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SYNTHESIS OF ASYMMETRIC
TETRACARBOXYLIC ACIDS AND
CORRESPONDING DIANHYDRIDES

RELATED U.S. APPLICATION

This application is a continuation-in-part of application
Ser. No. 10/897,279 filed Jul. 23, 2004 now U.S. Pat. No.
7,015,304.

ORIGIN OF INVENTION

The invention described herein was made by an employee
of the United States Government and may be manufactured
and used by or for the Government for governmental pur-
poses without the payment of any royalties thereon or there-
for.

FIELD OF THE INVENTION

This invention relates to the synthesis of a series of asym-
metric tetracarboxylic acids and the corresponding dianhy-
drides, namely, 2,3,3',4'-biphenyldianhydride (a-BPDA), 2.3,
3'4'-benzophenone dianhydride (a-BTDA), and 3.4'-
methylenediphthalic ~ anhydride  (a-MDPA).  These
tetracarboxylic acids and corresponding dianhydrides were
prepared by cross-coupling of two asymmetrical-substituted
o-xylenes or corresponding derivatives (Suzuki coupling)
with various catalysts to form tetracarboxylic acids and the
corresponding 2,3,3',4'-tetramethylbiphenyl and 2,3,3',4'-tet-
ramethylbenzophenone. The asymmetrical tetramethylbi-
phenyl and the tetramethylbenzophenone were oxidized to
obtain the corresponding tetracarboxylic acids which were
then converted to 2,3,3',4'-a-biphenyl dianhydride and 2,3,3',
4'-a-benzophenone dianhydride. In addition, the benzophe-
none tetracarboxylic acid can be reduced by hydrzine hydrate
to 3,4'-methylene diphthalic tetracarboxylic acids which is
converted to the corresponding 3.,4'-methylenediphthalic
anhydride. The unique feature of this invention is that it
allows the production of a series of asymmetric dianhydrides,
not only a-BPDA, but also a-BTDA and a-MDPA. This capa-
bility of producing a-BPDA, a-BTDA and a-MDPA, will
usher in innovation for the preparation of high T, low-melt
viscosities and colorless polyimides with interesting and
novel properties for acrospace and electronic applications.

Thermosetting polyimides derived from 2,3,3',4'-a-biphe-
nyl dianhydride (a-BPDA) has been shown to provide high T,
polyimides for resin transfer molding; see the Proceedings of
the SAMPE Symposium, Long Beach, Calif., May 1-5, 2005.
Recently, it was discovered that asymmetric 2,3,3',4"-biphe-
nyl dianhydride (a-BPDA) reacted with diamines and an end-
cap produces polyimides with lower-melt viscosities and
higher glass transition temperatures (T,) than the symmetri-
cal 3,3'.4,4'-biphenyl dianhydride (s-BPDA); see High Per-
formance Polymers, Vol. 13, 355 (2001), and Vol 15, 375
(2003).

BACKGROUND OF THE INVENTION

Currently, asymmetrical a-BPDA is being prepared from
o-xylene or o-phthalate via an oxidative coupling reaction,
which essentially yields a mixture of 3,3',4,4'-biphenyl dian-
hydride (s-BPDA) and a minor product (2-6%) of a-BPDA.
Consequently, a-BPDA is being produced in limited quantity
and therefore is not commercially available in sufficient
amounts, despite an enormous interest in preparing polyim-
ides using a-BPDA. This invention discloses alternative and
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more efficient processes for exclusively producing asymmet-
ric 2,3,3'4'-biphenyl dianhydride (a-BPDA), 2,3,3',4'-ben-
zophenone dianhydride (a-BTDA) and 3,4'-methylendiph-
thalic anhydride (a-MDPA). The asymmetric 2,3,3'.4'-
biphenyl dianhydride (a-BPDA) has received more attention,
because this dianhydride can produce polyimide resins hav-
ing low-melt viscosities and higher glass-transition tempera-
tures (T,) than the symmetrical 3,3',4,4"-biphenyl dianhy-
dride (s-BPDA).

The prior art (U.S. Pat. No. 3,940,426, UBE Industries)
process for making a-BPDA relies on oxidative coupling of
o-xylene or methyl o-phthalate with an organic acid salt of
palladium under oxygen pressure to produce symmetrical and
unsymmetrical intermediates which are oxidized and cyclo-
dehydrated to form a mixture of a-BPDA and s-BPDA. This
mixture requires the additional process of separating the two
isomers.

