; e3eTQD N*T ~6TI7° 1 4 F E B 2003 | Mb9Al ~ARW Phot osensiti zes, Visible

Li ght Curabl e Resin Conposition Using The Sane, and Use of The Conposition
BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present!4 FEB 2003
i nvention relates to a photosensitizes in which a di pyrronethene boron

conpl ex conpound having a specific sthucture is us Liwi bl e |ight
curabl e resin conposition which contains the abovejﬂﬁwﬂmwwmmmwmoto 10
sensitizes and hence show a high sensitivity to a L a visible |ight
range. Furthernmore, the present invention relates to a Vi%¥fble |ight

curabl e resin conposition in which the preven tion effect of curing by
oxygen 1s '@BPQ&%@n@@Gi@@k?hviéﬂbié %%&h@'éuﬁh@i@haé§ﬂﬁlébﬂb6¥ikﬁﬁ% l'i ght

in a visible light range and 1s excellent in curing propertrTes.

addi tion, the presegingnraBt 58fe! chRleGsé o ThE| BbRpbs ghiofurabl e resin
conposition which can_be used under the irradiation environnment of a
specific safelight. 20 2. Description of the Related Art In recent years,
in the field of information or image recording which utilizes a

phot opol yneri zati on reac tBAXIKGRAUNDe OFaTHEeENVENIESIN gat ed a techni que
where a 25 manuscript electronically edited by a conputer can be directly
out pub and.r e€derdddofythhReIngentiom hi gh power |~RI S~IB~l9

The present invention relates to a photosensitizer
in which a dipyrromethene boron complex compound having a
specific structure is used, and a visible light curable
resin composition which contains the above-mentioned photo-

10 sensitizer and hence show a high sensitivity to a light in a
visible light range.

Furthermore, the present invention relates to a
visible light curable resin composition in which the preven-
tion effect of curing by oxygen is improved and which can

15 exhibit a high sensitivity to a light in a visible light
range and is excellent in curing properties.

In addition, the present invention relates to a
visible light curable resin composition which can. be used
under the irradiation environment of a specific safelight.

20
2. Description of the Related Art

In recent years, in the field of information or
image recording which utilizes a photopolymerization reac-
tion, there has been investigated a technique where a

25 manuscript electronically edited by a computer can be

directly output and recorded by the use of a high power
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14FEB2003- 2 laser, in place of the conventional recording techni que
of a filmmanuscript or the like by an ultraviolet light. The 14 FEB 2003
above-nenti oned recent techni que has an advantage that direct witing ig
done by the |l aser, so that recording and 5 i mage-formati on steps can be
remar kably sinplified. Nowadays, much of high-power and stable |aser |ight
sources which have usual ly been used ﬁogséss out put wavel engths in a
visible light range. Concretely, an argon |aser having stable oscillation

| i nes at wavel engths of 488 10 nm and 514.5 nm and a YAG |l aser having a
bright Iine at 532 nmas a second harnonic are often used. Therefore, a

conpound J i ens tiyy Ey gp[rsﬂxpftgne iyed,
but a conggﬁ#ﬁgngﬁh6%%%%%gﬁ%?¥¥i3¥uﬁg?h¥ﬁgﬁﬂ$?¥§%loléﬂfl|g canno 3% used
because of¢; st i i3 ISl j gt Mor er, by

t he addi tifol?lhdo a pyr;}qtur%&?édlh?c}rﬁg[lﬁ{i \c?ﬁf/rl%tfrudr%}%%ett{ a%%%’ens@?%vi ty in
the vi si blghdvediifentaRgRdC Fediht HMEGud Has s prANS dé end@yer
cont ai ni ng such a compound is poor in storage stability, which makes its
use di ffi cliitect?WrAx io@Heuddhehdy rhepliseaghdd ivhdty retdf®ing sddd e | i ght
range, there are known, for exanple, 7-diethylam no-3 benzothiazoyl counmarin
(trivisal niareeye-cfonmatiions)staaps [mas] e/ -mEnettkdldy somqpinef ye¢gd] ket one
(trivial name: ketocoumarin), but these conpounds have naxi mum absorpti on
wave 25 |engths i rNavweslapisci miugh off 460yhmrpowdn cdnd ss sdlpl ¢ ekasdanl 448t nm of
the argon | aser, and hence the photosensitivity is 14FEB?2003- 3

i nsuf fici @éauraes addichi davea Bualis ihaaredsed @OsRYH AW RBUMEYEer conpound
descri bed in Japanese Patent Application Laid-Open No. 18088/1992 has the
hi gh phot d<Aehs iy 2 ¥isddd enhigiht F@ngeron qoncet il ian AEFAPR| y has
absorptions 5 at 514.5 nmand 532 nm that Jis the second harnonic_of the YAG
aser " Thugs4th avilis ORGSR H 50brl MFBAY TN EHRIG R SVEE ho

Sapardoe B &t BB OB A dng deatd olnd.s RcBi et Selc
952441 1996,y 163771900 §24HCHA96 o 22 AL Q2ng 219323/ IR0, 5HBS/ 1995 and

241338/ 19 cl ose bispyrronethene boron conpoun 'ese conpounds

are poor tQuidifdiHaRting THIQHE ddifs SeRsitly Mid M s d NeadaMEs IRt Aned

| aser light and the storage stability of the photosensitive 15 [ayer. On

the ot her diaifl ded iGRRJUBPUA aC idon¥ien tSildih 12 pHoHUd L Wt NEbPOo&l has been
heretof ore formed by exposi ng and devel oping the board coated with a

phot osensidlitmaviediett lighy epan®ta beedisdd mddarse @afhdc then $emovt hg-
unnecessary 20 portions therefromby etching. Wth regard to an exposure
t echrdisque,ittyheime tdree vasibtlleod ighhtexpposieng tMurdween, thy oithh adghoien nask,
and anot her method of directly drawing a resist by a laser. In the nethod
of exposi Rf tth@WAdam FadiglPn Ife THHARY HiEsium B3 kthe rtheyreens b bbitein t hat

much tinme js taken for thﬁﬁpositioning of the photo mask, and anot her
probl em t Rt tAfeiY iHdle L ightpgangss can be imprved it ra phetoseracky,

t he positi%gﬁr q{ theéph ta nmask is.nore diffiggll. | n the net hod of
directly gty ST SO IR N SIS CHIRUILALPIY (P FTHPIS be
E;gh'y SeNV A MGty RS GakesPRP Uk i {cueery short. Accordingly, it
20 As compounds having photosensitivity in the visible
light range, there are known, for example, 7-diethylamino-3-
benzothiazoylcoumarin (trivial name: coumarin-6) and bis[3-
(7-diethylaminocoumaryl)] ketone (trivial name: ketocouma-
rin), but these compounds have maximum absorption wave-

25 lengths in the vicinity of 450 nm, which is shorter than 488

nm of the argon laser, and hence the photosensitivity is



usual 'y been conducted to cover a resist surface with an oxygen-bl ocki ng

| ayer such as a cover coat or a cover filmso that active radicals 14 FEB 2003
generated by the irradiation of the | aser may not be deactivated by oxy%%%
in air, whereby 10 oxygen can be bl ocked and hence the high sensitivity can
be mai ntai ned. However, this operation hs i nconveniently troubl esone.
Moreover, in the case that the above-nentioned visible |ight curable resin
conposition which can be cured 15 by the visible Iight is handl ed, an

el ectric lanp such as a fluorescent |anp colored by coating an outer tube

of the lanp with a dark red colorant or by winding a dark red fil m around

t he outer ﬂg§¥' a al 4 aht A i )3 LS -
envi ronmanit 0 fsJ[SJCc a dar r?‘raggﬁg!a# el'l gﬁﬂ? \%{) %L{/%? 3sorre prtorgjr%n%ylare
present. Ry ®omddurd Hddrittd P JdiiRde B Sl iRl ng
filmafter the coating, and it is not easy to inspect a coating device, an
irradiati opy feMogeh Mo COorRg NG e tHyl Hitth IdHckoddhLianseauenne, safe
wor ki ng properties, a working efficiency, 25 the quality stability of
products aygB thie df kehearsardgmprlader addit iian,sddrddiey dase ddmirpnidcol or ed
fluorescent lamp is 14FFg?2003 -5 used as the safelight, the

wor ki rig eravit ronheEhtnm and didzmad et tieertsharsequid theermmdoive -ofentheoned
probl ens any nore, but even portions where the exposure is not required

m ght be es@dskasemcorBlar erftiis kigpbmdi mprpeuntt id mbaf Yrhawkkinsi 5 tive
resin. SUMVARY OF THE | NVENTI ON An obj ect. of the present invention is to
provi de a &4efble ingpave fih Rhatasanscdnipbisi® i on cont ai ni ng a phot 010
sensitizer which is excellent in storage stability and which is_highl
sensitive to a | asEfroReAR ?&ﬁﬁ?ﬁ)WQnmﬁkkﬁéﬁ%ndq i P3RS i ¥ e 54%#k4¥ange

such as an_oscillation line at, 514.5 nmof an argon | ase ichis a
o o bonor AN IS A St P ARt L AL -STbert S A ot *avac

| aser, At ) r ] i | St 4 j si st
by tﬂéﬁirgékﬁﬁﬁaég?égﬁea {gZ%%iﬁifﬁﬁ?tz4f€¢?@£¥?§§££§9ft)44%3%2 spg%ﬁby a
any photo jpsgk i J i 1 | e ical s
generated on t%%}%‘y?'hgﬁ%ﬂ;@réyz;?%gﬁ?gﬁ?}dfg;& isdaiérrbet o%\%fsr%%gt |y

drawi ng Vigdthénd iKhtod asifpMddiOUtbuS itHbfRNEdMAURLS) frdighbsansi tivity.
Still another object of the present invention is to provide a visible |ight
curabl e resifif cOTOSIY | Gipdi e 1t difs haindied thdeie adbdve-atkmiidied

envi ronnment of a specific 25 bright safelight and which is excellent in
sensi tivi tyasdhel prlesaemnd itherdtorradest anit leintsy wef ythevesitiapdeditivie 4 F F
f3 2003 - 6 to solve the above-nentioned problens, and as a result, a

phot dsensitayer. i ncl uding a conpound having a specific structure has been
found. In addition, it has al so been found_that devel oping a visible Iight
curabl e resin conp®®itheteeher mand cA tFRRIAVFRHsShEFE1EeFUFR 4Sed can

sol ve the probleps of, the conventiqnal techni ques. |n copsequence, . the

present i SRSl 3%t RESTRATT LIV S AHPIRE BY (SIPORIREL of
one of i Y HECHTSE e EGHAcb Mo, repEERIREN By PO 1)
(1) 0.7 S PSSR Y IR B! APl Mg o bl e
20 portions therefrom by etching.
With regard to an exposure technique, there are a

method of exposing the board through a photo mask, and

another method of directly drawing a resist by a laser. 1In

the method of exposing the board through the photo mask,

25 there are a problem that much time is taken for the posi-

tioning of the photo mask, and another problem that when the



15 cyano group, or an alkyl, an aralkyl, an aryl, a heteroaryl or an

al kenyl group which may have a substituent or substituents; and Z1 and_ Z~
are each independently a hal ogen atom or an al koxy, an al kyl, an aﬂglﬁwZMH
an aral kyl oxy, an aryl, a heteroaryl, an alkylthio, an aryl oxy, an
arylthio, a 20 heteroaryloxy or a heteroarylthio group which my have a
substituent or substituents, provided'tﬁaf at | east one of substituents on
the pyrrole rings X1 and XZ as well as the 14 FFg ?003 groups Z1 and
Z2 is an al koxy, an aral kyl oxy or an aryl oxy group which may have a
substituent or substituents. The second aspect of the present invention is
directed t sl Qkerhbg a b N ORRs {4 Al L Ses
(A) a phot ggﬁfgﬁlée Fegbﬁb%Snyg %I‘Flg%%?i%'cti on |ni1%t%§{}t)lrry&;n (%&mété
above- nent p98Rdi phRbpecasrtidgit. The third aspect of the present invention
is directed to a conposition for a visible light curable material, which
conprises the visibhetheghtthonabkedieetdlgodpasing othd OrofidHeppr erent
invention and a solvent. The fourth aspect of the present invention is
directed tbasexsthis reghstcis abbguibé@rtalbe VWigHl £ e d SteiSve, substrat e
and the visible Iight curable resin conposition thereon. 15 In the present

i nvent5on, bebausesabl expoghte cuinmédl s resryn stonposi tAaromdbirt@in ngt chas

speci fic compound as the photosensitizer is an extrenely useful conposition
in practicesupblitbeereconduetedfie| ¢over i nfesat cmriageigelim ami ch a
photocuring reaction is used, a conventional 20 system where a nanuscri pt

el ect r oni cakYgeruPieakp)IalavPhutuel 3% iFXRY \WCHRR RE AP hreblby t he

use of a | aser. has sope di sadvant ages. For _exanple,.the stapility of a
ohot osensi EpvENRE,BFCIEE pERRIGH 1T JEPErated Wondie | indAtar 1o oh e s

sol ubi lity,and storage s%abilitg.are Lnsufficient,. 25 However, the visible

| i ght _cura%)?%e’r‘elgf"% 88Fr‘p Si ??%cﬁ bYaY(ﬁ%r&E)’F eXONET et on ?%‘%HX enely

comai§ bl okt B8y pd frfoke TEMEeE RO AR blA ¢ S5y A0t e
Izer, an ol'ubl'e 1 n g -

phot osensi t rn addrtron, 1t 1s s a gener al -‘pur pose
coating sohytheRinkd. CONSHEVENSCEn L &Pé‘@%dtié“&&%rmérfié}%%m ng a

uni form coating surface having an excellent storage stability th 5 tine
on a substtabebléBomddi tion, the photosensitizer of a di pyrronethene boron
conpl ex conpound having a specific structure which can be used in the
present invention Magseaveeryihi gheseasetthat ytlieo asbgesatiant pomedse vi si bl e
| ight |aser such as an argon 10 | aser having stable oscillation |lines at
488 nm andvisibbenhighhdcaraiz | egein heompas Bt o gittidh mamtb&32umed as a
second harnonic. Therefore, for a photosensitive material obtained by using
t he vl bl kY| that visibbeel @kt nigorpadled oramfekent presamp isiantasm a

hi gh- speed _scanni osure is possi 15 ble by such a | aser. Furthernore,

when an i r’rﬁbBOF%SEgPﬁ; ABh FREORTGHRE AT SArfth P epdsth®, 0% Heh% nage

ot “cur abfBPTBCF BOBERI Erare SOt HEE e cBh O RUETH (oA 0! LB o

br gt _ci r bRtantRel SRERR! TRt PRt A PR e Rmposi ¢ on,

xcel Tont STIBL(s PRIEE LRECEH EEOMnERERo (it £ A e SHATTR R ey,

the apgl i tyoRball! i b¥n@' pRSy PEALIUEES, pABSLADE 194 exanprh F it rid 2003 _ g

- difficult to inspect the state of a coating film after the
coating, and it is not easy to inspect a coating device, an
irradiation device, a conveying device and the like. 1In
consequence, safe working properties, a working efficiency,

25 the quality stability of products and the like are poor. 1In

addition, in the case that an uncolored fluorescent lamp is



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a graph show ng one exanpl e of

a spectral distribution of a discharge |anp of a safelight containinp4FF32m3
sodi um as a nai n conponent which can be used in the present 5 invention.
Fig. 2 is a graph showing a spectral distribution of the sodi um di scharge
lanp to which a filter is attached. Fig5 3 is a graph showi ng a spectral

| um nous efficiency curve. 10 Fig. 4 is®a“graph showi ng an absorbance curve
of aresist filmused in Exanple 1. Fig. 5 is a graph showi ng a spectral

di stribution of a conventional fluorescent |anp. 15 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The present invention is characterized by using,

as a phmc{?@é@éé?’ﬁ%ﬁﬁéﬁ H@,?%ﬂ@%eﬁgﬁg{‘ M%M@%%ﬁrﬁ%&m ed

by the above-nenti one ormul a osensitizes in

di pyr r ometyeer ROr 0 A0 FOIDEIRX DRSS P it fLTy WA Dbl used
can absorb a light wthin a visual Iight range of 400 to 700 nm

particul aréyem podbiond witdrd ociedexpBsuherabindt desyEditdd efhgranheahen the
phot osensitizes is used in a visible light curable resin conposition, this
phot osensiéxpesed5i mesnversient 1y Ntdematd iarg wirt thee phistdb o ff it oasisi{ A)
and a photoreaction initiator (B) constituting the conposition. 1 4 Fcf)
2003 -5 10 tife tesim. i nteraction" referred herein includes an energy
transfer or an electron transfer fromthe excited photosensitizer (C for
use in the present invention to the photocurable resin (A) or the
photoreaction initiator (B). 5 The present inventors have found that a

phot osensi tizer in which t hReIMNMARY r@frekiHe ndVBH B onpl ex conpound
represented by the_above-nentioned forrmula (1) is, used is extrenmely useful,
and when at |east BRePBIeCHRt | treREesRRs VM P I rrO RENEHEE bdr on
conpl ex structure of the 10 mpound represented by fornula (1) is an
al koxy gro‘(fps,l}gjt:]e afJagF}kf/l%W%f%u‘be%]rna %@ﬁ%@f‘béﬁ]ﬁa]ﬁﬁr@(@eﬁ%’io'
phot osen sidiVid ¥, AN PEEXPL & &Qli ida dt . &l e ound
t hat ﬁen %%e Jbojzr/zon gfon%_:lﬁas t%g a ]kéor{}yalg{rjouﬁ%%e_s#gﬁk%tﬁﬁya gcfgﬁ%lé_g?_ t he
aryl oxy gr 4/Ph B5h By S$bred 1 £ Upd Lo tef‘eléls'iezpfl%d}ﬁ?rl?ddi'n‘@ t])brfgar%vabﬁel%ﬁc_ﬂfﬂ singly
i nproved. The di pyr
in a visible light range such as an oscillation line at
514.5 nm of an argon laser which is a high-power and stable
laser light source, or a second harmonic of a YAG laser at
15 532 nm of.
Another object of the present invention is to
provide a resist in which active radicals generated on the
resist by the irradiation of the laser are scarcely deacti-
vated by oxygen in air in a method of directly drawing
20 images to the resist by a visible light laser without using
any photo mask and which can maintain a high sensitivity.
Still another object of the present invention is to
provide a visible light curable resin composition which can
be handled under an irradiation environment of a specific

25 bright safelight and which is excellent in sensitivity.

The present inventors have intensively investigated



romet hene boron conpl ex conmpound represented by fornula (1) is an extrenely
useful conmpound as the photosensitizer which has an extrenely Iarge1
absorbency to wavel engths of the light froman argon | aser and the se%£EQZM3
harmonic light from20 a YAG | aser and which is very sensitive to these
lights and is applicable to a negative photosensitive resin conposition
u5|ng t he photocurable resin and the 5hétoreact|on initiator. Incidentally,
'a conposition for a visible light curable nmaterial" referred to in the
present invention neans, 25 for exanple, a photosensitive coating
conposition, a photosensitive ink, a photosensitive adhesive,

photosensi £pveo1vd ¢hE Epdie il forkdd BEBELAY, PLE éefééﬁ

phot osensitive resi S mat er | an u XpOSG coat ng materi a?’ fOI’ med

theref rom bﬂo%gghs&bez&sméfuai b end SRAPLRETROSpELDRIE! the

present invention Is contalned. 5 present Tnvention wl

descri bed sfr{Bt@réehas! beén CosRRYN Pﬁ AdGiPiSsENit i RYENAL1E8 Bg@ﬁesented
by forrmula (1) having pyrrole rings which are represented by rings X1 and
X2 and whi Qbuﬁﬂ)/th&t’edévIEEé%in@ﬂ& svegibbe 1lgkoncieably tepinsesinpds by
formula (2): Rs Ra R3 Rs \"\ R IV.N~R ~B~R Z Z2 wherein Rl, RZ,
R' R5,5R6 andnRinawkiehchhisdehpetceans it bzdy diogesedt oan sobeeoghe atom a
cyano group, a hydroxyl 15 group, an ami no group, an al kyl, an al koxy or an
al kyl t hi o probpenavofgthetcorerntidonl at ersn iiues . nayn haorsaggeahseit uent or
substituents, an aryl, an aryloxy or an arylthio group having 6 to 20

car bon atoﬁﬁemﬁréﬁeﬁﬁylhﬁﬁetSQ%u%%%|$%%thQWP%%@%grtuents an aral kyl or an
aral kyl oxy group 20 having 7 to 20 carbon atons which nmay have a
substituent or sub¥hptudft &° aaﬁetEFBaF?FSErﬁﬁﬁeﬁévPﬁthGtBr§968§rbon at ons

whi ch may have subst ent. or substituents, an, al ken ro having 2 to
10|carbon éP%ﬁﬁ &ﬁ%cﬁshégrﬁﬁﬁﬁé téu%sé?éﬁpseéshth%¥B“ébﬁg £y eaéhtgor

wher el b 'Q PReaSF, 1 B ErOur ERESEaftn amBl ey Suhdufie r‘.}?ebré’senté?d(@

formula (1):

N

/’ \\

wherein rings X, and X, are each a pyrrole ring which may
have a substituent or substituents; Y is a hydrogen atom, a
15 cyano group, or an alkyl, an aralkyl, an aryl, a heteroaryl
or an alkenyl group which may have a substituent or sub-
stituents; and Z, and 2, are each independently a halogen
atom, or an alkoxy, an alkyl, an aralkyl, an aralkyloxy, an
aryl, a heteroaryl, an alkylthio, an aryloxy, an arylthio, a
20 heteroaryloxy or a heteroarylthio group which may have a
substituent or substituents, provided that at least one of

substituents on the pyrrole rings X, and X, as well as the



5 or an al koxy group having 1 to 20 carbon atons which may have a
substituent or substituents, an aral kyl or an aral kyl oxy group havi ng FFpt2e03
20 carbon atonms which nmay have a substituent or substituents, an aryl, an
aryl oxy or an arylam no group having 6 to 20 carbon atons which 10 nay have
a substituent or substituents, an al kenyl oxy group having 2 to 10 carbon
atons which may have a substituent or “subStituents, a nonoal kyl ami no group
having 1 to 10 carbon atonms which may have a substituent or substituents, a
di al kyl am no group having 2 to 20 carbon 15 atonms which may have a
substituent or substituents, or an al kyl carbonyl al koxy group or an

al koxycar bg%hﬁgkgxxérm @uplbayh n&lﬁo ZQnCQfQPHyibQYBoW“bﬁhaﬂ?ioQ ve a
substi tuen substit uefts, -NHL " 20 wherein I's an al kyl' car bonyl

group havi egoaptwnié)ncmmma@é %Mt‘i‘td@r}’t hew esa@bsubstehbgnt or
substituents or an aryl carbonyl group having 7 to 15 carbon atons whi ch may
have a substituent The sugbshdtaspést &f tkeaphygdengednakbamioa d¢gano group,

an al kyl group having 25 1 to 20 carbon atons which nay have a substituent
or substitdaépestedntaral kidilgleupidiavicagrable P6siarbompasation, lwAiEhE B
2003 - 13 which may have a substituent or substituents, an aryl group

havi ng56 t copriaedona at anshotvairamle oesin, s(Bst &t peatoveastbeni t uents, a
heteroaryl group having 2 to 20 carbon atons which may have a substituent
or substit@Bhtiater amdal&knyhe Rkpermnentiored photosensbbhzarens which
may have a substitu ent or substituents; Z1 and ZZ are each independently a
hal ogen atom an aFR?ItBFEﬁpas%ﬁCEI?BXEh%rPﬁﬁsﬁpﬁyFPNFBtQPBuﬁShQQFﬁﬁtI to

20 carbon a

20 carbon 2oy MLE IRy, havecs SYORLLLNEDL, 0 SUBSLLBYEN e 80,10 ol
cubeL 0ol ShnUBREEL R ne AN BIREONSOL POSYLLRLASREONE

having 6 toO car ons Whi e a su rtuen

heterQ@ryIofamﬂgzﬁ£§§§MEOfgvéﬁtfﬁﬁﬁ%ﬁﬁcgug@i$% Qe group having 2 to 20 15

ar bon at ons ave a substituent or substituents; provided that at

l'east one of RL, RanheRfolPtnRAs Rofi €nth réEEH%Ym@éﬁ'tli}ban)ﬂé or aryl oxy
group. The conpound represented by fornula (1) can also be represented by

formul a (5hirBetBa B8 Ssvisible \1 fhtNcuthbRe mBterRal20wKicK2cvhpiesn R,
R2, R® R5, R6 and R, are each independently a hydrogen atom a hal ogen

atom a cyenoagsabptratéayamdxyte vilsibFe FLigh®063rabld rgsdnpcompoati-no
group, an alkyl or an alkylthio group having 1 to 20 carbon atons which may
have a subttipnuthereensubstituents, an aryl or an arylthio group having 6
to 20 carbon atonms which may have a substituent or substituents, 5 an

aral k¥% group havi A§ ¥heoppesent bbrveRbhe@nwhtBA Ha§iRdeelight curable

resin composition containing a specific compound as the
photosensitizer is an extremely useful composition in
practice. Heretofore, in the field of information storage
in which a photocuring reaction is used, a conventional

20 system where a manuscript electronically edited by a comput-
er is directly output and stored by the use of a laser has
some disadvantages. For example, the stability of a photo-
sensitive layer is poor with time, its sensitivity is low,
and its solubility and storage stability are insufficient.

25 However, the visible light curable resin composition

of the present invention is extremely compatible with the



a substituent or substituents, a heteroaryl group having 2 to 20 carbon
atonms which may have a substituent or substituents, an al kenyl grouﬂ %BLWHE3
2 to 10 carbon atons which nay have a substituent or substituents, or a
group represented 10 by formula (3) or (4): O-CQ (3) wherein Qis a
hydrogen atom an am no group, an al kyl or an al koxy group having 1 to 20
carbon atons which may have a substit e “or substituents, an aral kyl or an
15 aral kyl oxy group having 7 to 20 carbon atons which may have a
substituent or substituents, an aryl, an aryloxy or an arylam no group
having 6 to 20 carbon atons which may have a substituent or substituents,
an al kenyl 0 Vi ng. 0 ich ve. a. sub 20

i tuent ddrReR R LS AR P TR SR R R 1D fSithn
atons whic subst i T it i am group
havi ng 2 tic}t gggcar ‘gbnf%t%wrrsé v%%kg#?r%ypi%czég (gcﬁ s??? kﬁ%%ﬁihbs ituents,

or  an, 2l kyd GAELQRUAEL Kouss O QUL 1 Bllo! KOINEES ROBYA Bh5AKYa Z5n SEGHP NaVI 0

3 to 20 carbon ave a substituent or subStituents, 14F

~ ~ 7003 -cddtindlbdrfdde WMEF NG dniSx@dl Péiy| S86 PAGY | s €49LDI Hainh 2 to 10
carbon atons which may have a substituent or substituents or an

aryl cag bonyimgronpa havbswgratéo 15 carbon atons 5 which may have a
substituent or substituents; RQis a hydrogen atom a cyano group, an al kyl
group having 1 to 20 sddbvion} ohBewhhchosayshtiveea efibat dippntowethene
substituents, an aral kyl group having 7 to 20 carbon atons which may have a
subst i t uentonen sedreplexierrrpownd angving oupsHEC hbiet ngt Bucourd whaidlorncan ons
whi ch may have a_substituent or substituents, a heteroaryl group having 2
to 20 car b @3etsimhike PESSeRl lRVERHEPR tRaHita oYeEYIbBIgR LeRS1t brity

al kenyl group having 2 to 10 carbon atons which nmay have a substituent or
substi t uent®; 2 195eBAT F P YEPRF R EREhPl fidkbeRtelRF§T SHER 3R ARt BFYORN al kyl |

I | kyl t hi havj ng. . b ' h
sontli | EAe et Ratig Rl Sar Pl Afign  Biics S 2Pl MRl g 7

20 b ' [ bsti I,
an aryl oxy 0 S0UR% ST e DR ARG HHEE of BB of oS Ty

h . . . |
ave a Sub§%]f,{,g,l§{g, Or%}%é@éfdfé’l,egfézlb a;‘aé‘tgé{?é&éﬁé/itm?ﬁé%ﬁf{]y HVa Hled

het eroarylthio group having 2 t on atomns ave a

subst i t uengy oas%ﬁ)%ﬂé URTH 551 O DYIRE o d PRS1 &t ré €88t cOifiSo 9Lt Zdn aOE dheis the

al koxy, 25 "aral oxy or aryloxy group. In formula (1), exanples of the

pref er abl eppedsit t tnvernt fori, ~a “h B§93spedd sCMBiNG &REoPYFé Ol€ PobHEIE-
i nclude an al koxy group having 1 to 20 carbon atons which may have a

substii uerblerbpudsth talcldser an Ruiytoaymoreypyheni sy fmage 20s cBotmed at ons
whi ch may have a substituent or substituents, and an aral kyl oxy group 5
havi ng 7 thy 2thedrigin-spesd searhimpyerposuze subkei inege baviupsant uents.
extremely fine high resolution can be obtained.
. The visible light curable resin composition of the
present invention can be used for coating or printing under
20 safelight irradiating conditions and under bright circum-
stantial conditions without any thickening of the composi-
tion, and hence the above-mentioned resin composition can
exert noticeably excellent effects in points of safe opera-

tivity, operational efficiency, the quality stability of

25 products, and the like.



Furthernore, typical exanples of a substituent Y at the netho-position of a
di pyrronet hene skel eton include a hydrogen atom a cyano group, an rﬁ 3
an aryl, a hetero 10 aryl and an al kenyl group which may have a substl e ﬁW
or substituents. In addition, typical exanples of the substituents Z1, ZZ
bearing on boron atomin the conpound of formula (1) include a halogen

atom and an al koxy, an al kyl, an arakkﬁ .~ 15 an aral kyl oxy, an aryl, a

het eroaryl, an al kylthio, an aryloxy, an arylthio, a heteroaryloxy and a

het eroaryl t hi s~ group which may have a substituent or substituents.

Exanpl es of the preferable substituents include an al koxy group having 1 to

20 b t whi ch t t
ar afﬁ;l ggyag(r)gﬁp h:a\(il ngaé?]{ﬁvgj&%c% Otbtj%}l ﬁE ﬁ%ﬁwglﬁ;glht ugﬂalsn aBranched
and cyclic al koxy SEprﬁuQévsngréghosﬁo%éﬁ 08n§ mBPQ 9?”55%§%¥t95?“p5

whi ch may have a su ent stituen e conmpoun epresented

by fornuladigir95u£§an25frsgaigengraéelgm s&hta 'QXE@EiéHt édﬂ%é%ﬂlﬁ&a“p|es
of R1, Rz, R5, R6 d R include”a hydrogen atom a cyano group, ~ 4

Faa ZOO3soé1uﬁYQ§OXYhaﬂﬁoé@mp@ﬂénha%QQQH @é@”EeSM§@da§nftﬁéLEEééEh@“‘”“ a
chlorine atomand a brom ne atom Exanples of the al kyl groups having 20 or
| ess cwmrbopnaeattohepresented by R, R* R*" R5, R6 and R, which 5 may have a
substituent or substituents include straight chain, branched and cyclic

al kyl groups havingig.t@ 26 eagbephashowisgch apeatnel hgisyr Dot ieh hyt
group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
tertbutyl gheuppdiwn-diusghaggeupamp-penviclyraupilieopbmtattadhest oup,
tert-pentyl group, sec- entyl grou cycl opentyl grou n- hexyl group,

1- nethylpentyl gr oBpg.2 néﬁh?lﬁ§ﬁ?§lsgpﬁﬂpg 8- ﬁﬁ?ﬁyrﬁgn%9m1@¢@%p,

4- et hyl pe roup 1, 1di net hyl butyl group, 1, 2-dinethyl butyl group,

1, 3d|nethyF5g%9 e@?ﬁuﬁuries di met hyl but y| group 1 1,2 15 trimet hyl propyl

group trime | pr. grou 1. eth uty 2- eth Ibu yl group,
1-eth§? 2- nethylpr%bél gép 8§858h8Q9V1690 §$%9 I%%E % ot oup,

n- hept yl h X nethylhexyl group, 3nethy|hexy|
group, 4- ne%%@?ﬁe§£$&g¥ou§ X% ge%ﬁ@%%e%yl group, 20 1, 1-di nethyl pentyl
group, 1,2-dinmethy nt ¥l . yLp o)
1,4-dinethylpentylkegou%, g %d ne%ﬂyfggﬁ?ép érg ggkﬁ?% %Ebtt%F %@%ty?f
group, 2,4di geh{¥heeshil 810YPesdest dismphy! pentyl group, 3, 4dlnethylpentyl
group, 1l-ethylpentyl group, 2-ethylpentyl 25 group, 3-ethylpentyl group,
1,1, 2-trinethyl butyl group, 1,1,3-trimethylbutyl group,
1,2,3-trinethyl butyl group, ~4r ~ ~ aao~ 1,2, 2-trinethyl butyl group,

1, 3,3t5ri net hyl DEBAIIEDUOESCRIPTIAN IOFetTIHE PREFERREOUEMBODIMENTS

1-et hyl - 1- met hyl butyl group, 1-ethyl-2-nethylbutyl group,

1- et hyl - 3- met hyl buffhe preepnt2isvhpkionneshghbnagteginep, by using, as

2-et hyl -3-nmet hyl butyl group, 5 1-n-propyl butyl groug, 1-isopropylbutyl
group, 1- |§oph@bg$eQSht;h§rpr@p§;pgr@9@eth@mﬁyb@mecﬁ@ﬂ@denyﬁmnpundoctyl
group, 1-nethyl heptyl grou 2- met hyl heptyl _group, nmet hyl heptyl group,

4- nethylheﬁ??Feﬁ?BEﬁd Bynﬁﬁﬁy?h%ﬁ?ymeﬁFb%%edGf%%ﬁﬁ&?hbb group,

1, 1- di met hyl hexyl | hexyl hexyl

group, 1,4-dinethy EXEPOéPBEBSl gﬁlﬁﬁtﬂ??ﬁggéﬁ @bﬂ%r %agEﬂ?%%thylhexyl
aroubso 2. SRFRALARILL, S0RBE SoiIRbVLRoRY! sopues FuP AR el
o oup. ‘2"e‘?%hF%%%‘éy‘#ﬂS%X%ﬁ?ﬁg‘w%ﬁﬁ?ﬂexyﬁ’%‘?%%Bifi@‘? RS o
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1-ethyl - 2- gpEbyé@ensing Gﬁ&Hpthé ﬁﬁ@ﬂ&séﬁgﬁéhyéﬁeﬂQYﬁséH(&Hha5¥£51b1e
1- et hyl - 4- net hyl pentyl group, 2-ethyl-1-nethylpentyl group,

light curable resin composition, this photosensitizer
25 carries out interaction with a photocurable resin (A) and a

photoreaction initiator (B) constituting the composition.



