


Patent Certification Under 21 CFR §214.94 and Notice of Certification of Invalldity or
Noninfringement of a Patent Under 21 CFR §314.95

L Andrx Pharmaceuticals, L.L.C. (Andrx), having a place of business at 707 East Main
Street, 11™ Floor, Richmond, Virginia 23219, hereby certifies to the following persons that it has
filed an Abbreviated New Drug Application under 21 U.8.C.§505(j)(2)(B)(i) for permission to sell

Divalproex Sodium Dela dedqelease Tablets 500 mg Valproic Acid activity, that are
bioequivalent to Depakote™ tablets:

A. Holder of New Drug Application for Depakote®

Abbott Laboratories:
100 Abbott Park Road
Abbott Park IL 60064

B. Oninformation and befief the owner of U.S, Letters Patent Nos. 4,988,731 and
5,212,326 is:
Abbott Laboratories
100 Abbott Park Road
Abbott Park IL 600684

Il The United States Food and Drug Administration has received an Abbreviated New Drug
Application (ANDA) from Andrx which contains bioequivalence data which shows that the Andr¢’
Divalproex Sodium Delayed-Release Tablets. 500 mg Valoroic Acid gctivity are bioequivalent to

Depakoie® Tablets. A Paragraph IV Certification under 21 CFR §314.94 was submitted with the
ANDA.

UL The Andrx Abbreviated New Drug Application Number is 75-770.

IV.  The established name for the proposed drug product is Divalproex Sodium Delayed-
release Tablets 500 mg Valproic Acid activity.

V. The active ingredient for the proposed drug product is Valproic Acid; the dosage form is
an oral tablet that will be sold in 500-mg Valproic Acid activity strengths.

VL. The following patents (the "listed patents") which have been listed in the Approved Drug
Products with Therapeutic Equivalence Evaluations (the “"Orange Book®) are known to Andrx
and will either (a) not be infringed by the making, using, or selling of Andrx' Divalproex Sodium
Delayed-release Tablets 500 mg Valproic Acid activity product (Andrx’ Proposed Product); or (b)
be invalid and/or unenforceable if the claims are asserted to read on Andrx’ Proposed Product:

U.S. Patent No. Expiration Date
4,988,731 January 29, 2008
5,212,326 January 29, 2008 :w}U! I LABORATY :!

A copy of each of these patents is attached hereto as an Appendix. : ‘ ; WR - 8§
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VII. The above U.S. patents, which have been listed in the Orange Book will not be infringed
by Andrx’ Proposed Product or, in the alternative, would be invalid or unenforceable against
Andrx' Proposed Product for a number of reasons which are described below:

The listed patents will not be infringed by Andrx' Proposed Product because the claims
of those patents concern particular oligomeric compositions or oral pharmaceutical dosage

forms containing those oligomeric compositions which are completely different from Andrx’
Proposed Product. To summarize:

» Andrx' Proposed Product is not, and does not contain, the claimed oligomeric form which is
divalproex sodium. Therefore, Andrnd' Proposed Product does not fall within the literal scope
of the claims of the '731 or *326 patents. Neither does Andrx’ Proposed Product contain the
monomer of the complexed sodium valproate;valproic acid in a 1:1 ratio. Therefore, Andrx’

Proposed Product does not contain any form of divalproex sodium that would infringe the
listed patents under the doctrine of equivalents.

« The doctrine of equivalents cannot be applied to Andrx’ Proposed Product because Andrx'
Proposed Product contains a compound which is in the prior art, namely sodium valproate.
The scope of the claims of the '731 and '326 patents cannot be expanded to cover prior art
(including Andrx’ Proposed Product) because patent protection cannot be afforded to that
which is in the public domain. Accordingly, Andrx is free to use the prior art (public domain)
non-oligomeric form of divalproex sodium without infringing either of the '731 or ‘326 patents.

* Because Andrx' Proposed Product contains a prior art compound as its active ingredient,
any allegation that the '731 or '326 patents are infringed by Andrx' Proposed Product would
necessarily mean that the claims of these listed patents read on the prior art. Any assertion
that Andrx' Proposed Product infringes the claims of the listed patents would be an improper
use of the listed patents. Thus, the '731 and '326 patents are either invalid or are

unenforceable against Andrx’ Proposed Product which employs a non-pligomeric and non-
complexed form of divalproex sodium.

The distinctions which differentiate Andrx' Proposad Product from the claims of the listed
patents are detailed below:

United St tent No. 4 ¢

The claims of U.S. Patent No. 4,088,731 (the '731 patent) specifically require an
oligomer comprising about four (4) units of complexed sodium valproate and valproic acid in a
1:1 ratio. The 731 patent contains two claims, both of which are reproduced below:

1. An oligomer having a 1:1 molar ratio of sodium valproate and valproic acid of
the unit formula, (CH,CH.CH,),CHCO.Na/(CH,;CH,CH,).CHCO,H), and
containing about 4 such units.

2. An oral pharmaceutical dosage form for treating the symptoms of epileptic
seizures or convulsions, containing as the active principal an oligomer
having a 1:1 molar ratio of sodium valproate and valproic acid of the unit
formula, (CH,CH,CH,),CHCO;Na/(CH,CH,CH,),.CHCO,H), and containing
about 4 such units,

2



Andrx’ Proposed Product does not contain the claimed oligomer. Nor does Andrx
Proposed Product contain the monomer of complexed sodium valproate/valproic acid in a 1:1
ratio. The formulation for Andrx’ Proposed Product is attached hereto as Exhibit “A.”

The initial manufacturing step for Andrnx’ Proposed Product, utilizing divalproex sodium,
is performed outside the United States and outside any United States territories subject to
United States patent laws. This initial formulation step involves adding excess sodium
hydroxide solution to divalproex sodium, thereby resulting in a high pH solution (pH 10.8, 50%
wiw) which containg non-oligomeric, non-complexed scdium valproate. This high pH for the
solution (termed “sodium divalproate pH-adjusted solution”) is maintained throughout the
manufacturing process; thus the oligomeric form is forever destroyed. The sodium divalproate
pH-adjusted solution Is then shipped Into the United States where the high pH solution is diluted
with alcohol and sprayed onto anhydrous lactose to form a granulation. The granulation is then
tableted, and coated with cellulose acetate phthalate. A flow chart showing the steps involved
in the formulation and preparation of Andrx’ Proposed Product is attached hereto as Exhibit *B.”
Batch records from Andrx' ANDA submission (ANDA No. 75-770) are attached as Exhibit "C."

The sodium divalproate pH-adjusted solution imported into the United States contains no
trace of the patented divalproex sodium oligomer, or the divalproex sodium monomer at any

stage of the wet granulation or tableting process. Therefore Andrx' formulation cannot literally
infringe any valid claim of the '731 patent.

The specification of the ‘731 patent recites several properties that are characteristic of
the oligomeric divalproex sodium, and therefore can be used to identify the claimed compound.
Thesge properties include NMR spectra, mixed melting-point determination, IR spectra, and X-
ray diffraction. See ‘731 patent at col. 2, lines 14-16. In addition, the claimed oligomer is
described as a crystalline, stable solid which has the advantage of being non-hygroscopic.
Independent testing of Andrx' Proposed Product clearly establishes that the oligomeric form of

divalproex sodium is completely absent at all stages of the manufacturing process that occur
within the United States,

Using these and other assays, side-by-side comparison of the claimed oligomer in
solution, in powder form, and as final product with analogous forms used in Andrx’ Proposed
Product confirms that Andrx’ Proposed Product does not contain the claimed oligomer. The
data from these comparative tests suggest that Andrx’ Proposed Product uses the prior art

compound, sodium vaiproate. The results of these comparative assays are summarized below
and are fully presented in the attached Exhibit D.



Summary of Characterization Test Results for Andrx’ Proposed Product v, Patented Product

Test Solution (50% w/w) Granulation Material Finished Product
" Sodum | Fatented Andrx Patenied Andrx’ | Depakote® |
Divaiproate | Divalproex | Proposed | Divalproex | Proposed (500 mg
pH-adjusted |  sodium Produet sodium Product tablet)
solution oligomer | Granulation | oligomer
(solution)
pH 10.8 7.1 _ - 6.7 4.6
Infrared Peak No Yes No Yes No Yes
near 1685 cm™ ? (1707 (1696) (1701)
Melting Point - >152 ~100
(“C) —— —— u———— o
Hygroscopicity” — — 29 0.1 2.1% 04"
X-ray Diffraction 59,69 7.3 5.75,6.8 7.2
(¢/26) — —

" Measured as % weight gaim afier 45 minutes ot room temperature (60% rel, NUMidity)
* Tablet core material

As shown in the above table, Andrx’ Proposed Product is clearly distinct from the
claimed oligomeric compound of the ‘731 patent. Specifically, the divalproate sodium pH-
adjusted solution used in the preparation of Andrx’ Proposed Product has a pH of 10.8. This is
significantly higher than the pH of 7.1 measured for the patented divalproex sodium oligomer in
solution at an identical concentration. The high pH for the solution used in the manufacturer
Andrx’ Proposed Product completely disrupts and forever destroys the claimed oligomeric form.
Neither can the monomer exist at this high pH. The pH measursments for the final formulated
tablets of Andrx’ Proposed Product is also much higher than the Depakote® tablets.

