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MANUFACTURING METHOD FOR AROMATIC CARBONATES 

The present invention concerns a manufacturing method for aromatic 

carbonates; more specifically it concerns a manufacturing method for aromatic 

carbonates in which aromatic carbonates can be continuously and efficiently 

5 manufactured from dialkyl carbonate and an aromatic hydroxy compound. 

Diphenyl carbonate (DPC) is an industrially useful compound that is 

used as a raw material in the manufacture of polycarbonate and the like, and 

the ability to manufacture diphenyl carbonate productively is an industrially 

useful skill. 

10 It is known in the prior art to obtain diaryl carbonates such as the above-

mentioned diphenyl carbonate by reacting dialkyl carbonate and an aromatic 

hydroxy compound. 

For example, methyl phenyl carbonate, diphenyl carbonate, or mixtures of 

them can be obtained as follows by reacting dimethyl carbonate and phenol. 

Me-OCO-Me <t>-OCO-Me 
II + </>OH ~ II + Me OH 
0 0 

</J-OCO-Me <t>-OCO-IP 
ll +- </l 0 H ~ II + Me OH 
0 0 

<t>-OCO-Me <1>-0C0-<1> Me-OCO-Me 
2 II ~ II + II 

0 0 0 
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However, the problem with such reactions is that they are all 

equilibrium reactions that tend to lead back to the original systems and they 

have slow reaction rates. 

5 In an attempt to solve these problems, various catalysts for raising the 

reaction rate have been proposed. 

It is also known to use reactors equipped with distilling columns in an 

attempt to distill off alcoholic by-products of the reaction (e.g., methyl alcohol) 

from the raw materials, product, solvent, and the like and promote a more 

10 productive reaction. 

Japanese Unexamined Patent Application Disclosure Kokai No. Hei 

3-291257 discloses a method for continuously manufacturing aromatic 

carbonates in which alcohols and other by-products are continuously distilled 

off with a multistage distillation column to promote the productivity of the 

15 reaction, as the reaction product is continuously removed. 

It is also known that reactions such as those hereinabove produce alkyl 

aromatic ether by-products as well as the desired aromatic carbonates. For 

example, anisole is a by-product of the reaction of dimethyl carbonate and 

phenol. 

@-a Me 

20 This anisole by-product apparently results from the decarboxylation of 

methyl phenyl carbonate, the intended product of the reaction. Thus, reacting 

dimethyl carbonate and phenol at high temperatures generally increases the 



-----~-------

3 
efficiency with which aromatic carbonates are produced, but it also raises the 

rate at which anisole is produced. 

For example, it was reported in a comparative example of Kokai No. Hei 

4-9358 that when the reaction was conducted at 195°C in a reaction vessel 

5 equipped with a distilling column, the selectivity for anisole was 5 percent, 

based on the raw material methyl phenyl carbonate. This disclosure also taught 

that the selectivity for anisole was 0.7 percent, based on the raw material methyl 

phenyl carbonate, when a multistage distilling column was used at the same 

temperature. And· a working example of Kokai Hei 3-291257 showed that the 

10 selectivity for anisole was 0.8 percent, based on the raw material phenol, when 

the reaction was conducted in a multistage distilling column with a 

temperature of 204 °C at the base. 

Kokai Hei 3-291257 and other disclosure documents indicate that high 

reaction temperatures ranging from 50 to 350°C can be used, but a closer 

15 examination of these documents reveals that the highest reaction temperature 

used in the working examples was 205°C. There are simply no working 

examples in which dimethyl carbonate and phenol are reacted at higher 

temperatures, and the higher temperatUres are not used because more anisole 

by-product will be produced, as described hereinabove. 

20 In continuous manufacturing methods for aromatic carbonates such as 

those mentioned hereinabove, unreacted raw materials, catalysts, solvents, and 

the like are recovered from the reaction column, also referred to as a reactive 

distillation column, in addition to the reaction product and alcoholic by­

products. As a result, aromatic carbonates can be manufactured very efficiently 

25 by returning these materials, especially the unreacted raw materials, to the 

reaction system. 

However, in their research, the present inventors discovered that, when 

attempting to manufacture aromatic carbonates . continuously by reacting · 

dialkyl carbonate and an aromatic hydr~xy compo~nd, alkyl aromatic ether by-
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products such as anisole accumulated in the reactor (where they are produced) 

when unreacted raw materials were returned to the reaction system. Tilis 

accumulation of by-product progressively decreases the effective capacity of the 

reactor and lowers the efficiency with which aromatic carbonates are produced. 

5 As a result, there is a pressing need to further lower the amount of alkyl 

aromatic ether by-products resulting from continuous processes for 

manufacturing aromatic carbonates. 

