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New asymmetric process for the preparation of diarylmetylpiperazines
derivatives and novel asymmetric diarylmetylamines as intermediates.

FIELD OF THE INVENTION

The present invention relates to a novel asymmetric process for the preparation of
diarylmethylpiperazines derivatives and to novel asymmetric diarylmethylamines as

intermediates.

BACKGROUND OF THE INV. ENTION AND PRIOR ART

Diarylmethylamines are an important class of amines present in many compounds with
biological activity, for example diarylmethylpiperazines, and constitutes key intermediates
in the synthesis of these compounds. Most preparations of enantiomerically pure
diarylmethyl-amines and -piperazines rely on resolution of diastereomers by crystallization
were half of the material is discarded. '

There are few reports on asymmetric synthesis of diarylmethylpiperazines. The present
invention describes a simple and practical process for asymmetric synthésis of
diarylmethylpiperazines in high yield and enantiomeric purity with asymmetric
diarylmethylamines as intermediates. The process relies on diastereoselective addition of
organometallic compounds to chiral sulfinimines.

Diarylmethylpiperazines derivatives are known from inter alia WO 93/15062, WO
95/04051, and WO 97/23466 to have analgesic effect. The diaryimethylpiperazines
derivatives are prepared starting from an N-unsubstituted piperazine derivative which is

thereafter alkylated to give the desired diarylmethylpiperazines.

DESCRIPTION OF THE INVENTION _

An asymmetric synthesis of diarylmethylpiperazines is described. The synthetic route
enables preparation of a variety of enantiomerically pure amines with different N-alkyl
groups. The invention includes an asymmetric addition of organometallic compounds to
chiral sulfinimine to give adducts in predominantly one diastereomeric form. After

purification by chromatography or crystallisation the pure diastereomer can subsequently
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be transferred into the corresponding pure enantiomers of by cleavage of the chiral

auxnlhary which is followed by synthesis of the piperazine ring by alkylation procedures.

The present invention thus relates to a novel asymmetric process for the preparation of
5  compounds of the general formula n

o)
1
R
N
R « R?

)

"

U

wherein

10 R'is Cq -Cg alkyl,

Q0 Q4 L. @

Ar is selected from any one of phenyl, pyridinyl, thlenyl, furanyl, imidazolyl, or triazolyl.

15 As used herein, the term "C4—Cg alkyl" denotes a straight or branched alkyl group having
from 1 to 6 carbon atoms. Examples of said C4—Cg alkyl include, but is no limited to,

methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl and straight- and
branched-chain pentyl and hexyl.

20  The term “C1-Cg alkoxy” denotes a group O-C1—Cg alkyl, wherein C4-Cg alkyl is as

defined above.
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The term "halogen” includes fluoro, chloro, bromo and iodo.

The term “hydride donating reagent”, is a compound that can deliver a hydride to an imine
thereby giving the corresponding amine. Examples of such hydride donating reagent
include, but is not limited to, sodium borohydride, sodium cyanoborohydride and sodium
triacetoxyborohydride,

The asymmetric center is denoted “*” in all figures. The present invention thus relates to

enantiomerically pure compounds of Figure |, as either the isolated R-enantiomer or the
corresponding isolated S-enantiomer. Isolated enantiomers prepared according to the
present invention cén also be shown by indicating the optical rotation of an exemplified

compound, e.g. (+)-6.

In a preferred embodiment of the present invention, R is ethyl or isopropyl, R?is

.
ORISR O Fh
OH NH, NHSO,-Me OH

is phenyl, pyridyl, thienyl, or furanyl.

In a more preferred embodiment of the present invention, R’ is ethyl or isopropyl, R? is .

N .
gj or @ , and Ar is phenyl or thienyl.
N
NH,

2 .
Each R and Ar heteroaromatic ring may optionally and independently be further
substituted by up to three additional substituents selected from C1-Cg alkyl, NO2, CF3,

C1-Ceg alkoxy, chioro, fluoro, brqmo,‘ and iodo. Preferred substituent is methyl. The

substitutions on the heteroaromatic ring may be in any position on said ring systems.

STEP 1
The novel asymmetric process of the present invention comprises the step of reacting a
enantiomerically pure compound of the general formula (Il)
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NR

wherein R and R? are as defined above, with N,N-bis(2-chloroethyl)-2-

nitrobenzeneamide of formula ()

C.Inq ~

0=8=0

NO,

()

to give compounds of the general formula (V)

ol

0=8=0
NO,

(V)
wherein R1 and R2 are as defined above. The reaction is carried out in an solvent at
elevated temperature, such as refiux, in the presence of a base, such as a tertiary amine,

for 10 to 50 hours. A molar excess of N,N—bis(2-chloroethyl)-2—nitrobenzenesulfc_)namide is
used, e.g. 1.5t0 6, andis preferably added in portions to give a complete reaction.
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Use of the 2-nitrobenzenesulfonate group is advantageous since it surprisingly can be
cleaved off using conditions. These mild conditions are milder than the corresponding
condition for other groups, such as the toluenesulfonate (tosylate) group. Mild
deprotection conditions gives a cleaner reaction profile, less by-products, easier
pufification and increased yield. 2-nitrobenzenesulfonate group is thus the preferred N-
protecting group to be used according to the present invention.

