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. WO 00/ 64856 PCT/ US00/ 03982 METHCOD FOR MAKI NG 2- ( N- PHENYLAM NO) BENZO| C— ACl DS
FI ELD OF THE | NVENTI ON A The present invention rel ates toc%a,%r%

maki ng 2- (N- phenyl ani no) benzoi ¢ aci ds by coupling a benz g §

~aniline. ND OF THE | NVENTI ON The conpound

~2-(2-chl 0588% 0- pheny] am no) - N- cycl opr opyl net hoxy- PCT/US00/03582

3, 4-di fl uoro-benzam ne i s being devel oped as a selective MEK-1 inhibitor

for the treatnent of proliferative di skases, including cancer, restenosis,

psoriasis, and r Qsi S f or. exanpl e US Pat ent l'ication
Nunber 60/ 051,43@{]%?’?? 43@&%?%@]’015?@9%,5”&? ENEE HGTant
Application Nunber WO 99/01426, published January 14 1999 whi ch are
hereby i ncorporated by reference. To nake 2-(2-chloro-4-i odo-phenyl

am no) - N-cycl opropyl m et hoxy-3, 4-di f| uoro-benzam ne, one of the

i nternediates that is needed § €LY OF NHBANYENMON) benzoic acid. The
present invention provides a nethod for making 2-(N-phenyl am no)benzoic
acids. 15 SUMVARY, OF THE .| NVENTI ON The present invention provides a nethod
for making 2- (N Bﬁ@Fﬁ?F’éﬁi’Y‘?ﬁ‘PBBﬁ@%‘F&‘%@Fﬁhoqf%m@@ﬂﬁﬁﬂdorrpr| sing the step

i ng. t he PReHp eyl SIBEH DR Rl ity bl N B0 AnTENS

5 BACKGROUND OF THE INVENTION

The compound 2-(2-chloro-4-iodo-phenylamino)-N-cyclopropylmethoxy-
3,4-diflucro-benzamine is being developed as a selective MEK-1 inhibitor for the
treatment of proliferative diseases, including cancer, restenosis, psoriasis, and
atherosclerosis. See, for example, US Patent Application Number 60/051,440,

10 filed July 1, 1997, or PCT Published patent Application Number WO 99/01426,
published January‘l4, 1999, which are hereby incorporated by reference. To make
2-(2-chloro-4-iodo—phenylémino)—N-cyclopropylmethoxy-B,4-diﬂuoro-benzamine,

one of the intermediates that is needed is a 2-(N-phenylamino) benzoic acid. The

present invention provides a method for making 2-(N-phenylamino)benzoic acids.

15 SUMMARY OF THE INVENTION

The present invention provides a method for making 2-(N-
phenylamino)benzoic acids, the method comprising the step of reacting a benzoic

acid having the Formula I
HO O

R halo

20 and an aniline having the Formula II



PCT/USOCQO' 03982 Il R wth an al kaline netal hexanethyldisilazide being
about 3 equivalents or nore with respect to the benzoic ac$sptémbézonza

2- (N- phenyl am no) benzoi ¢ acid having the Formula Ill Ill1 5 wherein each R

i s independently hydrogen, halogen, C1 -C6 alkyl, -OC 1-C6 al kyl, CN, or
NO2; one WO 00BHES6R on the aniline is an el ectron donating gRGUPS000A%83
preferred enbodi ment of the invention, é?e al kaline netal hex

anet hyl di silazide is |ithium hexamethyl & sil azide (Li HVDS). |n anot her
preferred enbodi nent of the invention, tjgg. halo substituent in the 2
position of the benzoic acid is fluorine. ¥n another preferred enbodi nent
of the invention, the reactionis garried o at about -78C to about 25C
in a polar, aprotic solvent. In a norespreterred enbodi ment, the solvent is
tetrahydrofuran. In another preferred enbdulnent of the |nvent|on Khe
benzoic acid is 2,3,4,-trifluorobe acikg, and the aniline is

