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Method for producing enantiomeric form of 2,3-diaminopropionic acid
derivatives The invention relates to a process for preparing the
enantiomeric forms of 5 2,3-diaminopropionic acid derivatives of the
formula | by asymmetric hydrogenation. The compounds of the formula |
are suitable intermediates for preparing IkB kinase inhibitors (WO
01/30774 Al; WO 2004/022553). It is known that a,(3-diaminopropionic

amQtHSHV?BYeBm&ﬁ@%H%E%%ﬁ@ %?rﬁat@t zeq GMFGQ?;EF&iomc acid

(idrcgginatlon according to Scheme 1 (J Org Chem, Vol. 66, 11, 2001
Y& 4147). However, the asymmetric hydrogenation succeeds
only when both nitrogen atoms have been acylated. 15 Scheme 1R O

Ry Nnﬂrﬁtéﬁt%{ﬁﬁe?@@)@b?o@ﬁ Nol éNaAnR iR HadmiciNeric Rk of

ttem t to hy

O TR eesebih, Ao iL B8 creimies Wiy wisumetric
stixdegenation nbheneempoundsnat the feymisetrareysuitable suecamitiates

elgpfepaanpaskis aidhatpirwaWad e sorhasisioilite 2ooapoRpEsah.

the formula | succeeds with high yields and high enantioselectivity. 25 In

a first aspect, there is provided a compound of the formulall R1 IR2 Ol
(|IF) |§ql§¢\q\w@imt a,B-diaminopropionic acid derivatives can be prepared by

Rh-catalyzed asymmetric hydrogenation according to Scheme 1 (J Org
Chem, Vol. 66, 11, 2001, pages 4141-4147). However, the asymmetric
hydrogenation succeeds only when both nitrogen atoms have been
acylated.
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The attempt to hydrogenate N,N-dimethyleneamines or N,N-dimethylene-

enamines was without success.

It has now been found that the asymmetric synthesis succeeds even for
compounds of the formula Il. The synthesis of the compound of the formula

I succeeds with high yieids and high enantioselectivity.

In a first aspect, there is provided a compound of the formuia 1!
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O H la where R1 and R2 are the same or different and are each
independently 1) -(C6-C14)-aryl where aryl is unsubstituted or mono-, di-
or trisubstituted independently by R11, where R11 is a) F,Cl,lorBr, b)
-(CT-C4)-alkyl, c)-CN, d) -CF3, e) -OR5 in which R5 is a hydrogen atom
or -(C1-C4)-alkyl, f) -N(R5)-R6 in which R5 and R6 are each
independently a hydrogen atom or -(C1-04)-alkyl, g) -C(0)-R5 in which R5
is a hydrogen atom or -(C1-C4)- alky or h) -S(O)X-R5 in which x is the
integer zero, 1 or 2, and R5 is a hydrogen atom or -(C1-C4)-alkyl, or 2) a
4- to 15-membered Het ring where the Het ring is unsubstituted or mono-,

di- o, fisubsitytegjdependentiyhy (E1-CR)alkpherCh-GRIAIKRYY each
halogen, nitro, amino, trriiuoro- methyl, hydroxyl, hydroxy-(C1-04)-alkyl,
meth(IERRERSIE ¥ thyienedioxy, formyl, acetyl, cyano, hydroxycarbonyl,
amind} carbdBytOrsX8nviCuhelicoavarionynsRBasiviedCercmdraryl - or
which aryl iggnsidegtitbiethesmerRntdi Horrsubstituted independently by
NO2, O(C%vgﬁ)a%ﬁ/l‘ F, Cl or bromine, 2) -O-C(CH3)3, or 3)
-O-CH(R?)-’ary‘?i% icﬁsaryl IS unsubstituted or mono-, di- or
trisubstitute@)indeperfdet®f By.-N02, -0-CH3, F, Cl or bromine, in which

R7 is a hydiggen afam.Qy &y C4)-alkyl,
) -CN,
d) -CFa,
e)  -OR®inwhich R®is a hydrogen atom ar -{(C-C,}-alkyl,
f) N(R®}-R® in which R® and R® are each independently a
_ hydrogen atom or -(C+-Cy}-alkyl,
g)  -C(O)-R® in which R® is a hydrogen atom or -{C+-Ca)-
alkyl, or |
h) -8${0),-R® in which x is the integer zero, 1 or 2, and R®
is a hydrogen atorn or -{C+-Cy4)-alkyl, or
2) a 4- to 15-membered Het ring where the Het ring is
unsubstituted or mono-, di- or frisubstituted independently by
-(C4-Cs)-alkyl, ~{C+-Cs}-alkoxy, halogen, nitro, amino, trifiuoro-
methyl, hydroxyl, hydroxy-(C+-Cy)-alkyl, methyienedioxy,
ethyienedioxy, formyl, acetyl, cyano, hydroxycarbonyl, amino-
carbonyi or -(C4-Cy4}-alkoxycarbonyl, .
R3is 1)  -(CeCueraryl in which aryl is unsubstituted or mono-,
di- or trisubstifuted independently '
by -NOz, -0O-(C1-Cy4)-alkyl, F, Cl or bromine,
2} -O-C{CHa)s, or
3) -O-CH(RT}-arvl in which arvt is unsubstituted or mono-,
di- or trisubstituted independentiy
by -NO,, -G-CHjs, F, Ci or bromine,
in which R7 is a2 hydrogen atom or -(C+-Cyl-alkyl,
R4 is 1) a hydrogen atom,
2) ~(C+-Cypalkyl or
3) ~-CH(R8}-aryl
in which R8 is a hvdrogen atom or ~{C4-Cyl-alkyl.



R4 is 1) a hydrogen atom, 2) -(C1-C4)-alkyl or 3) -CH(R8)-aryl in which
R8 is a hydrogen atom or -(C1-C4)-alkyl. Ib In a second aspect, there is
provided a compound of the formula IV R1 N-R2 O 1*0, (IV) R3N R4
O OI O where R1, R2, R3 and R4 are each as defined as in the
compound of the formula Il according to the first aspect. In a third aspect,
there is provided a process for obtaining the compound of the formula |
R1 ION-R2 *O0) R3AR4 H Wq%re R1is 1) a hydrogen atom, 2)
-(C,-C4)-alkyl, 3) -(C6-C,4)-aryl where aryl is unsubstituted or mono-, di-
or trisubstituted independently by RI 1, where R11is a) F, CI, | or Br, b)

In6rdetdihlioped) thdle ® frdviied a compound of the formula IV

where R1, R2, R3 and R4 are each as defined as in the compound
of the formula i according fo the first aspect.

In a third aspect, there is provided a process for obtaining the compound of the

formula |
FIH
i/N—R?.
. I
o {
R3 R4
YR
H ]
where R1 is

1) a hydrogen atom,
2)  ~(Cq-Cy)-alkyl,
3) ~(Ce-Cas)-aryl where aryl is unsubstituted or mono-, di- or
trisubstituted independentiy by R11,
where R11 is
a) £, Cl, lorBr,
b)  -(C4-Cy)-alkyl,

c) ~CN,

d) -CFs, _

e)  -OR®inwhich R%is a hydrogen atom or -{C+-Cy -alkyl,
) -N(R®}-R® in which R® and R® are sach independently a

hvdrogen atom or -(C+-Cy )-alkyl,
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e) -OR5 in which R5 is a hydrogen atom or-(C,-C4)-alkyl, f) -N(R5)-R5 in
which R5 and R6 are each independently a hydrogen atom or
-(C,-C4)-alkyl, 1c g) -C(O)-R5 in which R5 is a hydrogen atom or
-(C1-C4)- alkyl, or h) -S(O)X-R5 in which xis the integer zero, 1 or 2, and
R5 is a hydrogen atom or -(C1-C4)-alkyl, 5 4) -CH(R7)-aryl in which aryl
IS unsubstituted or mono-, di- or trisubstituted independently by -NO2,
-O-CH3, F, Cl or bromine, where RY is a hydrogen atom or
-(C1-C4)-alkyl, or 5) a 4- to 15-membered Het ring Where the Het ring is

10 bstifyted din
unsubstijyted or )Qﬁ(% %ﬁfﬁg*ﬁﬁ‘i‘ét%ﬁ EL\‘nbéér 01_04

(C1-C5)-alkyl, -(C1- oxy en, Nitro; & tr|f uoro- met
hydroxyl, hydroxy-?@(Y CX)-alky1, methylenedloxy, ethylenedloxy, formyl,
acetyl, cyarig, hydr&x§uaR0 iyl warithox eatbenyiteger zero, 1 or 2, and RS

u(r?sté‘i?tﬁ'é‘°éyfa‘§’r?c?yya*% O e ﬁ"m‘e;eba%'i 2
_CHRT)-ary ﬁﬁﬁ%ﬁ%{ s Srb mré% Hpﬁﬂﬁﬁ? U?@A BABSaw iy O
mdependenm;Sbbsmmed -Dp8Eeotiyr bromine, where R7 is a 20
hydrogen awmogc..cﬁewkw; @ Drattotfihe; eeBReRY Hebringhirogen

where the Het rin (f:l 2 gﬁ{ed or mono-, di- or trisubstituted
mdependeneg? C%‘J‘ é g1 -C5)-alkoxy, halogen, nitro, amino,

trifluérometiyl 4hyd¢oxlf'l5 s G- (@%4%&yl’”ﬁﬁé‘ﬁ1yf@ﬁed‘lﬁ@y ring s
ethylenedionysdestiyisatetyinoyarpdhysir tnyaadiitmddantdepeadmmnyy oy
-(C1-C4)-alkpxygarhomyl RZISA)2HNGOIRRRM, G LinHdlituoro-
methyl, hydroxyl, hydroxy-(C4-Cy)-alkyl,” methylenedioxy,
sthyvienedioxy, formyl, acetyl, cyano, hydroxycarbony!, amino-
- carbonyl or -{C4-Cy)-alkoxycarbonyi,
R2is 1) -(Ce-Crajaryl where aryl is unsubstituted or mono-, di-
or trisubstituted independently by R11,
2)  -CH(R7)-aryl in which aryl is unsubstitutsd or mono-,
di- or trisubstituted independently
by -NO;, -O-CHs, &, Cl or bromine, where R7 is 2
hydrogen atom or ~(C4-Cy)-alkyl, or
3) a 4- 1o 15-membered Het ring where the Het ring is
unsubstituted or mono-, © di- or trisubstituted
independently by {C+-Cslalkyl, -{C+-Cs)alkoxy,
halogen, nitro, amino, triflucromethyl, hydroxyl,
hydroxy-(C+-Cs)-alkyl, methylenedioxy, sthyienedioxy,
formyl, acetyl, cyano, hydroxycarbonyl, aminocarbonyl
or ~(C+-Cy4}-alkoxycarbonyl,
R3is 1) a hydrogen atom,
2)  -{Cr-Cslalkyl,
3) -(Ce-Cqsg)aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independentily
by -NO,, -O0-(C+-Cy}-alkyl, F, Ci or bromine,
4} -0-C(CHa)s, Of
53 -O-CH(R7}-aryl in which aryl is unsubstituted or mono-,
di- or trisubsiituted independently
by -NO;, -O-CHs, F, Cl or bromine,
where R7 is a hydrogen atom or ~(C+-Cy)-alkyl,
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30 3) -(C6-C14)-aryl in which aryl is unsubstituted or mono-, di- or
trisubstituted independently by -NO2, -O-(C1-C4)-alkyl, F, Cl or bromine,
4) -O-C(CH3)3, or 5) -O-CH(R7)-aryl in which aryl is unsubstituted or
mono-, 35 di- or trisubstituted independently by -NO2, -O-CHS3, F, Cl or
bromine, where R7 is a hydrogen atom or -(C 1-C4)-alkyl, 1d R4is 1) a
hydrogen atom, 2) -(C,-C4}-alkyl or 3) -CH(R8)-aryl in which R8 is a
hydrogen atom or -(C1-C4)-alkyl, 5mvhich comprises hydrogenating a
compound of the formula 11 R1 R2 R3AN C'R4 | H O in which R1, R2,
R3 and R4 are each as defined in the formula | and 10 the compound of
the f(p(gp;élaﬂ may hepirsigst igiBig E or in the Z configuration on the
double bonge) in the, presenc o{ hydrogen and a catalyst. In a fourth
aspect, thefe'is pro 'dé%‘g‘ﬁhe s for obtaining the compound of the 15
formula 1l BY | fN-RB{R8 Y20 H2N R4 0 or salts thereof in which R1,

R2 and R4 are eagh afidafliReddnsthg diegen aicraesr digg-o,thelithird
aSpe\?vli‘lich comprises hydrogenating a compound of the formula li

R
N—R2
I
o. (1)
R4

T
AL
g0

in which R1, R2, R3 and R4 are sach as defined in the formula | and
the compound of the formulz Il may be present in the E orin the Z
configuration on the doubile bond,

in the presence of hydrogen and a catalyst.

Ina fdurth aspect, the.re is provided a process for obtaining the compound of the

formula il

H N R4

or salts thereof in which R1, R2 and R4 are sach as defined in the
formula | accordiﬁg to the third aspect,

which comprises

a)  hydrogenating the compound of the formula !



25 which comprises a) hydrogenating the compound of the formula 11 le
R1 N-R2 O " (fi} R3AN QR4 iH O inwhich R1, R2, R3 and R4 are each
as defined in the formula 1, in the presence of hydrogen and a catalyst,
and converting it to a compound of the formulal R1 112 R3NO_R4 10
H and b) converting the resulting compound of the formula | to a
compound of the formula Ht. The disclosure herein relates to a process for
obtaining the compound of the form@a I R1 10 N-R2 R3N R4 O WO
2006/005436 2 PCT/EP2005/006920 where R1 and R2 are the same or
different and are each independently 1) a hydrogen atom, 2)
-(C1-C4)-alkyl, 5 3) -(C6-C14)-aryl where aryl is unsubstituted or mono-,
di- or

)J\ o ("
R3 R4

in which R1, R2, R3 and R4 are each as defined in the

formuia {, o
in the presence of hydrogen and a catalyst, and converting it

to a compound of the formula |

FE?’E
N—R2
O
M Je oW
R3 N R4
J .
o O

and |
b) converting the resufting compound of the formula | fo a

compound of the formula Hi.

