METHODS OF MAKI NG HI V ATTACHVENT | NHI Bl TOR PRODRUG COVPOUND AND

| NTERMEDI ATES 5FI ELD OF THE | NVENTI ON The invention relates to

met hods oWorralkymgispr odr ug conpounds useful agai nst H V, pamaseen2p2assi cul ar
to net hods of naking the prodrug 1-benzoyl-44244- et hoxy-7-
(3-methyl-1H1,2,4-triazol -1-yl1)-1-[ (phosphonooxy) net hyl ] - 1H pyrrol o[ 2, 3-c]
pyridin-3- yl]-1, 2-di oxoet hyl ] - pi perazine, as well certain internedi ates

t hereof , using novel 10al kyl ation, am dation, chlorination, and phosphate
installation strategies. The invention also relates to the conpounds

obt ai ned by t\yeTRsISS BN ARNG ATS T O HIVEBAGKERSINER PROBIEUENVENTI ON
The HV attachnent inhibitor prodrug conpound identified as

1-benzoyl- 44244- COMPOUND AND INTERMEDIATES

15nmet hoxy-7- (3-nmet hyl-1H 1, 2, 4-triazol -1-yl) - 1- [ (phosphonooxy) net hyl | - 1H py
rrol o[ 2,3- c]pyridin-3-yl]-1,2-di oxoet hyl]-pi perazi ne, and having the
strucgural fornula: 20has hﬂgnIS@FjﬁHIHmVENnggﬁcrIbed in U S Patent No.
7,745,625, which is incorporated herein in its entirety. This conmpound is
t he phosphat eT]pﬁ waerfpngrlataséo b@@h%is eﬁmpmg@rmg pRpeiEds ppafel agerst f or mul a:
whi ch |s t orth an C . 4 aI

i ncor por a aa er flrrtllc}l%r S?%leg}] i re Hﬁﬁffﬁpm%ﬁ? lc%br?pZS lﬁ%k?mteﬁhoxﬁr odr ug
identifi @dmaﬁhwqaﬂhm/a-tﬁ@zoﬂaLyl)ier[@mslﬂﬁinedxﬁm&iyl]em-ppfr@m S-chgaidiass- HI V.
5Duri ng scale up procedures for the production of the phosphate prodrug
conpoundy!tlwodiegegsbuhiraipegitns. tit Well seepin Hlteéﬁle§1ar@;s|ﬂaﬁtrf><zfnu~°p%t%@seé bet ween
phos Onélﬁ ]Ftﬁbtg ’anP de{tﬁ)lﬂl l%%ﬁl Qnd phl?)kﬁl{a%e 1415‘[‘3115{%@1121?6%%' )th ﬁ{v%ﬁtlé'at{'d

1- (4-benzo plﬁeraz I'n-1-

(4- met hoalye ml4t3s toehdhiydmpaddnds @btdined baziad prdeqsdds-hkkdipystrfoltio [ 2, 3 -c] pyri di n-3
-yl)ethanel, 2-di one . However, these conpounds have proved to be difficult
to process, or unstable 10and difficult to procure on scale. Furthernore,

the yields of the al kyl agAUKGREUINOORPHEINVENTION
The HIV attachment inhibitor prodrug compound identified as 1-benzoyl-4-[2-[4-
15 methoxy-7-(3-methyl-1H-1,2,4-triazol-1-yl)-1-[ (phosphonooxy)methyl]-1H-pyrrolo[2,3-
c]pyridin-3-yl]-1,2-dioxoethyl]-piperazine, and having the structural formula:

20  has been set forth and described in U.S. Patent No. 7,745,625, which is incorporated
herein in its entirety. This compound is the phosphate prodrug of the basic compound

having the structural formula:



t hese conpounds has di mi ni shed as the reaction was scal ed up. What is
now needed in the art are new processes for nmaking the H'V prodrug conpound
1- benzoy wo4atywerset hoxy- 7- (3-met hyl- 1H 1, 2, 4-t ri azol - 1P¢T)US2612/022851

[ (phosphonooxy) et hyl ] - 1H-pyrrol o[ 2, 3-c] pyri di n-3-y1] - 1, 2- di oxoet hyl | - pi per
azine, as 15well as internedi ate conpounds. These new processes shoul d
utilize distinct al kylation, am dation, chlorination and phosphate

installation procedures. Al so needed are nem/c;npounds and internedi at es

whi ch are generated as a result of the novel pfocesses. SUMVARY OF THE

| NVENTI ON 201 n a first “egbodi nent, the inventioq preyi des a nmet hod for
meki ng the conpound of Fofnula I: itH th eim cal nane

2- am no- 2- (hydroxynethyl, ) JA3-di \vﬁj(Z-(w penzoyl pi perazin- 1
-y1l) - 2-oxoacetyl)-4- net'oxy ~ ~ Yyl-1"H 1 ,2,4-triazol- 1 -yl)- 1 H

5pyrrol o[ 2, 3-c] pyri di n-| -yl ; sphat e mhlch conprises: (a)
brom nating the conpoundx(e) ~gotm "g the am ne group on conpound 3 to a
met hoxy group to yield Br

AN
Nl\/<
which is set forth and described in U.S. Patent No. 7,354,924, also incorporated herein in
its entirety. Both this compound and the prodrug identified above have so far
demonstrated excellent prowess against HIV.

5 During scale-up procedures for the production of the phosphate prodrug
compound, two compounds were utilized in an alkylation process between phosphonic
acid, P-(chloromethyl)-, bis(1,1-dimethylethyl) ester and 1-(4-benzoylpiperazin-1-yl)-2-
(4-methoxy-7-(3-methyl-1H-1,2,4-triazol-1-yl)-1H-pyrrolo[2,3-c]pyridin-3-yl)cthane-
1,2-dione . However, these compounds have proved to be difficult to process, or unstable

10 and difficult to procure on scale. Furthermore, the yields of the alkylation reaction using
these compounds has diminished as the reaction was scaled up.

What is now needed in the art are new processes for making the HIV prodrug
compound 1-benzoyl-4-[2-[4-methoxy-7-(3-methyl-1H-1,2,4-triazol-1-yl)-1-
[(phosphonooxy)methyl]-1H-pyrrolo[2,3-c]pyridin-3-yl]-1,2-dioxoethyl]-piperazine, as

15  well as intermediate compounds. These new processes should utilize distinct alkylation,
amidation, chlorination and phosphate installation procedures. Also needed are new

compounds and intermediates which are generated as a result of the novel processes.

SUMMARY OF THE INVENTION
20 In a first embodiment, the invention provides a method for making the compound

of Formula I;



15conmpound NNO2 ; and Owve (4) 3 - N (d)then converting conpound 4 to the
conpound T NO2; and Owve (5) OCH3 (e)converting conpound 5 to the conpound
N NO2; arnsloOV2/10613Y PCT/US2012/022851

O

OCH, >

O
\\ N
s o

<,& e
N OH
OH
(1)
with  the chemical name 2-amino-2-(hydroxymethyl)propane-1,3-diol-(3-(2-(4-
benzoylpiperazin-1-yl)-2-oxoacetyl)-4-methoxy-7-(3-methyl-1H-1,2,4-triazol-1-yl)-1H-
5  pyrrolo[2,3-c]pyridin-1-yl)methyl phosphate

which comprises:

(a) brominating the compound

% | CHs y CH3
Na N |
10 to yield the compound ;and
NH, y p HNAc
(1) (2)
Br
. CHy

(b) nitrating compound 2 to yield the compound N ; and
NO,
NH,
@)

() converting the amine group on compound 3 to a methoxy group to yield

Br

yZ CHg
15 compound N NO, > and
OMe

(4)



OCH3 N5 (Oformng a bicyclic structure from conpound 6 to yield H, and
OCH3 (7) OCH3 N1 / Nx HCl ; CIH 1 then chlorinating conpound 7 to
producearmio(28)210¥88 N N, H (h)thereafter adding a tri azeCyluSamizeeissto t he
conpound 8 to yieldp; and (9)

(d) then converting compound 4 to the compound

() converting compound 5 to the compound NO, ; and

5 forming a bicyclic structure from compound 6 to yield g y
3

OCHs

T TN
() then chlorinating compound 7 to produce N N X HC ; and
c H
(8)

OCHs
FTY
N~ N
b
N<
(h)  thereafter adding a triazolyl moiety to the compound 8 to yield <\ /N ; and
N

