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O (benzotriazol-1-yl)-N,N, N ,N - tetranethyluroniumtetrafl uoroborate or
1-et hyl -3-(3' -di met hyl am nopropyl )- carbodiinide to formthe

2-ni tro-N-[ 1- (phenyl net hyl ) - 4<piper Ndi nyl ] - phenyl acet am de. 25 Suitable
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product may be crystallised e.g. Hby @i l uti ng wig)h water and worked up by

filtration or centrifugation and drying. 30 In the. follow ng key step the
2-nitro-N-[1 -(phenyl nethyl)-4-piperidinyl]-

10 which can be found as a structural element in CGRP antagonists which are suitable

primarily for the oral treatment of migraine.
Examples of compounds with CGRP-antagonistic properties which contain as
structural element the compound of formula (1), are described in international patent
applications PCT/EP97/04862, PCT/EP00/02004, PCT/EP00/13236,

16 PCT/EP03/02417, PCT/EP03/11762 and PCT/EP03/11763.

2-Nitrophenylacetic acid may be used as a starting material for the compound of
formula |. In a first step it is reacted with an equimolar solution of 4-amino-
N-phenyimethylpiperidine in the presence of at least one equivalent, preferably 1.1 to

20 1.5 equivalents, particularly preferably 1.1 equivalents, of condensation agents such
as carbonyldiimidazole, carbonylditriazole, n-propanephosphonic anhydride,
dicyclohexylcarbodiimide, thionyl chloride, TBTU O-(benzotriazol-1 -yD-N,N,N',N'-
tetramethyluronium tetraflucroborate or 1-ethyl-3-(3'-dimethylaminopropyl)-
carbodiimide to form the 2-nitro-N-[1-(phenylmethyl)}-4-piperidinyl}-phenylacetamide.

25  Suitable solvents are polar aprotic solvents such as tetrahydrofuran,
dimethoxyethane, toluene, dimethylformamide or N-methylpyrrolidinone. The product
may be crystallised e.g. by diluting with water and worked up by filtration or

centrifugation and drying.

30  In the following key step the 2-nitro-N-[1-(phenylmethyl)-4-piperidinyl}-
phenylacetamide is first dissolved in a polar aprotic organic solvent, such as for
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15  hydrogenation product may be concentrated by distillation of the solvent. Then
cyclisation is carried out by adding the crude product thus obtained to a suspensidn
of at least one equivalent, preferably 1.1 to 1.75 equivalents, particularly preferably
1.1 equivalent, of a condensing agent, such as for example carbonyldiimidazole or
carbonylditriazole. Suitable solvents are polar aprotic solvents such as

20 tetrahydrofuran, ethyl acetate, 2-methyltetrahydrofuran, dimethylformamide or N-
methylpyrrolidinone. The 3-[1 ~(phenylmethyl)-4-piperidinyl}-2,3,4,5-tetrahydro-
1,3-benzodiazepin-2(1H)-one thus obtained may be precipitated e.g. by diluting with
water and alcohol, for example methanol, ethanol or isopropanol, preferably
methanol, and worked up by filtration or centrifugation and drying.

25  If desired the intermediate product N-[2-(2-nitrophenyl)ethyl]-1-(phenyimethyl)-
4-amino-piperidine may be precipitated and isolated in the form of a salt by the
addition of at least 2 equivalents of an aqueous solution of a strong acid. Examples
of suitable acids are hydrochloric acid, hydrobromic‘acid or sulphuric acid,
particutarly hydrochioric acid, whereby the dihydrochloride is obtained. For this

30 purpose the reaction mixture is cooled to ambient temperature and combined with an
alcohol, such as for example methanol, ethanol or isopropanol, preferably methanol.
After the addition of an excess of the aqueous acid the mixture is refluxed again and



,addition of at |east 2 equivalents of an aqueous solution of a strong acid.
Exanpl es of suitable acids are hydrochloric acid, hydrobromc acid or

sul phuryg gydsﬂn%ﬁ)@rt icularly hydrochlroorl c acid, V\herebycn-ﬁp_:@zooyoo?ng
di hydrochl oride is obtained. For this 30 purpose the reaction mxture is

cooled to anbient tenperature and conbined with an al cohol, such as for
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temperatures of 40 to 80°C and an excess hydrogen pressure of at most 3 bar. After
the catalyst has been filtered off the hydrogenation product 3~(4-piperidinyl}-2,3,4,5-

15  tetrahydro-1,3-benzodiazepin-2(1H)-on of formula (1) may be crystallised by

concentrating the solvent and subsequently adding acetone or water, then filtered off
and dried.