The disclosure herein relates to a process for obtaining the compound of

the formula |
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trisubstituted independently by R11, where R11is a) F, Cl, | or Br, b)
-(Ci-C4)-alkyl, 10 c) -CN, d) -CF3, e) -OR5 in which R5 is a hydrogen

atom or -(Ci-C4)-alkyl, f) N(R5)-R6 in which R5 and R6 are each
independently a hydrogen atom or -(Ci-C4)-alkyl, 15 g) -C(O)-R5 in which
REJ2A 0§Hregéditatom or -(Ci-C4)- alld/l, or h) -S(O)x FGmAwRiI2A0618 @& 20
integer zero, | or 2, and R5 is a hydrogen atom or -(Ci-C4)-alkyl, 4)
-CH(R7)-aryl in which aryl is unsubstituted or mono-, di- or 20

trisubstituted independently by -NO2, -O-CH3, F, Cl or bromine, where R7
whergdidgend Rgrarerthe pamp akdiferepbance resereiiperRE pRETHG
where the Hetgingdsogmsualastituted or mono-, di- or trisubstituted
indepegﬁ:ently_ta% §5 (%i;( 5)-alkyl, -(Ci-C5)-alkoxy, halogen, nitro, amino,
trifluoro methyl, ﬂ/ e xyl, hydroxy-(C,-C4)-alkyl, methylenedioxy, .
ethylenetioxy - ety a3l IWERRo 2Ry d IS xYESHISH FHEMIRG- Bartny Hbr OF
-(Ci-C4)-alkoxyrearbstiyita’Irid dp entigditbgen Btoh, 30 2) -(CT-C4)-alkyl,

3) -(C6-Cld)-apyh inavhich @ryl is unsubstituted or mono-, di- or
trisubstituted independent! bP/ -NO2, -O-(C1-C4)-alkyl, F, Cl or bromine,

4) -O-C(CH3)§‘, or3 S)lﬂf))(-eFEﬁ?)-aryl in which aryl is unsubstituted or
mono-, di- or isubstitdtedhabpéndently by -NO2, -O-CH3, F, Cl or
bromine, wheg R7 is@npydrogen atom or -(C1-C4)-alkyl,

d)  -CFs,
e) -OR® in which R® is a hydrogen atom or -(C4-Cq)-alkyl,
f)  -N(R®)-R®in which R® and R® are each independently a

hydrogen atom or -(C+-Cy)-alkyl,
g)  -C(O)-R® in which R® is a hydrogen atom or -(C4-Cy)-
alkyl, or _
h) -8(0)-R” in which x is the integer zero, 1 or 2, and R®
is a hydrogen atom or -(C1-Cy4)-alkyl,
4) ~-CH{R7}-aryl in which aryl is unsubsiituted or mono-, di- or
trisubstituted independently '
by -NO,, -O-CH3, F, ClI or bromine, where R7 is a hydrogen
atom or -(C4-Cy)-alkyl, or
5) a 4- to 15-membered Het ring where the Het ring is
‘unsubstituted or mono-, di- or trisubstituted independently by
-(C+-Cs)-alkyl, -(C4-Cs)-alkoxy, halogen, nitro, amino, trifluoro-
methyl, hydroxyl, hydroxy-(C:-C4)-alkyl, methylenedioxy,
ethylenedioxy, formyl, acetyl, cyano, hydroxycarbonyl, amino-
carbonyl or -(C4-C4)-alkoxycarbonyl,

R3is 1) a hydrogen atom,
2)  ~(Cr-Cy)-alkyl,
3) -(Ce-Cra)-aryl in which aryl is unsubstituted or mono-,

di- or trisubstituted independently
by -NO,, -O-(C+-Cy)-alkyl, F, Cl or bromine,
4) ~O—C(CH3)3, or
5) -O-CH(R7)-aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NOg, -O-CHs, F, Cl or bromine,
where R7 is a hydrogen atom or -{C1-C4)-alkyl,
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3 R4 is 1) a hydrogen atom, 2) -(Ci-C4)-alkyl or 3) -CH(R8)-aryl in which
R8 is a hydrogen atom or -(C2-C4)-alkyl, 5 which comprises
hydrogenating a compound of the formula Il R1 R2 O ~ {fl) R3AN O:R4 i
H O in which R1, R2, R3 and R4 are each as defined in the formula | and
the 10 compound may be present in ghe E or in the Z configuration on the
double bond, in the presence of hydrogen and a catalyst. The disclosure
herein further relates to a process for obtaining the compound of 15 the
FstiSula | wheté R1 i8 PHERISR 8R¥Rirogen atom, R2 is phenyl, pyridyl or
thiazolyl, in whjch ph¢BytCaadkytarrthiazolyl is unsubstituted or
substituted b)gfluorin,@p{r@?@pgﬂg, and R3 is phenyl or -O-CH2-phenyl and
20 R4 is methyl or ethyl. fr‘}%? closure herein fyrther rek tes.to a Fr()]g)cess
for obtaining the conpIREUR e FoAVRRRder FIRTRSTIE HoN-G' Kx 25
whichoraaipsises &ytirogeiieliia Rerape Ry mbteadhrasdiefined in the

formula 1

R
o N—R2
i
P (1)
R3 N R4
i
H Q

in which R1, R2, R3 and R4 are each as defined in the formula | and the
compound may be present in the E or in the Z configuration on the double

bond,
in the presence of hydrogen and a catalyst.

The disclosure herein further relates to a process for obtaining the compound of

- the formula |

where R1 is phenyl or a hydrogen atom,’ .

R2 is phenyl, pyridyl or thiazolyl, in which phenyl, pyridyl or thiazolyl is
unsubstituted or substituted by flucrine or chiorine, and

R3 is phenyl or ~O-CHgz-phenyl and

R4 is methyl or ethyl.

The disclosure herein further relates o a process for obtaining the compound of

the formula

or salts thereof in which R1, R2 and R4 are each as defined in the formula
L,

~ which comprises
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which comprises WO 2006/005436 4 PCT/EP20051006920 a)
hydrogenating the compound of the formulall R1 R2 R3ANO_R4 HO5
in which R1, R2, R3 and R4 are each as defined in the formula 1, in the
presence of hydrogen and a catalyst, and converting it to a compound of
hef@00elae RIBd N-R2 R3N R4 | HIO 10 and b) coREIfinB2065/006920
resulting compound of the formula | to a compound of the formula Ill. 15
Process step p) is performed, for example, according to the reaction
conditi6s as gi@ﬁ%%@@%ﬂ@&BH&%%’ﬂ%&f&?\?&%‘E&%‘@% Groups in
Organic Synthesis, Wiley-Interscience, for the cleavage of amides or
carbamates. Depending on the reacti®n conditions selected, here strongly
20 basic reaction conditions in particygs e direct conversion of
compounds of the formula®o conjpounds of the forrzmla | Illeads to
racemization of the chiral génter f rmedcpx the asymimetric hydrogenation
or to other undesired $i8é reagtions.iThis c&atbe prevented when the
compound of the formula I' is ¢onverggd to the compound IV with, for
example, tert-butyl dicarbonat® or 25 another reagent for the introduction
of tert-butoxycarbonyl protecting groups. The tert-butoxycarbonyl

protecting grofi’\p\}ﬁwiﬂtrﬁogﬁ(feﬁﬂ? %“ié%t%lem are each as defined in the
formula |,
in the presence of hydrogen and a catalyst, and converting it
to a compound of the formula |

R
N--R2
O
A Ao, O
R3™ “R4
1
H G

and
b) convetting the resulting compound of the formula | to a
compound of the formula lii.

Process step b) is performed, for example, according to the reaction
conditions as described by T. Greene, P. Wuts in Protective Groups in
Organic Synthesis, Wiley-Interscience, for the cleavage of amides or
carbamates. Depending on the reaction conditions selected, here strongly
basic reaction conditions in patticular, the direct conversion of compounds
of the formula | to compounds of the formuta 1li leads to racemization of the
chiral center formed by the asymmetric hydrogenation or fo other undesired
side reactions. This can be prevented when the compound of the formula |
is converted to the compound IV with, for example, tert-butyl dicarbonate or
another reagent for the introduction of tert-butoxycarbonyl protecting
groups. The tert-butoxycarbonyl protecting group is introduced in a suitable
solvent such as acetonitrile, tetrahydrofuran or toluene, preferably with the
aid of an acylation catalyst such as N,N-dimethylaminopyridine (DMAP).
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solvent such as acetonitrile, tetrahydrofuran or toluene, preferably with the
aid of an acylation catalyst such as N,N-dimethylaminopyridine (DMAP). 5
The reaction temperature is from 0C to 120C, preferably from 20C to

40C. The reaction time is generally from 0.5 to 24 hours, depending on

the composition of the mixture and the temperature range selected. 5 The
resulting compound of the formula IV is then converted to a compound of
the formula la under mild conditions X|de T

R ARt IR B PP ebr Bl Ay B AR he R0 C o
483&Ction conditions known from the literature, as described by T. Greene,

ThVidadndiraieidivie GeEnibain @reanio Syrihesisiiey delssseirRC@iomhe

10 the cleavage of ter butylox protectin s.R7R1
?\‘P"ﬁ@qf% ﬁgzﬁ‘ﬁ %%eﬁ%ﬂipé %ﬂ)ﬁq@'ﬂﬁ? ?t%gC? ‘R1R1
Rhezzastﬂ@g(ﬁ@mp@amm R bkmvir4 Vo sTHenisaBYarterdrem $arHuNnd
seipiesdarRr esesritar oithitunditieneompauind alaghdbriformetadiide.

Wﬂal E &%ﬁé} % ﬁB@l @th D%q lt@tﬁﬁ@éﬂ% 9!33!’1% under
and R4 are ea ef |ne in the formulal

TSRS COPIORREAANE IreTalpsr HiRiabFTeAD GRSEHRADRY Jur%%?ne

FhéNatmir af;die odiaeti Gy dbe sesullirngpprodmprutic: efsthé/ feryainte fagitnae, for

’ﬂi‘f’étbleavage of tert-butyloxycarbonyl (BOC) protecting groups.

' i
/U\ . BOC,O )J\ - )
O‘-. ot Ao
R3 N R4 DMAP r3 N R4
H o

R1
Ne-fz2 N—R2

g H* (13}
* C. PETIE TR GV, ﬁ\ )‘1\ g/
sz/[r RE-

‘O‘-

The disclosure herein further relates to a process for obtaining the compound of

the formuta i,
which comprises

a) hydrogenating the compound of the formula ii
in which R, R2, R3 and R4 are each as defined in the
formula |
in the presence of hydrogen and a catalyst and converting it
to a compound of the formuia [,

b) reacting the resuiting compound of the formula | with a tert-
butyl dicarbonate and an acylation catalyst such as
dimethylaminopyridine (DMAP) fo give a compbund of the
formula IV
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butyl dicarbonate and an acylation catalyst such as

dimethylaminopyridine (DMAP) to give a compound of the 25 formula IV
WO 2006/005436 6 PCT/EP2005/006920 R1 N-R2 O (IV) R3NR4 O
AC in which R1, R2, R3 and R4 are each as defined in formula I, c) then
Poovetdwabs4esulting compound of the formula IV to FOTRERIAP6H0TE620
the formulala R1 | O N-R2 R4 '---Cr -)--,D N H 0. in which R1, R2, R3
and R4 are each as defined in formula I, and 10 d) converting the
resulting compound of the formula la to?h*e compound of the formula Ill or
salts thereof, in which R1, R2 and R4 h as defined in formula 1.
The conversion of the compgunds ofithe formula IV to H} compound of
the 15 formula la is achievgd, for le (by tr atmé1 ith bases, such
as lithium hydroxide, Rydrazine '¥r magresiu ethoxide (literature: J.
Org. Chem. 1997, 62, 7054-705{). TheRert-butyloxycarbonyl group is
detached to give compoundsg,6f thedformula Il under standard conditions,
such as treatment with triflu%roacetic acid (TFA), hydrochloric acid or 20

p-toluenesulfonic acid in sy solvents.

in which R1, R2, R3 and R4 are each as defined in formula |,
c) then converting the resulting compound of the formula 1V to
the compound of the formula fa

in which R1, R2, R3 and R4 are each as defined in formula |,
and

d) converting the resulting compound of the formula la to the
compound of the formula it or salts thereof, in which R1, R2
and R4 are each as defined in formuia 1.

The conversion of the compounds of the formula IV to the compound of the
formula {a is achieved, for example, by treatment with bases, such as
lithium hydroxide, hydrazine or magnesium methoxide (literature: J. Org.
Chem. 1997, 62, 7054-7057). The tert-butyloxycarbonyl group is detached
to give compounds of the formula llIl under standard conditions, such as
treatment with trifluoroacetic acid (TFA), hydrochloric acid or
p-toluenesulfonic acid in suitable solvents.