2-chl oro-4-iodoaniline. In another nbodi nent of the invention

t he benzoic acid and the aniline are present in about a 1:1 nolar ratio. 9 .
Sept enber 2003 0/ 64856 PCT/US00/ 03982 -3- | n another preferred

embodi ment  Bfh ?}\g (flﬁwﬁtal ‘Eﬁ’fam?thﬁglé aétfiﬁzslﬁg aRsat F%Vﬂgeﬂwﬁmaf? WiHereshet i ne i s

- OCHS. DETNokEdle%‘ﬁiRhﬁElfm £FENblenk IVENTEMid ited RvegeRY ForAvie M | on provi des

~a method for making 2-
; ; )

each R is independently hydrogen, halogen, C-Cg alkyl, -OC1-Cg alkyl, CN, or

5 wherein

NO»; one or more R on the aniline is an eleciron donating group.

In a preferred embodiment of the invention, the alkaline metal

hexamethyldisilazide is lithium hexamethyldisilazide (LiHMDS).
In another preferred embodiment of the invention, the halo substituent in

the 2 position of the benzoic acid is fluorine.

In another preferred embodiment of the invention, the reaction is carried
out at about -78°C to about 25°C in a polar, aprotic solvent.

In a more preferred embodiment, the solvent is tetrahydrofuran.

In another preferred embodiment of the invention, the benzoic acid is
2,3,4,-trifluorobenzoic acid and the aniline is 2-chloro-4-iodoaniline.

In another preferred embodiment of the invention, the benzoic acid and the

aniline are present in about a 1:1 molar ratio.



-5 phenyl am no) benzoi ¢ acids. The nethod conprises the coupling of a benzoi c

acid having the Fornmula | | and an aniline having the Forngl a | I R 10
using an al kali ne netal hexanethyl di silazide as a base to $ofRiFRD 9‘%%’3
. phenyl am no) benzoic acid having the Forrmula I1l 11 R R This coupling

reacti on pv@P¥64B6y uses about | equival ent each of the baZWT008898d and
the aniline. Thus, the nolar ratio of thg benzoic acid to the 15 aniline is
about 1:1. In addition, about 3 equivalents of the al kaline netal

hexanet hyl di si | az lldenmhergsfefeefeae%bdammeff,thd ihvériopORs elek®or ordgiggNor e t han
3 equival ents of the alkaline netal hexamethyl disilazide_ In ot hef words,
about 9 Sept EFErombeanNpe D 1¥4H36 PCTI USOD 03982 -4- 3 nol es of al kal i ne
met al hexamet hyl di sil azide to every | nole of benzoic acid or aniline is
typically used. Lithium hexanmethyldisilazide is also known as |ithium
bis(trinmethylsilyl)am de, which can be purchased from Aldrich, M I|waukee,
W . The sel ection of aDbETAHIE®ERCRIPTIONDRIRE INVENAKDHe as a base is 5
;i nportant because this base provides for an unexpected and surprising
increase in the yield of the resulting 2-(N phenyl am no)benzoic acid when

conpared with ot tThe ptm&&Sntrémxbn@lr@wﬂei a Blek@Uifoemaph@b-(N-
hexamsé hyl di si | a A nost. preferred_ al kaline netal
hexanet hy! di Ry éOlbgqul% Asidin Themmeidod grapeses abg eaupling of a benzoic acid

having the Formula I

HO O

R halo

R R

and an aniline having the Formula IT
: NH,
R R
11
R R
R
10 using an alkaline metal hexamethyldisilazide as a base to form a 2-(N-

phenylamino)benzoic acid having the Formula III

HG O
R
H
R N R
R R R R
R R

This coupling reaction preferably uses about 1 equivalent each of the
benzoic acid and the aniline. Thus, the molar ratio of the benzoic acid to the
15 aniline is about 1:1. In addition, about 3 equivalents of the alkaline metal
hexamethyldisilazide is preferred; however, it is possible to use more than

