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NOVEL CO - CRYSTALS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to and the benefit 
of U.S. Provisional Application Ser . No. 62 / 314,339 , filed on 
Mar. 28 , 2016 , the contents of which are hereby incorporated 
by reference in its entirety . 

was capable of forming co - crystals . An extensive co - crystal 
screen was undertaken , using 24 potential co - crystal formers 
and a variety of solvents and crystallization conditions . Two 
different ITI - 007 free base co - crystals were discovered , with 
nicotinamide and with isonicotinamide . Both co - crystals 
were obtained by slurry experiments in methanol . 
[ 0007 ] The disclosure thus provides novel co - crystal 
forms of ITI - 007 and nicotinamide and of ITI - 007 and 
isonicotinamide , which co - crystals are especially advanta 
geous for use in the preparation of galenic formulations , 
together with methods of making and using the same . 
[ 0008 ] Further areas of applicability of the present inven 
tion will become apparent from the detailed description 
provided hereinafter . It should be understood that the 
detailed description and specific examples , while indicating 
preferred embodiments of the invention , are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention . 

FIELD 

[ 0002 ] This disclosure relates to certain novel co - crystal 
forms of a substituted heterocycle fused gamma - carboline 
together with nicotinamide or isonicotinamide , the manu facture of such co - crystals , pharmaceutical compositions 
thereof , and use thereof , e.g. , in the treatment of diseases or 
abnormal conditions involving or mediated by the 5 - HT , 
receptor , serotonin transporter ( SERT ) , and / or dopamine 
D / D2 receptor signaling pathways . 

2A 

BACKGROUND BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0003 ] 1- ( 4 - fluoro - phenyl ) -4-6bR , 10aS ) -3 - methyl - 2,3 , 
6b , 9,10,10a - hexahydro - 1H , 7H - pyrido [ 3,4 " : 4,5 ] pyrrolo [ 1,2 , 
3 - de ] quinoxalin - 8 - yl ) -butan - 1 - one ( sometimes referred to 
as 4 - ( ( 6bR , 10aS ) -3 - methyl - 2,3,6b , 9,10,10a - hexahydro - 1H 
pyrido [ 3 ' , 4 " : 4,5 ] pyrrolo [ 1,2,3 - de ] quinoxalin - 8 ( 7H ) -yl ) -1 
( 4 - fluorophenyl ) -1 - butanone , or as ITI - 007 ) , has the follow 
ing structure : 

H 

[ 0009 ] The present invention will become more fully 
understood from the detailed description and the accompa 
nying drawings , wherein : 
[ 0010 ] FIG . 1 depicts an X - ray powder diffraction pattern 
for an ITI - 007 free base isonicotinamide co - crystal . 
[ 0011 ] FIG . 2 depicts an X - ray powder diffraction pattern 
for an ITI - 007 free base nicotinamide co - crystal . 
[ 0012 ] FIG . 3 depicts X - ray powder diffraction patterns 
for ITI - 007 free base nicotinamide co - crystals and nicoti 
namide reference . 
[ 0013 ] FIG . 4A and 4B depict over - layed X - ray powder 
diffraction patterns for scale - up batches of ITI - 007 free base 
isonicotinamide co - crystals . 
[ 0014 ] FIG . 5 depicts over - layed X - ray powder diffraction 
patterns for solids from solubility determination study . Pat 
tern ( 1 ) is the third batch co - crystal ; pattern ( 2 ) is isonico 
tinamide reference ; Patterns ( 3 ) to ( 10 ) are the solids 
obtained from solubility studies : ( 3 ) dichloromethane , ( 4 ) 
methyl t - butyl ether ; ( 5 ) acetone ; ( 6 ) ethyl acetate ; ( 7 ) 
ethanol ; ( 8 ) acetonitrile ; ( 9 ) toluene ; ( 10 ) acetic acid ( deg 
radation ) 

H 

DETAILED DESCRIPTION 

[ 0004 ] ITI - 007 is a potent 5 - HT2A receptor ligand 
( Ki = 0.5 nM ) with strong affinity for dopamine ( DA ) D2 
receptors ( Ki = 32 nM ) and the serotonin transporter ( SERT ) 
( Ki = 62 nM ) but negligible binding to receptors ( e.g. , H1 
histaminergic , 5 - HT2C , and muscarinic ) associated with 
cognitive and metabolic side effects of antipsychotic drugs . 
ITI - 007 is currently in clinical trials , i.a. , for treatment of 
schizophrenia . While ITI - 007 is a promising drug , its pro 
duction and formulation present challenges . In free base 
form , ITI - 007 is an oily , sticky solid , with poor solubility , 
not only in water but also in many organic solvents . Making 
salts of the compound has proven to be unusually difficult . 
A hydrochloride salt form of ITI - 007 was disclosed in U.S. 
Pat . No. 7,183,282 , but this salt is hygroscopic and shows 
poor stability . A toluenesulfonic acid addition salt ( tosylate ) 
of ITI - 007 was finally identified and described in WO 
2009/114181 . 
[ 0005 ] There is a need for alternative stable , pharmaceu 
tically acceptable solid forms of ITI - 007 , which can be 
readily incorporated into galenic formulations . 

