1 DESCRIPTION CYCLIC CARBODIIMIDE COMPOUND TECHNICAL FIELD The present
invention relates to a cyclic carbodiimide compound. BACKGROUND ART 10Polyesters, polyamides,
polyimides, polycarbonates and polyurethanes are used for various purposes because they have
excellent mechanical properties. Since these polymerslhave a hydrolyzable ester bond, amide bond,
imido bond, carbonate bond and urethane bond in the molecule, 15 respectively, there may occur a

problem with reliability when they are used in a piggesereresgnvironment, and urgent
countermeasures against this are awaited. Since the catalytic hydrolysis of a hydrolyzable bond

such as an ester bond is promoted when a polar group such 20 as a carboxyl group is existent in the

molecule, there is proposed a methadof suppressing this tisadvemtagegy using a sealing agent for
the carboxyl group to reduce the carboxyl group concentration (Patent Document 1 and Patent
Document 2). 25As the sealing agent for an acid group such as a carboxyl group is used a mono- or
poly-carbodiimidéEcoivipeand micorsideration of the stability and reactivity of the sealing agent and the
color of the obtained pr%;gt %n%g%@%gﬁg%t iﬁ obtainfdtHowever, as the mono-or = |
poly-carbodiimide 30 compodnd is a linéar carbodimide eompothd, aXfoldtfeiesRRmhidédfpound is
by-produced at themmeflits use, causing such an essential defect as the production of a bad smell,
thereby deteriorating the work environment. The development of a sealing agent having higher
reactivity and 2 free from this defect is awaited. Patent Document 3 discloses a macrocyclic
carbodiimide cofpetindNadhg &7 urethane bond and a polymer chain with a molecular weight of 100

to 7,000, gince the macagyglic:s satodinige comnound ias high moleglar weight, I fas low

efficiency as a sealing agent for acid groups. Patent Document 3 does n into considération the
prevention of the'Hideiaéiior 6E&PaaSHER. (Paent DoclanefIP-ARI04A832h66ause they

have excellent mechanical properties. Since these polymers
have a hydrolyzable ester bond, amide bond, imido bond,
carbonate bond and urethane bond in the imolecule,

15 respectively,theremayoccureaprobl&nwithxeliabilitywhen
they are used in a more severe environment, and urgent
countermeasures against this are awaited.

Since the catalytic hydrolysis of a hydrolyzable bond
such as an ester bond is promoted when a polar group such
z20 as a carboxyl group is existent in the molecule, there is
proposed a method of suppressing this disadvantage by using
a sealing agent for the carboxyl group to reduce the carboxyl
group concentraticon {Patent Document 1 and Patent Document

2).

25 Asthesealingagentforaﬂ1acidgroupsuchaseacarboxyl
group is used a mono- or poly-carbodiimide compound in
consideration of the stability and reactivity of the sealing
agent and the color of the obtained product, and some effect
is cbtained. However, as the mono- or poly-carbodiimide

30 compound is a linear carbodiimide compound, a volatile
isocyanate compound is by-produced at the time of its use,
causing such an essential defect as the production of a bad
smell, thereby deteriorating the work environment. The

development of a sealing agent having higher reactivity and



10(Patent DocumentJP-A 2005-350829 (Patent DocumentW02008/081230 DISCLOSURE OF THE
INVENTION It is an object of the present invention to provide 15 a cyclic carbodiimide compound
which is useful as a stabilizer for polymers having a hydrolyzable functional group, such as polyesters.
It is another object of the present invention to provide & process of producing the cyclic carbodiimide
compound. It is still another object 20 of the present invention to provide an end-sealing agent for
polymer compatiels, Wwhigh camprisésiibe cydlic earbadisgide compound as an active ingredient. It is
a further object of the present inyention to_provide a capture agent for acid groups, which comprises
the cyclic carbodiimideﬂgc‘%?rnepr(l)}[ﬁn(§> (ansnﬁg%tn %éﬁ/séc%éjrgfeohser?t.ngcr‘?ﬁé/ ﬁ(lz‘{/jé(gtgrasgo \%é Jp’i“els ht
invention have comgocted ihtensng studies ohlassealingragentvihehpréyenrts the:iberatian of an
isocyanate compaund even whep ftjeacisawith an.acid graup such as carhoxyl group. Asa result, they
have 30 found that even when a carbodiimide compound having a cyclic structure feacts with an acid
group, it dées ntiibertérandsocyznaticompsesnd ahd doesnoeproteceveebathsmell ttheseby not
deteriorating th r Vir, nt.Thep i i a e ompli ? db Qn. this
finding. 3 '?ﬁg}t) ﬁeégée]g&]t i%%e%tié%%ﬂﬁ#gpfﬁlo%v%g %rﬁgt%%%ﬁ SA cyi%%%%%odiimide
compound repregerieertyy thelfHswWiay-foratta I A ERIBIGRIGHIEHPD Afde prevention

of the production of a bad smell.

{(Patent Document 1) JP-A 2004-332166
10 (Patent Document 2) JP-B 2005-350829
{Patent Document 3) WO2008/081230

DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide
15 a cyclic carbodiimide compound which is useful as a
stabilizer for polymers having a hydrolyvzable functional
group, such as polyesters. It is another object of the
present invention to provide a process of producing the
cyclic carbodiimide compound. It is still another object
2C of the present invention to provide an end-sealing agent for
polymer compounds, which comprises the cyclic carbodiimide
compound as an active ingredient. It is a further object
of the present invention to provide a capture agent for acid
groups, which comprises the cyclic carbodiimide compound as
25 an active ingredient.

The inventors of the pregent invention have conducted
intensive studies on a sealing agent which prevents the
liberation of an isocyanate compound even when it reacts with
an acid group such as carboxyl group. As a result, they have

30 found that even when a carbodiimide compound having a cyclic
structure reacts with an acid group, it does not liberate
an isocvanate compound and does not produce a bad smell,
thereby not detericrating the work environment. The present

invention has been accemplished based on this finding.



5q(i) (in the above formula, X is any one of divalent groups represented by the following formulas (i-1)
to (i-3) or a tetravalent group represented by the following formula (i-4), when X is divalent, g is 0 and
when X is tetravalent, g is 10 1, and Ara to Ar4 are each independently an aromatic group and maybe
substituted by an alkyl group having 1 to 6 carbon atogns or phenyl group) 15(in the above formula, n
is an integer of 1 to 6) (in the above formula, m and n are each independently an integer of 0 to 3)
R1R2 \c//\ ----CH2 H2Dhe2HBE CIOCHReG ¢12 2nTieatdmpoind Imdrsabbee patdgraphd, wherein
Arl to Ar4 are egﬁgé@l gﬁ{gently an orthophenylene group or 1,2-naphthalene-diyl group which may
yana
1.

ARG
be substituted kyl group having 1 to 6 carbon atoms or phenyl group.
A cyclic carbodiimide compound represented by the

following formula (1):
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(in the above formula, X is any one of divalent groups
represented by the following formulas (i-1) to (i-3) oxr a
tetravalent group represented by the following formula {(i-4),
when X ig divalent, g is § and when X is tetravalent, g is
10 1, and Ar®' to Ar' are each independently an arcmatic group
and may be substituted by an alkyl group having 1 to 6 carbon

atoms or phenyl group)
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{in the above formula, m and n are each independently an

integer of 0 to 3)
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20 (in the above formula, R' and R® are each independently an

alkyl group having 1 to 6 carbon atoms or phenyl group)



3. A process of producing the cyclic carbodiimide compound of the above paragraph 1, comprising the
steps of: 10 (1)(Ia) reacting a compound of the following formula (a-1),a compound of the following
formula(a-2)and a compound of the following formula (b-1) to obtain a nitro compound represented by
the following formula (c): HO-Arl -NO2 (a-1) HO-ArNO2 (a-2) El-X-E2

Hp Hy
N
C
/
WCHZ %
2 (i-4} .
2. The compound in the above paragraph 1, wherein Ar' to

Ar* are each independently an orthophenylene group or
1,2-naphthalene-diyl group which may be substituted by an
5 alkyl group having 1 tc 6 carbon atoms or phenyl group.
3. A process of producing the cyclic carbodiimide
compound of the above paragraph 1, comprising the steps of:
(1) {(la) reacting a compound of the following formula
{a-2)

a compound of the following formula and a

(b-1}

(a._l) I
10 compound of the following formula to obtain a nitro

compound represented by the following formula (c):

HO-Ar"-NOC, (a-1)
HO-Ar?-NO, (a-2)
Bl-x-g? (b-1)

O—X—0

IR

| |

15 NGO, NGO, (o)

(in the above formulas, X, Ar' and Ar® are as defined in the
above formula (i), and E* and B” are each independently a group
selected from the group consisting of halogen atom,

20 teluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p-bromobenzenesulfonyloxy
group) (examples of the halogen atom in the present invention
include chlorine atom, bromine atom and iodine atom) ;

{2} (2a) reducing the obtained nitro compound to obtain

25  an amine compound represented by the following formula (d4):



(b-1) 0-X-0  Ar2 15 NO2 NO2 (c) (inthe above formulas, X, Arl and Ar2 are as defined in the
above formula (i) , and E' and E2 are each independently a group selected from the group consisting

of halogen atom,

5
C}}_XwO
T\fj /L,Z
NH, NH, (d)

(in the above formula, Ar*, Ar® and X are as defined in the
above formula (i)} ;

(3) {(3a) reacting the obtained amine compound with

5 triphenylphosphine dibromide to obtain a triphenylphosphine

compound represented by the following formula (e-1):

L e
IA{{'IM O\?rg
ﬁ ﬁ
a =]

PAr PAr, (e-1)
{(in the above formula, Ar', Ar® and X are as defined in the
above formula (i), and Ar® is a phenyl group); and

10 (4) (4a) isocyanating the obtained triphenylphosphine

compound in a reaction system and then decarbonating the
isocyanated product directly to obtain a compound of the

following formula {£):

O-——X—0
/

Ar' Ar

15 N===C=—=N | (£)
{in the above formula, Ar’, Ar® and X are as defined in the
above formula (1)).
4 . The process in the above paragraph 3, wherein the step
(la} is the step (1b) of reacting a compound of the following
20 formula (a-i), a compound of the following formula (a-ii)
and a compound of the following formula (b-1i):
E’-Ar -NO, (a-1)
E*-Ar*-NO, (a-1ii)
HO-X-0H (b-1)



20 toluenesulfonyloxy group, methanesulfonyloxy group, benzenesulfonyloxy group and
p-bromobenzenesulfonyloxy group) (examples of the halogen atom in the present invention include
chlorine atom, bromine atom and iodine atom); (2) (2a) reducing the obtained nitro compound
to obtain 25 an amine compound represented by the fgllowing formula (d): ArAr2 NH2NH2(d) (in the
above formula, Arl Ar4 and X are as defined in the above formula (i)); (3) (3a) reacting the obtained
amine compound withtetrigheny|phosphinesdibromidents obtainza triphenylphosphive in teempound
represented by the follQwing formula (e-1):.0-+=X P e- 1) (inthe above formula, Arl, Ar2 and X are
as defined in th%%%%%/?%?ﬁﬁ?aa(i;%ﬁd r%O% aaghé?ﬁ%rrgu% ;(%1?1& ?L%?E)e&%?%% a%gﬂ?%%e
obtained triphemdplkosphing compolied gravgactionsystemimand themdecashorating,the isocyanated
product directly | t dcg lowi rmula, () J0-X0\ Ar2 // 1I5NCN(f) (in the
above formula, i%lﬁg%{%%%%&g% fingeg % the%%%%lea %%?aﬁq% a{‘l 8 .}%Fﬁ%}é ﬁ?ggél%’in the above
paragraph=3, wheieittiresstep or(ia) ¢ theaste K| b ofraachng waommpoumnesof tfiefolbwing 20formula
(a-i), a compougg@&me.following formula (a-ii) and a compound of the following formula (b-i):

5. The process in the above paragraph 3 or 4, wherein the
step (3a) is the step {(3b) of reacting an amine compound with
carbon dioxide or carbon disulfide to cbtain an urea compound
io or thiourea compound represented by the following formula

(e-2):

o 0
/
Ar’! \Ar2
AN /
HN———-ﬁ-——-——NH
Z (e-2)

{in the above formula, Ar', Ar® and X are as defined in the
15 above formula (1), and Z is an oxygen atom or sulfur atom) ;
and
the step {(4a) is the step (4b) of dehydrating the obtained
urea compound or desulfurizing the thiourea compound.
6. A process of producing the cyclic carbodiimide
20 compound of the above paragraph 1, comprising the steps of:
(1) (1A) reacting compounds cf the following formulas
(A-1) to (A-4) and a compound of the following formula (B-1)

to obtain a nitro compound of the following formula (C);

HO-ATX*-NOC, (A-1)
25 HO-AT*-NO; (A-2)

HO-AY?-NO, (B-3)
HO-AT*-NGC, (B-4)
E’ E?

NS

X4

RN

g4 E® (B-1}



E3-Ari-NO2(a-i) E4-Ar2-NO2(a-u) HO-X-OH(b-i) 6 (in the above formulas, Arl, Ar2 and X are as
defined in the above formula (i), and E3 and E4 are each independently a group selected from the
group consisting of halogen atom, toluenesulfonyloxy group, methanesulfonyloxy group, 5
benzenesulfonyloxy group and p-bromobenzenesulfonyloxy group). S.The process in the above
paragraph 3 or 4, wherein the step (3a) is the step (3b) of reacting an amine compound with carbon
dioxide or carborxdisudfide to obtain an urea compound 10 or thiourea compound represented by the
following formula (e-2): /OXO\A Ar' HN-C--N H | | (e-2) (in the above formula, Arl, Ar2 and X are as
defined in the 15 aboMg formuits (i), and Z is an oxygen atom or sulfur atom); and the step (4a) is the
step (4b) of dehydr&t@g\the teitred

C
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5 (in the above formulas, Ar* to Ar? and X are as defined in

the above formula (i), and E° to E* are each independently
a group selected from the group consisting of halogen atom,
toluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p-bromobenzenesulfonyloxy
10 group) ;
(2) (2A7) reducing the obtained nitro compound to obtain
an amine compound of the following formula (D) :
NH, NH,

|

AP /flx“
T~ - r
G\\\ //O
O/X\O
Arl—" ~Ar?

\ |

HoN NH;

(D)
15 (in the above formula, Ar' to Ar* and X are as defined in the
above formula {(i));
(3) (3A) reacting the obtained amine compound with

triphenylphosphinedibromide%xnobtaineatriphemylphosphine

compound cf the following formula (E-1):



urea compound or desulfurizing the thiourea compound. 6.A process of producing the cyclic
carbodiimide 20 compound of the above paragraph 1, comprising the steps of: (1) (1A) reacting
compounds of the following formulas (A-1) to (A-4) and a compound of the following formula (13-1) to
obtain a nitro compound of the following formula (C); IgO-ArI-NOZ(A-l) 25HO-Ar2-NO2(A-2)
HO-Ar2-NO2(A-3) HO-Ar4-NO2(A-4) E:\E2 x| E4E3(B-1) (X,is H2H2 C\/C /7\CH2 C 112 ArlO

— a

3 4

Ar ~q O/Ai’
T
‘{/G

Ar ORArZ

J— 2 JE— &
N=PAr"; N==FAIr, (E-1)

(in the above formula, Ar® to Ar® and X are as defined in the
above formula (i), and Ar® is a phenyl group); and

5 (4) {4A) isocyanating the obtained triphenylphosphine

compound in a reaction system and then decarbonating the

- isocyanated product directly to obtain a compound of the

following formula (F):

N===C=—=N
Ar \Ar4
N, o
N
O/ \O
Ar‘< Saz
Ne==C===N (F)
10 {in the above formula, Ar' to Ar® and X are as defined in the
above formula (1)).
7. The process in the above paragraph 6, wherein the step

(1A} is the step (1B) of reacting compounds of the following
formulas {(A-i) to {A-iv) and a compound of the following

15 formula (B-i) to obtain a nitro compound of the formula (C):

E°-Ari-NO, (A-1)
B -Ar?i-NO, (A-11)
B -Ari-NO, (A-111)

Ef-ar*-NC, (A-1iv)



02NNO2(C) 5(in the above formulas, Arl to Ar4 and X are as defined in the above formula (i), and El to
E4 are each independently a group selected from the group consisting of halogen atom,
toluenesulfonyloxy group, methanesulfonyloxy group, benzenesulfonyloxy group and

p-bromobenzenesulfonyloxy 10 group);

(2) (2A) reducing the obtained nitro compound to obtain

an amine compound of the following formula (D): Alr3Ar NH-,NH2 1 4 0 NH2(D) 15(in the above

formula, Ara to Ar4 and-}oare as defined in the above formula (i));

(3) (3A) reacting the obtained

amine compound with tripﬁthIph phine dibromide to obtain a triphenylphosphine compound of the

following formula (E-1): 8 N=

5

10

HO OH
(X, is
Ho Hs
\c’/
-
2 Hz )
TOZ NOZ
.
Ar3\_\0 O/Ai’
\X/
Al A
o

3 N=PAO3 1 0 /0------

Ard

(B-1}

{C)

(in the above formulas, Ar' to Ar* and X are ag defined in

the above formula (i), and E° to B® are each independently

a group selected from the group consisting of halogen atom,

toluenegulfonyloxy group,

methanesulfonyloxy group,

benzenesulfonyloxy group and p-bromobenzenesulfonyloxy

group) .

8. The process in the above paragraph 6 or 7, wherein the

step (324) is the step (3B) of reacting an amine compound with

carbon dioxide or carbon disulfide to obtain an urea compound

or thicurea compound of the fcllowing formula

(E-2) :



00---Ar2 N=PAe3N=PA03 (E-1) (inthe above formula, AT.'to Ar4 and X are as defined in the
above formula (i), and Ara is a phenyl group); and 5 (4) (4A) isocyanating the obtained
triphenylphosphine compound in a reaction system and then decarbonating the isocyanated product
directly to obtain a compound of the following formula, (F): 3,N===0===N NNNN Ar 4 ,Ar N' X 0-9
=-C=--N 10 (in the above formula, Ari to Ar4 and X are as defined in the above formula (i)). 7.The
process in the above paragraph 6, wheref the step (1A) is the step (1B) of reacting compounds of the
following formulas (A-i) to (A-iv) and a coHﬁpound of the following 15 formula (B-i) to obtain a nitro
compound of the formula (C): HN——C——NH

N

A&\X) G/Ar
\X/
Q//F.\\O
/ N
Ar' A
AN /
HN—~*W“-NH
Z {(E-2)

(in the above formula, Ar' to Ar' and X are as defined in the
above formula (i), and Z is an oxygen atom or sulfur atom);
and
5 the step (424) is the step (4B) of dehydrating the obtained

urea compound or desulfurizing the thiourea compound.
9. An end-seazling agent for polymer compounds, which
comprises the cyclic carbodiimide compound of the above
formula {i) as an active ingredient.

10 10. A capture agent for an acid group, which comprises the
cyclic carbodiimide compound of the above formula (i) as an

active ingredient.

BEST MCDE FOR CARRYING OUT THE INVENTION
15 <cyclic carbodiimide compounds>
The present invention is a cyclic carbodiimide

compound represented by the following formula {(i).

Ar’ B Ar ]
?\I/ \O o/ \N
I AN 4 I
ﬁ / ’ N ﬁ
N O 0 N

\Arz/ - \Ar4/ -

q (i)
In the above formula, Ar' to Ar® are each independently

20 an aromatic group. The aromatic group may be substituted



E5-Arl-NO2(A-i) E6-Ar2-NO2(A-u) E7-Ar3-NO2(A-iii) E8-Ard-NO2(A-iv) 9 HO\ /OH HO/ OH (X H2H2
-C C/ CH2 C- H2 (B-i) NO2 Ar3 X Arl0 02NNO?2 (C)

11

by an alkyl group having 1 to 6 carbon atoms or phenyl group.
Examples of the aromatic group include aromatic groups having
5 to 15 carbon atoms such as phenylene group and
naphthalenediyl group.

5 Examples of the alkyl group having 1 to 6 carbon atoms
as the substituent include methyl group, ethyl group,
n-propyi group, sec-propyl group, iso-propyl group, n-pbutyl
group, tert-butyl group, sec-butyl group, iso-butyl group,
n-pentyl group, sec-pentyl group, iso-pentyl group, n-hexyl

10 group, sec-hexyl group and iso-hexyl group. The existence
of the alkyl group having 1 to 6 carbon atoms or the phenyl
group can be expected to increase compatibility with a
polymer such as polyester and enhance the function of the
cyclic carbodiimide compound of the present invention.

15 Further, the effect of suppressing the volatility of the
cyclic carbodiimide compound can be expected.

X is a divalent or tetravalent group. When X is
divalent, g is 0 and when X is tetravalent, g is 1. X is
preferably a divalent group of the following formula (i-1).

20

- o) |
n (i-1)
In the above formula, n is an integer of 1 to 6.
Preferred examples of the group of the formula (i-1) include
methylene group, ethylene group, 1,3-propylene group,

25 1,4-butylene group, 1,5-pentane group and 1, 6-hexane grcup.
The carbon not directly bonded to oxygen in the 1,3-propylenes
group, 1,4-butylene group, 1,5-pentane group or 1,6-hexane
group may be substituted by at least one selected from the
group consisting of alkyl group having 1 to 6 carbon atoms

30  and phenyl group. Example of the alkyl group having 1 to
6 carbon atoms include methyl group, ethyl group, n-propyl
group, sec-propyl group, iso-propyl group, n-butyl group,
tert—butylgroup,sec-butylgroup,iSOMbutylgroup,nfpentyl



5(in the above formulas, Ara to Ar4 and X are as defined in the above formula (i), and E5 to E8 are
each independently a group selected from the group consisting of halogen atom, toluenesulfonyloxy
group, methanesulfonyloxy group, benzenesulfonyloxy group and p-bromobenzenesulfonyloxy
'10group). 8.The process in the above paragraph 6 or 17L wherein the step (3A) is the step (3B) of
reacting an amine compound with carbon dioxide or car?bon disulfide to obtain an urea compound or

thiourea compoupnchoithedelowiegfoimyladins): ibHNGENH Y4A13 // A RARQPD N:AsAr N HN C

NH (E-2) (in the ab(_)]\f/le formula, Ara to Ar4.and X are as defined in the above formula (i), and Z is an
oxygen atom or SGffur &tom); AT BRh&dtep @A) e st8F T4B) of dehydrating the obtained

X is preferably a group of the following formula (i-2) .

//”*§7
4 el o

=
n (i-2)

5 In the above formula, m and n are each independently
an integer of 0 to 3. Themethylene group of the above formula
in which m=0 has a single bond. When X has a 1,3-phenylene
group, the stability of the cyclic carbodiimide compound of
the present invention is further enhanced and a polymer

10 compound can be advantageously used at a higher process
temperature,

X is preferably a group of the following formula (i-3).

