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OXI DATI ON OF PYRI DI NE AND DERI VATI VES This invention rel ates
generally to the- oxi dation of pyridine and its derivatives and, nore

speci ficall he oxi dation of pyridine and hal opygdi;
pr oduce thgx%%%ggéponding N-oxide 5 utilizing a supportedfcw %ﬁﬁ?ﬁggorted

het er ogeneous " catalyst (i.e., one that is essentially insoluble in

the -reaction nmedi um. Certain processes for producing 2-

chl oropyri di ne-N-oxi de from 2-chloropyridine are 10 well-known.
Illustrative prior art processes relate to the oxidation of

2-chl oropyridi ne with hydrogen peroxide in the presence of honbgeneous
catal yst (s), such as tungstates, nolybdates, and the like. As

another illustration, Hﬁnaf%ﬁ”ép'\ﬁnfnﬁ&% _ Db'iﬁvﬂix%ﬁhoses sol ubl e

peroxy carboxylic acid catalysts for use In the preparation of
N-oxi des of tertiary organi ¢ bases, including hal o-pyridi ne N oxides.
The use of honpbgeneous catal ysts for the oxi dati on of

2-thl oropyridine, ang, qt q%,gg‘%gkgi ?E]ﬁ%g?s b%%’tﬁ%iet he attendant

di sadvant age that the Al ys . | Tromthe product stream
and t hen redigiatien of pygidbne apddtaseriyatiyves,gad, moreecovery and

reusabi | ity rempdciEiraliyhetoothat epidation chIgyrdimecanpitation of the
catal yst, filtrﬁﬁiéﬂ}ﬁfﬁines to produce the corresponding N-oxide
5 utilizing a supported or unsupported heterogeneous
catalyst (i.e., one that is essentially insoluble in
the reaction medium).
_ Certain processes for producing 2- .
chloropyridine-N-oxide from 2-chloropyridine are
10 well-known. Illustrative prior art processes relate
to the oxidation of 2-chloropyridine with hydrogen
peroxide in the presence of homogeneous catalyst (s},
such as tungstates, molybdates, and the_;ike. As
another illustration, U.S. Patent No. 3,047,579
1s discloses soluble peroxy carboxylic acid catalysts
for use in the preparation of N-oxides of tertiary
organic bases, including halo-pyridine N-oxides.
The use of homogeneous catalysts for the
‘oxidation of 2-chloropyridine, and other pyridine
20 compounds, has the attendant disadvantage that the
catalyst must be removed from the product stream and
then recovered in reusable form. To achieve this
recovery and reusability requires a number of steps,
such as precipitation of the catalyst, filtratiom to
25 separate the precipitated catalyst from the
filtrate, and then reconversion of the precipitate
back to its original catalytic form. These steps
add considerably to the cost of producing the
desired 2-chloropyridine-N-oxide product.



25 separate the precipitated catalyst fromthe filtrate, and then
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afilter aid.
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+ reconversion of the precipitate back to:its original catalytic form
These steps add considerably to the cost of producing the desired
2- chl or opyyd gi.pesN- oxi de product. WO 97/ 36872
PCT/USQ?/&%gg%RGH - 2- PCTIUSIIMBT ¢ are
ot her costs and additional process conpl exities that nmake the use of
sol ubl e catal ysts i n honbgeneous <¥stens even nore di sadvant ageous.

For exanple, in such systens, the reactionis 5 typically stopped using
a quenching agent. The reaction between the soluble catal yst(s) and
t he quenchi ng agent typically results in the formation of an

i on using

' z; uengﬁfng agent
and/ or the filqamplexitiieer &£43t wake| the|papf dfoluble catpdpaténg

undesi rabl e i nUtidnicfenedud BPBtERS| éPeh more ZriFHdaaRXEEEL18E- N OXi de
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2-chl oropyri di r‘l’lé:n%l-’éﬂpggv'vlén sPﬁé‘?gg%é%{Sﬁ'f %bemar%r%%gggnéﬁus cat al yst

system ddb

typdicadyl sfoppgdeneing g2 aquenching mgentnpl Shef il ter

ai d(s), and ergda¢ ifp\Petettctiie SE6DHILBRtUIYHE (s) afft tREOCESSES

| oyi | uble catal yst [ d hi? 3 b f
The bf ot des. Fpenchiog: Agark, EEPhERTTL rep I ki E5TmabheR oy econt

t he bi oci des

exanpl e,

i nvention prowfden dmsodubleppvedest which is them Gypisspdyt, the present
invention rel 3lgaRviled by filtration using a filter aid.
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Unfortunately, the use of the gquenching agent
and/or the filter aid increase the likelihood of
introducing undesirable impurities into the desired
2-chloropyridine-N-oxide product. Accordingly, new
processes for producing 2-chloropyridine-N-oxide
that do not use a homogeneous catalyst system, do

' not employ a quenching agent, dc not employ filter

. 20

25

30

aid(s), and employ fewer process steps than prior
art processes employing soluble catalysts, would be
highly desired by, for example, the biocides
intermediates manufacturing community. The present
invention provides one such process.

