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PHASE TRANSFER CATALYZED
METHOD FOR PREPARING
OXYBISPHTHALIC COMPOUNDS

BACKGROUND OF THE INVENTION

5 This invention relates to the preparation of oxybisphthalic
compounds, and more particularly to their preparation by an improved
phase transfer catalysis method.

Oxybisphthalimides and oxybis(phthalic anhydrides) are
intermediates for the preparation of polyetherimides. The
10  oxybisphthalimides have, in some instances, been easier to prepare
than the oxybis(phthalic anhydrides) and can subsequently be
- converted thereto by hydrolysis and dehydration. It is also possible,
however, to prepare oxybis(phthalic anhydrides) directly.

As disclosed in US Patent 4,780,544, the
15  oxybisphthalimides have been prepared by the reaction of a nitro-
substituted phthalimide with an alkali metal carboxylate such as
potassium acetate in a dipolar aprotic solvent such as
dimethylformamide or dimethyl sulfoxide. More conveniently, US
Patent 4,933,469 describes their preparation in a non-polar organic
20 solvent, preferably in the presence of a phase transfer catalyst.
Reaction temperatures are in the range of about 100-400°C, most
often about 150-200°C. Yields above 70% are obtained with a
dialkylaminopyridinium salt as phase transfer catalyst only when the
solvent is distilled through calcium hydride to remove water; similar
25 yields can also be obtained by the catalytic use of
- tetraphenylphosphonium bromide, a very expensive compound. US
Patent 4,808,731 discloses the preparation of oxybis(phthalic
anhydrides) by a simple condensation of a nitro- or fluoro-substituted
phthalic anhydride (not requiring carboxylate), also in the presence of a
30 dialkylaminopyridine, but disclosed yields are no higher than 57%.
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A method similar to that of the aforementloned patents
but using, for example, alkali metal carbonates instead of carboxylates
is also known. US Patent 4, 946,985 discloses such a method in which
the carbonate is used in combination with water. According to US
Patent 5,153,335, the reactaon is more effectlvely conducted in the

absence of water and employs a benzonc acid such as 4-chlorobenzoic
acid as a catalyst S :

US Patent 5,132,423 discloses the use of substituted
guanidinium sa!ts as phase transfer catalysts for nucleophlllc aromatic
substitution reactions such as the reactlon of blsphenol A salts with

.halo-or nltro-substltuted phthallmldes to yleld bls(phthallmndes) itis

not clear therefrom however whether the reactlon between a
substituted phthallc compound and a carboxylate or carbonate salt is
chemically szmular

SUMMARY OF THE lNVENTlON

The present mv_ention is based on the discovery that
substituted guanidinium salts can be employed in the preparation of
oxybisphthalic compounds in non-polar solvents. When so employed,
they afford the desired products in high yield without the need for
burdensome solvent drying_,dperatidna.

The mventlon isa method for preparmg an oxybisphthalic
compound of the formula

M

wherein Z is O or N-R" and R is Cs.s alkyl, which comprises contacting
a substituted phthalic compound of the formula
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0

wherein X' is halo or nitro, with at least one carboxylate of the formula

() MO——C—yY |

wherein Y is Cy.g alkyl, OM or OH and M is an alkali metal, in a
5 substantially non-polar solvent and in the presence of at least one
phase transfer catalyst, said catalyst being a guanidinium salt of the

formula

RS

‘K s R 02O,
o7
(IV) /“ '''' Q\ ,
R }N\
R R
n
wherein:
10 each of R? R®, R®, R®and R’ is a primary alkyl radicat

and R*is a primary alkyl or primary alkylene radical, or at least one of
the R%-R®, R*-R® and R®-R’ combinations with the connecting nitrogen
atom forms a heterocyclic radical;

X2is an anion; and

15 nis‘ior2.
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DETAtLED DESCRIPTION' PREFERRED EMBOD!MENTS

The substltuted phthahc compound of formuia Il may be
an anhydride, or an imide i m which R'is an alkyl radlcal preferably
primary or secondary, contalnlng 1-8 carbon atoms. Methyl radicals
are preferred. The x! substltuent may be nitro or halo (especially
fluoro, chiloro or bromo) and may be in the 3- or, preferably, the

_4-posmon In many mstances the preferred compounds of formuia il

are 4-n|tro-N-methyIphthaI|m|de the 4-chloro analcg and the
correspondmg anhydrides.

Suitable carboxylates of formula Il include alkanoates, in
which Y is C15 alkyl and especrally methyl, and carbonates, in which Y
is OM or OH. The M value is an alkala metal preferably sodium or
potassium.

