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TI TLE ASYMMETRI C SYNTHESI S OF BENZOXAZ

Field of "84 Pent i on The present invention provi essg;'llg%/sé’

met hods for the asymmetric synthesis of

(S)-6-chl oro-4-cycl opropyl et hynyl -4- TITLE

trifluoromethyl-1,4-di hydro-2H- 3, 1- benzoxazi n-2-one which is useful as

human i mmunodefi ci ency virus (H V) reverse 10 transcri ptase inhibitor.
Background of the | nvasSyMy 2 BENZOXAZINONES i s a conmon
feature of retrovirus repllcatlon V‘raI replication requires a virally
encoded 15 reverse transcriptase to generate DNA copies of viral

sequenc®s by reverse transcri BiedA of the INVeRtism genone. = Reverse

transcriptase, iRl hQident! an%esﬂeh%&wla@geﬂa%l methéddefof Ofnd he
chenot herapy of -retroviral infections because the inhibition 0 V|raIIy

encoded r e PEVREISLEARs SYRENgsas 0T kSUr6-FRIFPTATCNSIepraRle
A nunber oftxqqmr@d@mw ef, heatihyarbnznhs 1 rioeh PERdzin -2 tdiee Mtidh is

I mmunodefi ci enc V|r s.the us that causes

progr essi v&S§ BnﬁaﬁﬁﬁClenCYﬁﬁﬁﬁ%s Y§¥% YF¥YF$%e resul tant
onset 1d AtBSnsEkh@¢Bsee1ﬁhlbuteatnent through inhibition of HV reverse
transcriptase is known for both nucl eosi de based inhibitors, such as

azi dot hym di ne, and non-nucl eosi de based |nh|b|tors Benzoxazi nones .
have been found to be usef L LRE- LY ZUHOR i nhibitors of HIV
reverse transcmnﬁvaﬁﬁe'Hyan@%kugtiga is a common feature of retrovirus
chl oro- 4-cycl proQ%]ethyn | -4-tri Iuoronethg dlh%

2H-3, 1- ben HEBhe SRTPdy KEPALEDFLPR; Tequites 2 ¥ifally encoded

(VI-i)15 reverse transcriptase to generate DNA copies of viral

sequences by reverse transcription of the viral RNA genome.
Reverse transcriptase, therefore, is a clinically relevant
target for the chemotherapy of retroviral infections because
the inhibition of virally encoded reverse transcriptase

20 would interrupt viral replication

A number of compounds are effective in the treatment

the human immunodeficiency virus (HIV) which is the
retrovirus that causes progressive destruction of the human
immune system with the resultant onset of AIDS. Effective

25 treatment through inhibition of HIV reverse transcriptase is
known for both nucleoside based inhibitors, such as
azidothymidine, and non-nucleoside based inhibitors.
Benzoxazinones have been found to be useful non-nucleoside
based inhibitors of HIV reverse transcriptase. The (S)-6-

30 chloro-4-cyclopropylethynyl-4-trifluoromethyl-1, 4-dihydro-
2H-3, 1-benzoxazin-2-one of formula (VI-i}:



is not only a highly potent reverse transcriptase inhibitor, it is also
ef fi caci ous against HV reverse transcriptase 5 resistance. Due to the

| mpor t awo™safo:3S) - 6- chl or o- 4- PCT/US97/22674 ~

cycl opropyl et hynyl -4-trifluoronethyl-1,4-di hydro-2H 3, 1- - '
benzoxazi n-2-one as a reverse transcriptase inhibitor, econom cal and
efficient synthetic processes for its prod I on need to be devel oped.
10 - Thonpson et al, Tetrahedron Lette]ré%garE , 36, 937-940, descri be
the asymetric syntheS|s of an enarfjGUeLd benzoxazi none by a highly

enanti osel ective acetylide hddi 140
condensi ng agent to formthe I

ol | owed by cyclization with a

kazi'done shown bel ow. 15 | err
-2- 0 The -
p- met hoxybenzyl aniline starting erifdl TO® synt hesi zed by benzyl ati ng
the aniline nitrogen with p-nethoxybenﬂ?l chloride. Additionally, the
overal |l process generates a | ar ge (yelyyre of heavy netal waste in the
wast e stream due t 8 £¢ ﬁf ampni um ni trate oxi dat

y a highly

Jon int
debenzy! atFoR°5t 8B WPobeRh BRYERS A&ﬁﬁ?ﬁﬁﬁ*ﬁﬁ?%ﬁﬂ?éhi?%Qor'
descri besithgés alspntfieicachbubeagainzt MO sreverse ttratscat Birgyacess.

5 resistance. Due to the importance of (S)-6-chloro-4-
cyclopropylethynyl-4-trifluoromethyl-1,4-dihydro-2H-3,1~-
benzoxazin-2-one as a reverse transcriptase inhibitor,
economical and efficient synthetic processes for its
production need to be developed.

10 Thompson et al, Tetrahedron Letters 1995, 36, 937-940,
describe the asymmetric synthesis of an enantiomeric
benzoxazinone by a highly enantioselective acetylide
addition followed by cyclization with a condensing agent to
form the benzoxazinone shown below.
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[ err [ err
T 10 hi %v&@&?‘fo% met hod teaches (1) netallation of the piwctesynesrsa Of

parachl oroanifine with n-butyllithiumfollowed by nucl eophilic
substitution with an ester to forma ketone, E%;Ixnthesw of a
tertiary cEPBi RomesposybGREYd QBHF%FSnSF%FtlngtWEFﬁﬁﬁ s fmfmsized

cyclizati OByOBehfzglwm&@t ehkeednaline adtrogén wieh carmettadxybermsdi tion of a

| ar ge -exces ensin to for e zj hone. The rocess
requires fﬁiﬁﬁgﬁdﬁurl F8ﬁg6$ ghS ?Y%ﬁ? §gﬁ%%%§?H#g Argretes ge of an
optically aamgmevmdymkwmﬁghageytmebah ueste in theawpstei stresamn . digd to
Young & -al.e RET ot L3Rk cBALRENALRBL! £41 1RO debedbipher; D 5520369 A
descri be benzoxa2|nones us Ition of HV revers
transcrlptase ﬁﬂuiqnﬂinﬂﬂﬁﬁﬁﬂtoﬁppllcﬁﬁéaﬁnﬁﬁ? 865i Al c€eseribgs Hikeand the
treat ment He2is of ARRIZsAZiABNYE 9220888nfkeditsh OsLSca®s hods of

synt hesi s 2 whi ch are commensurate with EP 582,455 Al above.

Addi tionally, Young et al, Antimcrobial Agents and Chenot herapy 1995,
39, 2602-2605, in dlscu33|ng t he - 3-
clinical benefit,
activity of ben
reverse transcri
benzoxazi none (

Cthe in vitro activity, and thg

|noe I anﬁlﬁ‘c . 2Ok, Of H-Mg@s an HIV
[ ﬁhﬁ%'}( n).BdL cl oge g absr ew—a—t—ed—s-ym—hem s of
cmﬁmﬁ%t@écw t h EP 582,085 A Tif@toferein t he

phar macoki netic

tertiary car pNnQlo | 3. shimCliefixzed by addition of a cycl opropyl -
ethynyl -lithiumreddent before cyclizing the unprotected amne wth the
carbinol by additi of a condensi ng agent.
FaC, R _ FsC\ R
cl OH 1,1-carbonyldiimidazole . Cl '
THF/50°C
NH, : N’kb

T

10 his general method teaches (1) hetallation of the pivalamide
"of parachloroaniline with n-butyllithium followed by
nucleophilic suﬁstitution with an ester to form a ketone,

(2) synthesis of a tertiary carbinol by Grignard addition to
the ketone, and (3) cyclization of the unprotected amine

15 with the carbinol by addition of a large excess of
condensing agent to form a benzoxazinone. The process
requires further purification of the optical isomers through
use of an optically active resolving agent such as (-

) camphanic acid.

20 Young et al, PCT International Patent Application
Number WO 9520389 Al describe benzoxazinones useful in the
inhibition of HIV reverse transcriptase, the prevention or
treatment of infection by HIV and the treatment of AIDS.
Application WO 9520389 Al discloses methods of synthesis

25 which are commensurate with EP 582,455 Al above.
Additionally, Young et al, Antimiérobial Agents and
Chemotherapy 1995, 39, 2602-2605, in discussing the
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Thompson et al, PCT International Patent Application 10 Nunber WO 9622955
Al describe an inproved synthesis of cycl opropyl acetyl ene useful in the
synt hesiveo 982708 - 6- PCT/USY97/22674

chl oro-4-cycl opropyl et hynyl -4-trifluoromethyl -1, 4-di hydr o-

2H- 3, 1- ben oxa2| Ap cation WO 9622955 Al | scl oses

conbi nat i Si §n3fc qy%ﬁ?e |l k’ﬁod? h( §€|°0§8§1}’ﬁ§¥hea&§ t%ﬁbl | cations above
whi'ch contrhammaceKiaeaticf fictiimityi oft benzoxagineae! (¥§nt imsthef or vvhi ch
this | NVerly koGS HHY bisC B iy reVREaLCHRBhScripta age inffB4

met hods for the syntheses of, benzoxazi nones use co |nat|ons 0 tOXIC
di fficul t HEHARR & epevdiated syathesis pfckprrsresinaner (¥ and

i neffigi er&omengdiraﬁmmwm gsmwsfsl 2at kBBvet GRsreindener akkyigygral

nt he of chI or cI 0 e
f)rll fl uglrgrﬁﬁ‘?‘éﬂ ﬁﬁ’%rh@ %ﬁ?&;‘;&%‘n°f 8n8yF?1°PSRPY1 yi el ds.

Thus, it |est1qa@r]r-a1hltmmm cheagemr baforey eiykdtizdngd5 theouhptotected
benzoxazi LQye _uwpan hese Lim ations
gﬁﬁﬁ§gh yleI es rg%kpgdq¥%fgﬁ otPQ condeh ?ﬁg agen

and provi enzoxazi nones.
Accor di ngly, tr@lwmmeﬂ mﬂentRGth Intermgdsongl Ratensl Applicatdpnati ng

proceqyr e muShdld vis i Fbdsa] waehdeate %.'nc‘ihufﬂ%véﬁ syﬂihagqsotft he

correspondi ng:L benzyl chl ori de anal ?ﬁges ¢an be nore expensive
and unst aff¥cLlagRoRylagstyiese useq %&%Mtkﬁéﬁsoﬁoﬂsérﬁeam i ned

processi ng:ma&e-zuwc1o§wpaﬂtéﬁhﬁg,q&mnrﬂfwmetwnam , AR dihy ldrg— | The
pr esent ovi des the preparati.on o rrolidiny
norephedr%'g QT%F‘F tf'&ﬂ% “n'g@g) %’égﬁg% % a solution
streamr ea@&mloses rm:mﬁmnae:llons mlchymuheto.fc Imetthiodis cyislcd pisedly liac &hel | de.
The PA8Serbupl icd (NGHY |MbR Ml J}&th%D%@yeOQn%EﬂEﬁle gr qpYidaget v ene

such pure_ product sol ution
stream ree@éeﬁalln %}ﬁetrterﬁlrsquaamhmih i H@V@F&P@ﬁ‘r Bjes s gnae?epmtde
ani on, foryg ﬁﬂg&,@enﬂg t hi um cycl opr opyl acetyl i de. - The present

I nvention prow,ﬁ]2 |rrpro ed syPt het.i c ocess for the asymetric

synthesis of be ?\ﬁ%ﬁ%%t c%ggt}iﬁ S§He %‘xﬂfm

el i m nat e&ISéI&:QIdELMtlonS mmrﬁqxitmmdni:ﬁarmﬂtammmmm reaigentishus

elim gatl ”:.gef%{i#é‘i ?)%ﬂé}&in}é’l ddes q,{]gf £5h8 esent invention
w | romato raphi

provi clent non-c C purl |cat|on process to

10 yield @h%@maww}wc el Hierfukon smﬁ tqlbrsmnegraltlhfe overaddesent
i nventi on gyevhéess fOf | -8-reli e asySlicBdbyletifalylda-purifiabl e by

methods ! Zb#imorbwp@m Lo 4ne T e RS -4 ik ahones. 15
useful as yihéldst orehwd, HY/ s vdesiordl e soy |qmtsm:ezer new synthetic
25 routes to benzoxazinones.on a large scale which improve upon
these limitations and provide high yields of desired
benzoxazinones.
Accordingly, the present invention provides for a novel
benzylating procedure, using acid catalyzed benzyl alcohols
30 instead of the corresponding benzyl chloride analogues,
which can be more expensive and unstable. Optimization of
the procedure allows for streamlined processing since the
product does not regquire isolation.
The present invention provides the preparation of
" 35 (1R, 28) -pyrrolidinyl norephedrine as such pure product that
it may be used as a solution stream reagent in the chiral
addition of lithium cyclopropylacetylide. The present
invention provides the preparation of cyclopropylacetylene
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Summary of the Invention The present invention concerns nove
processes_ f %6 preparation of benzoxazi none conpowa*m&&,Qeﬂre-
usef ul a?ozg"”b« reverse transcriptase inhibitors. The processfeis provi de
for a novel benzyl ating procedure of primary am nes, using acid

catal yzed bﬁnsﬁcha@mmhopsodﬁhe phatessesoof mayiebe uspdesend soleniown

id hi d 0 k o ield
St abl o i nt s taadthl 15, SR URLFAL AR c o  OE COE RPETbFroRpE-
nonchr ot egeRide anisspadst eaeleaplatbivperyrloprepylacetylide. There

i's provided by tﬁhé3§ﬁééﬁﬁﬁ(yﬁV%dﬁﬂaﬁﬁﬁio&Qﬁehhﬁn impPboear 8heRelica
Corrpound Of e %o(rvt)he [as etr th ]benzo ?
H process I 69|Fyn eﬁﬁér@ﬁn xXazinones, ;The
-CHlerr], gdaiddd[of dhedpreSenits ibventlion elimifdapescehe as&pofsi ng one or
o701, (RGP ARG copse ammoptth LAGIARCTLpRATLRERAS S 20RRONS O
formul a (Viildns ik0 the waste strjeam. Ther present 1nventlon provides
for an efficient non-chromatographic purification process to
10 vyield enantiomericly pure product. Additionally, the
present invention provides for intermediates as stable
solids purifiable by recrystallization.
None of the above-cited references describe the methods
of the present invention for the synthesis of benzoxazinones
15 useful as inhibitors of HIV reverse tranécriptase.

Summary of the Invention
The present invention concerns novel processes for the
preparation of benzoxazinone compounds which are useful as
20 HIV reverse transcriptase inhibitors. The processes provide
for a novel benzylating procedure of primary amines, using
acid catalyzed benzyl alcohols. The processes of the
present invention provide high yields, can be conducted on a
kilogram scale, and yield stable intermediates. The
25 invention further provides for a nonchromatographic
separation to improve overall yield.
There is provided by this invention a process for the
prepération of a compound of formula (VI):

A //k

30 , ' H

wherein:
X is Cl or F, and



wherein: 15 Rl is Hor Cl-6 alkyl, R2is H -CHerr], -CHerr]CHerr]
or phenyl substituted with 0-3 R12, R3is H -CH3, -CH2CH3 or phenyl
substi t ypeknipsdh 0-3 Rlerr], R4, R5, ‘Rda, R5a, R6, ROpéefiist¥heis -

i ndependent |y sel ected fromH Cl-6 alkyl, Cl1-6 al koxy and Cl-6
alkylthio, 20 R12 is H C16alkyl Cl-6 al koxy or Cl-6 al kylthi o; Y
i s -(CHZ)ﬁ* & 0CFamd-C2Fs PF s~@F7, 2 or 3 in the presence of

met hane sulbfi@npgokesd, cmeQ':.%@.ﬁ@ aﬁbf Gﬂlﬁogé ael gher £8006WeRgSUi tabl e acid
catalyst to forma conpound of formula (11): | err ]

- 6- (rr) wherein P is

[ err (1) Xaddition) dodkaciting aaddmpoany ©of) fegnt:aat i(dy:

| R, 28—$)yrrol i di nyl nor ephedrine with n-hexyl |ithium or another

sui tabT e al kyl | ithium and cycl opropyl@gcetylene to forma m xture of
1R, 2S-pyrrolidi nyl norephedrine and Iithiufp 10 cyclopropylacetyllde

(b) contacting the m xture of Stem Ra

NH,

(1)

with a compound of formula (VII) or formula (VIII):

10
R* RS
R3
R'O RS
R2
R4a Rsa
(VII)

wheré:.n.
15 'R1 is H or Ci-g alkyl
R2 is H, -CH3, -CH3CH3; or phényl substituted with 0-3 R12,
R3 is H, -CH3, -CH;CH3 or phenyl substituted with 0-3 R12,
R4, RS, R4a, R53, R6, R8® and R? are independently selected
from H, Ci_g alkyl, Ci1-¢ alkoxy and C3;.g alkylthio,
20 R12 ig H, Cij-¢ alkyl, Ci_g alkoxy or Cji-.g alkylthio;
Y is =(CH2)n or O, and
nis 0, 1, 2 or 3;

in the presence of methane sulfonic acid, p-toluene sulfonic
25 acid or another suitable acid catalyst to form a compound of
formula (II):



conpound of forrmula (I1) to forma conpound of formula (rrry: 15
[ err

] (111) 7?%7' -
(oxi dati \)’%08%7“."%at ion) contacting a conpound of 20 for HUT%.T’FFf 6‘\7;\‘& th

p-chl oranil or another suitable oxidizing agent to form a conpound of
fornula (1V): (I1) [err ]
(v : : -7- wherein P" is
[ ~err ]whe:;seln F ls( 4) (debenzyl ation) contacting the conmpound of
formul a (I'V) with potasium hydroxi de, sodi um hydroxi de or anot her
sui t abl e cl eavi ng agent, Rh t RS presence of sodi um bor ohydri de or .
anot her suitable trappRhg t, to forma und of formula (V):
RG
2 R8-— | —R®
R 4a RSa
R or Y

(2) (chiral addition) (a) contacting 1R, 2S-pyrrolidinyl
norephedrine with n-hexyl lithium or another suitable alkyl
lithium and cyclopropylacetylene to form a mixture of
1R, 2S-pyrrolidinyl norephedrine and lithium

10 cyclopropylacetylide,

(b) contacting the mixture of Step(2) (a) with a
compound of formula (II) to form a compound of formula
(II1):

15

(III)

(3) (oxidative cyclization) contacting a compound of
20 formula (III) with p-chloranil or another suitable oxidizing
agent to form a compound of formula (IV):



10 A NH2
(5) (cyclization) contacting the conmpound of formula 15 (V) wth phosgene

or anot Bségg}éﬂ,ﬁbl e cyclizing agent to forma compoungdfudhPsiha (VI )

Detaile ption of the Invention 20 In a first enbodinent, the
present invention provides a novel process for the preparation of
conpounds wiiefeimiPa is (VI): [ err ]

H (V1) - 8-
wher ei n: Xis Cl oraF,R4and Ais -CF3, -C2F5 or -C3F7; 5 said

process conpri si ng.‘ R (% contacting a conpound of formula (1): [err]

5a
R or

5 {4) (debenzylation) contacting the compound of formula
(IV) with potasium hydroxide, sodium hydroxide or another
suitable cleaving agent, in the presence of sodium
borohydride or another suitable trapping agent, to form a

A ..\\\»

OH

compound of formula (V):
10

NH2 ‘ r
(V) - ' -
{5) (cyclization) contacting the compound of formula

15 (V) with phosgene or another suitable cyclizing agent to
form a compound of formula (VI).

Detailed Description of t vention

- 20 In a first embodiment, the present invention provides a
novel process for the preparation of compounds of formula
(VI):



10 with a conpound of fornmula (VII) or fornula (VIIl): [err]

(Vi) (virr) 15 wher ei n: Rl i s Hpdgobrmhén!l or
Cl-6 al kTR Bony! | R is H R3is H -CH3, -CH2CH3 of %eny

substituted with 0-3 R12, 20 R4, R5, R4a, R5a, R6, R8 and RO are

i ndependentwherssirect ed fron1H Cl1-6 al kyl, Ci1-6 al koxy and C1-6

al kyl t hi o, lgﬂéiléklf Q&ﬁﬁ al kyl, Cl-6 al koxy or Cl-6 al kylthio; Yis
(CH2)n or . céﬁ £§ , 1, 2 or 3; 25 in the presence of a

sui tabl e a&}dl%a 3yst 5t BFmi"§3F77 conpound of formula (11): [ err

] wherein P, an am ne protecting group, is 5 [

err 5] said préczgésa)cé:n(\)prgiascfr{gng a conpound of fornula (I X)

(1) contacting a compound of formula (I):

O
X
A
NH;
(I)
10
with a compound of formula (VII) or formula (VIII):
R* RS
R3
R'O RS
RZ
R4a Rsa
(VII)
15
wherein:
Rl is H, Ci-s alkyl or Ci-g alkylcarbonyl,
R2 is H, :

R3 is H, -CH3, -CHaCH3 or phenyl substituted with 0-3 R1Z2,
20 R4, R5, R4a, RS2, R6, R8 and R? are independently selected
from H, Ci-g alkyl, Cji-g alkoxy and Ci-g alkylthio,
R12 is H, Ci.g alkyl, Cj-g alkoxy or Ci-g alkylthio;
Y is -(CH2)p or O, and
nis 0, 1, 2 or 3;
25
in the presence of a suitable acid catalyst to form a
compound of formula (II):



OH (11X wherein R10 and Rl11 are
I ndependently Cl-4 al kyl, or -NRLIOR11 I's pyrrolidinyl, piperidinyl or

nmor phol iyl ; with al kyl lithium and cycl opropyl acet y&erRoi6fr m a
e i

m xture nd of formula (1 X) and lithium cycl opropyl acetyl i de,
and 20 (b) contacting the mxture of step (2)(a) with a conpound
formula (11) to forma conpound of fornulaQI11):
-10- . X [ Lerr ] (3)
contacting a conpound of forrula (I h &5 suitable oxidizing agent
to forma conpound of formula (LV):

I}IH

p

(IT)

wherein P, an amine protecting group, is

5

10
wherein R10 and R!1 are independently Ci-4 alkyl, or -NR1OR1l
is pyrrolidinyl, piperidinyl or morpholinyl;

15 '
with alkyl lithium and cyclopropylacetylene to form.a
mixture of a compound of formula (IX) and lithium
“cyclopropylacetylide, and

20 (b) contacting the mixture of step (2)(a) with a

compound formula (II) to form a compound of formula (IIIX):

-10-



wherein P" is [ err ] [ err ] (4)
contact i Qg gg ound of formula (IV) with a sui t abl e cheppkofhregent-, in

the presencé of a suitable trappi ng agent, to forma conpound of formula
(V): 15 [ err ] -11-
(5) contacting a conmpound of formula (V) with suitable cyclizing
agent to forma conpound of formula (VI). In a preferred
enbodi ment the process for the 5 prepgratl of a conmpound of formula (VI),
wherein Xis d, and X
OH

wH

P i

(II1)

(3) contacting a compound of formula (III) with a
5 suitable oxidizing agent to form a compound of formula (IV):

A /k

.“\

X
Q
N'P
H
(IV)
wherein P" is
3 R4 -
5 RS
6
R4a R
10 R®a or

(4) contacting a compound of formula (IV) with a
suitable cleaving agent, in the presence of a suitable
trapping agent, to form a compound of formula (V):

A )

“OH

15

NH,

Rs

-11-~



Ais -CF3; 10 conpri ses: (1) contacting a conpound of formula

() with a conpound of forrmula (VII), wherein: Rl is H Cl-6
al kyl or wiglogn#tXyl carbonyl, 15 R2 is H, R3 is H, -CHcToSVM22Ha or
phenyl substituted with 0-3 R12, R4, R5 Rda, R5a and R6 are

I ndependently selected fromH -6 al koxy and C1-6
al kyl thi o, and (5) ) Fgontaciing @ ompqynd ﬁ fﬂ‘%‘&f\/ P BEER & kylthio; 20
in the presanceabiie acyeilizine amnt aad dornt at «:ofnpbund of foampdundval .
formula (11); (2) (a) contacting IR 2S-pyrrolidi nyl
norephedrine with 25 n-hexyl |ithiumand cyclopropylacetyl ene to form a
m xture of |Rp2&-pyeferyed rgmbodingnie dhie@raness diorumhe

cycl opr pyI@g&i SRR ture of step
(2)(a) ?\nt a é‘gf(;orr%gtfﬁlda 0(1:‘0 oc}ur?ucllac’i( tﬁo) tota?gtrvr%r’g g’%%g‘tﬁld of formula
(rery; (3) contacting a corrpound of formula (111) wth a
suitable oxtdigicm, agedt to forma conpound of formula (IV); 35

(4) cont actILn a_gonpound of formula (1V) with a sui tabl e cl eavi ng
agent, int ﬂi)re etfce of a suitable trappi ng agent, to forma conpound
of formula (V); and ' -12-

(5) co? actér A S ound of formula (V) with a sui tabl e cyclizing
agent 10 forma conpound of formula (V). 5 In a nore preferred
embodi ment t he pfbtegentagting a compewad 0f dirmiule cdipstitd ¢t for nul a

(M-i): compound of formula (VII), wherein:

Rl is H, Ci1-g alkyl or Cj-g alkylcarbonyl,

15 R2 is H,
R3 is H, -CH3, -CHaCH3 or phenyl substltuted with 0-3 R12,
R4, R5, R43, R52 and R6 are independently selected from H,

Ci1-g alkyl, Ci1-g alkoxy and Ci-g alkylthio, and

R12 is H, Ci-g alkyl, Cj-g alkoxy or Ci-g alkylthio;

20 ' ,
in the presence of a suitable acid catalyst to form .a
compound of formula (II);

(2) (a) contacting 1R, 2S-pyrrolidinyl norephedrine with
25 n-hexyl lithium and cyclopropylacetylene to form a mixture
of 1R, 2S-pyrrolidinyl norephedrine and lithium
cyclopropylacetylide, and

(b) contacting the mixture of step (2)(a) with a
30 compound of formula (II) to form a compound of formula
(III); ' |

(3) contacting a compound of formula (III) with a
suitable oxidizing agent to form a compound of formula (IV);
35
(4) contacting a compound of formula (IV) with a
suitable cleaving agent, in the presence of a suitable
trapping agent, to form a compound of formula (V); and
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[ err ] (VI-i) 10 conprises:

(1) contacting a conpound of forrmula (1), wherein X is S 6%lis
trifluoron 51, wi t h p-net hoxybenzyl al cohol, in the presence of a
sui tabl e acid catalyst, to forma compound of formula (Il1-i): 15

[ err (2)(a) contacting 1R 2S-pyrrolidinyl

”m";?ﬁPZd“ "Cor 1R 2EopbabEiNG, o, FORSRMATLEYELARERY Gl RipEne o Torm
cycl opr opysucéa;)lledgyc izing agent (§9 @& teanpaund rﬁ&tﬁmxdfa siVE .(2) (a)

with a 25 conpound of fornmula (11-i) to forma conmpound of formula
F11-0); 13- err
( )S In a more preferred embodiment the procesé for the I

preparation of a compound of formula (VI-i):

FoC \%
0
N A 0
H

(VI-1)

Cl

10 comprises:
(1) contacting a compound of formula (I), wherein X is
Cl and A is ‘trifluoromethyl, with p-methoxybenzyl alcohol,
in the presence of a suitable acid catalyst, to form a
compound of formula (II-i):
15 | SRS
S
cl '

(IT-1)

(2) (a) contacting 1R, 2S-pyrrolidinyl norephedrine with
20 n-hexyl lithium and cyclopropylacetylene to form a mixture
of 1R,2S-pyrrolidinyl norephedrine and lithium
cyclopropylacetylide,

(b) contacting the mixture of step (2) (a) with a

25 compound of formula (II-i) to form a compound of formula
(IIT-1i):

-13-



(3) contacting a conmpound of forrmula (Il11-i) with a 5 suitable oxidizing

agent to forma conpound of formula (I'V-i): F3C
10 wo og27089nt acti ng a conpound of formula (IV-i) w tRCcRUSYI/ZT4 abl e
cl eaving agent, in the presence of a sui tabl e trappi ng agent, to forma
compound of formula (V-i): err (5) contacting
a conpound of formula (V-i) mnth a suit e cycI|Z|ng agent to forma
conmpound of formula 20
In an even nore preferred enbodi geet process for

Ci

(ITI-i)

(3) contacting a compound of formula (III-i) with a
5 suitable oxidizing agent to form a compound of formula

(IV-1i) :
F3C .\\\4}
Cl X
(@)
N
H
_ OMe ;
(IV-'ZL)
10 . (4) contacting a compound of formula (IV-i) with a

suitable cleaving agent, in the presence of a suitable
trapping agent, to form a compound of formula (V-i):

FsC 4/&

Cl OH

NH,
15 (V-1)

(5) contacting a compound of formula (V-i) with a
suitable cyclizing agent to form a compound of formula
(VI-1) .