The undesired enantiomer is depleted by crystallization of the compounds.
of the formula | or lll from suitable solvents such as methanol, ethanol,
1-propanol, 2-propanol, n-butanol, 2-butanocl and esters thereof. In the case
of compounds of the formula llI, the crystallization is preferably performed

in the form of their (acidic) salts such as hydrochioride, methanesulfonate
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The undesired enantiomer is depleted by crystallization of the compounds
of the formula | or Ill from suitable solvents such as methanol, ethanol,
1-propanol, 2-propanol, n-butanol, 2-butanol and esters thereof. In the
case of compounds of the formula 111, the crystallization is preferably

WA Q@SS 436he form of their (acidic) salts such as PgdnEPRdd#0 06920
methanesulfonate WO 2006/005436 7 PCT/EP2005/006920 or
p-toluenesulfonate. Under theEe conditions, optlcal urltles of >

9%
AcRIE RS IOl R & ﬁﬁeer%%%wgaqasﬂ 8l iTies,e *? or?ﬁe/a e
achinevpot ﬁrmmwﬁimm@cﬂaﬁm cfahtictosguentel vanbdgpdaiermed in

yigldls. 33955&94 RLMiRS %@?&M&ﬁ%@ﬁﬁ@%éé@h@ﬁ@lﬁe%@ yields

émo a 5 ahgve. TI"B catgl gt refers%) oun ues mentioned
CPB 8 0? éefﬁ Re aco son faﬁz amamoto in

@Qﬁprehenswe Asymmetric CataIyS|s Springer- Verlag 1999 or X.
Zhang, Chemical Reviews, 2003, 10 103, 3029-3069 and the literature

hang, Ch | ra
e R P IR T,

By e era methlebfnplex VARaEIR Ebtital %ﬁ‘&%ﬂﬁ{b%bﬁurr%ﬁfﬁ?fﬁé ric
Casel/pditheSaringedesetie d 188 Sated X2, ZFdiaminCpeopioaicramitbws, 2003,

P@:@'V%‘@Saﬁﬁg'\éﬁ@H{H’Qﬁa%@@éﬁ?&@%h@éhﬁ%‘%ﬂeﬁﬁﬁ]@'@fﬁ%eily active
bited ve 00d enantios (flectlvmes an conversions, It is %Iso PO‘Aﬁ]
R i (ORIt SRS oSS Rl IR DR B e e
Ay BEDP acBveBISPBOPIN |f@mdrmm5tfqmarﬁﬂw@hdzompiex with
Mpapﬁ’ctémﬁetm@eagmﬁgmmﬁ pOthbecteranst” t(@laﬁé\)@kh@bdnbed acylated

2 \(Scc% &n &%sps ﬁ&”&&@t%oé’nlgam% é}qu\g@r EH? @%Gpho&

carbon C ight-chain, or ranc and contains from lto4do

aAUMo SCOMmBE afon X il mﬂ%%eﬁ%%thﬁ“%%ﬁ%ﬁ Geyitpy, and

dnnyleisanstylt teredsotidnompe ity 25iMEhE temnsd IR T Or"1CeHR8)! by

@Y %&?@d dormfares i@ ahkCBAP NG @rﬁe%vﬂf ?Wma@@tpgﬁe'ﬁ%ﬁg

ethylene, isopro isobutylene or pentylene. For

Qi%ig é‘@lﬁ%ﬁ%&? %§§%§§%atom and aryl is phenyl, the
"-CH(R7)-aryl" radical is the benzyl radical. 30

The terms "-(C4-Cs)-alkyl" or "-(C4-Cs)-alkyl" are understood to mean

hydrocarbon radicals whose carbon chain is straight-chain or branched and

contains from 1 to 4 or from 1 to 5 carbon atoms, for example methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, tert-butyl or pentyl.

The terms "-CH{R7)-" or "-CH(R8)-" are understood {o mean straight-chain
or branched hydrocarbon radicals such as methylene, ethylene,
isopropylene, isobutylene or pentylene. For example, in the case that R7 is
a hydrogen atom and aryl is phenyl, the "-CH(R7}-aryl" radical is the benzyl
radical.

The terms "-(Cg-Cqs)-aryl” or "aryl" are understood to mean aromatic
carbon radicals having from 6 o 14 carbon atoms in the ring. -(Cs-C14)-Arvi
radicals are, for example, phenyl, naphthyl, for example 1-naphthyl,
2-naphthyl, anthryl or fluorenyl. Naphthy! radicals and in particular phenyl
radicals are preferred aryl radicals.

The term "4- to 15-membered Het ring" is understood to mean ring systems
having from 4 to 15 carbon atoms, which are present in one, two or three .
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The terms "-(C6-C14)-aryl" or "aryl" are understood to mean aromatic
carbon radicals having from 6 to 14 carbon atoms in the ring.
-(C6-C14)-Aryl radicals are, for example, phenyl, naphthyl, for example
1-naphthyl, 2-naphthyl, anthryl or fluorenyl. Naphthyl radicals and in
WOti20B6/p064gI6 35 radicals are preférred aryl radical$? Ghe=R2A0H0 (65920
15-membered Het ring" is understood to mean ring systems having from

4to 15 carbon ato which are sent | two or three WO

S ENDEIED EOPEAILB FS0RESS NG BARHIRARETE ORG-ARs6e"

T Wﬁmiltpabﬁfaﬂfttff@rﬁ@m\h@mf@wsfﬁ@md@@u@mw gitfergaen, nitrogen or

dataroatorasipes the greueofmygensritregenrer widfuscharmipleszebinyl,

L9RSRIOD SYSLEmB e R S AROP e AR AL M ofurany
azo enz

enzimidaza ny berizimi urany benzothidfuran

prpzethioianyl, ben%%%’ﬂﬁp&?r‘i%hmz%ﬁﬂz%ﬂmazol)he”ZOth’aZOM
hemzoteazigly b berzistraantly| beenzisothialglyhaaisatolyrolyl, carbazolyl,
ARH-CARAZ0M. C%Q?HBWH}@U'”WHQ%IWPO“M rf—!iH”nO'Wkﬁhmohzmyi

qumoxa nyI uinuclidin )IAroman chromen

umoIﬁWI”H HEBfurant, %B@%th.opﬁ ﬁ)&drofu?éﬂﬂ?@yl
d@h}wdmwmumwi@mwtﬁmmyyl @lmomﬂmmbmw,zlqmﬂr@fsranﬁ 3-
E@i?@%rémﬁé}wi furgy bﬂM@lohfdeolmlda@i@lm imigarolybH11 5 2-

AL 0, A, P R W
‘(béﬁﬁﬁﬁ@é%)lynd%mbﬂazmmﬂni lsdﬂﬂﬁ%hng r%%%[boly?qgﬁ%ﬁf}%nyl
isbdpexaziginy|, Rdaetazolny!, msophdtityyl naplisoymidityll,  isoquinotinyl
@%ﬁ%f@ﬁwoﬂwmmmww ﬂrgoﬁw%%lﬂlﬁ 7PV R donadingaibolyl,

S5-0xa

1,3,4-oxadi [, oxazolidin olyl, oxazolidinyl,
'8%%8!5?‘\W pyr|m|d ﬂdﬂ ridinyl, P rgg‘rﬂ?q?é{fmyl phé‘l’?gb idinyl,
mtemmlamugulphmwxamma@iam%oxhﬂ@bmrﬂm@tyhyl 1p3péf@mazz®yl
P'@@ﬂeﬁaﬂ@zerwmw mrmaédm/iamrl W@zmw.rmraéab@wk,, pysazalinyhyl,

e B B

RyeRm sty d RSTE R AR hy BFsre G Ynylp%éh@ﬁﬁd"r qui?n‘@lﬁﬁ?lz'”yl
;ﬁ@i@mmwpm@hmyhﬁthraqﬁftm@mnybyie&wmwmyuum hkazolinyl,
Biadare phraAnadiagRiobddhadiagalybitiantaieny pihiagaibzoly,
pyridothiophenyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl,
pyrrolyl, tetrahydrofuranyl, tetrahydroisoquinolinyl, tetrahydroquinoliny,
tetrahydropyridinyl,  6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-
thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiomorpholinyi,
thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyl, 1,3,4-triazolyl and xanthenyl radicals.

The asterisk on a carbon atom in the compound of the formula [ or Il means
that the particular carbon atom is chiral and that the compound is present
either as the R- or S-enantiomer.

The asymmetric hydrogenation of the compounds of the formula Il is
advantageously performed at a temperature of from 10°C to 200°C and a
hydrogen pressure of from 1 bar to 200 bar. The molar catalyst-reactant
ratio is advantageously from 1:100 to 1:10 00O0.

Suitable solvents for the asymmetric hydrogenation are, for example,
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thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiomorpholinyl,
thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyl, 1,3,4-triazolyl and xanthenyl radicals. 30 The asterisk on a

carbon atom in the compound of the formula | or If means that the

WOtz bg/0aBt86atom is chiral and trtat the compoundR€ BESRN0BIHEGS20

~ as the R- or S-enantiomer. The asymmetric hydrogenation of the

compounds of thzm rmulzhll is 35 %dvar!lta eousL erform data [

W BHIES BISTIRA 0EG S00TaMA P hoUIa0eh BHESENY S R PRApO

a0c208tisarhYdeaslorsatayshreastadmuen |sk@@®aﬁﬁag@mjsl>aﬁomcef0ne

ﬂal&% iateto ﬂ?@m‘éﬁm@&%sgh/@mt%séordmawmmﬁmcehyaémmﬂmsters
oL exa

(R0 20001008420,0,PCT ERZR03I06020 water, lver

all’cgho s su as methanol, ropano orisopropanol, aromatic
hydrocarbons such as toluene, ketones such as acetone, halogenated
Tivdropaitadiysaaiicka aaw@mmpmpmicamumzm siichadosthyla |,
@CS@&%@%@ HIGKS RREOAS %“?H%hléde Hragy @J#%HQH%M@C.%WS and

lamingpropionic acid d Il and IV

rivatives of the formula
thelt Rl I RS i sTHRA ek ?omﬁ?lﬁﬁ&mf’ﬂégeaﬁé e RrESRE! ﬁ%ﬁ?&é’”
Foramiiam exf mwm@nmaecﬂ e fstoscnharedntiveaEimapadinelar those

imigheesshoeishecmdeisteprdig kmsarinBariswayeiose 10in
which one enantiomer is enriched compared to the other. The compounds
of the formula Il are either known or can be prepared, for example, by

Toacangeonbunishs fRemdimiliary mtheidnrRamean tanhe igpRies. for
aefingteabgvenitngreaminsuatih effdnedbarvuia WhichwHicanB Rand Rarere

gg&g a8 defined abave it BR2mMNLHAL ERRAEAY/LNRINRR () WP R2

~IM 111f R3 R3 'k-0 O The reaction temperature is from OC to
AR SR SBI HORPYE to

The reaction temperature is from 0°C to 120°C, preferably from 20°C to
60°C.

The reaction time is generally from 0.5 to 8 hours, depending on the
composition of the mixture and the selected temperature range. The
resulting compound of the formula If is then removed from the reaction
mixture by aqueous workup and extraction with a suitable solvent, for
example ethyl acetate or dichloromethane, or by crystallization.

A further aspect of the invention relates to novel compounds of the formula

Il where R1 and R2 are the same or different and are each independently

1) -(Cg-C14)-aryl where aryl is unsubstituted or mono-, di- or
trisubstituted independentiy by R11,
where R11 is
ay - F,CllorBr,
b}  ~(Cs-Ca)-alkyl,
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20 60C. The reaction time is generally from 0.5 to 8 hours, depending on
the composition of the mixture and the selected temperature range. The
resulting compound of the formula Il is then removed from the reaction 25
“mixture by aqueous workup and extraction with a suitable solvent, for
wepeis Abgkaeetate or dichlorometlgane, or by cryst@izatiEm2 @okaneis 20
aspect of the invention relates to novel compounds of the formula I

where R1 and R2 are the same or different and are each independently
301) -(C6-Cf4)-aryl'%ere aryl is unsubstituted or mono-, di- or
trisubstituted iydepetidiently by R11, where R11lis a) F, Cl, | or Br, b)

-ECFléC%)-gEyé)_WOh?@Q@/QPM@JF@BE’SCJ ﬁggéwg_égﬁ%ﬁi(cﬁl\fd‘hg)alkyt,
-CF3, e) - in whi a hydro atom gk -(Ci-C4)-al

N(RB) o inunioh PG B WAL oy 4o A rgiently 2
atom or -(Ci-C4)-alkydpaeias prwitetRbats! hydrogen atom or
-(Ci-C4)- alkyhy or h) SEO)FRIrinwniehrCisghe Wjeesierergtobb2 -DEC,)-
R5 is a hydrogen a:@rly pro-’(Ci-C4)-aIkyI, or 10 2) a 4- to 15-membered

Het ring where the Hettihg is unsubstituted or mono-, di- or trisubstituted
independentl{oy -(HEBBRM WBIECS kSN BIRGER Mtk @ramindd R
trifluoro- methyl, hydsoxy ydstyerya(GinGs)- ikl metiylenedioxy,
ethylepgdioxy, formyb agsiilemBaRdAIEAPAIbAMIR: JadaragYlis

or -(Cr-C4)-alkoxycarbony], R3 is 1) -(C6-C14)-aryl.in which aryl is

(nsubstutod SRR oA OB HSE e Re HALRL B PRty by

-O-(C1-C4)-alkgh-EsCalbybrdfaires - 2ikoxg (TMaygromitro, amino, trifluoro-
methyl, hydroxyl, hydroxy-(Ci-Cq)-alkyl, methylenedioxy,
ethylenedioxy, formyl, acetyl, cyano, hydroxycarbonyl, amino-

5

carbonyi or -(C4-C4)-alkoxycarbonyi,
R3is 1) -(Ce-Cua)-aryl in which aryl is unsubstituted or mono-,
di- or frisubstituted independently
by -NO,, -O-(C4-C4)-alkyl, F, Cl or bromine,
2) -O-C(CH3)3, or
3) -0O-CH(R7}-aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NOg, -O-CHj, F, Cl or bromine,
in which R7 is a hydrogen atom or -(C4-Cy4)-alkyl,
R4 is 1) a hydrogen atom,
2) -(C1-Cy)-alkyl or
3) ~-CH(R8)-aryl
in which R8 is a hydrogen atom or ~{(C-Cy)-alkyl.

