
PATENT SPECIFICATION   (11) 1505321 (21) Application No. 15611/76   (22)
Filed 15 April 1976 (31) Convention Applcation No. 50131 685 (32) Filed .31
Oct. 1975 in (33). Japan (JP) (44) Complete Specification published 30
March 1978 (51) [err] C07C39/26          / (52) Index at acceptance C2C
220 227 22Y 27Y 313 31Y 338 365 36Y 43X 440 623 662 776 WX (54) A PROCESS
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problems associated with the formation of LTD., a corporation organised
under the laws  tarry materials due to the use of chlorine gas. of Japan,
of 346-1, Miyanishi, Harimacho,    Generally, it can be said that
selectivity in  50 Kako-gun, Hyogo-ken, Japan, do  hereby  producing
p-chloro isomers or o-chloro isomers 5  declare the invention for which we:
pray that  in.. the nuclear chlorination of xylenols de- a patent may be
granted to us, and the method  pends on the one hand upon the substituents
by which it is to be performed to be particu-  present in the xylenols and,
on the other hand, larly described in and by the following state-  on the
kinds of chlorinating agents used in  55 ment:-
the chlorination. For example, in the nuclear 10.   This invention relates
to a process for the  chlorination of 3,5-xylenol with molecular *
nuclear chlorination of xylenols.         chlorine, the ratio of the
product p - chloro - Chorinated xylenols are important on an  3,5 - xylenol
to the product o - chloro - 3,5 - industrial scale as antibacterial and
antifungal   xylenol, which will be hereinafter referred to  60 agents, and
as agricultural chemcials and their  as "P/O  ratio", can amount to only
1.5, 15  intermediates. The chlorinated xylenols result-  whereas the P/O
ratio is increased to 6 when ing from nuclear chlorination of xylenols have
using the milder chlorinating agent, sulphuryl various isomers, and
p-chloroxylenols have so  chloride. Thus, a process for selectively pro-
far proved much more useful than other iso-  ducing p-chloroxylends by the
nuclear chlorin-   65 mers such as o-chloroxylenols. Accordingly,  ation of
xylenols with sulphuryl chloride, 20  in nuclear chlorination on an
industrial scale  thereby icreasing the P/O  ratio, has been it is desired
to improve the selectivity of the   preferred to date. reaction so as to
produce p-chloro isomers.  On the other hand, in the nuclear chorina-
Hretofore, several processes have been  tion of o-cresol in an adjacent art
field, it  70 proposed  for the nuclear chlorination  of  has been proposed
to use a catalyst in addition 25   xylenols. For example, Japanese Patent
Pub-  to sulphuryl.chloride as the chlorinating agent lication No. 40882/72
discloses.a process for  to further increase the P/O  ratio. For ex- the
nuclear chlorination of xylenols in a hot  ample, British  Patent
Specification  No. aqueous hydrochloric acid solution, using cup-  948,601
discloses a process for the nuclear  75 ric chloride as a chlorinating
agent. Japanese  chloination of o-oresol using a halide, es- 30  Patent
Publication No. 35344/74 likewise dis-  pecially a chloride, of aluminiumn,
iron, tin or closes a process for the nuclear chlorination  zinc as
catalyst, and German Patent No. of xylenols in a hot aqueous hydrochloric
acid  1,203,275 discloses a process for the nuclear solution, using cupric
chloride as a catalyst,  chlorination of o-cresol, using metallic iron,  80
while at the same time introducing chlorine  tin, zinc or aluminiumor their
alcoholates. 35  gas. to the reaction system.                 We have now
made extensive studies of The above two processes can produce [err]
processes for the nuclear chlorination  of chloroxyenols with a high degree
of selectiv-  xylenols on an industrial scale, and we have ity. However,
these processes still have various  found that it is possible to provide an
indus-  85 problems to be solved in their application on  trial process
having a very high selectivity 40  an industrial scale. For example, there
are  to p-chloro isomers in very high yield and problem s concerning the
materials used to  less problems as to safety and handling by construct the
reaction vessel due to the use  carrying out chlorination in the presence
of of hot hydrochloric acid, and problems of  at least one metal chloride
as chlorinating  90 



safety due to the use of oxygen for regenerat-  catalyst and, at the same
time, at least one 45  ing cupric chloride. In addition the compli-
sulphur conpound as promoter. cated procedure necessary for regenerating
Accordingly, the present invention provides cupric chloride is expensive
and there are  a process for the nuclear chlorination of    2
1,505,321. xylenols, which poess comprises effecting   and maintaining a
high P/O  ratio, whereas nuclear chlorination with a chlorinating agent  in
the case of more than 1%  by weight, the other than sulphur chloride in the
presence  yield of di-cholro isomers is increased, and of from 0.01 to 10%
by weight based on  consequently p-chlorooylenol is decreased 5  the weight
of the xylenol of a metal chloride  lowering   the P/O ratio. Preferably
the amount  70 catalyst and from 0.00l to 1%  by weight  of sulphur
compound employed is from 0.01 based on the weight of the xylenol of at
least  to 01%  by weight based on xyleno. one sphur compound.
