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CYANATE RESI N COVPOSI TI ON AND COPPER- CLAD LAM NATE The present |2¥§8
relates to a cyanate 5 resin conposition, a cyanate conpound a @$r%{
copper-cl ad | am nate produced using the same. Al nobst all substrates for
printed circuit boards are nade from adducts of bisnaleimde 10
conpounds and ami ne conpounds or a comrbitnation of bi sphenol epoxy resins
and di cyandi am de, which are thernnsetting resin conpositions for electric
ahd el ectronic uses rcuit are_ being directed to
nul tiple |ayered on@?ANATK F@&GNrGﬂ@ﬁ?SEBION AP ¢QEPER-¢LABe used is that
they have dielectriciaonygrt as | ow as possible i'n order mainly to inprove
si gnal propagation speed. One of conventional ways to this effect is
addition of thernoplastic resins having | ow dielectric constant to therno-
20 setting resins. Theopeesent ihbentmahhﬁdlahes teuahcganatigant age
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laminate produced using the same .

Almost all substrates for printed circuit

boards are made from adducts of bismaleimide

10 compounds and amine compounds or a combination of
bisphenol epoxy resins and dicyandiamide, which are
thermosetting resin compositions for electric and

electronic uses. The circuit boards are being
directed to multiple layered ones. A requirement
15 for resins to be used is that they have dielectric

constant as low as paossible in order mainly to
improve signal propagation speed. One of conventional
ways to this effect is addition of thermoplastic
resins having low dielectric constant to thermo-

20 setting resins. However, this method has such
disadvantage that heat resistance of the thermosetting
resins is damaged. Demand for practically usable

resins having low dielectric constant has not yet
been sufficiently satisfied.

25
Under the circumstances, cyanate resins
have been developed (e.qg. DE-A-2533122
and WO-A88/05443). Cyanates
which are familiar at present include dicyanates of
30 bisphenol A. Although these cyanates have relatively

low dielectric constant, recent high advance of

computer techniques requires materials having
lower dielectric comnstant.
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been sufficiently satisfied. 25 Under the -circunstances, cyanate resins
have been devel oped (e.g. DE- A- 2533122 and

WO A- 88/ 05443) . Cyanates which are famliar at present include dicyanates
of¢ 30 bi sphenol A. Al though these cyanates have relatively | ow

di el ectric constant, recent high advance &f~-conputer t echni ques

requires materi al s havi ng | ower dielectric constant. 35 -2- 1t is

t he object of the present invention to provide a cyanate 5 resin
conposition fromwhich a copper-clad |am nate having dielectric constant

| ow enough and practically accept abl e heat resi stance w thout

damaging properties  oft j§OPNENGLPERL of CORPSSr&ddft invention to
provide a cyanate
5 resin composition from which a copper-clad laminate
having dielectric constant low enough and
practically acceptable heat' resistance without
damaging properties of conventional copper-clad

laminates.can be produced. A further object of the present

10 . . . . . . :
invention is to provide a copper-clad laminate using said

¢ cyanate resin composition.

That is, the present invention relates to
the following cyanate resin compositions (1) - (2), the
15 cyanate compound (3) and copper-clad laminates (4) using the same.
(1) A cyanate resin composition comprising
(A) and (B) as essential components:
{(A) a cyanate compound represented by the
following formula (1):

20
NCO OCN
M ceessesaae (1)
25 .
(R} (Q)J
30 wherein R and Q each represents a halogen atom, an

alkyl group of 1-10 carbon atoms, a cycloalkyl
group of 5-7 carbon atoms or a hydrocarbon group of
6-20 carbon atoms which contains a cycloalkyl group
of 5-7 carbon atoms, i and j each represents an
35 integer of 0-4 with a proviso that, when ‘i and 3
represent 2 or more, R and Q may be identical or

h...
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| am nat es. can be produced. A further object of the present 10 I nvention
Is to provide a copper-clad |am nate using said cyanate resin conposition.
That is, the present invention relates to the follow ng cyanate resin
conpositions (1) - (2), the 15 cyanate conpound (3) and copper-cl ad

| am nates (4)using the sane. (1) A cyahate resin conposition
conprising (A) and (B) as essential conponents: (A a cyanate conpound
r épresent ed bé' the following formula (1): 20 [err] 30 wherein R
and Q each repPiEEareny h%‘l“?)gg‘h Fepresentsal Ry| 95PBEp SROWD 1P arldh at ons,
a cycl oal kyl gfeupoRing- foe@ab@n(2jons or a hydrocarbon group of 6-20

carbon atons which contains a cycloal kyl group of 5-7 carbon atons, i and |
each represents an 35 integer of 0-4 with a proviso that, when i and |
represent 2 or nore, R and Q nay be identical or
5
O+Q Q-0
10 (T)y (T (Tf)m
.......... (2)
15 wherein T represents a halogen atom, an alkyl
group of 1-10 carbon atoms, a cycloalkyl group of
5-7 carbon atoms or a hydrocarbon group of 6-20
carbon atoms which contains a cycloalkyl group of
5-7 carbon atoms, k represents an integer of 0-10
20 and m represents an integer of 0-8 with a proviso
that, when k or m represents 2 or more, T may be
identical or different
and
(B) a hardener.
25 (2) A cyanate resin composition comprising

the above (A) and (B), and additionally (C) as
essential components, said (C) being at least one of
a brominated epoxy compound, a maleimide compound,
a prepolymer of the brominated epoxy compound and a
30 prepolymer of the maleimide compound.
(3) A cyanate compound represented by the
following formula (3):

35



-3- different and Mrepresents a group shown by the followi ng fornmula (2):
5 [err] 15 wherein T represents a halogen atom an al kyl group of
1-10 carbon atons, a cycloal kyl group of 5-7 carbon atons or a hydrocarbon
gfoup of 6-20 carbon atons which contains a cycloal kyl group of 5-7 carbon
atoms, k represents an integer of 0-10=2@ - and mrepresents an integer of
0-8 with a proviso that, when k or mrepresents 2 or nore, T nay be
identical or different and (B) a hardener. 25 (2) A cyanate
resin conposition conprising the above (A) and (B), and
additionally (C asy@psential conponents, genNd (C) being at |east one of
a brom nated epoxy cofrpounds a nal ei m de condound, a prepolynmer of the
brom nat ed epoxy co d and pyep of the nmal ei m de conpound.

.......... (3)

(R) (Q)

wherein R, Q, i and j are as defined in the formula
10 (1). The compounds of formula (3) are novel compounds.

(4) A copper-clad laﬁinate prepared by heat
molding a copper foil and a prepreqgq obtained by
impregnating a substrate with a solution of the
cyanate resin composition of the above (1) or (2)

15 in an organic solvent.

The present invention is explained in
detail below.

20 The cyanate compounds of the present
invention are obtained by subjecting a bisphenol
represented by the following formula (4):

25
HO - OH

(R}, _ Q)

30

wherein R, Q, M, i and j are as defined £for the

formula (1), and a cyanogen halide such as cyanogen
35 chloride or cyanogen bromide to dehydrochalogenation

reaction in a suitable organic solvent in the



(3) A cyanate conmpound represented by the following fornmula (3): 35
-4- [err] wherein R, Q i and j are as defined in the fornmula 10 (D).
The conpounds of forrmula (3) are novel conpounds. (4) A copper-cl ad

| afinate prepared by heat nolding a cqpper foil and a prepreg obtained
by inpregnating a substrate with a solution of the cyanate resin

conposition of the above (1) or (2) 15 I n an organi c solvent. The
present invenh}ggenéé ofXp I gh&ed in detail below 20 The
cyanate conpounds of the present invention are obtained by subjecting a

bi sphenol represented by the following fornula (4): 25
The bisphenocl may be any of those which

are obtained by known processes.

5
As . the processes for producing the
bisphenol, mention may be made of, for example,
allowing limonene, dipentene, a cyclohexanone
derivative or a cyclchexenone derivative to react
10 with a phenol in the presence of an acid catalyst.
The process is not limitative.
The phenol used above includes compounds
having one phenolic hydroxyl group. Examples of the
15 phenol are phencl; halogenated phenols such as

2-bromophencl and 2-chlorophenol; alkyl-substituted
phenols such as o-cresol, m-cresol, p-crescl,
2-ethylphenol, 2-octylphenocl, 2-nonylphenol,
2,6-xylenol, 2-t-butyl-5-methylphenol, 2-t-butyl-4-

20 methylphenol, 2,4-di(t-butyl)phenol, 2-t-butylphenol,
2-sec~butylphencl and 2-n-butylphenol or position
isomers theréof; and cycloalkyl-substituted phenols
such as 2-cyclohexylphenol, 4-cyclohexylphenol and
2-cyclochexyl-5-methylphenol or position isomers

25 thereof. These are not limitative. Among these
phenocls, preferred are phenol, o-cresol, m-cresol,
p-cresol, 2,6-xylenol, 2-t-butyl-5-methylphenol,
2-t-butyl-4-methylphencl, 2,4-di{t-butyl)phenol,
2-cyclohexyl-5-methylphenol, 2-t-butylphenol, 2-sec-

30 butylphenol, 2-n-butylphencl, 2-cyclohexylphenol and
4-cyclohexylphenol.

