Process for preparation of isonicotinic acid
derivatives The present invention relates to a process

wo eooeddsa7manuf act ure of compounds of formul a |BCDEPI0D5/011491
and pharmaceutically acceptable additional salts
thereof, wherein Ris |ower Alkyl. The conpounds of
formula la or Ib are valuable internedi ate products
for the manufacture of conmpounds which are
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antagoni st. They are inportant in the regul ation of
many aspect $ypfe e Rl piliiatbi G A MLid ferbiBives
nodul ati on entral nervous system
activities (WD 01/97786, WO 03/043636, and WO
02/ O@ﬁ@@%}ent Hentbi ?éHteﬂB dﬁ@ce@{ for %mbﬁﬁ’f@&ﬁfe%f cb gEQnds of

ovli de” a_new process f reparing isonicotinic a

g%PV@%@#Vé@ of formul a Ia or Ib frominexpensive
starting conmpounds, This object is surpr|3|ngly
achi eved by t ess as shown in sPhe Schene
1The new procesy has the advantage that |it is sinple,
cheap and effi

ent conpaqgng with the pgocess knomn
inthe art (R son, T. Lovet and Pvens,
& % 'caI Soci ety 796, . Bardhan,

Journal of th
Journal of the ®fenTeal SOC|etfr2223
LoCi cero and R Johnson, Journal of the Anerlcan

74, 2
Chem Cda pha?r%%l:eeuttlcally accepta%?e ac]dltlona s:?lts thereof,

wherein

R is lower Alkyl.

The compounds of formula Ia or Ib are valuable intermediate products for the
manufacture of compounds which are pharmaceutically active as adenosine A2a receptor
antagonist or metabotropic Glutamate receptor 2 antagonist. They are important in the
regulation of many aspects of cellular metabolism and in the modulation of different
central nervous system activities (WO 01/97786, WO 03/043636, and WO 02/083665).

The object of the present invention is to provide a new process for preparing

isonicotinic acid derivatives of formula Ia or Ib from inexpensive starting compounds.

This object is surprisingly achieved by the process as shown in scheme 1:
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The new process conprises the step of a) lithiating of

conpound of formula Il with lithiumdiethylamde to a
wo 2aobiogstiezl conpound of formula I11; b) reacti neCt/hE2005/011491
conpound of fornmula Il with DVR to produce the

compound of formula I'V; c) oxidizing the compound of
for mul arjhehew prébceldhagihd atldfagt thapik RUiee, CRAP QRMEkfiElEnt comparing
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saturated straight- or branched-chain al kyl group

cont ai tonms, for exanple,
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2-butyl, t-butyl and like Preferred | ower alkyl

gr ofths Hthiatigs ?PWTC{]&%’W%%Ubon atoms. More
preferred | ower alkyl group js nethyl. The term
"pharmaceutical ly acceptabl el acid addition salts”
enbraces salts with inorgapksg.and organi c acids, such
as hydrochloric acid, nitrffc agid, sulfuric acid,
phosphoric acid, citric ackd,AQrm c acid, fumaric
acid, maleic acid, acetic ad¥d, Succinic acid,
tartaric acid, nethane-sulfonic acid,
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10 b) reacting the compound of formula III with DMF to produce the compound of

formula IV;
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¢)  oxidizing the compound of formula IV with O3 and H,0; to produce compound of

formula Ia;
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agent, such as lithiumdiethylamde to a lithiated

conpound of formula Il1l. Typically, the reaction is
w@anb/ossred i n an organi ¢ sol vent, such as et hePGT/EP2005/011491

hydrocarbon or THF, preferably TBHF. The reaction

tenperature is typically in the range of -70 0OCto O

0C, dpr eif g4safd, ¥stBey e esmpotiad OEfdrRuta 3P wilkcan d1Béhol 8RKE foPRula ROH

ti i S asarulggof%mtgl_hours, preferably 1 hour.

