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according o Anticle 18. A copy is being ransmitted 1o the Intemational Bureau.

This international search repont consists of o totat of é sheels.
D I is also accompanied by a copy of cach prior ant document cited in this repon.

I, Basis of the report
a. With regard to the language, the international search was carvied out on the basis of:
the intcmalional application in the language in which it was filed.

D a wanslation of the international application into which is the tanguage of
a translation fumnished for the purposes of inlermational search {Rules 12.3(a} and 23.1(b)).

b. D This international search report has been cstablished 1aking into account the rectification of an obvious mistake
authorized by or notified 10 this Authority under Rule 91 (Rule 43.6bis{a)).

c. EI With regard 10 any nucleotide and/or amine acid sequence disclosed in the international application, see Box No. I.
2. D Certain claims were found unsearchable (see Box No. 1),
3. D Unity ol inveation is lacking (scc Box No. 11).

4, With regard 1o the title,
E the text is approved as submilled by the applicant,
D the 1ext has been established by this Authority to read as follows:

5. With regard to the abstrace,
the tex1 is approved as submitted by the applicant.
D the text has been established, according 1o Rulc 38.2, by this Authorily as it appears in Box No. IV, The applicant
may, within one month from the date of mailing of this inlernational search report, submil commenis (o this Authority.
6. With regard 10 the drowings,
o, the figure of the drawings to be published with the abstract is Figure No,
D 8s suggesied by the applicant.
as selected by this Authorily, becouse the applicant failed to suggest a figure.
L__] as sclected by this Authority, because this figure better characlerizes the invention.
b. E none of the figures is (o be published with the abstract,
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - CO7D 211/78 (2012.01)
USPC - 546/286
According lo Intemationa) Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): CO7D 211/78 (2012.01)
USPC: 546/286

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 546315, 344 (lext search} Find search lerms below

Electronic data base consulied during the international search (name of data base and, where practicable, scarch wrms used)
PUbWEST (PGPB,USPT.USOC,EPAB,JPAB), Google Scholar
nitrle, hydrotysis, decarboxylation, sulfuric, sutphuric, acetic, sulfide, sulphide, sulfone, sulphone, oxidation, hydrogen peroxide

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catcgory® Citation of document, with indication, wherc appropriate, of the relevani passages Relevant 1o claim No.
Y US 6,600,046 B2 (BESSARD et al.) 29 July 2003 (29.07.2003) col 1, In 12 - €01 3, In 40: col 4, In{ 1-13
15-54
Y WO 88/15503 A2 (DAVIES et al.) 01 April 1999 (01.04.1999) pg 11,In 1-10; py 13, In 4-11 1413
Y US 6,897,339 B2 (TURCHETTA 1 al.) 24 May 2005 (24.05.2005) col 4, In 6-18; claims 1and 2 | 6-13
RESENDIZ ot al. ‘Unexpected Solid-State Photochemistry of an alpha-Thiophenyi-alpha'-
Y Thiopheny)-$ 5-dioxo-Substituted Ketone', J. Org. Chem., 2008, Vo!.73(2), pp 638-643. 813

pg 639, Schems 2; pg 641, co! 1, para 2 - pg 642, col 1, para 1

[

“T"  later document published afer the intemational filing dale or priority

D Further documents are listed in the continuation of Box C.

Special categories of cited documenis:

the priority date claimed

“A"  documeni defining the general st of the an which is not considered date and not in conflict with the n;iﬁlic.ution but cirted 10 understand
to be of panicular relevance the principle or 1theery underlying the invenion

"E™ carlier application or patent bul published on or after the intemational  “X™  documen of particulor relevance; the claimed invention cannot be
filing date considercd novel or cannol be considered to involve an invenlive

“L™  document which may throw doubis on priority claim(s) or which is step when the document is taken alone
:ut:di;lol::;gglag ;hcc[:'t_:lcr‘l;)canon date of another citation or other “Y" document of particular relevance; the ctaimed invention cannot be

pec S spe 3 . considered to involve on inventive siep when the document is

“0" document referring 10 an oral disclosure, use, exhibition or other combined with one or more other such documents, such combinalion
means being obvious to a person skilled in the on

