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Summary of Facts and Subm ssi ons

Eur opean patent application No. 94 303 447.0, filed on
13 May 1994, claimng the priority of 24 May 1993 of an
earlier application in the United States of America
(066 382) and published under No. 0 626 409 on

30 Novenber 1994, was refused by a decision of the
Exam ning Division, issued in witing on

22 Cct ober 1999.

1. The deci sion was based on a set of nine clains,
Claims 1 and 2 having been submitted with a letter
dated 25 January 1999, and Clains 3 to 9 in their
initial version

The clains read as foll ows:

"1l. A nethod for naking pol ycarbonate, conprising,
(A) effecting reaction under interfacial reaction
conditions at a pHin the range of 9 to 12.5
bet ween a phenolic chai n-stopper and a bi sphenol
of the formul a,

where RR is selected fromthe same or different
G4 alkyl group, and a substantially

stoi chionetric anobunt of phosgene in the presence
of an amount of phase transfer catal yst of the
formul a,

(R).QX

2686.D Y A



-2 - T 0410/ 00

which is effective for providing pol ycarbonate
havi ng a nol ecul ar weight in the range of 25K

to 180K conpared to a pol ystyrene standard, and
(B) substantialy elimnating chloroformate end
groups in the resulting m xture of (A) prior to
pol ycar bonat e recovery,

where R can be the sane or different Cy, . alKkyl
group, Qis a nitrogen or a phosphorus atom X can
be a hal ogen atom or an -OR! group, R' is a nenber
selected fromthe group consisting of H Gy 4

al kyl and Gg.15 aryl, and R* is selected fromthe
same or different GC,, alkyl group

2. A nethod in accordance with claim1l, where the
bi sphenol is bisphenol A

3. A nmethod in accordance with claim1 , where the
phase transfer catalyst is tetrabutylamoni um
hydr oxi de.

4. A nmethod in accordance with claim 1, where the
phase transfer catalyst is tetrabutyl phosphoni um
brom de

5. A nmethod in accordance with claim 1, where the
phase transfer catalyst is tetrabutylamoni um

brom de or tetrabutyl anmoni um chl ori de.

6. A nethod in accordance with claim1l, where the
phenol i ¢ chai n-stopper is phenol.

7. A nethod in accordance with claim1l, where the
phenol i ¢ chai n-stopper is cunyl phenol.

8. A nethod in accordance with claim1l, where the
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chl orof ormate end groups are elimnated by
addition 100 ppmto 1000 ppm of triethylam ne

foll owed by the addition of sufficient phosgene to
react with any residual phenolic hydroxy.

9. A nethod in accordance with claim 1, where the
chl oroformate end groups are elimnated by
addition of an aromatic phenol conpound.”

Wi | st novelty was acknow edged in the decision, the
request for grant of a patent was refused for |ack of
inventive step in the light of the disclosures of

D2: EP- A-0 013 904 and
D3: DE- A-2 503 150.

The Exam ning Division held that the clainmed nethod
differed fromthat in D3 only by the use of a different
guat ernary ammoni um salt as the catal yst and that there
was no evidence on file that the use of the different
catal yst was associated with a technical effect.
Therefore, the technical problemto be overcone was
seen only in the provision of a further process for
maki ng pol ycar bonate, which was solved in an obvi ous
way by selecting further suitable quaternary amoni um
salt phase transfer catal ysts, such as those descri bed
in D2.

On 13 Decenber 1999, a Notice of Appeal against the
above deci sion was | odged by the Appellant (Applicant).
The prescribed fee was paid on the sane date.

In the Statenment of G ounds of Appeal, received on
1 March 2000, the Appellant requested that the decision
be set aside and a patent be granted on the basis of
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the clains on file.

The argunents submtted by the Appellant can be
summari sed as foll ows:

The application related to a nethod for making

pol ycarbonate by (A) phosgenating a bisphenol in the
presence of a specific phase transfer catalyst (PTC)
according to the definition in Caim1l, whereby the
bi sphenol and phosgene were used in substantially
stoichionetric anmounts, and (B) elimnating

chlorof ormate end groups in the resulting m xture of
(A) prior to polycarbonate recovery.

The problemto be overcone by the application was seen
in the provision of high nol ecul ar weight

pol ycar bonates free of residual chloroformte end
groups. Such end groups woul d cause the resins to

di scol our to a high degree upon extrusion.