20

-14-



t he preparation of a conmpound of fornula (VI): the suitable acid

cat al ystwigesedscted from the group: 5 HC1, net hanesdriosyrezéenai d,’
benzenesul foni c acid phosphoric acid, sulfuric acid,
trlfluoroacetlé aci d i.chl or,oaceti.¢c_acid andd§¥toluene sul foni ¢

aci d, T G SR E?F&l?Fﬁ§e5§§ﬂt OLAMERL 4R RORFPRESTr 68F: 10
MhQ2, 2, 3titiecpreparitbodi ofaaoctmpobrdzofjutoomela (VI): _
p-tetrachl or obenzoqui none, o-tetrachl orobenzoqui none and

| odosobenzene di acetate, t he suitabl e cleaving gent Is selected from
the groupthessuitableoarid catalyskoipdselrrtriufron- the| gvaupe, potassi um

Cl- 4 ad koxi de, H@%?iméﬁﬂaﬂesﬁﬁﬁc%ﬂ@ @i@,) Benzenesullkensti hakhe trapping
agent is NaBH4, NaHSC3,, hydr,oxyl am ne, dFos¥lfl¥0ra2|de or H202, and 20

the suitable cPRISRARFigyETEd s Sb‘l}cfé’&é?eau FRagRtaGeACidr t her
nor e preferrexiurﬁuhmdnaaceuicaacid RINGC g5t ol wenidheulFopataktced, of a
conpound of forrmula (VI) 25 the conpounds of step (2)(a) and (b) are

i ndependent |y prepared and m xed as sol ution streans. In a
second entdw maitabiliee oriddenng agenti ds pedectied fromatheogeesptor the

prepag@ti on OfPEQEDOQnQSdQEhﬁQEEUBaGLHhEyaﬁQ-l 4—benzoqu1none,
[ err ] wher ei_n: IS F, Al -CF3 - C2F5
or - C3F7, pquetrachlorobenzoqulnone, o- tetrachlorobenzoqulnone

and iodosobenzene diacetate,

the suitable cleaving agent is selected from the group:
15 sodium Cji.4 alkoxide, lithium Cj-2 alkoxide, potassium
Ci-4 alkoxide, NaOH, LiOH, KOH and Ca(CH) 2,

the suitable trapping agent is NaBH4, NaHSO3, hydroxyl
amine, tosyl hydrazide or H30;, and

20 -
the suitable cyclizing ageni is pﬁﬁsgeﬁe.

In an even further more preferred embodiment in a
process for the preparation of a compound of formula (VI)
25 the compounds of step (2) (a) and (b) are independently
prepared and mixed as solution streams.

In a second embodiment, the present invention provides
a process for the preparation of compounds of formula (II):
30

wherein:
X is Cl or F,

-15-



err ] R2 is H -CH3, -CH2CH3 or phenyl substituted with
0-3 R12, R3is H -CH3, -CH2CH3 or phenyl substituted with 0-3 R12,
R4, R5, ?)189 E’b'i,g R6, R8 and R9 are independently sel ect edpcrruserrzzémom H,
Cl-6 al k 86 -6 al koxy and Cl1-6 alkylthio, 10 Rl2 is H d-6, alkyl, Cl-6
alkylthio or Cl-6 alkox¥; Yis -(CH2)n or 0, and nis 0, 1, 2 or 3
sai d proc@sdscoffFnirsigr's 19 coraBiet i ng a conmpound of formula (1)

[ = - erp 3¢ ] 20 with a conpound of fornula (VII1) or for mul a (ViHin):
(Vi) (M) [err] 25 wherein RL is H Cl-6 alkyl or Cl-6
al kyl car bonyl , in t‘pe presence of a suitable acid catalyst to forma
compound of fornul a (IA)R RS - 16- '
R® '
R2 R8— ' ——R®
rie R® Y

R2 is H, -CH3, -CHaCH3 or phenyl substituted with 0-3 R12,
R3 is H, -CH3, -CH;CH3 or phenyl substituted with 0-3 R12,
R4, RS, R4a, R53, R6, R8 and R? are independently selected
from H, Ci-g alkyl, Cj;_g alkoxy and Ci-g alkylthio,
10 R12 jg H, Ci-g alkyl, Ci.g alkylthio or Ci.g alkoxy;
Y is -(CH2)pn or O, and
nis 0, 1, 2 or 3;

said process comprising:
15 contécting a compound of formula (I):

, 0
X A
NH,

(xy

20 with a compound of formula (VII) or formula (VIII):

Y 5 '
- R* R oR!
1 6
R4a Rsa ) Z Y F
(VII) (VIII)

25 wherein Rl is H, Ci.g alkyl or Ci-g alkylcarbonyl,

in the presence of a suitable acid catalyst to form a
compound of formula (II).

-16-



In a preferred enbodi nrent a conpound of formula (VI1) S

[err] Is Hor nethyl, R2 is Hor phenyl subgbifisbfishey th- H or
met hoxy,wogs’%?g?s H or phenyl substituted with H or methoxy, R4w| s H or
met hoxy, and R5 is H or nethoxy. 10 In a further preferred
enbodi ment a suitable acid . catalyst is selected fromthe group: HCO,
met hanesul foni ¢ 5 Bek@erPeAZeRBSHEMORL Ca A6bflroRh@SHH Of bfmafd divEty furic
acid, trichloroacetic acid, trifluoroacetic acid and p-tol uene-" 15
sul foni c &8id. In a third en?odi nt, the present invention
provi des a process for the prepard®f on BY conpounds of formula (1V):
[err] 20 - R3H (v
wher ei n: Xis O or F, RfolS5—¢ CHfor -C3F7, 25 "P" is
3 R4 [err] -17-
R2 .
5 R! is H or methyl,
R? is H or phenyl substituted with H or methoxy,
R3 is H or phenyl substituted with H or methoxy,
R4 is H or methoxy, and
R5 is H or methoxy.
10

In a further preferred embodiment a suitable acid
catalyst is selected from the group: HCl, methanesulfonic
acid, benzenesulfonic acid, phosphoric acid, sulfuric acid,
trichloroacetic acid, trifluoroacetic acid and p-toluene-

15 sulfonic acid.

In a third embodiment, the present invention provides a
process for the preparation of compounds of formula (IV):

X
Q
P
N
20 H
(IV)
wherein:
X is Cl1l or F,
A is -CF3, ~-C3F5 or -C3F7,
25 P" is
3 R*
~ RS
6
R4a R
RSa or




R3is H -CH3, -CH2CH3 or phenyl substituted with 0-3 R12, R4, R5, R4a,
R5a, R6, R8 and RO are independently sel ected fromH Cl-6 al kyl,
Cl-6 al Cl-6 alkylthio, 5 R12 is H, Cl-6 alkyl, ?rﬁ 5 hio or
Cl-6 al E}@ééﬁlﬁ%\( is -(CH2)n or 0, and nis 0, 1, 2 org : s’§l7}ﬁ'(‘4\<:ﬁ('§1i d
process conprising: 10 contacting a conmpound of forrmula (I11):

[err] . (rer) wherein: 15 Pis [err]
R2 is' H gr329si B, a-0H5AGUEIRIEHSS @Y PHeny BlbBtItutell Gien dlai pgzagent to
forma conpound of , for Iagl 8 9 In a preferred enbodi ment a

from H, Ci.g alkyl, Ci-g alkoxy and Cj-g alkylthio,
5 R12 is H, Ci-g alkyl, Ci-g alkylthio or Ci.g alkoxy,
Y is -(CH3)pn or 0, and

nis 0, 1, 2 or 3;

said process comprising:
10 contacting a compound of formula (III):

A .n\\///k

OH
I}IH
P _ —
(III)
wherein:
15 P is
R* RS
R3 .
RS
R2
R4a R5a or
R2 is H,

20 in a nonagueous solvent, with a suitable oxidizing agent to
form a compound of formula (IV).

In a preferred embodiment a compound of formula (III)
is

-18-



[err] In a nore preferred enbodi nent the suitable oxidizing
agent | spejspeéRd fromthe group MhQ2, 2, 3-dichloro-5,6- Pcrrusemners -
di cyano- 1, 4- benzoqui none, p-tetrachl orobenzoqui none,

o-tetrachl orobenzoqui none and i odosobenzene di acet at e. In a fourth
enbodi nent, the present invention provides a process for the preparation
of conpounds of formula (V): 10 J[err] - (V)
wher ei n: Xis O or F, and 15g X 3, -C2F5 or -C3F7; sai d
process conpri sing: contﬁctin 3 ~*conpound of formula (I1V): [err]
wherein P" is OH
NH
' OMe
H H

In a more preferred embodiment the suitable oxidizing
agent is selected from the group MnOz, 2,3-dichloro-5, 6-
5 dicyano-1, 4-benzoquinone, p-tetrachlorobenzoquinone,
o-tetrachlorobenzoquinone and iodosobenzene diacetate.

In a fourth embodiment, the present invention provides
a process for the preparation of compounds of formula (V):

A 4/&

*

X OH

10

NH,

(V)
wherein:
X is C1 or F, and
15 A is ~CF3, -C3F5 or -C3F7;

said process comprising:
contacting the compound of formula (IV):

20 ' H
(IV)
wherein P" is

-19-



R3is H -CH3, -CH2CH3 or phenyl substituted with 0-3 R12, 5 R4, R5, Rda,

R5a, R6, R8 and R9 are independently sel ected fromH Cl-6 al kyl,
Cl-6 al Koxyeaigs C1-6 al kyl thio, R12 is H Cl1-6 al kyl, p&griQo7idayd t i 0 or
Cl- 6 al kKoxy;, Yis -(CH2)n or 0, and nis 0, 1, 2 or 3; 10 W th
a suitable cleaving agent, in the presence of a sui tabl e trappi ng
agent, to forma conpound of fornula (V). In a preferred

enbodi nent a co urﬁa oR¥ormula (1V) is | err | R3 is
phenyl substi tu t h \H orrPet hoxy, R4 is H @ar nethoxy, and R5 is

H or nmethoxy. 20 /
cl eavi ng agen : it ed fromthe group,.~aQd 4 al koxi de, .
e PYras: _ b 8 KOCH and
Ca(OH) 2, and 25 R thsawtabletrapplng abeppNs delggted fromthe
group: NaBH4, NaHS03f* hydroxyl aetne, tosyl hyd?fazi de and H202

> ¥a a

R3 is H, -CH3, -CHyCH3 or phenyl substituted with 0-3 R12,
5 R4, RS, RrR43, R52, R6, R8 and R? are independently selected
from H, Ci-g alkyl, Ci-g alkoxy and Ci-g alkylthio,
R12 is H, Ci-¢ alkyl, C3-g alkylthio or Ci-g alkoxy;
Y is -(CH2)n or O, and
nis 0, 1, 2 or 3;

10
with a suitable cleaving agent, in the presence of a
suitable trapping agent, to form a compound of formula (V).
In a preferred embodiment a compound of formula (IV) is
FaC \///K )&
CI©\>\0 | FoCq o7
' H CL\[:::If>\O
N R®
Hﬁ@ N)<©\
R OMe . H
15 R or OMe ,
R3 is phenyl substituted with H or methoxy,
R4 is H or methoxy, and
R5 ig H or methoxy. '
20

In a more preferred embodiment the suitable cleaving
agent is selected from the group: sodium Ci-4 alkoxide,
lithium C3-4 alkoxide, potassium Cj-4 alkoxide, NaOH, LiOH,
KOH and Ca(OH)2, and

25 the suitable trapping agent is selected from the group:
NaBH, NaHSO3, hydroxyl amine, tosyl hydrazide and H02

-20-~



In a fifth enbodi nent, the present invention further provi des a process
for the Wb%ﬂ:?(‘hﬁii on of a conpound of formula (M): [ pce@hise7r267d -
wher ei n: [

process conpri si ng:

err ]
(VI'1) 20 prowieted i prodekd $di the BreblyhtebnCofbaakbipeahlopy!
-CH3, -CH éﬂ p | substituted with 0-3 R12, R3 1s -CH3, -CH2CH3
pheny! su%‘?ﬁ %d W'th 0-3 RI2, 25 R4, R5, R4a, R5a and R6 are
I ndependent |y selected fromH, Cl-6 al Cl-6 al koxy and Cl1-6
al kyl thi o, and R12 is H Cl1-6 al kyl, Ci;ﬁ Xy or C1.6 alkylthio;
-21- A “\\/
X .
X
N™ "0
H
5 (VI)
wherein:
X is Cl oxr F, and
A is -CF3, -C2Fs or -C3F7;
10 said process comprising:
(1) contacting a compound of formula (I):
O
X
A
NH,
(1)
15 _
with a compound of formula (VII):
R* RS
RS
R'O R®
R2 |
R4a Rsa
(VII)
20
wherein:
R! is H, C1-5 alkyl or Ci-g alkylcarbonyl,
R2 is -CH3, -CH2CH3 or phenyl substituted with 0-3 R12,
R3 is -CH3, -CH3CH3 or phenyl substituted with 0-3 R12,
25 R%, R5, R4a, R52 and R6 are independently selected from H,

Is C1 or F, and Ais -CF3, -C2F5 or -C3F7; 10 said
contacting a conpound of forrmula (I)

1 X
In & £ifeh tEH“b(oP i ndFhef DEGSRRCa ipyepFiop furthegyr

C1-g alkyl, Ci-g alkoxy and Ci.s alkylthio, and
R12 is H, Cj-g alkyl, Ci_g alkoxy or Ci.g alkylthio;

-21~



in the presence of a suitable acid catalyst to forma conmpound of
formula (I11): | err

(rr) wo98127073(2) (a) contacting a conpound of fornula (IBOTUSI722674 -
err ] wherein R10 and
R11 are independently Cl1-4 al kyl, or -NRLOR11 I's pyrrolidinyl,
pi peridi nyl or norpholinyl; 15 with al kyl Iithium and
cycl opr opyinatbeybresensef ofnrasuitahiet acddotatatwapotmdfotmfarnul a (1 X)
and lithiy gygkogggﬂﬁhgc tryhi.de, and 20 (b) contacting the
m xture ofEthBn(Z)( Q ) conpound formula (I1) to forma conpound
of forrmula (111):
O
X A
R? 3
N—F Rt
H
5 R® R°
(IT)

(2) (a) contacting a compound of formula (IX)

10
wherein R1? and R11 are independently Cji-4 alkyl, or -NR1ORll
is pyrrolidinyl, piperidinyl or morpholinyl;

i5 '
with alkyl lithium and cyclopropylacetylene to form a
mixture of a compound of formula (IX) and lithium
cyclopropylacetylide, and

20 (b) contacting the mixture of step (2)(a) with a

compound formula (II) to form a compound of formula (III):

-22-



-22- [ err ]
(rer) w89812707§3) contacting a conpound of formula (111 )P&h}(g@?ﬁu -

sui tabl e déprotecting agent to forma conpound of formula
err ] 10 (4) contacting a conpound of formula
(V) with a suitabl e cyclizing agent to j\orm a conpound of forrmula (V).
In a seventh enbodi nent, the present inve n provides 15 a novel
conmpound of forrmula (IV-i): '
A .e//
X ~OH
R? L3
N R R4a
H
R4 . RSa
RS RS .
(III1)

(3) contacting a compound of formula (III) with a

5 suitable deprotecting agent to form a compound of formula
(V) :

(V)
10

(4) contacting a compound of formula (V) with a
suitable cyclizing agent to form a compound of formula (VI).

In a seventh embodiment, the present invention provides
15 a novel compound of formula (IV-i): '

FsC /m

cl
0

OMe



F3C [err] -23- or a

phar maceutical ly acceptable salt thereof. The processes of the
present whygphhPn are useful for the preparation of pcTuseInI6Td -
(S)-6-chl oro-4-cycl opropyl et hynyl -4- 5 '
trifluoromethyl -1, 4-di hydro-2H- 3, 1- benzoxazi_n- 2- one, which I's useful as
a human i9FminSRemaeEtiicallie xaqeptabdeesedt thengofnscri ptase i nhibitor
and conpounds which are useful intermedi ates in the synthesis of

(S)-6-chl oro-4- . .

cycl opropyl et IRZRTFFFE P ot RIS SR ARV E-1aR #re uspful for
benzoxazithe preparaiciorH of rSlerGehlicas-d-opcdopriopyillathynrssl -4~ are usef ul
for the inhidit] R t Y infectioR.. Such H 'V
reverge t%ﬂ%ﬁ#%&hﬁﬁ'ﬁiﬁﬁ J-?%rﬁagép %tnzfoécra q:%e— jln‘;}e‘di S’f £Bf HVin
an ex viie swafiul as corhuman rigmynedat iadeasoe & iish e HiRPosmvemseH V. Thus,
such 15 Fﬂﬁéﬂ%ﬁ@a&éaﬁﬁﬁfﬁﬂ&ﬁ%ﬂd‘m&dﬁ&ﬁﬁimﬂ&w\*&f hibit — HV.
present in a body fluid sanple (fqr example, .a body flurd or senen
sanple) afeR W the epdeE F (S) &rAtHiaF B4 be exposed to H V.

Such HI Vfd)ﬁjﬂﬁj’;&&)pyleﬁﬂﬁfwd f 4 -pieisEl ddﬂﬁn{&ﬁ]@r]s-nr@-dil}g,@f Iw;.qw.bd:a_@. st andar ds
or 20.ref.erence co unds se.i.n tests or,_assays for . term ning
Che 281 1 e apam i, | RudBH dres el A se Aniihiiqns
reverse tamnmswwefhilasinr fahe exdmiicion of HIW rerdrande thxsd tieaste as £ h

pr ogram Saﬂ)ééa% Vr A Wl U ASE d YU DI LS 4 e used as
a cont roll:lrfo‘}rvI e e%'ncesq%%rrpq'gﬂ{]_cf ?‘;nésucﬁ&aagéays ﬂagr?}é;sl%g{lqular?ﬁy’fé; control.
st andar d.are useful Her fde ciatrigiteian af dBbbTL\ ATt 15l e csarke her ei n
and deI I tr@sh@ﬁmi]gﬂg} Q’!@IB?Q&:%&E@SM%B (3o expcasehd to WU agusedshigfein
nmean e ydr of ura . ! '..asS use erein neans . . ...

0T oty G e branborinaes SOk a Y, B HRed bR YR ani de,
' MITBE" &TWgeredenteiin nedwsdyrefihyid tedmpld Efdrerexample, a Bddyi " as used

ner el TR0 P i Winpre) which NBEedna 95 4TI 29 UM

contain or be exposed to HIV. Such HIV reverse
. transcriptase inhibitors are also useful as standards or
.20 reference compounds for use in tests or assays for
determining the ability of an agent to inhibit wviral
replication and/or HIV reverse transcriptase, for example in
a pharmaceutical research program. Thus, such HIV reverse
transcriptase inhibitors may be used as a control or
25 reference compound in such assays and as a quality control
standard.
The following terms and abbreviations are used herein
and defined as follows. The abbreviation:
“THF" as used herein means tetrahydrofuran,
30 "DMSO" as used herein means dimethylsulfoxide,
"DMAC" as used herein means dimethylacetamide,
"MTBE" as used herein means methyl t-butyl ether,
*BuLi" as used herein means butyllithium,
"NaH" as used herein means sodium hydride,
35 "LDA" as used herein means lithium diisopropylamide,
"PsOH" as used herein means p-toluenesulfonic acigd,
"TMEDA" as used herein means N,N,N',N',-tetramethyl-
ethylenediamine, and :
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35 "LDA" as used herein nmeans |ithiumdiisopropylam de,

"TsOH erein neans p-toluenesul fonic acid, Y p‘gag as
used he?@o%§§goé)§s N, NN ,N ,-tetramethyl - et hyI enedi am ne T/USY)

- 24- "DDQ as used herein neans 2, 3-di chl oro-4, 5-di cyano-
benzoqui none *"DDQ" as Mwed dwteiomsnazing meBs-ﬂitcBnébh:o-ﬁelSh@ﬂsyaIn@i—rred
herein qQﬁ{f l’ﬁéj out in suitable solvents which nay be readily 5

sel ected by one I, in the art of organic S)ént hesi_s, said suitable

sol vents gener &hS TRAGHLQRE bl thesyathatics methods slaimed henedm eact i ve
with the %rftr tdal¥er e RJulin sui tdRC Iy ket st hBiilcht &éﬂfewea%%dﬂ& pr OdUCt S

at the t.e es at i.C, th,er actions are carried out, i
t enper at urd %ecéﬁ[t%l ﬁ’g%lh A& of Prearifg Synth@éﬁ*ﬁerat ure to
t he sol vendaisl bm:luarkglé eylarerity egeﬁbzgﬂ\ll@ﬂ beingr angt isolviemt hBiedr hised out

I n one soly r L al ven De end| ng on the
particul ar® ﬁ%ac |tolﬁaﬂ5}( g:in eacsttﬁ‘feaﬁ'flt%scﬁq\?eﬁ%?%ft ; reaction
step muy l1&dmctasitsah.edhe 1ntermediﬂﬁze£bl @maﬂz@gktn:énseatsalkments i ncl ude

chl or obenZ@é}@p uit abl e
et her sol vent seﬁan%ll{%jé;q?et rgﬁ{]?}&f{ ux(r:gaagglgn% | e ét %‘I?érie gl ycol
di met A)l  GeRReraiyRAS hinh @%(ﬂa@%tﬂﬁﬂm mthyﬂ émsee@wgol

di met hyl etdgferaturdlits fﬂi@%]@)‘é&ﬁ@*s Hhirg @éﬂ@reraﬁ:ﬁiﬂét hyl @&l ycol
di met hyl ther, or .t-but £t her Sui t gbl e rot | C

sol vents &P &rfc‘?’hd‘éa lRF \ﬁaV‘be"f E@#pllé‘ one SodvRnth &t 3 FHAESRE wat er
net hanol , mmm-ia,n dn& solvdrtoet MemEndizd lomo et Imrml:,cular reaction
2,2,2-trif el pangl ,pé]:P a