“P"  document published prior to the intemational filing date but later than “&" document member of the same patent family

Date of the actual compleiion of the international search

13 August 2012 (13.08.2012)

Daic of mailing of the international search repon

24 AUG 2012

Name and mailing eddress of the ISA/US

Authorized officer:

Mail Stop PCT, Aun: ISA/US, Commissicner for Patents Lee W. Young -
P.0. Box 1450, Alexandria, Virginia 22313-1450 PCT Helpdask: §71-272-4300
Facsimile No. 571-273-3201 PCT OSP: 571.272.7774
Form PCTASAL 10 (second sheet) (July 2009)
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120 A & B, INDUSTRIAL AREA,
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KARNATAKA, INDIA INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

(deay/monthiyear) 2 4 A U G 2012
Applicant’s or agent's file reference FORFURTHER ACTION

See paragraph 2 below

Intermational application No. International filing date {day/monthfyear) Priority date (day/month/year)
PCT/IN 12/00183 16 March 2012 {(16.03.2012) 31 Oclober 2011 {31.10.2011)

Iniemational Patent Classification {IPC) or both natienal classification and IPC
IPC(8)- CO7D 211/78 (2012.01)
USPC - 546/286

Applicant SEQUENT SCIENTIFIC LIMITED

1. This opinion contains indications relating to the following items:

Box No. | Basis of the opinion

Box No. 11 Priority

Box No. il Nen-cstablishment of opinion with regard to novelty, inventive siep and in’dusuinl applicability
Box No. IV Lack ef unity of inveation

Box No. V. Reasoned staiement under Rule 43bis. 1{a)(i} with regard 10 novelty, inventive siep or industrial applicability;
citations and explanations supporting such slatement

Box No. VI Cenain documenis cited

Box No. VIl Cenain defects in the intemalional application

D00 XOOOX

Box No. VIIi Centain observations on the international application

2. FURTHERACTION

Il o demend for international preliminary examination is made, this opinion will be considered 1o be a writien opinion of the
Intemational Preliminary Examining Autherity (“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen [PEA has notified the Intemnational Bureau under Rule 6.1 bis(b) that written
opinions of this Iniemational Searching Autharity will not be so considered.

Ifthis opinion is, as provided above, considered 1o be a wrilten apinion of the IPEA, the applicant is invited to submit 1o tk IPEA
a wrinten reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Fom
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISAS220.

Name and mailing eddress of the 1SA/US | Date of completion of this opinion Authorized ofTicer:
Mail Stop PCT, Aly: I1ISAUS

Pt Lee W, Young
Cammissionar for Patents
P.Q. Box 1450, Alexandria, Virginla 22313.1450 13 Augus! 2012 (13.08.2012) PCY Hetpdosk: 571-272-4300
Facsimile No. 571.273-3201 . PCT QSP: 571-272-T774

Form PCT/ISA/237 (cover sheet) (July 2011)
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PCT/IN2012/000183 24.08.2012

WRITTEN OPINION OF THE Intemaiional application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAN 12/00183
Box No. | Basis of 1his opinion

1. With regard 1o the longuage, this opinion has been established on the basis of:
[E the international application in the language in which it was [iled,

D a translation of the imemationa! application into which is the language of
translation furnished for the purposes of international scarch (Rules 12.3¢o) and 23.1(b)).

