
WO 03/050103 PCT/US02/35114  PREPARATION OF SUBSTITUTED PHTHALIC ANHYDRIDES
AND SUBSTITUTED PHTHALIMIDES  BACKGROUND OF THE INVENTION The disclosure
relates to a process for the formation of substituted phthalic anhydrides
and substituted-N-alkyl-phthalimides from the corresponding
substituted-N-alkyl- tetrahydrophthalimides. This disclosure particularly
relates to a process for the  formation of halophthalic anhydrides and
halogen substituted-N-alkyl-phthalimides  from the corresponding halogen
substituted-N-alkyl-tetrahydrophthalimides. The increasing importance of
high performance polyimides has led to an increased  interest in
substituted phthalic anhydrides, especially halophthalic anhydrides.
Halophthalic anhydrides are particularly useful as intermediates for the
preparation of  dianhydride monomers, such as oxydiphthalic anhydride which
may be co- polymerized with a suitable diamine to form a condensation
polyimide. The  preparation of dianhydride monomers for the high
performance polymer industry  requires halophthalic anhydrides of very high
purity, since the presence of even what  normally would be considered as
minor amounts of impurities would degrade the  polymer product and perhaps
render the product unsuitable for certain uses. It is known that
3-chlorophthalic anhydride can be obtained by oxidation of 3-chloro-
o-xylene with, for example, nitric acid at elevated temperature and
elevated pressure  and subsequent conversion to the anhydride of the
3-chlorophthalic acid formed in the  oxidation. The isomerically pure
3-chloro-o-xylene is obtained by distillative  separation of the products
of the nuclear chlorination of o-xylene, but this distillative  separation
is extremely complicated because of the low boiling point differences
(relative volatilities) of 3- and 4-chloro-o-xylene. An industrial column
for the  simultaneous preparation of 3-chloro-o-xylene and
4-chloro-o-xylene in purities of, in  each case, above 99% needs, in the
case of continuous operation, approximately 250  theoretical separation
stages. Other separation processes for separating the isomers,  such as
fractional crystallization, are no less complicated. 



1 WO 03/050103 PCT/US02/35114  Nanophthlaic anhydrides may also be prepared
by the aromatization of halo- substituted saturated or partially saturated
phthalic anhydrides. Substituted  tetrahydrophthalic anhydrides may be
aromatized using a halogen such as bromine or  chlorine, a brominating
agent, phosphorous pentoxide, excess sulfur in combination  with a
catalytic amount of zinc oxide and 2-mercaptobenxothiazole, palladium, or
activated carbon in the absence of air. Each of these approaches to
aromatization  suffers from drawbacks such as the production of highly
corrosive by-products, low  yields, decarboxylation, and difficulty in the
isolation of the desired product. 3-Chlorophthalic anhydride can also be
prepared from 3-nitrophthalic anhydride by  replacement of the nitro group
by chlorine. The 3-nitrophthalic anhydride needed for  this is prepared in
three process steps by nitration of phthalic anhydride in moderate  yield,
isomer separation of the nitrophthalic acids formed by fractional
crystallization,  and conversion to the anhydride. This multistage and
complicated route, which  additionally gives poor yields, is not very
suitable for industrial use. The chlorination of phthalic anhydride using
Lewis acid catalysts leads to mixtures  that contain not only the two
isomeric 3- and 4-chlorophthalic anhydrides, which are  separable by
distillation, but also more highly chlorinated phthalic anhydrides.
Specialized distillation equipment is required to separate the desired
isomer from the  close boiling points mixture. Although the chemical
literature discloses a variety of methods for the preparation of
substituted phthalic anhydrides, it will be appreciated that a need
continues to exist for  a more economical and efficient process, suitable
for the preparation of high purity  halophthalic anhydrides. BRIEF SUMMARY
OF THE INVENTION The needs discussed above have been generally satisfied by
the discovery of a process  for the formation of halophthalic anhydrides
comprising heating a halogen substituted- N-alkyl tetrahydrophthalimide in
the presence of a metal catalyst and an oxygen  



