NOVEL CROSSLINKED HEXAARYL BISIMIDAZOLE COMPOUND AND DERIVATIVE THEREOF,
METHOD FOR PRODUCING THE COMPOUND AND PRECURSOR COMPOUND TO BE USED IN
THE PRODUCTION METHOD [Technical Field] [0001] The present invention relates to a novel

bridged hexaarylbisimidazole compound and a method for producing the corgé)ound, and a precursor
compound usBHN FlepRédertBN .WH&@&@M&?@M&Q@W ek

hexaarylbigiigRzoe RMRRHREEIANIAT FRIF FRIAY PRIERHINE FU&) FHRTISISR NG salahdensity

and enables precise control of coloration tone and density, a multimer compound of the compound in
which a plurdfRECIBIRHIRAZOINEKleddn-don BningE D ibt UrBl i RIRS P& pAVS ivBd Td @iethod for
producing the compound that has a high degree of freedom in terms of molecular design and
synthesis, and a precursor compound that is a key compound used in the production method.
[Backgrounaduxitd0@8dlif\sphotochromiccompoundsexhibitingphotochromism, hexaarylbisimidazole
(hereinafter, also called 'HABI')(Non-Patent Document 1), diarylethene (Patent Document 1),
spirooxaﬂi}QQ](]Datent Document 2), etc. are known, and since these compounds exhibit reversible

rooxaihE{Pstent Docume 2 @ compounds exhibitreversitle
(Patont Document ) 0118 phoLA e Ng ALl (Fatial BoChiabn o e B 2

carried otihnfp@R3]d andiexaatylbibifuidpzede (HaBh¢eortptamal triay|inidazotybtadicapdeaneinafter,
also called a ' TAIR'), which is a highly reactive radical species, upon jrradiation with UV light and is
therefore’&6FvEhth aﬂmagﬁgpaseaﬁﬁ%oﬁphmﬁamr&ﬁﬂ inftidior (Satent CE MRS &° ).

[0004] hexaarylbisimidazole compound that has rapid color switching characteristics and
high color density and enables precise control of coloration tone and density, a
multimer compound of the compound in which a plurality of bisimidazole skeleton-
containing structural units are polymerized, a method for producing the compound
that has a high degree of freedom in terms of molecular design and synthesis, and a

precursor compound that is a key compound used in the production method.

[Background Art]
[0002]

As photochromic compounds exhibiting photochromism,
hexaarylbisimidazole (hereinafter, also called 'HABI')(Non-Patent Document 1),
diarylethene (Patent Document 1), spirooxazine (Patent Document 2), etc. are known,
and since these compounds exhibit reversible coloration by irradiation with light,
research for applying these compounds to light control materials (Patent Document
3) or to photorecording materials (Patent Documents 4 and 5) has been actively
carried out.

[0003]

Hexaarylbisimidazole (HABI) generates a triarylimidazolyl radical
(hereinafter, also called a 'TAIR'), which is a highly reactive radical species, upon
irradiation with UV light and is therefore conventionally widely used as a
photopolymerization initiator (Patent Documents 6 to 8).

[0004]



With regard to photochromic compounds, P-type photochromic compounds, which after isomerization
by irradiation with light reversibly turn back to the original structure by irradiation with light having a
different wavelength, and T-type photochromic compounds, which after isomerization by irradiation
with light reversiw turn back to the original structure by a thermal reaction over a few hours to a few

minutes, are knoWith regashvisvBRAFRTerRYFE GromERTIa B MR edrRBIfisHEIRSISEromic
compoungg;oR bﬁ‘?&%‘éﬁ?&i@ﬁ%‘&#@'%ﬂﬁﬁéﬁ@( 'Wiﬁhﬁ?f%'\‘A{ SEYEIMIBR, 30eFaigratiap rgastion

takes at least a few minutes to a few seconds. Furthermore, HABI has the problem that two
triarylimidaigglyhratlicats gebhe iatedibyi caryorhfigbgbahogch cléFesge diffusteirgthpredilibafyirakes
time for the radicals to recombine, the de¢ Ioragion reaction rate is %Iow, and. stabilit Cttr%ar cteristics
over time 1K HOFBISe RIBHIRRIFAKH Tty S Bo B {DobEmer AL e kLB Ll e IR preem,

there is éiré%‘fﬁﬂb‘l)fr the-SwHbests t@feadﬁglﬁﬁ!ll lﬁﬂﬁdMli%VbVVQ tHapimicazelyhradicahmale tdgssare
introduced into the land 8- positions of naphthalene (1,8-NDPI-TPI-naphthalene) (Non-Patent

Documet® z)femfmémﬁgﬁ ﬂ&i&ﬂ@%‘suppressed by stabilizing the qolpred form as a result of_ formation
of a resonant stryglyre in WHICH fwo t@l%p?%?%ﬁ%%? ec',eé?ﬁéeat'i’l%s%”g%?{g8‘5%’%&%&%&8&%&%'&9at_ed?
ully satista utt

however, not only is this compound not ctory in terms of decoloration’spee ereis
also the seriqusuprdbley thatiheed|diedfobratwiinh isoanstabihaednadiitfespaciesrutdesgoes a

hydrogen_abstraction reaction from a surrounding medium and is degraded, and it is not a
photochré?ﬁ&lemauw%mehtﬁgéssaﬁiaﬁﬁfb m&&%m%@%%wmﬁ%pﬁmﬁﬂ?{&es for

various RURBEGSad il fb%%%ﬁSIMQ%@ﬁ%a%XW%ﬁHP-éa%%aﬁ Rhdbatent
Document 21 JP-A-2005-266608 [Patent Document 31 JP-A-2005-215640 [Patent Document 41

JP-A-2000t19207 HjPdteteDogemenf Gk J /20824881 [PdrdsDttuenéert 6heraalizelys 089789

[Patent Dacym Pr{e?]’ch]ep -(f‘é-czoqg?é 1%%414e2a£i%tner1l‘ta%0fsurs?§w, 8ajr'1 PééBQE%glgczhgaﬁ‘?écteristics over
time, such as repetition durability, are poor.
[0005]

As one attempt to solve this problem, there is a report of the synthesis of a

molecule in which two triarylimidazolyl radical molecules are introduced into the 1-
and 8- positions of naphthalene (1,8-NDPI-TPI-naphthalene) (Non-Patent Document
2). Diffusion of radicals is suppressed by stabilizing the colored form as a result of
formation of a resonant structure in which two naphthalene skeletons and an
imidazolyl radical are conjugated; however, not only is this compound not fully
satisfactory in terms of decoloration speed but there is also the serious problem that
the colored form, which is a stabilized radical species, undergoes a hydrogen
abstraction reaction from a surrounding medium and is degraded, and it is not a
photochromic compound which has sufficient properties from the viewpoint of

application in uses for various purposes.

[Prior Art Documents]

[0006]

[Patent Document 1] JP-A-2005-325087
[Patent Document 2] JP-A-2005-266608
[Patent Document 3] JP-A-2005-215640
|

[Patent Document 4] JP-A-2000-112074



[0007] [Non-Patent Document 11 Hayashi, T.; Maeda, K., Bull. Chem. Soc. Jpn. 1960, 33, 565- 566.
[Non-Patent Document 21 Fuijita, K.; Hatano, S.; Kato, D.; Abe, J., Org. Lett. 2008, 10, 3105-3108.
[Disclosure of Invention] [Problems to be Solved by the Invention] [0008] It is therefore an object

of the present invention to solve the above-mentioned problems and provide a photochromic
compoundatiitiasausend il e8P =14bAtY and stability over time, achieves a rapid color switching

reaction_ ﬁmﬁé}{gIbgg%gﬁpgﬁtyp[g@%gg_@g@gi@ control of tone and density of coloration, and can be

applied in uses for various purposes. It is another object of the present invention to provide a method
for produdiateatdhotocheotn’d PoApAid3I02t£hables compounds having various structures to be

synthesiﬁ;d b i(?é:reasin%tlarfﬁ)e r@gmom in terms of molecular design and synthesis, and a
precurso @c}ﬁﬁﬁ R paghtin!e e'%i [ ethod. [Means for Solving the Problems] [0009]
While cafgyiog| out an intensive investigation in order to solve the above-mentioned problems, the
present inventors have found that, by restraining two triarylimidazolyl radicals (TAIRS) generated by

irradiatioRNeh Tiflenbyeransr b briiahigloupandsakieuial bychrmanSest dmtidded §hodhat does
not conj e with the TAIR, excellent thermal stability and stability over time can be obtained, and a
rapid color switching reaction and high color density can be realized. The present inventors have also

found th4i\by-lsireingl2obtidgst B¢ Fagidpisintittaaole, Soniaon®havisyg hn@eynieietr06s udure with
the optimum _molecular design of the structure of two TAIR moieties depending on the intended
applicatig’ﬂlpg?éjc%e control of tone and density of coloration becomes possible. The present inventors
have further found that, by carrying out synthesis of, as a key compound, a precursor compound with a
specific structure having an imidazole skeleton and an aldehyde group, a method for producing a
photochrBmselestmsoeianveatiemdbles the degree of freedom in terms of molecular structure design

and synthesis to be in regsled §3n r?alize . Moreover, as a result of further investigation, the
P10 lemﬁto%e olved by the Invego . . :
present invention has been accomplis edﬁ That is, the present invention relates to a
compourjdoggiresented by general formula (1) below
It is therefore an object of the present invention to solve the above-mentioned
problems and provide a photochromic compound that has excellent thermal stability
and stability over time, achieves a rapid color switching reaction and high color
density, realizes precise control of tone and density of coloration, and can be applied
in uses for various purposes. It is another object of the present invention to provide a
method for producing a photochromic compound that enables compounds having
various structures to be synthesized by increasing the degree of freedom in terms of

molecular design and synthesis, and a precursor compound used in the production

method.

[Means for Solving the Problems]
[0009]

While carrying out an intensive investigation in order to solve the above-
mentioned problems, the present inventors have found that, by restraining two
triarylimidazolyl radicals (TAIRs) generated by irradiation with light by means of a
bridging group, in particular by means of a bridging group that does not conjugate
with the TAIR, excellent thermal stability and stability over time can be obtained,
and a rapid color switching reaction and high color density can be realized. The

present inventors have also found that, by forming a bridged hexaarylbisimidazole



[Chem. 1] kr-k. wherein, the two aryl groups A and B are bridged to each other via carbon atoms by
means of a bridging group X (excluding 1,8-naphthalenylene), 1 is an integer of 1 to 5, when the
bridging group X contains hydrogen atoms, said hydrogen atoms may be mutually independently

replaced by one or more substituents Rx, the Rxs are independently identical to or different from each
other andRPOHE SrhAvIREG APSHRTENSIEIR SlsHTTBrR Iatrbin FoEIIRg P e HelRIgERsEeNP A nitro

group, a fyanQ.gaUR: SO HONRINLMALE & XH&%%%R%B&NE&%&@%EM‘HHHP ProYBe 2

diphenylamino group, a carbazole group, a straight-chain or branched alkyl, alkylamino, or alkoxy
group hacomgrltef Cocerhbowks denyitySiZ ToR7A3 tiwoube@svds Siv&ilé2 grbepmadndg iMteBivRyY 321

group (here, Y1 tg Y3 are independently identical to oy different from each other gnd denote a
Chmight CHEUR GEEE TR o SR E B AN E £5:28 CAEOARTI 28 PEFBEeor
independentiyierticaitlo SLplerRN trerBadhotaer andHRNOIIA SivdermAEn 2 RRIRgER atom,

or a straight-chain or branched alkoxy group having 1 to 8 carbons), [0011] the four aryl groups Ato D
mutually gheepeAdeatiioshA9TopindyAbSHaREAwsbiiamRits RAReRD, thahatab e thrudeghpe of

indepengently N |RSAFLOLP Refecular structure design and synthesis to be increased can be

realized. Moreover, as a result of further investigation, the present invention has
been accomplished.
[0010]

That is, the present invention relates to a compound represented by general

formula (1) below

[Chem. 1]
(Radm
,_E_\ CHO
(X

(Rele

wherein, the two aryl groups A and B are bridged to each other via carbon atoms by
means of a bridging group X (excluding 1,8-naphthalenylene),

lis an integer of 1 to 5,

when the bridging group X contains hydrogen atoms, said hydrogen atoms may be
mutually independently replaced by one or more substituents Rx,

the Rxs are independently identical to or different from each other and are one or
more substituents selected from the group consisting of a halogen atom, a nitro
group, a cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an
amino group, a diphenylamino group, a carbazole group, a straight-chain or
branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons, a -Y1-5iZ1Z>Z3
group, a -Y1-S5iY2Z1Z> group, and a -Y1-SiY2Y3Z; group (here, Y1 to Y3 are
independently identical to or different from each other and denote a straight-chain or

branched alkyl or alkylene group having 1 to 20 carbons, and Zi: to Zs are



0 and p are mutually independently an integer of O to 5, the substituents RA and RB are independently
identical to or different from each other and are one or more substituents selected from the group
consisting of a halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a hydroxy group, a
thiol group, an amino group, a diphenylamino group, a carbazole group, a straight-chain or branched

alkyl, alkirsiensadsndlkddeniisabtRavith ierspoleamp sash o thar apy donatg iy dsegensippr) 72
group, a%%%é%‘r?@(&%%ﬂe%%ﬁ’ -Eﬁa%{%&Pbﬁr?dﬁetﬁ‘QﬁP(%gﬂggg%ﬂm%@lﬂSVSdJSfP&SHE from each

other and dendte a straight-chain or branched alkyl or alkyle to 20 carbons, and Z1
to Z3 argd@épendently identical to or different from each other and denote a hydrogen atom, a

halogen gtom, or a straight-chain or brapched alkgxy grqup having 1 to 8 carbons), [0012] the