[ 0015 ] The following description of the preferred embodi 
ment ( s ) is merely exemplary in nature and is in no way 
intended to limit the invention , its application , or uses . 
[ 0016 ] As used throughout , ranges are used as shorthand 
for describing each and every value that is within the range . 
Any value within the range can be selected as the terminus 
of the range . In addition , all references cited herein are 
hereby incorporated by referenced in their entireties . In the 
event of a conflict in a definition in the present disclosure 
and that of a cited reference , the present disclosure controls . 
[ 0017 ] Unless otherwise specified , all percentages and 
amounts expressed herein and elsewhere in the specification 
should be understood to refer to percentages by weight . The 
amounts given are based on the active weight of the mate 
rial . 
[ 0018 ] In a first embodiment , the invention provides 1- ( 4 
fluoro - phenyl ) -4-6bR , 10aS ) -3 - methyl - 2,3,6b , 9,10,10a 
hexahydro - 1H , 7H - pyrido [ 3,4 : 4,5 ] pyrrolo [ 1,2,3 - de ] qui 

SUMMARY 

[ 0006 ] Given the difficulties involved in making salts of 
ITI - 007 , it was decided to explore whether the compound 
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-continued 
XRPD peak list of the ITI - 007 free base - isonicotinamide co - crystal 

# Angle d Value Rel . Intensity 
7 
8 
9 

10 

25.62448 
31.55525 
34.91977 
36.72755 

3.473625 
2.83298 
2.567342 
2.445016 

0.000299336 
0.000438692 
0.001780752 
0.00088104 

noxalin - 8 - yl ) -butan - 1 - one ( ITI - 007 ) free base in the form of 
a co - crystal ( Co - crystal 1 ) . The invention therefore provides 
the following : 

[ 0019 ] 1.1 . Co - crystal 1 wherein the co - crystal is 
between ITI - 007 and a second compound selected from 
nicotinamide and isonicotinamide . 

[ 0020 ] 1.2 . Co - crystal 1 or 1.1 in dry crystalline form . 
[ 0021 ] 1.3 . Co - crystal 1.2 in a homogeneous crystal 

form , free or substantially free of other forms , e.g. , free 
or substantially free , e.g. , less than 10 wt . % , preferably 
less than about 5 wt . % , more preferably less than about 
2 wt . % , still preferably less than about 1 wt . % , still 
preferably less than about 0.1 % , most preferably less 
than about 0.01 wt . % of amorphous forms . 

[ 0022 ] 1.4 . Any foregoing Co - crystal when crystallized 
from a mixture of ITI - 007 in free base form and a 
second compound selected from nicotinamide and 
isonicotinamide , e.g. in an organic solvent , e.g. , com 
prising methanol or ethanol , which solvent is removed 
to provide the co - crystal ; e.g. , wherein the ITI - 007 and 
the second compound are in a molar ratio of about 1 : 1 , 
and the solvent is methanol or ethanol . 

[ 0023 ] 1.5 . Co - crystal 1.4 , wherein the second com 
pound is nicotinamide , and the Co - crystal is crystal 
lized from methanol . 

[ 0024 ] 1.6 . Co - crystal 1.4 , wherein the second com 
pound is nicotinamide , and the Co - crystal is crystal 
lized from ethanol . 

[ 0025 ] 1.7 . Co - crystal 1.4 , wherein the second com 
pound is isonicotinamide , and the Co - crystal is crys 
tallized from methanol . 

[ 0026 ] 1.8 . Any foregoing Co - crystal which is an ITI 
007 free base - isonicotinamide co - crystal . 

[ 0027 ] 1.9 . Any foregoing Co - crystal which is an ITI 
007 free base - isonicotinamide co - crystal wherein a 
DSC analysis shows an endothermic event at about 
150 ° C .; e.g. wherein a DSC./TGA analysis shows an 
endothermic event at Tonset = 136.7 ° C. , Tpeak = 149.5 ° C . 
and AE = -38.1 J / g . 

[ 0028 ] 1.10 . Any foregoing Co - crystal which is an 
ITI - 007 free base - isonicotinamide co - crystal having an 
X - ray powder diffraction pattern corresponding to the 
d - spacing and / or angle ( 2 - theta ) values of the following 
table , for example at least five , or at least six , or at least 
seven , or at least eight of said values , e.g. , taking into 
account potential variations due to sample purity and 
instrument variation , for example 20 shifts due to 
variation in X - ray wavelength , e.g. , wherein the X - ray 
powder diffraction pattern is generated using an X - ray 
diffractometer with a copper anode and a nickel filter , 
e.g. , comprising at least those peaks having a relative 
intensity of at least 0.1 , e.g. , comprising at least peaks 
5 and 6 : 

[ 0029 ] 1.11 . Any foregoing Co - crystal which is an ITI 
007 free base - isonicotinamide co - crystal having an 
X - ray powder diffraction pattern corresponding to FIG . 
1 or FIG . 4 , e.g. , taking into account potential varia 
tions due to sample purity and instrument variation , for 
example 20 shifts due to variation in X - ray wavelength , 
e.g. , an X - ray powder diffraction pattern having the 
peak list shown in Table 1 , Table 3 or Table 4 , generated 
using an X - ray diffractometer with a copper anode and 
a nickel filter . 

[ 0030 ] 1.12 . Any foregoing Co - crystal which is an 
ITI - 007 free base - isonicotinamide co - crystal having an 
X - ray powder diffraction pattern having at least 5 , or at 
least 6 , or at least 7 , or at least 8 , peaks having angle 
( 2 - theta ) values selected from the group consisting of 
about 7.89 , 11.51 , 15.68 , 20.83 , 23.09 , 23.55 , 25.62 , 
31.56 , 34.92 , and 36.73 , taking into account potential 
variations due to sample purity and instrument varia 
tion , wherein the X - ray powder diffraction pattern is 
generated using an X - ray diffractometer with a copper 
anode and a nickel filter . 

[ 0031 ] 1.13 . Any foregoing Co - crystal which is an 
ITI - 007 free base - isonicotinamide co - crystal having an 
X - ray powder diffraction pattern having at least 5 , or at 
least 6 , or at least 7 , or at least 8 , peaks having 
d - spacing values selected from the group consisting of 
about 11.19 , 7.68 , 5.65 , 4.26 , 3.85 , 3.78 , 3.48 , 2.83 , 
2.57 , and 2.45 , taking into account potential variations 
due to sample purity and instrument variation , wherein 
the X - ray powder diffraction pattern is generated using 
an X - ray diffractometer with a copper anode and a 
nickel filter . 

[ 0032 ] 1.14 . Any foregoing Co - crystal which is an 
ITI - 007 free base - isonicotinamide co - crystal having an 
X - ray powder diffraction pattern having at least 5 , or at 
least 6 , or at least 7 , or at least 8 , peaks having angle 
( 2 - theta ) values and / or d - spacing values as provided in 
1.12 and 1.13 . 