containing gas. 2 WO 03/050103 PCT/US02/35114  In another aspect, a process
for the formation of halogen substituted-N-alkyl- phthalimide comprises
heating a halogen substituted-N-alkyl tetrahydrophthalimide in  the
presence of a metal catalyst and an oxygen containing gas. BRIEF
DESCRIPTION OF THE DRAWINGS  Not applicable. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS As indicated above, this invention relates to a novel
process for the formation of  halophthalic anhydrides and halogen
substituted-N-alkyl-phthalimides from the  corresponding halogen
substituted-N-alkyl-tetrahydrophthalimide by passing the  halogen
substituted-N-alkyl-tetrahydrophthalimide over a metal catalyst, preferably
vanadium oxide, in the gaseous phase in the presence of an oxygen
containing gas.  By selection of the reaction temperature, reaction time,
and catalyst, high conversions  and purity of the substituted anhydride or
imide can be selectively obtained. In a first embodiment, a halogen
substituted-N-alkyl-tetrahydrophthalimide of the  formula 0  Y N -X  O
where Y is a halogen and X is a straight chain or branched alkyl moiety
having 1 to  about 18 carbons is heated in the gaseous phase in the
presence of a metal catalyst and  an oxygen containing gas to result in a
halophthalic anhydride of the formula O  Y O  O 



3 WO 03/050103 PCT/US02/35114  In a second embodiment, a halogen
substituted-N-alkyl-tetrahydrophthalimide of the  formula O  Y N -X  O
where Y is a halogen and X is straight chain or branched alkyl moiety
having 1 to  about 18 carbons is heated in the gaseous phase in the
presence of a metal catalyst and  oxygen to result in a halogen
substituted-N-alkyl-phthalimide of the formula O  Y N X  O In a third
embodiment, a halogen substituted-N-alkyl-tetrahydrophthalimide of the
formula O  Y N -X  O where Y is a halogen and X is a straight chain or
branched alkyl moiety having 1 to  about 18 carbons is passed, in the
gaseous phase, over vanadium oxide in the presence  of oxygen at a
temperature and rate sufficient to result in at least a 90% conversion of
the halogen substituted-N-alkyl-tetrahydrophthalimide to a halophthalic
anhydride of  the formula O  Y 0  



O In a fourth embodiment, a halogen
substituted-N-alkyl-tetrahydrophthalimide of the  formula 4 WO 03/050103
PCT/US02/35114  O  N -X O  where Y is a halogen and X is a straight chain
or branched alkyl moiety of having 1 to  about 18 carbons is passed over,
in the gaseous phase, a metal catalyst in the presence  of oxygen at a
temperature and rate sufficient to result in at least a 90% conversion of
the halogen substituted-N-alkyl-tetrahydrophthalimide to a halogen
substituted-N- alkyl-phthalimide of the formula O  Y NX  O These and other
embodiments will become apparent in the detailed description of the
invention that follows. The starting material for the formation of
halophthalic anhydrides and halogen  substituted N-alkyl-phthalimides is
4-halo-N-alkyl-tetrahydrophthalimide of the  formula O  Y NX  O wherein Y
is a halogen and X is a straight chain or branched alkyl moiety having 1 to
about 18 carbons in length. These compounds are conveniently prepared by
the  known Diels-Alder reaction of the 2-halo-1,3-butadiene with maleic
anhydride to  



