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METHOD FOR PRODUCI NG p- DI CHLOROBENZENE Techni cal - Fiel d
The present invention relates to a process for 5
prepari ng p-dichl orobenzene, which is an inportant
starting material for high nolecules, in a high para-
selectivity and a short reaction tinme by ring-
chlorination of benzene afdAor chl orobenzene. 10
Background Arts A nucl ear chlorination reaction of
chl or oben [ [ for [
p-di chl oro %ﬁ%%ﬁgbﬁg ﬁ3é3§§§¥%d iﬁgggigigﬁﬁﬁﬁﬁﬁ?ic
substitution reaction exhibiting ortho-para
orientation, which is known to be 15 chlorinated by a
thtbnime Indteelde using a Lewis acid as a catal yst.
Cram & Hanmond: "Organic Chem stry" 2nd edition, page
218 (19%2) PaPEERSsdS B Ukt PlnT EARGEISdE Akl Bepepes for
Loride as i rtant.lLew s acid.. Moreover, ,in page 20
§95Bhrd Bl by CRPE L 8RO PREY a1k 18T, By Grbg R
bakegeng k] £1Ccepli RGN d&E1LE, hali derQryn para-
al um num halide and the other hal ogen at om becones

- salkeoniiv itat cged 4 oshemkanea «l ieoi rophel be prieperty.

Re%arding.10-substituted-1OFL henot hi azi ne which 25
fBlggagags o prbripeeE ep6gamseomi ¢ihl e hebeewied eaci d,
there are foll owing proposals in order to enhance the
par a- sel ectivity upon preparing p-chl orobenzene by
BYEk 836G Hidation of benzene and/or chl orobenzene
using chlorine nol ecul es and Lew s aci d.

A nuclear chlorination reaction of chlorobenzene

which is a step for producing p-dichlorobenzene isg
classified in an electrophilie substitution reaction
exhibiting ortho-para orientation, which is known to be
chlorinated by a chlorine molecule using a Lewis acid
as a catalyst.

Cram & Hammeond: “Organic Chemistry” 2nd edition,
page 218 (1964) discloses aluminum chloride and ferric
chloride as important Lewis acid. Moreover, in page
427, it 1s disclosed that one halogen atom of a halogen
molecule combines with ferric¢ halide or aluminum halide
and the other halogen atom becomes cationic halogen to
enhance electrophilic property.

Regarding 10-substituted-10H-phenothiazine which
igs used as a promoter together with the Lewis acid,
there are following proposals in order to enhance the
para-selectivity upon preparing p-chlorobenzene by
nuclear chlorination of benzene and/or chlorobenzene

using chlorine molecules and Lewis acid.
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2 EP126669 (corresponding wth Japanese Patent
Appl i cation Laid-open SHO 59-206051) di scl oses 10-

aryl car bonyl - 104 phenot hi azi ne, 10-hal ocarbonyl - 10H
phenot hi azi ne and 10- CHXX CO- I20H phenot hi azi ne
(wherein 5 X1 represents a chlorine atom or brom ne
atom x is 0-2 and vy is 1-3). EP474074 (correspondi ng
wi th Japanese Patent Application Laid-open HE

4- 30554481 3¢ 6€P 04 69 r rEGICRB] OFR) €O hOFlaplrertat dhi Rzt et
(n=0, ;1 or, 2).. W97/43041 di scl oses )

| R8P bhEAGLRITA AT 1 2R €y BBRyY Pi% 2 0P Mk ddpRERgEes 10-
e P1266 [ i.scl ose m pum conmpoyn
5§£§¥§%r58é%§ ggﬁgﬁgﬁﬁggﬁégﬁfénéh|&3%'eag%aaéﬁﬁﬁﬁ§é$%H'

tEh ERb OREEQ 1AL sty b NCEXRRILS 0 1p KlOeS t AL 23¥QYEeStherein
that the al um num chl ori de shows an effect superior to

15 ferpiesehter rdehdnd iang | avoy brri dhlcariirde. a ER474074s -2
and W097/ 43041 di sclose alum numchloride as the Lew s
Y, Ybhe iy £ eEFidd €hibr i derrssgsading pxhidp| éspanese

These references .do not, suggest t ot | um num

O P P BRI T 57 B POEapalior 1107 ST A1 Ber0ses
chy o&tgﬁer)Onc%J.tmklgah@hbtm%zm Qregs- ¢li sgl gged )i n

t hese ree patent docunents réﬁates to the sane
popDgaks 4iiod i dd1 ovs NYohehpalatsied £Cié Vi by catthe® 1ic
are still problenms to be inproved with respect to
raakd i phenvide eskfiahese Patent Application Lai d-open

SHO 60-_ 25 &%g%S di scl oses, i n. Exanpl e 3 phlorination
of tol f&ne néogsL&ﬁQSéhﬁ%l?%ﬁggﬁgpl%WWwCompounds as
%%érLELQQr%@¥3)”But ferric chloride and antimony
trichloride are used in Examples. It does not suggest
that the aluminum chloride shows an effect superior to
ferric chloride and antimony trichloride. ErP474074
and W097/43041 disclose aluminum chloride as the Lewis
acid, but only ferric chloride is used in Examples.
These references do not suggest that the aluminum
chloride exhibits an effect superior to ferric chloride.
Although all the process disclosed in these three
patent documents relates to the same proposals for
improving the para-selectivity, there are gtill
problems to be improved with respect to reaction time.
Japanese Patent Application Laid-open SHOQO 60-
125251 discloses in Example 3 chlorination of toluene
using a Lewls acid together with 10-trifluorcacetyl -
phenothiazine as a catalyst system for improving the
para-selectivity in nuclear chlorination of

alkylbenzene. Table 1 in said reference however shows
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phenot hi azi ne as a catal yst systemfor inproving the
pares-selectivity in nuclear chlorination of

al kyl benzene. Table 1 in said reference however shows
3 the fact that alum num chl arizde has the para-
selectivity inferor to that of ferric chloride and
antinony trichloride. 5 [D sclosure of the Invention]
As a result of various studies of finding out the
cahal st tsydtagm it hnepalbhd miudkd eag s chher paati-on in
an excel lent para-selectivity and a short reaction

tFEeC e T eSENE T PRVEAL 6P thffe Ttohplet ef1pPRéde and
PX F@Hgn Oggygﬁg%g?deThe present invention has the
fo stitutio

