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N-(4-FLUOROBENZYL)-N 
(l-METHYLPIPERIDIN-4-YL)-N‘ 
(4-(2-METHYLPROPYLOXY) 

PHENYLMETHYL)CARBAMIDE AND ITS 
TARTRATE SALT AND CRYSTALLINE 

FORMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a non-provisional of US. Provisional 
Application No. 60/614,014, ?led on Sep. 27, 2004, entitled 
“SYNTHESIS OF 1-(4-FLUOROBENZYL)-3-(4-ISOBU 
TOXYBENZYL)-1 -(1 -METHYLPIPERIDIN-4-YL) 
UREA, ITS SALTS, AND POLYMORPHS,” Which is incor 
porated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the ?elds of medicine and 

chemistry. More particularly, the present invention relates to 
N- (4 -?uorobenZyl) -N-(1 -methylpiperidin-4-yl)-N'-(4-(2 
methylpropyloxy)-phenylmethyl)carbamide, its tartrate salt, 
and polymorphs and syntheses and uses thereof. 

2. Description of the Related Art 
W0 01/ 66521 describes N-aZacycloalkyl-N-aralkyl carba 

mides and carboxylic acid amides, Which constitute a neW 
class of compounds effective in inhibiting an activity of 
monoamine receptors, including the serotonin receptor of the 
5-HT2A subclass. WO 01/66521 is incorporated herein by 
reference in its entirety. Examples of disease conditions for 
Which such compounds can be used include, but are not 
limited to, neuropsychiatric diseases such as schizophrenia 
and related idiopathic psychoses, depression, anxiety, sleep 
disorders, appetite disorders, affective disorders such as 
major depressions, bipolar disorder, depression With psy 
chotic features and Tourette’s Syndrome. Other bene?cial 
treatments may be drug-induced psychoses and side-effects 
of Parkinson’s disease as Well as psychoses secondary to 
neurodegenerative disorders such as Alzheimer’ s or Hunting 
ton’s Disease, hypertension, migraine, vasospasm, ischemia 
and the primary treatment and secondary prevention of vari 
ous thrombotic conditions including myocardial infarction, 
thrombotic or ischemic stroke, idiopathic and thrombotic 
thrombocytopenic purpura and peripheral vascular disease. 

SUMMARY OF THE INVENTION 

One embodiment disclosed herein includes a method for 
the preparation of a compound of formula I: 

(1) 

CH3 

CH3 

CH2 CH2 

that includes reacting (4-?uorobenZyl)-(1-methylpiperidin 
4-yl)amine of formula II 

01 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

(H) 

With 4-(2-methylpropyloxy)phenylmethyl-isocyanate of for 
mula III 

(III) 
H3C 

In some embodiments, about 0.9 to about 1 .1 equivalents of 
the (4-?uorobenZyl)-(1-methylpiperidin-4-yl)amine is used 
per equivalent of the 4-(2-methylpropyloxy)phenylmethyl 
isocyanate. Some embodiments further include isolating the 
compound of formula I after the reacting. In some embodi 
ments, the isolating includes adding a salt-forming acid after 
the reacting, isolating the formed salt by solvent removal, 
precipitation, or both solvent removal and precipitation, add 
ing the isolated salt to a tWo phase system comprising an 
organic solvent phase and an alkaline aqueous phase, and 
obtaining the compound of formula I from the organic solvent 
phase. In some embodiments, the salt forming acid is selected 
from the group consisting of one or more of the folloWing: 
mineral acids, mono- or dicarboxylic acids, and sulfonic 
acids. In some embodiments, the pH of the aqueous phase is 
greater than about 8.5. In one embodiment this pH is obtained 
by adding an aqueous alkaline metal hydroxide. In some 
embodiments, the reaction is carried out in the presence of an 
inert organic solvent. In some embodiments, the solvent is 
selected from the group consisting of one or more of the 

folloWing: aliphatic ethers, esters of aliphatic carboxylic 
acids, alcohols, lactones, halogenated hydrocarbons, and ali 
phatic C3-C8 ketones. In some embodiments, the reaction is 
carried out at a temperature from about —30° C. to about 60° 
C. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide that 
exhibits a melting point of about 124° C., determined With 
Differential Scanning Calorimetry (DSC) at a heating rate of 
10° C./minute. 

Another embodiment disclosed herein includes a crystal 

line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
that 

exhibits a X-ray poWder diffraction pattern comprising peaks 
N'-(4-(2 -methylpropyloxy)phenylmethyl)carbamide 

having d-values in angstroms of about 13.0, about 10.9, about 
6.5, about 4.7, about 4.3, about 4.22, and about 4.00. In one 
embodiment, the crystalline form exhibits a X-ray poWder 
diffraction pattern comprising peaks having d-values in ang 
stroms of about 13.0, about 10.9, about 6.8, about 6.5, about 
6.2, about 5.2, about 4.7, about 4.5, about 4.3, about 4.22, 
about 4.00, about 3.53, about 3.40, about 3.28, about 3.24, 
about 3.19, about 3.08, about 2.91, and about 2.72. 
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Another embodiment disclosed herein includes a method 
for the preparation of the above crystalline form including 
dissolving a salt of a compound of formula I in Water: 

(1) 

CH3 

0 

adding an amount of an organic aprotic solvent to the 
aqueous salt solution su?icient to dissolve the com 
pound of formula I; 

H CH3 

PO Q CHZ/ \ 

10 

15 

O 

O 

adjusting the pH of the aqueous salt solution to a value of at 
least about 8.5 by addition of a base; 

removing a part of the organic aprotic solvent; 
cooling the remaining organic aprotic solution to less than 

15° C.; and 
isolating any precipitate formed. 
In some embodiments, the salt of the compound of formula 

