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BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD
The invention relates to an improved méthod for making nevirapine, and to several
. novel intermediates which are produced during the course of carrying out the improved
10 method.

2. BACKGROUND INFORMATION
Nevirapine is a non-nucleoside inhibitor of HIV reverse transcnptase which is
useful in the treatment of HIV infection in humans. The chemical name for nevirapine is

- 15 11-cyclopropyl-5,11-dihydro-4-methyl-6H-dipyrido[3,2-b:2',3" ][ 1,4]diazepin-6-one. Its

structural formula is;
CH, H\ 0
N .
7 \ ] AN
20 The earliest known synthesis of nevirapine, by Hargrave et al., is described in US

Patent 5,366,972, The synthetlc method employed is depicted in the followmg reactmn '
. Scheme 1.




CHHO CH3 H/ I s NN\ NNaHOHNNNNNGC CI A Schene | In the nmethod of
Hargrave et al., 2-chloronicotinoyl chloride is fornmed 28Deesschdr?§o6 '
2-chl oronicotinic acid with thionyl chloride. Next, as shown in Schene 1,

t he rea 5 2-chloronicotinoyl chloride wt

2-chl orgblzﬁdr%gt@%ﬁ 3- pyridi nam ne produces 2-chl or ri"ﬁ'_I‘IUSZOOSIUI'J’s?G

(2-chl oro-4-nmet hyl - 3-pyridinyl)-3-pyridi necarboxam de. This is reacted with
cycl opropyl ai nine to give

N-(2-chl oro-4-met hyl - 3-pyridinyl)-2-(cycl opropyl am no) - 3-

pyri di-necar boxam de, The final st is the cyclization to produce

nevi rapi ne, which curs on tre nt of the fj ate with

sodi um hydride. 10 i nenment
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commer ci al nanufacture\of :
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Scheme 1

In the method of Hargrave et al., 2-chloronicotinoy! chloride is formed by reacting -
* 2-chloronicotinic acid with thionyl chloride. Next, as shown in Scheme 1, the reaction of
5 .- 2-chloronicotinoyl chloride with 2-chloro-4-methyl-3-pyridinamine produces 2-chloro-N-
/(2-chloro-4-methy}-3-pyridinyl)-3-pyridinecarboxamide. This is reacted with
cyclopropylamine to give N-(2-chloro-4-methyl-3-pyridinyl)-2-(cyclopropylamino)-3-
 pyridinecarboxantide. - The final step is the cyclization to produce nevirapine, which occurs
- on treatment of the ﬂnal intermediate with sodium hydride,
10
A refinement of the above process, described by Schneider et al. in U.S. Patent
5,569,760, is presently used for the commercial manufacture of nevirapine, In this
improvement of the synthesis, the reaction of 2-chloro-N-(2-chloro-4-methyl-3-pyridinyl)-
3-pyridinecarboxamide with cyclopropylamine is carried out in the presence of a

15 neuiralizing agent, which is an oxide qr‘ hydroxide of an an element of the second main or

-




cycl opropyl am ne with 2-chl oro-N-(2-chloro-4-nethyl-3-pyridinyl)-3-
Pyri di necarboxam de is carried out at el evated tenperat d8&etbpbecit6130 to
150C) and because cyclopropyl amine is so highly volatile, this reaction
nmust bewoanssoendsput in a high 10 pressure reaction v Second,
2- chl or oN- ( 2- chl or 0- 4- net hyl - 3-pyridinyl )-3- pyri dlqézlzﬁzﬁo&?é"ﬁ?%e becones
thermal |y unstabl e above about 145C, and allowing the tenperature of the
~reaction mxture to go above this tenperature poses the risk of an

expl osion: Therefore, it is prudent to carefully control the tenperature of

the reactiog t hat.. bel ow 145C until substantially all
of this naterc?dg} h u?'t()%glﬁ df%"ﬁ?&ﬁ%‘ﬂ redfa upeas dhengpiralining ageal ani ng such

tight cont r@’ﬂd@ffhl’dwﬂd@f]amalwinéMﬁndah&ofﬁiﬁ@%ih%}cﬁhﬁ&i&@ xh€ difficult at
best, and i & aﬂﬁﬂx%e?&?% the nore difficult by the fact t?] the reaction
is itself exother ird, it is necessary to renove the neutralizing
agent by filtration. Finally, due to the producti on of side products, the
overal | yield o 25% 20 There is thus a need
for a betterm%mggll s” ﬁ‘lé’\%‘.dFda‘i% glyt ﬁﬁgw dyovzHE defRVENTI ON The
present i nv mwmmexwﬁls@maddﬁwb@mw@tmd aifse MSRERGSH oF flor )
nevi r api ne ng and nore econom cal than any
met hod yet ccor |ng(1r Y, @Cﬁrﬂ‘mﬁgﬂé&WY%e present invention
(pr;nvu dest al’iﬂia mdemmomVelmmm?;pmlqng&tﬁﬁ@m?&}g Ig@’bbﬁiﬁ' I’lgSSt gps

a) reacti Bgafke i arhonitrile o e formil
Decenher 2006 %ﬁﬁ@é&ﬁgﬁx 'sgo ?ﬁ% ‘?%’é WP%@“*B?W%ubﬂahigbdl ne atom
' gr (ef er i’;ﬁ?l ypmm@mdﬂ (ﬂwand, 2-chiizd- N—(sz)@mﬁéﬁ(}l@ﬂﬂ y9. Vi elhd

cycl.opr trile; rolyzing the

2- (cycl opropyl am no% @ pyT I g“ﬁé%@ﬁ l??blc’@" @Mé%lfaa@dalwmg the
(cycl opr op e the peacliol miztueas @)abwdtﬁls&ﬁipésauﬁé?ﬂosésftﬁéxﬁkbﬁﬂ: the

2-(cyel opr%x,gﬁm 'ﬁ%}efégﬁ{nkgﬂu@emt%ar bi%ﬁ}ltlxln&olatﬁet romthe reaction

emperature of the reaction
mixtare so that it remains below 145°C untll substaniially all of this material has been

15  consumed by the reaction. Mamtauung such tight control of the temperature of the
reaction mixture is difficult at best, and it is made all the more difficult by the fact that the -
- teaction is itself exothermic. Third, it is necessary to remove the neutralizing agent by

filtration, Fmally, due to the production of side products the overall yield of the synthesis
is only about 25%,

20

There is thus a need for 2 better synthesis for névimpine.

BRIEF SUMMARY OF THE INVENTION ,
. The present invention satisfies this need by providing a synthesis for neﬁmpine
25 that is-safer, higher yielding and more economical than any method yet known.

Accordingly, a first aspect of the present invention provides a process for making

‘nevirapine, comprising the following steps: (a) reacting a 2-halo-3-pyridinecarbonitrile of the

formula
=N
= l C g
|
N X




medium (d) treating the 2-(cycl opropyl am no)-3-Pyridi ne carboxylic acid
with a chlorinating agent, to yield 28 December 2006

2- (cycl opropyl am no) - 3- pyri di necar bonyl chloride; 15 (e) reacting the

2- (cycl opropyl am no) - 3-pyri di ne carbonyl chloride with a 2-hal o-4- nethyl-3
pyridi nam ne of the formula CH3 H2N/ X N 20 wherein X is a fluorine,
chlorine, bromne or iodine atom preferably chlorine or bromne, to

produce an NgZdaal R4 Bk - Dy i di nyl.) ,.24cycl opr |_am no) - 3-

pyri di necar boxam géﬁo@t ékﬁlgl}[%@émﬁé“%eﬁgmﬁwﬂﬁ@"ﬁﬂrbm% n Xis a
fluorine, chvigrayglenropilasmine & yield 2-(upteingropyauine¥-gfidmadathonitdlb;or i ne or bromi ne;
and (f) cyclaw Ii%‘g - fhyd - 3. pyridi nyl ) -2-(cycl opropyl am no) - 3-
pyri di necar b(ggg%ﬂ’ e ﬁ%@’?’ﬁ%ﬁ?‘%&v“% BY%@ES%@‘“@%L%?WP %yi el d nevi rapi ne.
"3a_ = 28 Ddewimpwpylonde)-3-pridinecubaaticasidyi t h a second aspect of the present
i nvention, t(BGstihS HRhRL A . ﬁé}g@h am.no):3-pyridi ne carboxylic
acid. In acégb?dar?lé% wgﬁ}cg&?ﬁﬁﬂfi@s@ C g?ﬂ’?@ﬁ%@éﬂg&fzﬁﬁ?‘é‘?ﬂq on, there is
provi ded 2 “Qeéﬂ'/‘ﬁ opropyl am no) - 3- pyri di necar bonyl chloride..In accordance
‘with a four e ik % laventbon.. there. i s provided a process
for maki ng gd-l)(_c%ci o;fr%%ﬁ‘%%"ﬁo? ?%W‘?‘%‘.“’ﬁ?@’é’?‘ﬁ&?@ﬂ%a @E‘H}aﬁ%?% process
conpri ses t MY P(&wlongpdrmine-3-gyailinemeonylichlodde - hal o- 3- pyri di necar bonitril e
of the Tar me)aethly the 2-(oyclopropylamino)-3-pyridine carbonyl chloride with a 2-halo-4-
methyl-3-pyridinamine of the formula