Xylenols which an be chlorinated in the k is an unexpected fact that
seletivity to  process of the present invention include 2,3- 10   p-chloro
isomers and yields from  xylenols   ylenol, 2,5-xylenol, 2,6-xylenol,
3,5-xylenol.  75 can both be considerably increased, irrespect-  The
process of the present invention is most ively of the xylenols used as
starting material,  suitable for the nuclear chlorination of the by
employing both a metal chloride and a  para position of 3,5-xylenol, which
is of in- sulphur compoundfor the sulphur compound dustrial significance.
15  itslf should act to lowr the selectivity, and  In the nuclear
chlorination according to the   80 the metal chloride itself cannot always
contri-  present invention, any of chlorine gas, phos- bute to an inarease
in selectivity, but is usually  phors penachloride, and sulphuryl chloride
effective only in increasing die yid, depend-  may be ued as the
chlorinating agent. Especi- ing upon the xylenol starting mterial.
ally when an approximately theoretical amount 20       The catalyst used in
the process of the  of sulphuryl chloride is used on the basis of   85
present invention  is a metal chloride as  the xylenol, the nuclear
chlorination proceeds usually employed in ionic-type chlorination    ildly,
suppressing production of dichloro- reactions. Examples of such metal
chlorides  xylenols, and other unwanted by-products. are ferric chloride,
aluminium chloride, antim-    The present process can be carried out with
25   ony trichloride, antimony pentachloride, tellur-  or without a
solvent. but it is usually desir-  90 ium chloride, stannic chloride,
titanium tetra-  able to carry out the process after the xylenol chloride,
bismuth trichloride, merouric chlor-  has been dissolved in a suitable
solvent. Ex- ide and zinc chloride .                      amples of
solvents which may be used are The sulphur compound used in the process
chlorinated hydrocarbons such as carbon tetra- 30  of the present invention
may be an organic  chloride, trichloroethylene, perchloroethylene   95
sulphur compound such as a thiophene,- for  and dichlorobezene. example,
thiophene itself, 2-methylthiophene  Since some xylenols have a high
melting and tetrahydrothiophene; and aliphatic mer-  point, a high   r e
is inevitably required captan haivng from  1 to 15 carbon atoms,  for their
nuclear chlorination in the liquid 35  for  example,  methylmercaptan,
ethylmer-  state in the absence of a solvent. Thus, by  100 captan,
n-butylmercaptan,t-butylmercaptan,  the use of a solvent, nuclear
chlorination can hexylmercaptan, and dodeclmercapoan;  an  be carried out
at a low temperature and in organic slphide, for example, dimethyl sl-
such instances can have the effect of prevent- phide, dimethyl disulphide,
diisobutyl sulphide,  ing the formation of tarry by-products by 40  vinyl
sulphide and benzyl sulphide; an organic  avoiding reaction at a high
temperature. The  105 sulphoxide, for example, dimethyl sulphoxide;  amount
of solvent employed may vary within carbon disulphide; thiourea;
thioglycolic acid;  wide limits, but it is usually desirable to L-cysteine;
and L-cystine. Also, inorganic sul-  employ an amount which will completely
dis- phur compounds may be used such as sul-  solve the xylenol. 45  phuric
acid, sodium  thiosulphate, thionyl    Another advantage of using a
solvent, ob-  110 chloride, and antimony sulphide.           tained in most
cases in the present invention, In the process of the present invention, it
is deposition and. precipitation of only p- 



is necessary to use from  0.01 to 10%  by   chloroxylenols from solution
owing to differ- weight of at least one metal chloride as  ences in
solubility, and the resuting simple 50  catalyst, on the basis of the
weight of xylenol  separation by filtering only the precipitated  115 to be
chlorinated. In the case of less then   p-chloroxylenols.. Since the
precipitated 0.01%  by weight of the metal chloride, the   chloroxylenols
are crystallized out of the reac- catalytic effect is low, whereas in the