2- et hyl - 2- et hyl pentyl group, 2-ethyl-3-nethylpentyl group,
2- et hyl - 4- net hyl pentyl group, 3-ethyl-1-nethyl pentyl group, 14 FED 2003
3-et hyl - 2- net hyl pentyl group, 3-ethyl-3-nethyl pentyl group, t
3-et hyl -4-net hyl pentyl group, 1,1, 2-trinethyl pentyl group, 25
1,1, 3-trinethyl pentyl group, 1,1,4-triﬁ§{hylpentyl group,

, 2-trinmethyl pentyl group, 1,2,3-tri Ryl pentyl group, 14FF~ 2003
1,2,4-trinethylpentyl group, 1,3,4-trinethylpentyl group,
, 3-trimethyl pentyl group, 2,2,4-trinethylpentyl group,
,4-trimethyl pentyl group, 1,3,3-trinethylpentyl group,
3

:tri R DV DERT V] 04 1 oS e A SR BEHRER Wi GhAEy ah energy

©

1

2,
2,
2,3,
1,
3
1
1

trimethyl penty group,c§f4,4-tr|nethylpenty group,

AT netdwd AeNtod £ Wibcthrdir RutapstFétY If rhO Whe %ﬂcﬁcﬂ%&iﬁ cy%e;g_r oup,
ec- butyl butyl group, 1-tert-butyl butyl group, 2-tert-butyl butyl group,
- pr opylsﬂtr@élhy1 dUtsdr Adifin khe PreR¥nt?ifRidht N Wo i photo-
1-n-propyl -3-nmethyl 10 butyl group, I-isopropyl-1-methylbutyl “group,

1-i sopr opydurahied hyesitt YA Qroauhel phatpirepyt-idnmaniyikitdod @ oup,

1, 1di et hyl butyl group, 1, 2-diethylbutyl group, 1-ethyl-1, 2di et hyl butyl
group,5 1- et hyl - 1, 3Thle net dydriiit lveyrtamys hbatehiouhB-thateta ot ysegs OUp,
2-ethyl -1, 1-di met hyl butyl 15 group, 2-ethyl-1,2-dinethylbutyl group,

2- et hyl - 1,BLzBr nen Iwhisth yiheyrdgy,r ramettingine? bgrdimetomplax ydomgpaupd

1, 2di net hyl cycl ohexyl group, 1, 3-di nethyl cycl ohexyl group,

1, 4di met hy¥ BES LG > aboyE-apaitdaed feraugds (d-ndsyluspduls
3,5,5-trinethyl hexyl group, n-decyl group, n-undecyl 20 group, n-dodecyl
group, n- p%’h’i%ed‘é’b]a)hﬁsegfr‘b]up,a”d’eévé’leﬂ adr é&ﬁ?ta@é’ﬁaﬁtfylsué}sg?};iuﬁfﬁ'@éanyl group

and 4-t-butyl cycl ohexyl decyl group; kyl grou substituted by a hydroxy
group and BERATRY ©1 c?yfg‘%yaﬁrﬁgﬁ%g‘teé’ﬁélbé’ OR S8MRYEFoRRIAHr L the

gr oup,hydr et rQups roxypropyl grqups and dr oxydecyl groups;
o R NG SR M R e i8R0 R ad kS R e at o
and havin t gqﬁ} or | -gr ,

di chl or omgaht y ]&glr?(% p?grf O?th?reg?h%#gllgip%gp?rtgp%ﬂ ggstg%éte%y e%glffguh&tosen—

pent af | uordat 14+ 9P bel ekpredsed3 O 1RC%ALHYALA, 2R AR A been
nonaf | uor obutyl group, perfluorodecyl group and perfl uoroi cosanyl group;

al kyl groupsurrdihidt wireth MheaBodbouY ol AHE 2Rd RAXLRY ricup20 G bon atons
such as a net hoxynet hyl group, nethoxyethyl group, ethoXyethyl group,

n- pr opoxy ettral kydrooyp grbip saprtheoxny§libyly group, as- Ausarsaiitderd ,OUthe

i sobut oxyet hyl group, tert-butoxyethyl group, sec-butoxyethyl group,

npentlyl oxymidtds eqysdidy v iitgyopemnt pleosyepimik iggbyp impeotredent yiihex \dbtdyd— gr oup,
sec- pentyl oxyet hyl group, cycl opentyl oxyethyl group, n-hexyl oxyethyl group,
et hyl cycl siemghhsarhopom sogpdes, campeRploxgprhgengedupy formula (1)

3,5, 5-trinethyl hexyl oxyet hyl group, n-decyl oxyethyl group, _

n- undecyl &&/g’hﬁx Y Ng6du8dy FoRpPRLRY| 2§r 50, PROkESEAGEEAPRTO Wby |

group, octadecanoxyet hyl. group, 3-nethoxypropyl group, 3-ethoxypropyl
3 (RS AL ERHSTEYT 16F a0 SP5OF BERF8pbRy HASBYERgE By Ot e
gfﬁgfhoxyggfbfgb QuPp. 2-?1h6x gpt I roBR p2_yH_ F% og bEt |, Qroup,
4-isopropox§%ﬁi%& gr 8dp 2 §8§a¥y$8¥y8ﬁﬁyﬁ 8r88%°8ﬁd SEQ &Fyﬁ&ﬂ%@tﬁﬁFmbroup;
| kyl ' ; Kk I . Ok [ to 20 b
2t one Cauciy S Takeex R WAARH S5 OBKR, FORE OB S el Tt cup,
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using the photocurable resin and the photoreaction initiator.
Incidentally, "a composition for a visible light
curable material" referred to in the present invention means,
25 for example, a photosensitive coating composition, a photo-

sensitive ink, a photosensitive adhesive, a photosensitive



- 21 and 4-(4-decanoxycycl ohexyl oxy) butyl group; al kyl groups substituted
by an aryloxy group and having 7 to 20 carbon atons such as a phenokyrephylh
group, phenoxyethyl group, (3-nethyl phenyl oxy)ethyl group and 4-(15

pyr enyl oxy) butyl group; al kyl groups substituted by an aral kyl oxy group and
having 8 to 20 carbon atons such as a benzyl oxynet hyl group, benzyl oxyet hyl
group, phenetyl oxyethyl group and 9-ft udr enyl net hoxyhexyl group; 10 al kyl
groups substituted by an al kylthio group and having 2 to 20 carbon atons
such as a 2-nethylthioethyl group, 2-ethylthioethyl group,
2-n-propyl thi oet hyl group, 2-iso-propylthioethyl group, 2-n-butylthioethyl

, 2i so-butylthipeth d i.hi . ) 15 al kvl
o oup: URERHHAG RO et 26 SRR R Y i clldh 1oe 2
h - di 3 | ’ . . 1
o ot S0y BB A ALY b St AGEA0R W B AP the

3di met hy| api DOPT QPY{ gig OMPraldTdli  SOR UMY IROSMY £ A prds P
di - n- but yl am noet hyl “ group, pi peri di noethyl group and

4- (di n-oct yhash09dRUi Y| cafi©athedxanpl es of the al koxy groups having 1 to 20
carbon atons which are represented by Rl, R2, R* R5, R6 and R, and which

may haye a substitpeRt, Oth&Upsésénenimvémcidrdar2b] she adgddr £bed ninbranched
and cyclic al koxy groups having 1 to 20 carbon atonms such as a net hoxy
group, et hesyegdetpiln 14 FE~ 2003 - 22 propoxy group, | Sopropoxy
group, n-butoxy group, isobutoxy group, tert-butoxy group, sec-butoxy
group, n-pentyl oxyAgcompoundopéntlyé gpayesgroupinvent igent§poeyengredpby
secpentyl oxy group, cyclopentyloxy group, n-hexyloxy group, 1 5

met hyl pent §eoRylyr olLip, havheg K9y preake | gy ridlish Rretrsprerentedxyy gr oup,
4- et hyl pentyl oxy group, 1, 1-djnmethyl butoxy group, 1,2-dinethg|butoxy
group, 1, 3rNa®tRyang Sxyand oupich may;hasie FURR okiugrbtcan be

1,1, 2-trinethyl propox roup,. 1,2, 2-1rinethyl propoxy group, 1-ethyl butoxy
groupt ¥ 2- e?ﬂ#rgﬁegﬂt%?(&ﬁ%hﬁd %zyetﬁfﬂﬁmr@arrétzﬁ?yﬂ propoxy group,

cycl ohexyl oxy group, nethylcycl opentyl oxy groups, n-heptyl oxy group,

1met hyl hexyl oxy group, 2-nethylh | oxy group, 3-nethyl hexyl oxy group,

4- et hyl hexyl oxy group, 5-neth{khexyd oxRsgroup, 1, 1-di et hyl pent yl oxy
group, 1,2-dinmethyl pentyl oxy 1 , 3-di et hyl pent yl oxy group,

1, 4- di net hyl pentyl oxy gr &y ) ' Ryl oxy group,

2, 3-di met hyl pentyl oxy group, \g, 4- di met\hyl pent yl oxy grgﬁp,

3, 3-di net hyl pentyl oxy group, /3, i entyl oxy gr , 1-et hyl pentyl oxy
group, 2-ethyl pentyl oxy gredp, oxy group, 1,1,2 20
trimet hyl but oxy group, 1,1,§-trigéiﬁyjbuto y group, 1,2,3 trimethyl butoxy
group, 1,2,2-trinethylbutoxy gr@p, 1z§,3trinethylbutoxy group,
2,3,3-trinethyl but oxy group, 1-ethyl 1-nethyl butoxy group,

1-ethyl - 2-pRé PY{ RUR QX R, ITRUP R, - Rl B RIBAPY| BHERXY nBEBERdently a

2- et hyl - 1- net hyl but oxy “gr oup, 2-e?hy| 25 3- et hyl but oxy group,

1- n- propyl hyd pxyedr #tdm, la i oY |d08n0X @yeiHd group, a hydroxyl
1-isopropy?¥g-5%thylpropoxy gréﬁgy netﬁ?l 1 4I§r fe-'th%IS ;Y23

cycl arexyl gryugy capsamin®@cdnoupxy af Glikyll- ret Ryl kwept 010Xah Gikiplthio

2- met hyl hept yl oxy group, 3-nethyl heptyl oxy group, 4nethyl heptyl oxy group,
5- met hyl heprgupxlyaginupl, 6 rast odtien dtons gidgh gyl -l veetays dtesdyl oxy
group, 1,2-dinethyl 5 hexyloxy group, 1,3-dinethylhexyloxy group,

1, 4- di net SRt ek y$ WXt Hrwrnk:s 1,8 dLEth A ey lesy oy arylthio

2, 2-di et hyl hexyl oxy group, 2, 3-di net hyl hexyl oxy group, i

2, 4- di met FYFPRRVBINING ol 20 Safihan RHORSheah dasufiave a substitu-

3, 3-di

nethzkpqéglgx Séqéﬁgkt13,4-dlnethylheﬁyloxy roup, 3, 5-dinmethyl

u s, an aralKyl or an "aralkyloxy group

20 having 7 to 20 carbon atoms which may have a substituent or
substituents, a heteroaryl group having 2 to 20 carbon atoms
which may have a substituent or substituents, an alkenyl

group having 2 to 10 carbon atoms which may have a substitu-



10 hexyl oxy group, 4, 4-dinethyl hexyl oxy group, 4,5-dinethyl hexyl oxy group,
1- et hyl hexyl oxy group, 2-ethyl hexyl oxy group, 3- ethylhexyloxy groupy 4 FER 2003
4- et hyl hexyl oxy group, 1-n-propyl pentyl oxy group, 2-n-propyl pentyl oxy

group, 1-isopropyl pentyloxy group, 2-isopropyl pentyloxy group, 1l-ethyl-1 15
met hyl pentyl oxy group, 1-ethyl-2-nethylpentyl oxy group,

1- et hyl - 3- net hyl pentyl oxy group, 1-erhy¥l4:nethylpentyloxy group,

2- et hyl - 1- met hyl pentyl oxy group, 2-ethyl-2-nethyl pentyl oxy group,

2- et hyl - 3- et hyl pentyl oxy group, 2-ethyl-4nethyl pentyl oxy group,

3-et hyl - 1- net hyl pentyl oxy group, 20 3-ethyl -2-net hyl pentyl oxy group,

3-et hyl - th REAL X rou
1,1,2-tri r%}%ncf/ljp % o%ﬁagr%odpl,%r%lg%rp %%%%%’ﬁﬁ#?f%ﬁg’ﬁ%%p (3)
1,1, 4trimgf {ywnyloxy group, 1,2,2-trimethyl pentyl oxy group,
,2,3 trlne pentyl oxy group, 1 , 4-trimethyl pentyl oxy 25 group,
4- trlnethylpentyloxy group, 2,2, 3- trinethy&ﬁentyloxy group,
, 4-trinmethyl pentyl oxy group, '2'@‘@ 14F | 003 - 24
met hyl pentyl oxy group, 1,3,3-trinethyl pentyl oxy group,

3-trimethy | ©X 4- mes hy y ;
347 et NOELY | O1d 08 Ohurdoch faLoh TR ARERS VbS5 0 G Pa k2
4-

, 4, 4t ri met hyl peRt yi eyy 06 LeRp ﬂa\mm?ltylté Dot ©X¥b &R O&oms-- wﬁpautméyut oxXy
roup, 1-sec- butylbutoxy group, 1-t but yl but oxy group,

ent - but yl bNé@éYagé@b'@tlﬂué\n@r@EYéuﬂsﬂEtlﬁldhbslI oXY &Pyl or an

1- n-propyl - 2- met hyl but oxy group, 1-n-propyl-3-nethyl butoxy group,

1-i sopropyl - laes hyy botkpxgroup upaving SDptopd - Canedhys bomoxyh prloupay 10
1-i sopropyl - 3- et hyl but oxy group, 1, 1-diethyl butoxy group,

1, 2-di et hyl buhaxg grsuipstiteeiyl o, SubsbEthghbst oxy grylip,an aryloxy
1-ethyl -1, 3-di met hyl but oxy group, 1-ethyl-2,3-dinethyl butoxy group
2-ethyl -1, 1- d@mnyam&myn@rm@upzhévhw 6, bai 2t ayrihen oxyoms d!llplCh
2-ethyl -1, 3-di net hyl but oxy group, 15 2-ethyl -2, 3-di net hyl but group,
1, 2- d#hethy|cwéyO%@%9|%x@uaﬁﬁabueqtseau%%?ﬁ9+E9%nBﬁex@mo&ykzﬂxik%

1, 4-
gr

d hyl | h | | oh |
oo o s vt s R B RS o
- X u X
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substituted by an g @%y?%%xyéyﬁ%qwﬁfghqﬂaf %% y&0; C QQ@l@&SW@ Sgich as a

nmet hoxynet hoxy group, Xy group, OXYy et OXy group

n- pr opoxyet hoxyy,2b; G OWPs , | £ 0P QPRYYSh IR Yg %Qgphaalpytyxv@tmxaa.%&w
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25 1 to 20 carbon atoms which may have a substituent or sub-

1
1, 3,
2,2
tri
2, 3,
1, 4,
3,4
gro
2-t

stituents, an aralkyl group having 7 to 20 carbon atoms
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2-n-but yl t hi‘oet hoxy group, 2-|sobutyI%h|oethoxy group and decyl t hi odecyl oxy
group; al kexyclapsheedsd | ubeei Hyet dbal b e HUR haskdaing 3 to
20 carbon atons such as a di net hyl am no net hoxy group,

2- di met hyl anheroet syl axyp upy & - ok tneet digt yalnt hniodo udoayp diadeing 2 to 20

1- di met hyl am nopr opan- 2-yl oxy group, 3di nethyl am nopropoxy group,

2- di M hy| caron 2atetd yWwipicaporay graop, a 2wbhst htylemt noetshobat ignop; s ;

3-di et hyl am nopropoxy 10 group, Z-diethyl am nograpoxy group, _

2-di i sopr apsPekdedectkyalyrbepst 2oneioh-hut W afknofet hBxyangt dupis the

2- pi peridyl et hoxy group and 4-(di-n-octyl am no) but oxy group; and al koxy
groups subRHFRXY e PHFLEY HRHY I8 A RHAK 3EP YR oup and having 4 to 20 carbon

atons such as a dipethyl 15 am nonet hox t hox roup,
dinethylaninoethoxgg?h%a?pﬁ?g pFeB¥ﬁ§?ﬂ§$§nP%o€9fh&y%rBbbx?a%r 1o be
di et hyl am paet hoxypr opoxy. gr = ( 2- di nmet hyl am noet haxy) et hoxy group,
2-(2-diethﬁ?%ﬁ?%%%?%%gyge‘%%§§P réﬂ *and
~-(4' -diisabutylam nocycl ohexyl oxy)cycl ohexyl oxy group. 20 Exanples of the
aral kyl groups having 7 to 20 ‘carb whi ch are represented by R-, R2,
R' R5, R6 and R, and which may|haveg a sdUbstituent include a benzyl group,
phenet hyi group, 3-phenyHy NyapiR,hyl met hyl group,
2- napht hyl met hyl group, 2-naght hyl et hW _gf oup, biphenfh 25 met hyl group,
2- ant hr aqui noyl met hyl group, -@kalph@ny nmet hyl groug,
4-isopropyl phenyl net hyl grpup, 4-t-giutyl

7 / R1

20 Z, Z,

wherein R,, R,, R;,, R, R, and R, are each independently a

hydrogen atom, a halogen atom, a cyano group, a hydroxyl



14 FF~ Q03 - 28 phenylnethyl group, 4-isopropyl phenyl ethyl group,

t - butyl phenyl et hyl group, 4-t-butyl phenyl ethyl group, tolylnethyl grou
tol yl et hyl group, 2, 3-dinethyl phenyl methyl group, 2,4-dimethylphenyl1n%EE|@'QUU3
group, 2,5-dinet hyl phenyl net hyl 5 group, 2, 6-di net hyl phenyl nmet hyl group,
2,4,6-trinmethyl phenyl nethyl group, 2-chlorophenyl nethyl group,

3-chl or ophenyl net hyl group, 4-ch|oroﬁhéﬁyrhethyl group, 2-bronophenyl net hyl
group, 3-bronophenyl et hyl group, 4-bronmophenyl net hyl group,

2-f 1 uorophenyl net hyl group, 3-fluoro 10 phenyl net hyl group,

4-fl uorophenyl met hyl group, 2-nethoxy phenyl net hyl group,

3- met hoxyp met hy - e I o .
2-ethoxyph€ﬁ§¥%ﬁt §|&59%539“§ﬁg?ﬁﬁgﬁﬁﬁ§ﬂyFﬁgt yFQ§¥%ﬁ¥§b group having

4- et hoxy phenyd M6 hyh i85 0 Uk onts RGP RekP e B IdUls 1 Qiht or sub-

3- n- propoxyphenyl net hyl group, 4-n 15 propoxyphenyl nmet hyl group,

2-1 sopr opoxy phesNt Bt Ay | aBf DU adr | a¥SARMAX Iy IHBE Y @redimo

4-1 sopropoxyphenyl met hyl group, 2-n-but oxyphenyl nethyl ‘group,

3- n- but oxXypALPYh NBEONS G DMP, maly Mdied eX EuyBiltEintYy lorfupstituents,

2- i sobut oxyphenyl nmet hyl group, 3-isobutoxyphenyl nmethyl group, 4-isobutoxy
20 phenyl n@h hytaUkplpgrdu - Bakt ing phetty | 20etdadbagt camms3-wh bt awasphieayé met hy |
group, 4-t-butoxyphenyl net hyl group, 2, 3di net hyl phenyl et hyl group,

2, 4- di net hy| phesyievtdyt gr st tatitest Ry IhEtEmdatihy | ggprapiphaving 2

2, 6-di net hyl phenyl et hyl group, 2,4,6-trimethyl phenyl ethyl group,

2- chl or ophtay? @t ¢gtrbem capom SVIBLah Ima ieatey lee tsibs i tigpt or substitu-
4-ch|orophenglethyl roup, 2bromophenyl et hyl oup, 3-bronophenyl et hyl

;
group, 4 eata,mej 2 y1 saroyp difpiishya ét%ng FHRPL? A% r'EpHehyRaY hyl
group, 3fluorophenyl et hyl grou ,_4-11 uorophenyl et hyl group,

et oy pHBAYS o8 HSYDSF DRSS et AR AL G S5 SO R RESSARERY et hy|
group]6 2-e hoféfhefglf%ﬁyl g{ﬁup, 3 5 et hoxyphenyl et hyl group,
4-eth &yph y ﬂ9 g pfrZ )pro oxyphenyl et hyl group,

3- n- propoxyphenyl et hyl group, 4-nﬂ§opoxyphenylethyl group,

2-i sopropoxyphenyl et hyl group, 3+<opQopoxyphenf@)et hyl group,
g-lsgp{opoprherylgfryl group, ZQn-bgtoxyphEEylithgl group,

- n- but oxyphe gL QuR, - yphen y up
2-isobutoxyphg#§?%tﬁyp %gogpP§§%lg%%u%%@@bheny%e?ﬁylBﬁgggb,an alkyl

4-isobut0xyphggy5%tgﬁkog OgEouBtBQviﬂ yﬁh@@yi@tQXngﬁoHEOms which ma
3-t-but oxyphenyl et hyl group, 4-tbutoxyphenyl ethyl group, fluoren-9-y

group, 9-net hphfluar eaptytusheUdr Subsbythénes gnafl- ¥ralk9upor9apr opyl 15
fluoren-9-yl group and 9-butyl fluoren-9-yl group. Exanples of the

ar al kys oxy gr awpdkiyavikggg¥foup RAviagbdntat poscabboh atemsephésaniag by RI1,
R'" R" R5, R6 and R, and which may have a substituent include a benzyl oxy
group, phenet havexy gubspit8epheoy| pubpbikyugnosp, at- agph,26nt hylydexiyoxy
group, 2-naphthyl met hoxy group, 1-naphthyl ethoxy groug, 2- napht hyl et hoxy
group, bi phenpimanhexylgmanp, gzanphhavyingo§| ket ABxgagpenpatoms which

4- et hyl phenyl net hoxy group, 4isopropyl phenyl met hoxy group,

4-t - but yl phenyia¥ehaygy agpBbpt ijuenbppBpsrbhbhyReRRBXyahr adpenyloxy

t - but yl phenyl et hoxy group, 4 25 t-butyl phenyl et hoxy. group, tolyl nmethoxy
group, tolyl eGFEXYP §PBARI Q,§9d?ﬂe?ﬁ9¥%heﬂ %%tWBthQWBMpPave a sub-

2, 4- dji et hyl phenyl 14F D ~~03 - 30 nethox L oup :

2 5 bt hyl DAGAHURBERSE, SEPSEEEISNEST o PSR BRLRY LAGL ABLYgrBLpaYing

2,4, 6-t11 et hyl pheny) met Ry, 0L aUPyy 22 £ by ORRSRYL TELDOXY ¢ HEQYPo

3-chl or ophenyl'net’hoxXy “gioup, 4-cChl orophenyt net hoxy group,

Z'bronophenyl@%%@Qﬁ%uents, a dialkylamino group having 2 to 20 carbon
atoms which may have a substituent or substituents, or
an alkylcarbonylalkoxy group or an alkoxycarbonylalkoxy

25 group having 3 to 20 carbon atoms which may have a sub-

stituent or substituents,



5 group, 3-bronophenyl net hoxy group, 4-bronophenyl net hoxy group,
2-fl uor ophenyl net hoxy group, 3-fluorophenyl net hoxy group,

4-f| uor ophenyl met hoxy group, 2-nethoxyphenyl met hoxy group, 14 FED 2003
3- et hoxyphenyl nmet hoxy group, 4-nethoxyphenyl net hoxy group,

2- et hoxyphenyl net hoxy group, 3-ethoxyphenyl met hoxy 10 group,

4- et hoxyphenyl net hoxy group, 2-n-propax§5h9nylnethoxy group,

3- n- propoxyphenyl met hoxy group, 4-n-propoxyphenyl net hoxy group,

2- i sopropoxyphenyl net hoxy group, 3-isopropoxyphenyl net hoxy group,

4-1 sopr opoxyphenyl nmet hoxy group, 2-n-butoxyphenyl nmet hoxy group,

3- n- but oxyphenyl net hoxy 9r OURy %g 4-n-b t xyphenyl net hoxy group,

2- i sobut oxyphenyl et hoxy group, |sobut phenylnethoxy group,

4-i sobut OXyph;Q/.{HQ tnh(i.XX.sgr%“B ?}Ea?%ﬂgﬁeg né”ﬁlta'i}‘l%r Y UP10 car-

3-t but oxyphen oXy group, but oxy oxy oup

2, 3- dlnEthV'phﬁﬁVEﬁ&ﬂ@%%h&%ﬂuﬂayzhﬁv@'Eeghﬁkﬁh%ﬁéh%tG&X%dﬁ%ﬂﬂfﬂéhts
2, 5-di . net hyl phenyl et haxy group; 2, 6-di net hyl phenyl ethoxy group, 2,4,6

pheny! et hoxy qnowm,a@yma@r%bhg&ygﬁbqpphapha@yhetboaﬁ @aeWon xdakeny! et hoxy
group, phenyl et hoxy group, -trimethylphenyl et hoxy group,

2- chl 0603- chl armiphe mayethaexy agsabpt i4uehitobe? shbstdphemntsst hoxy group,
3- br ono4- br onophenyl et hoxy group, 2-fluoro3-fl uorophenyl et hoxy group,
4-f | uor 02- Bgt hoxy phadnd gErh@bongr euyaareirdoaryy, anl 2 KOC ¢x8p -hSding
phenyl et hoxy group, 4-nmethoxyphenyl et hoxy group, 2-ethoxyphenyl et hoxy
group, 3-eflhdryphReagpkrbohoaons cwpich-manokgpheaysebsbiugnbupyr sub-
2- n- propoxyphenyl et hoxy grou 3- npr opoxyphenyl et hoxy group,

4- n- pr opox FBREHENESHORD grabgyl 295@30@%{3@@ hepy? et ﬁé%?ogr atipms

3- |sopropox%éhenylethox roug |so€ro poxyphenyl et hoxy group

2- n- but oxy P ﬁ?l@?ﬂo??vﬁrﬁuﬁu %tht%%? x9bherhs i ABRYtEy 0AB, aXryl group

31 'sobbk oxyBHang bt RexsOgrbbon a2 FEBRUISR By oKXy “ahbapituent or
o bt XY BUBRYELAKY , 9 OHBrefartyl - PHOOBYREFINL S Y 26" Bdbon atoms

4-t - but oxyp eny oxy group yf oxXy §
9-methyl f1 ygng 5_ H§¥e95°HEbsg§%Q¥ﬁf'€9r§@5§5¥£ﬁéﬂt9r089 an alkenyl

9- propylfluoren- | oxy group, uor en- oxy §roup,

4- nltrobenaqugyhgogug z4%&aﬂ@bégfy&ﬁxataﬁguehlénaﬁsyyhéealeeﬁBsQ&Qup,
2. 4- di met hyl benzyloxy group, 2, 3-di nethyl benzyl oxy group,

2, 5- di met hghkenzykay¥tgtaepts 2, 6- dlnethylbenzyloxy gr oup,
3,5-dinethy|benzy|oxy group and 2,4, 6-trinethyl benzyl oxy group. Exanples of

t he allkyl t Bi cagd ApareheabhairdeppndesblgdabhiaRigeR2atRin,Ran Bakgd Rn and
whi ch may have a 20 substituent or substituents include straight chain,
branched andkoyyl pc ansakaltUiean¢kglthbngrbupQ RAvEagbent at@@scar bon
atonms such as a nmethylthio grou lthio groug Ero pyl t hi o group,
i sopropyl t Wbdchr Bap, haveudysehs lEV%G% OF sppRs L EREBtr 08P, a5adKydt Pt hi o
group t-butylthio group, 25 n-pentylthio group, isopentylthio group,

2 d|neth?PpPSﬁ}FYﬁPBYgﬂﬁﬁbP ﬁailﬂ9n%tﬁ?l%90%???ﬁpoab?ﬁﬁp whiGhiBR¥x 1 4

roug i COS

t t hi t - but vyl | oh |
feeyl e bggo2 ShRsRiPReE: of SR LtveRr 2t 80 APV Lrial: SV iasVaRT avi ng

2 0T8RS AT D A oS E g Py B B ' ©
a substituent or substituents, a heteroaryl, a heteroaryloxy
or a heteroarylthio group having 2 to 20 carbon atoms which
may have a substituent or substituents;
provided that at least one of 2, and 2, is the alkoxy,
25 aralkyloxy or aryloxy group.

In formula (1), examples of the preferable substitu-



al kylthi o groups substituted by an al kylthio group and having 2 to 20
carbon atons such as a nethylthioneth ylthio group, nethylthloethylthlo
group, ethylthioethylthio 10 group and 10-(2-decalinethi o)decylthio ghBUbij
and al kylthi o groups substituted by a dial kyl am no group and having 3 to 20
carbon atons such as a 2- dlnethylanlno %thylthio group,

4-di met hyl am nobut yl t hi o group, 2- (d| tylanino)ethylthio group,

2-pi peridylethylthio group and 15 4 (dl n- oct yl am no) but yl t hi o group.
Exanpl es of the aryl groups having 6 to 20 carbon atons which are
represented by Rl, Rz, R*" R5, R6 and R, and which nmay have a substituent or
subst'tuenteatgnshu ﬁengwoie' Euhed AhK1uBEOURS AT UCy A% BB RAY! o 9UP.

napht hyl groups, ranyl grodp uor ant hen ups, pyreén groups,

perillenyl ¢gr QUpéarbbth%BMEer'ch s nave Bhensathierwlk a&ogl%st%w
groups substituted by one or nore al kyl groups and having 7 to 20 carbon

atoms suchegssa 3n”ﬁ&9159996¥buﬁ5hﬁbQH@ 63 taeLioy cRkeon aoRdPwhich may
4- met hyl phenyl group, ~ 2, 3" di net hyl phenyl group, 2, 4-di net hyl phenyl group,
14 ha&e~aCEQBst138endlGtthmbahﬁmﬁbngéouﬁnd2aﬁ Airae kY bRye drbugr oup,
di et hyl phenyl group, 3, 5-dinethyl phenyl group, 3, 6dinethyl phenyl group,
4-8ri maakithgh@nyb @0ogprbdn3afbmsmehtivhpmayyhageoapsubstituent or
, 6-trinethyl phenyl group, 2,4,5 5 trinethyl phenyl group,
6-tri msuhgkpherpksgroup, 3,4,5 trinethyl phenyl group, 2-ethyl phenyl
group, propyl phenyl groups, butylphenyl groups hexyl phenyl groups,
cycl ohexyl phenyl gFSEEEEIBOLR, pREMICadr GHEIP Esm@tfhﬁ subsdgifaent §r adp,
3- et hyl - 1- nap hthﬁ roug 4- et hyl - 1- napht h grou
met hyl - 1- nkpRt REEPgreapitéone Py p- §1ﬁ¥5ﬁPH§F%§P8uﬁke?eﬁ@@h}ﬂciﬂﬁgpﬁthyI

T e
S ToUSEL AT R o R¥Rord, TEOELBIRIE DY haBou Ry B

substituents.