[ 0033 ] 1.15 . Any foregoing Co - crystal which is an 
ITI - 007 free base - isonicotinamide co - crystal having an 
X - ray powder diffraction powder having relative angle 
( 2 - theta ) values as provided in the table of embodiment 
1.10 , wherein the values are shifted by up to +/- 0.2 
degrees , e.g. , wherein the values are substantially uni 
formly shifted by up to +/- 0.2 degrees . 

[ 0034 ] 1.16 . Any foregoing Co - crystal which is an 
ITI - 007 free base - nicotinamide co - crystal . 

[ 0035 ] 1.17 . Any foregoing Co - crystal which is an 
ITI - 007 free base - nicotinamide co - crystal wherein a 
DSC analysis shows an endothermic event at about 
150 ° C. 

[ 0036 ] 1.18 . Any foregoing Co - crystal which is an 
ITI - 007 free base - nicotinamide co - crystal having an 
X - ray powder diffraction pattern corresponding to the 

XRPD peak list of the ITI - 007 free base - isonicotinamide co - crystal 

# Angle d Value Rel . Intensity 

2 
3 
4 

7.894514 
11.5064 
15.68352 
20.83351 
23.08702 
23.54637 

11.19002 
7.684276 
5.645802 
4.26035 
3.849343 
3.775279 

0.00066558 
0.03429963 
0.000495557 
0.002273225 

1 
6 0.1108958 
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upper pattern in FIG . 2 , e.g. , taking into account 
potential variations due to sample purity and instrument 
variation , for example 20 shifts due to variation in 
X - ray wavelength , e.g. , an X - ray powder diffraction 
pattern corresponding to the upper pattern in FIG . 2 
generated using an X - ray diffractometer with a copper 
anode and a nickel filter . 

[ 0037 ] 1.19 . Any foregoing Co - crystal wherein the ITI 
007 is deuterated , e.g. , wherein the deuterium : protium 
ratio at one or more specified positions in the molecule 
is significantly higher , e.g. , at least 2x , for example at 
least 10x higher , than the natural isotope ratios or the 
isotope ratios at other positions in the molecule at ; for 
example , any foregoing form of Co - crystal 1 wherein 
the CH2 adjacent to the methylated nitrogen moi 
ety and / or adjacent to the carbonyl moiety of ITI - 007 is 
deuterated , e.g. , is in the form of — CHD- or -CD2- at 
levels which are significantly higher than the natural 
deuterium : protium isotope ratio or the deuterium : pro 
tium isotope ratio at other positions in the molecule , 
and / or wherein the methyl group is deuterated , e.g. , is 
CD3- , e.g. , at levels which are significantly higher than 
the natural deuterium : protium isotope ratio or the deu 
terium : protium isotope ratio at other positions in the 
molecule , e.g. , as described in WO 2015/154025 , the 
contents of which are incorporated herein by reference . 

[ 0038 ] 1.20 . Any foregoing form of Co - crystal 1 exhib 
iting any combination of characteristics as described in 
1.1-1.19 . 

[ 0039 ] In another embodiment , the invention provides a 
process ( Process 1 ) for the production of Co - crystal 1 , 
comprising 

[ 0040 ] ( a ) combining 1- ( 4 - fluoro - phenyl ) -4 - ( ( 6bR , 
10aS ) -3 - methyl - 2,3,6b , 9,10,10a - hexahydro - 1H , 7H 
pyrido [ 3 ' , 4 " : 4,5 ] pyrrolo [ 1,2,3 - de ] quinoxalin - 8 - yl ) -bu 
tan - 1 - one ( ITI - 007 ) free base with a second compound 
selected from nicotinamide and isonicotinamide , e.g. , 
together with an organic solvent , e.g. , comprising 
methanol ; e.g. , wherein the ITI - 007 and the second 
compound are in a molar ratio of about 1 : 1 , and the 
solvent is methanol ; and 

[ 0041 ] ( b ) removing the solvent and recovering the 
Co - crystal thus formed , e.g. , recovering a Co - crystal 
according to any of Co - crystal 1-1.20 above . 

[ 0042 ] In another embodiment , the invention provides a 
method of purifying 1- ( 4 - fluoro - phenyl ) -4- ( 6bR , 10aS ) -3 
methyl - 2,3,66,9,10,10a - hexahydro - 14,7H - pyrido [ 3,4 " : 4,5 ] 
pyrrolo [ 1,2,3 - de ] quinoxalin - 8 - yl ) -butan - 1 - one ( ITI - 007 ) in 
free or salt form , comprising combining crude ITI - 007 with 
a second compound selected from nicotinamide and isoni 
cotinamide , in the presence of a solvent , e.g , comprising 
methanol , removing the solvent and recovering the Co 
crystal thus formed , e.g. , in accordance with Process 1 , and 
optionally converting the Co - crystal back to ITI - 007 free 
base or to a desired salt form . 
[ 0043 ] In another embodiment , the invention provides the 
use of a compound selected from nicotinamide and isoni 
cotinamide in a method of isolating and / or purifying ITI 
007 . 
[ 0044 ] In another embodiment , the invention provides a 
pharmaceutical composition comprising Co - crystal 1 , e.g. , 
any of Co - crystal 1.1-1.20 , as active ingredient , in combi 
nation or association with a pharmaceutically acceptable 
diluent or carrier . 