The IR spectra for AndrX' Proposed Product further illustrate its distinction from the
claimed oligomeric divalproex sodium. A distinctive peak at about 1685 cm™ is identified in the
iR spectra for the patented divalproex sodium oligomer. This distinctive peak is consistently
present in solution, in the active ingredient (drug substance), and in the final Depakote® product.
The distinctive divalproex sodium peak is completely absent in AndrX Proposed Product

(solution, granulation, and final product). The IR spectra for Andrx’ Proposed Product mimics
that of the prior art compound, sodium valproate (see Exhibit D).

Moreover, Andrx' Proposed Product has a melting point much higher than the patented
oligomer. AndnX' Proposed Product showed no physical change between 180°C and 400°C (the
upper limit of the melting point apparatus). The claimed oligomer is recited as having a melting
point range of 98-100°C, which was confirmed by Andrx' tests.

Ancther distinctive characteristic of Andrx’ Proposed Product is that it is hygroscopic.
The non-hygroscopic property of the claimed cligomer was relied on by the patentee of the '731
patent to establish a patentable distinction from the compounds in the prior art (see ‘731 patent,
col. 2, lines 25-28 and lines 58-61). Thus, the hygroscopicity of Andrx' Proposed Product
illustrates its similarity to the prior art compounds and supports the position that it falls outside
the claims of the ‘731 patent both literally and under the doctrine of equivalents.
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Finally, the X-ray diffraction pattern exhibited by Andrx' Proposed Product is clearly
different from the X-ray diffraction pattern exhibited by the patented oligomers. The distinctive
pattern for Andrx’ Proposed Product shows a doublet peak at 5.75-5.9 and 6.8-6.9 units,
whereas the patented oligomer does not exhibit the doublet peak. Instead, the patented
oligomer exhibits a single peak at about 7.5 units. The X-ray diffraction pattern is a strong

indication that Andrx’ Proposed Product is a completely different compound from the patented
oligomer.

in view of these side-by-side tests, Andrx’ Proposed Product is shown to be distinct, and
therefore does not literally infringe the claims of the ‘731 patent.

Further, Andrx’ formulation cannot infringe any valid claim of the ‘731 patent under the
ducliine of equivalents. Both the specification and the prosecution history of the ‘731 patent
admit that sodium valproate and valproic acid are known prior art compounds that have been
used for the treatment of epileptic seizures and convulsions. Additianally, valproic acid and
valproic acld salts, such as sodium salts, have long been known to be useful in the treatment of
epileptic seizures and convulsions. See generally, United States Patents Nos. 4,261,974 and
4,292,428, 4,301,176 and 4,323,507, Therefore, because Andrx imports into the United States
sodium divalproate pH-adjusted solution which contains the prior art, non-oligomeric sodium
valproate and this compound is employed at all stages of the formulation process for Andrx’'

Proposed Product, the claims of the ‘731 patent cannot be expanded under the doctrine of
equivalents to include Andrx’ Proposed Product.

Finally, it is noted that the ‘731 patent fails to contain any claims that recite a process for
forming the claimed oligomer or pharmaceutical formulation containing the claimed oligomer.

Accordingly, there can be no valid claim of infringement of the 731 patent under 35 U.S.C. §
271(q).

United States Patent No. 5,212,326

U. 8. Patent No. 5,212,326 (the ‘326 patent) which is a continuation of the ‘731 patent
discussed above, also provides protection only for the oligomeric form of the sodium valproate
valproic acid complex. The broadest claims from the '326 patent are reproduced below:

1. An oligomer having a 1:1 molar ration of sodium valproate and valproic

acid of the unit formula, (CH,CH.CH;),CHCO,Na/(CH,CH,CH,).CHCO,H) and
containing about 4 {o 6 such units.

2. An oral pharmaceutical dosage form for treating the symptoms of epileptic
seizures or convulsions, containing as the active principal an oligomer having a
1:1 molar ratio of sodium valproate and valproic acid of the unit formula,

(CH,CH.CH.),CHCO;Naf(CH,CH,CH,),CHCO.H), and containing about 4 to 6
units.

3. An oligomer having a 1:1 molar ration of sodium valproate and valproic

acid of the unit formula, (CH3CH2CH2)2CHCO2Na/(CHaCH2CH2)2CHCOZH) and
containing about 6 such units.



4, An oral pharmaceutical dosage form for treating the symptoms of epileptic
seizures or convulsions, containing as the active principal an oligomer having a
1:1 molar ratio of sodium valproate and valproic acid of the unit formula,

(CH,CH.CH,),.CHCO,Na/(CH,CH,CH,),CHCO,H), and containing about 6 such
units.

6. An oligomer having a 1:1 molar ratio of sodium valproate and valproic
acid of the unit formula, (CH,CH.CH.).CHCO,Na/(CH;CH.CH.),CHCO.H), and
having physical/chemical properties as follows: (a) stable, white crystalline
powder; (b) melting point of 98° to 100°C; and (c¢) an infrared spectrum having
strong absorption bands at about 29567, 2872, 2932, 1685, 1555 and 1370 cm",

Claims 1-4 of the "326 patent require an oligormer comprising from 4 to 6 units of sodium
valproate and valproic acid. Claim § of this patent requires an oligomer comprising units of
sodium valproate and valproic acid and having specific properties.

Andrx' formulation cannot literally infringe any valid claim of the ‘326 patent because the
divalproate sodium pH-adjusted solution that is imported into the United States for preparation
of Andrnd’ Proposed Product does not contain any trace of sodium divalproex oligomer as
claimed in the ‘326 patent. Further, no detectable amount of the sodium divalproex oligomer is
present at any stage of Andrx’ wet granulation or tablet formation process for Andrx' Proposed
Product. See generally, discussion of Andrx' Proposed Product vis-a-vis the ‘731 patent, above,
and the accompanying data. Therefore, the Andrx formulation cannot literally infringe any valid,
claim of the '326 patent. The melting point and IR spectra of Andrx’ Proposed Product do not
match the properties listed in claim 5 of the ‘326 patent. Specifically, the patented oligomer is
claimed as a white crystalline powder exhibiting a melting point of 98°-100°C and strong IR
bands at 2957, 2872, 2932, 1685, 1555 and 1370 cm®. As detailed in the discussion of non-
infringement of the '731 patent, above, and the accompanying data presented in Exhibit D, the

melting point for Andrx' Proposed Product is much higher than 98°100°C and does not exhibit a
characteristic IR peak at or near 1686 cm*

Andrx' formulation also cannot infringe any valid claim of this patent under the doctrine
of equivalents. The established knowledge that sodium valproate and valproic acid were used
for treating epileptic seizures and convulsions more than one year prior to the filing date of the
‘326 patent or its ‘731 patent remove Andrx’ Proposed Product the scope of equivalents for the
claims of the '326 patent. The Andrx formulation contains only sodium valproate, a prior art

compound. Therefore, the claims of the ‘328 patent cannot be properly asserted to include the
Andrx formulation because the claims would read on the prior art.

Because the ‘326 patent also fails to contain any claims that recite a process for forming
the claimed oligomer or a pharmaceutical formulation containing the claimed oligomer, there
can be no valid claim of infringement under 35 U.8.C. § 271(g).

For the above reasons, Andrx' Proposed Product will not infringe any claims in the listed
patents.



It is hereby certified that on March 1, 2000, a copy of this Notice has been sent by
registered mail, retum receipt requested, and by EXPRESS MAIL, return receipt requested, to
Abbett as the holder of New Drug Application for Depakote® Tablets and owner of U.S. Patent
Nos. 4,988,731 and 5,212,326 in an envelope addressed to:

Abbott Laboratories
100 Abbott Park Road
Abbott Park (L. 680064

Andrx Pharmaceuticals, L.L.C.

S

Ted W. Whitlock

Intellectual Property Counsel
707 East Main Street, 11" Floor,
Richmond, Virginia 23219

%%?/ 4 2eee By:




Exhibit A

Formulation for Andrx’ Proposed Product



Formulation for Andrx' Proposed Product (Modified Divalproate Sodium 500mg Valproic Acid Activity)

Solution Preparation (Modified Divalproate Sodium Sofution. codg 170) 022W29001

Ingredient Code moftablet % Total% kg
Divalprocx Sodium 1047 53641 53,830 260.000
Sodium Hydroxide 2075 39.87 6,938 33.510
Purified Water 2104 " 39.232 189.490
Total: 576.28 100.00 483.000
Granulating (Madified Drvalprote Sodium Gramules, code 171) J71R001 Part 1-7 (Batch Size: 116.69 kg)
Modified Divalproate Sodium (Sodivm Valproate) Solution 170 57628 69.111 6220 11519
Isopropyl Alcohol, USA 2094 * 14.572
Anhydrous Lactose, NF 2031 257.57 30.889 27.80 5.149