Substituels FRnd D &P e fbrBortly TUHFRLY td et BFA HorMEXc btFes rfodrd 8¥E or

more sulstisientsragIrGted fgm the group consisting of a substituent having the same meaning as

that of the above substituents RA and RB, a substituent Iroefresented by partial structural formula (i)
I

below [Cheand gherauRiplEipdersnderyngriapsralRdfytene group having 1 to 20 carbons,
and R,2 deno | r Vi rbens), [0013] a substituent represented
by partia s#lﬁ:ﬁfgblé ﬁﬁ%@%)ﬁﬁﬁ%lﬁgﬁﬁ%\ Kyﬁg%%%%é)%enotes an alkylene group or

alkoxylenkgrail tiawing 1IR@ 20dakoase Rndigroidsraloydlierniefih teavingl#fiatahhfirohereatharbons

and silicons of 5 tg 10, and x denotes O 0{) 1), and a substitﬁent repr%sented by partial_struc}ural
formula (‘HF SEISMC?ﬁ"En?nZﬂ or more substituents selected from the group”consisting of a

halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a hydroxy
group, a thiol group, an amino group, a diphenylamino group, a carbazole group, a
straight-chain or branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons,
a -Y1-5iZ1Z>7Z3 group, a -Y1-SiY2Z1Z> group, and a -Y1-5iY2Y3Z1 group (here, Y1 to
Y3 are independently identical to or different from each other and denote a straight-
chain or branched alkyl or alkylene group having 1 to 20 carbons, and Z; to Z3 are
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
[0012]

the substituents Rc and Rp are independently identical to or different from each
other and are one or more substituents selected from the group consisting of a
substituent having the same meaning as that of the above substituents Ra and Rg, a

substituent represented by partial structural formula (i) below

[Chem. 2]

i1 Rg (i)

(here, Ri1 denotes an alkylene group or alkoxylene group having 1 to 20 carbons, and
Ri2 denotes hydrogen or an alkyl group having 1 to 3 carbons),

[0013]

a substituent represented by partial structural formula (ii) below

[Chem. 3]



Rie(iii) Ri5 [0014] (here, RL5 denotes an alkylene group or alkoxylene group having 1 to 20 carbons,
and Rth denotes an ethylene group or an acetylene group), the above substituents RA to RD
furthermore may or may not form an aliphatic or aromatic ring together with the carbon atom to which
they are bonded and another substituent, and said ring may or may not further have a substituent

having the sam¢ meany that of the above substituents Rc and RD. [0015] Furthermore, the
present invention@elate e gpmpound wherein 1 is not less than 2. Furthermore, the present
invention ref3itess to tife ompound wherein the bridging group is a bridging group that does not

conjugate with a triaQlimidazolyl radical (TAIR). Moreover, the present invention relates to the
compound wherein m and n are 0 and the bridging group X is unsubstituted, or the substituents RA,

RB, and Re@dmelrpoiesapsalkylengriietnore e yrermgiinranion igatels 13htisaréempdtind,
wherein if 13, (g0 %SS%EQ 5’%@8'}Far\"%‘MgrQ%'%f]rﬁ}rgﬁlﬁ%f[ga'}%%s%ﬁﬁ* fticons of 5 to 10, and x
denotes 0 or 1), and a substituent represented by partial structural formula (iii) below
[Chem. 4]
\RgRifs (i)
[0014]
(here, Ris denotes an alkylene group or alkoxylene group having 1 to 20 carbons, and
Ris denotes an ethylene group or an acetylene group),
the above substituents Ra to Rp furthermore may or may not form an aliphatic or
aromatic ring together with the carbon atom to which they are bonded and another
substituent, and said ring may or may not further have a substituent having the same
meaning as that of the above substituents Rc and Rp.
[0015]

Furthermore, the present invention relates to the compound wherein | is not
less than 2.

Furthermore, the present invention relates to the compound wherein the
bridging group is a bridging group that does not conjugate with a triarylimidazolyl
radical (TAIR).

Moreover, the present invention relates to the compound wherein m and n
are 0 and the bridging group X is unsubstituted, or the substituents Ra, Rp, and Rx
are methyl groups.

Furthermore, the present invention relates to the compound, wherein it is

represented by general formula (1a) below.

[Chem. 5]

(Radm




Moreover, the present invention relates to a compound represented by general formula (2) below
[Chem. 6] wherein, the two aryl groups A and B are bridged to each other via carbon atoms by means
of a bridging group X (excluding 1,8-naphthalenylene), 1 is an integer of 1 to 5, when the bridging
group X contains hydrogen atoms, said hydrogen atoms may mutually independently be replaced by
one or more subIERIER x Hise IRREAYe TRYEPERBe KBl tER NI t6BRBREIENERBTASERESotEr and
are one %reﬁb%ﬁ substity ?ﬁ&%@gted from the group consisting of a halogen atom, a nitro group, a
cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an amino group, a diphenylamino
group, a [¢aneazdi¢ group, a straight-chain or branched alkyl, alkylamino, or alkoxy group having 1 to
20 carbons, a -Y1-SiZ17273 group, a -Y1-Si¥27172 group, and a -Y1-SiY2Y3Z1 group (here, Y1 to
Y3 are independengiidentical to or differer/dsom each other and denote a straight-chain or branched
' .and Z1 to Z3 are independently identical to or different

group havinez @oﬁﬂte SaDy e
substituents RA t6 R, 40016] m and rfareTyy
mutually independ fly an integer of 0 to 5,\kle substituents RA and RB are independently identical to
or different from each’other and are one or moreé substituents selected from the group consisting of a
halogen atbarempifne grouprd eyanpgduapmdaBrifredroitgtalytqraah, ethgdraxycgroop aadhislbgroup, an
amino group, a diph n;ﬁ&mino grou carbazole group, a straight-chain or branched alkyl,
alkylami B SR ST I BUE D56 W BB AP L2953 oup, o - 1-S1Y 22122 group,
and a -Y1iS2eLesspuptdsre, Y1 to Y3 are independently identical to or different from each other
and denote a straight-chain or branched alkyl or alkylene group having 1 to 20 carbons, and Zi to Zs
are indepehgleriine idsidigialgosspdirfeferentomedoif bagenan@amsnsrid hydiagen a6mma Mabgen
atom, or %ﬁggeih%’}d&%meﬂd%% edr éallfgxgdgfr)ou(p havirr1lgojf Jo @Dg%rbon Q,I{Qe substituents Rc to RF

. €0 tuen§
are indepen

entical to oﬁts(]: ifferent from each other and are one or mofe substituents selected
from the gre Wy sansidiicig péadeubstitdemnithaVing thedstferenndammgashtrahoef thedaboyesehstituents
RA BN e Sibelitents Selecied trom e grotip Consstmg ob a halopen atom, a nitro
group, a cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an
amino group, a diphenylamino group, a carbazole group, a straight-chain or
branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons, a -Y1-5iZ1Z2Z3
group, a -Y1-SiY2Z1Z> group, and a -Y1-SiY2Y3Z;1 group (here, Y1 to Ys; are
independently identical to or different from each other and denote a straight-chain or
branched alkyl or alkylene group having 1 to 20 carbons, and Z; to Zs; are
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
the six aryl groups A to F may or may not, mutually independently, have
substituents Ra to Rf,
[0016]
m and n are mutually independently an integer of 0 to 4,
o to r are mutually independently an integer of 0 to 5,
the substituents Ra and Rp are independently identical to or different from each
other and are one or more substituents selected from the group consisting of a

halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a hydroxy

group, a thiol group, an amino group, a diphenylamino group, a carbazole group, a



(here, Rd denotes an alkylene or alkoxylene group having 1 to 20 carbons, and R,2 denotes hydrogen
or an alkyl group having 1 to 3 carbons), [0017] a substituent represented by partial structural formula
(ii) below [Chem. 8] \0 (here, Rs denotes an alkylene or alkoxylene group having 1 to 20 carbons, Rd
denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x denotes O or 1),

and a suﬁfgﬁmﬁw&géMWIH%M@Q%W@MyB@WmWQPMFm q0e18]
(here, Rth den 91282%&"% %&@9&‘2?296 WVings 1, 1oy2 056319958, {hg?mest@n

ethylene group or an ace yle e group) th ts RA to RF may or my not form ‘an allphatlc or
aromaticYingriogedependéntte nia&bnnaditmmtainfmmthﬁy)m@hdnddabamamhthetesm Isstitigdnit, and

said ring ey of e O\ Y UhET oY R R ST RATIA TP SF T RSRACO. 80 81 e aove
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
the substituents Rc to Rr are independently identical to or different from each other
and are one or more substituents selected from the group consisting of a substituent
having the same meaning as that of the above substituents Ra and Rg, a substituent

represented by partial structural formula (i) below

[Chem. 7]

Sk Ry, (i)
(here, Ri1 denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Ri
denotes hydrogen or an alkyl group having 1 to 3 carbons),

[0017]

a substituent represented by partial structural formula (ii) below

[Chem. 8]

-

(here, Riz denotes an alkylene or alkoxylene group having 1 to 20 carbons, Ris
denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x
denotes 0 or 1), and a substituent represented by partial structural formula (iii) below

[Chem. 9]

~__R;
Rz 6 (iii)

[0018]

(here, Ris denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Rie

denotes an ethylene group or an acetylene group),



[00191 Furthermore, the present invention relates to the compound wherein 1 is not less than 2.
Furthermore, the present invention relates to the compound wherein at least one of the substituents
RA to RF is not hydrogen. Moreover, the present invention relates to the compound wherein it is

asymmetric in that the structure of a triarylimidazole moiety containing the aryl group A and the
structuretBe s ¥hsHMeNa It mBie b RIaRmG IR IERNGB B Bhatc fffersmnatic ringAageHe, the

present inuantaR BIAIes oG QSWBHHQPA\?%E‘?E‘ BRRLLIYAY JoMRL A BING9rauR thatdoes not

conjugate with a triarylimidazolyl radical (T Moreover, the present invention relates to the
compountihghersirthembyidghdutbep imuae cubriiaypesofibgdhmgagreumeatentedSridratthe group
consisting of %;'gi:HZ H2- roup|€ -CH2CH2CH2- group, a -CH2CH2CH2CH2- group, an
-Si(CT1IHBREF S 6?61&%,“&% N8i{8 13)25i(CTI3)25i(CH3)2- group, an -
Si(CH3)3bi34113)25i(CH3)25i(CH3)2- group, an -SiH20SiH2- group, an - Si(CH3)205i(CH3)2- group,
an -Si(CH3CH2)205i(CH2CH3)2- group, a -CH2SCH2- group, a -CH20OCH2- group, an -OCH2CH20-
group, and a -CH2m 2Ot Presoipiruenpn relpigsHerthereohpqiradentiergintion rhtes to
the COMRQUNg. W rein m and n are 0 and the bridging group X is unsubstituted, or the substituents
RA, RB, and Rx are methyl groups. Moreover, the present invention relates to the compound
wherein general farniwar(Ryrts thprpsesuedihy gaienaldlateruta (Aa)doetgw (GHenhd@jnvwhdeast, m and
n are mutually inl(qjepegdently 0 tq 3, o to r are mutyally independently an integer of 0 to 5, and

one of the substituents Ra to Rr is not hydrogen.

Moreover, the present invention relates to the compound wherein it is
asymmetric in that the structure of a triarylimidazole moiety containing the aryl
group A and the structure of a triarylimidazole moiety containing the aryl group B
are different.

Furthermore, the present invention relates to the compound wherein the
bridging group is a bridging group that does not conjugate with a triarylimidazolyl
radical (TAIR).

Moreover, the present invention relates to the compound wherein the
bridging group is one or more types of bridging group selected from the group
consisting of a -CH>CHoz- group, a -CH2CH>CHb»- group, a -CH2CH>CH>CH>- group,
an -S5i(CH3)2Si(CHs)2- group, an -Si(CHs)2Si(CHs)2Si(CHs)2-  group, an -
Si(CHs3)2Si(CH3)251(CH3)2Si1(CH3)2-  group, an  -SiH>OSiHz- group, an -
Si(CH3)206Si(CHs3)2- group, an -Si(CH3CH2)20Si(CH2CH3)2- group, a -CH2SCHo-
group, a -CH>OCHa>- group, an -OCH>CH>O- group, and a -CH2OCH>CH>OCH:-
group.

[0020]

Furthermore, the present invention relates to the compound wherein m and
n are 0 and the bridging group X is unsubstituted, or the substituents Ra, Rp, and Rx
are methyl groups.