STEP 2

The 2-nitrobenzenesulfonyl group of compounds of the general formula (IV) is thereafter
cleaved by standard conditions, i.e. by using a sulfur nucleophile, such as thiophenol or
mercaptoacetic acid, in the presence of a base, such as potassium carbonate, to give

compounds of the general formula (V)

0O
1
R
N
. F,%1 * R2
(Nj
N (V)

wherein R1 and R2 are as defined above

STEP 3

Compounds of general formula (V) is thereafter alkylated under standard conditions using
~ei’ther;

i) a compound of the general formula Ar-CHp-X, wherein Ar ié as defined above and X is

halogen, preferably bromide, and a suitable base, or
if) a compound of the general formula Ar-CHO, wherein Ar is as defined above, and a
suitable reducing agent

to give compounds of the general formula (1), as defined above.
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Suitable bases to be used in the standard alkylation step i) above includes, but is not
limited to, triethylamine and potassium carbonate.

Suitable reducing agents to be used in the standard reduction step Jj) includes, but is not
5 limited to, sodium cyanoborohydride and sodium triacetoxyborohydride.

Non limiting examples of step 1 to 3 is shown below in Scheme 1.

The asymmetric key intermediate of the general formula (ll) defined above is prepared by
.10~ a process comprising the following steps.

STEP 4
(1R,28,5R)-(-)-Menthy! (S)-p-toluenesulfinate of the formula (VI)
Me
Me_..
Me 0O
\
S0
Me (V1)

15
is reacted with lithium hexamethyldisilazan and a compound of the general formula R2-

CHO, wherein R:2 is as defined above, to give a sulfimines of the general formula (vin

Me | (Vi)
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wherein R? is as defined above. The reaction is carried out in an inert solvent, such THF,

at around -78°C under nitrogen atmosphere and for a few hours. A molar excess, such as
1.5 to 2 eq., of lithium hexamethyldisilazan is added first at the temperature is then
indreased to about room temperature for a few hours, e.g. 1-4 hours. The reaction is
thereafter cooled again to around -78°C and a molar excess of the aldehyde, e.g. 1to0 1.5
eq., is added and left for a few hours, e.g. 1 to 4 hours.

STEP 5
p-lodo-benzamide derivatives of the general formula (VIII)

b vy

wherein R' is as defined above, is reacted with an alky! lithium reagent, such as butyl

lithium, in an inert solvent, such as THF, and low temperature, such as -78°C and the
sulfinimide prepared in step 4 above is added and allow to react for few minutes, such as
5 to 15 minutes, to give a diastereomeric mixture of the compounds of the general
formula (IX)

Me (IIX)
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wherein R1 and R2 are as defined above.

The diastereomeric ratio of the products of step 5 is 70/30, preferably 80/20 and more
preferably 90/10. The two diastereomers can thereafter be purified (from the other
diastereomer) by standard techniques like crystallization or chromatography.

STEP 6

The purified diastereomer of the general formula (IX), preparéd in step 5 above, is
thereafter solvolyzed, e.g. methlanolysis, by brief acid treatment to give the intermediate
compound of the general formula (m

NH, 0

wherein R1 and R2 are as defined above.

The enantiomeric excess (ee) of compounds of the general formula () prepared
according to steps 4 to 6 of the present invention is >90%, preferably >95% and more
preferably >98%.

If (1R,28,5R)-(+)-menthy! (R)-p-toluenesulfinate is used in step 4 above and subsequent
steps 5 and 6 are performed as the described the other optical isomer (enantiomer) of the
compound of the general formula (Il) will be obtained.

Non-limiting examples of steps 4 to 6 are shown below in Scheme 1.
In another embodiment of the present invention, asymmetric key intermediate

compounds of general formula (1) is prepared by a process comprising the following

steps.
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STEP7
An aldehyde of the structure RZ-CHO, wherein R2 are as defined above, is reacted with

(R)-(+)—2-methyl-2-propanesulfinamide to give a compound of the general formula (X)

(X)

, Wwherein R2 is as defined above.

The reaction is carried out using excess titanium tetraethoxide ,eg. 1. 1 to2eq.,ina
solvent such as THF, at elevated temperature, such as 40 - 80°C, for a number of hours,
10  suchas 2 - 18 hours.

STEP 8

p-lodo-benzamide derivatives of the general formula (VIH)

15 b vy

~ wherein R’ is as defined above, is reacted with an alkyl lithium reagent, such as butyl

lithium, in an inert solvent, such as THF, and low temperature, such as -78°C and the
sulfinimide prepared in step 7 above is added and allow to react for few minutes, such as

20 5to 15 minutes, to give a diastereomeric mixture of the compounds of the general
formula (XI)
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wherein R1 and R2 are as defined above.

The diastereomeric ratio of the products of step 8 is 70/30, preferably 80/20 and more
preferably 90/10. The two diastereomers can thereafter be purified (from the other
diastereomer) by standard techniques like crystallization or chromatography.