2. D This opinion has been established 1aking inte sccount tharectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43 bis. 1{a))

3. With regard to any nuclevlide and/or smino acid sequence disclosed in the international application, this opinion has been
csiablished on the basis of a sequence listing filed or furnished:

8. {mcans)

in elecironic form

D an paper
0

D in the international application as filed
D together with the international application in elecuonic form

subsequently to this Authority for the purposes of search

4, D In addition, in the case that more than ane version or copy of a sequence listing has been Niled or furnished, the required
statements that the information in the subsequent or additional copies is identical Lo that in the application as filed or
does nol go beyond the application as filed, as appropriate, were fumished,

5. Additional comments;

Form PCT/ISAZZ3T (Box No, 1} (July 2011)
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of:
Prior Supplemental Box:

Regarding claims 12-13, see the discussion set forth above for ¢laim 1, As discussed above, the combination of Bessard and Davies teach
3-{2-(a-{methylthio Jpheny)}-2-cyancacetyl) {6-methyl)pyridine (Bessard - col 2, In 43-67; co! 4, in 15-40), but does nol teach a crystalline
form characterised by having X-ray powder diffraction pattemn as given in figure 3 or having charactaristic 2thata peaks specified in instant
claim 13. However, Turcheita teaches a method of producing a >89% pure organic compound from a crude product by hot puiping with an
alcoholic solvent (col 4, In 6-18; claims 1 and 2).

It would have been obvious to one of ordinary skill in the art 1o apply the hol pulping meothod disclosed in Turchetta lo the cyanoacetyl
pyridine produced by the procaess of the combination of Bassard and Davies, because Turchetla as well as the combination of Bessard
and Davies teach organic compounds producad in crude form by synihelic processes, in order to purify said produci to a crystalline form of
>99% purity for further conversion to a kelosulione having therapeutic ulitity, without undue experimentation, given the efficacy of the hot
pulping method disclosed in Turchetta in producing >89% purity of an arganic compound subjected to said method. Thus the combination
of Bessard, Davies and Turchetta teaches a crystalfine form of the cyanoacetyl pyridine intermediate, but does nol teach characterizing
said intermediate by XRPD or producing a pattem shown in figure 3.

Resendiz discloses following intramolecular transtormations of a ketosullone intermediats by its X ray powder diffraclion pattemn (pg 623,
Scheme 2, compound 2; pg 641, col 1, para 2 - pg 842, ¢ol 1, para 1). Il would have been obvious to one of odinary skill in the art to add
the teachings of Resendiz conceming use of XRPD to characterize-an intermediate in a synthesis process, with the tleachings of the
combination of Bessard, Davies and Turchetta conceming a process for producing crystalline cyancacetyl pyridine, because Resendiz as
welt as the combination of Bessard, Davies and Turchetta teach crystalline organic compounds, in order to practice the ¢laim as described,
withaut undue experimantation. This would have provided for use of XRPD to characterize the crystalline form of the cyanoacetyl pyridine,
In order o enable identification of the crystalline form in different batches of preduction, given such practice of using XRPD fo identify
crystaliine forms of organic compounds in the ant, Further, regarding the XRPD pattem of figure 3, this would have been obvious as
produced through routine experimenlation te one of ordinary skillin the art.

Claims 1-13 have indusirial applicability as defined by PCT Articta 33(4), becausa the subject matter can be made or used in industry.

Form PCT/ISA/237 (Supplemental Box) (fuly 2011)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter 1 of the Patent Cooperation Treaty)

(PCT Rule 44bis)

Applicant’s or agent’s file reference

FOR FURTHER ACTION

Sce item 4 below

International application No.
PCT/AN2012/000183

International filing date (day/moniivyear)
16 March 2012 (16.03.2012)

Pricrity dawe (day/monilVyear)
31 October 2011 (31.10.2011)

international Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237

Applicant
SEQUENT SCIENTIFIC LIMITED

2. 'This REPORT consists of a wotal of 6 sheets, including this cover sheet.

1. This international preliminary report on patentability (Chapter 1) is issued by the Imernational Bureau on behalf of the
International Searching Authority under Rule 44 bis. 1 (a).

In the auached sheets, any reference 1o the written opinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chaper [) instead.

Box No. I
Box No. M

Box No. II!