I is a hemi-tartrate salt. Some embodiments further include 
extracting the aqueous solution With the organic solvent and 
collecting all organic phases prior to removing a part of the 
organic solvent. In one embodiment, the organic solvent is 
selected from the group consisting of one or more of the 
following: hydrocarbons, halogenated hydrocarbons, esters 
of aliphatic carboxylic acids, alcohols, lactones, ethers, and 
aliphatic C4-C8 ketones. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide pro 
duced by the process that includes dissolving a hemi-tartrate 
salt of a compound of formula I in Water: (1) 

N 
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4 
adding an amount of an organic aprotic solvent to the aqueous 

salt solution suf?cient to dissolve the compound of formula I, 

adjusting the pH of the aqueous salt solution to a value of at 

least about 8.5 by addition of a base, extracting the aqueous 

solution With the organic solvent and collecting all organic 

phases, removing a part of the organic aprotic solvent, cool 

ing the remaining organic aprotic solution to less than 150 C., 

and isolating any precipitate formed. 

Another embodiment disclosed herein is N-(4-?uoroben 

Zyl)-N-(1-methylpiperidin-4-yl)-N'-(4-(2-methylpropyloxy) 

phenylmethyl)carbamide hemi-tartrate of formula IV, 

HOTCOZH 
CH3 

Another embodiment disclosed herein includes a method 

for the preparation of N-(4-?uorobenZyl)-N-(1-methylpip 
eridin-4-yl)-N'-(4-(2-methylpropyloxy)phenylmethyl)car 
bamide hemi-tartrate, comprising performing the reaction for 
synthesiZing the compound of formula I as described above, 
adding tartaric acid after the reaction, and isolating the hemi 
tartrate salt formed. In one embodiment, the isolating 
includes obtaining the hemi-tartrate salt from a suspension 
formed after addition of tartaric acid. In one embodiment, the 
isolating includes precipitating the hemi-tartrate salt by cool 
ing, solvent removal, adding a non-solvent, or a combination 
of these methods. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide hemi 
tartrate that exhibits a X-ray poWder diffraction pattern 
comprising peaks having d-values in angstroms of about 18.6, 
about 16.7, about 10.2, about 6.2, about 6.1, about 4.63, about 
4.49, about 4.44, and about 3.96. In one embodiment, the 
X-ray poWder diffraction pattern includes peaks having 
d-values in angstroms of about 18.6, about 16.7, about 10.2, 
about 8.2, about 7.7, about 7.4, about 6.5, about 6.2, about 6.1, 
about 5.86, about 5.14, about 5.03, about 4.78, about 4.69, 
about 4.63, about 4.49, about 4.44, about 4.35, about 4.10, 
about 3.96, and about 3.66. 

In one embodiment, the above crystalline form is prepared 
by dissolving the compound of formula IV in ethanol or an 
admixture of ethanol and isopropanol: 
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cooling the solution to a temperature of less than about 20° C., 
and isolating any resulting precipitated solid. In one embodi 
ment, the temperature during the dissolution step is about 55 
to about 90° C. In one embodiment, the cooling rate during 
the cooling step is about 0.1 to about 3° C./minute. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate 
produced by a method that includes dissolving the compound 
of formula IV in ethanol or an admixture of ethanol and 
isopropanol at a temperature of about 55 to about 90° C.: 

0 

cooling the solution to a temperature of less than about 20° C. 
at a rate of about 0.1 to about 3° C./minute, and isolating any 
resulting precipitated solid. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate 
that exhibits a X-ray poWder diffraction pattern comprising 
peaks having d-values in angstroms of about 17.4, about 10.2, 
about 5.91, about 4.50, about 4.37, and about 3.87. One 
embodiment exhibits a X-ray poWder diffraction pattern com 
prising peaks having d-values in angstroms of about 17.4, 
about 10.2, about 8.8, about 6.4, about 5.91, about 5.46, about 
4.99, about 4.90, about 4.62, about 4.50, about 4.37, about 
4.20, about 3.87, about 3.73, about 3.58, about 3.42, and 
about 2.90. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
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Ho‘ co2 

(1V) 

N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate 
that exhibits a X-ray poWder diffraction pattern comprising 
peaks having d-values in angstroms of about 12.0, about 10.7, 
about 5.86, about 4.84, about 4.70, about 4.57, and about 
3.77, hereinafter referred to as Form C. One embodiment 
exhibits a X-ray poWder diffraction pattern comprising peaks 
having d-values in angstroms of about 12.0, about 10.7, about 
7.4, about 6.9, about 6.6, about 6.2, about 5.86, about 5.53, 
about 5.28, about 5.16, about 4.84, about 4.70, about 4.57, 
about 4.38, about 4.09, about 3.94, about 3.77, about 3.71, 
about 3.49, about 3.46, about 3.25, about 3.08, and about 
2.93. 

Another embodiment disclosed herein includes a method 

for the preparation of the crystalline form described above 
that includes suspending of a solid form of a compound of 
formula IV in an aprotic solvent: 
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(W) 

0:0 
and stirring the suspension While adding crystal seeds of 
crystalline form C, described herein. In one embodiment, the 
temperature of the solvent during the suspending step is from 
about 30 to about 100° C. In one embodiment, the aprotic 
solvent is selected from the group comprising of one or more 
of the folloWing: aliphatic or cyclic ethers, carboxylic esters, 
lactones, alkanes, and aliphatic C3-C8 ketones. In one 
embodiment, the seeding is carried out at a temperature from 
about 40 to about 80° C. One embodiment further includes 
cooling the suspension at a rate from about 0.1 to about 1° 
C./minute. In one embodiment, the suspension is cooled to 
about room temperature. 

