80 mL) was added a 50% aqueous solution of hydroxylamine (1.62
mL, 26.4 mmol) and the mixture was stirred at 6O0C for 18 hours. The
solution was concentrated under reduced pressure and azeotropically dried
with methanol (2 x 50 mL) to remove traces of hydroxylamine and water. The
crude product was used without purification in the next step: ES MS = 306.2
(M+1). Step 5: Dimethyl (2)-2- {[((1 )-l
-amino-2-[(tert-butoxycarbonyl)(methyl)amino]-3- {[(2R>
2-hydroxybutyl]oxy}propylidene)amino] oxy}but-2-enedioate To a stirred
solution of tert-butyl[(2)-2-amino-l-({[(2/?)-2-
hydroxybutyl]oxy}methyl)-2-(hydroxyimino)ethyl]-methylcarbamate (5.7 g 18.7
mmol) in methanol (100 mL) under nitrogen at -200C was added dimethyl
acetylenedicarboxylate (2.5 mL, 20.6 mmol). The reaction mixture was
stirred at -2O0C for 2 hours and then allowed to warm to room temperature
with stirring for 18 hours. The solvent was removed under reduced pressure.
The crude product was azeotropically dried with toluene (50 mL) and used
without purification in the next step: ES MS = 448.2 (M+l). Step 6: Methyl
2-(l-[(tert-butoxycarbonyl)(methyl)amino]-2-{[(2R-)-2-
hydroxybutyl]oxy}ethyl)-5,6-dihydroxypyrimidine-4-carboxylateTo a stirred
solution of dimethyl (2)-2-{[((l)-l-amino-2-[(tertbutoxycarbonyl)(
methyl)amino] -3- {[(2R)- 2-hydroxybutyl] oxy}propylidene)amino]oxy }but-2-



enedioate (8.4 g, 18.7 mol) in o-xylene (700 mL) under nitrogen was added
diisopropylethyl amine (4.9 mL, 28 mmol). The mixture was heated at 12O0C
for 24 hours. The solution was cooled and diluted with EtOAc (500 mL),
water (100 mL) and hydrochloric acid (30 mL, 1 M). The aqueous layer was
separated and extracted with ethyl acetate (2 x 100 mL.) The organic layers
were combined, diluted with 50 mL acetonitrile to dissolve particulate
matter, dried over anhydrous sodium sulfate, filtered, and the solvents
were removed under reduced pressure. The crude product was dissolved in
ether and the product precipitated by addition of hexane. Filtration and
drying under reduced pressure gave a red solid (7.4 gm, 95%): ES MS 416.2
(M+l). Step 7: tert-Butyl
(l-(4-{[(4-fluorobenzyl)amino]carbonyl}-5,6-dihydroxypyrimidm-2- yl)-2~
{[(2)-2-hydroxybutyl]oxy) ethyl)methylcarbamate To a stirred solution of
methyl 2-(l-[(tert-butoxycarbonyl)(methyl)amino]-2-
{[(2R-)-2-hydroxybutyl]oxy}ethyl)-5 6-dihydroxypyrimidinc-4-carboxylate
(7.4 g, 18 mmol) 2- propanol (160 mL) was added 4-fluorobenzylamine (8.1
mL, 7 1 mmol). The mixture was heated to 60 C for 24 hours. The solution
was cooled and the solvent was removed under reduced pressure. The crude
product was taken up in ethyl acetate (150 mL) and washed with aqueous
hydrochloric acid (2 x 50 mL, 0.5 M) and brine (50 mL). The organic layer
was separated, driedwith anhydrous sodium sulfate, filtered, and the
solvent was removed under reduced pressure. The crude product was used
without purification in the next step: ES MS = 509.1 (M+l). Step 8: (6S,
105) and (6S, 1OR) tert-Butyl ((6, 10)-6-ethyl-2- {[(4-
fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo-6,7 s9,10-tetrahydro-4-
pyrimido [1,2-] [1,4]oxazepin- 10-yl)methylcarbamate Cis isomer Trans
isomer (6S, 10S) (6S 10R) The tert-butyl (l-(4-
{[(4-fluorobenzyl)amino]carbonyl}-5,6-dihydroxypyrimidin- 



2-yI)-2-{[(2)-2-hydroxybutyl]oxy}ethyl)methylcarbamate (7.7 g 15 mmol) was
dissolved in dry acetonitrile ( 150 mL) and cooled in ice bath under
nitrogen. To the stirred solution was added triethylamine (8.4 mL, 60 mmol)
followed by methanesulfonyl chloride (3.9 mL, 50 mmol). The mixture was
stirred for 1 hour and then the solvent was removed under reduced pressure.
The crude product was dissolved in ethyl acetate (200 mL) and washed with
aqueous hydrochloric acid (50 mL, 0.5M), aqueous sodium bicarbonate (50
mL), and brine (50 mL). The organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated. The residue was stirred in toluene
(500 mL) which dissolved most of this material. The undissolved solid was
filtered, rinsing with toluene (2 x 100 mL). The toluene solution was
concentrated to give the crude trimesylate: ES MS: m/z =743.1 (M+l). A
stirred solution of the trimesylate (9.4 g, 12.6 mmol) in dimethylacetamide
(190 mL) was purged with nitrogen gas. This solution was divided between 10
microwave reaction vessels, each containing potassium carbonate (615 mg,
4.5 mmol). Each reaction vessel was stirred and heated to 14O0C for 7
minutes in a microwave oven. The reaction mixtures of all 10 reaction
vessels were combined and diluted with ethyl acetate (400 mL) and water.
The organic layer was washed with aqueous hydrochloric acid (2 x 100 mL,
0.5 M), brine (50 mL), dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The crude product was suspended in
ether (700 mL) and stirred for 18 hours. The black precipitate was removed
by filtration. The filtrate solvent was concentrated under reduced pressure
and the residue was purified by reverse phase HPLC (Cl 8, Xterra) with a
water: acetonitrile containing 0.1% TFAmobile phase gradient (30-75%
acetonitrile over 40 minutes, 85mL/minute). Lyophilization of the fractions
containing the first and second eluting products gave the cis and trans
diastereomers, respectively, as white amorphous solids: Cis diastereomer
(6S, 10S) H NMR (399 MHz, CDCI3): d 11.80 (br.s, 1 H), 7.80 (s, 1 H); 7.31
(dd, J 8.4, 5.3 Hz, 2 H); 7.04 (t, J 8.4 Hz 2 H); 5.25 (br. s, IH);
4.62-4.54 (m, 3 H); 4.33 (m, 1 H); 4.16 (dd, J 14.1, 5.9 Hz, 



1 H); 4.08 (dd, J 12.2, 3.1 Hz5 1 H); 4.02 (d, J = 14.8 Hz, 1 H); 2.82-2.75
(m, 3 H); 2.17-1.80 (m, 2 H); 1.27 (m, 9 H); 1.12 (t, J = 7.4 Hz, 3 H): ES
MS: m/z 491.2 (M+l). Trans diastereomer (65, 1Oi?) lH NMR (400 MHz, CDCI3):
d 11.90 (br.s, 1 H), 7.90-7.60 (m, 1 H); 7.33 (m, 2 H); 7.04 (m, 2 H);
5.50-5.30 (m, 2H); 4.55 (m, 2 H); 4.25 (m, 2 H); 3.55 (d, J 13.3 Hz, 2 H);
2.75 (m, 3 H); 2.10-1 .85 (m, 2 H); 1.28 (m, 9 H); 0.98 (m, 3 H). ES MS -
491.2 (M+l) Step 9: (6S, 105)-6-Ethyl-(4-fluorobenzyl)-3 -hydroxy-
10-(methylamino)-4-oxo-6, 7,9,10- tetrahydro-4-pyrimido{ 1,2-]
[1,4]oxazepine-2-carboxamide hydrochloride HCI The (65,105) teat-butyl
((6,10)-6-ethyl-2-{[(4-fluorobenzyl)ammo]carbonyl}-3-
hydroxy-4-oxo-6,7,9,10-tetrahydro-4-pyrimido[l,2-][l,4]oxazepin-10-yl)iriet
hylcarbamate ( 1.8 g, 3 67 mmol) was dissolved in HCl-dioxane (50 mL, 4 M).
After 3 hours, the solution was concentrated under reduced pressure and
then azeotropically dried with methanol and toluene. The crude product was
dried under high vacuum and used without purification in the next step: ES
MS: m/z = 391.2 (M+l) Step 10: _V-((65,105)-6-Ethyl-2-
{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo- 6,7,9,1
0-tetrahydro-4-pyrimido[ 1,2-] [1,4]oxaze rin-l 0-yl)- NN' N -
trimethylethanediamide.To a stirred solution of
(65',10<S)-6-ethyl-(4-fluorobenzyl)-3-hydroxy-10~ (methylamino)-4-oxo-6 7 9
10-tetrahydro-4-pyrimido[l J2-][l,4]oxazepine-2-carboxarnide hydrochloride
(200 mg, 0.46 mmol), EDC (99 mg, 0.51 mmol) in dry dichloromethane (5 niL)
under nitrogen was added HOAT (70 mg, 0.5 1 mmol), N,N-dimethyloxalamic
acid (82 mg, 0.71 mmol) and N-methylmorpholine (155 uL, 1.4 mmol). The
reaction was stirred at room temperature for 1 hour, then quenched with IM
HCl (5 mL). The aqueous layer was extracted with dichloromethane (3 x 20
mL). The organic layers were combined, dried over sodium 



sulfate, filtered, and concentrated under reduced pressure. The crude
product was purified by reverse phase HPLC (Cl 8 Xterra) using a
water:acetonitrile containing 0.1% TFA mobile phase gradient (20-70%
acetonitrile over 30 minutes, 50mL/minute). Concentration gave the desired
product as an amorphous white solid: lH NMR (399 MHz, CDCI3): d 11.90
(br.s, 1 H); 9.62 (t, J = 6.2 Hz, 1 H); 7.37 (dd, J = 8.4, 5.5 Hz, 2 H);
6.98 (d, J = S.6 Hz, 2 H); 5.83 (m, 1 H); 4.63 (m, 1 H); 4.54 (d, J = 6.4
Hz, 2 H); 4.43 (t, J 10.4 Hz, 1 H); 4.21 (d, J = 3.3 Hz, 2 H); 4.13 (dd7 J
= 11.8, 2.8 Hz, 1 H); 3.07 (s, 3 H); 3.02 (s>3 H); 2.84 (s, 3 H); 2.07 (m,
1 H); 1.83 (m, 1 H); 1.14 (t, J = 7.3 Hz, 3 H). HR MS: ESI 490.21 19 (M+l);
calculated 490.2096 (M+l). Crystallizatio n of Form I of Compound 5A
Amorphous Compound 5A which can be obtained as described above, dissolved
in dichloromethane was solvent switched to isopropanol to provide a mixture
containing about 150-200 mg of Compound 5A per mL of isopropanol. The
mixture was then heated to 6O0C to form a brown homogeneous solution. The
hot solution was then allowed to cool to room temperature during which time
the solution forms a slurry. The slurry was filtered, the resulting
crystals were washed first with a mixture of isopropanol and n-heptane
(1:1), then with n-heptane, and dried under vacuum to provide Form I
crystals of Compound 5A. Characterization . An XRPD pattern of Form I
crystalline Compound 5A was generated on a Philips Analytical X'Pert PRO
X-ray Diffraction System with PW3050/60 console using a continuous scan
from 2 to 40 degrees 2q. Copper K <ci and K c2 radiation was used as the
source. The experiment was run under ambient conditions. The diffraction
peak positions were referenced by silicon which has a 2Qvalue of 28.443
degree. The XRPD pattern isshown in Figure 3. 2Qvalues and the
corresponding d-spacings in the XRPD pattern include the following: Table
5A-1 2Q d-spacing 



(degrees) (A) 8.4 10.5 8.6 10.3 10.4 8.5 14.8 6.0 16.0 5.5 16.8 5.3 18.0
4,9 19.5 4.5 20.5 4.3 20.8 4.3 23.0 3.9 24.5 3.6 25.2 3.5 26.1 3.4 27.2 3.3
The crystalline Form I of Compound 5A was analyzed with a TA Instruments
DSC 2920 differential scanning calorimeter at a heating rate of 10C/minute
from 250C to 35O0C in a closed aluminum pan in a nitrogen atmosphere. The
DSC curve showed an endotherm with an onset temperature of 142C and a peak
temperature of 149C. The enthalpy change was 52 J/g. The endotherm is
believed to be due to melting. TGA of the crystalline compound was
performed with a Perkin Elmer TGA 7 under nitrogen at a heating rate of
10C/minute from 25C to 3000C. The TG curve showed a weight loss of 0.3 wt.%
up to 800C and a second weight loss of 0.4 wt.% up to 174C due to 



isopropanol loss at melt. The DSC and TGA results indicated that
crystalline Form I is anhydrous. Crystallization of Form II of Compound 5A
Amorphous Compound 5A obtained as described above was redissolved in
methylene chloride and partitioned with water adjusted to pH 3 with NaHCq 3
. The aqueous layer was extracted 3 times with methylene chloride. The
combined organics were dried over Na2SO4, filtered, and concentrated under
reduced pressure. The solid obtained was dissolved inhot isopropanol at a
concentration of 70 nig/niL. The hot solution was allowed to slowly cool to
ambient temperature during which time fine needles crystallized from
solution. The cooled crystallization mixture was aged overnight and the
crystalline compound was isolated by filtration, washed with isopropanol,
and dried under vacuum. Characterization. An XRPD pattern of Form II
crystalline Compound 5A was generated on a Philips Analytical X'Pert PRO
X-ray Diffraction System with PW3050/60 console using a continuous scan
from 2 to 40 degrees 2q. Copper Ka i and K c2 radiation was used as the
source. The experiment was run under ambient conditions. The diffraction
peak positions were referenced by silicon which has a 2Qvalue of 28.443
degree. The XRPD pattern is shown in Figure 4. 2Qvalues and the
corresponding d-spacings in the XRPD pattern include the following: Table
5A-2 The crystalline Form II was analyzed with a TA Instruments DSC 2920
differential scanning calorimeter at a heating rate of 10C/minute from 250C
to 2500C in a closed aluminum pan in a nitrogen atmosphere. The DSC curve
showed an endotherm with an onset temperature of 149C and a peak
temperature of 1550C. The enthalpy change was 73 J/g. The endotherm is
believed to be due to melting.TGA of the crystalline compound was performed
with a Perkin Elmer TGA 7 under nitrogen at a heating rate of 10C/minute
from 25C to 300 C. The TG curve showed a 



weight loss of 0.1 wt.% up to 1260C and a second weight loss of 0.1 wt.% up
to 171C due to isopropanol loss at melt. The DSC and TGA results indicated
that crystalline Form II is anhydrous. EXAMPLE 5-2 JV-((6S,10R)-6-ethyl-2-
{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo-6,7,9, 1O-tetrahydro-
4H-pyrimido[l,2-d][l,4]oxazepin-10-yl)- (Compound 5B) Following the
procedure as described in Example 5-1, Steps 9 and 10 using the (6S, 1Oi?)
tert-butyl ((6
10)-6-ethyl-2-{[(4-fluoiObenzyl)amino]carbonyl}-3-hydroxy-4-oxo- 6,7,9,
10-tetrahydro-4-pyrimido[l,2-][l,4]oxazepin-10~yl)methylcarbamate isomer
from Example 5-1, Step 8 gave -((6S
310R)-6-ethyl-2-{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo- 6,7,9,
10-tetrahydro-4H-pyrimido[ 1,2-d] [1,4]oxazepin- 10-yI)- NN'
iV-trimethylethanediamide: lH NMR (399 MHz, CDCI3): d 11.90 (br. s, 1 H);
9.82-9.55 (m, 1 H); 7.3S (dd, J 8.4, 5.5 Hz, 2 H); 6.98 (t, J = 8.7 Hz, 2
H); 5.82-5.43 (m, 2 H); 4.62-4.20 (m, 4 H); 3.78-3.52 (m, 2 H); 3.06 (s, 3
H); 3.01 (s, 3 H); 2.87 (m, 3 H); 2.13-1.80 (m, 2 H); 0.99 (t, J = 7.5 Hz,
3 H). HR MS: ESI 490.21 19 (M+l); calculated 490.2096 (M+l). EXAMPLE 5-2A
Alternative procedure for the preparation of Compounds 5A and 5B Crude
product obtained in Step 8 of Example 5-1 was not separated into individual
cis and trans diastereomers, but was instead carried through Steps 9 and 10
as described in Example 5-1 as a mixture of diastereomers. In Step 9, the
mixture was treated with 4N HCl in dioxane as previously described. Upon
completion of the reaction as assessed by LCMS, ether was added which
caused precipitation of a brown solid. This solid was collected by
filtration and stirred in 2:1 MeOH- water. The undissolved tan solid was
collected by filtration and dried under vacuum to provide a 3:2 mixture of
the trans:cis diastereomers. This solid was 



