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general formula (I) in one molecule, 

(B) at least one thermosetting resin selected from the group consisting of 

an epoxy resin, a cyanate resin and a maleimide compound, and 

(C) a phosphorus flame retardant: 

\ 	/ 

wherein R' each independently represents an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, and x represents an integer of 0 to 

4. 

[21 The thermosetting resin composition according to the above [11, wherein the 

N-substituted maleimide structure-containing group is a group represented by the 

following general formula (Z): 

0 
	

( I ) 

O 	 0 

t._\(N 	A1  N 
)rN 

0 	 0 

(Z)  

wherein R2  each independently represents an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, y represents an integer of 0 to 4, 

and Al represents a group represented by the following general formula (II), (III), 

(IV) or (V): 

(R )p 

wherein R3  each independently represents an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, and p represents an integer of 0 to 

4: 



6 

2 	 

I/ 

(R4)q 	(R )r 

wherein R4  and R5  each independently represent an aliphatic hydrocarbon 

group having 1 to 5 carbon atoms, or a halogen atom, A2  represents an alkylene 

group having 1 to 5 carbon atoms, an alkylidene group having 2 to 5 carbon atoms, 

an ether group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto 

group, a single bond, or a group represented by the following general formula 

(III-1), and q and r each independently represent an integer of 0 to 4: 

 

A3  1, 

=1 .— 
(R6)s 	(R7)t 

 

 

O 	(III— 1 ) 

 

  

  

wherein R6  and 117  each independently represent an aliphatic hydrocarbon 

group having 1 to 5 carbon atoms, or a halogen atom, A3  represents an alkylene 

group having 1 to 5 carbon atoms, an isopropylidene group, an ether group, a 

sulfide group, a sulfonyl group, a carbonyloxy group, a keto group or a single bond, 

and s and t each independently represent an integer of 0 to 4: 

CY N O 

(Iv) 

H2 \ i 
	ii CH2 

wherein n represents an integer of 0 to 10: 

R$ \ 
\  

( V ) 
, 

R9  / 

wherein R8  and R9  each independently represent a hydrogen atom, or an 

aliphatic hydrocarbon group having 1 to 5 carbon atoms, and u represents an 
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0 	 0 
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(C- 2)  

8 

0 	(RC4)h 
P 

0 roC6 
rN\ 

zP
-0 MM+ 

RC7 

wherein WI to 11c5  each independently represent an aliphatic hydrocarbon 

group having 1 to 5 carbon atoms, or a halogen atom, Ac represents an alkylene 

group having 1 to 5 carbon atoms, an alkylidene group having 2 to 5 carbon atoms, 

an ether group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto 

group, or a single bond, e and f each independently represent an integer of 0 to 5, g, 

h and i each independently represent an integer of 0 to 4, 

RC6  and RC7  each independently represent an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or an aromatic hydrocarbon group having 6 to 14 

carbon atoms, M represents a lithium atom, a sodium atom, a potassium atom, a 

calcium atom, a magnesium atom, an aluminum atom, a titanium atom or a zinc 

atom, and m 1 represents an integer of 1 to 4. 

[71 The thermosetting resin composition according to any one of the above [1] to 

[61, wherein the maleimide compound as the component (B) is a polymaleimide 

compound (a) having at least two N-substituted maleimide groups in one molecule, 

or a polyaminobismaleimide compound (c) represented by the following general 

formula (VI): 

O 

N 	° A4-N 

O 	 0 

wherein A4  has the same definition as that of Al in the general formula (Z), 

(VT) 



	 A9  
y 

\ 

(R19)5, 	(R )t' 

(„21),„ 

A11_ _A10 
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and A5  represents a group represented by the following general formula (VII): 

 

A8 	 
\//,/, 

(R17)q. 	
(R  )r' 

(VII) I ) 

 

wherein R17  and R18  each independently represent an aliphatic 

hydrocarbon group having 1 to 5 carbon atoms, an alkoxy group having 1 to 5 

carbon atoms, a hydroxyl group or a halogen atom, A8  represents an alkylene 

group having 1 to 5 carbon atoms, an alkylidene group having 2 to 5 carbon atoms, 

an ether group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto 

group, a fluorenylene group, a single bond, or a group represented by the following 

general formula (VII-1) or (VII-2), and q' and r' each independently represent an 

integer of 0 to 4: 

(VII —  1 ) 

wherein R19  and R20  each independently represent an aliphatic 

hydrocarbon group having 1 to 5 carbon atoms, or a halogen atom, A9  represents 

an alkylene group having 1 to 5 carbon atoms, an isopropylidene group, an 

m-phenylenediisopropylidene group, a p-phenylenediisopropylidene group, an 

ether group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto group 

or a single bond, and s' and t' each independently represent an integer of 0 to 4: 

(VI I- 2 ) 

wherein R21  represents an aliphatic hydrocarbon group having 1 to 5 

carbon atoms, or a halogen atom, A10  and A" each independently represent an 

alkylene group having 1 to 5 carbon atoms, an isopropylidene group, an ether 

group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto group, or a 

single bond, and w represents an integer of 0 to 4. 

[8] The thermosetting resin composition according to any one of the above [1] to 

[7], wherein the content ratio of the component (A) to the component (B) [(MAW] 
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an epoxy resin, a cyanate resin and a maleimide compound [hereinafter this may 

be simply abbreviated as thermosetting resin (B) or component (B)l, and 

(C) a phosphorus flame retardant [hereinafter this may be abbreviated as 

component (C)l: 

(R1 )x 

0 ( I ) 

wherein 10- each independently represents an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, and x represents an integer of 0 to 

4. 

The components are described in order. 

[00171 

(Polyphenylene Ether Derivative (A)) 

The polyphenylene ether derivative (A) has an N-substituted maleimide 

structure-containing group and a structural unit represented by the 

above-mentioned general formula (I) in one molecule. In particular, since the 

polyphenylene ether derivative (A) has at least one N-substituted maleimide 

structure-containing group in one molecule, the thermosetting resin composition 

can have excellent high frequency properties (low dielectric constant, low 

dielectric dissipation factor), high adhesion to conductor, excellent heat resistance, 

high glass transition temperature, low thermal expansion coefficient and high 

flame retardancy. Here, the thermal expansion coefficient as referred to in the 

present invention means a value also called a linear expansion coefficient. 

IV in the general formula (I) each independently represents an aliphatic 

hydrocarbon group having 1 to 5 carbon atoms, or a halogen atom. Examples of 

the aliphatic hydrocarbon group include a methyl group, an ethyl group, an 

n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a t-butyl 

group, an n-pentyl group, etc. The aliphatic hydrocarbon group may be an 

aliphatic hydrocarbon group having 1 to 3 carbon atoms, and may be a methyl 

group. Examples of the halogen atom include a fluorine atom, a chlorine atom, a 

bromine atom, an iodine atom, etc. From the viewpoint of halogen-freeness, the 

halogen atom may be a fluorine atom. 

Among the above, RI may be an aliphatic hydrocarbon group having 1 to 5 



12 

carbon atoms. 

x is an integer of 0 to 4, and may be an integer of 0 to 2, and may be 2. 

When x is 1 or 2, R1  may be substituted at the ortho-position on the benzene ring 

(based on the substitution position of the oxygen atom). When x is 2 or more, 

plural Rl's may be the same or different. 

Specifically, the structural unit represented by the general formula (I) 

may be a structural formula represented by the following general formula (I'). 

( 	' ) 

[0018] 

 

The N-substituted maleimide structure-containing group that the 

polyphenylene ether derivative (A) has may be, from the viewpoint of high 

frequency properties (low dielectric constant, low dielectric dissipation factor), 

adhesion to conductor, heat resistance, glass transition temperature, thermal 

expansion coefficient and flame retardancy, a group containing a bismaleimide 

structure in which the nitrogen atoms of the two maleimide groups bond to each 

other via an organic group, and may be a group represented by the following 

general formula (Z): 

(R2)y 

N 	A1 	N 	 ( Z ) 

)rt\I 
0 	0 

wherein R2  each independently represents an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, y represents an integer of 0 to 4, 

and Al represents a group represented by the following general formula (II), (III), 

(IV) or (V). 

[0019] 

The aliphatic hydrocarbon group having 1 to 5 carbon atoms and the 

halogen atom that R2  represents may be described in the same manner as that for 

the case of RI. 

y is an integer of 0 to 4, and may be an integer of 0 to 2, and may be 0. 
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When y is an integer of 2 or more, plural R2's may be the same or different. 

The group represented by the general formula (II), (III), (N) or (V) that Al 

represents is as follows: 

[0020] 

wherein R3  each independently represents an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, and p represents an integer of 0 to 

4. 

The aliphatic hydrocarbon group having 1 to 5 carbon atoms and the 

halogen atom that R3  represents may be described in the same manner as that for 

the case of Rl. 

p is an integer of 0 to 4, and, from the viewpoint of easy availability, may 

be an integer of 0 to 2, or 0 or 1, or 0. When p is an integer of 2 or more, plural 

R3's may be the same or different: 

[0021] 

( 

 4  

(R4)q 	(R5)r  

wherein R4  and R5  each independently represent an aliphatic hydrocarbon 

group having 1 to 5 carbon atoms, or a halogen atom, A2  represents an alkylene 

group having 1 to 5 carbon atoms, an alkylidene group having 2 to 5 carbon atoms, 

an ether group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto 

group, a single bond, or a group represented by the following general formula 

(III-1), and q and r each independently represent an integer of 0 to 4. 

The aliphatic hydrocarbon group having 1 to 5 carbon atoms and the 

halogen atom that R4  and R5  represent include the same ones as those for R1. 

The aliphatic hydrocarbon group may be an aliphatic hydrocarbon group having 1 

to 3 carbon atoms, and may be a methyl group or an ethyl group, and may be an 

ethyl group. 

Examples of the alkylene group having 1 to 5 carbon atoms that A2 
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represents include a methylene group, a 1,2-dimethylene group, a 

1,3-trimethylene group, a 1,4-tetramethylene group, a 1,5-pentamethylene group, 

etc. The alkylene group may be, from the viewpoint of high frequency properties 

(low dielectric constant, low dielectric dissipation factor), adhesion to conductor, 

heat resistance, glass transition temperature, thermal expansion coefficient and 

flame retardancy, an alkylene group having 1 to 3 carbon atoms, or may be a 

methylene group. 

Examples of the alkylidene group having 2 to 5 carbon atoms that A2  

represents include an ethylidene group, a propylidene group, an isopropylidene 

group, a butylidene group, an isobutylidene group, a pentylidene group, an 

isopentylidene group, etc. Among these, from the viewpoint of high frequency 

properties (low dielectric constant, low dielectric dissipation factor), adhesion to 

conductor, heat resistance, glass transition temperature, thermal expansion 

coefficient and flame retardancy, it may be an isopropylidene. group. 

Among the above-mentioned choices, A2  may be an alkylene group having 

1 to 5 carbon atoms or an alkylidene group having 2 to 5 carbon atoms. 

q and r each are independently an integer of 0 to 4, and, from the 

viewpoint of easy availability, may be an integer of 0 to 2, or 0 or 2. When q or r 

is an integer of 2 or more, plural Rd's or plural R5's each may be the same or 

different. 

