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WD 2004/ 026814 PCT/ US2003/ 028661 PROCESS FOR THE
SYNTHESI S OF | NTERVEDI ATES USEFUL FOR THE SYNTHESI S OF
waBuhrddid NHI Bl TORS 5 FI ELD OF THE | NVENTI ON A¢1i/8552003/028661

invention relates to a novel process for the
preparation of racemc and asymetric internediates
useful for the preparation of tubulin inhibitors which

ar i

CIProkE SR e ST BB (P mepEsRtrd DBAG RO AR
substituents asSYNTHESISOR WBODBRBGUBITARS synt hesi zed
by coupling carboxylic acid 2, with internedi ate am ne

3. 15 RBRART RS RS NIrNRO ~-N, R O RR R 1 R3 K4
10HR5 R7T RS NH -~y NR9 R- 'O~ R6 0 0 3 2 The

@Wﬁ'ﬁ{w i oﬁylo; Nf3,(3-trimethyl-L-

phenyl al ani ne from 3-net hyl - 3- phenyl but anoi ¢ aci d

usin chiral gx | d] ' | iMGhd
9932565 Vaniop LA RS i & o0 pf @b icr e érgf’%?hﬁ‘?@gqtsge”g'%
asymetridateemsgiateh @séfsl oethapseparationydf tubtiia énhipitogs which are
reage IS _a saf zard and the azide internediate
Lﬁ?@‘g'ﬁgé%l{r?ﬁtg}e@?f’%%ﬁﬁ%ﬁes this route not suitable for
scal e-up. Still further, purification in several of

At SkBBRD BRYHERWENABRt 0gr aphy and additionally,

Hemiasterlin analogs 1 with substituents as reported (WO 9932509) are synthesized
by coupling carboxylic acid 2, with intermediate amine 3.
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R2/ 7]/0 Rs O
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2

The asymmetric synthesis of N-(tert-butoxycarbonyl)-N,8,3-trimethyl-L-
phenylalanine from 3-methyl-3-phenylbutanoic acid using a chiral oxazolidine route is
described (WO 9932509). In particular, this route is limited to small scale synthesis
because trisyl azide as a reagent is a safety hazard and the azide intermediate
produced therefrom makes this route not suitable for scale-up. Still further,
purification in several of the steps requires chromatography and additionally, some
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1 WD 2004/ 026814 PCT/ US2003/ 028661 racem zation in
the last synthetic step, nmakes this route | ess

walemunoadsie for the scal e- up. Reported al so i sSPCTES2003/028661

preparation of N, N-di (tert-butoxycarbonyl)-(2S)-2 5
[ (benzot hi azol e- 2- sul f onyl ) met hyl am no] - 3- net hyl - (1- nme
t hyl i ndol - 3-yl ) butyram de (4, Vedejs E et. al J.

6,,. 7355-7
r<Seizater M Helb OOy o ekas i (ptene SRUEHRbIE fr he scale-
upetrahedron Letters, 1991, 32, 7597- 7600) However,
t he descri bed synthetic nmet hodol ogy cannot be used
effectively for scaleup in the synthesis of acid 2
beca%aonﬁefd dlbeisuise pabatatioh of MIN-ditedtsbattxgearbord/) @8)-2-

BEFSTI A b St B PR bR o

Vledejd i3 et tahe @rg. Chem, 200f, @663355—?1362“) egiag esyrambic\Stiecker

Bl LRt R T 107t TP iR By Qo CRn T oo7-7600),

Holveosm thegieapibed s?ufhtahe methdtﬂerogy icanreot be @ded offeddively for scaleup

nt he lic articul ar
’?A%‘eéﬁm‘]?‘%s'%ge%c"f %% “38 éﬁ%f’r‘ésce dJﬁ”bc&'FﬁtH‘e% QQF@PP(@ hecessary
pariitdatigrs oflintetmediatet bg eblaimn dhnematogmphy.need for a
process to prepare (S) acid 2 used to prepare
N, 3, R-tri net hyl phenyl al anyl -N -[ (1S, 2E) - 3- car boxy-1-is
opropyl but-2-enyl]- 20 N, 3-di hyd - LAval i nam de a
tubul in inhibitor usef i e qtr @F;Rfsof cancer. 2
WO 2004/ 026814 PCT/ SZ F\B\ELEF UMVARY OF THE
| NVENTION 5 The presemt” i ppoviges a process
for the preparation of a J:onpd&snd gP Fornmula I: R3 R3
@] TR\
0]

Thus, there is need in the art for a process to prepare carboxylic acid 2 which
overcomes azide intermediates and also overcomes the need for purification by
column chromatography.

Further, there is a need for a synthesis of carboxylic acid 2, in particular (S),
which is used in the preparation of hemiasterlin analogs 1.

In particular, there is a need for a process to prepare (S) acid 2 used to
prepare N,B,p-trimethylphenylalanyl-N'-[(1S,2E)-3-carboxy-1-isopropylbut-2-enyl}-
N*,3-dimethyl-L-valinamide a tubulin inhibitor useful in the treatment of cancer.
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OH R SR R 0 Fornulal 10 wherein: Rl and R2
are independently selected fromH, straight chain

w@bdoyl26si4a 1 to 4 carbon atons, hal ogen and al ROKRYSWN3/128661
to 4 carbon atons; 15 R3 is straight chain alkyl of 1
to 4 carbon atons; R4 is straight chain alkyl of 1 to
4 carbon atons and branched chain al kyl of 3 to 4
carbon atons; 20 R5 is straight chain alkyl of 1 to 4
carbon atons; conprising: a) treating a nitrile of
BRIEFISYMMARY OBFHRINMENREONCN C 2 3 WD 2004/ 026814
PCT/ US2003/ 028661 wi th a reduci ng agent followed by
acid hydrolysis to obtain an al dehyde of the fornmula:
RL R RZIH R25 Db) reacting the al dehyde (step a)

e B o ST bl v R B BRART o oot o

hanaukedi mul a: R3
R; Ry 9
R OH
" N

R; Ry 7]/O—R4
O
Formula |

wherein:

R; and R are independently selected from H, straight chain alkyi of 1 to 4 carbon
atoms, halogen and alkoxy of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

R4 is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4
carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;
comprising:

a) treating a nitrile of the formula:

Ry Rz Rs
D
RS



RR RB3 O~ CNRSNCH R2 10 c) hydrolyzing the nitrile
(step b) with an alkali netal hydroxide to give an
wapiode2ai4 the fornula: R RZ3R3 O // 11JJ NI/NSH03/@28661
R5 15 d) reacting the am de (step ¢) with an organic
carbonate of the fornmula Q CO2R4]2 to give optionally
i sol ated bl ocked am ne of the fornula: 20 R R3 R3 O
Nl-12 R2 RS R4 0 4 W) 2004/ 02 814, PCT/ 003/ 028661
with p re@liging RRPNGFRIPHRRAPY 9C'¢§M$r8{yét§ prBlakL & ZWé’e 2 b d)
forulah an organi c carbonate of the fornula J CO2R4] 2
wherein each R4 is taken independently in the presence
of di net hyl am nopyri di ne(DVAP) to obtain a tribl ocked
am de of the forrmula: &) RR3 3§3 O) 0--RA RRRNO

\R4 5 SN

I
A O

5

b) reacting the aldehyde (step a) with alkali metal cyanide in the presence of an
alkylamine of the formula RsNH. to obtain a nitrile of the formula:
R3 R3
b
=~ NS
H
R2/ R
10
c) hydrolyzing the nitrile (step b) with an alkali metal hydroxide to give an amide of
the formula:
R, Rs R, O
>z N<
RT R, M
15
d) reacting the amide (step c) with an organic carbonate of the formula O[CO.R > to
give optionally isolated blocked amine of the formula:
20

Ry 18 RO
ﬁ\W\NHZ
= O
Rz/ R5/N\\(<) Ry



5 R4 f) hydrolyzing triblocked am de (step e) with an
al kali netal base to give racem c bl ocked am ne of
wo b@4bismul a: RL R3 R3 0 OH R2Z RS N--~ O\ RACT/IS2003/028661
g) reacting racenm c bl ocked amne (step f) with a
resol ving base (NH2-resolving base) to obtain a
resol ved bl ocked anmine salt of the formula: R3 R3 0 O

NH3- | vi RLSOR4, 1 R5 0 h
o) ren Pianaly Bolrertblofies Sete iR Bt 41 pideal CaFborste
amhmfmmu_@[@bgam wiekdh eadhyRf ilgxénléa iﬁ%@g&dérﬁigﬁy Zr;azgazr%%d{\ge
acl g, Ve a or a |.. A
pet GonubrehAR eTn 3 tbieffedamige R Be

Formula 1 5 An additional enbodi ment of the present
I nvention provides a process fob the preparation of a

conmpound of Formul agl: Bg FE%%RSJQO/&

ﬂ\> N\g_ o. .
RZ/ R5/ N o

5 @) R4

f) hydrolyzing triblocked amide (step e) with an alkali metal base to give racemic

blocked amine of the formula:

R1 3 R3 O
U\\ OH
/- = (O
Rz Rs/N\« Ra
10 o]

g) reacting racemic blocked amine (step f) with a resolving base (NH-resolving

base) to obtain a resolved blocked amine salt of the formula:

R R, O

SN O + NHgs-resolving base

R1—Ll'_ = S o
/ N\( “R
~ 4
15 Re R %
h) treating the resolved blocked amine salt (step g) with an aqueous alkali metal
hydroxide and acidifying with acid to give a compound Formula I:
20
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Q~OH R RS N)OR4 O 10 Formula I wherein: R and
R2 are independently selected fromH, straight chain

wa@bdoylo26si4s 1 to 4 carbon atons, hal ogen and al RORYSN3/028661

to 4 carbon atons; 15 R3 is straight chain alkyl of 1
to 4 carbon atons; R4 is straight chain alkyl of 1 to
4 carbon atons and branched chain al kyl of 3 to 4
carbon atons; 20 R5 is st&ai ght. chain alkyl of 1 to 4
carbon atons; conpri skng:32Ks treating a nitrite of
the fornmula: 6 WO 2004/ S2003/ 028661 R1 R3
R3 O~ CN R2 with a reédudi ngi®gent followed by acid
hydrol ysis to obtain I ooR,the formula; R
RBRBHC 0 R25 b) reactrngZthe al dehyde (step a)
with alkali netal cyanide in t%e presence of an al kyl
amne of the fornula R5NH2 to obtain nitrile of the
formul a: 10

Formula |

An additional embodiment of the present invention provides a process for the
preparation of a compound of Formula I:

R, Rs Rs {
AN OH
IW
S
RS R Ny-0-Ry
0

Formula [
wherein:

R, and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon
atoms, halogen and alkoxy of 1 to 4 carbon atoms;

R; is straight chain alkyl of 1 to 4 carbon atoms;

R, is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4
carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;
comprising:

a) treating a nitrile of the formula:



R3 R~ RBCN 5N~H R2 2 c¢) hydrolyzing the nitrile
(step b) with an alkali netal hydroxide to give an
wa@piod®26si4 the formula: 15 R3 R R 3 CQ\ NH2 PI/BsedN28661
5 d) reacting the amde (step ¢c) with an organic
carbonate, of the formula QCO2R4]2 in the presence
of di nmet hyl am nopyridine (DMAP) to obtain a tri bl ocked
ami de of 20 the fornmula: 7 WD 2004/ 026814
PCT/ US2003/ 028661 O R, 'R3 E® 3-O0OR4 Q\ NrOR N
O4 R R O-0- R4 e [ yemng tribl ocked am de
(step d) with an al kali | hydroxide to give
racem c bl ocked amine ofg'the fornula: 5

with a reducing agent followed by acid hydrolysis to obtain an aldehyde of the
formula;

R4 Rs_Rs

b) reacting the aldehyde (step a) with alkali metal cyanide in the presence of an alkyl
amine of the formula RsNH; o obtain nitrile of the formula:
10

R
R{ A Rs

U\\ CN

Rz// R5/N\H

¢) hydrolyzing the nitrile (step b) with an alkali metal hydroxide to give an amide of
the formula:
15

Ry R, O

R4
Do
A /N\H

R2 R5

d) reacting the amide (step c) with an organic carbonate, of the formula O[CO.R4]2

in the presence of dimethylaminopyridine (DMAP) to obtain a triblocked amide of
20 the formula:



RRZERB30OOH RR'-" N-~0~1 R4 O f) reacting
racem c bl ocked amne (step e) with a resol ving base
w@ Mid2/02a8s0l vi ng base) to obtain a resol ved bl pckEs2003/028661
amne salt of the formula: 10 R3 R3 0 O +
NH3-resolving base R, ~ Ng O RR RS R4 O and g)
treating the resolved bl ocked am ne salt w th aqueous
al kali netal hydroxide and 15 idifying with acid to
give a conpound of Fornmyl agl O RBR3 0 Q\ OHS
INTOR4 2 R5-' N 5 0 Fobdul 50 8 WD 2004/ 026814
PCT/ US2003/ 028661 Afp addi tji onal\rreﬁn%odl ment of the
present invention p es\a prooces “for the
preparation of a coifpounds o}\tohe fornul a- RLR3R3 O

e) hydrolyzing triblocked amide (step d) with an alkali metal hydroxide to give
racemic blocked amine of the formula:

f) reacting racemic blocked amine (step e) with a resolving base (NH,-resolving
base) to obtain a resolved blocked amine salt of the formula:
10
Ry R, O
SN O+ NHj-resoiving base

R1—L:_ A O\
/ /N\\< Ry
O

and

g) treating the resolved blocked amine salt with aqueous alkali metal hydroxide and
15  acidifying with acid to give a compound of Formula |

Ry R; R

[\\ < OH

7
RZ/ R ~ N7’O—R4
5
O
Formula |
20



SOH R RS NrOR4 50 Formula |  wherein: Rl and R2

are independently selected fromH, straight chain
w@bdoyl26si4a 1 to 4 carbon atons, hal ogen and al ROKRYSWN3/128661

to 4 carbon atons; 10 R3 is straight chain alkyl of 1

to 4 carbon atons; R4 is straight chain al kyI of 1to

4 carbon atons and branched chain al kyl of to 4

carbqn atons; 15 R5 ht chanalk lto

car bof sBBREal sbgimarLelie Babens Mgn iy %esraa%reﬁ'%se for the
piepackied ohiaicompoind diehd formuba R1 R3 R3 0 CH C, , /N

AR 54 R2R5-'" O 25 with a resolving base

(NH2-resol ving base) to obtain a resol ved bl ocked

amine salt of the fornmula: 9 WO 2004/ 026814

PCT/ US2003/ 028661 R3 R3 0 O o NH3-resol vi ng base R

Ry Rs Rs

\\ OH
I s

[ N

R2 RS/ 7]/O—R4
)

5
Formula |
wherein:
R and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon
atoms, halogen and alkoxy of 1 to 4 carbon atoms;
10
R; is straight chain alkyl of 1 to 4 carbon atoms;
R4 is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4
carbon atoms;
15
Rs is straight chain alkyl of 1 to 4 carbon atoms;
comprising:
20

a) reacting a racemic blocked amine of the formula

25  with a resolving base (NH,-resolving base) to obtain a resolved blocked amine salt of
the formula:



i S R RAN~O-R4 0O 5 and b) treating the resolved
bl ocked am ne salt wi th aqueous al kali netal hydroxide
w@na4/0z8i14i fying with acid to give a conmpound PET/US2003/028661

Formula l: RRERBOQ SOH R RS N-OR4 100
Formula I 15 A further enbodi nent of the present

i nvention provides a process for the preparation of a
compound of Forrmula I: 20 RR, R RO 3 OH R2 R5"N O R4

O wherein: 10 WD 2004/ 026814 PCT/ US2003/ 028661 R,

and R2 are mdependednt k%;osel ected fromH, straight

chai n al kyl of |1 baon en and
al koxy of 1 tg nc?.r 0 § Iﬁ\%@resdlvm raglgght chain

alkyl of 1 to agbon \a \t\g% 5 R4 is straight chain
al kyl of 1 to 4ggarigr a meand branched chain al kyl
of 3 to 4 carbon atons;

5 and

b) treating the resolved blocked amine salt with aqueous alkali metal hydroxide and

acidifying with acid to give a compound of Formula I

Ry Ra Rsf

H
P
/

Ro R5/N7]/O—R4
O

Formula |

10

15

A further embodiment of the present invention provides a process for the

preparation of a compound of Formula :

20

wherein:

10



R5 is straight chain alkyl of 1 to 4 carbon atons; 10

conprising: a) deblocking substituted am ne of the
wooroanda14 RI Rs RB3 CN I CS R2 RB" N, S, P-tPLT/USE03/028661

with acid to give nitrile of the formula: R3 R3 R~

-CN I\ S KR R5"" NH 20 b) hydrolyzing the nitrile

(step a) in the presence of an al kali netal hydroxide

to obtain amde of the fornmul a: .11 WO 2Q04/ 4

Rpend Beaigdndepsagently seteciaddegm Ry staigfichajy aqkwkpf) f E@} g{bQy
afoRRChAIBEE AR ARGET (196 @aontéiis;an or gani ¢ car bonate
of the fornula CO2R4]2 to 5 obtain bl ocked am ne of

the formula: RL RS R3 0 JNH2 R2R" N-'" O0'-,R4 O
Rs is straight chain alkyl of 1 to 4 carbon atoms;

5
R, is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4
carbon atoms;
Rs is straight chain alky! of 1 to 4 carbon atoms;
10
comprising:
a) deblocking substituted amine of the formula:
R1 R3 R3CN
L T
I .
R2 R5 N/Sjp tol
15 g 0
with acid to give nitrile of the formula:
Rs R,
R4 CN
IJ K
RS R5/NH
20

b) hydrolyzing the nitrile (step a) in the presence of an alkali metal hydroxide to
obtain amide of the formula:

11



optionally isolated and further reacted with an

organi c carbonate of the fornula 10 J CO2R4]2 wherein
we@2wh/0k814 s t aken i ndependently in the presenckCDiS2003/028661

di met hyl am nopyridine (DVMAP) to give a tribl ocked

am de of the formula: O RLR3 R30 )LOR4 '"FO SN

R ORS NO4 RO~ R4 15 and d) hydrolyzing

tribl ocked am de (step c) '%Mth an al kal i et al

hydr oxi de and aci di f yghg Ragcid to obtain a

conpound of Fornmula I: €S OH R2 R5"

N20-R4 20 O Formul a | /;L |2 WOng P04/ 026814

PCT/ US2003/ 028661 A fRif thergenbodi nent of the present

i nvention provides a process for the preparation of a

compound of Formula I: 5 R RBRR3O1 OHR2Z RS N)_O R4

c) reacting the amide (step b) with an organic carbonate of the formula O[CO,R,], to
5 obtain blocked amine of the formula:

R1 Rs Rso

N\\( R,

optionally isolated and further reacted with an organic carbonate of the formula
10 O[CO.R4]. wherein each R, is taken independently in the presence of
dimethylaminopyridine (DMAP) to give a triblocked amide of the formula:

15
and

d) hydrolyzing triblocked amide (step c) with an alkali metal hydroxide and acidifying
with acid to obtain a compound of Formuia I:

Rs R

H\\ < OH

Z -

20 0
Formula |

12
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O Formula | wherein: 10 R, and R2 are independently
selected fromH, straight chain alkyl of 1 to 4 carbon

watoa®26sinal ogen and al koxy of | to 4 carbon atpPoEUSHRB3/028661

is straight chain alkyl of | to 4 carbon atons; 15 R4
Is straight chain alkyl of 1 to 4 carbon atons and
branched chain alkyl of 3 to 4 carbon atons; R5 is
straight chain alkyl of 1 to 4 carbon atons; 20
conprising: a) deblocking substituted am ne of the

f or malfaitherBnf8dditfent of thENreenRavERtion émnv%é%é&loce or fhe
e 1% WD 2004/ 026814 P /U82003/ 028 with acid to
PERPRERLIRN ©f £ campeundhd Fospdiala: RL RS RS ON [11 S S, R
R5 NH 5 b) hydrolyzing the nitrite (step a) in the
presence of an alkali netal hydroxide to obtain an
amde of the fornula: R R3 0 R~ 1s NH2 Rte/ /NH 2

R5 Ri Ry Rs O
H\\ £ oH
RY 7 g NS _0-R,
O
Formula |
wherein:

R+ and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon
atoms, halogen and alkoxy of 1 to 4 carbon atoms;

R3 is straight chain alkyl of 1 to 4 carbon atoms;

Ry is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3to 4
carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

comprising:
a) deblocking substituted amine of the formula:
R
R1 3 R3
XX CN
J Is
Rz/ R Mg P10
0

13



10 ¢) reacting the amde (step b) with an organic
carbonate of the formula ( CO2R4]2 in the presence of
waleowoogiam nopyri dine (DVAP) to give tri bl ockedus2onsie2s661
of the formula: 15 O RR RB R3O0 OR4 NCs 1r,RNO

4 R2ZRS O-0 R4 and; 20 d) hydrolyzing tribl ocked

am de (step c) wth an alkali netal hydroxi de and
;acidifying wwth acid to obtain a conpound of Fornul a
with.acigifo\giyeonitile of ersfeAmuiesr/ Us2003/ 028661 R1 R3 R3 0 S

OH RN - 2R5-" TOR4A O Formula I A further

enbodi nent of the inventiopg provides a process for the

preparation of 5 an gl deh Ref the fornula: R R3 R3
H R2 wherein: 1ﬁ\\ SCN
A2 _NH

R2 R5/

5 b) hydrolyzing the nitrile (step a) in the presence of an alkali metal hydroxide to
obtain an amide of the formula:

10

c) reacting the amide (step b) with an organic carbonate of the formula
O[CO2R4]; in the presence of dimethylaminopyridine (DMAP) to give
triblocked amide of the formula:

15

o ¢
R, Rs_Rs )LO/R,;

AR N
O.
OF s

and;

20
d) hydrolyzing triblocked amide (step c) with an alkali metal hydroxide and
acidifying with acid to obtain a compound of Formula I:

14
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10 R, and R2 are independently selected fromH,
straight chain alkyl of 1 to 4 carbon atons, hal ogen

wa@pa4abdsoxy of 1 to 4 carbon atons; R3 is straP@his2003/028661

chain alkyl of 1 to 4 carbon atons; 15 conprising
rearrangenent of substituted oxirane of the fornula:
RR ORBRR3I \ RR 20 with tris(pentafluorophenyl)
borane to afford an al dehyde of the formula: 15 WO

2004/ 026814 PCT/ U8200§/ 0F6&IFT RB RB HC R2 S O An
addi ti onal enbodi nent ‘oent i on provides a
process for the prepa gtj?:e@uha carboxylic acid of
the fornula: 5 O AAN; CQO-FN Prpherein: 10 Ais
sel ected fromthe group R °R3/R3 R R3 R3R Rs R3
INH/SRNHand NH R2 R5 2 PR R

Formula |

A further embodiment of the invention provides a process for the preparation of

an aldehyde of the formula:

wherein:

R, and R are independently selected from H, straight chain alkyl of 1 to 4 carbon

atoms, halogen and alkoxy of 1 to 4 carbon atoms;
R is straight chain alky! of 1 to 4 carbon atoms;

comprising rearrangement of substituted oxirane of the formula:

with tris(pentafluorophenyl) borane to afford an aldehyde of the formula:

15
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Ri and R2 are independently selected fromH, straight
chain alkyl of 1 to 4 carbon 15 atons, hal ogen and
wa@bdoangyssof 1 to 4 carbon atons; Rs is strai ghtPChTERI903/028661
alkyl of 1 to 4 carbon atons; R57is straight chain
al kyl of 1 to 4 carbon atons; 20 conprising: a)
coupling an amno acid of the formula selected from
the group: 16 WD 2004/ 026814 PCT/ US2003/ 028661 R R O
R3 R3B OOR\ s 3RSR \Rs HRsRBO—IR~NH/NH
and 0/ ~-NH R2Z RR5 z with an ester of the
formula: S COORg HNWMINI(x O R4 is straight
chain alkyl of 1 to 4 cdkbon atonms and branched chain
alkyl of 3 to 4 carbon atons; 10 in the presence of a

coupl i nq agent and an organic base to obtain an ester
Apradgifjgna ﬁﬁ%@dqn@_nt pBhe ApyeRtigromorides Bl p®cess for the preparation of a

carboxylic acid of the formula:

l
A/U\N N\;/\rCOOH
oA
wherein:
A is selected from the group
R1 R3 R3 R1 R3 R3 R1 R3 R3
N A S N .
ﬂ// IfE ﬂ// NH and l// iR
R Ry, RETORS RS o N

R+t and Rz are independently selected from H, straight chain alkyl of 1 to 4 carbon
atoms, halogen and alkoxy of 1 to 4 carbon atoms;

Ras is straight chain alkyl of 1 to 4 carbon atoms;
Rs is straight chain alkyl of 1 to 4 carbon atoms;
comprising:

a) coupling an amino acid of the formula selected from the group:

16



15 b) hydrolyzing the ester of step a) wwth an al kal i
nmetal hydroxide and acidifying wwth acid affords a

w@ 200020814 ¢ acid of the formula: 10 y-~\N NCOBHT/US2003/028661
20 17 WD 2004/ 026814 PCT/ US2003/ 028661 An additi onal
enbodi nent of the invention provides a process for the
preparation of a carboxylic acid of the formula: R R3

RBOI H~ N \~ 5 R R HO wherein: 10 Rl and

R2 mye ifhd dent Iy seRecReq from H, sfraightrgRain

al kyt\ Dcar b g, OHal ogen of |
| ons; 5 st\pi ght jghain ﬂal Kyl éf™~1 to

to 4lcar ‘ )
4 c&f nrgtons; . 1Rs i RSt rai ght chaan/ NI/NS‘f l1to
3 carbon atoms; conprising: 20 a) coupFi ng ah ami no
acid of the formula: 3 RT RSRO~~OH NH R2R5

with an ester of the fornmula: H N N COCR4

with an ester of the formula:

5
III COO0
WY
A
R4 is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4
carbon atoms;
10
in the presence of a coupling agent and an organic base to obtain an ester of the
formula:
i |
A/U\N N\:/\rcoom
oA
15
b) hydrolyzing the ester of step a) with an alkali metal hydroxide and acidifying with
acid affords a carboxylic acid of the formula:
i |
A/U\N N\:/\rCOOH
H =
20 AN

17
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a 25 0 18 WD 2004/ 026814 PCT/ US2003/028661 R4 is
straight chain alkyl of | to 4 carbon atons and

whe@aokss chain al kyl of 3 to 4 carbon at ons; PEI/US20031628661

presence of a coupling agent and an organi c base to
obtain an ester of the formula: RR3I RO CNNM 7
COOR4 2 R5 10 b) hydrolyzing the ester of step a)
with an alkali netal hydroxide and acidifying with
acid to obtain a carboxylic acid of the formula: R3 R3
O R1 XcadditionaHeibodimakk oﬂ%he Mvehiibn prbviddssa groBEsshior the

g&,raiﬁBﬁ]?} %FE&@I;E[SHE off efo nventl on provides a

Cess repara ? a carboxylic acid of
thefornula 20R3R30R~NN~COO\I C/ =HOR2R5
N, H wherein: 19 WD 2004/ 026814 PCT/ US2003/ 028661 R,
and R2 are |ndependentky ﬁebe from H, straight

chain al kyl of 1 Ro\ COOH

wherein:

R1 and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon
atoms, halogen and alkoxy of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 3 carbon atoms;

comprising:
a) coupling an amino acid of the formula:
R1 R3 R3 Q
DR
~ NH
RZ/ R5

with an ester of the formula:



atons, hal ogen and al koxy of 1 to 4 carbon atons; 5 R3
is straight chain alkyl of 1 to 4 carbon atons; R5 is
wa@reoaloedst4 chain al kyl of 1 to 3 carbon atons; PADUS2003/028661
conprising: a) coupling an amno acid of the fornmnula:
RR RBRRBRO r~~ ~OH R /NHR5 15 wth an ester of
the formula: H2ZN N\ / COOR4

\r OR4 is straight chain
al kyl of 1 to 4 carbon atonms and branched chai n al kyl
of 3to 4 20 carbon atons; in the presence of a

OB ' BRCALIA afk)l GFB B
R B e s P A o s
capRoNRRORS;30 NN A~ COORg H\I( OR2 R5 JNH5 b)

hydrol yzing the ester of step a) with an al kali netal

hydroxi de and acidifying wwth acid to obtain a

5 indée preRNGeofAequUPlIg 2968t ARM AR PrganiRPaRg teobtain aq qstengf the
fothaia: | =Y N

R O
R, /7 |
/[~ N, H o0 X
R, Rg H /N

10

b) hydrolyzing the ester of step a) with an alkali metal hydroxide and acidifying with
acid to obtain a carboxylic acid of the formula:

1

N N._ - ~COOH
Y
15 Rs H VAN

N ~
Rg

An additional embodiment of the invention provides a process for the
preparation of a carboxylic acid of the formula:

20
R Rj Rs O |
1U\§)§E)J\N NWCOOH
e WAV
Rs
wherein:

19



H oNH O R5/ 5 10 A further enbodi ment of the

i nvention provides a process for the preparation of
wa@pooateisiy/de of the fornmula: 15 R1 \ R3 R3 ~ br¢T/U820R2028661

wherein: 20 Rl and R2 are independently selected from

H, straight chain alkyl of I to 4 carbon atons,

hal ogen and al koxy of 1 to 4 carbon atons; R3 is

straight chain alkyl of 1 to 4 carbon atons; 21 WO

2004/ 026814 PCT/ US2003/ 028661 R4 is straight chain

Ralaky R, afe ihdéper’rheaay bslected Do HyBthaighberaireslkg b fo akckisbn

f 3,to 4 _carpon 5 i § straight chain al kyl of
agon?so hilggg‘t'l" BB‘%a@P 10{% @E}?%%g g: a) alkylating
benzylnitrile of the formla: R1C~CN 10 R2 with an
rmul a R3LG where R3 is as

> Fgé% t%?i@%{tgﬁ%v%ﬁ%%‘o% <@ron gtamsi ng group, in the

presence of a strong base, to obtain a nitrile of the
FISCI)srsq}'Ialigefit Chgl% aﬁ%l <§3 1 to 3 carbon atoms;
10 comprising:

a) coupling an amino acid of the formula:

Rg¢ Ra Rsf
Y
A2 [H

R
2 Rs/
15 with an ester of the formula:
llI COOR
oA

R, is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4
20  carbon atoms;

in the presence of a coupling agent and an organic base to obtain an ester of the
formula:

20
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10

15

20

I CN 15 2 and b) reducing a nitrite of step a with a
reduci ng agent to give an al dehyde of the 20 fornula:

wRiooR82d83 O P H RAn additi onal enbodi nent of PEERUS2003/028661

present invention provides a process for the 25
preparati on of a conmpound of the formula: 22 WO

2004/ 026814 PCT/ US2003/028661 O R, RB RB OH N O -R4
R2 R5 O wherein: R and R2 are independently sel ected
fromH, straight cmgiE&qJ I of 1 to 4 carbon atons,
hal ogen and al Rpx 0 cdrbon atons; 5 R3is

strai ght chainE I\t Mﬁcﬁogms; R4 is
) kyl of 1o @ carbon atoms and

strai ght chain
yl_ o 3 to 4 “carbon atoms; 10 RS is

branched chain &
strai ght chain al kyIR5of to 4 carbon atons;
conpri si ng:

b) hydrolyzing the ester of step a) with an alkali metal hydroxide and acidifying with
acid to obtain a carboxylic acid of the formula:

A further embodiment of the invention provides a process for the preparation

of an aldehyde of the formula:

Ri Rs Rz
| B
= O
4

wherein:

R, and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon
atoms, halogen and alkoxy of 1 to 4 carbon atoms;

R; is straight chain alkyl of 1 to 4 carbon atoms;

21



15 a) reacting a racem c bl ocked am ne of the fornmula
RRI R3O iNMAd O 20 with a resolving base
w@ dMid2/02a8$0l vi ng base) to obtain a resol ved bl or&EUS2003/028661
amne salt of the forrmula: 23 WD 2004/ 026814
PCT/ US2003/ 028661 R3 R3 0 O + NH3-resolving base R
~~' R RZ RO NR4A O and 5 b) treating the resol ved
bl ocked amine salt with aqueous al kali netal hydroxide
Ralgstraight enainyalkg ol th4 garagniaiorgs srd Brapehgsioigty %J%/y' Phato4
carBbiiomsRl R3 R3 0 OH RR2Z RS N_OR4 0 10 The
present 1 nvention provides the follow ng conpounds:
3- et hyl - 2- (et hyl am no) - 3- phenyl but anenitrile, 15
Rg\ks(s%agght eI o h 8o lcalRi has;de,
N, D, (3-trinmet hyl phenyl a( ani ne,

5
comprising:
a) alkylating benzylnitrile of the formula:
R4
\\ CN
[
KA
10 Ro
with an alkylating agent of formula R;LG where R; is as defined above and LG is a
leaving group, in the presence of a strong base, to obtain a nitrile of the formula:
Ri Rs Rs
U\\ oN
A
15 R
and
b) reducing a nitrile of step a with a reducing agent to give an aldehyde of the
20 formula:

Ry Rz Rs
EWH
Rz/ = 0]

An additional embodiment of the present invention provides a process for the
25  preparation of a compound of the formula:

22
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N-(tert-butoxycarbonyl)-N, (3, (3-trinethyl phenyl al ani na
m de,
WORM4BRAsI4 S(tert - but oxycarbonyl)-N, (3, R-tri met Pyi/pkmonyb28661
al ani nam de, N-(tert-butoxycarbonyl)-N,
3, R-trimet hyl phenyl al ani ne, 20
(S)-N-(2-net hyl - 2- phenyl - propyl i dene) - p-tol uene-sul fin
am de
(Ss, 2S) - N-(p-tQl uenesw,f i nyl s 2- Om’ no- 3- net hyl - 3- pheny
| butyronitrile and
Ss, 2R) - N- (p-tol

butyronitrile, :
(Ss,2S)-N-(p-t Lue esyl fi namdo- met hyl ) - 3- net hyl - 3- phe

nyl but aneni trilie, / (29) - 3- netdyl - 2- (et hyl ami

no) - 3- phenyl but Arile,

N, R R-trimet hyt- L- phenyl gl afii nam, derO—Rs

N- (tert-but oxymarbonyl )-N° (3,

3-trinethyl-L-phenyl al ani nam de,// N, N,

N-tris(tert-butoxycarbonyl)-N, (9, (3-trinmethyl-L-phenyl
whkam:nam de, 24 WD 2004/ 026814 PCT/ US2003/ 028661

salt of N-(tert-buto ar bonyl ).z :

R S FrarnerergrR el P { birHolginpin ali of 1 to 4 carbon
afBehd) bl Ba haakae dfSAbBA)arsordaterist  of

N-(tert-but oxycarbonyl)-N, P,
3-trimethyl-Dphenylalanine with (R -(+)-a-

FOES Sydigieayin amynst 1(tBAM2#Yon Soffise f ol | owi ng
experinmental details are set forth to aid in an
understanding of the invention, and are not intended,
Rnel ssdightl cainGilkybef clomstarbedatoos| andibranahedalyainaiky! offito 4
irfl\é/)%ntion_ set forth in the clains that follow
PRAAPTEr . 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Terns and definitions 15 Hal ogen, as used herein neans

fl.uoro,, chlor b nd _j .Al kyl as used herein
I?'Fé%ﬁ&a'ghts‘ihﬁg'i%m O{:ﬁg%)%g%@w %fgé) S$om1 to 4 carbon
atons. Exenplary al kyl groups include nethyl, ethyl,
propyl, and butyl. Straight chain alkyl as used herein
means a straight chain having from1l to 4 carbon
@niisingExenpl ary al kyl groups include nethyl, ethyl,
propyl, and butyl.

a) reacting a racemic blocked amine of the formula

with a resolving base (NHz-resolving base) to obtain a resolved blocked amine salt of

the formula:

23
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20 Branched chain al kyl as used herein neans a

branched chain having 3 or 4 carbon atons. Exenplary
whe@aokss al kyl groups include isopropyl and tBCT/US2093/028661

butyl. Al koxy as used herein neans*an -alkyl =@ - group- - ..

in which the al kyl group is as previously described.