-, p—

20  wherein Xisa fluorine, chlorine, bromine or jodine atom, preferably chlorine or bromine,
“{o produce an N-~(2-halo-4-methyl-3-pyridinyl)-2{cyclopropylamino)-3-

pyridirecarboxamide of the formula
CH =
3 ﬂ I
: | N . N
/ O
N HN

‘wherein X is a fluorine, chlorine, bromine or iodine atom, preferably chlorine or bromine;
and ’ | |

- {f) cyclizing the N-(2-ha10-4-methy1-3-pyﬁdinyl)-z-(cyclopropylamino)-:i-
pyridinecarboxamide by tréatment with a strong bass, to yield nevirapine, -

-3a-




N X wherein Xis a fluorine, chlorine, bromne or iodine atom preferably
~chlorine or brom:ne, wth cycloproPylamnne, to yield 28December2006 . .

" 2-(cycl opropyl am no) - 3pyridiriecdarbonitrile; and (b) hydrolyzing'the: -

2- (cycl opropyl am no) - 3-pyri di necarbonitrite to yield 2-

(cycl oProPyl am no) -3 pyridine carboxylic acid. In accordance with a fifth
aspect of the present invention, there is provided a process for’ preparing

an N-(2- hal o- 4" fstHdancgwitlya $€d®n’d}ab])ecﬂof(th‘¢jﬁé£ﬂﬁ%w ol vi
pyri di necﬂbeBiS@B}I%an 3- %ﬁﬁln{e carboxy% gHﬁ I&{Qh )I%éﬁg Lk Wherein X is

afluorlne ch orine, eatom preferably chl orine or
br omi ne, cl 2ecoRisnceith 4 thied aaphdt ofdhe GreSdneSentioA)thdr §3fd

2- (cyclop@(}yﬂysbla 15;&)133 lic acid W|thach orlnatlng agent,
to yield 2- (cygsl} oprc()))py a{rcrllh%%a?bo§y hfﬂ’)é%/necar bonyl chloride; and (b)

reacting the inewaawrvo@w fawthmi.eceefpwpreheﬁﬁn@ﬂﬁ&l{)m&e i€ Qi%cpae with a
er 2006 CH3

2- hal 0- 4-pré®RisTyd maki t he .f or - ce

H2N X N vvhersel . I?%Qra f[@{;)gl)% )3Fﬁy8fiﬁnﬁéar}g?i‘ty8?ﬁ% whichipoesse atom

pref er ablJ™R ’Pﬁeﬁﬂ’ie ﬁélobngb?enm(ﬁ@f;actmgm PhocageniheMNbRiriabAndriEnhY! - 3

pyri di nyl }2- (cycl opr opyl am no) - 3- pyr| di necar boxam de. I n accordance with a

si xth aspect of the present |nvent| H:Eh‘e I's provided a process for
preparing an N-(2-hal o-4-nethyl - fdinyl ) -2-(cycl opropyl am no) - 3-
pyr i di necar boxam de whi ch conpri s S rkacting

2- (cycl opropyl am no) - 3- pyri di ne N X

Y S—

wherein X is a fluorine, chlotine, bromine or iodine atom, preferably chlorine or bromine,
with cyclopropylamine, to yield 2-{cyclopropylamine)-3-pyridinecarbonitrile; and

- (b) hydrolyzing the 2~(cyclopropylamino)-3-pyridinecarbonitrile to yield 2-
(cyclopropylamino)-3-pyridine carboxylic acid.

In accordance with a fifth aspect of the present invention, there is provided a process
for preparing an N~(2-halo- -4-methyl-3-pyridinyl)- -2-(cyclopropylamino)-3
~ pyridinecarboxamide of the formula

- 'wherein X is a fluorine, chlorine, bromine or iodine atom, preferably chlorine or bromine,
which comprises the following steps:

- (a) treating 2-{cyclopropylamine)-3-pyridine ca:boxyho acid with a chlormatmg agent, to

yield 2-(0yclopropylammo)—3-pyndmecarbonyl chloride; and

*{(b) reacting the 2~(cyclopropylamino)-3-pyridine carbonyl chloride with a 2-halo-4-
methyl-3-pyridinamine of the formula

o —3b_ '




carbonyl chloride with a 2-hal o-4-nethyl -3-pyridi nam ne of the fornula CH3
H2N X N wherein Xis a fluorine, chlorine, bromne or i &8 Deceatbenp006
preferably chlorine or brom ne. DETAILED DESCRI PTI ON OF THE | NVENTI ON The
I nproved synt hesi s of nevi rapi ne provided by the present invention is
depicted below in reaction Scheme 2. -3c i3 28 Decenber 2006 WO '
2004/ 002988 PCT/u§%903/017376 NC I C+ HZN a solvent/heat NNH N X X =

O\ CGC I NNHZ d chlorinating agent CEO (5) N NH2
) X N X = hal ogen O

wherein X is a fluotine, chlorine, bromine or iodine atom, preferably chlorine or bromine,
~" to produce the N—(2-halo~4~mcthyl-3-pyxidinyl)—Z-{cyclopropylamino)—B-
pyridinecarboxamide. '

In accordance with a sixth aspect of the present invention, there is provided a process
for preparing an N—(2-ha10-4-methy1—3-pyridinyl)-Z—(cyciopropylamino)—3-
- . pyridinecarboxamide which comprises reacting 2-(cyclopropylamino)-3-pyridine
carbonylchloride with a 2-halo-4-methyl-3-pyridinamine of the formula

CH,

HN.
|

X7 N

wherein X is a fluorine, chilorine, bromine or jodine atom, preferably chlorine or bromine.

' DETAILED DESCRIPTION OF THE INVENTION

The imprqved synthesis of nevirapine provided by the present invention is depicted
 below in reaction Scheme 2. '

-3c-




H3 H/ I 1-13C NN )f -Y\ Nstrong base N OHN NN NX A (7) V Schene 2
nevirapine In the first reaction step, a 2-hal o-3-pyri deéE=aedhbeai 2006l e (1)
of the formula CN X s wherein Xis a fluorine, chl ori ne, brom ne or

i odi ne errably chlorine or bromne, is r

cycl opr opy é‘(ﬁafnggg (2), to yield 2-(cycl opropyl am no) @?’Egﬁ%car bonitrile
-4 28 Decenber 2006 WO 2004/002988 PCTI U82003/017376 (3) This reaction is
carried out in an inert, organic solvent, with or without water, at

el evated tenperature. Appropriate organic solvents are C, to C6 straight or
branched chain al cohols, tetrahydrofuran, dinethylformm de, diglyne,

tol.uene, and the likg. The preferred solvents are eth | and 1-propanol,
with or witho ér. Optionally, abase, 5 eithegfF otgddnic or inorganic,
such as tri e’h/y m ne, . di Iﬁ&{)‘%l etsﬁwlﬁheﬂte,_ po um phosphate, sodi um
car bonat e, ium car bo d the like, can™¥g d as an acid

scavenger. TheNreaKtl on can be carried out at a terrper ure between anbi ent
t enperature etg reflux tepperature, but it is pr&.f)err&j that the
tenperature be en 77 d 100C. 10 The

