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Field of the Invention This invention relates generally to processes for
preparing bis(ether anhydrides). In particular, safer and nore efficient

I mdization, nitration, displacenent and ]exchange reactions leading to the
preparation of bis(ether anhydrides) are made possible as a result of
conducting the imdization step with a liquid al kylam ne wherein the al kyl
group of the al kylam ne preferably contains at |east three carbon atons. 2.
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di anhydride are two frequently used internedi ates. "Processes for preparing
such bis(ether anhydrides) can involve four internediate steps Those
process steps conprise: (1) an imidization step in which "make-up" n-al kyl
pht halim de is synthesized froman al kyl am ne and phthalic anhydride, (2) a
nitration step in which the n-aIkyI-phthaIinide Is nitrated, (3) a

di spl acenent reaction step in which the nitro substituent on the
phthalimde ring is dlsplaced and a bisimde is forned and (4) a
transformation step ("excBASKGROWNI OF THEHINVENTEIC

transformed tq, dipidbetheavélithder ably by reacti ng the bisimde with
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nitration, displacement and exchange reactions leading to the preparation
of bis(ether anhydrides) are made possible as a result of conducting the
imidization step with a liquid alkylamine wherein the alkyl group of the
alkylamine preferably contains at least three carbon atoms.
2. Brief Description of the Background Art
Processes for preparing bis(ether anhydrides) are well known.
Bis(ether anhydrides) are intermediates used to prepare polyetherimides
which are well known components for plastic automobile parts and the
like. Biphenol dianhydride and bisphenol A dianhydride are two
frequently used intermediates. Processes for preparing such bis(ether
anhydrides) can involve four intermediate steps. Those process steps
comprise:
(1) an imidization step in which "make-up" n-alkyl phthalimide is
synthesized from an alkylamine and phthalic anhydride,
(2) a nitration step in which the n-alkyl phthalimide is mtraﬁed
(3) a displacement reaction step in which the nitro substituent on
the phthalimide ring is displaced and a bisimide is formed, and
(4) a transformation step ("exchange reaction") in which the
- bisimide is transformed to dianhydride, preferably by reacting the
bisimide with phthalic anhydride in the presence of triethylamine and
water. The exchange also can be carried out by a process in which the
bisimide is hydrolyzed, acidified and dehydrated to form the desired
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2 b| s(ether anhydride). The resulting product can then be enployed to
--prepare pol yet heri m des such as ULTEM err] pol yetherim des commercially
avai l abl e from General Electric Co. See, for exanple, U S. 4,020,089 to

Mar kezi ch (imdization); US. Patents 4,902,809 to G oenaweg et al. and
4,599,429 to (dle (nitration); U S. Pakent 4,257,953 to Wllianms, |11 et

al. (displacenent); and U. S. Patents 3,957,862 and 3, 879, 428, both to Heath
et al. . (exchange reaction). As with nmany conmercial chem cal synthesis
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Methylamine is not only toxnc, but also its bonhng temperature is relatively
low, therefore rendering it gaseous at temperatures under which make-up
phthalimide is synthesized. As a result, methylamine requires special
toxic gas equipment when preparing the "make-up" phthalimide. In
addition, at least two condensers are typically employed to condense
methyl phthalimide to its more practical liquid form. The liquid
condensate which forms in the condenser, however, s_olidifies on the walls
of the condenser and creates blockages. As a result, the condenser is taken
off stream and another condenser is utilized while the blocked condenser
 is heated to remove the residue. The second condenser is similarly
removed once it becomes blocked. A safer and more efficient process thus
is desired.
In addition, the resulting methyl-derived phthalimide has a high
melting temperature and thus must be stored at temperatures of about
-133°C or higher in order to keep the "make-up" phthalimide in liquid
phase for further processing.

" The overall efficiency of nitrating methyl phthalimide is
relatively low because recycling the methyl phthalimide nitrating agent
requires a relatively inefficient nitration concentration system. After
nitrating the phthalimide ring to form a methylnitrophthalimide, the



The overall - efficiency of nitrating methyl phthalimde is relatively |ow
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The N-methyl nitrophthalimide product then is dried by
partitioning the product from water into toluene. Handling
environmentally hazardous organic solvents thus is required. Organic
solvents also are required in the displacement reaction which forms the
bisimide.

Further problems and inefficiencies are presented when
extracting the by-products created by the displacement reaction of .
methylnitrophthalimides with the salts of sodium bisphenol. These by-
products typically are extracted at temperatures of about 85°C using alkali
solutions at concentrations of about 1 to about 5% alkali. Extractions with
such solutions can cause hydrolysis of the desired bisimide product, and
as a result, the time, temperature and alkali concentration must be
monitored in order to minimize such hydrolysis.

Displacement reactions with N-methyl nitrophthalimides also
can be carried out to only about a 22% solids level in the bisimide reaction
mixture, If the reaction is allowed to run to a higher solids level, bisimide
product precipitates out of the solvent. In addition, substantial amounts
of organic solvents are required for processing mixtures at these levels of
solids. Running this reaction to a higher, and thus more efficient, solids
level thus is difficult and limited.



such sol utions can cause hydrolysis of the desired bisimde product, and as
aresult, the tinme, tenperature and al kali concentration nust be nonitored
in order to mnimze such hydrolysis. Displacenent reactions wth N nethyl
ni trophthalim des also can be carried out to only about a 22% solids |evel
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and (ii) |icdestrednhydride; (b) nitrating the N-al kyl phthalinide to produce
a N-alkyl SUMMARY OF THE INVENTION
The foregoing disadvantages are overcome by the present
invention. The inventive method includes the steps of (a) synthesizing an
N-alkyl phthalimide from (i) liquid alkylamine and (ii) liquid anhydride;
®) nitrating the N-alkyl phthalimide to produce a N-alkyl
nitrophthalimide; (c) purifying the N-alkyl nitrophthalimide employing
liquid/liquid extraction or vacuum distillation; (d) drying the extracted or
distilled N-alkyl nitrophthalimide under substantially solventless
conditions; (e) reacting the dried N-alkyl nitrophthalimide with a
bisphenol alkali salt to form a bisimide wherein the solids level of the
reaction is at least 30% by weight; (f) hydrolyzing the bisimide to form a
tetra-acid salt; and (g) acidifying and dehydrating the tetra-acid salt to
form the bis(ether anhydride).
The liquid alkylamine employed in the imidization step
preferably contains three or more carbon atoms. As explained more fully
below, the presence of such an alkyl group in the various reaction
intermediates further improves the total efficiency of the bis(ether
anhydride) preparation.
Butyl and propyl amines are preferred lnquld alkylamines in
some instances because of their relatively low cost. When employing a
continuous process of preparing bisimides and/or bis(ether anhydrides)




ni trophthalimde; (c) purifying the N-alkyl nitrophthalim de enploying
Tiquid/liquid extraction or vacuumdistillation; (d) drying the extracted
or distilled N-alkyl nitrophthalimde under substantially solventless
conditions; (e) reacting the dried N-alkyl nitrophthalimde with a
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of the nitrating agent; and (c) purifying the N—alkyl nitrophthalimide employing
liquid/liquid extraction or vacuum distillation. This process thus
alleviates the need to run an inefficient belt filter process. As mentioned
earlier, the belt filter process consumes substantial amounts of water.
Moreover, the extracted or distilled N-alkyl nitrophthalimide now can be
dried under substantially solventless conditions, which also reduces the
amount of water consumption during the nitration process.
Alkylnitrophthalimides according to this invention (wherein the
alkyl group has three or more carbon atoms) have a relatively high
solubility and provide for bisimide preparation reaction mixtures having
a solids level previously not obtained with methyl nitrophthalimides.
Substantial amounts of solvent thus are avoided and higher throughput of
substantially pure bisimide product is provided when employing this
invention. As a result, bisimides suitable for preparing a bis(ether
anhydride) now can be prepared by (a) providing a N-alkyl
nitrophthalimide and a bisphenol alkali metal salt; (b) reacting the N-alkyl
nitrophthalimide and the salt at a solids level of at least about 30% by
weight solids to form a substantially pure bisimide; and (c) extracting the
bisimide. The bisimide also can be prepared under substéntially
solventless conditions, e.g., at a 100% solids level.
As mentioned above, any or all of these steps can be employed in
a bis(ether anhydride) preparation process. In the alternative, one of the



nitrating agent; and (c) purifying the N-al kyl nitrophthalimde enploying
liquid/liquid extraction or vacuumdistillation. This process thus
alleviates the need to run an inefficient belt filter process. As nmentioned
earlier, the belt filter process consunes substantial anmounts of water.
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dried under substantially solventless conditions, which also reduces the
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| approximately 180°C under nitrogen, the N-alkyl phthalimides prepared
according to this invention can be stored as a melt, for example, at about
40°C, i.e., the approximate melting point of N-butyl phthalimide. The
alkylphthalimide according to this invention has a formula

wherein R is at least a C3, and preferably a C3-Cg alkyl.

The choice of the number of carbon atoms in the alkyl group "R"
depends on the desired reaction product, process speed and efficiencies
for the particular process being conducted. Lower alkylamines such as n-
propylamine and n-butylamine are particularly preferred. The propyl
group provides for materials which are easier to purify. The propyl-
derived products produced during nitration reactions in the preparation
of bisphenol A dianhydride, for example, are easier to purify than butyl-
derived products. As discussed in more detail below, purification of



i nvention are |iquids at anbient conditions and have boiling points in the
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Other suitable alkyl groups include n-hexyl and t-butyl. As
mentioned above, the selection of a particular alkylamine depends on several
factors familiar to those of ordinary skill in this field who will be able to
make such selection based on the teachings herein.

An N-alkyl phthalimide prepared according to this invention is
nitrated to prepare N-alkyl nitrophthalimides. The N-alkylphthalimide is
nitrated using known processes or by using the nitration process according to
this invention. Known methods of nitration are described in U.S. Patents
4,902,809 and 4,599,429. The nitration process according to this invention is
described below.

Suitable nitrating agents for nitrating the N-alkylphthalimide
invention include a nifric acid solution having a concentration of at least
about 94% and preferably a concentration in the range of from about 97.5 to
about 100% by weight, with the balance being water. While nitric acids of
lower concentration are useful for the nitration process, the use of such
concentrations results in processes which are too slow to be cost effective.
Nitric acid solutions of at least 94% are available commercially. In the
alternative, such solutions may be prepared by known concentrating methods
from more widely available commercial nitric acid of 60 to 67%
concentration. Thus, a preferred concentration range of the nitric acid is from
60-99% and more preferrably
from 90-99%. The concentrated nitric acid also may be mixed with



to this invention nore efficient The inproved solubility of the

butyl -derived materials over propyl-derived materials is especially

hi ghlighted in the preparation of biphenol bisimdes. For this reason, the
butyl -derived materials are preferred when preparing such di anhydri des. The
solubility of various al kyl-derived ingdes, nitroimde, bisimdes, etc., in
tol uene are disclosed in Table 5. The boiling tenperatures and nelting
tenperatures of the conpounds according to this invention also are included
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The process is run such that the percent solids in the nitration step
ranges from about 10% to about 50% by weight.

The concentrated nitric acid and the N-alkylphthalimide are mixed
together in a reactor or reactors preferably equipped with a stirrer and means
for heating or cooling the reactor. The reactor(s) may be such as to allow for -
either batch or continuous processing.

Specific variations in the design of the process systems employed to
practice the nitration according to the present invention are known to those
skilled in the art. For example, it is possible to use one or more reactors in
series or parallel which operate in the plug flow mode with or without radial

- mixing and with or without heating or cooling. Alternatively, it is possible to
use one or more reactors in series or parallel which operate in the back
mixing mode, again with or without heating and cooling and operating in a
batch or continuous mode. Finally, it also is possible to use a combination of
reactors with features of both the foregoing. The nitration reaction mixture's
energy content, especially at lower nitric acid ratios, also must be taken into
account when designing the process equipment.

The mode of mixing and the sequence of addition of reactants is not
critical to the present invention. Feed of the reactants may either be into the
first reactor or be portioned among the reactors if more than one




8 anot her concentrated acid such as sulfonic acid, or sulfuric acid having
‘a concentration of 70-102% and preferrably from 95-100% to prepare a
nitrating agent suitable for this invention. The anmount of concentrated
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While the hemperature at which the reaction is run has a o
significant impact on reaction rate, the specific reactants used and the ratio
of reactants in the reaction mix also influence the reaction rate. With
respect to the latter, the higher the concentration of the nitric acid in the
initial mix or as added during continuous processing the faster the
reaction rate. The specific alkyl group on the N-alkylphthalimide also is
found to influence reaction rate. Finally, with respect to the ratio of the

' reactant mix, it is found that the rate of reaction increases as the ratio of
nitric acid to N-alkylphthalimide increases. The most dramatic reaction
rate increase, in this respect, being noted as the reactant ratio approaches
about 10.