[ 0045 ] In another embodiment , the invention provides a 
pharmaceutical composition comprising Co - crystal 1 , e.g. , 
any of Co - crystal 1.1-1.20 , as active ingredient , in combi 
nation or association with a pharmaceutically acceptable 
diluent or carrier , wherein the Co - crystal 1 is predominantly , 
or is entirely or substantially entirely , in dry crystalline form . 
[ 0046 ] Co - crystal 1 , e.g. , any of Co - crystal 1.1-1.20 , are 
found to be relatively insoluble . While the free base is poorly 
soluble , it does not form crystals and is difficult to formulate . 
Salt forms are quite soluble , but may provide undesirably 
fast dissolution in extended release formulations . In a par 
ticular embodiment , therefore , the invention provides a 
pharmaceutical composition for extended release of ITI - 007 , 
comprising Co - crystal 1 , e.g. , any of Co - crystal 1.1-1.20 , as 
active ingredient , in combination or association with a 
pharmaceutically acceptable diluent or carrier , e.g. , wherein 
the pharmaceutical composition is in the form of an inject 
able depot for extended release . 
[ 0047 ] In another embodiment , the invention provides 
Co - crystal 1 , e.g. , any of Co - crystal 1.1-1.20 , or a pharma 
ceutical composition comprising Co - crystal 1 , e.g. , any of 
Co - crystal 1.1-1.20 , for use in treating a disease or abnormal 
condition involving or mediated by the 5 - HT22 receptor , 
serotonin transporter ( SERT ) , and / or dopamine D / D , recep 
tor signaling pathways , e.g. , a disorder selected from obe 
sity , anorexia , bulemia , depression , anxiety , psychosis , 
schizophrenia , migraine , obsessive - compulsive disorder , 
sexual disorders , depression , schizophrenia , migraine , atten 
tion deficit disorder , attention deficit hyperactivity disorder , 
obsessive - compulsive disorder , sleep disorders , conditions 
associated with cephalic pain , social phobias , or dementia . 
[ 0048 ] In another embodiment , the invention provides a 
method for the prophylaxis or treatment of a human suffer 
ing from a disease or abnormal condition involving or 
mediated by the 5 - HT24 receptor , serotonin transporter 
( SERT ) , and / or dopamine Di / D2 receptor signaling path 
ways , e.g. , a disorder selected from obesity , anorexia , 
bulemia , depression , anxiety , psychosis , schizophrenia , 
migraine , obsessive - compulsive disorder , sexual disorders , 
depression , schizophrenia , migraine , attention deficit disor 
der , attention deficit hyperactivity disorder , obsessive - com 
pulsive disorder , sleep disorders , conditions associated with 
cephalic pain , social phobias , or dementia , comprising 
administering to a patient in need thereof a therapeutically 
effective amount of any of Co - crystal 1-1.20 . 

EXAMPLES 

[ 0049 ] The following equipment and methods are used to 
isolate and characterize the exemplified co - crystal forms : 
[ 0050 ] X - ray powder diffraction ( XRPD ) : The X - ray pow 
der diffraction studies are performed using a Bruker AXS D2 
PHASER in Bragg - Brentano configuration , equipment 
# 1549 / # 2353 . The equipment uses a Cu anode at 30 kV , 10 
mA ; sample stage standard rotating ; monochromatization by 
a KB - filter ( 0.5 % Ni ) . Slits : fixed divergence slits 1.0 mm 
( = 0.61 ° ) , primary axial Soller slit 2.5º , secondary axial 
Soller slit 2.5º . Detector : Linear detector LYNXEYE with 
receiving slit 5 ° detector opening . The standard sample 
holder ( 0.1 mm cavity in ( 510 ) silicon wafer ) has a minimal 
contribution to the background signal . Measurement condi 
tions : scan range 5-45 ° 20 , sample rotation 5 rpm , 0.5 s / step , 
0.010 ° / step , 3.0 mm detector slit ; and all measuring condi 
tions are logged in the instrument control file . As system 
suitability , corundum sample A26 - B26 - S ( NIST standard ) is 
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measured daily . The software used for data collection is 
Diffrac.Commander v2.0.26 . Data analysis is done using 
Diffrac.Eva v1.4 . No background correction or smoothing is 
applied to the patterns . 
[ 0051 ] Simultaneous thermogravimetry ( TGA ) and differ 
ential scanning calorimetry ( DSC ) or TGA / DSC analysis : 
The TGA / DSC studies are performed using a Mettler Toledo 
TGA / DSC1 Stare System , equipment # 1547 , auto - sampler 
equipped , using pin - holed Al - crucibles of 40 ul . Measure 
ment conditions : 5 min 30.0 ° C. , 30.0-350.0 ° C. with 10 ° 
C./min . , N2 flow of 40 ml / min . The software used for 
instrument control and data analysis is STARe v12.10 . 
[ 0052 ] Differential scanning calorimetry ( DSC ) : The DSC 
studies are performed using a Mettler Toledo DSC1 STARE 
System , equipment # 1564 . The samples are made using Al 
crucibles ( 40 ul ; pierced ) . Typically 1-8 mg of sample is 
loaded onto a pre - weighed Al crucible and is kept at 30 ° C. 
for 5 minutes , after which it is heated at 10 ° C./min from 30 ° 
C. to 350 ° C. and kept at 350 ° C. for 1 minute . A nitrogen 
purge of 40 ml / min is maintained over the sample . As system 
suitability check Indium and Zinc are used as references . 
The software used for data collection and evaluation is 
STARe Software v12.10 build 5937. No corrections are 
applied to the thermogram . 
[ 0053 ] Polarized light microscopy ( PLM ) : The micros 
copy studies are performed using an AxioVert 35M , 
equipped with an AxioCamERc 5s , equipment # 1612 . The 
microscope is equipped with four lenses : Zeiss A - Plan 
5x / 0.12 , Zeiss A - Plan 10x / 0.25 , LD A - Plan 20x / 0.30 and 
Achros TIGMAT 32x / 0.40 . Data collection and evaluation is 
performed using Carl Zeiss Zen AxioVision Blue Edition 
Lite 2011 v1.0.0.0 software . A small amount of sample is 
loaded on an object glass and carefully spread until a thin 
layer is obtained . 
[ 0054 ] Dynamic Vapour Sorption ( DVS ) : The Dynamic 
Vapour Sorption studies are performed using a Surface 
Measurement Systems Ltd. DVS - 1 No Video , equipment 
# 2126 . The sample is loaded into a balance pan , typically 
20-30 mg , and equilibrated at 0 % RH . After the material was 
dried , the RH is increased with 10 % per step for 1 hour per 
increment , ending at 95 % RH . After completion of the 
sorption cycle , the sample was dried using the same method . 
The software used for data collection is DVSWin v3.01 No 
Video . Data analysis is performed using DVS Standard 
Analysis Suite v6.3.0 ( Standard ) . 
[ 0055 ] Particle size distribution ( PSD ) : The particle size 
distribution studies are performed using a Malvern Instru 
ments Mastersizer , equipment # 1712 . The Mastersizer uses 
a 300RF lens range of 0.05 um - 900 mm . Polydisperse is 
used as analysis model . Measurement conditions : before 
each sample measurement a background measurement is 
performed , the background scan time is 12 seconds ( 12000 
snaps ) . Each sample is dispersed in Multipar G , refractive 
index of 1.42 . The obscuration range on sample dispersion 
is between 10 % -30 % . Each sample is measured 6 times at 
t = 0 and t = 30 minutes and the measurement scan time is 10 
seconds ( 10000 snaps ) . The targeted stirring speed of the 
sample dispersion unit is 2000 10 rpm . Data collection and 
evaluation is performed using Mastersizer S Version 2.19 
software . 
[ 0056 ] Capillary Melting Point : The capillary melting 
point is determined on a Büchi Melting Point B - 545 , equip 
ment # 000011 , conform USP guidelines . 