=N

(9)
10



10 (10) 0 CCH3 C 0 OCH3 and (1)then converting the conpound 12 to the

conpound 5 - (n) then reacting the conpound 13

OCH3 \,/ WO 2012/106189

(1) converting compound 9 to the structure <\ N ‘/N

to produce the conpound 00

PCT/US2012/022851
(0]
OCHs
; and
(0)
OCHs

A A OCH;
N~ N

-
S
) modifying compound 10 to yield the compound <\N\/N ; and
N { ?
Cl

\\
N S
5 (k)  reacting compound 11 to produce the compound <\ //Nk o)
N < >

and

)] then converting the compound 12 to the compound

(11)

0
OCH,

N
DOEE:

{ o

2

(12) Cl



5 (n) then reacting the conpound 14 to produce the conpound OCH30 (15) (o)

then converting the conmpound 15 to the conpound of Formula I. 10 In a
further ewbadizentsoof the invention, there is provided acwatshad/oefssnmaki ng
t he conpound of Fornmula I: 15( I ) which conprises: 6 - TM5 NWP and Nal

or K2CO3, MeCN and TBAlI to yield the conpound. 0 OCH3 I\OCH3 N/ C

(m) then reacting the compound 13 to produce the compound

o)
OCHj

A N

() )
<N‘N k\C| 5>__<::j>
L/l\ (14)

; and

(n)  then reacting the compound 14 to produce the compound

e}

OCH;

@
T TN N
"N Z]_<i>;and

A

o, OB

Ny .
N\
%J& d” “otBu

(15)
(o) then converting the compound 15 to the compound of Formula I.
10

In a further embodiment of the invention, there is provided a method of making

the compound of Formula I:

15 (1)

which comprises:



X NCI H?1-\0 \......... yN
conpound (12ya 7 - (i
conpound wWOoQoreioeIsfi v) and

i11) reacting conmpound 11 wthto produce the
I) then converting the conpound 12 to the
hen reacting conmpound 13 t oPpraeece/02350cH3

(
i
t

0]
OCH,
OCH
| TN i Gl _S
N ~~
(i) reacting the compound N with \©\0| in the presence of
H

N<
(o)
B

TMG, NMP and Nal or K,CO3, MeCN and TBALI to yield the compound.

NN
<N\N \\S
\ ;and
N//k an
(11 cl
5
HCI
i’ T\
N
11) reacting compoun wit to produce the compoun
ij ing compound 11 with duce th d
0]
OCHj,
N
DAAS,
N ~N N
e raY
N/ 0 ; and
N Q
(12) Cl



(14) (v)then reacting the conpound 14 to produce the conpound

converting the conpound 15 to the conpound of Formula |I. Al so provided

herei n i swe 20etteeof or

maki ng the conpound of fornula (PEX/US2012(0212851

(1 5) then

10(ii)reacting compound 11 to produce the conpound

(iii))  then converting the compound 12 to the compound

O
OCH3
N
DRAW
N/N

“o )

<
\ .
N/K (13) HCI

5
(iv)  and then reacting compound 13 to produce
0]
OCHj
N
)

N A ~N N

N \\CI )—@ ; and

W 0
N/{\
(14)
(v) then reacting the compound 14 to produce the compound
o P
OCHs
N
{0
DA 2V
NP ~N
o
10 N<y \O\ ,Ot-Bu ;and
ﬁ,l& o “otBu
(15)

then converting the compound 15 to the compound of Formula I.

Also provided herein is a method for making the compound of formula (14):

15



OCH3 0\ O (12)A WD 2012/ 106189PCT/ US2012/ 022851 (iii) then
converting the conpound 12 to the conpound and then converting conpound
(13) to twe 200/10a43 conmpound( 14) The invention i sPards2diznessed to
the nore general chem cal transformation of converting a thio ether to the
correspondi ng chloride using a chlorinating agent.

0
OCHj

o
=\ (14)

which comprises:

0]
OCH;
\ OCH 3
N| N Cla_S
5 (i) reacting the compound N with \©\0| to yield the
H

N\
N
(10)
L

compound

<\//Nk ;and
N

(11) cl

10 (i1) reacting compound 11 to produce the compound
OCH3
N
DOEW,
N A ~n N

\_ >_< >
<\N \/N 3 o ; and
N/K < >
Cl

(12)



(14) wherein R can be, but is not limted to alkyl, cycloal kyl, phenyl,
substituted and 10pol ysubstituted phenyl rings, heteroaromatic rings,
substi t utwo 2ardopsbysubsti t ut ed heteroaromati c rings. TiReTalsb@riopmssi ng
agent enployed in this transformation can be, but is not limted to,
chlorine gas, sulfuryl chloride , hexachl orethane,
di chl orotri phenyl phosphorane, N, N-di chl or o- 4- net hyl benzenesul f onam de, WO
2012/ 106189PCT/ US2012/ 022851 tri chl oroi socyanuric acid,
N Chl or osucci ni m de, 2-chl oroi soi ndoline-1,3-dione or Nchl orosaccharin.
The invention igigl sendi doRact@de iR dononay ed ¢ MIREHPESEd S The invention is
directed to these and ot her inportant ends, hereinafter described.
10DETAI LED DESCRI PTI ON (k. ODI MENTS The invention provides nethods
for the production of the cgnpound of Formula I: ( | ) as well as
certain internediatesg \ve<’\‘a;|'1> reacti on schene may be sunmmarized and

N

set 15forth as follo L~y
N\N \\Cl )_Q
<\ o)

(iv)

and then converting compound (13) to the

0
OCH,

AN N\ N
DHEW.
<N\N \\Cl >/_®
5 o)
e
compound

(14)

The invention is also directed to the more general chemical transformation of

converting a thio ether to the corresponding chloride using a chlorinating agent.

o)
o)
ocH, OCH3
|\ N N‘—> Chlorinating Agent |\ A\ <N )
N N & - N~ N

N N
L0 Ao
~ N
<« L O < °
\ /’k i N/K
N
(14)
wherein R can be, but is not limited to alkyl, cycloalkyl, phenyl, substituted and
10 polysubstituted phenyl rings, heteroaromatic rings, substituted and polysubstituted
heteroaromatic rings. The chlorinating agent employed in this transformation can be,

but is not limited to, chlorine gas, sulfuryl chloride , hexachlorethane,

dichlorotriphenylphosphorane, N,N-dichloro-4-methylbenzenesulfonamide,

-10 -



WO 2012/ 106189PCT/ US2012/ 022851 Cl 5Thus, in a first enbodi nent the
conpound NH2is utilized as starting material. This conpound is reacted with
acetic arwganiad@we(88c20) and then brom ne to produce Br PCTNS2412/021856
conmpound is reacted with nitric acid and sulfuric acid to produce Br NH2.

Ther eafter,

Br

10

this conmpound is then reacted with sodiumnitrite (NaNO2) and

trichloroisocyanuric acid, N-Chlorosuccinimide, 2-chloroisoindoline-1,3-dione or N-

chlorosaccharin.

(@]

OCH,
OCH

T TN

N/N

<N\N \\S
Y Q
a
O,
OCH,

A N 0 o) 0
| N > OCHj OCH;
Nz N

N

Q&Q N/N&;_@ N/N&?}_@

The invention is also directed to the novel compounds

The invention is directed to these and other important ends, hereinafter described.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention provides methods for the production of the compound of Formula I:

o 9
OCH,
N/\
| TN K/N
N A~ g
\NY o, ,oH oH
<\N//k d” “ow H2N46OH
OH
(1)

as well as certain intermediates. The overall reaction scheme may be summarized and set

15  forth as follows:

-11 -



trimethylsilyl chloride (TM5-Cl) in nmethanol (MeOH) to yield Ove. Then this
nmeaoe2ne Nm conpound is reacted wthto produce Ove5 which is then reacted
with a mwoune/wbisMaOMe/ MeOH, Cul and NHACLl in tetrahydrofrarsan2(3idF) and

met hyl 5 propionate to produce Owe. This conpound is then reacted with 1%

Pd/C OCH3 | N N, HClI under a hydrogen gas (H2) atnosphere in ethyl acetate
(EtOAc) to yieldOcH3 H 5