Thus by varying any one or all of the foregoing, one may
significantly increase or decrease the time for which the reaction should
run to obtain optimum yield. In general, with a reaction run ata '
temperature within the preferred range, e.g., 20°C-60°C, up to about 90%
or greater yield may be obtained within three hours. Optionally, these



account when designing the process equi pnent The node of m xing and the
‘'sequence of addition of reactants is not critical to the present invention.
Feed of the reactants nay either be into the first reactor or be portioned
anong the reactors if nore than one 9 reactor is used, or they nay be
entered at different |ocations.of the rBhctor or reactors. Further, the
reactants may be pre-mxed before entering the reaction process or they may
be fed separatel It also is possible that one or both reactants are
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influence on the isomer ratio.

The ratio of 4- to 3-isomer may also affect the melting
temperature of the N-alkyl nitrophthalimide. Compositions comprising
primarily 3-isomers have lower melting points than those compositions
comprising primarily 4-isomers. The lower melting temperatures of the
former compositions, thus, make it easier to run the displacement reaction
under solventless conditions as discussed later below.

_ N-alkyl nitrophthalimide resulting from the nitration reaction
has a formula of

wherein R is an alkyl group preferably having at least three carbons, and
preferably having three to six carbons.

The resulting N-alkyl nitrophthalimide is recovered by first
removing, for later recycle, as much nitrating agent, e.g., strong nitric
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The higher nitric acid solubility of alkylmtrophthahmldes
according to this invention allows the alkylnitrophthalimide to remain in
solution at higher solids levels during a falling film evaporator process.
Water and nitrating agent thus can be removed to levels at which a more
efficient liquid/liquid extraction or vacuum distillation can purify the
nitrophthalimide product.

As indicated earlier, the alkyl nitrophthalimide product that is
prepared according to this invention is stable at temperatures at which
they are liquid, and thus can be recovered and purified in liquid/liquid
extraction processes, e.g., conventional extraction processes using hot
aqueous solutions or hot alkali solutions such as bicarbonate solution
wherein a solution of the product is washed. The product also can be
distilled at high vacuum and condensed to give purified molten product.
It is not possible to effectively employ either of these two purification
steps when synthesizing methyl-derived nitrophthalimides. Both
processes are conducted at temperatures at which n-methyl-denved
products melt and decompose.

Purification of butylnitrophthalimides by liquid/liquid ex-
traction preferably comprises pretreating the butyl-derived material prior
to extraction with concentrated acid, e.g., a small amount of concentrated
sulfuric acid (acid that is about 95-98% by weight sulfuric acid),
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former conpositions, thus, nmake it easier to run the displacenent reaction
‘under solventless conditions as discussed | ater bel ow. N alkyl
nitrophthalimde resulting fromthe nitration reaction has a formnul a of
[err] wherein Ris an al kyl group preferably having at |east three carbons,
and preferably having three to six carhgns. The resulting N al kyl
nitrophthalimde is recovered by first renoving, for later recycle, as nuch
nitrating agent, e.g., strong nitric 11 acid, as possible. Wien N-alkyl
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When N-alkyl nitrophthalimides are prepared according to this
invention, other drying steps can be used. Butyl-substituted
nitrophthalimide is molten at a temperature of about 95°C and can be
dried in a column using heat and/or vacuum to remove residual water.
On the other hand, if the solvent based drying system similar to that
employed for the methyl-derived nitrophthalimides is to be employed, the
nitrophthalimide can be dried under near solventless conditions, i.e., up
to about 100% solids. As mentioned earlier, these solventless conditions
are possible due to the melting and enhanced solubility characteristics of
the products containing alkyl groups having at least 3 carbon atoms. The
melting temperatures of the alkyl nitrophthalimides produced according
to this invention are provided in Table 5. N-alkyl nitrophthalimides
prepared from preferred alkylamines, e.g., amines derived from alkyls
having 3 to 6 carbon atoms, have a melting temperature in the range of
about 90 to about 135°C and solubilities of at least about 11% by weight,
and in a number of instances 50% or greater in toluene at room
temperature. Once dry, the N-alkyl nitrophthalimide is further processed
to prepare bisimide.



As indicated earlier, the alkyl nitrophthalimde product that is prepared
‘according to this invention is stable at tenperatures at which they are

| iquid, and thus can be recovered and purified in liquid/liquid extraction
processes, e.g., conventional extraction processes using hot aqueous
solutions or hot alkali solutions such13s bi carbonate sol ution wherein a
solution of the product is washed. The product also can be distilled at
hi gh vacuum and condensed to give purified nolten product It is not
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wherein Rl is a C(6-30) aromatic organic radical, M is an alkali metal ion,
R is an alkyl having at least 3 carbons, and preferably 3 to 6 carbons. The
reaction of the salt and substituted phthalimide can be carried outin the
presence of a nonpolar organic solvent and an effective amount of a phase
transfer catalyst.

R1 more particularly includes



very detrinmental to the displacenent reaction which follows the nitration
reaction. When N-al kyl nitrophthalim des are prepared according to this

i nvention, other drying steps can be used. Butyl-substituted
nitrophthalimde is nolten at a tenperature of about 95 err]C and can be
dried in a colum using heat and/or va uumto renove residual water. On the
other hand, if the solvent based dryi g systemsimlar to that enployed for
the nethyl-derived nitrophthalimdes is to be enpl oyed, the '

ni trophthal i m de can be gehed undeyj—Rear sol ventless conditions, i.e., up
to about 100% sol i ds. @ i :--o@ ter, these solventless conditions
are possible due to the M¥ting ans—€nhanced solubility characteristics of
t he products containing al kyl groups having at | east 3 carbon atons. The

melting tenperatures of the al kyl nitrophtdgali m des produced according to

this invention are proyigded in Tabke 5. N-al ni t ropht hal i m des prepared
frompreferred al kyl e.g., nes
carbon atons, have a Ing tenpaature in

—from al kyls having 3 to 6
range of about 90 to about
135[err]C and solubilities of at |east about 11% by weight, and in a nunber
of instances 50% orCHx eat er in GHal uene Elature. Once dry, the
N-al kyl nitrophthalimn er proc epare bisimde. 13
Bi sim des are prepare S between the N al kyl
nitrophthalim de and salts of DI sphenol gonpositiong, Suitable bisphenol
salts are those al kali netal phenoxi de*%al ts of the®farnul a. Rerr]-(OM2
For instance, bisinthigs SBucliras &Mgnatise et her bisim desBef the fornula
[err] ' :

C(CHy)y

CHy Br Br CHy Br Br

and divalent organic radicals of the general formula
—~O—x—0O)—

where X is a member selected from the class consisting of divalent radicals
of the formula

O O
Lol
CyHyy-, -, S5, -O- and S
O
—O——, and ——S—, where m is 0 or 1, and y is a whole number from

1to 5.

Some of the alkali salts of the above-described alkali phenoxide
are sodium and potassium salts of dihydric phenols, for example,
2,2-bis-(2-hydroxyphenyl)propane, |
2,4'-dihydroxyphenylmethane,
bis(2-hydroxyphenyl)methane,
2,2-bis~(4-hydroxyphenyl)propane hereinafter identified as "bisphenol-A"
or "BPA",
1,1-bis-(4-hydroxyphenyl)ethane,



are prepared by heating the alkali netal bisphenol salt above and an N

al kyl nitrophthalimde of the fornula, [err] wherein Rlerr] is a C(6-30)
aromatic organic radical, Mis an alkali netal ion, Ris an al kyl having at
| east 3 carbons, and preferably 3 to 6 carbons. The reaction of the salt
and substituted phthalimde can be carrfsed out in the presence of a

nonpol ar organi ¢ solvent and an effective anmount of a phase transfer
catalyst Rl nore particularly includes 14 [err] and dival ent organic

radi cal s of 4t \oﬁg X is a menber selected fromthe class
consi sting of g‘n@ﬂoxﬁ ca&?p 'ﬁeé formula -O, and -S-, where mis O
or 1, and y 2Zb byérqmmny)psﬁﬁpezo 5. Some of the alkali salts of the

above- descr i3npid|, 413 aﬂgé;@}@g es0di um and potassiumsalts of dihydric
phenol s, for g& 2IH hydr oxyphenyl ) pr opane,
2,4 - di hydr & ‘?ﬁﬁ Bh%“y |s(2 hydr oxyphenyl ) net hane,

2, 2- bi s-(4- qudlhydWBﬁ;&,b'phmdmthylbiphéwl, identified as "bi sphenol -A" or
"BPA", 1, 1- t§ ifi Q% 1§ﬂ§h&% hane, 15

1, 1- b| s- (4- Hydr
4'-dlhydroxydlpi1 yisulfone,

2,4'-dihydroxydiphenylsulfone,
4,4'-dihydroxydiphenylsulfoxide,
4,4'-dihydroxydiphenylsulfide,
hydroquinone,

resorcinol,
3,4'-dihydroxydiphenylmethane,
4,4'-dihydroxybenzophenone,
and 4,4'-dihydroxydiphenylether.

Preferred nitrophthalimides are, for example, 4-nitro,N-
butylphthalimide; 3-nifro,N-butylphthalimide; 4-nitro,N-
hexylphthalimide; 3-nitro,N-hexylphthalimide; 4-nitro,N- |
propylphthalimide; and 3-nitro,N-propylphthalimide.

- One method of preparing bisimide is to bring to reflux a
heterogeneous mixture of an aqueous solution of alkali metal
bisphenoxide salt and a nonpolar organic solvent having a boiling point of
from 80°C to 200°C at 760 torr, with the removal of solvent until it can be
recovered substantially free of water. An effective amount of phase
transfer catalyst also is employed. Nonpolar organic solvents, such as
toluene, can dissolve up to about 0.05% by weight water without affecting
its clarity. Small amounts of residual water can therefore be readily
detected. In forming the heterogeneous mixture, the order of addition of
the nonpolar organic solvent and the aqueous solution of the alkali metal
phenoxide salt is not critical. There is preferably used substantially
stoichiometric equivalents of alkali metal hydroxide and bisphenol in
forming the alkali metal phenoxide salt; however, up to a 0.5 mole%
stoichiometric excess of alkali metal hydroxide can be tolerated without
substantially adverse results in the displacement reaction. Other methods




2, 2-bi s- (4-hydroxyphenyl ) pent ane, 3, 3-bi s(4- hydroxyphenyl ) pent ane,
4, 4" -di hydr oxybi phenyl , 4,4'-di hydroxy-3, 3,5, 5-tetranet hyl bi phenyl
2, 4' -di hydroxybenzophenone, 4, 4'-di hydroxydi phenyl sul f one,

2, 4' - di hydr oxydi phenyl sul fone, 4, 4'-di hydroxydi phenyl sul f oxi de,

4, 4' - di hydr oxydi phenyl sul fi de, hydroquiléone, resorcinol,

3, 4' -di hydr oxydi phenyl net hane, 4, 4-di hydr oxybenzophenone, and

4, 4" - di hydr oxydi phenyl ether. Preferred nitrophthalim des are, for exanple,
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The phase transfer catalyst can be utilized at from 0.0005
equivalent to 2 equivalents of the catalyst, per equivalent of alkali
bisphenoxide and preferably from 0.01 to 0.05 equivalent. Nonpolar
organic solvents which can be employed in the practice of the present
invention include, for example, toluene, xylene, chlorobenzene and

benzene.

Another method of preparing bisimide employs dipolar aprotic
organic solvents, such as those described in U.S. Patent 3,957,862 and U.S.
Patent 3,879,428, the contents of both incorporated herein by reference.

Reaction between the nitroimide and diphenoxide to produce the
bisimide can be effected under an inert gas atmosphere such as nitrogen at
5°C to 100°C under substantially anhydrous conditions and in the
presence of dipolar aprotic organic solvent such as dimethyl sulfoxide,
N,N-dimethylformamide, N-methylpyrrolidine, N,N-dimethylacetamide,
etc. Mixtures of such solvents with non-polar solvents such as toluene,
chlorobenzene, efc. also can be employed. Reaction time can vary
between 1 minute to 100 minutes or more depending upon temperature,
degree of agitation, etc. A proportion of from 1.8 to 2.5 moles of
nitroimide, per mole of diphenoxide can be used.