[ 0057 ] X - ray fluorescence ( XRF ) : The X - ray fluorescence 
studies are performed using a Bruker AXS S2 RANGER , 
equipment # 2006 . Using an end - window X - ray tube with 
Palladium anode and an ultra - thin Beryllium window ( 75 
um ) for superior light element analysis . As detector the 
Xflash V5 detector with Cr , Ti , Al , Ta collimator ( energy 
resolution < 129 eV FWHM at 100000 cps Mnka ) is used . 
The S2 Ranger is equipped with an autosampler with 
integrated 28 position X - Y automatic sample changer with 
exchangeable tray , which allows maximum sample diameter 
of 40 mm . Samples are mounted in steel rings of 51.5 mm 
diameter for automatic operation . Measurement conditions : 
disposable liquid cups ( 35 mm inner diameter , 40 mm outer 
diameter ) with polypropylene foil 5 um . As system suitabil 
ity check a copper disk is measured daily and a glass disk , 
containing several elements , is measured weekly . The soft 
ware used for data collection is S2 Ranger Control Software 
V4.1.0 . Data analysis is performed using SPECTRA EDX 
V2.4.3 evaluation software . No background correction or 
smoothing is applied to the patterns . 
[ 0058 ] Fourier transform infrared spectroscopy ( FT - IR ) : 
The FT - IR studies are performed using a Thermo Scientific 
Nicolet iS50 , equipment # 2357. An attenuated total reflec 
tance ( ATR ) technique was used with a beam splitter of KBr . 
Experiment setup of the collected sample is used number of 
scans 16 with a resolution of 4from 400 cm - 1 to 4000 cm - 1 . 
The software OMNIC version 9.2 is used for data collection 
and evaluation . 
[ 0059 ] Thermogravimetric analysis ( TGA ) with infrared 
spectroscopy ( TGA - IR ) : In TGA - IR , the off - gassing mate 
rials are directed through a transfer line to a gas cell , where 
the infrared light interacts with the gases . The temperature 
ramp and first derivative weight loss information from the 
TGA is shown as a Gram - Schmidt ( GS ) profile ; the GS 
profile essentially shows the total change in the IR signal 
relative to the initial state . In most cases , the GS and the 
derivative weight loss will be similar in shape , although the 
intensity of the two can differ . For this experiment are two 
devices coupled to each other . The TGA studies are per 
formed using a Mettler Toledo TGA / DSC1 STARe System 
with a 34 - position auto sampler , equipment # 1547 . The 
samples are made using Al crucibles ( 100 ul ; pierced ) . 
Typically 20-50 mg of sample is loaded into a pre - weighed 
Al crucible and is kept at 30 ° C. for 5 minutes after which 
it is heated at 10 ° C./min from 30 ° C. to 350 ° C. A nitrogen 
purge of 40 ml / min is maintained over the sample . The 
TGA - IR module of the Nicolet iS50 is coupled to the 
TGA / DSC1 . The IR studies were performed using a Thermo 
Scientific Nicolet iS50 , equipment # 2357. Experiment setup 
of the collected series , the profile Gram - Schmidt is used 
number of scans 10 with a resolution of 4. The software 
OMNIC version 9.2 is used for data collection and evalua 
tion . 
[ 0060 ] High performance liquid chromatography ( HPLC ) : 
The high performance liquid chromatography analyses are 
performed on LC . - 31 , equipped with an Agilent 1100 series 
G1322A degasser equipment # 1894 , an Agilent 1100 series 
G1311A quaternary pump equipment # 1895 , an Agilent 
1100 series G1313A ALS equipment # 1896 , an Agilent 1100 
series G1318A column equipment # 1897 and an Agilent 
1100 series G1314A VWD equipment # 1898 / LC . - 34 , 
equipped with an Agilent 1200 series G1379B degasser 
equipment # 2254 , an Agilent 1100 series G1311A quater 
nary pump equipment # 2255 , Agilent 1100 series G1367A 
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WPALS equipment # 1656 , an Agilent 1100 series G1316A 
column equipment # 2257 and an Agilent 1100 series 
G1315B DAD equipment # 2258 . Data is collected and 
evaluated using Agilent ChemStation for LC systems Rev. 
B.04.02 [ 96 ] . Solutions are prepared as follows : Mobile 
phase A : Add 800 ml of MilliQ water to a 1L volumetric 
flask . Add 1 ml of TFA and homogenize . Fill up to the mark 
with MilliQ ; Mobile phase B : Add 800 ml of Acetonitrile to 
a 1L volumetric flask . Add 1 ml of TFA and homogenize . Fill 
up to the mark with Acetonitrile ; Diluent : 50/50 MeOH / 
ACN . 

to give a brown sticky solid . XRPD analysis shows the 
brown sticky solid to be crystalline , as shown in FIG . 1 , 
ITI - 007 free base - isonicotinamide co - crystal has formed . 
The corresponding peak list is showing in Table 1. The 
XRPD shows clustered peaks which is likely due to pre 
ferred orientation . 