2,

3,
2,
2
2,

5
4
3,
3
4,

In addition, typical examples of the substituents z,,
Z, bearing on boron atom in the compound of formula (1)
include a halogen atom, and an alkoxy, an alkyl, an aralkyl,
15 an aralkyloxy, an aryl, a heteroaryl, an alkylthio, an
aryloxy, an arylthio, a heteroaryloxy and a heteroarylthio
group which may have a substituent or substituents. Exam-
ples of the preferable substituents include an alkoxy group
having 1 to 20 carbon atoms which may have a substituent or
20 substituents, an aralkyloxy group having 7 to 20 carbon
atoms, and straight chain, branched and cyclic alkoxy groups
having 1 to 7 carbon atoms and benzyloxy groups which may
have a substituent or substituents.
In the compound represented by formula (2) or (5)
25 regarding the present invention, typical examples of R,, R,,

R,, R;, R, and R, include a hydrogen atom, a cyano group, a



aryl groups substituted by one or nore al koxy groups and having 7 to 20
carbon atons such as a 3-net hoxyphenyl group, 4-nethoxyphenyl group14FF82%3
2, 3-di met hoxyphenyl group, 20 2, 4-di net hoxyphenyl group, ‘

2, 5-d. i met hoxyphenyl group, 2,6 dinmethoxyphenyl group, 3, 4-dinmethoxyphenyl
group, 3, 5di net hoxyphenyl group, 3,6-ghgftpoxyphenyl group,

2, 3, 4tri met hoxyphenyl group, 2,3,5-tri hoxyphenyl group,

2, 3, 6trinmet hoxyphenyl group, 2,4,5-tri.methoxyphenyl group, 2,4,6 25
trimet hoxyphenyl group, 3,4,5-trinmethoxyphenyl group, 2ethoxyphenyl group,
propoxyphenyl groups, butoxyphenyl 14f ~~ 203 - 34 groups,

hexyl oxyphgpato Pufﬁouﬁycé@@eﬁé/i@éd@h@i%s P Sas Of T vl oy e Wt o)) 4IPS,
2- met hoxy- 1- napht hyl group, 3nethoxy-1-naphthyl group, 4-methoxy-1-naphthyl
group, Sne¢hDaYide n@pdih hyhd g4 obigom bnéedfeiy- 1- napht hyl group, 7 5

met hoxy- 1- napht hyl group, 8-nethoxy-1-naphthyl group, 1 nethoxy-2-naphthyl
group, 3-net hoxy- 2Erappléy| ofr ohp, aikel hgxyups nkphihy| 2Qretpless

5- met hoxy- 2- napht hyl group, 6net hoxy-2-naphthyl group, 7-methoxy-2-naphthyl
group, 8netaokyr 2atamst hgpreseniped Zbethox R, 1-Rap; hyR, grraliR,awtl ith

decal i noxynapht hyl groups; aryl groups substituted by one or nore hal ogen
atons &and nayi hgve 2 csubstitbemt aepnsubsichtusntoh| mebide s toaigips,

di chl orophenyl groups, trichlorophenyl groups, bronophenyl groups,

di br onophe®l igyr ooPINChed o GYC HE® UPEKY ¥ | IEAWPS shahihy | 1 gfrq)tqu,

di fl uorophenyl groups, trifluorophenyl_ groups, tetrafl uorophenyl group,
pent af | uor%?)%lé‘?igl atrBRpSuchi 237 o‘ﬁ%’f‘K\H ' Foips FEREP, n-propyl

N &Eﬁéél yPEORE ! S TEReL Yrafk nobp Sk AP %ﬁ;}t{%fggé’%@g bdP o
_ ot _ |

ooyl napreRyT coais” EpReny b FofmnyF o ort Y Rt ny

R 01 Gy RPRB E R TRoA L] e M b TR LT RS 1o 20

car bon at ogBogy¢n ageril Ny Db 7o b @y I¥ent il 4fop ) Z0W8cn @henyl
group, N, N-di e}?hyl am ’i‘r?(’;phl\b(@any‘lsj[b group,ﬂ@%ﬁeenylﬁ- @rret%l am nophyel;tf}?n gr oup,

N-tol yl - N-gtbyp pn3 nedbeyyVpe gt LU Pgrdushl ormptiefbent £l cdehgxyl and nophenyl
group and N, Ndi t ol yl am nophenyl group; 5 aryl groups substituted by an

al kyl t hi o dimephphidut@l/i qgodp | 01 2D-damdochy Hiwigel sqrodums hex-hyl t hi ophenyl
groups, ethylthiophenyl groups, nethylthionaphthyl groups and

decyl t hi ondpheblyy lijpbybsgrawpl, a2 y3 -dimetzy Bubtyl tareab byl ah, 2 yl t hi o group
and 10 having 12 to 20 carbon atons such as phenylthi ophenyl groups and
napht hy| t ht BHBSRRNPrepYHLpIrodRanbt 262 oF r MRt R IR Engy Jrotptp hali ng 6 to 20
carbon atons, whi ch are represented. by and R _ and which

Rl, R2, R3, R5, R6

may have ae5ﬁ$§P?Fﬁ%n$r%VPsu%@???x%ﬁﬂgy1rﬂﬁ?HR?lﬂﬂﬁﬂpﬁkf%ﬂW?Qﬁ¥%P€RBN¥my

havi 6 to 2 b t h h : ht h
Sigﬁlﬁ;énilﬁéﬁﬁmﬂﬁw PE ,”g?Tr‘e}%”faﬁ%:ﬁ&@ﬁs%%PD%ﬁef&rfﬁh %%%nwﬁ%ﬁ%o"pi }
gryloxy érgﬁ%%géuggﬁ?¥%§%ggggyd%§%%$’ﬁ%%é a Jﬁggﬁp ou ’éﬁayhavyng 7 Fo’
20 b h e I :
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dimethylpentyl group, 3,3-dimethylpentyl group, 3,4-
dimethylpentyl group, l-ethylpentyl group, 2-ethylpentyl
25 group, 3-ethylpentyl group, 1,1,2-trimethylbutyl group,

1,1,3-trimethylbutyl group, 1,2,3-trimethylbutyl group,



14 FEJ ~~03 - 36 2,3,6-trimethyl phenyl oxy group, 2,4,5-trinethyl phenyl oxy
group, 2,4,6-trinmethyl phenyl oxy group, 3,4,5-trinethyl phenyl oxy gx’ qPFFB?MB
2- et hyl phenyl oxy group, propyl phenyl oxy groups, butyl phenyl oxy grougs, .
hexyl phenyl oxy groups, 5 cycl ohexyl phenyl oxy grougs, octyl phenyl oxy groups,
2-met hyl 1-napht hyl oxy 1-napht hyl oxy 1-naphthyl oxy 1-naphthyl oxy 10

2- napht hyl oxy 2- napht hyl oxy 2- napht hyl &8 =et hyl - 1- napht gr oup,

3- et hyl - 1- napht hyl oxy group, 5-nethyl-1-naphthyl oxy group,
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2,3, 6-3 ri NptiopyRREIMIOXY @fain, 12 ibdpriopyTbultgay Riiety 0Ny igdibpyl-
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oct yl oxyphkriyéioxyl heptips  groumt Renethydaeptintl grpup,1 34methylhzqsyl 37
group, 3-methoxy-1-napht hyl oxy group, 4-nethoxy-1naphthyl oxy group,
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6- (perfl uorodecyl oxy) napht hyl oxy group; aryl oxy groups substituted by an
N- monldal ky4 » 5 -ed iietomolbirest yalni gyougy,0 Up- edhg Lhexiyig g7 oup ,2 @ -edrhydrheatydns such
as N-net hyl am nophenoxy groups, N ethylam nophenoxy groups, N 20

decy! napht $eR9P gr orgishy MNgstten @ reavbo ghetdyy hexydp g ram® NtloinHprwndphenoxy
groups; aryloxy groups substituted by an N, N-di al kyl am no _group, an

N, N di ar y| B8R HHL gFERHP or2 i NCRRARSIt YLk GEQ¥Pno lglsepramy pantyd 8 to 20
carbon atons such_as N, N 25 di met.hyl am nop

N, N- di et hyJ 5@ RophetREEF YRICRIT N GO - rﬁ%@gﬁrg%ﬁ{é@@igﬁ@ SIRIP

lyl - hyl am ~ .~ e003 - .38 ,
m:éﬁlgrog? %ﬁﬁhiigggﬁ%ﬁﬁgé%%iﬁyﬁo6%@“%&y1§F5B§gg %ﬁ%ﬁg&iﬁgigﬁ91éHFﬁﬁbhenoxy

yl group,
aryl oxy

groupsy l-ethyl~4-methylpentyl group,
2-ethyl-~2-methylpentyl group,
2-ethyl~-4-methylpentyl group,
3-ethyl-2-methylpentyl group,
3-ethyl-4-methylpentyl group,

25

2-ethyl-l-methylpentyl group,
2-ethyl-3-methylpentyl group,
3-ethyl-l-methylpentyl group,
3-ethyl-3-methylpentyl group,

1,1,2-trimethylpentyl group,

1,1,3-trimethylpentyl group, 1,1,4-trimethylpentyl group,

1,2,2-trimethylpentyl group, 1,2,3-trimethylpentyl group,



aryl oxy groups substituted by an al kylthio group and having 7 to 20 carbon
atons such as net hyl t hi ophenoxy groups, 5 ethylthiophenoxy groups, FED 2003
met hyl t hi onapht hoxy groups and decyl t hi onapht hoxy groups; and aryI04¢ U4
groups substituted by an arylthio group and having 12 to 20 carbon atons
such as phenyl t hi ophenoxy groups and nﬁgpthylthionaphthoxy groups. 10
Exanpl es of the arylthio groups having to 20 carbon atons which are
represented by Rl, Rz, R3, R5, R6 and R, and which nay have a substituent

or substituents include a phenylthio group, 2-nethyl phenylthio group,

4- met hyl phenyl t hi o group, 4-t-butyl phenylthio group, 2- nethoxy 15

phenyl t hi TgH_ n 0 graqu 4§g $ﬂh9 Exanpl es
of the heﬁéroafﬁijéF%h s&%%v§ﬁg%%%%g % ?a?bgﬁqa n§n§L|c are #&jresented
by Rl, R2,, B % lﬁ@t@'@ﬁi Y RS- 1ghHURAH G

substltuents |ncﬁﬁde pyrronI gr%ﬂps N—netﬁylpyrrolyl gréﬁ%gq”

N-et hyl pyrz,of v -t ionéthy 1emtaiy Igioupg! M, 3g3RS mdtHUPEARW ndugdl oups,
leobutylpyrrolyl groups, N—|sopentylpyrrolyl gr oups, hbctrylpyrrolyl

groups, N-27E Eoeymiidutylypenayll ggiomuns 3 ,Nyat-hedveithy Ipantaly | rasupips,
N- et hoxymet hyl pyrrol yl groups, 25 N-ethoxyethyl pyrrolyl groups,

N- et Boxy darharmt mietenhyfyrendiygl gooagns .2 M- fedthrneddnyigrentetihyg mayug 0l vl
groups, N 1 4 Fr ~ t'003 - 39 ethoxycarbonyl nethyl pyrrolyl groups,

N- eth hox?/ca&,tﬁolrﬂsr:@imﬁwmmyllg:q@@p@,: m—bemwygml?/:grlgnmpsli—ilso-

N- phenyl pyrrol yl groups, N-tolylpyrro groups, N-allylpyrrolyl groups,

Nbut eny| pyrtai hutgrlo ggeu HM—deﬁ@@héNﬁW’i@WWﬂ GrOWPy, INYenta mtadduyRd rol vl

groups, thienyl ups, fur rqups, pyri.dyl groups qgui nol_yl groups,

i soqui nol ﬁrQJ’rRyu%s' ds 9ToNBax A7 AP TRRYHpd, ~etdw 1 groups,

t hi adi azoyl_qgrou |n1da o] I benzot hi azqyl ou benz zoyl

groups 9‘4{2031 g‘a FHHT B é'm%&mms'l gd‘lpéllfpsciaﬁﬁ%ﬁ?d&i %group
Ies yl on._at qrs, mhlch r

repr esent edn{?;1 Iﬁ%k‘% lR%S%gﬂ%ﬁg' &Jg‘ﬁ%hé’ﬁ&%%%’. cP 5P have SRRt ?Jent or

substitueny 1H§ﬁ ar. [eoI=Ta\'EN enyl, group,

1- but enyl 5%6&9911 1%%§k en&llg%%ho£y§ %eﬁ?%h?g'QH%Gb%ngﬁﬁgtﬁyl-l but enyl

group, 2, ZriE Ayl lgréueip 139d ake2hg1ibuitga | 19y -Rypical

exanpl es ofla substl}?yugnt L%ul ne}f or mul a?f3u g %@Hd(%) whi ch IS represented

by R, R2diRGtHA.butslargddip,i l1C-|elt¢h91a12Q—|al§d. Rity0 dittip, 1-

above menti oned al kyl groups; the above-nentioned al koxy groups; the

above- mentetdnydd- 253 ddyle tdrydinmsy 1t lyerocalpov @—ehilyileried -arialdaHydbutyrloups; 25

t he above-nentioned aryl groups; 14FaJ~D-3- 40 the above-nentioned
aryl @8y granmwm., @-edriyllody 2gddmed hydwiuky 12 groutd dardddry latlode-divch as an

al Iyl oxy group and a 2-but enoxy roup am no groups;
methylbutyl group, 2-ethyl-2,3-dimet ylbutyl group, 1,2-

dimethylcyclohexyl group, 1,3-dimethylcyclohexyl group, 1,4-
dimethylcyclohexyl group, ethylcyclohexyl groups, n-nonyl
group, 3,5,5-trimethylhexyl group, n-decyl group, n-undecyl
20 group, n-dodecyl group, n-pentadecanyl group, decalyl group,
adamantyl group, icosanyl group and 4-t-butylcyclohexyldecyl
group;
Alkyl groups substituted by a hydroxy group and
having 1 to 10 carbon atoms such as hydroxymethyl
25 group,hydroxyethyl groups, hydroxypropyl groups and hydroxy-

decyl groups;



5 unsubsti tuted nonoal kyl am no groups having 1 to 10 carbon atons such as a
nmet hyl am no group, n-butylam no group, n-hexylam no group, cyclohex;rlaﬁi%D3
group, 4-methyl cycl ohexyl am no group, 2-ethyl hexyl am no group and GTED
3,5, 5trinet hyl hexyl am no group; 10 nonoal kyl ami no groups substituted by a
hydr oxyl group and having 1 to 10 carbg? atons such as a hydroxy ethylam no
group, 2-hydroxypropyl am no group and thﬂroxy propyl am no group;
nonoal kyl am no groups substituted by an al koxy group 15 and having 2 to 10
carbon atons such as a net hoxynet hyl am no group, nethoxyethyl am no group,

et hoxynet hyl am no group, ethoxyethyl am no group, propoxyethylam no group

and 2- (2~ ethyl hexgiggy)s}&y gngﬁlp%g{ﬂy@éd L&?}g;{ﬁ%iéytn@réﬁﬂw i N0 groups

having 2 to 20 20 carbon”ato such as a di am no group, diethylam no

group, di - fe bkt VA RE ROy HEPUP . £l 20 - OB RH I R4 a@-ﬁﬁﬁ%&@ea@ﬁroun
pi peridino g

di - n-decyl am no group, NT1soanyl-N nethyl am no group and roup;

hydr oxyl - sgbshp § Uk B b Pdiet ifl NPr &l UPSL U enmt 1dr 1t @raupR0 1aardQb-at ons
such as a di (hydroxyet hyl)anm'no group, di(2 hydroxypropyl)am no group,

di ( 3- hydr oxype oyl ) groms, gsentafldorbdtiy - gridifys -1,415 1,33, 3-
di (10- hydr oxydecyl )am no group; al koxy-substituted dial kyl am no groups

havi ng 4 tweRHf taobo+2 g xomy k5 uptows, avatiyfiietdmobuatstlh g ,neey flijpro-
di (et hoxyet hyl )am no group, di(ethoxynmethyl)am no group, 5

di (et hoxyedégyl agrep gaodipexf Y yprupaosanydl )audurs gr oup,

di (but oxyet hyl)am no group and bis[2-(2'-ethyl hexyl oxy) ethyl]am no group;
aryl ami no groups halkkyny Grewrsosehksbbritedky s RBkO®Y pHeaip andio group,
4- et hyl pheny| am no group, 2-methoxy 10 phenyl am ngQ group,

4- n- pr opy| PRERYY adi o 40 JtArReR akqms such as a methoxymethyl group,

methoxyethyl group, ethoxyethyl group, n-propoxyethyl group,
10 isopropoxyethyl group, n-butoxyethyl group, isobutoxyethyl
group, tert-butoxyethyl group, sec-butoxyethyl group, n-
pentyloxyethyl group, isopentyloxyethyl group, tert-pentyl-
oxyethyl group, sec-pentyloxyethyl group, cyclopentyloxy-
ethyl group, n-~hexyloxyethyl group, ethylcyclohexyloxyethyl
15 group, n-nonyloxyethyl group, 3,5,5-trimethylhexyloxyethyl
group, n-decyloxyethyl group, n-undecyloxyethyl group, n-
dodecyloxyethyl group, n-heptadecanyloxyethyl group, octa-
decanoxyethyl group, 3-methoxypropyl group, 3-ethoxypropyl
group, 3-(n-propoxy)propyl group, 2-isopropoxypropyl group,
20 2-methoxybutyl group, 2-ethoxybutyl group, 2-(n-propoxy)-
butyl group, 4-isopropoxybutyl group, decalyloxyethyl group
and adamantyloxyethyl group;
alkyl groups substituted by an alkoxyalkoxy group
and having 3 to 20 carbon atoms such as a methoxymethoxy-
25 methyl group, methoxyethoxyethyl group, ethoxyethoxyethyl

group, propoxyethoxyethyl group, isobutoxypropoxyethyl group



but oxyphenyl am no group; al koxycarbonyl al koxy groups having 3 to 10 carbon
atons such as a net hoxycar bonyl met hoxy group, ethoxycar bonylnethox¥ qgﬁyﬂm
n- pr opoxycar bonyl met hoxy group, isopro 15 poxycarbonyl nmet hoxy group én- ¢
4' - et hyl cycl ohexyl oxycar bonyl net hoxy group; and al kyl car bonyl al koxy groups
having 3 to 10 carbon atons such as a ngethyl car bonyl met hoxy group,

et hyl car bonyl net hoxy group and octyrtéﬁbdhylnethoxy group. 20 Typi cal
exanpl es of a substituent L in fornula (4) -NHL (4) which is represented
by R" R~, R®" R5, R6 and R, include a hydrogen atom unsubstituted

al kyl car bonyl groups having 2 to 10 25 carbon atons such as an acetyl

group, et b glq:mg (y@ﬁly gr?q_ibq,i Lcycl ohexyl car bonyl
group andh%‘?cg?l{s P@-{&ﬁ%&% - ﬁl%?{yignet yl hexy Flar bonyl group;

al kyl car bonyl grougfkgﬁb Folps Sty DR BiPrh Nahpusty ad A5p 8t havi ng 2
to 10 carbon atons su s a chloroacetyl group, 2,2,2-trifl uoroacetyl
group and p&§bnd | HOr®UEs adbord A kis HueH ¥ RoBHend QR b sdtduyt ed by an
al koxy group and having 3 to 10 carbon atons such as a net hoxyacetyl group,
et hoxy pr opheyky € qrsup; t e DuteiydptenyDosyRtY | grgigs pindng- 40~

aryl carbonyl groups having 7 to 15 carbon atons such as a phenyl car bonyl
group,5 4- pherghphesy| watypbnytowy oup, 2- napht hyl car bonyl group,

4- et hyl phenyl carbonyl group, 3isopropyl phenyl carbonyl group,

2- met hoxyphenyl car bbkyl groups N1 Uit | aro prenlk o 0 nytogp oand

3- phenoxyphenyl 15 carbonyl group and 3-but oxynapht hyl car bonyl group.

Typi cal ex RS Hfta 2Ubcarhermtas uch @snPolenzEsregwetitutl [rewp mul a
(2) or (5) regarding the present invention include a hydrogen atom cyano
group; t hePaBayERERERHh et Ay |IPRAMFYLOXEEYY QAR Rt %o‘rf‘eld"%ﬁf%T kyl
groups; the fbove-nentio ed aryl groups; the above-nentioned heteroaryl
groups; and PRECBRYREREN (JTNEY al kenyl groups. Typical exanpl es of

oo
P et AR e SEPLOE P A g

having 2 to 20 carbon atoms such as a 2-methylthioethyl

group, 2-ethylthioethyl group, 2-n-propylthioethyl group,
2-iso-propylthioethyl group, 2-n-butylthioethyl group, 2-
iso-butylthioethyl group and octadecylthiocethyl group; and

15 alkyl groups substituted by a dialkylamino group and
having 3 to 20 carbon atoms such as a 2-dimethylaminomethyl
group, 2-dimethylaminoethyl group, 4-dimethylaminobutyl
group, l-dimethylaminopropan-2-yl group, 3-
dimethylaminopropyl group, 2-diisopropylaminoethyl group, 2-

20 di-n-butylaminoethyl group, piperidinoethyl group and 4-(di-
n-octylamino)butyl group.

Examples of the alkoxy groups having 1 to 20 carbon
atoms which are represented by R;, R,, R;, R;, R, and R, and
which may have a substituent or substituents include

25 straight chain, branched and cyclic alkoxy groups having 1

to 20 carbon atoms such as a methoxy group, ethoxy group, n-



14f ~~1013 - 43 the above-nentioned hal ogen atons; the

above-mentioned al kyl groups; the above-nentioned aral kyl groups; thes FER 2003
above-nmenti oned al koxy groups; 5 the above-nentioned aral kyl oxy groups; the
above-nentioned al kyl thi o groups; the above-nentioned aryl groups; the
above-nenti oned aryl oxy groups; the aboye-nentioned arylthio groups; 10 the
above-menti oned heteroaryl groups; hetefdaryl oxy groups having 2 to 20
carbon atons such as pyrrolyloxy groups, N nethyl-2,3-dinethylpyrrolyl-4oxy
group, N-butyl-2,3-di nethyl pyrrol yl -4-oxy group, thienyloxy groups,

furanyl oxy groups, oxazoyl oxy groups and 15 1, 2, 3- thiadiazolyl 4- oxy group;

SESUBEIT‘E;"%%@’%‘SH?H o St Py B ‘ia’%ﬁ’ﬂf}y. bR S
Ei Irgg)cl)l ;I Lﬁf%ﬁ%?gﬁ%rsﬂ%‘gi%’k%m&%ﬁﬁc tl%l c%y ejl';grrp'lg(ras of %@oxy

di pyrronet pai Sp E0EPL Exy COrpep dsereppEsefl ety byrdws meec{ 1), but the

scope of the present invention should not be |imted to these conpounds

al one. lpdnty Tody i §0up, 4elyclopentyiloXy droup~Indhekyldky) drdu) QO ' O O

ooo", (,, O, I NOf~W1INZZNGNOpUUI ~=UL"~~000
Q, ., 5 Nmethylpentyloxy groupr= 2-rmetlylpentyoxy \group, ,34nethyl-r~ r~ '~
chc~~nQch NUUUUUUUU, , UVp ~i

pentyloxy group, 4-methylpenty oxXy group, 1,l1-dimethylbutoxy
group, 1,2-dimethylbutoxy group, 1,3-dimethylbutoxy group,
2,3-dimethylbutoxy group, 1,1,2-trimethylpropoxy group,
1,2,2-trimethylpropoxy group, l-ethylbutoxy group, 2-ethyl-

10 butoxy group, l-ethyl-2-methylpropoxy group, cyclohexyloxy
group, methylcyclopentyloxy groups, n-heptyloxy group, 1-
methylhexyloxy group, 2-methylhexyloxy group, 3-methyl-
hexyloxy group, 4-methylhexyloxy group, 5-methylhexyloxy
group, 1,l-dimethylpentyloxy group, 1,2-dimethylpentyloxy

15 group, 1,3-dimethylpentyloxy group, 1,4-dimethylpentyloxy
group, 2,2~dimethylpentyloxy group, 2,3-dimethylpentyloxy
group, 2,4-dimethylpentyloxy group, 3,3-dimethylpentyloxy
group, 3,4-dimethylpentyloxy group, l-ethylpentyloxy group,
2-ethylpentyloxy group, 3~ethylpentyloxy group, 1,1,2-

20 trimethylbutoxy group, 1,1,3-trimethylbutoxy group, 1,2,3-
trimethylbutoxy group, 1,2,2-trimethylbutoxy group, 1,3,3-
trimethylbutoxy group, 2,3,3-trimethylbutoxy group, l-ethyl-
l1-methylbutoxy group, l-ethyl-2-methylbutoxy group, l-ethyl-
3-methylbutoxy group, 2-ethyl-l-methylbutoxy group, 2-ethyl-

25 3-methylbutoxy group, l-n-propylbutoxy group, l-isopropyl-

butoxy group, l-isopropyl-2-methylpropoxy group, methyl-
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cyclohexyloxy groups, n-octyloxy group, l-methylheptyloxy
group, 2-methylheptyloxy group, 3-methylheptyloxy group, 4-
methylheptyloxy group, 5-methylheptyloxy group, 6-methyl-
heptyloxy group, 1l,l1-dimethylhexyloxy group, 1,2-dimethyl-
5 hexyloxy group, 1,3-dimethylhexyloxy group, 1,4-dimethyl-
hexyloxy group, 1,5-dimethylhexyloxy group, 2,2-dimethyl-
hexyloxy group, 2,3~-dimethylhexyloxy group, 2,4-dimethyl-
hexyloxy group, 2,5-dimethylhexyloxy group, 3,3-dimethyl-
hexyloxy group, 3,4-dimethylhexyloxy group, 3,5-dimethyl-

10 hexyloxy group, 4,4-dimethylhexyloxy group, 4,5-dimethyl-
hexyloxy group, l-ethylhexyloxy group, 2-ethylhexyloxy group,
3-ethylhexyloxy group, 4-ethylhexyloxy group, l-n-propyl-
pentyloxy group, 2-n-propylpentyloxy group, l-isopropyl-
pentyloxy group, 2-isopropylpentyloxy group, l-ethyl-1-

15 methylpentyloxy group, l-ethyl-2-methylpentyloxy group,
l-ethyl-3-methylpentyloxy group, l-ethyl-4-methylpentyloxy
group, 2-ethyl-l-methylpentyloxy group, 2-ethyl-2-methyl-
pentyloxy group, 2-ethyl-3-methylpentyloxy group, 2-ethyl-4-
methylpentyloxy group, 3-ethyl-l-methylpentyloxy group,

20 3-ethyl-2-methylpentyloxy group, 3-ethyl-3-methylpentyloxy
group, 3~ethyl-4-methylpentyloxy group, 1,1,2-trimethyl-
pentyloxy group, 1,1,3-trimethylpentyloxy group, 1,1,4-
trimethylpentyloxy group, 1,2,2-trimethylpentyloxy group,
1,2,3-trimethylpentyloxy group, 1,2,4-trimethylpentyloxy

25 group, 1,3,4~-trimethylpentyloxy group, 2,2,3-trimethyl-

pentyloxy group, 2,2,4-trimethylpentyloxy group, 2,3,4-
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trimethylpentyloxy group, 1,3,3-trimethylpentyloxy group,
2,3,3-trimethylpentyloxy group, 3,3,4-trimethylpentyloxy
group, 1,4,4-trimethylpentyloxy group, 2,4,4-trimethyl-
pentyloxy group, 3,4,4~trimethylpentyloxy group, l-n-butyl-
butoxy group, l-isobutylbutoxy group, l-sec-butylbutoxy
group, l-tert-butylbutoxy group, 2-tert-butylbutoxy group,
l-n-propyl-l-methylbutoxy group, l-n-propyl-2-methylbutoxy
group, l-n-propyl-3-methylbutoxy group, l-isopropyl-1-
methylbutoxy group, l-isopropyl-2-methylbutoxy group,
l-isopropyl-3-methylbutoxy group, 1,l1-diethylbutoxy group,
1,2-diethylbutoxy group, l-ethyl-1,2-dimethylbutoxy group,
l-ethyl-1,3-dimethylbutoxy group, l-ethyl-2,3-dimethylbutoxy
group, 2-ethyl-1l,l-dimethylbutoxy group, 2-ethyl-1,2-
dimethylbutoxy group, 2-ethyl-1,3-dimethylbutoxy group,
2-ethyl-2,3-dimethylbutoxy group, 1l,2-dimethylcyclohexyloxy
group, 1l,3-dimethylcyclohexyloxy group, 1,4-dimethylcyclo-
hexyloxy group, ethylcyclohexyloxy groups, n-nonyloxy group,
3,5,5-trimethylhexyloxy group, n-decyloxy group, n-undecyl-
OXy group, n-dodecyloxy group, l-adamantyloxy group, n-
pentadecanyloxy group, icosanyloxy group and 10-(4-t-butyl-
cyclohexyl)decyloxy group;

alkoxy groups substituted by an alkoxy group and
having 2 to 20 carbon atoms such as a methoxymethoxy group,
methoxyethoxy group, ethoxyethoxy group, n-propoxyethoxy
group, isopropoxyethoxy group, n-butoxyethoxy group, iso-

butoxyethoxy group, tert-butoxyethoxy group, sec-butoxy-
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ethoxy group, n-pentyloxyethoxy group, isopentyloxyethoxy
group, tert-pentyloxyethoxy group, sec-pentyloxyethoxy group,
cyclopentyloxyethoxy group, n-hexyloxyethoxy group, ethyl-
cyclohexyloxyethoxy group, n-nonyloxyethoxy group, 3,5,5-

5 trimethylhexyloxyethoxy group, n-decyloxyethoxy group, n-
undecyloxyethoxy group, n-dodecyloxyethoxy group, n-penta-
decanyloxyethoxy group, octadecanoxyethoxy group, 3-methoxy-
propoxy group, 3-ethoxypropoxy group, 3-(n-propoxy)propoxy
group, 2-isopropoxypropoxy group, 2-methoxybutoxy group,

10 2-ethoxybutoxy group, 2-(n-propoxy)butoxy group, 4-isopro-
poxybutoxy group, decalyloxyethoxy group and adamantyl-
oxyethoxy group;

straight chain, branched and cyclic alkoxy groups
substituted by an alkoxyalkoxy group and having 3 to 20

15 carbon atoms such as a methoxymethoxymethoxy group, eth-
oxymethoxymethoxy group, propoxymethoxymethoxy group,
butoxymethoxymethoxy group, methoxyethoxymethoxy group,
ethoxyethoxymethoxy group, propoxyethoxymethoxy group,
butoxyethoxymethoxy group, methoxypropoxymethoxy group,

20 ethoxypropoxymethoxy group, propoxypropoxymethoxy group,
butoxypropoxymethoxy group, methoxybutoxymethoxy group,
ethoxybutoxymethoxy group, propoxybutoxymethoxy group,
butoxybutoxymethoxy group, methoxymethoxyethoxy group,
ethoxymethoxyethoxy group, propoxymethoxyethoxy group,

25 butoxymethoxyethoxy group, methoxyethoxyethoxy group,

ethoxyethoxyethoxy group, propoxyethoxyethoxy group, but-
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oxyethoxyethoxy group, methoxypropoxyethoxy group, ethoxy-
propoxyethoxy group, propoxypropoxyethoxy group, butoxypro-
poxyethoxy group, methoxybutoxyethoxy group, ethoxybutoxy-
ethoxy group, propoxybutoxyethoxy group, butoxybutoxyethoxy
5 group, methoxymethoxypropoxy group, ethoxymethoxypropoxy
group, propoxymethoxypropoxy group, butoxymethoxypropoxy
group, methoxyethoxypropoxy group, ethoxyethoxypropoxy group,
propoxyethoxypropoxy group, butoxyethoxypropoxy group,
methoXypropoxXypropoxy dgroup, ethoxXypropoxypropoxy group,

10 PropoXypropoxypropoxy group, butoxypropoxypropoxy group,
methoxybutoxypropoxy group, ethoxybutoxypropoxy group,
propoxybutoxypropoxy group, butoxybutoxypropoxy group,
methoxymethoxybutoxy group, ethoxymethoxybutoxy group,
propoxymethoxybutoxy group, butoxymethoxybutoxy group,

15 methoxyethoxybutoxy group, ethoxyethoxybutoxy group, pro-
poxyethoxybutoxy group, butoxyethoxybutoxy group, methoxy-
propoxybutoxy group, ethoxypropoxybutoxy group, propoxypro-
poxybutoxy group, butoxypropoxybutoxy group, methoxybutoxy-
butoxy group, ethoxybutoxybutoxy group, propoxybutoxybutoxy

20 group, butoxybutoxybutoxy group, 4-~ethylcyclohexyloxyethoxy-
ethoxy group, (2-ethyl-l-hexyloxy)ethoxypropoxy group, 4-
(3,5,5-trimethylhexyloxy)butoxyethoxy group and 6~{2-(2~
decalyloxy)butoxy}n-hexyloxy group;

alkoxy groups substituted by an alkylthio group and
25 having 2 to 20 carbon atoms such as a methylthiomethoxy

group, 2-methylthioethoxy group, 2-ethylthioethoxy group,
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phenylmethyl group, 4-isopropylphenylethyl group, t-butyl-
phenylethyl group, 4-t-butylphenylethyl group, tolylmethyl
group, tolylethyl group, 2,3-dimethylphenylmethyl group,
2 ,4-dimethylphenylmethyl group, 2,5-dimethylphenylmethyl

5 group, 2,6-dimethylphenylmethyl group, 2,4,6-trimethyl-
phenylmethyl group, 2-chlorophenylmethyl group, 3-chloro-
phenylmethyl group, 4-chlorophenylmethyl group, 2-bromo-
phenylmethyl group, 3-bromophenylmethyl group, 4-bromo-
phenylmethyl group, 2-fluorophenylmethyl group, 3-fluoro-

10 phenylmethyl group, 4-fluorophenylmethyl group, 2-methoxy-
phenylmethyl group, 3-methoxyphenylmethyl group, 4-methoxy-
phenylmethyl group, Z2-ethoxyphenylmethyl group, 3-ethoxy-
phenylmethyl group, 4-ethoxyphenylmethyl group, 2-n-propoxy-
phenylmethyl group, 3-n-propoxyphenylmethyl group, 4-n-

15 propoxyphenylmethyl group, 2-isopropoxyphenylmethyl group,
3-isopropoxyphenylmethyl group, 4-isopropoxyphenylmethyl
group, 2-n-butoxyphenylmethyl group, 3-n-butoxyphenylmethyl
group, 4-n-butoxyphenylmethyl group, 2-~isobutoxyphenylmethyl
group, 3-isobutoxyphenylmethyl group, 4-isobutoxy-

20 phenylmethyl group, 2-t-butoxyphenylmethyl group, 3-t-
butoxyphenylmethyl group, 4-t-butoxyphenylmethyl group, 2,3-
dimethylphenylethyl group, 2,4-dimethylphenylethyl group,
2,5~-dimethylphenylethyl group, 2,6-dimethylphenylethyl group,
2,4,6-trimethylphenylethyl group, 2-chlorophenylethyl group,

25 3-chlorophenylethyl group, 4-chlorophenylethyl group, 2-

bromophenylethyl group, 3-bromophenylethyl group, 4-
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bromophenylethyl group, 2-fluorophenylethyl group, 3-
fluorophenylethyl group, 4-fluorophenylethyl group, 2-
methoxyphenylethyl group, 3-methoxyphenylethyl group, 4-
methoxyphenylethyl group, 2-ethoxyphenylethyl group, 3-
ethoxyphenylethyl group, 4-ethoxyphenylethyl group, 2-n-
propoxyphenylethyl group, 3-n-propoxyphenylethyl group, 4-n-
propoxyphenylethyl group, 2-isopropoxyphenylethyl group, 3-
isopropoxyphenylethyl group, 4-isopropoxyphenylethyl group,
2-n-butoxyphenylethyl group, 3-n-butoxyphenylethyl group, 4-
n-butoxyphenylethyl group, 2-isobutoxyphenylethyl group, 3-
isobutoxyphenylethyl group, 4-isobutoxyphenylethyl group, 2-
t-butoxyphenylethyl group, 3-t-butoxyphenylethyl group, 4-t-
butoxyphenylethyl group, fluoren-9-yl group, 9-methyl-
fluoren-9-yl group, 9-ethylfluoren-9-yl group, 9-propyl-
fluoren-9-yl group and 9-butylfluoren-9-yl group.

