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t hr ee siabpdethasdenbdsconipaands, abd pharmaceutically acceptable salts thereof, their synthesis,

15 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 HIV and in the prophylaxis, delay in the onset or progression, or treatment of ATDS.

BACKGROUND OF THE INVENTION

20 A retrovirus designated human mmmunodeficiency virus (HIV), particularly the
strains known as HIV type-1 (HIV-1) 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; AIDS) and degeneration of the central and peripheral nervous
system. This virus was previously known as LAV, HTLV-1II, or ARV. A common feature of

25  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

30 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

35  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.



nucl eoprotein conplex with viral DNA sequences; cleavage of two nucl eotides
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carboxamides as HIV integrase inhibitors.

US 7169780, US 7217713, and US 2007/0123524 disclose certain N-substituted
5-hydroxy-6-0x0-1,6-dihydropyrimidine-4-carboxamides as HIV integrase inhibitors.

20 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 7211572 discloses certain nitrogenous condensed ring compounds that are

25  HIV integrase inhibitors.

US 7414045 discloses certain tetrahydro-4H-pyrido[1,2-a]pyrimidine
carboxamides, hexahydropyrimido[1,2-a]azepine carboxamides, and related compounds that are
useful as HIV integrase inhibitors. '

WO 2006/103399 discloses certain tetrahydro-4H-pyrimidooxazepine

30  carboaxmides, tetrahydropyrazinopyrimidine carboxamides, hexahydropyrimidodiazepine
carboxamides, and related compounds that are useful as HIV integrase inhibitors.

US 2007/0142635 discloses processes for preparing hexahydropyrimido[1,2-
alazepine-2-carboxylates and related compounds.

US 2007/0149556 discloses certain hydroxypyrimidinone derivatives having HIV

35  integrase inhibitory activity.



US2004/ 229909 di scl oses certain conpounds having integrase inhibitory
activity. US 7232819 and US 2007/0083045 di scl ose certain
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bicyclic rimdi none c npounds use
optlonaiiy in the form of pharmaceutlcaliy 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

15  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:

20 o OH 0,

wherein:
X1 and X2 are each independently H, halogen, or C{-3 alkyl, with the proviso that at least one of
X1 and X2 is other than H;
Y is CHp or O
25  RIAisHor Cj-3 alkyl;
RI1Bis H, C1.3 alkyl, or O-C1-4 alkyl;
R2 is H or C1.3 alkyl; and
R3 is C1.3 alkyl;
and provided that:



as HTV integrase inhibitors, SUMVARY OF THE | NVENTI ON The present invention
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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.

15 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.
20 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
25  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
30 are effective inhibitors of wild-type HIV integrase (e.g., HIV-1) 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 E1") is a compound of Formula I (alternatively and more simply referred to as
35  "Compound I"), or a pharmaceutically acceptable salt thereof, wherein:
X1 is F or CH3;
-4



(i) RisH RAis CG-3 alkyl and RRBis CL1.3 alkyl or OCl.4 alkyl; (ii) R
is C3 alkyl, RAis Hand RBI| s H, or (iii) Ris HRAis Hand RBis
O C -4 alwgl2010liae39pr esent i nvention al so i ncludes phar meceEmtSe@alos9306
conpositions containing a conpound of Fornmula | or a pharmaceutically
acceptabl e salt thereof. The present invention further includes nethods

i nvol vi ng conpounds of Forrmula |I for the treatnent of AIDS, the delay in

t he onXéts UrFpréginssi orovadedhddS, the prophyl axis of ADDS, the prophyl axis

of infecti 0@)by Hhopxandr th&, X2 eatpatg0hnd nfection by HV. QO her

enbodi nents, ‘aspects il[ld feathur .0f the present invention are either
further des@i bedhemXbis GHB theeX43nEr ent from t he ensuing descripti on,
exanpl gss apd qepended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is
t he X—gcﬁx.gﬁv\dgf diffraction pattern for the crystalline form of Conpound
oA desBri et ¥ Beanpl e 2. Figure 2 is the X-ray powder diffraction pattern
for t hR1BriyHt @lki aeOCHZmM of Conpound 4A described in Exanple 4-1. Figure 3

is thegXray ki raction pattern for crystalline Forml of Conpound
5A des}ér il{)%dclﬁgy\%i?{ %55&% . Figure 4 is the X-ray powder diffraction

pat t er R fiv€Haoy §H0He Form |1 of Conpound 5A described in Exanple 5-1.
Fi gure dul%]rgvtgggg?&.ray powder diffraction pattern for the crystalline form
0 es

PNVENTI ON TH pr BBEN 1t BEToR. RHCK DA telibo B aS ol SEoFiTE P Bave
(1 ncluding CH3; and
(D)  when Y is CHp, then
()  R2isH,R3is CH3, R1A is CH3 and R1B is CH3 or OCH3;
(i) R2isCHj3 R3is CH3,R1AisH, and R1B is H; or
15 Gi) R2isH, R3is CH2CH3, R1A is H, and R1B is OCH3.
A second embodiment of the present invention (alternatively referred to herein as
"Embodiment E2") is a compound of Formula II (alternatively referred to as "Compound II"), or

a pharmaceutically acceptable salt thereof:

HSC\N,CH:..,

O OH (1D,

20 wherem:;
X1is F or CH3;
X2 is H, F, or CH3, and provided that:
(A} when X1 isF, then X2 is H or CH3, and
(B)  when X1 is CH3, then X2 is F;
25  YisCHzor O
R1A is H or CH3;
R1B is H, CH3, or OCH3; and
R2 is H, CH3, or CH2CH3;
and provided that:



hydrates and sol vates thereof), and pharnmaceutically acceptable salts
thereof. These conpounds are effective inhibitors of wild-type HV

i nt egr asewQeon/o423dTV-1) and nutant strains thereof, as aemarssamassds by t he
results shown in Exanples 7 to 9 below Certain of the conpounds have al so
exhi bi ted advant ageous pharmacoki netics in animal nodels. A first

enbodi rent of the present invention (alternatively referred to herein as

" Enbodi ment((B "yhémsYas OoteoRid ofd BI0? auelbeth Haad ﬁ?érlﬁQﬂMI GH2AAd3 mvde sinply
referred tomms "$RIPPYNEHL thenOF @ pharmaceutically acceptable salt

t hereof ; wherein; X ig_F ’or1 H3; X2 ig H, F,_or Cl-g and provided that: (A
when X is F, the® x2 ReisHdt CHz 4pd RRP i5kER WOCH3. @3, thenc 2 is F; Y
is CH2 or O R Aif)s HDis CH; anRFB A & 1, an@H8.B @M. OCH3;, R2 is H, CH3, or
CH2CH3; and R3 is CH3 or CH2CH3; and provi ded &an%ég en Yis O\tﬂgen
R & and R B are Hdbird pmbegimest efithe presqntprentiony et B 1s 4eREpd Rhen v
i s CH2Fodfi@01H {or "oinpoimd MB), o8 a GhigmabwiicaBy &dd3ptabld st BrerefCH3 or OCH3; (i)
R2 is CH3, R3i1s CH3, RRAis Hand RRBis H, or (iii) RRis H R3is
CH2CH3, RIAis H and R B is OCH3. @Hsecond enbodi nent of the present
invention (alternatively ref efelednfo herein as "Enbodi nent E2") is a
conpound of Formula p (alternativﬁ\y%@ferred to as "Conmpound I1"), or
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wherein:
X1 js F or CHz;
10 X2is H, F, or CH3, and provided that:
(A)  when X1isF, then X2 is H or CH3, and
(B)  when X1 is CH3, then X2 is F; and
RZ is H.
In an aspect of Embodiment E3, R2 is H.

15 A fourth embodiment of the present invention (Embodiment E4) is a compound of
Formula I (or "Compound I") or Compound I or Compound III, or a pharmaceutically acceptable
salt thereof, wherein X! is F and X2 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 E1 or

~ Embodiment E2 or Embodiment E3. In an aspect of Embodiment E4, XlisFand X2is H. In

20 another aspect of Embodiment B4, X1 is F and X2 is CH3.

A fifth embodiment of the present invention (Embodiment E3) 1s a compound of
Formula I or Formula II or Formula III, or a pharmaceutically acceptable salt thereof, wherein X1
is CH3 and X2 is F; and all other variables are as originally defined or as defined in Embodiment
E1l or Embodiment E2 or Embodiment E3.

25 A sixth embodiment of the present invention (Embodiment E6) is a compound of
Formula I1, or a pharmaceutically acceptable salt thereof, wherein Y is CHp; R2 is H; R1A is

CH3; and R1B is CH3 or OCH3; and all other variables are as defined in Embodiment E2.



a pharmaceutically acceptable salt thereof: wherein: Xl is For CH3; X2 is
HF, or CH3, and provided that: (A when Xl is F, then X2 is H or CH3, and
(B) when Wb 22op/0@®*then ¢ 2 is F, Yis CH2 or O R A | ®CHUSR00GHN30KRI B i s H
CH3, or OCH3; and R2 is H, CH3, or CH2CH3; and provided that: (C) when Y is
Othen RA and R B are both Hand R2 is CH3 or CH2CH3; and (D) when Y is

CH2, then (i) RZis H R s CH3. and R B is CH3 o

CH3. and RIA is fisexsidh ﬁn@fi@em of ghe presept BHE W%@wbﬁrﬁé%%%ﬁpmd
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or ap cal.l cce | e sal F or CH3; X
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nﬁ%dl PR % Ilﬁla%adqu{l ggftagce%{gﬂ%déamﬂére&f whB&iP¥ ?§9nR1A%¥;ﬁ 1RO
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both H; R 1s CI% or 813?8%3, and all other variables are as defined in Embodmment E2.

A ninth embodiment of the present invention (Embodiment E9) is a compound of

Formula I selected from the group consisting of:
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and pharmaceutically acceptable salts thereof.

A tenth embodiment of the present invention (Embodiment E10) is a compound
of Formula 1 or Formula II or Formula I, or a pharmaceutically acceptable salt thereof, wherein
the compound is a stereomerically pure compound.

15 An eleventh embodiment of the present invention (Embodiment El11) s 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 1o 6; i.e., the compound is Compound 1A,
Compound 1B, Compound 2A, Compound 2B, Compound 2C, Compound 2D, Compound 3A,
Compound 3B, Compound 4A, Compound 4B, Compound 4C, Compound 4D, Compound SA,
20 Compound 5B, Compound 5C, Compound 5D, Compound 64, or Compound 6B.

A twelfth embodiment of the present invention (Embodiment E12) is a compound
of Formula I, or a pharmaceutically acceptable salt thereof, wherein the compound is Compound
1A, Compound 2A, Compound 2D, Compound 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 E12.

A thirteenth embodiment of the present invention (Embodiment E13) is a

compound of Formula [, or a pharmaceutically acceptable salt thereof, which 1s:

-7 -



Formula I (or "Conmpound I") or Conpound If or Conpound IH or a

phar maceutical ly acceptable salt thereof, wherein Xis Fand ¢ 2 is H or
CH3; and wbl2omdierdivari abl es are as originally defined @CTAIS200095%e6i ned in
the Summary of the Invention) or as defined in Enbodi nent El or Enbodi nent
E2 or Enbodi nent E3 In an aspect of Enbodinent E4, XI is Fand c 2 is H 1In
anot her aspect of Enbodinent E4, Xl is Fand ¢ 2 is CH3. A fifth enbodi nent
of the present invention (Enbodinent\E$f is a conpound of Formula I or
Formula Hor Formula IH or a pharnac§a£%gally acceptabl e salt thereof,
wherein X is CH3 and X2 is F; and al er_variables are as originally
defined or as defined in Enbodi ment EN di ment E2 or Enbodi nent E3. A
si xt h enbodi nent of the present_Jnventio Enbodi nrent E6) is a conpound of
Formula H, or a pharnaceuticé?§::$§fapt salt thereof, wherein Y is CHZ;
R2is H RAis CH3; and RIB i b ~oand all other variables are as
defined in Enbodi nent E2. A seventh e nt of the present invention
(Enbodi nent E7) is a conpound of Fornmula Il, or a pharmaceutically
acceptabl e salt thereof, wherein Yis CH2; Ris CH3; R is H RBis H and
al | ot hesn aspedtalfiles eabedimsnil gfei coegpoimd BriboapovedtoAE2. An ei ght h enbodi ment
of the present invention (Enbodinent E8) is a conpound of Formula Il, or a
pharmaceutical |y acceptable salt thergpf, wherein Yis O Rand R B are
both H Ris CH3 or CH2CH3; and all o em)variables are as defined in
Enbodi ment E2. A ninth enbodi ment of9th present invention (Enbodi nent E9)

is a conpound of Fornula | selected mwr oup consisting of: and

pharmaceutical |y acceptable salts thereof efdt h enbodi ment of the
present invention (Enbodi nen pdund*of Fornmula | or Fornula ||

or Formula in, or a pharmaceut Nac bIe salt thereof, wherein the
conpound is a stereonerically pure conpouhd. ©15 An el eventh enbodl ment of
the present invention (Enmbodi ment El 1y is™a .

In a feature of this aspect, the compound is stereomerically pure.
5 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:

—
N

O
o)\‘(
S®
N N7 77—

o OH

é “ﬂ
ZT

10 In a feature of this aspect, the compound is stereomerically pure.
A fifteenth embodiment of the present invention (Embodiment E15) is a

compound of Formula I, or a pharmaceutically acceptable salt thereof, which is:
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conpound of Forrmula I, or a pharnmaceutically acceptable salt thereof,
wherein the conmpound is a conpound as set forth in any of Exanples 1 to 6;
i.e., thewoanpodeddli s Conpound | A, Conpound | B ConpoundP2AUsGmapsasne 2B,
Compound 2C, Conpound 2D, Conpound 3A, Conpound 3B, Conpound 4A, Conpound
4B, Conpound 4C, Conpound 4D, Conpound 5A, 20 Conpound 5B, Conpound 5C,
Compound 5D, Conpound 6A, or Conpound QB. A twel fth enbodi nent of the
present invention (Enbodi nent El 2) 8" a conpound of Fornmula | or a
pharmaceutically acceptable salt th% © wherein the compound i s Conpound
| A Conpound 2A Conpound 2D5Conpound “4A,! Cg upad. 4B, Conpound 4C, Conpound
5A, Conpound 5B, or Conmpound 6A. In arNispect¥af this embodi ment, the
conmpound is 25 stereonericalf re. Ea t he foregoing compounds is a
separate aspect of Enbodinenijnggéjg t hi rtieent h enbodi nent of the present
i nvention (Enbodi ment El 3) i ndyoroFormula I, or a
pharmaceutical |y acceptable salt thereof,omhich is:In an aspect of this
enbodi ment, the conmpound is Conpound 6A: In a feature of this aspect, the
conpound is stereqnerjcally pure. A fourteenth odi nent of the present

i nvent Mo PR Ol e snbehmeDy; Q§0@@ﬁﬁ@§ﬁdkammwaﬁ ‘al, or a

phar maceutical ly acceptable salt thereof, which is: In an aspect of this
enbodi ment, the compound is Cbnpoundr5ﬁ: In a feature of this aspect, the
conpound is stereonerically pure. A fAfteenth enbodi nent of the present

i nvention (Enbodinment El 5) is a coflpound Formula I, or a

phar maceutical |y acceptable salt t her ed¥ ; whiYh is:1n an aspect of this
enbodi ment, the conpound is Koppound 2A;,~ A fosature of this aspect, the
conpound is stereonerically p A 18i xgeent h enbodi nent of the present

i nvention (Enbodi ment El 6) i$Sa comporndyofoFornula |, or a
pharmaceutical |y acceptable salt therepf,omhich is: In an aspect of this
enbodi ment, the conmpound is Conpound 4A: In a feature of this aspect, the

compound i s stereonerically pure.. . )
In a feature of this aspect, the compound is stereomerically pure.

5 A sixteenth embodiment of the present invention (Embodiment E16) is a
compound of Formula I, or a pharmaceutically acceptable salt thereof, which is:

—_
N

St
PO LA

N
NN
o
OH .
In an aspect of this embodiment, the compound is Compound 4A:

O

—_
N

O
O
e
F. 2 .

NO

O OH

0

10 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 is
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As used herein and unless otherwi se indicated, the term"stereonerically
pure" in reference to a conpound of the invention neans one stereoisoner of
a conpourmiothawo4e®substantially free of other stereoi soreraSedobED6
conpound. For exanple, a stereonerically pure conpound having one chiral
center will be substantially free of the opposite enantioner of the
conpound. A stereonerically pure conpound having two chiral centers will be
subst awbs@ntlgllwﬁ@eof@ﬁhe@tswé%wmﬁ% &ribgmemponnd. (Ha eéélﬁ%uﬁatereﬂmmaﬂ y pure

3 tn gr g f%“‘?%%‘ﬁﬁh ¥Ry ][og? ﬁmp@ Quxkiek wgrw s;sgan@i@ai@roftﬁwppahmﬁnaﬁﬁ&mayomﬁ ght hof
I'S 0 e oun an ess t
oo cormmung. pustgreomfiaOTRa G heARe biid thifih Selerd Rl D s el "
t han 26f6thér difseeredrhas oﬁﬂrxeroempsmmbrs)stem_fomdwald:mme gowipoyrdedoprpaises/ grgateat er
than ahay %(?u%%g%gﬁﬁ oV et B OF RTBIBlind aﬁhlg&@ay%uaﬁswbgss than

about er eol sone ound
pref er afbig}lt gﬁ@h@rétercmw%xbm gsaEbiapehyhB0Gfolone S‘@f@@iisé’meﬁ éﬂ@bk%ﬂla@ he

ggggﬂ%ﬁh’/"%ﬁ‘é {?rg%t&é}?ﬁs“%?éa}%}()ﬁ% (?fn%&hg hirefRfablh e%%ﬂ%&n ab&it 99{/&63,'0fﬁ%1§m0f t he
9 one
st er eoPEQeteTeRisqpg @W“&% an‘f[?é%th?’ﬁ aﬁ@l&aﬁy b}ia‘é’/&‘s@%ﬁﬁ%% ®f the other
St er eik}%@?ﬁ?ﬁmf@f@he ccﬁl{i}ﬁﬁih& l’mbﬂ&%ﬁef@ﬁ@?ﬁ gr%i%thim ghoait Qi%ﬂﬁ(}w&gﬂm‘f oand | ess f
%0 e of her ste ner.s

t D oI CEREE sPRES BT arn bt oS PEEY O s i sl Dp ey ©
anal ystempdindpandembitgefonblyngediadhaf atmmaﬁ% |b$ wesght @ﬁb@@/@dreamdlnﬁh@f thet hods

pr ovi ds%;ﬁﬁ&ﬁld' aﬁﬁagéﬁ'tﬂaﬁ BbA% b F%lq OF [RGB Srdofto &g?s e Shodllr (RRERRAMET | C

purit ermne I ng the hi ghest
purity 99°é»\xé‘|ong shgegoipomer @nd @saﬁh %mfdhe @ﬂha& St%tmw@lg@fﬁ?e@ﬁ the pgyppngs Thee

gg gpgu gtsfiiz%lt ﬁf‘; ; egﬂna cél)rﬁgt\éﬁ%tﬁg hgd sdé§Qbﬁb@ Qet@x&nllhléﬂ i ME@Sdar@hRWdLdTI N the
SCODe O e T o S o A SRS R RSGTaunds 1 epr esent
%gf g PEXI:@MEMMQ glnlﬁii’lfhﬁd?llﬁﬁfnﬁmf&i infhe lesclafcteysigric Ipnﬁtﬁxilgtpegtmﬁgggn r:{rg(ljnw_flfcci;A 2A
anal ys PR S’ttﬁ?%ﬁ}eﬁn?t O%&) dlmég % égﬁ %hﬁﬁ) 1%‘?& 18%A:l{]eof t h; S enbggl nent, the
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
20 compounds represent only one facet of the present invention.
A seventeenth embodiment of the present invention (Embodiment E17) 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
25  copper K, radiation (i.e., the radiation source is a combination of Cu K1 and K radiation)
which comprises 26 values (i.e., reflections at 2@ values) 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
"sbout" is understood to modify each of the 2@ values. In another aspect of this embodiment, the
crystalline Compound 2A is characterized by an X-ray powder diffraction pattern obtained using
30 copper Kg radiation which comprises 2@ values in degrees of about 5.7, 8.5, 8.9, 9.3, 11.6, 12.6,
13.3, 14.6,15.9,16.4,17.0, 17.5, 18.4, 18.8, 19.7,20.4, 20.8, 21.7, 23.3, 23.7,24.5, 25.5, 25.7,
26.0,26.3,26.9,27.9,28.4,29.3,304, 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 E18) is the
35 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 be
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crystalline Conpound 2A is characterized by an X-ray powder diffraction
pattern obtained using copper Kradiation (i.e., the radiation source is a
conbi nat iwo 20f0/0deB89K <cl and K 2 radiation) which conpri 2€e3/1BQMwaALBes (i.e.,
reflections at 2Qval ues) in degrees of about 8.5, 9.3, 13.3, 17.0, 18.8 and
20. 8. IB this enbogi ment, and any anal ogous enbodi nents which follow, the
term"about"” is understood to nodify each of the 2Q values. Ip ano her

s Atgeiheq:

aspect oistinedhinsthe mesperAssaribed fo WO ¢RHPFI058. EbPRFTREF D EReiized by

gg m>)<r | élye?sg:ﬂg&é@' %rlnﬂbfcﬁéra&éﬂu% Wahé part cﬁbﬁ@PDBdraUétd}gasp@mg toh¢ 2@ivalueoin whi ch
u

133 depress Of gbayt 130, ?fg B3 %an%l A %%%9‘%7““%" ?peé‘é’fgms 31 g

23 3, @Bbotlimadt, he REBLnOBrR is EudierRBd By t1RG08ts 02 he@DIDBack, cop@siRNdRG 1o

An 5(6a| gﬁ?gggn‘{ai egn%dgéees ({f"%?@t 5. ’??’43 55’8 93@ 38’1 1 %51256 13363 éil 6325§ 1@@ @ @@d 539 3

the 8
cryst al$.#4,k8.8,d017, 80.4CHhBURH 224 gﬁé’r%"r S %5h‘ia Zér7y%§ QJ 4. %@@%?Fﬁ% %8 4,29. 3

characepi 3*?)2 BB% ?PF 3*4&8(3@ sdgﬁ 'SV?Sij%Qm36t6S33<6raﬁ& 3di3fif HRCKRPD. pat tern
shown in Figure 1. ‘g}g row des & finger |nt of %ﬂgbj nter-atomc

di st ances t hat défﬂlﬁféeqnﬁbe%\’ th fake prasent inxe éhn&% Bt?ai ned in
t he MapRSHIIEE 36 BCorh df@@Q@ﬁél@ﬁﬁﬁéGrysﬂaﬂamrfemasrlﬁﬁﬁacmhzédﬂbﬁthefiﬁd’ﬁ]’ ment ,

cofd Eéééha #ﬁ%faﬁﬂg‘m%%%@h@ e b BB Pe oL g b,
18. 8 aags@Ning dompionad XRRDchdracteiwet hyran & pyqoveler dﬂﬁﬁr@tzemp@mm@htameﬂh@mg

cryst alzdéﬁrgaﬁ f %dlhzhén whidh %&hﬁf;ée&% PHudshe dpaeéssoraboiieer, DR, 1280837, 19.4
corres ding to the 2Qval ues in degrees of about 5.7, 8. 5, 8.0, 9. 3, 11.6,

12. 6, 4131 2.9. 1In Bothes agpectiqf this empogdimepy, the erygaliine fgmgof GampounddAsis 20 g
21.7, 2Rardster®dd by aB&K-bay pduder diZfacfion Péitén oBfiidd WRBigRopEer 10y radBtidn which3,

2013 e e e 31 B Do £ By, B2 o

( Errbodmmnl’/ E19)3,i18.62 122y BL.4| 0. e0fep2dD ol 1. TRREp ARG, ZA0\5eF. 4D, RRS, 25.9,

crystabliing, | ot 8 ohenags sTized, b3 hes X[l DRC gud gy anal ysi s set

forth aspéct o’ thrs e t he
cryst aI line Corrpmmd:nﬁa‘xh|emboﬁmmfm¢t)‘éﬁlﬁz)welﬂyﬂ‘mm’ﬁxﬁ (Bpbedmear EADAs 2 St on

patter Bq@&hﬁie’}sgn up ngpound 5A wherein the crystalline form is characterized by the XRPD,
20 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 Kq radiation which comprises 2© 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 5SA is characterized by an X-ray powder diffraction pattern obtained using copper Kg
25  radiation which comprises 2@ 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 149°C in a
DSC curve taken under nitrogen at a heating rate of 10°C/minute in a closed aluminum pan.
A twenty-first embodiment of the present invention (Embodiment E21) is a
30 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 5A is characterized by an X-ray powder diffraction pattern
obtained using copper K¢ radiation which comprises 2@ values 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
35  Compound 5A is characterized by an X-ray powder diffraction pattern obtained using copper Ko,

radiation which comprises 20 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,
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copper 1Q radiation which conprises 2Q values in degrees of about 6.1,
10.4, 12.9, 13.7, 19.4 and 22.9. In another aspect of this enbodinent, the
crystal | iwe 20ovoae3dfi Conpound 4A is characterized by an XCTays2@onssne
diffraction pattern obtained using copper K <cradiation which conprises
2Qval ues 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, Bomgil cpptafiineGorspoupd 5 isfuitlesr chaagferizegl by a pepk fempeyatyre of gbgut 15§°G
3?71-)2;1' %%chﬁxt'\%ta@%mﬂidmfﬁuége@ _a_heat%% r&ted(ﬁﬁ(}@(tllaﬁéﬂ%tai’g écloé?d Mehidoet ban.l .
enbodi mnent o resent invention odi men. s,a.fir riystal line
f or m of Corrpound?\é&e’i?@f'egfj‘éan‘? db‘?%g) ?ﬁ%i mgsepﬂwwq%@éﬁgx@gﬂﬁ@?%%@ %9 t he
XRPD, £S&ahind fhitfobahysing etvhérein the crystakaedbien B-chabeleowed bnthaXRBpect  of

this e i .For ry.st k! gJ)(WpR ' 3]%1- %E%qjtgfﬁ 142 by an
X- rszy %%ﬁ%#}%ﬁll ger%%pljgf @e%l)%m % gﬁﬁlbg usi %gldaéé?g)é?t <cr adi E_éljtlti glg whi ch
conpr i swstali@eampeynd AAde grasesterivied by en tX-grypovglendifitg:tion patkers obtagned usiig, 2
26. 1 apghper Kg radiltic@NOhidR copHas L eofalidiiis degrbadifmboit, 1010) ¢4 B0 Tot) 1608 yst al | i ne
Compound 5A 1's characterized by an X-ray powder diffrg tio attern

obt i ndd4L A esa BEREC R iz BRI E BN eRPoes D Arin el iieired Peas of
about &-rhy p8waer diffraétion gatlyrn tbtalhed 16ING cofiBr 8o, radiabon RBich co@Priges 22Byv@ypes24. 5,

25.2, 26,1, and 27. 2. o] r t ' i t rLm |

cr 6t ain Ssvieeagtathg skt 207 LT EHERE A 12Pel T y8E DR B A e o
about 148(20.6, 20.SC.6cAt 221 4K , 3AdeR3.hj 23 2@dr, a¢.822h A3 HG6r1aR6.2026.6,

100 m €,d l,ase | AHm . t ty-4 hrSt M f the
presen?y'}gh%%%“tzl’éoér:iz éhg%gi én%{y%??gf gf}g, %%%’Q?%’% ’2?35%3:1 171 ne g??ﬁgbf Conpound
5A wherein the cEgdpdindniebibiof2oofdhepraeans rveriprigspastivotrpprespad tnd TGA

?Ea' gs b st]%lﬁhefc%ﬁ;tbuha 4BX R € cFs iR ISAVE ok TRRyREREE S A OfndlddsEalBreodi ment
e or

crystalline Co und SA C acterized b n X-ray powder
di £¥r a@pﬁ@ﬁu%é\@ﬁ ﬁ@téﬁ@%}%ﬁg@pﬁ&tsﬁ}édg EE%Q Wf‘?ﬂ’inég‘? Blﬁ’gtﬂﬁif’g ﬁorgb ri ses
2Qval ugBarh@etiegrsase PDF ahoeitlerBied frodn s X1By diffia@ioh, paROmBhoRb i9 Figdes2, and
27.1 . écrp anot her aspect of this enbodinent, the FormlIl crystalline
Conpouf %‘A I's characterized by an X-ray powder diffraction pattern
obt ai ned usi ng c@ppermKabout”, 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

20 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 2@ values in degrees in an XRPD
described herein, the term "about" typically means the value & 0.1.

25 Another embodiment of the present invention is Compound 1, or a
pharmaceutically acceptable salt thereof, as defined in any of the foregoing embodiments (e.g.,
Compound II in Embodiment E2 or Compound III 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.%

30 (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  or its salt (e.g., the product isolated from a reaction mixture affording the compound or
salt) comsists of the compound or salt. The level of purity of the compounds and salts can be

35  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 significant
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radi ati on which conprises 2Q val ues 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. | nwoabtve2@spect of this enbodi nent, Form || crysraritisa@osmspound 5A
is further characterized by a peak tenperature of about 155C in a DSC curve
taken under nitrogen at a heating rate of 10C mnute in a closed al um num
pan. A twenty-second enbodi nent of the present invention (qlfgrbo%irrent E22)

is a cdiffercarssiinshe lsvehodpualystumencd An qabieaispmplsetben {hsrasthe 1§ the

g hﬁr aCﬁignész gﬁhtwexxeib go%R%Df t h_,A %@gﬁ oTGfen att’r (123 'pari@ef ?xfxei)\ﬁrhig}é iisﬂfrE@(@Tpd le 6-1
el ow. n aspecrt o IS ejxpnoal ne e .cr.ystall I pe ou IS

char ac‘ileé?‘it%g‘a‘ tigs 9 defermiy a gp@(%r%gltep@ﬁ 065{”%1%81"?1 @bet %)Fwé))&n s?ﬁﬁe copper

Ka r adinaéiation halké ohe aromordsgemeRQ ceatepemd thudegreees asfimiaboest of 5GEr@sohder,

17. 4, 18. n [ ' ' - stalline

'Conspoui%(ljS %&%iugld%r%té)ﬁgﬂag? I'ze %)E}Hgﬁ%%%g@%‘ﬁ%%rﬁw gﬁgar%{t%%‘ggﬁﬁ%%%?n

obt ai nmiktusiof thecsippeisorrers pnd isehstantialih pek ieBvigpel sbastareyneof esatiemeegfees of

about le@‘uanﬁaigr pute thdivi@ud diadrdmet fr enankiom®r is bfioQterdfneticallPphre. 17. 4, 18. (B
18.4, 18.8, 19.8, 20.0, 20 2 23.1, 23.2,

241, 248, 25 10MEseBbodgents of fiepresgi Gedipngheises G Dhvihesy 3| 30,1
30.6, 31.0, 31.5¢)32. A phacnabeutdd]l GompBitlon @dhRisingnifeativt @bount oEmbodi nent s
Cofboufampandthpra PRSI c SRRt At e PR BRI e RULT | e
ConmpoucdriéA as set forth in Enbodinments El 9 to E22, wherein the
cryotel ! ne Lo e. CHRFSKLA Dbyl sl gk 12
modi f yForgbinine (o), seixioe) a0 pikesive amophta ompoypd {is aphpanaceytisally perepiableat i on
" eSS ALl om0 el ouan el
gﬁg?s ;y[ ggrgl za’ii inon(‘a]9 t ge E]?Pg’g’?%‘g@ﬁ&on{?{?ﬁ%’é P% {]% A @h@&ﬁ‘@%"?’%ﬁ%ﬁ’e nt error
i n t hesfeqive ag@unes antahti Hiyhagghf Jebocemddisn the droep coanisfiag bUHEY astourat egenos;
P St IS bR IR R0 o P e substence o car ey out
degrees in an XRRD  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
20 reverse transcriptase inhibitors, nucleoside HIV reverse transcriptase inhibitors, HIV integrase
inhibitors, HIV fusion inhibitors, and HIV entry inhibitors.
() 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-
25  HIV agent are each employed in an amount that renders the combination effective 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.
() The combination of (), wherein the anti-HIV agent is an antiviral selected
from the group consisting of HIV protease inhibitors, non-nucleoside HIV reverse transcriptase
30 inhibitors, nucleoside HIV reverse transcriptase inhibitors, HIV integrase inhibitors, HIV fusion
inhibitors, and HIV entry inhibitors.
() A method of inhibiting HIV integrase in a subject in need thereof which
comprises administering to the subject an effective amount of Compound I, or a
pharmaceutically acceptable salt thereof.
35 (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.
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described herein, the term"about"” typically neans the value 0.1. Another

enbodi nent of the present invention is Conpound |, or a pharmaceutically
accept ablwo=alwo4edser eof , as defined in any of the foregecmgSerosi3nent s
(e.g., Conpound Il in Enbodi mrent E2 or Conpound H in Enbodi nent E3) or

aspects, wherein the conmpound or its salt is in a substantially pure form
As used herein "substantiallé'p?ure means suitably at |east about 75 w.%
typically at |ea€l abbegmghofe! oy ﬁh@?’é‘rth%PW%‘%unﬁﬁan}é‘b‘B&fS asupstesgdia. g. |
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0 from abqu 0 about olO
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ig leth 16)Eroduct i solated froma reaction mxture affording the conpound
a

8ists of the conggund or salt. The |evel urity of the
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S Ih gni f Ih cantdi ffeqg nceghé hethad df@;\)e&h@émmhﬁ ¢dnypotiad wmﬁﬂtmﬂ ia cgmbamns(a;.rrpl e,
then the net rovidin pu ev ove und or
salf oPiiGg ?f%aw" St s G ST rpEblestol skt e P (RSt FOERES

det er nprigehsbinhibistsg mdﬂmdcimdimﬂﬂb fevarsaltypsiiptash shdotps nndsossde BRé révaxsent i on
have ope O P{a\é\g n?ﬁ%% HWQnt%%r%gee b?tgf!s stus‘f@rp Bk gl?(? P @ bitors.

st er eol SO be U 2 substant’a pur e corrpound
can be either a QMbstéﬂnﬁﬁpdyf}ﬁbﬂi@tmﬁ RIV)idegpset(pg-» ﬁWr’e@f‘%??é}%woﬁ“ i

subst apy h&'d'tﬂer@éﬁ%abﬁ‘Qérﬂﬁlﬁjs‘éébdrﬂhﬁsi&rﬁ{get@fiﬁ‘és&jec@ﬂ@@hb&i@émw&} il |y
pure i ndi vi | ast er eo r.or F?ant oner is also stereonerica y pure.

O her é@b@dﬂ(ﬁ)a%(g)@ft ¢ remppatehet Choetdti on i nclude the fol lowing: (a) A
phar maceut i cal cgﬁposwmeuho@ﬁfmm stageatorekdntaxisoiantoinin of HBO6ound |, or

a_phargRgety Calidods B8R ABSr SRlh bRBHER M PRAREBASH: bie?! | Y

accept
pharmaceutical composition of (a), (b), (c) or (d) or the combination of (e) or ().

(n) A method for the treatment, prophylaxis, or delay in the onset or
20  progression of AIDS (e.g., AIDS due to HIV-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).
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 (jii) for
25  use in the preparation or manufacture of a medicament for: (a) therapy (e.g., of the human body),
(b) medicine, (c) inhibition of HIV integrase, (d) treatment or prophylaxis of infection by HIV, or
(e) treatment, prophylaxis of, or delay in the onset or progression of AIDS. In these uses, the
compounds of the present invention can optionally be employed in combination with one or more
anti-HIV agents selected from HIV antiviral agents, anti-infective agents, and
30 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

35 B2 or Compound Il in Embodiment E3) or an aspect thereof, as described above. In all of these
embodiments etc., the compound may optionally be used in the form of a pharmaceutically
acceptable salt.
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(b) A pharmaceutical conposition which conprises the product prepared by
conbining (e.g., mxing) an effective anmount of Conpound |, or a

phar macewoOcaldos2@mecept abl e salt thereof, and a phar maceariusadopsseeept abl e
carrier. (c) The pharnmaceutical conposition of (a) or (b), further
conprising an effective anount of an anti-H V agent selected fromthe group
consisting of HIV antiviral agents, inmmunonodul ators, and anti-infective

agents. (d) The ﬁﬁéiﬂiﬁﬁ@@mbieéiame%wﬁib%m%% iyentien inclyde caihPlithe anti-H v
agent js-ARcARbA\ohbsifighS e6:88inki 8, R8s MPused RIS ROhe brdckdingr ot ease
i nhi bitors, non-nucleoside H V%Jﬂ?ver se transcri (Efas n;n bl t.or sh.nucl eosi de
HV r eR¥pgarhs, sheen @F&%’@p?m ithpreSentRyephghf Al SR e L i v/ ' usi on
i nhi bi tubsentigtpude. VI respecnoi dpitaonaceu(ie) compasiomatmisingCahpdmd(lioy its
Conpound. | ., o, a _phar ' cent " fid) an
an{? - HR ha?@%éag{%a T% ?%ér%?i%#ey%’? %uaglacﬁﬁéfas@lao% O%Pﬁkﬁe%zcgjﬁf@r?giléfgl agents,
i munomtiusteddihst the tamdisthstantin e pirgd isdy esferencadoct wmporné ot Berpulkn boofs
Formul g { ,&2Rd the anti- HV agent are each enployed in an anpunt that
renders t%e conbi nation effective for the inhibition of HV ntegrase,  for
the treatment or ShH apyirraliembefimentseditheprepspt ppventiql inplyde thephppiaceiical
pr ﬁghy Et{ﬂi&b&iﬁl‘%’nsgﬁinﬂﬁr\/&ﬁﬂ)ﬂb Bed ?@ﬁ@ﬂs ot fﬁlg/@r(@ﬁﬁi) @bowaf arﬂltﬁiﬁ_.lse_(s (i)aJs thro?gl:j
conbi nat.j on erein i =k ent .i.s .an iviral .sel ecte
PO 0 ¢ RGP ser Bt e i e PV s ibire e Ry s Mo tetr Bl 1 v
r ever sghirimabagichiptoagesitioh ()i, thercempound ediirohala) ivemployed & ar ameott effecye
i nhibitors VAN rasertNALhi: e tas ST YL 1 bi har ]@&gj ; try
i nhi bi FEPES HIgy! %{Hntg‘tg pRTHIY n“%h‘r?ﬁ’%?‘% ?I%\é %Riﬁle%%e?{seg%%gﬁg%’f ect S.iggqﬁﬁ/ghgfgd
t her eofiIWhi pioteassmphibiters, HiV Inieseras irangoripreseishibiipyse BV -4 rintegrase ihihatosount  of
Conpounfiyly eRfy iAnibitafRg eV CAlslon iAkeRMkabl e salt thereof. (h) A method for
! h?St reatment or A%rvx(f)o%rly Lg ?elcggn?;edl br;]s;(?n%tolf %?dirta)a\{'y ls_,il(l}{ ih r‘Eheaarts, léglln}e)g&nds of the

present invention can exist as tautomers, such as the following:

H3C\N/0H3

N R1A
1 R® /Z<R1B
XQ/ N/

/N

HsC-y” HsCmp
e ¢

© N Y\ _RM © N Y. RiA

iSO el oN o
OH OH OH ©

All tautomeric forms of the compounds, whether isolated or in mixtures, are within the scope of

the present invention.
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i n need thereof which conprises admnistering to the subject an effective
anount of Conpound I, or a pharnmaceutically acceptable salt thereof. (i) The
met hod ofwQhpio/0abznei n t he conpound of Fornula | is admPoiraiSesoems93ne

conmbi nation with an effective amount of at |east one antiviral selected
fromthe group consisting of H'V protease inhibitors, non-nucl eoside HV
reverse transcriptase inhibitors, nucleoside H V reverse transcript a§

i nhi bi tors, H V Thanregioass ordipgniskidis thervpldiakse yndaistngd diat comgperndr 9t ent ry
i nhi bi e ﬁr%%nﬁdﬁ o 10Bh Iﬁg&afe@ Emd/hﬁscﬂ%@@t l‘(ﬂi&'&mcd&!y%ﬁdlb}/é Ieydirges Aid sdBJaBa‘ﬁ ofn the

i i SRR TSOTRESELEY Eerin Brd ek Fhimtoilie 5P CORRS IR e RIRES S

phar nampébmbbwsaﬁﬁﬁmabﬂae salt thereof. (k) The met hod of (j), wherein
the compound is f‘}éeini]em S&iﬁ{/lageﬁpﬁ 59 61{3)%16% c%’ aﬁéﬂe@%ﬁﬁf%aﬁ%@@t of at
SI s

| east one anti vi sel ec rromt rou pr ot ease
i nhi bi aliphstic phosmiinsedicalchaping ftlém@?ﬁs@ @arbm@pmma@@ Sp?ﬂ*iﬁ%ﬂ 198es , Thiefososi de

H ?1/ Le%/’@hﬁﬁe tﬂcghnﬁﬁrz:t@s@%@@ hik!yl’ @f&ers S M- ﬂsl@t-,e;gds.asld umty}m tand SSOPHP‘SAJ usi on
i nhi bi

h
B0, oSO SR € TS R Bl AP .
corrprl ses admi ni %@fehﬁghau@génheolsmxa}oepieférm DiainTRadaiic Bfordoapediotinen of

i e st os T ARG PB4 e | i 6/ e subj et in

n eed t hereof whi Al'seblepcompsumdsh nbmpeurdighicl cmh‘@ pmty}re(t #nd igelated and

phar mag ?‘%tel s%zjc u(r;e TR h%ééﬁ% r%Int f{x:t)r cah Be calsEd t(PIre ﬁ? Ts@éntfaﬁ? uﬁ&%ﬁ?é@%&‘ gn of

(e) or treat ment, axl s ay In the
onset mnmqufgmwfﬁﬁelﬁﬂo Alopgsg ef the COIAP%S‘MQ%W@“FHGWSI des¢ribed hefgi-ect i n

Bﬁ:? n;gglrjflo‘;a}’ml:‘gﬂe ES1HR 0§§ gi]: t%(g g&é@b&ﬁﬁ&dnﬂ%é & ubgusHhedhitiie of HIV f
(e}> or infgerasefpg., ?pﬁgsleﬁegfsz}e Hts fHﬂP}éﬂ @%5 ?TﬁE%ﬂHB%I‘é%g ‘g?)‘f%)BE’H Wﬁd& t Ip(rjgsgnt
I nvent hph@axis, 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: AIDS,

20  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

25 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 comsmercial products to be sold for these purposes.

30 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 1s 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

35  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 carry an acidic moiety and thus suitable pharmaceutically acceptable salts thereof can
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pharmaceutically acceptable salt thereof, (i) for use in, (ii) for use as a
medi canent for, or (iii) for use in the preparation or manufacture of a
medi canmerwof2oro/04¢3) t herapy (e.g., of the human body), @Eb)y/useadvosses (c)
inhibition of HTV integrase, (d) treatnment or prophylaxis of infection by
HV or (e) treatnent, prophylaxis of, or delay in the onset or progression
of AIDS h these uses, the corrpounds of the present invention can

opt i oniaklugie plkeli argil s9lecicign SoBWBI HAIISHVT FaHSh ﬁ’é‘ab‘i‘e epihanelpksaltpfer agent s
sel ect ghcifmQPridod esﬁﬁkb'sﬁl‘ti} aa\nd%@ﬂ@fo?me@ Rlith-s1iig6 bigaficagandssuch Qﬂquatemary

i Mmunonodul at or I t I
phar na#8HeresEt Sai%nﬁg%ﬂl Egase?p B Iﬂg‘%%ﬁgﬁgﬁﬁ qu\ég@upl %?nglf ggﬁeﬁ ?nt (a)-(n)
above p}mﬂmhb@nuag&c(;e@tét@ efters chinboaghlofed fo)rhadify thy selebilityoert ydrelydihe

precedin raqr n the conmpound of the present i nvention enpl oyed
theér:e ?111619% %‘Sggsn%ﬁ%ag%&%’ﬁe of the enbodi nents (e. npound Il in

Enbodi nent E2 or Titotepodadminigtratipn’ Bﬂdd@ﬂﬁ%tﬁttheE@)f(@g a‘c}ifﬂaﬁﬁﬁfﬁ "tHer eof , as
descr i bﬂ%ﬁl H%fe%ﬁggggh ré}iaﬂen&f to%%ﬁ%oﬁﬁ@@ﬁhgﬁ%ﬁu&{ fean HIACIdHQIRE S pHBY or

opti ona 0 t | | bl
Ot e ol R Sl GBI et
phar mMagaHp d(blﬁ@of @CHEB@@IMOE)Q@?BOVR@H% f’tﬁh‘{blﬁﬁtﬁon Wl h@ﬂ@r ane dﬂm&cﬁm agknts(digi n

pr ece in t t

£ C L it b RERL R the POPEiT0s o FraRA Y o PESREDE (o' a o
p E ar mateinihsabtieornpd i vivemtcarpadtsimigrsCanipgo adade pwovibios of Sletcompdued and
p arma

& g} é%e oo% ﬂ%ﬁs%ﬁr%ttﬁm ?r & ﬂﬁfér&% g’?tgagt %@QH@%%E}‘Y{S% RnbiRBn &XC! PI ents,

i s under erm Ssu smreferencetoa
corrpou admiistered aithe sametimet ey mbq@ém@éter@ttpgfﬁh%{da BSINGHAOTEIBENPEHIY o

the pregend adngﬁg{&é@&ph@gejl}ude t he pharnmaceutical conpositions, conbinati ons
and_ net hods set forth ) % %%?e above .and, thet- us é‘i‘?é’} A a}q hrough
(il?)(a)-(e) set Aisdlls?%h"é?)‘@v CRMROFHER P (g eﬁi‘f QuPaps; Thus,
for exasmpsing thetsbecifibdingrdnts, aawell agmosirbdwn whikh, reduiie, dicsrdy undad«rhctﬁor mul a
s e%lmoé/omqammg%]e %@&%a& megr(];cﬁgntt' ve
By “pharmaceutically acceptable” is meant that the ingredients of the
pharmaceutical composition must be compatible with each other and not deleterious to the
20 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
25  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
30 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.
35 For the purpose of the inhibition of HIV integrase, the prophylaxis or treatment of
HIV infection, or the prophylaxis or treatment or delay in the onset or progression of AIDS, the
compounds of the present invention, optionally in the form of a salt (or hydrate or solvate), can
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against H V-1 and the anti-H V agent is an H V-1 antiviral selected from
the group consisting of H V-1 protease inhibitors, H V-1 reverse
transcri pyveselookddi t ors, H V-1 integrase inhibitors, HBITSRM059306
i nhibitors and HTV-1 fusion inhibitors. As would be recognized by one of
ordinary skill in the art, conpounds of the present invention can exist as
tautomers, such as the follow ng. AU tautoneric forns of the conpounds,
whet hele adspnistesefl bt anyrnerns that peduggseoniactiibe #dive eape voth thp e st
It thent é.c@i@n.-rﬁgeypﬁ? §t§ Bdﬁfni@éx@dti BRbNy &iﬁv%htidrﬂlh mgaqsamﬂm%;di uad ﬁ?:ouﬁﬂeﬁ@i and

at conpopnds of . the .jnvention, c orm rates and/por solvates. .
Chemi CITh PIETaEricH LSS AL VSRt SEBimst dhUS B R PE Y B or mul a
| and ideaist Thhyaranbe edinimisteleyd ahmegpit ahliellyald ainginstaned with aphemseegeabf t he
present i.nventjan. .. eram. " torefers.t.q a Lt r
br 25:10 h%a&tj%rhsg{%ﬁ{,egs() gtﬂﬁerhg S}escf’ fa ﬁ%{?g%(r% rémh”}ydf?j g;ﬁ:léél 5%()?%3?%%#8%3\?%9 ggtﬁ%fﬁger of
car bonpratties The compowpisoif theddvendiogean, Thvexantpds, be rémprligered orally, pargyiprally or

" Cl- CAy: ; oop s ; . '
et hyl %ﬁ%{%}% ﬁul{c_ﬁfa%é&g%@gﬁleﬁns,e x?‘ta}aven%ﬁéi';nt?d?x%stsulﬁl‘;”iﬁ’d*q'ste?’ieal g?&tiog%ﬁﬁrgﬁéggn

. . ; le, "G -.3 alkyl
i Sopr ofsyinideshyy iBlERtOBSRIAY: orTREak e Aherlars Qgﬁ wni fipsogr f SPHATFBRBIEL o
]f : uori gign (‘lféhidhrdoﬁﬁiniﬂg mﬁg@tﬁg dmbﬁ%i o¥ehe %ilm}ﬁmﬁahhd/ edr%;j(feﬁ‘@dmj n@tdx@ as
uoro,, chl ora, .brono nd iodo).. A "st . L coppou | S cO nd whi ch
call beltirEpe i erer e B e A RABLEE TISI B e Pt ShaT 8 n or
can beomhadeiistation (g, Jsuegssivns altups udiciraagd thefline) cangerprephraf accomlmg to
sufficj : I t ;Htgg‘hl r J chl rein.
The co{ﬁ%@% 'éés% k%l]p Lv? \#é lr}ﬁ%(raa_ert(s%{enr':lltéaﬁ r?v g)n i oﬂg)fg}%em%%g?ﬁﬁ Q%ﬁ%% g%" %ﬁh@ él%tﬁélj 8 rqg’of H Vv
i nt egr alsehqieang the Hke- Bolidprepgrades. suittie fasoa tigministsation (¢ apWEE, TOHS,
| nf ect béljﬁ,ullé;y atd MpRAY chi18e PepRbY habshding {o @RI kdwi iethdatiand ki thglognset
or bgr og essi_gn aof ., consequent pat h%I olg‘g(f | . conqﬁt(li ons,, sutch as Al DS. g e
pr bphy Fukiselia £XAPIBRSS af SEEDPH JUAIDS20YY| 'i’%cﬁﬁtst R SN G aRHRHBE 4B A%
Al DS, tike Parombyl eothsositfonk Bhebd preparby addo¥fin®to teelmdduen gnowh éctheart abg HV i s
define g . . . . . . o
ypically 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
20  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, 18" edition, edited by A. R. Gennaro, Mack
Publishing Co., 1990 and in Remington - The Science and Practice of Pharmacy, 21% edtion,
Lippincott Williams & Wilkins, 2005.