Experimental section
20 .
Example 1: 2-nitro-N-[1-(phenylmethyl)-4-piperidinyl]l-phenylacetamide

NO,

25  11.81 kg (72.87 mol, 1.1 eq) of 1,1-carbonyldiimidazole (CD1) are taken at 20°C
and 18 L tetrahydrofuran are added. Then 12.00 kg (66.24 mol, 1.0 eq) 2-
nitrophenylacetic acid, dissolved in 24 L tetrahydrofuran, are added within 15
minutes. The feeder vessel is rinsed with 9 L tetrahydrofuran and the reaction
mixture is stirred for 30 minutes (gas given off: CO2). Then a vacuum of 300 mbar

30 is applied twice in order to eliminate excess COs.



HN\, NO2 lo~ 25 11.81 kg (72.87 nol, 1.1 eq) of 1,1-carbonyldiimdazole
(CDI') are taken at 20C and 18 L tetrahydrofuran are added. Then 12. 00 kg

(66. 24 wolao0é/0408M 2- nitrophenyl acety £ acid, di ssol verCTAEP2804/007778
tetrahydrofuran, are added within 15 mnutes. The feeder vessel is rinsed

with 9 L tetrahydrofuran and the reaction mxture is stirred for 30
mnutes (gas given off: C02). Then a vacuum of 300 mbar 30 is applied twce
in order to elimnate excess CO2. WD 2006/ 010511 -4- PCT/ EP2005/ 007778 '
12.61 kg (66.24 nmol, 1.0 eq) 4-am no-N- phenyl nethyl piperidine in 6 L
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Yield: 18.21 kg (77.8% of theory)

Chemical purity according to HPLC: 99.8 %

15 Example 2: N-[2-(2-nitrophenyl)ethyl]-1-(phenylmethyl)-4-amino-piperidine-
dihydrochloride

NO,

20  10.00 kg (28.29 mol, 1.0 eq) 2-nitro-N-{1 -(phenylmethyl}-4-piperidinyl]-phenylacet-
amide from Example 1 are placed in 60 L tetrahy'd'rofuran and heated to 60°C.
11.06 kg (101.84 mol, 3.6 eq) chlorotrimethylsilane and 14.79 kg (67.90 mol, 2.4
eq) of a 10% lithium borohydride solution in THF are metered in at 60 to 65°C (gas
given off) within 15 minutes. The reaction mixture is stirred for 4 hours, then

25  cooled to 20°C and combined with 7 L methanol. After the addition of 14.80 kg
(121.65 mol, 4.3 eq) 30% industrial-grade hydrochloric acid the reaction mixture is
refluxed for 2.5 hours, cooled to 20°C and the pH is adjusted to 9.2 with 8.38 kg
(104.67 mol, 3.7 eq) 50% industrial-grade sodium hydroxide solution. The
aqueous phase is separated off, the organic phase is combined with 6.89 kg

30 (56.58 mol, 2.0 eq) 30% industrial-grade hydrochloric acid (pH 1.5) and refluxed
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After the addition of 14.80 kg (121.65 nmol, 4.3 eq) 30% i ndustrial - grade
hydrochloric acid the reaction mxture is refluxed for 2.5 hours, cooled
to 20C and the pHis adjusted to 9.2 with 8.38 kg (104.67 nol, 3.7 eq) 50%
i ndustri al - grade sodi um hydroxi de sol ution. The aqueous phase is separated
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inertisatio 7.78 kg (66. 7% of theor Chem cal purity accordi
to WPLC. 99.3 % 1o Exanple 3: ) P y o

3-[1-( ridinyl]-2, 3,4, 5-tetrahydro-1, 3-benzo-

&?ge?gﬂ%fﬁ]%@‘zﬁﬂﬁ e&% 0 H 15 10.00 kg (24.25 mol, 1.0 eq)
i trophen hyI) 4- am no-

pi per i d(|3 QR?HF‘ 'Bét?rﬂ%%% 2 are placed in 30 L each of

t ol uene and water. 5. 82 kg (72.75 nmol, 3.0 eq) 50% i ndustrial -grade sodi um
hydr oxi de solution are netered in and the two-phase mxture is stirred for
1 hour at 50C. The aqueous phase is separated off, the organic phase is

washed wth 12,1 way er (30c A0 4RGH. £HRRSIARGE-LAS.idtrateu1, Sfarizes! ue 1 S

diazepin-2(1H)-one

SOsags

15  10.00 kg (24.25 mol, 1.0 eq) N-[2-(2-nitrophenyl)ethyl]-1-(phenylmethyl)-4-amino-
piperidine-dihydrochloride from Example 2 are placed in 30 L each of toluene and
water. 5.82 kg (72.75 mol, 3.0 eq) 50% industrial-grade sodium hydroxide solution
are metered in and the two-phase mixture is stirred for 1 hour at 50°C. The
aqueous phase is separated off, the organic phase is washed with 12 L water and