A further aspect of the invention relates to novel compounds of the formula
v '
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20 3) -O-CH(R7)-aryl in which aryl is unsubstituted or mono-, di- or
trisubstituted independently by -NO2, -O-CH3, F, Cl or bromine, in which
R7 is a hydrogen atom or -(C1-C4)-alkyl, R4 is 1) a hydrogen atom, 25 2)
-(Cl-C4)-alkyl or 3) -CH(R8)-aryl in which R8 is a hydrogen atom or

w6 126da eyl further aspect of the¢finvention relate POTIBRI005/006920
compounds of the formula 30 IV WO 2006/005436 11
PCT1EP2005/006920 R1 N-R2 O (I}_l{)1 R3 N R4 LO O O where R1 and
R2 are the same or different and are e@ch independently 1) -(C6-C14)-aryl
where aryl is unsubstituteq or mono:,#-0R 8 trisubstituted independently
by R11, where R11is a) K, Cl, I or Br, b) -(C,-C4)-alkyly;¢) -CN, 10 d)
-CF3, e) -OR5 in which is a r-(Cl-C4§-aIkyI, f)
-N(R5)-R6 in whichH*R5 and R&‘are each independently a hydrogen atom
or-(C1-C4)-alkyl, g) -C(O)-R5 | which®R5 is a hydrogen atom or -(C1-C4)-

15 alkyl, or h) -S(O)X R5 imWhich@& is the integer zero, 1 or 2, and R5 is a

hydrogen atom or -(C,-C4)zalkyl, or

where R1 and R2 are the same or different and are each independently
1) -(Cs-C1a)-aryl where aryl is unsubstituted or mono-, di- or
trisubstituted independently by R11,
where R11 is
a) F, Cl, 1orBr,
b) ~(C1-Cy)-alkyl,

c) -CN,

d)  -CFs,

e) -OR® in which R® is a hydrogen atom or -(C4-Cy)-alkyl,
) -N(R®)-R? in which R® and R® are each independently a

hydrogen atom or -(C4-Cy)-alkyl,
g)  -C(O)-R® in which R® is a hydrogen atom or -(C1-Cy)-
alkyt, or _
h) -S(0)-R® in which x is the integer zero, 1 or 2, and R®
‘ is a hydrogen atom or -(C¢-C4)-alkyl, or
2}  a 4- to 15-membered Het ring where the Het ring is
unsubstituted or mono-, di- or trisubstituted independently by
-(C4-Cs)-alkyl, -(C4-Cs)-alkoxy, halogen, nitro, amino, trifluoro-
methyl, hydroxyl, hydroxy-(C4+-Cy4)-alkyl, methylenedioxy,
ethylenedioxy, formyl, acetyl, cyano, hydroxycarbonyl, amino-
carbonyl or -(C4-Cy)-alkoxycarbonyl, '
R3is 1) ;(CS—CM)-aryI in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NOy, -O-(C+-Cy)-alkyl, F, Cl or bromine,
2) "O—C(CHg)a, or
3) -O-CH(R7)-aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NO;, -O-CHg, F, Cl or bromine,
in which R7 is a hydrogen atom or ~(C+-Cyj-alkyi,
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2) a 4- to 15-membered Het ring where the Het ring is unsubstituted or
mono-, di- or trisubstituted independently by 20 -(C1-C5)-alkyl,
-(C1-C5)-alkoxy, halogen, nitro, amino, trifluoro methyl, hydroxyl,
hydroxy-(C1-C4)-alkyl, methylenedioxy, ethylenedioxy, formyl, acetyl,
WA duABYsgrbonyl, amino- carbonyl or -(C1-C4)-plispitesboBydoB3 20
IS 1) -(C6-Cl4)-aryl in which aryl is unsubstituted or mono-, 25 di- or
trisubstituted independently by -NO2, -O-(C1-C4)-alkyl, F, Cl or bromine,
R}-9-C(CH3)B, or 3p-yd@pgR7)@&pyhin which aryl is unsubstituted or
mono-, di- orgtyisubs(@;{t@j;jrgjgg%\dently 30 by -NO2, -O-CHS3, F, Cl or
bromine, in which R7 'E@'%gro en atom or -(C,-C4)-alkyl, WO
2006/00543612 PC1 5/806920 R4 is 1) a hydrogen atom, 2)
ey Bfkis arhysreggmeioan®intivhithrelis¥la hydrogen atom or
-(C1-C4)-alkyl. 5 The invention therefore further relates to a process for

ﬁ%ﬂﬂ%{t&%ﬁg@gg@gg@ﬁ%@@ WA N WS SRRARRESR) nove!

rogenatin ormula’ll, in which R1, R2, R3 and

UL SiHBIA IMe WBIR CRTBYHBESUNd of the formula I, in the
preserze of Hyetoopenatidatbatatystranhd arivibeifierinuia & compound of

the formula I,;aRghpHeasting ey esidting eeaBaERthefdbafommimms wthvel

a tent- butyl dicarbon%t aﬂﬁ an z?%%iﬂn catalyst such as 15
dimethylaminB?)W%)lHe{%ﬁ E’)?o givé a’compound of the formula IV R1
1 in the presence of hydrogen and a catalyst and converting it

to a compound of the formula |, and

b) reacting the resulting compound of the formula | with a tert-
butyl dicarbonate and an acylation catalyst such as
dimethylaminopyridine (DMAP) to give a compound of the
formula IV

in which R1, R2, R3 and R4 are each as defined in the novel
compo_und of the formula ii.

The compounds of the formulae |, [l, il and 1V are suitable as intermediates
for the preparation of 1kB kinase inhibitors (WO 01/30774 A1).

The invention is illustrated in detail hereinafter with reference to examples.
"End products are generally determined by ‘H NMR (400 MHz, in DMSO-

D6); in each case, the main peak or the two main peaks are reported.
Temperatures are reported in degrees Celsius; RT means room
temperature (22°C to 26°C). Abbreviations used are either explained or
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N-R2 O (IV) R3NO,R4.L O O O 20 in which R1, R2, R3 and R4 are
each as defined in the novel compound of the formula Il. The compounds
of the formulae I, Il, 111 and IV are suitable as intermediates for the
preparation of IkB kinase inhibitors (WO 01/30774 Al). 25 The invention is

vigstratssiao sietail hereinafter with reference to exampRGT/ERR PIGANGED 20

are generally determined by 'H NMR (400 MHz, in DMSO- D6); in each
case, the main peak or the two main peaks are reported. Temperatures

HE9EPBREIII YRS CURRIPPE means room 30 temperature (22C to
26C). Abbreviations used are either explained or WO 2006/005436 13
@8‘5/‘5%2{)051006920 correspond to the usual conventions. Example 1

RESRAEP I DI 7000 e o B g Toue e e

2-benzoylamino-3-dimethylaminoacrylate and 50 g (295 mmol) of
diphenylamine were dissolved at 40C in 1300 ml of 10 isopr®l. The

solution was admixed with 60 r‘{\wﬁﬁ of
N ]
S lﬂ/o - N
e - B & R
Q @ 8]
] ] . o

66 g (266 mmol) of methy!l 2-benzoylamino-3-dimethylaminoacrylate and
50 g (295 mmol) of diphenylamine were dissolved at 40°C in 1300 ml of
isopropanol. The solution was admixed with 60ml (725 mmol) of
concentrated hydrochloric acid within 5 minutes (min) and stirred for a
further 10 min. 550 ml of solvent were evaporated off under reduced
pressure, the suspension was cooled to 10°C and the crystallized product
was filtered off.

Yield: 83.5 g (84% of theory)

1H NMR: 3.62 (s, 3H), 6.95-7.10 (m, 6H), 7.20-7.30 (m, 8H), 7.32-7.40

{m, 1H), 7.61 (s, 1H), 8.70 (s, 1H)

Example 2
Preparation of methyl 2-benzyloxycarbonylamino-3-diphenylaminoacrylate

3649 (129 mmol) of methyl ' 2-benzyloxycarbonylamino-
3-dimethylaminoacrylate and 24.12 g (142 mmol) of diphenylamine were
dissolved in 630 mi of isopropanol at 40°C. Subsequently, the solution was
admixed with 17.4 ml of concentrated hydrochloric acid within & min and
stirred at 40°C for a further 30 min. The reaction solution was concentrated

/Nl{o\ ©/\© Ni )
i :
O
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concentrated hydrochloric acid within 5 minutes (min) and stirred for a
further 10 min. 550 ml of solvent were evaporated off under reduced
pressure, the suspension was cooled to 10C and the crystallized product
was filtered off. 15 Yield: 83.5 g (84% of theory) 1H NMR: 3.62 (s, 3H),
Wb 20006/005888, 7.20-7.30 (m, 8H)14.32-7.40 (m, 1IWCT/EPL0BA)N6920
8.70 (s, 1H) Example 2 20 Preparation of methyl
2- benzyloxycarbonylamlno -3- dlphenélaminoacr late_iN I\ N | \ |/0 HNdl

C-t oduct

1HIPY BV Frslesioirpd Sbne'o W8y 1R d M st mbig prystatiized pr
Prefitgred ofirbitintamioo- 23d3ddiedeth lartinoudey letd e PAcEB1g¢142

Mgl of diphgndaimis go)@/%fqhg%,gglved in 630 ml of |sopropanol at 40C.

mlﬁ%ﬁ?ﬁécﬁ %Lﬁ@?m\%ag Stzﬁé%g’[%% }8 r@ﬁp wmlngphgm

reaction solutfdr)wa$tdhcéhttated WO 2006/005436 14
PCT/EP2005/006920 to 300 ml and admixed slowly with 300 ml of water.
§ d§Illzed product was filtered off with suction and dried at 40C
erreduced pressure. Yield: 30.5 g (59% of theory) 1H NMR: 3.62 (s,
F‘BPWB%O@ OO Wf@‘&hzwzf’i@m'ﬁm?’nd’%?‘/@ﬁy %’i‘-‘(@roﬂlﬁnate

Example 3 Preparation of racemic methyl

2-benzoylarr®diphenylaminopropionate il NN O~" OlI0O0I/0
10 |

T ©*

With exclusion of oxygen, an autoclave was charged with 1 g (2.68 mmol)
of methyl 2-benzoylamino-3-diphenylaminoacrylate and 40 mg
(0.042 mmol) of tris(triphenylphosphine)rhodium(l) chloride. After purging
with argon, 40 mi of oxygen-free methanol were added. The autoclave was
sealed gas-tight and the solution was hydrogenated at RT for 20 hours (h).
The autoclave was decompressed and purged with nitrogen. The solvent
was evaporated off under reduced pressure and the residue was
chromatographed through a column filled with silica gel 60 (eluent: 1:1 ethyl
acetate/heptane). After the solvents had been evaporated off under
reduced pressure, a white solid remained, which was utilized for the
formulation of a method and as a system test for the determination of the
enantiomeric purity by HPLC on chiral phase.

HPLC column: Chiralpak OD 4x250 _
Eluent: 45:2:1  hexane/EtOH/MeOH + 0.1%

- diethylamine
Temperature: 30°C

-Reactant retention time:  13.2 minutes
~ S-Isomer retention time:  11.8 minutes
R-Isomer retention time:  14.2 minutes
Yield: 0.5 g (50% of theory)
TH NMR: 3.62 (s, 3H), 4.15-4.35 (m, 2H), 4.75-4.90 (m, 1H), 6.90-7.05
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With exclusion of oxygen, an autoclave was charged with 1 g (2.68 mmol)
of methyl 2-benzoylamino-3-diphenylaminoacrylate and 40 mg (0.042
mmol) of tris(triphenylphosphine)rhodium(l) chloride. After purging 15 with
argon, 40 ml of oxygen-free methanol were added. The autoclave was
Waal20d @Esdigdséand the solution wasi Bydrogenated at IRTTitE PBOOGUGO 6920
(h). The autoclave was decompressed and purged with nitrogen. The

chromatogranfiHodgh e R B A GiT 66 M HL 250 (.

_ethyl 20 aceta&b%@p?@aé)?’&(t@r?l’rre) SBlgeri, Hat) been evaporated off

under reduced pressure, a white solid remained, which was utilized for
%%e form%lation of a method and as a system test for the determination of

& BRahtiomeric pu }Zéby HPLC on chiral phase. HPLC column: -
Rrepapicopf mety E%W&WFH@(%@@@W‘@WM@MGW

diethylamine Temperature 30C Reactant retention time: 13 2 minutes
Hon time: 11.8 minutes 30 R-Isomer retention time: 14.2
g (50% of theory) 1H NMR: 3.62 (s, @ 15-4:35 (m,
, 4. .907(m, 1H), 6.90-7.05 WO 2006/005436 15
220 920 (m, 6H), 7.20-7.30 (m, 4H 40-7:48 (m, 2H),
. @ , 7.70-7.78 (d,.2H),.8.85 (d, 1p|e 5
Preparation &fimeth I(S)\Z benzoylamino-3-diphenylantitopro ona\e N

ith exclusion exclusion of 8isture, an

N f/ @O
ampu charged 10 with 100 mg of methyl

2-benzoylamino-3-diphenylaminoacrylate (0.255 mmol) and 1.9 mg
(0.0026 mmol, 0.01 equwalent) of [(S,S)-Et- FerroTANE-Rh]|BF4. After
Wity ayauion sosiusian st oxygennaadegisibe. an ampule was charged

with  100mg of methyl 2-benzoylamino-3-diphenylaminoacrylate
(0.255 mmol) and 1.9 mg (0.0026 mmol, 0.01 equivalent} of [(5,S)-Et-
FerroTANE-Rh]BF,. After purging with argon, 5 ml of oxygen-free methanol
were added. The ampule was sealed gas-fight and hydrogenated in an
autoclave at 20 bar of hydrogen pressure for 24 h. The autoclave was
decompressed and purged with nitrogen. The conversion of the
hydrogenation was determined by HPLC. The enantioselectivity was
determined by HPLC on chiral phase by the method described in
Example 4. The [RR)-Et-FerroTANE-Rh]BF; catalyst afforded the
corresponding R derivative in the same yield and enantiomeric purity.
ee: 87%

Example 5
Preparation of methyl (S)- and (R)-2-benzoylamino-
3-diphenylaminopropionate

Analogously  to Example 4, methyl 2-benzoylamino-
3-diphenylaminoacrylate was hydrogenated with various catalysts and
solvents. In the case of the catalysts which had not been prepared
beforehand, the active catalyst was prepared in situ from the optically
active phosphine ligand and equimolar amounts of [Rh(cod)Cl}; as the
rhodium(l) salt. The results are compiied in Table 1 below.