As the present inventors studied the prior art mentioned hereinabove, 

they discovered that it is possible to manufacture aromatic carbonates at good 

10 rates of productivity, while producing little alkyl aromatic ether by-product, by 

conducting the reaction of dialkyl carbonate and an aromatic hydroxy 

compound under specific conditions. In particular, they discovered that it is 

possible to manufacture aromatic carbonates at good rates of productivity 

while keeping the selectivity for anisole low by. selecting specific conditions 

15 such as reaction time, amount of catalyst, and fractions of the various 

components and by conducting the reaction at high temperatures not seen in 

the working examples of the prior art, thereby completing the invention. 

The object of the present invention is to provide a method by which it is 

possible to manufacture aromatic carbonates from dialkyl carbonate and an 

20 aromatic hydroxy compound at good rates of efficiency with low production of 

alkyl aromatic ether by-product. 

The manufacturing method for aromatic carbonates of the invention is 

characterized by the fact that 

the method for manufacturing aromatic carbonates comprising alkyl aryl 

25 carbonates, diaryl carbonates, or mixtures of them by reacting dialkyl carbonate 

and an aromatic hydroxy compound in the presence of a catalyst is improved 

by conducting the reaction under conditions that satisfy (1) through (4) 

. hereinbelow: 
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(1) the catalyst used has a catalytic activity such that methyl phenyl 

carbonate is produced at a rate of at least 0.005 L/ mole/h when the reaction 

temperature is 200°C, the dialkyl carbonate is dimethyl carbonate, the aromatic 

hydroxy compound is phenol, dimethyl carbonate/phenol= 1 (molar ratio) in 

5 the reaction system, and 0.01 molar percent of catalyst is used, based on the 

amount of phenol used; 

(2) the reaction is conducted with 

amount of catalyst c: 0.01 to 5 molar percent based on the aromatic 

hydroxy compound 

10 reaction time r. 0.05 to 2 h, 

reaction temperature t: 206 to 280°C, and 

molar ratio d of dialkyl carbonate/ aromatic hydroxy compound in the 

reaction system: 0.5 to 2; 

(3) the reaction is conducted under conditions satisfying the following 

15 relational expressions 

g(r,t) £ 2 and 

ft..c,r,t,d) 3 0.02 

where c is the amount of catalyst used (a molar percentage of .the 

aromatic hydroxy compound), r is reaction time (h), t is reaction temperature 

20 (°q, and dis a molar ratio 

and · g(r,t,) = (r) 'exp[36-17 • (1000/(273 + t)}] 

ft..c,r,t,d) = (c) · (r) • exp[36-17 • {1000/ (273 + t)}] • d/ (1 + d)2); 

and 

(4) the selectivity for alkyl aromatic ethers is less than one percent, based 

25 on the amount of aromatic hydroxy compound fed to the reaction. 

The preferred dialkyl carbonate in the present invention is dimethyl 

carbonate or diethyl carbonate. 

The preferred ~omatic hydroxy compound(s) in the invention are 

phenol, m-, and/ or p<resol. 

THIS SHEE~ HAS BEENJ­
REPLACED 
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A typical example of an alkyl aromatic ether is anisole. 

The manufacturing method for aromatic carbonates of the invention is 

described in concrete terms hereinbelow. 

The following specific conditions are used to manufacture aromatic 

5 carbonates consisting of alkyl aryl carbonates, diaryl carbonates, or mixtures of 

them by reacting dialkyl carbonate and an aromatic hydroxy compound in the 

presence of a catalyst. 

First to be described are the dialkyl carbonate, aromatic hydroxy 

compound, and catalyst used to manufacture aromatic carbonates in the 

10 present invention. 

15 

Dialkyl carbonates described by general formula (i) hereinbelow are 

used in the invention. 

RtOCQR2 

II 
0 

(i) 

where Rt and R2 are alkyl groups, alkenyl groups, alicyclic groups, or aralkyl 

groups, Rt and R2 may be the same or different, and they may form a ring. 

20 Specific examples of Rt and R2 include alkyl groups such as methyl 

groups, ethyl groups, propyl groups, butyl groups, pentyl groups, hexyl 

groups, heptyl groups, octyl groups, nonyl groups, and decyl groups; 

alkenyl groups, allyl groups, and butenyl groups; 

alicyclic groups such as cyclopropyl groups, cyclobutyl groups, cyclopentyl 

25 groups, cyclohexyl groups, and cycloheptyl groups; 

alkyl groups containing alicyclic groups such as cyclohexylmethyl groups; 

and 

ar~yl groups such as benzyl groups, phenethyl groups, phenylpropyl 

groups, phenylbutyl groups, and methylbenzyl groups. 
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These groups may be substituted with lower alkyl groups, lower alkoxy 

groups, cyano groups, and halogen, and they may contain unsaturated bonds. 