In one aspect, the present invention relates to
a process for preparing an N-oxide of pyridine or a
halopyridine, said process comprising reacting a
reaction mixture of said pyridine, or said
halopyridine, and hydrogen peroxide in a reaction
conducted at an elevated temperature in the presence
of a catalytically effective amount of a
heterogeneous catalyst, said heterogeneous catalyst
being insoluble in said reactants, to form said 2-
halopyridine-N-oxide or pyridine-N-oxide.

In another aspect, the present invention
relates to a process for oxidizing pyridine or a
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inorganic substrate, said reaction being effected at
a temperature of between about S0°C and about 90°C
(preferably between 70°C and 90°C) using a molar
ratio of said hydrogen peroxide to said pyridine or
substituted pyridine of between 1:1 and 4:1, to
produce said N-oxide.

In yet another aspect, the present invention
xelates to a process for producing 2-chloropyridine-
N-oxide which comprises reacting 2-chloropyridine
with hydrogen peroxide in a reaction conducted in
the presence of a supported sulfonic acid or
carboxylic acid catalyst, said supported catalyst
comprising (and advantageously consisting
essentially of) sulfonic acid or carboxylic aciad
moieties bound to an organic or inorganié substrate,
said reaction being effected at a temperature of
between about 50°C and about 90°C (preferably
between 70 degrees Centigrade and 90°C) using a
molar ratio of said hydrogen peroxide to said
pyridine or substituted pyridine of between 1:1 and
4:1, to produce said 2-chloropyridine-N-oxide.

In still another aspect, the present invention
relates to a process for producing 2-chloropyridine-
N-oxide which comprises the steps of:

t, the
opyri di ne-



N- oxi de whi ch conprises reacting 2-chloropyridine wi t h hydrogen
peroxide in a reaction conducted in the presence of a supported
sul fonic acid or carboxylic acid catal yst, said supported catal yst

conprisin dvantageously consi sting essenti al | oni ¢ -
acid or g\“%%%?l c acid noi eti es bound to an organi cygﬁb%gr@?%gni o
substrate, said reaction being effected at a tenperature of 25

bet ween about 50[err] C and about 90[er+¥4< (preferably bet ween 70
degrees Centigrade and 90[err]C) using a nolar ratio of said hydrogen
peroxide to said pyridi ne or substituted pyridine of between 1:1 and
4:1, to produce said 2-chl oropyridi ne- N oxi de. In still another

aspect, the present |nvent| e or_ produci ng

2- chl oropyri di ne- (@) {eRS gé’gwﬁl Sﬁfgsééfrécgin? }3“{ on WO

97/ 36872 peroxide in a reaction conducted tujuhggpmquypg of

-4- &{ﬁ:tre‘aawmanzcch&szaoayréﬁmi& dwsd ogen _peroxi de
C

in a reaction COI’]

ce 0 rted suyl fonic acid or
carboxyl i c aciGhtalystyt 533& sugg Egapﬁﬁfﬁﬂs%a‘f 3 g (and 5
advant ageausl )adamrﬂ:ageamglqssensnatiygoéysswimsc of) suacﬁcuhi@r carboxylic

acid noieties [ r jgai d
gaQBT oz eg%o%ﬁ@@ Gcid moPétié‘é’
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mol ar rati o ofatsa ¢dmpdragarepefobetiveen about 250°C and about _
90°C (preferably between 70°C and $0°C) using a
10 molar ratio of said hydrogen peroxide to said 2-
chloropyridine of between 1:1 and 4:1, to produce
said 2-chloropyridine-N-oxide, and
'(b) separating said supported catalyst from
said 2-chloropyridine-N-oxide in order to stop said
15 reaction after a desired conversion to said 2-
‘chloropyridine-N-oxide has been obtained.
| These and other aspects will become apparent
based upon reading the following detailed
description of the invention.
20 It has now been surprisingly found in
' accordance with the present invention that certain
heterogeneous catalysts are useful for the oxidation
of pyridines with hydrogen peroxide. Desirably, the
heterogeneous catalysts are catalysts either bound
25 to an organic or inorganiclsupport, or are insoluble
compositions that function as catalysts for the
desired oxidation of pyridine or substituted
pyridine. 1In this latter category, it has now been
found, in accordance with one aspect of the present
30 invention, that polyméric ion exchange resins can be
used as heterogenous catalysts, or as supports for
heterogeneous catalysts, in the desired oxidation
reaction. Both anionic and cationic exchange resins