then coupled with N,N-dimethyloxamic acid using the procedure in Step 10.
The productmixture was separated on a ChiralPak AD column using ethanol
with 0.1% TFA as the mobile phase. The first eluting peak was the trans
diastereomer (Compound 5B) and the second eluting peak was the cis
diastereomer (Compound 5A) EXAMPLE 5-3 N-((6R, 10J?)-6-ethyl-2-
{[(4-fluorobenzyl)amino]carbonyl }-3-hydroxy-4-oxo-6,7 ,9,1O-tetrahydro-
4H-pyrimido[l,2-d][l ,4]oxazepin-10-yl)- ' LMrimethylethanediamide
(Compound 5C) The (6,R5IOJ?) isomer was synthesized by starting with (S) 1,
2-epoxybutane utilizing the procedures as described for Example 5-1 . The
corresponding cis intermediate (6R, 1Oi?) from Step 8 of Example 5-1 was
further elaborated as in Steps 9 and 10 and gave the desired product. HR
MS: ESI 490.2107 (M+l); calculated 490.2096 (M+l). EXAMPLE 5-4
7V-((6i?,10^)-6-ethyl-2-
{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo-6,7,9,l O-tetrahydro-
4H-pyrimido[l,2-d][l 4]oxazepin-10-yl)- (Compound 5D) The (6R, OS) isomer
was synthesized by starting with (S)-1, 2-epoxybutane utilizing the
procedure as described for Example 5-1 . The corresponding trans
intermediate (6R, 105) from Step 8 of Example 5-1 was further elaborated as
in Steps 9 and 10 and gave the desired product. HR MS: ESI = 490.21 12
(M+l); calculated 490.2096 (M+l). EXAMPLE 6-1Lr-ethyl-L ((75'; l 0i?)-2-
{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-7-niethoxy-4-oxo- (Compound 6A)
Step l : (25)- 1-(benzyloxy)hex-5-en-2-ol To a solution of
(2S)-2-[(benzyloxy)methyl]oxirane (5Og5 305 mmol) in THF (150OmL) at O0C
was added copper bromide (4.37g, 30.5 mmol). The resulting solution was
stirred at O0C for 10 minutes and allylmagnesium bromide (IM in THF, 335mL,
335 mmol) was 



added. The reaction was stirred for 2 hours at O0C and then quenched at O0C
with saturated aqueous NH4CI and diluted with DCM. The mixture was stirred
at ambient temperature for 20 minutes and filtered to remove insoluble
material. The filtrate was extracted with DCM (3x) and the combined organic
phases were dried over MgSq 4, filtered, and concentrated in vacuo. Flash
column chromatography eluted with 10 to 40% EtOAc/hexanes provided
(25)-l-(benzyloxy)hex~ 5-en-2-ol. lH NMR (400 MHz, CDCI2): d 7.37-7.26 (m,
5 H); 5.88-5.74 (m, 1 H); 5.08-4.93 (m, 2 H); 4.54 (s, 2 H); 3.83 (s, 2 H);
3.53-3.44 (m, 1 H); 3.33 (dd J 9.1, 8.2 Hz, 1 H); 2.49 (s, 1 H); 2.30-2.00
(m, 2 H); 1.64-1.39 (m, 2 H). Step 2 :
({[(2S)-2-methoxyhex-5-en-l-yl]oxy}methyl)benzene To a stirred solution of
(25)-l-(benzyloxy)he c-5-en-2-ol (7 Ig, 344 mmol) in DMF (50OmL) at O0C was
added sodium hydride (16.52g, 413 mmol) in portions over 30 minutes. The
resulting suspension was stirred at O0C for 15 minutes and then at ambient
temperature for 15 minutes. The mixture was cooled to O0C and methyl iodide
(43 mL 688 mmol) was added. The reaction mixture was stirred at ambient
temperature overnight. The mixture was cooled to O0Cand quenched with
water. The mixture was extracted with DCM (3x). The organic layers were
combined and washed with water (2x), dried over MgSq 4>filtered, and
concentrated in vacuo. The crude residue was used in the next reaction
without further purification. H NMR (400 MHz, CDCl2): d 7.34 (s, 5 H);
5.85-5.74 (m, 1 H); 5.06-4.89 (m, 2 H); 4.55 (s, 2 H); 3.49 (d, J = 4.7 Hz,
2 H); 3.41 (s, 3 H); 3.37 (m, 1 H); 2.16-2.04 (m, 2 H). Step 3:
(45)-5-(benzyloxy)-4-methoxypentanal A stream of ozone was dispersed into a
cold (initial T = -78C) stirred solution of
({[(2S)-2-methoxyhex-5-en-l-yl]oxy}methyl)benzene (40 g 182 mmol) in
dichloromethane ( 1800 mL) until a blue color persisted. The solution was
purged with nitrogen until a clear, colorless solution was obtained.
Dimethyl sulfide (67.2 mL, 908 mmol) and triethylamine (76 mL, 545mmol)
were added. The stirred mixture was allowed to warm to room temperature
over 



60 minutes. (A test for peroxide with wet starch-iodide paper was
negative.) The mixture was concentrated under reduced pressure to provide
the crude title product which was used in the next step without
purification. Step 4:
tert-butyl[(4S)-5-(benzyloxy)-l-cyano-4-methoxypentyl]ethylcarbamate To a
solution of (4S)-5-(benzyloxy)-4-methoxypentanal (109g, 490mmol) in dioxane
(50OmL) at room temperature was added EtNH2-HCl (6Og, 736mmol), NaCN (36g,
736mmol), and H2O (500 mL). The reaction mixture was stirred for 2 days,
then diluted with saturated aqueous NaHC q 3 and extracted with EtOAc (3x).
The combined organic layers were dried over Na2SO4, filtered, and
concentrated in vacuo. To a solution of the crude residue in EtOAc (500 mL)
was added (Bo O ( 107g, 492mmol). The resulting mixture was stirred at 4O0C
for 2 days. The reaction mixture was cooled to ambient temperature, diluted
water, and extracted with EtOAc (3x). The combined organic layers were
dried over Na2SO4, filtered, and concentrated in vacuo. Flash column
chromatography eluted with 10 to 40% EtOAc in hexanesprovided tert-butyl
[(4S)-5-(benzyloxy)-1-cyano-4-methoxypentyl] ethylcarbamate. LC-MS: 377.4
(M+l). Step 5: tert-butyl {(4S)-5-(benzyloxy)-l
-[(hydroxyamino)(imino)meth.yl]-4- methoxypentyl} ethylcarbamate To a
solution of tert-butyl [(4S)-5-(benzyloxyH -cyano-4- methoxypentyljethy
carbamate (74g, 197mmol) in EtOH (1000 mL) was added TEA (54.8 niL,
393mmol) and NH2OH (50% in water, 14.45 mL, 236mmol). The resulting
solution was stirred at 4O0C overnight and then concentrated in vacuo. The
residue was dissolved in MeOH and the solvent was removed under reduced
pressure (3x) to remove water. The crude residue was used in the next
reaction without further purification. LC-MS: 410.5 (M+l). Step 6: methyl
2-{(4^)-5-(benzyloxy)-l-[(ter?-butoxycarbonyl)(ethyl)amino]-4-
methoxypentyl}-5-hydroxy-6-oxo-l,6-dihydropyrimidine-4-carboxylate 



To a solution of tert-butyl {(4S)-5-(benzyloxy)-l
-[(hydroxyamino)(imino)methyl]- 4-methoxypentyl} ethylcarbamate (72.g
177mmol) in MeOH (1773 ml) at O0C was added dimethyl acetylene
dicarboxylate (26.3 mL, 213mmol). The reaction mixture was stirred at
ambient temperature overnight and then concentrated in vacuo. The residue
was dissolved in toluene and concentrated in vacuo (3x) to remove MeOH. The
crude product was used in the next reaction without purification. LC-MS:
553.5 (M+l). A solution of the crude material from the previous step (104g,
189mmol) in o-xylene (500 mL) was heated to reflux for 11 hours, then
cooled and concentrated in vacuo. The crude residue was used in the next
step without further purification. LC-MS: 520.5 (M+l).Step 7: methyl
2-{(45)-l-[(/ert-butoxycarbonyl)(ethyl)amino]-5-hydroxy-4- methoxypentyl
}-S-hydroxy- -oxo-1,6-dihydropyrimidine~4-carboxylate To a solution of
methyl 2-{(45)-5-(benzyloxy)-l-[(ter -
butoxycarbonyI)(ethyl)amino]-4-methoxypentyl}-5-hydroxy-6-oxo-l,6-dihydropy
rimidine-4- carboxylate (13g, 25.02 mmol) in EtOAc (30 mL) and MeOH (30 mL)
was added acetic acid (20 mL) and palladium on carbon (Degussa, 10% by
mass, 13g, 122 mmol). The reaction mixture was shaken on a Parr apparatus
under hydrogen gas (50 psi) for 4 days and then filtrated through a pad of
celite. The filter cake was washed with MeOH. The filtrate was concentrated
in vacuo. The crude residue was used in the next reaction without further
purification. LC-MS: 429.89 (M+l). Step 8: tert-butyl
ethyl[(45)-l-(4-{[(4-fluorobenzyl)amino]carbonyl}~5-hydroxy-6-oxol
;6-dihydropyrimidin-2-yl)-5-hydroxy-4-methoxypentyl]carbamate To a solution
of methyl 2-{(4 ) -l -[( -b toxycarbonyl)(ethyl)amino] 5-hydiOxy~
4-methoxyrentyl}-5-hydroxy-6-oxo-l,6-dihydropyrimidine-4-carboxylate (48g,
112 mmol) in MeOH ( 1118 mL) was added 4-fluoro-benzylamme (28g, 224 mmol)
and triethylamine (31.2 mL, 224 mmol). The resulting mixture was sealed and
heated at 8O0C overnight. The reaction 



mixture was cooled to ambient temperature, diluted with 10% citric acid
(-100 mL), and extracted with DCM (3x). The combined organic layers were
dried over Na2SO4, filtered, and concentrated in vacuo. The crude residue
was dissolved in acetonitrile and concentrated under reduced pressure (3x)
to remove MeOH. The residue was dried under high vacuum for 2 days and used
in the next reaction without purification. LC-MS: 523.5 (M+l).Step 9: 2-
{(45)-1-[( r -butoxycarbonyl)(elhyl)amino]-4-methoxy-5-
[(methylsulfonyl)oxy]pentyl}-6-{[(4-fluorobenzyl)amino3carbonyl}pyrimidine-
4,5-diyl dimethanesulfonate To a stirred solution of -butyl
ethyl[(4J>-l<4-{[(4-
fluorobenzyl)amino]carbonyl}-5-hydroxy-6-oxo-l,6-dihydropyrirnidm-2-yl)-5-h
ydroxy-4- methoxypentyljcarbamate (3Og, 57.4 mmol) in AcCN (500 mL) at O0C
was added TEA (48 mL, 344 mmol) followed by a dropwise addition of a
solution of MsCl (22.37 mL, 287 mmol) in DCM (15 mL). The resulting mixture
was stirred at OC for 30 minutes, then diluted with H2O (-100 mL) and
extracted with EtOAc (3x). The combined organic layers were dried over
Na2SO4, filtered, and concentrated in vacuo. The crude residue was used in
the next step without further purification. LC-MS: 757.5 (M-H). Step 10:
(75)-10-|;(tert-butoxycarbonyl)(ethyI)ammo]-2-{[(4-
fluorobenzyl)amino]carbonyl }-7-methoxy-4-oxo-4,6,7,8 ,9 10-
hexahydropyrimido[l ,2- ]azepin-3-yl methanesulfonate To a solution of the
trismesylate from the previous step (21 8g, 28.8 mmol) in DMF (288 mL) was
added CS2CO3 (28.2g, 86 mmol). The stirred reaction mixture was heated to
1000C for 1 hour, then cooled to O0C, and MsCl (6.73 mL, 86 mmol) was added
and the mixture was stirred at O0C for 20 minutes. The mixture was diluted
with DCM and insoluble material was removed by filtration. The filtrate was
concentrated in vacuo. The residue was diluted with water and extracted
with DCM (3x). The organic layers were combined, dried overNa2SO4,
filtered, and concentrated in vacuo. Flash column chromatography eluted
with 30 to 



70% EtOAc in hexanes. First eluting peak: was the 7,1 0-trans isomer: (75,1
OS)-I O-[(tertbutoxycarbonyl)( ethyl)amino3 -2- {[(4-fluorobenzyl)amino]
carbonyl }-7-methoxy-4-oxo- 4,6,7,8,9,1 0-hexahydropyrimido[ 1,2-
]azepm-3-yl methanesulfonate ( 1.5g), H NMR (599 MHz, DMSO, 5O0C): d 8.34
(t, J = 6.1 Hz, 1 H); 7.35 (dd, J 8.3, 5.5 Hz, 2 H); 7.13 (t, J 8.7 Hz, 2
H); 5.17 (d, J 10.0 Hz5 I H); 4.96 (d, J = 14.0 Hz, 1 H); 4.50-4.35 (m, 2
H); 3.72-3.61 (m, I H); 3.49 (s, 3 H); 3.60-3.10 (m, 1 H); 3.22 (s, 3 H);
3.19-3.07 (m, 2 H); 2.09 (d, J = 11.3 Hz, 2 H); 2.02-1.93 (m, 1 H);
1.91-1.82 (m, 1 H); 1.27 (s, 9 H); 1.13-1.04 (m, 3 H). Second eluting peak
was the 7,10-ci s isomer : {IS, 1Oi?)-10-[( -
butoxycarbonyl)(ethyl)amino]-2-{[(4-fluorobenzyl)amino]carbonyl}-7-methoxy-
4-oxo- 4,6,7,8,9,1 0-hexahydropyrimido[l,2- zepm-3-yl methanesulfonate
(935mg). lH NMR (599 MHz, DMSO, 5O0C): d 8.44 (t, J = 6.1 Hz, 1 H);
7.35-7.29 (m, 2 H); 7.13-7.04 (m, 2 H); 5.23 (dd, J 15.0, 5.7 Hz, 1 H);
4.46-4.39 (m, 1 H); 4.35 (dd, J 15.1, 5.9 Hz, 1 H); 3.79 (d, J = 14.9 Hz, 1
H); 3.70-3.63 (m, 1 H); 3.43 (s, 3 H); 3.33-3.28 (m, 1 H); 3.18 (s, 3 H);
3.13-3.08 (m, I H); 1.98-1.85 (m, 3 H); 1.23 (s, 9 H); 1.10-1.04 (m, 3 H).
Step 11: (7,S',10i
)-10-(ethylamino)-2-{[(4-iluorobenzyl)amino]carbonyl}-7-methoxy-4-
oxo-4,6,7,8,9,10-hexahydropyrimido[l,2- ]azepin-3-yl methanesulfonate Into
a stirred solution of the second eluting component from the previous step,
(75',10i?)-10-t(fer
-butoxycarbonyl)(ethyl)amino]-2-{[(4-fluorobenzyl)amino]carbonyl}-7-
methoxy-4-oxo-4,6,7,8,9,10-hexahydropyrimido[l,2- ]azerin-3-yl
methanesulfonate, (9g, 15.45 mmol) in EtOAc (154 mL) at O0C was bubbled HCl
(g) for 5 minutes. The reaction mixture was stirred at room temperature for
10 minutes and concentrated in vacuo. The residue was diluted with
saturated aqueous NaHC q 3 and extracted with DCM (3x). The combined
organic layers were dried over Na2SO4, filtered, and concentrated in vacuo.
Flash column chromatography 