Examples of dialkyl carbonate described by formula (i) include dimethyl 

carbonate, diethyl carbonate, dipropyl carbonate, diallyl carbonate, dibutenyl 

5 carbonate, dibutyl carbonate, dipentyl carbonate, dihexyl carbonate, diheptyl 

carbonate, dioctyl carbonate, · dinonyl carbonate, didecyl carbonate, methyl 

ethyl carbonate, methyl propyl carbonate, methyl butyl carbonate, ethyl propyl 

carbonate, ethyl butyl carbonate, ethylene carbonate, propylene carbonate, 

di(methoxymethyl) carbonate, di(methoxyethyl) carbonate, di(chloroethyl) 

10 carbonate, di(cyanoethyl) carbonate, 

dicy~lopentyl carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate, 

dibenzyl carbonate, diphenethyl carbonate, di(phenylpropyl) carbonate, 

di(phenylbutyl) carbonate, di(chlorobenzyl) carbonate, and di(methoxybenzyl) 

carbonate. 

15 These dialkyl carbonates may be used in combinations of two or more. 

Preferred among these is dialkyl carbonate where each RI and R2 is an alkyl 

group with no more than four carbon atoms, with dimethyl carbonate and 

diethyl carbonate more preferred and dimethyl carbonate especially preferred. 

The aromatic hydroxy compound used to manufacture aromatic carbonates 

20 is described by general formula (ii) hereinbelow. 

Art OH (ii) 

Arl is a monovalent aromatic group which may have a substituent. 

Examples of such aromatic monohydroxy compounds include alkylphenols 

such as phenol, cresol, xylenol, trimethylphenol, tetramethylphenol, 

25 ethylphenol, propylphenol, butylphenol, diethylphenol, methylethylphenol, 

methylpropylphenol, dipropylphenol, methylbutylphenol, pentylphenol, 

hexylphenol, and cyclohexylphenol; alkoxyphenols such as methoxyphenol 

and ethoxyphenol; 
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naphthols and substituted naphthols; 

and substituted phenols described by the formula 

@-A-@-OH 

where A is -0-, -S-, -CO-, SOi-; 

R' R• 
10 a substituted alkylene such as 

R' 
I 

-C­
l 

Rli 

I I 
-c - c-

15 

l I 
Rli Rl 

a divalent group such as cycloalkylene, for example ......._ ......----:--::( C H ) 'C l t 

,,/~ 

or simply a bond. 

In these formulas, each R4, RS, R6, and R7 is a hydrogen atom, lower alkyl group, 

cycloalkyl group, aryl group, or aralkyl group, which may be substituted with a 

halogen atom or alkoxy group. k is an integer ranging in value from 3 to 11, 

20 and the hydrogen atoms may be replaced by lower alkyl groups, aryl groups, 

halogen atoms, or the like. 

Furthermore, alicyclic ~oups may be substituted with substituents such as 

lower alkyl groups, lower alkoxy groups, ester groups, hydroxyl groups, nitro 

groups, halogen, and cyano groups. 

25 Heteroaromatic hydroxy compounds such as hydroxypyridine, 

hydroxycoumarin, and hydroxyquinoline can also be cited as examples of the 

aromatic hydroxy compound. 

Aromatic dihydroxy compounds can also be used,. examples including 
. . . 

hydroquinone, resorcinol, catechol, dihydroxynaphthalene, 
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dihydroxyanthracene, and alkylated forms of them. Aromatic dihydroxy 

compounds described by the following formula can also be used. 

HO -©-A-©- OH 
where A is identical to A hereinabove, and the alicyclic may be substituted with 

a substituent such as a lower alkyl group, lower alkoxy group, ester group, 

hydroxyl group, nitro group, halogen, or cyano group. 

10 In the present invention, aromatic monohydroxy compounds in which 

Art in the above-mentioned formula (ii) is an aromatic group with six to 10 

carbon atoms are preferred, with phenol, m-cresol, and/ or p-cresol being more 

preferred, and phenol being especially preferred. Aromatic hydroxy 

compounds may be used in combinations of two or more. 

15 Alkyl aryl carbonates and diallyl carbonates are produced from the 

above-described dialkyl carbonates and aromatic hydroxy compounds by 

reactions such as the following. The following examples are reactions using 

dialkyl carbonates in which Rt and R2 in formula (i) are the same. 

Specific examples of alkyl aryl carbonates that can be obtained by means 

20 of reaction (1) include methyl phenyl carbonate, ethyl phenyl carbonate, propyl 

phenyl carbonate, allyl phenyl carbonate, butyl phenyl carbonate, pentyl 

phenyl carbonate, hexyl phenyl carbonate, heptyl phenyl carbonate, ocytyl tolyl 

carbonate, nonyl (ethylphenyl) carbonate, decyl (butylphenyl) carbonate, 

methyl tolyl carbonate, ethyl tolyl carbonate, propyl tolyl carbonate, butyl tolyl 

25 carbonate, allyl tolyl carbonate, ethyl xylyl carbonate, methyl (trimethylphenyl) 

carbonate, methyl (chlorophenyl) carbonate, methyl (nitrophenyl) carbonate, 

methyl (methoxyphenyl) carbonate, methyl cumyl carbonate, methyl 

(naphthyl) carbonate~ methyl (pyridyl) carbonate, ethyl cumyl carbonate, 

methyl (benzoylphenyl) carbonate, ethyl xylyl ~arbonate~ benzyl xylyl 
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10 

R 1 -0CO-R 1 ¢-OCO-R 1 

II + <I> 0 H ~ II + R 10H 
0 0 

(</J:Ar) ( 1 ) 

ct>-OCO-R 1 
~-OCO-iP 

II -j- c/>OH ~ II + R 1 0H 
0 0 .... 