2- et hoxye%ﬁ%nol ]1e A ?}grut ary’r%@t’lcht}%{ a co &1 @%%03'%9’

al cohdb, " e seleqtmskyet hanol di et hyl ene gl ycol , 1-, 2-, or 3- pentanol,

neo- pentyl al coé\ﬁtaﬁwqmwgéﬂ&@éwlsoﬂ&@ﬁwlﬁ{&mé/%ﬂlé’&b thyl

et her, EG_? %_?zé/col nono | et cycl ohexanol , benzyl al cohol,
phenol , ‘3&‘@? e’ or dich q%ﬁﬁ otic solvents may include, by way
of exarrpl e smﬁtmbldaoenhér nsd brents iﬁl\a:te/drtréwéﬂrlydﬂﬁran,

o et - S G S B TN S, Bt ene

di ot RPI - 2 1YRak e LaPimekeng (ghoiasiy AHRSIEYL ethew)
f or mam de dﬁiﬁ}m&@lﬂ'ﬂl‘j&hé\tﬂﬂ hed ¥ 8P id8shy 1 ene@ G 1 rd:;.lﬁ‘et:}g}lmi‘t hyI
sul f oxi de, Bgo ’| on| t r—']:';utyl mélthyl ether.
Sun.table protic solvents may include, by way of example
and without limitation, water, methanol, ethanol, 2-
25 nitroethanol, 2-fluoroethanol, 2,2,2-trifluoroethanol,
ethylene glycol, l-propanol, 2-propanol, 2-methoxyethanol,
l1-butanol, 2-butanol, i-butyl alcohol, t-butyl alcohol, 2-
ethoxyethanol, diethylene glycol, 1-, 2-, or 3- pentanol,
neo-pentyl alcochol, t'-pentyl alcohol, diethylene glycol
30 monomethyl ether, diethylene glycol monoethyl ether,
cyclohexanol, benzyl alcohol, phenol, or glycerol.
Suitable aprotic solvents may include, by way of
example and without limitation, tetrahydrofuran (THF),
dimethylformamide (DMF), dimethylacetamide (DMAC), 1,3-
35 dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU), 1,3-
dimethyl-2-imidazolidinone (DMI), N-methylpyrrolidinone
(NMP), formamide, N-methylacetamide, N-methylformamide,
acetonitrile, dimethyl sulfoxide, propionitrile, ethyl
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formate, nmethyl acetate, hexachl oroacetone, acetone, ethyl met hyl
ket one, ethyl acetate, sulfolane, N N di met hyl pr opi onam de,

t et raneﬁqusz{.,% ni t r omet hane, ni trobenzene, or PCT/USY7/22674 ~
hexanet hyl phosphoram de. 5 Sui t abl e basic solvents include: 2-, 3-

or 4- pi coline, pyrrole, pyrrolidine, norpholine, pyridine, or
pi peri di ngormate, met@mlt%@#%ﬁ?@mﬂhﬁ%#Qh#PERﬂqR#ﬁnﬁ4rﬁﬂQkﬂnebeﬂﬂaﬁb

cyclohexa:a@th Nk8Pene hexEmPl dQdtre, syriohan ang,n10 nethyl cycl ohexane,
hept ane,

bepzene, | ene, octane i ndane, nonane, or
napht hal € %mgth Pr°9198a%%§% h%?%i%ﬂe?hﬁig%QQH"Qﬂﬁ?@@?ﬁhﬂ%%tlng group” (or
" N- pr ot echttitpbenzens, t or dngxgtothy kttysphdrdntadeart of organic

synt hesi s for Su, h _an1ne protecting
group§ |nclude&g§8§é9%|§%ggg %£%§§%ﬁ§ gﬁ%ﬁﬁﬁé 2 Pt oY®ctive Goups in
Organi c Synchbsns Dvhmnole| aeyverolidBees, m@tmhd&mﬁe(]ﬁ&ﬁidlmae o scl osure
of which %§ QPi&?ﬂe I ncorporated by reference. Exanples of am ne

protectin ups include, but are not limted to, alkyl types such as
20 benzyl, a- ﬁﬁﬂﬁ?ﬁ%énkydroﬂﬁﬁh@ﬁyﬁﬁ%‘t’ﬁyts(15%%%14?9\'yIPenzene.

di et hOXYE?BZBMQk&he,t éﬁb&ﬂé' nﬁéiaaﬁe( tédivéde, 9c§'él’<§lﬂéﬁ&’éne,

henyl f | db h

D otifoxy BEFEYHYSLANGIRRE noRGRERS ! ST ERHBxBonsgT, OF B-

3 4 5"tr|xgléneybeoz§he 25ndane, ﬂenuged @ermaphth@@emern1"ch|ral i nduci ng
agent” or -~ achicals hadustiopnaoenty LEhens Loogenonrgagtive.chiral

agent which se ectlvelg € Crea
enat i oer 'S-prebesta@bn nefersohcotny gwvewdi kaewn insthetanteofo a

prochl ral o£gBheE . s Rﬁxenagﬁ P&rC’Ehélaﬂ[;rngéE‘P&?'Bﬁ &Gfﬂésgfé‘ﬁﬂagd&sﬁaﬁ are

not imted,to, subs uted nore drines_suc

IR 2§-5N- né’E‘h?FeBﬁ@EFFEéng 9r°’5m52§1 B ?rmw nfistedcinc@resmre and
| R, 2S- N- pWﬁEEI,dr'B;tbtectlﬁérG:ﬁbﬁﬂél ﬂﬂ e:ada:hR: 2§_7N:H€éi)§0| Joh WoLephgdri ne.

As used h n m1 8 o refers ci dic agent
whi ch cat §%ésN%ﬂ |t|onigf ?ﬁ f%%%%?ure 05 ﬁ%é?l%ﬁag?rsﬁyalkyl type
am ne proaacprpgrgtgdpbYSusﬁeaence bBxaybles cofioamibenphotecbingr trityl

al cohol , §Qoﬁp§r§ﬁcludebaﬁﬁtf9£3‘HBtalﬂﬁﬂtQ&StB aghRG1 gégsa uEﬁ”PQund
(). acid

cat al3fst sPPREY hae % BEELYIReREY Ly | WPB&nYSmEthyl (benzhyary1)" ©

dlme;hoxybenzhydryl triphenylmethyl (trityl), 9-fluorenyl,
phenylfluorenyl, dihydroanthracenyl, monomethoxytrityl[
p-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl,
3,4,5-trimethoxybenzyl. |

25 As used herein, the term "chiral inducing agent" or
"chiral induction agent" refers to a nonreactive chiral
agent which selectively induces the creation of a chiral
center in enatiomeric excess upon addition of a nonchiral
substrate to a prochiral center. Examples of chiral

30 inducing agents include, but are not limited to, 1R,2S-N-
substituted norephedrines such as 1R, 2S-N-methylephedrine,
1R, 2S-N-pyrrolidinyl norephedrine, 1R,2S-N-piperidinyl
norephedrine and 1R, 2S-N-morpholinyl norephedrine.

As used herein, the term "acid catalyst" refers to any

35 acidic agent which catalyzes the addition of the alcohol
derivative of an alkyl type amine protecting group, such as
benzyl alcohol, benzhyrdrol or trityl alcohol, to a free
base form of a non-basic amine, such as compound (I).
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HC , HBr, nethanesul fonic acid, benzenesul fonic acid, t ol uenesul foni c
aci d, S‘M)%/h‘ﬁ) cid, trifluoroacetic acid, trichl oroamgmiﬁ.‘ -

phosphorlc aC|g and polyphosphorlc 5 acid. As used hereln t he
term’ OX|d|2|ng agent"” refers to gent which oxidizes a benzyllc
pr ot ect edE¥aTRéesoofhacid ce‘éalﬁtébéan%u@ﬁw neut 218 9% ctimhgedheo,

fornmati ongefl, HBrGORMREUAHeSLYFohi8NheiqPNBENPENnSEuL PoMIk 2adis]) by 10

|ntranDIe ar _cyclization a es. of _oxi.di zin ents . |nc ude, but
ol e B LS ekl 001 o™X aTPE R 8l 2 2108 30801 2o s ROELY!
p-chloranmk;chlohbacaMub andd, phbsphenbenaemé dndcpthphosphorlc As used
herelq? ? Eern1 "deprotecting agent" refers to 15 any acidic agent which
can effecf thé removal of an al kyl type am ne protecting group, such as
benzyl, benzhydsyussd hereipit fhe term 'pxdddzdngf sgenbt mfsnnsnep such as
conpound any Gb‘éht AR %§1aiz@§p5.0"ﬁﬁhk{}§llégeBEStéBE%HdSm:LH e8 Fgaot

limted to, , et hanesul fonic acid, benzenesul fonic ac
tr|chIoro&@€F€§P&Hﬁ&ng:ﬂﬂPP&orS&BﬁtFéfSEFangpﬁB§pﬁ8FWétl°n e€i d and

p-t ol uenegdmpoind ITW. from a compduddcdfhEbemilat rontwny cl eaving agent”

refers,to.an n effegt the for conpound of
formAd (Wbrometediins, Sreii=68lch,  Brrhisr R profigiod SRERREM nal o
formul a (nwplud@chm¢|@am ngtagemngedrEostménganesebéses;dexaﬁyhéa,of whi ch
i ncl ude, Qggo%FFKﬁgbsll gpléhloranffta&_éﬁnggﬂgpgnﬁfd met al al koxi des:
NaCH, KOH ﬁ%&?ﬁ NaOC2H5,  NaOC3H8 NaOCAH10, KOCH3,
KOC2H5 and-cdosokenmens dygcetate As used herein, the term"trappi ng agent"
refers to any as mméﬂaﬁh G %fefzﬁpt"deb&o%&\tqw a&eaft-aﬁém&%dw to a
nater#§I which wJ,l not rea th th deS|rﬁ§ Qroducg ggﬁaﬂd

wher etn, &R AFYTY SRR E £ emoyad, 8, ap aromat i c
al dehyde ammkehmnmeu@rmueemdnglgmbu§5 sdeheasybenzgﬂ obeRZhydirglhem an na

of formil g, ( (}?1 al 'R %Qs%g%%?n sefhife 0BG AKLE! & %g@%uh art,
are standard redUC|ng agent’s er iva I'zI'ng agents or oZl

agents; al(ITWf. wFxarrdes efcdepyotessing agenks Assduden but are nOt
-27- llmlted t€ IASChT | ﬁe%h%?x@éh'l‘f@m@.!:e "ac@..ds e%ﬁ%eﬁé%‘ﬁl%nl& a
sol ut | Iescgg_a trappln%. gﬁ |ch rreduce arona

3 dengle’ GERET Srpagatd oo Lgrozcetic opif. BhoEBloRe

sodiunlbomaﬁyﬂmnn&ap4tdﬂuema§mMﬁdmﬂﬁ’a&&d 5 pota55|un1borohydride sodi um-

PiSSL” H E?e?g(rjredéj ‘%Ed }f es (#Tet rap ﬂLogl enét %Wegie“ \% (A g.él'lgwrl ae

aromatic @gRIHYy Whisth mrbreéfte@tarthmfmmgrtl@rh@cfr & ¢wgpound of
formula (V) by the removal or debenzylation of P" from a

25 Themiaminal of formula (IV). Such cleaving agents are strong
bases, examples of which include, but are not limited to,
metal hydroxides and metal alkoxides: NaOH, KOH, LiOH,
Ca(OH)2, NaOCH3, NaOCzHs, NaOC3Hg, NaOCsHig, KOCH3, KOCzHs and
KOC4Hig. , .

30 As used herein, the term "trapping agent" refers to any
agent which can effect the conversion of a byproduct to a
material which will not react with the desired product
compound (V), wherein, depending on the structure of P", the
byproduct is an aromatic aldehyde or ketone upon removal or

35 debenzylation of P" in a hemiaminal of formula (IV).
Trapping agents, as used by one skilled in the art, are
standard reducing agents, derivatizing agents or ozidizing
agents; all of which are used for the selective reaction of
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i nclude, but are not limted to, hydrazine, dinethyl 10 hydrazine,

hydroxyl am ne and tosyl hydrazide. Exanples of a trappi ng agent V\/ni ch
oxi di ze _an aronmatic al dehyde to an aromati c carboxyli

but ar e3P ted to, hydr ogen peroxi de, t-butyl hydfgg’yﬁgy#éij K2S06,
and KHSCo. As used herein, the term™"cyclizing agent" refers to 15

any agent ol cpecdrscfihcat solathonmeiveenaokeachénzpraiesohn a fromthe

am'no car npo for a f Lzi ng agent
i ncl ude, tbgt?tﬁ(aarl(eb%not L%ngg?_ [EUE t&%ﬁogée%e?@ Yhé'g?lbgny}clé Af'dazol e,

met hyl ¢ hlaogtedie ed delyde Ordkﬁ%pmﬁl t@aﬂboﬁétc@hoiolnf-!ll-IdeAsbutedrhere| n,
the term ‘Hdd Rijalideh aQENsodum Hobhydride, t Rii¢Hiun Bbebhyle lg%kyne Cnto a -

organol i thium reagent whi ch .can quantitatively convert-an
li thi uPn aIH&Fr?;HSlum %%&ﬁréé}eof slth%h%%&ﬁ &ngl §odgym wj t hout

limtati ortnmet}fmﬂmaﬂdh id8; Whedleil isddivm borbllddidehigm 25

t-butyllithi sec-b thiu I_sobutyl Lithiu |1 h|u
di i sopr opy %ﬁ}#%fer %he%%laln}ptlrﬁ rEc\ ﬁﬁ% m)‘}’H d&,lﬁlvata.ze an

"Hal o" or dﬁmﬂad:gﬂn aJaiehys@l d:eﬂmtron‘eefterari @xf:lmmm a hydrlalzmrxe and brono.

"Al kyl " rrg‘fﬁgi Iy | t._n dre iHde rig_g\,gbée% |tQ>cI ll‘zgﬁlrtéohhrﬁ S0 LA E\(,ti and straight

chain satu at1c hyrdo avi ng one-fo twel ve

car bo&Oat dmsirazvm%o%wdre@%@mme ﬂi&éﬁ%lﬁls hm-t o Bxeemles @f al kyl

group of ik éﬂmldﬁ BAHUE %&'&ﬁéﬁ@%idéw&&%rpxygen
bri dge; "alkylt sed hereln I S intended to | e an aIkyI 35
group of iHcAmak %ﬁ%&@ﬂ nglyfe o i f9% % sul pher

bri dge. hydrogen Bammﬁmum&wmydrmoxmé nﬂggsmgveaadymolsl C

centers. Al chjral [ ereongric, and, ra are

- 28- hAS ?\ﬁ%?cgalga}ellnnt he %r%%’gﬁt v %1%% aqr%t Fefoeer ptb? eci ated
that 36rt sny aggiuiai qdre gffsshitheiarmatigombia kenzoxazinone
asymmet ri calkdy StdSdrhind E‘é’aﬁiz{lﬂ” c?én&SBmﬁi‘%fmﬁ’oﬁﬁllasod\?t ed gxam

optically active or, racemc forpns. is well known in 5 the art ]how to
prepare opt chIFYCEFInG F9AnE, inghides It are mabh | himisebitQaceni ¢ forms

or by syntﬂsmsgsenéromnmamdﬂwdummatzcme,stmﬁhym dhkfd fdrinatie landi r al ,
di astereoneric cem.c fornms and all geonetric isonmeric fornms of a
structurerg ?W]en °rtﬁ‘|tr %®5s the specific stereochem stry 10 or isoner
form 29 specifisal tgednljenailed the term "TbubiabinomgehtSulrst ?alleyls

and/ or Varif&‘xf&narfefers PES ”&x?%:‘?é&x&ﬁ&hi SHEG SRR Qg resul t in

st abl e corrpoun s. By stable comnpound or, stable structure it is
meant her eEWER %%Wt%v?€tﬂf¢9%%|§n?%b%s¥1?@% aldgmybe
i sol ati on ERamplesiof Ubehiter Dig Padéhtys f408) dout witihebt olinttdtion,

n-hexyllithium, n-octyllithium, n-butyllithium,
25 t-butyllithium, sec-butyllithium, isobutyllithium, lithium
diisopropylamide, phenyllithium and triphenylmethyllithium.
"Halo" or *halogen" as used herein refers to fluoro,
chloro and bromo. '
"Alkyl" as used herein is intended to include both
30 branched and straight chain saturated aliphatic hyrdocarbon
groups having one to twelve carbon atoms. “Alkoxy5 as used
herein is intended to include an alkyl group of indicated
number of carbon atoms attached through an oxygen bridge;
*alkylthio" as used herein is intended to include an alkyl
35 group of indicated number of carbon atoms attached through
an sulpher bridge.
The compounds herein described may have asymmetric
centers. All chiral, diastereomeric, and racemic forms are
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The term "substituted", as used herein, nmeans that one or nore hydrogen
on the desi d atomis replaced with a selectlonfr I cat ed
group, NS&?’E@EZ& hat the 20 designated atonm s nornal val e%&%&gn%&?
exceeded, and that the substitution results in a stable conpound.

The presen‘tnc':]m&ﬂfdiim fiiee qurdseant atrackritc doe plxaz:tnild.adbe ap@reﬁldmt a

| t d t I
rsnéal |egram | gram sca er@éﬂs&ﬁgﬁs 2‘?”'{1 ér%%?{se 6'rnérfezl(r£§'b%y ct%n 5’;%‘5{ :/\Eerel n

at | east tréne%ﬁﬂeimgsmfemwed §qa~frbs§»em am 2edymavs ke Jmmaterd)r e

pr ef er abl ymto;k@?éal Bp HeiPe Vr rﬁg&mw%me rzrcefl%r ML knowd] ifast 100
granms Qqr Mul ti kil ogram scal e, as } ein, Is |ntende to mean
the scale r%‘f‘h by &£ RAtE RPLIGH z%ﬁtd‘fveat et B @k n

materi al isesshAtkion of nthtsdniial £ e mm%wmmﬁsl Iﬁ'duﬂtdiiﬂ%“éltl@ mean a
scal e V\/mchl er than a. l.abor ry ale

suffi ci ent®Fo- 5 é%’ d‘@%%ﬁ? CI e?{ﬂ %E'tlﬁe \%rceaﬁmerlc,t ests or

di stri but |mcexm1¢;oﬁ<sm$rmd 3Ll geoméﬁmmﬂtmm ﬁdmnsprce&ent i nventi on,

by way of t t , fy el ood by
reference to Sc ‘grrr% arég%h ﬁ(ﬂ&yde‘ltr}a gé 1{&‘ s nera%iec %ﬁ%@% t hod
for adPmed¥ i ksANRE hEeys i3 Wﬁﬁﬁsl 1nd1cate

- 29- Corn'BQﬁﬁtJi@ﬁs(éf ShouDbuds ke & r\ra&iaaoﬁs e A s

trifluoronethyl is t,o be_understood t one skllledlnthe
bt o O Bearible omhei L Bt CO R AR L SCARE or &
exenpl i fi ecomponadst 0 By epzalel & cemhmauted af snamjm:ts:m:fture iftoriml a (1)

Lgﬂfggru%‘;ﬁ@%&g‘n p% arfch%%r opr o%;%t Aibé Ssuffliéégéwgc;% thedsi ng a

conbi A&t i oﬁu:csvupe chselakion ke aruseful c‘pegnem) Y ey vrdm GE3COREL

CF3CF2CO2H-e bt {o GhidethasdPEt 10 in the preparation of conpounds of

f ormul a
_ ( The term "substituted", as used herein, means that one

or more hydrogen on the designated atom is replaced with a
selection from the indicated group, provided that the

20 designated atom's normal valency is not exceeded, and that .
the substitutibn_results in a stable compound.

The present invention is contemplated to be practiced
on at least a multigram scale, kilogram scale, multikilogram
scale, or industrial scale. Multigram scale, as used

25 herein, is preferably the scale wherein at least one
starting material is present in 10 grams or more, more
preferably at least 50 grams or more, even more preferably
at least 100 grams or more. Multikilogram scale, as used
herein, is intended to mean the scale wherein more than one

30 kilogram of at least one starting material is used.
Industrial scale as used herein is intended to mean a scale
which is other than a laboratory scale and which is
sufficient to supply product sufficient for either clinical
tests or distribution to consumers.

35 The methods of the present invention, by way of example
and without limitation, may be further understood by
reference to Scheme 1. Scheme 1 details the general
synthetic method for asymmetric synthesis of compounds of
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Schene 1 | err

WO 98/27073 PCT/US97122674

formulae (I) through (VI) wherein X is Cl and A is
trifluoromethyl. .
It is to be understood that one skilled in the art of
organic synthesis could follow the methods described oxr
5 exemplified herein to prepare homologues of compounds of
formula (I) through (VI) wherein X is Cl or F and A is
trifluoromethyl, pentafluoroethyl or heptafluoropropyl, by

appropriately choosing a combination of p~chloroaniline or -

p-fluoroaniline with CF3CO2Et, CF3CF2CO2Et or CF3CF2CF2CO2EL
10 in the preparation of compounds of formula (I).
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5 It is the object of the present invention to provide an

i nproved process for the asymmetric synthesis of benz I which
are usefWP 98274\ reverse transcriptase i nhi bitors. 18é§ﬁk§%&ﬁﬁétep 1
Addi tion: Preparation of Conmpound of Formula (rn) This step is
conducted by reacting a conpound of formula (1), after converting to
the free base, in a 15 suitable solve uitable tenperature with a
benzylic al cohol, a benzylic ethegéﬂgé%%ﬁghydryl al cohol -or a

-31- benzhydryl ether in the presence of a suitable acid
catalyst CiNgoxforma conppagi-ef forn@l . By wayt) akyidithivea al

gui dance, c (1) i-n-=amagueoostor gan | verry at  CFa@OgEt room

t emper at ure mMyAhe

NmFutrMiNaavath base t . pH 7, contacted with
about 1 nolar equivalent ofSog‘,ehpnzyl ic al coltbl , beRAYCli/Salventr , a
benzhydryl al cohol or a enzhydryl ether, addit ally contacted with
about 0.1 to about 5.0 nole% of a suitable acid catalyst and heated to
a t enperature 6ufficient to formconpound (11). Conpound (I11) 10 may be
separated from thegreaction assgp stabl e solid by st andgpg gret hods of
work up. Ar~exagpit st andard work up Clk_i f-&% i n_Exanpl'e 3.
optionally, bund ) may be carri rwaldsi n synt hesi s of

N-P

conmpounds of

(o

v Vi

5 .

It is the object of the prgsent.invention to provide an
improved process for the asymmetric synthesis of
benzoxazinones which are useful as HIV reverse transcriptase
inhibitors.

10

Step 1: Addition: Preparation of Compound of Formula
(II)
This step is conducted by reacting a compound of
formula (I), after converting to the free base, in a
15 suitable solvent at a suitable témperature with a benzylic
alcohol, a benzylic ether, a benzhydryl alcohol or a
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P is a benzylic or a benzhydryl group derived froma 15 conpound of

formula (VII) or (VIIl), respectively, and is preferably
p- met hoxygegsiwhs 3. 4- di met hoxybenzyl, 2, 4- di met hoxybegaylbs®rzsrs -
4, 4'--di met hoxy benzhydryl. Mre pr ef erably P is p-nmethoxybenzyl.

Preferred acid catalysts faor step (1) incl ude HC1, 20 _met hane sul fonic
acid, sul RANZYERYY, Sthem dipihe Rregenge of a sudkableaaqiic: catiad vatd

p- t ol uene-tsail feami & aﬁn@mMa of forhaler(rag acrair sfatyaloxfsb%rﬁzelnet hane
sul f oni ¢ aci referred sol vents

sul foni c acid, and e

and m xtur%‘élqaﬁe?ee'ofcqng’ro &(%1) I‘Z%Fg"te&ulfer?é:ga&l&ﬁ?eweé‘rthﬁ acet at e,
cycl ohexam:bout rahmrﬂiémqretﬁtm&amayetﬁqlnepﬂnaﬂeom wittpiepando alsbwacet i c
aci d. 'Preé dd 'v)ieéH dbod©! R ar equival Ouﬁif %%ﬁmerat ure -

range o ep(l I's a roomtenperature to

preferabl WWF@’FPIFJ E3 zry-'hm Wmnalbqwmm]r aye i s about 60
to about penAlFeRF cher, additdion W rHRALd Wt]'?%oﬂﬂ |d gfg the

art can determne the preferred reacti on tine o teE pendent

on t enper ARFEE Ad d“‘:b]ﬁ%al%ta L 4Rk BE Gl ‘?%%ldiq ¢h tine

is 0.5to ﬂ&nﬁéﬁ&tﬁ;re sufficientSiap ﬁomﬂﬁd’r@lodmiiuﬂm)on W'W)Of
Conmpoynd of For mu

Thi s ep,mao?' c]?ﬁraﬁ arrn%% %%om c‘i?rﬁ)r’f%%%t’t% ag I&/I e{'-ﬁbc;ﬁa s°1‘(ﬂ ]?%h achr ral
ket one carsicanydard rethordso ol wirk arpml Ar( lexample jaf tsrnaqﬂas@nm]ofu;a

chiral in ar&;ﬂf@lﬂ‘a( Mith
pref er abl ?/i%tg?%ast ab%%rt t WO |va aelnlr};s] ?ﬁ&i&B ‘gﬁo ropy hynyl

lithium sereried kqmvagst oigy|amihssis iahiconRumds #n(%ll)u f or

Lhe afldl tiop pé @ ]@éﬁé @pafeahyﬁih %ﬂﬁiﬁ a@rf@éwl Oﬂféiml n 2 (][ 1)
contactin opL o ene. W I t a ithjum for a

sﬁi t abPe |%?f§?%‘¥fb‘lr c?# f)e W@ s FETRESHVELY 1 cﬁ"?ﬁ%ai%orrpound

of formul gotéfédably p%mmbﬁnzﬂlabbm—dimtﬂmqv}aémb at, 4-

cycl opropy DY it n_ ]F@é, ?rgﬁ{ aﬁﬁ outy by, contacting
about two afh equl b?nzr# Jc])‘fLul%:nyl%:l o%ir'rrc')éfolt ety enelF abo €t our

equi val entﬁrﬁemt%b}% rimsthoxylengwln a suitable 15 solvent at a
tenperature bel pyepbpréq- ch:fd%&éﬂrs@@oﬂérlsé&? (1) al eiuéehﬁers By way

of gener al | dance oui two i val ent i ral 1 nduci ng._agent of
f or nul Wéuh ‘bﬁ{)ﬁn‘f%ﬁc’e‘aw %‘éfg‘ﬂ%c o”l‘c’ads u‘F’f WrORESFLE | 2FFAm and
about trnickhoroatettis afidyahdppepylaaedysehfonie acidd, MOre

i ndepende%J:Xfeiﬁi:@dS&I:fﬁi%ﬁgygé‘gsaggqngﬁ?&éméﬁifonic acid and
p-toluene-sulfonic acid.