2-(cycl opr opyI 39 3- pyridi necarbonitrile is next hydrolyzed to yield 2-
(cycl opr opyl am no) 3-pyridine carboxylic acid (4), whl ahdirsigom nantly

exi sts as the zwgterion when isolated according to }he disclosed
procedures and is,li{therefore, represented as such in Schene 2. |solation

of the nitrim%{mto hydrol ysis is optional. ﬂ
h . . . ' C. -
R NG + | chlorinating agent = ~0

NH, CI |

N *
H,N AN
G
X N X = halogen

Yo G H

CH, y = | N

Z N

= N X strong base \ /

' P T —
l Z HN NN N
N X W . A

Scheme 2 _ nevirapine

In the first reaction step, a 2-halo-3-pyridinecarbonitrile (1) of the formula

7
|
N7 X

wherein X is a fluorine, chlorine, bromine or iodine atom, preferrably chlorine or bromine,

. is reacted with cyclopropylamine (2), to yield 2-(cyclopropylamino)-3-pyridinecarbonitrile

4




The hydrolysis of the nitrile to the carboxylic acid can be carried out in
a conventional 15 manner, using a strongly acidic or ba23 DesmhhgriZdné The
hydrolysis is preferrably carried out wusing an aqueous m xture of hydrogen
peroxid rong base, such as sodiumor pot i hydr.oxi de, or an
aqueousaﬁgﬁgﬂﬁgﬁif a strong base, such as sodiun1o?§%g#§@§¥&ﬁ8 hydr oxi de,
and an al cohol of 1 to 6 carbon atons. Myst preferrably, the hydrolysis is
carried out using aqueous 1-propanol and potassi um hydroxi de. Heating to
reflux will 20 accelerate the rate of hydrolysis. The
2- (cycl opropyl ami no) - 3-pyridine carboxylic acid is next isolated fromthe
“reaction metR)uRhis FEaGtion issariehous i aainertyorgepiseriybitshithobr bjthantifvetst, ang t he pH to
t he isoel eclgd | ' y : ' uces the
blbyaod thcfthure. WKHEdbrik o RACIR D Phre RO W sﬁlﬂg or ngﬁcfﬁgi;orh%ﬂ

zwi tterion, which preci es ou > an theR se arate | tration
and dried. Plrohals, iaphedraten) dweibylforammnide, giglymetplaenssand thedike.cBeduct t he
hydrol ysi s, sth&eflhRhiebrel h LSt b Sk td qguently, the
2-(cyc|oproByIaniﬁ%§-3-6;%?%*%@Iégsboxﬁﬂﬁ§¥§@?ﬂﬂ?ékﬁéggggggmnt > a

chl ori nafi ngithgtrrgauic ar énoyganicpuchaf rigtylapiropisemenylsjhy Bmings nodhsties ar bony|
chiort de ( Shnosifdre/ AR, filsQivh Bthindfl ABEDI:, o oIR8 a£AER! €. 1 i 0Nyl
chl oride, phosphorus oxychloride, phosphorus trrchloride, phosphorus

pent achl or i gévengioheimestiomenn bR egrjad out a6 a REpEIeLe HsbeeR@Uident iWDPa@O/ 002988
PCT/ US2003/ QuFSHIR téitiefbile] ut i frofelilids BRlnfitrdnc RALRLATPA ahdliegrBnner known
to those skilled in'the art of" organic syntﬁe5|s. I'n general it is
preferred to_reflux the carboxylic acid (4) with the chlorinating agent,
whi ch wijhl ei t hethe BfeydRBRpTIRRho) ApyiBinS@ipbiitrllis W RydRol 'iogbél aprotic

sol vent such as, ?o??gxgﬁgﬁe, ?oﬂﬁgneh acetantR?F%, ?%%y hyﬁ%ofuran, or
the I ike. [ foysleprepyjpminaydmyridiperaheriio peid (4hevhioh rsrdominentlyrexisty 23 G | uxi ng wi th
neat ¢ hi ony byifbHon inPisol e ackorifi ® th dischiilaGhoct fslafd Bl mbiroonveni entl y

“renoved by evaporation. As nost ch[orlnat[np agents ~ produce hydrochloric
aci d, the prpwssted psyuckyin Seheme 2r Bgletiong themétpileipronde pydseliss i pptisathene 2 as the
hydr ochl ori @fehg&%ytya@ga% hifHEto ARTABWyBELIAPIan Be BiiddulE G 35RBMhatChI OT I de (5)

I S next reacte th . i . L
' 15 manner, using a strongly acidic or basic solution. The hydrolysis is preferrably carried out

using an aqueous mixture of hydrogen peroxide and a strong base, such as sodium or
-potassium hydroxide, or an aqueous mixture of 2 strong base, such as sodium or potassium
hydroxide, and an alcohol of 1 to 6 carbon atoms. Most preferrably, the hydrolysis is
- carried out using aqueous 1-propanol and potassium hydroxide, Heating to reflux will
20  accelerate the rate of hydrolysis.

The 2-(cyclopropylamino)-3-pyridine carboxylic acid is next isolated from the
- reaction medium. This is conveniently accomplished by adjusﬁng the pH to the isoelectric
- point, which is reached at about pH 6. This produces the zwitterion, which precipitates out
25 - and is then separated by filtration and dried. If an aqueous alcohol and a base are used to
 conduct the hydrolysis, the alcohol is first removed by distillation.

Subsequently, the 2-(cyclopropylamino)-3-pyridine carboxytlic acid is treated with
- -achlorinating agent, to yield 2-(cyclopropylamino)-3-pyridinecarbonyl chloride ().
- 130 - Appropriate chlorinating agents are, for example, thiony] chloride, phosphorus -
| oxychloride, phosphorus trichloride, phosphorus pentachioride, 'phosgene and oxalyl

:5-



hal o- 4- met hyl - 3-pyridinam ne (6) of the formula CH3 HZN X N 15 wherein X
is a fluorine, chlorine, bromne or iodine atom prefer2sbésenttdreoome or
brom ne. The nost preferred reactant is 2-chl oro-4-nethyl-3-pyridi nam ne.
This pr N (2-

hal o- 4-%#ﬁ@ﬁ’9§98pyri di nyl)-2-(cycl opropyl am no) - 3- 5§F4U§%°H¥@§‘Pﬂoxam de(7),
wherein X is a fluorine, chlorine; bromne or iodine atom preferrably
chlorine or bromine.. It is essential to first renove any remaining
chlorinating agent, as this would react with the 20 pyridineamne. If a

highly volatile chlorinating agent, such as thionyl chloride, is used

neat, then ¢hloridayThsehlogpationd perjoraedip o manes knawy t taseakilettin theiad of h| or i de (5)
as a sol i d. obnid dYfthestsh iDEch il iOfedeiied 0 Ailuk hed Eakd It is
preferable ?r(b) enpl o‘;/s a sépl vent-1 ﬁgtecﬂg %g_h"3 g‘g‘?{y}{_ng, (g%) t a%. chlorinating
agent may beélerispngegens ywhich splbeithen hemsednead of i golitina vthiaguitablglapreticie di ssol ved
in the sol veient shéh A% KHRAS, tohhelE adbdnbriB bl @lBrufan) or ki ik PR I Ntai ned 25
under anhydroug Sconditi oﬁgﬁ "[phe_ ach d chlor i dg (5) %orﬁd .th%e pyri di neani ne (6)
are react edprefgyeddp saBymtheshorination b rilurbigevithmpy dhienybohioside enx exgee Af as, for
exanpl e aceyQied dah 14i& be cdnPiricRily BB¥d b Bvaptiaiiny M8 modi ARLLE Y@M de, _
di oxane, net h&/l ene chloride, or toluene. Optionally a base, either organic
or i nor gani Broduseysroghloric goid, iy pradychS) of this pgetn steprisderisterbia Schame 2694/ 002988
PCTI US2003/ @d {iffentdiisies opr opyl et hyl ami ne, potassi um phosphate, potassium
hydr ogen phosphate, sodium carbonate, sodi um hydroxi de, potassium
hydroxide or the |ike, may be added to the reaction mxture as an acid
scavenggs . . ThE” mBRL.{dyIBprbiidthi Y-p?ﬁdjﬁé%% $&tbrRY (HSfhdxgadid v a ot he boi | i ng
poi nt of the sol vensd.y g{x. [ n‘alll{g, he carﬁg’xam' de (%5% s cycl ilzgd to yield
nevi r api ne. baafEmetdhyk3-praidingming &) of thefigraa by treating the carboxani de (7)
Wth a strong base, such as sodi um hydride (NaH) :