eluted with 0 to 7% MeOH in DCM provided (75,10 )-10-(ethylamino)-2-{[(4-
fiuorobenzyl)amino] carbonyl} -7-methoxy-4-oxo-4,6,7 ,8,9,
10-hexahydropyrimido[ 1,2-a] azepin- 3-yl methanesulfonate. LC-MS: 483.4
(M+ 1). lH NMR (599 MHz, CDCU ) : d 7.84 (s, 1 H); 7.32 (dd, J = 13.0, 6.9
Hz, 2 H); 7.03 (t, J 8.6 Hz, 2 H); 5.26 (dd, J 14.3, 6.9 Hz, 1 H); 4.62(dd,
J = 14.9, 6.3 Hz, 1 H); 4.52 (dd, J = 14.9, 5.6 Hz, 1 H); 4.00 (d, J 14.3
Hz, 1 H); 3.81 (d, J 8.1 Hz, 1 H); 3.54 (s, 3H); 3.46 (d, J = 7.8 Hz, IH);
3.35 (s, 3 H); 2.59 (q, J = 7.1 Hz, 2 H); 2.1 1-2.03 (m, I H); 1.95-1.83
(m, 3H); 1.04 (t, J 7.1 Hz5 3 H). Step 12: (7
S'J10i?>10-[[(dimethylamino)(oxo)acetyl](ethyl)ainino]-2-{[(4-
fluorobenzyl)amino]carbonyl}-7-methoxy-4-oxo-4,6 J7,8,9,10-
hexahydropyrimido[l ,2- ]azepin-3-yl methanesulfonate To a solution of the
(75,10 )-10-(ethylamino)-2-{[(4-
fluorobenzy^aminojcarbonyll^-metlioxy^-oxo^ S^JO-hexahydropyrimidoJl^-
aJazepm- 3-yl methanesulfonate (4.8g, 9.99 mmol) in DCM (100 mL) at room
temperature was added TEA (8.35 mL, 59.9 mmol), N,N-dimethyloxamic acid
(2.34g, 19.98 mmol), EDC (5.74g, 30 mmol), and HOAt (4.62g, 30 mmol). The
resulting mixture was stirred at room temperature overnight, then diluted
with H2O and extracted with DCM (3x). The combined organic layers were
dried over Na2SO4, filtered, and concentrated in vacuo. To a solution of
crude material (8g, 15.89 mmol) in ACN (159 mL) at O0C was added TEA (6.64
mL, 47.7 mmol) and MsCl (3.64g 31.8 mmol) dropwise. The reaction mixture
was stirred at O0C for 20min 3then diluted with water and extracted with
EtOAc (3x). The combined organic extracts were concentrated in vacuo and
the residue was purified by flash column chromatography eluted with 0 to 7%
MeOH in DCM to provide (7S, 1OiJ)-1
0-[[(dimethylamino)(oxo)acetyl](ethyl)amino]-2- {[(4-
fluorobenzyl)amino]carbonyl} -7-methoxy-4-oxo~4,6,7,8,9,
10-hexahydropyrimido[ 1,2- ]azepin- 3-yl methanesulfonate, LC-MS: 582.5
(M+l). Step 13: N-ethyl-N-((7S,l 0R)-2-
{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-7-methoxy- 



4-oxo-4,6,7,8,9, 10-hexahydropyrimido[ 1,2- ]azepin-
1O-yl)-JV,iVdimethylethanediamide (Compound 6A) To a stirred solution of
(75,10/?)- 10-[[(dimethylamino)(oxo)acetyl](ethyl)amino]- 2-
{[(4-fluorobenzyl)amino]carbonyl) -7-methoxy-4-oxo-4,6,7,8,9,
10-hexahydropyrimido[ 1,2- ]azepin-3-yl methanesulfonate (Ig, 1.72 mmol) in
2-propanol (17 mL) was added 2M NaOH(2.58 mL, 5.16 mmol). The resulting
mixture was stirred at ambient temperature for 30 minutes, quenched with
HCl (IM, 5.16 mL, 5.16 mmol), and extracted with EtOAc (3x). Three
additional reactions o the same scale were performed in parallel. The
combined organic layers from all four reactions were dried over Na2SO4,
filtered, and concentrated in vacuo. The residue was purified by reverse
phase HPLC (C18 Sunfire column) using a water/acetonitrile mobile phase
gradient containing 0.5%TFA or by precipitation from water to provide
7V-ethyl- -((75r,107?)-2- {[(4-fluorobenzyl)ammo] carbonyl
}-3-hydroxy-7-methoxy-4-oxo-4,6,7 ,8,9,10- hexahydropyrimido[l,2-
]azepin-10-yl)-7^/^-dimethyle1hanediamide. LC-MS: 504.5 (M+l ) lH NMR (599
MHz, DMSO, 5O0C): d 11.89 (s, I H); 9.45 (s, 1 H); 7.37-7.30 (m, 2 H);
7.14- 7.08 (m, 2 H); 5.22 (dd, J = 15.0, 5.4 Hz, 1 H); 4.93 (bs, 1 H);
4.50-4.42 (m, 2 H); 3.71-3.66 (m, 2 H); 2.92 (s, 3 H); 2.88 (s, 3 H);
2.05-1.99 (m, 1 H); 1.97-1.86 (m, 2 H); 1.08 (t, J = 7.1 Hz, 3 H). LC-MS:
HRMS: calculated: 504.2253, found: 504.2273. Recrystallizat ion of Compound
6A Residual oily material obtained by concentrating the organic layers in
the manner described in Step 13 just above (i.e., prior to purification via
reverse phase HPLC) was dissolved in the minimal amount of warm anhydrous
methanol. The resultant solution was placed in the freezer held at -100C
for several days, and then allowed to warm slowly to ambient temperature.
The fine crystalline needles obtained thereby were isolated by filtration,
washed with anhydrous methanol, and dried under vacuum. Characterization.
An XRPD pattern of the crystalline Compound 6A was 



generated on a Philips Analytical X'Pert PRO X-ray Diffraction System with
PW3050/60 console using a continuous scan from 4 to 40 degrees 2q. Copper K
<ci and K 2 radiation was used as the source. The experiment was run under
ambient conditions. The diffraction peak positions were referenced by
silicon which has a 2Qvalue of 28.443 degree. The XRPD pattern is shown in
Figure 5. 2Qvalues and the corresponding d-spacings in the XRPD pattern
include the following: Table 6AThe crystalline Compound 6A was also
analyzed with a TA Instruments DSC Q 1000 differential scanning calorimeter
at a heating rate of 10C/minute from 250C to 350 0C in an open aluminum pan
in a nitrogen atmosphere. The DSC curve showed an endotherm with an onset
temperature of 17O0C and a peak temperature of 173C. The enthalpy change
was 84 J/g. The endotherm is believed to be due to melting. TGA of the
crystalline compound was performed with a TA Instruments TGA Q 500 under
nitrogen at a heating rate of 10C/minute from 25C to 350 0C. The TG curve
showed a weight loss of 0.05 wt.% up to 1000C indicating the absence of
water of hydration and solvent of solvation. EXAMPLE 6-2
-ethyl-JV-((7>5>,105)-2- {[(4-fluorobenzyl)amino]carbonyl}
-3-hydroxy-7-methoxy-4-oxo- 4,6,7,8,9, 10-hexahydropyrimido[ 1,2- ]azerin-
10-yl)-iV^V-dimethylethanediamide (Compound 6B)The title compound was
prepared from the first eluting peak in Step 10 in Example 6-1 using the
procedures given in Steps 11-13 in Example 6-1 . lH NMR (599 MHz, DMSO,
5O0C): d 12.45-11.65 (m, 1 H); 9.47 (s, 1 H); 7.39-7.31 (m, 2 H); 7.18-7.09
(m, 2 H); 5.05 (bs, 1 H); 4.94 (d, J 13.9 Hz 1 H); 4.51-4.42 (m, 2 H); 3.58
(dd, J = 16.6, 11.1 Hz, 1 H); 3.44-3.26 (s, 3 H); 3.34-3.26 (m, 3 H); 3.19
(t, J = 9.7 Hz, 1 H); 2.95 (s, 3 H); 2.91 (s, 3 H); 2.30 (d, J 13.7 Hz, I
H); 2.23-2.18 (m, 1 H); 2.1 1 (d, J = 13.3 Hz, 1 H); 1.85-1 .77 (m, 1 H); 



1.10 (t, J 7.1 Hz, 3H). LC-MS: HRMS: calculated: 504.2253. found: 504.2271.
EXAMPLE 7 HIV-I Integrase Assay: Strand Transfer Catalyzed by Recombinant
Integrase Assays for the strand transfer activity of integrase were
conducted in accordance with WO 02/30930 for recombinant integrase.
Representative compounds of the present invention exhibit inhibition of
strand transfer activity in this assay. For example, the compounds prepared
in Examples 1 to 5 were tested in the integrase assay and found to have the
IC50 values in Table B. (Compounds 6A and 6B were not tested in this
assay.) Table BFurther description on conducting the assay using
preassembled complexes is found in Wolfe, AX. et al., J. Virol. 1996, 70:
1424-1432, Hazuda et al., J. Virol. 1997, 71.: 7005-701 1; Hazuda et al.,
Drug Design and Discovery 1997, 15: 17-24; and Hazuda et al., Science 2000,
287: 646-650. EXAMPLE 8 Assay for inhibition of HIV-I replication Assays
for the inhibition of acute HIV-I infection of T-lymphoid cells were
conducted in accordance with Vacca, J.P. et al, Proc. Natl. Acad. Sd. USA
1994, 9J: 4096. Representative compounds of the present invention exhibit
inhibition of HIV replication in this assay (also referred to herein as the
"spread assay"). For example, the compounds of Examples 1to 6 were tested
in this assay and found to have the IC95 values in Table C Table CEXAMPLE 9
Assay for inhibition of HIV integrase mutant virus replication An assay for
measuring the inhibition of acute HTV infection with HeLa P4-2 cells in a
single cycle infectivity assay was conducted using methods described in
Joyce et al., J. Biol. Chem. 2002, 277: 4581 1, Hazuda et al., Science
2000, 287: 646, and Kimpton et al, . Virol. 1992, 66: 2232. Proviral
plasmids encoding viruses containing specific mutations in the integrase
gene (N155H, Q148R, Y143R, 



E92Q, or G140S/Q148H) were generated by site-directed mutagenesis, and
viruses were produced by transfecting 293T cells with the appropriate
proviral plasmids. Representative compounds of the present invention
exhibit inhibition of HIV replication in the mutant assays For example, the
compounds of Examples 1 to 6 were found to have the IC50 values in these
assays shown in Table D.TableD 901. A number "k" in columns 3-7 in the
table where k > 1 means the compound is k-fold less potent against the
mutant compared to its potency against the wild type, i.e., k =
IC5q(mutant)/IC5q(wild type). 2. Compound V is (+)
iV-(2-{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo-6,7,9
10-tetrahydro-4hpyr imido l - l oxazepm- lO-yl V' V tri methylethanediai de
(Compound 180 in WO 2006/103399). 3. Compound W is
(-)L-(2-{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo-6,7,9,10-tetrahyd
ro-4hpyrimidofl^- Jltl^loxazepin-lO-y^-iV.iV'.iV'-trimethylethanediamide
(Compound 181 in WO 2006/103399). 4. Compound X is raltegravir (Example 19
in US 7169780). 5. Compound Y is (-)N-(2-
{[(4-fluorobenzyl)amino]carbonyl}-3-hydroxy-4-oxo-4,6,7,8,9,l
0-hexahydropyrimido[l ,2- a]azepin-10-yl)-N,N',N'-trimethylethanediamide
(Example 12 in US 7414045). 6. Compound Z is
N-[(4-fluorophenyl)methyl]-3-hydroxy-9,9-dimethyl-4-oxo-4
6,7,9-tetrahydro-6H-pyrimido[2, 1- c][l ,4]oxazine-2-carboxamide (compound
exemplified in WO 2007/064502 Al).EXAMPLE 10 Cytotoxicity Cytotoxicity was
determined by microscopic examination of the cells in each well in the
spread assay, wherein a trained analyst observed each culture for any of
the following morphological changes as compared to the control cultures: pH
imbalance, cell abnormality, cytostatic, cytopathic, or crystallization
(i.e., the compound is not soluble or forms crystals in the well). The
toxicity value assigned to a given compound is the lowest concentration of
the compound at which one of the above changes is observed. Representative
compounds of the present invention that were tested in the spread assay
(see Example 8) were examined for cytotoxicity up to a concentration of 0.5
micromolar, and no cytotoxicity was exhibited. In 



particular, the compounds set forth in Examples 1 to 6 exhibited no
cytotoxicity at concentrations up to 0.5 micromolar. EXAMPLE 11 Preparation
of Compound 4A Step 1: Propagylation Reaction To a 100-L vessel equipped
with thermocouple, nitrogen flow, cooling bath and overhead stirrer was
charged solid t-BuOK (7.40 kg, 65.9 mol) and THF (44 L). The slurry was
stirred at ambient temperature until all the solids dissolved. The solution
was cooled to about - 200C using acetone/dry ice bath. Solketal (9.58 kg,
72.5 mol) was added slowly while maintaining the internal temperature below
-1O0C. After ageing the reaction mixture for 45 minutes at about -200C,
propagyl bromide (7.31 L580% solution in toluene) was added slowly over 190
minutes while maintaining the internal temperature below - 100C. After the
addition of the propagyl bromide, the reaction mixture was aged at about
-25C for 1 hour. The acetone was then drained from the bath and the
reaction mixture was slowly allowed to warm to ambient temperature
overnight. The reaction was complete after overnight age at ambient
temperature as evidenced by TLC and GC. To the reaction mixture was added
water (24.5 L) and saturated aqueous NaHCO (24.5 L). The solution was
transferred to a 170 L extractor and extracted with ethyl acetate (2 x 24.5
L). The combined organic layer was washed with additional water (2 x 24.5
L) and brine ( 1 x 24.5 L; note: the phase separation was slow with the
water washes so additional brine (8.0 L) was used with each wash to help
speed up the phase separation). Thesolution was concentrated under vacuum
to provide the desired propagylated product as a crude oil. The material
was used in the subsequent step without further purification. Step 2 :
Deprotection of the solketal To a 100-L vessel equipped with thermocouple,
nitrogen flow, and overhead stirrer was charged the crude propagylated
compound of Step 1 (10.7 kg), MTBE (10.7 L), water 