Preferred solvents and mixtures thereof for step (1)

25 are toluene, dioxane, ethyl acetate, cyclohexane, |
dimethoxyethane, methylcyclohexane, 2-propanol and acetic
acid. A more preferred solvent is toluene.

A preferred temperature range for step (1) is about

_ room temperature to about 120°C. More preferably when P is
30 p-methoxybenzyl the temperature range is about 60 to about
90°C.

It is understood that one skilled in the art can
determine the preferred reaction time of Step 1 as dependent
on temperature, acid catalyst and P group. Generally, the

35 reaction time is 0.5 to 12 hours.

Step 2: Chiral Induction: Preparation of Compound of
Formula (III)
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sufficient formation of cyclopropylethynyl |ithium upon whi ch about
one equi val conpound of forrmula (I1) in a sui tab | S-
added ana&ﬁg%”tog{ ned at a tenperature bel ow -30[err] C #’(E;?ﬁl%gﬁ?furs to
form conpound (I11). Compound 25 (I111) may be separated fromthe reaction
as a stable solfhis stdp- st midaal nedvwats oo, WorprdgesAthex alklyd atfion
standard W lan acHidIS kKM ea:ltf-m Al 8£ta compound b garah%e[};&g but

not required, that the rea ents this step b as _sol

streanms; tifatthe RURSEOGS: Srle dnSRGARG: éH?HESOIfnéPWH&éJ (I utions
bef ore corirael suitakhle s%ﬂ%rﬁ:t hﬁrbh ReagerahIvhiathleastr adduky the handl ed

mani pul at.ed as |IdS an be dt h reactlon mxture as
such Por eéﬁﬂr?ﬁ @5%%%3 rt‘l 4 nduci ng agents.

35 Rm:f]mpmp}dtatrmdnymdummgma@mmg @ermna}ne&):.nl gitu for the

IR 2S-pyrr Qge_qri e f I agent s
for step (a%djﬁlnc ut ;ﬂylettﬁulya%l ssé% %ut ggfl t El)sur?]()h\&)%%l lithium
i so- (1) by contact:l.ng cyclopropylagetylene with a sbmtyahhet hi um
n-hexyl I'i thim anc oGy, If&xhlaﬂguﬁamree lengtH ¥fCiin@ akky |ithium agent
IS n- hexylllthlum ' Pr ef erred solvents and m xtures _thereof for

step {£9) tempgratuxe guffisiand thdeme a cpEponedarE, tegrmlacydIFexane 5
and tol uereaaneratlon ofPraferiy avo eftﬁ.tﬂmdmﬂ@%ﬂ' l&y&uabr@bléft@lﬁ@‘l‘“ Lwo =

hour s for i.Qn of  cycl opropyl et.h t hi um an 1-2 hours
for addi tibh ‘g‘i gt %’H e Rarts e@] tp ¥ SORERAR S,,mg shout two
nor ephedr |¢m1vme;p¢83mﬂ stiodiodrdovlsiaehylehe with Rbeludr et enper at ur e
ranges forggi el rkC eration of
cycl oEr opyl et% I%t&:l %Pn%lt N %ll{ﬁ q'ggﬂhwd %1 ]a }8[ ?]%C for
addi t #8n &¥°¥ Lﬁ‘f"d q memperattttr%mleﬁw Gk mﬁhﬂ fprrt ﬁlhsmt
1R, 25 pyr rghdueht fB”hoursﬁOf?P ig¥e éﬂdlo@ull'ﬁnce about TP 3 Oﬁ' dative
compr | ses FHNTIRAE H ) v radOHE e S9ehtn A ey (Fa sultabe
sol vent widbowyt efambdquistallesst D a aal)nlnabime adduyily dliditived aands wkdcald e
oxi di zi ng @g:erg £l.ents f%ﬁled;; ({pgﬁ% é‘ %rrea gaetdabl e length of

nm

time to form conpoun way o general gui dance,

conpogRd (#RCF?PW%P%lﬁlt abize %@ﬁ&?ﬁbﬁ%rﬂnw untileontacted with
about one gPfBicHsnt ViEdARE I BB Wy Aoyl dtHyEhAl ugtaﬁaﬁt ahrpeated to

20';;:;5%&2“' £, for ab‘_gut one to 1 bq%t Si X h%; Sff% en ?I%gra?s .
stabl e scHSuhtgble solvent lS added and malntalned at a temperature
below -30°C for 1-3 hours to form compound (III). Compound
25 (ITII) may be separated from the reaction as a stable solid
by -standard methods of work up. An example of standard work
up is shown in Example 4.

It is preferred, but not required, that the reagents of
this step be added as solution streams; that is they are
30 prepared separately as individual solutions before contact
with each other. Reagents which can readily be handled or
manipulated as solids can be added to the reaction mixture
as such; for example compounds of formula (II) or chiral
inducing agents.
35 Preferred chiral inducing agent for step (2) is
1R, 2S-pyrrolidinyl norephedrine.
Preferred alkyl lithium agents for step (2) include n-
butyllithium, sec-butyllithium, t-butyllithium, iso-
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guenching with a suitabl e nonaqueous sol vent, followed by standard
met hods of vvork up. An exanpl e of standard work up 30 is shown in Exanple

5. Addi g, Y, Corrpound (1V) may be carried forwgierndorposts -
i sol atlon I'n o Step 4 for the preparation of Compound (V) as shown in
Exanpl e 6b. Preferred oxidizing agents for step (3) include

p-t et r adptey bbbrebeni namkeantl PEIBiuh cindrec Byl Hilelwno- 18 Juops

benzoqwﬁ@e@erred alkyl Predsim éz@&Vieéltrs-@és@mﬁM&ﬁ thereof for step
(3) are ene acetate, net hé but I-et h)er

1{92”6

t et r ahydr of ur ﬁe 8?”6?"?%?5 sﬁea%‘ﬁdmﬁ'&‘lnf)ﬁﬁxﬁhﬁre _

- 34- are tetrahgdrofonan Witexand; diwdl atierednd; dmeyhybcﬁcﬂohéﬁiﬁdm none
g_ﬁ € g Qx% and net hanol are suitable. Reaction tines for

step (3) epénd on fhe sol vent and tenperature. A preferred reaction

tinme for stepPrefenired Seantbionl tzemesu inhsperané2et Ay abettit &wbol | owi ng

addi 1 Omnlirs fokNgeRkldtEoflopIEPEl SErabPYELONYL! 0180, Shy BBUNLE.

A preferred tenperature _range |on i ZI'hg agent to

corrpoundl(‘?IP?uaépgﬁasa@ﬁth@nsﬁf-v@ﬁ!‘POWd (IH eF@rred t enperature range

for st ep1§32sw@yﬂrbmdaﬁyyeﬁbreﬁhéanﬁep&ﬁe@bgfBys&léenyaw hethldi al |y
about_. room te%er at UI’ hereafter ux t(%) nper at ur e.

stept%: Deben ISFE'B&F&FPSE EF'nﬁﬁﬁpSBﬁdSB-FP FaFRuPRopY) -58

Thi s stepocebpmtse@%héore@ememn::bcbnaoﬁomwlmj_dropyleth_f/nymullathh.\&; ina-
i t abl | ] ' | b t

Ut 301 € KSR G) B2l £.8HE PG soabErindbet LAl (5%

debenzyl &oi s¥céprrepylet mﬂahhhllumé 3R, afonyrireliddsinide or ket one,

dependl NgofepRldaribe sbiuetdhe of P'', the al dehyde or ketone must be

tragf or converted by contact wwth a suitable trapping agent to a
Jal which will not react with conpound (V). Three different
nmet hods of tranﬂn@.an()mdmhxe Cycldlzadliypte oPdegtearadiloyprodduct are
feasible f |ngthe hem am nal (1V) with a strong base
to form a %%lgrr%cﬁm&z%?l Foﬁ I'a (V) and an aromati c al dehyde or ketone

byproduct, t h&hisprdrie teampy iises awpacdd.ngo & lredyinads wemtiovpd of al cohol
With a syichaphe r@auoi ng aggﬁtmaﬂlleowo&g-emewa@hn refer%leff AtPq da3@l at ed

by neutrallzatlon of the reactlon m xture 30 . ovve by | tration.
Al t etPat ARIUF o0E SRPTRIePke of 2 Fpdtatde opds AFFEF RF & r eagent
Wi th greahsE iafifent tt;emperaftmret lfe:xb)aprs@(ilt@blfehamﬂdtm fofeeidE o Edm f or

corr bspofSRyEETT: O Eoni e B oy A B st il @

compound (III) in a sultable nonagueous solvent may be
contacted with about one molar equivalent of a suitable

25 oxidizing agent and heated to a temperature for about one to
about six hours sufficient to form compound (IV). Compound
(IV) may be separated from the reaction as a stable solid by
quenching with a suitable nonaqueous solvent, followed by
standard methods of work up. An example of standard work uﬁ:
30 is shown in Example 5. Additionally, Compound (IV) may be
carried forward without isolation into Step 4 for the
preparation of Compound (V) as shown in Example 6b.
Preferred oxidizing agents for step (3) include
p-tetrachlorobenzoquinone and 2,3-dichloro-5, 6-dicyano-1,4~
35 Dbenzoguinone.
Preferred solvents and mixtures thereof for step (3)
are toluene, heptane, ethyl acetate, methyl-t-butyl-ether,
tetrahydrofuran, dichloromethane and cyclohexane. For
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35 byproduct with tosyl hydrazide to formthe correspondi ng t osyl

hyrazon |n the amne (V) can be isol ated by CappiilsoRhers -

adj ust &?W“ﬁe solution as to crystallize or -preci pi tatsg Ig%ft t he

desired am ne (V) product. - 35-

Al t er nat i veteacricbiidi whien the3 Hdurtocuot- 5 vhetidyancs-larl ~benzoanatone is

al dehyde, c&gg@eeé}gmdax?y Retagenta Wi Gl tap1HXi di zes the al dehyde to a
but w '

correspondi ng acl not react_wth the am ne or acetyl ene

noi eties of (V);Reachign Bimes frrgseeent3) AR FIh the seheerhdrdbasi c
condi ti ons. temperatur®y VRYpréf&Ored atefid THi Oime GO WYkt | 1) ivhen

Dot or a5y 5% SRPRYRF ok deemre e ety A TR S HEEL S SaieieR ot
preferably [ 0 i ug,

t enper at ur etheroidizinyl sgydmingid albowt nBouwn tid about isatze Houwrwt i on of a
conmpound of fornyl I L o} | appi ng
agent, pref erablnl); égé}%ﬁ%@é 8%@?%%%%??%?%%&;‘?% él’é%a%%‘?}éé{s)é’?f%%i ent to
quant it at i vexidizing craerbnpeeRiBagndh( TEL L cicrends on Hehe\grldert . A

al dehyde Orprefell;‘féé”@eﬁxﬁefé&f@rfiﬁ%’%fgs@é o] -whSPARds b etiBY i O 15

separated fromthe reaction as a s e solid guenchi ng t he trapping
agent, ¥oo| | borteng/ prhvl; acetrke % %%tlal]-%o?%‘?‘i‘"orif%ﬁm pPRERABURRt hods

of work up.ahR, exnepbefoér, reflapdesmparatury.i s shown in Exanple 6.
Optional |y, conmpound (V) may be carried forward in synthesis of 20
conpounds of fornula (VI). Preferred strong bases for step (4)

i ncl ude sodi um &sngt asbebenzylanion: or Preparahiepdebxfaepound @€l | as,
net al aﬁ.g%ggs(v st preferably the strong base is sodium

hydr oxi de or potassi um hydroxi de. 25 Preferred trappi ng_agents are
those WH ch redu®Bifhetep comprasee thackh§acrkerofé BypPBAAERA: 8Lan al cohol

but nOtd -( féﬁ%ﬁlawtth)tm aﬁ?\&%léﬁg@Mth;n% éﬁﬂt{.&ﬁéylseﬁengff g
conpoun : rappi ng _agents are_redugci ng agents preferre
agent is sz)%?‘ﬁ?h %Erﬁhgﬁ?‘gﬁ’égt%ﬁe sukfl‘ﬁ'%‘?'érF%dggﬁﬂv%n?gm?%‘rm@t 88 (4) are
al cohol m xEdrmala (V) .waSinceMasprpdeterabl gebépzgbattbonb of tkehanol and
wat er . . regd.re | On. 1, t ' gt

about thr eehﬁlgﬁ?g’ﬁ;i 15%h %E:%#lgﬁjé{:r%gd%fe&rgérg?u{féi?%%gga%%ngﬂggaggi tion
of base2®B5 the sbrpstnye () Pl'n thepaldehydepsuketone Buett beobrappeed;

nore pref ergpl ¥ohBertearsyatoh€atBN@gerhSaabaitaBlet erappithg agehf[ €6r AC,

fol loved by, addi{LonRLch' 8PPl "oB980et with compound (V).

: Three different methods of trapping an aromatic

aldehyde or ketone byproduct are feasible. First, after

25 reacting the hemiaminal (IV) with a strong base to form a
compound of formula (V) and an aromatic aldehyde or ketone
byproduct, the byproduct can be reduced to the corresponding
alcohol with a suitable reducing agent; allowing the amine
(V) to be isolated by neutralization of the reaction mixture

30 followed by filtration. Alternatively and second, the
byproduct can be trapped by a reagent with greater affinity
for the byproduct than the free amine (V), for example,
reaction of the byproduct with hydroxyl amine to for a
corresponding oxime or, more preferably, reaction of the

35 Dbyproduct with tosyl hydrazide to form the corresponding
tosyl hyrazone, wherein the amine (V) can be isolated by
careful pH adjustment of the solution as to crystallize or
precipitate out the desired amine (V) product.
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Step 5: Cyclization: Preparation of Conpound of Formula (V1)

Thi s step corrpri ses the cyclization of chiral conpound of formula (V)
by cont g }Q%th a cyclizing agent in a 5 suitable solv R2674
terrperature Sufficient to forma compound of formula y way of
gui dance, about one equi val ent of conpound (V) is cont act ed wi th about

t wo equmtsl‘tﬁllcmd Ziigr g ertte dnbradiat, mhegh dit dlsowin 20 to
about - 25[ ergddnatiid | aidenygactd o ﬂ@stﬂ#?ﬁgd GeagOyiH0 (V1) may
tabl'e soli (? by

be separated fromthe reaction as a standard met hods of
work up. APEGERS e aldrhude i i@ gPrresnandimgvdaisl Butmwid Iy not

Pr Ffer [ed %é%ldtZlvﬂﬂ:mgﬁEE héx@[nétcﬁp agc'f_élty&r@m%e[s tof h(v fF.%ﬁfé@r eﬁl/b t
sol ven are heptan ol uene r ahydr of uran s
pref er agl ert Fg‘d{%e‘_’?ﬁerlws ’a"prh ‘f?ﬁgﬁrhr%e’iﬁx t /&’&ﬁ%ﬁﬂ%’eﬂ? .
Preferred tenperBy uwayrahggeraral hpukihde orcafpound cymi zimagmgent in step

(5) is lesg &MQ}?M Q&Je-nq?[ Wc?'% ) ontac \q  Jd ?éhCI 0 s_LseI ec%gn of .

reagent S, as’ I s 0O one S I C
synt hesi s, basej riér%i%ﬁi%ky mqﬂﬂess quﬁmmmsmm shydzrcgtmd@,r vaet d

manner to ydgth den € oramieidisadfe fasmy 3s°ul(ﬂah31e Qéﬂdm (Ag%fllmee tbc(V) and

(V). 256 .The pécesent | nventi on may furth er exe

ref er ehBe tiPiddahR MR 9 & ‘?‘P‘ﬁ‘l?f"%:ﬂ‘iil Stangn & f%lérﬁmﬂub}bf

formul a (Vidddition of a suitable trapping agent, preferably sodium /-

borohydride, at a temperature sufficient to quantitatively
form compound (V) while converting the byproduct aldehj(de oxr
ketone to its corresponding alcohol. Compound (V) may be

15 separated from the reaction as a'stable solid by quenching
the trapping agent, followed by pH adjustment of the
solution and standard methods of work up. An example of
standard work up is shown in Example 6. Optiocnally,
compound (V) may be carried forward in synthesis of

20 compounds of formula (VI).

Preferred strong bases for step (4) include sodium,
potassium, lithium or calcium hydroxides, as well as,'metal
alkoxides. Most preferably the strong base is sodium
hydroxide or potassium hydroxide.

25 Preferred trapping agents are those which reduce the
aromatic aldehyde/ketone byproduct to an alcohol but not
react with the amine of compound (V) nor the acetylene of
compound (V). Of trapping agents which are reducing agents,
a preferred agent is sodium borohydride.

30 Preferred solvents for step (4) are alcohol mixed with
water. Most preferably the solvent is methanol and water.

Preferred reaction time for step (4) is about one to
about three hours.
A preferred temperature range for the addition of base

35 to compound (IV) in step (4) is about 0 to about 100°C;
more preferably the temperature range is about 30 to about
60°C, followed by addition of trapping agent.
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Schene 2 Pivaloyl-d C 1) BuU Et TFA

[ wdodshrs ] 5 pdhyOsoRizgadls of

the present 1 nvention, by way of exanple and without limtation, may be
further understood b reference to Schenme 3 wherein neither R2 nor R3
is Hin an éﬁ&ﬁpée ofyalésgapdand oPreprraFacp\wf)Comapundchdne detail s

further enpggdihii®at 3veh the general synthetic nmethod for 10 preparation of

conpounds of formyla (VI) utili,zing very._, acid |abjl e ami no protecting
group. Besides Eggﬁi eﬁi&ﬁmprlsﬁﬁng§ nyéﬁéﬁFFBHePfeﬁ 258li fompeuns r al

i nduction gfefiormula. (V) by contacting with a cyclizing agent in a
5 suitable solvent at a temperature sufficient to form a
compound of formula (VI). By way of guidance, about one
equivalent of compound (V) is contacted with about two
equivalents of cyclizing agent and and stirred at about 20
to about 25°C until the reaction was quantitative. Compound
10 (VI) may be separated from the reaction as a stable solid by
standard methods of work up. An example of standard work up
is shown in Example 7.
Preferred cyclizing agent for step (5) is phosgene.
Preferred solvents in step (5) are heptanes, toluene
15 and tetrahydrofuran. Most preferably the solvent is a
mixture of heptanes/tetrahydrofuran.
Preferred temperature range for the addition of
cyclizing agent in step (5) is less than or about 0°C.

20 With a judicious selection of reagents, as is well
appreciated to one skilled in the art of organic synthesis,
the claimed process can be performed in a straightforward
manner to yield the compounds of formulas (II), (IIX), (IV),
(V) and (VI).

25 The present invention may be further exemplified by
reference to Scheme 2 wherein R? = H in an example of a
compound of formula (VII).
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t he subsequent isolation of conpound (V) is achieved w thout

- 38- chromat ography in a one step procedure, rapidly and under
very m gﬂggmg enperature conditions. POT/USYT22674
Schemne [ err

Step 6: Addition: Preparation of Conmpound of Formula (I'1) wherein R2
and R3 of compound (VII) or (M11) are Scheme 2H This step is
conducted by reacting a conmpound of formula (1), after converting to

the free bag LR a Sui b oI ventglat Sui tabl e t re with a
conpound ( or (VI I H nelt P ‘?é FAhe 15
presence of a I-F aci dN;a'ﬂnI yst to for W QfHCIIHOAc | .

o pyrrolidinyl
Cl " norephedrine

Cl CFs p-MeOBzIOH n-hexylithium

Toluene }
NH, HCI -\©\ <]
I-i II-i

F3C
CI\Cf( OH p-chioranil _ Ci 0 OH"/ NaBH,
st
- OM IV-i OMe

F3 c .n\\é} . - Fa C .‘\\\4}
C'\©\>\QH Phosgene ~ Cl 0
NH, THF / heptane . ﬁ ,KO

V-i VI

5 . The methods of the present invention, by way of example
and without limitation, may be further understood by
reference to Scheme 3 wherein neither R2 nor R3 is H in an
example of a compound of formula (VII). This scheme details_
further embodiments of the general synthetic method for

10 preparation of compounds of formula (VI) utilizing a very
acid labile amino protecting group. Besides gaining high
vields of enantioner excess in the chiral induction step;
the subsequent isolation of compound (V) is achieved without
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formula (11). By way of general guidance, conpound (1) in an

aqueous/ i ol vent at about room tenperature may be j zed
W th bas&h?ggg@git pH 7, contacted with about 1 nol ar ESS?%%P%ﬂ?hof a
conpound (VI1) or (M11l), wherein - 39- '
nei t her R2 mpbrorR@tiographyr dhepabhy stepybratednve, rapidiidi andnahfigr

contact ed Wilch~rahaula Gobnl @cPevhtird FBh&Y:9bns. @ suitable acid catal yst

and heated to a tenperature sufficient to form conpound (11). Conpound
(I') may be 5 separated fromthe reaction as a stable solid by standard
met hods of work up. An exanpl e of standagchewsl3 up i s shown i n Exanpl e
11. Optionally, conmpound (Il) may be carried forward in synthesis of
compoun of fornulacxlll). Conpound (VI or (VIII), wherein

neither R2 nor R3. i
substi t ut ed G
(6) include HC

§l cohol or 1004
ceei d catal’ysts for step

10 His é{ggfser abl yc|t ri tI

cgl col hol® @

net flane sul foni ¢ aci d,

uric acid, Lelinoacet i ¢
u npﬁaquonic acid. More prefernsdyigri d cgggﬁggmﬁe15 are

™

acid and p-

met hane sul fonic acid and p-tol uene-sul foni c acidH Preferred

sol vents and m xtlures thereof for step (6) fire tquene,udLa;anggL

cycl ohexane, acetonitrile, ethyl acet ate, dinet hoxyet hane, 2-propanol
and acetic acid. A preferred tenperature range for step (1) is
about 20 roomtenperature,to about 120[err]C. More preferably when
conmpound (VII1) is trityl ohol the tenperature range about 60 to
about 90[err]C. At is understood that _one skiZTed in the art can
det erm ne th@l prgf’g 5 A eact q%elsiame of ep 3G, o pendent 25 on

t enper at ur e, { et and group, , OHe Phasgens on tine

is 0.5to0 12 h Step 7: The ¢

i nducti on mﬁgféngcherre
e

3is simlarMo tibhi ral i nduction step NBpe 1; an exa 30 of
the synthesis of a cgﬂgound of formula (I11) wherein Pis atrityl
group i s shown i AllExanpl e 12. Step 8: Detritylation: Preparation
of Conpound of Formula (V) 35 Thi s sYep conprises the reaction of
a conpound of formula (I11), wherein the am no protecting group is very
acid labile, eg. trityl, i sui tabl e sol vent with about 0.1 to about
2.0 equivalents of a suLL acid at a :

ol FaCo 7

o,
' N’l§0
H
Vi

Step 6: Addition: Preparation of Compound of Formula
(II) wherein R? and R3 of compound (VII) or (VIII) are not
10 H.
This step is conducted by reacting a compound of
formula (I), after converting to the free base, in a
suitable solvent at a suitable temperature with a compound
(VII) or (VIII), wherein neither R2 nor R3 is H, in the
15 presence of a suitable acid catalyst to form a compound of
formula (II). By way of general guidance, compound (I) in
an aquéous/organic solvent at about room temperature may be
neutralized with base to about pH 7, contacted with about 1
molar equivalent of a compound (VII) or (VIII), wherein
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- 40- sufficiently mld tenperature to forma conmpound of

formul a (V). The byproduct of detritylation is an aromatic al cohol

and sub need not be trapped as in step (4) of ?ﬁ%iﬁﬁﬁa above.
Conpounﬁﬁ?%ﬁﬂﬁay be separated fromthe 5 reaction as a sta I'd by pH
adj ustnent of the solution and standard net hods of work up. An exanple
of standarmeithemoRk mgr iR’ sisodh prefeamply t¥it@it kdrahby, conpound (V)

may be Caraa&&{&amg e&e&a&é&%&&faﬁmwg%&%ﬁ&rﬂ 3 r?ole(%wc}f 10

Accept abl e am no protecting groups é

p- net hoxytfrl.w;tahle aa%%%@%&s\nwdésew s a temnﬁmuuztg/r gr oups,

such as, Zgdf £ PéReX¥obedhe! étﬂ];%xﬂncff II). @ cma/ h

preferred am no gt cctjl n rc(:)u ¢ t)rlt dﬂﬁ e P)rﬁg#erred strong
eras Por Srotrasd: REphddei shabfon as @ ALARlS Ak s tandard
trifluroaceéthodsi dfawdrlp-mpl Uemre-exampbell s toaraddrtl worlorg PiefsHdwg aci d
(3) are | ek o0E " c onEi R by o LS RY itk Beds T
met hanol , forwaxdakhol Smb&lwimambleommmdw@ﬁ eﬁ@mnylat heLBl vent is

met hanol . péuﬂﬁef(ﬁf('i? i et R ur@héf! ;_ ﬁ&g %@%%%13 qfg acid

to conpound (III In ste I S about to about 0 err]
pr ef ed&bl yHt B %ﬁﬁeralphyetrh% a%cmhton m%tmtsubstmp@ci]@ltyl
The preparatéomm®l.cycl opropyl acetyl ene, (X), Whl ch i s a reactant in

Zhe formation OLrgfggngguac18fc;gé sts(kor ét (éi inc u tratfd 'n Scheme

methane sulfonic acid, sulfuric acid, triflurocacetic acid

and p-toluene-sulfonic acid. More preferred acid catalysts
15 are methane sulfonic acid and p-toluene-sulfonic acid.
Preferred solvents and mixtures thereof for step (6)
are toluene, dioxane, cyclohexane, acetonitrile, ethyl
acetate, dimethoxyethane, 2-propanol and acetic acid.
A preferred temperature range for step (1) is about
20 room temperature to about 120°C. More preferably when
compound (VIII) is trityl alcohol the temperature range is
about 60 to about 90°C.
It is understood that one skilled in the art can
determine the preferred reaction time of Step 1 as dependent
25 on temperature, acid catalyst and P group. Generally, the
reaction time is 0.5 to 12 hours.