3 equivalents of the alkaline metal hexamethyidisilazide. In other words, about



The coupling reaction of the benzoic acid and the aniline can be carried

10 out in a single pot process or in a nultiple pot process Clher rret hods
and sequences for carrying out the coupling reaction can Seerlgrapen 20

determ ned by those skilled in the art. Three procedures are speC|f|caIIy
Il lustratedédsgsy. The first procedure, called Method A | PE/USK0HFIBE
procedure. In a first flask, LIHVDS (1 equivalent) was added to a sol ution
of the benzoic acid 15 (1 equivalent) i tetrahydrofuran (THF) at -78C. In

d fl he
ani 1 ine (1 eqielceloiitind deRRHEGRIAGRR BE06D | ok SEHELRYM of 17 a1
wer e transf emile 15 tpicallyasad ddthéhrh hm@eﬂ@disﬂémd%ssa]ddhﬂtgmmh Khlhﬁmn?l I gwte;d
t h i.ent t rature overnight. The oduct .was _t hen pur| e y
(Fash: col anmPie AT BUYSAIE, Wbl SasrhPos FROUA gt SEIWRRHSBAVE, |5
one- pot procedurerhe%@iéen&h@farpﬁnameqnaalr@x%e@ﬁwlgawas andcthe aniline (1°

equi val ent) were dissolved in he sol utioh was cooled to -78C and the
Li HVDS addedmparientibeeause ﬁtmb@e\mswdalfbnwemebcpemd andlpurpasmghnamse in

t t ur i.fi by flash col um
ch ot ogr Y eLA8 U E=HAE g NERHBB AP rid e Soegt st ot
procedure. - |dedi@eseS that aresdd"tnall@fmé et hbQeheth I@Péﬁﬁ?aest Defostisreforeaul val ents

of LiHVDS are added to the aniline followed by a solution of the benzoic

aci d i n THF alknlige metal h@@n@ﬁth)tlﬁléﬂ%dmlls liffyuf hexamicthyddibidaridé.c aci ds with
o oS L TSN IchR T Ak nd REBURR R 008D 0 C105°
10 out in a simgle pot process or in a multiple pot process. Other methods and
sequences for carrying out the coupling reaction can be easily determined by those
skilled mn the art. Three procedures are specifically illustrated below.
The first procedure, called Method A, is a two-pot procedure. In a first
flask, LIHMDS (1 equivalent) was added to a solution of the benzoic acid
15 (1 equivalent) in ’gctrahydroﬁ.lran (THF) at -78°C. In a second flask, LIHMDS
(2 equivalents) was added to a solution of the aniline (1 equivalent) in THF at
-78°C. The contents from the first flask were transferred into the second flask and
the resulting mixture allowed to reach ambient temperature overnight. The
product was then purified by flash column chromatography.
20 The second method, called Method B, is a one-pot procedure. Both the
benzoic acid (1 equivalent) and the aniline (1 equivalent) were dissolved in THF.
The solution was cooled to -78°C and the LIHMDS added, and the mixture was
allowed to warm up to ambient temperature overnight. The product was then
purified by flash column chromatography.

25 The third method, called Method C, is a two-pot procedure. Method C is
similar to Method A, except that the 3 equivalents of LIHMDS are added to the
aniline followed by a solution of the benzoic acid in THF.

- , The results of the coupling of various benzoic acids with various anilines

1s shown 1 Table 1 below.



~COOH COOH COON F F COOH F H3CO LiHMDS O Li HVMDS CH3 Li HVDS NH2 Li HVDS
Met hodl sol ated Melting Yiel dpoint, % A89>250 B70>250 A84234- 2358833533 234

A71170-172 NH2 Li HVDS A 47 OCH3 Li HVDSA94234- 235 Li HVDSB5 torgen
- 00/ 64856 9 Sept enber 2003
' WO 00/64856 PCT/US00/03982
-5-
Table 1
Benzoic Acid Aniline Base Method Isolated Melung
Yield point,
. % oc
COOH NH, LiIHMDS A 89 >250
F cl LiHMDS B 70 >250
Br F
F
I
COOH NH, LIHMDS A 84 234-235
F CH, B 78 233-234
F
F
I
COOH NH, LiHMDS A 71 170-172
i F j
H,CO
COOH NH, LiHMDS A 47
F |
COOH NH, LiHMDS A 94  234.235