OW n con nal feature. The process for
preparing p-dichl orobenzene according to the present
i nvention conprises carrying 15 out nucl ear
chb betchatsiuore aff belnegenevandAiemn]chl or obenzene as a
starting material with chlorine nolecules, which is
char act’t i ZeBiepy LEhIOdr it 3 Migs uBFRgied. PL -finding out the
nigLignlﬁs oftgluninu chlo%ide per | of the, , ,
abovel KEht SO St " P Rg SREPSS AN YHE BT 190 15T nadiign in
200 0L ANRADL Np AZLNE AUPOUL: T e d ARG NG caction time,
formula(l) per nol of al um nurm chf oride 80 that -a
ctiheor bpakie@rt idegg®eots hava g dfed. 2he Br2seht

wherein t is an integer of 0-4 (preferably 0-3) and u
invention.

The present invention has the following
constitutional feature.

The process for preparing p-dichlorobenzene
according to the present invention comprises carrying
out nuclear chlorination of benzene and/or
chlorobenzene as a starting material with chlorine
molecules, which is characterized by chlorinating using
0.1 - 3 millimoles of aluminum chloride per mol of the
above-mentioned starting material and 0.1 - 0.9 moles

of a phenothiazine compound of the following formula(I)

per mol of aluminum chloride so that a chlorination

degree is in a range of 1.2 - 2.5,
A
!
N
(D cp. @
S

wherein t is an integer of 0-4 (preferably 0-3) and u
is an integer of 0-4 (preferably 0-3). A is a |

halocarbonyl group and preferably chlorocarbonyl group:
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- EP126669 di-scl-es@

25 is an integer of 0-4 (preferably 0-3). Ais a

hal ocar bonyl group and preferably chl orocarbonyl

group; 4 a group represented by CH XI CO , wherein X

is a chlorine atomor a brom.ng atom x is an integer

of 0-2, and y is an integer of 1-3, and preferably a

di chl oroacetyl group; a group represented by 5

CF3(CF2)"CO, wherein n is an integer of 0-2, and

px edeoabl yea rtasdil tod oageCylL X ooup; WieBeghoup is a
represented by the following formula(ll). wherein X2

i S BORAPGgET At o7F (pr SFEmHBlY AteiMuoki res a0 anseger of 0-2,

hl t | k h 4 b t
Rl S8 P et b0 3 P A ek et RE Rn, ™
la A 586000 2B g(zm@g; erébbséoﬁpﬁﬁieib@%eg{@ap% a

nitro group or a cyano group; a is an Integer Yof 0-5
(qr efemably -Q amedéin pl weakint ¥ nafeg@r i 67 16 - hdentigcal
or different respectively when a is 2 or nore; and b
iEI%ﬁerﬁbégeﬁ(ﬁrKﬁEqu¢etetablwn@w§“ dota Gaebp is
an integer of 5 or |ess. Conparison of the present

i TRANE P BA LRt B % Hd bovbl OYpnFeAOTERYE pFFbr arts In
the follow ng, the present |pvent|on will be
illustrated in detai \pp@fdng with the prior arts.
anpl es 3, (#§ and 13,
production ofl p-dic Obgggene from benzene by 25
reacting 3 m®ds of benzene wth 4.5 nmols of chlorine

at  60C for 4.5 hours using a catal yst system
%%pné is a halogen atom (preferakly a fluorine

atom or chlorine atom}; an alkyl group having 1-4
carbon atoms (preferably a methyl group):; an alkoxy
group having 1-4 carbon atoms (preferably a methoxy
group); a nitro group or a cyano group; a isg an integer
of 0-5 (preferably 0 or 1); a plurality of X? is
identical or different respectively when a is 2 or
more; and b is an integer of 0-5 (preferably 0-2), but

fa+b) is an integer of 5 or less.

Comparison of the present invention with the above-
mentioned prior arts
In the following, the present invention will be
illustrated in detail comparing with the prior arts.
EP126669 discloses in Examples 3, 10 and 13,

production of p-dichlorobenzene from benzene by

‘reacting 3 mols of benzene with 4.5 mols of chlorine at

60°C for 4.5 hours using a catalyst system consisting

of 10-substituted-l0H-phenothiazine/ferric chloride in
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of 10-substituted-| O+ phenot hiazine/ferric chloride in

