
29 March 2006 '(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT
COOPERATION TREATY (PCT) (19) World Intellectual Property Organization
International Bureau (43) International Publication Date  17 April 2003
(17.04.2003) PCT (51) International Patent Classification': C07C 229/28,
227/40 (21) International Application Number: PCT/USO2/31706  (22)
International Filing Date: 3 October 2002 (03.I0.2002)  (25) Filing
Language: English  (26) Publication Language: English (30) Priority Data:
60/328,375 9 October 2001 (09.10.2001) US  101256,155 25 September 2002
(25.09 2002) US (71) Applicant (for all designated States except US):
WARNER-LAMBERT COMPANY [US/US]; 201  Tabor Road, Morris Plains, NJ 07950
(US). (72) Inventors; and (75) Inventors/Applicants (for US only): CHEN,
Linna, R.  [CN/US]; 3355 Crescent Dr., West Linn, OR 97068 (US). BAABU,
Suresh, H. [US/US]; 6449 Kings Mill Court, Can- ton, M148187 (US). CALVITT,
Claude, Jeffrey [US/US];  6742 Robison Lane, Saline, MI 48176 (US). TOBIAS,
IlIIIlI~IIIIIII'II11IIIIIIIIIIIIlI IIIIIIIIil1II llllllHIIIiiIIIIIP HIIIII
II (10) International Publication Number WO 03/031391 Al Brian [US/US];
3348 Yellowstone Drive, Ann Arbor, MI  48105 (US). (74) Agent: DAIGNAULT,
Ronald, A.; Merchant & Gould  P.C., P.O. Box 2903, Minneapolis, MN
55402-0903 (US). (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,  CZ, DE, DK, DM, DZ,
EC, EE, ES, FI, GB, GD, GE, GH,  GM, HR, HU, ID, IL, IN, IS, JP, KE, KG,
KP, KR, KZ, LC,  LK,LR,LS,LT,LU,LV,MA,MD,MG,MY.,MN,MW  MX, MZ, NO, NZ, OM,
PH, PL, PT, RO, RU, SD, SE, SG,  Sl, SK, SL, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ,  VC, VN, YU, ZA, ZM, ZW. (84) 



Designated States (regional): ARIPO patent (GH, GM,  KE, LS, MW, MZ, SD,
SL, SZ, TZ, UG, ZM, ZW),  Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM),  European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,  ES, Fl, FR, GB,
OR, IE, IT, LU, MC, NL, PT, SE, SK,  TR), OAPI patent (Bl BJ, CF, CG, CI,
CM, GA, GN, GQ,  GW, ML, MR, NE, SN, TD, TG). Published:  - with
international search report [Continued on next page] (54) Title: NEW
ANHYDROUS CRYSTALLINE FORMS OF GABAPENTIN S S GAeAPEtfnN DEHYDRATE B (57)
Abstract: Described are new crystalline anhydrous forms of gabapentin
formed from gabapentin monohydrate. The new crys- talline forms provide
advantages in the manufacture of the therapeutic agent. O 29 March 2006 d
For two-letter codes and other abbreviations, refer to the Guid- ance Notes
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issue of bite PCT Gazette. 29 March 2006 WO 03/031391 PCTIUS02/31706 I NEW
ANHYDROUS CRYSTALLINE FORMS OF GABAPENTIN Cross-Reference to Related
Anplicatiod This application claims benefit of Application Serial No.