2
/@/F @ LiHMDS B 58 235-236




PCT/ US00/ 03981 -6 Table |I (continued) Benzoic Acid Aniline Base Method - -

| solated Melting Yield ova COOH O Al kali netal hexamethyl disilazide bases
gi ves unexpectedly superior vyields of the 2-(N phenyl am FoyeRiePbe2MS; d

when conpﬁ@gebgmwsgh ot her bases that are not alkali netal pcTUusesn3os:?
hexanet h I silazides. For exanple, in the reaction between
2,3,4-trifluorobenzoic acid and 4-iodo-26-ret hyl aniline, the yields were 84%

using 5 Li HVDS and only 28% usi ng i um di i sopropyl am ne (LDA). Moreover,
no reaction was observed using N:]Jﬁt’%’hl CPPté’E‘ anine (TEA). The results of

these CconNPaBEBHRRSAGKE SNOWN WR;jiRDN € 2 Dglaw. W}E’t’h@dZ Iﬁﬂﬂt%@' Cyvifiind COOH

point, oC NH2 Li HVDS A 87 228- 229 Aniline NH2 F r-H 3 Met hodBase%i el d
ALi HVDS84 ANaHVDS49 Yzeid point,
% °C
COOH LiHMDS A 87 228-229

sy

Alkali metal hexamethyldisilazide bases gives unexpectedly superior

yields of the 2-(N-phenylamino)benzoic acid when compared with other bases that
are not alkali metal hexamethyldisilazides. For example, in the reaction between
2,3,4-trifluorobenzoic acid and 4-iodo-2-methylaniline, the yields were 84% using
5 LiHIMDS and only 28% using lithiurn diisopropylamine {LDA). Moreover, no
reaction was observed using NaH or triethylamine (TEA). The results of these

comparisons are shown in Table 2 below.

Table 2
Benzoic Acid Aniline Method | Base %Yield

COOH NH, A LiHMDS g4

F CH, A NaHMDS 49

A KHMDS 77

F B LDA 29

F I B NaH 0

B TEA 0

In addition, the amount of base used is important. Reducing the number of
equivalents from 3 to 2 decreases the yield of the 2-(N-phenylamino) benzoic
10 acid. The results are shown in Table 3. The use of more than 3 equivalents of base

did not have a significant effect on the yield.



AKHVDS77 BLDA29 B. NaHO BTEAO I n addition, the anount of base used is

“inportant. Reducing the nunber of. equivalents from3 to 2 decreases the

ry

yi el d of the 2-(N phenyl anino) benzoic 10 acid. The resul %SF@MBIARN3 n
Tabl e 3. The use of nore than 3 equival ents of base did not have a
significamoeidsesst on the yield. t 9 Septenber 2003 WO 00/ GREHBS00/03982

PCTI USOQ' 03982 -7- Table 3 Fluorinated Aniline Conpound COOH NH2

Met hodBaseEqui val ents % Yiel d of Base ALIHVDS226 H3ALi HVDS384 ALi HVDS3. 588
ALi HVDS485 The position of the hal ogen pigowwi th respect to the carboxylic
acid group on the benzoic acid js also inportant. For- example:- only

2-f | uor obenzoFuommiatksl reactAniineh aniMe¢thed t o Basee t Beuisplpnioprioafield

2- (N- phenyl am'{:r‘;g?p%%géoi c acid. of Base
) COOCH NH, A LiHMDS 2 26
F CH; A LiHMDS 3 84
| A LiEMDS 35 88
F ! A LiHMDS 4 85
F

The position of the halogen atom with respect to the carboxylic acid group
on the benzoic acid is also important. For example, only 2-fluorobenzoic acids
reacts with anilines to give the appropriate 2-(N-phenylamino)benzoic acid.