Stggol?fogfcéﬁmﬂs’o‘@ BIPEE Poacti ng conpound of formul a

[1l wth DVF to produce the conpound of formula IV

Typically the reaction is perforned in an organic

sol uti on of conpound of ford”rul a.lll and DMF is

added. The reaction tenperat P typically in the

range of -70 to O OC, preferaply -60 Cto -40 0OC. The

reaction is as arule finis fter 0% to 3 hours,

preferably 1 hour. The gen 1al rinciple of reaction

steps a) and b) are describ iNJ. Ragan, B. Jones,

C. Meltz and J. Tebceira, SymMhesis, 483 (4) 2002.

Step c) conprises oxidizing the conpound of forrmula IV

vii t h Cewlsanein RAGR defingdrabavece conpound of fornula | a;

The reaction of step c) is typically perforned in an

Or gani CTiQkMENbwerSUGH? RBotedh saturated straight- or branched-chain alkyl group
containing from 1 to 6 carbon atoms, for example, methyl, ethyl, propyl, isopropyl, n-

butyl, i-butyl, 2-butyl, t-butyl and the like. Preferred lower alkyl groups are groups with
1-4 carbon atoms. More preferred lower alkyl group is methyl.

10 The term “pharmaceutically acceptable acid addition salts” embraces salts with
inorganic and organic acids, such as hydrochloric acid, nitric acid, sulfuric acid,
phosphoric acid, citric acid, formic acid, fumaric acid, maleic acid, acetic acid, succinic

acid, tartaric acid, methane-sulfonic acid, p-toluenesulfonic acid and the like.

Step a)

15 Step a) comprises lithiating 2,4-dimethyl-pyridine of fomula II with a lithiating
agent, such as lithium diethylamide to a lithiated compound of formula III.

Typically, the reaction is performed in an organic solvent, such as ether,
hydrocarbon or THF, preferably THF.

The reaction temperature is typically in the range of -70 °C to 0 °C, preferably
20 between -70 °C to -50 °C.

The reaction time is as a rule 0.5 to 3 hours, preferably 1 hour.

Step b)

Step b) comprises reacting compound of formula III with DMF to produce the

compound of formula IV

25 Typically the reaction is performed in an organic solution of compound of formula
I1I and DMF is added.



organi c acid, an al cohol, chlorinated hydrocarbon or

an ester, containing small anobunts of water, such as
wd20060481px ef er abl y acetic acid contai ni ng 5% OFCTEP2D5/011491

The inclusion of water avoids the build-up of

dangerous peroxides in the reaction mxture,

especi afhdfreddiioh BenfRFRHE R FpiQily tn tAE PinkE oSO WRIHG, preh@ably -60 °C
ozo oI ésés is perforned at the tenperature range of O

070C, preferably 15 0OCto 20 OC for typically
O 5 3 hours, preferably 1 hour. The reaction m xture
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tse”EeM%Fti’zLﬁi Ir’?éige%aggﬁghgm§ 9331QP @, preferably 50 OC.

I'n the presence of addi ti onal acid, such as
hydr och tor| c acid, nitric acid, sul furic aci d,
phosph cid, citric acid, formc acid,
nmet hanesul fonl c acid, p-tol uenesul fonic acid
pr ef er abFROHFHEPHES PEHizIsaks @mpound of P@nu&& i\éwah O apdhi1e0: to
aci grodubecosipoand oifoimdxialati on with H2O2 may be
achi eved at anbient tenperature. H2G2may be added from

the stagf, sa«scneﬁ bfler] )8 FOMP Y Hchell EAG! drBihic IRIRDYuch as an

ueous

t he added Sl s i’{/ $ %/ H2OP, |
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15 The reaction mixture is further oxidized with H;O,, typically for a time range of
0.5- 3 hours.

In the absence of an additional acid, the oxidation with H,O, requires heating to a
temperature range of 30 to 100 °C, preferably 50 °C.

In the presence of an additional acid, such as hydrochloric acid, nitric acid, sulfuric
20 acid, phosphoric acid, citric acid, formic acid, methanesulfonic acid, p-toluenesulfonic
acid, preferably hydrochloric acid, sulfuric acid or formic acid, the subsequent oxidation
with H,O, may be achieved at ambient temperature. H,O, may be added from the start or
after the ozonolysis reaction. Hereby, the added water is substituted by aqueous H,0,,
(preferably ca. 1 equ. constituting also ~5% water content) which provides both the water
25 presence and the additional oxidant for the second stage from the outset.