The group represented by the general formula (III-1) that A2  represents is 

as follows: 

[00221 

(R6)s 
	(R7)t  

wherein R6  and 117  each independently represent an aliphatic hydrocarbon 

group having 1 to 5 carbon atoms, or a halogen atom, A3  represents an alkylene 

group having 1 to 5 carbon atoms, an isopropylidene group, an ether group, a 

sulfide group, a sulfonyl group, a carbonyloxy group, a keto group or a single bond, 

and s and t each independently represent an integer of 0 to 4. 

The aliphatic hydrocarbon group having 1 to 5 carbon atoms and the 

halogen atom that R6  and R7  represent may be described in the same manner as 
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that for the case of R4  and R5. 

The alkylene group having 1 to 5 carbon atoms that M represents include 

the same ones as the alkylene group having 1 to 5 carbon atoms that A2  

represents. 

From among the above-mentioned choices, the alkylidene group having 2 

to 5 carbon atoms may be selected for M. 

s and t each are independently an integer of 0 to 4, and, from the 

viewpoint of easy availability, may be an integer of 0 to 2, or may be 0 or 1, or may 

be 0. When s or t is an integer of 2 or more, plural R6's or plural R7's each may be 

the same or different. 

[0023] 

     

	

sc$ 	Nz0 

	

H2 	
CH2 

     

     

f 	) 

  

      

(IV) 

       

       

In the formula, n represents an integer of 0 to 10. 

From the viewpoint of easy availability, n may be an integer of 0 to 5, or 

may be an integer of 0 to 3. 

[0024] 

/ 78 	

(V) 

19/ 
In the formula, R8  and R9  each independently represent a hydrogen atom, 

or an aliphatic hydrocarbon group having 1 to 5 carbon atoms, and u represents 

an integer of 1 to 8. 

The aliphatic hydrocarbon group having 1 to 5 carbon atoms and the 

halogen atom that R8  and R9  represent may be described in the same manner as 

that for the case of Rl. 

u is an integer of 1 to 8, and may be an integer of 1 to 3, or may be 1 

[0025] 

Al in the group represented by the general formula (Z) may be, from the 

C 



CH2 

CH2 

H 3 C 
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viewpoint of high frequency properties (low dielectric constant, low dielectric 

dissipation factor), adhesion to conductor, heat resistance, glass transition 

temperature, thermal expansion coefficient and flame retardancy, a group 

represented by any of the following formulae. 

[0026] 

The polyphenylene ether derivative (A) may be a polyphenylene ether 

derivative represented by the following general formula (A'). 

0 

—1(1  

O  0 

0 	 0 	H 

In the formula, Al, RI, R2, x and y are as defined hereinabove, and m 

represents an integer of 1 or more. 

m may be an integer of 1 to 300, or may be an integer of 10 to 300, or may 

be an integer of 30 to 200, or may be an integer of 50 to 150. 

[0027] 

The polyphenylene ether derivative (A) may be a polyphenylene ether 

derivative represented by any of the following formulae. 

( A ' ) 



CH2  
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(A' - 2) 

0 H3C 

C2H3   

N
Y-." 

CH3  0 	H  

CH2  

(A' 	1 ) 

(A' — 3) 

In the formulae, m is the same as m in the general formula (A'). 

[0028] 

From the viewpoint of inexpensive raw materials, the derivative may be a 

polyphenylene ether derivative of the above formula (A'-1), from the viewpoint of 

excellent dielectric properties and low water absorbability, it may be a 

polyphenylene ether derivative represented by the formula (A'-2), and from the 

viewpoint of excellent adhesion to conductor and mechanical properties 

(elongation, strength at break, etc.), it may be a polyphenylene ether derivative 

represented by the formula (A'-3). Accordingly, in conformity to the intended 

properties, one alone or two or more of the polyphenylene ether derivatives of the 

formulae (N-1) to (A'-3) may be used either singly or as combined. 

[0029] 

The number average molecular weight of the polyphenylene ether 

derivative (A) of the present invention may be 5,000 to 12,000, or may be 7,000 to 

12,000, or may be 7,000 to 10,000. When the number average molecular weight 

is 5,000 or more, the thermosetting resin composition of the present invention and 

the prepreg and the laminate using the composition tend to have a more favorable 

glass transition temperature. When the number average molecular weight is 

12,000 or less, the thermosetting resin composition of the present invention tends 
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to be readily molded into a laminate with better formability. 

In this description, the number average molecular weight is a value 

calculated based on the calibration curve drawn using a standard polystyrene, 

according to gel permeation chromatography (GPC), and more precisely, a value 

measured according to the number average molecular weight measurement 

method described in the section of Examples. 

[0030] 

(Method for Producing Polyphenylene Ether Derivative (A)) 

The polyphenylene ether derivative (A) may be obtained, for example, 

according to the production method mentioned below. 

First, an aminophenol compound represented by the following general 

formula (VIII) [hereinafter referred to as aminophenol compound (VIII)] is reacted 

with a polyphenylene ether having, for example, a number average molecular 

weight of 15,000 to 25,000 in an organic solvent in a mode of known redistribution 

reaction, as associated with reduction in the molecular weight of the 

polyphenylene ether, to thereby produce a polyphenylene ether compound having 

a primary amino group in one molecule (A") (hereinafter this may be simply 

referred to as polyphenylene ether compound (A")), and then the polyphenylene 

ether compound (A") is reacted with a bismaleimide compound represented by the 

general formula (IX) [hereinafter referred to as bismaleimide compound (IX)] in a 

mode of Michael addition reaction to produce the polyphenylene ether derivative 

(A). 

[0031] 

(R2)y 

OH 	(VIII) 

H2N 

[0032] 

  

In the formula, R2  and y are the same as those in the general formula (I). 

0 	0 

N 	Al  —N I 	(IX) 

0 

In the formula, Al is the same as in the general formula (I). 



 !"

"

#$$%%&"

" '()*+,-."/0"12-")*34/+2-4/,"5/*+/647"89:::;"345,67-"/<)*34/+2-4/,="

*<)*34/+2-4/,="+<)*34/+2-4/,="-15>""?*/4@"12-.-="0A/*"12-"B3-C+/341"/0"12-"

A-)513/4"D3-,7"34"+A/76534@"12-"+/,D+2-4D,-4-"-12-A"5/*+/647"8?E;=")."C-,,")."12-"

2-)1"A-.3.1)45-"34"+A/76534@"A-.34"5/*+/.313/4="+A-+A-@")47",)*34)1-="12-"

5/*+/647"*)D"F-"*<)*34/+2-4/,"/A"+<)*34/+2-4/,="/A"*)D"F-"+<)*34/+2-4/,>"

#$$%G&"

" H2-"*/,-56,)A"C-3@21"/0"12-"+/,D+2-4D,-4-"-12-A"5/*+/647"8?E;"*)D"F-"

5/41A/,,-7"FD"12-")*/641"1/"F-"6.-7"/0"12-")*34/+2-4/,"5/*+/647"89:::;=")47"

C2-4"12-")*/641"/0"12-")*34/+2-4/,"5/*+/647"89:::;"6.-7"3.",)A@-A="12-"

*/,-56,)A"C-3@21"/0"12-"+/,D+2-4D,-4-"-12-A"8?E;"3.",/C-A>""I)*-,D="12-")*/641"

1/"F-"6.-7"/0"12-")*34/+2-4/,"5/*+/647"89:::;"*)D"F-")7-J6)1-,D"5/41A/,,-7"./"

12)1"12-"46*F-A")B-A)@-"*/,-56,)A"C-3@21"/0"12-"+/,D+2-4D,-4-"-12-A"7-A3B)13B-"

8?;"1/"F-"+A/765-7"034),,D"5/6,7"0),,"C31234")"+A-0-AA-7"A)4@->"

" H2-")*/641"1/"F-"345/A+/A)1-7"/0"12-")*34/+2-4/,"5/*+/647"89:::;"3."4/1"

.+-53035),,D",3*31-7="F61"0/A"-()*+,-="C2-4"12-"46*F-A")B-A)@-"*/,-56,)A"C-3@21"

/0"12-"+/,D+2-4D,-4-"-12-A"1/"F-"A-)51-7"C312"12-")*34/+2-4/,"5/*+/647"89:::;"3."

 K=$$$"1/"LK=$$$="12-")*/641"*)D"0),,"C31234")"A)4@-"/0"$>K"1/"M"+)A1."FD"*).."

A-,)13B-"1/" $$"+)A1."FD"*).."/0"12-"+/,D+2-4D,-4-"-12-A"1/"@3B-")"+/,D+2-4D,-4-"

-12-A"7-A3B)13B-"8?;"2)B34@")"46*F-A")B-A)@-"*/,-56,)A"C-3@21"/0"K=$$$"1/" L=$$$>"

#$$%K&"

" '()*+,-."/0"12-"/A@)435"./,B-41"0/A"6.-"34"12-"+A/76513/4".1-+"0/A"12-"

+/,D+2-4D,-4-"-12-A"5/*+/647"8?E;"345,67-="12/6@2"4/1".+-53035),,D",3*31-7"

12-A-1/="),5/2/,.".652")."*-12)4/,="-12)4/,="F61)4/,="F61D,"5-,,/./,B-="-12D,-4-"

@,D5/,"*/4/*-12D,"-12-A="+A/+D,-4-"@,D5/,"*/4/*-12D,"-12-A="-15>N"O-1/4-.".652")."

)5-1/4-="*-12D,"-12D,"O-1/4-="*-12D,"3./F61D,"O-1/4-="5D5,/2-()4/4-="-15>N"

)A/*)135"2D7A/5)AF/4.".652")."1/,6-4-="(D,-4-="*-.31D,-4-="-15>N"-.1-A.".652")."

*-12/(D-12D,")5-1)1-="-12/(D-12D,")5-1)1-="F61/(D-12D,")5-1)1-="-12D,")5-1)1-="

-15>N" 431A/@-4<5/41)3434@" 5/*+/647." .652" )." I=I<73*-12D,0/A*)*37-="

I=I<73*-12D,)5-1)*37-="I<*-12D,<L<+DAA/,37/4-="-15>""P4-"),/4-"/A"1C/"/A"*/A-"

O347."/0"12-.-"*)D"F-"6.-7"-312-A".34@,D"/A")."5/*F34-7>""?*/4@"12-.-="0A/*"12-"

B3-C+/341"/0"./,6F3,31D="1/,6-4-="(D,-4-")47"*-.31D,-4-"*)D"F-"6.-7>"

#$$%M&"

" :4"12-"+A/76513/4".1-+"0/A"12-"+/,D+2-4D,-4-"-12-A"5/*+/647"8?E;=")"

A-)513/4"5)1),D.1"*)D"F-"6.-7")."4--7-7>""H/"12-"A-)513/4"5)1),D.1="0/A"-()*+,-="



 !"