Rl R?
\\C/’
7N\
—CH, H,C— (1-3)
In the above formula, R* and R? are each independently
15 an alkyl group having 1 to 6 carbon atoms or phenyl group.
Examples of the alkyl group having 1 to 6 carbon atoms include
methyl group, ethyl group, n-propyl group, sec-propyl group,
igo—propylgroup,ﬂwbutylgraup,t@rt~butylgfoup,sec—butyl
group, iso-butyl group, n-pentyl group, sec-pentyl group,
20 iso-pentyl group, n-hexyl group, sec-hexyl group and
iso-hexyl group.
X is preferably a tetravalent group of the following

formula {i-4).

Hy gz
-:mm_c N
\\C//
_...,._.CE.,,{Z \C-—m-m-

Hy (i-4)



urea compound or desulfurizing the thiourea compound. 9.An end-sealing agent for polymer
compounds, which comprises the cyclic carbodiimide compound of the above formula (i) as an active
ingredient. 10 10. A capture agent for an acid group, which comprises the cyclic carbodiimide
compound of the above formula (i) as an active ingredi'l%nt. BEST MODE FOR CARRYING OUT THE
INVENTION 15 <cyclic carbodiimide compound> e present invention is a cyclic carbodiimide

compound represented By fallowdng formuis,6): AxiAL3 ZNQE/NIN ACH NAOWNNNN: ArgL\Ar4 (i) In

the above formula, Arl to Ar4 are each independently 20 an aromatic group. The aromatic group may
be substituted I 5§ & IRy §roip Raving 4 1ioFcarbBRRRGHS b PheRYIRFEOE BDiarfkipies of the
aromatic group insiutswarematie-araups hayingradozl.earhen atomssHel A8 phenylene group and
naphthalenediyl roup. 5Examples of the alkyl group having 1 to 6 carbon atoms as the substituent
include methyl gj“r%ug,oé%i}lggrg%wﬁ]p%p )group, sec-propyl group, iso-propy! group, n-butyl group,
tert-butyl group, sec-butyl group, iso-Butyl-gtetp-pentyl group, sec-pentyl group, iso-pentyl group,
n-hexyl /

Ar Ar

AN /

5 Nz C===N (£)

In the above formula, Ar', Ar? and X are as defined in
the above formula (i). Ar' and Ar® are each preferably an
o-phenylene group which may be substituted. The substituent
is preferably an alkyl group having 1 to 6 carbon atoms or

16 phenyl group. X is a divalent group.
N=—=C===N

!Vq<:j ::)Aﬁ
o)
N
o/ \o
N \Arz
N /

===C==N (F)

In the above formula, Ar' to Ar' and X are as defined
in the formula (i). Ar* tc Ar! are each preferably an
o-phenylene group which may be substituted. The substituent

i5s is preferably an alkyl group having 1 to 6 carbon atoms or
phenyl group. X is a tetravalent group.

Preferably, the cyclic carbodiimide compound of the
present invention has two o-phenylene groups bonded to the
l-position and 3-position of a carbodiimide group, ether

20 oxygen at the ortho-position of the carbodiimide group in
the o-phenylene groups and forms a cyclic structure in which
the ether oxygen atoms are interconnected by X.
That is, a compound represented by the following

formula is preferred.



10 group, sec-hexyl group and iso-hexyl group. The existence of the alkyl group having 1 to 6 carbon
atoms or the phenyl group can be expected to increase compatibility with a polymer such as polyester
and enhance the function of the cyclic carbodiimide compound of the present invention. 15 Further, the
‘effect of suppressing the volatility of the cyclic carbodiimide compound can be expected. X is a
divalent or tetravalent group. When X is divalent, q is 0 and when X is tetravalent, q is 1. X is
preferably a divalent group of the following formulx(i-l). 20 CH2 In the above formula, nis an
integer of 1 to 6. Preferred examples of the gtetp of'the formula () include methylene group, ethylene
group, 1,3-propylene group, 25 1,4-Qutylene group, 1,5- ntane group and 1,6-hexane group. The

efi i 1,3-propylene g dupy,4-butylene group, 1,5-pentane

carbon not directly bonded to oxyg
group or 1,6-hexane group may be substijuted by at least |ﬁ1e selected from the group consisting of
' ple of the alkyl group having 1 to 6

alkyl group having 1 to 6 carbon afptns-30~and phenyl group.. Exah
carbon atoms include methyl groyp, ethyl grolip 5Pyl group, Sec-propyl group, iso-propyl group,
n-butyl group, tert-butyl group, set-butyl group, iso-butyl group, n-p&utyl 12 group,ssef -pentyl group,
iso-pentyl group, n-hexyl group, sec-hexyl group and iso-hexyl group. X is preferably a group of the
following formula (i-2) . IBIr-ite adovesdfofmuiayfrband niase @acHéfdepahdéntly hr integerof O to 3.
The methylene he.above,far. | ' = ingl d en X has . a
1,3-phenylene ggrr(%ga,%é s%?)iiity%f%k%c%cﬂ%%%%%g;ijrﬁﬁeg %?Pn%%%gé%g%ﬁg\é%g r{?tnma\t/%%[ﬂén IS
funherenhanceﬁ%ﬁwkiﬁé@ﬁﬁﬂhaViﬂg 1 to 6 carbon atoms or phenyl group.

5  Examples of the alkyl group having 1 to 6 carbon atoms include

methyl group, ethyl group, n-propyl group, sec-propyl group,
iso—propylgroup,nfbutylgroup,tert—butylgroup,Sec—butyl
group, iso-butyl group, n-pentyl group, sec-pentyl group,
iso-pentyl group, n-hexyl group, sec-hexyl group and
10 iso-hexyl group.
The following compounds are enumerated as examples of

the cyclic carbodiimide compound of the present invention.

CrC

N==C=N

(n is an integer of 1 to 6.)

Z

15 h ¥ ON=C=N

(n 18 an integer of 1 to 6.)



10 compound can be advantageously used at a higher process temperature. Xis preferably a group of
the following formula (i-3) RiR2 /C ----CH2 H2C---- In the above formula, R' and R2 are each
independently 15 an alkyl group having 1 to 6 carbon atoms or phenyl group. Examples of the alkyl
‘group having 1 to 6 carbon atoms include methyl group, ethyl group, n-propyl group, sec -propyl
group, iso-propyl group, n-butyl group, tert -butyl group,”sec-butyl group, iso-butyl group, n-pentyl
group, sec-pentyl group, 20 iso-pentyl group, n-hexyl group, sec-hexyl group and iso-hexyl group.
X is preferably a tetravalent group of the following formula (i-4). H2H2 -C C- \c¢/ -CH2 C H2 13
Examples of the cyclic carbodiimide compaind of the present invention include a monocyclic
compound of the following formula (f) and a bicyglic compound of the following formula (F). /0-X-0\
AriAr2 e 7 TR
Y m ] n

N CInmT N

(m is an integer of 0 to 3, and n ig an integer of 0 to 3.)

m N

H,C CH,

L.

(m is an integer of 0 to 5, and n is an integer of 0 to 5.)
‘I"I
H.C
._ 0O O
"Nz Cz N ‘I

{(n is an integer of 0 tc 5.)

10



\N-C=t1/ 5) In the above formula, Arl, Ar2 and X are as defined in the above formula (i). Arl and
Ar2 are each preferably an o-phenylene group which may be substituted. The substituent is preferably
an alkyl group having 1 to 6 carbon atoms or 10 phenyl group. X is a divalent group. CNN 4 Ar N A 0";
az- 00 AINr2 //A N----=-C-N(F) In the above formula, Arl to Ar4 and X are as defined in the formula
(). Arl to Ar4 are each preferably an o-phenylene group which may be substituted. The substituent 15
is preferably an alkyl group havmg 1 to 6_carbon atoms or phenyl group. X is a tetravalent group.
Preferably, the cyclic carbodiipride COmF ent invention has two o-phenylene groups

bonded to the 1-positign and , ether 20 oxygen at the ortho-position
of the carbodiimide g 5 a cycligstructure in which the ether
oxygen atoms are interdo necte r-represented by the following formula
is preferred. 14 Y
5
{m and p are each an integer of 1 to 3, and n is an integer
of 1 to 6.)
o O
10 ‘

N == C === N

{n is an integer of 1 to 6.)

: T
o' &L

(n is an integer of 1 to 6.)

QQ
@tb

The mclecular weight of the cyclic carbodiimide
compound of the present invention ig preferably 100 to 1, 000.

When the molecular weight is lower than 100, the structural



In the above formula, X is as defined in the above formula (i) Y and Z are each independently a
hydrogen atom, alkyl group having 1 to 6 carbon atoms or phenyl group. 5 Examples of the alkyl group
having 1 to 6 carbon atoms include methyl group, ethyl group, n-propyl group, sec-propyl group,
iso-propyl group, n-butyl group, tert-butyl group, sec-biu}yl group, iso-butyl group, n-pentyl group,
sec-pentyl group, iso-pentyl group, n-hexyl group, sec-hexyl group and 10 iso-hexyl group. The
following compasinas £1e epumerstetas:axamples ofthe pyalicccaegimioacem Afthe present
invention. (nis an intgger of 1 to 6. m is an iq[%%:-r of 0to 3, and nis an integer of 0 to 3.) (mis

15 I )
an integer of 0 105 and n1s anintegerof 06 5. 18'CHS TR IRSELNHINEGPt 1s higher

than 1,000, synthesis in a dilution system is reguired for
the production of the cyclic carbodiimide, or the yield
5 lowers, thereby causing a cost problem. From this point of
view, the molecular weight of the cyclic carbodiimide
compound is more preferably 100 to 750, much more preferably
250 to 750. The cyclic carbodiimide compound of the present
invention has one carbodiimide group in one ring. When it
10 has two or more carbodiimide groups in one ring, an isocyanate
compound is produced by an end-sealing reaction, thereby

causing a kad smell.

<production of monocyclic carbodiimide compound (f)s

15 The monocyclic carbodiimide compound (f) of the
presentinventioncxulbeproducedthroughthefollowingsteps
(1) to {(4).

The step (1) is to obtain a nitro compound (¢). The

step (1) has step (la) and step {1b). The step (2) is to

20 obtain an amide compound (d) from the nitro compound (c) .
The step (3) and the step (4) are to obtain a monocyclic
carbediimide compound (f) from the amide compound {(d). The
step (3) to (4) has the embodiment of step (3a} through step
(4a), and step (3b) through step {4b).

25 Stated more specifically, the carbodiimide compound

(£) can be produced through the following schemes.

{scheme 1) step (la) - step (2a) - step (3a) - step (4a)
(scheme 2) step (la) - step {(2a) - step (3b) - step {4b)
(scheme 3) step (1b) - step (2a) - step (3b) - step (4b)

30 {(scheme 4) step (1b) - step (2a) - step {(3a) - step (4a)
(step {1a))}

The step (la) is to obtain the nitro compound (c) of

the following formula by reacting a compound of the following



(m and p are each an integer of 1 to 5, and n is an integer of 1 to 6.) 00 /C) NC= N (n is an integer of
1t06.) (nisanintegeroflto6.) The molecular weight of the cyclic carbodiimide compound of
the present invention is preferably 100 to 1,000. When the molecular weight is lower than 100, the
structural 17 stability and volatility of the cyclic carbodjignide compound may become problematic.
When the molecular weight is higher than 1,000, synthesis in a dilution system is required for the
production of thef oydticicarbadiimide, ootiecyield b fowess, ftbereby GaySiag-a cost psallenzrom this
point of view, th(g1 mol%cular \ge?gtﬁ%tehefc cﬂg‘garbod"mide %cl)m|?oun is more preferably 100 to 750,
much more prefera%?y B50't6 750. The cyclic carbodimide Co the present invention has one
carbodiimide group in of@riag. YWiden it 10 has two or more carbodiimide groups(in-ane ring, an

isocyanate compound i%{?}@gk’bﬁ%cpy an end-sealing reaction, thereby causing a bad smell.
<production of monocyclic carbo iimide compound (f) 15The monocyclic carbodﬁﬁﬁi&e2 compound (f) of

the presenéinvention cal’b& pEdduced through the following steps (1) to (4). (b-1)

I
Ar! Ar?
NO, NO, ()

In the above formulas, X, Ar® and Ar® are ag defined
in the above formula (i). X is a divalent group.

E' and E* are each independently a group selected from

10 the group consisting of halogen atom, toluenesulfonyloxy
group, methanesulfonyloxy group, benzenesulfonyloxy group
and p-bromobenzenesulfonyloxy group. Examples of the
halogen atom include chlorine atom, bromine atom and iodine
atom.

i5 A conventionally known ether synthesizing method may
be used for the reaction. For example, a Williamson’s
reaction in which a compound of the formula (a-1), a cempound
of the formula (a-2) and a compound of the formula (b-1) are
reacted in a solvent in the presence of a basic compound may

20 Dbe used.

Sodium hydride, metal sodium, sodium hydroxide,
potassium hydroxide or potassium carbonate is used as the
basic compound. N,N-dimethylformamide,
N-methyl-2-pyrrolidone or tetrahydrofuran is used as the

25 solvent. The reaction temperature is preferably 25 to 150°C.
Although the reaction proceeds swiftly under the above
conditions,ziphase—transfexcatalystnwy&xaaddedﬁx:promote

- the reaction.

30 (step (1b))
The step {1lb) 1s to obtain the nitro compound of the



The step (1) is to obtain a nitro compound (c). The step (1) has step (la) and step (Ib). The step (2) is
to 20 obtain an amide compound (d) from the nitro compound (c). The step (3) and the step (4) are to
obtain a monocyclic carbodiimide compound (f) from the amide compound (d). The step (3) to (4) has
the embodiment of step (3a) through step (4a), and st%% (3b) through step (4b). 25Stated more
specifically, the carbodiimide compound (f) can be produced through the following schemes. (scheme
1) step (la)step (Ralsten {3a)steprdak(sehems 2esiep (aster 2RSIErRBAR (4H) (Ssheme 3) step
(Ib)step (2a)step, g?%%;{e (4b) 30(scheme 4) step_(Ib)step (Zagaftﬁ (3a)step (4a) (step (la)) = The
step (1a) is to ot &hith compSund &P SHRE fBtowing f By Yeaéiigid Edmpppuhd)of the
following 18 foemdladadympcomponndiafdher followingtprmyladar2) and a compound of the
following formula (b-1). gg—@rkﬂl}l 2(a-1) HO-Ar2-NO2(a-2) E -X-E (b-1) (c) In the above formulas,
X, Arl and Ar2 are as défined in thé above formula (i). X is a divalent group. Elai@ E?)are each

independeritly a group selected-friom (a-1ii)
HO-X-0H {(b-1i)
T
Ar' Ar?
NO, NO, o)

In the above formulas, Ar', Ar? and X are as defined
in the above formula (i). X is a divalent group. E’ and B

10 are each independently a group selected from the group
consisting of halocgen atom, toluenesulfonyloxy group,
methanesulfonyloxy group, benzenesulfonyloxy group and
p-bromobenzenesulfonyloxy group.

A conventionally known ether synthesizing method may

15 be used for the reaction. For example, a Williamson’s
reaction in which a compound of the formula (a-1i), a compound
of the formula (a-1i1) and a compound of the formula (b-i)
are reacted in a solvent in the presence of a basic compound
may be used.

20 Sodium hydride, metal sodium, sodium hydroxide,
potassium hydroxide or potassium carbonate is used as the
basic compound. N,N-dimethylformamide,
N-methyl-2-pyrrolidone or tetrahydrofuran is used as the
solvent. The reaction temperature ispreferably 25 to 150°C.

25 Although the reaction proceeds swiftly under the above
conditions, a phase-transfer catalyst may be added to promote
the reaction. A tetrabutylammonium salft,
trioctylmethylammonium salt,
benzyldimethyloctadecylammonium salt or crown ether is uged

30 as the phase-transfer catalyst.



10 the group consisting of halogen atom, toluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p-bromobenzenesulfonyloxy group. Examples of the halogen atom
include chlorine atom, bromine atom and iodine atom. 15A conventionally known ether synthesizing
method may be used for the reaction. For example, a Wjlliamson's reaction in which a compound of
the formula (a-1), a compound of the formula (a-2) and a compound of the formula (b-1) are reacted in
a solvent in the gresepce of a basic compound may 20 be used. Sodium hydride, metal sodium,
sodium hydroxide, potassium hydroxide or, potassium carbonate is used as the basic compound.

N,N-dimethylformamide ‘Nn&th§E-2{ fyrrdition? S5 akydrBfiraiid§s&PRe M ss $6lveRt The

reaction temperaturefdspreferably 2atanlG00:Althoughithe reastion-proseeds awiftly-URgdenthe above
conditions, a ph St -transfer catalyst maybe added to promote the reaction. 30(step (Ib)) The step (Ib)
is to obtain the nitfo compound of the 19 following formula (c) by reacting a compound of the
following foemula (a-i), a compound of the following formula (a-ii) and a compound of the following
formula (b-i). E2-Arl-NO2(a-i) 5SE4-Ar2;NQ2fa-u) HO-X-OH(b-i) 0X-0 ArAr2 NO2NO2(c) In the
above formulas, Arl, Ar2 and X ate as defingd in the above formula (i). X is a divalent group. E3 and
E4 10 are each independently aé{coup sele%?gi from the group

Ar', Ar® and X are as defined in the above formula (i) .
X is a divalent group.

10 A conventionally known method may be used for the
reaction. For example, the nitro compound (¢) is catalytic
reduced in a solvent in the presence of hydrogen and a
catalyst.

Palladium carbon, palladium carbon-ethylenediamine

15  composite, palladium-fibroin, palladium-polyethyleneimine,
nickel or copper is used as the catalyst. Methanol, ethanol,
isopropyl alcohol, dioxane, tetrahydrofuran, ethyl acetate,
dichloromethane, chioroform or N,N-dimethylformamide is
used as the solvent. The reaction temperature is preferably

20 25 to 100°C. Although the reaction proceeds at normal
pressure, pressure is preferably applied to promote the
reaction.

As for the reaction for obtaining the amine compound
{(d), the nitro compound (¢} may be reacted with an acid and
25 a metal, or the nitro compound {c)}) may be reacted with

hydrazine and a catalyst.

(step (3a})
The step (3a) is to obtain a triphenylphosphine
30 compound (e-1) of the following formula by reacting the

obtained amine compound {(d) with triphenylphosphine



consisting of halogen atom, toluenesulfonyloxy group, methanesulfonyloxy group, benzenesulfonyloxy
group and p-bromobenzenesulfonyloxy group. A conventionally known ether synthesizing method may
15 be used for the reaction. For example, a Williamson's reaction in which a compound of the formula
(a-1), a compound of the formula (a-u) and a compoung of the formula (b-i) are reacted in a solvent in
the presence of a basic compound may be used. ZOSod‘lum hydride, metal sodium, sodium hydroxide,
potassium hydrexida-empatassium carbonate is used as the basic compound. N,N-dimethylformamide,
N-methyl-2-pyrrolidone or tetrahydrofuran is used as the solvent. The reaction temperature is
preferably 25 to 150C. 25 Althou m@m@%ﬁpﬁﬁm%zyviftly under the above conditions, a phase-
transfer catalyst maybe added tojpromote the reaction. Ajtetrabutylammonium salt,
trioctylmethylammonium salt, berizyldimethyloctadecylamimonium salt or crown ether is used 30 as the
phase-transfer catalyst. 20 (step;\tZ)) The step (2) is'to obtain the amine compound (d) of
thefolIowingformulabyreducingth4 btainednitrocompoun& (©). Arl, Ar2 and X are as defined in
the above formula (i). X is a dival@ﬁtfagaroup. 10A conventi’Bﬁaﬁy known m{eéhgq may be used for the
reaction. For example, the nitro compound (c) is catalytic reduced in a solvent in the presence of
hydrogen and a catalystl Patladiubeutbdmpaliadium carbanetaytene diamine 15CoIMpResIte;

palladium-fibroi@,ﬁéalIggm-pgyﬂgﬂ%neé@nne, @&i%keli cc_gggﬁé Eyg_sed as the catalyst. Methanol,

ethanol, isopropyl alcohol, dioxane, tetrahydrofuran, ethyl acetate; |Cﬁl16%1r%éthane, chloroform or
N,N-dimethylformamidefs ©SEd a8 thesalivert. Thereactor minperature isipreferably 20:25 to 100C.

Although the reagfign-arggeeds a naymal Aressurg. Pressiie is pigferakly applied to.promate the
reaction. ’ ‘ |
{d) is reacted with triphenylphosphine dibromide in a solvent
in the presence of a basic compound. Triethylamine or
pyridine is used as the basic compound. Dichloroethane,
10 chloroform or benzene is used as the solvent. The reaction

temperature is preferably 0 to 80°C.

{step (4a))
The step (4a) is to obtain a cyclic carbodiimide
15 compound (f) by isocyanating the obtained triphenylphosphine
compound in a reaction system and then decarbonating the
isocyanated product directly.
A conventicnally known method may be used for the
reaction. For example, the triphenyiphosphine compound of
20 the formula (e-1) is reacted in a solvent in the presence
of di-tert-butyl dicarbonate and
N,N-dimethyl-4-aminopyridine. Dichloromethane or
chloroform is used as the solvent. The reaction temperature
is preferabliy 10 to 40°C.
25
(step (3b))
The step (3b) is to obtain an urea compound or thiourea
compound of the following formula {e-2) by reacting the amine

compound (d) with carbon dioxide or carbon disulfide.



As for the reaction for obtaining the amine compound (d), the nitro compound (_c) may be reacted
with an acid and 25 a metal, or the nitro compound (c) may be reacted with hydrazine and a catalyst.

(step (3a))

The step (3a) is to obtain a triphenylphosphine 30 compound (e-1) of the following

~formula by reacting the obtained amine compound (d),with triphenylphosphine 21 Arl PAra3 Ar2

10

15

25

30

(o R -y
e AN
Ar\ /AF
N~ G =N H
Z (e-2}

In the above formula, Ar', Ar® and X are as defined in
the above formula (i), and Z is an oxygen atom or sulfur atom.

A conventionally known method may be used for the
reaction for obtaining the urea compound (e-2). For example,
the amine compound (d) is reacted in a solvent in the presence
of carbon dioxide, a phosphorus compound and a basic
compound.

A phosphorous acid ester or a phosphonic acid ester
is used as the phosphorus compound. Triethylamine, pyridine,
imidazole or picoline is used as the basic compound.
Pyridine, N,N-dimethylformamide, acetonitrile,
chlorobenzene or toluene is used as the solvent. The
reaction temperature is preferably 0 to 80°C.

As another reaction for obtaining the urea compound
(e—2),theaminecompound(d)isrfﬁﬁtedwithcarbonnmmoxide,
or the amine compound (d) is reacted with phosgene.

A conventicnally known method may be used for the
reaction for cobtaining the thiourea compound (e-2}. For
example, the amine compound {(d) ig reacted in a solvent in
the presence of carbon disulfide and a basic compound.

