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onset d0 Al BEANFGFIRKASRK 1nhiRILOT.nent through inhibition of HV reverse
transcri pt ase is known for both nucl eoside based inhibitors, such as
azi dot hym di ne, and non-nu ' aaedBhir B EQE Benzoxazi nones
have been found to be usefdl . - Sed inhibitors of HV
reverse transcriRevexse trang@ipgion is a common feature of

chl oro- 4- cypt epsPoMl £t cattilor .f | yeranetByh 1 datidhhy res a

2H 3, 1- enzoxazj -2-one 2{ formil a ng-lk; WO 98/ 45278
PCT/ US98 06%%52 ?}érerr}code_ reverse T ansc ptase 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
20 encoded reverse transcriptase 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

25 immune system with the resultant onset of AIDS. Effective
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

30 based inhibitors of HIV reverse transcriptase. The (S)-6-
chloro-4-cyclopropylethynyl-4-trifluoromethyl-1, 4-dihydro-
2H-3,1-benzoxazin-2-one of formula (VI-i):
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is not only a highly potent reverse transcriptase
it is also efficacious against HIV reverse
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chloro-4-cyclopropylethynyl-4-trifluoromethyl-1, 4-dihydro-
2H-3,l-benzoxazin-2-one as a reverse transcriptase
inhibitor,
its productlon need to be developed.
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940 describe the asymmetrlc synthesis of an enantiomeric

eeonomical and efficient synthetic processes for
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synt hesi zed by benzylating the aniline nitrogen with p- met hoxybenzyl

chloride. Additionally, the overall process generates a |arge vol une of
heavy nmet aWOs5278§ n 5 the waste stream due to ceric amonPOMUSYS/ 6462
oxidation in t he debenzyl ati on step. Eur opean Pat ent

Appl i cation /82, 4—3@:‘[‘}&:%%%%‘3%Eﬁne s_téi‘?%ﬁ&sxjnécrﬁfi;f@zsoxaﬂ nones via a

three step process.. ] 0~ hi's general method
teaches (1) swtdresiizash yf bemaylatipgyshanpaélbne pakeedast ol i ne with
n-butyl it highethoxhMdriyad i ord@keOPARKE €1 6HAB1Y ] Whd ovdddL1an ester to
form a ket one (ﬂz%ls nthe5|i of at rtlarfx_ car bi nol Gignard 15
addi tion to RFRFSRT HfRe 52 laygpi YoLPBR 8F BRRVY MeRAHLMASYR & ani ne
wi t h theScartheotadte atddidamoiduef ta kbarfge ammorkaessiofat®rdedEtignadant to
forma benzoxazi . rocess requires further purification of the
opti cal I'SOmer s %#%&gﬁnuggegf an optically active resolving agent 20
such as (-)canphdfiiropeary Patent Applygatgont S8R, 4PETAL rdesemibemdiherat ent

Appl i cati on gymtrHEIeo MBI %38InbhedCehi ReLRBEZ OxEH IRTedsseful in the

inhibition of H'V reverse transcriptase, the prevention or treat ment of
i nfection by HV and the treatnment of AIDS. 25 Application WO 9520389 Al
di scl oses nethods qQf synthesis whi ch are commensurate wth EP 582, 455
Al above. Addi §1 onal | y, Young et al, cA|\nti m cobi al Agents and

PCT/ US98/ 06462 Chenb 2R3 VTHEREC 50, - 2605, —-h—-drseussi ng t he

2. CF,COOEW0°C

Hio 3. 3N HCl/reflux

NH,  THF/0°CtoRT

FiC, R . FsC, R
Cl 1,1~carbonyldiimidazole  Ci
o OH - ()
THF/50°C ,k
NH, ﬁ O

10
This general method teaches (1) metallation of the

pivalamide of parachloroaniline with n-butyllithium
followed by nucleophilic substitution with an ester to form
a ketone, (2) synthesis of a tertiary carbinol by Grignard
15 addition to the ketone, and (3) cyclization of the
unprotected amine with the carbinol by addition of a large
excess of condensing agent to form a benzoxazinone. The
process requires further purification of the optical
_isomérs through use of an optically active resolving agent
20 such as (-)camphanic acid.
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.
25 Application WO 9520389 Al discloses methods of synthesis
which are commensurate with EP 582,455 Al above.
Additionally, Young et al, Antimicrobial Agents and
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clinical benefit, the in vitro activity, and the phar macoki neti c

activity of benzoxazinone (VI) in the treatnent of H'V as an HV
reverse trwoesmMspsase i nhibitor 5 disclose an abbrevi at ed syotrhuses/essed
benzoxazi none (VI) comensurate with EP-582,455 Al above wherein the

tertiary carbinol is th ition of ropyl -
et hynyl -1 i t FRERFSRY % c?gQ? ﬁgl@iﬁe HP‘IpCPJO? %‘é e am ne with the
car bi nol by cﬁlddiﬂdaln beheiltondhesy.ngv.agmltactmﬁrlty, an?llhbhpson et al, PCT

Internati On%rhem tkflﬁ@gg_l CQEFWR ?f\nggqg{ QQQI%@%%QE(%&J idegrei be an

| nproved sy opro ace ene useful, in the synfhesis of
(S) - 6- cﬁneﬁt@entcpc,fl HﬁVoB?I éltl |rerl€tl?ﬁq CFRNGFELRFRSE, anmh’ys%-

2H ng 1- bgnz%?s?dlrbs% %aeabﬁee{magéaogymwdg&&s b@nzbﬁ:azdh&ﬁéowfs) ]

conbi nations of synthetic ed.in the p ons  above
whi ch conti rﬁF&‘“‘E%YSb’é'%‘ﬁ?ef"fl ﬁt §§ﬁ 253 O@%eak?ﬁ)'eer IHeESI R #g gg% or ~\hi ch
thi s inventicirbiness is symtgaslzedmylaﬁdmmﬁ a Cyclopropﬂle above

met hods for thﬂeﬁq Ot:eQSQﬁQXE‘%fc%O%e AQ 24l t‘Hé”JﬁhBEBi;Q?Ee@f t oxi c,

difficult to e ‘reagen expensi ve erials and
i nef ficient amlnsch\rlmmw@gr spnbé;npllrbY@f?s@ﬂbwrst‘%fp?- SONGEReiag| $9eRer al |

synt heshg of (9S) fhéﬁgéaﬂ)é% QKC|9QTOEME6iﬁbﬁﬂﬁné& Patent Application
trifluoronethyl - di hydro-2 ronam n- 25 o el ds.

di h
Thus, it is I‘E}B@?Q%Eﬂ% 2§|5§c6§l/eﬁieﬁ ?rﬂrhe’tn?%mve rsé’l’}f:g‘
benzoxazi norke_ﬁcnfpzﬁbﬂyﬁ-ra@ﬁmahe ubefhl i iriive synthesdis blfee'.S)l-Bm tations

and provide | el -
Accordi ngly, rl?ﬂc’er%r‘ﬁ:s ctlo&’ gﬁ?ﬁgﬁyn OVI desoff< {Bﬁ%%% noveI 8% ¥yfat| ng
procedure, URH-+y h@@mm:%ogenzylmpllc%‘?wh&% S632068dR8f t he

correspqedi ng; Hefads an@ind@ions aﬁaéy@eneéudméﬁhda@ daecrrasedemensi ve
and unst abl e. Qotim zatiop of tg}cﬁrocedure st rea{_ﬁ | ned

| |
processi ng SThR PYE-SHIARS: 2h8¥E K eﬁ?ﬁ‘?’é“f%% %eoﬁ'neé:g
present i nvetheé QFveradl @mthlempr Eparebich tHis inveddtRopSmakesrol i di nyl

nor ephedri neg S hat it may be used as a solution
stream reagen ] ﬂt‘%e ch O(‘-}((1'}&8{utgdd| tion of lithium cycl opropyl acetyl i de.
The present The above methods for the syntheges of benzoxagiygneso7sg

PCT/ US98/g0646e - combma&raﬂsoprtaﬂdesaﬂﬁlmp@a{@mﬂm@ reagents,

cycl opropyl ac}f Isanelr such gg oduc a# o may be used as a
sol ution x g%h‘fﬁ %fd@ﬁnsllﬁetﬁ‘ Eﬁ?' |Jtrfeo e cycl opropy! -
acetyl i de anclomdtorg i @urh.rEtLhaummystm mlmxwlldre ovegall The
present !nve?.&%%ﬁsova@%% LEoYes-&y8i Bstéfyletnpacass for the

asymmetric s esi' s of benzoxazl nones. roces,s theﬁgr sent
i nvent i on el F¥ frhueronethyisd - 4-dihydrpgRiy3 ik %‘?—??aﬁ:u‘a%rrﬁ PYat e,
thus el iog nayi@bds. Thus, it is desirable to discover new synthetic

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
30 novel benzylating procedure, using acid catalyzed benzyl
‘alcochols 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 require isolation.
35 The present invention provides the preparation of
(1R, 2S) -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
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ceriumions in the waste stream The present invention 10 provides for an
ef ficient non-chromatographic purification process to yield

enant i onmerwe@ 9/48278e pr oduct . Additionally, the present PCTAISIBO6462

provi des for interrredi ates as stable solids purifiable by b ]
recrystalllzatlo . 5. Non the a ovected ef erences scribe the
net hods of tﬁév?ﬁ’ e:'Sentp R 7 i(%ﬁef BFePﬁ5a€§% h% °pr°p gfflﬁones
usef ul as i nis bsuah pusfe Ergductetbet it t@carmi:s_rllm assed aQ@t solution
Summary of therddlyelddd¥ht in the cﬂ?fﬁ@rgéﬁﬂléﬁ"@f‘tﬂ@ ?X ovel

processes for the |, preparation o enzoxazl none conpounds are

useful as acﬂﬂ‘r%@t”é@“bréﬁ@c??‘ﬁl“ﬁ%@o|%h¥]b}%r<§’°lﬂﬁ%yé@§§§¥§lde

provi de BOL a novete tpfh?selm-;t Ilii*ﬂreﬁlt(i@ﬁdpi'evﬂaes@raﬂaimbﬁé.réﬁné}@ﬁ:he‘&ibng acid
catal yzed ben

t ft ent, i nvention
provi de hi g% %/%?a Coéfarﬁle asHﬁ"“@Sﬁgégggééﬁ%S%k? gﬁ?‘{fr%s I Vﬁnd yi el d

stabl e | Therpmdictsef The presahtoindemt e egitxmmnmg dzheause of
nonchr omat ogy 68 V. I Tl There is
provi ded by t%a?fnven?{ %tr?ﬂ% %@g‘gisq}se&? ﬁ;_?%ﬂé‘ prep ar"gﬁ'?lon BF a conpound

of fornu|a (qgglum[%gqq in the waste stream. The present invention. 5.

WO 98/ 43378 prov1des for an eff:l.c:lent: non- chromatogrdﬁﬂ&%%ﬁ@@éﬁglon

(V|) f CFlerr], C[err]F[err]
- err] F[%??ﬁess g0 ?&9&%?8@@2%%‘8&? %l%%l%“lﬂu%r e of the following:
(1) (addi t i oxddcoiredilyng thecprpsant bihvéwtion prAdvided dor]

intermediates as stable solids purifiable by
recrystallization.

15 None of the above-cited references describe the
methods of the present invention for the synthesis of
benzoxazinones useful as inhibitors of HIV reverse
transcriptase. |

20 ~ Summarv of the Invention
The present invention concerns novel processes for the

preparation of benzoxazinone compounds which are useful as
HIV reverse transcriptase inhibitors. The processes
provide for a novel benzylating procedure of primary

25 amines, using acid catalyzed benzyl alcohols. The
préqesses of the present invention provide high yields, can
be conducted on a kilogfam scale, and yield stable
intermediates. The invention further provides for a
nonchromatographic separation to improve overall yield.

30 There is provided by this invention a process for the
preparation of a compound of formula (VI):



10 (1) wi th a conpound of forrrula(VII)
or formula (MI1): [Jerr] 15 (Vi)
(VI WO 98/48278i n: Rlerr] is Hor Cerr] alkyl, Ricarro$98ios462,
-CH err], -CHerr]CH err] or phenyl substituted W th 0-3 Rlerr], 20 Rerr]
is H -CHerr], -CHerr]CHerr] or phe substituted with 0-3 Rerr],
Rlerr], Rerr], Rerr], Rerr], R[err] err] and R err] are independently
sel ected whereinfromH C[err] al kyI Clerr] alkoxy and C[err]
al kyl t hi o, ﬁhq_rr gs_' HhgClerr] al kyI, Cerr] alkoxy or (err]
al kyl t hi o; IS - err])[err] or O, and 25 nis 0, 1, 2 or 3
in the presétd‘t—? 0‘1CFr$et ﬁSﬂESSQH'f'tﬁﬂ jacid, p-tol uene sul fonic acid or
anot her sui tgaqde/;ﬁ@c‘ésea&mzsﬂsiﬁgfsx&@@r mor& Y QH fa‘nfo%ﬁgl a (1): 30
- 6- WD 98/ 452
PCT/ US98/ 06462 [err]

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

O
A
NH,
10 ' (1)

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

R3
R'O RS
R2
R4a RSE
s I . vIID)

whereln._.
Rl is H or Ci1- 6, alkyl,
R? is H, ~-CH3, ~CH,CH3 or phenyl substituted with 0-3 R12,
20 R3 is H, —CH3, ~CH,CH3 or phenyl substituted with 0-3 R12,
R4, RS, R4a, R5a, RS, R8 and R? are 1ndependently selected
from H, C1_5 alkyl, Ci.s alkoxy and Cji-g alkylthlo,
R12 is H, Cj.¢ alkyl, Ci-g alkoxy or C;- .6 alkylthio;
Y is -(CHQ)n or O, and
25 nis 0, 1, 2 or 3;

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

30



(rn) wherein Pis [J[err] (2)(chiral addition) (a)

contacting: 1R, 2S-pyrrol i di nyl nor ephedrine with n-hexyl Iithium or
anot her suwoaisl48278| ky | l'ithium and cycl opropyl acet yl ene trRCT0$98108462
‘'m xture, 10 (b) contacting the mxture of Step(2)(a) with a
conmpound of forrmula (I1) to forma conpound~pf formula (rrry: Jerr]

(rer) (3) (oxidative cyclization)
formula (111) with p-chloranil or
forma compound of fornula (1V):
WD 98/ 45278

ntacting a conpound of

able 20 oxidizing agent to
A -7-

PCT/ US98/ 06462

wherein P is

or

(2) (chiral addition) (a) contacting 1R, 2S8~-pyrrolidinyl
norephedrlne with n-hexyl lithium or another suitable alkyl
_ llthlum and cyclopropylacetylene to form a mixture,
10

(b) contactlng the mlxture of Step(2) (a) w1th a
compound of formula (II) to form a compound of formula
(II1): '

A .\\\//}
X OH
wH
15 P

(III)

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



[err] (1v) wherein P'" is [err]

or (4) (debenzyl ation) contacting the conpound of formula (1V)
Wi t h pot asworasigaf8oxi de, sodi um hydr oxi de or anot her Sui tPEIIVES98NEHY i Ng
agent, in the presence of sodium 10 borohydride or another suitable
trappi ng agent, to forma conpound of forrmula (V): [err]

(V) 15 (5) (cyclization) contacting thelsonpound of formula (V)
wi t h phosgene or another suitable cyclizing to forma conpound of
formula (VI). 20 Detail eqD KX ption of the Invention

In a first enbodi nent, the presgaqt PR on provi des a novel process
for the preparation of conpounds Q (V1):

Nf
H
(V)
wherein P" is
3R4'
WL
6
R4a R
5 _Bsa or

(4) (debenzylatlon) contactlng the compound of formula
(IV) with potasium hydroxide, sodium hydroxide or another
sultable cleav1ng agent, in the presence of sodium
10 borohydrlde or another sultable trapplng agent, to form a

compound of formula (V)-
L
i NH,

(V)
15
- {5) (cyclization) contacting the compound of formula
(V) with phosgene or another suitable cyclizing agent to
form a compound of formula (VI).
20

Detailed De iption of the ventio
In a first embodiment, the present invention provides
a novel process for the preparation of compounds of formula

{(VI):



WD 98/ 45278 PCT/ US98/ 06462 [err]

(V1) wher ei'n: Xis d or F, and 5 Ais -CFlerr], -(err]Flerr] or
-Clerr] F[ S¥PP8/45278  said process conpri sing: (1) dEHEWB0pd92a
conmpound of forrmula (I): Jerr] wi th a conmpound of formula
(V') or formula (VIII): [err] (Vi)

(M 11) wher ei n: Rlerr] is H, C[err] yl or (Jerr]

al kyl carbonyl, 20 Rerr] is H, Rl err] ., ~CH err], CH[err]CH[err]

or phenyl substituted with 0-3 R err],A W err], R[err], Rlerr], Rerr],

Rlerr], Rerr] and R err] are iddeperdep sel ected fromH, C[err]
al kyl, Cerr] alkoxy and CJerr] al I 0, Rlerr] is H (err] alkyl,
Cerr] alkoxy or CJerr] alkylthio; IS (OCH[err])[err] or 0, and n
is 0, 1, 2 or 3; N

H

(V1)

wherein:
X is Cl or F, and
5 A is -CF3, -C3Fs or -C3F7;

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

O

X

' A
10 ‘NH,

(1)
with a compound of formula (VII) or formula (VIII):
R'O

15

wherein: '
Rl is H, C1-¢ alkyl or Ci-g alkylcarbonyl,

20 R? is H, - - _ _
R3 is H, -CH3, -CH3CH: or phenyl substituted with 0-3 R12,
R4, RS, R4a Rsa R6, R® and R? are .independently selected

. from H, C1 6 aikyl C1 6 alkoxy and Ci-g alkylth:.o,

R12 is H, Ci-¢ alkyl, C1-¢ alkoxy or Ci-g alkylthio;

25 Y is ~-(CH2)p or O, and
nis 0, 1, 2 or 3;



- 9- WD 98/ 45278 _ PCT/ US98/ 06462 in
a suitable solvent, in the presence of a suitable acid catalyst to forma

conpound oWO8/4MT& (I11): [err] PCT/US98I05962
wherein P, an amne protecting group, is [err] (2)(a)
contacting a conpound of formula (IX): [err] 15

(1rx wherein R err] and Rlerr] are independently Cerr] alkyl, or

-NRl err] Rl er ip ias spy.tabledsalventpi dar itdienypiresenaer phoki syltableeGacid t h
al kyl it h| U@a%'a(iyE}ﬁCEBPEQPﬁUéQ%TAQ&ﬂﬁ Jf fRradhhaktf) . solvent, to forma

m xt ure,

(IT)

wherein P, an amine protecting group, is

5a
10 R R . or.

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

OH

7\
R10 R"

15 SRR | (IX)

wherein R10 and R1! are independently C;-y alkyl, or
-NR10R11 is pyrrolidinyl, piperidinyl or morpholinyl;

20 ‘with alkyl lithiuin'aﬁé_‘"é'iiolopropylacetylené, in a suitable
solvent, to form a mixt;ure, and

(b) contactlng t:he m:thure of step (2) (a) w:.th a
. compound formula (II) to fom a compound of formula (III)
25 '

-10-



(b) contacting the mxture of step (2)(a) with a conmpound fornula (11)

to forma bompdun of formula (1I11): 25 -
WO 98/ 452780 98/4527 PCT/ BSTHYSHSA6452

[err] (rrn) (3) contacting a conmpound of
formula (111), in a 5 suitable nonaqueous sol yent, with a suitable

oxi di zi ng agent to forma conpound of fornul IV): Jerr]

(1v) wherein P'" is 10 J[err] or (4)

contacting a conpound of formula (1V) 'phﬁg; sui tabl e cl eaving agent, in
a suitable solvent, in the X OH

vH
P
(II1)

(3) contacting a compound of formula (IIi), in a
5 suitable nonaqueous solvent, with a suitable oxidizing
agent to form a compound of formula (IV):

X 0
N,P
H
PR DL _ (IV).
wherein P" is
10 . _
3 R*
~ R®
6
R4a R
SRR op

{(4) contacting a c6mpound'of formula (IV) with a
suitable cleaving agent;-in a suitable solvent, in the
15 presence of a suitable trapping agent, to form a compound
of formula (V): . |

vy

~11~



15 presence of a suitable trapping agent, to forma conpound of formula

(V) : [err] WO 98/ 45278

PCT/ US98/ O941p28/45278 (5) contacting a conpound of forPCI/HS{S06462i t h a
suitable cyclizing agent, in a suitable solvent, to forma conmpound of
formula (M). 5 In a preferred enbodi nent the process for the
preparation of a compound of formula (VI), wherein is d, and 10 A
is -CF3; conf®)i estacting a Co’f‘E?u’é‘ngf%cﬁC?W]é cWr?péﬁ}l"'rH 8f fornula

(1) with a sulQ‘&'m@U&QcQﬁzfiﬁbnubénéw in,a vhgneivle BolventRltbstbkmGerr]

al kyl or Cerr] alkylc on s H, R3is H -CHerr], -CH2CH3
or phenyl suﬁs‘{“ﬂ%‘[”@do\%r? réu%aRﬁgfz R4, Rlerr], Rlerr], Rlerr] and
R6 are insependently selected fromH, 20 d err] al kyl, Cerr] al koxy

and Clerr] al kylt hﬂn a %&%ferreg‘lfg’n%ﬁe %e&g‘l II% %1 qo‘?:”th al koxy or

Clerr] alkylthio; n sul ent e presence of a
sui tabl e aci @reparesisny of pocpwpAVRd %ﬁpﬁﬁﬁ?ﬁl ‘f\@r)nulwﬁlee-”FF-)'l 25

(2) (a) contacting 1R 2S-pyrrolidinyl norephedrine wi th n-hexyl |ithium
and cycl opropyl.,acetylene, in a suitable solvent, to forma mxture, and
30 (b)* dohtct | the mixture of step (2)(a) with a conmpound of
forrmula {01) & d< eiQFfsza conmpound of fornula (reny; (3)
contacting a conpound of formula (I11) with a 35 suitable oxidizing agent,
in a suitable solvent, to forma conmpound of formula (I1V);

comprises:

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

compound of formula (VII), wherein:
15

Rl is H, Ci-g alkyl or C1 6 alkylcarbonyl

R? is H,

R3 is H, -CH3, -CHy;CH: or phenyl substituted with 0-3 R12,

R4, R5, R4a, R52 and R6 are independently selected from H,
20 Ci-¢ alkyl, Cj-g alkoxy and Ci-g alkylthio, and

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

in a suitable\soivent, in the presence of a suitable acid
catalys;ffo form a-compgund of formula (II};
25 : S
(2) (a) céntacting 1R, 2S-pyrrolidinyl norephedrine
with n—hexyl lithium and cyclopropylacetylene, in a
sultable solvent to form a mixture, and

30 - (5) contacting thé‘mixture of step (2)(a) with a
' compound of formula (II) to form a compound of formula “
(IIT);

(3) contacting a comb'ound‘of formula (III) with a

35 suitable oxidizing agent, in'a'suitable solvent, to form a
compound of formula (IV);

-12-
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(4) contaciijng a.conpound of formula (1V) with a sui tabl e _cl] eavin
agent, in é}os%ﬁ%gﬁl e solvent, in the presence of a sui teﬁﬁ@?glsé?ﬁfﬂgng
agent, to forma conpound : of formula (v); and 5 (5) contacting
a conmpound of forifd) acénjactiinyg @ compsuntiabfefoymhilai (fvhgeith an a

suitabl e sol ¥ghtapid dfdhihg aget®TPIUNG BLiEQEIY! Solodde, indne !0 2

nore preferre rocess for pr epar ati on a conpound
of fornula (Wresgnce ?%ra]sult le trapping agent, to form a cqmpound

(M-i) 15 cogprfgﬁﬁula (v); ardl) contacting a conpound of formula (1),

wher ei n S and Ais trifluoronethyl, with p-nethoxybenzyl al cohol,
in a suitable sol vent, in the presence of a suitabl e acid catalyst, to
forma conpound Of(SfOCdiﬂllﬂ:&l’:t(Jlrig E) coﬂ@ound[ efr formula (V) with a

(11-1) sulta.'éfg( <l: %tag[ég 1 ene p¥ﬁ§.9£i)f’én %}M@prﬁfrfd}%\ i th 25

n- hexyl lithramand c surta vent o form
a m xture, compound of formula (VI).

10 In a more preferred embodiment the process for the
preparation of a compound of formula (VI-i):

A

s
%

(VI-i)
15 comprises:
(1) contacting a compound of formula (I), wherein X is
Cl and A is tr:n.fluorozqethy_l with p-methoxybenzyl alcohol,
in a suitable solvent, in the presence of a suitable acid
catalyst, to form a compound of formula (II-i):
. 20

l (II-i)

_ (2) (a) contacting 1R, 2S-pyrrolidinyl norephedrine with
25 n-hexyl lithium and cyclopropylacetylene, in a suitable
' solvent, to form a mixture, '

-13~
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PCT/ US98/ 06462 (b) contacting the m xture of step (2)(a) with a
conpound OWOf98#MHTBa (11-i) to forma compound of fornula POTVUSIBING6462[ err ]
5 _ _ (rrr-i) (3) contacting a conpound of formula
(111-1) wth a %é)u'é&ma%t%bdhﬁenﬂlfwe% ofNsfesUts PR F wRivent, to form
a. conpound of tornula (IV
(1V-i) compqupd @éntf&éwﬁ@ 4TZokbobAdTOFm R rFRARPAY/ Y Sprrmla 15
sui tabl e cl epprngijagent, in a suitable solvent, in the presence of a
sui tabl e trappi ng agent, to forma'corrpoﬁkof formula (V-i): [err]
FC ZF |
Cl OH
N/\@
H
OMe ;
5 | (ITI-i) |

(3) contactlng a compound of formula (IIXI-i) with a
suitable oxidizing agent, in a suitable solvent, to form a
compound of formula (IV-i):
10 '

(4) contacting a compound 6f formula (IV-i) with a
15 suitable cleaving agent, in a suitable solvent, in the
presence of a suitable trapping agen;; to form a compound
of formula (V-i): : |

20

-14-
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08/ 45278 PCT/ US98/ 06462

(5) cont achor?aMgngonpound of formula (V-i) with a sui t aBFL/USIRG6H63 ng
agent, in a suitable solvent, to forma conmpound of formula (VI-i).