Br Br Br

CH
&i::ﬂ/ D ta0 2 | CHs  HNOgH,S0,  # | CHs  NaNO,, TMS-CI = | CHs
> _ -
2.Br, NS NS no, MeOH NS"no,
Ntz HNAC NH, OMe
Br OCHj |
,L NaOMe/MeOH “ A
MeOYOMe 7 | XN\ Cul, NH,CI v | ~
N THF, N
ﬂ» NO, Me-propionate NO,
OMe OMe
OCH; OCHj3
1% Pd/C, H POCI
o 2 | X N\ 3 | AN A
EtOAc NF N N ~N xHCI
HCI ‘ \
OCH; H i H
5
H~N" \ OCHs ocH3
\—N 3eq. N N ocH,
N — ocH3
N =
4-Me-2-Pentanol }_| iPrMgCl, THF }—|
x HCI

i\
N

oc o} 0
Cl_-S Hs
OCHj3
A\

MG N

NMP <\ Ti(OnBu), MeTHF
Nal /k

-12-




which is further reacted wwth POC13 to produce is in turn reacted with

three (3) equivalents of H-NI\11---- \=1\1 in 4-M-2-pentanol to produce o
o]

,  Thi s worprumeisPs t hen reacted with aocH3 in i PrMjClPamdSTHE/ 02285y et
Next, this conpound is reacted with WD 2012/106189PCT/ US2012/ 022851
tetramet hyl guani dine (TM5 in N-nethyl pyrrolidone (NWP) or K2CO3 in MeCN to

*HClI
Cl
o 0
OCH
0 C) 3 N,/\\1
OCHjs ||:|>,Ot-Bu | RN i\ K/N
NF N\\ &N Ney \o\ _Ot-Bu
P
<N\N ¢l o@ <}\1//K o” “otau
S/
N/k
0
OCH3O

1. acetone, H,O | N K/N
N = N

2. Tromethamine \_ ©
<N\N O\P/OH OH
\ Z HoN
OH
A~ CHs
Na |

5  Thus, in a first embodiment the compound N2 is utilized as starting material. This

compound is reacted with acetic anhydride (Ac,0) and then bromine to produce
Br
CH;

HNAc

=

Na

. Next, this compound is reacted with nitric acid and sulfuric acid to produce

-13 -



and MeTHF to yieldCl. Next, this conmpound is chlorinated using 5 with

di chl oronet hane (DCM in water to produce . This OCH O 11, 0t-Bu conpound
is then fwotheriossacted with KO PO -Bu to obtain | N -PCT/UN2@2/M2385t 0 /
-Bu. IN,F\ 0" O-Bu N

p | CHs
N
N N,
NH,

. Thereafter, this compound is then reacted with sodium nitrite (NaNQO,) and

Br
CHj;

NO,

trimethylsilyl chloride (TMS-CI) in methanol (MeOH) to yield = ©OMe . Then this

=

Na

MeO OMe

compound is reacted with NMez  to produce  Ome , which is then reacted

with a mixture of NaOMe/MeOH, Cul and NH4Cl in tetrahydrofuran (THF) and methyl

OMe |
AN AN
|
NS Sno,
5  propionate to produce  OMe . This compound is then reacted with 1% Pd/C
OCH;

B
N = N

HCI
under a hydrogen gas (H;) atmosphere in ethyl acetate (EtOAc) to yield OCHs

OCH,
B
N F#~N x HCI
\
which is further reacted with POCI; to produce ¢ " . This resultant compound
H\N’N\
18 in turn reacted with three (3) equivalents of \=N in 4-Me-2-pentanol to produce
OCH,
B
N = N
4

O, O

N<
W
N/k . This compound is then reacted with ©  %“":in ;PrMgCl and THF to get

< N C|v3\©\
gy
10 N/k . Next, this compound is reacted with Cland

-14 -



Finally, there is a further

tromet ham ne to produce the prodrug
i nvent i orvwotzhe/werspound of Formul a |

reaction with acetone in water,
In a further
above is 0 O OCH3 @cmH3Iskoirvoz2ssl % H

produced utilizingas a starting material.

and t hen
enbodi nent of the

Thi s conmpound may be 5synt hesi zed

or

may be obtai ned according to

according to the procedures detail ed above,

tetramethylguanidine (TMG) in N-methylpyrrolidone (NMP) or K,CO; in MeCN to

Q
OCHs
i > QA OCH;3
N = N
HCI
<N\N LS HN/\\: 6]
\, //k [
obtain ¢ . This compound is then reacted with in Ti(OnBu)4
OCHj
RN N
A\
DX
<N\N \\S @
o
e
and MeTHF to yield Ci . Next, this compound is chlorinated using
OCH;

chlorine gas (Cly) to yield N

x HCI
. Next, this compound is reacted
Q
OCH,
R N
| A\
DX
Oy
Wi °
. . . N/k .
with dichloromethane (DCM) in water to produce . This
o P
OCH,
N/\
e Mo
N Y/
o N\N \O\ ,Ot-Bu
[} gl /P
| /Ot Bu <}\l//< O/ \Ot-Bu

compound is then further reacted with KO ~OtBu to obtain

-15 -



t he processes set forth and described in U S. 20060293304, 28 Dec 2006,
which is incorporated herein by reference in its entirety. presence of
TMG, NVP woadoidaloese K2C03, MeCN and TBAI to yield the cecpaseaa2/02d851 using
chlorine (Cl2) gas. Thereafter, this conpound is using dichloronethane in

water. This - 17 - WD 2012/106189 conpound is then reacted to produce the
conpound ij NO O-Bu
Finally, there is a further reaction with acetone in water, and then tromethamine to
o 9
OCH;
N/\
o SO
N = N
0
N\N \O\ /OH OH
<}\l//k O//P\OH H2N46OH
produce the prodrug OH |
In a further embodiment of the invention, the compound of Formula I above is
(@) o
OCH,
OCH
F T ’
N~ N
N. H
N
A
produced utilizing as a starting material. This compound may be
5  synthesized according to the procedures detailed above, or may be obtained according to
the processes set forth and described in U.S. 20060293304, 28 Dec 2006, which is
incorporated herein by reference in its entirety.
(@)
OCH;
OCH
B ’
NP N
Ne, M
N
<\ //& Cl_-S
10 In this embodiment, N 1s first reacted with \©\0| in the

presence of TMG, NMP and Nal or K,COs, MeCN and TBALI to yield the compound

- 16 -



-Bu 0 P,O-Bu P, KOO-Bu and finally, this conmpound is then converted
to the conmpound of Formula | with acetone in water, and then tronetham ne.
In a furtwenoemetonent of the invention, the conpound eCTiuseemloas§l4) is
made 5using the conpound of fornula (10) as starting material. This process
i nvol ves reacting 0 0 OCH OCH3 N (10) ; and then reacting conmpound 11
to produce the conpound 00 OCH3

o) o)
OCHs
A OCH3 x HCI
| N W\ o
NN N

No N \\ S
<}\1 //k Q . Next, this compound is reacted with to produce the
Cl

compound

N N
U an W —"
<\ N o . This compound is then converted to the compound

Cl
OCH;
N
DREW
5 NFN N
L0
<] °
N/i\ x HCI _ _ _ _
using chlorine (Cl) gas. Thereafter, this compound is
0]
OCH,
N
DR,
N = N N
L0
< //K ©
converted to using dichloromethane in water. This

-17 -



(12) A Compounds 11, 12, 13 and 14 thus constitute further enbodi nents of
the i nvention. The followi ng Exanple sets forth a preferred nethod
of the inwenbiamneishut shoul d not be construed as |imti RGTIUSR0I2OLI361

t her eof : EXAVPLE 10 In this Exanple, the conpound was used as the
starting material. (see U S. 20060293304, 28 Dec 2006 for producing
Conmpound 10). Below is the summary of the procedure for converting conpound
10 to compound 11: C o

OCH; >

N
compound is then reacted to produce the compound y using

_ o
N< N O, ,Ot-Bu
< 2
N/k (e} Ot-Bu

o)
|l Ot-Bu
kO™ ~otBu and finally, this compound is then converted to the compound of Formula I

with acetone in water, and then tromethamine.
In a further embodiment of the invention, the compound of formula (14) is made

5  using the compound of formula (10) as starting material. This process involves reacting

o 0
OCHs

OCH;
TN

N Cl_-$
the compound N with \©\CI to yield the compound
H

NN
(10)
S

N ~N
No N \\S
<}\1 //k ; and then reacting compound 11 to produce the compound
(11) cl
0]
OCHj
N
DOaW
N A ~N \

—aY
<\ /N o . Next, compound 12 is converted to the compound
e Q
Cl

(12)

- 18 -



Cl 1 Nal Ethyl Acetate Nkr----NN HINN---c (10) A 20L and a 10L
reaction vessel were purged with inert gas. Al steps were perfornmed under

i nert gaswpneot2zwetiseon. 5 To the 20L reactor was charged PC3QIS2@b/0e288y|
acetate at roomtenperature. To this OK. .S was added 0.48 kg of the
conpoundCl. To this solution was added 0.34 kg of sodiumiodide. Al

gl assware used in the additions was then washed wth 0.45L of ethyl acetate
whi ch was al so CQ@rg%f to the 20L reactor. The reaction m xture was
heated to 65GaHyt tenperature and agitated at this 10tenperature for 3
hours. | exof the reaction m xture was anal yzed by 1H NVR to

) 4 N
determ ne c@n on >
N__~ < N

o}

. Thereafter, compound 13 is converted to the

compound (14)

Compounds 11, 12, 13 and 14 thus constitute further embodiments of the invention.