Step d

Step d) comprises esterifying compound of formula Ia with an alcohol of formula
ROH to produce compound of formula Ib.

Esterifying with an alcohol of formula ROH to produce compound of formula Ib is
30 typically performed in an alcohol, such as methanol, ethanol, n-propanol, i-propanol, n-



Esterifying with an al cohol of fornmula ROH to produce

conpound of formula Ib is typically perfornmed in an
w@bwmehed172 such as net hanol, ethanol, n-propancbCT/EP2005/011491

i - propanol, nbutanol, i-butanol,g2-butanol or

t-butanol, preferably nethanol in the presence of a
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exanpl es shall illustrate the invention in nore detail

W t hout Thd r'&cttloﬂgmietls asEt @0 Bhhek dReLDRY ﬁtHoQHs &feferably 1 hour.
di nethyl - f2-(2-nethyl-py tidin-4-yl)- V|ny -am ne
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mai #t ai ning the tenperature at between -70 to -50 0OC.

81.25 m nBuLi (0.13 nol) was added over 0.25 hour.

The dark red solution was stirEathflor a further 0.5

hour, then 15.14 m diethylam ne (0.145 nol) was added
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0.5 hour, no was added. The

brown-red sol ution was stirred for 1 houw_ t hen

quenched with 50 nl 50% sat urated aqueous Mamoni um

chl oride solution. Upon warm ng to anbie

tenperature, the reactiop mxture was extracted with

tert. butyl methyl ether |(TBVME) (3x 100 Jm ) and the
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11.05 g 2,4 -Lutidine (0.1 mol) were dissolved in 50 ml THF. The solution was
cooled and stirred, maintaining the temperature at between -70 to -50 °C. 81.25 ml nBuLi
(0.13 mol) was added over 0.25 hour. The dark red solution was stirred for a further 0.5
hour, then 15.14 ml diethylamine (0.145 mol) was added in one portion producing an

15 orange suspension. After a 0.5 hour, 15.5 ml DMF (0.2 mol) was added. The brown-red
solution was stirred for 1 hour then quenched with 50 ml 50% saturated aqueous
ammonium chloride solution. Upon warming to ambient temperature, the reaction
mixture was extracted with tert. butyl methyl ether (TBME) (3x 100 ml) and the
combined organic phases were washed with 50 ml H,O, dried over Na,SO,, filtered and

20 concentrated under reduced pressure (45 °C/450-20 mbar) providing an orange-red oil
(14.8 g, 91%) which was sufficiently pure (Gas Liquid Chromatography (GLC) 98 area%)
to be used directly in the next step.

Example 2

i) Preparation of 2-methyl-isonicotinic acid (no additional acid, 50 °C




conmbi ned organi ¢ phases were washed with 50 m H20,
dried over Na SOi, filtered and concentrated under

WO sooed7pr essure (45 C 450-20 nbar) provi di ngP@REP2005/011491
orange-red oil (14.8 g, 91% whigch was sufficiently
pure (Gas Liquid Chromatography (G.C) 98 area% to be
used directly in the next step. Exanple 2 i)
Preparation of 2-nethyl-islnicotinic acid (no
addi tional acid, 50 C)1.63Jg Dinethyly:
[2-(2-nethy|-pyridin-4-y -vinyl] -anm™y
were dissolved in 19 ni
O To the red solution tai ned and
15-20 0C was passed CB|/(~8§ mmot+teur 1 hour. The
reaction was mldly exo h/r c, changi ~ appear ance
from an orange (10 mn) to a yeIIOM/squtlon (15 n1n)

t hen fron1a 2 suspensi on

min). EXEEDH R %?ggado L PgbA ERA A mgpol)were

per di(;w]i\&dtne 59 m\ll\mneﬁ:&bd’mhtaahhg/l méeHa0.i Toethe dedG&lutibn B@fiftained and
aqu o] .on, and .t he

i es? ?ésd at a 1 %gweg%ls % é%%@ I%) dgergmophod}g%#?ﬁ'n%grOT'Be(':re]actlonévas
hou msldmpﬁhgrmw chingingrie appeafaneedronn apenasgedi0 vam) tH o iyeHoo,