result in the 4-halo-tetrahydrophthalic anhydride of the formula O  Y O  O
C4 5 WO 03/050103 PCT/US02/35114  wherein Y is a halogen, preferably
chlorine. A detailed description of the methods of  synthesizing these
starting materials is disclosed in U.S. Pat. No. 5,003,088 to Spohn.  It
was discovered that side reactions, such as decarboxylation and carbon
formation,  could be avoided by converting the anhydride to the imide for
the aromatization  reaction. The anhydride is imidized with a primary
amine, preferably straight chain or  branched alkyl amine having 1 to about
18 carbons, using standard techniques of the  art to afford the
4-halo-N-alkyl-tetrahydrophthalimide. In some embodiments, chloroprene,
maleic anhydride, and methyl amine are utilized  as the precursors to
result in a 4-halo-N-alkyl-tetrahydrophthalimide of the formula 0  N -X  O
wherein Y is chlorine and X is methyl. Suitable catalysts for the
conversion of 4-halo-N-alkyl-tetrahydrophthalimide include  the platinum,
palladium, rhodium, ruthenium, rhenium, iridium, copper or nickel,  either
in elemental form or as a metal oxide compound or complex thereof, either
unsupported or on a suitable support. Other suitable catalysts include
copper  chromite, which is believed to have the formula CuO  Cr203,
chromium oxide,  molybdenum oxide, tungsten oxide, and vanadium oxide.
Useful catalyst supports include, for example, activated carbon, charcoal,
silicon  carbide, silica gel, alumina, acidic silica-alumina, silica,
titania, zirconia, kieselguhr,  



mixed rare earth oxides, carbonates, barium carbonate, barium sulfate,
calcium  carbonate, pumice, silica alumina mixtures, zeolites, and the
like. Supported  catalysts, such as those described in U.S. Pat. No
5,792,719 to Erbele containing  vanadium oxide are useful. Preferred
catalysts include those comprising a reducible oxide of vanadium supported
on a material selected from clays, zeolitic materials of the
metallo-silicate or metallo- 6 WO 03/050103 PCT/US02/35114
alumino-phosphate type, and oxides of a second metal selected from Ti, Zr,
Zn, Th,  Mg, Ca, Ba, Si and Al. These catalysts have superior
dehydrogenation activity when  the vanadium has a valency such that it is
not in its most reduced state. Other suitable  catalytic complexes include
cuprous oxide, cupric oxide and the M compounds where  M is Pd, Pt, Ni, Rh,
or Ru, and is bound in the structure by phosphine, phosphite or  carbamyl
ligands. As previously mentioned, preferred catalysts include those
containing the oxides of  vanadium, for example V205, V7013, VO, V02, V203,
V307, or mixtures thereof.  Especially preferred are catalysts containing
V205. Useful oxygen containing gases include gases or combinations of gases
which are a  source of molecular oxygen (02), for example 100% oxygen and
mixtures of oxygen  with an inert gas with a sufficient concentration of
oxygen to effect aromatization.  Sufficient oxygen concentrations typically
are greater than or equal to about 6%  oxygen, preferably greater than or
equal to about 15%, more preferably greater than or  equal to about 20%.
Clearly mixtures with greater than or equal to about 50% oxygen  may also
be used. As will be appreciated by one of skill in the art, the
concentration  of oxygen may affect the rate of the reaction. A preferred
oxygen containing gas is  air. The aromatization reaction is preferably
conducted in the vapor phase. The reaction  may be carried out in any
suitable reactor configuration. For example, the reaction  may be performed
in a fixed-bed, moving bed, ebullating bed reactor, or other as is  