5
The following Example sets forth a preferred method of the invention, but should
not be construed as limiting the scope thereof:
EXAMPLE
0
OCHj
OCH
| AN N\ 3
N~ N
N. H
<
. L (10 . .
10 In this Example, the compound was used as the starting material. (see

U.S. 20060293304, 28 Dec 2006 for producing Compound 10). Below is the summary of

the procedure for converting compound 10 to compound 11:

-19 -



heating is continued. Upon conpl etion, the solution of 15tenperature.
Cl was allowed to cool to room To a 10L vessel is added 1.58L of

N- Met hyl pyoroiz@srsone (NVP) foll owed 0.18 kg of N, N, N, PCT/US2012/022851

Nt -tetramet hyl guanidine (TM5. To this solution was charged 0.45kg of the
conpound 10. Finally all of the glassware used for the additions was rinsed
with 0.50L of NMP. The m xture was agitated at roomtenperature for 2
hours. 5 The NWP solution in the JOL;reactor was then transferred to the

Et OAc sol ution of The resul ting m re was agitated at room
tenperature for 1 hour. A sanpl e o ~tihe reaction m xture was taken for
hi gh pressure |iquid chromatography 10(HPLC) nonitoring.

NaI

Ethyl Acetate
O
OCH3 OCHs
OCH N OCH,4
| AN \ 3 \
N ~N N N
H
(\ MP
JNLH
~ 7~
(10) N™ "N 11y ¢l

A 20L and a 10L reaction vessel were purged with inert gas. All steps were
performed under inert gas protection.

5 e To the 20L reactor was charged 1.80L of ethyl acetate at room temperature. To this

T
Cl

0.34 kg of sodium iodide. All glassware used in the additions was then washed with

was added 0.48 kg of the compound . To this solution was added

0.45L of ethyl acetate which was also charged to the 20L reactor.
e The reaction mixture was heated to 65°C internal temperature and agitated at this
10 temperature for 3 hours.

e A sample of the reaction mixture was analyzed by '"H NMR to determine conversion

L L
of Cl to

heating is continued.

Cl. If conversion is not greater than 90%,

IS

e Upon completion, the solution of Cl was allowed to cool to room

15 temperature.

e Toa l10L vessel is added 1.58L of N-Methylpyrrolidinone (NMP) followed 0.18 kg of
N,N,N’,N “tetramethylguanidine (TMG). To this solution was charged 0.45kg of the
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To the reaction was added a total of 0.099 kg of TMGin 10 equal portions

over 2 hours and the resulting mxture was agitated at roomtenperature for
14 hour s.woARIpzapIse of the reaction m xture was taken HPCT/USRM2t02285N(. To
the reaction was charged 6. 75L of EtOAc followed by 4.50L of 0.5 N aqueous
15hydrochloric acid solution (HCl). The m xture was vigorously agitated for
30 mnutes and then the phases were allowed to settle and the bottom phase

was di scarded. JTo t r { ni pper phase.was added 2.50L. of Et0Ac,

ol 1 oved byomaeuad S0 dau 61 ah ob BB st o e e S0GREn oM AN Wbt o e
was agitat @yl gagemps! y for 15 m nutes and then the phases were
allowed to settle and the bottom phase was 20di scarded. To the remaining
upper pheasdheasixaddeds Bgitidd afrodth Gaperdtotd fom2 dotg. t he sl ow addi ti on of
4.50L of 0.5N HCl. The biphasic m xture was agitated vigorously for 15

m nutes and then the phases were allowed to settle and the bottom phase was

di scey degl. R NN® Jo\RionGHRNON 0 rHRRE W RANASE iR ddfRtihd FiOA QbIfHR A

foll owed by 4.50L of distilled water. The bi phasic m xture was agitated
vi gor ousl y fQrS g nutes and then the phases were allowed to settle and
t he bottom phase di scar ded. To the remaining upper phase was added
0.5L of EtOAc foltowad oy ArSAL P Fhskiihd @th WALES wit 08 s8] HNRSIFCwHcKE ur e
was agitated vigorously for 15 mnutes and then the phases were allowed to

settle and the bottom phase was disxsc8rded The final organic stream was
gradually transferred to a 10L reactor 4. OOL 5increnents with a 1.00 L
Et 0OAc wash yofs /138010 t8aGIIRKoPEE bet weefl eacfycchaligged he vol ume of the

stream was reduced to 3.60L by distillation of the solvent. The sol vent

conposi t ¢ onThwasstlheg noktaregeds dgiteted prt rovar ienpeta@Adort bheri mari |y i sopr opyl

al cohol (1 PA) using a put and take distillation with a total of 9.00L of

| PA s Zaidnplevé theaieprgignmyixt e Waétt%henrfleahkggdﬁewedwcf ehrpERiogHPNYw
3.60fy The (fjppa)) 3QiHihOn 10was allowed to age for 8 hours. The resulting
slurry was filtered in order to isolate the product. The product was then
washed tw CEo thd teadtioh2iaiiddeRA. toldh@f i09099atgedf PMEE irc 1 0 wasal ghortéchsatvea2 maxi num

tenperature of 5 until. reaching a constant weight. The yield was 0.43 kg
(63.23% of 0&@@&8@%@%@1&%%}1@&%%@@3@? ropg ‘ﬁﬁg’FW‘FEE‘PT Holtowss. ' m p. 127.0

- 128.8G, %‘5% OABRLE£tiOR nflxtufel#as fafen ﬁPﬂbm@niQ)}ing.s’
e To the reaction was charged 6.75L of EtOAc followed by 4.50L of 0.5 N aqueous
15 hydrochloric acid solution (HCI). The mixture was vigorously agitated for 30 minutes
and then the phases were allowed to settle and the bottom phase was discarded.

e To the remaining upper phase was added 2.50L of EtOAc, followed by the slow
addition of 4.50L of 0.5N HCI. The biphasic mixture was agitated vigorously for 15
minutes and then the phases were allowed to settle and the bottom phase was

20 discarded.

e To the remaining upper phase was added 0.50L of EtOAc, followed by the slow
addition of 4.50L of 0.5N HCI. The biphasic mixture was agitated vigorously for 15
minutes and then the phases were allowed to settle and the bottom phase was
discarded.

25 e To the remaining upper phase was added 1.10L of EtOAc followed by 4.50L of
distilled water. The biphasic mixture was agitated vigorously for 15 minutes and then

the phases were allowed to settle and the bottom phase was discarded.
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1H), 8.06 (s, 1H), 7.93 (s, 1H, 7.25 (d, J= 8.5 Hz, 2H), 7.07 (d, J= 8.5
Hz, 2H), 5.60 (s, 2H), 4.10 (s, 3H), 3.95 (s, 3H), 2.58 (s, 3H. 13CNWR
(Acetic ABORp1¢1D4)89( 6, ppm): 181.4, 165.1, 162.0, 152. 1PCTATR2612/012831 7,
136.3 (3C), 130.6, 130.4 (20, 129.9, 127.9, 126.8, 122.8, 114.3, 57.3,
56.7, 53.3, 13.3. HRVE: Calcd for C21t11904N5C1S [M+1l] ' 20472.0841 found
472.0841. Elenental Analysis: C 53.44, H 3.84, N 14.84, S. 6.79,
7.5 foy nC”Il“:o t%:e ?e%ia?r?ihg Izll:ppgr' gl?éseN\;vaslgdc?e%i’ O%L gf 1%‘[80Ag:I f:ollo7v've7c? by 4.50L of
distilled water. The biphasic mixture was agitated vigorously for 15 minutes and then
the phases were allowed to settle and the bottom phase was discarded.
e The final organic stream was gradually transferred to a 10L reactor in 4.00L
5 increments with a 1.00 L EtOAc wash of the 20L reactor and between each charge the
volume of the stream was reduced to 3.60L by distillation of the solvent.

e The solvent composition was then changed from primarily EtOAc to primarily
isopropyl alcohol (IPA) using a put and take distillation with a total of 9.00L of IPA
and never allowing the total reaction volume to fall below 3.60L. The final solution

10 was allowed to age for 8 hours.

e The resulting slurry was filtered in order to isolate the product. The product was then
washed twice with 1.12L of IPA. The isolated product was dried at a maximum
temperature of 50°C until reaching a constant weight. The yield was 0.43 kg
(63.23%) of compound 11 as beige crystals.