Box No. [V

Box No. v

BBox No. VI
Box No. Vil

Box No. VI

U0 XO OO

3. This rcport contains indications relating to the lollowing items:

Basis of the repurt

Priority

Non-establishment of opinien with regard to novelty, inventive step and industrial

applicability

Lack of unity of invention

Reasoned statement under Article 35(2) with regard 10 novelty, inventive step or
industrial applicability; cirations and explanations supporting such statement

Certain documents cited

Certain defects in the international application

Certain observations on the intemational application

4. The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
06 May 2014 (06.05.2014)

Facsimile No, +4]1 22 338 82 70

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Authorized officer

Kihwan Moon

e-mail: plOl.pct@wipo.int

Form PCT/HBRA7I() 04 Ve ht Bt & T sy e
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INTERNATIONAL SEARCHING AUTHORITY PCTAN 12/00183

Box No. V Rensoned statement under Rule 43bis.1{a)(i) with regard to novelty, inventive step or industriat applicabiliry;
citations and explanations supporting such statement

l.  Statemem
Novelty (N} Claims 1-13 YES
Claims None NO
Inventive siep (IS) Claims None YES
Claims 1-13 NO
Industrial applicability {IA) Claims 113 o YES

Claims None . NO

2. Cinations and cxplanations:

Claims 1.5 lack an inventive step under PCT Article 33(3) as being obvious over US 6,600,046 B2 to Bessard et al. {hereinalter 'Bessard’}
in view of WO 99/15503 A2 to Davies et al. (hereinafier ‘Davies').

Regarding claim 1, Bassard teaches a process for the preparation of 1-(B—methylpyrldin-J-yI)-2-{(4-(malhy!surﬁhonw)phenyl]elhanone of
the formula | [co) 1, In 12-29), comprising:

8) condensing 4-(methylthio}phenylacetonitrile of formula IV with a 6-methylnicotinic ester of formula V to give 3-[2-(4-{methylihio)phanyl}-
2-cyanoacetyl](6-methyl)pyridine of formula ) (col 1, In 49-60; col 2, In 43-67); .

b) hydrelysing and decarboxylating 3-(2-{ 4-{methylthio Jphenyl)-2-.cyanoacetyl)(6-methylipyridine of formula Il in presence of H2S04 and
in absence of mixture of acetic acid and HCI fo oblain 3-{2-(4-{methylthio)phenyl)acetyf]{6-methyl)pyridine of formula Il {cot 1, In 63 . col 2,
tn 10; col 3, In 1-26, mixtures of acetic acid with concentrated sulphuric acid);

¢) oxidation of 3-{2-(4-(methylthio)phenyl)acetyl](6-mathyl)pyridine of
formula Il in presence of hydrogen peroxide to give Kelosutfone of formula I (co! 2, In 11-12; col 3, In 28-40).

Bessard does not teach the oxidation step c) of the process being carried out in situ in the presence of H2504, & acetic acid and in
absence of an alkali metal tungstate catalyst. However, Davies teaches tha oxidation of 3-[2-{4-{methyllhio)phenyl}acetyl](6-
methyl)pyridine of tormula Hl in presence of hydrogen peroxide and acid wherein the acid is a mixiure of H2504 and acetic acid, in the
absence of the atkali metal tungstate {pg 11, In 1-10, optionally a catalyst; pg 13, In 4-11},

It would have been obvious to one of ordinary skill in the art to combine the teachings of Davies concerning the non-catalytic oxidation of
the ketosulflida of formula |1 to the comesponding ketosulfone of formula I, with the teachings of Bessard concerning a process for the
preparation of 8 compound of formula |, as both Bessard and Davies teach analogous methods for praparing a compound of formula |, in
order 1o practice the claim as described, wilhout undue experimentation, This would have provided for variation in the reagent used for the
oxidation step of the pocess, specifically with respact (o use of the non-catalylic oxidation discolsed in Davies in place of the sodium
lungslate calalyzed oxidalion, in order to have optimized the ease of purification of the oxidized product and/or to have optimizad the cost-
eftectiveness of the process. given the efficacy of the non-catalytic step disclosed in Davies loward bringing about the oxidative
conversion to produce the compound of formula |.