CH,
HN.

o |
XN

15 wherein X is a fluorine, chlorine, bromine or iodine atom, preferrably chlorine or bromine.
The most preferred reactant is 2-chloro-4-methyl-3-pyridinamine. This produces an N-(2-
-halo-4-methyl-3-pyridinyl)-2-(cyclopropylamino)-3-pyridinecarboxamide(7), wherein X is
- a fluorine, chlorine, bromine or iodine atom, preferraibly chlorine or bromine.. Itis |
- essential to first remove any remaining chlorinating agent, as this would react with the
.20 . pyridineamine, If a highly volatile chlorinating agent, such as thionyl chloride, is used
- neat, then it may be removed by evaporation to leave the acid chloride (5) as a solid. If the
 chlorination is done fn a solvent, then it is preferable to employ a solvent that is high
- boiling, so that chlorinating agent may be removed by evaporation, leaving the acid
chloride dissolved in the solvent. In any event, the acid chloride (5) is to be maintained
25 - under anhydrous conditions, The acid chloride (5) and the pyridineamine (6) are reacted
by dissolution in a suitable anhydrous solvent such as, for example acetonitrile,
tetrahydrofuran, diglyme, dimethylformamide, dioxane, methylene chloride, or toluene.
‘Optionally a base, either organic or inorganic, such as triethylamine,
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or sodi um hexanet hyl di sil azane (NaHVDS) in an inert anhydrous organic

sol vent, such as diglyne, toluene, or tetrahydrofuran,28Dedantrer 2808C t 0
130C. 10 The synthesis of the internedi ate

2- (cycl no) - 3-pyri di necarbonitrile by ne f the reaction of
2-chl or@BSz&%yrblﬁgg necarbonitrile with cycl opropyl am%ﬁ?”g%"”?é%m fromG E
Hardt mann et al, J. Med. Chem 1974,17, 636. 15 The internedi ates,

2- (cycl opr opyl am no) - 3- pyri di ne car boxyl ic acid (4)and 2-

(cycl opropyl am no) - 3- pyri di necar bonyl chloride (5) are believed to be novel
and, thus, are <considered to be aspects of the inventijon. It is preferred
to use 2- chﬁ@%ﬁmmlgyxlmnqae@t@ﬁﬁ%mhwﬂ?%p%ssw@qogng Phefplats, s9di ) since 20
syntheses f QfmidieSsodiR Sl ARG, Alifsilt AMoAR br kife ks, o9 BFRIted Rlkey avai | abl e.
Qt.her 2-hal o-3- pyridi necar bohitriles can be readi synt hesi zed in an
anal ogous o TiXtyE pHPASK praPASefe Th@wechmatecmwdwmeéwﬁamaﬂg,umg al so
commerci al | meq,gﬁhé%mt%ﬁhe@ehg is preferred to use

2- chl or o- 4- et hyl pyri di nam ne as reactant (6) since syntheses for this
substancé are known from U.S. Patents 6,399, 781; 5, 686,618; 5, 668, 287;
5,654,429 and 5,y %mbsa}dﬁﬂde(inb@;lcﬁzeawﬁ&lbnéw@rlﬁwmabﬁm&eﬁ can be

readily synthesized in an anal ogous. manner he foll ow ng exanpl es

further il insugedbpireaing e %%xﬁﬁl%ﬁ) With ﬁétmnshwﬁéch@é posigm hydridg (NgHy v e
process prow&aﬂm%m RIBSAMNIIVMERY @R inediitlyBrofas Bankls6Per®fsudhte reaction
-7 28 Decenber 200 V\D 2004/ 002988 PCT/ US2003/ 017376 sequence can be
carried out dﬁg@:@@ﬁnﬁ@&“&?ﬂd@%éﬁﬁ}%ﬁﬂ&m& "the preceding step, some of
t he reaﬁtl on steps may be carried out sequentially, |n one reaction
vessel, without isolation of the intermedi ate for rrepl t he pbsgcedi ng

step, thus redudisgymisss of thednismmedisied- WCEQPI‘IP@%@PHPW HoBEHERY and I abor.

-The foll ow Hﬁm@éﬂﬂi@i’eﬁ&oﬂoﬁz-bﬂldrblgIp?ﬁ&ﬁecﬁrﬁ@nﬁ&%&%%lopwﬁ[aﬁﬁﬂé i$ Bowh

|nterned|ateforrred at the conpletion_ of step is isolated. Exanples 7

and 8 i1 usfPmG E- Hyfhoenst 2lof. MedcChealfFol. Seps may be carried out

sequentially, in one reaction vessel,

15 The intermediates, 2-(cyclopropylamino)-3-pyridine carboxylic acid (4)and 2-
(cyclopropylamino)-3-pyridinecarbonyl chioride (5) are believed to be novel a.nc_l, thus, are

considered to be aspects of the invention.

‘It is preferred to use 2-chloro-3-pyridinecarbonitrile as starting material (1) since
20  syntheses for this substance are known and it is commercially available. Other 2-halo-3- |
‘pyridinecarbonitriles can be readily synthesized in an analogous manner.

Cyclopropylamine, the starting material (2), is also commercially available.

25 It is preferred to use 2-chloro-4-methyl-3-pyridinamine as reactant (6) since
syntheses for this substance are known from U.S. Patents 6,399,781; 5,686,618; 5,668,287,
5,654,429 and 5,200,522, Other 2-halo-4-methyl-3-pyridinamines can be readily

synthesized in an analogous manner.

| 30 The following examples further illustrate the preparation of nevirapine usiﬁg' the
improved process provided by the present invention. While each step of the reaction

.



w t hout isolation of the internediate formed by the preceding step. Exanple
1. Preparation of 2-(cyclopropyl an no)-3-pyridi necar borfigtbédembkd2é08 eact i on
flask equi pped with a nmechanical stirrer, tenperature controller, condenser
and ad nel was charged with 2-chloro-3-p onitrile
(69. 25 Wotoi(}@%%b , 300 m of ethanol and 200 m O%C&&{Sé@g’@\ﬁtﬂh agi tation,
cycl opropyl am ne (1149, 2.0nol) was added dropw se over 30 mnutes at a
tenperature <30 C. When the addition was conpleted, the stirred reaction
m xture was heated to reflux tenperature for 20 hours. The 15 reaction
m xture was cooled to 60 C and then 350 nml of excess cycl opropyl am ne and
et hanol wer &qpaeDeRB e eapriadapihyrfirgt isolating the prodvcindithegraseding stepsome af ¢ vacuum
The remai nidgiod b8 Crtld ANsoHREAQ I 6b LR R brichéa Wee and
~allowed to star?d%ﬁ%im ght. Th ee&%g? % cfhct was grwil eg%gg y filtration
and the fi | theantermpdiate formesby thermmeceding sap, medwinsmts\n@sgms@d witlgvesseheor et i cal
yieldis 79u53)hm%925ﬁﬁm% follby - z

o 8 0 ‘Xrﬁ?g%%ﬁﬂém 6Qflusgate ?]Z V\ﬁ)proach wher m%e

2- (cycl opropyl'am not) 3-pyri |ne ca I C acl terion 45% aqueous
KOH sol ufi oftqmgiiaie formdst the goanpletinm efpach step isisqltsde Firemmnies and 8 t from
Exanpl e 1 apgly 3 ofthe Rhaction cmﬁé@oaﬂeﬁ&éﬂ&ﬁy"ﬁﬁnéﬁ 81.‘??I [ eflex
tenperature 25 for about 5 ‘hou wher eu TLC anal ysi s owed conpl ete
hydr ol ysi s mequh@OI?ﬁWPfihémteﬂH@W%@ﬂqd@Mﬂ?t?lp)"@mﬁﬂlgSWH-S cool ed to ambi ent
tenperature and treated with 94g of water that was needed to renove the
1-propanol by azeotropic distillation. About 3309 of water/1- propanol
azeof r ope wEEVERIGL. Preparation of Zr(cylopropylamninn)-3 pyrigineqagbonitgiieer (130g) was added
to the IE)eaﬁ:[rle::t‘@ﬁbnrﬂa%qflt éﬁﬁ?g Wﬂﬂ:tahﬁecﬁﬂni%}%ﬁﬁe%ﬁérﬁﬁeE&tﬁﬂ&%o&en&?ﬁlﬁent rated

hydrochloric acid 3 ded at such rate that the

tenperat ur ea@wpﬁ-'ﬂb@%?hﬂ%i Wlé%lz'ﬁ'épf@ﬁ-m’gdlﬂepafbmﬂﬂéﬂr(%%Q 5‘8@1)9@)% of the acid