Examples of the aralkyloxy groups having 7 to 20
carbon atoms which are represented by R,, R,, R,, Ry, R, and
R, and which may have a substituent include a benzyloxy
group, phenethyloxy group, 3-phenylpropoxy group, l-naph-
thylmethoxy group, 2-naphthylmethoxy group, l-naphthylethoxy
group, 2-naphthylethoxy group, biphenylmethoxy group, 2-
anthraquinoylmethoxy group, 4-ethylphenylmethoxy group, 4-
isopropylphenylmethoxy group, 4-t-butylphenylmethoxy group,
4-isopropylphenylethoxy group, t-butylphenylethoxy group, 4-
t-butylphenylethoxy group, tolylmethoxy group, tolylethoxy

group, 2,3-dimethylphenylmethoxy group, 2,4-dimethylphenyl-
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methoxy group, 2,5-dimethylphenylmethoxy group, 2,6-
dimethylphenylmethoxy group, 2,4,6-trimethylphenylmethoxy
group, 2-chlorophenylmethoxy group, 3-chlorophenylmethoxy
group, 4-chlorophenylmethoxy group, 2-bromophenylmethoxy
group, 3-bromophenylmethoxy group, 4-bromophenylmethoxy
group, 2-fluorophenylmethoxy group, 3-fluorophenylmethoxy
group, 4-fluorophenylmethoxy group, 2-methoxyphenylmethoxy
group, 3-methoxyphenylmethoxy group, 4-methoxyphenylmethoxy
group, 2-ethoxyphenylmethoxy group, 3-ethoxyphenylmethoxy
group, 4-ethoxyphenylmethoxy group, 2-n-propoxyphenylmethoxy
group, 3-n-propoxyphenylmethoxy group, 4-n-propoxyphenyl-
methoxy group, 2-isopropoxyphenylmethoxy group, 3-iso-
propoxyphenylmethoxy group, 4-isopropoxyphenylmethoxy group,
2-n-butoxyphenylmethoxy group, 3-n-butoxyphenylmethoxy group,
4-n-butoxyphenylmethoxy group, 2-isobutoxyphenylmethoxy
group, 3-isobutoxyphenylmethoxy group, 4-isobutoxy-
phenylmethoxy group, 2-t-butoxyphenylmethoxy group, 3-t-
butoxyphenylmethoxy group, 4-t-butoxyphenylmethoxy group,
2,3-dimethylphenylethoxy group, 2,4-dimethylphenylethoxy
group, 2,5-dimethylphenylethoxy group, 2,6-dimethylphenyl-
ethoxy group, 2,4,6-trimethylphenylethoxy group, 2-chloro-
phenylethoxy group, 3-chlorophenylethoxy group, 4-chloro-
phenylethoxy group, 2-bromophenylethoxy group, 3-bromo-
phenylethoxy group, 4-bromophenylethoxy group, 2-fluoro-
phenylethoxy group, 3-fluorophenylethoxy group, 4-fluoro-

phenylethoxy group, 2-methoxyphenylethoxy group, 3-methoxy-



ONO

I o

10

15

20

25

uruv, i MU, 0Z2% ~(coTMZUI UNU, i | NU
OZ:IUOmN\O:IU~IU,I|MCOIUUINMZZUU,Z.lL}'FJ[Bm{H
- 31 -

phenylethoxy group, 4-methoxyphenylethoxy group, 2-ethoxy-
phenylethoxy group, 3-ethoxyphenylethoxy group, 4-ethoxy-
phenylethoxy group, 2-n-propoxyphenylethoxy group, 3-n-
propoxyphenylethoxy group, 4-n-propoxyphenylethoxy group, 2-
isopropoxyphenylethoxy group, 3-isopropoxyphenylethoxy group,
4-isopropoxyphenylethoxy group, 2-n-butoxyphenylethoxy group,
3-n-~-butoxyphenylethoxy group, 4-n-butoxyphenylethoxy group,
2-isobutoxyphenylethoxy group, 3-isobutoxyphenylethoxy group,
4-isobutoxyphenylethoxy group, 2-t-butoxyphenylethoxy group,
3-t-butoxyphenylethoxy group, 4-t-butoxyphenylethoxy group,
fluoren-9-yloxy group, 9-methylfluoren-9-yloxy group, 9-
ethylfluoren-9-yloxy dgroup, 9-propylfluoren-9-yloxy group,
9-butylfluoren-9-yloxy group, 4-nitrobenzyloxy group, 4-
cyanobenzyloxy group, 4-acetylbenzyloxy group, 2,4-dimethyl-
benzyloxy group, 2,3-dimethylbenzyloxy group, 2,5-dimethyl-
benzyloxy group, 2,6-dimethylbenzyloxy group, 3,5-dimethyl-
benzyloxy group and 2,4,6-trimethylbenzyloxy group.

Examples of the alkylthio groups which are repre-
sented by R,, R,, R,, R;, R, and R, and which may have a
substituent or substituents include straight chain, branched
and cyclic unsubstituted alkylthio groups having 1 to 20
carbon atoms such as a methylthio group, ethylthio group, n-
propylthio group, isopropylthio group, n-butylthio group,
isobutylthio group, sec-butylthio group, t-butylthio group,
n-pentylthio group, isopentylthio group, 1,2-dimethyl-

propylthio group, 1,l1-dimethylpropylthio group, cyclohex-
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ylthio group, icosanylthio group and 4-(t-butylcyclohexyl)-
decylthio group;

alkylthio groups substituted by an alkoxy group and
having 2 to 20 carbon atoms such as a methoxymethylthio
group, methoxyethylthio group, ethoxyethylthio group and
10-(2-decalinoxy)decylthio group;

alkylthio groups substituted by an alkylthio group
and having 2 to 20 carbon atoms such as a methylthiometh-
ylthio group, methylthioethylthio group, ethylthioethylthio
group and 10-(2-decalinethio)decylthio group; and

alkylthio groups substituted by a dialkylamino group
and having 3 to 20 carbon atoms such as a 2-dimethylamino-
ethylthio group, 4-dimethylaminobutylthio group, 2-(di-n-
butylamino)ethylthio group, 2-piperidylethylthio group and
4-(di-n-octylamino)butylthio group.

Examples of the aryl groups having 6 to 20 carbon
atoms which are represented by R;,, R,, R;, R;, R, and R, and
which may have a substituent or substituents include unsub-
stituted aryl groups such as a phenyl group, naphthyl groups,
anthranyl groups, fluoranthenyl groups, pyrenyl groups,
perillenyl groups, triphenylenyl groups and phenanthrenyl
groups;

aryl groups substituted by one or more alkyl groups
and having 7 to 20 carbon atoms such as a 2-methylphenyl
group, 3-methylphenyl group, 4-methylphenyl group, 2,3-

dimethylphenyl group, 2,4-dimethylphenyl group, 2,5-
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dimethylphenyl group, 3,5-dimethylphenyl group, 3,6-
dimethylphenyl group, 2,3,4-trimethylphenyl group, 2,3,5-
trimethylphenyl group, 2,3,6-trimethylphenyl group, 2,4,5-

5 trimethylphenyl group, 2,4,6-trimethylphenyl group, 3,4,5-
trimethylphenyl group, 2-ethylphenyl group, propylphenyl
groups, butylphenyl groups, hexylphenyl groups, cyclohexyl-
phenyl groups, octylphenyl groups, 2-methyl-l-naphthyl group,
3-methyl-l-naphthyl group, 4-methyl-l-naphthyl group, 5-

10 methyl-l-naphthyl group, 6-methyl-l-naphthyl group, 7-
methyl-l-naphthyl group, 8-methyl-l-naphthyl group, 1-
methyl-2-naphthyl group, 3-~methyl-2-naphthyl group, 4-
methyl-2~-naphthyl group, 5-methyl-2-naphthyl group, 6-
methyl-2-naphthyl group, 7-methyl-2-naphthyl group, 8-

15 methyl-2-naphthyl group, 2-ethyl-l-naphthyl group and
n-decylnaphthyl groups;

aryl groups substituted by one or more alkoxy groups
and having 7 to 20 carbon atoms such as a 3-methoxyphenyl
group, 4-methoxyphenyl group, 2,3-dimethoxyphenyl group,

20 2,4-dimethoxyphenyl group, 2,5-dimethoxyphenyl group, 2,6-
dimethoxyphenyl group, 3,4-dimethoxyphenyl group, 3,5-
dimethoxyphenyl group, 3,6-dimethoxyphenyl group, 2,3,4-
trimethoxyphenyl group, 2,3,5-trimethoxyphenyl group, 2,3,6-
trimethoxyphenyl group, 2,4,5-trimethoxyphenyl group, 2,4,6-

25 trimethoxyphenyl group, 3,4,5-trimethoxyphenyl group, 2-

ethoxyphenyl group, propoxyphenyl groups, butoxyphenyl
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di pyrromet hene boron conpl ex conmpound rsgresent 5 ed by formula (1) of the
present invention, concretely the dipyrronet hene boron conpl ex conpound
represented by formula (2) or (5) can be prepared by the follow ng
procedure. That is to say, typically, for exanple, the dipyrronethene boron
conpl ex conpound represented by fornmula (2) or (5) can easily be prepared

b i 6 wh i
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f I 8 R2 R R5, R6 and
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acid or trmé£h6&§EEEﬁé§héﬁ?ﬂ gﬁamg;24nﬁeﬁﬁsx§e§ChapﬂtHypdgféuﬁﬂtb-alr or an
oxi di zi ng agent such as chloranil, successively reacting fhe oxi di zed

product W h&tRoReL Dindphtiayi d@r_é@ppbsam@tnoﬁpnpouaghtnwe§@6&§d by fornula
(9): 20 14 fLJ LL~3 - 54
5 methoxy~-l-naphthyl group, 8—methoxy -l-naphthyl group, 1-
methoxy-2-naphthyl group, 3-methoxy-2-naphthyl group, 4-
methoxy-2-naphthyl group, 5-methoxy-2-naphthyl group, 6-
methoxy-2-naphthyl group, 7-methoxy-2-naphthyl group, 8-
methoxy~2-naphthyl group, 2-ethoxy-l-naphthyl group and

10 decalinoxynaphthyl groups;

aryl groups substituted by one or more halogen atoms
and having 6 to 20 carbon atoms such as chlorophenyl groups,
dichlorophenyl groups, trichlorophenyl groups, bromophenyl
groups, dibromophenyl groups, iodophenyl groups, fluoro-

15 phenyl groups, difluorophenyl groups, trifluorophenyl groups,
tetrafluorophenyl group, pentafluorophenyl group, trifuo-
romethylphenyl groups and 6-(perfluorodecyloxy)naphthyl
group;

aryl groups substituted by an N-monoalkyl- or N-

20 monoarylamino group and having 7 to 20 carbon atoms such as
an N-methylaminophenyl group, N-ethylaminophenyl group, N-
decylnaphthyl group, N-phenylaminophenyl group and N-
tolylaminophenyl group;

aryl groups substituted by an N,N-dialkylamino group,
25 an N,N-diarylamino group or an N-aryl-N-alkylamino group and

having 8 to 20 carbon atoms such as an N,N-dimethylamino-
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mne atom 5 and finally substituting the hal ogen atom bonded to the OF b’
atom as needed. Furthernore, the dipyrronethene boron conpl ex conpound
represented by fornula (2) or (5) regarding the present invention in which
R is a hydrogen atomcan easily 10 be pPepared in accordance with another
met hod which conpris es reacting a conpound represented by the
above-nmentioned formula (7) with a conpound represented by fornmula (10): R3
R2 ( 10) OHC N R~ Hwherein R, RZ and R, are as defined above, or reacting

(11) (oo KPeFof: o bR Anddpgn Y Qorbl M adehiu N RSRGRgnd
( _ R REFPRY e o |
such Ssaﬁﬁ‘ﬂ%%?%%m%@ﬁ%‘?%{‘%ﬁ%%‘%s TP P LR RBREE o Bl Wi
[ ' i 3): RS Rs Rs
VAN R Vo R BN N SRR AEPASRREATE (SYou BN R are as

defined abgyeol@n&mifhodshényal atomsuch as a fluorine atom a chlorine
atomor a bromne atom and then substituting the hal ogen atom bonded to

the boson atom as aeguegrodPsThebabovataBnNbyoasdahRy DERNoSYBELHt HhEON can
easily be carried out by using, in a solvent such as an al coholic solvent,

an ester sbaveng, 7 ato a2 @neasohyatoasr Hoch sos ieat hy Bvh dbpidey 1 cghyesocar bon

solvent or an anide solvent, a conpound represented by fornula (14): 15

M Z1 (14) ethylthiophenyl groups, methylthionaphthyl groups and
decylthionaphthyl groups; and

aryl groups substituted by an arylthio group and

10 having 12 to 20 carbon atoms such as phenylthiophenyl groups
and naphthylthionaphthyl groups.

Examples of the aryloxy groups having 6 to 20 carbon
atoms which are represented by R;, R,, R;, R;, R, and R, and
which may have a substituent or substituents include unsub-

15 stituted aryloxy groups having 6 to 20 carbon atoms such as
a phenoxy group, naphthyloxy groups, anthranyloxy groups,
fluoranthenyloxy groups, pyrenyloxy groups, perillenyloxy
groups, triphenylenyloxy groups and phenanthrenyloxy groups;

aryloxy groups substituted by one or more alkyl

20 groups and having 7 to 20 carbon atoms such as a 2~
methylphenyloxy group, 3-methylphenyloxy group, 4-
methylphenyloxy group, 2,3-dimethylphenyloxy group, 2,4-
dimethylphenyloxy group, 2,5-dimethylphenyloxy group, 2,6-
dimethylphenyloxy group, 3,4-dimethylphenyloxy group, 3,5-

25 dimethylphenyloxy group, 3,6-dimethylphenyloxy group, 2,3,4-

trimethylphenyloxy group, 2,3,5-trimethylphenyloxy group,



wherein Z1 is as defined above; and Mis an alkali nmetal atom such as a
sodi um atom a potassiumatomor a lithiumatom or an atom group suchFB3i03
magnesi um nmonobr om de or magnesi um nonochl ori de, 20 and/or a conpound
represented by fornula (15): M -ZZ ( 15 ) wherein Z2 is as defined above;
and M is an alkali metal atom such as a sodium atom a potassium atomor a
lithium ~ 4 rLa a~3 - 56 atom or adfatom group such as magnesi um
nonobrom de or nagnesi um nonochl oride. The visible light curable resin
conposition of the present invention conprises a photocurable resin (A, a
5 photoreaction initiator (B) (e. g., a light radical polyneri zation

initi : | i ght. aci.d | i gh . he Iik

and o phot BebbT T VBT HRIAE o Fralieyr Aorhscn e aT ot ERGAN S e ompound

havi oy . Cricti . : tn

phot ocur abREoTBe e o8 e P Ay M Blogl 3 B SR AT s Tong
e ; 0 had o

G oup vhi e SR B BT PO, SRR BRI R o

resin incl y%g&ﬁ%@%f%ﬁ%hﬁﬁnﬁf ?qud,ﬁgalr heXy 1pHERUREYy kavupe at | east one

u oub

et hyl eni c unsaturate I’"e bond, oligoners such”as dimers and triners
thereof, nwéw@éxﬁgﬁﬁ@.mo@\f%mw Y Bty liphen§Qloxyl Gradgst, Qinfet Hylese
conpounds, ot her exanpl es of the photocurabl e conventional known resin

i ncl ude a pohapli€hyborey 2§rogs; 8-nest Iy nagdithy 1@ xgolgyresipsr d-awithy -

pol yether resin, an alkyd resin, a polyvinyl chloride resin, a fluorinated
resin, a sitnapimehybsxy,greoup Nyd-neddtydi-d -nepihthyd oxyv glrakipr,e $i-medrhyal + esi n
conposition conprising two or nore of these resins bonded to at | east one
phot opol ynkrhaphtkylesyntareitred 2amehyip, 1 -aephddydoxyd grionpahiSeimethy 1~

phot opol yneri zabl e unsaturated group i s bonded to a nodified resin

conpri si ngltRAPRELY1QXY FEOUD o-B-methyl{mn@ Pt hylexy gaoups. SERGHNYES of

o L AT, oA S A IS AT Rt
o P A RS A B8 Pt o
e A AR R A e SR
phot s AP O S elpla gl o 5 havg 2 10 5 oy grove v

the photosensiti Veaﬁ?]_?é'i?y b Eps It tE by B PAvTRI1HoBAIE 2,
right lower colum, Tine 6 to page 6, left |lower columm, line 16 of

Japarnese Pgiembs Apfd | igakion 1aidd-2Qeardien 2a23ns96128%1asla Bae phot ocurabl e
resin (A I1s preferably used in conbination with any of the |ight radi cal
pol ymer i zateomoxyphemy byxsy ngrupmn eld-niedrhoixygphieary 1 oXlye geopipet @gdr-abl e resi ns
(A) can be used singly or in the formof a mxture thereof. It is also
possi bl e tdimekhexyphenylaxic aonnl 206 -diimesheoryphenylexyagregpa @olScul ar
wei ght of 300 to 1000 as a typical exanple of ester conpounds of aliphatic
pol yhydr ox§1BShHXFRRe R Xih HHANEAt &d bk XY PRENYd ovli I OXPe- Ferfti oned
as ethyleni¢ unsaturated conpounds qf .a photocurable resin coggﬁnent (a2)

in the aboVERHERFERRMPLBIY HHQWhr. 322 -Admekdoxyphenyd %Yo A& Ypnoto&ur abl e

oSt LA E for1% AR0Y S ST 250 ERTRG MR 1L 8.5 e used

2,3,5~-trimethoxyphenyloxy group, 2,3,6-trimethoxyphenyloxy

group, 2,4,5-trimethoxyphenyloxy group, 2,4,6-trimethoxy-

phenyloxy group, 3,4,5-trimethoxyphenyloxy group, 2-ethoxy-

phenyloxy group, propoxyphenyloxy groups, butoxyphenyloxy
25 groups, hexyloxyphenyloxy groups, cyclohexyloxyphenyloxy

groups, octyloxyphenyloxy groups, 2-methoxy-l-naphthyloxy



14~:,7i1i~-3 - 58 conpounds which can be cured (insolubilized) by a
reaction such as polynerization, etherification, pinacol rearrangenqn4¥EDZW3
si l anol dehydrogenation, intranol ecul ar dehydrati on condensation or

hydrol yti c condensation in the presence of 5 an acid, as a catal yst,
generated fromthe |ight acid generator__ Exanples of these conpounds

i ncl ude gl yci dyl ether type epoxy conﬁbdﬁh§'such as bi sphenol A type

di gl ycidyl ether, (poly)ethylene glycol diglycidyl ether and
trinmet hyl ol propane diglycidyl ether; alicyclic epoxy com 10 pounds such as
3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl o hexane car boxyl at e,

di cycl opeWE?’ne_,‘_cgégﬂdggy_f_qggmwlw%w'quéﬁmg&i_q_et hyl ene gl ycol

di ester a

1, 3- bi [ 2{ il ey b L siiosy Jetdin Y i ‘JF@% Tefer
to J. PonmJSci., %ﬁ Alpronm Che})m, d\%{% . 11153(1'&3(_}9% 1990 }1 vi nyl
et her conpRUiKishEIMETLBF PrEug 2 el Bty -diHapHt IRSR: Jridupet fd ol propane
di (1- propenyl )net hyl ether, ‘trimethyl ol'propane di (1-prdpenyl)butyl ether,
trimet hyl qheptlopanel hdphttyreay | granip, entdhoxy-21RiapHtehiliosgakfroup,

di (1propenyl ) phenyl ether, trinethylol propane di(1-propenyl) 20 ether

acet atSe, t3<neet Hystyo! Prroqsinteh ydli dxdy pyrepany |4)-mettherxya@-nagthe b xy group,
trimet hyl ol propane di (1-propenyl )N butyl carbonate [refer to J. Polym

- Sci ., Part5/metudxim2-TaphthWolxy 3xroyr, XG5k thoryoe)-napdithydy syt |grmeip,
conpounds such as dodecyl allene (DA), diethylene glycol diallene (DEGA,
25 tri et hyl etRERPXA0} - HH BRI i RO (YT EEOUP /1 -S-aetdiopar-a-mamnirgiy 1siXye rgr adtther
(THFA), N-hexyl oxy-1, 2-propadiene (HA), 1,4-di . v - 59

N but oxy- 1234 dn&ldhhe Yt thy 1exy S9%85- 1, 2- but adi ene and

N- hexyl propazyl ether, (HPE) [refer to J. Polym Sci., Part A Polym Chem,
Vol o 43P oPe 503" TEBHAY Srnit AR AR T an et more Haldgdn

3- et hy] - 3- phenox t.hyl - ox ne,., phengxynet 5 | oxet ane

met hglxdy netaﬁiﬁ%? e%rgeh%vnﬂl%?éngﬁ%ﬁ 0?§-ar¥g)t off%%y U P TR SRR 3,

Pol ym Sciyg,

conpounds S u}gﬁa#so @3 sp’rpgdp%ﬁ 15’?%’?“49 ‘g’\igil Xy, Sf.ﬁ'ﬁl’%f - _%%izl(%f(hé.l%zr?grfe nwow acet al

2-propyl i dengsgls el op sl 1048} 1@ dibromophenyl ,
3,9-dithili denéés-'Z, 4,8, 10- tﬁe%{ raoxaspiro 10 l[ 5. gl]ot?nc?engar?g,y [grr&ué)rs to J.

Pol ym Sciioed énﬁoﬂelgﬁauﬂyemliog;ﬂﬁyqﬁlgky_ %(}%hp(slgm)ﬂyu&i%rgprtho

ester conpounds such as 1-phenyl - tri oxabi cycl of 2. oct ane

[refer to JoxyoiyonpsScitrifolomopHeatitl oxdyd.grovps., 22 trafldndopghEI8A)dxy

| act one conmpounds such as propiol actone, 15 butyl ol actone, y-val erol act one,
y- caprfol acswop , Ve e §l un topitenme oxy [gnoapr,o tamitfdme rame thyupdreny, lawyonmat i ¢
vi nyl conpounds such as net hoxy-a-net hyl styrene; heterocyclic vinyl
conpounds FMR4PHAN it (ReEASIRedasy laRha apdiiolexy sixempss hexanet hyl ol
mel am ne and hexanet hoxy nel am ne; a 20 copol ynmer of p-vinyl phenol and

p-vi nyl benzyl acet3¥BLOBAPFAMRS SHRHettEEebipo I -diRPalkyl- or N-

trimet hyl ol benzene and tri (aceto ﬁfanbonﬁlnet | ) benzene. These conpounds
may have &P LG (R £S5 3 VeY tton(%) CATPRD AHPEF HP #%ton of

(i neol ubi TAAHITABRAEA, et s o R AR 1"y | 6o
gencr st or SEGPUBENU detufl, B p A AR o 3 Y oup such
as an epoxyo B P Mpiert A odfdup.
aryloxy groups substituted by an N,N-dialkylamino
group, an N,N-diarylamino group or an N-aryl-N-alkylamino
group and having 8 to 20 carbon atoms such as N,N-
25 dimethylaminophenoxy groups, N,N-diethylaminophenoxy groups,

N-phenyl-N-methylaminophenoxy groups, N-tolyl-N-ethylamino-



5 1n addition to the above-nenti oned conpounds which can be cured under the
catalytic function of the acid or the base generated fromthe |ight Fen 4
generator or the |light base generator, conventional known resins haJ?ﬁEL%ém}
unsat urated group can be bl ended as needed, and exanples of these 10 resins
include an acrylic resin, a vinyl resin_ a polyester resin, an al kyd resin,
an epoxy resin, a phenol resin, a rubbe?sand an urethane resin. As the
photoreaction initiator (B) which can be used in the present invention,
there can be used a light radical 15 polynerization initiator, a light acid
generator and a |ight base generator. As the |ight radical polynerization

initi , i Kk h d. I f th
corpounds PSEAE 4F8Rke 1 cNeop BERDRHEERh o e C iR S5 BeRSBBrenone.
benzoi n Tekbyhogt BER. nDRNGSLA1 | PORS ADKheLRGT orBERRY! . xant hone,

t hi oxant ho ant hraqui none; acet ophenon such™as acet ophenone,

pr opi ophenone, a-h 'S p :
a,a'-dichIoro-4-phé%ggggge?gg%g%oEg?g?ﬁ§gﬁggyp¥-g?cﬁ%ﬁ@%&FégeggSHgngﬁg and
di acet yl acgRhophgnenes 26 Q4LBHHhCaPEMEX5HER EHCheﬁﬁyDEHEQ?heHSQ X488ups,

t - but yl per oxy- 2éet hyl hexanoate, t-butyl hydroperoxide, di-T-buty dlpergxy

4 f C © aJéthybthibphehokpeqpsypspphébayatRiéndphthoxy groups and

3,3 ,4,4" -tetra(tbutyl peroxycarbonyl ) benzophenone; di phenyl hal oni um salts
such as di geep¥thionaphthozly gndupsphangl i odochl oride; organic halides
such as carbon tetrabrom de, chloroformand 5 iodoform heterocyclic and
pol ycyclic conmpoundsydasy gsoB8pphenbbtitutedxbyoronergitthio group and
2,4,6-tris(trichloronethyl)-1,3,5triazi nebenzant hrone; azo conpounds such
as 2,2'-azb??}naih%th?l%él@@ﬁh@@r@t@?? suochaaspphespbthjephenekye,
1,1'azobisécgclohexane-l-carbonltriIe and 2, 2'-azobi s(2-nethyl 10

but yroni t r BFEYPS| 2B - BRRRERE LRI @RRRM ERRKYEr IFQURSr opean Patent No. 152377):

titanpcene conpoungds (refer to, Japane Pat ent pbication Lai d- Open No.
221118§1988); bisiﬁ#ﬁé?g?ﬁ B%nﬁéﬁnagyiﬁpéPyﬂgPyggd RVLBApBuRBsZQacri di ne
conpounds; inations of ar tic k n d gronpti ¢ am nes; and 15
peroxyketaFégggéfgébﬁg ﬁﬁb%§e§g3p5§%ﬁ§é§$€$?2§¥igw I Vdgcpgk’Ngﬁ &R
321895/ 1994) . & 10 P ' WERH &AL
initiator sﬂ2 cﬁrgt "{)Ht}t%ﬁq%:&ggr oxyias%g%#égg{eer{@%rca%b%l _ Ats il ude
3,3",4,4" - hephany1 PHiy | PREQXY CALRORNY ) PEBZPPARDGN roﬁ}ge 4-“9@1’:]%’%?96
conpl exes and the titanocene conpounds are 20 prefera [e, becatlise t hey have
a hi gh act pyehylthi6r @66hp hki Ng-oitPObYERY1ERL6 0§rofip) t PeREBRExyLhe i ght
acid generator is a conmpound which can generate an acid by exposure, and
thi s yBner phedyathiloi grased 4stebutyhpyshylohiorerotip ahdveyrenyioned 25
conpound. As the light acid generator, a conventional known conpound can be
used. Exanprewpeof the |ight acid generator 1 ~f ~~i~-J3 - 62 include
onium salts such as sulfoniumsalts, ammonium salts, phosphonium salts,

i odoni um sal ts andEXarRheaneEathe, heteraasyé g5RpPPexBaviBg| anbb- Abt al
chel ate conpl exes, triazipe conpounds, diazidongghthoquinone conpounds,

sul foni ¢ atRrEPANIEURS Whick AFSFPLRFENT AT doY eRireFss Rpy dHdi Ri @nd o t he
b - t] d ds, it i | ible t the |ight id
ooy at or sRodid TR ASY, baveL 2 BubSAITARIY X FUbULitreahsy Hos Lude
1465524 199 J P t i t] No) 289218/1997. 10 ,
Lo TR B BB RPN P SR APRLEA P SRdu S8 Al ey oy el vl °OV
| . ( I ;

above. nent FLnabS NISHSEPHSFrAORPY | dr B SR B ETLAEOLYE SHERRT onlr known
compound CagoBet ¥B5Fr r PR Sy, 1S dd S ¢ PRSP 88T 3 Pups, N-

octrylpyrrolyl groups, N-methoxymethylpyrrolyl groups, N-

1

methoxyethylpyrrolyl groups, N-ethoxymethylpyrrolyl groups,
25 N-ethoxyethylpyrrolyl groups, N-methoxycarbonylmethyl-

pyrrolyl groups, N-methoxycarbonylethylpyrrolyl groups, N-



15 include nitrobenzyl carbamate conpounds such as [(0-nitro

benzyl ) oxy] car bonyl cycl ohexyl am ne [refer to J. Am Chem Soc., Vol.l’lé;?,g,.m)3
No. 11, p. 4305 (1991)] and photo-functional urethane conmpounds sucﬂ AR
N-[{1- (3, 5-di net hoxyphenyl ) - 1net hyl - et hoxy?car bonyl ] cycl ohexyl am ne and
N-[~1-(3,5 20 di net hoxyphenyl) - 1- net hyl - et oxy} carbonyl ] pyridine [refer to

J. Og. Chem, Vol. 55, No. 23, p. 59I9?9(I990)]. A blend ratio of the
photoreaction initiator is not critical, and it can be varied in a w de
range in conpliance with the kind of photoreaction initiator. In general,
the 25 anount of the photoreaction initiator is in the range of 0.1 to 25

Wi rospect peYEBEoRaY R gy ROt 0BG RRRY, MoRPbxveRabohytstifls © ™
by el ght , SORECRRAneT PEp=81 M Rk tey EEg Lk ok bR  NEpRR ARV 2

by wei ght, "the stability of the o ned iorate.

5 The_VISI@&Qubbghh—ﬁél?mFgrféiym go6m §btNQBlQ§lb9%rBﬁ?§e@ﬁxh@%ﬁngtpn
contains at | east one o e di pyrfometh ene boron”conplex "conpounds
repr esent epuleniy0pyukall) gasupbe théﬁ&éﬂylngQ519§)gr@0 si,t NIRex@QNt ai n
anot her conventional known photosensitizes. 10 No particular restriction is
put on5t hedecgipypitolpdegsotpsgsthienybngraapst, faryiuarbypysedyriidlyl
exanpl es of the photosensitizes include ketocounmarin, coumarin-6 an
counari n cgrpupsdsgrentlphedronpdapasegeiRalgit gippbis¢abixazoldi drcoups ,No.
18088/1992. 15 In this case, no particular restriction is put on the anount
of the di ppspexeeREhegbonpa, conpléazephpounupseptbdediedoyy goompsa (1) in
t he photosensitizes (C), but in order to_obtain a desired effect in the
present i ndBAERBAY1t HEOBBA: cReNgPthhazaypysrenpshehenBoxssoydngirexpsonpound
20 represegted bé,fornuﬁa glé in the 8hotoignsitizes (C). is_preferably 10%
by wei ght SFNEBAEIAARPEL FEPEPS NI HEBBIFBYY e PGREPS, 2R8r énNdRACR -¥8r e
prefeigbly 38@6by wei ght or nore. Particularly preferable is the

phot 03 nsi?Fzgg'containing 50% by wei ght or nore of the dipyrronethene
boron conplex 25 ¢ e t t i fi,zZ ( tQ.be used
15 s o, RN SRCHRE°HTkeRL 378BE 3TANG RS 40 sl

(O as vel Lapst QﬁiEthrefrE?9é98H£é8|S%Ltﬁls,i RGAR, O{iﬁnén&hkct%xgc?“t e

interact with the photosensitizes (O, i n ‘dgendfal®’ the anouh

phot osensi {hies m&y haveUhtabbytitubhe &rf3088t9tubnist 9ntPuBar LS viviyl
wei ght, preferably 0.3 to 5 parts by weight with respect to 100 partg by
wei ght of glreuphol epropbhel r ¢sdap( A)-pospengit grbhpt he-paReny10Grbhg,
phot osensitizes (C) is less than 0.1 part by weight, the photosensitivity
of théSfor diegeobenyhggfoum t 2rpentenyet @rdéOpy i 3rmeehyard-bfitehyils groue ,t han
10 parts by weight, there is a tendency that it is difficult to keep the
conposi ti oR/PndaCHaANevEAY bt g¥euprandt heZ v2etpsrranovisplubirbupy. |f
necessary, the visible Iight curable resin conposition which can be used in
the present invent T¥R1EAH €X2BBAEEI Afa2pABPEHALYRBLI LaBne forawlar 4Bad
conpound (resin) other than nentioned above, in addition to the
abovenenti oned conponents. Exanpl of "t he phot opol yneri zabl e unsat ur at ed
conpound. i ncl ude nethyl (neth)acryCae, ethyl (Beth)acrylate, butyl
(meth)acrylate, 2-ethyl hexyl 20 (meth)acrylate, (poly)ethylene glycol
di (nmeth)acryl.ate, (pol ro ene glycol tri(nmeth)acrylate,
trinet hyl oV_é?‘S ah® g??%%%?’ﬁ?%‘ir?ﬁ’a‘?’é, Ryr yBer iHre (I%i i‘ﬂ%t?\?) adighude, 2
penta§5yth5§595gggt£€ég?th)acrylate and pentaerythritol tri(nmeth)acryl ate.

the above-mentioned alkyl groups;

the above~mentioned alkoxy groups;

the above-mentioned aralkyl groups;

the above-mentioned aralkyloxy groups;

25 the above-mentioned aryl groups;



25 The anmount of the other photopol ynerizabl e unsaturated conpound to be
used is preferably in the range of 14 a 7 ~~~3 - 65 about 0 to 5004 bfd 003
wei ght, nore preferably about 0.1 to 40% by weight with respect to the
total weight of the conposition (solid content). In the present invention,
if necessary, a radical 5 protecting conpound (D) can be blended with the
visible light curable conposition. The $%dt cal protecting conpound (D)
functions to prevent the deactivation, by oxygen, of radicals generated
when a resist filmfornmed fromthe visible |ight curable conposition is
cured by the irradia 10 tion of a visible light |aser, whereby a good
sensitivity can be_| rte S] even 1n the presence of oxygen