15 e Analytical data: m.p. 127.0 — 128.8°C. 'H-NMR (Acetic Acid, d,) (8, ppm): 9.01 (s,
1H), 8.06 (s, 1H), 7.93 (s, 1H), 7.25 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 5.60
(s, 2H), 4.10 (s, 3H), 3.95 (s, 3H), 2.58 (s, 3H). “C-NMR (Acetic Acid, d,) (8, ppm):
181.4, 165.1, 162.0, 152.1, 147.4, 142.7, 136.3 (3C), 130.6, 130.4 (2C), 129.9, 127.9,
126.8, 122.8, 114.3, 57.3, 56.7, 53.3, 13.3. HRMS: Calcd for C2H;904N;sCIS [M+1]"
20 472.0841 found 472.0841. Elemental Analysis: C: 53.44, H: 3.84, N: 14.84, S: 6.79,

Cl: 7.51; found: C: 53.53, H: 3.55, N: 14.63, S: 6.98, Cl: 7.73.

The process was then continued as follows, with a summary of the conversion of

25  compound 11 to compound 12 set forth below:
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The process was then continued as follows, with a summary of the conversion
of 25 conpound 11 to conpound 12 set forth below. WO

2012/ 106 SORCIR/1083912/ 022851 HN HCIN 1 NaOH MeTHF ( 1Praius2@p/oCisst A
reaction vessel was purged with inert gas. Al steps were performed under
inert gas protection. of conpound. A white slurry forns. To the slurry was
charged 488 m of water and 388 ml of 1 N NaOH No exotherm was observed.
10 Agitation was renoved after 1 hour and the |ayers were allowed to
settle. The bottom agueous Iayer,ﬂc% enoved. The remaini ng organic |ayer
was heated to reflux and approxi mateé 3 L of MeTHF was distilled. At this
point the distillation was perforned der constant vol une conditions 15
When a KF of < 500 ppm was obt ai ned m xture was allowed to cool to room
tenperature. The organic |layer was filtered and the concentrati on of
benzoyl piperazi ne was neasur ed. {NaOH"V'eTHF

0 0
~o @ ~o
o~ N
S j Q) ve

Ti(O"Bu)y, MeTHF N T ©
N—K Q N—K
(11) (12) ¢

e A reaction vessel was purged with inert gas. All steps were performed under inert gas

protection.

e The vessel was then charged with 8.0 L of MeTHF at 20-25 °C. Next, charged 800 g

HN

Hol L N0

of compound . A white slurry forms. To the slurry was charged 488

ml of water and 388 ml of 1 N NaOH. No exotherm was observed.

10 e Agitation was removed after 1 hour and the layers were allowed to settle. The bottom
aqueous layer was removed. The remaining organic layer was heated to reflux and
approximately 3 L of MeTHF was distilled. At this point the distillation was

performed under constant volume conditions
15 e When a KF of < 500 ppm was obtained the mixture was allowed to cool to room

temperature. The organic layer was filtered and the concentration of benzoyl

piperazine was measured.
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A separate vessel was purged with inert gas. To the vessel was charged 5.2
L of the above solution of the conpound HN N (1.3 eq.). This was foll owed
by the adsDtzomoefssl kg of conpound 11 5was charged res®CTiusgo2m2msnhite
slurry. Finally, 260 m of Ti(OnBu)4 and 800 ml of MeTHF were charged. The
m xture was heated to reflux. After 3 hours the m xture was seeded with 2 g
of the conmpound of fornula 11. The reaction was allowed to continue to
reflux. Upon conpletion, the slyrry was cooled to 10 C and allowed to
agitate ?or CPREL Kessefes puEzsdctthiBs €23 t er ed, washed with 2 L of MeTHF
then 3.15 L of EtOH The product was dried at 50 C in a vacuum oven unti |
reaching a constant weight. The yield was 1.07 kg (80.4% of off white
cryst al se ofToc apowengt] ofvad achargded 32. L Avfalhet iabade Batugion mof.thd 6&nipound H- NIVR
(CDC13) (6, p : 2.54 (s, 3H), 3.52 (bs, 4H), 3.74 (bs, 4H), 4.08 (s, 3H),
5.52 (s, 2HN° 6796 (d, J= 8.2 Hz, 2H), 7.2 (d, J = 8.8 Hz, 2H), 7.44 (bs,
5H), 7.62 (sk,l d.91 (s, 1H), 8.62 (s, 1H): 1-3C NWR (CDC13) (6, ppm:
13.91, 41.6, 45.9] 56.5, 56.8, 114.3, 122.3, 125.1, 126.7, 127.0, 128. 64,
129.5, 129.6,12 130. 2,134. 9, 135. 2,

(1.3 eq.). This was followed by the addition of 1 kg of compound 11
5 was charged resulting in a white slurry. Finally, 260 ml of Ti(O"Bu)s and 800 ml of
MeTHF were charged.

e The mixture was heated to reflux. After 3 hours the mixture was seeded with 2 g of

the compound of formula 11. The reaction was allowed to continue to reflux.

10
e Upon completion, the slurry was cooled to 10 °C and allowed to agitate for 2 hours.
The product was filtered, washed with 2 L of MeTHF then 3.15 L of EtOH. The
product was dried at 50 °C in a vacuum oven until reaching a constant weight. The
yield was 1.07 kg (80.4%) of off white crystals of compound of formula 12.
15

e Analytical Data: m.p. 162 °C. '"H-NMR (CDCls) (3, ppm): 2.54 (s, 3H), 3.52 (bs, 4H),
3.74 (bs, 4H), 4.08 (s, 3H), 5.52 (s, 2H), 6.96 (d, J = 8.2 Hz, 2H), 7.2 (d, J = 8.8 Hz,
2H), 7.44 (bs, 5H), 7.62 (s, 1H), 7.91 (s, 1H), 8.62 (s, 1H): "C-NMR (CDCL) (3,
ppm): 13.91, 41.6, 45.9, 56.5, 56.8, 114.3, 122.3, 125.1, 126.7, 127.0, 128.64, 129.5,
20 129.6, 129.8, 130.2, 134.9, 135.2, 135.7, 140.8, 145.5, 150.6, 161.9, 165.9, 170.6,
184.4; HRMS; cacld for C3HyCIN,O4sS [M+1]": 630.1685; found: 630.1688.
Elemental Analysis: C: 59.09, H: 4.47, N: 15.56, S: 5.08, Cl: 5.62; found: C: 59.05,
H: 4.28, N: 15.57, S: 5.07, Cl: 5.66.

25

The process was then continued as follows, with a summary of the process for the

conversion of compound 12 to compound 14 set forth below:
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135.7, 140.8, 145.5, 150.6, 161.9, 165.9, 170.6, 184.4; HRMS; cacld for
C311-129C1N704S [ MF1]': 630.1685; found: 630.1688. Elenental Analysis: C
59. 09, HWw0.2412/10518915. 56, S: 5.08, C: 5.62; found: C PeT05201R10228528, N
15.57, S: 5.07, d: 5.66. The process was then continued as follows, with a
summary of the process for the conversion of conpound 12 to conpound 14 set
forth below. WO 2012/ 106189PCT/ US2012/ 022851 (12)C(13)(14) 5 A
reaction vessel was purged with inert gas. Al steps were perforned under
inert gas protection. The vessel was then charged with 5 L of

di chl oronet hane at 20-25 C. Next, 1.00 kg of the compound of fornula 12 was
added to the vessel to produce a colorless solution. The solution was then

cooled to 0 C (o3 yo 3 O, folloye t he oM
N N N
=
N\ /» al /» 7N /»
e y C I N (A L CoHc ] y NI o
N, \\S o} N. \\CI o} water N. \\c| e}
9 Q CN N
N—& N N*
(12 © (13) (14)

5 e Areaction vessel was purged with inert gas. All steps were performed under inert gas
protection.

e The vessel was then charged with 5 L of dichloromethane at 20-25 °C. Next, 1.00 kg
of the compound of formula 12 was added to the vessel to produce a colorless
solution. The solution was then cooled to 0 °C (-3 to 3 °C), followed by the

10 subsurface addition of 113 g chlorine. An orange solution was formed and the
reaction was noted to be exothermic. The temperature was kept near 0 °C (-3 to 3 °C).

e A sample was taken for high pressure liquid chromatography (HPLC) monitoring,
and additional chlorine charges were added as necessary.

e Upon reaction completion, solution was warmed to 15 °C.