5 In an evéﬁ)noont@ceimgr@dc@mmm formula ooedy Wwdth a the
preparation (M )s t ab

catal yst is giéfgggg%p?ggﬂl%%é Sérgtgﬂﬁa ifl)a sultal:-?&f @%l%%ggﬁéshﬁf g%#q %ci d,
benzenesul f oAPEPEERE, of pformula oric acid, sulfuric acid,
trifluoroacetic acid, trlchloroacetic acid and p-tol uene-sulfonic
aci d, t he SU|tabIe OXIdIZIn cted fromthe group:

Mg err],3 2, 3- di chPofB- Svﬁncﬁ‘%{/% ’ffé#uz%%?ﬁ t in a process for
p-tetr achl or thengoepianation of e rcaszdﬂcannbe:ﬂdiuﬁxumae (VI): and

| odosobenzene di acetate, the suitable cleaving agent is selected from
t he group: sodium (Jerr] al koxide, lithiumerr] alkoxide,

pot assi um 20the sultaybgr4cxﬂ¢aﬁ@akysu¢x§4sqgagaedKamomnuheagcbmperr]

the suitable trappen ﬁQ@H&nééui\Pcﬁ% A\& Ot dendBdEhML acig2m ne, tosyl
hydr azi gle or H[err[l err and éﬁe‘? suitaple cyclizing agent is
phosgene-? phospparic %ﬁ%ﬁlfﬁﬁ% Gr drSEMPreREsEireAtidn a
process for the ptenennbrm@hca AP Al pitdmeﬁd-&xﬂ\fbhlc acfiig conpounds
of step (2) (a) and (b) are independently

the suitable oxidizing agent is selected from the group:
MnO2, 2,3-dichloro-5,6~dicyano-1,4-benzogquinone,
15 p-tetrachlorobenzoquinone, o-tetrachlorobenzoquinone
and iodoscbenzene diacetate,

the suitable -c."l.'eéiring agent is selected from the group:’
" sodium C;.4 alkoxide, -lithium C3-4 alkoxide, potassium
20 - C1-4 alkoxide, NaOH, LiOH, KOH and Ca(OH),,

the suitable trapping agent is NaBH,, NaHSO;, hydroxyl
amine, tosyl hydrazide or H302, and

25 the suitable cyclizing agent is phosgene.
In an even further more preferred embodiment in a
process for the preparation of a compound of formula (VI)
the compounds of step (2)(a) and (b) are independently

30 prepared and mixed as solution streams.

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

-15-



30 prepared and m xed as sol ution streans. In a second

enbodi nent, the present invention provides a process for the
pr epar at i oWOH8/4888pounds of forrmula (I1): WO 98/ 452PTZ/USI8/06462
PCT/ US98/ 06462 [err] (rn) wher ei n:
Xis d or F, 5 Ais -CF[lerr], -(err]F[erg] or -Cferr]F[err], Pis
[err] 10 Rerr] is H - , - or phenyl substituted with
0-3 Rerr], Rlerr] is H, -CH[e?rS? eTrhCH err] or phenyl substituted
with 0-3 Rerr], Rlerr], Rerr], R5a, R6, R8 and RO are.
i ndependently sel ected from ' al kyl, Cerr] al koxy and
Cerr] alkylthio, Rlerr] is H (err] alkyl, Cerr] alkylthio or (Jerr]
al koxy; 15 Yis -(CHerr])[err] or O, and P nis 0, 1, 2 or 3; sai d
process conpri sing: contracting a corr(%nd of formula (I): 20 [err]
wherein:

X is Cl or F,
5 A is -CF3, -C3F5 or -C3F7,
P is

R* RS

- or

10 R2 is H, -CH3, -CHyCH3 or phenyl substituted with 0-3 R1Z,
R3 .-__i's H, -CH3, -CHzCH3. or phenyl st_'zbs_titu_ted“with 0-3 R12,
R4,” R3, R%a, R5a2, RS, R8 and R%:are. independently selected

- from H, Ci.g alkyl, Ci-g alkoxy and Ci-g alkylthio,
R12 is H, C1-g alkyl, Ci-¢ alkylthio or Ci-g alkoxy;

15 Y is -(CH2)pn or O, and

n is 0, 1, 2 or 3;

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

20 _
0. .
X A
NH,
(.
with a compound of formula (VII) or formula (VIII):
25

-16-



(1) with a conmpound of formula (VIlI) or formula (VIIl): 25 WO

08/ 45278 PCT/ US98/ 06462 [er

(V1) WO 98/45178 (MI11) wherein RL is H (err] &’Idgwsgémﬁerr]
al kyl car bonyl , " in a suitable solvent, in the presence of a suitable
acid catalyst to formpgéco und of forrrula(ll). In a

of formula (VI1) 10 OR! [err]

preferred enbodi nent aﬂgom
s Hior phenyl substitufed with H or nethoxy,

Rlerr] is Hor methyl,

R3 is Hor phenyl Thed RH or net hoxy or net hoxy,
and R5 is Hor netfdxy. In a R Btbodi nent a
sui table acid cat al ys4d s sBP2cted fromthe 7 nmet hanesul foni c
20 acid, benzenesul fonic acid, pho$phoric acid, sulfuric acid, :
trichloroacetic acid, trif(N&&)oacetic acid and p-thE‘léli)a'- sul fonic

aci d. In a third enbodi nent, the present invention provides 25 a

process for th grep atlon of conf)ounds of formula (1.V):

her H, Ci-g or Ci-g alkylcarbonyl
5
in a suitable solvent, in the presence of a suitable acid

catalyst to form a compound of formula (I1).

In a preferred embodiment a compound of formula (VII)
10 is
R* RS

: Re
R’O—)-<\ />—OMe
R2
or methyl, )
or phenyl substituted with H or methoxy,
or phenyl substituted with H or methoxy,

15 R%Y is H or méthoxy; and

%

™

hW. o
::::::::;'-.:::m

or methoxy.

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

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

-17-
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[err] N (1V)
wherein: WO9BM45298Cl or F, 5 Ais -CF3, -(err]Flerr] or pcraistbéss’] .
P'" is [err] R3is H -CHerr], -CH2CH3 or phenyl substituted
with 0-3 Rlerr], 10 Rerr], Rerr], Rda, Rerr], R6, R8 and RI are
| ndependently sel ected fromH (derr] kyl, Cerr] al koxy and
Cerr] alkylthio, R12 is H (err] alkyl, ] alkylthio or Cerr]
al koxy, Yis -(CHerr])[err] or O, @nd\\¢n is 0, 1, 2 or 3; 15 sai d
process conpri sing: contacti a_go und of formula (I111): [err]
0]
[}
—PII
N
H
(IV)
wherein:

X is Cl1 or F,
5 A is -CF3, -C2F5 or -C3F7,

P" is

R4
R3 RS

RS

R4a
6a
R>® or

R3 is H, -CH3, -CHyCH3 or phenyl substituted with 0-3 R12,.
10 R4, RS, R4a, R5a, RS, R8® and RY are independently se]_.écted
from H, Cj.¢ alkyl, Ci-g alkoxy and Ci-g a_lkylthié,
R12 is H, C;_g alkyl, Ci-g alkylthio or.Cl_s alkoxy,
Y is -(CHz)p or O, and |

n is 0, 1, 2 or 3;

15 o
said process comprising: o
contacting a compound of formula (III):
A %
X OH
I}IH
P
20 (I1I)
wherein:
P is

-18-



i's

20 (ren) wher ei n: Pis
3 45278

PCT/ us98/ Og&% ?err] Rlerr] is H, 5 in a ndifdfUets(ps462
solvent, with a suitable oxidizing agent to forma conpound of formula
(1v). In a pre&prregﬁenbodlnent a conpound of formula (111)
[err] Rr3 IR _a re preferred enbo nt the suitable
oxi di zi ng 6

R

R2 R | 3-r°
R4a RSa or Y . and

10

15

20

R2 is H,

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

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

In a more preferred embodlment the suitable oxidizing
agent is selected from the group MnO;, 2,3-dichloro-5,6-

dicyano- 1 4—benzoqu1none, p tetrachlorobenzoquinone,
o-tetrachlorocbenzoquinone 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
NH,

(V)
wherein:
X is C1 or F, and

~19-~



agent is selected fromthe group MaJerr], 2,3-dichloro-5, 6-
di cyano- 1, 4- benzoqui none, p-tetrachl orobenzoqui none, 15

o-t et r achIW@ 3843278 qui none and i odosobenzene di acet at e. PCT/US98/8646Dur t h
enbodi ment, the present invention provides a process for the preparation
of conpoundsAo{szf | a Or[e@ Bq; (V) wher ei n: Xis d or
F, and 3l Sy Yo WO 98/ 45278
PCT/ US98/ 06462 Ais -CF[err] -Cerr]Flerr] or -CJerr]F[err];
sai d processsadipsrsdteds comprd@inacti ng the conpound of formula (IV) 5
[err] contacting the compound of fo::‘mulg.I Y}V) wherein P* is [err]
5
A .\\\//}
X
?
P
N
H
(IV)
wherein P" is
s R*
N RS
6
R4a R o
10 Cor R% o_r

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

R4, R5, R4a, RSa, R , R8 and R? are independently selected

- : fram H, C1-¢ alkyl Ci-6 alkoxy and Ci-g alkylthlo,
15 R12 is H, Ci-6 alkyl, Ci-¢ alkylthio or Ci-g alkoxy,

Y 1sﬁ-(CH2)n or O, and

n is 0, 1, 2 or 3; |

with a suitable cleav1ng agent, 1n a sultable solvent, in
20 the presence of a sultable trapplng agent to form a

compound of formula (V).

In a preferred embé&imqnﬁ a compound of formula (IV)

-20-



R4

)

Rlerr] is H, CH3 -CH2CH3 or phenyl substituted with 0-3 Rerr],

R5, Rd4a, Qbﬁ JRG, R8 and R9 are independently sel ected

Clerr] alk @¥Pr] alkoxy and Jerr] alkylthio, 15 RL2 i SP‘F-T’UQWF?

al kyl, Cerr] alkylthio or C(Jerr] al koxy; Yis.-(CHerr])n or 0, and
nis 0, 1, 2 or 3; w th\a suitable cleaving agent, in a suitable
solvent, in 20 the presence a suitable trapping agent, {o forma
conpound of fornul?.&V) 1;; In a preferred enbodi nen conmpound of
formula (1V) ci 3 o . -

98/ 45278 0O - PCT/ US [err]

R3 i s phenyl sub} ted miHh H or nethoxy,Cl

Rl err]

is H or

10

15

20

25

RS

N
H

R4 OMe
R5 or OMe

R3 is phenyl substituted with H or methoxy,
RY is H or methoxy, and
R3 is H or methoxy.

In a more preferred embodiment the suitable cleaving
agent is selected from the group? sodium C;-4 alkoxide,
lithium Ci1-4 alkox1de, pota551um Ci-4 alkoxlde, NaOH, LiOH,
KOH and Ca(OH)z, and '

the sultable trapplng agent is selected from the
group NaBH4, NaHSO3, hydroxyl amlne, tosyl hydra21de and
H202 ’

~ In a fifth embodiment,; the present’ invention further
prov1des a process for the preparatlon of a compound of
formula (VI)

wherein:
X is Cl or F, and
A is -CF3, -C2F5 or -C3F7; .

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

-21-
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In a nore preferred enbodi nent the suitable cleaving agent is selected

fromthe group: sodium Cerr] al koxi de, lithium ( err] al koxi-de,

pot assi um pdgrdszAl koxi de, NaCH, LiOH, 10 KOH and Ca(OH) 2, paiflisososasz L he
suitabl e trapping agent is selected fron1the group: NaBH4, NaHSO err],
hydr oxyl am ne, tosyl hydrazi de and esr]CIerr] 15 In a fifth
enbodi nent, the present invention further provi des a process for the
preparation of a conmpound of f o¢u ( - [err]

H (V1) er efn: Xis d or F, and
Ais -CFlerr], -(err]Flerr] or -C3F7 sai d process conprising: 25
(1) contacting a conpound of formula (IYY: NH;

-21- WD 98/ 45278 PCT/ US98/ 06462 [err]
() wi th a conmpound of formula (VIH1 5 [err]

with a compound of formula (VII):

5
R* RS
N HS.
RO R®
R2
R 4a Hsa
(VII)

wherein: - .
10 RIL is #, Ci-8 alkyl or C1 6 alkylcarbonyl
R? is. -CH3, -CHzCH3. ox phenyl substituted with 0- 3 R12,
R3 is -CH3,: ~CHaCH3 or phenyl substituted w1th O 3 R1Z,
R4, RS, R4a, R52 and R6 are independently selected £rom H,
Ci-g alkyl, C1-5 alkoxy and Cj-g alkylthio, and )
15 R!?2 is H, Ci-6 alkyl, Ci-¢ alkoxy or Ci-g alkylthio;

in a suitable solvent, in the presence of a suitable acid
catalyst to form a compound of formula (II): '

20 | RS RS
(II)

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

-22-



(Vi) wherein: 10 Rferr] is H derr] alkyl or C[err] alkylcarbonyl,
R2 is -CH [err]CH err] or phenyl substituted with 0-3 err
R3is - W(’i%ﬁ_&i&%{ or phenyl substituted with 0-3 Rlerr], FPC Jéﬂ]
Rlerr], Rerr] and R6 are independently selected fromH, C[err]
alkyl, Cerr] alkoxy and Clerr] alkylthi®@Hand 15 Rerr] is H (err]

al kyl, Cerr] alkoxy or (Jerr] alkylthio; i n a suitable solvent, in
the presence of a suitable acid =) 0 MPorm a conpound of formula

(rr)y: [err] N (rn) (2)(a)

contacting a conpound of formula (IX /7 \ -22-

WD 98/ 45278 R10 R PCT/ US98/ 06462 [err]
(IX)

wherein R10 and R!! are independently C;.4 alkyl, or
5 -NR1O0R1l is pyrrolidinyl, piperidinyl or morpholinyl;

with alkyl lithium and cyclopropylacetylene, in a suitable
solvent, to form a mixture, and

10 (b) contacting the mixture of step (2) (a) with a
compound formula (II) to form a compound of formula (III):

RS RS .
(III)
)
(3) contacting a compound of formula (III) with a
suitable deprotecting agept,.in a suitable solvent, to form
.a compound of formula (V):
20 ; and




(1'X) | wherein RO and Rlerr] are independently Cerr] alkyl, or 5

-NR[err]Rerr] is pyrrolidinyl, piperidinyl or norpholinyl; with al kyl
l'i t hi um arlO®8M527pr opyl acetyl ene, in a suitable sol vent , PCE/USSH0hd62

m xture, and 10 (b) contacting the m xture of step (2)(a) with a
conmpound fornula (Il) to forma conpound of formula (I II) [err]

(rrr) 15 (3),.contactipng a conpound of. fornula th a
sui t abl e depr ot ect(ﬂhgcaﬁEﬁ?t“%ﬁ 1St o] °§o|f9§ﬁ”t15‘ ESH ‘%’ i a compound
of fornula (¥hitabker¢yclizing agent, in a suitable solvent A3 form a WO

98/ 45278 compound of formula (VI). PCT/ US98/ 06462
5
In a seventh embodiment, the present invention
provides a novel compound of formula (IV-i):
Fsc \\\"//}
Ci
O

N
H

_ | OMe

10 (IV-1i)

or a pharmaceutically acceptable salt thereof.

In an eighth embodiment, the present invention
15 prov1des a process for the preparatlon of a compound of
formula (II-i): )

OCH,4

(II-i)

- comprising:
20 (1) heating an acetonitrile solution of a
substituted aniline of formula (XII):

-~24~



(4) contacting a conpound of formula (V) with a sui tabl e cyclizi ng

agent, in e solvent, to forma conpound of fornul a
t%?il gé{%ﬁd# nent, the present invention provi des &% 8>’Q%‘ﬁ‘pound

In a seven
of formula (IV-i): [err] 10 (Iv-i) or
phar maceutically acceptable salt thered&II) In an ei ghth enbodi rrent,

the present 'aB&eBLEBEuéﬁeQqu&@fé a?c:ﬂ% PSS thitbetieuPbeB2’ aboRE i

conmpound of formula (11-1)

(rr-i)
conpri si ng: 5@ about 85%G whigds |Sﬁtj-r&'r3rnﬁeeton| trile solution of a

substituted aniline of formula (X1I): [err]
- 24- 5 (2) adding an acetonitrile solution of a benzyl
alcohol of formula (XIII):
OH
OCH,4
(XIII)

over a period of about 2 hours to about 10 hours to the
10 heated acetonitrile solution of the substituted aniline and
p-toluenesulfeonic acid; and

{(3) stirring the heated reaction mixture for about
30' minutes to about 2 hours to give the compound of formula
15 (II-1). )

In a preferred embodiment, the process for the
preparation of. a crystalline compound of formula (II-i):
et o

Cl '
CF3
NH
OCHg
20 (II-1)
comprises: .

“ (1) heating and stirring an acetonitrile solution of
a substituted aniline of formula (XII):

-25-~
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(XI1) and p-toluenesulfonic acid to a tenperature of about 65[err]C
to about 3BPLI4RB while stirring; 5 (2) adding an RCTMUS98/0646% €
solution of a benzyl al cohol of formula (XI11): [err]

(X11rn) over a period of about 2 hours tg about 10 hours to the 10
heated acetonitrile solution of tQﬁ substitl@ted aniline and

p-t ol uenesul foni ¢ acid; and rREI NG the heated reaction

m xture for about 30 mnutes to ¢ 2 houPs to gi ve the compound of

formula 15 (I11-i). In a pr enbodi nent, the process for
t he preparation of a crystalline conpo Ezof formula (I1-1): [err]
20 (rr-i) conpri ses: (1) heating and

stirring an acetonitrile solution of (xaxsubstituted aniline of formula
(X1 and p-toluenesulfonic acid to a temperature of about 65°C

. to about 85°C;

(2) adding an acetonitrile solution of a benzyl
alcohol of formula (XIII)

OH

OCH,4

(XIII)
10 over a period of about 2 hours to about 10 hours to heated
acetonitrile solution of the substituted aniline and

p-toluenesulfonic acid;

(3) heating and stirring the reaction mixture for
15 about 30 minutes to about 4 hours to give a crude solution
of the compound of formula (II-i);

(4) cooling the crude solution of the compound of
formula (II-i); |
20 ' :
(5) adding seed crystals at a temperature of about
20°C to about 30°C;

(6) slowly adding water while stirring at a
25 temperature of about 30°C to about 35°C to form a slurry of
the crystalline compound of formula (II-i);

{(7) stirring the'slurry for a reaction time of about
2 hours to about 12 hours at about room temperature;
30

-26-



- 25- . WD 98/ 45278 PCT/ US98/ 06462
[err] (XI1) and p-toluenesul fonic acid
to a terrpevrvgtgﬁlf‘se”gf about 65[err]C to about 85[err]C PCT/US”’““?”Z)
addi ng an acetonitrile _solution of a benzyl al cohol of formula (XI11)
[err] (8) filtering the sluxny |qf) crystalding gempeundfofibout 2
hours to abogbrrd@ldours-1)0 thedlflate tReCtePsthllensobshboing@fof he

substituted aniline ., . Pp-toluenesul fonic acid; (3) heating
and stirringEVHQLﬁ%agﬂﬂﬁﬂ'nixture for 15 about 30 ninutes to about 4 hours

to give a crude solution of the compound of formula (I1-i);

4 lighg th ' . (LL-L); 20
(5) addi g sead of3bt FasHing bl dARGOTA Rableriar WIFR A Amaatei O
30[err]C ~ ©of acetonityily apd wakerndnnat ¥plupel sosvolunegratia of

tenperat ure ShowdBy : APt rdfeulto 4aR@dl dakerr]C to forma slurry of t he
crystalline conpound of forrmula (I1-i); (7) stirring the slurry

for a reaction tinme of about
(10) drying the material under an inert atmosphere at

10 a temperature of about 50°C.

In a ninth embodiment, the present invention provides
a process for the preparation of an amino alcohol compound
of formula (V-i):

15

- (v-i)
comprising '
. (1) adding a toluene solution of 2,3-dichloro-5,6-
dicyano-1, 4-benzoquinone to a toluene solution of a compond
20 of formula (III-i):

OCH,4

(III-1)

-27~



2 hours to about 12 hours at about roomtenperature; 30

- 26- WD 98/ 45278 PCT/ US98/ 06462
(8) filterwo&4s278s| urry of crystalline conpound of f or IPOTAISOBM646E t O
I solate the crystalline conpound of formula (11-1); 5 (9)
washi ng the giyStalhiAeaiBifg &l raiddliod Merberture 8F aB8henddd ide and
water in a volune tq volune ratio of about 60:40 to about 40:60; and
(10) drying eeutatdrfal under an inert at nosphere at 10 a tenperature of
about 50[err]C. In a ninth enbodi nent, the present invention

oY e (Ve I 8702 pthel s R A Ut i%h UnBUALuRLORR YRS OUN
conprising 0°C for(ahowttdi mpux tol form soreluneneotlerry Wi .cio-5, 6-
?: 24 ?in;)j 1i 2; r RAQGYbD8NE-E fcfardf 1eNR: $VbikIBeRf efe CARR N hatibowtia ¥ MUl a

ormula (IV-1i):

4

FaCu_ s
o)

Iz

OCH,

(IV-1i)

10 :

w2 (3) filtering the slurry.to remove the 2,3-dichloro-
S,Srdicyano—l,4-dihydroxybenzene;

(4) washing the 2,3jdichloro—5,6-dicyano—1,4—
15 dihydroxybenzene waste cake with toluene;

- {5) . combining the filtrate and toluene washings;

(6) concentrating in vacuo the filtrate and toluene
20 solution of the compound of formula (IV-i) with methanol to
remove most of the toluene;

(7) adding dropwise to the compound of formula (IV-
i) in methanol at a temperature of about 40°C to about 45°C
25 an aqueous solution of sodium hydroxide forming a clear
solution of the amino alcohol and p-methoxy-benzaldehyde;

(8) adding dfbpwise to the clear solution of the
amino alcohol a solution of NaBH4 in an aqueous solution of
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(111-i) - 27- WD 98/ 45278

PCT/ US98/ 0%%4'3%78 whi | e maintaining a reaction temeratur%ﬁg%@%ﬁ

Oferr]Cto ut 10[err]C, (2) maintaining t
tenperature at about 5 Oferr]C for about 1 hour to forma toluene slurry
of 2, 3- dpd iy r bydrex e yria tRiNigoh pd FeRGB AR chEMRAER BLED Yound of

fornula (1V-hbhout 40°c [ rdbout 45°C; _ (Iv-i) 10
(3) filtering the slurry to renove the 2, 3-dichl oro-

5, 6-di cyano-1, 4- di hydr oxybenzene; (4) washing the

2, 3-di chl or 0- 5, 6- dpryaseitring 16he didgirimy dixtare Wast eboake3®i t h t ol uene;
(5) conbi inﬂiaggeéiltrate and t ol uene washi ngs; (6)
concentrating rn vatuo the filtrate and toluene 20 solution of the
conmpound of forrmula (IV-i) with nethanol to remove nost of the toluene;

(10) neutralizing the reaction with glacial acetic
acid to a pH of about 8 to about 9;

10 - {(11) adding water to form a slurry;

(12) cooling the slurry to about -15°C to about 0°C
for about 1 hour; and

15 (13) filtering the cooled slurry of the amino alcohol
and washing with water to give the crude crystalline amino
alcohol as a pale yellow solid.

In a preferred embodiment, the present inventiph
20 provides a process for the preparation of pure'crystalline
amino alcohol compound of formula (V-i) comprising the
additional steps of:

(1) dissolving the crude amino alcohol_in toluene at
25 a temperature of about 60°C;

(2) adding heptane to the toluene solution of the
crude amino alcohol to form a slurry of the pure amino

alcohol;
30 _ _
{(3) cooling the amino alcohol slurry to about 0°C
and maintaining at 0°C for about 1 hour;
_ (4) filtering the pure crystalline amino alcohol;
35 -

(5) washing the pure crystalline amino alcohol with
heptane; and ’
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(7) adding dropwi se to the conpound of formula (IV- 1) in methanol at
a tenperature of about 40[err]C to about 45[err]C 25 an aqueous sol ution

of sodi um woispszde form ng a cl ear solution of the am PCTAIS98MNEI62 and
p- met hoxy- benzal dehyde; (8) adding dropwi se to the clear
solution of the a”bPQ cghol Naﬁtﬂol&ll@éh@ugpus

sol ution of (6) 15 SO S Ayl 12he? WO 98/ 45278

PCT/ US98/ 064%2cuc. sodi um hydr oxi de nalnta|n|ng a reaction tenperature of
about 40[err]C to about 45[err]C (9) stirring the reaction

m xture for about 30 5 m nutes; ' (10) neutralizing the reaction
with glacial acetic acid to a pH of about 8 to about 9; 10

(11) addisyg wat er Thoaf more gosdferned embodiment, (:lle)pwnmgm‘f@@%ry to
about -15[erp] g%&?e%h%ﬁ% 54é§%] r théf%&eﬁggﬂklénh@PrpufEKEryégilllne (13)

f||ter|ngth €00 | cohal washing with water
to give the smide él?@h%ll¢¢¥@%416’f forgudansV-il %°‘E%"Pe“§lﬂl sol i d.

In a preferrgdqaepbedhiestepd e present invention 20 provides a process for
the preparation of pure crystalline - amno alcohol conpound of fornula

(V-1) conprising the addi ti onal steps of: (1) dissolving
t he crudep ami no al{gphoBikssoloingnchatciide artiswpelavhed bdh abwiktwFerr] C

(2) adding hgpgﬁgg gﬁlwsetgé%r@aé&fgem Qs bBBue 20% Ude GO al cohol

to forma sl @ € pure am no
30°C;

(2) distilling in vacuo the MTBE from the MTBE-
15 toluene solution of the crude aminoc alcochol;

(3) adding heptane to the toluene solution of the
"crude amino alcohol to form a slurry of the pure amino

alcohol
20 _ _
' ' (4)  cooling the amino alcohol slurry to about 0°C
and maintaining at 0°C for about 1 hour; :
(5) filtering the pure crystalline amino alcohol;
25 '

(6) washing the pure crystalline amino alcohol with

heptane; and

(7) drying the pure crystalline amino alcohol in

30 vacuo.

The processes of the present invention are useful for
the preparation of (8)-6-chloro-4-cyclopropylethynyl-4-
trifluofdmethyl—l,4édiﬁyﬂro-2H—3,l—benzoxazin—z—one, which

35 is useful as a human immunodeficiency virus (HIV) reverse
transcriptase inhibitor and compounds which are useful
intermediates in the synthesis of (S)-6-chloro-4-
cyclopropylethynyl-4~-trifluoromethyl-1, 4-dihydro-2H-3,1-
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al cohol ; 30 R (3) cooling the am no al cohol sl urry to about Of[err]C

and nai nt aj '%24 O[err]C for about 1 hour; filtering the
pure cryst 8281 no al cohol : 35 (5) washing thé’%’ﬂ’%’s’“‘m
crystalline am no al cohol wth hept ane; and

-29- beMO:887452-®ne. Such HIV reverse transcriptase

PCT/ US98/ 0%4fnibitors are ﬁ@lanP.th.?g the S D e EE N e 11§ appnenal cohol in

vacuo. n a nore nment t he present 1 nvent i on

provi des a préRaEreRtoOf I‘i@vplléﬁﬁlg'a'%?’én ﬁu%r@‘érweélﬂei f&anscriptase
«'ﬂ)cohol CO(nmumbl 0 mozfsoraﬂel t@ﬁ@fuu) gsenanesmlgm{]&on offtiivt Kanah ékeps of :
i ssol.vin e_Gru m no_al co in.a mx
VTBE- t of GeneVAY® Sttt EHRAEToTa bl CBOPBr e cod it Ebosedoer (¢
(2) distill m:gv: n 'm:amm shich HIBErévensé hErMﬂ‘rlgiEass ohhabétsmlsumapn of t he

crude am no l?é ,to lﬁhcg’ﬁ Hgg(g}eggg&n g &#}Ftiﬁll%ltdhgah h_ge(rglle; §0I ution

of the crude am no ‘a orma ure

al cohol ; 20 example, a (epdy @é@P-Fingrt femem elovdiich Gpnyamsmnuz-s
Oferr]C é\i‘ébé@dé& deqld&&tahnoherbéc‘eiﬁés@@%ﬁ HIWOUlSuch HIV (5)
filteri t he re tr1%lstal l.i ne am, np,al cohol ; 86) washi ng t he
pure crystal¥? Sﬁn

rﬁcg&p&ps& g.ﬂh:.bltwés) a]asﬁ useful

standards or reference compounds for use in tests or assays
for determining the ability of an agent to inhibit viral
replication and/or HIV reverse transcriptase, for example
in a pharmaceutical research program. Thus, such HIV

15 reverse transcriptase inhibitors may be used as a control
or reference compound in such assays and as a quallty
control standard. .