60/328,375  of October 9, 200 1, Which application is incorporated herein
by reference. Field of the Invention The present invention relates to new
anhydrous crystalline forms of  gabapentin prepared from gabapentin
monohydrat e. Background of the Invention Gabapentin is a generic name used
to identify the chemical  compound (1-aminomethyl)-l-cyclohexaneacetic acid
H2N CH2-C-CH2-COOH  (CH /  . A It is useful in therapy of certain cerebral
disorders  such as certain forms of epilepsy,  .15 faintness attacks,
hypokinesia,  and cranial traumas. U.S. Pat. Nos. 4,024,175 and  4,087,544
cover the compound and its us es. They also disclose an acid salt, i.e.,  



gabapentin hydrochloride hydrate in a ratio of 4:4:1 and a sodium salt of
gabapentin  hydrate at a ratio of 2:1. U.S. Pat. No. 4,894,47.6 describes
gabapentin monohydrate  and a process for producing it. These patents are
incorporated by reference. 20 Summary of the-Invention The present
invention provides new crystalline forms of gabapentin,  dehydrate Form A
and dehydrate Form B. These new crystalline forms are prepared  from
gabapentin mouohydrate. The gabapentin monohydrate is dehydrated in an
environment in which the water activity is maintained below about 0.8 to
about 0.9, 25 or heat ed at a temperature from about 50-1750C to form the
crystalline gabapentin  dehydrate Form This crystalline form is then
converted on stand ing at ambient temperatures to a more stable,
crystalline form of gabapentin, dehydrate Form B. 29 March 2006 The present
invention provides further process improvements to provide pure crystalline
forms of the therapeutic agent, gabapentin. The present process eliminates
the need of using  organic solvents such as methanol described earlier in
methods of producing gabapentin and its  monohydrate. The present process
offers faster manufacturing processing, better safety, less  solvent
disposal and less loss of yield upon recrystallization. In a first aspect
of the present invention, there is provided a process for the preparation
of  crystalline gabapentin dehydrate Form B comprising: (a) dehydrating
gabapentin monohydrate to form crystalline gabapentin dehydrate  Form A,
and (b) allowing dehydrate A to stand at ambient temperatures to form
crystalline  gabapentin dehydrate Form B. In a second aspect of the present
invention, there is provided a crystalline gabapentin  dehydrate Form A
having an X-ray powder diffraction containing the following 2-theta values
measured using CuKa radiation: 6.2, 18.8 and 25.1. In a third aspect of the
present invention, there is provided a crystalline gabapentin  dehydrate
Form A having an X-ray powder diffraction containing the following 2-theta
values  measured using CuKa radiation: 6.2, 18.8, 25.1 and 26.1. In a
fourth aspect of the present invention, there is provided a crystalline
gabapentin  dehydrate Form A having an X-ray powder diffraction containing
the following 2-theta values  measured using CuKa radiation: 6.2, 12.5,
16.1, 18.8, 19.2, 25.1 and 26.1. In a fifth aspect of the present
invention, there is provided a crystalline gabapentin  dehydrate Form A
characterized by solid state 13C nuclear magnetic resonance having the
following chemical shifts expressed in parts per million referenced to an
external methyl signal at 17.3 ppm for hexamethylbenzene: 22.1, 27.0, 33.7,
36.2, 37.6, 41.0, 51.0 and 177.4. In a sixth aspect of the present
invention, there is provided a crystalline gabapentin  dehydrate Form B
having an X-ray powder diffraction containing the following 2-theta values
measured using CuKa radiation: 6.0, 7.7 and 18.0. In a seventh aspect of
the present invention, there is provided a crystalline gabapentin
dehydrate Form B having an X-ray powder diffraction containing the
following 2-theta values  



measured using CuKa radiation: 6.0, 7.7, 16.8 and 18.0. 2 29 March 2006 In
an eighth aspect of the present invention, there is provided a crystalline
gabapentin  dehydrate Form B having an X-ray powder diffraction containing
the following 2-theta values  measured using CuKa radiation: 6.0, 7.7,
16.8, 18.0, 20.6 and 24.3. In a ninth aspect of the present invention,
there is provided a crystalline gabapentin  dehydrate Form B characterized
by solid state 13C nuclear magnetic resonance having the  following
chemical shifts expressed in parts per million referenced to an external
methyl signal at 17.3 ppm for hexamethylbenzene: 23.3, 28.5, 35.0, 36.2,
37.1, 42.3, 48.2 and 178.3. Brief Description of the Drawings Fig. I shows
the 13C-ssNMR spectra for the four crystalline forms of gabapentin.  Fig. 2
shows the X-ray powder diffractogram for crystalline gabapentin anhydrite.