Furthernore, in the prior art, the use of tertiary
organi c am nes as effective condensation catalysts in
this reaction had been found to | ead to excessive
phosgene usage as a result of phosgene hydrolysis

and/ or chloroformate hydrolysis prior to the

term nation of capping. The rate of these side
reactions was now found to be considerably reduced when
t he specific PTC according to Caim1l were used.

The process of Docunent D3, which was considered in the
contested decision to represent the closest state of
the art, differed fromthe clainmed subject-nmatter both
in the choice of the PTC catalyst and in the absence of
step (B), ie the renmoval of chloroformate groups.
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Docunment D2 concerned the problemof form ng poly-
carbonates fromsterically hindered bisphenols which
was overconme by the choice of quaternary amonium salts
as the catalyst. In that process, a substantial excess
of phosgene was used, and the above step (B) was

m ssing. It would not be derivable fromD2 that it was
possi ble to prepare the desired pol ycarbonate when
using substantially stoichionetric anmounts of phosgene
and bi sphenol .

Nei ther D3 nor D2 woul d have taught to use the specific
PTC as defined in the clains nor to renove the chloro-
formate end groups fromthe pol yner before its
recovery.

In a conversation by tel ephone on 17 Septenber 2002

bet ween the Representative and the Rapporteur, the
meani ng of the definitions of Rand X in the phase
transfer catal yst was di scussed. Another point

di scussed was that whilst, according to the application
text, the reaction in step (A is carried out in the
presence of an aqueous phase, the wording of daim1l is
silent in this respect.

In reply to this conversation, it was argued by the
Appel l ant that effecting the reaction in step (A
"under interfacial reaction conditions" inplicitly

di scl osed "the presence of an organi c phase and an
aqueous phase”, and two anended versions of Caiml,
foll owed in each case by an unchanged Claim2, were
submtted ("Main request” and "Auxiliary request”;

| etter of 24 Septenber 2002). In both versions of
Claim 1, the expressions "R can be" and "X can be" were
replaced by "R is selected from' and "X is sel ected
from', respectively.
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Claim1l of the main request, as anended, reads:

"1.

A nmet hod for making pol ycarbonate, conprising,

(A) effecting reaction under interfacial reaction
conditions at a pHin the range of 9 to 12.5

bet ween a phenolic chai n-stopper and a bi sphenol
of the formul a,

where RR is selected fromthe same or different
C14 alkyl group, and a substantially

stoi chionetric anobunt of phosgene in the presence
of an amount of phase transfer catal yst of the
formul a,

(R).QX

which is effective for providing pol ycarbonate
havi ng a nol ecul ar weight in the range of 25K
to 180K conpared to a pol ystyrene standard, and

(B) substantial[l]y elimnating chloroformte end
groups in the resulting m xture of (A) prior to
pol ycar bonat e recovery,

where R is selected fromthe sane or different
Cua-10) al kyl group, Qis a nitrogen or a phosphorus
atom X is selected froma hal ogen atom or an -OR
group, R'is a menber selected fromthe group
consisting of H G alkyl and Cg 4 aryl, and R
is selected fromthe same or different G, alKkyl
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group. "

In Aaim1l according to the auxiliary request, the
passage ", in the presence of an organic solvent and an
aqueous phase,” was inserted after "interfacial
reaction conditions” (in step (A)).

The Appel |l ant requested that the decision under appeal
be set aside and that a patent be granted on the basis
of Clains 1 and 2, as submitted with the letter dated
24 Septenber 2002 and headed "Main request", and
Clainms 3 to 9 as originally filed or, alternatively,
Claims 1 and 2, as submtted with the sane letter and
headed "Auxiliary request”, and the above Clains 3

to 9.

Reasons for the Decision

1

2686.D

The appeal is adm ssible.

Article 123(2) EPC

Claim 1, as anmended according to the main request, is
based on the follow ng passages of the application as
originally filed: Claim1, page 3, lines 13 and 15.

The additional feature inserted in aim1l according to
the auxiliary request is supported by page 5, lines 7/8
and 24 to 29; page 6, lines 19 to 22; page 8, lines 7
and 10; and page 9, line 1

The remaining clains are identical to those as
originally filed.

Consequently, the clains of both requests conply with
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Article 123(2) EPC

Article 84 EPC (main request)

Due to the anmendnent of the definitions of groups R
and X, the scope of the fornula defining the phase
transfer catal yst has becone cl ear and unamnbi guous.