Step 7: The chiral induction step in Scheme 3 is
similar to the chiral induction step of Sceme 1; an example
30 of the synthesis of a compound of formula (III) wherein P is
a trityl group is shown in Example 12.

Step 8: Detritylation: Preparation of Compound of
Formula (V)

35 This step comprises the reaction of a compound of
formula (III), wherein the amino protecting group is very
acid labile, eg. trityl, in a suitable solvent with about
0.1 to about 2.0 equivalents of a suitable acid at a
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[ err ] 5 The preparation of cyclopropylacetylene, (X)),

by Schengobghders further illustrated in Exanple 15. Thi sp@f,gwgq.‘on -of
cycl opropyl ace?yl ene provides for about 100% conversion of

chl oropentyne_and greater than about 90%yield of 10 cyclopropylacetylene,
t hus enabl i sigfEkeipRbiicrilX) temperature (ke dform £ HMRIWH 0f wnta he

preparation(ef . a PREPBYPLoduct Obf f@eFklByldtidn is an aromatite 40-dwyd ng
exanpl es are t to IIust atlv of 15 € #resent |n£/ent|on These
exanpl es ar%n‘gEﬁgBﬁ?gﬂeP Y ne é ? PIRPPRGHT i th 3P at® Bt to be
construed aSchemel L abuget heComyelmﬁcﬁOW)s mapyee separated from the

Exanpl e 1 2 e 0 2-di

pr oggna_m degeacfﬁ?%r 83nlél igﬁéﬁ%%f%{ é‘ 13913‘#% %‘%/aé%&?@ﬁ‘g ssgl??/e%f)

m xture of andushandsrflymethbds (>18®kgl): uB 0% An embewﬁwlmmdaydlr oxi de
(61.6kg, 4635pk), ﬁn@sw@hse;mZEn gzémﬁta) 3th ewﬁ&ﬁl&od&@?@aﬁﬂﬁ (vyo the

resulting slurr harged _tr1 nmet %" ace chl ori 448l )

over 1 h, mayk EpFﬁﬁrﬁ-ﬁ@ ferpardt ifesyR H%[‘éifr‘]’@“P%‘F?@? %flf@ﬂh‘ngOm n
at 30[et(vj;¢ the slurry was cooled to -10[err]C and held for 2 hours.

The prqduct was IIe |tration, .washed with a 30 solution of
00/ 10 Wik or / ot nAREEPERPARG I PRGREREELITY SEouls. Hat: SEgpy LBB5RES( 0706
yi el d) of theitiill epemephunytni;tyl 4,4rydimethoryspityl ap &Pl 1&3[err] C

2 130 RNBLR75Er o Bz oBbEe apeh "o g §7usdimetnlity pekady adie d S 5T

27. 6. dimethoxybenzhydryl. A preferred.amino protecting group is
trityl. '
15 Preferred strong acids for step (8) include HCl, HBr

methane sulfonic acid, trifluroacetic acid and  p-toluene-
sulfonic acid. A more preferred acid is HCl or
trifluoroacetic acid.
Preferred solvents for step (8) are lower alkyl
20 alcohols and need not be anhydrous, such as methanol,
ethanol and propanols. Most preferably the solvent is
methanol.
A preferred temperature range for the addition of acid
to compound (III) in step (8) is about 0 to about 50°C;
25 . more preferably the temperature range is about 0 to about
30°C. :

The preparation of cyclopropylacetylene, (X), which is
a reactant in the formation of a compound of formula (III),
30 1is demonstrated in Scheme 4.
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Preparation of N-(4-fluorophenyl)-2,2-dinethyl propanam de. It is

understood by one skilled in the art of organic synthesis that

4-f1 uor ganbdd-pe can be readily 5 substituted for 4-chlor ogpiphisggnsapve- to
synt hesize this conpound. Exanpl e 2

10 Prepar ation of 4-Chloro-2-trifluoroacetyl- anil i ne,

hydr ochl ori de hydrate. N- (4- Chl oroph&siaeme 4 2 2-di met hyl propanani de
(36.7 kg, 173 nol) was charged to a sol ution of TMEDA (20.2 kg, 174

mol ) in anhygjous t-butyl met hyl ether (271.5 kg) and cooled to
-20[err]C. Jo thq, gmydL,lS sl urr was added .7 E%k %/lthl um-g hexane
(101. 9 Kg, 393 | eping the t E% ow 5[ery] C. After
aging 2 hr 0 to Q}é{li e‘$.Lutﬁﬁ.me o? 15[ efr]C o
then rapidlly reacted wth ethyl rlfluoroacta 45 kg, 3 nol).
After 30 B t he \@eubii Dgt sollution was qu nci béﬁ?gN HC (196 L,

589 nol) kdéeping the tenperature bel ow 250 val of the .
aqueous phase,, the organic sol uti on was concentrated by distj.l!ling
approxi mately 200 L of solvent. Acetic acid (352 kg) was ad whil e

di stills ng 325 kg sol vent under 100 nm vacuum After cooling the 25

lution t d
rsrtoxtjulrgnhe’g?égé?éﬁ%ga%%ggﬁgﬁ éfé%éo adél%&ﬁours ?dg§ %gs%“?l ng sI urry
was cool edfustBeeri}iughsated proBERIPWRSLS - @m$eﬁ¥%@a§§tim’1t e8ti on,

washed wi t 8yeibyto gzéaéeyiéﬁe%kahdes 0 Qﬁb@@l 1@0¥a§aﬁv595ﬂbﬁeof2 1 kg

(87% of thetltle und as a ecr %‘rp{) h% np 159-162
dec: BREOPSBEYREL SRONBESRBST o g "1, 9=
8 Hz, :L’DH) c?cl)oﬁbbpyléb&atyléﬁe NI\/‘Eh(J.§8Qn%lZJ.ndj)I\BSadﬁ):'{>éuc1: {X) t69b5 35
It is undey od b | t y t hat
c:trsclrzc:ozE‘tlé‘L‘8 &3&%@2%& Sg’élﬁ&“bgﬁr%% t%el%gggigst | f“u% ggp‘ﬁf’l‘%fihyl
trifluoracefafermpdae (LBIyynt hesi ze addi ti onal honol ogues.
- 43-
The following examples are meant to be illustrative of
15 the present invention. These examples are presented to
exemplify the invention and are not to be construed as
limiting the invention's scope.

Example 1
20
Preparation of N-(4-chlorophenyl)-2,2-dimethyl

propanamide. 4-Chloroaniline (52.7kg, 413mol) was
dissolved in a mixture of t-butyl methyl ether (180kg), 30%
aqueous sodium hydroxide (61.6kg, 463mol) and water

25 (24.2kg), then cooled to 15°C. To the resulting slurry was
charged trimethylacetyl chloride (52.2kg, 448mol) over 1 h,
keeping the temperature below 40°C. After stirring 30min at
30°C the slurry was cooled to -10°C and held for 2 hours.
The product was collected by filtration, washed with a

30 solution of 90/10 watexr/methanol (175kg), then dried in
vacuo to give 85kg (97% vield) of the title compound as a
crystalline solid: mp 152-153°C; ,lH NMR (300 MHz, CDCl3) o
7.48 (4, J = 9 Hz, 2H) 7.28 (4, J = 9 Hz, 2H); 13c MR (75
MHz, CDCl3) 4 176.7, 136.6, 129.1, 128.9, 121.4, 39.6, 27.6.
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Exanpl e 3-a Preparation of 4-Chloro-2-trifluoroacetyl- 5
ani | i new(??mogg 0-2-trifluoroacetyl aniline, hydrochl ori depctushygheaie (17. 1

g, 62 mol) was stirred in a m xture of tol uene (100 m.) and water (50
m.). The m xture was neutralized to pH 7 with saturated NaHCO3. The
organic phase was concentrated in vacuo and the residue 10

recrystallized fg,0gpaghtaom t @01 *g- @2-§1ﬂzo(z%z%eﬁ§1t)hf2,2-d§.htdt'§x_/;Fj?Wpound
as yel | ow needl es: 98-99[err] C. 1H NNR,_éJSOO Mi'i CDC13), 8 7.70 (t, J
= 2" Hz, 1H)R”PW{%- Ir jis gupgderstood py gne gkilled im \phe gt 5 44
(brs, 2H); cf3GHydRi(c/ syMthesis €hat3n-[faubrodfflinelbanbbel 2€adil§30. 1 |

Exarp] ¢° 3 sbstitited op tehsrlantiine AoV vo Himiheslib) sl o o

2-trifl uor camgopnahi | i ne. Compound (11-i): To a slurry of

4-Chl oro-2-trifluoroacetyl aniline, hydrochl ori de hydrate (40.0 kg, 144
nmol) in toluene (140 kg) and water_(50 L) s added 30% NaOH (18 kg) to
pH 7.0. After renoving the aqueousE%#§§b#L£Snethoxybenzyl al cohol 25

(20 kg, 144 nol) and TsOH (1.0 kg, 5.3 nol) were added. The sol ution
was heated to reflux and ,the water/t ene a trope(30. L) distilled.
The soiétion vas EeBRER TSR ocﬂ# A"&g E&T%T'érgﬁg‘\ﬁé‘g AeRMtH sat ur at ed
br: ne (8]9 Ia;')i]éﬂ'he, hydrcgﬂ:tﬁ.@rx?égm;p_tﬁrm. C(()rn-EMfahﬂzdridph_muub){—o a t
vol une o - | : Egtg; cen
of the titlszg’zc_od%'pmgé&'n@]i %&%@%\%ﬁﬁv\%? -(:Q%F'cu%t g%’llgyyl%%Lgﬂ td?ﬁ{?e%‘43%
The yiel d saslattiom ML GMERAG 2R -2h Hg)sild Aval)  ing Ahyidaouss d-busyl

anal yti cal SARIE 48PN 1Y) and '&EBNEDGd 267l Verh ithe/ 31Q and
recrystallizing from 35 _heptane. nmp 82-84] r,rJPC;, 14 NMR (3Q0. M4z, CDd 3)
[err] $204 |ku¥pry was addegh 2.4 Njnpyylifnivm 3n ?’f?a‘,anf: GLolg3hg. 7. 24

(d, J 393 il ) ABild Kepithg Jle Scdipeafurd . Deldw (5°Cl Aftdw,
599 Gy Sl Ao S Uhig Bl MB 58 pnew 1 1o
128. 4, tHen Fapidly regpres] wilth £thylll i@ ouptate (34.5 kg,
Exampl e 4 243 mol). After 30 min, the resulting solution was quenched
20 into 3N HCl (196 L, 589 mol) keeping the temperature below
25°C. After removal of the agueous phase,, the organic
solution was concentrated by distilling approximately 200 L
of solvent. Acetic acid (352 kg) was added while distilling
325 kg solvent under 100 mm vacuum. After cooling the
25 solution to 30°C, 12 N HCl (43.4 kg, 434 mol) was added and
the mixture heated to 65 to 70°C and held 4 hours. The
resulting slurry was cooled to 5°C and the product was
collected by filtration, washed with ethyl acetate (50.5 kg)
and dried in vacuo to give 42.1 kg (87%) of the title
30 compound as a white crystalline solid: mp 159-162 dec; 1H
NMR (300 MHz, DMSO-dg) 4 7.65-7.5 (complex, 2H), 7.1 (4, J =
8 Hz, 1H), 7.0 (brs, 3H); 19F NMR (282 MHz, DMSO-dg) &

-69.5.

35 It is understood by one skilled in the art of organic
synthesis that CF3CF,CO2Et or CF3CFaCF2CO2Et can be readily

substituted for ethyl trifluoracetate above to synthesize
additional homologues.
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5 Preparation of (S)-5-Chloro-a-(cyclopropyl-

et hynyl ) -2-[ (4- nmet hoxyphenyl) nethyl | -amno] [err] -

(trifl Do#% | ) benzenenet hanol . Compound (I11-i): | uene
solution o , 2S)-pyrrolidinyl 10 norephedrine (80 kg, P%’r‘ﬁt%?’?ﬁ‘?fg 60. 7
mol (IR 2S)- pyrrolidinyl norephedrine) was charged triphenyl net hane
(100 g). The solution was concentrated in vacuo to about half t he
original volume. Anhydrous THF (35 k@xat@sia@ddedaand the sol ution
chilled with the cooling jacket set at -50[err|C Wien 15 the tenperature
reached -20[err]C, n-hexyllithium (33 wt% in hexanes, 33.4 kg, 119.5

mﬁl) WasI Chargeddiwtﬁdlnea_tmb&t aioH ng-chhlbbg-ne-rml mua&ﬂ@e&w@[—err] C. To
the re tin Le sol ut n S al ge utd pon o . ;
cyel opropy FAAEBPene 4 SB R 13Tt L EgRasevelat v RS e bydreshlPRidshout 4
kg, 65 nol hg8rdte d\8l.dpgopgRammbi) ewey shitreednint ai mirguae offit er.nal

emper at Ur eobekAl «380chi) Candhab8sU(bBNh 50! UnhentgBBEoHag L <45 10 -

-50[ er Sol ution of
N-( (4 - N@tﬁsuyyeéﬁzﬁﬁ)ta-eﬁl8r812h saturaFﬁﬁuHaHSQaty|3h¢|pﬁgap4s W% in

THF/toluenﬁ genhagnbaacéétrahgat1$0v&&u02§né BBk ebsidue
N-((4'- Methoxy) be trlfluoroacetylanlllne whil e

n or o-
mai nt a%hi n§e§r¥§55ﬁ'¥'&ﬁeé frf’ P&F‘BPetBenge Ag[er F] €91A)t ef &¥eng the
mCxt ure at t1é3ﬁ+a:ompoun’aCa‘solyellla:whhleedll@mt " mmaen&heMng(goMOSgg 1IN
HC1 p C r e ni ay r epgs at n
extracted %zéebvbmbﬁg) ﬁg‘?go]r(tgl o%s o? ?EI' I—%]{. t?m 32’awd§ g 2 E Ei\%/étter
then concedtdat 6d7i i dacdo=t & HzvollHie 6f44bdbirs292H) ; CTNMBer(éS( MHAzkQg)

was added epgighedsohsbion gemcentissed, 13010 3 Yabuse 91928 t 81808l

For 4 o iﬁ%ewi?F SPEC 282 By, AT B T se et h 1o by por i1 one

of hept ane and dried in vacuo to give 10 kg (85% of the title
conpound as an off-white solid: np 16 1§ rr] ¢, [a] 25D +8. 15 (c
1.006, MeCH); 1H NWR (300 MHz, CDC13) %‘a‘?%’j%'ﬁg (brs, JR),
-45- 723dJ-8Hz H., 7.13 (dd, J= 3, 9 Hz, H)686
(d J= 8 Hz d, Wl 3’%?’ wad i521_;_33
3 29 A_%aﬁgt?.%xf I%f] 1@ gfz. ﬁﬁo%i% z}ﬂ 4= Br?G (m
2Ac N qaii ?EFF neisg. 9CQEEP%P6 I30igd: 130 , 130. 2,

128 6 125.9, 1%d @& s11.2ﬂn:§r ol 4-Thloro-blird.f1likchacétdIaniline, /4. 7,
_73061955 3hyéroghl§>r§.de hydrate (%0 0 9F %nﬁzg% %togmlse) ([1€4I’0I’ ]kg)
and water (50 L) was added 30% NaOH (18 kg) to pH 7.0.
After removing the aqueous phase, 4-methoxybenzyl alcohol
25 (20 kg, 144 mol) and TsOH (1.0 kg, 5.3 mol) were added. The
solution was heated to reflux and the water/toluene
azeotrope (30 L) distilled. The solution was cooled to room
temperature and washed with saturated brine (80 kg). The
organic solution was concentrated in vacuo to a volume of
30 35-40 L, then diluted with THF (52kg). The weight percent
of the title compound in toluene/THF was calculated by HPLC
to be 43%. The yield based on HPLC weight% analysis was
47.7 kg (96%). An analytical sample was obtained by
removing the solvent in vacuo and recrystallizing from
35 heptane: mp 82-84°C; 1H NMR (300 MHz, CDCl3) § 9.04 (s,1H),
7.74 (4, J =2 Hz, 1H), 7.35 (dd, J =2, 9 Hz), 7.24 (4, J
= 8 Hz, 2H), 6.91 (4, J = 8 Hz, 2H), 6.75 (& J = 9 Hz,
1H), 4.43 (d, J = 6 Hz, 2H), 3.79 (s, 3H); 13c NMR (75 MHz,
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Preparation of (S)-6-Chloro-4- (cycl opropyl - et hynyl) -1, 4-di hydro-4-

(trifl U%&Hﬁiﬁ%) -2- (4" - met hoxzyphenyl) -3, 1-benze¢agaddeniézanpound
(Iv-i): To a solution of heptane (295.5 kg) and ethyl acetate 15

(32.5 kg) was added p-chloranil (57 kg, 232 nol) and (S)-5-
Chl or o- [ erchelgycbop8opy| er By ny) ) 191 [$ A- 11 hbxyIderg) )h2s hy| ]128.4,

ot ¢ nadPePy ukad- Bt iidosd SoAcAti bairdt 5ok ERef il uted with
ethyl acetate (64.1 kg) and cooled to 30[err]C. 20

Tet rachol or ophydr oqui none was renoved #Zaxﬁﬁ tkrajion and washed with a
m xture of heptane (104.7 kg) and ethy acetfate (31 kg). The filtrate

was pariially concentrated by distillation of 260 L solvent, then
diluted with hepasiparatibh’/7okQ) (sr)dsacuﬂmlrboa 1eyeloprfapyiC The

resultin sI ilteced a rodu shed, wi h hept ane (41
kg) and ° gﬁ’"éﬂfg %ﬁ‘%??gﬁm EE gn %C%M he?ﬁiﬁ (%y llooss o§1
drying). THe:zﬁéldoafox(sét/hyload»enhaMdmthm Cemptiung (ITARAYPH: An
anal ytical sanp talned tr|t gog lt_l | e W|th|N
07 Forl oved BP FobRISERE BRIk P35S 2l enng e

130- 1310 7[ morkethelddikeR (88908gMHzonbEOing 60d8) m817 (AR, R8)-) =

L2 (gl it v i g o, w

0.72-0. 68 gh- ThejgplutionNwRs( FonRERLIBLES d6) VREUO)| t%ebyutllns , 129. 6,
129. 3 35 tim%%&agi&éﬁvoiaﬁel ahdlatoutl@ut, (357x8) wad &,da%a @mdBQ.h%

L 708 R o el ik che HEIWE Gl e Usocc. | Hhidn

Exanpl¥s 6 the temperafnmearekichedf-206aponrtexyViirhium( IB35wEY dro- a-

o PSP, Y RIS i P e
4- (trufluortclswett@yrmtcw [5}1§nyl§€‘03t b@ﬁisg)l&zmer@ﬂl solutiipn

3006 NG (Lo K e oL Che D e 0 60°C 10
give a cl eé['ms/g%)ﬁ‘ﬁ"&‘? é 6’6’61‘:@&“9'6‘936‘%]% ?‘,3 53 Q# sodi um

bor ohy2io i d@y(c&c@ﬂ@y_lacet&éeﬁelmlhﬁaﬂm ‘thad nNalin@idg( 2% I:L):mmadded to the
1ot NaNol | ¢ ¢ emp SULLOBANE B, mkeRRLNG LhE LATRIAIE DN oc

35[err] C excess boraoh Uenched "W
(5.8 kg) anmds e sEIQIE Sardil hove .wi TR ?eFOGWBOII-)-lttlI@ém was ghanged ized

to pH 8 to QHtibrAGH - (G2 dMetifRxdS BénZv19 —4-chloro-2-

trifluoroacetylaniline (43 wt% in THF/toluene; containing

25 about 10 kg, 28.8 mol of N-((4'-Methoxy)benzyl)-4-chloro-2-
trifluorcacetylaniline) while maintaining a reaction
temperature below -40°C. After aging the mixture at -43 +/-
3°C for 1 h, the reaction was quenched into 140 kg 1N HC1,
pre-chilled to 0°C. The organic layer was separated and

30 extracted twice with 25 kg portions of 1N HCl, twice with 40
kg water, then concentrated in vacuo to a volume of about 29
L. Toluene (47 kg) was added and the solution concentrated
to a volume of 28 to 30 L. Heptane (23 kg) was charged and
the mixture cooled and held at -5°C for 4 hours. The

35 product was filtered, washed twice with 10 kg portions of
heptane and dried in vacuo to give 10 kg (85%) of the title

compound as an off-white solid: mp 163-165°C; [a]25D +8.15°
(c 1.006, MeOH); 1H NMR (300 MHz, CDC13) & 7.55 (brs, 1H),
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slurry was cooled to about O[err]C, filtered and the product washed
with water then dried in vacuo at 40[err]C. The crude product was

resl ur riwybgirhfs @ m xture of toluene (133 kg) 20 and heppgifkotidisds K9)
initially at 25'C, then with cooling bel ow -10[err] C. The product was

filtered, washed wi th heptanes (41 k and dried in vacuo at 40[err]C

to give 447523y (Bgof =t Hz. Afllof L t@Dal® F el Ay skl iqB&old.d. An

ggal yti (1:2”1 JM3 ssemz]JJ ezma,]s 656535 Yed, aljligﬁlr%zr orml\r/:e)- bmdls nﬁNséﬂyl(lgg)Bth/ﬁept ane:
np r

cDC13) [err® 5’4’@ ‘zsz 1% 35, gy %dﬁ ?‘4)4"4934 ﬁ)' 0-84y(me. 61

(d, J = 9 m{),u@a 61 61 (3 19 Mmmfmﬁgz, IGPC13) & 1 1BR.B35 14H.9,H)

0. 94- 0. 7 er 6.7 ¢ 9 4,

129. 0, 0-Brg. 4:%;'11'8 %1%%%529 i}? d, fli]ojé' -9 111

19F NMVR (28:_14\& i 3}, [¥4+q, 75.2.80%.7, 70.6, 55 3, 48.0, 8.6, 8 5,

Exanpl e 6b -0.35 19F Nk e@g2tNzos, dpdypd@Indo.(1¢.i) from Conpound

(I'1r-i) without isolation of Conpound (IV-i) in preceedi ng step of

synt hesi s: ' -47-

(S) -5-Chloro-a- (cyclopropylethynyl) EZxamplw-[Srr] (trifluoromethyl)
benzen Hethanol To a slurry of DDQ (9.42 g, 41.5 mol) in

t - but yf nmet hyl ether (33 m) at 10 err C was added a sol ution of (S)-5-
5 chioro-[ err] -RESPRFH AR et/ n\IS) mﬁ}l"ﬁmnyﬂ-]-

amno] -[er, L b uQroiey, ben mmol ) .
After 5 m rﬁ}lth ny:“ gs% |t n ng)or r§ ?@ rﬁ‘?érgg ééﬁﬁ%% and the
resul ting RFFRS 8R¥A kT 5 mg" %ﬂ{‘?lz"ne upd Tﬁe’ ¥iltrate

was washed with rﬁ%?qﬁ?mléﬂ é@%fﬁwﬁfatmasek%he&xaaéthﬁilacetatﬁd g
conce a I STI I N SOl ven a S adde
folT oukh by&Zb'ys g‘f%’t i W35 r%d%d 51&‘%%& (‘é%zls)mf?)' BT NaOH
(4.m) mer@ldmaommk@mpm%twmallo?r-bf4ﬁloehhomhenybb¢\eehy1]4N Na OH
(26 n) M%ﬁﬂdﬁﬂ—@ﬂ@tfbﬂﬁ&m&u@ﬁtﬁ&é&m{%tﬁéﬁ&t@85&@& then ﬁeﬂi ed Lo

30[err]C. A solution of sodium bor ohydride (0. .9 mol)
N NaCH (6 rihe upkxture iy dreffuxed Mith eed amat@m?%fwr)s v@sha@m@m

followed  aqifyrégeloeR ééhgi)acééaﬁé @s& bomw af@etbe18@i 8ol 33°@l ., 210
nmol ) saddedto§ 5., The resultin e% 320 coolgdto

about 68, freteacheiote AR RIS, PP frltrrbioR @RCdried in
vacuo at 4Gfsshigd. wiltie atrmuietw@cbtbtheptane {104.7 kg) and ethyl

acetate (31 kg). The filtrate was partially concentrated by
distillation of 260 L solvent, then diluted with heptane
(177 kg) and cooled to -10 to -15°C. The resulting slurry

25 was filtered and the product washed with heptane (41 kg) and
dried on the filter to less than 20 wt% heptane (by loss on
drying). The yield of (IV), calculated by HPLC, was 71 kg
(80%). An analytical sample was obtained by trituration of
the sample with 1IN NaOH, followed by recrystallization from

30 hexane/ethyl acetate: mp 130-131.7°C; 1H NMR (300 MHz, DMSO-
de) 6 7.46 (4, J = 9 Hz, 2H),7.28-7.21 (m, 3H), 7.0 ( 4, J =
9 Hz, 2H), 6.85 (4,0 = 9 Hz, 1H), 5.52 (s, 1H), 3.78 (s,
3H), 1.52-1.47 (m, 1H), 0.90-0.84 (m, 2H), 0.72-0.68 (m,
‘1H); 13¢c NMR (75 MHz, DMSO-dg) & 160.3, 143.8, 129.6, 129.3,