Exenpl ary al koxy groups include but are not Iimted to

nmet hoxy, et hoxy, Ns Pr opoxy, and n-butoxy. 25 A strong

base as used herein a tert-butoxyal kali netal

base. Additiona es NHgedsoliag 8abl um hydri de,

potassiun1hydr$ﬂ§‘ JE hydr oxi de, and lithium

diisopropylanide/’ r ef et “Rirong bases include

potassiun1tert-6hto%%ﬁe (BuOK), sodiumtent-butoxide

(BuONa), or lithiumtent-butoxide (BuOLi), nost

pref erably potassiumtent-butoxide (BuOK). 30 Al kal

netal cyani de as used herein neans an al kali netal

nide salt. Preferred are sodi um cyani de, potassium
Cyanide and lithiumcyanide, nost preferably
pot assi um cyani de. 25 WD 2004/ 026814 PCT/ US2003/ 028661

L i roxi de, .preferably, means sodium
o,y 58la T8 S Fopiesel oot ARG Ripem s and
acigifingowit acidbd givé & chinpoudyofrtbe FeenuldReduci ng agent as
used herein neans an agent whi ch adds hydride and
i ncludes tin chloride/ hydrochloric acid, lithium
al um num hydri de andFé dir,sq yl al um num hydri de
ed herein neans an

(DI BAL-H). Oxidizing ags S HH
agent which has an O-ndigrg such as hydrogen
peroxi de. Organic carbesAate gs ysed herein neans a
conpound of the formila &é&]ﬁiﬁs%ﬁv\here R4 is alkyl
as previously defined. PreferPed is t-butyl
di carbonate 10 when t neans tert. Organi c base as
used herein nmeans an al kyl am ne base whi ch incl udes
triethylam ne, N, N-diethylnethylam ne,
Thé; piederdtimsention priomides eNollalied bothgdungkenedi ani ne, or
N, N- di i sopropyl et hyl am ne. Further organi c bases
i ncl ude di net hyl am nopyridi ne(DVAP) with
3-thathyb-Rr(owesHytentigo)e3¥pinany(HDtSndhitrild)

N,B,B-trimethylphenylalaninamide,

N,B,B-trimethylphenylalanine,
N-(tert-butoxycarbonyi)-N,B,B-trimethylphenylalaninamide,
N,N,N-tris(tert—butoxycarbonyl)-N,B,B-trimethylphenylalaninamide,
N-(tert-butoxycarbony!)-N,B,B-trimethylphenylalanine,
(8)-N-(2-methyl-2-phenyl-propylidene)-p-toluene-sulfinamide
(Ss,28)-N~(p~toluenesulfinyl)—2—amino-3—methyl—3-phenylbutyronitrile and
Ss,2R)-N-(p-toluenesulfinyl)-z-amino—3-methyl-3-phenylbutyronitrile,
(SS,28)—N-(p-toluenesulfinamido-methyl)-3-methyl~3-phenylbutanenitrile,
(28)-3-methyl-2-(methylamino)-3-phenylbutanenitrile,
N,B,B-trimethyl-L-phenylalaninamide,
N-(tert-butoxycarbonyl)-N,[3,B-trimethyl-L-phenylalaninamide,
N,N,N-tris(tert-butoxycarbonyl)-N,8,8-trimethyl-L-phenylalaninamide,
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15 met hyl nor phol i ne, N-net hyl pyrrolidine,
2,6-di-tertbutyl-4-nethyl pyridine or pyridine. A

wo e®@alonisny base as used herein neans a chiral BOI/H82005028661
or S) capable of formng a pair of salts (R and S)
with a racem c carboxylic acid. The pair of salts are
capabl e of being separated one fromthe ot her by
crystallization or high pressure

salt bt Wrteridytexyiegrbomy N, %rtryan@éxbmheﬁg'al@aﬁ‘@wth@-&r&é-
I
m%t@lbénz}/raﬁn %}ﬂ\f]@% %lﬁtnfg g(renngsl am ne,
salt ﬁﬂ\lilfé)’t-l(u@xwerb@pm}dlrﬁ Bririmethly - D-piRny{@anineowdp R - and
zyl ami ne. The synt hesis of
m‘%@%‘%& '5@1 i @XM%? Y is illust ra%/ed in Schenes 1 and

As shown in Scheme 1, benzylnitrile 5 which is
elther commercially available or can 25 be easily
made from known and readily avail abl e reagents, where
Rl ame febvang exmErieienkz fietads arefsehtorthite aii lalanyumderet@no\mg tof
R3LG.n th re f

tng Pl 20E e AR TRER R o Sl Rl PR Bnen Fe G gy vy
the daentiont set fortbuh dhe ciams(tlmt@l@)/v, thereaftét hi um
tent - but oxi de (BuOLi), nost preferably potassium
tert-butoxide (BuOK), and an al kylating agent R3LG
where R3 is hereinbefore defined and LGis a 30

D%WKFQ%%Q%%%N% el WE@TM not limted to

p-tol uenesulfonyl and methanesul fonyl .
Preferred al kyl ati ng agents i nclude nethyl iodide or
Tarekhyl definidomgde, nost preferably i odonet hane (et hyl

i odi CH3 al t t e | n the
pr es@%é%érbfas’é%a?h ?%P% f or Fcf )eép cEjIE%rPO ahe mdg
I odi AlRylias uBed @bmmeﬁrﬁs Mﬂrﬂ@ﬁizbhéme&]lmg from 1 to 4 carbon atoms.
PCT/ US2003/ 028661, wh tetr dr of ur an
Exer sy aﬁgﬁg "SHP% Picluge r#ﬁ%&l oerﬂ&z L@S‘i}/ﬁ oaslr?a e (DMF) or
N- rresﬂradgl}itwhami alkyl asnsgd tpmeihem@misya stiaight ohaifi heyigg from 1 to 4
trile 6_f ol C ent
iAo FgBeeb Aog pF BBty s SEP Rt
hydercmtdchauh biggilmstugbd hensimmeaisyal biadehdtBikLhavjng 3 or 4
ef er abl y di |
bt S6ER- treeray Mo B S BEMARE, kb b Bty buiy
Al dehikdey s useddmmsiemieads B0 afkyt-O pou |rby/thh ¢heSalikgd gkasip is as
reacti ' 3
pisSBGay oy P e B ey RRb 5 BRI g methoo
ei!bpi(y onabpgxy, and h-blttixgl kyl ) al um num cyani de or
(triagl %/
opti §n§¥ %gﬁl%éléls éaweq f %ln%%lt%]é o?gée ‘ﬁ HE%%r i de
Addititned stmgipasss isdde, sodtmrraiwdrlde potassmm hydnde sodium
hydroxide, and lithium diisopropylamide. Preferred strong bases include potassium
tert-butoxide (‘BuOK), sodium fert-butoxide ('‘BUONa), or lithium fert-butoxide
(BuOLi), most preferably potassium tert-butoxide (‘BuOK).
Alkali metal cyanide as used herein means an alkali metal cyanide salt.
Preferred are sodium cyanide, potassium cyanide and lithium cyanide, most
preferably potassium cyanide.
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10 aqueous al cohol which includes nethanol, ethanol,
propanol and 2-propanol, preferably agueous nethanol,

WO poog2astd t ati ve yield. Nitrile 8 is hydrol yzeRrCT/uS2003/028661

amde 9 by treating with an alkali netal hydroxide
selected fromthe group lithium hydroxide (LiOH),
sodi um hydrOX| de and pot assi um hydroxi de preferably

lithi dr oxi de tionally in the presence of an
A A e A A R e g s
hipgrekigé bh@nthtfm h oﬁﬂe Nfod fpﬂiﬂ@rablﬁ/ h’c‘H‘ﬁrﬁ ey&origene! | as

activyatiaqon of t
Ao coReRdRG Aoy Faied AT L Which Sts Byciice agp
indneled @n wbﬁde/ﬁ{/&@rﬁéﬁ@aw githuniRaluiBnuie hedideedrmer e

each R ken i ndependently in a
dﬁ?ﬂWB’???“’EWHW Wgn%z@@%'-f@rle to afford bl gcked am ne

10. Bxpfiged & t\é(lstuhed Rérelnahéanstzt ayeneanhieh Mgk ab BRO)bonding
%roé\; |s re d. Further reaction of bl ocked am ne
B &t ygr ”a‘?rerB%“ @ni c carbonate of the formul a

d COZrdadrdc parmbastasYisell héent méaisyd céthgamaai #iesfotiulat he

ﬁﬁs FORR: © Bl P (S ab A B P“”“@%&o&s&ru&%car%onate

dit ieanalter®r gani c base preferabl y
diisagpro et hyl am Dl EA t
et ORpany et ks B d artigimmahs =n it bavs Wik Rakdes
tﬁelmll}diﬁnihé; It\lhilydig?ylhtﬁetﬁyléﬁg\b[ NN- @refﬁyd\nmma deNLL Wit hdan
e e era ueous .,sodl um
Gy e mEp o N Ao opT BB A SO fet Mtude
dnhetﬁiﬂemhmﬁyMné(BMﬁab)rvﬁmaﬁre@brmméthﬂam&eqwmpNbase

ré‘?NEﬁ‘[“ ?‘PL{‘ gﬁn%ﬁ'i’ﬁ)grrﬁlﬁ{"pﬁ,mgbgﬂztl W meH\ylpyrlg ind' o pyridine.

(R S)ZS@c r)esalviﬂigttia)té aﬁus@d hér@rgbﬁélwélazcmnﬁ?ammé (Ror r?) gapable of
-(-) - por.ephe n - (F) - nor edrinn j.n
G 3 bt o AR Recas i A oo BE PR P HiE T of oga of Sah'are
dapaisi& etibelng bepaiatetl ohd frofrthé ethabby crye’%ﬂﬁhmm High rassure
|l$%pé[&%‘l‘n%ﬁ$¢%& hglggg%r)? ng&??m&%ases ncluge )a(c)t o?—d wth
n%tﬁ’yllﬁé’ﬁzglfa‘fﬂm‘é gl-¢ —taﬂﬂéﬁylh%@&faéﬁzyié?mﬁef@RCQSt)JQQ -ndfdphe@in,

tert-butoxycar z
(15 LR o eohsuEmand (Ahire-Hbenzylamine.
(S)-(-)-a-nmethyl benzyl am ne (SAMBA) 14a. Resol ved
bl ocked amne salt 14 is treated with an al kali netal
hydr dbiedynthesistaf eempeigida @f hgmie Vipillgtaled As8glapmes 1 and 2.
E%%Mﬁ%&)%gﬁ&%ég%ngm HIH B\ AREHPRRARE: & &"c ﬁyé{véﬂ M@%Péan

sodi um hydr oxi de or so I um car bonat e an
heeasiy matie from knowssindtreadily pyvailabe iepaesits, r\rémfe F@ﬁno\ﬁt ﬁre

HArdi éf cHehiREdlis FARPANAIRN RELE Hfﬁ%lp?eéencgemﬂeﬁ@ pied
e o

acl I nc ydrochloric and sul
Preferred strong bases include potassium tert—butoxrde (BuOK) sodium ferf-butoxide

(‘BuONa), or lithium fert-butoxide (‘BuOLi), most preferably potassium fert-butoxide
(‘BUOK), and an alkylating agent RsLG where Rs is hereinbefore defined and LG is a
leaving group which includes but not limited to chloro, bromo, p-toluenesulfonyl and
methanesulfonyl. Preferred alkylating agents include methyl iodide or methyl
bromide, most preferably iodomethane (methyl iodide) (CHjl) or alternatively methyl
bromide in the presence of sodium iodide or tetrabutyl ammonium iodide in a solvent
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preferably citric acid. Preferably, treatnment of salt
of N-(tert-butoxycarbonyl)-N (3,(3 5

WO eoonwrdsyd - L- phenyl al ani ne with PCT/US2003/028661
(S)-(-)-((x)-nethyl benzyl am ne (SAMBA) 14a with an
al kali nmetal hydroxide preferably agqueous sodi um
hydr oxi de (NaGH) or sodium carbonate followed by

Whick ickies sulTehism § M GPcen e N b raDigedDur) o

N%éthylﬁ}’r?d’hﬂi‘hcﬁé'ﬁe@l‘ébw Tigs td\laffdr@ hitme 6 followed by reduction with a
but oxycar bon P, (3-tri al anj e of.

reflURQPEE: Wit 'n‘aﬁ%ﬁw cme,rrqg‘é*%'&hw agkm i fyceidg gnd
d|€§%§9t5/laﬁﬁﬂmhrﬁ h%mmaALmqﬁaﬂeﬁaw @ekiadyaniieund Rydride

sol vi ng é%t&% resol ving base) 13
(%Akﬁ)lﬁi’f@l""ﬁagg a(:‘q)h_y@q;)lysas W&'Yﬁ@l §17amine to afford
AldBRydeR) islc@frdrieRdo hitaie leasl tﬁmsn@cwealréac\ﬁbn Qlith ERYaIKA metal

treated with an al kali t al hydr oxi de lq

cyanie RrefgrRPaROtERSIND .%%ad%n&%%)r%ﬁe 'Pmtqya@'aeé o) prrgptionally
wftlﬁcjlﬁcﬁetljk )%ILPIQK{YM arf§eé B (tF ggkﬁpmﬁﬁ&“ém&ﬂylamme (RsNHy),

opijongity %g g:/a O\(ZVSI%Q:IL oA c&@ggg o?]%ycﬂrop_ro,rmqle l1tc Iqu n

Q%Ithol%lcQ&W%l@es%eth'énél 8@%& probdd? and Qzﬁropamat al

al kali netal
pxefelr@a'y 890005 oSl RSP ENCOGR ?\"ﬁe s TREraiZ AR pmicE
by f&atRgitnBan alkali metal hydroxide selected from the group lithium hydroxnde
(LIOH), sodium hydroxide and potassium hydroxide preferably lithium hydroxide
optionally in the presence of an oxidizing agent such as hydrogen peroxide (H.0.).
Protection of the amine group of amide 9 as well as activation of the amide for
hydrolysis is accomplished by reaction with an organic carbonate of the formula
O[CO,R4]> where R, is hereinbefore defined and each R, is taken independently in a
solvent such as acetonitrile to afford blocked amine 10. Protecting with the tert-
butoxycarbony! (Boc) group is preferred. Further reaction of blocked amine 10 with
an organic carbonate of the formula O[CO,R,], preferably di-tert-butyl dicarbonate in
the presence of dimethylaminopyridine(DMAP) (at about 10% mol. Percent)
optionally in the presence of an additional organic base preferably
diisopropylethylamine (DIEA) in a solvent such as acetonitrile gives optionally
isolated triblocked amide 11. Hydrolysis of triblocked amide 11 with an alkali metal
hydroxide, preferably aqueous sodium hydroxide affords racemic blocked amine 12 .
Racemic blocked amine 12 is reacted with a resolving base (NH,-resolving base) 13
which include but are not limited to (S)~(-)-a-methylbenzylamine, (S)-(-)-a-methyl-4-
nitro~-benzylamine, (1R,2S)-(-)-norephedrin, and (1S,2R)-(+)-norephedrin in a solvent
such as ether to obtain the resolved blocked amine salt 14. Preferably, resolving
base (8)-(-)-a-methylbenzylamine (SAMBA) is reacted with N-(tert-butoxycarbonyl)-
N,B.,B-trimethyl-L-phenylalanine to afford the salt of N-(tert-butoxycarbonyi)-N,B,p-
trimethyl-L-phenylalanine with (S)-(-)-a-methylbenzylamine (SAMBA) 14a. Resolved
blocked amine salt 14 is treated with an alkali metal hydroxide, further including
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10

15

gJCX2R412 R1 R3 R3 0 CX2R412 R1 R3 R3 0 O 00_-R4

CH3CN NI -12 DVAP N,/ 1li RA RRS CAR4 2 R~-NO R~ 2
wa0d/036819) 01 R4 R3 R 0 alkali netal R13 NH2- PEBUS20031028661

base base ;~ OHO 13 82%from5 N ~R4 R2 2 R5" O

70% 12 R3 R3 0 RL R3 R3 O + NH3-resol ving base

al kali nmetal \ CO2H R, S O base/acid (I S N O R2

RS R4 90% 97.4% ee RR5S NR4 14 0 Formula i H3C H3C
sodiH® @rbonatereferaly aquecys ggdium-hydroxdeprgodiugpcaphonate and

the product as Formula | is isolated after further reaction with acid to afford
compounds of Formula . Commonly used acids include hydrochloric and sulfuric,
preferably citric acid. Preferably, treatment of salt of N-(tert-butoxycarbonyi)-N, 3,8~
trimethyl-L-phenylalanine with (S)-(-)-(c)-methylbenzylamine (SAMBA) 14a with an
alkali metal hydroxide preferably aqueous sodium hydroxide (NaOH) or sodium
carbonate followed by acidifying to a pH 6 or less, preferably to a pH of 3-6, more
preferably 4-6 and most preferably to 5-6 with citric acid provides N-(tert-
butoxycarbonyl)-N,B,8-trimethyl-L-phenylalanine of Formula 1. Optionally, using the
conditions as described in Scheme |, racemic blocked amine 12 is reacted with a
resolving base (NHx-resolving base) 13 which includes (R)-(+)-a-methylbenzylamine
to afford the (R) resolved blocked amine salt which may be treated with an alkali
metal hydroxide using conditions as described in Scheme | to give the (R) free
carboxylic acid.
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WD 2004/ 026814 PCT/ US2003/ 028661 As described in
Schene Il, conpounds of Fornmula | are realized by an
w@soonioBisid ¢ St recker approach using an enant i PEUDE2003/028661
sul finimne. Substituted benzal dehyde 15a where Rl
and R2 are hereinbefore defined are converted to
substituted oxirane 16 upon treatnent with
di phenyl sul f oni um i | i 15 using the | ow
tenperature 5 'cond%&i’gg‘wgiri bed (Corey, E. J. et al
Tetrahedron Lett. 1967, 2325). The substituted
oxirane 16 is selectively rearranged (>98% phenyl
rrigqation) totgioke al deRydery mpon treat mentrW th), aR
m) LG/ﬁ-ﬁFnDI ol h’a(p %‘f"t%oro 2 °H
b en ehel (YahamotolH et
tt 1995 1) foll by subsequent tr nt
vvlth (®)-(+)- p oI uenesuffinam de 17 1@zsand t1% anizum
et hoxide [Ti (OEt)4] to produce
( SRsNHbst i t ut ed- p-t ol uenesul fi nam de 18 (
J. Oafaligesn 998 64, 1403)2lyAcyanat i
enesul PFani de” 18
gnt lderi ved—gramya—d+allKyl
9 giNeyhyl al um ndm cy E'P'Q,Q\I CN)
and i 8¥pr opanoRy (IB‘A) affords a di asteréomeré
m xture of nitrile 8. In the case where al dehyde 7 is
15 2- met hyl - 2- phenyl propanal an 88: 12 m xture of the

I (@]
3{ ,f%’”ﬁ C % it ngL g%féyfﬂ% 3- thé\” R OorhtliJJfTQrth

e an 0.
tol uenesul fi -2NanDQ0 3- net hyl - 3- gggn I‘Oﬂl\g'rl 'Ry
e 19 (Davig, et rgt ?\( Ofg. Chem 19 IS

formed. N trogen g kfl ation (Semko, CM ¢f @ \P\fgg.
Chem 1993, 58, 696) of nitrile 19 with potassium
hydr oxi de (KOH), go t etr abut yl anmoni um br om de( TBAB)

angdikebheawherry RS :h rei nbef ore dedideflidgbase
solbusnt such gPde substituted am ne 20.
Specificatty, n/he cas:e\v\here nitrit®e 19 is a
m BT R/ R

(SS, 2S)-N-(p-tol uene;uldn nyI) 2- ani no- 3- figt hyl - 3-
phenyl butyronitril e ‘and

(SS, 2R) - N- (p-t ol uenesul finyl)-2-am no- 3- net hyl -
phenyR utgg'rQ)nltrlle further reaction with n a;lkaIR;

roxicfe, NPLRG8VRGbYse25 PakaSAAEM h OXDEE *co,H
tefgabutyl ammnl um br oHasé&(:EBAB) an Gl g
pr ablyy Qd met hane (CH3Il )T THE gener th

c&er endi g (35 2S)-N-(p-  90%,97.4%ee Rz

t ol uenesul fI'naqy do- net hyl ) - 3- et hyl - henyl but anenl@r
ile 20 with the absence of obser