Fig. 3 shows the X-ray powder diffractogram for crystalline gabapentin
monohydrate.  Fig. 4 shows the X-ray powder diffractogram for crystalline
gabapentin dehydrate A.  Fig. 5 shows the X-ray powder diffractogram for
crystalline gabapentin dehydrate B. Detailed Description of the Preferred
Embodiment The present invention provides novel crystalline forms of
gabapentin, the dehydrate Form  _A and dehydrate Form B. The present
invention also includes improvements in the preparation of  gabapentin
monohydrate,. the precursor to the new crystalline dehydrate of the present
invention.  Initially, gabapentin monohydrate was reported in U.S. Patent
4,894, 476 as a new crystalline  form for therapeutic purposes and also as
a means of purifying commercial gabapentin, an  anhydrous form, by
reconversion of the monohydrate to gabapentin. The present invention is
based on a discovery that the known anhydrous form of  gabapentin can only
be crystallized from solvents or solvent mixtures with a water activity of
less  than about 0.8 to about 0.9 and gabapentin monohydrate can only be
crystallized from water or  solvent mixtures with a water activity of
greater than about 0.8 to about 0.9. Gabapentin monohydrate can be prepared
by suspending gabapentin in a solvent or solvent mixture having a  water
activity of at least about 0.8 to about 0.9, crystallizing the resulting
monohydrate and 2a 29 March 2006 WO 031031391 PCTIUS02131706 collecting the
product on a suction filter. Solvent mixtures include solvents that are
miscible with water such as alcohol, preferably a lower alkanol such as
methanol or  ethanol. Gabapentin dehydrate A can be produced from the
monohydrate  when the immediate environment surrounding the monohydrate has
a water activity of less than approximately 0.85; i.e. less than between
about 0.8 to about 0.9. (in the  vapor phase this means that the relative
humidity is less than 85%). This can be  achieved by applying a vacuum, a
desiccant, and/or applying heat. For example, dehydrate A can be produced
from the monohydrate at  



10 subambient temperatures provided the relative humidity is less than
about 85%  (water activity less than 0.85). Typically, once the monohydrate
is formed, drying the monohydrate  at a temperature of about 50-175C or
below the melting point of gabapentin will  form dehydrate Form A. The
heating process may take place until a constant weight 15 of dehydrate Form
A is obtained. Typically, heating may be carried out between  about 70 and
100C and, for example, at about 80C for about three hours.  Gabapentin
dehydrate Form A has been found to convert to a more stable crystalline
form, dehydrate Form B on standing at ambient temperatures. The  material
may be allowed to stand, for example in an inert atmosphere or in a sealed
20 container. The rate of conversion from dehydrate A to B is directly
related to the purity of starting gabapentin dehydrate A. Water content of
the reported forms is less than 0.5% by weight  whereas gabapentin
monohydrate contains about 9% water by weight. The novel crystalline forms
have been characterized by their unique  25 X-ray powder diffraction
patterns and their characteristic chemical shifts in their  respective
