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Referencia: Expediente No. 06.083.312
Solicitud de Patente de Invencion titulada: “Procedimientos para la

preparacion de halogenuros de aril-Y heteroarilalquilsulfonilo.”

Solicitante: Wyeth

SoLICITUD DE EXAMEN DE PATENTABILIDAD SEGUN EL ARTICULO 44 DE LA DECISION
486. GACETA No. 572

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogota D.C., identificado segiin
aparece al pie de mi firma, en mi condicién de apoderado de la sociedad arriba mencionada,
solicito que se examine la invenci6n de la referencia segun los requisitos de patentabilidad
previstos en la Decision 486 de la Comision de la Comunidad Andina de Naciones. Adjunto
recibo de caja por valor de $404.000 para cubrir la tasa correspondiente segtin la Resolucion

36155 del 28 de diciembre de 2006.

Atentamente,

ALVARO CORRE
C.C.N0.79.143.366 de Usaquén
T.P.20.281

Anexo: Recibo de caja No. 07-27514 por valor de 404.000

BOGLMS/BOGDMS-83102-V1-.DOC



S TENUE MO 3

a1 f'nm i

SUPERINTENDENCIA DE INDUSTRIA Y COMERCID

NIT ¢ BGC1T6089-2

RECIBD OFICIAL BE CRJA @ 07 - 27,814
FECHA : ABRIL 4 DE 2007

‘ 3 CONWNSICHALDTON 12

RAISBECK LARA RODRIGUEI CONSIGNACIOH  BANCD POPULAR  059-6C1iG-5 84322757 DA/CR/2067 2,090,00C.00

i TCHECEFRT D IR

CANT. RENTISTICC CONCEPTE TOTAL CONCEPTO
i B0005-01-01 SOLICITUDES $12 PTC CAP-1 EXAMEN DE PATENTIBILIDA 304,500.99
TOTAL ¢ $ 404,60C.00

won:  CUATROCIENTGS CUATRC HIL PESDS

RESPONGRBLE : / /4

RECIEC DE CAJA APLICADD AL EXPEDIENTE Ho.




Cs

Industria y Comercio
SUPERINTENDENCIA

)

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 06-83312
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

2020/
Bogota, D.C., 07/01/2010

Abogado Oficio N°

Alvaro Correa Ordofiez

Apoderado

REFERENCIA Radicacion 06 83312
Tramite 002
Evento 001
Actuacion 430
Folios 002

Como resultado del examen de patentabilidad de la solicitud de patente de invencion N°
06 83312, realizado segun el articulo 46 de la decision 486 de la comision de la
Comunidad Andina, se notifica:

SOLICITUD DE SUMINISTRO DE INFORMACION

El articulo 46 de la Decision 486 establece que "La Oficina Nacional competente podra
requerir el informe de expertos o de organismos cientificos o tecnolégicos que se
consideren idoneos para que emitan opinién sobre la patentabilidad de la invencién.
Asimismo, cuando lo estime conveniente, podra requerir informes de otras oficinas de
propiedad industrial. De ser necesario, a efectos del examen de patentabilidad y a
requerimiento de la oficina nacional competente, el solicitante proporcionara, en un plazo
que no excedera de 3 meses, uno o mas documentos relativos a una o mas solicitudes
extranjeras referidas total o parcialmente a la misma invencion que se examina: ...b) copia
de los resultados de examenes de novedad o de patentabilidad efectuados respecto a esa
solicitud extranjera...Si el solicitante no presentara los documentos requeridos dentro del
plazo serialado en el presente articulo la oficina nacional competente denegara la patente”

Como consecuencia de la bisqueda de anterioridades de materia relacionada con la de la
presente solicitud, se determind que existen en el estado de la técnica los siguientes
documentos que eventualmente afectarian los requisitos de patentabilidad de la solicitud:

* J. NKAYAMA, et al. “Reaction of arylmethanesulphonyl and styrylmethanesulphonyl
chlorides with triethylamine”. TETRAHEDRON LETTERS, vol. 25, no. 40, 1984,
pages 4553-4556, XP002328013.

e F. FREEMAN. et al. “Intermediates in the peroxv acid oxidation of phenvl




25

Siendo que las publicaciones referenciadas hacen parte del resultado del examen de
busqueda realizado para la solicitud W02005/082843, equivalente a la solicitud
colombiana aqui estudiada, y no siendo viable la consecucién de dicho articulo por este
despacho, se requiere que el solicitante, en virtud de lo establecido en el articulo 46 de la
Decisién 486 de la Comisiéon de la Comunidad Andina, proporcione la publicacion
completa, con lo que podra realizarse un analisis absoluto de la patentabilidad de la
invencién correspondiente a la presente solicitud.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal €), del

capitulo 5 del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Directora de Nuevas Creaciones (c)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

, EXAMINADOR TECNICO
CONCEPTO TECNICO No. 147 Codigo No. 202044
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Practical routes to the triarylsulfonyl chloride intermediate
of a 33 adrenergic receptor agonist

Norihiro Ikemoto,* Jinchu Liu, Karel M. J. Brands, James M. McNamara and Paul J. Reider

Department of Process Research, Merck and Co. Inc., R800-C267, P.O. Box 2000, Rahway, NJ 07065-0900, USA
Received 27 March 2002; revised 16 December 2002; accepted 18 December 2002

Abstract—A B adrenergic receptor agonist was prepared on a multi-kilogram scale in high yield and purity via a convergent synthesis.
A key intermediate in this synthesis was an arylthiazolylbenzenesulfonyl chloride. The triaryl segment of this sulfonyl chloride was
assembled at the thiazole ring via coupling of a-haloketone and thiobenzamide precursors (Hantzsch synthesis). Three strategies for
introducing the para-sulfonyl chloride moiety were developed and evaluated. The sulfonation/chlorination and diazotization/chloro-

sulfonylation routes were found the most efficient. © 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

Agonists for the B3 adrenergic receptors on the surface of
adipocytes have been pursued as a potential treatment for
obesity at Merck. Stimulation of this receptor elevates
the metabolic rate and increases energy utilization, leading
to weight loss.! The pyridylethanolamine compound 1
containing a substituted thiazole benzenesulfonamide
pharmacophore was found to be a potent and selective
human B3 agonist and this compound was chosen for
clinical development.> A practical, scalable synthesis of 1
was therefore needed to support the safety assessment and
clinical testing program.

A more convergent synthesis of 1 than the previous linear
synthesis® would entail coupling of the upper chiral aniline
segment 2 with a preformed lower triarylsulfonylchloride
segment 3 (Scheme 1). Introduction of the amide function-
ality in 2 guaranteed chemoselectivity in the reaction with
the sulfonyl chloride. Moreover, this suggested the use
of ketoamide precursor 4, which can be prepared from

OH h, cr
N

N
f‘ll+ |H
HoCr $o, =
NQ‘/O
FaC— >——<\

1

Scheme 1,

Keywords: s agonist; synthesis; sulfonyl chloride.

4-nitrophenylacetic acid and a 3-pyridyl aminomethyl
ketal.> An efficient synthesis of 2 using a highly enantio-
selective yeast-mediated reduction of 4 has been reported
and was used in this work.® This paper highlights three
different strategies to assemble the lower triaryl segment 3
and its coupling with 2 and further conversion to target 1.

2. Results and discussion
2.1. Synthesis of sulfonyl chloride 3

The three different approaches to triaryl segment 3 are all
based on a convergent Hantsch disconnection of the central
thiazole ring.* They differ in their strategy to introduce
the desired sulfonyl halide functionality regioselectively.
In the initial strategy, bromide 14 was transformed to 3 via a
metalation/sulfination/chlorination sequence. Subsequently,
a direct sulfonation reaction followed by chlorination
was found to provide the sulfonyl chloride in a more
economical approach. Finally, a practical diazotization/

OH Q M
N N ™ 3
Q= (U
N? 20 NH, N ‘ NO;

+ $0,C1 R
s "‘WNYO/ == P+ HNj(©/
F’°%§s F°°"©_<»Ha« !
3

* Corresponding author. Tel.: +1-732-594-1944; fax: +1-732-594-1499; e-mail: norihiro_ikemoto@merck.com

0040-4020/03/$ - see front matter © 2003 Elsevier Science Ltd. All rights reserved.
doi:10.1016/50040-4020(03)00018-8
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Br,, AcOH o R R
[0} —
S e = a0 MRS S o
S0,Cl, 6 FoC Br s K N8
5 MeOH, hept 6 R = H, Br, NH, R=H (93%) 13
Br (95%) 14
(73%) NH, (89%) 15
1) Mg, THF 0 Scheme 4,
FaC@'Br — F30~©—‘</
2) o Cl
8 M°"(“;§;N)"<,m 7 Thiazoles 13-15 were then converted to sulfonyl chloride 3
0,

Scheme 2,

chlorosulfonation strategy was investigated and success-
fully demonstrated on multi-Kg scale.