35 128.9, 125.8, 123.1, 121.7, 118.1, 117.8, 113.8, 93.6, 80.9,
74.1, 70.3, 55.2, 8.5, 8.4, -1.07; 19F NMR (282 MHz, CDCl3)
6 -157.5.
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was reslurried at roomtenperature with nethyl cycl ohexane, cooled to
about Obﬁ bdfread filtered. This material was further pedtiddorfseAAy -
a

recryst I zation fromt-butyl nmethyl 25 ether/hexanes to give 9.95 g
(86% as a white solid. The physi cal characteristics were identical
with product prepared by the two sEdampdechBorani|/NaBH4) process.
(Exanpl e 6, above) 30 Exanple 7

Preparati on Qr o cI Qpr py . :
et hynyl ) -1, 4- d| % dé% gaf?onf I ﬂgr orre?ﬁ a2 -$): (2hz3xEhRE-YRe.
Conpound ((\qu:;.ompy ethynyl) - -am:.no-a_(tr:.fluoromethyl) :
(S)-5- 0, l.et hynyl ) -2-am no-[err]

(trifl % Rﬁ’h@%%%ezgiﬁg% anol (15.7 kg, 54.3 nmol) was di ssolved in a
m xture of hept &wude 30S kP~ Caﬂcbr'ﬁ-lm-(@da@propyllmdmmymG{lem-]cﬁhMene
(-8.0 kg; §Q MRS ly\. -

bel ow t he Slurq‘ga}](%ﬂove d;dé&%[l) th%‘“gﬁ‘r%fy?ﬁ’?n elr)rpgr zg't Eregzoxazg.q v676C The
resul ting HduGalaHAtRE Y Meightlswas chaxged to Rerdxtumsuof Met hanol

(6.5 kg, 2@@tHinoMasoad a@d)%t kewon (120] ®o)0Rnd Walted akautr,)30 44
Hept an 8 (97 k ew%',sasaﬂde and. -140 L of sol v;nt was distill ed under

reduce : % ‘{Eﬁo kgFCafidvVeHR C32aFgFoiditdomdddemnd the
sol ution -coonaafne:b \d 0° . 5%Rhaguvatid onodifu soldiicar borehedridd )(3 folkpwe

by water ( I 5Q [ a f||t redlnto
a clean reac mCIEDI I gpmed;’tiowé\i% g %‘ érlcér?se%% 1?51 %n was
concentr at (S(letdan rRIC &P mln.prlmm the m%@watumﬁbalm 39°E.kg) and

cool ed bel ter 30'HB," el Yertlir1 tanes
(37 ko) ar?ar dried in vé:(?uo ;O?QO 100%%58;8"@ ve 16. Oé%m% \%é&&&p

of f-uhife t& -4 gt 13RPithe sPladhiar dipuedyyidh, watnr 187537 then
139- 141[errﬂeﬁst:{aa]azfda - pH (€ th 30tk QdetitH AR .( 4Ghe reé\i‘iztl O d6)

11. 05 1 5 1.22.5 Y He,
[1ﬁ|)”] 6. 99 (Sof‘(“s’in"w?al °°Aﬂé‘gd“1 P Pyl ok, H%ﬁ)lj"l%eé?za(‘ﬂ éI%&”{? ¥ m 2H):
13C NVR ( 10Gs%ed wBOwEer theh MISied, in3edlo 4840C. 1IHOXruds. 57,

(1%224 1%&&%&9 wa]éﬁlré},flruz%ie@mﬂx ¥ miStfie o Wideté (138 34) 19F NWR
Exanpl 20g and heptangs (10 é kg) initially at 25°C, then with cooling

below -10°C. The product was filtered, washed with heptanes
(41 kg) and dried in vacuo at 40°C to give 44.5 kg (88%) as
an off-white/pale yellow crystalline solid. An analytical
sample was recrystallized from t-butyl methyl ether/heptane:

25 mp 141-143°C; [a}25D -28.3° (c 0.106, MeOH); 1H NMR (300
MHz, CDCl3) & 7.54 (4, J = 2 Hz, 1H), 7.13 (44, J = 9, 2 Hz,
1H), 6.61 (d, J = 9 Hz, 1H), 4.61 (brs, 1H), 4.40 (brs, 1H),
1.44-135 (m, 1H), 0.94-0.78 (m, 2H): 13C NMR (75 MHz, DMSO-
dg) 0 146.7, 129.4, 129.0, 124.3, 118.4, 118.07, 118.05,

30 92.3, 72.6, 71.0, 8.2, 8.1, -1.1; 19F NMR (282 MHz CDCl3) &
-80.5.

Example 6b
35 _ Preparation of Compound (V-i) £rom Compound

(IXI~i) without isolation of Compound (IV-i) in
preceeding step of synthesis: '
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25 Preparation of N-((3',4'-D nmethoxy)benzyl)-4-
chloro-2-trifluoroacetyl aniline.

4- Chl or y@odsdohd Uor oacetylaniline (4.96 g, 40 nmmol) and -
3, 4-di net hoxybenzyl al cohol (7.39 g, 44 mmol) were added thmsg"??Gg#opanol-

(40 mL). TsOH (76 ng, 0.4 mmol) was added and 30 the mi xture heated to

60[err] C and hel d 3.(8)hdnCGhlofdbensdlogtc DpropYBStBYMGENS L 8L.aGhi HoLgcuo to
1/2 the orim’:nalf vol une, diluted with water (10 nlL) and stirred at room
t enper at ur et e +EIpRremethyl ) bepzenpmethpnaled and the product dried in

vacuo at 30[err]tTot e giluer{Oof6DpQ( 69%20§,thg,5iﬁdnglyomogngug?l% a
yel | ow po n ytkgal  sampl S _obtaiped by yecrystal lization
from ac t\é\ﬁﬁ%ﬁqg: eﬁggng‘ﬁﬁ‘é‘%f %8 iﬂxﬁms aé‘??%(ﬁﬁﬂfs“@?% ®5r £S) 15y,
7.75 (bPt, Shlovorg-{epslopragylethygyl) 32=[14-sethoxyphengl Bméthyl]=8 Hz,

3H), 6.75 (&mido¥-&8-(trifluoromethyl) benzenemethan 189 : '
Mz, 1H), 4.43 (d. J. =5 bz, 20 388 (s a9m o587t s gH?? 9 403c MR

(CDC13) & 1RL) . 1sAfger 1agnimutes the ipgsulting. slurry weS. 85168Ped, at

129. 4, 119. %0°CL bhdb, tHd. Tresutlingt, , ~ . 7.0 19F NVR

(D 3) 8 . 69.1615]__5 5t u 1_.5' sdilil 3 washeé@nﬂ%xsﬁnrglr eégbtgtyi

Pr epar at i o3y )e:%g’f:hl o2 L1} eyRrreyapywashed with 5% agueous -

(et h_y][llyllp- 2-$<é¢inf;tcﬂbmtﬂommet yhen mfhyéillznéid;@%eﬁeiga&edh?y distilling
rifluoro me . 6 sol ytlon o

(1R, 29) - pyﬁ%%ﬂi%‘?{g&%' nor%}%enq‘?]r n&?7 AR g‘?’ailﬁd%‘gl g#é%w%@n}aént rated by

di stilling 96%tidlrg sdf vehtokitselvenspherMetharsuf25 ml) dndpbRNyhort hane

0.2 g, 0.8 aggles j I
Eerrpe?at ur e‘.grﬂ,l?'inF ‘)(’ég% moﬁa@im%%gglés%#%ﬁgaso utc‘lggnfgaéfcégﬁg]d to

-20[err] C. $RPYESB%1it (26 ml v was (added andebbaanizosrai hegtdds nol )
was adlied briefilyetonbst@itlidly ddwlé@MpEr 30 & el 3 0G od NS ”éé&&'ﬁxﬁ
(6]

turned red dgi tion_ of, 108 nl. 16 L ght % 20 ol ution
cycl opr opylgz;l%]]':e géeir:l%d%lg%‘ égd) & Z]’a‘r’lr%')““%ﬁ ’a'dd@ﬁégN NaOH| thWe) sBR®tion
decol ori zedrddge. sAfkenninasimites edvater (455m1) W& fadddd FoDhleneat hen
cooled to KpGecatondi EN . pod . .

B o hebeyl - Aoy oo Horsy  acesle #5117 L 319 g,

N-((3',4"-D nethoxy)bepzyl - 4- or o- 2-° uor cacety
81.8 ol ) LY é’é%‘lrv%@ig% e a @ (@f THS wasThe geesul ningrsiubryt wasC, t he
m xt ur 20wascooleduss catssut @2 Y Ie-dF hdlohe oM@ NEs | BYEhedRS
washed tw Ge: W fi’tkd‘?&lﬁ rglé)o. n%) .t hen concen%bgt ed in vacuo. _Tol uene .
(150 ni) was added and the X urEwiacuo atofldnt r atd Foude \BYRRRCHf 80
n.. Hept an&gslORHAYried 30 raedanpetdtuse| with mathyl ¢vel ehekasd, by GC
anal ysi s) cooled to about 0°C and filtered. This material was further

purified by recrystallization from t-butyl methyl

25 ether/hexanes to give 9.95 g (86%) as a white solid. The

physical characteristics were identical with product

prepared by the two step (p~chloranil/NaBHy) process.

(Example 6, above)

»

30 Example 7

Preparation of (S)-6-Chloro-4-(cyclopropyl-
ethynyl)-1,4-dihydro-4-(trifluoromethyl)-2H-3, 1~
benzoxazine—-2-one. Compound (VI-i).

35 (_S ) -5-Chloro-o-~ (cyclopropylethynyl) -2-amino-o_
(trifluoromethyl)benzenemethanol (15.7 kg, 54.3 mol) was
dissolved in a mixture of heptanes (32 kg) and THF (52 kg)
below -10°C. Phosgene (~8.0 kg, 80 mol) was directly fed
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hept ane: t ol uene was adjusted to 60:40 by adding 43 nL of tol uene. After

crystall the product was filtered and recryst glddg@apbeRm -
t ol uenedvée )?gdr?g (3:1) to give 23.1 g (64% of the title c%yr;r}pound as a

pal e yeIIow solid: nmp 35 128-129.5C, [a] 25D + 11.00[err] (c 0.300, MeOH);
1H NVR (300below\ithe CDEIE3cel ovext appmt 1Hp, Keépipddihé tefipeRalinrelH),

g H)843 83 (rsnbe:i]@w 06C58 ?[‘h@ f&{)sul%l Sjlldl:re(‘lw%%lﬁ%f%? ﬁI\/RZ%B 2 4fPc ang

m
- 50- ‘43@@9119@) (& .Padrog, 2037mgl) 1wes3added and| Zies,
129. 4, 124. %ollxl:&oh s'ltja.&r%d bibud 31)13!1141 1ibp%ants0.(97 kg) as’

adfed.
73090 5?55 5 14%6 of8 solvsent was ]al iﬁﬁgsunf@r re%u %B‘g'ls;%:&-g[r%n
of (S) -6-CHeptartes (T lkapr gmd THF (22 kg) were added and the solution

et hynyl) -1, %v %1’{@_%%%‘%1 (§ [ f ru%nesto@ﬁ\)m % %\r’b%% t%o (15 Ei'f) . foliov_ved

dlxethoxyphen ez oxy |ne 5 Ta St i 'on
(S) -5- Ch| or (by[ atatiex Cgﬂgﬁ d@ropm ng@ was warmed to 50°C and
((3, 4-di met hoxyRheny | )& fsyldléan %]act[&r r lfol(ﬂowefd #gr a”atohyég) psRtanes

benzenenet hanol (2.68 g, i n met’hanol was added

DDQ (1.9 g rigse nmiibe WW%IW%QIQHWE‘E 66'06199@‘33@ mnin an

i cg 3at hdancbﬁasishﬁfeed dllﬂtfiad)wighl%g;eptanw% (\u}zs:)@d \ainkdh c@dﬂe&@éidﬁtzhigglc
an ried in uo 9. O

1H NMVR 3]6%& Lf?’@o@fé’?‘ WRS7 fgé(t é)le)"aS e w %g‘p fptail 9 @ 1H)

7.13 (d J= kz_;)Hand@médJin(mcma,t @ ETLAarC J:o-g'ivldzJ.GZ@ ka)(QE%)?QAd d,

1, 3¢ o 6 | %f?f%"f‘% o ke il dh opridl herch Mo sl (.

MHz, }394BHL°C; lal ™ 944481 (5, 012909 Mf@é‘)? IR (B 4,
125.0, 121. MHz, DMS®-&) BLAT, osua;,o 1H)1,1.70.54083d, B3 R .81. 7 H70. ) ,

xanpl o 11743 (i T Dt o R Qe Fin R Wiy 2% o a0

2-trifluorodddty Quf2i e, 2H) MAHBY @, 2H); 13C NMR (100 MHz, DMSO-dg)
4- Chl oro- 2-ty i {4 paceiylanj | 141, 6422 ﬂzﬁ;%looliﬁf‘%? 122. 241 316 odd or i de
(30.0 g, 107 mmol), trlethylamne 11. rrm)l) P(0'5qg, 4

mol ) wéPe dikkA&edI b DV HE. 5-rﬁ_~°§ aﬁhdlawelﬁj-% h'la-t3260 FTANMR e6382 i ng
slurry was oz edOMSO-Hg)rdc8ltenperature, diluted with 20 nL water and
filtered ) _

Example 8

25 Preparation of N-((3',4'-Dimethoxy)benzyl)-4-

chloro-2-trifluorocacetylaniline.
4-Chloro-2~-trifluorocacetylaniline (4.96 g, 40 mmol) and

3,4-dimethoxybenzyl alcohol (7.39 g, 44 mmol) were added to
2-propancl (40 mL). TsOH (76 mg, 0.4 mmol) was added and

30 the mixture heated to 60°C and held 3.5 hours. The solution
was concentrated in vacuo to 1/2 the original volume,
diluted with water (10 mL) and stirred at room temperature.
The resulting slurry was filtered and the product dried in
vacuo at 30°C to give 10.16 g (68%) of the title compound as

35 a yellow powder. An analytical sample was obtained by
recrystallization from acetonitrile: mp 82-84°C; lH NMR
(cpclsz) & 9.05 (brs, 1H), 7.75 (brt, J = 2 Hz, 1H), 7.35
(dd, 0 =2, 8 Hz, 1H), 6.8 (4, J =8 Hz, 3H), 6.75 (d, J =8
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to give 35.9 g (77% of title conpound. An anal ytical sanple was

obt ai ned by recrystallization fromacetonitrile: np 165- 167C, 1H NMR
(CDC13) wo déhd7ibrs, 1H), 7.71 (brt, J = 2 Hz, PCT/US97/22674

-51- 1H), 7.3 (brs, 15 H, 6.9 (dd, J = 2, 8 Hz, 1H), 6.27 (d,
J =8 Hz, 1 13C NWVR (75 MHz, CDClS%{ 8 180.5, 151.2, 144.1, 135.7,
130.7, 130.8z.138)2, 443 dd.198=75 Hzg 8H)128-68 (s, 343,23.873.(s, 3% .:7,
127.5, 122. é,3c1mm (CDE933, 511279.95 151592 149243 143173 13%.2, 196.BWR

(282 M z, r [

N-Tri phenyl cdﬂ g2§ 4, 118.4 && E@I&ag? 3‘&& 4, #hdd B

4- Chl or o- 2- t5I6| mlu&rﬁo&oet‘lﬂ Bni 12 ﬁ'eNl‘ﬂRydlc@QlerﬁdeSQOGlhydrate (84.4 g, 304
nmol ), cycl ohexane (350 nL), MIEE (95 m.), and water (100 'nL) were
stirred at roomtenperature. The resulting slurry was neutralized with
30 nL 10 N NaOH. To the organi ¢ phoB¥ampded8ed trityl al cohol (91.0 g,
350 nmol ) and TsOH (0.36 g, 1.9 mmol ). The m'xture vvas heated to 15 ,

reflux and 300 of sol ent was. di st l Acet onj 5o'm_) and
di i sopr opyl et hy:lea’Frfﬂgr %/\er(?) c#d"gh:bﬂﬁ° o= cf-'ﬁ'é (?PS'E??V T on

conti nued t @etlymyd )22- ht3 add-ldlmahoxyphmirﬂ.ent metiryldl-dEminodas<ool ed
in an i b o 1 give 126.5 g (89% of
productig\n tfl(qt]ﬁgegﬁ san’é‘°§€3§ £;&Jd{&%g"li%‘al%?propert i es as the sanple

pr epar ed in NetHbd Avt% SOlutlon of (1R, 2S)-pyrrolidinyX¥xanple 12 25

Prepar at i Onnr{ez{%ﬁ?} HL- &5(40)# O RS )h@)g )concb entrated by =~

2-triphenyl amnoj -a-( uororre enzenemne

To a sol uti s IhiAD Jila @t odivents ats afmasphamio pressye.
(1R 2S) - pyr rq&llpii 1@}%@@% e 5;( 1@ Q; Gmo13 )adcféd395nd-.r HLd 50 ) was

added 2N_n- hexyl I, thi um keepi ng the te erature bel ow
O[err] (,ys m °1£? to Iiﬂﬂ“brtr?“?et’?aftf‘f%r oacHt W ITwe W&F 32 g,
20 mmol ), dissxEdehd the rsolhit {cH) wds ossledides +20%he ammi:;ﬂlsﬂthﬂthﬂn

and el 4ot 1 o W% el 95 hulole 1 Joa Wien FRIEIER AL Ldhgh 11 ©

acid (92 35 he "organi ¢ Tayer Wds “sépardt ed,
sul fate and V&@d@mm@mmgarmﬂ |tempgasam:r¢ Zoelowm §3Gm The mixture

hept ane/ t ol L{'_Q.{}ﬁ'lé]ii\&?écﬁ S (9 dih tde 110 g qupoung: 1dvhve1ght%

180- 182081 1] G J AR R f Gyl drrospiancetyiond ' (18R G ML) vas addea
until the solution decolorized. The solution was stirred at
=5 to 0°C for 20 min and then cooled to ~45°C, at which
point compound N-{(3',4'-Dimethoxy)benzyl-4-chloro-2-
trifluoroacetylaniline (29.7 g, 81.8 mmol) predissolved in

25 50 mL THF was added. After 1 h at 45°C, the mixture was
quenched into 2 N HC1 (400 mL). The organic layer was
washed twice with 2N HC1l (100 mL) then concentrated in
vacuo. Toluene (150 ml) was added and the mixture was
concentrated to a volume of 80 mL. Heptane (100 mL) was

30 added and the solvent ratio (determined by GC analysis)
heptane:toluene was adjusted to 60:40 by adding 43 mL of
toluene. After crystallization, the product was filtered
and recrystallized from toluene: heptane (3:1) to give 23.1
g (64%) of the title compound as a pale yellow solid: mp

35 128-129.5°C; [al25D + 11.00° (c 0.300, MeOH); lH NMR (300
MHz, CDCl3) & 7.56 (m, 1H), 7.13 (44, J =9, 3 Hz, 1H), 6.84
(m, 3H), 6.58 (4, J =9 Hz, 1H), 4.24 (m, 2H), 3.85 (s,
3H),3.83 (s, 3H), 1.34 (m, 1H), 0.90-0.74 (m, 4H; 13c NnMr
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-52- CDC13) [err] 7.53 (d, J =2 Hz, 1H), 7.4-7.1 (conplex, 16
H, 6.?7 %%J:ZJHZIH), 6.05 (d, J = 7 Hz,

IH), 1.0% WF;" , 0.72 (m 2H), 0.62 (m 2H); 13C NNR(?%éyUSQngm‘CDClS)
[err] 143.7, 129.1, 129.0, 128.8, 128.1, 126.9, 5 126.0, 122.2, 120.7,

118.7, 118. (37,5 Yiz], DAL dghl 501482 147. 8 had. 33 13(1 8L 11925 'WR (282 Mz,
CDC13) 8 - 79.

anpl e
Prepar at i oﬁ-zt?f 4 ( 824%-36n 1380 Y e AR Pay diiEpRopyil3 - 4 111.8, 110 9
et hynyl ) - 2-gamimo-f3erg,] -Ad.rn sttsorsorrstshxal ) 46.5,b@nzenemat hanoh., 194 (R Step
Debenzyl at i o z CDC1 3 % o[ err]- (cycl opropyl et hynyI ) -2-
(triphenyl HH Hni%no- Pérr] (trifluoronethyl) benzenenet hanol (5. 32
g, 10 n®oL) 15 was dissolved in net hanol (25 nmL) and reacted with 12 N HCJ

(0.5 nL) at roomtenperature. After #q;_\gblé'\' NOH (2 L) and wat er

(20 nmL) were added. The aqueous netha | ution was extracted with
cycl ohexane (22 nL) foll owed by hexanes (20 nL) then partially .

concentrated in ppéparaticd) - de(byalg-aHL8kbhaqiys1ep %ﬁﬂDH 7. The
product was filtered, washed wth water and dried to give 2.65 g (92%:

mp 140- 143EFRYRY 1Pl s fe@ihedsed pf brdElnarame theh) rea (37, 4w|-t h
mat er i 20 rmtbnb;zhl‘unwhen&l) -271-benzoxazine. Exanple 14

hesi f
Viulone (Gan AU SO o
1043 nol), enyﬂomeﬂinelﬁh@aun@ (Mt&n&}umetdml) The

Vn\ggt ;{jge\é\a% over éthﬁ‘énursg&T %gact i"on %’:@ Q}| UXG(?&%:hﬁ (ﬁ‘h 52%830![2)

40' C. Vat e Q°E8vargpdded QE’@edlaﬁG ghe GpHamléepaﬂ&lﬁeé‘wltln%(ﬁw To
the orgeni ahaspmas FWdad 42 Iélrﬁ@cé iﬂa& letha %&tﬁedm' Jthe g%‘ﬁ%oot I on

was heated to refl ux, and diistillate rem)ve at 20 mm

Tol uene (3¥a8 pRshed with %d&g'd cald meshanel #pd it iesk i (v RFU? By cool ed
to O-5[errjfiver2.36 gr{@8%) lofativhe dowppundecipwb32edVEeTi etlf mamhed

twce (300 MHz, CDCl3) & 7.48 (s, 1H),°¥.18 (dd, J = 2, 9 Hz, 1H)
7.13 (4, J = 7 Hz, 1H), 7.10 (s, 1H), 6.87 (d, J = 7 Hz,
20 1H), 6.70 (4, J = 9 Hz, 1H), 5.62 (d, J = 4 Hz, 1H), 4.33
(d, J = 4 Hz, 1H), 3.90 (s, 3H), 3.87 (s, 3H), 1.33 (m, 1H),
0.90-0.72 (complex, 4H); 13c NMR (75 MHz, CDCl3) & 150.1,
149.3, 141.5, 129.9, 129.7, 127.3, 125.4, 125.0, 121.2,

120.8, 119.7, 119.0, 111.0, 109.7, 93.5, 81.4, 70.3, 56.0,
25 8.7, -0.4; 19F NMR (282 MHz, CDCl3) & -79.2.

Exam 11

Preparation of N-Triphenylmethyl-4-chloro-
30 2-trifluoroacetylaniline. Method A.
4-Chloro-2~-trifluoroacetylaniline (22.4 g, 100 mmol),
trityl chloride (30.0 g, 107 mmol), triethylamine (11.6 g,
115 mmol) and DMAP (0.5 g, 4 mmol) were dissolved in DMF (50
mL) and held 14 h at 60°C. The resulting slurry was cooled
35 to room temperature, diluted with 20 mL water and filtered
to give 35.9 g (77%) of title compound. An anaiytical sample -

was obtained by recrystallization from acetonitrile: mp 165-
167°c; 1 NMR (CDC1l3) & 10.4 (brs, 1H), 7.71 (brt, J = 2 Hz,
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with toluene (39 kg each) and dried under a nitrogen purge to give 83.6
kg of the title conpound as its hydrochl oride salt. The hydrochl oride
sal t V\%O?Q& ¢8d to toluene (392 kg) and water (42 kopciisetizend ed-W|th
30% Na ?approxinately 55 kg, 414 nol) to a pH greater than 12.

After renoval of the | ower_ aqueous phase the organic sol ution was
partial |y ¥dhceht? al®BSbylBiBti|16i%glddo & of2, 8 Hei vBRY . 16-37véda J0 wt %
sol'ution of 8h#ztilitk +doPMMRA(TH MHz, tCDCENE. § TIRO c3) ClBht2d yd4ll, was 50

Ko bone - 19500y FARMYE £80- 87 eS8 Lol niSacto LAERE! cEPb8al 1T i ng
from hept ah28.2p 18848[ e127C7, 127.5, 122.9, 120.3, 119.3, 119.Exanple 15
15 5 Piepapatien. 3of1ﬂckopvﬂpylamfyime(zé%)mz cpeLs) 8 Je9.s.

n- hexyl Li hexane N errTCl (aq)

THF O[err] C 2- Phase Sep.1 111 2. Touene _ - 3
%gﬁﬁrsn 5 st 2. Poldfflfation of N-TriphénylmiheidlsRKioro-2- (ij ’
20 AtFifinarepcetylanitkingent yMethado Ry, 224 nol) and

iggygrous THF (25@hligYxol-2- QQQEQdoIr@ac%QﬂrEé.ﬁ]i.@:.ne, hirdesnioriideum (2. 3 eq. ;

h dd d to th t t
198 K0l BOAEC20 (B2, RoYAnSoh Smor) 200G LAL0LL0C (ALK RES Aermlicof rate
hours) . 25mLDurang whtesecdd hh)f wetet Beinradxgt| robinuremperaituret. he
t enper at ”r§h€“§égﬁiEgh§g§?8¥ - ast ﬁea&ﬁisz&eanm h §6%E“hﬁt NO&aehTt he

organol i t hi um an er ous SxGtReTAce hductionr aact)
reaction i $oakg grganic. BhﬁéeouaﬁoﬁdéeﬁoﬁrétY&nﬁlpoéelaﬁﬁﬂygl o.i B80cat es

at 30 | eapto?PYanENT8O8EI Q0. 36 gl uene a1l o 'ﬂ'ﬁek&lxtﬁrbh%s heatdge¢oand

e ot O A CONGeULRaL e UndEn YapUIUBLLL 1 gl e RS 5 elicec
course of t{BS0 mL) and diisopropylethyl amine (0.5- 1) were added and
the distillation continued to remove 220 mL additional
solvent. The solution was cooled in an ice bath and the
product filtered to give 126.5 g (89%) of product with the
20 same spectral and physical properties as the sample prepared

in Method A.