25 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

30  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

35 (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 of
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as including, but not limted to, treatnent of a wi de range of states of

H V infection: ADDS, ARC (AIDS rel ated conplex), both synptomatic and
asynpt omewoepioaaeddact ual or potential exposure to H V. Por/Uusz@apbsost he
conmpounds of this invention are useful in treating infection by HV after
suspected past exposure to HV by such means as bl ood transfusion, exchange
of body fluids, bites, accidental needle stick, qr_ exposure tg pati ent

bl ood taiormigeludingdhs/activiiy of hesoemfs copPemASMPIRNEA: the meighelig sbihty 1l ¢ he

prepar Ehgt%faa%rﬁéﬁﬁéttcb&?o@{d H6S RRMAW vAS SRy Senbl héulfhi Wi diet eReudtigme For
exanpl e he, conpounds this.inven are useful for ]J1l1at| ng..enzynme

nut ant ad\%P’éﬁa raé?(@%?"’lcé%ons@?lgéﬂ h’d‘a 107 1e oY FTIfVSE g’% 10% ral
Comouadsmeﬁustmh&érgmmgthdrm conmpounds of this invention are useful |n

o honing O AEhSEA IOl fioR ! AcPhirBAREh ROLE A SpleBral

i ntegrase, e.g., corpet npoun
i nvent inbibiwanompowndswrétheipsgsepriovention thh q;@ o5 §lqie w@irlini@g@ﬁﬁ) urgielsa ghe The

conpoupgs,afy c}f*}ﬁvl%?e%ﬁaﬁ o{ﬁm@t Aﬂﬁa&tﬁmbea &AM sHn§beER A Hich isfaefe&twp of

phar maceut I ca acceptabl e salts., The ter m (?Bar nmaceut i ca pt abl e

sal t" mdireptly ‘tffﬁcﬁ"%’éllt e fkiitiop ek BS %%gfﬁgﬁé’ré\“ ‘Ertqn@gﬁ%"élu&e He'Yar ent
con{oﬁu%%laﬁgmv@hﬂ@ct%? ﬂgt;reahgéﬁlagi- p@bh})daﬂﬁ obHire ﬁxvfeaﬁ)nuﬁlﬂﬂsﬂt thah-bﬁ]l}(eﬁt .g., i EI
nei t her i c. nor, .0 wi se_ del eteri.ous rec abl e
R Ao Sh o ba S eL R Mt "R SRR 5" S5y

m Xi ngisafieotivd indreatifg, tphey enidmg ou delaphg theensetes erigréssive of E mfephomorsfbﬂl& i on
of a phay, ?ﬂ SULLG d)q’lc!:)gdlﬁ&%eﬁ}sﬂ@ tﬁe%ﬁb%oﬁﬁgﬁc%%dqy%ﬁﬁﬂl 264 &afpld the Ul f ur ic

aci d, ace I C acCl enzol e I nventlon cany

aci di ccompeungs ahthit inventionimasthece ity ela edminiserrd.ywheshes pt siads §8P1i€sexi?ﬁ%%f ®of
cani nc Eﬁlggr sk @*ﬁosﬁi%t A co%ﬁ)'iﬁa%oﬁ%gx effeR QM AV Rfs HRSRST mbiiTe $BVtB)iviralb kal i ne

earth netal salts (e.g., calciumor m sal and sa for d wth
Ui 3 AbIBUEFREAALOT RS GO agcmt%gﬂﬁ% U O ineGp &f@% B he
case ?fhg?@dﬁ@lbﬁk&m@@d)l efwal @1031&33zgmumetiebmgnw@silarﬁogmhmm@mfal ly
acceptabl e ers can ol ysis
char gc?’étf“fl ﬁ%% USFIRR %‘ﬁ’ﬁ ﬁ%ﬁgel'% me%rgrc# X%%‘ng ﬁeﬁé’étqgﬁnghﬁ i cfﬁ %g)ﬁl a%t s

t her eokxdreplg, thodedthbddriin Siableeti4s follows:

Table A
Name Type
abacavir, ABC, Ziagen® nRTI
abacavir +lamivudine, Epzicom® nRTI
abacavir + lamivudine + zidovudine, Trizivir® nRTI
amprenavir, Agenerase® PI
atazanavir, Reyataz® PI
AZT, zidovudine, azidothymidine, Retrovir® nRTI
darunavir, Prezista® Pl
ddC, zalcitabine, dideoxycytidine, Hivid® nRTI
ddl, didanosine, dideoxyinosine, Videx® nRTI
ddI (enteric coated), Videx EC® nRTI
delavirdine, DLV, Rescriptor® nnRTI
efavirenz, EFV, Sustiva®, Stocrin® nnRTI
efavirenz + emtricitabine + tenofovir DF, Atripla® nnRTI+nRTI
emiricitabine, FTC, Emtriva® nRTI
emtricitabine + tenofovir DF, Truvada® nRTI
emvirine, Coactinon® mRT1
enfuvirtide, Fuzeon® FI
enteric coated didanosine, Videx EC® nRTI
etravirine, TMC-125, Intelence® mRTI
fosamprenavir calcium, Lexiva® P1
indinavir, Crixivan® PI
lamivudine, 3TC, Epivir® nRTI
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"adm ni stering")

the conmpound or its salt (or a hydrate or solvate) to the individual in
need of tweavrenesser prophyl axis. Wen a conpound of t heCiTfusermwiossos s
provided in conmbination wth one or nore other active agents (e.g.,

antiviral agents useful for the prophylaxis or treatnment of H V infection
or AIDS), "administration' and its variants-are-each-understeod-{o include
provi si on of | tamivedingbaifevadige.diamehivisBent s at the sap®RTime or at different

times. Wien theimgents of a conbination are administePled at the sane tinme,

they can be athpimuvitieredatindadda® in a single conpos Pion or they can be

adm ni

st er ed| gRRALAL SYzent§@USed herein, the term "cpBposition" }s intended
to enconpass| B RhRHH Gk LO5RY | ST g the specified ingrepients, as hell as any

product which T LRSSV Vﬁ%{du}é gr rndiTectt y, fTom cpierni ng The specified

I ngredients. :E‘ELJ%.dZﬂ}”aKﬁS:’:L | ba?ll;(&tSZlb@l‘fb{ﬂlahe S e I?I ttrat—the| ngredi ents
of the pharnge ily

not del eteri ( st £
al ternati vel rllmmp,éFMC\rZ:ﬁZ used hpr ein refers to ;mm;%n [1

mammal ,
observati on Osacpeiri hwitbse® ertbessa®" ef f ecti ve anmount Pl as used herein neans

H-on-pust—beConpati+bte ‘W“’E“h"*eat'h—ﬁ her and
Srn:[‘?&nt'ress rereof — The-t-er-m-- m " (

13 C)

nost | pitefaeir A80yir® human, who has been the ob| BEt of tr eat ment .

that amount OktaaedihdQ4TRIROYAGIesxyiaTidReclyrit@al agenhRThat elicits the

bi ol ogi cal of téﬁ%fﬂv%lﬁﬁ DF eSRQPs6xil fundrdtb)s TOF, Ve¥ad@n nRAL Ml or human t hat

i is bei ng SO:J %m%w Riepcner, —veterinarian, medi Capy doctor or ot her
clinician. In t:t:luu t L f a aeJtlcaII

of f ecti ve am)u 11151{"'011 Hl% 0(?1 ﬁhttbr Eﬂl TR, aséf‘hh 1t %}e dPsease ory
condi ti on bei nB 31“@@1 Of’nn Fnléctleoé}‘f%cgﬁveﬁ%’ > IH) S5 fl ﬂ@ hV/e amount is a
"prophyl acti ca TP@’&“{“P 8"% ‘fme’ff%% ihatp Ts ReSypt oms of t he
di sease or condugs&ater i e giedsedn &t %"?‘Wb? ¥s" herein the
anmobint indinavir sulfate a’iazanawr sulfate, nelfinavir mesylate.

10
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Tt 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 HIV
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, 57 edition (2003), the 58 edition (2004), the 59" 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)20 = 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-
diazabicyelo[5.4.0Jundec-7-ene; DCC = dicyclohexyl carbodiimide; DCE = 1,2-dichloroethane;,
DCM = dichloromethane; DMAC = N,N-dimethylacetamide; DMAD =
dimethylacetylenedicarboxylate; DMAP =4-dimethylaminopyridine; DMF = N,N-
dimethylformamide, DMPU = N,N'-dimethylpropyleneurea; DMSO = dimethylsulfoxide; EDC =
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; ES MS = electrospray mass spectroscopy; Et =
ethyl, EtNH? = ethylamine; EtOAc = ethyl acetate; EtOH = ethanol; FBS = fetal bovine serum;
GC = gas chromatography; HDPE = high-density polyethylene; HMPA =
hexamethylphosphoramide; HOAT = 1-hydroxy-7-azabenzotriazole; HPLC = high performance

- 20 -
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of active conmpound sufficient to inhibit HV integrase and thereby elicit
the response being sought (i.e., an "inhibition effective anount"). Wen
the acti weocorpaesyd (i.e., active ingredient) is adm ni Censdoassehe salt,
references to the anmount of active ingredient are to the free acid or free
base form of the conpound. For the purpose of the inhibition of HV

i ntegrase, the prophylaxis or treatnment of HV inf ec}g}i on, or t

pr ophyligud shrematogephifgdARM5T = dighdgsqlwiqniaass §Bearostoryr Bdy s4OPHPY %C‘)&}%SSt he
CONMPO UGG OfsopdByIREERNL A G Rlumditindiiatity:, IcMSe ligoidnshedmatogapliy-( or

of 't hemastparRiut LR R IR AR ME BE o Mgy DR Ter AR 2ct
adni ni s anatylbyraandrofopamy dMtG] enabthamaniorad &irnadsyb chivridesd TBE € osfhyhtert- on

Wi t r eut-heal L.t her. i.ndivi irC. j

corbi FORTORST NPHEr §%%’§ha§ﬁ53§§?fﬁ%@”%%ﬁﬁlﬂg{d% P il ng,

t ypi caNMP aemathyipyrrotidensy I rucjganmagaigrpsoapneeaNOEeT nadea QSHHETt he
basi s Qljfecrt;tFﬁBE@ Brnfi? WE8 st f Uehr B Sk s @b ofich) P ROA ar gl iR RBL R ded|
practice. e _comnpounds_of the i nvenhl on can,, f e a_%se be adm ni stered
or al | yRBgayospd eptiempied) (faskly dBay s tae F‘ﬁ[%%ﬁ%‘“?‘ﬁ&@@f‘?% 35-ChEr avenous,

! nL r ?m&p& 1tABimdR15iBS bﬁbﬂd%;ltiﬂﬂ(gﬁctmi pmmssimni tftibmiaxidd; EEN: thyl?mw;

i nhal a r r.re inthe formof.a unit. )
nd mad BGRG S bppereib e dtneatinengony, Lt el LR el rtiound
and co@yant irdivatoaneiv-dcak (TFFoh 22 1PatElbietiangl, Tk ce ptrabydromzan; i1&£s~ tharlj uvant s
and vehi cl Lauid . p I i, abl agani stration (e.g.,
suspen{s]aiygrn%?o%%/tﬁ)%ﬂg@’wxﬁﬁ@déﬁgét)%#i Ete%fc@ﬁy(%gé%pf?epar ed accor dj néghg

t echni ques knomTﬁﬁfqlh@!% exampdescaryeanpi oy lluwitedhe myentienand iadprciiceudhe as

vat er, e)?alrb/ & Se nbi tobe BhHRRAS liafdiidkieon thk Scopdel kslripsRpailehens Huhdsabl e
for ora dmnistration (e

. v 9. _powders, aﬁful'l's’f C?(PS% esgﬁl?rd.tabl ets% can be
pr ébar ERIES r PORYCHECTABER 71q ARG R PSP hE P t© AITPPEERE DR BPEEdth solid
exci pi gafsabaat 3icarehbsut 2360aThe rédatblel shereddhbmistranf sachbifiibketide pilgitninegr at i ng
agents_and th i ke,  Parent.eral DOSIA - ared according to
t echni Eﬁi@gpi?ﬁg' W?Sndett%}%;atb%acr?gl pt%f/)agl}% gﬁc}%&gaﬁgfggthgﬁseﬂeﬁ; water as a carrier
and optionally other ingredients, such as a solubility aid. Injectable
solutions can be prepared accordi ngxts@ peEhods known in the art wherein the

20 N-((10R)-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-y1)-N,N',N'-trimethylethanediamide
(Compound 1A).

b

O OH (1A)

N-((10S)-2- {[(4-fluoro-3-methylbenzyl)aminojcarbonyl}-3-hydroxy-7,7-dimethyl-4-oxo-
25 4,6,7,8,9,10-hexahydropyrimido[1,2-aJazepin-10-y1)-N,N',N'-trimethylethanediamide
(Compound 1B).
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carrier conprises a saline solution, a glucose solution or a solution
containing a mxture of saline and glucose. Further description of nethods
sui t abl e Worouws&239m prepari ng pharnaceuti cal conpositi oreTafS2a00e5PBPE€sent
invention and of ingredients suitable for use in said conpositions is
provided in Rem ngton's Pharmaceutical Sciences , 18th edition, edited by
A. R GCennaro, Mack Publishing Co., 1990 and in Rem ngton - The Science and
Practice of Pharmacy , 2 1st edtion;NLi ppincott WIlliams & WIkins, 2005.
The conpounds of this invention can pe mnistered orally in a dosage
range of about 0.001 to about 1000 ®y/Kg of nmammal (e.g., hunan) body

wei ght per day in a single dose or in_Hiyide oses. One preferred dosage

range i s about 0.01 to about 500 ny/ kg bady ~ght per day orally in a
singl e dose or in dividedd a3, Anoth%p/ erred dosage range is about O
.1 to about 100 ng/ kg body Mt per day qrally in single or divided

doses. For oral adm nistratk ns can be provided in the

t 1.0 to about 500 m|ligrans of
the active ingredient, particularly 17 5,10, 15(1Bb, 25, 50, 75, 100, 150,
200, 250, 300, 400, and 500 mlligrans of the active ingredient for the
synptomati ¢ adj ustnent of the dosage to the patient to be treated. In one

enbodi gent,, a coppqund .of the present. i ntion is adm nistered orally to
caurt Nehdns i n Sedshodnusl SRER o el GedeR st ueous. et hocel
or in the formof capsules or tablets) in an anount of from about 200 ng to
about 800 ng once per day or twiceSer dayy, The specific dose |evel and

frequency of dosage for any partd afli ent nmay be varied and will
depend upon a variety offactors includi tfAe activity of the specific

conpound enpl oyed, the netabolic stability and | ength of action of that
conpound, the age, body weight, general health, sex, diet, node and tine of
admi ni stration, Taeetined eweprstaididrogypiyalicorid mathiybestert(p 0 gev & inmplioindt he

partiC#hﬁﬁmﬁ%ﬁﬂﬁﬁ&Qﬁdnﬁﬂghﬁﬂﬁemgﬁﬁ9FPﬂ?Tﬂ&kﬁﬁn@h@%@@Mfm@&yﬂﬂhﬂﬂﬁﬁ@ﬁ%ﬁ1 the
present 1 nvention is alﬁg!dlrected
i

se of the H V_ integrase inhibitor
conpoufagaded ﬁ%rﬁ%wnm%}%\ﬁﬁ Fiigcopbng Tha W‘K%FW%%WE@Q Asef ul
i n t heroom temperature overnight, 50 mi of saturated NaHCO3 added and the mixture shaken and
separated. The organic layer dried over MgSO4 and concentrated. Purification of the residue by

10 flash chromatography using 330 g column, 0%-5% cthyl acetate in hexane gave methyl 2,2-
dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propanoate as a clear oil: IH NMR (400 MHz, CDCl3)

& 4.5 (s, 1H), 3.8-3.6 (m, 2H), 3.6 (m, 3H), 3.4 (s, 1), 3.25 (m, 1H), 1.7 (m, 1H), 1.6-1.18 (m,
5H), 1.05 (m, 6H).

15 Step 2: 2,2-dimethyl-3-(tetrahydro-2H-pyran-2-yloxy)propan-1-ol
X
(0]
/><\OH

To solution of LiAIH4 (397 mL., 397 mmol) in THF (250 mL) cooled in an ice
bath to 0°C was added methyl 2,2-dimethyl-3-(tefrahydro-2H-pyran-2-yloxy)propanoate (82 g,
378 mmol) in THF (250 mL) via addition funnel keeping the internal temperature below 6°C.

20 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 HpO (16 mL, 888 mmol),

then after 5 minutes, 10 N 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 under

-7 -



treatment of HHV infection or AIDS. An "anti-H 'V agent" is any agent which
is directly or indirectly effective in the inhibition of HV integrase or
anot her ewoynw/mespui red for HTV replication or infecti oRCTiuseonesderent or
prophyl axis of HTV infection, and/or the treatnent, prophylaxis or delay in
the onset or progression of AIDS. It is understood that an anti-HV agent
is effective in treating, preventing, or delaying the onset or progression
of H Wicnfumgaivea, Z(afﬁnlAtHSDthtdzhﬂbYdrdi?%?eEﬁ@@Zt}ﬂm@g @bri-brod ang celprigsstigeided Hom or
associ jiverl (4dveviem @bczﬁcm %@ﬁpﬂ@} 3t8|5QmQQ>H}9, 191, .08, Ay et Qnmpy be
effectively adni nj st e pr e- exposure and/ or

post - eiéd@ulr}@;?&(h léﬁnb%@tzféh 1&@%%&*@@?@/@ mounts of one or nore HV

antivirals, imunonodul ators, antiinf ectl ves, or vacci nes useful for
treati HTV i nf et 0 those disclosed in Table 1 of WO
01/%833%3’& int gdﬁ‘ h@hﬁte&%‘@?g -g-ar?qxafgqrgp antivirals for use in

conbi nation with the conpounds of .t he present i nvention include, for

exanple, those listed in Table asOf ol | ows: Table AEl = entry inhibitor;
FI = fusion inhibitor; Inl - intlegrase inhibitor; Pl = protease inhibitor;
nRTI = nucl eosi de reverse transcri pt a@& {bitor; nnRTI = non-nucl eosi de

reverse transcriptase inhibitor. Sonme o heOdrugs listed in the table are
used in a salt form e.g., abacavir sulfate, indinavir sulfate, atazanavir

| f at | f th f
conbi nat i ons. of - 1a STERb oD B2 RS PRG SUETONC PH T LD R s not
| Ibm t e(i.?.? @, t0samiiol aammHA (444 S, [:?-359 gﬁhdl}hnﬁb Hehibranethame (306 téld cboled hrean
ove-rerernen na. S in
oy e By 6 e PR PSR PG ADoK Bl (L URES T
t heo t r esdotpint anbydnonoPMBQ 09 ok.) mlweupnﬁemt There avas An @@thﬂmietol-ﬂMaﬁﬂiﬁ bpthal
agent s, 40088 kn @ag%ﬁnwe L 10@/&%05@& kof 2GniR0RE 9 o :p%ﬁﬁe afeéfmma{ ions in

their conventiona osage ranﬂés and regi nens as rq%por ﬁ art,
i ncl udiifmg, coRvRTsien Hep Fempletfedyibsaghe Tﬁ@é’@?lvﬁé&u@wﬁ? witbrAgsingl ghteturpied i
Ref er eda#lCOH) eom@ntrRBRen THeooswap to remove dichloromethane and extracted with 3 x 200

mL of ethyl acetate. The combined extracts were washed once with 250 mL of 10% ciric acid,
15 dried over MgSO4 and concentrated. Drying under vacuum gave 2,2-dimethyl-3-(tetrahydro-2H-

pyran-2-yloxy)propanal as an oil. Contains ~40% DMSO by NMR: 1H NMR (400 MHz,
CDC13) & 9.6 (s, 1H), 4.6 (m, 1H), 3.8 (d, 1H), 3.5 (m, 1H), 3.38 (d, 1H), 1.8-1.4 (m, 6H), 1.06
(s, 3H), 1.04 (s, 3H).

20 Step 4 Ethyl (2E)-4,4-dimethyl-5-(tetrahydro-2H-pyran-2-yloxy)pent-2-enoate
O
—o RS
O

To a slurry of mixture of acetonitrife (200 mL) and lithium chloride (13.66 g, 322
mmol), under nitrogen at 25°C was added triethyl phosphonoacetate (64.5 mL, 322 mmol) and
then DBU (32.4 mL, 215 mmol). During the addition the reaction temperature rose to 33°C then

25  cooled back to 25°C over 30 minutes. The mixture was stirred and cooled to 0°C and Reactant 1
(20 g, 107 mmol) was added with a 5 mI. CH3CN rinse in. After stirring for 1 hour at 0°C the
mixture was allowed to warm and stir at 25°C 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

30 200 mL of brine and dried over MgSO4, then concentrated. Purification by flash chromatography

eluting with 0% to 10% EtOAc in hexane gave ethyl (2E)-4,4-dimethyl-5-(tetrahydro-2H-pyran-
-93.



PDR, 57th edition (2003), the 58th edition (2004), the 59th edition (2005),
and subsequent editions thereof. The dosage ranges for a conpound of the

i nvent i orworeotoeg®1conbi nati ons are the sane as those seCTiuseao/osdzowe.
Abbrevi ations include the follow ng: ACN = acetonitrile; AcOH = acetic
acid; Barg = bar-gauge; Bn = benzyl; Boc = t-butyl oxycarbonyl; (Boc)2q =

di -t-butyl carbonate; BOP = benzotriazol -

1- y| oxgyidxyipedi-2rendnté ana ealpritrs oph SHINMR (BRBEBIZ CDA3) 6 7.0 (d, 1H), 5.8 (d, 1H),

di azabi I : ; d = Ai zyl i dan t ; 5 4l, 8-
di azabich b 8%‘%432 éi PNk Wgﬁ@;’ 5% b i3(_:5y@[f’g%§k§'lll b8! ﬁ%}é?%ﬂ%g?@qgl

1, 2- di ¢hdidy, deo(arid]), DEM(s; 3H)chl or onet hane; DMAC N, N-di net hyl acet ani de; DMAD
= di met hyl acet yl enedi car boxyl ate; DMAP =4-di net hyl anmopyri di ne; DWVF =

NSNdi net hyl f or mam de; DMPU = N, NI - di met hyl rroryl eneurea; DMSO =

di net h§itesdt f oxi dE@hyE%dimPﬂ?&-M#etreh)(dso~aﬂxﬁ>ffﬁy?é’#ﬁ>wmn@ﬁ9ﬂf car bodi i ni de; ES
M5 = el ectrospray mass spectroscopy; Et - ethyl; EtNH2 = ethyl am ne; EtOAc
= ethyl acetate; EtOH = et hanol , o FBS =>Ket poy i ne serunm GC == gas

chr omat ogr aphy; HDPE = hi gh- dénsity pol yet h HWPA =

hexanet hyl phosphor ar ni de; HOAT = IGhydroxy- 7-"azdbenzotri azol e; HPLC = high
performancel i quid chronmat ography; HRMS = high resol ution nmass spectroscopy;

| PA = isopropyl al : 11S0 &8 - = VIR ] a¥ uni num

hydri de; EC% = lﬁgﬁ%ﬁgh@ﬁ@?&éﬁ%%/ sga(g%}gg%r_gscogl“‘y' LZBtAl\ :ﬂﬁnt%lﬁi um

di | sopengA¢ @dig 89 nweolkankYnt-onarban (3 gethEhEmole eans! (200 mL) was shaken

Z-Fﬁt P%{ﬁlﬁ{l‘é&%ﬁ%ﬂft | eP{iS‘f)ﬁQifli\ll 3 eﬁoagmw@§ﬂﬂpte@ﬂa8{invé@{)onr®syn0: m%orijde; NMF\ABE =

nme er u e er,; . =.Nn or nadl ne, I Su | e, =

BT hSOF DTS UXe okt KB e oot e B et &

E eﬁ onaa@ﬁen&@Ed;mlu@g eater Qranhagise ktist nawme@m4tmp%mwmaMéﬂ ; ity

chro i 3 chd; . .
ggi%gﬁ%@%@%&g%@@éfsﬁ@% HONMH UR0SGHY ] @?lcg)@_ g.e_(t,_?g%,_-%ﬁ@gtﬂ H), 3.8

bott onfe rabutg/ll amoni um f | uori de; =

t ert - by 1d), 36t tuyl 19| §4 (EHITD: B Qefd, { HBRCK (e, Jdk ASSmudi ek T-18uEo0thel 9fEA =
trieth sy O=2,2,6,6-tetramethyl-1- piperidine-1 -oxyl; Tf
trifl a%é(kaﬁ’?i'?%l(sf ?ﬁgrponet hanesul f onat e) ;

15
Step 5: 4 4-dimethyl-5-(tetrahydro-2H-pyran-2-yloxy)pentanal

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 -78°C under nitrogen was added
20 diisobutylaluminum hydride 1.0M in heptane (53 mL, 52.5 mmol) slowly, keeping the internal
temperature below -70°C. The mixture was allowed to stir in the cold for 15 minutes (TLC: 20%
FtOAc in hexane). The reaction was quenched with MeOH (3.00 mL, 161 mmol) allowed to
warm to -10C, 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

25 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: TH NMR (400 MHz, CDCl13) & 9.8 (s, 1H),
4.6 (t, 1H), 3.8 (m, 1H), 3.6 (m, 1H), 3.5 (d, 1H), 3.0, (d, 1H), 2.4 (m, 2H), 1.8 (m, 1H), 1.7-1.5
(m, 6H), 0.93 (s, 3H), 0.92 (s, 3H).

30
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TFA = trifluoroacetic acid; TFE = 2,2,2-trifluoroethanol; THF =
tetrahydrofuran; TLC = thin |layer chromatography; UV = ultraviolet; XRPD =
X-ray powserodvdstioacti on. The fol | owi ng exanpl es serve @oryust@9iokd3ost r at e
the invention and its practice. The exanples are not to be construed as
limtations on the scope or spirit of the invention. In these exanples,
"room tenperature" or "anmbient tenperature" refers to a tenperature in a
range Bfp®Ht om abstitBugldt-ayanapdudimethel-Sfiskraherati ey at-ér eocheni stry of each

of the title pro@gHehsedtABXRIRh®EImAeD Was determ ned by conparative NOE
studies of the iogoﬁrr)tgrﬁs.ﬁéXANg%E | N-((10R) - 2-

{[(4-fluoro-3-net hyl benzyl ) argno] car bonyl }-3-hydroxy-7, 7-di net hyl - 4- oxo-
436, 758, 9, 10- hexahydr opyri m do}\i\i}% )-N, N, N -trinethyl et hanedi
am de (Compound 1A). N (( 10S)-2
{[(4-fluoro-3-nmet hyTbenzyl ) am pnefcardonyl } - 3- roxy-7, 7- di net hyl - 4- oxo-
4,6,7,8,9,1 0-hexahydropyri m do[ | Z-a‘lézepi n- |
Ovyl)-N N, N -trimethyl et hanedi anmi@e (‘Conpound IB).Step 1: Mthyl 2
2-di met hyl - 3- (t et rahydr o- 2H pyr an- 2-yl oxy) propanoate To a stirred m xture
of hydroxypivali g @&hde BRERANE 4 8SdifletilyRO-(Rtdhyd?d 3 PRl -2aN6ky %entanal,
p-tol uenesul fonic aci n’pn%%%r te é] .4%%7 7.{_@;} mToIZ1 in éﬁﬁoﬁg o£
met hy| Mk Ugunl ). exetisfagiing SRoHAR (A0 anP PPy O™ BEE Blow y
W} th C@ﬁlmnﬁlgol) Iﬂ@wﬁid(%@nﬂ@&;@&iiﬁd&&ﬁ aadtoppecsh flaakberzthoues. OMeE Ai0ght , 50 nl
of saturate H added. an 7] :
or gani BB AS gar D o A LS e BRE. ARE RSy Ahe Bt
r esi duwithy?5frhlasfictbil avrtateo gorphiyated Pmpt@3O Bridug wider vesuBvsaeiy b clieediht e in
hexane : sadh - i R¥¥hpfOpanoat e
S G LG SN R R )
3. 60 ({1049 mL34%7 paymol) pps addleds Adier sifrpe aq ropmy igmpeafure pvey_the waekenfl, Bgy ~ 1. 05
(M 6HpixStERaroonderdratidTRinfidatidn b Slasiady 8matoghphy ERifing withoXg)MOMRA R hneol
afforded tert-butyl [1-cyano-4,4-dimethyl-5-(tetrahydro-2H-pyran-2-
yloxy)pentyljmethylcarbamate: 1H NMR (400 MHz, CDCI3) 6 4.7 (dd, 1H), 3.8 (1, 1H), 3.6 (m,

1H), 3.5 (dd, 1H), 3.0, (dd, 1H), 2.89, 2.88 (2s, 3H), 1.8 (m, 2H), 1.5 (m, 6H), 1.47 (5, 9H), 1.3
15 (m, 2H), 0.92 (s, 3H), 0.915 (s, 3H).

Step 7: tert-Butyl [1-[amino(hydroxyimino)methyl]-4,4-dimethyl-5-(tetrahydro-2H-pyran-
2-yloxy)pentyl Jmethylcarbamate

HO.
N

JY\>40 0
H,N U
—~N T O
I

20 To a stirred solution of tert-butyl [ 1-cyano-4,4-dimethyl-5-(tetrahydro-2H-pyran-
2-yloxy)pentyljmethylcarbamate (8.5 g, 23.98 mumol), in methanol (5 mL) was added 50%
hydroxylamine (1.543 mL, 25.2 mmol). The mixture was heated to 60°C for 3 hours (LC-MS
indicates complete conversion) cooled and concentrated. Removal of excess hydroxylamine

azeotropically with methanol gave tert-butyl [ 1-[(Z)-amino(hydroxyimino)methyl]-4,4-dimethyl-
25  5-(tetrahydro-2H-pyran-2-yloxy)pentyljmethylcarbamate: MS (ES+): 388.26 (M+H).

Step 8: Dimethyl (2-({[(1-amino-2-{{tert-butoxycarbonyl)methyl)amino]-5,5-dimethyl-6-
(tetrahydro-2H-pyran-2-yloxy)hexylidene]amino }oxy)but-2-enedioate
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To solution of L1AIH4 (397 nmL, 397 mml) in THF (250 nL) cooled in an ice
bath to O0C was added net hyl

2, 2- di metWol208y4e3dt r ahydr o- 2H pyr an- 2- yl oxy) pr opanoat e P8Z/U$2@98590®l ) i n
THF (250 L) via addition funnel keeping the internal tenperature bel ow

60C. When addition was conplete the reaction was allowed to warmto room
tenperature and stir overnight. The m'xture was cooled in an ice bath and
guenched with H20 (16 nL, 888 | then after 5 m nutes, | ON NaOH (16

m., 160 nmol ), and after anothg Qn nutes, H20 (48 ni, 2664 mol ). The
m xture was allowed to sti f 3 m nutes, then filtered wwth a THF rinse.
The filtrate was concentrat azeot ropi cally dried with tol uene.
Further drying undervacuum gave

2, 2-di net hyl - 3- (t et rahydr o- 2H py(?axm- 2-yloxy) propan-1-ol as a colorless
quuid:IHNNR(4OOM—|zCDCI3)d458(m 5(m IH 3.6 (d, IH,
3.5 (m 2H5 3.4 (m IH, 3.2 ey | t, IH,] 1.8 (m 2H), 1.6 (m
4H), 0.85 (s, 6H). Step 3:

, 2-di met hyl - 3- (t et r ahydr o- 2H pyr &n- ng@ propanal To a stirred solution
of 2,2-dimethyl-3-(tetrahydro-2H pyr oxy) propan-1-ol (20 g, 106 mmol)
an TEA (44.4 niL, 319 mmol) in dry dichloronmethane (300 nL) cooled in an

ice bath to 00C Svaasaded sol ut i ul fur, trioxide i.di ne

conpl ex (50.7 g 398 SHHEY 50 FHO%M%@QM@ @B’@O Y?W%lﬂe)“g%ﬁﬁﬂﬁéﬁr There
was a? dB%fg%ﬁﬂSr m:ttahyar?) ﬁi—p’ljfa&ﬁ)ﬂbhy)p&&yﬂmmhyhdrbanﬂtet (&8 nivhod) u’r Me@[ﬂ @aed to
stir for mnut roomte i ph

conpl efn&)t? lﬁi@ $h% up%%{&ztr%g_?n %%éeﬁ;]%%éf F ﬁi@jz%tﬁré? rggﬁ]fc rEl%t( %g

3, ﬁonmim% atred) seepitpthe mtwahememmeleia‘i(é ther @ﬁﬁtm&ﬁ@uﬁmwe&wed@t ed wi t h

3 x 20 b n W th
250 rrLgel 18&)6&1??&:68 aﬁ?ﬂﬁ rlgﬁnggg?b@%%ﬁﬁﬁ)% ggﬁggﬁi\?g?gggu% g?egghunder

vacuuniyaivee wadibiterby ity PO@H{]{ QfttplpyeRns. OB’PWW&F?Q PIryIng Hsler BERHRA OVERIERh o | .
Cont ai §§Ve' é"@ﬁ@km BM VNNBl cdﬂtm oARRAe MRMICERA Jhs 6 nxrd of ibdthers AL (M

1 0 4 ( grud% odlug 1503 %ed rghﬁ l_Q;t’ step Wéhéuq Turl[hl_e')r punﬁcahon%%Sgw 53012 &(/hﬁ? 3H),
(2E)- 4, 4- d| nmet hyl -5-(tet rahydr 0- 2H pyr an- 2-yl oxy) pent - 2- enoat e
Step 9: Methyl 2-{1-{(tert-butoxycarbonyl}(methyl)amino}-4,4-dimethyl-5-(tetrahydro-
2H-pyran-2-yloxy)pentyl]-5-hydroxy-6-oxo-1,6-dihydropyrimidine-4-carboxylate

\(/

O

e

N/ NH

O 0

O OH

'The crude dimethyl (2-({[1-amino-2-[(tert-butoxycarbonyl)(methyl)aminoj-5,5-

15 dimethyl-6-(tetrahydro-2H-pyran-2-yloxy)hexylidene]amino }oxy)but-2-enedioate (40.6 g) was
dissolved in o-xylene (100 mL), and heated at 115°C + 5°C (oil bath at 120°C) for 12 hours. The
reaction mixture turned dark soon after reaching 115°C. 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

20  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 was
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To a slurry of m xture of acetonitrile (200 nmL) and lithiumchloride (13.66
g, 322 mmol ), under nitrogen at 25C was added Met hyl phosphonoacetate (64.5
m., 322 rwol2piozmeBdthen DBU (32.4 ni, 215 mmol ). During Phe/tsdaoiossnet he
reaction tenperature rose to 330C then cool ed back to 25C over 30 m nutes.
The m xture was stirred and cooled to 00C and Reactant 1 (20 g, 107 mmol)
was added with a 5 nL CH3CN ringse in. After stirring. for hour at OOC t he
mi xt ur eonsasTaied wstradBeaRRsSEItd DEYing urder yaguuppgavs %&W%Prf)fiﬁ%tﬁs aiPFd wi t h
250 nLﬁ95LNm§E§@gd4a§Q%mpygf wat er, separated and the organic | ayer washed
with 100 nL of water he conbi ned aqueous | ayers extracted 100 nL of MIBE
and the conbi ned organic extracts washed 200 niL of brine and dried over

MySq 4Stebhién condxityl at {61e[(teﬁu:nit(f;dycabbmﬂ)(mythfyl)amtnoc}m-mmw 4phy el uting

with 0%to 10% &

(263 - 4. 4 di et ny il BB R kAt dhudromrimiding-4caborine
colorless oi | ; IHNI\/R(400M—|Z I3)d70(d, IH), 5.8 (d, IH 4.58(t,
IH), 4.2 (q, ZFD, 3.8 (m IH, 361d, IH, 3.5 (m IH, 3.16, (d, IH,
1.8-1.5 (m 6H), 1.3 (t, 3H), 1.0, (sp 1.05 (s, 3H). Step 4 : Ethyl

4, 4-di net hyl - 5-(t etrahydro- 2H pyr ‘TZ yI pent anoate A m xture of ethyl
(2E) - 4, 4-di met hyl - 5- (t et rahydro-2H n- 2gW oxy) pent-2- enoate (23 g, 90
mol ) and 5% Pt on carbon (3 g, 14”65 ) in ethanol (200 nL) was shaken
on the Parr under 45 psi of hydrogen far 5 days (conplete conversion by
TLC. 10% Et OAc/ hexane-no UV active ot sy The catalyst was filtered off
catalyst and the filtrate concenODra i ng under vacuum gave et hyl

4, 4-di net hyl - 5-(t etrahydro- 2H pyr an- 2- MI OXxy) pent anoate as a colorless oil:
H NVR (400 MHz, CDCI3) d 4.7 (t, ,}GD @H12 (g, 2H), 3.8 (m IFD, 3.5 (m
IH), 3.4 (d, IFD 3.0, (d, IH, 2.3 (m 2H, 1.8 (m IH, 1.7-1.5 (n1 6H)

1.9 , 3 1. 88 3

3 et e (AP SRRty L2 iR Pyt seahepy g

et hyl mmetuylr@(tuyahyam( ilé{gywtmylivaQ]ﬁemy}}eiah gk pxpdt én!w@myremmnes@ 43 7
mol) iRy e (300 b £ehaRslifonid 89EmNdSarib Wal 8RS IVESInaAdR ol

10 (100 mL) and stirred at room temperature for 2 hours. The reaction was quenched with 3 mL of
saturated NaHCQ3 and concentrated. The residue was taken up in 500 mL of EtOAc, washed

with saturated NaHCO3 and dried over NapSO4. Removal of solvents under reduced pressure
gave the title product as a brown foam: MS (ES+): 314.1 (M+H).

15 Stepll: tert-Butyl [ 1-(4- {[(4-fluoro-3-methylbenzyl)amino]carbonyl } -5-hydroxy-6-oxo-
1,6-dihydropyrimidin-2-yl)-5-hydroxy-4,4-dimethylpentyl Jmethylcarbamate

A mixture of methyl 2-{1-{(tert-butoxycarbonyl)(methyamino}-5-hydroxy-4,4-
dimethylpentyl }-5-hydroxy-6-0x0-1,6-dihydropyrimidine-4-carboxylate (5.11 g, 12.36 mmol), 1-
20  (4-fluoro-3-methylphenyl)ymethanamine (2.064 g, 14.83 mmol), and TEA (3.45 mL, 24.72 mmol)
in 2-propanol (80 mL) under nitrogen was heated to 80°C + 2°C (oil bath at 82°C) overnight.
The mixture was concentrated and the residue taken up in 100 mL of iPrOAc, washed with 2 x
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di i sobutyl al um num hydride 1.0Min heptane (53 nL, 52.5 mmol) slowy,

keeping the internal tenperature below -700C. The m xture was allowed to

stir in twe2enld2i9r 15 minutes (TLC. 20% Et OAc i n hexameX/USIde/0sBsa€ct i on

was quenched with MeOH (3.00 ni, 161 nmol) allowed to warmto - 10C,

diluted with 500 nL of ethyl acetate and 500 nL of saturated NaC . The

m xture was allowed to warmand stir for 60 m nutes formwg el . The
Al

gel at i Powd. ofi N HES 24033 pilt efayaer. £hrduefiFatimaied NabE63s sy d with
750 Lyl o &l ﬂ%‘ %ﬁ%{ﬁwltﬂ-gﬁ nfl! 9ABIend %Y@Jon@@rﬁraﬁ;%?% f‘i‘mdgxr Va@Bur\b8le A SO4

RIS P e S O R

CDCl 3) 59 (9 18054 gbﬂ 1#%};«{?;8 @ 15 (ﬁa 8H(,8.3 Ith) 1H)33 9, gsﬂBH) 92 (s;3315) Qo (oh,H)

30 1.7-1.5 (m (s, 3H), 0.92
I-l’HStlg?p(%zﬂ)eig(ﬁ 0.PF (% %o 4, 4- di met hyl - 5- (tetrahydro 2H~pyr an- 2-

yI oxy) pentyl ] nmet hyl carbamate A m xture of crude 4

4-di me 5-(te E ( 15 nl),
met hyl et hydr%éﬁ?%gugogyggr%%igm%t )%M%%a@@d%&r\{ng? ani de ( 1399 ni,
45.7 mol) and weiethylbetsylBnnng]lc snﬁhSr}ryéGDXinﬁ"aX@ﬁ épbby%@lmfrmgm 1ob-2%
hours. TLC (10% conpl ete consunption of starting
material. The mgrt%éﬁ?} gﬁ)é&%t%igtg‘gﬁéteth 25 nmL of ethyl acetate,
concentrated on rotovap. Drying under;vacuum gave of a clear oil. The crude
amnonitrile was taken up in 25 nL ethyl acetate and di-tert-butyl

di carbonate (10.49 nL, 45.7 mol) wasnadged.~After stirring at room
tenperature over the weekend, the m x e oncentrated. Purification by
flash chromat ography eluting with 10%EtPAcLhexane @f forded tert-butyl

[ 1- cyano- 4, 4- di met hyl - 5- (t et r ahydr o- 2F pyFan- 2- v~

yl oxy) pentyl ] met hyl car bamageg: NVR (400 CD3) d 4.7 (dd, IH, 3.8
(t, I'H 3.6 (m 1H 3.5 (dd, , 34D, {dd,,I'H 52.89, 2.88 (2s, 3H), 1.8
(m 2H), 1.5 (m 6H5 1. 47@,%5 0.92 (s, 3H), 0.915 (s,
3H). Step 7: tert-Butyl

[14pam no( hydr oxyi m no) net hyl ] - 4, 4-di fret h9f" 5-(t et rahydro-2H pyran-

=

To an ice cold solution (T = 2°C £ 2°C) 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 10°C. The resulting slurry was aged at 2°C + 2°C for 2.5 hours, then 5N
NaOH (14.66 mL, 73.3 mmol) was added slowly to the cold reaction mixture. The reaction

15  mixture was then warmed to 80°C =+ 2°C (oil bath at 83°C) for 20 hours. After cooling to 50°C,
6N HCI (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 HCI 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

20 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-4-0x0-4,6,7,8,9,10-hexahydropyrimido[ 1,2-a]azepin-10-
ylmethylcarbamate

“28 -



2-yl oxy) pentyl ] met hyl carbamate To a stirred solution of tert-butyl

[ 1- cyano- 4, 4-di net hyl - 5- (t et rahydr o- 2H pyi - an-

2-yl oxy) reotzgiojazesdhy| carbamate (8.5 g, 23.98 mmol ), in mweTh@maab/ofBoel) was
added 50% hydroxylam ne ( 1.543 nlLs 25.2 mol ). The m xture was heated to
6Q0C for 3 hours (LC-Ms indicates conpl ete conversion) cool ed and
concentrated. Renoval of excess hydroxyl am ne azeotropically wth nethanol
gave tert-butyl [I-[(Z)-anino(hydroxyL%:no)nethyl]-4,4-dinethyl-

5- (t et rahydr o- 2Hryran~2-yl oxy) pentyl 3 thélcarbanate: M5 (ES+): 388. 26
(MtH). Step 8: Dinet hyl 0

(2-({[(l-am no-2-[(tert-butoxycarbonyl) (geth am no] - 5, 5-di net hyl -
(tetrahydro-2H pyran- 2-yl oxy) hexyl i denetanho} ) but - 2- enedi oat eTo a
stirred solution of crude tert-butyl [I-[am no(/hydroxyi m no) net hyl ] ~4, 4-
dinethyl-5-(tetrahydro-2k#p§r: on y)pe/tVI]nethylcarbanate (98 Mol ) in
MeCH (800 mL) cooled to -100C i ﬁ s added sl ow y dinethyl

acet yl enedi carboxyl ate (12.09" n 08 ng the internal tenperature
at -100C. The resulting solutlon was ag@d aIHor bel ow -10Q0C (in freezer)
overnight, then allowed to warmto 25C and stlr for 30 hours. The m xture

was dil uted th,200, nL ted

overni ght gave A HRARCST sk Sa Rl R P B B s R nd was
m xt ur eetfyliespytpmsinoJEmdouyllidehyirogueox el $- dllmdtowrlmidm he&)b? 2ulapethlpbryk
furthe

1Lt e“}ea‘é‘*%%ii@?%ﬂ?ﬁﬂnﬁ? "ﬁﬁf*ﬁlﬁﬁﬂﬁ chlbs (FLERo Jf?’?)‘e‘%“ﬂa%;{a% of

2H byr éwxznwwlge;ateéﬁvﬁp gvcﬁwh Hlig. C@?Bﬂg toemamﬁyrapféfas&lr% AREIPHEE WaSr boxy | at
e T?{e[ afixde rﬁ@bhx%!i of EtOAc, washed with water (150 m?) saturated NaCl (50 mL), dried over

d| nmet h a%gb %?&% lgrétefglligg(r %ﬁ{lgg% SMI %@é{m%@ne ar‘ﬁﬁ ﬁ%}vacu% MSéE nédi oat
e (40. 60y} (M)diﬁmdowm@@abﬁ (71 risL}H), fdbhadlfBd 7 A7 (01 2.5dC (oi |
bath at_1 r r e yr n ter

r eachi ﬁgg)g é}éh%lg%% %E) -agrs]g(ac{d il?'%n nhﬁ)}jurgg(% l‘r;%gl? ?@%ﬁ@}éﬂﬁégﬁ%r was
cori@urrédi (s, 48 det 310983 (s, t34B. ot her (minor) isomer remained. Heating was
continued for an additional 48 hours at which tinme conpl ete conversi on was

Step 14: N-(4-Fluoro-3-methylbenzyl)-3-hydroxy-7,7-dimethyl-10-(methylamino)-4-oxo-
4,6,7,8,9,10-hexahydropyrimido[ 1,2-a]azepine-2-carboxamide hydrochloride

HCI

D\,““

15 The tert-butyl (2- {[(4-fluoro-3-methylbenzyl)amino]carbonyl }-3-hydroxy-7,7-
dimethyl-4-0x0-4,6,7,8,9,10-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-

20 10-(methylamino)-4-0x0-4,6,7,8,9,10-hexahydropyrimido[1,2-ajazepine-2-carboxamide
hydrochloride as a tan crystalline solid: MS (ES+): 403.2 (M+H).
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observed as determ ned by LC-MS. The m xture was cooled to room
tenperature, diluted with 100 nL of EtOAc filtered through a 4-inch pad of
silica gevoeburisesgiwt h Et OAc. The filtrate wasconcentr aPet/useaensgsesuced
pressure. Drying under vacuum gave the title product as a brown foam M
(ES+) 498.1 (MtH). Step 10: Met hyl :

étert but o@ycar boa%l ) (et hylli)’ﬁ m noj - 5- h roxy-4, 4- di net hyl pentyl
} s- hy fepxdy: - oxd=(24}{[6-Biupird Spi navlﬁ@nmlca? asfliri‘abvélr%w %t%méfhéﬂr“t he
crude net hyl 2- [bxc[(&tﬁemﬁ'bgllfé?@dﬁﬂf widd[metd)ydepa-16-kHoy N4NI- 4-
di et hyl - 5- (tetre%widgﬁ%l ‘% raa oxy) pentyl ] - 5- hydr oxy- 6- oxo- |
6- di hydr opyri ni df an %3@‘ ﬁte (32°g) and 1 g of p-tol uenesul fonic acid
nonohydr at e was di ssolved in net hanol (100 nL) and stirred at room
tenmperature for 2 hours. The reaction” M/as guenched with 3 nL of saturated

NaHCqg 3 and concentrated. The residue s ©Oaken up in 500 nL of EtCQAc,
washed with saturated NaHC g 3 and dr®edJover Na2SO4_ Renoval of solvents

under reduced pressure gave the title pr S brown foam M (ES+):
314.1 (MtH). Step 11: tert-Butyl
[ 1-(4-{[ (4-f 1uoro- 3- net hyl benz m noj cay } - 5- hydr oxy- 6- oxol ,

6- di hydr opyri m di n-2-yl ) - 5~hyd -4, A-diyret hyl pentyl ] net hyl car bamate A

m xture of nethyl 2-{I-[(ter dxyed t hyl ) am no] - 5- hydr oxy- 4, 4-
di et hyl pentyl } - 5- hydr oxy- 6- oxo- ] , 6-di hydr rimdine-4-carboxylate (5.1 1
g, 12.36 mmol ), 1- (4-fluoro-3- rret hyl phenyl ) memanamre (2.064 g, 14.83
nmml ), and TEA (3.45 nlL, 24.72 mmol) in 2-propanol (80 nl) under nitrogen
was$ heat ed to 8C0Camighroif Nedtinoae-38aahylbeeyhi ghydromhe, 7raisecthyk 1 Gas

concen t P waghed with 2
50 mkﬂl?ﬁxw 4. gﬁ) -4 gg‘ Sjy?Oflﬁkﬁ‘{}d%yhﬂnétﬁP ZrQ}a& ine X Q%oxa

urat ed NaHCC- 3, and dried
over I\/BBéfOthoﬂ%@GQ@Fﬁ:pl“% el P 625 (gno §Gmﬁ‘ﬁ )oN-N-gimedindoxgpic acid (74

concen&ﬂéﬁo%@a ikl Qﬂd a@wmmlel 683 andIpantickRréb&itine (32dL) & (MFH)

| H NMR d&]%@ﬁ:’% 122%2 01)2 Eg'he rgixgxl_% W‘as ﬁtﬁirg ! rggrh 6@?%%:;(‘%%%5 gog

S5 |
2. 00 l(_i) movernight, diluted W1th 25m EtOAc washed with 10

H>O, and brine, and dried over NapS04. Concentration gave a crude title product which was

each of saturated utlon

purifried 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); 1H NMR
(400 MHz, CDC13) 6 9.35 (br s, 3H), 7.2 (m, 2H), 6.9 (t, J = 9 Hz, 1H), 5.34 (br s, 1H), 4.8 (d, J
15 =14 Hz, 1H), 4.5 (m, 21H), 4.5 (m, 2H), 3.3 (d, ] = 14 Hz, 1H), 3.0 (s, 3H), 2.98, (s, 3H), 2.96
(s, 3H), 2.2 (s, 3H), 2.0 (m, 2H), 1.9 (m, 1H), 1.7 (s, 2H), 1.12 (s, 3H), 0.83 (s, 3H).
Resolution on a chiral column gave:
1A. N-((10R)-2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl } -3-hydroxy-7,7-
dimethyl-4-0x0-4,6,7,8,9,10-hexahydropyrimido{ 1,2-a]azepin-10-y})-N,N',N'-

20 trimethylethanediamide. [0]p23°C = +67.6° (¢ = 0.5, MeOH); HRMS (ES+): 502.2482
(M+H); TH NMR (400 MHz, CDCI3) 8 9.35 (br s, 3H), 7.2 (m, 2H), 6.9 (t, J = 9 Hz, 1H), 5.34
(brs, 1H), 4.8 (4, J = 14 Hz, 1H), 4.5 (m, 21H), 4.5 (m, 2H), 3.3 (d, I = 14 Hz, 1H), 3.0 (s, 3H),
2.98, (s, 3H), 2.96 (s, 3H), 2.2 (s, 3H), 2.0 (m, 2H), 1.9 (m, 1H), 1.7 (s, 2H), 1.12 (s, 3H), 0.83 (s,
3H).

25 1B. N-((108)-2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl } -3-hydroxy-7,7-
dimethyl-4-0%x0-4,6,7,8,9,10-hexahydropyrimido[ 1,2-a]azepin-10-yl)-N,N',N'-
trimethylethanediamide. [a]p23°C =-72.4° (c = 0.5, MeOH); HRMS (ES+): 502.2481 (M+H);
1H NMR (400 MHz, CDCI3) 8 9.35 (br s, 3H), 7.2 (m, 2H), 6.9 (t, J = 9 Hz, 1H), 5.34 (br s,
1H), 4.8 (4, J = 14 Hz, 1H), 4.5 (m, 21H), 4.5 (m, 2H)}, 3.3 (d, J = 14 Hz, 1H), 3.0 (s, 3H), 2.98,

30 (s, 3H), 2.96 (s, 3H), 2.2 (s, 3H), 2.0 (m, 2H), 1.9 (m, 1H), 1.7 (s, 2H), 1.12 (s, 3H), 0.83 (s, 3H).
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1H, 1.7 (m 2H), 1.2 (s, 9H), 0.92 (s, 6H). Step 12:
5-[(tert-Butoxycarbonyl) (nethyl)am no]-5-(4- {[(4-fluoro-3-

t hyl ber@l2pewi4eddjt car bonyl }-5- hydr oxy- 6- oxo- PCT/US2009/059306
1, 6-di hydropyrimdin-2-yl)-2 ,2- dinethyl pentyl nethanesul fonate To an ice

cold solution (T 2C 20C) of (5.45 g, 10.47 mmol) was added TEA (8.75 ni,
62.8 mmol), then MsC (4.89 nL, 62.8 nmol) dropw se keeping the internal
tenperature bel ow 100C. The resulting slurry was aged at 2C 2C for 2.5
hours, then 5N NaOH (14.66 nm., 73.8xANE)E was added slowy to the cold

reacti on m xture. The tion.mxture, was then.warned o C.__20C (oil

bat h a%solat?é)ﬂqulsomerﬁsﬁﬁig- POy e}rl?théﬁ%zygem@%%%ﬁ%i}?%%@xxﬁ 68. 0

mol ) wetoaddadetdylopoksd,60% 80, 1D-laulrydomtyrimiddié ,2pd] avepsn-20-51)3V,0".VpH i ndi cat or

papger ndt tlr#gse), 'I;Hg filtrate was diluted with 100 nL of water, adjusted
pH BBV pREHaNidG; ' ON HO and extracted 3 x 500 ni of isopropyl

acetate. The extracts were conbi ned,_dried over Na2SO4 and concentrated

under reduced pressure. The resultingNtan solid product was dried under

vacuum MS (ES+): 599.1 (M+H). Step . _t@rt-Butyl

(2-{[(4-fluoro-3-nethyl benzyl)am noPcar onyll}- 3-hydroxy-7, 7-

di net hyl - 4- oxo-4, 6, 7, 8,9, 10- hexahydr gpy+iTi , 2-a] azepi n~ 10-

yl ) met hyl car bamat eA m xt ureF of

5-[(tert-butoxycarbonyl) (ni ami no] -16Z (4T [ (4-f1 uoro- 3-
met hyl benzyl ) am no] car bonyl } - dr ag¥y- 6koxds] , 6-di hydropyrimdin-2-yl)-2,2
-di net hyl pentyl met hanesul f-dha g 137030mol ), cesium carbonate (11
g, 33.8 mmol) and 75 niL of dioxane wad hesed to 800C overnight. After
cooling to roomtenperature, the mxture was diluted with 100 nL of Et QAc,
washed wi th water, (.1 sat urat.ed 50 m.), dried over Na2SO4 and
concentt®tled. Thé“‘&‘&’ggr‘?f"ﬁa’%2’&“%@(1?%“%?‘%83‘(& was dried under vacuum MS
(ES+): 503.3 (MtH); IH NWVR (400 MHz, C[&{ﬂ% d 7.8 (br s, IH, 7.6 (br s,

X

O

IH, 7.17 (m 2H), 7.0 (m IH, 4.9 ( 5 4.5 (m 2H), 3.3 (dd5 I H),
2.8 (s, 3H), 2.3, (s, 3H, 1.6 ( ,

To a solution of diisopropylamine (2.34 L, 16.4 mol) in THF (6L) at -48°C was
10 added n-butyllithium (5.78 L, 14.5 mol) via additional funnel over 35 minutes, and the resulting
mixture was warmed to -15°C over 20 minutes, held at -15°C for 10 minutes, then cooled down
to -40°C. 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
15 0°C over 1 hour, then quenched with 3N HCI1 (7 L), and extracted with MTBE (2x4L). The
combined organic layers were washed with brine, dried over MgSQy4, filtered, and concentrated

in vacuo. The crude residue was used in the next reaction without further purification.