STEP 9
The purified diastereomer of the general formula (XI), prepared in step 8 above, is

thereafter solvolyzed, e.g. methanolysis, by brief acid treatment to give the intermediate
compound of the general formula (In) '

()
wherein R1 and R2 are as defined above.

The enantiomeric excess (ee) of compounds of the general formula (II) prepared
according to step 7 to 9 of the present invention is >90%, preferably >95% and more
preferably >98%.
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11
If (R)~(-)-2-methyl-2-propanesulfinamide is used in step.7 above and subsequent steps 8
and 9 are performed as described the other optical isomer (enantiomer) of the compound
of the general formula (It) will be obtained.

5  Non-limiting examples of steps 7 to 9 are shown below in Scheme 2.

In another embodiment of the present invention, asymmetric key intermediate compounds
of general formula (l) is prepared by a process comprising the following steps.

10 STEP 10

A ketone of the general formula (XII) -

1'21 R

O )
15 wherein R’ and R? are as defined above, is reacted with (R)-(+)-2-methyl-2-

propanesulfmamlde as described in step 7 above to give compounds of the general
formula (XHI) '

>< (X1I)

wherein R1 and R2 are as defined above,

20
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STEP 11 ‘

Compounds of the general formula (X111) is thereafter réduced using a hydride donating
reagent, such as sodium borohydride, under standard conditions, to give a diastereomeric
mixture of the compounds of the general formula (XI)

(XI)
wherein R1 and R2 are as defined above.

10 The diastereomeric ratio of the products of step 11 is 70/30, preferably 80/20 and more
preferably 90/10. The two diastereomers can thereafter be purified (from the other
diastereomer) by standard techniques like crystallization or chromatography.

STEP 12 '
15 The purified diastereomer of the general formula (X1), prepared in step 11 above, is

thereafter treated as described in step 9 above to give key intermediate compound of
general formula (Il)

20  wherein R1 and R2 are as defined above.



10

156

20

25

PCT/SE02/00376

WO 02/070492

13

The enantiomeric excess (ee) of compounds of the general formula (I) prepared
according to step 10 to 12 of the present invention is >90%, preferably >95% and more
preferably >98%.

If (R)~(-)-2-methyl-2-propanesulfinamide is used in step 10 above and subsequent steps
11 and 12 are performed as described the other optical isomer (enantiomer) of the
compound of the general formula (If) will be obtained.

Non-limiting examples of steps 10 to 12 are shown below in Scheme 3.

STEP 13

Ketone of the general formula (XIl) above is prepared by treating a compound of general

formula (Vill) above with an alkyl lithium reégent, such as butyl lithium, in an inert solvent,
such as THF, and low temperature, such as -78°C and thereafter adding a compound of

the general formula RZ-CHO, wherein R? is as defined above, and allow it to react for few

minutes, such as 5 to 15 minutes to give a compound of general formula (Xiv)

I N
R’ R?

OH (XIV)
wherein R1 and R2 are as defined above, which is thereafter oxidized under standard

conditions, e.g: using pyridinium dichromate, to the corresponding ketone of the general
formula (XI), as defined above.

It will be appreciated by those skilled in the art that in the process déscrﬁbed above the
functional groups of starting materials or intermediate compounds may need to be
protected by protecting groups.

Functional groups which it is desirable to protect include hydroxy and amino groups.
Protecting groups may be added and removed in accordance with techniques which are
well known to those skilled in the art. The use of protecting groups is described in
‘Protective Groups in Organic Synthesis', 2nd edition, T.W. Greene &'P.G.M. Wutz,
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Wiley-Interscience (1991). The protective group may also be a polymer resin such as
Wang resin or a 2-chlorotrityl chloride resin.

The present invention is thus more practical, easier to perform under controlled

5  conditions, less sensitive to reaction conditions, more general, gives a higher yield than
any other asymmetric process for making diarylmethylpiperazines and
diarylmethylamines.

INTERMEDIATES

10 Another object of the present invention is to provide new intermediate compounds for use
in the described process.

Thus, one aspect of the present invention is a compound of the general formula (1)

15 m

wherein

- R'is Cy -Cg alkyl, and

. Me F
N
L0 0% 0L . LD
N ) 9) Me i
, OH NH, OH

20  as a useful intermediate in the described process.
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A preferred intermediate compound of the present invention is a compound of the géneral ‘

A
formula (1) wherein R is methyl or isopropyl, and R%is Ql\/) )
. N ,
‘ OH
NH, NHSO,-C,-C, alkyl NHSO,-CF, OH

5 A more preferred intermediate compound of the present invention is a compound of the

X

~

- general formula (Il) wherein R'is methyl or isopropyl, and R%is l
' . N

EJ: "NHSO,-Me OF EJ : “NH, -

2

‘Each R2 ring may optionally and ihdependently be further substituted by up to three

10 additional substituents selected from C1-Cg alkyl, NO2, CF3, C1-Cg alkoxy, chloro, fluoro,

bromo, and iodo: The substitutions may be in any position on said ring systems;

NOVEL COMPOUNDS

15 The following novel compounds have been prepared by the present invention.

' N Na N N



10

15

20

25

30

WO 02/070492 PCT/SE02/00376

16

The invention is illustrated, but in no way limited, by the following examples.