Further, in view of the use of a mixture of acetic acid and M2S04 as reagents in step b} of the claimed process disclosed in Bessard, and
use of a similar mixture in the oxidation step ¢} disclosed in Davies, one of ordinary skill in the art would have been motivated 1o carry out

the oxidation in situ, withou! isotating the ketosulfide of formula {11), in an effort to avoid loss of intermediate during purification and thereby
improve yield of the product of formula .

Regarding claim 2, the combination of Bessard and Davies teachas a process according to daim 1, as above, wherein the condaensation in
step (a} is carried out in presance of an alkali metal alkoxide satected from sodium methoxide and potassium tertbutoxide (Bessard - col 2,
In 43-67),

Regarding claim 3, the combination of Bessard and Davies teaches a process according to claim 1, as above, wharein the condensation in
slep (a) is camied oul in prosence of lower alcohol {Bossard . col 2, in 43-67) or an sromatic hydrocarbon solvent (Bessard - col 2, In 43-
§7) such as toluene (Bessard . col 4, In 15.32).

Regarding claim 4, the combination of Bessard and Davies teaches a process according Lo cdaim 1, as above, wherein the condensation in
step (a} ts camied out at temperature 70 to 110.C, preferably 100 to 110.C (Bessard - col 4, In 15-32, 110 degrees C).

Form PCT/ISA/237 (Box No. V) {(July 2011)

ATENT GFFICE CHEMMAL 23822617 16:178
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of:
Box V.2. Citations and Explanations:

Regarding claim 5, the combination of Bessard and Davies teaches 3 process according to claim 1, as above, wherein the hydrolysis and
decartoxylation is caried out at a temperature 90 lo 110 degrees C (Bessard - col 4, In 45-54, 95100 degrees C), but does not expressly
teach step b a5 described in instant claim 1 being carried out al 90-110 dagrees C. Howaver, in view the teachings conceming the similar
hydrolysis and decarboxytation step in Bessard comprising use of acetic acid-HCI being carried oui al 90-110 degrees C, it would have
been obvious to one of ordinary skill in the ari to have employed similar temperature conditions for the process of the claimed step b, in
order to have oplimized yield and efficacy of the step. without undue experimentation.

Claims 6-7 {ack an inventive step under PCT Article 33(3) as being obvious over Bessard in view of Davies and further in view of US
6.897,339 B2 1o Turchetla el al. (hereiller “Turchetta’).

Regarding claim §, the combination of Bessard and Davies teaches a process according Lo claim 1, 85 above, wherein a ketosullone is
obtained (Bessard - col 1,1n 12 - col 3, In 40; Davies - pg 11, In 1-10, optionally a catalyst; pg 13, In 4-11), bul does not teach the obtained
ketosulfane of formula ¢ being purified using methanot het pulping. Howsver, Turchetia teaches a method of producing a >99% pure
organic compound from a crude product by hot pulping with an alcoholic solvent (col 4, In 6-18; claims 1 and 2).

N would have been obvious to one of ordinary skill in the art to apply the het pulping method disclosed in Turchetta to the ketosulfone
product produced by Lthe process of the combinalion of Bessard and Davies, because Turchetta as well as the combination of Bessard
and Davies teach organic cormpounds produced in crude form by synthatic processes, in order Lo purify the ketosulione product to a
crystalling form of >95% purity for pharmaceutical use, without undue experimentation, given the efficacy of the hot pulping method
disclosed in Turchetta in producing >99% purity of an organic compound sublected to said methad. .

Neither Turchetta nor the combination of Bessard and Davies discloses use of methanol hot pulping. However, it would hava been
obvious to one of ardinary skill in the art 1o have determined the suilable solvent to be used in said purification method, in order 1o praduce |.
a highly pure crystalline form of the ketosulfone in high yields, based on the solubility characteristics of the ketosulfons, through routine
expenmentation.