‘was added t BeoZMahdl Gid 200 ol 68 er! YithlaBitdsi famine 81148, 2 2006 WD
2004/ 002988 PCTI US2003/ 017376 maki ng-t B4, o dprdybamine RUI4E ATBROST 2000 1O

acid had bewifeddrapvise vprS0ganytes ahs @mmmééo °C. When e addition was
- completed, the stirred reaction mixture was heated to reflux temperature for 20 hours. The

15 reaction mixfure was cooled to 60 °C and then 350 mi of excess cyclopropylamine and
- ethanol were removed by vacuum distillation using water aspirator vacuum. The§ ‘
* remaining aqueous solution was cooled to ambient temperature and allowed to stand
“overnight. The solid product was collected by filiration and the filter cake rinsed with
- water, The yield was 81.51g (theoretical yield is 79.5g). ’
20
- Example 2. Preparation of 2—(cyclopropylamino)—3-pyridine carboxylic acid
(zwitterion)
- A 45% aqueons KOH solution (187g, 1.5mol) was charged to a mixture of the product
from Example 1 and 300 ml of 1-propanol. The mixture was heated at reflux temperature
25 - for about 5 hours whereupon TLC analysis showed complete hydrolysis of the nifrile. The
. reaction mixture was cooled to ambient temperature and treated with 94g of water that was
needed to remove the 1-propanol by azeotropic distillation. About 330g of water/1-
'propanol azeotrope was distilled off at 62 °C and 21.1 in, Hg, Water (130g) was added to
| the reaction mixture and the mixture chilled to 5-10 °C. Concentrated hydrochloric acid
.30 - (148g, 1.5mol} was added af such a rate that the temperature could be maintained below 30
°C. After about 80-90% of the acid was added the zwitterion began to precipitate out,
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collected by filtration, using 90m of cold water to rinse out the reaction-
vessel onto the filter cake. The product was dried to 268 Bédbnf3r 2805 of the
zwitterion. 5 Exanple 3. Preparation of

2-(cyc| I no) - 3- pyri di necarbonyl chloride ride (25nﬂ
40. 8q, B???ld??)ﬁbz%@ was charged in a thin streamto 91;% %83@%@0

2- (cycl opropyl am no) - 3- pyri di ne carboxylic acid from Exarrpl e 2 i n
acetonitrile. The mxture was heated at reflux tenperature for 30 nm nutes.

The m xture was allowed to cool and the thionyl chloride was distilled off
at 40.C123 in. Hg until the pot contents becane to thick. Toluene (25nl)

“was added ameking]the hixtuge quise thick. Whiewallthe achd had bebs added, thadoliéproduwwt was0 C  was
continued ugy | remai ni ng
Sl Ut on et g Mtas B B m ool o ol S B o o P

Hept ane ( 25fe) cakesTheddslctwas diind to yipld 681128, ofi thewvdttarioni ng and the mixture

filtered under a nitrogen atm)sphere to obtain the title conpound. 15
Exanpl e 4. Preparation of

N- ( 2- chl &r oExpmple 3a \Bregmration; of 21(syclppropylaminobdrpyyidinensrhogylchloride

- 3-pyridi ”eC %gr@ﬁﬂrﬂég_zgél %ﬁh%b's@i}n&ﬁw&s%h& d%a?thﬂn s'ﬁ’é‘&aﬁ%'s' é)égw(rzmﬁbznam ne

(5.70g, 0.04 acetonitri api dl'y dropw se
“to a mxturd Zdem@PﬂmothWMGaerhq@daﬁﬁm@(aglpleg?ﬂ@mmﬂ@@e a'FhPydr ous

pot.assi um phpy ﬁlm\ﬁats%ee(t& o Rlfiux Qm?é}&&l&)forgﬂ thirfhes ”’I‘he%ucﬁfeﬁ%a@ Qllévyéd kool NE

reaction mxture was heated a hours and t reaction pr ogress

- noni tored b@ﬂdeII@nYéMrngWgS dl%‘\ﬂefiwffﬁéor@&%ﬂ %&“ﬂﬂéﬂle@@rﬁsm@%t%bec%ﬂllﬁe reaction
- mi xt Ur e yaspEPotag PE ?.So 1o Rdded &ﬁ%ﬁﬁﬁ%ﬁ'&ﬁhﬁﬁsﬂ cﬁlﬁx%taﬁ&jtolﬂleﬁéht aeni | of

water, giving a so avi agﬁ about” 4. 5- he m xture was
“acidified twasgentiueduntiiphputiopyh Of&elhﬂilléwﬂdlst%@ Lﬁhemmwsgbmw% for 30 nin

25 at anbi. efijowt HERES dé«!nﬂed%psﬁon{o?@&;staﬁﬁaﬂshxrxegtﬁmgﬁmmsfa@&ea% tho renove any

insoluble materia l'trat’e was basif to pH 9-10 with dilute
“sodi um hydrwwﬁmhmng@ndthﬁmﬂy@ filkeraddmndes p nibo2ew afrorsplaerede obtaigthent

t enper at ur egge [Q,ﬁ”?dmﬁture was then acidified to pH 7-8 by addition of
dilute HC , ng a dark oily layer on top of the solution. Water was
added, a% th| s had been observed during past experinents of a simlar

hature to N@ghiyi 43%%&5&@1' deVe@lchigfo-4-HofyRI-pYABNEL-(GEN Rl IbbERSL ST owly on

stirring overni e soli1d produc
3-pyri ecarboxamldq

. A solution of ]2—chloro-4-meﬂ1yi-3~pyridinamine} (5.70g, 0.040mol) in 10 ml of acetonifrile
-was charged rapidly dropwise o a mixture of the acid chloride from Example 3, ground
20 -aphydrous potassium phosphate (8.49g, 0.04mol) and 40 ml of acetonitrile. The reaction |

- mixture was heated at 50°C for 20 hours and the reaction progress monitored by HPLC
- analysis. When the reaction was complets, the reaction mixture was cooled to ambient
' “temperature and treated with 50 ml of water, giving a solution having a pH of about 4.5-5.
'The mixture was acidified to pH 1 by addition of dilute HCI solution and stirred for 30 min
25 - atambient temperature. The reaction mixture was filtered to remove any insoluble
" material and ‘the filtrate was basified to pH 9-10 with dilute sodium hydroxide solution and
“ stirred for 30 minutes at ambient temperature. {The mixture was then acidified to pH 7-8
by addition of dilute HCL, forming a dark oily layer on top of the solution. Water was
added, as ¢his had been observed during past experiments of a similar pature to hasten
30  crystallization. The oily layer crystallized slowly on stirring overnight| The solid ﬁroduct
" was collected and dried in a vacuum oven at 50 °C to obtain 9.37g of the title compound, '
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was collected and dried in a vacuumoven at 50 C to obtain 9.37g of the
title conpound. -9 28 Decenber 2006 WD 2004/002988 PCI¢ DS2&a84:Q0876
Exanpl e 5. Preparation of

11-cycl 11- di hydr o- 4- et hyl - 6K di pyri do[ 3,

b: 2' {3@] le% | azepi n- 6-one (nevirapine) using sg%ﬁ'r{}lﬁ%oosmmm

hexarret hyl di si | azane A reaction flask equi pped with a magnetic stirrer,
tenperature controller thernodouple, 5 addition funnel and condenser with
an oil bubbler for exclusion of anbient air was inerted wth nitrogen and
charged with 3.02g (0.010nol) of N-(2-chloro-4-nethyl-3-pyridinyl)-2-

(cycl opropyl am no) - 3- pyri di necar boxam de from Exanple 4 and 30 m of

anhydrous T, Y i | t . THE

(12 gni1'S obpmle 4 Bepdiby @ S afih S OO B ARRS, TTC

reacti on milbe\¥-e][béldirgepinbone (nanrawle)rusmg SﬂdlumemhxlﬁeﬂaaM| tion of the