"

#$%"&%'(#)*+"('#',-.#")+"/+*0+"&%1).#&)23#)*+"&%'(#)*+")."'44,)('2,%5""6*&"%7'84,%9"

:&*8"#$%";)%04*)+#"*:"4&*13()+<"#$%"4*,-4$%+-,%+%"%#$%&"(*84*3+1"=>?@"$';)+<"'"

.#'2,%"+382%&"';%&'<%"8*,%(3,'&"0%)<$#"0)#$"<**1"&%4&*13()2),)#-9"'+"*&<'+)("

4%&*7)1%".3($"'."#A23#-,4%&*7-).*4&*4-,"8*+*('&2*+'#%"*&"#$%",)/%"'+1"'"8%#',"

('&2*7-,'#%".3($"'."8'+<'+%.%"+'4$#$%+'#%"*&"#$%",)/%"8'-"2%"3.%1"'."(*82)+%15""

B$%"'8*3+#"*:"#$%"&%'(#)*+"('#',-.#"#*"2%"3.%1")."+*#".4%():)(',,-",)8)#%15""6*&"

%7'84,%9":&*8"#$%";)%04*)+#"*:"#$%"&%'(#)*+".4%%1"'+1"'+#)<%,'#)*+")+"4&*13()+<"

#$%"4*,-4$%+-,%+%"%#$%&"(*84*3+1"=>?@9":*&"%7'84,%9"#$%"'8*3+#"*:"#$%"*&<'+)("

4%&*7)1%"8'-"2%"!5C"#*"C"4'&#."2-"8'.."'+1"#$'#"*:"#$%"8%#',"('&2*7-,'#%"8'-"2%"

!5!C"#*"!5C"4'&#."2-"8'.."&%,'#);%"#*"D!!"4'&#."2-"8'.."*:"#$%"4*,-4$%+-,%+%"%#$%&"

#*"2%"&%'(#%1"0)#$"#$%"'8)+*4$%+*,"(*84*3+1"=EFFF@5"""

G!!HIJ"

" B$%"'8)+*4$%+*,"(*84*3+1"=EFFF@9"#$%"4*,-4$%+-,%+%"%#$%&"$';)+<"'"

+382%&"';%&'<%"8*,%(3,'&"0%)<$#"*:"DC9!!!"#*" C9!!!9"'+"*&<'+)(".*,;%+#"'+1"

*4#)*+',,-"'"&%'(#)*+"('#',-.#"'&%"43#")+"'"&%'(#*&"%'($")+"'"4&%1%#%&8)+%1"'8*3+#9"

'+1"&%'(#%1"0)#$"$%'#)+<9"/%%4)+<"#$%"$%'#"'+1".#)&&)+<"#*"<);%"#$%"4*,-4$%+-,%+%"

%#$%&"(*84*3+1"=>?@5""6*&"#$%"&%'(#)*+"#%84%&'#3&%"'+1"#$%"&%'(#)*+"#)8%")+"#$)."

.#%49"#$%"&%'(#)*+"(*+1)#)*+.")+"/+*0+"&%1).#&)23#)*+"&%'(#)*+"'&%"'44,)('2,%5"""

" 6&*8"#$%";)%04*)+#"*:"*4%&'2),)#-"'+1"'+#)<%,'#)*+9"'+1":&*8"#$%"

;)%04*)+#"*:"(*+#&*,,)+<"#$%"8*,%(3,'&"0%)<$#"*:"#$%"4*,-4$%+-,%+%"%#$%&"

(*84*3+1"=>?@":*&"*2#')+)+<"#$%"(*84*+%+#"=>@"$';)+<"'"1%.)&%1"+382%&"';%&'<%"

8*,%(3,'&"0%)<$#9":*&"%7'84,%9"#$%"&%'(#)*+"8'-"2%"('&&)%1"*3#"'#"'"&%'(#)*+"

#%84%&'#3&%"*:"I!"#*"DD!KL"'+1":*&"'"&%'(#)*+"#)8%"*:"D"#*"M"$*3&.5"

G!!HMJ"

" >".*,3#)*+"*:"#$%"4*,-4$%+-,%+%"%#$%&"(*84*3+1"=>?@"#$3."4&*13(%1")+"#$%"

8'++%&"'."'2*;%"8'-"2%"(*+#)+3*3.,-"'+1"1)&%(#,-":%1"#*"#$%"+%7#".#%4"*:"

4&*13()+<"#$%"4*,-4$%+-,%+%"%#$%&"1%&);'#);%"=>@5""F+"#$).".#'<%9"#$%".*,3#)*+"*:"

#$%"4*,-4$%+-,%+%"%#$%&"(*84*3+1"=>?@"8'-"2%"(**,%19"*&"8'-"2%"(*+#&*,,%1"#*"2%"

'#"#$%"&%'(#)*+"#%84%&'#3&%")+"#$%"+%7#".#%45"">."+%%1%19"#$%".*,3#)*+"8'-"2%"

(*+(%+#&'#%1"#*"&%8*;%"'"4'&#"*:"#$%"*&<'+)(".*,;%+#9"*&"8'-"2%"1),3#%1"2-"'11)+<"

'+"*&<'+)(".*,;%+#"#$%&%#*9"'."1%.(&)2%1"2%,*05"""

G!!HNJ"

" O7'84,%."*:"#$%"2).8',%)8)1%"(*84*3+1"=FP@"#*"2%"3.%1")+"4&*13()+<"#$%"

4*,-4$%+-,%+%"%#$%&"1%&);'#);%"=>@")+(,31%"2).=QA8',%)8)1*4$%+-,@8%#$'+%9"

4*,-4$%+-,8%#$'+%8',%)8)1%9" 2).=QA8',%)8)1*4$%+-,@" %#$%&9"



 !"

"

#$%&'()*+,$)$-./0,12+3" %4+5.1,6"

7678(-$),902+(:6:8(-$,902+('6'8(-$/0,12+),90*1,#$%)*+,$)$-,6"

'(),902+(!67(/0,12+,1,#$%)*+,$)$-,6" )(/0,12+,1,#$%)*+,$)$-,6"

 6 (#$%&'(&'()*+,$)$-./0,1.;23/0,12+3/<./*1,6"#$%&'()*+,$)$-./0,12+3"%4+5.1,6"

#$%&'()*+,$)$-./0,12+3" %4+5$-,6" #$%&'()*+,$)$-./0,12+3" =,9.1,6"

 6 (#$%&'(&'()*+,$)$-./0,1.;23/0,12+3/<./*1,6"

#$%&'(&'()*+,$)$-./0,1.;23/0,12+3" %4+5.1,6"

'6'8(#$%&7()*+,$)$-./0,1.;23#$/0,12+6" *1-"

!6>(#$%)*+,$)$-.(& 6 6'(9<$),902+30,;*1,?""@0,%,")*2"#,"4%,-"$1-$A$-4*++2".<"$1"

B.)#$1*9$.1?"

" C5" 90,%,6" #$%&'()*+,$)$-./0,12+3),90*1,6"

7678(-$),902+(:6:8(-$,902+('6'8(-$/0,12+),90*1,#$%)*+,$)$-,6" *1-"

 6 (#$%&'(&'()*+,$)$-./0,1.;23/0,12+3/<./*1,")*2"#,"%,+,B9,-?"

" D$%&'()*+,$)$-./0,12+3),90*1,")*2"#,"4%,-"#,B*4%,"90,"/.+2/0,12+,1,"

,90,<"-,<$A*9$A,"B.19*$1$1E"90,"5.<)4+*"&FG(!3"*#.A,"$%".#9*$1,-"*1-"$9"$%"

$1,;/,1%$A,?"

" 7678(H$),902+(:6:8(-$,902+('6'8(-$/0,12+),90*1,#$%)*+,$)$-,")*2"#,"4%,-"

#,B*4%,"90,"/.+2/0,12+,1,",90,<"-,<$A*9$A,"B.19*$1$1E"90,"5.<)4+*"&FG( 3"*#.A,"$%"

.#9*$1,-"*1-",;0$#$9%",;B,++,19"-$,+,B9<$B"/<./,<9$,%"*1-"+.I"I*9,<"*#%.</9$.1"

/<./,<9$,%?"

"  6 (D$%&'(&'()*+,$)$-./0,1.;23/0,12+3/<./*1,")*2"#,"4%,-"#,B*4%,"90,"

/.+2/0,12+,1,",90,<"-,<$A*9$A,"B.19*$1$1E"90,"5.<)4+*"&FG(73"*#.A,"$%".#9*$1,-"

*1-",;0$#$9%"0$E0"*-0,%$.1"9."B.1-4B9.<"*1-",;B,++,19"),B0*1$B*+"/<./,<9$,%"

&,+.1E*9$.16"%9<,1E90"*9"#<,*=3?"

JKK'KL"

" @0,"*).419".5"90,"#$%)*+,$)$-,"B.)/.41-"&MN3"$%"-,9,<)$1,-"*BB.<-$1E"9."

90,"*).419".5"90,"*)$1./0,1.+"B.)/.41-"&OMMM3"4%,-?""P/,B$5$B*++26"90,"

#$%)*+,$)$-,"B.)/.41-")*2"#,"$1B.</.<*9,-"%."90*9"90,",Q4$A*+,19"<*9$."

&@#!R@*!3".5"90,")*+,$)$-,"E<.4/",Q4$A*+,19"&@#!3".5"90,"#$%)*+,$)$-,"B.)/.41-"

&MN3"9."90,"(ST "E<.4/",Q4$A*+,19"&@*!3".5"90,"*)$1./0,1.+"B.)/.41-"&OMMM3"B.4+-"

#,"$1"90,"<*1E,".5" "9.">6".<"$1"*"<*E,".5" "9."'?""U0,1"90,"#$%)*+,$)$-,"B.)/.41-"

$%"4%,-"$1"90,",Q4$A*+,19"<*9$."<*1E,"*%"*#.A,6"90,"90,<).%,99$1E"<,%$1"

B.)/.%$9$.16"90,"/<,/<,E"*1-"90,"+*)$1*9,".5"90,"/<,%,19"$1A,19$.1"9,1-"9."0*A,"

).<,",;B,++,19"0,*9"<,%$%9*1B,6"0$E0"E+*%%"9<*1%$9$.1"9,)/,<*94<,"*1-"0$E0"5+*),"

<,9*<-*1B2?"



  !

!

"##$%&!

! '(!)*+!,-.*/+0!/11-)-2(!3+/.)-2(!.2(14.)+1!5*+(!63214.-(7!)*+!

62086*+(80+(+!+)*+3!1+3-9/)-9+!:;<=!/!3+/.)-2(!./)/08>)!?/8!@+!4>+1!/>!(++1+1A!!

B-)*!3+>6+.)!)2!)*+!3+/.)-2(!./)/08>)!4>+1=!)*+3+!->!(2!6/3)-.40/3!0-?-)/)-2(A!!

C25+9+3=!+D/?60+>!2E!)*+!3+/.)-2(!./)/08>)!-(.041+!/.-1-.!./)/08>)>=!>4.*!/>!

6F)204+(+>40E2(-.!/.-1G!/?-(+>=!>4.*!/>!)3-+)*80/?-(+=!683-1-(+=!/(1!

)3-@4)80/?-(+G! -?-1/H20+! .2?624(1>=! >4.*! />! ?+)*80-?-1/H20+! /(1!

6*+(80-?-1/H20+G!/(1!6*2>6*234>!./)/08>)>=!>4.*!/>!)3-6*+(806*2>6*-(+A!!I*+>+!

?/8!@+!4>+1!-(1-9-14/008!23!-(!.2?@-(/)-2(A!!B-)*!3+>6+.)!)2!)*+!/?24()!2E!)*+!