The required a-haloketone precursor was prepared by two
approaches (Scheme 2). Commercially available aceto-
phenone 5 was treated with an equimolar quantity of
bromine in acetic acid to provide a 32:2:1 mixture of desired
bromide 6, a corresponding dibromide and unreacted S.
Slow addition of water to this mixture induced the
crystallization of the product. Some starting material and
dibromide were also present in the isolated material but did
not pose a problem in the next step since they do not react
with thioamides.

Alternatively, ketone S5 was chlorinated with sulfuryl
chloride in heptane—methanol to afford 7 in good yield.?
Chloroketone 7 could also be prepared by reacting the
Grignard reagent derived from 8 with the Weinreb amide
prepared from chloroacetylchloride.®

The thioamide precursors for the Hantzsch synthesis were
either commercially available or were readily prepared from
the corresponding nitriles (Scheme 3). Thus, addition of
1.5-2 equiv. of hydrogen sulfide to a concentrated solution
of 9 in pyridine and triethylamine readily afforded the
bromothiobenzamide 10 which was crystallized by addition
of water and isolated in 95% yield. Conversion of nitrile 11
to aminothiobenzamide 12 was markedly slower (2 days
using 6 equiv. of H,S). However, moderate heating in a
sealed tube accelerated the reaction (45°C, 16 h, 1.5 equiv.
of H,S) and 12 was obtained in 92% yield.

Thiazoles 13-15 readily formed when stoichiometric
amounts of the respective thioamides were reacted with
either 6 or 7 in warm ethanol.* The products crystallized
directly from the reaction mixtures and were simply filtered
to provide pure thiazoles in high yields. Aniline 15 was
isolated either as the hydrochloride or hydrobromide salt,
depending on which haloketone was used (Scheme 4).

R R
HoS, pyr, EtsN
’C/O/ -—2——————> HoN
N’/

S

R=8Br (95%) 10
NH, (92%) 12

R=Br 9
NH, 11

Scheme 3.

via three different approaches.

2.1.1. Lithiation/sulfination route. The reaction of an
aryllithium with sulfur dioxide to provide the corresponding
lithium sulfinate followed by chlorination has been reported
as an effective route to arylsulfonyl chlorides.” The
regiochemical control that this approach ensured was
attractive. However, implementation using compound 14
was problematic due to the relatively acidic C-5 hydrogen
attached to the thiazole ring.® Halogen—metal exchange of
14 with n-butyllithium followed by deuterium quench
afforded deuterium incorporation at both the para-position
of the phenyl group and the thiazole ring. Formation of
a Grignard reagent followed by deuterium quench also
showed deuterium incorporation on the thiazole ring.

This problem was resolved by using a TMS protecting group
(Scheme 5). Thus, deprotonation of 14 with LDA in THF
followed by reaction with trimethylsilyl chloride provided
the C-5 TMS intermediate 16 in 95% yield after crystal-
lization. Addition of 1.1 equiv. of n-butyllithium to the
latter followed by quenching with sulfur dioxide provided
the expected 17, which could be crystallized from heptane/
THF. Desilylation with aqueous HF in acetonitrile provided
the sulfinic acid 18, which directly crystallized from the
reaction mixture. Filtration and chlorination with sulfuryl
chloride afforded sulfonyl chloride 3. Thorough drying of
the sulfinic acid intermediate proved to be critical since the
presence of residual acetonitrile led to chlorination at C-5 of
the thiazole ring in the subsequent reaction. In the fully
optimized four step operation, aryl bromide 14 could be
transformed into sulfonyl chloride 3 in 59% overall yield.

The need for a temporary blocking group in the thiazole
ring, the use of a low temperature halogen—metal exchange
(<—=70°C) and corrosive aqueous hydrogen fluoride, and
the relatively large number of operations made this initial

R
LDATHF: N
TMSCI =
14 ——>» F3C S
(95%)
™S )
16 R=Br N J)
Buli; SO, (80%
17 R=s0,Li J "B S02(80%)

2) R
HF/CH3CN Nz
i F;;C% s
(84%)

18 R=SO,H

3 R=S0,Cl ) SO,Cly, heptane (92%) 3)

Scheme 5.
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SO3Na

$03/ H,80 Nﬁ/©/ SOCI, / DMF
(78%) 19 (97%)

Scheme 6.

approach less than practical and not conducive to scale up.
Therefore, two other strategies towards introduction of the
sulfonyl chloride functionality were investigated.

2.1.2. Sulfonation route. A second approach to sulfonyl
chloride 3 is based on the direct sulfonation of phenyl-
thiazole 13 with neat fuming sulfuric acid (oleum) as
shown in Scheme 6.° Not surprisingly, this reaction affords a
mixture of the desired para-sulfonic acid and the undesired
meta-isomer.

For these studies (see Table 1), the lower strength oleums
(20 and 25% SO; in H,S0,) were used because they are less
corrosive and hazardous to use. In addition, an effort was
made to keep reagent volumes at a minimum (3-5 mL/g 13
or 5.4-9.1 equiv. SO;) in order to avoid quenching large
excesses of the reagent after the reaction. Useful selectiv-
ities were observed under these conditions. The selectivity
increased slightly with increasing potency and excess of
the oleum (entry 3 vs 7 and entry 1 vs 2, respectively).
Lowering the temperature also increased the selectivity
(entry 2 vs 3 vs 4). The use of low temperatures with 25%
oleum was a safety concern due to its high freezing
point (14°C). As a result, 20% oleum (freezing point 1°C)
was preferred and the conditions of entry 7 provided an
acceptable rate of reaction and selectivity.

An exceedingly convenient procedure to isolate the product
directly from the reaction mixture was discovered, avoiding
the need for neutralizing large amounts of strong acid.
Dilution of the reaction mixture with water followed by
addition of THF or acetonitrile resulted in a homogeneous
solution. When solid sodium chloride was added to this
solution, the sodium sulfonate 19 crystallized as a readily
filterable solid. Most importantly, this crystallization largely
removed the undesired meta isomer. A recrystallization
afforded pure 19 with <0.1% of the meta isomer in 78%
overall isolated yield. Chlorination of 19 with thionyl
chloride in acetonitrile in the presence of a catalytic amount
of DMF provided sulfonyl chloride 3 in 97% yield.

Even though the above sulfonation/chlorination approach
was more efficient (overall yield 75%) and practical than the

Table 1. Effect of oleum strength and volume used as well as reaction
temperature on the para/meta selectivity and reaction time

Entry Oleum (%), Temperature Paralmeta Rxn time
vol (mL/g), °0) (h)
equiv. SO,

1 25%, 3 mL/g, 5.4 Oto5 7.8/1 15

2 25%, 5 mL/g, 9.1 OtoS 8.7/1 0.5

3 25%, 5 mL/g, 9.1 —4to -1 9.3/1 1

4 25%, 5 mL/g, 9.1 —-10to ~8 9.7/1 1

5 25%, 4 mL/g, 7.2 —-11to =9 9.0/1 3

6 20%, 4 mL/g, 5.8 -6 to ~3 8.01 8

7 20%, 5 mL/g, 7.2 ~5t0 —~1 8.5/1 4

NH, R
NaNO,, HCI;
S .
= S0,, CuCl, Y©/

15 3 R=80,CI(91%)
20 R=S0,8r
21 R=Cl
18 R = SO3H

Scheme 7.

lithiation/sulfination approach described in Section 2.1.1,
the need to recrystallize 19 one or more times to afford the
very low levels of the meta isomer which are acceptable to
us prompted us to develop a third synthesis of sulfonyl
chloride 3.

2.1.3. Diazotization/chlorosulfonylation route. Conver-
sion of anilines to sulfonyl chlorides via their diazonium
salts is a known but little used reaction.!® The diazonium
salt is allowed to react with sulfur dioxide and HCI in the
presence of copper(I) or (II) salts to afford the sulfonyl
chloride directly. This process was attractive because it
offered one-pot access to our desired sulfonyl chloride 3
with complete regiochemical control starting from the
readily available 15 (Scheme 7).

Thus, treatment of the hydrobromide salt of aniline 15 with
sodium nitrite in a mixture of glacial acetic acid and
aqueous hydrochloric acid afforded the corresponding
diazonium salt. Treatment of the resulting slurry with sulfur
dioxide and copper salts afforded a mixture of sulfonyl
halides 3 and 20, which crystallized directly from the
reaction mixture. Some undesired aryl chloride 21 and
bromide 14 (via a Sandmeyer reaction)!! as well as sulfonic
acid 18 were also generated, but these were all removed in
the crystallization.

Further optimization of these conditions was pursued to
ensure that this process can be performed safely.

Diazotization of 15 occurs rapidly to afford a bright, yellow
diazonium salt, much of which is out of solution. Thermal
analyses of these solids showed their potential for extremely
rapid, exothermic decomposition. In contrast, in solution,
only slow and low energy decompositions were observed.
Thus, a process was developed in which all of the diazonium
salt remained in solution and in which the chlorosulfonyl-
ation reaction was executed at or below room temperature.
The solubility of the diazonium salt in several water
miscible organic solvents was found to decrease in the
following order: DMF>THF, acetonitrile>acetone>
dioxane. Further evaluation demonstrated that acetonitrile
was the best solvent for our process.