NaHVDS solu @Mﬁa | fd to reflux

tenperature kéa@but gg iglgﬁ%tvﬁ gﬂ%ﬁ&%&é&g&ggﬁ%@aﬁb HPLC

anal ysi sy, addisiomfunnel pd cppdenssowiteth mld)uhblmfwclmnpémbmt@rwm@eﬁeéact i on

m xture wa of wat er
Smﬁxﬁﬁgﬁﬁeﬁ %&%ﬁ@%@@%&@ﬂn@?gltﬁg g)N-gi.cxﬁ&Bﬁi%% 18! ggmﬁn vhes

' (0 025nm1) xture a rotar ordtor at 25-30
in. Hg wit Hcﬂlwmbﬂmi-éwmehﬂh@am@ﬁﬁem%mﬂW@Oﬁlﬁ@f%ﬁﬂm‘b‘%@uct

wei ghi ng 4. 2 a?‘%@’ml% 0-12
sol ution méﬂ%é}é@ﬁt} 'g&dﬂﬁﬁh&ﬁ gzng mwﬁs%ﬁo n £I'}:{r-(i‘g&sol I d
pr-oduyct wasdrmaieenm;dnmgthptmuaplanwemﬁthamcmm@mnmeta@m regRBar 3h€ed three tines
“with 10 §i | wniOh Adaﬁﬁngfthé‘ﬁ%}ﬁ&osﬂgﬂl &yaé %mgfeé’éﬁ%@ﬁ&ctﬂﬁhﬁ@mb&a@ vacuum oven

at 50- GdCtootaln nevi rapl ne ‘r{ﬁ Preparation of
I 11- cycl oprispipd togefux-tempespthrelaliout€3-66,C). 6Mhen thyresction Y@ cpmpleted (HPLC

- b:2",3 -€] [%lfﬂgll% tﬂé&ﬁ&tﬂt @as%@ledﬂa%}ﬁbfeﬁ’tﬁén{l}ﬁ) uh'é"ﬂlgr &ﬂiu‘ﬁﬁhtﬂ%%a& de A

500ML4NRL3 L rrer erature contro Ier t her mocoupl e,

“addi tion f uireastsfl with ﬂadS&@rﬂd@n@b@fmﬂhawlm Q58 obweten (B2 3ol XXES BHETR 1 was
- inerted Wt bidARRA of 'ﬂgotﬁ'p @\Faggrgtor at 25-30 in. Hg with a 50-60° water bath

15 ‘temperature. The residual product weighing 4.44g was triturated with 50 ml of water and
‘the pH 10-12 solution was acidified to pH 3 by adding 10% HCl solution. The solid
product was collected by filtration and the filter cake rinsed three times with 10 ml
" portions of water. The filter cake was dried in a vacuum oven at 50-60°C to obtain

* nevirapine.
20
‘Example 6. Preparation of |11-cyclopropyl-5,11-dihydrm4-methyl-6H—dipyrido [3,2-
. bi2',3'e]{1,4]diazepin-6-one (nevirapine) using sodium hydride
‘A 500ml 4NRB flask with stirrer, temperature controller thermocouple, addition funnel
+and condenser with an ol bubbler to exclude air was inerted with nitrogen and charged
25 with 15.00g of 60% sodium hydride in a mineral oil slurry and 120 mi of diglyme. The
“mixfure was heated to 130 °C and treated dropwise with a solution of 41.7g (0.138mol) of
» lN—(Z-chloro-4~methy1-'-3-pyﬂdinyi)eZ-(cyclopropylaniiﬁo)-3-pyridinecarboxamide[, from
Example 4, in 70-ml of diglyme at 80 °C. The reaction mixture was heated at 130 °C until
hydrogen evolution ceased, The mixture was cooled to ambient temperature and water
30 (6.75g) was added dropwise cauntiously. When hydrogen evolution ceased, an additional
- 100 m! of water was added. Acetic acid (20ml) was added to reduce the pH of the mixiure
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25 with 15.00g of 60% sodi um hydride in a mneral oil slurry and 120 m of
diglynme. The mixture was heated to 130 C and treated drzpmésentydrtzboa
solution of 41.7g (0.138nol) of
N-(2-c (I hyl - 3- pyri di nyl)-2-(cycl opr opyl am = 3= |.di necar boxam d
e, fromweé?(oé@g e 4, in 70 M of diglyne at 80 C. %g?%gégﬁl}igiﬁgm xture was
heated at 130 C until hydrogen evol ution ceased. The m xture was cooled to
anbi ent tenperature and water 30 (6.759) was added dropw se cauti ously.
When hydrogen evol ut'ion ceased, an additional 100 m of water was added.
Acetic acid (20m) was added to reduce the pH of the m xture 10 28
Decenber 20f@n 1\ bt DososBiteel 1 WS 3k vapedddaphihe adtipn KB out 7. An
addi ti onal . | Lxt ;gstored under
%ﬂ?d Mae éa\rfﬁg hailtéhs f&gg%ufégqqa%Me élg%ﬁ% itz UiHe BolidS

anbi ent conditions m nut es e product” crystallized. The solid
product wasprodict wastcelitcleg by fillationndbihe flitry cakh singerl with 10¢mikaf wafenlewefi t h 100 nd
of water f | G XMRerdi Qi HORYEMBHY diiGBigal ni ner al
oil from tﬁﬁg%}éﬁg’?gﬁ%g%és@g%%g%ﬁlhy rlélé?g esﬁflu}ry. The wet 1cakle_ was dried in
a vacuund oviedridgshay. Thé wet cal® Wapdnied in pvasmaven 239 "6 &y 18 houseipioklaii ne. Exanpl e
7. A One- Po s of 2-(cyclopropyl am no)-3-pyridine carboxylic acid
10 from 2-c%ﬁ'5§¥g%%?%§?ﬁedi necarbonitrile CN >-NH2, Et3N CN ‘N 'Cl n-PrCH,
HZON NH (1) (3) 1. KOH, n-PrOH 2. HO n X000 NNH 2 (4) A

~Example 7. A One-Pot Synthesis of 2-{cyclopropylamino)-3-pyridine carboxylic acid
10 - from 2-chloro-3¥pyridinecarbonitrile

NH,, EtsN
__ON [>n By CN
=% =
X ~{;
N~ ~Cl n-PrOH, H,0 N™ "NH
(1 A
3)
1. KOH, n-PrOH
2. HCI

ﬁCOO‘

N” NH,
(4) A
A one liter ANRB flask with stirrer, condenser, temperature controller thennocoﬁple and
addition funnel was charged with 2-chloro-3-pyridinecarbonitrile| (27.70g, 0.20mol)
followed by IEOml of 1-propanol and 80 ml of water. Triethylamine (20.2g, 0.20mol) was
15 -added in one portion followed by addition of cyclopropylamine (17.10g, 0.30mol) over a
period of 2 minutes. The reaction mixture was heated at reflux (86-87 °C) and after 2.5
hours, a tlc analysis (silica gel, MTBE mobile phase) showed some product formation.
After stirring at reflux for 16 hours, tle aﬁalysis showed a little starting material remaining,
HPLC analysis showed 22% starting material-75% R-(cyclopropylamino)-3- |
20 'pyridinecarbonitrild.' An additional 0.1mol (10.1g) of triethylamine (total of 30.3g,
: 0.30mol of triethylamine) and 0.03mol of ¢cyclopropylamine (1.70g) were added and the
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A one liter 4NRB flask with stirrer, condenser, tenperature controller
t hernocoupl e and addition funnel was charged with 28 December 2006
2- chl or o- 3- pyridinecarbonitrile (27.70g, 0.20nmol) followed by 120nl of