5 a nolar ratio of 1.07 - 1.50 in an anount of 0.12 -
0.38 mllinols of ferric chloride per nol of benzene,

by whi ch nuclear chlorination can be carried out in a
para-selectivity of 82.1 - 83.4% 5 The term
"para-selectivity" herein neans a value cal cul ated by
the forrmula {p/(o+p) XI O3 using value of gas

chr oraeagraphio of £ 01 dioéhl-orlobehzemeafivahoento)o fand. 12 -
p- di chl orobenzene (value:p) in a reaction mxture

aftéf "rddi gl ehPor £RATIIGN ChioTsdpepenaEPlecf benzene,

referred.tao as, 10t sane neani ng. EP126669 ,
d?gcﬁggégiqy %%%lgﬂiogﬁg&ﬁﬁQ%nc%? e carried out in a

dj ghkosehenzeng; ffogebgnzane bys reacting 3 nols of

benzene wth 4.5 nols of chlorine at 60C for 4.5 hours

usi ng arkcat akyst “peateers €past sting “ofhekisubséafivt edvalue
15 | OH phenot hi azi ne/ anti nony trichloride in a nolar
ragilouliefted 33y i phanfampuwita ofp O(Q66) K100 holisiey value of
ant i rmFI)é trichl or#de er gtél of benzene, by which

nteFeSFE °CH G TR P8n°talk be THreT e baeen (VR ue: o) and

[Qi%%h%@dﬁ%ﬁyengf(§%1%%¥&%0'ﬁf%g6pggcgg%§L%ﬁ%%dfk after

anple 5 production o i'chil’orobenzen

chhonelenzene bynseachi g1 ARl $e:Qfi it ©£PDERZERRcd to as
with 5 noll of chlorine at 20C for 5 hours using a

cahal pemesystaam eonsi sting of 10
substitut ed- 10H phenot hi azine/ferric chloride in a 25
nmol ar r3t16°6f 2196 PGP Re akbuRkadPLle 32 medvabignopf p-

dichlorobenzene from benzene by reacting 3 mols of
benzene with 4.5 mols of chlorine at 60°C for 4.5 hours
using a catalyst system consisting of 10-substituted
-1OH-phenothiazine/antimony trichloride in a molar ratio
of 1.53 in an amount of 0.066 millimols of antimony
trichloride per mol of benzene, by which nuclear
chlorination can be carried out in the para-selectivity
of 82.8%.

EP126669 discloses in Example 5 production of p-
dichlorobenzene from chlorobenzene by reacting 6 mols
of chlorobenzene with 5 mols of chlorine aﬁ 20°C for 5
hours using a catalyst system consisting of 10-
substituted-10H-phenothiazine/ferric chloride in a
molar ratio of 1.61 in an amount of 1.52 millimols of
ferric chloride per mol of benzene, by which nuclear
chlorination can be carried out in the para-selectivity

of 87.3%.

EP474074 discloses in Examples 1,2,4 and 5
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ferric chloride per nol of benzene, by which nucl ear
chl orination can be carried out in the

para-sel ectivity of 87.3% EP474074 discloses in
Exanples 1,2,4 and 5 6 production of p-dichlorobenzene
from benzene by reacting 1.28 nols of benzene with
140% by nol of <chlorine at 60C for 5 hours using a
catal yst system consisting of

I sdbstiibut ed- |pOH phiehot bhanizee/d errde Bechknkei @¢ in
a molar ratio of 1.0 in an anount of 0.24 mllinols
ofedektPe &hl2dr irdel He? f nbenetnisgenddrie, 1499% bhishl of
nucl ear chlorantlon can be carried out in the

e SR EEPEcfitvibtty Coff OF1.53 Bowns 0us I P4 PATAL i BT F o8BS tem

|4, B0k 643 R qddmgw%%%ugealg o%@ﬂ&@%fggﬁgiég%owrlc

benzene by reacting 1 nzene W

i1 efiebl ani ke mtl 20G 4 0L 050R0Ur 9 Ui Noh aak@hakYSE 0.24
system consi sting of 10-
smb%lim91ed0f4mqﬁm¢mtmmhgrmébf@mm(maﬂﬂmﬁimenEEna by
molar ratio of 1.0 in an anpbunt of 2.46 mllinpls of

:ﬂ?*%ﬁrFECéﬁPSHQﬂiﬁﬁﬁnﬁﬁ+°6fCB@ni@héaqﬁﬂﬁﬁl@ht in the

. nucéga chlorlqgt %fn be ggrrled out in the
8 E

ara- se?%gff&ﬁFy 1% - 74874 discloses in

Exanpl @p@ﬁ@ﬂycaigel%e@ i L DFPDENICBe I MB10n of p-

benzene by reacting 0.89 nols of 0 benzene wt

i aiot o obbehlzemienef mim 7€ £ one2by hese: itss Ny, A8 mols of
catal yst system consisting of 10-

At er @t €l ORI ol haki aé/ tbAird nehlaoy | 216°C¢ nfar 5

hours using a catalyst system consisting of 10-
substituted-lOH-phenothiazine/ferrié chloride in a
molar ratio of 1.0 in an amount of 2.46 millimols of
ferric chloride per hol of benzene, by which nuclear
chlorination can be carried out in the para-selectivity
of 86.1%.

EP474074 discloses in Example 6 production of p-
dichlorobenzene from benzene by reacting 0.89 mols of
benzene with 60% by mol of chlorine at 70°C for 2.5
hours using a catalyst system consisting of 10-
substituted-10H-phenothiazine/ferric chloride in a
molaxr ratio of 1.0 in an amount of 0.42 millimols of
ferric chloride per mol of benzene, by which nuclear
chlorination can be carried out in the para-selectivity
of 82.0%.