W t Roitifish @b chiff thE@ferﬁQjellM@O /AN U Sviike @ﬁs‘p@ns%‘ (80 min). Excess

sol vent was r%ro reduced pressure o
C/ 168N (VaRBYesd rr%rg% bt e testps eEfF‘i“é‘lﬂV 96&%1&% L0zl 30%
in 2quedlis E-Ifﬂizt( 10 hatoy) wﬂﬁﬁdl‘eyﬂ in ehdygurti¢rl Bidthe ﬁekulﬁﬂg Pllow eEsPension

(10 mol )

red at ca.

at anbi ent fFor .3 oduct was
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as Y44 @fohyﬂo%ﬂa)‘i €8¢ Fhite residue was briefly digested in 25 ml tert. butyl methyl

ether (TBME) at 40 °C then at ambient temperature for 30 min. The product was
filtered, washed with TBME and dried for 2 hours at 45 °C/25 mbar: 1.17 g (85 %) biege
crystals (GLC 98 area%, as trimethylsilylester).

15
'H-NMR: (400 MHz, Ds DMSO): 8 = 2.54 (s, 3H), 7.59 (dd, 1H), 7.70 (s, 1H), 8.60 (dd,
1H)

ii) Preparation of 2-methyl-isonicotinic acid (additional acid, ambient

tem Qerature )
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The reaction procedure was performed according to i). After purging with argon,
1.16 ml 98 % aqueous formic acid (30 mmol) and 1.02 ml 30 % aqueous H,0, (10 mmol)
were added in one portion and the suspension was stirred at ambient temperature for 3
hours. The solvent was removed with the aid of toluene under reduced pressure (45
25  °C/80-20 mbar). The residue was briefly digested in 25 ml tert. butyl methyl ether



1H NVR (400 MHz, D6 DMSO: d = 2.54 (s, 3H), 7.59

(dd, IH, 7.70 (s, IH, 8.60 (dd, IH ii) Preparation
w@boogossarhyl -i soni cotinic acid (additional aciBCT/EP2005/011491

anbi ent tenperature) The reaction. procedure was

performed according to i). After purging with argon,

1. 1§TBMED& 4¥rachiaausmbierititeripastutt foo5) M The poduct waLfilbdred,

30 %)aﬂ‘gﬁ %H%BW%d(Jrgdm })ou¥\5eli 2? Qﬁ%ﬁgb&n 1 ?f] ﬁgﬁg b I{ah$e crystals

SUSpensi on
for(@L@8%?@T%$ﬁé“@8WW§h*5VHS reaned with the aid of
t ol uene under reduced pressure (45 C780 20 nbar). The
r esi dueiilvBeephy fiethg ) i grt. butyl
nmet hyl ether(TBNE) at 40 OC then at anbi ent
tenperature for 30 mn. e?product was filtered,
washed with TBME and driedfor 2 hours at 45 C725
nbar: 1.17 g pal e orange ystal s (G@990n ea% as
trimethylsilylester). iiif) Preparation
2-Met hyl -i soni cotinic acid. H SCu The ozapol ysi s
procedure was perforne in the
presence of 1 eq. 30% n{la 2 fmol scal e.

After purging with argonn”0.°+2 ml concentmH8bgd H2SO4

(2.1 mml ) was added in one portion and the yellow
suspensjon was stirred at anbi ent tenperature for

our - THEE Gl PrRESYT=a PEEPTIIEt A AHITRAD Bin {haprfeenge of 1 ea
undén%raqukone H,Qr @ssmend] 4bale CABH pReFingbeith) argolh @.12 @8 kalwentrated
vvas I—Bgd) e{2l Mnﬁirbg Gt &fliel th g’ne'ﬂort-lafl n@&hé@ll&@s&spgﬁloﬂtwas stirred at

nper ature
f i @@Sgﬁt teiRendaye {l?our %l(u)e smlvent was removeg wit the ald of toluene under

10 reduced pressure (45 °C/80-20 mbar). The residue was briefly digested in 5 ml THF at
50 °C then at ambient temperature for 30 min. The product was filtered, washed with
THF and dried for 1 hour at 45 °C/20 mbar: 0.43 g (92%) pale yellow crystals (HPLC 82

area%).