Table 1:



were added. The ampule was sealed gas-tight and hydrogenated in an
autoclave at 20 bar of hydrogen pressure for 24 h. The autoclave was 15
decompressed and purged with nitrogen. The conversion of the
hydrogenation was determined by HPLC. The enantioselectivity was
Weepdde008488°LC on chiral phasel By the method d&ETHHERA005/006920
Example 4. The [(R,R)-Et-FerroTANE-Rh]BF4 catalyst afforded the
corresponding R derivative in the same yield and enantiomeric purity. 20

—ee-87% Example-5-Preparation-of-methyl(S)-and{(R)-2-henzeylamine
Bi@ii)henydmwmsﬁ;irgpmhatnFzﬁoéﬁhmlo;dagy—to Exeohplet 4, methykr- | ee
2-benzoylamino- 3-diphen ylangié]pacrylag@rgvm hydrogenated wifh v rlqtq,§]
catalysts and solvents. In the_case of Tg c]atdlysts which rad pt been
prepated-befoerehandtheactive-catalyst-Mas-prepared-in-sttu-from
tptidally 30 HEtMg-BRosphine ligand and Zhuimolar amounts of
[Rh(codhctizranthedipedium(l) salt. The results are compiled in Table 1
atoh st,q.B%%%%%%I??’?ii“ii.%ﬁ  Comvar- 48 S aere b o6 b2
%5108:100 [(RFRFEEN0 20|FerfsTANE-RHIBF4 268220-96-8 Toluenie 97
90 1: ‘L%M&M&Rm@p FerroTANE-Rh]BF4 R 268220-96-8 Methanat
95871:1 - ' - 1

g%éggﬁ?% e ZﬁEIZt?r[:S'I;RNE Rh]BR4JRighlgro- 2682204968,
1:100 R)-Ef- no 20
FerroTANERh}BE; Dichloro-
[268220-96-8] methane 97 85
1:100 [(S,S)-Et- no 20
FerroTANE-Rh]BF, S
[268220-96-8] Methano 94 86
1:100 [(R.R)-Me- no 20
DUPHOS-
Rh]CF;50;
[136705-77-6] Toluene NC nd
- 1.100 [(R,R)-Me- no 20
DUPHOS-
Rh]CF380;
[136705-77-6) Methanol 71 90
1:100 [(R,R)-Me- no 20
DUPHOS-
RhJCF350; Dichloro-
[136705-77-6] methane 65 86
1:100 | (R)+(S}-JOSIPHOS yes 20
1155806-35-2] Toluene 68 36
1:100 | (R)-(S)-JOSIPHOS yes 20
[155806-35-2] Methanol 91 31
1:100 | (R)-(8)-JOSIPHOS yes 20 ~Dichioro-
[155806-35-2] methane 82 11
1:100 L-BPPM-E yes 20
[61478-28-2] Toluene 21 68
1:100 L-BPPM-E yes 20 '




FerroTANE-Rh]|BF4 S 268220-96-8 Methanol 94 86 1:100 [(R,R)-Me- no
20 DUPHOS- Rh]CF3S03 136705-77-6 Toluene NC nd 1:100 [(R,R)-Me-
no 20 DUPHOS Rh]CF3S0O3 136705-77-6 Methanol 71 90 1:100
[(R,R)-Me- no 20 DUPHOS- Rh]CF3S03 Dichloro- 136705-77-6 methane
VB8040 FRR6S)-JOSIPHOS yes 20 155806-35-2 TRIDEerGR)86/0060Q0
(R)-(S)-JOSIPHOS yes 20 155806-35-2 Methanol 91 31 1:100

(R(SFIOSHPHOS yes-20rDichioro155806-35-2 methane 821117100
Béﬁ M-Egiedysdigands- 263 obiiene 7 ess | 1. OO EMBPPIFEERIS 20 €€
WO 2(006/005436 17 PCT/EP2085/006928: RCS Catalyst/ligasidrRhodiifisi
Pres- Sqlvent Conver- ee salt sur_e_s.,i Jn{[%),]l bar /01 §1478-28[%]Me hanol
803517100 L-BPPM-E yes 20 Dichigro- [61478-28-2] methane 5 45
1:100(S)- BN SENE yes 20 544461-38-3 ToleiBoppls 11188 35
(S)eBINAPHABIEPHEE 20 ves 20 Dichloro-
[61478-28-2] methane 5 45
1:100 | (S)-BINAPHANE yes 20
[544461-38-3] Toluene 37 6
1:100 | (S)-BINAPHANE yes 20
[544461-38-3] Methanol 31 48
1:100 | (S)}-BINAPHANE yes 20 Dichloro-
[544461-38-3] methane 19 46
1:100 (R)-(-)}-tert-Ferro yes 20
[155830-69-6] Methanol 59 99
1:100 | (R)-(-)-Cyclohexyl- |  vyes 20
| Ferro
[167416-28-6] Methanol 11 99
1100 (R,R)-BDPP ves 20
[96183-46-9] | Methanol NC nd
1:100 | (8,8)}-CHIRAPHOS ves 20
[64896-28-2] Methanol NC nd
1:100 (R,R)}-DIOP yes 20
[32305-98-9] Methanol 5 95
1:100 | (R)-PROPHOS yes 20
[67884-32-6] Methanol NC nd
1:100 | (8,8)-NORPHOS ves 20
[71042-55-2] Methanol NC nd
1:100 | (R,R)-iPr-DUPHOS |  vyes 20
' [136705-65-2] Methanol 30 89
11100 | [(R,R)-Et-BPE yes 20
[136705-62-9] Methanol 62 99
1:100 | [(R,R)-Me-BPE- no 20
Rh}CF,;S0;
1213343-69-2] Methanol 55 96
1:100 | (R)-Me-BOPHOZ yes 20
[406680-93-1] Methanol - NC nd
1:100 MonoPhos ves 20
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544461-38-3 Methanol 31 48 1:100 (S)-BINAPHANE yes 20 Dichloro
544461-38-3 methane 19 46 1:100 (R)-(-)-tert-Ferro yes 20 155830-69-6
Methanol 59 99 1:100 (R)-(-)-Cyclohexyl- yes 20 Ferro 167416-28-6
Methanol 11 99 1:100 (R,R)-BDPP yes 20 [96183-46-9] Methanol NC nd

Wa0P0Es B EHIBAPHOS yes 20 [6496-28-2] MetharmEEPdo851006920
(R,R)-DIOP yes 20 32305-98-9 Methanol 5 95 1:100 (R) PROPHOS yes

laYaWadwieYoW,| falWiallall OAOADBLIO

o== OL U IVICLIIClIIUI I\I\l IIU 1 I9U1(S5,9)" \IUI'(I"I_IUD y

yAviaoy|
RIS 2-55C2 MgsydaerNIC nfhedion (R ResPriDUMmNOY ye
136705-65-2 Methanol 3099 &if00 [(RsfpEt-BPE yes 20|
Methanol 62 99 1:100 [(R|R)-Me-BPE [BQ{]ZO Rh)CF3S03
100 (R)-Me-BOPHOZ yes 20 406680-93

NC nd_1: 1 {888 PRbs s 20 WO.2006/005438ethapelTiEpIas/00s o
RGB CatalygtitigandskRhodjumyieees- Solgent Cotieitoes salt sure sion [%]
bar % 15?@%—@656%_Methanol NC nd methane NG nd
1:100 MonoPhos yes 20

[490023-37-5] Methanol NC nd
1:100 MonoPhos yes 20 Dichloro-

[490023-37-5] methane NC nd
1:100 MonoPhos ves 20

[380230-02-4] Methanol NC nd
1:100 MonoPhos yes 20 Dichloro

[380230-02-4] methane NC ngd

RCS = Molar ratio of catalyst to substrate

NC = No conversion

nd = Not determined

R or S in the "ee [%]" column means the particular R or S enantiomer

Example 6

With exclusion of oxygen, an autoclave was charged with the amounts of
methyl 2-benzoylamino-3-diphenylaminoacrylate and [(R,R)}-Me-DUPHOS-
Rh]CF3;30; specified in Table 1. After purging with argon, the amount of
oxygen-free methanol specified below was added. The autoclave was
sealed gas-tight and the solution was hydrogenated at 30 bar of hydrogen
pressure at RT for 20 h. The autoclave was decompressed and purged with
nitrogen. The conversion of the hydrogenation was determined by HPLC,
The enantioselectivity was determined by HPLC on chiral phase by the
method described in Example 4. The result is shown in Table 2. |

Table 2:
Catalyst/substrate Catalyst Reactant | Conversion | ee
ratio gl [%] (%]
1:1000 [(RR)}-Me-DUPHOS-. | 26 25 87
Rh]CF350,
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Example 8

1:100 MonoPhos yes 20 Dichloro- [157488-65-8] methane NC nd 1:100
MonoPhos yes 20 490023-37-5 Methanol NC nd 1:100 MonoPhos yes 20
Dichloro- 490023-37-5 methane NC nd 1:100 MonoPhos yes 20
380230-02-4 Methanol NC nd 1:100 MonoPhos yes 20 Dichloro
ReD230618ekasghane NC nd RCS ={Molar ratio of calysiEr 2005606920
NC = No conversion nd = Not determined 5 R or S in the "ee [%]" column
means the particular R or S enantiomer Example 6 With exclusion of
oxygen, an autoclave was charged with the amounts of 10 methyl
2xbemzeylamino-3-diphenylaminoacrylate and [(R,R)-Me-DUPHOS-

\R‘?Wgﬁ%ﬁ%ﬁ@?& QnTaﬁlgglg%ﬁ@mm S99 thesamasimh el of
B e A S AL ROAR S B L o of FUTANE-
WnéBﬁaresaeaﬂemr iP0 Ralflec2aufdtsavpungisdeviinpiegend dirl gungeat of
d&%é@ﬁé@gﬁem}%w@?@m@@ Qi‘éia%@vhw%%ﬁ@&@n whs daiesorned Pys
nto, ecuyv was n Ir
7R SReIaD AL e L i SRSl oL L A R er
H“&ﬁﬁéliz@ aZd‘«‘&dm%%uHﬁﬁaﬁé@a&%ﬁvﬁ%&@aﬁmw@@ﬁ%@umﬁ@ yoih
MitrPaknl TAEG IR R Merdfife A Sa dmirbBWilR tHeFh B Zveunt of water
ﬁoweoa‘i@@t%?ed%?ﬁ?%895/90%%@&%@19& Y@ skt with

oxygen, an autoclave was charged with oun S of
sugﬁ‘:’on and dried to constant w%:g tun er re uced pressure at 45°C. The

conversion of the hydrogenation was determined by HPLC. The
enantioselectivity was determined by HPLC on chiral phase by the method
described in Example 4. The result is shown in Table 3.

Table 3:
Catalyst/sub- - Catalyst Reactant | Conversion ee Yieid
strate ratio [g} [%] [%] [%]
1:1000 [(8,S8)-Et-FerroTANE- 26 98 85 89
Rh]BF,
[268220-96-8]
1:2500 [(S,S)-Et-FerroTANE- 26 99 84 88
Rh]BF, '
[268220-96-8]
1:5000 [(S,S)-Et-FerroTANE- 26 08 86 90
RhiBF,
[268220-96-8]
1:10 000 [(S,8)-Et-FerroTANE- 26 73 85 n.i.
RhiBF,
[268220-96-8]
1:5000 [(8,S)-Et-FerroTANE- 260 98 85 89
Rh]BF,
[268220-96-8]

n.i. = Not isolated
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methyl 2-benzoylamino-3-diphenylaminoacrylate and
[(S,S)-Et-FerroTANE- 5 Rh]|BF4 specified in Table 2. After purging with
argon, the amount of oxygen-free methanol specified below was added.
The autoclave was sealed gas-tight and the solution was hydrogenated at
BOH2A0OGIONXEEGEN pressure at RT f@020 h. The autodPaVE/BRZ005/006920
decompressed and purged with nitrogen. The solution was filtered,
admixed with the same amount of water 10 at 40C and stirred at RT for 2

h. The crystallized product is filtered off with suction and dried to constant
weight under reduced pressure at 45C. The conversion of the
hydrogenatlo determined by HPLC. The enantioseleet
determined b C on chiral phase by the method des

Example 4. Thexresult is shown in Table 3. 15 Table 3: Catalyst/sub-
Catalyn%rr}zv/e(gsmn ee Yield strate rat|00
[(S,S)-Et-Ferr¢TANE-TZ6 98 85 89 Rh]BF4 268220-96-8 Hly O
[(S,S)-Et-Ferso TANE- 26 99 84 88 Rh]BF4 [268220-96- ]/5*.'5300@
[(S,S)EtFerroTANE- 26 98 86 90 Rh]BF4 268 -8 1:10 000
S)-E i. R : 2 96-8 1:5000
[(S,S)-Et-FerroTANE- 260 98 85 89 Rh]BF4 268220-96-8 n.i. = Not

isolated 20 Example 8
With exclusion of oxygen, an autoclave was charged with 1 g (2.68 mmol}

of methyl 2-benzyloxycarbonylamino-3-diphenylaminoacrylate and 40 mg
(0.042 mmol) of tris(triphenyiphosphine)rhodium(l) chloride. After purging
with argon, 40 ml of oxygen-free methanol were added. The autoclave was
sealed gas-tight and the solution was hydrogenated at RT for 20 h. The
autoclave was decompressed and purged with nitrogen. The solvent was
evaporated off under reduced pressure and the residue was purified by
means .of a column filled with silica gel 60 (eluent 1:1 ethyl
acetate/heptane). After the solvents had been evaporated off under
reduced pressure, a white solid remained, which was utilized for the
formulation of a method and as a system test for the determination of the
enantiomeric purity by HPLC on chiral phase.