U.S. Pat. No. 4,294,976 discloses a process for preparing a
mixture of biphenyltetracarboxylic acids (3,3',4,4'-isomer,
2,3,3' 4'-isomer and 2,2',3,3' isomer) via an oxidative cou-
pling of either o-xylene or o-phthalate in the presence palla-
dium catalyst, followed by hydrolysis. The mixture of iso-
meric biphenyltetracarboxylic acids were then subjected to
fractionally recrystallization to obtain each of the corre-
sponding 2,3,3'.4'-(minor amount) and 3,3'.4,4'-(major
amount) and minute amount of 2,2'3 3'-biphenyldianhy-
drides.

U.S. Pat. No. 4,958,002 teaches a dehydration process to
obtain 3,3',4,4'-biphenyl dianhydride after the corresponding
3,3',4,4'-biphenyltetracarboxylic acid was isolated from 2.3,
3' 4'-biphenyltetracarboxylic acid. U.S. Pat. No. 5,258,530
(Mitsibishi) describes a coupling reaction of phthalic anhy-
dride directly to a mixture of 2,3,3',4'-(major) and 2,3,3'4'-
(minor) biphenyl dianhydrides. U.S. Patent Publication No.
0088120 A1 (2003) discloses a process for producting pre-
dominately 2,3,3',4'-biphenyl dianhydride (a-BPDA) over a
minor amount of 3,3',4,4'-biphenyldianhydride (s-BPDA)
using a palladium and copper catalyst along with bidentate
ligand. These prior art processes yield mixtures of asym-
metrical 2,3,3',4'-BPDA together with symmetrical 3,3',4,4'-
BPDA, which then requires the separation of these isomers.
In comparison, this invention discloses an asymmetrical cou-
pling of substituted o-xylenes to provide asymmetrical 2,3,
3'4'-BPDA exclusively without a mixture or contamination
by the symmetrical 3,3',4,4'-BPDA or 2,2',3,3'-BPDA.

SUMMARY OF THE INVENTION

By employing a cross-coupling reaction (Suzuki coupling)
with 3- and 4-substituted o-xylenes in the presence of cata-
lyst, this invention exclusively produces asymmetric precur-
sors; namely, 2,3,3',4'-tetramethylbiphenyl and 2,3',3',4'-tet-
ramethylbenzophenone. These asymmetric precursors are
oxidized or hydrolyzed and oxidized to produce the corre-
sponding asymmetric tetracarboxylic acids and subsequently
converted to the corresponding dianhydrides (a-BPDA,
a-BTDA, and a-MDPA) in reasonable high yields.

The dianhydrides of this invention are useful particularly in
preparing polyimides which comprise an important class of
polymers because of their desirable characteristics i.e. low
dielectric constant, high breakdown voltage, good wear resis-
tance, radiation resistance, inertness to solvents, good adhe-
sion properties, hydrolytic stability, low thermal expansion,
long-term stability, and excellent mechanical properties. Spe-
cifically, high temperature polyimides, such as PMR-15, are
extremely valuable particularly for aerospace applications.
However, making components from these polymers via
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prepreg process is labor intensive and expensive. Resin Trans-
fer Molding (RTM) is a cost-effective approach to making
components and has been successfully deployed with low-
temperature polymers. U.S. Pat. No. 7,015,304 discloses
preparation of polyimides with melt viscosities sufficiently
low to enable RTM processing while maintaining stability
and high temperature properties.

Accordingly, it is an object of this invention to provide
processes for cross-coupling 3- and 4-substituted o-xylenes
and corresponding derivatives to produce asymmetric precur-
sors which are subsequently oxidized to tetracarboxylic acids
and then converted to the corresponding dianhydrides.

It is another object of this invention to provide processes
for preparing asymmetrical tetracarboxylic acids and the cor-
responding dianhydrides useful in producing polyimides hav-
ing lower-melt viscosities and high glass transition tempera-
tures (T,).

It is a further object of this invention to provide processes
for the synthesis of a-BPDA and two additional dianhydrides
a-BTDA and a-MDPA by cross-coupling substituted o-xy-
lenes to produce asymmetric precursors which are subse-
quently oxidized to the corresponding tetracarboxylic acids
and then converted to the corresponding asymmetric dianhy-
drides in comparatively high yields.

These and other objects of this invention will become
apparent from a further and more detailed description of the
processes.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Recently, asymmetric 2,3,3',4'-biphenyl dianhydride
(a-BPDA) has received more attention, because it can be used
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thalate with an organic acid salt of palladium under oxygen
pressure to produce symmetrical and unsymmetrical interme-
diates which are oxidized and cyclodehydrated to obtain a
mixture of a-BPDA and s-BPDA, followed by a process of
which requires separating the two isomers.