Triethylamine, pyridine, imidazole or picoline is used
as the basic compound. Acetone, methanol, ethanol,
igopropyl alcochol, 2-butanone, pyridine,
N,N-dimethylformamide or acetonitrile is used as the solvent.
The reacticon temperature is preferably 25 to 90°C. Although
the reaction proceeds swiftly under the above conditions,

carbon tetrabromide may be used to promote the reaction.

(atep (4b))



PAra3 In the above formula, Arl, Ar2 and X are as defined in the above formula (i). Arais a
phenyl group. 5A conventionally known method may be used for the reaction. For example, the amine
compound of the formula (d) is reacted with triphenylphosphine dibromide in a solvent in the presence
of a basic compound. Triethylamine or pyridine is useg s the basic compound. Dichloroethane, 10
chloroform or benzene is used as the solvent. The reaction temperature is preferably O to 80C. (step

(4a)) The step (4a) is to Dhtain eegyclie Barbpgiimide-b% sompenrad () by isocyansting the: ghtained
triphenylphosphine compo in.a reaction system and then decarbonating the isocyanated product
directly. A CONVRR %r%ﬁ% in%%g?%@fﬁggmﬁgbg%&bﬁbﬂﬁbeﬁéﬁ%.qﬁﬁ?%%éﬁ%lé‘?ﬂ?ef)
triphenylphosphine comapdiind-atz20 the-fosmulai (exl)-s reaciedima soklvept in the presence of

di-tert-butyl dicarbonate ﬁngg%@é%@%ﬁg{'*a |no§gqgllggeggh§£%mgéhﬁwsee%r %hcg?:rottcgén is used as

the solvent. The reaction tempera ure 15 prejfgra :rllyc/}
5 reaction. For example, the urea or thiourea compound {(e-2)
is reacted in a solvent in the presence of toluenesulfonyl
chloride or methylsulfonyl chloride to dehydrate the urea
compound (e-2) or desulfurize the thiourea compound (e-2).
Dichloromethane, chloroform or pyridine is used as the
10 solvent. The reaction temperature is preferably 0 to 80°C.
As another reaction for obtaining the cyclic
carbodiimide compound (f), the urea compound(e-2) is reacted

with mercury oxide, or the thiourea compound (e-2) is reacted

with sodium hypochlorite.

15
<production of bicyclic carbodiimide compound (F)s
The bicyclic carbodiimide compound (F) of the present
invention can be produced through the following steps (1)
to (4).
20 The step (1) is to obtain a nitro compound (C). The

step (1) has step (1A) and step (1B). The step (2) is to

obtain an amide compound (D) from the nitro compound (<) .

The step (3) and the step (4) are to obtain the bicyclic

carbodiimide compound (F) from the amide compound (D). The

25 step (3) to (4) has the embodiment of step (3A) through step
(42}, and step (3B) through step (4B).

The carbodiimide compound (F) can be produced through

the following schemes.

(gecheme 1) step (1A) - step (2A) - step (3A) - step (4A)
30 {scheme 2) step (1A} - step (2A) - step (3B) - step (4B)
(scheme 3) step (1B) - step (2A) - step (3B) - step (4B)
{(scheme 4) step (1B) - step (2A) - step (3A) - step (4A)

(step (1A))



25 (step (3b)) The step (3b) is to obtain an urea compound or thiourea compound of the following
formula (e-2) by reacting the amine compound (d) with carbon dioxide or carbon disulfide. 22 0-X-0
Ar2 HNC'-NH (e -2) In the above formula, Art Ar2 and X are as defined in the above formula (i) ,
and Z is an oxygen atom or sulfur atom. A conventionally known method may be used for the 5
reaction for obtaining the urea compound (e-2) . For example, the amine compound (d) is reacted in a
solvent in the presence afrearbargdiokide) aighosphemisscompountkand abasicsampaund, A
phosphorous aci er or a phosphonic,acid ester 10 is used as the phosphorus compound.
Triethylamine, pﬁ?&%gﬁ%nz}gagglg%ﬁpﬁcéﬁﬁ dmél Used B e HRNPSHRPEUM. BiridiRg Lowing
N,N-dimethylforrharmidd, aetdnittile, ohlofeberzenedradolieng dsised as the:saiyentFhggeaction
temperature is preferably 0 1] 8DC. 15As another reaction for obtaining the urea compound (e-2) , the
amine compound (d) is reacted with carbon monoxide, or the amine compound (d) is reacted with
phosgene. A conve tg?nally known methoﬂ1 ay be used for the reaction for obtaining the
thiourea compound (e-Zﬁor 20 example, the a compound (djisireacted in a solvent in the
presence of carbon disulfide and a basic compound.

HO Ar? NO, (A-2)
HO A NO, (A-3)
4
E g2
N S
2N
10 E* E? (B-1)
(X, is
Hy Hy
\C/
oty o
7 H2 )
NO» TOZ
ArS\O /Ar4
\)(/O
; O/ \O
;1\; —_ \Trz
O,N NG,

(C)

Tn the above formulas, Ar' to Ar® and X are as defined
15 in the formula {i). X is a tetravalent group. E' to E* are
eachindependentlyfigroupselectedfromthegroupconsisting
of halogen atom, tcluenesulfonyloxy group,
methanesulfonyloxy group, benzenesulfonyloxy group and

p-bromobenzenesulfonyloxy group.



Triethylamine, pyridine, imidazole or picoline is used as the basic compound. Acetone, methanol,
ethanol, isopropyl alcohol, 2 -butanone , pyridine, 25 N,N-dimethylformamide or acetonitrile is used as
the solvent. The reaction temperature is preferably 25 to 90C. Although the reaction proceeds swiftly
under the above conditions, carbon tetrabromide mayéag used to promote the reaction. 23 The
step (4h) is to obtain the cyclic carbodiimide compound (f) by dehydrating the obtained urea compound
(e-2) or desulfurizing theTiiéourea compounsih@id)i ons Aseenvantiosali kaawpppethod may be used
for the reaction.elfocr)gxa@gle tlg(-i ugea or thiourea compound (e-2) is reacted in a solvent in the
presence of toluenesﬁfonnyaﬂI fide or methylsulfonyl chloride to dehydrate the urea compound (e-2)
or desulfurize the thiourea compound (e-2). Dichloromethane, chloroform or pyridine is used as the 10
solvent. The rea%g%@a Olgerqg%r%;ure is preferably 0 to 80C. As another reaction for obtaining the
cyclic carbodiimide campound (f), the urea compound(e-2) is reacted withmercury oxide, or the
thiourea compound (e-2¥ Iseresictad With sodiurh dypbthlbrite: 16 wproductiemebhinyclisrcarhediimide
compound (F)> The.hicyeli diim; %szOf the present.inventi an be produced
through the follo%/voir% iiﬁ%%il%%%%?%ovrhed%gg%%%% b ﬁrﬁpaoﬁflj r%scgr%p%ﬁ%a%o f%)i?‘ﬂéns%p (1)
has step (1A) af®$tepi(aB). (FreistepF2) At obtain@rramidercompbunt () drof tHerittagcompound
(C). The step (3}apd.the,step(4) are to obtain the bicyclic carbodiimide compound (F) from the amide
compound (D). The 25 step (3) to (4) has the embodiment of step (3A) through step (4A), and step
(3B) through step (4B). ES The %@nbodiimidﬁéompound (F) can be produced through the following
schemes. (scheme 1)step (1A)step (2A) - step (BA)step (4A) 30(6&heme 2)step (1A)step (2A) - step
(3B)step (4B) (scheme 3)step (1B)step (2A) - step (3B)step (4B) (scheme 4)step (1B)step (2A)step

(3A)step (4A) ES Ar NO, (A-ii)
= Ar® NG, (A-ii1)
g8 Ar* NGO, (BA-iv)
HO\ /OH

/ X\
HO OH (B-1)
15 (X, is
Hg H2
Ty C—
\C/
RN
—CH, C-—
2 )
NO, NO,
3 ’ 4
Ar \O O/Ar
\X/
TF’ P ""*--._Arz
O,N NG

(<)



(step (1A)) 24 The step (1A) is to obtain a nitro compound of the following formula (C) by reacting
compounds of the following formulas (A-1) to (A-4) and a compound of the following formula (B-1).
EI52\/xI N 10E4E3(B-1) (X1 is H2H2 -C /C\ CH2 C--- H2 NO2

26

In the above formulas, Ar® to Ar® and X are as defined
in the formula (i). E° to E® are each independently a group
selected from the group consisting of halogen atom,

5 toluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p-bromobenzenasul fonyloxy
groug.

The reaction conditions are the same as thosge in the

above step (1b).

10
{step (24))

The step (2A) is to obtain the amine compound (D) of
the following formula by reducing the obtained nitro
compound.

NH, THQ
Ar Art
\\X/
A Tpr?
15 HQN NHZ {D)
Ar' to Ar® and X are as defined in the formula (i). The

reaction conditions are the same as those in the above step

(2a) .

20 {step (3R))

The step (3A) is to obtain a triphenylphosphine
compound (E-1) of the following formula by reacting the
obtained amine compound (D) with triphenylphosphine
dibromide.

25



0 02N Arl 0 9 Ar NO2 (C) In the above formulas, Arl to Ar4 and X are as defined 15in the formula (i).
X is a tetravalent group. El to E4 are

NmPAfag

Arg\,\_ - Art
O\\\.,/’O
Ar—" a2

— 8 — 2
In the above formula, Ar' to Ar® and X are as defined
in the formula (i), and Ar® is a phenyl group. The reaction

conditions are the same as those in the above step (3a).

(step (4A4))

The gtep (4A) is to cbtain the compound {F) of the
following formula by isocyanating the obtained
triphenylphosphine compound in a reaction system and then

10 decarbonating the isocyanated product directly,

No—oComN
A 3/ \\ 4
?\\\ Ar
O o/
\x/
o o
Aﬁ// \\A?

NﬁC:N/ (F)

In the above formula, Ar' to Ar® and X are as defined
in the formula (i). The reaction conditions are the same
as those in the above step (4a).

15
(step (3B))

The step (3B) is to obtain a urea or thiourea compound

(E-2) of the following formula by reacting the amine compound

with carbon dioxide or carbon disulfide.



each independently a group selected from the group consisting of halogen atom, toluenesulfonyloxy
group, methanesulfonyloxy group, benzenesulfonyloxy group and p-bromobenzenesulfonyloxy group.
25 The reaction conditions are the same as those in the above step (Ia). (step (12)) 5The step (12)
“is to obtain the nitro compound of the following formulg {C) by reacting compounds of the following
formulas (A-i) to (A-iv) and a compound of the following formula (B-1). E5 Ari NO2 10E6- Ar2NO2 E7
Ar3 NO2 E5 Ar4 NO2 HO\/OH X\ HOOI—%lS(Xl is H2H2 C\c/c

I

HN——-C——NH

/ N\, .

Ar Ar
r \o @/
T x/
o TSo
s AN
Ar?\ /Arz
HN-——=C-NH
z (E-2)

In the above formula, Ar! to Ar? and X are as defined
in the formula (i), and Z is an oxygen atom or sulfur atom.
The reaction conditions are the same as thogse in the

5 above step (3b).

(step {4B))
The step (4B) 1s to obtain the compound (F) of the
following formula by dehydrating the obtained urea compound

10 or desulfurizing the thiourea compound.

No— m= N
/\rs’,//’ \\\\}\r4
\o O/,
\X/

o o
Af// \\AF

Nm@:i\]/ (F)

In the above formula, Ar' to Ar® and ¥ are as defined
in the formulas (i).
The reaction conditiong are the same as those in the

15 above step (4b).

(other production processes)
The cyclic carbodiimide compound of the present

invention can be produced by conventionally known processes



CH2 C H2 NO2 A.3 X O 02NNO2 26 In the above formulas, Arl to Ar4 and X are as defined in the
formula (i). E5 to Es are each independently a group selected from the group consisting of halogen
atom, 5 toluenesulfonyloxy group, methanesulfonyloxy group, benzenesulfonyloxy group and
p-bromobenzenesulfonyloxy group. The reaction conditions are the same as those ?n the above
step (Ib). 10 (step (2A)) The step (2A) is to obtain the @fiine compound (D) of the following formula by

reducing the obigined Ut LRIPOUNGNHZNE A En 0t dess. For example, it is
produced from an amine compound through an isocyanate
compound, from an amine compound through an lsogyanate
compound or from a carboxylic acid compound through an

isocyanate compound.

93]

The cyclic carbodiimide compound effectively can seal
the acid group of a polymer compound. A conventional 1y known
sealing agent for the carboxyl group of a polymer may be
optionally used in combination as long as it does not work

10 against the subject matter of the present invention. As the
conventionally known carboxyl group sealing agent, agents
discleosed by JP-A 2005-2174 such as epoxy compounds,

oxazoline compounds and oxazine compounds may be used.

15 <polymer compound:

In the present invention, the polymer compound for
which the cyclic carbodiimide compound is used has an acid
group. The acid group is at least one selected from the group
consisting of carboxyl group, sulfonate group, sulfinate

20 group, phosphonate group and phosphinate group. The polymer
compound is at least one selected from the group consisting
of polyester, polyamide, polyamide-imide, polyimide and
polyester amide.

The polyester is, for example, a polymer or copolymer

25 obtained by polycondensing at least one selected from a
dicarbexylic acid or ester forming derivative thereof with
a diol or ester forming derivative thereof, a
hydroxycarboxylic acid or ester forming derivative thereof,
or a lactone, preferably a thermoplastic polyester resin.

30 The thermoplastic polyester resin may contain a crosslinked
structure treated with a radical generation source such as
energy active line or an oxidizing agent to achieve
moldability.

Examples of the above dicarboxylic acid or ester



0 PT2 H2NNH2 15(D) Ar4d to Ar4 and X are as defined in the formula (i). The reaction conditions
are the same as those in the above step (2a). 20(step (3A)) The step (3A) is to obtain a
triphenylphosphine compound (E-1) of the following formula by reacting the obtained amine compound
(D) with triphenylphosphine dibromide. In the Ar3--..."\=PAra3 0 N=PAra3 above formula, 0 27 Arl

N=PAra3 Ar4 Ar2
forming derivative thereof include aromatic dicarboxylic

acids and ester forming derivatives thereof such as
terephthalic acid, isophthalic acid, phthalic acid,
Z2,6-naphthalenedicarboxylic acid,

5 1,5-naphthalenedicarboxylic acid,
bis (p-carboxyphenyl)methane, anthracenedicarboxylic acid,
4,4" -diphenyl ether dicarboxylic acid,
5-tetrabutylphosphonium isophthalic acid and 5-sodium
sulfoisophthalic acid. Aliphatic dicarboxylic acids such

10 as oxalic acid, succinic acid, adipic acid, sebacic acid,
azelaic acid, dodecanedioic acid, malonic acid, glutaric
acid and dimeric acid and ester forming derivatives thereof
are also included. Alicyclic dicarboxylic acids such as
1,3-cyciohexanedicarboxylic acid and

15 1,4-cyclohexanedicarboxylic acid and ester forming
derivatives thereof are further included.

Examples of the above diol or ester forming derivative
thereof include aliphatic glycols having 2 to 20 carbon atoms
such as ethylene glycol, propylene glycol, 1,3-propanediol,

20 1,4-butanediol, neopentyl glyccl, 1,5-pentanediol,
1,6-hexanedicl, decamethylene glycol,
cyclohexanedimethanol, cyclohexanediol and dimer diol.
Long-chain glycols having a molecular weight of 200 to
160,000, that is, polyethylene glycol, polytrimethylene

25 glycol, poly-1,2-propylene glycol and polytetramethylene
glycol are also included. Arcmatic dioxy compounds, that
is, 4,4’-dihydroxybiphenyl, hydroguinone, tert-butyl
hydroguincne, bisphenol A, bisphencl S and bisphenol ¥ and
ester forming derivatives thereof are further included.

30 Examples of the above hydroxycarboxylic acid include
glycolic acid, lactic acid, hydroxypropionic acid,
hydroxybutyric acid, hydroxyvaleric acid, hydroxycaproic
acid, hydroxybenzolc acid, p-hydroxybenzoic acid,

6-hydroxy-2-naphthoic acid and ester forming derivatives



N-PAra3 (E-1) to Ar4 and X are as defined in the formula (i), and Ara is a phenyl group. The reaction
conditions are the same as those in the above step (3a). 5 (step (4A)) The step (4A) is to obtain
the compound (F) of the following formula by isocyanating the obtained triphenylphosphine compound
in a reaction system and then 10 decarbonating the isqgyanated product directly. N=C-=-N\ NOO Xz 00
ArAr2 (F) In the above formula, Arl to Ar4 and X are as defined in the formula (i). The reaction
conditions are thehsaree &is theserip lhesabduehsiemihag. 18dstep<(38))1udd he ptep1(38} ise obtain a
urea or thiourea cc()j{n dC(LE -2 of the follo | formula bxéeactlng the amine compound with carbon
dioxide or carbok ﬁé? PTOp1o tone, ecaldctone and

1,5-oxepan-2-one.

Arcmatic polyesters obtained by polycondensing an

aromatic dicarboxylic acid or ester forming derivative

9

thereof and an aliphatic diol or ester forming derivative
thereof as the main ingredients include polymers obtained
by polycondensing an aromatic carboxylic acid or ester
forming derivative thereof, preferably terephthalic acid or
10 naphthalene-2, 6-dicarboxylic acid or ester forming
derivative thereof and an aliphatic diol selected from
ethylene glycol, 1,3-propaneidol and butanediol or ester
forming derivative thereof as the main ingredients.
Preferred specific examples of the aromatic polyesters
15 include polyethylene terephthalate, poelyethylene
naphthalate, polytrimethylene terephthalate,
polytrimethylene naphthalate, polybutylene terephthalate,
polybutylene naphthalate, polyethylene
(terephthalate/isophthalate), polytrimethylene
20 (terephthalate/isophthalate), polybutylene
(terephthalate/isophthalate), polyethylene terephthalate:
polyethylene glycol, polytrimethylene terephthalate:-
polyethylene glyccl, polybutylene terephthalate:
polyethylene glycol, polybutylene naphthalate-polyethylene
25 glycol, polyethylene terephthalate-
poly (tetramethyleneoxide}glycol, polytrimethylene
terephthalate poly(tetramethyleneoxide)glycol,
polybutylene terephthalate-
poly (tetramethyleneoxide)glycol, polybutylene
30  naphthalate-poly(tetramethyleneoxide)glycol, polyethylene
(terephthalate/isophthalate) -
poly (tetramethyleneoxide)glycol,
polytrimethylene (terephthalate/isophthalate)
poly(tetramethyleneoxide)glycol, polybutylene



28 HN-C-NH A3/ r Ar4 ..x/o 00 \Ar HN-CNH (E-2) In the above formula, Arl to Ar4 and X are as
defined in the formula (i), and Z is an oxygen atom or sulfur atom. The reaction conditions are the
same as those in the above step (3b). (step (4B)) The step (4B) is to obtain the compound (F) of
the following formula by dehydrating the obtained urea,compound 10 or desulfurizing the thiourea
compound. N=C-=-N N. ArNNN_AO0X /1 Ar2

(terephthalate/isophthalate) -

poly (tetramethyleneoxide)glycol, polybutylene

{terephthalate/succinate),

polyethylene (terephthalate/succinate), polybutylene
5 (terephthalate/adipate} and polyethylene

(terephthalate/adipate) .

Aliphatic polyesters include polymers comprising an
aliphatic hydroxycarboxylic acid as the main constituent
component, polymers obtained by polycondensing an aliphatic

10 polycarboxylic acid or ester forming derivative thereof and
an aliphatic polyhydric alcohol as the main ingredients, and
copcelymers thereof.

The polymers comprising an aliphatic
hydroxycarboxylic acid as the main constituent component

15 include polycondensates such as glycolic acid, lactic acid,
hydroxypropionic acid, hydroxybutyric acid, hydroxyvaleric
acid and hydroxycaproic acid, and copolymers thereof. Out
of these, polyglycolic acid, polylactic acid,
poly (3-hydroxycarbonbutyric acid),

20  poly(4-polyhydroxybutyric acid), poly(3-hydroxyhexanoic
acid), polycaprolactone and copolymers thereof are
preferably used. Poly{L-lactic acid), poly(D-lactic acid),
stereocomplex polylactic acid and racemic polylactic acid
are particulaxrly preferably used.

25 Polymers comprising an aliphatic polycarboxylic acid
and an aliphatic polyhydric alcchol as the main constituent
components are also used as the polyester. Examples of the
polycarboxylic acid include aliphatic dicarboxylic acids
such as oxalic acid, succinic acid, adipic acid, sebacic acid,

30 azelaic acid, dodecanedioic acid, malonic acid, glutaric
acid and dimeric acid. Alicyclic dicarboxylic acid units
such as 1,3-cyclohexanedicarboxylic acid and
1,4-cycliohexanedicarboxylic acid and ester forming

derivatives thereof are also included.



ArN NN// N===0===N (F) In the above formula, Ar to Ar4 and X are as defined in the formula (i).
The reaction conditions are the same as those in the 15 above step (4b). (other production processes)
The cyclic carbodiimide compound of the present invention can be produced by conventionally known
processes 29 besides the above production process. £or example, it is produced from an amine
compound through an isocyanate compound, from an amine compound through an isocyanate
compound or from a carbexyiliclaeid cdmphand trdugbmpdseeyanaie-empound.pha ckhe cyclic
carbodiimide comf)oung ef}fl%ctlve )%an se thej%gldngrouFE of a pogmer compound. A conventionally

|
known sealing agent for the c%%ﬁlé Brmay 55" 6PtbRafty B¥eERPcEMBRtion as

gtrgup of & po?ymeF
long as it does riot Wwark d0zawaitist the subjebtimatteriatthe presenttrvention:/As the conventionally

known carboxyl greup sealing ent, age §§isclose§ by JP-A 2005-2174 such as epoxy compounds,
oxazoline compoulinds an oxgiéi%e cémp'cr)%n Shay be Cg%éd.dl%cg‘ﬁﬂc%#g%%g%p%iﬁgﬁﬁ’ In the
present inventiofy theopsiyimee dompobuadddr,which td eyelicadilddimmide ¢ompoutdds used has an

acid group. Theyacid aroup i ablegst.one peleeiel o he araup consisting of carhgayl group,
sulfonate group, sulfinate 20 group, phosphonate group and phosphina ggroup. e pot_fymer
compound is at l&dst B8 sélBéted frorf tHE gRRAS-esnsistiny dEpolyastdry polyrinide, palyamide-imide,
polyimide and pglyester anaide~ The polyester is, fg)ro 9'5»—%98{3?1%%0&( %Pflcygﬁr 25 obtained by
polycondensing at least one selected from a dicarboxylic acid or ester formi erivative thereof with a
diol or ester formmtYdéivaRive Brerésa AydioRycarsifidHEGH ciestdriforniny derivativerthereof, or

a lactone jprefegahly athermeoplasiiccRolyepteréesifecifically, they include
polyethylene adipate, polyethylene succinate, polybutvlene
adipate and polybutylene succinate and copolymers thereof.