Step 2: tert-Butyl[(2-methoxy-2-methylpent-4-en-1-yloxy]dimethylsilane

/\ﬂe
= OTBS

To a suspension of LAH (pellets, 251.4g, 6.29 mol) in THF (6L} at <10°C was
added methyl 2-methoxy-2-methylpent-4-enoate (1.9 kg crude) via additional funnel while
maintaining the reaction temperature below 23°C. The resulting mixture was stirred at ~5°C for

1 hour; then quenched with water (250 mL, 13.9 mol), 15% NaOH (250 mL, 12.4 mol), and
25 water (750 mL, 41.6 mol); then diluted with 8L of MTBE; dried over 500g of MgSO4 overnight;

20
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1.3 (s, 9H), 1.1 (s, 3H), 0.83 (s, 3H). Step 14:

N- (4- Fl uor o- 3- net hyl benzyl ) - 3- hydr oxy- 7, 7- di net hyl - 10- ( et hyl am no) - 4- oxo-
4,6, 7, 8, W0 20tonaxm@mydr opyri m do[ | , 2- a] azepi ne- 2- car boxamrcaashgodewshé or i de

The tert-butyl (2-

{[(4-fluoro-3-nethyl benzyl )am no] car bonyl } - 3- hydroxy 7, 7- di net hyl - 4- oxo-4
J6,7,8 ;9, 10- hexahydro }/rl.m' do[ 1, 2-a]azepin- 10-yl rret hyI carbarrate (6.1 g,
12, 14 anidil erwa@awa@mg tgiiph ARE FEPMting Tfrpsaknavag yoished yath THY apd MEBE.  The

m xt ur ?hé"ﬁﬁrg?els E%%@@brﬁlgﬁéd andaéon&@r{@metdqm&lﬁ;ttuqﬁmﬁm a &rufie BRUKal. (conpl ete
conver si on - en I uum
N- (4-fl uoro- g rre?‘?]?ls‘blléﬂ?‘wjﬁcfgg'ﬁﬁ(ﬁ? §§$g726${ 51 Eﬁpm& @Y Ly wadhdtta Dmar
10 ( ne7ayd, 81606 aialﬂamtne érule FlcoRol92. 5 KY; PeRd mody andyFEA(3194 L1221 ajoliz fhe
Hy T ngaﬂg“gx rd WAl QL QL LGRS AulidR :EhyShAH IR fled wiltRviEEL). 403. 2

N— (2- {ﬂlaleﬂghmo layeBwaetdilectsd nwgahpd mithd M FW dol) gnd3vitly brindt LY, trendirtadtcaygt - 4-

0Xx0- 4, B3, ﬁnére@aﬁ@zs@méﬁkmaym ﬁbﬁ@[Fl&s}Qctﬁlhﬁﬂ ehiofratce@aphly ¥BidigeN'50 L, 5 kg
trlmsth% anedlamde To a m Xxtur

N- (4-f# gap)@hgedfggthp(g\g,ng,‘{glecgthﬁgr@scﬁ)g]gﬁrﬁm?y@ﬂv&f{ﬁy matergl was carried forward to

(met hyﬁéﬂt@@bvﬂﬁ@ﬁpﬁﬁm& Puriffeaflort O0- hexahydropyri ni do|
1, 2 a] azeri ne- 2- car boxam de hydrochl oride (200 nig, 0.421 nmol), HOAt (68.7

rrg, 00.5 mol ), N, N-di nethyloxamc acid (74 ng, 0.631 mml) and

tri et hgteprsi ne ( 052BoriuytylidioRiyiiidyl)oxyt A-detbbkwhonehylperdar-b-ohl) was added
EDC (224 ng, 1.262 mmol). The m xture was stirred at room tenperature under
nitrogen overnight, diluted with 25 nL\BP\@#c, washed with 10 nL each of
saturated NaHCq 3 sol ution, HZOﬂOand\b,ﬁe,OTaﬁd dried over Na2SO4.
Concentration gave a crude title product which was puril ri ed by preparative

wat or/ aceton tr1 187 PgRgr oLt hANFH Pl %éﬁ?w%glp%f{? A HRI\/B
502. 248k}o>(methy1 apvR- bl 1ddmobpn T ¥y was adgiegt 7% .9
g En'is 5 olglﬁ%p E')O’S JL ii%ﬁé‘@(yl fgpnbel ?vh%e %rﬁint%hgi‘ngﬂe }'ézactlérﬁ)empéraﬁzré 0 <125&€qu g
(s, 3Hfhe geagtuqrmm}gpq)e W, sgrr@ or|3ﬂ)m1ngtey ap queznpbled Wltlj_ Qfa(eg (1 131:]') L, jS&ggo}@ 0 3H)
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
20 (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. TH NMR (300 MHz, CDCI3): § 3.65-3.59 (m, 2 H);, 3.47(dd, J=

25 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-{[tert-Butyl(dimethyl)silylJoxy}-4-methoxy-4-methylpentanal
ow%‘ras
30 To a solution of sodium bicarbonate (627g, 74.6 mol) and potassium bromide

(672g, 56.5 mol) in water (20L) was added S-{[tert-butyl(dimethyl)silyl]oxy}-4-methoxy-4-
methylpentan-1-ol (3.5 kg, 11.2 mol), DCM (10 L), TEMPO (17.6g, 113 mol). The resulting
mixture was cooled to <5°C and NaOCl (13% solution, total 6.7L, 14.6 mol) was added in

portions via a funnel while maintaining the reaction temperature <5°C. The mixture was stirred
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Resol ution on a chiral colum gave: 1A N ((l OR)-2-

{[(4-fluoro-3-net hyl benzyl ) am no] car bonyl } -3-hydroxy-7, 7-

di met hyl -Wwoarm/428¥17 8, 9, 10- hexahydr opyri m do[ |, 2- a] aze PCIrrus2@9p6930MN N , N -
trinet hyl et hanedi am de. [<X] D23C = +67.6 (c 0.5, I\/EO—I) HRI\/S (ES+)

502. 2482 (MtH); |IH NVR (400 MHz, CDCI3) d 9.35 (br s, 2 (m 2H), 6.9
(tJ9HzIH),534(brsIH),48(d J =14 Hz ,45m21H) 4.5
2Hy hows srapging o ambpeat teppperatgeq TP@ or@pﬁc layer gigs c:@]})ecteg% ezaqgtg)ué dayen H)

2 2 (swa&;{)trac%dﬁ)w(lfﬁ L'D@M mwmblﬂeﬂi)orgamc?laYGs wZH)dneﬂ ov2r wsoamiuexed 83 (s,

?gi) hy :1551)&';)#11 nyrat *Pré’f‘ﬂ%[ rn%)ate?’nﬂe fE EBQ bv%gs? a/segl mm[he <6 srté)po\g]r%i)gut further
| O hexpiifthatpy. ru}hN%R[WEge@Dﬁ;ls')cﬁ VI NN 1.& Bz.neldhy3- 43 frd edi Grhildel [a] D2

ng 5) ngé‘iggsc(aglr) 2%’33(%3%8}—12?%?) %@2“)1 sg&f Wj%éélﬁ,'j)l (ﬁ)dﬁ)g' 4(‘§ 5

4.8 (d, J = 14 He, 4.5 (m 21H), 4.5 (m 2H), 3.3 (d, J = 14 He,

| H) > (s 3Her- 4.2.0 2H) |
1.9 (m §te I§|) n l;)e tﬁutgg? {f‘c%rt b%t}’)i(dn%etﬁ?l)sﬁ%i]o%@ 1- cg%x%) 4—%& o é > sf) Imat e|(_j|)
st er eoi soners of methylpe YDmethylcafbamate

JV-(2-{[(4-fiuoro-3-nethyl benzyl)am no] car bonyl} 3- hydr oxy- 7-

met hoxy- 7- met hyl - 4-oxo-4,6 ,7,8, QMQ 0- %drbgpyrl mdo [1, 2- ]azepin-
10-yl)-iV,/V Vtrinethyl et hanech,@ t hyl

2~met hoxy- 2- net hyl pent - 4- enoate To sol ut| on of diisopropylamne (2.34 L,
16.4 mol) in THF (6L) at -480C was added n-butyllithium(5.78 L 14.5 nol)

oSS o e O 25T ML S LRSI RL 18 g o
- 4?;)C (112106611) s S0d& dlammlam aﬁo}eﬁd@e{[w& -byi@intehsy pil gy at-metibxB8- kg, 12. 4
nm VI a st t
o1y Rt S Rmde §0%G, FE b SRg AR 0 5 24 R ik 20 it 1 o
resul t whge smlmtammg thaseasticn temgefapire 3001 3Cn Jﬂleseacuan mexiuteov GOGngd evermighbur |
then ayeaqhedq (Wﬂ%) I EidedGhd 'ﬂv)e’laff’éi]éjse%étafe%? 184 ahddhs MEBEvLEAakted S

15  EtOAc (2x4L). The combined organic layers were dried over Na2S04, filtered and concentrated
to provide 5.63 kg (>100%) of crude material. To a solution of the crude residue in EtOAc (20L)
at 6°C 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 15°C overnight and concentrated in
vacuo. Flash column chromatography eluted with 0 to 30% EtOAc in heptane provided the

20 desired product.

Step 6: tert-Butyl {5-{[tert-butyl(dimethyl)silylJoxy}-1-{(hydroxyamino)(imino)methyl]-
4-methoxy-4-methylpentyl }methylcarbamate

Me OMe
N OTBS
Boc
HN NH

i

OH

25 To a solution of tert-butyl(5-{[tert-butyl(dimethyl)silyl]oxy}-1-cyano-4-methoxy-
4-methylpentyl)methylcarbamate (4.37 kg, 10.91 mol) in MeOH (28L) at 30°C was added
aqueous hydroxylamine (50% in water, 1.2L, 19.63 mol). The resulting mixture was heated to
40°C 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

30  used in the next step without further purification. LC-MS: 434.3,
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conbi ned organic |ayers were washed with brine, dried over MySQzj .,
filtered, and concentrated in vacuo. The crude residue was used in the next
reacti on wiothouu2durt her purification. Step 2 : PCT/US2009/059306

er ?- Butyl [ (2- net hoxy- 2-rnet hyl pent -4~en-1 -yl)oxy]dinethylsilane To a
suspensi on of LAH (pellets, 251.4g, 6.29 nol) in THF (6L) at <10C was added
nmet hyl 2- net hoxy- 2- net hyl pent-4-enoate (1.9 kg crude) via additional funnel
whil e nmaintaining the reaction tenperature bel ow 230C. The resulting

150 e} 159 rmﬁ%éT"Wf%‘f*zwﬂy”““@é‘ym?m@*‘s“%”’t L L6 pl) i
.9 mol), 0 ) . .4 o a er : ; en
diluted with SL%%%%Y%%#XW rm%%%‘/“gﬁ“?\@ﬁ‘éﬁe%% %Yﬁ%d fﬁ,'%"dlwg? Itered
via vacuum fil t r@ihydropyrthilineet-odrboxydatti | t er cake was washed with THF and
MIBE. The filtrates were conbi ned and concentrated in vacuo to provide a
crude al cohol. To a solution of TBS-O (4QMEykg 26.1 nol) in DCM (23 L)
was added DVAP (74 g, 0.606 nol) and the de al cohol (2.6 kg, 20.08 nol)
and TEA (3.94 L, 28.1 nol). Th@og\/%ﬁul g m xture was stirred overnight at
anbi ent tenperature and quenchec? wth water (6L). The organic |ayer was
col |l ected, washed with IMHC (6L) Nwith brine (4L), then dried over
MySq 4 filtered and concentrated in vaguo. Flash col um chronmat ography
(Biotage 150 L, 5 kg silica) e 'tHo DCM provi ded the TBS et her

der% vative. The material was carrheddprward to next step w thout further
purification. Step 3: 5- {[ter?-Butyl (dinethyl)silyl]oxy)

-4-met h -4-meth tan-1. -al OorBsS . I tert-butyl
0 ST S MR £ 2
| THF| (3Bl (s Snuyaseiadried iy AmEH e Boblslcabamite (057 kg, XIS ol )

unne i péai nin r.eact i e
e A R S N e
L 652 Abhjinut@Fowhiiemsiritainied thn eadiion tovaperaoielblen 81 Gl heartrbion mex et Wahydr at e
(4184 Ko 3°ERmPAe hA&itBhaddh8hyl acetylene dicarboxylate (total 0.454L, 3.7 mol)

was added. The reaction mixture was stirred at 30°C 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 (241.) was heated
at 140°C for 20 hours, then cooled, diluted the reaction mixture with 4L of heptane, and filtered
15  through a pad of Celite 545. Flash chromatography (Biotage Flash Si 150L, 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: tert-Butyl [1-(4- {{(4-fluoro-3-methylbenzyl)amino]carbonyl }-5-hydroxy-6-oxo-
20 1,6-dihydropyrimidin-2-y1)-5-hydroxy-4-methoxy-4-
methylpentylimethylcarbamate

OMeoH

BocMeN

F -
Y o
O OH

To a solution of methyl 2-(1-{(fert-butoxycarbonyl)(methyl)amino]-5-{[fert-
butyl(dimethyl)silyljoxy}-4-methoxy-4-methylpentyl)-5-hydroxy-6-oxo-1,6-dihydropyrimidine-
25  4-carboxylate (1.73 kg, 5.11 mol) in 2-propanol (10.23L) was added 4-fluoro-3-
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was stirred overnight at anbient tenperature. The reaction m xture was then
filtered, and the filter cake washed with 14 L MIBE. The conbi ned organic

| ayers weweo 2omlaesdiwi t h brine/water (7L/3L) The aqueousPCajyszoosmso3ext r act ed
wi th MIBE (14L). The conbi ned organic |ayers were sequentially washed with
18. 75L of 5% aqueous sodi um thi osul fate/brine/water (10L/5L/3.75L) and then
concentrated in vacuo to provide crude material. Flash col unm

chr omeimedyEenaylgmime (§- §$fékg,&n1§§ mel)y g reRp e ouiktise Fenbeamavei /R fﬁ@}s%fawéf» t hen

gé/)oc } g BERRES1606nd donbMaRdanivda. 11 r@:ﬁ&hd @@b d@hgahelth FOAVRI()360 vdsked

H) ; itgio%‘?aqflﬁ?uslclwacé (5%1 1 4W}(‘*ﬁﬁ SO}lldllffaS rimege]a&y%@tr@mn Q’H%—% a'q%ﬁg‘%4( ?s °
6:0 : SIa @ wWas etradtbd eAth EiOuicy R£2di)mithik ybinbinky b} maxic)layers were washed with 50%
e SRR ARG and TR aagg)z 3Ry bl @ ot THRLEAAANAL &
added @dcpntmﬁtd mutawqmmeviﬂy egirpdel dnaisle: L4 t@ﬁé)ly 4- net hyl pent an- 1- ol
(3.5 kg, 11.2 nok), s%M)lg sztﬂe)cﬁi@%méél , 2X6b3noBkn THFR 6759}5@2'5’5"@9/&3

m xture was cool ed 't % SO tlon {0 g )
was adadledTBALEIN @hmh azé%%@pl)mﬁ PevAReA e ‘%H@l%%?esﬂ@&??( ofB!
t enper ahdfBetiorGmixtine wisXbtdfcd anas CSdviefi &dmun&w@mma&g) ta0d dirhiadditional

oo B S SR Y s B AR AR RS (B s 4

filteredre Aided.chneratiictetkhirn waacetated Eh@t)°€rqydm1giﬁtaad iheh fileredl tk gemowsstheised

" 1o 8B GHy CHESRHE bl co,ga%té d
?i 75J m&zei r&hg ;FSgdue ?@1@&0 %§ %CE%EN% %ﬁ%%@éﬁjﬂ 3@‘% s

g;;p 5d1(~:1$cg{)]\ger §Hc§xﬁ?g§s§})f§t%[ hRéka, %H LhAGhAREDW Yaxhb Yo ?1ff0rdtcrud_t|§ title produc:[c Whlch f
3 o d ] e To as
%m 380 HESCHg Rt O aféthebt %@X% SRgag ﬁ&?ﬁﬂa otution o

Step 9: tert-Butyl (2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-7-methoxy-
7-methyl-4-0x0-4,6,7,8,9,10-hexahydropyrimido[1,2-a]azepin-10-
yhmethylcarbamate

20 O OH

To a solution of fert-butyl [1-(4-{[(4-fluoro-3-methylbenzyl)amino]carbonyl } -5-
hydroxy-6-0x0-1,6-dihydropyrimidin-2-y1)-5-hydroxy-4-methoxy-4-
methylpentyl jmethylcarbamate (1.44 kg, 2.68 mot) in anhydrous acetonitrile (5.37L) at 0°C was
added TEA (1.87L, 13.42 mol) and methanesulfonyl chloride (0.836L, 10.73 mol) dropwise over
25 45 minutes while maintaining the reaction temperature below 5°C. The resulting mixture was
stirred at 0°C for 14 hours, diluted with 30% saturated NaHCO3 (10L), and extracted with

MTBE (4x2L). The combined organic layers were washed with 5% citric acid and brine, dried
over NapSQy4, filtered, and concentrated in vacuo to provide a crude mesylate. LC-MS: 670.1
(M-+1-Boc).

30 To a solution of the crude mesylate from the previous step (1.53 kg, 1.985 mol) in
DMEF (7.94L) was added CspCO3 (2.59 kg, 7.94 mol). The reaction mixture was heated to
100°C 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 layer
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(14.66L) was added di oxane (24.43L) and

5-{[tert-butyl (di nethyl)silyl]oxy}-4-nethoxy~4- nethyl pentanal (crude, 2.9
kg, 11.22wouebjo/amd1iNaCN (0. 605 kg, 12.34 nol) over 10 mPOWIUS200040593€6

mai ntai ning the reaction tenperature at 150C. The reaction m xture was
stirred overnight, then Nad ( 1.7 kg) was added and the | ayers separated.
The aqueous | ayer was extracted with EtOAc (2x4L). Theé&ogbi_ne%ggani C

| ayer swaeerdragied et toR QA N2 Eon, The qonbrined cisrnic BHeis MeFaw & 0% 63 kg
(>100%1005, 208 beiae (tﬂl)edmrﬁi ovel DlagSQg) filtdral) and ccbﬂten’tcatctﬂm wvagwd. dllee ¢mdeiBAc

(20L) at .60C was d di-tert-bu rb te.(2.57 kg 78 mol) in

1. 5L oPméPWS\HS‘?fF ﬁ? P?’Hﬁ%ﬁcuf”&ﬁ’h%ut%’g eré’ A &SLEIME 1391%“ on mixture
was stirred at 15C overni ght and concentrated in vacuo. Flash colum

Chr SR RGBDNY o4 1 68k Wkl Barb S RN Biloh 2P lSroRCOVI ded the desi red
tert-Butyl {5- {[tmethyﬂlmg/ylla@irln@}pwpl)}é}Wyln?fbwy&'ff’-lmﬁ[ﬂ(lﬁﬁsﬂd‘?@&érﬁ HB)0i mi no) met hy
|]1- 4-nmethoxy-4- ShFRs@fgRaleut i on of

tert-butyl (5- {[tgﬁaﬂﬁcﬁﬁ (Igld}r.ret hy?/) gllﬁlhi?la xyh-l -cyano 4- et hoxy-

4- et hyl pent yl ) net hyl car bamate (4. 37 kgBoe’L 1 ém in MeOH (28L) at 3Q0C
was added aqueous hydroxyl am ne (50%in er, 2L, 19.63 nol). The
resulting mxture was heated- to 400C over i ght', >t hen cool ed and
concentrated in vacuo. The cr es dué\lWa di ssolved in 1.5L of tol uene,
concentrat ed under reduced pr in vacuo. The crude materi al
was used in the next step w thout furt er ur fication. LCMS: 434.3.Step 7
: Methyl 2-(I-[(ter -butoxycarbonyl)(n®th Solmno] 5-{[ifer;~

butyl (di net hyl )silyl]oxy} -4-nethoxy~4-nmethyl rentyl)-5~hydroxy-6-oxo- 1, 6-
di b. ydropyrim di ﬂ’@-a‘koﬁﬁioh@fydrﬁbﬁyﬂ'(a fi (4 fhorolBmetifylbenzyl)amino]carbonyl } -3-

Bl s A I M e it

( 4 17 kymedfichamste (1r029wgoﬂ-|9$ 28il) inalry @@ nikEe éﬁdd@al

di carbaxyl ate %re%!:ti%nlrﬁixzurg'%@ ﬁ?g‘é@d 22800 AW Spuivaiihed @ﬁiﬂ'ﬁt@ﬂw @g), t he
er a

reacti on te ure e reaction mxture was
potassium hydrogen sulfate (1.08 kg, 7.94mol, in 8L H20), 4L of brine, and 61 of EtOAc. The

organic layer was collected and washed with brine (2x5L), dried over NapSOy4, filtered, and

5

15  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 150L, 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.

20 Step1l: N-(2-{[(4-Fluoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-7-methoxy-7-
methyl-4-0x0-4,6,7,8,9,10-hexahydropyrimido[1,2-aJazepin-10-y1)}-N,N,N'-
trimethylethanediamide

To a suspension of 10-[(tert-butoxycarbonyl}(methylamino]-2-{[(4-fluoro-3-
25  methylbenzyl)aminojcarbonyl}-7-methoxy-7-methyl-4-ox0-4,6,7,8,9,10-hexahydropyrimido[ 1,2-
aJazepin-3-yl methanesulfonate (0.291 kg, 0.488 mol) in EtOAc (3.2L) at 0°C was bubbled HCl
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heated to 300C overni ght. Additional dinmethyl acetyl ene dicarboxylate

(total 0.454L, 3.7 nol) was added. The reaction m xture was stirred at 300C
over ni ghtwoconlmei9iconcentrated i n vacuo, and concentr aPeu/uSe@iozysbene to
provi de the desired diester derivative. LCGMs: 576.2 A solution of the

di ester derivative (4.15 kg, 7.21 nol) in xylene (24L) was heated at 1400C
for 20 hours, then cooled, diluted the reaction mxture with 4l of heptane,

and fi {2 spélpanmptioag hlhe rpasionmitirg ves gigrsd atp&??rémoaﬁﬁff’@@?%%w fdrbiage
FI ash Simit&Ohen 208leé & 670 dr@alined at B7€ fot b hbadse Tk wachigh mixtsle Wistgurg@ptiane,

Lo a8 oD rbles B DtpiiRea Al Rl o dellyra6atGAL fotc! @ TO
[I-(4- E{Qﬂﬂe €1l mﬁOTﬁnmml dreingagl Cmmlhzﬂmlbbh}bfﬁ%hmﬂi iﬁoylnBorﬁMTBE

1, 6- d rLo._r
rocho! DA Y A e o do Rl A fiflsd P30t r?i% of 1:1 BtOAC/MTBE
2- (I - fcﬁ}epmng)lm nyf;M“Iﬁiﬁqul)e(qqyéﬂ iwels aind troyacso pf $Qg r 30 minutes to afford an HCI

butéygl(%l%r??xég %@Igjyil]oxz} 4brret Ihoi<y 4- ge';gylkpentyl) 5- hydroxy26 0XO- I

| I ne- car boxyl at e ropano
(10. 23L3/ vas adddd a&@W*%Pg el KBEZ8s BA T g@l@@@éinﬁbgt a@q}iﬁﬁﬁm I)o The
resul t {eiheflirt Wae 208 N%Hﬁ%tﬁ}@oﬂ@ﬁ@aﬂd%m ghs mdhﬁ@@@ﬁﬁg,cﬂlaﬁﬁbl), and e
concen si due . was

SoRE TR TS SR ASeh.  ThEreh SRR St Bt bRt ot
filtrahdded N-FrethvhgoepboEnd WL\N&%%M)&D@EE miintths. Eﬁdﬂ&t:Oi(aQMM) The conbi ned
o b finhe A 51 %"‘dv@f*"?% é’s e @’g“ qﬁ% ki R A
vacuo Wﬁrepﬂdél g Frgu EF’%H%X% e 1@@ L q*&{l%fjrécdﬁl Yer? K& %r ude
am de éeéa:!i a% @%srl%}e} Wa@eﬁ%ﬁfd@vﬂﬁbﬁ\@tl1,25%embﬂa@§@€ga1%@e(ré Weien

s Lot A L RE iR Aledih SYER. THOVEL o,
and t h?fbdaddﬁdsl @mélhﬂ'daﬁﬁrqrﬁ DA ﬂ"h}'H:y,sta]hﬁﬁﬁlh.mlﬂtu&ﬁﬁasnhlu}edam sovieyyéd
oct 1 2L 8y AR SR P4 B 5 BB UFP 0B RSt IE. Thage s

596.2.
To a solution of mesylate product (148.9g, 250mmol) in 2-propanol (1.5L) was
20  added 1M NaOH (375mL, 375mmol). The resulting mixture was sonicated without heating.
After 3 hours, additional 1M NaOH (125mL, 125mmol) was added and the mixture was
sonicated without heating for 1 hour. The reaction mixfure was filtered and concentrated in
vacuo. The crude material was crystallized by addition of 1M HCI (500mL, 500mmol) and
filtered. The filter cake was washed with 50% EtOH/H20 and EtOH, then dried in vacuo at
25 50°C for 18 hours. The mixture was purified by chiral SFC (AD-H column, 40%IPA, sample
dissolved at 60mg/ml in 1:1 chloroform:IPA, 1 mL injection, 50mL/minute, cycle time: 3.5
minutes):
Compound 2A - The second eluting peak: 7-OMe is frans to 10-amide side chain,
determination of absolute stereochemistry described below, LC-MS: M + 1 = 518.2. HR MS ESI:
30 M+ 1 theoretical 518.2409, observed 518.2436. 1H NMR (399 MHz, CDCl13): & 12.20 (s, 1 H),
9.45-931 (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,3H); 298 (s,3H); 2.24(d, J =19 Hz, 3 H); 2.22-2.16 (m, 1 H); 2.00-1.90
(m, 3H);, 1.12 (s, 3 H).

35 Compound 2B - The third eluting peak: 7-OMe is trans to 10-amide side chain,
absolute stereochemistry described below, LC-MS: M =1 =518.2. HRMS ESI: M + 1
theoretical 518.2409, observed 518.2435. 1H NMR is same as the second eluting peak.
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nol ecul ar 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 wiwb 280064831 NaHC g 3 (4x4L), dried over sodi um ®airfust@/o543bé er ed,
and concentrated in vacuo to afford crude title product, which was used in
t he next step W thout further purification. LGMs : 537.1. Step 9:

tert-Butyl {: (4-fluoro-3 -methyl benzyl)arni no] car bonyl
}-3- hydroxy 7 me ﬁ@??Uﬂ@Z%tWIme}bQBU%BG . & (Vg i Gt alr%?ﬁ?léeus@ﬁ%@on 2-
a] azepjfinikik sté’ﬂerﬁhﬂéﬂ}C@ﬁ}a@ﬂeﬂﬁh@d -EQCMS*}Q\VIHH 913190, HRUMEIESL: M + 1 theoretical

[RESHETtES G e A

rret hyl pent yl j met OgingaurkBIdat Ehe(firsetutiig, peak 68O Ik cistod Mmpddoside gest.oni tril e
ChI ng:‘ %beso eo %C NS a&ggrgot dﬁ;) e§ 7I£C I\I}Sﬁ’L l\ﬂ2+ fm|5)18§nﬁRrﬁtS el@lu—”l ke’ucal

reacti 8- %@?Wélﬁéﬁé ﬁ%ggrl\-f{g\éi @PEgﬂmS xltzux'oe(sm}a%I =s?1g§t(%d6%)( CDC

(o s Al adiid dy.§ a@gwgats%@@aqkﬁ %é'?(écpb)amam@(ﬁmrﬁ ed with

Hg% itric aC| d
And b 48 (Aol Sk HRaDEB P14 400 Ming 6 bhdentt b d! Hi 205 A1)

provi d@oa-zogmlxe ey | 20 L(s, kﬁ)lv@léf‘(am&zswzﬁmz 1.9%0(da) st Henl HJ; 18¢
crude yI a;%ro%l }ng fﬁous step ( 1.53 kg, 1.985 nol) in DWF (7.94L)
wad’ ad }( 98 94 nol). The reaction m xture was heated to
1000C for 15 hours, then cool ed and concentrated in vacuo. The residue was
dilute and acidified to pH4 with 10%critic acid. The
IayersEE Vg’tatlpneE(Eo @ he aqueous | ayerwas extracted with Et OAc (3x2L).
The coRtsparégonr gani c Iayers were washed with 50% brine (10L) 5and brine

(5L), dried over ANagsitdhs ddniﬁo%@gmﬁaéna%mr@xﬁ%dmmu@a Hibe crude
title product was_used in the nexé f: n 8 tHrtheru%{Jrlflcatlon
LCIME: Seppmatipn gsgc@;& gbove was dlssolve in bot ing abso ute ethanol, the minmmum amount

10- [ (t efpubyd ot \ohphandisgolwiindynd fnered fhr@ughl { Suttd ﬁbé@a@er The hot solution was
met hyl bﬁ Zé/c‘l 1)0 s?(])vplo]cgglrtg Wit Zemperar%gre%unng%h%l tirfle B Ondbafs crys%‘lll?z'e& %om

solution. The cooled crystallization mixture was aged for 3 hours and the crystalline compound

t he

was isolated by filtration, washed with 10 mL of ice cold absolute ethanol, and dried under
20 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 26 (2 theta). Copper K-Alpha 1 (K1) and

25  K-Alpha 2 (Kg2) radiation was used as the source. The experiment was run under ambient
conditions. The diffraction peak positions were referenced by silicon which has a 20 value of
28.443 degree. The XRPD pattern is shown in Figure 1. 26 values and the corresponding d-
spacings in the XRPD pattern include the following:

Table 2A

20 d-spacing 20 d-spacing
(degrees) (A) (degrees) (A)

5.7 15.4 25.5 3.5

8.5 10.5 257 3.5

8.9 9.9 26.0 3.4

9.3 9.5 26.3 3.4

11.6 7.6 26.9 3.3

12.6 7.0 27.9 3.2
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The crystalline Compound 2A was also analyzed with a TA Instruments DSC Q

1000 differential scanning calorimeter (DSC) at a heating rate of 10°C/minute from 25°C to

350°C in an open aluminum pan in a nitrogen atmosphere. The DSC curve showed an

change was 84 J/g. The endotherm is believed to be due to melting.

10

endotherm with an onset temperature of 197°C and a peak temperature of 198°C. The enthalpy

A thermogravimetric analysis (TGA) of the crystalline compound was performed
with a TA Instruments TGA Q 500 under nitrogen at a heating rate of 10°C/minute from 25°C to
350°C. The TG curve showed a weight loss of 0.21 wt.% up to 100°C 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

diffractometer from Oxford Diffraction (radiation source: Enhance-Ultra Cu, detector model:

Ruby) controlled by Oxford Diffraction CrysAlis Pro software. Data collection, using Cu

15

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:

20

a=5.49010(12) A
b =20.4635(6)

¢ = 21.9624(6)

@ =90.00°  F=2467.40
B =90.00 Space group
v = 90.00 Z=4

11) A3

= P212121, #19

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% and
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tenperature was added N, N-di net hyl oxam ¢ acid (87g, 743 nol), EDC (157g,
817 nol), and HOAt (50.5g, 371 nol). The reaction m xture was cooled to
90C. To twe 2ewal4exd1sol uti on was added N-met hyl nor phol i n@CtIS2@41059308. 56
nmol ) over 2 minutes. Additional N5Ndi nethyl oxamc acid (21 .74g, 186 nol),
EDC (36.6g, 189 nol), and HOAT (25. 3g, 186 nol) were added. The resulting
m xture was diluted wwth H20 (2L) and brine (IL).. The |ayers we

separ at8d= 1P agns gl $2P yedlechrns- The shaetuécrcanlighraient 31 andnld @%‘??%WEH@
organi gﬁb@%ﬁiﬁ%oﬂ?ﬁ s YashaHed b ﬁe%&%ﬁl‘bh@@isﬁ&é@h%ﬁsﬁé E8th Y ek M2 Qfoms

filtere concentrated 1 n vacuo._ The prgﬁf uct was crgl(gt allized. from DCM
The cripsthamolecats dnalypiz of the apawalgrs dispersigh eleristrspedpynedysinsihe refedt r at i on
pr ovi degcRpiainktr SOt (25l 00 it FIVES patiuineds LO0H4)Y, dethon v encalfin3@BEchdic M.

(150 e ST R O S8 CoORPRMF 1 VAL P adF oG P e ae

soni cainethyiiehhduimihelbibogyl } Afliydrox3-howtiexyddaethybhakodi, NAOGH O 125r nL,

125mo | et L 3 i i ut heating for 1
hour . xg“’?%rgﬁﬁﬂﬁ%oﬁﬂgfz Eirigpl\;/l\]/al)s@ ﬂ &f e? eéﬁ %ﬁ%@%@gg%g@éd in vacuo. The
crude material was crystallized by addition of IMHO (500m, SOOmvl) and
filtered. The filter cake was washed With 50% EtOH/ H2 q and Et OH, then
dried in vacuo at 500C for 18 hoursg Qri xture was purified by chiral SFC
(AD-H col um, 40% PA, sanpl e dissolved gt nmvén 1;1 chlorof orm BPA,
Inl injection, 50m/minute, cycle tines 3{® mfaytes): Conmpound 2A - The
second el uting peak: 7-O0Owve iFs ns to e side chain, deternination
of absolute stereochem stry de ibeg bglowj LCGMs: M+ 1 = 518.2. HR M5
ESI: M+ 1 theoretical 518.240% ' e 2436. H NWMR (399 MHz, CDCI 3):
d 12.20 (s, 1 H; 9.45-9.31 (m 1 H); &.28%«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
Tn view of the stereochemistry assigned to Compound 2A, by process of
10 elimination, Compound 2B is N-((7S, 105)-2- {[(4-fluoro-3-methylbenzyl)amino]carbonyl } -3-
hydroxy-7-methoxy-7-methyl-4-0x0-4,6,7.8,9,10-hexahydropyrimidol{ 1,2-alazepin-10-y1)-

NN N'-trimethylethanediamide.

EXAMPLE 3-1
15 Racemic-trans-N-(2-{[(3-fluoro-4-methylbenzyl)amino]carbonyl}-3-hydroxy-6-methyl-4-oxo-
4,6,7,8,9,10-hexahydropyrimido[ 1,2-a]azepin-10-y1)-N,N',N'-trimethylethanediamide
(Compound 3A)

@] OH and O OH

Step 1. 6-Methyltetrahydro-2 H-pyran-2-ol

OH
j8
20
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(s 3 H; 3.00 (s, 3H; 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). Conpound 2B - The third

el uting peEako1of4gi is trans to 10-anm de side chain, ab®oratse009/059306
stereochem stry descri bed below, LCMS: M1 518.2. HRMS ESI: M+ 1
theoretical 5 18.2409, observed 5 18,2435. HNW is sarre as the second

el uting peak. Conpound 2C - The fourth el uting peak:

10- ani de si de chéisplutign ebflijtobutyiabpaisEpenidside yn %Ehyh’é’?é]il WH%EIML%OI%L) M+ 1

= 518.@as Afﬁeﬁ@loﬁﬂr to M78°d sblaaen ef &nﬁétan&a&&natmﬁg, 36031&?1&1@@1 §aefh&1e3436 | H NVR

th f t el |
o (o D A SRS SRR A LSl SIS,
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3B gl AN Py B b B
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3 36 (f%grajce (3519‘171% \lﬁgs ad:He(!fl) Thé;reg&icﬁﬁmé(%ark%as e 4i18wed td Whrnd & ﬂdbm 2. 23 E S, ?
H) L1 T&Hlpffa@l@ @w’nghn) Th@%ma Ph%%%éweaﬁtﬁewném';ﬁ@p‘éwg%{*w Ffpﬂ‘a%f’s "
Conmpouggky %ﬁlgﬂ&hﬁhlsalfat@ biraé Aqdoby ¢ vas ettraermEitodi ethiill wetatep thieakiran tkdscr i bed

%’[EE
o vl qwé%d '8”&?33‘%% Bt 2 rlis DR Spesifio gg‘ﬁ& EIREE S | o
gﬁpﬂl disterehoeris lewﬁna'“vﬁ%ﬂi%zpémgéw dft h HnwMHze 6513 t@ﬁﬁf“é’_ﬂ?}“ﬁe ezrga(tsur.e
g F’?z;‘?’% )k% ﬁ@g&}%ﬁd@ 1355&%73@'1 ks 1ﬁiganﬁo$gﬁzoaﬂ> PostepQngd

cry sta [ 1 ne COFTpOUI’]d
was i sBl attd@ (by 1H)) 3 5atm.odb), §fﬁ@dnmlﬁhlllé In87 Gp. @eiéél(é} Ja‘bé@ﬂiﬁ et hanol |

and dried under vacuum Characterization

15 Step 2: 6-Hydroxy-2-(methylaminojheptanenitrile
H
_-N

CN OH

The 6-methyltetrahydro-2H-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.HCI (19 g, 280 mmol) and then sodium cyanide (17 g, 350 mmol) followed by

20  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

25  concentrated. The combined residue was dissolved in ether and filtered to remove the remaining
solids. Concentration gave the product as a colorless oil: 1TH NMR (400 MHz, CDC13) 8 3.81
(m, 1H), 3.46 (t, J =7 Hz, 1H), 2.53 (s, 3H), 1.76 (m, 2H), 1.34-1.65 (m, 4H), 1.19(d, /= 6.2
Hz, 3H).

30 Step 3: tert-Butyl (1-cyano-5-hydroxyhexyl)methylcarbamate
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An X-ray powder diffraction (XRPD) pattern of the crystalline Conpound 2A
was generated on a Philips Analytical X Pert PRO X-ray Diffraction System
wi t h PV\BOWO/260/@23v30l e usi ng a conti nuous scan from 4 t @CHWSA@Y0eB86 2 2
theta), Copper K-Alpha 1 (Ka 1) and K-Alpha 2 (K c2) radiation was used as
the source. The experinment was run under anbient conditions. The
diffraction peak positions were referenced by silicon which has a 2Qual ue
of 28.443 degree. The XRPD patt is showmn in Figure 1. 2Qval ues and the
correspondi ng dspacings in the XRPD pattern include the follow ng: Table
2AThe crystalline Conpound 2A wa® 50 anal yzed with a TA Instrunments DSC Q
1000 differential scanning caloringter (DSC) at a heating rate of

10C mnute from25C to 350CC in an~ MTUM pan in a nitrogen

at nosphere. The DSC curve showed an gpdot hergg with an onset tenperature of
197C and a peak tenperature of 198C. The enthal py change was 84 J/g. The
endothermis believed to be due to nelting. A thermpgravirnetric anal ysis
(TGA) of the crydtelutionef Sdwpeuad-GREhyaminsyRpngRiHE 476 ipAPFRvR AT A Q
500 ungsn i} #ROSAmA 18 3beabhdeh akEluabn dDE. it buty dicationae G isopRp@C. The

TG curve sh d wei ght . l.oss . of 21 W, % t.g 1000C i ndicating the
absencaeic éPﬁ)Wa P4 f1omYisen ﬁg?ﬂe\ygﬁpeo '%g%]l e %ﬂh% ‘?ﬁg@g" 10se
cr yst ahb®griap) leeaghg dys disccavinpediodth? Aatevabadoétidnowmedioveetd torkgsp tielintemalConpound

2A prepared d i oy d i :
R e s S Te e i S TN
Cu, dehewt dleatingeias tiRuggmed and die teatppptuck et Baibidingdsd 39 Yn ovarpight-i Ehepr o

sof t Vet et RGhd P01 ddSth REbriPteniRekiatel A0 treWRE W FndhoRemAhIckRR (K to
limt thermal notion_and nam c¢ di sorder, 2? gell ﬁs t o I npr.ove tpe
di f f r agbiveteria sk ene rercenied qupersamuapiad] 28 Wddhe esplitieg mistrsallagredine

buhk sampit@eorPtetaprbtusaivermght 1 08e KachorrdidR M(1Ron dobed 100°0an¥HRAGTaO( 11)
A phase separated and washed with cold (0°C) 1M 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: 1H NMR (400
MHz, CDCI3) & 5.20 (m, 1H), 3.78 (br s, 1H), 2.87 (s, 3H), 1.81 (m, 2H), 1.25-1.63 (m, 4H),

15 1.45 (s, 9H), 1.18 (d, J = 6.2 Hz, 3H).

Step 4: tert-Butyl {1-[(Z)-amino(hydroxyiminoymethyl]-5-
hydroxyhexyl }methylcarbamate

/N]\/\/\[/
OH

N7 NH,
OH

20 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 60°C 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 50°C to give

25 the product as a very thick clear oil which was contaminated by t-butanol: ES MS M+1 = 290.0.
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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 neasured to a resolution of 0.84 A-1 which
yi el ded A2O2ouwisepee refl ections. The refinenent, using SHENXRWOFLIGEr €, Wwas
conmplete with R = 5.04% andwR-2 - 13.6% using all 4297 reflections. The
absol ute configurations at C7 and C O (see structure below) are both R as
determ ned by the anomal ous di%rp}ersi on ari si ng[ fromthe six _oxygen atons in

the nobterdl e. Andingethd (28)-2-H (Enomempgs2-Higbbitexwarionylaeretd 2oHae & ned
using the refi nq@dﬁ@@@tp@d@epgngh@)&y 2Y.enadidatbhe Hoof t par anet er

-0.05(4), both of which confirmthe choice of absolute configuration.
Accordi ngly, Conpound 2A is N ((7TR 10J?)-2-{[(4-fiuoro-3-

met hyl benzyl ) am no] car bonyl } - 3- hiydr oxy- 7- met hoxy- 7- net hyl - 4- oxo- 4
6,7,8,9,10- hexahydropyrimdo[ 1p2- ¢gazepin-I Oyl)-

AN-trimenyl et hanedi arnide. I n viewiof the stereochem stry assigned to

Conmpound 2A, by process of elim naniom nd 2B is N~((7S, 10 ) -2-
{[(4-fiuoro-3-nmethylb nzyl)am no] caw
hydr oxy- 7-r net hoxy- 7- net hyl - 4- oxo- My 8, 99H 0- hexahydr opyr i ni do[

1,2-a]azepin- 10-yl)- V' N -trinethyl effanedi am de. EXAMPLE 3-1 i1 ? e c-

"5-N-(2-{[(3-fluoro-4-nethyl benzyl ?arﬂiq:i%qw?ar bonyl } - 3- hydr oxy- 6- net hyl - 4- oxo
- 4,6,7,8,9,1

0- hexahydr opyri m do[ |, 2-a] azepi n- 10- yIgedN , N -tri met hyl et hanedi am de
(Conpound 3A) Step | ; 6-Methyltetrahydro-2 H pyran-2- ol A solution of

di i sobutyl al um n hydri de..in_nethyl.ene chlorjd 420 nmL) was added
slowy to a - 78C¥g]‘6‘fe\éfq?‘{5ﬂ il :ﬂ’é\s?ﬁtwaé?m&oh%“%i" 50 mmol ) in methyl ene
chl or i Beir6d0eRylMnkthglcarbamatedit] g Thverweght) tiamdissdiverd inhin¢tbarl §35Onsl pamdnas

al I owed t o0, wa ; 4 .4, cl ear

sol uti 8?10tk\3/d\/a1§) %ﬁ%ﬁ%ﬂ@.ﬁg }Fﬁge}nyrl’?egl\é? %%(%dnral?égvﬁlrs %%@H%gg??{&%f 3%91 (%‘tllfgnnc hed via

sl ow preoperatiteo niseboxddf G ben B rpastinarvktuge gss siened iy e freamr gl H0te&r 2t was

then shijr qtle hQletidP i8S théf ket oI kAL B & 22 2R HPIcRIDIY RGEASSI UM
with toluene and dried in vacuo at 30°C to constant weight to afford the title product: ES MS

10 M+1=431.9.

Step 6: Methy! 2-{1-[(tert-butoxycarbonyl)(methyl)amino}-5-hydroxyhexyl}-5-hydroxy-
6-0x0-1,6-dihydropyrimidine-4-carboxylate

OH

N* “NH

MeO,C” 0
OH

15 The dimethyl (2E)-2-[({(1Z)-1-amino-2-[(tert-butoxycarbonyl}(methyl)amino]-6-
hydroxyheptylidene }amino)oxyJbut-2-enedioate (239 g, overweight) was dissolved in o-xylene
(1000 mL) and the resulting solution heated at 120°C 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

20 bath and treated with 1M 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 agueous phase was drawn off. The remaining mixture was
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tartrate (350 nL) was added. The reaction mxture was then allowed to warm
to roomtenperature overnight. The organi c phase was renoved and washed

wi th brineoant/wbzem dried over magnesi um sul fate. The a@QUeals2000/08%3e6 Was
extracted with ethyl acetate, the extract then washed with brine and al so
simlarly dried. Filtration and concentration gave a m xture of

di astereoneric lactols as a colorless oil; H NWVR (400 NVHz, I3)q‘

Di ast ewegwdronge withg M godiam hygipxide (H30 k. then 3002n2e2>félﬂwdﬁ¥ﬂlsﬁ)m gtty Thg 49057

( m 6;%%6&1@13@0% dfrvd Wike caibinePhdbé:ar a8V itiEethel (@o{mm mrhé wpara&o% ( m

6 Hydr Bweén_(hﬁglﬁw s HB)VhVé%?]ﬁn g‘ﬁﬁa @glﬂql%é g%aé;e Wag séparated off and cool_gd in atnelge
6~net hk!&th%ﬁd aﬂnylé sOrRigfralyain was atid{ft? vith @ﬁCHWS)mMasTMKsssﬂﬂwdmtwedl oxane

Fol T owss B a6 i&‘tﬁnﬁﬁj@ﬁf%l"%&%ﬁ%%g&/ by AL e E“&%éﬁ‘%an M (17 g

350 nmity)ng mideomuma\mﬂmtltte‘i@o of as Afacky brominy PPRge (zif’f ebdm MenMeél at ur e
overnig t he organi ¢ phase was decanted off and concentrated. The residue
was dISSOFVEd in ethyl acetate. Water was added to the initial aqueous

suspensi on (which had been left behind) until dissolution was conpl ete,

aLter w(fjupCﬁ bot hypliigg es¢ l\ARfe@Mﬁﬁ@Et}lc%dnﬁ chetlaatidd- The organic phase thﬁs
t t
frofn et hﬁsaﬁz?ﬁ@t@ﬁﬁ’oﬁ@ J‘?ag‘é’ﬁoy?&ﬁ%&ﬂ%@’a‘i@nﬁﬂ’gﬁ@?& HGE, 0ol Gue vas

di ssol ved i n etheabaxgdatti [ tered to renove the remaining solids.

Concentration gave the product as a colorless oil: IHNWR (400 MHz, CDCl 3)
d 3.81 (m IH, 3.46 (t, J =7 J LH), 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

(I - cyano-5-hydroxyhexyl) nel hyl car OeA sol ution of

6- hydr oxy- 2- (et hyl am no) hept anenitriile (76 g) in isopropyl acetate (350

m) was warnmed to 300C and then a s® i-tert-butyl dicarbonate in
i sopropyl acetate (150 nlL) was added dropw s Whenever the internal
tenperature of the reaction rose ab R5C, ting was discontinued or the

rate of addition was slowed to keep/@]ﬂlnternal

MeQ,C OMs
OMs

The methyl 2- {1-[(tert-butoxycarbonyl)(methyl}amino]-5-hydroxyhexyl }-5-
hydroxy-6-0xo-1,6-dihydropyrimidine-4-carboxylate from Step 6 was azeotroped dry with
15  acetonitrile (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 mesy! 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
20  triethylamine hydrogen chloride and the filter cake washed well with methylene chloride. The
filirate was concentrated and then partitioned between methylene chloride and half-saturated
brine. The organic phase was removed and dried over sodium sulfate. Filiration 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.
25
Step 8: Methyl trans-rac-10-{{tert-butoxycarbonyl}(methyl)amino}-6-methyl-3-
[(methylsulfonyl)oxy]-4-0x0-4,6,7,8,9,10-hexahydropyrimido[ 1,2-a]azepine-2-

carboxylate
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tenperature within a few degrees of this set point. The total required
addition tine was about 1 hour. Heating was then resuned and the

t enper at LWwe 20s8042®ilnt ai ned at 35C overni ght. The reacti @0TAS209089306s t hen
cooled to roomtenperature and treated with anmmonium chloride (7 g), water
(50 nmL) and concentrated aqueous ammnia (13 g) and the resulting m xture
allowed to stir at roomtenperature overnight. The reaction m xture was
then cooled to QOC and or gani ¢ phase arated and washed with cold
(A0C) I M NaOH, then 10% a nhum chl ori de, \t hes 20% NaCl, then dried over
sodium sul fate. FiltratioR~afid concentrati &n<gave the product as a very
thi ck opaque oil which contajn undeterm anpunt of t-butanol: H NWR
(400 MHz, CDCI3) d 5.20 (m7IH), 378 (br s, 2./87 (s, 3H), 1.81 (m
2H), 1.25-1.63 (m 4H), 1.45 , 1.18 (dy ,@ Hz, 3H). Step 4 :

tert-Butyl {l-[(2)-am no(cglyd}\'oxy m no) rreiégll] 5- ydroxyhexyl

} et hyl carbamat e The tert cyano exyl ) met hyl car banat e
(129 g) which contained an%om ned, amoiint gf,.t-butanol was dissol ved
i n nmethanol (250 nL) and treate wi t h@8%os aqueous hydroxylam ne (33 ni).

The m xture was then heated to 600C for 3 hours. The reaction m xture was
t hen cool ed and Ahgixant vEibk satieitvEd|(tent-acicabdnd ) redivlamine s5-

Tacuo (RSt Uty o3@3%&”%“@3%@“"?ﬂﬁ’l@eﬁéﬁﬁg‘%’?ﬁﬁmﬁ(@%é’?gsi "
cont ammmlb@dmesmm@mte (6£8, WS xnmoi):mi)j‘d ¢4 mp) was Inpatrsk a4y} 00°C
?,r o ‘{r] ?{)F)Fﬂ{e nx@é%% Anfixfutd %E§ cdIMOBY66Hh RQMYdratl AR YhorAdBon@l fufiher to 0°C.

am no) oxy] nedl
{ : [(Z oawww a¥b sz%t‘?r{éﬁ’) ﬁgﬂquz @ﬁOW%l Q@El&&ﬂ ‘}“ﬁei“}f{/)%t?é%&%%e? 51 g
?\égr V‘ﬁfh&iﬂ )Ih\ya@acgbxg ﬁﬂituﬁdwhsrﬂifﬁﬁémrr@mo(/@&dﬁhhd thedolidokad than wmeccwnmwm
ropwi se,. Wt hou
rise a%l?ﬁg?e %eoflﬂgﬁn ﬁgﬁ?& faBr?Eer?'f 3115\3‘3{1%5 tﬂ{oer%eds ﬂp%@ hEFiR ree?@%%&; 1OOC
for 2 Hapsaciinear BECHD ormonethe DMFashe thick dadnmdnesiduad alud@e weydidded with was
azgpt r oRLLAld MiLd. Ofhe! ef Sake 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: 1H NMR (400 MHz, CDCI3) 8 5.74 (m, 1H), 5.41 (dd, J = 1.6,

13.5 Hz, 1H), 3.92 (s, 3H), 3.50 (s, 3H), 2.95 (s, 3H), 1.60-2.94 (m, 6H), 1.57 (d, J = 7.3 Hz,
15 3H), 1.44 (s, 9H). ES MS M+1 = 460.12.