EXAMPLES

STEP 1
(-)-N,N-diethyl-4-[{4-[(2-nitrophenyI)squonyI]-1-piperazinyl}(8-quinolinyl)methyl]-
benzamide (8).

(-)-6 (0.14 g, 0.42 mmol) was dissolved in toluene (2 mL) with Et3N (1 mL). N,N-bis(2-
chloroethyl)-2-nitrobenzenesulfonamide (0.20 g, 0.61 mmol) was added and the reaction
stirred at 110°C. Two more additions of N,N-bis(2-chIoroethyl)-2-nitrobenzenesulfonamide
were made during 36 h before the reaction was complete. Purification by chromatography
on silica gave (-)-8 (90 mg, 36 %). 1H NMR (CDCI3): 8 1.2, 1.1 (m, 6H), 2.60 (m, 4H),
3.1-3.6 (m, 8H), 6.10 (s, 1H), 7.20-8.15 (m, 13H), 8.92 (m, 1H).

STEP 2
(-)-N,N-diethyl-4-[1 -piperazinyl(8-quinolinyl)methyl]benzamide (9).

(-)-8 (90 rﬁg, 0.15 mmol) was dissolved in DMF (6 mL) and K,COs (0.25 g, 1.8 mmol) and
thiophenol (66 pL, 0.6 mmol) was added. Stirring was continued for 2 h at 25°C.
Purification by reverse phase chromatograpy (LiChroprep RP-18). Extraction (CH,Cl, /
K2COs (aq)) and evaporation gave (-)-9 (40 hg, 66 %). IR (KBr, visx) 3297, 2982, 2716,
2474, 1611, 1434, 1380, 1288, 1098 cm™'. MS (amine): 402, 318, 246, 217, 109. '"H NMR
(amine, CDCl): § 1.2, 1.1 (2s, 6H), 2.94, 2.51 (2m, 8H), 3.5-3.1 (m, 5H), 6.05 (s, 1H),
8.94-7.20 (m, 10H).

STEP 3 .
(+)-4-[(4-benzyl-1-piperazinyl)(8-quinolinyI)methyI]-N,N-diethylbenzamide (10).

A sample of (+)-9 (0.40 g, 1.0 mmol) and triethylamine (0.28 mL, 2.0 mmol) was dissolved
in MeCN (5 mL). Benzyl bromide (0.24 mL, 2.0 mmol) was added with stirring at 25°C.
After 12 h the solution was concentrated and purified by reverse phase chromatograpy
(LiChroprep RP-18). After extraction (CH2Cl, /K,CO3(aq)) the free base was obtained (+)-
10(0.47 g, 95 %) IR (2X HCI, KBr) : 2388, 16086, 1434, 1356, 1287 (cm-1). "H NMR (free
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amine, CDCl3) § = 1.05 (m, 6H), 2.5 (m, 8H), 3.1-3.6 (m, 6H), 6.04 (s, 1H), 7.18 -8.98 (m,
15H) Anal. (C32H33CI2N4O) C H N.

STEP 4
(+)~(S)-4-methyl-N-[(E)- -8-quinolinylmethylidene]benzenesulfinamide (3).
(1R,28,5R)-(-)-Menthyl (S)-p-toluenesulfinate (6.0 g, 20 mmol) was disolved in THF (100
mL) and cooled to ~78°C under nitrogen. Lithium hexamethyldisilazan (1.0 M, 26 mL, 26
mmol) was added dropwise and solution was stirred at 25°C for 2 h. The solution was
cooled again to —-78°C and 8- qumolylaldehyde (3.5¢, 22 mmol) was added dissolved in
THF (2 mL). After stirring 2 h at ~78°C, water was added and the mixture was extracted
with ether / water. The organic phase was dried (MgSO0,), evapbrated in vacuo, and the
residue purified by chromatography on silica to give 3 (4.19, 67 %)."H NMR (CDCly): &
2.40 (s, 3H), 7.32 (m, 2H), 7.48 (m, 1H), 7.61 (m, 1H), 7.71 (m, 2H), 7.99 (m, 1H), 8.19
(m, 1H), 8.45 (m, 1H), 9.01 (m, 1H), 10.27 (s,1H).

STEP 5

(+)-N, N-dlethyI-4-[{[(S)-(4-methylphenyl)squmyl]ammo}(8-qumolmyl)methyl]
benzamide (5).