(2) 

¢-OCO-R 1 

2 II ~ 
0 

¢-OCO-<,n R 1 -oco-R 
ii II + 

0 0 
( 3) 

15 carbonate, methyl (hydroxyphenyl) carbonate, ethyl (hyclroxyphenyl) 

carbonate, methoxycarbonyloxybiphenyl, methyl (hydroxybiphenyl) carbonate, 

methyl 2-(hydroxyphenyl)propylphenyl carbonate, and ethyl 2-

(hydroxyphenyl)propylphenyl carbonate. 

Specific examples of diaryl compounds that can be obtained in reactions 

20 (2) and (3) include diphenyl carbonate, ditolyl carbonate, phenyl tolyl 

carbonate, di(ethylphenyl) carbonate, phenyl (ethylphenyl) carbonate, 

dinaphthyl carbonate, di(hydroxyphenyl) carbonate, and di[2-

(hydroxyphenylpropyl)phenyl] carbonate. 

Products obtained using an aromatic dihydroxy compound as the 

25 aromatic hydroxy compound are also included in the above-cited examples. 

The aromatic carbonates manufactured in the present invention are alkyl 

aryl carbonates, diaryl carbonates, or mixtures of them, as mentioned 

hereinabove. 
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In the present invention, it is preferred to use raw materials that produce 

alcohoiic by-products with lower boiling points than the aromatic carbonate 

reaction products in the above-described reactions, allowing the aromatic 

carbonate to be removed from the bottom of the column and the alcoholic by-

5 products to be removed from the top of the column. It is specifically preferred 

to use methyl phenyl carbonate as the alkyl aryl carbonate and diphenyl 

carbonate as the diaryl carbonate in the above-described reactions. 

It is preferred to manufacture diaryl carbonates as the final aromatic 

carbonate product. 

10 The above-described reaction of dialkyl carbonate and an aromatic 

hydroxy compound is conducted in the conventional liquid state in the 

presence of a catalyst, which must have the following type of catalytic activity. 

Namely, the catalytic activity is such that methyl phenyl carbonate 

(PMq is produced at a rate of at least 0.005 L/mole/h, preferably at least 0.01 

15 L/mole/h, when the reaction temperature is 200°C, the dialkyl carbonate is 

dimethyl carbonate (DMq, the aromatic hydroxy compound is phenol (PhOH), 

dimethyl carbonate/phenol= 1 (molar ratio) in the reaction system, and the 

amount of catalyst used is 0.01 molar percent, based on the phenol. The 

production rate for PMC is calculated with the following formula, using kt. as 

20 the rate constant. 

d[PMq/ dt = k1[PhOH][DMq - k2[PMC][MeOH] 

k1/k2 =~(equilibrium constan~) = 2.3 '1()-3 

Catalysts used in the present invention, such as those described 

hereinabove, may be soluble (homogeneous) or insoluble (heterogeneous) in 

25 the reaction fluid. 

Examples of the catalyst include Lewis acids, organotin compounds, 

lead compounds, compounds of the copper family metals, alkali metal 

complexes, zinc complexes, compounds of the iron family metals, zirconium 
. I • • 

complexes, and solid catalysts. More specific examples include the following. 
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Examples of Lewis acids include Lewis acids and transition metal 

compounds producing Lewis acids such as AIX3, TiX3, TiX"' VOX3, VX!;, ZnXi, 

FeX3, and SnX4 (where Xis a halogen, acetoxy group, alkoxy group, or aryloxy 

group). More specific examples include titanium tetrachloride, 

5 tetraphenoxytitanium (Ti(OPh)4), tetracresyloxytitanium, 

tetramethyoxytitanium (Ti(OMe)4), tetraethoxytitanium, 

tetraisopropoxytitanium, tetradodecyloxytitanium, tetraisooctyloxytin, and 

triisopropoxyaluminum. 

Examples of tin compounds include organotin compounds such as 

10 trimethyltin acetate, triethyltin acetate, tributyltin acetate, triphenyltin acetate, 

dibutyltin diacetate, dibutyltin dilaurate, dioctyltin dilaurate, dibutyltin 

adipate, dibutyldimethoxytin, dibutyldiphenoxytin, [(Bui>n(OPh)]20, 

dimethyltin glycolate, dibutyldiethoxytin, triethyltin hydroxide, 

hexaethylstannoxane, hexabutylstannoxane, dibutyltin oxide (Bu.25n0), 

15 dioctyltin oxide, butyltin triisooctylate, octyltin triisooctylate, butylstannic acid, 

octylstannic acid, polymeric tin compounds such as 

poly[oxy(dibutylstannylene)], and polymeric hydroxystannoxanes such as 

poly(ethylhydroxystannoxane). Another example is tin oxide. 