solid state i3C NMR spectra. Tables 1-4 below compare the two novel
crystalline forms of  gabapentin, dehydrate A and dehydrate B, to the known
anhydrous crystalline form  of gabapentin, and gabapentin monohydrate. 30 3
29 March 2006 WO 03/031391 PCTIUS02/31706 Table 1. Gabapentin PXRD Data
2-Thetad(A)Intensity 7.911.1100 15.05.933 16.95.222 20.44.418 23.63.815
25.73.513 27.03.323 10 15 Table 3. Gabapentin Dehydrate A PXRD Data
2-Thetad{)Intensity 6.214.2100 12.57.118 



16.15.518 18.84.721 19.24.622 25.13.521 126.1 713.411 Table 2. Gabapentin
Monohydrate PXRD Data 2-Thetad(A)Intensity 6.114.5100 12.27.350 18.34.823
24.43.610 Table 4. Gabapentin Dehydrate B PXRD Data 2-Thetad(A)Intensity
6.014.853 7.711.427 16.85.3100 18.04.940 20.64.317 24.33.6513 X-Ray (PXRD)
data were acquired with a Rigaku Ultima+ X-Ray  20 Powder Diffractometer
equipped with a copper target operating at 40kV/4OmA producing X-rays of
wavelength 1.542 Angstroms. The divergence slit and scatter  slit were both
set at P. The receiving slit was set at 0.3 mm. The diffractometer  was
equipped with a Rigaku ASC-6A sample changer. Specimen preparation
consisted of pouring a quantity of the sample sufficient to fill a sample
plate and -'25 gently scraping the surface smooth and flat without, packing
the sample. Under  ambient conditions, samples were scanned continuously
from 4 to 40 2-theta at a  rate of 5/minute. PXRD data for the four Forms
are presented in Tables 1 through  4 above. The numbers are for peaks of at
least 10% the intensity of the most intense  peak and have been rounded off
from the raw data representing an accuracy of about 30 *0.2 with regards to
the 2-theta and d(A) values given routine experimental error.  PXRD
diffractograms for the four Forms are shown in Figures 2-5. 29 March 2006
CVO 03/031391 PCT/US02/31706 Tables 5-8 compare the chemical shifts in
parts per million (ppm) for  the various crystalline forms ofgabapentin
including the novel crystalline forms of  the present invention, dehydrate
Form A and dehydrate Form B. Table 6. 



Table 7. Table 8 Table 5. Table Chemical Chemical Chemical Chemical
Shifts(ppm) of Shifts (ppm) of Shifts(ppm) of Shiffis(ppm) of Gabapentin
Gabapentin GabapentinGabapentin Dehydrate ADehydrate B Monohydrate
22.422.722.123.3 28.2.27.427.028.5 29.835.733.735.0 34.836.436.236.2
35.544.137.637.1 36.347.341.042.3 39.6178.551.048.2 40.1177.4178.3 47.7
79.6 -  179.6- All 13C-ssNMR spectra were acquired with a Varian 400MHz NMR
spectrometer utilizing high power proton decoupling and cross-polarization
with  magic angle spinning at approximately 6: kHz Chemical shifts were
referenced to  external hexamethylbenzene (methyl signal at 17.3ppm). Each
specimen was .10 prepared by packing a sample into. a 7mm canister-design
silicon nitride rotor using  a packing tool and sealing the rotor. with a
cap. Spectra were acquired under ambient conditions. 13C-ssNMR spectra for
the four Forms are shown in Figure 1. Example  Example 1 - Preparation of
gabapentin monohydrate 15 Gabapentin anhydrate, 100 grams, was suspended in
480 mL of water  and stirred for one hour with seeds of crystalline
monohydrate added. Following  crystallization, the gabapentin monohydrate
was isolated by suction filtration.  