. HPLC column: Chiralpak OD 4x250

Eluent: 50:2:1 hexane/EtOH/MeOH + 0.1%
diethylamine

Temperature: 30°C

Reactant retention time:  19.2 minutes
S-Isomer retention time:  14.6 minutes
R-lsomer retention time:  16.0 minutes
Yield: 0.2 g (20% of theory)
1H NMR: 3.60 (s, 3H), 3.95-4.15 (m, 2H), 4.35-4 45 (m, 1H), 4.92-5.05
(m, 2H), 6.90-7.00 {m, 6H), 7.15-7.40 (m, 9H), 7.85-7.90 (d,
1H)

Exarﬁpte 9
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WO 20061005436 20 PCTIEP2005/006920 yHN O' (H.C'-O-AlO O O
5 With exclusion of oxygen, an autoclave was charged with 1 g (2.68
mmol) of methyl 2-benzyloxycarbonylamino-3-diphenylaminoacrylate and
40 mg (0.042 mmol) of tris(triphenylphosphine)rhodium(l) chloride. After
WO @ogeyagsasgon, 40 ml of oxygergfree methanol were Bz 0531006920
autoclave was sealed gas-tight and the solution was hydrogenated at RT
for 20 h. The 10 autoclave was decompressed and purged with nitrogen.
The solvent was-ewgporated off under reduced pressure angd.the residue
was purified bys of a column filled with silica gel nt: 1:1
ethyl acetate/heptane). After the solvents had been evaporated off under
reduced ,’" hite solid remained, which was sl
formulation.of= s a-system-test for the determina tr
enantiomeric purity by MPLC on chiral phase. HPLC colurfif: Ipak
OD 4x250 Eluéht: 52:1 hexane/EtOH/MeOH + 0.1% disthylamine 20
Temp =~30C Reactant retention time: 19.2 miH s S-Isomer
retenti e 14.6 minutes R-lsomer retentionttime;l 16.0 minutes. Yield:
0.2 g (20% of theory) 25 1H NMR: 3.60 (s, 3H), 3.95-4.15 (m, 2H),
4.35-4.45 (m, 1H), 4.92-5.05 (m, 2H), 6.90-7.00 (m, 6H), 7.15-7.40 (m,
A)og8msf.90 (@, | HbExapiple 9 3MmAR/R00BIAEA36R Y carbonylamino-
SE&J@R%Q%W%@ NY hydrogenated with various catalysts and
solvents. In the case of the catalysts which had not been prepared
beforehand, the active catalyst was prepared in situ from the optically
active phosphine ligand and equimolar amounts of [Rh(cod)Cl]> as the
rhodium(l) salt. The results are compiled in Table 4 below.

r the 15

Table 4:

- RCS Catalyst/ligand | Rhodium | Pres- Solvent Conver- ee

salt sure sion | [%]
[bar] [%]

1:100 [(R,R)-Et- no 20
FerroTANE-Rh]BF,
[268220-96-8] Toluene | 15 43

1:100 [(R,R)-Et- no 20
FerroTANE-Rh]BF,
[268220-96-8] . Methanol 2 nd

1:100 [(R,R)-Et- no 20
FerroTANE-RhIBF, Dichloro-
[268220-96-8] methane 4 nd

1:100 [(R,R)-Me- : no 20
DUPHOS-
Rh]CF;50;
{1 36?05—77-6} Toluene 15 nd

1:100 [(R,R)-Me- no 20
DUPHOS-
RhJCF:S0;

[136705-77-6] Methanol 25 | 61




I\O Oor 00O I~ Analogously to Example 5, methyl
2-benzyloxycarbonylamino- 3-diphenylaminoacrylate was hydrogenated
with various catalysts and 5 solvents. In the case of the catalysts which

had not been prepared beforehand, the active catalyst was prepared in

Wit0 2006100 D4BiEally active phosphipg ligand and equiraaIAE RROQED 6520
[Rh(cod)CI]2 as the rhodium(l) salt. The results are compiled in Table 4

below: 110 Tabte 4, RCS Catalyst/igand Rhodipm Pres-"Sotvent Conver-—"
Salt sure'a¥F{i#"Bar 1 ROBYTR)-EtoFo bo PRHETANESRNEFS
[268220-96-8] Toluene 15 43 k400 [(R,R)r&t-ino 20 FerroTANEBEFRh]|BHAs]
[268220-96-8] Methanol 2 hd 1:100 [(?,ﬁj)égt- no 20 Ferro'I'Al\il%}Rh]BM
Dichlofo- 2bgZ20-Yb-8 methane 4 nd 1:100 |(R,R)-Me- no 20 DUPHDS
' R‘?F:ssoéﬁ’iv N%.77-6/ Told¥he 15 ndY1:1D0 [(R,R)-Mel no 20
DUPHOS- RHJEESSO3 136705-77-6] Metharol 25 61 WO|2006/005436
22 PCT/EPz@@5086920 RCS Catalyst/ligand Rbpshilsm Pres- Solvent
Conver- € 45705.77-6] methane 29 46
1:100 | (R)~(S)-JOSIPHOS yes 20
11656806-35-2] Toluene 13 nd
11100 | (R)S)-JOSIPHOS | ves 20
[155806-35-2] Methanol I 35 28
1:100 | (R)-(S)-JOSIPHOS yes 20 Dichioro-
[155806-35-2] methane 17 43
1:100 L-BPPM-E yes 20
[61478-28-2] Toluene 5 nd
1:100 L-BPPM-E  yes 20 '
[61478-28-2] Methanol 7 nd
1:100 L-BPPM-E yes 20 Dichloro-
[61478-28-2] methane 6 nd
1:100 | (S)-BINAPHANE yes 20
[544461-38-3) _ Toluene <5 nd
1:100 | (S)-BINAPHANE yes 20
(544461-38-3] | Methanol | <5 nd
1:100 | (S)-BINAPHANE yes 20 Dichloro-
[544461-38-3] methane <5 nd
1:100 | [(R,R)}-Me-BPE- no 20
Rh]CF4S0, Methano! 36 73
1:100 (R)-(-)-tert-Ferro yes 20
[155830-69-6] Methanol 85 21
1:100 | (R}-{S)-JOSIPHOS ves 20 Methanol 99 24
1:100 [(R.R)}-Et- yes 20
FerroTANE-Rh]BF, _ Methanol 52 60
1:100 (R,R)-BDPP yes 20 -
[96183-46-9] Methanol NC nd
1:100 | {8,8)-CHIRAPHOS yes 20 _
[64896-28-2] Methanol NC nd




10

15

salt sure sion [% bar % 1:100 [(R,R)-Me- no 20 DUPHOS- Rh]CF3S03
Dichloro- 136705-77-6 methane 29 46 1:100 (R)-(S)-JOSIPHOS yes 20
155806-35-2 Toluene 13 nd 1:100 (R)-(S)-JOSIPHOS yes 20

155806-35-2 Methanol 35 28 1:100 (R)-(S)-JOSIPHOS yes 20 Dichloro
WBRINBHO5A3thane 17 43 1:100 EBPPM-E yes 20 FSIHF4?2804/006920
Toluene 5 nd 1:100 L-BPPM-E yes 20 61478-28-2 Methanol 7 nd 1:100

““g?% NABHRNEY D;%ljcl)o[r§4 R L e ne<§ Bk foponver- | e

(S)-BINAPHANE yes 20 [5444%438-5] M@ﬁnasnm <5nd 1:100800n [%]

(S)-BINAPHANE yes 20 D chloro 544466:38-8 methane <§ nd[%4;100
%(Ii )M iﬁ % Q3 I\/etwol 36 73 1:100
R)-(-)itert- Pr& yes 20 1':58 69-6/{Methangl 8521 1:100R - S
-JOSIPHOB 08P/ 18hanol 99 24 11100 (R R)Mathagglo g NC | nd
Faoo TANR-RIRBFHMsthanol w60 |1:190 (R,R)-BDPP ygs 20 9613-46-9
Methanol '}']&@514-32—6] _ Methanol NC nd
1:100 | (S,S)-NORPHOS | yes | 20
. [71042-55-2] | Methanol | NC nd
1100 | [(R.R)-Et-BPE- yes 20
RhIBF, Methanol 6 23
1:100 | (R)-Me-BOPHOZ no 20 |
(Eastman) Methanol 25 | 16
RCS = Ratio of catalyst to substrate; NC = No conversion
nd = Not determined; : < =l ess than
Example 10

Preparation of methyl (S)-2-{benzoyl-tert-butoxycarbonylamino}
3-diphenylaminopropionate

N
S —— S

HN o
18.7 g of methyl (8)-2-(benzoyl-tert-butoxycarbonylamino)-

3-diphenylaminopropionate, ee = 85%, 20.6 of di-tert-butyl dicarbonate and
1.2 g of N,N-dimethylaminopyridine were dissolved in 90 mi of acetonitrile
and stirred at 40°C for 3 hours. The acetonitrile was evaporated off under
reduced pressure and the remaining residue was taken up in 300 mi of
diisopropy! ether and hot-filtered. The product crystallized out overnight as
a colorless solid.

Yield: 23.7 g (88% of theory)

1H NMR: 1.38 (s, 9H), 3.70 (s, 3H), 4.35-4.58 (m, 2H), 5.45-552 (m,
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1:100 (S,S)-CHIRAPHOS yes 20 64896-28-2 Methanol NC nd WO
2006/005436 23 PCT/EP2005/006920 RCS Catalyst/ligand Rhodium
Pres- Solvent Conver- ee salt sure sion (%] bar 1:100 (R,R)-DIOP yes 20
32305-98-9 Methanol NC nd 1:100 (R)-PROPHOS yes 20 67884-32-6]
WIBtRa06/005436 1:100 (S,S)-NORPHMIOS yes 20 71042 GHRRAZEHHGEIAEI6920
NC nd 1:100 [(R,R)-Et-BPE- yes 20 Rh BFa Methanol 6 23 1:100

-Me- | = i
catalyet 10 SuleR (e bR T (1 Abtbnfarad, S )
than 5 Examplé2td.Peeiparatibn bt (m, 1H)

(S)-2-(benzoyi-tert-butoxycarbonylamino)- 3-diphenylaminopropionate N
N Hel\|q~ per\N 10 18.7 g of methyl
5%?—’59(’!3@nzoyl-tert-butoxycarbonylamino)- 3-diphenylaminopropionate, ee
2rJBAA Y6 of di-teft-butyl dtei¥bnate arfd )G Ebutoxycarbonylamino)-
Neblimeithrylmmpropisidite were dissolved in 90 ml of acetonitrile and
stirred at 40C for 3 hours. The acetonitrile was evaporated off under 15
reduced pressure and the remaining residue was taken up in 300 ml of
diisopropr and hot-filtered. The product crystalli@ﬂ overnight as

a c@svlid. Yield: 23.7 g (88% of theory)
P o
> A o N .
oA, S il G
O © H [e]

=g

134 of methyl (S)-2-(benzoyl-tert-butoxycarbonylamino}-
3-diphenylaminopropionate were dissolved in 13 mi of methanol and
admixed with 2.74 ml of a 1M solution of magnesium methoxide in
methanol. The solution was stirred at RT overnight and concentrated under
reduced pressure. The residue was taken up in ethyl acetate and washed
with water. The ethyl acetate phase was dried over sodium sulfate, filtered
and concentrated under reduced pressure. The residue was crystallized
from a little diisopropyl ether/heptane.