case  tion mixture solution, subantially the same of more than 10% by
weight, yields of non-  effect as that of recrystallization can be ob- 55
preferred dichloro isomers is increased, result-  tained, thus avoiding a
further separate step  120 ing in reduction in yield of the desired mono-
of purification. chloro isomers, particularly p-chloroxylenol.  The present
process can be carried out with- It is also necessary to use from 0.001 to
1%   out any special restriction to reaction condi- by weight, of at least
one organic or inorganic  tions merely by adding the required amounts 60
sulphur compound as promoter, again on the  of metal chloride catalyst and
sulphur corn-  125 basis of the weight of xylenol to be chlorin-  pound
promotor to the xylenol, and then intro- ated. In the case of 0.001%  by
weight or  ducing the desired clorinating agent into more of the sulphur
compound as the pro-  the reaction system. Usally, it is advantageous
motor, the addition effect becomes remark-  to use a chlorinated
hydrocarbon solvent, 65  able, increasing the yield of p-chloro isomers
and to carry out the nuclear chlorination in  130    l,505,321
3 the solvent. In that case, the nuclear chlorina- found that the solution
had the following ton reaction is carried out at such a tempera-
composition excluding the solvent tetachloro   65 ture as to keep the
xylenol starting material,  ethylene and the catalyst thiophene: the
catalyst and the sulphur compound in a 5  liquid state, preferably at a
temperature of    p-chloro-3,5-xylenol   89.4%by mole from [err] so that
purification and  o-chloro-3,5-xylenol    8.5%bymole separation of
p-chloroxylenols as a main pro-    2,4-dichloro-3,5-xylenol   0.4% by mole
* duct will be facilitated. The nuclear chlorina-    3,5-xylenol      0.7%
by mole    70 tion reaction can be carried out under atmos-    P/O ratio=
10.5 10  pheric pressure, usually without any difficulty, but also may be
carried out either at elevated:   The reaction solution was slowly cooled
to pressure or at a reduced pressue, if desired. 15C with stirring, the
deposited crystals were The process may also be cardied out either
fulterea and dried, and 119 g of white crystals batch-wise or continuously,
were obtained. The crystals had the following  75 15    According to the
present invention p-  composition according to gas chromatographic
dhloroxylenols can be obtained with high   analysis. selectivities in high
yields, and furthermore since no oxygen is used in catalyst regenera-
p-chloro-3,5-xylenol   99.7% by weight don in contrast to the above
described prior    3,5-xylenol         0.3% by weight 20 art processes, it
is not necessary to take pre- cautions against explosion of the xylenol
start-    Comparative Example 1.            80 in  materials. Also, since
hot hydrochloric   The chlorination reaction was carried out acid is not
used, it is unnecessary to employ   under the me conditions as in Example
1, special safety precautions or to use special  except that only 0.8 g of
anhydrous ferric 25  acid-resistant materials to construct the reac-
chloride as the catalyst were used in the don vessel. In addition, the fact
that the  absence of the promoter. The resulting reac-  85 present process
can be carried out at team-  tion solution had the following composition:
peratures approximating to room temperature is a great advantage in
handling, and, further-    p-chlro-3,5-xylenol  8 1.0% by mole 30  more,
complicated steps for the necessary re-    o-chloro-3,5-xylenol  14.9% by
mole generation of cupric chloride can be avoided.
2,4-dichloro-3,5-xylenol   2.0% by mole Accordingly, the present invention
can provide  3,5-xylenol           1.5% by mole    90 an improved and
economical process.          Others                   0.6% by mole 



Following is a description by way of ex-    P/O ratio=5.43 35 ample to
illustrate processes in accordance with the invention, and including
comparative  106 g of crystals were obtained by the same Examples.