According to Ul mann's Encycl opaedi a of Industrial

Chem stry, 5'" edition 1992, volune A21, pages 210 to
212, chapter 3.1 "Interfacial Polycondensation”
"Interfacial polycondensation is currently used for the
i ndustrial production of polycarbonates [2],[5],][6].

Bi sphenol A is reacted with phosgene at 20 to 40°Cin a
t wo- phase mi xture consisting of an aqueous, al kaline
phase and an i mm sci ble organic phase.” In Table 3 in
"Encycl opedi a of Pol yner Science and Engi neering", John
Wley & Sons, New York ... 1987, volune 8, page 226,
reference is made to "Typical Interfacial

Pol ycondensations with Stirring" and, inter alia, to
"carbonate" polyner. In all these reactions, one
reactant (such as phosgene) is present in an organic
phase and the others (eg Bi sphenol A ["BPA"] and
tertiary amne) in an aqueous phase. According to Kirk-
O hner, Encycl opedi a of Chemi cal Technol ogy, 4"
edition, volunme 19, John Wley & Sons, New York 1996,
page 595, this reaction is carried out in the sanme way
even after the filing date of the application in suit:
"Interfacial Polynerization. Most BPA pol ycarbonate is
produced by an interfacial polynerization process
utilizing phosgene [75-44-5]. The interfacial process
for pol ycarbonate preparation involves stirring a
slurry or solution of BPA and ... chain stopper ... in
a mxture of nethylene chloride and water, while adding
phosgene (qv) in the presence of a tertiary amne
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catalyst ...". A simlar statenent can also be found in
"Kunst st of f - Handbuch" vol unme 3/1, Carl Hanser Verl ag
Minchen 1992, page 142, chapter 3.3.2.3. It can be
concluded fromthese encycl opaedi as that the reference
to an interfacial reaction for a person skilled in this
art inmplicitly includes the presence of both an aqueous
and an organi ¢ sol vent phase.

Therefore, the Board is satisfied that the requirenents
of Article 84 EPC are nmet by the main request.

Novel ty

Novel ty of the clainmed subject-matter was acknow edged
in the decision under appeal. The Board has no reason
to take a different view

It follows that the requirenents of Article 54 EPC are
met .

Pr obl em and sol uti on

The patent application in suit concerns a nethod for
maki ng aromati c pol ycar bonat e.

Such a nethod is known from D3 which the Board, |ike
t he Exam ning Division, regards as representing the
cl osest state of the art.

In this citation, the problens are described which
occurred in previously known nethods of preparing
pol ycar bonat e by phosgenati ng aqueous sol utions of
al kali salts of aromatic di oxy conpounds ("bi sphenol
salts"), such as BPA, in the presence of an organic
sol vent, capabl e of dissolving phosgene and
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pol ycar bonat e (paragraph bridgi ng pages 1/2).

I n one such previous nethod, carried out in a two-phase
system of an aqueous al kali solution of BPA and an
organi ¢ solvent as nentioned before, the bisphenol was
pol ycondensed wi th phosgene in the presence of

catal ysts and nonophenol s as chain term nators.

I nt er medi ate products obtained in the first step of
this method were term nated by chl orof ormate groups

whi ch coul d then be pol ycondensed further to

pol ycar bonat e havi ng the desired nol ecul ar wei ght
(paragraph bridging pages 2/3).

However, this previously known nethod had a nunber of
di sadvant ages. Thus, significant anounts of aqueous

al kal i hydroxi de and phosgene were wasted due to their
consunption in side-reactions, ie by the hydrolysis of
phosgene and/or the said chloroformte groups. Both
side-reactions occurred when the reaction m xture
cont ai ned an excess of alkali (pages 3 and 4).

According to Docunent D3, these di sadvantages are

avoi ded by nmeans of a three-stage process for the
preparation of polycarbonates wherein, in the first
stage, the said bisphenol salts are prepared by
reacti ng bi sphenols suspended in the organic sol vent,
referred to above, a stoichionetric anount of the

al kali hydroxi de and an anobunt of water sufficient to
provi de, together with the water released by this
reaction, the nunber of water nolecules in the crystal
hydrate formed in this stage (page 9, |ast paragraph to
the bottom of page 10). In the second stage, the said
bi sphenol salts, in the formof small solid particles
evenly suspended in an organic solvent as mentioned
before, are subjected to phosgenation in the presence
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of a catal yst and nonophenols as chain termnators in
an interfacial polycondensation to oligocarbonates,
which are then, in the third stage, polycondensed
further to polycarbonates in the presence of an anount
of 0.3 to 0.7 nmols, per nmol of the bisphenol salt, of

an aqueous solution of alkali hydroxides (of a 5 to 20%
strength). Thereafter, the end product is recovered
(pages 11 to 13).