W097/43041 discloses in Preparation Example 2
production of p-dichlorobenzene from benzene by

reacting 1.92 mols of benzene with chlorine at 60°C for
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molar ratio of 1.0 in an amount of 0.42 mllinols of
ferric chloride per nol of benzene, by which nucl ear
25 chlorination can be carried out in the
para-selectivity of 82.0% \W97/.43041 discloses in
Preparati on Exanple 2 production of p-dichl orobenzene
from benzene by reacting 1-92 cools of benzene with
chlorine at 60C for 7 5.5 hours using a catal yst

syst ehvogrsivstiimy ofcd0algehstsivtattesd consisting of 10-

1O+ phenot hi azine/ferric chloride in a nolar ratio of
1515125th&ﬁe§n&l9rﬁ'R#ETG)OtMaﬁillmq/rﬁﬁTsrw fhipréde in a
rlde er %enzene So as gqﬁge 1.5? oﬁ115 ] .
éﬁfo ngFléﬁ’é%gree ol AGnBE&° Yf Yithtefitliimols o
cﬁwépfieech%meoegefmﬂno@f oRERZGNG I d nga,apyt\ehho%hl 59 of

nucl ear chlorination can be carried out in

FEHB@SEhGChUwtQEgﬁée86&bllhuMbéﬁNdﬂNﬁuﬁgﬁithb@@ thatorine
the para- selectivity of 88% can be obtai ned when the
1ot ehf oPERamiodn dis kemzenaediag 600 orh#ch hovdsala

tal of 10 h to be 1.96 of chlorination
écég;f%:é‘l’n%%wﬁ%&}i R SERBEST: 7 cfhr 6t F ORAERARBREC vty
REpdueti on of 5 8- dighblobelzepe, Lromenagne bypds

reacting 1 enzene Wt

Z &1 bOYL S 1us RE aas)at@éysbeswt%mmsméﬁngh@f 10-
substituted | OH phenot hiazine/ferric chloride in a

mitboriaticdoal ik Zdmt mmuadount 6a°c0.£22 i ld im®hssofa

ferric chlorlde per mol of benzene so as to be 1.72 of
total of 10 hours}) so as to be 1.96 of chlorination
degree.

WO097/43041 discloses in Preparation Example 7
prbduction of p-dichlorobenzene from benzene by
reacting 1.84 mols of benzene with chlorine at 60°C for
3.5 hours using a catalyst system coﬁsisting of 10-
substituted 10H-phencthiazine/ferric chloride in a
molar ratio of 1.2 in an amount of 0.22 millimols of
ferric chloride per mol of benzene s0 as to be 1.72 of
chlorination degree, by which nuclear chlorination can
be carried out in a para-selectivity of 86%.

W097/43041 discloses in Preparation Example 1
production of p-dichlorobenzene from benzene by
reacting 2.18 mols of benzene with chlorine at 50°C for
7 hours using a catalyst system consisting of 10-
substituted l10H-phenothiazine/ferric chloride in a
molar ratio of 5.1 in an amount of 1.33 millimols of

ferric chloride per mol of benzene so as to be 1.48 of

chlorination degree, by which nuclear chlorination can
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20 chlorination degree, by which nuclear chlorination
can be carried out in a para-selectivity of 86%
W97/ 43041 di scloses in Preparation Exanple 1
producti on of p-dichlorobenzeng f.rom benzene by
reacting 2.18 nols of benzene with chlorine at 50C for
25 7 hours using a catal yst system consisting of 10
substituted | OH phenot hi azine/ferric chloride in a

noe acaratiied gfuts.ilnia paranseiteofili 83 ofl B7rol s of

ferric chloride per nol of benzene so as to be 1.48 of
chl ori Matfdht@8gFeamopy SthiEhl htef ar EE¥Idr0Tatd»h can

A out in a para-selegtiwvit f 87% A, matter
s e B e B 07058 R L R M P/ o Brraaf tor)
05 8851 R @ (3 Pt M 6 shBLeaftarda - 4 éu r@h@ﬁom&!ag of
10- substi tut ed- 10H phenothiaz 5 ine/ferric chloride
biet @gf éren cnita ot 1d & heeprgon dpaterd s, the reaction
tenperature in case of using benzene as a starting
mat eri dln i Ehe0Lr iexceptrFtn Exanphe Zeof tER4740perature
being 20C. In the prior 3 patents, the reaction '
t¥hperaturé VEINS ROTZPRScase 2ofS Bl e Basprial is 60°C

26669 d f P474Q74,. wh
SRESRET 3N SR £ P o PLE e i md iR Sphbe Amount

i c chlori f

chl orobanzene p220¢ Bi RS Afts ! henamuRl dilk EXHWb Erdture
of EP126669) and 2.46 millinols per nol of benzene

(i19. 20t¢ nks ohsehefarmunipia ExafipE® 12% 66 DfakP4F40kb) e 3

and the_ratio of substituted-IC}+:£henothiazine/terrLc
chf oFPHE40d 41, ¢'IfTP 100 aFe¥pdctilvel§E T Thechloride is

P?F@ésﬁk§ﬁﬁﬁgf9’QJEE%épr% %hq%robenzene (12.7 times of

the amount in Example 3 of EP126669) and 2.46 millimols
per mol of benzene (10.2 times of the amount in Example
1 of EP474074) and the ratio of substituted-10H-
phenothiazine/ferric chloride is 1.6 and 1.0,
respectively. The para-selectivity in Example 5 of
EP126669 and that of Example 3 of EP474074 are 87.3%
and 86 .1% respectively, which are the best in each
patent. These values are realized by reducing the
reaction temperature and increasing an amount of the
catalyst. The reason of it is believed that the
reaction time does not remarkably increase even though
the reaction temperature is low.