In the present invellrll i%?l%vgéﬁgrﬁ%ff%%ﬁ?c% }ylp?’f)‘?e%’%?mr%g"conpound (D), there can
be suitably used ne 9]%9 t 0 ]H?ﬁ§ S i d ester
conpounds and ar o%%#%ﬁﬁsog%n%%u suﬂﬁlﬁ%e%nﬁﬂl,wdégne yloahgénr?éjnos%up
bonded to j f TR ' .In the visible Iight
curabl e reagsf ﬁ%@ﬁ%\r’l@% ‘—:ir:i:glc?jr:;a(::ZIVLsh?’r{;ener)‘!aiét:e{jdll by the light irradiation
react with oxygen éﬂi,lp@c?f@lp@,roxy radicals, if oxygen is present, and 20
the peroxy radicals usually react with each other to becone oxygen

nol ecd es, wher ebyuhifigbs it ¢oés mowoa NePraeine ngtouseasd v g edl. taovever
when the radical protecting conpound ?ﬁ? is allowed to exist in the

conposi t i crarborcaioomanecinidsh 4 meetdndsaming maentp om-butydamire pyesyyed
that nost of 25 the above-nentioned peroxy radicals react with the radical
pr ot ect i ngn-choerolamifd)graupyr cziekohrticraniati cateip arid-ndtdgadcyclol ~ ~ ~|
~~~3 - 66 other radicals contribute to the curing reaction of the resist
film As dhexglaming lgroupi b eethyhexylamine raiup anthdsidion of the
present invention can nmaintain the high sensitivity, even if oxygen is not
bl ocked. SFrsRtEhY L RSBAARNY{IXMP above- ment i oned phosphorous acid ester
conmpaqunds i nclude dialk

|, . di I d di | Kyl f i d
ot LS ot bt prbeRna Ly 1 Bhd s RS S H S JhE b dpliraty £ Ous 8t ds
di but yl ph hi t i.s(2-ethyl,h hi.t di | ph it d
d: bgnélylo 2%19%%2%%?;12%\7?% ;?/ k%/?exgdnécaijl}%?ozrfyqltogrlss[ eslrlgc epyspﬁ%g}s?gcﬂ)odgy ":(r:] i ds such

as trinet ' | et ' Lyl i

51 bty pIEUPEREINS S i MRS G s AR BBy

trii sodec%ncgwpé]ﬁ@o aéygbﬁxg; s(tridecyl)phosphite; aral kyl di al kyl esters of
a phophorous daci d such” 15 "as benzyl di et hyl phosphite; and tri (hal oal kyl)

esters of phOphOf%n@&iﬁﬁl&wﬁﬁb agrélips (Suks Ritutdd Usy agl hyl RosBhogidip e and
tris(2-chloroethyl)-phosphite. Typical exanples of the above-nentioned

ar on”s ¢ cangpchanelsndnay it 1 hecdy; e ateinkyy | sardm @ sgrao uge g toy Tanei ikd)
carbon atom which forns the aromatic ring include N, Ndi nethylaniline
derivati vesraugh methodvetimplandnmidionn, 4Wrarpmeay iy ldimigichygrzmig i ne,
4-t-butyl-N N-dinethylaniline, 2,6-diisopropyl-N, N-dinethylaniline,
4, 4" -vi nyI@‘d&?&ﬁfs‘()l\gm%tqu |pEFRpoxyethylamino group ‘and 2-(2'-
4, 4" -met hyl enebi s(N, N-di net hyl aniline), 25

4" - et hy@ ERENRSEL e ¢ BRI NFRYR et hyl ani | i ne),

4, 4" -
N.N.2,4,6-pentamet i, aPLL 1 P8t ed’ SES1 RPN nd" § 20 dps" Rving 7 {62673
20 carbon atoms such as a dimethylamino group, diethylamino
group, di-n-butylamino group, di-n-hexylamino group, di-n-
octylamino group, di-n-decylamino group, N-isoamyl-N-methyl-
amino group and piperidino group;
hydroxyl-substituted dialkylamino groups having 2 to
25 20 carbon atoms such as a di(hydroxyethyl)amino group, di(2-

hydroxypropyl)amino group, di(3-hydroxypropyl)amino group



- 67 4-(2-pyridylazo)-N, Ndinethylaniline and N, N-di nethyl -4
nitrosoaniline. Above all, the aromatic conpounds having the N, N di pethyl
am no group bonded to the carbon atom which forns 5 the aromatic riﬂgféﬁdm3
having a nol ecul ar wei ght of 120 to 400 are particularly preferable from

t he viewpoints of conpatibility with thﬁ*resin of the resist and the
sensitiv ity of the obtained resist fTITtO the visible light. The anount

of the above-nentioned specific radical 10 protecting conpound (D) to be

bl ended is not strictly limted, and it can be varied in conpliance with
the kind and the amount of photoreaction initiator (B) to be used. In

eneral , t a E%, I t L conpound (D) is preferably in
?he range %ﬁdog?gfgﬁﬁ%%% S %%gagﬁ%h?§8i§ﬁ%g$% prgperabl§ i to EO parts %y
vel ght whth respech)kBx)90uBatlfubka elaiky PAniflE Lok OF piyhe
visible light curable resin conposition, |% points”o e photvdsensitivity

of the res%?tcgfbahaﬂgoﬁgesééﬁeﬁﬁtg @E{ﬁé@hé&¥ﬁé€“&fiéﬂﬂndnbfgﬁbyiSible

light curable resin conposition of 20 the préesent ‘i nvention, sonme additives

can be addgd(mash8Lpeeyl FxRipd e§r&ip | @i palchdkMest hyic) difitn R ngwsiiiesi on

i nprover, a polynerization inhibitor such as hydroqui none,

2, 6-di5t - bgiybthoryeshy 1 pamihdt- ¢ pimenyd + Opipdsowy etted pamirey groupber, fine
particles of an organic resin such as a vinyl 25 polyner or a vinyl polyner
havi ng an dhgshutiozyethyt papina groupnand uehs P~ 62 todtdry Mtexgi lgnant- or an
extender pignent, a 14 Cr ~L,1~-3 - 68 netal oxide such as cobalt

oxi de, a pebbBylgtamanosgroups di butyl phthal ate, dioctyl phthalate,
tricresyl phosphate, Eolyethylene gl ycol or pol yprpyl ene glycol, a cissing
i nhibitor and a fl| aryilep1AQ] G5PBPS BaVThBIaholR- HRnERERRY EPRS| HWCh ndF over
is mxed to i nprove the adhesion of the coating filmto a substrate, and
exanpl es of PH@“&Hﬂ@éPBnQFﬂﬁPov%Tm?FEY%ERFQ¥ﬁ?éhﬂﬁeﬂF%ﬂRﬁl%ﬁ???ﬁ?@&ble,

1- phe 5-am notetrazol e m no: 1net hyl t et razoci T

| tet azo#e . 5-
5- am 10- 2- BRERVHEBEPA, ST 8P 5. 4chcREoRY IRV AMLAS TRy 0
5-nercaptOB&EgE%EM%h§%£$£85e?rgﬁgﬁthyIthiotetrazole and
- € e.

5-chl oro- 1-phen razo e conposition of the present invention

ﬁggigﬁnyagsergger gﬂﬁo&gea§56599alﬁb& UgRbAPE CaY i Ag SR €1 Bl AANbRg 2
gth and hi gh Spectral um nous efficiency 15 sel ected
within theaeanges@Eno8 &OombERokpta¥bénlyii€thoxy group, ethoxycar-
bonylmethoxy group, n-propoxycarbonylmethoxy group, isopro-
15 poxycarbonylmethoxy group and 4'-ethylcyclohexyloxycarbonyl-
methoxy group; and
alkylcarbonylalkoxy groups having 3 to 10 carbon
atoms such as a methylcarbonylmethoxy group, ethylcarbonyl-
methoxy group and octylcarbonylmethoxy group.
20 Typical examples of a substituent L in formula (4)
-NH-L (4)
which is represented by R,, R,, R;, R;, R, and R, include a
hydrogen atom;
unsubstituted alkylcarbonyl groups having 2 to 10

25 carbon atoms such as an acetyl group, ethylcarbonyl group,

isobutylcarbonyl group, cyclohexylcarbonyl group and 3,5,5-



conposition is used under this safelight, an absorbency of the unexposed
coating filmfornmed fromthe conposition is 0.5 or less within the qqqq@z%z
t he maxi num wavel ength 30 nm of the safelight. 20 As a conventi onal
safelight, a fluorescent |anp which is colored red has been used, but an

em ssi on spectrum of the fluorescent I%EF has a wavel ength range within a
wi de range of froman ultraviolet light*st 6 a visible light region (Fig. 5).
Therefore, this fluorescent |anp cures even a 25 portion of the visible

i ght-sensitive resin coating filmwhich does not need to be cured, so that
any clear resist 14fLJL~u3 - 69 pattern cannot be forned by a

devel opi ng ti e J r i.s conpensated by | owering the
e e Sk

intensity ich”in di ently makes a working circumstance

dark. On the contrgiy1ddridiyIPI@asRids isERtitited W e & aiptoyed the
safelight, for exanple, a sodium Il amp having a sharp wavel ength, whereby

t he above-HEIde e s RIIMMa& 1 nke 2s@bvad. chidon atighsSducH s saf el i ght

for use in the present inventionis a visible light having a high spectral

| uni nous khlefridaueaidy aithpy 1250, Iridi elogogicet3al eplorp Wrddigedthe range
of 500 to 620 nm preferably 510 to 600 nm This safelight can be obtained,
for exanplfludyodediampyd djroupgrge | anp in which the |light having the

maxi nrum wavel ength in the above-nentioned range can be emtted by

di schargi ng the | amkylscantsalyfl igroaupgasuhsdhitascesbdwmn Glkexy ogisoup

di scharge |l anps, the sodiumlanp is excellent in safety properties, working
ci rcunst arid frapdra iledaadd Cagbonkatopec susd @ise a mgtthaxaasety ¥ rom t he
sodium | anmp consists nmainly of a yellow D-ray having a wavel ength of 589 nm
and it is H¥ho BRFRRYRRAPIONYilgIFTouPo aat - -~ ERtOrayS lahax¥at on of the
light is |ow.and hence objects can be sharply displayed. Fig. 1 shows a
spectral FERIBL iR ia of the | ow pressure sodium!lanp. As shown in

this ectral distributi j.a t sodj I i,n addition_ to the
Dr a;}sOOV\hi chist heg’lﬂglérrga%%n r% %r\a/oerqpené}%%‘&gotcyhe%gsolmcn%’%baon%,éi??{%s Sateti ght
may have i.gh- th_ i’%H'%r T~~~ t~J3 -
70 wavel gan%tffbrange:)%%b@éa)gﬁ%?og@grgegggmgggﬁeg&g versottaqyyl zjﬁl%%e‘%f’ t he
visible i - jqtd i 0Si_t+ @R ady ntted
fromthe s%gi}aurm I ér%tﬁl a\e%)t?irr%%eg ﬁ%{ﬂé Z ;e:tfﬁ? elrp Eﬁ?ﬁ%ﬁ%ﬁ%rﬁ‘?ﬁr?j

wavel engt hi foaionaing 1eEi®onyhay rohe , Dorak thadkypheh e digfhyds dffup,
safelight. The spectral distribution of the sodiumlanp in which the

hi gh- ener gy, N-alinvetts lendgine phenydrarbsngile geoup,S 3spdwhdxydlieghyl2- Exanpl es
of the filter include "Fantac FD1081 Scarlet"”, "Fantac FC- 1431 Sunfl ower
Yel | d§' (bzrtbarfy 11 @ridwgmaande 3-bade xyaapd thyd caadonyl Kmsai. Pai nt Co.
Ltd.), and "Lintech Lum cool film No. 1905" (a trade nmark, made by Lintech
Co., Ltd.). MoreoVBPiqHe ssgmpligthtoff & suhsifuant gheoénd copERUngh s
preferably a sharp nonochromatic |ight of 589 15 nm such as the |ight from
the sodi uiSRERFSHhAd DY F@dFMULEn (2 OFe (P)gReIRFALRY (Hhe REE&SRI wavel engt h
in the range of 500 to %% n t here mag be used a safelight containing a
wavel engt FFESHRI LA iAs DiATOgePu AEGMi n CY AR STEMR’h range of an
ultraviolet Iight ran a visihle |j rrange 20 other than the
above- nent i oned rarnye r°Vaen"“}er{’f"‘rl?fl)rneeéi Ig‘:‘lrl L Ot

P3iowever, when the

saf eljght contai ni t 1\ Hri t i jbuted in any of such

ot herjdryanges i s used, ﬁ%@&n@v@engtﬁ%ﬁgﬁ%ﬂ%}rﬁéﬂange is required to be
the range of the sg{eldife WMUIidiRRP ] R adverse 25 influence
(sensitization) on the visible I'1ght-sensitive resin conposition. 14 ~~J

f~~3 the above-mentioned heteroaryl groups; and
the above-mentioned alkenyl groups.
Typical examples of substituents Z, and Z, of a
25 compound represented by formula (2) or (5) regarding the

present invention include a hydrogen atom; cyano group;



- m Such a safe high-energy |ight wavel ength range (a | ow wavel ength
range) is concerned with the distributed energy intensity of the |ightrrang;
t he absorbency of the visible |ight-sensitive resin conposition in this
range. 5 When the energy intensity of the light is high, the conmposi tion
havi ng the | ow absorbency can be used, and when the energy intensity of the
light is |low, the conposition having =a 4%®latively higher absorbency than
the former can be used. In view of these requirenents, the safelight can
contain the 10 high-energy light range to such a degree as not to adversely
affect the visible light-sensitive resin conposition. However, a usual

fluorescent |anp having a nmaxi num wayel th of 500 to 620 nm cannot be
used as the safel igﬂ? g%?v?ﬂge%%?’b?%e’r?%e'&ﬁ%‘m%r resin conposition which
is to be 15 sensitjzed [ Sl having an oscillation |ine
especially at 488 {?lﬁngo?g%‘ééﬂﬁ?ﬁﬂﬁjgg%ﬁsie P s y‘fo%gbf fluorescent |anmp has

the high light ene LPodES e?s]lo&gl |1y in 400 to 499 nm
The absor bency deff’ﬁ%d l?% tﬁgerg?gi%én@%%ﬂe%o I %‘b represented by the

formula of -log (I{h8)aMbeEShEntidSedmIdANSItyuPd; the light transmitted
through a coating filmformed by applying the visible light curable resin
conpos tion onto thﬁesmém@ﬁtmﬁé@@mmo@m?gd@@ and then drying the
sanme (renoving the solvent); and lo is an inten 25 sity of the |ight
transmtted througbha dbenk-hémeidnedsqkEIthsabgisape; (e. 9., a

pol yet hyl ene terephthal ate sheet) 14F.~Ji~J3 - 72 onto which the
sanpl e (the phot osthsi éaboeermantnicoap syl ayourss appl i ed]. An extent of a
| i ght brightness which human eyes can perceive can be represented by the
spectral |um nous theéjaboveemeyt iowediefyyieaky guddw8113- 2005, this
spectral lum nous efficiency can be defined as the reciprocal of a

rel ative val ue of Bhea@Payevrenrtinnetharbithlomiaderoimtic |1ight having a
wavel ength ~, when the bright ness of the nonochromatic |ight having the
wavel¥hgth ~. is jHagePPEETRENHLANRAI NP EIARY bfIEPYRS &r ence for

conpari son under pyedeter_m ned observational .conditions, and usually, it
can be defined as {ée 3fﬁ%r£jt%’%a?5‘?lﬁ%sd VJtr}‘%ltzct%% %)ﬁm’\’/a?ﬁ%mﬁay becone

o 11l ency S vis | iy iel Widths, b, 2 AR i e S

range of t@,@yv'lsé ¢ IJJ-i-k?{I@ l—lﬂﬂﬂme?bh ] fﬂﬂﬁ_q_é){f\%gﬁ%ral | um nous

e
efficiency 1s Sho on assunption th t he “maxi nu ‘of the
spectral |l &9pBoRf fdrd daAdi Xiged ldvd ent
fromthis t(h':'ltlijr%ve t ha ?fndt e'yrf;{lkgéerﬁicg)l]c 4(?1?{)‘@258' %Odzn%nﬁl\i\%ychél;c}su?%gg%
CONVETH i ONRJ 2 yawviech P dv s yIgel -@fxy ehodple a@ectral | um nous efficiency is
|l ow and this range is perceived to be dark by human eyes, and for exanpl e,
in order for the hhetereyeglthi@eymmipse hawisarz to i 2htcesisomsaabmsa
wavel ength of 589 nm the intensity of the irradiated 25 |ight nust be
further ineweasael. pYrraktlthion gndvwsyaxi-mehhydl s dsfzal  isd +idsia ygieumbout

555 nm (JI S- 28113 2008) . 14 ~~~~~n~ - 73 | .
l-benzyimidazolyl-2-thio group, thienylthio groups, furanyl-

thio groups, oxazoylthio groups and tirazolylthio groups.

20 Table 1 shows typical examples of the dipyrromethene
boron complex compounds represented by formula (1), but the
scope of the present invention should not be limited to

these compounds alone.



The absorbency of the unexposed coating filmformed fromthe visible Iight
curabl e resin conposition of the present

preferably 0.2 or

| ess,

invention is 0.5 or

nore preferably 0.1 or
maxi mum 5 wavel ength 30 nm (-30 nmto +30 nm,

| ess in the range of
preferably the maxi mum

| ess,
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wavel ength 20 nm (-20 nmto +20 nm},4&r-nore preferably the maxi num
10 nm (-10 nmto +10 nm of the safelight having the maxi num

wavel engt h

wavel ength sel ected within the above-nenti oned range.

10 The thi ckness of

the dry film (exclusive of the solvent) forned fromthe visible |ight
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10 advancing the curing of the coating filmby the exposure. This cover
coat | ayer can be forned, for exanple, by covering the surface of thgfLT 7983
applied coating filmwith a resin film (filmthickness = about 1 to 70 Eun)
of a polyester resin such as polyethyl ene terephthal ate, an acrylic 15
resin, a polyethylene, a ponvinyI'bﬁﬁoFide resin or the like; or by
applying, onto the surface of the applied coating film an aqueous sol ution
prepared by dissolving or dispersing an aqueous resin (dry filmthickness =
about 0.5 to 5 ~m. i d then drying it. In this case, exam 20 ples
of the afofeslai i ncliude po Fnyl aléohol, L partially
saponi fi cat ed inyl| aceta cogplyner off poliyvi ny

y Y
™ > a [x]
al cohol and y p&], yimerx of @ parxi gl | ysaponi at ¢d
A tNe
h Qe85

conpound off Nopl yvi n n® vi n a , Bollyvidy! |py i done, 25
a wat er-soljubj e pol y< pol yjmer * su¢h$ pufl ul an} and anf acrylic
resin, a polyesté? yl rlesin a dﬁhn 1 4f" ~)|~~~3 - 76 _
epoxy resin cpntain group, an acidig group or a{base. Thils cover
coat |ayer [is| preferably|removedAften,the¢ expgsur 9? t he [coatiy,ng fli I m and
(3
r

bef ore the |deyel api hg treatinent. OThils dovér at Y| sol ubl e
5 pol ysacchar| de%po ymte'{:r he@t @ @si P can b anpl e,
with a sol yedt s¥ch{aywad , A dibe”aquegus| sy ut i aqueous
sol ution i1 which theTedi nocdy Be i ssafeddor| di{sp of the
sol vent whijch| can be used t?) di s%l 109ve |or 'dilspePs ght
curabl e regin|conposition inclyde ket oles (e.g.], acetone, nethyl ethyl
ket one and |net hyl i $obut \l tqne),| estery (e. g., efhyl agetatg bytyl
acetate, ngthyl benzoate jafid gt hyl | prqpi ¢ 8| elhers fe.| 9., %
t et rahydr of{ygan, i ()xa@e anX di n% hoxygt hg 15Zce| | ool Ves (e% g.,| methyl

cel | osol ve,| ethyl cel 1'0sql ve/ and i et hyl en Lol mbnofet hy| sher)
aromat i ¢ hyldr ocarbons (e.l g.\ henzepe, tol xyl ene and et hyBbenzene),
hal ogenat ed h_gdr ocarbons |(e.g.,| chlproform trighlorpethyl egne and

di chl or onetihane) g alicohol|s %6. 9.2 et hé@ al coho d| beg2yl| 29 hol ),
ot her sol veres (g'g, & nethyl flordram d& and &t rretgl sut§ oxji dey , d water.
Furt hernore, éxarples of {the sybstrate ing et'al 5 such jas-Catfumi nFm

magnesi um [copper, zinc, |chromjum hickel ifon, alloy sheets containing
these netaljs as #5 conponents, ag pri 4% ed i nbaar%s, pl Ccs,

gl asses, si Id:e‘on@“vvalf%g angcar n plgte s%f acegd are t t ed ~ 4
r ~- ~a~3|"| with{thése netalls. ' Mpredver n used a& a nhegadbive-[ ype

resist matefialefor |el ectrodepdsi ti on coatfing, the visible Jight curpble
resin conpogsi _ﬁﬁon;i g fErst bgodght intao,an aqueBus 5| di spersi on organ

agueous sol ygiion he (ﬁqu»eo i sﬁel Si @n or the|aqoe )usgol ut i d® t he
visible light |cu Iegesin Conposi §i ot can be formed by (1 rRl zing
the conposifiqgn wtth an al kali |(a neutralijzer) when an ani opi c group| such
as a carboxyl |group |is 10 i ntroduced in,the photocurable resin, o~(p)
neutralizingdlt wth aif aci df(a néut raé(zer)ﬂvhen% ¢cat i8ni £ guch as
an ani no grpTP i &'i Nt-r@duced t her®@i . anpl & .of Qhe al%al | neutral|zer

whi ch can b Jsed at| this|time | ncldde al kianol ani nes |such a
nmonoet hanol anijne, dilet hanpl am ne and 15 trj et hanol amne; al kyl angRes| such
as triethyl pijinegdijeth - < < L | I 2 A
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yl am ne, nonoet hyl am ne, diisopropylam ne, trinethylam ne and

di i sobutyl am ne; al kyl al kanol am nes such as di net hyl am noet hanol ; aHicpmﬁjﬁ
am nes such as cycl ohexyl am ne; hydroxides of alkali metals such as éadg $'
soda and caustic 20 potash; and ammoni a. Furthernore, exanples of the acid
neutralizer include nonocarboxylic acies such as formc acid, acetic acid,
| actic acid and butyric acid. These neutralizers can be used singly or in
the formof a mxture thereof. The anobunt of the neutralizer to be used is
usually in the 25 range of 0.2 to 1.0 equivalent, preferably 0.3 to 0.8
equi val ent | pgr equjval ent of the ionic group contained in 14~"::) ~3
the visible lji curable resin |co itgon. |njo r ito further inprove

t he romabLI'{gzjf the resi n,co olwed dispErs din water, a
hydr ophi | i £, golWent &n be klde enti oned Wi sjble 5 1ight

[
«cur abl e repwr dPEpPsSiQi o, d exanpl €s |of @t he hydrophilic
sol vent ingl ude€ et hanol nol, {n-b - but anol ,
nethoxyethancl,‘ethoxyet anol , | 2 dijet hyl col rnononet hyl
et her, di okane and| tetrahydrofurfan. T u% of e D rophilic

sol vent to| be di s e ght | less referably 100
parts by Meig r S W ﬂ:ﬂ s oy w of the resin
solid conpprgnt S ur i her I NGT_@ase Aoyt of the resin

Thydr 015
curabl e resi i copposition, and
pet ol eumisol vents such as
et hyll ket one and{ nmet hyl isobutyl

t% 20 Acet @ nd al cohol s
okl | T a

of the

conponent {o (belappl

added to tpe |abpvef nefXi
exanpl es of tlhe hydr ophopi
t ol uene and Xyl ene; keto
ketone; esters such e
such as 2- beHyl Bexyl &l ¢

hydrophobiF éoIVenL to b 200 parfs by ht or |ess,
preferablyf 100 parfs by res?ect tg 100 parts by wei ght
atfon of _the visjble Iight

of the res|nfsokt d conpo
cur abl e reLFq comppsi Ti o
14 F =~~~ - 7P Kébe carried o by a
exanple, i1 ganysbe| priepar ed oy sufdHi ci ep? |
(A di ssol &4 18 wat 68 b th:% alove. nend o
photoreact{orn initjatbr (B), theg pRotiosen
structure,|a ragical pr ot ect.ibng |conpound (
ot her conppnént n idi ng watier to
conposi ti oh s e r g | utied™mi t h wa
an el ectrofgegosi#i oatll ng co@pqsitio
for exanpl g, [havi ng of & tg 9'and a b
content copcentratjom) in the range of 3t
15% by wei ght{. The| el ectfodeposiijti on [coati
descri bed abave £an be 15 applied antlo the
a material |#0 b§ cpated | n the foligov%i ng

t he concentration pf thej bath arie fir
above-nment | oned ranges, and the jbath tenpe

sti?n coati n§ conposition can
onventional| kno met hod. For
Pxiing _t he curable resin
ed neut ral i|zat#on, the

sitijzer (Q) havjng a specific

) as |needed, the| solvent and
the m xtureg. The| thus prepared
erin asual grapner to obtain
(or fan el gctrodeposition bath),
th concentrjation| (a solid

25~ by weijghty preferably 5 to
g cofposPtilondpriepared as
Sngacecﬁf a gonductor which is

nnsr.| TRat |i s&t ol say, the pH and
usted t&bd wgthin the

ature i & thenQcontroll ed so as

to be in theirange 15 to 20 40C, preferably 15 to 30C. Next, a DC
voltage of [5(|to 200 Is{ applied to the thus controhled el ectrodeposition
bat h, whil g dlherton or tafbe |cogted s | mmersedd n thf”bpth as an anode
when t he deﬁdsi@ion tingQo osPtipn‘ﬁs aw ani onli c {tyRe,{ or as a cat hode
when the gepagsition egpating 25 conpositionjis ajcationic type. A voltage
applicati@n time is slui tiably in jthe rlange of %0 onds to b m nutes.
P (22 ™ I
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14f :: 7

al so be carried out a nethod of applying an el ectrode position coatin
conposition having a low glass transition tenperature to the mat er ildi

~~~3 -

so As the el ectrodeposition coating technique,

applied, washing it with 5 water,

there can

or washing it with water and dryi ng,
and. then apply ing another el ectrodepo#di?ti~on coating conmposition having a
glass transition tenperature of 20C or
Application Laid-Cpen No. 20873/ 1990),
doubl e-coat el ectrodeposition 10 coating. The thickness of the obtained

nore (refer to Japanese Patent
i.e., a nmethod of conducting a

Ph /8%

coating filmis usually in the rage of 0.1 to 50 V_im preferably |1 to 15 ~m
in ter 'y cagating filmthickrless. After Yhe el ectrddgpgsition
coating| t eg- slubswrate is|taken 15-qut20of e el rqdegidgsi tion
bat h, ﬁfn vat er, &nd| t ben |[dried t _tyTeffove Tt er
content [Tt el éctlr od@posi t&d [caBti|ng YT m |Exampl & ofrt|h&sabl e
conduct or {i c@nduct i ve| materli al's |such as nmet@l s, | catbon &nd tin
oxi des as 20 pl astj cs and {gl asses whose |surf aces are fioxegdly
covered|w e conducEi ve mateérialg by |aninatdon,| plating or{ the like.
Fur t her fror vert coat 2l ayeE ng @ pr exiouflly Aor rrbd tﬁ%/surface of
the el e¢ts i tedj’ claat £ng| R |7n| 2z Q[iﬁ@@hpo g and it e curing
with the™i ) ight .EWWpI\Eémﬁf QFi|s cover ( ai;aﬁrqlh I t he
materials | 1@ ~~J@~n~3y ~g ~+ - & |nentioned agove, TRe doy@r| coat
| ayer i$ preferably rem&e efore the |el ectrodeposited coati flilmis
subjected fto the devel oping treatnent. |The coven cqat | ayer qonpr|ising the
wat er - sol ubl e8po| ysacchari de| pol yn rl the aqueouscresin 5 dan Qe renoved
with, for exagle g_r'so{M\%nt sugh t%@-ﬂjaci &c AQUEOUS soljution or a
basi ¢ aqd®ous¢Sol ut Don bchicap dis ve di gpegse [ heiused LZ?]qsi n. The
visible|lightZres|st nateria forr@d(on t he conducgpr surface in |t he
above- r’rﬁenti on8d nmanner|, or the 2
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10 el ectrodeposited visible |ight
el ectrodeposition coating is exposed to the visible |ight

in

resi st coating film obtained by the

accor dance

with an i mage and cured, and an unexposed portion is then removed Byt tikild
15 As for a light source

devel opi ng treatnent,

pr esent

i nvention,

a Cco

wi t hout any particul ar

a

pressure nercury-vapor

nventi onal
restriction,

hi gh pressure,

thereby form ng the inage.
for curing the conposition for the visigde light-sensitive materi al
known visible Iight source can be used

so-long as it can cure the comnposition.
Exanpl es of the light source which can 20 emt the visible Iight
ul tra-high pressure,

of the

i ncl ude an

an internedi ate pressure or a | ow

| anp, a chem ca

| anp, a carbon-arc |anp, a xenon

e can al so be

tioned |ight
| ter. Above
1 YAG SHG | aser
| opi ng
tion of the
osed coating
aving a pH of
| e al kal i ne
tic potash and
ontained in
eas exanpl es
formc acid
resi n having
y di ssol ving
et hane,
de. The thus
by hot air to
can be done to
e then renoved
-nmenti oned use
n for the
be applied
| yet hyl ene
| chloride
of aroll
gtoforma

ting filmto
otective film
ted on a

t he support by
t he resist
red and then

T

| anp, a nmetal halide |lanp and a tungsten | anp. Moreover, ther
used various lasers having an 25 oscillation line in the visible |ight
range ijp which an ultraviolet light ijs put fromthe aboye-ne
14 F~itO P3 - 182 sources thtough an|ultraviolet l,ght cut fi
all, an| afgon il aser havjng a) osg¢illatipn Ijne atg¥88 nm or 3
havi ng @n i |l atioon |jne @& 532 fm|is| desjrablg. > devg
treat mepd{’| cah (be carried outt by ma%bing oQt |t h@ une ed ypor
coating finPvdth @n aqueougyalkél&pe spl ution when the unex&
filmpofrtifon ijs anionic, oroMthjan aqueousjaci dijc s§l ution
5 or less|wherl it is cationft. Lbualjexan11) pleﬁ of 't he usal
aqueous| sol utijon include caustic|soda, sodi um carnbonate| caus
aqueous| ammonija whi ch can neutralii ze [a free|carbgoxylic acid g
the coating filmto make t coati ng |fi| m wat -sguble
of the usa Ci sol yt ikon _bhciud 3
and IactﬁﬁggﬁiZﬁﬁ;gii;gYnnr:,Nin tﬁg é;s§§b1 pﬁE:ZE R
no ionit gro@g, the devel opPAg tne méht @an garriled
t he unexposéﬁ portion wth @.sol yvent |such as ,1,1-tF?c1IGqu
trichl oroet hyliene, 20 nethyl ethyl ketope of netﬁyleﬂe chl or
devel oped cogting filmis washed wi tth hatef, and then dried
forma pdesi red i mage on| t he_eonduyctoar . o] f_enecessary, et chigpg
remove aﬁfeigcsed g!50nductive.p portri %ﬁ prncE-Sa r €si gt 6I m C<'£ d
to 25 pre?are a print cjrcuit board. |In|additionito the abovg
applicatirnsm ~ ~ r~~ ~~3 - 83 forl gkanple, the conpositi
vi si bl e| 14l gRg -lsens®&{ i vel mat efi al |of, tiARl pkesent ijnvepti pn garn
onto a franSparentQresin filmof |aQalYesPer resiin such|as pd
terephthalate,] an acryljc resin, |a pal yethy ene,Ja 5 pol yvi ny
resin of Jflherlji ke yhi ch) becones & ¢®V fid m lLaye %? t he Jose
coater, |®& bggde cogter pr a urtﬁi%?qggtég, f&?lcme ) by| dryi n
resist fillm (tlhe thickness of the dry fjlm£ aboyt 0.1 Eo 5 A
Afterward| a pgrotectivel filmis fhen|lapinated on thiks L0 cod
obtain g dry flil si st ugPNa dr | mer ési €5, the pr
can be peel &d |of f ~vand t i N r €5 caiy be then | anfna
support sé that the dry| filmresist nay|c n£ in ¢ontact fwith
a nmeans| sych gs thernocpnpression 15 |bondi ng, thereby fprm ng
film Thejresijst fil mcan be exposed|to|thejvisible |ight, cy
devel [} m (] L} L3¢ ™ m
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oped in accordance with an imge in the same manner as in the case of the
above-nenti oned el ectrodeposition coating, thereby formng the inagqﬁ £ 7003
Furthernore, on the dry film20 resist, the cover coat |ayer can be foﬂﬁ%ﬂ
in the sane manner as descri bed, when needed. This cover coat |ayer may be
formed by its application or by its adhsi-on onto the resist film The
cover coat |ayer may be renoved or need not be renpbved prior to the

devel oping treatnent. 25 The present invention will be described in nore
detail in accordance wi th exanpl es. ~4 r~~ >~3 - 84 Incidentally,
"part(s)" in exangles and cangarative exanples which will be described

herei nafter neans "part(s) by weight". ~ynthe i .xanyle 1 (Synthesis of
conpound 1t1|in 5 Tablle L). 24.4 g|of 2,4-dinethyl-3rethyl gyrnole, 8.4 g of
35% formal {n andégﬂD M_epf etha Fe |SsERRTr rqufﬁs‘Tvgd under an air
at nospher e| gand; &bt e guof| & h\;,/\%otr d pes’ agﬁ\ed dropw se,
reaction was [calrRed d®|at rjoomd( tenperhture]fark IQ ! how®s. |The sol vent
was concen rqted and distilled off| and|{5Q0 of Iwat el was added to the
resi due anB tthe| reactijon| pr oduct was thﬁn extiracted with 508 m of
chl orof orm The| t hus qbtai ned chl arof arm se Qs washed Wgth 1 liter of
water, further, waghed \&th 200, Tof & 1 t edwsaAl|i ne¢sollution, and
then dried|ojer| 20 g qfosodi um fat®. {1 nfol jubfes e ved by
filtration| andl 78 ¢ gf N-ethyl {N N-dTi gopfopyl ami|ne| wer € added to the
resultant filjtrate. | Next 2 ol boragn trijfluorjide di etpyl |et her conpl ex
was added thereto apdire n s{20 then cdrried out |at oom tenperature
for 6 hours.,yé%tef’ E?ﬂﬁf’ %IHefecht'fb : émheo%eitttic% product was
washed wit hE300| i of |\kat fQnthier Qashdd witd 200 @ of5a saturated
sal i ne sol ptijon, and tjhe iled|over 20|g of [sodi um ulfa%é. Af terward,
i nsol ubl es| war e| renpvad filtration, the resyltpng feltrate was
concentrat gd,| and t hao|r_esi was treated by |a siljiea gel ¢ol ym
chronatogrhgfxr(af’ fldt == frr3-1 85 |dewel|opi d Bpldti gn =|chl or of orm
to collect ma n‘?cogﬂ ent. [Pter | the col Fecte 5(8 uf3on ‘was |concent rat ed,
recrystalljzatipn was {[dbhe byl tthe yse of| n-hexane [ahd ¢hl drof ormto purify
t he component|, followed py dryiﬁg at 5 60C, tlo obtjain 9.3 g ef
4, 4-di fluofo-2,p- |ekaL-1,§,5w?Eeqr tqit>4-bora-3awﬂa-diaga-s-indacene.
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I n success
met hanol

sodiumto 380 nmi 10 of nethanol,
After conpletion of the reaction,
and a desired conpound was extgg@cted with 600 m of chloroform

for 2 hour

t her et o,

The chl or of orm phase was washed with 1.5 liter of water and further
of a saturated saline 15 sol ution,

i on,

S.