Further, wholly aromatic polyesters include polymers
obtained by polycondensing an aromatic carboxylic acid or

15 ester forming derivative thereof, preferably terephthalic
acid, naphthalene-2,6-dicarboxylic acid or ester forming
derivative thereof and an aromatic polyhydroxy compound or
ester forming derivative thereof as the main ingredients.

More specifically,

20 poly(émoxyphenylen@—z,2—propylidene~4-oxyphenylene~
terephthaloyl-co-isophthaloyl) is such an example.

These polyesters contain 1 to 50 eg/ton of a carboxyl
group and/or a hydroxyl group as a carbodiimide reactive
component at a terminal of the molecule. Since these

25 terminal groups, especially the carboxyl group reduces the
stability of a polyester, it is preferably sealed with a
cyclic carbodiimide compound.

When the carboxyl terminal group is sealed with a
carbediimide compound, it can be sealed without producing

30 a toxic free isccyanate by using the cyclic carbodiimide
compound of the present invention.

Further, as an additional effect, the increase of the
molecular weight or the restrain of reduction of the

molecular weight of a polyester by the chain extension



30 The thermoplastic polyester resin may contain a crosslinked structure treated with a radical
generation source such as energy active line or an oxidizing agent to achieve moldability. Examples of
the above dicarboxylic acid or ester 30 forming derivative thereof include aromatic dicarboxylic acids
and ester forming derivatives thereof such as terephthaljc acid, isophthalic acid, phthalic acid,
2,6-naphthalenedicarboxylic acid, 5 1,5-naphthalenedicarboxylic acid, bis(p-carboxyphenyl)methane,
anthracened carboxylici atid of 4 adipheay eiherdicabenylicacidR-tairabybrosphopiwn isophthalic
acid and 5-sodiurgfulf%i§8%htqlajljcc: acid. Ali halti.c%dicarboxylic acids such 10 as oxalic acid, succinic

[ e

acid, adipic acid®SeBadic acid’ azeRic Sl Yote RGBSR AGE naiohic SR JikaBE AR Afid
dimeric acid andsestéeforming devatiyed thereaf-Breialsm inpludespAlicyelis dicarbepylicasids such
as 1,3-cyclohexanedicarboxyli id and 15 1,4-cyclghexanedicarboxylic acid and ester forming
derivatives therec?f are ur&eﬁllcr?%%dg& CTERE pf)lcgéeo%r?ﬁél Sbove diof of &tet Fotming dehiFative
thereof inclade dliphetis ghrcolshaving 2 1o-26 sarbon atomsisuchast dthydenedglycotaarepytene glycol,
1,3-propanediol .2Q. 1 4-hutanediol, nffﬁggylg ?BI -pentanediol, 1,6-hexanediol, decamethylene
glycaol, cyclohexgnedi%e;hanol, cy_clohexanedio%ané%f“r%grlégl. £on -%%%ln“glflrggl%%a%ﬁngo molecular
weight of 200 toZECRGOC,HHESE fPctyethyEne fglyeotasolytrimethylene 25 glycol, poly-1,2-propylene
glycol and polytetramethyylene glvcal e gisedrsluded . Aramatic gio nds, that .is,
4,4'-dihydroxybiphenyl, hydroquinoneﬁ,ter -butyl hydrp(?uinqne, bispﬁg%%?%%%ﬁgn% é%%%sbisphenol
F and ester formih§efativestherest srd urtnernthrIRol BOERENTFIGS bhthechlioVE e st er

hydroxycarboxylie agid nmszlﬁ@gcg&y&oskﬁ@ﬁ%éﬁcfﬂﬁ%aﬁgzﬂ&d%MHYO%Q{M agid. hydroxyputyric acid,
hydroxyvaleric acid, hydroxycaproic acid, hydroxybenzoic acid, p-hydroxybenzoic acid,

6-hydroxy-2-naptitAéic atid BhAester oiRsRG R vativest 38 $hereof. Examples of the above lactone

include caprolactone, vatetetaciene ayepislacions; undecalacipngand 1,5-G%60an:2:000
Aromatic polyesters obtained%%/ﬁg(g%condensing an aromatic dicarboxylic acid or ester forming
icdi

derivative thereof'and an Afip P or BEEET formtifiG deriviive ferbBFa8 Rz tRffelients
include polymersaghtaiped b/ potycentensingaratematio Camhoxylisacid orester forming derivative
thmeotpﬁgmaggggg%§“@%§f¥é g%e thereof, and polyester elastomers
containing a low-melting polymer segment begides the above
polyesters.
Examples of the unsaturated polycarboxylic acid
include maleic anhydride, tetrahydromaleic anhydride,

20 fumaric acid and endomethyliene tetrahydromaleic anhydride.
Monomers are added to the unsaturated polyester to control
its curing properties, and the unsaturated polyester is cured
by heat, radical, light, or active energy line such as
electron beam and molded. For the unsaturated resin, the

25 controi of the carboxyl group is an important technical
matter with respect to rheologic characteristics such as
thixotropy and resin durability. However, advantages that
the carboxyl group can be sealed and controlled by the cyclic
carpodiimide compound without producing a toxic free

30 isocyanate and that the molecular weight of the unsaturated
resin can be increased effectively by the cyclic carbodiimide
compound are of great industrial significance.

Further, in the present invention, the polyester may

be a polyester elastomer obtained by copolymerizing a soft



10 naphthalene-2,6-dicarboxylic acid or ester forming derivative thereof and an aliphatic diol selected
from ethylene glycol, 1,3-propaneidol and butanediol or ester forming derivative thereof as the main
ingredients. Preferredspecificexamplesofthearomaticpolyesters 15 include polyethylene terephthalate,
polyethylene naphthalate, polytrimethylene terephthalgge, polytrimethylene naphthalate, polybutylene
terephthalate, polybutylene naphthalate, polyethylene (terephthalate/isophthalate), polytrimethylene

20(terephthalatefisapbihatate), paiybuiyiene siterepbthatatetisaphikalatedRelysthylene terephthalate
polyethylene glycol olytrjmetrgl ne tBLere I’!]:]halate.é)olyethsylene glycol, polybutylene
% FBufehe

terephthalatepolyethyiene giycs!, poly A SIvetRGIBREDS Gijcblpolyethylene
terephthalatepolyftetraaiethiylensoXigeglycelgpelytrimethiiene molecular weight of 400
terephthalate.paly(tetr thyleneoxide)glycol,.polybutylene terephthalate.
poly(tetramethy?%ée%tk?gg gly%csol,gp?oﬁfbré[qﬂécn?e% #élp%%ﬁéig?é.& ?(f'éir%’ﬁé’t‘ﬁ@%ﬁ%‘%xid%?&lycol,
polyethylene (tegeptithdlate/isBphthalate) oy (tetramethyleneoxide)glycol,

polytrimethylene(tereph agg@ao&ﬂt%;;lg%ﬁl?golg(%eégee;géﬁ%/heﬁ%ﬁgerlé%%!,e %olé%lg%lene 32

(terephthalate/isophthalate). poly(tetr yleneoxi erep te/succinate),
polyethylene(tefepfithalgtblsiiesibatey, pohstearecbtcrdphbalate/adipate) anthpelyethylere
(terephthalate/agipate). 5 pAliphatic Rolyestarsinclysie polymers comprising an aliphatic .

% Cr%-%%ﬁ %y ng?y d%nsing an

hydroxycarboxylic acid as the main constituent cémponent, polyme ned con
aliphatic 10 polytatBxylie eid6r ester feriming deavdativeltRfedfanLars aliphativipelyhydtie alcohol

as the majmingregients.1andeoRalipeistherepfent  {Hheplymers qomprising an aliphatic

hydroxycarboxylic acid as the main constituent component 15 include polycondensates such as
glycolic acid, la&ie'dGd iy diB%y Bropishic AciBR SR BulFic Aca I Rp By varFehbid aieg
hydroxycaproic acit and eapelymess tieseah Puokihese.-polyglyeqlicacid palylactic.acid

carbon atoms. Although the elastomer has a problem with
hydrolytic stability, the significance of being able to

15 control its carboxyl group by the cyclic carbodiimide
compound and the industrial significance of being able to
suppress the reduction of its molecular weight or increase
its molecular weight without any safety problem by the cyclic
carbodiimide compound are great.

20 The polyamide is a thermoplastic polymer having an
amide bond obtained mainly from amino acid, lactam or diamine
and dicarboxylic acid or amide forming derivative thereof.

In the presgent invention, a polycondensate obtained
by condensing a diamide and a dicarboxylic acid or acyl active

25 form, a polymer obtained by polycondensing an
aminocarboxylic acid or lactam, or amino acid, or a copolymer
thereof may be used as the polyamide.

The diamine is selected from an aliphatic diamine and
an aromatic diamine. Examples of the aliphatic diamine

30 include tetramethylenediamine, hexamethylenediamine,
undecamethylenediamine, dodecamethylenediamine,
2,2,4-trimethylhexamethylenediamine,
2,4,4~trimethylhexamethylenediamine,

5-methylnonamethylenediamine,



poly(3-hydroxycarbonbutyric acid), 20 poly(4-polyhydroxybutyric acid), poly(3-hydroxyhexanoic acid),
polycaprolactone and copolymers thereof are preferably used. Poly(L-lactic acid),poly(D-lactic acid),
stereocomplex polylactic acid and racemic polylactic acid are particularly preferably used. 25Polymers
‘comprising an aliphatic polycarboxylic acid and an alipygltic polyhydric alcohol as the main constituent
components are also used as the polyester. Examples of the polycarboxylic acid include aliphatic
dicarboxylic acids,suchiasexalicacithsecaiicacid. aaipie acidsebacic arid; 39:azglaje acid,
dodecanedioic aciadf rg{al%n'ﬁ: aci%. lutaric acid ar%dimeric,acid. Alicyclic dicarboxylic acid units such
as 1,3-cyclohexanedicarbdxyie acia And G/ 4-tyloReaEtidarBE/ i Aty P BER* Rsiming
derivatives thereof awe atsozinemdadm88hy 1 -Bxamplesof the-ediol carapeneniiaclude aliphatic glycols

having 2 to 20 cgrbé)m atoms uch as.ethylene glycol, 1,3-propanediol, 1,4-hutanediol, neopentyl
glycaol, 1,5-pentan’edirgf, %,??ﬁe%x%%‘g S::b ,y e)c%%l%ﬁo‘ér?]g% y%lélﬁ 5 cyclohexanedimethanol,

cyclohexangdiolsirel(dinsst diolc vorigthainiglycotdhaging a molecular weight of 200 to 100,000, that
is, condensateskggg\pgi_sti[{&p%lzgtgy%@%%él%%%@%%t%%ﬁb%ggcoI, poly(1,2-propylene glycol) or

polytetramethylene glycol as the main constituent component 10 aré’also included_ More specifically,
they include polyethylehs etigaeénpslysthylesssuteinars polybutylene adipate and polybutylene
%clude %Iymers obtained

succinate and cppalymeis.hereeh; - ) pfﬁé@gEi‘%@o'Q{rﬂomﬁ‘gﬁ@é@?ﬁéﬁﬁé

by polycondensing an aromatic carboXylic acid or 15 ester forming de Ve thereo , preferably
terephthalic acid, naphtFEeRe-2e6-ditaridis lie Beltrdrissterifonhting derivatide thereof and an aromatic

polyhydroxy corpperngon esten farming derivative dhetgof s the main ingredients. More specifically,
20 poly(4-oxyphenylene-2,2-propylidene-4-oxyphenyleneterephthaloyl-co-isophthaloyl) is such an

example. Theds PoRBERTd EBRAPTIE50 eby/ibn of BzeBERA §RStENnd/or a hydroxyl group as
a carbodiimide repstivel compenestiaie: tesming) of the melacyls; Siace thesegd terminal groups,
especially the carboxyl%qrou reduces the stability of a polyester, it is preferably sealed with a cyclic

carbodiimide cofpound: 2 Rk i ¢arbdkitermihat grothie SeaktRme ¥ katbodirmite
compound, it cah,l#e sedled withdlip prodeTing BO@toxie free ispcyanateshyyHsing thesayshe
carbodiinﬂ%e compound.of the els%trilnvle tiog. Further, as an additional effect, the increase of
the molecular weigqht or the restraim of reduction of theMdlecular weight of a polyester by the chain
extension 2,2-bis(4-aminophenyl)propane.

Examples of the dicarboxylic acid include adipic acid,
suberic acid, azelaic acid, sebacic acid, dodecanoic acid,
terephthalic acid, isophthalic acid,

20 naphthalenedicarboxylic acid, 2-chloroterephthalic acid,
2-methylterephthalic acid, 5-methylisophthalic acid,
5-sodium sulfoisophthalic acid, hexahydroterephthalic acid,
hexahydroisophthalic acid and diglycolic acid. Specific
examples of the polyamide include aliphatic polyamides such

25 as polycapramide (nylon 6), polytetramethylene adipamide
(nylon 46}, polyhexamethylene adipamide (nylon &6},
polyhexamethylene sebacamide (nylon 610),
polyhexamethylene dodecamide (nylon 612),
polyundecamethylene adipamide (nylon 116),

30  polyundecaneamide (nylon 11} and pelydodecaneamide (nylon
12) .

Aliphatic-aromatic polyamides such as polytrimethyl
hexamethylene terephthalamide, polyhexamethylene
isophthalamide (nylon 6I), polyhexamethylene



34 function of an isocyanate terminal group formed in the polyester which is not liberated when the
terminal group is sealed with the cyclic carbodiimide compound and a hydroxyl terminal group or
carboxyl terminal group existent in the 5 polyester can be suppressed more efficiently as compared
with a conventional linear carbodiimide compound. This;is of great industrial significance. The above
polyesters can be produced by known methods (for example, methods described in the saturated

polyester 10 resie hapditdekl (ritephnhkazoo Yaki | publishesthieNikkan Kogyo Shimbun on
December 22, ]ﬁg%bis (ﬁqg%%rﬁgé@pglgﬁeq% %ngﬁg&% wagkl%fiee%rersa%pl;%tﬁl;vglnt?n include

" unsaturated polyester resins obtained by copolymerizing an unsaturate c rB/ofeﬁic acid or ester
15 forming derivtiviRerecbakdpctyestacalhstbriersicontaining aHewyrhettiag ipohamer segment

besides the abays polussters. FExamaleshile unsaturaind polvaatiouylic agdyinglude maleic

X
anhydride, tetrahydromaleic anhydride, 20 fumaric acid and endomethylene tetr y%l?ggmaleic

anhydride. Mon8mheps Bi€gddery ftheM i aturateel polpestepterddtrobits curing properties, and the
unsaturated polyestepis-etyedhyeat Jadical, light, pr@gﬁg&gg@rgg&ig‘gﬁgfgﬁg electron beam and

molded. For the unsaturated resin, the 25 control of the carboxyl group is an important technical matter

with respect to IHEBRIGICERLTRERNREES LGEH 5€ thiXatiepy add iEsin damsiltpredversrdagvantages
that the carboxyt geaupean basealaskangheoniralled by: theayslic carbpdiimpide compaund without

producing a toxic free 30 isocyanate and that the molecular weight of the unsaturated resin can be

increased effectivily B5 e cyBRiic ¥dmoBimité EothipbGie B Sfgra%iiRadsiarsignificance.

Further, in the presentdnyention] thespolyesiphmay beana elyester elastemear ohtained by c
copolymerizing quOfﬁqg’g compo er&t. The polyester elastomer is a copolymer comprising a
high-melting po yesFer segmen Ahd a’'low-melting polymersegment having a molecular weight of 400

to 6,000 as described i publichskppwn deguimentsciel include w-aminocaproic acid,
o~aminoenanthic acid, o-aminocaprylic acid,
w-amincpelargonic acid, e-aminccapric acid,

15  1l-aminoundecanoic acid, 12-aminododecancic acid and
paraaminomethylbenzoic acid, and examples of the lactam
include w-caprolactam, w-enantholactam, w-capryllactam and
w-laurolactam.

The molecular weights of these polyamide resins are

20  not particularly limited but the relative viscosity measured
at 25°C in a 98 % concentrated sulfuric acid solution
containing 1 wt% of the polvamide resin is preferably 2.0
to 4.0,

These amide resins may be produced by well known methods,

25 for example, methods described in the polyamide resin
handbook {(written by Osamu Fukumoto and published by Nikkan
Kogyo Shimbun on January 30, 1988).

Further, the pclyamide of the present invention
includes a polyamide known as a polyamide elastomer. The

30  polyamide is a graft or block copolymer obtained by reacting
a pelyamide forming component having 6 or more carbon atoms
with a poly(alkyleneoxide}glycol. The bond between the
polyamide forming component having 6 or more carbon atoms

and the poly(alkyleneoxide)glyccl component is generally an



S5example, JP-A 11-92636. The melting point of a copolymer composed of a high-melting
polyester segment alone is 150C or higher. The melting point or softening point of a copolymer
composed of a low-melting polymer segment alone is 80C or lower. The 10 low-melting polymer
segment is preferably composed of a polyalkylene glygj%l or an aliphatic dicarboxylic acid having 2 to
12 carbon atoms and an aliphatic glycol having 2 to 10 carbon atoms. Although the elastomer has a
problem with hyerelysic stabilityothessigaiticarce-efizeing ablesto 15 aNtEQ) its Sarbug/l graypsby the
cyclic carbodiimide %oin]}%ound and the industrial significance of being able to suppress the reduction of

its molecular wefyht or fiers35% 78 FhdieEUIaP Wi Mt FtHOUR ARy SSféts HrobBnt by THa ey alry
carbodiimide compousd dre: greatr2@Fhe palyamide-issn thermeplastie polysgsdhiavingan amide bond

obtained mainly from amino acid, lact r diamine and dicarboxylic_acid or amide forming derivative
thereof. In the presne‘%%fal"r%n en %n??;%%%/%oﬁagﬁs%a% ;Ea‘?ﬁléad’%ﬁ% Gensing a ' dishitié®and a

dicarboxyliGacider aeyt lagtive 25cfoime aypotymer abtdined by potygontensing af-amingearboxylic
acid or lactam, 055&??9 a§1 P%ﬁ%%?@é@{%@?re@cm%y be used as the polyamide. The diamine
[ ' atic

is selected from™an aliphatic diamine and an aro diamine. Examples of the aliphatic diamine 30
include tetramethyEyi¢drpvinacidnahsethpiehddibaiiveaindecamethylenediamine,

dodecamethyler&gﬂj N s 2nafrti g@i@g@m hy)enediami
2,4,4-trimethylhexar%lgthylenediar%%?e, 5-methyln%b}n)gmeth'ylegg"e%((jiljéfm?nre,r?(gl dom copolymer

2,4-dimethyloctathefHylehetigmeie! dretarylylereriarmne, parksglylenetisrmings or random
1,3-big(aminomethyheyslehexane; damino-3saminamathyl-3.5.5:4imethylcyclohexane,

3,8-big(aminomethyl)tricyclodecane, 5 bis(4-aminocyclohexyl)methane,
bis(3-methy1-4-aiffirGcdcISHek§Hmetiarie 2 bigts-dminobyeloHedpicmaeside) glycol

bis(aminopropyhpiperazise apdyaminoethyipipetazine  Examples-aithe awmatic digmine jnglude 10
p-phenylenediaﬁi}%e, m-é)henyienediamine, 2,6-naphthalenediamine, 4,4'-diphenyldiamine,

3,4'-diphenyldiaiifie, "4 B 3MTStiphe MR L1 £ 3 22 8ihiih8diphenyt etidmase-diafirodipheny! sulf

one, 3,4'-diaminediphenytssalfene,«4,dmdiaminediphenyt ketanee 4 8:3:4'1digainodihenyl ketone and
2,2-bis(4-§g1ino%gg Ilpafggane. lExam les af the dicarboxylic acid include adipic acid, suberic
acid, azelait actd: sebacic atid. dodeEanbic actd: terepRfHaIIC AR Eup HalRA &y 2 1ng
naphthalenedicadioxylicacidn2-chiorgteréptithakic adigcol or terephthalic acid.

Although the polyamide resin contains 30 to 100 eq/ton
of a carboxyl group and 30 to 100 eg/ton of an amino group
as easlly understood from its raw materials, it is known that

20 thecarboxylgromphasanlwﬁavorableeff@ctcnlthestability
of the pclyamide.

The significance of a composition whose carboxyl group
content is reduced to not more than 20 eqg/ton, preferably
not more than 10 eq/ton, more preferably not more than that

25 without causing a safety problem and whose molecular welght
reduction is suppressed more effectively by the cyclic
carbodiimide compound of the present invention is great.

The polyamide-imide resin used in the present
invention has a main recurring structural unit represented

30 Dby the following formula (I).



2-methylterephthalic acid, 5-methylisophthalic acid, 5-sodium sulfoisophthalic acid,
hexahydroterephthalic acid, hexahydroisophthalic acid and diglycolic acid. Specific examples of the
polyamide include aliphatic polyamides such 25 as polycapramide (nylon 6), polytetramethylene
adipamide (nylon 46), polyhexamethylene adipamide (nylon 66), polyhexamethylene sebacamide
(nylon 610), polyhexamethylene dodecamide (nylon 612), polyundecamethylene adipamide (nylon
116), 30 polyundecaneamide (nylon 11) and pglydodecaneamide (nylon 12). Aliphatic-aromatic
polyamides such as polytrimethyl exan&ethyleﬁne terephthalamide, polyhexamethylene isophthalamide
(nylon 61), polynexamethylene 3 tfre@JhthaILisththala ide (nylon 6T/61),
polybis(4-aminocyclohexyl)met dedeeaﬂqigg/(lﬁy}e CM12),
polybis(3-methyl-4-aminocyclohexyl)methane @odecamige (nylon dimethyl PACM12),
nolymetaxylylene 5 adipamide (nylon MXD6), ;ﬂolyund amethylene terephthalamide (nylon 11T),
polyundecamethylene hexahydroterephthalamftie (nylon 11T(M)) and copolyamides thereof, and
copolymers and mixtures thereof are also included. Poly(p-phenylene tefephthalamide) and 10
poly(p-phenylene tereplithalamide-co-isophthalamide) are further included. = Examples of the amino
acid include co-aminocaprold @crio RV anfiREeErRhicRacies W-drmiroeapryticcacishm-aminopelargonic
acid, w-aminocaprig acid qk&;31-aminoupdaganeic agid, 12:aminedodeganqic agid and ...

paraaminomethylbenzoic acid, and examples of the lactam include w-caprolactam, w-en nﬁmlactam,

w-capryllactam and w-laufBractam™FhE Mtieedlaf WeidiRg oF ifssd-pdlyantde rasitearerddaot

particularlydimited but:the relative viscasity measHresd-ah25Ciina-98 Y8 cangentrated sylfuric acid
solution containin(%n%wt% of the polyamide resin is preferably 2.0 to 4.0. These amide resins may be

produced by wel kHOWH EIRIEE 25 forr&&nTRIE, Hidthots da<eribed in {Re poRarhitarFesin
handbook (writtenby&sams &uiumpio aad publishedhyHVikan Kagyo Shimbum Qi danuan30,
1988). Furtg%1 Eghre pg%gm'@? of the preseﬂt,inventig%includes a polyamide known as a
polyamide elastomer- Thé 30 polyariide isa Jraft O blodk:edbtimanshiained A fbetiAg &
polyamide formingtcoimporenttiavinigié ermore satbef atbas witbra polyéalkyleneexigde)alygol. The
bond between t ide. forming,component.having 6 or more carbon atoms and the
poly(alky\lﬁé%eox?d%eje'gg))i{cg)gl%%erln%%%gngﬁlse e%%@@lgew 2 46 TR AEey Tn The present
invention is not limited to these. Typical compounds used

in the above gynthesizing methods are listed below.
Preferred examples of the diisocyanate include
4,4’ -diphenylmethane diisocyanate, xylylene diisccyanate,

15 3,3’ -diphenylmethane diisocyanate, 4,4’ -diphenyl ether
diisocyanate, 3,3’ -diphenyl ether diisccyanate and
paraphenylene diisocyanate.