833.85 100.00 9000 16.67

Bl endingﬁ(mdiﬂsd Divalproats Sadium Blend, code 172}

1728001
Modified Divalproate Sodium (Sodium Valproate) Granules N 833.85 90.00 102.510
Crospovidone,NF(Polyplasdone XL) 2072 3243 3.50 3.987
Anhydrous Lactose, NF 2031 4633 5.00 5.695
Colloidal Silicon Dioxide, NF (Cab-0-8il, M5) 2032 4.63 0.50 0.570
Magnesium Stearate, NF 2028 9.27 1.00 1.139
Total: 926.50 100.00  113.90
Tableti_ngLMondd Divaiproate Sodium DR Tublets (Uncoated), code 181) ]181R001
Modified Divalproate Sodium Blend 172 926.50 110.0
Seal Coating (Medified Divalproase Sodium DR Tablety (Seal Coated), code 132) 182R00!
Modified Divalproate Sodium DR Tablet (Uncoarted) 181 926.50 97.00 108,300
Hydroxypropyl Methylcellulose, USP (Methocel ES Premium) 2116 11.46 120 1.340
Hydroxypropy!l Cellulose, NF (Klucel EF) 2021 1146 120 1,340
Magnesium Stearate, NF 2028 5.73 0.60 0.670
Bthanol, SDA 3A 190 Proof 2104 * 30.145
Total: 955.16 10000  111.65
Enteric Coating (Modofled Divalproate Sodium DR Tablets (Enseri Coaigd), code 183) 183R001
Modified Divalproate Sodium DR Tablet (Seal Coated) 182 955.16 92,50 110.710
Cellacefate, NF (CAP) 2111 61.96 6.00 7.181
Diethyl Phthalate, NF (DEP) 2197 15.49 1.50 1.795
1sopropyl Alcohol, USP (99% pure) 2094 * 31418
Acetone, NF 2101 * 31.418
Total: 1032.60 10000 119.686
Color Coating_(Modified Divalproate Sodium DR Tablets (Color Cuated), code 184) 184R001
Modified Divalproate Sodium DR Tablet (Enteric Coated)) 183 1032.60 9724 118510
Opadry Blue, Y8-1-10749-A 2203 28.67 2.70 327
Vanillin, NF 2192 0.32 0.03 0.037
Purified Water, USP 2104 » 29.615
Candelilla Wax Powder, FCC 2130 0.32 0.03 0.037
Total: 1061.91 100.00 121.875

Divalproex Formulation Chart xis#3/1/00



Exhibit B
Flow Chart for Preparation of Andry’ Proposed Product
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Exhibit C

Batch Records for ANDA Submission (ANDA No. 75-770) for
Andrx’ Generic Depakote®
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PEas Divalproex sodium solution Translation of executed batch racord

Batch Processing Instructions

AN

000375

BATCH RECORD
. DIVALFROEX SODIUM SOLUTION
Product : SIC 88134 formulation
Check
Approvals: Technique: before Afterlaunch  {Batch
According to launch
Project manager customers
technique ANDRX
R&D plent phamaceutical
dated April 28" 1999
R&D laboratory
B.P.\. original June Page N°1 pages: 15
Quallty .} 1999 £1340000 total
Raw Material Code N* Lﬁ?»t Analysis N° [unt | Quantity delivered: "‘gg‘.hm %ev::&:
Lot 049 w28001 P1 42489/1 30,000
Lot 045w29002 P1 4246972 Kg }7.000
Lat 049w28003 P2 424701 17.800
Batch 1 4247012 17.200
Divalproex sodium Batch 1 427311 25.00
. 4273112 25.00
Origin: P1P2and1and 2 :
Lot
Sodium hydroxide highly pure |8383532 Kg
MERCK ref 1084829050
44032 {
Purified water-
110082 |
Methanol
. 1Acetone 11004 i
Page { of 10




¢0%000

Andrx Pharmaceuticals, Inc. Page 1 of 14

MASTER FORMULA
st;isian # __ _New

Product: Divalproex Sadium Granules
Product Code#: _ 171~ Batch Size: ___16.67 kg Lot#: 171R001

Description: . White to oﬁ'—\rhite granules
tsswedvy. JoblonShmngy  vue_H208 ‘
MASTER FORMULA _ :
S = S —— =
' & Weight RawMaterial = Material  Exp. Amount  Weighed Checked Dafe MfgCheck Date =
, Honos
Ingrodients  Pat: /2 #2977 %  Code# - Rec.#  Date perbatch(kg) by by by
Divalproex Sodium Solution - 69.11 170 Me7oN? orel 1o _Z_de Toe7 e 7z
Anhiydrous Lactose, NF 3089 2031 ag030(9  2¢-2f 515 y Qe 72295 _Coe 3
Isopropy] Alcohol, USP w2004 i 22 ol 1457 B _fe T2 lee 72255
Total: S 1ho 16.67 {excluding solvent) i

NOTE: * Composed of 8.47 kg water which will evaporate during processing and 11,52 kg solid content which is accounted for batch size
. and % weight. . ) )
** Byaporated during processing.

. - ' . ) . ‘ . . ‘ . .
- Master Record Approval Batch Approval ' .
W n B . . }

Prepared by: b~ fZ4pspot- - Dafo: Z-20-37 | Reviewed @y:% ‘Date: Z-7-97
Reviewed by: _eoal Hot - .g::f 27 | Approved by: do i liowany Date: og-H49

Reviewed by:
Date: 7

Approved by: _Zsag it
Approved by: w“ Date: Y207
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Andrx Pharmaceuticals, Inc.
Product: Dwa.lproex Sodmtn Granules ~ Revision#: __ _New
Product Code #: __171 Batch Size:__16.67 kg Ltk 1718001

Description:  White to off- g,vlute granules

MMW.M% Date: __Z/20/% L : ' o :

. MASTER FORMULA. -
. % ﬂ_gw,’; nght RawMsterial  Materisl  Bxp. Amount  Weighed Chooked Date MfgCheck Date
Ingredients . Part: % Code # Rec.# =~ Date perbatch (kg) by by . - by
Divalproex Sodium Solution 69.11 170 Y070z O7-cf 1999+ 2. AL TBAT_ob 73397
Anhydrous Lactose, NF 30.89 2031 Hg3zt4  oFo! s1s  _ @2 _le 793m_pp 1o
Isopropyl Alcohol, USP 2004 Qobtdele  p7-01 1457 g e 7»-:544 Dt gaz?
Total: 106 ] 16.67 (exclnding solvent) i

NOTE: * Composed of. é.47 kg water which will evaporate during processing and 11.52 kg solid content which is accounted for batch size

and % weight.
** Byaporated during processing.

vrrmf _
mm by: - = 'D.a[e.‘ wj
Reviewed by. Date: m-lq.fz
Reviewed by: ’
Approved by: s . —
‘poeoved by: gl ffeluids" Date: Yzetd . ) '
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 ProductCode#:_ 171~ BatchSize:_ 16.67kg -

&SR 4w

Aundrx Pharmacettticals, Inc. . .
MASTER RORMULA . ‘ - : : )

Product: . Divalproex Sodjum Granules

" Revision# __New .
Loté: __ 171RG01

Description: ' White to ofF- Mntc granuies

| kmwby,ﬁﬂ@@z Date: __ZpHP | |

-

|

MASTER FORMULA
e - E_— T —
I;g/ Weight Raw Material ~ Material  * Exp.  Amount Weighed Checked Date Mfg Check Date “
Ingredients Part: S~ 727 %  Code#’ Rec.#  Date perbaich(kg) by by - by

Divalproex Sodivm Solution 611 170 a9ew¥2  prazmor 198y (2 Lo TBI g re
Anhydrous Lactose, NF 3089 2031 Ye30id  petbet 515 2 M 7mat B amses
Isopropyl Alcotiol, USP s 2094 QWbaso  plAf-cf 1457 2. AL 723495 g 2mr4d

Total: 100 * 16.67 (excluding solvent) ’:

) %

« e
- x MO

* Composed of 8.47 kg water which will evapomte during processing and 11.52 kg solid conteat which is accounted for batch size

and % weight-
+* Bvaporated during processing.

NOTE:

BaﬁchAppmvaI

Approved by: w Date; _ /27 4




694000

ANGrX YOiaratuccueicary, 1.

' MASTER FORMULA ' ' : .
’ Revision#: _ New

Product: Divalproex Sodium Granoles ‘ )
ProductCode: _I71 BatchSize:__1667ke Lott: 1710001

Description: : White to off-white granules ' ’

Tesued by: M@@z@ __Z/Jzeéz___ ‘

MS’I'ERFORMULA

' Weight Raw Material  Material ~ Exp. Amount
t Rec, # Date perbaich(kg) by by by

Ingredients  Part: é % % Code #
¥cje¥e  gr2zol 19.99% 2 L 7oA fe 12657

Divelproex Sodium Solution -+ 68.11 170
2031 Nzt~ pt-gpot 515 2 AL 725 _fet 2279

Weighed Checked Date Mifg Check Date -

Anhydrous Lactose, NF 30.89
Isopropy! Alcolio), USF = 2094 QA0hl 27070l 1457 & R T2 _Qee  7-2655
Tatal: " 100 16.67 (excluding solvent) t;,‘ -

'\-' “s
Ny
-

* Composed of 8.47 kg water which will evaporate dunng pmcessmg and11.52 kg solid content which is accounted for batch size

and % weight.
% Bvaporated during pmcessmg.