(32. 1 L) and 5.0 N HCl ( 1.26 L). The reaction was complete after 6 hours
age at ambient temperature as evidenced by GC and TLC (30% EtOAc/hexane).
After the reaction was complete, additional MTBE (16.1 L) was added for a
total of 26.8 L. After a 1 hour age at ambient temperature, the solution
was transferred to a 100 L extractor and the layers were separated. The
organic layer was extracted with additional water ( 1 x 32.1 L). The pH of
the combined aqueous layer was adjusted from pH = 1.2 to pH = 6.9 using
solid K3PO4 ( 1.0 kg). Assay yield via aGC of the desired diol was 6.96 kg
(85%). Step 3 : Aldehyde Formation To a 100-L vessel equipped with a
thermocouple, nitrogen inlet, cooling bath and overhead stirrer, was
charged an aqueous solution (pH 7) of the diol (3.42 kg, 26.3 mol) prepared
in Step 2. The solution was cooled to about 1O0C and to the cold solution
was added NaIC>4 (8.43 kg, 39.4 mol) in four portions. After the addition
of Nal q 4 the reaction mixture was slowly warmed to ambient temperature.
The reaction was complete after 2 hours at ambient temperature as evidenced
by TLC (30% EtOAc/hexane) and GC (< 1 A% of starting diol). Prior to
filtration, the slurry was cooled to about 5C and aged for 1 hour. The
slurry was filtered and the cake was rinsed with water ( 1 x 3.4 L). The
resulting solution of the aldehyde was used directly in the next step. Step
4: Cyanohydrin FormationTo a 100 L vessel equipped with thermocouple,
nitrogen inlet, cooling bath, two addition funnels and overhead stirrer,
was charged aqueous solution (pH ~ 4) of the aldehyde (2.25 kg, 22.94 mol)
of Step 3 and the solution was cooled to about 60C. To the cold solution
was added acetic acid (2.76 L, 48.2 mol) and 8.0 L of aqueous solution of
KCN (2.99 kg, 45.9 mol) simultaneously while keeping the internal
temperature below 15C. After the addition of acetic acid and aqueous
solution of KCN, the reaction mixture was warmed to ambient temperature and
aged. The reaction was complete after 1 hour age at ambient temperature as 



evidenced by TLC (50% EtOAc/hexane) and GC ( 1 A% of starting aldehyde).
The reaction mixture was cooled to about 10C and slowly quenched with
saturated NaHCO ( 11.5 L). After the addition, the batch was warmed to
ambient temperature and aged for 1 hour. The solution was transferred to a
100 L extractor and extracted with ethyl acetate (2 x 12 L). The combined
organic layer was washed with 25% brine (6 x 12 L). The resulting solution
of cyanohydrin was used directly in the next step. Step 5: Silylation
Reaction In a 100 L vessel equipped with a thermocouple, steam bath and
overhead stirrer, the ethyl acetate solution of the cyanohydrin of Step 4
(2.87 kg theoretical amount of cyanohydrin assuming 100% yield in the
previous step) was concentrated under vacuum and flushed with additional
ethyl acetate (54 L) to a final volume of 30 L. After the concentration,
the steam bath was replaced with a cooling bath and nitrogen inlet was
attached. The solution was cooled to about 5C and to the cold solution was
added TBS-Cl (3.63 kg, 24.08 mol) in one portion. Then imidazole was added
in two portions (with about 8C exotherm observed). The batch was slowly
allowed to warm to ambient temperature overnight. The reaction was complete
after overnight age at ambient temperature as evidenced by and GC and TLC
(30% EtOAc/hexane). The reaction was slowly quenched with water (6.0 L) and
transferred to a 100 L extractor. Additional water (9.0 L) for a total of
15.0 L was added followed by ethyl acetate (6.0 L). The layers were
separated and the organic layer was washed with saturated Na CO3 ( 1 x 15
L) and water (2 x 15 L). The resulting desired silyloxy nitrile was
obtained in 4.74 kg (85.8%) assay yield as determined by GC. A second batch
was done using 2.95 kg of the cyanohydrin to provide the desired silyloxy
nitrile in 4.79 kg (86.3 %) assay yield.Step 6: Amidoxime Preparation A 100
L flask was equipped with an overhead stirrer, a thermocouple, an inlet
line 



with an in-line filter and a batch concentrator. Silylated hydroxynitrile,
as a solution in ethyl acetate from the previous step (37.1 mol; total
volume 59.7 liters) was charged in. During concentration, methanol was
added (60 L) and the batch was concentrated to approximately 9 L volume
(ethyl acetate content -1.5% by NMR). Methanol (17.8 L) was added. The
batch concentrator was removed and replaced with a condenser and nitrogen
inlet. A solution of hydroxylamine (50% in water, 2.96 L, 48.3 mol, 1.3
equiv) was added over 1 hour at an initial internal temperature of 18C.
Upon completion of the addition, the reaction temperature increased to 39C.
Stirring was continued for 30 minutes followed by heating for 90 minutes at
5O0C. The reaction mixture was transferred into a 170 L extractor
containing MTBE (71 L) and water (44 L). Following partition, the organic
layer was washed with water twice (44 L each). 1st aqueous loss 0.29% (pH
8), 2nd aqueous loss- 0.07% (pH 7), 3rd aqueous loss=0.08% (pH 6). Assay
yield of the amidoxime product in the organic layer was 10.05 kg (99%), as
determined by HPLC. The solution was used directly in the subsequent
reaction. Step 7: DMAD Adduct Formation Xylenes -100C To a 100 L vessel
equipped with a thermocouple, steam bath and overhead stirrer was charged
the solution of amidoxime in MTBE (9.86 kg assay, 36.2 mol), concentrated
under vacuum and flushed with additional MTBE (54.0 L) to provide the neat
amidoxime product as a liquid. After the concentration, the steam bath was
replaced with a cooling bath and nitrogen inlet was attached. To the neat
amidoxime was added xylene (29 6 L) and DABCO (41 g, 0.362 mol, 0.01 equiv)
and the solution was cooled to about -20 C using acetone/dry ice bath. To
the cold solution was added DMAD (5.14 kg) as a solution in xylene (19 7 L)
slowly while maintaining the batch temperature below -100C. After 1 hour
age at about -100C, there was 3.6A% of starting amidoxime remaining so
additional DMAD (0.05 eq. = 257 g) was added neat 



(for a total of 5.40 kg DMAD, 38.0 mol, 1.05 equiv). The reaction was
complete after another 1 hour age at about -1O0C as evidenced by HPLC. The
batch was warmed to about -5C and slowly quenched with 1% H PO (30 L).
After 1 hour age, the batch was transferred to a 100 L extractor, the
layers were separated and the organic layer was washed with water (2 x 40
L). The resulting desired DMAD adduct was obtained in 15.0 kg (100%) assay
yield with 1:5.2 ratio in favor of the desired isomer. HPLC indicated no
detectable product loss in the water washes. Step 8: Cyclization Reaction
o-Xylene (30 L) was charged to a 100 L vessel equipped with a thermocouple,
nitrogen flow, heating mantle, addition funnel, distillation apparatus and
overhead stirrer. The oxylene was heated to 135C. To the hot o-xylene
solution was added the DMAD adduct as a solution in xylene (30 kg solution
= 7.5 kg of adduct, 18.09 mol) via the addition funnel while maintaining
the internal temperature above 125C. The reaction was complete after 2
hours age at about 137C as evidenced by HPLC. The heat was turned off and
the batch was allowed to slowly cool to ambient temperature. At about 80C,
Darco KB-G charcoal (2.1 kg, 30 wt %) was added and the cooling continued
to ambient temperature overnight. The solution was filtered through Solka
Floe and the cake was rinsed with o-xylene ( 1 x 15 L). The solution was
transferred to a 170 L extractor and to the solution was added water (37.5
L), heptane (37.5 L) and triethylamine (7.6 L, 54.3 mol, 3.0 equiv). The
layers were separated and the organic layer was back extracted with water (
1 x 22.5 L). The combined aqueous layer was then washed with MTBE ( 1 x
22.5 L). The aqueous layer (pH 10.2) was diluted with MTBE (37.5 L) and
acidified with 85% phosphoric acid (2.0 L) to pH = 3.9. The layers were
separated and the aqueous layer was back extracted with MTBE ( 1 x 22.5 L).
There was no significant loss in the aqueous layer (<1 %). The organic
solution was concentrated under vacuum and flushed with additional MTBE
(72.0 L) to final volume of about 22.0 L. The solution was heated to about 



53C to dissolve all the solids and to the hot solution was added heptane
(60.0 L) slowly. After the addition of heptane, the slurry was slowly
cooled to ambient temperature overnight. Prior to filtration, the slurry
was cooled to about 5C with ice/water and aged for 1 hour. The slurry was
filtered and the cake was slurry washed with 1:3 mixture of MTBE:heptane (
1 x 16.0 L) and heptane ( 1 x 16.0 L). The cake was dried in the filter pot
under nitrogen sweep and high vacuum at ambient temperature over the
weekend. The resulting desired pyrimidinone was obtained in3.80 kg (54.9%)
with 95 6 wt% and 97.3 LCAP. HPLC indicated approximately 4.2 % product
loss in the mother liquor and washes. A second batch was done using 7.5 kg
(30 kg solution) of the DMAD adduct to provide the desired pyrimidinone in
4.06 kg (58.7%) with 94.7 wt % and 97.9 LCAP. Step 9: Hydroamination AuCI,
t-Bu-Xphos, AgSbF6 Preparation of the catalyst: In a 5 L 3-necked RB flask
with an overhead stirrer were charged AuCl (63.9 g 0.275 rnol) and DCM
(2.75 L). To the stirred suspension was added t-Butyl-Xphos (i.e.,
2-di-tert-butylphosphino-2 l,4',6'-triisopropylbiphenyl) (11 7 g, 0.275
mol) in one portion. The mixture was stirred vigorously for 1 hour to form
a catalyst solution. Preparation of Ag salt solution: In an 8 L glass
bottle with a magnetic stir bar were charged AgSbF ( 118 g, 0.343 mol) and
DCE (4.3 L). The mixture was stirred for 30 minutes. Reaction: In a 100 L
flask equipped with a thermocouple, an overhead stirrer, a steam bath, a
condenser with cold water, and nitrogen sweep were charged DCM (63 L) and
pyrimidinone (3.66 kg, 3.5 kg assay, 9.15 mol). To the solution were added
the catalyst solution (2.75 L, 0.275 mol) and the AgSbF solution (4.3 L,
0.343 mol) subsequently at room temperature. The reaction mixture was
heated to 4O0C, and aged at 4O0C for 5 hours. The reaction was monitored by
HPLC to confirm the starting material was completely consumed. After 



cooling to room temperature, the flask was attached to a batch
concentrator. The mixture was concentrated in vacuo (~1 1C, 22 in Hg).
After distillation of -55 L of the solvent mixture, the mixture was
solvent-switched to MeOH (total 24 L of MeOH was used, final volume was 14
L). The MeOH solution of the product (40:1 ratio of 1- vs 8-membered rings)
was used in the next reaction step as is. Step 10: TBS DeprotectionThe
solution of the starting material (-3.5 kg, -9.15 mol) in MeOH (-14 L) from
the previous reaction was placed in a 50 L RB flask with an overhead
stirrer, a thermocouple, a steam bath, and a condenser with cold water. To
the mixture was added concentrated HCI (83 mL, 1.01 mol) at room
temperature. The mixture was heated to 450C, and aged at 45C for 6 hours.
In the course of the reaction, the product precipitated out to form a
slurry. After 6 hours, the heating was stopped. The mixture was stirred at
ambient temperature overnight. The reaction was monitored by HPLC to
confirm the starting material was consumed (99% conversion). To the mixture
was then added IPA (6 L) dropwise. The mixture was aged at room temperature
for 3 hours. The solid was filtered, rinsed with MeOH-IPA (3:1, 4 L), then
dried with N2 stream to afford the product (2.29 kg net, 2.20 kg assay,
8.20 mol, 90% isolated yield over 2 steps) as an off-white solid. Step 11:
Amide Formation In a 30 L RBjacketed cylindrical vessel with an overhead
stirrer, a thermocouple, and a condenser with cold water were charged the
starting material ester (2.12 kg assay, 7.89 mol), MeOH ( 11 L),
3-methyl-4-fluorobenzylamine (1.428 kg, 10.26 mol) and TEA (1.198 kg, 11.84
mol) subsequently. The mixture was heated at 55~57C overnight (-21 hours).
The reaction was monitored by HPLC to confirm the starting material was
consumed (98% conversion). Then the mixture was filtered hot (-55 0C)
through in-line filter (pore size 1 mm) to remove precipitates into a 50 L
RB flask with an overhead stirrer, a thermocouple and a steam 



bath. The mixture was heated back to 450C from 38C. Then acetic acid (0.904
L) was added dropwise. The mixture was cooled to room temperature, during
which time water (9 L) was added dropwise over 1.5 hours to crystallize the
product. The mixture was further cooled to room temperature. The solid was
filtered, rinsed with MeOH-HzO (3:2, 7 L), then dried with N2 stream to
afford the amide (2.88 kg net, 2.79 kg assay, 7.43 mol, 94% isolated yield)
as an off-white solid.Step 12: Benzenesulfonyl Protection A 50 L four neck
flask was equipped with an overhead stirrer, thermocouple, addition funnel
and nitrogen inlet followed by charging with the alcohol substrate (2.698
kg, 6.96 mol). DMF (8.1 L) was added. The resulting suspension was stirred
at an internal temperature of 21C as solid potassium phosphate (4.43 kg,
20.9 mol, 3 equiv) was added over 5 minutes, using a nitrogen tent to
maintain the phosphate as an anhydrous solid. The internal temperature rose
to 270C during the addition. The reaction mixture was cooled to -1O0C using
a dry ice/ acetone bath. Upon reaching -100C, benzenesulfonyl chloride (897
niL) was added dropwise over 1 hour, maintaining an internal temperature of
-7C throughout the addition. After addition was complete, the reaction was
stirred for 20 minutes. HPLC analysis shows an LCAP of 92 for the product,
5 for starting material and 1 for bis sulfonylated by product. An
additional charge of benzene sulfonyl chloride (44 ml, total of 7.30 mol,
1.05 equiv) was made and stirring continued for 40 minutes. HPLC analysis
determined the reaction to be complete. The reaction was transferred into a
100 L extractor containing 48 L of 1N H PO4 and 10 L of dichloromethane.
Additional dichloromethane (14.3 L) was used to complete the transfer from
the reaction vessel. After partitioning, the pH of the aqueous phase was 7.
The organic layer was washed with water (3x48 L). A 50 L flask was equipped
with a thermocouple, an inlet with a 0.45 micron in-line filter; an
overhead stirrer and a batch concentrator. The dichloromethane solution was
fed into the flask via the filter line and batch concentration was
performed until approximately 7 L 



remained. Methanol (10.8 L) was added and batch concentration continued
until approximately 10 L methanol remained. As the solution was stirred,
seeding was performed. Stirring was continued for 90 minutes, as a gentle
exotherm (maximum temperature = 270C) occurred and crystallization
proceeded. An ice water bath was used to cool the batch to 50C. The batch
was stirred overnight (14 hours) with warming to 12C. HPLC analysis for
mother liquor losses showed 3.3%. The batch was cooled to 50C with an ice
water bath and the batch was filtered. The cake was washed with 3.5 L of
cold (5C) methanol. The mother liquor and cake wash were analyzed for
losses (2.1% in mother liquor and 0.64% in cake wash). The cake was dried
under a nitrogen tent with vacuum applied for 72 hours. 3.60 kg (94%) was
recovered as an off white solid. NMR analysis indicates that a methanol
solvate is formed (approximately 0.9 equivalents of methanol are
present).1H-NMR (CDCl3, 400 MHz) 1.05 (IH; br s); 2.27 (s, 3H); 3.49 (s,
2.9 methanol solvate); 3.63- 3.66 (m, IH); 3.98-4.06 (m, 2H); 4.18 (ra,
IH); 4.24-4.27 (d, IH); 4.55 (m, 2H); 4.87-4.92 (m, IH); 5.57 (s, IH); 5.93
(s, IH); 6.94-6.99 (t, IH J-8.8 Hz); 7.11-7.15 (m, IH); 7.18-7.20 (d,lH
J-7.2 ); 7.42 (m,lH); 7.55-7.59 (t, 2H J=7.9 Hz); 7.68-7.72 (t,lH J=7.4
Hz); 8.07-8.09 (d, 2H J-7.9 Hz). In a nitrogen-purged glovebox with O < 5
ppm, bis(norbornadiene)rhodium (I) tetrafluoroborate (6.24g, 16.68 rnrnol),
(+)-l ,2-bis((2i , 5R)-2,5-diisopropylphospholano)- benzene
((/?,i?)~iPr-DuPhos) (7.33g, 17.52 mmol), and dichloromethane (85 niL) were
added to a 250 mL round-bottom flask. The catalyst mixture was stirred for
one hour and transferred via cannula to a 150 mL stainless steel vessel
followed by 15 mL of dichloromethane rinse. 100 mL of methanol was added to
a second 150 mL stainless steel vessel, and the catalyst charge apparatus
was sealed and removed from the glovebox. A solution of the starting
material ( 1.72 kg, 3.34 mol) was prepared in 8.5 L of dichloromethane and
then drawn via vacuum into a 10 gallon stirred autoclave. 8.5 L of 