The present invention exclusively provides processes for
preparing asymmetrical tetracarboxylic acids and the corre-
sponding dianhydrides, namely 2,3,3".4'-biphenyl dianhy-
dride (a-BPDA), 2,3,3'4'-benzophenone dianhydride,
(a-BTDA and 3,4"-methylenediphthalic anhydride (-MDPA),
without the complex process of separating the isomers. By
employing the cross-coupling of reactive metals such as mag-
nesium (Mg), zinc (Zn) or lithium (Li) [Scheme I] as well as
the cross-reaction (Suzuki coupling) as shown in Scheme 11
and Scheme 11T using catalysts, alone or with co-catalysts or
co-ligands, this invention specifically produces asymmetrical
biphenyl intermediates that are subsequently hydrolyzed and
oxidized or only oxidized to the asymmetric biphenyl tetra-
carboxylic acids. These asymmetrical biphenyl tetracarboxy-
lic acids are converted to the corresponding asymmetrical
dianhydrides either through cyclodehydration thermally or in
the presence of an anhydride, without contamination of any
symmetrical dianhydrides.

Scheme I of this invention illustrates the synthetic route via
the active metal coupling of either substituted o-xylene (A) or
4-halophthalic anhydride or 4-halophthalimide (B) to afford
the coupled intermediates of (D) and (E), which are oxidized
or hydrolyzed and oxidized to form the tetracarboxylic acid
(F), followed by dehydration e.g. with acetic anhydride to
obtain the corresponding asymmetrical dianhydrides (G),
which corresponds to  2,3,3'4'-biphenyl dianhydride
(a-BPDA) when R is nil, and 3,4'-methylenediphthalic anhy-
dride (a-MDPA) when R is CH,.

Hs

c CH;
H;C RMX
x CH; H;C R CH;
" . KMnO,
5C
H;C
A s 5

(0]
RMX CHj3
-7 N X i .CH;
(0]
B

to produce polyimide resins having low-melt viscosities and
high glass transition temperatures in comparison to the sym-
metrical 3,3',4,4'-biphenyl dianhydride (s-BPDA). In com-
parison, the prior art discloses a process for preparing
a-BPDA by oxidative coupling of o-xylene or methyl o-ph-

T

65

COOH
HOOC:O/ \©/COOH
HOOC

J Aczo

/ MnOy
%

As shown in the reactions of Scheme 11, the asymmetric
dianhydrides are obtained by cross-coupling o-xylene deriva-
tives (I) and (1), if () is a 3-boron substituted o-xylene, then

(II) is a 4-substituted o-xylene, or if (I) is a 4-boron substi-
tuted o-xylene, then (IT) is a 3-substituted o-xylene derivative.
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2,3,3' 4'-biphenyl dianhydride (a-BPDA) is prepared by
cross-coupling (1) and (II), where X is selected from the
group consisting of Cl, Br, I, OSO,CF;, OSO,CH; and Y is
(OH),, or (OR),, where R is a lower alkyl group such as CHj,
C,Hs, i-Pr, in order to form the asymmetrical 2,3,3',4'-tetram-
ethylbiphenyl (II1) in a common organic solvent, e.g. toluene,
N,N-dimethylormamide (DMF), dimethoxyethane (DME),
1,4-dioxane, tetrahydrofuran (THF), anisole, or aqueous
solution with phase transfer catalysts in the presence of pal-
ladium or nickel catalysts, either with or without a co-cata-
lysts or co-ligands, such as Pd (PPh,),, Pd(OAc),, Pd (PPh,),
Cl,, PdCl1,(CH;CN),, Pd(dba),/P(t-Bu),, Pd,(dba),/[t-Bu),
PH]BF,, NiCl, (PPh,),, NiCl,(PCy;),, NiCl,(dppf), NiCl,
(dppe), NiCl,(dppb), and their corresponding polymer bound
palladium or nickel catalysts.