I
e Gige CHR© (SS 28) (p-tolue ul fi ﬁa?npljgerﬁ;g%ﬁﬁﬁl) 3-

U\\
CH3 HsC” N\\( j<

14a
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nmet hyl - 3- phenyl but anenitrile 20 could be readily
separated via flash chromat ography 30 or
w@eopghzdshd zat i on. Further, debl ocking substit up@rUs2v03IE28661
20 to renove the p- toluenesulfinyl group is achieved
in methanolic HCl to give amne 21. Reaction of am ne
21 wth an alkali netal hydroxide preferably Iithium
droxi de optionally in the esence of oxi di zi ng.
ASa%em bad,iprs o&@ﬂ}wa@e@ew%%fpﬁ@uly P@rreéhzgﬁl%ér@"ffym% ic
St%k&%r&a’&&%d’ﬁ éldRB8pé SdBGimine. Bupkiatet @enf_a‘ldéhp@e 15a

wiire R 2t R Rg P MbgioER ARled 31 e s Do B 18

upthRaretréntivithtepIRin ?i@@mﬁ@n @aﬁtdﬁ?ﬁﬂd 15 @smgemb\l@mtenspeeétur@s

, tonitrile t ford d
copdipat Bescrbob| Gy Stl TEtahEdRB LT 1067 pagsn e
s&%%dwma@e he lﬁe@i&ﬁélyeﬁbarrﬁhgédT @r98% @ﬁémﬂ) mg?rétlckﬂ)m{tﬂeél

am ne 23 with an organic, car the fornul a

al@h@/@g FA{PENSreafrasnipyih aoqatqlﬂlcta"ﬂ)‘i}{@?é m&?%eb bonate in the
tn@(fp@ﬁ@ﬂ@&opﬁer@n)wm [ESLFDBIN behRpe %Haanﬁcﬂ@ Ei1e0) ut Skert
1!@595%1 )gglgygeél mﬁ@ﬁeqq@'éi tfé‘pgllglleaﬁ \tIIH‘I E (+)Dp ?agennce(seulg namlge 17
arfll it 0mAINGEd i (B Q0 Qldﬁeé (S)EBu@sﬁtgie\dqmol@ué&ulfa&mnde 18
R e Slies T opist B de 24 el s, o
toMeﬂEﬁIlﬁf’%lm‘idé% S\mﬁl Immhféud @pbfbi‘i reagém wedvdyirée edjla‘lwl ng
common aci_ds mhl |nc r|c
A pyanids, preieraply ¢ <k R eyaﬁ(qded&i{l& R gSigpanol
(IPAP&Ford & URkRIbIMéER Mixtupd biitril- 1. IMahe cayealitrabldgnybiedT is
R e
m‘é@%-@mm 8MBehyibufranitile Bnmm a\u@,- 0 R3
to&eng@ul%nyl)%—ammo%s-methyl g phenyjlbutyroﬁnleC%y?Daws et al’3 J.
Chem. 1996, 61, 440) is formed. Nitrogen alkylation (Semko, C.M. et af J. Org.
Chem. 1993, 58, 696) of nitrile 19 with potassium hydroxide (KOH),
tetrabutylammonium bromide(TBAB) and RsL.G where Rs is hereinbefore defined in a
solvent such as THF to give substituted amine 20. Specifically, in the case where
nitrile 19 is a mixture of (Ss,2S)-N-(p-toluenesulfinyl)-2-amino-3-methyl-3-
phenylbutyronitrile and (Ss,2R)-N-(p-toluenesulfinyl)-2-amino-3-methyl-3-
phenylbutyronitrile further reaction with an alkali metal hydroxide, preferably
potassium hydroxide (KOH), tetrabutylammonium bromide(TBAB) and RsL.G is
preferably iodomethane (CHsl) in THF generated the corresponding (Ss,2S)-N-(p-
toluenesulfinamido-methy!)-3-methyl-3-phenylbutanenitrile 20 with the absence of
observable epimerization at C-2. The (Ss,2S)-N-(p-toluenesulfinamido-methy!)-3-
methyl-3-phenylbutanenitrile 20 could be readily separated via flash chromatography
or crystallization. Further, deblocking substituted amine 20 to remove the p-
toluenesulfinyl group is achieved in methanolic HCI to give amine 21. Reaction of
amine 21 with an alkali metal hydroxide preferably lithium hydroxide optionally in the
presence of an oxidizing agent such as hydrogen peroxide affords amide 22.
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CHO 16 15a R R2 ,, 00 (50-60% HzZN S\ R R3 3 R

R3 R3CN X1 (alkyl)2AICN/ I PA 17 - ~ HN5S. p-tol Rsi
wO-Bep/oast4 THE Rz .~ ,0 Ti(OEt)4 2 O 18 (quantPC1/BS2003/028661

88:12 Ss,S:Ss,R alkali nmetal Ra Rs R3 R3

hydr oxi de/ TBAB/ RSLG RRICN 1. MOH, HCl R | /CN ( 5

,"JI I S THE 0-5C R1 R NSIp-tot 2 Et3N, ether RX RS NH

it e b B B R e e
ofg‘eﬂlc%aaaongﬂe AR SonRuRO[ND IR, \Ivhéie& is Eérembe@re d)sfaieplan a
s e 2o P BRI Ao 23 PP B Brogin

with % 8&-butoxycarbonyl (Boc) group is preferred. Further reaction of blocked
amine 23 with an organic carbonate of the formula O[CO.R]. preferably di-tert-butyl
dicarbonate in the presence of dimethylaminopyridine(DMAP) (at about 10% mol.
percent) and optionally in the presence of an organic base which includes with
diisopropylethylamine (DIEA) in a solvent such as acetonitrile gives triblocked amide
24. Hydrolysis of triblocked amide 24 with an alkali metal hydroxide preferably
sodium hydroxide followed by acidifying with common acids which include
hydrochloric and sulfuric, preferably with citric acid, to a pH 6 or less, preferably to a
pH of 3-8, more preferably 4-6 and most preferably to 5-6 with citric acid afford

compounds of Formula 1.
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R2 RO NO4 (41 %from22) Os OO- R4 Formula 1 24
As outlined in Schenme 111, carboxylic acid 25 is
w@e@para by hydrolysis of nitrite 8 by 5 reflRPXI/I§20031028661

concentrated hydrochloric acid. Coupling of carboxylic
acid 25 with amne 26 in the presence of a coupling
agent and an organi c base affords ester 28 foll owed by

al kal i ne net al gygFPX|§e hydrol ysis, preferably

l'i t hi um hydr oxi #& ¥8"®Btain carboxylic acid 29.

Preferred coupling agents are sel ected fronr&he group

N, N~ 680 di-eyed.@h exyrlz car b8dRid mrd@s)spl u R1
@ xyﬁé%m riazo \ enzot +azot- [
*oxy

[ s(sdnmet hyl am phosphomsu*m

exaf ['uor q Pivat e ( OP-peagent), N, Nb| s{2 32 WO
200% 02681 CT/15JSZOOS/ 028661
0XQ- 3 oxaz 4 |gj nyl ] phosphor odi am di ¢ chl ori de (BOB
a )4’i phenyi phos hinyl chloride (DPP.Cl),
di'dt phogphBryfs cyani de, Ryl X CN
2- ch) ot 1- yri di ni U P RN, [ HN.__pol
phenyl di chl g,? hoé‘;gm‘?‘e pl us up1 dazoke, o
2- (tbehenzot ri azole-0-yl)-1, duady 3- tetra 9thyI uroni um
tetrafl uoroborafl®, 2-(1 H benzotriazol e- gez yl)-1,
1,3,3 5 tetranet hyl uroni um hexaf | uor oplegsssg,hat e,
brono-tris-pyrrolidi no- phosphoni um
st afd uor o hos'fi fe and | o RosRe o
BERIBT PR, SOXY- tiLs=pyrr ol |}i 0- hosphonl um
hexakkuor op ha e dt&l t2rFeNpmeesenq§/ R NH
N, N- % [ sopr opyl &¢ hg?roam ne. of% most pr eferred coupl i ng
agent 20
benzot r| azol e-1-yl -oxy-tris-pyrrolidi no-phosphoni um
hexaf | uor ophosphate 27 ang%?éwfam c base No N-d

i APyl ekhylfa | fie in ene 3r
Pr %&%ﬁd%ﬁdm@% 5 ipclude: RJ\ '\5

N N Jiol, SOpr o tNH am ne, N- neth 0\ﬁe,
N- et hyl pyrrdl | dE;we triet hyI am ne, 23 0

4- di met hyl am nopyri di ne, 6- di -

tert-butyl -4-methyl pyridi ng,kgggalpy,{ ne,. 33 VO

200026814, PG /Ug2003/ Q200 m
ﬁ S \n—‘O\ Rz
R/ _N (¢]
2 R

"R
R pd 4
4 (41% from 22) \‘(
5

(o} O~ R, Formula |
24

As outlined in Scheme lIl, carboxylic acid 25 is prepared by hydrolysis of nitrile 8 by
refluxing in concentrated hydrochloric acid. Coupling of carboxylic acid 25 with amine 26
in the presence of a coupling agent and an organic base affords ester
28 followed by alkaline metal hydroxide hydrolysis, preferably lithium hydroxide to obtain
carboxylic acid 29.

Preferred coupling agents are selected from the group N,N’-
dicyclohexylcarbodiimide plus 1-hydroxybenzotriazole, benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP-reagent), N,N’bis[2-
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RILRBRERLREREOCCNConc. HO ws OH R/NH R2I R
INH2 RS 5 25 8-, N N P Np FO/I NNoOR4 v 27 26

WORI0RB248%4 0 /'S H X N\ » COOR4 F22 R5 N. H O PAI/ug®oiR®s8661

RO RL3IRSHCOH N ~--- 0 R RS HZ29 Further, as
shown in Schenme 1V, replacing carboxylic acid 25 with
carboxylic acid 30 5 usi ng the conditions descri bed

ot ares Febatoy b0 G SOb  Beheaden oyl e
(dnfdcha@mowpﬁﬁﬁswwl X:yém(ﬂéllZ-Iéﬁl(tmdf—m&‘dhdlﬁyndlmumbb@dél

PlEYRISRRhoBS it Bl R SRR R R PR zpley 111,33

tetramethyluronlum tetraﬂuoroborate, 2-(1H- benzotrlazole- -yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate, bromo-tris-pyrrolidino-phosphonium
hexafluorophosphate and benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate in the presence of N,N-diisopropylethylamine. A most preferred
coupling agent is benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate 27 and organic base N,N-diisopropylethylamine in methylene
chloride. Preferred organic bases include: N,N-diisopropylethylamine, N-
methylmorpholine, N-methylpyrrolidine, triethylamine, 4-dimethylaminopyridine, 2,6-di-
tert-butyl-4-methylpyridine and pyridine.
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as shown in Schene V, replacing carboxylic acid 30

with carboxylic acid 33 wusing the conditions
described in Schene |1l may be reacted with am ne 26
to afford 5 ester 34 whi bg, hydrol yzed with

al kali metal hydroxide p%@%@llithi um hydr oxi de
to obtain carboxylic acid 35. Carboxylic acid 33 may

be prepar eq( by, agi d hydrolysis of a J%orrpgyn%
phef & kEACEX( ¢

Fornula |I. pred agiof. gy trifl :
35 V\D2004ﬁ 812 PCT/ U.SZ.QO.&E%Z&G,Gl Sc[pe vNH R3
= NH =

© Rz/ R R2/ Rg
8 N, 25
Iy
L
O N~ PRy
NE\D 6/, HN Ns .~ COORy
Q AN
27 26
Ri_ 5] 111 Coo
\[l\\ R/Sg : AN Ry
pZ N. =
R2/ R H AN
28 \
1
X N._-x,~COOH
N -
Rs R5/ H /\

Further, as shown in Scheme |V, replacing carboxylic acid 25 with carboxylic acid 30
using the conditions described in Scheme lll may be reacted with amine 26 to afford
ester 31 which may be hydrolyzed with alkali metal hydroxide preferably lithium hydroxide

to obtain carboxylic acid 32.
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35 The followi ng exanples are illustrative only and

are not intended to limt the scope of the invention

in any way. 5 Exanple 1

2- Met hyl - 2- phenyl propanerd tyrile 0 a solution of

pot assium tert-but oxi de Me ,eAv26 mol) in

tetrahydrofuran (2500 nL) at -30 Cis added a

sol ution of nethyl iodide (2,-‘710 mkg Bs35 nmol) and

phenyl acetonitrile (209 ﬁ\\ & oH
N 30
Ly
2 £ |
- PFe
I\SP\D 6/ . H,N N\;./YCOORA;
O ° A
27 26
R1 R3 R3O ‘
[‘\\ Sy N AN COOR,
([~ i H o X
Ry 5/N\H /\
31
R R3 R30 I
1 N COOH
@> R E 0 \"‘/\(

Further, as shown in Scheme V, replacing carboxylic acid 30 with carboxylic acid 33
using the conditions described in Scheme Il may be reacted with amine 26 to afford
ester 34 which may be hydrolyzed with alkali metal hydroxide preferably lithium hydroxide
to obtain carboxylic acid 35. Carboxylic acid 33 may be prepared by acid hydrolysis of a
compound of Formula . A preferred acid is trifluoroacetic acid.
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10 g, 1.78 nol) in tetrahydrofuran (1000 nL) under N2
over a period of 1 hour. The cooling bath is renoved
W@nw4nbes14 eacti on mxture is allowed to warm t PCHIBI0031028661
tenperature and stirred for 2 hours. The reaction is
t hen quenched by the addition of water (1000 niL) and
tetrahydrofuran is renoved under vacuum The organic
| ayer is separated and t remai ) ng aqueous phase
extracted wth Et CAc (3x G@erﬂ_‘F The conbi ned organic
36 WD 2004/ 026814 PCT/ US2003/ 028661 | ayers are washed
with water (300 i), brine £300RyL)R,%Nd dried over
Na2SO4. The organic extract§\ 1ed and
concentrated under vacuumt09| vie 2{Sret hyl -
phenyl propionitrile as an ol 53 §H 98% vyi eI d, 99.4%
by HPLC area). 5 Exanple 2 22 I\/bli\’ﬁ - 2- phenyl propanal

To a sol uti wf 2-nethyl - 2- henyB%ropanenitri le (290
g, 2.00 r@gmhexane (20

m) at O Cunder N2 is

added dii num hydri IBAL H (2600 nL, 1
Min hexane) gO“ -peri od 8 m nut es The
reaction m xturé’ st|6r ed R nut es,

t hen aIIovvedt N roomtenp ur e and stirred
for 4 hours. re ct on m xture | ooled to 0 C

ed slowy duripg 1 hour. Aqueous
HCl (900 nmL, 15% then added slowy to naintain a
gentle reflux. The feaction mxture is stirred for 17
hourg @qgobt organi ¢ phase is separated. The aqueous
Riayer xt dact.ed 'trtdgﬁg}yl 15 acetate (400 nlL) and
}ﬁe co n 0 ga?n)cl:w\gayers are washed with water (300
br (300 ;) and dried over Na2SO4. The
%?ga eNa-xtracts ar fN%;;ed and concentrated to

and H20 (50 nL) |§7a

gi ve Z2- met hyg4 2- phenyl proganal as an oil (275 g, 92.8%
yield, 98.2% by HPLC area) Exanmplie 3 20

3- Met hyI 2- (et hyl am no) - §3plﬂze
sol ution of potassiumgyani

nmet hyl am ne hydr ochl or
(1000 nmL) is added a s [

2- net hyl - 2- phenyl pr opgﬁal F(sg’ﬁmg 51 50/}0” in

met hanol (1000 nL) over a period o?f 30 m nutes. An

I ce- vas ellioRmghxbmpies aktslGsteticashyzatlaye het imhdddatonintitige scope
reaction tenperature between 20-25 C. The mixture is

okipp iveqtien ¥ M@ enper ature for 25 hours. Vater (2000

m.) is then added and the

I nenitrile Toa

0319, [1.56 mlyya
In vvater

Example 1
2-Methyl-2-phenylpropanenitrile

To a solution of potassium tert-butoxide (500 g, 4.46 mol) in tetrahydrofuran (2500 mL) at
-30 °C is added a solution of methyl iodide (270 mL, 5.35 mol) and phenylacetonitrile (209
g, 1.78 mol) in tetrahydrofuran (1000 mL) under N, over a period of 1 hour. The cooling
bath is removed and the reaction mixture is allowed to warm to ambient temperature and
stirred for 2 hours. The reaction is then quenched by the addition of water (1000 mL) and
tetrahydrofuran is removed under vacuum. The organic layer is separated and the
remaining aqueous phase extracted with EtOAc (3x200 mL). The combined organic
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reaction mxture is extracted with CH2Cl 2 (3x800 ni).
The conbi ned organic extracts are washed with brine

W@ 2@d/0xd8)4 and dri ed over Na2SO4. The organi c eRCT/HS1083/028661

are filtered and concentrated to give
3- et hyl - 2- (et hyl am no) - 3- phenyl but anenitrile as an
oil (274 g, 30 95% yield, 76.6% by HPLC area,

NVR

>950 vi dence, 0 ec 0si [i~An_qn_t he. HPL
g i wes Rt P s RSO RRa Eh e sty The
ofgeaicExbradis lird Hiiefed dnd corcbytrgibe nydealvaciura o gee 2-feetiayl-2-
B RP ke e engt @0 SoP B R R EAENERG PRRL (78, 0

g, 0.414 nol, 1 eq.) 5 and lithiumhydroxide (1 N,

1660 nm., 4 eq.), cooled wth |ceswater bath to 16 C,

i s added H202 (30% 171 mf?xaﬁpieé?). The resul ting
reaction mxture is aiVehgd-ploenyipropanal anbi ent
tenperature and stirred for 24 hours. The reaction

m xture is then cooled with ice-water bath to 10 C
Tamdckohdiop @fl -t BB HeRylbidpatédtrid (298 gef.0p mdl) iaderaheoi2600 mL) at

o2 FELPH, b B B LA b D 2, B
o(v;ldzr_)a périoe af ﬁﬁ‘mlhinletds.eﬂlrl]ef @attoramixtuse shetirediat -1i4r°'C_rf|er ”zimhinutes,
I : ic efi , :

e T Py e o doHE it i RF b hefr e il mixure
isvduiotes! to @ ICdar(dd9,CB8(59, mL )82 &fdedStawlplderiig 1 hour. Aqueous HCI (900 mL,
199 15000 AU YK IR bl cmntiatefogs The repeton g st o
1RhpGrs(edwdtthe weganic phlaemisl separatethriitweadiu@oUs yerds xtrantdd with ethyl
= 8R3FR0 R bl e Spbipiko i B001- 00 aFRRRARL HBBr Loym), brine
(3. 18L) anrbdirjedi aveableiStni The brgais.eXiratty areAiltessd 2t dnmoersirated to
o ERS) B hEA R ko bh 1Y o B, pREAHPAPL ara

N-(tert-butoxycarbonyl)-N, P,R 20

tri met hyl phenyl al ani nam de g, 40% 97.6% HPLC
area) as a white solid. El;_(éé'm §36 N, N,

N-tris(tert - Bi-breihyb?2-boethypriga)3-desnyibutanehirigphenyl al a

ni nam de And
To a solution of potassium cyanide (103 g, 1.56 mol) and methylamine hydrochloride
(106 g, 1.56 mol) in water (1000 mL) is added a solution of 2-methyl-2-phenylpropanal
(222 g, 1.50 mol) in methanol (1000 mL) over a period of 30 minutes. An ice-water bath is
used occasionally to maintain the reaction temperature between 20-25 °C. The mixture is
stirred at room temperature for 25 hours. Water (2000 mL) is then added and the
reaction mixture is extracted with CH,Cl, (3x800 mL). The combined organic extracts are
washed with brine (500 mL) and dried over Na,SO,. The organic extracts are filtered and
concentrated to give 3-methyl-2-(methylamino)-3-phenylbutanenitrile as an oil (274 g,
95% vyield, 76.6% by HPLC area, NMR (>95%)). Evidence of decomposition on the
HPLC/GC column is noted.
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N-(tert-Butoxycarbonyl)-N, (3, (3-trinethyl phenyl al ani ne
waoooa/ossiuti on of N, 13, (3-trimet hyl phenyl al ani PEriUsm®03/028661

(83.0 g, 0.402 nol, 80% by HPLC area) in acetonitrile

(500 n.) is added Boc20 (316 g, 1.45 nol). The :

resultant solution is stirred for 48 hours.

N, N- di net hyl am nopyri di ne 90g 0. 0401 nol) and 30

di i sopropyl et hyl am ne (77. 6. 442 nol ) are then

added. After the mig, rmeﬁr%rﬁhémaagnmérﬁrdem hours,
wat er (1000 nlL) is added. The mxture iIs extracted

with heptane (3x500 nl) and the conbined organic
Textrhiatks om-metmhq%emﬂéhrﬁﬁtﬁﬁh&@?b@%eﬁ&%le gﬁ-‘é% ﬁad).&‘%; mol, 1 eq.)