Yield: 0.95 g (80% of theory)

1H NMR: 1.38 (s, 9H), 3.55 (s, 3H), 4.10-4.25 (m, 2H), 4.50-4.62 (m,

1H), 5.10-5.25 (m, 1H), 6.90-7.05 (m, 6H), 7.20-7.30 (m, 4H)

Example 12

Preparation of methyi (S)-2-amino-3-diphenylaminopropionate
p-toluenesulfonate '

18.5¢g of methyl (S)~2-(tert-butoxycarbony!ami,no)«-
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1H NMR: 1.38 (s, 9H), 3.70 (s, 3H), 4.35-4.58 (m, 2H), 5.45-5.52 (m, WO
2006/005436 24 PCT/EP2005/006920 1H), 6.93-7.05 (m, 6H), 7.13-7.18
(m, 2H), 7.22-7.30 (m, 4H), 7.32-7.30 (m, 2H), 7.45-7.52 (m, 1 H)

Example 11 5 Preparation of methyl (S)-2-(tert-butoxycarbonylamino)-
BLOiRES/R0RIPropionate | ~ P C36 N C3 Ny If o 180G BERAGA8HRG6920
(S)-2-(benzoyl-tert-butoxycarbonylamino)- 3-diphenylaminopropionate

SRR Eh e agd, pdmares WAL ThOTROMY of

m me X|de in me an hé solution was stirred at

| cﬁacrhwgfﬁ@mamd 2omcwiitoaed ARBEIUERY BRodd b tloreaasiicnadd

takey). uptie esoyldoetaiaantuashendsrwitiiwattr e stinyltasetatd then
gﬁfg !}‘g‘tc‘eg”@dao\%%lﬁﬂg'%f]ﬁ@f?ﬁ?uWB%F%@GQe‘EPBF@&[ﬁ'@dT‘F\%d%!uhon
ressure e residue was crystalljzed fr little diiso
&l e Wa5e8 550 SoB i 5‘?‘)9%’1%9\1 R 0@8‘9 %Hf ”f%é‘c'd
(S’,ﬁam of. 102 iyl 4dsed!. eac(rthezoamn:m@tsmsrgmemape was
53 c?er@cﬁ”be’Hﬁo%??é?aﬁi@é@hé'ﬁt@ﬁ@ﬁ@é@#@npd epafation shaeshylwas

Iamlno e pt lyenes nat
é—?gﬂ?(? (% @ze:}l b%toxyca ony‘lra%lenofgﬁlgig\l &:%ﬂon
2@@@%@%@%@“@320057@%929UQQﬂW@ﬁ?I&”rﬂmoproplonate (ee =

Bhia) were dissplygd #1 $06fmMeindiphlasanetianerentbuhiteignd admixed
WigRn! of yifluoroacetic acilh (¢ 3, 4.10-4.35 (m, 3H), 5.45-5.52 (m,
H), 6.73-6.95 (m, 6H), 7.01-7.05 (m, 2H), 7.10-7.18 (m, 4H),
7.58-7.62 (m, 2H), 8.30-8.55 (s, broad, 3H, NH)
ee: 99%

Example 13
Preparation of methyl 2-benzoylamino-3-phenylaminoacrylate

10 g (39.5 mmol) of methyl 2-benzoylamino-3-dimethylaminoacrylate and

11.1g (118 mmol) of aniline were dissolved at 40°C in 200 ml of

isopropanol. The solution was admixed with 3.6 mi (43.5 mmol) of

concentrated hydrochloric acid within 5 minutes (min) and stirred for a

further 10 min. 200 mi of deionized water were added, the suspension was

cooled to 10°C and the crystallized product was filtered off. |

Yield: 11.5 g (92% of theory)

1H NMR: 3.62 (s, 3H); 6.90-7.00 (m, 1H); 7.19 (d, 2H); 7.25-7.30 {m,
' 2H); 7.48-7.61 (m, 3H); 7.93 (d, 1H); 8.02 (d, 2H); 8.90 (d,

H); 9.15 (s, 1H)

‘Example 14
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(TFA). The solution was heated under reflux for 30 minutes and then
concentrated to a volume of 100 ml under reduced pressure. The solution
5 was washed with water and admixed with 9 g of p-toluenesulfonic acid.
125 ml of n-butanol were added and the remaining dichloromethane was
W 20e6EED6H.3B0 crystallize the p-t8ienesulfonic salf GidEBRADH G320
cooled to RT and stirred overnight. The solid was filtered off with suction

nd dried to ons ht u der.red ressuyre. 10 Yiel (81
SRR CLARE BTSN o B euy 3 o
3H), 4.10-4.35 (m, 3H), 5.45-5.52 (m, 1H), 6.73-6.95 (m, 6H), 701705
(m, 2H), 7.10-7.18 (m, 4H), 7.58-7.62 (m, 2H), 8.30-8.55 (s, broad, 3H,

NH) ee: 99% 15 Example 13 Preparation of methyl
2- benzoylammo-i—ghenylammoacrylate 1N NO~oH\oil

10 g (39.5immd|) of meth4yl 2- be amlno -3-dimethylaminoacry Tate and
11&;63’3; otaniline wer Solved at 40C in 20G:ml
iso nol. The ®olution was admixed with 3.6 mI 43,5 ﬁ%t
concentrated hydrochloric acid within 5 minutes ( nd stirredsfor a 25

further 10 min. 200 ml of deionized water were added, the suspension
was cooled to 10C and the crystallized product was flltered off YleId

0,

35 BB T S S AT e
18,4301 1K) B1H@®aH) Skaffuoteaniline  were dtSSO ved in 20
isopropanol at 40°C. The solution was admixed with 3.6 mi (43.5 mmol) of
concentrated hydrochloric acid within 5 minutes (min) and stirred for a
further 30 min. The suspension was cooled to 10°C and the crystallized
product was filtered off. '
Yield: 12.4 g (94% of theory)

TH NMR: 3.62 (s, 3M); 7.05-7.24 (m, 4H); 7.48-7.52 (m, 3H); 7.88 (d,

1H); 8.00-8.04 (m, 2H); 8.90 (d, 1H); 9.15 (s, 1H)

Example 15 _
Preparation of methyl 2-benzoylamino-3-(pyridin-2-ylamino)acrylate

i i
| 1
~ N .
0 ? + HH / \ e M.
N O\ B4 _ o] l #
H U ﬁ o\
. . i

10 g (39.5 mmol) of methyl 2-benzoytamino-3-dimethylaminoacrylate and

11.3¢g (118 mmol) of 2-aminopyridine were dissolved in 200 mi of

isopropancl at 40°C. The solution was admixed with 3.96 ml (48 mmol) of

concentrated hydrochioric acid within 5 minutes (min) and stirred for a

further 30 min. The suspension was cooled to 10°C and the crystallized

product was filtered off.

Yield: 7.3 g (60% of theory)

1H NMR: 3.62 (s, 3H); 6.92-6.97 (m, 1H); 7.02 (d, 1H); 7.45-7.70 (m,
4H); 8.02 (d, 2H); 8.22-8.24 (m, 1H); 8.60 (d, 1H) 9.22 (s,
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WO 2006/005436 26 PCT/EP2005/006920 Preparation of methyl
2-benzoylamino-3-(4-fluorophenylamino)acrylate F CN\ O 11 O+ tizNF N

Ny HO510 g (39.5 mmol) of methyl
2-benzoylamino-3-dimethylaminoacrylate and 11.4 ml (118 mmol) of
vir@upooanfloaere dissolved in 200271 of isopropanoP&HEE2TRE/006920
solution was admixed with 3.6 ml (43.5 mmol) of concentrated

hydrochloric %iﬁ(iyv ithi r’gﬂgtes (min) and stirred for a further 30 min.
The suspensi o((ﬁe 10C and the crystallized 10 product was

filtered off. Yield: 12.4 g (94% of theory) 1H NMR: 3.62 (s, 3H); 7.05-7.24
ik 448-7.52 (m, 3H) 7.88 (d, 1H);8.00- 8 04 (m, 2H); 8.90 (d, 1H);

15 (s, 1H 15 Preparatio
Fgr nrz%{ﬁ/ arﬁﬁ@%ﬁ yr| erézy e]?]nln% a?:rg{ é XiaﬁxW)WﬁON I\
N lo\.ONIN 2010 g (39.5 mmol) of methyl

2-benzoylamino-3-dimethylaminoacrylate and 11.3g (118 mmo,rfﬁl\
2-aminopyridine wege dissolved in 200 ml of isopropanol at 40 e

solution was ad |xecﬁ\nth 3.96 ml L mmol) of concentrated Nl
5 aGH Jé\mlﬁutes\(r/nln) and stirred for a urth r 30 fin.
pjensich way cooled to 10GHand the crystattized vas

flltere off. Yield: 7.3 g (60% of theory) 1H NMR: L@
(m, 1H); 7.02 (d, 1H); 7.45-7.70 (m, 4H); 8.02 (d, 2H); 8.22-8.24 (m, 1H);

8.60 (d, 1H); 9.22 (s,

10 g (39.5 mmol) of methyl 2-benzoylamino-3-dimethylaminoacrylate and.

11.3 g (118 mmol) of 2-aminothiazole were dissolved at 40°C in 200 mi of

isopropanol. The solution was admixed with 3.96 ml (48 mmol) of

concentrated hydrochloric acid within 5 minutes (min) and stirred for a

further 60 min. 75 mi of deionized water were added, the suspension was

cooled overnight and the crystallized product was filtered off.

Yield: 8.6 g {(70% of theory)

1H NMR: 3.62 (s, 3H); 7.08 (d, 1H); 7.32 (d, 1H), 7.45-7.60 (m, 3H);
8.02 (d, 2H); 8.22 (d, 1H); 9.28 (s, 1H); 10.45 (d, 1H)
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WO 2006/005436 27 PCT/EP2005/006920 1 H); 9.45 (d, 1 H) Example
16 Preparation of methyl 2-benzoylamino-3-(thiazol-2-ylamino)acrylate 5
s\O.f."NONCH N\ITHNHJO 10 g (39.5 mmol) of methyl

- 2-benzoylamino-3-dimethylaminoacrylate and 11.3 g (118 mmol) of

Wareobidisdtvere dissolved at 488 in 200 ml of 18 {sbfrbFANBICARS20

solution was admixed with 3.96 ml (48 mmol) of concentrated hydrochloric

gf:lg within 5 minutes (min) and stirred for a further 60 min. 75 ml of
&ORfzed water were added, the suspension was cooled overnight and

the crystallized product was filtered off. Yield: 8.6 g (70% of theory) 15 1H

NMR: .63 RHY 6fQ8ddodti)ia 182 (d, 1H); 7.45-7.60 (m, 3H); 8.02 (d,

2H); 8.22 (d, 1H); 9.28 (s, 1H); 10.45 (d, IH) WO 2006/005436 28

PCT/EP2005/006920 Claims 1 A compound of the formula Il R1 N-R2

R3 AN R4 | O 5 H where R1 and R2 are the same or different and are

each independently 1) -(C6-C14)-ar{lwhére aryl is unsubstituted or
mono-, di- or 10 trisubstitutgéd indgpendently by Rm) where R11 is

_ O _
R3™ "N R4

{ _

H O |

where R1 and R2 are the same or different and are each
independently
1) -(Ce-Ce)-aryl where aryl is unsubstituted or mono-, di- or
trisubstituted independently by R11,
where R11 is
a) F, Ci, torBr,
b)  -(Cq-Cy)-alkyl,

c) -CN,
d) -CF3,
e) -OR? in which R® is a hydrogen atom or -(C4-Cy)-alkyl,

f) N(R®)-R® in which R® and R® are each independently a
hydrogen atom or -(C+-Cy)-alkyt,
g)  -C{O)-R® in which R® is a hydrogen atom or ~(C4-Cq)-
altkyl, or
k)  -S(O)%-R® in which x is the integer zero, 1 or 2, and R’
is a hydrogen atom or -(C4-Cy4)-alkyl, or
2) a 4- to 15-membered Het ring where the Het ring is
unsubstituted or mono-, di- or trisubstituted independently by
~(C4-Cs)-alkyl, -(C4-Cs)-alkoxy, halogen, nitro, amino, trifluoro-
methyl, hydroxyl, hydroxy-(C-Cs}-atkyl, methylenedioxy,
ethylenedioxy, formyl, acetyl, cyano, hydroxycarbonyl, amino-
carbonyl or —'(C;-C4)—aikoxycarbonyl, _
"R3is 1) -(Ce-Ca)-aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NO,, -0-{C+-Cy)-alkyl, F, Cl or bromine,
2) ~0-C(CHjy)a, or
3) -O-CH(RT)-aryl in which aryl is unsubstituted or mono-,



a) F, Cl, 1 or Br, b) -(C1-C4)-alkyl, c)-CN, 15 d) -CF3, e) -OR5 in which
R5 is a hydrogen atom or-(Ci-C4)-alkyl, f) -N(R5)-R6 in which R5 and R6
are each independently a hydrogen atom or -(CI-C4)-alkyl, g) -C(O)-R5 in
which R5 is a hydrogen atom or -(C1-C4)- 20 alkyl, or h) -S(O)X R5 in
Woghsdsotsaieger zero, 1 or 2, ang RS is a hydrogpin P R505/006920
-(C1-C4)-alkyl, or 2) a 4- to 15-membered Het ring where the Het ring is
unsubstituted or mono-, di- or trisubstituted independently by 25
-(C1-C5)-alkyl, -(C14E3) ke stialsgemdsirendantiy, trifluoro methyl,
hydroxyl, hydroxy-(®&i-Gdpralkyl.methylenedioxys n@ttrylenedioxy, formyl,
acetyl, cyano, hydraxycar minQ- carbonyl or

-(CT-C4 -‘alkoxycarf)%{l‘%/%i'%s’q%slz 1% ?g%o(cﬁ% -%r%’/ﬁolﬂnv%i'c(r?gr?/ﬂéa;kyi’
unsubBtitiged br moﬁcm,/dg@@ﬁf‘ G @i8ubstituted independently by -NO2,

5  -O-(C1-C4)-akyl, F-@eChremhiyiesr 2) -O-C(CH3)3, or 3) -O-CH(R7)-aryl
in which aryl 4 unsq@lj{pggf_%(nono-, WO 2006/005436 29
PCT/EP2005/006920 _di- or trisubstituted independently by -NO2,
0-CH3, F, P IHniReiSiA WKL e i@ SRy B olier et of-
-(Cl-C4)-alkyl, R4 is 1) a hydrogen atom, 5 2) -(CI-C4)-alkyl or 3)