iv) Preparation of 2-methyl-isonicotinic acid. HCI

~n
_ Os_ _OH
X N
N |
/ P
N NH.Ci

15

The reaction procedure was performed as according to iii) on a 2 mmol scale. After
purging with argon, 1.1 ml 37% aqueous HCI (2 eq.) was added in one portion and the
suspension was stirred at ambient temperature for 1 hour. The solvent was removed with -
the aid of toluene under reduced pressure (45 °C/80-20 mbar). The residue was briefly

20 digested in 5 ml THF at 50 °C then at ambient temperature for 30 min. The product was
filtered, washed with THF and dried for 1 hour at 45 °C/20mbar: 0.33 g (94%) pink
crystals (HPLC 88 area%, GLC 98 area% as trimethylsilylester).



THF and dried for 1 hour at 45 C/ 20 nbar: 0.43 g (92%

pal e yell ow crystals (HPLC 82 area% . iv) Preparation
wmtoozesmathyl -i sonicotin ic acid. HO The react i BIT/EP2005/011491

procedure was performed as accorgling to iii) on a 2

mol scale. After purging wwth argon, 1.1 m 37%

aquegl d [ [ t

s R D T (AT G B L P 1,83 aa

houtH) The solvent was removed with the aid of tol uene

under reduced pressure (45 C/ 80-20 nbar). The residue

was bri Bfample gested in 5 mM THF at 50 OC then at

anbi ent tenperature for 30 nmin. The product was

filter eprepavasdiest ovdtliyh 2 -hidthyhdnidoti@e f or 1 hour at 45

C/ 20mbar: 0.33 g (94% pink crystals (HPLC 88 area%

GLC 98 area% as trinethyksilyl ester).1H NVR (400 MHz,

D6 DMSO : d = 2.77 (s, 3|—|),N 8.03 (dd, IH), 8017 (s,

IH), 8.83 (dd, IH Exanplgl3 PreparatoQn

2-nmethyl -isonico tinate

perfornmed as according t

scale but with the addjti

and 30% aqueous H2Q2 ( |1 eq.

ozonol ysis step. The cr N

MeOH, the suspension cooled to ca. 5 C and 1.62 ni

t hi onyl . chl ori de O(eCSQ?CI 223% éﬁ% ) wer.e ag;%ed .

caut SullSreTRE PRERETT B IR LSS B dgoapiegd g 2 10 mmol

f or sdaldiowwith tire aqlgitifsm jof V% aqueous HCI (2 eq.) and 30% aqueous H,O, (1 eq.)
after the initial ozonolysis step. The crude product was taken in 10 ml MeOH, the

suspension cooled to ca. 5 °C and 1.62 ml thionyl chloride (SOCI;) (22 mmol) were

10 added cautiously. The reaction mixture was heated at 65 °C for 1 hour during which a
yellow suspension transformed into an orange solution. The solvent was removed under
reduced pressure (45 °C/200-20 mbar) and the residue was distributed between 20 ml
ethyl acetate (EtOAc) and 20 ml saturated aqueous NaHCO;. The aqueous phase was
separated and extracted with EtOAc (2x 20 ml). The combined organic phases were

15 washed with 20 ml saturated aqueous NaHCOs, dried over Na,SO, filtered and
concentrated under reduced pressure (45 °C/150-20 mbar) providing an orange-red oil
(1.19 g, 79%, GLC 100 area%).

"H-NMR: (400 MHz, CDCl;): & = 2.63 (s, 3H), 3.95 (s, 3H), 7.63 (dd, 1H), 7.71 (s, 1H),
8.65 (dd, 1H)

20 MS:151.0 (MY)



yel | ow suspensi on transforned into an orange sol ution.
The sol vent was renoved under reduced pressure (45
Wa2@60482® nbar) and the resi due was di stri but eRChEPMWET1491
20 mM ethyl acetate (EtOAc) and g0 nml saturated
aqueous NaHCO 3. The aqueous phase was separated and
extracted with Et OAc (2x 20 nlgaimdhe conbi ned organic
phases were washed with 20 ml saturated aqueous NaHC g
3, dried over Na2SO4, filtered and concentrated under
fedlf.CedA@F&%é%r@hééi?nﬂ&é@o?&nfﬂ%ﬁas Y I%rﬁﬁ
orange-red oil 19 g, 79% G.C 100 area% . 1H NWR
(400 MHz, CDCIS)o d eH2.63 (s, 3H), 3.8 (SOR3H), 7.63
(dd, IFD, 7.71 (s)YIH), 8.65 (dd, IH) :
(Mr)Clainms 1. Apraokcess for the nanufacture of
conpounds of for la or I'd and phar rpeCeY |callym
accept abl e addit oqgl salts thereof,
| ower Al kyl; conpry<Sed<the step of a) I
compound of fornula II mnth a I|th|at|ng agent to a