Table 4 shows the results of variation of the position of the halogen atom with

5 respect to the carboxylic acid group on the benzoic acid.
Table 4
Fluorinated Aniline Method Base Yield
Compound
COOH NH, A LIHMDS 71 .
F
H,CO
COOH NH, A LiHMDS 0
F

H,CO




Table 4 shows the results of variation of the position of the hal ogen atom
with 5 respect to the carboxylic acid group on the benzoi @ $aptembdraitioa 4

Fl uori nat ed Conpound Aniline Method Base Yield COOH NH, A LiHVDS 71 . F
H3CO COOH H3CO NH2 A LiHVDS 0 9 Septenber 2003 WO 00/ 64856 PCT/ US00/ 03982
- 8- Thus, wone/6d8ssct i on bet ween 2-fl uorobenzoic acid and p- #FETUN0H3982
afforded 71 % of the desired product. I contrast, when 4-fl uorobenzoic
acid was enployed, no reaction was obsérved. The substituents on the

ani | ine ring-al sorjfd @ rehiRn\etlébnal Nhdt8bERSIH deid8hBp-anisidine afforded

2- (N-phenyl am no) benzoi c aci d. For exanple, the presence of

el ect r on- donélt% nfjtheglesirpd producthIragontr@et] winen Alfleprobenadio gexd, wasi eraglogedy | |

di al kyl ani nes, or. _SCL% al,kyl, and others well-known to those skilled in
the art, inciEEadONKas PBEEEvity of the aniline and results in a higher

yield of the 2-(NHhaibxlifehdohkenziise fed slso hffeét%ééﬁbrmt%fr&ﬂxﬂtﬂi@ ng groups

such as nitro, halogen, carbonyl (both al dehyde and 10 ketoneﬁ, ester and
nitrile, and-Gi-nbenyleminohersme actl Faoeampls, (thepresence péclgetronglogating

ubet tuent s gt ienall bcios b HRGH, €14 4RSH SARER Il BF YEpl o the

alkyl, and others well-known to those skilled in the art, increases the reactivity of
_ the aniline and results in a higher yield of the 2-(N-phenylamino)benzoic acid. If
electron-withdrawing groups such as nitro, halogen, carbonyl (both aldehyde and
10 ketone), ester and nitrile, and others well-known to those skilled in the art, are
substituents on the aniline, the reactivity decreases and the yield of the 2-(N- |

phenylamino)benzoic acid is reduced. These findings are summarized in Table 5.

Table 5
Fluorinated Aniline Entry No. Method Base Yield
Compound
COOH NH, 1 A LiHMDS 71
i ~F :
H,CO
COOH NH, 2 A LiIHMDS 0
i _F :<
OZN

- ‘ ' In addition, the presence of electron withdrawing groups on the benzoic
acid can enhance the reactivity of the benzoic acid with the aniline, and therefore,
15 - mgcrease the yield of the resulting 2-(N-phenylamino) benzoic acid.
The reaction is typically run in a solvent. The most preferred solvents are
polar, aprotic solvents such as tetrah'ydroﬁlran and diethyl ether. The temperature

of the reaction is selected to provide for the greatest yield. A suitable temperature

L]

WA



phenyl am no) benzoic acid is reduced. These findings are sunmarized in Table
5. Table 5 Fluorinated Conpound Aniline Entry No. Method Base Yield COCH
NH, | A LiHVDS F H3CO 71 COON NH, 2 A Li HVMDS O F In addi t ibpertemeentd@ence
of electron withdrawi ng groups on the benzoic acid can enhance the

reacti vit ywohoskdsss benzoic acid with the aniline, and ther efRCEUSIDB3IRCr ease
the yield of the resulting 2-(N phenyl anmi no) benzoic acid. The reaction is
typically run in a solvent. The nopst preqf‘erred sol vents are polar, aprotic
sol vents sucha@ge Efsﬂ&%@é@(e@%?%ﬁ@sl@ﬂéﬁ ﬁ'tﬁémlAg Q@ﬁcd?éﬁ?pérﬁﬁﬁelraﬂ%%’fs of the
reaction is selected to provide for the great reld.” A suitable