9.2 g of the above-nentioned boron conmpound was added to a
sol ution of sodi um net hoxi de prepared by adding 3.47 g of

and reaction was carried out at 55'f
1 liter of water was added

talli
g0

200 mi

and then dried over 50 g of sodium

sulfate. Next, filtration was done to obtain a filtrate and this filtrate
was then concentrated, and,the residue was treated by a silica gel colum
chromat ogriaphy [a devel opi ng!sol ution 5 chl orof ormethyl acetjate m xi ng
solvent (1:1)] to cpld n 20 _@Bj n 6O nt. Af§er col dlected sol ution
was concen i ated, I&¢ allli Bt | o5 wels neél%}_?he Bt &cjhl orof orm t o
purify theg conponent@|fall owed Gyl dri at 6 X0 in|®}4 g (yield =
179 of -, T
4, 4- di met hoxy- 2, 6-dj et hyl 1} 3,|5, 7-t et r anet hyl |- 4- bor a- 3a, 4a- di aza- s-i ndacene.
25 The resjul {s of theiel enentjal apal ysi|s of It he obtaiined conpound are as
fol | ows: 114-F 1 &' L_86C (N.H | z
(% Cal cd.69JE§§‘E29@8.‘_5L8 89 legs| 768. rint het I 2t er? (Synthesis of
conpound 188 iy Table¢ %7 | & 57, 4 g Bf é—(‘; S
et hyl - 4, 5-|di frevhy! - «yayritol e- 2 dax boxylaf e, &100. df| 88% formic
acid and 85. F g of robrom c acid were m xed, and the np xture was
heated up [to[95C, f by stifring (for 3 hours. cogled to room
tenperaturle, |the rep sollutj,on was lextracted with 0 600«m of
chl or of orm  The ehl pex ghase WES washed withs |itegs 36 wat er and
successi vel% 200 n abur 8 e ~Xal i ineGsol uti®n, and/ thegt dried over 20
g of sodium<Fquate. filltration s done to obtai @ a|Bijltrate, and to
this filtrlat }3, 113 ot Byl - N, N- di ijsopr opyl ami ne jwes added. 15 Furt her,
123.5 g of| bpron tr i de d;_ﬁ\lgt hyl etlher clonpl ex s added |t hereto, and
reacti on wag then c D oom tle rature fon 12 hoyrs. After
conpl etion Bf t r qu,:h@r su:f:tanp%grgani phasa%owai;gh;v/#@shed with 500
m of water and furthe D m of | a satlurated saline|solution, and then 20
dried over ZF g of i sulif atkel Next{, fil{tration was dohe~to obtain a
filtrate ang,|this f @ y®s & hen goncesr trat €d, and {he asidue was
treated by %|silTca el N€o Umg | © o 5 o |4
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chromat ography (a devel opi ng sol ution:

87

n- hexane/ chl orof orm =

35/65) to collect a main conponent.
concentrated, purification was performed by recrystallization from

and chloroforn1 foll owed by drying at 60C,
of 4,4 5 difluoro-2,3,5,6-tetranethyl=
dlaza s-i ndacene.
conmpound are as follows: C (WH (XWN
(%) Cal cd. 58. 476. 229. 09Found58. 556. 339. 16 10 A photosensitive sol ution was

The results of the el enental

to obtain 0.6 g (yield

1 4 E~~ aJJ3
After the collected sol uti on was

d-h

14)

1sy-di met hoxy- 4- bor a- 3a, 4a

anal ysis of the ob tained

exhHd]

pr epar ed by ysing (100 parts of a polyner as a photocurable resin (a
pol yneri c [pi mder) ch wag a nti xtgre jof methyl methacryl atg meth 15
acrylic acj d|hydrgyyphegyl | met hacriyl atiei=benzyl net hacryl at ¢;~ [50/ 20/ 10/ 20
(parts by we‘ighn.),aZS pgfts of trigrethwﬁ pro pane truacrytgte, 1.5 parts
of a conpoung 1-1 a fghot osen sL?izer \niTable 1| 2& pa f a
titanocene conpound\as a photorjeaction initliator represented by formula
(a): 1 4 F|~a ~3 88! FNF" (q) Fy ~ N and 160 parts of nethyl
cel | osol ve| as a sal \gant. Thef,t hus J.)bt ai ned |phot NS tgve s%l ution was 5
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10 15 applied onto a copper-clad and gl ass-fi ber-reinforced epoxy substrate
havi ng a copper layer of 18 ~min thickness on its surface and havi NGy, & 5003
t hi ckness of 2 nmand a size of 350x460 nm by the use of a spinner, and""*
then dried at 60C for 10 mnutes to prepare the substrate having a resist
filmof 5 ~ min dry thickness. Next,-t8Q s-substrate having the resist film
was irradiated at an intensity of 5 mlJ/cm with a xenon lanp (an

ultravi ol et wavel ength range was cut) and a second harnonic (532 nn) of a

YAG | aser, and at this tine, it was confirnmed that the resin was rapidly

cured [the| cyred resjin was|nqgt dissolved by a re#)l oping treatnent in which
the substrptg wasji mers;% in a 1% agueous sgdj upy ciar bonat ollution (a
devel opi ng sclutim%Taf’ C f I%n . har nmor e, _-af @ |l owed to
stand at rpap tLErrpér a(‘;}mée L_cﬁ‘:glmmt t @- “atte was
i rradiated W|th t:@ xgnon) ap & he )l t favi Nt h) rdnge was 20
cut) and the|seco har nonj c {(582 n of t i'n | © 4 F~~ 203 _
89 _ the spane manhér as |descrli bed aboye, @ i me, i s confirned
that the resiin was rjapi dlyjcyred. b The sa 2 as |n anple 1 was
conduct ed pxgept that conppynds 1-2 tp 1-9 l were used as
phot osensi ti Zers, | tdier ebys pPgpar i ng:F,,p ot 09 uti ors fterward, by
t he use of eag;la:\o1o'the§e("—;p@t ol q esj,s I m was fornmed
on a subst | at{é&P| Dhie FL0Ss arye(gg?np@ § o @Fd I NE substrate
havi ng t he| Mgsi ?>il wals|d heny r FAdj aled & sty o 5 ml/cnz with
a xenon lapp|(an ubtraviol bp |wakel a‘ﬂg hirg and| aPsecond
harnoni ¢ (5632 nm | of| a AG Raser, End at t was| confli rmed t hat
the resin wag rapjdlly cured [[the 1b cured ot di ssol yed by a
devel opi ng tyeapnent| in (whi ¢h the Substyat sedei ~ aqueous
sodi um car p®nate sotutd o) (& |[defl ppr hgOsa 800 fprol|m nute].
Furthernorp, {after allowed|{tq stand a rog ) tune forp 6 nonths,
t he unexpos eg sEbsEgat® | was-3ir r &di affed Wt | aftp| haVilng an
intensity p¥|5Gn ?thlﬁb Qlitr8vi b Bau ;ecli/“vaL out) and the
second harponic (532 nm of tlhe YAG'l aser |i mannjer as descri bed
above, and|at| this i &, [t was_gonfiymgd resip was rapidly
cur ed. 1] 4o~ Llo~3 % ol Fxal yl 31 pcglur effag i n Exanpl e
1 was condl&t eéw%pt} 1181 820 gart L pfot b > &onpond represent ed
by fornulaj (a) in|Exaple L 'veré replaced s of| 5
3,3 ,4,4 -tetlra(t: burtyl per pxycar bopyl ) benz a phptoreaction
initiator, tHereby prepari hg g t he san itive| soluytion as in
Exanpl e 1.| At erwarm, 3:t1e:u of T hi & e Bol utd on, a resist
filmwas ferred oh a substratie in thel sang in Exanple 1, 10 and
t he substrpte having the resijst fi|mwas t ed at anlintensity of
5 mi/cm- Wth a xenon Jamp| (gn wl travjol et range wag cut) and a
second har froni c,,( 532 =) OF 2 aser, & inme, it s confirned
that the rpsi ngwas#a%i di¥| €ur [ 1 bBB| cadt 6 nag? digs0l ved 15 by a
devel opi ng He men " i2n | &h en sqf) t Pat se®in @ 1~ aqueous
sodi um car ponat e sol Ui on (a |demel ppi hg Sa 30C fpr 1|mnute].
Furthernorpg, |after alloyed| tq stand at roqg ure fpr 6|nonths, the
unexposed pubstrate mas|irfadi ated| 20 wi th anp having an
intensity pf cni (thg! 4 » o | o
3 s 5|55 T |8 & T, | %
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ul travi ol et wavel ength range was cut) and the second harnonic (532 nm of
the YAG | aser in the sane manner as descri bed above, and at this the,,}i 2003
was confirmed that the resin was rapidly cured. 25 4 F ~~ 1003 dﬁ ¢
Exanpl e 92 The same procedure as in Exanple 1 was conducted except that 20
parts of the titanocene conpound represggted by formula (a) in Exanple 1
were replaced with 20 parts of 5 di-t=butyl di peroxyi sophthalate as a
photoreaction initiator, thereby preparing about the sane photosensitive
solution as in Exanple 1. Afterward, by the use of this photosensitive
solution, a resist filmwas formed on a substrate in the same manner as in

Exanple 1, and therﬁélbéiﬁffmné{zh@ﬂetBsré{é) !’:81% $bxf bbiriqgwaﬁdt Pé%b%ﬂ@' at ed

at an intensity of 5 mj/ a xenon an ultraviol et vel engt h

range was &ditpy fiﬁkﬁh§£cﬁﬂﬁchﬁrﬂﬁ@' réé@@tnﬂﬁv@ﬁtﬁoﬁ““%bﬁé?étefﬁdtﬁé this
time, it was confirned that the resin was rapidly cured (the cured resin

was not di 59y MeEsShdvhénd DSt OPi deinp1 Rt ESMponid 1bephesbnt 88 BYbsbfmah EaVas
imrersed in a 1% aqueous sodi um carbonate solution (a devel opli ng sol uti on)
at 30C for(2) mnut®] .cinrbdepreperedfbertine | pokllowdngt ppdcadiure@om TrRaper a
ture for 6 nonths, the unexposed substrate was irradiated 20 with the xenon
| anp havi nis are i saensiypicdl By mifenrexahele) t thei dipyrmavet banehboaoge was
cut) and the second harnonic (532 nm of the YAG |aser in the same nanner
as descri beempbevecorprund represeneed|by wbermahdi ( ARdorhéd) t@@nresin was
rapidly cured,_ 25 14F~Ja?s - 92 Exanple 93 The sane procedure as in
Exanpl e 1 %ﬁ%l%bdﬁ%c@%ﬁp%ﬁﬁﬂxﬁYt¥@@cﬁ;%9p%r?%mB?u%dcéﬁﬁﬁﬁﬁﬁngeq B¥own in
Table 1 in_Exanple 1 were replaced with 1 part of a conpound 1-88 and 1 5
part of a E %ﬁﬂgﬁﬁd (8189 in Table 1, thereby preparing about the same

phot osensitive solution as in Egtqﬁ%f 1. Afterﬁggd by the use of this
phot osensitive solution, a resiSt fitmwas for on a substrate in the

same P@nnerateaé%slaaﬂpl Jq egg%txlq %$§$§ate having the resist filmwas

t hen 17 radi at ~an's ntenst tnz with a xenon lanp (an
ultravio Ig ANYS- dESn )b h C m of a
YAG | aser, and at t §$?énn It magg%oﬁﬁlrng%éfﬁa?g h§£§Z§¥nfég§8%§ pidly
cured [thecgyred resin was not dissolved by a devel oping treatnent in which
t he substrate was i nmer sedg n a 1~ aqygous di um car bonate solution (a
devel opi ng solution) at 30C foy 51 nlnute] Furt nore, after allowed to
stand at room tenpera tur 6 nonths,. t nexposed substrate was
irradiated with the xenon havgﬁg an inflen ity of 5 pd/cn2 (the 20

ul travi ol et wavel engt ) and t d harYronic (532 nm of
the YAG | aser in the safre ner as describeg above! and at this tinme, it
was confirmed that the resin was rapidly cured.

wherein R;,, R,, R;, R;, R, and R, are as defined above,
15 in the presence of an acid such as hydrobromic acid or
trifluoroacetic acid,~oxidizing the reaction product with
air or an oxidizing agent such as chloranil, successively
reacting the oxidized product with a boron trihalide to
obtain a compound represented by formula (9):

20



25 Exanple 9 The sane procedure as in Exanple 1 was conducted -

except that 1.5 parts of a conpound 1-1 shown in Table 1 in Exanpl e %fv[ﬁr,e
replaced with 1 part of a conpound 1-43 and 1 part of a conpound 1- é 03
Table 1, thereby preparing a photosensitive solution having about the same
corrpositi on as 5 in Exanple 1. Aftervvarg by the use of this photosensitive
solution, a resist filmwas formed on %u’bstrate in the sane manner as in
Exanpl e 1, and the substrate having the resist filmwas then irradi ated at
an intensity of 5 mi/cn2 with a xenon lanp (an ultraviol et wavel ength range
was cut) 10 and a second harnogic 32 nm of a YAG |laser, and at this
time, it was confirmed that thgsresian rapidly cured [the cured resin
was not dissolved by a devel oping tjreatment in which the substrate was
imrersed in a 1% aqueousFl% tion (a devel oping sol ution)
at 30C for 1 15 ninute]. Furtherhore, r allowed tg,stand at room
tenpera ture for 6 nonths, tphe exposfé ubstrate wa )Il’l’adl ated with the
xenon | anp having an intengi‘ty of “gml/cm>(the ultraviolet wavel engt h
range was cut) and the secohd har”20\poni ¢ (532 nn) of the YAG laser in the
sanme manner as described above, Aand atAthis tine, it was confirned that the
resin was rapidly cured. 25 The same procedure as in Exanple 1 was

conduct ed excgpkrbhat R10b PRI k¥ eOhst ReraREY! hBobES! ananAEienal RaloWene

94 replaced with 100 parts ‘of a photocurable resin (acid value - about 70
and degree of atibmakucat aena=fluddinel Akgh, oht ahbedihy atemngr3a pabts of
glycidyl nethacrylate to 100 parts of a radical copol ymer (acid value =
about 233) of m3ngealpl,acryl ate/ styrene/acrylic acid = 60/10/30 (wei ght
ratio) to carr¥ out an addition reaction, thereby preparing a

phot osensi and ef Eoally opubsli Het tbdthe Heakeggn A drandsd 8o i theExanpl e 1.
Afterward, by the use of this_ photosensitive solution, a resist filmwas
formed on BOERBsRERM aF MeedeRe sane manner as in Exanpl e 1, and the

substrate having the resist filmwag,then irradiated at an iptensity of 5
w0/ o wi th xenoﬁuraﬁﬁrflaﬁemﬂnaﬁw&r%@mf@ﬂwmg@%eﬁut) ind a

d h YAG f d
That e rEanRowad FepPipghude SV afine (0 Bx G delBatiei e Vo by
devel opl ”Q%J&é?éﬁ{m ﬁ't Cfntvt?l? éﬁ‘b&t r%t & ﬁrb régg m! P:a’i’llla%s?ﬂ ous

sodi um carbonat e sol ution eve opi gy sol ut on) at for m nu

Fur t heg morge dﬁf %51*@41' PMBQcé&rééﬁ&Q Wwith OB LIPS 1Y WH £l Oéorﬁpf}?é‘l h51
t he unexpose strate was irradiated with the xenon |anp having an

intensity @ Peattifgra(ébfpoiiiid avéprtedence® BNaiHe rangf Yesn€ibie@nd the
second harnonic (532 nm of the YAG |aser in the same manner as descri bed
above, andfetmthas(7)neithtavesmpounid rneprédeitddieo? Eomuila was0 )y api dly
cured. rrJ i~~~3 - 95 ExanFle 96 The same procedure as in Exanple 1 was
conducted except that 100 parts Rf acr;ql icresinin Exanple 1 were replaced
with a mxture of 50 parts of the acr fc resin and 5 50 parts of the
phot ocur abl e resin used i n Exanpl g

: / (10)

R,

OHC N
H
wherein R,, R, and R, are as defined above, or reacting a

15 compound represented by formula (11) and/or formula (12):
R Rs Rs Rz

1\ (11) M (12)
H;C,00C™ R

R~ Ny~ ~COOCH, N 1
H

wherein R,, R, , R, , R; , R, and R, are as defined above,



t hereby preparing a photosensitive solution having about the sane
conposition as in Exanple 1. Afterward, by the use of this photosen$iitiiVe:;
solution, a resist filmwas formed on a substrate in the same nanner as in
Exanple 1, and the 10 substrate having the resist filmwas then irradi ated
at an intensity of 5 m7/cn2 with a xenon lanp (an ultraviol et wavel ength
range was cut) and a second harnnnic'(éﬁb'hn) of a YAG |laser, and at this
time, it was confirned that the resin was rapidly cured [the cured resin
was not dissolved 15 by a developing treatnment in which the substrate was
imrersed in a 1~ aqueous sodi um carbonate solution (a devel opi ng sol uti on)

at 30C for, ! t heriwre, . af I . {.r0 era
ture for Glﬁoﬁﬁégﬁ%%%#%%e%o%g@ sllfﬁs%uﬁc{a}& g‘%&ﬁf&%ﬁaﬁ%%’%wwéﬁe xenon
| anp havi ng; @ NEENSE g H¥ne FBHAR A (i didy R4 &f pavs] anoidh 1 Afge vas
cut) and the second harﬁ%nlc (532 nm of the YAG laser 1 n the same nmanner
as described abeyen &ncbmiodrdu %égﬂ"&%’edﬂed’\@? QY1 s the resin was
rapidly cured. 25 74 fa~~~3 6 Exa,le 97 The sanme procedure as in
Exanpl e 1 was conduct ed excepfgthat 100'9parts of the acrylic resin and 55
parts of trinethylol propane triacrylate in Exanple 1 were replaced 5 with
155 parts of the phot ocura it Bexanpl e 95, thereby preparing a
phot osensi tive sol ution havi same conposiqépn as in Exanple 1
Afterward, by the use of this ive solution, @ resist filmwas
fornmed on a substrate in the sane Banner in Exanple 1, and the 10
substrate having the resi st filpwaNthen itradiated at an intensity of 5
ml/cnz with a xenon | anp (an ul Br avi ofet wavel ength range was cut) and a
second harnonic (532 nm of a YAG |laser, and at this time, it was confirned
that tde resi gheaeinap| dIR;,CRI LR, t RS and &) kel AswaRfieledlisfnieehnd by a
devel oping treatnent in which the substrate was i nmmersed in a 1% agueous
sodi um car bonat éssal bailogefiaatiemesoph ngs sol fiveninat aBOL, f archlorhnee] .
Furthernore, after allowed to stand at roomtenpera ture for 6 nonths, the
unexposed substeat erwasbremadead®em20 with the xenon | anp having an
intensity of 5 mi/cnR (the ultraviol et wavel ength range was cut) and the
second hara®fi Ehen3subshipitinge thechadagen atole bondedrditharhaderearr i bed
above, and at this tine, it was confirnmed that the resin was rapidly cured.
25 1 4 fatgmasgneeded. The same procedure as in Exanple 1 was conduct ed

excepi,.that 55 par of, trimet hyl ol ne triacrylate and 20 parts.of the
titaﬁg%ene conpounﬁﬁ?na Bhpretyt $§5ﬁ51Q§ﬁQu§3 %&f%PE&P%X%?%ﬂ%a%b ound
representegebgaégigylghétgy using, in a solvent such as an alcoholic

solvent, an ester solvent, an aromatic hydrocarbon solvent,
an aliphatic hydrocarbon solvent or an amide solvent, a
compound represented by formula (14):

15 M-Z, (14)
wherein 2z, is as defined above; and M is an alkali metal
atom such as a sodium atom, a potassium atom or a lithium
atom, or an atom group such as magnesium monobromide or
magnesium monochloride,

20 and/or a compound represented by formula (15):

M'-Z, (15)

wherein Z, is as defined above; and M' is an alkali metal

atom such as a sodium atom, a potassium atom or a lithium



[ O (b) and 10 parts of a conpound represented by formula (c) O/ ~
NOS-CF3 (c) OOas alight acid generator, thereby preparing a ph?gqsenﬁ&
10 tive solution having about the same conposition as in Exanple 1. L U
Afterward, by the use of this photosensitive solution, a resist filmwas
formed on a substrate in the same manner. as in Exanple 1, and the substrate
having the resist filmwas then i rradi-at®d —at an intensity of 5 m}J/cnez 15
with a xenon |anp (an ultraviol et wavel ength range was cut) and a second
harnmonic (532 nm of a YAG laser, and at this tinme, it was confirnmed that
the resin was rapidly cured [the cured resin was not dissolved by a

devel opi ng at pent, i i e stra N r in.a 1% _agueous
sodi um 20 ggéﬁéna eggoﬁﬁpﬁoﬁgfggdgég o%%ngggg%ﬁﬁkgﬂﬁmig%gb@lggr%f m nut e] .

~~r -~ t~~§ghe%§um ﬁgﬁggﬁ%gpgge.after allowed to stand at roomtenperature
for 6 nonths,” the unexposed substrate was irradiated with the xenon | anp

having an intensityhef v3sihlend ilghte dtiralAd Al nedRGid JraRge as cut)

and the second har 5 nonic (532 nm of the YAG |aser in the sane manner as

described pbegentandvahtlibhscbnpriset wapheebluraed o halsiphg angsian was
rapidly cured. 10 100 parts (solid content) of the photosensitive solution

obt ai ned i phbxatrphetbnwensetiaxed WBHh (é.garnt 2 afight eladdilcani pelymediafter
stirring, the m xture was then di spersed in deionized water to obtain an
aqueous regamidnspeisianofsobi dighnt aptid=gkheratbyr Ax @nildght base

el ectrodeposition coating was carried out so that the thickness of a dry
fil m m ght geaefatprundetheohdkeni and ehahotlhs enisuid igierai(§od usdngotder esi n
di spersion was used as an_el ectrodeposition coating bath and a | am nated
copper pl addP¥EEonsthens RArgRogeMPALKe FREPQUNCh &ayifde 226PRSITAG t he film
was washed with water, and then dried at 80C for 5 mnutes to obtain an

el ect r odep8SFEERYBRot osensi tive layer. This photosensitive |ayer was

i di d i [ £ 5 mi/ i.th I I i, Ql

wevel Bgth range wae BREFIENI%E SRS RS i et ag el cer
d at thi e, Akt [ .t I . i dl. d[th

cure resi perdl k&Y ulEEa 6AY bETH5EATSN Whel BERSHR SRR On BB el opi ng

treatment iBngaghsEhesoHORELALS IR bIRELAR] il ok BUC S 130 HaWThg

carbonate So I on opl ng~sol ution) at or m nutejJ.
Furthernor g, pabkesenakiewod LRosbatficdh caamchesRanak by ailgdt G raRtiAs, the

phot osensitive layer was irradiated with the xenon | anp having an intensity
of 5 ml/cnRiohhe Examples of this kind of resin include monomers and
15 prepolymers of compounds having at least one ethylenic
unsaturated double bond, oligomers such as dimers and
trimers thereof, mixtures thereof, and copolymers thereof.
In addition to these compounds, other examples of the
photocurable conventional known resin include a polyurethane
20 resin, an epoxy resin, a polyester resin, a polyether resin,
an alkyd resin, a polyvinyl chloride resin, a fluorinated
resin, a silicone resin, a vinyl acetate resin, a novolak
resin or a resin composition comprising two or more of these
resins bonded to at least one photopolymerizable unsaturated

25 group, and compounds in which a photopolymerizable unsatu-

rated group is bonded to a modified resin comprising two or



ul travi ol et wavel ength range was cut) and the second harnonic (532 nm of
the YAG | aser in the same manner as described above, and at this tinF ,Pleq
was confirmed that the 10 resin was rapidly cured. ExanFle 100 100 paﬁ{sJékj
a photocurable resin (am ne value = about 56, and degree of unsaturation =
1.83 nol /kg) obtained 15 by adding 15 parts of acrylic acid to 100 parts of
a radi cal copol yner of nethyl acrylaté/g?yTene/butyl acryl ate/ gl yci dyl

met hacryl at e/ di net hyl am noet hyl met hacryl ate = 20/ 10/ 22/ 30/ 18 (wei ght

ratio) to carry out an addition reaction were mxed with 1.5 parts of a
conpound 1-1 in 20 Table 1, 55 parts of trinethylol propane triacrylate and
20 parts e It e c I 1. tq obtain a
photosens?@?%g gg?ﬁ??%ﬁ.§§§%§€har%g£@%gg%§$€gé§§o¢$§#%§§§ﬁ§%51%§£%$ns

phot osensi 4 i 0 e; i £ h et ] i nd i he

m xture ma§h¥ﬁgﬁgégégigggﬁgeéﬂ?%e %r%%i%%ﬁﬁag%%r ? bt%ﬁ%g%#ﬁga@éaﬁé resin
di spersi ong£&@pl da CODHENt grodpNa styryh Fyre i Lapg 2 tipnic
electrodep%sit?%n coat?nggmasécarrié% %%tggggéh;?nt%2}¥%ﬁéﬁals%iﬁf a dry
filmn ghtcbenaméy®, groggera coOnghinphidénat gtdiep tAns APt MR APIKPUS resin
di spersion was used as an el ectrodeposition coating bath and a lam nat 5 ed
copper5pl ate was uisdthe ahousemlentlfdhedvphototteaplateediyi (W) fhe fil mwas
washed with water, and then dried at 80C for 5 mnutes to obtain an

el ect r odeposiofanphbenakbnand i el t dfenct idnasl photospastiateed ayey  Was
irradiated at an intensity of 5 ml/cm with a xenon lanp (an ultraviolet 10
wavel engt husaabby waged ut 3ndnexampkes reif HehenphatdEBabig nfs im VAG lwder ,

and at this tine, it was confirmed that the resin was rapidly cured [the
cured resi AMHARIAOPhATRIBrIRIE KSR \RAGHIN A t (eehErryIpwhigieuthas
substrate s immersed {n, a 2.38% aqueous tetranet hyl anmoni um hydr oxi de

sol u 15 tibhe (BRAEYRERBLHLVE IERRN)PRRteRRT FRke 1ref g dlavimg ther nor e,
after @Jlomed to stand at roomtenpera ture for 6 nonths, the

phot 052nsi THVRATRYEr IHRUP | 35 atf At RAP TR H$1S Hel ¥ P YR A TFh RRRF SN Tt ensi t y
f 5 mi/ I t t d ft. d h
ST e e B
and at thi grddP® whichesr&ORdht {Bkd hal e éﬁa&%ww Gt 25 The

sanme procedure as in Exanple 1 was conducted exc pdrt's

N, N- di met hybwer | édBuie) €1 aglslesl 85 page 16 4 Teft 1483} -coihn, adinkdl1 6
protecting conpound, thereby preparing a photosensitive solution having
about the sfinkapameosiPaenasappl fo@npe CaidMfdpemandsl, Jus 19w 1w of this
phot osensitive solution, a resist filmwas fornmed on a substrate in the 5
sane ¥anneThasphotdxangbke Iresin (Ae isubhsteBambilayiviged hit resitsinagtilon was
then irradiated at an intensity of 2 mlJ/cn2 with a xenon | anp (an

ul travi ol efiavane et hthenkighasradigalamp lymestiorat vy oviitdats32 nn) of a
YAG | aser, and at this time, it was confirnmed that the resin was rapidly
cured [theaRtioned heseinakietot Thesd Rhatasprakie dasdingg (Besarede i n

whi ch the substrate was i mersed_in a 1~ aqueous saodi um carbonate sol ution

(a devel ogiFg SHTRITHMT A FRE 9™ Qff AP LURE (HhehRRYe, after all owed to
rradi ated with T RS et f AR FEUTIE . e RS AR The
the' P | iR BN L iRy b Ul B o O 3,130 8 7,
Sane proceaur i At (oL d 1 e I I A a3

parts of M<hFptdbagtinddamd W& AdRY arbd@ai1cala et GhlicRd are
conmpound, thereby pre

mentioned as ethylenic unsaturated compounds of a photocur-

able resin component (a2) in the above-mentioned publication.
25 As the above-mentioned photocurable resin (A), in

addition to the above-mentioned compounds, there can be used



paring a photosensitive solution. Afterward, by the use of 14F~3u-3
- 102 this photosensitive solution, a resist filmwas fornmed on a 4 1T 500
substrate in the sanme manner as in Exanple 1, and the substrate ha&ing“kﬁé
resist filmwas then irradiated at an intensity of 2 mlJ/cn2 with a xenon

|l anp (an ultraviolet 5 wavel ength ranggvyas cut) and a second harnonic (532
nm of a YAG |aser, and at this tinme,” i1° was confirmed that the resin was
rapidly cured jthe cured resin was not dissolved by a devel opi ng treatnent
in which the substrate was i Mmersed in a 1% aqueous sodi um car bonat e
solution (a developing 10 solution) at 30C for 1 mnute]. Furthernore,

after all ougghé@ngd Wiﬂﬁ ﬁataﬁrsé PIRIL (W1 Y116 7B 5y 4 Needberpesed

substrate was Irradi ate the xenon lanp having an i‘ntensity of 5

ml/cnZ (t heuélﬂltagvl%@iﬁﬁeﬂ@/aedmgt Rt et iOH,) pithdde SepoRkh 15

moni ¢ (532 nn) of the YAG | aser in the same manner as descri bed above, and
at this tigeéant} tsBsnsDrdélymrbddmit iidhg riestiramlseddlkdlldelppdedi@® The
sanme procedure as in Exanple 1 was conducted except that 5 parts of

tri et hyl phosphehsatvbse @ldedias yet iladiccrlenwantient iing doapmeskndédes £by
preparing a photosensitive solution. Afterward, by the use of this

phot os®nsi anvac sd) uas om, catalgstst darlematess] fforamedhen highitbsderde in the 25
same nmanner as in Exanple 1, and the substrate having the resist filmwas
t hen irradgenedater an Exarpkes yphithese) compounds) imelude -gw3idw+h a
xenon lanp (an ultraviol et wavel ength range was cut) and a second harnonic
(532 nm oftRENALYPRSRPOXYRPMROUNISs SUGH a5 (PigpheTk ik fetPe dtdi¥re resin

idly, dJth d i t .di ssal ved d | opi
tes rebd Sy e el doses el g s ely g derelopine,
b t L ut i i . | 1, f 1 m.nute].
carbonate solyblah (ol o a0 WL W dpn kel
inexpgsed RgAteobasy /AU SLANHAL IR AN LA toRn

second har ogk fio (S3%aih &l L N YAGdRsRad rd 4 SATRITRR RSy dgsCr | Ded

above, and at this tine, it was confirned that the resin y cured.

15 E~. a~Fl ge:lOrela PHO4PEEN S d il &t 1léne0 iy 14 1P Bl task nusi g9 part s

of a radical copolyner (toluene solution) of nethacrylic acid / styrene /
met hyl acr y8 a1 eoxalvbdyrylo RO, InEl ety 1gtye thyA0y-HEt Akt Hynled 1 ssi yxaveé ght )
60 parts of tetraethyl eneglycol dinethacrylate, 1.5 parts of a conpound 1-1
as a phot obeaféeriterdi rPdm e Sci.l, FPant &, tHedyni+t Hoene Wohpoddd wsed in
Exanpl e 1. Thishfhotosensitive sol ution was applied onto polyester film

havi nkP 25 7% i h12%0} hi ckings ehhasiaprauags eswleras it rte dgleeoht 100C

to obtain a,visible Iight curabl e resin conpasition |ayer 14F~~i03
divinyl ether/, trimethylolpropane di(l-propenyl)methyl ether,

trimethylolpropane di(l-propenyl)butyl ether, trimethylol-
propane di(l-propenyl)octyl ether, trimethylolpropane di(1l-
propenyl)phenyl ether, trimethylolpropane di(l-propenyl)

20 ether acetate, trimethylolpropane di(l-propenyl) ether
acrylate and trimethylolpropane di(l-propenyl)N-butyl
carbonate [refer to J. Polym. Sci., Part A, Polym. Chemn.,
vol. 34, p. 2051, (1996)); alkoxy allene compounds such as
dodecyl allene (DA), diethylene glycol diallene (DEGA),

25 triethylene glycol diallene (TEGA), l-tetrahydrofurfuryl

allene ether (THFA), N-hexyloxy-1,2-propadiene (HA), 1,4-di-



- 104 having 50 ~.min thickness. Afterward, a polyethylene film having 35
~,min thickness was |amnated as a protection filmon the dried cogtgedrq ;s
filmto obtain a dry filmresist. Thus obtained dry filmresist was e
subj ected to heat-lamnation on 5 a copper-plated nultilayer substrate with
pealing off the protection filmso that a photosensitive |ayer according to
the dry fil mwas prepared. The subst rate havi ng the photosensitive |ayer
was then irradiated at an intensity of 5 mJ/cm- with a xenon 10 |anp (an
ultravi ol et wavel ength range was cut) and a second harnonic (532 nn) of a
YAG | aser. The polyester filmwas pealed off fromthe surface of the

hot [ .4k : t . j I . i
PROL 0SS K LHELLAYST o TR SRS L > e ARl Bl e L 0
carbonate ﬁ%é‘i&%éﬁaﬂ@’%&f&“@(}ﬁ@)“t['r@]f)e:attf%@ fIQfl\fn, mut e. £ e

ot her hand, unexposed parts were washed off by the déeveloping ‘solution.

That is, ipolpR. r€eamN) arsh I e, thhe 2aros ,fil1m9sas) 0okt I duMpgBlRis af ter

allowed to stand at roomtenpera 20 ture for 6 nonths, the unexposed

substrat e swsh exyal ladietly 1 +8-{greraiynathiylsioxat MRS IpHkb ahmthy-and at this
time, it was confirned that the photosensitivity was not changed. 25 The

sane [ ocebtoxetase i mébdermyime thyA onsesd anen dunct Sa-meddydt- X-et loongmeatitdgl -1- 2 t o
1-90 in Table 1 were used as 14Fc~ ~D-3- 105 photosensitizers,

t hereby prepetramg prefesdmsid.d Bolyol.utScins. PateAvarRblvmy. tdhemise Wfl each
of these photosensitive solutions, a photosensitive |ayer was forned on a
substrate 33 the 530t eyl jakatens agatall gpmpmimdshsuwilbas a-Pm-havi ng
t he photosensjtive er.was then irradiated at an intensity of 5 ml/cnR

|
with a xenBYnlJT-%?\‘be'(‘ha THimelRYd et IndOXHGNE r AR ARV dRNE-frdnat hseleond
h i 3 YAG | . . this tigre, it fi d t hat
the restn heg-Tioreiyfe A T dens e e T o SR AR e Dy o
e j ol . . o o . o
sodi 1Y car bona W o b b 5 B3 5 T30 C 1 SO nut el
Fur t her mor gnef ! 802! |33¥‘£ecb.tc3099tlaﬁf3.9®t6gr]c}°'ﬂi SAHS Jsoaedtﬁ JBp hs, the

unexposed substrate was eval uated in 15 the sane manner as descri bed above,

and at thigokhnd® shdéh Vs LYHdryRd tdtaly e edlasieialdicidls e nof-
changed. ans a 282 The photosensitivé sol ution obtai nle in [Exarrpnzl)fe 1 20

was appl i escoam® prepppeio [ .atedyi.aseif., beoivel Nfimweed mpoxwaubstiy ate in
a dark roomby a bar coater sa that the thickness of a dry filmmght be 5
~.m and ip.was9 | heloah) pd lactei@ fommpbiingisnsheh tas [prepshicd ddwsbstrat e
having a resist film 25 Next, the surface of the thus obtained substrate
havi NP t hebuteglastadiong wasvedegdlactdnei t rcapoolaeténep y-daprytot ~~3 -
106 shown_ in Fig. 1 at a lumnous intensity of 40 |ux for 24 hours.