1-pr Op%lz“&'ﬂ’gz?% of water. Triethylamne (20. Z%Warggo?w,%fé\évas 15 added

in one portion | owed by addition of cyclopropyl 0. 30nol )
over a period of 2 mnutes. The reaction m xture was heated at refl ux
(86-87 C) and after 2.5 hours, a tic analysis (silica gel, MIBE nobile
phase) showed sone product formation. After stirring at reflux for 16
hours,. tic analysis showed a little starting material remaini ng | 3PLC
anal ysi s shoixute @gthued @bt heatpdratrefan o angthen3-hotsy BPIHp pwypis shavied 1278 20

pyri di necar ne (total
07" 50, g, - BBl reflnprhR bRk R o BR ol o 3000 8 75§
(1.709) weraidedhad theanigure heated a efl@gfomotheti8howe Ot thapd 26D 21D®:
PCT/ US2003/ d to be heated at reflux for another 3
hour s. HPLCle%%g?%g%d%%% g %@h} Starting material remaining. An additional
4. g of Eycl opropyl am ne (total O0.40npl) was added and the m xture heated
at reflux o@nal ysi s
showed 2. 90)9 4 s%{ﬁ?iﬂﬁ&%eﬁ%&?éhgp%ﬂ%@ﬁsgg%e?% tﬁégﬁﬁ% %éaﬁ?&’ oo @GOm)I) was
" added and tlh?éenwwmrferalh@atlédmtu@smmvewwlwsvmwasﬁﬁ%ut 15
.mnutes to Eﬁ&’Xt"ref&&k‘ ‘S%ﬁ%hﬁcﬁr%%?ﬁém Feiird th #fdiét e\%ﬁeﬁn&m@mheat ed at
refluxforl% oure under at nmos essure drolyze the nitrile to
the _car boxsatiosylizerid. Wt @Bm()a@mdﬁedmdnmlmmﬂlw{lw@fs@r@mazqﬁﬁ@edl stilled

of f as by 7 C, 28.3%
vt er. 1 BRI bl 51 7 IR AR T RO, e | Feases
to 92 C t hedistillingibeaddernsratummincrsasedio 88 *Githel distillatiorewastsiopped apd the trrdiion| | owed to
cool . The reack ;gfa Eag%%&{le was chilled to about 10 C with an i ce-net hanol
bat h and 50ni kv of 37% HCl sol uti on was added dropw se,

mai ntai ning the reaction mxture at no nore than 25 T. Al of the HC was

added and aff QLR thikiuFbGvad Bt 16 atBhi 1618 Svith AR € methanol bath and 50m]
15 (59.2g) of 37% HCI solution was added drdpwise, maintaining the reaction mixture aino
* “more than 25 °C. All'of the HCI was added and after stirring about 2 minutes longer
“crystallization of the 2-(cyclopropylamino)-3-pyridine carboxylic acid began and the
product set up to a cake. Water (100ml) was added to break up the solid mass and make
the mixture stirrable. After about 30 minutes, the solid was collected by filtration.
20 -~ Additional solid was obtained by concentrating the filtrate. After drying by air aspiration
for about 2 hours, the wet-cake solid weighed 23.02é. HPLC showed 97% 2-
: ‘(cyclopropylamino)-3-pyridine"catboxjrlic acid and twd small unknown impurity peaks of
1.8% and 1.3% concentrations. The solid was dried in 2 vacuum oven at 50 °C for 65

“hours to yield 18,19g.

25
'Example 8. A One-Pot Synthesis of N-(2-chloro-4-methyl-3-pyridinyl)-2-

" (cyclopropylamino)-3-pyridinecarboxamide from 2-chloro-4-methyl-3-pyridinamine
and 2-(cyclopropylamino)-3-pyridine carboxylic acid (zwitterion)
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crystallization of the 2-(cycl opropyl am no)-3-pyridine carboxylic acid
began and the product set up to a cake. Water (100m ) 28Berdfded2bas br eak
up the solid rrass and make the mixture stirrable. After about 30 m nutes,
t he sol | ected by filtration. 20 Addition I obt ai ned by
concent?gtl ng t e filtrate. After drying by air asplr 500%01\‘@& about 2
hours, the wet-cake solid weighed 23.02g. HPLC showed 97% 2-

(cycl opropyl am no) - 3-pyridine carboxylic acid and two snall unknown
impurity peaks of 1.8%and 1.3% concentrations. The solid was dried in a
vacuum oven at 50 C for 65 hours to yield 18.19g. 25 Exanple & A One- Pot
Synthesis of N-(2-chloro-4-nethyl-3-pyridinyl Hap

(cycl opropyl am no) - 3- pyri di necar boxam de He¥

2-chl or o-4- et hylg 3- pyri di nam ne gnd 2-(cy i o ropyl am go) - 3- py,i di ne

carboxylic ac witterion) 12 28| Decenb€ 06 WO 20 R29

PCTI US2003/ 0 6 BH3 SPPiN ) b B3 d @y 0 SOC. cl .( N NH2~ NH
14H C N LI NGGP04 v, (1 ( (7) A 250m 4N pped with a
mechani cal stirrer, condenser i tHeh fuwgrml , and te Fbture controller

t her nocoupl e, wa&>char ged with 2 ycl opropyl am no) - 3- pfiri dine 5 carboxylic
acid (18.46g, 0.1 Oml). Thionyl chloride (22nl, 0.30 nol) was added in a
thin stream 4 the reaction fla€k with stirring and thd/m xture heated to
reflux for 32 m nutes.

A 250m! 4NRB flask equipped with a mechanical stirrer, condenser, addition fimnel, and
temperature controller thermocouple, was charged with 2-(cyclopropylamino)-3-pyridine
5 carboxylic acid (18.46g, 0.10mol). Thionyl chloride (22ml, 0.30 mol) was added in a thin
‘stream to the reaction flask with stirring and the mixture heated to reflux for 32 minutes,
The reaction mixture was cooled and the condenser was replaced with a vacuum
distillation head. The thionyl chioride was distilled off at 40 °C at 23in Hg vacuum until
the distillation pot contents became thick, Toluene (30ml) was added and distillation
10 continued until about most of the liquid was distilled off, Another 30 ml of toluene was
added and about one-half of the solvent was distilled off under vacuum. Acetonitrile
(60ml) was added to the residual mixiure. A solution of 2-chloro-4-methyl-3-pyridinamine
+*(11.4g, 0.080mol) in 40 mi of acetonitrile was added dropwise and the reaction mixture
“heated to 50 °C and stirred overnight. Finely crushed potassium phosphate was added after
15  the 2-chloro-4-methyl-3-pyridinamine addition. After 16 hrs at 50 °C 100 mi of water was
-added to the stirred reaction mixture (pH 4-5). The reaction mixture was filtered to remove
a small quantity of insoluble material, The filtrate (2 layers) was basified to pH 10-11 with
50% aqueous NaOH solution and then acidified back to pH 8. Most of the product was
-found in the toluene layer by HPLC analysis. The toluene layer was extracted with 300 ml
20 - dilute HCl solution (pH 1). The aqueous acid layer was basified to pH 8 using 10%
- agueous NaOH resulting in the separation of an oily layer that crystallized slowly with
o ﬁ'ituration. After standing over 2 days, the solid product was collected and dried in vacuuo
at 50 °C to yield 21.40g tan solid title compound.
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The reaction m xture was cool ed and the condenser was replaced with a
vacuum distillation head. The thionyl chloride was di s2g btesntadriooes 40 C

at 23in Hg vacuumuntil the distillation pot contents becane thick.
Tol uene (30nml) was added and distillation 10 conti nued until about npbst of
the i AO0HARIE stilled off. Another 30 ml of tol FERISWAK173dded and about

one-half of the solvent was distilled off under vacuum Acetonitrile

(60nl) was added to the residual mxture. A solution of -

2-chl oro- 4-net hyl - 3-pyridinam ne (11.4g, 0.080nmol) in 40 nil of
acetonitrile was added dropw se and the reaction m xture heated to 50 C
and stirregouMgini ght. Finely crushed potassi um phosphate was added after
15 the 2-chl oro-4-nethyl -3-pyridinam ne addition. After 16 hrs at 50 C 100
m of water was added to the stirred reaction mxture (pH 4- 5). The
reaction mxturg mgssfférlrﬁagﬂlgge ihe B Rising i Talolvin@4@pL i ty of insoluble
material. The f||trate ers) was basified to pH 10-11 with 50%
aqueous Nad®) reasting 4 Hhaler m%ﬁaf@@itﬁiepf@ﬂf%‘ﬁélk to pH S. Mst of the product
was found in the toluene |ayer by HPLC gapal ysis. The toluene |ayer was
extracted with 300 M 20 dilute HCL~s0LGFion (pH 1). The aqueous acid | ayer
was basified to pH 8 using 10% afijueolis NaOH resulting in the separation of
an oily layer that crystallized sk@WX wth trituration. After standing
over 2 days, the solid product was Hol I'&ted and dried in vacuuo at 50 C
to yield 21.40g tan solid title conpound. -13 28 Decenber 2006 WD

2004/ 002988 PCT/ US2003/ 017376 CLAIMS: 1. A process for making nevirapine,
conpri si-ng WHafemf)OislacﬂMoﬂga &ﬂoﬂns, bron{ine) orAeifre taiong) paferably chlorine or bromine,

2- hal o- 3- ecar onlt erenxlsafluorine,
chlori ne, p%\”%‘ ?&ﬁ?lo%?pgw'?fy%ﬂ?%ﬁg %r bronine, with
cycl opr opyI(b)mymelyzmgﬂyclze(bgdloamﬁﬁwﬂno)}sﬁp;pgdinamttmm)ﬁnlatomﬁidﬁl necarbonitrile; (b)

. _. ?ngﬁggﬁopgwgﬁprﬁwl@%ﬁ%ﬁﬁ%l 9@1%@%&7% Ey;:::jhnecar bonitrile to yield 2- 10.