3+/.)-2(!./)/08>)!-(.23623/)+1=!)*+3+!->!(2!6/3)-.40/3!0-?-)/)-2(A!!C25+9+3=!E23!

+D/?60+=!3+0/)-9+!)2!%##!6/3)>!@8!?/>>!2E!)*+!62086*+(80+(+!+)*+3!.2?624(1!:;J<=!

)*+!3+/.)-2(!./)/08>)!./(!@+!4>+1!-(!/(!/?24()!-(!)*+!3/(7+!2E!#A#%!)2!K!6/3)>!@8!

?/>>A!

"##$ &!

! I*+!@->?/0+-?-1+!.2?624(1!:'L<!/(1!26)-2(/008!/!3+/.)-2(!./)/08>)!/(1!

2)*+3>!/3+!64)!-()2!)*+!>204)-2(!2E!)*+!62086*+(80+(+!+)*+3!.2?624(1!:;J<!>204)-2(!

+/.*!-(!/!63+1+)+3?-(+1!/?24()=!/(1!3+/.)+1!5-)*!*+/)-(7=!M++6-(7!)*+!*+/)!/(1!

>)-33-(7!-(!/!?21+!2E!,-.*/+0!3+/.)-2(!)2!7-9+!)*+!62086*+(80+(+!+)*+3!1+3-9/)-9+!

:;<A!!N+7/31-(7!)*+!3+/.)-2(!.2(1-)-2(>!-(!)*->!>)+6=!E23!+D/?60+=!E32?!)*+!

9-+562-()!2E!26+3/@-0-)8!/(1!/()-7+0/)-2(=!)*+!3+/.)-2(!)+?6+3/)43+!?/8!@+!K#!)2!

%O#PQ=!/(1!)*+!3+/.)-2(!)-?+!?/8!@+!%!)2!%#!*243>A!!'(!/11-)-2(=!-(!)*->!>)+6=!/(!

237/(-.!>209+()!?/8!@+!/11+1=!23!)*+!3+/.)-2(!>8>)+?!?/8!@+!.2(.+()3/)+1!/>!

?+()-2(+1!/@29+=!)2!)*+3+@8!.2()320!)*+!3+/.)-2(!.2(.+()3/)-2(!:>20-1!

.2(.+()3/)-2(<=!/(1!)*+!>204)-2(!9->.2>-)8A!!R23!)*+!/11-)-2(/0!237/(-.!>209+()=!)*+!

237/(-.!>209+()>!+D+?60-E-+1!-(!)*+!>+.)-2(!2E!)*+!63214.)-2(!>)+6!E23!)*+!

62086*+(80+(+!+)*+3!.2?624(1!:;J<!/3+!/660-./@0+=!/(1!2(+!/02(+!23!)52!23!?23+!

M-(1>!2E!)*+>+!?/8!@+!4>+1!+-)*+3!>-(708!23!/>!.2?@-(+1A!!;?2(7!)*+>+=!E32?!)*+!

9-+562-()!2E!>204@-0-)8=!?+)*80!+)*80!M+)2(+=!.8.02*+D/(2(+=!632680+(+!708.20!

?2(2?+)*80!+)*+3=!S=SF1-?+)*80E23?/?-1+!/(1!S=SF1-?+)*80/.+)/?-1+!?/8!@+!

>+0+.)+1A!

"##$T&!

! I*+!3+/.)-2(!.2(.+()3/)-2(!:>20-1!.2(.+()3/)-2(<!-(!)*+!63214.)-2(!>)+6!E23!

)*+!62086*+(80+(+!+)*+3!1+3-9/)-9+!:;<!/(1!)*+!62086*+(80+(+!+)*+3!.2?624(1!

:;J<!->!(2)!>6+.-E-./008!0-?-)+1=!@4)=!E23!+D/?60+=!-(!+/.*!63214.)-2(!>)+6=!)*+!

.2(.+()3/)-2(!?/8!@+!%#!)2!O#U!@8!?/>>=!/(1!?/8!@+! #!)2!K#U!@8!?/>>A!!B*+(!



 !"

"

#$%"&%'(#)*+"(*+(%+#&'#)*+"),"-./"01"2',,"*&"2*&%3"#$%"&%'(#)*+",4%%5"),"+*#"#**"

6*73"'+5"#%+5,"#*"0%"8'9*&'06%"8&*2"#$%"9)%74*)+#"*8"4&*5:(#)*+"(*,#;""<$%+"#$%"

&%'(#)*+"(*+(%+#&'#)*+"),"=./"01"2',,"*&"6%,,3"0%##%&",*6:0)6)#1"#%+5,"#*"0%"

'##')+%5;"">8",*3")+"'55)#)*+3"#$%",*6:#)*+"9),(*,)#1"2'1"0%"6*7"'+5"#$%",#)&&)+?"

%88)()%+(1"#%+5,"#*"0%"?**5"#*",:44&%,,"?%6'#)*+;"

" @8#%&"4&*5:(#)*+"*8"#$%"4*614$%+16%+%"%#$%&"5%&)9'#)9%"A@B3"'"4'&#"*&"'66"*8"

#$%"*&?'+)(",*69%+#"2'1"0%"*4#)*+'661"&%2*9%5"8&*2"#$%",*6:#)*+"8*&"(*+(%+#&'#)*+3"

*&"'+"'55)#)*+'6"*&?'+)(",*69%+#"2'1"0%"'55%5"#$%&%#*"8*&"5)6:#)*+3")+"'((*&5'+(%"

7)#$"#$%"*4%&'0)6)#1")+"#'C)+?"*:#"#$%"5%&)9'#)9%"8&*2"#$%"&%'(#*&"*&"7)#$"#$%":,%"

(*+5)#)*+"A8*&"%D'246%3",*6:#)*+"9),(*,)#1"*&",*6:#)*+"(*+(%+#&'#)*+",:)#'06%"8*&"

4&*5:(#)*+"*8"4&%4&%?B")+"4&%4'&)+?"#$%"#$%&2*,%##)+?"&%,)+"(*24*,)#)*+"*8"#$%"

4&%,%+#")+9%+#)*+"01"'55)+?"9'&)*:,"#$%&2*,%##)+?"&%,)+,"#*"#$%"4*614$%+16%+%"

%#$%&"5%&)9'#)9%"A@B;""E$%"'55)#)*+'6"*&?'+)(",*69%+#"),"+*#",4%()8)('661"6)2)#%53"

'+5"*+%"*&"2*&%"*&?'+)(",*69%+#,"2%+#)*+%5"'0*9%"2'1"0%":,%5;"

F..GGH"

" E$%"8*&2'#)*+"*8"#$%"4*614$%+16%+%"%#$%&"(*24*:+5"A@IB"'+5"#$%"

4*614$%+16%+%"%#$%&"5%&)9'#)9%"A@B")+"#$%"'0*9%J2%+#)*+%5"4&*5:(#)*+",#%4,"2'1"

0%"(*+8)&2%5"#$&*:?$"KLM"'+5">N"'+'61,),"01",'246)+?"'",2'66"'2*:+#"*8"#$%"

4&*5:(#"'8#%&"%'($",#%4;"

" O)&,#3"7)#$"&%,4%(#"#*"#$%"4*614$%+16%+%"%#$%&"(*24*:+5"A@IB3"#$%"

4&*5:(#)*+"*8"'"5%,)&%5"4*614$%+16%+%"%#$%&"(*24*:+5"A@IB"('+"0%"(*+8)&2%5"01"

KLM",$*7)+?"#$'#"#$%"2*6%(:6'&"7%)?$#"),"&%5:(%5"#*"0%"6*7%&"#$'+"#$%"

4*614$%+16%+%"%#$%&"$'9)+?"'"+:20%&"'9%&'?%"2*6%(:6'&"7%)?$#"*8"-P3..."#*"

 P3..."'+5"#$'#"#$%"4%'C"*8"#$%"'2)+*4$%+*6"(*24*:+5"AQ>>>B"',"'"&'7"2'#%&)'6"

$',"5),'44%'&%53"'+5"01">N"'+'61,),",$*7)+?"#$'#"'"4%'C"*8"#$%"4&)2'&1"'2)+*"

?&*:4"'44%'&,"'#"!3!.."#*"!3P.."(2J-;""<)#$"&%,4%(#"#*"#$%"4*614$%+16%+%"%#$%&"

5%&)9'#)9%"A@B"7$)($"$',"0%%+"4:&)8)%5"01"&%4&%()4)#'#)*+3"#$%"4&*5:(#)*+"*8"'"

5%,)&%5"4*614$%+16%+%"%#$%&"5%&)9'#)9%"A@B"('+"0%"(*+8)&2%5"01">N"'+'61,),"

,$*7)+?"#$'#"#$%"4%'C"*8"#$%"4&)2'&1"'2)+*"?&*:4"'#"!3!.."#*"!3P.."(2J-"$',"

5),'44%'&%5"'+5"#$'#"'"4%'C"*8"#$%"('&0*+16"?&*:4"*8"2'6%)2)5%"'44%'&,"'#"-3R.."

#*"-3R!."(2J-;"

F..GPH"

" E$%"#$%&2*,%##)+?"&%,)+"(*24*,)#)*+"*8"#$%"4&%,%+#")+9%+#)*+"#%+5,"#*"0%"

2*&%"%D(%66%+#")+"'5$%,)*+"#*"(*+5:(#*&3"$%'#"&%,),#'+(%3"#$%&2'6"%D4'+,)*+"

(*%88)()%+#3"86'2%"&%#'&5'+(1"'+5"7*&C'0)6)#1"A)+"5&)66)+?3"(:##)+?B"#$'+"#$%"&%,)+"



 !"

"

#$%&$'()($*"#$*)+(*(*,")-."&$/0&-.*0/.*.".)-.1"#$%&$2*3"4567"+*3")-."

#$%&$*.*)"487")$"9."%.*)($*.3"9./$:;"

<==!>?"

4@-.1%$'.))(*,"A.'(*"4877"

" @-."1.'(*"#$%&$*.*)"487"#$*)+(*.3"(*")-.")-.1%$'.))(*,"1.'(*"#$%&$'()($*"

$B")-."&1.'.*)"(*C.*)($*"('"+)"/.+')"$*.")-.1%$'.))(*,"1.'(*"'./.#).3"B1$%")-."

,1$2&"#$*'(')(*,"$B"+*".&$D0"1.'(*E"+"#0+*+)."1.'(*"+*3"+"%+/.(%(3."#$%&$2*3;""

@-."%+/.(%(3."#$%&$2*3"3$.'"*$)"(*#/23.")-."+9$C.F%.*)($*.3"&$/0&-.*0/.*."

.)-.1"3.1(C+)(C."457;"

<==!G?"

" @-.".&$D0"1.'(*"%+0"9."+*".&$D0"1.'(*"-+C(*,"):$"$1"%$1.".&$D0",1$2&'"

(*"$*."%$/.#2/.;""H.1.E")-.".&$D0"1.'(*"('",1$2&.3"(*)$"+",/0#(30/".)-.1F)0&."