TABLE 1 

XRPD peak list of ITI - 007 free base - isonicotinamide 
co - crystal ( Cu anode , Ni filter ) 

# Angle d Value Rel . Intensity 
Example 1 

0.00066558 
0.03429963 
0.000495557 
0.002273225 

2 
3 
4 
5 
6 
7 
8 

1 

7.894514 
11.5064 
15.68352 
20.83351 
23.08702 
23.54637 
25.62448 
31.55525 
34.91977 
36.72755 

11.19002 
7.684276 
5.645802 
4.26035 
3.849343 
3.775279 
3.473625 
2.83298 
2.567342 
2.445016 

0.1108958 
0.000299336 
0.000438692 
0.001780752 
0.00088104 10 

Co - Crystal Screen 
[ 0061 ] Solubility of free base in various solvents is evalu 
ated , and based on the results of the solubility range , suitable 
solvents are selected for the co - crystal screen . Co - crystal 
formation is based on hydrogen bonding and stacking of the 
molecules , meaning the co - former selection is based on 
active groups . Grinding is a method to form co - crystals , 
however the free base itself is an oil / sticky solid and 
therefore not suitable for this method . The free base and 
counter ion are added to a solution in a certain ratio to give 
the chance to form a co - crystal , similar to salt formation . We 
found the best method is to add a saturated solution of the 
co - former to that of the free base to find an optimal ratio for 
co - crystal formation . 
[ 0062 ] Three different experiments are performed with 
each of 26 candidate co - formers , which include sugar alco 
hols , amino acids , and other compounds identified as having 
potential to for co - crystals ; adding solutions stepwise , slurry 
experiments and cooling crystallization experiments . The 
free base and co - former are dissolved prior to adding to each 
other . Co - formers are added in a 1 : 1 , 2 : 1 and 1 : 2 ratio to the 
free base . All experiments are performed using four different 
solvents , methanol , acetonitrile , ethyl acetate and toluene . 
All solids are characterized by XRPD . Two different ITI - 007 
free base co - crystals formed , with nicotinamide and with 
isonicotinamide . Both co - crystals were obtained by slurry 
experiments in methanol . 

[ 0065 ] The free base - isonicotinamide co - crystal is also 
analyzed by DVS , DSC./TGA and HPLC . The results are 
summarized in Table 2. DSC./TGA analysis shows one 
endothermic event at T ) Conset = 136.7 ° C. , Tpeak = 149.5 ° C. and 
AE = -38.1 J / g . TGA shows three different mass losses , 2.4 % 
in a temperature range of 40 ° C. - 140 ° C. , 12.4 % in a 
temperature range of 150 ° C. - 240 ° C. and 49.33 % , decom 
position , in a temperature range of 250 ° C. - 330 ° C. Analysis 
of the HPLC data shows both the free base ( 70 area % ) and 
isonicotinamide ( 24 % ) to be present . Analysis of the 
IH - NMR data shows the free base and isonicotinamide to be 
present , no shifts are observed , meaning a co - crystal has 
been formed . FT - IR confirms the chemical structure . Analy 
sis of the DVS data shows a long drying curve for the 
co - crystal . Only 0.2 % mass uptake can be observed at 95 RH 
% , indicating the co - crystal is not hygroscopic . 

TABLE 2 

Analytical results scale - up of the FP - 212 
free base - isonicotinamide co - crystal Example 2 

HPLC 
purity 
( area 
% ) 

Hygroscopicity 
( % ) 

Mass 
loss 
( % ) Solvent 

DSC 
( Tpeak ° C . ) Appearance 

Methanol 0.2 150 95 * Brown sticky 
solid 

2 
12 
49 

I peak * Free base & co - former 

Isonicotinamide Co - Crystal 
[ 0063 ] Isonicotinamide forms a possible co - crystal with 
ITI - 007 free base by slurrying the mixture in methanol and 
ethyl acetate , appearing as a red / brown and yellow solid 
respectively . TGA - DSC analysis of the experiment using 
isonicotinamide in methanol results in two endothermic 
events , k = 145º C. and To Speak = 185 ° C. Both endothermic 
events do not correspond to the free base or the co - former , 
which means ITI - 007 free base - isonicotinamide co - crystal is 
formed . HPLC and ' H - NMR analyses confirm both of the 
free base and the co - former to be present . Using isonicoti 
namide in ethyl acetate , however , does not result in a 
co - crystal and , no endothermic event is present in the 
TGA / DSC analysis . 
[ 0064 ] The slurry experiment in methanol is repeated at a 
gram scale . First , ITI - 007 free base and isonicotinamide are 
each dissolved in methanol . Subsequently , the obtained 
solutions are mixed in a 1 : 1 ratio and the resulting mixture 
is stirred at room temperature for 2 hours . The mixture 
remains a clear solution , which is evaporated under vacuum 

[ 0066 ] In second and third experiments employing sub 
stantially similar conditions for co - crystal formation , each at 
a 1 - gram scale , second batch and third batches of ITI - 007 
free base - isonicotinamide co - crystal are obtained having the 
XPRD Peak list shown in Tables 3 and 4 , and the XPRD 
patterns shown in overlay in FIGS . 4A and 4B ( zoom - in ) . 
The two XRPD images show similar characteristics , but 
with signals shifted slightly . The total number of counts on 
the third batch is lower than for the second batch , which 
suggests that the third batch might be less crystalline . 
Analytical results for these co - crystals are as shown in Table 
5. DSC , TGA and IR are also similar , although the third 
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TABLE 5 - continued batch shows slightly higher hygroscopicity . 1H - NMR mea 
surements are substantially the same between the two 
samples . Analytical results of second and third scale - ups of 

the ITI - 007 free base - isonicotinamide co - crystal 

TABLE 3 

XRPD peak list of ITI - 007 free base - isonicotinamide 
co - crystal ( Cu anode , Ni filter ) 

