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METHOD FOR MAKING 2-(N-PHENYLAMINO)BENZOIC ACIDS

A ' FIELD OF THE INVENTION

s . The present invention relates to a method for making 2-(N-

phenylamino)benzoic acids by coupling a benzoic acid and an aniline.

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



METHOD FOR MAKI NG 2- ( N PHENYLAM NO) BENZO C- ACI DS FI ELD OF THE | NVENTI ON A
The present invention relates to a method for making 2-( N9 September 2003
phenyl am no) benzoi ¢ aci ds by coupling a benzoic aci d and an aniline. 5
BACKGROUND OF THE | NVENTI ON The conpound

2- (2- chl owe M6ssdo- pheny] ani no) - N-cycl opr opyl net hoxy- PCT/US00/03982

3, 4-di fl uoro-benzam ne i s being devel opgg as a selective MEK-1 inhibitor
for the treatnment of proliferative disé

psoriasis, and atherosclerosis. See, fqrmgxarrpl e, US Patent Application
Nunber 60/051, 440, 10 filed July 1, 1997, PCT Publ i shed pat ent
Application Nunber WO 99/01426, puyplished Jgnuary 14, 1999, which are
hereby i ncorporated by reference. To ™y Z-(2-chl oro-4-i odo- phenyl

am no) - N-cycl opr opyl m et hoxy- 3, 4-di f | enzarri ne, one of the
internediates that is needed is a i( N yl.am no) benzoic acid. The
present invention provides a nethod" for 2- (N- phenyl am no) benzoi c
acids. 15 SUMVARY OF THE | NVENTI ON The gresent invention provides a nethod
for making 2-(N- phenyl am no) benzoj c ids, the nethod conprising the step
of reacting"4h ﬁbﬂ%&%me@&e&mﬁ%ﬁ’ ﬂ'@"*’tzﬁ’é%iﬂﬁﬁ ARAUES pAUivalpiR 0 BOLEHELARSPSEY | i ne

havi ng the &akdBehabid dcidro6rht £00E h@l@ﬁﬁnﬁ@eﬁ%@é’cﬁ@@vn% tl%cfﬂnhﬁ@@i 03982 Il R

wi th an al kaline netal hexanet hy di si I azi de being about 3 equivalents or

“nore with respect
; ] )

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.

1ses, including cancer, restenosis,

L



to the benzoic acid to forma 2-(N phenyl am no)benzoi c acid having the
Formula IIl Il 5 wherein each R is independently hydrogen, hal ogen, C I
-C6 alkyl, -OC 1-C6 alkyl, CN, or NX®2; one or nore R on t%%e%{ﬁ'i“g?h%oqa’s an
~electron donating group. In a preferred enbodi nent of the invention, the

al kal i ne Ne@80/648hex anet hyl di sil azide is |ithium hexanet hy BiTEP$0403%a
(LiHVDS). In another preferred enbodi rren_;,_ of the invention, the halo
substituent in the 2 position of the berzoic acid is fluorine. In another
preferred embodi mintn@thed frefdrpdemtiodimeitthe theSiacéntion, the eleafréd &shatiagt at
about -78C to about 25C in_a polar, aprotic solvent. In a more-preferred
enbodi nent, EFPRY heaniling iy €9¢HRydr of uran. In another preferred enbodi nent
of the invention, the benzoic acid is 2,3,4,-trifluorobenzoic acid and the
aniline is 2-chloro-4-iodoaniline. In another preferred enbodi nent of the
invention, the benzoic acid and the aniline are present in about a 1:1
nolar ratio. 9 Septenb®&EDRAIFMDERTREGIONQH THFOINVBIBEON3- | n anot her
,oreferred enbodi ment of the invention, the electron donating group on the
aniline is -OCH3. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention provi deThapresédtavdniion padeidgs 2metiod fph@ah@pi(No) benzoi ¢ aci ds.
The net hod conprises the coupling of a henzoic acid having the Fornmula | |
and ar ani | i PREDY. lﬁa)tbpﬁ@npaqu%ﬂglqrpethdRompnses the coupling of & benzoic acid