- The following texrms and abbreviations are used herein
and defined as follows. The. abbreviation:

20 - "THF" as used hereln means tetrahydrofuran,

© "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,

25 *NaH" as used herein means sodium hydride,

"LDA" as used herein means lithium diisopropylamide,
‘"PgOH" as used herein means p-toluenesulfonic acid,
" "TMEDA" as used herein means N,N,N’,N', -tetramethyl-
ethylenediamine, and _

30 - "DDQ" as used herein means 2,3-dichloro-5,6-dicyano-
1, 4-benzoquinone, and

"DDHQ" as used herein means 2, 3-dichloro-5,6-dicyano-
1;4—dihydroxybenzene-otherwise known as 2,3-dichloro-5, 6-
dicyano-1, 4-dihydrobenzoguinone.

35 The reactions of the synthetic methods claimed herein
are carried out in suitable solvents which may be readily
selected by one of skill in the art of organic synthesis,
said suitable solvents generally being any solvent which is
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(7) drying the pure crystalline amno al cohol in 30 vacuo. . The
processes of the present invention are useful for t he preparation of

(S) - 6-chl ayeodraeyg! opr opyl et hynyl - 4- trifluoromethyl-1,perusssinssss
4- di hydr o- 2H 3, 1- benzoxazi n- 2-one, which 35 is useful as a human

I mmunodefi ci ency viru HI reverse ., transcriptase inhibitor and
conpounds WW%%??&&uln\é)nreacitﬁf’sr Wé&PaFé? ?Ea’fﬁ%n%ﬂﬁ“f‘%%}rasl%f
(S)-6-chl or ofdleactants), the intermediates, or products at the

cycl opropy! e full sl dd T UGRQTR Bhb 2edciBNEr 9@ bdriiea out, i.e.,

PCT/ US98/ O64Esmperatunas gihdsin mayonangguéom| the eselsent rarfeeezingse

i nhi bi toss af@mpis@itiird Ao i@ isBiBhtl 8Npbei1thy eafbéheture. t 103 iRRML Of

H V infection. Such HV reverse, t ranscrl,gt ase i nhibitors, are useful for
the i nhi bi tiCTRTT R PaY, b, ca¥Tisd, PYG 18.9Pe SBhYERhi g MW Sdcted to
be exposed tmore tHdn.onEhgdlventh Hbh¥peadiéngeohr eivs opaptiselamhi bitors may
be used to iphihit H re b _a uid_s anple, a
body fluid o£rl"gla"ls(J';e}J‘r?Lec’r]l{l_| sS;éne%] 'e%%%]%ﬁecﬁﬁﬁ g%ﬁtszg oirfgf‘sg@éf%%ég%acﬁ ed ate%lc nt ai n
or be exposester maW beSgdieditedl0 reverse transcriptase inhibitors are

al so usqpul as  guStANIANLS dFfena@EE 8BIGALIPOHATSAE Obh USfobdnidnd,S OF
assays f determnin I1ity of an agent to inhibit viral

g the ab
replication GHipTALIREEIS P& SdchigroBrFBRR8e, for exanpl e in a
phar maceuti cal reseatallPreaficansolentssinblbiiy: 1betrapdsefuranscri pt ase
I nhibitors 2 us ) ont rol : r .k ef C npound 4.n _such
assays and arH;:y %181 ulale.alett%fq:' %t% rI‘:%‘ PSI_ g%ygﬁ acriiil.“eg]!:q(;f &.;198 eet{‘TrhMJI%IV\eA ng terns
and abbrevi &% Sletihvdd etberi ndiethyhened eflyiedl adimetholhwetiEn

abbrevi ati ony; etthyi Vdo)l ade¥ngd Beneln PRPEShyEinS uran,
"DVBO' as us Jd hyréainne r?e-zgﬁs% di m?t hgl sul f oxI de Bt( %C' as used

herei n mean< SRRy S8 anitge t-butyl methylrethers ysed herein means

met hyl t-butyl etdhertable protic 'sBlizentasmagefiinbtuden e awsy baf yl | it hi um
25 " NaH! us ' A i u i "LDA" as
used herein rrearélsﬁ it ﬁ%%ﬁkgogﬁg%;flg%géé%gggé qge?ha'plns]d—r'e‘:z?sanll?sqéd her ei n
means p-t ol WeriEdindediiancodei @-fluorcethano¥ Vel 2 Zstxsllnorgatihanedans
E, N, N, bo, - t@itﬁgﬂ!&gi&ﬁlycol, %L§¥b§8ﬁdh§r@ﬂ§:io§éh%ﬁp 2-metHdetdminbicd

erein nean - di ro-5, 6-di cyapo- . -benzaqui none, an
"DDHQ' as u?e—c?p%’é"ﬁn %é%’h‘ga?," !dggﬁFsﬂ)-%}%éﬁ?ﬁya%%? ty Sredibl, 2-

1, 4- di hydr oxsttiengmthagtdier diethiene giy@eB; dlehl 2f0-& G- pentanol, _
di cyano- 1, 4-gll {ly(r GhANZAQNAINC t -Bintyl aldbfol Sa&éORM &e AgcHINt heti C

net hods cl ai ned "her €i.n
- monomethyl ether, diethylene glycol monoethyl ether,

25 cyclochexanol, benzyl alcohol, phenol, or glycerol.

o Suitable aprotic solvents may include, by way of
example and without limitation, tetrahydrofuran (THF),
dimethylformamide {DMF), dimethylacetamide (DMAC), 1,3-
dimethyl-3, 4,5, 6-tetrahydro-2 (1H) -pyrimidinone (DMPU), 1,3~

30 dimethyl-2—imidazolidinone (DMI), N-methylpyrrolidinone
(NMP) , formamide, N-methylacetamide, N-methylformamide,
acetonitrile, dimethyl sulfoxide, propionitrile, ethyl
férmate, methyl acetate, hexachloroacetone, acetone, ethyl.
methyl ketone, ethyl acetate, sulfolane, N,N-

'~ 35 -dimethylpropionamide, tetramethylurea, nitromethane,
nitrobenzene, or hexamethylphosphoramide.
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are carried out in suitable solvents which may be readily sel ected by

one of skill in e art of organic synthesis, said suitable sol vents
general |l y %&Jﬁgsij&y sol vent V\Ilgli ch i sy . PCT/US98/06462 _ 37.
WD 98/ 45278 PCT/ US98/ 06462

substanti al | y nonseacable basic tdod veirost iimglnedeer Ral s3~, ofréactants), the
I nt er medi at : oq!!ﬁ; v als e : ' reactions
are carried %?81::.:9%, : xSOJtaée' ré:tol}rlgé%%hpi fé‘%%?%@%gwg‘%ﬁﬁe OE%I vent's
- freezing 5 PHpgeidinge to the solvent's boiling temperature. A given

reaction may be Cgﬁiééﬁhénﬁ dfbdaybdﬂﬂéﬁmWénQ% in&hﬁHéEe BénzeneﬂDre t han
one sol vent. Dependi ng on the ar%ll cul ar reaction steg, suitabl e
sol vent s =f or SECpATFF ,arpqrgagfq omeXxaney; £glyghey cxalohentangg

Sui t abl e hal mgealegeshasaties, hHapitate,Ccekhyytbenzene, m-, &+ posohenzene or

di chl or onet i | e r. sqlv ' e:

t et r ahydr of lr}?l?i%ne' O%ﬁ'aérﬁfylg%eia%’le%ﬂ, ng%‘%‘ﬁéngkgﬁgégfzhgf% hyl ether,

et hyl ene gl ycb$ wsed Hyereiherthalitemny "eméngl prokedtinghgroephetor 15

di et hyl ene gbycolochaldi) Gtdiirs ko g%pyb%eaggkxsah in tHeEEHYe et her, or

t-butyl nethyl ‘ether. ] Sui t e protic sglvents may I nclude, by
way of 10 &%ﬂ@ hpheHsuifon Freaprahecharsr of @ PHAR FLOWhandiuch
2|— ni t Ir oet harmhinél-ﬁimaﬁtﬂgarg{ibup%, 3nﬁ-1ha'ef Ehﬁééelhﬁﬁ@cﬂ, ixgck;r@érkey |afe
glycol, 1-pr nol ,..2-.prqpano 2-met.ho anol,, + 1. byt.anql.
2- but anol , iv?‘g‘g?yl £\ %tl‘g 1LVe SEeeps gPC@n/'%-a?lﬁ_ g3"111:}1%?1’15(t")xy ?lﬁ%%l,ey &
di et hyl ene gdgm®l New Yark (@993) ,péheadisclosuracof penigh ié dudmdby t - pent yl
al cohol , di f%FE Jraeeet h ] , ig@ﬂﬂ

e ﬂéﬁ:%y ref e E}caﬁu%?%ﬁo?ﬂ p en%leﬁg%‘?é%%cger ol .

nonoet hyl_ et her, 25 cycl ohexanol, benzg_ : )
Sui t abl 5apr%‘f‘?‘ép%o’rl?)‘é¢4{%'nﬂ*q FEeudet Bymiggdoto. allyhnpyResindich tafout

limtation, henzwhyd-olethyikends)l, dipheénydmeyhidr thengeydDkE), '

di et hyl acet aun 3= . .

i et ol o5 AR e erfohenvineshyl (ptFYLY, 2-Sfporenyl,

di met hyl - 2- | Pherwbf utimenyd ,( B¥bydrNanshipbenyi ol Ronenethoxyty N,
formam de, NoImdthdaasimpide 3, H-BnlrhbQUERAZYE, 2 4-@0RdOMbLFbdEsydi met hyl
sul f oxi gfﬁ P ‘Og’lrénl tri I@,ﬁé& hyl formate, Tnet hy1 acet at e,

hexachl ¢Poachtbms; F s &@'ﬂﬂ’ll met hyl ketone, ethyl acetate,

sul fol ane, N, N-. 3&s ubed®thedgimpitheandete, "thiraleihjhoing, agent oret hane,

?géfObenzene"cﬁHrJf”%HHﬂJB@A%p%@@ggmaggggrs to a nonreactive chiral

agent which selectively induces the creation of a chiral
center in enatiomeric excess upon addition of a nonchiral

25 substrate to a prochiral center. ‘Examples of chiral
inducing agents include, but are not limited to, 1R,2S-N-
substituted norephedrines such as 1R, 25-N-methylephedrine,
‘1R, 2S-N-pyrrolidinyl norephedrine, 1R,2S-N-piperidinyl
norephedrine and 1R, 2S-N-morpholinyl norephedrine.

30 As used herein, the term "acid catalyst" refers to any
‘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).

35 Examples of acid catalysts include, but are not limited to,
HC1l, HBr, methanesulfonic acid, benzenesulfonic acid,
toluenesulfonic acid, sulfuric acid, trifluoroacetic acid,
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Sui tabl e basic solvents include: 2-, 3-, or 4- pi col i ne, pyrrole,
pyrrolidi r¥09%#M527Bol i ne, pyridine, or - pi peridine. PCT/USS®r0648D| e
hydr ocar bon sol vents include: benzene, 5 cyclohexane, pentane, hexane,
tol uene, CyC£9mF£&r@acetlc TRLkY | GHELBAG B8 Cac 8 i 015Ny ReRASRE, M,
o-, or p- Xyl ene, octane, indane, nonane, or naphthal ene. As
used her ei n,8¢He term "am ne protecting group" (or "N protected")
refers to any groap ks@ivhereihe thet tef:mlﬂoﬂi«gﬁﬂiﬁg sygertesirefays tHee
protection of am ne group - te .i_ncl ude those
listed in G&3he® %ﬁnatg “ﬁﬁ%ﬁl §li&lﬁ?8t Bct Py )Fé 5lg gan%iugg?nt Resi s"
John W &y &the c@m&ﬁpd@mnmnmlpﬂ%ymﬂhéfeh:ts.mlg)sllhea fofrmattiiom iof her eby
i ncor por at ed r eRAe- Ilg?cpgpl:g So8hnd e £t y1§,,0r oups i ncl ude,
?&xrﬁt edda Pﬂﬂ P nﬁ as (#‘&_9_: elyg

but are not types suc enz r]-met hyl benzyl ,

di phenyl net hwt{mww )CYCllzaBP-ﬁEt- hoﬁmlzmoﬁ%omtdﬁ%nﬂgmﬁy
(trityl), 9- iﬂ:d:lhldﬂwlbut arqolmmytLﬁinmaédnyb xdaﬂﬂgahmtdlrcacmyl KMnO,4,

rmnomathoxytklééll IKHS% gﬁéhoxy IG.‘HDZ]%/IiJ.l hq%&g%xxbgnéyl

2, 4- di met hox oxyben As used herein,

t he terri:O'chm@d:sobﬂimrmg dgeetater " chi raI i nducti on agent refers to
a nonreactive chigal 4 RS WRihehseheehhypbved e}e]&tf n of a
chiral center ?n enatlorrerrnl C_€excess uponﬁ‘a %?t?%?l&o a nonc I ra ﬁo

substrate tote FOoEFIHIC agens whichaaanesffeck nihey removaly @fciang agents
i ncl ude, butam NSjpd Idiﬂltr@ protedBidg- &!ro Sudrstdd q;&&ylorephedrl nes

h as 1R 25 | i di hed
R 25\ pi poP? Wl%"m rlngdrf:ﬁe e S S U nerelhedite

30 15As " @s ecbriperuidh, (lﬁhe t Exampdes dof adepystectigiemgyantsaincludeaci di ¢
agent whi ch Gt 3¢ God haddddl k8N 8611 2] G aneﬁufg%r iAo of an
al kyl type am ne protecting group, such enz énzhyrdr ol

or trityl ar%%%ﬁne%\blf&q%écm Eaéeh%e?%%?taep rﬂ‘ﬁﬂ-@)asqrclf&hﬁ%@acﬁt}éﬁ as
corrpound (1yac2d, DreospiRrief aediddagat pl-yshsené@hyﬂﬁud)tacﬂe not limted

to, HC1, HBr, AdEl h sul f.oni C enzenesul foni ¢ A
t ol uenesul fonic acl , el]"‘relé1 agp !tFH"f ﬁg?%‘ét‘é?,%g%{gﬁ re%ers to
-33: 20 anwv;ggnuuﬁhmyh can effect the formation of-a compound of

PCT/ US98/ 064f&rmula (V) by the removal or debenzylation of P" from a
‘hemiaminal of formula (IV). Such cleaving agents are
strong bases, examples of which include, but are not
limited to, metal hydroxides and metal alkoxides: NaOH,

25 KOH, LiOH, Ca(OH)z, NaOCH3, NaOCzHs, NaOCiHg, NaOC4Hig,
KOCH3, KOCzHs and KOC4Hig.

' 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

30 compound (V), wherein, depending on the structure of P",
‘the byproduct is an aromatic aldehyde or ketone upon
removal or 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

35 ozidizing agents; all of which are used for the selective
reaction of one species in a solution over a second species
in a solution. Examples of a trapping agent which reduce
an aromatic aldehyde or ketone to an alcohol include, but
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trichloroacetic acid, phosphoric acid and pol yphosphoric aci d.

As used herein, ' the term ‘oxidizing agent” refers to any agent which
oxi di zes a %%gr‘lﬂﬁ c" protected amine to 5 the correspondi n§CTSA%0646hus
effecting the formation of conmpound (IV) froma conpound of fornula

(11 : )dby ] ard ﬁ*@ﬁﬂl;iﬁnliltéa eyl éé@ixﬁxﬁ%oﬁﬂ%ﬁ&&ﬁﬁe oflKlqeﬂldinzi ng agents

i ncl ude, but .are,n imted to nganes oxi de

Klerr]sq er r PG g‘f Bg@s f)u‘(“,m?%?%‘?rl e’ciﬁ?ﬁ’d‘}ﬁwjﬁr’&%e and

[ odosobenzenesosﬁlamettarnmethoxyborohﬁérJ.Ged wiezrse i ddub ure hor'otgdiratiectiEng

agent” refer $,referr@a@NY ERG igsagfnﬁr#Bﬂ%C%éxféé Qﬁ{lctbenie[:]ﬁg@éﬁzeognan

al kyl type am ne protecting _group, suc
trityl, t9 aamoBetissalishidsf ornkareme, tewrsh %Lm%@rcm@a@:@zpn\a)

Exanpl es of dewnedest m& agenhsti Dohi¥es to, ]:Qr&raaz'l%émtdl'xdéf‘hﬁz‘id to, HCI,
HBr, net hanezﬂyl f oni.c ach 173 benzene uI fo c}% fri chI or oacet i c _
acid, triflubWSXREIPE. hyarerxyl FRLRGHRAT d 37448 -y FEIPLERI efaci d.
As used her eian ttt'lappt!.agnabehtaawhngha@erdize eéreraxdxmtz& aampmentowhhch can
ffect the f f. h

effect the fauipblqe 8h BocHIPOUI: QT inc1ud ! il £ bogg) hgikeEKe of ]

debenzyl ation g
agents at® hYd§PE§HgPB§§§édeexﬁnlb‘ll'éiéllb‘fdmﬁ%lfpmrﬁﬁrudﬁsobut aadeKms

IC;EH Oh)efleﬁ ?] net al Aléyfiﬁrs@&' feseand eﬁéateﬁholé[ er‘?ﬁf[ eﬂrﬂf]qa o chlg@'afﬁ Sk
KOCH3, Ko(d eFi“]VHFQFPF H}%Ré‘ér?ﬁ%@? Nai’e f°matl°r%\§fu§eél’eﬁéf’§ﬁﬁlnt>hé term

"trappi ng ag€mbih thkeamiho carbfwnaéﬁbuﬁouMﬂ(ﬂf(EﬁtnmﬂbeqmﬁtheEﬁéﬂpEé§lOn of

a byproduct i G I, rgact w d si red praoduct
30 corrpound %\?7) wﬁgrlgmrﬁﬁé’ %X\% &'ci’ﬂé ’he%%ﬁrucet qoE €3 ©rthe

bypr oduct® |sPHﬁ'Sale§ﬁat ilelaﬁ@\ngmél lfkleiaﬂﬂélmpmthyl p@ﬂaomtfomate and

debenzyl at i ogifkthyli Bagbbgatam naI of formul a (I'V). Trapping agents,
as used by one skl?( i.n, the, ar are standard reducing agent s

derivati zi ng “agenf$ Brse§5he5??"ar zﬁﬁ% LRt St ithiatdmayaasmtar @ruséélkﬂar t he
sel ective lichauom onebéreneo sae chefandl ixttsoin theagrepite whacheeand speci es

in a soluti 0%uaﬁé§€9&:§§e9§él o ‘ft&%@n&}ﬂ?@‘g&%{? vﬂt%h rﬁqlé% S um alﬁ{}nf'{omt e

aldehyde or tone to an
- 34- 20 Eypmpgessofglithiating agents are, but without limitation,

PCT/ US98/ 064ﬁ2hexy111ﬂl‘1£uxﬂ0tnld>é‘& Pﬂﬁrﬁ,mrﬁodi mea%de lithium

bor ohydri de, boro dr| aodi,um bi sul odi um
tri met hoxybor oﬁ'&’g?’ﬁjégh 3(1@1 drie@EY ﬁlthl}ﬂ“ef ii‘\:l%’dm

Exanpl es of dﬂ-apgpngp]aganiée mmm;dlémulat\mzarmﬂ triphenyﬁméthyhlﬂﬂhﬁde or
ket one to an -OXi Myl oa gitddﬁg n" as 'd&.‘éc*“#‘ere@ht I%gg aot. | Eﬂg&gg to,
T osyl

hydr azi gqso thyI e hydr oxyl am ne an razi de.
Exanpl e>of chlorg W@p@?%agent whi ch oxi di ze an aromatic al dehyde to an

"Alkyl" as used herein is intended to include both
branched and straight chain saturated aliphatic hyrdocarbon
groups having one to twelve carbon atoms. "Alkoxy" as used
herein is intended to include an alkyl group of indicated

30 - number of carbon atoms attached through an oxygen bridge;
‘*alkylthio" as used herein is intended to include an alkyl
group of indicated number of carbon atoms attached through
an sulpher bridge.

The compounds herein described may have asymmetric
35 centers. All chiral, dlastereomerlc, and racemic forms are
included in the present invention. It will be appreciated
that certain compounds of the present invention contain an
asymmetrically substituted carbon atom, and may be isolated
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aromatic carboxylic acid include, but are not [imted to, 10 hydrogen
peroxi de, t-butyl hydroperoxide, Klerr]SJerr], and KHSOJ err].

used her ei IWOO##520&8r m "cycli zing agent” refers to any apenusysnesse can
effect the for mati on of a benzoxazi none fromthe am no car bi nol

conpound of EFB'rﬁcéﬁ EXaipL e5r racen‘E.’Lfc %o&?ﬁ%‘ | ztgg 1806811 ! ﬁﬁ&iﬁjﬁn but

are not Iim ted Ehos gene, -carbo ii mdazol e,
chl or of or mat &hengrt howy ﬁeP-ﬁ?Pa%%lrQRﬁfﬂétaeuY hetive fom%s%lbclhé%.bv t he

term Itl m a%*d%@l&ﬁ@ﬂh oﬂrrzts.@itarkjtvd: forms Idxt W@yn‘tﬁregﬁ.ﬁ tﬂrc?iﬂ csgstg@ulj i Iyt hium
reagen ic uantitatiyv ert .an.alkyne_into a Jithium

al kgnyl al?)%é‘%ﬁl EaBEIPgtﬂ?ﬁ?lfh%}‘%ge%@é Tafyt %?ﬁ%’ﬂ?mﬁ?ﬁct'at i on,

n- hexyl | |$h| ma;cema.ocfyhnstandnalh dronmdtnitchiisomeric formsitgflathi um
ec-butyllit b I

S utyllit g th§8 Hﬂ #hﬁ%&%ﬁ tLﬂl@éérnthe spQEHJ??E'a?Pé&@c;Ek?%mI t gzgn

phenyl |'i t hi um trip

used herein PéTéFQm?S ﬁP’&’Brbs %Q?Ckﬁﬂc‘(ﬂf]d-yaﬁ@dﬁﬁéﬁﬁd "Al kyl " as
usted htergl nI i shl Etaa&&ﬂgt:@ohscwca;m&uentsbraaq@vbedva?ﬂa?léfli&lfé Cgai n
saturated aliphatic,hyrdoc avi ng_one.to, twe car bon
atons. "Al kokyrTMags ﬁgéa on Yh’e e§Uthr% "ﬁﬁ&?&é&nforﬁﬁw‘ﬁdﬁnﬁtaé? | group of

i ndi cat eti0 30 compohedsof Bur bbb arampedurEl loed sthbdeght aucoxygeit brs dge;

ral kyl thio" gRaiseflopgig! g g@oéé}h@d&%gg AetdR: 8He Y Hpuge e OUP O

I ndi cat ed nunber of car ' phér bridge.
The conpoundSUk¥i¥Enigesatipedtonsy Urafa Slﬁm‘sﬁr p€ BBritvnfrom a Al
chiral, di ast,:@aeemaf,i fixeRgel acemc forms are - included in the present
invention. It wil eta%rem at ed that certain conpounds of the present

i nvention contai n gf STREEIFRERT) andsedutsyeilr tBRPRE dhetafiSay be
i sol atedl5 or more hydrogen on the designatedbatom is rep¥Aa&H 4AHAFS a

PCT/ US98/ 064§%lectlon' Er&Rt tﬁélixydl%gﬁ \(ieggou\bacﬁ?b{h&gé ttﬂ > Wel I known
in the art howto prepare optica €=1y act orns, suc
resol uti on ofeF&gRATEAf akem ' B rnoxmady Vadesicy, isr Eﬁf-oﬁl“?%%@¢@' and t&@m ve

starting mat thbabﬁbse\ituﬁibxﬁai-esﬂ@h@f QOEREbIe compaGedl ¢ fornms and al I

t f St t |
dpecific st or ochARPPFF=ont “HYentiih Aq GrRCERPARERT o abe IR tans

Conbi nat2®ns oof atubsast uamisl Eiulao scadieabkéd ogrem scaler mi ssi bl e onl y i f
such conbi nahu@@&xifé&am'@céi@b' a%du%%%aﬂngéa By ﬁﬁf@ig% Gaggd or

stable structure i1t erern oun I S sua?lflment’ly
robust to assHF?ﬁiv]é‘#%b‘PatJr%rPl%#e&'a@éé(f Ghed§61"‘é§ Weﬁﬁﬂ 3k flregdta
reacti on ni xbheestarting matdifial elsnpresbati it €d" grams WS di®,CirdreTEaNs

L e 1 g VAL R o WL P Aol ALY 2
25 at least 100 grams or more. Multikilogram scale, as used

herein, is intended to mean the scale wherein more than one
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

30 sufficient to supply product sufficient for either clinical

‘tests or distribution to consumers.

The methods of the present invention, by way of
ekample and without'limitation, may be further understood
by reference to Scheme 1.  Scheme 1 details the general

35 synthetic method for asymmetric synthesis of compounds of
formulae (I) through (VI) wherein X is Cl and A is
trifluoromethyl.
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designated atom s nornmal valency is not exceeded, and that t he

substituti qg %ﬁéi Ls in a stable conpound. The present invention
is contenpl P2¥343° be practiced 20 on at |east a nultigram BEEUSISRG4Dgr am
scal e, mul tikilogramscale, or industrial scale. Miltigramscale,

as used herein, idgtpief evabkyuhderstedd iy @ne akilleadt in theng&rst&fti ng

material is f | east 50
grams or mor wgaeat E0niHedi e Balla BhGod e mechBS ALAR DA 0:f
Mul ti kil ogr aexsplafigd -hgéqln to m@are mmolafpgnéédogocqmmdfe aftal e
wher ei n nor efbﬁman@x) thfbu@igr M)Ofwr@rél?xa% 19”@1%5”?' MamgtgLial is

used. Indust i al e.as used herein_.is intended_.to nmean a scal e

which is ot h&rltf HﬁramFE ¥t at RRLaAHor ogtyidh pEh heptaflucrepyepeh
suppl y produehpzobkiatebi énsoeidder dﬁnﬂ:ﬁm&&hon oft pStBlOFoath FLidd W4 ON to

consuners. tion

exanpl e and \ﬂ uo oghglgg%hg%éhoé%’td&?ﬁ:? %{rkstog.ogFB‘%Fg%cg@fw‘&rence
to Schene 1. lSchb#epIenerati@ltCIrﬁe cgmmm\mds:%@f §;oumhéa| ¢Ihet hod for
asymmetric synthesis of conpounds of - formulae (I) through (VI) wherein
Xis d f&dAis trifluoronethyl.