Mass 1 H 
loss NMR 
( % ) Ratio 

Hygro DSC ( prior ( free 
scopicity ( T melt base / co- IR 

( % ) C. ) event ) former ) ( comparison % ) 
peak 

# Angle d Value Rel . Intensity Batch XRPD 

1 3 0.9 149 1.68 1 : 1 Clus 
tered 
peaks 

86 % free base 
18 % co - former 2 

3 
4 
5 
6 

0.002458 
0.013524 
0.017218 
0.004795 
0.009079 
0.569613 

7.963882 
11.65348 
11.78524 
15.72311 
22.50592 
23.22379 
23.37663 
23.53861 
28.64521 
31.57043 
35.14606 
36.78199 

11.0927 
7.587623 
7.503086 
5.631677 
3.947402 
3.826982 
3.802305 
3.776506 
3.113816 
2.831653 
2.551328 
2.441522 

1 7 
8 
9 

10 
11 

0.608281 
0.004175 
0.004148 
0.004628 
0.002748 12 

TABLE 4 

XRPD peak list of ITI - 007 free base - isonicotinamide 
co - crystal ( Cu anode , Ni filter ) 

[ 0067 ] Using the third batch of ITI - 007 free base - isoni 
cotinamide co - crystal , solubility studies are performed using 
the shake flask method . About 10 mg of co - crystal is 
weighed into a vial and solvent is added stepwise . As some 
solvents are added , crystallization is observed . The use of 
methanol , acetone or ethanol results in dissolution of the 
co - crystal to yield a solution . Subsequent evaporation pro 
duces solids which are analyzed by XPRD . In contrast , the 
use of dichloromethane , methyl t - butyl ether , ethyl acetate , 
acetonitrile or toluene results in the immediate formation of 
crystals as the solvent is added . Obtained crystals are 
isolated and are also analyzed by XRPD . XRPD patterns for 
the material obtained from methanol , dichloromethane , 
methyl t - butyl ether , acetone , ethyl acetate , ethanol , acetoni 
trile and toluene all show a common new XPRD pattern with 
the dominant peak offset from the original co - crystal major 
peak . These XPRD patterns are shown in overlay in FIG . 5 , 
and they suggest the formation of an additional co - crystal 
form or a co - crystal polymorph . The use of water or n - hep 
tane in the solubility study results in no interaction with the 
original co - crystal , while the use of acetic acid results in 
immediate degradation . 

# Angle d Value Rel . Intensity 
1 
2 

4 . 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

0.002930797 
0.009636792 
0.01243575 
0.007486716 
0.01767226 
0.01881626 
0.02451535 
0.03924818 
0.5554008 
0.6624928 

1 
Example 2 

10.01664 
11.30988 
11.55688 
14.6707 
18.59368 
20.89626 
22.01591 
22.29845 
22.75855 
23.01218 
23.14237 
23.35175 
23.77056 
25.32314 
25.5077 
25.65148 
28.32257 
28.45931 
28.88088 
29.81001 
29.99828 
31.99688 
32.12895 
32.37051 
36.45062 
36.66513 

8.823558 
7.817352 
7.650827 
6.033215 
4.768201 
4.247697 
4.034141 
3.983659 
3.904153 
3.861693 
3.840262 
3.806301 
3.740178 
3.514273 
3.489263 
3.47003 
3.148551 
3.133733 
3.088941 
2.994745 
2.976378 
2.794879 
2.783691 
2.763468 
2.462954 
2.449035 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0.2673292 
0.05490891 
0.0251736 
0.01991081 
0.01780625 
0.007050483 
0.01060648 
0.01418584 
0.007920966 
0.006387871 
0.008947632 
0.01130965 
0.007447935 
0.01525544 
0.01064236 

TABLE 5 

Nicotinamide Co - Crystal 
[ 0068 ] For the slurry experiment with nicotinamide in 
methanol , a solid is formed , for which TGA - DSC shows an 
endothermic event of T , peak = 120 ° C. This event is similar to 
the endothermic event of the free base ( Tpeak = 120.9 ° C. ) , 
therefore HPLC and ' H - NMR analysis are performed . 
HPLC shows both the free base and the co - former are 
present , also ' H - NMR shows both to be present , meaning a 
free base - nicotinamide co - crystal is formed . XRPD analysis 
of the material is depicted in FIG . 2 , where the top spectrum 
is that of the co - crystal , and the bottom spectrum is nicoti 
namide crystal , to provide a reference . 
[ 0069 ] TGA - DSC analysis of the other slurry experiments 
using nicotinamide does not show any melting events , 
meaning the experiments conducted in acetonitrile or ethyl 
acetate do not form a co - crystal . This experiment is repeated 
at a gram scale . First , ITI - 007 free base and nicotinamide are 
each dissolved in methanol . Subsequently , the obtained 
solutions were added in a 1 : 1 ratio to a vial . The mixture is 
stirred at room temperature for 2 hours , but no precipitation 
is observed . The solution is evaporated under vacuum to 
give a brown sticky solid . XRPD analysis of this brown 
sticky solid shows this to be nicotinamide itself . 
[ 0070 ] Further experiments are conducted to evaluate 
other solvent systems for the production and scale - up of the 

Analytical results of second and third scale - ups of 
the ITI - 007 free base - isonicotinamide co - crystal 

Mass 
loss 

Hygro DSC ( prior 
scopicity ( Tpeak melt 

( % ) ° C . ) event ) 