20 then evaporated down in vacuo. The residue is combined with 50 L methanol.
Some of the methanol used is distilled off. The remaining solution is hydrogenated
at 50°C in the presence of 860 g Raney nickel. The catalyst is filtered off and
washed with 16 L methanol. The solvent is distilled off and the residue is
combined with 30 L tetrahydrofuran. Half the tetrahydrofuran used is distilled off

25 and the remaining solution is metered in at 20°C to a suspension of 6.88 kg (42.44
.mol, 1.75 eq) 1,1-carbonyldiimidazole in 15 L tetrahydrofuran within 1.5 hours. The
mixture is stirred for 1 hour at this temperature. Then 20 L water are added, the
mixture is inoculated and a further 17 L of water are added. The suspension
obtained is cooled to 0°C. To complete the crystallisation the mixture is stirred for



~Sone, of the nethanol used is distilled off. The remaining solution is
Py?[ogenated at 50C Lndthe ﬁresence of 860 g Raney nickel. The catalyst is
iltere shed with 16 L nethanol. The sol venpq 09k of f
and theﬂg%géo wﬁconblned with 30 L@tetrahydrofuran PﬁQﬁ?ﬂ%ﬁgmeﬁ%
tetrahydrofuran used Is distilled off 25 and the remaining solution is
netered in at 20C to a suspension of 6.88 kg (42.44 nol, 1.75 eq)
1,1-carbonyl diimndazole in 15 L tetrahydrofuran within 1.5 hours. The
nhétgre is stirred for 1 hour at this tenperature. Then 20 L water are
adde b : added.
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hours at OC. Then the product is renoved by centrifuging, washed wi th 30L
water and dried at 45C in the drying cupboard with inertisation. Yield:

6. 38 ng%T&.g}?(qq{%ézgg’%mt mcal purity according to HPLC: 98.5%
Exanpl e 4: eny -4-piperidinyl]-2,3,4,5-tetrahydro-1, 3-
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After the addltlon as en xture is rinsed wwth 6.8 L of
et hyl enegl ycol dinmethyl ether. Wthin 1 hour the reaction mxture is
heated to 70C and stirred for 4 hour/svt\\thls t enper at ur e.

O

17.00 kg (48.10 mol, 1.0 eq) 2-nitro-N-[1-(phenylmethyl)-4-piperidinyl]-phenylacet-
amide from Example 1 are suspended in 170 L ethyleneglycol dimethyl ether and
cooled to 0 to 5°C. At this temperature 7.28 kg (192.40 mol, 4.0 eq) sodium

15  borohydride and then a solution of 9.91 kg (101.01 mol, 2.1 eq) industrial-grade
sulphuric acid in 17 L ethyleneglycol dimethy! ether are added batchwise. After the
addition has ended the mixture is rinsed with 6.8 L of ethyteneglycol dimethyl
ether. Within 1 hour the reaction mixture is heated to 70°C and stirred for 4 hours

10

at this temperature.

20  After cooling to 55°C a solution of 29 L water and 11.69 kg (96.20 mol, 2.0 eq)
30% industrial-grade hydrochloric acid is metered in. After the addition has ended
the mixture is rinsed with 5 L water. Stirring is then continued for another 1.5 hours
at 70°C. Then the reaction mixture is cooled to 20°C and combined with 30.0 kg
(375.18 mol, 7.8 eq) 50% industrial-grade sodium hydroxide solution and 17 L

25  water. After the phase separation the organic phase is evaporated down in vacuo

to leave an oil which is then combined with 43 L dimethylformamide.
The solution obtained as above is drained from the reactor into a container and
transferred into the hydrogenating reactor. 1.35 kg of Raney nickel catalyst
suspension, which have previously been combined three times with 3 L