6hforopyridine of between 1:1 and 4:1, to produce said

2-chl or opyri di ne- N- oxi de, and (b) separating said supported
catal yst from sai d 2-chl oropyridine-N-oxide in order to stop said 15
reacti on afy@pwssseesi red conversion to said 2- chl or opyrrosdrmesiN- oxi de
has been obt ai ned. These and ot her aspects will becone apparent
based upon reading the follow ng detaile description of the

i nvention. 20 It has now been SLﬁ%%isingly found in accordance
with the present invention that certain het er ogeneous catal ysts are
useful for the oxidation of pyridines with hydrogen peroxide.
Desirably, the het er ogeneous catal ysts are catal ysts either bound 25

to an organi ¢ Qird HUIGAHB1y wployed On thie proedsddse of theconpositions that

function as catal desired oxidation of pyridine or
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present inventigyropyridine wibAr hyy8xbgés \perbrtided 3RO ¥SrmOEheXghange resins
oxide derivative. The carboxylic acid or sulfonic
acid groups are suitably bound (e.g., covalently

10 attached) to the substrate or incorporated into the
resin itself during preparation of the substrate.
Most preferred are substrates containing the
sulfonic acid group.

Alternatively, anionic exchange resins are

15 suitably employed as substrates to bind homogeneocus
catalyst(s), such as tungstates, molybdates, and the

- like. Thus bound to a substrate, these otherwise- - .
homogeneous catalysts become heterogeneous catalysts
that are insoluble in the reaction medium in order

20 to effect the oxidation of a pyridine compound in
accordance with the present invention.

Examples of commercial resins that contain
sulfonic acid groups as built-in moieties include
those resins commercially available under the -

25 following trademarks: AMBERLYST XN-1010 and
AMBERLYST 15, trademarks of Rohm and Haas; NAFION
NR-50, a trademark of buPont; IONAC CFP-110, a
trademark of Sybron. '

Useful resins suitably comprise an organic

30 polymer, such as polystyrene, polyacrylate, divinyl
benzene, fluorinated h&ﬂrocarbons, and combinaticns
thereof.
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are cation exchange resins containing repeating 5 carboxylic acid and/or

- sul fonic acid groups which- are effective in the reaction of pyridine
or hal opyri di ne with hydrogen peroxide to formthe N oxi de
derivative rboxylic acid or sulfonic acid gro itably
bound (e.g“?ﬁggeg?ently 10 attached) to the substrate o#&?ﬁgg?%%ﬂﬁted
into the. resin itself during preparation of the substrate. Most
preferred are substrates containing the6- sul foni c acid group.

Al ternatively, anionic exchange resins are 15 sui tably enpl oyed as
substrates to bi nd honbgeneous catal yst(s), such as tungstates,
nol ybdat es, and the | ike. Thus bound to a substrate, these otherw se-

honogeneous catalysg§%g§ggg§ hg%ﬁéﬁgquﬁygﬁgﬁkgkgay??EE%YF%hat are
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WO 97/ 36872 oxide The support can be either apcincorganiqsgn
- -6- organic substrate in any suitable configuration,

10 such as beads, rods, macroreticulated sheets, and
the like. An inorganic support is particularly
advantageous since such a support is less likely to’
adversely affect the oxidation reaction being
effected in accordance with the present invention.

15 Factors to be considered in selecting supports

' are: availability; cost; stability; ease of - -
functionalization; particle size; surface area; pore
diameter; and, pore volume. Suitable grades of
aluminas, carbons, clays, glasses, silicas, and

20 zeolites can be found which provide acceptable
performance by many of these criteria. However,
matrices composed of aluminum oxides (aluminas),
silicon oxides (silicas) and chemical mixtures
thereof, are most preferred because of their thermal

25 and chemical stability, and the ease with which they
can be functionalized. 1In addition, aluminasg and,
especially, silicas with desirable physical '
characteristics (particle size, surface area, pore
diameter, and pore volume) are easily obtained.

30 The macroscopic form of the substrates that can
be employed in the process of this invention can be
varied significantly. The substrate can be utilized
in the form of beads or powder or other relatively



In a broad aspect, the supported catal yst enpl oyed in the present

I nvention conprises a - catal yst on a support, or a support that

provi des built-in catalytic efficacy. The catalyst itself is 5

enpl oyed iwod7seseal ytically effective anmount”, i . e. PCANUSATIGATI
sufficient to catal yze the oxidation of the specific pyridine conpound
to the desired N oxi de. The supporj_can be either an inorganic or
organi c substrate in any suitable configuration, 10 such as beads, rods,
macroreticul ated sheets, and the Iike. An inorganic support is
particularly advant ageous since such a support is less likely to
adversely affect the oxidation reaction being ef fected in accordance
with the presemmaldveartdnledS Howevdinctuging dtHee catadydesedvhiohsel ecting
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selected. For example, in a batch operation, an

amount of catalyst of between about 10 and about 70

: grams (on a dry resin basis) per mole of
15 halopyridine or pyridine reactant is suitably

employed. Useful halopyridines are chloro-, bromo-,

iodo- and fluoro-pyridines, although chloropyridine

is the preferred halopyridine. In a continuous or

semi-continuous operation, the catalyst bed size and

20 the flow rate of the reactants are suitably selected

in light of the specific process economice and
production requirements involved.