While higher or lower amounts of the reactant will not
substantially interfere with the formation of the desired bisimide, about 2



substantially adverse results in the displacenent reaction. O her nethods
16 for preparing the alkali netal hydroxide salt are described in U S

Pat ent 4, 202, 993. The phase transfer catal ysts suitable for the

di spl acenent reaction are, for exanple, tetrabutyl anmoni um brom de,

t et rapr opyl anmoni um broni de, tetrabutyl Bmoni um chl ori de,
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chl oride, tetraheptyl ammoni um chloride, Aliquat 336 phase transfer catal yst
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alkyl groups containing three or more carbon atoms allows such solids
levels. That solubility also provides for the higher throughput of product
in the displacement reaction. The solubilities of these compounds also
allow for extractions of displacement reaction by-products at temperatures
below the temperatures typically used with the methyl-derived products. -
Savings in energy costs thus can be realized as well. The solubilities of
various alkylnitrophthalimides produced according to this invention are
tabulated in Table 5 below. On the other hand, and as mentioned earlier,
displacement reactions using N-methyl nitrophthalimide and, e.g.,
bisphenol-A disodium salt can effectively only be run to about 20% solids
in the reaction mixture because of the methyl-derived product's limited
solubility in toluene at 85°C.

Displacement reactions involving methyl-derived N-methyl
nitrophthalimide and biphenoxide salts, when such reactions are run at
solids levels of more than 20%, lead to products having unacceptable
amounts of impurities, as well as incur increased costs due to processing
the solid product which precipitates out of the reaction mixture at such
solids levels. Reactions of biphenoxide salts with N-butyl-4-
nitrophthalimide according to this invention, on the other hand,
substantially avoid these problems and allow for a substantially pure
displacement reaction product, e.g., product containing less than 1 part
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corresponding nitrate ester discussed earlier with regard to the butyl-

derived nitrophthalimide is not found. Butyl-derived nitrophthalimides,

however, are preferred in some instances because of their lower melting

points and higher solubilities in the solvents discussed above for the

bisimide reaction. . _

| . The bisimide resulting from the displacement reaction
can be further processed for introduction to an exchange reaction by
removing solvent, if any, to give molten bisimide. Solvent is removed
using conventional processes such as flashing off the solvent and holding
the bisimide melt at approximately 260°C. This flashing step, however,
need not be employed if a solventless displacement reaction is conducted

L using alkyls according to this invention. Moreover, the melt of bisimide
prepared according to this invention can be held at lower temperatures,
e.g., 100°C for butyl-derived bisimides.

The exchange reaction can be conducted utilizing conventional
techniques. Transformation of the bisimide preferably is carried out
under known conditions by reacting the bisimide in its molten state with
aqueous phthalic acid solution and triethylamine as described in U.S.
Patent 4,318,857 to Webb et al., the contents of which are incorporated
herein by reference. Itis preferable to run this reaction at a temperature in
the range of about 180°C to about 240°C. The resulting reaction product




in the reaction m xture because of the nmethyl-derived product's limted
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butyl-derived materials are used), etc. In addition, the rate of hydrolysis
is greatly accelerated by carrying out the reaction at above atmospheric
pressures at temperatures in the range of from 100°C to 220°C.
The tetra-acid salt thereafter can be acidified with a mineral acid,
such as a dilute aqueous solution of hydrochloric acid, etc. The resulting
tetra-acid is dehydrated and recrystallized by standard techniques, e.g.,
refluxing with a dehydrating agent such as acetic anhydride.
In order that those skilled in the art will better able to practice
this invention, the following examples are given by way of illustration,
and not by way of limitation.

Example 1

Synthesis of "Make-Up" N-Butylphthalimide
A 10-gallon stainless steel reactor equipped with a turbine blade

impeller, cooling coil, distilling condenser, azeotropic separator,
thermocouple probe and means to maintain a nitrogen atmosphere, was
charged with 15.335 kg (103.53 moles) phthalic anhydride. N-butylamine
(7.663 kg, 104.57 moles) from a pressure vessel was slowly added to the
reactor which was at room temperature, e.g., about 25°C. The resulting
exothermic reaction between the amine and phthalic anhydride was
continued until the temperature in the reactor rose to 90°C, at which time
addition of amine was complete. The reaction mixture was then heated,



bi sim de reaction. The bisimde resulting fromthe di splacenent reaction
'can be further processed for introduction to an exchange reaction by
renoving solvent, if any, to give nolten bisimde. Solvent is renoved using
conventional processes such as flashing off the solvent and hol ding the
bisimde nelt at approximately 260C ThRe fl ashing step, however, need not
be enployed if a solventless displacenent reaction is conducted using

al kyl s according to this invention. Mreover, the nelt of bisimde prepared
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reacti on product en 1s extr ted WI h an organic solvent. The
aqueous m xture then is stripped fr tractlon solution to recover
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controlled water bath. The reaction product was then fed to a wiped film

evaporaitor that was heated at 100°C and under vacuum (30mm). The

bulk of the nitric acid was distilled off and the liquid product, i.e., 4-nitro-

N-butylphthalimide and 3-nitro-N-butylphthalimide in a ratio of about

25:1, was isolated as a liquid which rapidly solidified to about 98% solids

~ upon cooling in the collection vessel. Depending on the operation of the
evaporator, the residual nitric acid in the product was less than 3% by
weight, and was as low as 0.1% by weight.

Example 2A

Alternative Synthesis of Nitro-N-Butylphthalimide
A 100-mL 3-necked, round-bottomed flask was charged with

67.6g of 96% sulfuric acid and 20g of N-butylphthalimide. An addition
funnel was charged with 7.36g of 96% sulfuric acid and 8.4g of 96% nitric
acid. The reaction was run at 19.3% solids by weight. The reaction vessel
was heated to 35-40°C using an external water bath. When the N-
Butylphthalimide had dissolved in the sulfuric acid, the nitric/sulfuric
acid mixture was added dropwise at a rate such that the temperature in
the vessel did not exceed 50-55°C. The addition time was typically 0.5
hours. The vessel was maintained at 45°C for at least 3 hours at which
time the reaction was determined by HPLC analysis to be completed.
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tenperature, pressure, etc. The organic am ne by-product can be renoved by
'standard procedures, such as steamdistillation, decantation (when '
butyl -derived materials are used), etc. In addition, the rate of hydrolysis
is greatly accelerated by carrying out the reaction at above atnospheric
pressures at tenperatures in the range 2F from 100C to 220C. The tetra-acid
salt thereafter can be acidified wth a mneral acid, such as a dilute
aqueous solution of hydrochloric acid, etc. The resulting tetra-acid is
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contained a 4-nitro group on the aromatic ring). It is therefore desirable to
run the mixed acid nitration at 30% solids to minimize the amount of yield
loss through oxidation side chemistry. The unreacted N-butylphthalimide
can ultimately be recovered in the exchange loop. A 30% solids level
reaction can also be run by using less sulfuric acid.

The purified products can then be used in a phase transfer ,
catalyzed reaction with BPA disodium sait to afford >98% butyl bisimide.

Example3 .

Liquid/Liquid Washing of Nitro-N-Butylphthalimide
About 500 g of product isolated from the wiped film evaporator

in Example 2 was charged to a one liter jacketed resin kettle, equipped
with a mechanical stirrer. The product was melted by hot oil which was
recirculated through the jacket at 110°C. A nitrate ester impurity, i.e., the
nitrate ester of 4-nitro-N-(3-hydroxybutyl)phthalimide, then was removed
by converting the impurity to its corresponding alcohol and removing the
alcohol with a basic aqueous wash. In particular, the nitrate ester
impurity was converted to an alcohol by treating the material with a 95-
98% by weight sulfuric acid at 100°C for 1 min. The sulfuric acid solution
was added to the melted product in an amount of about 1% by weight.
The product and converted alcohol were then washed by adding 500 mL
of water at 100°C, agitating the components for 30 seconds, and then



35C and was produced at a 95%vyield. Exanple 2 Synthesis of

‘Ni tro-N-Butyl phthalimde A 3-necked, 5-liter round-bottoned flask, equipped
w th a mechanical stirrer, was charged with 4,259 g (67.6 noles) of 99%
nitric acid. To the flask was added 524.9 g (2.58 nol es) N butyl phthalim de
as a liquid at such a rate as to keep t3P reaction tenperature under
40[err] C. The addition of the N butyl phthalimde was conpleted in about a
hal f hour. The reaction was then heated for six hours to 50Cin a
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nitric acid.; Thg, reaction s run at 19. 3% solids by weight. The reaction
vessel was HEifBH#e: o 35-40C using an external water bath. \Wen the N
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tine the reagldobMatrodRLGHEH PREthimide-in 28pRtolabmRe EShRfinR BRXE BF-
C¢B catalyst. The reaction gave 98% bisimide.
When the above displacement reaction was run without
removing the nitrate ester impurity from the butyl-derived materials, very
low yields of about 30-70% bisimide were obtained.
Yield loss, e.g., about 2-10% by weight, also was experienced
when stronger, e.g., 2% by weight basic aqueous washes were used in the
pretreatment step. The larger yield loss can be attributed to greater
product hydrolysis that occurs with more base.

Example 4

Alternative Washing of Nitro-N-Butylphthalimide
The product isolated in Example 2 was again treated with-

sulfuric acid (1 wt % of 98% sulfric acid), but then dissolved in 0.1-1
volume equivalents of toluene with respect to the volume of product and
washed with the aqueous sodium bicarbonate regents at 80°C. Yields of
greater than 99% nitro-N-butylphthalimide were obtained.

Example 5

Synthesis of Nitro-N-Propylphthalimide
N-propylphthalimide (50g) was nitrated in 500g 99% nitric acid
to produce 4-nitro-N-propylphthalimide under conditions described in
Example 2.




21 The nitration m xture was then poured into water such that the strength
of the sulfuric acid was 50% by wei ght. The m xture was heated to 100C and
stirred for 5 mnutes. The stirring was ceased and a two phase |iquid
liquid systemresulted. The bottom aqueous phase was drawn of f using a

pi pette. The organi c phase solidified @8on cooling to give a 90-94%yield
of nitro-N-butyl phthalimde. The ratio of 4-nitro-N butylphthalimde to
3-nitro- N-butyl pht hali m de was 15-20: 1. The product phase could then be

purified using Conmtﬂesaﬁn f&ﬁf&iw retipitatdd VRto whtertarehthiepact ant s were
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84.1 g of material, i.e., about a 96% product yield as described in Example

3. In a subsequent displacement reaction, the product distilled by the

Kugelrohr distillation resulted in about a 97% yield of bisimide.

Example 7A

Synthesis of Butyl Bisimide
The following Examples 7A and 7B illustrate the preparation of

Butyl Bisimide in dipolar aprotic solvent. For example, 22.8g (0.1 mol) of
bisphenol-A, 300mL of dimethylsulfoxide, 100 mL of toluene, and 16.0g of
sodium hydroxide as a 50% aqueous solution (0.2 mol) is heated to reflux
under a nitrogen atmosphere using a Dean Stark trap for 5 hours to
remove the water from the system. The toluene is distilled from the vessel
after the bulk of the water is removed until the temperature of the reaction
mixture exceeds 145°C. In this way, dry bisphenol A disodium salt is
prepared. The reaction is then cooled to 50-100°C. To the dry salt
solution is added 49.6g (0.2mol) of dry 4-nitro-N-butylphthalimide under
nitrogen. The reaction is stirred for 30 minutes to 2 hours at 40-130°C, at
which time the reaction is complete as determined by HPLC analysis. The
reaction mixture is then added to 1 liter of water at which time the butyl



was added to the nelted product in an anount of about 1% by wei ght. The
product and converted al cohol were then washed by adding 500 nL of water at
100[err]C, agitating the conponents for 30 seconds, and then 22 al | owi ng
the settling, e.g., for about. 5-10 m nutes, and separation of the neat
product and aqueous phases. The producpgwas then washed with 500 nL of 0.2%
aqueous sodi um bi carbonate as descri bed for the water wash above, with a
final 500 nL water wash fol l ow ng the bicarbonate wash. Products from
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_ bisphenol A, 1 liter of water and 2 moles of sodium hydroxide. The
mixture is heated at 90°C under nitrogen to effect solution of the material
as BPA disodium salt. The vessel is then charged with 1.5 liters of
toluene, and the two phase system is brought to reflux with theuse of a -
heating mantle. Water is removed from the reaction vessel with the use of
a Dean Stark receiver. The bulk of the water is removed when no more
water separated in the Dean Stark receiver. At this point, 750 mL of the
toluene is distilled from the reaction vessel, and then 1 liter of dry toluene
is added back to the vessel. Again, toluene is distilled from the vessel (1
liter) to furnish a dry white slurry of precipitated BPA disodium salt in
toluene. The percent solids of the resulting slurry is determined by taking
a known weight of a representative sample of the material, removing the
toluene via distillation, followed by heating under vacuum (150°C, 1 torr),
and finally weighing the isolated amount of salt.
A portion of this salt slurry containing 10.0g (36.8 mmol) is then
charged to a 250 mL, 2-necked, round-bottomed flask equipped with a stir
bar, a Dean Stark receiver topped with a reflux condenser and means for
maintaining a nitrogen atmosphere. The flask is also charged with
150 mL of dimethylsulfoxide (or dimethylformamide). The reaction
vessel is heated with an external oil bath, and the toluene is distilled from
the pot. Once the bulk of the toluene is removed the temperature of the
flask is lowered to 50-70°C, then the flask is charged with 18.2g
(73.5 mmol) of 4-nitro-N-butylphthalimide. The reaction mixture is heated



vol une equi val ents of toluene with respect to the volune of product and
washed with the aqueous sodi um bi carbonate regents at 80C. Yields of
greater than 99% nitro-N butyl phthalim de were obtained. Exanple 5