30 dimethylformamide and decanted off, are suspended in 3 L dimethylformamide



.20 After cooling to 55C a solution of 29 L water and 11.69 kg (96.20 nol,

2.0 eq) 30%industrial-grade hydrochloric acid is netered in. After the
“addi ti opydhagogptmed1 the mixture is ringed with 5 L wat epCTRtPI006/007778 t hen
continued for another 1.5 hours at 70C. Then the reaction mxture is
cooled to 20C and conbined with 30.0 kg (375.18 nol, 7.8 eq) 50%

I ndustrial -grade sodi um hydroxi de solution and 17 L 25 water. After the
phase separation the organi c phase is evaporated down in vacuo to |eave an
oil which is then conmbined with 43 L dinethylformam de. The sol ution
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obt ai ned._ 8.58 kg (52.91 l,. 1.2 eq),.l,.l-carbonyldiimdazole gre,t.aken and
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this 15 tenperature. Then the precipitate is renoved bwntrlfugl ng,

washed womipleds the vrystallisationanetien 4L aatgorrs; addedeat fG) oar d.
suspension is cooled to 10°C within 1 hour and stirred for 30 minutes at this
15  temperature. Then the precipitate is removed by centrifuging, washed with 85 L water

and dried at 50°C in the drying cupboard.

Yield: 12.73 kg (78.9% of theory)

Chemical purity according to HPLC: 96.0%

20
Example 5: 3-(4-piperidinyl)-2,3,4,5-tetrahydro-1 ,3-benzodiazepin-2(1H)-one

S NL/?NH

25  10.00 kg (29.81 mol, 1.0 eq) 3-[1 -(phenylmethyl)—4—piperidinyl]~2,3,4,5-tetrahydro-
1,3-benzodiazepin-2(1H)-one from Example 3 are dissolved in 100 L methanol,
combined with 1.00 kg 10% Pd/C and hydrogenated in the pressurised reactor at
70°C and 3 bar. After the uptake of hydrogen has ended the catalyst is filtered off
and washed with 30 L methanol. The filirate is concentrated in vacuo and the

30 residue is suspended in 100 L acetone. Thenitis refluxed, the suspension is



JYield: 12.73 kg (78.9% of theory) Chemcal purity according to HPLC: 96. 0%

20 Exanmpl e 5:
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1, 3-benzodi azepi n-2(1H)-one from Exanple 3 are dissolved in 100 L nethanol,
conmbined with 1.00 kg 10% Pd/ C and hydrogenated in the pressurised reactor
at 70C and 3 bar. After the uptake of hydrogen has ended the catalyst is

filteregdiridfor 49%.\%@%&9& refttetRpdratiRt hmadalf thdetdrd Bidstilgdencent r at ed

in vacua and the 30 residue is suspended in 100 L acetone. Then it is
r ef | uxeshder mersabpressuren A@fmtlﬂm bavsnded the mixdae ispRotesy 9d7278  stirred

e e R A S A T R T g

to OC édet@mgjaﬁ@uﬁég@ttgrca further hour. The product is suction filtered,
washed with 20 L acetone and dried at 50C . 5 Yield: 6.17 kg (84. 3% of
t he®ry) Chemical purity according to HPLC. 99. 8% WO 2006/ 010511 - 9 -

PCT/ EPZ@QE{ %01777|Z@|£§f§5/§ggthgbﬂ))rrs 1. Process for preparing the conpound of

formul a
Chemical purity according to HPLC: 99.8%



N 5 Ho. (I) { characterised in that (a) 2-nitrophenylacetic acid is
reacted with 4-am no-N phenyl net hyl pi peridine in 10 the presence of
condensjah@aibgis (b) the carbonyl argpup of the resul t pag/EP2005/007778
2-nitro-N-[1-(phenyl net hyl ) - 4- pi peridinyl]- phenyl acetam de is converted
into a nethylene group by the addition of a reducing agent; 15 (c) after
reduction of the nitro group in the presence of a Raney nickel catalyst,

t he internedi ate product

N-[2-(2-nitrophenyl)ethyl]-1-(phenyl methyl)-4-am no- piperidine obtained is
cyclised by the addition of condgngbROCHIEY S t0 obtain

3-[1-(phenyl net hyl)-4-piperidinyl]-2,3,4,5-tetrahyd ro-1, 3-benzodi azepin 20
2(1H)-one and (d) by cleaving the benzyl protecting group the

3-[1- (phenyl et hyl )-4-pi peridinyl]-

2,3, 4, S{{t et r%ﬁ?ﬁg%}qr,%‘gB%%&]ea%Kb?Wrﬂ‘ifl-\(f)-"BHl? is converted into the
conpound of fornmula (1). 25 2. Process according to claim1, characterised
inthat in step (a) the 4-am no- N phenyl nmethyl pi peridine is added as a
solution and the product obtaged 7™ the reaction.is crystallised out by
diluting with water. WO 200511 N&GKIB\G(F/ EP2005/ 007778 3. Process
according to claim1, charactefisgddin at'NHn step (b) the 2-nitro-