{(c) isolating the 2-(cyclopropy1ammo)-3-pyr1d1ne carboxyhc acid from the reaction
* medium;
- (d) treating the 2-{cyclopropylamine)-3-pyridine carboxylic acid with a chlormatmg agent,
to yield 2-(cyclopropylamino)-3-pyridinecarbonyl chloride;
15 (e} reacting the 2- (cyclopropylanuno)—S-pyndme carbonyl chioride w1th a 2-halo-4-
methyl-3-pyridinamine of the formula

CH,
HN.

M
X7 N

20 - wherein X is a fluorine, chlorine, bromine or jodine atom, preferably chlorine or bromine,
to produce an N~(2-halo-4-methyl-3-pyridinyl)-2-(cyclopropylamino)-3-
pyridinecarboxamide of the formula

-14-



(c) isolating the 2-(cycl opropyl am no)-3-pyridine carboxylic acid fromthe
reaction nmedium (d) treating the 2-(cycl opropyl am no) 28DpydrhichrPe06
carboxylic acid with a chlorinating agent, to yield

2-(cyclo ani no) - 3- pyri di necarbonyl chloride; 15 (e) reacting the

2- (cychB ‘B{PP%?FW no) - 3- pyri di ne carbonyl chl ori de AGTHIS20090173760- 4-

nmet hyl - 3- pyri di nam ne of the formula CR H2N X N 20 wherein Xis a fluorine,
chlorine, bromne or iodine atom preferably chlorine or bronmne, to
produce an N-(2-hal o-4-nethyl -3-pyridinyl)-2-(cycl opropyl am no) - 3-

pyri di.necar boxam de of the fornula -14 28 Decenber 2006 WO 2004/002988
PCTI US2003/ 017376 CHh O HN7 "~ wherein Xis a fluorine, chlorine,
broni ne or iodyfe atom pr ferably chlorine or bromine; and (1) cyclizing
the N-(2-hal o-M4: ﬁ | AR pw i di nyl ) -2-(cycl opropyl ami no)-3- 5 :
pyri di necar bpxanide Ify trleatnent with a strong base, to yield nevirapine.
2. 2-(Cycl optopylam pyri di ne carboxylic acid. 10 3.

2- (Cycl opr opy MninK)-S-pyFFg?ﬂecarbonyl chloride. 4. A process for making
2- (cyclopropylanino) 3 pyr' ne carboxylic acid, which 15 process

conpri.ses the f
ITp W erel%)& is a

nnc, c%g)rme bromine or iodine atom, preferably chlorine or bromme,

and
- () cyclizing the N-(2-halo-4-methyl-3-pyridinyl)-2-(cyclopropylamino)-3-
5 pyridinecarboxamide by treatment with a strong base, to yield nevirapine.

2. 2{Cyclopropylamine)-3-pyridine carboxylic acid.

10
3. 2-(Cyclopropylamino)-3-pyridinecarbonyl chloride .

4. A process for making 2- (cyclopropylammo)-S-pyndme carboxylic acid, which,
15  process comprises the following steps:
© (a) reacting a 2-halo-3-pyridinecarbonitrile of the formula

/4,N
Z C
- \-I
N X

. wherein X is a fiuorine, chlorine, bromine or iodine atom, preferably chlorine or bromine,
20 - with cyclopropylamine, to yield 2-(cyclopropylamino)-3-pyridinecarbonitrile; and
- (b} hydrolyzing the 2-(cyclopropylamino)-3-pyridinecarbonitrile to yield 2-
(cyclopropjrlanﬁno)-B-pyridine carboxylic acid, |

-15-




(a) reacting a 2-hal o-3-pyridinecarbonitrile of the formula CN Ic:
wherein X is a fluorine, chlorine, bromne or iodine at28Depesabarzioby
chlorine or bromne, 20 with cyclopropylamne, to yield

2- (cycl opropyl am no) - 3- pyri di necarbonitrile; and (b) hydrolyzing the
2-(cycﬂg§?3 2% no) - 3- pyri di neearbonitnl e to yi el BCHUS2003/017376

(cycl opropyl am no) - 3-pyri di ne carboxylic acid. -15 28 Decenber 2006 WO
2004/ 002988 PCT/ US2003/ 017376 5. A process for preparing an

N- ( 2- hal o- 4- net hyl - 3- pyri di nyl ) -2-(cycl opropyl am no) - 3-pyridi necar boxam de
of the formula CH3 HOHN N X 5 wherein Xis a fluorine, chlorine, brom ne
or -i odi ne ag.0m ARek&iaipheparidylad i 22RU4-RERINSridiny D4 PPy h8s)- t he

fol |l owi ng Z}gﬁf; treat] 2- (cycl opropyl am no) - 3-pyri dine carboxylic
acid with a PRCSEs 'Wge%F proy yield

2- (cycl opropyl am no) - 3- pyri di necarbonyl chloride; and (b) reacting the

2- (cycl opropyl am no) - 3- pyri di ne carbonyl chloride with a 2-halo-4- 10

met hyl - 3- pyri giqnam ne @& e formula CH3 H2N X N wherein X is a fluorine,
chlorine, brofiheHor i e atom preferably chlorine or bromne, 15 to
produce the pet hyl - 3- pyri di nyl ) -2-(cycl opropyl am no) - 3-
pyri di necar fjoxari deldl 6. IA process for preparing an

- N-(2- hal 04- mey; }gfby}ﬂﬁkgi%)-Z-(cyclopropylanino)-

" . 5 whereinX is a fluorine, chlorine, bromine or iodine atom, preferably chlorine or bromine,
which comprises the following steps:
(@) treating 2-(cyclopropylamino)-3-pyridine carboxylic acid with a chlorinating agent, to
“yield 2-(cyclopropylamino)-3-pyridinecarbonyl chloﬁde; and
{(b) reacting the 2-(cyclopropylamino)-3-pyridine carbonyl chloride with a 2-halo-~4-
10 methyl-3-pyridinamine of the formula

CH,

HN.
|

X7 N

: wherein X is a fluorine, chlorine, bromine or iodine atom, preferably chlorine or bromine,
15 - to produce the N-(2-halo-4-methyl-3-pyridiny])-2-(cyclopropylamino)-3-
pyridinecarboxamide.

6. A process for preparing an N-(2-halo-4-methyl-3 -pyﬁdinyl)-2~(cyclopropylamino)~
20 .- 3-pyridinecarboxamide which comprises reacting 2~(cyclopropy13nﬁno)—3—pyxidine
" carbonyl chloride with a 2-halo-4-methyl-3-pyridinamine of the formula

- -16-




20 3-pyridi necarboxam de which conprises reacting

2- (cycl opropyl am no) - 3-pyri dine carbonyl chloride w th2@&December 2006

2- hal o- 4- net hyl - 3- pyri di nam ne of the fornmula -16 28 Decenber 2006 WO
2004/0Qé8§§)fﬁgﬁUSZOOB/Ol?B?G CH3 X ):MH2N wherein X is a fluorine,
chl ori ne? "B He or iodine atom preferably chl or PREUSHOMGHEne. 17

CH,

HNC A
o

X~ N

wherein X is a fluorine, chlorine, bromine or iodine atom, preferably chlorine or bromine.
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