The reaction in accordance with the process of
the present invention is suitably conducted at an

25 elevated temperature. The temperature selected is

suitably sufficiently high to facilitate the desired
oxidation reaction, but the temperature must be
below the decomposition temperature of the hydrogen
peroxide reactant. Préferably the reaction .

30 temperature is between about 50°C and about 90°C,
more preferably between 70°C and 90°C. Preferably,
the reaction is conducted at an acid pH, suitably in
the range of between 1 and 7, and advantageocusly a
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-7- ' smal | particles. However, using the catalysts which are
coval ently bound to an insol ubl e inorganic matrix in the formof small
beads is GaHGH kY preferred since this sinplifies raspyshogh t he
bound 5 catal yst through filtration and simlar such t echni ques.
Useful particle sizes are fromO0.01 or smaller to 6 mmor |arger.

The catalyst is enployed in a catalytiéarly effective anmount, that is
an anount sufficient to 10 cause the desired N-oxide to formunder the
bat ch, continuous or sem -batch reactor conditions sel ected. For
exanple, in a batch operation, an - anpunt of catal yst of between about

%0| and agout Bh of békwEEn (p{ar;at dry ﬁQSFasbﬂéaS)tH@rré@ﬁgH chﬂa% |
al opyri dine or pyri eactant is_sui oye efu
hal opyri di nes be ¢ ?ﬂ#lég)é (ﬁﬂyeutrai °F058¥15nﬁﬁf?€p#o- yrldlnes :
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reaction in accﬁrthaunawalysuIa;epnomussted to sulfenatregwitetilesention is
sui tabl y condugt iy 12 (i\é‘ihegrBﬁﬁP%ﬁtéh'i@ catdiydeImRer al ure

selected is SU|ta suff|0|ﬁ§% ﬁg facilitat'e the desired
oxi dat i on reac??QWFr?ﬁﬂ & @O E%eﬁe bel ow t he
deconposi tion tenpeTtse umasl axf ndté-chptr bydnogen pexoxidelcda eact ant .

Pref erabl y,th ﬁffﬁg eé&én t enr] C and
about 90[%r r] gp ﬂg&é&tawwﬁkgg?abgnbg%[ err| ?:i)%dangg%‘e}r] C.

ref era
Preferably, to QFRQV%%uﬁé)r9ﬁ§$§59nHU8F£§ ®at an acid pH, suitably in

The reaction in accordance with the process of"
the present invention provides an excellent
selectivity to the desired N-oxide. For example,

15 when 2-chloropyridine is reacted with aqueous
hydrogen peroxide in the presence of the catalyst in
accordance with the present invention, a substantial
amount of the 2-chloropyridine is converted to 2-
chloropyridine N-oxide with a selectivity

20 approaching 100%. Thus, when a methanolic solution
of 2-chloropyridine containing AMBERLYST 15 catalyst
was reacted at 80°C with aqueous hydrogen peroxide,
36.3% of the chloropyridine was converted to the N-
oxide, with a selectivity of essentially 100%.

25 The process of the present invention is
suitably effected in a batch, continuocus, or semi-
continuous fashion. Benefits afforded by virtue of
the process of the present invention, as compared to
prior homogeneous catalyst processes, include the

30 following: (a) simplified separation of the catalyst
from a reaction mixture, (b) facile ability to
recover and reuse the catélyst, as well as (c) the




the range of between 1 and 7, and advantageously a WO 97/ 36872

PCT/ US97/ 04371 - 8- pH of between 1
and 4. |If desired, the reaction can - be conducted at a neutral or basic
pH of 7 or wo97368reat er, although this is not desired si n®ETUSE7/04371

product yield tends to be | ower than m ght otherwise 5 be desired. At a
basic pH, the sulfonic acid groups f the catalyst are converted to
sul fonate noi eties, and the- carboxj¥|c acid groups of the catalyst are
converted to carboxylate noi eti es. The mol ar ratio of hydrogen
peroxide to 10 pyridine reactant is preferably between 1:1 and 4: 1,

to produce the desired N oxide. The reaction in accordance with
the process of ready tddaptradddityi afethess lmtmrogeseansexaeklgats

selectivity to phe desi irrF%t'ﬁtﬁ.é' d8a EP&W?O@;{HJ:' Js?,ﬁe efifsen 2-chl oropyridine

I's reacted with aqueous, drogen pe resence of the
catalyst in éH?déh@@“ﬁF?HIYh@eiﬁ QQﬁ$eﬁPFoEarﬁ séps8taftia
anount of the 2tE$ﬂmuunﬁuusdBn&tablyocumpiixidgpt&e catalgBtoropyri di ne