Contact between the phthalic compound and the
carboxylate is effected in a substantially non-polar solvent. Suitable

-solvents mclude aromatic hydrocarbons such as toluene and xylene;

chlorinated aromatlc hydrocarbons such as chlorobenzene o-
dichlorobenzene and 1 2, 4-tr|chlcrobenzene and ethers and sulfones

“such as phenyl ether drphenyl sulfone and sulfolane. For the most
Ppart, solvents having a borhng pomt of at feast about 180°C are

preferred since it is convenrent to conduct the reaction under refluxand -
the use of lower boullng solvents can undesnrabty prolcng reaction time.
The preferred solvents are o-dichiorobenzene (ODCB) and 1,2,4-
trichlorobenzene, with ODCB gene__rally being most preferred by reason
of its availability and relatively-Iow cost | o

The alkyl radlcals surtable as R*? and R*"in the
guanidinium salts of formula IV employed as phase transfer catalysts
are primary alkyl radicals, generally containing about 1-12 and
preferably about 2-6 carbon ato_ms Alternatively, any combination of
those radicals and the corresponding n'itrcg_en atorn_(s) may form a
heterocyclic radical such as piperidino, pyrrolo or morpholino. R*is
usually an alkyl radical of the same structure as R%® and R57 , ora C,.
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o ik
12alkylene ra%fé%t in which the terminal carbons dre primary: most
preferably, R* is Ca.6 alkyl or C,.4 straight chain alkylene.

The X? value may be any anion and.is preferably an
anion of a strong acid; examples are chloride, bromide and
methanesulfonate. Chloride and bromide ions are usually preferred.
The value of n will be 1 or 2 depending on whether R*is alkyl or
alkylene.

As indicated by the dotted bonds in formula IV, the
positive charge in the guanidinium salt is delocalized over one carbon
and three nitrogen atoms. This is believed to contribute to the salt's
stability under the conditions encountered according to the invention,
which may include relatively high temperatures.

According to the invention, contact between the
above-described materials is effected under reaction-promoting
conditions, generally including temperatures of at least about 150°C
and preferably in the range of about 150-225°C, and the maintenance
of an inert atmosphere such as nitrogen. The molar ratio of carboxylate
to substituted phthalic compound is most often at least 1:1 and
preferably in the range of about 1.0-1.5:1. Phase transfer catalyst is
usually present in the amount of about 1-15 mole percent based on
substituted phthalic compound.

As previously mentioned, continuous drying of reagents
and/or solvent during the reaction is unnecessary for the purposes of
the invention. it is sufficient to dry prior to reaction both the carboxylate
and substituted phthalic compound in vacuum, and the solvent by
contact with an effective drying agent such as molecular sieves.

One method of producing hexaalkylguanidinium halides,
especially chlorides, involves drying of the guanidinium salt by
azeotropic distillation of an aqueous brine containing said salt with a
liquid such as toluene. When so produced, the guanidinium salt may
be accompanied by the inorganic salt constituent of the brine, most
often sodium chloride. This is not in any way detrimental to the
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performance of the guanldlmum salt as a phase transfer catalyst
according to the mventlon

Itis wnthln the scope of the invention to employ additional
catalysts, as prevuously noted in combination with the phase transfer
catalysts. Suntable other catalysts whlch may be effectlve to further
increase yield, include carboxylic aclds such as 4—ch|orobenzo|c acid.
When used, the other catalyst may be present i in the amount of about
1-10 mole percent based on substltuted p_hthallc compound.

The course of the reaction betweeh carboxylate and
substituted phthalic compound may be followed by removmg samples,
quenching them with an acidic reagent such as acetlc acid, diluting
with a suitable organic llqmd such as acetonltnle and analyzing for
reactants and product by high pressure liquid chromatography

" Isolation of product from the reactlon rmxture may be achieved by
“conventional means, typlcally by coollng, separatlon of the

oxyblsphthal:c compound asa SOlld washmg and drylng

" The method of the mventlon is llustrated by the following

examples all conducted in a mtrogen atmosphere. Potassium acetate
- and potassium carbonate were prewously dried under vacuum at
-150°C, substituted phthalimides and phthalic anhydrides at 50°C and

guanidinium salts at 100°C (unless otherwise specified). Solvents were
dried by contact wnth actwated 4A molecular s:eves

EXAMPLES 12

Each ofa pair of 50—ml 3-necked flasks fitted with stirrers
and mtrogen supply means was charged with 4,90 g (50 mmol) of
potassium acetate and heated at 180°C under vacuum for 15 minutes.
The vacuum was released w:th nitrogen and 10,30 g (50 mmol) of
4-mtro-N-methylphthaI|m|de and 25 ml of ODCB were added.
Hexaethylguanidinium chlo_nd__e {(HEGCI) or hexa-n-propylguanidinium
chioride (HPGCI), 10 mole percent based on substituted phthalimide,
was added carefully so as to avo3d a vigorous exoth_erm, as a solution
in 3 mi of ODCB. The mixture turned- dark brown as a result of the

PCT/US99/24416
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evolution of ﬂ%rb'gen oxides. Samples were pé?i-ggiCally taken and
analyzed for remaining substituted phthalimide. The product was the
desired 4,4-oxybis{N-methylphthalimide).