- 36- WD 98/ 45278 cheme 1 PCT/ US98/ 06462
It is to be understood that one skilled in the art of organi ¢ synthesis
could foll owGle Rt hods descH, -’ sxerli fied her e Bigi@thigepar
honol ogues of c nds of —@eﬂ-%ﬂ-a—-( t gh (\6) whecpgycoskti s CL or
Fand Ais Qromet hyNaogent af | uoroe Q ept aftooropropyl , by
appropri at el y ch005| ng é conb t| on of p-chl oroa | 0r2) HCl/ Bolvent
| uoroaniline with CF3CO2Et, ¥BCcopEt or CF3CF2CF2 t in the
preparation of conpounds of for mula (1) . 10
Schene 1 [err] .. o

. LJ
Cl- : : Step 1 I Step 2
. . NHy HCI S co _

FoC //ll |
cl o N . Step 3
OH :
N-P |

m

It is the object of the present invention to provide
15 an improved process: for the asymmetric synthesis of

-37-



Vv Vi It is the object of the present

I nvention to provide 15 an inproved process for the asymmetric synthesis
of WO 98/45278 - 37- WO 98/ 4527 8CT/US98/06462
PCT/ US98/ 06462 benzoxazi nones which are useful as H 'V reverse
transcriptas 1: eparation of
Conmpound o nzo#gkéﬂ%ﬁ? which are_#?éﬁh%(;gAﬁgbig%gﬁggéd by reacting a
conmpound of tranSQFHBFaSQI}nh%#¥%9r%onvert|ng to the free base, in a

suitabl e solvent at a suitable tenperature with a benzylic al cohol, a
benzylic ether, a _benz ydr al cohol or I h j h
presence of a sui am%dd l-‘18’5& al ?p?%%floﬂnogé]?%%gﬁng §fr€ ?gp%f%
(I'1). By swvay (aff) general gui dance, compound (l) in an aqueous/organic

ool vent 200t HRAE KERS18! MR PP UIAUAPD bophousn Bece (o abou
benzylic et hdormalbefZhydafter converting to the free base, in a
suitable solvent at a suitable temperature with a benzylic
alcohol, a benzylic ether, a benzhydryl alcohol or a
10 benzhydryl ether in the presence of a suitable acid
catalyst to form a compound of formula (II). By way of
general guidance, compound (I) in an aqueous/organic
solvent at about room temperature may be neutralized with
base to about pH 7, contacted with about 1 molar equivalent
15 of a benzylic alcohol, a benzy1ic ether, a benzhydryl
alcohol or a benzhydryl ether, additionally contacted with
about 0.1 to about 5.0 mole% of a suitable acid catalyst
"and heated to a temperature sufficient to form compound’
(IT). Compound (II) may be separated from the reaction as
20 a‘stable solid by standard methods of work up. An example
of standard work up is shown in Example 3. Optionally,
-compound {(II) may be carried forward in synthesis of
compounds of formula (III).
, _ ' P is a benzylic or a benzhydryl group derived from a
25 compound of formula (VII) or (VIII), respectively, and is
preferably p-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-
dimethoxybenzyl or 4,4'-dimethoxy benzhydryl. More
preferably P is p-methoxybenzyl.
Preferred acid catalysts for step (1) include HC1,

30 methane sulfonic acid, sulfuric acid, triflurqacétic acid,
" trichloroacetic acid and p-toluene-sulfonic acid. More
preferred acid catalysts are methane sulfonic acid and

tholuene-sulfonic acid.
Preferred solvents and mixtures thereof for step (1)
35 are toluene, dioxane, ethyl acetate, cyclohexane,
dimethoxyethane, methylcyclohexane,-2—propanol and acetic
acid. A more preferred solvent is toluene.
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al cohol or a benzhydryl ether, additionally contacted with about 0.1 to

about 5.0 g 5-8‘}/%?_?% a suitable acid catal yst and heated to a tenperature
sufficient to conpound (1'1). Conpound (I1) may be sBEEUEIeH46% om
the reaction as 20 a stable solid by standard nmethods of work up. An
exanpl e of stangaeflewped tgupershoe dandex @ap etdp animsahb&ut

compound (I ogﬁytgﬁpgfééﬁfg tf_cg)ré@&ﬂi ﬁos%nt h 84:3 §Lef?rab%6pwund eJde rom

formula (111 enzh dry

a 25 conpouﬁdméthﬁﬁYhﬁn§Y¥\ﬁh% QﬁmR?Mﬂu@re regpécnSVQbyutaﬁ@ ts about

preferably pggeghoxybenzyl, 4- di met hoxybenzyl, 2, 4- di met hoxybenzyl
nmet hoxy _benzhyd preferabl P I S. p- met hoxybenzyl .

or 4,4 I
Preferre§£a0|d cattkl ¥8t nﬁ%FSERQQ)Yq5t|QHﬁlﬁ5§h%S§ igothgeKENEaBul f oni c
acid, sulfur aetamﬂnetthélpnréwé& ragiction tihei 68| stepcetag acid and

p-toluene-sgé&ggggegel @%ﬁperatu re% e cagghysgataéyﬁts 3@5 met hane

sul foni c aci ene-sult'oni ¢ acl red sol vents
and mi xt ur esGeneradlyf oth%tmﬁqtﬂ)omiln@r ést 0l.Gehe, 12i bwane, et hyl acetate,
cycl ohexane, di met hoxyet hane, nethyl cycl ohexane, 2-propanol and acetic

acid. A npre preferred_ solvent is tolu
- 38- ﬂ? P ¥g Ch{gal Inducéion Preparation of Compound of

PCT/U898/064ﬁarmula (III) A preferred tenperature range for step (1) is
about roon1t rafure to,about l%gL§B8%E Mor e referably when P is
p- met hoxybenzyl %?aiiw?? e §6™P51§ ﬁuF 90[err]C.

5 It i ellsml;l@tmmcdf tdrataddvieradk kieltedei nathenwglt of as compoulsd effiri ne t he

preferred re@Shh\Qf'at By ofn ShRP p}e%%nce odepSﬂfﬂ?.Qi Pﬂdﬁﬂ@% %&%Hte cid

catal yst, and Genera % reaction tine | hour s.
10 1t ef° Eﬂml@ﬂ’é} ih@uayidab epﬁeéaﬁaﬁ BhtBf PXREPORRPRY oIt least

Formul a (11 1about two eqﬂivﬂéii@ofaaCEybdbpraﬁyEétﬁi?n Izomsmﬁﬁ@ s g

| kyl at hi ket r.b f I
" The. pr esere e op-ebE i v é&%@%ﬁg&pyﬁe&%ﬂﬁmm #i5y S SRR bl 5
sol vent wi t hagdit oy atccdapropylesbyoylt sobstyitvehents admpound
CyC|0pr0py|e?ﬁfPY$i|ééﬂﬁéﬁﬂlﬁ§aﬁiﬁlopr6¥9 QEEQ?Y éh¥g§+ aidby Qﬁlng

gener at f#y or. 1 he tTon.o E et'hynyl~ subst it uent
to compdihd & # orfiC¥c & FYLERPLEpLBRIFACREYFEMR F th a suitable 20

al kyl lithi unemlﬁeu‘ata;musxfﬂﬁle:ﬂewtgtb @brini Eecaxhpﬁund of ef%ﬁxﬁﬁal”&ﬂ
R
1th1um 1n s1tu may be carried out by contacting about two
equivalents of cyclopropylacetylene with about four
25 equivalents of a suitable alkyl lithium in a suitable
solvent at a temperature below about -0°C for about 1 to
about 3 hours. It is understood by one skilled in the art
that about four equivalents of alkyl lithium are required
to produce about two quivalents of cyclopropylethynyl
30 lithium because about two equivalents alkyl lithium react
' with two equivalents of the chiral inducing agent. By way
of general guidance about two equivalents of a chiral
inducing agent of formula (IX), about four equivalents of a
suitable alkyl lithium and about two equivalents of
35 cyclopropylacetylene are added, independently, via solution
streams and aged until sufficient formation of
cyclopropylethynyl lithium, upon which about one equivalent
of compound of formula (II) in a suitable solvent is added
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lithiumin situ may be carried out by contacting about two equi val ent s
of cycl opropyl acetyl ene with about four 25 equivalents of a suitable alkyl

| 'ithium i WaI8/e82fbl e solvent at a tenperature bel ow abpar/use§/es4s3 C f or
about 1 to about 3 hours. It is understood by one skilled in the art

that about LW ngqHE¥2heat 8¢ 0d draduid Wake 1300t £68 1-3 héupsoduce
-about two quival ents of ﬁg&l gﬁ{opy eth nwo |i_t hi um gecause about two
equi val ent s Q1 EQF™ FORPORA L) - GR (Idd) vEPENPE BEPRFRERY r al

i nduci ng ag€ariom BliewBgactionfagenaesmiblglisddide bybsttntiandeneatvadends of a
chiral i ci.ng ent_of-{o ut. four |V a
sui tabl e al l‘?{;’% PPhi 8%1 gﬁ%%%uéggv%nggé?&vgﬁ%g%t Rs“poggﬁﬁg%I %%ﬁ%t yl ene
are addeﬂ, i4ndepe_ndent ly, via solution streans and aged unti |

suf fi ci ent for”aﬁkpﬁfoﬁreferf%&!QEﬁﬂnﬁﬂéﬂ lrdd,t Rind®) tHBOPe¥hbibs about

one equivalent ., of compound of forrmulg (T1) in a sujtable solvent is
added of this step be added as solutigy streams; thgfok$,Ebey are

PCT/ US98/ 064rdpared s8fat@tdalwi e dritivi duenpeocdutionbebaefordOfentastfor 1-3

hour s to.formc nd (141). nmaun LI e rate from
the reacti oﬁ“&g' gagf‘gg?gegbl i%e%ﬁ/ergétosa g’ rcg] rreatnh%gggﬁ'ﬁlg bgeﬁm%?éi% .®%n
exanpl el®f semigaldtedr&supolidshoum ben a8dedpite thedreaction mixturs
preferred, Rut siieh; ' €61 &% pwaéor&;r&rfaeﬁwtf%gmulaof(ﬂ:b' SrStRpP-p added as

solution streans; th IS they are prepared separately as 1 ndividual
sol utions béfSMEiRgnegeRtS. with each other. Reagents which can readily be

handl ed or 10 npreFerabadcRsraD! inuciaiy keyaatdedrt gtebe (Rgagki on m xture
as such; forlRe)ﬁqulyg c&ngoun s of forjoula (11) or chiral i.nduci ng
agent s. e FRI U™ N W SRy agent for step (2) is

1R, 2S- p¥prol i di npPreferzpticdikyk. 1ithium ageprtsf dloredtabkyR) | inhludeagent s
for step (2)yitRghyeRilm, ec%éﬁ%if]llitéﬂi‘iﬁﬁ eHuRYaY ki khE B UM sb=butyl i thium
I so- butyl Tithium n-hexyllithiumand octylLi.thiym A nore

pref erred a&’l&‘ﬂ’llli’-f:ﬁi’-% ety L ifRhHam ang I?ici('rhﬁlllthlm“*Pr%f’é?F%d sol vent s
and m xt ur epriefereed- bkyst Eptiiim 2yerar d s el-helkydddthiamn, hexane,’

cyol ohexane, el ylpuel ghexaibenes Al JQIUENS thercor £ol! SLEET B reaction

tinmes in step (2) are a urs eneration o
cycl oprapyl exiey verphyfrofwear, hexagsoutcyclphiexane, f sethrlicy¢bphefamenpound
(1'l') to 25 Znl@ 281Q¥AE0! i di nyl —norephedrine/ cycl opropyl ethynyl [ithium

Preferred tenperature, ragges for step (2), are abOLélt) h'go t o_about
-0[err]C fof genéF&EFEReHf TEFCFHTR opyiet MyhyiteP (2| ARPUAPARE 58But -60 to
about - 40[ etwohEsf doraddneratiat of cyedmpropylethymyd tythbpnomydet hynyl
lithiunt about 1-2 hours for addition of compound (II) to

25 1R, 2S-pyrrolidinyl norephedrine/cyclopropylethynyl lithium.
Preferred temperature ranges for step (2) are about
'-50 to about -0°C for generation of cyclopropylethynyl
lithium and about -60 to about -40°C for addition of
compound (II) to cyclopropylethynyl lithium/
30 1R,2S-pyrrolidinyl norephedrine solution.

Step 3: Oxidative Cyclization: Preparation of
Cdmpound of Formula (IV)
This step comprises reacting a carbinol compound of
35 formula (III) in a suitable solvent with preferably at
least about one equivalent of a suitable oxidizing agent at
a sufficient temperature for a suitable length of time to
form a compound of formula (IV). By way of general
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30 1R 2S-pyrrolidinyl norephedrine solution. Step 3: Oxidative

Cyclizatio ation of Compound of Formula (1V) This step
conpri ses ﬂ’&g‘{”&ﬁ@a carbi nol compound of 35 formula (111) PRTASEYPG4ED)| e
solvent with preferably at | east about one equival ent of a suitable

oxi di zi ng agemtidahce, cempoihdci(EDI) tnperstitabIomanasmdons solleegth of
tinme to of,:LQr ( I

" a0 E%Tg%/ ggg%ep_gd fritR" BHbGe (4nd - méVar W flvAR8R ¥t a

PCT/ US98/ 064@mitableggradhgindcagpoptingnd |hegteqd o uitemmaratyagqfesus

sol ;/eglt %bulﬁeoﬁgni:tachﬁgu‘ﬁ’i ’s{ﬂxgﬂgﬂfs %;[\?fﬁ[.’é?én@cﬂﬂ \’Barﬁﬂtcoﬁlboﬁ%’ld .
sui tabl e ent a eated to a tenpera bout one to
about si x Sﬁ)suf E‘P@HP &1¥ rﬂﬂf&r% ‘#\%ronb&ﬁ?olfﬁﬁcﬁ"ﬁ?? Ay be

separ at ed f r anstthbleesolidnbgsquenchisgd ald th %I suli table erosiaigugowst h a

sui tabl e nonaBicRHE, fgligwanﬁy LQ&:QSAME&' xPé(tﬁcS%‘q{’f ‘M@é Rgds gf, work up.

An exanple o ditionally,
Conpound (|V)exmpl§eo£asr-aedar@rwh v t b ghawn Jrrscﬂwmre iBito Step 4 for

t he prepar at ingiy; @5 oM YUNEofdund (f@é%ﬂﬂvwbérbéQENHH‘%dy%ard without

Preferred oxidizing agents for ste
p-t et r ach? or 358425 8Pnbﬂé°aﬁBeE 4. g?é 1% PTLRATR AL Rf Cpmpound (V)

benzoqui noneas1§hown 1nPEﬁémpled6}Sol vents and m xtures thereof for step (3)

are tol uene, hept tate, neth but er
t et rahydr of ur an, F%%Sﬁef’ ézéﬁg %?%ﬁ’%%eﬁ%rﬁe tyeﬁ%r{ﬂ n}cél'éléﬂt I ons when
2, 3-di chl oropstetuacyéqvotpenzgqnxmm 3 3 ~dichisew-&. farddicyand-1, 4-

met hanol - arebgﬁhgaghﬁongo Reaction tines for step (3) depend on the
solventvg S%rature preferred reaction tinme for step (3% when
the solveht is heﬁF srgﬁﬂyrs%x@flsﬁeammm\hﬁe%o%n%ﬁﬂ# dror stepnd3)

oxi di zi ng ageme tslabknei, heptahe, adthyl sacethwts S methyl t-buAyi~etreged

dopends. on 1 ReeeapyakpEdEal eheRTafonihatl A (RIS, “PRD (5) e

t he sol vent reackiohspwhan/ athydlehb@mesa%—dmxarm—lly daipepzoquinene is
tenperature @agdqg. bbBAR8L! 8ha hetharol eiﬂ?@rs'fﬁﬂf& Step 4:

O TN o7 B L
sol vent w t htamperathre. st Aopgeferrdd aeeadt on enwer dloxr etepl ((3¢i whénto form
a conmpound OknpdSgof GEAL! s (Niptarkh Péthd AT Fo1d2RAREY HaAkl TR oENE
*-the oxidizing agent is about four to about six hours.
A preferred temperature range for the addition of
25  oxidizing agent to compound (III) depends on the solvent.
A preferred temperature range for step (3) when the solvent
- is heptane/ethyl acetate is initially about room
temperature and, thereafter, reflux temperature.

30 . Step 4: Debenzylation: Preparation of Compound of
" Formula (V)
' " This step comprises the reaction of a compound of
. formula (IV) in a suitable solvent with a suitable strong
base at a temperature sufficient to form a compound of
35 " formula (V). Since a product of debenzylation of the
hemiaminal is an aromatic aldehyde or ketone, depending on
the structure of P", the aldehyde or ketone must be trapped
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hem am nal is an aromatic al dehyde or ketone, depending on t he
structure of P", the al dehyde or ketone nmust be trapped
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PCT/ US98/ 06462 or converted by contact with a suitable trapping agent
to a mat ek &bn%kﬁéd%jrlcditiﬁadte&ﬁltwwat Buteapbentrdphing agent tolla ee

di fferent rreth ds.o t#\? n%L at[q:rggté with ggﬂﬁgxﬁqg ketone bypr oduct
reac

are feasible™ Fé’? hem a "with a strong
base to forma Tha‘sﬁpduﬁﬂemnt cnenthdS(‘@f &rappAndr ena@r@n@urehyde or

ket one byRuRdyEk, of NeebyhE Wo&f& R¢ef %@HSEQIEO thgrse, #HHdresponding

al cohol with a suitable reducing age w ng the amne_(V) to be
i sol ated By H&?FF&PEZEPFM%’G‘?%e(IrVéaW Bnarr?fcfﬂ?% kage v PP 2
filtration. hHoh@b&ﬁBI vel foﬂulanmfseemﬂﬁn hl&embyﬁ)éOdljﬁéhy@élh dm];uerwmed by a
reagent wt eatey, affinit or_t roduct n the free am ne
(Vv), for b@i’éﬁgf‘&% é]a tl?Wo ctthecar?y Fo%%g)(lgﬁgt Fuéhy oxyl am ne to
for a correspondiesgonding alcohmk evigtefaesaiitpbleeneducind Sagesitt he

bypr oduct W 185K Eﬁgrm:?@ 2R fth Be h%olateaoweﬁ@@eﬁaﬂ&ahﬁ%ﬂ of

hyrazone erein the amne (V) by careful pH

adj ust meh? oftlleh§e§GFE?Foﬂl’a%u¥% fdlc&"@?spéﬂ IfﬂiéréFlﬁ?J‘Pemzb}r‘ieﬁr@@Me]tYhe
desi red ani nendViecondp! €Hé GbyprAdieith dainy Bley taagpbdi by, a theaduty edust , when

t 20 t t whi.ch

oxi di zes | ne SHPRERTIBET Hoh L ch o T ARG CER BlRRFB% ot P& 430 i 11
t he am ne or fmeb;cbmpkenoreact@soquﬂ \fhe ypiroduct withﬂwdug::ag]ermnum

hydr ogen per @ (E%Cxi' éd\@/?r 'c;:il?r{éspor gmore rFYe%lff

gui dance, _conpoun aqueous ani_ c solvent was cont act "ed with
a suitabt® ©f &beo gpﬁaé\éct pi’l”etflbrt'élﬂxl- dydrasifgdEexEeren ofidot assi um
hydr oxi de, atcowiaﬁspehaﬂﬁgtem aiwa&d‘rw a:h&ueiﬁbtnelaﬁm@ (V) &n tHete to

|n|t|atefornat|on a co owed addition of
2"sul L abl o ¢ PRSBRIABE FrShD af e eRs F, BoronfR T A &

t enper at ure sulysteildage or pneqp.mnatt%tquteltyxef demca@p@mmIE(m) V\,hi le
converting t%%gductbypﬁi?@é'fﬁa@bm d&l&)rth‘i%’aon%héob&ﬁﬁo&@éi espradisRg

al cohol . oun e separated fromthe freaction as a stable
solid by? %ueﬁ@hfiﬁgarﬁ@aﬁapﬂv%f%%ntca& &8 &xearsd ’B?H IsreRgent 1Hchof the
sol uti on and cididesdthet Abdshyde Wy la tqmrrespoﬁdmgaa@i& Init seididaiot wor k

up i's shown: i a t e i.ed
forward in x%aslé?ngﬁggl gh%f‘-m(‘::'(')r%)oAuI(rz(ri1=1 t&l ”R\F%HQE%/%%)OFHWP st
-42- trapping agent is hydrogen perox1de under basic conditions.

By way of general guidance, compound (IV) in an
25 aqueous/organic solvent was contacted with a suitable
strong base, preferably sodium hydroxide or potassium
hydroxide, at sufficient temperature for a suitable length
of time to initiate formation of a compound of formula (V)
followed by addition of a suitable trapping agent,
30 preferably sodium borohydride, at a temperature sufficient
' to quantitatively form compound (V) while converting the
byproduct aldehyde or ketone to its corresponding alcohol.
Compound (V) may be separated from the reaction as a stable
solid by quenching the trapping agent, followed by pH
35 adjustment of the solution and standard methods of work up.
An example of standard work up is shown in Example 6.
" Optionally, compound (V) may be carried forward in
synthesis of compounds of formula (VI).
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Preferred strong bases for step (4) include sodium potassium |ithium
or cal ci ung/W45RT&des, as wel|l as, netal al koxi des. MbstPET/UsS/w@ié2y t he
strong base is sodium hydr oxi de or potassi um hydroxide. 5

Preferred trappi Ng,a¢apt-8qa5er&iySsaddy Gﬂbf e (1€ inc1udkOBBAL G,

al dehyde/ ket one bypr oduct to an al cothI not react th the a ) ne of
conpound (V) pﬁ(‘}PSFEHmaC tEPER Qf ca Wh#ﬁ’tﬁiﬁ@xf‘gfs Jomtd -

which are r edukbﬁtgdes agest wrafemﬁ]ej redck agaohg basednsnsbdxmhydrl de. 10

Preferred so g, lggrogs&__% "ﬁ'ﬁl;%zfé&%\%a}t ermxed W th wat er. Mbst

preferably t ent Preferred reaction
time for Btep (4) Prefehyed t;nepm-ang agesR tanehrdwssowhdch reduce the

preferred teﬁeehateeeataaﬁfdéﬂt écktf'e %ﬁd&t&coftobeaeaiéohép seemand (1V)
in step (4) is about about Ol e C, Er eferabli/ t he

t enperat ure FEAGE Y"étabsﬂ? aping, ‘aﬁacﬁﬁm °un‘36df\’érP]°€ h8| REREVLIERR Rfdi ti on

of trapping a@gspbund (V). Of tﬁtaﬁpﬁg %génwwmnh Eltépﬁé&it&:MSIgOf Conpound
of 20 Formnula

Clyi zat ion of chiral
conpound agfa("ggr’ nil Srf\“ﬁrﬁ?lgc?ﬁﬁra r% §’°E$§V8§ G agent in a
sui t abl e1&ol vent é’treéeu:‘enﬁesalmletsddr csm ¢ famemaécoholcmiqse@ndid&

formula (V1) % mymettgﬁfgmmbatg Nt i8AMe¥RAABL fhaGpapowind (V)

s contacted wth _about equi val ents of cyclizing agent and and
stirred at about ?@'eferrﬁé a8RcEion [ eing EqQmister Hé)r dgcaPBHtwARe to
quantitativeabout ©aFBeURSufryY!) nay be separated fromthe reaction as a

stable solid by standard nethods o rk up. An ex |l e .qf . 30 ndard
work up s shown PhEERSREFBTy Cenpetatitie siftied R MR Bofhside SEERLC: o,
(5) is phHosgéeecompound (IPt einrseebsba)vem saboutstleko &poate 106MT anes,

tol uene aade! Bt ?Q}.‘QBE{( E?éraﬂﬁﬁfee : g %tgeaﬁ%t{eﬁ‘é tS§ dbout
m xture of hep anes tetra y uran erred tenperature range
for the addi 0 o?n of° lowed, ta@’é’npﬁ ﬁrﬁ’@ﬁn%?g?@tl-ess t han or about

O[err]C
_ Step 5 Cyclizatlon: Preparatlon-of-Compound of
20 Formula (VI)
This step comprises the cyclization of chiral compound
of formula (V) by contacting with a cyclizing agent in a
suitable solvent at a temperature sufficient to form a
compound of formula (VI). By way of guidance, about one
25 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 gquantitative.
Compound (Vi) may be separated from the reaction as a
stable solid by standard methods of work up. An example of
30 standard work up is shown in Example 7.
' Preferred cyclizing agent for step (5) is phosgene.
Preferred solvents in step (5) are'heptanes, toluene
and tetrahydrofuran. Most preferably the solvent is a
mixture of heptanes/tetrahydrofuran. .
35 Preferred temperature range for the addition of
cyclizing agent in step (5) is less than or about 0°C.
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judicious selection of reagents, as is well appreciated to one skilled
in the artwefogasgni C synt hesi s, t he cl ai ned process caqwgﬁv h&??”Ed
in a straightformard manner to yleld the conpounds of for as

(1)

, 5 (1V), e ent inyention, further
exenplified by ‘\"QLFg'f Br éﬁégecf'ﬁu%cﬂ%]rﬁac cﬁﬁé’%ZFﬁaﬁFQ#] as s n‘}{% exanpl e
conppppdchatédr tol andg \Bkj)lled i the art of organic synthesiSchene 2

of a
[err]
-44-

the claimed process can. be performed in a straightforward
manner to yield the compounds of formulas (II), (III),
5 (IV), (V) and (VI). '
The present invention may be further exemplified by
reference to Scheme 2 wherein R2 = H in an example of a
compound of formula (VII).