Step 9: Methy! trans-rac-6-methyl-10-(methylamino)-3-[(methylsulfonyl)oxy]-4-oxo-
4,6,7,8,9,10-hexahydropyrimido[1,2-alazepine-2-carboxylate

¢
N "N N* N
/ONO N

O OMs

20 To a solution of the methyl trans-rac-10-[(tert-butoxycarbonyl)(methyl)amino]-6-
methyl-3-[(methylsulfonyl)oxy}-4-ox0-4,6,7,8,9,10-hexahydropyrimido[ 1,2-alazepine-2-
carboxylate (3.5 g) in dioxane (25 mL) at 0°C was added 4M HCl in dioxane (25 mL). Afier
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

25 excess sodium carbonate. The resulting mixture was extracted with methylene chloride, then
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with toluene and dried in vacuo at 300C to constant weight to afford the
title product: ES M5 MH = 431.9. Step 6: Methyl

2- {1 -[ (t ewO-2bveaz3pear bonyl ) ( met hyl ) am no] - 5- hydr oxyhexyPETAISh§od069396 6- 0X0-
1J6- di hydr opyri m di ne- 4- car boxyl at e The di net hyl

(2B)-2-[({(12)-1-am no-2-[(tert-butoxycarbonyl) (nmethyl)am no] - 6-

hydr oxyhertyl i dene} am no) oxy] but - 2- enedi oat e (239 overwei ght) wa

di ssol qlé@rofcnmﬁmdﬁr@ﬁ@veméwmrﬁl)lf%cﬁlff?émé% P%noﬁ@fr pogaye hepabbess Sk 1200C
for 48,leMSscoudsilr esulting deep wine red solution was cooled to room
tenperature and the solvent concentrated in vacuo. The thick dark residue
was dissolved in ethyl acetate (400 nL) and dichl oronet hane (100 niL),

cool edSiep 16n i ceThathaandtityt a{ EdinwitlisharhidoX oxié)acatylYdretwi dmirod bmethy]- -3The

m xfure was tr anﬁm%{hgﬁgl}]f&%ég)x%? %@(@t@@ 7% J Wﬂgan&BP%m%@ ééri 'a](ale?ﬁHé b to see

any separation d brown’natire o erefore,
400 nmL of the agteberylgshase was drawn of f. The remai ning m xture waswashed
once with I M sodi um hydroxide (100 niL), then 300 niL of liquid was run
of f. The 400 nL and 300-piy draws were combhﬁed and extracted with ether

(300 nL). The separation hetween the phase S now vi si bl e. The aqueous
phase was separated off ool ed in an '%\V%ath and while stirring

rapidly, it was acidified w h, Cl (85 mL)N esulting m xture was
then extracted wi th nethyl ehe hI orfde and dfie ov r sodium sul fate.
Concentration and dryi ng undey* ym gave theyATnle. product as a tacky
brown sponge (140 g): ES W%Q 8. Shep L thyl 2-
{1-[(tert-butoxycarbonyly t hyt") aen no] «5-

[ (raethyl sul fonyl)oxy] hexylg-5SoM s[ (g hyl scgjl f omal )oxy] pyri m dnme- 4-
carboxyl ate The methyl 2- {1- [(tert bu oxycar bonyl') (et hyl ) am no]

-5- hydr oxyhexyl } - 5- hydroxy- 6-0xq 6- di hydr opyri.m di ne- 41é§ar boxyl.ate from
Step 6 was azeot Eﬁpféahlamfowa@m(%@%maﬁ pdded ta@@okipn ofitianetiydenaningcit hi ck

Wi ne 1 gl49 By RnaRuks P hI VAS 154l NsabtiPieghdrpholine (0.52 mL) was added slowly
10 in portions while maintaining the temperature below -5°C. 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 trans-rac-6-methyl-10-

(methylamino)-3-[(methylsulfonyl)oxy]-4-0x0-4,6,7,8,9,10-hexahydropyrimido[ 1,2-a}azepine-2-
carboxylate from Step 9 was dissolved in THF (5 mL) and added to the mixed anhydride as

15  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: IH NMR (400 MHz, CDCI3)
8 5.69-5.79 (m, 2H), 3.91 (s, 3H), 3.51 (s, 3H), 3.12 (s, 3H), 3.03 (s, 3H), 3.00 (s, 3H), 1.82-2.14

20 (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-4-0x0-4,6,7,8,9,10-hexahydropyrimido[1,2-a]azepin-10-y1)-N,N',N'-
trimethylethanediamide

25 The trans-rac-methyl 10-[[(dimethylamino)(oxo)acetyl](methyl)amino]-6-methyl-
3-[(methylsulfonyl)oxy]-4-0x0-4,6,7,8,9,10-hexahydropyrimidof 1 ,2-aJazepine-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 100°C for 30 minutes. As determined by

LC-MS, there was complete conversion to product which was purified by reverse phase Gilson
30 chromatography: 1H NMR (400 MHz, CDCI3) § 9.46 (br s, 1H), 7.05 (m, 3H), 5.96 (m, 1H),
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acetonitrile (500 nm.) and cooled to 15-20 C. Triethylam ne (54 nlL) was
added foll owed dropw se over 30 mi nutes by nmesyl chloride (27 nL). After
stirring WO 20tv4zmme tenperature for an additional 30 mpomtussoobsne had
been conplete conversion to a 2:1 mxture of tri-nesylate and di-nesyl ate
as determned by LC-MS. The reaction mxture was filtered to renove

triethyl am ne hydrogen chloride and the filter cake vvafhed We&H ¥\n§)2%
met hy| 2Aé (s bH{de‘W W/ T 61% 140 235D cHi SntHAZEY @nty AR HadDi tPbked
bet V\Begﬁﬂqmﬂ.%ﬁn%ﬁpﬂ.i4d§d,aﬂd7lsaﬂii,-3$ﬁ.t @savsdvibr g7 .8The or gani ¢ phase was
renoved and dried over sodiumsulfate. Filtration and concentration gave a

dark red foam which was azeotropically dried with acetonitrile (500 nL) and
gave a wine red gumwhi ch was t heEXKAMBEEWAte. Step 8. Methyl ra -r -10

[ (tert. but axycarbenyl an.noj, - 6 = 3 -6-

[ ( nsgt h{f'PE‘Eﬁ%f%%W)@?@éjﬂ)ﬁ'@{ﬁ% gm?p%l;éé ?tgﬁh%%gﬂ%ﬂlrn%cﬁﬁoﬁl{ 1&0% Pydzrf”é’f gzepi ne- 2-
car boxyietityeA-oxosd, &7 8, %F0-héxabydsvpyrimido[ 1,2-ajazepin-10-yl)}-N,N',N'-

2-{I -f - Rf'éﬂa tahyl ) am no] - 5- [ (net hyl sul f onyQoxyj hexyl J-S
-bistC%%ﬁ%%ﬁgﬁ%%gﬁgﬁggyjpy%é%?gl en-carboxylate (62 g 98 mmol) and cesi um
carbonate (64 g 196 nmmol) in DVF (400 nt) was heated at 1000C overni ght.
The reaction m xture was cooled to ro tepperature and then ccol ed further

to OQOC. More cesium carbonate (60 Q) dded foll owed by MsC (10 nmL) and
stirring continued for 1 hour. The réhct%fn xture was filtered to renove
solids and the solids were then washed wi met hyl ene chloride until the
filtrate ran clear. The filtrat s then i pped and finally under high
vacuum at 35C to renove the e thick dafk red residual sludge was
diluted with ether and filte . N was washed with ether. The

resulting cream col ored solid was dissollved:jn mnethylene chloride and
washed once with cold hal f-saturated brPne @dd the solution dried over
sodium sul fate. Filtration and concentrati on gave the racenm c trans

di ast eSepnier as dedtleyl isnea] (feyt- iR seadboh By B thyi iR -aethyMBz, CDCI 3) d 5. 74

(mglH, 5.41 (d e?l“mfsuéﬁa?yi}%é@%~%T4,§,H).ﬁ,%§?_@§xeﬁl§dm§ﬁxﬁid%{ﬁ@—aﬁa%epiﬁbbz- 2.95

(s, 3H), 1.60-2.
A( ]

carboxylate
O\(

This compound was prepared according to the procedure described for Example
3-1, Step 8, except that here the reaction mixture was heated at 100°C for 4 hours instead of
15  ovemnight. As aresult of the reduced reaction time, the product was isolated as a racemic cis-
trans mixture of diastereomers. This mixture was separated into its 4 diastereomerically pure
components by chiral supercritical fluid chromatography: 1H NMR (400 MHz, CDCl3) Cis
diastereomer of unknown absolute configuration. 6 5.45 (m, 1H), 4.77 (m, 1H), 3.90 (s, 3H),
3.49 (s, 3H), 2.81 (s, 3H), 1.58-2.07 (m, 6H), 1.55 (d, /= 6.8 Hz, 3H), 1.45 (s, 9H). ES MS M+1
20 =460.10.
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3H), 1.44 (s, 9H). ESMS Mtl 460.12. Step 9: Met hyl

trans-rac-6-net hyl - 10- (net hyl am no)-3 -[ (net hyl sul fonyl) oxy] - 4-oxo-

4,6, 7,8, Woholvdaezvahydr opyri m do[ |, 2-a] azepi ne- 2- car box PCatus2000/08038©1 ut i on
of the methyl "s-rac-10-[(tert-butoxycarbonyi cnethyl)am no]-6- nethyl-
3-[(met hyl sul fonyl ) oxy] - 4- oxo- 4 6 7 8,9,1 0- hexahydropyri m do

[1, 2-a] azepi ne-2- car boxyl ate i n_di oxane (25 at 00C was, added
4M HO Sten 2di oxané‘lS(?iﬁz-rﬁe)é“ﬂWQ érm%tb}’ enzyhamgio]gebeRvhiot - é‘é’drpﬁﬁ“ﬁrl@‘ggﬂf%n

m xture was all oyedsby WﬂthQaHyﬁﬂj('jﬁyﬁﬁﬁmﬂEQtdéé&pﬁlﬂmﬁ IN,NeN'-t here for 4
he residue dissolved in water and

hours. The sol vent m@a%‘s‘l Bﬁgﬁ&
treated with exclgeet ®nate. The resulting mixture was extracted
W t h rret hyl ene clhth@mieths] ci-heHdghitduaixgeaband)(wethgaminei-6soethyird-sul f at e.

F' | § ! a ﬂ} Zs” &’f%ﬁﬂc%ﬁ‘hroxo'%‘vf%?éf?o hOELFopGiARiof s K DEARE W iR YRt thdm St ep
10 [ [ ( Biepetad @nnm’}e(d(m thectithst q;m}r(md hgdoyding krothe pravedurps dgeribed for Example

[ (et hyl fp §y1|1 brfls Q&85 -- either (6R,108) or 6S EGR) was not determmed
S S R B SRR o

g) in h%hre@yﬂ& U185 He12H ) )068@ 3H)J,5©1 (A\-Bt hgs mepha.2 he, $8),32201.23 was

?ﬁieidirm%il%@eé%'é%“ﬁﬁ RGOS B30 out Be a whi te solid.

Stirring was contlnued for 90 mnutes then the salts were filtered off and
the resulting cold solution used & k¥-4.7he rrethyl tms-rac-6-nethyi-10
(methyl am no)-3 -[(methyl sul fonyljoxy] -4-o0xo0-4 36

, 8>9, 10%-((6xARYH2-dpyriluvretdfmathdberzy @min@éc@bowb}r%bx@m&y 6-ethir BPEY 9 was
di ssol pedy i@teTﬂa‘Fyéré 4&1—}émﬂﬁﬂoﬁd@laﬂht4<}oﬁéa@plﬁlpo%d) NI SRS SdRhefianatt above

while codéling in When t he "additi on was conplete, the
reaéti é@orﬁp‘k‘%ﬂﬁlr@)was al lowed to warmup gradually to room tenperature

wher eupon a cream solid precipitated. ,The solid precipitate was filtered
of f and washed well w th ether thermqifl ed under vacuum The resulting white
solid was the desired title corrpound//\,\(l»DNl\/R (400 MHz, CDCI 3)

O
M)
F P
NO
0o OH (4A)

N-((6S,10R)-2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl}-3-hydroxy-6-methyl-4-oxo-
6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][ 1,4]oxazepin-10-y1)-N,N',N'-trimethylethanediamide.

(Compound 4B)
—
"
O 0
ol
F P
0
20 O OH (4B)
Step 1: 2(R)-1-(Allyloxy)propan-2-ol
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d 5.69-5.79 (m 2H), 3.91 (s, 3H), 3.51 (s, 3H), 3.12 (s, 3H5 3.03 (s,
3H), 3.00 (s, 3H), 1.82-2.14 (m 6H), 1.61 (d, = 7.3 Hz, 3H). Step 11:
Racem c- twaneto4¢®1 {[ (3-fl uor o- 4- et hyl benzyl ) am no] carb®risk}oo®5439€lr oxy- 6-
met hyl - 4- oxo~4, 6, 7, 8, 9, 10- hexahydropyri m do[| 2-a]azepin-10-yl)-N, N ,N ~
trimet hyl et hanedi am de The
10-[[(dinethylanino)(oxo)acetyl](nethyl)anirio]-6-nethy|-

3-[ (et hyl sul f onyl ) oxy] - 4- oxo0-4, 6, 7, 8, 9, 1Q hexahydr o

ryrimdo[l, 2-a] azepi ne- 2- carboxykaveo Step 10 (50 ng) was dissolved in
DVSO (2 nL) and 4-net hyl - 3-fl uor obenzy anPHe (0.1 nL) added. The resulting
m xture was heated at 1000C for 30 mnutes. As determned by LC-MS, there
was conpl ete conversion to product which was purified by reverse phase

C?Hl) sog ggr ?mat Ogal’ggﬁﬁ;gec% E&l% t%@gl é\lfk@ho} E&*) é) o4 rgm%% ih l?:b{) L A)f"&nhycﬁ'ogss ( m
3H), 2 %@@ethskigm@ngde gapledgipyan ige beth pas a@iﬁﬂéf)% ol d@pgampr?f S%ilym 1 ( d ']
7.5 Hzt 942 3MBoIVH; 014%713 SverBAMRutes 378e hﬁﬂhﬁ:t 08k LloSvel M@ MahR feRimBiknt

N (2- Iuoro 4 net Iben am no] car bo
et byl SERSUE 960 41, 9 TR M G GPBGHID 08 PHDGRIARI- 2 y1 ) - N, e, I -
trimet by @td(S@rg, del {ooTp oun dddd) siGtigpvir 3Maiduyds. Gihs-reactlon mixture was

d
10-[ (t efjfo»% dJ QXM bo(ax ﬁ%glg?gtépeyan}i%mr&? @}'@hﬂ%’ lTh% reslcgl %Lso{%ke)doxy]

- 4- oXx0- rirmd - car e This
conpouirdanias bpﬁheqharteﬂwab oatad am@ etxtra@thé el weéatd )r ﬂB@d:Ot‘n@m@oagﬁmce 3-1,

St ep Smt?a&?sew&mmﬁemﬁwa&? g}eﬁﬁhh@{l){ﬁ‘aﬁ WkiSd Wos aHﬁ?dr@Qs Ak Qﬁﬁuﬁﬁfe

hours i nstead of over he reduce ion t| t e

pr ddluc Conentingen tidsa reé%w%d YaguwRisave fherchls H’W@H% Ayl mgt‘f@%
m xt ur etepaditepauriicadon: HEONMR (400diHss @DELYRS 5 (ddt, Jur E/.2,010pb ﬁériﬂa lby

chiral supejoni tj o »f| Ui $HOTBIOA2PMY o3 15 MR 6809 04, 163 4 652
H): 3.95 (m, 1 H); 3.4-3.5(m, 1 H); 3.24 (dd,T1=9.4,82Hz, 1 H); 2.4 (brs, 1 H); 1.15(d, ]
= 6.4 Hz, 3 H).
15
Step 2: 6(R)-6-Methyl-1,4-dioxan-2-ol:

HO ol

A stream of ozone was dispersed into a cold (initial T = -78°C)) stirred solution of
2(R)-1-(allyloxy)propan-2-ol (84 g, 723 mmol) in dichloromethane (400 mL) until a blue color
20 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
25  directly in the next step without purification.

Step 3: tert-Butyl (1-cyano-2-{[(2)-2-hydroxypropyl]oxy}ethyl)methylcarbamate:
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di ast ereonmer 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,wBHp10/4239% (s, 9H). ESMS MHl 460. 10.Step 2 :  PCT/US2009/059306

Cr-N(2-{[(3-fluoro~4-net hyl benzyl ) amo] car bonyl } - 3- hydr oxy- 6- net hyl -

0x0-4,6,7,8,9,1 0-hexahydropyrimdo[ 1,2-a]azepin- 10-yl)-N,N ,N -

tri met hyl et hanedi am de The net hyl, ci s-

10-[ (tert-butoxycarbonyl)(nieth m no] - 6- met hyl - 3- [ (et hyl sul f ony

) oxy] - 4- oxo-4,6,7,8,9,1 0-hexahydropyrimdo[l| ,2-a]azepi ne-2-carboxyl ate

fromStep 1 was converted to PreGitie conpound according to the procedures

descri bed for Exanple 3-1, St e? 8-11. Absolute stereochem stry -either

(6R 10S) or 6S,10R) - was not éﬁé?ﬁDq$ | H NMR (400 MHz, CDCI3) d 9.66

(br s IH, 7.05 (m 3H), 5.67 (brchs, Ikmnﬁ 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 M5 Mtl 488.1 1. EXAMPLE 4-1

N-((6S ,10S)-2- {[(4-fluoro-3-net h}/ benzyl am noj car

} ~3- hydr oxy- 6~me Py istigedsaution o, GH)-gauetelr a4 259l (}Qﬁlg midapmel) ; g

Big?e] Ozﬁ%&%@lﬂw&a Y(BI1; o Ufwabhdcﬂ@xﬂmh hﬂ&&ﬁ@ﬂmﬂ%dﬁ@%u@ ﬁél%) ﬁhﬁi((fis
am nol car y 0X0

ey St Crmd oty b Ry T BIED WS G T 4 b0ty Hop Produtt TR

O v4 ) - Bktiicidd inforetliyd atdiytt €3 Xpaeidhanomdeined Ggampio ayetrsiByre Stried oter aphydrous

)-1-(ALL ¥l ox g,

T i e L T

bat h vvdssdddibni Bodnoitate (i @pehbwﬁo@ﬂe sxbmqmrwwéﬁfaél egutyl glicathppater(3¢y in 4

loortI 051 8Yfilol JSGIH@sEJHﬁBﬁ wag B8rréd Hirbor 1 rtut ORP U3 hourdatiTtdOw A BihgNt

t enper at ure and after m nutes the ur s.cooled jn an ic bat and
(RTT soclole goaypTsatis vE0r g0t HRSI) e S OSSRy ISP T Aies.
Theg r eagdduBinsolitih 4R fMeeed 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.
1H NMR (399 MHz, CDCI3): 6 5.5-5.1 (brm, 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, F=14.1,9.5,7.4 Hz, 1 H); 2.96 (s, 1.5 H); 2.96 (s, 1.5 H); 1.48
15 (s,9H); 1.16 (d, F=6.4 Hz, 3 H).

Step 4: tert-Butyl[(2)-2-amino-1-({[(2R)-2-hydroxypropyl]oxy} methyl)-2-
(hydroxyimino)ethyl]-methylcarbamate:

HO

H,N
Lo\x
0" g

X

20 To a solution of tert-butyl (1-cyano-2-{[(2)-2-hydroxypropyl]oxy}ethyl)methyl-
carbamate (20 g, 77 mmol) in methano! (100 mL) was added a 50% aqueous solution of
hydroxylamine (5.63g, 85 numol) and the mixture was stirred at 40°C 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

25  product as a yellow oil. ES MS =292.2 (M+1).
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allowed to warmto roomtenperature and stirred for 72 hours. The reaction
m xture was cooled in an ice bath, diluted wth water, and extracted with
et hyl acevete10(iX391The conbi ned organic extracts were washas2a9om3oat er
(3X), brine (IX) and dried over anhydrous magnesi um sul fate. Concentration
under reduced vacuum gave the crude product as an oil \/\hi ch was used in the
next step without purification: |H NWR (t400 WHz, CDCl 3):.d 5. Qhé ddt. J =
17.2, Sep4; 5.6 Pimethyli@)-2H[(EB-\-aginos2- ervblztowaé?%f)(me%l)ang@ (HER)-3
10.3, 1.3 Hz, 1 xyPpropylidéne)dminoiBxy}Butd-enctifte (m 1 H); 3.4-3.5
(m 1 H; 324(%yJ—9}6ﬂ}0§}]p£§ ) O;Bzf[}(br s, 1 H; 1.15 (d, J =
6.4 Hz, 3 H. Step 2: 6(i?)-6-Methyl- 1 4/d| oxan-2-ol : A stream of ozone
was dispersed into a cold (initial\T O78C ) stirred solution of
2(J3?)-1-(allyloxy)propan-2-ol (84 & | ) in dichloronethane (400 niL)
until a blue color persisted (require hours). The sol ution was purged
with nitrogen until a clear, colorl eé% sol ution was obtained. Di nethyl
sulfide (134 niL, 1.8 nol) and t i amne (302 nL, 2.17 nol) were added.
The stirred m xture was al |l owed to rm #Hpj room t enperature over 60

m nutes. A test for peroxide wthN | odi de paper was negative. The
m xture was concentrated under reguced pressure at anbient tenperature to
provi de the crude title product ieh was used directly in the next step

wi thout purification. Step 3: tert-Butyl

(I-cyano- 2-{[(2) 2- hydr oxypr opyl ] 6xy} et hyl ) met hyl carbamate: To a stirred
solution of 6( )-6-nmethyl-I,4-dioxan-2-ol (100 g, 847 mml) in di oxane and

water (3:1, 400 ggkfmgdgag@&mgﬁq%gmhm Byl OopJ(I [@mdza ( 114 g 1.69 nol)

and sodi um cyani ution was stirred for 132 hour s.

TheS pr berexypiey! ]@%Y}%@bg&zr(ht’@"éﬂﬁwo)ﬁ@&]ﬁ?"éhl(lgf% angatg (e &oirdima) & gani ¢

| ayers rﬂéﬁ{aﬁolde[t Ioe@l way aad@mmamgu&emeum@ukﬂa&qsz f IrriiI eme dlm@lmdAﬁhﬁthsol vent
ure

was re r educ res ved in e

et at 8000 TRFol TEIR B8 AT TR A Gae Satequpte DO yE Pl o
(369 gfdr.18honm. The Joleers olanrémovedamdat ieduced patssureoiihe empe patductewfsqrurifigd
hours, d' | iedhs edp%@sstul?e %Q%latography on silica gel with a 10-85% ethyl acetate in hexane gradient

10 provxdmg the title product. ES MS =435.4 (M+1).

Step 6: Methyl 2-(1-[(tert-butoxycarbonyl)}(methyl)amino}-2- {[(2R-)-2-
hydroxypropyl|oxy}ethyl)-5,6-dihydroxypyrimidine-4-carboxylate

OYO
_N LOH
I

NN

|
/ONOH

O OH

15 A solution of dimethyl (2)-2-{[((1)-1-amino-2-[(tert-
butoxycarbonyl)(methyl)amino]-3-{[(2R)- 2-hydroxypropylJoxy} propylidene)amino]oxy}but-2-
enedioate (140 g, 323 mol) in o-xylene (1000 mL) was heated at 120°C for 18 hours. The
temperature of the solution was then increased to 140°C for 6 hours to convert the last of the
substrate. The mixture was allowed to cool to ambient temperature and concentrated under

20  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 the
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acetate and washed wth water (I1X), and brine (I1X). After drying over
sodium sul fate the crude product solution was filtered and concentrated
under redwvoedigpuemsure. Purification by nedi um pressurePchruscemosrsaphy on
silica gel wwth a 30-50% ethyl acetate in hexane gradient gave the title
product. | H NWVR (399 M—leCDCIS) d 5. 5 5.1 (br m1 H) 3. 9 (m 1 H) 3.8

(m 2 H; 3.53 (td, J =9.5, 0 1 H; 3.34 (ddd J = .4 Hz,
1 H); prodget(veas utg;i wjth IQ"/(Q@hz(rg)l 1n_|_d15hlp50me_[haqag p(@/ldlgg ﬂ)e tzth_e m’gdl{c@ E§ ]\éS zf Hz, 3
H. St

tert- Bﬁt ylﬁlfiz/l;)) 2-amno-1-({[(2i?)-2-hydroxypropyl ] oxy}nethyl)-2-

(hydroxyi m no)ethyl] -nethylcarbamate : To a solution of tert-butyl”

(1-cyaB@pZ- {[(2)eﬁZBWﬂﬂ@(WQ(49ﬂydnbwém}eﬂﬁ’lﬂwhﬁmhﬂy}bﬁbbmmwe (20 g, 77

nmmol) in net hanol n

hyd1l‘ oxy!am ne (5. '@%é’ Wﬁ%%) 2“3&?’?%@ ?ﬂ r%%ﬁ%\@g]ozc? }eﬁr’}ggmtﬁ{dﬁﬁ&fn?

hours. The solution was concentrated under reduced pressure and the reS|due
was purified by medium pressure chromat aphy on silica gel with a 10-90%
ethyl acetate in hexane gradient gavg,thg title product as a yellow oil. ES
M5 292.2 (MH ). Step 5: Dinethyl

(2)-2-{[((I)-1-am no-2-[(tert-butoxyc dwl)an*i noj - 3~{[ (2R) -

2- hydr oxypr opyl ] oxy} propyl | denk) ami no?ox }b edioate To a stirred
solution of tert-butyl[(2)F no- | - ( ’>-2-

hydr oxypr opyl ] oxy} net hyl ) - 2~ rox}gl r !rp et hyI] met hyl car bamate (123.5 g,
424 mmol ) in methanol at O0C Wwes acet yl enedi car boxyl at e
(52.4 m, 424 mol). After the additimn, pithe reactlon m xture was all owed
to warmto roomtenperature. Stlrrlng was continued for 18 hours. The

I d d d fied
by medi um pr essun® e HESRREBGRASRP N o 11 Lirgariosier o USRI et at e
i N hexgf@Regradydnkympomn]oty hghtl e, 6tdibydzoppydmidine-ESkBoxy k8548 g( MKl jnmobt ep 6:
Met hyl 2 prgpanL) Eéf?)'f)tml?)%%)%ﬁ@ti Q (fﬂﬁ[)l'c) é%&ﬂtgﬁm&&%e (,’28'8 é (148 Bm)lol?m two

10 parallel runs. The mixtures were heated to 60°C for 16 hours. With some substrate ester

remaining as determined by LC-MS, the temperatures of the heating baths were increased to
80°C 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 (1X) and brine (1X). The organic layer was

15  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: (65,105) and (6S, 10R) tert-Butyl ((6,10) -2-{[(4-fluoro-3-
20 methylbenzyl)amino]carbonyl}-3-hydroxy-6-methyl-4-0x0-6,7,9,10-tetrahydro-4-
pyrimido[1,2-]{ 1 ,4]oxazepin-10-yl)methylcarbamate

Y

>—§::o

f oy

J. F

N/ N--&~H g N7UN-H
N

O OH 9] OH

Cis isomer Trans isomer

(6S, 108) {(6S, 10R)
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hydr oxypr opyl ] oxy}ethyl)-5 6- di hydr oxyryri m di ne-4-carboxylate A solution
of dinmethyl (2)-2- {[((I ) -am no- 2-[ (tertbutoxycarbonyl) (

met hyl ) arwoaprod4giof 2R) - hydr oxypropyl ] oxy}rropyl i denepamiusejoonyysbat - 2-
enedi oate (140 g, 323 nol) in o-xylene (1000 nL) was heated at 1200C for 18
hours. The tenperature of the solution was then increased to 1400C for 6
hours to convert the last of the substrate. The m xture was all owed to cool

to anbi ent tenpefet-tryl dnd- Jéhdasiobaizyiammedrarbesglic»a-drsseuparimidia 2 ude
r etSIh d Zﬂ Lﬁhﬁdr?q?bbwi}mmﬂmm&dma P 0c, crbrmxﬁal) Glﬁfv@cpﬂiatalﬁﬂ ris! Wﬁat gel
W acet at e 0 r.enove c an en
t hepr o ’§ dgy W&&l%ﬁ@ﬁﬁg@ﬁ@pﬁgﬂ rhlc‘a#)%tﬁlll%g {'%%eﬁe?gﬁb ﬁg t he
t i tle mimdnntras ﬁeeﬁ&@ﬁi}dﬂﬁmé (ML, 452 m;mo‘l) follewtd Buthel dropwise addz’uon of
4-
ST LGT o 15 A A Oy e T
et hy| ) meixthigs mrmm @@WSrﬁﬁédh%mﬁqddﬁlﬂb@m%?%watef The mixtures were
2- (1 -1 é&rﬁﬁzhe@&ﬁ@éﬂﬁ%@ QA c)lﬂd?@ﬁ)%‘ll h@i@‘o?@ahie%ayer was separated and dned over

{[(2R-)-2 ydroxypro d|h di ne-4-car poxyl at e
(30"0, SR oS D, i Rog 400 P et Hiss BoHEH BEPUER. it FTIBEA | ari ne
(20 8 aaro&a%gfambd irl mmwanmmalglfabtaguswmmmgamasmet@meamguademt@ooc

b0 1 o et SR BN Rl S MR BB T BUEOE o7 2 nours.

The sol utions weAestxmdlseIdnamdf ﬂ:lermtnnmy&htafﬂﬁ 4,138. 7sninvbnn dinaethylagetareide (fider

d : t d
e e e e R
and br mwllmStlmﬁélm@&M@a P& ofchaths éé é?‘éfé The resgu/aixtassiyasellgyed

sodi u mcoSwoﬁ ai zﬁnbﬁal'lt' tEIﬁf)&Qbur@éHﬂl filR@ed aih¥ @n&auwaas GRMRY QethURAaT and @EtsRe
pressure

nelt - stapcipbaqstsogheoEe 1 wiapoded g e GBI AR Pl put y

( (6, 10pnhydrdus éditunumifate3filtered il korsenyrhied Itmd]m]recbmecﬂ)pnydure The crude product

}-3- hygvragélysbgﬁd%ﬁtig W 286 ?ﬁ]ﬁ, stired for 50 I’n%t[tgst' Y4 B Frsoluble 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

20  crude product. 1H NMR analysis indicated a 1:2 mixture of cis: trans diastereomers. ES MS =

491.2 (M+1)
Step 9: (65,108) and (65,1 0R)}-N-(4-fluoro-3-methylbenzyl)-3-hydroxy-6-methyl-10-
(methylamino)-4-0x0-6, 7,9,10-tetrahydro-4-pyrimido[1,2-][ 1 ,4Joxazepine-2-
25 carboxamide hydrochloride
HCI HCI
O and

The mixture of cis and trans diastereomers from the previous step, (6.5, 105) and
(6S, 10R) tert-butyl ((6,10)- 2-{[(4-fluoro-3-methylbenzyl)aminojcarbonyl} -3-hydroxy-6-methyl-
4-0%0-6,7,9,10-tetrahydro-4-pyrimido[ 1,2-][ 1 ,4]oxazepin-10-yl)methylcarbamate (13.5 g, 27.5
30  mmol), was dissolved in 4M HCI in dioxane (206 mL). After 30 minutes the precipitated solid
was collected by filtration and dried under vacuum. 1H NMR analysis of this solid found a 3:2
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pyrimdof 1>2-]1[ 1, 4]oxazepin-lI 0-yl)nethylcarbamate G s isomer Trans

I soner (6S 10S) (6S, 10R)Tert-butyl (1-(4- {[(4-fluorob enzyl)aniino]

car bonyl weo208y/we3vydr oxypyri m di n- 2- PCT/US2009/059306
yl)-2-{[(2) ~2~hydr oxybut yl ] oxy} et hyl ) net hyl carbamate (40 g, 79 nmmol) in two
parall el runs was dissolved in dry acetonitrile (200 nm.) and cooled in ice

bath under nitrogen. To the stirred sol ution added _.tri et hyl am ne (99
mL,  A7RiMWESIOf Mgk s Wi easpragieobiibs Siked Broduet: tﬂh\gﬁﬁ%ﬁeﬁ@ﬁﬁ%@%r@ YA chlori de

(36.8 Itsﬁedmﬂﬁﬁnmk)trah@dﬁaeﬁbn@flhm@mma&tﬁwlze(wphl oride. The m xtures
were stirred for 30 mnutes and then treated wth deioni zed water. The

m xtures were conbi ned and extracted with chloroform The organic | ayer was
separ agied 1and dr Ne((61es)-2a filid-diuows3-sothylimeng vl draine]cafhiohyle rieblydrasdo-methyl-

congcentrated und 1N r d 2
rugg on a 340 ¢ {)%%Zﬁlngaﬁ %rﬁ&%c{oﬁpiﬁﬁ%tozg gu Ig'ghe?atianl n
hexane gradi ent m@hy@hwqdmnéfr (Crmpaundeidy jaad S-((E551 ﬂ@‘zrﬁ{(ﬁ ora3:5 (M ).
A stirred sol uti Hx@thgfbeﬁfﬁ%hﬁh@j@&ﬁbﬁﬁl?ﬁ(%r& y-GethyRx)-4 719 10 tetrahydro-

@R{

di hyl
e e AL A SO it s, |

treated with cesfHrRYSaH
a 100 C oil bat h(demn Qlﬁthl)I’S The reaction m xture was allowed to cool to

extlact ed w t Late% LT, of iR R Al G OBl P35
brine (4S10REN- éldﬂmreﬁ—mnﬂnyﬁbﬁmﬁ) -$-bgdrony-Serhéthylel O-frdthdpmino)-drikoco NebHi-r at ed
under f ?rgﬂfcﬁg &Qéﬁﬁﬁﬁl 2~ gﬁ‘%}&ﬁ%&ﬁnﬁgﬁgﬁ%&aﬁﬁé h%&x%@ﬁl%ﬁﬁg (3.5 286, b%n&l?og m),

stlrre mat er 1 al was rem)ve

filtr apﬁhah(dxmnﬁhylanm@@m)cmgd%m@ﬁéwéwh oRda{ht 2adfal PMBLA-THAOxYsti r 1 ed
for 48 hadhsotridnt Bidsberes maldle, waairﬂ@ﬂylt)xdu‘uﬁ@taeﬁ (MESRes, Q@BGﬁmbl)ahdid under

B N T s A
105) apgnpebdtureGon 18\aduds.i Hﬂlemxt&fﬂ’mthhﬁEdlmﬂh)wﬁeﬂﬁﬁl) ami/wahrbemhf(lX) IT}@
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 C18 OBD
20 50X250 mm column using a 10-75% CH3CN/H20 (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, 10S)
and trans-(6S, 10R) 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

25  peak was the frans diastereomer and the second eluting peak was the cis diastereomer:

Compound 4A - Cis diastereomer (title compound, (6S, 105)): 1H NMR (400 MHz, CDCl3): 8
059 (t, J=64Hz, 1 H), 7.21(dd,¥=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 (s, 1 H); 4.99-4.90 (m, 1 H); 451 (4,7 =6.5Hz, 2 H); 4.46 (1, =10.6 Hz, 1 H);

30 4.31(d,J=14.1Hz, 1 H); 415(dd,J=11.8,2.5Hz, 1 H); 4.05(dd,J = 14.1,53 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+1).

Compound 4B - Trans diastereomer (65, 10R): 1TH NMR (appears as a 2:1 mixture of rotational
35 isomers) (400 MHz, CDCl3): & 12.6-12.2 (br m, 1H); 9.7-9.5 (m, 1 H); 7.2 (m, 2 H); 6.9 (t,J =

0.0 Hz, 1 H); 5.8-5.7 (m, 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, T = 1.8 Hz, 3 H); 1.6-1.5 (m, 2 H)
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(et hyl am no) - 4-oxo- 7,9,10 tetrahydro-4-pyrimdo[1l,2-] [1, 4] oxazepi ne- 2-
car boxam de hydrochl oride The m xture of ¢ and trans diastereoners fromthe
previ ous wWoep10/@881 10S) and (6S, 10R) tert-butyl ((6, 1&CT/US2009/059306

2-{[ (4-fluoro-3-net hyl benzyl ) am no] car bonyl } - 3- hydr oxy- 6- net hyl -

4- 0x0- 6, 7, 9J0-t et rahydr o- 4- pyri mdo[ 1, 2-3[1, 4] oxazepi n-10-yl ) met hyl car bar na

te(1359 27 ssolvedln 4MHCI i n di oxane (206 nlL). After
30 ni nHRMSt ﬁﬁlpﬁ%ﬂﬁgé@fléw §%§P‘Flﬁte@/§§039?q &tbd by filtration and dried

under vacuum H NMR analysis of this solid found a 3:2m xture of trans:cis
di astereoners of the titled product. The filtrate was found to contain
predomﬁiwpyﬁgﬁgﬁ%ns di astereomer. ES MS: miz = 391.2 (M+ 1) Step 10:
N- ( ( 6SSfepQS)Fhiz-mikfurd of diastewoRersan tShapl meaigdp)uatﬂdnm]licmgbevﬁﬁe}phase liguid

- 3-hyd i

R P G e et

N ((65) A0RYa GHRF AN ORENEIS ) ASURPFISEAAPT AR 8] TElrD SrghL/minule

}-3- hyﬂ&%ﬁﬁz@:ﬁ@ﬁbh iﬂe TR c@m?aimﬁ %e%r&%ﬂ%%ﬁ%immg products gave the cis and
4H pyri m'do[ | d [, 4] oxaze in-1 -trinethyl et hanedi am de

( Conpotieds ﬁ‘B?teWO%’SISuf‘?SB‘?‘PUB? Yt fﬁ’éaWPiP&l@“Wh&? ‘ast ereoners formthe previous
step, (65, 105) and (6S,

10§ >~ yi I ]
o- (ot bt ditifinge TR HREME dorvitys yb?@IOF)ﬁﬁrT%?%‘laS(bfi L 777 s,
[I 4] oﬁazé;:mr(m 2 Hjartdtka € 8.9z rideh| o3+ e (r3n5Hy; 40W(trhmb)s,Hz, 1 H); 4.51
et hyl ne, oRyr I9).c r I ol
" yar (P RABHE S R o o0 el BE R # (5 . %ﬁ%‘éﬁgmc)
nci 3 ( 2.0t 30,2 S, ) et PdORGiehE =( e, HED: b 6. TDT )X NSt
di chl ocopmtihaupey(10 mb), was sti rred at roomtenperature for 1S hours. The
m xture was vvashed wth water (6X) and with brine (1X). The aqueous washes

were back extracted with chloroform (3X) and the conbi ned organic |ayers
wer e dires dinsdrecnei (G 198) f BT BIMR i(peasds a aridnooneedfitotatie)] isnders) (408uced

pressu Lo #1835 @uz/'sfﬂ ed sbYor €YB8IER PIAES, PHRPEDSL I ve
PoLe otz GcE) ;gjq\z/\%t i e R L F RIRGH, PH,
(m, 1 H); 5.65 (m 4/3H);, 5.38 (m, 2/3H), 4.47 (m, approx1mateiy 2 HY; 4.29-4.10 (m,
approximately. 2 H); 3.59(d, J = 13.4 Hz, approximately. 2H); 2.79 (s) 2.76 (s) 3H); 2.26(s,3
20 H);, 1.56(d,T=7.3Hz 1 H); 1.50(d, J=7.1 Hz, 2 H); 1.29 (s, 3H); 1.25 (s, 6H): ESMS =

491.2 (M+1).

Step 2: The cis isomer from the previous step, (65,10S) tert-butyl ((6,10)- 2-{[(4-fluoro-3-
methylbenzyl)amino]carbonyl }-3-hydroxy-6-methyl-4-0x0-6,7,9,10-tetrahydro-4-pyrimidof 1,2~
25 1{1,4]oxazepin-10-ylymethylcarbamate (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 (65,108) —N-(4-fluoro-3-methylbenzyl)-3-
30 hydroxy-6-methyl-10-(methylamino)-4-0x0-6, 7,9,10-tetrahydro-4-pyrimidof[ 1 ,2-
1[1,4]oxazepine-2-carboxamide hydrochloride as a solid.
TH NMR (399 MHz, d6DMSO): 6 12.45 (s, 1 H); 9.95(, J=06.5Hz, 1 H); 9.54 (brd,J =247
Hz, 2 H); 7.21 (m, 2 H); 7.10(1,J=9.0Hz, 1 H); 5.03 (s, 1H); 4.75(td, J=6.8,2.7 Hz, 1 H);
4.47(d,J=6.4Hzm,2 H);, 4.1 (m, 2 H); 3.88 (m, 2 H); 2.65(s,3H);2.21(d,J=1.6 Hz, 3 H);
35  1.53 (d,J=6.8 Hz, 3 H): ES MS: m/z =391.1 (M+1).
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50X250 mm col um using a 10- 75% CH3CN H20 (0. 1% TFA) 45 m nute gradi ent
with a flowrate of 85 nL/m nute. Concentration under reduced pressure gave
a 3:2 mxwonrelogf239dmans : cis diastereoners as a anor phor€Tis2a09/05B06 d. Thi s
material was separated to give the cis-(6S, 105) and tmms-(6S, 1G?) title
di astereonmers using supercritical fluid chromatography on a QJ-H col um
(Chiralcel ) with 15% et hanol in carbon di oxide as the bil e ase. The
first Slendh dysyubrn oESHAe) TN‘&‘I‘@“HT‘)&%W@&}P@FYQI%CPY@FFE‘YE@%?HH’} igut i ng peak

was th &h aﬁlﬁ MW&,IW’!@Q&&M Hpyrhido i, 2301 eremesiné Lidattexamideound,

65, 1
L0 5. del g % g%ﬁml)iwl’ie'gé’lmén‘?&o Y)Ca*’g @"B‘dﬁi’yd"f*’%ﬂf’gdéﬁséy( s3
1H,; & @Sﬂ?nélﬂl I(Mgdrdxﬂ~aza@eﬁﬁ)tlﬁakole](0"44€g,5 2HnmoD) By, N-dingehylaxalanie adif. 6 Hz,
4. 05
(et o5Tg G mind) e b hlipingooifo b 1%96‘}%28‘“% R TN
H); 2] gmhmrmmm@ (B mli) ve stigred at reop: tgmppratuze HRUIVE: T@snlmfﬁg‘tﬁszose
T
; t r
) : d g@a@x@a@% HRAYFOUY ],qyer vgaSﬁxga@eé Wlltgfﬂpé) acepate (%b[ JI’E Fﬁmg% (%OI(gtemlc J =90
||:D|Z, 1 Eittrack el v?asﬁé(bwﬁﬁbhhe dﬁe&wderlnz{gﬂibsaﬁml'd)ﬂfatﬁ flitded a(umcoﬂcehkate&uﬂde@s 3
5 2
i neseeg b Dty s plided iyl Bk prfpilivafrR gl O
p r o?: edterafiEpers) Pfﬁlﬁé\/[%@@t&@ SOx s dyna F’B‘t(”idnwﬁ & 8736 HHA2 4t ed
t
Cre ol EHELR) SmBRRs rancfitd R0 AT GO B AR e oS a5 P

Cl8 OB ; | . ] 1% TFA) 45
mi nut e cgimbimed ped Bophilipedgyarriel o gCompond delcistPS pHiY) IHAsITOREF  t he
fractions containing the first and second eluting products gave the cis and

i vely, as tan anorphous solids: Os

A

FHENVR (400 MHz, CDCI3): d 12.2-1 1.8 (br.s, 1 H),
7.77 (br s, 1 H) ,Axﬂorﬂaﬁodsr@orﬁpdd)ld 48, [9@pdred usdngths cBrormtograpiic sépaBtiob. 0 (br m
'H; 4. roceglurb d‘éscrzbgd gbol;}ze was r'e_alssofﬂfeﬁ tn methylene chloride and partitioned with water
P
adjusted to pH 3 with NaHCO3. The aqueous layer was extracted 3 times with methylene

chloride. The combined organics were dried over NagSOy4, filtered, and concentrated under

20 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 Et20 to afford Compound 4A as crystalline sohid.

Characterization. An XRPD pattern of the crystalline Compound 4A was

25  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 26. Copper K] and K2 radiation was
used as the source. The experiment was run under ambient conditions. The diffraction peak
positions were referenced by silicon which has a 20 value of 28.443 degree. The XRPD pattern is
shown in Figure 2. 20 values and the corresponding d-spacings in the XRPD pattern include the

30 following:

Table 4A
26 d-spacing 20 d-spacing
(degrees) A (degrees) (A)
6.1 14.5 22.3 4.0
10.0 3.9 22.9 3.9
10.3 8.6 23.5 3.8
10.4 8.5 24.0 3.7
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The crystalline Compound 4A was also analyzed with a TA Instruments DSC Q
1000 differential scanning calorimeter at a heating rate of 10°C/minute from 25°C to 350°C in an

open aluminum pan in a nitrogen atmosphere. The DSC curve showed an endotherm with an

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 10°C/minute from 25°C to 350°C. The TG curve showed
a weight loss of 0.03 wt.% up to 100°C indicating the absence of water of hydration and solvent

10

15

of solvation.

(Compound 4C)

EXAMPLE 4-2
N-((6R,10R)-2-{[(4-fluoro-3-methylbenzyl)amino]carbonyl } -3-hydroxy-6-methyl-4-oxo-
6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][1,4]oxazepin-10-y1}-N,N',N'-trimethylethanediamide

-57 -

onset temperature of 139°C and a peak temperature of 144°C. The enthalpy change was 67 J/g.



(et hyl am no) - 4- oxo-6, 7,9, 10-tetrahydro-4-pyrimdo[ 1, 2-]

[ 1, 4] oxazepi ne~2- car boxam de hydrochloride (1.38 g 3.2 mml),

et hyl - (diwet2bwlmeedomor r opyl ) car bodi i m de hydrochl ori de ( PCZAIS$)0965B06mDI ),
1- hydr oxy- 7- azabenzotri azole (0.44 g 3.2 mol) , N, N~di net hyl oxal am ¢ acid
(0.57 g, 4.9 mol) and N nethyl norpholine (1.42 ni, 12.9 mol ), in
anhydrous N5Ndi net hyl formam de (32 nlL) was stirred at roomtenperature for
18 hours. The m xture was diluted win'h ethyl acetate and 5% agueous

pot assi um hydrogen sul fate. The | ayeys re separated and the aqueous | ayer
was extracted with ethyl acetate ( The gnbi ned organic extracts were
washed with brine, dried over nagne5| If e, filtered, and concentrated
under reduced pressure. Thg crude product ma purlfled by reverse phase
preparative HPLC on an Xterr. Wat er s) Cl 8 OBD 50x250 nm col um
eluted wth 10- 7596C}BCAVH20 % WFEA ~45 inute gradient at a flowrate
of 85 nL/m nute. Product fracttons weie c nbﬂhed and | yophilized overni ght
to give Conpound 4A (cis-(6S, 105) diastedkeoner)crystallization of
Conmpound 4A Anor phous Cbnpound 4A prepared using the chronatographic

separ descrihb aboye r.edi yl ene chl ori de
and pa f@@%&f\%@%ﬁ P %{gﬁﬁ éalpBlO W@Wﬁ %h ggnm[}?ﬂ A Hleous | ayer
was exﬁ,ﬂ@gl&aﬂ:tﬁhﬁdm%ﬁ pyrivhidoBt ]| @ Agoxahepom-il 6e])- T, N&mmﬂnehhehtt}mnghamnk wer e
dried € Jﬁ% 3 , filtered, and concentrated under reduced pressure. The
resul t dﬂ% s 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. hrge crystals formed on the bottom of
the MeOH vi al overnight. The solid shed with ice cold MeOH, and then
Et 2q to afford Conpound 4A as cryst@l liipe sebid. Characterization. An XRPD
pattern of the crystalline Conpound 4A"aﬁe erated on a Philips

Anal ytical X Pert PRO X-ray_Diffraction st wi t h PWB050/ 60 consol e using

a continuous scan from4 to ar ges Q Nopper K ¢ and Ka2 radi ation was
N =
o)
5 O OH (4D)

The title compounds were prepared using the procedures set forth in Example 4-1 except that
(S)-1,2-epoxypropane was used in place of (R)-1,2-epoxypropane in Step 1.

10 Cis diastereomer (6R, 10R): 1H NMR (399 MHz, CDCI3): 8 12.6-12.1 (brs, 1H) 9.60 (t, J = 5.9
Hz, 1 H); 7.21(d,T=7.5,Hz, 1 H), 7.20-7.16 (m, 1 H); 6.91 (t,J=9.0Hz, 1 H); 5.81 (s, 1 H);
494 (m, 1 H), 451 (4, J=64Hz, 2H); 445(t,J=10.7Hz, 1 H); 431(d,J=14.1 Hz, 1 H);
4.15(dd, J=11.7,2.4 Hz, 1 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,3H);, 224 (d,J=15Hz,3H);, 1.62(d,J=6.8 Hz, 3 H).

15  HR MS: ESI= 490.2088(M-+1); calculated 490.2096 (M+1).

Trans diastereomer (6R, 108): 1H NMR (appears as a 2:1 mixture of rotational isomers) (399
MHz, CDCI3): & 9.7 (brs, 1/3 H); 9.54 (brs, 2/3 H); 7.21(d,J=7.3Hz, 1 H); 7.19-7.15 (m, 1
H); 6.91 (1, J=8.9Hz, 1 H); 580 (brd, J=6.4Hz2/3 H) 5.69 (br s, 4/3 H); 4.58-4.36 (m,

20 approximately. 3 H); 4.27 (d, J=11.7 Hz, approximately. 1 H); 4.15 (m, approximately.. 1H);
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+1); calculated 490.2096 (M+1).

-58 -



used as the source. The experinent was run under anbient conditions. The
diffraction peak positions were referenced by silicon which has a 2Qual ue
of 28. 443wdegroed239The XRPD pattern is shown in Figure 2PCZgiseabosesoand t he
correspondi ng d-spacings in the XRPD pattern include the follow ng: Table
4AThe crystalline Conpound 4A was al so analyzed with a TA Instrunents DSC Q
1000 differential scanning calorineter at a heating rate of 100 m nute from
25C to 3500C in an open al unm num EWESrﬂitrogen at nrosphere. The DSC

curve ﬁt{w@ﬁ)s%mwaﬂﬁoz— 1 uotdbenam)a8nRsEtarb &P EE ydfog yol- 038 Z St ctralpriak-

el ook 6 0 e BT S A R Ry Bt ie K SmBRER LT

bel | eve@Yi'!
performed with a TA Instruments TGA Q 500 under nitrogen at a heating rate
of 10C/ mnute from 250C to 3500C. The&¥ TG curve showed a wei ght |oss of 0.03
w.%up to 100 C indicating the abﬁﬁ;%@f wat er of hydration and sol vent
of sol vation. EXAMPLE 4-2 N ((6R, R) 42-

{[(4-fiuoro-3-nethyl benzyl)am no] car boHyf - & hydr oxy- 6~net hyl - 4- oxo- 6,7

9, 10-tetrahydro-4Hpyrimdp[l,2-d] [l

J4] oxazepi n-10-yl)-N, N , N - thyl et Nanedi-ani de (Conmpound 4C) N-((6R,
10S)-2- {[(4-fluoro-3-nethyl | )nam arbonyl

} - 3- hydr oxy- 6- nmet hyl ~4-oxo- 6,7 ,9,1(-te raFPydro-4H- pyrirnidot 1,2-d]

[ 1, 4] oxazepi n- 10-yO- N'N -tri net hyl efanddani de (5@npound 4D) The title
conpounds were prepared using the procedures set forth in Exanple 4-1

excgpt t (S)-bh:R-€ 2>w@s used in place of (R)-1 , 2-epoxypropane

in te%{e?ﬁ'as dlbgétle@yn@{rﬁ%gﬁszr%?): | H NVMR (399 MHz, CDCI3): d 12.6-12.1

(br s, 1H 9.60 (t, J 5.9 Hz, 1 H); 7.\:(&, J 7.5 Hz, 1 H; 7.20-7.16 (m
s, |IH

1 H: 6.91 (t, J 9.0 Hz, 1 H); 5.81(%? H: 4.94 (m 1 H: 4.51 (d, J =
6.4 Hz, 2 Hy; 4.45 (t, J = 10. 7B of 31 (d, J = 14.1 Hz, 1 H);

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 6°C. After the addition

10 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)-1,2-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

15 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: 1H NMR (400 MHz, CDCl3): & 5.92 (ddt, = 17.2, 10.4, 5.6 Hz,
1 H);, 528(dq,J=17.2,1.6 Hz, 1 H); 5.20(dq,¥=10.4, 1.3 Hz, 1 H); 4.03 (dt, J = 5.6, 1.3 Hz,

20  2H); 3.76-3.68 (m, 1 H); 3.48 (dd,J=9.5,3.0Hz, 1 H); 3.29(dd, J=9.5,8.0Hz, 1 H); 2.34
(d, =33 Hz, 1 H); 1.56-1.41 (m, 2 H); 0.97 (t, ¥ =7.5Hz, 3 H).