Another embodiment disclosed herein includes a method 
for the preparation of the crystalline form described above 
that includes suspending a crystalline form of N-(4-?uo 
robenZyl)-N-(1 -methylpiperidin-4 -yl)-N'-(4-(2 -methylpro 
pyloxy)phenylmethyl)carbamide tartrate or mixtures of crys 
talline forms of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4 
yl)-N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide 
tartrate in a polar and aprotic solvent at temperatures from 
about 30 to about 70° C., stirring the suspension While adding 
crystal seeds of the crystalline form C, described herein, and 
isolating of the crystalline solid from the suspension. 

Another embodiment disclosed herein includes a method 
for the preparation of the crystalline form described above 
that includes dissolving a tartrate salt of N-(4-?uorobenZyl) 
N-(l -methylpiperidin-4-yl)-N'-(4-(2 -methylpropyloxy)phe 
nylmethyl)carbamide in a solvent at temperatures from about 
0 to about 70° C., stirring the resulting solution at a tempera 
ture of about 50 to about 70° C. While adding crystal seeds of 
crystalline form C, cooling the obtained suspension at a cool 
ing rate of about 5 to about 15° C. per hour to a temperature 
of about —20° C. to about room temperature, and isolating 
crystalline solid from the suspension. In one embodiment, the 
solvent is tetrahydrofuran. In other embodiments, the solvent 
is selected from the group consisting of one or more of 

acetone, ethanol, isopropanol, dichloromethane, 1,4-diox 
ane, and acetonitrile. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate 
produced by a process that includes suspending a crystalline 
form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl)-N' 
(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate or 
mixtures of crystalline forms of N-(4-?uorobenZyl)-N-(1 
methylpiperidin-4-yl)-N'-(4-(2-methylpropyloxy)phenylm 
ethyl)carbamide tartrate in a polar and aprotic solvent at 
temperatures from about 30 to about 70° C., stirring the 
suspension While adding crystal seeds of the crystalline form 
C, and isolating of the crystalline solid from the suspension. 
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Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate 
produced by a process that includes dissolving a tartrate salt 
of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl)-N'-(4-(2 
methylpropyloxy)phenylmethyl)carbamide in tetrahydrofu 
ran or acetone at temperatures from about 0 to about 70° C., 
stirring the resulting solution at a temperature of about 50 to 
about 70° C. While adding crystal seeds of the crystalline form 
C, cooling the obtained suspension at a cooling rate of about 
5 to about 15° C. per hour to a temperature of about —20° C. 
to about room temperature, and isolating crystalline solid 
from the suspension. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-1-methylpiperidin-4-yl)-N'-(4-(2-methyl 
propyloxy)phenylmethyl)carbamide tartrate including from 
about 0% to about 6.6% isopropanol or ethanol that exhibits 
a X-ray poWder diffraction pattern comprising peaks having 
d-values in angstroms of about 17.2, about 16.0, about 6.1, 
about 4.64, about 4.54, and about 4.37. One embodiment 
exhibits a X-ray poWder diffraction pattern comprising peaks 
having d-values in angstroms of about 17.2, about 16.0, about 
10.7, about 9.8, about 6.6, about 6.1, about 6.00, about 5.73, 
about 5.33, about 5.17, about 4.91, about 4.64, about 4.54, 
about 4.37, about 4.10, about 3.91, about 3.84, about 3.67, 
about 3.55, about 3.42, about 3.32, about 3.13, and about 
3.06. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate 
comprising about 5% t-butyl methyl ether that exhibits a 
X-ray poWder diffraction pattern comprising peaks having 
d-values in angstroms of about 17.3, about 16.2, about 10.6, 
about 9.8, about 8.1, about 7.5, about 6.6, about 6.0, about 
5.28, about 5.09, about 4.90, about 4.72, about 4.51, about 
4.39, about 4.26, about 4.04, about 3.86, about 3.70, about 
3.54, about 3.48, and about 3.02. 

Another embodiment disclosed herein includes a crystal 
line form of N-(4-?uorobenZyl)-N-(1-methylpiperidin-4-yl) 
N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide tartrate 
comprising about 3% of tetrahydrofuran that exhibits a X-ray 
poWder diffraction pattern comprising peaks having d-values 
in angstroms ofabout 19.0, about 16.0, about 13.0, about 7.8, 
about 6.4, about 6.2, about 5.74, about 5.29, about 5.04, about 
4.83, about 4.62, about 4.50, about 4.34, about 4.24, about 
4.05, about 3.89, about 3.76, about 3.58, and about 3.27. 

Another embodiment disclosed herein includes a pharma 
ceutical composition comprising the compound of formula 
IV and a pharmaceutically acceptable carrier or diluent: 
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Other embodiments disclosed herein include pharmaceu 
tical compositions that include any of the crystalline forms 

. . , 20 

described above and a pharmaceutically acceptable carrier or 
diluent. 

Another embodiment disclosed herein includes a method 
of delivering the compound of formula I to a host, comprising 
administering to a subject a compound of formula IV: 

(W) 
H cH3 
\l 
N+ 

CH3 HO CO2‘ 

F o CH-CH3 
\CH; “w 

H0‘ 002 
N NH 

CH; \?/ ‘CH2 
0 2 

Another embodiment disclosed herein includes a method 
of inhibiting an activity of a monoamine receptor, comprising 
administering to a subject a compound of formula IV: 

(W) 
H cH3 
\| 
N+ 

CH3 HO CO2‘ 

F o CH-CH3 
\CH; 

H0 002 
, N NH 

cH2 \?/ \CHZ 
O 

Another embodiment disclosed herein includes a method 65 

for the treatment of neuropsychiatric diseases, comprising 
administering to a subject a compound of formula IV: 
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H cH3 

cH3 

C 2 0:0 
In some embodiments, the neuropsychiatric disease is 

selected from the group consisting of psychosis, schiZophre 
nia, schiZoaffective disorders, mania, psychotic depression, 
affective disorders, dementia, anxiety, sleep disorders, appe 
tite disorders, bipolar disorder, psychosis secondary to hyper 
tension, migraine, vasospasm, and ischemia, motor tics, 
tremor, psychomotor sloWing, bradykinesia, and neuropathic 
pain. 