methanol was charged to the autoclave in a similar manner and the catalyst
charge assembly was attached via flexible tubing. The autoclave was inerted
with three nitrogen / vacuum purges and the autoclave was placed under
partial vacuum. The catalyst solution was drawn into the autoclave followed
by the methanol rinse. The autoclave was subjected to three hydrogen
purges, thermostatted to 25C, and pressurized with hydrogen gas to 100
psig. The reaction mixture was agitated at 600 rpm for 18 hr. HPLC analysis
confirms >99% conversion to the desired product with 96% ee and ~ 1:1 dr.
The resulting slurry of the product was used directly in the next step.
1H-NMR of the 1:1 mixture of diastereomers (CDCl3, 400 MHz): 8.02-8.09 (m,
4H), 7.79 (t, J = 5.9 Hz, IH), 7.67-7.74 (m, 2H), 7.53-7.62 (m, 4H), 7.47
(t, J 5.7 Hz, IH), 7.06-7.19 (m, 4H), 6.94 (td, J = 9.2, 4.3 Hz, 2H),
5.32-5.40 (ra, IH), 5.01-5.09 (m, IH), 4.92 (dd, J = 10.3, 3.6 Hz, IH),
4.84 (d, J 3.1 Hz, IH) 54.44-4.52 (m, 3H), 4.37 (dd, J 14.7, 5.8 Hz, IH),
4.18 (dt, J = 12.5, 3.8 Hz, 2H), 4.13 (dd, J 14.0, 3.8 Hz, IH), 4.05 (dd, J
= 13.8, 3.6 Hz, IH), 3.65-3.73 (m, 2H), 3.59 (d, J = 13.7 Hz, IH), 3.41
(dd, J 12.1, 8.9 Hz, IH), 3.15 (br s, 2H), 2.26 (s, 6H), 1.62 (d, J 7.1 Hz,
3H), 1.48 (d, J = 7.3 Hz, 3H).Step 14: Mesylation The two batches from the
preceding hydrogenation step were combined together with -50 L of
dichloromethane (total assay 3.13 kg, 6.05 mol). The resulting clear
solution was concentrated in a 100 L round bottom flask using 115 L of
2-methyltetrahydrofuran to reduce the level of MeOH to 4 mol% with respect
to the starting material by HNMR. The final volume of the concentrated
solution was -20 L. The solution was cooled in an ice bath to +3C. A thin
suspension formed. TEA (1.26 L 9.07 mol) was added over ~5 minutes
(exotherm from +2 to +4C). MsCl (0.566 L, 7.26 mol) was added over 1 hour
at +100C. After 1 hour, the reaction was complete, and the mixture was
quenched with 2 L of water (exotherm from +5 to +7C). IM aqueous H3PO4 (9.4
L) was added. The mixture was transferred into a 100 L extractor 



rinsing with 15.5 L of Me-THF. Additional 22 L of water was added, phases
were separated. The organic layer was washed with 3 1 L of water. The
organic layer contained 3.57 kg assay (99%) of the product and was used
directly in the next step. IH-NMR of the 1:1 mixture of diastereomers
(CDC13, 400 MHz): 8.49 (t, J 6.2 Hz, IH), 7.99- 8.08 (m, 4H) 7.76 (t, J 6.0
Hz5 IH) 5 7.65-7.72 (m, 2H), 7.50-7.58 (m, 4H), 7.04-7.17 (m, 4H),
6.89-6.96 (m, 2H), 5.75 (dd, J 10.0, 3.1 Hz5 IH) 5 5.64 (d, J = 3.3 Hz,
IH), 5.37-5.47 (m, IH), 5.08-5.18 (m, IH), 4.32-4.49 (m, 5H), 4.21 (dd, J =
12.1, 3.1 Hz, IH), 4.13 (dd, J 14.1, 3.4 Hz, IH), 4.06 (dd, J 13.9, 3.7 Hz,
IH), 3.16 (s, 3H), 3.1 1 (s, 3H), 2.24 (s, 6H), 1.56 (d, J 7.1 Hz, 3H),
1.48 (d, J 7.3 Hz, 3H). Step 15: Mesylate DisplacementThe solution of
mesylate from the preceding step (-1 :1 dr, 3.45 kg, 5.79 mol) was
concentrated in a 75 L RB flask with 35 L of 2-methyltetrahydrofuran to 6.9
L volume. MeOH (24 L) was added (13:1 molar ratio of MeOHTMeTHF by H-NMR).
The resulting slurry was cooled to -150C. A 33% solution OfMeNH2 in EtOH
(7.2 L, 57.9 mol) was added below -15C over 1 hour. The slurry was stirred
at -10 to -8C for 7 hours, then to +14C for 15 hours. The resulting clear
solution was concentrated with 17.2 L of MeOH to ~10 L volume, cooled in
icewater bath and treated with 3.5 L water and 6.9 L MTBE. IM aqueous H3PO4
(23.2 L) was added below +22C. The mixture was transferred into a 100 L
cylindrical vessel and combined with 24 L of MTBE and 4 L of water. The
layers were separated and the aqueous phase was reextracted with 3 1 L of
MTBE. The aqueous phase was combined with 3 1 L of dichloromethane and
neutralized with 4.3 L of 5M aqueous KOH to pH 5-6 (2.04 kg assay or 90%
yield of free base in the dichloromethane layer, 98:2 dr). The
dichloromethane phase was concentrated in a 75 L flask with 20 L of MeOH to
-13.5 L volume. The resulting fine slurry was filtered to remove 125 g of
racemic product and the cake was washed with 2.3 L of MeOH. The filtrate
was transferred back into the 75 L flask using 2.3 L of MeOH. A solution of
0.638 kg of (-)- 



camphoric acid (3.19 mol) in 3.4 L of MeOH was added at 18 to 2 1C over 1
hour and the mixture was seeded. Additional 1.1 L of MeOH was added,
stirring was continued at +2O0C for 3 hours. The suspension was filtered
and the cake was washed with 2x7.0 L of 1:1 MeOH/water and dried under
nitrogen to provide 2.16 kg of the product (76% yield) as an off-white
powder, a 2:1 salt according to HNMR, 99.6:0.4 dr by HPLC, >99.8% ee by
chiral HPLC after derivatization as the API. IH-NMR (CDC13, 400 MHz): 7.88
(br t, J = 5.2 Hz, IH), 7.12-7.21 (m, 2H)5 7.02 (t, J = 9.2 Hz, IH),
5.22-5.31 (m, IH), 4.63 (dd, J 14.8, 6.6 Hz, IH) 4.51 (dd>J 14.8, 5.9 Hz5
IH) 54.13- 4.22 (m, 2H), 3.84 (dd, J 3.4, 1.2 Hz, IH), 3.63-3.73 (m, 2H),
2.87 (t, J 9.2 Hz 0.5H), 2.52- 2.63 (m, 0.5H), 2.38 (s, 3H), 2.30 (s, 3H),
2.14-2.26 (m, 0.5H), 1.82-1.92 (m, 0.5H), 1.69 (d, J 7.2 Hz, 3H), 1.52-1.60
(m, 0.5H), 1.34 (s, 1.5H)5 1.38 (s, 1.5H), 0.94 (s, 1.5H). Step 16: Final
CouplingIn a visually clean 50 L cylinder vessel, penultimate salt (1 95
kg, 3.98 mol), DCM (20 L), 0.75 M pH 6.8 potassium phosphate buffer (20 L)
were placed. The mixture was stirred for 30 minutes for salt break, then
allowed to settle. The organic layer was separated, and back-transferred to
the vessel, where the same buffer (20 L) was placed. The mixture was
stirred for 10 minutes, and then allowed to settle. The organic layer was
separated from the aqueous layer and transferred to a visually clean
4-necked 50 L RB flask with an overhead stirrer and a thermocouple.
N,N-dirnethyloxamic acid (0.745 kg, 6.36 mol) was added, and stirred for 10
minutes. EDC (1.143 kg, 5.96 mol) was added portion wise to the mixture
(internal temperature was kept below 30 0C) over 10 minutes, followed by
the addition of another portion of EDC (0.20 kg, 1.29 mol). After 25
minutes, the reaction mixture was monitored by HPLC to confirm the starting
material was consumed (>99% conversion). The mixture was transferred into a
visually clean 50 L cylinder vessel, where GMP-water (20 L) was placed.
Then the flask was rinsed with DCM ( 1 L) and GMP-water ( 1 L). The mixture
was stirred at room temperature for 



30 minutes, and then allowed to settle. The organic layer was separated,
back-transferred to the vessel, washed with water (20 L) again for 30
minutes, and collected in polyjugs. The next day the organic layer was
sucked into a visually clean 50 L RB flask equipped with an overhead
stirrer, a batch concentrator, a thermocouple and a steam bath via an
in-line filter for concentration. The mixture was
concentrated/solvent-switched in vacuo to EtOH (final volume of EtOH, 10 L,
total ~12 L). Seed crystals were added at 45 0C to the mixture. The mixture
was cooled to room temperature, and aged at room temperature overnight. The
solid was filtered, then washed with EtOH (5 L), and dried with N stream
for overnight to afford the desired product (1.796 kg net, 99 wt%, 91%
isolated yield) as an off-white solid. 1H NMR (500 MHz, CDCl3, ppm): 12.35
(br s, 1H), 9.60 (t, J =6.3 Hz, 1 H), 7.22 (dd, J 7.4, 1.9 Hz, 1H) ,
7.20-7.16 (m, 1 H), 6.91 (dd, J = 9.5, 8.6 Hz 1H) 5.81 (br s 1H), 4.96-4.91
(m, 1 H), 4.51 (d, J - 6.5 Hz, 2 H), 4.46 (t, J = 11.1 Hz), 4.31 (d, J
=14.1 Hz, 1H), 4.15 (dd, J 11.8, 2.5 Hz, 1H), 4.04 (dd, 14.1, J = 5.4 Hz
1H), 3.07 (s, 3 H), 3.02 (s, 3 H), 2.86 (s, 3 H), 2.24 (d, J 1.9 Hz, 3 H),
1.61 (d, J = 6.9 Hz, 3 H). The product was wet milled using an IKA mill to
a mean particle size of about 18 microns and a particle size range of from
about 0.5 to about 100 microns, as determined using a Microtrac particle
size analyzer with laser diffraction technology. The milled product can be
employed in biological studies such as the determination of the compounds
pharmacokinetics in animals or humans. EXAMPLE 12 Preparation of Compound
5AStep 1: TBS ether formation A 75 L 3-necked RB flask was charged with THF
(27.5 L) and t-BuOK (95wt%, 6.10 kg, 5 1.6 moles) at room temperature to
give a thick but easily stirred white slurry. Cis-2- butene-1 ,4-diol (4.55
kg, 5 1.6 moles) was added as neat liquid over 0.5 hour maintaining the 



temperature below 2O0C. The resulting loose slurry was aged at room
temperature for 30 minutes and TBS-Cl (7.00 kg, 46.5 moles) dissolved in
THF (3.5 L) was added over 0.5 hour keeping the temperature below +3O0C.
The reaction mixture was aged at room temperature for 1-2 hours and reverse
quenched into an extractor containing water (25 L) and MTBE (25 L). The
layers were separated, the organic layer was washed with 5% NH4CI ( 18 L)
and 5% brine (2x 18 L). The MTBE layer was concentrated to dryness (oil)
and flushed with heptane (20 L) to afford the TBS ether as a crude oil [>10
kg, containing about 12 A% (=area percent via GC) bis-OTBS] which was used
without further purification in the next step. Step 2: Acrylonitrile
addition A 50 L 3-necked RB flask was charged with mono-TBS alcohol (9.187
kg, 45.4 moles), acrylonitrile (68.1 moles, 4.46 L) and DBU (0.684 L, 4.54
moles) at room temperature and the reaction mixture heated to +6O0C for 16
hours. The reaction was cooled to room temperature, diluted with MTBE (25
L), transferred into a 100 L extractor and washed with 5% aqueous KH2PO4
(20 L). The layers were separated, the organics washed with water (2x18 L)
and concentrated. The solution was solvent switched to MeOH to afford the
coupled nitrile (10.5 kg by assay) as a solution in MeOH (30 L total
volume), which was used as is in the next step. Step 3: Amidoxime formation
A 75 L 3-necked RB flask was charged with a solution of the coupled nitrile
of Step 2 (10.42 kg, 40.8 moles in 30 L of MeOH). Hydroxylamine (50%
aqueous, 2.75 L, 44.9 moles) was added at room temperature in one portion
and the resulting solution heated to +6O0Cfor 6 hours (circa 99.8 A%
conversion). The reaction mixture was cooled to room temperature,
transferred into an extractor containing MTBE (35 L) and water (35 L). The
layers were separated (pH~9) and the organic phase washed with 5% brine
(2x18 L). The aqueous portion was back extracted with MTBE (15 L). The
combined organic layers were concentrated to an oil and solvent switched to
methanol (circa 3 L/kg solution) to afford a solution of the amidoxime 



which was used as is in the next step. Steps 4 and 5: Pyrimidinone
formation A 75 L 3-necked RB flask was charged with amidoxime solution of
Step 3 (10.95 kg, 38 moles in 27 L of MeOH). The reaction mixture was
cooled to -200C and DMAD (4.67 L, 38 moles) added over 45 minutes keeping
the temperature below +50C. The reaction mixture was concentrated and
solvent switched to o-xylene to make a 50 wt% solution. A 100 L 3-necked RB
flask was charged with o-xylene (55 L) and heated to 143-1450C (gentle
reflux). DMAD adduct in xylene (7.4 kg assay, circa 50 wt% o-xylene
solution) was added over 2 hours to the hot oxylene solution. The reaction
mixture was aged 3 additional hours at the end of the addition, allowed to
cool slightly to about +13O0C and o-xylene (15 L) distilled under partial
reduced pressure (internal temp circa 120-130 C). The reaction mixture was
allowed to cool to room temperature to give a slurry of crystallized
pyrimidinone. The slurry was aged overnight at room temperature. Heptane
(circa 45 L) was added over 2 hours and then aged for 2 hours. The slurry
was filtered and the cake washed with 1/1 toluene/heptane (15 L) and then
with heptane (10 L). The cake was dried under vacuum and a stream of
nitrogen for 3 days at room temperature to give the TBS-pyrimidinone (3.75
kg, >97 A%, 85 wt%, 47% yield). Step 6 : Besylation TBS pyrimidinone
prepared as described in Steps 4 and 5 (7.2 kg, 85 wt%) was charged to a
100 L RB flask. Pyridine (10.5 kg) was added at room temperature, followed
by theaddition of benzenesulfonyl chloride (3.70 kg) over 30 minutes while
maintaining the temperature at 25-300C. The solution was stirred at 25-3O0C
for 2 hours. The batch was cooled to 2O0C and methanol (21 L) added
followed by water (17.5 L). The slurry was stirred at 28-300C for 30
minutes. Water (17.5 L) was added at 20-25C. The slurry was aged 30
minutes. Slurry was filtered and cake washed with MeOH/water (3:5 v/v, 30
L). The cake was dried in a nitrogen stream on the filter pot overnight to
give the TBS besylate (10.3 kg, 71wt%, 88% yield). 