NOTE: -

Approvcdby: s 00 7
-Approved by: |_dix, felsds” Date: ooty

LT ST —— -,




¢641000

' M?W.M@ZZ% Date: __ 2/ 2057 . \

ARAry FRArmaceuticuls, e -

o
Produci: Divalproex Sodinm Grannlcs ' Revision #: _New
Product Code#: L7l Batch Size:__16.67ke ot _ 171R001

Description: White to off-white granules

L S =
. MASTER FORMULA.

) Weight Raw Material Material . Exp. Amomnt nghsd Checked Date MfgCheck Date-.
Ingrodieats Part: O #/2ak7 % __ Code# - Rec.#  Date perbaich(kg) by by by
Divalproex Sodinm Solution 11 10 N2 oraioiveger  _@B  _de IR Pk Farty
Anhydrous Lactoss, NF . ~.3089 2031 903018 plapeotsis . 2 % T fe a2qr
Isopropy! Aleoho!, USP . w2004 G9bobl  L702-0f 1457 & Lo 7239 Yo 2-22-77

Total: e 100 16.67 {excluding solvent} s

NOTE: * Composed of 8.47 kg water which will evaporate dunng pmmssmg and 11.52 kg solid content which is accounted for batch size

and % weight.

** Bvaporated during processing.

17166700 —_— * e
Batch Approva! .
: ot . Reviewed by: cb__% Date: £-17-57 .

Pprafﬂd by' 23 <2t -

Reviewed by: _Deva -l _ : Approved by: _ Pl T Uil Dase: _os19-77
Reviewed by: _ Ay ' )

Approved by: _Qi fte : .

Approved by: M' Date: 20189 '




315000

ANUCK £ 188 UL CUELGCEI) 221t

MASTER FORMULA
Product: Divalproex Sodium Grapules Revision#: _New
Product Code#: 171 Batch Size: __ 16.67ke Lot#: 171R001

Description:  White to off-white granules

tsued y: L2l Wlrmagy Due:_ /00050 |
s - : e ]

_ MASTER FORMULA
Weight Raw Material Materiasl ~ Bxp. Amount  Weighed Checked Daté MfzCheck Date:
Ingredients  Part: _6__?/% % Code # Rec, # Date perbatch(kg) bty by . by

170 40742 01-22-0! 19.99% _g. _Ae 72895 sl ;leé’lu

i —
—

Divalproex Sodium Solution 69.11

Anhydrous Lactose, NF 30.8% 2031 WMo30id  Of-0pel 515 & _LAe 728% ﬁ}{, e fry

Isoprepyl Alcohol, USP w2004 Viebolbl  O1-otol 1457 i fe 72845 al  Tjsle
Total: ' 100 16.67 {excluding soivent)

NOTB:  * Composed of 8.47 kg water which will evaporate during processing and 11,52 kg solid cantent which is acoounted for batch size

and % weight.
*+ Evaporated during processing.

o
Master Record Approval
—w —
Prepared by: b= 7z 2 Date: 72-30-

frnl




6€5000

"NOTE:

LUILGOD A, B JLGSN ]

MASTER FORMULA,
Divalproex Sodium Granules

Batch Size: ___16.67ke

Product:
Praduct Code #: 1:3

Revision #:

wx1TIR0OQ1

Weighed Checked Date MfgCheck Date--

f Weight I{aw Material ~ Material Bxp. Amount
Ingredients Part:!_l__ % Codeft - Rpc.# Date perbaich (kg) by . by " by
Divalproex Sodium Soluiion . ®a 1w ' ﬂa?aftf'z. 071201999 @ _fe T249 Aef  feats
Anhydrous Lactose, NF 3089 2031 Wesela  orsbeisyss @ B 7297 sdf oo
Isopropyl Alcohol, USP 2091 ibott ;’7'”7'4! 14.57 _@. _He 7'2‘?47 A&ﬁ yggéf
16.67 (excludmg solvent) :

- Total: - 100 v

. 0
ITTYe
L

.-

Eatd
oo

e

* Cmnposcd of 8 47 kg water which will evaporate dunng processing and 11.52 kg solld content wluch is accounted for batch size

and % weight. .. _
o Bvapomtad during processing.
B Ba:ch Approval . T ’l_ '
* Daté: z-2¢-37 | Reviewed by:g% Date: 778 |- . ‘
Dlte: 7" Appmved by: M&‘ Da‘e: &!./9.” . .

. - y Date: 7 . . .
Approved by: ae it _ Date: .
Approved by: _dds Mfaliide” Date: Yooltd | -

-

S st e @e s — g — e teraih s vt e
-
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Andrx Pharmaceunticals, Inc.

Product: Divalpraex Sodiam Blend

1of10

Revision#: __New

Pmdthodc#:__lﬂ___— Batch Size:_# 2.92 #¢  Loti: __l ? 2 _K G G 1

Description: . Whits to off-white le mixture
Issned by:
‘ [ 3

S

MASTER FORMULA.

Weight © Material

Matetial Amonnt

Approvedby: (/- GALED  Date:

Ingredient % Code# Reci/Lot# . perBalch{kg) by
Divelproex Sodium Granules . 900 171 [mesimwr  _jmaz &
© peeieds 143 2
. ixilor At ru.ef ___g
P17 Ciad » [ 5 2 s
ke pas g %2E :g
£2ifen) pad & Lu. 20 __g
2 Rwof Vark f‘ 2%, 39 g
Crospovidone, NF (Polyplasdone XL} 3.5 2072 4512028 3,227 g
Anhydrous Lactose, NF 50 2031 qaofe32 5. £95 £
Colloida] Silcon Dioxids, NF 05 2032 Guessy _osty 2
(Cab-O-Sil ' ' Y
Magnesium Stearate, NF 1.0 w | Ae3ec Wilvsg ?
. Total . 100 /t3.90
172.000 . —
Formula Approval Batch Aggrnval__\ .
Prepared by: 2= Date: Z-32-77 Reviewed by: %& -7
Reviewed by: . Dates7l Approved by: __ Y
Approved by: Date: 2, -




LLS000

' ,Andrx Pharmaceutxcals, Inc. .

40r 21

Prodnct: DIvaIpruex Sndium Dalayeﬁ -Release Tnblets, 500 mg Vs!prmc Acid Aci vity (Uncoaﬁed) 1 8 1 R 0 0 1 Rsmmn#' _0_!!1__

' produc;c:oda#.__m______- " BaehSiz: 110.0k9 Lotii;
Dwaip{ionz’ﬁtet oﬂf—yvhite. oval shape tablel. ) ,
Issued by: W Date: 5/4/9'4
— : MASTER FORMULA B e
o © Weight . “Material - Amomnt  Weighed Checked Date’ Mfg Chk Date
Ingredient % mgltablet Code Lot# perBatchi(kp) by by . . by
Divalproex Sodiom Blend -~ 1000 627 172 122800l 00 __Q__ A s 944‘ __;V_eﬁf
F10, 0

Total 1000 - 927

181.001 - : : _
Formuladpprovel | Bath e
Prepared by: m Date: ¥-5~5¢ | Reviewed by: MI Date: _?éf;[zj

Reviewed by: _%f@._ Date: _d/é/75 | Approved by: Froto T Dwan ! Date: 01997

Approved by: te: §/6/7
Approved by: B Y Ugpiany  Dae: orordy
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Andrxz Pharmacenticals, Inc.

Page 1 of 11

Product: Divalproex Sodjum Delayed-Release Tablets, 500 mg Valproic Acid Activity (Seal Coated)

Product Code#: 182

Description: . White to off-white, oval shape tablet  Issued by: “M_@

‘Batch Size: {145 kg Lot#_ 182R001

Revision #:New

Date: m—

= — Master Formnla N
e Emanaie e e - ]
Weight Material  Material Amount  Weighed Checked Date Mfg. Ci'k Date
Ingredients : %  Code# Lot#Rec.#  perbatch(kg) by by by
Disabfos St Dleat Ao | - |
, wg Valproic Aci ) . .
Activity (Uncosted)- 97.0 181 1&|Roof 108,30 %w __@ Ze  §A4-41 %aﬁ{e&/
Bydroxypropyl Methylceliulose, USP 1.2 2116 Woborl  s3u_ @B e 3449 saf §A/51
(Methocel BS Premium) . ’
Hydroxypropyl Cellilose, NF 12 2m  GBedert s £ _fe 3497 st #elzy
(Klucel EF)
Magnesium Stearate, NF- 0s s MswT s _F _Ae E1M 444/ iﬂﬁf
Ethanol, SDA 3A 190 Proaf » n04 s dousew Lt 3947 Agd ifafs
Total 100 LIS
*Evapormted during the maﬁng process.
4 Actital amount transferred from tableting
w##+To make the coating suspension with a solid content of 10%
o Pa ——
Batch Approval _ H
by Reviewed by: ~( - Date; Z=t7-7 ’
Reviewed by: Date: £/4/7¢ . 5
izz . _diudo, Mt Havan/ : 8F-23-Y;
Approved by: Date: 9/5/ (7] Approved by: Date: 282247
L
Approved by: ﬂ“‘!‘“%m’ Date: _0g-82-9%




809000

Andrx Pharmaccuticals, lac.

rage 1 0 L1

Product: Divalproex Sodium Delayed-Release Tablets, 500 mg Valprole Actd Activity (Enteric Coated)