Compound (III) is oxidized by potassium permanganate
(KMnO,,), chromium trioxide (CrOs;), or by other oxidation

6

methods such as low or high pressure nitric acid oxidation or
by oxygen to form the 2,3,3',4'-biphenyltetracarboxylic acid
(IV), which upon dehydration e.g. by acetic anhydride or
thermal dehydration, yields 2,3,3'.4'-biphenyl dianhydride
(V). Alternatively, compounds (I) and (II) are cross-coupled
with carbon monoxide gas in the presence of the Pd or nickel
catalysts to form the asymmetrical 2,3,3',4'-tetmmethylben-
zophenone (VI), which is further oxidized e.g. by KMnO,,
CrO;, low pressure nitric acid with oxygen, or with other
known oxidation method to form 2,3,3',4'-benzophenonetet-
racarboxylic acid (VII) which is then dehydrated by acetic
anhydride or thermally cyclodehydrated to yield 2,3,3'.4'-
benzophenone dianhydride (VII). Alternatively, 2,3,3'.4'-
benzophenonetetracarboxylic acid (VIII) is reduced by
hydrazine to form 3,4'-methylenediphthalic acid (IX), which
upon dehydration e.g. by acetic anhydride yields 3,4'-meth-
ylenediphthalic anhydride (X).

CH;
HiC
3 S |
T BY
~
oy
R’ = CHy, C,Hs, i-Pr
Y = (OH),, (OR'),

K>COs3|  Pd Catalyst

CH;
(IT)
R=nil,CH,,C=0

X =Cl, Br, L, 0SO,CF;,
0S0,CH;

l lco © 1
CH; CH; (I? CH;
H3C. il ll :CHg H3C\©/C\@CH3 H3C\©/CH2 : :CHg
CH; CH; CH;
(1) (VD) XD
lKMnO4 1KMnO4 KMuOs
COOH COOH COOH
0
HOOC COOH HOOC I COOH HOOC CH, COOH
O O ) @ HZNNHZ <j[
—_—
COOH COOH COOH
(V) (VID) Ix)
lACZO lACZO lAcZO

0 0
0 o 0
9 o
0
0
W)

a-BPDA

=0

0
0 0 0
C o CH,
o o
0 0
)

(VIII)
a-BTDA

X
a-MDPA
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In Scheme 111, using catalysts described in Scheme 11, a
similar Suzuki cross-coupling reaction is carried out between
3- or 4-substituted boron-substituted o-xylene (1), boron-
substituted phthalic derivative (la) or boron-substituted
phthalic diester (1b), and 4- or 3-halo-substituted phthalic
anhydrides or phthalimides (2), or diesters of phthalic acid
respectively, to produce the coupled asymmetrical 4-(2,3-
dimethylphenyl)phthalic anhydride or phthalimide (3). Com-
pound (3) can be hydrolyzed e.g. by potassium hydroxide,
followed by oxidation e.g. by KMnO,,, CrO; and other oxi-
dizing methods such as low or high pressure nitric acid or
with oxygen, to afford 2,3,3",4'-biphenyl tetracarboxylic acid
(5), which upon dehydration e.g. with acetic anhydride or
thermal cyclodehydration to yield 2,3,3'.4'-biphenyl dianhy-
dride (a-BPDA). In the presence of carbon monoxide gas,
2,3,3' 4'-benzophenone dianhydride (10), (a-BTDA) is pro-
duced by similar routes from compounds (1) and (2) via
compounds (7), (8) and (9) as shown in this reaction. Alter-
natively, 2,3,3".4'-benzophenonetetracarboxylic acid (9) is
obtained through KMnO,, oxidation of (2,3-dimethylphenyl)-
a-methylphthalic acid (12) after hydrolysis or from the cor-
responding phthalimide (11) via the Suzuki coupling of an
o-xylene derivative (1) with a-halomethylphthalic anhydride
or a-halomethylphthalimide (2) with palladium or nickel
catalysts. 2,3,3",4'-benzophenone tetracarboxylic acid (9) can
be reduced by hydrazine to 3,4'-methylene diphthalic acid
(13), which upon dehydration yields 3,4'-methylene diph-
thalic anhydride (14) (a-MDPA).

In the cross-coupling reactions, X is selected from the
group consisting of a halogen e.g. Cl, F, Br, I, or OSO,CF,
and OSO,CH,.Y is either (OH),, or (OR),. Z is either oxygen
or nitrogen. R is —CH,, —C—0, or nil. R' is a lower alkyl
such as CH;, or C,Hs, and B is boron.

The following example illustrates a process for preparing
the tetracarboxylic acids and corresponding dianhydrides
using a process of this invention.