Examples of lead compounds include lead oxides such as PbO, PhD2, 

20 and Ph304i lead sulfates such as PbS and PlnS; lead hydroxides such as Pb(OH)2 

and Pb:z02(0H)2; plumbites such as Na2Pb02, l<2Pb02, NaHPbOi, and KHP~ 

plumbates such as Na2Pb03, NCi2H2Pb04, l<2Pb03, 1<2[Pb(OH)6], 1<4Pb0"' 

~bO"' and CaPhD3; lead carbonates such as PbC~, 2PbC~xPb(OH):z, and 

their basic salts; lead salts and lead carbonates of organic acids and their basic 

25 salts such as Pb(OCOCHa)7.t Pb(OCOQh)4, and Pb(OCOCHa)2xPbOx3fh(); 

organolead compounds such as &Pb, &PbCl, &PbBr, and &Pb or &Ph2, 

RJPbOH, and &PbO (where R is an alkyl group such as {AH9 or an aryl group 

such as phenyl); alkoxyleads such ~ Pb(cx:::I-h):z, .(OhO)Pb(OPh), and 

Pb(OPh)i; aryloxyleads; lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and 
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Pb-Sb; lead minerals such as galena and sphalerite; and hydrates of these lead 

compounds. 

Examples of copper family metal compounds include salts and 

complexes (where acac is a ligand chelated with acetylacetone) of copper family 

5 metals such as Cua, Cu04 CuBr, CuB?2' Cul, Cul4 Cu(OAc)4 Cu(acac)4 

copper olefinate, Bu2Cu, (CH30)2Cu, AgN03, AgBr, silver picrate, 

Agedf6004Ag(bullvalene)3N°'3, and [AuC'°C-C(CH3)3]n[Cu(C1Hs)Q]4. 

Examples of alkali metal complexes include Li(acac) and LiN(CtH9)2. 

Examples of zinc complexes include Zn(acac)2. 

10 Examples of cadmium complexes include Cd(acac)2. 

Examples of iron family metal compounds include Fe(C1oHa)(CO)s, Fe(CO)s, 

CoCsF6)(C0)1 [sic], Ni-CsHsNO, and ferrocene. 

Examples of zirconium complexes include Zr(acac)4 and zirconocene. 

Acac in the above formulas stands for ligands of acetonylacetonate. 

15 Examples of solid catalysts include silica, alumina, titania, silica-titania, 

zinc oxide, zirconium oxide, gallium oxide, zeolite, and rare earth oxides. 

These catalysts may be mixed with compounds or carriers that are inert 

in the reaction, and they may be supported on carriers. The catalysts may also 

be substances that react with the reaction materials and reaction products 

20 present in the reaction system, and they may be heat-treated ~ advance, 

together with the reaction materials and reaction products. 

When a homogeneous catalyst is used as the catalyst in the present· 

invention, it may be introduced into the reaction system by a continuous feed to 

the reaction column. Heterogeneous catalysts may be placed in the reaction 

25 column for introduction into the reaction system. 

When a homogeneous catalyst is continuously fed to the reactor, it may 

be fed as a mixture with the dialkyl carbonate and/ or aromatic hydroxy 

compound reaction material(s), or it may be fed separately. 
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In the present invention, where the reaction is conducted under specific 

conditions such as those described hereinabove, it is necessary to limit the 

amount of catalyst used with respect to the aromatic hydroxy compound used. 

Thus, of the various catalysts, homogeneous catalysts are preferred, especially 

5 Lewis adds such as tetraphenoxytitanium and tetramethoxytitanium, organotin 

compounds such as Bu:zSnO, and [(Bu:zSn(OPh)]2, and alkoxylead compounds 

such as Pb(OPh)2. 

The reaction of dialkyl carbonate and an aromatic hydroxy compound in 

the presence of the above-described catalyst can be conducted with a solvent 

10 copresent, as desired. A solvent that is inert in the reaction can be used, 

examples including ethers, aliphatic hydrocarbons, and halogenated aromatic 

hydrocarbons. 

The reaction can also be conducted with gases inert in it such as 

nitrogen, helium, and argon copresent. 

15 Reaction columns that can be used indude continuous reactors equipped 

·• with distilling columns, typified by reactors having reaction-type distilling 

columns or distilling columns. 

It is preferred to use a reaction-type distilling column with a large vapor­

liquid boundary to enhance the productivity of the above-mentioned reaction. 

20 Specifically, a multistage distilling column having at least two distilling stages 

can be used, examples including conventional multistage distilling columns 

such as plate columns, packed columns, and columns combining plates and 

packing. It is preferred to have the catalyst present in all stages of such 

multistage distilling columns. When a solid catalyst is used in a packed 

25 column, it can comprlse part or all of the packing. 