N, N-diethyl 4-iodo-benzamide (3.1 g, 10 mmol) was dissolved in dry toluene/THF (9:1,
200 mL) and cooled to -78°C under nitrogen. n-BuLi (7.8 mL, 1.3 M i in hexane, 10 mmol)
was added dropwise during 5 to 10 min. After further 5 min, 3 (1.0 g, 3.4 mmol) was
added dissolved in toluene (1 mL). The solution was stirred 10 min, then NH,CI (aq.) was

- added. Concentration, aqueous workup and chromatography on silica gave a total of

0.70 g (44 %) of a 70:30 mixture of diastereomers. The pure major isomer 5 (0. 37 g) was
obtained by one more chromatography. 'H NMR (CDCl3): & 1.2 (m, 6H), 2. 4 (s, 3H), 3.4

(m, 4H), 6.35 (d, J = 7.5 Hz, 1H), 6.61 (d, J = 7.5 Hz, 1H), 7.15-7.55 (m, 11H), 7.75 (m,
1H), 8.12 (m, 1H), 8.75 (m, 1H).

STEP 6
(-)-4-[amino(8-quinolinyl)methyl]-N,N-diethylbenzamide [(-)-6].

Treatment of 5 (0.37 g, 0.79 mmol) with trifluoroacetic acid (123 pL, 1.6 mmol) in MeOH
(6 mL) at 25°C, for 12 h. Concentration in vacuo and reverse phase chromatography gave
6 (0.15 g, 53 %). "H NMR (CDCls): 8 1.2 (m, 6H), 2.2 (s, 2H), 3.4 (m 4H), 6.40 (s, 1H),
7.30-7.58 (m, 7H), 771 (m, 1H) 8.15 (m, 1H), 8.92 (m, 1H).
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STEP 7
(R)-(+)-2-methyI-N-[(E)-8-quinolinylmethylidene]-2-propanesulfinamide (14).
(R)-(+)-2-methyl-2-propanesulfinamide (0.14 g, 1.2 mmol) and 8-quinolylaldehyde (0.19 g,
1.2 mmol) was dissolved in THF (5 mL) and titanium tetraetoxide (1 mL, ~2.4 mmol) was
added. The solution was heated at 65°C for 12 h, then concentrated in vacuo. Purification
by chromatography on silica to give 14 (0.29 g, 93 %)."H NMR (CDCl3): 8 1.31 (s, 9H),
7.49 (m, 1H), 7.66 (m, 1H), 8.01(m, TH), 8.21 (m, 1H), 8.49 (m, 1H), 9.02 (ni, 1H), 10.09
(s, 1H).

STEP 8

4-[[(tert-butyisulfin yl)imino](8-quinolinyl)meth y1]-N,N-diethylbenzamide ( 1 5).
N,N-diethyl 4-iodo-benzamide (0.18 g, 0.6 mmol) was dissolved in dry THF (4 mL) and
cooled to -78°C under nitrogen. n-BuLi (0.46 mL, 1.3 M in hexane, 0.6 mmol) was added
dropwise during 5 to 10 min. After further 5 min, the solution was added with cantila to 14
(78 mg, 0.30 mmol) dissolved in THF (2 mL) and cooled to -78 °C. The solution was
stirred 10 min, then NH,CI (aq.) was added. Concentration, aqueous workup and
chromatography on silica gave a product (135 mg) containing 15 as a 80:20 mixture of
diastereomers and some unreacted.N, N-diethyl 4-iodo-benzamide.

STEP 9
(+)-4-[amino(8-quinolinyl)methyI]-N,N-diethylbenzamide ((+)-6).

Treatment of 15 (135 mg, ~0.30 mmol) with HCl in ether (0.3 mL, 0.6 mmol) in MeOH (2
mL) at 25°C, for 5 min. Concentration in vacuo, dilution with water, washing with EtOAc.
The solution was then made basic with K2COs(aq), extracted with ‘and evaporated to give
(+)-6 (53 mg, 53 % from 14). 'H NMR (CDCly): 8 1.2 (m, BH), 2.2 (s, 2H), 3.4 (m, 4H),
6.40 (s, 1H), 7.30-7.58 (m, 7H), 7.71 (m, 1H), 8.15 (m, 1H), 8.92 (m, 1H).

Treatmént of (+)-6 with (R)-(-);oc-methoxy-a-(trfﬂuoromethyl)phenylacetyl chloride gave
the diastereomeric derivative. '"H NMR (major diastereomer) (CDCl3): § 1.0-1.2 (2m, 6H),
3.1, 3.5 (2m, 4H), 3.43 (s, 3H), 6.82 (d, J=9.0, 1H), 7.10-7.40 (m, 9H), 7.52 (m, 1H),
7.71 (m, 1H), 7.79 (m, 1H), 8.14 (m, 1H), 8.68 (m, 1H), 9.83 (d, J= 9.0, 1H).

STEP 10
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(-)-4-[[(tert-butylsulfin yl)imino](8-quinolin yl)methyl]-N,N-diethylbenzamide (18).

13 (0.25 g, 2.0 mmol) and 17 (0.66 g, 2.0 mmol) was dissolved in THF (20 mL) and
titanium tetraetoxide (2.5 mL, 4 mmol) was added. The solution was heated at 65°C for 3
days, then concentrated in vacuo. Purification by chromatography on silica to give 18
(0.44'g, 50 %). [oo™’= -144° (c 1.32, CH,Cl,). "H NMR (CDCly): 8 1.10, 1.25 (2m, 6H),
1.31 (s, 9H), 3.20, 3.55 (2m, 4H), 7.30-7.80 (m, 7H), 7.97 (m, 1H), 8.24 (m, 1H), 8.86 (m,
1H).