For the chlorosulfonylation step, both copper(I) and
copper(Il) salts (chlorides, bromides, acetates and triflates)
were effective in catalyzing the reaction with sulfur dioxide.
With copper(l) salts the reaction was generally faster and
more vigorous than with copper(Il) salts. The latter were
preferred since they allowed better control of temperature
and foaming, which is caused by the liberation of nitrogen
during this step. Aryl chloride 21 and sulfonic acid 18 are
the principal side products in this reaction. Optimization
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Table 2. Chlorosulfonylation of 15 free-base in 7.5:1:1 acetonitrile/acetic
acid/conc HCI using 1 equiv. CuCl; at room temperature

Entry Equiv. SO;  Rxntime (h) 3vs21 3 yield, A% purity

1 2.2 23 4/1 5%, 94.9 A%
2 10 7 13/1 90%, 97.8 A%
3 16 3 18/1 92%, 98.2 A%
4 32 3 36/1 93%, 99.1 A%

studies showed that minimizing the amount of water and
increasing the SO, concentration reduces the formation of
18 and 21, respectively (Table 2). The reaction rate, yield
and purity of the product increased as more SO, was used.
On the other hand, it is also important to keep the excess
of corrosive SO, to a minimum. Thus, we arrived at an
optimum charge of ~20 equiv. of SO,. The gas can be
introduced by either adding a 30% solution in acetic acid
(saturated) or by passing gaseous SO, into the reaction
mixture directly. On larger scale condensation of the gas can
be conveniently achieved by introduction into a closed
vessel at a pressure of 5 psig at 5°C. Emission of SO, can
be controlled by using a caustic scrubber in the venting lines
of the reaction vessel and water for the bay scrubber.

Under optimum conditions, a mixture of 3 and 20 was
produced in a 2.6:1 ratio and 84% overall yicld starting with
the HBr salt of aniline 15, which was prepared from readily
available bromoketone 6. The use of a mixture of sulfonyl
halides was inconsequential for the next step. Pure sulfonyl
chloride could be prepared by using either the HCI salt of 15
(prepared from chloroketone 7) or its free base. Pure
sulfonyl bromide 20 could be prepared by running the
reaction with concentrated HBr instead of concentrated
HCI. Detailed hazard evaluation showed that our optimum
process was operationally safe. Subsequent reaction of
aniline free base 15 on multi-kg scale afforded sulfonyl
chloride 3 in a reproducible 90% overall yield and excellent

purity.

Table 3. Diazotization: acetonitrile, acetic, HCI, 1.2 equiv. NaNO,, 5°C
Chlorosulfonylation: 21-33 equiv. SO,, 1.26 equiv. CuCl,, RT age

Substrate Product Yield (%)
(o] (o] 94
““INHz II 23 II S0O,CH
80
{}@Nm sozcn
24 25
0. Le] 84
26 OCH,3 27 OCH;
o} 0 84
NH, - 50C
CLID ®
o] ’ (¢}
28 29
99
H3C~—< >—NH2 H3C—< :)—so,m

30 31

OH n
N N
(T CL
pyridine-THF N rTlH
2+ 3 -
(92%) S0,
C N
FaC N S
32
OH p,cCr
N
M*”@L
R . p
BT N NH  HCI, EtOH
, Et S0, -
7 (97 %)
N\
‘ F3C—< >—<\ s
33
Scheme 8.

In an effort to demonstrate the scope of our newly developed
diazotization/chlorosulfonylation procedure we examined
five other anilines (Table 3). In each case, corresponding
sulfonyl chloride was isolated in high yield and purity
(>98%) after filtration of the crude reaction mixtures.
Impurities were rejected to the acetonitrile-rich mother
liquors and recrystallization of the products was not
necessary. The procedure is most likely safe in these cases
too since all diazonium salts were completely solubilized. In
the case of aniline 28 some diazonium salt was out of
solution. It is projected that some additional development on
a case-by-case basis can circumvent this potential problem.

In conclusion the diazotization/chlorosulfonation reaction
outlined above provides the most practical and economic
approach to sulfonyl chloride 3. All operations are
performed in the 5-25°C range, and inexpensive and
readily available reagents are used. The desired product can
be isolated directly from the crude reaction mixture via
a simple filtration. Importantly, starting with regioiso-
merically pure aniline 15 guarantees the production of pure
sulfonyl chloride 3. It should be noted that solubilization of
the diazonium salt intermediate significantly reduces the
potential hazard of working with this high-energy species.
Indeed, this process has been safely scaled up to prepare
multi-kg quantities of sulfonyl chloride 3 in high yield and
purity.

2.2. Coupling and conversion to 1

The sulfonyl chloride 3 that was prepared by either of the
three routes coupled readily with aniline alcohol 2 in THF
using 1.1-1.5 equiv. of pyridine as the base to afford amide
32 in high yield (Scheme §). Pyridine was preferred over
triethylamine as the base, because with the latter significant
bis-N-sulfonylation was observed. The coupling occurred
readily at room temperature when the sulfonyl chloride/
bromide mixture was used, because of the higher reactivity
of the sulfonyl bromide. With pure sulfonyl chloride
the coupling was slower and warming to 30-35°C was
required.

Amide 32 could be reduced to the amine with BH;—THF.
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Slight warming at the end of the reaction was necessary
to achieve a high conversion with a minimum excess of
borane. However, typically some unconverted starting
material (<2%) always remained at the end of reaction. It
was found that removal of this impurity in a crystallization
of the free base or the di-HCI salt of 1 was minimal.
However, crystallization of mono-HCI salt 33 from ethanol
completely rejected the unconverted 32. Conversion of
mono-HCl salt 33 to di-HCl salt 1 was readily achieved via
addition of a second equivalent of dry HCI.

3. Summary

Three convergent syntheses of sulfonyl chloride 3 were
developed. Introduction of the sulfonyl chloride function-
ality via a metalation/sulfination approach required protec-
tion of the thiazole and was found not to be very practical. In
contrast, direct sulfonation of 13 with oleum was more
practical and efficient. However, a mixture of regioisomers
was obtained which required the separation of the
unacceptable meta-isomer. A one-pot diazotization/chloro-
sulfonation reaction was operationally the simplest and
afforded the sulfonyl chloride in 90% overall isolated yield.
The choice of solvent ensured safe generation of the
diazonium salt, and this process was successfully scaled up.
Coupling of 3 with the chiral hydroxyaniline segment 2
followed by borane reduction yielded the B; agonist 1 in
high yield and purity. Thus, B3 adrenergic receptor agonist 1
was prepared efficiently on multi-kg scale in six steps
starting from trifluoromethylacetophenone with overall
yield of 50%.

4. Experimental
4.1. General remarks

Melting points are uncorrected. Elemental analyses were
performed by Quantitative Technologies, Inc., Whitehouse,
NJ. The product ratios in Tables | and 2 were determined
from HPLC area% ratios at 254 nm (Zorbax RX-C8
column, 80:20 acetonitrile/0.25% HCIO,). Reactions were
done under nitrogen and with mechanical stirring except
with pressure vessels and smaller scale reactions
(<100 mL) for which magnetic stirring were used. Reagents
and solvents were added rapidly where addition times are
not given. Purity values are %ow/w vs pure standards.

4.2, Materials

4.2.1. 4-Trifluoromethylphenacyl bromide (6). Ketone 5
(93.2 g, 95% pure, 0.470 mol) was dissolved in 335 mL
acetic acid and was cooled to 15°C. Conc. HBr catalyst
(0.33mL) was added, followed by bromine (25 mL,
0.48 mol) over 2 h. After 1.5 h age, water (670 mL) was
then added to the reaction mixture over 5 h to form a slurry,
which was cooled to 2°C. The solids were filtered, rinsed
with water, and air-dried to afford bromoketone 6 (115 g,
86% pure, 78% yield). The bromoketone could be purified
via recrystallization from heptane to afford a white solid: mp
59-60°C. 'H NMR (400 MHz, ds-DMSO): 8 5.00 (s, 2H),
7.90 (d, J/=8.4 Hz, 2H), 8.18 (d, J/=8.4 Hz, 2H). *C NMR

(100 MHz, ds-DMSO): & 34.6, 119.9, 122.6, 125.4, 126.1,
126.2, 128.1, 129.2, 129.9, 132.9, 133.2, 133.6, 133.9,
137.6, 191.5. Anal. Calcd for CoHgBrF30 (267.05). C,
40.48; H, 2.26; Br, 29.92; F, 21.34. Found: C, 40.64; H,
2.18; Br, 30.03; F, 21.11.