.&$D0"1.'(*E"+",/0#(30/+%(*.F)0&.".&$D0"1.'(*E"+",/0#(30/".').1F)0&.".&$D0"1.'(*E"

.)#;""5%$*,")-.'.E"+",/0#(30/".)-.1F)0&.".&$D0"1.'(*"%+0"9."'./.#).3;"

" @-.".&$D0"1.'(*"('",1$2&.3"(*)$"C+1($2'")0&.'"$B".&$D0"1.'(*'"3.&.*3(*,"$*"

)-."3(BB.1.*#."(*")-."%+(*"'I./.)$*E"+*3"C+1($2'")0&.'"$B")-.".&$D0"1.'(*'"

%.*)($*.3"+9$C."%+0"9."B21)-.1",1$2&.3"(*)$"+"9('&-.*$/F)0&.".&$D0"1.'(*"'2#-"

+'"+"9('&-.*$/"5F)0&.".&$D0"1.'(*E"+"9('&-.*$/"JF)0&.".&$D0"1.'(*E"+"9('&-.*$/"

KF)0&.".&$D0"1.'(*E".)#;L"+*"+/(#0#/(#".&$D0"1.'(*L"+*"+/(&-+)(#"/(*.+1".&$D0"1.'(*L"+"

*$C$/+IF)0&.".&$D0"1.'(*"'2#-"+'"+"&-.*$/F*$C$/+IF)0&.".&$D0"1.'(*E"+"

#1.'$/F*$C$/+IF)0&.".&$D0"1.'(*E"+"9('&-.*$/"5F*$C$/+IF)0&.".&$D0"1.'(*E"+"

9('&-.*$/"JF*$C$/+IF)0&.".&$D0"1.'(*E".)#;L"+"&-.*$/F+1+/I0/F)0&.".&$D0"1.'(*E"+"

')(/9.*.F)0&.".&$D0"1.'(*E"+"3(#0#/$&.*)+3(.*.F)0&.".&$D0"1.'(*E"+"*+&-)-+/.*."

'I./.)$*F#$*)+(*(*,".&$D0"1.'(*"'2#-"+'"+"*+&-)-$/F*$C$/+IF)0&.".&$D0"1.'(*E"+"

*+&-)-$/F+1+/I0/F)0&.".&$D0"1.'(*E".)#;L"+"9(&-.*0/F)0&.".&$D0"1.'(*E"+"

9(&-.*0/+1+/I0/F)0&." .&$D0" 1.'(*LE" +" D0/0/.*.F)0&." .&$D0" 1.'(*L" +"

3(-031$+*)-1+#.*.F)0&.".&$D0"1.'(*L"+"3(#0#/$&.*)+3(.*.F)0&.".&$D0"1.'(*E".)#;"

" M*."+/$*."$1"):$"$1"%$1."I(*3'"$B".&$D0"1.'(*'"%+0"9."2'.3".()-.1"'(*,/0"

$1"+'"#$%9(*.3;""5%$*,")-.'.E"B1$%")-."C(.:&$(*)"$B"-(,-"B1.N2.*#0"&1$&.1)(.'E"

-.+)"1.'(')+*#.E",/+''")1+*'()($*").%&.1+)21.E")-.1%+/".D&+*'($*"#$.BB(#(.*)"+*3"

B/+%."1.)+13+*#0E"+"*+&-)-+/.*."'I./.)$*F#$*)+(*(*,".&$D0"1.'(*"+*3"+"

9(&-.*0/+1+/I0/F)0&.".&$D0"1.'(*"%+0"9."2'.3;"

<==!O?"

" P*")-."#+'.":-.1."+*".&$D0"1.'(*"('"2'.3"+'")-."#$%&$*.*)"487E"(B"3.'(1.3E"+"

#21(*,"+,.*)"$1"+"#21(*,"+(3"B$1".&$D0"1.'(*"%+0"9."2'.3"+'"#$%9(*.3;""QD+%&/.'"



 !"

"

#$"%&'('")*+,-.'/"%&#-0&"*#%"(1'+)$)+2,,3",)4)%'."%&'5'%#/"1#,324)*'"+#41#-*.("

(-+&"2(".)'%&3,'*'%5)24)*'/"%5)'%&3,'*'%'%524)*'/".)24)*#.)1&'*3,4'%&2*'/"

461&'*3,'*'.)24)*'/".)+32*.)24).'/"'%+78"1#,31&'*#,"+#41#-*.("(-+&"2("

9)(1&'*#,":/"1&'*#,6*#;#,2<"5'()*/"+5'(#,6*#;#,2<"5'()*/"9)(1&'*#,":6*#;#,2<"5'()*/"

1&'*#,252,<3,"5'()*/"'%+78"2+)."2*&3.5).'("(-+&"2("1&%&2,)+"2*&3.5).'/"135#4',,)%)+"

2*&3.5).'/"'%+78"+259#=3,)+"2+)."+#41#-*.(8"2+%);'"'(%'5"+#41#-*.(/"'%+7"">*'"

2,#*'"#5"%?#"#5"4#5'"#$"%&'('"423"9'"-('."')%&'5"()*0,3"#5"2("+#49)*'.7""@&'"

24#-*%"%&'5'#$"%#"9'"-('.")("*#%"(1'+)$)+2,,3",)4)%'."2*."423"9'"2.'A-2%',3"

+#*%5#,,'.".'1'*.)*0"#*"%&'"#9B'+%7"":4#*0"%&'('/"$5#4"%&'";)'?1#)*%"#$"&'2%"

5'()(%2*+'/"0,2(("%52*()%)#*"%'41'52%-5'/"%&'542,"'=12*()#*"+#'$$)+)'*%/"(%#520'"

(%29),)%3"2*.")*(-,2%)#*"5',)29),)%3/"1#,31&'*#,"+#41#-*.("2*."2+%);'"'(%'5"

+#41#-*.("423"9'"-('.7"

CDDEFG"

" H=241,'("#$"%&'"+32*2%'"5'()*")*+,-.'/"%&#-0&"*#%"(1'+)$)+2,,3",)4)%'."

%&'5'%#/"  / 69)(IE6+32*2%#1&'*3,J15#12*'/" 9)(IE6+32*2%#1&'*3,J'%&2*'/"

9)(IK/!6.)4'%&3,6E6+32*2%#1&'*3,J4'%&2*'/"

 / 69)(IE6+32*2%#1&'*3,J6L/L/L/K/K/K6&'=2$,-#5#15#12*'/"

M/MN69)(IE6+32*2%#1&'*3,J646.))(#15#13,9'*O'*'/"+32*2%'"'(%'5"+#41#-*."#$"

1&'*#,62..'.".)+3+,#1'*%2.)'*'"1#,34'5/"1&'*#,6*#;#,2<6%31'"+32*2%'"'(%'5"

+#41#-*."2*."+5'(#,6*#;#,2<6%31'"+32*2%'"'(%'5"+#41#-*.7"">*'"2,#*'"#5"%?#"#5"

4#5'"<)*.("#$"+32*2%'"5'()*("423"9'"-('."')%&'5"()*0,3"#5"2("+#49)*'.7"":4#*0"

%&'('/"$5#4"%&'";)'?1#)*%"#$"15#.-+%)#*"+#(%"2("?',,"2("$5#4"%&'";)'?1#)*%"#$"%#%2,"

92,2*+'" #$" &)0&" $5'A-'*+3" 15#1'5%)'(" 2*." #%&'5" 15#1'5%)'(/"

 / 69)(IE6+32*2%#1&'*3,J15#12*'"423"9'"-('.7"

CDD!DG"

" P*"%&'"+2('"?&'5'"2"+32*2%'"5'()*")("-('."2("%&'"+#41#*'*%"IQJ/")$".'()5'./"

2"+-5)*0"20'*%"#5"2"+-5)*0"2)."$#5"+32*2%'"5'()*"423"9'"-('."2("+#49)*'.7""

H=241,'("#$"%&'('")*+,-.'/"%&#-0&"*#%"(1'+)$)+2,,3",)4)%'."%&'5'%#/"4#*#1&'*#,"

+#41#-*.(/"1#,31&'*#,"+#41#-*.(/"24)*'"+#41#-*.(/"2,+#&#,"+#41#-*.(/"2+)."

2*&3.5).'(/"+259#=3,)+"2+)."+#41#-*.(/"'%+7"">*'"2,#*'"#5"%?#"#5"4#5'"#$"%&'('"

423"9'"-('."')%&'5"()*0,3"#5"2("+#49)*'.7""@&'"24#-*%"#$"%&'"+-5)*0"20'*%"2*."

%&'"+-5)*0"2)."%#"9'"-('.")("*#%"(1'+)$)+2,,3",)4)%'."2*."423"9'"2.'A-2%',3"

+#*%5#,,'.".'1'*.)*0"#*"%&'"#9B'+%7"":4#*0"%&'('/"$5#4"%&'";)'?1#)*%"#$"&)0&"

$5'A-'*+3"15#1'5%)'(/"&'2%"5'()(%2*+'/"4#)(%-5'"29(#51%)#*"5'()(%2*+'"2*."(%#520'"

(%29),)%3/"4#*#1&'*#,"+#41#-*.("423"9'"-('.7"



26 

In the case where a cyanate resin is used as combined with a monophenol 

compound, from the viewpoint of solubility in organic solvent, a method of 

pre-reacting them to give a phenol-modified cyanate prepolymer may be employed. 

Regarding the monophenol compound to be used in combination, all the 

prescribed amount thereof may be incorporated in prepolymerization, or the 

prescribed amount may be divided in portions and added portionwise before and 

after prepolymerization, but from the viewpoint of storage stability, the method of 

portionwise incorporating the compound may be employed. 

[0051] 

The maleimide compound is not specifically limited, but, for example, at 

least one of (a) a polymaleimide compound having at least two N-substituted 

maleimide group in one molecule [hereinafter this may be referred to as 

component (a)] and (c) a polyaminobismaleimide compound represented by the 

following general formula (VI) (hereinafter this may be referred to as component 

(c)] may be contained. From the viewpoint of solubility in organic solvent, high 

frequency properties, adhesion to conductor and prepreg formability, the 

maleimide compound may be the polyaminobismaleimide compound (c). 

The polyaminobismaleimide compound (c) may be obtained, for example, 

by reacting the component (a) and an aromatic diamine compound (b) having two 

primary amino groups in one molecule [hereinafter this may be referred to as 

component (b)] in a mode of Michael addition reaction in an organic solvent. 

[0052] 

° N-A4-N 

0 
	

(VI) 

In the formula, A4  has the same definition as Al in the above general 

formula (Z), A5  is a group represented by the following general formula (VII). 

\ A8 	 

(VII) 

(R174 	(R18)
r
, 

In the formula, R17  and R18  each independently represent an aliphatic 
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hydrocarbon group having 1 to 5 carbon atoms, an alkoxy group having 1 to 5 

carbon atoms, a hydroxyl group or a halogen atom, A8  represents an alkylene 

group having 1 to 5 carbon atoms, an alkylidene group having 2 to 5 carbon atoms, 

an ether group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto 

group, a fluorenylene group, a single bond, or a group represented by the following 

general formula (VII-1) or (VII-2), and q' and r' each independently represent an 

integer of 0 to 4. 