As examples of the cyclohexanone
derivative used here, mention may be made of
35 cyclohexanone; halogenated cyclohexanones such as
2-bromocyclohexanone and 2-chlorocyclchexanone;



[err] wherein R, Q M i and j are as defined for ‘tthe fornula (1), and a
cyanogen hal i de such as cyanogen 35 chl oride or cyanogen brom de to
dehydr ohal ogenation reaction in a suitable organic solvent in the - 5-
presence of a base. The bi sphenol may be any of those which are obtai ned by
known processes. 5 As t he processes™ ©for pr oduci ng t he bi sphenol,
mention may be nade of, for exanple, allomﬁng IinDnene di pent ene, a

cyel ohexanone, dhYaLiNe: Mol ABEINE dPriudl e d gl 10 Wt

limtative. Theypheihekansmes, abeu&thym&ynkﬁhexnnnnﬁukn4mahhx;dyuacphenoIic

hydr oxyl grOuDheggg@Ré?SZ£§S$£§%pylcyclohexanone, 3-isopropyl-
cyclohexanone, 4-isopropylcyclchexanone, 2-n-butyl-

5 cyclchexanone, 3-n-butylcyclohexanone, 4-n-butyl-
cyclohexanone, 2-sec-butylcyclohexanone, 3-sec-
butylcyclohexanone, 4-sec~butylcyclchexanone, 2-
isobutylcyclohexanone, 3-isobutylcyclohexanone, 4-
isobutylcyclohexanone, 2-t-butylcyclohexanone, 3-t-

10 butylcyclohexanone, 4-t-butylcyclchexanone, 2,6-
dimethylcyclohexanone, 2,4-diisopropylcyclohexanone,
3,5-diisopropylcyclohexanone, 2,4-di(t-butyl)-
cyclohexanone, 3,5-di(t-butyl)cyclobexanone, 2-t-
butyl-6-methylcyclohexanone, 3,3,5-trimethylcyclo-~

15 hexanone, 3,3,5,5-tetramethylcyclohexanone and
2,4,6~tri(t-butyl)cyclchexanone, or position isomers
therecf; and cycloalkyl-substituted cyclohexanones
such as 4-cyclopentylcyclohexanone, 4-cyclohexyl-
cyclchexanone and 4-~cyclohexyl~2-methylcyclohexanone,

20 or position isomers. These are not limitative.

Among these cyclohexanone derivatives, preferred
are cyclohexanone, 2-sec-butylcyclchexanone,
3-sec—-butylcyclohexanone, 4-sec-butylcyclohexanone,
2-isobutylcyclohexanone, 3-isobutylcyclohexanone,

25 4-iscbutylcyclohexanone, 2-t-butylcyclohexanone,
3-t-butylcyclohexancne, 4-t-butylcyclohexanone,
2,6-dimethylcyclohexanone, 2,4—diisopropy1—
cyclohexanone, 3,5-diisopropylcyclohexanone,
2,4-di(t-butyl)cyclohexanone, 3,5-di(t-butyl)-

30 cyclohexanone, 2~t-butyl~-6-methylcyclochexanone,
3,3,5~trimethylcyclohexanone, 3,3,5,5-tetramethyl-
cyclohexanone, 2,4,6-tri(t-butyl)cyclohexanone and
4-cyclohexylcyclohexanone.

35 As examples of the cyclohexenone
derivatives, mention may be made of 2-cyclohexenone,



15 phenol are phenol; hal ogénated phenols such as 2-bronophenol and
2-chl or ophenol ; al kyl -substituted phenols such as o-cresol, mcresol,
p-cresol, 2-ethyl phenol, 2-octyl phenol, 2-nonyl phenol, 2,6-xylenol,
2-t-butyl -5-nmet hyl phenol, 2-t-butyl-4- 20 met hyl phenol ,

2, 4-di (t-butyl)phenol, 2-t-butyl phenol ;- 2Z- sec-butyl phenol and

2-n-butyl phenol or position isoners thereof; and cycl oal kyl -substituted
phenol s such as 2-cycl ohexyl phenol cIohexyIphenoI and

2- cycl ohexyl - RTREFAANRTRERSANE 0P31°§6§P¥¢€n cy¢lohpranones  suchy off.

These alre not Siﬂxfﬁdoﬁz'dtﬁrclohe%&m:e hmlse-&h?agbsz-a&enahéggnﬁﬁe lohenol,

O-Cresol , mcreso cre eno y no

2t -but yi - e e hheseRoRERo Ptk a5 2 Rethyl 3"

2-cyc|ohexyl-5cf&adnéxeﬂhn§n 6émdtﬂyuagknbeu@hsxénmae— 40isoplopyllphenol ,

2- n- but yl phen clohex | p h 0l 4 _ps exanpl es of
e SR L EE T R e T

t he cycl ohexa € ‘use f 35
cyclohexanone,bﬁtﬂkmﬂ%ﬁﬂ&&bhﬂﬂﬁnﬂns%an@m@@ﬂsuwn.ag-ge&hwﬁnéycIohexanone and

2- chl or ocycl ohex@/¥iexenone, 6-methyl-3-cyclohexencne, 4-isopropyl-
3-cyclohexenone, 4-isobutyl-3-cyclohexenone, 4-t-
butyl-3-cyclohexenone and 3, 3,5-trimethyl-3-

10 cyclohexenone, or position isomers therecf; and
cycloalkyl~-substitnted cyclohexenones such as 4-
cyclohexyl-2-cyclohexenone, 4-cyclohexyl-3-
cyclohexenone, 4-cyclopentyl-2-cyclohexenone and
4-cyclohexyl~-6-methyl-2~cyclohexenone, and position

15 isomers thereof. These are not limitative. Among
these cyclobhexenone derivatives, preferred are 2-
cyclohexenone, 4-isopropyl-2-cyclohexenone, 4-
isobutyl-2-cyclohexenone, 4-t-butyl-2-cyclohexenone,
3,3,5-trimethyl~-3-cyclohexenone, 2-methyl-3-

20 cyclohexenone, 6-methyl-3-cyclohexenone, 4-isopropyl-
3-cyclohexencne, 4-isobutyl-3-cyclohexenone, 4-t-
butyl-3-cyclohexenone, isophorone, 4-cyclohexyl-2-
cyclohexenone and 4-cyclohexyl-6-methyl-2-
cyclohexzenone.

25

As the hardener for the resin composition
of the present invention, there may be used known
ones. Examples are protonic acids such as
hydrochloric acid and phosphoric acid; Lewis acids

30 such as aluminum chloride, boron trifluoride and
zinc chloride; aromatic hydroxy compounds such as
phenol,  pyrocatechol and dihydroxynaphthalene;
organic metal salts such as zinc naphthenate, cobalt
naphthenate, tin octylate and cobalt octylate;

35 tertiary amines such as triethylamine, tributylamine,
quinoline and isoquinoline; quaternary ammonium salts



-6- al kyl -substituted cycl ohexanones such as 2-nethyl - cycl ohexanone,
3-net hyl cycl ohexanone, 4-nethyl cycl o- hexanone, 2-isopropyl cycl ohexanone,
3-isopropyl - cycl ohexanone, 4-isopropyl cycl ohexanone, 2-n-butyl- 5

cycl ohexanone, 3-n-butyl cycl ohexanone, 4-n-butyl- cyclohexanone,

2-sec- butyl cycl ohexanone, 3 sec- butyIcy@Iohexanone

4-sec-butyl cycl ohexanone, 2- |sobutylcyclohexanone

g {?o?gtylc%ﬁ{oQ§§anoHe 4- : QE%%%B§¥§:g§§é%H hBﬁ %eg Ig¥flohexanone

di et hyl cycl olenasorninen 2btedude@propgidamdhﬂexanamdlum hydroxide,

310 di (¢ buty b SR ate O bhi gtk AL 6YT OTEETBERR L amine,

3,3, 5- tr|nethydx%&ﬁh&cxnio-(2h8x3ﬁcﬂ§t3383 Hpanpéﬂnswe@ﬁ9ﬂuyapéh9§anone and
2

c

3
4,6-trigt- 3& Ry EhiROSidd ONahd OMekiphBRyEBhosplfne
cl oal kyl - substltute cycl ohexanaones

and mlxtures thereof. Organic metal salts such as

ycl
zinc naphthenate, cobalt cctylate and tin octylate
are preferred from the points of dissclvability
with resins and reactivity.
10
The maleimide compounds used in the
present invention are those which have two or more
N-maleimide groups in the molecule and may be
produced by any processes. Preferred are those
15 which are represented by the following formula (5):

o o

20 ﬁN_@. " ‘Q_N@ ...... (5)
. !
o) ' "0

25
’ wherein X is a group represented by the following
formula (6), (7), (8}, (9), (10) or (11):