crystallization operation as in Eample 1 with a yield of 68.0%
95 Example 1. Into a four-necked separable flask having
Example 2. 40  a capacity of 1,000 ml, provided with a stirrer,    The
chlorination reaction was carried out a thermometer, a nozzle for
introducing a  under the same conditions as in Example 1, chlorinating
agent, and a reflux cooler were  using the same recion apparatus as in Ex-
charged 600 g of tetrachloroethylene and 122  ample 1, except that there
were employed  100 g (1 mole) of 3,5-xylenol. Then, 0.2 g (0.16%   600 g of
carbon tetrachloride as the solvent, 45  by weight on the basis of
3,5-xylenol) of an-  1.55 g of anhydrous aluminium  chloride as hydrous
ferric chloride as a catalyst and 0.6 g  the catalyst and 0.01 g of
dodecylmercaptan (0.49% by weight on the basis of 3,5-xylenol)  as the
promoter. The ruing reaon solu- of thiphene as a promoter were added
thereto,  don had the following composition:    105 and the resulting
mixture was sufficiently 50  stired and subjected to reaction while adding
p-chloro-3,5-xylenol  89.3% by mole 135 g of sulphuryl chloride as a
chlorinating    o-chloro-3,5-xylenol  7.0% by mole agent drop by drop at a
rate of 0.8 g/minute    2,4-dichloro-3,5-xylenol   2.1% by mole and keeping
the temperature at 20C. In the    3,5-xylenol           1.0% by mole course
of reaction, the prodict p - chloro -    Otes                 0.6% by mole
110 55  3,5 - xylenol started to deposit. After the    P/O ratio=12.7
completion of dropwise addition of sulphuryl chloride, the temperature of
the reaction solu-     Comparative Example 2. tion was raised to [err] by
means of a water    The chlorination reaction was carried out bath to
remove the dissolved acidic gas, and  under the same conditions as in
Example 2 60  completely to dissolve the reaction product  except that only
1.6 g of anhydrous aluminium  115 into the tetrachloroethylene. A portion
of-the  chloride was used as the catalyst. The resulting resulting solution
was sampled and analyzed  reaction solution had the following composi- by
gas-chromatography. As a result, it was  tion:    4
1,505,321 p-chloro,5-xylenol   83.0% by mole                    Example 3.
[err]    12.0% by mole      The chlorination reaction was carried out [err]
3.0% by mole    under the same conditions as in Example 1, 3,5-xylenol
1.0%bymole    but with variations in the kind of promotors  10 5     Others
0.8% by mole    used and in the amount of catalyst as shown P/O  ratio=6.80
in Table l below. TABLE I Run No.     Metal chloride as catalyst
Sulphur compound as promoter 3-1    Anhydrous ferric chloride
1 g     Dodecylmercaptan        0.02 g 3-2            ,,
98% Sulphuric acid     0.8 g 3-3           ,,             ,,
t-Butylmercaptan         0.3 g The resulting reaction solutions had the
compositions shown in Table 2 below. TABLE 2 Composition of reaction
solution (% by mole) Run   p-Chloro  Q-Chloro Dichloro  3,5- No.   isomer
isomer   isomer    xylenol    Others          P/O 3-1     90.3        6.4
0.2        2.8        0.3      14.1 3-2     86.7       10.0        1.8
0.8       0.7'       8.7 



3-3     88.8        8.3       1.3  -    1.0        0.6      10.7 Example 4.
of from  0.01 to 10%  by weight based on The chlorination reaction was
carried out  the weight of the xylenol of a metal chloride under the same
conditions as in Example 1,  catalyst and from  0.001 to 1%  by weight
using the same reaction apparatus as in. Ex-  based an the weight of the
xylenol of at least  40 20   ample 1, except that there were employed,  one
sulphur compound. 600 g of o-dichlorobenzene as the solvent,   2. A process
according to claim 1, wherein 8.5 g of titanium tetrachloride as the
catalyst,  the metal chloride catalyst is ferric chloride, and 0.02 g of
dodecylmercaptan as the pro-  aluminium  chloride, antimony  trichloride,
motor. The resuling reaction solution had the  antimony pentachloride,
tellurium  chloride,  45 25  following composition:
stannic chloride, titanium  tetrachloride, bis- muth trichloride, mercuric
chloride and zinc p-chloro isomer       91.5% by mole    chloride. o-dhloro
isomer         6.3% by mole      3. A process according to claim 1 or claim
dichlob isomer          1.3% by mole    2, wherein the sulphur compound is
an ali-  50 3,5-xylenol             0.3% by mole    phatic mercaptan having
from 1 to 15 carbon 30     Others                  0.6%bymole    atoms. P/O
ratio= 14.4                           4. A process according to claim 3,
wherein the aliphatic mercaptan 'is dodecylmercaptan WHAT WE CLAIM  IS:-
or butylmercaptan.            55 1. A process for the nuclear chlorination
5. A process according to claim 1 or claim of xylenols, which process
comprises effecting  2, wherein the sulphur compound is a thio- 35   nuear
chlorination with a chlorinating agent  phene or sulphuric acid. other than
sulphur chloride in the presence    6. A process according to claim 1 or
claim    4                                      1,505,321 4 83.0% by mole
Example 3. [err]  12.0% by mole     The chlorination reaction was carried
out [err]   3.0% by mole    under the same conditions as in Example '1,
[err]            [err]    but with variations in the kind. of promotors
1.0 5     Others                 0.8% by mole    used and in the amount of
catalyst as shown P/O ratio=6.80                         in Table I below.