Another embodiment disclosed herein includes a method 

forth treatment of neurodegenerative diseases, comprising 
administering to a subject the compound of formula IV. In 
some embodiments, the neurodegenerative disease is selected 
from the group consisting Parkinson’s disease, Huntington’s 
disease, AlZheimer’disease, Spinocerebellar Atrophy, 
Tourette’s Syndrome, Friedrich’ s Ataxia, Machodo-Joseph’ s 
disease, LeWy Body Dementia, Dystonia, Progressive Supra 
nuclear Palsy, and Frontotemporal Dementia. 

Another embodiment disclosed herein includes a method 
for treating dysknesia associated With dopaminergic therapy, 
comprising administering to a subject the compound of for 
mula IV. 

Another embodiment disclosed herein includes a method 
for treating dystonia, myoclonus, or tremor associated With 
dopaminergic therapy, comprising administering to a subject 
the compound of formula IV. 

Another embodiment disclosed herein includes a method 
for treating a thrombotic condition, comprising administering 
to a subject the compound of formula IV. In some embodi 
ments, the thrombotic condition is selected from the group 
consisting of myocardial infarction, thrombotic or ischemic 
stroke, idiopathic and thrombotic thrombocytopenic purpura, 
peripheral vascular disease, and Raynaud’s disease. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a X-ray poWder diffraction pattern of crystal form 
Y of the free base compound of formula I. 

FIG. 2 is a X-ray poWder diffraction pattern of crystal form 
A of the compound of formula IV. 

FIG. 3 is a X-ray poWder diffraction pattern of crystal form 
B of the compound of formula IV. 

FIG. 4 is a X-ray poWder diffraction pattern of crystal form 
C of the compound of formula IV. 

FIG. 5 is a X-ray poWder diffraction pattern of crystal form 
D of the compound of formula IV. 

FIG. 6 is a X-ray poWder diffraction pattern of crystal form 
E of the compound of formula IV. 
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FIG. 7 is a X-ray poWder diffraction pattern of crystal form 
F of the compound of formula IV. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

One useful N-aZacycloalkyl-N-aralkyl carbamide is N-(4 
?uorobenZyl) -N-(1 -methylpiperidin-4 -yl)-N'-(4-(2 -methyl 
propyloxy)phenylmethyl)carbamide of formula I: 

(1) 

Synthesis of N-(4-?uorobenZyl) -N-(1 -methylpiperi 
din-4 -yl)-N'-(4-(2-methylpropyloxy)phenylmethyl) 

carbamide 

One embodiment is a method of synthesiZing the com 
pound of formula (I) comprising reacting the compound of 
formula II ((4-?uorobenZyl)-(1-methylpiperidin-4-yl)amine) 

With the compound of formula III (4-(2-methylpropyloxy) 
phenylmethyl-isocyanate) 

(11) 

(III) 
H3C 

In one embodiment, about 0.9 to about 1.1 equivalents of 
(4-?uorobenZyl)-(1-methylpiperidin-4-yl)amine per equiva 
lent of 4-(2-methylpropyloxy)phenylmethyl-isocyanate is 
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used. In some embodiments, the resulting compound of for 
mula I is isolated from the reaction mixture. In one embodi 
ment, a salt-forming acid is added after the reaction. The 
formed salt may be isolated by solvent removal, precipitation, 
or both solvent removal and precipitation, folloWed by delib 
eration of the compound of formula I under alkaline aqueous 
conditions through dissolution in an organic solvent in a tWo 
phase system, and separating the compound of formula I from 
the organic solution. In a preferred embodiment, 1.0 equiva 
lent of (4-?uorobenZyl)-(1-methylpiperidin-4-yl)amine per 
equivalent of 4-(2-methylpropyloxy)phenylmethyl-isocyan 
ate is used in the reaction. The reaction may be carried out in 
the presence of LeWis acids as catalysts such as metal salts or 
more preferably metal alkoxylates. Some examples are 
MgCl2, FeCl2, FeCl3, FeBr2, Fe(SO4)2, NiCl2, BCl3, AlCl3, 
BBr3, TiCl4, TiBr4, ZrCl4, BCl3, Al(OiCl-C4-Alkyl)3, and 
Ti(O4Cl-C4-Alkyl)3. The amount of catalyst may be from 
about 0.0001 to about 5 percent by Weight and preferably 
about 0.01 to about 3 percent by Weight relative to the com 
pound of formula II. 

The reaction is preferably carried out in the presence of an 
inert organic solvent such as aliphatic ethers (e.g., diethyl 
ether, methyl propyl ether, dibutyl ether, ethylene glycol dim 
ethyl ether, tetrahydrofuran or dioxane), esters of aliphatic 
carboxylic acids or alcohols (e.g., C2-C4 alkyl esters of acetic 
acid), lactones (e.g., valerolactone), halogenated hydrocar 
bons (e. g., di- or trichloromethane, tetrachloroethane), or ali 
phatic C3-C8ketones (e.g., acetone, methyl propyl ketone, 
diethyl ketone, or methyl i- or t-butyl ketone). 

The reaction temperature is preferably in the range of 
about —30° C. to about 60° C. and more preferably in the 
range of about 5° C. to about 300 C. The reaction time may be 
controlled by monitoring the consumption of the compound 
of formula II or formula III either by on-line process analyt 
ics, or by recovering and analyZing samples off-line. 