EXAMPLE I

Synthesis of
4-(2,3-Dimethylphenyl)-N-methylphthalimide'* (3)

To a 250 ml 3-necked flask equipped with mechanical
stirrer, 2,3-dimethylphenylboronic acid (10 g, 66.7 mmol)
4-bromo-N-phenylphthalimide (2) (14.4 gm, 60 mmol),
potassium carbonate (24.78 g, 180 mmol), a selected palla-
dium catalyst (1.89 mmol) were added, along with 200 ml of
dry dioxane. The heterogeneous reaction mixture was heated
to 80-85° C. under nitrogen overnight. The reaction mixture
was filtered warm to remove any potassium carbonate and
potassium fluoride. The dioxane layer was evaporated to dry-
ness to afford 10 g of the product.

Synthesis of 4-(2,3-dimethylphenyl)phthalic acid (4)

To a 3-necked flask equipped with mechanical stirrer, 4-(2,
3-dimethyl)-N-phenylphthalimide (3) (13.25 gm, 50 mmol),
potassium hydroxide (10 gm, 180 mmol) were added along
with 60 ml of water. Additional 15 ml of 95% ethanol was
added to prevent the sublimation of (3) during heating. The
heterogeneous reaction mixture was heated to reflux until it
becomes homogeneous overnight, and then all of the ethanol
was distilled off via a Dean-Stark trap. The aqueous reaction
mixture was heated to reflux for one more day until the
hydrolysis was completed to form 4-(2,3-dimethyphenyl)ph-
thalic acid. The solution was cooled and then acidified with
concentrated 30% hydrochloric acid and an oil suspension
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was formed in the aqueous solution. The heterogeneous reac-
tion mixture was extracted with ethyl acetate, dried over
anhydrous magnesium sulfate, and then concentrated to
induce crystallization of the desired product (8.1 gm, 60%).

Synthesis of 2,3,3'.4'-Biphenyltetracaroboylic acid
®)

To a 250 ml of 3-necked flask, 4-(2,3-dimethylphenyl)
phthalic acid (16 g, 48.5 mmol) was added, then potassium
hydroxide (5.4 g, 97 mmol) in 60 ml of water was added. The
reaction mixture was warmed to 80° C. and then potassium
permanganate, KMnO,, (~5 equiv.) was added as a solid in
portion when the purple color disappeared periodically. The
reaction mixture was allowed to proceed at 80° C. until the
purple color of KMnO,, persisted for 30 min. The excess
KMnO, was killed by ethanol and the precipitated MnO, was
filtered off. The solvent was evaporated to dryness and the
resulting residue was acidified to PhH=1. The aqueous acidic
solution as cooled in the refrigerator to induce crystallization.
The solid was collected and dried to afford the desired prod-
uct.

Synthesis of 2,3,3',4'-Biphenyldianhydride (6)

2,3,3' 4'-Biphenyltetracarboxylic acid (4) (33 gm, 100
mmol) was suspended in minimum amount of acetic anhy-
dride and heated to reflux for 4 hours. The reaction mixture
was cooled to room temperature. The corresponding dianhy-
dride precipitated out and was collected and washed with
ether to remove trace of acetic acid before drying under
vacuum to afford 26.5 g (90%) of a-BPDA. Mp=195-196° C.

Synthesis of Asymmetrical 2,3,3',4'-Biphenyl
Dianhydride (a-BPDA)

CH; B(OH),

1
[0}
Br
N—CH;
0

2
CH; o
CH;
N—CH; gog
—
0
3
CH;
CH;
COOH
COOH
4

Pd catalyst
K»CO3

KOH
—
KMnO,4
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The dianhydrides prepared by the processes of this inven-
tion are particularly useful in preparing polyimides from one
or more of a combination of reactants comprising dianhy-
drides selected from the group consisting of 2,3,3',4'-biphe-
nyldianhydride (a-BPDA), 2,3,3',4"-benzophenone dianhy-
dride (a-BTDA), and 3,4'-methylenediphthalic anhydride
(a-MDPA), with at least one diamine and an endcap that can
be melt-processed at temperatures between 232-270° C.
(450-520° F.), without any solvent. The imide oligomers from
this reaction have low-melt viscosities of 1-60 poise at 260-
280° C. These imide oligomers are amenable to TRM,
VARTM or resin infusion processes at 260-280° C. to product
high quality polymer composites comprising carbon, glass,
quartz or synthetic fibers for use at temperatures ranging up to
about 550° to 650° F.

An example of preparing the oligomers and polyimides
using the asymmetric dianhydrides prepared by the processes
of this invention is illustrated by the following reaction:

N-Oligomers-N,

lHeat & Pressure at 371° C.

Thermoset Polyimide Resin
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While this invention has been described by a number of
specific examples, it is obvious that there are other variation
and modification that can be made without departing from the
spirit and scope of the invention as set forth in the appended
claims.