Example 12

25 Preparation of 5-Chloro-vu-{(cyclopropylethynyl)-
z-triphenylmethyll—amino]-a—(trifluoromefhyl)
benzenemethanol.

To a solution of cyclopropylacetylene (3.15 g, 48 mmol)
and (1R, 2S)-pyrrolidinyl norephedrine (10.9 g, 53 mmol) in

30 THF (50 mL) was added 2N n-hexyllithium (46 mL, 92 mmol)
keeping the temperature below 0°C. N-Triphenyl-methyl-4-
chloro-2-trifluorocacetylaniline (9.32 g, 20 mmol), dissolved
in THF (20 mL) was added to the anionic solution and held at
-45 to -50°C for 1 h, then quenched with 1 N citric acid (92

35 mL). The organic layer was separated, dried with sodium
sulfate and concentrated to an oil. Crystallization from
heptane/toluene gave 6.34 g {60%) of the title compound: mp
180-182°C; [2]25D +7.77° (c 1.004, CH3CN);lH NMR (300 MHz,
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concentration to maintain a good rate of distillation. The m xture is

then coglgdghfy73> to -20[err]C and a sol ution of amoRdyR;§dhoéisde-(11
to 12 kg) in 50 to 60 L water is added at such a rate as to not allow

the tenperature to 5 go above 10[err]C. After separation of the aqueous

| ayer Cproxider. A3y (A ki 2 hez,r dant,i Gn 467xtur(eocmleix,culatnd

through at talni Kk f | ecul ar_ sj eves ntil the water
content is é) 0 gép) o"Jrf T%k-yg—ﬁ.%%_}ﬂ ’ gsgtdé%)nfired?ﬁys& + Btherd 2l (R¥sy  The
dried orgari) A0l s®7 utmorlH)s, thel? dirst i2H)ed @ fGDdugh 2H)gl UkAC Pk edzsv t h

steel wool mtz at Erd L4y essuzd . 160l1»ctg, na 28 . 8,C1Ig0Rr oa)gea.?et yl ene as
a solution in THF/tol uene/ hexane. The calculated yield i's 14.°0 kg. 15

Al t hough t He2®rbsekd2 i 3wk oby Hek8 Sbert dbsor ied mith 0, 7X Hpeta.20
speci fic enbotlj 8 s, -0 e; dedmiNmeR of28hasez, CDEIO@ et . are not to be

construed as |imtations. Various equi val ents, changes and nodification
may be nmade without 20 departing fromthe spirit and the scope of this

i nvention, and it is understood tiEkampnlle ethBi val ent enbodi nents are
part of this invention. The present invention may be enbodi ed in other
specific fornms w thout departing fromthe spirit or essential .

attri bdfes ther BFeRAF2 r @fgl §8) 25-Chilerarce- tayglenropatle-t 0 t he

appended cleth§nidAal feet-aaiino -o-HXPEiadAdRe €AY Of the invention.
Cl ai s VWhat is clainmed is: 1 AIFrocessfor the asymetric

synt hesi s eBzeneBekhARPLf f oAmPRe(\Sfep Debenzylationj
5-Chloro-0.-~ (cyclopropylethynyl) -2- (triphenylmethyl) -

amino-0-(trifluoromethyl) benzenemethanol (5.32 g, 10 mmoL)

15 was dissolved in methanol (25 mlL) and reacted with 12 N HC1l
(0.5 mL) at room temperature. After 15 min, 2N NaOH (2 mL)
and water (20 mL) were added. The aqueous methanolic
solution was extracted with cyclohexane (22 mL) followed by
hexanes (20 mL) then partially concentrated in vacuoc and

20 neutralized with acetic acid to pH 7. The product was
filtered, washed with water and dried to give 2.65 g (92%):
mp 140-143°C. The spectroscopic properties are identical
with material made by Example 6.

25 Example 14

Synthesis of (1R,2S)-Pyrrolidinyl norephedrine.
To a mixture of n-butanol (227 kg), water (144 kg) and
potassium carbonate (144 kg, 1043 mol), was added (1R,2S)-
30 norephedrine (68.6 kg, 454 mol). The mixture was heated to
90°C and 1,4-dibromobutane (113.4 kg, 525 mol) was added
over 2 hours. The reaction was refluxed 5 h then cooled to
40°C. wWater (181 kg) was added and the phases separated at
30°C. To the organic phase was added 12 N HCl (54.3 kg, 543
35 mol). The solution was heated to reflux and 150 L of
distillate removed at 200 to 300 mm. Toluene (39.5 kg) was
added at 70°C and the resulting élurry cooled to 0-5°C for
crystallizatiori. The product was collected, washed twice
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10 Xis d or F, and Ais -CF3, .-C2F5 or -C3F7; sai d process

conpri si ng: (1) contacting a conpound of forrmula (1): 15

[err] WO 98727073 with a conpound of formula (VIl) or forac&lrmgoy,ﬁsl,) 20

[ er Iﬁ (Vi) (vl wherein: 25
RllsH Cl-6 al kyl or Cl-6 al kyl carbonyl, R2 is H, R3 is H,

_CHB, - CH2@Rghortaiiiene ibhded eacdy drizdrunder Rpitmpgempurgen, R6,
R8 and R9 e ﬁﬁaer@mo@n&é Yosalfc it 1e compcfdrfaﬂa{é 1¥s Gyrlrodn1 drdidl al koxy

and Cl1-6 alk Ith| al k 1- koxy or Cl- 6 _al kyl t hi o;
5 Y is - he hydpochlonide salt s GRATocd GO, halnentCBa% of b
sui tabl e adigd widalvmtefo(tizmtg)a andaqunﬁﬂjmtftﬂ @ominaged 1): 10 | err

] 5 (approximately 55 kg, 414 mol) to a pH greater than 12.
After removal of the lower agqueous phase, the organic
solution was partially concentrated by distilling 140 L of
solvent to give a 20 wt% solution of the title compound in
toluene. The calculated yield was 50 kg (75%). 2an

10 analytical sample was obtained by concentrating the toluene
solution of the title compound in vacuo then recrystall:.z:.ng
from heptane: mp 46-48°C.

Example 15

15 Preparation of Cyclopropylacetylene (X).

ci 1. n-hexylli

hexane 1. NH,ClI (aq)
THF 0°C [: — | 2. Phase Sep.
> — I -
' - 3. sieves I I
I 2. Toluene ' 4. Fractional Dist.
3. Vacuum Dist.
(X)
20 A mixture of S5-chloro-l-pentymne (23.0 kg, 224 mol)

and anhydrous THF (150 kg) is cooled to -20°C.
n-Hexyllithium (2.3 eg.; 158 kg of 30 wt.%) in hexane is
added into the mixture at such a rate as to not allow the
temperature to go over 5°C (approximately 2 hours).

25 During the second half of the n-hexyllithium addition the
temperature must remain above -5°C to prevent an
accumulation of the organolithium and a dangerously
exothermic induction reaction. The reaction is aged at
-5 to 0°C for 2 hours, until GC analysis indicates at

30 least 99% conversion. Toluene (35 to 40 kg) is then
added and the reaction is concentrated under vacuum until
the volume is reduced to ~1/3 of original volume. The
mixture is heated (to ~40 °C) over the course of the
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(rn) wherein P an am ne protecting group, is 15

[ err wo ssk7073 (2)(a) contacting a conpound of fmgﬁ,ﬁg-)@: |
err ] wherein R10 and Rl11 are independently Cl-4 al kyl, or
-NR1CR11 i's pyrrolidinyl, piperidinyl or norpholiny

-57- concenfnat ignk o FedRtadna Ad 9@9@4 69F6p?¢a§é§ﬂléﬁé‘~ttl@nf orma

m xture of @h@omiemﬂ;e)flsf Q:IHB:H &ddrea ad 15 tdy wpo°c andl "s%llﬁ'tﬁ%%t ylide,
S o, oS BB AT 58, S st e 50U
added at such a rate as to not allow the temperature to
5 go above 10°C. After separation of the agueous layer
(approximately 70 kg), the reaction mixture is circulated
through a tower containing 15 kg of 3A molecular sieves
until the water content is ~300 ppm or lower as
determined by Karl Fisher analysis. The dried organic
10 solution is then distilled through a column packed with
steel wool at atmospheric pressure, collécting
cyclopropylacetylene as a solution in THF/toluene/hexane.
The calculated yield is 14.0 kg.

15
Although the present invention has been described with

respect to specific embodiments, the details of these
embodiments are not to be construed as limitations. Various
equivalents, changes and modification may be made without

20 departing from the spirit and the scope of this invention,
and it is understood that such equivalent embodimenﬁs are
part of this invention. The preseht invention may be
.embodied in other specific forms without departing f£rom the
spirit or essential attributes thereof and, accordingly,

25 reference should be made to the appended claims as further
indicating the scope of the invention.
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[ err ] (rrr)y 10 (3) contacting a

conpound of forrrua( I) wth a sui tabl e oxidizing agent to forma
compoun la (IV): [ err ] {1V)
15 whergfdr)lgﬂl!’%a [ err ] (4) cont gc llur%"%zﬁ%rrpound

of formula (IV) with a 20 suitable cleaving agent, in the presence of a
sui tabl e trappi ng agent, to form aQlenmsind of fornmula (V):

-58- [What is Hldimed is: ]

1. A process for the asymmetric synthesis of a
5 compound of formula (VI):

10 :hi:eirlnor F, and | | ] ’"’"j "mj "'M" "'L””m

A is ~CF3, .-C3F5 or -C3F7;

said process comprising:
(1) contacting a compound of formula (I):

15
O
X
A
NH»>
(1)
with a compound of formula (VII) or formula (VIII):
20
R* RS
R3
R'0 R®
RZ
R4a Rsa
(VII)
wherein: |
25 Rl is H, Ci-6 alkyl or Ci-_g alkyicarbonyl,
R2 is H,
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(V) (5) contacting a conmpound of fornmula (V) wth a uitable

cycli zi to forma conpound of formula (VI). 5 -
process S%I’%g to Claim1 for the preparation of argg%sgﬁ%z 78f

formula (VI), wherein: Xis Cl,1 and Ais -CF3 ; conpri si ng:
(1) cont acR?nijs aH¢ orPHYENd~-OH, Gy rod Epl’(én)y]y\ﬁmfbaltutaﬁ)lmm]ﬂcb{ﬁ Ki@r,mul a

i raRR R iy Raos B andt alh PGSR Falsses Tpy”

R5 R4a, R5a andrRe & e Girdepbldbnt Fy-6 aliseat amdoﬁll-is alkylthioCl-6 al kyl,
Cl- 6 al koxgiangs Gk, 6¢cal gqg]g@lo and BQkoJ?}ZotSctht @& 1alHed, Cl-6 al koxy

or Cl- 6 al %({ylthl 0; t he presence of a suitablé acid catalyst to
forma?> &ﬁpodﬁ&tzéfl Pﬁrﬁul ang| 1); 25 (2) (a) contacting

| R 2S-pyrrgl ijgi gyl 1nomephkedr;i ne with n- hexyl 1ithium and

cycl opropyl acetylene to forma m xture of 1R, 2S-pyrrolidinyl

nor ephedrine and |ithium cycl opropyl acetylide, and 30 (b)

contacti ngimhehe presemie sifcp ER)itable bbhid catalgsponsdfefmf armula (11)

to forma %%%%‘ﬁﬁl,%g ff%%%ﬁll Atl'&e(”')

-59- t'ing a conmpound of forrrula(lll) with a
sui t abl@® oxi di zi ng agent to forma conpound of formula (IV);

(4) contacting a conpound of forrmlxa (1V) h a
0 O A y

wherein P, an amine protecting group, is

15

20
wherein R1? and R!! are independently Ci-g4 alkyl, or -NRIOR1l
is pyrrolidinyl, piperidinyl or morpholinyl;

25 '
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5 suitable cleaving agent, in the presence of a suitable trappi ng
agent, to forma conpound of formula (V); and (5) contacting a

conpoundy@foghmyaul a (V) with a - sui tabl e cyclizi ng ageptriisoreéh a -
conmpound of forrmula (VI). 10 3. A process according to Claim 2

for the preparation . .qf a compound of formula (VI-i err
15 P wp tlil alkyl ln.thlum( gpd,npf:ycloprowg‘ﬁpiegyﬁ(gne t)o form a( 1)[ ]

COﬂ??CtIngmﬁxmfﬂﬁouﬁﬂaOth@ﬁﬁhHﬁoElEFrWPQQﬁNFx% a%id 1lthlﬁh and Ais f
trifluoro en al coho in the presence of a
sui tabl e g% g?%$§ﬂﬁ%ef§&%§§¥ %W conpound of fornmula ?11 1)y: [ err
] (1r-i) 25 (2)(a) '
contactgng IR, 2 yrc.rdﬂt!a%'ﬂﬂg @feem%dﬁe o¥ té%eﬂ?1 (fg-(p%;)?r X;]rﬁl | thi um and

cyclopropylacety ene to forma m xt i yI
nor ephedr i FOTRRYDS Horgmla (II)cyéiéﬁﬁ@p?l@@@@?ﬂh@epf formula (III):

- 60- (b) contacting the mxture of step (2)(a) with a

conmpound of forrmula (Il1-i) to forma conp0jjj/fgxfornula (rre-i):
A fj; e et

o

oH O RN U

mH
P
(III)
10

(3) contacting a compound of formula (III) with a
suitable oxidizing agent to form a compound of formula (IV) :

X o
Q
N'P'
H
(IV)
15 wherein P" is
s R
~l R®
]
R4a R
RS or

{4) contacting a compound of formula (IV) with a
20 suitable cleaving agent, in the presence of a suitable
trapping agent, to form a compound of formula (V):
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[ err ] (3) contacting a conpound of formula
(rrr-i )%ﬁ;sl?zﬁn sui tabl e oxidizing agent to form a conppgifgis®inleey mut a
[ err (4) contacting a conmpound of formula (IV-i) with a

sui tabl e cleaving agent, in the presence of a suitable 15 trapping agent,

to forma conmpound of formula (v-i): [ err ]
(5) contacting a conpound of formula (V-i) a sui tabl e cyclizing
agent to forma conpound of formnul aA . -i). '
X OH
(v)

{5) contacting a compound of formula (V) with a
suitable cyclizing agent to form a compound of formula (VI).

5
2. A process according to Claim 1 for the preparation
of a compound of formula (VI), wherein: N
X is Cl, and A is -CFj3; | I
. . I T

comprising:
(1) contacting a compound of formula (I) with a
compound of formula (VII), wherein:

15 Rl is H, Ci-¢ alkyl or Cj_g alkylcarbonyl,
R2 is H, i
R3 is H, -CH3, -CHyCH3 or phenyl substituted with 0-3 R12,
R4, R5, R42, R52 and R6 are independently selected from H,
Ci-g alkyl, Ci-¢ alkoxy and Cji.g alkylthio, and
20 R2 is H, Ci-¢ alkyl, Ci.g alkoxy or Cj-g alkylthio;

in the presence of a suitable acid catalyst to form a
compound of formula (II);

25 ~ (2) (a) contacting 1R,2S-pyrrolidinyl norephedrine with
n-hexyl lithium and cyclopropylacetylene to form a mixture
of 1R,2S-pyrreolidinyl norephedrine and lithium
cyclopropylacetylide, and

30 {b) contacting the mixture of step (2)(a) with a

compound of formula (II) to form a compound of formula
(IIT); '
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5 4. A process according to Caim1 for the preparation of a
conpound of forrmula (VI), wherein: the suitable acid catalyst is

sel ect egjofggRAaizhe group: HC1, nethanesul foni c a®@aifUs97/22674 -~
benzenesul fonic acid, 10 phosphoric acid, sulfuric acid,
trifluoroacetic aC|d trichloroacetic acid and tQIuene sul fonic
aci d, the it AAEacHidg; iangomponnd ofs fpzppda f%ﬁh)t We t& Sup:

M2, 2, 3- ghughbeile oxfiddizdygnagknt- Renfegm aoeempdind of formula (IV);
p-tetrachl or obenzoqui none, o-tetrachl orobenzoqui none and

i odosobenzene di acet at e, the suitable cleaving agent is selected from
t he group: (4) condiaghi®t 4 aidmpound dfi tHeromle] -(AVAl Wbtihde pot assium |

E?applng agent%&hgfkgﬁhvw%gﬂgﬁghﬁr &?bx rg%%%?%§°ftosylEh%ﬁﬁgéfgglgr

H202, and trEppifie agantablte Eram # cerReaRd of Sesaydde A
process according to Caim2 for the preparation of a conpound of

formula (VlI-i), erein 30 the suitab cataly el ected from
the group: A2k R SRR 425 FOTRA DR & aci o,
phosphori c sagithblssl|dyaliiziagy dgent fdoidomac e icompouhd of formula (VI).

trichl éoacetic acid and p-tol uene-sulfonic acid, 35 the suitable

oxi di zhg agent is selected fromthe group: vhQ2,

2, 3-di chl or 0- 5, 3 di cyArerdcdsdecaeoepdinmeto Claim 2 for the preparation
p-tetrachl gohenz @i or Edrtidae hivar-abenzoqui none - and

i odosobenzene di acét at e, -62-

the suitable cleaving agent is selected fromthe group: sodi um
Cl-4 al koxide, lithium Cl-4 al koxi de, potassiu Cl-4 al koxi de,
NaOH, "Li OH, KOH and Ca(OH)2, 5 the suitabl ppi ng agent is NaBH4,

T " e e e
N'l§t)

15 (Vi-i)
comprising:
_ (1) contacting a compound of formula (I), wherein X is
Cl and A is trifluoromethyl, with p-methoxybenzyl alcohol,
in the presence of a suitable acid catalyst, to form a

20 compound of formula (IXI-i):

O
Cl
CF3
N
H _
OMe ;
(II-1i)
25 - {2)(a) contacting 1R,2S-pyrrolidinyl norephedrine with

n-hexyl lithium and cyclopropylacetylene to form a mixture
of 1R,2S-pyrrolidinyl norephedrine and lithium
cyclopropylacetylide,
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10 6. A process according to Caim3 for the preparation of a
conpoun la (VI-i), wherein: the suitable aggq t +s
sel ect egvgtf’%'%ﬁ’ e group: 15 HCl , net hanesul foni c aci ,I‘?S%&&éﬁ
benzenesul foni ¢ aci d, phosphoric acid, sulfuric acid,

trifluoroacetic @e) dgontacting the ahi>drose atfi steep d2dr(c)pwicdtuene- sul foni ¢

aci d, (ﬁagﬁ%&g%a_ g&ég[%ﬁm%i Z(P&%i?g% St & Shpbubio Dt B AAYP: 20

M2, 2, 3- ] cyano- enzoqui none,

p-t et r achl ot¥¥eridoqui none, o-tetrachl or obenzoqui none and

i odosobenzene di acet at e, the suitable s8] eaving agent is selected from
the group: 25 sodi um C1-4 al koxi de, | =Rum Cl-4 al koxi de, potassi um

Cl-4-al koxide, "NaCH, Li OH, KOH angsea( the suitable trapping

agent_ | 03, hydtﬂxyl ﬂ?ne: tosyl hydr.azide or H202, and 30
t ‘ ‘ ﬂq i ng agent™’| >
ac "M 1 for the prg

‘a
5

0en©H 7. A process

at i on of a conpound of fornmula (VI),
wherein the conpounds of step 3 ) are independently prepared
and m xed as sol ution streans. H ' '
-63- 8. A process accor euﬁka[n12 for the,
preparation of a-conpound of fornula (VI-i), eréin the conpounds of
step (2p(a) and (b) are independently (ga@pdted and m xed as solution
streans. 5 9. A process according to Caim3 for the preparation
of a compound of formula (VI-i), wherein the conpounds of. step (2)(a)

and (b) are indepdhdeprtacipingaa ccompoundxefl fermula (III-i) with a

suitable oxidizing agent to form a compound of formula

(Iv-i): .
FSC .“\\)

Ci o

N
H

10 OMe
(TV-i)

(4) contacting a compound of formula (IV-i) with a
suitable cleaving agent, in the presence of a suitable
15 trapping agent, to form a compound of formula (V-i):

" A

Cl OR

NH,
(V-i)
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solution streans. 10

10. A process for the preparation of a

conpound of formula (I1): [ err ]
15 whereww9sn7073X is C or F, Ais -CF3, -C2F5 or - C3FPCT/USY?IR26046 [
err ] R2 is H -CH3, -CH2CH3 or phenyl substituted with 0-3
R12, R3is H,

- CH3, - CH2OH3 heny! i tuted with 0-3 .RL2, R4,
R5, R4a, R5a, Re, RB GPAt#“Re g L‘b‘g?é‘?mn‘%/fé%s‘%sé°gﬁ“§tfaed&'5ﬂ. with@ o b,

Cl-6 al kyl , sOi-thaklldoxychiming -syaitktd faom a cdRipunsl 6f Eoximelkyl, Cl-6

al kylthio 0%\8%39 al koxy; Yis -(CH2)n or 0, and nis 0, 1, 2 or 3
30 said process conpri sing: .contacting a conmpound of formula (I):
- 64- [ err

5 4. A process according to Claim 1 for the preparation

10

15

20

- 25

30

35

of a compound of formula (VI), wherein:

the suitable acid catalyst is selected from the group:
HCl, methanesulfonic acid, benzenesulfonic acid,
phosphoric acid, sulfuric acid, trifluoroacetic acid,
trichloroacetic acid and p-toluene-sulfonic acid,

the suitable oxidizing agent is selected from the group:
MnO3z, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
p-tetrachlorobenzoquinone, o-tetrachlorobenzoquinone
and iodoscbenzene diacetate,

the suitable cleaving agent is selected from the group:
sodium C;_4 alkoxide, lithium Ci-4 alkoxide, potassium
Ci-4 alkoxide, -NaOH, LiOH, KOH and Ca(OH)j,

the suitable trapping agent is NaBH4, NaHSO3, hydroxyl
amine, tosyl hydrazide or H30;, and

the suitable cyclizing agent is phosgene. , ”!Imc, mllL, I"M" "I‘sl " I!I,

5. A process according to Claim 2 for the preparation -
of a compound of formula (VI-i), wherein:

the suitable acid catalyst is selected from the group:
HC1l, methanesulfonic acid, benzenesulfonic acid,
phosphoric acid, sulfuric acid, trifluoroacetic acid,
trichloroacetic acid and p-toluene-sulfonic acid,

the suitable oxidizing agent is selected from the group:
MnOz, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
p—tetraéhlorobenzoquinone, o-tetrachlorobenzoquinone
and iodosobenzene diacetate,
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5 with a conmpound of formula (VIl1) or formula (VII1):

R5

W
t he presence

().

15

erein RL is H Cl1-6 alkyl or Cl-6 al kyl cap@prisbrniers
ﬁ{%@ba suitable acid catalyst to forma conpod@§ q

11. A process according to Claim 10 wherein a conpound

of .formula (Il) is: [ err ] 20 said process conprisi
contacting tﬁeC%mi%é!EﬂeOfclEmeaa@eht wWeekahBeXelsS f%maeﬁe groups

ot st e BRSO ) il it o @

. R1

-65-

R4
n

formul a

ng:

C1-4 alkaxldeprnaens BLOH| dKOH &ndCCai0OH]1i, wher ei n:
s H, qgthyl, et hyl, nmet hyl carbonyl or ethyl carbonyl, _
the suitable trapping agent is NaBHy, NaHSO3, hydroxyl
amine, tosyl hydrazide or Hz03, and -
the suitable cyclizing agent is phosgene. M mlﬂ IIIH Hlll M Illf

10

15

20

25

30

35

6. A process according to Claim 3 for the preparation
of a compound of formula (VI-i), wherein:

the suitable acid catalyst is selected from the group:
HCl, methanesulfonic acid, benzenesulfonic acid,
phosphoric acid, sulfuric acid, trifluorocacetic acid,
trichloroacetic acid and p-toluene-sulfonic acid,

the suitable oxidizing agent is selected from the group:
MnO3, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
p-tetrachlorobenzoquinone, o-tetrachlorobenzoguinone
and iodoscbenzene diacetate,

the suitable cleaving agent is selected from the group:
sodium C3-4 alkoxide, lithium C;_4 alkoxide, potassium
Ci1-4 alkoxide, NaOH, LiOH, KOH and Ca(OH)3,

the suitable trapping agent is NaBHy, NaHSO3, hydroxyl
amine, tosyl hydrazide or H02, and

the suitable cyclizing agent is phosgene.
7. A process according to Claim 1 for the preparation
of a compound of formula (VI), wherein the compounds of step

(2) (a) and (b) are independently prepared and mixed as
solution streams. : '
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R2 is H -CH3 or phenyl substituted with 0-3 R12, 5 R3is H, -CH3 or phenyl

substituted with 0-3 R12, R4, R5, R4a, R5a and R6 are independently

sel ect eyd sspvot3 met hyl, ethyl, methoxy and et hoxpcrarsg7/22674 R12 is
H, nmethoxy or ethoxy. 10 13. A process according to CI ai m 11 '
wher ei n: conmpound of formul a [ . er Is H or
meehyl L R BH OB BReNSTS RERETURE A SR o $% HiRg, Preparat fan 1 o

phenyi subsiﬁ tautesminpound Hrfomliexy(VI-1i) Revherdimrthetdoopoursisdof R5 is

Ui fabl Ok I;C)((:za)t(af yst dl(‘}Ds)el ect egﬁ%} j“&f%;fébagéi%rﬁgéf'a&

a suitabl e acid

met hanesul fesmiutian strramsenesul fonic acid, 25 phosphoric acid,

sul furig acid, trichloroacetic acjd, trifluoroacetic acid and:
p-t ol uene-sul foaéc aci d. g fess gcgordi n% to Jaim1ll
wher ei n: sui t APEOGRSH RSFQF %’E‘glg AMed sEHPF obiie BEPRRERtion

p-tol uene-&bﬁfa)rbmmmﬂ of formula (OBI-i#) PIVHESSINCENS o&&mpd@da afm 11
wher ei n: ound of

formul a (Vlﬁse‘f s(%) ‘%’[ h%“?(?/ S%)nzﬁﬁe alrrb%%?nd%rh‘bfy pr?%%r%%lqré%l%l S
cat al yst i ssoltttibor stléansc acid or

10

10. A process for the preparation of a compound of
formula (II):

A RN

15 wherein:
X is Cl or F,
A is -CF3, -C3Fs5 or -C3F7,
P is

20 or

R? is H, -CH3, -CH3CH3 or phenyl substituted with 0-3 R12,

R3 is H, -CH3, -CH3CH3 or phenyl substituted with 0-3 R12,

R4, R5, RrR4a, RS2, R6, R® and R? are independently selected
25 from H, Ci-g alkyl, Ci-¢ alkoxy and C;-g alkylthio,

R12 is H, Ci1-¢ alkyl, Cij-g alkylthio or Ci-g alkoxy;

Y is -(CH3)y or O, and

nis 0, 1, 2 or 3;

30 said process comprising:
contacting a compound of formula (I):
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p-t ol uene-sul foni c acid. 5 17. A process according to Claim1ll
wher ei Nyo ogp70732 COmpound of formula (Vi) is trityl al copermsefheide -

suitable acid catalyst is methane sulfonic acid or p-tol uene-sul fonic
acid. 10 18. A process for the preparation of a conpound of
formula (1V): [ err ] H

(1v) 15 mhereln Xis O or F, A iéD-CF3, - C2F5 or -C3F7, P'" is
[ err R3 is H X - CHRCH3 or phenyl substituted with
0-3 R12,-" R4, R5 R4a, R5a, RS, d(R9 & e independent|y sel ected
fromH, Cl koxy and C Rl kyl t hi o, R12 is H Ci1-6

al kyl , Eﬂﬂmm““ﬁmﬂ -6 al koxy, WNHy - (CH2)n or 0, and nis
0, 1, 2 o wSdlsd Process conprlflng contacting a conmpound of
formula (111): -67-

S with a compound of formula (VII) or formula (VIII):

S oo

(VII) (VIII)
10 wherein Rl is H, Ci.g alkyl or C;_g alkylcarbonyl,

in the presence of a suitable acid catalyst to form a
compound of formula (II).