Isolation of the compound of formula I may be performed 
by any suitable method including removal of the solvent by 
distillation of the reaction residue under reduced pres sure and 
loWer temperatures, such as up to about 100° C., preferably 
up to about 80° C. Isolation may also occur by partial removal 
of solvent to increase the concentration, ?ltering of impuri 
ties, precipitating the solid compound of formula I either by 
further concentration or addition of a non-solvent such as an 

aliphatic hydrocarbon (e. g., pentane, hexane, heptane, 
octane, cyclohexane, methylcyclohexane, or Water), ?ltering 
of the solid, and drying. The isolated compound of formula I 
may be puri?ed by knoWn methods such as distillation or 
chromatographic methods. 

It Was found that removal of impurities such as formed 
side-products prior to the isolation is a convenient route to 
produce the compound of formula I With high purity. It Was 
further found that puri?cation can be effectively improved by 
forming salts of the carbamide, Which can be precipitated as 
crystalline compounds and re-crystalliZed from solvents to 
remove impurities. The free carbamide of formula I is then 
deliberated by dissolution of the salt in Water, addition of a 
base, and extraction of the carbamide With an organic solvent. 
The organic solutions may be Washed With Water and aqueous 
sodium chloride before removal of the solvent by distillation, 
optionally under reduced pressure. Impurities may be 
removed in this method by precipitation or dissolution in 
Water in then use of a tWo phase systems. When precipitation 
of the salt is desired for easy isolation by ?ltration or cen 
trifugation, partial removal of the organic solvent and addi 
tion of fresh solvent may be carried out. Suitable solvents 
With loW salt solubility are aprotic organic solvents such as 
hydrocarbons, halogenated hydrocarbons, ethers, ketones, 
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14 
carboxylic acid esters and lactones, acetonitrile, and alcohols 
having at least 3 carbon atoms. 

Salt forming acids may be selected from inorganic or 
organic acids, such as mineral acids (HCl, HBr, HI, H2SO4), 
mono- or dicarboxylic acids (formic acid, acetic acid, oxalic 
acid, malonic acid, maleic acid, fumaric acid, succinic acid, 
tartaric acid) or sulfonic acids (methylsulfonic acid). The 
acids may be added as aqueous solutions in amounts su?i 
cient to form a solid or crystalline precipitate. The amount 
may range from about 0.5 to about 2 equivalents relative to the 
compound of formula I, depending mainly on the functional 
ity of the acid and the desired excess for complete and fast salt 
formation. 

The salts may be dissolved in Water and a non-Water mis 

cible organic solvent for the compound of formula I added to 
dissolve the deliberated compound of formula I When the base 
is added. Suitable bases include, but are not limited to, alka 
line earth metal hydroxides such as LiOH, NaOH or KOH. In 
one embodiment, the pH of the aqueous phase is greater than 
about 8.5. The reaction may be terminated from minutes to 1 
hour. The reaction is preferably stopped after 5 to 30 minutes. 
The organic phase is then separated, optionally Washed With 
Water and brine and/or ?ltered. The desired product may be 
obtained by removal of the solvent and drying, or by precipi 
tation With a non-solvent, ?ltration, and drying of the solid 
residue. The compound of formula I is obtained in high purity 
and yields. 
The starting materials for the above-described reaction can 

be obtained by knoWn and analogous methods. Speci?cally, 
the compound of formula II may be obtained by the reaction 
of N-methylpiperidine-4-one With 4-?uorobenZylamine in 
the presence of a metal hydride, for example according to the 
scheme 

H3C _ NC} 0 + 

NaBH(acetoxy)3 
F CH2 - NH; —> 

Compounds of formula III may be prepared by reacting 
4-hydroxybenZaldehyde With 
isobutylbromide) to form 4-isobutoxybenZaldehyde, Which 

isobutylhalogenide (e.g., 

may be converted With hydroxylamine to the aldoxime form: 
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The oxime may be catalytically hydrogenated With a palla 
dium catalyst to the corresponding 4-isobutoxybenZylamine, 
from Which the isocyanate of formula III may be obtained by 
reaction With phosgene. 

Crystalline form of N-(4-?uorobenZyl)-N-(1-meth 
ylpiperidin-4-yl)-N'-(4-(2-methylpropyloxy)phenyl 

methyl)carbamide (Form Y) 

Using the above-described method, the compound of for 
mula I is generally obtained substantially amorphous solid, 
Which may be admixed With small amounts of a crystalline 

form. It Was surprisingly found that a pure crystalline form 

can be obtained from the salt form, such as the hemi-tartrate 

salt, When deliberating the base under certain condition. This 
crystallisation can even be used to purify the base by re 

crystalliZation of salts or by re-crystalliZation of the base 
itself. 

Accordingly, in one embodiment, a crystalline form of 

N- (4 -?uorobenZyl) -N-(1 -methylpiperidin-4-yl)-N'-(4-(2 
methylpropyloxy)phenylmethyl)carbamide is provided that 
exhibits a characteristic melting point of about 124° C. (peak 

temperature), determined With Differential Scanning Calom 

etry (DSC) at a heating rate of 10° C./minute, hereinafter 
designated as form Y. The enthalpy of fusion of form Y is 

about 99 J/g. 

The X-ray poWder diffraction pattern of formY is depicted 
in FIG. 1. Speci?cally the X-ray poWder diffraction pattern 
exhibits the folloWing characteristic peaks expressed in d-val 

ues (A): 13.0 (vs), 10.9 (vs), 6.8 (vW), 6.5 (s), 6.2 (W), 5.2 (W), 
4.7 (m), 4.5 (W), 4.3 (s), 4.22 (vs), 4.00 (m), 3.53 (vW), 3.40 
(W), 3.28 (W), 3.24 (W), 3.19 (W), 3.08 (W), 2.91 (W), and 
2.72 (W). The abbreviations in parenthesis are used herein as 

folloWs: (vs)q/ery strong intensity, (s):strong intensity, 
(m):medium intensity, (W)qveak intensity, and (vW)q/ery 
Weak intensity. In various embodiments, formY is present in 
a solid form of the compound of formula I in amounts of at 

least about 50%, 70%, 80%, 90%, 95%, or 98%, With the 
remainder being other crystalline forms (including hydrates 
and solvates) and/or amorphous forms. 