10 Scheme 2
C'\O Pivaloyl-Cl C’ 1) BuLi/ E{TFA
0
NH, NaOH N_4>< 2) HC! / HOAG
- H
-0 pyrrolidinyl

Toluene

. cl CF. norephedrine
p-MeOBzIOH : 3 n-hexyllithium
N
H

" FaC '
Cl\d OH pchloranll
- \Q

RN Fac - ...“"\ . o
c'\@E\OH " Phosgene C'Cf\o
“NH, THFlhemgne ’ . o
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The nethods of the present invention, by way of exanpl e and w t hout
limtati onWEBASBE furt her under st ood by reference to SchenusSne6ddEhi s
schene details further enbodi nents of the general synthetic nethod for

prepa(rj at} on 5 lofrha feEReas do Of t K& rpRd srld g.nivl)ent_i$h¢ Bot haylsogfl Schene 2a
provide for excellent conversion ta Conpoun -i)l a acile
crystalIizatfﬁﬁmghetﬁE&ﬁVb %RFrilmlég%lon, ma§ Le %ur@ger unéersggﬁgne 2a
10 [err] by reference to Schéne 2a. This Xtheme details furthed|-i

By way of genpgigdlifehdange. |_fyu kLN 5 and
p-toIuenesulfoni?lg%#géaﬁg ﬁ%%te ?%%g'%§%tggké%e@egéoécg?%ﬁé?%%%%é%%é%
tenperat uPe OF apeaTPeuRdref damula (FFqdd -ss5Feer pethedfnpEnSeheme 2a
acetoni tril eprehtitieofon! eRcdETEW convedsGeROkoObohgbitba(fXL]] )ahs added

over a period_of .about 2 , hours t bout 10 hours, preferably about 3 to
about 8p20 8Gid® HbYatalbizatdng BrPguShout 6 hours. The nole
ratio of substituted aniline to p-toluenesulfonic acid is about 1:0.010
to about 1:0.030; nore preferably aboubchmm#:93915. The nole ratio of
substituted aniline to substituted Zy cohol is about 1:1 to about

1:1.2; 289 nore preferably about 1:1.1. Upon addition of the benzyl

al cohol the reaction mxture is heated and stirred itionally for
about 30 mnutes to abqyt 4 hours to give ac i-on of the
conpound of fornula (Il§i). The crude solution o e coﬁpound of
formula (I1-i) icé\@:gﬁcag t 190 er afURTEAH abo™*20Merr| C t o about
30[err]C, preferab abottt 25] C, affiecNwhi ch seedlgcryst al s of
(11-i) are added. UBn additi onof PMe seed crystals

added to - forma slurry of the crystalline conmpound of f
1), mhlle.stlrang thexiglutlon at a &ffyerature of aboutII_i

-45-

?"By way of general guidance, a substituted aniline of

15 formula (XII) andlp4toluenésu1fonic acid are heated and
stirred in acetonitrile to a temperature of about 65°C to
about 85°C to which an acetonitrile solution of a benzyl
alcohol of formula (XIII) is added over a period of about 2
hours to about 10 hours, preferably about 3 to about 8

20 hours; more preferably about 3 to about 6 hours. The mole
ratio of substituted aniline to p~toluenesulfonic acid is
abqut 1:0.010 to about 1:0.030; more preferably about
1:0.015. The mole ratio of substituted aniline to
substituted benzyl alcohol is about 1:1 to about 1:1.2;

25 more preferably about 1:1.1. Upon addition of the benzyl
.alcohol the reaction mixture is heated and stirred
additionally for about 30 minutes to about 4 hours to give
a. crude solution of the compound of formula (II-i). The

" crude solution of the compound of formula (II-i) is cooled

30 _tqﬁa temperature of about 20°C to about 30°C, preferably
abbut”25°c; after which seed crystals of (II-i) are added.
Upon addition of the seed crystals water is slowly added to
form é-slurry of the crystalline compound of formula (II-
i), while stirring the solution at a temperature of about
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30[err]C to about 35[err]C. The slurry is stirred for a reaction tinme

of about 2wipagr4s2180 about 12 hours at about room t enper ape/Bsaidesd2
which.the slurry is filtered to isolate the crystalline conmpound of

formila (11-{dec The yBuccrsstal |ie SRLEN o1 5 ALt i L A diogigy & Of

acetonitril € and wat ér |navolurreto VO rreralo Oto
about 40: 60; timefef aitaut % bpsrgmsot sboutud2 haurs at al?ﬁ“%ld’é!%l trile and

vater used igembordepk Aredr MBikh the siligrgrystalltdeedBi®rigdidese dried
under an inert atnosphere 10 at a teg'p%rature of about r?%FJeerr]C

The net hods ‘BRetFershalsdme i biorayLas { and W t hout
limtati 6n, cbystellind hertariadr ds0atdshed h!theaemiax‘lmé oo fSchene 2b Thi s

schene details_ furfher, 15 d| ment e n ynt.heti ¢ d for
preparation acetopl %F@o%p%ﬁ‘ﬁ&’ Tt & IXO%{?" ggTﬁ%ﬁr"’r’%% %& ofOfS %
al l ow for cofpt 4R eta edwney V0060 hpreferdbdm bhe gobume to volume ratlo
di cyano- 1, 4- 8¢ hydd @xyiReNZRN @naa la@ Wl ﬁ%ehei% 4B8uPf sk erginaiiy, and

allow for recrystallization to proceed at ,a_nuch lower 20 te erature
Thus, this n%%o%{ﬂéﬁ'rtr%%mwéﬁa LSz drigd undepran ingyf A idiosphere

i nt er medjoat eat a temperature of about 50°C. Schene 2b [err] 25
F1T-i I V-i V-i By way of general.
gui dance, a tol uene solutien of 2, 3-

di chl or 0-5, 6- di cyEm®- Methmnﬁtheom‘eissnaddadenbiant obvieway 39f sol uti on of

a comound oLelgtiwldd hicoh sk (R Bh2I AbYUbe rufchERChiqULEmerat ur e
to SRR i

of about O[err out 10 reactlon t enperature
i s maintai neey C?)["é’r peme 2por Ebéﬁt S?_hﬂ’éﬁrd?‘baﬂﬁ A3 §haene

slurry ab Z,éhbbd&ﬁéﬂﬁk of the general synthetic method for 4freparation
of a compound of formula (V-i). . The methods of Scheme 2b
allow for complete recovery of the 2,3-dichloro-5,6-
dicyano-1, 4-dihydroxybenzene, allow for less use of NaBHy,

and®allow for recrystallization to proceed at a much lower
20 temperature. Thus, this method allows for crystallization
‘of ‘a valuable intermediate.

. Scheme

e e
c X OH FsC .-"//_ FC, /
'\CEN\H .toluenr?e(.:; °C C'\(r g —b"j-‘sael:l? c‘\da:‘OH
el s
OMe ol ~OMg _
III-i - Iv-i V-i

25

_ By way of general guldance a toluene solutlon of 2,3-
dlchloro 5. 6—dlcyano-1 4-benzoquinone is added to a toluene
30 _solut:.on of a- _compond_of formula (III-i) while maintaining
a reaction téﬁperature of about 0°C to about 10°C after
which the reaction temperature is maintained at about 0°C
for about 1 hour to form a toluene slurry of 2,3-dichloro-
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5, 6-dicyang-1 4- di hydr oxybenzene and a conpound of fornula (I'V-i). The
slurry is ma ¢ to renmove the 2, 3-dichloro- PCT/US98/06462
5, 6-di cyano- 1, 4- di hydr oxybenzene; the resul ting waste cake of the

$,h3- g! fhl or 053, eﬁdi'lcwabel 1144ddh?§iﬂbﬁiﬁbbﬁﬁéﬁéeanﬂ%d agcommbﬁﬂ o tﬁbr&r@i&‘éene

e filtrate t.ol u g conbi ned a in

vacuo with ao@ﬁd s oﬁﬂ% \éeam—phéﬁo 115erefot ﬂ%rg?v% %%n' éﬁ’é‘oér?d

produce the 5.6-dicpoond.éfdibydubrylenzégei ntinet hesioltiatg avaseaq)e:akteure of

about 40[err o4t T sol ut sol ution
[err ¢ tperboY dééh%%cs 6 aléi?a?% 2P 4 aﬂiycﬁlg;@ﬁ&%a

of sodi um hydroxi de i.s_added dropw se r so utlon of the

amino al coho™3ehed) W&EH ﬁgﬂ‘t‘PﬁSxy-The £ilberate ang deoirne Waskiingsseiret i on
of NaBH4 in apmddueduand con&@hufaﬁédoins'@ﬂd:\k@‘vb‘ﬂﬂﬁ Qddiiicn @a#ded dropwi se,

all the |nta|n|n reactLo rature of ab ut 4[err]Cto
15 about 45f“5’:‘$]‘%&m‘EIL Bﬁoﬁega Ft’l“gﬁ o?‘%t esggﬁ‘f‘?%% "’Eﬂé)

aqueous sol ucoopouhdsodi GoriytiaoxIvei) tie metidneh mlajftu_emperatuﬂeSoiti rred
for about 30 gyt %o@fésraﬂm%mg@c' Ao 356ld GolutidC %ga%;a%%%%d to
neutralize the_reaction to_a about™ 8 Yo abou

neut r al i &t i §°1lnkier pP§ ﬁﬂ@éﬂmt]&"%ﬁ”ﬁ%@e 21s %@@#dyﬂl’éﬁwlﬁﬁet@l lﬁloﬂ:;n las cool ed
to about - 15k:€1@a]rcsbmuabeﬁt oQ[enélé}nmo ai@éhé‘POW-:l) haid p-Hehe

I f th hed wi t t t
give the orupsteat8efi88 oo wnich o sofuried (R e FE 2R a&w&%’agﬁh 0.
It is preferablattionr efr;sdahﬂmMpdtMcideliEt&hd@dl&iﬁpﬁ&e aallxthee of

MTBE- t ol uene ¢ pf m&ﬁﬁ‘:éi{ni‘hé éaLég{Jti?g&Cx?&qﬁer? 8 oF 455 %éngure of

crystalljne amno a uene  a
about 60frr PEOREt &P eRddidion gk t&tﬂéﬂt‘ﬁ'—m »fa NeBiar nofnt he

pure amino ahgakels Eb@utlonaaf NSodd & d:.%ﬁdé/ 't%lé?%a%(hbﬁ %QQHE Bherr]C
and mai nt ai ni;ng the pure -

crystal l'ine AR ﬁglﬁrgéhg?gu%b?‘;ﬁ% C J‘or abpﬁ# W@b%rcllﬁ eaSﬁFhﬁ

al cohol is washddigi addhéptametatmhltrzecthe reéactianiico a pH of abbut 8

recrystal lizgp ggog{-_ogeedépbﬂ sso%é dfa@{o e:.;"’!_it Lt nﬁn?s%?%ﬁﬁene at

crystalljne am no al cqhol ur€ o
a t enper4f ur 1¥Fr¥pehe EbFeFH‘E’-‘YolS cogbedt taopkert C-bF G tomabomt: HECMIBE

is distilledfor sBeue irmcur. 1he dMdd %ﬁ WHeORmiHBPLAREKLS added
to forma 45278

PCT/ US98/ 06463~ 153?%%??/‘:%‘? 3 yarhed i LAl L /e O
slurry i sTysbrbline ambuwe DeohdlC Ghd nEsteaipeleg vad laosbliflerr] C for
about 1 hour afteitm@gc?rgggrwg €& %%%*é%méoﬁfdsogﬂ to%uﬁha or

filtere The pure crys | 1 ne am no S was ept ane and
dried i E%acﬂ ixture of MTBE-toluene. £ recrystallization proceeds

in toluene, crude crystalllne amino alcohol is dissolved in
toluene at a temperature of about 60°C after which heptane
is added to form a slurry of the pure amino alcohol. The

amino alcohol slurry is cooled to about 0°C and maintaining

30 at about 0°C for about 1 hour after which the pure
'crystalline amino alcohol is filtered. The pure
crystalline amino alcohol is washed with heptane and dried
in vacuo.

If recrystallization proceeds in a mixture of MTBE-

35 toluene, crude crystalline amino alcohol :i:s dissolved in a
mixture of MTBE-toluene at a temperature of about 20°C to
about 30°C after which the MTBE is distilled in vacuo from
the MTBE-toluene solution. Heptane is added to form a
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The nethods of the present invention, by way of exanpl e and wi t hout
limtation, nmay be further understood by reference to Schenme 3 wherein
neither R2W@#s/#378 s H in 10 an exanpl e of a conpound of f orparesosdkde:-
Thi s schene details further enbodi ments of the general synt hetic rret hod

for propar at %‘E”EﬁgngﬁerﬁLﬂEM Py, Uirklel 2o %1 condPia AL

| abi |l e am no ctin esi des gal ning
enant i oner ex%s@qlrﬁ?dt éFPiOFléI 07Gcand Mg ntR indngp att ﬁboslﬁbge%]u@ﬁ

i sol ation of gyROUNGohLY) afeeaqmﬂwckhe pudel beyEtahl oAat &g{@@fbylédh& one

rocedur i dl y an under ve mld room erature
zgﬁglflgﬁs B gfy%ere ghe pure crystafﬁlne amino aicggo 1s washed

- 48- 5 wWiliONepEan8 and dried in vacuo. PCT/ US98/ 06462
Schene 3
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
10 an example of a compound of formula (VII). This scheme
details further embodiments of the general synthetic method
for preparation of compounds of formula (VI) utilizing a
very acid labile amino protecting group. Besides gaining
high yields of enantioner excess in the chiral induction
15 step; the subsequent isolation of compound (V) is achieved
~ without chromatography in a one step procedure," rapldly and
under very mild room temperature condltlons ‘
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[err] 5 Step 6: Addition:

Preparation of Conpound of Fornul a (I'1) wherein Rerr] and R err] of
compound (\WOPS@278\v111) are not H. This step i BCTHIPAYOGMEY by
reacting a conmpound of formula (1), after converting to the free base,
in a 10 suitable solvent at a suitable %ggﬁajure wi th a conpound

(V1) or (VI11), wherein neither R2 nor IS H in the presence of a
suitable acid catalys to forma conpound of formula (11). By way of

general gui dance,
room t enper atQi

co

%)

ound (I) in an aqueous/
e.d5 neuftaR 6 zed Wik _bas

qf gani c soéﬁws at about

» Fabout cont act ed

w th about 1 dui val"ént_of_a conpo Sor (V] rolidi erein
nei t her R2 nor ferably trityl al N—trityi addi ég,@‘;@'ﬂ,’m,
contacted with about 0.4 to about 5.0 nol e% of Ha suitable acid catal yst
and heated to a tgnperature I Li
F3C .\\//} . Fa C .u\\%
cl < OH Step 8 - Cl OH Phosgene
THF / heptane
Nty NH,
11§ v
Fs /B
c .
T2
N~ 70
H
Vi
5 Step 6: Addition: Preparation of Compound of Formula
(II) wherein R2 and R3 of compound (VII) or (VIII) are not
H~ . - . .

This steﬁ is conducted by reacting a compound of

formula (I), after converting to the free base, in a

10 suitable solvent at a suitable temperature with a compound
. (VII) or (VIII), wherein neither R2 nor R3 is H, in the
presence of a suitable acid catalyst to form a compound of
formula (II). By way of general guidance, compound (I) in
an aqueous/organic solvent at about room temperature may be

15 neutralized with base to about pH 7, contacted with about 1
molar equivalent of a compound (VII) or (VIII), wherein '
neither R2 nor R3 is H, preferably trityl alcohol,
'aaditionally contacted with about 0.1 to about 5.0 mole% of
a suitable acid catalyst and heated to a temperature
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sufficient to formconpound (I1). Conpound (11) nay be separated from
the reacti goag;se7gt abl e solid by standard met hods of woplTrBs08u62
exanpl e of standard work up is shown in Exanple 11. Optionally,

(e D T St 0% Vi cBmoRRie) (iher oramsei oo R o 10

His pref erabd;e;parattqd ﬁd‘cm)mhe ceagttiboxgssabstable egplid hy |Sct)ﬂndélréol hol .
Preferred acigy ea&ggy E Sydi i P abOLxbph a6 e Hotanddia TRINARS S Toni ¢
ritluro

acid, sulfuric aci cetic acid éu&_&e sul f%ﬂl c acid.
Nbre pref er r e8heien (L1 Exanakes 11. QPé'lﬁ’EFMMe §9‘F‘ \vjurs

p- t ol uenessul §QPkLedCEdhkrward in synEIthsQBr eﬁ gohpeuhds anfl fbmﬂulraes(mereof

for step (6) e toluen |oxan 0 2] ECa

acetate, dinmet hoxyé?’ﬂaﬂ‘é ?H]gpa%ol 3’?’35%13 8@2%8@ R Ao% preltzerred
t enper at ure rAnhe poefatalply ]grmtsflaladu:phol oromathewpeﬂﬂétsf?@qt@dabout
120[err] C. e when conmpound (VIII) |s trityl aI cohol t he
tenperature ranft-épi éf&@ﬂ%}, ut 60 to about 90[err]C

under st ood t hat on8r§ﬁ¢¥¥%‘él aqid Rat@lysdgn for S&é?er(ﬁ? n%n?}n‘éd%rl‘éq]e'rred
reaction ilg Nep@nah€Psdlfénic addeperdaturae h@ﬁﬁ?rﬁfﬂfﬂrm&mtaﬁﬂlﬁt and

|
Step 7 The SRAMBTCPH Y s S CAS BT b BebPedfeli MRy cadlysts

i nduction st eax_refm&hane Isubfonic aedsinaing pi-toheesgnsubbeniofacid¢onpound of
formila (111) ?PSESH? & §<§1 ded taa g{)ﬁ&%ﬁe% EPQ%ofnfgi‘%@e;? Vgéz 30

Step 8: Detritylatl re ar I on O Formul a
This step conprésealuemey e@mxw.of%ﬂ@am aFetOnltJFb}?m%tk(&fll 1),

wherein tifge aHbE@a@éOté%étElﬂoﬁéﬂHénes \eip¥opanolaghd h«a@tie a®fd. trityl, in
a suitabl e sol vent vmth abo 0 about

nt s
suitable acid at a® prefgﬁF‘F c?%‘?ﬁ??]‘?ﬁq%% %gfuﬁ ?{Lgrm aq?:%npound of
formul a coom Fempbyatozecto cfbaiet riz0fCat i Mqrespaﬁfaminbl iwhen cohol

?28_ Subsequené\%gﬁﬁé ngi:IPF 1L 3R 12% 00 e RNk teftberature ran%SQS/ 06462

Schene 1, abo@b?uE:oﬁﬁoGﬁdaPWtrT%Q%e separated fromthe - reaction as a
stabl e salg d by ‘pHradieshABEts@bod Nenw|dile Wkilledaid shandatdcamt hods of

il CRFRER Rife fh8"Shlferrea Wt iR TiRAOUR bRHEMLC 13

dependent on temperature, acid catalyst and P group.
Generally, the reaction time is 0.5 to 12 hours.

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

30 Step 8: Detritylation: Preparation of Compound of
Formula (V) e
This step comprises the reaction of a compound of
. fermula (III), wherein the amino protecting group is very
. acid labile, eg. trityl, in a suitable solvent with about
35 0.1 to about 2.0 equivalents of a suitable acid at a
sufficiently mild temperature to form a compound of formula
(V). The byproduct of detritylation is an aromatic alcohol
and subsequently need not be trapped as in step (4) of
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5 may be carried forward in synthesis of conpounds of formula (V).
Accept abl e ) otecting groups for step (8) are trityl,

p- met hoxyt W&Z%{ 4' -di methoxytrityl as well as non- t r i FGTUSI8AGHE2
such as, 2,4-dinmethoxy benzyl and 4,4'- 10 dinmethoxybenzhydryl. A
preferred anScbempe ot ectbawg.gr Goppbend (Virmaylbe separatedrigfasy ridek strong
actds for Siepabflop Ml Widdche Biia by BhMRARSHLANSr Ald sotution
trifluroacetic _aclid and_p-tol uene- sulfonitc acid.. A nore preferred acid
is HO or 152n€rftandarshaathedgcpd. work up. _Apfampls) abistémdandor step

(8% hareI I owew.taﬁkkxyﬂl; is dsl'ﬁ:lv@pll@J lsxamﬁ%/getgﬂ. nO?p@on@é‘IMd,l thrmﬁt}p&ﬂﬁ'\t (39

nmet hanol , e nol and. anol s. ., S refer e. splv i s

Tot hanol 5 2057 B8 oA R BEREA. 1 BonpReqiA OF donetisidy, SE tarTp anci o

to compound (VI})) in step (8) is about 0 to about 50[err]C, .nore
referably the te r ' : u r 25

‘Fl)'he pr epa?/at i on ogpgéﬂ#%%feopa?/@ g’?e??log%gg&g% ?’Pﬁﬁ‘l@%hﬁ?’% Stgtpgpgr)e%c%eant I n

the formati ohXdf¥Yh RIRRRKYEEitEtnutad ( rdinethoxyirigehmiswedideds n Schene

gé/ 4527 non-trityl groups, such aS¢ h@,r@-diﬁ@thop /Qiuésﬂgz /lO (SajléiZ 4, 4W0 ™

. . / . e
prepar ati%on SHERPERSFIVEEATY| ehePTeksrre] ApiRAPEPtECTing gropp, ds
illustrated tnigxhopl e 15. This preparation of cycl opropyl acet yl ene
provi des for abou 9 1.0 r n l43~-an [ eater
t han about 90% i%f%g%f@&g_@%&g‘lgo%?gg;sll gggt%Fé%e?gfh%%g%\%%lgcnlg Sﬁ% pr oduct
(X) to be met sLforge acidn Srifiwreaceric peldhrand artsfluenesnpound

of formula (&hlfonic acid. A mbhR pPLEEW-E8 LXAITILHE & 1eaNt to be
|IIustr3§§| ve_of .10 the present invention. These exanples are presented to

exenpl i Yy t hEFHHVAMSa5Ed 3548 not to be construed as limting the
i nvention's scopePreferred solvents for step (8) are lower alkyl

alcohols and need not be anhydrous, such as methanol,
. ethanol and propanols. Most preferably the solvent is
methanol. T _ : _

20 . -~ A preferred temperature range for the addition of“ acid
to compound (III) in step (8) is about 0 to about 50°C; |
more preferably the temperature range is about 0 to about
30°C. '

25 . . The preparation of cyclopropylacetylene, (X), which is
a reactant in the formation of a compound of formula (III),
is demonstrated in Scheme 4.

Scheme 4
30
o] .

1. alkyl-Li 1. NH,Cl (aq)

THF 0°C o : 2. Phase Sep.
- | P—=-u - |

) _ - 3. sieves ! I
} I 2. Vgcuum Dist. - - o 4. Fractional Dist.

(XT) | (x)
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Exanple 1 15 Preparati-on of N-(4-chlorophenyl)-2,2-di nethyl
propanam de. 4-Chloroaniline (52.7kg, 413nol) was dissolved in a

m xture of WO-98463M8 net hyl ether (180kg), 30% aqueous sodpemrusstbsdesi de
(61. 6kg, 463nol) and water 20 (24.2kg), then cool ed to 15[err]C. To the

resulting sl e kiyde 48l )
J *#h@’p\f/éﬁaratléﬁaéﬂ gyé{]?e blk?low 4 err O(}d/& tgéfsgfrgrggﬁn& 30m n

1 h, \ era g
g;/ego[ err] C llﬁe §§G£g§ QviéuEB ﬁétbn Rt @5mnd Tdisy prepagationpgfy s,
The product ml@pkbpynadﬁbylénﬁtpf%vm%s VEshebolfc  14i0%h cansehcg%bﬁnc()gr; o
90/ 10 ter/ t rie acyo g 0
yi el d) ng er hg%t&g?’f)ge #ﬁgug%I?i dfd g’éé%tr%tt:ﬂarrf r?é:o 95995 %ﬁ ?Q"z 53[err] G
[err] H Nl\,$? (mlNHZOpzD@C{EEYl@e. thisrerabli4gy (the prodackz (X2HEo7b@8 (d, J

9 Hz, uE%HTLQ y“ﬁblut15355é@gamclxnﬁﬁg'ﬂﬁeﬁéﬁggio% oE38- Bompbind
128. 9, 121 4,39, Preparat i on

N-(4-fl uoropﬁéan)‘m'Elé &FF{H hyI propanam de. It is understood by one
skilled in the art of organic synthesis that 4-fluoroaniline can be

readily 35 substitut chl oroaniline above to S size this
conpound. 'Th% €3 1flow1ng examples are meant Lo T]Hus%tgg,e48§78
PCT/ US981®646he present 1nventlon These exampleExalrpl presented to

Preparation r c or| de
hydr at e. @“eﬁ&%?o oy eRtRsggRl e nqe Af ke RenspHlEasL0 Yrs
nmol ) was cha Qé‘éltﬂ-ﬁg the hn‘é%‘llﬁit-?%rﬁ GFCORMEDA (20. 2 kg, 174 nol) |n
anhydrous t-butyl met hyl ether (271.5 kg) and cooled to -20[err]C. To

the cold ~slurry was added 2.7 N n-%éﬁ%!ilthium i n hexane (101.9 kg,

393 nol) while keeping the tenperature r]C. After 10 aging 2 hr
at 0 toBjerr]C, the solution was cool ed bel ow - 15[ err] C then rapr dIy

reacted with ethy celLat en( 34

the resulting sol Eflb(?ngév\&/agigﬁ Bgueﬁc%édqﬁ%lorgﬁﬁH&%i%lg%% d?&%@h

keepi ng t he Propapamide,; s Ghdiogpardildng d r"e‘ﬁﬁ?\ﬁ&l ) &¥ag he aqueous
15 phase, td&sebmclﬁ%uﬁmw%ﬁioﬁmﬁy‘l&hﬁiﬂw eithkirl (1BOkg), 30%

P T bk bt ot ety 5nt B vangr
sol uti oréQ o 3@fle kg, then ¢l¢dstd X% C.43%0 the resulting slurry was
cha.rged 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
25 'with'a solution of 920/10 water/methanol (175kg), then dried
'in vacuo to give 85kg (97% yield) of the title compound as
a crystalline solid: mp 152-153°C; 1H NMR (300 MHz, CDCl3)
3 7.48 (4, J = 9 Hz, 2H) 7.28 (d, J = 9 Hz, 2H); 13c MR
- {75 MHz, CDCl3) d 176.7, 136.6, 129.1, 128.9, 121.4, 39.6,
30 27.6.