Preferred examples of the diamine include
4,4’ -diaminodiphenylsulfone, 3,3 -diaminodiphenylsulfone,

20 4,4’ -diaminocdiphenyl ether, 3,3’ -diaminodiphenyl ether,
4,4’ -diaminodiphenyl methane, 3,3’ -diaminodiphkenyl methane,
xylylenediamine and phenylenediamine. Out of these,

4,4’ -diphenylmethane diisocvanate, 3,3’ ~diphenylmethane
diisocyanate, 4,4’ -diphenyl ether diisocyanate,

25 3,3’ -diphenyl ether diisocyanate, 4,4’ -diaminodiphenyl
ether, 3,3'-diaminodiphenyl ether, 4,4’-diaminodiphenyl
methane and 3, 3’ ~diaminodiphenyl methane are more preferred.

The tribasic acid anhydride is preferably trimellitic

anhydride, and the tribasic acid anhydride chloride is



38 ester bond or an amide bond but not limited to these, and a third component such as dicarboxylic
acid or diamine may be used as a reaction component for these components. Examples of the
poly(alkyleneoxide)glycol include polyethylene oxide glycol, poly(1,2-propyleneoxide)glycol,
poly(1,3-proypleneoxide)glycaol, poIy(tetramethyleneox(iqie)gchol, poly(hexamethyleneoxide)glycol,
block or random copolymer of ethylene oxide and propylene oxide, and block or random 10 copolymer

of ethylene oxide anddetahydrefitar 1The: iumbangverage nolecakweight of the

poly(alkyleneoxide)glycq] is preferably.200 tq 6,000, more preferably 300 to 4,000 from the viewpoints
of polymerizability and S(?lgl neé s.%lﬁ%gplo%?arﬁa% ARdrSriet d8ed T gré€éRtinfention is 15

preferably a polysimigetatastomer abtained by pobinmerizing cagoiactama pakyathylene-glycelor
terephthalic acid., Although t olyamide resin contains 30 to 100 eg/ton of a carboxyl group and
30 to 100 eg/ton 6f gntgﬁinso%%%%%% ggsslglﬁnadgers%gg oM i i’lﬁav? &A1 5t Rkifown that 20 the
carboxyl grbup as@e uhfaverabie effecpon trenstabiliycofthe palyamides noihengignifieance of a

composition whesg, ¢ pggy&grgﬂgggﬂ%r}t '% uced to not more than 20 eq/tqn, preferably not more
than 10 eqg/ton, more%rreferaply not more tﬁgar{c hat 25 gvﬁ%oh?goa{hls%ﬁggae §§%%’ﬁ&?o§}ecma§ﬁ Wwhose
molecular weight $émidtianis Suppredsaddnoréd affectively By thB:cyolid earbodiimide compound of the

present inventionds greal. T pelyamide imise.resin usgghin jhe present invention has a main
recurring structural unit represented 30 by the following formula (I§{S§8 Zgl)
dianhydride, benzophenone tetracarboxylic dianhydride and

10 biphenyl tetracarboxylic dianhydride. They are preferably
used in an amount of not more than 50 % by equivalent based
on the total of all the acid components.

Since the durability of the polyamide-imide resin may
be reduced by the concentration of the carboxyl group

15 contained in the polymer, the concentration of the carboxyl
group is preferably reduced to 1 to 10 eg/ton or below this
range. In the cyclic carbodiimide compound of the present
invention, the content of the carboxyl group can be
advantageously reduced to the above range.

20 A thermoplastic polyimide resin is preferably selected
as the poiyimide resin. An example of the polyimide resin
is a polyimide comprising the following diamine component
and a tetracarboxylic acid.

H,N-R*-NH,

25 {in the above formula, R' is (i) a single bond, (ii) an
aliphatic hydrocarbon group having 2 to 12 carbon atoms,
(iii) an alicyclic group having 4 o 30 carbon atoms, {(iv)
an aromatic group having 6 to 30 carbon atoms,

(v) -Ph-0-R*-0-Ph- (R® is a phenylene group or Ph-W'-Ph-, W

30 is a single bond, alkylene group having 1 to 4 carbon atoms
which may be substituted by a halogen atom, -0-Ph-0, -0O-,
-CO-, -8-, -80- or -80;-}, or (vi) -R®- (SiR7,;0).-SiR’,-R®- (R®
is - (CHy) -, ~(CHQS—Ph~,‘f(CHQS—O-Ph—cn:Ph:,tnisam1integer

of 1 to 100, s is an integer of 1 to 4, and R’ is an alkyl



In the above formula, R2 is a tervalent organic group, Rs is a divalent organic group, and nis a
positive integer. Typical methods of synthesizing this polyamide-imide 5 resin include (1) one in which
a diisocyanate and a tribasic acid anhydride are reacted with each other, (2) one in which a diamine
and a tribasic acid anhydride are reacted with each otQ r, and (3) one in which a diamine and a
tribasic acid anhydride chloride are reacted with each other. The method 10 of synthesizing the

polyamide- imidgresip used inthe presens inventiords otimiteshiothess. Jyniealsoppounds used in
the above synthesizir}lsg Egethods are listed below. Preferred examples of the diisocyanate include
i

4,4-diphenylmefPaR8RIii8E AL, XyR1Ens Bifdse)afL&e™e5 3,3 -diphenylmethane diisocyanate,
4,4-diphenyl ether diisocyanate, 3,3-djphenyl eg1er diisocyanate and paraphenylene diisocyanate.
Preferred examples of the diamine inﬁlude 4,4q$iaminodiphenylsulfone, 3,3'-diaminodiphenylsulfone,
20 4,4'-diaminodiphenyl ether, 3,3'-didminodiphenyl ether, 4,4'-diaminodiphenyl. methane,
3,3'-diaminodiphenyl methane, xyj)deﬁedlarmn&ang phenylenediamine. Out of these,
4,4'-diphenylmethane diisocyan@te,\g,?a/-diﬁhe\rlylmeﬁﬁane diisocyanate, 4,4'-diphenyl ether
diisocyanate, 25 3,3'-diphenyl ether diisocyanafg, 4,4'-diaminodiphenyl ether, 3,3'-diaminodiphenyl
ether, 4,4'-diaminodiphenyl methane @and 3, 3 jrdiaminodiphenyl methane are more preferred. The
tribasic acid anhydride is preferably tgmellitic aphydride, and the tribasic acid anhydride chloride is 40
preferably trimellitic anhydride chloride. To synthesize the polyamide-imide resin, a dicarboxylic
acid or a tetracarbBxyilecdianRyfridecearBe reficted siniuitameousheas lerg ab el chayractepistic

properties of the,polyamide-iideresin.asnot ipaired. Fxamples of the. di lic,a¢id include
terephthalic acid, isopﬁr%]halic acid and adipic acii“d. Examples of thegtrgéa%eégb%%%%aﬁﬁygﬁde include
pyromellitic diafyiitd, befifoghetRedBrataBbxyliEHiaandrrietarsd Podiphenyetacafoxylic

dianhydride. They:asapreferably usedraanamountof natmers thapbQ % by egyiyalens based on the

total of all the acid components. Since the durability of the polyamide-imide resin may be reduced by
the concentratici 8f the E&bok{fi grsuft single Dbond, alkylene group having 1 to

4 carbon atoms which may be substituted by a halogen atom,

16 ~0-Ph-0-, -0-, -CO-, ~850- or =-80;-).]

Examples of the tetracarboxylic anhydride used in the
production of polyamide acid include pyromellitic anhydride
(PMDA) , 4,4 -oxydiphthalic anhydride (ODPA),
biphenyl-3,3’,4,4' -tetracarboxylic anhydride (BPDA),

15 benzophencne 3,37,4,4’ -tetracarboxylic anhydride (BTDA},
ethylene tetracarboxylic anhydride, butane tetracarboxylic
anhydride, cyclopentane tetracarboxylic anhydride,
benzophencne-2,2',3, 3’ -tetracarboxylic anhydride,
biphenyl-2,2,3,3’ -tetracarboxylic anhydride, anhydrous

20 2,2-bis(3,4-dicarboxyphenyl)propane, anhydrous
2,2-bis(2,3-dicarboxyphenyl)propane, anhydrous
bis(3,4-dicarboxyphenyl)ether, anhydrous
bis (3,4-dicarboxyphenyl)sulfone, anhydrous
1,1-bis(2,3-dicarboxyphenyl)ethane, anhydrous

25 bis(2,3-dicarboxyphenyl)methane, anhydrous
bis (3, 4-dicarboxyphenyl)methane,

4,4’ - (P-phenylenedioxy)diphthalic anhydride,
4,4’ - (m-phenylenedioxy)diphthalic anhydride,
naphthaline~2,3,6,7-tetracarboxylic anhydride,



15 contained in the polymer, the concentration of the carboxyl group is preferably reduced to 1 to 10
eg/ton or below this range. In the cyclic carbodiimide compound of the present invention, the content
of the carboxyl group can be advantageously reduced to the above range. 20A thermoplastic
polyimide resin is preferably selected as the polyimide, kesin. An example of the polyimide resin is a
polyimide comprising the following diamine component and a tetracarboxylic acid. 112N-R4-NH2 25(in

the above formuta R4 s (i) asipletbend (iear aliphatiehydiecaiber grouphaving 2 to 12 carbon

atoms, (iii) an alicyclic group having 4 to 30 carbon at ms,g'v an aromatic group having 6 to 30
carbon atoms, (\I})ggh%g%gebhi’( S%éé &%@?e%aergr%}ﬁ %%%h@\ﬁ%ﬁ% ASirigle bond, alkylene
group having 1 tecgarisoniatdnis, whick macbesobstititedsyra-Aatogen atom, -0-Ph-0, -0-, -CO-,

-S-, -SO- or -SO2:), 0 (¥} ;ngreégg%ifezgg)césé%%%alrz}gé g?g :iLZC égﬁgﬁiﬁgm)&m-, -(CH2)5-0O-Ph- or

Ph-, mis an integer'of 1 to 100, s is an integer of 1 to 4; an [ a y? ‘41 group having 1to 6
carbon atofs, pHerprgretipcoralkylshehyt grotprisaving 16 6 carbonlatoiss.gnao [In the above

formula, ¥ i a gtayaleealihas gsoup § haing.2 in 42 comon alamoistiavalen alicyci group

having 4 to 8 carbon atoms, tetravalent aromatic group of a‘ mono- or yconge’nse ring having 6 to
14 carbon atomBISPRIW2IPH B2 198 sirfyl@Bbnd Lalkilede groupisadng IMeedearbon atoms which

may be substtuiacBYadiloden -8l e Lkq APoRE-3923H confiATPIR0f e
tetracarboxylic anhydride used in the production of polyamide acid include pyromellitic anhydride

(PMDA), 4,4-0x3/8ipHth&ic BRR§drid& (O B AYBDRe BH-8E Ui fethe A Dbxic ialthydd(BPDA), 15

benzophenone 3,314,4-tetricaroxylic anhydride-BEDAyBiyjene tetracarboxylic anhydride, butane
tetracarboxylic ar}lg%gjride c;clopentang tetracarboxylic anhydride, .
benzophenone-2'% Yol carboxyli¢ anh§ards Biprenil-22, $aetiatdfoosEAhhydride,

anhydrous benzophenone-3,37,4,4 -tetracarboxylic anhydride and
biphenylsulfone-3,3",4,4’ ~tetracarboxylic anhydride
(DSDA) are preferably used.

1B BExamples of the diamine used in the production of
polyimide include 4,4'-diaminodiphenyl ether,

4,4’ -diaminodiphenylmethane, 4,4’ -diaminodiphenylsul fone,
4,4’ -diaminodiphenyl thioether,
4,4’ -di (meta-aminophenoxy) diphenylsul fone,

20 4,4’ -di (para~aminophenoxy}diphenylsul fone,
o-phenylenediamine, m-phenylenediamine,
p-phenylenediamine, benzidine, 2,2" -diamincbenzophenone,
4,4’ -diaminobenzophenone,

4,4’ -diaminodiphenyl-2, 2’ -propane, 1,5-diamincnaphthaline,

25 1,8-diaminonaphthaline, trimethylenediamine,
tetramethylenediamine, hexamethylenediamine,
4,4~-dimethylheptamethylenediamine, 2,11-dodecadiamine,
di (para-~aminophenoxy)dimethylsilane,
1,4-di(3-aminopropyldiaminosilane)benzene,

30 1,4-diaminocyclohexane, ortho-tolyldiamine,
meta-tolyldiamine, acetoguanamine, benzoguanamine,
1,3-bis(3-aminophenoxy)benzene (APB),
bis [4- {3-aminophenoxy)phenyl]lmethane,

1,1-big[4- (3-aminophenoxy)phenyl]ethane,



20 2,2-bis(3,4-dicarboxyphenyl)propane, anhydrous 2,2-bis(2,3-dicarboxyphenyl)propane, anhydrous
bis(3,4-dicarboxyphenyl)ether, anhydrous bis(3,4-dicarboxyphenyl)sulfone, anhydrous
1,1-bis(2,3-dicarboxyphenyl)ethane, anhydrous 25 bis(2,3-dicarboxyphenyl)methane, anhydrous
bis(3,4-dicarboxyphenyl)methane, 4,4'-(P-phenylenedjoxy)diphthalic anhydride,
4,4'-(m-phenylenedioxy)diphthalic anhydride, naphthaline-2,3,6,7-tetracarboxylic anhydride, 42
naphthaline- 1,415,8-{etradarboxylicrdniwyshieieoraphithatnet [ls2 hL=tefracarboxylic anhydride,
benzene-1,2, 3,4-tetracarboxylic anhydride, perylene-3,4 ,9,10-tetracarboxylic anhydride, 5
anthracene-2 ,3?16,?-f%t%ascti.?rﬁél%%ma%%%%g%%% %ﬁ%%% 3?#3&5&?2‘??,8-tetracarboxy|ic anhydride.
The present invéntioriissnot tititegn o tlhgdes ridveg ¢ wlicarkdxXytie amdydrides may be used alone or in
combination of or.mgre, Out of thes romellitic anhydride (PMDA), 10 4,4'-oxydiphthalic
anhydride (ODF%)?be gr%l-?,{%',Eﬁ']ite?%%}%%%}%lllgaﬁ 9’21[%? e {BBDA)
benzophen®ne-3,3 44itdtfacarbesiccpinytridy hptidiphenylsuifone-3,3, 44 Hetracarboxylic
anhydride (DSDﬁQ@ﬁgﬁé&;fe@qy Uﬁ?ﬁjsl— ﬁgﬁ&{fﬂi@ﬁ%ﬁkﬁed in the production of polyimide
- ' Imethane,

include 4,4'-diaminodiphenyl ether, 4,4'-diaminodipheny 4-diaminodiphenylsulfone,

4,4'-diaminodiplfenyt thidethid i, B leRpsets- arhinspRe e Adiphenylsulfone, 20
4,4'-di(para-amigophenaxy)diphe gwgggey Wjegggﬂr@ige, m-phenylenediamine,

p-phenylenediamine, benzidine, 2,2'-diaminobenzophenone, 4,‘4-diaminobenzophenone,
4,4-diaminodipH&h{ 2! 3-pifdane e eraminbRgphthalind 25198 diaminonaphthaline,
trimethylenediaaning; tetsameathylenediamipe, hexamethylensdiaming,

4,4-dimethylheptamethglenedjamine, 2,11-dodecadiamine, di(para-aminophenoxy)dimethylsilane,

1,4-di(3-aminopfopyldiariiASSiRRRIRTReRE ) 86 F 0 dikRHRGEy clohdkshe BRB®tblyldiamine,
meta-tolyldiaminey-aeetdgianamine: benzaguananinend 2:his(IraningphenewihenzeneAPB),
bis[4-(3-amino%gng@ghgtl]gl@e@gnghl,%E)ti)qj%%[id%(géaing;?f)phenoxy)phenyl]ethane, 43
Examples of the thermoplastic polyimide include
15 polyimide resins comprising a tetracarboxylic anhydride
represented by the following formulas and a known diamine
such as p-phenylenediamine, cyclohexanediamine or
hydrogenated bisphencl A type diamine. Commercially
available products of the thermoplastic polyimide include
20 Ulteml000, Ulteml010, UltemCRS50C1 and UltemXH6050 of
General Electric Co., Ltd. and Auram 250AM of Mitsui Chemical

Co., Litd.
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1,2-bis[4-(3-aminophenoxy)phenyllethane, 2,2-bis[4-(3-aminophenoxy)phenyl]ethane,
2,2-bis[4-(3-aminophenoxy)phenyl]propane, 2,2-bis[4-(3-aminophenoxy)phenyl]butane,
52,2-bis[4-(3-aminophenoxy)pheny1]-1,1,1,3,3,3-hexafluoro propane,
4,4'-di(3-aminophenoxy)biphenyl, di[4-(3-aminopheno>&y4)phenyllketone,

di[4 (3 aminophenoxy)phenyl]sulfide di[4- (3 aminophenoxy)phenyl]sulfoxide, 10

[ enyl)ether. The present invention

is not Ilmlted to these. The above diamgesmay be used aﬂlone or in.eqgmbination. Examples of the
thermoplastic polyimide include 15 pol d res\ﬂé;{/én fis etracarboxylic anhydride
represented by the following formu g=a known diamine s 2 henylenediamine,
cyclohexanediamine or hydrogenate phenol A type diaming. Commercially available products of

the thermoplastic polyimide include 20 Ujtem1000, UItemlO@.qungtemCRSSOOI and UltemXH6050 of
General Electric Co., Ltd. andAuram 250AM of Mitsui Chemical Co., Ltd. 44 [In the above formulas,
R8 and R9 are each independently a hydrogen atom, linear or branched alkyl group having 1 to 10
carbon atoms, or aryl group, Rl is a g ar Sne group having 6 to 30 capbon atoms or alkylene group
having 2 to 20 carbon atoms, m and n &y Bach an integer of 0 t0 5,

resin can be synthesized by known For example, amide constituent

component is first subjected to a polyy ensation reaction : as to synthesize a polyamide having a
functional group at a terminal, and the polfester constitu@nﬁz@qmponent is 20 polymerized in the
presence of the polyamide. This polycondefsation reaction is g8nerally realized by carrying out an
amidation reaction as a first stage and an

[In the above formulas, R® and R’ are each independently a

5  hydrogen atom, linear or branched alkyl group having 1 to

10 carbon atoms, or aryl group, R'® is an arylene group having

6 to 30 carbon atoms or alkylene group having 2 to 20 carbon

atoms, m and n are each an integer of 0 to 5, and k is an

integer of 1 to 3.]

10 Examples of the polyester amide resin include
conventicnally known polyester amide resins obtained by
copolymerizing a polyester constituent component and a
polyamide constituent component, out of which thermoplastic
polyester-amide resins are preferred.

15 The polyester amide resin can be synthesized by known
methods. For example, the above polyamide constituent
component is first subjected to a polycondensation reaction
so as to synthesize a polyamide having a functional group
at a terminal, and the polyester constituent component is

20 polymerized in the presence of the polyamide. This
polycondensation reaction is generally realized by carrying
out an amidation reaction as a first stage and an
esterification reaction as a second stage. The above

polyester constituent components are preferably selected as



esterification reaction as a second stage. The above polyester constituent components are preferably
selected as 45 the polyester constituent component. The above polyamide constituent components
are preferably selected as the polyamide constituent component. 5 <use of carbodiimide> In the
‘present invention, the cyclic carbodiimide compound is, mixed with a polymer compound having an
acid group and reacted with the compound to seal the acid group. The method of adding and mixing
the cyclic carbodimidesbprpotad Lowith theipaly meseepednd isTigt parisylarlydimiteg qod a
conventionally known method in which the cyclic carbodiimide compound is added as a solution, a
melt or a master batch of & polynier B A Hethod it wiich-& S8R Yot CoRtbotRdi&Brought into
contact with a liguid gentadsng dbdhe cyelicccarbodionicle compound dissolved therein, dispersed
therein or molten therein to impregnate the cyclic carbodiimide compound may be employed. In the
case of the method in which the cyclic carbodiimide compound is added as a solution, a melt or a 20
master batéh of aipolymér, @acdrmv@ntionaly-known kneader is used to add the cyclic carbodiimide

compound. For kneading, the,cyc .9:8 r iiq_@ﬁgg mpound_is preferably kneaded in a solution state
or a molten state from thenvi.ewpg)%t o%uni orm kr&?egdﬁr%&’Tgte\j%eca}f e;ir:i”s¥ ngtafbg B%rh%:ﬁ‘ﬁa limited,
and conventionaliyi@RwWrveRivabredotarish aiging yarks doteadingtansksiorsing le estdeyroup
multi-screw verticahkneading mnachines such. as asinglesscrew or multi-screw extruder or kneader
may be used. The time during which the cyclic p%diimide cqmp(r)%%% ig b\é{mg(]éa%th tr@%olymer
compound is nof'BartRdIgdy fifkiedcans ditferd BEcbhfing e e mixebadd the thixingrtempedature but

preferably; 8.1 mjaute ter:hours,marequgfosably 0:2 tp, 60 @M%mgq}w%mfsaablgf to 30

minutes. As the solvent may be used a solvent which is inert 46 to the polymer compound and the

cyclic carbodiimfde"ESHBOEMPIR $oN ek RKR NS il for Bof ofhentaisd digsolves at least part
of each of theseceompaundsiigerefarissuThe solvent isiselacteddrom aihydrogarhon:based.5 solvent,

ketpne-based solélente, 3?%2%2%5‘99 solvent, ether-based solvent, halogen-based solvent and
amide-based Sorrvesnti of a polymer, or amethod inwhich a solid polymer

compound is brought into contact with a liquid containing

15  the cyclic carbodiimide compound dissolved therein,
dispersed therein or molten therein to impregnate the cyclic
carbodiimide compound may be employed.