15 e A solution of isopropanol (1.0 eq.) and 10 L of acetone were prepared. 5 vol % of
this solution was added to the vessel over about 30 minutes to produce a thin yellow
suspension. After a 30 min age, the remaining 95 vol% of the isopropanol/acetone
solution was added over 2 h to produce a white suspension. This addition was
slightly exothermic and some cooling was necessary (Tpax = 25 °C). Slurry was aged

20 at 20 °C and HPLC was utilized to monitor the crystallization progress.

e Product 13 was then filtered, and washed with 5 L of 2:1 (viv)
acetone:dichloromethane, followed by 2.5 L of acetone.

e Product 13 could then either be dried at a maximum temperature of 50 °C until
reaching constant weight or the wet cake taken forward to product 3.

25 e For the isolation of 13, yield was 0.78 kg (88%) as white crystals.

e For the isolation of 14, a second reaction vessel was purged with inert gas.
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10subsurface addition of 113 g chlorine. An orange solution was forned and
the reaction was noted to be exothermc. The tenperature was kept near 0 C
(-3 to 3 wp.2012A06mpPl € was taken for high pressure |iquipdTalsc@nmeasgr aphy
(HPLC) nonitoring, and additional chlorine charges were added as necessary.
Upon reaction conpletion, solution was warned to 15 C. 15 A sol ution of

i sopropanol (1.0 eqg.) and 10 L of acetone were prepared. 5 vol %of this

sol ution was added to the vessel over about 30 mnutes fo produce a thin
yel | ow stispaisicsrs! was ithen ¢hasgpdayith ade P?tdrfz‘%qf%??ﬁ‘ihﬁlil%@t %952%80/3\16% it

i sopr opanol/ REES Offe St H&ﬂe%n%iﬁn@ﬁgﬁgmﬁlﬁeﬁ advdd, atdﬁecp%oﬂw GEssBl fﬁ{ﬂr&&ce

suspension. This addition was slightly exotherm c and sone cooli hg was
necessary (aTwhite @5pa@pionSfoliowgd g sheageldicdh0EHtS 26vaCrah difRkC swlagonfarhieded t o

nonitor the crystallization, progress, roduet, 13 was then filtered, and
washed witI’i‘ngﬂ{et8’fnp§r.aur?W?ng&élg?rg%ezcdngﬁ?ggpﬁ%t hane, followed by 2.5 L of
acetone., B %‘Plh!&?—spii? veRUWALhen gid ﬁl%rlo%r,dﬁrb&&’ct%haoﬂ”gr%ﬁb MNE LRIP IRt Ur e of
50 C until reaching constant weight or the wet cake taken forward to

product 3. ch&gkdrwithel.p sbl ethyloncaite 1@)dey i @instanaeol @m 8dikiglati®8 Ygoralstiontsi t e
crystals.  For the isolat.i of 14, a,second reaction v I S rged
wih | nert (Ree ol s cihe tan e BRGNS Troa vHER SBisoRErdlet hane
at 20-25 C3oNaxt 9-Bbousf dddittbndDe@l] hhi@atveicré aled £ABPAMAE Qnsfafi-tallAc13a was
added to the vessel to produce a white suspension, followed by the addition

of 5 L wat alistillation ennalifians pressurodovibioreO@mdahe t enperature was kept near
22 20 t@25 Q. 5 A e-spl | conduyct and t | ower,. ..
or o\t -1 SHRr s B oerd waoich RYER afS afitGad o #38or dfs P Rlivten under
const ant - vehrayessdi still ation conditions (pressure = 400 nbar). The

resulting solution was then seeded with 13b, and aged for 30 mn. 9-12 L of
addi ti onal Peoduet 14wes tice filisrad, atbwashdd edthihbef cdyhaactate.- vol ume distillation

condi ti ons e re down, to < 100. nbar). 10 S L, Was. aged. at 2 and
CPLC waas s BRGNS HRR st o pBaiier et Sp s B i, s
then filterggghtand washed with 4 L of ethyl acetate.

15 e For the isolation of 14, yield was 0.70 kg (85%) as white crystals.

o Analvtical data for 13: m.p. 121 °C. '"H-NMR (d7-DMF) (3, ppm): 11.17 (br s, 1H),
9.18 (s, 1H), 8.88 (s, 1H), 8.19 (s, 1H), 7.52-7.54 (m, 5H), 6.44 (s, 2H), 4.19 (s, 3H),
3.67-3.84 (m, 8H), 2.55 (s, 3H); “C-NMR (d7-DMF) (8, ppm): 185.4, 169.9, 166.2,
20 161.3, 151.1, 146.6, 142.3, 136.1, 129.9, 129.5, 128.6, 127.3, 127.2, 124.7, 123 .4,
116.1, 57.7, 56.9, 45.9, 41.7, 13.1; HRMS calcd for C,5H,sCIH,04 [M-C1]": 522.1578
found 522.1648. Elemental analysis: C: 53.77, H: 4.51, N: 17.55, Cl: 12.69, found: C:
53.05, H: 4.68, N: 17.20, Cl: 12.56.
e Analytical data for 14: m.p. 211 °C. '"H-NMR (CDCls) (8, ppm): 8.59 (s, 1H), 8.14
25 (s, 1H), 7.91 (s, 1H), 7.41 (s, 5H), 6.09 (s, 2H), 4.04 (s, 3H), 3.40-4.00 (m, 8H), 2.51
(s, 3H); C-NMR (CDCL) (8, ppm): 184.4, 170.6, 165.7, 162.1, 150.6, 145.6, 140.8,
134.8, 130.1, 129.6, 128.6, 127.0, 126.7, 125.1, 122.9, 116.1, 57.1, 56.8, 45.9, 41.7,
13.9; HRMS: calcd for CysH,sCIH704 [M+H]':522.1578, found 522.1653. Elemental
analysis: C: 57.52, H: 4.64, N: 18.78, Cl: 6.79, found C: 57.26, H: 4.60, N: 18.44, Cl
30 7.14.
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Product 14 was then dried at a maxi numtenperature of 50 C until reaching
constant weight. 15 For the isolation of 14, yield was 0.70 kg (85% as
white crywoabe/106®nal ytical data for 13: mp. 121 C |- PCRVR2Qd/M2BM) (6,
ppm: 11.17 (br s, 1H), 9.18 (s, 1H), 8.88 (s, 1H), 8.19 (s, 1H), 7.52-7.54
(m 5H), 6.44 (s, 2H), 4.19 (s, 3H), 3.67-3.84 (m 8H), 2.55 (s, 3H);

13C- NWR (d7-DVF) (6, ppn) 185 4, 169.9, 166.2, 20 161.3, 151.1, 146.6,
142. 3, 136.1, 129.9, 129. 127. 127. 2, 4.7, 123.4, 116.1, 57.7,
56.9, 45!8¢PRECS; Waﬁh%copaﬁw@ el i s pany ?%ﬁ*@[wp@ﬂ forthpy 1578 found
522. 1648cor§k%[8%1r5f%bn%ﬂﬁﬁd’ §4§}co§1po'i_l§d Zg set"ﬂ'ortﬂbéﬂaw N 17.55, C: 12.69,
found: C 53.05, H 4.68, N 17.20 .56. Analytical data for 14:

mp. 211 C. 1-H NWR (CDC13) (6, ppn). 8.59 (s, 1H, 8.14 25 (s, 1H), 7.91

(s, 1H), 7.41 (s, , . 09 (s 2H), 44.04 (s, 3H),53.40-4.00 (m 8H), 2.51
(s, 3H; 13CN ; 4.4, 170.0M4BS-HK, 162.1, 150.6,