N-oxide with a when a net hanolic
sol uti on ogﬁééﬁgﬁzﬁéﬁé 2 Fﬁgog% talﬁ#% %%éﬁﬁL%gg is cat al yst was
react ed at 80[e#Y?¥§49¥Q1é;EuéBB§th9ﬂﬁ &R&(Dulﬁepart this3azer the

chl oropyri dg ne ygsdepundantednt €héhgvétrage spediifde, porehvalgreesti vity of

essentially 10028 Zfupstrate PUELREPES SSnd erlele R ESER! Lyygntion is
' should be relatively large. Useful surface areas
are from S m?*/gram or less to 600 m?’/gram or more,
with pore volumes from 0.5 cm’/gram or less to 1.2
10 cm’/gram or more. '

' The average pore diameter of the support is
desirably at least large enough to facilitate
intimate contact between the reactants and the
active catalyst sites on the substrate, thus

15 allowing the resulting N-oxide to migrate away from
the catalytic site, making the site available for
further reaction. ~Therefore, generally, larger pore
diameters are preferred. Although the pore diameter
can vary over a wide range, particularly suitable

20 pore diameters are from 6 to 500 nm (60 to 5000
Angstroms) .

The following examples are intended to
illustrate, but in no way limit the scope of,'the
present invention.

25 o EXAMPLES
BEx e 1l

12 grams of IONAC® CFP-110 catalyst (i.e., a
polystyrene sulfonic acid catalyst crosslinked with
- divinyl benzene) in its H-form were charged into a




suitably effected in a batch, continuous, or seni- conti nuous fashion.

Benefits afforded by virtue of the process of the present invention,
as conpared to pri or honobgeneous catal yst processes, include the 30
fol |l owi ngwé aseat2npl i fied separation of the catal yst rETRIFsERACE I ON
m xture, (b) facile ability to recover and reuse the catalyst, as well
as (.c) the WO 97/ 36872

PCT/ US97/ 04371 ready adaptabi@ity of these heterogeneous

catal ysts for use in static and fl ow reaction systens. It is
generally desirable that the particles of the matrices suitably
conprising the catal yst support have relatively large surface areas
avai | abl e for ;eﬁgﬂaﬂms@@wm 10N gR 2k mgéhangieé‘nd%z é ndant on
the average s CI pore vagl yne of trate part cles and
therefore it, °r°3ﬂﬁiﬁ¥Hebe PeﬁétF¥EF§5I8§ 0% LAMePUK ur f ace areas
are fromb5 n[atydn‘cggmnmd:mte mSGGﬁdEﬁeto] theaflask nover a 2.6 W th pore
vol unes from S Qﬁﬁ 2 e ] gram or nore.

The average pg}e dlanef%# m%ﬁﬁia&?iﬁg el f%§£$r%$

85 gﬁat | east | arge
enough to ¥ acitenRarature qfnPPnﬁte EeaceopRiaking t Hhe radditidans and the
active catal y3f diydxogen peroxillel r heat whAssapplied!toving iy esul ting

N-oxide to m gzoafw&j;m@%ﬁhf 2 Peact 1ch"EefBLiaklid 8F ' foodRidilf (IS ° L

avai l abl e for gener por e
di amet ers ar e BTge Mae gtigzedhatnthpopamg 'éﬁ%?%?ature “tor an
additional 22 hours. The conversion of 2-

10 chloropyridine to 2-chloropyridine-N-oxide was
33.8%, with a selectivity to the desired product of
essentially 100%. Unreacted 2-chloropyridine may be
recovered by distillation and reused in the next
batch.

‘18 - Example 2
Example 1 was repeated using 9 grams of NAFION™
NR50 regin (i.e., a perfluorinated ion exchange
resin containing sulfonic acid functional groups) as
a catalyst. This resin is a perfluorinated sulfonic
20 acid produced by DuPont. The conversion of
chloropyridine to the N-oxide was 22.4% with nearly
100% selectivity.

Example 3
Example 1 was repeated using 12 grams of

25 AMBERSEP® 200H resin (i.e., a polystyrene sulfonic
acid catalyst crosslinked with divinyl benzene) as a
catalyst. This resin is a strong acid cation
exchange resin produced by Rohm and Haas. The
conversion of chloropyridine to the desired N-oxide

30 was 34.3%, providing essentially 100% selectivity to
the desired product. '




can vary over a wide range, particularly suitable 20 pore dianeters are

from6 to 500 nm (60 to 5000 Angstrons). ~ The followng
exanples are intended to illustrate, but in no way limt the scope of,
t he PO 9%Bds7d Nvent i on. 25 PEXORSMNOESS1

Exanmple 1 12 granms of IONACferr] CFP-110 catalyst (i.e., a

pol ystyrene sul fonic acid catalyst crossllnked wth di vi nyl benzene)
inits Hformwere charged into a ~ WD 97/ 36872