having the Formula I

HOG 0
R halo
I
R 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

HO 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



10 using an al kaline netal hexanethyl disilazide as a base to forma 2-(N
phenyl am no) benzoic acid having the Formula |1l 1Il R R Thj couBI i n@
reaction preferably uses about | equival ent each of the t?eﬁ%ﬂﬁ‘?'@ et ®3and
the aniline. Thus, the nolar ratio of the benzoic acid to the 15 aniline is
about 1: 1wd évr@ekti tion, about 3 equival ents of the al kal i neeaTewsab/o3982
hexanmet hyl di sil azide is preferred; however, it is possible to use nore than
3 equival ents of the alkaline netal hex&methyl disilazide In other words,

about 9 Sept : 4856 :): - - of - al kal i ne
met al hexam?@ﬁéioggﬁ%gf\{%qggtg%ﬁ%ver ;f)ﬁ%o@%g %ggﬁz%lﬂ’é) ‘lggfy _;%?5 'P—ai?(f}f? neis
typi cal | y ussnlinelis typicabhyhead iethhuh dexinettnil disilazsdalssdsKikown aslithiddhi um

bi s(trinmethylsilyl ). de, which can be purchased from Al drich, M| waukee,
W. The sel éﬁfeﬁaﬁe%?l?aﬁﬁ%wl & ViHED fRt b PReNasR g HdTqha MilRatsea™lase is 5

mport ant. becauserd el chitef @f AKUHRIATARRURCKRERIAR &b SUIPT 1 ST N0

¢
increase in the yield of the resulting 2-(Npheny enzol ¢ acid when
conparied wi timpogtitdiechms 8us bisaipraidesfot armbkexpected aed abrprising increase in )

hexanet hyl di_si | azj . A nos ferred | kal.i ne t al .

hexanet hyl di"ier Y’S@ Oggﬁ? Ees?lflpﬁhifﬁ'ﬁé%[?ﬂlm)g%ﬁ g“gfig‘gﬁ_‘?ﬂﬂﬁ@%ﬁpﬂfﬂg reaction
of the benzQiierdeicd @ drd iR aRdalihé PRl B BRIGARKI18Adest A Rldkt preferedl N9l € pot
process or in a nulti El e pot process. O her 'net hods and sequences for

carryi ng outlkalise asta) hpxapnatddisilamdeia dithiemdwex mingthyddisilagideed by t hose

skilled in the axt. Thr rocedur.es are specifically. illustrated bel ow.
The first procedlr}?]g,cglé%ﬁ%ergaﬁ%gﬁﬁxglc}cnf%lcggﬁvﬁ?g ?3%1%8853?15893%‘? a first
flaskHo LI HVDB fnk sheglé pad ebicss vein Addrigld sot prebsOmer Mbthods akenzoi ¢ acid 15
(1 equivalent) in tetrahydrofuran (THF) at -78C. In_a second flask, LiHVDS

(2 equi val eREBIFNGHEdoLETRING it Shestsuplingieagiion ¢an bawasillidelermingdibygheset ) in
THE at 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.



-78C. The contents fromthe first flask were transferred into the second

"flask and the resulting mixture allowed to reach ambi ent t%@% ture

overnight. The product was then purified by flash col um %rg%%hy
20 The second nethod, called Method B, is a one-pot procedure. Both the

. benzoi ¢ adv@oyesEqui val ent) and the aniline (1 equival ent) REESHI03¥E| ved

in THE The solution was cooled to -78C.and the Li HVDS added, and the
m xture was allowed to warmup to anbi ant t enperature overnight. The

product was then purified by flash cpiyggn chromat ography. .25 The third
met hod, called Method C is a twn-pot procedure Methad Cis -sipilar to

Met hod A, exBeproic Agid the 3 etpilivel ents Besd i HVUStaod ngditet t Melbeg ani | i ne
foll owed by a solution of the benzoic acid in THF. The ﬁilts of the
coupl ing of various benzoic acids with various anilines*'5S shB®%i n Tabl e