Af t er war d, L3FFRNRubsHLRAEY TRAFFRGREhBNAeSPYRAE LN ARSMAEACY18Y1120C for 30

mnutes in the d%#k rocghm and then imersed in a 1~ aqueous sodi um

car bonat e SYMRRYRAF SUCh RgREHNFYrG-T8 Wiﬁr?yarter@)'cl\‘ PG %. As a

result, the, rﬁi S nddd M Nas gﬁrrpsl et.el y di g}sol ed in.the aqgueous sodi um

car bonat e ST SIMPSHIAS, SHEthes NATTHRoroREn ey A% Mo CmpoRndr |

conveni entlypyed e LAY 0hedbrlile 39 WOABnoY, Ht ARG Pt i oned

phot osensitiVve solution S

20 copolymer of p-vinylphenol and p-vinylbenzyl acetate; and

other aromatic compounds such as trimethylolbenzene and
tri(acetoxycarbonylmethyl)benzene. These compounds may have
a polymeric structure, so long as they can be cured by a
proton of an acid.

25 It is also possible to use compounds which can be

cured (insolubilized) by polymerization or polycondensation



applied onto a transparent polyethyl ene terephthal ate sheet by a bar coater
so that the thickness of a coating filmmght be 5 Vim and it was yhem 33
dried at 60C for 10 m nutes. Next, the absorbency of this coating filmwas
measured. The 15 results are shown in Fig. 4. The ordinate represents the
absor bency, and the abscissa represents wavel ength nm It was confirmnmed
fromthe wavel ength of a safelight in .~ 1-and an absorbency curve in
Fig. 4 that the safelight did not have a bad influence on the

phot osensitive 20 solution, and it was also confirmed froma spectral

| um nous efficiency curve in Fig. 3 that this safelight was a bright |ight.

25 The phojmsepsihd V@a@é’i#‘tﬁei@nf&?é@i&?dof Ny g5de gjer@&adﬁaoesf&nt G was

applied onto a copper-plated gl ass ~ ~~r~~ a~3 - 1lo7 fiber-relinforced

epoxy subsiighe hisé §enikrd o) bioR HmPEPS ompoddd Hf8 ddipknassstof a
dry filmmght be 5 J?ﬁ? and it was then dr%edI§$360C for 10 mnutes to

prepare theneubsid¢eiendRvgrgup $@sh Sds fan nepdxNegtoup her surdiacamsf the thus
obt ai ned substrate having the resist film (the thickness of the dry resist
film- 5 grmyumas irradiated with a sodiumlanp shown in Fig. 1 at a

| um nous intensity of 40 lux for 24 hours. Afterward, this substrate having
the résist filmwainhaddétiion 190theoabovesgent honed ¢ompéwndmrkhicwm and
then i mersed in a 1~ aqueous sodi um carponate sol ution as a devel opi ng

sol uti on sgamOeefeired medee the eatakytic furchian f rihenagid conpiha el y
di ssolved in the aqueous sodi um carbonate sol ution, which neant, that

phot ocur i NRPEF JIPREL deedir FEIM o4Re 151¢h AT S A$RE TR AM LT TRy lekdn of the

sodium |l anp. C-~raratijwe Exaqgles.l to 90 The sane procedure as in each of

Exanpl es € IS PR £ SRS B PENAHL TEFES AT & Y3yl es

282 to 20 3?21 | it f t .l th b i

subst rate SAVThIEO TR PEE b BIeRaCd i (RIS o o
. g et ! e

| S L ey 8L o T SR L0 TR g

aqueous 25r§§£‘ﬁyn&ﬁa£?l@§@t§e§ﬂllPtér?r\eﬁwnii%%ir?{‘_té YohdhoPedd @&, a

distribution of a fluorescence or the - i ke used in Conparative
Exanpl es lrisb&®F and Sd@Wiréthdnd. . ré&sin. 1 4 F~ ~ ~~3 - 109 WHAT IS CLAI MED

IS: 1. A photosensitizer having at | east one of dipyr romethene boron
conpl ex conpounds AgpthRseephetiobga¢vioml indt{dgor (B) which can be used
in the present invention, there can be used a light radical
15 polymerization initiator, a light acid generator and a light
base generator.

As the light radical polymerization initiator,
conventional known compounds can be used. Examples of these
compounds include aromatic carbonyl compounds such as

20 benzophenone, benzoin methyl ether, benzoin isopropyl ether,
benzyl, xanthone, thioxanthone and anthraquinone; acetophe-
nones such as acetophenone, propiophenone, a-hydroxyiso-
butylphenone, a,oa’-dichloro-4-phenoxyacetophenone, 1-
hydroxy-1l-cyclohexylacetophenone and diacetylacetophenone;

25 organic peroxides such as benzoyl peroxide, t-butylperoxy-2-

ethylhexanoate, t-butylhydroperoxide, di-t-butyldiperoxy-



(1) v Z, ZZ wherein rings X, and X2 are each a pyrrole ring which may have
a substituent or substituents; Y is a hydrogen atom a cyano group, ﬁwﬁquJ
al kyl, an aral kyl, an aryl, a heteroaryl 10 or an al kenyl group mhil y“
have a substituent or sub stituents; and Z1 and ZZ are each independently a
hal ogen atom or an al koxy, an al kyl, an _aral kyl, an aral kyl oxy, an aryl, a
heteroaryl, an alkylthio, an aryloxy,'aﬁlarylthio, a heteroaryloxy or a

het eroaryl thi o group which may have a 15 substituent or substituents,
provided that at |east one of substituents on the pyrrole rings X1 and XZ
as well as the groups Z1 and Zz is an al koxy, an aral kyl oxy or an aryl oxy
group whic ' 0 ulski.t yegt,s _The
photosensi??gg;dggégﬁﬁyﬁggﬁgt%ﬁgﬁkflEﬁﬁe?éPn'?Hg dFS%?? Y&t hene bor on

conpl ex coppeyngeirdxgcairByhy2yYBERz8pARABNEN aqmb%%ﬁmﬂam saRtgsented by
formula (2): 1471 '.=-~~~s3 - 110 RS Ra R3 VV VR N.NMMR ~
B~ \ R Z, séénwaer @iphBhy1RiodBbrBmidB6 aadd dRpheng1eaedocndepaadsnt |y a
hydrogen atom a hal ogen atom a cyano group, a hydroxyl group, an am no

group, an alrlyghicahadlidesysarhaasaktkybbhi aebrgbeomidayi edlbrodoza aagbon
atons which may have a substitu ent or substituents, an aryl, an aryl oxy or
an arybt hi adogodopmhahetgrécyclie aadbpolgtyed ivhicompoaypdsavach agbstit uent
or substituents, an aralkyl or an aralkyl oxy group having 7 to 20 carbon
at ons whi cbheaylhavédsaozaporpngenandoi , 10 6stiydisi(tranhd oramethyloady3 ,§roup
having 2 to 20 carbon atonms which may have a substituent or substituents,
an al kenyl trapgipergnzagthreopesoagqr 66RPRNHAS RHCEhagay  Radvaza(2udstitu ent
or substituents r ro represented by forrmula (3) or (4): 015 -C
~3) ggmethygva?e ongeriig), 2,2-azo%isgsobutygo%itri&e{ 1,17~ Q
azobis(cyclohexane-l-carbonitrile) and 2,2’-azobis(2-methyl-
10 butyronitrile); iron-arene complexes (refer to European
Patent No. 152377); titanocene compounds (refer to Japanese
Patent Application Laid-Open No. 221110/1988); bisimidazole
compounds; N-arylglycidyl compounds; acridine compounds;
combinations of aromatic ketones and aromatic amines; and
15 peroxyketals (refer to Japanese Patent Application Laid-Open
No. 321895/1994). Of the above-mentioned light radical
polymerization initiators, di-t-butyl diperoxyisophthalate,
3,3’,4,4'-tetra(t-butylperoxycarbonyl)benzophenone, the
iron-arene complexes and the titanocene compounds are
20 preferable, because they have a high activity to crosslink-
ing or polymerization.
Furthermore, the light acid generator is a compound
which can generate an acid by exposure, and this generated
acid is used as a catalyst to cure the above-mentioned

25 compound. As the light acid generator, a conventional known

compound can be used. Examples of the light acid generator



wherein Qis a hydrogen atom an am no group, an al kyl or an al koxy group
having 1 to 20 carbon atoms which may have a substituent or substit denfs] 103
an aral kyl or an aral kyl oxy group having 7 to 20 carbon atons which may 20
have a substituent or substituents, an aryl, an aryloxy or an aryl am no
group having 6 to 20 carbon atons mhlchsgay have a substituent or
substituents, an al kenyl oxy 14 =<~3 - 111 group having 2 to 10
carbon atons which may have a substituent or substituents, a nonaal kyl am na
group having 1 to 10 carbon atons which may have a substituent ar
substituents, a dial kylamno group having 2 to 20 carbon 5 atons which may

have a SUbitn'ctl‘d%'ét ﬂ&uﬁugﬁitEuﬁﬁEﬁ aQrséﬁlféh!Ethééﬁ?QE}" aniﬁe%&)[uﬂr Q'éﬂt%r an

al koxycar bonyl al koxy group having 3 to 20 carbon atoms which may have a
substi t uenphlsphidRguint 481ES, 1Uhlohl(1fﬂ.) sAQtwhshel Beh:ehiuﬁ”sahl(:!' carbaay!
group having 2°to 10 carbon atonms which may have a substituent or

substit uenagyedle aomplykes’,benYhnglomptiavengldteocdhptakbe) &raainei ch my
have a substituent or substituents; R4 is a hydrogen atom a cyano group,

an al kyl t@m@ohaﬂsngd15zidbna@ﬁtbaqunoaeouempbunasnayumamale aghdt i t uent
or sub stituents, an aral kyl group having 7 to 20 carbon atons which may
have aS5subsisittexrsntandr ssdlisnituentid, imnder gbtgreup havaddi€ivo 20 chebon
atons which nay have a substituent or substituents, a heteroaryl roup
havi ng 2 t @bpyecmebdionednsomrpownieh Aty iRagdsa BOBSiblaekp gse t
substituents, or an al kenyl group having 2 to 10 carbon atons mhlch may
have a subéﬂﬂ@@eﬁFlér9§G§§?F968nﬂ§“t29n8ﬁdlEzJaPénéﬁéhPFﬁﬁéﬁeﬁéﬁﬁﬂpﬁ -a

hal ogen atom an al roup, n_al kylthio group_haviing 1 to
20 carbon 23° &t&ﬁédwﬁpéﬁ H§33%35iaéétﬁp eﬂ?P6¥e§ﬁbgﬁgﬁﬂénﬁgpléﬁgaraIkyI
or an aral on ggg Eg 99 7 to 20 carbon atons 141~~7 ~r~~3 - 112
whi ch may 2 éﬁ dr substituents, an aryl, an aryloxy or an

aryl t hiyo aroup hav'me%‘;% Pigantoneatams Wiehagay Have aausiid uent or

substituents, a heteroary ete or a heteroarylt group

having 2 t%%%h%%r ?%ae%e@sawehga Byyekg&gueesugﬁa' EHEE! gBhetpsl tuents;

provi ded that at t one of , R, 1s the al koxy,

ar al kyl oxy b@rseamsl %édg@@ua catalpetphet egeasthezgbodecheditignkea C aim 1
wherein 10 the di pyrronet hene boron conpl ex conpound is a dipyrronmeth ene

boron conpleeonpoamdeundsr epecigeghedbhygefl genukratdd) , a BonkkenBioRal. known\ \
R2 N.N=( C5) \\ R ~B~ R~
compound can be used. Examples of the light base generator
15 include nitrobenzylcarbamate compounds such as [ (o-nitro-
benzyl)oxy]carbonylcyclohexylamine [refer to J. Am. Chem.
Soc., Vol. 113, No. 11, p. 4305 (1991)] and photo-functional
urethane compounds such as N-[{1-(3,5-dimethoxyphenyl)-1-
methyl-ethoxy}carbonyljcyclohexylamine and N-[{1-(3,5-
20 dimethoxyphenyl)-1l-methyl-etoxy}carbonyl}pyridine [refer to
J. Org. Chem., Vol. 55, No. 23, p. 5919, (1990)].
A blend ratio of the photoreaction initiator is not
critical, and it can be varied in a wide range in compliance
with the kind of photoreaction initiator. 1In general, the

25 amount of the photoreaction initiator is in the range of 0.1

to 25 parts by weight, preferably 0.2 to 10 parts by weight



Z1 Z2 wherein Rl, RZ, R3, R5, R6 and R, are each independently a hydrogen
atom a hal ogen atom a cyano group, a hydroxyl 15 group, an am no dgriotp] 243
an al kyl or an alkylthio group having 1 to 20 carbon atons which may have a
substituent or substituents, an aryl or an arylthio group having 6 to 20
carbon atons which may have a substituent or substituents, an aral kyl group
having 7 to 20 carbon atons whi ch may” have™ 20 a substituent or

substituents, a heteroaryl group having 2 to 20 carbon atons which nay have
a substituent or substitu ents, an al kenyl group having 2 to 10 carbon
atons whi ch may 14r ~W3 - 113 have a substituent or substituents, or

a group regsefepbedoby éarfybapén s by (Aigit - %ﬁfk JoIMELALN Gk En

hydr ogen a om an am no group, oxy group haV|ng 1to 20

car bon at Oggo¥HEG PalBY Péé’fna SpPSthd Ugitu St Sre&de f6&! kyl or an

aral kyl oxy group having 7 to 20 carbon at ons |ch have a substituent

or substitygnt$atBl 2&Yhor8NtRaN! X Yp&Ftabywe BJRH0 m&@tmﬂmy%fo 20
carbon atons which 10 may have a substituent or substi tuents, an al kenyl oxy

group havi BHe2ob®aifle@atb@Podi 06 Wends Ny deteer fosals! i t uent or
substituents, a nonoal kyl am no group having 1 to 10 carbon atons which may
have assubst|tuentTne stibsbileudhght auralal &yresimoconpopihbonngf2the 20
carbon 15 atons which may have a substituent or substituents, or an

al kyl car bopykeakkbxjynygentiponr cantaihk®xyic at¢maty | ek oxfy theupippwroge8hto 20
carbon atonms which nmay have a substituent or substituents, -NHL (4) 20
wherei n L Edeahozpryrempberyronpoupds aepiesented oy afomika otk) wasch may
have a substituent or substituents or_an aryl carbonyl group having 7 to 15
car bon atoﬁﬁemﬁheﬁoﬁﬁ9sh5%ée§ 6Gbst3rdicht RAY KRRt IR RRther §en¥eRydr ogen

atom a cyano o] roup having 25 1 to 20 carbon atons which
may have at an aral kyl group having 7 to 20
AtigpaLi khawe B 05%%3%@%%% X
car bon,at ons 141t ~ ﬁ ch g hage a bskituent or
subst??uents, an aP?IPGFS&Su 35iﬁﬁsgr ﬁ%n BT N a?% Bﬂwﬂay have a
substituen t Sgoa at ons
whi ch may hggéogggégkiyggén 18& b%%?% :ﬁgﬁlﬂﬁieny grou%fﬁaV|ng
2 to 10 cappogpat gﬁst%éﬁglewepayﬁcﬁﬁm&wéb@mrﬂs StDhd F 106 Sandl and

Z2 are each indepéndently a halogen atom an al kyl) anh al koxy or an

al kyl thi o geamMarhavibgpduh@s 2Refidoed af ®Fapdridde Byt &ay e 7p“p§il@§€ibﬂent or
substituents, an aral kyl or 10 an aral kyl oxy group having to 20 carbon

at ons mhlchamﬁyobaneNa sukge8yLa®m2. or substituents, an aryl, an aryl oxy or
an arylthio group having 6 to 20 carbon atons whi ch may have a substituent
or subStituents, aIhetbisargbe,anbeparbicylaryrestaidieienoasypuhi ongroup
having 2 to 20 carbon atons which 15 may have a substituent or
substit uentbe amount of the dipyrromethene boron complex compound
represented by formula (1) in the photosensitizer (C), but
in order to obtain a desired effect in the present invention,
the content of the dipyrromethene boron complex compound
20 represented by formula (1) in the photosensitizer (C) is
preferably 10% by weight or more, more preferably 20% by
weight or more, much more preferably 30% by weight or more.
Particularly preferable is the photosensitizer containing
50% by weight or more of the dipyrromethene boron complex

25 compound.

The amount of the photosensitizer (C) to be used



provi ded that at |east one of Z1 and Zz is the al koxy, aral kyl oxy or

aryl oxy group. 4. The photosensitizer according to Caim3 wherein 20 {at ;i
| east one of Z1 and Z, is an al koxy group or an aral kyl oxy group whi ch may
have a substituent or substituents. 5. The photosensitizer according to
Caim4 wherein Rl, Rz, R'" R5, R6 and R, are each independently a hydrogen
25 atom or a straight chain or branché%4aTkyI group having 1 to 4 carbon
atons which nay have a substituent or substitu 14 ~7a'?3 - 115 ents; R4
is a hydrogen atom and at |east one of Z1 and ZZ is a straight chain,
branched or cyclic al koxy group having 1 to 7 carbon atons or a benzyl oxy

g1 oup Wi ch tB,Dave A SURSL] LRI SRS 14T e il D |Gt

curable re onposi I ch confprises a photocur resin (

phot oreactyofy 144 ik figind e Hifb CoAAPRE I dr Sn { DomdditePlIURRERS! L zes

described Tnnany of Clarns 1 to 5 being used as t phot'o 10 sensitizes

(Q. 7. Theyisitlsdi e Wiad! hd€sddh£OPASH L ®N, ageor th Ngeddrdd ai m 6

whi ch further contains a radical protecting conpound (D). 15 8. The visible

light curaple fRsidt MG thHET s Tk ekt O( ai $n u ke By Nin hené adi cal
protecting conmpound (D) contains at |east one radical protecting conpound

sel ectsd ffﬂ:{?@mﬁpmmr s BCiphesd a5y oasighindsp pete palohpt 0 £3 260 chnpounds
having an N, N-di met hyl am no group bonded to a carbon atom which forns an

aronati c rpauks Dy Teightsiviteh [tefpecturtabl ¥0 gsantsdmposeiglon atconeing to
G aim6 which is used under an irradiation 25 circunstance of a safelight
havi ng a Iphptepecible resimolls) efdnpoérenrty. antf othhedmemn W@l Byt h
selected within the 14F.~~ a-3 ,
photosensitizer (C) is less than 0.1 part by weight, the
photosensitivity of the formed coating film tends to dete-
10 riorate, and if it is more than 10 parts by weight, there is
a tendency that it is difficult to keep the composition in a
uniform state from the viewpoint of solubility.
If necessary, the visible light curable resin
composition which can be used in the present invention can
15 contain a photopolymerizable unsaturated compound (resin)
other than mentioned above, in addition to the above-
mentioned components. Examples of the photopolymerizable
unsaturated compound .include methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl
20 (meth)acrylate, (poly)ethylene glycol di(meth)acrylate,
(poly)propylene glycol tri(meth)acrylate, trimethylolpropane
tri(meth)acrylate, glycerine tri(meth)acrylate, pentaeryth-
ritol tetra(meth)acrylate and pentaerythritol tri(meth)-
acrylate.

25 The amount of the other photopolymerizable unsatu-

rated compound to be used is preferably in the range of



- 116 range of 500 to 620 nmand in which an absorbency of the unexposed
coating filmfornmed fromthe conposition is 0.5 or less within the nange; 0fj
the maxi num wavel ength 30 nmof the safelight. 5 10. An ink for a Vi si bl e
| ight curable material which conprises a visible light curable resin
conposition described in any of C ains to 9 and a solvent. 10 11. A
visible light curable material which conpris es a substrate and the visible
| ight curable resin conposi tion described in any of Clains 6 to 9 on the
Substrate. . A
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other radicals contribute to the curing reaction of the
resist film. As a result, the visible light curable resin
composition of the present invention can maintain the high
sensitivity, even if oxygen is not blocked.

5 Typical examples of the above-mentioned phosphorous
acid ester compounds include dialkyl, diaryl and diaralkyl
esters of phosphorous acids such as dimethylphosphite,
diethylphosphite, dipropylphosphite, dibutylphosphite,
bis(2-ethylhexyl) phosphite, diphenylphosphite and dibenzyl-

10 phosphite; trialkyl and triaryl esters of phophorous acids
such as trimethylphosphite, triethylphosphite, triisopropyl-
phosphite, tributylphosphite, trilaurylphosphite, triphenyl-
phosphite, triisodecylphosphite and tris(tridecyl)-
phosphite; aralkyldialkyl esters of a phophorous acid such

15 as benzyldiethylphosphite; and tri(haloalkyl) esters of
phophorous acids such as tris(2,2,2-trifluoroethyl)-phos-
phite and tris(2-chloroethyl)-phosphite.

Typical examples of the above-mentioned aromatic
compounds having the N,N-dimethylamino group bonded to the

20 carbon atom which forms the aromatic ring include N,N-
dimethylaniline derivatives such as N,N-dimethylaniline,
4-bromo-N,N-dimethylaniline, 4-t-butyl-N,N-dimethylaniline,
2,6-diisopropyl-N,N-dimethylaniline, 4,4’-vinylidenebis(N,N-
dimethylaniline), 4,4’'-methylenebis(N,N-dimethylaniline),

25 4,4'-methylenebis(2,6-diisopropyl-N,N-dimethylaniline),

N,N,2,4,6-pentamethylaniline, N,N-dimethyl-m-toluidine,



ajcaljcaUlcalcaUc aJjcalc aUc a]ca]calcalc a]ca]c>a]calcal]calc
aljcalcalcalc aJcalcalc a]calca .
LSUMW[]Ch&A?QCisuwztoid_YTidAYT]]caU]ca]ca]caU]ca]caU]ca]ca]ca]ca]caﬂMc%Ibﬁ%
Ul ca] ca] ca UWV] caV] ca] cal] ca] cal] ca] ca
UV]caLﬂca]caLﬂcaLﬂca]caLﬂca]camy{}|mqlfagVidAYT]]]caLﬂca]caLﬂca]caLﬂca]caLﬂ
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caTcéU]Ca]caU]ca]ca]caU]ca]caU]ca]ca]caU
] ca] ca(++/ 57U uoj d*XSi d*YT] ] caU] caUc aUc a]calc

aU] ca] cal] ca]caU ca]caUcaU c a]Jc aUlc

aU] ca] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] cale&@V

7 ) o A g ik, Ak it AL
nitrosoaniline.
Above all, the aromatic compounds having the N,N-
dimethyl amino group bonded to the carbon atom which forms
5 the aromatic ring and having a molecular weight of 120 to
400 are particularly preferable from the viewpoints of
compatibility with the resin of the resist and the sensitiv-
ity of the obtained resist film to the visible light.
The amount of the above-mentioned specific radical
10 protecting compound (D) to be blended is not strictly
limited, and it can be varied in compliance with the kind
and the amount of photoreaction initiator (B) to be used.
In general, the amount of the radical protecting compound
(D) is preferably in the range of 0 to 30 parts by weight,
15 more preferably 1 to 10 parts by weight with respect to 100
parts by weight of the solid content of the visible light
curable resin composition, in points of the photosensitivity
of the resist film and the strength of the coating film.
To the visible light curable resin composition of
20 the present invention, some additives can be added, as
needed. Examples of the additives include an adhesion
improver, a polymerization inhibitor such as hydroquinone,
2,6-di-t-butyl-p-cresol or N,N-diphenyl-p-phenylenediamine,
a rubber, fine particles of an organic resin such as a vinyl
25 polymer or a vinyl polymer having an unsaturated group, a

pigment such as a coloring pigment or an extender pigment, a
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maximum wavelength and a high spectral luminous efficiency
15 selected within the range of 500 to 620 nm. When the
composition is used under this safelight, an absorbency of
the unexposed coating film formed from the composition is
0.5 or less within the range of the maximum wavelength * 30
nm of the safelight.
20 As a conventional safelight, a fluorescent lamp
which is colored red has been used, but an emission spectrum
of the fluorescent lamp has a wavelength range within a wide
range of from an ultraviolet light to a visible light region
(Fig. 5). Therefore, this fluorescent lamp cures even a

25 portion of the visible light-sensitive resin coating film

which does not need to be cured, so that any clear resist
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safelight can be obtained, for example, by using a discharge

lamp in which the light having the maximum wavelength in the
above-mentioned range can be emitted by discharging the lamp

15 itself in a gas such as sodium. Of various discharge lamps,
the sodium lamp is excellent in safety properties, working
circumstance properties and the like, because the light
emitted from the sodium lamp consists mainly of a yellow
D-ray having a wavelength of 589 nm and it is a mono-

20 chromatic light, so that a chromatic aberration of the light
is low and hence objects can be sharply displayed. Fig. 1
shows a spectral distribution diagram of the low-pressure
sodium lamp. As shown in this spectral distribution diagram
of the sodium lamp, in addition to the D-ray which is the

25 maximum wavelength of the sodium lamp, the safelight may

have a high-energy ray wavelength component (a short-
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equipped with a filter to cut high-energy ray wavelength
5 components other than the D-ray can also be used as the
safelight. The spectral distribution of the sodium lamp in
which the high-energy ray wavelength components are cut is
shown in Fig. 2. Examples of the filter include "Fantac FD-
1081 Scarlet", "Fantac FC-1431 Sunflower Yellow" (both of
10 them are trade marks and made by Kansai Paint Co., Ltd.),
and "Lintech Lumicool film No. 1905" (a trade mark, made by
Lintech Co., Ltd.).
Moreover, the safelight for use in the present
invention is preferably a sharp monochromatic light of 589
15 nm such as the light from the sodium lamp, but in addition
to the light having the maximum wavelength in the range of
500 to 620 nm, there may be used a safelight containing a
wavelength component which is distributed in a wavelength
range of an ultraviolet light range, a visible light range
20 other than the above-mentioned range or an infrared light
range. However, when the safelight containing the wave-
length component distributed in any of such other ranges is
used, this wavelength distribution range is required to be
the range of the safelight which does not have an adverse
25 influence (sensitization) on the visible light-sensitive

resin composition.
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In view of these requirements, the safelight can contain the
10 high-energy light range to such a degree as not to adversely
affect the visible light-sensitive resin composition.
However, a usual fluorescent lamp having a maximum wave-
length of 500 to 620 nm cannot be used as the safelight for
the visible light curable resin composition which is to be
15 sensitized by the visible laser having an oscillation line
especially at 488 nm or 532 nm, because this type of fluo-
rescent lamp has the high light energy in less than 500 nm,
. especially in 400 to 499 nm.
The absorbency defined in the present invention is
20 represented by the formula of -log (I/I,) wherein I is an
intensity of the light transmitted through a coating film
formed by applying the visible light curable resin composi-
tion onto the surface of a transparent substrate and then
drying the same (removing the solvent); and I, is an inten-
25 sity of the light transmitted through a blank [the transpar-

ent substrate (e.g., a polyethylene terephthalate sheet)
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perceive can be represented by the spectral luminous effi-
5 ciency. As defined in JIS 28113-2005, this spectral lumi-
nous efficiency can be defined as the reciprocal of a
relative value of a radiation luminance of a monochromatic
light having a wavelength A when the brightness of the
monochromatic light having the wavelength A is judged to be
10 equal to that of a reference for comparison under predeter-
mined observational conditions, and usually, it can be
defined as a value standardized so that the maximum value
may become 1 when the wavelength A is varied. Fiq. 3 shows
a spectral luminous efficiency curve in the range of 380 to
15 780 nm that is the wavelength range of the visible light.
In Fig. 3, the ratio of the spectral luminous efficiency is
shown on the assumption that the maximum value of the
spectral luminous efficiency on the ordinate axis is 100.
It is apparent from this curve that in the range of 640 to
20 780 nm which is the conventional wavelength range of red,
the spectral luminous efficiency is low and this range is
perceived to be dark by human eyes, and for example, in
order for the human eyes to perceive the same brightness as
at a wavelength of 589 nm, the intensity of the irradiated
25 light must be further increased. 1In addition, the maximum

value of a luminosity is about 555 nm (JIS-28113 2008).
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5 wavelength = 30 nm (-30 nm to +30 nm), preferably the
maximum wavelength * 20 nm (-20 nm to +20 nm), or more
preferably the maximum wavelength * 10 nm (-10 nm to +10 nm)
of the safelight having the maximum wavelength selected
within the above-mentioned range.

10 The thickness of the dry film (exclusive of the
solvent) formed from the visible light curable resin compo-
sition of the present invention is set so that the absorben-
cy of the unsensitized coating film formed from this compo-
sition may be 0.5 or less in the range of the maximum

15 wavelength * 30 nm selected within the above-mentioned range
of the maximum wavelength of the safelight, but from a
practical viewpoint, it is usually in the range of 0.1 to 50
um, preferably 1 to 30 um. Furthermore, the absorbency
depends on kinds and amounts of the photoreaction initiator

20 (B), the photosensitizer (C) and the like contained in the
composition, and in the case of the same composition, it
also depends on the thickness of the coating film. That is
to say, in the same composition, when the thickness of the
coating film increases, the concentrations of the photoreac-

25 tion initiator (B), the photosensitizer (C) and the like

contained in the coating film increase, so that the absorb-
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ency increases. On the other hand, when the thickness of
the coating film decreases, the concentrations of the above-
mentioned components contained in the coating film decrease,
so that the absorbency decreases. It is apparent from the
foregoing that the absorbency can be adjusted so as to be
within the above-mentioned range by adjusting the thickness
of the coating film to be formed.

The visible light curable resin composition of the
present invention can be used for a variety of applications
as known photosensitive materials such as coating composi-
tions, inks, adhesives, resist materials, printing plate
materials (printing materials for planography and letter-
press, and presensitized plates for offset lithography),
information recording materials, and materials for relief
images.

Next, typical resist materials (e.g., a general
negative-type curable resist material and a negative-type
curable resist material for electrodeposition coating) of
the visible light curable resin composition of the present
invention will be described.

As the general negative-type curable resist material,
for example, the visible light curable resin composition of
the present invention is dispersed or dissolved in a solvent
(inclusive of water) (in the case that a pigment is used as
a colorant, the pigment is finely dispersed), thereby

preparing a photosensitive solution, and this photosensitive
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Furthermore, the surface of the coating film can be
5 previously covered with a cover coat layer prior to being
cured by exposure to the visible light. This cover coat
layer is formed for the purpose of blocking oxygen in air to
prevent radicals generated by the exposure from being
inactivated by the oxygen, and for the purpose of smoothly
10 advancing the curing of the coating film by the exposure.
This cover coat layer can be formed, for example, by
covering the surface of the applied coating film with a
resin film (film thickness = about 1 to 70 um) of a poly-
ester resin such as polyethylene terephthalate, an acrylic
15 resin, a polyethylene, a polyvinyl chloride resin or the
like; or by applying, onto the surface of the applied
coating film, an aqueous solution prepared by dissolving or
dispersing an aqueous resin (dry film thickness = about 0.5
to 5 um) in water and then drying it. 1In this case, exam-
20 ples of the aforesaid aqueous resin include polyvinyl
alcohol, a partially saponificated compound of polyvinyl
acetate, a copolymer of polyvinyl alcohol and vinyl acetate,
a copolymer of the partially saponificated compound of
polyvinyl acetate and vinyl acetate, polyvinyl pyrrolidone,
25 a water-soluble polysaccharide polymer such as pullulan, and

an acrylic resin, a polyester resin, a vinyl resin and an
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base. This cover coat layer is preferably removed after the
exposure of the coating film and before the developing
treatment. This cover coat layer of the water-soluble

5 polysaccharide polymer or the aqueous resin can be removed,
for example, with a solvent such as water, an acidic agueous
solution or a basic aqueous solution in which the resin can
be dissolved or dispersed.

Examples of the solvent which can be used to dissol-

10 ve or disperse the visible light curable resin composition
include ketones (e.g., acetone, methyl ethyl ketone and
methyl isobutyl ketone), esters (e.g., ethyl acetate, butyl
acetate, methyl benzoate and methyl propionate), ethers
(e.g., tetrahydrofuran, dioxane and dimethoxyethane),

15 cellosolves (e.g., methyl cellosolve, ethyl cellosolve and
diethylene glycol monomethyl ether), aromatic hydrocarbons
(e.g., benzene, toluene, xylene and ethylbenzene), halogen-
ated hydrocarbons (e.g., chloroform, trichloroethylene and
dichloromethane), alcohols (e.g., ethyl alcohol and benzyl

20 alcohol), other solvents (e.g., dimethylformamide and
dimethyl sulfoxide), and water.

Furthermore, examples of the substrate include
metals such as aluminum, magnesium, copper, zinc, chromium,
nickel and iron, alloy sheets containing these metals as

25 components, and printed circuit boards, plastics, glasses,

silicone wafers and carbon plate whose surfaces are treated
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Moreover, when used as a negative-type resist
material for electrodeposition coating, the visible light
curable resin composition is first brought into an aqueous
dispersion or an aqueous solution.

The aqueous dispersion or the aqueous solution of
the visible light curable resin composition can be formed by
(1) neutralizing the composition with an alkali (a neutral-
izer) when an anionic group such as a carboxyl group is
introduced in the photocurable resin, or (2) neutralizing it
with an acid (a neutralizer) when a cationic group such as
an amino group is introduced therein. Examples of the
alkali neutralizer which can be used at this time include
alkanolamines such as monoethanolamine, diethanolamine and
triethanolamine; alkylamines such as triethylamine, dieth-
ylamine, monoethylamine, diisopropylamine, trimethylamine
and diisobutylamine; alkylalkanolamines such as dimethyl-
aminoethanol; alicyclic amines such as cyclohexylamine;
hydroxides of alkali metals such as caustic soda and caustic
potash; and ammonia. Furthermore, examples of the acid
neutralizer include monocarboxylic acids such as formic acid,
acetic acid, lactic acid and butyric acid. These neutraliz-
ers can be used singly or in the form of a mixture thereof.
The amount of the neutralizer to be used is usually in the
range of 0.2 to 1.0 equivalent, preferably 0.3 to 0.8

equivalent per equivalent of the ionic group contained in

1044 1044
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the visible light curable resin composition.

In order to further improve the flowability of the
resin component dissolved or dispersed in water, a hydro-
philic solvent can be added to the above-mentioned visible

5 light curable resin composition, if necessary, and examples
of the hydrophilic solvent include methanol, ethanol,
isopropanol, n-butanol, t-butanol, methoxyethanol, eth-
oxyethanol, butoxyethanol, diethylene glycol monomethyl
ether, dioxane and tetrahydrofuran. The amount of the

10 hydrophilic solvent to be used is usually 300 parts by
weight or less, preferably 100 parts by weight or less with
respect to 100 parts by weight of the resin solid component.