Moreover, the present invention relates to the compound wherein general

formula (2) is represented by general formula (2a) below

[Chem. 10]



the substituents RA, RB, and Rc to RB are independently identical to or different from each other and
have the same meanings as those of the substituents RA, RB, and Rc to RB respectively in general
formula (2) above. [0021] Furthermore, the present invention relates to a compound represented
by general formula{ﬁ@) below [Chem. 11] wherein, the two aryl groups A and B are bridged to each
other via carbon gfgms by means of a brid group X (excluding 1,8-naphthalenylene), 1 is an
>={hetthe bridging grpugeX c/tﬁtains hydrogen atoms, said hydrogen atoms may

Ry

mutually ifé eatly be replaced By Qne okemore substituents Rx, a is an integer of 1 to 9, the
linking l’ogﬂ 5 aZmoNoCYClic or PRy ic aromatf® compound containing 1 to 12 aromatic rings
having 5 {0r8 ca# atoms per ring struc he five aryl groups A to E in the bisimidazole

skeleton-containia@ structural unit may or not, mutually independently, have substituents RA, Rs,
and Rc to RE, Rolo (Rolo

wherein, m and n are mutually independently 0 to 3,
o to r are mutually independently an integer of 0 to 5, and
the substituents Ra, R, and Rc to Rf are independently identical to or different from
each other and have the same meanings as those of the substituents Ra, Rp, and Rc to
Rr respectively in general formula (2) above.
[0021]

Furthermore, the present invention relates to a compound represented by
general formula (3) below

[Chem. 11]

wherein, the two aryl groups A and B are bridged to each other via carbon atoms by
means of a bridging group X (excluding 1,8-naphthalenylene),

lis an integer of 1 to 5,

when the bridging group X contains hydrogen atoms, said hydrogen atoms may
mutually independently be replaced by one or more substituents Rx,

aisaninteger of 1 to 9,

the linking group L is a monocyclic or polycyclic aromatic compound containing 1 to
12 aromatic rings having 5 to 8 carbon atoms per ring structure,

the five aryl groups A to E in the bisimidazole skeleton-containing structural unit
may or may not, mutually independently, have substituents Ra, Rp, and Rc to RE,

all of the substituents Ra, Rp, Rc to Rg, and Rx are independently identical to or
different from each other and have the same meanings as those of the substituents
Ra, Rp, Rc to Rg, and Rx respectively in general formula (2) above,

m and n are mutually independently an integer of 0 to 4,

10



all of the substituents RA, RB, Rc to RE, and Rx are independently identical to or different from each
other and have the same meanings as those of the substituents RA, RB, Rc to RE, and Rx
respectively in general formula (2) above, m and n are mutually independently an integer of 0to 4, o

to r are mutually independently an integer of O to 5, the substituents RA, RE, and Rc to RE may or
may not fofft sl alipkate [BriBAsRENE S MY 1 8gdtHEE M hécarbon atom to which they are bonded and

another sHRSHER, R %@g ﬂ%‘gaﬁ{&?ﬁ%etérﬁ?ﬁﬁiﬁg@r% RAPKINEhARURHIHIARY BF M3 Jurther

have a substituent RL. [0022] Furthermore, the present invention relates to the compound
wherein titgnoofeshehawzth the Fonthermerienthepreskitthinteeatioaneldiesdedhemdmgpmthdrwherein

general formula (3) above is represented by general formula (3b). below [Chem. 12] wherein, the 11
! 010U T B D PR Bt o6 B AR Pt IR 67 b SRSk, RE,
and Rc te REgtthe RaHQURS ifgeRerRpendently identical to or different from each other and have

the same meanings as those of the substituents RA, RE, and Rc to RE respectively in general formula
(2) abovd0022]

Furthermore, the present invention relates to the compound wherein 1 is not
less than 2.
Furthermore, the present invention relates to the compound wherein general

formula (3) above is represented by general formula (3b) below

[Chem. 12]

Xy
{4 Y
Rek—el] |5 Rake
(Relq
N 0 \
IS
// /3\ = /
(Rl o Rele " F
Clo 'R/‘ \ ¥ 1, =
{Rolp (Relg
G Y
®ordl) (g Reke

(X

wherein, the 11 aryl groups may or may not have substituents Ra, Rp, and Rc to R,
all of the substituents Ra, Rp, and Rc to Rr of the aryl groups are independently
identical to or different from each other and have the same meanings as those of the
substituents Ra, Rp, and Rc to Rr respectively in general formula (2) above,
m, n, and r are mutually independently an integer of 0 to 4, and
o to q are mutually independently an integer of 0 to 5.
[0023]

Furthermore, the present invention relates to the compound wherein general
formula (3) above is represented by general formula (3c) below

[Chem. 13]

11



m, n, and r are mutually independently an integer of O to 4, and o to g are mutually independently an
integer of 0 to 5. [0023] Furthermore, the present invention relates to the compound wherein
general formula (3) above is represented by general formula (3c) below [Chem. 13] wherein, the 16
aryl groups may or may not{b}gve substituents RA, Rs, and Rc to Rr, all of the substituents RA, RB,
and Rc to RB of the aryl gro iRy are independently ideptical to or d'rent from each other and have
the same meag(inys‘as t

(2) above, fit" saréty

an integer of &to |

pf the substituents RA, RB#rd 'a@ RB respectively in general formula
independently affinigg B0 4, ®
iftgger of 0 to 3. [0QZ4]

ioreover @he present invention relates to

the comp whe yoroustisa byigdi O gt cppipigate with a
triarylimidazolirag) Rl - o © |
(Rp)y (Pelg (Relq

=
=
2\
ZI
i
3
&

(Rela (Rg)n

wherein, the 16 aryl groups may or may not have substituents Ra, Rp, and Rc to R,
all of the substituents Ra, Rp, and Rc to Rr of the aryl groups are independently
identical to or different from each other and have the same meanings as those of the
substituents Ra, Rp, and Rc to Rr respectively in general formula (2) above,

m and n are mutually independently an integer of 0 to 4,

o to q are mutually independently an integer of 0 to 5, and

r is an integer of 0 to 3.

[0024]

Moreover, the present invention relates to the compound wherein the
bridging group is a bridging group that does not conjugate with a triarylimidazolyl
radical (TAIR).

Furthermore, the present invention relates to the compound wherein the
bridging group is one or more types of bridging group selected from the group
consisting of a -CH2CH>- group, a -CH2CH>CHo>- group, a -CH2CH>CH>CH>- group,
an -S5i(CH3)2Si(CHs)2- group, an -Si(CHs)2Si(CHs)2Si(CHs)2-  group, an -
Si(CH3)2Si(CH3)251(CH3)2Si1(CH3)2-  group, an  -SiH>OSiHz-  group, an -
Si(CH3)20S5i(CHs)2- group, an -Si(CH3CH2).0Si(CH2CHs)2- group, a -CH2SCHo»-
group, a -CH>OCHa»- group, an -OCH>CH>O- group, and a -CH>OCH>CH>OCH>-
group.

Moreover, the present invention relates to the compound wherein m and n
are 0 and the bridging group X is unsubstituted, or the substituents Ra, Rp, and Rx
are methyl groups.

[0025]

12



Furthermore, the present invention relates to the compound wherein the bridging group is one or more
types of bridging group selected from the group consisting of a -CH2CH2- group, a -CH2CH2CH2-
group, a -CH2CH2CH2CH2- group, an -Si(CT13)25i(CT13)2- group, an
-Si(CT13)25i(CT13)25i(CH3)2- group, an - Si(CH3)25i(CH3)25i(CH3)25i(CH3)2- group, an
-SiH20SiH2- groligriiesnere.1d)eorigsers) 0 yestionarelaies Hadhe)somironnd Hehergib ipea
-CH2SCH2- ghoMP, fgg-elagglgg- ﬁ%’s%é%ﬁ%maq%z&m a -CH20CH2CH20CH?2- group.

Moreover, the present inventionrelates to the compound wheréin m and n are 0 and the bridging
group X i€hesubktituted, or the substituents RA, RB, and Rx are methyl groups. [0025]

Furthermore, thei resent invention relates to the compound wherein the structure represented by
partial structural ula (vi) below [Chem. 14] (RAIm tRsli is represented by partial structural formula
(vii) below Ft,3&\wReremn, substituents RAi to RA3 and RBi to RB3 are independently identical to or
different fronff each other and are substituents having the same meanings as those of the above

substituef¥\RA and Rs fé%pectively in general formula (3) above or hydrogen atoms.

(Re)n

is represented by partial structural formula (vii) below

[Chem. 15]

(vii)

wherein, substituents Ra1 to Raz and Rp1 to Rps are independently identical to or
different from each other and are substituents having the same meanings as those of
the above substituents Ra and Rp respectively in general formula (3) above or
hydrogen atoms.
[0026]

Furthermore, the present invention relates to a polymer compound having a

repeating structural unit represented by partial structural formula (iv) below

[Chem. 16]
-[(A),—(B);],— (iv)
and/or partial structural formula (v) below
[Chem. 17]
- (A), — (v)
|
(B) .,

wherein, A is any linking group containing one or more types of atoms selected from
the group consisting of carbon, nitrogen, and oxygen atoms,

B is a derivative of the compound,

13



[0026] Furthermore, the present invention relates to a polymer compound having a repeating
structural unit represented by partial structural formula (iv) below [Chem. 16] -[ (A) - (3) 61 -(h7) and/or
partial structural formula (v) below [Chem. 17] - (A, (BY, wherein, A is any linking group containing
one or more types of atoms selected from the group consisting of carbon, nitrogen, and oxygen atoms,

B is a defvBtiensrtese pngobeiay eaa R Nodsh g BEHRRNEREIRE KISy B BeatsSHE Bidwo
substituents selactad, fLam R%bt%iﬁ‘ye%':fﬁt{?f%lrze%(lﬁgbtﬁ{&be compound, y is an integer of O or

greater, and
y is an integer of 0 or greater, and

9, ¢, (, and 1) are mutually independently an integer of 1 or greater.
[0027]

Furthermore, the present invention relates to a photochromic material
containing the compound and/or polymer compound according to any of the above.

Moreover, the present invention relates to a solvent containing the
compound and/or polymer compound according to any of the above.

Furthermore, the present invention relates to a resin containing the
compound and/or polymer compound according to any of the above.

Moreover, the present invention relates to a material composition having
photochromism and containing one or more types selected from the group consisting
of the compound, polymer compound, photochromic material, solvent, and resin
according to any of the above, the material composition being selected from the
group consisting of a light control material, a holographic material, an ink material,
an optical information display device, an optical switch element, and a photoresist
material.

[0028]

Furthermore, the present invention relates to a method for producing the

compound, the method including reacting the precursor compound and a compound

represented by general formula (4) below

[Chem. 18]

\ (4)
(Reld —\Re)
wherein, the two aryl groups may or may not, mutually independently, have
substituents R and Ry,

said substituents Rg and Rr are independently identical to or different from each
other and are one or more substituents selected from the group consisting of a
halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a hydroxy

group, a thiol group, an amino group, a diphenylamino group, a carbazole group, a

14



6, c, ¢, and 11 are mutually independently an integer of 1 or greater. [0027] Furthermore, the
present invention relates to a photochromic material containing the compound and/or polymer
compound according to any of the above. Moreover, the present invention relates to a solvent
containing the compound and/or polymer compound according to any of the above. Furthermore,

the presEHAIERENtH ReEiRE RS B Stk Kb kIR RS OnBsnd SewBsolEe: AR cording
to any Oféhe{?g?Z?Zzza _ g verythe;present g%q%log rglageﬁ( q@zm%tfd{gé g}gog}tl% Raving

photochromism and contdining’one or more types selected from t e gro sisting o the
compourde pmigiap&mdnnﬂywnﬁtémhmom rmnnhffna@emdlrtsnlmh antleesindactordtagptetaaigbf-the

above, the material co n beln ected from the |st|n ofali contr | material, a
owaes TEp SR s i e g et R Rl S o et e
and a phﬁi@@%ﬁﬁ@}ﬁﬂ?f iRlelR38ko or f%ﬁm&%@&tﬁrgﬁ%}u@épa@ﬁﬂt@iﬁ!ﬁﬂ% metaes for

producing the compound, the method including reacting the precursor compound and a compound

represercipiggariparuRRIEbEhaCREPrarghsediadkoxy/group having 1 to 8 carbons),

a substituent represented by partial structural formula (i) below

[Chem. 19]

™ i1 R (i)
(here, Ri1 denotes an alkylene or alkoxylene group having 1 to 20 carbons and Ri.
denotes hydrogen or an alkyl group having 1 to 3 carbons),

[0029]

a substituent represented by partial structural formula (ii) below

[Chem. 20]

-

(here, Riz denotes an alkylene or alkoxylene group having 1 to 20 carbons, Ris
denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x
denotes 0 or 1), and a substituent represented by partial structural formula (iii) below
[Chem. 21]

SRee (il

[0030]

(here, Ris denotes an alkylene or alkoxylene group having 1 to 20 carbons and Ris
denotes an ethylene group or an acetylene group),

q and r are mutually independently an integer of 0 to 5,

the substituent of the aryl group may or may not form, together with the carbon

atom to which it is bonded and another substituent, an aliphatic or aromatic ring,