Preparation of N-(4- fluorophenyl)-z 2-dimethyl
propa.nam:.de It is understood by one skilled in the art
of organic synthesis that 4-fluorocaniline can be readily

35 substituted for 4-chlorocaniline above to synthesize this
cdmpound.
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nol ) was added and the mi xture heated to 65 to 70[err]C and 20 held 4

hour s. saﬁﬁl ng slurry was cooled to 5[err]C and t he product was
col | ect ed 99 "Bation, washed with ethyl acetate (50. SPKEVSBN$4E i ed
in vacuo to give 42.1 kg (87% of the title conpound as a white
crystalline solid: np 159- 162 decExpmpld] BVR (300 MHz, DMSO-d[err]) d
7.65-7.5 (complex, 25 2H), 7.1 (d, J =8 Hz, 1H), 7.0 (brs, 3H); [err]F NR
(282 MHz, DMBO-d6) [err] -69.5. ' It is understood by one
skilled in the arRrepagagien of M%@FQ%@T&II#}BPFP@F{W}CQ err]Et or

CT1 1 ubr peoriaitige] | Byaeiodiionie Davieat y i O THISHEERehL) el 1Y

ri uor ace ov n esl, ze a 1 U1

Exanpl e g 2a23_5£. %Y&Ppé% ﬁ $86-4_ kg 03332“‘?“?1’%%%%@%# -to

ani line. 4-Golsolutdr idfl CMBEDACERYL. ankyi, nm74hmdwcinhoamdpdrous hyhidya (17. 1

91, 02 el el R |37 % Kb Gl coo1ek*kE°0506d 0 e Vﬁief (50

98/ 45278 slurry was added 2.7 N n-butyllithium PEThéesass 06UBR.9 kg,

neutralized 393 R$1H WHiN & Kledpahed tN@H@@E\peIQ%uQEQBQD.SW s°cP LNas
concentr§t ed in Va?o#'g‘t and the resi due recrystallized fromheptane to

give 121 to |5tq:e ERRpIHAt 3R iR $ TP PR Ralowr
' 98 99[ err] C15[°er theEnNVEp {309 réactéd, wfﬂﬁléﬂwl)t:{'ffltloﬂog&ét(éte J3a .z Hz,

! (orf) CHgR 243 533 - pEEBe, 1) pifhs [she! roBpTpingieotibion vk §30°)

120 9, nerghetl Gngo 3W1HAL [(296] B, NBBD (882) I\kEepﬁEﬁ:ltﬁleer]) [err] 70. 3.
10 ture below 25°€Xa B f‘aflfd n
N((4 - thogfbeerr?z ure_ ecr?lwor 0- nﬂb??rl %‘r’%%c%% ni &P Oorrpound

(11-i): se, eaogpaplly §PLULERN VRS 2CPREEREHR éfemcb#ﬁqmemgls
hydr ochl or i deogrekiaiaee(140200kg, of44o0l0bhtin A@éuea&aéildrousz l&_ﬂ) waidd wat er

(0.0, 4 PSR Vst S48 00 Wl

mol ) were adbfé??r cooling &hleuscdntion neaﬁﬁﬁm 0l2 ¥ |IHGL af¥B thekg, 434

wat er/ t ol uen130 wake AdIRRE 2030 the ﬁa&rtulrb.eﬁeazaa ggl HB' ea Yo Gy ed to

room t egper at and washed with s rated bri'ne (80
EB %’1 Lide 4 %ours The resu tl:ing slurry wag; coo%ed 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 compound as a white crystalline solid: mp 159-
162 dec; l1H NMR (300 MHz, DMSO-dg) d 7.65-7.5 (complex,

25. 2H), 7.1 (4, J = 8 Hz, 1H), 7.0 (brs, 3H); 197 NMR (282
MHz, DMSO-dg) & -69.5. .

It is understood by one skilled in the art of organic

synthesis that CF3CF2CO2Et or CF3CF2CF2CO2Et can be readily

30 substituted for ethyl trifluoracetate above to synthesize
additional homologues.

Example 3-a

35 Preparation of 4-Chloro-2-trifluorocacetyl-
aniline. 4-Chloro-2-trifluoroacetylaniline, hydrochloride
hydrate (17.1 g, 62 mmol) was stirred in a mixture of
toluene (100 mL) and water (50 mL). The mixture was
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The organi c solution was concentrated in vacuo to a vol une of 35-40 L,

then diluted with THF (52kg). The wei ght percent of the title conpound
in tol uenewDigB/49278 cal cul ated 25 by HPLC to be 43% The yi eturusssesispn
HPLC wei ght % anal ysis was 47.7 kg (9699 . An anal ytical sanple was

obtai ned by peabvagzddes Yr eNluikh ¥§Eﬂ9a@£@ NaHC C%Gr YiHeR ldrigaiie from
heptane: np 82-84[err]C, [err]H NWR (30 [err]) [err] 9.04

(s, 1H), 7.74Phase jwas cqpcentyjated 3g (faaUOJands‘Ehe xesgdu® " 7.24 (d, J = 8
EZHZZH) 6. 9ieé£’ystallh£ed'|2ﬁroﬁi"heptaneE75t35g:(véi ,12). 5599 (H%é.%)lld)f ]ti.ﬁe43 (51-51\]9:
137. 4, 156‘?%3g ‘i%%p%“n‘?)fsg A’egff& Sg 31955 “‘% %9%4 % ﬁ’ﬁ‘ﬁgoa

55.3, 46.%. MHz, CDCl3) & 7.70 (t, J = 2 Hz, 1H), 7. 5\o

98/45278  uz 1m), %h%/ Oa%zm
Exanpl e 4

et hynyl ) - 2- [(‘an’é’%o%éﬁ HSﬂQPﬁE}#%\ C%“gf 3ao élcyc'ﬁBery'

(trifl uoronen.hywbemem}nmtmml PFONMRUZIS2 (MHZ |C)Dc13) 8-70.3.To a tol uene
solution of (1R 2S)-pyrrolidinyl nor ephedrine (80 kg, containing 60.7
mol (1R, 2S)- pyrrolidinyl norephedrine) was charged triphenyl net hane
(100 g).10rhe sol uti on was concentr at edEkampd®i03to about 10 half the
original volume. Anhydrous THF (35 kg) was added and the sol ution

chilled with the cooling jacket set at -50C. When the tenperature
reached -20[ err] CPraPASakion hiafn N-({43-Mekhoxidbensz¥l)33-,£hdprat9. 5

{rﬁl) wasI fhaﬁgfgl\ﬂﬂdéﬁ:oal.c?ﬂ?lahﬂ.ﬁhﬁg thecéﬁﬁblﬁh?f ur(n][aal)czw Oferr]C. To
e resulting red splutio arg ution o

cycl opropyl acet yl &Re? fur@é(?%vt\ﬁg%lhﬁr%ﬁl:ﬁﬁEféﬁgg?f%?%%aw'ni ng about
4 kg, 6515 hydnbcblomdbé dpdyarieadd0yDeke) L4 | eoaidnt amimegxeartlitmt er nal

t enperat ure h e n o] aged odt -45
tonPSO[err] Cﬁg hour ngo kll:e; %8 déélg%ﬁt?%ﬁ%mé/aéﬁ glél\@ig) g%d a soI ution of

N-((4' - Met hoR§ yeénismqvmgmb@ gameous phase| ubrriraxpRanavilnalcebolt % i n
THF/ t ol uene; (aonkg) N 49 mol) abeuirsdf ka. oZBgB 573 xﬁ&l) were added.

mai nt ai ning. SPFCRREYCIER vaR HRBSP bPerBEL SHB[EHT MRS 8 NG t he
m xture 20 - 42e@trope - @) Qifstnillet, t'nhereval;mtmnm qeedeidedoi nt o 140
kg I'N HCGoR" eibbdd Gtkd A GakhEd HEn 05480 £ d LIPS 89 RE) 2t ed
‘The organic solution was concentrated in vacuo to a volume
"of 35-40 L, then diluted with THF (S2kg). The weight
percent of the title compound in toluene/THF was calculated
25 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 heptane: mp 82-84°C; 1M NMR (300 MHz,
.CDC13) & 9.04 (s,1H), 7.74 (4, J = 2 Hz, 1H), 7.35 (dd, J =
30 2, 9 Hz), 7.24 (4, J = 8 Hz, 2H), 6.91 (4, J = 8 Hz, 2H),
'6.75 (4, J =9 Hz, 1H), 4.43 (4, J = 6 Hz, 2H), 3.79 (s,
3H); 13c NMR (75 MHz, CDCl3) § 180.5, 159.2, 151.9, 137.4,
130.8, 128.9, 128.4, 119.9, 117.0, 114.5, 114.4, 111.3,
55.3, 46.6.
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and extracted twice with 25 kg portions of 1IN HCO, tw ce wi th 40 kg

wat er, thenh concentrated in vacuo to a vol une of about 29 L. Tol uene
(47 kg) wa¥OR8(4ét8and the solution 30 concentrated to a volREFEUSASO062t 0 30
L. Heptane (23 kg) was charged and the m xture cooled and held at
-5[err]C for 4 hours. The product ey@spilid t gred, washed twice with 10
kg . portions of heptane and dried in vacuo to give 10 kg (85% of

the title conpound as an off-white solid: np 163-165[err]C, 35 [a][err] D
+8.15 (c 1.006, NeteparamidvR 300 (Fbir5-CA9xe+qy (Pancljoprop¥ls5 (brs,

|:|_-|ZH) 7.23 (¢ % y&)sz-Ezm- Lt%:(ﬂheﬂgi()?’sn& hylﬁzam];.@o]cga-BfS (d, J =8

: 6 59 , I-g 79 (s,
3H), 2 3§ ﬁ)ﬁluoromethyl benzenemethanol. ompongg -:.)°
98/ 45278 tol lut £ (1R 28)- éﬁ?&ixﬁ%& 1.34
(m 1H). 0.84 (m 25, SO SO oF 11 &Ry 28 B cDCL[err])

[err] 158. 9nq9&9159d1113t? 680 '3c°11§6121n¥2§067 mok 6lR,28)22 0, 121.6,
119.5, 114. Syrdddh1dir8A GhorEphédrife), wé8. Bharged SoribhetBrIhethane 8. 5,

-0.6; 19F N 8

el o 5 ROEH Mime S bl wak thucatReed in vache s apRE 10

et hynyl 101, ailfytthe -original uv@rl@met hhhy@reds-THF (35 kg) was added

et hoxypheny, 3‘;}.}7 d YAy solution
of hept/gne (32%% %ﬂ-}&. eth y %ggggt?gﬁ thé %/%éitn‘,cg-ﬂmka Sc?}o t
p-chlorani| Y Ckg, MG) tepgersfure reached -20 n-hexyllithium

Chl or o- [err]cKEM%inrrpmé:etﬂwyb)a 3- kg4- nedhoxyeDenyas rendvdda wl'é.le

am no]-[err].- .trlfJu.oro th benzene anol., (89 217 . The
m xture was ¥ t{ﬁ‘ T gﬁ’eﬁ é ’lkgﬁjﬁéﬁ?sdﬁ]t d with
et hyl adbt atleact Gﬁbmtklgjn am‘.s chalrgedt @ solu8bperof G:yclopropylacetylene

Tet rachol or opity dOfiLL Aage 4 %%‘ﬂ%ﬂu@ﬂ%f | Ebhek i ab:ﬁ.[%d yaghegsm th a

m xture of heptane (104.7 0 acetate Plltrate
was parti al IW%d?f‘c:éW"rla:tFé@Pylac@FYéP&?PI WHH-Bnm%?-n%U‘ln%cﬁWélﬂte

diluted withdqpératture bdlol Je@Pcandriaotesul tand Gdlutikh] ey Gg e‘ahe
(. and 3P P (ROF FPEr TBBRE s TRArES G haC TRt ¢ “eé’%a”ieoéilon
dryi ng) 20 Tizhagasd afsqlupioncalfcti-di(dd -Methpky) benzyllasl ?:hllcg:o(-se% An
anal ytical sanptfidRsacithARRd iR (43 wst Hﬁa'i‘ﬂiﬁf‘t&iuérf@- RS b 1N
NaOH, foll owed by recrystall.ization from hexane/ et hyI acet ate rrp 130-
131. 7C, 1H NNYBGY Mg, %ﬁ\//@d'@[eﬂf] N-[(dfr Methexy pengyl Jg-44£hlgyo-2-
2H) , 7. 28- 7. Xrifflucidacetflanidiné)=whille, mdthtatnig (4l ¥laction
temperature below -40°C. After aging the mixture at -43
25 +/-3° for 1 h, the reaction was quenched into 140 kg 1N .
HC1, pre-chilled to 0°C. The organic layer was separated
and extracted twice with 25 kg portions of 1IN HCl, twice
with 40 kg water, then concentrated in vacuo tc a volume of
about 29 L. Toluene (47 kg) was added and the solution
30 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 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;
35 [al25D +8.15° (c 1.006, MeOH); lH NMR (300 MHz, CDCl3)
7.55 (brs, 1H), 7.23 (d, J = 8 Hz, 2H), 7.13 (44, 0= 3, 9
Hz, 1H), 6.86 (d, J = 8 Hz, 2H), 6.59 (4, J = 8 Hz, 1H),
4.95 (bs, 1H), 4.23 (s, 2H), 3.79 (s, 3H), 2.39 (m, 1H),
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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); [err]C NWVR (75 Mz, DVBO-d[err]) [err] 160. 3,
143. 8, 129W®) 981439783, 128.9, 125. 8, 123.1, 121.7, 118.1, PCII7U$P8/08462. 8,
93.6, 80.9, 74.1, 70.3, 35 55.2, 8.5 8.4, -1.07; 19F NWR (282 Mz,

CDCl [err]) [er 157 . - h6-
SocLentl) 1805k @27/, 0.84 (m, 2m). 0.76 (m, 2m; L3¢ jum (75 w8,
Example 6  CDC13) 5 Ho&pdr a¥45}r5'of13@or$poéﬁ8 3¢vig9.2, 128)6.5.33H -F0- a-

(cyel °pL ;)psél %Py@w% % g 29 @r[iﬁﬁ' J)ltaorlor@uhnl ) 75.8, bepzenesgthanol .

e - e

4-(trifluoro ylf1 %x%/'phe g&%nz(gég ﬁﬁé (%Cl:‘” §<g

cal cul at esl dL)goW&gght) vvas charged to a m xture of met hanol (301 kg),
30% NaOH (121 kg) and water (61 L). The 10 mxture was heated to 60[err]C
to give a clear solution then cooled to 30[err]C. A solution of sodium
bor ohydride (3.2 kg, 84.2 nol) in Exampd@dQ3 (29 L) was added to the
met hanol i ¢ sol ution over 20 m n keepi ng the terrperature bel ow

35[err] C. Aftg, 30 mn, xc%%s O%]va%# e ched WI h acetone 15
(5.8 kg) and the SHARAITREIPPUL °Fe7 ¥icutral i zed
to pH 8 i@ 9duﬂfh§£¢ur:4uuﬂhyayaiésvekumguoroﬁbuu@aywm-qqoLed to about

Oferr]C, fil ,Qgghtet}&f{)oguit_?enzg@ggﬁur\r/v: °§?Bﬁ5“t h(ﬂvdrlged i n vacuo

at 40[err]C. ~ rofiict was res mxture of tol uene
(133 kg) 20 and h&pt anssl(aﬂ:ﬁ)Gnkgzj hepttarsd | (2%8. S2HKgar rhG, ethedh acetatool i ng

bel ow - 10[ er rihG. sThe) pﬁgﬁugai aﬂlltvoe;a%, 1, WBINRE, Wokh mo1) haerpaa&%s 441 kg)
of f - whi t e/ palEL9EPr B EVGLPRFPPYLe I wﬁm sAYLiRety b
recrystalsi zaduhndm%-{bniﬂumdmy&hﬁﬁ kmm&m/ 1 WPp91K¥g; 12Bferr] C

(@ 52 romodiy” Sngmigtiddiag méw@%%% aTTrR SR e B, >
4.61 (brs, 1B/ then dﬂlube(ibwst;h 1edhyll abetEd® (64 .1Hkg) 0asd- GodB=qd o 2H)
ﬁ’g 07, WSR (()3?5 92. %g@fc[%ﬁfdgo%éggznel%gs é??? b%lzélftrgé’%’gz :I\)’/az
cDC | err]) [Py wagbeg with a mixture of heptane (104.7 kgk,ansethsdl
20 acetate (31 kg). The filtrate was partially concentrated
by distillation of 260 L solwvent, then diluted with heptane
{177 kg) and cooled to -10 to -15°C. The resulting slurry
was filtered and the product washed with heptane (41 kg)
and dried on the filter to less than 20 wt$% heptane (by
25 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 hexane/ethyl acetate: mp 130-
131.7°C; 1H NMR (300 MHz, DMSO-dg) & 7.46 (4, J = 9 Hz,
30 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); 13C MR (75 MHz,
DMSO-dg) & 160.3, 143.8, 129.6, 129.3, 128.9, 125.8,

123.1, 121.7, 118.1, 117.8, 113.8, 93.6, 80.9, 74.1, 70.3,
35 55.2, 8.5, 8.4, -1.07; 197 NMR (282 MHz, CDCl3) § -157.5.
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35 Preparation of Conpound (V-i) from Conpound (rrr-i) wthout

| soI ation &69&3@985?2&;?{' ) in preceedi ng step of synt lr;ngS”/%“z
PCT/ US98/ 06462 (S) -5-Chloro-[err]-(cycl opropyl et hynyl)
- 2- am no- [err]-(trifluoronethyl) Esmphencd hanol . To a
slurry of DDQ (9.42 g, 41.5 mmmol) in t-butyl nmet hyl ether (33 ml) at

10[ err] C was added a sol ut i on of

S)
chl or 0- a- (cycl oprR¥SPREAFAPR) #[WMyéW@#I')mt £$) r5-Chloro-o-
am no] - [ er r] ¢ el bprosepte Binyienzeaani ol (€28 £3@rokethyl ynol ) .

After 5 mnutes the resulting slurry was filtered at 30[err]C and the
resul ti n§ sdPerZepemaihanred -5 ni t-butyl net hyI ether. The filtrate
was washed with %ﬁwmssl@hlaedkmmby@m tHieiyIpait, dakiyydro-

oy et by 4 Ceri s ey 19 42 mdth Ve”mth?zé' RefizoRhk i8° (A0 00,

(4 M) were legtictmid\ﬂlduededryywéixght) Im.s athadfged ta2@ mixtiireobgent . 4N NaC]—I

26 m t C
f:ool ed)t\glag err%t@'nd(gmekgz& g%)%oﬁé dleqtréa[)lc??{%*gr f%%gr %) &’ﬁ%S 9
mol ) i A00. snncture NeesH heated) tm§°éadéu gisme & ci@am |$9t1§§1°9oaf-b¢n(45 m)
was addeghddd aued ooy . acgt geud forlof s@‘aﬁ&n @o&ohga&sdeaqgtmcg aCI d

(12 m, 210 | ) s ,added to_a H re t|n sIu
cooled to ab%n‘goz r e O gl WeW@B ﬁ%étqﬁ)e was arﬂcéd".l 3\)?'¥h wat er
then dried mblwu:wn avedO26r nlig, keepi‘hg tmeldlaexmemhmIravacse]JmsBlSPmed at
room t enper I @Eﬁgﬂﬂ; 1f§s° and
filtered. Tﬁﬁgﬂ{& vgot Iﬂ}ln g@&_@g Jt) uri %%c%%g?%t al %%g +§n from
25 t-bdbyl (ﬁimwg)etawér/thexgﬁégt%@ngdxfbl@dwugﬂ(MraélaS L) theme solid.
tTﬂe fhySI ;:alnf\hﬂrﬁ%%rd %}'ol Bge&s o dpith Cidetic aWild) pm@uebsamepﬁg?d bgo
e two step chl or ani er o pr ess ove
Exampl e 7  Siurzy ConeBPhE 9°c B itar s, S5k BoRoRFOEYE
et hynyl ) -1, Mahﬁgdimtéh Matlefrl mhennﬂrhga) 1ﬁ|—v&;da at 4dfenzofhei qeuaeone.
Corpound £ tol 133
(975 Gy or FEUS RS, ESTIFFISS) Y160 4y misciuge of toluene (133 ko
eptanes (106 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
25 ether/heptane: mp 141-143°C; [a]2°D -28.3° (c 0.106, MeOH);
1H NMR (300 MHz, CDCl3) & 7.54 (4, J = 2 Hz, 1H), 7.13 (44,
=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) & 146.7, 129.4, 129.0, 124.3, 118.4,
30 118.07, 118.05, 92.3, 72.6, 71.0, 8.2, 8.1, -1.1; 1°F mMR
(282 MHz CDCl3) & -80.5.

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

(IXx~i) without isolation of Compound (Iv-i) in
preceeding step of synthesis:
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(trifIuoronethyl)benzenenethahol (15.7 kg, 54.3 nol) was di ssolved in a

m xture of heptanes (32 kg) and THF (52 kg) bel ow - 10C. Phosgene (-8.0
kg, 80 nolwomssstlisrect|y fed PCTAUSR/06462

" WD 98/ 45278 PCT/ US98/ 06462
bel ow the surface over about 1 h, keeping the tenperature be

O[err]C. The resul ti A§)S1IANGBLMER-Ynl F¥E PPOPYH T RYBY I 2~ a‘“[‘rBPd‘ 1
hour. Met hanol- (tarbf kgordmistiny) ) wabeagderbmethahel. solution stirred
about 30 mn. Heptanes S.97 kg) _was adde 5 and -140 of soI vent was
distilled under ré&8Quief BF&sﬂﬁeDDQ (918Dt Bnetl (D 7RY) iy 32 kg) were
added and t henethylsekhbkiron3ambedatv lmfcﬁ%amuaaea sodbumtlibﬁablﬁomao 95415

L fol |
a)nd fil tesr)ed%?ﬁ'tgggéa\éme:gug% %,%1@!—155‘;?3?%%1 4%@%ept angEl rinse.

The sol uti onRA§0d offcékEi Bl eeremeldivl) bﬁ‘%}'&%ﬂ’— 38 Gt-edOwi t h
hept anes (Zznﬁg)l%andAgggkegl minuPed OMhe jﬂsﬁ.{lﬁlﬁg -Ql%r&&od:‘é%t Mag Lt ered,
washed with t anes kg). and dried. in vacuo at QO0[err]C.to give

16. 0 kg (95%a a§° 39 - Wﬁtree%\blfsmggrﬁqlf% msmdsaﬁtal 51511 bPPetydyg. g

:l/hzea% é?&ekﬁir[teéthéir [ ofherfiltrdde Ind< whsH¥d with M&OdhuebHsNNR (400
e

, : . 1,05 ,
7.43 (d, :srf%}*ﬂ[z,ggéf]lrf&%a’é%(%s‘&enQj‘rtlgﬁli«fd“ﬁ%”t %QZPPH 0. 92 (m
2H), 0.77 (mdigEilliegrJC ml soMRIEO0 MAtharRNSAaH erl)] )na[seaq:iema 23,

134. 71, 132. 9 5. . 62,
65. 85, 8. 48, %uégéﬁ By égiﬁégﬁb@@i sgﬁ nﬁ%ﬂ%ﬁs ﬁgrr ot e(r§r§] mﬁ 1,
Exanple 8 25d 6N Na@Hebérrah oferefaddeq (Eplle AESPR- of
chloro-2-tri Rouanroagetsyiaaht i nean NaOH (26 ml) was added and the

4- Chl tri.fl ljani L. i 0_nmmol
3, 4- d?r%%ox%gﬁ%rﬁo %%%égﬁgheggy gsﬁmé)‘e%? gled té)dg’dod Cto B pr opanol
(40 nL). TsellutéongofOosadimml bomtw@md@dﬂécﬁ Qg tU%e Onimpods) e 1hefit BANt 0

60[ err] C andyaekd (8- x§L5‘%‘£§ addedTheAé@éﬂ-’tis)rini’iﬁftéiQ“%@e&at(%@ kfly V@Guo to
1/2 the original volunme, diluted wth water stirred at room
J‘aﬁ(ﬁfrt fe’> h°“5

t enper at ur e. 2FA€ ElilPyad EYL#‘F?‘:% 3 1Mk ed Bod@Eetdfied in
vacuo at 30[ exiHC(12 glye210.rfol) (WS)added heo 36 pH ldﬂ g Gorrptmad as a

oL O PRYCt o8 AL L0 wETELE . SRR e AR et on
1H), 7.75 (bPFOdQCE wapgzwashed 1wj th 7wasey dehey dried ginvaqyq ats 9°Cd, J =8
Hz, 3H), 6.78he crude product was reslurried at roox¥temperature with
methylcyclohexane, cooled to about 0°C and filtered. This
material was further purified by recrystallization from
25 t-butyl methyl 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/NaBHg)
process.. (Example 6, above)

30 | | ' Example 7

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

35 (S)-5-Chloro-o- (cyclopropylethynyl) -2-amino-o—
(trifluoromethyl)benienemethanol {(15.7 kg, 54.3 mol) was
dissolved in a mixture of heptanmes (32 kg) and THF (52 kg)
below -10°C. Phosgene (~8.0 kg, 80 mol) was directly fed

-58-



WD 98/ 45278 PCT/ US98/ 06462

(d, J= 8 Hz, rg 4.43 (d, J= 5 Hz, 2H), 3.88 (s, 3H), 3.87 (s, 3H);
13C NMVR (OD@fP/é 278) [err] 179.9, 151.9, 149.4, 148. 7, PLITUSHB/0643. 8,
130.8, 130.7, 129.4, 119.4, 114.5, 111.5, 111.4, 110.3, 56.1, 56.0,

47. 0, [err]Fbé%@@(éigﬂéﬁﬁfdae|ﬂﬁ€ﬂ ab@ut‘§9h61keep1ng the temperature

Exanple 9 aratl 5 Chl oro cl gpr 1
et hynyl ) - 2- [ P8a¥ 4P et h&i@r‘p )tmﬁ‘etsﬁry‘ aWFﬁoT’aFE‘F&]X 287984 "and
(trifluoronmehéyd) behaenenmeidthamol (6.5 kg, 2A31mMo2) wwés saddéd cemadfthe

(R 29)- oy r b ALENh et e IO RNSIH0"G 16254 e, 2h3s TBY ) SugNERRLG 2t o

by di sti o) vent eric press
Tri phenylSret ande~140 2L gOf Edvens pagadistdddednundprs reduced| pXesFUNRS

cooled to rogaptnper pyngy) Bofd (0 (20) i9Swere adddedadadchie sol ution
was cooled to -20[err|C | i thium (2.0 M solution in hexane, 203
nL, 0.406 nof? %gmadﬂ%%he Wl%lsl%eaﬁﬁﬁﬁtlél ﬁPﬂbu{“hglF%ﬁlﬂ%’Fﬁ?%rQ%eﬁ‘bW

Oferr]C Thefmxwé@ BY wawmeagem af t!mfe idad vaddint was @brthed gb. 504 16

wei ght % on ag l.ene (1 5 )
added unti | ?ﬂg gb ?’F%‘% coI o (1%'3 RECL5r u %ngo‘gédobg a”Bé k?ed at -5
to Of errj0C fbepﬁﬂnm e Emek ¢ hé?hec@@ll@d:lm) waS[ epntentratedaundgérch poi nt

d N 2 I
(20079, 81, Soomted BEEIRR BIRGemith nepuibme LU LR RS

45[err]C, e%ﬂ\s & e%Paeéﬁeﬁewaﬁnﬁalseﬁeﬁcmamd W3thThe
organi c | ayehewaané@snml kY CGthdMdriedlN IClaclid0 artl_)90t-hen°c to cgheent r at ed

n'vacie, foliege I g0 s el and {iC.iS ot uis e foreen o o
rati o (dét erBPhed 99. @Carea%anm M%ﬁltﬁé’@bar{el?éDueﬁé das(adp ud@ed to

60: 40 by additag); 1H4Wmrl(4do mzuemzsoéuserscusbsl (zatizpn, 71 58 pagduct
was filtered and recrystalllzedfromtoluene MQtane 53@1)‘% to 35
ye

give 23.1 g ¢6a9f-of {HE+i¥le dofgodRd ds=a2pal Bz idd Tp
128-129. 5[ erv] Bz, [H] £r1]8® Hnd, 1100 enor.b2( qm). 389, bEDH) (mlHRH); NR (300

Mz, CDC [eriﬂdz Eféé Mz 5%&%—@5‘70 3 43632(3dd|}')3*l 719 1§2"B4 126163, 6.84
(m 3H), 6.58°
2 60- 20 126 57 122 24, 116.83, 114.08, 95.63, 77.62, 65. 85, 8.48,

8.44, -1.32; 197 nMr (282 MHz, DMSO-dg) & -8l.1

Example 8

25 Preparation of N-((3',4‘-Dimethoxy)benzj1)—4-
chloro~2-trifluorcacetylaniline.
4~Chloro-2-trifluorocacetylaniline (4.96 g, 40 mmol)
and 3,4-dimethoxybenzyl alcohol (7.39 g, 44 mmoi) Were
added to 2-propanol (40 mL). TsOH (76 mg, 0.4 mmol) was
30 added and 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

35 title compound as a yellow powder. An analytical sample
was obtained by recrystallization from acetonitrile: mp 82-
84°c; 1l NMR (CDCl3) 8 9.05 (brs, 1H), 7.75 (brt, J = 2 Hz,
1H), 7.35 (@84, = 2, 8 Hz, 1H), 6.8 (4, J =8 Hz, 3H), 6.75

-59-



WD 98/ 45278 PCT/ US98/ 06462

3.85 (s, 3H),3.83 (s, 3H), 1.34 (m 1H), 0.90-0.74 (m 4H; 13C NVR (75
MHz, Dlvso(}{/@pa/]t;z'/ferr] 148.8, 147.8, 146.3, 131.4, 129. BcTARS8/66462
124.3, 119.1, 118.9, 118.2, 113.4, 111.8, 110.9, 92.7, 73.8, 70.9,

255%0 > 3, 43558 % i, lun L das (dl[ebtI§X ioh %?3}2 WBC@[fﬂLLJSHLn
of (S) - 6- Chi ot &Ta-(Sec B opi OPyIUR 1 (°DC13) 1799, 151.9, 149.4,

gt hytnﬁl) 1h4 1dldw7dr934 @triugbugr ofmd hy! 3ty 3 a&ss , 119 4, 114.5,
e e Z
| met hoxyp r5]3 (].L 20 igéyﬁét%@wl 56.0, 19 3,594 Ha ?Enc13) 5

(S)-5-Chl oro cyc¢
2-1(3, 4- dBrret%‘@qGﬂhenyl ynethyl]-am no]-[err]-(trifluoronethyl)
benzenenet hanol (2.68 g, 6.1 nmmol) in nethanol (10 nL) at 15 40C was added

DDQ (1.40 g, 6.1 mmol). The resulting slurry was cooled 30 mn in an
ice bath and filtered. The product Exammbahdi with 5 nL col d net hanol
and dri ed in vacuo to give 2.36 ¢ (88% of title conmpound: np 172-

e R Mg by rb el gl trdiobilad B
6.70 ( dl0J ﬂeﬁ?lmllkl)z-lﬂﬁg-(di;.métho&yphenﬂ) 1hi)e,th$rBB-$ﬂ;n,b]-w—Hz,
sy 150 i (e Erdodbitnyg) pedandndindiofn) (573 10 500",
129.7, 127.3, 25 Al125.2, wiB5sQlutiiin f 1O0R.2S5)Fp¥xrZoliddng]l 111.0, 109.7,
93.5, 81.4, Zﬂar%ph@grgnes(zstl g? ﬁlﬁ%ﬂW%S%oN%nggQgéée&}]) Lerr]

-79. 2.
Preparati on GRSRiFLipEAGP ok RF -spRlwng: 6 atm°§PP?FF-FuB¥%%@@EE§'4 ani | i ne.