Step 2: 6(R)-6-Ethyl-1,4-dioxan-2-ol:
O
L
HO™ O

- 50 .



4.15 (dd, J = 11.7, 2.4 Hz, | H; 4.04 (dd, J = 14.1, 5.3 Hz 1 H); 3.07 (s,
3 H; 3.02 (s, 3H,; 2.85 (s, 3 H; 2.24 (d, J 1.5 Hz 3 H; 1.62 (d, J =
6.8 Hz, 3wboiod23vB: ESI 490. 2088( M+l ) ; cal cul at ed 490. PQ94AISeodsloye30dr ans

di astereonmer (6R, 10S): H NWVR (appears as a 2:1 mixture of rotational
isoners) (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

6.4 Hz 2/3 H) 5. 4gteyp of ozopeavagdisperssginto @GOMHI%\%& oxT%Té%)eﬁWeg §01H518n gt 27
(d, J —idé% 17(ah¥19x ﬁfaaa @19(5@ lgy3841m}rbol) it nieﬁhe(nbngzoapmmmnrame |c§z§10r péisisted

378 %0k foutl: 15 Sl w3 Sler 00 By B e ts O i 2

490. 20§tﬁutﬁd‘vaés cEEXAhEH_E)xﬂleﬂnyl Yl fid 6@ 5 1508).5 @%nhwﬂ)-@d triethylamine (30 mL) were

4- f -
AL 65 1 HBED IRD S ATRGLSAL 0Nk e it RSN (Bt dyerBo oL %% e
( Corrpoﬁﬂﬂ@eﬁ)ax)desmpw@ staf(:ke)mdlde @mqrymﬁyg%waﬁhz myKtuTHWahcOgaRraed wy ebne
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mxture was cooled in an ice bath and allyl alcohol (51.9
m_ 76@le stepyEho PEETIFHIM opwi se, keeping the tenperature bel ow 60C.
After the addition was conpleted, the reaction mxture was stirred while

DD, T e SRk oo SRONI R BRI Be ™,

bath and (R -1, 2-epoxybut ane (50 g, 760 mmol ) was added sI owy over 30

m nutes as a DM (30 nlL) sol uti The reaction m xture was allowed to warm
to roomtenperature and stirr d for 72 hours. The reaction m xture was then
cooled and diluted with water rrL) and ether (200 nmL). The layers were
separated and t he product was edmuo\ m t he aqueous | ayer tw ce nore
with diethyl ether (200 ni). he organi c extracts were dried over

anhydr ous sodi um sul f at e. Concentfﬁl\étl on Yave a yellow oil. The crude
product was used in the

To a stirred solution of 6(R)-6-ethyl-1,4-dioxan-2-0l (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

15  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 di-
tert-butyl dicarbonate (83 g, 378 mmol). The solution was stirred at room temperature for 18

20  hours, then acidified with hydrochloric acid (50 mL, 1M). 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).

25  TH NMR (400 MHz, CDCI3): & 5.44-5.37 (m, 1 H); 3.77 (dd, J=10.6, 10.5 Hz, 1 H); 3.76 (dd,
J=134,6.6 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), 1.48 (s, 9 H); 0.97 (,J = 7.5 Hz, 3 H). ES MS =273.3 (M+1).

Step 4: tert-Butyl[(2)-2-amino-1-({[(2R)-2-hydroxybutylJoxy }methyl)-2-
30 (hydroxyimino)ethyl]-methylcarbamate:
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next step wtho
17.2, 10.4, 5.6 Hz, | H; 5.28 (dq, J = 17.2, 1.6 Hz, | H); 5.20 (dq, J =
10. 4, 1.3wbzp10l04b891 4.03 (dt, J = 5.6, 1.3 Hz, 2 H); 3. P6TAISB®9(8930d 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-1 ,4-dioxan-2-o0l:A stre m of ozone was di spersed into a cold
(initial T = -78OC) stirred sol utlo"ﬁ of 2(R) -\ -(allyloxy)butan-2~ol (50 g
384 mml ) in nmethanol (200 nl) un@m Iui¢5€%or persisted (required 2
hours). The sol ution was purged fo g s wth nitrogen until a clear,
col orl ess sol ution was obt ai ned. ide (45.5 nL, 615 mmol) and

ut purification: IHNW (400 MHz, CDCI3): d 5.92 (ddt, J
4

triethylamne (30 nL) were adde he stirre mxture was allowed to warm
to roomtenperature over 60 mn esO (A test for peroxide with wet starch
-iodi de paper was negative.) T xture was concentrated under reduced

pressure at anbient tenperature to provide crude title product which was
used directly in the next step without purification. Step 3 : tert-Butyl
(1 - cyano- 2- { [ ( 2) Teakglatiox gbigttynpd sy eyl YR Byverox i ey} qhymsthytr ed

3\2![ gﬁ i %’i%b%fﬁat@ 57 b s, ?hgﬂél) 1 ftetflhusdt i‘igt;%l]‘lgzgva% ﬁglt}eg&a 53)3/§ag {15)5 sdlﬁ‘t1cﬂﬁ$fhan0| and
and SOHYQE%BQ%WPZL 6%%%“ &%%576@052\955){ he mpdue 825 5115 %aéso étfigrr U 4 hour S.
Thes s Oéd!ﬁm(ﬁﬂvvmmadﬁtddaﬁlﬁer epited Presdireng azmrapednﬁmmmm areﬂmnalt @ x50

sol utio 50 nL The et was extrac 3 x 200
TR i gtk e st AL Fom B BT rEonE Bl st PiBotlon ).
and dr perdficatien irathi yndxtots: @ma%gw)e The sol vent was renoved under

reduced pressure. The residue was di ssol ved in dichl oronethane (300 nL) and
to the stirred solution was added ditert- butyl dicarbonate (83 g 378
mol ) . SERé: sol ut Ponetd2 h%{r[ﬁ(b)dl-aml%%ﬁ(t@réhﬁ@maeh@ﬁ)ane%)%ﬂ@k &8
acigli fied w th hygreeRlms Sp{B&n8lamihdhxyibhe2@ne#HpAe | ayer was

separ at ed, washed \?\nthywajt!gm@?gopgm and bér\]?Jne} solution (50 nmL). The
organic Iayer was dried over magnesium sulfate, filtered, and the sol vent

was renoved under reduced pressurey P#ification
O
Q
HoN.__oN
H

koL

N Oon
0 0

To a stirred solution of tert-butyl[(2)-2-amino-1-({{(2R)-2-
hydroxybutylJoxy }methyl)-2-(hydroxyimino)ethyl J-methylcarbamate (5.7 g, 18.7 mmol) in
methanol (100 mL) under nitrogen at -20°C was added dimethyl acetylenedicarboxylate (2.5 mL,
15 20.6 mmol). The reaction mixture was stirred at -20°C 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+1).

20 Step6: Methyl 2-(1-[(tert-butoxycarbonyl }methylyamino]-2- {[(ZR-)-2-
hydroxybutylloxy}ethyl)-5,6-dihydroxypyrimidine-4-carboxylate
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by flash chromat ography on silica gel

acetate in hexane gradient gave the desired product (Rf- 0.5, 40%

Et OAc/ hexmioep10/d4e39NVR (400 MHz, CDCI 3):

10. 6,

10.5 Hz,

1.48 (s, 9 H;

tert-Butyl[(2)-2-amino-I -( {[(2#)-
(hydr oxyi m no) et hyl ] - net hyl car ba

0.97 (t, J 7.5 Hz, 3 H. ES M5 = 273.3 (Mtl). Step 4 :
dr oxybut yl ] oxy} et hyl ) - 2-
To a solution of tert-butyl

(750 g cartridge) with a 5-50% et hyl

d 5.44-5.37 (m PCTHIS2008/03980¢ dd, J
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 H5

(I-cyano-2-{[(2)-24iydroxybutyl]giiggthyl)nethylcarbanate (5.1 g 18.7 mol)
0

i n nmet hanol

(80 nL) was added a 5

t
m., 26.4 mmol) and the mixture wa$ stirr&d 6Q0C for 18 hours. The

solution was concentrated under re
with methanol (2 x 50 nL) to removejtraces of hydroxylam ne and water. The

crude product was used vm'thout/B atapn in the next step: ES M5 = 306. 2

(M-1)

. Step 5:

Dinethyl (2)-2- {[£(1!

-am no-2-[(tert-but oxycarbonyl) (nethyl)am no]-3- {[(2R>
2-hydroxybuty|]oxy}pnop%lidene)anino] oxy}but - 2-enedioate To a stirred

sol ution of tertIBasyrp

soluboryed dipefiy} 2)22]16)1)-3-amino-2-| (tert-

prc dlire and azeotropically dried

eous s@ghution of hydroxylam ne (1.62

hydr ox ek ydalsoayhaBéthylhamido - By fRRYYI-AVded@iubN]oky ibbyidens) Baim e y( but2-g 18. 7

nmol )

acetyl

SRS Dby ISt BOP3h 8 Mo AP RERS iRESD gt P1sA RO B AC R

st i § r edmaie (42@ALC, Iomnd)hdlhesniande agheadd ai20°¢ fondarhoutso Thostutienpar at ur e

The or s ARl REeRIE B4R (XRE bR L) PR oM o PR e

wi t houfThp aqucobe byeoras separaied gad exteactgd: witlsethy acetaipg2x (Q0wpL.) Breapegic Vet hyl
- (a%ﬁ{s%ff%?%&&?%ﬁ@&ﬁﬁ’l%@d)&iff?ﬁ@ma%@@oﬁ@x}il’e_ao Bis6ARe parbiculate matter, dried over

2- (I

hydr oxy
| gArouss

sol ut

SN o RV

methyl LamicpadducBwad diésdR)ed iR efhydamaxiib piodudt pecipipaplyy adiée) efiiermleoxy } but - 2-
Filtration and drying under reduced pressure gave a red solid (7.4 gm, 95%): ES MS = 416.2

15

20

(M+1).

Step 7:

tert-Butyl (1-(4- {[(4-fluorobenzyl)amino]carbonyl }-5,6-dihydroxypyrimidin-2-
yh)-2-{[(2)-2-hydroxybutyl]oxy}ethyl)methylcarbamate

To a stirred solution of methyl 2-(1-[(tert-butoxycarbonyl)(methyl)amino]-2-

{[(2ZR-)-2-hydroxybutylJoxy}ethyl)-5,6-dihydroxypyrimidine-4-carboxylate (7.4 g, 18 mmol) 2-
propanol (160 mL) was added 4-fluorobenzylamine (8.1 mL, 71 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, dried
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enedioate (8.4 g, 18.7 nol) in o-xylene (700 nL) under nitrogen was added
dii sopropylethyl amne (4.9 nL, 28 mmol ). The m xture was heated at 1200C
for 24 howo010fiae39sol uti on was cool ed and diluted w th BCQAS2¢05080304.) ,
water (100 nlL) and hydrochloric acid (30 nL, 1 M. The aqueous |ayer was
separated and extracted wth ethyl acetate (2 x 100 nlL.) The organic |ayers
were combined, diluted with 50 cetonitrile to di,ssql ve,particul ate

Tt ¢ o1 Wb ERESr oIS ST T BT o F Ry S TGN PRSI Bt s

wer e rgrowede prydest wadideddithowpatifieationie ties ndtestppdeRIMS »a69.difssdb.ved in
ether and the product precipitated by addition of hexane. Filtration and

dryi ng under reduced pressure gave a red solid (7.4 gm 95%: ES M5 416. 2
(MH ) . SSb&p 7: t @St10Buand (65, 10R) tert-Butyl ((6,10)-6-ethyl-2-{[(4-

(1-44-{[(4-fI uorﬁ?y f’%{xz gﬂmémﬁ%@ﬁ.gl?ﬁ%hy Bgyr;gitdéx%ﬂéxﬁytét&myﬁf&@: yl)-2~

{[(2)-2-hydroxybu , car a stirréd solution of
met hyl 2- (1 - [ (t ePymidebbardldstorizeniond Hyngthrirabpmate

{[(2R-) - 2- hydr oxybut yl J oxy}et hyl )-5 6-di hydr oxypyri m di nc- 4-car boxyl at e
(7.4 g, 18 mmol ) 2- propanol m.) was added 4-fl benzyl am ne (8.1
m., 7 1 mmmol). The m xture was heated to 60 C for 24 hours. The solution
was cool ed and the sol vent Q@ enmoved under redu Pressure. The crude
product was taken up in ethyl latetate (150 nm.) and shed wit h agueous
hydrochloric acid (2 x 50 n; 'O and brine (50-T¥ e organic | ayer

was separated, drd edw th anhydrpus gsodigm sulfate, filitered, and the
sol vent was renoved erl_[ed(fedd ,é%sur he gru pi ,Et was used
Wi t hout purificatioq_i‘h_the next ‘st épr ES s ﬁ : &’.“‘Step 8: (6S,
105) and (6S, 10R) tert-Butyl ({6, 10)-6-ethyl-2- {[(4-

f | uor obenzyl ) am no] car bonyl P- 3-®iydr oxy- 4- oxo- 6, 7 9, 18H et r ahydr o- 4-
pyrimdo [1,2-] [1, 4] oxazepgigisordéryl ) met hyl car banetes i€brseri somer Trans

i somer (6S, 10S) (6S 10R) Té® W08rt-butyl (I-(4- (65, 10R)
{[(4-fluorobenzyl)am no] carbonyl }-5, 6-di hydr oxypyri m di n-

The tert-butyl (1-(4-{[(4-fluorobenzyl)amino]carbonyl}-5,6-dihydroxypyrimidin-

2-yD-2-{[(2)-2-hydroxybutylJoxy} ethyl)methylcarbamate (7.7 g, 15 mmol) was dissolved in dry
10 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 m1L) and washed with aqueous hydrochloric
acid (50 mL, 0.5M), aqueous sodium bicarbonate (50 mL), and brine (50 mL). The organic layer
15  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+1).
A stirred solution of the trimesylate (9.4 g, 12.6 mmol) in dimethylacetamide (190
20 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 140°C 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
25  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 (C18, Xterra) with a water:acetonitrile containing 0.1% TFA
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2-yl)-2-{[(2)-2-hydroxybutyl ] oxy}ethyl)nethyl carbamate (7.7 g 15 mml) was
dissolved in dry acetonitrile ( 150 nL) and cooled in ice bath under

ni t rogen.woeotomg2®ti rred sol uti on was added tri et hyl am ReT(UB2609/0593060 nmol )
fol |l owed by nethanesul fonyl chloride (3.9 nL, 50 mmol ). The m xture was
stirred for 1 hour and then the solvent was renoved under reduced pressure.
The crude_product was dls%olved in ethyl acetate (200 WH% and shed mnth
aqueouBohifeiPksen Rt GO B seet%mieomfio %ﬁﬁ@&@%ﬂii% 13aphilasHoD ¥s0

m), and fhcting c(oﬁfmrhg the Thet zmageame elxﬁmg@r(vmﬁ:tscgavedle@‘iﬁnda}’ﬁmdr ous sodi um
sul f at filtered, and .conc i

The,.
(500 riipsPERtara gy Rognt R Rt A i e mat s, Fip i @@4‘?3"3@3
filter&® MHasCREW ¢ H 1861 (hend K2 780180 Hi:) 7- 3'1r|(1fis1 # 61 b3 B3t Athon-Odds T
g?lnfregidr g{ﬁg éﬁ?igg ?? (l%%h? }(ﬁ)ugﬁsﬂ 5 ? y §5 - 3§§ml\/§r¥%g{4z} 6_@é3 -;Lré&h % acezf\am de

(190 St AU VAL S UL AT Tt D E e R DB A A
mcro @Hga@tzvm yepseliz (tq&cmmnw NIESOMBO |ASS BOD wb nate (615 nyg,

(T T S e ST R

vessel H)werRe (80 ni)nechang 20i); L3, 80530, 2Hhy 4. sacm; 2ath; @%Qnﬂﬂ)H)ar&jSSI\(aﬂ; gr.

0. 9 m TarieYES A5 T R v Mo LR EhOL PR30 b7 MG o

concen#?h €d+lhder reduced pressure. The crude product was suspended in
ether (700 nL) and stirred for 18 hours. The black precipitate was renoved
by filtration. The filtrate solvent was concentrated under reduced ressure

and t hétepdsi due (1%%1Wrﬁth@d“b@“qf@?ﬁé‘%lﬁdWéE%‘YHlﬂt@l@(ﬂ@laIBmO)(f‘é’rxpeé th a
wat er: acetoni trtdtx@hﬁﬁﬂklaibyﬁnﬁlﬂo ?{ ﬁlfdé{a@) biihe2 phaseagidedygrichiodQe 75%
m nut e

acetonitrile over 40 m nutes, Lyophilization of the fractions
containing the first and second el uti ngHpr oducts gave the cis and trans
di astereoners, respectively, as white anpr phous soI i ds Ci s di astereoner

(6S, 10S) H NMR (399 MHz, CDCI3): d 11.8 7.80 (s, 1 H: 7.31
(dd, J 8.4, 5.3 H, 2H; 7.04(t, J 83 '525(br s, IH:;
4.62-4.54 (m 3 H: 4.33 (mF 416(\1 Y 14, 9 Hz,

15 O OH

The (65,108) tert-butyl ((6,10)-6-ethyl-2-{[(4-fluorobenzyl)amino]carbonyl }-3-
hydroxy-4-0x0-6,7,9,10-tetrahydro-4-pyrimido{ 1,2-][ 1,4]oxazepin-10-yl)methylcarbamate (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.
20 The crude product was dried under high vacuum and used without purification in the next step:
ES MS: m/z = 391.2 (M+1)

Step 10: N-((6S,108)-6-Ethyl-2- {[{4-fluorobenzyl)aminoJcarbonyl } -3-hydroxy-4-oxo-

6,7,9,10-tetrahydro-4-pyrimidof 1,2-]{1,4]oxazepin-10-yl)- NN'N'-
25 trimethylethanediamide.
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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; 2.17-2.80 (m 2 H; 1.27 (m 9 H; 1.12 (t, J =7.4 Hz, 3 H: ES
ME: nlz A90.2810(0¥e39). Trans di astereoner (65, 140 ?) | H NRRT(U$0@9NEBo6 CDCl 3) :

90 (br.s, 1 H, 7.90-7.60 (m 1 H; 7.33 (m 2 H; 7.04 (m 2 H;
-5.30 (m 2H); 4.55 (m 2 H,; 425 (m 2 H); 3.55 (d, J 13.3 Hz, 2 H);
(m 3 H,; 2.10-1 .85 (m 2 H; 1.28 (m 9 H; 0.98 (m 3 H. ESM -
91.2 (Mtl) Step 9: (6S, 105)-6-Ethyl -(N4/-fl uor obenzyl ) -3 -hydroxy-
10- (et hyl ani no) - 4- oxo-6, 7,9, 10- tet ;ln%nm%- pyrimdo{ 1,2-]
[ 1, 4] oxazepi ne- 2- car boxam de hydrochlori de HCl The (65, 105) teat-butyl
((6, 10) - 6- et hyl - 2-{[ (4-f| uor obenzyl ) amme]e yl }-3-
hydr oxy- 4- oxo-6, 7, 9, 10-t et rapydr o-4-pyrimgdo[l/2-][], 4] oxazepi n-10-yl)iriet
hyl carbamate ( 1.8 g, 3 67 sl_gisSio’I - in HO -dioxane (50 nL, 4 M.
After 3 hours, the solution wa tratediurder reduced pressure and
then azeotropically dried with nethanol]] an t & uene. The crude product was
dried under high vacuum and used witho& p@fification in the next step: ES
M5: mz = 391.2 (M+l) Step 10: _V-((65, 105)-6- Et hyl - 2-
é [ g g; 1; gﬁ%?gezz yirbagined Q@!ﬁg&wﬂ (}63%oby@reﬁfyxcwﬂaeﬁ@beﬂ@,yﬁ,%gdroxy-1e~

- -4-pyrimdo - , 4] oxaze rin- - -, -
Cri met LBy R i, 7 ety iog-B PP - 4 Joxazepine-1-catboramide
(1 85' , lﬁﬁﬁb(cj}ﬁoﬁdme ﬁl’%,EI%QﬁmbEDBIiDC)(]QQﬂJIg{dISOXMﬂﬁD‘in dryatithibrametioahe &5 oXp-6 7 9

-letra £.0-4-pyri [ - Xa i - | de. r l.qri de
(200 s sty <adioad Tib e, 5T RS, Ry i b dPA Rl SRR B
under nintolp gehNwasthgdebephdH@AT] 570, gk mewod). Themedcion Mahlstiredbatiipdoxal ami ¢
aci d .(ge%n;&g/;atug'fz}l oo %heﬁggeﬂﬁhg@mﬁllﬂ?fﬁhgé hﬂ? heaqitous fyfr Widractdf®
reaction was stirred at rdomtenperature for hour, then quenched wth IM
HO (5 withdichipremsthass (Bx PAyy)- vids ossanicdayas wiie oorpinads BrierheYspEWR3 x 20
m) . Theras darké, hay &mReMBA®l Gikbiddachd Hedsed. ahecniieiratict was purified by

10 reverse phase HPLC (C18, Xterra) using a water:acetonitrile containing 0.1% TFA mobile phase

gradient (20-70% acetonitrile over 30 minates, 50mL/minute). Concentration gave the desired
product as an amorphous white solid: 1H NMR (399 MHz, CDCl3): & 11.90 (br.s, 1 H); 9.62 (1,
T=62Hz, 1 H), 7.37(dd, T=8.4,55Hz 2 H); 6.98(d,J=8.6Hz, 2 H); 5.83 (m, 1 H); 4.63
(m, 1 H); 454 (d,7=6.4Hz, 2 H); 443(t,J=104Hz, 1 H); 421(d,J=3.3Hz, 2 H); 4.13

15 (dd, J=11.8,2.8 Hz, 1 H); 3.07(s,3 H); 3.02(s,3H);2.84 (5,3 H),2.07 (m, 1 H); 1.83 (m, 1
H); 1.14 (t,J = 7.3 Hz, 3 H). HR MS: ESI= 490.2119 (M+1), calculated 490.2096 (M+1).

Crystallization of Form I of Compound 5A

Amorphous Compound 5A, which can be obtained as described above, dissolved
20 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 60°C 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 waghed first with a mixture of isopropanol and n-heptane (1:1), then with
25  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 20. Copper K1 and K2 radiation was
used as the source. The experiment was run under ambient conditions. The diffraction peak

30 positions were referenced by silicon which has a 20 value of 28.443 degree. The XRPD pattern is

- 65-



sulfate, filtered, and concentrated under reduced pressure. The crude
product was purified by reverse phase HPLC (O 8 Xterra) using a

wat er : acewonntwdi4bm®icont ai ni ng 0. 1% TFA nobi | e phase gr a@CentS2¢02059308%6
acetonitrile over 30 m nutes, 50nL/ m nute). Concentration gave the desired
product as an anor phous V\/nite sol i d IH NVR (399 MHz, CDC 3) d 11 90
(br.s, 1 H; 9.62 (t, J =6.2 Hz 7.37 (dd, J = 8.4, H) ;

6. 98 (thowp in Faguge Py 26 yalups aml g cmspmndlyg dﬂsp@angsn? the XBPDmagam(laclu@e theg’ 4
Hz, 2 fdiowh#d3 (t, J 10.4 Hz, 1H);421(dJ 3.3 Hz, 2 H; 4.13 (dd7 J
= 11.8, 2.8 , 1 H; 3.07 (s, 3H) 2 (s>3 H); 2.84(5, 3 H; 2.07 (m
1 H; 1.83 (m 1 H; 1.14 (t, ﬂa@lq@Ais H . HR M5: ESI 490.21 19 (M ):
cal cul at ed 490. 2096 (Ml ). Cry teal I 7at|§ n of Form | of Conpound 5A

Anor phous Conpound 5A whi ch carf be obt ai &H294E deseri bed above, dissol ved

i n di chl or omet hane was sol Vekdegsaskst ched to(zf\}sopr opanol to provide a m xture
cont ai ni ng about 150-200 m; of AECJ‘(orrpomd 5A (pgr pf i sopropanol. The

m xture was then heated t or6€0€to—fprma u. own—hofrogeneous sol ution. The
hot solution was then all owed t8® cool to r&bintenperature during which tine
the solution fornms a slurry. Th}%sl urry wa%5fllter<,d, the resulting
crystals were washed first [witha mxture-of —isopropanol and n-hept ane
(1:1), then with n-heptanel_ané8ried unde®%acuumto provide Form |

crystal s of Conmpound 5A. Charagggrization .5sAn XRPD pattern of Form |
crystal line Conpound 5A was generategona PhiTips|Anal ytical X Pert PRO
X-ray Diffraction System with P#8050/60 cofsble using a continuous scan
from2 to 40 degrees 2q. Coppefig <ci and K2 radiation was used as the
source. The experinment was[run_under;anbient condilions. The diffraction
peak positions were refer erwedl‘%su' $ a 2Qval ue of 28. 443
degree. The XRPD pattern i s$shommsin Figure43® 2Qualues and the

correspondi ng d-spacings in thg0 g(RPD patter4rg include the foll ow ng: Table
5A-1 2Q d-spacing : .

23.0 3.9
24.5 3.6
252 3.5
26.1 3.4
272 33
5 The crystalline Form I of Compound 5A was analyzed with a TA Instruments

DSC 2920 differential scanning calorimeter at a heating rate of 10°C/minute from 25°C to 350°C
in a closed aluminum pan in a nitrogen atmosphere. The DSC curve showed an endotherm with
an onset temperature of 142°C and a peak temperature of 149°C. The enthalpy change was 52
J/g. The endotherm is believed to be due to melting.

10 TGA of the crystalline compound was performed with a Perkin Elmer TGA 7
under nitrogen at a heating rate of 10°C/minute from 25°C to 300°C. The TG curve showed a
weight loss of 0.3 wt.% up to 80°C and a second weight loss of 0.4 wt.% up to 174°C due to
isopropanol loss at melt.

The DSC and TGA results indicated that crystalline Form 1 is anhydrous.

15

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 NaHCO3. The aqueous

Jayer was extracted 3 times with methylene chloride. The combined organics were dried over
20 Na2SO0g4, filtered, and concentrated under reduced pressure. The solid obtained was dissolved in
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(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 crystwDl2ore4B39m | of Conpound 5A was anal yzed w t hPaT/&S2000859306rent S
DSC 2920 differential scanning calorineter at a heating rate of 10C m nute
from250C to 3500C in a cl osed aluninun1pan In a nitrogen atnosphere. The

DSC curve showed an endot herm onset te eratur of 142C .and peak
t enper BRLIFPTOTRNLES @ cOmerRtIEHoHY W&%ﬁn Lhcuieg ssbtign g lievehiBslooride

bel | evadbikest tbﬁlpé‘dﬁaré Gurive] whisly timE@heafeedlbecgstylizad frbﬂ@ohmmpo (Thel cowlsd
per f or med

100 m Hat el Pt o s deeevermen i e O S Ratag hRRBELLE © 31 o
up to 800Gosndashedwithngbpraiaghl; anddsedofmder vacwmos up to 174C due to
5 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 26. Copper K¢ 1 and Ky radiation was
used as the source. The experiment was run under ambient conditions. The diffraction peak
positions were referenced by silicon which has a 26 value of 28.443 degree. The XRPD pattern is

10  shown in Figure 4. 26 values and the corresponding d-spacings in the XRPD pattern include the

following:
Table 5A-2
26 d-spacing
(degrees) (A)
8.4 10.5
8.0 10.3
10.3 8.6
14.8 6.0
16.0 5.6
16.7 5.3
18.0 4.9
19.4 4.6
204 4.3
20.8 4.3
23.0 3.9
24.4 3.6
25.1 3.5
259 3.4
26.2 34
27.1 3.3

The crystalline Form II was analyzed with a TA Instruments DSC 2920
15  differential scanning calorimeter at a heating rate of 10°C/minute from 25°C to 250°C in a closed
aluminum pan in a nitrogen atmosphere. The DSC curve showed an endotherm with an onset
temperature of 149°C and a peak temperature of 155°C. The enthalpy change was 73 J/g. The

endotherm is believed to be due to melting.

- 67 -



i sopropanol loss at nelt. The DSC and TGA results indicated that
crystalline Form | is anhydrous. Crystallization of Formll of Conpound 5A
Anor phouswGanmodesd1 5A obt ai ned as descri bed above was r edirasedéoomsdsne

nmet hyl ene chloride and partitioned with water adjusted to pH 3 with NaHCg 3
. The aqueous layer was extracted 3 times with nmethylene chloride. The
conbi ned organics were dried _over Na2SM4, ter and co entrated under
reduced pressurel th%ftbepwataﬁweépwau%‘gaweéwsiwﬂﬁl SEkip Iﬁéﬁ"of at a

ngcen%lﬁ(fﬁrhﬁfbg@ﬁ aﬂ@mhgg Rdte of 1 T(bPﬁ:/ﬂnﬁmtes?bxutzseﬁ t(:}jvia&{)"@ I”nWéml lt:@rvs |SD(¥W§d £ool to
anbi en era rin ch,tinme fine.nee talli ro

sol uti &% éS 8{)@ 8?"9%(?5% bza&fl |ac§ﬁc%d>?tr%$@?9§§§?§gl \P@rtﬁllgﬁ&b %%m he
cryst aisbbmeamﬂrhqmsmhnhehas isolated by filtration, washed with isopropanol,
and. dri ed under Ghad eoﬁ&ﬁfﬂ

cr ysst al l'ine @mgﬁﬁg)%? = ﬁg%\%?tgf@i a%r? tgﬁgﬁ%l I ps Anal yt @g‘? X g]ert PRO

X-ray Diffraction System vm t h PWB050/ 60 consol e using a conti nuous scan
from2 to 40 degrees 2q. Copper KEqAMPUEK-£2 radi ation was used as the

sour ce. n er anbi,ent co tions. T r

ponk pasieS SRSt P BurabenyDmind Kopom chirhes St he ThrebRSans

degr ee 4HTheiniBED, Pal 1 aloxak@is-howt)- MIVEgtimethdleti2Qedibmes: (@othpohed SB)
correspondi ng d-spacings in the XRPD pattern include the follow ng: Table
S5A-2 The crystalline FormIl was anatyzed with a TA Instruments DSC 2920
differential scanning calorineter at hgating rate of 10C/ m nute from 250C
to 2500C in a closed al um num pan i(h/)‘ifn trogen at nosphere. The DSC curve
showed an endotherm w th an onset t enperaltiee of 149C and a peak
tenperature of 1550C. The ent hal py chang wa§ 73 J/g. The endothermis

believed to be due to rreltlF A of t talline conpound was perforned
with a Perkin El ner TGA 7 ung nltlrlog n a a_heatlng rate of 10C/ m nute
from25C to 300 C. The TG curwve sSho

10 (5B)

Following the procedure as described in Example 5-1, Steps 9 and 10 using the
(65, 10R) tert-butyl ((6,10)-6-ethyl-2- {[(4-fluorobenzyl)amino]carbonyl } -3-hydroxy-4-oxo-
6,7,9,10-tetrahydro-4-pyrimido] 1,2-]{ 1,4]oxazepin-10-yDmethylcarbamate isomer from Example
5-1, Step 8 gave N-((6S,10R)-6-ethyl-2- {[(4-fluorobenzyl)amino]carbonyl } -3-hydroxy-4-oxo-
15 6,7,9,10-tetrahydro-4H-pyrimido{ 1,2-d}[ 1 4 Joxazepin-10-yi)- N N' N'-trimethylethanediamide:
IH NMR (399 MHz, CDC13): § 11.90 (br. s, 1 H); 9.82-9.55 (m, 1 H); 7.38(dd,J=8.4,5.5
Hz, 2 H), 6.98 (1,7 =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= 490.2119 (M+1); calculated 490.2096 (M+1).
20
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 @ and 10 as
25  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 LC-
MS, 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

30 then coupled with N,N-dimethyloxamic acid using the procedure in Step 10. The product
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wei ght loss of 0.1 w.%up to 1260C and a second weight loss of 0.1 wt.% up
to 171C due to isopropanol loss at nelt. The DSC and TGA results indicated
t hat crysweal2bioma2arm 11 i s anhydrous. EXAMPLE 5-2 JV- ( PES/UBRHRpA693es hyl -

{[ (4-fl uorobenzyl)am no] car bonyl } - 3- hydr oxy- 4- oxo-6, 7,9, 10O tetrahydro-

4H pyrimdo[l, 2-d][I, 4] oxazepi n-10-yl)- (Conpound 5B) Fol | ow ng t he

F L:(r)t(‘.: eg%é;%u%?%agesggz{réteg gn %%h%ﬁ’rgﬁlfl) %oi%nnnslfs?n%seﬂ?angpwﬁg% llé/s ‘r%% as the 1(r161§’le 1G7?)
10) - 6- ﬂia@yl Tﬂe {i{s( dinfih ma@wmzhé ﬁrﬁm digk@eshanTompdulty S8 pand-the cocond Bluiing,
10-tetra dr YL dgl‘3 é‘ghl{’ L{négxxsazepl n- 10~yl ) met hyl car bamat e i soner
from BX %?55’0 65 ?

310R) - 6- et hyI 2 {[(4 f1 uorobenzyl ) am no] car bonyl } - 3- hydr oxy- 4- oxo- 6,7, 9,
10- 5tetrahydro 4H pyrimdo[ 1,2-d]y gz3ep| n- 10-yl)- NN
i V-t ri met hyl et hanedi ani de: | H NVR 11.90 (br. s
9. 82- 9N5(56f¥ HR)16-hyl-2 {H4-Thugeobenzy)aminglcgrbppyl | 3- barf‘%owfbsxteﬁ 7 9}30*1681’6173741@
H: 5. 88- ﬁﬁd& F—%Z %g—,%]?xéze% f0- H%Q NW’N@tﬂi‘ﬁlethﬂeﬁﬁné’dléﬁld@(fCoﬁ blrid 5%:)06 (s, 3
H; 3.01 D 2. (m 3 2.13-1.80 (m 2 H); F J =7.5 Hz,
3 H. HR IVB ESI 490. 21 19 (MH); cal Iated 490. 2096 (MH) EXAVPLE 5- 2A
Al ternative procedure for the prepar of Compounds 5A and 5B Crude
product obtained in Step 8 of Exarmj was not separated into individual
cis and trans di astereoners, but was | st ¢y carried through Steps 9 and 10
as described in Exanple 5-1 as a mxtlre of iastereoners. In Step 9, the
m xture was treated with 4F in di ox preV| ously descri bed. Upon
conpl etion of the reaction ap ses-$ed et her was added which
caused precipitation of a br OWF osolid was col |l ected by
filtration and stlrred|n21I\/EO-|- at The u&%ssolvedtan solid was
collected by filtration and dried under vacuumt
the trans:cis diastereomers. This solid was

The (6R,10R) isomer was synthesized by starting with (S)-1, 2-epoxybutane

10 utilizing the procedures as described for Example 5-1. The corresponding cis intermediate (6R,
10R) 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+1); calculated 490.2096 (M+1).

rovide a 3:2 m xture of

EXAMPLE 5-4
15 N-((6R,1095)-6-¢thyi-2-{[(4-fluorobenzyl)amino]carbonyl }-3-hydroxy-4-0x0-6,7,9,10-tetrahydro-
4H-pyrimido[1,2-d][1,4]oxazepin-10-y1)- N N' N-trimethylethanediamide (Compound 5D)

N

o OH (5D)

The (6R,105) isomer was synthesized by starting with (5)-1,2-epoxybutane
utilizing the procedure as described for Example 5-1. The corresponding frans intermediate (6R,
20 108) from Step 8 of Example 5-1 was further elaborated as in Steps 9 and 10 and gave the
desired product. HR MS: ESI = 490.2112 (M+1}); calculated 490.2096 (M+1).

EXAMPLE 6-1
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t hen coupled with N, N-di net hyl oxam ¢ acid using the procedure in Step 10.
The productm xture was separated on a Chiral Pak AD col unm using et hanol
wi th 0. 1%0BRM=239me nobi l e phase. The first el uting pe@KTWs2000/089306 ans
di astereomer (Conpound 5B) and the second el uting peak was the cis

di ast ereoner (Conmpound 5A) EXAMPLE 5-3 N ((6R, 10J7?)-6-ethyl-2-

4-f| uorogbenzyl ) am b | }-3-hyd - 4- -6,7 ,9,10 tetrahydro-
AT SN s BT el S el o A 2 S

( Compouady, &) 0 Hagaly@rdpFHAIR) 1 254 RspinsdE yHN e Rh atidetbynalianitle (Qombdund(S) 1,
2- epox gﬁt ane utilizing the procedures as described for Exanple 5-1 . The
corresé ding cis internediate (6R, 10 7?) from Step 8 of Exanple 5-1 was
further elaborated as in Steps 9 and 10 _and gavée the desired product. HR
M5: ESI 490.2107 (Ml ); calcul ated 490N2096 (M+l ). EXAMPLE 5-4

r

7V- ((6i 2, 107) - 6- et hyl - 2- )\go

{[(4-fluorobenzyl)am no] car bonyl } - 3- ﬁyd Xy-4-0x0-6,7,9,1 Otetrahydro-

AH pyrim do[l, 2-d][| 4] oxazepi n- 10-y|‘)\~/“(’- npaund 5D) The (6R, OS) i soner
was synt hesized by startingmith (S)-1, 2-lepoyybdtane utilizing the
procedure as described for Ex 54,1 .NTh¥-Correspondi ng trans
internediate (6R, 105) from St kll 5-1 was further el aborated as
in Steps 9 and 10 and gave the desiredlipr duc®. HR MB: ESI = 490.21 12
(Mt ); cal cul ated 490.2096 (M ). EXAMPLEGHL 1Lr-ethyl-L ((75'; | 0i?)-2-
{[(4-fluorobenzyl)am no] car bonyl } - 3- hydr oxy- 7- ni et hoxy- 4- oxo- (Conpound 6A)
Step | Siep(125) - L¢Ahandbyhoioryiex-Sewd-a2- ol To a sol ution of

(28)-2-[{)benzyl oxy) met hyl Joxirane (50g5 305 mmol ) in THF (1500nL) at QOC
was added copper brom de (4.37g, 30.% mml). The resulting solution was

stirred at OOC for 10 m nutes m brom de (IMin THF, 335ni,
335 mmol ) was OH

To a solution of (25)-2-[(benzyloxy)methyl Joxirane (50g, 305 mmol) in THF
(1500mlL.) at 0°C was added copper bromide (4.37g, 30.5 mmol). The resulting solution was
stirred at 0°C for 10 minutes and allylmagnesium bromide (1M in THF, 335mL, 335 mmol) was
10 added. The reaction was stirred for 2 hours at 0°C and then quenched at 0°C with saturated
aqueous NH4Cl and dilated 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 MgSOy4, filtered, and concentrated in vacuo. Flash

column chromatography eluted with 10 to 40% EtOAc/hexanes provided (25)-1-(benzyloxy)hex-
15  5-en-2-ol. 1H NMR (400 MHz, CDCl2): 8 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=9.1,82 Hz, 1 H); 2.49
(s, 1 H); 2.30-2.00 (m, 2 H); 1.64-1.39 (m, 2 H).

Step 2: ({[(28)-2-methoxyhex-5-en-1-yljoxy}methyl)benzene

Wo/\@
20 O~
To a stirred solution of (25)-1-(benzyloxy)hex-5-en-2-0l (71g, 344 mmol) in DMF
(500mL) at 0°C was added sodium hydride (16.52g, 413 mmol) in portions over 30 minutes. The
resulting suspension was stirred at 0°C for 15 minutes and then at ambient temperature for 15

minutes. The mixture was cooled to 0°C and methyl iodide (43 mL, 688 mmol) was added. The
25  reaction mixture was stirred at ambient temperature overnight. The mixture was cooled to 0°C
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added. The reaction was stirred for 2 hours at OOC and then quenched at Q0C
Wi th saturated aqueous NHA4CI and diluted with DCM The m xture was stirred
at anbi enwvotzermpae®dtiure for 20 mnutes and filtered to recows200984300! e
material. The filtrate was extracted with DCM (3x) and the conbi ned organic
phases were dried over MgSq 4, filtered, and concentrated in vacuo. Flash

col um chronatogral}p:hy eluted. with 10 to 4 %gﬁ/? es I’OVI ded
(25) - | eqdypepgheg vy hwgter. 5T Xt s R RRE WO ( oxBpicayers e (m
aorﬂianad M\(/mhedwm}l wagerd8x )4 dg&d ¢var Me3d4, filtesof], elsiccmcel)trat@i 18¥agup. 2 H);
?m532 ec e gx&ﬁ 1% ?eat: onw1tﬁ|zut furﬂ@rpu%ﬁca%oglslfi}\ﬂ\lik(él@o 30-2.00
({[(2 @Q@i@)«@h%ﬁ énH) 38 é%ﬁ}%ﬂ EDI YHEnd-8h 6nrd By 4655 (3-ddl ol -t (b of
5-15C I ) (171139 I n DMF (500m) at QOC was
ad ed soﬁ%#h |ggzgi§}§ﬁ 32370% 1m'ré) %1??030@?.%}?5 over 30 m nutes. The
resulting suspension was stirred at OOC for 15 mnutes and then at anbi ent
t enper gieie for Ux)FBiSfoxy Ih%é{h@;ﬁ}@eﬂaﬁ@s cooled to QC and net hyl i odide
(43 nmL 688 mmmol ) was added. The reaction mxture was stirred at anbi ent
tenperature overnight. The mxture was cool ed to GCand quenched with
wat er. The m xture was extracted~w The organic | ayers were
conbi ned and washed w th wat er MySq 4>filtered, and
concentrated in vacuo. The crude residue was ied in the next reaction
Wi thout further purification. HNWR (400 MHz, CDCl2): d 7.34 (s, 5 H);
5.85-5.74 (m 1 H)stre&n(lﬁﬂéel&gwﬁsﬂls@rddﬂmtd a&ﬁic{(smhﬁi]’—% -18 A stifrel} s solutiordof? Hz,

(4@ %[@zjspl(z etﬁo}f@h %h wb i?tl a’fi%,&&%nr%é%n%o ozoEQelm %ﬁ& %neet??sngd into a

cold ( (}ﬁO{h ) unt&abh@@plcgtpprspsé@l Jdegplugign gfas purged with nitrogen until a clear
fj{ [ (2S)510718% BRA¥A %s %bﬁﬁleh Mirﬂl&ﬁ%hﬁﬁ?d@)(m @%{LZ 08 nﬁf}&) anﬂ-ﬁl%t}iﬁﬂhhhe (7%

unt.i | ersi sol uti on was

i chl or onet hane qulﬁdr
r ot SASAMOD R S [THE StTted it w3 AIBU gD BETDI e CEParHEg over
Di met hygh nsighits. 48 t€H i’or%)eiﬁmde%ﬁh mokt}lrchﬁ@khtids beiehwaapbgeeivé. Y Ghernixthdsmmo| )

\gl\e;ré a%gr?centrateg un&er rré(ﬁcec%ressugéa toml%gwge { he crude tRIe pr&mcrl %hgc%%srn%@ %rtﬁé ure

next step without purification.

Step 4: tert-butyl[(48)-5-(benzyloxy)-1-cyano-4-methoxypentylJethylcarbamate

Lo

/\/\tlr\

y e

/

N O [)

20 To a solution of (45)-5-(benzyloxy)-4-methoxypentanal (109g, 490mmol) in
dioxane (500mL) at room temperature was added EtNH2.HCI (60g, 736mmol), NaCN (36g,

736mmol), and HoO (500 mL). The reaction mixture was stirred for 2 days, then diluted with
saturated aqueous NaHCO3 and extracted with EtOAc (3x). The combined organic layers were
dried over NapSQy4, filtered, and concentrated in vacuo. To a solution of the crude residue in
25 EtOAc (500 mL) was added (Boc)20 (107g, 492mmol). The resulting mixture was stirred at
40°C 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 NapSO4, filtered, and

concentrated in vacuo. Flash column chromatography eloted with 10 to 40% EtOAc in hexanes
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60 mnutes. (A test for peroxide with wet starch-iodi de paper was
negative.) The m xture was concentrated under reduced pressure to provide
t he crudewOi20ioe4pavoduct whi ch was used in the next stepP@Irtuseem/059306
purification. Step 4:

tert-butyl [(4S)-5-(benzyl oxy)-I-cyano-4-net hoxypentyl]ethyl carbamate To a

solution of (4S)-5-(benzyl ox 4- met hoxy ent anal 490 n di oxane
( 500mLyrogided gaibytghider-ar F@y&@ -4k (’éﬁgﬁgﬁ rmic) NlagCN (364,
736mob)7.4 enie1}H20 (500 nmi). The reactl on mxture was stirred for 2 days,
then diluted with saturated aqueous NaHC q 3 and extracted with Et OAc (3x).
The conbi ned organic |ayers were dried over Na2SO4, filtered, and
concenSteatsed i n testeuy! {16)-a-(beotaytaxyh 1 dthydheyemin(imasimebyil4- Et OAc (500 nl)
was; added (Bo O fém resulting mxture was stirred at 400C
for5 2 days. The éjgég%?%eﬁl xt u%%b%}\g%gcool ed to anbient tenperature, diluted
wat er, and extracted with Et OAc (3x)y The conbi ned organic | ayers were
dried over Na2S&™4, filtered, and con%ntrat ed in vacuo. Flash col umm
chromat ography eluted with 10 tb 4G% Et OAc i n hexanesprovi ded tert-butyl

[ (4S)-5-(benzyl oxy) - 1- cyano- 4- wpentyl] ethylcarbamate. LG Ms: 377.4
(M+I) Step 5: tert-butyl {( (beriiylox) I

et hyl carbamate To a
soI ution of tert-butyl [(4S) 5;; no- 4- met hoxypentyl j et hy
carbamate (74g, 197mol) in Et OHQH000 rL) was added TEA (54.8 nilL,
393mmol ) and NH2OH (50% in water, 14.45 nL, 236mmol ). The resulting

sol u'éll on vvasdst i mﬁggog&loﬂ@férmylmgps (B&gyldren1 coneept rated in vaguo OIThe
br essuElEeTa vl Ge: Tiaprec Dl SR Elel RER S R

r eact i 3®3minphend NHaQH £50% dr Whiceddi4SrmL L 236menoly 1 6! %r%mng solafiepwas stiggadny |
n,et @4/\)&1‘, &)"f}%@/n Q)é fﬂenkéﬁ&ﬁ&a@&?@é&gr %QYAS)C&)SSJ% %xﬂ—e H and the

oxypen r OXY- dropyrim
solvent was removed under reduced pressure (3x) to remove water. The crude resi ue Was used

in the next reaction without further purification. LC-MS: 410.5 (M+1).

Step 6: methyl 2- {(45)-5-(benzyloxy)-1-[(tert-butoxycarbonyl)(ethyl)amino}-4-
15 methoxypentyl }-5-hydroxy-6-0x0-1,6-dihydropyrimidine-4-carboxylate
MeQ,  OBn
BocEiN
N* "NH
MeO = 0
O OH

To a solution of tert-butyl {(4S)-5-(benzyloxy)-1-[(hydroxyamino)(imino)methyl]-
4-methoxypentyl } ethylcarbamate (72.6g, 177mmol) in MeOH (1773 ml) at 0°C was added
dimethyl acetylene dicarboxylate (26.3 mL, 213mmol). The reaction mixture was stirred at

20 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+1).

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 i vacuo.

25  The crude residue was used in the next step without further purification. LC-MS: 520.5 (M+1).
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To a solution of tert-butyl {(4S)-5-(benzyl oxy)-I

-[ (hydroxyam no) (i m no) net hyl ] - 4-nmet hoxypentyl} ethyl carbamate (72.9g
177mol ) WO 2MI0HR391773 M) at OOC was added di nmet hyl ac@Cyiusa@9/059306

di carboxyl ate (26.3 nlL, 213mmmol). The reaction mxture was stirred at

anbi ent tenperature overnight and then concentrated in vacuo. The residue

was di ssolved in tol ue concentrated . in vacuo to remove MeOH. The
crude PEBduct m&eﬁgle%?&ﬁ‘ﬁﬁgeﬁ' ORVEY, ??%MeWﬁ%ﬁPﬁ'gégyﬁqugﬁ”i on. LC MB:
553.5 (MHl). A sekthbkgrenstl}-bhedexydecymal e+dilatdrdpyoimitiine-dpeagvixylsse st ep (1049,
189mmol ) in o-xylene (500 nL) was heated to reflux for 11 hours, then

cool ed and concentrated in vacuo. The ®eQde ©#si due was used in the next
step without further purification. LCMs:/520.5 (Ml ). Step 7: nethyl
2-{(45)-1-[(/ert-butoxycarbonyl Bogtihyl)am no] - 5- hydr oxy-4- et hoxypentyl

}- S hydroxy- -oxo-1, 6-di hydropyri m di he~4-carboxylate To a sol ution of

met hyl 2-{(45)-5-(benzyl oxy)-I-[(temN="NH
but oxycar bonyl ) (et hyl ) am no] - 4ga8t h pentyl }-5-hydroxy- 6-oxo-1, 6-di hydr opy
rimdine-4- carboxylate (13g, 25. 1 in EtOQAc (30 nmL) and MeOH (30 ni)
was added acetic acid (20 nlL) and @al badi um on carbon (Degussa, 10% by
mass, 13g, 122 nmmol ). The reaction m xture was shaken on a Parr apparatus

d hyd RS i ted th h d of
ol i te, The r1 Ls o SaRuBEbhmb 4 (oS B It O ot has concent rat ed
i n Yacbwoxymadosrligdydesinle-nabhoraeatil S thydroxaérorehetdiprionrrydinetar t her
p H] i }‘ l[ ((e;%%l)»@llhz? g@FF/,&@sde,?l%ﬁncﬁﬁn(E{ml)o (3hED Bd M&OH '(WESMJ??/\:&IS addedeacetic ?cid (20
e -1 - (8- -f 1 yorgbenz no] car honyl } ~5- OXY- 6- 0XQ
6 2 s B PRI 02 Sy B ko AR A Rl D SEREOT SR it on
Zf ne:]twyé stidkéd 4n ) Pair appdratub uhder hediobemnyds)(6e bhiy Foraindaye hndthiy ﬁit@t@dﬁhroughéls

- met hoxyr ept vl } -5- [ Qxy.-6-.0%0 - i 0 <4-c :
112 P30 fhealishy The R YR Bnia Sl VIO RS AL DS ok poRBYindbfud 0D,
anto t r The bipHandsive 3% vedii, thogekt mastign withentfeghdr porigeationt WieMing28831 ed and
heat ed(ﬁglﬁooc overni ght. The reaction

Step 8: tert-butyl ethyl[(45)-1-(4- {[(4-fluorobenzyl)amino]carbonyl } -5-hydroxy-6-oxo-
1,6-dihydropyrimidin-2-y1)-5-hydroxy-4-methoxypentyljcarbamate
MeQ,  OH
BocEtN
F o
\Q\/g I L
Y o
15 O OH

To a solution of methyl 2-{(4S)-1-[(tert-butoxycarbonyl)(ethyl)amino]-5-hydroxy-
4-methoxypentyl}-5-hydroxy-6-oxo-1,6-dihydropyrimidine-4-carboxylate (48g, 112 mmol) in
MeOH (1118 mL) was added 4-fluoro-benzylamine (28g, 224 mmol) and triethylamine (31.2
ml, 224 mmol). The resulting mixture was sealed and heated at 80°C overnight. The reaction

20 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 NagSOy4, 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+1).
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m xture was cooled to anbient tenperature, diluted with 10%citric acid
(-100 nmL), and extracted with DCM (3x). The conbi ned organic | ayers were
dri ed ovewoNaR®@4391fi |l tered, and concentrated in vacuo. PChaISco®e3nesi due
was di ssolved in acetonitrile and concentrated under reduced pressure (3x)
to remove MeOH. The residue was dried under high vacuumfor 2 days and used

th t t th f LC 3. 5 M+l ) . St 9: 2-
SR o o RS e o s ) St
[ (et hyl sul f onyl Jaeshvheifonyl}ox§ideh(yi-6 {{(@r@hﬁmlzylaamno}&aﬁmbﬂmyﬁ}mydmem di ne-

4,5-diyl dinetha | f tirred solution of -butyl
et hyl [(4J> | <4- {f'?fyl d:)matthanesulfana%

fl uorobenzyl ) am no] car bonyl } - 5- hydr oxy- 6- @é@l , %Mjl hydropyrirnidm2-yl)-5-h
ydr oxy-4- met hoxypentyljcarbamate (3CQg, 57.4- in AcCN (500 nL) at QOC
was added TEA (48 ni, 344 mmol) foI I ovxﬁd a dropwi se addition of a

solution of MsCd (22.37 nl, 287 DCM (15 nL). The resulting m xture

was stirred at OC for 30 mrqu then ted with H20O (-100 nL) and
extracted with Et QAc (3x). mbhne anic layers were dried over
Na2SO4, filtered, and concentkated-N he crude residue was used in
the next step vmthout further purifi LC-I\/B 757.5 (MH. Step 10:
(75)-10-]; (tert-butoxycarbonyl) (et hyl - 2- {[(4-

fl uorobenzyl)am no] car bonyl }-7-nethoxy-4-o0xo-4,6,7,8 ,9 10-

hex@hydr opyr i ni dépia stigred pelutép %ﬂlyf;humtfﬂﬂﬁb%dr@oﬁé‘{ e To a sol ution of the
tri smegyhabén I%ﬁd]‘&:lﬁfrﬁ«/l/}' 9—%?61%&?«@ dxé11,8AihydRopSriffi@ih)2-1In s MVErde88 ML) was
dded CS2CC3 2 The st t dt
e DB ot AL (LD ety TR
and t he44insidly RIMWaed By bidr@svied adddDnl &ffa DMitivh RAMET] (Tha7 mlX R8T snvatpindi | ut ed
W th Dﬁkﬂ ggs h&?%ﬂ?ie@u@ﬂ%%k&k VRS- RARY B¢ ﬁwzb'nlu fidt, 'sﬂ& dilthé& Fich ihaf e vas

concen I'n“vacuo residue was diluted with wdater and extracted
wi it DEMIOO3n).). anflrestractgdwiith Bteen(3xwdihe comhbned exgandr lnpadts werer dued S04
filter Natgs@e Oh16R8E Rt taicefirdtBd ¥oGkee. Thashderkidum wab wemah agr arbyteg! ut ed

W th
without further purification. LC-MS: 757.5 (M+1).