PCT/ US97/ 04371 -10- stirred flask
with 10 granms nethanol and 22.8 grans of 2-chl oropyridine. A 6% excess
of 50% aqueous hydr ogen peroxi de was added to the flask over a 2.6

hour period, while maintaining the hka 1@tga 5 tenperature of 80[err]C.
After conpleting t di tion heat was applied

to the flask Jfﬁaelxr?"g’ dact qgé ?gﬁg er]C and the

m xture was stresfmd was tuﬂ-;ectaaaeatéw,semganeonercaﬁalyst caryieronal 22
hours. The COW&%S&%&&& ith. aMeeReRYEPJIREsiS, 2c£h4 OF @yri di ne- N-oxi de

0

T e 1 05 A R A e A St
functional groups) chloride form (produced by Rohm
and Haas) was contacted with an aqueous solution of
an equimolar mixture of sodium tungstate and
tungstic acid in order to exchange the chloride ion

10 on the resin with the hydrogen tungstate ion. The
Amberlite resin so treated was filtered from the
tungstate-containing solution and washed twice with’
water. The wet resin beads had a tungsten content
of 17.8%. This resin was then contacted with a

1S methanolic solution of 2-chloropyridine and £inally

-with hydrogen percxide, as in the previous examples.
After filtering off the resin, the liquid phase
contained 45 ppm of dissolved tungsten, indicating
that the tungstate ion remained on the AMBERLITE

20 catalyst support and that the catalyst was acting
heterogeneously, as desired. This catalyst was then
contacted with an aqueous solution of 0.402 moles 2-
chloropyridine acidified with 0.03 moles phosphoric
acid, followed by the addition 0.539 moles of 50%

25 ag. hydrogen peroxide over a period of 2 hours, at a
temperature of 80°C. The mixture was reacted for an
additional 5 hours at the same temperature.
Approximately 12% of the 2-chloropyridine was
converted to the desired N-oxide in a selectivity to

30 this product of essentially 100%.




recover ed by distillation and reused in the next bat ch. 15
Exanple 2 Exanple 1 was repeated using 9 grans of NAFI O\ err]
NRSO resin (i e., a perfluorinated ion exchange resin cont aini ng

sul fonic -hs@£t i onal groups) as a catal yst. This pefutvosara
perfluorlnate sul fonic 20 acid produced by DuPont. The conversion of
chloropyridine to the N-oxide was 22.4%wi th nearly 100@6select|V|ty
Exanpl e 3 ' Exanple 1 was reped@ed using 12 grams of 25

AMBERSEP[ err] 200H resin (i.e., a polystyrene sulfonic acid catal yst
crosslinked with divinyl benzene) as a catalyst. This resinis a
strong acid cation exchange resin produced by Rohm and Haas. The

conversion of chloropyrddingt @ Lhgx L{&S ¥ Xigde a0 s 34.3% providing
essentially 100% sel ec

esir Uct .
97/ 36872 The procedure of Example Wﬁpw/reggﬁed
-11-  using the same reactantExan@Izedht;on apparakmsihi s exanple, a

Carrier ) o SpegRE AL a1 of ShERRHER d;“ Lot caoeeres o st
5 catalyst were neutralized w1 eous sodi
hydroxide to sulfonate moieties before adding the
hydrogen peroxide. After a reaction time of 22
hours, there was a two percent conversion of
chloropyridine to the corresponding N-oxide, and the
10 final pH was 4.0.

While the invention has been described above
with references to specific embodiments thereof, it
is apparent that many changes, modifications and
variations in the materials, arrangements of parts

15 and steps can be made without departing f£rom the
inventive concept disclosed herein. Accordingly,
the spitit and broad scope of the appended claims is -
intended to embrace all such changes, modifications
and variations that may occur to one of skill in the
20 art upon a reading of the disclosure.

Having thus described the invention, what is

‘claimed is:




5 ani on exchange resin contai ning quaternary anmoni um ”wmml “m”““l
groups) chloride form (produced by Rohm and Haas) waslié v Bt SUh
an aqueous sol ution of an equi nol ar m xture of sodium tungstate and
tungsti c agghrgs?er der to exchange the chloride ion 10 oreammsor/es’n with
t he hydrogen tungstate ion. The Anberlite resin so treated was

' ' and washed twice with

filtered fromthe tungstate-contaiqgﬂg SQ
ET HASLBEERY This resin

wat er. The wet resin beads had a tungsi®h contTéns

SHE

was then contacted with a 15 - nethanolic sol §iti on REpioeh! or opyri di ne and
finally wi th hydrogen peroxi de, as in thé—ptevrrous—exanpes. After
filtering off. the resin, the |iquid phase contai ned 45 ppm of dissol ved
tungsten, indi gaATNES CLAINEBD Iidwe tungstate ion remained on the AVBERLI TE
20 catal yst support and that the catal yst was acting het er ogeneousl y,
as desired. This catal yst was then contacted wth, an agueous sol ution

of 0.402 noles 2- 1. chIR¥MRAS Fo%e Prepardingdari ¥novide o6l es phosphoric
acid, followedppyidige asitlid imldpyaddimel, csadl petcebs ag. hydrogen

per oxi de over eri e re of.80lerr] C. The
m xture was re§B$§ﬁ°$%¥£%%g &we}f&?hggﬁquc%gggsﬁg%%ﬁee c'gsfarf'gilt&errper ature.
Appr oxi mat 8l y ppgidine hcop g3id hadpPygidingasand hydsegeted to the desired
N-oxide in a sgbpskideé!intsd rEactildh Toptactes at ansenévatdy 100%

Y€297/36872 temperature in the presence of a cat§E§%§§§g194371
effective amount of a heterogeneous catalyst, said
heterogeneous catalyst being insoluble in said

10 reactants, to form said 2-halopyridine-N-oxide or
pyridine-N-oxide.