é@ﬁtg 1gﬁbqam C extracts are _
LAt 'r‘)éﬂr%d%h 60Q Alkuthefld: ¢poles WithNcesvagenieth to 16 °C, is added
H200¢09% a8 14nLP@_|€!qL}32@1@?ré 6ré%a%tron mixture is allowed to warm to ambient

tris(tent-putoxycarbonyl)

tepReratie %W@HJ@%‘%W%H heerepctinpamigiure igthem oeolgdwithise-water

b@thrtd) ﬂoeﬁfahel&queous Na,S0; (2.5N, 662 mL, 4 eq.) is added
2903 ( (qus rlngv%rﬁpeﬁ'rodoﬂo

t - but bonyl) - N,
sy Hia e s %F@ggrr\(?g%ou?g @n%iéteram@pmwﬁnetm@getm) (3x800
MmN dTies osrabiBedNa@rhdtSite vﬁ%ﬂe@w’(h ben@dRedridd Mbr‘zqué% ouﬁne organic

ef't Cgﬁﬁ’ gn After stirring hours, water

tAcls AIB Ao P And SPnEEtateRt tpeereéae degiredrpiodiohas Aaditesells (69.8 g,
82%94 (0.5N, 3x200 nmL). The nother liquor is

concentrated under vacuum_to renpve the

tetrahydrof uran. The resulﬁ"iaﬁlj’%aueous solution is

extract ed Mi(lch-BaplaamRonfI NFR iFdindBbrBtildade Wi L1

citric acid to pH= mxture 1S extracted wth
ethyl acetate (3x500m_) The conbi ned organic

TEXIHRGES 0PN B, M@ﬁé@ﬁblﬂﬂeﬁﬂa?ﬁin@ﬁn@é@ (ﬂér' $£f nqu{ in a'tégtgﬁfr)rie‘ (6.0

The organic éxtracts are ered concentra
mbt) qt@r\\premtéempgr@ture is added a solution of di-ferf-butyl dicarbonate (2.33 g, 10.6

mhrebt)%ﬁ@étbmmf g@ 0 }%%3 2k gbg@a @%'r@%@@é‘nﬁ%@%‘) lg?l&é%p%th

pmdtsamasbed Nltb taeﬂDnlBllQltmy x&) boaffdr) J\l\(teérﬁbutoxycarbonyl) N,B.B-

N P e N

N-(tert- but oxycar bonyl ) N (3 P-tri met hyl phenyl al ani ne

(47.4g, 0.154 nol) in g"(@%r (225 nlL) is added
(S)-(-) - a- et hyl benzyl o B % n, 0.0849 nol)
under NN,N,Nfthe(tere Bulokgnarbagl), B BHriinsthylphengslakigsmilsd
m nutes, then seeded with crystals of the salt of 20
(S)-(-)-a-nmethyl benzyl am ne d

N (tert - but dkfterdBatorydarbddyhN, 8 B-thimetpiphghpagms al ani ne
After stirring for 22 hours, heptane (110 niL) is
added. The m xture is then st|rred at room

To a solution of N,B,B-trimethylphenylalaninamide (83.0 g, 0.402 mol, 80% by HPLC
area) in acetonitrile (500 mL) is added Boc,O (316 g, 1.45 mol). The resultant solution is
stirred for 48 hours. N,N-dimethylaminopyridine (4.90g, 0.0401 mol) and
diisopropylethylamine (77.0 mL, 0.442 mol) are then added. After the mixture is stirred
for 24 hours, water (1000 mL) is added. The mixture is extracted with heptane (3x500
mL) and the combined organic extracts are washed with water (3x500 mL) and brine (500
mL). The organic extracts are filtered and concentrated under vacuum to give N,N,N-

38



10

15

20

25

30

tenperature for 1 hour and cooled to O C and stirred

for an additional hour. The precipitate is filtered
waea4pasihed with heptane (3x50 nl) and dried uPCiBEDS2003/028661

vacuumto give the desired product as a white solid

(23.0 g, 70% 97.5% ee). 25 30 Usi ng the conditi ons

of Exanple 7 the follow ng npounds are prepared:

0286 . RES
P RS f%Y'@Lersv ﬂ%@‘%ﬁﬁ%ﬂ@ﬁ"@w
pmlflceﬁiéNBAl\Ill,ll\KMkarl@bSLﬁﬁxF)é@a@BnyII MR, Qﬂneﬁh éﬂﬁﬁ@%éﬂd&é R dissolved
+) - edrin
frebld iR (B8 i s 14N B s Sges witnggorous
s(t|ilnn§ 2Rer étilr)mglwraphﬁﬁh W’atl\%@(i)’ AL Bis l%lﬁd@d 1‘2!% solid |srr:‘|I’F]eéed off and
a in enzyl a

el it R 1 88 1208 i Foiheg st FeSorsehirgipatnges vacuum
tRﬁét‘Bé\/e&Be ﬁt&hﬁd&%rﬁn 78 he5e§£mm@mqae&1s solution is extralwcted with heptane
(g éﬁi?erlts) Bt ox&( fc %rm% XI{ ?c amdgio H EGHEIIhgyrhxtur lhseen acz?'cegl I\7\/||th ethyl
a&e(ateamsmjﬁbyymwmﬂmédd\dgérﬁc é)&ll'etctd mtwaégﬁ/%wh @ggé gnhdi@ned over

en am ne ,
NS94, i?& 399%@5 8?“%%‘6? er&f%ﬁ &@n ymowat%ts give N ?tffs 133

UGy garbdihyg)-IN BPRHrindkyISRhyikiafmeiad mldif BED J, 8b%held, 99.9% by
The clear solution is extracted w th heptane

tes
*%E’dvé%ah) and neutralized with citric acid to pH=5-6.
The resultant cloudy solution is extracted with ethyl

acetate (3x300 m-) and dried over Na2SO4. The
organic extracts are fil t eF&}MBIBJ concentrated under

Vac U@zt NgtateBMtokd&@irbanyi)-N,B, B-trimethyl-L-phenylalanine with (S)-(a)-
methylbenzylamine (SAMBA)

To solution of N-(tert-butoxycarbonyl)-N,B,B-trimethylphenylalanine (47.4g, 0.154 mol) in
dry ether (225 mL) is added (S)-(-)-a-methylbenzylamine (10.9 mL, 0.0849 mol) under N,.
The resultant solution is stirred for 15 minutes, then seeded with crystals of the salt of
(S)-(-)-a-methylbenzylamine and N-(tert-butoxycarbonyl)-N,B,B-trimethylphenylalanine.
Atfter stirring for 22 hours, heptane (110 mL) is added. The mixture is then stirred at room
temperature for 1 hour and cooled to 0 °C and stirred for an additional hour. The
precipitate is filtered and washed with heptane (3x50 mL) and dried under vacuum to give
the desired product as a white solid (23.0 g, 70%, 97.5% ee).

Using the conditions of Example 7 the following compounds are prepared:
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but oxycar bonyl )-N, R, P-tri net hyl - L- phenyl al ani ne as
white solid (24.5 g, 90%yvyield, 99.6% 15 by HPLC
W@r®@a02874 4% ee). Exanple 9 (S)- PCT/US2003/028661
N- (2- Met hyl - 2- phenyl propyl i dene) - p-t ol uenesul fi nam de
40 WD 2004/ 026814 PCT/ US2003/ 028661 To a stirred
solution of 2.5 g of 2,2-dinethyl -3-phenyl oxi rane (16
nmmol) in 85 nL of anhydrous benzene is added 0.415 ¢
(0.362 mmol, 5 mol % of tris(pentafluorophenyl) 5
' rght yEI 0,801 Ut ijon ti[rr
Rﬁ?QE%§N%§%§¥1 The reactﬁgﬁ n1xturgﬁéé§ntaﬁgyﬁgy%%2
2- met hyl - 2- phenylpropaEHHﬂER.then C%kated'YIEUD(9®

L\S) n JL ol ueneswl-fnBHt+- \, 3 R } fott-ewed by
a sol Lﬁ%?\of 16 niL ? %%?) t a?:f% et hoxite in 155
g4 or The yeT dﬂgg\;y'gol Ut1 ogp 58S Stirregh at 2%C
for 2 ours then cpol to5 -1 10 C and quenched

(BR2R)-Z4psentlosphedvit ef Notheystallineure is filltered through

—dJ—a-t—OFFS"‘:m'Q earth--10—and—the i ter—egkewashed—wit h
(1*%%31)57@ mecthyiephedga N@C%ta-hnf The aqueous |ayer is
L] Ay ene ¢ de (T g3725 nL). Thke
V@R%Eégﬂ SEE%WI ayer sﬂar eBdrl ed gg(ﬁl\/hs M) and
qOS\CRPHaiceepheddar [ edWSet4.presisure6.6o0 give 3094 g (81

O/A of the desired hr oduet—as—al-white—sdal-i-d——Fhe

rﬁiﬁ@t@ﬁﬂqﬂ%ﬂd’s@@% t ho¥at chistalligr | purificdtion in the

next 4 Exanple 10
(Ss, é) p- Tol uenesul finyl) -2+ am no- 3-inet hyl - 3- pheny

| QuhW- ﬁﬁtﬂylﬂﬂ-rﬁtroand 2.9/97.1 99.5 74
(Ss, 2R) - N-( p- Tol uengsul finyl ) -2-am no- 3-inet hyl - 3- pheny
Ibutﬂoﬁwlammbe 20 To a stirred, ice-col|d solution d
e

68— t—M-sotyt o] lly Fomrmom md
in W(N drlct ?ﬁéﬂm 9978 of 78°
tetrahydrofuran is added 0. 94 rrL (12.3 mml) of

2- propanol dropwi se. After 10 minutes, this solution
|s added dropvvi se to a solution of (9)-

N-(2- met hyl - 2- phenyl propyl i dene) - p- t ol uenesul fi nam de
(3.4 g, 11.7 nmmol) in 70 m. 25 of THE pre-cooled to
-78 C. The reaction m xture@®§@pt at -78 C for 20
m nut es. tw&gﬂ-%@'@ﬂbérﬂ/lm@ BatﬂFhe%{y'l L@ﬂ@n@}@l@nﬂaehour
The reactlon mxturé is recooled to
guenched with saturated anmoni um chloride (86 nmL). The

ThE §éﬂ éfim&embﬁ{o%p%rbénﬂLN,Bfﬁgﬂmethyl-L—phenylalanine with (8)-(-)-o-
methylbenzylamine (SAMBA) (37.9 g, 88.5 mmol) is dissolved in 0.5N NaOH (265 mL,
133 mmol). The resultant solution is stirred for 10 minutes. The clear solution is
extracted with heptane (4x200 mL) and neutraiized with citric acid to pH=5-6. The

{

—

resultant cloudy solution is extracted with ethyl acetate (3x300 mL) and dried over
Na,SO,. The organic extracts are filtered and concentrated under vacuum to give N-(tert-
butoxycarbonyl)-N,B,B-trimethyl-L-phenylalanine as white solid (24.5 g, 90% yield, 99.6%
by HPLC area, 97.4% ee).

Example 9
(8)- N-(2-Methyl-2-phenylpropylidene)-p-toluenesulfinamide
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with ethyl acetate (120 nlL) and filtered through
di at omaceous earth. The filter cake is washed with

werdwl2aeet ate (40 nL), and the organic | ayer PGI/U810031028661

(MyS™) and 30 concentrated under reduced pressure to
give the desired product as a tan oil (3.9 g, 105%
which is used without further purification in the next
step. Analysis by 1H NVMR reveal ed an 88:12 ratio of
Ss, S:Ss, R di astereoners. 41 WO 2004/ 026814

PCT/ US2003/ 028661 Exanple 11

fosfgtﬁt@gnﬂufut@? ;Br’b %edl‘_o é% fdln‘i@ﬁm%opéﬁﬁglp)\é a)n'eg’l gﬁ@ﬁ%hm%B%@ of
y@oq&b@Z@ﬂe KomMideg$n4 1509 10-362 mma, Svnol %), OfGrlsmergaf(L@r@ﬁlenyl)
T
q%gﬂaég (;l)elﬂgqghtg)&ﬁlé\?i%gwg?@?eg% ?é 8@&%&9?\%%3. Iflﬁe q‘eactlm)l mixture
qE8ER) thik2(pethgl-2tpharsipropanal is-tReraineated @ithnéS g-toldnebdiyamide

e &P ERROLI BTy 308 b 10 mi 13 oo syt 65 m

of beezemed Thetybldw kmidﬂlcdﬁs (s@rrérﬂatrﬁS°C$or(24 toupd theh kodiEtd 8 — 10 °C

aﬂd) ; ‘ts}’edtv\q@réd ’T‘E\nt Ireghqs @lxgtﬁ’g ésp@‘eégchLpﬁrﬂ@pmaceous earth,

aparihafilter ngke:iwa;*.H‘eﬁl witH ﬂneihyKeBQ chibjidea@dk B@rh. (% Adveoud Fer is

BB o TR N A S o e e cre

(MigSex;) arectoneentrates andes réducgt peesturélo givef3. 24 § E(Bh %\)\Ithhé desired

Pk R GBS PG e BrodPili S utiost Bk R RE Rt st

acetate, 60 x 8 nL fractions) to glve 91 ny (18% of
the desired product as a i Eé (>95% de by 1H
NVR). Recrystallization fr n?ﬂl:* | ene

chl or i d&k,a8xNAesTchidnesdléy|Famity-3Haethyed-pheogbtroasrile

| ong transparent rods which ar?1 judged to be >99% pure
di astereoner by 1H NWVR The #fer eocheni cal

assi gnr(8geR)-bir(@-Natudrieseilinydy2-amirey3-ateitsi-atghe gyiagmonitriie
Exanple 12 20

(2S) - 3- Met hyl - 2- (et hyl ami no) - 3- phenyl but anenitrile
The

esu a

A L e e A VR T

tHG]Bne Alarehhé B ahmoky enadr mt.exﬂtatnaaydrbmraidld iadtded 09# nMi3(1@.3Mmol) of
I | Of: th
Plropdif Hpuleh, Dl Goind e s 58Ul B bispht e son of
(SpitEametiyeZ-phenydpropylitie 06)- pgtod]fenmtulimamdda (314 g.The7 saimol in 70 mL
'  yrrj of . et he f or U

ok RS My ehbuf BB VR s, veo
wdieied to 25°C and stirred for 1 hour. The reactlon mixture is recooled to ~78 °C and
quenched with saturated ammonium chloride (86 mL). The resulting mixture is diluted
with ethyl acetate (120 mL) and fiitered through diatomaceous earth. The filter cake is
washed with ethyl acetate (40 mL), and the organic layer is dried (MgSO,) and
concentrated under reduced pressure to give the desired product as a tan oil (3.9 g,
105%) which is used without further purification in the next step. Analysis by '"H NMR
revealed an 88:12 ratio of Sg,S:S¢,R diastereomers.
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hydrochloride salt is 638 ng (97% . The salt is
suspended in ether (30 n.) and 0.4 nL (2.9 nmmol ) of
wa piogdogian ne i s added. The m xture is stirreblCTU82088028661

m nutes and filtered. The filtrate is concentrated

under reduced pressure to give 0.48 g (90% of the
desired 30 product as a colorless oil. Exanple 13 N,

3, (3-Trinethyl -L-phenyl al gy 1 e, 42 WD 2004/ 026814
PCT/ US2003/ 028661 Eehie

N, N, N(3s:29N-(r-TolBanesulfinamixteaypethyid3(raethg-3-phenytdwdnehitiie
enyl al ani nam de, and

N-(tert-Butoxycarbonyl)-N, |, Rtrinethyl-L-phenylal anin
Te angcereold, stitred susbengiopeai §i1@rg off KOH (85%, 0.10 g, 1.8 mmol), 0.11 g (0.35

3l AL 00 T Y BB 05 1
n’n‘rsoIhﬁﬁie&ﬁ)-N-(E-wweoGSQW)%@zinoqﬂametmb&@hemﬂbqunitrﬂ@alh@Ss,ZR) N-
GG RBRS AL HersRalrtindctinb ) TR 0 5o o0
nsnol) ineldHF @me) hitherreaction mixturaistkept atiotHh °@ fdnHo niceteatthen
tl:ghgfg rgéli %?%e&@r%gg fg ur? I%P%tggur{g'%%§%hgew§%ﬁ1?g§g§ \t/vrgét ?éij) The
orhga(nB; lapertis wasttelybit watke (R &hth) andbiinke(1as4 anlgodrizd| (BgS0,), and
cﬁﬁ%@?‘e?ﬁ%nﬁeﬂeﬁﬁ{ cﬁprg%él}r% \allér)l IBrA]lg cg & y<e||6\{v &u} ‘H‘,ne cérg(}%rproduct is
poriftdd byi ftasi cBromidiogréphscgﬂiaﬂhEtuteTM dOMscaattidgel 7B: %eg(aﬁ&ew@l
A561 ORGHTo Forp B LA TbITe 8 HefpliBe Ryt o e e soi
(298 Ge@@ IFHL\IMR) EQémydtélhza‘tlon hofx-rdéthglons oipipfidy/yilaass afforded the
BREe O a1 rerlenl s Walhalr WERT I 26 pire fastoreomer
b3riH)NMRh&he sgastiobeivpbassighnvanthiad vetifidd byvatar crisaliogaphy.

-) and brine (1 x 3nmL.) and concentrated under

reduced pressure to give 1.13 g of

N, N, N-tris(tent-butoxycarbonyl)-N, (3, (3-trinethyl-L-ph
enyl al aninam de as a thic oiI.N?:Fhe oi |,

N, N, N-tri s(tert-butoxycarb':dWHe- S (3, (3-trimethyl-L-ph
enyl al ani nan2$g-3iidethalk® (metbyiammiop-3ipdengbytdnafivifean (2
m.) and treated with 5N NaOH (2 nL). The reaction

mxture is 20 stirred for 4 hours then water (4 nL) is
Tzlndc{sgzsIFNQp-rtcﬁamdsoiﬁnamwbhrnethj/lmfrhétbﬁﬂephenmmmdnltruvi {0056 g,

4@?@%\95 %%q&(eﬁg“}lb%ﬁy ﬁi‘lla?rltg enera SfVi§ e d fitBR 13,6 mL of

aceiyheridride-tt 195 enydfahethamd). (The38adion 4dixitde is aliokddiorstahd
o%rn?dﬁtt {h%ﬁtc'oﬂgen\f\fla%a tStgf%l 1.66 S ?wﬁlte solid. The solid is slurried with 40 mL
of ether for 20 minutes, filtered, and washed with ether (80 mL). The yield of the
hydrochloride salt is 638 mg (97%). The salt is suspended in ether (30 mL) and 0.4 mL
(2.9 mmol) of triethylamine is added. The mixture is stirred for 20 minutes and filtered.
The filtrate is concentrated under reduced pressure to give 0.48 g (90%) of the desired
product as a colorless oil.