30
— 0 O—  cens. cecees (6)

35



such as 4-cyc|opentylcycIohg“_a“:ngsn%HE@HASE(EEN | - cyelohexanone and
4- cycl ohexyl - 2- net hyl cycl ohekx 0 positio Nes e
not linitative. Anong thesel__cycREREAGEBne dfri vat J§§QHRﬂ§W%HHP'€@F e
cycl ohexanone, 2-sec-butyl cycl ohexanone, 3-5ec- butyl yyh@hexanone

4-sec- butyl cycl ohexanone, 2-isobutyl cycgobexanone, 3::&&&&&Trvﬁr0hexa ne,
25 4-i sobut yl cycl ohexanone, 2-t-butyl cycl ohexanone,
3-t-butyl cycl ohexanone, 4-t-butyl cycl ohexanone, 2, 6-di nethyl cycl ohexanone,
2, 4-diisopropyl - cycl ohexanone, 3, 5- diisopropylcyclohexanone,

2,4-di (t-butyl)cycl ohexanone, 3, 5-di (t-butyl)- cycl ohexanone,
2-t-butyl-6-nethyl cycl ptre cyclohexanone
3,3,5,5-tetramethy}- but yl ) cycl.ohexanone an®)
4- cyclohexylcyclohexa\~ arpl-es- of the

2- cycl ohexenone,

5
—0 Q ——— tes s e s s e (9)
n-Pr
10 — . —— e (10)
2
— OM o— Ceeeenaae (11)
15
The cyanate compounds, brominated epoxy
compounds and maleimide compounds used in the
present invention may be used in the form of
prepolymers. The prepolymers are produced by heat-
20 ing the compounds each alone or mixtures thereof
in the presence of the hardener described above.
When flame r.etérdancy is imparted to the
copper-clad laminate, for example, a brominated
25 epoxy compound is added to the composition so that

bromine content is in the range of 5-25%. Consider-
ing easiness in availability and economical
advantage, the brominated epoxy compounds usable
include, for example, glycidyl ether of tetrabromo-

30 bisphenol A and glycidyl! ether of Dbrominated
phenol novolak, but these are not limitative.

Furthermore, as far as the present
advantage is not damaged, there may be additionally
35 used other thermosetting resins. Examples are

epoxy resins such as diglycidyl ethers ofmjﬁ§g§gpq;hn_“w""_“

This Sheet Has Been Replace

.




-7- 3-cycl ohexenone; hal ogenated cycl ohexenones such as

6- br ono- 2- cycl ohexenone and 6-chl oro- 2- cycl ohexenone; al kyl -substituted
cycl ohexenones such as 2-nethyl -2- cycl ohexenone, 6-nethyl-2-cycl ohexenone,
4+ sopropyl - 5 2- cycl ohexenone, 4-isobutyl -2-cycl ohexenone, 4-t-

butyl - 2-cycl ohexenone, isophorone, 2-nefhyd-3- cycl ohexenone,

6- et hyl - 3-cycl ohexenone, 4-isopropyl- 3-cycl ohexenone,

4-i sobut yl - 3-cycl ohexenone, 4-t- butyl-3-cycl ohexenone and

3,3,5-trimethyl -3 49 bispisédlexa@nonN@ndor gPEidyDN Iy S dfhepheholand
cycl oal kyl -substitut cyclohexenoges suc

d S 4- e
cyclohexyl-2-cycP8ﬁ8§3ﬁon8F 45EGEP he?ﬁrpg§ﬁéycFgﬁéﬁéﬂﬂnePOIYmers of
4-cycl opent yl - 2- bichmaheimides withd diemihehexpmpbumdshy| a2kengllaktgtenone,

fhese cycl ohexenSiEehor SRl coch ap il ard ey RSB HE
4-i sopropyl 52- cybispbeBadna, on- t¢bohrgrcl?isphendic¥encnd vinyl-
d-t-butyl - 2- cycl gBaxeRoaenes, de a4 1 lRidhis @fféx%h{i?&%%%: 219ghyy! - 3- 20
cycl ohexenone, 6-nethyl-3-cycl ohexenone, 4-1sdpropyl -
ether resins such as dipropargyl ethers of bisphenol
A or tetrabromobisphenol A, and propargyl ether of
diaminodiphenylmethane; and furthermore, phenclic
10 resins, resol resins, allyl ether compounds, allyl-
amine compounds, triallyl cyanurate, and vinyl
group~containing polyolefin compounds. These are
not limitative. Thermoplastic resins may also be
added. Examples are polyphenylene ether, poly-
15 styrene, polyethylene, polybutadiene, polyimide and
modified products thereof. These are not limitative.
These resins may be used by incorporating into the
cyanate resin compositions of the present invention,
or by previously allowing them to react with the

20 cyanate resins.

Known additives such as flame retardants,
releasing agents, surface treating agents and
fillers may be added to the compositions. Examples

25 of the flame retardants are antimony trioxide and
red phosphorus, those of the releasing agents are
waxes and zinc stearate, those of the surface
treating agents are silane coupling agents, and
those of the fillers are silica, alumina, talc, clay

30 and glass fibers.

The copper-clad laminate of the Present

invention is produced by known methods. That is, a

substrate is impregnated with a resin Vvarnish

35 prepared Dby dissolving the thermosettingd resin
composition of the present invention or a prepOlymer



3-cyc|ohekenone, 4-i'sobut yl - 3- cycl ohexenone, 4-t- Butyl-3-cycl ohezenone,
| sophorone, 4-cycl ohexyl -2- cycl ohexenone and 4-cycl ohexyl - 6- net hyl - 2-
cycl ohexenone. 25 As the hardener for the resin conposition of the present

i ivention, there may be used known ones. Exanples are protonic acids
such as hydrochloric acid and phosphoriyg acid; Lewis acids 30 such as
al um num chloride, boron trifluoride and zinc chloride; aromatic

hydr oxy conpounds such as phenol, pyr ocat echol and

di hydr oxynapht hthereof origanas netganial tsolsent aandi ncheapmpregnaded obal t
napht henat e, .“Quﬂgﬁ‘%@%e god %%Q%'—Ftr%ﬁttéhateé S%btalg! t har %z%?z% > such
as triethylamne, tributylam ne, quinoline anéjlsqu|noI|ne; quat ernary

ammoni um sal t s Thergaftemh atheet PABPAPHam®Rd urd chFPPEE afBilet AHSUt yI -

laminated and heat-molded to make a copper-clad
S laminate.

The organic solvent used is selected £from
one or mixtures of acetone, methyl ethyl ketone,
methyl isobutyl ketone, ethylene glycol monomethyl

10 ether, propylene glycol monomethyl ether, toluene,
xylene, N,N-dimethylformamide, dioxane, tetrahydro-
furan and the like.

The substrate to be impregnated with
15 resin varnish includes, for example, woven or
nonwoven fabrics or mats comprising inorganic
fibers or organic fibers such as glass fibers,
polyester fibers and polyamide fibers and papers.
These may be used each alone or in combination of

20 two or more.

The heat-treating conditions for making
the prepreg are selected depending on varieties
of solvents, catalysts and additives used and

25 amounts thereof, but wusually at 100-200°C for 3-30
minutes.

The heat-molding conditions include, for

example, hot press molding conducted at 150-300°C,

- 30 under a molding pressure of 10-100 kg/cm® for
20-300 minutes.