The invention claimed is:

1. Process for preparing asymmetrical tetracarboxylic
acids which comprises cross-coupling a compound selected
from the group consisting of:

CH; o
YB
H;C
’ 7 I S
I—BY; | Z—R' and
x AN
O

COOR/

R'ooc\ij
——BY
F

with a compound selected from the group consisting of

XR XR
CH; COOR/
X X
| | and
A CH; ~ COOR/

O
XR
/\/
[ s
x
O

in the presence of catalysts and additives to obtain a coupled
intermediate having a formula selected from the group con-
sisting of

CH,
H:C CH;
CHj,
CH, (l)
H,C. i C CH,
CHs,
CH,
H:C. i CH, ClH;
CHg,
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-continued

CH; o
H;C / /
I— _RV,
) N
o]
CH;
CH3\© C[COOR’
|
N A COOR/,
CH; o
H;C R
e ¥ & N
Y A
o]

CH3
H3C COOR’
/ / R \/
| |
~ E COOR/,
COOR/
R'O0C COOR/
\ R /
| / \ | nd
/ \ COOR/

Jd
-~
o

X
/

s NG
7N

wherein R is nil, CH, or C—0, R' is a low alkyl group, Y is
(OH), or (ORY),,

Z.is oxygen or nitrogen, X is selected from the group consist-
ing of a halogen, OSO,CF;, and OSO,CHj;, and B is boron;
subsequently converting said intermediate to obtain tetracar-
boxylic acid selected from the group consisting of:

(@)

COOH
HOOC. i I :COOH
COooH
(b)
cooH
HOOC CI, COOH
and

COOH
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-continued
(0)
COOH O
HOOC C COOH
COOH.

2. The process of claim 1 wherein palladium or nickel
catalysts are present in the cross-coupling reaction.

3. The process of claim 1 wherein X is halogen and Y is
(OH),, and the catalyst comprises palladium or nickel com-
pounds.

4. The process of claim 1 wherein X is halogen, Y is (OR'),,
and the catalyst comprises palladium or nickel compounds.

5. The process of claim 1 wherein the 2,3,3',4"-biphenyl
tetracarboxylic acid (a) is converted by dehydration into the
corresponding 2,3,3'.4'-bipheny! dianhydride having the for-
mula:

(0]
(6]

(€]
(6]
0.
(6]

6. The process of claim 1 wherein the 2,3,3'4'-biphenyl
tetracarboxylic acid is converted to 2,3,3',4'-biphenyl dianhy-
dride by dehydration with acetic anhydride.

7. The process of claim 1 wherein 3,4'-methylenediph-
thalic acid (b) is converted by dehydration into the corre-
sponding 3,4'-methylene diphthalic anhydride having the for-

mula:
O
o 0
CH,
(@)
O.
(0]

8. The process of claim 1 wherein the 2,3,3',4'-benzophe-
none tetracarboxylic acid (¢) is converted by dehydration into
the corresponding 2,3,3',4'-benzophenone dianhydride hav-
ing the formula:

O
(6] (€] o
I
C
(6]
O.
(6]
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9. The process of claim 1 wherein the substituted com-
pound has the formula:

CH;
HyC >
:—BY
A

coupled with a compound having the formula:

X CH.

@[ |

Y CH;
in the presence of catalysts to obtain the biphenyl intermedi-
ate having the formula:

CH;
H;C. i I :CH3
CH;
wherein R is nil, Y is (OH),, X is selected from the group
consisting of a halogen, OSO,CF, and OSO,CHj;, and B is

boron; said intermediate subsequently oxidized to the tetra-
carboxylic acid having the formula:

COOH
HOOC. i I :COOH
COOH.
10. The process of claim 1 wherein the substituted com-
pound has the formula:

CH;
H;C -
:—BY
N

coupled with a phthalimide derivative having the formula:

O
X
/\/
x
(@]
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in the presence of catalysts to yield the biphenyl intermediate
having the formula:

CH, o
HC
7 | Z
T 7—R
\ \ 10
o

wherein R is nil, Y is (OH),, (OR"),, X is selected from the
group consisting of a halogen, OSO,CF; and OSO,CH,, and
B is boron, R' is lower alkyl group, Z is nitrogen;

15

said intermediate subsequently hydrolyzed and oxidized to
obtain biphenyl tetracarboxylic acid having the formula:

COOH

HOOC COOH

25

COOH.