Regarding claim 7, see the discussion set forth abova in claim 1. As discussed above, the combination of Bessard and Davies teaches a
process for preparing a ketosulfone free from tungsten (Bessard - col 1, In 12 - col 3, In 40; Davias - pg 11, In 1-10, opticnally a catalyst; g
13, In 4-11), but does no! specifically teach said ketosulfona having individual impurity tess than in 0.1 %. However, Turchetta teaches a
method of producing a >99% pure organic compound from a crude product by hot pulping with an alcoholic solvent (col 4, In 6-18: claims 1
and 2}. L

it would have been obvious 10 one of ordinary skill in the ant to apply the hot putping method disclosed in Turchetta to the ketosullone
product produced by the process of the combination of Bessard and Davies, because Turchetta as well as the combination of Bessard
and Davies teach organic compounds produced in crude fom by synthelic processes, in order to purify the kelosulfone product to a
crystaltine form of >39% purily for pharmaceutical use, without undue experimentalion, given Lthe efficacy of the hol pulping method
disclosed in Turchetta in producing >99% purity ol an organic compound subjected to said method.

Claims 8-13 lack an inventive step under PCT Article 33(3) as being obvious over Bassard in view of Davies, further in view of Turchetla
and further in view of the article entitled, 'Unexpected Solid-State Photochermisiry of an alpha-Thiophenyl-alpha'-Thiophenyi- -5,S-dioxo-
Substituted Ketone' by Resendiz et al. {hereinafter ‘Resendiz’).

Regarding claims 8-11, see the discussion set forth above for claims 1 and 7. As discussed above, the combination of Bessard, Davies
and Turcheita teaches a process for preparing crystalline Ketosulfone (Bessard - col 1, In 12 - col 3, in 40; Davies - pg 11, In 1-10,
optionally a catalysl; pg 13, In 4.11; Turchetta - ¢ol 4, In 6-18; claims 1 and 2), but does not specifically teach said crystaliine ketosullone
being of Form A characterised by having X-ray powder diffraction patiem substantially same as given in figure 1 or characlerised by
having characieristic X-ray powder diffraction described in instant claim 9 or said crystaliine ketosutlone being of Form B characterised by
having X-ray powder diffraction pattem substantially same as given in figure 2 or characterised by having characleristic X-ray powder
diffraction described In instant claim 11.

Resendiz discloses lallowing intramolecular lransformalions of a a kelosulfone compound by its X ray powder diffraction pattem (pg 639,
Scheme 2, compound 2; pg 641, col 1, para 2 - pg 642, col 1, para 1). ll would have been obvious 1o one of odinary skill in the art to add
the teachings of Resendiz concerning use of XRPD 1o study a ketesullone, with the teachings of the combination of Bessard, Davies and
Turchetta conceming a process for preducing crystaliine ketosullons, because Resendiz as well as the comblnation of Bassard, Davies
and Turchetta leach kelosulfone compounds, in order to practice Lhe claim as describad, without undue experimentalion. This would have
provided for use of XRPD to characterize lhe crystalline form of the ketosulfone, in order to enable identificalion of the crystalline farm in
different baiches of production, given such praclice of using XRPD to idenlify crystaliine forms of organic compounds in the an.

Funiher, regarding the cryslalling {forms of the ketesulfone. namely, Form A and Form B, and the XRPD pattems of figure 1 and figure 2,
these would have been obvious as produced through routine experimentation wilh the use different solvents, or mixture of solvents for
crysiallization of the kelosulfons, followed by measuring XRPO pattems of said crystalline forms, 10 one of ordinary skill in the an.

SESEEZa=SIssIIssEIzosssszzssoscsooorzzz=z=Continued in Next Supplemental Box==== ==========s=s=2===2x
Form PCT/1SA/237 {Supplemental Box) (July 2011)
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