"1 below. 9 Septenber 2003 WO 00/ 64856 PCTI US00/ 03982 - &, Tabl e~ Benzoic

ACId Ani |l ine Baqefm—|(m—|(m—|(TXNFch-|FH3COLIHI\/DS ad Li HVDS

COOH LIHMDS A 89 >250
F LIHMDS B 70 >250
Br F
F
COOH LIHMDS A 84  234-235
@[ : B 78 233-234
COOH - NH, LiHMDS A 71 170-172
F
H,CO
COOH LiIHMDS A 47
@/ i ~OCH;
COOH LiIHMDS A 94 234.235

NH, .
/©/ f LiHMDS B 58 235-236




CH3 Li HVDS NH2 Li HVDS Met hodl sol ated Melting Yieldpoint, % A89>250 B70>250
AB84234-235 B78233-234 A71170-172 NH2 Li HVDS A 47 OCH3 Li HVDSA94234- 235

Li HVDSB58235- 236 WD 00/ 64856 9 Sept enmber 2003 PCT/ US00/ oSo8apterpbara0s |
(conti nue@b‘]@g% ic Acid Aniline Base Method - - |sol ated NeitaswgoYesel d

ova COOH O Al'kali metal hexanethyl disilazide bases gives unexpectedly
superior vyields of the 2-(N phenyl am ned-benzoi c acid when conpared with

ot her bases that are not alkali b exanet hyI di sil azi des. For exanpl e,
in the reaction between 2,3,4-trif %olr BRNBYR aci d and

4-iodo- 2- met Byl 8 Atie, T e Yh&lifhe Wer € SB0.US! Nethod Isolated Melting
Yield 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.
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5 Li HVMDS and only 28%using |lithiumdiisopropylam ne (LDA). Mreover, no
‘reaction was observed using NaH or triethylanne (TEA). The results of
these conparisons are shown in Table 2 bel ow. Table 2 Berf-2tRtemper2A880H
point, oC NH2 Li HVDS A 87 228-229 Aniline NH2 F 1 r-H 3 MethodBase%yi el d
ALi HVDS84wigNskdwB¥849 AKHVDS77 BLDA29 B. NaHO BTEAO | n additi oRGT/USN3EDUNt Of
base used is inportant. Reducing the nunber of equivalents from3 to 2
decreases the yield of the 2-(N phenyl afino) benzoic 10 acid. The results
are shown in Table 3. The use of nore tfg)n.3 equival ents of base did not
have a significant effect on the yield. t 9 Septenber.- 2003 -WD-0Q/ 64856

PCTI USQQ' 0398Fivorinafdbl e 3 Aniline Method Base  Equivalents % Yield

Compound 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




Fl uorinated Aniline Conpound COOH NH2 Met hodBaseEqui val ents % Yiel d of
Base ALi HVDS226 H3ALi HVDS384 ALi HVDS3. 588 ALi HVDS485 The 9c3sdtémberaf00Bhe
hal ogen atomwith respect to the carboxylic acid group on the benzoic acid
is also inportant. For exanple, only 2-fluorobenzoic acids reacts with

ani | i nes W 64856t he appropriate 2- (N phenyl anmi no) benzoi ¢ RGHUSCNIM2e 4
shows the results of variation of the p%smlon of the hal ogen atomwith 5
respect to the carboxylic acid group on f he benzoic acid. Table 4

Fl uori nat ed Conpopieh M lebdipnlrihas Basqodiebl LmdWHanRidiheWBSdéd - F
H3CO COOH H3CO NH2 A'Li HVDS 0 9 September 2003 WD 00/ 64856 PCT/ US00/ 03982
71% of the desired product. In contrast, when 4-fluorobenzoic acid was employed,

no reaction was observed.
The substituents on the aniline n'ng'alsb affect the yield of the resulting
5 2-(N-phenylamino)benzoic acid. For example, the presence of electron-donating
groups, such as -OC1-Cg alkyl, halogen, C1-Cg alkyl, dialkylanimes, or -SC 1-Ce
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