Step 10: (78)-10-[(tert-butoxycarbonyl)(ethyhamino]-2- {[(4-
15 fluorobenzyl)aminojcarbonyl } -7-methoxy-4-ox0-4,6,7,8,9,10-
hexahydropyrimidof 1,2-a]azepin-3-yl methanesulfonate

O
O\( 10 7

\-.,/ “O\

N™ "N
Y’ﬁ*
° 9

TR0

O

To a solution of the trismesylate from the previous step (21.8g, 28.8 mmol) in
DMF (288 mL) was added CspCO3 (28.2g, 86 mmol). The stirred reaction mixture was heated

20 to 100°C for 1 hour, then cooled to 0°C, and MsCl (6.73 mL, 86 mmol} was added and the
mixture was stirred at 0°C 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 over
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70% Et CAc in hexanes. First eluting peak: was the 7,1 O-trans isoner: (75,1
0S)-1 O [(tertbutoxycarbonyl)( ethyl)am no3 -2- {[(4-fluorobenzyl)am noj

car bonyl weoReraubity- 4- oxo- 4,6,7,8,9,1 0-hexahydropyri rCaajS2009259306
]azepm3-y| met hanesul f onate ( 1.59) H NVR (599 Mz, DMSO, 500C): d 8.34
(tJ 6.1 Hz, 1 H); 735(de .3, 55 Hz, 2 H; 7.13 (t, J 8.7 Hz, 2

H) ; J 10. 0 Hz5 | 496d =, 14. . 4.50-4 2
H: 3. szé%ﬁlteﬁﬁd inncsn%eq S S ‘@é“‘é“ i@omﬁogiﬁ'%)hy e’%ecg‘ﬁlﬁc 101 T
3.19- 37@%&@0@,}5@%@309 (d, J = 11.3 Hz, 2.02-1.93 (m 1 H);

Lo e i, & e AT B 1ok e
bUt OXYEﬁbbﬁmHohﬁ/B@eﬁM)hﬁmwﬂ—{[Zé-{ﬂb()fbhélhzy@mﬁmﬂwb@@m -NajaiRadyonykd- 7- met hoxy-

oo 67 iRy A e bl g R . 5B, PR Gt ©
7 35 7MEY, DNISQ, ﬂ)"cm 83471, d4=:§mH221|¥5), 7535dd( Td 8.3) S55H0 2 B); 77. e (t, 1=18)7
4 46- 41;%9%92‘35217'(% Jﬁzéﬁyﬂg 1%)3 4%%]5 QoLﬁ 1%{%45@473%(592}9) 3 Az Hz, 1

) 3 3t0g Bon 3H0K,5 5564306 (i 19, 1322 G, 32@0,(3 2995 (m. 2 s 3006 31m Tt 15
Step 1liy, 1 %) 820%01l93§n 1H), 1.91-1.82 (m, 1 H); 1.27 (s, 9 H); 113104(m 3 H).

10- (et hyl -1 b | t h 4-
ot AL A B RS we{ﬁ?r%aeiﬁlyfonate I nto

a stir bﬂtdxﬁ@lrhﬂnwt)(bﬂgﬁ)ahhm]@@@muefdbbnn@ammmbmﬂ}‘ -7 anethdrey-poORYH OUS St ep,
75", 1

E but oxgéai’%%ﬁ OT%%Z{%ydr(fp)ymmd o[]1 22a ]«fl fe(pﬂl ?Iy&}(%}reg‘ggﬁsfl HP o (9r13()5fn (f%r bony (5799

met hox MHz, RIS, 50073)8?} @, 400 Hex G yibir, & 39 i T3 B 2P (1217 2}il§zé7r1|3|"|I B4 Sm ), 5.23

ot hanal LOed 8.7 (199, 1154 45.4m0k), 110 .00 154 5L ot GG il o0 HO

m nut'es. I at 2jg'efor

N B L L P S B A NN LN N

sat ur agd1 agueoss] dakk; THY and (eXthaat Be1.vé R, BEY (3x). The corrbl ned
organic layers were dried over Na2SO4, filtered, and concentrated in vacuo.
Fl ash col uim chr omat ogr aphy

Step 11: (75,10R)-10~(ethylamino)-2- {[ (4-fluorobenzyl)amino]carbonyl } -7-methoxy-4-

0x0-4,6,7,8,9,10-hexahydropyrimido] 1,2-a]azepin-3-yl methanesulfonate

H
—
F -
N@
o 0O

/ -

20 Y

-t\o\

Into a stirred solution of the second eluting component from the previous step,
(7S,10R)-10-[(tert-butoxycarbonyl)(ethyl yamino]-2- {[(4-fluorobenzyl Jamino]carbonyl }-7-
methoxy-4-0x0-4,6,7,8,9,10-hexahydropyrimido| 1,2-a]azepin-3-yl methanesulfonate, (9g, 15.45
mmol) in EtOAc (154 mL) at 0°C was bubbled HCI (g) for 5 minutes. The reaction mixture was

25 stirred at room temperature for 10 minutes and concentrated in vacuo. The residue was diluted
with saturated aqueous NaHCO3 and extracted with DCM (3x). The combined organic layers

were dried over NapSOQ4, filtered, and concentrated in vacuo. Flash column chromatography
eluted with 0 to 7% MeOH in DCM provided (75,10R)-10-(ethylamino)-2-{[(4-
fluorobenzyl)amino]carbonyl }-7-methoxy-4-ox0-4,6,7.8,9,10-hexahydropyrimido[ 1,2-a]azepin-
30 3-yl methanesulfonate. LC-MS: 483.4 (M+1). 1H NMR (599 MHz, CDCls ): 8 7.84 (s, 1 H),
7.32(dd, ¥ =13.0,6.9Hz,2 H); 7.03(t, F=8.6Hz, 2 H); 5.26 (dd,J=14.3,6.9Hz, 1 H); 4.62
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eluted with 0 to 7% MeCH in DCM provided (75,10 )-10-(ethylam no)-2-{[(4-
fiuorobenzyl)am no] carbonyl} -7-nethoxy-4-oxo0-4,6,7 ,8,09,

10- hexahywoapwrad4edodo[ 1, 2-a] azepin- 3-yl net hanesul f on&CE/USL@INB306183. 4
(Mt 1). ITHNW (599 Mz, CDCU):d784(s 1H; 7.32 (dd, J = 13.0, 6.9
Hz, 2 H); 703(tJ86Hz ;526(dd J 14.3, 6.9 Hz, 1 H); 4.62(dd,

o 1 158 o Ay hin 45 (c&ddirl@ 6% BipsBed thiattytgag &,

3.35 ($=831 H)zilﬁ)lss 5a4qs, 3H)= 3464 dHE = 7R 1&&,,1}19,333]5@, DR M591(q,H)= 71.195 2183

3H),; 4 (t,
(S'mJlOll-'é li#%@f ZP%&% )“téi%a ‘ollcetglj] (27ét1 hyzl ?al hi no] - 2-{[ (4-
f1 uorobenzyl ) am no] car bonyl } - 7- met hoxy- 4- oxo- 4, 6 J7, 8, 9, 10-

?%?%@ Pt '( m ﬂgﬂé L 1073: ])01@&?[* tﬂﬁﬂﬁ@(&bﬁh@@@ﬁtﬁtﬁﬁﬂ%ﬁoﬂﬂ{mﬁol ution of the
nerpbp) ponykly At yehgxe-AdxahidPopyri mi dodl A-

fl uor obenzy”™am n

aJazepm 3-yl mehbahe %E%l%ﬁbﬁlﬁﬁ?ﬁﬁ@gn% -9BmBmBhsulifthatd™™ (100 L) at room

tenperature was added T 9.9 mmol ), N, N-di net hyl oxam ¢ acid
(2.34g, 19.98 mmol ), EDC (5 749, 30.nmmol), and HOAt (4.62g, 30 mmol ). The
resulting mxture was stirred at roor{tegperature overnight, then diluted
with H20 and extracted with DCM ( 3x) e conbined organic |ayers were
dried over Na2SO4, filtered, and concenpr.at’e i (vacuo. To a sol ution of
crude material (8g, 15.89 mwFpI) |n ACN/(l 9 at O0C was added TEA (6. 64
m., 47.7 mmol) and MsCl (3. 64 8 mol y~ W se. The reaction m xture
was stirred at OOC for 20mn dl}jut (th water and extracted with
Et OAc (3x). The conbi ned or gani extratts re concentrated in vacuo and
the residue was purified by flash col uon c¢hronatography eluted with 0 to 7%
MeOH in DCMto provide (7S, 10J)-1 ”‘::0

O-[[ (di met hyl am no) (oxo) acetyl ] (et hyl )amﬁo] 2- {[(4-

f1 uorobenzyl) am no] carbonyl} -7-nmethoxy-4-o0xo0~4,6,7,8,9,

10- hexahydr opyr| ]%59 [ 1o jonat e, LCMs: 582.5
(Mtl). Step %)1‘1& Oﬁ- Plgﬁﬁ %%Xéthﬁ%lm Ht
{[(8-f |ﬂmrqbs@m)5m@9mfbwé} IASthoxy3d-Ryende)s8:9. idharalydropyrimido 1,2-alazepin-
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

15  over NapSOyg4, filtered, and concentrated in vacuo. To a solution of crude material (g, 15.89
mmol) in ACN (159 mL) at 0°C was added TEA (6.64 mL, 47.7 mmol) and MsCI (3.64g, 31.8

mmol) dropwise. The reaction mixture was stirred at 0°C for 20min, then diluted with water and
extracted with FtOAc (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

20 provide (75,10R)-10-[[(dimethylamino)}(oxo)acetyl}(ethylyamino]-2-{[(4-
fluorobenzyl)amino]carbonyl }-7-methoxy-4-0x0-4,6,7.8,9,10-hexahydropyrimido{ 1,2-aJazepin-
3-yl methanesulfonate, LC-MS: 582.5 (M+1).

Step 13: N-ethyl-N-((78,10R)-2- {[(4-fluorobenzyl)amino]carbonyl } -3-hydroxy-7-methoxy-
25 4-0x0-4,6,7,8,9,10-hexahydropyrimidof 1,2-aJazepin-10-yl}-N' V-
dimethylethanediamide (Compound 6A)
To a stirred solution of (75,10R)-10-[[(dimethylamino)}oxo)acetyl}(ethyl)amino]-
2-{[(4-fluorobenzyl)amino]carbonyl} -7-methoxy-4-0x0-4,6,7,8,9,10-hexahydropyrimido[ 1,2~
aJazepin-3-yl methanesulfonate (1g, 1.72 mmol) in 2-propanol (17 mL) was added 2M NaOH

- 76 -



4- ox0-4,6,7,8,9, 10-hexahydropyrimdo[ 1,2- ]azepin-

10 yl)-JV,iVdi net hyl et hanedi am de (Conpound 6A) To a stirred sol ution of
(75, 10/ ?)wo20ryq4¢xdii et hyl am no) (oxo) acet yl ] (et hyl ) am noPCTAS2009/059306

{[(4-fl uorobenzyl)am no] carbonyl) -7-methoxy-4-oxo0-4,6,7,8,09,

10- hexahydr opyri m do[ 1,2- ]azepin-3-yl nethanesul fonate (I g, 1.72 mol ) in

2- 1 dded .2M NaOH( 2. 58 't
Rl 1§ e e TR BPUHEE P s peref 3t SBiept HpBatr s AU AU
HC (I@Aenﬁneﬁﬁwﬂﬁﬁ@(mﬁ mln)L SaIMnmI)EQﬁ@ﬂaWeﬂ v 1Bt FEDEA o (3X). Tﬁfb&f gklitional

2ddi 1 O0al o SRGH 005 QLS oBUR RERLFNSHA. PR LHIRY dbufiRigLhlay THE

filtertowyr fe&ﬁ@‘%?d‘i‘f“é%ﬁ??%@%f‘d Naas%c%eredrr@é F@&EBE@C@\HSV%H% thetsiye vgver se

phase t se
O R S ek S“ﬁﬁf%s?‘g%ﬁ?a‘ﬁ%gﬁ%%%ﬁ“?ﬁ*é‘ﬂg"’ﬂ%@@

7V- et h&‘ladleﬂf( qopLHDIRG ?M"@EA o1 PYlPlfeP’!l?H ORI VyaFHTHD PreAt e BIHAYI-N-( (5 10R)-2-
} - 3- hy iy pxviodbeRA ce@&ﬂry‘l’r §.,hzzd1;o&y9hﬂa@moiaﬁxmd¢ @®PRId 1o-dof |,

o e RSy . Ay A (50
7. 14- VHOSMRNBO2 M)z, IBVRQ, §@fd): & 13.89%s,0, HE. A45igs, 1 FHH)7.3747.98 (003 H):1 7Hip:

> B8 1788 o 16 2 @d@fﬁsﬁﬁs iz § @%9 5 @5 (1 §sBianbd S R5b6 |
HRNB tral TH);a2 @a<s SCH); 228%(s, 3 aos Qn,?taH),was&Ga(m,.zzIéx §.@h(tot =Ednpound
6A Resjduaty gid yrdaiRiisabalehh@l e 1243 cRuseHouabiag the organic layers in

t he manner descrl bed in Step 13 just above (i.e., prior to purification via
reverse phase HPLC) was di ssolved in the m ninmal anmount of warm anhydrous
met hanﬁbgwgfﬁlﬁzﬁtﬁﬁwﬂ@mﬁpcﬁmﬁﬂw on was placed in the freezer held at -100C

f | d d.t | | d. t nbi.ent .t t

The Time oryst at Rentahelarulrsf Pkl oy FRFeRy et PelifSe ) FE el on,
was heddesictibedaintSrelr blipishaolaicd., prianth puifedtion demevasphase BREChwaedissdrddon.
AN XRPR RALLER Mol fHfmtahldrBEs HRTRANNEHLE AWMt solution was placed in the

freezer held at -10°C 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
20 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 26. Copper K1 and Kq radiation was
used as the source. The experiment was run under ambient conditions. The diffraction peak

25  positions were referenced by silicon which has a 20 value of 28.443 degree. The XRPD pattern is
shown in Figure 5. 26 values and the corresponding d-spacings in the XRPD pattern include the

following:
Table 6A

26 d-spacing 26 d-spacing

(degrees) (A (degrees) (A)
5.6 15.7 23.2 3.8
7.0 12.6 24.1 3.7
9.9 8.9 24.8 3.6
10.6 8.3 25.1 35
12.8 6.9 255 3.5
14.2 6.2 26.1 34
15.0 5.9 26.2 3.4
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The crystalline Compound 6A was also analyzed with a TA Instruments PSC Q

1000 differential scanning calorimeter at a heating rate of 10°C/mmute from 25°C to 350°C in an

open aluminum pan in a nitrogen atmosphere. The DSC curve showed an endotherm with an

The endotherm is believed fo be due to melting.

10

15 6B)

onset temperature of 170°C and a peak temperature of 173°C. The enthalpy change was 84 J/g.

TGA of the crystalline compound was performed with a TA Instruments TGA Q
500 under nitrogen at a heating rate of 10°C/minute from 25°C to 350°C. The TG curve showed
a weight loss of 0.05 wt.% up to 100°C indicating the absence of water of hydration and solvent

of solvation.

EXAMPLE 6-2
N-ethyl-N-((75,105)-2- {[(4-fluorobenzyl)amino]carbonyl } -3-hydroxy-7-methoxy-4-oxo-
4,6,7,8,9,10-hexahydropyrimido[ 1,2-alazepin-10-y1)-N', N'-dimethylethanediamide (Compound
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1.10 (t, J 7.1 Hz, 3H). LCG-Ms: HRVE: cal cul ated: 504.2253. found: 504.2271.
EXAMPLE 7 HI V-1 Integrase Assay: Strand Transfer Catal yzed by Reconbi nant

| nt egr asewOssy2for the strand transfer activity of | nPegnas@nsey3es
conducted in accordance with WD 02/30930 for reconbi nant integrase.
Represent ati ve conpounds of the present invention exhibit inhibition of
strand transfer activity in this assay. For exanple, the conpounds prepared
in Exanples 1 to 5 were tested in tth& i ntegrase assay and found to have the
| C50 values in Table B. (Conpounds 6 9 6B were not tested in this
assay.) Table BFurther description & cgnd ing the assay using
preassenbl ed conpl exes is found in WlLFETAX Ye al J. Virol. 1996, 70:
1424- 1432, Hazuda et al., JFMrol. 199 ! 7605 701 1; Hazuda et al.
Drug Design and Di scovery 19§ti:§ELﬁm7- 4; @and Hazuda et al., Science 2000,
287: 646-650. EXAMPLE 8 Assay ialNipr D el HI V-1 replication Assays
for the inhibition of acute H V-1 inf ? of T-lynphoid cells were
conducted in accordance with Vacca, J.P. Proc. Natl. Acad. Sd. USA
1994, 9J: 4096. Representative conpounds of the pr esent |nvent|on exhi bi t

i nhi bition of H Ws@@pmwdmﬁpﬁﬁa@eﬁmy}q fsduting reak éy5te8 1Rdhei n as the

Iﬁp[ ﬁfgxgg@% g ﬁsﬁggagn & tﬁlﬁé Pﬂ@%r@ﬁxzﬁﬁn@?}}%lﬂl\@ﬂ@ mmizeﬁ/}a ﬁ% o
Assay PHIS (i)rﬁh G?gﬁ 6%431‘ Xt @“g)e(snﬁﬁi’nb g@%r%ﬂs(n?égé‘ IE ’gEggwgiﬂng ay for
mea§:J; 510§ (b)8 HY h;.%x! @d: ?a 1Gf98Hf,,LEt H) mv#wﬂdze(@t |2chHl)_ v, 581(dclel_a 14, 21.¢44, 4 H)n a
Soyee agHs g 533 Bl i8R UppsS 1800 TUeL B PHIS, BRI, TP PR |

2000 280:(d,646 13 A, Kithpt2o¥3-248 &h, 1 H)VRrldl(d, 19933 H 1 @23285—125’6\&% HiH);

pl asm %?83@9%2?&%% e NEONHRMY: RIcSREA! 5dL2058t Rluh@nshd D7t he i ntegrase

gene (

10 EXAMPLE 7
HIV-1 Intecrase Assav: 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
15  to 5 were tested in the integrase assay and found to have the IC5p values in Table B. (Compounds 6A

and 6B were not tested in this assay.)

Table B

Compound ICs0 (nM)
1A — 10R isomer 42
1B — 108 isomer 38
24 - trans isomer 37
2B - trans isomer 41
2C - cis isomer 73
2D - cis isomer 46
3A ~racemic trans isomer 40
3B - (6R,108) or (65,10R) cis 44
isomer

4A —~ 68,108 cis isomer 38
4B ~ 68,10R trans isomer 39
4C - 6R,10R cis 1somer 48
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E92Q or G140S/ QL48H) were generated by site-directed nutagenesis,

and

viruses were produced by transfecting 293T cells wth the appropriate
proviral wbasmidsiolRepr esentati ve conpounds of the present/UiSaae059306

exhi bit

inhibition of HHV replication in the nmutant assays For exanple,
conpounds of Exanples 1 to 6 were found to have the

t he

| C50 val ues in these

assays shown in Tabl e b—Fableb-901—A-nurber——k—nr—e0lums 3-7 in the

tabl e where k > 1 neans4PhéReldfpoandome k-fold | €8s potent agai nst the
mutant conpared to its @gt %SWS?:Q%&%&I the W ld type, j.e., k =

| C5g(nutant) /1 C5q(w | dHype Corpeound—-V—s—(+)

i V- (2-{[(4-fluorobenzyl ﬁﬁmgﬁdpﬁﬂrﬂm)ﬁwv 3- hyjroxy‘{94 oxp-6,7,9

10-t et rahydr o- 4hpyr i m |6R‘10k\c9sx1§c§1§‘e?m Oyl V41V tr] nethyl et hanediai de
(Conpound 180 in WO 200 1“’2’2 —Corpount—W--s

(-)L-(2-{[(4-fluorobenz 913% W«S]ﬂt‘,ﬂm@@mﬂ } - 3- hydr diy- 4- pxo0- 6, 7, 9, 10- t et r ahyd
ro- 4hpyri mdofl - Jltl %RX%QL@R'}:SIIQM V.V -trimet hyl et hanedi am de
(Conpound 181 in WO 2006/-103399)- Corpoung-—X—+s—+al{ egravir (Exanple 19
in US 7169780). 5. Com)éﬁn"c?s\mﬁ#a(!&l}‘wf(rz- -

{[(4-fluorobenzyl)am no] car bonyl } - 3- hydr oxy- 4- oxo-4,6, 7, 8,9, |

0- hexahydropyrimdo[l ,2- alazepin-10-yl)-N, N ,N -trinethyl et hanedi am de
(Exanpl e 12 i n UBut#id®4tion 6n ccdnpiog ti agsaly gsing preassembled complexes is found in

N-[ (4- Glpar ophgny 6) PELIYdok: 'ﬁ) ﬁrﬂéé’ }Fa?@dafi-iz ﬁebhbélmz 9K f00s-7011; Hazuda o
6,7,9- et ranydro- |ne carboxam (conpound

exerrpl plf, ilsdg ﬂﬂmngdgw%m%

spread assay,

A

change

i nbal apgey foeinhibatmosifIM-1 yeplicyti@st ati ¢, cyt opat hi c,
(i.e., the compoynd i ol ubl
(1t e EomPOUD | e RSl MOl L TR SEYFE R b

18 )17@%@%@@@?%@9@%—@]?&@% city was
det®rm ned by m croscopic exam nation of the cells in each well
wherein a trai ned an
t he foll ow ng norphol ogi cal

in the

erved each culture for any of
ared to the control
or crystallization

cultures: pH

tcgﬁ; d@é é&nduc?&%n

t concentration of

t he conpouluteatithifrceh J.8ne abfPf’vméfddbmé Schéigeso4, 81.o8erReptserRépyeesent at i ve

cogpoup o%ds #@n V\Eﬁ%@rﬁnﬁveﬁtmﬁg%b@
(see Exa re examne cytotoxicit
nicr orrb?falﬁl as ﬁﬁdsnﬁ@dé?i?bt) ORI EFIPPIARS ORI e-%g

and found to have the ICgs values in Table C.

Table C

up.to a

itk JMBITe ré'-pﬁéatt}%g id Rishhgy BRLeaEassay

concentration of 0.5

xapgles 1 to 6 were tested in this assay

Compound

ICos (nM)

in the presence of 10% FBS

1A — 10R isomer 12
1B — 105 isomer 10
2A — trans isomer 14
2B — trans isomer 9
2C - cig isomer 9
2D - cis isomer 14
3A ~racemic trans isomer 18
3B — cis isomer 41
4A ~ 68,108 cis isomer 10
4B — 68,10R frans isomer 7
4C ~ 6R,10R cis isomer 10
41y - 6R, 108 irans tsomer 6
3A - 68,108 cis isomer 12
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particul ar, the conpounds set forth in Exanples 1 to 6 exhibited no
cytotoxicity at concentrations up to 0.5 mcronolar. EXAMPLE 11 Preparation
of Conpouwd 2dv/@E@e®p 1: Propagyl ati on Reaction To a 100- kPcramssel/ossoé pped

wi th thernocouple, nitrogen flow, cooling bath and overhead stirrer was
charged solid t-BuOX (7.40 kg, 65.9 nol) and THF (44 L). The slurry was
stirred at anbi ept-tenperature-until-—all-the-solids—di-sselved. The sol ution
was cool ed to abotB—6S20B@ansisergeracet one/ dry ice ath. Sol ketal (9.58 kg,
72.5 mol ) was added Y.: mai nt ai ni ng the yunternal tepperature bel ow
-100C. After agei 3 OWRCIS -nl}\g m-xt-uf-e—f-or—45 rr}i4nut es—at-—apout -200C,
propagyl brom de|fR. 3531_058@%5@tﬂml on {n toluene)?Owas added sl owly over 190
m nut es whi |l e maiiptai-nRi ternal tenperaturg below - 100C. After the
addition of the p@%paﬁ ]1%9‘ ﬂg&n&fp eacti-on mi\% te—was—aged at about
-25C for 1 hour. | She 7c6f das wemsert hen irai ned froththe bath and the
reaction mxture was sfowy allTowed to warmto anbi ent tenperature
overnight. The reaction was conplete after overnight age at anbi ent
tenperature as evidenced by TLC an#X@BIPLE® t he reaction m xture was added
wat er a r. 24.5 L). The solution was
transfé‘fe"c’ra‘éumf%n%{] é%%ﬁ%gﬁi‘;’a%ﬁgus%@gged wth ethyl acetate (2 x 24.5
L). The conbi nedA@ra@amfoeme@yéng e ihibdiimed agite RNaadicterondl Helathdr qelis np4 5

L) andg %lla @fciéméecefvn%%sséy lwas &ﬂﬁ&:’cedtlﬁi% a{aafa@s &@&%@M ngce\m gl oW, Whdh zb@e
wat er hes so ad tional brine

speed &pHHE 1pﬂ%‘€a %‘éba?céﬁzf%?r??o zﬁré%’l a5 Fé‘ﬁptﬁ}é? agcf n K‘é‘h’t pz??@%&e%“\‘fﬁ uum
to proyiggidt BRogesinae: PhapagkbaifdnpRaams il thafhtegrass gele (M0isbH, QBRI 4R, al

t st t h furth f t
Depr ot B9 ar CofoTHE el etest98 B J60 bl e R TREE b Soupl o,
ni t r ogeansfdcong 298 Maelbweirthibashpsipripte @rovivalplasinitsg &pmmt&mand@ppn@paﬁw preadt
coppou %ﬁlleﬁrt)n%&l%ﬂln ;nh{b%t%n%f 1'5[9‘) repwélt?ign (n]tge x%ullaﬂt’aséﬁ@st ®br example, the compounds of

Examples 1 to 6 were found to have the IC5() values in these assays shown in Table D.
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(32. 1 L) and 5.0 NHA ( 1.26 L). The reaction was conplete after 6 hours
age at anbient tenperature as evidenced by GC and TLC (30% Et QAc/ hexane).
After theVPpedty4diwas conpl ete, additional MIBE (16.1 BYT{R3004@88486 f or a
total of 26.8 L. After a 1 hour age at anmbient tenperature, the solution
was transferred to a 100 L extractor and the |ayers were separated. The
organic | ayer was extracted with additional water ( 1 x 32.1 L). The pH of

t he conmbi ned aqueous | aver was adjusted frompH = 1.2 to pH = 6.9 using
solid K3PO4 (=1i 0 kg)| Assay yilel d vifa aGC pf the|desired dioll was 6. 96 kg
(85% . Stlep B%: | Al gdehyde |Forimat|i on Tg a {100r L vessel {equi pped |with a
t her nocoulpl e, mnj tr pgen inlet], doolli ng bat h and| overhead |stiiregr . was
charged an aq%neal% %'glu%@icm (BH V)| Bf| the~d % @2 ]ky,| 26.3 n%l)“brepared
in Step 2. Th& sol Uiti on was |coql ed to ablgut 10PC and|to|the cqgld [solution
was added Nal&># (8.48 kg, 39.4 ngl) |in fouf portions. After tihe jaddjtion
of Nal q @_tpe-fFeatt-pr—a-xtur-a—was—si-ow-y—war-fedi-t-o-+ari-ent—tierperat ur e.
The reactji & was conplete afiter; 2 lhours at pnbieni tenperatjurg as evj denced
by TLC (30% E&gb\cl hexane) and GC (i< 1 A% of | starting|digl).| Prliorito
filtration,s slyrry was goolled it o jabout, 6C and|aged flor, |1 Hour| .The
slurry was ftered and the[cake Was [rinsed| wi th wat er 1|x 3.4 |L).] The
resul ting % utjon|of [the alldehlydg was used| di fecflylin|the next |step. Step
4: Cyanohy n ForpationTo a 1900 U vesse]l epui pped with:ther ngcoupl e
ni trogen | g BT, [COPI T Mg Darh; T[wo Jaddi tTjon | unpel $—and overhedd SiTy er,
was char ged? pgueous sol ution (pH ~ 4)| of| the al dehyde (2.25 kg, 22.9¢4 nol)
of Step 3| ghdet e $ol Giti on was |cogl ed to| about | 60C. To theicolld sjol ution
was added &geﬁi C ~aCi-d| (.| %6 | L |48. |2 | angd e8| O~ L coff -aquequa {sel jutd jon of
KCN (2.99 kgi>45.9{nol) similtdnedquslly whil e keeping|the internal
t enper at ur & pel pw 15C: Afiten the addition of acetic acid and aqueous
sol ution bfvﬁ KCN| the reaction mxtiure was warned 1o anbilent] t gnperature and
aged. The r;%act on|was conpllietq afiteri 1 houf age at anbijent] t gnperature as
| o
S| co
=1
-
2 | A
=
=
=
Lol IRl B R I Bl B B I I B I R IR EECE BEE B B B I
Z
=1
=
©|d
B2 F| 2B == Q=228 8] & 97|82
=
g J—d
54 5} ) B 53
£ g1 8] 8| w 5| B
AR IR IR
I E|E| 5l E| 8| uls| B8 8|S 58 588,
AR I EIR I T E TR P
2| &8 3|8l laldleld a < egia Ll
S R N R I R R R AN R R R A
HEEREEEEHEEEREEEEEE
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evi denced by TLC (50% Et OAc/ hexane) and GC ( 1 A% of starting al dehyde).
The reaction m xture was cool ed to about 10C and slowy %uenched W th
sat ur at edVR2MEG43911.5 L). After the addition, the bat cRCNAS2UOMA0 t o
anbi ent tenperature and aged for 1 hour. The sol ution was transferred to a
100 L extractor and extracted with ethyl acetate (2 x 12 L). The conbi ned
organic | ayer was washed with 25%brine (6 x 12 L). The resulting sol ution
of cyanochydrin was used directly in the next step. Step 5: Silylation
Reactign Iin g 100 L| vessel equi pped with a thernocouple, steam bath and
overhead stirirer, the ethyl acetate solution of the cyanohydrin of Step 4
(2.87 ko=t h@OI’&II cal @ nt of cyanohydrin assum ng 100%yield in the
previ ous/\stap) ‘"Was centént rat ed under vacuum and flushed with additional

et hyl acetlatg (54 L) tp a; final volune of 304L. After the concentration,

t he steamjbath s feplacedwith a cooling bath and nitrogen inlet was

at t ached—Thesof-uttontwas £ ool ed Lo about 58 and~to the cold solution was
added TBS-|C |(3.163 kg, | 24 nol ) g r‘g porEi on. ,gThen i m dazol e was added
in two(portions (wth abOJt" 8C exog;;her obsefved)g The batch was slowy

al lowed tq warmt e, anb| ent gerrpe:r geure vaer niEght . aThe reacti on was conpl ete
after gvernight lage; at | ampignt t@ eﬁatBre a§ evi 8#enced by and GC and TLC
(30% Et{OAg/ hexane) . The reatti OFE s,;;slgwly HuendBed with water (6.0 L) and
transferred tjo a 10D L|extr@act oy Addhthonal ><wate5 (9.0 L) for a total of
15.0 L |wag added fo|] |l oped @ etlgllga tate (@ ”§_ The | ayers were
separated jand the of ganic| lsyer Jvag whshed wrth s8turated Na CO8 ( 1 x 15

3@

L) and |watler |(2 x 15 L). THe resul %Eem r%d sifyloxy nitrile was
obtainea?\iinﬂ4.fmlﬂg(-85r8 g % as deternined by GC. A second batch
was done’using 2. 95| kg! of | the>cyanghys rEn t 0%pr ovizdext he desired silylox
=}
nitrile i 4.[79 kg (86]3 ’/Qﬁé%s@ |e'idoStep06z-@| dpxi me Preparation A 100
L flask-wds equijpped with| dh Bver hgacE SE1 rreé po:| &,hg nocoupl e, an inlet
line E2 LTS <3
TR IR EREEE
SE 5 o ¥ oo e ¥ S
2 v+ Ee 8% 53 v B =
SI2| BN 8|88 2ERE EBOER
! grasds FHES
;Eﬂt\g"ﬁﬁé ‘?N%‘g
S o e R
E FEBE oo
2L £ B ERSETTE
g e s ® 8 8 &
Hilgﬂgﬂhhmkia)
A S S e g 8§ ¥ oW
mloloaloiv|lalx s 2 898 =28 7% 3
- - i
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sEoz i EELE
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with an in-line filter and a batch concentrator. Silylated hydroxynitrile,
as a solution in ethyl acetate fromthe previous step (37.1 nol; total

vol une 59w 2biov@e®y was charged in. During concentrati oRCTRSREIR069300aS
added (60 L) and the batch was concentrated to approximtely 9 L vol une
(ethyl acetate content -1.5%by NVR). Methanol (17.8 L) was added. The
batch concentrator was renoved ani @%ﬁ%ﬁ with a condenser and nitrogen
inlet. A solution of hydroxylamn ){ ter, 2.96 L, 48.3 nmol, 1.3
equi v) Cywetoxadged over 1 hour at an initial internal tenperature of 18C

U leti ddj t 39C.
ST e v cont Tt o midel by ERRLAR. LRIRRL R iIhe AR GREEA de 29T
500C. ifHbe spreat assay, miheteinm 2 trajasd anadyrs bbyorend daph @Alaqum apy e’f(thqeéelﬂwmg

Corst ai g, mMéﬁEl éﬁalntghg asadafh ‘é@eh% ﬂ(e%n&))} cﬁﬁkésom RgbRafdel Eéipébnohﬁﬁngf gam c

ayer wa tw ce each e 0SS 9%

2 nebtegitlico ogopahis, orovrrﬁ?ai@%%qqn }e fél? a%aa%hg n%@gﬂge @'e%mom aipls indhe
yl el d QbI1Y. MEhcaBkdRY v ilRe @srso&?h éé to 4 piveR omp@aidiis tHeaMﬁést\Aﬁﬁceilﬁatﬁlﬁl dfghé 99% as
determ ned by HP C The

o was .Use d dir t he subs
react | GHOPGNE siiﬁﬁ’ Weéin epr%%%wlgowglpfﬁagﬁc_]oﬁg%sel
equi pppsanit ﬁﬂVeatnﬁmélanwemumt@i inshegmediatsbayapet Kneaedowetkiekammeddsr char ged

soI i on. centrated

- el g T Sl B YU Ao B RO Rt R S GRACEF 7 e

am doxpatrBC\Eim theccompuady ey lrirth in Axpmplastdo éﬂb@#@d ap pﬁﬁtoxm@ a8 CRRNBHIMS was
repl acg ﬂE gl;;m@T b Nng bath and nitrogen inlet was attached. To the neat

am doxli was a ed xylene (29 6 L) and DABCO (41 g, 0.362 nol, 0.01 equiv)
and the solution was cooled to about -20 C using acetone/dry ice bath. To

the cold solution was added DVAD (BEXAMIK@)1las a solution in xylene (19 7 L)
sI tainin he batch tenperature bel ow -100C. After 1 hour
0 ) Piation ShbemppHaF 4t ng am dox ni |

was 3. 6A% of starting am doxinme remaining so
addl t| onal DVAD (0.05 eq. = 257 g) was added neat

Step 1: Propagylation Reaction

t-BuOK

0 o
O A _oH * Z -20°C oA _o_Z

To a 100-L vessel equipped with thermocouple, nitrogen flow, cooling bath and

20  overhead stirrer was charged solid t-BuOK (7.40 kg, 65.9 mol) and THF (44 L). The shurry was
stirred at ambient temperature until all the solids dissolved. The solution was cooled to about -
20°C using acetone/dry ice bath. Solketal (9.58 kg, 72.5 mol) was added slowly while
maintaining the internal temperature below -10°C. After ageing the reaction mixture for 45
minutes at about -20°C, propagyl bromide (7.31 L, 80% solution in toluene) was added slowly

25  over 190 minutes while maintaining the internal temperature below -10°C. After the addition of
the propagyl bromide, the reaction mixture was aged at about -25°C 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

30 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
additiona) brine (8.0 L) was used with each wash to help speed up the phase separation). The

-84 -



(for a total of 5.40 kg DVAD, 38.0 nol, 1.05 equiv). The reaction was
conplete after another 1 hour age at about -100C as evidenced by HPLC. The
bat ch wasweanmad2i9e about -5C and slowly quenched w th PETHSR@OO3304) .
After 1 hour age, the batch was transferred to a 100 L extractor, the

| ayers were separated and the organic |ayer was washed with water (2 x 40
L). The resulting desired DVAD adduct s.ohtained in 15.0 k glooo assay
i el d SPHORES Mot PRSP IBH O PRYIGLR AEiren SEvReey RBPE TR o
det ect aidl Fhepnoetgitwdsassd intht hébseqicat steps/hthsut (Bt pBrifieyaini zat i on Reaction
0- Xyl ene (30 L) was charged to a 100 L vessel equipped with a thernocouple,
nitrogen flow, heating mantle, addition funnel, distillation apparatus and
over he8tepsk i r r er Defitotectiny bethe selksteheat ed to 135C. To the hot o-xyl ene

sol ution was added the DVAD adduct as a solution in xylene (30 kg sol ution
= 7.5 kg of adduct, /18.09 nol) via the addition funnel while maintaining
the internal tenperatyre aboveg, 125C. Hhe reacti?ﬁg)%é;corrp te after 2
hours age at about © denced ;)Dy HPLC. O turned of f and
t hes batch was all owed to slowy cool K¥®+anmbi ent tenperature. At about 80C,
Darco KB-G charcoal (2.1 kg, 30 wt % was added and the cooling continued

to ambient tenpengluip 0V&E ieanﬁifpﬁe%{af@yqﬁmaﬁbia%mxe@@%.rﬂ%cvegn& gl Sol ka

Fl oe and the cake was rinse ene . _The sol ution was

t r ansf siradvassharged thea creda prapagylatedpmpeoupd ef 36 Jt(l 874 ke MEBELH0-Rdd evVaten7. 5
|L)’ hepizang) 4ki's B bILHg,@m%ls L'.%Byéa@ﬁwwlaé orfiplete A3ty §hﬂﬁlsiag§atfhn§ﬂéﬁt;/%- Tthe (
ayers were separalre e r ,was a e racred w wat er

1 X zz.*%n@f%mfﬁ%é RRRTAdY éé a‘éﬂgﬁgéﬂf—:\@%f@meﬁ@wgvﬁﬂ C{RCHOIMFEE (1 x
2216 Lyomphe, additons MBYE (14 pH) s 2)dedesr atiokalo826 8Lt A BE hpBi7age dt) and
aci di fi_ed. with 859 y ' = wer e
separ atB iR R \BERARTE RSk kil bh 108 IR Fecdh o FRERSIMES 057E |
Ther e wersrated. Jihgwidanisdayer vos sxirgctechwith gddibomal maesi(l £32.10k). ThepHed gami ¢

sol uti : ioth1 POl ON. BE
(72,0 P ?ﬁ%%ﬁ%#?‘nﬁ%ﬁ%ﬁéé‘ﬁf@% P B b A O ke Sbout

Assay yield via aGC of the desired diol was 6.96 kg (85%).
15

Step 3: Aldehyde Formation

HO\/’\/O\/// NalO, H)k/o\/’//

To a 100-L vessel equipped with a thermocouple, nitrogen inlet, cooling bath and
overhead stirrer, was charged an agqueous solution (pH ~ 7) of the diol (3.42 kg, 26.3 mol)

20  prepared in Step 2. The solution was cooled to about 10°C and to the cold solution was added
NalOy4 (8.43 kg, 39.4 mol) in four portions. After the addition of NalO, 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 shurry was cooled to about 5°C and aged for 1 hour. The slurry was filtered and

25 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 Formation
N \j\ KCN . OH
=3 0 —— TRF
S H o AcOH oAy
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53C to dissolve all the solids and to the hot solution was added heptane
(60.0 L) slowy. After the addition of heptane, the slurry was slowy

cool ed t ovarzhiogme3dienper at ure overnight. Prior to filtr&Crarsomis3ssé urry
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 m xture of MIBE: hept ane (

1 x 16.0 L) and hept 1 X O L). . .The cake was dried in.th ilter pot
under nitrogen s&%érﬁ@i{d’ eﬁebﬁqulh@e%%‘ﬂ Tt”érﬂ%%‘r rcé’og%gat{’ﬁg" oo P
w_eeﬁegaﬁditﬁheﬁomﬁam batid @@rmslsﬁﬁdr PAEE bliﬂrgedmmeowmlmbmpﬁemyqu&oid&g@e 54. 9%
W t W i L 4. 2% ct
Wt 90 B i 2 ang,dly 013%%?% WGl GRIBARPEEN B Ao/ oGia GRIBAYCL g
(30 kgwsmdﬁed@n@tlcaimd(ﬁe%m ?amdl)@tld 8& Ipﬁﬁaqua@uqm@t@esﬁf KdaN b:y??hm fbne in

"8 Sl Lo Eoogh gl o e Mgy i,

V\A th aP’Pe@V @rﬂﬁ@aé agygops éf? Tutery @f kel Hisdeastion H(IB@I@W@ ‘@alﬁé Jenhnd DCM
(2. 75 {dnpefurehfd 8iddl TRErSUSRERE @Mnplas afBdERoUraBe byimbipliaempérare as
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ure was Irre 100 L
flas k was irppéetras tola 180 Lhexiiplon ap] extragied oviBr deddceiated? arl2 1. Theeomjaed, a

conde néfg’am\eﬂimr wa& @lram:h%th @m bRhé (639 en sz‘ﬁ%@eé‘tﬁtﬁxfg shafged ¢ ?QM&% ks and

pyri m di'none ‘iﬁb kg assay, To the solution were added
the catefdylizec 1%??8??“(3’??75 L, 0.275 m)l) and the AgSbF solution (4.3 L,
0 343 nol) subsequently at roomterrper ature. The reaction m xture was

ed o 400C, 400C for 5 hours. The reaction was nonitored by
E%: t§ é’énfl rm Sﬁgl @%ﬁg?‘}(}ha material was conpletely consuned. After
. TBS-CI S QTBS
\\/O\)\CN Imidazole \\/O\/]\CN

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

20 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 5°C and to the cold solution was added TBS-C1 (3.63 kg, 24.08 mol) in one
portion. Then imidazole was added in two portions (with about 8°C exotherm observed). The
batch was slowly allowed to warm to ambient temperature overnight. The reaction was complete

25  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 lavers were separated and the organic layer was washed with saturated Na,CO; (1 x 15
L) and water (2 x 15 L). The resulting desired silyloxy nitrile was obtained in 4.74 kg (85.8%)

30  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.
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cooling to roomtenperature, the flask was attached to a batch

concentrator. The m xture was concentrated in vacuo (~1 1C, 22 in Hg).

After di swDl2bavd4edviof -55 L of the solvent m xture, thePGTAISA009/09%E396

solvent-switched to MeCOH (total 24 L of MeOH was used, final volune was 14

L). The MeCOH sol ution of the product (40:1 ratio of 1- vs 8-nenbered rings)

was used in the next reaction step as is. Step 10: TBS DeprotectionThe

sol uti kP8 the SPRIPNIMGIAEREICR  (-3.5 kg, -9.15 mol) in MeOH (-14 L) from

t he previous reaction was placed in a 50 L RB flask with an er head

stirrer, a ther rmcoupJf@S a steam b'%l—% and a condegser vvi ttb’ d water. To

t he mxture%add concentrated (83 nL, 1.01 QM

t enperature ¢ e was heated-t-o-450€>and aged at 45 ’To 6 hours.

In the course of the actlon t he product precipitated out N form a

slurry. After 6 hours, the heating was stopped. The mxture was stirred at

anbi ent tenper at r&o3v ight i it Pl C

confirmthe st ar%i‘ ngq‘ng sa%eqwgggd (ﬁtﬁ%} OEQI ti(%}oég’vaetgé@gorﬁg Mg.?q%ﬁvﬁfe?ﬁ]ne(t ure

was t herthaddeding Bley @dLa)b&ﬂﬁbmnﬁ@érawrh (Sliﬁiaiad droxusitizlgets afolytivarin edirber at ur e

fors3 Q&%{té&g E@Vidﬁs‘é@? f(lfr”f khﬁﬁ%ial (fbl’ilﬁt%do'.‘)w lﬁt@rstﬂa?fed(iﬁ Dburfhgl) . then
Wt str

dried amto a pr.oduct net, 2.20 k aI

5 20, rBMCouOMS BB ASGRGe LA And e Rt E o G REITEPIBD 0y 11
Ami de Eé‘lhﬁﬁt(bt%l doBtage Rtdnt RBﬁ@tCIk}eNRﬂ{)CMttﬂﬁl{dl CEI.S Eyaﬁrseétddmit Thabatel er head
stirrer, %er nocou a g nser . wth . Were. cha%ged t he
Start; RpcRaiaeT P gPer il FafteGr RO Ay Shaets el BrfosR i NbRyphY

3 mat hitldréx flbmiredBeYizy hatdr f29¢ L, 428 ndcd, 1.16q:26) mﬁ @ddadtdvéf&AAC(ul all@8nkp] 11. 84
?&%%E%Er%mm Qif"l BLX tlﬁioﬁﬁﬁﬁ%léﬂ%ﬁto?ﬂ}eaetddﬁégf‘glgr&\éﬁﬁﬂ t%re(tul%l hours).

The reg{g S moni terial was
consunbyIges8vecsiVe S@rrmg)wamq)@hm@q@efow& mipwesfpdovpd btéheaalna der QL mBUgES)Rt

t hr oughpdca- Thélfea&idntxﬁtxuﬁe%euﬁhﬁeréd R a i L%Mr%ﬁﬁhﬁ’ﬁg Mm M9 28450 L
RB flask with ﬁver head. stirrer, a ther nDcouBedew%rltd a st

water (44 L) Fo owing partition, the orgamc layer was was water tw1ce mﬁt L each). 1st
aqueous loss = 0.29% (pH = 8), 2nd aqueous loss= 0.07% (pH = 7), 3rd aqueous 1oss=0.08% (pH

15 =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
CO,Me
?H s} _ O MeO,C, = ,
HoN N MeG OMe HoN =N
\/O\IOTBS DABCO \O\IOTBS
Xylenes
-10°C
20 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
25 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 -10°C. After 1 hour age at about -10°C, there was 3.6
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bath. The m xture was heated back to 450C from 38C. Then acetic acid (0.904
L) was added dropw se. The m xture was cooled to roomtenperature, during
whi ch ti neowatoa2399 L) was added dropwi se over 1.5 hour ®Craseeopssehé i ze t he
product. The m xture was further cooled to roomtenperature. The solid was
filtered, rinsed with MeOHHzO (3:2, 7 L), then dried with N2 streamto

aford bhecam de abfdaying e s%ﬁi%ﬁg%ﬁm OB 5oncessd Kessttedngdh  neck
flask pesa egaliafsed ky DMAIN 38V embE adSsdquiv) €The redgionee epngletaalths ahathed Linnel
ﬁgd T e O%&Ff rﬂﬁﬁ}f: 193& %BH \Kgc%d gggfpg,d‘%e %@g&{%ﬁ w%%&i‘f’o ab%HP%%%E sl(o%ulf%
at an gudneherhivith éW@Hﬁ%ﬂ)Mﬁé Lof AREQ lagir 9, it proehawed tmnsmép%atléo M 43 kg,

20. 9 np){tra%cﬁ)reﬁlk' “é)eﬁat 3 g%g%qe(péfﬁrthéo aﬂf&%%r v4g waghea Wit hRgeR 4 @@L% e

mai nt al n ure rose

t
to 270tcsaling ﬁ@Slt'q‘ié)W %4dé‘gtnw%r‘]@l?1§%§‘i %ﬁo ke QltOQ,/ 9 a%ég ?{fg‘g\“’é‘i}e e;%@}@ usi ng

a dry Rt opdeedrdiainikr. IPDO ind@aaid AgdetddMie pRANZEOSSHRORMEr whihes.i de (897
niL) was added dropwi se over 1 hour, maintaining an internal tenperature of

-7C throughout the addition. After addi tion was conpl ete, the reaction was
stirrefthd 20 nilwclizason RRaGoanal ysis shows an LCAP of 92 for the product,
5 for starting material and 1 for bis sulfonylated by product. An

addi tional charge of bedgeWe sul fonyl chloride (44 nl,gtotal of 7.30 nol,

1. 05 equiv) was mdgoggd\stl rring ?g{{aél nued f 40 m ryg\ti(j y HPLC anal ysi s

determ ned the reaction t® be co he r ctlomiMNa transferred into a
100 L extractor contHi Y 48 L of_ XAkl PO4 a | chl or onet hane.