Product Code #; _183 -

b I of

Baich Size: ¢/9-£86 £y Lot #:

Revision #; New

Description: White to off-white, oval shape tablet ~ Issued by: - 4% éW’ ==
= S e

Appmved by:

Approved by: <~

- Date: Jl!g:[‘if

So— — B
_ s Master Formula )
. i ) T
Weight Material Material Amount Weighed Checked Date MIgCh'k Date
Ingredients %  Code# Lot#i/Recd! perbatch{kg) by by by
- Divalproex Sodium Delayed-Release ) , - )
Tablets, 500 mg Valproic ) ) :
Acid Activity (Seal Coated) 9.5 182 1Z2Roe] 11071 ee -—é pe 34399 %‘ﬁ/ %&q
Cellacefute, NF 60 211 NAXT 7.z E_ _be 35 1k gtk
Dicthy! Phthalate, NF 15 2197 q¥Aset t. 795 yd Lo §-13-95 A# w
Tsopropy! Alcohl, USP 2094 Wrtgronzes @ Lo §391 _Aﬁ/ iz ot
 Acetone, NF + 2101 P56 2424% ‘_6 Ao gazd 5 M Mg
Total 100 112.684
mteddunng the coatin process
*'k
A‘I’n gme coatmg squu%:xwﬁh a snhd mntent of 10%.
Formuls Approval Batch Approval .
- - . . . f‘ 2~ . .y -
Propared by: Date ;““a{ | Roviewedy: — Date: Z-17-75
S . . 2. .. -
Revicwed by: Date: Approved by: Bk Yy leokald Date; 05%-99




129000

Page 1 of 11

Andrx Pharmmaceuticals, Inc.
Product: Divalproex _So;!fum Delayed-Relcase Tablets, 500 mg Valproic Acid Activity (Color Coater) Revision #: New.
Product Code #: 184 Betch Size: _/20-325°kKg Lotk 1R ARBHT .
Description: _ Blue, oval shape tablet  Issucd by: 2. ELARAL S i Date: _8/72/ ;‘_2
; == Master Formula L
‘ . Weight Material Material Amomntper Weighed Checked Date Mfg.Ch'k Dale
Ingredients % ~ Code# Lot#/Rec# batch (kg) " by by by
Divalproex Sedium Deayed-Release ‘ -
Tablets, 500 mg Valproic Acid .
Activity (Bateric Conted) 9724 183  [33Reoy  sr3slew __g Lo FA3H4F Aﬁg_ 5/ 13 /o7
Opadry Blue (YS-1-10745-A) 270 2203 ‘?‘?aw% 3,29/ ﬁ L. 3395 W// J’/ﬂﬁf
Vanillin, NF o 2 9Bt oien £ _dc 375 5&;’& Hisfre
29.82
Purified Water, USP * 2014 X317 a?—*f'*-* ﬂ Ze  3A03-T% »‘W’/’ Jﬁéﬁ?
Candelila Wax Powder, FCC 003 2130 495057 o003 __fi C2 Eisy f‘%ﬁf _fé%.é’?
Total 100,00 121,875

‘Bwpmdduﬁugihzmﬁngfm&
*9A clual smount transfered from enteric coating.
3+ malee: & suspension with solid content of 10% {Opadry Bluc).
184.000 :

Eaﬁch Approval .

Approved by: Date: §/249
Approved by: -y Date: M

Reviewed by ey { Zpny=  Dale: 2:2-75
Approved by: Mﬂ{%ﬂ/ Date: 28-/7-7




Exhibit D

Side-by-side comparison of Depakote® v. Andrx’ Proposed Product
(Raw Data)

11



pH Measurement of Andrx’s Starting Material, Intermediate and Finished

Product vs Reference Material

A. Andrx’s Starting Material and Reference Material at 50 % Concentration (w/w)

- Samples pH
Andrx’s material | Imported solution* 10.8
Ref, material Sodium valproate solution 10.5
Ref. material Divalproex sodium solution 7.1

B1l. Andrx’s Intermediate and Reference Material at 50 % Concentration (v/w)

Samples pH
Andrx’s material | granulation solution 102
Ref, material Sodium valproate solution 10.5
Ref. material Divalproex sodium solution 7.1

B2. Andrx’s Intermediate and Reference Material at 0.09 % Conceniration (w/w)

Samples pH
Andrx’s material | granulation solution 6.8
Ref. material Sodium valproate solution 7.7
Ref. material Divalproex sodium solution 4.8

C. Andrx’s Finished Product and Reference Material at 0.09 % Concentration (w/w)

Samples pH
Andrx’s material | Finished product soJution, 6.7
Ref. material Depakote® Tablet solution 4.6

Note: All samples were prepared by dissolving the corresponding solid material in a CO,

free water, exceptthe Andrx’s imported solution (*).




Melting Point Measurement of Andrx’s Starting Material and Intermediate
vs Reference Material

A. Andry’s Starting Material and Reference Material

Samples Physical Observation
Andrx’s material Spray dried powder* | No change on the physical appearance (color change
-or melting) were observed from 80 to 400°C
Ref. material Sodium valproate No change on the physical appearance (color change
or melting) were observed from 80 to 400°C
Ref. material divalproex sodium * The material melted between 99-100°C.

x

The sample was prepated from the spray drying of Andrx’s imported solution (pH ~ 10.8).

B. Andrx’s Intermediate and Reference Material

Samples

Physical Observation

Andrx’s material

Granulation

The white sample turned to brownish at ~149°C,
melted at ~152°C to yield a dark brown liquid,
solidified at ~154°C, and partially melted at ~185°C.

Andex’s material

The core material of
finished product*

"| The white sample turned to yellow (~120°C), to light

brown (~132°C), to medium brown (~136°C), and to
dark brown (~138°C).

The dark brown material partially melted at ~157°C,
and completely charred until ~270°C,

Ref, material

The core material of
Depakote® Tablet**

The white sample tummed to yellow (~178°C), to light
brown (~196°C), to medium brown (~199°C), and to
dark brown (~280°C).

The dark brown material completely charred from
280 to 400°C (no melting was observed).

without the coating layer.

*#

the coating layer.

The sample was obtained by breaking Andrx’s finished product and collecting the inmer solid

The sample was obtained by breaking Depakote® Tablets and collecting the inner solid without




Hygroscopicity Study of Andrx’s Starting Material, Intermediate and

Finished Product vs Reference Material @ RT/ 80% RH

A. Andrx’s Starting Material and Reference Material

Samples Weight Gain (%)
30min | 45Smin | 60min | 90min | 2k 4hr Ul
Andrx | Spray dried powder* 43 5.5 8.5 104 12.0 14.9 472
Ref, Divalproex sodium 0.1 0.1 0.1 0.1 0.1 0.1 0.1
* The sample was prepared from the spray drying of Andrx’s imporned solotion (pH ~ 10.8).
B. Andrx’s Intermediate and Reference Material
Samples Weight Gain (%)
30min { 45min [ 60min { 90min | 2hr 4hr 24ty
Andrz | Gramulation 19 29 3.6 53 6.8 NA NA
Andrx | The core tablet of 16 | 210 | 31 | 38 | 44 | 53 | 200
finigshed product*
Ref. The core tablet of 0.3 0.4 0.5 0.6 0.7 0.3 35
Depakote® Tablets**
. The sample was obtained by removing the coating layer from Andrx’s finished product.
**  The sample was obtained by removing the coating layer from Depakote® Tablets.
C. Andrx’s Finished Product and Reference Material
Samples Weight Gain (%)
30min | 45min | 60min | 90min | 2hr 4r 24 hr
Andrx | Finished product 0.2 0.2 02 0.3 0.3 0.5 25
Ref, Depakote® Tablets 0.1 0.1 0.1 0.1 0.2 03 14
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Comparative Solid-State IR Spectra‘of Andrx Intermediate Material and Reference Material

%T
; . {
‘ 27 um 929 '
] 1 BS1 755 668
- C
A
4°cn’0' ) ¥ ] L ] .| '3&100' & '28‘00‘ kR 1] L ] ) T L) 1 1] '18’0?' ] '1&0'”“ .,4&' 1 '12‘00' [] llu‘&‘ ¥ 'E&Bl 1] —I'Gm?.c
T cn-
Notes:

A = Divalproex sodium (Lot No, 9902044}
B = Andrx Grunulation (containing lactose) (Lot No. 171R001)
C = Sodium valproate (Lot No. 9802016)

Sample: KBr pellet, Resolution: 4 con!