4.2,2, 4-Trifluoromethylphenacyl chloride (7). To Mg
(0.38 g, 15.6 mmol) in 20 mL THF was added 4-bromo-
benzotrifluoride 8 (2.0 mL, 14.3 mmol), and the mixture
was stirred 2 h with cooling. The resulting dark solution was
cooled to —1°C, and a solution of chloroacetyl Weinreb
amide (1.97 g, 14.3 mmol) in 20 mL. THF was added over
15 min, The mixture was stirred 2 h and was warmed to
room temperature. The mixture was cooled and was
quenched with 20 mL 2N HCI solution. The aqueous layer
was extracted twice with methyl rert-butyl ether (MTBE),
and the combined organics were dried over Na,SOy, filtered,
and concentrated via rotary evaporation. The residue was
purified by silica gel chromatography (5% ethyl acetate/
hexane) to afford chloroketone 7 (2.41 g, 76% yield). The
product could be recrystallized from heptane to afford a
white solid: mp 54—-55°C. 'H NMR (400 MHz, ds-DMSO):
8 5.26 (s, 2H), 7.91 (d, J/=8.2 Hz, 2H), 8.15 (d, /=8.2 Hz,
2H). 3C NMR (100 MHz, ds-DMSO): §48.2,119.9, 122.7,
1254, 126.1, 126.2, 128.1, 129.5, 129.8, 132.9, 133.2,
133.6, 133.9, 138.0, 191.6. Anal. Calcd for CoHeCIF;0
(222.59): C, 48.56; H, 2.72; Cl, 15.93; F, 25.60. Found: C,
48.48; H, 2.66; Cl, 15.76; F, 25.57.

Alternative synthesis: ketone 5 (28.2g, 95% pure,
142.5 mmol) was dissolved in 100 mL heptane and
9.1 mL methanol and cooled to 0-5°C. The solution of
SO,Cl, (14.5 mL, 180 mmol) in 50 mL heptane was added
slowly over 75 min. The resulting mixture was stirred at this
temperature for 25 min. Then, 200 mL 1 M NaHCO; was
added over 10 min with cooling, followed by 500 mL
heptane. The aqueous layer was extracted with 100 mL
heptane, and the combined organic solution was concen-
trated to 50 mL to afford a slurry. This was cooled to 0—5°C
and was filtered. The solids were rinsed with 20 mL cold
heptane to afford after drying 23.2 g (73% yield) chlor-
oketone 7.

4.2.3. 4-Bromothiobenzamide (10). To a solution of
4-bromobenzonitrile 9 (30 g, 0.165 mol) in 100 mL pyridine
was added triethylamine (23 mL, 0.165 mol). The solution
was cooled to 10°C, and hydrogen sulfide gas was bubbled
in for 15 min, The resulting green solution was stirred 6 h,
and nitrogen was bubbled through the solution to remove
the excess hydrogen sulfide. Water (100 mL) was added
until the mixture became cloudy, and seed crystals of 10
were added. More water (370 mL) was added slowly, and
the resulting slurry was stirred overnight. The solids were
filtered, rinsed with water, and dried to afford 4-bromothio-
benzamide 10 (33.7 g, 95% yield): mp 145-146°C. 'H
NMR (400 MHz, ds-DMSO): & 7.62 (d, J=8.6 Hz, 2H),
7.82 (d, J=8.6 Hz, 2H), 9.55 (s, 1H), 9.93 (s, 1H). }*C NMR
(100 MHz, d¢-DMSQO): § 125.3, 129.7, 131.2, 138.8, 199.0.
Anal. Calcd for C;HgBINS (216.10): C, 38.91; H, 2.80; N,
6.48; Br, 36.98; S, 14.84. Found: C, 38.81; H, 2.62; N, 6.38;
Br, 36.82; S, 14.92.

4.2.4. 4-Aminothiobenzamide (12). In a pressure tube a
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solution of 4-aminobenzonitrile 11 (2.0 g, 16.9 mmol) in
4 mL pyridine and 2.5 mL triethylamine (17.9 mmol) was
cooled, and hydrogen sulfide (0.84 g, 24.6 mmol) was
bubbled in. The tube was sealed and heated to 60°C for
22 h. The reaction mixture was added slowly into 50 mL
water containing seed crystals of 12. The slurry was mixed
30 min at room temperature and was filtered. The solids
were rinsed with water and dried to afford 4-aminothio-
benzamide 12 (2.36 g, 92% yield): mp 194°C (d). '"H NMR
(400 MHz, ds-DMSO): 6 5.80 (s, 2H), 6.49 (d, /=8.8 Hz,
2H), 7.78 (d, /=8.8 Hz, 2H), 8.92 (s, 1H), 9.15 (s, 1H). 13C
NMR (100 MHz, d¢-DMSO): 6 112.3, 125.8, 130.1, 152.8,
198.3. Anal. Calcd for C;HgN,S (152.21): C, 55.24; H, 5.30;
N, 18.40; S, 21.06. Found: C, 55.35; H, 5.18; N, 18.34; S,
21.28.

4.2.5. 2-(4-Bromo-phenyl)-4-(4-triftuoromethyl-phenyl)-
thiazole (14). To a slurry of 4-bromothiobenzamide 10
(8.0 g, 37.0 mmol) in 92 mL ethanol was added bromo-
ketone 6 (11.2 g, 88% pure, 37.0 mmol). The mixture was
warmed to 45°C and continued to stir 4 h. The mixture was
then cooled to 1°C, aged for 30 min, and then filtered. The
solid was rinsed with 20 mL 3:1 ethanol/water and was
dried to afford thiazole 14 (13.5 g, 95% yield): mp 150°C.
TH NMR (400 MHz, dg-DMSO): § 7.70 (d, /==8.5 Hz, 2H),
7.80 (d, J=8.2 Hz, 2H), 7.94 (d, J=8.5 Hz, 2H), 8.22
(d, J=8.2Hz, 2H), 8.39 (s, 1H). '3C NMR (100 MHz,
de-DMSO): 6 1179, 123.3, 124.2, 126.0, 126.1, 127.1,
128.2,128.5, 128.9, 132.3, 132.6, 137.8, 154.0, 166.6. Anal.
Caled for C,sHoBrF3NS (384.21): C, 50.02; H, 2.36; N,
3.65; Br, 20.80; S, 8.34. Found: C, 49.97; H, 2.31; N, 3.59;
Br, 20.86; S, 8.38.

4.2.6. 2-(4-Bromo-phenyl)-4-(4-trifluoromethyl-phenyl)-
5-trimethylsilyl thiazole (16). To a solution of thiazole 14
(20.0 g, 52.0 mmol) in 130 mL. THF at —74°C was added
LDA (1.45M in cyclohexane, 46.7 mL, 67.7 mmol) over
12 min, and the mixture was stirred at —40°C for 40 min.
TMSCI (8.6 mL, 68 mmol) was added over 6 min at —69°C,
and the mixture was stirred 45 min at —50°C. The mixture
was quenched with 200 mL saturated NH,4Cl and diluted
with 100 mL water and 100 mL MTBE. After agitation, the
organic layer was separated and evaporated to a concen-
trated liquid. Ethanol (150 mL) was added to form a slurry.
To this was added 30 mL water over 30 min and the mixture
was stirred overnight. The solids were filtered, rinsed with
3:1 ethanol/water and dried to afford silane 16 (22.5 g, 95%
yield): mp 106-107°C. 'H NMR (400 MHz, ds-DMSO): &
0.23 (s, 9H), 7.68 (d, J=8.6 Hz, 2H), 7.81 (g, 4H), 7.90
(d, J=8.6 Hz, 2H). '*C NMR (100 MHz, ds-DMSO): 6 0.9,
123.2, 124.2, 125.5, 125.6, 125.9, 128.6, 129.0, 129.3,
130.0, 130.5, 132.0, 132.6, 140.7, 161.1, 169.4. Anal. Caled
for C,oH,7BrFsNSSi (456.40): C, 50.00; H, 3.75; N, 3.07;
Br, 17.51; S, 7.02. Found: C, 50.12; H, 3.71; N, 3.06; Br;
17.47; S, 6.76.

4.2.7. Lithium 4-[4-(4-trifluoromethyl-phenyhl)-5-tri-
methylsilyl-thiazol-2-yl]-benzenesulfinate (17). Silyl aryl
bromide 16 (840 g, 1.84 mol) was dissolved in THF (9 L]
and azeotropically dried via distillation to a total volume of
5 L volume. This solution was cooled to —74°C, and n-BuL;
(24 M in heptane, 802 mL, 1.92 mol) was added over
30 min. The resulting solution was stirred for 40 min, and

SO, gas (Caution! Hazardous gas) was passed over the
liquid until the mixture turned from dark green to orange-
red. The cooling bath was removed, and the reaction
mixture was allowed to warm from —50°C to room
temperature. The mixture was concentrated and the solvent
composition was adjusted to 5:1 heptane/THF affording a
viscous slurry, which was filtered under nitrogen. The solids
were rinsed with heptane and dried under nitrogen to afford
lithium sulfinate 17 (775 g, 85% pure, 80% yield), which
was used directly for the next step. 'H NMR (400 MHz,
dg-DMSO): 8 0.25 (s, 9H), 7.63 (d, J=8.2 Hz, 2H), 7.84
(g, 4H), 7.95 (d, J=8.2 Hz, 2H). *C NMR (100 MHz,
ds-DMSO): 6 0.9, 125.5, 125.6, 125.8, 126.0, 126.3, 128.9,
129.2, 129.6, 130.0, 132.2, 141.0, 161.0, 162.5, 170.9.