[0053] 

A9 	 

0 	 O 	 (VII — 1 ) 

(R19
)5, 	(R20

)t, 

In the formula, R19  and R20  each independently represent an aliphatic 

hydrocarbon group having 1 to 5 carbon atoms, or a halogen atom, A9  represents 

an alkylene group having 1 to 5 carbon atoms, an isopropylidene group, an 

m-phenylenediisopropylidene group, a p-phenylenediisopropylidene group, an 

ether group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto group 

or a single bond, and s' and t' each independently represent an integer of 0 to 4. 

[0054] 

_A10 (VI I - 2 ) 

In the formula, R21  represents an aliphatic hydrocarbon group having 1 to 

5 carbon atoms, or a halogen atom, A10  and All each independently represent an 

alkylene group having 1 to 5 carbon atoms, an isopropylidene group, an ether 

group, a sulfide group, a sulfonyl group, a carbonyloxy group, a keto group or a 

single bond, and w represents an integer of 0 to 4. 

[0055] 

The aliphatic hydrocarbon group having 1 to 5 carbon atoms and the 

halogen atom that R17, R18,  R19,  R20 and R21 in the above general formula (VII), 

(VII-1) or (VII-2) represent include the same ones as those of R1  in the general 

formula (I). The aliphatic hydrocarbon group may be an aliphatic hydrocarbon 

group having 1 to 3 carbon atoms, and may be a methyl group or an ethyl group. 
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:0:1,./@)+,+/$"-3,-01/+/";10:,1"*,+,*/2.01"/2./3$"P$P&'(*/2.017,3*)*('/$")+'"

P$P&'(*/2.01):/2)*('/"*)0"=/"6</'"73,*"2./"8(/9-,(+2",7"<,16=(1(204"

B!!Q!D"

" J(2."3/<-/:2"2,"2./")*,6+2<",7"2./":,*-,+/+2"?)A")+'"2./":,*-,+/+2"?=A"

6</'"(+"-3,'6:(+;"2./":,*-,+/+2"?:A$"2./":,*-,+/+2"?)A")+'"2./":,*-,+/+2"?=A"

*)0"=/"(+:,3-,3)2/'"<,"2.)2"2./"/E6(8)1/+2"3)2(,"?M=>RM)>A",7"2./"*)1/(*('/";3,6-"

/E6(8)1/+2"?M=>A",7"2./":,*-,+/+2"?)A"2,"2./"&PK>";3,6-"/E6(8)1/+2"?M)>A",7"2./"

:,*-,+/+2"?=A":,61'"=/"(+"2./"3)+;/",7"C"2,"C!$",3":,61'"=/"(+"2./"3)+;/",7">"2,"C!4""

J./+"2./":,*-,+/+2"?)A")+'":,*-,+/+2"?=A")3/"6</'"<,"2.)2"2./"/E6(8)1/+2"3)2(,"

:,61'"=/"(+"2./")=,8/"3)+;/$"2./"2./3*,</22(+;"3/<(+":,*-,<(2(,+$"2./"-3/-3/;")+'"

2./"1)*(+)2/",7"2./"-3/</+2"(+8/+2(,+":)+".)8/"/@:/11/+2".(;."73/E6/+:0"

-3,-/32(/<$".(;.")'./<(,+"2,":,+'6:2,3$"/@:/11/+2"./)2"3/<(<2)+:/$".(;.";1)<<"

23)+<(2(,+"2/*-/3)263/")+'"-,9/3761"71)*/"3/2)3')+:04"

B!!QCD"

" F"3/):2(,+":)2)10<2"*)0"+,2"=/"6</'"7,3"2./"S(:.)/1")''(2(,+"3/):2(,+"(+"
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"

#$%&'()*+",-."#%/012)*%3)421/.)2)&."(%2#%'*&"5(67"3',"210"3."'4.&"14"*..&.&8""

9-."$.1(,)%*"(1,1/04,")4"*%,"4#.():)(1//0"/)2),.&7"1*&",-."$.1(,)%*"(1,1/04,"'413/.")*"

,-.";)(-1./"1&&),)%*"$.1(,)%*")*"#$%&'()*+",-."13%<.=2.*,)%*.&"#%/0#-.*0/.*."

.,-.$"&.$)<1,)<."5>6")4"1##/)(13/.8"">/4%"14"&.4($)3.&"13%<.7",-."12%'*,"%:",-."

$.1(,)%*"(1,1/04,",%"3.")*(%$#%$1,.&")4"*%,"4#.():)(1//0"/)2),.&8"

?@@ABC"

" D*",-."(14."E-.$."1"21/.)2)&."(%2#%'*&")4"'4.&"14",-."(%2#%*.*,"5F67"1"

('$)*+"1+.*,":%$",-."21/.)2)&."(%2#%'*&7"1"($%44/)*G)*+"1+.*,7"1"('$)*+"1)&"1*&"

%,-.$"210"3."'4.&8""9-.4."1$."*%,"4#.():)(1//0"/)2),.&7"1*&".H12#/.4",-.$.%:"

)*(/'&."<)*0/"(%2#%'*&4"4'(-"14"4,0$.*."2%*%2.$7"&)<)*0/3.*I.*.7"

&)<)*0/3)#-.*0/7".,(8J"52.,-61($0/1,."(%2#%'*&4J"1//0/"(%2#%'*&4"4'(-"14",$)1//0/"

(01*'$1,.7",$)1//0/")4%(01*'$1,.7".,(8J"#%/012)*."(%2#%'*&4"4'(-"14"

&)12)*%&)#-.*0/2.,-1*.7".,(8""K*."1/%*."%$",E%"%$"2%$."%:",-.4."210"3."'4.&"

.),-.$"4)*+/0"%$"14"(%23)*.&8""9-."12%'*,"%:",-.4.",%"3."'4.&")4"*%,"1/4%"

4#.():)(1//0"/)2),.&7"1*&"210"3."1&.L'1,./0"(%*,$%//.&"&.#.*&)*+"%*",-."%3M.(,8""

>2%*+",-.4.7":$%2",-."<).E#%)*,"%:"-)+-":$.L'.*(0"#$%#.$,).4"1*&"-.1,"$.4)4,1*(.7"

<)*0/"(%2#%'*&4"%$"#%/012)*."(%2#%'*&4"210"3."'4.&8"

?@@A C"

" 9-."13%<.=2.*,)%*.&"(%2#%*.*,"516"1*&"(%2#%*.*,"536"1*&"1*"%$+1*)("

4%/<.*,"1*&"%#,)%*1//0"1"$.1(,)%*"(1,1/04,"1*&"%,-.$4"1$."#',")*,%"1"$.1(,%$".1(-")*"

1"#$.&.,.$2)*.&"12%'*,7"1*&"E),-"-.1,)*+7"G..#)*+",-."-.1,"1*&"4,)$$)*+7",-.4."

1$."$.1(,.&")*"1"2%&."%:";)(-1./"1&&),)%*"$.1(,)%*",%"+)<.",-."

#%/012)*%3)421/.)2)&."(%2#%'*&"5(68""N%$",-."$.1(,)%*"(%*&),)%*4"4'(-"14",-."

$.1(,)%*",.2#.$1,'$.7",-."$.1(,)%*",)2."1*&"%,-.$4")*",-)4"4,.#7":%$".H12#/.7",-."

$.1(,)%*"(%*&),)%*4")*",-.";)(-1./"1&&),)%*"$.1(,)%*")*"#$%&'()*+",-."

13%<.=2.*,)%*.&"#%/0#-.*0/.*.".,-.$"&.$)<1,)<."5>6"1$."1##/)(13/.8"

" 9-."$.1(,)%*"(%*(.*,$1,)%*"54%/)&"(%*(.*,$1,)%*6")4"*%,"4#.():)(1//0"/)2),.&7"

3',"210"3."!@",%"O@P"30"21447"1*&"210"3."B@",%"Q@P"30"21448""R-.*",-."

$.1(,)%*"(%*(.*,$1,)%*")4"!@P"30"2144"%$"2%$.7",-."$.1(,)%*"4#..&")4"*%,",%%"/%E7"

1*&",.*&4",%"3."1&<1*,1+.%'4":$%2",-."<).E#%)*,"%:"#$%&'(,)%*"(%4,8""R-.*",-."

$.1(,)%*"(%*(.*,$1,)%*")4"O@P"30"2144"%$"/.447"3.,,.$"4%/'3)/),0",.*&4",%"3."

1,,1)*.&8""D:"4%7")*"1&&),)%*7",-."4%/',)%*"<)4(%4),0"210"3."/%E"1*&",-."4,)$$)*+"

.::)().*(0",.*&4",%"3."+%%&",%"4'##$.44"+./1,)%*8"">:,.$"#$%&'(,)%*"%:",-."

#%/012)*%3)421/.)2)&."(%2#%'*&"5(67"1"#1$,"%$"1//"%:",-."%$+1*)("4%/<.*,"210"3."

$.2%<.&"5:%$"(%*(.*,$1,)%*67"%$"1*"1&&),)%*1/"%$+1*)("4%/<.*,"210"3."1&&.&":%$"
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"

#$%&'$()"$)"*++(,#*)+-".$'/"'/-"$)'-)#-#"(01-+'2"%$3-"$)"4,(#&+$)5"'/-"

4(%64/-)6%-)-"-'/-,"#-,$7*'$7-"89:;"

<==>?@"

8A()'-)'"(B"A(C4()-)'"89:"*)#"A(C4()-)'"8D:2"*)#"A()'-)'"E*'$("F/-,-(B:"

" F/-"+()'-)'"(B"'/-"+(C4()-)'"89:"$G")('"G4-+$B$+*%%6"%$C$'-#2"0&'"$G2"B,(C"

'/-"7$-.4($)'"(B"/$5/"B,-H&-)+6"4,(4-,'$-G2"4,-B-,*0%6" I"06"C*GG"(,"C(,-"

,-%*'$7-"'("J=="4*,'G"06"C*GG"(B"'/-"G&C"'('*%"(B"'/-"+(C4()-)'G"89:"'("8A:2"C(,-"

4,-B-,*0%6"KI"06"C*GG"(,"C(,-;"

" F/-"+()'-)'"(B"'/-"+(C4()-)'"8D:"$G")('"G4-+$B$+*%%6"%$C$'-#2"0&'"$G2"B,(C"

'/-"7$-.4($)'"(B"/$5/"B,-H&-)+6"4,(4-,'$-G"*)#"B(,C*0$%$'62"4,-B-,*0%6"J="'("L=I"

06"C*GG",-%*'$7-"'("J=="4*,'G"06"C*GG"(B"'/-"G&C"'('*%"(B"'/-"+(C4()-)'G"89:"'("8A:2"

C(,-"4,-B-,*0%6"!="'("M=I"06"C*GG"(,"C(,-;"

" F/-"+()'-)'",*'$("(B"'/-"+(C4()-)'"89:"'("'/-"+(C4()-)'"8D:"<89:N8D:@"$G")('"

G4-+$B$+*%%6"%$C$'-#2"*)#"C*6"0-"KNLK"'("M=N!="06"C*GG2"C*6"0-"KNLK"'("OKN!K2"C*6"

0-"KNLK"'("O=N =2"*)#"C*6"0-"J=NL="'("O=N =;""P/-)"'/-"+()'-)'",*'$("(B"'/-"

+(C4()-)'"89:"'("'/-"'('*%"+()'-)'"(B"'/-"+(C4()-)'"89:"*)#"'/-"+(C4()-)'"8D:"$G"