Comparative Solid-State IR Spectia of Andrx Finished Product and Reference Material

' v A
' . 503 194 { ¢ ues
] 3435 W - _

%®T
‘ ¥ i s
i ] \ 861 755 658
122¢ ( Y
'1311
1358
E ~
13
mn‘o‘ L3 .3 ITI T lszm 7 L R F3 L S ) 4 * Imo L} 'Ish?' T llslml L] 514?"0I L] Ilzlgolﬁ llmj L] ¥ s& » 4 '6010.0
oo
Notes;

A =Depakole® Tablet, 500 mg (Lot No. 45-404-AA-21) {coating removed)

B = Andx Divalproex sodium DR Tablet, 500 mg (Lot No. 184R001) (coating removed)
C = Sodium valproate (Lot No. 9809016)

Sample: KBr pellet, Resolution: 4 o’



X-ray Powder Diffraction Study of Andrx’s Intermediate and Finished
Product vs Reference Material

A. Andrx's Intermediate and Reference Material

Samples Diffraction Peaks (°/20)

Andrx Gragulation 5.9,7.0,193,21.3,22.0, 24.7, 26.6, and 32.0

Reference Sodium valproate 5.6,6.7,16.9,20.9,21.8, 24.4, 26.2, and 31.9

Reference Divalproex sodium 7.3,19.2,20.4,and 21.2

B. Andrx’s Finished Product and Reference Material

Samples Diffraction Peaks (°/20)

Andrx Finished product 5.6,6.8,17.1,19.2,21.9, 24.5, 26.4, and 31.9

Reference | Depakote® Tablets 7.2,19.1 and 21.2
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_B. Comparative X-ray Powder Diffraction Patterns of Andrx’s Finished Product vs Reference Material

Intensity (count)
N

5 10 15 20 25 30 35 40 45 50
Angle (2-theta)

1. Andrx’s finished product. 2. Sodium valproate (reference material).

3. Depakote® Tablets (reference material).
4. Divalproex sodium (reference material).



Appendix
Copies of U.S. Patent Nos.

4,988,731
5,212,326



United States Patent 19

(11 Patent Number; 4,988,731
Meade 451 Date of Patent: Jan. 29, 1991
[54] SODIUM HYDROGEN DYVALPROATE 4,127,604 1171978 CHIigna et ol wmsveemsssen. 5627606
OLIGOMER 4,558,070 1271985 Bauer ot Bl wovssssscmssssicrens 147557
{75] Inventor: Edwin M., Meade, Duncan, Canada FOREIGN PATENT DOCUMENTS
73) Assignes: Abbott Luboratories, Abbott Park, 1074978 1071954 FIANCE wmmrrmmseerrrsrarsnnes 562606
[73) Assigee: b = e DM 471964 FIance oo 5620606
{211 Appl. No: 117,945 OTHER PUBLICATIONS *
2] Filed: Nov. 9 “The Pharmsacological Studies on Sodium Dipropy-
(22] File ov. 9, 1587 heste Aniconlast Astivies and Geera Phac
malogical Actions”, K, Shuto and T. Nishigaki, Ap-
Related US. Application Data plied Pharmacology, 4[6}, pp. 937-949 (1970).
63]  Continustion-in-part of Ser. No. 68,284, Aug. 20, 1979,  FPrimary. Exominer—Vivian Garner
(631 et donn-pactof Sex. No. 68284, Avg. 20, Attornzy, Agent, or Firm—Steven F. Weinstock
g g {?fé C(‘;,f NI U s 4 w& oovcs 3%}%%2 B ABSTRACT
. /55T; This invention concerns certain diethyl- or dipropyla-
[58] Field of Search .......ccvesnccrecre 562/606; 514/557  cetic ncid salts of sodinm valproate which havepphl;sig.
[56] References Cited logical properties similar to those of valproie acid or

U.S. PATENT DOCUMENTS

2,895,976 7/1959 Kairys et al. ,.cusmmscrmms 2607419
4,915,337 1271959 Meade wuvvrvmmrisssorsccme 2507419

sodium valproste but show highly superior stability
characteristics.

2 Claimy, No Drawings



.1'

SO0DIUM HYDROGEN DIVALPROATE
. OLIGOMER

Thiz is 3 continuation-in-past of copending applica- 5
tion Serial No, 68,284, filed Aug. 20, 1979 now aban-
doned.

This invention relates to salts of valproic acid. In the
last gecade, 2-propylpentanoic acid and its alkal or
earth a}kali salts (hereinafter referréd to as valproie acid
and valproates o valproste salts, respectively) have
been introduced in the arsenal of drugs nzefol for treat.
ing cpileptic seizares or convulsions. Most commonly
used are valpraic aeid itself or its sodium selt. The for
mer is 2 Hguid and as such is less desirable for preparing
an orsl dosage form while the latter is & sofid that has
poor stebility chatacteristics partinlly due to pro-
nonnced hygroscopicity,

Xt has now beea found that a highly stable, nonhygro-

4,988,731

2
nately, the new compound wherein n=2 can b made in
a two-component liguid medium which includes ace-
tone. In this instance, sodivm valproate is formed in situ
by adding NaOH ar a Jevel of one half of a2 molecular
equivalent of the valproic acid present, prefersbly as &
solution in an acetone-miscible solvent for said NaOH,
¢.q, water, The new compound ean be recovered from
the liquid phase by eveporating the zolvent(s) and, if
desired, the new compound can be recrystallized, for

10 instance from acetone/water, from acetonitrile or ath-

ers, or the material may be spray-dried, iyophilized or
purified by chromatography.

The new compound represents a single chemical
molecule 85 can be detarmined by microenalysis, now

15 spectrurm, mixed melting point determination, IR spec-

trumy and/or X-ray diffeaction. The pew compaund
does not have the aforementioned detrimental physical
charagteristics of either of the two starting materials; it
is & erystalline, stable solid. Surprisingly, such a usefnl

scopic, solid entity can be prepared from valproic acid 20 compound can be made only from valproie acid and

and ity salts, representing a single chemical molecnle
with welldefined physical charactesistics,

The new compound sepresents » single crystelline
entity consisting of one malecule each of valproio acid

disthylacetic acld on one side of the molecule, with the
sodium or salt of valproic acid. When other valproate
salts are vsed, Le., the potassiom, ammonium or magne-
sium salts, the resulting sompound, either does not crys-

or diethylacetic sud a sodium valpiroate salt. There has 25 tallize, does not form or iz highly unstable in the pres-

been some uncertainty as to the structure of the com.
pound, Yt was first hypothesized that the compound
formed a complex in the form of 3 compound thys:

CHYCH O - MO CHy~ cHy O
MC z)n\ Vv, N Paa CHy~CH; 0 3
/CH-C\ IG_CH\
CHY(CHa)x OH- O CHy~CHr—CHy

where M represented Naandnjs § or 2.

Subwsquent inveitigations have confirmed that the
compound consists of one molecule each of valproic
scid or diethylacetic acid and sodivm valproate. How-
ever, {t has been found that the malecules are disteib.
uted 23 an ionic oligomer, rather than as a dimer as
oﬁg:;ﬂly believed, Thus, the sodium salt may be ilius-
m 0

- 0
Nat Nat
-oIo “’OIO
| CH3CHxCHz™ CHCHCHy CHyCH2CH;
wherein m is sbont 2.

*» As can be seen from the foregoing structure, one
mole exch of the valproic acid mofeties form coordinate
bonds with the sodium of the sodivim valproate mole.
cule, und the valproate jon is ionically bondad to the

sodium atom. The structure is thus consistént with the 60

unique sharacteristics of the compound.

In the simplest embodiment, the above compound is
prepared by dissolving onc mols esch of [Me(CHD,.
I—CHCOOHN and sodium valproate in 1000 mi of ace-

tone at sbout 50° C, After cooling the solution to 0* C. 63

or below, the formed new compound is filtered, washed
if desited with precooled ascetone, and dried under
reduced pressure ta remove all traces ol scetone, Altecs

" CHyCHCH;,, ,CHaCH;CH CHCHCH, CHCH,CH; )
X -
' J:

CH2CH,CR) |

ence of any atmospheric moisture,

The process for making the compounds of this inven-
tion gre best illustrated by reference to the following
examples which, howaver, are not intended to Jitmit the
invention in any respeck. .

EXAMPLE 1

In 1000 ml of acetone at abont 50" C. is dissolved 166
& of sodium valproate and {44 g of valprole acid. The

35 solutioniscooled to gbout O C,, filtered and the crystal.

line ‘precipicate is washed with pre-cooled acetone at
about 0" C. The new compound is obtrined in a yiald of
$0%% of theory. Additional material can be obtained by
using the acetone filtrate in & subsequent batch.