The said crystal hydrates have the general formula

[Mo@ﬁ@@‘ﬂ 0
N £'m R'm

wherein Ris >C(CH;), or cyclohexyl; R is O or Br

Mis Kor Na; nis an integer corresponding to the
nunber of water nolecules in the crystal hydrate; and m
is 2 (Caim1l, page 5).

Whilst in the definition of the synbols in the above
formula mis limted to the value of 2, the crystal
hydrate of the disodiumsalt of 2,2-bis-

(4- hydr oxyphenyl ) propane (BPA), ie a conpound wherein
mis zero, is referred to as the preferred starting
conpound at the top of page 6. This is confirned by a
nunber of physical properties of polycarbonate derived
from BPA, nost of the exanples and particulars of the
conversi on of BPA to polycarbonate given in the
description (page 8, |ast paragraph and subsequent
pages; Exanples 1, 2, 4to 9, 11 to 14).

Whilst in the previously known nethod, tertiary am nes
or quaternary amonium salts, in general, were used as
catal ysts, D3 refers only to tertiary am nes or

benzyl tri et hyl ammoni um chl oride and, in particular, the
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| atter conpound (D3: page 2, |ast paragraph and
page 12, lines 4 to 6; the exanples).

Since the salts are reacted with phosgene in the
absence of free water and free alkali, the consunption
of water, phosgene and al kali can be reduced
significantly (water to a tenth, phosgene and al kal

by 20% conpared to the previously known processes).
Thus, the salt and phosgene are suitably kept during

t he phosgenation at a nolar ratio of 1:1. Since the
phosgenation can be carried out at the constant boiling
poi nt of the organic solvent, the nol ecul ar wei ght

di stribution of the polycarbonate can al so be inproved
(page 6, paragraph 3 to page 8, paragraph 1; page 11

| ast paragraph).

According to introductory statenents in D3, the
presence of water and alkali in the phosgenation of

bi sphenol s catal ysed by tertiary am nes or quaternary
ammoni um conpounds results in a significant loss in
phosgene due to side-reactions. In the light of these
shortcomngs and in line with the introductory
statements in the patent application (page 2, line 23
to page 3, line 2), the technical problem underlying
the patent application in suit may thus be seen in the
definition of a sinpler and inproved process for the
preparation of aromatic pol ycarbonates of high

nol ecul ar wei ghts from specific bis(4-hydroxyphenyl)

al kanes whil st avoiding significant | osses of phosgene
due to side reactions and without the need to prepare,
prior to the phosgenation, a specific internediate form
of a starting material in an additional reaction
requiring sensitive control of the reaction conditions.

According to the patent application in suit, this
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problemis solved by reacting, in a step (A,

bi s(4- hydr oxyphenyl ) al kanes according to the above
formula (2) with a substantially stoichionetric anmount
of phosgene in the presence of a phenolic chain-stopper
and a phase transfer catalyst of the formula (R),QX
(see Caim1l, section IV, above) under interfacial
reaction conditions, at a pH value in the range of 9
to 12.5 to provide pol ycarbonate having a nol ecul ar

wei ght in the range of 25K to 180K, conpared to

pol ystyrene standard, and then, before recovering the
pol ycar bonate, substantially elimnating chlorofornate
end groups fromthe polyner (step (B)).

In both exanples of the application in suit, BPA was
phosgenated in a mxture of an aqueous phase and a
nmet hyl ene chl ori de phase in the presence of tetrabutyl
amoni um hydr oxi de. Phosgene was used in excesses of
only 2 and 1 nol% respectively, based on the total
anount of bi sphenol and phenol. During this reaction,
t he pH val ue was maintained at 10.5 to 11 and 10. 8,
respectively, by nmeans of an aqueous sodi um hydroxi de
solution. In a second step, chloroformate term na
groups were elimnated fromthe pol yner obtained in the
first step, resulting in polycarbonates having

nol ecul ar wei ghts of 41.5K, 39.5K and 4. 14K,
respectively.