1H 
NMR 
Ratio 
( free 

base / co- IR 
former ) ( comparison % ) Batch XRPD 

2 0.2 150 2.27 1 : 1 Clus 
tered 
peaks 

84 % free base 
14 % co - former 
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nicotinamide co - crystal . Slurry experiments are performed 
using a 25 mg of ITI - 007 free base and 8.6 mg of nicoti 
namide co - former in 100 uL of solvent with 24 hours of 
stirring . The results show that when methanol or ethanol is 
used , the ITI - 007 free base and nicotinamide both dissolve 
to yield a solution . When attempts are made using isopro 
panol , 2 - butanol , acetonitrile , ethyl acetate , 2 - butanone , 
tetrahydrofuran , or di - isopropyl ether , dissolution does not 
occur and a white / brown sticky solid is seen to be suspended 
in the solvent . When water is used , dissolution also does not 
occur , and a sticky brown solid is seen to be suspended in the 
water . The solids are filtered and analyzed by XRPD . XRPD 
analysis for the organic solvents show the presence of 
nicotinamide , while for the aqueous solution , the solid is 
amorphous . This shows that of these ten solvents , only 
methanol or ethanol appear to potentially show the forma 
tion of a co - crystal . Evaporation of the methanol and ethanol 
solutions results in sticky solids . The solid obtained from 
ethanol evaporation is analyzed by XRPD and shows peaks 
corresponding to nicotinamide . In contrast , the solid 
obtained from methanol evaporation is analyzed by XPRD 
and is consistent with the formation of a co - crystal . XRPD 
Spectra are shown in FIG . 3 as CC1 ( slurry ) , obtained from 
methanol . Nicotinamide reference crystal is shown for com 
parison . 
[ 0071 ] Co - crystals are also attempted using a cooling 
crystallization method . 25 mg of ITI - 007 free base and 8.6 
mg of nicotinamide co - former are combined in 200 uL of 
solvent and heated to 50 ° C. The mixtures are kept at 50 ° C. 
for one hour , then cooled to 5º C. at a rate of 5 ° C. per hour . 
The results show that when methanol , ethanol , isopropanol 
or 2 - butanol is used , the ITI - 007 free base and nicotinamide 
both dissolve to yield a solution which remains a solution on 
cooling . In contrast , the use of acetonitrile , ethyl acetate , 
2 - butanone , tetrahydrofuran , or di - isopropyl ether does not 
result in dissolution , and instead , after cooling a white / 
brown sticky solid is recovered . When water is used , dis 
solution also does not occur , and a sticky brown solid is 
recovered . The solids are filtered and analyzed by XRPD . 
XRPD analysis for the non - alcoholic organic solvents shows 
the presence of nicotinamide , while for the aqueous solution , 
the solid is amorphous . This shows that of these ten solvents , 
only the alcohols appear to potentially show the formation of 
a co - crystal . Evaporation of the alcoholic solutions results in 
sticky solids for each . The solids obtained from isopropanol 
and 2 - butanol evaporation are analyzed by XRPD and show 
peaks corresponding to nicotinamide . In contrast , the solids 
obtained from methanol and ethanol evaporation are ana 
lyzed by XPRD and are shown to be consistent with the 
formation of a co - crystal . XRPD Spectra are shown in FIG . 

3 as CC1 ( cooling ) , obtained from methanol , and CC2 
( cooling ) , obtained from ethanol . Nicotinamide reference 
crystal is shown for comparison . 

1. A co - crystal of 1- ( 4 - fluoro - phenyl ) -4- ( ObR , 10aS ) -3 
methyl - 2,3,6b , 9,10,10a - hexahydro - 1H , 7H - pyrido [ 35,4 " : 4,5 ] 
pyrrolo [ 1,2,3 - de ] quinoxalin - 8 - yl ) -butan - 1 - one ( ITI - 007 ) 
and a second compound , wherein the second compound is 
selected from isonicotinamide and nicotinamide . 
2. The co - crystal according to claim 1 which is a co 

crystal of ITI - 007 free base and isonicotinamide having an 
X - ray diffraction pattern substantially corresponding to FIG . 
1 . 
3. The co - crystal according to claim 1 which is a co 

crystal of ITI - 007 free base and nicotinamide having an 
X - ray diffraction pattern substantially corresponding to the 
upper pattern on FIG . 2 . 

4. The co - crystal according to claim 1 , selected from any 
of Co - crystal 1.1-1.20 , described above . 

5. A method making a co - crystal according to claim 1 , 
comprising 

( a combining 1- ( 4 - fluoro - phenyl ) -4- ( 65R , 10aS ) -3 
methyl - 2,3,6b , 9,10,10a - hexahydro - 1H , 7H - pyrido [ 3 ' , 
4 : 4,5 ] pyrrolo [ 1,2,3 - de ] quinoxalin - 8 - yl ) -butan - 1 - one 
( ITI - 007 ) free base with a second compound selected 
from isonicotinamide and nicotinamide , in an organic 
solvent , and 

( b ) removing the solvent and recovering the co - crystal 
thus formed . 

6. A method of purifying 1- ( 4 - fluoro - phenyl ) -4 - ( ( 6bR , 
10aS ) -3 - methyl - 2,3 , 6b , 9,10,10a - hexahydro - 1H , 7H - pyrido 
[ 3 ' , 4 " : 4,5 ] pyrrolo [ 1,2,3 - de ] quinoxalin - 8 - yl ) -butan - 1 - one 
( ITI - 007 ) in free or salt form , comprising combining crude 
ITI - 007 with a second compound selected from isonicoti 
namide and nicotinamide , in an organic solvent , removing 
the solvent and recovering the co - crystal thus formed , and 
optionally converting the co - crystal back to ITI - 007 free 
base or to a desired salt form . 

7. A method for the prophylaxis or treatment of a human 
suffering from a disease or abnormal condition involving or 
mediated by the 5 - HT24 receptor , serotonin transporter 
( SERT ) , and / or dopamine D / D , receptor signaling path 
ways comprising administering to said human an effective 
amount of a co - crystal according to claim 1 . 

8. A pharmaceutical composition comprising a co - crystal 
according to claim 1 , in combination or association with a 
pharmaceutically acceptable diluent or carrier . 

9. The pharmaceutical composition of claim 8 , wherein 
the pharmaceutical composition is in the form of an inject 
able depot for extended release . 