40  The new material is a stable, white, crystalline

der which melts at $8-100" C. Jis moisture stability is

m

established by placing samples of the maerial for 45
minutes in a controlled environment at room tempera.
ture and B0% relative humidity, No weight gain is ob-
served, while under the same condition, the simple
sodium salt of valproic acid gains between 17 and 24%;

in weight,

The infraced v is consistent with propased
structure JI and has the following charasterizing ab-
sorption bands: strong bands at 2957, 2872, 2932, 1685,
1553 and 1370 cm=!, The first two of these indicate the
various methy! groups, the Jast two are due respectively
fo the antisymumetric and symmetric O—ConO—3.
tresching vitrations of the carboxyl sait. The remaining



3
strong bands indicate the stretching vibrations of the
vatious methylene groups and the C=Q in the catbox-
ylic scid group, while the weak, broad bands at 2450
and 1900 cm=1 are dus to intramolecularly bounded
OH groups of the carboxylic azid. 5

EXAMPLE 2

In the fashion of Example { but using sodium valpro-
ate with the molar equivalents of dibutylacetic acid or
diethylacetic acid, respectively, the coryesponding hy-
drogen sodium mixed salts of the assumed structore IT
with n=b 3 or 1, respectively, are obtained. In the
instance of dibutylacetic acid, 2 very hygroscopic prod-
uct is obtained which is very difficult to handle and
therefore unsuitable for phermacentical dosage forms,
The mixed salt obtainzd with diethylacetic acid is a
white arystalline powder which Is suble to ordiaary
storage conditions and essenvially nonhygroscopic,

EXAMPLE 3

In a comparison of anticonvulsant nctivities of
A: valproic acid (stable, lquid)
B: sodjum valproate (hygroscopic solid)
C: compound (stable solid) of Example 1
the aral EDS0 based on cquimalar valproic acid equiva-
lents sre established by standard procedures. The re-
sults are as follows:

15

20

25

30

A B e
Audiogenic selcures (mice) 14 4 Blepag
Pentylenctetrazole scizires (mice) <0 W2 B mgig
Pedtylenetetrazale scinyves (rats) 355 415 36 mp/kg

+ 3
In a bioavailability study carricd out with (A) and (C)
gbove in varigus animal species, the peak blood plasma
levels of oral, equimolar doses are determined aecord-
ing to standard procedures, 30 minutes after drug 8d-
ministration. ©

A <

Mouse (200 wa/kp) DY 2004 mphy

Rat (200 mp/kg) Wl 60 mpg s

Dog (25 mg/kp) §12 736 mp/kg

Dog S mg/KAUC®  §23 950 be-mog/ml

CATEs uadtr the cutve valie Ror 0-7 hoes

50
35
60

4,988,731

From the above examples, it will be seen that the new
material has equal or better physiological propertles
then either valprole acid or sodivm valproate. Since the
new compound bas far superior physical characteristics
than either “monomer™ from which it is mads, it greatly
facilitates the preparation of solid pharmaceutical dos.
age forms, and specific amounts can be weighed out and
blended with starch and/or other binders to form a
flowable powder which can be forwarded to standard
tableting machines after granulstion. Neither the hygro-
scople sodium salt of valproic acid nor the ligoid val-
proic acid itself can be processed in this fashion without
special precautions or absarbents.

The new compounds can be tableted in accordance
with Bxample XIIT of U.S. Pat, No. 3,325,361 and anal-
ogous methods. In these procedures, one or more dilu-
ents andfor excipicnts are used, &.g., starch, taleum
powder, lubricants, disintegrators, flavoring agents,
coloring agents and the Iike, These additives, of course,
are the usval pharmacentically acceptable carriers or
diiuents employed {a rontine fashion by tablet formula-
1013, v

The shove structure II is the most likely true twosdi-
mensional view of the sodinm/hydrogen divalproate
and seems to be confinned by IR and nmr spectra, by
molecular weight and microanalytic values. Thus, the
new material should be characterized not by depicting s
structural formols dbut by reference to a single com-
pound of formula (CHyCH;CHCHCONa/R2CH-
COzH or [(R2CHCO,) (RaCHCO2)Na H whetein each
R is propyl, or by reference to sodium/hydrogen dival.

proate,

Xt will be understood that various changes and modi-
fications can be made in the details of procedure, formu-
lation and use without departing from the spivit of the
invention, especially as defined in the following claims.

¥ claktn:

1, An oligomer baving 8 1:1 molar ratio of sodiom
valproate and valproic acid of the unit Formula,
(CH;CH, CHZ); CRCOzNa/(CHy CHCH3); CHCO:H,
ang containing about 4 such units. .

2. An oral pharmaceutical dosage form for treating
the symptoms of epileptic seizures or convulsions, con~
taiping 2¢ the active principal an oligomer having a 1:1
molar ratio of sodium valproate and valproie acid of the
uri¢ formuls, {CH3CHCH2CHCO,.
N:,I"(CH;CHzCHz)zCI-ICDzH. and containing about 4
such unitg,

* ¢ % & ¥
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571 ABSTRACT
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cetie acid salts of sodium valproate which have physio-
logical properties similar to those of valproic asid or

sodium -valproate but show highly superior stability
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1

SODIUM HYDROGEN DIVALPROATE
OLIGOMER

This application is a continuation of Ser, No. 117,945, $

filed Nov. 9, 1987, now U.S. Pat, No. 4,988,731 issued
Jan. 29, 1991, which i3 a continuation of Ser. No.
545,719 filed Oct. 26, 1983, now sbandoned, whichis a
continuation-in-part of Ser. No. 068,284 filed Aug. 20,
1979, now abandoned,

This invention relates to salts of valprolo acid. In the
last decade, 2-propylpentancic acid end jts alkali or
earth alkali salts (hereinafter referred to as valproic acid
and valproates or valproste salts, respectively) have

10

been introduced in the arsenal of drugs nseful for treat. 15

ing epileptic seizures or convulsions. Most commanly
used are valproir acid jtself or itz rodivin selt. The for-
mer is s liquid end as such is Jess desirable for preparing
an oral dosage from while the latter is a solid that has
poor stability characteristies

nounced -hygroseogicity.

Ithas now been foupd that 2 highly stable, nonhygro-
scopic, solid entity can be prepared from valproie acid
and its salts, representing o sirigle chemical molecule
with welldefined physical characteristies.

The new compound represents a single crystalline
entity consisting of one molecule each of valproic scid
or diethylacetic and & sodium valproate salt. Thers has
been some uncertainty as to the structure of the com-

partislly due 10 pro- 5

25

pound. It wes first hypothesized that the compound 30

formed a complex in the form of a compound thus:

CHyCH), 0...MO CHy=CHy~CH; B
Seuc? Neces? B
CHMI)'/ \OH e Oév \C}{;—cﬂz—-c}h

where M represented Na and u is 1 or 2.
Subsequent investigations heve confirmed that the
compound consists of one molecule each of valproic

33

acid or diethylacetic acid and sodium valproate. How- 40

ever, it has been found that the molecules are distribe

uted as an ionie oligomer, rather than as 2 dimer 2s
oﬁﬁﬂy believed. Thus, the sodium salt may be illug.
trated:

Ry CHICH:

l‘l\o
Nat
-0 o

X

"I
[onstrzcm™ ™ CHa G Cm; CHycHyCR; CHaCHCH,

CHICHaCHY Cﬂacﬁﬂ;ICKzCHzCHJ
] -0" U0

Nt
O, 0

whereln m is shout 2 to 3.

As can be seen’ from the foregoing structure, one
mole each of the valproie acid moietics form coordinate

4

b

bonds with the sodium of the sodinm valproate mole- 60

cule, and the valproate ion is ionically bonded to the
sodium atom. ‘The structure i thus consistent with the
unique characteristics of the compound.

In the simplest embodiment, the sbove compound is

;gx?»ared by dissolving one mole each of [Me(CHa),J>- 65

COOH and sodium valproate in 1000 m! of acetone
at about 50° €. After cooling the solution 10 0" C. or
below, the formed new compound is filtered, washad if

[y

5,212,326

desired with pre-cooled acetone, and dried under re-
duced pressure to remove all traces of acetone, Alter-
nately, the new compound whereln n=2 can ba made in
a two-cotaponent Bguid medinm which includes ace-
tone. In this instance, sodium valproste is formed in situ
by adding NaOE at 2 1evel of one half of a molecular
equivalent of the valproic acid present, preferably as &
solution in an scetope-miscible solvent for said NaOH,
£.g. water, ‘The new compOund can be recovered from
the liguid phase by evaporating the solvent(s) and, if
desired, the new compound can be recrystaliized, for
instance from acetone/water, from acetonitrile or oth-
exs, or the material may be spray-dried, lyophilized or
purified by chromatography.

The new compound represents 2 single chemical
wmolécule 85 can be determined by micraanalysis, nmr
spectrem, mixed melting point determination, IR spec-
trum and/or Xeray difftuction. The new componnd
does ot have the slorementioned detrimental physical
charadteristics of either of the two starting materials; it
is @ crystalline, stable solid. Surprisingly, such & useful
compound can be made only from valprole acld and
disthylacetic acid on one wide of the molecule, with the
sodium or salt of valproie acid. When other valproate
salls are nsed, i.e,, the potassinm, arnmonium or magne.
siurn salts, the resulting cotnpound, ¢ither does not erys-
tallize, does not form or is highly unstabls in the pres-
ence of any atmospheric moisture.,

‘The process for making the compounds of this inven-
tion are best illustrated by reference to the following

examples whioh, however, are pot intended to limit the
invention in any respect,

EXAMFLE 1

In 1000 m] of acetone st about $0° C. is dissolved 166
g of sodium velproate snd 144 g of velproic acid, The
solution is cooled to about §° C, filtered and the crystal-
line precipitate i washied with pre-cogled acetone at
about §° €. The new compound is obtained in 2 yield of
90% of theory. Additional material can be obtained by
using the acetone filtrate in a subsaquent batch.