lithiated co | a ) acting of the
conpBtpRprEac ng?aﬁﬁ F%‘Eel?ti’ ditp t‘“t ‘gerﬁ?fg duce the
compound of

5 wherein

R is lower Alkyl;
comprises the step of

a) lithiating compound of formula II
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10  with a lithiating agent to a lithiated compound of formula III

Li

X
~
N

b)  reacting of the compound of formula III with DMF to produce the compound of

formula IV



formula I1'Vc) oxidizing the conmpound of formula IV with

8 and H2Q2 to produce conpound of forrmula la; d) if
walzwbned72 est eri fyi ng conpound of fornula |a WAdhERR005/011491

al cohol of formula ROH to produgg_conpound of formnula

I b; wherein Ris as defined above. 2. Process of claim

lcharacterized in that Ris methyl. 3. Process of

clai m 1characterized in that Nithiating agent is

['ithiumdiethylamde. 4. Pr9<: ss of claim

lcharacterized in that steg7a) is perforned in an

organi c solvent at a tenperlature of -70 0OCto 0 OC 5.

Process of claim3 chara ized in tth&t the organic

solvent is THF, and the tenpefature is -70 OC to -50

0C. 6. Process of claim terized in that step b)

conprises reacting conmpound of formula Il with DVF at

a tenperature of -70 0OCto 0 OC. 7. Process of claimb5

charchct exiflizind therrompaund ¢fdonmadat withiPeandsH(o pdues compound of

0C. $ornfiogess of claim 1l characterized in that in step

c) the ozonolysis is perfornmed in an organi c sol vent

containing 1-10 % of wate®.at Qd tenperature of 0 OC to

50 0C. 9. Process of claim7 characterized in that the

organi c solvent is acetic agid, the water content is 5

% and the tenperature is to 20 BC. 10. Process

of claim1l characterized iln that in step c) the

oxidation with H2Q2 is N

5 d) if desired, esterifying compound of formula Ia with an alcohol of formula ROH to

produce compound of formula Ib;

0 OR

X
~
N
wherein R is as defined above.
2. Process of claim 1 characterized in that R is methyl.

10 3.  Process of claim 1 characterized in that lithiating agent is lithium diethylamide.

4.  Process of claim 1 characterized in that step a) is performed in an organic solvent at
a temperature of -70 °C to 0 °C.

5.  Process of claim 3 characterized in that the organic solvent is THF, and the
temperature is -70 °C to -50 °C.

15 6.  Process of claim 1 characterized in that step b) comprises reacting compound of
formula II with DMF at a temperature of -70 °C to 0 °C.

7.  Process of claim 5 characterized in that the temperature is -60 °C to -40 °C.



performed in the absence of an additional acid at a

tenperature of 30 OC to 100 OC. 11. Process of claim9
webasaetieri zed in that the tenperature is 40 ORCT/BPRIOS/011491

0C. 12. Process of claim1l charggterized in that in

step c) the oxidation with H2O2 is perforned in the
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The invention as herein before described. |
11.  Process of claim 9 characterized in that the temperature is 40 °C to 60 °C.

12. Process of claim 1 characterized in that in step c) the oxidation with H,O, is

performed in the presence of an additional acid at ambient temperature.

10 13. Process of claim 11 characterized in that the additional acid is hydrochloric acid,

sulfuric acid or formic acid.

14. Process of claim 1 characterized in that the step d) is performed in an alcohol in the
presence of a mineral acid or a substance generating a mineral acid at a temperature
of 60 °C to 150 °C.

15 15. Process of claim 13 characterized in that the alcohol is methanol, the substance
generating a mineral acid is SOCl, and the temperature is 60 °C to 70 °C.

16. The invention as herein before described.