4.2.8. 4-[4-(4-Trifluoromethyl-phenyl)-thiazol-2-yl]-ben-
zenesulfinic acid (18). Lithium sulfinate salt 17 (728 g, 85%
pure, 1.38 mol) was suspended in 4.4 L acetonitrile in a
Nalgene vessel over an ice bath. A 48% HF solution
(226 mL, 6.2 mol) (Caution! Hazardous liquid) was added
resulting in a homogenous solution. The cooling bath was
removed, and the mixture was stirred for 4 h during which
solids formed. The slurry was cooled over an ice bath and
was filtered. The solid cake was rinsed with cold acetonitrile
and dried to afford sulfinic acid 18 (495 g, 86% pure, 84%
yield), which was used directly for the next step. "TH NMR
(400 MHz, ds-DMSO): 8 5.0 (br, 1H), 7.73 (d, J==8.2 Hz,
2H), 7.81 (d, /=8.2 Hz, 2H), 8.13 (d, /=8.2 Hz, 2H), 8.25
(d, J=8.2 Hz, 2H), 8.43 (s, 1H). 13C NMR (100 MHz,
de-DMSO): & 118.2, 123.3, 126.0, 126.1, 126.2, 126.9,
127.1, 128.5, 128.9, 137.9, 154.1, 166.9.

4.2.9. 4-[4-(4-Trifluoromethyl-phenyl)-thiazol-2-yl]-ben-
zenesulfonyl chloride (3) (lithiation route), The sulfinic
acid 18 (486 g, 86% pure, 1.13 mol) was suspended in 3.9 L.
acetonitrile with cooling over a salt ice bath. Sulfuryl
chloride (103 mL, 1.24 mol) was added over 30 min while
keeping the temperature below 2°C. After stirring 30 min,
the slurry was filtered, rinsed with heptane, and dried to
afford the sulfonyl chloride 3 (518 g, 81% pure, 92% yield).

4.2,10. 4-(4-Trifluoromethyl-phenyl)-2-phenyl-thiazole
(13). A suspension of thiobenzamide (5.88 g, 42.9 mmol)
in 80 mL isopropyl alcohol was cooled to 10°C, and
bromoketone 6 (11.5 g, 42.9 mmol) was added. The mixture
thinned, and the temperature rose to 27°C before a thick
mixture of the product formed. The mixture was stirred for
2 h, then cooled to 1°C and filtered. The solids were rinsed
with cold isopropyl alcohol and water and dried to afford 13
(12.2 g, 93% yield). The product could be recrystallized
from ethanol to afford a white solid: mp 136°C. '"H NMR
(400 MHz, d¢-DMSO): 6 7.52 (m, 3H), 7.81 (d, /=8.1 Hz,
2H), 8.03 (m, 2H), 8.25 (d, J=8.1 Hz, 2H). '3C NMR
(100 MHz, dg-DMSO): 6 117.5, 123.3, 126.0, 126.1, 126.2,
126.7, 127.1, 128.5, 128.8, 129.7, 130.9, 133.1, 138.0,
153.9, 167.9. Anal. Caled for C;cH;oF3NS (305.32): C,
62.94; H, 3.30; N, 4.59; F, 18.67; S, 10.50. Found: C, 62.90;
H, 3.33; N, 4.51; F, 18.67; S, 10.37.

4.2,11, Sodium 4-[4-(4-trifluoromethyl-phenyl)-thiazol-
2-yl]-benzenesulfonate (19). Oleum (20% SO3/H,;SOy;
150 mL) (Caution! Very corrosive liquid) was cooled to
—5°C, and phenylthiazole 13 (30 g, 98.2 mmol) was added
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over 30 min in six portions. The temperature of the reaction
mixture was maintained below —1°C. The resulting viscous
liquid was stirred for 4 h at —5°C, after which the reaction
was complete. Water (70 mL) was added slowly to quench
the mixture, keeping the temperature below 10°C. After
conducting a small test run, the remaining 190 mL aliquot
(73%) of this mixture was added to a mixture of 209 mL
water and 152 mL THF. The mixture was heated to 54°C to
form a clear solution to which 38 g of solid NaCl was added.
A slurry formed, which was cooled over 1h to 25°C and
filtered. The solids were rinsed with water. This product
(98.4% pure) was dissolved in 350 mL of a 1.5:1 mixture of
water and THF at 60°C, and a solution of 2 mL of 50%
NaOH in 10 mL water was added, followed by 130 mL of
brine. The resulting slurry was cooled to 20°C and filtered.
The solids were rinsed with water and dried to afford

sulfonate salt 19 (23 g, 99.9% pure, 78% yield). 'H NMR ,

(400 MHz, ds-DMSO): 8 7.79 (d, J=8.1 Hz, 2H), 7.82 (d,
J=8.1 Hz, 2H), 8.02 (d, /=_8.1 Hz, 2H), 8.27 (d, J=8.1 Hz,
2H), 8.41 (s, 1H). '*C NMR (100 MHz, ds-DMSO): 6 117.8,
123.3, 126.0, 126.1, 126.2, 126.9, 127.1, 128.5, 128.8,
133.1, 138.0, 150.4, 1539, 167.4. Anal. Caled for
C16sHgF3NNaO1S, (407.36): C, 47.18; H, 2.23; N, 3.44; F,
13.99; S, 15.74. Found: C, 46.81; H, 1.95; N, 3.16; F, 13.80;
S, 15.89.

4.2.12. 4-[4-(4-Triftuoromethyl-phenyl)-thiazol-2-yl}-
benzenesulfonyl chloride (3) (sulfonation/chlorination
route). The sulfonate salt 19 (10.0 g, 24.5 mmol) was
suspended in 50 mL acetonitrile at room temperature, and
thionyl chloride (3.6 mL, 49 mmol) and 1.0 mL of DMF
were added. The mixture was stirred for 3.5 h and then
filtered. The solids were rinsed with acetonitrile and water,
and dried to afford sulfonyl chloride 3 (9.64 g, 97% yield).
'H NMR (400 MHz, ds-DMSO): § 7.76 (d, /=8.2 Hz, 2H),
7.81 (d, J==8.2 Hz, 2H), 8.01 (d, /=8.2 Hz, 2H), 8.26 (d,
J=8.2 Hz, 2H), 8.41 (s, 1H). 3C NMR (100 MHz, d-
DMSQ0): § 117.8, 123.3, 126.0, 126.1, 126.2, 126.9, 127.1,
128.5, 128.8, 133.1, 138.0, 150.3, 153.9, 167.4. Anal. Calcd
for C,HoCIF3NO,S, (403.82): C, 47.59; H, 2.25; N, 3.47;
Cl, 8.78; S, 15.88. Found: C, 47.44; H, 1.97; N, 3.36; Cl,
8.96; S, 15.77.

4.2.13. 4-[4-(4-Trifluoromethyl-phenyl)-thiazol-2-yl]-
phenylamine hydrobromide salt (15). Bromoketone 6
(77.3 g, 86% pure, 0.25 mol) was dissolved in 765 mL of
isopropyl alcohol, and p-aminothiobenzamide 12 (37.9 g,
0.25 mol) was added. A thick slurry formed within a few
minutes. The mixture was heated to 48°C, aged for 4 h and
then cooled to 2°C. The slurry was filtered, rinsed cold
isopropyl alcohol and dried to afford aniline 15 hydro-
bromide salt (89.2 g, 89% yield): mp 308°C (d). 'H NMR
(400 MHz, dg-DMSO): 6 7.1 (br, 3H), 7.31 (d, J=8.5 Hz,
2H), 7.82 (d, /=8.2 Hz, 2H), 8.04 (d, /=8.5 Hz, 2H), 8.24
(d, J=8.2Hz, 2H), 8.37 (s, 1H). '3C NMR (100 MHz,
dg-DMSO): & 117.3, 121.7, 123.3, 126.0, 126.1, 126.2,
127.1, 128.1, 128.4, 128.8, 129.6, 138.0, 138.7, 153.8,
167.2. Anal. Calcd for CiH;,BrF;3N,S (401.24): C, 47.90;
H, 3.01; N, 6.98; Br, 19.91; S, 7.99. Found: C, 47.62; H,
2.79; N, 6.86; Br, 19.73; S, 7.76.

4.2.14. 4-[4-(4-Trifluoromethyl-phenyl)-thiazol-2-yl]-
benzenesulfonyl chloride (3). (diazotization/chlorosulfo-

nylation route). From 15-HBr salt: the aniline hydro-
bromide-salt 15 (50 g, 0.125 mol) was suspended in 500 mL
of acetonitrile and cooled over an ice bath. Concentrated
HCl (200 mL) was added to afford a creamy mixture. A
solution of NaNO, (10.3 g, 0.150 mol) in 25 mL of water
was added via an addition funnel over 10 min. The
temperature rose to 10°C during the addition, and an
HPLC assay after 25 min showed complete conversion to
the diazonium salt. A 30 wt% saturated solution of SO, in
acetic acid (300 mL) was poured into the reaction mixture.
Then, a solution of CuCl,2H,0 (10.6 g) in 25 mL of water
was added. In a few minutes, the dark solution yielded thick
brown precipitates. Over time, tan solids of the sulfonyl
chloride formed. After stirring for 2.5 h these solids were
filtered and rinsed 250 mL of acetic acid, 200 mL 1:1
mixture of acetic acid/water and 800 mL of water. The
solids were dried to afford sulfonyl chloride 3 (44 g, 92.5%
pure, 81% yield) as a light yellow solid. This product was a
72:28 mixture of sulfonyl chloride and sulfonyl bromide, as
determined by titration.