t enper at ur e 8bGepT&itherabdtB B0 00/ 64856 PCT/ USOO/ 03982 -9- can be easily
sel ected by one skilled in the art. A preferred tenperature range is f A
about -78C to aboJPefsenpth@rEé@swd?%nﬁf%&ﬁ@éé@t%@ dlustrage ofthended to be
‘i [Tustrative;Qlenfifieand \4?19{ 1'11%dé’d15 1€ %o r%@&ﬁ%@%ﬂe&ﬁczhidﬁ'&: thdQaftore of
the speci fication or the clalns I'n any

5 IN any marnner.
H



9 Septenber 2003 WO 00/64856 -10- PCT/USOQO 03982 CLAIMS 1. A nethod for
maki ng 2- (N- phenyl am no) benzoi ¢ acids, the method conpri 9 $aptérheersi0oep of
reacting a benzoic acid having the Formula | HO, Ohalo 5 11 1 1 R and an
aniline having the Formula Il ~IH2 Ii Rwth an al kaline netal :
hexamet hYY@PEHF¥zi de bei ng about 3 _qguival ents or nore wit RCTESPYRYS2 to the
benzoic acid to forma 2-(N-phenyl am no) benzoic acid having the Fornula 111
HO -.,-O0OH N10 Il 111 1111 11 RRwherein each R is independently
hydr ogen, hal ogen, Cl-C6al kyl, -OCl-ChAankyl, CN, or NO2; one or nore R on
the aniline is an electron donating group. 2. The nethod of Claim1 wherein
the al kaline netal hexanethyldisilazide is 15 lithium

hexanet hyl di si |l azi de. 9 Sept enber 2003

1. A method for making 2-(N-phenylamino)benzoic acids, the method

comprising the step of reacting a benzoic acid having the Formula I

HO O
R halo
5 I
R R
) R
and an aniline having the Formula I1
NH,
R R
II
R
R

with an alkaline metal hexamethyldisilazide being about 3 equivalents or more with respect

to the benzoic acid to form a 2-(N-phenylamino)benzoic acid having the Formula IIT

HO O
R
H
R N R
10 III
R
‘ R R R
R R

wherein
each R is independently hydrogen, halogen, C-Cgalkyl, -OC-Cg alkyl,

CN, or NO3; one or more R on the aniline is an electron donating group.

2. The method of Claim I wherein the alkaline metal hexamethyldisilazide is

15 lithium hexamethyldisilazide.



WO 00/ 64856 54. 5,. 6. 10 7. 158". -11 PCTI US00/ 03982 The met hod of Claim1l
“wherein the halo substituent in the 2 position of the berszRdmterabérd2003
fluorine. The method of Caim1l1l wherein the reaction is carried out at
~about -78C to about 25C in a polar aprotic solvent. The nethod of Claim4
"wherein tyg, ,@L aprotic solvent is tetrahydrofuran. The pegtusodog2 Cl ai m
| wherein the benzoic acid is 2,3,4~lth+fluoroberzoic acid and the aniline
is 2-chloro-4-iodoaniline. The nethod of Claim1l wherein the benzoic acid
and the aniline are present in about a 1:1 nolar ratio. The nethod of
Claiml wherein the electron donating group is -OCHS.

3. The method of Claim ! wherein the halo substituent in the 2 position of the -

benzoic acid i1s fluonine.

5 4. The method of Claim 1 wherein the reaction is carried out at about -78°C

to about 25°C in a polar aprotic solvent.

5. The method of Claim 4 wherein the polar aprotic solvent is
tetrahydfoﬁlran.
6. The method of Claim 1 wherein the benzoic acid is 2,3,4,-trifluorcbenzoic
10 acid and the aniline is 2-chloro-4-iodoaniline.
7. The method of Claim 1 wherein the benzoic acid and the aniline are present

in about a 1:1 molar ratio.

15 8.  The method of Claim 1 wherein the electron donating group is -OCHj3.