15



wherein, the two aryl groups may or may not, mutually independently, have substituents RE and Rr/
said substituents RE and RE are independently identical to or different from each other and are one or
more substituents selected from the group consisting of a halogen atom, a nitro group, a cyano group,
a trifluoromethy! group, a hydroxy group, a thiol group, an amino group, a diphenylamino group, a
carbazo@rg;lcﬁapﬁlg ARG NGt AhEIAYOPBFA1RcIfer byt IR RAKE SRS G PaeR HagiAY has @
carbons,tﬁég&ngta%ﬁ@Ogr@llépm?1—%&;%&(22122 group, a -Y1-SiY2Y3Z1 group (here, Y1 to Y3 are
independently identical to or differerit from each other and denote a straight-chain or branched alkyl or
alkylene [@@ig haying 1 to 20 carbons, and Zi to Z3 are independently identical to or different from
each other and denate a hydrogen atom, a halogen atom, or a straight-chain or branched alkoxy group
haying 1 to 8 carbBRAC A SsRue RTRSE s UAYER 1) AR A oI RR L Ty BERS TP AR 16)
(here, Reslenppienaniadkvientariatiamy %@H{ghﬁyipge%d%@ &HpansRNEH] 4 BsRsahydrogen
or an alkyl group haying 1 to 3 carbons), 029I] a substituent represented by partial structural formula
(ii) be|0v\rf@p@q¢p’@g§ by general formula (5) below

[Chem. 22]

wherein, 3 is an integer of 1to 9,

the linking group M is a monocyclic or polycyclic aromatic compound containing 1
to 12 aromatic rings having 5 to 8 carbon atoms per ring structure,

the aryl group in the 1,2-diketone skeleton-containing structural unit may or may not
have a substituent R,

all of the substituents of the aryl group are independently identical to or different
from each other and have the same meaning as that of Rg of general formula (4)
above,

qis an integer of 1 to 5,

the substituent R may or may not form, together with the carbon atom to which it is
bonded and another substituent, an aliphatic or aromatic ring, and said ring and the
aromatic ring of the linking group M may or may not further have a substituent Rm.
[0032]

In general formulae (2), (2a), (3), (3b), and (3c) above, 'hv—' means a shift
from the compound of the present invention to a radical species, which is a colored
form having a high energy level, due to absorption of energy such as UV light, and
'~A' means a reversible shift from said radical species to the original bisimidazole
monomer or multimer, which has a low energy level, due to absorption of thermal
energy. In the present specification, for example, the term 'compound represented
by formula (2)' means a compound represented by the left side of formula (2), which

undergoes a transition to a radical species on the right side by absorption of energy
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(here, Rs denotes an alkylene or alkoxylene group haying 1 to 20 carbons, Ra denotes a cyclic olefin
haying a total number of carbons and silicons of 5 to 10, and x denotes 0 or 1), and a substituent
represented by partial structural formula (Hi) below [Chem. 21] Rio(iii) R i5 [0030] (here, RL5 denotes
an alkylene or alkoxylene group haying 1 to 20 carbons and Rth denotes an ethylene group or an
acetylenéyioiyl Eﬁaﬁmbivesmﬂﬁj&w%ﬁoréﬁ@ﬁe@m@% iheclsdt sids fysabseraisativl et aryl
group may grmay not form, together with the carbon atom to which it is bonded and another
substituent, art aliphatic or aromatic ring, and said ring may or may not have a substituent having the
same mdaA#3g as that of the substituents of the aryl group. [0031] Furthermore, the present

invention relates fo a method foy producing the %Oﬂ% the method includin]% r%actin the Jrecursor
compound and a W&ﬂﬂfi%ér %B%B'l%/ag‘é SPniOfaRE;BEIW fEnR. Sjharacterize
by the aryl groups of two triarylimidazolyl radicals (TAIRs) formed by irradiation
with UV light, visible light, etc. being restrained by a bridging group, in particular a
bridging group that does not conjugate with a TAIR, thereby suppressing separation
and diffusion of the two TAIRs and, furthermore, suppressing unnecessary
stabilization of the radicals due to the TAIR and the bridging group taking a resonant

structure by conjugation.

[Effects of the Invention]
[0034]

Compared with a conventional photochromic compound, the bridged
hexaarylbisimidazole compound of the present invention and a multimer compound
of said compound have excellent thermal stability and stability over time and have
both rapid color switching characteristics and high color density. In particular, they
enable the photochromic property of color disappearing visually at the same time as
irradiation with light stops to be realized. Furthermore, the molecular structure can
be designed optimally according to the intended application or purpose, and by
means of any one of Ra to Rr in general formula (2) above preferably being a
substituent other than a hydrogen atom, more preferably having an asymmetric
structure, or by means of a multimer structure represented by general formula (3)
above, it becomes possible to carry out precise control of photochromic properties
such as tone and density of coloration. It can therefore be anticipated that the
compound of the present invention will be applied to a wide range of fields such as
light control materials that react with sunlight, optical switch elements, optical
information display devices, photoresist materials, holographic materials, and ink
materials.

[0035]
Furthermore, the method for producing the compound using the precursor

compound of the present invention can increase the degree of freedom of molecular
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(5) 38,.)" wherein, p is an integer of 1 to 9, the linking group M is a monocyclic or polycyclic aromatic
compound containing 1 to 12 aromatic rings having 5 to 8 carbon atoms per ring structure, the aryl
group in the 1,2-diketone skeleton-containing structural unit may or may not have a substituent RE/ all
of the substituents of the ar}élqgroup are independently identical to or different from each other and

have theSSarEHSd8MEMaMhEBR eSS Gérehrinarany Aesvroyisianlihtdgetreiere hae

SUbSt?t“eﬁtﬁ%ﬁ{@M %ﬁla&{éo%%%&o%tﬁ%M%@ﬁ%&%o&@t?{%@q\é’ﬁ&@ bishpnded,apdanother
substituent, an aliphatic or aromatic ring, and said ri

ng and the aromatic ring of the linking group M
may or neaynpeifodbdaiave wasihstisienttRres [D@8hmbgenmpakfditmalaed? ;ai@ad, (Blis(3h), and (3c)
above, 'hy-; means a shift from the compound of the present invention to a radical species, which is a
colored form having a high energy level, due to absorption of energy such as UV light, and means a
reversiblgﬁmﬁ[ﬁ%ﬁﬁ%fﬁgp@ﬁmﬁ' to the original bisimidazole monomer or multimer, which has a

low ener([;g()l%\iel, due to absorption of thermal

[FIG. 1] A diagram showing the molecular structure of pseudogem-
bis(diphenylimidazole)[2.2]paracyclophane of Example 1 (hereinafter also called
'pseudogem-bisDPI[2.2]paracyclophane'), elucidated by single crystal X-ray diffraction
structural analysis.

[FIG. 2] A graph showing the results of measurement of visible/near-IR absorption
spectra of the compound of Example 1 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.

[FIG. 3] A graph showing the results of measurement of decay of the absorption band
(400 nm) of the compounds of Example 1 and Comparative Example 1 in a
nanosecond laser flash photolysis measurement.

[0037]

[FIG. 4] A graph showing the results of measurement of visible/near-IR absorption
spectra of pseudogem-bisDPI[2.2]paracyclophane (solvent: dichloromethane,
concentration: 2.1 x 104 M) immediately after irradiation with a nanosecond UV laser
in a nanosecond laser flash photolysis measurement.

[FIG. 5] A graph showing the results of measurement of decay of the absorption band
(400 nm) of pseudogem-bisDPI[2.2]paracyclophane (solvent: dichloromethane,
concentration: 2.1 x 104 M) in a nanosecond laser flash photolysis measurement.
[0038]

[FIG. 6] A graph showing the results of measurement of a visible/near-IR absorption
spectrum of a PMMA thin film containing pseudogem-bisDPI[2.2]paracyclophane of
Example 2 immediately after irradiation with a nanosecond UV laser in a
nanosecond laser flash photolysis measurement.

[FIG. 7] A graph showing the results of measurement of decay of the absorption band

(400 nm) of the PMMA thin film of Example 2 before irradiation with a nanosecond

18



energy. In the present specification, for example, the term ‘compound represented by formula (2)'
means a compound represented by the left side of formula (2), which undergoes a transition to a
radical species on the right side by absorption of energy (hv) and reversibly shifts to the compound on
the left side by absorption of thermal energy. [0033] The compound containing an HABI of the

present iIRVEABAT idndhafsetervssy Py ietiRA RS UpS diationmiiiiiminaneraceit Xy drasr & Brmed by
i”adiatiOﬂdﬁi&eggﬂjﬂigsé{j?igﬁqw&%s@%%?gﬂ&% by a bridging group, in particular a bridging
. >

group that does not conjugate with a TAIR, thereby suppressing separation and diffusion of the two
TAIRs anjtl]udhexrgoaphsiippresgjag-amsoessanyf stabilsatitrod itiee sadioads doedecte FAHR and the

bridging group taking a resgnant structure jugation.. [Effects of the Invention] [0034] .
CormpardPR BCb RIS H] BRBLceh o L LSRG B G B g I 9B i Shpound
of the presgAtdNvaiRe AN Ewwﬁﬁﬁh@mqﬁ%&féﬂ% G0IPOHidRavaIesCeIRBEdhsrmalstability
and stability over time and have both}%%gd color switching characteristics and high color density. In

particulatasgejenhaproses prdlasar s irbptatysts satesdreapittaring visually at the same time as
irradiatio %%]rlight stops to be realized. Furthermore, the molecular structure can be designed
optimally according to the intended application or purpose, and by means of any one of RA to RF in
general fiffaul®]2Aalkpguplpreferatihebeirg eesulistibfemhedbardhama bydiogesildtorabsooreipreferably

having an asymmetric structure, or by means of a multimer structure represented by general formula
(3) abovePRBELeLhosdible tERATRF outiorediss coritfo o TRt tfm%ﬁﬁ%%wﬂmlsgk&éhf}a% tone

ar_1d den%@&&ﬁf@@ﬁi@ﬂo%&%‘ (Héf&fl‘i’&?c&e QQH_CH%@{%‘&’ tB%tItPP-?Mﬁ%UB@' E&H}ﬁ}ﬁl’@%e%i%\‘@nti_on
will be applied to a wide range of fields such as light control materials that react with sunlight, optical

switch elamshedi @pricahibiyrighiomdisiley deaibetiophwichddivt lighterials, holographic materials, and
a8 OIS DR R Pt i
spectra of a compound of Example 5 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.
[FIG. 11] A graph showing the results of measurement of decay of the absorption
band (400 nm) of the compound of Example 5 in a nanosecond laser flash photolysis
measurement.
[0040]
[FIG. 12] A graph showing a UV-visible absorption spectrum of the compound of
Example 1.
[FIG. 13] A diagram showing the molecular structure of a compound of Example 7,
elucidated by single crystal X-ray diffraction structural analysis.
[FIG. 14] A graph showing a UV-visible absorption spectrum of the compound of
Example 7.
[FIG. 15] A graph showing the results of measurement of visible/near-IR absorption
spectra of the compound of Example 7 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.
[FIG. 16] A graph showing the results of measurement of decay of the absorption

band (400 nm) of the compound of Example 7 in a nanosecond laser flash photolysis

measurement.

[0041]
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structure design and synthesis of a photochromic compound. It can therefore be anticipated that the
method will be applied to the production of photochromic compounds having various structures that
can be applied to a wide range of uses. [Brief Description of Drawings] [0036] [FIG. 11 A diagram
showing the molecular structure of pseudo%ﬁmbis(diphenylimidazole)[2.21paracyc|ophane of Example

1 (hereinditer di€b AalB@PsShONGEE-BiSPPIFSHalS arRePERIHPIA TSR a06 PLYOSHRYM R/ QA X-ray
diffractioggmegtférg.l analysis. [FIG. 21 A graph showing the results of measurement of visible/near-IR
absorption spectra of the compound of Example 1 immediately after irradiation with a nanosecond UV

laser in dF&nhoEdcAngrtgse sHashipd chel ysisihtie asunearenerfta@. Fvisinlapnsholiraptoepasults of
measurement of decay of the absorptio nd (400 nm) of the compounds of Example 1 and
Compar RS BRI IR ASE st EIE B EmaHE TR A T4 A graph
showing fhe sesedsPUvaassremenhobyisibleinass Eﬁ%ﬁ%@l}r%@%ﬁs@fr%{ipg em-bisDPI [2.2]
paracyclophane (solvent: dichloromethane, concentration: 2.1 x 10-4 M) immediately after irradiation

with a nadsedsHaAugrrRlrshoiagdheceridlssof frasapHemBRRIshdasayefietite [Fheomptiargraph
howi t of ti 4 :
Peeudos A e ol R Bl b Photoly s in

nanosecamnchiasenitash photolysis measurement. [0038] [FIG. 61 A graph showing the results of
measurement of a visible/near-IR absorptign spectrum of a PMMA thin film containing
pseudogﬁ%ﬁcbis?lgil‘f?.%fﬁg GRIBpRena of Exdiple ﬁﬁﬂﬁ@afgtews‘ftéma%ﬁoaﬁﬁwmm%ﬁzﬁsecond
uv Iaser}jr/qm@cggecond laser flash photolysis measurement. [FIG. 71 A graph showing the results of
measurement of decay of the absorption band (400 nm) of the PMMA thin film of Example 2 before
irradiatio P04 a nanosecond

[FIG. 21] A graph showing the results of measurement of visible/near-IR absorption
spectra of the compound of Example 9 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.

[FIG. 22] A graph showing the results of measurement of decay of the absorption
band (400 nm) of the compound of Example 9 in a nanosecond laser flash photolysis
measurement.

[FIG. 23] A graph showing a UV-visible absorption spectrum of a compound of
Example 10.

[FIG. 24] A graph showing the results of measurement of visible/near-IR absorption
spectra of the compound of Example 10 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.