KI"06"C*GG"(,"C(,-2"C(,-"-Q+-%%-)'"/$5/"B,-H&-)+6"4,(4-,'$-G"*)#"%(."C($G'&,-"

*0G(,4'$()"'-)#"'("0-"*''*$)-#;""P/-)"'/-",*'$("$G"M=I"06"C*GG"(,"%-GG2"C(,-"

-Q+-%%-)'"/-*'",-G$G'*)+-2"C(,-"-Q+-%%-)'"B(,C*0$%$'6"*)#"C(,-"-Q+-%%-)'"

.(,3*0$%$'6"'-)#"'("0-"*''*$)-#;"

<==>K@"

8R/(G4/(,&G"S%*C-"E-'*,#*)'"8A::"

" F/-"'/-,C(G-''$)5",-G$)"+(C4(G$'$()"(B"'/-"4,-G-)'"$)7-)'$()"B&,'/-,"

+()'*$)G"*"4/(G4/(,&G"B%*C-",-'*,#*)'"8A:;""TG$)5"*"4/(G4/(,&G"B%*C-",-'*,#*)'"

8A:2"'/-"+(C4(G$'$()"-)*0%-G"B%*C-",-'*,#*)+6"$C4*,'*'$()"./$%-",-*%$U$)5"

/*%(5-)VB,--)-GG2"*)#")('"%$C$'-#"'/-,-'(2"*)#"*G$#-"B,(C"'/*'2"'/-"4/(G4/(,&G"

B%*C-",-'*,#*)'"8A:"*''*$)G"-Q+-%%-)'"/$5/"B,-H&-)+6"4,(4-,'$-G"8%(."#$-%-+',$+"

+()G'*)'2"%(."#$-%-+',$+"#$GG$4*'$()"B*+'(,:2"/$5/"*#/-G$()"'("+()#&+'(,2"-Q+-%%-)'"

/-*'",-G$G'*)+-2"%(."'/-,C*%"-Q4*)G$()"+(-BB$+$-)'"*)#"/$5/"5%*GG"',*)G$'$()"

'-C4-,*'&,-;"

" W)-"*%()-"(,"'.("(,"C(,-"3$)#G"(B"4/(G4/(,&G"B%*C-",-'*,#*)'G"8A:"C*6"0-"

&G-#"-$'/-,"G$)5%6"(,"*G"+(C0$)-#;"

<==>>@"

" X('"G4-+$B$+*%%6"%$C$'-#2"'/-"4/(G4/(,&G"B%*C-",-'*,#*)'"8A:"C*6"0-"*)6"

()-"+()'*$)$)5"*"4/(G4/(,&G"*'(C"*C()5"'/(G-"5-)-,*%%6"&G-#"*G"*"B%*C-"
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"#$%"&%'$(!%'&!)%*!+#!%'!,'-".%',/!01-201-"32!45%)#!"#$%"&%'$!-"!%'!-".%',/!

01-201-"32!45%)#!"#$%"&%'$6!!7"-)!$1#!8,#90-,'$!-4!#'8,"-')#'$%5!,223#2(!

0"#4#"%+5*(!$1#!45%)#!"#$%"&%'$!&-#2!'-$!/-'$%,'!%!1%5-.#'!%$-)6!!7"-)!$1#!

8,#90-,'$!-4!1,.1!4"#:3#'/*!0"-0#"$,#2!;5-9!&,#5#/$",/!/-'2$%'$(!5-9!&,#5#/$",/!

&,22,0%$,-'!4%/$-"<(!%&1#2,-'!$-!/-'&3/$-"(!1#%$!"#2,2$%'/#(!.5%22!$"%'2,$,-'!

$#)0#"%$3"#(!$1#")%5!#=0%'2,-'!/-#44,/,#'$!%'&!45%)#!"#$%"&%'/*(!%'!-".%',/!

01-201-"32!45%)#!"#$%"&%'$!)%*!+#!32#&6!

! >=%)05#2!-4!$1#!,'-".%',/!01-201-"32!45%)#!"#$%"&%'$!,'/53&#!"#&!

01-201-"32?!%))-',3)!01-201%$#2!23/1!%2!)-'-%))-',3)!01-201%$#(!

&,%))-',3)!01-201%$#(!$",%))-',3)!01-201%$#(!%))-',3)!0-5*01-201%$#(!

#$/6?!,'-".%',/!',$"-.#'@/-'$%,','.!01-201-"32!/-)0-3'&2!23/1!%2!01-201-",/!

%/,&!%),&#2(!#$/6?!01-201-",/!%/,&?!01-201,'#!-=,&#(!#$/6!

! >=%)05#2!-4!$1#!-".%',/!01-201-"32!45%)#!"#$%"&%'$!,'/53&#!%"-)%$,/!

01-201%$#2(!)-'-23+2$,$3$#&!01-201-',/!&,#2$#"2(!&,23+2$,$3$#&!01-201,'%$#2(!

)#$%5!2%5$2!-4!&,23+2$,$3$#&!01-201,',/!%/,&2(!-".%',/!',$"-.#'@/-'$%,','.!

01-201-"32!/-)0-3'&2(!/*/5,/!-".%',/!01-201-"32!/-)0-3'&2(!#$/6!!A)-'.!$1#2#(!

%"-)%$,/!01-201%$#!/-)0-3'&2(!%'&!)#$%5!2%5$2!-4!&,23+2$,$3$#&!01-201,',/!%/,&2!

)%*!+#!2#5#/$#&6!!B#"#(!C)#$%5!2%5$2C!)%*!+#!%'*!-4!5,$1,3)!2%5$2(!2-&,3)!2%5$2(!

0-$%22,3)!2%5$2(!/%5/,3)!2%5$2(!)%.'#2,3)!2%5$2(!%53),'3)!2%5$2(!$,$%',3)!2%5$2(!

%'&!D,'/!2%5$2(!-"!)%*!+#!%53),'3)!2%5$26!!A)-'.!$1#!-".%',/!01-201-"32!45%)#!

"#$%"&%'$2(!%"-)%$,/!01-201%$#2!)%*!+#!2#5#/$#&6!

EFFGHI!

! >=%)05#2!-4!$1#!%"-)%$,/!01-201%$#2!,'/53&#!$",01#'*5!01-201%$#(!

$",/"#2*5!01-201%$#(!$",=*5#'*5!01-201%$#(!/"#2*5&,01#'*5!01-201%$#(!/"#2*5!

&,@J(G@=*5#'*5! 01-201%$#(! "#2-"/,'-5! +,2;&,01#'*5! 01-201%$#<(!

K( @01#'*5#'#+,2;&,@J(G@=*5#'*5!01-201%$#<(!+,201#'-5!A!+,2;&,01#'*5!01-201%$#<(!

K( @01#'*5#'#+,2;&,01#'*5!01-201%$#<(!#$/6!

! >=%)05#2!-4!$1#!)-'-23+2$,$3$#&!01-201-',/!&,#2$#"2!,'/53&#!&,8,'*5!

01#'*501-201-'%$#(! &,%55*5! 01#'*501-201-'%$#(! +,2;K@+3$#'*5<!

01#'*501-201-'%$#(!#$/6!

! >=%)05#2! -4! $1#! &,23+2$,$3$#&! 01-201,'%$#2! ,'/53&#! 01#'*5!

&,01#'*501-201,'%$#(!)#$1*5!&,01#'*501-201,'%$#(!#$/6!

! L#$%5!2%5$2!-4!&,23+2$,$3$#&!01-201,',/!%/,&2!,'/53&#!)#$%5!2%5$2!-4!

&,%5M*501-201,',/!%/,&2(!)#$%5!2%5$2!-4!&,%55*501-201,',/!%/,&2(!)#$%5!2%5$2!-4!

&,8,'*501-201,',/!%/,&2(!)#$%5!2%5$2!-4!&,%"*501-201,',/!%/,&2(!#$/6!!N1#2#!)#$%5!



( RC6  °II 
P-0 

RC7  
ml 
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\ 0 	(RC4)h  
P 0<=1=\V 0 

34 

salts may be, as mentioned above, any of lithium salts, sodium salts, potassium 

salts, calcium salts, magnesium salts, aluminum salts, titanium salts, and zinc 

salts, and aluminum salts may be selected. 

Examples of the organic nitrogen-containing phosphorus compounds 

include phosphazene compounds such as bis(2-allylphenoxy)phosphazene, 

dicresylphosphazene, etc.; melamine compounds such as melamine phosphate, 

melamine pyrophosphate, melamine polyphosphate, melam polyphosphate, etc. 

The 	cyclic 	organic 	phosphorus 	compounds 	include 

9, 10-dihydro-9-oxa- 10-phosphaphenanthrene-10-oxide, 

1042, 5- dihydroxypheny1)-9, 10- dihydro-9-oxa- 10-phosphaphenanthrene- 10-oxide, 

etc. 

[00681 

The aromatic phosphate may be an aromatic phosphate represented by 

the following general formula (C-1) or (C-2), and the metal salt of a disubstituted 

phosphinic acid may be a metal salt of a disubstituted 

represented by the following general formula (C-3). 

(Rc3>g 	(R.)f  
trl 	0 	

° / 
P 0 

II 
0—P 	0 	 

I  

/ 
2   /2 

phosphinic acid 

(C -1) 

(C — 2 ) 

(C — 3 ) 

In the formulae, Rcl to RC5  each independently represent an aliphatic 

hydrocarbon group having 1 to 5 carbon atoms, or a halogen atom. AC represents 

an alkylene group having 1 to 5 carbon atoms, an alkylidene group having 2 to 5 

carbon atoms, an ether group, a sulfide group, a sulfonyl group, a carbonyloxy 

group, a keto group or a single bond. e and f each independently represent an 
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#$%&'&(")*"+"%)"!,"',"-".$/"#"&.0-"#$/&1&$/&$%23"(&1(&4&$%".$"#$%&'&(")*"+"%)"56"

" 789".$/"78:"&.0-"#$/&1&$/&$%23"(&1(&4&$%".$".2#1-.%#0"-3/()0.(;)$"'()<1"

-.=#$'">"%)"!"0.(;)$".%)?4,")(".$".()?.%#0"-3/()0.(;)$"'()<1"-.=#$'"9"%)">5"

0.(;)$".%)?46""@"(&1(&4&$%4"."2#%-#<?".%)?,"."4)/#<?".%)?,"."1)%.44#<?".%)?,"."