The new material is a stable, while, crystailine pow- -
der which melis at 93°-100" C, Its moisture stability is
established by placing samples of the material for 45
minutes in a controlled onment at room tempera-
ture and 80% relative humidity. No weight gain is ob-
served, while under the same condition, the simple
sodium salt of valproic acid gains between 17 and 24%
in weight,

The infraved spectrum is consistent with proposed
structure IT and has the following characterizing ab-
sorption bands: strong bands at 2957, 2872, 2932, 1685,
1555 and 1370 cm~1. The first two of these indicate the
various methyl groups, the Jast two are due respectively
1o the antisymmetric and symmetric O-C-O-stretching
vibraitons of the catboxyl salt. The remaining strong
bands indicate the stretehing vibrations of the various
methylene groups and the C=0 in the carboxylic acid
group, while the weak, broad bands at 2450 and 1900
cm=! age dus to intramolecwlazly bounded OH groups
of the carboxylix acid.

EXAMPLE 2
In n comparison of anticonvulsant activities of
At valprole acid (stable, liguid)

B: sodivm valproate (hy?rosaopic solid)
C: compound (stable zolid) of Example 1
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the oral ED 50 based on equimolar valproic acid equivs-

jents are established by standard procedures. The re-
sults are as follows:

A B ¢
Andlogenic sclzures (mice) 154 W Mapig
Penlylencieirazole scizures Gmice) <30 22 7B mp/kp
Fentyleoeterruzols selzutes (rat) 355 . 413 MdmpAy

In a bioavailability study carried out with (A) and {C)
above in various animal gpecies, the peak blood plasma
levels of oral, equimolar doses are determined accord-
ing to standard procedures, 30 minutes after drug ad-

ministration. 18

R A [
Mouse A0 sap/kg) 137 2074 m;
Rat (200 pop/kE) 841 $3.0 u% 20
Dog (25 wg/kg) 682 T3S mp/kg
Deog (23 mg/kp) AUCH $2.3 $5.0 ke mog/ml

Ares whdar the corve vadue for Ou? bousy,

From the above examples, it will be seen that the new
material has equal or better physiological properties
than either valproic acid or sodium valproate. Since the
new compount has far superier physios] characteristics
than either “monomer” from which it is made, it greatly
facilitates the preparation of solid pharmaceutical dos- 34
age forms, and specific amounts can be weighed ont and
blended with starch and/or otber binders to form &
flowable powder 'which can be forwarded to standard
tableting machines after granulation, Naither the hygro-
scopic sodium salt of velproic acid nor the liquid vals 35
proic acid itself can be processed in this fashion without
special precautions or absotbents.

The new compounds can be tableted in accordance
with Example XITI of U.S. Pat. No. 3,325,361 gud anal- -
ogous methods. In these procedures, one or more dilu-
eats and/or excipients are used, e.g., starch, taleum
powder, lubricants, disiptegrators, flavoring agents,
coloring agents and the like, These additives, of course,
uvre the usual phaymaceutically accepiable carmiers or

diluents employed in routine fashion by tatlet formula- 45
tors.

]

50

55

40

5,212,326

4
The sbove structure 11 is the most likely true two-di-

_mensional view of the sodium/hydrogen divalproate

and secms 1o be confirmed by IR and nmr spectra, by
molecular weight and microanalytic values, Thus, the
new material should be characterized not by depiciing a
structursl formula but by reference to a single com-
pound of formula (CHsCHRCH,)CHCO;Na/R2CH-
COH or [(R2CHCO;XR2CHCO)]Na, H wherein sach
R is propy], ar by reference to sodimu/hydrogen dival-

10 proate. .

Tt will be understood that various changes and modi-
fications can be made in the details of procedure, formau-
lation and use withowt departing frors the of the
inve:lﬁm. especiatly as defined in the follo claims,

I claim:

1. An oligomer having & 1:1 molar ratio of sodium
valproate and valproic acid of the unit formula,
(CHACHCH; )y CHOCO;Na/(CHACH CHa)a CHCO: H,
and containing sbout 4 to 6 such units,

2. An orsl pharmaceutical dosage form for treating
the symptoms of epileptic seizures dr convulsions, ton-
taining ag the active principal an oligomer having 2 1:1
molsr ratio of sodivm valproate and valproic acid of the
onit formula, (CH3CH2CH,):CHCO,.
Na/(CH3;CHyCH;),CHCO:H, and conuining sbout 4
to 6 such units.

3, An oligomer huving & 1:I molar ratio of sodium
valproate and valproie acid of the unit formula,
(CHyCH2CH ) CHCO Na/(CH3 CHyCH:) CHCOH,
and containing about 6 such units,

4. An oral pharmaceuticnl dosage form for treating
the symptoms of epileptic scizures or convulsions, con.
taining as the active principal an oligomer having a 1:1
molar ratio of sodium valproate and valproic acid of the
unit formula, (CH3CH2CH32)2CHCO,.
No/(CH;CH2CH2);CHOO:H, and containing about 6
such vmits. |

5. An oligomer having » 1:1 molar ratio of sodium
Vélgmte and wvalproic acid of the unit formula,
{CHICHCH):CHOO N/ (CH3CH CHa) CHOO:H,
and having physical/chemical properties as follows:

a. stable, white crystalline powder;
b. meling point of 98°-~100° C.; and

c. an infrared s having strong absorption bands
et about 2957, 2872, 2932, ‘16.85, 1555 and 1370 cm—1,
* ¢ » ]
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the oral ED 50 based on equimolar valproic acid equiva- The above structure 1T is the most likely true two-di-
tents are estzblished by standard procedures. The re-  mensional view of the sodiutn/hydrogen divalproate
sults ave as follows: and seems 10 be conflirmed by IR and nmr spectra, by
molecular weight and microanalytic values, Thus, the
5 new material should be characterized not by depicting a
AR < structural formula but by reference to & single com-
Audiu’zmic nelzu:t gu)m ‘:g ;:; ‘;; me/kg pc\ln}c: of m& (CK;S:{:CH:)];I?HSO:EVR;CH{
Pentylencietiazdle a¢ ures ng/kg COzH or O} RaCHCO)INaH wherein eac
Peatylencetrazele scizures (rats) B 418 32wgfts R s propyl, of by reference to sodium/kydrogen dival-
. . 10 proate,

1o a bioaveilability study carried out with (A) and (C) It will be understood that various changes and modi.
above in varions animal species, the peak blood plasma  fications can be made in the details of procedure, formu-
levels of oral, equimolar doses are determined accord-  lation and use without departing from the spirit of the
ing to standard procedures, 30 minutes after drug ad- im;en‘;\ip-u: especially as defined in the following claims,

G >

mintstration. ] .
1. An oligomer having a 1:1 molar ratio of sodium
- ; ~  valproate and wvalproic acid of the tmit formula,
: A € : (CH3;CH2CHz)2CHCOzNe/(CHCHCH2)CHCO:H,

Mowse (200 wwg/kg) 1937 004 wp/kp and ¢containing about 4 to 6 such mmits.
Rat (200 wp/ke) Bl 00 myy 20 2. Ax orpl pharmacentical dosage form for treating
Dog Q¥ mp/ke) €52 me/kg the symptoms of epileptic seizures ¢ir convulsions, con-
Dog GIme/kpIAUCT 823 950 hromeg/ml taining as the active principal an oligomer having 8 1:1
*Ates bader the elrve valie for 0-1 bounn. molar ratio of sodium valproate and valproic 2cid of the

. nit tormula (CHyCH2CH2),CHOO,,
From the sbove examples, it will bs seen that thenew ,, & ~ : ind
material bas equal or betier physislogieal properties 5 za{(’ilggﬁth)ﬂﬂcmﬁ. and containing about 4
than eithier valproic acid or sodium valproate. Since the 3. An oligomer having & I:1 molar ratio of sodivm
new compound has far superior physical characteristis  \pipronte and valprolc acid of the unit formula,
than either “monomes™ from which itis made, it greatly (CH3CH;CH)2 CHCONa /(CH CHCHR):CHCO; H,
facilitates the preparation of solid pharmaceutical dos- 39 ang containing about 6 such units,
age forms, and specific amounts can be weighed out and 4. An oral pharmaceutical dosage form for treating
blended with starch-md/or other binders to form 2 4pe symptoms of epileptic seiztres or convulsions, con-
flowable powdes which can be forwarded to standard taining as the active principal an oligomer having a 1:1
ubleting machines after granulation. Neither the hygro-  mojar tatio of sodium valproate and valproie acid of the
scopic sodium salt of valproic acid nor the liquid val 35 unit formula, {CH3CHCHy):CHCO:.
proic acid itself can be processed in this fashion withour Na/(CHICHCHRCHCOH, and contalning about 6
special precautions or sbsorbents. such units. ’
The new compounds ¢an be tableted in accordance

5 An olig&mer having 2 1:1 molar ratio of sodium
with Example XIII of U.5. Pat. No, 3,325,561 and anal-  valproate and valproic acid of the unit formula,

ogous methods, In these procedures, one or more dilu- 40 (CHRCH;CH2)2CHCO,N2/(CH3ICH;CH,),CHCO,H,

ents and/or excipients are used, ¢4, starch, talcum  snd having physical/chemical properties as follows:

powder, lubricants, disiplegrators, flavoring agents, . stsble, white crystaliine powder;

coloring agents and the like. These additives, of course,” b, melting point of §8°=100" C.; and

are the usual pharmacentically scceptable carriers o  c. en infrared spectrum having strong absorption bands

diluents employed in routine fashion by tablet formula- 45 at sbout 2957, 2872, 2932, 16835, 1955 and 1370 cm=1,
» @

tors. R )
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