Ex~2 - Crystalline gabapentin dehydrate Form A and B Form A: Two batches of
gabapentin monohydrate, 200 mg and 100  20 grams were heated at from 70-80C
for three hours to provide gabapentin dehydrate  Form A. 5 29 March 2006
WO.03/031391 PCTJUS.3131706 Density of the new dehydrate, Form A,.was
determined to be 1.156  granislmL by hexane displacement method. Samples of
the gabapentin dehydrate Form A were analyzed by Karl Fischer for water and
by HPLC for gabapentin.  The dehydrate crystalline Forms A and B meet the
water specification (__<0.5%w/w) and the assay specification
(98.5%-101.5%wlw on an  anhydrous basis). Elemental analysis and 1H NMR
confirmed the chemical composition  of gabapentin dehydrate Form A. Vapor
sorption analysis showed that gabapentin dehydrate Form A 10. does not pick
up significant amount of moisture~(<0.5%) at 25C at relative  humidity
<85%. ti Form B: The two batches of dehydrate Form A obtained above were
allowed to stand. Within one month, Form A was found to convert to
gabapentin  dehydrate Form B by 20%. Within one year, complete conversion
to dehydrate 15 Form B was found. Samples of the batches were monitored by
13C-ssNMR until  conversion was complete as evidenced by the disappearance
of dehydrate Form A.  Both crystalline forms were characterized by their
respective solid  state NMR spectra and X-ray powder diffractograms. The
above specification, examples and data provide a complete 20 description of
the manufacture and use of the composition of the invention. Since  many
embodiments of the invention can be made without departing from the spirit
and scope of the invention, the invention resides in the claims hereinafter
appended. 6 29 March 2006 WO 03/031391 PCT/US02/31706 CLAIMS 1. A process
for the preparation of crystalline. gabapentin dehydrate  Form B
comprising: . (a) dehydrating gabapentin monohydrate to form crystalline
gabapentin dehydrate Form A, and. (b) allowing dehydrate A to stand at
ambient temperatures to  form crystalline gabapentin dehydrate Form B. . 2.
The process of claim 1, where the dehydrating step (a) is carried out  



by applying a vacuum, a desiccant or heat. 3. The process of claim 1,
wherein the gabapentin monohydrate is  dehydrated in an environment in
which water activity is maintained below about 0.8  and about 0.9. 4. The
process of claim 2, wherein heat is applied at a temperature  between about
50 to about 175C. 5. The process of claim 1, wherein dehydrate Form A is
allowed to  stand in an inert atmosphere or sealed container. 6. The
process of claim 2, wherein gabapentin monohydrate is prepared  from the
following steps which comprise: (a) suspending gabapentin in a solvent or
solvent mixture having  .a water activity value of greater than about 0.8
to about 0.9; (b) crystallizing and collecting gabapentin monohydrate on a
filter. 7. The process of claim 6, wherein the solvent is water. 8. A
crystalline gabapentin dehydrate Form A having an X-ray powder diffraction
containing the following 2 -theta values measured using CuKa radiation.:
6.2, 18.8 and 25.1. 29 March 2006 WO 03!031391 PCF1902131706   9. A
crystalline gabapentin dehydrate Form A having an X-ray powder diffraction
containing the following 2-theta values measured using CuKa radiation:6.2,
18.$,25.1 and 26.1. 10. A crystalline gabapentin  dehydrate Form A having
an-X-ray  powder  diffraction containing the following 2- theta values
measured using CuKa  radiation:  6.2,12.5,161,18.8,19.2,25.1 and 26.1. 11.
A crystalline gabapentin dehydrate Form A chat ctcnzed  by solid  state C
nuclear l rmagnetia  resonance having the allowing chemical shifts
expressed  in parts per million referenced to an external methyl signal at
17.3 ppm for  hexamethylbenzene: 22.1,27.0,33.7,36.2,37.6,41.0,51.0 and
177.4. 12. A crystalline gabapentin dehydrate Form B having an X-ray powder
diffraction  containing the following 2-theta values measured using CuKa
radiation: 6.0, 7.7 and 18.0. 13. A crystalline gabapentin dehydrate Form B
having an X-ray powder diffraction  containing the following 2-theta values
measured using CuKa radiation: 6.0, 7.7, 16.8 and 18.0. 14. A crystalline
gabapentin  dehydrate Form B having an X-ray powder  diffraction containing
the following 2-theta values measured using CuKa-radiation:  6.0, 7-7,16-8,
18.0, 20.6 and 24.3. 15. A crystalline gabapentin  dehydrat8  Form B
characterized by solid  state '3C nuclear magnetic resonance having the
following chemical shifts expressed  in parts per million referenced to an
external methyl signal at 17.3 ppm for  hexamethylbennzene :
23.3,28.5,35.0,36.2,37.1,42.3,48.2 and 178.3. p, 