TABLE 1 Run No.     Metal chloride as catalyst    Sulphur compound as
promoter 3-1    Anhydrous ferric chloride             1 g
Dodecylmercaptan       0.02 g 3-2                                  98%
Sulphuric acid     0.8 g' 3-3
. t-Butylmercaptan   0.3 g The resulting reaction solutions had the
compositions shown in Table 2 below. TABLE 2 Composition of reaction
solution (% by mole) Run   p-Chloro  o-Chloro Dichloro  3,5- No.   isomer
isomer  isomer    xylenol    Others          P/O 3-1     90.3       6.4
0.2        2.8       0.3       14.1 3-2     86.7      10.0        1.8
0.8       0.7        8.7 3-3     88.8       8.3        1.3       1.0
0.6     10.7 Example 4.                of from 0.01 to 10%  by weight based
on The chlorination reaction was carried out the weight of the xylenol of a
metal chloride under the same conditions as in Example 1, catalyst and from
0.001 to 1%  by weight using the same reaction apparatus as in Ex-  based
on the weight of the xylenol of at least  40 20   ample 1, except that
there were employed, one sulphur compound. 



600 g of o-dichlorobenzene as the solvent,   2. A process according to
claim 1, wherein 8.5 g of titanium tetrachloride as the catalyst, the metal
chloride catalyst is ferric chloride, and 0.02 g of dodecylmercaptan as the
pro-  aluniinium  chloride, antimony  trichloride, motor. The resulting
reaction solution had the  antimony pentachloride, tellurium  chloride,  45
25  following composition:                    stannic chloride, titanium
tetrachloride, bis- muth trichloride, mercuric chloride and zinc p-chloro
isomer       91.5% by mole   chloride. o-chloro isomer        6.3% bymole
3. A process according to claim 1 or claim dichlorb isomer        1.3% by
mole    2, wherein the sulphur compound is an ali-  50 3,5-xylenol
0.3% by mole    phatic mercaptan having from 1 to 15 carbon 30     Others
0.6% by mole   atoms. P/O ratio= 14.4                          4. A process
according to claim 3, wherein the aliphatic mercaptan is dodecylmercaptan
WHAT WE CLAIM IS:-                     or butylmercaptan.
55 1. A process for the nuclear chlorination    5. A process according to
claim 1 or claim of xylenols, which process comprises effecting  2, wherein
the sulphur compound is a thio- 35   nuclear chlorination with a
chlorinating agent  phene or sulphuric acid. other than sulphur chloride in
the presence    6. A process according to claim I or claim    1,505,321
5 2, wherein the sulphur compound is an organic  pcedi  claims, werein  e
nuclear chlorin-  25 sulphide, dimethyl sulphoxide, carbon disul-  ation is
carried out in a chlorinated hydro- phide, thiourea, thiogycolic acid,
L-cysteine  carbon solvent. or L-cyetine.
13. A process according to claim 12, wherein 5     7. A process according
to claim 1 or claim  the solvent is carbon tetrachloride, trichloro- 2
wherein the sulphur compound is sodium   ethylene, perchloroethylene or
dichloroen-  30 sulphate, thionyl chloride or antimony  zene. sulphide.
14. A process according to claim  12 or 8. A process according to any one
of the  claim 13 wherein the nuclear chlorination is 10   preceding claims,
wherein the sulphur com-  carried out at a temperature of from 5 to pound
is employed in an amount of from 0.01  45C
35 to 0.1%  by weight based on the weight of    15. A process according to
claim  1 sub- the xylenol.                              stantially as
hereinbefore described with refer- 9. A process according to any one of the
ene to any one of Examples 1 to 4. 15   preceding claims, wherein the
xylenol is 3,5-    16. A chlorinated xylenol when produced xylenol.
by a process according to any one of the   40 10. A process according to
any one of the  preceding daims. preceding claims, wherein the chlorinating
agent is chlorine gas or phosphorus  penta- 20   hlorde.Agets for
Aplicants, 11. A process according to any one of            GALLAFENT &
CO., claims 1 to 9 wherein the chlorinaing agent         Chartered Patent
Agents, is sulphuryl chloride.                                  8 Staple
Inn, 12. A process according to any one of the   .    London WC1V 7QH.
Printed for Her Majesty's Stationery Offce. by the Courier Press,
Leamington Spa, 1978. Published by the Patent Ofice, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