The following examples are illustrative
of the invention. They should not be construed as
35 . limiting the invention in any manner.



ammoni um brom de; I m dazol es; sodi um hydroxi de, sodium nethyl ate,
triethyl am ne, tributylam ne, diazabicyclo-(2,2,2)-octane, quinoline,

i soqui noline, 5 tetraet hyl ammoni um chloride and triphenyl phosphine
and m xtures thereof. Organic netal salts such as zinc naphthenate,
cobalt octylate and tin octylate are pref ered fromthe points of

di ssolvability with resins and react|V|t§ 10 The nal ei mde conpounds
used in the present invention are those which have two or nore

N-mal ei m de group§etgr5{@bﬁngfgﬁgp§ gnd may be produced by any processes.
Preferred are those whi ch are represented {Bthe follow ng formula

(5): [err] wherein X i s a Phbtpexappiecfancampst HeitR| peRPagataprulef (6),
(7), (8), (9), (101-pis(4ydsky-F-methylphenyl )cyclohexane which

is a starting material for the cyanate compound
5 used in the present invention.

Cyclohexanone (147.3 g, 1.50 mol) was

charged in a reactor equipped with a thermometer, a
stirrer and a condenser and dissolved in o-cresol

10 (648.6 g, 6.00 mol). Concentrated hydrochloric acid
(600 g) was added thereto, followed by stirring at
60°C for 10 hours. After completion of the
reaction, toluene was added to the reaction mixture
and the resulting precipitate containing a

15 condensate of o-cresol and cyclohexanone was
collected by filtration. The thus obtained
precipitate was washed with water to remove
hydrochloric acid to obtain the desired bis-o-
cresolhexane (222 g). FD~MASS spectrum of the

20 product showed that it had. a molecular weight of
296 and a melting point of 190-195°C.

Preparation Example 2
This example concerns with preparation of
25 1,1-bis(4-cyanatophenyl )cyclohexane which is the
cyanate compound used in the present invention.

1,1-Bis(4-hydroxyphenyl )cyclohexane

(Antigen W manufactured by Sumitomo Chemical Co.,
30 Ltd., 200 g, 0.75 mol) as a starting material was .

dissolved in acetcone (1,200 g) and the scolution was

cocled to -2°C. Cyanogen chloride (90.1 ml, 1.79

mol) was added to the solution and thereto was

added dropwise triethylamine (158.6 g, 1.57 mol)
35 over a period of 1 hour with taking care that the

reaction temperature did not rise to higher than 0°C.



- -9- [err] 15 The cyanate conpounds, brominated epoxy conpounds and

mal ei m de conpounds used in the present invention may be used in the form
of prepol yners. The prepol yners are produced by heat- 20 ing the
cdnpounds each alone or mixtures thereof in the presence of the hardener
descri bed above. Wien flane retardancy-i 83irparted to the copper-clad

| am nate, for exanple, a brom nated- 25 epoxy conpound is added to the
conposition so that bromi ne content is in the range of 5-25% Consider- ing
easiness in Afk8T aFeRRletiomd ofecéheni @ddiddemnt agde t heedFERPRat ed

ggoxy g_orrpgundls nbmﬁh.%i@ﬂlsudﬁepfzoraéﬁaﬁméec}g @Bwsi@fl negi*g[] qulit etnailarckwm-
i spheno a al.ycidy et her rogi nate enol noyol ak,
but these are ncﬂﬁiqtrﬁrhde‘{ﬁ .Ct’lit‘h’:PﬁQFﬁ’or(épg 9ls E)Pé?s. “ﬁge_ r?‘ﬁ%vegpresent
advant age i s notbglanfijktiratimn e angd beheddidesidakel y was washed with
5 water. The solvent was evaporated under reduced
pressure to obtain a red liquid product (207.1 g).

It was confirmed by infrared absorption
spectrum of the resulting cyanate compound that
10 absorption 3,200-3,600 cm-' of phenolic OH dis-
appeared and it had an absorption of 2250 cm ' of
nitrile of cyanate.

Preparation Example 3

15 This example concerns with preparation of
1,1-bis{4-cyanato-3-methylphenyl )cyclohexane which
is the cyanate compound used in the present
invention.

20 The Dbisphenol obtained in Preparation

Example 1 (200 g, 0.68 mol) was dissolved in acetone
(600 g) and the solution was cooled to -5°C.
Cyanogen chloride (81.6 ml, 1.62 mol) was added to
the solution and thereto was added dropwise

25 triethylamine (143.6 g, 1.42 mol) over a period of
1 hour with taking care that the reaction
temperature did not rise to higher than 0°C. After
completion of the addition, the reaction mixture
was kept at 2-5°C for 1 hour and then diluted with

30 chloroform (500 g). Salts were removed by
filtration and the residue was washed with water.
The solvent was evaporated under reduced pressure
to obtain a red resinous product (233.8 g).

35 It was confirmed by infrared absorption
spectrum o0f the resulting cyanate compound that



35 used other ~ thernosetting resins. Exanpl es are epoxy resins
such as diglycidyl ethers of bisphenol - 10 - A or bisphenol F, and

gl ycidyl ethers of phenol novol ak or cresol novol ak; addition polyners of
brsmal ei m des wi th di am ne conpounds; al kenyl aryl ether resins such as

bi svi nyl benzyl ethers of 5 bi sphenol or tetrabronobi sphenol A, and
vi nyl - benzyl ether of 4,4'-diam nodi phenyl net hane; al kynyl ether resins
stuch as di propargyl ethers of bisphenol A or tetrabronobi sphenol A, and

propar gyl et heraBEoQb@ﬁbﬁodl Qbenyl @haae; ofaﬁgﬂen‘f,y{&f“@grmre phenolic 10
resins, resol resins et her npounds am ne conpounds,

triallyl cyanuﬂ&?éppeaﬁﬁé %‘P‘Hylltgrbéﬁ ht &PﬁPHQtJ-BBI yof efd 0 c6Mpbunds.
These are not olfi Aitatileeof cyhnagepl astic resins may al so be added.
Exanpl es are pol yphenyl ene et her, poly- 15 styrene, polyethyl ene,
pol ybut adi ene, polyimde and

5 Preparation Example 4

This example concerns with preparation of
N,N'-bis(4-aminophenoxyphenyl )Jmenthanebismaleimide
which is the maleimide compound used in the present
invention.

10

Maleic anhydride (237.3 g) and chloro-
benzene (2,373 g) were charged in a 5 liter four-
necked flask and stirred under a nitrogen stream
to dissolve maleic anhydride. YP-90 (reaction

15 product of dipentene with phenol manufactured by
Yasuhara Chemical Co.; hydroxyl equivalent: 162
g/eq) was allowed to react with p-chlorcbenzene and
the reaction product was reduced to obtain
(4-aminophenoxyphenyl Jmenthane. A solution prepared

20 by dissolving the resulting (4-aminophenoiyphenyl)-
menthane in dimethylacetamide (DMAc) (adjusted to
34.3% by weight in concentration) (1,625.1 g) was
added dropwise to the above flask at 25 * 5°C over a
period of 2 hours by a dropping funnel. The

25 reaction was allowed to proceed at 35°C for 2 hours
to complete the formation reaction of amic acid.

Then, p-toluenesulfonic acid . monohydrate
(10.46 g) was added to the reaction product and
30 dehydration-cyclization reaction was carried out at
100°C for 1 hour and 110°C for 1 hour with
conducting azeotropic dehydration under reduced
pressure and subsequently at 135°C for 4 hours
with gradually returning the pressure to normal
35 pressure. The reaction was allowed to proceed with
removing the produced water out of the system using



i fied products thereof. These are not linitative. These resins may be

fised by incorporating into the cyanate resin conpositions of the present

i nvention, or by previously allowing themto react with the 20 cyanat e
resins. Known additives such as flanme retardants, releasing agents,
surface treating agents and fi'Lﬁﬁ% may be added to the conpositions.
Exanpl es 25 of the flane retardants ""are antinony trioxide and red
phosphorus, those of the rel easing agents are waxes and zi nc stearate,

those of the sujdaeestdBatddithlQ.s are silane coupling agents, and those
of the fillers are silica, alumna, talc, clay 30 and gl ass fibers. The

copper-clad |Iam nate of the present invention is produced by known nethods.
That is, a substrate s THeW eghabeBbetzbhie dand eHdtcesyiVelly 3bMAC

prepared, B sng! Ulogle LTRSS b5 GoBRIRF " uBhek
reduced pressure. Then, methylisobutyl ketone
(MIBK) (2,200 g) was added to dissolve the residue.
The resulting solution was cooled to 60°C,
neutralized by adding thereto sodium bicarbonate in
an amount weighed so as to adjust the pH of the
10 aqueous layer to 5-7 and water (1,000 g) and
subjected to washing and separation twice.
Furthermore, this was subjected to washing and
separation twice with 15% aqueous sodium chloride
solution (1,000 g) at 60°C and then subjected to
15 azeotropic dehydration under reduced pressure, and
the salts were removed by filtration. The filtrate
was concentrated under reduced pressure and the
product in molten state was taken out of the flask
after the conditions in the system finally reached
20 150°C/5 Torr to obtain a light brown solid (724 q)
(yield 98.7%). Gel permeation chromatography showed
that it contained 95% of N,N'-bis{4-aminophenoxy-
phenyl Jmenthanebismaleimide and 5% of polymeric
component.
25
Properties of the product are shown below.
mass spectrum M+ = 666
melting point 96 - 98°C
1H-NMR spectrum
30 §: 0.6 - 2.1_ppm (m, aliphatic),
2.8 ppm (m, methine),
6.8 ppm (s, imide group),
6.9 - 7.4 ppm (m, aromatic),
Infrared absorption spectrum:
35 1,238 cm-' (ether bond),
1,712 cm~! (imide bond).