STEP 11
4-[[(tert-butylsquinyI)imino](8-quinolinyl)methyl]-N,N-diethylbenzamide (15).

18 (25 mg, 0.06 mmol) was dissolved in dry THF (1 mL) together with titanium
tetrasthoxide (18 uL., 0.12 mmol) and added to a suspension of sodium borohydride (9

mg, 0.23 mmol) in THF (1 mL) at -50°C under nitrogen. The temperature was slowly

raised to 0°C, 4 h and then the solution was worked up by addition of NH,Cl (aq.).
Concentration gave a crude product which was purified by chromatography on silica to
give 15 (10 mg, 40%) as a mixture of diastereomers. 'H NMR (major diastereomer)
(CDCls): 8 1.0-1.2 (2m, 6H), 1.23 (s, 9H), 3.1, 3.5 (2m, 4H), 6.30'(m, 1H), 720750(m
9H), 7.58 (m, 1H), 7.60 (m, 1H), 8. 10 (m, 1H), 8.79 (m, 1H). .

STEP 12
(-)-4-[amino(8-quinoIinyI)methyI]-N,N-diethylbenzamide [(-)-6].

Treatment of 15 with HCI in MeOH for 10 min and extractive workup gaVe (-)-6. NMR data
identical to 6 made previously. Treatment of (-)-6 with (R)-(-)-a-methoxy-o-
(triﬂuoromethyl)phenylacetyl chloride gave the diastereomeric derivative in a 9:1 ratio as
determined by NMR. "H NMR (major diastereomer) (CDCL3): § 1. 0 1.2 (2m, 6H), 3.1, 3.5
(2m, 4H), 3.42 (s, 3H) 6.82 (d, J=9.0, 1H), 7.10-7.50 (m, 9H), 755(m 1H), 7.64 (m,
1H), 7.79 (m, 1H), 8.19 (m, 1H), 8.78 (m, 1H), 9.90 (d, J= 9.0, 1H).

STEP 13
N,N-diethyl-4-(8-quinolinylcarbon yl)benzamide (17).

N,N-diethyl-4-iodobenzamide (4) (0.67 9, 2.2 mmol) was dissolved in dry THF (25 mL)
and cooled to -78°C under nitrogen. n-BuLj (1.3 mL, 1.6 M in hexane, 2.2 mmol) was
added dropwise during 5 min. After further 10 min, 8-formylquinoline (0.17 g, 1.1 mmol)
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was added dissolved in THF (1 mL). The solution was stirred 1 h, then NH4Cl (aq.) was
added. After concentration, aqueous workup and chromatography on silica a total of 0.29
g (78 %) N,N-diethyl-4-[hydroxy(8-quinolinyl)methyl]benzamide (16).was obtained. MS:
334, 262, 234, 215, 204, 178, 156, 129.

16 (3.0 g, 9.0 mmol) was dissolved in CH:Cl, (25 mL) and powdered pyridinium
dichromate (PDC) (5.0 g, 13 mmol) was added portionwise at 25°C. Two more portions of
PDC (0.5 g) were added after 3 h and 12 h. After 24 h, the solution was diluted with
heptane and filtered through silica gel. Elution with EtOAc and evaporation in vacuo gave
17 (1.8 g, 60%). MS: 332, 303, 275, 260, 232, 204, 176, 156, 128, 115. '"H NMR (CDCl,):
8 1.1, 1.3 (2m, 6H), 3.22, 3.55 (2m, 4H), 7.39 (d, J=8 Hz, 2H), 7.43 (m, 1H), 7.65 (m,
1H), 7.75 (m, 1H), 7.86 (d, J=8 Hz, 2H), 7.98 (m, 1H), 8.23 (m, 1H), 8.83 (m, 2H).

{(#)-N, N-dlethyl-4-{8-qumolmyl[4-(3-thienylmethyl)-1 -piperazinyllmethyl}benzamide
((+)-19)
Compound (+)-9 (0.60 mg, 1.5 mmol) and 3-thiophenecarboxaldehyde (0.28 mL, 3.0

mmol) was dissolved in MeOH (5 mL) and AcOH was added (43 uL, 0.75 mmol). After
'stirring 1 h, NaBH3CN (94 mg, 1.5 mmol) was added in portions over 6 h. After stirring
over night, the solution was concentrated and the product purified by reverse phase
chromatography (LiChroprep RP-18, 10-80 % MeCN in water, 0.1 % TFA) to give (+)-19
as the bis-trifluoroacetate (0.57 g, 77 %). [a]p™= +84.5° (¢ 0.87, MeOH). 'H NMR
(CD;0D) 8 = 1.1, 1.2 (2m, 6H), 3.2-3.5 (m, 12H), 4.35 (s, 2H), 6.19 (s, 1H), 7.20 (m, 1H),
7.28 (d, J = 8Hz, 2H), 7.50 (m, 1H), 7.55 (m, 1H), 7.58-7.66 (m, 2H), 7.70 (d, d = 8Hz,
2H), 7.83 (m, 1H), 8.07 (m, 1H) 8.28 (m, 1H), 8.94 (m, 1H).