Addi ti onal dich o] h ne (14.3 L) was used t o%onpl eMe t4Meransfer from
thegyreacti on vesset oTpartitioning, the pH of 4M& aqueous phase was 7.
The organic | ayer was vvashed wth water (3x48 L). A 50 L flask was equi pped

with a thermocougl et bié%}as%ér oo fo%mfgsréag gﬁpké P8l hdfioco

overhead stirrer "a concéntr at or or onet hane so t| on was
fed i nnéraghe fipwabeating anatnﬁe, qdditioarfunmebadigiilatipn epperatenasvedicrd Stings "The o-

per f or gedndfht heARPHARKPBIR the holo-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 funne] while

15  maintaining the internal temperature above 125°C. The reaction was complete after 2 hours age
at about 137°C as evidenced by HPLC. The heat was turned off and the batch was allowed to
slowly cool to ambient temperature. At about 80°C, 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 Floc and the cake was rinsed with o-xylene (1 x 15 L). The solution was

20 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 1). 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

25  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
53°C 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

30 filtration, the slurry was cooled to about 5°C with ice/water and aged for 1 hour. The slurry was
filtered and the cake was sturry washed with 1:3 mixture of MTBE:heptane (I 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 in
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remai ned. Methanol (10.8 L) was added and batch concentrati on continued
unti|l approximately 10 L nethanol remained. As the solution was stirred,
seedi ng WO 2pavd4e39med. Stirring was continued for 90 m ROTAS20009580¢ent | e
exot herm (maxi num t enperature = 270C) occurred and crystallization
proceeded. An ice water bath was used to cool the batch to 50C. The batch

was stir v t 4 ho n 0.,12C. HPL for
mot her? ﬁé g&&% %ggfgtg géﬁél We/ela /g\ﬂﬁﬂ% \gg{[@ teé@BP’@é“P?}qgg@i& rﬂg i ce
wat er load in thgthotiee ht}ﬂimhdmshém A ecentd baitie wasl@eensmgias ke @G 0nkg dohBidm) bf of
cold (»C anol h

I osses% ?W da}‘lr%tttﬂégo i qthgr%m} 8%%8 éﬂ@ﬂgﬂe Cak &%‘?ﬁwﬁ}%ﬂ@%zéﬁv@ﬁ%r ed
under %179|ilﬁz"dgen tent with vacuum applied for 72 hours 3.60 kg (94% was
recovered as an off white solid. NMR anal ysis indicates that a methanol
solvate is forned (approximately 0.9 equival ents of nethanol are

pr esendP PH NVR 1 maﬁz@@ MHz) 1.05 (IH br s); 2.27 (s, 3H); 3.49 (s,
2.9 met hanol solvate 3. 63- 3 66 (m IH); 3.98-4.06 (m 2H); 4.18 (ra,

IH) 4244 4.55 (m 2H); 487492(mﬂ;& .57 (s, IH; 5.93

7 |
(s IH) iffa% |q:=§3 8. Sublz)-Bu-XpHok; AgshB, (M '7.20 (d, I H
J-7.2); m | .55-7. 59 (1T, 2H =79 Hzr>™ 79068-L 78 (t,IH J=7.4
Hz ; 8.07- 8 0 N JCD?_HSHZ) In a nitrogen-purge d‘l/eb%%’\%ith O< 5

ppm bi s( nor bor nadi®he) r hodi um (1) tetrafl uoroborate (GTQSLg, 16. 68 rnrnol),
(+)-1 ,2-bis((2i , 5R)-2,5-diisopropyl phosphol ano) - benzene

((/?,17?)~iPr- Duﬁfx% Ara&(z @f’)’tﬂe czltZ]fy?lz W%Bnn%%dqiﬁ lﬂlclﬁ{ \gﬂﬁﬁﬁﬂ{?&h@a%%tlﬁ'd—) Wer €

added to a 250 oun ttom st mxture was stirred f

one howereahdraed Aws €63 28, U2E wahwod PG R7230. mth@tsarrﬁd wgelﬁ@ewaw@ﬁ%l
fold ovegy X}aﬁo% eQh- cﬁtta@b@{y@g}ﬁ&;ﬂﬁﬂ@zm' E;S@ﬂsoaa%ym l%yl]‘élfm@@ 2Magolpdded to
a second stai nl ess steel .vess t he cat aI e apparat us
was s eaﬁleeﬁorg%mﬁ)@%‘gfgﬁe WF‘%FHW%“%‘?TB\}QB@E%%% 5 rmgire ysf ﬁﬂg rting
material ( 1.72 Rgapaﬁt;aﬂofmg alnadutpore darned i plag mtille withdincdpnetiostethane and
then dpaun¥ida VageEM 118500343 ho?PlaBeR (4 5 TS Iri4h ek 8 Vs sBrdd for 80
minutes.
15 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 AgSbFs solution (4.3 L, 0.343 mol) subsequently at room
temperature. The reaction mixture was heated to 40°C, and aged at 40°C for 5 hours. The reaction
20  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 (~11°C, 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 7- vs 8-membered rings) was used in the

25  nextreaction step as is.

Step 10: TBS Deprotection
//& Ka i
OH HCI OH
o
CO,Me \)\N CO,Me
OTBS OH
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met hanol was charged to the autoclave in a simlar manner and the catal yst
charge assenbly was attached via flexible tubing. The autoclave was inerted
wi th t hr ewonotweem / vacuum purges and the autocl ave wasTiSa@emdsneer
partial vacuum The catal yst solution was drawn into the autoclave foll owed
by the nethanol rinse. The aut ocl ave was subjected to three hydrogen

pur ges, thernost te 5C, and press ri w th hydro S t 00
psig. The reacti ‘ﬁ. hadartige mala nggé’ '”rgpﬁ If%ﬁ 1agfqg}}9?ﬂﬁlé f(%ﬂ{’él ysi s
C(r)\nf [ rﬂﬁlpt?&&%s&menw?@%aﬁed ide(ﬁEsRB fakkpriodarcdvathdad s8686, @ chamdcouple, 11 dr.
The resu rry. ;0 r

1H NI\/RS #’ﬁ@ ?Ln# T#‘)‘(i e I% I'as err 2%2%%%@%%&%%85%& Qfﬁt@ggi 09 (m
4H), 7ml910d md) at 1501 tGMperaiHye The evixtareyway pqatedp 459, 58d 7g t(fiﬁ]Cﬁ;}q)G 7. 47

(5t ’352‘] 5@(21 ?ﬁ thd c!?pu se%f%% rZac]t%n( 1!% pﬂ!ﬂ)uct Iﬁeagltﬁt&g out‘]to Tor%‘x @sluﬂ*y 3Affl§rv 6 l?chgrs

4.84 (the hszatglglwwstonnqyl "lshﬁ mme e@s (swe%ﬁ)ammme mzaﬁaaw %f&nvghte;ﬂae Wﬁthnm
4. 18 ( dhas mbniforkd b9 HIB.(Btoldbnfidtithe darkid I-E tdebrial widedhsuBed (9424 cdidersich)0fo (dd, J

Cad Segngning bt flbh alaet Pk G (bl g S wpdageg sy ichy fmetfurs B |,

3H) Lhéls (The sdlid was Silteted, Sided StBMOH-Wes(: bt Ontlith dritdwithal,cvesmfto om t he

ed t

G i of DA HEREHFR3 27 e 2ED ARG pg R 205 SPF O Bl bl asan

sol ut i off-wlkite sobdcentrated in a 100 L round bottomflask using 115 L of

2-met hyl tetrahydrofuran to reduce the level of MeOH to 4 nol % w th respect
to the starting materlal by HNVR. The final volune of the concentrated

sol ut | 8ifPwds - 20AMIdeKEMEGORt i on was cooled in an ice bath to +3C. A thin
suspensi on formed. TEA (1.26 L_09. 07 rml) was added over ~5 m nutes
(exothermfrom+2 to +4C) Vs 566 L, 7.26 m)l) was added over 1 hour

at +100C. After 1 ho r, he r eag conp and t he Xture was
quenched with ro( Mt herm f rom +5 I M 3 —'--' H3PO4 (9. 4
L) was added. was t{é‘,&'%&&r ed | ex gt or

15 In a 30 L RB jacketed 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~-57°C overnight (~21 hours). The
reaction was monitored by HPLC to confirm the starting material was consumed (98%

20  conversion). Then the mixture was filtered hot (~55°C) through in-line filter (pore size 1 pm) 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 45°C from 38°C. 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

25  temperature. The solid was filtered, rinsed with MeOH-H,O (3:2, 7 L), then dried with N; stream
to afford the amide (2.88 kg net, 2.79 kg assay, 7.43 mol, 94% isolated yield) as an off-white
solid.
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rinsing wwth 15.5 L of Me-THF. Additional 22 L of water was added, phases

were separated. The organic |ayer was washed with 3 1 L of water.

The

or gani ¢ Iagenicoaeidai ned 3.57 kg assay (99% of the prodect/iseamasoused

di rect

ly in the next step. IHNVR of the 1:1 m xture of diastereoners

(CDC13, 400 MHz): 8.49 (t, J 6.2 Hz, IH), 7.99- 8.08 (m 4H) 7.76 (t, J 6.0
Hz5 | 5 7.65- 7.50-7.58 (m 4H), 7.04-7.17 (m 4H)

6. 89- gg@B 1em 2%6%“2833?8”2’%“‘3"‘5%@“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 |H), 432449( 421(dd J =
12.1, 3.1 Hz, IH), 4.13 (dd, J 14.1, 3.4 Hz, 406>mf’8d J 13.9, 3.7 He,
IH), 3.16 (s, 3Hy, B.1 1 (sMe3H) Ph@d,dIS, 6H) 5 (GB' J ™M¢ Hz, 3H),

1.48 (d, J 7.3 " H St e MR te Displ/ac ®he s Fon of

mesyl ate fron@the'pri cedln ep : 3.5 K .;f was
concentratedl\ﬂ»{ark 3 fhask with 35 L of 2- ofuran to 6.9
L volunme. MeOH (#4# L) gvas added (13:1 nol ar rati gHof OHTMeTHF by H NWR).

The resulting slurry was cooled to -150C. A 33% solution OFMeNH2 in Et OH

(7.2 L,
at -10

sol ut i adlinesfunnsicedhitaiced inktblldve®by clofgite Gthtthe aldthdl sutetrates? 608 akes196 n

ICG t

cyI i ndof 218 asesbépotassiung phtyipheld (ditB kg 220.9 mol, IMTBE) avd added wfer \i/ameutes,The

| ayers
MTBE.

57.9 nol) adde ow - 15C over, 1 hour. The slurry was stirred
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ﬁgﬁé Qnﬁ@%ﬁé EE!) ﬁﬁﬂtaﬁrb&e%%ﬂﬁﬂﬁ&: ae@ﬁ%ﬁhms s%ﬁét fegnyy tﬁrﬁﬁéat%ré- of
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dichlo
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racem copplecthe reavdoh hes stivkel foad0 wamlttes:i MPLA aRalgsit shafwsMa@C AN €92 fdrithat e

was tr
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fdetdreantd @i)@n réhching - HioCh) b@fﬁ?@ﬁ&hﬁaﬂﬁ chryige (899781112) o3 addeb Qiropw1se over
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ﬁl%%{l?tr % % sPa?ﬁllfg hAfeRal 2R 1R bis' Shﬁgllf}’l&éd ﬂgpi%dﬁctl‘ A M él&%ég Mtion of

benzene sultonyl 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 1 N HyPO4 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 = 27°C) occurred and
crystallization proceeded. An ice water bath was used to cool the batch to 5°C. The batch was
stirred overnight (14 hours) with warming to 12°C. HPLC analysis for mother liquor losses
showed 3.3%. The batch was cooled to 5°C with an ice water bath and the batch was filtered.
The cake was washed with 3.5 L of cold (5°C) 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).
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canphoric acid (3.19 nol) in 3.4 L of MeOH was added at 18 to 2 1C over 1
hour and the m xture was seeded. Additional 1.1 L of MeOH was added,
stirring waonoeidmued at +200C for 3 hours. The suspenPCOUSAMS/05930¢ er ed
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

wd 2 | t HNVR, HPLC, >99. 8%
Correl ednaeREi. 489500 Ll b B uni: Gl b SRR o
(br t, 3.56%m518);1298-4.0% (m72B L4712, (1H); 288-8.27. (@21 K}, 4.55 (m, 21D, HAB7-4.99) (m,

.22-5 ; 4 5
ez i) S3 )y 4908, (g, B, Gl “’ﬁ‘?ﬁ%’sé%q%é 53y
2.87 (157.2)97 A2k, M)SH)S5~725%(2, 21 J6B89 H); DOSHY2 (21884 Ha3t§ 07@036 %H 3H),
21§12|2:639 0.5H), 1.82-1.92 (m 0.5H), 1.69 (d, J 7.2 Hz, 1.52-1.60
734 (s, 1.5H)5 1.38 (s, 1.5H), 0.94 (s, 1.5H). Step 16: Fi nal
Couplingln a visually clean 50 L cylinder vessel, penultimate salt (1 95
kg, 3. Q&p k), DEMARrld HyRoddalibH 6. 8 pot assi um phosphate buffer (20 L)
were pl aced The m xture was stirred for 30 mnutes for salt break, then
allowed to s ttde The organic IaM?ﬁé )ﬁggﬁrated,ﬂan@l back-tra sferred to

t he vessel byf fer DYESs pI ac/ed\ e Mg, bk e wase

stirred f thena &Ho settl
separate f r d s ayer and fransferr ed
4- necked 50 f ask W|th an ov er an rmcoupl e.

.
N, N- di r net hyPdxani € acid (0. 745 kel {:‘E gz EB, was a@Hed &hd stirred for 10
m nutes. EDC (1.143 kg, 5.96 nol) vvas portlon Wi se to the mxture
(internal tenperature was kept below 30 0C) over 10 m nutes, followed by
the addition of &menhhegeponigedsloytbEDE 02205 by, MS(a@rbnma)iienﬁ)’rh(Eﬁum?‘oD

i P
il T GrebEAR {eRer G AP S P g\rf@ﬁ SRz ‘!‘“g"f"&’&g@m’%ﬂ@ e?feﬁt fhto
vi sual bynzshe R, BOPE-DBPhpHdés38.dsE) m dxiporpaeshang 285 ML) wigse ldsd dya

Then thegg H@ﬁ)‘ﬁn&@&t&m%@ﬂ Yhd &t@@\"nﬁxﬁwé—%a@ﬂﬂre@‘ﬁr oy IRfor ﬁnd—trkﬁsferﬂad%én xture

was stirred roomtenperatu
cannrula to a 150 mL stainless steef VGSSG? 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
15 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

20  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 25°C, 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

25  the next step.

TH-NMR of the 1:1 mixture of diastereomers (CDCl3, 400 MHz): 8.02-8.09 (m, 4H), 7.79 (t, T =
5.9 Hz, 1H), 7.67-7.74 (m, 2H), 7.53-7.62 (m, 4H), 7.47 (1, I = 5.7 Hz, 1H), 7.06-7.19 (m, 4H),
6.94 (td, T =92, 4.3 Hz, 2H), 5.32-5.40 (m, 1H), 5.01-5.09 (m, 1H), 4.92 (dd, J = 10.3, 3.6 Hz,
1H), 4.84 (4, J = 3.1 Hz, 1H), 4.44-4.52 (m, 3H), 437 (dd, ] = 14.7, 5.8 Hz, 1H), 4.18 (dt, ] =

30 12.5,3.8 Hz, 2H), 4.13 (dd, J = 14.0, 3.8 Hz, 1H), 4.05 (dd, J = 13.8, 3.6 Hz, 1H), 3.65-3.73 (m,
2H), 3.59 (d, T=13.7 Hz, 1H), 3.41 (dd, J = 12.1, 8.9 Hz, 1H), 3.15 (br s, 2H), 2.26 (s, 6H), 1.62
(d,J=17.1 Hz, 3H), 148 (d, ] = 7.3 Hz, 3H).

-9 .



30 mnutes, and then allowed to settle. The organic | ayer was separated,
back-transferred to the vessel, washed with water (20 L) again for 30

m nut es, wodonal4bdet ed i n pol yjugs. The next day the or gamius200984306\as
sucked into a visually clean 50 L RB flask equi pped with an overhead
stirrer, a batch concentrator, a thernocouple and a steam bath via an
in-line filter for (ioncentratlon The m xture was

concent®Btdd/ sol VEMI2H t ched in vacuo to EtOH (final volume of EtOH, 10 L,
total ~12 L). Seed crystals were added at 45 0OC to the xture. The m xture
was cooled to room t@@pﬁgature and aged at roomte gmre verni ght. The
ed with EtOH (5 L) ;an ed w stream

i r MESPRAITRA ( /m ot % 91%

i sol ated yleq’d) e solid. 1HI\TIVR 500 ppm: 12.35
(br s, 1H), 9. 3%z, 1 H), 7.22 (dd, ¥ 7N4, .9 Hz, 1H)
7.20-7.16 (m DH), 6091 (dd J =9.5 8.6 Hz 1|—§)S5./810(br s 1H), 4.96-4.91
(m 1 H, 4.51(d, J- 6.5Hz, 2 H), 4.46 (t, J o 4.1 Hz), 4.31(d, J
=14.1Hz,1H),4.15(dd J118 2.5 Hz, 1H), 404(dd 14.1, J 54HZ
1H), 3.07 (s, 3 6 d, J.1.

1.61 (d, J = 6.9 tw@qlﬁhes fim @@%&%ﬂﬁé@%ﬂ%ﬁ P sk ‘?f’d“‘aﬂqu R o
a rreanwﬁmmsbgj G cﬁ¢1ﬁ@oﬁfet}ah®(tbtawssﬁy 8.1 kg, AOfin@])paiiireduitigl dear salngen ohs f rom

b 5 d
25 anentsbEreRR R PR HEBEL I ERY g R Bl FRH NG BRI K
enpl oy&:dell of Meé@Hdg #aad] Yiswith respedt te theatartingsmalienialr byl MR n T ﬁn&i obwrmpyunds
phar ma%@oggeé&@éﬁ SBIufABh RS S201, NYEROR oA WAV HiEPRIRTS ool afipound

5ASt orrra | on - nec ed was, charged with THF
(27.5 BYSPERFPY fosuw ToAWE: 9@’ rwg}) wss addgd mrés‘?) mmutqsd@fﬁth%%%ﬁ&rt@ to
give a+h¢@)c hvidtit(088s 1L, yzstmdlj &tls ¥ilell ©ved Ukduy atQ(S’CZ-Aﬂ%ﬂlQﬂﬁr Ithe feattic (4. 55
kgi ° %vas ccrarr%lﬂ%tse) ar\llé?t?}e mlxturc vava%s (E]uee%Ehed \%ltjh 9 Loo\{:"%ater (exot i m'ltse%o Qﬁg@) the

1M aqueous HsPO, (9.4 L) was added. The mixture was transferred into a 100 L extractor

solid was filtefe
for overni ght/"_b

rinsing with 15.5 L of Me-THF. Additional 22 L of water was added, phases were separated.
The organic layer was washed with 31 L of water. The organic layer contained 3.57 kg assay
(99%) of the product and was used directly in the next step.

15 1H-NMR of the 1:1 mixture of diastereomers (CDCI13, 400 MHz): 8.49 (t,J = 6.2 Hz, 1H), 7.99-
8.08 (m, 4H), 7.76 (1, J = 6.0 Hz, 1H), 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 Hz, 1H), 5.64 (d, T =3.3 Hz, 1H), 5.37-5.47 (m, 1H),
5.08-5.18 (m, 1H), 4.32-4.49 (m, 5H), 4.21 (dd, 1 =12.1, 3.1 Hz, 1H), 4.13 (dd, J = 14.1, 3.4 Hz,
1H), 4.06 (dd, T = 13.9, 3.7 Hz, 1H), 3.16 (s, 3H), 3.11 (s, 3H), 2.24 (s, 6H), 1.56 (d, T = 7.1 Hz,

20 3H), 1.48 (4,F =7.3 Hz, 3H).

Step 15: Mesylate Displacement
O
1/2 )\lr,
HO "1\(OH
T 0 Oeé.Ph Me 1) MeNH > 0 O Me
- 1 2 . ; OH F
c N | O N, F 2} camphoric acid g N I H
Sy i I
N Ay
O‘S"’ = _NH O
5%
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tenperature bel ow 200C. The resulting | oose slurry was aged at room
tenperature for 30 mnutes and TBS-C (7.00 kg, 46.5 noles) dissolved in
THF (3.5 WP 2omd04288ded over 0.5 hour keepi ng the tenperararashebos3scCOC.
The reaction m xture was aged at roomtenperature for 1-2 hours and reverse
guenched into an extractor contai ni ng wat er (25 L) and MIBE (25 L). The

| t th h 18 L

e 50 br | ne. ( D TR IOT ST Fof) DI Hace el o et €8 W 3 AEB 659 )

ﬁnd f | bsheesiraséd i SHEDE Rmefl4sRQvith) 33 D o P fpethiyltehehBSuednte 6.5 valuatdiddeOHl [ > éO
, ni n s use

vmgt hou&t&; r"YEﬁ%Fjg%(ﬁ&?f |’881[A a%m Oﬁﬁ%@ﬁmwF hgl ﬁ@%} @1 Q{Sc%%qg\gr}lh r?pr?

addi t i copled 5015°C3- A 83kesbRBfdf AN Mpin OH @&LW%%MW@@@]’@@WOIS{)@ 187

Kg, s 45oéerrfqlo%§>xh@s%l¥§ B8 Liird s 8810180016657 hdtndl Sndio 310 ORI 16GhoBRY e 4. 24

nol e at room tenperatur ction mXture heated to +6CDCfor 16

hour s revhlémg elgat s@ﬁlmaswapwateé Wl@blﬁ £ & Ml te~1Q L vetuwee, wpeled Mrse (25
L), tranagkeshadd 1eied ammos L vexdrian@ 60r L. srBmashied uebdsH 30, %‘EQQ'SV&KHZ PO4

20 L t h ed th 8 L
tnd coHE TRt e PRI R as Lo o Ut ﬁ@w@ﬂsﬂv&mﬁl R
coupl edithi24rii HEMIBE. dndldgl bt]wa&s ayhe lagera weed sepaatediand MeGduéAs ;ﬂna$mw re-

t
wolmeL LS5 SEORE T WIS hof i SRSy TR o1
of St epn@ne(umallz@ wigh 440, & 5Mlae’§lequﬁ K’i@i‘l to pl v (34 kmamm(%\mbf Howw
aqueoUg,eqn Zi% d‘r@hlé‘l‘% tHRE %%fl:r RS (ﬁ'?dﬂﬁje (ﬁEh}BR)% Qtﬁa%%ﬁﬁs%tMs%oh&n%ﬁdWEt ion

and the resu sol ut | on_héat ed hours_ (circa_99.8 A%

conver &p &rfjask T‘ﬁ@ dapt MgRHhioxt ldrel Naksmeo aib@aesalan}g&“m% Sﬂ%@?saﬁléﬁr to
t ransf e 1lzstgcz>fa§beﬁﬁ& f)ﬁﬁh@;rand ol @nk8 inag WMEIRI 1852 B)L eiideostt élrhe(fﬁﬁath) The

0
(e e BRSO TR e B e P R ey O™
COITbI neainpit@ﬂ:mcni Gayandl) we.é Lodide@trvedseddedatd® toi2ll °Gndersicione and i t C hed to
et ha”%xt(ﬁ%! WEsedddd. KRRt 1 91) OiiIﬁeéhf@ésdadﬁe&%{iﬁrqupasogon{'i%d%g@&@ %
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
20 2:1 salt according to HNMR, 99.6:0.4 dr by HPL.C, >99.8% ee by chiral HPLC after
derivatization as the APL
JH-NMR (CDCI3, 400 MHz): 7.88 (brt,J=5.2 Hz, 1H), 7.12-7.21 (m, 2H), 7.02 (t, ] = 9.2 Hz,
1H), 5.22-5.31 (m, 1H), 4.63 (dd, J = 14.8, 6.6 Hz, 1H), 4.51 (dd, T= 14.8, 5.9 Hz, 1H), 4.13-
4.22 (m, 2H), 3.84 (dd, J = 3.4, 1.2 Hz, 1H), 3.63-3.73 (m, 2H), 2.87 (t, J = 9.2 Hz, 0.5H), 2.52-
25  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, ] =
7.2 Hz, 3H), 1.52-1.60 (m, 0.5H), 1.34 (s, 1.5H), 1.38 (s, 1.5H), 0.94 (s, 1.5H).

Step 16: Final Coupling

112 3\
fe. -~
HO & OH T on Lok
{ o N T H
50 O Me Me,NC(O)CO,H, EDC NN N
/NN OH F - N

o I H O N\M O

MN N I ©

NH O MegN O

30 d
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whi ch was used as is in the next step. Steps 4 and 5: Pyrim di none
formation A 75 L 3-necked RB flask was charged with am doxi ne sol uti on of
Step 3 (MMO2B10ky23988 noles in 27 L of MeOH). The react i ®QTASZA00089308S
cooled to -200C and DVAD (4.67 L, 38 noles) added over 45 m nutes keeping
the tenperature bel ow +50C. The reaction m xture was concentrated and

| t tched t | 50, wt % sol ut 10 3- ked RB
ek e Char co RIS S S PRSaE veah LB B 4S5 Koo PRt | 6
r e}‘ | ;JX))CI\DME&)@G(YGQ\H PG, Xpbﬁ@@urﬁbhésﬂt@teaﬁ:ﬁﬁy(zod,)rme phiced. %hemyimms t
SOl utl ur,S i on
O S BE A RO A i Cor e et Dol R Pk BN R WS W seoblfiod SREL' 00
cool sbadkHtdngietrod &b tvesst3 Gberethd sm«k]tllféméZQ Lpwh) pldeest iThe ewcmmws sbiewed i al
[ eBICeR ROGHANGE bl MBI T ofllichdfbs Sas smt&@ﬁs&'@@ac;ﬂeﬁw e was

allo roomte re to glve slurr crysta |

d
Dyt i 1 B emplerTed 5 Nl chgad-Bkehe R IRHaSkTE BERERREIREST HSt ane
(cir cagftnddou N@d@ﬁﬂetﬁﬂ@karﬁlcm@w@ TA8e t@@@ asfz{dﬁce? an@yfiged foheosl urry

s [T CELET 00 15 R e o CUELD U kbt o
ni tr ggefﬂs kept balotlayX) “dl) ovaold hanmps| Hilawed by tigi addxtiohe)fIBShﬁwmmmﬁED@ (3.75
or Wpar Qi ke datthoh A0 Y ules, MiBaion SR Ao 801Gk BY NG 1006m,
100 L B8 staramganateyini \d@&ﬁ@néwdé(ﬁi)é% cmsreraumbd“batmlmwa% camdrt@to & ol | owed
by t headgiiy (9:%11103:0 DENARBERL) Wére @Nﬂ”w‘a@& (ﬁ@LY@ai‘ﬁﬂ:wé@" ?fleﬁg@lemagw{:vﬁ§ whi | e

mai nt ai ni n eraturea ution_ was stirred at 25-300C

for 2 HBtpdsvithrREM Gk %MWOW@H( tle) %’bﬁ@"&ﬂw "fﬁ?e“tSﬁafﬁé pt oom fempgigtngg for
f ol | owed nhiute@ted thed 4116w to sEhR. S’h&lbfg‘ﬁniwa@eﬁﬁvaﬁ Sepdraddd, B&kaeﬁ@feh@ﬂ tSthe

M oS et ke B3, 3088 Sl AR RS G TR BE 85 iy 50

L) . Théecoagminmgerdvisedcked iators tiswdlgmieat 58 AnRB lasihequippetiovithpat oerteadi ght to
give t Qt?rr&?&?’bﬁ&? %Iﬁ%ﬁra(t&g aﬁlelflgloccz.ljp\m #a BEXnY b&h Na an in-line filter for
concentration. The mixture was concentrated/solvent-switched in vacuo to EtOH (final volume
of FtOH, 10 L, total ~12 L). Seed crystals were added at ~45 °C to the mixture. The mixture was
20 cooled to room temperature, and aged at room temperature overnight. The solid was filtered, then
washed with FtOH (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.
'H NMR (500 MHz, CDCls, ppm): 12.35 (brs, 1 H), 9.60 (1, J= 6.3 Hz, 1 H), 7.22(dd, /=74,
1.9Hz, 1 H), 7.20-7.16 (m, 1 H), 6.91 (dd, J=9.5,8.6 Hz 1 H), 5.81 (brs, 1 H), 4.96-4.91 (m, ]
25  H),451(d,/=65Hz,2 H), 446 (t,J=11.1Hz),431(d,/=14.1 Hz, 1 H),4.15(dd, /= 11.8,
2.5Hz,1 H),4.04(dd, 14.1,J=54Hz, 1 H),3.07(s,3 H),3.02(s,3 H),2.86(s,3 H),2.24(d,J
=1.9Hz, 3 H), 1.61 (d,/=69Hz, 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
30 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
35  Preparation of Compound 5A
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Step 7: De-TBS and acetate-besylate formati on TBS besyl ate of Step 6 (9.9
kg, 7 1wt% was charged to a 50 L RB and acetonitrile (18 L) added.
Conc- HO we2owid4)3omas added and the solution stirred at PCRABB@QSBN6 1 hour .
The m xture was washed with heptane (2 x 9 L). The acetonitrile |ayer was
charged to a 72 L RB and pyridine (190 nL) added. The sol uti on was
concentrated to a xipately 15 L and flushed with acetonitrile (18 L).
Acetic t&Plﬁydrl del ﬁg %’WA added and the solution wanned to 75C for 3
hours. IPA (30 L) was added and the batch concentrat eodr gnder reduced
pressure (500C) to reno % omrmewizzo L SOH@W was added to obtain
final volume of 55 L at/500C. The $ %uﬁgl on was preated w th DARCO G0
(activated carbon, 90% g), stirred at '500C f MO1 hour and filtered warm
through a small sol ka-floc pad into a 100 L RB. The cake was washed with

| PA (10 L) at S50AGSTh&neekediRIEfadk Wiy ditiged wetheTISF (27.28) ambkaBedeI(QS\B%C and

ded h I
hour sl thefl QagyMadodmairoi e BT B fifled Ol s bR B
washedbwieteal #ol( 053 Rg, &hd m@m)m addel a9 neaThgnid ake O 01dnn9enltat1mlgjme t he
acet at Fﬁ_ S8 bl 3 K Phe %%%@00@@%%&9 llge%taﬁﬁ’ocﬁn téxﬁﬁé’ré’cﬂ&l f@F%’v@ ﬁﬁnutes

al lyl at’ sol'ution of the
tetr abmdﬂﬁm 67 -00kBr 407 meles) dissadyed; i 3(%) Pgs %d aéa'aos% E@H e?l?iﬂg ¢ the

?IR t rR O0Rhp tea%h %l peRd -Q@zﬂ: gﬁ%&ehaudﬁ%ﬁlxagéa@s h@edant Mdoth Wn@e@etm@daﬂb@&o@?ane) and
L b < 2ASPh R B DS aecths tipye Wi Zadared MRS b E R0 fats e (134
g) 10 Af separasad, theiomganiolayarovasi washed with téo Walk6l ls?tL)s%ﬂdlﬁt% brngekx 18 LanBferred to
th t |

e ST QR RA IR AT TR SR, A0 Larab

Pd( OAc¥thex e@oa agpdawib [%@d@dcqrtﬁalqma nbpuitIFeA Yod Zateh pprcenthiéa ©€3 bist@hBSEwhighi on of

al l'yl a%ﬁu@a%%t elc]%[r[ﬂcggeﬁ Af e hEc it Ne next step. Two batches were
run at the sane sca e 9: Hydrogenati on
15 Step 2: Acrylonitrile addition
f\/OTBS ACN,DBU J/\/O\/\g
HO TBSO

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 +60°C for 16 hours. The reaction was cooled to room

20  temperature, diluted with MTBE (25 L), transferred into a 100 L extractor and washed with 5%
aqueous KH,PO; (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.

25  Step3: Amidoxime formation
QH

o}
f\/ ~"CN  NH,OH, MeOH y O\/\fN

T850 TBSO

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 +60°C

- 06 -



5% Pd (S)/C ( 828 g) was added to the DCM sol ution of allylated product of
Step 8 (2.03 kg, assum ng 100% yield). The slurry was charged to a 10

gal | on stwoned/meidecl ave. The reacti on vessel was pressRCTASA000593061ydr ogen
to 45 psi and heated at 300C until hydrogen uptake showed conpl ete
conversion. This was repeated on a second batch. The two hydrogenation

bat che re conmbi ned, MIBE (2. was. added and th i Xxture was then
o e R B B A% R ek KM S SRS G5 CGgelo DB a Rt ur o
was fi trivefeckdtibtocnghirsitbt amtdifing QfTBEKES B} dridosatpa@s B sTwelahedwearet h 9: 1

DCM ) i fil . I

o t cnedefe Glis bl BETRAE nc LBLE P LERECRTL AL ANSPOURR, 5
over 1whoback exirectedwithtMBEBEL1 UL} hamembired ergaticdayas pae whcgitiateddo (0025 kg)
ands t g, d it swwidifRd @ n{eﬁﬁﬁ@ﬁkﬁcé"@ﬁ%ﬁﬂﬁgﬂ%’%@f&i@ﬁ %}ﬁti&ﬁome bRhidlx%Re ON

drying the racemc et oxepanopyr i I none 10-20% ee). The

filtratBEhpasasebards it hemedt 46 sol vent switched to 1PA (13 L). The mixture
was treated with Darco G0 (0.3 kg) at 800C for 1 hour. The m xture was

filtergd hgt é?‘ro% a ﬁ%d f Sol kafl oc, and washed with hot EPA (4 L) and
acet ongpi3n¢y- mIgiePe, '$2 rat es were solvent switched to DPA at
60- 800C and cool ed to 230C over 3 hours. The slurry was coqled to 100C over
2 hours and filtered. The acake was washed wth I%ﬁ, 3 L) aff 1Q0C. The cake
was dried under 'trgqgn\%tﬁqeam tdMANe the eth & epampy T i none
(3.186 kg, 95wt % purity). Step 103 JBr maglcon Exg O)&Q%a@o rimdi none of
Step 10 (4.9¥8dkd, | Omi) MWHs suspended in acetic aci®¥ (30 ) iG¥-¥e100 L
4-neck RB flask. NBS (5.3 kg, 30nol) was added foll owed by concentrated
nitric acid (3 L)...The m xt s warnmed .ta _75C over 30 m nytes t he
Pl £ g hovogenoinsl rise I AR whS g g re hboe St T B0ur s
A smal kgd%ausles o 2700 ofiVir®©H)aPhe reavtidnveaiktutd miag goslbéd to-@att ahDMIAIR (AH6X LU €
was copgentr e or.r 4 e Qr
st PSRBT aEGanects HASMIRAR e FRUEmBL R ol 35 TR e Rotn PR wep o e
t o 20Cromemrtadbard) sodirenit sweitehed (RO-xlenoktr makeial 80l wi%bselubicgadi 0 lajarcckedRB
flask was charged with o-xylene (55 L) and heated to 143-145°C (gentle reflux). DMAD adduct
15  inxylene (7.4 kg assay, circa 50 wt% o-xylene solution) was added over 2 hours to the hot o-

xvlene solution. The reaction mixture was aged 3 additional hours at the end of the addition,
allowed to cool slightly to about +130°C 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 shurry was aged overnight at room

20  temperature. Heptane (circa 45 L) was added over 2 hours and then aged for 2 hours. The slorry
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).

25 Step 6: Besylation

0TBS OTBS

= o Z
OH pyridine, besyl Cl
O HN [ o HN
X OMe K)\
t\)\N \N
o]

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 the

OMe
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separated and t he aqueous phase back-extracted with DCM (5 L), The conbi ned
organi ¢ phases were washed with water (20 L) and 1.67M aqueous K HPO (30
L). The cwotzorad2DCM extracts were dried over MgSO4 ( 10@cgjus2dmolossred and
concentrated. The residue was solvent switched to circa 10 L THFwith a 4:3
m xture of di brono/ mono- bronp products, which was used directly in the

next st p 11: To t he |rca43 xture of
e oINS PR By (i 0K R S0 BUleS e G A 56 | ous. ot ep
vvas adg@egeipbla 20R0° NN cFlUBog way st[mdd) ataneoal é‘dam/homhcﬂmmatoh wB&sod to

). 1.X{ ti dded
op: LG Blh TR LIS lclea by HE i 33, ARGl BP0 1B
resul t fongOshinwtey Waterf17.5 &) eds aqm;:dtahéwm Srhecshitey iessagnd SAaainulies.(Slurry
'VECH %@ﬁn&%ﬁr Omagqg@va@ﬁémﬂa mamwaﬁé? d: aw '39513 e'iﬁ@ ea{el \ﬁasrﬂr?&[fl‘i'ﬁ s of

syn/ ant| - non n nonobrom de: iﬂ
7. 78 (Rifrogey streamgm tbﬁnﬁltmot omerpapht Hyeive ﬂ%@ TﬁSzbeﬁy@tes()IO 341%@1\(%: 8&4& vie )25
(ddIH J143 34)414(dd |H, J=14. 3, 29)407(dd IH, J=14.3
1.6), (s, 1.99 (m IH), 0.87 (t, 2H,
J=14. 9yteP ApU rmn T@%ﬂ%%&ﬁi@ﬂ”&éﬁé@"&% M) 7.94 (m 2H) 7.78 (m IH),
7.62(m 2|—|),547](E9$ |H J=10.0, 2.8), 5.03 (m 1£)4.36 (dd, IH J=l
2.4, 2.8), 4, H5J zh 4.3), 3.82 (dd/ HCf12. 4, 10.0), 3.74 (s,
3H), 3.72 ( IH) 1998 (1" 1. 86y (& H. 85(t0 2H, SRA1 9) . step
12: Amdatio "D und .

4-Fl uorobenzyl (5 8 g, 4 62 b fZQNas addedoand““{ het lightly yell ow
sol ution degas ed h N2 fame approxi mately 60 nu . 3AbMe2M i n
hexanes, 3 L, 4.62MNwl )][was added slow y to the™benzyl anjine sol uti on over

60 m nut es.. The sol uti orbwas aged at roomtenperature foro75 mnutes. The
brom de product of Step 11 ( 1.5 kg, 3.08 nol) dissolved in DCM (6 L) was

adged to the am @gﬁ%'esr?ﬁ&m§eép%qb@tﬁgoel\9¥ﬁfw§s%ﬂ5}gwga s0 IR 3h Qo dxgaL her m

was controll ed
(18 L) added. Conc-HCl (95 mL) was added and the solution stirred at 15-18°C 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 warmed to 75°C for 3

15 hours. IPA (30 L) was added and the batch concentrated under reduced pressure (50°C) to
remove approximately 20 L solvent. IPA was added to obtain final volume of 55 L at 50°C. The
solution was treated with DARCO-G60 (activated carbon, 900 g), stirred at 50°C 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 50°C. The combined filirates were stirred, cooled to 30°C and seeded with product (1

20 g). The shury was allowed to cool to 20°C over 1 hour and then cooled to 2°C 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 allylation

OAc

N g
| Q 0SO,Ph
N
HN

OM
O\_)%N | OMe K){\N ©

25 O
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ice bath. The reaction m xture was aged at roomtenperature for 60 m nutes.
On conplete reaction the m xture was punped into a 50 L cylindrical vessel
cont ai ni NyoI2bioHER39415 L) at 100C. The relatively | arge exotuseonrossds r api d
gas evolution was controlled by the slow addition of the mxture to the
aqueous HC . The organics were washed with IN HO (2 x 15 L) sat ur at ed

NaHCO3 (15 L d d bri Th

ayer cont ai hi ng HBEROAGePEEae aE 063 R Gy Ol ChL AT
concenbioati@el(1a8 ¢) FoDTBM {2080 Wwashivgadsed with hitrgen. DegaseBCM (4. 81ip waf added MeOH
sol uti on, Mﬁ&u&%@?ﬁ?&ﬂ&?%?’f ¥) #Rl (%R R abHE m&w{gaﬁ%ﬂi zkjslgz)am de was used in

next step w thou her “puri fi cati on. Two bat ches

wer e r‘é)mnanocmb)hsm-&wilw @almpyiphosmemhynmhthwl AP B@ee‘rﬁéh{o N 4836-09-
cylq ndaj ?;egga' stﬁﬂh% Rﬁ)q@ Iﬂwes qe&édtagsuse%ﬁsﬁ wa%@me@éa Blthe §tBfed

terrperat harged wi't starting material, solutjon in

net han&a%@ oS gTB?rqﬂlF*E‘Q IiXfpE Vf?&taé?fi %Pmﬁi 8 hgarsywitl periggic $MRKERASs cool ed
to 5 Oﬂ‘eterﬁihhh;ﬂeamﬂ o€ repofiarn. | SEIBIEOWE)? @0g2) 3vat Bdded tb quedhahoteavirs:. Abded over

15 mnutes. Sli her m obseryv and bat.c rajfure went to
T0C g s oA RS R s BT G B e Rr A alint SUBGRBh Gt
Separaﬁﬁhyg@ndhh&nlution of PTSA was prepared by m xing /?-TSA nonohydrate

@7 Kg) and 16 L water. This solution was charged into the batch 4 hours

E met hyl am ne addition. The batch tenperature went to 280C due to
exotheBwp9The batydrogesatioeeded. After stirring for 3.5 hours, a thick
slurry was forned. Water (45 L) was added to the bat ch over 45 m nutes. The
bat ch was aged at owgrnight (9 hours). Th id product was col | ected
by filtration and cake was maaged W th bg H (3 x 5L) and
water (10 L). The S dm?ed t he I|tﬁ nitrogen fl ow
overnight then in acu oven ven W th \é;gggn flowbor 3 days. The
crude product was et acetate ( N a |tated for 2 hours
and filtered. The wet cake mas shed wi th ethyl acet@te (13 L) and then
dried on filter

5% Pd (SY/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

15 reaction vessel was pressurized with hydrogen to 45 psi and heated at 30°C 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 MgSO; (0.8 kg) and Ko;HPO4 (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

20 combined filtrates were concentrated and solvent switched to isopropyl acetate (circa 13 L). The
mixture was cooled to 22°C over 1 hour. The resulting shurry 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 80°C for 1 hour.

25  The mixture was filtered hot through a pad of Solkafloc, and washed with hot IPA (4 L) and
acetone (1.3 L). The combined filtrates were solvent switched to IPA at 60-80°C and cooled to
23°C over 3 hours. The slurry was cooled to 10°C over 2 hours and filtered. The cake was
washed with IPA (3 L) at 10°C. The cake was dried under nitrogen stream to give the ethyl
oxepanopyrimidinone (3.186 kg, 95wt% purity).

30
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pot with nitrogen flow and vacuum suction overnight to give amne j?-TSA
salt (2.15 kg, 79% . The di astereoneric excess was 97:3 in the displ acenent
reacti on woowae2®8. 5/ 1.5 after isolation as the tosyl aPeT/usehovBsdgne 391
NVR data: 1H NWR (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 (nb
IH 5 4.54 (s, 2I—Q, 4.13 (d, J 5.1 Hz, 2H)54.06 (dd, J 12.9, 7.8 Hz, IH),
3.84 (9f§p 19" 12, gBromigalign "1y 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 w t hrdiget hyl oxam c -d (0.6% k 5DCM (16 L),™andgNWM (1.12 kg).
The m xt ur e5edh o 13@3 Pi vaj-ey| “thlosoge (0.6 Wag)g d and
aged 2 ho@rh;}g f om t enperatiure.~ Agi ne | PTHA salt of ep 3i 2.01 kg) was
added in o poNt i 6RChMed aged 2 hour's.. EROMEE Was R Ogmeh wat er
(12 L) and 5SMHA (0.21 L). The |oweg~ggganic | ayer wag<3gparated and
washed with water (2 x 12 L). The solution was concentrated to | ow vol une
and EPA (8 L) added. The solution was heated to 55-600C5 seeded (24 g
Conpound 5A, cr yEthal bxependiyrimidi@osopi/Sap 16 (4.0 ke démalhuesssugpendsd sometipy
addi ”gaéiggsd £ 15 fodl, m.gea@miam § (SDRE KA} §hyaddldbolic@ 1yl urry was

aged at 6 for 4 hours, .cooled torogomtenperature and’filtered. The
cak® weenogaisHedinific 4r1d Bl dpe arsturowss wumeddn ThdppuHe Vmingteg agd the 5ng dri ed
i/\,hn' ;’ac %@u?ﬂnﬁ :h@%géxﬁa:iﬁ@ foﬁgﬁ frﬁxt'li(lfb \ﬁisfg Iﬁﬁiﬁtﬁﬁﬂbﬁ ak ?2486"9(% ﬁi/ O g &Ssl_r%a\l/ls amount |(_)|)f

Itecrystalline sali 1. e %.pur i %.Yl e . : +
490. 1; {’flqmlﬁwlt%ﬁti&wﬁgﬁi&tﬂﬁéﬁ%ﬁ%%% By srifire wis “f’“ﬁﬁ‘?tyaé?déﬁ?dﬂ vacyumm &y Hz, 1
H; 7. 0@ 0)H) rebov@S [ peang® did)illath, 18&vigba pale yalldy restivlsofutionl Th ; 4. 56
15" (G edpdles 2 Doyt ) dn s (Lol sddol fihe Sugipft g U
H) 10 2. eatated andre aqueass plrase bagkyextrpcted with DGM{S7A.)3 The combipgd orgheic pheses

pr oductyhesa By withl &8 @8 T Hend1 BTN Sukbusd IO, HEPORB0 1RATHd dnbisddzeCcef about 23
m crons and a particle sizée rang ﬁcif f({ory about 0. 0 ahout 16Q microns,
0 gi tered and concentrated.

as det E¥iFCHEYeIgSirigg over Mgs0, (10 ¢ 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.
15
Step 11: Mono-bromide formation

(E10),POH

> 0 ™ 0 T 0
N 0SO,Ph N OSOPh N ~ 0S0,Ph
o | « 0} g N ]
" N7 TCOOMe \5\"‘ kfm
Br H Br .

COOMe  MeOH COOMe
Br Br THF

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

20 (967 g, 7 mol). The mixture was stirred for 1 hour at 25-40°C. Water (20 L) was added drop-wise
over 2 hours while the mixture was gradually cooled to 10°C. The resulting slurry was filtered
and the filter cake was washed with 1:1 MeOH/water (10 1) and dried to provide the
diastereomeric mixture of syn/anti-monobromides. Syn monobromide: "H NMR (CD;CN 400
MHz) 7.94 (m, 2H), 7.78 (m, 1H), 7.63 (m, 2H), 5.33 (dd, 1H, J=2.7, 1.6), 4.88 (m, 1H), 4.25

25 (dd, 1H, J=14.3, 3.4), 4,14 (dd, 1H, J=14.3, 2.9), 4.07 (dd, 1H, J=14.3, 1.6), 3.73 (s, 3H), 3.70
(m, 1H), 2.39 (m, 1H), 1.99 (m, 1H), 0.87 (1, 2H, J=14.9); Anti monobromide 'H NMR (CD3;CN
400 MHz) 7.94 (m, 2H), 7.78 (m, 1H), 7.62 (m, 2H), 5.47 (dd, 1H, J=10.0, 2.8}, 5.03 (m, 1H),
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a Mcrotrac particle size analyzer with |laser diffraction technol ogy. The

m |l ed product can be enployed in biological studies such as the

det er m nawDan10df4239me conpounds phar macoki netics in ani MRCI/USROMORENG .
EXAVMPLE 13 Preparation of Conmpound 6A Step 1: Preparation of the vinyl

al cohol To a 400 L hastalloy vessel was charged vinyl nagnesiun1ch|oride | M

in THF (372 k The v nesium chl ori de sferr

11t or 86 Gabs. Ac, 483 66k vl 6 Agont Soal 180 ek 005 obed Sashe hen
coppery 2 (@himy, 198 e sHyddesi(th A B20kg)t, GHIS+140)ni t r ogen at mosphere.
(S)-(+)-Benzyl glycidal ether (40 kg) was charged to a glass-lined vessel,
foll owed by THF (177.8 kg), and the solution cooled to O0C. This solution
was adstep 120 theAniiduyibnnagnesi um chl oride over a period of 3 hours while
mai ntai ning the reaction tenper ature bel ow QC. The m xture was aged for
ten minutes at ch poi nt HPL ted the r\eact on was conpl ete. The

ca
reaction mxture S then que ed addl ng metha &%&F kg) over a
PPz nt ai ni n et enpeyat n%@r

period of Z/HGDN
concurrentl II|@g et hy+eﬁe—eﬁ=|—es|—ens fteg. the quench 2N
HO (412 kg) s Nddygd over a periMsgAlof 45 nin sNan t e Pat'ch was t hen
stigred at roopatenpéerature overnight. The aqueoms andOorganic |ayers were
then separated, the aqueous |ayer was back-extracted with MIBE (148 kg)

and the conbi ”ed f[b{é}% %ﬁ%ﬁﬁ?@ﬁﬁ%h&% dﬂ’asié" h*isl ’%ﬁé
ﬁtse':h Sgcggﬁzééﬁ\fl?lweaa@id&n@& Y@ga"‘tsmétﬂfalé]%éﬁe d (83 kS) bat ch

f ol I ovgshrbMmheDt 6nmidBE0 N3 AlaDNI inftRex a2 B 0N 4168 Mel) 9tk bildd slovighothe 170
Lto afford a solution of the al cohol 150 L total; 44.86 k agéera}/; 96%

yi el d) bezglgnpne sobeamqvar PO mines- Bhaee! %‘I“W?%?’Ecéfa‘ {998" S ep 1 plus
a PMAChinn&e Tiebrk@ideWesduct 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 1N HC1 (15 L) at
10°C. The relatively large exotherm and rapid gas evolution was controlled by the slow addition
15 of the mixture to the aqueous HCl. The organics were washed with IN HCI (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 1. and the solution of
the amide was used in next step without further purification.
20 LCMS: (M+H)+ = 582.0.
Two batches were run at the same scale.

Step 13: Methylamine displacement
f\ OSOzPh
F 1. MeNH,
2. PTSA \/O/
NHMe (PTSA salt)
25 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 °C. Methylamine solution
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charged to a gl ass-lined vessel, and the solution was cooled to OC. Sodium
tert-butoxide (32.3 kg) was charged in six portions, and the m xture was

aged for wb2niomde®s, and then re-cooled to QOC. Di net hylPCsaist@wasq3d®. 9 kg)
was then added over 40 minutes while nmaintaining an internal tenperature of
| ess than 25C. The reaction m xture was then aged for 30 m nut es at 20 OC

2N HO (145 k d 34.2 k hen added to th i
1 ot 637 oubrE MoS s RAvReh FaS ARGy ehA B, PO PRl asts
aci di cmkagmm ritereoved t@mtf’lfit hﬂ‘]ftaf@&fg %x %ﬂ&ﬁﬁﬁewhdbﬁch/w%wmgwﬂlt@@g (r)]‘rcc L:NaCIS
t 0 I
c\(,)\nnggné’Y qG}H %‘Sp%@tm%@ fﬁ%\ﬁ??l% ()W%Pﬂ'ltsléf W%%re%{?{\é@%ﬁ%] é’g}%gf) ’fﬁ% mé(;rga ér%étgat | ess
t han 3807 Kegpireni I 2@6r.L Yhisaslutine was kbargestintmidie beaieh édtonestee“@r etsytnsoe |

uh'd e BRGE0AI HdWhidbRbBaty é%%% ?bt'i u@%o d@RRphafe Bah wHlSckRACERGS at ed

soluti on was | tered | ean,

pl ast i stirringder % b@rrsmth(sm \Ma&f@fraw Vﬁ@teldé%@ was added @61% laaé%?/vegiﬂ@ d and
KF 79pﬁﬁﬁute§tm b%tch"‘b’éira‘g@@ﬁ@(]"grbv%ﬁngit‘(@h&tb@ PrienGd ﬁkﬁ@més Mectdhpy net hyl

et her (23.5 kg,
gl ass- gI néf“i@e WRSEH WY ﬁﬁ&’&?’“’wg\)ﬂ §t15 %@gerég%ﬁ)admeo 0C
and t heat ¢ddelar dned bn t}E—iﬁte(r%t ®1tkg)trogas flowvarvgedgla viem ia 3pet0f Qdaafun8Ovan nut es
nt.ai ni t t en
agbl® s SRh PR TRl 0% 3P TR iR ahoacE Ry 3R L PR Tyl R
react i @owasing fidtarsde Thoyet aalefwasi washethwith ety N@@Hﬂ (@ﬂa) ad jdepn dméronz“dter
m nut es i ﬁ%%gwh@w%ﬁgaédaﬁl SRABEOAHRf: Ble 141@&1%‘111%%}&1“8@9& Thecdabe). was
re-cooled t e reactor headspace purged to renn sidual H
OnceThp éwaf@?éwgwnmgc%ﬂ@f &1:d In fhecdigplacpment ‘I‘%@‘)ﬂ%ééld SRarge 69@?1‘ lggat%ﬁnn ut es
whi | e g@tmtt@gy[ut@g};@n@stmmpeggqture at less than 20 0C, followed by a 1 hour
205 GRS AR T3RPDMAL, (B AP 4 D £ 586t 407 1 b, Psdd no
= 8.2 Hz, 2H), 7.04 (m, 2H), 4.97 (t, /= 5.1 Hz, 1H), 4.60 (m, 1H), 4.54 (s, 2H), 4.13 (d, /= 5.1
Hz, 2H), 4.06 (dd, J=12.9, 7.8 Hz, 1H), 3.84 (dd, /= 12.8, 3.0 Hz, 1H), 2.85 (s, 3H), 2.36 (s,
3H), 2.19 (m, 1H), 1.96 (m, 1H), 1.07 (t, J=7.4 Hz, 3H).