2. The process of claim 1 characterized in
that said catalyst comprises a number of functional
groups sufficient to provide an amount of between

15 about 0.01 and about 10 milliequivalents of
catalytic sites per gram of substrate.

3. The process of claim 1 characterized in
that said catalyst is employed in said reaction
mixture in an amount of between about 10 and about

20 70 grams on a dry weight basis, per wmole of said
halopyridine or said pyridine.

4. The process of claim 1 characterized in
that said catalyst comprises catalytically active
moieties bound to an inorganic support selected from

25 the group consisting of aluminas, carboms, clays,
glasses, silicas, and zeolites and combinations
thereof.

This Sheet Has Been Reﬂlaced




- Exanple 5 - Oxidation at a Basic pH The procedu mmﬂﬁm‘um |“‘
- above was repeated using the sane reactants and react

except that all of the sulfonic acid noieties of the 5 cat &l y§t her®
neutral i Zegb ¥iehr2aqueous sodi um hydroxi de to sul f onat gc¥iBéebi®p before

addi ng t he hydrogen peroxide. After a reaction time of 22 hour s,
there was a two percent conversion of chl oropyridine to the
correspondi ng N-oxide, and the 10 fi-#4r pH was 4.0. - Wil e the
i nventi on has been described above with references to specific

enbodi nents thereof, it I s apparent that many changes, nodifications
and variations in the materials, arrangenents of parts 15 and steps

can be nmade wi t houts depggyet b&aciaaenbthélam 11 HBHdeeRiccqRt di scl osed

herei n. Accor Y, pir and broad sc, of e appended cl ai ns
e Ot endinh Fadteate lXpE Chnhe ERR deata i dalas: Asiave - and
vari ati ons t hatoiedyiescboundo tonanobrganid Yesime 20 art upon a readi ng of

t he di scl osure. Havi ng t hus descri bed the i nvention, what is
clained is: 13- Substltute sheet -
20 September 1999 6+ ThRFOFese of \ghpjm. 5 characterized dpess for
preparing san hhati daidf opgrndcneesinais seledtald(fromliche, ggaug process
conpri si ng re@gy &Qt§n§e3§tb8ﬂ E£§f§ﬁ§ %flyaéy}fﬁy ed pyridine, or said

hal opyri di ne, en eaction mxture being free

:
of peroxyacet egereg£g95hnated hydnafsabomeat aBd el evat ed

tenperature |nombénpteeasc9heteaf catalytically effective anmount of a
het er ogeneous catalyst sai d heterogeneOUS catal yst being insol uble
in said reactants, to form 2- hal opyri di,ne- N-oxi de or

pyri di ne-N-oxi de 7- cHEPSEF@er@dP*#F#?ﬁﬂQ:E?W&déaﬁapysﬁ conprises a
nunber ofto substituted pyridine compound, to produce an N-oxide

thereof, characterized by reacting said pyridine or
substituted pyridine with hydrogen peroxide in a
reaction conducted in the presence of a supported
sulfonic acid or carboxylic acid catalyst, said

15 supported catalyst comprising sulfonic acid or
carboxylic aqid moieties bound to an organic ox
inoxganic substrate, said reaction being effected at
a temperature of between about S0°C and about $0°
using a molar ratio of said hydrogen peroxide to

20 said pyridine or substituted pyridine of between 1:1
and 4:1, to produce said N-oxide.

8. The process of claim 7 characterized in
that said supported catalyst comprises a number of
functional groups sufficient to provide an amount of

25 between about 0.01 and about 10 milliequivalents of
catalytic sites per gram of substrate.
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substrat e. [err] 3. The process of cllaim1

char act eri zg4h 9786872 that said catalyst is enployed in sapdrossemsizen

m xture in an anmount of between about 10 and about 20 70 grans on a dry
wei ght basis, per nole of said hal Qpyridine or said pyridine. '

4. The process of claim1l characterized i'n that said catal yst
conprises catalytically active noi eti es -bound to an i norgani c support
sel ected from 25 the group consisting of alum nas, carbons, clays,

gl asses, silicas, and zeolites and conbi nati ons t her eof . WO
97/ 36872 ' 9. A process for producing RCPNISIPPYFEIdine-N-

-14 - oxide characterized by reacting 2-chloropyridine
) with hydrogen peroxide in a reaction conducted in
the presence of a supported sulfonic acid or
5 carboxylic acid catalyst, said supported catalyst
comprising sulfonic acid or carboxylic acid moieties
bound to an organic or inorganic substrate, said
reaction being effected at a temperature of between
about 50°C and about 90°C using a molar ratio of
10 said hydrogen peroxide to said pyridine or
substituted pyridine of between 1:1 and 4:1, to
produce said 2-chloropyridine-N-oxide.