Synt hesis of N tro-N-Propyl phthalimde N propyl phthalimde (509) was
nitrated in 500g 99% nnitric acid to prodiice 4-nitro-N propyl phthalim de

under conditions described in Exanple 2. 23 The reaction product was
precipitated into water and then collected by filtration. The product then
was |iquid/|iggeBe mid@iedtos hdQaedot100Pa] (h orpmétéaaﬁoﬁfls}im and then

azeotropically dried wt he rod ct was u.sed in a

di spl acerrent M%ﬂs‘&g%égbr% ﬁ F‘g éhbqu AR si nmide in
87% i sol at ed Bxashple 7X avnfford a90s96% lydsldwf plirlﬁéd bamtﬂsimuphsmublm de

Mat eri al s m?ﬂgﬁéggﬁ%qgé&ﬁanpl € 3 were distilled in a distillation
col um havin ate. The distillation was conducted at

t enperatures (and pressures) of 150C'_3m2!££_ 170C (0. 15m), and 185[err].C
(2mm). The distilled material fg & Biffliisiatiden was then used in a

di spl acenent reactlon to g| ve -‘ ET.0 rang| ng from about 97 to
99% The nat etiNBa ' goOWeRtso were distilled by
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phase transfer catalyst present. The reaction was conducted for 1.5 hours

at 125°C and a 25% solids level followed by dilute, i.e., 1% caustic washes.

b. Neat Reaction ' -

One mole equivalent of dry bisphenol A disodium salt was

reacted neat, i.e., solventless, with two equivalents of nitro-N-

butylphthalimide in the presence of 1 mole% phase transfer catalyst. The

reaction gave 94% yield of bisimide. The resulting product then was

washed with dilute caustic media.

: Example 8 _
Comparison of Prior Art Bisimide Synthesis
and Bisimide Synthesis According to This Invention
a. Prior Art Synthesis of Bisimide from 4-Nitro-N-Methylphthalimide

and Biphenol
A 250 ml three-necked round bottom flask equipped with

overhead mechanical paddle (teflon) stirrer, stopper and modified Dean-
Stark Trap fitted with reflux condenser and nitrogen inlet was charged
with 8.957g (43.45 mmol) 4-nitro-N-methylphthalimide, 0.668g (1.086
mmol, 2.5% catalyst) C6B catalyst, 0.500g (3.242 mmol) biphenyl (as an
HPLC internal standard) and 91.2 ml toluene before purging with
nitrogen for 5 minutes. The Dean-Stark was modified to allow liquid to
return from the bottom of the trap back into the reaction vessel. The trap

- was filled with calcium hydride sandwiched between a plug of .
cheesecloth below and glass wool above (to prevent calcium hydride from




Synthesis of Butyl Bisimde The follow ng Exanples 7A and 7B illustrate the
preparation of Butyl Bisimde in dipolar aprotic solvent. For exanple,
22.8g (0.1 nol) of bisphenol-A, 300nL of dinethylsulfoxide, 100 nL of

tol uene, and 16.0g of sodi um hydroxi de as a 50% aqueous solution (0.2 nol)
is heated to reflux under a nitrogen at¥psphere using a Dean Stark trap for
5 hours to rempve the water fromthe system The toluene is distilled from
the vessel after the bulk of the water is renoved until the tenperature of
the reacti onreftiing %M%ﬂéﬁoﬁ%ﬁl)]'ﬂ\é alcium walridelfacilitatathdndhgA

di sodi um sal t %‘FJF §ﬂ°are The reaction is then cooled to 50-100[err]C To
the dry salt fs RSP Y, 88(1 49. 6g (0. 2nol) of dry

4-ni tro- N butyl pht h'ﬁhe nonientwm{dlherteammsséhwereaheaheclnmaslﬂl’Crmbd for 30
mnutes to 2 fdxqe Q‘Fﬂg;(ed\/ﬂ\&t&g@l idEforis0000 ininGesP! et e as
' ana SI S. ﬁe [

e reacti ur e |s t.hen ao

determ ned b&gfp l1liter
of water at Eecooling fo\eoqm temperatuze. | ?Hﬁfé‘% i vas sto PP?FRSP
precipitate afd padelGineiglove box wndér DRitFoye tﬁ&iﬂpredel n 100-200 nL of

tol uene at 80 h nm. of 1%
aqugous_ sodi ugneL;/]dr m-ilfg‘ 29?%4 ﬁﬁémﬁ&wﬁﬂwﬁcg%ﬁonoof t he
product . Theppdwaeighed mkmlsmﬂbuhﬂ,wmmaumﬂnd tethe/redction anixbare: y '
evapor at o £ 9 fied
cuapor o1 UGS LSRR RE dighed Bl the @%‘a%é%rﬁ% e PEanpl e 78
Al t er nat i vel pitrogern and heated weﬂuaparaelﬁof’ bath. (Ehe peingial pﬂ'@!ﬂblﬂl@\ ( BPA)
di sodi um sal E ﬁ&\éd‘ﬁéfﬂwwaﬁdeﬁﬁédeatmlf@r ﬂm%uc'}ﬁﬁbegas and

o bt o o st HAED T S i
9Oferr]C undehdartémfoﬁmsabhegt A:ls quts (anp éxihliwtelyao 50 iml) veereBPA di sodi um
salt. The Vesst?\lov'ea tlt'lroeun KO L8 Uohdetiser ué.&& 25101 disposable glass
pipet, diluted with 3 ml chloroform and 0.5 ml N,N'-dimethylacetamide
and then filtered through a 0.45 micron frit prior to HPLC analysis. The
reaction was allowed to cool to room temperature before being further
processed. The product precipitated from the solution.
The solid from the toluene supernatant then was filtered,
followed by rinsing with 50-100 ml toluene. The solid was air-dried on a
Buchner funnel via suction for 40 minutes. The recovered solid weighed
14.69g and contained about 3.0g sodium nitrite. The solid was then
slurried in 50 ml 0.8% NaOH for 10 minutes, filtered and then rinsed on
the filter with 50 ml distilled and deionized water. The solids were then
dried in a vacuum oven at a temperature of 110°C and a pressure of 30
torr for 3 hours. The recovered solid weighed 10.64g, representing a
97.1% yield of bisimide. The melting temperature of the solid was in the
range of 205-207°C.

b. Synthesis of Bisimide from 4-Nitro-N-Butylphthalimide and

Biphenol
A 100 ml three-necked round bottom flask equipped with

overhead mechanical paddle (teflon) stirrer, stopper and modified Dean-
Stark Trap fitted with reflux condenser and nitrogen inlet was charged
with 8.00g (32.2 mmol) 4-nitro-N-butylphthalimide, 0.495g (0.806 mmol,




tol uene, and the two phase systemis brought to reflux with the use of a
heating mantle. Water is renoved fromthe reaction vessel with the use of a
Dean Stark receiver. The bulk of the water is renoved when no nore water
separated in the Dean Stark receiver. At this point, 750 nL of the toluene
Is distilled fromthe reaction vessel, @ad then 1 liter of dry toluene is
added back to the vessel. Again, toluene is distilled fromthe vessel (1
liter) to furnish a dry white slurry of precipitated BPA disodiumsalt in

tol uene. The2i5% estal siptsu%aan ebemegvzw Bﬁn%i)qﬁﬁgehﬂ cletaﬁfmﬂed by taking

a k f t eri r enov n t he
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bath, and th&eac %Y@*ls e.calciugy hydgide; fa dermpﬁﬂ\q)tmhgn t he
toluene i s reohubddh.t he tenperature of the flask is lowered to 50-70C, then
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40-100[ er r ] Cbatinand dplwenetveas refhixedrthroug hlﬂgzeliydnglplfetﬁo mnnmslﬂggfegg&e
yiold of BL?. P"e'aé 2o iR, The iactiPegial el Siboedd ald o
Exanpl e 7C Sph msas love hax umilen amifrogen atmasphere.Havi ng a 25% Sol i ds
Level in Solvent Bi giphéfol@isoditth 8RRI(3.9%g 6 Phithod, Whillhevadi sp! acement
process preweighed into a sample vial, was then added to the reaction mixture.
The vessel was capped, removed from the glove box, reattached to
nitrogen and heated to reflux in a 150°C oil bath. The reaction was
allowed to reflux for 2.5 hours before cooling to about 80°C.
The reaction product mixture was then washed using three 15.0
ml aliquots of an aqueous 0.8% (w/w) NaOH solution which had been
preheated to 85°C. The washes were allowed to stir for 15 minutes before
removing the aqueous layer via 10 ml pipet. The product biphenol
bisbutylimide was recovered using a Buchi rotary evaporator. About 9.0g
of product was recovered with a corresponding yield of about 95%. The
melting temperature of the product was in the range of 170-172°C.
95-99% isolated yields were obtained from reactions using 1.0-
- 2.5% hexabutylguanidinium bromide as the phase transfer catalyst. The
reaction employing this catalyst was run according to conditions disclosed

in U.S. Patent 5,132,423, the contents of which are incorporated herein by
reference.

¢. Solubilities of Meth!l-Denved Biphenol Bisimide v.Butyl-Derived
Biphenol Bisimide :
The solubilities (and melting points) of butyl-derived bisimides
and methyl-derived bisimides were measured. The solubilities of the
alkyl-derived materials below, i.e., bisalkylimides of biphenol



di sclosed in US. Patent 4,257,953. In particular, two nolar equival ents of
dry nitro-N-butyl phthalimde were reacted under reflux with 1 nol ar

equi val ent of a disodiumsalt of bisphenol A in toluene having 1 nol % phase
transfer catal yst present. The reaction was conducted for 1.5 hours at 125C
and a 25% solids level followed by dil ®8e, i.e., 1%caustic washes. b. Neat
Reacti on One nol e equi val ent of dry bisphenol A disodiumsalt was reacted
neat, i.e., solventless, with two equivalents of nitro-N butyl phthalimde
in the pr esehanh}ulndeﬁnltd%epéatBO‘t(Z.a'ﬁhfsetempnrahgrau'eﬁfasensathel on gave 94%

I'd of bisgj t
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Bi si ni de Syrwasheids a@HThl s Invention a Prior Art Synt hesi s of
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(teflon) stider %ﬁﬁ!ﬁir""%ﬂq‘ﬂﬂépfqrgﬁﬁsﬁb&H Xr"Ke‘Si'l'&H‘F‘?PFBﬂ- with reflux
ZondtenserN aercauiémmerai mgl @65ds bé Furbal 4/56- trg?s\trs?nus

nitro- %.ca S
catal yst, g‘%ﬁ%’b&w} ﬁﬁcﬁ %'b\ *p‘%igogﬁometﬁaﬁ%g?ﬁ%’%ﬁe)dﬁdar d) and
91.2 ml tol dhneepmsespthege requining theayethyl-slerivedi prodaxcts thhee Dean- St ar k

di f ack

into the LEG‘S{"?S% v “‘r'““*rﬁf&“?’“& by Sty Rdhes B WO ERIR) produce Zﬂ‘é“
sandwi ched §9 P %9945?6‘541919@%%1&%1 a}Iprosesses eas (to

prevent cal cmum-m@fﬁtﬁﬁc{egom 26 returning to the reaction vessel). The
cal ciumhydride facilitated dryi ng of thle eqctl on sol ut| on.

Comparison of the Melting Points and Solubllmes in Toluene
at 80°C of Various Bisalkvliimides of Biphenol Dianhvdride

Parameter Methyl Ethyl n-Propyl n-Butyl -n-Hexyl Cyclohex
Point (°C) 205-207 211 211 172-174 136 246-250
Solubility in

Toulene <1% 7% 5% 20% >50% b

at 80°Ca 20% ~80%

aSolubililty is given in % solids = (weight of bisimide)/(weight of bisimide +
weight of toluene).

bThe solubility was determined to be <5% solids in refluxing toluene.

d. Purity of Methgl-Derived Biphenol Bisimide v.