Step 7: De-TBS and acetate-besylate formation TBS besylate of Step 6 (9.9
kg, 7 1wt%) was charged to a 50 L RB and acetonitrile (18 L) added.
Conc-HCl (95 aiL) was added and the solution stirred at 15-180C for 1 hour.
The mixture was washed with heptane (2 x 9 L). The acetonitrile layer was
charged to a 72 L RB and pyridine (190 mL) added. The solution was
concentrated to approximately 15 L and flushed with acetonitrile (18 L).
Acetic anhydride (4.5 kg) was added and the solution wanned to 75C for 3
hours. IPA (30 L) was added and the batch concentrated under reduced
pressure (5O0C) to remove approximately 20 L solvent. A was added to obtain
final volume of 55 L at 500C. The solution was treated with DARCO-G60
(activated carbon, 900 g), stirred at 500C for 1 hour and filtered warm
through a small solka-floc pad into a 100 L RB. The cake was washed with
IPA (10 L) at 500C The combined filtrates were stirred, cooled to 300C and
seeded with product ( 1 g). The slurry was allowed to cool to 200C over 1
hour and then cooled to 20C and aged 1 hour. The slurry was filtered and
washed with IPA (10 L) and heptane (10 L). The cake was dried to give the
acetate-besylate (5.2 kg, >98wt%, 86% yield) Step 8: Intramolecular
allylationA solution of the acetate besylate of Step 7 (2.50 kg) and
tetrabutylammonium bromide (173 g) in DCM (20 L) was degassed with
nitrogen. Degassed DCM (6.8 L) was added to a mixture of Pd2dba3 (37 g) and
(R,R)-Napthyl Trost ligand (lR,2R)-(+)-l,2- Diaminocyclohexane-N,N
tbis(2-diphenylphosphino-l-naphthoyl, CAS Registry No. 174810-09- 4) (134
g). After stirring for 10 minutes, the catalyst solution was transferred to
the stirred reaction vessel. The reaction mixture was aged for about 8
hours with periodic sampling to determine the end of reaction. Solid
Pd(OAc)2 (60 g) was added to quench the reaction. The resultant solution of
allylated product was carried forward to the next step. Two batches were
run at the same scale. Step 9: Hydrogenation 



5% Pd (S)/C ( 828 g) was added to the DCM solution of allylated product of
Step 8 (2.03 kg, assuming 100% yield). The slurry was charged to a 10
gallon stirred autoclave. The reaction vessel was pressurized with hydrogen
to 45 psi and heated at 300C until hydrogen uptake showed complete
conversion. This was repeated on a second batch. The two hydrogenation
batches were combined, MTBE (2.5 L) was added and the mixture was then
stirred with MgSO4 (0.8 kg) and K2HPO (0.8 kg) for 30 minutes. The mixture
was filtered through silica (6 kg). The silica pad was washed with 9:1
DCM/MTBE (25 L). The combined filtrates were concentrated and solvent
switched to isopropyl acetate (circa 13 L). The mixture was cooled to 22C
over 1 hour. The resulting slurry was filtered on a pad of silica (0.25 kg)
and the filter cake of racemate was washed with iPrOAc (4 L) to give on
drying the racemic ethyl oxepanopyrimidinone (0.17 kg, 10-20% ee). The
filtrates were concentrated and solvent switched to IPA (13 L). The mixture
was treated with Darco G60 (0.3 kg) at 800C for 1 hour. The mixture was
filtered hot through a pad of Solkafloc, and washed with hot EPA (4 L) and
acetone (1.3 L). The combined filtrates were solvent switched to DPA at
60-800C and cooled to 230C over 3 hours. The slurry was cooled to 1O0C over
2 hours and filtered. The cake was washed with IPA (3 L) at 100C. The cake
was dried under nitrogen stream to give the ethyl oxepanopyrimidinone
(3.186 kg, 95wt% purity).Step 10: Bromination Ethyl oxepanopyrimidinone of
Step 10 (4.08 kg, lOmol) was suspended in acetic acid (30 L) in a 100 L
4-neck RB flask. NBS (5.3 kg, 30mol) was added followed by concentrated
nitric acid (3 L). The mixture was warmed to 75C over 30 minutes and the
resulting homogenous orange mixture was maintained at 72-800C for 3 hours.
A small amount of bromine vapor evolved during the reaction. The mixture
was concentrated under vacuum (50 Torr at 5O0C) to remove 5 L orange
distillate, leaving a pale yellow residual solution. The mixture was cooled
to 20C, DCM (15 L) and water (20 L) were added. The organic layer was 



separated and the aqueous phase back-extracted with DCM (5 L), The combined
organic phases were washed with water (20 L) and 1.67M aqueous K HPO (30
L). The combined DCM extracts were dried over MgSO4 (100 g), filtered and
concentrated. The residue was solvent switched to circa 10 L THFwith a 4:3
mixture of di-bromo/mono-bromo products, which was used directly in the
next step. Step 11: Mono-bromide formation To the circa 4:3 mixture of
di-bromo/mono-bromo oxepanopyrimidinones (4.8 kg) from the previous step
was added MeOH (20L) NMM (708 g, 7 mol) and diethyl phosphite (967 g, 7
mol). The mixture was stirred for 1 hour at 25-4O0C. Water (20 L) was added
drop-wise over 2 hours while the mixture was gradually cooled to 1O0C. The
resulting slurry was filtered and the filter cake was washed with 1:1
MeOH/water (10 L) and dried to provide the diastereomeric mixture of
syn/anti-monobromides. Syn monobromide: 1H NMR (CD CN 400 MHz) 7.94 (m, 2H)
7.78 (m, IH), 7.63 (m, 2H), 5.33 (dd, IH, J=2.7 1.6), 4.88 (m, IH), 4.25
(dd IH, J=14.3, 3.4), 4.14 (dd, IH, J=14.3, 2.9), 4.07 (dd, IH, J=14.3
1.6), 3.73 (s, 3H), 3.70 (m, IH), 2.39 (m, IH), 1.99 (m, IH), 0.87 (t, 2H,
J=14.9); AnU monobromide 1H NMR (CD3CN 400 MHz) 7.94 (m, 2H) 7.78 (m, IH),
7.62 (m, 2H), 5.47 (dd, IH, J=10.0, 2.8), 5.03 (m, IH)4.36 (dd, IH, J=I
2.4, 2.8), 4.07 (dd, IH5J=14.0, 4.3), 3.82 (dd, IH, J=12.4, 10.0), 3.74 (s,
3H), 3.72 (m, IH), 1.98 (m, IH), 1.86 (m, IH), 0.85 (t, 2H, J-14.9). Step
12: Amidation DCM (10.5 L) was charged a 50 L round bottom flask.
4-Fluorobenzylamine (578 g, 4.62 MoI) was added and the slightly yellow
solution degassed with N2 for approximately 60 minutes. Me3Al (2M in
hexanes, 2.3 L, 4.62 MoI) was added slowly to the benzylamine solution over
60 minutes.. The solution was aged at room temperature for 75 minutes. The
bromide product of Step 11 ( 1.5 kg, 3.08 mol) dissolved in DCM (6 L) was
added to the amine-Al complex solution over 20 minutes. The slight exotherm
was controlled with an 



ice bath. The reaction mixture was aged at room temperature for 60 minutes.
On complete reaction the mixture was pumped into a 50 L cylindrical vessel
containing IN HCl (15 L) at 100C. The relatively large exotherm and rapid
gas evolution was controlled by the slow addition of the mixture to the
aqueous HCl. The organics were washed with IN HCl (2 x 15 L), saturated
NaHCO3 (15 L) and saturated brine (15 L) at room temperature. The organic
layer containing the amide product ( 1.69 kg by HPLC assay, 95%) was
concentrated and solvent switched to methanol. The final volume of the MeOH
solution was approximately 25 L and the solution of the amide was used in
next step without further purification. LCMS: (M+H)+ 582.0. Two batches
were ran at the same scale. Step 13: Methylamine displacement A 100 L
cylindrical vessel equipped with cooling jacket, overhead stirrer,
temperature probe, was charged with the starting material solution in
methanol (2.80 kg by HPLC). The batch volume was 28 L. The batch was cooled
to 5 0C. Methylamine solution(33% wt, 8M, 3 15 L) in ethanol was added over
15 minutes. Slight exotherm was observed and the batch temperature went to
110C. After aging for 30 minutes, the batch was warmed to 20 0C over 1 hr.
Separately a 1M solution of PTSA was prepared by mixing /?-TSA monohydrate
(3.67 Kg) and 16 L water. This solution was charged into the batch 4 hours
after methylamine addition. The batch temperature went to 280C due to
exotherm. The batch was seeded. After stirring for 3.5 hours, a thick
slurry was formed. Water (45 L) was added to the batch over 45 minutes. The
batch was aged at 2O0C overnight (9 hours). The solid product was collected
by filtration and the wet cake was washed with 2/1 water/MeOH (3 x 5 L) and
water (10 L). The wet cake was dried on the filter pot with nitrogen flow
overnight then in 35-4O0C vacuum oven with nitrogen flow for 3 days. The
crude product was slurried in ethyl acetate (27 L), agitated for 2 hours
and filtered. The wet cake was washed with ethyl acetate (13 L) and then
dried on filter 



pot with nitrogen flow and vacuum suction overnight to give amine j?-TSA
salt (2.15 kg, 79%). The diastereomeric excess was 97:3 in the displacement
reaction and was 98.5/1.5 after isolation as the tosylate. LC-MS M+l 391
NMR data: 1H NMR (500.1 MHz, CD3OD) d 7.63 (d, J 8.2 Hz, 2H), 7.37 (m, 2H),
7.18 (d, J 8.2 Hz, 2H)5 7.04 (m, 2H), 4.97 (t, J = 5.1 Hz, IH) 54.60 (m5
IH) 5 4.54 (s, 2H), 4.13 (d, J 5.1 Hz, 2H)54.06 (dd, J 12.9, 7.8 Hz, IH),
3.84 (dd, J 12.8, 3.0 Hz, IH), 2.85 (s, 3H), 2.36 (s, 3H), 2.19 (m, IH),
1.96 (m, IH), 1.07 (t, J =7.4 Hz53H). Step 14: Acylation A 50L flask was
charged with dimethyloxamic acid (0.64 kg) 5DCM (16 L), and NMM (1.12 kg).
The mixture was cooled to 150C. Pivaloyl chloride (0.62 kg) was added and
aged 2 hours at room temperature. Amine PTSA salt of Step 13 (2.01 kg) was
added in one portion and aged 2 hours. The mixture was quenched with water
(12 L) and 5M HCl (0.21 L). The lower organic layer was separated and
washed with water (2 x 12 L). The solution was concentrated to low volume
and EPA (8 L) added. The solution was heated to 55-6O0C5 seeded (24 g
Compound 5A, crystalline Form DO solvent switch continued at 55-600C by
adding IPA to maintain the volume at approximately 10 L. The slurry was
aged at 55-6O0C for 4.5 hours, cooled to room temperature and filtered. The
cake was washed with IPA/heptane (2 x 8L) and heptane (2 x 4.5 L) and dried
in vacuo at room temperature to afford the title compound as a
whitecrystalline solid ( 1.6 kg, >98wt% purity, 91% yield). LCMS: (M+H)+
490.1; lH NMR (500 MHz, CDCI3): d 12.32 (br.s, 1 H); 9.63 (t, J = 6.1 Hz, 1
H); 7.40 (m, 2 H); 6.98 (ra, 2 H); 5.85 (br s, 1 H); 4.64 (m, 1 H); 4.56
(d, J 6.5 Hz, 2 H); 4.45 (t, J = 10.4 Hz, 1 H); 4.22 (d, J 3.1 Hz, 2 H);
4.15 (dd, J = 11.8, 2.8 Hz, 1 H); 3.09 (s, 3 H); 3.04 (s, 3 H); 2.87 (s, 3
H); 2.08 (m, I H); 1.85 (m, I H); 1.16 (t, J = 7.3 Hz, 3 H). The title
product was dry milled using a pin mill to a mean particle size of about 23
microns and a particle size range of from about 0.9 to about 160 microns,
as determined using 



a Microtrac particle size analyzer with laser diffraction technology. The
milled product can be employed in biological studies such as the
determination of the compounds pharmacokinetics in animals or humans.
EXAMPLE 13 Preparation of Compound 6A Step 1: Preparation of the vinyl
alcohol To a 400 L hastalloy vessel was charged vinyl magnesium chloride IM
in THF (372 kg). The vinyl magnesium chloride was transferred through a
filter to a glass-lined vessel. The reagent was cooled to -100C, and then
copper(l) chloride was added (4.82 kg) under a nitrogen atmosphere.
(S)-(+)-Benzyl glycidal ether (40 kg) was charged to a glass-lined vessel,
followed by THF (177.8 kg), and the solution cooled to 00C. This solution
was added to the vinyl magnesium chloride over a period of 3 hours while
maintaining the reaction temperature below O0C. The mixture was aged for
ten minutes at which point HPLC indicated the reaction was complete. The
reaction mixture was then quenched by adding methanol (19.5 kg) over a
period of 2 hours while maintaining the temperature below 250C and
concurrently controlling ethylene emissions. After the methanol quench, 2N
HCl (412 kg) was added over a period of 45 minutes, and the batch was then
stirred at room temperature overnight. The aqueous and organic layers were
then separated, the aqueous layer was back-extracted with MTBE (148 kg),
and the combined organics were washed sequentially with IN HCl (98 kg),
water (50 kg), Na2S2O3 (10% in 100 kg water), and water (200 kg). The batch
was then concentrated to a volume of 80 L, and then DMAC added (83 kg),
followed by heptane (800 L), and the solution was distilled to about 170
Lto afford a solution of the alcohol (150 L total; 44.86 kg assay; 96%
yield).Step 2 : Methylation The DMAC solution of the alcohol of Step 1 plus
a DMAC rinse (50 kg) were 



charged to a glass-lined vessel, and the solution was cooled to 0C. Sodium
tert-butoxide (32.3 kg) was charged in six portions, and the mixture was
aged for 15 minutes, and then re-cooled to O0C. Dimethyl sulfate (40.9 kg)
was then added over 40 minutes while maintaining an internal temperature of
less than 25C. The reaction mixture was then aged for 30 minutes at 20 0C.
2N HCl (145 kg water and 34.2 kg cone. HCl) was then added to the reaction
mixture, over 30 minutes, followed by MTBE (133.2 kg). The lower aqueous
acidic layer was removed and the organic washed with 5 wt% solution of LiCl
twice (200 L followed by 150L), followed by water (150 kg). The organic was
concentrated to 50-60 L while maintaining the internal temperature at less
than 35C. Heptane (200 L) was then charged and concentrated to 50-60 L
while maintaining internal temperature at less than 35C. The concentrated
solution was diluted with heptane (140 L) and filtered to a clean,
plastic-lined steel drum (227 L total; 47.02 kg assay; 96% assay yield and
KF 79ppm). Step 3: Hydroboration to give the primary alcohol OMe The methyl
ether of Step 2 (23.5 kg, in heptane 29.5 wt.%) was charged to a
glass-lined steel vessel under insert gas. The solution was cooled to 0C
and then IM borane in THF (51.2 kg) was charged over a period of 30 minutes
while maintaining the temperature at less than 2O0C. The mixture was then
aged for 15 minutes, after which HPLC confirmed complete reaction. The
reaction was quenched by carefully adding 2M NaOH (61 .4 kg) over 20
minutes while maintaining the temperature at less than 20C. The batch was
re-cooled to O0C, and the reactor headspace purged to remove any residual H
. Once the quench was complete, H O ( 11.63 kg) was charged over 50 minutes
while maintaining the temperature at less than 20 0C, followed by a 1 hour
age. The batch was re-cooled to 0 0C, and the reaction quenched by adding
10% Na S O (94 kg) over a period of 1 