[0043]

[FIG. 25] A graph showing the results of measurement of decay of the absorption
band (400 nm) of the compound of Example 10 in a nanosecond laser flash photolysis
measurement.

[FIG. 26] A graph showing a UV-visible absorption spectrum of a compound of
Example 11.

[FIG. 27] A graph showing the results of measurement of visible/near-IR absorption
spectra of the compound of Example 11 immediately after irradiation with a

nanosecond UV laser in a nanosecond laser flash photolysis measurement.
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UV laser and after every 1,000 times of irradiation with a nanosecond UV laser in a nanosecond laser
flash photolysis measurement. [FIG. 81 A graph showing a comparison of the results of measurement
of decay of the absorption band (400 nm) of the PMMA thin film of Example 2 before irradiation with a
nanosecond UV laser and after irradiating 10,000 tlmes with a nanosecond UV laser in a nanosecond

laser fladh ShotSil s SFeRBUTBMEMS BhSIERmMS. of mepspIeRIswiAk Sesar<eitdsr ARsasRkSent of a
visible a%Q{Bt{QBOSR %f%%&%ﬁ#g‘&ﬁ?& §PE§§H{ ol B RIS(HRRSAIRIE AL N A sty % Stolysis

tetramethyldisiloxane ( erelnafter Iso called b|s [-TMDS') of Example 3 before irradiation with UV
light andaftesunmramiietion with UV light. [FIG. 101 A graph showing the results of measurement of
visible/n 616(:11% absorption spectra of a compound of Example 5 immediately after irradiation with a
nanosec V laser in a nanosecond laser flash photolysis measurement. [FIG. 111 A graph

showing EPKI%“A%H%%&' penhef e R thaahsamRtien drnd oy of tﬂﬁ%‘a(%ﬁﬁl@ql%'d of
Example 5 in a nanosecond laser flash photolysis measurement. [0040] [FIG. 121 A graph showing a

UV-visibilegisatstdryspaele enystah& dein g W%PE)’%HM@‘IB@I Friadysisi A diagram showing the

molecul u o CI S I iffracti
structura ana 4 ra owing a UV-visible absorption s ctrum mpound o
ﬁ& Ig’Bﬁs%[Iéléngﬁg}Qﬁ ! I}ﬁ ¢ 06%1% {891 Nt 689{1%1‘%%’ e/% H {%{}1 4 of
Examplespelfttt. A5 e geaphpshowl ngftrﬁxmﬁ@pﬁe dernﬂaﬁwsdmemyobf/derblﬂhaehaﬁBrabsuﬂptlmn
spectra of the comp und of Example 7 imme éﬁf’ ter wr&)latlon with a nanosecond UV laser in a

nanosecBABMEEEPFAIADISEIVEIE RARRTHOH KRhsESIREATHEEME R Esults of
measurepant gf flecay op therahsRIption hasdiéQR M%f@asam@pu@eagﬁ ExaRapiedobfion

nanosecond laser fl a‘% photolysis measurement [0041]
band (400 nm) of the compound of Example 12 in a nanosecond laser flash photolysis

measurement.

[FIG. 32] A graph showing a UV-visible absorption spectrum of a compound of
Example 13.

[FIG. 33] A graph showing the results of measurement of visible/near-IR absorption
spectra of the compound of Example 13 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.

[FIG. 34] A graph showing the results of measurement of decay of the absorption
band (750 nm) of the compound of Example 13 (solid line) and the compound of
Example 1 (dotted line), which is an unsubstituted derivative, in a nanosecond laser
flash photolysis measurement.

[FIG. 35] A graph showing the results of measurement of visible/near-IR absorption
spectra of a compound of Example 14 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.

[FIG. 36] A graph showing the results of measurement of decay of the absorption
band (400 nm) of the compound of Example 14 in a nanosecond laser flash photolysis
measurement.

[0045]

[FIG. 37] A graph showing the results of measurement of visible/near-IR absorption
spectra of a polymer of Example 15 in the solution state immediately after irradiation

with a nanosecond UV laser in a nanosecond laser flash photolysis measurement.
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[FIG. 171 A graph showing a UV-visible absorption spectrum of a compound of Example 8. [FIG. 181
A graph showing the results of measurement of visible/near-IR absorption spectra of the compound of
Example 8 immediately after irradiation with a nanosecond UV laser in a hanosecond laser flash
photolysis measurement. [LISIG. 191 A %raph showing the results of measurement of decay of the

absorptidilbantBlaboFan b e Ess 1Ba e BHExampIeas weaeay dde 6y R RSP HatERRIS
measuremeny. I n@% %Q%g?#‘@mf?ﬁ%fﬁﬁﬁﬂo%%SB{BtLQﬂtﬁP&?tE‘H&%%F‘aC%P&%QS&&

Example 9. [0042] [FIG. 211 A showing the results of measurement of visible/near-IR absorption
spectra dhske ftashgohwidlykExaegsierennemediately after irradiation with a nanosecond UV laser in a

nanosec laser. flash photolysis measurement. [FIG. 221 A graph showing the, resulis of
measurothirt of Hecay SRR S Bn BHnd g6 ) JPYRS LEROIng br ExARBIE SrPs IR
nanosecgBgbigsesiageahatalyisHagasyiasient. ikimPR 1A faphshaing e idrvisibiaAbRerption

spectrum of a compound of Example 10. [FIG. 241 A graph showing the results of measurement of
visibIe/n@é?eHRilabégﬁﬁ%thﬁéc@r@@mﬂﬁéC@éﬁ&Un@%ﬁréﬁam%@ﬁﬁﬁﬂﬁééﬁﬁﬁélﬁaﬂ@rﬁhﬁmbtﬁéﬁ with a
nanosecgﬁgayu\{éﬁeq{fti.n a nanosecond laser flash photolysis measurement. [0043] [FIG. 251 A graph
showing the results of measurement of decay of the absorption band (400 nm) of the compound of

Example[E0Gn 40havageqdndHasentiagiepiesiolissist messuremenit [(lde@] 4f gtaphisiapiigha
UV_ViSiblga%tc)is 4{88 %nrr%pgf ttrltljén p%fl}én(iglm gto }%Qgrgfp ex%n Rllet&g' thin film state in a nanosecond
laser flash photolysis measurement.
[0046]
[FIG. 41] A graph showing the results of measurement of decay of the absorption
band (400 nm) of a compound of Example 16 in a nanosecond laser flash photolysis
measurement.
[FIG. 42] A graph showing the results of measurement of visible/near-IR absorption
spectra of the compound of Example 16 immediately after irradiation with a
nanosecond UV laser in a nanosecond laser flash photolysis measurement.
[FIG. 43] A graph showing the results of measurement of decay of the absorption
band (400 nm) of a compound of Example 17 in a nanosecond laser flash photolysis
measurement.
[FIG. 44] A graph showing the results of measurement of visible/near-IR absorption

spectra of the compound of Example 17 immediately after irradiation with a

nanosecond UV laser in a nanosecond laser flash photolysis measurement.

[Modes for Carrying Out the Invention]
[0047]

One embodiment of the bridged hexaarylbisimidazole compound of the
present invention is represented by general formula (2) above, and specifically for
example (2a).

In the general formulae, the two aryl groups A and B are bridged to each
other via carbon atoms by means of a bridging group X (excluding 1,8-

naphthalenylene); the number 1 of bridging groups X is preferably 1 to 3, and more
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[FIG. 271 A graph showing the results of measurement of visible/near-IR absorption spectra of the
compound of Example 11 immediately after irradiation with a nanosecond UV laser in a nanosecond
laser flash photolysis measurement. [FIG. 281 A graph showing the results of measurement of decay

of the absorption band (400 nm) of the compound of Example 11 in a nanosecond laser flash
photolysRI§EERRIe ekt [0BRIE [t ngINR GridislaraHOwHL e TBFE Rf At eRt dufe SF§a88fMmpound

of ExamEﬁe\%ﬂeSEJC' ﬁga*%}’oﬂ-’laﬁigé}{}i%ﬁ ?ﬁ%o@ﬁﬁ%ﬁﬁ%”%%@k?%%ﬁaﬂﬁbﬁ Adpaph

showing the resulfs easurement of visible/near-IR abso pectra of the compound of Example
12 immeHiatdiymafterarradiatiohatlith’a madidsevend Phelagk gimamantsekasdtlaseirfipdbsplaotidlysis

measurement. [FIG. 311 A graph showing the results of measuremept of decay of the absorption band
(400 PO R EBOHE S E R 5D S5 aC HECH TP A4 BHIBRL [Fio.
321 A grapbisbewinga Povigkie ahsorpiien sBEEIBHNHIT theomRrOUnkealExamRis 18. Hi®- 831 A

graph showing the results of measurement of visible/near-IR absorption spectra of the compound of

ExampleMgrigvridiansgadaribatianrdswitioacand sies saauy rmser e herdrdde syl ksistgtash
hotolysi i :
Borme B e B S e R e SR e 1

(dotted lif#)8&yhich is an unsubstituted derivative, in a nanosecond laser flash photolysis
measurement. [FIG. 351 A graph showing the results of measurement of visible/near-IR a%:)sorption

spectra of a comPBiRd BFELaHpIde SIMRRURACR} A8 RreiHRt SRYFRH AN 65N PA/F3SEr in a
nanosecghd |gerdlasbaneiaivsiR Mea e ek Il@ro3eh A DRaPRSREVERG HRISTUS 96 Rr

measurement of decay of the absorption band (400 nm) of the compound of Example 14 in a
nanosecbathpigeptibstitphntodbier leas rgdimgeoaksjred photochromic properties such as

tone and density of coloration and color switching response rate can be controlled. It
is more preferable to have an asymmetric structure, and this enables these
photochromic properties to be controlled precisely. Furthermore, precise control can
also be carried out similarly by a multimer structure.

[0049]

The bridging group of the compound of the present invention may have any
structure known to a person skilled in the art as long as it is a group that can link the
aryl group A and the aryl group B. It is preferably a bridging group other than an
aromatic skeleton, which has high resonance stabilization energy, and more
preferably a bridging group that does not conjugate with a triarylimidazolyl radical
(TAIR). A bridging group that does not conjugate with a TAIR means a bridging
group that does not have a conjugate double bond in a bridging group moiety so that
two TAIRs and said bridging group cannot be conjugated to give a resonant
structure.

[0050]

Specific preferred examples of the bridging group of the compound of the
present invention include a -CH>CH»- group, a -CH>CH;CH»- group, a -
CH>CH>CH>CH>- group, an -Si(CH3)25i(CHs)o- group, an -
Si(CH3)2S5i(CH3)25i(CH3)2- group, an -Si(CHs3)25i(CH3)25i(CH3)25i(CH3)2- group, an
-SiH>OSiH»- group, an -Si(CH3)20Si(CH3)2- group, an -Si(CH3CH2)0Si(CH2CH3s)2-
group, a -CH2SCH»- group, a -CH>OCH2- group, an -OCHCHO- group, a -
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[FIG. 371 A graph showing the results of measurement of visible/near-IR absorption spectra of a
polymer of Example 15 in the solution state immediately after irradiation with a nanosecond UV laser
in a nanosecond laser flash photolysis measurement. [FIG. 381 A graph showing the results of
measurement of dec%i/ of the absorption bandéigo nm) of the polymer of Example 15 in the solution

state in dharasdderblrAetrisa BHBIGN s £-[BICUBO Y Aighapie ShEAHBe #8Sults of
measureept ofgslbiclaRiIR ARRARIOY seeetiur Ol AR RONMELAERABRIGH DI Bty fim state

immediately after irradiation with a nanosecond UV lasern a hanosec ser flash ‘phodtolysis
measureameri (ElG,) A0 flaph ghowmngtite aesliHs ST heagwemenofldetaynofithecatrswipdon band
(400 nm) of the polymer of Example 15.in the thin film state in a nanosecond laser flash photolysis
measure?r‘lgﬂf.sl[g gé]e[lerd’f‘ﬁﬁelt)&’&sa%tg‘ﬁ%\}?ﬁ e ISt measurement of decay of the

absorptiqpgsand (400 nm) of a compound of Example 16 in a nanosecond laser flash photolysis
measurement. [FIG. 421 A graph showing the results of measurement of visible/near-IR absorption

spectra of the coMYbetinthefiEidging o ame amtEnafehydigas rifn, e hoskessa Btemser in a
| ' . [FIG, 43 i he {
hanosecqi q??%?g%gg%@%s Jﬂﬁ?ﬁ%@fﬁe zib[o q’h)eoé.l@sgf%%?ltsshﬁ;nér@ ?ﬁ%@%ﬁﬁi’%nﬂy

measurement o e’absorption band nm) of a compoun xamp
nanosecahehkasertihash dififetelysit one @aateothst. JhtCadluBstitaeh shmbdog dhie sasalisabbgen

measurement of visible/near-IR absorption spectra of the %cg]ﬁpound of E})}s mple 17 immediately after
irradiatioRtRith A HAHSENSRAA VARSI nAND: AN BB YHEESHRAH OfModes

004 &hphen{IRmABRAdmEN ofthe piid g@&iﬁ@@{bﬂ%ﬂ%ﬁaﬁ?le
|

for Carryjng QULARNRIURELIO0 f
compound of the present invention is represented by general formula (2) above, and specifically for

exampleqeahranched alkyl group having 1 to 20 carbons, a straight-chain or branched
alkylamino group having 1 to 20 carbons, a straight-chain or branched alkoxy group
having 1 to 20 carbons, a -Y1-SiZ1Z2Z3 group, a -Y1-S5iY2Z1Z> group, and a -Y1-
SiY2Y3Z1 group (here, Y1 to Y5 are independently identical to or different from each
other, Y; to Y3 denote a straight-chain or branched alkyl or alkylene group having 1
to 20 carbons, and Z; to Zs are independently identical to or different from each
other and denote a hydrogen atom, a halogen atom, or an alkoxy group having 1 to 8
carbons). Substitution may be carried out using one or more types of these
substituents.
[0052]

By adjusting the distance and angle of the two aryl groups A and B of the
compound of the present invention, the distance and the angle of two imidazole
rings, the flexibility of the molecule, etc. by means of the number, the type, and the
length of these bridging groups, it is possible to adjust photochromic properties such
as color switching reaction rate and color density as appropriate according to the
intended application of the compound of the present invention.