Butyl-Derived Biphenol Bisimide

Solid impurities present in the reaction mixture for preparing

bisimides contaminated the solid bisimide product when the product
precipitates out of solution during processing and reflux. Many of these
impurities cannot be washed free of the product prior to the exchange
reaction because the washing techniques are only effective for washing the
surface of the particles. As a result, the outcome of the exchange reaction
is adversely affected when the bisimide product is introduced to the
exchange reaction mixture. The bisimide product derived from butyi
materials do not incur these problems because the butyl-derived product
is soluble enough to remain in solution during processing at reflux. The



The contents of the reaction vessel were heated in a 150[err]C oil bath and
tol uene was refluxed through the hydride for 50-90 m nutes before cooling
to roomtenperature. The reaction vessel was stoppered and placed in a

gl ove box under a nitrogen atnosphere. Bi phenol disodiumsalt (5.000g,
21.72 mmol ), which was prewei ghed into 22 sanple vial, was then added to the
reaction m xture. The vessel was capped, renoved fromthe gl ove box,
reattached to nitrogen and heated to reflux in a 150[err]C oil bath. The
poi nt at whilmityl-derived product therefede iscin sotutios thierebyavoiding-thetkostski net i c
pur poses, - a @geg I L hQr 1 a1 The
reacti on was L#\ er sﬁ%%ﬁ%i@@ﬂfi@ﬂh@%@%ﬁp %%ﬁ@a%g%#gﬁ émj&%%o m )
ver e r enovedProdust with inapurities alseds minimizassi ng a 1.0 nl di sposabl e gl ass
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reacti on wasPHft oﬂg'gemlmv{a)gﬁ% s, PHW@’B@P@S@% %ﬁv?@rther

pr ?)cessed. Thisimpides prodpeed apddrdingits tlﬁﬂiml?mtibgi. bllrhe)metﬂ'dids ﬁsédhﬁ: fromt rr]rie

t ol uene supe [ lier y rinsing with 50-100

t ol uene. Theé%ﬁééﬁ@y%‘@%ﬁdegeolﬁﬁgcﬁ ié’\rw'funnel via suction for 40

m nutes. The recovered solid weighed 14. 69g and cont ai ned about 3.0g sodi um
nitrite. The solid was then slurried in 50 m 0.8% NaCH for 10 m nutes,
filtered and then rinsed on the filter with 50 ml distilled and dei oni zed
water. The solids were then dried in a vacuum oven at a tenperature of 110C
and a pressure of 30 torr for 3 hours. The recovered solid weighed 10. 64g,
representing a 97.1%yield of bisimde. The nelting tenperature of the
solid was in the range of 205-207C. b. Synthesis of Bisimde from

4-Ni tro-NButyl phthalim de and Bi phenol A 100 ml three-necked round bottom
fl ask equi pped with overhead nechani cal paddle (teflon) stirrer, stopper
and nodified Dean- Stark Trap fitted with refl ux condenser and nitrogen

inlet was charged with 8.00g (32.2 mmol ) 4-nitro-N butyl phthalimde, 0.495g
(0.806 mol,



27 2.5% catal yst) C6B catal yst, 0.400g (2.59 mml) biphenyl (as an HPLC
internal standard) and 16.4 nml tol uene before purging with nitrogen for 5
m nutes. The Dean-Stark was nodified to allow liquid to return fromthe
bottom of the trap back into the reaction vessel. The trap was filled with
cal ci um hydri de sandwi ched between a pl uggof cheesecloth bel ow and gl ass
wool above to prevent calciumhydride fromreturning to the reaction
-vessel. The calcium hydride facilitated drying of the reaction solution.
The contents of the reaction vessel we ?@gted in a 150C oil bath and

t ol uene was refl uxed hrough the hydr| or 50 m nutes before cooling to
roomtenperature. The=¥X 2 : duchBiphenoh Bisimides| i n a gl ove

box under a nitrogen at sphe' 6 M&hgppfwggélt (3.71q, 16 1 mol),

whi ch was pre hed into a sanple, vial d .t g
m xture. The Q@% capped, REvCt ; g1 isi ttached to

nitrogen and Bipherol¢o reflux in a 150[e0r]C oi | bat h. 100+¢00 i on was
allowed to refllNﬁr&sz 5 hours before cooling to about 80[err]C The
reacti on product m xt'ure was_then washed using three 15.0 ml aliquots of an
aqueous O. 8%(\”‘!&"!&5@1‘%‘@4‘%& on whi ch had been preheated to 85[err]C. The
washes were aI4J.N N-o stir for 15 mnutes before renoviggp \AEEE‘ aqueous

| ayer via 10 The duct bi phenol bisbutylim de recovered

usi ng a Buchi rtﬁgg'g'gp'é%gm or. About 9.0g of product was recovered with a
cor r espondi ng Momdichidec about 95% The meDting tenper at uBe-200 ppifi Pr oduct

was in the r ang 3&:170 172[err] C. 95-99% i sol at ed ylewre obt ai ned
fromreacti ons fl ng 1.0- 2.5% hexabut Bg'hl di ni um br FPPhe phase

transfer cata The reaction enpl o} 6g>pm| s catal yst >0 ppm according
to conditionspddscl osed in US Patent 52115!7, #23, the contentg of which are

i ncor por at ed reinb .
P %en‘f) y 3.2 ppm e

aButylimide prepared according to Example 8(b) herein.

bMethylimide prepared according to Example 8(a) herein.

CMeasured by high pressure liquid chromatography (HPLC) vs biphenyl
internal standard.

dMeasured by Inductively Coupled Plasma.

€Was not measured.

| Table 3
Effect of Reaction Concentration on

Displacement Rates and Yields

% Solids at
Which Reaction
Was Run % C6B Catalyst HPLC Yield . Isolated Yield
15 25 ~ 749 - 74.2
20 25 82.6 82.1
30 25 87.3 89.9
40 25 96.5 96.0

50 25 98.0 98.3



reference. c. Solubilities of Methyl-Derived Bi phenol Bisimde

v. Butyl - Deri ved Bi phenol Bisinide The solubilities (and nelting points) of
butyl -derived bisimdes and net hyl -deri ved bi si m des were neasured. The
solubilities of the alkyl-derived materials below, i.e., bisalkylimdes of
bi phenol 28 di anhydri.de in toluene at3180C This tenperature represents
the tenperature at which the toluene phase of the displacenent reaction is
washed with dilute NaOH As indicated in Table 1 below, the solubility of

the nethyl- derived material was equegxaﬁlerg | ess than 1% by weight in
t ol uene. Because conmerci a I V|a S Qrocesses age .ru at hi gher percent
solids, the nethyl-derived=HFd SUMEE he reaction mixture

in those processes, thereby reqmnggthéssoﬂaBMDNerlved products to be

lated by filtratigQp t. Th
Ih;(rjld?l ﬁg o?‘/ slol | aa Iroduc% c#me scﬁgﬁ%e%éﬁﬂ?ﬁgfoégéh&&@ﬁggfore ©
i ncur i neffi dIRIAS enohds bisbuty limide;@hibalic aphydrides and
Sol ubilities theth amﬂ@aaam%ré/e&hau&eal smdsubk HusBabddixe!

Di-anhydri d P | Oycl oh
Pornt ([err] &he ﬂ%ﬂ inesraccording to thplipventlon £3h be i atgsollds Tyl 50 *

Sol ubl[ lit ]yCI[ rreimd:ehigher than thattypical df prior art dxdhange redtlivns, e.g., }esd% b
at 80[err

is given in 3@%?"&"1 “( thbsr 'g}eshmhgg)s?l(l%rﬁégf %@ﬁ%‘%@sgl \l/Jvet?: leh![ t gf
tol uene). bTHbreughput intthe plantrndlowerphthalivanhydride ('BA" n ref | uxi ng
tol uene. concentration in recycle.
a. Reaction Having 44% by Weight Solids
The apparatus used for this exchange reaction was a one liter
autoclave manufactured by Parr Associates equipped with mechanical
stirring, a vent port with external valve, a sampling port consisting of a
tube which extends nearly to the bottom of the inside of the vessel and an
external valve, an addition port with valve, a pressure gauge, a
thermocouple well for measuring temperature and a safety pressure
release valve. A stainless steel bottle with valves at both ends was
attached to the addition port. One end of the bottle was connected to a
high pressure nitrogen line for the purposes of pressurizing the bottle.
Both the autoclave and the addition bottle had thermocouple wells for
temperature measurement and were wrapped with heating tape' which
was plugged into a variable transformer for temperature control.
Additionally, the autoclave was placed on a hot plate which also was used
as a heat source.
Bisphenol-A bisbutylimide was prepared by imidizing 2 moles
bisphenol-A dianhydride (BPADA) with 2 moles of freshly distilled n-
butylamine in acetic acid. The reaction was run for five hours. Acetic
K acid was removed via distillation, followed by a toluene wash to
azeotropically remove the last traces of acetic acid. The toluene/bisimide
solution then was stripped of toluene on a rotary evaporator, thereby
providing a viscous oil. The oil was dissolved in 3:1 ratio of ethanol/ethyl
acetate at reflux and then cooled to produce white crystals having a




d. Purity of Methyl-Derived Bi phenol Bisimde v. Butyl-Derived Bi phenol
Bisimde Solid inpurities present in the reaction mxture for preparing

bi si m des contam nated the solid bisimde product when the product

preci pitates out of solution during processing and reflux. Many of these

I mpurities cannot be washed free of the3product prior to the exchange
reacti on because the washing techniques are only effective for washing the
surface of the particles. As a result, the outconme of the exchange reaction

i s adversel yneiﬁﬂg ﬁlmetnetrbﬁg@bmzmdtptraétu&mxaewgmcadtédo the
exchange reagtion ur The (gl simde p erjved fro butyI

material s doaTTBPghﬁbleﬁa asing BFE%SBBGEPEH&C"P@°B & uPOR o0 ¥RAy oduct i s
sol ubl e enougimoval; avehite p! bv\&tdrutlon durl ng processing at reflux. The 29
of brocessi ng subst f%?ﬁ%aﬁa%e@a#% 5 o lfrEe B s o 07
prf)'duct wth?OhQQdezségég:&phemhﬁ wbnbdmll mdm;io%edsvlﬂlmt‘d?eh |hn Table 2
bel ow i s exefrpbaufoivéd ARGk éé)g‘@ = gﬂﬁtht e prior
art and butyl -deri ved m de ce %cor di ng to nvention. The
met hods used? @Bﬁﬂu%fbﬂﬂgr%idj) 'H'Pf@?? 04.1230 Tapl e
2 Conpar i songedmbof watetand therwpu edamﬂeﬂmog@nslméimﬁ:fmﬁo&m yl vs.

II\B/Fts Ih%l dg{ grc res 3&%}}? ﬁ@fy@fﬂ&e to bisimide tHe Whs g 2R Thd Fafib of mﬁﬁtﬂ%’% ppm
' to phthalic anhydride was 1.5. The reaction mixture contained 30% by
weight water.

The autoclave and addition bottle were both heated to 210°C
before pressurizing the bottle to a pressure greater than that in the
autoclave. To the stirring autoclave mixture was then added the molten
bisimide from the addition bottle by opening the valve on the bottle.

Samples were removed from the sample port after 30 and 60
minutes for workup and analysis. These samples were stripped of solvent
by heating the samples for 5 minutes at 250°C and 2-10 torr to remove
volatiles and to ring close the tetraacid triethylamine salts to dianhydride
and any residual amide acids to imides. The resulting materials were
cooled to room temperature and analyzed to determine the percent
exchange. :

Equilibrium of the statistical reaction mixture was reached after
30 minutes. The percent exchange was about 73-77%.

b. Reaction Having 54% by Weight Solids

The same apparatus and procedure used in the low solids level
exchange were used in the high solids level reaction. The addition bottle
was charged with 63.0 grams (0.100 moles) of bisphenol-A bisbutylimide,
prepared as described for the low solids level reactions, and then purged
with nitrogen. The autoclave was charged with 59.25 grams (0.4000 mole)
phthalic anhydride, 48.5767 grams (0.4800 moles) triethylamine (TEA),
and 55.6 grams of water, thereby running the reaction with a phthalic
anhydride/bisimide ratio of 4.0 and a triethylamine/phthalic anhydride



4-Nitro-Np butyl phthalimde[err] 4-Nitry-N -

500 ppm net hyl phthal i m de[err] Mnoi m de[err] 0
30-200 ppm Nitride[err] <1l ppm 200- 400 ppm
Na[ err] 12. 6 ppm >400 ppm Fed

2.1 ppm e Zn[err]: 33 3.2 ppm

e aButylim de prepared according to Exanple 8(b) herein.
prepared according to Exanple 8(a) herein.

| i quid chroratio®f 3/hyThéEkéhange reagtivinydached equilibréamnitcatsbutddeasur ed by

bMet hyl i m de
[err] Measured by high pressure

I nductively Coupled Bl asnf. ;e\\as n S __Table 3 Effect of Reaction
Concentrat i 6" 'a§‘81 %gﬁﬁﬂfnﬁgf’ggg%ﬁggﬁ%ﬁggg% Solids at Which Reaction

Was Run
74.9
2.5
96.0 50

% C6B (Ehesadreantagepf thevhulylisystemodeardlie methyl sgstem is that

2.5

Bu%l?_ﬂgtﬁi:ﬁ{heanhydriggg aétd4§u@lbisimide hav«.gg gﬁeater solubility éﬁg 130

toluene than the methyl analogg, Fherefore, the colymmextraetiory, anpl e 9

Exchange ReagfitieRcyivill tvgddakérsdrid fRult in increased hydraulic loading to the

column (increased throughput, aimost doubled, and lower operating
costs). Energy savings in stripping toluene also resulit.