Form Y is a very thermodynamically stable form of the 

compound of formula I. PoWder X-ray diffraction and DSC 
indicate the crystalline character of formY, and analysis of the 
elemental composition complies With compound of formula 
I. The crystalline formY of formula I is obtained as a White 

poWder. 
The compound of formula I is soluble in various organic 

solvents and shoWs a low solubility in Water. In contrast, salts 

of the compound of formula I are Well soluble in Water. These 

properties can be used for the preparation of FormY of the 

compound of formula I. For example, one process for forming 
Form Y includes: 

a) dissolution in Water under stirring of a salt form of 
formula I, preferably the hemi-tartrate salt; 
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b) addition of a su?icient amount of an organic aprotic 

solvent for the dissolution of the formed compound of 
formula I; 

c) adjusting of the pH of the aqueous salt solution to a value 
of at least 8.5 by addition of a base; 

d) optionally extracting the aqueous phase With the organic 
solvent and collecting all organic phases; 

e) removing a part of the solvent and cooling the remaining 
organic solution to less than 15° C.; 

f) holding at this temperature While optionally stirring; and 
g) ?ltering off the precipitate, Washing the solid residue, 

and drying it. 

The mother liquor can be again concentrated and cooled to 

increase the yield. Salt forming acids may be selected from 
inorganic or organic acids, such as mineral acids (e.g., HCl, 
HBr, HI, H2SO4, H3PO4), mono- or dicarboxylic acids (e.g., 
formic acid, acetic acid, oxalic acid, malonic acid, tartaric 
acid, maleic acid, fumaric acid, succinic acid), sulfonic acids 
(e.g., methylsulfonic acid), citric acid, glucuronic acid, malic 
acid, pamoic acid, or ethane-1,2-disulfonic acid. 

Suitable solvents are hydrocarbons such as toluene, halo 

genated hydrocarbons such as di- or trichloromethane, tetra 

chloroethane, esters of aliphatic carboxylic acids and alco 
hols (C2-C4alkyl esters of acetic acid) (ethyl acetate), 
lactones (valerolactone), ethers (diethylether, methylpropyl 
ether, t-butyl-methyl-ether, dibutyl ether, dimethyl ether), ali 
phatic C4-C8ketones (methyl propyl ketone, diethyl ketone or 
methyl i- or t-butyl ketone). The pH value in step c) may be 
advantageously adjusted to at least 9.5. Suitable bases 

include, but are not limited to aqueous alkaline or earth alka 

line metal hydroxides such as LiOH, NaOH, KOH or 

Ca(OH)2. 
Removal of a part of the solvent mainly serves to concen 

trate the organic solution so that it contains about 5 to about 30 

percent by Weight of the compound of formula I. The cooling 
temperature is preferably in the range of about —10 to about 
10° C. and most preferably about 0° C. to about 10° C. 

Storage time at this temperature optionally under stirring is 
preferably about 30 minutes to about 12 hours. Removal of 
residual solvent may be carried out in a conventional manner 

under vacuum, in an inert gas ?oW, or both. 

Formation of N-(4-?uorobenZyl)-N-(1-methylpiperi 
din-4 -yl)-N'-(4-(2-methylpropyloxy)phenylmethyl) 

carbamide hemi-tartrate 

The compound of formula I has a low solubility in Water. 
Accordingly, in some embodiments, forms of the compound 
are provided that are Water soluble and hence have enhanced 

bioavailability and improved processing characteristics for 
the preparation and formulation of drug compositions. It Was 
found that a hemi-tartrate of N-(4-?uorobenZyl)-N-(1 -meth 
ylpiperidin-4-yl)-N'-(4-(2-methylpropyloxy)phenylmethyl) 
carbamide is particularly suitable. Accordingly, one embodi 
ment provides N-(4-?uorobenZyl)-N-(1-methylpiperidin-4 
yl)-N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide 
hemi-tartrate according to the formula IV, 
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H CH3 

CH3 

C 2 0:0 
The compound of formula IV may be prepared as an inte 

grated part of the process for synthesizing the compound of 
formula I as described above by using tartaric acid as the salt 
forming acid. Alternatively, the tartrate salt may be formed by 
reaction of the isolated compound of formula I With tartaric 
acid. 

In one embodiment, N-(4-?uorobenZyl)-N-(1-methylpip 
eridin-4-yl)-N'-(4-(2-methylpropyloxy)phenylmethyl)car 
bamide hemi-tartrate is formed according to the folloWing 
method: 

a) react about 0.9 to about 1.1 equivalents of (4-?uoroben 
Zyl)-(1-methylpiperidin-4-yl)amine of formula II 

With 1 equivalent of 4-(2-methylpropyloxy)phenylm 
ethyl-isocyanate of formula III 

(II) 

(III) 
H3C 

b) add tartaric acid, and 
c) isolate the hemi-tartrate of the compound of formula I 

from the obtained suspension. 