145.6, 140.8, 134.8 13 129 6,KOI§‘80{GBU 127. Qb 126. 7NTR5.1, 122.9,
116.1, 57.1, 5 .8, .7, 13.9; OHRWB: ca cd| S5H2Z5C1H704 [ M+H]
:522.1578, fo 5 epental—analysi sNC: . 52,7 F\_4n64, N 18.78,
ca: 6.79, found IC é‘ g?] 60, N 18.44, C 307\\

2012/ 106189PCT/ ﬁOlZ/ 228 The process was con wﬁued as foll ows,

with a summary \pf/ t he process for the conver5| o ﬁﬁwdhd 14 to conpound
15 set forth be o 5 A reaction vessel was pur th inert gas. Al

steps were perfornmed under inert gas protection. The vessel was then
charged with 3 L of diaesl oronethane at 20-25 C. Next, 18. 00 kg of the
compound of fornula 14, 0.20 kg of tetraethylannoniun1bronide (0.50 10

eq.) and 0.5 hl or onget hane re added t e vessel uce

cai b 6ss 3ol Trrisiion FRECESFRFeRF i RER s A b S8 Pl PSS o
charged with fashlotegricf, di-tert-butyl potassium phosphate (1.2 eq.) in 4 x
0.3 eq. portions over 1 h, followed by 0.5 L dichloronethane. A yell ow

suspensi on *f oTh@ﬂesaﬂdwsﬁéerr @aicquowﬂw\éé Q%dl@i‘édron@ﬂw@e@t %Q}QStG NthC} 0015 A
e e L e bR Bh AT i 0o s B QTR ARG e TR o O

and addition aSS|Un1p ate ssary
Uponi( eact i oneccpamd e1si Drdach&usmenﬁn@mewsddeaab ehl b@ssaoto@rodlﬁaea vslededs was

t hen charged mnth 5 L water and the resulting bigha sol utjon was_ kept
near 20 C (18%algiogn T solution was then warmed to 357°C (33 to 37 C) and charged with
0.57 kg of di-tert-butyl potassium phosphate (1.2 eq.) in 4 x 0.3 eq. portions over
1 h, followed by 0.5 L dichloromethane. A yellow suspension formed and the
reaction was warmed to 40 °C (38 to 42 °C).
15 e A sample was taken for high pressure liquid chromatography (HPLC) monitoring,
and additional di-fert-butyl potassium phosphate was added if necessary.
e Upon reaction completion, suspension was cooled to 20 °C.
e The vessel was then charged with 5 L water and the resulting biphasic solution
was kept near 20 °C (18 to 22 °C).
20 e A phase-split was conducted, and the lower, product-rich organic layer was then
charged with 5 L of 20:1 (v:v) fert-butylmethyl ether : isopropanol. The solution
was then seeded with compound 15, and aged for 30 min. 11 L of additional 20:1
(v:v) tert-butylmethyl ether : isopropanol was then added over 3 h.
e Slurry was aged at 20 °C and HPLC was utilized to monitor the crystallization
25 progress.
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20 A phase-split was conducted, and the | ower, product-rich organic |ayer
was then charged with 5 L of 20:1 (v:v) tert-butylnmethyl ether :
i sopr oparnD.2ohwesol uti on was then seeded with conpoundPC%/USand/o2zged for 30

mn. 11 L of additional 20:1 (v:v) tert-butylnmethyl ether : isopropanol was
t hen added over 3 h. Slurry was aged at 20 C and HPLC was utilized
to nonitor the crystallization 25progress. Compound 15 was then filtered,

Sopr opanole - CORPRRIK L Hih I KY! Fisuitr By WS b! ¢or DU RETRY (6t her
Conpound 15 ﬁﬁt@l’f'y d. DR MU 16 R r upt cachi ng
5const ant wei %, 1%, %pfbﬁ lol atllhon of@d?:lgrrgoolg)ﬁlvcfﬁobfsype 1}dte\%vl:s 1.13
kg (85% as V\butybnettln}glsﬂaets Anal yt| cal data for 2: mp. 198 C 1H NWR

(CDC13) (6, ppm: 8.5 H) 7.88 7. 39 5H) ,
5.92 (d, J=2 1&% 5 W&S %n(dgleﬁ A%@u@ote@p%ﬂtr%of éﬁoH& l@tlh*?eaeémgam,
1.25 4, 18H)00n%;ggfwg4? L{ CDC13) (6, ppm): 184.6, 170.5, 166.8, 161.4, 150.7,
145. 3, 141.8, 134.9 30.1, 129.5, 128.5, 127.5, 127.0, 124.6, 122.6,
115.1, 83. % (Hor theiséladiohdf conipold 10dyicliwas B1HkY (8B6) B, whike. @ystdld. 6,

e Analytical data for 2: m.p. 198 °C. '"H-NMR (CDCls) (8, ppm): 8.51 (s, 3H),
8.17 (s, 3H), 7.88 (s, 3H), 7.39 (m, 5H), 5.92 (d, J= 14 Hz, 2H), 4.03 (s, 3H),
10 3.30-3.80 (m, 8H), 2.47 (s, 3H), 1.25 (s, 18H); “C-NMR (CDCl;) (3, ppm): 184.6,
170.5, 166.8, 161.4, 150.7, 145.3, 141.8, 134.9, 130.1, 129.5, 128.5, 127.5, 127.0,
124.6, 122.6, 115.1, 83.7 (d, J= 7.4 Hz), 73.55 (d, J= 6.6 Hz), 56.8, 45.9, 41.6,
29.5 (d, J= 4.4 Hz), 13.8; *'P-NMR (CDCls) (3, ppm): -10.0; HRMS: calcd for
C33H43N708P [M+H]": 696.2832 found 696.2885. Elemental analysis: C: 56.97,
15 H: 6.08, N: 14.09, found C: 57.00, H: 6.04, N: 14.13.

The above process may then be continued as herein set forth in the description to yield
the compound of Formula I.
The compound of Formula I, once synthesized, may be utilized in compositions to
20  treat HIV infection as set forth and described in U.S. Patent Nos. 7,745,625, 7,354,924
and 7,776,863, by way of non-limiting examples.

The foregoing description is merely illustrative and should not be understood to
limit the scope or underlying principles of the invention in any way. Indeed, various
modifications of the invention, in addition to those shown and described herein, will

25  become apparent to those skilled in the art from the following examples and the
foregoing description. Such modifications are also intended to fall within the scope of the

appended claims.
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29.5 (d, J= 4.4 Hz), 13.8; 31P-NWR (CDC13) (6, ppm: -10.0; HRMS: calcd for
C33H43N708P [ M+H] ': 696. 2832 found 696. 2885. El enental analysis: C 56.97,
15H: 6. 08woMn121W6139, found C. 57.00, H: 6.04, N 14.13. PChaSaiawe2s8pr ocess
may then be continued as herein set forth in the description to yield the
conpound of Forrmula 1. The conpound of Fornula |, once synthesized,
may be utilized in conpositions to 20treat H V infection as set forth and
described in U S. Patent Nos. 7,745 E%ﬁ@?7’354’924 and 7,776,863, by way of
non-limting exanples. The fore90|ﬁa §ription is merely illustrative and
shoul d not be understood to limt the scope or underlying principles of the
invention in any way. |Indeed, various nodifications of the invention, in
addi t i onWhet islebsmedsown and descri bed herein, will 25 becone apparent to
those skilled in the art fromthe foll ow ng exanpl es and the foregoing
description. Such nodifications are also intended to fall within the scope
of the appqndgdn@th@dfmmakﬁtgﬁshé@ommaiddﬁoﬁhalaned is: 1. A nethod for neking

t he conpound of Fornula I: | ) which conprises: (a)brom nating the
conpound
(6]
OCH3O
N
I MO
N\~ N
(6]
<N\N \O /OH OH
W/ 7 on H2N~€\
N o
(1)

which comprises:

(a) brominating the compound

= | CHs y CH3
Nao N s |
to yield the compound ; and
NH, HNAc
(1) (2)
Br
_~_-CHs

(b)  nitrating compound 2 to yield the compound N NO, > and
NH,
@)
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(b)nitrating compound 2 to yield the conpound CH3 NO2 ; and NH2 (3) WO
2012/ 106189PCT/ US2012/ 022851 (c)converting the am ne group on conpound 3 to
a met hoxywgrouwploss9yi el d Br (4) Brl N PCT/US2012/022851