The resuits are given in Table |. Comparison is made
with Control 1, employing N-(2-ethylhexyl)-4-dimethylaminopyridinium
chloride (EHDMAP) as phase transfer catalyst at the same mole
percent level, and Control 2 in which the reaction was conducted in
dimethylformamide without the use of a phase transfer catalyst, as
disclosed in Example 1 of the aforementioned US Patent 4,780,544,

TABLE ]
Example 1 2 Control 1 Control 2
Catalyst HEGC! HPGC! EHDMAP -
Time, hvs.  Substituted phthalimide remaining, %
0.2 70 71.2 81.7 82
1 37 - 65 75.4
2 - 41.8 - 63.3
3 0 25.9 36 -
4 - -- - 46.9
6 - 0 - 43.3

The improvement in reaction rate afforded by the
invention, in comparison to both the use of the aminopyridine as phase
transfer catalyst and the use of a dipolar aprotic solvent without phase
transfer catalyst, is apparent.

EXAMPLE 3

The procedure of Examples 1-2 was repeated, except
that 5 mole percent of HEGCI| was employed, the solvent was
1,2,4-trichlorobenzene and the reaction temperature was 215°C. The
resuits are given in Table li, in comparison with Control 3 in which an
equal mole percent of tetraphenylphosphonium chioride (TPPC) was
employed as phase transfer catalyst.
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TABLE I :
Example Ex. 3 -Control 3
Catalyst HEGCI TPPC
: Substituted.
: phthalimide
Time, hrs. _remaining, %
0.5 "50.4 946
1 45.2 94.2
L2 35.9 93.8
Final yield, % : 60.9 "6.2

These resuilts demonstrate the supenonty of the
hexaalkylguanldmlum salts in terms of mcreased reaction rate.

5 EXAMPLE4
The procedure of Example 3 was repeated substrtutrng

potassium carbonate onan eqmmolar basis for the potassium acetate.
The results are grven in Table M.

- TABLEIIl
10 ' o
Example ™  Ex. 4 Control 4
Catalyst HEGCI TPPC
: © Substituted -
. phthalrmrde :
Time, hrs. remaining, %
0.5 74 98
1 44 98
2 23.2 99
: 4 138 - 96
Final yield, % 69 17
These resuits are consistent with those of Example 3 and
show that alkali metal carbonates, in the substantial absence of water,
are also effective reagents for the preparatron of oxyblsphthahc
compounds according to this invention.
15

EXAMPLE 5
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TH& procedure of Example 4 waé répeated with the
addition of 5 mole percent, based on substituted phthalimide, of
4-chlorobenzoic acid as additional catalyst. The results are given in

Table IV.
5 TABLE IV
Example Ex. 5 Control 5
Catalyst HEGCI TPPC
Substituted
phthalimide
Time, hrs. remaining, %
0.5 85 26
1 76 96
2 54.9 g5.3
4 40.3 95
6 36.4 92.5
Final yield, % 59 52
EXAMPLE 6

The procedure of Example 4 was repeated, substituting
10  4-chloro-N-methylphthalimide on an equimolar basis for the
nitrophthalimide and employing HEGCI at 1 mole percent. The results
are given in Table V, in comparison with a control in which TPPC was
employed at 0.5 mole percent,

TABLE V
15
Example Ex. 6 Control 6
Catalyst HEGCI TPPC
Substituted
phthalimide
Time, hrs. remaining, %
1 79.6 40
2 53.5 32.8
3 33.2 26.3
Final yield, % 69.3 64.5

The results of Examples 5-6 are consistent with those of
previous examples.
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EXAMPLE 7

A first 2-| oil-jacketed reactor with a bottom valve was
equipped with a mechanical stirrer, Deén-_Stark trap topped with a
reflux condenser, and nitrogen supply means. It was charged with
260.8 g (1.265 moles) of 4-nitro-N- methylphthalrmrde 473 ml of ODCB
and 25 g (95 mmol) of HEGCI (dried from a brine solution as described
hereinabove). The solution was heated to reflux and 100 mt of ODCB
was removed with a mtrogen sweep.