within the ability of the person skilled in the art to determine. A
preferred reactor  configuration is the fixed-bed reactor. Typical
fixed-bed reactors are, for example, metallic reaction tubes that are
collected  into tube-bundle reactors and are surrounded by a heat exchange
medium. Generally,  the reaction tubes are arranged vertically and the
reaction mixture flows through them  from the top. The reaction tubes are
generally surrounded by a heat exchange medium  that serves the dual
purpose of both heating the tubes and removing heat from the  tube, if
necessary. 7 WO 03/050103 PCT/US02/35114  A portion of the tube contains
the catalyst that is fixed in place by means of holders  fitted in the
vicinity of the lower ends of the tubes. The reaction tubes can, if
desired,  be charged in layers with catalyst of different types, shapes,
and sizes. The reaction procedure involves heating, for example,
4-chloro-N-methyl- tetrahydrophthalimide until it melts and vaporizes. The
vapors are pumped into the  reaction tube. Air, or a gas mixture containing
oxygen, is also passed into the heated  reaction tube. The two gases are
mixed as they pass through the tube entering the  region of the tube
wherein the catalyst is located. The reaction occurs in the catalyst
region and the products are vented from the tube into a cooler container
allowing the  collection of the aromatized compounds. The mechanism of the
reaction described  above is believed to involve the removal of hydrogens
from the saturated ring which  unite with the oxygen in the air flow to
create water. The water produced is allowed  to escape or is trapped in,
for example, an aqueous media. The entry of air, or a gas containing
oxygen, into the reactor may be undertaken in  several ways. Methods
include, for example, using a pressurized flow into the entry  end of the
reactor tube, or by applying a vacuum to the outlet of the collection
and/or  trap units. Either method is satisfactory for the movement of the
gases through the  reactor. The process may also be conducted by dissolving
the starting material in an inert  



volatile solvent and passing the solution into the heated reactor and
allowing  vaporization to occur therein, before passage into the section of
the reactor containing  the catalyst. When a solution of the starting
material is employed, a solvent such as acetic acid is  used, and the
solution is fed into the reactor by a pump or by gravity where the
elevated temperature of the reactor and the air flow vaporizes the solvent
solution for  passage into the reaction zone containing the catalyst. The
temperature used is that which selectively favors the formation of
halo-N-alkyl- phthalimide or halophthalic anhydride as reaction products.
The process is preferably  8 WO 03/050103 PCT/US02/35114  run at a
temperature in the reaction zone of between about 200 and about 400C,
preferably between about 240 and 350C. When the temperature of the reaction
zone  is less than about 290C and preferably when the temperature is
controlled to 260C d  about 10C, it was unexpectedly found that essentially
complete conversion to the  halo-N-alkyl-phthalimide could be obtained.
Conversely, when the temperature of the  reaction zone is above about 290C
and preferably when the temperature is controlled  to 305C  about 10C, it
was unexpectedly found that essentially complete  conversion to the
halo-phthalic anhydride could be obtained. By essentially complete  it is
meant that less than about 5% impurities are produced. The determination of
the  most desirable temperature for a given reaction is within the ability
of the person  skilled in the art. Flow rates through the reaction column
also affect the degree of conversion and the  product distribution
obtained. The contact time for halo-N-alkyl- tetrahydrophthalimide within
the reaction zone in the presence of the catalyst should  be sufficient to
provide for essentially complete conversion of the halo-N-alkyl-
tetrahydrophthalimide to the halo-N-alkyl-phthalimide or halophthalic
anhydride.  Thus, the required contact time can vary depending on
parameters such as the  geometry and dimensions of the reactor system, the
density of the catalyst, and the  



remaining activity of the catalyst. The term "contact time" can be defined
as the  length of time the starting material, i.e.
halo-N-alkyl-tetrahydrophthalimide, and the  catalyst are in intimate
contact in the reaction zone. As the reaction proceeds and the  activity of
the catalyst declines, the residence time may be adjusted and made
increasingly longer to adapt to the momentary state of the catalyst in such
a manner  that quantitative conversion is just reached at all times. A
diluent gas for adjustment  of the space velocity may be used such as, for
example, nitrogen, argon, or helium.  Reactor conditions can be adjusted
without undue experimentation through  continuous monitoring of the product
distribution through techniques standard in the  art. One standard
technique is gas chromatography. After the aromatization reaction, the
substituted phthalic anhydride can be used  directly for further reactions
or may be purified by standard techniques, including  9 WO 03/050103
PCT/US02/35114  crystallization or distillation. If the reactor conditions
are operated in a manner that  results in aromatization to the
substituted-N-alkyl-phthalimide, the imide may also be  utilized directly
or likewise be purified. The imide may also be converted to the  anhydride
through hydrolysis and subsequent ring closure. Halo-substituents may also
be exchanged for other moieties. For example, chlorophthalic anhydride may
be  converted to the fluoro-analogue through reaction with potassium
fluoride. The  fluorophthalic anhydride may subsequently be converted to
various ethers, for  example, through techniques known in the art. ALL
PATENTS CITED ARE INCORPORATED HEREIN BY REFERENCE. The following specific
examples are provided to further illustrate this invention and  the manner
in which it may be carried out. It will be understood, however, that the
specific details given in the examples have been chosen for purpose of
illustration and  are not to be construed as limitations on the invention.
EXPERIMENTAL  Solution reactions. 