Example 13
N,B,B-Trimethyl-L-phenylalaninamide,
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foll owed by concentration. 25 Exanple 14
N, (3, (3-Tri nmet hyl phenyl al ani ne A m xture of
w@2000e8ll4 2- (et hyl ami no) - 3- phenyl but aneni tri | BCT/US2083/028661
g, 4.85 mmol) and 30 Conc. HC (12 M 100 m-) was
heated to reflux for 65 hours. The m xture is
extracted wth ethyl acetate and the aqueous phase is

PRt A S o T s L Rt é‘%@“a*‘g&feﬁ

The aqueous phase is neutralahded with conc. HO to pH
4 - 5,

70047 036814 e TESHRARSoHENE F TR &‘e%gkha\%ééégrvgnd

dried to glve the deS|red product as a white solid

'I% T élr%ag SHSP ) z#%)}-@ @igﬁ}ﬁhﬁéﬁﬁﬁ’&% &?en?lbutanemtnle

%@ 25 m&fdt)dletlbfmdyeﬂm Ektbmnomdrdi)une i2-added 7.0 mL of 30% H0.. The

di net L-
rRP‘(‘@“(“Iﬁ%"ﬁ e VoRRORK FSRP o6 1 dO8 heg ausnghed il f misor 25 N
S@@ NeRSlrdsDItiAG rittliene strédior d@o(ré antiskirbetd onthdttyyacetate. The
q;ﬁ%{lé Ilag‘?{dg fgrl%ﬁ%l\g‘%#sgi)io%rqo%%l %%t%el?da lﬂrrlldj?e(re re(d%bgg pr%%éurse'tg 8ive 047 g
((33‘%) BN B%—tﬁnﬂtH?ﬁL%ﬁbnﬁalbﬁiﬂéMe(é’s A1@dl6dss lsolal yl ) am no]

hex- 2- enoat e in nethylene chl ori de

LYo a Fhreechsolytionef NeB, @Mnetayltlopeery aEniianide e0.4¢ &Jéi%ﬁejm') in2.8

ri-lg%ggéettomtrlle is ad ed 75)% (8.00 mmol) Boc,O. The reactlon mlxture is stirred for
-tris-pyrrolidino-p

enzotril azo -1-
it hon Zpss {5 Brmot) @ et ADBORYTSING 718 QAGER. (25 mimol) o
HRC &ISBE'r‘UPﬁ EthylARfhed &%Catd'd@@ mtértﬂf r?our:sS 6 ML bf W8@r is added, and the

over ni er nitro HPLC showed a 1: 1 mxturg
r@ac’qqm(:_mlggge @m@smggwgg @p’qaﬁg,@xéfnL) The organic layer is washed with

t%l?’ 33 HL?)Q&E)BW\GP@%UQ%E W&dn%ntk(técﬁu?c@ Tedueas brgbireto give

- soro t-2-enyl | hyl - L- val i nam de
’ada grqbalml élctnﬂyertab@mqarm\}m [3 @ftrlmetbg L( ghenylalaninamide as a thick

¢ E' ’ Iygﬁ\gﬁg%' %‘&rﬁﬁ}#t&%{c?%p%@-ﬁf@ﬁ-ﬁﬁﬁﬁlTLLE_)henylalanmamlde is taken
l\r;aln}zd {eaahyniedfrax-(2 i) @at dreataeiptitirfiN (\IQOHr(Z)ml!.)s Thd deattign shixture is
L R
whie hbstate(dex 3 ting Btldlfléﬁ) witl ciid axtld N(tet-buppeerieahyh)aliB, B-
’Erljmre?r?YI-LApthan)t/Ianing %@ge 2%’} 5 iS otb ain deoy e%c{b%%lﬂpgthyl acetate

followed by concentration.

Example 14
N,B,B-Trimethylphenylalanine

A mixture of 3-methyl-2-(methylamino)-3-phenylbutanenitrile ( 3.31 g, 4.85 mmol) and
Conc. HC! (12 M, 100 mL) was heated to reflux for 65 hours. The mixture is extracted
with ethyl acetate and the aqueous phase is evaporated to dryness. The residue is
dissolved into 1N NaOH (30 mL) and washed with ethyl acetate again. The aqueous
phase is neutralized with conc. HC! to pH = 4 — 5, then evaporated to dryness. The solid
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evapor ated, dissolved in 3:1 hexane-ethyl acetate, and
passed through a short silica gel pad. Evaporation of

wo b@4dzisut | on gave an oil (1.02 g, 82%yield, BSI/USHN3/028661

Hi gh Pressure Liquid Chronatography (HPLC) area,
Retention Tine (RT) identical with the reference
sanpl es of the product epiners). 25 Exanple 16 N, 3,

¥ WsdneB i |m@?&rk}ﬂdadr%?¥klgw§ t}gé Jes§ﬁ§ E}ocﬁjc{:%r Doxts ! a%lid @(? g, 66%,

-1s | but - 2- eny I nam
4§’p E&lafﬁét)hyl phenyl al anyl - [(1

S 2E) 3- car boet hoxy- 1| -1i sopropyl but-2-enyl]-N, .
di met hyl - L-val i nam de (Exanple 15) is hydrolyzed in
the presence of base toFEBM@len!® he product of the

Oy P TR 5o

S 2E) 3- car boet hoxw,ﬁ-dlmetbwblpydalmlautdeZ enyI N, 3-
d| met hyl -L-valinam de 5 Using the conditions of

n’pl e 15 and N, (3, (3-trinethyl -L-phenyl al ani ne the
Mﬁ;mmetbylphadvtalaﬂm@ 1@ R. 476mmbt) & sisgdendattinphethyléhe chloride (7

@l"'%é”g‘ée& by &p rﬁofLN g{;&géér%lg %lagyﬂg{ é)llﬁ mls 5.§¢ymmol) and a
aommmmnw (m 4a)amsmmemy|r@[nudmeyl(eeﬁ@uqylLLovaylyémnﬁa]aapb%noate
o A R g DA el b BoBihig o L
p@mm@msmme@@mam t—ly(acbxy!-trlsl:pyrﬁohﬂrrmqﬂm%plﬁcﬂfumhe
Hé)%‘ﬁ%r%bliﬁybhg{e; ?.ZQOQI,TE%nrﬁmgT) is a onnH portlonW|s§1TlI$§re§%tlc§% mixture is
stirred overnight under nitrogen. An HPLC showed a 1:1 mixture of the SSS and RSS
epimers of N,[3,B-trimethylphenylalanyl-N1-[(1S,2E)—3—carboethoxy—1-isopropylbut—Z-enyl]—
N',3-dimethyl-L-valinamide accompanied by a small amount of N,B,3-
trimethylphenylalanine and traces of ethyi (2E,48)-2,5-dimethyl-4-[methyl(3-methyl-L-
valyl)amino]hex-2-enoate. Heptane (10 mL) is added and the suspension is filiered. The
filtrate is evaporated to an oil and treated with more heptane. The heptane treatment -
decantation is repeated four times. All the heptane extracts are combined and
evaporated, dissolved in 3:1 hexane-ethyl acetate, and passed through a short silica gel
pad. Evaporation of the solution gave an oil (1.02 g, 82% vyield, 95.1% High Pressure
Liquid Chromatography (HPLC) area, Retention Time (RT) identical with the reference
samples of the product epimers).

Example 16
N,B,p-Trimethylphenylalanyl-N"-[(1S,2E)-3-carboxy-1-isopropylbut-2-enyl]-N', 3-dimethyl-

L-valinamide
N,B,p-trimethylphenylalanyl-N-[(1S,2E)-3-carboethoxy-1-isopropylbut-2-enyl}-N",3-

dimethyl-L-valinamide (Example 15) is hydrolyzed in the presence of base to obtain the
product of the example.
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OH RZRER NrOR4 5 OFormula | wherein: Rl and R2
are independently selected fromH, straight chain

w@bdoyl26si4 1 to 4 carbon atons, 10 hal ogen andrEl/ks2093/028661

of 1 to 4 carbon atons; R3 is straight chain al kyl of
1 to 4 carbon atons; R4 is straight chain alkyl of 1
to 4 carbon atons and branched chain alkyl of 3 to 4

carbon 15 atoms; R5 is stgﬁé,g‘;]éwhai n alkyl of 1 to 4
carbon atoms; conprisin a) treating a nitrite of
t N, brnmanhw-L-memalwl N8, ZE)@NPaerN“%(Yﬂe@QWPHﬂ baityéreny-N',3-

foll owed by acid hydrol LiQy. an al dehyde of
the for mula: 46 WO 200‘%‘?8@%‘ é]@C%I/({Z?SZOO:%/ 028661 RI

0-- H O R2 b) reacting the al dehyde (step a)

O PR B PR g s o

fherExample R3y b&ebRBheGN
Example 18
N,B,B-trimethyl-L-phenylalanyl-N'-[(1S,2E)-3-carboxy-1-isopropylbut-2-enyf]-N',3-

dimethyl-L-valinamide

Using the conditions of Example 16, and the product of Example 17, the product of the

Example may be obtained.
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' H 5 RR5 2 c¢) hydrolyzing the nitrile (step b)
with an al kali netal hydroxide to give an am de of the

WO oromnt@14 R, R3 R3 O\ NH2 R2 Rs, NH 10 d) reabCi/msonsieset

am de (step c) with an organic carbonate, of the

formula Q CO2R4] 2 wherein each R4 is taken

i ndependently in the presence of dinethylam nopyridine

V%g DI\/AP) to obtain a triblocked am de of the formnul a:
R3R30)LOR4 Q\ - ORNO4 R2 RS OCCH R4

e) hydrolyzing triblocked anm de (step d) with an

al kali netal hydroxide to give r em c. 20 bl ocked

Tarh pice Toribe PPAIAR of 7 COEROTEA GOBRIA |

PCT/ US2003/ 028661 R1 R3 R3 0 OH O 07-1 RS~-N RR2 0 f)
reacting racemc bl ocked amne (step e) with a

Formula |

wherein:

R, and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon atoms,
halogen and alkoxy of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

R, is straight chain alkyl of 1 to 4 carbon atoms and branched chain alky! of 3 to 4 carbon

atoms;
Rs is straight chain alkyl of 1 to 4 carbon atoms;
comprising:

a) treating a nitrile of the formula:
Rs Rs

Ry
| X
o

with a reducing agent followed by acid hydrolysis to obtain an aldehyde of the formula:
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5 R3 R300- + NH3-resolving base R ~~S NR R2
R5 O and g) treating the resol ved bl ocked am ne salt

wowdoh/oagueous al kali netal hydroxi de and 10 ar¢™US20031028661

with acid to give a conpound of Fornula I: RR3 R3 0
off SRR R~-NTOR4 50 Formula |l 15 2. The process
according to claim1l, wherein the reducing agent in
step ais tin chloridﬁ{hygro§hloric acid, lithium

al uni num hydride, or di f al uni num hydri de

(DI BAL-H). 20 3. The pripsess cording to claim 2,
wherein the reducing a i s @iisobutylal um num

hydri de (DI BAL-H). 4. e process according to any one
of claimse 1 to 3 wherein the alkali netal cyanide in
AN R P e e Y A
cyani.de. : C : e
pr %@%Ofééé&rm“ﬁ"dgﬁfé%’ Fﬂ"hr,"“\}&]%fr%@‘? ??"E“HE‘- al kal i met al

cyani de is potassium cyanide.

Ry R Rs

H\\ CN
N<

/ = Ry H

Ro

c) hydrolyzing the nitrile (step b) with an alkali metal hydroxide to give an amide of the
formula:

d) reacting the amide (step c) with an organic carbonate, of the formula O[CO.R4].
wherein each R, is taken independently in the presence of dimethylaminopyridine
(DMAP) to obtain a triblocked amide of the formula:

e) hydrolyzing triblocked amide (step d) with an alkali metal hydroxide to give racemic
blocked amine of the formula:

47



10

15

20

5 6. The process according to any one of clains 1 to 5
wherein the alkylamne is nethylamne. 7. The process

wa@ewenzhismyg to any one of clains 1 to 6 wherei nPCTES2003/028661

al kali nmetal hydroxide in step c is sodium hydroxide,
pot assi um hydr oxi de or |ithium hydroxide. 10 8. The
process according to claim7, wherein the al kali netal
hydroxide is |ithium hydragyi d% 09. The process
according to any one ofR¢l ai ijito 8 optionally

i ncludi ng the oxidizing ($5vagart fYdrogen peroxide in
step c. 10. The process acgordilng ®o any one of clains
1 to 9 wherein the orgam,C c t e step d is
t-butyl dicarbonate. 20 11. The p®ocess according to
any one of clainms I to 10 optionally including the
organic base N, N-diisopropylethylamne in step d. 12.
Fhdeqnting eacemigbloesicramine (stay ebwith afesolviigiease (Nbi,-tdsolving base) to
m%@dirﬁ"a?&%l@h@%cke@sme salik 'EI%?%% N step e 1s

sodi um hydr oxi de, potassium hydroxide or |ithium

hydr oxi de. 25 13. The process according to claim 12,
wherein the al kal i ITEh§| hyglr oxi de is sodi um

hydr oxi de. 14. The pro ccording to any one of
claims 1 to 13 wherern T he reédol WHigessiie bse 30 step
f is (S)-(-)-a-net RylLbenz Pam_ne,
(S)-(-)-a-rrethyl-zkénlt o zylRanmine, (1 R 2S9)-(-)-
nor ephedrin, or (IS 2R)-(+)-Onorephedrin. 49 WO

2094/ 026814 PCT/ US2003/ 028661 15. The process
according to claim 14, wherein the resolving base is
(S)-(a)- nethyl benzyl am ne or

Shrabfidg - ] 16, _The ess .
Gt BB LT e B an
( Spcidifyingwitihagid thgive @ermompmand ef Farfwlalhe process
according to any one of clainms 1 to 16 wherein the

al kali nmetal hydroxide in step g is sodi um hydroxi de,
pot assi um hydr oxi de, |ithium hydroxide or

R, Rs Rs
X OH
I T
N O-R
R2 RS/ 7 4
o 1

Formula I

2. The process according to claim 1, wherein the reducing agent in step ais tin

chloride/hydrochloric acid, lithium aluminum hydride, or diisobutylaluminum hydride
(DIBAL-H).

3. The process according to claim 2, wherein the reducing agent is diisobutylaluminum
hydride (DIBAL-H).

4. The process according to any one of claims 1 to 3 wherein the alkali metal cyanide in
step b is sodium cyanide, potassium cyanide or lithium cyanide.
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sodi um carbonate. 10 18. The process according to
claim 17, wherein the alkali netal hydroxide is sodium
whyanoxistde. 19. The process according to any oPEr/v§2003/028661
clainms 1 to 18 wherein hydrochloric, sulfuric or 15
citric acid is used in step g to adjust the pHto 6 or
| ess. 20. The process according to claim 19, wherein
the pHis adjusted to 3 to 6. 21. The process
accord| ng to claim?20, wherein the pHis adjusted to 4
o 1Be Proggsaccording ﬁ@r%@s"s wheesin me@dlwﬁamymlﬂe is potassium
®@.n the pHis adjusted to 5 to 6 with citric
acid. 23. A process for the preparation of a conpound
of the formula: 25 R RBRR3I0SOH R R-- NOR4 O

BOTRY byckss AM6F
A e ozsggﬁlﬁﬁé‘gﬁ?@éggﬁégfﬁﬁééﬁ@ﬁﬁ Inthe alkylgming is

Meliamingt r ai ght chain alkyl of 1 to 4 carbon atons,
hal ogen and al koxy of 1 to 4 carbon atonms; R3 is

trai ght chain alkyl of I to 4 carbon atons; 5 R4 is
Z*t B¢ grocessracardingipianyfong of élaun&:htdo%wh@temﬁe@ﬂ@h metal hydroxide

RO RAssdmh RydHbkink, ﬁtas%ldrﬁhﬂdrsﬂégeﬂhtrgtﬁgw ; {%.' S

strai ght chain” al kyl car
8. The process according to claim 7, wherein the alkali metal hydroxide is lithium

hydroxide.

9. The process according to any one of claims 1 to 8 optionally including the oxidizing
agent hydrogen peroxide in step c.

10. The process according to any one of claims 1 to 9 wherein the organic carbonate in
step d is t-butyl dicarbonate.

11. The process according to any one of claims 1 to 10 optionally including the organic
base N,N-diisopropylethylamine in step d.

12. The process according to any one of claims 1 to 11 wherein the alkali metal
hydroxide in step e is sodium hydroxide, potassium hydroxide or lithium hydroxide.

13. The process according to claim 12, wherein the alkali metal hydroxide is sodium
hydroxide.

14. The process according to any one of claims 1 to 13 wherein the resolving base in

step fis (S)-(-)-a-methylbenzylamine, (S)-(-)-a-methyl-4-nitro-benzylamine, (1R,28)-(-)-
norephedrin, or (18,2R)-(+)-norephedrin.
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conprising: a) reacting a racenc blocked ami ne of
the formula: RL RBRRI OCH ~-NR4 15 R5 \Owith a

wo e®alonisny base (NH2-resol ving base) to obtai nPEI/US2003/028661

resol ved bl ocked anmine salt of the formula: 20 R3 R3
0 O + NH3-resolving base 1 ,NR4 R2 RS 0 and 25 b)
treating the resolved bl ocked am ne salt w th aqueous

abk ahe provsead aduoiding tr@aieh, vaekah fre regolw'qg BagCisqs]-Q)-

i ve a compound of Fornmula 1 51 WO 2004/ 026814
%@Fﬁﬂi&%ﬂ%ﬁég)"(‘hmeﬁy"ﬁzs“'ftp-S’%ZYBm%- R2 R5 NyO- R4
O Formula I 5 24. The process according to claim 23

, . . ¢ , S -(-)-a-
ﬁg? hﬁa Bg%:ggq %gq%%‘& tnogclekt)igl‘ls1e 5, Iw?re?eirge Jt?leareéoslvirgg %)as(e i)s (S)-(-)-a-

®thyibenzAammiehy! - 4- ni tro- benzyl ami ne, (1 _
R, 23’9-(-?- norephedrin, or (1 S, 2R)-(+)-norephedrin.

17. The process according to any one of claims 1 to 16 wherein the alkali metal
hydroxide in step g is sodium hydroxide, potassium hydroxide, lithium hydroxide or
sodium carbonate.

18. The process according to claim 17, wherein the alkali metal hydroxide is sodium
hydroxide.

19. The process according to any one of claims 1 to 18 wherein hydrochloric, sulfuric or
citric acid is used in step g to adjust the pH to 6 or less.

20. The process according to claim 19, wherein the pH is adjusted to 3 to 6.
21. The process according to claim 20, wherein the pH is adjusted to 4 to 6.

22. The process according to claim 21 wherein the pH is adjusted to 5 to 6 with citric
acid.

23. A process for the preparation of a compound of the formula:

Ry Rs Rs o
OH
EW
=
Ro R5/N7]/O_R4
O

Formula |
wherein;
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10 25. The process according to claim 24, wherein the
resolving base is (S)-(-)-a- nethyl benzyl am ne or

W@ B)o40268140- met hyl - 4- ni tro- benzyl ami ne. 26. TheP@F/U8M83028661
according to claim25, wherein the resolving base is
(S)-(-)-a- nethyl benzyl am ne. 15 27. The process
according to any one of clains 23 to 26 wherein the

#®, Egg Isﬁzgr'ﬁ iﬂiﬂ/e régﬁfggﬂ%ééi&téq‘ﬁihw gpalgﬁt é%m éﬂ@l I?Wrtcg) 2f'cgr%’on atoms,
E‘Q gematdalkety ofd. to’ﬁff@r?ﬁ"b@@@@ accor di ng t 0 cI a| m 27

wherein the alkali netal hydroxide is sodium
E\/dromg% 29. The process according to any one of
clgin E@‘y'\/ﬁfért@ﬁﬁ%%@m‘iﬁorl c, sulfuric or

5 citric aC|d is used in step b to adjust the pHto 6 or
|l ess. The process according to claim 29,
\'?mésr%'i%hﬁ ﬁ*éa"b Fiikt/'sofédp dqaekpry ajorgs ead brancBed chitie alyladf 8s 4 carbon
agpeyding to claim30, wherein the pHis adjusted to 4
to 6. 52 WD 2004/ 026814 PCT/ US2003/ 028661 32. The
process according to claim31 wherein the pHis
Adjs ot bkiPakOl & 1Mo Uulbaflddigmsaci d. 33 A process

10 for the preparation of a compound of Formula I: 5 Rl
RBR3OCL, SOH R RS NN OR4 O Forrmula I wherein:
&@nﬁls|@1d R2 are |ndependently sel ected from H,
straight chain alkyl of 1 to 4 carbon atons,

a) reacting a racemic blocked amine of the formula:

3 RS O
[ OH
/ & N
R
Ra  Rg”
15 j<
with a resolving base (NH,-resolving base) to obtain a resolved blocked amine salt of the
formula:
20
Rs Rs
S O + NHg-resolving base
Ty ks o
N ~
R, Rg~ R
O
and
25

b) treating the resolved blocked amine salt with aqueous alkali metal hydroxide and
acidifying with acid to give a compound of Formula |
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hal ogen and al koxy of 1 to 4 carbon atons; R3 is _
straight chain alkyl of | to 4 carbon atons; 15 R4 is

wa@eooaiogdst4 chain al kyl of | to 4 carbon atons aPiI/US2003/028661

branched chain alkyl of 3 to 4 carbon atons; RS is
straight chain alkyl of 1 to 4 carbon atons; 20
conprising: a) deblocking substituted am ne of the
formula: R RBRICN SR2R"NS. p-tol 5,0 2553
WD 2004/ 026814 PCT/ US2003/ 028661 w th acid to give
nitrile of the fornmula:rR3 R3 R CN 11 S R2 NH 5 b)
hydrolyzing the nitrile tdyt he presence of an
al kali netal hydroxide tjo optaifi an am de of the
formula: RB R30 R ~ S 2035410 Cc) reacting
the amide (step b) with &n gaﬁl/c carbonate of the
fornul a O CORR4] 2 O

Formula |

24. The process according to claim 23 wherein the resolving base in step a is (S)-(-)-a-
methylbenzylamine, (S)-(-)-a-methyl-4-nitro-benzylamine, (1R,2S)-(-)-norephedrin, or
(18,2R)-(+)-norephedrin.