Furthermore, in order to increase the amount of the
resin component to be applied onto the substrate, a hydro-

15 phobic solvent can be added to the above-mentioned visible
light curable resin composition, and examples of the hydro-
phobic solvent include petroleum solvents such as toluene
and xylene; ketones such as methyl ethyl ketone and methyl
isobutyl ketone; esters such as ethyl acetate and butyl

20 acetate; and alcohols such as 2-ethylhexyl alcohol and
benzyl alcohol. The amount of the hydrophobic solvent to be
added is usually 200 parts by weight or less, preferably 100
parts by weight or less with respect to 100 parts by weight
of the resin solid component.

25 The preparation of the visible light curable resin

composition as an electrodeposition coating composition can
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be carried out by a conventional known method. For example,
it can be prepared by sufficiently mixing the photocurable
resin (A) dissolved in water by the above-mentioned neu-
tralization, the photoreaction initiator (B), the photosen-
5 sitizer (C) having a specific structure, a radical pro-
tecting compound (D) as needed, the solvent and other
components, and then adding water to the mixture.
The thus prepared composition can be further diluted
with water in a usual manner to obtain an electrodeposition
10 coating composition (or an electrodeposition bath), for
example, having a pH of 4 to 9 and a bath concentration (a
solid content concentration) in the range of 3 to 25% by
weight, preferably 5 to 15% by weight. The electrodepositi-
on coating composition prepared as described above can be
15 applied onto the surface of a conductor which is a material
to be coated in the following manner. That is to say, the
PH and the concentration of the bath are first adjusted to
be within the above-mentioned ranges, and the bath tempera-
ture is then controlled so as to be in the range of 15 to
20 40°C, preferably 15 to 30°C. Next, a DC voltage of 5 to 200
V is applied to the thus controlled electrodeposition bath,
while the conductor to be coated is immersed in the bath as
an anode when the deposition coating composition is an
anionic type, or as a cathode when the deposition coating
25 composition is a cationic type. A voltage application time

is suitably in the range of 10 seconds to 5 minutes.
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5 water, or washing it with water and drying, and .then apply-
ing another electrodeposition coating composition having a
glass transition temperature of 20°C or more (refer to
Japanese Patent Application Laid-Open No. 20873/1990), i.e.,
a method of conducting a double-coat electrodeposition

10 coating.

The thickness of the obtained coating film is
usually in the rage of 0.1 to 50 pum, preferably 1 to 15 um
in terms of the dry coating film thickness. After the
electrodeposition coating, the applied substrate is taken

15 out of the electrodeposition bath, washed with water, and
then dried with hot air to remove water content from the
electrodeposited coating film.

Examples of the usable conductor include conductive
materials such as metals, carbon and tin oxides as well as

20 plastics and glasses whose surfaces are fixedly covered with
these conductive materials by lamination, plating or the
like.

Furthermore, a cover coat layer may be previously
formed on the surface of the electrodeposited coating film

25 prior to the exposure and the curing with the visible light.

Examples of this cover coat layer include the materials
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mentioned above. The cover coat layer is preferably removed
before the electrodeposited coating film is subjected to the
developing treatment. The cover coat layer comprising the
water-soluble polysaccharide polymer or the aqueous resin

5 can be removed with, for example, a solvent such as water,
an acidic aqueous solution or a basic aqueous solution which
can dissolve or disperse the used resin.

The visible light resist material formed on the

conductor surface in the above-mentioned manner, or the

10 electrodeposited visible light resist coating film obtained
by the electrodeposition coating is exposed to the visible
light in accordance with an image and cured, and an unex-
posed portion is then removed by the developing treatment,
thereby forming the image.

15 As for a light source for curing the composition for
the visible light-sensitive material of the present inven-
tion, a conventional known visible light source can be used
without any particular restriction, so.long as it can cure
the composition. Examples of the light source which can

20 emit the visible light include an ultra-high pressure, a
high pressure, an intermédiate pressure or a low pressure
mercury-vapor lamp, a chemical lamp, a carbon-arc lamp, a
xenon lamp, a metal halide lamp and a tungsten lamp.
Moreover, there can also be used various lasers having an

25 oscillation line in the visible light range in which an

ultraviolet light is cut from the above-mentioned light
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YAG-SHG laser having an oscillation line at 532 nm is
desirable.

The developing treatment can be carried out by
washing out the unexposed portion of the coating film with
an aqueous alkaline solution when the unexposed coating film
portion is anionic, or with an aqueous acidic solution
having a pH of 5 or less when it is cationic. Usual exam-
ples of the usable alkaline aqueous solution include caustic
soda, sodium carbonate, caustic potash and aqueous ammonia
which can neutralize a free carboxylic acid contained in the
coating film to make the coating film water-soluble, whereas
examples of the usable aqueous acidic solution include
acetic acid, formic acid and lactic acid.

Furthermore, in the case of the photocurable resin
having no ionic group, the developing treatment can be
carried out by dissolving the unexposed portion with a
solvent such as 1,1,1-trichloromethane, trichloroethylene,
methyl ethyl ketone or methylene chloride. The thus devel-
oped coating film is washed with water, and then dried by
hot air to form a desired image on the conductor. 1If
necessary, etching can be done to remove an exposed conduc-
tive portion, and a resist film can be then removed to
prepare a print circuit board.

In addition to the above-mentioned use applications,

FL3 23
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éxample, the é%%%g@¥¥%ég-f%r!Qhe visible light-sensitive
material of the present invention can be applied onto a
transparent resin film of a polyester resin such as poly-
ethylene terephthalate, an acrylic resin, a polyethylene, a
5 polyvinyl chloride resin or the like which becomes a cover

film layer by the use of a roll coater, a blade coater or a
curtain coater, followed by drying to form a resist film
(the thickness of the dry film = about 0.1 to 5 um).
Afterward, a protective film is then laminated on this

10 coating film to obtain a dry film resist.

From such a dry film resist, the protective film can
be peeled off, and the dry film resist can be then laminated
on a support so that the dry film resist may come in contact
with the support by a means such as thermocompression

15 bonding, thereby forming the resist film. The resist film
can be exposed to the visible light, cured and then devel-
oped in accordance with an image in the same manner as in
the case of the above-mentioned electrodeposition coating,
thereby forming the image. Furthermore, on the dry film

20 resist, the cover coat layer can be formed in the same
manner as described, when needed. This cover coat layer may
be formed by its application or by its adhesion onto the
resist film. The cover coat layer may be removed or need
not be removed prior to the developing treatment.

25 The present invention will be described in more

detail in accordance with examples.
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Incidentally, "part(s)" in examples and comparative
examples which will be described hereinafter means "part(s)
by weight".

Synthetic Example 1 (Synthesis of compound 1-1 in
Table 1).

24.4 g of 2,4-dimethyl-3-ethylpyrrole, 8.4 g of 35%
formalin and 500 ml of ethanol were stirred and dissolved
under an air atmosphere, and after 17 g of 47% hydrobromic
acid was added dropwise, reaction was carried out at room
temperature for 12 hours. The solvent was concentrated and
distilled off, and 500 ml of water was added to the residue
and the reaction product was then extracted with 500 ml of
chloroform. The thus obtained chloroform phase was washed
with 1 liter of water, further washed with 200 ml of a
saturated saline solution, and then dried over 20 g of
sodium sulfate. Insolubles were removed by filtration, and
78 g of N-ethyl-N,N-diisopropylamine were added to the
resultant filtrate. Next, 85.2 g of boron trifluoride
diethyl ether complex was added thereto and reaction was
then carried out at room temperature for 6 hours. After
completion of the reaction, the reaction product was washed
with 500 ml of water, further washed with 200 ml of a
saturated saline solution, and then dried over 20 g of
sodium sulfate. Afterward, insolubles were removed by
filtration, the resultant filtrate was concentrated, and the

residue was treated by a silica gel column chromatography (a
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developing solution = chloroform) to collect a main compo-
nent. After the collected solution was concentrated,
recrystallization was done by the use of n-hexane and
chloroform to purify the component, followed by drying at
5 60°C, to obtain 9.3 g of 4,4-difluoro-2,6-diethyl-1,3,5,7-
tetramethyl-4-bora-3a,4a-diaza-s-indacene.

In succession, 9.2 g of the above-mentioned boron
compound was added to a methanol solution of sodium meth-
oxide prepared by adding 3.47 g of metallic sodium to 380 ml

10 of methanol, and reaction was carried out at 55 to 60°C for
2 hours. After completion of the reaction, 1 liter of water
was added thereto, and a desired compound was extracted with
600 ml of chloroform. The chloroform phase was washed with
1.5 liter of water and further 200 ml of a saturated saline

15 solution, and then dried over 50 g of sodium sulfate. Next,
filtration was done to obtain a filtrate and this filtrate
was then concentrated, and the residue was treated by a
silica gel column chromatography [a developing solution =
chloroform-ethyl acetate mixing solvent (1:1)] to collect a

20 main component. After the collected solution was concen-
trated, recrystallization was done by the use of chloroform
to purify the component, followed by drying at 60°C, to
obtain 5.4 g (yield = 17%) of 4,4-dimethoxy-2,6-diethyl-
1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene.

25 The results of the elemental analysis of the ob-

tained compound are as follows:
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C (%) H (%) N (%)
Calcd. 69.52 8.90 8.58
Found 69.69 8.76 8.50

Synthetic Example 2 (Synthesis of compound 1-88 in
Table 1).

57.4 g of ethyl-4,5~-dimethyl-3-methoxypyrrole-2-
carboxylate, 100.4 g of 88% formic acid and 85.2 g of 47%
hydrobromic acid were mixed, and the mixture was heated up
to 95°C, followed by stirring for 3 hours.
room temperature, the reaction solution was extracted with

600 ml of chloroform.

2 liters of water and successively 200 ml of a saturated

After cooled to

The chloroform phase was washed with

saline solution, and then dried over 20 g of sodium sulfate.

Next, filtration was done to obtain a filtrate, and to this

filtrate, 113 g of N-ethyl-N,N-diisopropylamine was added.

Further,

123.5 g of boron trifluoride diethyl ether complex

was added thereto, and reaction was then carried out at room

temperature for 12 hours.

After completion of the reaction,

the resultant organic phase was washed with 500 ml of water

and further 200 ml of a saturated saline solution, and then

dried over 20 g of sodium sulfate. Next, filtration was

done to obtain a filtrate and this filtrate was then concen-

trated, and the residue was treated by a silica gel column

chromatography (a developing solution: n-hexane/chloroform



0310%p& (
0310%p&' (
0310%p&' (
0310%p& (

16 0310%p&

10

15

3M @
16 0310%pé& ()-3 6 0310%p& ()-3 6 0310%p& ()-3 6
6 0310%p& ()-3 x*GOM @1 %) 3! 6 0310%p& ()-3 !6
16 0310%pé& ()-3 !6 0310%pé& ()-3 | Z=0M @

)-3 16 0310%p& ()-3

)-3
)-3 16
)-3

)-3 16
()-3
- 87 -

35/65) to collect a main component. After the collected
solution was concentrated, purification was performed by

recrystallization from n-hexane and chloroform, followed by

drying at 60°C, to obtain 0.6 g (yield 1.4%) of 4,4-
difluoro-2,3,5,6-tetramethyl-1,7-dimethoxy-4-bora-3a,4a-
diaza-s~-indacene.

The results of the elemental analysis of the ob-

tained compound are as follows:

C (%) H (%) N (%)

Calcd. 58.47 6.22 9.09

Found 58.55 6.33 9.16
Example 1

A photosensitive solution was prepared by using 100
parts of a polymer as a photocurable resin (a polymeric
binder) which was a mixture of methyl methacrylate/meth-
acrylic acid/hydroxyphenyl methacrylate/benzyl methacrylate
= 50/20/10/20 (parts by weight), 55 parts of trimethylolpro-
pane triacrylate, 1.5 parts of a compound 1-1 as a photosen-

sitizer in Table 1, 20 parts of a titanocene compound as a

photoreaction initiator represented by formula (a):
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and 160 parts of methyl cellosolve as a solvent.
The thus obtained photosensitive solution was
applied onto a copper-clad and glass-fiber-reinforced epoxy
5 substrate having a copper layer of 18 um in thickness on its
surface and having a thickness of 2 mm and a size of 350x460
mm by the use of a spinner, and then dried at 60°C for 10
minutes to prepare the substrate having a resist film of 5
um in dry thickness. Next, this substrate having the resist
10 film was irradiated at an intensity of 5 mJ/cm? with a xenon
lamp (an ultraviolet wavelength range was cut) and a second
harmonic (532 nm) of a YAG laser, and at this time, it was
confirmed that the resin was rapidly cured [the cured resin
was not dissolved by a developing treatment in which the
15 substrate was immersed in a 1% aqueous sodium carbonate
solution (a developing solution) at 30°C for 1 minute].
Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp (the ultraviolet wavelength range was

20 cut) and the second harmonic (532 nm) of the YAG laser in
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the same manner as described above, and at this time, it was

confirmed that the resin was rapidly cured.

Examples 2 to 90

5 The same procedure as in Example 1 was conducted
except that compounds 1-2 to 1-90 in Table 1 were used as
photosensitizers, thereby preparing photosensitive solutions.
Afterward, by the use of each of these photosensitive
solutions, a resist film was formed on a substrate in the

10 same manner as in Example 1, and the substrate having the
resist film was then irradiated at an intensity of 5 mJ/cm?
with a xenon lamp (an ultraviolet wavelength range was cut)
and a second harmonic (532 nm) of a YAG laser, and at this
time, it was confirmed that the resin was rapidly cured [the

15 cured resin was not dissolved by a developing treatment in
which the substrate was immersed in a 1% aqueous sodium
carbonate solution (a developing solution) at 30°C for 1
minute].

Furthermore, after allowed to stand at room tempera-

20 ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

25 resin was rapidly cured.
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Example 91

The same procedure as in Example 1 was conducted
except that 20 parts of the titanocene compound represented
by formula (a) in Example 1 were replaced with 20 parts of

5 3,37,4,4’'-tetra(t-butylperoxycarbonyl)benzophenone as a
photoreaction initiator, thereby preparing about the same
photosensitive solution as in Example 1. Afterward, by the
use of this photosensitive solution, a resist film was
formed on a substrate in the same manner as in Example 1,

10 and the substrate having the resist film was then irradiated
at an intensity of 5 mJ/cm’ with a xenon lamp (an ultravio-
let wavelength range was cut) and a second harmonic (532 nm)
of a YAG laser, and at this time, it was confirmed that the
resin was rapidly cured [the cured resin was not dissolved

15 by a developing treatment in which the substrate was immer-
sed in a 1% aqueous sodium carbonate solution (a developing
solution) at 30°C for 1 minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated

20 with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the
resin was rapidly cured.

25
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Example 92

The same procedure as in Example 1 was conducted
except that 20 parts of the titanocene compound represented
by formula (a) in Example 1 were replaced with 20 parts of
di-t-butyl diperoxyisophthalate as a photoreaction initiator,
thereby preparing about the same photosensitive solution as
in Example 1. Afterward, by the use of this photosensitive
solution, a resist film was formed on a substrate in the
same manner as in Example 1, and the substrate having the
resist film was then irradiated at an intensity of 5 mJ/cm?
with a xenon lamp (an ultraviolet wavelength range was cut)
and a second harmonic (532 nm) of a YAG laser, and at this
time, it was confirmed that the resin was rapidly cured [the
cured resin was not dissolved by a developing treatment in
which the substrate was immersed in a 1% aqueous sodium
carbonate solution (a developing solution) at 30°C for 1
minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’? (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.
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Example 93

The same procedure as in Example 1 was conducted
except that 1.5 parts of a compound 1-1 shown in Table 1 in
Example 1 were replaced with 1 part of a compound 1-88 and 1

5 part of a compound 1-89 in Table 1, thereby preparing about
the same photosensitive solution as in Example 1. Afterward,
by the use of this photosensitive solution, a resist film
was formed on a substrate in the same manner as in Example 1,
and the substrate having the resist film was then irradiated

10 at an intensity of 5 mJ/cm® with a xenon lamp (an ultravio-
let wavelength range was cut) and a second harmonic (532 nm)
of a YAG laser, and at this time, it was confirmed that the
resin was rapidly cured [the cured resin was not dissolved
by a developing treatment in which the substrate was immer-

15 sed in a 1% aqueous sodium carbonate solution (a developing
solution) at 30°C for 1 minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm? (the

20 ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.

25 Example 94

The same procedure as in Example 1 was conducted
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except that 1.5 parts of a compound 1-1 shown in Table 1 in
Example 1 were replaced with 1 part of a compound 1-43 and 1
part of a compound 1-90 in Table 1, thereby preparing a
photosensitive solution having about the same composition as
in Example 1. Afterward, by the use of this photosensitive
solution, a resist film was formed on a substrate in the
same manner as in Example 1, and the substrate having the
resist film was then irradiated at an intensity of 5 mJ/cm’
with a xenon lamp (an ultraviolet wavelength range was cut)
and a second harmonic (532 nm) of a YAG laser, and at this
time, it was confirmed that the resin was rapidly cured [the
cured resin was not dissolved by a developing treatment in
which the substrate was immersed in a 1% agueous sodium
carbonate solution (a developing solution) at 30°C for 1
minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.

Example 95

The same procedure as in Example 1 was conducted

except that 100 parts of the acrylic resin in Example 1 were
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replaced with 100 parts of a photocurable resin (acid value
= about 70, and degree of unsaturation = 1.83 mol/kqg)
obtained by adding 35 parts of glycidyl methacrylate to 100
parts of a radical copolymer (acid value = about 233) of
5 methyl acrylate/styrene/acrylic acid = 60/10/30 (weight
ratio) to carry out an addition reaction, thereby preparing
a photosensitive solution having about the same composition
as in Example 1. Afterward, by the use of this photosensi-
tive solution, a resist film was formed on a substrate in
10 the same manner as in Example 1, and the substrate having
the resist film was then irradiated at an intensity of 5
mJ/cm* with a xenon lamp (an ultraviolet wavelength range
was cut) and a second harmonic (532 nm) of a YAG laser, and
at this time, it was confirmed that the resin was rapidly
15 cured [the cured resin was not dissolved by a developing
treatment in which the substrate was immersed in a 1%
aqueous sodium carbonate solution (a developing solution) at
30°C for 1 minute].
Furthermore, after allowed to stand at room tempera-
20 ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as

described above, and at this time, it was confirmed that the

25 resin was rapidly cured.
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Example 96

The same procedure as in Example 1 was conducted
except that 100 parts of acrylic resin in Example 1 were
replaced with a mixture of 50 parts of the acrylic resin and

5 50 parts of the photocurable resin used in Example 95,
thereby preparing a photosensitive solution having about the
same composition as in Example 1. Afterward, by the use of
this photosensitive solution, a resist film was formed on a
substrate in the same manner as in Example 1, and the

10 substrate having the resist film was then irradiated at an
intensity of 5 mJ/cm’ with a xXxenon lamp (an ultraviolet
wavelength range was cut) and a second harmonic (532 nm) of
a YAG laser, and at this time, it was confirmed that the
resin was rapidly cured [the cured resin was not dissolved

15 by a developing treatment in which the substrate was immer-
sed in a 1% aqueous sodium carbonate solution (a developing
solution) at 30°C for 1 minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated

20 with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the
resin was rapidly cured.

25
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Example 97

The same procedure as in Example 1 was conducted
except that 100 parts of the acrylic resin and 55 parts of
trimethylolpropane triacrylate in Example 1 were replaced

5 with 155 parts of the photocurable resin used in Example 95,
thereby preparing a photosensitive solution having about the
same composition as in Example 1. Afterward, by the use of
this photosensitive solution, a resist film was formed on a
substrate in the same manner as in Example 1, and the

10 substrate having the resist film was then irradiated at an
intensity of 5 mJ/cm’ with a xenon lamp (an ultraviolet
wavelength range was cut) and a second harmonic (532 nm) of
a YAG laser, and at this time, it was confirmed that the
resin was rapidly cured [the cured resin was not dissolved

15 by a developing treatment in which the substrate was immer-
sed in a 1% aqueous sodium carbonate solution (a developing
solution) at 30°C for 1 minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated

20 with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the
resin was rapidly cured.

25
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Example 98

The same procedure as in Example 1 was conducted
except that 55 parts of trimethylolpropane triacrylate and
20 parts of the titanocene compound in Example 1 were

replaced with an oxetane compound represented by formula (b)

and 10 parts of a compound represented by formula (c)

)
Datl
\ N—O—ﬁ—CF3 (c)
@)
0

as a light acid generator, thereby preparing a photosensi-
tive solution having about the same composition as in
Example 1. Afterward, by the use of this photosensitive
solution, a resist film was formed on a substrate in the
same manner as in Example 1, and the substrate having the
resist film was then irradiated at an intensity of 5 mJ/cm?
with a xenon lamp (an ultraviolet wavelength range was cut)
and a second harmonic (532 nm) of a YAG laser, and at this
time, it was confirmed that the resin was rapidly cured [the
cured resin was not dissolved by a developing treatment in
which the substrate was immersed in a 1% aqueous sodium
carbonate solution (a developing solution) at 30°C for 1

minute].
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Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-

5 monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.

Example 99
10 100 parts (solid content) of the photosensitive

solution obtained in Example 95 were mixed with 7 parts of
triethylamine, and after stirring, the mixture was then
dispersed in deionized water to obtain an aqueous resin
dispersion (solid content = 15%).

15 Anionic electrodeposition coating was carried out so
that the thickness of a dry film might be 5 um under condi-
tions that the thus obtained aqueous resin dispersion was
used as an electrodeposition coating bath and a laminated
copper plate was used as an anode. Afterward, the plate

20 having the film was washed with water, and then dried at
80°C for 5 minutes to obtain an electrodeposited photosensi-
tive layer. This photosensitive layer was irradiated at an
intensity of 5 mJ/cm’ with a xenon lamp (an ultraviolet
wavelength range was cut) and a second harmonic (532 nm) of

25 a YAG laser, and at this time, it was confirmed that the

resin was rapidly cured [the cured resin was not dissolved
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by a developing treatment in which the substrate was immer-
sed in a 1% aqueous sodium carbonate solution (a developing
solution) at 30°C for 1 minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the photosensitive layer was irradiated
with the xenon lamp having an intensity of 5 mJ/cm? (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.

Example 100

100 parts of a photocurable resin (amine value =
about 56, and degree of unsaturation = 1.83 mol/kg) obtained
by adding 15 parts of acrylic acid to 100 parts of a radical
copolymer of methyl acrylate/styrene/butyl acrylate/glycidyl
methacrylate/dimethylaminoethyl methacrylate =
20/10/22/30/18 (weight ratio) to carry out an addition
reaction were mixed with 1.5 parts of a compound 1-1 in
Table 1, 55 parts of trimethylolpropane triacrylate and 20
parts of the same titanocene compound as used in Example 1
to obtain a photosensitive solution. Afterward, 100 parts
(solid content) of this photosensitive solution were mixed
with 3 parts of acetic acid, and the mixture was then
dispersed in deionized water to obtain an aqueous resin

dispersion (solid content = 15%).
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Cationic electrodeposition coating was carried out
so that the thickness of a dry film might be 5 pm under
conditions that the thus obtained aqueous resin dispersion
was used as an electrodeposition coating bath and a laminat-

5 ed copper plate was used as an anode. Afterward, the plate
having the film was washed with water, and then dried at
80°C for 5 minutes to obtain an electrodeposited photosensi-
tive layer. This photosensitive layer was irradiated at an
intensity of 5 mJ/cm’ with a xenon lamp (an ultraviolet

10 wavelength range was cut) and a second harmonic (532 nm) of
a YAG laser, and at this time, it was confirmed that the
resin was rapidly cured [the cured resin was not dissolved
by a developing treatment in which the substrate was immer-
sed in a 2.38% aqueous tetramethylammonium hydroxide solu-
15 tion (a developing solution) at 30°C for 1 minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the photosensitive layer was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-

20 monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.

Example 101

25 The same procedure as in Example 1 was conducted

except that 3 parts of N,N-dimethylaniline were added as a
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radical protecting compound, thereby preparing a photosensi-
tive solution having about the same composition as in
Example 1. Afterward, by the use of this photosensitive
solution, a resist film was formed on a substrate in the
same manner as in Example 1, and the substrate having the
resist film was then irradiated at an intensity of 2 mJ/cm?
with a xenon lamp (an ultraviolet wavelength range was cut)
and a second harmonic (532 nm) of a YAG laser, and at this
time, it was confirmed that the resin was rapidly cured [the
cured resin was not dissolved by a developing treatment in
which the substrate was immersed in a 1% agqueous sodium
carbonate solution (a developing solution) at 30°C for 1
minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.

Examples 102 to 190

The same procedure as in each of Examples 2 to 90
was conducted except that 3 parts of N,N-dimethylaniline
were added as a radical protecting compound, thereby pre-

paring a photosensitive solution. Afterward, by the use of
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this photosensitive solution, a resist film was formed on a
substrate in the same manner as in Example 1, and the
substrate having the resist film was then irradiated at an
intensity of 2 mJ/cm’ with a xenon lamp (an ultraviolet
wavelength range was cut) and a second harmonic (532 nm) of
a YAG laser, and at this time, it was confirmed that the
resin was rapidly cured [the cured resin was not dissolved
by a developing treatment in which the substrate was immer-
sed in a 1% aqueous sodium carbonate solution (a developing
solution) at 30°C for 1 minute].

Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was irradiated
with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the

resin was rapidly cured.

Example 191

The same procedure as in Example 1 was conducted
except that 5 parts of triethylphosphite were added as a
radical protecting compound, thereby preparing a photosensi-
tive solution. Afterward, by the use of this photosensitive
solution, a resist film was formed on a substrate in the
same manner as in Example 1, and the substrate having the

resist film was then irradiated at an intensity of 2 mJ/cm’

{;3 1003
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ture for 6 months, the unexposed substrate was irradiated
10 with the xenon lamp having an intensity of 5 mJ/cm’ (the
ultraviolet wavelength range was cut) and the second har-
monic (532 nm) of the YAG laser in the same manner as
described above, and at this time, it was confirmed that the
resin was rapidly cured.
15
Example 192
A photosensitive solution was prepared by using 100
parts of a radical copolymer (toluene solution) of
methacrylic acid / styrene / methyl acrylate / methyl
20 methacrylate = 20/10/20/50 (parts by weight), 60 parts of
tetraethyleneglycol dimethacrylate, 1.5 parts of a compound
1-1 as a photosensitizer in Table 1, 1 part of the titano-
cene compound used in Example 1. This photosensitive
solution was applied onto polyester film having 25 pm in
25 thickness by using blade coater, and then dried at 100°C to

obtain a visible light curable resin composition layer
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confirmed that the photosensitivity was not changed.

25 The same procedure as in Example 192 was conducted

except that compounds 1-2 to 1-90 in Table 1 were used as
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in the same manner as in Example 192, and the substrate
5 having the photosensitive layer was then irradiated at an
intensity of 5 mJ/cm’® with a xenon lamp (an ultraviolet
wavelength range was cut) and a second harmonic (532 nm) of
a YAG laser, and at this time, it was confirmed that the
resin was rapidly cured [the cured resin was not dissolved
10 by a developing treatment in which the substrate was immer-
sed in a 1% aqueous sodium carbonate solution (a developing
solution) at 30°C for 1 minute].
Furthermore, after allowed to stand at room tempera-
ture for 6 months, the unexposed substrate was evaluated in

15 the same manner as described above, and at this time, it was

confirmed that the photosensitivity was not changed.

Example 282

The photosensitive solution obtained in Example 1
20 was applied onto a copper-plated glass-fiber-reinforced
epoxy substrate in a dark room by a bar coater so that the
thickness of a dry film might be 5 um, and it was then dried
at 60°C for 10 minutes to prepare the substrate having a
resist film.
25 Next, the surface of the thus obtained substrate

having the resist film was irradiated with a sodium lamp
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5 developing solution at 30°C for 1 minute. As a result, the
resist film was completely dissolved in the aqueous sodium
carbonate solution, which meant that photocuring did not
occur at all conveniently by the irradiation of the sodium
lamp.

10 The above-mentioned photosensitive solution was
applied onto a transparent polyethylene terephthalate sheet
by a bar coater so that the thickness of a coating film
might be 5 um, and it was then dried at 60°C for 10 minutes.
Next, the absorbency of this coating film was measured. The

15 results are shown in Fig. 4. The ordinate represents the
absorbency, and the abscissa represents a wavelength nm.

It was confirmed from the wavelength of a safelight
in Fig. 1-and an absorbency curve in Fig. 4 that the safe-
light did not have a bad influence on the photosensitive

20 solution, and it was also confirmed from a spectral luminous
efficiency curve in Fig. 3 that this safelight was a bright

light.

Examples 283 to 371

25 The photosensitive solution obtained in each of

Examples 2 to 90 was applied onto a copper-plated glass-
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a luminous intensity of 40 lux for 24 hours. Afterward,
this substrate having the resist film was heated at 120°C
10 for 30 minutes in the dark room, and then immersed in a 1%
aqueous sodium carbonate solution as a developing solution
at 30°C for 1 minute. As a result, the resist film was
completely dissolved in the aqueous sodium carbonate solu-
tion, which meant that photocuring did not occur at all

15 conveniently by the irradiation of the sodium lamp.

Comparative Examples 1 to 90Q
The same procedure as in each of Examples 282 to 371
was conducted except that the sodium lamp in Examples 282 to
20 371 was replaced with a fluorescent lamp, thereby preparing
a substrate having a resist film. In addition, the thus
obtained substrate was immersed in a 1% aqueous sodium
carbonate solution in the same manner as in Example 1. As a
result, the resist film was not dissolved in the aqueous
25 sodium carbonate solution inconveniently.

A spectral distribution of a fluorescence or the
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10 or an alkenyl group which may have a substituent or sub-
stituents; and Z, and 2, are each independently a halogen
atom, or an alkoxy, an alkyl, an aralkyl, an aralkyloxy, an
aryl, a heteroaryl, an alkylthio, an aryloxy, an arylthio, a
heteroaryloxy or a heteroarylthio group which may have a

15 substituent or substituents, provided that at least one of
substituents on the pyrrole rings X, and X, as well as the
groups Z, and Z, is an alkoxy, an aralkyloxy or an aryloxy

group which may have a substituent or substituents.

20 2. The photosensitizer according to Claim 1 wherein
the dipyrromethene boron complex compound is a dipyrrometh-

ene boron complex compound represented by formula (2):
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5 group having 1 to 20 carbon atoms which may have a substitu-

ent or substituents, an aryl, an aryloxy or an arylthio
group having 6 to 20 carbon atoms which may have a substitu-
ent or substituents, an aralkyl or an aralkyloxy group
having 7 to 20 carbon atoms which may have a substituent or
10 substituents, a heteroaryl group having 2 to 20 carbon atoms
which may have a substituent or substituents, an alkenyl.
group having 2 to 10 carbon atoms which may have a substitu-
ent or substituents, or a group represented by formula (3)

or (4):

Is —C-Q (3)

wherein Q is a hydrogen atom, an amino group, an alkyl
or an alkoxy group having 1 to 20 carbon atoms which may
have a substituent or substituents, an aralkyl or an
aralkyloxy group having 7 to 20 carbon atoms which may
20 have a substituent or substituents, an aryl, an aryloxy
or an arylamino group having 6 to 20 carbon atoms which

may have a substituent or substituents, an alkenyloxy
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the dipyrromethene boron complex compound is a dipyrrometh-

ene boron complex compound represented by formula (5):

(S)

wherein R;, R,, R;, R,, R, and R, are each independently a
hydrogen atom, a halogen atom, a cyano group, a hydroxyl

15 group, an amino group, an alkyl or an alkylthio group having
1 to 20 carbon atoms which may have a substituent or sub-
stituents, an aryl or an arylthio group having 6 to 20
carbon atoms which may have a substituent or substituents,
an aralkyl group having 7 to 20 carbon atoms which may have

20 a substituent or substituents, a heteroaryl group having 2
to 20 carbon atoms which may have a substituent or substitu-

ents, an alkenyl group having 2 to 10 carbon atoms which may
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wherein Q is a hydrogen atom, an amino group, an alkyl
or an alkoxy group having 1 to 20 carbon atoms which may
have a substituent or substituents, an aralkyl or an
aralkyloxy group having 7 to 20 carbon atoms which may
have a substituent or substituents, an aryl, an aryloxy
or an arylamino group having 6 to 20 carbon atoms which
may have a substituent or substituents, an alkenyloxy
group having 2 to 10 carbon atoms which may have a sub-
stituent or substituents, a monoalkylamino group having
1 to 10 carbon atoms which may have a substituent or
substituents, a dialkylamino group having 2 to 20 carbon
atoms which may have a substituent or substituents, or
an alkylcarbonylalkoxy group or an alkoxycarbonylalkoxy
group having 3 to 20 carbon atoms which may have a sub-
stituent or substituents,

-NH-L (4)
wherein L is an alkylcarbonyl group having 2 to 10 car-
bon atoms which may have a substituent or substituents
or an arylcarbonyl group having 7 to 15 carbon atoms

which may have a substituent or substituents;

R, is a hydrogen atom, a cyano group, an alkyl group having

25 1 to 20 carbon atoms which may have a substituent or sub-

stituents, an aralkyl group having 7 to 20 carbon atoms

a0
PR
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th% may have a substituent or substituents, an aralkyl or
10 an aralkyloxy group having 7 to 20 carbon atoms which may
have a substituent or substituents, an aryl, an aryloxy or
an arylthio group having 6 to 20 carbon atoms which may have
a substituent or substituents, a heteroaryl, a heteroaryloxy
or a heteroarylthio group having 2 to 20 carbon atoms which
15 may have a substituent or substituents;
provided that at least one of 2z, and Z, is the alkoxy,

aralkyloxy or aryloxy group.

4. The photosensitizer according to Claim 3 wherein
20 at least one of 7, and Z, is an alkoxy group or an aralkyloxy

group which may have a substituent or substituents.

5. The photosensitizer according to Claim 4 wherein
R;, R,y Ry, Rs, Ry and R, are each independently a hydrogen
25 atom, or a straight chain or branched alkyl group having 1

to 4 carbon atoms which may have a substituent or substitu-
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according to Claim 7 wherein the radical protecting compound
(D) contains at least one radical protecting compound
selected from phosphorous acid ester compounds and aromatic
20 compounds having an N,N-dimethyl amino group bonded to a

carbon atom which forms an aromatic ring.

9. The visible light curable resin composition
according to Claim 6 which is used under an irradiation
25 circumstance of a safelight having a high spectral luminous

efficiency and a maximum wavelength selected within the
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