0.20#<?".%)?,"."?.'$&4#<?".%)?,".$".2<?#$<?".%)?,"."%#%.$#<?".%)?,")("."A#$0"

.%)?6""?>"(&1(&4&$%4".$"#$%&'&(")*">"%)"56"

B++:+C"

" D-&".2#1-.%#0"-3/()0.(;)$"'()<1"-.=#$'">"%)"!"0.(;)$".%)?4".$/"%-&"

-.2)'&$".%)?"%-.%"78>"%)"78!"(&1(&4&$%"#$02</&"%-&"4.?&")$&4".4"%-)4&")*"7>"#$"%-&"

.;)=&E?&$%#)$&/"'&$&(.2"*)(?<2."FGH6"

" D-&".2I32&$&"'()<1"-.=#$'">"%)"!"0.(;)$".%)?4".$/"%-&".2I32#/&$&"'()<1"

-.=#$'"J"%)"!"0.(;)$".%)?4"%-.%"K8"(&1(&4&$%4"?.3";&"/&40(#;&/"#$"%-&"4.?&"

?.$$&(".4"%-.%"*)("%-&"0.4&")*"KJ6""K?)$'"%-&".;)=&E?&$%#)$&/"0-)#0&4,"K8"?.3"

;&".$".2I32&$&"'()<1"-.=#$'">"%)"!"0.(;)$".%)?4,".$".2I32#/&$&"'()<1"-.=#$'"J"%)"

!"0.(;)$".%)?4")("."4#$'2&";)$/,".$/"?.3";&".$"#4)1()132#/&$&"'()<1")("."4#$'2&"

;)$/6"

" &".$/"*"&.0-"?.3";&".$"#$%&'&(")*"+"%)"J,")("?.3";&"J6""',"-".$/"#"&.0-"?.3"

;&".$"#$%&'&(")*"+"%)"J,")("?.3";&"+")(">,")("?.3";&"+6"

" D-&".2#1-.%#0"-3/()0.(;)$"'()<1"-.=#$'">"%)"!"0.(;)$".%)?4"%-.%"789".$/"

78:"(&1(&4&$%"#$02</&"%-&"4.?&")$&4".4"%-)4&")*"7>"#$"%-&"'&$&(.2"*)(?<2."FGH6""

D-&".2#1-.%#0"-3/()0.(;)$"'()<1"?.3";&".$".2#1-.%#0"-3/()0.(;)$"'()<1"-.=#$'">"

%)" "0.(;)$".%)?4,".$/"?.3";&".$"&%-32"'()<16"

" LM.?12&4")*"%-&".()?.%#0"-3/()0.(;)$"'()<1"-.=#$'"9"%)">5"0.(;)$".%)?4"

%-.%"789".$/"78:"(&1(&4&$%"#$02</&"."1-&$32"'()<1,"."$.1-%-32"'()<1,".";#1-&$3232"

'()<1,".$".$%-(32"'()<1,"&%06""D-&".()?.%#0"-3/()0.(;)$"'()<1"?.3";&".$"

.()?.%#0"-3/()0.(;)$"'()<1"-.=#$'"9"%)">+"0.(;)$".%)?46"

" ?>"(&1(&4&$%4"."=.2&$0&")*"."?&%.2"#)$,"%-.%"#4,"#%"=.(#&4"N#%-#$"."(.$'&")*">"

%)"5"/&1&$/#$'")$"%-&"I#$/")*"@6"

" @"?.3";&".$".2<?#$<?".%)?6""O-&$"@"#4".$".2<?#$<?".%)?,"?>"#4" 6"

B++:>C"

F8)$%&$%")*"8)?1)$&$%"F8HH"

" D-&"0)$%&$%"(.%#)")*"%-&"1-)41-)(<4"*2.?&"(&%.(/.$%"F8H"#$"%-&"
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CLAIMS 

[Claim 1] 

A thermosetting resin composition comprising: 

(A) a polyphenylene ether derivative having an N-substituted maleimide 

structure-containing group and a structural unit represented by the following general 

formula (I) in one molecule, wherein the N-substituted maleimide structure-containing 

group is a group containing a bismaleimide structure in which the nitrogen atoms of the 

two maleimide groups bond to each other via an organic group, 

(B) at least one thermosetting resin selected from the group consisting of an epoxy 

resin and a maleimide compound, and 

(C) one alone or three or more of a phosphorus flame retardant: 

  

( R1 )x 

   

     

       

    

(I) 

    

       

wherein RI each independently represents an aliphatic hydrocarbon group having 

1 to 5 carbon atoms, or a halogen atom, and x represents an integer of 0 to 4. 

[Claim 2] 

A thermosetting resin composition comprising: 

(A) a polyphenylene ether derivative having an N-substituted maleimide 

structure-containing group and a structural unit represented by the following general 

formula (I) in one molecule, wherein the N-substituted maleimide structure-containing 

group is a group containing a bismaleimide structure in which the nitrogen atoms of the 

two maleimide groups bond to each other via an organic group, 

(B) thermosetting resin wherein the thermosetting resin is a cyanate resin, and 

(C) two or more of a phosphorus flame retardant: 

( R1)x 

\ 	/ 

wherein RI each independently represents an aliphatic hydrocarbon group having 

0 
	

( I ) 



0 

N 	A1  

0 

0 

  

  

(Z)  

     

0 	Fi 
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1 to 5 carbon atoms, or a halogen atom, and x represents an integer of 0 to 4. 

[Claim 31 

The thermosetting resin composition according to claim 1 or 2, wherein the 

N-substituted maleimide structure-containing group is a group represented by the 

following general formula (Z): 

wherein R2  each independently represents an aliphatic hydrocarbon group having 

1 to 5 carbon atoms, or a halogen atom, y represents an integer of 0 to 4, and Al represents 

a group represented by the following general formula (II), (III), (IV) or (V): 

herein R3  each independently represents an aliphatic hydrocarbon group having 

1 to 5 carbon atoms, or a halogen atom, and p represents an integer of 0 to 4: 

w 

(R4)q 	(R5)r 

I 

wherein R4  and R5  each independently represent an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, AZ represents an alkylene group having 1 to 

5 carbon atoms, an alkylidene group having 2 to 5 carbon atoms, an ether group, a sulfide 

group, a sulfonyl group, a carbonyloxy group, a keto group, a single bond, or a group 

represented by the following general formula (III-1), and q and r each independently 

represent an integer of 0 to 4: 



H2 
CH2 
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	 A3 	 y 

(R6), 	(R7)t 

wherein R6  and R7  each independently represent an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, A3  represents an alkylene group having 1 to 

5 carbon atoms, an isopropylidene group, an ether group, a sulfide group, a sulfonyl group, 

a carbonyloxy group, a keto group or a single bond, and s and t each independently 

represent an integer of 0 to 4: 

( I v) 

wherein n represents an integer of 0 to 10: 

R8  

R9  / 

wherein R8  and R9  each independently represent a hydrogen atom, or an aliphatic 

hydrocarbon group having 1 to 5 carbon atoms, and u represents an integer of 1 to 8. 

[Claim 4] 

The thermosetting resin composition according to any one of claims 1 to 3, wherein 

the structural unit represented by the general formula (I) is a structural unit represented 

by the following formula (I'): 



CH2 

CH2 

H3C 
	

CH3 

( 	

(Rc2)f 

(Rc4)ti  qC (Rc5); 
101 	 \ 

\ 	/ 
(C- 2) 
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[Claim 5] 

The thermosetting resin composition according to any one of claims 2 to 4, wherein 

Al in the general formula (Z) is a group represented by any of the following formulae: 

[Claim 6] 

The thermosetting resin composition according to any one of claims 1 to 5, wherein 

the phosphorus flame retardant (C) is selected from an aromatic phosphate, and a metal 

salt of a disubstituted phosphinic acid. 

[Claim7] 

The thermosetting resin composition according to claim 6, wherein the aromatic 

phosphate is represented by the following general formula (C-1) or (C-2), and the metal salt 

of a disubstituted phosphinic acid is represented by the following general formula (C-3): 

7 	 0 	 0 
(Rcl)e 
	

(RC3
)g 	

(RC2)f  

1 	 II 	 
0 P 0 	

\ /1 
0 	P 0  

2 	 /2 

(C- 1) 

RC6  ° 
P-0 Mm" 
 

	3) 

Rc7  
ml 

wherein Re' to RP each independently represent an aliphatic hydrocarbon group 
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having 1 to 5 carbon atoms, or a halogen atom, Ac represents an alkylene group having 1 to 

5 carbon atoms, an alkylidene group having 2 to 5 carbon atoms, an ether group, a sulfide 

group, a sulfonyl group, a carbonyloxy group, a keto group, or a single bond, e and f each 

independently represent an integer of 0 to 5, g, h and i each independently represent an 

integer of 0 to 4, 

lic8  and lic7  each independently represent an aliphatic hydrocarbon group having 

1 to 5 carbon atoms, or an aromatic hydrocarbon group having 6 to 14 carbon atoms, M 

represents a lithium atom, a sodium atom, a potassium atom, a calcium atom, a 

magnesium atom, an aluminum atom, a titanium atom or a zinc atom, and ml represents 

an integer of 1 to 4. 

[Claim 8] 

The thermosetting resin composition according to any one of claims 1 to 7, wherein 

the maleimide compound as the component (B) is a polymaleimide compound (a) having at 

least two N-substituted maleimide groups in one molecule, or a polyaminobismaleimide 

compound (c) represented by the following general formula (VI): 

0 

A4 N 
	

(VI) 

)rr\l 	A5  NH2  
0 

wherein A' has the same definition as that of Al in the general formula (Z), and A5  

represents a group represented by the following general formula (VII): 

y  

(R17)q, 	(R  18
)r, 

wherein R17  and 1118  each independently represent an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, an alkoxy group having 1 to 5 carbon atoms, a hydroxyl group 

or a halogen atom, A8  represents an alkylene group having 1 to 5 carbon atoms, an 

alkylidene group having 2 to 5 carbon atoms, an ether group, a sulfide group, a sulfonyl 

group, a carbonyloxy group, a keto group, a fluorenylene group, a single bond, or a group 

represented by the following general formula (VII-1) or (VII-2), and q' and r' each 

independently represent an integer of 0 to 4: 

0 

N 

0 

(V I I) 
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	 A9 	 y 

(R19)
5, 	(R20)

t, 

 

  

wherein R19  and R20  each independently represent an aliphatic hydrocarbon group 

having 1 to 5 carbon atoms, or a halogen atom, A9  represents an alkylene group having 1 to 

5 carbon atoms, an isopropylidene group, an m-phenylenediisopropylidene group, a 

p-phenylenediisopropylidene group, an ether group, a sulfide group, a sulfonyl group, a 

carbonyloxy group, a keto group or a single bond, and s' and t' each independently 

represent an integer of 0 to 4: 

(R21 )
w 

 

A10 	A11- 	(V I I- 2 ) 

wherein R21  represents an aliphatic hydrocarbon group having 1 to 5 carbon atoms, 

or a halogen atom, A1.0  and An each independently represent an alkylene group having 1 to 

5 carbon atoms, an isopropylidene group, an ether group, a sulfide group, a sulfonyl group, 

a carbonyloxy group, a keto group, or a single bond, and w represents an integer of 0 to 4. 

[Claim 9] 

The thermosetting resin composition according to any one of claims 1 to 8, wherein 

the content ratio of the component (A) to the component (B) [(A)/(B)] is from 5/95 to 80/20 

by mass. 

[Claim 10] 

The thermosetting resin composition according to any one of claims 1 to 9, further 

comprising an inorganic filler (D). 

[Claim 11] 

The thermosetting resin composition according to any one of claims 1 to 10, further 

comprising a curing accelerator (E). 

[Claim 12] 

The thermosetting resin composition according to any one of claims 1 to 11, further 

comprising an organic solvent. 

[Claim 13] 

A prepreg comprising the thermosetting resin composition of any one of claims 1 to 

12 and a sheet-form fiber reinforced substrate. 
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