A mixture of 5 parts by weight of 4-chloro-N-methyl tetrahydrophthalimide
and 1 part  by weight of catalyst in 73 parts by weight of trichlorobenzene
was brought to reflux  under a spurge of air. The reaction was maintained
at reflux for about 4 hours, with  stirring. The reaction mixture was then
cooled to about room temperature. Analysis of  the reaction product was
made using gas chromatography-mass spectrometry. The  results are contained
in Table 1. 10 WO 03/050103 PCT/US02/35114  Table 1. Catalyst time (hr)
yield (%)  Calgon activated carbon type 4 1.6  s-sorb 12 12x30 V205 4 0
Pt/C 4 1  Pd/C 4 1  As noted by the solution data of Table 1, aromatization
to the desired halo-N-alkyl phthalimide or halophthalic anhydride in
solution was extremely poor.  Gas phase reactions. Gas phase reactions were
carried out in a hot-tube reactor that was packed with about  13 grams of a
catalyst containing V205. The inlet of the hot-tube reactor was  connected
to a flow controller and heated syringe pump. The flow controller managed
the flow of purified air which was varied according to Tables 2 and 3. The
heated  syringe pump contained 4-chloro-N-methyl tetrahydrophthalimide and
delivered it to  the hot tube reactor at a constant rate of 0.05
milliliters per minute. The outlet of the  hot tube reactor was connected
to a receiver cooled in an ice-bath where the reaction  products were
collected. The hot-tube reactor was maintained at the desired  temperature.
The reaction product was analyzed by gas chromatographic techniques  after
the system had equilibrated for the desired amount of time. Results after
10-20  minutes of equilibration are contained in Table 2. Results after 30
minutes of  



equilibration are contained in Table 3. 11 WO 03/050103 PCT/US02/35114
Table 2. Flow of Air Temp. (C) 40 ml/min 90 ml/min 140 ml/min  260 84% SM
0% SM 9% SM  14% C1PI 100% C1PI 91% C1PI  0% DeCl 0% DeCI 0% DeCI  0% CIPA
0% CIPA 0% CIPA 305 0% SM 0% SM 0% SM  71% C1PI 4% C1PI 0% C1PI  4% DeCI 1%
DeCI 3% DeCI  24% C1PA 95% C1PA 97% C1PA 350 0% SM 0% SM - 12% C1PI 0% CIPI
- 5% DeCI 10% DeCl - 80% C1PA 87% C1PA  SM = 4-chloro-N-methyl
tetrahydrophthalimide, C1PI = 4-chloro-N-methyl  phthalimide; DeCl =
dechlorination by-product; C1PA = 4-chlorophthalic anhydride  12 WO
03/050103 PCT/US02/35114  Table 3. Flow of Air Temp. (C) 40 ml/min 90
ml/min  260 1% SM 8% SM  99% CIPI 92% C1PI  0% DeC1 0% DeCI  0% CIPA 0%
CIPA 