The reason why the reaction time is the same or
up to only 11% increase, which means no remarkable
increase in reaction time, in spite of reducing the
reaction temperature, is believed to be based on the

effect of increasing the amount of the catalyst.
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EP126669 and that of Exanple 3 of EP474074 are 87.3%
and 86. 1% respectively, which are the best in each 20
patent. These values are realized by reducing the
reaction tenperature and increasing an anount of the
catalyst. The reason of it is believed that the
reaction tinme does not remarkably increase even though
the reaction tenperature is |low 25 The reason why the
reacti am tExemps et I5e cFaArBP OT4 0UP, t @henlaynckikbh | HET €ASE i
whi ch neans no renmarkable increase in reaction tine,

i phiprideofi sr e iyl L hémopdsadarome enpér ahlpgonenzene

bel i eved to be based on the, effect of anreasin% t he
aibuft COPSEN® oataf yAROUPS ERafpial®l o L EPA7 544 2 GiHe and

nt_of f [ Lde i ). 111§ opl. r I
PP asensenao {11 60 F 8 0 e L LR AP Ee e
lcwf oEPA24Q84)1 and e f@dkeieh is carried out at the
substi tut ed- 10H phenot hi azine/ferric 5 chloride is

Irfacthenr ezatpeam tsreavti gd°outtoat 2t.Ite héeB€l | B which

tengerature of 700C for 2 .5 hours, bg which 60% Db
noP* oPYcAPr i9fe G PBAREBed St & SHerizhet© APRRBEHI® - t Ad though

ERS1 Lon tiiMs, hecores gng g hald by Inereasing the o oy

r
anount “8f "the ca é?ys angselevatlng
10nb eAPeLAt Wik éeﬂ?af?é@' éfl'de%tl'e"déé’iﬂi PRy BReO0%action
In Preparation Exanple 7 of W97/430417 1t 1s
descpebedutrkat tiuel earachkoricndtviony i Dst belpasa-. 0% .
selectivity of 86% can be carried out by chlorinatin
benzenet mtP XEPELfGE 03 EXfIR ke usi A HOOT/HIAL syStehr
%g consistin qg . ) .
182 SUbLLPAUSS 11 BheRBL APAST ISR cin the para-
selectivity of B6% can be carried out by chlorinating
benzene at 60°C for 3.5 hours using a catalyst system
consisting of 10-substituted-10H-phenothiazine/ferric
chloride in a molar ratio of 1.2 in an amount of 0.22
millimols per mol of benzene so as to be chlorination
degree of 1.72. However, the reason why the reaction
time becomes as short as 3.5 hours is not disclosed.
Preparation Example 7 is distinctly different from
Preparation Example 2 in a viewpoint that a part of the
reaction mixture after reacting 7 hours in Preparation
Example 12 has been used as a catalyst. Therefore, the
reaction time becomes 10.5 hours in Example 7, because
the process of Preparation Example 12 is added to the
process of Prqparation Example 7,

As be clear from the above-mentioned facts, fhese

prior 3 patents neither disclose nor suggest the

present invention, that is, “a process for preparing p-
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chloride in a nolar ratio of 1.2 in an anount of 0.22
mllinmols per nol of benzene so as to be chlorination
degree of 1.72. However, the reason why the reaction

time becones as short as 3.5.hpgrs is not disclosed.

20 Preparation Exanple 7 is distinctly different from
Preparation Exanple 2 in a viewoint that a part of

the reaction mxture after reacting 7 hours in

Rt epht arpbenzRanple d2r had nheen tused: bsaa chflaryistation of

Therefore., the reaction tine becomes 10.5 hours in
BEhprRe7 e é’arusceh12‘5r?h§n|5|96‘@es§‘?ﬁe¢’f%‘ﬁ)allat Rfn“starting

2 PrQcess. f Pre paration
Eﬁanp%ga% Ascbe ear %Egﬁ?tﬁé“‘ odg nentloﬁga Lfadts,
t&wﬁ@rlﬁé|&bl%dﬁﬂé@tSwﬂ@bhhﬁbﬁ$ﬁ¥3égm%ﬁpér§ﬂg9§§% using
the present. invention, that is, "a process for
g lepminng phlqﬂldd|mMﬁophbenz&dadnnmajfytng abbve
nucl ear chlorination of benzene and/or chl orobenzene
(rermyted It o ias outlarap n@moﬁfﬁttertih@lt' )2 feplaherprsari of

ti of 4 hour ori ne nol cu es whi ch
%”%??%Eéléﬁﬁ& ﬁé #ﬁge £og £hbPPd8uEnd
rhene [ f the bgv f qr mul.a ) n S

annun%b?%gtqg E%Hér rgt?ogg g[gﬁeng{ﬁfam l&%%ﬁwﬁ/mol of
abomvem £ nufukallodyi dd ot Ao nghkardede]ais 0210-10-93aRG as
a ratio by mllinmol/nol of [alum num

it o ¢ de/ sharetiimg teeerdagfers i0. B ra1so @b 102to Bes.

a chlorination degree in a range of 1.2 - 2.5. [Best

Modes for Carrying Qut the Invention] Enbodi nents of

tiﬁé@%eﬁSBEsi@Hyﬂdé¥ky@$§ Bﬁt the Invention]

Embodiments of the present invention will be
tllustrated in detail hereafter.

In the present invention, benzene and
chlorobenzene as the starting materials are available
on the market or can be prepared by methods described
in technical literatures. It is, however, preferred to
use benzene and chlorobenzene after distillation and,
more preferably, those obtained by distillation after
drying and/or in the presence of a drying agent. It is
preferred to use them as early as possible and,
preferably, immediately after distillation. Benzene
and chlorobenzene may be used in a state of a mixture
of them.