In the present invention, aromatic carbonates can be manufactured by 

conducting reactions (1) to (3) hereinabove in a single column, or two or more 

reaction co~umns may be used to manufacture aromatic carbonates. When two 

columns are used in the present invention, it is preferred to conduct reaction 
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(1), which produces principally alkyl aryl carbonate, in the first column and 

reactions (2) and (3), which produce diaryl carbonate, in the second column. 

Alkyl aromatic ether by-products described by ArIOR41 or Ar10R" are 

produced in the reaction column for the reaction of dialkyl carbonate and an 

5 aromatic hydroxy compound. When two reaction columns are used, the by­

products are produced chiefly in the first column. 

10 

For example, anisole is a by-product of the reaction of diin.ethyl 

carbonate and phenol is anisole: 

@-oMe 

In the present invention, it is possible to suppress the production of this 

alkyl aromatic ether by-product and manufacture aromatic carbonates at high 

rates of selectivity by conducting the rea<;tion under the following conditions. 

15 When aromatic carbonates are manufactured by reacting dialkyl 

carbonate and an aromatic hydroxy compound in the presence of a catalyst in 

the present invention, the reaction is conducted under conditions that satisfy (1) 

to (4) hereinbelow. When two reaction columns are used, it is especially 

preferred to maintain the reaction conditions indicated hereinbelow in the 

20 column used to conduct reaction (1). 

AmountofCatalystUsed(c) 

Catalyst is used in amounts of 0.01 to 5 molar percent, preferably 0.05 to 

3 molar percent, based on the aromatic hydroxy compound. 

When a homogeneous catalyst is used in a continuous operation, it is 

25 easy to control the amount of catalyst used vis-a-vis the aromatic hydroxy 

compound. 

Reaction Temperature (t) 
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The reaction is conducted at a temperature of 206 to 280°C, preferably 206 to 

250°C. When a distilling column is used as the reactor, the reaction 

temperature is the temperature at the base of the column. 

Reaction Time (r) 

5 The reaction is conducted for 0.05 to 2 h, preferably 0.1 to 1 h. When the 

reaction is conducted as a continuous operation, the reaction time is the 

residence time. When a batchwise operation is used, the reaction time is the 

residence time at the base of the column. 

Molar Ratio (d) for Raw Materials in the Reaction System 

10 In the present invention, dialkyl carbonate and aromatic hydroxy 

compound are present in the reaction system at a molar ratio ( dialkyl 

carbonate/ aromatic hydroxy compound) of 0.5 to 2, preferably 0.5 to 1.8. When 

a distilling column is used as the reactor, this is the molar ratio at the base of the 

column. 

15 The Values g(r,t) and ff.c,r,t,d) 

The reaction is conducted under conditions that satisfy 

g(r,t) £ 2, more preferably £ 1.8, most preferably £ 1.5 and 

f(c,r,t,d) ~ 0.02, more preferably 3 0.05, and most preferably 3 0.1 

where c is the amount of catalyst used (a molar percentage of the aromatic 

20 hydroxy compound), r is reaction time (h), t is reaction temperature (0q, and d 

is the molar ratio of the raw materials in the reaction system, and 

g(r,t,) = (r) • exp[36-17 • {1000/(273 + t)}] 

f(c,r,t,d) = (c) • (r) • exp[36-17 • {1000/(273 + t)}] • d/1 + d)2). 

(4) The selectivity for alkyl aromatic ethers is less than 1 percent, more 

25 preferably less than 0.5 percent, based on the amount of aromatic hydroxy 

compound fed to the reaction. 

The reaction pressure differs according to the type and construction of 

the reactor, the reaction materials, and the like, and the reaction may be 
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conducted at reduced, ordinary, or elevated pressure, but it is usually 

conducted at pressures ranging from 2,600 to 5.4 MPa. 

As described hereinabove, the reaction of dialkyl carbonate and an 

aromatic hydroxy compound in the present invention is conducted at high 

5 temperatures not seen in working examples of the prior art (at least 206°q and 

under conditions in which amount of catalyst (c), reaction time (r), reaction 

temperature (t), and raw material molar ratio (d) satisfy both of the relational 

expressions g(r,t) and ft.c,r,t,d). 

When the reaction is conducted under such conditions, aromatic 

10 carbonate (phenyl methyl carbonate) can be manufactured at high rates of 

selectivity without increasing the selectivity for alkyl aromatic ether by-product 

(anisole). 

When g(r,t) exceeds 2, anisole production increases, and when ft.c,r,t,d) is 

less than 0.02, the aromatic carbonate yield tends to decline. 

15 In the present invention, it is preferred to use a continuous process to 

manufacture aromatic carbonate by the above-described reaction. 