[0053]

In general formulae (2) and (2a) above, carbon atoms to which the bridging
group X for the two aryl groups A and B is not bonded may mutually independently
have substituents Ra and R, the subscripts m and n are mutually independently an

integer of 0 to 4, the other four aryl groups C to F may mutually independently have
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In the general formulae, the two aryl groups A and B are bridged to each other via carbon atoms by
means of a bridging group X (excluding 1,8- naphthalenylene); the number 1 of bridging groups X is
preferably 1 to 3, and more preferably 2 or 3, while taking into consideration the number of steps in an
organic synthesis, application-dependent photochromic properties, thermal stability, etc. Furthermore,

when bofivstideBtar&a ppeky gradphrniebsstssitnpfedt aF91 Grotipalive ivesRERISAcAthe

bridging grauR.is,pandes may be any of the ortho position, meta position, and para position of the two
phenyl grogﬁéA and B. Moreover, one end or both ends of one bridging group may be bonded to and
bridge tw0@inore carbon atoms by means of a bridging group having a branched structure. [0048]

With regard to the,compound of the present invention, preferably at least one of substituents RA to
A G b A e R e g
photochrexpic praResiRE dCiuBsSHAN @ SRS RIrRcidRalir-and &Rlos siislingUsSRRPaAGate can
be controlled. It is more preferable to have an asymmetric structure, and this enables these

photochrgtaieprapeitisenornetephgenen prdeyskgx ¥ gpsEmarthiglegiot RoAtr GHBHROAEO BR carried
i " bridai f
out simi %f#éﬂ? 21%1‘%{8%@5 ctyre, 1B92SN ro@rfaséllﬁgggﬁ]%ﬁéﬁ%0&“}%‘5%88%%% rgﬂ‘s esent

invention may have any structure known to aer e artaslong asitis up that can

link the ayiviingup té& 20dttsoarylgsaapeBt-ithaiprefckabihdoriadinborioupgpthep tarian htordatic
skeleton, which has high resonance sg%biliz tion energy, and ore,preferab}lé/ a bridging group that
does not@SRRRGat8 RAAAIERFSAAIMIERAINFAGHE A ﬁrﬂwﬂawgrauwt St FE8S Mot Eonjligate

with a T@ﬁngs%?ﬁusggénwgmz@zg deespoLRAVE-& comugate, douhlp Bead Iy 2 fyidginggroup
S

moiety so that two and said bridging group cannot be conjugated to give a resonant structure.

[0050] indSperiflentlzfedentienhtmpiasbfftrebtifyging epdup biaheYootnpbuniodthe plasightinvention

include a ;CH2CH2- areup, a,;CH2C H2- grou - .

ChizCr R G o AR o5 SIS 5, it aving 4,40 20 corbaps. amd 25 0 7 are
Si(CH3)RBI(GHRRBIIGHIAGEHB)Er JtErpererr it 28GiHRher ol ABSIGHE)ASHGHRZn group,
an -Si(CH3CH2)205i(CH2CH3)2- group, a -CH2SCH2- group, a -CH20CH2- group, an -OCH2CH20-
group, a? @%@W?@Pmm@g%,%ﬁ&ﬁ hay 1928 g3l ohicRUhe S Yak8 more

preferred. sxamples iglidle & GHAGK A grauR: dsedhalandSL-19)2- group, an
-54GL-13)2054GL-13)2-"group, and a (¥ 2SCH2- group. Bridging may be carried out using one or

more typg¥)oflhese bridging groups. [0051] When the bridging group X contains a hydrogen
atom, the hydrogen atom may he repjaced by a.substifuent Rx. The.substituents.Rx are independently
entical to or GTENSTBIN Bacheouibr CHEPA Sontiib AR Ve BLtci HOr ARy Stsi vt
group, a gyafierarentp frotrifluarnmeied areuRra by SekD saBhinl@iay s ae-8aifedHfo tRe a
diphenylamino group, a carbazole group, a straight-chain or branched alkyl group having 1 to 20

carbons, H SHRIEHRTRERB it dHEHQBETKRIING BROREFR:AAAE1 A6 HOCFBYRs 2 SRBRYBERNRIN or
e KBNS RIS S um e LAk o
Y3 Qenotéiplﬁa]mgiynh@igrouprw.chﬂmhabdyl graiylensigighp-taaingpt todtchacbalsylagobidp to 23
o, o BHVAT L) SO A T BAAEIRE SERUEH H) B et L EEEER S o more
types of these:s/Lsti#eNtAt-chain or branched alkoxy group having 1 to 20 carbons, a -Yi-

SiZ1Z,7Z35 group, a -Y1-SiY2Z1Z> group, a -Y1-S5iY2Y3Z1 group (here, Y1 to Y3 and Z1

to Z3 are independently identical to or different from each other, Y1 to Y3 denote a

straight-chain or branched alkyl or alkylene group having 1 to 20 carbons, and Z; to

Z3 denote a hydrogen atom, a halogen atom, or an alkoxy group having 1 to 8

carbons),

[0056]

a substituent represented by partial structural formula (i) below

[Chem. 23]
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[0052] By adjusting the distance and angle of the two aryl groups A and B of the compound of the
present invention, the distance and the angle of two imidazole rings, the flexibility of the molecule, etc.
by means of the number, the type, and the length of these bridging groups, it is possible to adjust
photochromic properties such as color switching reaction rate and color density as appropriate
according to the intended aflplication of the compound of the present invention. [0053] In general
formulae (2) and abovel.carbon atoms to which the bridging group X for the two aryl groups A and
B is not bonteggkmay mytually | [gpen(j'e)wtly have substituents RA and RB, the subscripts m and n are
mutually indepe-'f]ldently n integer of 0 to 4, the other four aryl groups C to F may mutually
independently have suligtituents Rc to RF, and the subscripts o to r are mutually independently an

integer {9 Sf0ffbes a;[%?kw@ﬁs't%%ﬁ(%rge@é%hgfgg 5 fadangndiantiodanical iagg ddferent

from each other and are substituents selected atom,’a nitro group, a cyano group, a
trifluoromithyter byplragderdomangribop gadhipllgroung, hrodhimbgra)maddiphenylamino group, a
carbazoljoﬁé% p, a straight-chain or branched alkyl group having 1 to 20 carbons, a straight-chain or
branche amino group having 1 to 20 carbons, a straight-chain or branched alkoxy group having 1
'0 20 carhQipsANIS£18RL3 AUy oYl BUARAEALOMRLANIFINILSY2Y3Z1 group (here, Y1 to
Y3 are independently identical to or different from each other, Yito Y3 denote a straight-chain or
branched@gfhoP4lkylene group having 1 to 20 carbons, and Zi to Z3 are independently identical to or
different from each other and denote a hydrogen atom, a halogen atom, or an alkoxy group having 1 to
arried out using one or more types of these substituents. [0055]

(o] Iili:)above are independently identical to or different from each
ubstituents’selected from the group consisting of a hydrogen atom, a
, @ cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an
amino group, a di 0 group, a carbazole group, a straight-chain or branched alkyl group
having 1 to 20 carbops, a straight-chain or bra ched%lk lamino group hayin o0 20 carbons, a
Straigh- A o 1A I AR BrOU h AU 0 BOCarteHS, By 76y 3R R
-Y1-SiY 2ddrcd Grauciic bleBhRY3AE 6reupl (herebdldocXhand £1deihdaie ddeperglently dentical
to or different from each other, Y1 to Y3 denote a straight-chain or branched alkyl or alkylene group
having 1980, aRd Zi to Z3 denote a hydrogen atom, a halogen atom, or an alkoxy group
having 1[%§8qarbons), [0056] a substituent represented by partial structural formula (i) below [Chem.
23]

Furthermeue, the
other and ar&@ne or m

a substituent selected from substituents represented by partial structural formula (iii)
below
[Chem. 25]
\R/ Rie (iii)

15
(here, Ri5 denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Rie
denotes an ethylene group or an acetylene group), etc. Substitution may be carried
out using one or more types of these substituents. In the cyclic olefin of Ris above,
the total number of carbons and silicons is 5 to 10. Therefore, for example, a case in
which the number of carbons is 3 and the number of silicons is 3, a case in which the
number of carbons is 6 and the number of silicons is 0, etc. are included.
[0059]

The compound of the present invention is preferably a substituted
compound of a bridged hexaarylbisimidazole for which in the general formula above

at least one of the substituents Ra to Rr is not a hydrogen atom, that is, at least one of
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(here, Rd denotes an alkylene or alkoxylene group having 1 to 20 carbons, and R,2 denotes hydrogen
or an alkyl group having 1 to 3 carbons), and [0057] a substituent represented by partial structural
formula (ii) below [Chem. 24] (here, Rs denotes an alkylene or alkoxylene group having 1 to 20
carbons, Rd denotes a cgézlic olefin having a total number of carbons and silicons of 5 to 10, and x

denotes B'dP 1) iaRaHo58ys RiBEiGEtheaeceaqrrn Subsithenia gep alsititen) samarsadictural
formula (HR{pelow, Kb arl RinBIGI QEERibARNNES S0 %Mg@ﬁ&&,a&&%an QPR faving 1

to 20 carbons, and Rth denotes an ethylene group or an acetylene group), etc. Substitution may be
carried ostdsimgtone anddensyfyestafdloest cubstitigbtteedpahei eyolissatefirbefiRgpabod, fhestotal

number of carbons and.silicons js 5.to 10. Therefore, for example, a case in which the number of
carbons RO & R AL PEaREL Re Ay AP gl s A P B B Hoh & B T e
number Qfgilieens ia Qveich atgiRctudackQI5Pe triafﬁﬁﬁiﬁ@%@%&%@%@fﬁﬁmgwiﬁ .

preferably a substituted compound of a bridged hexaarylbisimidazole for which in the general formula

above atgsadpohandtesipitiventd RIX siRylisnideangdraiely sompithagshataedsguierds
are different. By combining two triarylimidazolyl radicals (TAIRs) having different

structures and different energy levels, absorption wavelengths, etc., it becomes
possible to optimally design a molecular structure for the compound of the present
invention according to the intended application and to more precisely control
photochromic properties such as tone and density of coloration. Therefore, a
compound represented by general formula (1) above, which is a compound used for
synthesis of, in particular, a bridged hexaarylbisimidazole having an asymmetric
structure, is also included in the invention of the present application.

[0060]

For example, there can be cited an example in which an asymmetric structure
is formed by varying from each other the type of substituent (various electron-
donating or electron-attracting substituents), the number of substituents (1 to 5), the
substituent bonding position (ortho position, meta position and para position of aryl
group), etc. for substituents Ra, Rg, and Rr of the triarylimidazole moiety containing
the aryl group A and substituents R, Rc, and Rp of the triarylimidazole moiety
containing the aryl group B, which changes the resonant structure, energy level,
absorption wavelength, etc. of the TAIR, and there can be cited an example in which
an asymmetric structure is preferably formed by varying from each other the type of
substituent, the number of substituents, the substituent bonding position, etc. for the
substituents Rg and Rr and the substituents Rc and Rp from the viewpoint of the
degree of freedom in terms of organic synthetic route design and molecular design.
[0061]