The hemi-tartrate may also be obtained through precipitation 
by cooling, solvent removal, adding a non-solvent, or a com 
bination of these methods. In one embodiment, one or more 
solvents are added in step b) that have a low solubility for the 
hemi-tartrate, such as isopropyl acetate, a ketone (such as 
acetone or 2-butanone), and/ or tetrahydrofuran. The tempera 
ture in step b) is preferably from about 15 to about 300 C. The 
hemi-tartrate precipitates and forms a suspension, Which may 
be stirred for up to 3 days before ?ltering off the solid from the 
reaction mixture preferably at ambient conditions. The solid 
residue may be Washed, and then dried at temperatures up to 
50° C., if desired, under vacuum. 
The hemi-tartrate of formula IV is obtained in high yields 

and purity. The mother liquors can be used to isolate more 
hemi-tartrate of formula IV in the usual manner. The hemi 
tartrate may be further puri?ed by conversion to the free base 
of formula I and isolating a solution of the base, Which is then 
used to re-precipitate the hemi-tartrate by the addition of 
tartaric acid. 
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(IV) 

2 

Crystalline forms of N-(4-?uorobenZyl)-N-(1-meth 
ylpiperidin-4-yl)-N'-(4-(2-methylpropyloxy)phenyl 

methyl)carbamide hemi-tartrate (Forms A-C) 

It Was surprisingly found that the compound of formula IV 
can be obtained in a number of crystalline forms. One such 
crystalline solid form produced by the above-described 
method is hereinafter referred to crystalline form A. Crystal 
line form A generally contains some Water as demonstrated 
When subjected to heat in thermogravimetric analysis 
coupled to FT infrared spectroscopy, or by Karl Fischer titra 
tion. The Water content may range up to an amount of about 2 
to 3 percent by Weight, Which Would generally correspond to 
a hemi-hydrate. HoWever, the Water is only Weakly bound, 
since the Weight loss starts just above ambient temperature 
and is complete at about 1500 C. The Water can also easily be 
removed by treatment With dry nitrogen for a longer time 
(about up to 20 hours) and form A can also exist in a Water 
free state. DSC indicates that the melting point of the dehy 
drated form A is about 133-1350 C. (peak temperature) With 
an enthalpy of fusion of about 70 J/g. Form A shoWs a con 
siderable Water uptake When exposed to humidity, especially 
above 75% relative humidity. The Water is given off When the 
relative humidity is decreased to 50% and less. This behav 
iour is typical for a deliquescent solid. The compound of 
formula IV as crystalline formA is Well soluble in methanol, 
Water, or organic solvents admixed With Water. The com 
pound of formula IV shoWs a low solubility in other organic 
solvents. Crystalline form A may contain smaller amounts of 
crystalline form C (described beloW), When manufactured 
according to the above process. 
The X-ray poWder diffraction pattern of formA is depicted 

in FIG. 2. Speci?cally the X-ray poWder diffraction pattern 
exhibits the folloWing characteristic peaks expressed in d-val 
ues (A): 18.6 (s), 16.7 (vs), 10.2 (s), 8.2 (m), 7.7 (W), 7.4 (W), 
6.5 (W), 6.2 (m), 6.1 (vs), 5.86 (W), 5.14 (m), 5.03 (m), 4.78 
(m), 4.69 (m), 4.63 (s), 4.49 (s), 4.44 (vs), 4.35 (m), 4.10 (m), 
3.96 (s), and 3.66 (m). In various embodiments, form A is 
present in a solid form of the compound of formula IV in 
amounts ofat least about 50%, 70%, 80%, 90%, 95%, or 98%, 
With the remainder being other crystalline forms (including 
hydrates and solvates) and/or amorphous forms. 

Crystalline form A can be prepared in a controlled manner 
by crystallization from ethanol, optionally admixed With iso 
propanol. Accordingly, one embodiment is a process for the 
preparation of crystalline form A that includes: 

a) dissolving the compound of formula IV in ethanol or an 
admixture of ethanol and isopropanol at elevated tem 
perature; 

b) sloWly cooling the solution to a temperature of less than 
200 C.; and 
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c) ?ltering off the precipitated solid and drying it. 
In some embodiments, the mixtures of ethanol and isopro 

panol may contain up to about 15 and more preferably up to 
10 volume percent isopropanol. Ethanol is the preferred sol 
vent. It is also preferred to use dried ethanol, optionally in 
admixture With dry isopropanol. In some embodiments, the 
elevated temperature is from about 55 to about 90° C. and 
preferably from about 55 to about 65° C. The mixture is 
stirred at elevated temperatures until the compound of for 
mula IV is completely dissolved. SloW cooling may mean a 
cooling rate of about 0.1 to about 3° C./minute, preferably 
about 0.2 to about 2° C./minute, and particularly about 0.2 to 
about 1° C./minute. Crystallization started at beloW about 50° 
C. and it Was observed that a thick paste can form When 
stirring at such a temperature for about 1 hour. Heating again 
to the higher temperature and then cooling again generally 
results in a suspension, Which can be stirred at about 40 to 
about 50° C. and also When further cooling to a temperature of 
less than about 20° C., preferably about 5 to about 15° C. The 
cooling rate after stirring may be about 0.1 to about 3° 
C./minute and preferably about 0.3 to about 1° C./minute. 
The resulting crystalline solid is then ?ltered off and dried by 
sucking dry air through the ?lter cake at temperatures of about 
25 to less than about 40° C., preferably at about 30° C. Drying 
may be completed by keeping the pre-dried solid for a certain 
time under vacuum at ambient or elevated temperature. 

The compound of formula IV can be transformed to a 
completely amorphous form by dissolving the compound in a 
solvent such as for example Water and lyophiliZing the solu 
tion. The amorphous form can then be used to manufacture 
other polymorphic or pseudo-polymorphic forms. 