11. The process claim 1 wherein the substituted compound

30
has the formula:
CH;
_ 35
3
o l
I—BY
x
40

coupled with a phthalic ester to obtain compound having the
formula:

45
X
COOR’
X |
\ COOR’
50

in the presence of catalyst to yield the biphenyl intermediate
having the formula:

55
CH;
H;C COOR/
|
60
Z Z COOR/

wherein R is nil, Y is (OH), or (OR"),, X is selected from the ¢
group consisting of a halogen, OSO,CF; and OSO,CH,, and
B is boron halogen, R' is lower alkyl group;

20

said intermediate subsequently hydrolyzed and oxidized to
obtain the tetracarboxylic acid having the formula:

COOH
HOOC. i l :COOH
COOH.
12. The process of claim 1 wherein a compound has the
formula:

COOR/

R'O0C N
——BY
Ve a

coupled with a compound having the formula:

COOR’

X
N
=

COOR’

in the presence of catalysts to yield the biphenyl intermediate
having the formula:

COOR’
R'O0C., i l :COOR'
COOR/
wherein B is boron, Y is (OH),, (OR"),, X is selected from the
group consisting of a halogen, OSO,CF; and OSO,CH;, R'is
lower alkyl group; said intermediate subsequently hydro-

lyzed to obtain the biphenyl tetracarboxylic acid having the
formula:

COOH
HOOC. i I :COOH
COOH.

13. The process of claim 1 wherein a compound has the

formula:
O
YB
/\/
| 7Z—7R’
A
(@]



US 7,425,650 B1
21 22

coupled with a compound having the formula: 16. The process claim 1 wherein, the substituted compound
has the formula:

O

X

CH,
/\/
— R H;C
. l R Z I
—I—BY
10

o ~

in the presence of catalysts to yield the biphenyl intermediate

having the formula: L

N /\ z CH;3
\Z o 20 l
o S CH,
(6]
J— R’
25 in the presence of catalysts to yield a intermediate having the
formula:
O
. . . . . 30 CH;
wherein R is nil, B is boron, Y is (OH),, (OR'"),, X is selected
from the group counsisting of a halogen, OSO,CF; and CH; R CH;
OSO,CHj;, Z is nitrogen or oxygen, R' is lower alkyl group;
said intermediate subsequently hydrolyzed to obtain the
biphenyl tetracarboxylic acid having the formula: 35 CH;

COOH wherein R is CH, or C—0, X is selected from the group

20 consisting of'a halogen, OSO,CF; and OSO,CHj,, B is boron,
HOOC COOH Y is (OH), or (OR"),; said intermediate subsequently oxi-
dized to obtain the tetracarboxylic acid having a formula:
COOH.

45
©
COOH ﬁ
14. The process of claim 9 wherein 2,3,3',4'-biphenyl tet- HO o OOH
racarboxylic acid is converted by thermal or chemical dehy- oc ¢
dration to the corresponding 2,3,3',4'-biphenyl dianhydride
(a-BPDA) having the formula: 30 COOH

17. The process of claim 15 wherein the benzophenone

(0]
o o 33 tetracarboxylic acd (c) is reduced with hydrazine to 3,4'-
methylenediphthalic acid having the formula:
(6]
60 COOH
(6]

HOOC. i .CH, COOH
15. The process of claim 9 wherein the biphenyl tetracar- 65 \©iCOOH.

boxylic acid is dehydrated with acetic anhydride to the cor-
responding biphenyl dianhydride.



US 7,425,650 B1

23

18. Process for preparing asymmetrical benzophenone tet-
racarboxylic acids which comprises cross-coupling with a
compound having the formula:

CH, o
YB
H;C
A I DS
T BY, | —R' or
AN x
(@]

COOR/

R'00C N
——BY
e

with a compound having the formula:
XR XR
CH COOR’
1 @[
x CH, x COOR’
(€]
XR
N
[
=
(6]

in the presence of catalysts and carbon monoxide when R is
nil; but without carbon dioxide when R is C—0, to obtain
benzophenone intermediates having a formula:

CH;
CH;. i C. : :CHS
CH;,
CH;
Il ,
CHj, COOR
AN 7 COOR/,
CH; o
|
CHj,
=z |/C\/ | .
AN AN
(@]

COOR’

I
R'O0C C. : :COOR’
COOR/

or

o

@]
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-continued

R
\ (o}
Z 0 o
|
C
(@)
7Z—7R’
(@]

subsequently hydrolyzing and oxidizing said intermediate to
obtain tetracarboxylic acid having the formula:

COOH (ﬁ
HOOC. i PON : :COOH
COOH
wherein R' is a low alkyl group, Y is (OH), or (OR'),, Z is

oxygen or nitrogen, X is selected from the group consisting of
a halogen, OSO,CHj;, and B is boron.