thereof in an organic solvent and the inpregnated substrate is heat-treated

to obtain a prepreg. Thereafter, the prepreg and a copper foil are
| am nat ed and heat-nol ded to make a copper-clad 5 | am nate. The organic
solvent used is selected fromone or m xtures of acetone, nethyl ethyl
ketone, methyl isobutyl ketone, ethylengglycol nononmethyl 10 et her

propyl ene glycol nononethyl ether, toluene, xylene,

N, N- di et hyl f or mam de, di oxane, tetrahydro- furan and the |ike. The
substrate to be inpregnated wth 15 resin varnish includes, for
exanpl e, wove NWOV abrics or mat s conpri sing

i norgani ¢ fibergrﬁPaﬁ? éﬂ?cgf?Tﬁi% éuch as glass fibers, polyester fibers
and pol yam de f| bers and Phper exalipdee nmycﬂmsxsmitbacﬂ:u‘edamtmni of

combi nat i on of %}ﬁgnﬁéh&?éf%@ 5 PR St Qs b TRk N

t he prepreg are se ec pen
which is the polymalelmlde compound used in the

present invention.

The procedure of Preparation Example 4
was repeated except for using a solution (932.9 g)
10 {concentration: 34.3%) prepared by dissolving in
DMAc bis(4-aminophenoxyphenyl )dicyclopentane
derived from DPP-600T (manufactured by Nippon 0il
Co., Ltd.) in place of bis({4-aminophenoxyphenyl }-
menthane derived £from YP-90 (reaction product of
15 dipentene and phenol; hydroxyl equivalent: 162 g/eq
manufactured by Yasuhara Chemical Co., Ltd.) ¢to
obtain bis(4-aminophenoxyphenyl Jdicyclopentane-
bismaleimide (191.7 g, vyield 97.4%) as a vyellow

crystal.
20
Properties of the product are shown below.
mass spectrum M+ = 662, 1060
1H-NMR spectrum
§: 1.0~ 2.5 ppm (m, aliphatic),
25 ) 2.7 ppm (m, methine),
6.8 ppm (s, imide group),
6.6 - 7.3 ppm (m, aromatic),
Infrared absorption spectrum:
1,222 cm~! (ether bond),
30 1,712 cm! (imide bond).

Preparation Example 6
This example concerns with preparation of
N,N'-bis[4-(4-aminophenoxy)-3, 5-dimethylphenyl ]-
35 dicyclcopentanebismaleimide which is the polyaleimide
compound used in the present invention.



of solvents, catalysts and additives used and 25 ° anounts thereof,
but usually at 100-200[err]C for 3-30 m nutes. The heat-nol ding conditions
i nclude, for exanple, hot press nolding conducted at 150-300[err]C, 30
under a nmolding pressure of 10-100 kg/cnferr] for 20-300 m nutes.
The followi ng exanples are illustrative qf the invention. They shoul d not
be construed as 35 limting the invention in any nanner. - 12 -
Preparati on Exanple 1 This exanpl e concerns with preparation of
1, 1- bi s(4- hydr oxy- 3- net hyl phenyl ) cycl ohexane which is a starting
material for the cyanate conpound 5 used igﬁéhg present |nvention.

e

Cycl ohexanone (147.3 g, Yeded¢ phvdyide cop i F)a r3Bdt oRCEEAPEped

with a thernonmetgr37s.2 g) were charged in a 1 liter four-necked
flask and stirred under nitrogen stream to dissoclve
5 the maleic anhydride. With keeping the temperature
at room temperature to 35°C, to the flask was added
dropwise over 2 hours & solution prepared by
dissolving dicyclopentane oligomer having 4-(4-
aminophenoxy)-3, 5-dimethylphenyl groups at both
10 ends [prepared by reacting DXP-L-9-1 (reaction
product of 2,6-xylenol and dicyclopentadiene;
hydroxyl equivalent: 191 g/eq, manufactured Dby
Nippon 0il Co., Ltd.) with p-chlorcnitrobenzene and
then reducing the nitro group and containing 90% of
15 bis[4-(4-aminophenoxy)-3,5-dimethylphenyl]-
dicyclopentane measured by GPC and having an amine
equivalent of 275 g/eq] (150.0 g) in acetone (350
g)- Stirring was continued for further 3 hours.
Then, triethylamine (16.6 g) was added, followed by
20 stirring for 30 minutes at room temperature. Then,
nickel acetate (0.58 g) was added and the
temperature was raised to 40°C. Acetic anhydride
(72.4 g) was added dropwise over a period of 1 hour
and the temperature was kept until the reaction
25 terminated. After termination of the reaction, the
reaction mixture was discharged into pure water
(1,000 gq). The crystal was collected by filtration
and washed with water and then with methanol, and
dried by heating under reduced pressure to obtain
30 the desired product of yellow crystal (189.4 g,
yeild: 97.9%). '

Properties of the product are shown below.
mass spectrum M+ = 718
35 1H-NMR spectrum



stirrer and a condenser and dissolved in o-cresol 10 (648.6 g, 6.00
nol ). Concentrated hydrochloric acid (600 g) was added thereto, followed
by stirring at 60[err]C for 10 hours. After conpletion of the reaction,
tol uene was added to the reaction m xture and the resulting precipitate
containing a 15 condensate of o-cresoig8and cycl ohexanone was col | ected
by filtration. The thus obtained precipitate was washed with water to
rénove hydrochloric acid to obtain the desired bis-o0- cresol hexane (222
g). FD- MASS spectdum &F0 thé-30pPm pmodakirhatimbd that it had a
nol ecul ar wei ght of 296 and & ppht{RY AEEtRin®f, 190-195[err] C. Preparation
Exanple 2 This exanple congcerns with preparation of 25
1, 1- bi s( 4- cyanat ophenyl ) cy@r 8hBREnES . AW ITPRP). t he cyanate conpound
used in the present invent&QB. -17]13Bpeh4¢hydaexbedy) ) cycl ohexane (Antigen
VVnanufactgred by Sunit%nn Cgegbcal Co., 30 Ltd., 200 g, 0.75 nol) as
a starting material wiBTGREEH FRFOFRELLRBRECYIBH0 g) and the sol ution was
1,220 cm~' (ether bond),

1,714 cm~!' (imide bond).

Preparation Example 7

10 This example concerns with preparation of
N,N'-1,1-bis[4-(4-aminophenoxy)-5-t-butyl-2-
methylphenyl Jbutanebismaleimide which is the
polymaleimide compound used in the present
invention.