(+)-N,N-diethyl-4-[[4- ~(3-furylmethyl)- 1-piperazinyl](B-quinoIinyI)methyI]benzamide
((+)-20).

Procedure as (+)-19. Reaction of (*)-9 (50 mg, 0.12 mmol) with 3-fdrancarboxaldehyde
(21 uL, 0.24 mmol) gave (+)-20 as.the bis-trifluoroacetate (58 mg, 68 %). [0]p™= +78.2° (c
0.60, MeOH). '"H NMR (CDs0D) & = 1.1, 1.2 (2m, 6H), 3.1-3.6 (m, 12H), 4.21 (s, 2H),

6.19 (s, 1H), 6.58 (s, 1H), 7.28 (d, J = 8Hz, 2H), 7.50 (m, 1H), 7.61 (m, 2H), 7.70 (d, J =
8Hz, 2H), 7.74 (s, 1H), 7.83 (m, 1H), 8.07 (m, 1H), 8.28 (m, 1H), 8.94 (m, 1H).
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CLAIMS

1. A process for preparing a compound of the general formula )]

)

o

U

5 wherein

R'is Cy -Cg alkyl

Q5 o [N
O S0

Ar is selected from any one of phenyl
10 °  comprising the steps of; -

NHSO,-CF, and

OH'

» pyridinyl, thienyl, furanyl, imidazolyl, or triazolyl,

A) reacting a enantiomerically pure compound of the general formula (11)

NH, n

15 wherein R' and R? are as defined above, with N,N-bis(2-chloroethyl)-2-

nitrobenzeneamide of formula (1
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)

0O
R’\,Iq
R1 . R2
[Nj
N
0=8=0
NO,

| Iv)
wherein R1 and R2 are as defined above,

B) Cleaving the 2-nitrobenzenesulfonyl group of compounds of the general formula (IV) by
standard conditions to give compounds of the general formula V)

o ()

wherein R1 and R2 are as defined above, and

(V)

C) Alkylating a compound of general formula (V) under standard conditions using either;
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/) a compound of the general formula Ar-CHga-X, wherein Ar is as defined above and X is

halogen, and a suitable base, or .
if) a compound of the general formula Ar-CHO, wherein Ar is as defined above, and a
suitable reducing agent

to give compounds of the general formula (1), as defined above.

2. A process according to claim 1 , Wherein R'is methyl or isopropyl, R2 is |

F
p\ ' @ , 4}<©\ or 1@\ and Ar is phenyl,
~ "OH NH, NHSO,-Me OH '

pyridyl, thienyl, or furanyl.

\!

3. A process according to claim 1, wherein R1 is methyl or isopropyl, R2.is l or

@ ~, and Aris phenyl or thienyl.
NH

2

\

4. A process according to claim 1, wherein a compound of the general formula (Il) is
prepared by

A) reacting (1R,2S 5R)-( )-menthyl (S)-p-toluenesulfinate or (1R,28,5R)-~(+)-menthyl (R)-
p-toluenesulfinate with lithium hexamethyldisilazan and a compound of the general

formula R? -CHO, wherein R%is as defined in claim 1, to give a sulfimine of the general
formula (Vi)
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R2
h
N
\
S—0

&

or its enantiomer, wherein R is as defined in claim 1,

(Vi)

B) reacting a p-lodo-benzamide derivative of the general formula (v

5
O
R\
;I\| A
| R |
(v
wherein R’ is as defined in claim 1, with an alkyl lithium reagent and a sulfinimide
prepared in step A above is thereafter added to give a compound of the general formula
10 (IX)

0 .
R'l
oy
. R1 ‘ « RZ
HN
\
A S—=0
Me

(1X)

wherein R1 and R2 are as defined in claim 1,
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C) methanolysing by brief acid treatment of a compound of the general formula (IX) to

give a compound of the general formula (I1)

wherein R1 and R2 are as defined in claim 1.

5. A process according to claim 1, wherein a compound of the general formula (1) is

prepared by,

10 A) reacting an aldehyde of the structure R?‘-CHO, wherein R? are as defined in claim 1,
with (R)-(+)-2-methyl-2-propanesulfinamide or (8)-(-)-2-methyl-2-propanesulfinamide to
give a compound of the géneral formula (X)

(X)
15 '

orits enantiomer, wherein R2 are as defined in claim 1,

B) reacting a p-iodo-benzamide derivative of the general formula (VHI)

20 b vy
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wherein R' is as defined in claim 1, with an alkyl lithium reagent and thereafter a

sulfinimide prepared in step A above is added to give a compound of the general formula
(Xt

5 (X1)

wherein R1 and R2 are as defined in claim 1,

C) methanolysing by brief acid treatment a compound of the general formula (XI) to give a
10 compound of the general formula (Il

wherein R and R are as defined in claim 1.