Example 10

) Zone Refining
The solventless purification of 4-NPBI was achieved through the

implementation of zone-refining methodology. The purification
procedure was performed by loading crude molten 4-NPBI (m.p.88-92°C;
pure 4-NPBI m.p. 94-95°C) into a quartz (or pyrex) reactor tube, and
allowing the dark yellow-orange liquid to solidify. The reactor tubes
were 71cm long with an outside diameter of 11-14mm and an inside
diameter of 6-11lmm. The tube reactors were mounted vertically in a
double-pass zone-melting apparatus. The two furnaces were initially set
at 89 + 1°C. The purification process was studied by heating in either the
upward or the downward direction. The heater transverse rate was set
between 2 and 8 inches per hour. The process was cycled through from 1
to 25 passes. _ :

Under the reaction conditions, the major contaminants moved in
the direction of increasing gravity (downward): i.e. 3-nitro-N-

_ butylphthalimide (3-NPBL m.p. 68-70°C), N-butylphthalimide (N-BPL

m.p. 32-35°C). However, the data indicate that some of the more highly
colored compounds enrich in the direction the furnaces move: i.e. 4-nitro-
N-(3-nitrooxybutyl)phthalimide (Bob3; m.p. 67-68°C), and 4-nitro-N-(4-
nitrooxybutyl)phthalimide (Bob4). In general, the concentrations of all the
contaminants could be reduced such that the crude 4-NPBI was greater
than 99+% pure. Furthermore, the purified materials exhibited
substantially lower YI values than did the initial crude 4-NPBL



and Synt hesis of BPADA Two exchange reactions synthesi zing bi sphenol -

di anhydri de ("BPADA") from bi sphenol - A bisbutylimde, phthalic anhydride,
triethylam ne and water were conducted. These exanples illustrate that the
al kyl am nes according to this invention can be run at a solids |evel
reaction higher than that typical of pﬁ4or art exchange reactions, e.g.,

| ess than 30% by wei ght solids. The higher solids reactions obtain higher
t hroughput in the clant and | oner phthalic anhydride ("PA") concentration
in recycle. 3¢ i : ining)?oo by Wei ght Sol i ds The apparatus used for

this exchange reactc&ae\@ ssir @Ppp&lamen E30he S NEBL WA |

Associ ates e wth rre sti port  with, external

val ve, a sarﬁgﬁlﬁ‘gﬁg‘é‘? °W“&S?'G'E§§s-\)ﬁ:lﬁprp‘£9&lélﬂﬂ§(‘ﬂé’$ﬁq acidy ¢ he

b_Otth om Iof kuu@m&.v&rﬁdiemmwxc awmlhee;;efnmwmcueﬂatmnddltlon port

Wi val ve, essure uring temperature

and a safet ﬁﬂ%@?@#ﬂﬁ%%ﬁ%w 0 {%g‘é@gqlgggéms‘ﬁ%p%l val ves

at bot h endsintma lmmethiddwaﬂedhplaxmuhedn dy d2mmid. Wnminyflength ot t | e was
ted t

the bottIc. Tay AP SERES W?‘*S"ﬁ? Afbet ’bﬂéﬂﬁﬁzﬁ%ﬂ‘eﬁ&“““ 4

ave tlon ernocoupl e
wel I's for te‘iﬁb@rﬂfﬁw égmre ‘élR/\F%'i!ﬁ) furnacgs aRd t ape which
nas f' ggglefl sdmeleﬁt mmétblaemkh&ﬁé i\QISéTPéd acﬁdi*to&li@%héiréﬁﬁeﬁdﬁhé leim ple - .

it Y, e | ace ch al so was use
as a heat soWPEéﬁdBa Fﬂaﬁlﬂt“ Mg H»‘PP %Fﬁb}“gawcfam dizing 2

nol es bi spherghaifiedi Mct{ueﬂedml msﬂl&wedltesohdnfyr Thel reackiost i | | ed n-

but yl am ne i r etic acid
vas’ removed 61"%‘*%%%E“%%ﬂdéq%f?ﬁm%ﬁ%?&h%ﬂ moliot Sf-pRielal | © FF)
renove the | appanatus; cEhefeacton tubeavasicapped with anitrogen bubkler &0 allown t hen
was strippedgdga ﬂﬂwgfs %ﬂﬂﬁ%ar@amm%mélhermwbwm&g a viscous
' il was ISf ve

oil. The oil rati o of ethanol/ethyl acetate at refl ux
and then cooWede iy e crystal s having a

The samples we;'e heated in only one vertical direction at a time.
Heating in either direction was found to have its own advantage or
disadvantage depending on the source of the 4-NPBL The furnaces were
turned off during the recycle stage where they moved from the end of the
reactor tube back to the starting point; heat-up and cool-down delays
were programmed into each run cycle such that the furhaces were close to
thermal equilibrium before they began moving in either direction.
Heating in both directions (ovens always on) was not.examined. The
furnaces traversed the reactor vessel at 4 inches per hour. A total of 3 to
10 passes were examined.

Upon completion of the purification procedure, the color of the
crystalline 4-NPBI in the reactor was noted to range from white to light
yellow depending on its position in the reactor. Starting at the 4-NPBI
apex, the material was analyzed in 4-6 inch sections using standard HPLC
procedures.

General Nomenclature/ abbrevnahons Note: 4-nitro-N-(3-
hydroxybutyl)phthalimide (3-OH), 4-nitro-N-(4-
hydroxybutyl)phthalimide (4-OH), 4-nitrophthalimide (4-NPIH), and 4-
nitro-N-(x-nitrooxybutyl)phthalimide (Bobx)




32 nelting point in the range of 92-94[err]C. The bisimde was then el uted
through silica gel using toluene as an eluant to provide, upon sol vent
renoval, a white powder. The stainless steel addition bottle was charged
with 63.0 grans (0.100 nol es) of bisphenol-A bisbutylimde and purged with
nitrogen. The autocl ave was charged wi t B588. 872 grans (0. 6000 nol e)

pht hal i ¢ anhydride, 91.071 grams (0.9000 noles) triethylamne (TEA), and
104. 12 grans of water and then purged with nitrogen. The nolar ratio of

pht hal i ¢ anhRdhnileeHbbNitrid, NelBobs (MV86-48; HINI4<NEBI ppi275pf triet hyl amine to

Pater. The aut oct aviRastudeaPel 6B%: bide ol Was aidlied pif toathed o 1; 37
pressuri zi ngquamizitebe reacter as descsibedabgvea(The tubameadtar was loade‘hmtocl ave.
To the stirri %Lﬁ%?aa ﬁhﬁis%rﬁ:g"tﬁé &mﬁapﬁﬁ@%&am vandl de from

the addition ttr eni ng_t val ve on Ies wer e
r emoved fromeﬁelwyée at 89411 Heotingavaninthe upward lms ipn yithan

gnal ySIt S. T[lag%\&ambeé%m?woﬂrm héiﬁ{ Vﬁﬂaérﬂifeél t lbﬂ@tgé{b@eﬁaﬁm els for
m nutes a err an o~T ve volatijJes and to.r cose
The Lot raaci (FRPRHFE Mpmrause 48+ 17, TPRH mote Syeles o8 eoltpletelt

aci ds to i m beforethe pueificationpnoaessrwas hemnndedp&heprdgressnﬂmleerrperat ure
and anal yzed %I;j t he
statistical gglcf&g %ﬁhiﬁ@ﬁééﬁmgggrgeac ﬁéﬁ]ﬁ er %’gqgé'hh’p E\E‘H‘P é per cent
exchange was pawified PBbyvap at ppproximately WWE gdbei ds The sane

appar at us anfi‘e&Ht&PﬁiBéréh atﬂ\ettbgdf(lﬁé?ﬂ fﬁﬂé&i@'ﬁéﬁiﬁ?ﬂ@aﬁﬁ!’y@eysed in
t he high solids IevehPreact on addi tion bottle was charged With 63.0

grams (0. 100 Were@8)follewsi sphenol - A bi sbutyl i ni de,
Initial Crude Mixture: (yellow-orange crystalline mass) 4-NPBI

(95.434%), 3-NPBI (4.496%), INT C=C (0.057%), 3-OH (0.011%), and 4-
NPIH (0.003%)

Samples 1 & 2: (light yellow crystalline solid) 4-NPBI (98.448%),
3-NPBI (1.497%), INT C=C (0.047%), and 3-OH (0.008%).

Sample 5 (above sand): (white crystalline solid) 4-NPBI
(99.922%) and 3-NPBI (0.078%).

Sample 6 (sand residue): (dark orange-yellow solid) 4-NPBI
(71.829%), 3-NPBI (27.896%), N-BPI (0.148%), INT C=C (0.093%), 3-OH
(0.0207%), 4-NPIH (0.014%), and 4-OH (0.007%).

A second attempt at purification of this material produced
similar results. For example:

Sample S (above sand; 2nd Run): (white crystalline solid) 4
NPBI (99.716%), 3-NPBI (0.219%), INT C=C (0.053%), 3-OH (0.009%), and
2-OH (0.003%).

Run 2: Hot Nitric, No Washes (MV)

The impure 4-NPBI (40g; 151mol) was loaded, run, and analyzed
as in Run 1. The initial 4-NPBI mixture was found to have the following
composition: (orange solid mass) 4-NPBI (93.706%), 3-NPBI (3.991%),
highly polar material (1.187%), 4-NPIH (0.180%), Bob3 (0.137%), 3-OH
(0.110%), 2-OH (0.108%), and 4-OH (0.046%). After purification, the
analyses of the segments indicated the following:




prepared as described for the Ilow solids |evel reactions, and then purged
W th nitrogen. The autocl ave was charged with 59. 25 grans (0.4000 nol e)
pht hal i ¢ anhydri de, 48.5767 grans (0.4800 noles) triethylamne (TEA), and
55.6 grans of water, thereby running the reaction with a phthalic
anhydride/bisinmide ratio of 4.0 and a t36i et hyl anmi ne/ pht hal i ¢ anhydri de

33 ratio of 1.2. The exchange reaction reached equilibriumin about 40

m nutes, and resulted in about 58-62% exchange. The advantage of the butyl

system over the neiSamplevsitop): i (hghhféll&ul%rysﬂallh)é sohd)ebNRBIr(B&&&%d,

Therefore, CENERIOASPRTBAN (asdhy ML @ 19mir BOH DDA, £RPHL I D

523LFZ‘Zedaﬂé‘ﬂﬁﬁl‘?‘g@%‘@g‘%‘gﬁ? C°§§mg§'£§&f§§§dﬁ§§&l§g§u‘;‘;}mﬁ ol uone
n -

2 Bl ea;';mz&mw OS5 RO AS&?%%@Z&Q% en o

met hodol ogy. ﬂo'ﬂze%quﬁdqqqpmr(omg%gdure was performed by Ioadl ng crude
nolten 4-NPBI (mp 912e[ L e, 42 NPBI g‘194&69‘5& into a quartz
(or pyrex) reactor M—&Iﬁm f‘ﬁgnﬁﬁ'lyf% ? gdié iquid to
solidify. Tﬁésr%ﬂ&)p&NBBbﬁSM); highly polag nvatetiab(3.264%), deNBIHNet er of
11- 14mm and @rsnggg RoY" o8-8 T&?d Q@H rs were nounted

{ §s zJﬁe mal(t e;

vertically i ppar at us. T e two furnaces were

initially seRung: @RD ilot R P&tmdpﬁﬂ fRQUIER-on process was studi ed by
heating in either tT’ReHﬁM’éd-NPBI(ngﬂ@Wﬁb 1) Was Reddednand fign AS peer

Cyel od 1 ouBHRk ofbs miabEIRITe b dsterpitid s Bie m&ﬁeégﬂmﬁ%‘) Cthe
maj or cont an‘NlEIt(97 851%), 3-NPBI (2.058%), 3-OH (0.167%), and N-BPI (0.108%).
After purification the following compositions were found:

Sample 1: (White crystalline solid) 4-NPBI (99.287%), 3-NPBI
(0.405%), 3-OH (0.119%), and N-BPI (0.005%).

Sample 2: (White crystalline solid) 4-NPBI (98.028%), 3-NPBI
(1.543%), 3-OH (0.136%), and N-BPI (0.071%).

Sémgle 3: (Light yellow crystalline solid) 4-NPBI (97.221%), 3-
NPBI (2.256%), 3-OH (0.113%), and N-BPI (0.120%).