Met hod AL5  Triphenyim€bhanie- 2512 id,l LCQIBOi:h&@tLW @8kl h8Gefi2dnd he 100 NI ),
trityl chlori %ﬁu@ign wgf &gglmg (ﬁc}orén:j H% mtne (1lg€? m(jjgtgrm; 1%%5”22) h

and DVAP (0 were di §s
at 60[err]C. dr andl thagselutign wwas cooled)d:lcedZtOGCr 0 omr+ Hexgiek

| h (30 t d 3 7 title
gl)rrgtjﬁgdwfé\ (20 Onk E@i@ﬁl&@dln hexdrd,! 808dnk0 @i, 226 no ) gwa(g ﬁ?%%/ 45278

PCT/ US98/ 0646’?11e maéﬂﬁ?}z?%‘&%l the, hampsratunia hedew ByCr ecTha misttuza i on

from 20 ' turned red after the addition of 108 mL. A 16 weight%
solution of cYclopropylacetylene (103 g, 0.25 mol) was
added 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-

25 chloro-2-trifluoroacetylaniline (29.7 g, 81.8 mmol)
predissolved in 50 mL THF was added. After 1 h at 45°C,
the mixture was quenched into 2 N HCl (400 mL). The
organic layer was washed twice with 2N HC1 (100 mL) then
concentrated in vacuo. Toluene (150 mL) was added and the

30 mixture was concentrated to a volume of 80 mlL. Heptane
(100 mL) was added and the solvent ratio (determined by GC
analysis) heptane:tolgene 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

35 give 23.1 g (64%) of the title compound as a pale yvyellow
solid: mp 128-129.5°C; [al25D + 11.00° (c 0.300, MeOH); 1lm
NMR (300 MHz, CDCl13) & 7.56 (m, 1H), 7.13 (d&d, J = 9, 3 Hz,
1H), 6.84 (m, 3H), 6.58 {4, J =9 Hz, 1H), 4.24 (m, 2H),
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acetonitrile: rrp 165-167[err]C, [err]H NVR (CDCl[err]) [err] 10.4 (brs,
1H), 7.71 brt' J =2 Hz, 1H), 7.3 (brs, 15 H), 6.9 (dd, J = 2 8 Hz,
1H), 6.2 998’352188 Hz, 1H) [err]C NMR (75 MHz, 5 CDA [err |BCT/E3981064630 5,
151. 2, 144 1, 135.7, 130.7, 130.6, 129.2, 128.9, 128.7, 128.6, 128.5,
128.2, 128.03, §§7(§, 342)7 5:83 (s,1221)9, 113Q 3w, 1183, 0199-0. 7415m2 42 3,

111.3, 71.9; 1:1, %@; gD%[ 19 L&)
Preparati on | pheny1 ne e, -C I%%é %’ 147, 8 q% uoroacetyl’anl i ne.
Met hod B. 129 8 129 Ch) oxmztrm Ugr dd@e9y| anisl. Qmelllydr;oﬂ:lhlosj de

hyd 84. 30 I 3 BER( 95 d
vvgt (ra?t((al(()o &8 T gzm 93 é:yc}d)tyexajges( g’%u% fNE ﬁ(gt‘esuhl ng’ s‘?lrjlrry

was neut ral i Zé8 Wh‘%@z ﬁ@iacﬂ?@lmebﬁ °'Fo the organi ¢ phase was added
trityl alcohol (91.0 g, 350 nmol ) and TsOH (0.36 g, 1.9 mol ). The

m Xture was heated to reflux and 300 nL _of 8Ivent was distilled.
Acetonitrile (350 nmL) and dii sopropyl e&ﬁ%—mi—(o. 5 n) 20 were added
and the distillation continued to renpve 220 nL . addi tional solvent. The

sol ution was cool ' b A¥ch L d.to give
126.5 g (89% of g?.o A58 éﬁl?ts)e 6sam&* %ggc{)rg%’agnldé%ﬁ?g?gal properties

as the 10 sa!trplmnplbpar:dd-dthFmd-A(tzifluoromethyl) -(3%,4'-

gxfl”P' e 12| dtiﬁnelthoxyﬁhfigfmisg 1%&1%Wﬁﬂf;r]30(gyd opropglhet hynyl) -
-triphenyl nethyl]-amno]-[err met hy enzenel an

To a sol ution of cf"o POPyT R %3(_[}%50 ycloy n%

(1R, 2S)-pyrr@kidB n?i—dnne%ﬂibherxyl)lﬁbtﬁuﬂ,] —%u.no] ﬂwﬁlt):llfﬂuTéHEmQSBym_) was
added 2N n-hexylLithi um (4 e D2 keepln t he.t e ure bel ow
O[err]C I\I-Tgﬁéﬁsﬂﬁl?%ofre(%yqqqﬁ'ctﬁ'& 5""?)1[” i 06 8388}yﬁg§ 'Pﬁ] %9 32 g,
20 mmol )35 400 sead \estfiedh DOGF ((2@0nig), wad awddd -t oTheergsidhivgsol ution
and hel d at sﬂér&? Wi Q[&Sé#&i R i id B8D i@eeRRREd Wt Biltbreq. CiHdiC

acid (92 nL). The organic |ayer was separate
-62- V\giggp4v5§§g/vashed with 5 mL cold methanol and dried in

PCT/ US98/ 064acuo todgied i3 gocBas) &Lﬁftaittﬂeatrubmpmmmt et 4 2t-0 an oil .
Crystallizathggedrs I}@ﬁ;} d?,)f&en% ?44@ QOO/Q_pr 7. 1%'\1;@%t ifle
conmpound: np 180- 1gmfe‘r'r' > [a er'r]D+ 4, ‘err]H NMVR
(300 MHR20 CDel Rer P]¥zfelH] 7.BB (d, -JU"-'I‘ZHW, 1HM) 7 -30 %s4-¥H). (€Dl ex, 16
?676 67 (1dd(dJ J.4,7 HE, Uy, 66.8}%6(2@,01 J J9—HE3H1H)1H)37g§ id, (‘%5%:14 1H),
Fore] 1as] H)nﬁgilp,”h a7 O P5LMab 5. ob NVl 755 Ml (SPCLler )
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,
25 125.4, 125.0, 121.2, 120.8, 118.7, 119.0, 111.0, 109.7,
93.5, 81.4, 70.3, 56.0, 8.7, -0.4; 19F NMR (282 MHz, CDCl3)
8 -79.2.

Example 11
30 o
Preparation of N-Triphenylmethyl-4-chloro-
2-trifluorocacetylaniline. Method A.
4-Chloro-2-trifluoroacetylaniline (22.4 g, 100 mmol),
trityl chloride (30.0 g, 107 mmol), triethylamine (11.6 g,
35 115 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 to room temperature, diluted with 20 mL water and
filtered to give 35.9 g (77%) of title compound. An
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129.0, 128.8, 128.1, 126.9, 126.0, 122.2, 120.7, 118.7, 118. 3, 94.7,
74.0, 71.6, 70.2, 8.4, 8.3, -0.8; 19F NWR (282 10 M1z, CDCl[err]) [err]
-79.9. WO 98/45278 Exanpl e 13 PCT/USE8@642at | on
of (S)-5-Chloro-[err]-(cyclopropyl- 15

et hynyl) - 2- agl 0953 £51 ! LAMOT @ T W ained BY SREIHLLANP] zati dh Fiordt €P

Debenzyl ati on. L. o
5- Chl or o- [ er BFEECREFEALBpyFRt HoPiyA§ 71 55 ( LH RNy FRELRY | § 10.4 (brs,
g_m n0|' [ e(rjr] - ﬁ.kf)it,LbU??.O?Bi-b)r/TL& $ez;§&3ﬂeﬁ?£)haﬂ9{3hﬁér§§b!ﬁs xipbnsmé(r)(%d,m% Wats
i ssolved in n eact e _ a
room terrperaf:lT?é. 8 g\f"t efEELS %n‘ffp (éﬂ %;C_j—g(gzt‘m}ég %Mﬂ(%? "9‘270 nm) were
added. Thz a§B63as feldRnil i161.2, ddhuili od3had. ek30 ali sBWi&.h I&PcRohexane
22 nlL) foll dob h ( ) eg p i gll C ed in
\(/acuo ;nd a\ﬁﬁéat’)r% Pyl v %fe\é’acle%él'c@_’aé{z?'?é g%?&'%%?g?b?%{'ajt\ég% 25
filtered, wadR@dowi LR0wAt k1t dkli%d t 31§i-¢e 218539 {DPod: 71.9:pp F

140- 143[ err ] SMRTH282pMRE | 0SB C d~6pebties are identi cal with materi al
made by Exanple 6. Exanpl e 14 30
Synthesis of (1R 2S)-Pyrrolidinyl norephedrine. To a m xture

of n-butahol (227 ptgparstion( 148 M}Taﬁﬂhenynmmglﬁmwmmff-(lﬁ4 kg,
1043 nol ), .a4dde - _sqs.20rep i ne (£8.6 kg, 454 nol). The

m xture msm%%é%eigl?d%é%‘gégg%fgr:‘rlﬁegdnd ;ﬁgggf’gr o?rbbut ane (113.4 kg, 525
nmol ) was added  4-6hépro-Rotrifluroaastoliaod liae, r byflugebloride hen cool ed
to 40[‘”5%(@1 Vatesa (48], ke ddegcaBfekiReP 856 SmELP AR d o3t
30[err]C. To he'aor gni C g%ase %/va\e@%ggdeﬁlz NeHCI e( 34.3 kgj,:'p 13

-63- } gaa water (100 mL) were stirred at room temperature.

PCT/ US98LD64GRe resulbifg n®lyrryl vWass alauitral ived Wweehedlo tral red INoNamd 150 L
of di st il 0Q to . u )

added at 70[?? r Eégaéggg%ggrég%% .Ruﬁags sal?dl%‘\(r%rd %&%&gdg?gc’%ﬁ[@r#% %?50
crystallizat moel) TRedpTeRlictO wis wolll.Scrmogl) wafhedmixkere was iagdtedl uene

(39 kg each) tande@i1Rda@dPHo ani)idf QIAR P! GBs distiPighve 83.6 kg of the
title conpound as its salt was

charged to téf&&ﬂ@lt%éggdwg&lﬂ‘%)l %%@ﬁ&ﬂé%%%%ﬁyigghgigéq?f’g%? édjcg/e\n“ir‘ﬁ 30%
NaCH 20 ( apprexadded| and Scike, dikld Italth oho canpliingedaterrémtare 220 W, After
renmoval  of tQﬁd&Q%ﬁa§q§gf\P§1@.haﬁFe sgi‘?:tqroga%g cooled in an ice bath
and the product filtered to give 126.5 g (89%) of product
with the same spectral and physical properties as the
sample prepared in Method A.
25 o
Example 12

Preparation of 5-Chloro-0~(cyclopropylethynyl)-

2-triphenylmethyl]-amino] ~-0—-(trifluoromethyl)

30 benzenemethanol.
. To a solution of cyclopropylacetylene (3.15 g, 48
mmol) and (1R, 2S)-pyrrolidinyl norephedrine (10.9 g, 53
mmol) in THF (50 mL) was added 2N n-hexyllithium (46 mL, 92
mmol) keeping the temperature below 0°C. N-Triphenyl-

35 methyl-4-chloro-2-trifluoroacetylaniline (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 mL). The organic layer was separated,
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solution was partially concentrated by distilling 140 L of solvent to
give a 20 y O/qa'gézyéil on of the title conpound in tol uene. The

cal cul at ed % s 50 kg (75% . An anal ytical sanple YEL USSR by
concentrating the toluene 15 solution of the title compound in vacuo then .

rEicryiSt aI1I5i Zidneli dd W&Eﬁoﬁl@m @leﬁté8£ﬁdrd:&n<|:entratled to an oil. Cerr]
anpl e re aratl opyl acetyl e err

A mxture of %ﬂé‘fﬁ%]rlﬁ r’f@m %‘%’Ofanfgé g&’ g%" %32(4?7% )(%gmj Qhhydr ous
THF (150 kg) tise coitlel dampdficer mpC180- 1r82FE7<y[dt] 3 i (77°3 (eql. 0088 kg of

30 wt. % in hexane ;lu 'MQ@%@ Mﬁtzo £be1r gy xswesﬁt(ﬁugh—azrﬁge @g)to not
allow the tenperature to over 5err]C(é‘§5rOX|matel 2 hour s Dur| ng
the secon& hal f4of-% he | 146t Hi unP 367 i tf oh 3e HzedpdrafuPl 8

remai n above y5fer L tqn), 3.AMe\BRE, ADHACCUNYY atm 0nEdf, thg20or@angl t h| um
and a dange é)u&}'cﬁgot h_grcmeL;ml qucﬁqiggléﬁ@ﬂ %114-5h"37 129r§act|on IS

aged at -5 to 0 er 2 hNour's, ‘unt
- 64- VI 08/ 488, 128.1, 126.9, 126.0, 122.2, 120.7, 1BRETNUS98/ 06462

anal ysi s i ndi e afy I.jeas7t4 %9(V07&O@V61‘7al Qnt ra?e?under vé( 39rt 0(5?% S

t hen added an 'he react’i o conceh cudm un

vol ume i 4% edfft%d € 13)t(§ “193 of original volume. The m xture is heated
(to 5 -40 [err]C over the course of the concentration to maintain a
good rate of distillation. The m xture_is then cooled to 15 to
-20[err]C and a solution of amoni um Ex ' (11 to 12 kg) in 50 to 60
L water is added at such a rate as to not allow the tenperature to go

above 10 10[err] Gy é&&‘i‘&i%‘ip%i*t ! @g)QE_Hm&C&LQP-UFc&éig? t edyt hrough a

(approxwrately 70 e reaction mxture 1s circ
t ower Pai RHRYRY %.k)g-%\rag;(no-a—(tr:.fluoromethy

benzenemethanol. A One Step Debenzylation.
5-Chloro-o- (cyclopropylethynyl) -2~ (triphenylmethyl) -

anino-o- (trifluoromethyl) benzenemethanol (5.32 g, 10 rmoL)
was dissolved in methanol (25 mL) and reacted with 12 N HC1l

20 (0.5 mL) at room temperature.. After 15 min, 2N NaOH (2 mL)
and water (20 mL) were added. The aqueous methanolic
solutJ.on was extracted with cyclohexane (22 mL) followed by
hexanes (20 mL) then partially concentrated in vacuo and
neutralized with acetic acid to pH 7. The product was

25 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.

Example 14
30 (
Synthesis of (ik, 28) -Pyrrolidinyl norephedrine.
To a mixture of n—butanol (227 kg), water (144 kg) and
potass:.um carbonate (144 kg, 1043 mol), was added (1R,2S)-
norephedrine (68.6 kg, 454 mol). The mixture was heated to
35 90°C and 1,4—dibrémobutane_ (113.4 kg, 525 mol) was added
over 2 hours. The reaction was refluxed 5 h then cooled to
40°C. water (181 kg) was added and the phases separated at
30°C. To the organic phase was added 12 N HCl1l (54.3 kg,
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nol ecul ar sieves until the water content is [err]300 ppm or ~ lower as
determ ned by Karl Fisher analysis. The dried 15 organic solution is then
distilled Y HR™S colum = "packed with steel wool at at NMBEPIUSH$/06462
pressure, col l ecting cycl opropyl acetyl ene, (X), as a soI ution in

THF/ t ol uene/ @%ﬁr}@ol) Thwls%lih%a%ﬁ yhg! ﬁeb%ﬁ&4t8 J?Qf]r q 130 L of
Exarrpl e 16 ﬂt hesis of p- I\/btzoox en(z)g ket oanll I ne, |- o err|
25 Mat eri al Gistillate remgyed at 209,5qn800 mm. Bl uen%q(jﬁ, g) was

Ket oani | i ne- HAd&SA%t 70@T8affA thad, B8Bulting sldPr¥dcooled &%Iﬁas°c fotr But yl

met hyl et her B Sodi um acet 1,419
A y 17 3 cr;ist/allljz%.t:}oln V\g‘?{g &oduct was coffecgeg,z +vialspﬁ538 |:cw1ce

- 65- 5 wwidh 4sdpene (39 kg each) and dried under a nitrogen purge

PCT/ US98/ 06465 give K& %a'k'g] b#eehdl bitle ch%é%égd ag J?é@ P P dzfochf.o%g.d%

i| gghol * Neﬁjc}r Xy?ﬁ%%ﬁféﬁpe 10113@9322@ was. eisagged to tplaene (39215
aci d- H20 lék_c)etaam walte® (42 kg) and treate@%ﬁﬁﬁ%d)% NaoH Product
Theory Ieaﬂprox:Lma.tely 55 kg, 242 mol) t::)’b plg greaterloth%?l 121.' 00
10 After removal of the lower agueous 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%). A2an
analYtical sample was obtained by concentrating the toluene
15 solution of the title compound in vacuo then

recrystallizing from heptane: mp 46-48°C.

Example 15
Preparation of Cyclopropylacetylene (X).
20 ' -

cl - 1. n-hexylLi

hexane 1. NH,Cl (aq)
THF 0°C t = | 2. Phase Sep.
. - —— 1 : o ’
= , 3. sieves l I
_ 2. Toluene . 4. Fractional Dist.
3. Vacuum Dist.
(XT) h . (X)
A mixture of 5-chloro-l-pentyne, (XI), (23.0 kg,

25 224 mol) and anhydrous THF (150 kg) is cooled to -20°C.
.n—H_exyllithium_ (2.3 eq.; 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 (approx1mately 2
hours) Dur:Lng the second half of the n—hexylllthlum

30 addition the temperature must remain above -5°C to
prevent an accumulation of the organolithium and a
dangerously exothermiq induction reaction. The
reaction is aged at -5 to 0°C for 2 hours, until GC
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Step A Preparation of the ketoaniline, XI In a 50 L extractor

was char geqyfogasaegt er (3.6 L) and sodi um acetate (1,419 The m xture
was stirred at room 5 terrperature for 5-10 min. until all gg@mﬁ%’ﬁi“é?ate
was di ssol ved. 1 -But nmet hyl et her §18 L) was then added and

fol l oned by tRBAGEHS | ’cﬂa‘::ﬁ?oéttr 4fdsx Py ¢envepeion Theloluengt er ogeneous
mxture was si{B8reo 40 kgond alienr atded £88 the 28adPidhMsor until solid

di d. | houl d b th f
406 0. ot hepaegibfleqdintion SURUCMEYE i g o d A T ph 1o

t he desi red rhnyerf Theidimadh vedsmeet t The mixittne isayl&sa&:ewr(&o
separ at ed.s Theg@rg¢anick dratee shed (3.6 L) and
transferred to @ g'g t hr ee- n\ggér%@rggn% '% é'rl reactl Dn flask which

equi pped Wit H“?ﬂs'&‘l"?dﬂ 19284 rase QﬁddaStllliéhé?%co'ﬂpﬁ gixtharesdisuti on was
concentrated thembestled Ho 15 tof |—Q$Jh@daﬁmt53 SERIOTHA 1d# ean(n%iﬁﬁml—) and the

final batch vol acetonitrile to 8-8.

Ket oani | i ne X&' mf?%%e&%ﬁit rlq‘l2 hé sé&u’f’?o%]gﬁl!é”% i) aﬁﬁie%e?st assyed by

HPLC:. a t ot al s@cl24s Igit(el(a:.wztonnb): allowl thastempexrdthatenamd &fd @lbove

Coser i 28 LoD el QYBRYALoA 0t che sl Sayel POLa 00 OF 1)
e

Under nitrogen, p-toluenesurfonic acrd nbno 28. 65¢g, 0.15 nol)
was added to ?%QNQR%WQQW K8t bahi | the reactdon imixtoweonistrile (8-8.5 L,

10. 04 nol) i nciksuiitda throfubﬁslﬁ tar&}err@@:%amxf%xtm% 3peated to
70[err]Cwith tirri,n 4- Met hoxybenz 526 11.04 nol) in
- 66- 3 a3 fieves until the water content 1s ~300 ppm or

PCT/ US98/ 0646ower asackttentntineleby 3kAa)1 Wesslesld ethaiwasish h Thek@efiery t he
bat ch 15ter% fy %ﬁﬁﬁcﬁﬁn?%eﬁﬁé %I’Qt_e {f&i:tl ol %s m)nl tor ed by HPLC
a

and it was nornma %/_ er t U ot he
al cohol . 5 Packe H@-U@aﬁéﬁe&ayoeboﬁ'édatmsmhﬂﬁlQmmee and seeded.

Bright yell OW:d:rI}éﬁtaJrng l&?c&@b!cdpﬂl 1end Or(fé)d a@% solutlibh Yoas then
aged at room atu for CP}’ rring, Mater (11 L n) was
added sl owl y BUdr-F h§§ﬁ8?r] e ca ]eart%igg | iSodfh-OekGer at ure for
anot her 1-2 h, the 10 solid was filtered, vvashed w th 50/50 '

acet oni t ppl e/ wat er (2xI0L). The %ﬂi—e‘dﬂs dri ed under vacuum
(50[err]C, 28° . _in.,, 24 h) to glve e proauct I1-i (3,354 g, 99w % 95%
yi el d based m%%%%ay aﬁd poMse bewfgrlfhetnﬂnﬁlxm. IX-dy cake was

less than 0.5 nole% 15 - Exanpl e 17 Synt hesi s
of p-Methoxybenzyl-ketoaniline, II1-i [err]

e o \@K
. Ch: NaQAc/Water Cl\(:(lL
CF, 3 ————-——»
NHg -HCI TsOH MeCN

OMe
XII-a XTI II-i
25 -
.Materials nw amount mol. equiv.
Ketoaniline-HC1(94%) 278.05 3,000 g 16.14
XII-a
t-Butyl methyl ether 18 L
(MTBE)
Sodium acetate 82.03 1,419 g 17.3 1.7

D.I. water 7.2+11+10 L
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20 Xl Xl [1-i Materi al s

Amount Mol . Equi v Ket oani line, XlI 223. 57 250 g

1.12 1. 0WO98/45278_ \pt hoxybenzyl 138.17 170 g PCTAUSIBA646R
al cohol, X1 p- Tol uenesul foni c 190. 22 3.19 ¢g 0.017 0.015
aci d- H20 Keomdeomii timd e XII 223.57 2,745 g \Wateld0.04 1.00
1.5L Pr oduct Theory [1-1

343.73  384.83 Mlthoxybehzyl 1. 00 138.17 1,526 1,04 1.10° 67
WO 98/ 45278 alcoho‘{xyl’ Y BT/ Usesl 06462

Under nitrogen, to a 3 L three- necked round bo k equi d wth
a mechani cal Ri5qlusnesylfgniftion 2funng$- %%dga therﬂniguple w&&g

char ged with 3% rile (900 nL), ketoaniline XIl (250 g, 1.12 nol)
and 5 p-tolamstesiiltirddiec aci d nonohydrate 28+3€1@,L0.017nol). The
reaction m xture was then heated to reflux with stirring.