Reaction uiixture, which may contain the product of this reaction (aromatic 

carbonate), alcoholic by-products, unreacted raw materials (dialkyl carbonate 

and aromatic hydroxy compound), or alkyl aromatic ether by-product, is 

20 removed from the top and the bottom of the reaction column. 

In the present invention, the unreacted raw materials obtained after the 

various components of this reaction mixture are separated ~an be returned to 

the reaction system. 

For example, aromatic carbonate produced in ·the reaction is 

25 continuously removed from the reaction column, usually in a liquid state from 

the bottom of the column. The aromatic carbonate from the reaction column 

can then be led to a refining column to be refined. 

On the other hand, alcoholic by-products are usually removed from the 

top of the reaction colwrin. 
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Unreacted dialkyl carbonate and· aromatic hydroxy compound raw 

materials are continuously removed from the reaction column, after which they 

can be separated, recovered, and returned to the reaction system. 

When these unreacted raw materials are recovered and returned to the 

5 reaction system in the present invention, it is preferred to separate the alkyl 

aromatic ether by-product produced in the reaction column (mainly in the first 

column when two columns are used) by distillation or the like before returning 

the unreacted raw materials to the reaction system. 

In the present invention, it is possible to manufacture aromatic 

10 carbonates in good yields and at good rates of productivity, while keeping the 

selectivity for alkyl aromatic ether by-product low, by reacting dialkyl 

carbonate and an aromatic hydroxy compound under certain specified 

conditions. 

The present invention is d~scribed concretely hereinbelow by means of 

15 working examples, but it is not limited by these examples. 

Examplel 

A 500 mL autoclave with a packed distilling column (column height 

1 m, column diameter: 1 inch) packed with 3 mm Dixon packing, shown in 

Drawing 1, was used as the reactor. 

20 A feed pump was used to feed phenol (PhOH) and Ti(OPh)4 as catalyst 

(cata.) continuously to the autoclave. 

Dimethyl carbonate (DMq was also fed continuously with a feed pump. 

Reaction liquid was continuously removed via a special pipe provided 

for that purpose in the bottom of the autoclave's column. 

25 The low-boiling-point component containing alcoholic by-products was 

removed from the top of the distillation column and liquefied with a condenser. 

A portion of it was removed, and the balance was refluxed through the 

distillation column. The reflux ratio is shown in Table 1. 
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The required heat was supplied by heating the autoclave and distillation 

column with electric furnaces. The raw material feed lines were also heated, 

using heaters. The procedure was carried out as a continuous operation under 

the conditions in Table 1. The results are shown in Table 2. 

5 Table 1 shows column-base temperature r, column-base residence time t 

calculated from the liquid volume in the bottom of the column and the amount 

of liquid removed, amount of catalyst c, raw material molar ratio d 

(DMC/PhOH), and the values g(r,t) and ft..c,r,t,d) calculated from r, t, c, and d. 

Examples 2-6 

10 Continuous operations identical to the one in Example 1 were carried 

out, except that the reaction conditions were varied as shown in Table 1. The 

results are shown in Table 2. 

Example7 

A 500 mL autoclave having a plate-type distilling column (column 

15 height 3 m, column diameter: 2 inches) equipped with 40 sieve trays, shown 

in Drawing 2, was used as the reactor. 

Phenol (PhOH) and Ti(OPh)4 as catalyst (cata.) were continuously fed to 

the twentieth stage of the distilling column, and the 20 plates above it were 

used for the distillation. 

20 Dimethyl carbonate (DMq was continuously fed to the autoclave. 

Reaction liquid was continuously removed through a pipe in the bottom 

of the autoclave's column. The low-boiling-point component containing 

alcoholic by-products was removed from the top of the distillation column and 

liquefied with a condenser. A portion of it was removed, and the balance was 

25 refluxed through the distillation column. The reflux ratio is shown in Table 1. 

The required heat was supplied by heating the autoclave and distillation 

column with electric furnaces. The raw material feed lines were also heated, 

. using heaters. The procedure was carried out as a continuous operation under 

the conditions in Table 1. The resul~ are shown in Table 2. 
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Comparative Examples r and 2 

Continuous operations identical to the one in Working Example 1 were 

carried out, except that the reaction conditions were varied as shown in Table 1. 

The results are shown in Table 2. 