19. The process claim 18 wherein the compound has the
formula:

CH;

coupled in the presence of catalysts and carbon dioxide with
a compound having the formula:

CH;

yields a coupled intermediate having the formula:

CH; |
HiC C CH;
i : :CH3
subsequent oxidized to obtain the tetracarboxylic acid having
the formula:

=0

COOH O

HOOC C COOH

COOH
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20. The process claim 18 wherein the compound has the

formula:
CH;
HiC
3 / I
|_ BY
.

coupled in the presence of catalysts with a compound having
the formula:

15
(€]

Il
—C
CH
i//;[ |
| 20
A CH;

to obtain an coupled intermediate having a formula:

X

25

CH; (?
H;C C CH;
\@: 30
CH;
wherein B is boron, Y is (OH),, (OR'),, X is halogen, R is

C=0; said intermediate subsequently oxidized to afford ben- 35
zophenone tetracarboxylic acid.

COOH O
| 40

HOOC C. : :COOH
COOH.
21. The process of claim 18 for preparing asymmetric

tetracarboxylic acids which comprises cross-coupling a com-
pound having the formula:

CH;
H;C
= I
——BY
I 55
x

coupled with a substituted phthalic ester having the formula:

45

60

XR
COOR/
ﬁ/\[
A COOR’ 65

26

in the presence of catalysts to obtain an intermediate having
the formula:

CH3
H3C COOR/
A ~ COOR’
wherein R is CH,, R' is a low alkyl group, Y is (OH), or
(OR"),, X is selected from the group consisting of a halogen
OSO0O,CF;, and OSO,CHj;, and B is boron; said intermediate

subsequently hydrolyzed and oxidized to obtain tetracar-
boxylic acid having the formula:

COOH (ﬁ
HOOC. i C. : :COOH
COOH.
22. The process of claim 18 for preparing asymmetric

tetracarboxylic acids which comprises cross-coupling a com-
pound having the formula:

coupled with a substituted phthalimide having the formula:

0
XR,
2
’d
| 7—R'
\
o

in the presence of catalysts to obtain intermediates having the

formula:
CH; o
H;C
7Z—7R’
X
(@]

wherein R is CH,, or C—0O, R'is alow alkyl group, Y is (OH),
or (OR'),, X is selected from the group consisting of a halo-
gen, OSO,CF;, and OSO,CH;, and B is boron, Z is oxygen or
nitrogen; said subsequently hydrolyzed and oxidized to
obtain tetracarboxylic acid having the formula:
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COOH
HOOC. i LC : :COOH
COOH.

23. The process claim 18 wherein the 2,3,3',4'-tetracar-

boxylic acid is converted by dehydration into the correspond-
ing 2,3,3',4'-benzophenone dianhydride having the formula:

O=0

O
e}

@]

24. The process of claim 18 wherein the 2,3,3'.4'-ben-
zophenone tetracarboxylic acid is converted to 2,3,3",4'-ben-
zophenone dianhydride by dehydration.

25. The process of claim 18 wherein 2,3,3',4'-benzophe-
none tetracarboxylic acid is converted to 2,3,3',4'-benzophe-
none dianhydride by dehydration with acetic anhydride.

26. The process of claim 18 wherein palladium or nickel
catalysts are present in the cross-coupling reaction.

27. The process claim of 17 wherein the tetracarboxylic
acid is converted by dehydration into the corresponding 3,4'-
methylene diphthalic anhydride.

28. Process for preparing asymmetrical tetracarboxylic
acids which comprises cross-coupling a substituted o-xylene
having the formula:

X cH
23 | ;
~ CH;

28

with a compound having the formula:

_ RMX
5 * //|

AN

H;C

10 to produce an asymmetrical intermediate having the formula:

CH;3
s CH;. i R CH;
: :CH3
20 wherein X is halogen, R is nil, CH, or C=0, and M us a
reactive metal, and subsequently oxidizing the said interme-

diate to produce the corresponding asymmetrical tetracat-
boxylic acid having the formula:

25
COOH

HOOC@R@COOH
COOH.
29. The process of claim 28 wherein the tetracarboxylic

acid is converted by dehydration into the corresponding dian-
hydride having the formula:

(6]
o (€]
R
(6]
108
(6]
30. The process of claim 28 wherein M is a reactive metal

selected from the group consisting of lithium, magnesium and

zinc.
50

30

40

45