15
6. A process according to claim 1, wherein a compound of the general formula (i1) is
prepared by, '

A) reacting a ketone of the general formula (Xil)
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R R
0 (i)

wherein R and R? are as defined in claim 1 » With (R)-(+)-2-methyl-2-propanesulfinamide

or (S)-(-)-2-methyl-2-propanesulfinamide to give a compound of the general formu]a (Xt
O
’
R
R
R R?
o |
-~ N
s

(X1

or its enantiomer, wherein R1 and R2 are as defined in claim 1,

B) reducing a compound of the general formula (XIiI)
give a compound of the general formula (X)

using a hydride donating reagent, to

10

wherein R1 and R2 are as defined in claim 1,

C) ) methanolysing by brief acid treatment a compound of the general formula (X1)

to give
15 acompound of the general formula (1)
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wherein R1 and R2 are as defined in claim 1.

7. A process for preparing a compound of the general formula (I

(i)

10 wherein R is Cy -Cg alkyl and

SN

PCT/SE02/00376

ﬁJi \NHSO CrCoalky Z/LLJ : “NHSO 7CF; 73 ~ H'a”d

comprising the steps of,

A) reacting (1R,2S,5R)-(-)- -menthyl (S)-p-toluenesulfinate or (1R,2S ,9R)-(+)-menthyl (R)-
15 p-toluenesulfinate with lithium hexamethyldisilazan and a compound of the general

formula R -CHO, wherein R is as defined above, to give a sulfimine of the general

formula (VII)
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Me (Vi)

or its enantiomer, wherein R* is as defined above,

B) reacting a p-lodo-benzamide derivative of the general formula (Vi)

5
0
R\,
I
R
b vy
wherein R' is as defined above, with an alky! lithium reagent and a sulfinimide prepared in
step A above is thereafter} added to give a compound of the general formula (IX)
10 ‘
0O
R\,
v .
R' * R?
HN
\
S—=0

Me (1X)

wherein R1 and R2 are as defined above,
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C) methanolysing by brief acid treatment a compound of the general formula (IX) to give a

compound of the general formula (1l)

NH, )
5 . .
wherein R1 and R® are as defined above.
8. A process for preparing a compound of the general formula (Il)
)
1
R
)
R’ R
10 NH, ()

wherein R’ is C1 -Cg alkyl and

SHe NN

ﬁJ : “NHSO,-C,-C, alkyl éJ : “NHSO,-CF, 5®\

15 comprising the steps of,
A) reacting an aldehyde of the structure R2-CHO, wherein R2 is as defined above, with
(R)-(+)-2-methyl-2-propanesulfinamide or (8)-(-)-2-methyl-2-propanesulfinamide to give a
compound of the general formula (X)
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(X)

, . .2, ,
or its enantiomer, wherein R” is as defined above,

B) reacting a p-iodo-benzamide derivative of the general formula (VIII)

5
-0
R\,
I
R’
: )
whereiri R is as defined above, with an alky! lithium reagent and thereafter 3 sulfinimide
prepared in step A above is added to give a compound of the general formula (XI)
10
| 0
R\,
I\
R’ * R?
N .
wherein R1 and R2 are as defined above,
15

C) methanolysing by brief acid treatment a compound of the general formula (
compound of the general formula (II)

Xl) to give a
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wherein R1 and R2 are as defined above.

5 9. Aprocess for preparing a compound of the general formula (1)

(I

wherein R is Cq -Cg alkyl and

AN
2.
R%is | P
N
EJ: ‘NHSOZ-C1-C5aIkyI NHSO,-CF, 7‘;@\

comprising the steps of,

A) reacting a ketone of the general formula (X

O
]

R
N
R1

15 O (Xil)
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wherein R’ and R? are as defined above, with (R)~(+)
(S)-(-)-2-methyl-2-

-2-methyl-2-propanesulfinamide or
propanesulfinamide to give a compound of the general formula (XII)

(X

. . . 2 ,
or its enantiomer, wherein R' and R are as defined above,

B) reducing a compound of the general formula (XIII) using a hydride donating reagent, to

give a compound of the general formula (X

o)
R‘l
N
R1

* R2
NH
O\S/
(X1)

10

wherein R1 and R2 are as defined above,

C) ) methanolysing by brief acid treatment a. compound of the general formula (XI) to give
a compound of the general formula ()
15
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wherein R1 and R2 are as defined above.

10. A process according to claims 7 to 9, wherein R'is methyl or isopropyl, and R? is

’

5 .
A R
| , , or
N
' OH NH, NHSO,-Me OH

11. A process according to claims 7 to 9, wherein R1 is methyl or isopropyl, and R? is

AN
Y o |
N
NH, .
10 | '

12. A compound of the general formula ()

2 )

15  wherein

R'is C -Cg alkyl, and
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Q0 Q% 0L
O 300 SO

13. A compound according to claim 1 2, wherein R'is methy! or isopropyl, and R? is

N F
AN SIS NN !
N
OH NH, NHSO,-Me OH

5
14. A compound according to claim 12, wherein R1 is methyl or isopropyl, and R2 is
X
| _J or
N
NH
15. Compound
Q 0
L0 L0
or
N N
=g L
10 ' (+)-isomer 4 (+)-isomer |
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