hour while maintaining the temperature at less than 20 0C. The headspace
was again purged, to remove any traces of oxygen.The biphasic mixture was
allowed to settle, and the lower organic phase removed. The aqueous phase
was back- extracted twice with MTBE (89.4 kg). The combined organics were
concentrated to a volume of 50 L. Heptane (100 kg) was added to the
concentrated organics and the batch re-distilled to 50 L. DCM was added
(67.5 kg), and the batch was dropped to a clean plastic-lined drum. The
vessel was rinsed with DCM (67.5 kg), to give a final DCM:heptane solution
of the product (169.8 kg; 23.41 kg product, 91%). Step 4: Oxidation to
aldehyde OMe OMe ,,OBn ,OBn TEMPO, NaHCO3, + NaOCI, KBR, H2O NaHCO3 (3.07
kg) and KBr (1.86 kg) were charged to a glass-lined steel vessel. After
purging the vessel with N2, water (70 kg) was added. The alcohol in
DCM:heptane of Step 3 (169.8 kg, 13.79 wt%) was charged through a filter
into the vessel, the mixture was cooled to 00C. TEMPO (0.49 kg) was then
added, followed by the addition Na hypochlorite (95 kg) over a period of 1
hour while maintaining the temperature at less than 200C. HPLC indicated
that the reaction was not complete after a 10 minute age, and additional Na
hypochlorite (20 kg) was added to complete the reaction. The reaction was
quenched by the addition of 10% aqueous solution OfNa SaO (51 .5 kg), which
was added over a period of 20 minutes while maintaining the temperature at
less than 200C. The lower organic phase containing product was removed and
the aqueous layer extracted with MTBE (58.4 kg). The combined organic
streams were charged to a clean plastic-lined steel drum (22.04 kg of
product, as a solution in MTBE/DCM; 9.87wt%, 95%). 



Step 5: Preparation of the bisulfite adduct Sodium metabisulfite ( 11.9 kg)
and water (55.1 kg) were charged to a glass-lined steel vessel, followed by
the addition of the aldehyde of Step 4 (223.4 kg, 9.87 wt%) , and the
mixture was then warmed to 28C. After a ten minute age, HPLC confirmed
formation of the bisulfite adduct. The biphasic mixture was allowed to
separate, and the aqueous layer containing product was removed. The organic
layer was washed with water (55.2 kg), and the two aqueousphases were then
combined, and washed with MTBE (55.1 kg). The aqueous layer was placed in a
clean plastic-lined steel drum (31.2 kg of bisulfite adduct in water; 21.75
wt%). Step 6 : BOC-protected Strecker adduct prep Ethylaminb*HCl ( 11.69
kg) and NaCN (7.03 kg) were charged to a 400 L glasslined steel vessel
equipped with a scrubber containing 1% NaOCl and IM NaOH (250 L). The
vessel was re-inerted using a vacuum/N2 cycle, after which water (106.1 kg)
added, followed by methanol (74.04 kg). The solution was stirred for 5
minutes, and then the bisulfite adduct solution in water of Step 5 (143.4
kg, 21.75 wt%) was charged. TEA (29.22 kg) was then charged over a period
of 15 minutes while maintaining the temperature at less than 300C. The
mixture was then aged for a total of 3 hours. HPLC indicated incomplete
reaction, so additional NaCN (0.703 kg, 0.15 equiv.) and ethylamine.HCl (
1.17 kg, 0.15 equiv.) were charged, followed by TEA (2.9 kg, 0.3 equiv.).
MTBE (69.4 kg) was then added to the reaction mixture. The aqueous phase
containing cyanide residues was cut away, and the organic phase was then
washed with 5% NaHCO3 solution (93.6 kg). Boc anhydride (22.95 kg) was
charged to a glass-lined steel vessel pre-warmed to 3O0C. Aftervacuum/N2
cycle on the vessel, the BOC anhydride was dissolved in MTBE (46.24 kg),
the resulting solution was cooled to 25C, and the cooled solution added to
the Strecker adduct solution over a period of 10 minutes. The batch was
then aged for a total of 48 hours at 25C. HPLC indicated incomplete
reaction, so a further charge of BOC-anhydride (13.72 kg, 1.3 



equiv.) was made, the mixture stirred at 250C for 16 hours, and then the
batch warmed to 500C for 5 hours. 10% NaHCO solution (93.6 kg) was then
added. The aqueous phase was removed, and the organics were concentrated to
a volume of 63 L. Methanol (123.4 kg) was added and the batch concentrated
to 63 L. Methanol (123.4 kg) was added and the solution was placed in a
clean, plastic-lined steel drum (30.6 kg of BOC Strecker adduct formed as a
solution in methanol; 27.8 wt%, 90%). Step 7: Amidoxime formationThe
methanol solution of the nitrile of Step 6 (30.6 kg, 110 kg at 27.7 wt%),
MeOH (47 kg) and water (30 kg) were charged to a glass-lined vessel and the
mixture was stirred at 25C. Hydroxylamine (10.7 kg) was added to the
reaction mixture over 30 minutes while maintaining the temperature of the
batch at 400C or less. The resulting stirred solution was heated to 500C,
and aged at this temperature for 14 hours. The reaction mixture was then
cooled to 25 0C and MTBE (89 kg) was added. Aqueous AcOH (9.7 kg in 150 kg
water) was added, and the reaction mixture stirred for 15 minutes. The
aqueous layer was removed, followed by the organic. The aqueous layer was
back extracted twice with MTBE (57 kg, then 77 kg). The combined organic
extracts were analysed for residual hydroxylamine content. The batch was
concentrated, using partial vacuum, to a volume of -200 L. The MTBE
solution of the amidoxime.was stored in a plastic lined steel drum under
nitrogen at 5C for later use. Step 8; DMAD adduct formation The solution of
the amidoxime in MTBE of Step 7 was charged to a glass-lined vessel,
followed by the addition of MeOH (26 kg). The resulting solution was cooled
to O0C, then DMAD (12.12 kg) was added over 15 minutes while maintaining
the temperature at 1O0C or less. The solution was warmed to 2O0C, and aged
at this temperature for 16 hours. Aqueous NaHCO (6.6 kg in 132 kg water)
was added to the batch and stirred for 15 minutes. The aqueous layer was
removed, and the organic layer washed with water (60 kg). The batch was 



concentrated, using partial vacuum, to a volume of approximately 80 L.
Toluene (173 kg) was added to the batch, and concentrated using partial
vacuum to a volume of approximately 190 L. This afforded a 24.3 wt%
solution of the DMAD adduct (159.4 kg total; 38.74 kg assay; 87% yield over
2 steps), which was stored in aplastic lined steel drum under nitrogen at
50C for later use.Step 9: Pyrimidinone Formation The DMAD adduct solution
in toluene of Step 8 ( 158.6 kg, 24.46 wt%) was transferred over a period
of 2 hours to a glass-lined steel vessel containing refluxing xylenes
(137.6 kg, 160 L) at approximately 1400C. The toluene and MeOH were allowed
to distil-out as during the transfer of the adduct. A second charge of
xylenes (86 kg, 1OO L) was charged to the vessel, and distillation
continued until a final volume of 260 L was achieved. The batch was cooled
to 25C over a period of seven hours, after which HPLC indicated complete
reaction. The reaction stream was filtered, and washed with xylenes (2 x
17.2 kg) to afford a 15.67 wt% solution of the pyrimidinone (148.7 kg
total; 15.7 WT.%, 23.3 kg assay; 66%), which was stored in a plastic lined
steel drum under nitrogen at 5C for later use. Step 10: Amide formation The
xylene solution of the pyrimidinone methyl ester of Step 9 (23.3 kg as a
15.7 wt% solution in xylenes; 148 7 kg) was charged to a glass-lined vessel
equipped with a scrubber containing IN HCl (200 L). The xylene solution was
then concentrated via distillation to a final volume of 50 L (2.15 vol).
Methanol (184.5 kg) was then charged to the vessel, followed by TEA (9.08
kg) and 4-fluorobenzylamine (7.5 kg). The vessel contents were heated to
630C, and aged at that temperature for a period of 16 hours. The batch was
cooled to less than 4O0C, and additional 4-fluorobenzylamine (4.88 kg, 0.5
eq) was charged. The batch was left at 620C for a further 16 hours, then
cooled to ambient temperature and aged for a further 48 hours. The batch
was then re-heated to mild reflux for a further 3 hours. The vessel
contents were concentrated to 



a final volume of 80 L, then MTBE (148 kg) was added. The organic stream
was washedsequentially with 5% NaHCO solution (100 kg), 10% AcOH solution
(100 kg), IN HCl (50 kg), and water ( 100 kg). The organics were
concentrated to a final volume of 50 L. Ethanol (78.9 kg) was added and the
organic stream concentrated to a final volume of 138 L. The contents of the
vessel were transferred to a clean, plastic-lined steel drum (18 wt%, 23.23
kg amide, 90%). Step 11: Debenzylation The starting amide solution (15.5
kg) in ethanol (total 93.4L; 86.2 kg + ethanol rinse (10 L)) was added to a
reaction vessel containing 20% Pd/C (3.10 kg), followed by the addition of
IN aqueous HCl (3.1 L). The vessel was evacuated and purged with nitrogen
and the mixture adjusted to a temperature of approximately 200C. The vessel
was then evacuated and then set to a hydrogen pressure of 4.1 Barg. The
reaction mixture with stirring was warmed to 400C until the hydrogen uptake
ceased. The reaction mixture was then filtered through solka floe, washed
with ethanol (40.4 kg) and collected in a clean, steel, plastic-lined drum
(137 L total; 12.56 kg assay; 95% assay yield). A second run was conducted.
The batches of alcohol in ethanol from the two runs were combined (182.8
kg, 10.28 wt%) was charged to a glass-lined vessel and the solution
concentrated to a final volume of 50 L. MTBE ( 111.6 kg, 151 L) was added,
followed by TEA (7.35 kg, 2 eq) and water (150.7 kg). The resulting mixture
was stirred for 15 minutes. The aqueous layer, containing product, was
removed, followed by the organic. The aqueous was washed with MTBE (2 x
41.8 kg). The combined MTBE cuts were washed with a solution of TEA (0 73
kg, 0 2 eq) in water (56.5 kg). The lower aqueous phase was removed and
combined with the previous aqueous phase (both containing product). To the
aqueous phase containing product was added MTBE ( 112 kg), followed by IN
HCl (98 kg). The mixture was stirred for 30 minutes and then the lower
aqueous layer was removed. The organic stream, containing product, was
concentrated to a volume of 40 L5then flushed with THF (178 kg) and
concentrated to 94 L. This afforded a THF solution of the 



alcohol ( 18.45 kg assay; 98% recovery), which was stored in a plastic
lined steel drum under nitrogen at 50C for later use. Step 12: Mesylation
and cyclization of the seven-membered ringA THF solution of the product of
Step 11 was charged to a glass-lined vessel and then cooled to O0C, after
which TEA (19 6 kg) was added over 15 minutes while maintaining the
temperature at 1O0C or less. MsCl (16 kg) was added over 35 minutes while
maintaining the temperature at 1O0C or less. The solution was aged at 100C
for 10 minutes. Water (53 kg) was then added, followed by aqueous 2N HCl
(3.85 kg in 50 kg water). MTBE ( 111 kg, 150 L) was added and the batch
stirred for 15 minutes. The aqueous layer was removed, followed by the
organic layer. The aqueous cut was back extracted with MTBE (37 kg), and
the combined orgamcs washed with water (40 kg). The batch was concentrated,
using partial vacuum, to a volume of approximately 80 L. Toluene (87 kg)
was added to the batch, and concentrated, using partial vacuum, to a volume
of approximately 60 L (KF = 1437 ppm). The mesylate solution was then
diluted with DMSO (58 kg) and transferred to a glass-lined vessel. NaHCO
(20.7 kg) was charged to a separate glass-lined vessel, followed by DMSO
(117 kg), and the solution was heated to 35C, after which the mesylate
solution transferred thereto over 1 hour. The resulting mixture was heated
to 800C. The reaction mixture was heated at 800C for 16 hours, at which
point HPLC analysis showed the reaction was complete. The batch was cooled
to 25 0C. EtOAc (89 kg) was added to the batch, followed by aqueous 2N HCl
(14 kg in 95 kg water). The aqueous layer was removed, followed by the
organiclayer. The aqueous cut was back-extracted with EtOAc (82 kg), and
the combined organics washed with water (90 kg). The batch was
concentrated, using partial vacuum, to a volume of -54 L (KF 138 ppm) to
afford a 18.67 wt% solution of the cyclized product (83.7 kg total; 15.63
kg assay; 88% yield over 2 steps), which was stored in a plastic lined
steel drum under nitrogen at 5C for later use. 



Step 13: Formation of the besylateThe phenol in ethyl acetate of Step 12
(15 5 kg; 83.6 kg at 18.5 wt%) was charged to a glass-lined steel vessel,
and the solution cooled to 5C. TEA (6.84 kg) was then added, followed by
benzenesulfonyl chloride (10.85 kg) over a 10 minute period, while
maintaining the batch temperature at less than 100C. The batch was then
aged at a temperature of less than 1O0C for 1 hour and then warmed to 200C
and then the batch was stirred at this temperature for 16 hours. EtOAc
(13.9 kg) was added, followed by water (31 kg) and TEA (300 g, 0.1 equiv).
The mixture was warmed to 500C and aged for 2 hours, then cooled to 25C,
and DCM (104.6 kg) added. IN HCl (38.6 kg) was added and the mixture
stirred for 15 minutes. The organic phase was removed, and the aqueous
layer was extracted with DCM (21 kg). The combined organics were washed
with 5% NaHCO solution (129 kg), which was then back-extracted with DCM (21
kg). The combined organics were concentrated under partial vacuum to a
volume of 120 L. Ethyl acetate (50 kg) was added and the organics
concentrated to a final volume of 170 L and used directly in the next step.
Step 14: Boc-deprotection The Boc-amine solution in EtOAc of Step 13 (170
L, 16.8 kg) was charged to a glass-lined vessel, and the solution cooled to
1500C. Methanesulfonic acid (7.51 kg) was added over 20 minutes while
maintaining the temperature at less than 30 0C. The mixture was carefully
heated to an internal temperature of 6O0C and aged for 3 hours. The mixture
was then cooled to 1O0C and a 1M K2CO3 solution (K2CO3 [10.8 kg] in water
[78kg]) was added while maintaining the temperature at less than 2O0C. The
aqueous layer was removed, followed by the organic layer. The aqueous cut
was back-extracted with EtOAc (30.2 kg). The combined organics were washed
with water (56 kg) and then concentrated to a final volume of 56 L. EtOAc
(89 kg) was added to dilute the solution to 140 L to afford a solution of
the amine (140 L total; 16.58 kgassay; 99% yield over 2 steps), which was
stored in a plastic lined steel drum under nitrogen at 5 C for later use. 