From 185 free base: in a glass pressure vessel, aniline free-
base 15 (16.04 g, 50 mmol) was dissolved in 400 mL of
acetonitrile at room temperature, and 40 mL of acetic acid
was added. Concentrated HCI (40 mL) was added slowly
over 2 min to afford a thick slurry, which was cooled to 5°C.
A solution of NaNO,; (4.14 g, 60 mmol) in 10 mL of water
was added over 1 min, and the resulting solution was stirred
for 20 min at 5°C. The vessel was pressurized over 35 min
with SO, gas (88.7 g, 1.38 mol) from a cylinder to 5 psig,
keeping the temperature at <10°C. Then, a solution of
CuCl,2H,0 (8.52 g, S0 mmol) in 10 mL of water was
added. The temperature was allowed to rise to 18°C over
10 min and the mixture was stirred for 4h at room
temperature. The slurry was filtered and rinsed sequentially
with 50 mL of acetonitrile, 150 mL of water, and 50 mL of
acetonitrile. The solids were vacuum dried overnight to
afford sulfonyl chloride 3 (18.6 g, 99.5% pure, 91% yield).

4.2,15, 4-Benzoyl-benzenesulfonyl chloride (23) (repre-
sentative procedure). 4-Aminobenzophenone 22 (3.94 g,
20.0 mmol) was dissolved in 160 mL of acetonitrile and
after cooling to 0—-5°C, 16 mL of acetic acid and 8 mL of
concentrated HCI were added. To the mixture was added
NaNO; (1.66 g, in 3 mL water) over 10 min at < 5°C. After
stirring 20 min, SO, gas (42 g) was bubbled in over 40 min
keeping the mixture <7°C. A solution of CuCl, (3.4 g,
25 mmol) in water (3 mL) was added and the mixture was
allowed to warm and stir for 16 h at room temperature.
The mixture was concentrated to 80 mL and was cooled to
0-5°C. The solids were filtered, washed with 20 mL of
water, and dried to afford sulfonyl chloride 23 (5.27 g, 94%
yield) as a pink solid; mp 96-97°C. '"H NMR (400 MHz,
CDCl,): 6 7.55 (m, 2H), 7.66 (m, 1H), 7.82 (m, 2H), 8.00
(m, 2H), 8.17 (m, 2H). '*C NMR (100 MHz, CDCl;): &
127.0, 128.7, 130.1, 130.7, 133.6, 136.0, 143.5, 146.6,
194.5. Anal. Calcd for C;3HoCl0O;S (280.73): C, 55.62; H,
3.23; C1, 12.63; S, 11.42. Found: C, 55.55; H, 3.23; Cl,
12.54; S, 11.25.

4.2.16. Biphenyl-4-sulfonyl chloride (25). 4-Aminobi-
phenyl 24 (3.38 g, 20.0 mmol) was processed to afford
sulfonyl chloride 25 (4.05 g, 80% yield) as a yellow solid;
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mp 118-119°C. 'H NMR (400 MHz, CDCl3): 8 7.51 (m,
3H), 7.63 (m, 2H), 7.82 (d, J=8.6 Hz, 2H), 8.11 (d, J=
8.6 Hz, 2H). 13C NMR (100 MHz, CDCl,): § 126.9, 128.7,
130.1, 130.6, 133.6, 135.9, 143.4, 146.5. Anal. Calcd for
Ci2HoClO,S (252.72): C, 57.03; H, 3.59; CI, 14.03; S,
12.69. Found: C, 56.80; H, 3.25; Cl, 14.10; S, 12.71.

4.2.17. 2-Methoxy-dibenzofuran-3-sulfonyl chloride (27).
3-Amino-2-methoxydibenzofuran 26 (4.26 g, 20.0 mmol)
was processed to afford sulfonyl chloride 27 (4.97 g, 84%
yield) as a purple solid; mp 197-198°C. 'H NMR
(400 MHz, CDCly): 8 4.17 (s, 3H), 7.43 (m, 1H), 7.58~-
7.62 (m, 3H), 8.00 (d, /=7.8 Hz, 1H), 8.16 (s, 1H). 13C
NMR (100 MHz, CDCl3): & 57.1, 104.1, 1124, 113.2,
121.7, 122.6, 1234, 129.6, 130.3, 131.8, 148.1, 153.8,
158.5. Anal. Calcd for C;3HgClO,4S (296.73): C, 52.62; H,
3.06; CI, 11.95; S, 10.81. Found: C, 52.65; H, 2.76; Cl,
12.18; S, 10.82.

4.2.18. 9,10-Diox0-9,10-dihydro-anthracene-2-sulfonyl
chloride (29). 2-Aminoanthraquinone 28 (4.46¢g,
20.0 mmol was processed to afford sulfonyl chloride 29
(5.14 g, 84% yield) as a brown solid; mp 207-208°C. 'H
NMR (400 MHz, ds-DMSO): 6 7.89 (m, 2H), 8.07 (m,
1H), 8.16 (m, 3H), 8.39 (m, 1H). '3C NMR (100 MHz,
de-DMSO): 6 124.1, 127.1, 127.4, 131.6, 133.3, 13355,
133.5, 134.9, 134.9, 153.9, 182.5, 182.7. Anal. Calcd for
C,4H,ClO,S (306.72): C, 54.82; H, 2.30; Cl, 11.56; S,
10.45. Found: C, 54.48; H, 2.01; CI, 11.84; S, 10.35.

4.2.19. 4-Methylbenzenesulfonyl chloride (31). p-Tolu-
idine 30 (2.14 g, 20.0 mmol) was processed to afford
sulfonyl chloride 31 (3.92 g, 99% yield) as a white solid;
mp 71-72°C. 'TH NMR (400 MHz, CDCl5): & 2.50 (s, 3H),
7.41 (d, J/=8.1 Hz, 2H), 7.92 (dd, J=6.7, 1.8 Hz, 2H). 13C
NMR (100 MHz, CDCls): & 21.7, 126.9, 130.1, 141.6,
146.7. Anal. Calcd for C;H,CIO;S (190.65): C, 44.10; H,
3.70; Cl, 18.60; S, 16.82. Found: C, 44.00; H, 3.56; Cl,
18.63; S, 16.94.

4.2.20. (R)-N-(2-Hydroxy-2-pyridin-3-yl-ethyl)-2-(4-{4-
[4-trifluoromethyl-phenyl)-thiazol-2-yl]-benzenesulfo-
nylamino}-phenyl)-acetamide (32). The aniline 2 (5.43 g,
20.0 mmol) and sulfonyl chloride 3 (8.24 g, 20.4 mol) in
63 mL of THF and 7 mL of pyridine were stirred at 35°C for
3 h. The reaction mixture was diluted with 70 mL of ethyl
acetate and extracted with 70 mL of IN HCIl. The organic
layer was washed with 70 mL of IN NaHCOs,, filtered,
concentrated and flushed with 70 mL of ethyl acetate. The
concentrated residue was dissolved in 200 mL of THF to
afford a cloudy solution, which was filtered through Solka
Floc (6 g) and rinsed with 100 ml. THF to remove the
sulfonic acid impurity. The filtrate was concentrated,
flushed with 70 mL of ethyl acetate, and the residue was
dissolved in 70 mL of ethyl acetate. A slurry formed in
15 min, which was stirred for two days and was then filtered.
The solids were rinsed with 35 mL of ethyl acetate and dried
to afford the amide 32 (12.2 g, 96% pure, 92% yield): mp
166°C. "H NMR (400 MHz, ds-DMSO): 6 3.24 (t, J=6 Hz,
2H), 3.28 (s, 2H), 4.61 (m, 1H), 5.58 (d, /=4.5 Hz, 1H),
7.03 (1, 4H), 7.23 (dd, /=4.8, 7.8 Hz, 1H), 7.60 (dt, J=7.8,
1.8 Hz, 1H), 7.83 (d, /=8.4 Hz, 2H), 7.89 (d, /=8.4 Hz,
2H), 8.03 (t, J=5.7 Hz, 1H), 8.19 (d, J=8.4 Hz, 2H), 8.25

(d, J=8.2 Hz, 2H), 8.40 (d, /=4.0 Hz, 2H), 8.46 (s, 1H),
849 (s, 1H), 1032 (s, 1H). *C NMR (100 MHz,
de-DMSO): 6 41.8, 46.6, 69.5, 119.1, 120.9, 123.5, 126.2,
127.2, 127.4, 128.1, 128.7, 129.0, 130.1, 132.9, 134.1,
135.9, 136.6, 137.7, 139.0, 141.2, 148.1, 148.6, 154.3,
165.9, 170.5. Anal. Calcd for C3,H,5F3N404S, (638.68): C,
58.30; H, 3.95; N, 8.77; F, 8.92; S, 10.04. Found: C, 58.21;
H, 3.93; N, 8.67; F, 8.91; S, 9.99.