The substituents Ra to Rr introduced for the purpose of precise control of
photochromic properties are, from the viewpoint of tone/response rate control,
preferably substituents selected from an electron-donating group such as a

dimethylamino group or a methoxy group, an electron-attracting group such as a
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m to r is not 0. Due to any of the aryl groups A to F having a substituent, compared with an
unsubstituted bridged hexaarylbisimidazole compound, desired properties such as tone and density of
coloration or light responsiveness can be improved. It is more preferably a bridged

hexaarylbisimidazole compound having an asymmetric structure in which the structure of the
triarylimiéZ 6l & FABR KT O AYARMGIPEPaIsgrotgiiachainre Branghes slkea YrgsgHmibaysIe méety
containing) (e B gtaup b SRR B COTPRIRO R HandmidazakadialndTA RSl paving
different structures and different energy levels, absorption wavelengths, etc., it becomes possible to
optimallyadesigngaonpleetdaiSsthatituredortizy dentporind ofithesprgsent iow embientapesrofritp¢sethe
intended application and,to more Erecis ly c:ontr(ﬂjl1 hotg?%ggmic roperties, such as tone angk&snsity
of colorafibR> A& Rre Y ORRIGHAE ey r&SENe MU I EBSR L WRICH S a2 mpound

used for §b€&l|96ﬁi5d@fmé@iﬁ§f§>@ #@ér@e@@%ﬁe@@%y{nﬁaﬁﬁﬂﬁ&e &%4@9 an apdnBetdersiHeture, is
also included in the invention of the present application. [0060] or example, there can be cited
an examplebiityhiets-0f asywiclerhordedttrarsimiserlsinging romgacH srumpdpd ot
substitu ' ron- ing. -attracti ituents), the e ituents
10 5 T o g D e B group)
etc. for sudistitnelnts]lRAJ&itand RE of the triarylimidazole moiety containing the aryl group A and
substituents RE, Rc, and RD of the triarylimidazole moiety containing the aryl group B, which changes
the resonant ructure, energy level, absorption wavelength, etc. of the TAIR, and there can be cited

an example in whigh @, asWBmlHiaSReceds Riefrali-frpedRY YRR eacheitich the type

of substituent, the number of substituents, the substituent bonding position, etc. for the substituents
RE and REwridithersupdtitndhae Recantbridueamiteoduagsbor shthpwmpeedfpressermantiedms of
organic synthetic route design and moleculay, design. [006 The substituents RA to R
s s et g A e SRR i b s T
tone/ respohgadateceaptiohdrefetaibly substiturnts Relegiechtraspidpialetrommsleiatipgegsaigpuch as
a dimethylaming group or a methoxy group, an electron-attracting group such as a nitro group or a

cyano greftlpcie dirERgRt L rRiBbraRRCAE PR RY Gl haumpe st 8atoith20eterPeRg & more
preferably, substityents %@&Hﬁ%&ﬂ?%ﬁ%ﬁﬂ%&m&ﬁé%a%ﬂ@ﬁtilé}{{ico&sm Y carried
ese substituents. By appropriately

out using one or more types of t controlling the electron attracting
propertiesranmtbete tirpesdohdinegepopmtivseofthede sulbdsiousitts]anky deyreeatfleldotrah denisity,
stability, etc. f?. iety bonded to an imidazole ring including aryl groups A to F, it becomes possible
to approblﬁgt‘éqf’f ég}r’l%gl desired properties such as tone/ response rate and color density. [0062]
Among thgosgbpstituents RA to RF of the compound of the present invention, a substituent other than
the substituent introduced for the purpose of precise control of photochromic properties and the

substituent used FWBOSATITEatBA FIHEPORMErcEmBouRYEAdIAE SoRNittRERtRS oitRethRdging
group af%al}{%ﬁf%&%%ﬁgﬁfﬁ{g SHABRESHAL B5 piRachRd %%\Oe%?ﬂgﬁséa%‘é'ﬁ%ﬁe 2R farhons,
etc., and are more preferably methyl groups. Substitution may be carried out using one or more types
of these satistituetots toisvhish saniartiiqretdretbtedot it foonel esab stitptedid @063 an ardruettiermore,

the substituents RA o RF above may form, together with the carbon atom {o which the substituent is
bonded, HHR%aHt@ L BRRAARE AR hrbF S Sy BT BHHEP BBk Fobonded,

an aliphagifhing @t FRNHGHNE O ASIEH rﬂﬁ@aﬁ'ﬂﬁﬁriﬁg fRaY Biriner havaisnathesubstityent, and

said substituent preferably has the same meaning as that of the substituents RA to RF. The two

triarylimid&iolenofetiey lomtista peds amoielisstion ey RERreMtUtDERNEenribaYe cuigsadle to

these ring structures qr.su. stitugnts Moreover adé'ustinLgOthet disttance and the angle of the two
j uet ese I‘l)l’l osﬁﬁg T'es. o1 SP uents.

S metric sfructrures S
aryl groupsy,glan é? e distance and the ang o imidazole rings, the molecular flexibility, etc.

by the number ofubstiteents; thijuyregtkesttischnie ofrah tromatle wighetowiounelddrvtips A
substituents on the aryl groups A to F of the compound of the present invention, it is alsQ possible to

adjust prtdrrsidistepestracsthnelorfribritemigidacalnting otheomPlssHi Tk ihately
accordingo Qe inteRdachapriicatisarRliihecampeypd ehihst et BvantiaRRRB4ing, eRiecific

examples of the compounds represented by general formulae (2) and

(2a)abovisineleddpsthelogestitvientP o2 Bieparpkgetoaneta B-of the compound of the present

invention, it is also possible to adjust photochromic properties such as color
switching reaction rate or color density appropriately according to the intended

application of the compound of the present invention.
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bis(triphenylimidazole)-1,1,3,3-tetramethyldisiloxane(bis TPI-TMDS),and derivatives of these

compounds. [0065] As another embodiment of the present invention, a multimer compound of a
bridged hexaarylbisimidazole compound represented by general formula (3) above, for example, (3b)
or (3c) can be cited. In the general formula and partial structural formula (vi) above, the two aryl

groups AWEB are bridged to each other via carbon atoms by means of the bridging group X

(excluding 1’8'”@@8@8 @%Eﬁﬂeﬁeé‘%‘i‘ M&B%&&%ﬁgﬁ%@&ﬁ@@%%&%f’aﬁwﬁﬁ fually

independently reptaced by one or more of a t Rx. The ber 1 of bridging groups X is
preferablf2d)to 3, antiomere prefarabigie or 3 whitedajamghisioRpRA S Peretinrliehameber of 4t8ps in an

organic synthesis, application-depengdent photochromic,properties, ther ility, etc. Furthermore,
e S B RIS Db R TER S QL DTSkt orats Lhs SLHSh to whtiine
bridging g@@{%qﬁqgég@y&ﬁmsthe ortho position, meta position, and para position of the two

phenyl groups A and B. Moreover, bridging may be achieved by means of a bridging group having a
branched®atture, one end or both ends of one bridging group being bonded to two or more carbon

atoms. [0066] As&%&@%ﬁ%}ﬂ%@éﬁﬁ%ﬁi heRg ’EP&%%‘{J fﬁ&%‘iﬁﬁ@,@&'@ﬁﬂ%@%@gﬂ chl{ﬁ' cture

known to a person e artaslong as It fs a group that can |i e aryl e aryl
group B.btrid grréferadalyralbiidgindagode paties tireh repaemniait Isketetaraiviiemhis (Bighbesenance
stabilization energy, and is mare preferably a bridging group that does not conjugate with a
triarylimié%‘ismmﬁza@%ﬁﬂﬁ%cim ﬁﬁ%ﬁjup that does not conjugate with a TAIR means a bridging

group t_hat_ does 'Pﬂtth@‘g‘eﬁeqﬁgm‘é@ﬁ{ﬁlg%{ﬂep%?ﬁgliQtﬁl@Hﬂ%iﬂﬂ)M @Mcﬁ%}hﬁ%%&ﬁﬁﬁs and
said bridging group cannot be conjugated to give a resonant structure. [0067] Specific preferred

examplesisfihe Briviying gre lpidgek toornpowtbesfyhiserhboditnem Incingers-HRebridgragp, a

-CH2CH2CH2- -C H2CH2CH?2- -Si(CF13)25i(CH3)2-
b Ry e e i MG v e e A ea i s S
group, aX-&itgH:) 200HEHS) 2 rpundanttBitepl 36dd 22061 E b2 Gib3dlof 1P sabsEtaS{EHR- group,

a -CH20CH2- group, an -OCH2CH20- group, a - CH20CH2CH20CH2- group, and a -CH2COCH2-
group, whith Brbeohah§ridednasreopieirét R5eripRY ihdride anE st Preffdaphag or 3

'Si(CFl,%il@'f'é’Q?ﬁggrﬁ%’ WrsiieftRa OpiC HMaparowe. g {GHaP G jﬁ@‘é&n‘?ﬁ@ﬁé‘?g may
be carried out using 6nhe or more types of these bridging groups. By adjusting the distance and
angle of tpptivetivptdepepsl @napd & aflthenconppopadtickiitbqresé ntahiényties theudibramoerand the

angle of the twq imidazole rings, the flexibility of the molecule, etc. by means of the . number, the type,
g e ISTLH DYTHECE BTG GBS KL ERaTRNS B et BHBIGE RSP RED STl He coror
switchinggendtien rade dricRinidensitpas appidetataAcaarding tethdintenHedRrplicatiaR&ahthe

compound of the present invention. [0068] In general formula (3) above, a number a of structural

units corPFiing e 8 SR RASIEQRMEtHIC tRAC B HBUNGrRUIAS iftager Bf IMoavsi Biidgidgpoint of

organic lc.r i ic i f it1s pr. an jnteger of 1 to
AP R B T S S S G
molarity, @tbothismpiefef albly lar dgfeges i tbedngnboa pedftvainy an integeraobartamsd yet more

preferablﬁ/ §n integer of 2 to 4. Moreover, the linking group L is a monocyclic or polycyclic
aromatic 9 ﬁ’ﬁir:)und containing 1 to 12 aromatic rings having 5 to 8 carbon atoms per ring structure,

and from the viewn@im@agfﬂgng'q&yﬁ%%ﬂ&éoe&mm %P?r’JﬁiBi@%@@@l@rﬁémerﬁgjﬂm%@daﬁj{ﬁ- the
number of carbon atoms per ring structure is preferably 6 and the number of aromatic rings is
preferabBtues g edspmoreoprafersemskiled. in the art as long as it is a group that can link the

aryl group A and the aryl group B. It is preferably a bridging group other than an
aromatic skeleton, which has high resonance stabilization energy, and is more
preferably a bridging group that does not conjugate with a triarylimidazolyl radical
(TAIR). A bridging group that does not conjugate with a TAIR means a bridging
group that does not have a conjugate double bond in a bridging group moiety so that
two TAIRs and said bridging group cannot be conjugated to give a resonant
structure.

[0067]
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Provided that there is at least one carbon atom as a ring member, the aromatic ring may be a
heterocycle in which one or more carbon atoms are replaced by an oxygen atom, a nitrogen atom, a
sulfur atom, etc. or may be an aliphatic ring having 5 to 8 carbon atoms instead of the aromatic ring,

and an atom that is not bonded to the structural unit containing one bisimidazole skeleton may be
substituted with SiRESFimBretsrrasy SxpsmissreRihedifgmesaruRehttRe FRIIBREEE éaning as

that of the,URSMENYS IR 19003k 1,n gengial formplac @), (ghlcand (3g)ang the partl

structural formulae (vi) and (vii), carbon atoms to he bridging group X of t aryl groups A
and B ar€ hotldrdel fH{be bisiglidapole skateton-caiftdibippgtlitilral unignoaypmutually -

integer of b ) HS AP Dteblal TBHRs & ha A bl Lo ooty G ety
have subsfityaniiRE tor B, 2 SHESEPIOGIICH A Brua)irinderandeniy ansiiess e 1o 5.

Furthermore, carbon atoms on an aromatic ring of the linking group L to which the structural unit is not

bonded, gieUiRkiAg-§blapEHbeingratrorboyelib X ddlycgemtiBroratiOsdrnsdune- ngap Hawe one or

more substi in e lec e of C of t nt_invention,
for examp e,@gﬁégﬁﬁgﬁ%g %@?bgcrﬁﬁ:ofgs r'&aﬁrfé%r%g%%ﬁarﬁy%{é%%én er%lgj/%agﬁ i%tggrg(r{%f% t%k ?j
Moreovemtire padferratorrasilides atcindeta. @ biidgimguppup XSi@yhpse Qhes - rpovep,
substituents Rx depending on the molecular structure of the compound of the present invention. [0070]
Al of the®8l -ﬁ&%‘g@%@@)ahwmamﬁgﬁ%ﬁﬁ&é—n&%\mﬁ% B OAPYsP B 'S groups

A and B gpd b, brifging g{gk@%};gstg@@{@@Hq&gﬁg@@@gjconwining structural unit may be
mutually independently selected from identical or different substituents in the range defined above

(hydrogen atom Befiwgij'n@tm@dher@amcgtmdmagi@mfuthe(\_ﬁm @mulgmmeﬁor@ﬁglrébkyfs‘éﬂ_@ctgd
from 2 melilaraup pypkogen.atom SLMAYCroHR I party) Huuctu Py A v Subsfiuton

may be carrlé) using one or more types o} ese substituents. urthermore,

substituenhpayHerfrexibgkthesfwiib theleatlencatobytonahighdhensubstiibent ihdensetridetabove
other substituent, and the carbon atom to which said other substituent is bonded, an aliphatic ring, an
aromaticl ARGt PhthersrBriAginenaRidinl MaPhsHetfaush shetoshssiie REoRsissssttent

preferablychas e, S AUAdiah PR R RFshRnelal RUSHRAL accoifiROKTbe

structure of the triarylimidazole moiety containing the aryl group A and'the structure o
triarylimidaizoldevlcipplicehamiidglthe anyp growbd denpairsethinrtiendornpound of the present
embodirgﬁ&t)ggr]:jay be identical or different due to different substituents being bonded. By combining two
TAIRs having different structures and different absorption wavelengths, etc., according to the intended

application of theggarRerNd Giiig(8pabbientitinibde alwt BasriledDRiasisolteRIKS! one
photochromic properties such as tone and density of coloration. Furthermore, by adjusting the

distance RisHHAgROl gheliern it RVBAIS athédRIan &6 Arl@ droBr the MHBYWRRIBSAE rings,
the flexibiliy-af s MAIRE %%u‘l'éed%% PURRPAYSIEARE A it TAREY Do Al e B
hexaarylim%azolﬁl raﬁicaﬁJ HAIR) stré){:qfureslcontaiﬁ% In tff1e ceompogn oépthe pres r‘[%{éo%?ment,
and the awvetategitictutetofta mudtimsrenpotderdblyyaméatezef tifel torbdianbdaypeef substithents on
the linking, group L and tTPe five aryl groups A to E in the HAIR strlfjﬁggre%i}rsld the structu ?rOft e
aromatic Y AL OB by B SV B (EHES TP 1 Y e Silfiee Yo' AATRERM &’i‘réﬁ‘if’c%?éé tl8°such as
color swifgBiRgyRACHM] Al RitCQR AN, a ARRIORIALERERAIEINNG 4A thecisierdedanplication of
the compound of the présent embodiment.