In the case of the method in which the cyclic

carbodiimide compound is added as a solution, a melt or a

20 master batch of a polymer, a conventionally known kneader
iz used to add the cyclic carbodiimide compound. For
kneading, the cyclic carbodiimide compound is preferably
kneaded in a scolution state or a molten state from the
viewpoint of uniform kneading. The kneader is not

25 particularly limited, and conventionally known vertical
reactors, mixing tanks, kneading tanks or single-screw or
multi-screw vertical kneading machines such as a
single-screw or multi-screw extruder or kneader may be used.
The time during which the cyclic carbodiimide compound is

30  mixed with the polymer compound is not particularly limited
and differs according to the mixer and the mixing temperature
but preferably 0.1 minute to 2 hours, more preferably 0.2
to 60 minutes, much more preferably 0.2 to 30 minutes.

As the solvent may be used a solvent which is inert



Examples of the hydrocarbon-based solvent include hexane, cyclohexane, benzene, toluene, xylene,
heptane and 10 decane, Examples of the ketone-based solvent include acetone, methyl ethyl ketone,
diethyl ketone, cyclohexanone and isophorone. Examples of the ester-based solvent include ethyl
acetate, methyl acetate, ethyl succinate, methyl carbopate, ethyl benzoate and diethylene glycol
diacetate. 15 Examples of the ether-based solvent include diethyl ether, dibutyl ether, tetrahydrofuran,

dioxane, diethylenetgiycob timethyl@then triethytene g lygal iethyd ether andidiehesylRihen .

Examples of th hal%geg}g)as‘% .s&llv?lrgtsinglyrge ZOtdicQIoroguethane chloroform, tetrachloromethane,
dichloroethane, 1,77 3 etrachioroethane. thioranenzene and-BickiofdbahzaRE EX&RPIEESt the
amide-based soient frciidecfonnamidead IN-difnethylfarmamideNd¥-dinethylacetamide and 25
N-methyl-2-pyrro|idone.%’Qgsggﬂyen{s may _be used alone or as a mixture. In the present invention,
the solvent is used in an amount of 1 o 1,000 pars Ei/%wgiréﬁ{n bgs}&’ A 190 HarE ByAREGht of the
total of the polyrdel E6mpouki@ bndeheeyelit 30> carbodiimieiecompeured] Whér thecamount of the

solvent is smallerithan Lpart gy vusight, there is no significance of using the solvent, Although the
upper limit of the amount of the solvent is not pa(;;ﬁgz:ularly I|mite§,oi;[L }\geggo&néoﬁﬁlp%?té%%ﬁ\g ight from
the viewpoints of¢raffipiiation ease and 47 reaction efficiency. In the case of the method in which

the solid polymer compasnghis farguglt into-caryact i a iguid containing fhe cyglic carhodimide

compound dissolved therein, 5 dispersed therein or molten therein to be |mpregnate8 with the cyclic

carbodiimide coRTEGHAY; the SORIBefhfer RITSHH s retigMantowdact whkthe varsodiimide
compound glisselxed irthe selyept OF therselidkpolWmehe0MREURd IS 1 vent include

acetone, methyl ethyl ketone, diethyl ketone, cyclohexanone
and isophorone. Examples of the ester-based gsolvent include
ethyl acetate, methyl acetate, ethyl succinate, methyl
carbonate, ethyl benzoate and diethylene glycol diacetate.

15  Examples of the ether-based solvent include diethyl ether,
dibutyl ether, tetrahydrofuran, dioxane, diethylene glycol
dimethyl ether, triethylene glycol diethyl ether and
diphenyl ether.

Examples of the halogen-based solvent include

20 dichloromethane, chloroform, tetrachloromethane,
dichlorcethane, 1,17,2,2’~-tetrachloroethane,
chlorobenzene and dichlorobenzene. Examples of the
amide-based solvent include formamide,
N,N-dimethylformamide, N,N-dimethyvlacetamide and

25  N-methyl-2-pyrrolidone. These solvents may be used alone
or as a mixture.

In the present invention, the sclvent ig used in an
amount of 1 to 1,000 parts by weight based on 100 parts by
weight of the total of the polymer compound and the cyclic

30 carbodiimide compound. When the amount of the solvent is
smaller than 1 part by weight, there is no significance of
using the sclvent. Although the upper limit of the amcunt
of the solvent is not particularly limited, it is about 1,000

parts by weight from the viewpoints of manipulation ease and



brought into contact with an emulsion of the cyclic 10 carbodiimide compound. To bring the solid
polymer compound into contact with the cyclic carbodiimide compound, the polymer compound is
immersed in the cyclic carbodiimide compound, or coated or sprayed with the cyclic carbodiimide
compound. 15A sealing reaction by the cyclic carbodijnide compound of the present invention can be
carried out at room temperature (25C) to 300C. However, it is preferably 50 to 280C, more preferably
100 to 280C fronetheniewpeifif dt-ramctign efficiency. Although the reaction proceeds more 20 at a
c;tlion IS gaferab y carried out at a

temperature at which th lymer compound. is molten, the rea
temperature lower than %é)(()%é {0 sclj—ipspef'egs%I tr?él gugi?ntgzjl?cgr: Ahd GESRposion ot the RydiEST
carbodiimide corapaundd oireducetiiineltirigotemperature and increasesthielagitaiioniefficigncy of

the 25 polymer,.yse of fhe solventis eftectiye.. . Al g%l%&p t egeggt\ifon prg ceeds fully swiftly without
- | RS oAyl s

a catalyst, a catalyst for promoting the reaction may be used. e cata ng?/]b%’used a catalyst
which is used feH@EperiegionaElitEl carbodiificge dompming (JP-B2005:2194).:3@¢Examgtes of the

catalyst include.alall petat.compoupds valkall eanhometel compaunds, feriazy amin compaunds,

imidazole compounds, quaternary ammonium salts, phosphine compournids, phosphonium salts,
phosphoric acid-€ster¢egénid BEfls @desis ki THeg neayrbe dséa ibhecominot@dombination

of two or more. The-amount aftheicatalystwhich is pot particylarly imited,is.preferably 0;001 to 1 part
by weight, more preferably 0.01 to 0.1 part by weight, much more preferably 0.02 t0 0.1 part by weight
based on 100 paHS4SAveighRt 6f (Fetbesf bf ik polfMmer BorhBoaRd ahd ¥he cyalielcatbodiimide

compounds  cAsferdhemmruriaitbeeyclic earbadimidercompaund Jheapptentafithe g
carbodiimide group contained in the cyclic carbodiimide compound is selected from a range from 0.5

to 10 100 equiviierits BREEG 6 1dddivaiBhit 6fthe HRidFaroapwhkh fe comeRtBthe dafbodiimide
group is lower thah ¥z equivatenttieresmayrherre sighificanee of using the, carbodiimides When the
content is higher than 108 e%uivalenﬁsﬁ éhg characterigti% Er(ﬁ)erties of a matrix may 15 change. From

this viewpoint of View, The toRtent 6t the carbodinmide gFotpis Preféribiy o 60 2 8ddiTdights, more
preferably 0.65¢o®0ceguivalents, much more preferably 0.7 to 30 equivalents, particularly preferably

ey e B e
methods. of the present invention can be carried out at room
temperature (25°C) to 300°C. However, it is preferably 50
to 280°C, more preferably 100 to 280°C from the viewpoint
of reaction efficiency. Although the reaction proceeds more
20 at a temperature at which the polymer compound is molten,
the reaction is preferably carried out at a temperature lower
than 300°C to suppress the sublimation and decomposition of
the cyclic carbodiimide compound. To reduce the melting
temperature and increase the agitation efficiency of the
25 polymer, use of the solvent is effective.
Although the reaction proceeds fully swiftly without
a catalyst, a catalyst for promoting the reaction may be used.
As the catalyst may be used a catalyst which is used for a
conventional linear carbodiimide compound (JP-A 2005-2174) .
30 Exampieg of the catalyst include alkali metal compounds,
alkali earth metal compounds, tertiary amine compounds,
imidazole compounds, gquaternary ammonium salts, phosphine
compounds, phosphonium salts, phogphoric acid esters,

organic acids and Lewis acid. They may be used alone or in



25(1)identification of cyclic carbodiimide structure byNMR The synthesized cyclic carbodiimide
compound was confirmed by 1H-NMR and 130-NMR. The JNR-EX270 of JEOL Ltd. was used for
NMR. Heavy chloroform was used as the solvent. (2)identification of carbodiimide skeleton of cyclic
30carbodiimide by TR The existence of the carbodiimide skeleton of the synthesized cyclic
carbodiimide compound at 2,100 to 2,200 cm-1 which Is the characteristic of a carbodiimide was
confirmed by FTeluiThesMagnas56web Thetoaricoleyh@onnbigh t48 fvasssed 0t Fatflynhi ch
(3)concentration,of car O)ﬁé!é}?{%lﬁ) he samJ%Ilsg as dissolved I|$?n§))pur|f|ed o-cresol in a nitrogen

stream and titrated with ah ‘ethanol saftion or l\f%ot%léaﬁﬁff c?rgxi%leoo%/lugiﬁ’g brétidéresol
blue as an indicatorwExample teynthesis efreyeliy carlbadiimide. GCAasehemerd) 6&4 ; MWY-1252 10

15 Step (la)  @snitr . ol),,1,2-dibromaoethane (0.05 mol), potassium carbonate (0.33
mol) and 200 ml of N, -dlﬁﬁfgﬁ%l/%é[&mrgr‘n%etﬁgée’ %5’3 o t% Er%gc c?rle%%p%gﬁ Wity 204 8eke¥ Bid a
heater in a® N2 aifrigspisie afdtleadted at 130C for 2 hpues; RFwas: e mevednundercretuced

pressure, the ohtaingd $oligh was diggglyedip 200 ml of dicloromethane, and the resulting solution was
separated with 100 ml of water 3 timeS. An organic layer was dehydrated with 5 g of sodium 25 sulfate

and dichloromethane wasréfbvedrurfiervetuetd pressird ic-obtath adintetme diategpraddct A (nitro
compound).  the content of the carbodiimide group contained in the cyclic

carbodiimide compound is selected from a range from 0.5 to
10 100 equivalents based on 1 equivalent of the acid group. When
the content of the carbediimide group is lower than 0.5
equivalent, there may be no significance of using the
carbodiimide. When the content is hicgher than 100
equivalents, the characteristic properties of a matrix may
15 change. From this viewpoint of view, the content of the
carbodiimide group is preferably 0.6 to 75 equivalents, more
preferably 0.65 to 50 eguivalents, much more preferably 0.7
to 30 equivalents, particularly preferably 0.7 to 20
eqguivalents based on the above standard.
20
Examples
The following examples are provided to further
illustrate the present invention. Physical properties were
measured by the following methods.
25 (1) identification of cyclic carbodiimide structure by NMR
The synthesized cyclic carbodiimide compound was
confirmed by 'H-NMR and *C-NMR. The JNR-EX270 of JEOL Ltd.
was used for NMR. Heavy chloroform was used as the solvent.
(2) identification of carbodiimide skeleton of cyclic
30 carbodiimide by IR
The existence of the carbodiimide skeleton of the
synthesized cyclic carbodiimide compound at 2,100 to 2,200
cm™ which is the characteristic of a carbodiimide was

confirmed by FT-IR. YﬂuaMagna~750cxfThermonicoley(kL, Ltd.



Step (2a) 30Then, the intermediate product A (0.1 mol), 5 26- palladium carbon (Pd/C) (1 g) and 200
ml of ethanol/dichloromethane (70/30) were fed to a reactor equipped with a stirrer, hydrogen
substitution was carried out 5 times, and a reaction was carried out while hydrogen 50 was always
supplied at 25C and terminated when the amount of hydrogen did not decrease any more. When Pd/C
was collected and the mixed solvent was removed, an intermediate product B (amine compound) was
obtained. 5 StepvEBa) used hemy trgahenylphosphine dibromide (0.11 mol) and 150 ml of
1,2-dich|oroethan§ )were fgﬁléo acrreagtor equipped with a stirrer, a heater and a dropping funnel in an
N2 atmosphere i and stirred. A S8IGHGH oBtairet )%?é of%ﬁ%”tﬂe intermediate product B (0.05 mol)
and triethylamine (0.25 ffiod) is&0mhkofuis 2-dichieroethaheiwas gradtialy added deepwise te the
resulting mixtur After the end of addition, a.reaction wa carrief out at 70C for.5 hours. 15
Thereafter, the ?éﬁatrc:t?fg%go lﬁ%o%eﬁgsafﬁtér%ﬁarn he ﬁ’l%r%a%e Was %51385%% ed C\)/éi%htf(%lrﬁlfo? wter 5
times. An ofgani¢ [aydrawasd dehydidteekuill Sty ofisodigmisutfate-amc: & 2-dithlereethane was
removed under teduced . pressure to obtain an intermediate product C (triphenylphosphine 20
compound). Step (4a) Thereafter, di-tert-butyl dicarbonate (0.11 mol), N,N-dimethy1-4-aminopyridine
(0.055 mol) and 150 ml of 25 dichloromethane were fed to a reactor equipped with a stirrer and a
dropping funnel a §9{19{ IFre I I rometha ontaining th
intermediate pro%%%?lé\i%.gg %nol) di%iflgezglgleérjgi%lgv%gg E;prga%f%]ﬁ% gﬁ%é&% drar%jpiwilg %ﬁ%‘éa rz“s)ulting
mixture at 25C. Aftér th&erid 6P Addition, 30 a reaction was carried out for 12 hours. Thereafter, a solid
obtained hy,removing dichloromethane was purified to obtain CC1. The structure of CC1 was checked

by NMR and IR.
NN
o O

Step (la)

i5

o-nitrophencl (0.11 mol), 1,2-dibromoethane (0.05
mol), potassium carbonate (0.33 mol) and 200 ml of
N,N-dimethylformamide were fed to a reactor eguipped with

20 a stirrer and a heater in an N, atmosphere and reacted at
130°C for 12 hours, DMF was removed under reduced pressure,
the obtained solid was dissolved in 200 ml of dicloromethane,
and the resulting solution was separated with 100 ml of water
3 times. An organic layer was dehydrated with 5 g of sodium

25 sulfate and dichloromethane was removed under reduced

pressure to obtain an intermediate product A (nitro

compound) .
Step (2a)
30 Then, the intermediate product A (0.1 mol), 5 %

palladium carbon (P4d/C) {1 g) and 200 ml of
ethanol/dichloromethane (70/30) were fed to a reactor
equipped with a stirrer, hydrogen substitution was carried

out 5 timeg, and a reaction was carried ocut while hydrogen



51 CC2: MW =516 51015 Step (1A) o-nitrophenol (0.11 mol), pentaerythritol tetrabromide
(0.025 mol), potassium carbonate (0.33 mol) and 200 ml of N,N-dimethylformamide were fed to a
reactor 20 equipped with a stirrer and a heater in an N2 atmosphere and reacted at 130C for 12 hours,
DMF was removed under reduced pressure, the obtained solid was dissolved in 200 ml of
dicloromethane, and the resulting solution was separated with 100 ml of water 3 times. An organic
layer was dehydrated=25xaifts Ssquob saaidms sulfate @andhdichlorameathang was-remeved Wpdsereduced

pressure to obtaé} ar%irg%%m%dia'gﬁ%rodugt (I%énitro compoundg@Step (2A) 30Then, the intermediate
product D (0.1 mol), 5% paliadiumi carbon (FaiCFEEg) anY 406 R of diisiblRfetfordAfethane (70/30)

were fed to a reacidilequippeswithleestitree dydsagen substitutionovas casried ous briaes, and a

reaction was ca @g %/vt}ij,le ayrgr%%en 52 was always supplied at 25C and terminated when the
amount of hydro%encﬁ%E not de(};re{ise a%;c?ﬁrlr?gr%. henalgdfg8 Wad B5ftected and the mixed solvent was

removed, ah intermediate product E (amine compound) was obtained. Step (3A) Then,
triphenylphosph'gl@egbrpggge (0.11 mol) and 150 ml of 1,2-dichloroethane were fed to a reactor

equipped with a stirrer, a heater and a dropping funnel in an N2 atmosphere
Then, triphenylphosphine dibromide {(0.11 mol) and 150

ml of 1,2-dichlioroethane were fed to a reactor equipped with
a stirrer, a heater and a dropping funnel in an N; atmosphere
10 and stirred. A sclution obtained by dissolving the
intermediate product B (0.05 mol) and triethylamine (0.25
mol) in 50 ml of 1,2-dichlorcethane was gradually added
dropwise to the resulting mixture at 25°C. After the end
of addition, a reaction was carried out at 70°C for 5 hours.
15 Thereafter, the reaction solution was filtered and the
filtrate was separated with 100 ml of water 5 times. 2an
organic layer was dehydrated with 5 g of sodium sulfate and
1,2-dichloroethane was removed under reduced pressure to
obtain an intermediate product C (triphenylphosphine

20  compound) .

Step (4a}
Thereafter, di-tert-butyl dicarbonate (0.11 mol},
N,N-dimethyl-4-aminopyridine (0.055 mol) and 150 ml of
25 dichloromethane were fed to a reactor equipped with a stirrer
and a dropping funnel in an N, atmosphere and stirred. 100
ml of dichloromethane containing the intermediate product
C (0.05 mol) dissolved therein was gradually added dropwise
to the resulting mixture at 25°C. After the end of addition,
30  areactionwas carried out for 12 hours. Thereafter, a solid
obtained by removing dichloromethane was purified to obtain

CC1l. The structure of CCl was checked by NMR and IR.

Example 2 synthesis of cyclic carbodiimide CC2 (scheme 1)



10 and stirred. A solution obtained by dissolving the intermediate product E (0.025 mol) and
triethylamine (0.25 mol) in 50 ml of 1,2-dichloroethane was gradually added dropwise to the resulting
mixture at 25C. After the end of addition, a reaction was carried out at 70C for 5 hours. 15 Thereafter,
the reaction solution was filtered and the filtrate was s qarated with 100 ml of water 5 times. An
organic layer was dehydrated with 5 g of sodium sulfate and 1,2-dichloroethane was removed under
reduced pressuredg ohtgin.ansiptermediate product F (triphenylphosphine 20 compound). Step (4A)
Thereatfter, di-tert-butyl dicarbonate (0.11 mol), N,N-dimethy1-4-aminopyridine (0.055 mol) and 150 ml
of 25 dichloromethane were fed to a reactor equipped with a stirrer and a dropping funnel in an N2
atmosphere and stirred. 100 ml of dichloromethane containing the intermediate product F (0.025 mol)
dissolved therein was gradually added dropwise to the resulting mixture at 25C. After the end of
addition, 30 a reaction was carried out for 12 hours. Thereafter, a solid obtained by removing
dichloromethane was purified to obk?j,n»@QZ. The structure of CC2 was checked by NMR and IR. 53
Step (1A) o-nitrophenet{@.11-mol), pentaerythtitel tetrabromide (0.025 mol), potassium carbonate
(0.33 mol) and 200 ml of ' ‘
heater in an N2 atmospRere and reacted at 130 for 123hours, N,N-dimethylformamide was removed
under reduced pressure, the obtained solid was '
resulting solution was separatedyith 100 ml ofowater 3 times. An 10 organic layer was dehydrated
with 5 g of sodium sulfate and dich e was removed under reduced pressure to obtain an
intermedigig product D (nitro com p (2A) 15Then, the intermediate product D (0.1 mol), 5 %
N,N-dimethylformamide were fed to a reactor

s caried out 5 times, and a reaction was carried out
finated when the amount of hydrogen did not
jon and the filtrate was added to 3 liters of

/gragan substitution w

while hydrogen was alw ys upplied at 25C

decrease any more. W
water, a solid separated ot
(amine compound). 25 T

15

Step (1A)
o-nitrophenol (0.11 mol}, pentaerythritol

tetrabromide (0.025mol), potassium carbonate (0.33 mol) and
200 ml of N,N-dimethylformamide were fed toc a reactor

20 eguipped with a stirrer and a heater in an N atmosphere and
reacted at 130°C for 12 hours, DMF was removed under reduced
pressure, the cbtained solid was dissolved in 200 ml of
dicloromethane, and the resulting solution was separated
with 100 ml of water 3 times. 2An organic layer was dehydrated

25  with 5 g of godium sulfate and dichloromethane was removed
under reduced pressure to obtain an intermediate product D

{nitro compound) .

Step {2A)

30 Then, the intermediate product D (0.1 mol), 5 %
palliadium carbon (P4/C) (2 g) and 400 ml of
ethanol/dichioromethane (70/30) were fed to a reactor
equipped with a stirrer, hydrogen substitution was carried

out 5 times, and a reaction was carried out while hydrogen



Step (3B) Then, the intermediate product E (0.025 mol), imidazole (0.2 mol), carbon disulfide (0.2 mol)
and 150 ml of 2-butanone were fed to a reactor equipped with a stirrer, 30 a heater and a walter
containing alkaline water in an Ny atmosphere. This reaction solution was heated at 80C and reacted
for 15 hours. After the reaction, the precipitated solid was collected by filtration and washed to obtain
an intermediate product G (thiourea compound). 54 Step (4B) Thereatfter, the intermediate
product G (0.028&8ol} el ganasulieayledhl8fde (Gkan ol amd 50tmbofpyriding s wersiied to a

reactor equipped it stigerin A aimasehere andsitred, Afle a,4eagtion, yas,carried out at 25C

for 3 hours, 150 ml of methanol was added and stirred at 25C for 1 hour. The pr api%’ffgd solid was
collected by filtr&fon- §Ad HasHed i 6utHireteotnesucarereity €C2 was ohieckeddbiaNMR and

IR. Example 4 sypthesis:ofeyeligcarbodimids, G667 (seheme ) Stepy(1A) o-nitrophenol (0.11 mol),

pentaerythritol 15tetrabromide (0.025 mol), potassium carbonate (0.33 mol) and 200 ml of
N,N-dimethylformamide were fed to a reactor equipped with a stirrer and a heater in an N2
atmosphere andsreastecha 130C for 12 hours, N,N-dimethylformamide was removed under reduced
pressure, the obtained sq%%jd was 20 dissolved in 200 ml of dicloromethane, and the resulting solution

was separated with 100 T8 wafer % g PRR BRyEHRE 18/ Grasidichydrated With s 376t $6dium
sulfate and dichidronfethanediahremorechinr@ewe o obtaip aniatermedialgprogduet R:(pitro
compound). 25 aSte (ZAL5 Tt%an,ghe inte me%iﬁ?te %r\‘}oduct D (0.1 mol), 5 96 palladium carbon
(Pd/C) (1.25 g) &nd mt of N, NEdimethyorMathideRudte feds Hlrédbor dfuppBaSRIHAS a stirrer,

hydrogenisubstiutiorewas carfied Busb limescandlareacton was agiesh eutrwhile-ydrogen was
always supplied 8, 236,804 Jenipatesl when the Aot of PYAropen : cenyiamine (0.2
mol) in 50 ml of 1,2-dichloroethane was gradually added
dropwise to the resulting mixture at 25°C. After the end
of addition, a reaction was carried out at 70°C for 5 hours.

15 Thereafter, the reaction solution was filtered and the
filtrate was separated with 100 ml of water 5 times. An
organic layer was dehydrated with 5 g of sodium sulfate and
1,2-dichleoroethane was removed under reduced rressure to
obtain an intermediate product F (triphenylphosphine

20  compound) .