15 11. A process according to Claim 10 wherein a compound
of. formula (IT) is:

0O
Ci CF3

2

N R R3 R 4a

H

R4 R5a
R® R°

(IT-a)

20 said process comprising:
contacting a compound of formula (I), wherein X is Cl and A
is trifluoromethyl, with a compound of formula (VII), in the
presence of a suitable acid catalyst, to form a compound of
formula (II-a). :

25
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[ err ] (ren) wherein: |

err ] 10 in a nonaqueous solvent, wth a suitable
oxi di zi ngoAfaPRb73t O forma compound of fornula (1V). PCT/USY7/2R874 A
process according to Caim 18 wherein a conpound of formula (I1V) is: 15
[ err ] wher ei n: R3is H -CH3, -CH2CH3 or
phenyl substitut &@-wi tPh BEOTERE acgerUnoRto RiainRdd WRETRE Ndr o

i ndependent|y sel ected fromH, Cl-6 al kyl, Cl1-6 al koxy and Cl-6

?gg}" thio, gﬁ]dis H, Rx%x%t ll,_l’ e‘cc%irf al kﬁaj(lcar nyEylagrhéghyica]bonﬁkoxy’
R2 is H, -CH3 or phenyl substituted with 0-3 R12,
5§ R3 is H, -CHy or phenyl substituted with 0-3 R1Z2,
R4, R5, R42, R52 and R6 are independently selected from H,
methyl, ethyl, methoxy and ethoxy, and '
R12 is H, methoxy or ethoxy.

10 13. A process according to Claim 11 wherein:

a compound of formula (VII)

o g

R3
R'O OMe
RZ
15 R! is H or methyl,
R2 is H or phenyl substituted with H or methoxy,
R3 is H or phenyl substituted with H or methoxy,
RY is H or methoxy, and
R5 is H or methoxy.
20

14. A process according to Claim 11 wherein:
a suitable acid catalyst is selected from the group:
HCl, methanesulfonic acid, benzenesulfonic acid,
25 phosphoric acid, sulfuric acid, trichloroacetic acid,
trifluoroacetic acid and p-toluene-sulfonic acid.

15. A process according to Claim 11 wherein:

30 a suitable acid catalyst is methane sulfonic acid or
p-toluene-sulfonic acid.

16. A process according to Claim 11 wherein:
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sai d process conpri sing: contacting the conpound of formula (Ill-a):

[ wo 9818073 . I ... wherein R2 pgrhisomnaera i a
nonaqueous solvent, with a suitable oxidizing agent to 10 form a conpound
of formula (IV-a). 20. A process according to Claim19 wherein
R3 is H -eHgospopmeht fepamleyt@d@ iy 5 p-BeRhpxylbepgylRglcrbel, Readand
R6 are i ndepen@eiifdableelRGi®¢altbafsd is methan@@ifongthylkigmeihoxy and
et hoxy, and R12 is nethgéé'or et hoxy. 21. A process
accordi ng P QSRS hAC3E - a compound of formula (I11-a) is:
-69-

5 17. A process according to Claim 1l wherein: .

a compound of formula (VII) is trityl alcohol, and the
suitable acid catalyst is methane sulfonic acid or
p-toluene-sulfonic acid.
10
'18. A process for the preparation of a compound of
formula (IV): |

W s

(V)
15 wherein:
X is Cl or F,
A is -CF3, -C2F5 or -C3F7,
P" is
HS R4

i} RS

RS

R4a
RSa or

20
R3 is H, -CH3, -CHCH3 or phenyl substituted with 0-3 R12,
R4, R5, R4a, R5a, R6, R® and RY are independently selected
from H, Ci1-g alkyl, Ci-g alkoxy and Ci-g alkylthio,
R12 is H, C3-5 alkyl, Ci-¢ alkylthio or Ci-s alkoxy,
25 Y is -(CH3)p or O, and
nis 0, 1, 2 or 3;

said process comprising:
contacting a compound of formula (III):
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err ] R3 is phenyl
substituted with H or .nmet hoxy, R4 is Hor nmethoxy, and 5 R5 is H or
met hoxy wo 98727073 22. A process according to Caim 19 wheoaossrbss7ea -
suitabl e oxidizing agent is selected fromthe group: vhQ2,
2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none, 10
p-tetrachl orobenzoqui none, o-tetrachl orobenzoqui none and
i odosobenzene di acet at e. 23. A proce according to Claim19
wherein the sui tabl e oxidizing agent is p-t chl or obenzoqui none. 15
24. A process according to Caim 19 whgrei e compound of fornmula
(rrr-a) is: [ err ] X 20 he suitable oxidizing agent is’
p- t etr.achl or obenzoqui.none. 7 AQMocess for the preparation of
conmpound of formula (V): :

(A p

(IIT)
wherein:
5 Pis

4 5
Ra Ra oxr
R2 is H,

10 in a nonaqueous solvent, with a suit_:able- oxidizing agent to
form a compound of formula (IV).

) 19. A process according to Claim 18 wherein a compound
of formula (IV) is:
15

Féc }:;y
Ci O ps R4a
R5a
N
H
R* RS
R5

(IV-a)

wherein:
R3 is H, -CHs3, -CH2CH3 or phenyl substituted with 0-3 R12,
20 R4, R5, R4, R52 and R® are independently selected from H,
Ci1-¢ alkyl, Cj-s alkoxy and Ci-g alkylthio, and
R12 is H, Ci1-¢ alkyl, Cji-g alkylthio or Ci-g alkoxy;
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- 70- err ] wher ei n: Xis d or F, and 5 Ais

- CF3, C3F7 sai d process conpri sing: COpbRipkd e-
conpoun%?rh%r mul a (I V) : [ err ] P sbrikehd

(1v) wherein P" is or 15 R3 is H,
-CH3, -CH2CH3 or phenyl substitut ed with 0-3 R12, R4, R5, R4a, R5a, R6,
R8 and RO angd pAeReRde g fromH Cl1-6 alkyl, C-6

al koxy and Call 6 al kyl t hi o, Rl%t Cl-6 alkyl, Cl-6 al kylthl o or Cl-6
al koxy; 20CoR agmagcmmcamp@u%@f f’qmuslao,( 2)6r 3; with a

sui tabl e cl eaving agent, in the presence of a

KRR ROy Fou?

Ct OH
2
N R R3 Réa
H
R4 RSa
5 RS RS
(ITI-a)

wherein R2? is H,

in a nonagueous solvent, with a suitable oxidizing agent to
10 form a compound of formula (IV-a). '

20. A process according to Claim 19 wherein:

R3 is H, -CH3 or phenyl sub;tituted with 0-3 R12,
15 R4, R5, R43, R52 and R® are independently selected from H,
methyl, ethyl, methoxy and ethoxy, and
R12 is H, methoxy or ethoxy.

21. A process according to Claim 19 wherein:

20
a compound of formula (III-a) is:
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suitabl e trapping agent, to forma conpound of formula (V).

-71- 26. A process. accordl ng to Caim25 wherein: a
conpounstoes2femnul a (1V) is err ] rCcT/USBnN2614H, ~- CH3,
-CH2CH3 or phenyl substituted vmth”"ﬂl,muﬂ R4a, R5a and R6 are
I ndependently selected fromH, 10 'm”mm 'El 6 al kylth| o and Cl-6
al koxy, and R12 is H Cl-Bal kyl,” Ct-6+alkylt hi*0 or Cl-6 al koxy.

27. A process according tqg m 26 wher ei n: 15 R3 is H WCH3 or phenyl

substituted with g ng/ R4, R5, R4a, R5a and R6 are i endent |y
sel ected frenH _hethyl, ethyl, nethoxy g; and R12 is
H, net hoxy or (€] 28. A proggss acé I to Caim 26

wherein a conpo

Bi |
NH '
H)\—Q—OMe NH |
H )\—-@-OMe'
R4 Rs or H R3

of formula (IV-a) i

R3 is phenyl substituted with H or methoxy,
R4 is H or methoxy, and
5 R5 is H or methoxy.

22. A process according to Claim 12 wherein the
suitable oxidizing agent is selected from the group:
MnO3, 2,3-dichloro-5,6-dicyano-1, 4-benzoquinone,
10 p-tetrachlorobenzoquinone, o-tetrachlorcbenzogquinone
and iodoscbenzene diacetate.

23. A process according to Claim 19 wherein the
suitable oxidizing agent is p-tetrachlorobenzogquinone.

15
24. A process according to Claim 19 wherein the
compound of formula (III-a) is:
FsC ///k
Cl OH
NH
OMe
H) D
H and
20

the suitable oxidizing agent is p-tetrachlorobenzoquinone.

25. A process for the preparation of a compound of
formula (V): "
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-72- R3 is phenyl substituted with H or net hoxy, R4 is H

or nmeth R5 is Hor nethoxy. 5 29. A phes r dt ng
to d ai m?@h&gsr ein the suitable cleaving agent is sel ected ?rom t he
group: sodi um C1-4 al koxi de, |ithium Cl-4 al koxi de, potassium 10
Cl- 4-al koxi de "NaOH, LiOH, KOH and Ca(OH)2, an t he suitable trapping

agent | s 30. A proc according .to Claim 26
vvherel m( tabl e cl eavi ng Rgen sel ected from'the group:
sodi u +l'ithium Cl-4 al \&'e7 pot assi um Cl-4

al koxi de NaC]-l Li O—l KOH and Ca AndOH20 the suitable trapping .
agent is hydroxyl am ne or tosyl drazi de. 31. A process
according to Cl aim 26 wherein: 2" S itable cleaving agent is
sel ected fromthe group: SOdI um CF 4 al koxide, lithiumCl-4
al koxi de,  potassi um Cl-4 al koxi(dg, NaOH, -Li OH, KOH and Ca(OH) 2,
and the suitable trapping agent is H202. 30 32. A process
for the asy ’f??"?ﬁ synt hesis of a conmpound of formula (VI):

X is C1 or F, and

5 A is -CF3, -C2Fs or -C3F7y;

said process comprising:
contacting the compound of formula (IV):

X
Q
N’Pn
10 ' - H
' (IV)
wherein P" is
s R*
N
6
H4a R
R5a or

15
R3 is H, -CH3, -CHyCH3 or phenyl substituted with 0-3 R12,
R4, R5, R%a, RS2, RS, R® and R® are independently selected
from H, Ci-g alkyl, Ci-g alkoxy and Ci-g alkylthio,
R12 is H, C3-¢ alkyl, Cj.g alkylthio or Ci-g alkoxy;
20 Y is -(CH2)n or O, and
nis 0, 1, 2 or 3;

with a suitable cleaving agent, in the presence of a
suitable trapping agent, to form a compound of formula (V).
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-73- [err] wher ei n: Xis Clor F, and 5 Ais -CF3,
- C2F5 or -C3F7; sai d process conpri sing: (1) contacting a
conmpoungroadshersul a (1): [ err ] wi th a potypsswdensl -
formula (M1):

26. A process according to Claim 25 wherein:
a compound of formula (IV) is

HIIIIII HIIH IIIII il IIII

Fe 7
Cl 0.5 Rl
N R5a
H
R4 RS
5 R® ,
{Iv-a)

R3 is H, -CH3, -CHyCH3 or phenyl substituted with 0-3 R12,

R4, R5, R42a, R52 and R® are independently selected from H,
10 Ci-5 alkyl, Ci-s alkylthio and Ci-g alkoxy, and

R12 is H, C;.g alkyl, Cj-g alkylthio or C;-g alkoxy.

27. A process according to Claim 26 wherein:
15 R3 is H, -CH3 or phényl substituted with 0-3 R12,
R4, R5, R%2, R52 and R6 are independently selected from H,
methyl, ethyl, methoxy and ethoxy, and

R12 is H, methoxy or ethoxy.

20 28. A process according to Claim 26 wherein a compound
of formula (IV-a) is
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wher ei n: Rl is H Cl1-6 alkyl or Cl-6 al kylcarbonyl, -20 R2 is -CH3,

- CH2CH3 | substituted with 0-3 R12, R3 is -CH3 r-
phenyl su s%%lﬁ'?%ed with 0-3 R12, R4, R5, R4a, Rba and fgrare 7

i ndependently selected fromH. Cl-6 al kyl, Ci1-6 al koxy and Cl1_6

al kyl thi o, and R12 is H Ci1-6 alkyl, Cl-6 al koxy or Cl-6 al kylthlo 25
- 74- R3 isl ?héﬂ?lpéﬁﬁQEEEuFEdaw§Eht?bbf A6tAoggt al yst o forma-
conmpound of forrm

Nt X e o (M

conpound of rPogsUlaot! Mpthoxy. * ercl

10 (1rx wherein R10 and R11 are

[ ndependsent ly Cl-4 al kyl, or -NR1OR11 is pyrrolidinyl, piperidinyl or
mor phol i nyl ; 1290 t A epﬁqdesls taeaordingy aec|Qlariop\d G ediaterite: to forma

m xture of a conpound of formula (I1X) and |ithium cycl opropyl acetyl i de,
and

the suitable cleaving agent is selected from the group:
sodium C3-4 alkoxide, lithium Cj;_4 alkoxide, potassium
10 Ci-4 alkoxide, NaOH, LiOH, KOH and Ca(OH);, and

the suitable trapping agent is NaBH; or NaHSOs3.

30. A process according to Claim 26 wherein:
15

the suitable cleaving agent is selected from the group:
sodium Ci.4 alkoxide, lithium C;-4 alkoxide, potassium
Ci1-4 alkoxide, NaOH, LiOH, KOH and Ca(OH);, and

20 the suitable trapping agent is hydroxyl amine or tosyl
hydrazide.

31. A process according to Claim 26 wherein:

25 the suitable cleaving agent is selected from the group:
sodium C;.4 alkoxide, lithium C;-4 alkoxide, potassium
Ci-4 alkoxide, NaOH, LiOH, KOH and Ca{OH);, and

the suitable trapping agent is Hy0;3.
30

32. A process for the asymmetric synthesis of a
compound of formula (VI):
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(b) contacting the m xture of step (2)(a) with a 20 conpound forrrula (II)
to forma conpound of -forrmula (111):

-75-  wooesnrwbs err ] PCT/US97/22674 ~
(rrr) (3) contacting a conpound of forrmula (I1l) with a 5
[sui tglr:)lre d]eprot ecting agent to forma conpound of fornula (V):
| AL F
ﬁ/&o RN R
(V1)
wherein:

X is C1l or F, and
5 A is ~-CF3, -C3F5 or -C3F7;

said process comprising:
(1) contacting a compound of formula (I):

O
X A
10 NH,
(1) '
with a compound of formula (VII):
R* RS
R3
R'0 R®
" R2
15 R4a Rsa
(VII)

wherein:
Rl is H, Cj-g alkyl or Ci—g alkylcarbonyl

.20 R2 is -CH3, -CHCH3; or phenyl substituted with 0-3 R12,
R3 is -CH3, -CH3CH3 or phenyl substituted with 0-3 R12,
R4, R35, R%4a, R52 and RS are independently selected from H,

Ci-g alkyl, Cij-g alkoxy and Ci-¢ alkylthio, and

R12 is H, Ci-¢ alkyl, Ci-g alkoxy or Ci-g alkylthio;

25
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(V) 10 (4) contacting a conmpound of formula (V) wth a

sui t abl gy§¥shtess N9 agent to forma conmpound of formula (Vipormwsemreera - 33.
A process according to Claim32 for the 15 preparation of a compound of
formula (VI): wher ei n: Xisd, ~~Ais -CF3, 20Rlis H Cl-6
al kyl or Cli® th&ypresgengl of a switakleteeid caalvetttel fermn ©-3 R12

R3 is phenydompdshat §Eedonbia O(BrR12, R4, R5, R4a, R5a and R6 are

i ndependently selected fromH and Cl-6 al koxy, and

- 76- R12 is H or Cl-6 al kox A -pr-ocess--aecor-di-ng-

to Caim33 for the preparation of conpound of forrru m/m
[ et X Ao con AN
(1) contacting a conmpound of for I) erein Xis.
trifluoromethyl, with trityl alc in presence of aswtable aC|d
catalyst, to forma conpound of ﬁlﬂ err I
H4 RSa
RE R®
5 (IT)

(2) (a) contacting a compound of formula (IX)

10

wherein R10 and R1! are independently Cj-a alkyl, or -NR1OR11
is pyrrolidinyl, piperidinyl or morpholinyl;

15 with alkyl lithium and cyclopropylacetylene to form a
mixture of a compound of formula {(IX) and lithium

cyclopropylacetylide, and

{(b) contacting the mixture of' step (2)(a) with a
20 compound formula (II) to form a compound of formula (III):
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(2)(a) contacting 1R 2S-pyrrolidinyl norephedrine with n- hexyl 1ithium

and cycl opropyl acetylene to forma m xture of 1R 2S- pyrrol i di nyl
nor ephedt | 7%;51 lithium 20 cycl opropyl acetylide, and .;,5?6
contactiq‘?%%e m xture of step (2)(a) with a corrpoundo for a(||-||)
to forma conmpound of formula (rrr-ii): [ err ]
-77- (3) contacting a npound of forrrula(lll-ll)
with a sui tabl e deprotecting agent to f a conmpound of formula 5
(V-i): | err ] ) contacting a tonpound -of--
formula (V-i) with a 10 suitable cycliziig agent to form mrmﬂmm
ormia (e C o S PR i

N R RS R4a

H

R4 RSa

RS R® ,
(IIT)

(3) contacting a compound of formula (III) with a
5 suitab;l.e deprotecting agent to form a compound of formula

(V) :
A ///k

~OH
NH,

(V)

and

.o

10 .
(4) contacting a compound of formula (V) with a
suitable cyclizing agent to form a compound of formula (VI).

33. A process according to Claim 32 for the -
15 preparation of a compound of formula (VI):
wherein:
X is C1,
A is -CFs3,
20 Rl is H, Ci.¢ alkyl or Cj;_g alkylcarbonyl,
R? is phenyl substituted with 0-3 R12,
R3 is phenyl substituted with 0-3 R12,
R4, RS, R4a, R52 and RS are independently selected from H
and Ci-¢ alkoxy, and
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35. A process according to Caim32 for the preparation of a conmpound
of for myjgeddbis WwWherein: 15 the suitable acid catal yperamefitlesst €d

fromthe group: HC1l, nethane sulfonic acid, sulfuric acid,
trifluoroac |c acid and p-tol uene-sul fonic acid, 20 the SU|tabIe
deprotecti ﬁg ayenH P¥ Seleca¥Er®yom the group: HC1, HBr, nethane
sulfonic acid, trifluoroacetic acid and p-tol uene-sul fonic acid,
and - the suitable cyclizing agent is phosgene. 25 ' 36. A

process accor di if t o &I RFPFeSS faFcerRing to Glaimi3dfan t’e’(ltit:orrpound of

fornul a (Vb:iebax\dwcﬁi f a comgdithc W Hiremad dvaatiglyst is sel ected from
the group: 30 HC1, nethane sulfonic acid, sulfuric acid,

triflurdacetic acid and p-tol uene-sul fonic acid the suitable

deprotecting agent is selected fromthe group:
- 78- HC1, HBr, nethane sul fon triftuoroacetic.acid
table cy

and p-tol uene-sul fonic acid, and Fggr e‘ﬁg oy oo %’!’Iuﬂﬂ I I
& i,

phosgene. 5 37. A proqegs a
T -i)OQ wherein:

preparation of a conpound of for
acid catalyst is selected fromthe HCl , nethane sul fonic

acid, sulfuric acid, trifl @1 Cc@cid and p-tol uene-sul fonic
aci d, the suitable deprotecting agéht is selected fromthe group:
HC1, HBr, nethane sulfonic acid, trifIH@fggpetic acid 15 and
p- toluene sul fonic acid, and

comprising:

(1) contacting a compound of formula (I) wherein X is.
10 C1 and A is trifluoromethyl, with trityl alcchol, in the
presence of a suitable acid catalyst, to form a compound of
formula (II-ii):

o
Cl CF3

N— trityl
. H b4
15 ' (II-ii)

(2) (a) contacting 1R,2S-pyrrolidinyl norephedrine with
n-hexyl lithium and cyclopropylacetylene to form a mixture
of 1R, 2S-pyrrolidinyl norephedrine and lithium

20 cyclopropylacetylide, and :

(b) contacting the mixture of step (2) (a) with a
compound of formula (II-ii) to form a compound of formula

(IXI-1ii):
FsC //B

t“‘

Cl OH

N— trityl
25 H Y

-e
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t he suitable cyclizing agent is phosgene. 38. A process
according to Claim32 for the 20 preparation of a conpound of formula

(VI), WRed esgyobie conmpounds of step (2)(a) and (b) aredrskpesgsnt ty

pr epar ed and m xed as sol ution streans. 39. A process
according to Claim33 for the 25 pre&arat_i.on of a compound of formula
(VI-i), wherein the conpounds of €¥ri3d) (a) and (b) are independently

pr epar ed and m xed as sol ution streans. 40. A process

ecror g, o, o Aol el 0 cBSIMAULN B Ll S |

prepared suiddble deprastesiintg ayesitr darform a compoundl ofA foatqudiand of

formul ag 35+, sy . -79-- I err
] s Rv-u): F3C IV-i) or a

ically acceptable salt thereof. 5 (
| o C % LRI

NH,
(V-1)

(5) contacting a compound of formula (V-i) with a
10 suitable cyclizing agent to form a compound of formula
(VI-1i).

35. A process according to Claim 32 for the
preparation of a compound of formula (VI), wherein:
15 .
the suitable acid catalyst is selected from the group:
HC1l, methane sulfonic acid, sulfuric acid,
trifluorocacetic acid and p-toluene-sulfonic acid,

20 the suitable deprotecting agent is selected from the group:
HC1l, HBr, methane sulfonic acid, trifluorocacetic acid
and p-toluene-sulfonic acid, and

_ the suitable cyclizing agent is phosgene.
25

36. A process according to Claim 33 for the
preparation of a compound of formula (VI-i), wherein:
the suitable acid catalyst is selected from the group:

30 HCl, methane sulfonic acid, sulfuric acid,

trifluroacetic acid and p-toluene-sulfonic acid,

the suitable deprotecting agent is selected from the group:
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- 80-
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10

15

20

25

30

35

HC1l, HBr, methane sulfonic acid, trifluorocacetic acid
and p-toluene-sulfonic acid, and

e st oot sqm o sorase.(HYINANAIN

37. A process according to Claim 34 for the
preparation of a compound of formula (VI-i), wherein:

the suitable acid catalyst is selected from the group:
HCl, methane sulfonic acid, sulfuric acid,
trifluroacetic acid and p-toluene-sulfonic acid,

the suitable deprotecting agent is selected from the group:
HCl, HBr, methane sulfonic acid, trifluorocacetic acid
and p-toluene-sulfonic acid, and

the suitable cyclizing agent is phosgene.

38. A process according to Claim 32 for the
preparation of a compound of formula (VI), wherein the
compounds of step (2)(a) and (b) are independently prepared'
and mixed as solution streams.

39. A process according to Claim 33 for the
preparation of a compound of formula (VI-i), wherein the
compounds of step (2) {a) and (b) are independently prepared
and mixed as solution streams.

40. A process according to Claim 34 for the
preparation of a compound of formula (VI-i), wherein the
compounds of step (2) (a) and (b) are independently prepared

and mixed as solution streams.

41. A compound of formula:
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or a pharmaceutically acceptable salt thereof.
5
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