() converting the amine group on compound 3 to a methoxy group to yield

Br

/ CHs

compound N NO, > and
OMe
(4)

(d) then converting compound 4 to the compound NO, ; and
OMe
(3)
OMe |
72 0 TN
. N N |
() converting compound 5 to the compound NO, ; and
OMe
(6)
OCH,
B
: . : N F N
() forming a bicyclic structure from compound 6 to yield g ] i and
3
(M
OCHs
BB

(g)  then chlorinating compound 7 to produce " N X HCL. and
a H
(8)
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NIl (d)then converting conpound 4 to the conpoundNO2; and Owve (5) (6)
OCH3 NN (Of orming a bicyclic structure fromconpound 6 to yield Hci % ; and
ocH3 H ( AvOQTHBI0618® 2012/ 106189PCT/ US2012/ 022851 ( h) t herreaftuser12acssng a
triazolyl noiety to the conpound 8 to ocH3

(h) thereafter adding a triazolyl moiety to the compound 8 to

OCH3
B
N A ~N
No H
yield <\ /N ; and
e
9)
0]
OCHs
OCH
F TN ’
N A ~N
b
(1) converting compound 9 to the structure <\N ‘/N ; and
N
(10)
0] O
OCHs
OCH
B ’
N ~N
. cp . N \\S
) modifying compound 10 to yield the compound <\ /N ; and
N { ?
(1) Cl
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0 OCH3 O\ OCH3 I NN \--S (j)nodifying conpound 10 to yield the conpound
NI,INN W 2012/ 106189PCT/ US2012/ 022851 (k) reacting conpound 11 to produce
t he conpow0do120106X8k3 (12)C (1)then converting the cecpasaad202850 t he
conmpound O ocH3

(k) reacting compound 11 to produce the compound

OCHs
N N
[0 )
<\N\N \\S O)_Q;and

e Q
Cl

(12)

)] then converting the compound 12 to the compound
0]
OCHj
N
DORW,
N A ~N

N
O
\ o

N’K ay HOl

(m)  then converting compound 13 to the compound

2

N
/
N
(n)  then reacting the compound 14 to produce the compound
o 9
OCH
3 N/\

B bN%@
N/N

O
N\N \O\ ,Ot-Bu ;and
P
<}\,//K o “otBu
(15)

(o) then converting the compound 15 to the compound of Formula I.
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(m then converting conmpound 13 to the conpound 0 OCH3

(n) then

reacting the conpound 14 to produce the conpound (o) then converting the

conmpound W6 202/tohs9conpound of Fornul a |

WO 2012/ 106186PTR2USAR2B21 022851

2. A method for meking the conmpound of Forrmula I: (I ) which conprises: 0O
0 OCH3 \ OCH3 IC
2. A method for making the compound of Formula I:
o P
OCH N()
X N N
L O
<N\N \O\ /OH OH
\ ] o”P\o H2N46
N
(1)

which comprises:

OCHs
OCH
| h \ ’ Cl S
N ~~
(i) reacting the compound N with \©\0| in the presence of
H

NN
(10)
A

TMG, NMP and Nal or K,CO3 and MeCNto yield the compound

<}\‘//K ;and

(11) cl
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N--.... N (i) reacting the conmpoundxwith N..H j\cl N TM5 NW and Nal or
K2CO3 and MeCNto yield the conmpound WO 2012/ 106189PCT/ US2012/ 022851

(12) C (iworotdwweiseonverti ng the conpound 12 to the compoun$2@Q/o02858 (iv)
t hen converting the conpound 13 to the conpound OCH3

HCI
T\
\\/Né
(i)  reacting compound 11 with to produce the compound
0]
OCHs

DR

N N

aY,
1 Q
N

Cl

(12)

(iii))  then converting the compound 12 to the compound
0
OCHg
N
DA
N A ~nN N
L0
< ©
*HCI
LN
(iv)  then converting the compound 13 to the compound

0
OCH,
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WD 2012/ 106189PCT/ US2012/ 022851 (v)then reacting the conpound 14 to
produce the conmpound O ocH3 (1 5) (vi) then converting the conpound 15
to the cowpaoaredioefsoFormul a 1. 3. The net hod of clai m 1, painarseén/osisep (a) is
performed using Ac20. 4. The nethod of claim 1, wherein step (b) is
performed under acidic conditions. 5. The nethod of claim4, wherein step
(b) is perforned using nitric acid. 6. The nethod of claimb5, wherein step
(b) is performed using.nitric aci nd sul furic acid., 7. The method of
claim 1, whSei thegpting): ?%OIB%OruFlgrl PIRS R RERIBPOUMH TVS- O i n al cohol .

8. The net hod of claig17,omherein said al cohol is nethanol. MOOM |

OCHs N/»\T
TN k\/N

NP ~n 7T_<C::>

0
N« \‘*o\ _Ot-Bu ,
<\ N 4 ;and
N,ﬁk\ o’ “ot-Bu
(15)

(vi)  then converting the compound 15 to the compound of Formula I.

3. The method of claim 1, wherein step (a) is performed using Ac,O.
4. The method of claim 1, wherein step (b) is performed under acidic conditions.
5. The method of claim 4, wherein step (b) is performed using nitric acid.

6. The method of claim 5, wherein step (b) is performed using nitric acid and

sulfuric acid.

7. The method of claim 1, wherein step (c) is performed using NaNO, and TMS-CI

in alcohol.
8. The method of claim 7, wherein said alcohol is methanol.

MeO OMe

T

9. The method of claim 1, wherein step (d) is performed using NMe2

H~ N 7’ NY
10. The method of claim 1, wherein step (h) is performed using \=n .
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9. The nethod of claim11, wherein step (d) is performed usi ngNMe2 H

N N----- 10. The nmethod of claiml, wherein step (h) is perforned
usi ng\ - - :wo-2bi2/1089 The net hod of claim 1, wherein stepPCr)use&i2/peassor ned
usi ng ci ocH3 13. The method of claim2, wherein step (ii) is perforned

usi ng 14. The method of claim2, wherein step (iv) is perforned using

di chl oronethane. 0 P, -Bu 15. The nethod of claim2, wherein step (v) is
performed using KO P O-Bu . 16. The nethod of claim2, wherein step (vi)
is perforned using acetone in water and tronethamne. 17. A nethod for
maki ng the conpound of fornmula (14): o o) o)

11. The method of claim 1, wherein step (i) is performed using cl OCH;

CI\/S\©\
cl

x HCI

HN/\\ 0

12. The method of claim 1, wherein step (j) is performed using

\\/Né
13. The method of claim 2, wherein step (ii) is performed using .

14. The method of claim 2, wherein step (iv) is performed using dichloromethane.

0
|1 Ot-Bu
15. The method of claim 2, wherein step (v) is performed using KO “otu.

16. The method of claim 2, wherein step (vi) is performed using acetone in water and

tromethamine.

17. A method for making the compound of formula (14):

o)
OCH,

<7 ©
N (14)

which comprises:
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ocH3 which conprises: (14) (ii)reacting conmpound 11 with to produce the

conpound 00 OCH3 (12)C (ii1) then converting the conpound 12
to the cowpaordofi9 PCT/US2012/022851
o)
OCHs
N OCH3
N| P N Cla_S
(i) reacting the compound N with \©\0| to yield the
H

N\
N
(10)
S

compound

<\//Nk ;and
N

(11) 5
HN/\\ e}
(%

Né
(i1) reacting compound 11 with to produce the compound

0
OCHj
N
TN )
N .= N N

N~y \\S )_@
<}\1//K Q ;and

o)
(12) Cl
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ocH3 using chlorine gas; (iv) then producing the conmpound 14 using
di chl or onet hane. 18. The conpound having the followng formula: C. 19.
The conpowoadoteawstsg t he fol |l ow ng formul a: Cl 20. ThePcomsoun®21savi ng t he
following fornmula: 21. The conpound having the follow ng fornula: 00

(iii))  then converting the compound 12 to the compound

using chlorine gas;

0
OCH,

(iv)  then producing the compound 14

using dichloromethane.

18. The compound having the following formula:

(@]
OCH,
OCH,
TN
N__= N

N\N \\S
(A Q
o

19. The compound having the following formula:
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ocH3

WO 2012/106189

OCH3O
N
0 O -

<N\N \\S 4
Wy

Cl

20. The compound having the following formula:

OCH3O

RN N
DX

Ney \\CI o>/_®
LN

21. The compound having the following formula:

0
OCH,

0y Y
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