15

Maleic anhydride (97.1 g) and acetone

(226.5 g) were charged in a 2 1liter four-necked
flask and stirred under nitrogen stream to dissolve
the maleic anhydride. With keeping the temperature

20 at room temperature to 35°C, to the flask was added
dropwise over 2 hours a solution prepared by
dissolving 1,1-bis[4-(4-aminophenoxy)-5-t-butyl-2-
methylphenyl ]butane (256.5 g) in acetone (598.5 qg).
Stirring was continued for further 3 hours. Then,

25 triethylamine (27.3 g) was addeqd, followed Dby
stirring for 30 minutes at room temperature. Then,
nickel acetate (0.95 g) was added and the
temperature was raised to 40°C. Acetic anhydride
(119.9 g) was added dropwise over a period of 1

30 hour and the reaction was continued at that
temperature. After termination of the reaction, the
reaction mixture was discharged into water (2.5

kg).  The crystal was collected by filtration and
washed with water and then with methanol, and dried
35 by heating under reduced pressure to obtain the

desired product of yellow crystal (306.1 g, yeild:



cooled to -2[err]C Cyanogen chloride (90.1 m, 1.79 npol) was added to
the solution and thereto was added dropwi se triethylamne (158.6 g, 1.57
nol) 35 over a period of 1 hour with taking care that the reaction
tenperature did not rise to higher than Of[err]C - 13 - After conpletion
of the addition, the reaction m xture wagokept at 5-8[err]C for 2 hours and
then diluted with chloroform (500 g). Salts were renoved by filtration and
t He resi due was washed with 5 wat er . The solvent was evaporated
under reduced FXShye tThid acana bedrecaystaplbdedt firad/. 4 g). It was

fhat 10 absorisir IRl VY sSBREHENT S3pblfy B eb BAp6NART P RO
it had an absorption of 2250 cnjerr] of nitrile of cyanate. Preparation
Exanpl e 3 Properties of the product are shown below.
5 melting point 127 - 130°C
mass spectrum M+ = 724
1H-NMR spectrum
§ : 0.97 ppm (t, -CHCH.CH.CH,),
1.34 ppm (s, t-butyl group),
10 1.92 ppm (q, -CHCH,CH,CH; ),
2.17 ppm {s, methyl group).
4.13 ppm (t, -CHCH,CH,CH,),
6.65 ppm (s, imide group),
6.8 - 7.2 ppm (m, aromatic),
15 Infrared absorption spectrum:
1,219 cm~!' (ether bond),
1,712 cm~! (imide bond).

Example 1

20 This example concerns with preparation of
dicyanate of 4-[1-[4-[4-hydroxyphenyl]-4-methyl-
cyclohexyl]-l-methylethyl Jphenol of the present
invention.

25 YP-90 (reaction product of dipentene and
phencl manufactured by Yasuhara Chemical Co., Ltd.)
{200 g, 0.645 mol), cyanogen chloride (84.4 ml,
1.677 mol) and chloroform (900 g) were charged in a
2 liter round separable four-necked flask equipped
30 with a thermometer, a stirrer, a reflux condenser
and a dropping funnel and dissolution was carried
out at -5°C. Then, triethylamine (143.6 g, 1.419
mol) was added dropwise to the solution over a
period of 1.5 hour. After completion of the
35 addition, the temperature was raised to 5°C and
kept at that temperature for 3 hours. The reaction



15 Thi s exanpl e concerns with preparation of

1, 1- bi s(4- cyanat o- 3- net hyl phenyl ) cycl ohexane which is the cyanate
-conpound used in the present invention. 20 The bi sphenol

obt ai ned in Preparation Exanple 1 (200 g, 0.68 nol) was dissolved in
acetone (600 g) and the solution was coglged to -5[err]C. Cyanogen chloride
(81.6 mM, 1.62 nol) was added to the solution and thereto was added

dr opwi se 25 triethylamne (143.6 g, 1.42 nol) over a period of 1 hour

Wi th taking carmihafetlwasr efrt itdd nper letiovedi sales, ' coackatkhgkar than
0C. After n‘gﬂ@tlg t he addltlg éhe reaction F‘ixtu was k gt at
2-5[err]C for LH8dt hBRAGT | (FedUGRRh BESSSULR| oF O o? £480 §}e‘

Salts were renpdesibgdfptrédmtt s andddwn reaidi d240wads gyashed with water. The
sol vent was evaporated under reduced pressure to obtain a red resinous

product (233.8 g). 35 It was confirnmed by finfrared
absorptionSspectrum of Ite wassudanfigmesd abyt e infoapedndabsbaption

spectrum of the thus obtained cyanate compound that
absorption 3,200-3,600 cm- ' of phenolic OH dis-
appeared and there was absorption of 2,250 cm ' of
nitrile of cyanate.

10
Examples 2-10

The cyanate compounds obtained in

Preparation Examples 2-3 and Example 1 were mixed
with hardener at the ratio as shown in Tables 1 and

15 2 (part by weight). In Examples 5-10, for imparting
flame retardancy to the resin, glycidyl ether of
tetrabromobisphenol A (Sumiepoxy ESB-400T having an
epoxy equivalent of 403 g/eq manufactured by
Sumitomo Chemical Co., Ltd.) was further added in

20 such an amount that Br content was 10%. In
Examples 2-7, the components were melt mixed at
170°C and the resulting prepolymer was press molded
at 200°C for 2 hours to obtain a single resin cured
product, and Tg and dielectric characteristics

25 thereof were measured. In Examples 8-10, the
components were once melt mixed at 140°C to prepare
a prepolymer and to the resulting prepolymer was
further added =zinc naphthenate as a catalyst, and
the mixture was dissolved in methyl ethyl ketone to

30 prepare a homogeneous resin wvarnish. A glass cloth
({KS-1600S962LP manufactured by Kanebo Ltd.) was
impregnated with the varnish and treated at 160°C
for 3-10 minutes by a hot-air dryer to obtain a
prepreg. Five prepregs and a copper foil .

35 (subjected to TTAI treatment; 354 thick,
manufactured by Furukawa Circuit Foil Co., Ltd.)



- 14 - abéorpti
an absorption o
Exanple 4 This

on 3, 200-3,600 cnferr] of phenolic OH dlsappeared and it had

f 2250 cnferr] of nitrile of cyanate. 5 Prepar ati on
exanpl e concerns with preparation of

NrN - bi s(4-am nophenoxyphenyl ) nent hanebi snal ei m de which is the mal ei m de

conpound used
chl oro- benzene

n the present inventiorn. 20 Mleic anhydride (237.3 Q)

and

(2,373 g) were charged in a 5 liter four- necked flask and

stirred under a nitrogen streamto dissolve nmaleic anhydride.

(reaction 15
Yasuhar a Chen1c

wereduwtiackeld aslipenbeneress hmopiedolundeanubagndshrdy

YP- 90

W th p- chlorogenzene aﬁgxqﬁgxygactl éaF g85t6§%§/ q%ﬂ% ; aIIo tgiao react

(4- am nophenoxy

10

15

20

25

30

35

pfitay+¢used hate. 200°€ol Hor ont 2} epeinades to obtain a
copper-clad laminate of 1 mm thick. The properties
are shown in Tables 1 and 2. Glass transition
temperature (Tg) was obtained from the inflexion
point of an expansion <curve wusing a thermal
analysis apparatus DT-30 manufactured by Shimadzu
Seisakusho Lta. Dielectric constant and
dissipation factor at room temperature were
measured using 4275A Multi-Frequency LCR meter
manufactured by Yokogawa Hewlett Packard Co. and
the value of dielectric constant was calculated
from electric capacity. Peeling strength of the
copper foil of the laminate, solder heat resistance
and boiling water absorption were measured in
accordance with JIS-C-6481. The properties in the
following comparative examples and examples were
measured also in the same manner as above.

Comparative Examples 1 and 2

The dicyanate compound of bisphenol A was
mixed with the hardener or with the hardener and
the brominated epoxy resin ESB-400T at the ratio as
shown in Table 1. Resin cured products were
obtained from the mixtures in the same manner as in
Examples 1-6 and the properties thereocf are shown
in Table 1. '

Comparative Example 3

The dicyanate compound of bisphenol A and
other components were used at the ratio as in Table
2 and using the mixture, copper-clad laminate was
produced in the same manmner as in Examples 8-10.
Properties thereof are shown in Table 2.



20 by dissolving the resulting (4-am nophenoxyphenyl)- nenthane in

di met hyl acetam de (DVMAc) (adjusted to 34.3% by weight in concentration)
(1,625.1 g) was added dropwi se to the above flask at 25 5[err]C over a
period of 2 hours by a dropping funnel. The 25 reacti on was
al lowed to proceed at 35C for 2 hours 1o, dforrpl ete the formation reaction of
amc acid. Then, p-toluenesulfonic aci nonohydrate (10.46 g) was added
td the reaction product and 30 dehydrati on-cyclization reaction was
carried out at ggg{ngn_é};cmoggl hour and 110[err]C for 1 hour W|th
conducting azeotropic g d:%at,tlon under . reduced ﬁ{ess%I S
subsequently at 135C for wWHie GYRaatel (ComRenids OPRRIpSsdite to
normal 35 pr egepacatioRhcExafplesn 13 adndWEkdnple odeediay t lbniceoVvi Ng

t he produced vvahgitoultnlggdt he. gxstzeﬂlgy ngphthena]te a[%eanl&t ¥ Kk 2ppar at us.

5 hardener to prepare prepolymers.