Aluminum chloride used in the present invention
are available on the market. It may be prepared from
metallic aluminum. The amount of aluminum chloride

used is 0.1 - 3 millimols, preferably, 0.2 - 1.5
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illustrated in detail hereafter. 15 In the present

i nvention, benzene and chl orobenzene as the starting

materials are available on the market or can be

prepared by nethods described 1in.technica

literatures. It is, however, preferred to use benzene

and chl orobenzene after distillation and, 20 nore

preferably, those obtained by distillation after

dnyi hgmaad/.orarid ndree presércebdfly @ d¥ yi ng ageatimdlts imer

preferred to use themas early as possible and,

pPet ePAbPER 45Hfe i 2d 6P Y 5Ptlerr°are§tﬁerrr%trentheeﬁz@rretlng

%&9 gpkgﬁobenzene may be used in a state of a mixture
ém Al um num chl oride used in the present

i nvent igfen & Bi d¥ahlablie o d ber 8Ar kot £l éﬁﬁ%@eformula(l)
prepared from netallic alum num The anount of

alzed nim chleopdesensetniven@ibn a¥endvahDhBle on the
preferably, 0.2 - 1.5 - 11 mllinols, and nore
pre¥kehbl yAbtsrrat iviqly notReperanmbe ofr dempedeby methods

d/ hI b t tart t I
RHEROE AP s?f’ﬁ%set?eecﬁr”%sé%reﬂ‘fr%rtaa?réf%vgaﬁrﬁéﬁr%mmss ot

usied farrnheanrzqsw?wysmchgn %%epavpéliébéﬁ g&r %ho- (n=0

market. Alternativ t hey cd pr epar ed’
dessr i bedcim ww@@iréﬂtepm WS .o RNRH0E hi azme%o@f

the forrmula(l) wherein the group Ais CF3(CF2), CO
(dﬁﬁﬂriheériz)Jﬁnﬁﬁn&@r@paﬁed By p fiora ekampleidaopen HEI
ggg ég desirlgsgnifagaggggge Eatent Appl i cation
BN % QE| by Phenothiazines of the
formula(l) wherein the group A is a substituted or
unsubstituted phenoxycarbonyl of the formula(II) can be
prepared by, for example, a method described in
W097/43041 or a method according to it.

Examples of phenothiazines represented by the
formula include, as preferable phenothiazines, 10-
chlorocarbonyl-10H-phenothiazine, 10-dichloroacetyl-
10H-phenothiazine, 2-chloro-10-chlorocarbonyl-10H-
phenothiazine, 10-trifluorcacetyl-10H-phenothiazine,
l10-pentafuluoropropionyl-10H-phenothiazine, 10-
heptafluorcbutyroyl-10H-phenothiazine, 10H-
phenothiazine-10-carboxylic acid phenyl ester, 10H-
phenothiazine-10-carboxylic acid 4-chlorophenyl ester,
10H-phenothiazine-10-carboxylic acid 4-methylphenyl
ester, 10H-phenothiazine-10-carboxylic acid 4-
methoxyphenyl ester, 2-chloro-10H-phenothiazine-10-

carboxylic acid phenyl ester, and nuclear chlorinated

10H-phenothiazine-10-carboxylic acid phenyl ester.




10

15

20

25

9- 301939 or by simlar nethods. Phenothi azines of the
formula(l) wherein the group Ais a substituted or
unsubsti tuted phenoxycarbonyl of the formula(ll) can

be prepared by, for exanple; m nmethod described in 15
W97/ 43041 or a nmethod according to it. Exanples of
phenot hi azi nes represented by the fornula include, as
preferabl e phenot hi azi nes, 10- o

chl or ocAPBoRYICUFOH-Dhehbehpazied h iBE i e hf epbasenyled by

henot hi.azi ne, 2-chl or 0-10- chl bonyl - 10H_20
e OY AP 471 62704 11 b1 OBc et YA R0tk henot hf adi demole.

10- oeot afuluer gpropi pﬁyﬂnak%%%%% agq}égfrégiy 0.3 - 0.7

hept af | uor obut yr oyl - 104 phenot hi azi ne,

phenot hi azi ne-10-carboxylic acid phenyl ester, | O+

phenot hi azi ne-10-carboxylic acid 4-chl orophenyl ester,

25 10HIghentot P ageretlGnoaErboiyt i cnaci dad- métlod ipleetniydn is
ester, 1OH phenat hi azi ne-10-carboxylic acid 4-

fet Fok§Phery USdtetr @ 22 eRFBPEIMOR D ISR F a2 PABREQO L

C I ¢_aci, henyl . ester, .and nycl ear chlorinated
PR obr Sy SRR o8 R dpahyf agrapent
Ih1dhenammunt Qfgtde, phenotbh aginga kR LA by 1.2 -
the above formula(l) is in a range of 0.1 - 0.9 noll,

pr 5 erpbkye@adly QA .8 nol 3. andndote i ef ¢ Bbt ypb0y31-4 - 2.
0.7 nols. 5 In the present invention, nuclear

chl ori 49 dH¥ke2Eafpiled inn ki ek hgaathesedgarhhorpresent
excess, ampunt of aseous orukiqghg(fhlorige $0 as

a to .
ki?%ﬁ%%%??e@ay be drried o esire a reaction
golvent. As the reaction solvent, haleogenated
hydrocarbons such as dichlorobenzene, 1,2-
dichloroethane, 1,2-dichloropropane, dichloromethane,
¢chloroform, carbon tetrachloride, etc. can be used.

The reaction temperature in the present invention
is preferably in a range of 30 - B80°C, more preferably
40 - 70°C and particularly 45 - 55°C.