4.2.21. (R)-N-{4-[2-(2-Hydroxy-2-pyridin-3-yl-ethyl-
amino)-ethyl]-phenyl}-4-[4-(4-trifluoromethyl-phenyl)-
thiazol-2-yl]-benzenesulfonamide, hydrochloride (33).
To a solution of amide 32 (6.74 g, 97% pure, 10.2 mmol)
in 50 mL of THF was added 1 M BH3THF (50 mL) and was
stirred 6 h at 30°C. The reaction mixture was quenched by
careful addition of 1 M H,SOy solution (50 mL), and the
resulting solution was heated at reflux for 2 h. The mixture
was cooled to room temperature and was diluted with 50 mL
of isopropyl acetate, and was adjusted to pH 8.2 with 50%
NaOH (6.5 mL). The layers were separated, and the organic
layer was washed with 50 mL of water. The organic layer
was assayed for yield of 33 free base, evaporated, flushed
with isopropyl acetate, and then with absolute ethanol. To
the resulting slurry in ethanol (70 mL) was added a solution
of dry HCl in ethanol (1.62N, 6.3 mL) and was warmed to
35°C to dissolve the solids. Cooling to to room temperature
formed a slurry, which was and age overnight, and heptanes
(70 mL) was added over 3 h. This slurry was aged overnight
and was then filtered, rinsed with a 1:1 mixture of ethanol-
heptanes (30 mL), and dried to afford mono-HCI salt 33
(6.15 g, 91% yield): mp 237-238°C. '"H NMR (400 MHz,
ds-DMSO): & 2.91 (m, 2H), 3.10 (m, 4H), 5.05 (d, J=
9.7 Hz, 1H), 6.32 (br, 1H), 7.12 (q, 4H), 7.38 (dd, /=4.8,
7.8 Hz, 1H), 7.77 (dt, J/=8.0 Hz, 1H), 7.83 (d, /=8.4 Hz,
2H), 7.90 (d, /=8.4 Hz, 2H), 8.18 (d, /=8.5 Hz, 2H), 8.25
(d, /=8.2 Hz, 2H), 8.50 (m, 1H), 8.51 (s, 1H), 8.58 (s, 1H),
9.2 (vbr, 2H), 10.1 (vbr, 1H). *C NMR (100 MHz, d;-
DMSO): §31.0,48.2,53.2,66.6,119.2,121.1, 123.9, 126.2,
127.2, 127.3, 1282, 129.8, 133.7, 134.2, 136.4, 136.6,
137.4,137.7, 141.2, 148.0, 149.4, 154.3, 165.9. Anal. Calcd
for C3;H,3CIF3N40585 (677.16): C, 56.32; H, 4.27; N, 8.47,
Cl,5.36; F, 8.62; S, 9.70. Found: C, 56.32; H, 4.24; N, 8.35;
Cl, 5.59; F, 8.67; S, 9.82.

4.2.22, (R)-N-{4-[2-(2-Hydroxy-2-pyridin-3-yl-ethyl-
amino)-ethyl]-phenyl}-4-[4-(4-trifluoromethyl-phenyl)-
thiazol-2-yl]-benzenesulfonamide, dihydrochloride (1).
To a suspension of the mono-HCl salt 33 (28.2g,
42.6 mmol) in 110 mL of ethanol was added a solution of
dry HCl in ethanol (1.48N, 30 mL, 44.8 mmol). The mixture
was warmed to 31°C to dissolve the solids. The solution was
filtered into a second flask with a hot ethanol rinse (21 mL).
Seed crystals of the di-HCl salt (1.2 g) were added, and the
resulting slurry was aged for 2 days. The slurry was cooled
over an ice bath and was filtered. The solids were washed
with ethanol and dried to afford the di-HCI salt 1 (28.8 g,
97% yield): mp 228-230°C. 'H NMR (400 MHz, d,-DMSO):
6 2.93 (t, 2H), 3.11 (br, 2H), 3.20 (br, 1H), 3.34 (br, 1H),
5.32 (dd, J=2.8, 8.6 Hz, 1H), 6.9 (vbr, 1H), 7.13 (t, 4H),
7.80 (d, J=8.3 Hz, 2H), 7.91 (d, /=8.3 Hz, 2H), 8.04 (t,
1H), 8.16 (d, /=8.3 Hz, 2H), 8.23 (d, /=8.2 Hz, 2H), 8.50
(s, 1H), 8.58 (d, /=8.0 Hz, 1H), 8.87 (br, 1H), 8.92 (br,
1H), 9.41 (br, 2H), 10.55 (s, 1H). '3C NMR (100 MHz,
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de-DMSO): 8 309, 48.2, 52.5, 65.7, 119.2, 121.2, 123.2,
125.9, 126.2, 127.1, 127.3, 128.2, 128.6, 128.9, 129.7,
133.7, 136.5, 137.7, 140.5, 141.2, 141.5, 141.6, 1435,
154.3, 165.8. Anal. Calcd for C31H29C12F3N403Sz (71362)
C, 53.37; H, 4.19; N, 8.03; Cl, 10.16; F, 8.17; S, 9.19.
Found: C, 53.46; H, 4.15; N, 7.96; Cl, 10.15; F, 8.18; §,
9.37.
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:
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1.1. Descripcion: Folios: 59 a 96

1.2. Reivindicaciones: Folios: 97 a 105
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23/02/2005
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25/09/2006
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Reivindicaciones

Reivindicaciones 1 a 29: Se reivindica un procedimiento para preparar un
compuesto de férmula (1):

Ar-R-S0;-X
Que comprende las etapas de:

a) Hacer reaccionar un compuesto de férmula (ll): Ar-R-L, opcionalmente en
presencia de un catalizador de transferencia de fase 1para formar un compuesto
de sal de acido sulfénico de férmula (Ill): (Ar-R-SO3™")(M

b) Hacer reaccionar dicho compuesto de formula (1ll) con un acido prético para
formar un compuesto de acido sulfénico de formula (1V): Ar-R-SO;H.

c) Hacer reaccionar dicho compuesto de féormula (IV) con un reactivo de
sustitucién de halégeno para formar dicho compuesto de férmula (l).

Reivindicacion 30: Se reivindica un procedimiento para preparar un compuesto
de férmula (IV):

Ar-R-SO;H
Que comprende las etapas de:

a) Hacer reaccionar un compuesto de formula (Il): Ar-R-L en un solvente,
opcionalmente en presencia de un catalizador de transferencia de fase para
formar un compuesto de sal de acido sulfénico de férmula (lil): (Ar-R-SO3")qM.
b) Hacer reaccionar dicho compuesto de férmula (lll) con un acido prético para
formar dicho compuesto de féormula (1V).

Reivindicacion 31: Se reivindica un procedimiento para preparar un compuesto
de formula (l1):

(Ar-R-SO3™) M.

Que comprende las etapas de:

a) Hacer reaccionar un compuesto de férmula (ll): Ar-R-L, opcionalmente en
presencia de un catalizador de transferencia de fase, para formar una mezcla de
reaccion que contiene dicho compuesto de férmula (lil), y

b) Aislar dicho compuesto de formula (lll) mediante precipitacion del compuesto
de férmula (1ll) mediante:

1) Tratamiento con una sal de halogenuro de metal soluble en agua, o
2) Adicidén de un solvente a la mezcla de reaccién que sea sustancialmente
inmiscible en agua, o tanto 1) como 2).

Sustento Descriptivo

La invencién corresponde a procedimientos de preparacion de halogenuros de
aril-alquil-sulfonilo y heteroaril-alquil-sulfonilo Gtiles como intermediarios para la
preparacion de productos farmacéuticos.

Los cloruros de sulfonilo se usan ampliamente en la industria quimica, por
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estructura pequena tales como agentes antibacterianos, diuréticos e inhibidores
de

Muchos halogenuros de sulfonilo impedidos estéricamente, tales como cloruro de
(2,5-dimetilfenil)metano-sulfonilo y otros halogenuros de aril y heteroarilsulfonilo
son especificamente Utiles en la preparaciéon de inhibidores de cPLA; para el
tratamiento del asma o trastornos artriticos y reumaticos. Sin embargo, puede ser
dificil la preparacién de estos intermediarios debido a la pérdida de didxido de
azufre a temperaturas altas y a la formacién de cantidades significativas de
impurezas, por lo que se requieren nuevos métodos que faciliten la obtencion de
los compuestos y que superen las dificultades técnicas antes sefialadas.

o gna vez catalogada la invencion ésta se clasifico en la seccion: A 61 K ¥ 1/
I1o de la Clasificacion Internacional de Patentes.