WA



-8- Thus, the reaction between 2-fluorobenzoic acid and p-ani sidine
~afforded 71 % of the desired product. In contrast, when 4-fl uorobenzoic
acid was enployed, no reaction was observed. The substi t (eperie@Ret 203
aniline ring-also affect the yield of the resulting 5

2- ( N- phenwvewbesgsbenzoi ¢ aci d. For exanpl e, the presence ofPCT/US00/03982

el ectron-donating groups, such as -0OCl1-C6 al kyl, hal ogen, Cl1-C6 al kyl,

di al kyl ani mes, or -SCl1-C6 alkyl, and others wel | -known to those skilled in
the art, inc : UVMhi Yei0dd int N |y ' hi gher
yi el d of theE%?§§E%ﬁ2§§F§%§%%¥B%%§g%%mggfﬁeL¢ agvg@g?@ﬁ?a#%ﬁﬁﬁéaﬁng gr oups
such as nitraboltal@fen, aboar¥syl (both al dehyde and 10 ketone), ester and
nitrile, and others well-known to those skilled in the art, are

substituents on t HEC&XRPPIsePrepeed heagin ats njended Febgs Hsava dhgi el d of the
*2- (N phenyl gy i s YN Y=o 1. nd ized in
Tabl e 5. Tabl S oLl o e ae AL o e AR ol e b SRR o AR (el
COCH N&, | AirLartvb@uferH3CO 71 COON NH, 2 A LiHVDS O F In addition, the
‘presence of el ectron wthdrawi ng groups on the benzoic acid can enhance
the reactivity of the benzoic acid with the aniline, and therefore, 15
increase the yield of the resulting 2-(N phenyl am no) benzoic acid. The
reaction is typically run in a solvent. The nost preferred solvents are

pol ar, aprotic solvents such as tetrahydrofuran and diethyl ether. The
tenperature of the reaction is selected to provide for the greatest yield.
A suitable tenperature 9 Septenber 2003



WO 00/ 64856 PCT/ US00/ 03982 -9- can be easily selected by one skilled in the
art. A preferred tenperature range is f A about -78C to alecdptehker 2008
exanpl es presented herein are intended to be illustrative of the invention
and are not intended to limt the scope of the specification or the clains
5 in any WRMHEESS 9 Septenber 2003 _q\y0 00/ 64856 - 10- PCT/ USEHUF8YEI3CL Al VB
1. A nmethod for making 2- (N phenyl am no) benzoi c acids, the nethod
conprising the step of reacting a benzoic acid having the Formula | HQO O
halo 5 11 1 1 R and an aniline havi ggAIMSFormula Il ~IH2 Ii Rwth an

al kal i ne nmetal hexanet hyl di sil azi de bei ng about 3 equivalents or nore with
respect to the benzoic acid to forma 2-(N phenyl am no) benzoi ¢ aci d havi ng
the Formula Il HO -.,-O0H N10 Il 1 11 1 11|

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

10 III

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. B

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

15 lithium hexamethyldisilazide.



11 RRwerein each Ris independently hydrogen, hal ogen, C1-C6al kyl,
"-0C1-C6 alkyl, CN, or NO2; one or nore R on the aniline i9Septerab&cioodn
donating group. 2. The nethod of Claim1 wherein the al kaline netal
~hexamethyl disilazide is 15 |ithium hexanethyl disil azide. 9 Septenber 2003
’V[)00/64&§§0ﬁ@P55,. 6. 10 7. 158". -11 PCTI US00/ 03982 The metrhadosadosCl ai m 1
wherein the halo substituent in the-A1position of the benzoic acid is
fluorine. The nethod of Caim1 wherein the reaction is carried out at
about -78C to about 25C in a polar aprotic solvent. The nmethod of Claim4
wherein the polar aprotic solvent is tetrahydrofuran. The nethod of O aim
| wherein the benzoic acid is 2,3,4,-trifluoroberzoic acid and the aniline
is 2-chloro-4-iodoaniline. The method of Claim1 wherein the benzoic acid
and the aniline are present in about a 1:1 nmolar ratio. The nethod of

Caiml whegein e 5LiR6E bPRIARNAWNBELIYERURI] SubsER: 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.