Consequently, the aspects of the above defined

techni cal problemare evidently effectively solved by
the method as defined in Claim1l.

| nventive step

It remains to be decided whether this solution was
obvious to a person skilled in the art having regard to
the state of the art relied upon by the Appellant.
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It is evident fromthe above considerations that in D3
t he di sadvant ages of the previous processes due to
hydrol ysis side-reactions were avoided in a conpletely
different way by preparing a solid crystal hydrate of

t he bi sphenol salt in a prelimnary step, and
explicitly working in the absence of any free water and
al kali during the phosgenation. Indeed, it is doubtful,
in view of the apparent substantially conplete absence
of an aqueous phase, whether this prior disclosure can
properly be regarded as an interfacial process at all,
as normal ly understood by a person skilled in this art
(see section 3.2, above). Hence, there was no hint to
the clained solution of the technical problem but on
the contrary, this docunment teaches clearly away from
the solution found according to the application in

Sui t.

Docunment D2 relates to a process for preparing

t her mopl asti c high nol ecul ar wei ght aromatic

pol ycar bonat es excl usively or predom nantly from
bis(tetra-ortho-C- to -G;:-al kyl phenol s), ie conpounds
according to the two general fornul ae

R X R (3)
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wherein Ris C to G alkyl, and X denotes a direct
single bond, C to G alkylene, C to G al kylidene,
cycl ohexyl ene, cycl ohexylidene, -O or -S, in a
cat al ysed phosgenation reaction at a pH value within a
range of 11 to 14 (Claim1l; page 12, lines 2 to 4).

Previ ously, such polyners could be prepared only by
usi ng specific nmethods which di sadvant ageously, and in
contrast to the process of D2, required the use of
relatively high quantities of am nes. |nstead,

guat ernary ammonium salts are used in the process of D2
in ampunts of 0.01 to 5 nol % as catal ysts, optionally
together with tertiary am nes in anmobunts not exceedi ng
8 nol % (both relative to the total anpbunt of the

bi sphenols; Caiml; page 1 to page 4, line 11; page 5,
| ast paragraph).

Further remarkable features of the process of D2 are
seen in the facts that phosgene needs to be used in
amounts of |less than 170 nol % in general |ess than
150 nol % relative to the total anount of bisphenols
charged, and that the products have | ow contents of
term nal phenolic groups (page 7, lines 7 to 17). Thus,
in Exanple 1, phosgene is used in an anmount of
approximately 150 nmol % (cf. letter dated 13 July 1999,
second paragraph). It is evident fromthese figures
that, in this document, the consunption of phosgene in
side-reactions is taken for granted.

I n addition, the docunment refers to physical and

chem cal properties of the resulting polyners, ie an
excel l ent resistance agai nst solvolysis, hydrolysis or
am nolysis and a high thermal stability under | oad.

O her properties nmentioned high second order transition
t enperatures and high tenperature resistance (page 15,

2686.D Y A
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line 13 et seq.).

However, the docunment does not refer to the above

rel evant technical problem ie to avoid phosgene-
consum ng side-reactions and to obtain high nol ecul ar
wei ght pol ycarbonates derived only from unsubstituted
bi s(4- hydr oxyphenyl ) al kanes (see the above

formula (2)), and, therefore, cannot contribute to its
sol uti on.

It follows that the nmethod of Claim1 according to the
mai n request woul d not be obvious to a person skilled
inthe art in viewof D3, by itself, or D3 in
conbination wth D2 and, therefore, involves an

i nventive step.

Claims 2 to 9 of the main request, which relate to
specific enbodi nents of the nmethod of Claim1l, are
supported by the patentability of the main claimand
t hus al so al | owabl e.

Since the main request is successful, the auxiliary
request need not be dealt with. Nor is it necessary to
hol d oral proceedings.
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For these reasons it is decided:

1. The deci sion under appeal is set aside.

2. The case is remtted to the Exam ning Division with the
order to grant a patent on the basis of Clainms 1 and 2,
as submtted by letter dated 24 Septenber 2002 and
headed "Main request”, and Clains 3 to 9, as originally
filed, after any necessary consequenti al anmendnent of
t he description.

The Regi strar: The Chai r man:

E. Gorgnmaier R Young
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