Step (43)
Thereafter, di-tert-butyl dicarbonate (0.11 mol),
N,N-dimethyl-4-aminopyridine {(0.055 mol) and 150 ml of
25 dichloromethane were fed to a reactor equipped with a stirrer
and a dropping funnel in an N, atmosphere and stirred. 100
ml of dichloromethane containing the intermediate product
F (0.025 mol) dissclved therein was gradually added dropwise
to the resulting mixture at 25°C. After the end of addition,
30  areaction was carried out for 12 hours. Thereafter, a solid
obtained by removing dichloromethane was purified to obtain

CC2. The structure of CC2 was checked by NMR and IR.

Example 3  synthesis of cyclic carbodiimide CC2 (scheme 2)



did not decrease any more. When Pd/C was collected by filtration and the filtrate was added to 3 liters
of water, 55 a solid separated out. This solid was collected and dried to obtain an intermediate
product E (amine compound). Step (3B) 5Then, the intermediate product E (0.025 mol), imidazole (0.2
mol) and 125 ml of acetonitrile were fed to a reactor eguipped with a stirrer, a heater and a dropping
funnel in an N2 atmosphere, and diphenyl phosphite (0.1 mol) was fed to the dropping funnel. After
carbon dioxide Hxsgbstitwtion was carried out 5 times, diphenyl phosphite was gradually added

dropwise while carbon diqxidec\évgslglwa)jts jtdppr)ﬂéﬁdmatlz)SC under agitation to carry out a reaction for
ated solid was

15 hours. After the react?onr} the pPeCPT[I)ll? S coledield %?7 ifvation & washed to obtain an

intermediate 15 peddudt Fofurda compalind) Stepo@ By s s 1 Thereafien dhe intermediate)peaduct H
(0.025 mol), parg%umesggowlhgh&r]itgﬁg%)é ?gorqn%@% 0 r‘gle%f eoygi?dgwecéo were ;‘%d to a reactor

equipped with a stirrer in an N2 atmospk stirred. After a reaction was carrie Bﬁ’ffat 25C for 3
hours, 150 nl offietapRiwaktddded ahdstirat gt 25C=foi & hour. Theredipitatptl solkid avas

collected by filtration.ad washed te pbtain. CC2.{Jhe. structurg 9(5%%&%%% 1S Cha?r&lf‘{j% by NMR and
IR. Example 5 Synthesis of cyclic carbodiimide CC2 (scheme 3) Step (1 o-chloronitrobenzene
(0.125 mol), perita@RaftoFSHO 025578 epotassifififEatboidte (025rhoddtesabitylammonium

bromide (0.018 gyallsand,50 mbof M H-dimetyformanidg.were fad to.a reaghar equipped with a stirrer
and a heater in an N2 atmosphere and reacted at 130C for 12 hours. After the reaction, the Tesulting
sclution was separated with 100 wml of water 3 times. ZAn

10  organic layer was dehydrated with 5 g of sodium sulfate and
dichloromethane was removed under reduced pressure to obtain

an intermediate product D (nitro compound) .

Step (2A)

15 Then, the intermediate product D (0.1 mol), 5 %
palladium carbon (Pd/C) (1.25 g) and 500 ml of
N,N-dimethylformamide were fed to a reactor equipped with
a stirrer, hydrogen substitution was carried out 5 times,
and a reaction was carried out while hydrogen was always

20  supplied at 25°C and terminated when the amount of hydrogen
did not decrease any more. When P4/C was collected by
filtration and the filtrate was added to 3 liters of water,
a solid separated out. This solid was collected and dried
to obtain an intermediate product E (amine compound) .

25
Step (3B)

Then, the intermediate product E (0.025 mol),
imidazole (0.2 mol), carbon disulfide (0.2 mol) and 150 ml
of 2-butanone were fed to a reactor equipped with a stirrer,

30  a heater and a walter containing alkaline water in an N,
atmosphere. This reaction sclution was heated at 80°C and
reacted for 15 hours. After the reaction, the precipitated
solid was collected by filtration and washed to obtain an

intermediate product G (thiourea compound).



56 solution was added to 200 ml of water and the precipitated solid was collected by filtration. This
solid was washed and dried to obtain an intermediate product D (nitro compound). 5 Step (2A)
Then, the intermediate product D (0.1 mol), 5 % palladium carbon (Pd/C) (1.25 g) and 500 ml of
N,N-dimethylformamide were fed to a reactor equipped with 10 a stirrer, hydrogen substitution was
carried out 5 times, and a reaction was carried out while hydrogen was always supplied at 25C and
terminated when the amount of hydrogen did not decrease any more. When Pd/C was collected by
filtration and thegiét%te Eﬁ% added to 3 liters of water, 15 a solid separated out. This solid was
collected and dried to obtain an intermediate product E (amine compound). Step (3B) Then, the
intermediate product E (0l025aaéh£20 imidazaele(@@nmdl)ane 1250nmb of-acetonitrie were fed to a

reactor equipped with.a stirrer.. a,beater. and adropping funnel in.an N osphere, and diphenyl

phosphite (0.1 n%ol) was fed toethe dropgi’%g funneﬁ A téﬁ:“aﬁgb%%m;oﬁfééaé?b@ Itlﬁ%OIII) Was Irgﬁzed out 5
times, diphényl pligsphitedvds? 5 grrivalpadaed deopwisy Whilexcagbon diexiderwas: alvays supplied
at 25C under agifatignsigcarryout @ reaction.for 15 hours. After the reaction, the precipitated solid was
collected by filtration ar%l washed to obtain an intermediate producF Ij—?| urg{a%i gor%ggﬁrji &asalgtep (4B)

Thereafter, the ifferfrediaf©pradieiy $0.025 1ol Famesibamesulfony| ahitride (0l 1shol aad 50 ml of
pyridine were fed o areactos equipped with erstirerdn. ap N2, 54 ;atmaspiere and stirre

g Ager a
reaction was carried out at 25C for 3 hours, 150 ml of methanol was added and stirred at Eg for 1

hour. The precipitatdd- soiPivAS Rofidtded b ifftthtich aRERash& - obEie CoZ Thestrictire of
1o CC2 was checked by NMR and IR.

Example 4 synthesis of cyclic carbodiimide CC2 (scheme 2)
Step (1A)
o-nitrophenol (0.11 mol), pentaerythritol

15 tetrabromide (0.025 mol), potassium carbonate (0.33 mol) and
200 ml of N,N-dimethylformamide were fed to a reactor
egquipped with a stirrer and a heater in an N, atmosphere and
reacted at 130°C for 12 hours, N,N-dimethylformamide was
removed under reduced pressure, the cobtained sclid was

20 dissolved in 200 ml of dicloromethane, and the resulting
solution was separated with 100 ml of water 3 times. An
organic layer was dehydrated with 5 g of sodium sulfate and
dichloromethane was removed in vacuum to obtain an
intermediate product D (nitro compound).

25
Step (2A)

Then, the intermediate product D (0.1 mol), 5 %
palladium carbon (Pd/C) (1.25 g) and 500 ml of
N,N-dimethylformamide were fed to a reactor equipped with

30 a stirrer, hydrogen substitution was carried out 5 times,
and a reaction was carried out while hydrogen was always
supplied at 25°C and terminated when the amount of hydrogen
did not decrease any more. When P4/C was collected by

filtration and the filtrate was added to 2 liters of water,



5 CC2 was checked by NMR and IR, Example 6 synthesis of cyclic carbodiimide CC2 (scheme 3) Step
(1B) o-chloronitrobenzene (0.125 mol), pentaerythritol 10(0.025 mol), potassium carbonate (0.25 mol),
tetrabutylammonium bromide (0.018 mol) and 50 ml of N,N-dimethylformamide were fed to a reactor
equipped with a stirrer and a heater in an N2 atmosphgte and reacted at 130C for 12 hours. After the
reaction, the resulting 15 solution was added to 200 ml of water and the precipitated solid was
collected by filtraticzn This selithwas cteaned .and'diied 4o Dbthinas intermediatg preduUG-D @itro
compound). ZOStt(Ca)p(g A) ™ ;’Qeg, tpg}r{gggnggigte ro ucrtD 0. mog, 5£alladium carbon (Pd/C)
(1.25 g) and 500 ml 0 ﬁﬁ\}-dimethyﬁdrmamld]e were 1ed 8 arectt? BatippedWRaraStirrer, hydrogen

substitution was carried out 5 times, 25 and a reaction was carried out while hydrogen was always
supplied at 25C g@gger(gigfﬂed when the amount of hydrogen did not decrease any more. When Pd/C
was collected by filtration and the filtrate was added to 3 liters of water, a solid separated out. This
solid was cbllected and d#éd: 30 td-obiant antis@imediate pabduct E (dhine sompound). Step (3B)

Then, the Intermegliaie podudtd 0.3 mabkdmidazale (82 mal-garben disuifide (0.2.mop and 150

ml 58 of 2-butanone were fed to a reactor equipped with a stirrer, a heater and a walter containing
alkaline water irfaf RBtffospieiePitis véddtion soldfcrewashdated atr8eadomeairegutechfor 15

hours. After the reastion, the &precipitated selidavas collected by filtation and washed tg obtain an
intermediate product G (thiourea compound). Step (4B)
was fed to the dropping funnel. After carbon dioxide
10 substitution was carried out 5 times, diphenyl phosphite was
gradually added dropwise while carbon dioxide was alwavys
supplied at 25°C under agitation to carry out a reaction for
15 hours. After the reaction, the precipitated solid was

collected by filtration and washed to obtain an intermediate

15 product H {urea compound) .

Step (4B)

Thereafter, the intermediate product H (0.025 mol),
paratoluenesulfonyl chloride (0.1 mol) and 50 ml of pyridine

20  were fed to a reactor equipped with a stirrer in an N,

atmosphere and stirred. After a reaction wasg carried out
at 25°C for 3 hours, 150 ml of methanol was added and stirred
at 25°C for 1 hour. The precipitated solid was collected
by filtration and washed to obtain CC2. The structure of

25 CC2 was checked by NMR and IR.

Example 5 Synthesis of cyclic carbodiimide CC2 (scheme 3)
Step (1B)
o-chloronitrobenzene (C.125 mel), pentaerythritol
20 (0.025 mol), potassium carbonate {(0.25 mol),
tetrabutylammonium bromide (0.018 mol) and 50 ml of
N,N-dimethylformamide were fed to a reactor equipped with
a stirrer and a heater in an N, atmosphere and reacted at

130°C for 12 hours. After the reaction, the resulting



Thereatfter, the intermediate product G (0.025 mol), 10 paratoluenesulfonyl chloride (0.1 mol) and 50
ml of pyridine were fed to a reactor equipped with a stirrer in an N2 atmosphere and stirred. After a
reaction was carried out at 25C for 3 hours, 150 ml of methanol was added and stirred at 25C for 1
hour. The precipitated solid was collected 15 by filtratign and washed to obtain CC2. The structure of
CC2 was checked by NME and IR. Example 7 synthesis of cyclic carbodiimide CC2 (scheme 4) Step
(1B) 200-chloronitsaberizenests125 deal), pentasrythritolf (025 Mekhdatassigr-carponate§.25 mol),

tetrabutylammonjum.bromide (0.018 mol).and 5 | of N,N-dimethylformamide were fed to a reactor
equipped with ass%?}é%’a‘ﬁ% 3 réé)ag}ecmé %thg%@%&%%%‘rea%ats%@?& T2FAFE. After

erinanN
the reaction, thesregulfing esd|utionokds: addechtai 20Gmhefiwater anc-the precipitated selid was
collected by fiItr%Ij)ng él’@%;ﬁqlid was washed and dried to obtain an intermediate product D (nitro
compound). 30 Step (2A Then, the intermediate product D (0.1 mol), 5 % palladium carbon
(Pd/C) (1.25 g) and 500 ml of N,N-dimethylformamide were fed to a reactor equipped with 59 a stirrer,
hydrogen substig,gg% V\(%garried out 5 times, and a reaction was carried out while hydrogen was
always supplied at 25C and terminated when the amount of hydrogen did not decrease any more.
When Pd/C was collectéd By b fittratior dsd tiechileae wasddded o 3 litets mbwatersasolid separated

out. This solid wascollgsted and digd toobtain an intermediale praduct | (amine compound). Step
(3A) 10Then, tri&henylphosphine dibromide (0.11 mol) and 150 ml of 1,2-dichloroethane were fed to a

reactor equippet] viita Efitr&r BiREMBRARE a R 8Fpihg duriseldn BAINE atmesphiare e dvstivied. A
solution prepared by disselving-the-intesmediate praduct 50,225 mol),and4rithylaming (0.25 15 mol)

in 50 ml of 1,2-dichloroethane was gradually added dropwise to this resulting mixture at 25C. After the
end of addition, HY&adtidis KAk &Pridd BuCA70C for B toire l FReledREP I66 ravttion Keiition was
filtered, and thedilipate veas sepacatedayith 480mhoi walerbdimessABmount of hydrogen

did not decrease any more. When Pd/C was collected by
filtration and the filtrate was added to 3 liters of water,
15  a solid separated out. This solid was collected and dried

to obtain an intermediate product E (amine compound) .

Step (3R)
Then, the intermediate product B (0.025 mol},

20  imidazole (0.2 mol) and 125 ml of acetonitrile were fed to
a reactor equipped with a stirrer, a heater and a dropping
funnel in an N; atmosphere, and diphenyl phosphite (0.1 mol)
was fed to the dropping funnel. After carbon dioxide
substitution was carried out 5 times, diphenyl phosphite was

25 gradually added dropwise while carbon dioxide was always
supplied at 25°C under agitation to carry out a reaction for
15 hours. After the reaction, the precipitated solid was
collected by filtration and washed to obtain an intermediate
product H {urea compound) .

30
Step (48)

Thereafter, the intermediate product H (0.025 mol),
paratoluenesulfonyl chloride (0.1 mol) and 50 ml of pyridine

were fed to a reactor equipped with a stirrer in an N,



20 organic layer was dehydrated with 5 g of sodium sulfate and 1,2-dichloroethane was removed
under reduced pressure to obtain an intermediate product F (triphenylphosphine compound). 25Step
(4A) Thereafter, di-tert-butyl dicarbonate (0.11 mol), N,N-dimethy1-4-aminopyridine (0.055 mol) and
150 ml of dichloromethane were fed to a reactor equipggd with a stirrer and a dropping funnel in an N2
atmosphere and stirred. 100 30 ml of dichloromethane containing the intermediate product F (0.025

mol) dissolved thereikwas geadually addedopwisedto.thg resulting mixtyre. After the addition, a

reaction was carried out for 12 hours. A solid obtained by removing dichloromethane was purified to

obtain CC2. Thé'strdctufe 65 of EE94Fas tR8cKked by AR AR IR ExatApie® 2nd-sadlinerst

polylactic acid by €CE0©0bpart byweight afii eetdate-was added ta 100 partsy weight of
L-lactide (manufgctu qu\r/ I\/TI:usashino Kagaku Kenkyuusho Co., Ltd., optical purity of 100%) to carry
out a reaction at-180C-in"a reactdr GUIp&d Wit StifriRg bfab2 i SenitrobdR atimbepheretaP2 hours,
phosphorictacid Was added-as=alcathlyst deartivator mran amount of 112 times 10 the equivalent of tin
octylate, the residual lactide was removed at 13.3 Pa, and the residue was formed into a chip to obtain
poly(L-lactic acid)The carboxyl group concentration of the obtained poly(L-lactic acid) was 14 eq/ton.
15100 parts by waghpdtthe obtainedheay @ <acticyacidand Stmppart by deeight of &lkwere ymelt
kneaded togeth%ntl:@&m(afﬁ of a double-screw extruder (cylinder temperature of 230C) fora residence
time of 3 minutes. The carboxyl group concentration was reduced to not more than 0.4 eg/ton. There
20 was no smell of an isocyanate @it iffe obtetattive ¢éRtruder aftet kneadinga Example @ end-sealing of

polylacic gsid by £G2 Wien 3 reagfionas gaied aulin fhe same maryier as 25 in Example 8

except that the cyclic carbodiimidé CC1 was changed to the cyclic carbodiifhide CC2, the carboxyl
group concentraét®rifas Fett BN ot nforetHalr0.80eqioh. Théle wad nosmeéll offan isocyanate at

the outlet of thexextruderaiterknesdilthi de were fed to a reactor equipped with
a stirrer and a heater in an N, atmosphere and reacted at
130°C for 12 hours. After the reaction, the resulting
15 solution was added to 200 ml of water and the precipitated
solid was collected by filtration. This solid was cleaned
and dried to obtain an intermediate product D (nitro

compound) .

20  Step (2Ah)

Then, the intermediate product D (0.1 mol), 5 %
ralladium carbon (P4d/C) (1.25 g) and 500 ml of
N,N-dimethylformamide were fed to a reactor equipped with
a stirrer, hydrogen substitution was carried out 5 times,

25 and a reaction was carried out while hydrogen was always
supplied at 25°C and terminated when the amount of hydrogen
did not decrease any more. When Pd/C was collected by
filtration and the filtrate was added to 3 liters of water,
& solid separated out. This sclid was collected and dried

30 to obtain an intermediate product E (amine compound) .

Step (3B)
Then, the intermediate product E (0.025 mol),

imidazole (0.2 mol), carbon disulfide (0.2 mol) and 156 mi



30 Comparative Example 1 end-sealing of polylactic acid by linear carbodiimide compound When
a reaction was carried out in the same manner as in Example 8 except that the cyclic carbodiimide
CC1l was 61 changed to the "Stabacsole I" linear carbodiimide of Line Chemie Japan Co., Ltd., the
carboxyl group concentration was 0.4 eq/ton but a streng bad smell of an isocyanate was produced at
the outlet of the extruder. 5 Example 10 end-sealing of polyamide by CC2
Polymetaxyleneadigarhidesivbxsylon-a66eH of MitsubishitGas hemnisaliGei Hids) ista pelyamide
comprising metaxyllylenediamin and gﬁi ic acid I%ggfad a carﬁg%ilé rgggf 10 concentration of 70

eqg/ton. 100 parts by weighit 6f this polymétaxyfyTane adipardice &% ?55 bf EEARefe melt
q p y g poly yly p

kneaded togethet-bhy melans ©f a dbuilsie :serew extruderl(eylinder temperattikeiof2606) Tfar asesidence
time of 3 minutes, Th C_ggg)eo&(ykg)rf)u%coi?ggggatio% S I_reg%%edrtoa% not mor than 1.2 eqg/ton.
: extruder afte

There was no smell of an isocyanate at the outlet of the r kneading. Comparative
Example 2=nd-8&alingesfisgipamigie ydlinees carBodiintids compbuhd20Miben andaetiorhwas carried

out in the same sangsE asnin.fxample:f uoeht ihahing oudlic carbadiimide CC2was ghanged to the

"Stabacsole I" linear carbodiimide of Line Chemie Japan Co., Ltd., the carboxyl grotip concentration
was 2.2 eg/ton but a strong bad smell of an isocyanate was produced 25 at the outlet of the extruder.
Effect of the Inveption (4pjThe cyclic carbodiimide compound of the present invention can stabilize the

hydrolyzable component of a 30 polymer compound effectively. At this point, the side-production of a
free isocyanate compo%%%@ﬁppﬁé@@e&.%%é%‘éﬁbéﬁlﬁﬁﬁ&@’éoﬁwpb@naﬁ tiWe plesent

invention can syppressthespraguctiamofadad-smek fram thedsocyanatecampoungd, even when it
seals the terminal of . . .
were fed to a reactor equipped with a stirrer in an N,
atmosphere and stirred. After a reaction was carried out
at 25°C for 3 hours, 150 ml of methanol was added and stirred
at 25°C for 1 hour. The precipitated solid was collected
15 by filtration and washed to obtain €C2. The structure of

CC2 was checked by NMR and IR.

Example 7 synthesis of cyclic carbodiimide CC2 (scheme 4)
Step (1B)

20 o-chloronitrobenzene (0.125 mol), pentaerythritol
(0.025 mol), potassium carbonate (0.25 mol),
tetrabutylammonium bromide (0.018 mol) and 50 ml of
N,N-dimethylformamide were fed to a reactor equipped with
a stirrer and a heater in an N, atmosphere and reacted at

25 130°C for 12 hours. After the reaction, the resulting
golution was added to 200 ml of water and the precipitated
solid was collected by filtration. This solid was washed
and dried to obtain an intermediate product D (nitre
compeund) .

30
Step (2A)

Then, the intermediate product D (0.1 mol), 5 %
palladium carbon (P4/C) (1.25 g) and 500 ml of

N,N-dimethylformamide were fed to a reactor equipped with



62 the polymer compound, thereby not deteriorating the work environment. When the terminal of the
polymer compound is sealed by the cyclic carbodiimide compound, an isocyanate group is formed at
the terminal of the polymer compound, and 5 the molecular weight of the polymer compound can be
increased by a reaction of the isocyanate group. 59 The cyclic carbodiimide compound of the
present invention also has the function of capturing a free monomer and a compound having an acid
group containeceinghe #0epolyrheticampaundios t ikuithesnsinge the: eycliscasbediknidegompound of
the present invegtign has e{:ia%'c,lii% structure, it can %eal terrgirlsjasl u?}der a more mild condition than that
e

|
of a linear carbodiimide &smpoand. 158y t?]aerpw‘ﬁr%guct%% pricesCor thaTreSaht TivertitH2Y Sy clic

0
carbodiimide casereasily prodaséd. Ehel cyelitmdardodiimidescomipeundoaf:ihepresgat-ivyention is

useful as an enqi@gallipcgtag%g}%%%%ly@gr compoun 1e'ple %g)lg Cﬁé%""%‘i‘ﬂ& com und of the
present invention is useful as 20 a captureyagent or am% groups, especiaﬁy a frée E6mpsund
contained i a pbihteradohfsounid] THeadffelence-betweemddindat cafbddiimeide compeutrd-and a

cyclic carbodiim(ildesgq@goggggl@@e@%ﬁgqlin@ﬁq@t@gl@gcg%@s I$ fescribed below. 25When the
linear carbodiimide compound (R1-N=C=N-R2) is used as an en -seacfmg agent for a poi’ilmer
compound havit§aRamsexRy| gioupteRiiaf Eicachsrfepteséntédithe follavwingformula takes
place. In the formula, W is the main chain of the polymer compound. An amide group is formed at 30 a
terminal of the polymer compound through a reaction between the linear carbodiimide compound and
the carboxyl gro%‘b?%nd%lzh)isocyanate compound (RINCO) is liberated. 63 Meanwhile, when the

cyclic carbediimide compruRd is Hsgd asA-eRd-sealing agendar apalymer compound; having a
carboxyl group terminal, a reaction represented by the 5 following formula takes place. It is understood

that an isocyandte Gfodp ENEO)S Pormted ars teiminal BRI folyRRF E6issintPag arvaitide group
through a reactianshetween the eycliccarhndiimide sppipaynd ang the garboxy! graidsand that an
isocyanate comgoand 1i:s. not Iié)eraged. . . .
na stirred. solution prepared by dissolving the
intermediate product E (0.025 mol) and triethylamine (0.25
15 mol) in 50 mi of 1,2-dichlorocethane was gradually added
dropwise to this resulting mixture at 25°C. After the end
of addition, a reaction was carried out at 70°C for 5 hours.
Thereafter, the reaction solution was filtered, and the
filtrate was separated with 100 ml of water 5 times. An
20 organic layer was dehydrated with 5 g of sodium sulfate and
1,2~-dichlorcethane was removed under reduced pressure to

obtain an intermediate product F (triphenylphosphine

compound) .