ZCH(R@b@FMbHSUWB%htR@ isaiydnggen atom or -(C1-C4)-alkyl. 2. A

10 compound of the formula IV 10 R1

!
N—R2

R1
-0
23 N R4
P

O O

where R1, R2, R3 and R4 are each as defined as in the compound
of the formula Il as claimed in claim 1.
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IN-R2 a (V) 0,R4 R3 N R4 O O where R1, R2, R3 and R4 are each as
defined as in the compound of the formula Il as claimed in claim 1. 30 5
10 15 3. A process for obtaining the compound of the formula | R1 | -R2
OO () RANR4;-r iNO 20 where R1is 1) a hydrogen atom, 2)
-(C,-C4)-alkyl, 3) -(C6-C14)-aryl whegé aryl is unsubstituted or mono-, di-
or trisubstituted independently by R11, 25 where R11 is a) F, CI, | or Br,
b) -(CI-C4)-alkyl, c) -CN,

3. A process for obtaining the compound of the formula |
Fl{‘f
N—R2
O
PP 0)
R37 Ny “R4
L0
where R1 is

1) a hydrogen atom,
2) -(C1-Cy)-alkyl,
3} -(Ce-Crg)-aryl where aryl is unsubstituted or mono-, di- or
trisubstituted independently by R11,
where R11 is
a) . Cl lorBr,
b}  -{C+-Cy)-alkyl,

c) -CN,

d) -CF3,

e} -OR® in which R®is a hydrogen atom or -{C+-Cy)-alkyl,
f) N(R*-R® in which R® and R® are each independently a

hydrogen atom or -(C4-Cy4)-alkyl,

AMENDED SHEET
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35

d) -CF3, 30 e) -ORS5 in which R5 is a hydrogen atom or -(Ci-C4)-alkyl, f)
-N(R5)-R6 in which R5 and R6 are each independently a hydrogen atom

or -(Ci-C4)-alkyl, AMENDED SHEET 31 @) -C(O)-R5 in which R5 is a
hydrogen atom or -(Ci-C4)- alkyl, or h) -S(O)x R5 in which x is the integer
zero, 1 or 2, and R5 is a hydrogen agam or -(Ci-C4)-alkyl, 5 4)

-CH(R7)-aryl in which aryl is unsubstituted or mono-, di- or trisubstituted
independently by -NO2, -O-CH3, F, Cl or,bromine, where R7 is a

hydrogen atéth or -(ELuRallyIVeig) £4- %3 RHENAFE AR QTG -Ca)-

where the Het ring isl@, wrsubstituted or mono-, di- or trisubstituted
independentyy (CEEE)a (ERGEL Rk dialggeso ire. Gminang R
trifluoro- methyl, hydrox%yg/}/dmﬁ-@i-c%;glgyl me?t/r}égenedioxy,
ethylenedioxy, formyt, AcE{ 7AD" WY drox 1%9?1 -dmino- carbonyl or
-(Ci-C#4)-alkoxGEHBéhyryl SR qur6i8 1 satpbliihtee ayimpno-, di- or
unsubstituteck g RenRicdi-Pidisrnastited independently by RI 1, 2)

* indepentionty by K63 CUENT FoLPABANITG, While fE R4 Dgrooen

hydrogen atof{BP-CHES ak¥h $F a 4- to 15-membered Het ring
whereihe Hetiridg iso uriubetitttedear rmiano+ing ovtdsebdtimitddet ring is

independently, by iGrlRkialk¥hool GRIR 1YL ARIAAE hdtlenaBNag by

if hyl |, 25 hydraxy (Ci-Cd)-alkyl. methylenedioxy,. .
ethylenediony{ O CranE IR FlHeR PR oI

-(C1-C4)-alkaxgtaybonblydroxyl, hydroxy-(C-Cg4}-alkyl, methylenedioxy,
ethylenedioxy, fofmy!, acetyl, cyano, hydroxycarbonyi, amino-
carbonyl or -(C4-Cy)-alkoxycarbonvi,

R2is 1)  -(CeCu)aryl where aryl is unsubstituted or mono-, di-

or trisubstituted independently by R11,

2) -CH(R7}-aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NO;, -O-CH,, F, Cl or bromine, where R7 is a
hydrogen atom or -(C4-Ca)-alkyl, or

3} = a 4- to 15-membered Het ring where the Het ring is
unsubstituted or mono-,  di- or trisubstituted
independently by  -(Cy-Cs)alkyl, -(Ci-Cs)-alkoxy,
halogen, nitro, amino, trifluoromethyl, hydroxyi,
hydroxy-(C+-C4)-alkyl, methylenedioxy, ethylenedioxy,
formyl, acetyl, cyano, hydroxycarbonyl, aminocarbonyl
or -(C+-Cy)-alkoxycarbonyl,

R3is 1) a hydrogen atom,

2)  -(Cy-Cy)alkyl,

3) ~(Cs-Cs)-aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NO,, -O-(C4-C4)-alkyl, F, Cl or bromine,

4) -0-C(CHa)s, or

5) -O-CH({R7)-aryl in which aryl is unsubstituted or mono-,
di- or trisubstituted independently
by -NO;, -O-CH3, F, Cl or bromine,
where R7 is a hydrogen atom or -(C4-Cy4)-alkyl,

AMENDED SHEET



10

15

20

25

30

R3is 1) a hydrogen atom, 2) (Ci-C4)-alkyl, 30 3) -(C6-C14)-aryl in which
aryl is unsubstituted or mono-, di- or trisubstituted independently by
-NO2, -O-(C1-C4)-alkyl, F, Cl or bromine, 4) -O-C(CH3)3, or 5)
-O-CH(R7)-aryl in which aryl is unsubstituted or mono-, 35 di- or :
trisubstituted independently by -NOZ20-CH3, F, Cl or bromine, where R7
is a hydrogen atom or -(C1-C4)-alkyl, AMENDED SHEET 32 R4is 1) a
hydrogen atom, 2) -(C1-C4)-alkyl or 3) -CH(R8)-aryl in which R8 is a
hydrog&h8tohh or -(EPEAPIRIZBMich comprises hydrogenating a
compound ofZhe forfideliHRIkYl N-R2 O (11} R3AN (r)'R4 | H O in which
R1, R2, R3 agf R4 arggrelas/defined in the formula I and 10 the
compound of the formula.ll be present in th rinth

configuration on thei%%%féhzﬁg%és, %%eg %ri%%r?cg'%of%{ ( %?gz)éariléyg
cataly¥thichTermpisesswg'@arnating é|m%ﬁéreﬁ¥fﬁﬁ EB N of
the 15 formula | is obtained where R1 is phenyl or a hydrogen atom, R2 is
phenyl, pyridyl or thiazolyl, in which phagnyl, pyridyl or thiazolyl is
unsubstituted or substituted by quorinNéwgrﬁzzhlorine, and

1

/[L o ()
R3 R4

N

A

in which R1, R2, R3 and R4 are each as defined in the formula { and
the compound of the formula |l may be present in the E or in the Z
configuration on the double bond, '

in the presence of hydrogen and a catalyst.

4. The process as claimed in claim 3, wherein the compound of the

formula I is obtained

where R1 is phenyl or a hydrogen atom,

R2 is phenyl, pyridyl or thiazolyl, in which phenyl, pyridyl or thiazolyl
is unsubstituted or substituted by fluorine or chlorine, and

R3 is phenyl or -O-CHz-phenyl and

R4 is methyl or ethyl.

5. The process as claimed in claim 3 or 4, wherein the catalyst used

comprises rhodium complexes, ruthenium complexes or iridium
complexes or mixtures thereof.

8.  The process as claimed in one or more of claims 3 to 5, wherein the

molar ratio of catalyst to the compound of the formula [l is from
1:100 to 1:10 000,

7. The process as claimed in one or more of claims 3 to 6, wherein the

hydrogenation is performed at a temperature of from 10°C to 200°C
and a hydrogen pressure of from 1 bar to 200 bar.

AMENDED SHEET
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R3 is phenyl or -O-CH2-phenyl and 20 R4 is methyl or ethyl. 5. The
process as claimed in claim 3 or 4, wherein the catalyst used comprises
rhodium complexes, ruthenium complexes or iridium complexes or
mixtures thereof. 25 6. The process as claimed in one or more of claims 3
to 5, wherein the molar ratio of catalgst to the compound of the formula Il

is from 1:100 to 1:10 000. 30 7. The process as claimed in one or more of
claims 3 to 6, wherein the hydrogenation is performed at a temperature of
from 10C to 200C and a hydrogen pressure of from 1 bar to 200 bar.
AMENDEDSbtEEET 38 chiifeel procesoasdatme dhiaimse3oonionetedrein the

claims g{0eht WRRHPIRIRE ROMCUIHSELAURBIS SR URIRY, AISRNOISIS R A,
methanol, ethapol, propanol or iso rop%no,aomatc hydrocarbons, such
2 (01 BP A i B BRPRA b BIEE o NG REA H) BrOLrbehs GILRNe:
as dictietonesthanehcaborpii@merdislageasietyhacsnaetansesius as
S#Ch - d ﬂ&g i?@ @él I.II {(g%élf@FNg&% I, H2N \Rf %lé),t@izﬁkﬂﬁlgthers
the compqun t rmula . - o} or salts
thereof fﬁ%‘v%ﬁeﬁfﬁﬁé@%}ﬁgﬁll A& ('—:‘x;f% egs%d%%r%d in the formula | as
claimed in claim 3, 15 which comprises a) hydrogenating the compound of
the formylatesilfor obtaining the compound of the formula (il

or salts thereof in which R1, R2 and R4 are each as defined in the
formula ! as claimed in claim 3,
which comprises

a) hydrogenating the compound of the formula |l
§]%1
N-~-R2
i (i)
A o.
R3 N R4
0

in which R1, R2, R3 and R4 are each as defined in the

formula |,
in the presence of hydrogen and a catalyst, and converting it
to a compound of the formula |

AMENDED SHEET
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I R2 O (I} R3AN :R4 iH 0 20inwhich R1, R2, R3 and R4 are each as
defined in the formula I, in the presence of hydrogen and a catalyst, and
converting it to a compound of the formula | AMENDED SHEET 34 R1 |
N-R2 O R3ANro_R4 IHO and b) converting the resulting compound of
the formula |1 to a 5 compound of thesformula 11l. 10. The process for
obtaining the compound of the formula Ill as claimed in claim 9, which
comprises a) hydrogenating the compound of the formula Il 10 in which
R1, R2, R3 and R4 are each as defindfilin the formula I in the presence of
hydrogen and a catalyst and converting.itito a compound of the formula I,
b) reacting the resulting conipound6f the formula | with a tert- 15 butyl
dicarbonate and an acylatiofj catalyst suc@ as N,N-flimethylaminopyridine
to give a compound of “R4

and
b) converting the resulting compound of the formula | {o a
compound of the formula lil.

10.  The process for obtaining the compound of the formula Il as claimed
in claim 9, which comprises
a) hydrogenating the compound of the formula il
in which R1, R2, R3 and R4 are each as defined in the
formula | _
in the presence of hydrogen and a catalyst and converting it
to a compound of the formula {,
b) reacting the resulting compound of the formula | with a tert-
butyl dicarbonate and an acylation catalyst such as
| N,N-dimethylaminopyridine to give a compound of the formula
v

in which R1, R2, R3 and R4 are each as defined in formula |,

AMENDED SHEET
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R1 iN-R2 0(IV) R33N R4 0 00 20inwhich R1, R2, R3 and R4 are

each as defined in formula I, AMENDED SHEET 35 and c) then
converting the resulting compound of the formula IV to the compound of
the formulala R1 I ~N-R2 ONOR4 Hd. 5and d) converting the
resulting compound of the formula |a3® the compound of the formula 11l or
salts thereof, in which R1, R2 10 and R4 are each as defined in formula 1.
AMENDED SHEET 35a 5 11. A process for obtaining the compound of

the formula 118 laimed in claim 1, which comprises reacting the
compoeind of thenfaomriariigHin GeR4t(vY) R8npound of the formula 1V to

the compound of the formula la

F]?'t
N.._.
o R2
>L /U\ L O (o)
o N R4
. H 0 . '
and
d) converting the resulting compound of the formula la to the

compound of the formula lif or salts thereof, in which R1, R2
and R4 are each as defined in formula |

- AMENDED SHEET



in which R3 and R4 are each as defined in formula Il as claimed in claim
1 with an amine of the formula V 15 R1-N(H)-R2 (V) in which R1 and R2
are each as defined in formula Il as ck&imed in claim 1 to give the
compound of the formula Il. 12. A process for obtaining the compound of
the formula 1V as claimed 20 in claim 2, which comprises a)
hydrogenating the compound of the formula Il as claimed in claim 1, in
which R1, R2, R3 and R4 are each as defined in claim 2 in the presence
of hydrogen and a catalyst and converting it 25 to a compound of the
formula I, and b) reacting the resulting compound of the formula | with a
tert- butyl dicarbonate and an acylation catalyst such as
dimethylaminopyridine to give a compound of the formula IV 35b R1 |
N-R2 O{lV) R3N R4 0 0inwhich R1, R2, R3 and R4 are each as
defined in claim 2.

11. A process for obtaining the compound of the formula I as claimed in
claim 1, which comprises reacting the compound of the formula Vi

in which R3 and R4 are each as defined in formula 1l as claimed in
claim 1
with an amine of the formula V

R1-N(H)-R2 (V)
in which R1 and R2 are each as defined in formula li as claimed in
claim 1 to give the compound of the formula il

12. A process for obtaining the compound of the formula IV as claimed

in claim 2, which comprises

a) hydrogenating the compound of the formula |l as claimed in
claim 1,
in which R1, R2, R3 and R4 are each as defined in claim 2
in the presence of hydrogen and a catalyst and converting it
to a compound of the formula |, and

b) reacting the resulting compound of the formula | with a tert-
butyl dicarbonate and an acylation catalyst such as
dimethytaminopyridine to give a compound of the formula iV



35b
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in which R1, R2, R3 and R4 are each as defined in claim 2.