The resulting cyanate prepolymer was
mixed with each of the polymaleimide compounds
obtained in Preparation Examples 4-7 or N,N'-bis(4-

10 amincphenyl Jmethanebismaleimide {manufactured by
K.I. Kasei Co.) or N,N'-2,2-bis(4-aminophenoxy-
phenyl )propanebismaleimide (MB8000 manufactured by
Mitsubishi Petrochemical Co., Ltd.) together with
the hardener at the ratio as shown in Tables 3-5

15 and the resulting mixture was hot pressed at 200°C
for 2 hours under a pressure of 50 kg/cm* to
prepare cured products. Properties of the products
are shown in Tables 3-5. The ratio in these tables
is shown by "part by weight".

20
Examples 29-49

Each of the cyanate compounds obtained in
Preparation Examples 2-3 and Example 1 was once
melt mixed with 2zinc naphthenate as a hardener at

25 140°C to prepare prepolymers.

The resulting cyanate prepolymer was
mixed with each o©of the polymaleimide compounds
obtained in Preparation Examples 4-7 or N,N'-bis(4-

30 aminophenyl )methanebismaleimide (manufactured by

K.I. Kasei Co.) or N,N'-2,2-bis(4-aminophenoxyphenyl)
propanebismaleimide (MB8000 manufactured by Mitsubishi
Petrochemical Co., Ltd.) together with the hardener
at the ratio as shown in Tables 6-8 and the result-

35 ing mixture was dissolved in dimethylformamide to
prepare a homogeneous resin varnish. Using the



Then, chlorobenzene and successively DMAc were recovered in an anount of
totally 89% under 5  reduced pressure. Then, met hyl i sobut yl
ketone (M BK) (2,200 g) was added to dissolve the residue. The resulting
solution was cooled to 60[err]C, neutralized by adding thereto sodium

bi carbonate in an anount wei ghed so as.tgjzadjust the pH of the 10

aqueous | ayer to 5-7 and water (1,000 g) and subjected to washi ng and
séparation twice. Furthernore, this was subjected to washi ng and separation

twice with 15%reguaousarfidshlMcopbed-iciadolbiindtes], i@be 9)prdducdd err] C
and then subj ect.edt 0 15 azeotrogl [ gghggr thé‘l der reduced pressure,
and the salts wefe*PEnd0BE BYRFF#2HDE ﬂfﬁsf TtYate was concentrat ed

under reduced pressure and the product in nolten state was taken out of the
T ST e L5 48 by o OhR L
chr omat ogr &phy $Hewed reftardancyonghycidy D58thér Ny Lk sbicamm-nophenoxy-
phenyl ) ment hanely; iRt 3 (s@ffepdzy RsB-R0HBILEd hereabove) was
added in such an amount that Br content in the
resin composition was 5% by weight. Properties of
the resulting copper-clad laminates are shown in
10 Tables 6-8. In Tables 6-8, the amounts are shown by
"part by weight” except that the amounts of zinc
naphthenate and 2-ethyl-4-methylimidazole are shown
by part by weight (phr) based on totally 100 parts
by weight of the cyanate compound and the epoxy
15 compound.

Dicyanate compound of bisphenol A wés
mixed with the hardener and the brominated epoxy
resin ESB-400T at the ratio (part by weight) as

20 shown in Tables 6-8 and the mixture was dissolved
in methyl ethyl ketone to obtain a homogeneous
resin varnish. Using the varnish, copper-clad
laminates were produced in the same manner as in
Examples 8-10 and properties thereof were measured

25 as in Examples 8-10. The results are shown in
Tables 6-8.

Comparative Examples 4-6
The dicyanate compound of bisphenol A was
30 used at the same ratio as in Tables 3-5 and cured
products of the mixtures were obtained in the same
manner as in Examples 11-28. Properties thereof are
shown in Tables 3-6.

35 Comparative Examples 7-9
The dicyanate compound of bisphenol A was



conponent: 25 Properties of the product are shown bel ow. mass spectrum Mk

- 2.1 ppm(m aliphatic), 2.8 ppm(m nethine), 6.8 ppm (s, imde group),
679 - 7.4 ppm(m aromatic), Infrared absorption spectrum 35

1,238 cm' (ether bond), 1,712 cm' (ixigg bond). - 16 - Preparation
Exanpl e 5 This exanple concerns with preparation of
bi"s( 4- anm nophenoxyphenyl ) di cycl opent anebi snal ei mi de 5 which is the

pol ymal ei m de osedouatl theedsamen rabtto as in Tables 6-8 and using

the mixtures, copper-clad laminates were produced
in the same manner as in Examples 29-49. Properties
therecf are shown in Tables 6-8.

= 6.66 nelting point 96 - 98[err]C 1H NWR spectrum 30 [err] : 0.6



|RealacéE|he procedure of Preparation Exaff le,j .
ex%z soI ution (932.9 g) 10 (concen rﬁ'? ‘9_-?1:‘ N
pre oI ving in DMAc bis(4-am nophenox ‘ ne

deri ved from 600T (manuf actured by Nippon Gl Co., Ltd.) in place of
bi s(4- am nophenoxyphenyl ) - nment hane derivggl £rom YP-90 (reaction product of
15 di pentene_and phenaol: hydroxyl equivalent: 162 gleq nuf act ured by
Yasuhara Cherical| Cg., Utd.) to obtain
bi s(4-am nophenox phenyl ) di cycl opent ane- bi smal ei m de (491 g, yield _
97.4% as a yello #,rys tlal . 20 Propertlesoof,.the.qpro@hcg shown bel ow.
nmass spectrum M- § g 862, 1060'1H NWR sPeltrdum [Brr] & 4. 0 4 2:5 ppm (m
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| nfrared absorption spectrum 1,222 cm' (ether bond), 30

1,712 cm' (imde bond). Preparation Exanple 6 This exanple concerns with
preparation of N, N -bis[4-(4-am nophenoxy) -3, 5-di net hyl phenyl]- 35

dircycl opent anebi smal ei m de which is the pol yal ei m de conpound used in the

present invention. - 17 - Mal eic anhydpgde (58.8 g) and acetone (137.2
g) were charged in a 1 liter four-necked flask and stirred under nitrogen
sfreamto dissolve 5 t he mal ei ¢ anhydri de. Wth keeping the

tenperature at roomtenperature to 35/ err]C, to the flask was added
dropwi se over 2 hours a solution prepared by dissolving
di cycl opent ane ol i goner havi ng 4-(4- am nophenoxy) -3, 5-di net hyl phenyl
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product, and Tg and dielectric characteristics 25 t hereof were
measur ed. In Exanples 8-10, the conponents were ohce nelt m xed at
140[err]C to prepare a prepolymer and to the resulting prepol yner was .
f.urt her added zi nc naphthenate as a catal yst, and the m xture was dissol ved
in methyl ethyl ketone to 30 prepare §3hgnngeneous resin varnish. A

gl ass cloth (KS-1600S962LP manuf actured by Kanebo Ltd.) was inpregnated
Wi th the varnish and treated at 160[err]C for 3-10 minutes by a hot-air
?ryg_r t f gbt fun $T2|rep{e@st exElX?ne@r%&&?th ; e%-ch@apteiamgagteléf ’
subj ecte o] reat nen r i C manuf act ure ur ukawa
Gircuit Foil cgbtaingd “51“925he\&*ﬁ?@%%cﬁ%ﬂl%nE°HQPSﬁFé§§rﬂﬁdgﬂeunder a
pressure of SOﬂtysmiterlihvehtieﬁCaim 12Wen nit exdiwldctitier - consdant
%ﬁg[g;gkgrzfgs%%o M NUEgSvERE28h81 " @ FORRSIE&L 2 3R Nat 8ulbnd ABYEN CK-

5 superior in water resistance and heat resistance.

Therefore, the copper-clad laminates are suitable
for multilayer printed circuit boards for high
speed operation processing.