4- Met hoxyben hol (170 g, 1.23 nol) i nitrile (400 m.) was
added vi a ané%%%g#T§% funnel over a period %%ﬁ&&ﬁ? 4 h. The batch was kept
under reflux at 85 C. The reaction_10 mas nDnltored by HPLC and_ it
normal |y was Thhplete within 1 3Adur3af t er4theJadditi 4R-B¢ 1.00

4- met hoxybenzyl al cohol . The batch was cooled to 45-50[err] C and
seeded. Water (1.1 L) was added in 30-40 min with stirring and the

bat ch turned cl oudy. Brlght yeIIOM/crystalllne SO|Id gradual ly 15

f or med duri ndBa€me A3r oc Breparyl X t enperature for

another 1-2 . wi thy 3t o e agestce'ﬂaarea Scpllat %:\@:1( 1306l £hakhan and

t he wet cake was washe acetonltrl e/ wat er
gave the prodiRGium acleltﬁte( ééi4b9,g)96. 3%%‘“19@51%% &jef §r‘F&r§§§ BtA‘%’mafter 20
dryi ng. The wainere@ur@ntfokrnsthe mike wasi10. .0 IM¥cfum acetate was

dissolved. t-Butyl methyl ether (18 L) was then added and
followed by the addition of substrate XII-a {3,000qg). The
heterogeneous mixture was stirred at room temperature for
20-30 min. or until solid disappeared. The pH of the

10 aqueous layer should be in the range of 4.0-6.0, otherwise
HCl (6 N) or NaOH (5 N) was used to adjust the pH to the
desired range. The batch was settled and two layers were

separated. ' The organic layer was washed with D.I. water
(3.6 L) and transferred to a 50 L three-necked round bottom

15 reaction flask which equipped with mechanical stirrer and a
Ehermocouple. The solution was concentrated to about 6-7L,
flushed with acetonitrile (2x12 L) and the final batch
volume was adjusted with acetonitrile to 8-8.5 L.
Ketoaniline XII in acetonitrile (the solution KF< 300 mM)

20 was assyed by HPLC: a total 2,245 g (10.04 mol) of XII was

" obtained after neutralization with a recovery of 99%.

Sgeg B: Preparation of II-i
Under nitrogen, p-toluehesulfonic acid monohydrate
25 (28.65g, 0.15 mol) was added to a solution of ketoaniline
XII in acetonitrile (8-8.5 L, 10.04 mpl) in the 50 L
flask. The reaction mixture was heated to 70°C with
- stirring. 4-Methoxybenzyl alcohol (1,526g, 11.04 mol) in
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Exanpl e 18 Synthesis of Amino Al cohol, V-i [err]

Mat eri al s wo 9s/45278 MV Anmount mol e. %u ted
am no al cohol 409.8 1.14 kg 2.78 F1T-i % ?g@(&?&
227 0. 64 Tol ueng

NaHCO3 (5% acegom.trizle (3 Igy wasu added;evier 5 h , keeping the batch

- 68- HpEAdhPd 8at 68-72°C. The reaction was monitored by HPLC
PCT/U898/064

Na.OH g&d it w% %ngﬁ)lly compz‘l.egt? Ixfu.thln 2 )l'xzagxfer th%a%aah(:ag%%
37.8 29. 6fgthe alcoliplrs 0.5 N NaCH

ggglol_m—s HeG aC’k‘ﬁé B&ELh WS holed to room tempefalagenhnd se%&ﬁr

Preparati on 5¥1$11’1"e ¥t Iy Fo6HALlipg solid gradually formed. The"
2, |3 Di chl(grzzﬁtﬁrﬁlﬁ?@rﬁhé%lhdwwlﬁgmﬂteﬁ%tm for gl-ssﬁzwgﬂhl n
to uene at [er e and was ed un pW se to
slurry of ?Fié‘l' pro %% %d{ijmqﬁ was {eo‘ﬂﬁ' |“f} t(ﬂvl?é:n és)g glt
0[ err] C, nui hfténi agindeat romrqmmt@rl@etﬁmemotheﬁreir?@ Thher esul ting
m xture S e cfa0l o2 he waste
i 2 éﬁfﬂd was torfﬂl%]e ( a;ﬁﬂoé@é%;&h 5095 0: a@e@Bﬂﬂ:k&iS/ﬁQtsJ

solid was ed vmt The fil wer e
conbi ned, was¥EHOI t h TRRISRE K un %ﬁ’@é’h‘ﬂ‘ﬂat(é@ ‘Fn ?f%cuo to -2

L at [err]foifrr]ﬂ M%(Z&xké\ﬁtset ro&i@i@ld.tmt%ptr%@% argbuidis @@%ugi ont .
wasS concentrat e e (0] (0] (0] S ust e
oS g Dneen T B Sl e of T ANk A o A% Saead) a0 ahE) B AR R

dry cake was less than 0.5 mole%.

i5
, _ Example 17
Synthesis of p-Methoxybenzyl-ketoaniline, II-i
. " . : ) o
cat, p-TsOH NH
/\O MeCN K@
. . OMe
20 XIT XI1T II-3i
Materialg . MW Amount Mol. Equiv
Ketoar;iline, XII . 223.57 250 g 1.12 1.00
4-Methoxybenzyl 138.17 170 g 1.23 1.10
alcochol, XIII
.p-Toluenesulfonic 190.22 3.19 g 0.017 0.015
acid-H20 _
Acetonitrile - 1.7L
Watexr _ _ 1.5L
Product Theory
II-3i 343.73 384.3 g 1.12 1.00
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15 NaOH (2.5 L) was added over [err]10 mn. The resulting clear

solution was nmai ntained at 40[err]C for 30 mn. A solution of NaBH4 i n
0.5 N NaOHWR$8/48d8&d dr opwi se, nmintaining the t enper at UpETAK98/06462
40-45[err]C. The m xture was stirred at anbient tenperature for 15 mn,
col ed to - 19l erv ] hdanchiubgenl | 464220 1khbeglagiRbd Hshie Rl 0 PH
-8.4 with an Ef eknal oolbrg HF |nta|ntheterrperature at
20-25C. Wt er “12S% \GIIDRS 1BERPARIGRe PR Wis 2MEifiSPned at 23C

for 1 h and fflmeldndle mmtdcmaslaawbsdch\afé‘ed)Nﬂtﬂ'ﬁl&etonltehmaE of

vater and driedod MAcYEddiniget 3 4248 bO"12%2 #81) dan§320-

PCT/ US98/ Ge46@-toluengsayd fignic peidymenphydrmteon(bfls ie ni0AGmaliohoThev- i

The crude profeddt Mss nﬁb@ﬁﬂ%dwb.gt Qhéﬁ' Heaee&%affretélux w1%'ﬂdsE§§he.ﬁi qui Ck' y

to 60- 64[err]4: ‘3%’ cleaé gﬁ ¥2 he saql ut,ion was a

cool to room e‘%ﬁ) ZXHi R&cOBofeh Pleg(41‘1273 E‘)°]\Ra§na&S§&°§ll6W§re(l n 1

h). The resul {4¢@ mL) walsuaﬂ;ﬂedamaoahedddbtmrerﬂdrﬁeandavb@ g peridahef The

solid was | f rg n dvvlthh t.ane, {1 solid,

vol ume), and d?}?edeﬁ%n \%5?%8 {"’gg %87%91&%? FrPh&t gg? Tha TEroHt®R as a

white soflfd. was moanr@ﬂnbVeHgbﬁpaBﬂ it R@Q:m@ltlaar wWesaicomplete Within 1

The crude pragbigt a/ﬁs.axchﬁ@gaaa%%ﬁ%geﬁ%éé&q}ﬂaﬁm allcgﬁoi5[e”] C. MBE
o)

(0.66 L) was adde l%d"v a clear so utio ution was
concentrated in vg%i?o C[?"EI“"PF fopled teofpspR’Clmnd sgeded) wWHaterded. The
sol uti on was Coricént watseddtied- if. 50-40 rhn&g:ﬁitlh s igird@gaafBUERY - bé‘i?di}l ane
(2.4 L) was ver .JThe resyltin jxture was
cool ed to gi ]"J&%ab’ d ?H&}éﬁ?& ra (}ln?hg"gﬁﬁl g hed
with %11 Pordne hehppeeess andI‘h:H |h§d:q1nwa§cagedoag|n®om he 20
desi 1 ed prOduﬁHmp@:a%u%' tersghbéher 1-2 n wialddionghgl NeppLegenta iyent i on
e de

has been descri i’ gect to specific e rent's 2 |s of
t hese rrti'tjscﬁ wéFB fibttrother Apd tthR drets crKei Was| HﬁShGQBVl“&arl ous
equi val ents, dMafgeseandinpillé/waténn(SEy i .mde gave the product

II-i (361 g, 96.3wt%, 90% yield and >99.5 A%) after
20 drjing. The_wa;er content in the cake was 0.6 mole%.

Example 18
Synthesis of Amino Alcohol, V-i

R //) f
c ;

}\d\w DDQ NeoH B K4
NH  toluene,0°C Ni@ “NaBH, L‘@:\DH

NH,
25 OMe
III-i : Iv-i : v-i
Materials Mw Amount mole.
PMB- protected amino alcohol 409.8 1.14 kg 2.78
III-1i :

DDQ (98%) 227 0.64 kg 2.78
Toluene 12 L

NaHCO3 (5%) 84 2.50 L
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W t hout departing fromthe spirit and the scope of this I nvention, and

It Is unde at such equi val ent enbodi nents are p i
@9&? 2% her/bod I«z:

i nventi on. e present i nvention may be enbodi ed i n ot her Speci
forms without 30 departing fromthe spirit or essential attributes thereof
and, accordi f§#SE reference should be nade to the &6p9n8ed clainms as
further indi catgngaddpe scope of the inventjpn. 2.50 L ©12.51
- 70- WD 98/ 45278 )
PCT/ US98/ 0646¥aBH4  (98%) . Caik-8 Wai%i-§ gl ained Ps76
1. A procesg &Qqk pNdts Preparation of a conmpound ohbgg fogpula (I1-i):
[err] (rr-i) conpri si ng: (D
heati ng an aclamial ideetsiad waidn of a 10 substituff@8 mbiline of fornula
(XI1): [err] Water 7.51 L

Heptane _ 4.2 L

Step A: Preparation of the amino alcohol, V-i
2,3-Dichloro-5, 6-dicyano-1, 4-benzoquinone (DDQ) was
dissolved in toluene (3.42 L) at ~30°C and was charged
5 under N2 dropwise to a slurry of the PMB protected amino
alcohol in toluene (5.7 L) at 0°C, maintaining the
temperature between 0-10°C. The resulting mixture was aged
at ambient temperature for 2 h and filtered. The waste
solid was washed with toluene (3 x 0.8 L). The filtrate
10 and wash were combined, washed with aqueous 5% NaHCO3 and
.doncentrated in vacuo to ~2 L at ~40°C. MeOH (9 L)was
added portionwise and the solution was concentrated to
~2 L. The total volume of the solution was adjusted to 5 L
with methanol. The solution was heated at 40°C and 5 N
15 NaOH (2.5 L) was added over ~10 min. The resulting clear
solution was maintained at 40°C for 30 min. A solution of
NaBH4 in 0.5 N NaOH was added dropwise, maiptaining the
temperature at 40-45°C. The mixture was stirred at ambient
temperature for 15 min, cooled to ~19°C, and neutralized
20 with glacial acetic acid to pH ~8.4 with an external
cooling bath to maintain the temperature at 20-25°C. Water
was added over 15 min. The mixture was maintained at 23°C
{for 1 h and filtered. The solid was washed with one cake
volume of water and dried in vacuo to give a pale yellow
25 solid: 832g. |
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(XI1) and p-toluenesulfonic acid to a tenperature of about 65[err]C 15

to about 85[err]C while stirring; (2) adding an acetonitrile

sol uti on oWOP8HEBy | al cohol of formula (X I1):. [err] PCT/USSBD6462
(XI11) -71- WO 98/ 45278

PCT/ US98/ 064§2ep B: a1l DUz0t i SO Zhd atii 1.1G<430urs to the

heat ed acetonitri solu ion of the sub tltut niline an
p- toluenesulfon|c¥§8 GFugR Product was(d% dFFF% tPﬂgeﬁga§%d7§é%%tlon

m xture for ahdubeated3@uickly eso t&0 -840t t2 bmvesat olgavesohet tampound of
formul a %]bé églutlo% ?s falzlomfé% FE'{ O%%%i ftgr f:'[)B Eéﬁﬁé{'&&ﬁf’é‘ vﬂ'illae

crystalline conpoun
S heptane (4.17 L) was added slowly (in 1 h). The resulting

slurry was cooled to 0°C and held for 1 h. The solid was
collected by filtration, washed with heptane (1 solid
volume), and dried in vacuo to give 734.2 g of the desired
product as a white solid.
10
Alternate Step B: Recrystallization of, V-i
 The crude product was charge into toluene (1.6 L) at
20-25°C. MTBE (0.66 L) was added to give a clear solution.
The solution was concentrated inm vacuo to ~ 1.6 L. Toluene
_15 ' iO.S L) was added. The solution was concentrated to ~ 1.6
L again to give a slurry. Heptane (2.4 L) was chafged into
fhe slurry over 1 h. The resulting mixture was cooled to
0°C, aged for 1 h, and filtered. The solid was washed with
one solid volume of'heptane and dried in vacuo to give the
20 desired product as a white solid.

- Although the present invention has been descrlbed with
m'respect to specific embodiments, the details of these
' embodiments are not to be construed as limitations.
25 Various;equivalents, changes and modification may be made
'without'departing from the spirit and the scope of this
invention, and it is understood that such equivalent
_ embodlments are part of this invention. The present
: 1nvent10n may be embodied in other specific forms without
30 departlng from the spirit or essential attributes thereof
‘and, accordingly, reference should be made to the appended
claims as further indiéaﬁing the scope of the invention.
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(rr-i) conpri si ng: (1) heating and stirring an acetonitrile
solution o ubstituted aniline of formula (Xl1):
(X11) angv p&{o?‘ﬁenesul fonic acid to a tenperature of about ([éf:’[’é '1689720

to about 85[err]C ~ (2) addin cg-l-an acetonitrile solution of a
benzyl al cohol of formila (Xi11) Eiaims -72-
WO 98/ 45278 what is claimed is: PCT/ US98/ 06462 [err]
(XIrn) over a period of about 2 hours to about 10 hours to heated 5
acetonitrile solution of the substituted aniline and p-t ol uenesul foni c
aci d; 1¢3) heptocessnibstihe ipxpparatieactfoa compownd fof
about 30 gnin E?ﬁu?.& fful 4 hours to g| ve a crude solution 10 of t he
conmpound "of orrm ? ))

O

Cl
CF3
NH
OCH;4
(II-1i)

comprising:
(1) heating an a_cetonitrile solution of a
10 substituted aniline of formula (XII):

" (XIT)

and p-toluenesulfonic ac:Ld to a temperature of about 65°C
15 to about 85°C while stz.rr:mg,

(2) adding an aé.étonitrile solution of a benzyl
alcohol of formula (XTII):

LOH

OCH;

20 (XIII) -

-71~
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(4) cooling the crude solution of the conpound of formula (11-1); 15
(5) addi nal seed crystals at a tenperature of about 20[err] C to about
30[err]C;, WO98/45278 ° (g) s|owy adding water while stirring PET/ES98/06462
tenperature of about 30[err]C to about 35/ err]Cto forma slurry of 20 the
crystalline mammqberfioﬁobﬁuhbo(xtlzil)ours to about (I0) hetuirsr itlEbg thee slurry

for a reacti 0 kout _rqom
t enper at ur e; %%ﬂé&i a@cet%ggl)&lg'el félﬁ]ef&? S ur;%ug%l%%y%s ﬁé‘ S’oﬁf} und
of for rm|za—t(q14uqr9espé P§éFa@@lﬂheam1yst alline conpound of formul a
(rr-i); (9) washl ng the crystalline material with a mixture 30
of acetoni.trile an vvater i | u to_volune,ratip of about 60:40 to
about 40: 80; and surn(‘?of g‘;ﬁljeflhﬁeﬂﬁF%‘P‘i‘d’Pl’Eﬁiﬂ@ £or iahout

at nrosphere at30 mimutemmper aboue 2fhaltsittSYBre |the compound of formula

- 73- f/_\g)QBI 45278
PCT/ US98/ 0646(2I 3. The process as recited in Claim2, wherein
t he nole ratio of substituted aniline to tol uenesul fonic acid is

about 1:0.010 to ghout Alpﬁo%gs £8r the prepafatiord IGf geited in
Claim3, l}()\,hereln tha §>f £4 le ratio of gub%tl?u%%d anl%flne to St}g‘stltuted
a

benzyl E’E‘u?taqu"a)oout 1: 1. 2. 5.  The
process as reC|ted in Caim4, wherein bhe reactlon time in step 2 is
about 3 to about 8 hours. _ The process as recited in Caim
5, wherein the Cl
CF3
NH
OCH,
(IT-1)
comprising: ‘ :

(1) heating and stirring an acetonitrile solution of
15 a substituted aniline of formula (XII):

(XII)

~and p-toluenesulfonic acid to a temperature of about 65°C
20 to about 85°C;

(2) adding an acetbnitrile solution of a benzyl
alcohol of formula (XIIT) -

-72-
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nol e rati o of substituted aniline to toluenesulfonic acid 15 is about

1: 0. 015. The process as recited in Caim6, wherein the
mole ratio’o 98/4537§|tut ed aniline to substituted benzyl DCIGIR9p/0s462
about 1:1.1. 20 8. The process as recited in aim7, wherein

t he reaction tinme in step 2 is @dout 3 to about 6 hours. 9.
The process as recited in Caim8, whergn the 25 tenperature used in Step

(5) is about 25[err]C 10. ) process as recited in Caim?9,
wherein the volume to volune rati ¢ acetonitrile and water used in
Step (9) is about 50:50. 30 1D A OCHgss for the preparation of
an anm no al cohol conpound of fornula (V-i):

-74- WD 98/ 45278 PCT/ US98/ 06462

[err] (V-iIII) conpri si ng (1) adding

a toluene solution of 2,3-dichloro-5,6- 5 dicyano-1, 4-benzoquinone to a
tol uene sol UtOjVQQ Qf pgrgggpggdaboutoﬁ Ifzoq.{ ltfio a!blclut )10 hours to heated
5 acetonitrile solution of the substituted aniline and _
p-toluenesulfonic acid;

(3) heating and stirring the reaction mixture for
about 30 minutes to about 4 hours to give a crude solution
10 of the compound of formula (II-i);

(4) cooling the crude solution of the compound of
formula (ITI-i);

15 (5) adding seed crystals at a temperature of about
20°C to about 30°C;

(6) slowly adding"' water while stirring at a
temperature of about 30°C to about 35°C to form a slurry of
20 the crystalline compound of formula (II-i);

(7) stirring the slurry for a reaction time of about
2 hours to about 12 hours at about room temperature;

25 (8) £filtering the slurry of crystalline compound of
formula (II-i) to isolate the crystalline compound of
" formula (II-i);

(9) washing the crystalliﬁe material with a mixture
30 of acetonitrile and water in a volume to volume ratio of
about 60:40 to about 40:60; and

(10) drying the material under an inert atmosphere at
a temperature of about 50°C.

-73-~
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[err] (Ir1-i) 10 while maintaining a
reaction tenperature of about O[err]Cto about 10[err]C - (2)
mai nt ai ni ngVOI98/48238ct i on tenperature at about O[err] C for pebRidbs/desbPUr
to forma toluene slurry of 2,3- 15

di chl oro-5, 6-di cyano- 1, 4- di hydr oxybenzene and a conpound of formul a

(vei): ~75- VO 98/ 45278
PCT/ US98/ 06462 3. [th]process as recited in Claim 2, wherein the

mole ratio of substituted aniline to toluenesulfonic acid
is about 1:0.010 to about 1:0.030.

5
4. The process as recited in Claim 3, wherein the
mole ratio of substituted aniline to substituted benzyl
alcohol is about 1:1 to about 1:1.2.
10 5. The process as recited in Claim 4, wherein the

reaction time in step 2 is about 3 to about 8 hours.

6. The process-as reéited in Claim 5, wherein the
mole ratio of substituted aniline to toluenesulfonic acid
15 is_about 1:0.015. '

7. The process as recited in Claim 6, wherein the
mole ratio of substltuted anlllne to substltuted benzyl
'alcohol is about 1:1. 1.

20

8. The processias recited in Claim 7, wherein the

reaction time in step 2 is about 3 to about 6 hours.

9. The process as recited in Claim 8, wherein the
25 temperature used in Step (5) is about 25°C.

10. Thé'process as recited in Claim 9, wherein the
volume to volume ratio of acetonitrile and water used in
Step (9) is about 50: 50

30

11. A process for the preparation of an amino

alcqhol compound of formula (V-i):

-74~
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I ) . (3) filtering the slurry to renove the 2,3-dichloro- 5
[
[

(IV-i .

5, 6-di cyanq;,1, 4-di_ hydr oxybenzene; (4) washing the

2, 3-di chl o%g‘g?@%?cyano- 1, 4- di hydr oxybenzene wast e cak®CGHY806%ene;
10 (5) conbining the filtrate and tol uene washi ngs; (6)
concentrating in vacuo the filtrate and tol uene solution of the
conpound of forrmula (I1V-i) wth nethanol to nove nost of the toluene;
15 (7) adding dropwi se to the conpo of formula (IV- i) in
nmet hanol at a tenperature of about 40[pyglCH#0 about 45[err]C an
aqueous sol ution of sodi um hydroxgide £QrmXg a cl ear solution of the

am no al cohol and p-net hoxy-benzal dq 200H (8) addi ng dropw se
to the clear solution of the am alcohol a solution of NaBH4 in an
aqueous sol ution of sodi um hydr oxiMe mdHgat ai ning a reaction tenperature
of about 40[err]C to about 45[err]C;, 25 (9) stirring the
reaction m xture for about 30 ninutg@;, (10) neutralizing the
reaction with glacial acetic 30 acid t éle of about 8 to about 9;

- 76- V@SB SRy 8
PCT/ US98/ 06462 . ) '  to ftormasslurry: o o
(12) cooling the sl(]l])rrya?%l%%(])%ttoa%%?r%hgéogbgﬁtég%_e?#fkgo’y? fE'o'r6 about 1

hour; and® dicyano-1l,4-benzoguinone to a toluene solution of a compond
of formula (III-i): |

"OCH,

(ITI-1)

10 while maintaining a reaction temperature of about 0°C to.
about 10°C; '

(2) maintaining the reaction temperature at about
0°C for about 1 hour to form a toluene slurry of 2,3~

15 dichloro-5, 6-dicyano-1,4~-dihydroxybenzene and a compound of
formula (IV-i): : |

-75-
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(13) filtering the cooled slurry of the am no al cohol and washing with

water to give the crude crystalline amno al cohol as a pale yellow
solid. 10 WO98/45278 12. The process for the preparati on of pwcES9s/06462
crystalline am no al cohol conpound of fornula (V-i) as recited in
Claim 11 conprising the additional steps of: 15 (1) dissolving

the crude am no al cohol in toluene at a erature of about 60[err]C,
(2) adding heptane to the toluene solutio f the crude am no al cohol
to forma slurry of the pure aninoFZ% algthol ; (3) cooling the
am no al cohol slurry to aboutcy[err ~ and maintaining at O[err]C for
about 1 hour; 25 (4) yT &y 'ngQ he pure crystalline amno

al cohol ; (5) washi ng pure& crystalline am no al cohol with

hept ane; and 30 (6) dry e pE sy ystal |l ine am no al cohol in
vacuo. 13. The process forH he § aration of pure
crystalline am no al cohol conpound of formlafV tﬂDﬁ? 35 recited in Caim

11 conprising the additional steps of:

-77- WD 98/ 45278

PCT/ US98/ 06462 (1) dissolvinngwhe crude am no al cohol in a
m xture of MIBE-tol uene at a tenperature of about 20[err]C to about
30[err] G '

{3) filtering tpe slurry to remove the 2,3-~dichloro-
5 5,6-dicyano-1, 4-dihydroxybenzene;

(4) washing the 2,3-dichloro-5,6—dicyano—l,4—
‘dihydroxybenzene waste cake with toluene;

10 (5) combining the filtrate and toluene washings;

(6) concentrating in vacuo the filtrate and toluene
solution of the compound of formula (IV-i) with methanol to
_ remove most of the toluene;
15
(7) adding dropwise to the compound of formula (IV-
i) in methanol at a temperature of about 40°C to about 45°C
an aqueous solution of sodium hydroxide forming a clear
solution of the amino alcohol and p-methoxy-benzaldehyde;
(8) adding dropwise to the clear solution of the
amino alcohol a solution of NaBH4 in an aqueous solution of
. sodium hydroxide maintaining a reaction temperature of
about 40°C to about 45°C;
25 _
(9) stirring the reaction mixture for about 30
minutes;

(10) neutralizing the reaction with glacial acetic
30 acid to a pH of about 8 to about 9;
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5 (2) distilling in vacuo the MIBE fromthe MIBE- t ol uene

sol ution of de am no al cohol; (3) addi ng heptane to the
t ol uene sol"l‘j{)igglﬁ&g t he crude anino al cohol to forma sl HF&WSBW“@‘I%
pure am no 10 al cohol; : (4) cooling the ami no al cohol slurry to
about Of[err]C and maintaining at O[err]C for about 1 hour; 15 _
(5) filtering the(iayr excdivgt dalteRetanEosm a COhotry; (6) washing
the pure crystalline am no al cohol with hept ane; and 20 (7)
drying the pure crystalline am no al cohol in _vacuo.

-78- (12) cooling the slurry to about -15°C to about 0°C

5 for about 1 hour; and

(13) filtering the cooled slurry of the amino alcohol
and washing with water to give the crude crystalline amino
alcohol as a pale yellow solid.

10
12. The process for the preparation of pure
crystalline amino alcohol compound of formula (V-i) as
recited in Claim 11 comprising the additional steps of:
15 (1) dissolving the crude. amino alcohol in toluene at

a temperature of about 60°C;
(2) adding heptane to the toluene solution of the:
crude amino alcohol to form a slurry of the pure amino

20 alcohol; .

(3) cooling the amino alcohol slurry to about 0°C
and maintaining at 0°C for about 1 hour;

25 (4) filtering the pure crystalline amino alcohol;

(5) washing the pure crystalline amino alcohol with
heptane; and '

30 (6) drying the pure crystalline amino alcohol in
‘vacuo.

13. The process for the preparation of pure
crystalline amino alcohol compound of formula (V-i) as
35 recited in Claim 11 comprising the additional steps of:

-77-
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WO 98/45278 PCT/US98/06462

(1) dissolving the crude amino alcohol in a mixture
of MTBE-toluene at a temperature of about 20°C to about
30°C;

5 {(2) distilling in vacuo the MTBE from the MTBE-
toluene solution of the crude amino alcohol;

(3) adding heptane to the toluene solution of the
crude amino alcohol to form a slurry of the pure amino

10 alcohol;

(4) ‘cooling the amino alcohol slurry to about 0°C
and maintaining at 0°C for about 1 hour;

15  ° (5) filtering the pure crystalline amino alcohol;

_ (6) washing the pure crystalline amino alcohol with
heptane; and = - ' ' '

20 (7) drying the pure crystalline amino alcohol. in
vacuo.
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