Table 1 
Table 1 ----- -

Caralyst Amounrs Fed (glh) 

Phenol Amount Temperature Pressure 
of at Base of at Top of 

DMC PhOH Catalyst Column Colwnn 

c , (°CJ (atm) 

Example 1 n(OPh)4 933 186 8 220 9 

Example2 n(OPh)4 996 188 0.8 220 10 

Example3 Ti(0Ph)4 2483 S63 23 2SO 14 

Example4 IJuiSnO 9SS 203 s 220 9 

Examples {BUzSn(OPh) }20 936 174 7 220 9 

Example6 Pb(OPh)z(PbO+ PhOH) 982 192 4 220 9 

Example7 Ti(0Ph)4 1220 280 13 206 8 

Comparative Ti(0Ph)4 482 92 4 220 9 
Example 1 

Comparative Ti(0Ph)4 90S 212 0.05 220 9.S 
Example2 

Reaclion Conditions 

Liquid at Reflux Amount Removed 
Base of Ratio (g/h) 

Column 

(mL) Top of Base of 
Colwnn Colwnn 

100 111 726 401 

100 111 744 441 

70 111 1938 1131 

100 111 698 46S 

100 111 10S 412 

100 111 729 449 

2SO 111 973 S40 

400 111 3S2 206 

100 1/1 705 412 

Residence 
Time g (r, t) 

t(h) 

0.2S 1.1 

0.23 1.0 

0.08 2.0 

0.22 1.0 

0.2S l.l 

0.22 1.0 

0.46 0.9 

1.94 8.8 

0.2S 1.1 

DMC 
/PhOH 

(Base of 
Column) 

d 

1.3 

l.S 

1.2 

1.S 

1.6 

l.S 

1.0 

1.4 

1.0 

/(c,r,t,d) 

0.27 

0.025 

0.49 

0.22 

0.27 

0.24 

0.22 

2.1 

0.006 

N 
I-' 
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Table2 

Production (glh) Anisole 

PMC DPC Anisole PMCYield Selectivity 

Example l 54 2 0.08. 18 0.2 

Example2 43 1.5 0.03 14 0.1 

Example 3 182 12 0.7 20 0.5 

Exarnple4 52 2 0.04 16 O.l 

Example 5 48 1.6 0.03 17 0.1 

Example6 50 1.6 0.03 16 0.1 

Example? 95 7 0.4 21 0.5 

Comparative 24 0.8 0.2 16 1.1 

Example l 

Comparative 14 0.4 0.03 4 0.3 

Exarnple2 

Abbreviations used in table: PMC Methyl phenyl carbonate DPC - Diphenyl 

carbonate 

Brief Description of Drawings 

Figure 1 Illustration of an apparatus used in the examples. 

S Figure 2 Illustration of an apparatus used in the examples. 



23 

WeCaim: 

1. A method of manufacturing aromatic carbonates comprising: 

Charging to a reactor dialkyl carbonate and an aromatic hydroxy 

compound in a molar ratio of from about 0.5 to about 2 and 

5 reacting the dialkyl carbonate and the aromatic hydroxy compound 

in the presence of from about 0.01 to about 5 molar percent based on the 

aromatic hydroxy compound for from about 0.05 to about 2 hours at a 

temperature of from about 206°C to about 280°C whereby the selectivity· for 

alkyl aromatic ethers is less than about one percent by weight based on the 

10 amount of aromatic hydroxy compound charged to the reactor. 

2. The method of Cairn 1 wherein the catalyst when employed as a 

catalyst in the reaction of a 1:1 molar ratio of dimethyl carbonate and phenol at 

a reaction temperature of 200°C has a catalytic activity whereby methyl 

phenylcarbonate is produced at a rate of at least0.005 liters per mole per hour. 

3. The method of ~ 2 wherein the dialkyl carbonate and the 

aromatic hydroxy compound are reacted under conditions whereby 

g(r,t) £ 2 and 

ft..c,r,t,d) 3 0.02 

15 where c is the amount of catalyst used (a molar percentage of the aromatic 

20 

hydroxy compound), r is reaction time (h), t is reaction temperature (0q, and d 

is a molar ratio 

and 

and 

g(r,t,) = (r) • exp[36-17 • {1000/(273 + t)}] 

ft..c,r,t,d) = (c) • (r) • exp[36-17 • {1000/(273 + t)}] • d/(1 + 4)2); 

and 

4. The method of Oaim 3 wherein the dialkyl carbonate is diethyl 

carbonate or dimethyl carbonate. 

THIS SHEET [_y . --

nAS BFtN i 
REPLACED •.. 

1111111111111111111 11111111111 
* C L M S * 



···- ·- ··--·- ------·-·---· -·-- -·-·--------------- ---------

24 

5. The method of Oaim 4 wherein the dialkyl carbonate is dimethyl 

carbonate. 

6. The method of Oaim 4 wherein the aromatic hydroxy compound, is 

phenol, meta-cresol or para-cresol. 

7. The method of Oaim 4 wherein the aromatic hydroxy carbonate is 

phenol. 

8. The method of Oaim 7 wherein the dialkyl carbonate is 

dimethylcarbonate. 

9. The method of Oaim 4 wherein the alkyl aromatic ethers are anisole, 

phenetole, methyl tolyl ether, or ethyl tolyl ether. 

10. The method of Oaim 1 wherein the reactor is a reactive distillation 

column whereby reaction products are separated from reactants as they are 

formed. 

11. The method of Claim 1 wherein the reactor is an autoclave. 

12. The method of a~ ~1 wherein the autoclave is connected to a 

distillation column to separate reaction product from reactants. 
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