The reaction time in the present invention is in a
range of 1 - 4 hours, preferably 1 - 3.5 hours and
particularly 1.5 - 3.2 hours,

The nuclear chlorination is performed under such
a condition that the para-selectivity of the resulted
reaction mixture becomes preferably B83% 6r more, more
preferably 85% or more, and particularly 86% or more,
by combining the above-mentioned reaction conditions.

| The process for preparing p-dichlorobenzene

according to the present invention is characterized, as

mentioned above, by carrying out the reaction using a
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chlorination degree. The chlorination degree is 1.2 -

2.5, preferably 1.3 - 2.2 and nore preferably 1.4 - 2.

10 The nuclear chlorination reaction in the present

invention may be carried out, 1§ desired, in a

reaction solvent. As the reaction solvent,

hal ogenated hydrocarbons such as di chl orobenzene,

1, 2- dichl oroet hane, 1, 2-dichl oropropane,

of TR bY 6Fethydten 15cehl 8Eohar ;f cdrbointet chéhiradiedeynd
be .used. The reaétion tenperature in the

t .
FERRELATARA GiPPTESBRERG: BBl e ko Tibs (81 -30Rowever,
80C. 5 gDBB RUENGI AR Yus 800~ AN AL SURAT LA s oue &

55C. The reaction tine in the presen i Venti 6n IS

prafueangecal the Aehovisn phekenall \rker JhdchoyES
and particularly 1.5 - 3.2 hours, The nucl ear

chHtbef hatitdrn o hdréwrerd andéprsudtlomicondehieon st hate
e para-selectivity of the resulted reaction m xture

t h
5 $7Br BREPADIAL 63 Bt Sholéd 2 tisie Znreeepabldlssy

a partj.cul arly,86% or .nore, by.conbjning
%Laepg%gr\}%- r%gr?t %gndelde 3 0a¢t 1 8RBT ce;ﬂfs.a&/q'hlégpb&t?égle
feia P £0ah1LBE ot LN OF PHERAENG AGRIAI NI LRt BE a1 yst
present invention is characterized, as nentlonea

ahovieembyocakrr yiatthaltcéhprieaal @@ Usiing dootlduclear
catal yst system consi sting of alum num chloride and

et nasire beprackdinedabpatrite offortid afd43ct Homemérture
it i ossible to use a nethod conprising taking out a
Sodted FREATRS (BT TOnE i REBFETE (o Hic) Ghf Sz obenene
In these process of the present invention, the aluminum

chloride and/cor phenothiazine represented by the

formula(I) may be added on the way of the reaction step.

Examples

Example 1

(Chlorination of benzene using a catalyst system
consisting of 10H-phenothiazine-10-carboxylic acid
phenyl ester and aluminum chloride in a molar ratio of
0.60)

To lSOQ (1.92 mols) of benzene in a light-
shielding reactor were added aluminum chloride 0.09 g
(0.675 mmols; 0.35 mmols per mol of benzene) and 10H-
phenothiazine-10-carboxylic acid phenyl ester 0.13 g
(0.41 mmolse; meolar ratio of pPhencthiazine/aluminum
chloride is 0.60) at 50°C with stirring. Chlorination
was carried out by reacting at the same temperature for

150 minutes with blowing a chlorine gas 50 as to be a
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5 chlorination of benzene and/or chl orobenzene as the
starting material by distillation, and repeatedly
carrying out nuclear chlorination by addi ng benzene
and/ or chl orobenzene to the regidue as the catal yst

.system or a nethod conprising carrying out nuclear 10

chlorination by adding a part of the reaction m xture

as the catal yst systemto benzene and/ or

chtbevbenzepe. ddagrdedest précesn dfhd Heapfesent benzene.
i nvention, the alumnum chloride and/or phenothiazine

r epr esérit etf yC PREIFHLHUIPH |92 fragh benadeed sy renakysis
f. the_reaction step 15 Exanp| e anple | L
Eﬁ&ﬁgranﬂﬂﬁ?%ﬁl%ﬁn?é%g%ﬁﬁn@ag 55@aﬁ%ﬁl%V§P€mcomp°S1t1°n'
%%K%éﬁéng.@E%%O%H¥E¥E%QhQéhge3§Qé¥¥PQ§y%ighﬁgkgﬁgﬁzene
phenyl ester and alum num chloride 1n a nolar ratio ©
®.159) modlzdg orbidh pehs) 00fi 1Benzensi ém drbb8htene
shi el ding reactor were added al umi num chl oride 0.09 9

(*FB 678% nblAs trigd rmipeé sz pae BoI09%. benzene) and 10+

25 Phenot hi azi ne-10-car bgxylic acid Ehen¥I ester 0.13
g (0.4F LA ppP LR CEAVIIE Y0 Pphenbt REdz PAEEA \f riune above

AP § G2 hS BB @5 5O G0 BB Sy 11 ng. Cnl ori nati on

was carried ou?q%y reacti ng aF'the'sanE tenperature
fedamdb® pinutes with blowng a chlorine gas so as to
be a - 14

(Chlorination of benzene using a catalyst system

consisting of 10-chlorocarbonyl-10H-phenothiazine and
aluminum chloride in a molar ratio of 0.50)

To 150g (1.92 mols) of benzene in a light-
shielding reactor were added aluminum chloride 0.089g
(0.67 mmols; 0.35 mmols per mol of benzene) and 10-
chlorocarbonyl-10H-phenothiazine 0.09g (0.34 mmols;
molar ratio of phenothiazine/aluminum chleride is 0.50)
at 50°C with stirring. Chlorination was carried out by
reacting at the same temperature for 170 minutes with
blowing a chlorine gas so as to be a chlorination
degree of 1.62 on the basis of benzene.