10. A process for producing 2-chloropyridine-
N-oxide characﬁerized by the steps of:

15 {(a) reacting 2-chloropyridine with hydrogen
peroxide in a reaction conducted in the
presence of a supported sulfonic acid or
carboxylic acid catalyst, said supported
catalyst comprising sulfonic acid or carboxylic

20 acid moieties bound to an organic or inorganic
substrate, said reaction being effected at a
temperature of between about 50°C and about
90°C using a molar ratio of said hydrogen
peroxide to said 2-chloropyridine of between

25 1:1 and 4:1, to produce said 2-chloropyridine-
N-oxide, and
(b) separating said supported catalyst from
sald 2-chloropyridine-N-oxide in order to stop
said reaction after a desired conversion to

30 said 2-chloropyridine-N-oxide has been

' obtained.
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5. The process of claim1 charaH“f“” (I " " t hat said catal
conprises catalytically active nd to an organll 09 e@M
6. The process of claimb characterl zéd I'n °5 that said organic resin is
sel ected-fromthe group consi st+183y Subsgtitutstsheene ZQE)Sbymmbélaﬂ 099
di vi nyl benzenemal! vorduaated 1§y dr ocar bons™ard CONMDT NMat T oSt er eor—.
7. A process for oxidizing pyridine or a 10 substituted pyridine
compound, to prod&&ce an N-(%)(I de . thereof. characteri zed aby reacting -
-sai d pyridine or v____#-g._..;_*:.:_.-- oxide in a
reaction COﬂdU(thﬂ)yhﬂméhea(@ j
carboxylic acid@ f sing sulfonic
acid or c _mLm ............................... i norganic
substrate, sai deé&mt rdfurecbelfy gfdec 6t ﬁdrcﬂ(yacetlc aadl Err}aeneat:uure of between
about 50[err] ‘r% ai d hydrogen

p

peroxi de to 20 Congggg gn@/tr 2R; glavaipd qﬂ‘?mpPrqt [g?l Pﬁeﬁg;c(?f Esﬁ ween 1:1

and 4:1, to prQtalgticdy (éffélcﬁvé gfount of a heterogeBeoxEIeaqalyst;m of ‘claim?7
charactersi zed i FTat - sar g SUPPOT L e, Cat.af. y ol number of

functi onal ----_______; _______ Vaumtd A e s aeen about

0.01 and about sk md-halegyridie- memeof or pyrld&teaNy.ixmte sites per gram of
substrat e.

characterized in that said catalyst comprises a number of

functional groups sufficient to provide an amount of between

10 about 0.01 and about 10 milliequivalents of catalytic sites per

~ gram of substrate.

15

3. The process of claim 1 characterized in

that said catalyst is employed in said reaction
mixture in an amount of betwe=n about 10 and about

20 70 grams on a dry weight basis. per mole of said
halopyridine or said pyridine.

4. The process of claim 1 characterized in
that said catalyst comprises catalytically active
moieties bound to an inorganic support selected from

25 the group consisting of aluminas, carbons, clays,
glasses, silicas, and zeolites and combinations
thereof.
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- 15- 9. A process for producing 2-chloropyridine- N/Pos comixi de
characterized by reacting 2-chl oropyridine W th hydrogen peroxide in a
reacti on conducted in the presence of a supported sul fo/@es\cid or 5

carboxylic acig al yst, said 1.8 conpr “'u, sul foni c
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proce¢ss. for nrndllm ng 2-chl nrnn\lrl Neoxide character
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ff d &l 29 Marg CH, DE, DK,
SO[ 2! ﬁ]eC ®&G Mjé’a mol dFeoray ‘8?‘02?& d H§/ D?E)\é\gg tent (BF, mm@%%&wl

2-chlforopyri di ne of between 25 1 ansh,4pJnG).t o produce said

2- chl) GMcpplicing|j AEIN CORPORATION ﬁg‘“"%j (b) separating said
supp()rted%?ﬁt i ?g"tss m,ams %i Dosinhédr OpYri di ne- N-oxide in order to
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{54) Title: OXIDATION OF PYRIDINE AND IVATIVES

{57) Abstract

A process for preparing an N-oxide of pyridine or a halopyridine, said process comprising reacting a reaction mixture of said pyridine,
or said halopyridine, and hydrogen peroxide in a reaction conducted at an elevated temperature in the presence of a catalytically effective
amount of a heterogeneous catalyst, said heterogeneous catalyst being insofuble in said reactants, to form said 2-halopyridine-N-oxide or
pyridine-N-oxide,