280 0% SM 2% SM  100% C1PI 93% C1PI  0% DeCI 2% DeC1  0% C1PA 2% C1PA SM =
4-chloro-N-methyl tetrahydrophthalimide, C1PI = 4-chloro-N-methyl
phthalimide; DeC1= dechlorination by-product; CIPA = 4-chlorophthalic
anhydride  As noted by the gas phase reaction data contained in Tables 2
and 3, reaction  condition selection can lead to either the
4-chloro-N-methyl phthalimide or 4- chlorophthalic anhydride directly. It
was unexpected that conditions could be  established, e.g., 305C, wherein
very high conversions directly to the anhydride  could be directly achieved
from the imidized starting material. Likewise it was  unexpected that
conditions could be established, e.g., at 260C, to achieve essentially
quantitative aromatization to 4-chloro-N-methyl phthalimide. Given the
above  information one of ordinary skill in the art could readily
manipulate the reaction  conditions to optimize the yield of the desired
product. The preceding examples are set forth to illustrate specific
embodiments of the  invention and are not intended to limit its scope.
Additional embodiments and  advantages within the scope of the claimed
invention will be apparent to one or  ordinary skill in the art. 13 WO
03/050103 PCT/US02/35114  WHAT IS CLAIMED IS: 1. A process for the
preparation of a halogen substituted phthalic anhydride of the  formula O
Y O  0 comprising heating a halogen
substituted-N-alkyl-tetrahydrophthalimide of the  



formula O  N -X  O wherein Y is a halogen and X is a straight chain or
branched alkyl moiety of from 1 to  about 18 carbons to a temperature
greater than about 290C in the presence of metal  catalyst and
oxygen-containing gas. 2. The process of claim 1, wherein metal catalyst
comprises an oxide of vanadium.  3. The process of claim 1, wherein the
oxygen containing gas is air. 4. The process of claim 1, wherein the
temperature of the process and the flow of the  halogen
substituted-N-alkyl-tetrahydrophthalimide over the metal catalyst is at a
rate  sufficient to result in a conversion of at least 90% to the
corresponding substituted  phthalic anhydride. 5. The process of claim 1,
wherein the temperature of the process is 305C  about  10C. 6. The process
of claim 1, wherein Y is chlorine.  14 WO 03/050103 PCT/US02/35114  7. A
process for the preparation of a halogen substituted-N-alkyl-phthalimide of
the  formula O  Y N -X  O comprising heating a halogen
substituted-N-alkyl-tetrahydrophthalimide of the  formula O  N -X  O 



wherein Y is a halogen and X is a straight chain or branched alkyl moiety
of from 1 to  about 18 carbons in the gaseous phase to a temperature less
than about 290C in the  presence of metal catalyst and oxygen-containing
gas. 8. The process of claim 7, wherein the temperature and flow rate of
the process is  sufficient to result in a conversion of at least 90% of the
halogen substituted-N-alkyl- tetrahydrophthalimide to the corresponding
halogen substituted N-alkyl-phthalimide.  9. The process of claim 7,
wherein metal catalyst comprises an oxide of vanadium. 10. The process of
claim 7, wherein the oxygen containing gas is air. 11. The process of claim
7, wherein the temperature of the process is 260C  about  10C. 12. The
process of claim 7, wherein Y is chlorine. 13. A process for the
preparation of a halogen substituted phthalic anhydride of the  formula 15
WO 03/050103 PCT/US02/35114  O  Y O  O comprising passing a halogen
substituted-N-alkyl-tetrahydrophthalimide of the  formula O  N -X  O
wherein y is a halogen and x is a straight chain or branched alky moiety of
1 to about  18 carbons over vanadium oxide in the presence of oxygen at a
temperature and rate  sufficient to result in at least a 90% conversion of
the halogen substituted-n-alkyl- tetrahydrophthalimide to the halogen
substituted phthalic anhydride. 14. A process for the preparation of a
halogen substituted-n- alkyl-phthalimide of the  



formula O  Y NX  O comprising passing a halogen
substituted-N-alkyl-tetrahydrophthalimid of the formula  O  iJTx O  wherein
Y is a halogen and X is a straight chain or branched alkyl moiety having 1
to  about 18 carbons over vanadium oxide in the presence of oxygen at a
temperature and  rate sufficient to result in at least a 90% conversion of
the halogen substituted-N- alkyl-tetrahydrophthalimide to the halogen
substituted-N-alkyl-phthalimide. 16 