‘are shown in Tables 1 and 2. dass transition tenperature (TQ)

ﬁlmamﬁﬂnﬂﬂmmnf | exi on point of an expansion curve using a
ther tus DT-30 nmanufactured by Shimadzu Sei sakusho Ltd.
Drel ecttic® ‘coflstant® and 10 di ssipation factor at room
tenperature were neasured using 4275A 3#utti-Frequency LCR neter

manuf act ured by Yokogawa Hew ett Packard Co. and the value of dielectric

constant was cal cul ated fromelectric capacity. Peeling strength of
the 15 copper fOLPIME:the |aninate, sol der heat resistance and boiling

wat er absorption werje rreasmreﬁahatécwﬂwceombéaléi&c&ﬂxﬁﬂnsmﬂﬂeas
properties in the foll ovyla g orrpar ative exanpl es and exanples were neasured
also in the sam® t54 Conparative Exanples 1 and 2 The

di cyanat e corrpound dfa )i s@en@yadhws goupdundt h delpresanteder oy Wthé t he
har dener an_‘di_ efﬁllodulqlaqtqet%%qéyr(l sin ESB-400T at the ratio as 25
i abl

shown in esin products were

NCO OCN

M— N\ /) e (1)
10 (Q)
(R)3 3

15

wherein R and Q each represents a halogen atom,
an alkyl group of 1-10 carbon atoms, a cycloalkyl
group of 5-7 carbon atoms or a hydrocarbon group of
6-20 carbon atoms which contains a cycloalkyl group
20 of 5-7 carbon atoms, i and j each represents an
integer of 0-4 with a proviso that, when i and j
represent 2 or more, R and Q may be identical or
different and M represents a group shown by the
following formula (2):
25

. Ao+ Q:Q

35



obtained fromthe mxtures in the same manner as in Exanples 1-6 and the
propergl shown in Table 1. 30 Conparative Exanple 3 The
di cyan muul]fmnﬂmﬁﬂml sphenol A and ot her conponents were used at the
rratio a% ih Tablte 2 and using the m xture, copper-clad | am nate was
produced in the sane manner as in Exanpl§§ 8-10. 35 Properties thereof
are shown in Table 2. - 22 - Exanples 11-28 Each of the cyanate
conpounds obtained in Preparation Exanples 2-3 and Exanple 1 was once nelt
m xed W th zi ngheziiinhanaeprakehts| ar hhfogénaabom, &ArdEREL goowpepare

I . Th | ti t I ' .t h
o1 e pol yiral & 45 WonFBRREE cHEERTea 4 h EAPAURTn SRRyl B8 457 or

N, N - bi s(4- carbon atoms or a hydrocarbon group of 6-20 carbon
atoms which contains a c¢ycloalkyl group of 5-7
5 carbon atoms, k represents an integer of 0-10 and m

represents an integer of 0-8 with a proviso that,
when k or m represents 2 or more, T may be
identical or different, or a prepolymer of the
cyanate compound, and

10 (B) a hardener.

2. A cyanate resin composition according to
claim 1, which comprises as essential components
the above (A) and (B) and additionally (C) at least

i5 one selected from a brominated epoxy compound, a
prepolymer thereof, a4 maleimide compound and a
prepolymer thereof.

3. A cyanate compound represented by the
20 following formula (3):

OCN : OCN
sk, T\ /=T g @ cecceeeenn (3)
30 wherein R, Q, i and j are as defined in the fqrmula

(1).

4. A cyanate resin composition according to
claim 2, wherein the maleimide compound is
35 represented by the following formula (5):



10 am nophenyl ) met hanebi smal ei mi de (manuf act ur ed by K I. Kasei

Co.) o “ulnmuﬁﬂﬂnﬂ"[ﬂﬂ m nophenoxy- phenyl) propanebi smal ei m de (MB8000
manuf a l Petrochem cal Co., Ltd.) together with the

har dener® af the *at% o*as shovvn in Tables 3-5 15 and the resulting

M xture was hot pressed at 200[err]C for 42 hours under a pressure of 50
kg/cnferr] to prepare cured products. Broperties of the products are
shown in Tables 3-5. The ratio in these tables is shown by "part by

wei ght". 20 Exanples 29-49 Each of the cyanate conpounds obtained in
Preparation Exanfl es 2-3 and Exanple 1 was once neht mixed with zinc

napht henat e as alhardener at 25 140[err]C to pr §pare prepol yners. The
resul ting cy e ; ey with of the pol ymal ei m de
conpounds obt ajined g0 7 orNN Nil- bi s(4- 3Q

am nophenyl ) mefjhanegbi smaly red byl K. 1. Kasel Co.) or
N, N -2, 2- B s(4-am{nophenoyy

0 0

wherein X represents a group having the following
10 formula (6), (7)., (8), (9), (10) or (11):

15

20
—0 Ceeeenas (8)
O ——
25 —0 0 — Cereeeraeee (9)
n-Pr
wm—— tvn—— o o 8 0 LI 3 A ) » 10)
CH (

30 |
— o ) ) e D)

35



pr opanehi ei mi de (MB800O manufactured by M tsubishi Petrochenical Co.,
Ltd.) t%@ﬂi{jﬂm\umw I!m'[:ardener at the ratio as shown in Tables 6-8 and
t he resdl c3I | MRt ture was dissolved in dinethylformanmde to
prepare a honogeneous resin varnish. Using the - 23 - resin
varni sh, copper-clad | am nates were prgdggeg in the sane manner as in
Exanpl es 8-10. In Exanples 35, 42 and 497 for inparting 5 flame
retardancy, glycidyl ether of tetrabrono- bisphenol A (Suniepoxy ESB-400T
used hereabove) wassaddef | BogpéeR-SladMidhiddtd RBibtedHet byn hBgtLesin
conposition was 5% by wei ght. Properties_of the resulting copper-clad

| ami nates are BRAAATEN 20 SOPREEH| L0 g.20% PabPESPEES Pﬁga&r‘?ﬁ%nt B¥are
shown by "part impregngltingexaepiubdtatée wihinas sblutionnapkepapate and
2etiyl -4 et ! MEEELS A SBN BYaRatL Pl chRRE: PRSEY

5 claim 1, 2 or 4 in an organic solvent.



,by weight of the cyanate conpound and the epoxy 15 conpound. Di cyanate
conmpound of bisphenol A was mxed with the hardener and the bron nated
epoxy resin ESB-400T at the ratio (part by weight) as 20 shown in Tabl es
6-8 and the m xture was dissolved in nethyl ethyl ketone to obtain a
honbgeneous resin varni-sh. Usi ng t he var ni sh, copper -cl ad

| am nates were produced in the sane nmanner as in Exanples 8-10 and
properties thereof were nmeasured 25 as in Exanples 8-10. The
results are shown in Tables 6-8. CABPERACTve Exanples 4-6 The dicyanate
conpound of bi sphenol A was 30 used at the sane ratio as in Tables 3-5
and cured products of the m xtures were obtained in the sanme nmanner as in
Exanpl es 11-28. PropdriANeTE RESIYf CAMBOSABRAN| ANT sCORBER-GLARS

Conpar ati ve Exanpl es pmPNpig: di cyanate conpound of bi sphenol A was

S
A cyanate resin composition suitable for
a copper-clad laminate comprises components (A) and
(B).
{A) a cyanate compound of the formula:
10
NCO _ OCN
M
(R)] (Q)
15
wherein R and Q each represents halogen, C,.,,
alkyl, Cs.. cycloalkyl or Cs.., hydrocarbon; i and
j each represents 0-4 and M is
20 (2):
25 ’ , or
(T)k (T)m . (T)m
30

wherein 7T represents halogen, C,.;. alkyl, Cs.1
cycloalkyl or Ce.z20 hydroccarbon; k  represents
0-10 and m represents 0-8, and
(B) a hardener. _ B
35



- 24 - used at fﬁF&ﬂOﬁdEfﬂ ISHEEJTS in Tables 6-8 and using the mxtures,
copper-c¢lad |l anin uded in the same manner as in Exanpl es
29-49.. Properti s in Tabl es 6-8. - 25 -Repl acenent

Sheet.( 18/ 3/ 96) 2%’%3&[ W] Repl acement  giggterehB/ $Hed€) (1873796)

an—— * 66 cae e o e b (a)
0 0 —
5
—-—o 0——— e e e s sesanso (9)
n-pr
10 — SemrT—— ’ -co--‘.o.co- .(.10)
cx-lz |
——0 <; ;> l <s ;> O""' es 00 e e (11)
15
. The cyanate compounds, brominated epoxy

compounds and maleimide compounds used in the
present invention may be used in the form of

prepolymers. The prepolymers are produced by heat-
20 ing the compounds’' each alone or mixtures thereof
in the presence of the hardener described above.

>

When flame retardancy is imparted to the
L copper-clad laminate, for example, a brominated.-
25 epoxy compound is added to the composition so that
bromine content is in the range of 5-25%. Consider-
ing easiness in availability and economical
advantage, the brominated epoxy compounds usable
include, for example, glycidyl ether of tetrabromo-
30 bisphenol A and gqlycidyl ether of brominated
phenol novolak, but these are not limitative.

Furthermore, as far as the present

advantage is not damaged, there may be additiomally

35 used other thermosetting resins. Examples are
epoxy resins such as diglycidyl ethers of bisphenol
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