20 Step 14 Acylation

SOH o 0
ISP ()
N " OH N ,
H N —N CH3)sC(O)CI —N 7N
y o )/&O (CH3);C(0)

N 0
N - 4 NNV 4 OH
‘ HN OH
(O~

A 50L flask was charged with dimethyloxamic acid (0.64 kg), DCM (16 L), and

NMM (1.12 kg). The mixture was cooled to 15°C. 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

25  portion and aged 2 hours. The mixture was quenched with water (12 L) and 5M HCI1 (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 IPA (8 L) added. The solution was heated to 55-60°C, seeded
(24 g Compound 5A, crystalline Form II), solvent switch continued at 55-60°C by adding IPA to
maintain the volume at approximately 10 L. The slurry was aged at 55-60°C for 4.5 hours, cooled

30 toroom 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 white
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hour while maintaining the tenperature at |ess than 20 0C. The headspace
was again purged, to renove any traces of oxygen. The bi phasic m xture was
al | oned twogetwdsezorand t he | ower organi c phase renoved. PChaSagpaasse6 phase
was back- extracted twice with MIBE (89.4 kg). The conbi ned organi cs were
concentrated to a volunme 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 tyytalliangolichd .Glsg, cSWES Puribip P&t idddh LEINS(MHHE 14961t THAWMB@AY The
VfESSﬁ| MBS g}j@l@??esgﬁ.gi\(k@@: ,Vzl gﬁi%fﬁsl@ﬁ,m 6.0 Hy, ng)gl T40nG@ad, 20OV meé_i)gﬁm_aH;ol ution
) ey b et st el RS {0 o
kg) QnQ.IFﬁ‘, 2, 8161|5k@1}1, \ge-rﬂ.ma{g@,dl 171¢, ao)gl(g,gsﬂj;idﬂeﬂ(sssTﬁm 2.F@$?6:H)_;Afoﬁger
pur gi n A% I . Wat g) was added. e al cohol in
heg?’aﬂg)’of%%f@p%( Jl.gé(évjﬁ_g?g #f’g&hwt % was charged through a filter
into the vessel , Théstlepotuctevasaisy mdidddedingn 00 Qili TENMP®a( PadBldkyde afabouthen
added, . b it j , i f 1
nour it PHO SN pdlie BRE g be NonTBBACHDRS bt (S Gl UEERRL] B0
that t hdicestiee pasticlraizeroalyseypiileser siffiagtion technalegy: dhggailledprpdaeidian Penal Na

hypoc hla@fy]o%‘d ﬁ@&ol%gi)cam@di@sdﬁﬁﬂ ab SreRiERhBlboh BEHE R8/HbSHS gﬁbﬁhefc@ﬁ%ﬂi@ﬂn was
guenched by the addition of 10% aqueous sol ution O SaO (51 .5 kg), which
wadl ad@@@aBBEIURPRr i od of 20 minutes while maintaining the tenperature at

| ess than 200C. The | ower organi c phase contai ning product was renoved and
t he aqueous | ayer extracted with EM(PEI kg). The conbi ned organic
streans were charged to a clean plastic-Tined steel drum (22.04 kg of

pr oducPrepasitian sbCampomd GAMIBE/ DCM 9. 87wt % 95%) .

15 Step l: Preparation of the vinyl alcohol

CH,=CH-MgBr, OH

W ~
o—" O Cutl :
N/ B —— OBn
/\© THF NN

To a 400 L hastalloy vessel was charged vinyl magnesium chloride 1M in THF
(372 kg). The vinyl magnesium chloride was transferred through a filter to a glass-lined vessel.
The reagent was cooled to -10°C, and then copper(I} chloride was added (4.82 kg) under a

20  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 0°C. This solution was added to the vinyl
magnesium chloride over a period of 3 hours while maintaining the reaction temperature below
0°C. The mixture was aged for ten minutes at which point HPLC indicated the reaction was

25  complete. The reaction mixture was then quenched by adding methanol (19.5 kg) over a period
of 2 hours while maintaining the temperature below 25°C and concurrently controlling ethylene
emissions. After the methanol quench, 2N HC! (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

30  combined organics were washed sequentially with 1IN HC1 (98 kg), water (50 kg), Na;S,0; (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 L to afford a solution of the alcohol (150 L total; 44.86 kg assay; 96% yield).
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Step 5: Preparation of the bisulfite adduct Sodi um netabisulfite ( 11.9 kg)
and water (55.1 kg) were charged to a glass-lined steel vessel, followed by
t he addi tworrowiosedve al dehyde of Step 4 (223.4 kg, 9.87 RCHUS2002/0803061€
m xture was then warned to 28C. After a ten mnute age, HPLC confirnmed
formati on of the bisulfite adduct. The biphasic m xture was allowed to
separate, and the aqueous | ayer containing product was renoved. The organic
| ayer $B 2Znas he IMFLYIRGREL er (55.2 kg), and the two aqueousphases were then
conbi ned, and washed with MIBE (55.1 kg). The aqueous (J&@ er was placed in a
clean plastic-lined st@8l drum (31 2 kg.of bisulfite a in water; 21.75

wo%. Step 6 : m@@n&wﬁef_a&f{uu_p pr@BﬁHCI ( 11. 69
kg) and NaCN (7. f e char Ye@tBo. MAOO L gT/ass i ned steel vessel

equi pped Wi th a scrubber containing 1% NaCd and | M NaCH (250 L). The
vessel was re- '”gﬁéﬁﬂwé'sﬂgn?%\é%%[ﬁoh& &35%15891 Fﬂsfsfa%hmﬁﬁbemﬁg) &é@ﬁ 1 kg)

added, foll owed ) ofutio s stirre ?

m nut e@haf&fﬁ}dﬁtaiﬁ%‘stlmd messel pad e aeﬂa%@ WapPRAlebe UG- viodarm frt-at gHdg 3(21343 4
k]gL 51 glk ét&c‘i?:ﬁ‘a% GRYoBRMs, aﬁﬁﬁhzf ﬁ&t&% vkeg)agwsortlhemnaﬁa,rai@adh@\gggoaieﬁm i od
(0] m nut.es e ure . a SS aln

o it or BGabinehn el (b Ra B wen Gl REL AL iR TSRl iRng RR Bl
react i mpesnudsdildsk drmﬂIZSNaCIIIhé faZfidh tafxtuid. v teepuiged Yoratdniutog a2 Pe. B (

1. 17 kgl;gigl W%ter?l%‘uen a tgl%(li]n LohEe &d%( ﬂl-léﬁAacgtx%n%hKQﬂe Qv RAVI V. ) .

MIBE ( er eac e adueous_ phase
cont ai mlmgefl; yeihivee byddilBlidd 33vaé<gb utheahpagr acnwaust avidip fayanhvas ﬁ?ﬁ%ﬁ’é’éd aristhehen

wasgfred 8}%{&1 v&aé?\ Qﬁ% w0} kBlht‘Pth &f%‘ic@tdﬁga (:zo@q%ﬂemé@b dsom)Z LIRW MDY WS

char ge ned st eel vesse rrre tg) Af t er vacuun N2
cycle S0t Thesgamnic e CEReeniErer 930 et £ nee ERBTIUT ) |

the re%&htﬂaﬁgswl Fﬂep@ﬁemlgoﬂhﬁ%ﬁ %&@@,mﬁnﬂntd’m&a&d@b 80-69dl whilon added to
t he Strecker. adduct

t
then agetP BB, TR b et e B ke Theppediled spEHon JASageF it
react i haptaso(140 i)nhdterch by geleat, pBEG:-dinby sieéldeunrn 122772 titgl; 41.03 kg assay; 96%
15  assay yield and KF 79ppm).

Step 3: Hydroboration to give the primary alcohol
‘ OMe
C:)Me 1) BHg, THF HO\/\/\/OBn
~ OBn +
/\/\/ 2) H,0
S OH OMe

~ OBn

The methyl ether of Step 2 (23.5 kg, in heptane 29.5 wt.%) was charged to a
20  glass-lined steel vessel under insert gas. The solution was cooled to 0°C, and then 1M borane in
THF (51.2 kg) was charged over a period of 30 minutes while maintaining the temperature at less
than 20°C. 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 20°C. The batch was re-cooled to 0°C, and the
25  reactor headspace purged to remove any residual Hy.

Once the quench was complete, HyO, (11.63 kg) was charged over 50 minutes
while maintaining the temperature at less than 20 °C, followed by a 1 hour age. The batch was
re-cooled to 0 °C, and the reaction quenched by adding 10% NayS,0;3 (94 kg) over a period of 1
hour while maintaining the temperature at less than 20 °C. The headspace was again purged, to

30 remove any traces of oxygen.
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equiv.) was nmade, the mxture stirred at 250C for 16 hours, and then the
batch warnmed to 500C for 5 hours. 10% NaHCO sol ution (93.6 kg) was then
added. Thwoagquedes1phase was renoved, and the organi cs ReETASC@O83D6 at ed t o
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 (30Q.6 of BOC Strecker adduct forned as a
S0t ut i on | et HEHOPPRI BN U e e, bR ORF Fer B GRS FE o

met hanph tiid tHas©vad Rekrixtitkd toke SiMBBEI09.6 Mgy, THel@nkdgnal or@@nids Wt %) ,
e OH (47:%%? ag%ﬁs tgr %%% we}ggeetcha(% & t?ig ldgigéx%sﬂllgc [gc% y&sgel and the
m xt ur 8¢ GHHRIeE O &0 . _.O%c}l"o Vak- Ui g g%)oafa%%f was a§ ad ?o t he

lr3 ef[ac':1 | argamicxand the buteh r@@lstﬁlttﬂméls‘) MMhDCH was wi@;gzﬁ@_kgh@nd er chtwase (;%lg }:) ge
a . [ TN : :
andSC ag%pé%&gha?(ge%ngﬁn%gf -ai{ﬁg(rig dr%ﬂgﬁgﬂr@#?@ﬁe rggcti o\g@?ﬁsxg g&(gglv\\;gg t hen
cool edDE heptar whiovmsthy Bodue (14 kaddet kamiaddts) ADoH (9.7 kg in 150 kg
wat er) was added, and the reaction mxture stirred for 15 m nutes. The

aqueousg, | ayer was renoved, followed by the organic. The aqueous |ayer was
back e%"?%ct ed t WwBuGH FANAAEES (57 kg, then 77 kg).. .The conbined organic
extracts were an@¥gsed for residual hydroxyl am ne g%‘ﬁtent. The batch was

concentyat ed, USknNg papti al émgqj a alyme 0f~:2008h. The MIBE

sol ution t e ani“doxi ne. V\%a% gﬂj bg”n a plastic _lined steel drum under
nitrogen at 5C flor |ater . 32 D adduct formation The sol ution of
the am doxi me4i noMEBE of Step 7 was charged t ®Ha gPiss-I1i ned vessel,

fol |l owed by Ehe addi iB%n of MeCH (26 kg). Thm%ﬂol ution was cool ed

to QC, th 2 kg) was added over nu il e maintaining
IR IRERE T S s R g
RN Vit RS R nR T e S B el o Y
removed,16ulkE,NS B 980 wad Akfled WoHEHa Witk inkAheKedsB0HeGixtufh erabadatl 1oas
0°C. 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 20°C. HPLC indicated that the
15  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 of Nay$,0; (51.5 kg), which was added over a period of 20 minutes while maintaining
the temperature at less than 20°C. The lower organic phase containing product was removed and
the aqueous layer extracted with MTBE (58.4 kg). The combined organic streams were charged
20 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
OMe OMe
O~~~ -OBn NaHSOs HO ~_-OBn
SOsNa
25 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 28°C. 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 aquecus
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concentrated, using partial vacuum to a volunme of approximtely 80 L.
Tol uene (173 kg) was added to the batch, and concentrated using parti al
vacuum t owe 2mludea1of approxi mately 190 L. Thi s aff or de@#Ca/ud4003/0943%6
solution of the DVAD adduct (159.4 kg total; 38.74 kg assay; 87%yield over
2 steps), which was stored in aplastic |ined steel drum under nitrogen at
50C for,  later use.Step 9: rimdin r i,0 e DVAD adduct sol ution
bt of HeHE BrreRaeom it Rdied 3 TR S THR AR RS  HRBE o
of 2 hgukan plastic-Bhaissed dned(Ht 2kt ofigsdfte aldnttdn miang; 21e73 witiong xyl enes
(137.6 kg, 160 L) at approximately 1400C. The tol uene and MeOH were al | owed
to distil-out as during the transfer of the adduct. A second charge of
xyl eneStep®6 kg, BOO-piptestesl Mteskgeddud prape vessel, and distillation
continued until a final volume of 260 L was achi eved. The batch was cool ed
to 25C over a period of seven Ngyxg,*@f ter which HPLC indicated conplete
reaction. The reactOde stream was filtered, and washed™ith xyl enes (2 x
17. 2 kQ) t&aff rd & 15.@gnvw%§éﬂc\tﬂ'i'r§ﬁ‘ of the pyrimdinone (148.7 kg
“R~23 . .

~total; 15. ) g assag?&Gg?ng?m ch was”stowed
or er

steel drumundsgr, nitrogen at 5 use. Step %g Am dg, formation The
xyl &ne sol uti®n®of the pyrinidinone nethyl ester of Step 9 (Z23.3 kg as a

15.7 wt % solution in xylenes; 148 7 kg) was charged to a glass-lined vessel
equi pped with a EtryidnbeeIHdni AbHkpppnd\NadaN (1.20Bg)yere Thargey toendlsbklass-on was

then c j 1S ' £ | ).
Vet hanbleq Teb] R R Sl | Sl Ll 19, NHOCHER) gﬁg@%& PR g
cg) andestehYEGF SBRE SRR e RmB 2 le. Hfis S BPCE et HeZtEF1 o
630|C, da{%aiﬁgp@hyﬁ Hgb‘.ilt&%ts@ﬁﬁ%ﬁ b @_ﬁné@forla rﬁigule@,chnafthemhb BistiHite chagg aL ch \gag
cool e o |l ess an .. and additio -fl uorohenz ne g, O.
eq}0 wagolefion ﬁ’e‘ﬁ?'tef[‘hfeg’tf%% é}]ﬂ\,@glggﬁgﬁé Vé%é%é%?ligf:é'alilﬁt‘}r(\téh‘g?kﬁkwé%@?’é, t hen
cool ed ch@gahdice atpetiedPLI Bhitgesaritlcagaidiaimng thefiempdretureld 1dvs tiram. 30T6e That ch
was then re-heated t ] efel or, r [q: \, -
cont emrrgx%er \gasgtbﬁ% g%egi rfg% %gﬁ%l Cg)f 3‘11)8143. Hﬁé Hudg&?ed 1§c<£'x%§i£t% rea-mgn, s‘S%ﬁ&iklom
NaCN (0.703 kg, 0.15 equiv.) and ethylamine. HC1 (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
15  aqueous phase containing cyanide residues was cut away, and the organic phase was then washed
with 5% NaHCO; solution (93.6 kg).
Boc anhydride (22.95 kg) was charged to a glass-lined steel vessel pre-warmed to
30°C. Aftervacuum/N?2 cycle on the vessel, the BOC anhydride was dissolved in MTBE (46.24

kg), the resulting solution was cooled to 25°C, and the cooled solution added to the Strecker

20 adduct solution over a period of 10 minutes. The batch was then aged for a total of 48 hours at
25°C. HPLC indicated incomplete reaction, so a further charge of BOC-anhydride (13.72 kg, 1.3
equiv.) was made, the mixture stirred at 25°C for 16 hours, and then the batch warmed to 50°C
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

25  batch concentrated to 63 1. 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 formation
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a final volune of 80 L, then MIBE (148 kg) was added. The organic stream
was washedsequentially with 5% NaHCO sol ution (100 kg), 10% AcCOH sol ution
(100 kg) ,wONMoH@423950 kg), and water ( 100 kg). The or gamrCTASAM0D59306
concentrated to a final volume of 50 L. Ethanol (78.9 kg) was added and the
organi c stream concentrated to a final volune of 138 L. The contents of the
vessel were transferred to a clean, pl astic-lineEg steel drum (18 w % 23.23
kg am de, 90% . Sty 11: Debenzyl ation The startloﬁg;\ﬁﬁﬁale solution (15.5

kg) in ethanol (total 93.4L; 86.2 nethanol rinsg (10 L)) was added to a
reacti on vesseh i %thJ_@Cg.J.O, kg) , "Netto opddi tion of
I N aqueous HO (13.1 L). ¥he vessel was evacuated and purgell with nitrogen

and the m xtureB88j usted®¥§ a tenperature of apprd%i mat el yO¥BOC. The vessel
was then evacuated and then set to a hydrogen pressure of 4.1 Barg. The

reaction mxture wth stirring was warmed to 400C until the h%drg en upt ake
ceased. The reacthomepnalgeltionef theairie ofHerd (3¢ B&dﬂoéﬁlaﬁy-ﬂ‘@é‘,’i washed
Wi th eMe@ﬂ?P{zw gaﬁd ater 900 WebEGaBLAIH 231 BL-BAB véb@ahd 1R Bikiire wWek Begedr um
(137 L total; .56 kg aﬁs@/ 95%35 ay %I eld). A seconceﬂ3 run ¥vas conduct ed.
The batidies. Bdigkglomipe (IR DX avrsdfsbm b ieas i LS REF e LBIBIN a1 82 8
kg,5 10mafhtatki%g thiasmpbangeds hoe baich kes®d drred. Ths saliltagatitrbé sclotiod was

d f | f, 50. L ded,
ol | onkerByio s e 58 ol s Wiy s R el bePn St b el R0 P
was st for25ee, hod MIBBR{§Nite svas Thdedacupoass AeYHI(?. 7derindbhkegraprbaateddedas
r emve%d_ &,gkéae mfgﬁﬁ:@g@wﬁm&&g YOS gewwa%*}%ﬁo%&, Ro1MVRE Hydn&

41.8 k The co uts were washe a solutign of TEA"(O 73
kg, O orgewiy. The agitears lager washprk exrcteddiace wish MOURE b thias /kehotBY and
coppi NgshMihtdodehfic Rk 8Nt OWEreaIsSuiSioPRRERaI( A dkyt@iihatdtitag. Mhedueh uas To the
aqueous phaseéﬂiont ai nin E%éoduct V\@S adde %Bﬁhémg‘% foﬁthowed by I'N
HO  ( 98onegyiratad USIRg RRTHAR VAN ™s 19 ¢ YRUMF 8F ~3Y i HREHOLRE 1 ower
agqueousmidayne wasstoedon e glasfidBnal geeh idams bndeamjtragen bbd Wl fog lgderodect , was

concentrated to a volune of 40 L5then flushed with THF (178 kg) and
concentrated to 94 L. This afforded a THF sol ution of the

Step 8: DMAD adduct formation
Boc._
Boc. .~ N 7
N DMAD HN
HN OBn
OBn _NH OMe
_NH OMe 0
HO

MeO Ch)\
Y127 o, Me

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 0°C,
then DMAD (12.12 kg) was added over 15 minutes while maintaining the temperature at 10°C or

15

less. The solution was warmed to 20°C, and aged at this temperature for 16 hours. Aqueous
20 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%
25 vyield over 2 steps), which was stored in a plastic lined steel drum under nitrogen at 5°C for later

use.
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al cohol ( 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 cycl iwatoov4edo1t he seven- nenbered ri ngA THF sol ut i orCofustéve/opgsoeiuct of
Step 11 was charged to a glass-lined vessel and then cooled to QOC, after
whi ch TEA (19 6 kg) was added over 15 minutes while maintaining the
tenperature at 100C or |le (16 kg) was added over 35 mnutes while
mai nt ag’i‘ﬂ}ﬁg t he ?%)‘?FBE{I ?‘z’“&f‘t’(ﬁ’mc or less. The solution was aged at 100C
for 10 m nutes. ter (53 kg) was then added, followed by aqueous 2N HC
(3.85 kg in 50 k§“wg§€ry MIBE ( 111 kg, 150 L) was alitteg-and the batch

stirred for 15 mnutles. The aqueous |ayer was renove | I owed by the
organi c | ayer. W@ﬁflgwdﬂsrzﬁhd%s bawdat ext rides M@

t he conbi ned orga washed with water (40 kg). The batch was ncen’%rat ed,
usi ng parti al v%mﬁlhn to a8l ume of approxi rraéj_&lp NH Tol ue®®q 87 kg)
was added to thg batch, and concentrated, usin artjfal vacuum to a volune
of appr &e0re e(KF 1437 ppn). The nmesyl at e @ol uti on was then
diluted with DVSO ( kg) and transferred to a glass-lined vessel. NaHCO

(20.7 kg) was charged to a separate gl ass-1ined vessel, followed by DVSO
(117 kg), and t h&he DMAPsddugsoktige dttolusngsESten i (éps. (EcH- ‘iﬁnwt»ﬁbwﬁf ate

tSO| gg Io QEndréPndRF B %é&@frzteﬁ@ns)w glasstlmw ste}hgesﬁés:uhtﬁinm flikiup & yleass heat ed
(0] Ion m I a

poi f ﬁlﬁﬂc&%ég@iﬁé‘ %Bﬁﬁu?ﬁ’e%ggcﬁ%ﬁ 8%‘?@33" erﬁ'ﬁlgo%@ts% ﬁiaﬁt}&éé’u#c?fol ed
to 25 AGinEhehanéf8Sofkhy advast. adl dedntl charbe obayleles (8®kg,AROd.) mas abargedi® Al HC
 gand oo And SR konFRARMELH R BHESC SBROTENTY i) IRYERPY! han .

organi c ck-'extracted w
t he contiledth B Gankes perasheddevin ovwaeer wooh Kgy.C mﬁ@atbép@mpmeachon

Concemréa%ﬁ@lgstrééﬁi VQQS ﬁl@ér&d ahd W%%Hdrﬂ/ltﬁ 93{1 gf’i W of )‘tééfférd(em'_s éBKtopPm t 0
afford a 6/ W % so|.ution of th e}‘(’:\% i.zed pr.oduc tal; 15 63

0 160 S aotuiierbot G eyemalBcd 148 g foralghs AT T e do pFSessht 6670 btohev s stoaet
steel ¢ ypasnciesednidel Og@Nualer Bifdgon af S0y Lhs@ use.

Step 10: Amide formation

O \‘/ Q HzN\_/@/F o) \(l)/ o
\/ ; " \j\s/ ~_-OBN

N NH \@,H N7 NH
9N o NN o

O OH

o OH

15 The xylene solution of the pyrimidinone methyl ester of Step 9 (23.3kgasa 15.7
wi% solution in xylenes; 148.7 kg) was charged to a glass-lined vessel equipped with a scrubber
containing 1N HCI (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 63°C, and

20 aged at that temperature for a period of 16 hours. The batch was cooled to less than 40°C, and
additional 4-fluorobenzylamine (4.88 kg, 0.5 eq) was charged. The batch was left at 62°C 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 washed
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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 gl ass-lined steel vessel,
and t he swbuvioom23900l ed to 5C. TEA (6.84 kg) was then asdedis2d00lobsoeed by
benzenesul fonyl chloride (10.85 kg) over a 10 minute period, while

mai ntai ni ng the batch tenperature at | ess than 100C. The batch was then

and. t nisaepnER gD iy g ReRloo SR Ruloltod k0 Ukt Sl opdR JAPLCT g0

(13. 9 ky) walas(188deh, THodreavietwryg coateatrated to & fihalamduniEaf FBDOEHhandl (18 &duw) v) .

The m : f I3 e 5C,
and DAY 18 RR O R AR SR o e, STl o B Ok P
st i rr e¥esperwers trapsigrresido a‘H*F@noPlgﬁ%ﬁléneﬁﬁﬁ’@g s (18erity dd, 23 kedmife %Qileous

| ayer was extracted with DCM (21 kg). The conbi ned organics were washed

W th 5%0 NgH_CO sobu%i on]ﬁfilzg kg), which was then back-extracted with DCM (21
kg). TREPIInbi net*RPGEAP®L were concentrated under partial vacuumto a

vol une of 120 L. Ethyl, acetate (50 kg) was added and the or,ganics
concentrated to a fi n&}/vol ume of 170 L and used directly~ia the next step.
Step 14: Boc-depropecty on The Boc-am ne solution in EtQic ¢f Step- 13 (170
L, 16.8 kg) was char‘g’ed to<a gl ass-1ined vessel, and theSsol utign cooled to
1500C. Met hanesuli\o;mirac\i)qjom kg) was added over 2Q_nnutes~whidie

mai nt ai ni. ng the tenperfature at | ess E—E%IQO 0C. The m xture was carefully

heat ed t 5~g#~ nt er nay#tRpperature o andF for 3 K§- The m xture
was t hen cdg\"bl Cland a 1M K2C@B% 66l ut i on COﬂ[l.S kgl in water
[ 78kg] ) was ~“adde i Mai ntai ning the tenperattfe™at Yesy tHan 200C. The

aqueous | ayer was penmayed, followed by the organic | ayet. The aqueous cut
was back-extracted with Et OAc (30.2 kg). The conbi ned organi cs were washed

ith t 56 k : { j t OA
(89 ko). vas. addedr S dfflae RGEH (3SH 1oyl Blal YG L T8 2o 3 oo L 02
t he antinee (1949) vas sidad to a pag@orkrisd ggntamgng A% Pd/(olFelV k) stollpwyd byfliech was
st 9§ edaiditién Bf BS hipteoht HEY (31 25! THE VaSsHNARevRtlaldd8R patged wathl Birogdal Al (s e.

mixture adjusted to a temperature of approximately 20°C. The vessel was then evacuated and

then set to a hydrogen pressure of 4.1 Barg. The reaction mixture with stirring was warmed to
40°C until the hydrogen uptake ceased. The reaction mixture was then filtered through solka
floc, washed with ethanol (40.4 kg) and collected in a clean, steel, plastic-lined drum (137 L

15 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
50L. 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,

20  was removed, followed by the organic. The agqueous 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 1IN HCI (98 kg). The mixture was stirred for 30 minutes and then the lower aqueous

25  layer was removed. The organic stream, containing product, was concentrated to a volume of 40
L, then 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 dram under
nitrogen at 5°C for later use.

30 Step 12: Mesylation and cyclization of the seven-membered ring
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Step 15; Formation of the enam ne The Et OAc solution of the amne of Step
14 (140 L total; 16.58 kg assay) and tbutanol (1.13 kg) were charged to a
gl ass-1i ne0 20m8sedd)l foll ow by the addition of t-butanol PCT/UR300RYF230d he
resulting solution was cooled to 5 0C, then acetic acid (2.01 kg) was added
over 10 m nutes while maintaining the tenperature at 100C or |ess. Sodium
hypochl orite (40.9 ) was added over 40 m nutes whil mal ntai ni ng the
tenperature at 1CDCQ[ | ess. Ofﬂﬂe sol ution was aged at for 2@'\4‘% nutes. A
further charge of sodw hloite ( 11 kg, 0.3 UJ,N I Msrade,
and the batch agetﬁSQ’For 0 m nutes. The batch was warfréd tp 20C and stirring

st opped. FIhe queouslh by was reEmwad) anf~the<or gani Cn r washed with
5% aqueouEi 25; kg |n 45 IQJ_V\Ta?f'e'r“)”Th chH/vas coql ed to 5C, then
DBU (5.1 kgr-was- & 20 ninutes whil e Y i &dgmyTper ature at
100C or less. The bgtchyyas aged at 10C for 20 mnute mvhi ch point HPLC
anal ysis showed the reacti on was >98% conversi o o enam ne. Water (85 kg)
was added to the batch and the mxture stirr figHck m nutes. The aqueous
| ayer was renoved, followed bé/ t he organi ¢~ The agueous cut was
back-extracted with Et OAc (E kg) hen t he conbi ned organi cs washed with
sodiumsulfite (1.92 kg in-16 rpPMet hen aqueous NaCll ( 1 kg in 51 kg
wat er). The bat chgpwas concentr at} d sing partial vacuum to a volunme of 50
L. MIBE (89 kg) was ed %ch over 20 minutes, the slurry cool ed
to 15C and aged overqi ght . NTh was filtered, washing the cake with
MIBE (27 kg), then dried on th il using a positive pressure of
nitrogen (assay yield of 749%. Té enanine solid was then charged to a

gl ass-lined vessel, followed by ACN (59 kg), and the resulting slurry was

hggt gdt t 0t ﬁOOC Unt THF8blutibRBf 6@ bkéhuhﬁﬁf s%% §pw§dharg&ﬁlara §s5_1iﬁ@d vl afnﬂﬁn
added to the e caol e ver our,
11t or bt oRed fod i At B kR eraoe pYeRas FaRvE whie herRhedacs
ACN ( 6 tdsgperatnnt and0¥T of l&ssk NsC 6 kgpiwheatided ever Phhinurestwieleonaniainingibe
vacgu mter%%erast@z%t t1 8"@51]( l%sd AT IS0 as %gé’cﬂtl 18¥%¢ ?&J fdjmin%te%. Water (53 kg) was

then added, followed by aqueous 2N HCI (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
organics washed with water (40 kg). The batch was concentrated, using partial vacuum, to a

10 volume of approximately 80 L. Toluene (87 kg) was added to the batch, and concentrated, using
partial vacuum, to a volume of approximately 60 I, (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 35°C, after which the mesylate solution

15 transferred thereto over 1 hour. The resulting mixture was heated to 80°C. The reaction mixture
was heated at 80°C for 16 hours, at which point HPLC analysis showed the reaction was
complete. The batch was cooled to 25 °C. EtOAc (89 kg) was added to the batch, followed by
aqueous 2N HCI (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

20  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 5°C for later use.

25 Step 13: Formation of the besylate
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kg, 75% fromthe crude enam ne. 1H NVR (400 M—lz, d6-DVBO): 5 9.15 (IH, t
J =6.0 Hz), 7.94-7.91 (2H, m, 7.80 (IHt, J Hz) 7.65 (2H, t, J 7.6
Hz), 7.35W0.280/02¥1 nm), 7.18-7.1 1 (2H, m, 5 5 (I'H, tPCEUB2eb9IE)306 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 (IHmM, 3.77 (IH, dd, J 13.6 Hz, 4.0 Hz), 3.26 (3H, s) 2.93-2.86
(2H, m, 2.32-2.2§%IHN) 1.90- 1.82 (IH, m, 1.15 (3H, t, J 7.0 Hz).

Asymet ri ¢ Hydrog In a nitrogen-purged gl RRSox with @ < 5 ppm

bi s( nor bonadi en&),r d|u (‘Metetrafluoroborate (345N 0y92Rienmol ), (S) - |

-[(R)-2-(dj-2-furyl i no) pesogaenyl Fethyl ditert - phosphi ne (505
ng, O. | )1 afld d‘fchloreﬁe%haﬂ&(4.6 vve;r,e to a 20 niL vial.
The cata N stirregghor 30 erred to a 25 L
stainless steel vyessel wth the aid of 10 rrLof 2 24triTl uoroet hano
(TFE). 10 niL of E Was added to a second 25 niL st(%u nPE§(§ mpt eel vessel, and

t he catal yst chagge appar atus was seal ed and renoved from t he gl ovebox,

sol ution of 12. 18hephanokin ablayetee of Stenl13rdasdei 83-akeat Was wive pas ebpreed 350
ML TFEy, pAafilided k41 (ax8d1) arfafm& 5018 reBofdd\d sp@om@@ﬂ@g)wm taghdrdes! owl y

wth vi oro t|rr| I th m . xture eneous, The
St art] FYouRA Y ReMeneR 0391 handeiE Y Balovstings Tt PEHGE ORI SO e and
stigr eﬁatt:i@tempéﬁitﬁke dafeks thedl1 0TGNTee mmamﬁn e 8 alterhpaamunas leksahum MI°E
vacuu rre 0 nm
e sk IRy Aelh HAPge té’?sbtéﬁ*&f‘g\{ hd bl RaGlifrdl o ex%%fjp&"’tt‘?rﬁ%‘l’ﬂg The

aut ocl hews vFa@Acr(éB Peéqg) wias hddedy é@owmﬂ b@g@tﬁr,(’b‘ VeguodIpidy G886 eafid egb?é[d edheinder
parti alﬂi’l\é%&lw d r i I | owed
by the ri nse%%ﬁg@gg d(;éxfd %%h\lggsﬂgb z}éét;l W{&g t?%rgoeée dgj%lge!}l@%ﬁ{ ges,

t her moaddedt N 6! B8 kaieps gedeskand; tk%allwwuﬁfya lfferglérm@ag%t dhe grEepisingaseThe
reggeti Qis f’@rﬁfd\ﬂéﬁean\dﬁﬁe Agliebid ﬁ?er&iask@ﬁ@cté@ﬁltﬁ@CM&Zhﬁ thdcﬁnﬁﬁled(d’ﬂ@ﬂcb 545.0

-(;h)e/ Cg{ gvt%ge vrvgs C with 5%}) &ﬂuahlc%ﬂ swfi?lon ( i’ét kegq V\fncﬂ was ?henlbgc Cextra fed ve?h AR l(%'
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.
15
Step 14: Boc-deprotection

"Sozph \SOZPh

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 15°°C. Methanesulfonic acid (7.51 kg) was added
20  over 20 minutes while maintaining the temperature at less than 30 °C. The mixture was carefully
heated to an internal temperature of 60°C and aged for 3 hours. The mixture was then cooled to
10°C and a 1 M K,COs solution (K,CO; [10.8 kg] in water [78kg]) was added while maintaining
the temperature at less than 20°C. 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
25  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 kg
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(I L of 5Msolution in water) was added at roomtenperature, and the

m xture was aged for 2 hours. The reaction m xture was then washed with 5
wt , % aquew o0 NAHEd1sol uti on, and then with 5 w. % aqueoBSTNSSI0996930¢ | on.
The organic |ayer was dried over Na SO, filtered, concentrated to 0.5L,
and the concentrated organic was m'xed wi th PTSA nonohyrate (30.3 Q)

p-tol uenes oni.c aci a e, . presence, of 2% seed
D S0~ SO Beig et & sGRY HER S st o hayespiaine ek 88 il
washed5 fdn l@erlise] PAC and t hen W|th 2001L | PAc/ n-heptane (1:1 m xture), and
the solid was dried in vacuo at roomtenperature to afford the am ne PTSA
salt (105.9g, 92.2wt% 73%vyield).H NWVR (400 MHz, CDA ) : d 9.31 (br s, 1
H), 9.08®plBr s, Fqnl}natwngﬁihpe%m(% 2 H, 7.68-7.65 (ml H), 7 56-7.50 (m
4H), 7.20 (dd, JEK,‘B LH, 7.07 (d, J80Hz O&%JQ?
Hz, 2H), 5.25 (e 7. HBuQHH)54 51 (dd J 1 :
4.37 (K 1H) 4. 3 14, HaOBIACQH, fF

, 3. 37 3.26
(m 2%!)@53‘%( H) 9. 3. 14- 3.9 TH 2. M%ZZO(m 1
H, 2.17-* Y, 0. 90 (br s, IH, 1.83- 01.37 (t, J =
7.0 Hz, 3 H. The anbne PTSA salt can then be treate wigh the appropriate
anognt of base (e.g. 968 or net hyl amine) and the resultﬁﬁ’ %ree am ne can

then be acyl at ed i hat
oo DB LAY 8 em& Etb)& Mhﬁ@f MBé?élﬁ{He%f%@épdld @4@1,&%{1% 53 1%&3%) bR L

12 npl e b
o bR eds £2) fore chareends frakehneioiaro bon by A it (ko) 0 16 3.
EXAVPL ko)l ATt rb it dovifionrvepabaked @ns of, th&ea&narame{z jom k§) @Bs é,cﬁieafov&@rpl e 13

Stant 3%\%&%"%#%@%@93 B QR i I O R et 8P,

10 added over 40 minutes while maintaining the temperature at 10°C or less. The solution was aged

at 5°C 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 20°C 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 5°C, then DBU (5.1 kg) was added over 20 minutes

15  while maintaining the temperature at 10°C or less. The batch was aged at 10°C 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),

20 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
15°C 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

25  kg), and the resulting slurry was heated to 50°C until all the solid had dissolved. Water (75 kg)
was then added to the batch over 20 minutes. The batch was cooled to 5°C 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 50°C to afford enamine as a yetlow solid, 8.8
kg, 75% from the crude epamine.

30 'HNMR: (400 MHz, d6-DMSO): § 9.15 (1H, t, J = 6.0 Hz), 7.94-7.91 (2B, m), 7.80 (1H, t, J =
7.6 Hz), 7.65 (2H, t, J = 7.6 Hz), 7.35-7.30 (2H, m), 7.18-7.11 (2H, m), 5.15 (1H, t, /= 5.4 Hz),
4.80 (1H, t, J= 8.0 Hz), 4.35 (1H, dd, /= 13.6, 3.6 Hz), 4.31 (2H, 4, /= 6.0 Hz), 3.92-3.86 (1H,
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m.) and water (15 nlL) in a 150 niL RB with over-head stirrer. Ruthenium
trichloride trihydrate (0.041 g, 0.158 mmol) was added, foll owed by the
addi ti on WO 200didesm br omate (0.7 g, 4.64 mmol) in one poPCITAIS2@0/056306m
tenperature, resulting in a mld and gradual exotherm from 180C up to 25C
over 10 mnutes. The reaction m xture was aged at roomtenperature for 1

hour, t r t.h d S oom
terper Mok B OFhads oy et High oot e a2 P ion> aorap (E ) ob.
wat er / 82 Oij my),illle (BPHt,mM=) 7.0dta)ed at 450C i n vacuum oven for 4 hours to
afford the desired ketone as white crystalline solid (3.3 g, 83%yield).
Step 2: Formation of the enam neEthylamne (2.0Min THF, 2.9In) was add to
a m xt 8tep 16f sodpsymmeiricdiulre®aaligy) and acetic acid (384ng) in MeCN (6ml),
and the resulting slurry was aged for 5 mnutes, after which the starting
ket one {4660nmy) i nOMeCN (6 nilL) was added. Mdtg reactitopn mxture was then

- 3

aged at 35( ouIsB0,PROI ed. t 0 Froom t enpér filpengs,
concentrat@éd toN6 n The r I Ng gatanfsyr e S to aqueqt
sol ution (%0 ni) an sol s fiTtered, \nashgd wilth wj

in vacuo at C Nor h 0 afford a yel »SoiNd Ong

I H NMR (500 . d 9.16 (t, J 6.1 Hz, EHQ* 793791(m 2H), 7.80
(t,53 7.4 He, 65 (t, 3 7.5 Hz, 2H). 7.34-P"H (dd® 1 8.6, 5.6 He,
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. | Hn aditiBger(-pyrgdd gloget@xhith Q)Iz-lji 538, H?S(B@b@md%bﬁ);’hdalﬂﬁ dd, J
= 13

6 2.25
| peigud Bk sy e, Fo20 gl 359 I- 5®%@8W@¢@%&%@%3%(;3@90. >
s peC| { fesihitgnhosphERda0T He. BPEH b and dichleeomethans{¢-6 mibweicadedora0
exanpl g3, BaOVIHQdial Rt msmews%ﬁed &dr 30| hingitck ahd 8BnsféR&l BRAGULE etagfled he

e R TRATRS e o o e Al BEn B0, PP BRI o
CLAI MVEEecbid 23 mlAstaiahspostac vefseEandrtHeaatalyst ciarge qpiparamacesstseaad byd @eeepd abl e
salt t tf]r%rrnet%](ca glove (;x(.ai n:
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
15 stirring and stirred until the mixture was homeogeneous. 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
20 drawn into the autoclave followed by the TFE rinse. The autoclave was subjected to three
hydrogen purges, thermostatted to 25°C, 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
(1 L of 5M solution in water) was added at room temperature, and the mixture was aged for 2
25  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;SOy, 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
shurry was aged 12 hours at room temperature, filtered, washed with 0.1L JPAC and then with
30 200mlL 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).
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XI and X2 are each independently H, halogen, or G -3 alkyl, with the

proviso that at |east one of XI and ¢ is other than H, Yis CH2 or G R A

is Hor GWo20rlddyd9r RIBis H G -3 alkyl, or OC -4 al keCT/us2009854400r Cl1- 3

al kyl; and R3 is d 3 alkyl; and provided that: (C) when Yis Othen R A a

d RB are both Hand R2 is G -3 aIkyI and (D) when Y Is CH2, then (i) Ris

HRI|SC|3aM#?andRIB -3
d

B kyl - TR0 Mttt CRRE: k& 1 b .l P 0k (S AR R 94 iy RS 2,
al kyl . (2.1 B czosmsoqnaflq):mm (ag, 108! arerzlzﬂqr’z &7 pharso et :zmalélsxs (t, ;r =
sccont gl Seb < ORGEEL ST A1 0L 0o g 4 PE Y
CH3, thed(,Us 1.6,%.8 Hz(HP), 8r55Chr 1AL, 8. 3%%26 @ﬂSEH)RB B8i(s 3H)GHB4-3@0 (ﬁI;HS R2
s A %&’:Q.ﬁr(s,%%s-iﬂﬁ R, 1 305979042 S, 1. 606 R" PYY, 999 -1 Ak, 1 1),

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,N-
dimethyloxamic acid in a manner similar to that described in Step 12 of Example 6-1 to provide
10 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
15 Step 1: Formation of the ketone
o] | o)
—~0, 0S0.Ph F RuCls trhydrate -0,
N H"’\/@ NaBrO, SN | Osgipig/ F
N
OM O o) O

The alcohol starting material (4.1 g, 7.92 mmol) was dissolved in acetonitrile (30

mL) and water (15 mL) in a 150 ml. 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

20  mmol) in one portion at room temperature, resulting in a mild and gradual exotherm from 18°C
up to 25°C over 10 minutes. The reaction mixture was aged at room temperature for 1 hour, then
water (15 mL) was added and the shury aged 30 minutes at room temperature. The slurry was
then filtered, rinsed with 60/40 water/acetonitrile (25 ml.), dried at 45°C in vacuum oven for 4
hours to afford the desired ketone as white crystalline solid (3.3 g, 83% yield).

25
Step 2: Formation of the enamine
0 Na,SOy, O
_0, 0S0,Ph F AcOH, 0SO,Ph F
N EtNH,
T o . H
o N N
N
0O 0
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(C© when Yis O then RA and R B are both H Ris CH3 or CH2CH3, and R3 is
CH3; and (D) when Y is CH2, then (i) RRis HBR3 is CH3, RRA s CH3 and R B
is CH3 orwQ@hiByo4¢391) R2 is CH3, R3 is CH3 RIA s H and RPBTAS2049/06930€iii) R2
is H R3is CH2CH3, RA 1S H and RIB 1S OCH3. 3 A conpound according to
claim2, or a pharmaceutically acceptabl e salt thereof, wherein the

conpound is a co I’OVI d t hat O then
R Xpand R B are Mﬁé%@é@l fo %Wt?%)gf\ﬁﬂvgﬂm@u flgtse t hen
(i) Re(I3¢mig) s aacens a@ﬁ@&mg)ﬁal BIGCN CﬁiﬁL); anmelfs?gesuhmg(slu@y 25 dg5d Ohi and R A
is H a ' - :
= 1 B okl AP GRS G RZ 00l e pccton
conpoumdktore Wt %eﬂﬁt 3Rehier dimurpcqaledqo rgomAemmfﬁ@tmﬁlta@éoMa ng to any
\%gsr gf %&{cﬁlg%é%dlmt@mﬁ rlmé Iée@glg gr e rrer i c%ﬁﬁidwt re c%ﬁsaphwm@g oedt 48nd
accord a@%ﬂ@wall WS ﬂi? req, Beshe té‘l}’t’art%rag?‘{/)éj Hgdda e %éaq?i&’fpiﬁé}og%f
V\CQer ei pfféie ieReund ($3nf0 8pauned). ABCORTROGE0d MBz, INUISOedmds 24,6 (@drﬁa@mrjﬁf, gB

ou un
a6, o e R @3@@3%3@&%@8&@5&%@@ Bl EO
Conpoufd I@Zlﬁp?rb&}!’md (64 2Hoyr5. Cotwouitd), 889 (7 J =A/.¢ dlzpbldhd.He4.03 GinntH), 6.3 ai m
6,107 81, R FRGE G Y s8BACHTRR!A (§4]1= 13.6 Hz, 4.0 Hz, 1H), 3.26 (s, 3H), 2.90 (g, J

= 7.0 Hz, 2H), 2.32-2.25 (m, 1H), 1.89-1.84 (m, 1H), 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
15 all of the usual variations, adaptations and/or modifications that come within the scope of the
following claims.
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t hereof, wherein the conmpound is Conpound | A, Conpound 2A, Conpound 2D,
Conmpound 4A5Conpound 4B, Conpound 4C>Conpound 5A, Conpound 5B, or Conpound
6A. 8. A worpmumeBdaccording to claim?7, or a pharnmaceut iPCauSgotamssps abl e
salt thereof, wherein the compound is Conpound I A 9. A conmpound according
to claim7 or a pharmaceutically acceptable salt thereof, wherein the
comou%%zlwm 10. A conmpound according to claim9 which is a
crystallf ound 2A? wherein the crystalline Conmpound 2A is
characterized by an X-ray powder diffraction pattern obtained using copper

K radi ation which conprd A5 VRl . {:n degrees of about 8.5, 9.3, 13.3,
17.0, 18.8 and 20. 8. 110 (l:lorrpoun accordl ng to claim7, or a

pharmaceutical ly accept abl e salt ther , Wherein the corrpound i s Conpound
2D. 12. A conpound according t dl€l-gj 7 or a pharmaceutically acceptabl e
salt thereof, wherein the corrpound C@rpound 4A. 13. A conpound according
to claim12 V\/m ch is a crystalline of Conpound 4A, wherein the

degrees of about 6.1, 1Ga4, 12.9, 187, .9.14. A conpound
according to claim7, or @t abI e salt thereof,

wherein the compound is Co

or a pharmaceutically ag@ep :
Conpound 4C. 16. A conpound accordin hal m 7, or _a pharmaceutically
acceptabl e salt thereof, wherein the nd is Conbund 5A 17. A
conmpound according to claim 16 which is a crystalline form of

5  or a pharmaceutically acceptable salt thereof, wherein:
X1 and X2 are each independently H, halogen, or C1-3 alkyl, with the proviso that at least one of

X1 and X2 is other than H;
Yis CHp or O;
R1A is H or C1-3 alkyl;
10 RIBisH, C1.3 alkyl, or O-C1.4 alkyl;
R2 is H or C1-3 alky}; and
R3 is C1.3 alkyl;

crystalline Conpound 4A is char acfriz may powder diffraction
pattern obtained using copper K <cr ad3|/ t\lgyijz{ conprises 2Q values in
19.4

rraceutl cra

oo wherein the compound is

and provided that:
(C)  when Y is O, then R1A and R1B are both H and R? is C1.3 alkyl; and
15 (D)  whenY is CH?2, then

(i) R2 is H, R1A is C1.3 alkyl and R1B is C1.3 alkyl or O-C1-4 alkyl;
(i) R2isCp-3alkyl, R1AisH, and R1Bis H; or
(iii) RZ2isH,R1AisH, and R1B is O-C1.4 alkyl.

20 2. A compound acccording to claim 1, or a pharmaceutically acceptable salt
thereof, wherein:
X!is F or CH3;
X2 is H, F, or CH3, and provided that:
(A)  when X1 isF, then X2 is H or CH3, and
25 (B)  when X! is CH3, then X2 is F;
Y is CH? or O,
R1Ais H or CHz;
R1Bis H, CH3, or OCH3;
R2 is H, CH3, or CHpCH3; and
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Compound 5A, wherein the crystalline Conmpound 5A is characterized by an
X-ray powder diffraction pattern obtained using copper K <cradi ation which
conpri sesw@@owal4e3®3s i n degrees of about 8.4, 8.6, 18.0, PRO/S200205806 25. 2,
26.1 and 27.2. 18. A conpound according to claim 16 which is a crystalline
form of Conpound 5A, wherein the crystalline Conmpound 5A is characterized
by an -r.aé gow&;{% |ffraction pattern obtained using copper K <cradiation
whi ch RaprHs &8 'ues in degrees of about 8.4, 8.6, 18.0, 20.4, 20.8,
25. 9, g@.@oﬁagda@l 19. A conmpound accordi ng to claim1, or a

phar maceut i t Gonpound

5 20, A cipouticnannea iy Ko sl IS e oo, §25 LS S RPRRHRS b K33 bl o

salt t her eof , wh€Hai md he conmpound is Conpound 6A. 21. A conpound according
o £l ai m 20pphi C@hbﬁ?‘fa}s éﬂésﬁﬁl l'ine formof Conpound 6A, wherein the

cr ystal line npound IS c?ar act er ed by an ra owder diffraction

pattern obtai nedilsi n% doPpR 1%@H&=cﬁ igrHamnd R1 388Gl ues in
degrees of aboutji0. 6R2154cﬁ3 RYifCHiR BA oy, 63{31‘(418 %3; d\ conpound accordi ng

23, °A phar maceut PEAT %zaﬁﬁezﬁ%f%*ﬁﬁaﬁﬁ,@# etk o o & P

corrpound according to any one of clains 1 to 22, or a phar maceutical |y

eptabl e salt here and mace t.icall ccept ab carri 4,

melihod for the t) oat naronBPu SBATTIR LI ot BebrgRCHy Gl sFhe
treat nﬁmepf,m}mpémtﬂwmompoundmeiaynpannﬂbﬁmeﬂﬁHor progression of AIDS in a
subject in need thereof, which conprises admnistering to the subject an
ef fective anount of the conpoug*d accOHding to any one of clains 1 to 22 or

a pharmaceutically acceptabl e BFen hereof. 25. A conpound according to any
one of clains 1 to 22, or a pharnmacgut @ally

N R1A
P
! HaC ff R1B
e
X2 N \ 0
O OH ,
provided that:
(C)  when Y is O, then R1A and R1B are both H and R2 is CH3 or CHpCH3; and
15 (D)  whenY is CH?, then

()  RZisH,RIA s CH3 and R1B is CH3 or OCH3, or
(i) RZ2isCH3,and R1IAisH, and RIBis H.

4, A compound according to claim 2, or a pharmaceutically acceptable salt
20  thereof, wherein the compound is a compound of Formula III:

Hac\N/CH@,
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acceptable salt thereof, for use in the preparation of a nedicanent for the
inhibition of HV integrase, for the treatnent or prophylaxis of infection
by HIV, owoforo/mb1treat ment, prophylaxis, or delay in POE/USREQ05SBO6
progression of AIDS in a subject in need thereof.

wherein 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 1A, Compound 1B, Compound 2ZA, Compound 2B,
Compound 2C, Compound 2D, Compound 3A, Compound 3B, Compound 4A, Compound 4B,
Compound 4C, Compound 4D, Compound 5A, Compound 58, Compound 5C, Compound 5D,

10 Compound 6A, or Compound 6B.

7. A compound according to claim 6, or a pharmaceutically acceptable salt
thereof, wherein the compound is Compound 1A, Compound 2A, Compound 2D, Compound
4A, Compound 4B, Compound 4C, Compound 5A, Compound 5B, or Compound 6A.

15

8. A compound according to claim 7, or a pharmaceutically acceptable salt

thereof, wherein the compound is Compound 1A.

9. A compound according to claim 7, or a pharmaceutically acceptable salt
20  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 2@ values in degrees of

25 about8.5,93,13.3,17.0, 18.8 and 20.8.

11. A compound according to claim 7, or a pharmaceutically acceptable salt
thereof, wherein the compound is Compound 2D.

30 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
35  diffraction pattern obtained using copper K radiation which comprises 26 values in degrees of

about 6.1, 10.4, 12.9, 13.7, 19.4 and 22.9.
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4. 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, radiation which comprises 2@ 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¢, radiation which comprises 20 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 7, or a pharmaceutically acceptable salt
thereof, wherein the compound is Compound 5B.

20. A compound according to claim 7, 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 20 values 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 1s 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.
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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.
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