Sample 4: (Lightyellow crystalline solid) 4-NPBI (96.608%), 3-
NPBI (2.224%), highly polar material (0.374%), 3-OH (0.507% ), and N-BPI

(0.127%).
Section B. (Displacement Chemistrv):

General procedures for the displacement reaction: The toluene
used for the displacement reactions was distilled from
sodium/benzophenone ketyl immediately prior to use. The disodium salt
of bisphenol-A (BPA) was supplied by General Electric as a toluene
slurry. The removal of toluene was accomplished by heating the salt
under vacuum (1 X 1044 mm Hg). The drying temperature was raised
incrementally, with a final drying stage of 160° for 8 hours; the dried salt
was subsequently stored in a Vacuum Atmospheres Dri Lab glovebox for
further use. The 4-NPBI was azeotropically dried using toluene,
immediately prior to running the displacement reaction. The C6B (bis(tri-



the direction of increasing gravity (downward): i.e. 3-nitro-N

butyl phthalimde (3-NPBI, mp. 68-70[err].C, N butylphthalimde (N BPL;

mp. 32-35[err]C). However, the data indicate that sone of the nore highly
col ored conpounds enrich in the direction the furnaces nove: i.e. 4-nitro-
N- (3-ni trooxybutyl)phthalimde (Bob[errBZ mp. 67-68[err]C), and
4-nitro-N-(4- nitrooxybutyl)phthalimde (Bob[err]). In general, the
concentrations of all the contam nants could be reduced such that the crude
4-NPBl was gpsb Iatﬁﬁﬁﬁ’u@ﬂf)% M@canswtamﬁma)wst vided bydtle BT 1 al s

exhibited su | al I r Yl ues an did ude 4- NPBL
34 Section g%ﬂ)g;té'oﬁ@f %ﬁé@ M@L @.‘?‘{lﬂl‘ ?E‘tﬁ)ﬁ% tely
95[err] C); t benditivnBifortiw disp mcantizxuftmﬁumm‘l s&mﬁlﬁdmﬁurces CII\?AD
i 1ot plant \Y/ washes), or .
Vernon Hot NS Fgg%d% cf)°l%"ﬁ‘e ‘rF‘ieguﬁegp °N§F‘ 55&‘&?&1@?&‘? id 4- NPBI
was poured i V%Ilt]m#phhitﬁﬂ ,@ourentzm finall 10(1d%nm

l ength 71 cmicy M) | tidi@fkﬁsHPigﬂiE @qﬂn into
thegreact or t,ubsgc The s provi dlﬁ]@grﬁ at-up zone ?Jé%gi

revi
furnaces andiRg éﬁ!ﬁf F’dﬁnﬁtg’han%ﬂbFW%%s nEL Waye qttsthmomtor)
zone-ref i ner wdﬁlﬁea&ﬁmaﬁbm cadH HPLO chréMatdgtith. ' The ralowm(g éxampRs! y a 6

i nch head sp The | uefled matertal was allowed to solidify.
The reactor ?IE %T?‘?ﬁgﬂe‘ia ARIOCEYISSt ot op, vertical - mount,

t wi n- pass- neRumb prmMmdSﬁmpleeh(A—WHﬂNﬂnc@ip;sthesoh a nltrogﬁn
bubbl er to allow forg The
two furnaces were |n|t|a selil at §ET| rr?—é&%ﬁ&ﬂa@ﬁ%ﬁ %&Mnﬁ{‘??g% in only
one vertical barrrefluxgondenser, apd encpubb %!‘Y\’Iﬁérusédrf@tthmaﬂhgn-f ound to
have its own TvRatE&s flask wa%qexaea €ith dmo% (T4 Sl Of SOHETEfiRdd 4D

o ! NPRE 55425516 Jmimo of BPA diioditint Salt, .03 g (0 d6atmoly of CoB, "
0.1686g of triphenylbenzene (standard), and 5ml of toluene. The reaction
vessel was placed in an oil bath preheated to 140°C. The overall reaction
mixture contained 45% solids. Aliquots were taken at 5 min. intervals.
Each aliquot was quenched into a solution (10ml) derived from a mixture
of acetonitrile (500ml), methanol (50ml), and a glacial acetic acid (5ml).
After 2h, HPLC analysis indicated that the conversion to BPA-bisimide
had only reached 16%. It was later determined through HPLC analysis

 that this particular zone-refined sample contained a nitrate ester (Bob3;
0.259%) detrimental to both the product rate and yield in the displacement
reaction.
Run 2. Zone-Refined Sample 5 (nitrate ester removed (No Bobs): MV 86-
48; HN 4-NPBI)

The reaction was repeated with a reactor vessel outfitted as in

" Run 1. The materials used were: 4-NPBI (1.6094g; 6.4mmol), BPA
disodium salt (0.8834g; 3.2mmol), C6B (0.0236g; 0.03mmol), 1, 3, 5-
triphenylbenzene (standard: 0.1498g), and toluene (3ml). The reaction
mixture contained 45% solids. It was heated at 140°C. Aliquots were
taken and analyzed as described previously. The displacement reaction
was found to be complete within 15 minutes. The solution work-up
involved cooling the reaction mixture down to 80°C. The cooled solution




reactor tube back to the starting point; heat-up and cool -down del ays were
programmed into each run cycle such that the furnaces were close to thernmal
equi li brium before they began noving in either direction. Heating in both
directions (ovens always on) was not exam ned. The furnaces traversed the
reactor vessel at 4 inches per hour. A3gotal of 3 to 10 passes were

exam ned. Upon conpletion of the purification procedure, the color of the
crystalline 4-NPBlI in the reactor was noted to range fromwhite to |ight
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?Zdroggybuty ):odmdsalvasrss% Cﬂnﬂﬁageﬁahpwdétcfd(ﬁﬂhudfwwﬁtylmt hal i mi de

| an -
ni tro-N-(x- Fﬁg?&gg& ENF% pﬁ{%aélaldnqwde ( Bobx) 35 Run 1: Hot Nitric, No
Bobs (M 86&n 34 ned Saapleih @nd Burificatigmrun;3Nifra@ esternol ) was
mel ted and I@&%ﬁ@glﬁtﬁm‘ﬂzgﬁpktm ?ctor as descri bed above The tube

oade ni ng .app

reactor was | Nto zone-re ratus once r| al had
resolidified. The dhereacion wasirepgated ageagly rnegqtl taﬁﬁﬁ was in
:[AP 1(:9 o lrJ p}[/\/ﬁ{ ge lefrﬁltt The m&ﬁaﬁhfé&fblwf@mmvéirl eSBrQ%{fBFA d4sddiﬁhﬁ§alﬁ er 2:0 u 'rl'h
nore cycl es (@ég ﬁ?ﬁ%m 9&5‘3‘2&3653“3{}5 ﬁﬁ'\zﬂ}ﬁﬁ% tcoog@sg)vaas'[‘fre;]m nat eglee
the pragres stohieﬁel(E.SmI)J 'rI’heatacﬁorpnuxhd'a contained 45%\50%1&51 It was dheatesh.
along ¢ e r AiAAERET HILRREWEREtakiiFel aRRLRY a?ﬁ“é%%"%‘eﬁaﬁ%‘#d i Y
sanpl e anal ydispl aﬁemn&seamonms found to bexomplele within 24 inutes; theange
crystalline yapsgon waRiBkred for a total time of one hour. The solution work-up
involved cooling the reaction mixture down to 80°C. The cooled solution
was stirred for 15 minutes in the presence of 5% NaOH aq (base wash);
the organic to aqueous volume ratio was 4:1. The monoimide level was
ca. 0.96%.
The above clearly demonstrates that 4-nitro-N-butylphthalimide
(4-NPBI) can be readily converted to an analytically pure grade of
material, through the use of zone-melting (zone-refining) techniques. The
purified 4-NPBI was subsequently shown to undergo facile conversion to
the bisbutylimide of BPA dianhydride in high Yi_eld. The resulting
bisbutyl bisimide exhibited color numbers (YI = 6.4) comparable to those
now obtained for the bismethyl bisimide process, under current plant
operation. |
From the above it has also been concluded that other solventless,
melt methods of purification of the 4-NPBI (or its analogues) such as melt
crystallization process can be employed commercially. In a melt
crystallization process, there will be no oven movement; hence, all the
impurities in the crude 4-NPBI will flow out the bottom of the reactor (no
furnace tracking problems as with zone-refining).
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(78.—859%,4-_NEBI*(J_5._940), highly polar material (3. 264%'“‘" %TH ﬁEEN*_ NP
(0.5 0.249%, 4-OH (0.084%, and 2-OH (0.045% Pi‘| ot

Pl aniE{Mﬂﬁ amﬁﬂrce The crude 4-NPBI (16g; 0.064nol) was | oaded an

run initial mxture4gas determned to contain the

fol l owing: 4- NPBI (97.351%, 3-NPBI (2.058%, 3-OH (0.167%, and N BPI

(0.108% . After purification the follow ng conpositions were found: Sanple

1: (Wit H:A Liaperem! i d) 4-NPBI (99.287%, 3-NPBlI (0.405%, 3-OH
(0.119%, 05% . Sanple 2: (Wite crystalline sol i'd) 4- NPBI
(98.028%,, 3 NPBI (1. 543°/c) 3-0H (0.136%, .and N-BPI (0.071% . nmple 3:

(Light ydhl ow cr fispeacess orspreparing: aNNmilkyl nitrophthalimisie syitable rm;epenngs OH
(0.113%, and N .ow crystalline solid)
A-NPBI (96. 608% EF&“%%@%@%%W#%?W terial (0.374%, 3-OH
(0.507%, and N- G reabtin? 29)N-afigt tphetalibidd Bhd @l pitratngtagehteto formy N-alkgher al
procedures for the displ aqgment reaction The tol uene used for the

di spl acenent r eaRitrophthaligudei st | | ed from SOdI um benzophenone ket yl

i medi ately pri Ol &Efbg’?‘gr%m“agﬂ %) -A (BPA) was

supplied by Gener IC as a‘to uene renoval of tol uene
was acconpli shed (c)yputﬂ’yingrtl;e Nqalkybmtropintﬂa’llmldecﬂmpioxmgldqﬂiﬂhqmtl extractioh, The
drying tenperature was tai,sed incremeniglly, with a final drying stage of
160 for 8 hours; VAAMM psé‘hag%f}'t"rv@geF UR&uent |y stored in a Vacuum

At nospheres Dri Lab gl ovebox for further use. The 4-NPBlI was azeotropically
dried using toluene, imediately prior to running the displacenent

reacti on.2.The CoFhetpre¢essiof Claim A, rwhen¢in | saidmitiation -step @) icompriseschiknating de)
was provi ded -by th.% ﬁl

zﬁl%yl phthalimide in the pressence of a nitrating media comprising
concentrated sulfric acid and nitric acid.

3. The process of Claim 2, wherein the amount of the nitrating agent is sufficient -
to substantially minimize the side oxidation of N-alkyl phthalimide to
4-nitro-(3-hydroxy alkyl) phthalimide,

4, A process according to claim 1 further comprising (d) drying the purified
N-alkyl nitrophthalimide under substantially solventless conditions. ‘

5. A process according to claim 1 wherein when the N-alkyl phthalimide is
N-butyl phthalimide, the process further comprises prior to purification a step
of pretreating the resulting N-butyl nitrophthalimide with concentrated acid,
and a Subseque‘nt dilute basic wash, | |

6. A process for preparing a bisimide suitable for preparing a bis(ether
anhydride) wherein the process comprises
(2) providing a N-alkyl nitrophthalimide and a bisphenol alkali metal salt;
(b) reacting the N-alkyl nitrophthalimide and said salt at a solids level of at
least about 30% by weight solids to form a substantially pure bisimide; and
(c) extracting the bisimide.
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Starr Goup, inc. and used w thout further purification. | w

condi t | acenent reaction analyses utiliz¢ a
phase"ummml“mmﬂ“md a linear solvent gradient progr&Res ~ratio
initial *V/V H2O"CH3CN of 56:44; solvent ratio final 100% CH3CN). The tot al
time for HPLC anal ysis program was Zalm' nutes. An internal standard (1, 3,
5-triphenyl benzene; 285 nm wavel engtfi"nonitor) was used to calibrate each
HPLC chromat ogram The follow ng exanples illustrate the general reaction
procedures: Run 1. Zone-Refined Sanple 1 (4-9-90: Hot Nitric; No Washes) A
50m round-bottonmed two-necked fl ask equi pped with a stir bar, reflux
condenser, and a\ PrdceSiRBordinpoMaimes wheréinfthe NtdlRylrnitrophthalimidéand g£dt i on
flask was | oaded with 2.8440g (10.4nmmpl) of zo e-reficr%g, 4- NPBI, 1.422g
(5. 0mol ) of prmwwimmmm.mwbwt@lwﬁﬁﬁ\ﬂeﬁr ong, 1686 of

tri phenyl benzene (standard), and 5m of toluene. The reaction vessel was

pl aced in an oil bath preheated to 140[err]C The overall reaction m xture
cont ai ned 45§06 sah iptidcess'hceattiing to\Elaitn t7akvhereii the bisimide istextraeted in &malkalil i quot
was quenched into a solution (10m) derived froma mxture of acetonitrile
(500m ), met hanctolytingatia temperatung of 853C Qrcless-c acid (5m ). After 2h, HPLC
anal ysis indicated that the conversion to BPA-bisimde had only reached
16% It was |later determ ned through HPLC anal ysis that this particular
zone-r ef i ned 9s anPhe prosessadcoending to Clairnet o farther(@oipBising 259% detrinental to
both the product fate.and yield. in the displacenent reacti.on. n