N-[ 1- (phenyl et hyl ) - 4- pi peri di nylH - pleenyl acet am'(ge is dissolved in a polar
aprotic organic solvent and the reduction is carried out at tenperatures
of 20 to 70C, optionally wth the addition of a Lews acid, an acid or a

hal ogen. . .
characterised in that

(a)  2-nitrophenylacetic acid is reacted with 4-amino-N-phenylmethyipiperidine in

10 the presence of condensing agents;

(b)  the carbonyl group of the resulting 2-nitro-N-[1 -(phenylmethyl)-4-piperidinyl]-
phenylacetamide is converted into a methylene group by the addition of a
reducing agent;

15 .

{c) after reduction of the nitro group in the presence of a Raney nickel catalyst,
the intermediate product N-[2-(2—nitrophenyl)ethyl]-_1-(phenylmethyl)—4—amino-
piperidine obtained is cyclised by the addition of condensing agents to obtain
3-[1-(phenylmethyl)-4-piperidinyl]-2,3,4,5-tetrahydro-1 ,3-benzodiazepin-

20 2(1H)-one and

(d) by cleaving the benzyl protecting group the 3-[1 -(phenylmethy!)-4-piperidinyl]}-
2 3,4,5-tetrahydro-1,3-benzodiazepin-2(1H)-one is converted into the
compound of formula (1).

25
2. Process according to claim 1, characterised in that in step (a) the 4-amino-

N-phenylmethylpiperidine is added as a solution and the product obtained in the

reaction is crystallised out by diluting with water.



4. Process according to claim1, characterised in that the starting
compound in step (c) is placed in dinmethylformam de, the catalyst is added

as an agusouss/ofikyRensi on and hydrogengiion is carried @@T/E2008MRETAS Ur €S
of from20 to GOC and at an excess hydrogen pressure of at nmpst 3 bar. 10

5. Process according to claim1, characterised in that the starting
material in step (d) is dissol ved in a polar solvent and after the
addition of a hydrogenating agent is hydrogenated in a pressurised reactor
at terrperatures of from40 to 80C and at an excess hydrogen pressure of at

most 3 Prod& Pé&%?émg%ce@ﬁhng ERarab@irided  inCihat a¢tstép I8Y the 2Ligb- t he

I nterne |ate produ

N;[e 2- EgI\h[1t—(rpdnphgin}eth!ﬂ|ﬂ-l4yrlgpelidl?ﬂh@??hﬂﬁctiﬁlwdallandiﬁﬁowe%elﬂl di pelapaptied in
step in.the formo t
aqueous%%r\ﬁ |38 G@?’R%ﬁ&d“%"d ﬁarqegapif‘@& ‘gﬁ“t?e% Eﬁ gbngccorgr ng to

claima4g ﬁ&?élWiﬁi treesddifion BRA Lehes Qdilddéﬁtamd or a halogen.
3-[1- (phenyl met hyl ) - 4-pi peridinyl]-2,3,4,5-tetrahydro-1, 3- benzodi azepi n- 2(||

H) -ohe obtained is precipitated by d| luting with water and al cohol.
4, Process according to claim 1, characterised in that the starting compound in

step (c) is placed in dimethylformamide, the catalyst is added as an aqueous
suspension and hydrogenation is carried out at temperatures of from 20 to 60°C and
at an excess hydrogen pressure of at most 3 bar.

10
5. Process according to claim 1, characterised in that the starting material in step
(d) is dissolved in a polar solvent and after the addition of a hydrogenating agent is
hydrogenated in a pressurised reactor at temperatures of from 40 to 80°C and atan
excess hydrogen pressure of at most 3 bar.

15
6. Process according to claim 1, characterised in that the intermediate product

N-[2-(2-nitrophenyl)ethyl]-1-(phenylmethyl)-4-amino-piperidine obtained in step (b) is
precipitated in the form of a sait by the addition of an aqueous solution of a strong
acid and isolated.

20
7. Process according to claim 4, characterised in that the product
3-[1-(phenylmethyl)-4-piperidinyl]-2,3,4,5-tetrahydro-1 ,3-benzodiazepin-2(1H)-one
obtained is precipitated by diluting with water and alcohol.