3. De la solicitud de Patente

3.1. Reivindicaciones (articulo 30 D. 486)

Teniendo en cuenta el contenido y alcance del pliego reivindicatorio presente en los
folios 97 a 105 se le comunica lo siguiente:

¢ Ellenguaje técnico utilizado para definir las connotaciones quimicas atinentes
a un grupo especial debe permitir identificar de manera inequivoca la clase de
grupo funcional y el numero de atomos y heteroatomos del radical, en
especial en los casos que sea de naturaleza heterociclica, heteroarilica,
arilica o carbociclica, mediante la denominacién comin de la especie quimica
y no del género funcional al que pertenece.

Lo anterior, debido a que el contenido y alcance de las clausulas 1, 27 30y 31
incluyen las connotaciones particulares para los radicales Ar, R' R? y R® y recurre
para ello al uso de términos genéricos como: cicloalquilo de C3._7, heterocncloalqunlo,
arilalquiloxi, arilo, ariloxi, heteroarilo y heteroariloxi o heterociclo de 5 6 6 miembros,
entre otros para definir los grupos y sustituciones de la estructura anular de las
formulas correspondientes a las Markush (1), (II), (1) y (IV). Y con esta clase de
términos se cobija una serie de compuestos que no encuentran sustento técnico en
el aparte descriptivo de la solicitud ni en la clausula 29 del pliego reivindicatorio.

Por lo que con fundamento en las normas publicadas por la IUPAC para la
denominacién de compuestos organlcos esta Superintendencia se permite sefalar

1 ARYL GROUPS:
Groups derived from arenes by removal of a hydrogen atom from a ring carbon atom. NOC Rule A-13.5. Groups similarly derived from
heteroarenes are sometimes subsumed in this definition (see heteroaryl groups). E.g. o-tolyl.

ARENES:
Monocyclic and polycyclic aromatic hydrocarbons. NOC Rule A-12 4. (See aromatic compounds).

AROMATIC COMPOUNDS:
Historically, the term "aromatic” originally referred to the smell of selected compounds that later were found to contain benzene or fused
benzene rings in the structure. In a structural sense, it designates compounds that, in accordance W|th the theory of Huckel have a cycllc,

A lommem e ed FAm ™ ! mlmmdrmem e smbdmonse Th'’m "mmliid e e e o o od e m ' o bhmdde it e mwm ol e ™ L -
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que existe una falta visible de claridad y precisiéon en el lenguaje empleado para
definir los sustituyentes de las férmulas (1), (11}, (lil) y (IV), dado el alcance genérico
de las expresiones utilizadas, las que hacen referencia a un variado grupo de
elementos funcionales de la quimica organica. Por lo que en virtud del presente
examen técnico se requiere al sefor solicitante para que defina de manera precisa
los grupos que fueron objeto de comprobacién técnica y que se encuentran
debidamente sustentados en el aparte descriptivo de la solicitud, dejando de lado
aquéllos que no permiten una interpretacién inequivoca del alcance de la invencion,
a fin de dar cumplimiento a las disposiciones normativas del articulo 30 de la
Decision 486.

Y dado que en la clausula 29 se define el proceso en términos del producto a
obtener y se caracterizan algunas de las especies quimicas mas representativas que
cumplen con la definicién indicada para las formulas (1), (1), (Ill) y (IV) se recomienda
tener en cuenta la definicion de los radicales organicos contemplada en los ejemplos,
a fin de delimitar la definicion de los grupos y sustituciones por la denominacién
comun de las especies quimicas.

4. Determinacion del Estado de la Técnica

Considerando que la fecha de presentacion de la primera solicitud de patente de la
cual se reivindica prioridad es: 25/02/2004, se procedi6 a efectuar la busqueda de
documentos relacionados en el estado de la técnica con fecha de publicacién
anterior a ésta.

Fecha de

Documento Titulo Publicacién

“Practical routes to the triarylsulfonyl
Articulo 1 chloride intermediate of a 33 adrenergic 2003
receptor agonist”

Anterioridades D1 en los folios 126 a 134
5. Analisis de patentabilidad (arficulo 14 D. 486)

5.1 Novedad (articulo16 D. 486)

trivalent or divalent heteroatoms, respectively, in such a way as to maintain the continuous -electron system characteristic of aromatic
systems and a number of out-of-plane -electrons corresponding to the Hiickel rule (4n +2); an alternative term is hetarenes. Comprehensive
Heterocyclic Chemistry, Vol. 1, Ed. O. Meth-Cohn, Pergamon, 1984, p. 3.

HETEROARYL GROUPS:
The class of heterocyclyl groups derived from heteroarenes by removal of a hydrogen atom from any ring atom; an alternative term is
hetaryl. E.g. 2-pyridyl (pyridin-2-yl), indol-1-yl.

HETEROCYCLYL GROUPS:

Univalent groups formed by removing a hydrogen atom from any ring atom of a heterocyclic compound. E.g. 4-pyridyl, pyrrolidin-1-y!,
pyrrolidin-2-yl.

CYCLOALKYL GROUPS:
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La novedad del objeto reivindicado se evalué mediante comparacion y analisis de
identidad técnica entre las etapas caracteristicas del proceso de transformacion
quimica y las ensefianzas reveladas por el estado del arte en la publicacién D1.

e De acuerdo con el contenido del pliego reivindicatorio se presentan tres
procedimientos, a saber:

1. Procedimiento para la obtenciéon de un compuesto de formula (l):
Ar-R-S0,-X

Que comprende las etapas de:

a) Hacer reaccionar un compuesto de férmula (Il): Ar-R-L, opcionalmente en
presencia de un catalizador de transferencia de fase para formar un compuesto
de sal de &cido sulfénico de férmula (l1l): (Ar-R-SO3 ')qM.

b) Hacer reaccionar dicho compuesto de férmula (lll) con un acido prético para
formar un compuesto de acido sulfénico de férmula (1V): Ar-R-SO;H.

c) Hacer reaccionar dicho compuesto de férmula (V) con un reactivo de
sustitucion de haldégeno para formar dicho compuesto de férmula (1).

2. Procedimiento para la obtencién de un compuesto de férmula (IV):
Ar-R-SO;H

Que comprende las etapas de:

a) Hacer reaccionar un compuesto de formula (ll): Ar-R-L en un solvente,
opcionalmente en presencia de un catalizador de transferencia de fase para
formar un compuesto de sal de acido sulfénico de formula (lil): (Ar-R-SO;")qM.
b) Hacer reaccionar dicho compuesto de férmula (lll) con un acido prético para
formar dicho compuesto de férmula (1V).

3. Procedimiento para la obtencién de un compuesto de formula (lll):
(Ar-R-SO3™);M.

Que comprende las etapas de:

a) Hacer reaccionar un compuesto de formula (ll): Ar-R-L, opcionalmente en
presencia de un catalizador de transferencia de fase, para formar una mezcla de
reaccion que contiene dicho compuesto de formula (l11), y

b) Aislar dicho compuesto de formula (Ill) mediante precipitacién del compuesto
de férmula (lll) mediante:

1) Tratamiento con una sal de halogenuro de metal soluble en agua, o

2) Adicién de un solvente a la mezcla de reaccién que sea sustancialmente
inmiscible en agua, o tanto 1) como 2).

o Elestado del arte previo a la invencion presenta el siguiente documento:
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La publicacién D1 hace referencia a las rutas practicas para la obtencién de los
intermediarios triaril-sulfonil cloruro, utilizados para la obtenciéon de agonistas del
receptor adrenérgico 3.
En la publicacion se presenta el siguiente esquema de reaccion:

a) Reaccion de un compuesto arilico con didéxido de azufre en presencia de
catalizador butil-litio

b) Reaccion del compuesto obtenido sal de sulfonato de litio con un acido para
obtener su acido correspondiente

c¢) Reaccién del compuesto acido con cloruro de tionilo para obtener el halogenuro
de sulfonilo

Br SO,Li
N nBulLi ; SO, N
FsC \ N X \ N
S S
™S ™S
16 17
SO,Li SO,H
N HF/CH,CN AN
F3C \ N ————» F3C \
S
T™S ™S
17 18
SO,H S0,
N S0,Cl N
F3C \ N ———> FC \ N
S
™S T™S
18 3

En consecuencia, al comparar los elementos caracteristicos del proceso
reivindicado, las etapas y cada una de las reacciones de transformacion quimica
sefialadas a lo largo del pliego reivindicatorio es posible concluir que existe identidad
técnica entre la materia objeto de estudio y los antecedentes técnicos revelados en
la publicacién D1 (ver folio 127 correspondiente a la ruta de litiacién/sulfonacion).

Y en razén a los argumentos expuestos es posible concluir que la materia
reivindicada carece de novedad, por lo que no cumple con los presupuestos
normativos del articulo 16 de la Decisién 486.

6. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

Reivindicaciones
Afectadas

Requisito que Afecta

Documento N°

e o N
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En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente ofigio conforme a lo dispuesto en el numeral 5.2, literal e), del
' la Circular Unica N° 10 de 2001.

F

ALIX CARMENZA CESPEDES DE VERGEL
Directora de Nuevas/Creaciones (c)
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