25. The process according to claim 24, wherein the resolving base is (S)-(-)-a-

methylbenzylamine or (S)-(-)-a-methyl-4-nitro-benzylamine.

26. The process according to claim 25, wherein the resolving base is (S)-(-)-o-
methylbenzylamine.

27. The process according to any one of claims 23 to 26 wherein the alkali metal
hydroxide in step b is sodium hydroxide, potassium hydroxide, lithium hydroxide or

sodium carbonate.

28. The process according to claim 27, wherein the alkali metal hydroxide is sodium
hydroxide.

29. The process according to any one of claims 23 to 28 wherein hydrochloric, sulfuric or
citric acid is used in step b to adjust the pH to 6 or less.

30. The process according to claim 29, wherein the pH is adjusted to 3 to 6.

31. The process according to claim 30, wherein the pH is adjusted to 4 to 6.
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wherein R4 is taken independently in the presence of
di nmet hyl am nopyridine (DMAP) to give triblocked am de

wo@booshzssiormula: O R RS R3 0 )LORA S Nro, N@I/B005AR28661

R5 15 O-O- R4 and; d) hydrolyzing tribl ocked am de
(step c) with an alkali netal hydroxide and acidifying
vvith acid to obtain a conpound of Formula I: 20 R, R3

25 I3 ooty “Rborfiats 5 31 Bhg S fe I 5%84”8’2???8 8t 6 with otrc
agifcording to claim33 step a wherein the acid is

met hanolic HC . 35. The process according to claim 33
or claim34 wherein the alkali netal hydroxide in 5
33 ppecess fenie wnienayational acompetiad 8 tarmwadk oxi de or
['ithium hydroxide. 36. The process according to claim
35 wherein the alkali netal hydroxide is lithium
hydroxi de. 10 37. The process according to any one of
clains 33 to 36 |ncludlqg an ®thonal ly added
oxi di zi ng agent which |s ge dﬁgromde in step b.
38. The process accordi of clains 33 to
37 wherein the organlc gg na in step c is t-butyl
di car bonat e. ijO R4

Formula ]

wherein:

R1 and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon atoms,

halogen and alkoxy of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

R, is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4 carbon

atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

comprising:

a) deblocking substituted amine of the formula:

R R3 R3
1
X CN
H S
AF .
R2 RS/N\S‘,p tol
70
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39. The process according to any one of clainms 33 to
38 optionally including an organic base in step c

wokiogl2dss4 N, N- di i sopropyl et hyl ami ne. 40. The pPODES®03/028661

according any one of clains 33 to 39 wherein the
al kali metal hydroxide 20 in step d is sodium
hydr oxi de, potassi um hydroxi de or |ithium hydroxide.
filh add & HUORRAS oRFRALMULY tO claim 40, wherein the
al kali nmetal hydroxide is sodium hydroxide. 25 42.
The process according to any one of clainms 33 to 41
wher ei n hydrochl oric, sul furlre3 Ok, citric acid is used
in step d to adj ust t he Bh—\ ?CNess 43. The
process according to cl alrﬂ4\2 €rein the pHis
adjusted to 3 to 6. 30 44X ocess according to
claim 43, wherein the pHRes adffusted to 4 to 6. 45.
The process according to claim44 wherein the pHis
{Mﬁted to 5to 6 with citric acid. 55 WD

olygeg hepitila SEpoB rothe asends of #n pikaltmetal hydroxideto obtain an
Qﬁ@g@f@{eifgﬁn%: an al dehyde of the formula: R R3 R3 H
C-\ O R 5 erein: R and R2 are independently
selected fromH, straight chain alkyl of 1 to 4 carbon
atons, hal ogen and al koxy Q§ lRt@ 4 carbon atons; 10
R3 is straight chain aIFk1 4 carbon atons; by
reacting a substituted o>{r\ae tWd2 formula: R O R3
R3 /

5

c) reacting the amide (step b) with an organic carbonate of the formula O[CO.R4);
wherein R, is taken independently in the presence of dimethylaminopyridine (DMAP) to
give triblocked amide of the formula:

and;

d) hydrolyzing triblocked amide (step c) with an alkali metal hydroxide and acidifying
with acid to obtain a compound of Formula I:

R1 R3 R3O
OH
J s
N -
Ra™ Ry 7]/O Ry
O
Formula |
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15 R2 with tris(pentafluorophenyl) borane to afford

an al dehyde of the formula 20 R RBRR3 H O R2 47. A
w@e@soss14 or the preparation of a carboxylic art™Usf003/028661

the formula: 25 56 WO 2004/ 026814 PCT/ US2003/ 028661

O AI~-N NCOOH H Owherein: 5 Ais selected fromthe

group RLRERBERLRERERLRERZI RSand R R R NH NH

NHR2 R R2 RS/ 25 ~ Rl and R2 are independently

selected fromH, straight chain alkyl of 1 to 4 carbon
34t Ohe prochsd acpandiag th ddiko@dysterd a Wherein theaadibia netiarslic HOI.

R3 is straight chain alkyl of 1 to 4 carbon atons; R5

is straight chain alkyl of 1 to 4 carbon atons; 15
3g.o1pe pricags accydiog topdiaimgB3zor chaiinrd wdwareindiie alkali metahipdaoxide in

585186 E6ui A HAfR, B68¥um n{liroxide or lithium hydroxide.

36. The process according to claim 35 wherein the alkali metal hydroxide is lithium
hydroxide.

37. The process according to any one of claims 33 to 36 including an optionally added
oxidizing agent which is hydrogen peroxide in step b.

38. The process according to any one of claims 33 to 37 wherein the organic carbonate
in step c¢ is t-butyl dicarbonate.

39. The process according to any one of claims 33 to 38 optionally including an organic
base in step ¢ which is N,N-diisopropylethylamine.

40. The process according any one of claims 33 to 39 wherein the alkali metal hydroxide
in step d is sodium hydroxide, potassium hydroxide or lithium hydroxide.

41. The process according to claim 40, wherein the alkali metal hydroxide is sodium
hydroxide.

42. The process according to any one of claims 33 to 41 wherein hydrochloric, sulfuric or
citric acid is used in step d to adjust the pH to 6 or less.

43. The process according to claim 42, wherein the pH is adjusted to 3 to 6.
44. The process according to claim 43, wherein the pH is adjusted to 4 to 6.

45. The process according to claim 44 wherein the pH is adjusted to 5 to 6 with citric
acid.
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RI\ B RBER/SOHRL RBRZISOHRI\ RBR3 O vVROH NH
RR/NHand /NH20 R R 2 5 2 R5 with an ester of

wao b@4foasmul a: 57 WO 2004/ 026814 PCT/ US2003/ 028BGI1/US2003/028661

COORq HN' Y 2 OR4 is straight chain alkyl of 1 to
4 carbon atons and branched chain alkyl of 3 to 4
carbon atons; 5 in the presence of a coupling agent
and an organic base to obtain an ester of the

/—»gl/\l |~y COOR4 H O 10 wherein A and R4 are
4&@ gué’f?(}?éafoé grep Plien, eofras jdehygerdhthedemeylanf step a)
with an al kali netal hydroxide and acidifying with
acid to afford a carboxylic acidq of the formula: 0
COON I~y AANN HO 15 ﬂ% ss according to

cl ai m 47 wherein the coupl jhgyage is selected from
the group N, N -dicycl ohex rbodi i m de pl us

1- hydr oxybenzotri azol e, bBazotri azol -

wherein:

R1 and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon atoms
halogen and alkoxy of 1 to 4 carbon atoms;

1

Rs is straight chain alkyl of 1 to 4 carbon atoms;

by reacting a substituted oxirane of the formula:

with fris(pentafluorophenyl) borane to afford an aldehyde of the formula

Ri Rs Rs
St
Rz/ % o

47. A process for the preparation of a carboxylic acid of the formula:
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20 yl oxytri s(di nmet hyl am no) phosphoni um
hexaf | uor ophosphate (BOP-reagent), N, N bis[2-

wW@@4/8263x0z0l i di nyl | phosphor odi am di ¢ chl ori deP¢BOR003/028661

a ), diphenyl phosphinyl chloride (DPP-Cl),

di et hoxyphosphoryl cyani de,

2-chl or o- 1- net hyl pyri di ni um i odi de,

phenyl di chl or ophosphat e pl us; i m dazol e,

2- (1Hbenzotri azol e-1-yl®- I)d; 3, 3- tetranet hyl uroni um
tetrafl uoroborate, 2-(1 b zoﬂri ol eadu-yl)-1
1,3,3 25 tetranethylurénidﬁ1h xaf_uBTophosphate,
bromo-tris-pyrrolidino-phddpheni yk 8 WD 2004/ 026814
PCT/ US2003/ 028661 hexaf | uor ophosphat e and

benzotri azol e- 1-yl -oxy-tris-pyrrolidi no-phosphoni um
hexaf | uor ophosphate in the presence of

WQERE'Wi i sopr opyl et hyl ami ne. 49. A process according to
cl ai m 48 wherein the coupling agent is

benzotriazol g-1-yl - 5 oxy-tris-pyrrolidino-phosphoni um
%'éf&%c[?gﬁ@ﬂh%‘ﬁ%% Pe. 50. A process according to any
%‘ne @, ®,ains 47rt0 4Y ) ' '

Wr opyl e
met|hy! pgisr ol i di
ng rhvy ' nopyrrkgﬁe/

e!Rs/ /
. 6-di >tert-butyl-4-nmethyl pyridine or pyﬁ5di ne. 10 51.
A process according to claim50 wherein the organic
base is N, N diisopropylethylamne. 52. The process
Rcarar Ri arg indepangendp eeletted|fmimi, gright cBain et &iriorearbon atoms,

r?ﬂ]%glg%idg%%%y8}.’?,[03%055805&0%3;R/ SOH R /NH 2 R5 53. The

Ing to any one’'of clainms 47 to 50
wherein the aminoacid is RIL RBR30SOH Rel /NH?2

I%Sis straight chain alkyl of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

comprising:

a) coupling an amino acid of the formula selected from the group:

o)
Ry Rs R3O R4 Rs Rs R4 R3 R3O
H\WOH N g OH ﬂ\\ R OH
NH = NH and NH :
R RS rRYY RS rRYY Ry

2 Rs v 2 5 5

—\

with an ester of the formula:
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20 54. The process according to any one of clains 47
to 50 wherein the amnoacid is RLRE R3O0 ROH /NH2

WOR2004826850 WO 2004/ 026814 PCT/ US2003/ 028661 55PCHUS2003/028661

process according to any one of clains 47 to 54
wherein the alkali netal hydroxide 1is sodium
hydr oxi de, potassi um hydroxide or |ithium hydroxide. 5
56. A process accordi ngsto-claimb55 wherein the al kal i
metal hydroxide is lithidm hydroxide. 57. A process
according to any one g@fy FIYS, €& wherein the
acid in step b is sel dcted from sul furic,
hydrochloric and citric. 10 58\ A process for the
preparation of a carboxylic acid of the formula: R3
R3OR- COOH NONHHO 2 R5 15 wherein: Rl and R2
Ry ie stragbperairealkyl pf $ & ¢ chbdnfatamns &hd staneheghthaithalkyd of 3 to 4 carbon
%gll%l of 1 to 4 carbon atons, halogen and al koxy of 1
0 4’ carbon atons; 20 R3 is straight chain al kyl of 1
to 4 carbon atons; R4 is straight chain alkyl of 1 to

th H3PALNBL 8P Gt Rndh G ARE o WRdhiFb8Y 10 Bbiaih iPedler of the

formula:

0 |
Afﬂ\N N\Y/§j/COOR4
5o A

wherein A and R4 are as defined above;

b) hydrolyzing the ester of step a) with an alkali metal hydroxide and acidifying with acid
to afford a carboxylic acid of the formula:

O

|
A/U\N N\:/YCOOH
H =

° A

48. A process according to claim 47 wherein the coupling agent is selected from the
group N,N'-dicyclohexylcarbodiimide plus 1-hydroxybenzotriazole, benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP-reagent), N,N'bis[2-
oxo-3-oxazolidinyl]phosphorodiamidic chloride (BOB Cl), diphenyiphosphinyl chloride
(DPP-CI), diethoxyphosphory! cyanide, 2-chloro-1-methylpyridinium iodide,
phenyldichlorophosphate plus imidazole, 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium tetrafluoroborate, 2-(1H-benzotriazole-1-yl)-1,1,3,3-

tetramethyluronium hexafluorophosphate, bromo-tris-pyrrolidino-phosphonium
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atonms; 25 R5 is straight chain alkyl of 1 to 3 carbon
atons; conprising: 30 60 WO 2004/ 026814

weEROMAOsRDO3/ 028661 a) coupling an ami no aci d PET/URM03/028661

formula: RLRB3 R3O OH LNHR2R5 wth an ester of
the formula: 5 HZN N\ COOR4 ~(r O\1ll in the presence
of a coupling agent and an organic base to obtain an

}?e%z\%or%hdagﬁete £04 Bé'ﬁz%trla'lz@leai ﬁ%)@'?tn@pi/rrcﬁﬂd\n& hosPhorfisR4
%ZI ng the ester of step a)

hgxafiuqipphasriate 'mf@wreawa? e& AbdigRaroRyiEEVIRIRG Wi t h

acid to obtain a carboxylic acid of the fornmula: R3

R3 O

49. A process according to claim 48 wherein the coupling agent is benzotriazole-1-yl-

oxy-tris-pyrrolidino-phosphonium hexafluorophosphate.
50. A process according to any one of claims 47 to 49 wherein the organic base is N,N-
diisopropylethylamine, N-methylmorpholine, N-methylpyrrolidine, triethylamine, 4-

dimethylaminopyridine, 2,6-di-tert-butyl-4-methylpyridine or pyridine.

51. A process according to claim 50 wherein the organic base is N,N-

diisopropylethylamine.

52. The process according to any one of claims 47 to 50 wherein the aminoacid is

R Rs R3 Q
ﬂ\\ RISOH
7 /NH

R Rg

PN

53. The process according to any one of claims 47 to 50 wherein the aminoacid is

R, Rs Rs 0
B
= NH
R2/ R5/ .

54. The process according to any one of claims 47 to 50 wherein the aminoacid is
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Rg\ NCOON XT RNHO 2 R5 20 59. A process
according to claimb58 wherein the coupling agent is

waedoeorastt fromthe group N, N -di cycl ohexyl car bodUs20081€28661

pl us 1-hydroxybenzotriazol e, benzotri azol - 1-

yl oxytri s(di met hyl am no) phosphoni um

hexaf | uor ophosphate (BOP-reagent), N, N bi s[2-

oxo0- 3-oxazol i di nyl ] phosphor odi am di ¢ chl ori de (BOB

), diphenyl phosphinyl chloride_61 WD 2004/ 026814 .
%ﬁ@%@%ﬂ%@gﬁ@a% i%@cﬁﬁ%fﬁ? _Z? FOX BREISENGE dikall metal hydroxide
RYsaBiUfEhy dPoxedd, BbRsdiumEiyiyd:e drditHird Ry dresidee,
phenyl di chl or ophosphat e pl us i m dazol e,
2-(1H benzotriazole-1-yl)-1,1,3,3- tetranethyluronium
56t Anprddees ki dihg to daitrl53wheetthe bkaP hfetal hydokidd is lithium
%% 3- tetranet hyl uroni um hexaf |l uor ophosphat e,
YERE98 1 i s- pyrrol i di no- phosphoni um 5
hexaf | uor ophosphat e and

nzotriazol e-1-yl -oxy-tris-pyrrolidino-phosphoni.um ,
R Arr SR BHOSIRGICAT ot B A S hefein B 22l iff Slep b is
DeIdbigd Fre@uBmd, Bl dvstiabiicand fic. A process according to
cl ai m 59 wherein the coupling agent is
benzotri azol e-1-yl - oxy-tris-pyrrolidino-phosphoni um
BexAfdretse it @sPhrabaratid® ofd carBo/ie 66ia Bf aomiilag to any
one of clainms 58 to 60 wherein the organic base is
N, N- diisopropyl et hyl am ne, N nethyl nor phol i ne,

N- et hyl pyrrolidine, triethylamne, 4-

di met hyl ami nopyridine, Rs R, O ]

2,6-di -tert-butyl - 4% i Qi shosa 15 62.
A process according ﬂo c| ai 6£§wh rei:n the organic
base is N, N diisopr hYtam ne® 63\ A process
according to any one of claims 58 to 62 wherein the

al kali netal hydroxide is sodium hydroxide, potassium
hydr oxi de or |ithium hydroxide. 20 64. A process
according to claim63 wherein the alkali neta
ndrebxi de is |ithium

R, and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon atoms,

halogen and alkoxy of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

R, is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4 carbon
atoms;

Rs is straight chain alkyl of 1 to 3 carbon atoms;

comprising:

60



10

15

20

hydr oxi de. 65. A process for the preparation of an
al dehyde of the fornula: 25 RI R3 R3 O R2 wherein:

wWaR2@n] R2 are i ndependently sel ected from PCT/US2003/028661

straight chain alkyl of 1 to 4 carbon atons, hal ogen
and al koxy of I to 4 carbon atons; 62 WO 2004/ 026814
PCT/ US2003/ 028661 R3 is straight chain alkyl of 1 to
4) CRUPMY M R0 aBA disheSfofralight chain al kyl of | to 4
carbon atons and branched chain alkyl of 3 to 4 carbon
5 atons; RS is straight ghaiRg of 1 to 4 carbon
atons; conprising: 10 a) X QHbenzyl nitrile of
the formula: R CN R2 1 )y al kyl ati ng agent of
formul a R3LG where R3 ia&ﬁ’ deki ned above and LGis a
| eaving group, in the presence of a strong base, to
obtain a nitrile of the fornula: RL R3 R3 CN R2 20

| itrite of step a with a reducing
3”3@@%‘%%?@5@%@ dehyde of the fornula: Rl R3 R3

|
HZNj;(N\é/\rCOOR‘;

N

in the presence of a coupling agent and an organic base to obtain an ester of the

formula:

R3 R3 O |

Ry
ﬂ\\ N N\./\rCOORA;
(7 Ny H o A

Ry~ Rs

b) hydrolyzing the ester of step a) with an alkali metal hydroxide and acidifying with acid
to obtain a carboxylic acid of the formula:

R3 Rs 0] |
~ N B >
RS RS H O N

59. A process according to claim 58 wherein the coupling agent is selected from the
group N,N’-dicyclohexylcarbodiimide plus 1-hydroxybenzotriazole, benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP-reagent), N,N’bis[2-
oxo-3-oxazolidinylJphosphorodiamidic chioride (BOB Cl), diphenylphosphinyl chloride
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H OR2 25 66. A process according to claim®65
wherein the strong base according to claimstep ais

WEoiassisum t er t - but oxi de (BuOK), sodi umtert - bRXCDKEIH03/028661

(BuONa), lithiumtert-butoxide 63 WO 2004/ 026814
PCT/ US2003/ 028661 (BuOLi ), sodium hydride, potassium
hydri de, sodi um hydroxi de, or Iithium

hrropr &Qﬁhbﬂiﬂl’@@ph&gl cyémaé G eisroacaRiipYadihRintioaids) 66
wherejn the

ase umter OX

PG oo Rh S dua sz aler o f1 e tairolsn B bt b e
fe?ahfétl@ﬁu&ﬁl@rfﬁéﬁ’aﬂubﬁ:b@?été’|28((1Wl§br@l@ﬁkoleﬁ%ﬂﬁ1 usesk in
Ste S ne e or

BrePsthyl omiarel i ehogahath broe-tar Qe BoRNoSeRA
hé»tiiﬂdgrophoémbfea@w bénz@ﬁ’ﬁitﬂf b4 ml-p@trrggoyrrb@dlg&masmma ?ﬁ S

rdin one O al B (0] ereln e

Peatomg omsiate n S erermn e s efsoromcinylamite:

chl ori de/ hydr ochl oric acid, lithium alum num hydride

rdiisobut I um num i de (DI BA .
B oeeeasi3R Bierting & G5 BY HhesT e ceuAnG AeFaa Genaaiazole-1-y-

agﬁms pyfrolitiihG pRoEpybaiLBMexeMordpbsplige ( DI BAL-H) . 71.
The conpound which is

3- et hyl - 2- (et hyl am no) - 3- phenyl but anenitrile. 20
62. ADn6cess BpesHaiH \Nﬁbﬁmomeﬁof claims 58 to 60 wherein the organic base is N,N-

pESHETRLYER %“W%?wimﬂgvﬁm b pr-a o, SRR e, 4-

apmRRdinepyriing, 2,6-di-tert-butyl-4-methylpyridine or pyridine.
N-(tert-butoxycar bonyl )-N, (3, P-trinet hyl phenyl al ani nam
ide. 25 75. The conmpound which is

2 NAN:rbcEeisS (Eeedrting ud eraire 81 habidin thBlofgar(cbase is N,N-
trimet h}/ hen | al ani nam de. 76. The conpound whi ch is
Ql-'e(olpé%y BWear bonyl ) - N, (3, (3-tri net hyl phenyl al ani ne

63. A process according to any one of claims 58 to 62 wherein the alkali metal hydroxide
is sodium hydroxide, potassium hydroxide or lithium hydroxide.

64. A process according to claim 63 wherein the alkali metal hydroxide is lithium
hydroxide.

65. A process for the preparation of an aldehyde of the formula:
R1 Rz Rs H
DB
R

wherein:

R: and R; are independently selected from H, straight chain alkyl of 1 to 4 carbon atoms,
halogen and alkoxy of 1 to 4 carbon atoms;
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30 77. The conpound which is
(S)- N (2-net hyl - 2- phenyl - propyl i dene) - p-t ol uene-

wa piofijorismd de. 64 WO 2004/ 026814 PCT/ US2003/ 028BGI1/US2083/028661

The conpound which is
(SS, 2S) - N- (p-tol uenesul finyl)-2-am no- 3-net hyl - 3-
phenyl butyronitrile. 79. The conpound which is
(Ss, 2R) - N- (p-tol uenesul finyl)-2-am no-3-nethyl-3- 5
henyl butyronitrile. 80. The conmpound which is
RS shmgnhenai byl 8 & cPoRE B ot hy | ) - 3- et Ryl - 3-
phenyl but anenitrile. 10 81. The conpound which is
2S) - 3- et hyl - 2- (net hyl am no) - 3- phenyl but anenitrile
 E3iraight ehabalkylior 1 10 A&ATCR SN aR @nchesbehayalkyl of 3 to 4 carbon
gemound which is
N-(tert-butoxycarbonyl)-N, (3, (3-trinethyl-L-phenylal an
i nam de. 15 83. The conpound which is
R%Nsﬁabht&&%ﬁé&wbﬂﬁQ&MQﬂﬂﬁﬂQMhﬁsN,(3,(3'tr!"Ethy|'L'
phenyl al ani nam de. 84. The conpound which is salt of
N-(tert-butoxycarbonyl)-N, (3,f3-trinethyl-L-
BhRMERY: ani ne with (S)-(-)-a-nethyl benzyl am ne
(SAMBA). 20 85. The compound which is salt of
N-(tert-butoxycarbonyl)-N R (3-trinmethyl-D
BNBIRYIGhRBERSInMEIbS (R fofrlia:a- met hyl benzyl ani ne
(RAMBA). 86. A process for the preparation of a
carboxylic acid of the formula: 25 R3 R3 ORL COON N

N, Fi HO RS wherein: Rq
o
RS

with an alkylating agent of formula R;LG where R; is as defined above and LG is a
leaving group, in the presence of a strong base, to obtain a nitrile of the formula:

ﬁiij/xiCN
=
Ry

and

b) reducing a nitrile of step a with a reducing agent to give an aldehyde of the formula:

R, Rs Rs
>
= (@)
Ry

66. A process according to claim 65 wherein the strong base according to claim step a is
potassium fert-butoxide (‘BuOK), sodium tert-butoxide (‘BuONa), lithium tert-butoxide
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65 WD 2004/ 026814 PCT/ US2003/ 028661 R, and R2 are
i ndependently selected fromH, straight chain al kyl of

wda2a0a/0Z68¢car bon atons, hal ogen and al koxy of 1PCDU&2003/028661

carbon atons; R3 is straight chain alkyl of 1 to 4
carbon atons; 5 R4 is straight chain alkyl of 1 to 4
carbon atons and branched chain alkyl of 3 to 4 carbon
ABWOE), sBfiunshygirita) pbiassitvaihpdidddsgbdiof hydisxide, eAlKIOM
tons; 10 conprising: a) reacting a conpound of
%bﬁoﬂ[ﬂpé{'am'd%, RER30OSOH R RS N-OR4 15 0
Formula | Wth acid to obtain an am no acid of the

rmul a: R , : NH 20 RB c.ouHﬁn n i
bt Rbrdines Sorordint o o b BrekPe stord Bhre P apsp i Togbutoxide
KBIMIKOR4 2 O 25 66 WD 2004/ 026814 PCT/ US2003/ 028661
68. A process according to any one of claims 65 to 67 wherein the alkylating agent
RsLG used in step a is methyl iodide or methyl bromide or optionally methyl bromide in
the presence of sodium iodide or tetrabutyl ammonium iodide.

69. A process according to to any one of claims 65 to 67 wherein the reducing agent
used in step b is tin chloride/hydrochloric acid, lithium aluminum hydride or

diisobutylaluminum hydride (DIBAL-H).

70. A process according to claim 69 wherein the reducing agent is diisobutylaluminum
hydride (DIBAL-H).

71. The compound which is 3-methyl-2-(methylamino)-3-phenylbutanenitrile.

72. The compound which is N,B,p-trimethylphenylalaninamide.

73. The compound which is N,B,B-trimethylphenylalanine.

74. The compound which is N-(tert-butoxycarbonyl)-N,B,B-trimethylphenylalaninamide.

75. The compound which is N,N,N-tris(tert-butoxycarbonyl)-N,B,B-
trimethylphenylalaninamide.

76. The compound which is N-(tert-butoxycarbonyl)-N,B,B-trimethylphenylalanine.
77. The compound which is (S)-N-(2-methyl-2-phenyl-propylidene)-p-toluene-

sulfinamide.
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in the presence of a coupling agent and an organic
base to obtain an ester of the forrmula: R~ R3 R3 ON

WOR0A/0ZBOR4 / HN HO\V1l R2 R5 5 c¢) hydrol per/msoniies661

ester of step b) with an alkali netal hydroxide and
acidifying with acid to obtain a carboxylic acid of
the formula: 10 RR3 RB ONCOON HOR2 RS H87. A
P3.0TI6s SorAgaumidditich is 0SG2S)-MA(B oludresalfinylj-Danties i Blngigyl-3-

agent is selected fromthe group
N, ghegy! LWWOSﬁ@QyI car bodi i mi de pl us
1- hydr oxybenzotri azol e, benzotriazol-1 15

tris(di hyl. ayg sphoni um. ,
Fandibi <o Rb DR Bpiets e e B S hoy piping-a-methyio-
ox phanyk@tg@nitdieny! ] phosphor odi am di ¢ chl ori de (BOB
), diphenyl phosphinyl chloride (DPP-Cl),
di et hoxyphosphoryl cyani de,
80.CitHe@ompbuf@ iimoh iy (SsISHNA (P-to@ndsulfinamido-methyl)-3-methyl-3-
pheg%l }%Chi or.‘oigehosphat e plus imdazole, 2-(1
H RERDYPYESHIEe: 1.y ) -1, 1, 3, 3- tetranet hyl uroni um
tetrafl uoroborate, 2-(1 H benzotriazole-1-yl)-1,1,3,3

g?.ofx;ﬁé EEES n \&@&?féRﬁ@?%ﬁ%@{yﬂ%{{ﬁ%ﬂq%%ﬁct))?s-pheny|butanenitrne,
hexaf 3, pairaeiRgisippiedrgiatmthamide.

benzotri azol e-1-yl -oxy-tris-pyrrolidi no-phosphoni um
hexaf | uor ophosphate in the presence of

Bb NTHE Corpps@RMVaEmg N ButoRFearBorif)e B FStridetY-LioAGnyifaninamide.

claim 87 wherein the coupling agent is
benzotri azol e-1-yl - 25

- . ¥ ! _ te.
R S
phenylalaninamide.

84. The compound which is salt of N-(tert-butoxycarbonyl)-N,B,B-trimethyi-L-
phenylalanine with (S)-(-)-a-methylbenzylamine (SAMBA).

85. The compound which is salt of N-(tert-butoxycarbonyl)-N,3,3-trimethyl-D-
phenylalanine with (R)-(+)-a-methylbenzylamine (RAMBA).

86. A process for the preparation of a carboxylic acid of the formula:

R R3 R; (0] I
1 H
ﬂ\\ ﬁ N\:/\(COO
[ = /N\H 0 /:\

R2 R5

wherein:
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89. A process according to any one of clains 86-88
wherein the organic base is N N
waleiogopisopyl et hyl ami ne, N-net hyl nor phol i ne, PCT/US2003/028661

N- et hyl pyrrolidine, triethylamne, 4-

di met hyl am nopyri di ne,

2,6-di-tert-butyl -4-nethyl pyridine or pyridine. 5 90.

R: prdhBe gk indensndently setectddaram 89 stntightedhaintatieyl of erd carbon atoms,
' jc i r .amne. 91. A process

g%é%rddﬂdghl%xygﬁ;%gﬁgggb;bh%&%ﬁs 86-90 wherein the

al kali netal hydroxide is sodium hydroxi de, potassium

r@x%i - Lk [ .10 92. A process
E%:l%osﬁ%!gﬂgcﬁn %Ir%!yfmwgﬁa&%@%éiagﬁpﬁe al kali et al
hydroxide is lithium hydroxide. 93. A process

RESREISPOidh Skl 194 2 @RoRi0ME b rebfedraf i of 3 10 4 carbon

yP@Barati on of a carboxylic acid of the fornula: R3
RBOR-\ COOH NX R / R/ .HHO 2 wherein: 20
R and R2 are independently selected fromH, straight
Raigistraighk ghairoalkyl of b ta13 carboormtansins, hal ogen and

al koxy of 1 to 4 carbon atons; R3 is straight chain
alkyl of | to 4 carbon atonms; 25 R4 is straight chain
GMBFISINGE 1 to 4 carbon atons and branched chain al kyl
of 3 to 4 carbon atons; R5 is straight chain al kyl of

1 to 3 carbon atons; 30
a) reacting a compound of Formula I;

R, Ra RO

ﬁ/\; < OH

Rz Rs~ N 7]/O_R4
0

Formula |

With acid to obtain an amino acid of the formula:
R1 R3 R3 Q
1
~  NH
RZ/ R5
b) coupling an amino acid of step a with an ester of the formula:

l
HZI\I(NY\rCOOR‘;

° A



10

15

20

25

68 WD 2004/ 026814 PCT/ US2003/ 028661 conprising: a)
coupling a conpound of Forrmulal: 5 RBRRIO0OR S OH

WOR200R92d814 O-Ra O Fornula | with an ester of PEERUS2003/028661

formula: 10 HZN A~ Y in OOR4 the presence of a
coupling agent and an organic base to obtain an ester
of the formula: 15 RRE R O~\ COORgq NN HO R2

i the-psesenge Ria sourting geintaingzinyganiebasst teobtsin 8 eptendf the
hiduigpn al kali metal hydroxide and treating with acid
to obtain a carboxylic acid of the fornula: 69 WO
2004/ 026814 PCT/ US2003/ 028661 R3 R3 O N N COCH

R3 R30
H

Ry |
N COOR,
ﬁijir><7/ﬂ\¥ik;% \f/§j/ 4
& N.,, H x
Ro” R¢ ° A

c) hydrolyzing the ester of step b) with an alkali metal hydroxide and acidifying with acid
to obtain a carboxylic acid of the formula:

87. A process according to claim 86 wherein the coupling agent is selected from the
group N,N'-dicyclohexylcarbodiimide plus 1-hydroxybenzotriazole, benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP-reagent), N,N’bis[2-
oxo-3-oxazolidinyl]phosphorodiamidic chloride (BOB Cl), diphenylphosphinyl chloride
(DPP-CI), diethoxyphosphoryl cyanide, 2-chloro-1 -methylpyridinium iodide,
phenyldichlorophosphate plus imidazole, 2-(1 H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium tetrafluoroborate, 2-(1H-benzotriazole-1 -y)-1,1,3,3-
tetramethyluronium hexafluorophosphate, bromo-tris-pyrrolidino-phosphonium
hexafluorophosphate and benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate in the presence of N,N-diisopropylethylamine.

88. A process according to claim 87 wherein the coupling agent is benzotriazole-1-yl-
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate.
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Xf-~C, . HR2Z RS/ HO95. A process according to
claim94 wherein the coupling agent is selected from
wo b@4/ogasoup N, N - di cycl ohexyl car bodi i m de pl usPCT/US2003/028661
1- hydr oxybenzotri azol e, benzotriazol-1 5
yl oxytri s(di met hyl am no) phosphoni um
hexaf | uor ophosphate (BOP-reagent), N, N bi s[2-
86x é-—pﬁemsaaod:ordmgycb ialmhmhfmiajmséﬁr% wheseinding grgapisbese is N,N-

d%c)@{%gl hos ﬁﬁ?@%rp%lu%r 'le’\?\ethgllwp ol@ir?e’ triethylamine, 4-

dﬁneihylammlonymlmehQlﬁpghftembntyhﬁﬁnhaibmmldlne or pyridine.

phenyl di chl or ophosphat e pl us i m dazol e,

2- (1H benzotri azole-1-yl)-1,1, 3,3- tetranethyl uroni um
ety Ebtasseotwring o ciaing Bawxdserarmtheumwebaselyl Nq 1,3,3

dé&é@%ﬂ érﬂi}ﬂaur oni um hexaf | uor ophosphat e,

S-pyrrolidi no- phosphoni um
hexaf | uor ophosphat e and

gﬁexa N Slobadd Srdﬁ’}?yt%) aﬂ?%n{e ok Siaine 6260 \%h%‘%‘%@%ﬁ@ﬁ MM hydroxide is

UOI‘O 0s presence o

sNanndndemdeopguaeslhmlmqueie CUthhllJm py&e¥de according to

clai m 95 wherein the coupling agent is

benzotriazol e-1-yl - 15 o

9@x yA procgsspacorsingdioretaiped sytesein i #lkianetablysiserddgisdithium

h&émxﬁ eProcess according to any one of clains 94-96
erern the organic base is N N

di i sopropyl et hyl am ne, N nethyl nor phol i ne,

%}ul. EP&%F@&&BHM&# tgeclantnré(iestté‘é/ L QMeRE thé-acid is trifluoroacetic acid.

am nopyri di ne
2, 6- di-tert butyl 4- et hyl pyridine or pyridine. 20 98.

8, 2 FRERY REFETHARR IR g St 0701 ©

according to any one of clainms 94-98 wherein the
al kali metal hydroxide is 25 ;sodi um hydroxi de,
pot assi um hydr oxi de d{s IRt(bn qEr oxi de. 100. A

process accor di nig 99 Iwh heo@k kal i et al
hydr oxi de is I|th\|hrﬁ hy ro@de D/%‘f A process
according to cl ai stéTpr vvhereyn\t e acid is
trifluoroacetic actd. R0

wherein:

R: and R, are independently selected from H, straight chain alkyl of 1 to 4 carbon atoms,
halogen and alkoxy of 1 to 4 carbon atoms;

Rs is straight chain alkyl of 1 to 4 carbon atoms;

R, is straight chain alkyl of 1 to 4 carbon atoms and branched chain alkyl of 3 to 4 carbon
atoms;

Rs is straight chain alky! of 1 to 3 carbon atoms;
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comprising:

a) coupling a compound of Formula I:

Formula |

with an ester of the formula:
10

|
HZI\I(NE/YCOOR‘;

VAN

in the presence of a coupling agent and an organic base to obtain an ester of the

3 R3
N COOR4
[/ = N H

formula:
15

20  b) hydrolyzing the ester of step a) with an alkali metal hydroxide and treating with acid to

obtain a carboxylic acid of the formula:
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R3 R3 O ]
RFWN N\/ﬁ/COOH
/ N\ H E
R2/ Ry H °

95. A process according to claim 94 wherein the coupling agent is selected from the
group N,N’-dicyclohexylcarbodiimide plus 1-hydroxybenzotriazole, benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP-reagent), N,N’bis[2-
oxo-3-oxazolidinylJphosphorodiamidic chloride (BOB Cl), diphenylphosphinyl chloride
(DPP-CI), diethoxyphosphory! cyanide, 2-chloro-1-methylpyridinium iodide,
phenyldichlorophosphate plus imidazole, 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium tetrafluoroborate, 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate, bromo-tris-pyrrolidino-phosphonium
hexafluorophosphate and benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate in the presence of N,N-diisopropylethylamine.

96. A process according to claim 95 wherein the coupling agent is benzotriazole-1-yl-
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate.

97. A process according to any one of claims 94-96 wherein the organic base is N,N-
diisopropylethylamine, N-methylmorpholine, N-methylpyrrolidine, triethylamine, 4-
dimethylaminopyridine, 2,6-di-tert-butyl-4-methylpyridine or pyridine.

98. A process according to claim 97 wherein the organic base is N,N-
diisopropylethylamine.

99. A process according to any one of claims 94-98 wherein the alkali metal hydroxide is

sodium hydroxide, potassium hydroxide or lithium hydroxide.

100. A process according to claim 99 wherein the alkali metal hydroxide is lithium
hydroxide.

101. A process according to claim 94 step b wherein the acid is trifluoroacetic acid.
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