_ A second srmllarly equrpped 2-l oil-jacketed reactor was
placed under the t" rst reactor and charged with 124 g (1.265 mole) of
potassium acetate and 293 ml of ODCB. This mrxture was heated and
OoDCB removed in the same way.

The contents of the ﬁrst reactor were transferred over 10
minutes, with stirring, to the second via a transfer tube, with
maintenance of the. temperature at 185°C. Refluxing was observed and
colorless oxides of nltrogen evolved they turned brown upon exposure

to air. Heatrng and stirring. were contlnued for 6 hours, after which the

mixture was _allowed to ,r_:ool and sollds were removed over 4 hours by
suction filtration through a fritted funnel.

‘The solids so removed were washed twice with 100-m
portions of water and vacuum dried at 140°C, yielding the desired
4 4'-oxybrs(N-methylphthaI|mlde) in71% yield.

EXAMPLE 8

The procedure of Example 7 is repeated, substituting
4~nitrophthaticanhydride on an equimolar basis for the
4-nitro-N-methyliphthalimide. The product is the desired
4,4'-oxybis(phthalic anhydride).

PCT/US99/24416
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What is claimed is;

1. A method for preparing an oxybisphthalic compound of
the formula

0

wherein Z is O or N-R'and R is C.s alkyl, which comprises contacting
5 a substituted phthalic compound of the formula

o
X

D) z .,

0 .
wherein X' is halo or nitro, with at least one carboxylate of the formula
o

(n Mo———cCc—v ,

wherein Y is Cy.s alkyl, OM or OH and M is an alkali metal, in a
10  substantially non-polar soivent and in the presence of at least one
phase transfer catalyst, said catalyst being a guanidinium salt of the

formula ]
(ki MY

S

eent Replaced

"
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wherein:

each of R?, R® R® R®and Ris a primary alkyl radical
and R*is a primary alky or primary alkylene radical, or at least one of
the R%-R?, R*-R® and R°-R” combinations with the connecting nitrogen
atom forms a heterocyclic radical;

X2 is an anion; and
nis 1or?2.

2. A method according to claim 1 wherein X' is in the

4-position.
. 3.A mefhod accc.)rding.tc; ciaim 2 .whereih X' is nitro or
chioro. -
4. A method according to claim 3 wherein Z is N- R'.
5. A method according to claim 4 wherein R is methyl.
6. A fnethéd according to claim 3 wherein Zis O.
7. A method according to claim 1 wherein M is sodium or
potassium. '
8. A method according to claim 7 wherein Y is alkyl.
9. A method according to claim 8 wherein Y is methyl.
10. A method according to claim 7 wherein Y is OM or
OH.

* C L M -] *

PCT/US99/24416
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11. A methad according to claim 1 wherein X2 is selected
from the group consisting of chloride, bromide and methanesulfonate.

12. A method according to claim 11 wherein X? is
chioride.

13. A method according to claim 1 wherein the solvent is
a chlorinated aromatic hydrocarben.

14. A method according to claim 13 wherein the solvent
is o-dichlorobenzene or 1,2 4-trichlorobenzene.

15. A method according to claim 1 wherein the reaction
temperature is at least about 150°C.

18. A method according to claim 1 wherein the molar
ratio of carboxylate to substituted phthalic compound is in the range of
about 1.0-1.5:1.

17. A method according to claim 1 wherein each of R*” is
ethylandnis 1.

18. A method according to claim 1 wherein each of R?7 is
n-propyl and n is 1.

19. A method according to claim 1 wherein the phase
transfer catalyst is present in the amount of about 1-15 mole percent
based on substituted phthalic compound.

20. A method according to claim 1 wherein a carboxylic
acid is employed as an additional catalyst.

21. A method according to claim 20 wherein the
carboxylic acid is 4-chlorobenzoic acid.

22. A method according to claim 20 wherein the
carboxylic acid is present in the amount of about 1-10 mole percent
based on substituted phthalic compound.

S

Tl
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23. A method for preparing an oxybnsphthahc compound
ofthe formula :

wherein Zis O or N CH3, whnch comprises contactlng a substituted
5 phthalic compound of the formula

O .
wherein X' is halo or nitro, with at least one carboxylate of the formula
| KO;—C—Y ,

wherein Y is Cy.g alkyl, OK or OH, in a substantially non-polar solvent
10  and in the presence of at least one phase transfer catalyst, said
catalyst being a guamdmlum salt of the formula

wherein: _ \\“\“\c\\\‘\\“\\“\\

s Sheet Has Been Replaced

HI||I\| Tiu
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didi-of R2, R3, R%, R, R®and R’ i§ ethyl or n-propyl.

15
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