Zone- Refi ned Sa &e§°('mq§/%ﬂ gxchangs; '?8%\/&3 ‘mgﬁéés’é‘)e‘?‘s'm}g%sf @8‘,“ A

. 4-NPBI) The reachhflidgshydeaeated with a reactor vessel outfitted as in Run
1. The material s used were: 4-NPBI (1.6094g; 6.4mol), BPA disodium salt
(0.8834g; 3.2mmol ), C6B (0.0236g; 0.03mmol), 1, 3,5- triphenyl benzene

(standard: 0,,149 ,and t ene_( . The reaction m xture contai ned 45%
solids. It Whi hﬁﬁ%é’ﬁo"ﬁ{‘s ﬁﬁ_é%:‘mAPi’é-%%? RISt ¥ken and anal yzed as
described previ oggliyolatipethdi bisnRGaiR brod et Frdrf Raideéxchapeckelictioaqdy.onpl et e

Wi thin 15 m nutes.” The sol uti on Wwork-'up

11. The process of Claim 9, wherein the _percerit solids in said exchange reaction

and purification is greater than about 40%.
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i nhvol ved cooling the reaction m xture down to 80C. The cool ed sol ution

38 was stirred for 15 mnutes in the presence.of 5% NaCHaq {(base wash); the
organi c to aqueous volune ratio was 4:1. The isolated yield of the desired
product was 85% This material produced a Yl nunber of 6.4. The nonoi m de
| evel was ca. 0.96% Run 3. Zone-Refined Sanple 5 (2nd Purification run;
Nitrate ester renoved as in Run 2 starting material) The reaction was
repeated with a reactor vessel outfitted42s in Run 1. The materials used
follow. 4-NPBI (1.58g), BPA disodiumsalt (0.86g), C6B (0.023g), 1, 3,

5-tri phenyl benzene (standard: 0.146g), and toluene (2.5m ). The reaction
m xture contained 45% solids. It was heated at 140[err]C. Aliquots were
taken and anal yzed as descri bed previously. The displacenent reaction was
found to be conplete within 20 m nutes; the reaction was stirred for a
total tine of one hour. .The.solutlon mork up |nvolved coollno t he reaction

m xture down to &R SINGutes in
t he presence of § o 0OH 23 ) a0k G2 AL ne ratio
was 4:1. The nond U, 90° 2 3 y aenonstrat es

that 4-nitro-N-butyl phthali mde (4Meadlly converted to an
anal ytically pure grade of material, through the use of zone:-nelting
(zone-refining) techniques. The puri fied 4-NPBI was subsequently shown to
undergo facile conversion to the bisbutylimde of BPA di anhydride in high
yield. The resulting bisbutyl bisimde exhibited color nunbers (Yl = 6.4)
conparabl e to those now obtained for ABSTRAGH® hyl bisimde process, under
current plant operation. Fromthe above it has al so been concl uded t hat

ot her solventless, nelt nmethods of purification of the 4-NPBI (or its

anal ogues) such as febdess for making bis(ether an hydrides) employs alkylamines
having low melting temperatures thus allowing for novel intermediate
process steps for preparing bis(ether anhydrides). The alkylamines have
alkyl groups which contain at least three carbon atoms and have boiling
temperatures in the range of 48 to 250°C at atmospheric pressure. Asa
result of using these amines, liquid alkylamines now can be employed in
the imidization process step. The N-alkyl nitrophthalimides prepared
from the recovered imidization product according to this invention can
now be purified using liquid/liquid extraction or vacuum distillation.
The alkyl nitrophthalimides prepared according to this invention provide
for displacement reactions which now can be run at a high solids level.
Likewise, the exchange reaction can be run at a higher solids level, and

thus achieves an efficiency level which is higher than conventional
processes.
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crystallizatifon process can be enpl.oyed comrercially. In N HEET i?ﬂa
crystallization. process,-there will be no oven novenent,;

i mpuxi ti es.in the crude 4-NPBI will flow out the bottom o he reactor (np
furnace tracking problems as with zone-refining). 39 [4ri] 08 APR S
CLAI MED 1.- A process for preparing an N-H kyl ni t ropht hal ijmide suitabl e fgr

preparing bisimdes and bis(ether anhydrides), conprising:} (GyTeacting a
liquid (Jerr]-Cerr])alkyl amine and a |iquid anhydride tlo synthesize an

N-(Cerr] - aktd,)a! ;ifosblmatwaienrmcmk (im)tro* auﬂﬁdé E@p%ﬂa@é&rﬁqu err])al kyl
hal d d t t | kyl

Pt r opht hat | ARGEY! ABjiREIethRS B satried GelfiAfil She reacHonimpttire Rt ent .

and (d) puri fapoug SOMSMﬂwm#Hﬁehie}/ sing tar fafii ﬁllmré\d\(pdﬁdtor :

e ont o'l & @&%ggﬁ%?rb%fveﬁhmf *%JG‘H‘%? i‘dﬁ'ﬁ%‘?ﬂ%{l}“ﬂgm i on, or

ni trophthalim S ng ana
by zone refi rsohgtion intpiweals pitvicacid audethmresulun pitatel then lsaVashedst ep

(b) compri sesntotérl lftrért fshioh Gieh bhleFiIeér gl &ﬂ{mﬁﬂgﬁﬁpw, ffsddh A e

resence of a nltratl onpr | SI ng, concentra
Pn tric acid. System fﬁcgé’ﬁgeé’{ %‘F‘i uswmmcm mmh‘diﬂl' and nitrating
agent is suf fsulp Rﬁhch@lcﬁéﬁh“ﬁeﬁﬁ*at&l (NAQ/S

shﬁﬁ 51’
ot hal i m de. o LA, %r&m.o%%q‘ix@a%q&%f (cLer ELWSE .ef]néa'( e
drying the purified Wheh(ﬂ\elNiallq'lautl]thhaﬁmidé fsopfeipaséd firoir annder
substanti al | yalﬁ?ia\ﬁ?ﬁtel a%éércﬁﬂg% thePR process of this invention, e.g., a butyl amine,
the N-alkyl nitrophthalimide can be concentrated in an evaporator
wherein essentially all of the strong acid can be removed.

The higher nitric acid solubility of alkylnitrophthalimides
according to this invention allows the alkylnitrophthalimide to remain in
solution at higher solids levels during a falling film evaporator process.
Water and nitrating agent thus can be removed to levels at which a more
efficient liquid/liquid extraction or vacuum distillation ox zone
refining can purify the nitrophthalimide product.

As indicated earlier, the alkyl nitrophthalimide product that is
prepared according to this invention is stable at temperatures at which
they are liquid, and thus can be recovered and purified in liquid/liquid
extraction processes, e.g., conventional extraction processes using hot
aqueous solutions or hot alkali solutions such as bicarbonate solution
wherein a solution of the product is washed. The product also can be
distilled at high vacuum and condensed to give purified molten product.
It is not possible to effectively employ either of these two purification
steps when synthesizing methyl-derived nitrophthalimides. Both
processes are conducted at temperatures at which n-methyl-derived
products melt and decompose.

Purification of butylnitrophthalimides by liquid/liquid ex-
traction preferably comprises pretreating the butyl-derived material prior
to extraction with concentrated acid, e.g., a small amount of concentrated
sulfuric acid (acid that is about 95-98% by weight sulfuric acid),




R mmmgge e m s
Eonp*rlumnﬁuﬂﬁmﬂnﬂ mﬂSB (d), a stlep of Rﬁ?'eﬂqf«gatl nglthe r

ni tropht hal i fri d® witI* concentrated acid, and a subsequent
wash. 6. A process for preparing a bisi qiode suitable for

bi s(ether, an el n the process conprises: (a) r
(derr]- qer%%? %ﬁh Eind a | i qui d anhydride t.g syntjhesi ze an

N(Cerr]-Cerr])al kyl phthal i mide; (b) reacting the N (erTi=ctrerratk
phthalinmde and a nitrating agent to forman N- ((err]-C[err])alkyl

. ni tropht hal i m.deX pfockss éorpreparimgias Nealkylatitrgplthalimidetsuitablet foapremariagent ;

- (d) purifying tfmsmtdéimdbs(&tﬁ@ﬂéﬂ@dﬁﬁbsmbmﬁ%bal i mde by liquid/liquid

extraction of a (%?'ré&ﬂlnﬁ‘é ﬂtﬁﬂ( )%lk&] éﬂ\id‘é@nd‘é‘hﬁ@iﬁ@dﬁ%h&bQ@s?ﬁtﬁ%@nzlés' ng
an aqueous medi um gy, gc_p;uﬁ] ,ﬁ,ﬁdénn or by zone refining:” (e)

el salt at %@Fé%dt'ngg% Né}a ﬂgﬂ o dtﬂﬂﬂﬁﬂ@'%‘?é’ﬁﬂ@“” @hﬂ%{‘@ NN o m
a substantially @h éhrl i n theb3|mde 41 7. A
iﬁ% qwd}géwgféﬁ@capn fa
Eﬁ‘éﬂsg' "&95

process accordi y{%m YIQ 4
ni t ropht hal i ni d )aRH
sol vent | ess condi t fsk P'E?'-’(ﬂ YSiRg anAceeHs med
bi sani de i s ext racbﬁ&'apﬂumrdl%ﬂﬂﬁtl@ﬂ csrdzyizqrwe fing. t enperat ure of 85[er r] C or
| ess. 9. The process according to claim6 further conprising the step of:
(g) perfornirg Theqrobessysf dlaiact, winergin said aittation stepl(b)icompridesafitrdting wi th a
phthalic anhygdidi chs-m)alﬁvnphmamm:nqhecﬁresenca df arditr@ling ai@idid si ng the
step of: (h) i sebmprisihgtdoncEhatel)sitflife asidehditricraai.sai d exchange reaction
(g). 11. The process ofg claim 10 wherein the percent solids in said
exchange reacd i §Re process of claim 2, wherein the amount of the nitrating agent is sufficient
to substantially minimize the side oxidation of N-(C,-C;)alkyl phthalimide to 4-
nitro-(3-hydroxy (C,-C,)alkyl) phthalimide.

4. A process according to claim 1 further comprising (e) drying the purified N-
(C4-Cglalkyl nitrophthalimide under substantially solventless conditions.

5. A process according to claim 1 wherein when the N-(C,-Cg)alkyl phthalimide
is N-butyl phthalimide, and wherein the process further comprises, prior to
step (d), a step of pretreating the resulting N-butyl nitrophthalimide with
concentrated acid, and a subsequent dilute basic wash.

6. A process for preparing a bisimide suitable for preparing a bis(ether
anhydride) wherein the process compnses
(a) reacting a liquid (C,-Cq)alkyl amine and a liquid anhydride to synthesize
an N«C;-C;)alkyl phthalimide;

(b) reacting the N-(C,-C;)alky! phthalimide and a nitrating agent to form an N-
(Cs-Celalkyl nitrophthalimide;

(c) removing substantially all of the nitrating agent;

(d) purifying the N-(C,-C,)alkyl nitrophthalimide by llqmd/llqutd extraction of a
molten N-(C,-Cy)alkyl nitrophthalimide phase using an aqueous medium,
by vacuum distillation, or by zone refining:

(e) reacting the N-(C;-Cq)alkyl nitrophthalimide and a bisphenol alkali metal
salt at a solids level of at least about 30% by weight solids to form a
substantially pure bisimide; and

(f) extracting the bisimide.
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7. A process according to claim 6 wherein the N-(C,-C;)alkyl nitrophthalimide
and said bisphenol salt are reacted in substantially solventless conditions.

8. A process according to claim 7 wherein the bisamide is extracted in an alkali
solution at a temperature of 85°C or less.

9. The process according to claim 6 further comprising the step of:
(g) performing an exchange reaction by reacting said bisimide of (f) with a
phthalic anhydride.

10. The process of claim 9 further comprising the step of:
(h) isolating the bisanhydride product from said exchange reaction (9).

11. The process of claim 10 wherein the percent solids in said exchange reaction
(9) and said isolation step (h) is greater than about 40%.