25  Step (4A)

Thereafter, di-tert-butyl dicarbonate (0.11 mol),
N,N-dimethyl-4-aminopyridine (0.055 mol) and 150 ml of
dichloromethane were fed to a reactor equipped with a stirrer
and a dreopping funnel in an N; atmosphere and stirred. 100

30 ml of dichloromethane containing the intermediate product
F (0.025 mol) dissolved therein was gradually added dropwise
to the resulting mixture. After the addition, a reaction
was carried out for 12 hours. A solid obtained by removing

dichloromethane was purified to obtain CC2. The structure



(in the above formula, Q is an aliphatic, alicyclic or aromatic group or a divalent to tetravalent bond
group which is a combination thereof, which may contain a hetero atom or a substituent.) 15When two
or more carbodiimides are contained in one ring, an isocyanate compound is disadvantageously
liberated by a reaction of the carbodiimide group. IndugHiaI Applicability 20The cyclic carbodiimide
compound of the present invention is advantageously used to stabilize an organic polymer compound

having a hydrolyzabledfanetenaligeeieas aeanstitugngcamponent. 64 CLAIMS 1.A cyclic
carbodiimide following formula(i): Ari NI',, \O HNY II/ NA/O compound FAr3 0/
Example 8 end-sealing of polylactic acid by CC1
0.005 part by weight of tin octylate was added to 100
5 parts by weight of L-lactide (manufactured by Musashino
Kagaku Kenkyuusho Co., Ltd., optical purity of 100 %) to carry
out a reaction at 180°C in a reactor quipped with a stirring
blade in a nitrogen atmosphere for 2 hours, phosphoric acid
was added as a catalyst deactivator in an amount of 1.2 times

10 the equivalent of tin octylate, the residual lactide was
removed at 13.3 Pa, and the residue was formed into a chip
to obtain poly(L-lactic acid). The carboxyl group
concentration of the obtained poly(L-lactic acid) was 14
eq/ton.

15 100 parts by weight of the obtained poly(L-lactic acid)
and 0.5 part by weight of CCl were melt kneaded together by
means of a double-screw extruder (cylinder temperature of
230°C) for a residence time of 3 minutes. The carboxyl group
concentration was reduced to not more than 0.4 eq/ton. There

20 was no smell of an isccyanate at the outlet of the extruder

after kneading.

Example 9 end-sealing of polylactic acid by CC2
When a reaction was carried out in the same manner as
25 in Example 8 except that the cyclic carbodiimide CCl1 wag
changed to the cyclic carbodiimide CC2, the carboxyl group
concentration was reduced to not more than 0.3 eg/ton. There
was no smell of an isocyanate at the outlet of the extruder
after kneading.
30
Comparative Example 1 end-sealing of polylactic acid by
linear carbodiimide compound
When a reaction was carried out in the same manner as

in Example 8 except that the cyclic carbodiimide CCl was



IOHO\7 N Ard represented by the (i) (in the above formula, X is any one of divalent groups
represented by the following formulas (i-1) to (i-3) or a tetravalent group represented by the following
formula (i-4), when X is divalent, g is 0 and when X is tetravalent, g is 10 1, and Arl to Ar4 are each
independently an aromatic group and maybe substitutgd by an alkyl group having 1 to 6 carbon atoms
or phenyl group) CH2 (in the above formula, n is an integer of 1 to 6) 15 CH2 CH2 (in the above
formula, m and nlassmeach independentipbadnieger af0 10i3kar carbodiimide of Line

Chemie Japan Co., Ltd., the carboxyl group concentration was
0.4eq/tonbute&strongbadsmeliofem}isocyanatewaspreduced

at the outlet of the extruder.

Example 10 end-sealing of polyamide by CC2
Polymetaxylene adipamide (MX Nylon 86001 of Mitsubighi
Gas Chemical Co., Ltd.) is a polyamide comprising
metaxylylenediamine and adipic acid and had a carboxyl group
10 concentration of 70 eg/ton. 100 parts by weight of this
polymetaxylyiene adipamide and 2.0 part by of CC2 were melt
kneaded together by means of a double-screw extruder
{cylinder temperature of 260°C) for a residence time of 2
minutes. The carboxyl group concentration was reduced to
15 notmore than 1.2 eg/ton. There was no emell of an isocyanate

at the outlet of the extruder after kneading.

Comparative Example 2 end-sealing of polvamide by linear
carbodiimide compound

20 When a reaction was carried out in the same manner as
in Example 8 except that the cyclic carbodiimide CC2 was
changed to the “Stabacscle I” linear carbodiimide of Line
Chemie Japan Co., Ltd., the carboxyl group concentration was
2.2eq/tonbuteastrongba&smellcﬂfanisocyanatewaspro&uced

25 at the ocutlet of the extruder.

Effect of the Invention
The cyclic carbodiimide compound of the present
invention can stabilize the hydrolyzable component of a
30 polymer compound effectively. At this‘point, the
side-production of a free isocyanate compound can be
suppressed. The cyclic carbodiimide compound of the present
invention can suppress the production of a bad smell from

the isocyanate compound even when it seals the terminal of



RiR2 \c/ /\ ----CH2 H20 H2H2 ----C CH2 C H2 2. The compound according to claim 1, wherein Ari to
Ar4 are each independently an orthophenylene group or 1,2-naphthalene-diyl group which may be
substituted by an alkyl group having 1 to 6 carbon atoms or phenyl group. 3. A process of producing
the cyclic carbodiimide compound of claim 1, comprisipg the steps of: 10(1) (1a) reacting a compound
of the following formula (a-1), a compound of the following formula (a-2) and a compound of the
following formulaifle-1p4d phtain amitreaadpoune represerted hythe folleying foramia (@i
HO-Arl-NO2(a-1) 15HQ- A2 NO2(3;2) £-2E2,(0-1) %= 0 3¢ Ntk?eg Npg%%;mer compound is

sealed by the cyclic carbodiimide compound, an isocyanate

group is formed at the terminal of the polymer compound, and

5 themolecular weight of the polymer compound can be increased

by a reaction of the isocyanate group.

The cyclic carbodiimide compound of the
present invention also has the function of capturing a free
monomer and a compound having an acid group contained in the

10  polymer compound.

Further, since the cyclic carbodiimide compound of the
present invention has a cyclic structure, it can seal a
terminal under a more mild condition than that of a linear
carbeodiimide compound.

15 By the production process of the present invention,
a cyclic carbodiimide can be easily produced. The cyclic
carbodiimide compound of the presgsent invention is useful as
an end-sealing agent for polymer compounds. The cyclic
carbodiimide compound of the present invention is useful as

20 a capture agent for acid groups, especially a free compound
contained in a polymer compound.

The difference between a linear carbodiimide compound
and a cyclic carbodiimide compound in the end-sealing
reaction mechanism ig described below.

25 When the linear carbodiimide compound (R;-N=C=N-R,) is
used as an end-sealing agent for a polymer compound having
a carboxyl group terminal, a reaction represented by the
fecllowing formula takes place. In the formula, Wis the main
chain of the polymer compound. An amide group is formed at

30 aterminal of the polymer compound through a reaction between

the linear carbodiimide compound and the carboxyl group, and

an isocyanate compound (R;NCO) is liberated.

WA COOH + Ry——N=C=N-—R, WY CONH—R, + RyNCO



(in the above formulas, X, Arl and Ar2 are as defined in the above formula (i) , and El and E2 are each
independently a group 20 selected from the group consisting of halogen atom, toluenesulfonyloxy
group, methanesulfonyloxy group, benzenesulfonyloxy group and p-bromobenzenesulfonyloxy group);
(2) (2a) reducing the obtained nitro compound to obtai8325 an amine compound represented by the
following formula (d): 66 NH2NH2 (d) (in the aboveTormula, Arl, Ar2 and X are as defined in the
above formula (i)); (3) (3a) reacting the obtained amine compound with 5 triphenylphosphine
dibromide to obtain a triphenylphosphine compound represented by the following formula (e-1): X-0
Ar2 11 PAra 3PAra3(e-TFin4he bhovE 6B eAR YA iEnE X e Sk defined SRTmOEBEVE formula
(i), and Ara is a pbenylgiokp);and-E2 () (43) isgeyanating theehtained tiphenylpiosphing
compound in a reactio%g{ em and then decarbanating the isocyanated product directly to obtain a

st
compound of thé folfowing formeta (! ZIOXOLAfitarF Feaction represented by the
5  following formula takes place. It is understood that an

isocyanategroup(wNCo)jﬁ;formedatezterminalcﬁfthepolymer
compound via an amide group through a reaction between the
cyclic carbodiimide compound and the carboxyl group and that

an isocyanate compound ig not liberated.

a
W COOH + (\ rm>
10 Ne=C==N

(in the above formula, Q is an aliphatic, alicyeclic or

Wrnr CONH~Q—NCO

aromatic group or a divalent to tetravalent bond group which
is a combination thereof, which may contain a heteroc atom
or a substituent.)

15 When two or more carbodiimides are contained in one
ring, an isocyanate compound is disadvantageously likerated

by a reaction of the carbodiimide group.

Industrial Applicability

20 The cyclic carbodiimide compound of the present
invention is advantageously used to stabilize an organic
polymer compound having a hydrolyzable functional group as

a constituent component.



/I N---CN 15(in the above formula, Arl, Ar2 and X are as defined in the above formula (i)). 4.The
process according to claim 3, wherein the step (Ia) is the step (Ib) of reacting a compound of the
following 20formula (a-i), a compound of the following formula (a-u) and a compound of the following
formula (b-i): E2-Arl-NO2(a-i) E4-Ar2-NO2(a-u) HO-Xs@H(b-i) 67 (in the above formulas, Arl, Ar2 and
X are as defined in the above formula (i) , and E3 and E4 are each independently a group selected
from the group consisting of halogen atom, toluen€s&féfyloxy group, methanesulfonyloxy group, 5
benzenesulfonyloxy group and p-bromobenzenesulfonyloxy group), 5.The process according to claim
3 or 4, wherein the step (3a) is the step (3b) of reacting an amine compound with carbon 10 dioxide or
carbon disulfidé to obtan arwkeéa compoand o tksureariopipouridaepresentedbyrthetfobowing
formula (e-2): '3%'}!&-&\!&1(19@2)5 ofifthe aboye formula, Arl, Ar2 and X are as defined in the 15 above
formula (i), and Z is an oxygen atom orﬁsul ur atgm); and

3 o
A PN
N O 9] N
| N Y I
C X C
ANy
/ e
\Ar?' - \Ar4 . ,
5 9 (1)

{in the above formula, X is any one of divalent groups
represented by the following formulas {(i-1) tc (i-3) or a
tetravalent group represented by the following formula (i-4),
when X is divalent, g is 0 and when X is tetravalent, g is
10 1, and Ar' to Ar® are each independently an aromatic group
and may be substituted by an alkyl group having 1 to 6 carbon

atoms or phenyl group)

_.__{_, CHZ-“}“: -

{(in the above formula, n is an integer of 1 to &)

—= cH, CHP_‘}n—

15 m (i-2)
(in the above formula, m and n are each independently an
integer of 0 to 3)

Rl R

\C/

7N\

—CHy HC— (1-3)

(in the above formula, R’ and R’ are each independently an

20 alkyl group having 1 to 6 carbon atoms or phenyl group)



the step (4a) is the step (4h) of dehydrating the obtained urea compound or desulfurizing the thiourea
compound. 20 6.A process of producing the cyclic carbodiimide compound of claim 1, comprising the
steps of: (1) (1A) reacting compounds of the following formulas (A-1) to (A-4) and a compound of the

following formula (B-1)  to obtain a nitro compoundgf the following formula (C); 25HO0-Arl-NO2(A-1)
HO-Ar2-NO2(A-2) HO-Ar3-NO 2(A-3) HO-Ar4-NO2(A-4) 68 (B-1) (X,is H2H2 C\c/C

Ha Ha
—“—C\ /C—'
C
/
——CH, G~
2 (i-4) .
2. The compound according to claim 1, wherein Ar* to Ar®

are each independently an orthophenylene group or
5 1,2-naphthalene-diyl group which may be substituted by an

alkyl group having 1 to 6 carbon atoms or phenyl group.

3. A process of producing the cyclic carbodiimide
compound of claim 1, comprising the steps of:

10 (1) (la) reacting a compound of the following formula
(a-1), a compound of the following formula (a-2) and a
compound of the following formula (b-1) to obtain a nitro

compound represented by the following formula (¢):

HO-AT*-NO, {a-1)
15 HO-AT*-NO, {a-2)
E'-X-E° {(b-1)
I
Ar' ?rz

{in the above formulas, X, Ar' and Ar® are as defined in the
above formula (i), and E' and B’ are each independently a group |
20 selected from the group consisting of halogen atom,
toluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p-bromobenzenesul fonyloxy
group) ;
(2) (2a) reducing the obtained nitro compound to obtain

25  an amine compound represented by the following formula {d):



CH2 C H2 02N NO2 (C) 5 (in the above formulas, Arl to Ar4 and X are as defined in the above
formula (i), and El to E4 are each independently a group selected from the group consisting of halogen
atom, toluenesulfonyloxy group, methanesulfonyloxy group, benzenesulfonyloxy group and
p-bromobenzenesulfonyloxy 10group); (2) (2A) eglucing the obtained nitro compound to obtain
an amine compound of the following formula (D):

P

Ar Ar?

NH» NH, ()
(in the above formula, Ar', Ar® and X are as defined in the
above formula (1)) ;

(3) (3a) reacting the obtained amine compound with

5 triphenylphosphine dibromide to obtain a triphenylphosphine

compound represented by the following formula (e-1):
Arq”/owmeMAr’z
I

I
PAr®, PAr%,

(e-1)
(in the above formula, Ar', Ar’ and X are as defined in the
above formula (i), and Ar® is a phenyl group); and

i0 (4) (4a) isocyanating the obtained triphenylphosphine
compound in a reaction system and then decarbonating the
isocyanated product directly to obtain a compound of the

following formula (f):

O—X—20

Asi\ Ar®
Nz=—=C===N (f)
15 {in the above formula, Ar", Ar? and X are as defined in the

above formula {i)).

4. The process according to claim 3, wherein the step {la)
ig the step (1lb) of reacting a compound of the feollowing
20 formula (a-i), a compound of the following formula (a-ii)
and a compound of the following formula (b-1i):
E*-Ar'-NO; (a-1i)
E*-Ar?-NO, (a-ii)
HO-X-0H (b-1)



NH2NH2 0 NH2(ID) H2N 15(in the above formula, Arl to Ar4 and X are as defined in the above
formula (i)); (3) (3A) reacting the obtained amine compound with triphenylphosphine dibromide to
obtain a triphenylphosphine 69 compound of the following formula (E-1): (in the above formula, Ar to
Ard and X are as defined in the above formula (i), ang Ara is a phenyl group); and (4) (4A)
isocyanating the obtained triphenylphosphine compound in a reaction system and then decarbonating
the isocyanated produst ditectly t6 obtairl ascorpound:of thedoRowing fosmike (Fe8-21N<BsNN
ANN)AYL  opove formula (i), and E> and E* are each independently a group
selected from the group consisting of halogen atom,
toluenesul fonyloxy group, methanesulfonyloxy group,

5 benzenesulfonyloxy group and p-bromobenzenesulfonyloxy

group; .

5. The process according to claim 3 or 4, wherein the step
{3a) is the step (3b) of reacting an amine compound with carbon
10 dioxide or carbon disulfide tc obtain an urea compound or

thiourea compound represented by the following formula

(e-2):
(O e f smmen
/
Ar’ \\Ar2
AN /
HNmﬁmNH
Z (e-2)

(in the above formula, Ar', Ar® and X are as defined in the
15 above formula (i), and Z is an oxygen atom or sulfur atom);

and

the step {4a} is the step (4b) of dehydrating the obtained

urea compound or desulfurizing the thiourea compound.

20 6. A process of producing the cyclic carbodiimide
compound of claim 1, comprising the steps of:
(1) (1lA) reacting compounds of the following formulas
(A-1) to {A-4) and a compound of the following formula (B-1)

to obtain a nitro compound of the following formula (C);

25 HO-AT'-NO, (A-1)
HO-AT? -NO, (A-2)
HO-Axr®-NO, (A-3)

HO-Ar*-NO, (A-4}



00 \xZ ,..-....., 0"-°0--," 1/ Ar2 Ar N N/ N=----C=-N (F) 10 (in the above formula, Arl to Ar4 and X are as
defined in the above formula (i)). 7.The process according to claim 6, wherein the step (1A) is the
step (1B) of reacting compounds of the following 15 formulas (A-i) to (A-iv) and a compound of the
following formula (B-i) to obtain a nitro compound of thg formula (C): 20 E5-Arl-NO2 E6-Ar2-NO2
E7-Ar3-NO2 E8-Ar4-NO2 70

E! E?
NS
/ 1
g4 \53 (B-1)
(X, is
H,  H,
\C/
et Vo
2 H, E
NG, Toz
AP AP
\\X/O
o~ T~o
Art—" ‘“‘“lt\r:z
| ‘o
5 {in the above formulas, Ar' to Ar® and X are as defined in

the above formula (i), and E' to E* are each independently
a group selected from the group consisting of halogen atom,
toluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p-bromobenzenesulfonyloxy
10 group);
{2) (2A) reducing the obtained nitro compound to obtain

an amine compound cf the following formula (D):

NH; NH,,

3 4
Ar --\O O/ Ar

\\\X//
o TT~o
?ﬂ”’ "““?F
HZN NH2 (D)
15 (in the above formula, Ar? to ar* and X are as defined in the

above formula {1));

(3) (3A) reacting the cbtained amine compound with

triphenylphesphine dibromide to cbtain a triphenylphosphine



HO\ /OH HO/ OH (B-i) (X1is H2H2// CH2 C H2)

10

i5

69

compound of the following formula (E-1):

P a

4
Afam\wo L Ar

szAra;ﬂ) (F-1)

{in the above formula, Ar' to Ar®* and X are as defined in the
above formula (i), and Ar® is a phenyl group); and

(4) (4Rn) isocyanating the obtained triphenylphosphine
compound in a reaction system and then decarbonating the
igsocyanated product directly to obtain a compound of the

following formula (F;:

M= C =N
3

Ar \ A;’ﬁ'
(@] o’//
\\\X//’
O/// \\\O
Aﬁ(:; \:jAF
Nem= G (F)
{in the above formula, Ar' to Ar® and X are as defined in the

above formula {(i)).

7. The process according to claim &, wherein the step (1A}
is the step (1B) of reacting compounds of the following
formulas (A-i) to {(A-iv) and a compound cf the following

formula (B8-1) to obtain a nitro compound of the formula (C):

E°-Ar*-NO, (A-1)

E°-Ar?-NO, (A-1ii)

B -Ar’-NO, (A-iii)
20 E°-Ar*-NO, (A-1iv)



02N NO2 (C) 5(in the above formulas, Arl to Ar4 and X are as defined in the above formula (i), and E5
to E8 are each independently a group selected from the group consisting of halogen atom,
toluenesulfonyloxy group, methanesulfonyloxy group, benzenesulfonyloxy group and
p-bromobenzenesulfonyloxy 10group). 8.The process;gccording to claim 6 or 7, wherein the step

(3A) is the step (3E) of reacting an amine compound with carbon dioxide or carbon disulfide to obtain
an urea compound or 18ghiourea co@pound of the following formula (E-2): 71  FIN-C---NH Ar\\Ar4

0 S/
/ x\
HO OH (B-1)
(X, is
H, 22
.......-.-....C Pr—
\G/
et Ne—
2 H2 )
NGO, NO,
3 §
Ar MO C}/Ar
\\X/
o o
Ar'—" Ar
! NO
OoN ? ()
5 {in the above formulas, Ar* to Ar' and X are as defined in

the above formula (i), and E° to E® are each independently
a group selected from the group consisting of halogen atom,
toluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p-bromobenzenesulfonyloxy

10 group).

8. The process according to claim 6 or 7, wherein the step
(32) is the step (3B) of reacting an amine compound with carbon
dioxide or carbon disulfide to obtain an urea compcund or

15 thiocurea compound of the following formula (E-2):



x AriAr2 HN-C--NH (E-2) (in the above formula, Arl to Ar4 and X are as defined in the above formula
(i), and Z is an oxygen atom or sulfur atom); and 5 the step (4A) is the step (4B) of dehydrating the
obtained urea compound or desulfurizing the thiourea compound. 9. An end-sealing agent for
polymer compounds, which comprises the cyclic carlyadiimide compound of the above 10 formula (i)
as an active ingredient. 10. A capture agent for an acid group, which comprises the cyclic
carbodiimide compound of the above forfhula (i) as an active ingredient. 15 ABSTRACT A cyclic
carbodiimide compound which is useful as an end-sealing agent for polymer compounds. The cyclic
carbodiimide compound is represe ted by th:a\%%lowing formula (i): [err] (in the above formula, X is a
divalent group or a tetravalent gretp represente Ly the following formula (i-4). When X'is divalent, g
is 0 and when X is tetravalent, q iS\l. Arl to Ar4,dre each independently an aromatic group. They may
be substituted by an alkyl group havﬁ?Tg\l )Ew%arbon atoms or phenyl group.) [err]

/O/ \o\
Ar' Ar

AN /

HN—=C——NH

(E-2)
(in the above formula, Ar' to Ar® and X are as defined in the
above formula (i}, and Z is an oxygen atom or sulfur atom);
and
5 the step (4A) is the step (4B) of dehydrating the obtained

urea compound or desulfurizing the thiourea compound.

9. An end-sealing agent for polymer compounds, which
comprises the cyclic carbodiimide compound of the above

10 formula (i) as an active ingredient.

10. A capture agent for an acid group, which comprises the
cyclic carbodiimide compound of the above formula (i) as an
active ingredient.

15
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ABSTRACT

A cyclic carbodiimide compound which is useful as an
end-sealing agent for polymer compounds .
5 The cyclic carbodiimide compound is represented by the

following formula {(i):

Af! - Ard ™
N/ \O 0/ \\N
| N Y |
C X c
i O// \\0 g

\\\Aé{ " \\Aﬁ(/ .

q (1)
(in the above formula, X is a divalent group or a tetravalent
group represented by the following formula {(i-4). When X
10 is divalent, g is 0 and when X is tetravalent, g is 1. Ar®
to Ar* are each independently an aromatic group. They may
be substituted by an alkyl group having 1 to 6 carbon atoms

or phenyl group.)}

Hy gz
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N\ C/
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