Step 15; Formation of the enamine The EtOAc solution of the amine of Step
14 (140 L total; 16.58 kg assay) and tbutanol (1.13 kg) were charged to a
glass-lined vessel, follow by the addition of t-butanol (1.13 kg). The
resulting solution was cooled to 5 0C, then acetic acid (2.01 kg) was added
over 10 minutes while maintaining the temperature at 100C or less. Sodium
hypochlorite (40.9 kg) was added over 40 minutes while maintaining the
temperature at 1O0C or less. The solution was aged at 5C for 20 minutes. A
further charge of sodium hypochlorite ( 11 kg, 0.3 equivalents) was made,
and the batch aged for 10 minutes. The batch was warmed to 20C and stirring
stopped. The aqueous layer was removed, and the organic layer washed with
5% aqueous NaCl (2.25 kg in 45 kg water). The batch was cooled to 5C, then
DBU (5.1 kg) was added over 20 minutes while maintaining the temperature at
100C or less. The batch was aged at 10C for 20 minutes, at which point HPLC
analysis showed the reaction was >98% conversion to enamine. Water (85 kg)
was added to the batch and the mixture stirred for 15 minutes. The aqueous
layer was removed, followed by the organic. The aqueous cut was
back-extracted with EtOAc (46 kg), then the combined organics washed with
sodium sulfite (1.92 kg in 16 kg water), then aqueous NaCl ( 1 kg in 51 kg
water). The batch was concentrated, using partial vacuum, to a volume of 50
L. MTBE (89 kg) was added to the batch over 20 minutes, the slurry cooled
to 15C and aged overnight. The batch was filtered, washing the cake with
MTBE (27 kg), then dried on the filter using a positive pressure of
nitrogen (assay yield of 74%). The enamine solid was then charged to a
glass-lined vessel, followed by ACN (59 kg), and the resulting slurry was
heated to 5O0C until all the solid had dissolved. Water (75 kg) was then
added to the batch over 20 minutes. The batch was cooled to 5C over 1 hour,
filtered, the resulting wetcake washed three times with a 1:1 mixture of
ACN (6 kg) and water (8 kg), then dried overnight in the oven, under
vacuum, at 5O0C to afford enamine as a yellow solid, 8.8 



kg, 75% from the crude enamine. 1H NMR: (400 MHz, d6-DMSO): 5 9.15 (IH, t,
J = 6.0 Hz), 7.94-7.91 (2H, m), 7.80 (IH t, J 7.6 Hz), 7.65 (2H, t, J 7.6
Hz), 7.35-7.30 (2H, m), 7.18-7.1 1 (2H, m), 5.15 (IH, t, = 5.4 Hz), 4.80
(IH, t, J 8.0 Hz), 4.35 (IH, dd, J = 13.6, 3.6 Hz), 4.31 (2H, d, J 6.0 Hz),
3.92-3.86 (IH,m), 3.77 (IH, dd, J 13.6 Hz, 4.0 Hz), 3.26 (3H, s), 2.93-2.86
(2H, m), 2.32-2.25 (IH m), 1.90- 1.82 (IH, m), 1.15 (3H, t, J 7.0 Hz).
Asymmetric Hydrogenation In a nitrogen-purged glovebox with O2 < 5 ppm,
bis(norbomadiene)rhodium (I) tetrafluoroborate (345 mg, 0.922 mmol), (S)-I
-[(R)-2-(di-2-furylphosphino)ferrocenyl]ethylditert- butylphosphine (505
mg, 0.968 mmol), and dichloromethane (4.6 mL) were added to a 20 niL vial.
The catalyst mixture was stirred for 30 minutes and transferred to a 25 mL
stainless steel vessel with the aid of 10 mL of 2,2,2-trifluoroethano
(TFE). 10 mL of TFE was added to a second 25 mL stainless steel vessel, and
the catalyst charge apparatus was sealed and removed from the glovebox. A
solution of 12.16 mL (147 mmol) of dichloroacetic acid was prepared in 350
mL TFE. 55 mL ( 184 mmol) of titanium (IV) isopropoxide was added slowly
with vigorous stirring and stirred until the mixture was homogeneous. The
starting enamine ( 100 g, 184 mmol) was added with the aid of 50 mL TFE and
stirred to give a dark red-orange solution. The solution was drawn via
vacuum into a 1 L stirred autoclave with the aid of an additional 80 mL
TFE. The catalyst charge assembly was attached via flexible tubing. The
autoclave was inerted with three nitrogen / vacuum purges and placed under
partial vacuum. The catalyst solution was drawn into the autoclave followed
by the TFE rinse. The autoclave was subjected to three hydrogen purges,
thermostatted to 25C, and pressurized with hydrogen gas to 100 psig. The
reaction mixture was agitated at 1000 rpm for 18 hours. LC-MS: (M+H)+ 545.0
The crude reaction solution was diluted with 1.5L IPAC, then potassium
glycolate 



(I L of 5M solution in water) was added at room temperature, and the
mixture was aged for 2 hours. The reaction mixture was then washed with 5
wt,% aqueous NaHCO solution, and then with 5 wt.% aqueous NaCl solution.
The organic layer was dried over Na SO , filtered, concentrated to 0.5L,
and the concentrated organic was mixed with PTSA monohyrate (30.3 g)
p-toluenesulfonic acid monohydrate in 0.9L IPAc in the presence of 2% seed
at 50-60 C. The slurry was aged 12 hours at room temperature, filtered,
washed with 0.1L IPAC and then with 20OmL IPAc/n-heptane (1:1 mixture), and
the solid was dried in vacuo at room temperature to afford the amine PTSA
salt (105.9g, 92.2wt%, 73% yield).H NMR (400 MHz, CDCl ) : d 9.31 (br s, 1
H), 9.01 (br s, IH), 7.98-7.96 (m, 2 H), 7.68-7.65 (m 1 H), 7.56-7.50 (m,
4H), 7.20 (dd, J 8.3, 5.5 Hz 2H), 7.07 (d, J 8.0 Hz, 2H), 6.86 (t, J 9.7
Hz, 2H), 5.25 (dd, J 15.0, 5.7 Hz 1 H)54.51 (dd, J = 14.6, 6.4 Hz 1 H),
4.37 (br s, 1H) 4.23 (dd, J 14.6, 5.8 Hz, IH), 3.55 (br s, 1 H), 3.37-3.26
(m, 2H), 3.18 (s, 3H)9 3.14-3.09 (m, IH), 2.32 (s, 3 H), 2.28-2.20 (m, 1
H), 2.17-2.04 (m, 2H), 1.90 (br s, IH), 1.83-1.70 (m, 1 H), 1.37 (t, J =
7.0 Hz, 3 H). The amine PTSA salt can then be treated with the appropriate
amount of base (e.g., NaOH or methylamine) and the resulting free amine can
then be acylated with N,Ndimethyloxamic acid in a manner similar to that
described in Step 12 of Example 6-1 to provide Compound 6A which can be
recrystallized, e.g., in the manner described at the end of Example 6-1.
EXAMPLE 14 Alternative Preparation of the Enamine in Step 15 of Example 13
Step 1: Formation of the ketone p RuCi3 trihydrate NaBrO3 The alcohol
starting material (4.1 g 7.92 mmol) was dissolved in acetom' trile (30 



mL) and water (15 mL) in a 150 niL RB with over-head stirrer. Ruthenium
trichloride trihydrate (0.041 g, 0.158 mmol) was added, followed by the
addition of sodium bromate (0.7 g, 4.64 mmol) in one portion at room
temperature, resulting in a mild and gradual exotherm from 180C up to 25C
over 10 minutes. The reaction mixture was aged at room temperature for 1
hour, then water (15 mL) was added and the slurry aged 30 minutes at room
temperature. The slurry was then filtered, rinsed with 60/40
water/acetonitrile (25 mL), dried at 450C in vacuum oven for 4 hours to
afford the desired ketone as white crystalline solid (3.3 g, 83% yield).
Step 2: Formation of the enamineEthylamine (2.0M in THF, 2.9ImL) was add to
a mixture of sodium sulfate (331mg) and acetic acid (384mg) in MeCN (6mL),
and the resulting slurry was aged for 5 minutes, after which the starting
ketone (600mg) in MeCN (6 niL) was added. The reaction mixture was then
aged at 35C for 3 hours, cooled to room temperature, filtered, and
concentrated to 6 niL. The resulting mixture was added to aqueous IM NaHCO3
solution (40 mL) and the solid was filtered, washed with water, and dried
in vacuo at 350C for 12 hours to afford a yellow solid (530mg, 82% yield).
IH NMR (500 MHz DMSO-d) : d 9.16 (t, J 6.1 Hz, IH), 7.93-7.91 (m, 2H), 7.80
(t, J 7.4 Hz, IH), 7.65 (t, J 7.5 Hz, 2H), 7.34-7.31 (dd, J 8.6, 5.6 Hz,
2H), 7.1 8-7. 11 (m, 2H), 5.15 (br S5 IH), 4.79 (t, J 7.7 Hz, IH),
4.36-4.33 (m, IH), 4.31 (d, J = 6.0 Hz, 2H) 3.92-3.86 (m, IH), 3.77 (dd, J
= 13.6 Hz, 4.0 Hz, IH), 3.26 (s, 3H), 2.90 (q, J = 7.0 Hz, 2H), 2.32-2.25
(m, IH), 1.89-1.84 (m, IH), 1.15 (t, J = 7.0 Hz, 3H). While the foregoing
specification teaches the principles of the present invention, with
examples provided for the purpose of illustration, the practice of the
invention encompasses all of the usual variations, adaptations and/or
modifications that come within the scope of the following claims.WHAT IS
CLAIMED IS: 1. A compound of Formula I : or a pharmaceutically acceptable
salt thereof, wherein: 



Xl and X2 are each independently H, halogen, or Ci-3 alkyl, with the
proviso that at least one of Xl and c is other than H; Y is CH2 or O; RlA
is H or Ci-3 alkyl; RlB is H, Ci-3 alkyl, or O-Ci-4 alkyl; R2 is H or C1-3
alkyl; and R3 is Cl 3 alkyl; and provided that: (C) when Y is O then R A a
d RlB are both H and R2 is Ci-3 alkyl; and (D) when Y is CH2, then (i) R is
H, RlA is Ci-3 alkyl and RlB is C1-3 alkyl or (M m alkyl; (ii) R2 is Ci-3
alkyl, RlA js H, and RlB is H; or (iii) R is H, RlA 8 H, and RlB is O-Ci-4
alkyl. 2. A compound acccording to claim 1, or a pharmaceutically
acceptable salt thereof, wherein: XMs F or CH3; X2 is H, F or CH3, and
provided that: (A) when c l is F, then c 2 is H or CH3, and (B) when Xl is
CH3, then X is F; Y is CH2 or O; RlA is H or CH3; RlB is H CH3, or OCH3; R2
is H, CH3, or CH2CH3; andR3 is CH3 or CH2CH3; and provided that: 



(C) when Y is O, then RlA and RlB are both H, R is CH3 or CH2CH3, and R3 is
CH3; and (D) when Y is CH2, then (i) R2 is H5R3 is CH3, RlA s CH3 and RlB
is CH3 or OCH3; (ii) R2 is CH3, R3 is CH3 RlA s H and RlB 1S H; or (iii) R2
is H, R3 is CH2CH3, RlA 1S H, and RlB 1S OCH3. 3 A compound according to
claim 2, or a pharmaceutically acceptable salt thereof, wherein the
compound is a compound of Formula II: provided that: (C) when Y is O then
RlA and RlB are both H and R2 is CH3 or CH2CH3; and (D) when Y is CH2, then
(i) R2 is H, RlA is CH3 and RlB is CH3 or OCH3, or (ii) R2 is CH3, and RlA
is H, and R B is H. 4 A compound according to claim 2, or a
pharmaceutically acceptable salt thereof, wherein the compound is a
compound of Formula IH: mwherein R2 is H. 5. A compound according to any
one of claims 1 to 4, or a pharmaceutically acceptable salt thereof,
wherein the compound is a stereomerically pure compound. 6. A compound
according to claim 1, or a pharmaceutically acceptable salt thereof,
wherein the compound is Compound IA5Compound IB, Compound 2A, Compound 2B,
Compound 2C, Compound 2D, Compound 3A Compound 3B, Compound 4A, Compound
4B, Compound 4C, Compound 4D, Compound 5A, Compound 5B, Compound 5C,
Compound 5D, Compound 6A, or Compound 6B. 7. A compound according to claim
6, or a pharmaceutically acceptable salt 



thereof, wherein the compound is Compound IA, Compound 2A, Compound 2D,
Compound 4A5Compound 4B, Compound 4C>Compound 5A, Compound 5B, or Compound
6A. 8. A compound according to claim 7, or a pharmaceutically acceptable
salt thereof, wherein the compound is Compound IA. 9. A compound according
to claim 7 or a pharmaceutically acceptable salt thereof, wherein the
compound is Compound 2A. 10. A compound according to claim 9 which is a
crystalline form of Compound 2A? wherein the crystalline Compound 2A is
characterized by an X-ray powder diffraction pattern obtained using copper
K radiation which comprises 2Q values in degrees of about 8.5, 9.3, 13.3,
17.0, 18.8 and 20.8. 11. A compound according to claim 7, or a
pharmaceutically acceptable salt thereof, wherein the compound is Compound
2D. 12. A compound according to claim 7, or a pharmaceutically acceptable
salt thereof, wherein the compound is Compound 4A. 13. A compound according
to claim 12 which is a crystalline form of Compound 4A, wherein the
crystalline Compound 4A is characterized by an X-ray powder diffraction
pattern obtained using copper K <cradiation which comprises 2Q values in
degrees of about 6.1, 10.4, 12.9, 13.7, 19.4 and 22.9.14. A compound
according to claim 7, or a pharmaceutically acceptable salt thereof,
wherein the compound is Compound 4B. 15. A compound according to claim 7,
or a pharmaceutically acceptable salt thereof, wherein the compound is
Compound 4C. 16. A compound according to claim 7, or a pharmaceutically
acceptable salt thereof, wherein the compound is Compound 5A. 17. A
compound according to claim 16 which is a crystalline form of 



Compound 5A, wherein the crystalline Compound 5A is characterized by an
X-ray powder diffraction pattern obtained using copper K <cradiation which
comprises 2Q values in degrees of about 8.4, 8.6, 18.0, 20.5, 20.8, 25.2,
26.1 and 27.2. 18. A compound according to claim 16 which is a crystalline
form of Compound 5A, wherein the crystalline Compound 5A is characterized
by an X-ray powder diffraction pattern obtained using copper K <cradiation
which comprises 2Q values in degrees of about 8.4, 8.6, 18.0, 20.4, 20.8,
25.9, 26.2 and 27.1. 19. A compound according to claim 1, or a
pharmaceutically acceptable salt thereof, wherein the compound is Compound
5B. 20. A compound according to claim 1, or a pharmaceutically acceptable
salt thereof, wherein the compound is Compound 6A. 21. A compound according
to claim 20 which is a crystalline form of Compound 6A, wherein the
crystalline Compound 6A is characterized by an X-ray powder diffraction
pattern obtained using copper K radiation which comprises 2Qvalues in
degrees of about 10.6, 14.2, 17.4, 18.8 and 20.4. 22. A compound according
to any one of claims 7 to 21, wherein the compound is stereomerically pure.
23. A pharmaceutical composition comprising an effective amount of a
compound according to any one of claims 1 to 22, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.24. A
method for the treatment or prophylaxis of infection by HIV or for the
treatment, prophylaxis, or delay in the onset or progression of AIDS in a
subject in need thereof, which comprises administering to the subject an
effective amount of the compound according to any one of claims 1 to 22 or
a pharmaceutically acceptable salt thereof. 25. A compound according to any
one of claims 1 to 22, or a pharmaceutically 



acceptable salt thereof, for use in the preparation of a medicament for the
inhibition of HIV integrase, for the treatment or prophylaxis of infection
by HIV, or for the treatment, prophylaxis, or delay in the onset or
progression of AIDS in a subject in need thereof. 