In one embodiment, another crystalline form of the com 
pound of formula IV is prepared using phase equilibration 
processes in a reproducible manner using ethyl acetate, 
acetone, methyl-ethyl ketone, or acetonitrile as solvent. This 
crystalline solid is hereinafter referred to crystalline form B. 
Crystalline form B may contain some Water, as demonstrated 
When subjected to heat in thermogravimetric analysis 
coupled to FT infrared spectroscopy, or by Karl Fischer titra 
tion. The Water content may range up to an amount of about 
3.4 percent by Weight. This amount generally indicates a 
monohydrate stable under ambient conditions (theoretical 
content Would be 3.5%). HoWever, Water is only Weakly 
bound, since a Weight loss is observed at ambient temperature 
and loW relative humidity of about less than 20% and form B 
can also exist in a Water-free state. The melting point of the 
dehydrated form B is about 135° C. With an enthalpy of fusion 
of about 71 J/g. Form B shoWs a considerable Water uptake 
When exposed to high humidity, especially above 80% rela 
tive humidity. HoWever, the hygroscopicity is less pro 
nounced than observed in form A and no deliquescence is 
found at high relative humidity of about 90%. 

The X-ray poWder diffraction pattern of form B is depicted 
in FIG. 3. Speci?cally the X-ray poWder diffraction pattern 
exhibits the folloWing characteristic peaks expressed in d-val 
ues (A): 17.4 (vs), 10.2 (s), 8.8 (W), 6.4 (W), 5.91 (vs), 5.46 
(W), 4.99 (m), 4.90 (m), 4.62 (m), 4.50 (vs), 4.37 (vs), 4.20 
(W), 3.87 (vs), 3.73 (W), 3.58 (m), 3.42 (W), and 2.90 (W). In 
various embodiments, form B is present in a solid form of the 
compound of formula IV in amounts of at least about 50%, 
70%, 80%, 90%, 95%, or 98%, With the remainder being 
other crystalline forms (including hydrates and solvates) and/ 
or amorphous forms. 

Crystalline form B can be prepared in a controlled manner 
by various processes. In one embodiment, it is precipitated 
from solutions in polar solvents such as Water or methylene 
chloride using non-solvents such as methylethylketone, hep 
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20 
tane, toluene, acetonitrile or ethyl acetate at temperatures of 
0-40° C., and subsequent phase equilibration substantially at 
room temperature. Another method is the equilibration of 
suspensions of other crystalline forms such as crystalline 
forms A or C or mixtures thereof in solvents such as acetoni 
trile, ethyl acetate, ethanol/methylethylketone, ethanol/ac 
etone, ethyl acetate saturated With Water, acetonitrile or ethyl 
acetate containing about 1 volume percent of Water at a tem 
perature from room temperature to about 40° C., optionally 
With temperature cycles. The equilibration of suspensions 
With the amorphous material of the compound of formula I at 
temperatures of 0 to about 45° C., optionally under the appli 
cation of temperature cycles, is a further method for the 
preparation of form B. Suitable solvents are heptane, ethyl 
acetate, acetonitrile, methylethylketone, ethylacetate or ter 
tiary-butylmethylether saturated With Water, or ethyl acetate/ 
ethanol containing 1 volume percent Water. 

It Was observed that crystal form A from the hemi-tartrate 
production can contain to some extent another polymorph 
form and further investigation revealed that this polymorph is 
neither a hydrate nor a solvate. This crystalline solid is here 
inafter referred to as crystalline form C. Crystalline form C 
may be prepared by suspension equilibration of crystalline 
forms A or B, preferably With addition of seeding crystals of 
form C. Crystalline form C is more thermodynamically and 
chemically stable than forms A or B. Crystalline form C 
absorbs much less Water than form A. Water absorption at 
about 95% relative humidity is only about 1% and no deli 
quescence or hygroscopicity is observed. The exposure to 
humidity does not result in a change of the crystalline form. 
Crystalline form C is stable at 75% relative humidity in an 
open container and does not absorb Water up to about 60° C. 
Thermogravimetric analysis results in a Weight loss of about 
0.9% beloW 150° C., Which can be attributed to absorbed 
Water. The investigation With DSC at a heating rate of 20° C. 
shoWs an endothermic signal at 177° C. With an enthalpy of 
fusion of about 129 J/ g. The signal is attributed to the melting 
(peak) temperature, Whereby ?rst decomposition of the sub 
stance is observed above 170° C. Solubility of crystalline 
form C in Water is very high. Crystalline form C is highly 
suitable as an active compound in the manufacturing and 
formulation of drugs. 
The X-ray poWder diffraction pattern of form C is depicted 

in FIG. 4. Speci?cally the X-ray poWder diffraction pattern 
exhibits the folloWing characteristic peaks expressed in d-val 
ues (A): 12.0 (W), 10.7 (vs), 7.4 (vW), 6.9 (vW), 6.6 (W), 6.2 
(W), 5.86 (m), 5.53 (W), 5.28 (m), 5.16 (m), 4.84 (vs), 4.70 
(m), 4.57 (s), 4.38 (m), 4.09 (W), 3.94 (W), 3.77 (s), 3.71 
(m),3.49 (W), 3.46 (W), 3.25 (W), 3.08 (W), and 2.93 (W). In 
various embodiments, form C is present in a solid form of the 
compound of formula IV in amounts of at least about 50%, 
70%, 80%, 90%, 95%, or 98%, With the remainder being 
other crystalline forms (including hydrates and solvates) and/ 
or amorphous forms. 

In one embodiment, a process is provided for the prepara 
tion of pure crystalline form C on a large scale for industrial 
production of the pharmaceutically active compound. It Was 
found that the crystallization from heated and then cooled 
solutions does not readily result in form C. It Was further 
found that form C can be manufactured in a controlled man 
ner, When crystalline forms A or B are equilibrated in suspen 
sion in the presence of a polar and aprotic solvent and seed 
crystals of form C are added. In an alternative to using seed 
crystals, a starting material may be used that contains some 
crystal form C after preparation of the compound of formula 
IV. The solid in the suspension may have crystals With a 
particle siZe in the range of 1 to about 200 and preferably 2 to 


