It was confirmed by gas chromatography analysis
that the reaction mixture had the following composition.
Benzene 0.03%, chlorobenzene 32.15%, o-cichlorobenzene
9.87%, m-dichlorobenzene 0.15%, p-dichlorobenzene
57.67% and trichlorobenzene 0.13%.

The para-selectivity calculated based on the above

mentioned composition was B85.38%.
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chlorination degree of 1.62 on the basis of benzene.

It was confirnmed by gas chromatography anal ysis that
the reaction m xture had the foll ow ng conposition.
Benzene 0.02% chl or obenzene.31567% o-ci chl orobenzene
5 9.13% mdichl orobenzene 0.11% p-dichl or obenzene
58.98% and trichl orobenzene 0.09% The

par a- sel ectivity cal cul ated based on the above
neaphoRdd toorplosixp bnines 186. o lEkanple 2 10
(Chlorination, of benzene using a catal yst system

consi stATg°bE118- CRI drist R DBRYT £ 16PYFREAGTNI d2i hbchharo-

| | t f 0,50).To 15
AU e 0 T, R gl 0801 10
V‘@fehagﬁ%@ alHyA ngmy ehber icde QnQLQgr rﬂ1;5t1(19c1§7bmlasfry1ng

0. 35 mmol s per nol of benzene) and
oh&brouaﬂb@nyMHK}prEDQbhl@Ilmeﬂhéﬁh;4ﬂd3érnmmbs

mol ar ratio of phenothiazine/alum numchloride is
CBbPToRETIFEE Shithi BY | ﬂpwgnu@ﬂcdﬂicnaicﬂmamésp@amoiténazine
out b reactin t the sa ure for 170

R TRPEE SR B0 bt %Bogeg%"m @Tas L% LBetgbpyes
%ineﬁteﬁogmdiﬁgt!'@e Oﬁful.l\%I ngBrEhet %Slcsh I‘IPI?QE?%% can
I't was confirmed by gas chronatography anal ysi's at
tihe ceaetiiedn ouitxtin ea haHokhe rf @ldaa Ngh COPROSELLEAN.the
Benzene 0.03% chl orobenzene 32.15% o-cichl orobenzene
25 908 7% timodischl or obenzene 0. 15% p-di chl or obenzene

57.67% and trichl orobenzene 0.13% The
para-sel ectivity cal cul ated based on the above
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menti oned conposition was 85.38% - 15 Capability of
Exploitation in Industry According to the present

i nvention, p-dichloro- benzene can be obtained in a

par a-sel ectivity equal to or h§gher than that of the

prior methods by carrying 5 out nuclear chlorination

of benzene and/or the chl orobenzene using al um num

chl ori de and phenot hi azine represented by the above

f Py 4B FORN RARENDbve- nentioned anounts.

Furthernore, the chlorination can be carried out in a
shortert reacty &Y Y9575 t hah PREPREE IHT dt - hbthodggobenggne by

[é%#%%gEF l%gyﬂg%ﬁgﬂ g%pgg%ess fgﬂla{$PaE%?gﬁgﬁf&ﬁ§ne as

Zellhe
p or obenzene nucl ear “chlorin on

aeld ot 1 bl akekanzene, asn shHabLIRG MBS e W tRnicnh

chl orine nol ecul es, which 5 conprises chlorinating the
stanp hgematcdérlicad i rust gy ahamsmamtchl@madestDadnusing
amount of 0.1 - 3 mllinols per nol of said starting

rfet 'OF + AR M f8 L9FetR himzaReampuprtesdnt®d by 3heillimols per
formul a(l) .i.n an amount_of 0.1 - 0.9 .nols per not of

U BT B AR SEY T ES7 18 sk I SR GRGR8E | s

[ f - reiyn .t i i g f.
o EBREe R b s PN e A e ERgs 9 - 0o
gkOLE; pargmeup dfepriesenied byloehdsl @, cnbergin X1 is

a chlorine atomor a bromne 15 atom x is an integer
ofhlopinghdop ideaned niegen of range of 1.2 - 2.5,

A
N

(Cl):‘@[ B(ﬂ:m (1)
S

wherein t is an integer of 0-4; u is an integer of 0-4;
A 1s a halocarbonyl group; a group represented by
CHXXUCO—, wherein X' is a chlorine atom or a bromine
atom, x is an integer of 0-2, and y is an integer of 1-
3; a group represented by CF3;{CF,),C0-, wherein n is an
integer of 0-2; or a group represented by the following

formula(TII).
(x%a
— ﬁ —0 (1)
o (Ch»
wherein X°® is a halogen atom, an alkyl group having 1-4
carbon atoms, an alkoxy group having 1-4 carbon atoms,
a nitro group or a cyano group; a is an integer of 0-5;

a plurality of X* is identical or different

respectively when a is 2 or more; and b is an integer




3; a group represented by CF3(CF2),,CO, wherein nis
an integer of 0-2; or a group represented by the
followng formula (I1) ---c-0 11 0 20 wherein X2 is
a hal ogen atom an al kyl groupihaving 1-4 carbon
atons, an al koxy group having 1-4 carbon atons, a
nitro group or a cyano group; a is an integer of O0-5;
%églurality of X2 is identical or different

relspcei vBMyE Wiserr &) si® ep Abtegeand b § somnlemseger
- 17 of 0-5, but (a + b) is an integer of 5 or |ess.