Moreover, the linking group L is a monocyclic or polycyclic aromatic
compound containing 1 to 12 aromatic rings having 5 to 8 carbon atoms per ring
structure, and from the viewpoint of organic synthetic route design, steric hindrance
of the compound, etc. the number of carbon atoms per ring structure is preferably 6
and the number of aromatic rings is preferably 1 to 8, and more preferably 1 to 4.

Provided that there is at least one carbon atom as a ring member, the
aromatic ring may be a heterocycle in which one or more carbon atoms are replaced

by an oxygen atom, a nitrogen atom, a sulfur atom, etc. or may be an aliphatic ring

having 5 to 8 carbon atoms instead of the aromatic ring, and an atom that is not
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[0072] Specific preferred examples of the compounds represented by general formulae (3), (3b),
and (3c) above include a multimer compound such as a dimer to a nonamer of
pseudogem-bisDPI[2.2]paracyclophane, 1,3-bis(triphenylimidazole)- 1,1,3,3-tetramethyldisiloxane
(bisTPI-TMDS), etc. Furthermare, the compound of the present invention may be formed by

further pERTstssLing atbmrémy‘%fﬂﬁﬂlth c@f?ﬁ_‘ﬁ%‘tﬁ‘riﬂdg rOpre skt Bg2nle apkrisiRnitMedRseneral
formulae, and;exprRlasLheie el 'H?J)‘ﬂg%?alﬂglgﬂl?srtﬁﬁgiﬁ%{‘.d SHEh AR, 2 EARRNOR IRAmer

formed by polymerizing two or three dimers or trimers of pseudogem-bisDPI[2.2]paracyclophane.
[0073] sanBpecifiniogmpdobadsirépreseateddytiHecatooke-mentioned general formulae, etc., where
the effecr;i%qo% te present invention are anticipated are exemplified below, but the compounds of the
inventio ﬁ present application are not limited to these compounds. [Chem. 26] [Chem. 27] [0074]

Furthermore, thelm%@ﬁé@ﬁf Rfrﬁiﬁ'lﬂ@%)ﬂ(%)h dndh @36?3%&9%1@}951%@1 BE@&@P&rHIVﬁﬂHQ@La@@ViPe
formed as a chain-like or net-like polymer com&ound by introducing the compound of the present

inventiorp&sl é‘fﬂhcﬁﬁi@&lﬂmmimo@éﬁw?hé @ﬂmmm& Heativa-poly g atich a8k of two
or one p%y’%}%”%%Q'.%%%Féé&“‘%ﬂt%ﬁg'%‘i&?ﬁd&%%ﬁ'%e sﬁé‘éié%@&iﬁt@ﬁﬁ% Fs@%gtﬁ’{]é’l%ﬁ{le may
e chain of the polymer

polymerizable functional groups contained in a polymer main chain and/or si
compounduondyycaryignderabichlavelysadedziationtse R sohitid ¢ potbsdrifthenprasentinuention
having two or more polymerizable substituents selected from the substituents Rc to RF. [0075]
preferrem&% é%ﬂ@sswﬁ;{e?eams&%‘b%ﬁi%@n& o HiRsAYS SHREIRIRIC dAdstEMs

selected éfﬁﬁ_@tﬁl@ld{ﬁ%‘iﬁf W’ﬁ%ﬁiﬁiﬁp %%@eﬁ&éﬁmx%mu@uﬁﬂtiﬁ%ﬁ(%n@i% GOURx2 halpgen
group, an azido group, a vinyl group, an ethynyl group, a norbornene group, and an acrylate or

methacryabs@ipds suchjeare mutiuabatiadeyiars grdlypaa indegeicry/fate §roup, or a propoxy

methacrylate gropp; (eRIeReated i RAMELI IRl Ioimaiae (Yl BN tinking group L to

which the structural unit is not bonded, the linking group L being a monocyclic or
polycyclic aromatic compound, may have one or more substituents RL depending on
the molecular structure of the compound of the present invention, for example, a
substituent Rr, and subscripts r are mutually independently an integer of 0 to 4.

Moreover, the carbon atom, silicon atom, etc. of the bridging group X may
have one or more substituents Rx depending on the molecular structure of the
compound of the present invention.

[0070]

All of the substituents Ra, Rp, and Rx (including the difference in symbol
subscripts) of the aryl groups A and B and the bridging group X in the bisimidazole
skeleton-containing structural unit may be mutually independently selected from
identical or different substituents in the range defined above (hydrogen atom being
included for partial structural formula (vii)), and are more preferably selected from a
methyl group (hydrogen atom or methyl group for partial structural formula (vii)).
Substitution may be carried out using one or more types of these substituents.

[0071]

Furthermore, the substituent may form, together with the carbon atom to

which the substituent is bonded, the above other substituent, and the carbon atom to

which said other substituent is bonded, an aliphatic ring, an aromatic ring, or a
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[Chem. 28] ;a) 1) and more preferred examples include a substituent selected from a hydroxy group, a
butyl methacrylate group, etc. Substitution may be carried out using one or more types of these
substituents. [0076] As hereinbefore described, the polymer compound of the present invention is
a polymer compound having a repeating structural unit represented by partial structural formula (iv)

below [CReifr2oing (AN yasiBrpattisihsrukiieITBRTIE thEBWnChERiS SBRstRyent(BY.
Spec'f'CﬁB%férh% Ké‘?h‘i&%gﬁ%‘&‘é%ﬁﬂégr'ﬁgtﬂﬁ?&f K%?gﬁ%%?&&%?&ﬁgrﬁ{%t group consisting of

carbon, nitrogen, and oxygen atoms, an y be any p known to a person skilled in the art
as a linking group/tbetcoar, behpalymerimedotithe¢hirisupktiidmts R onoiRy. tastpieie@blyesamdne, an

methacrylate ester sych as methyl methacrylate,. or.an acrylate ester such.as methyl acrylate

ampl e PR AT Er R MR e e A e Hricazote
of the pregamiiRvEIHOMeAEHHSHAHRE G PRnghRetMembEdiniing HQ}#Q)@E@&WQQF Sngistbstituents
selected from the substituents Rc to RF of the bridged hexaarylimidazole derivative, y is an integer of

0 or greafiéle did differenhribstipenisitbainpgniepesdentifiarrmdjaing 1twiogreAlds Tviageating

unit may Beferent structures and different absorption wavelengths, etc., according to the
intended application of the compound of the present invention, it is also possible to
precisely control photochromic properties such as tone and density of coloration.

Furthermore, by adjusting the distance and angle of the two aryl groups A
and B, the distance and angle of the two imidazole rings, the flexibility of the
molecule, the absorption wavelength of the molecule, the distance between
hexaarylimidazolyl radical (HAIR) structures contained in the compound of the
present embodiment, and the overall structure of a multimer molecule by means of
the number and type of substituents on the linking group L and the five aryl groups
A to E in the HAIR structure and the structure of the aromatic ring, etc. formed by
the substituents, it is possible to adjust photochromic properties such as color
switching reaction rate or color density as appropriate according to the intended
application of the compound of the present embodiment.

[0072]

Specific preferred examples of the compounds represented by general
formulae (3), (3b), and (3c) above include a multimer compound such as a dimer to a
nonamer of pseudogem-bisDPI[2.2]paracyclophane, 1,3-bis(triphenylimidazole)-
1,1,3,3-tetramethyldisiloxane (bisTPI-TMDS), etc.

Furthermore, the compound of the present invention may be formed by
further polymerizing a plurality of multimer compounds represented by the above-
mentioned general formulae, and examples thereof include a multimer compound
such as a tetramer to a nonamer formed by polymerizing two or three dimers or
trimers of pseudogem-bisDPI[2.2]paracyclophane.

[0073]
Specific compounds represented by the above-mentioned general formulae,

etc., where the effects of the present invention are anticipated are exemplified below,
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formed by repeating a single partial structural formula (iv) or (v) or may be formed by repeating a
combination as in for example partial structural formula (ix). [Chem. 31] .;a3) ;,-(ix) CB) , [0077] It
is possible to introduce the compound of the present invention into a polymer compound as a
functional moiety by condensation-polymerization, etc. of two or one polymerizable substituents such
as a hydksiy G spematidsont Bsc BYBBHOBMRE FetIorent tRRRKRASIN hasaaslikmissido
denvatlv%gg (t%r?&gﬂgspolymenzable linking groups such as a carboxyl group contained in a
polymer main chain or side chain of the polymer compound. [0078] The photochromic material
containing aeonidund represented by general formula (2) above, preferably (2a), or (3), preferably
(3b) and (3c),,of the present invention is a material that contains the bridged hexaarylbisimidazole
compoungrofthe preseatinvention, the asymmetric bridged hexaarylbisimidazole compound, and/or
the multiret,€ompo ch as a dimer, a trimer, or a tetramer of these compounds and that
reversibly ch nges colorb % heatlng or irradiation with electromagnetic waves such as UV light or

I

Pl [ 2]Pa racyc

visible Ilghtd is pre?era y aterlal that changes color by irradiation with UV Ilght and/or visible
light. Here<ca Sehaf

contained ifi thé& 'composition as an-atidet! component and a case in which the compound of the
present mventlon' hemically bond to a molecular structure of a solvent, a resin, etc. by means of
a covalerit' botid; & o&rdfﬁaii?)a'acl’_’)cfﬁ&e S [0079] The compound of the present invention may be
mixed Wlth@ et s}

density Irb% 0

form, benzen'. X
more types. [O! Q]l, .or 0@ ﬁﬂﬂ}ﬂfbﬂﬂrﬁ'édﬂ&f the present invention may be mixed with a solid such as a
predeteﬁaﬁed reﬁyg or glass since it has rapid color switching characteristics and high color density
evenin e such as a glass or a resin such as a plastic material, or may be chemically
bonded to at@n main chalfw@t s a functional moiety. Preferred examples of the resin that is
mixed, etc. n‘tqlude“polymethy?f m@t crylate, polystyrene, polyimide, Teflon (registered trademark),
and polyoarbor‘tate aﬁ’ ﬁ‘l ?’them from the viewpoint of stability of a colored form, polymethyl
methacrylate *Teﬂon (reg@erﬁ _ rademark) and polycarbonate are more preferable.

sdogom=— b sDP1 [2. 2] paracyc!ophanetetramer

peeudogem—bisDP1 [2. 2]paracyclophane nonamer

[0074]

Furthermore, the monomer or multimer, which is the compound of the
present invention, may be formed as a chain-like or net-like polymer compound by
introducing the compound of the present invention as a functional moiety into a
polymer compound by condensation-polymerization, etc. of two or one
polymerizable substituents selected from the substituents Rc to Rr and two or one
polymerizable functional groups contained in a polymer main chain and/or side
chain of the polymer compound, or by carrying out radical polymerization, etc. of
the compound of the present invention having two or more polymerizable
substituents selected from the substituents Rc to Rr.

[0075]
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[0081] Examples of applications of the compound of the present invention and the photochromic
material, solvent, and resin containing the compound include light control materials for sunglasses
whose lens color changes in response to sunlight, sun visors, T-shirts, and accessories and, as well as
UV ray checkers, holographic materials, ink materials such as security inks, optical information display

devices, optical SWREHTIEnSEARPA I Phiteresistheainiale. ypbsaiuents He & Rpdondist ReSpresent
invention 3 g pRadiMENt ISaRRAICHIAMC fomagynd. g has B AmECUIAkhe naliieiuapid
decoloration properties, and enables the photochromic property of color visually disappearing at the
same tingraspyradiatooyaithtightsigpsithblegealigedup, anwitidegardup, thevdegbigratign speed of
the compound qf the present invention, for example, a solytion (concentration 2.1 x 10-4 mol/L) using
benzene A SHIGER s BREEFRH BYF EHaAHBS ABOmENASEY HASH DA RS R AT hE Roc,
which is gasgripedtates arddha.palh ta 9l the-griereddapnds Ar Iwg&t?ri&mﬁd 88fckda 00 ms,
more prefegzlgly 1lto 136 msgand@;et mot?gl preﬁab%iil t(?zfo ms?[o 83 Furt erm(?rlre, tﬁe
compour§piegea e snpmviahasivesHbitorghlasiorbbRelgMcompared with a conventional

photochr igﬁogﬁound. In particular, a multimer compound such as a dimer, trimer, or tetramer in
which a ;ﬁ%a ity of bisimidazole skeleton-containing structural units are polymerized has very high
color dengity perlunit molarigy!l  Wish reglrd to the color density of the compound of the present
invention, for example, a soldtion (concen ation"2.1 x 10-4 mol/ L) using benzene as a solvent is
measured bi a nanosecond laser flash photolysis measurement method, which is described later, and

the opticANdeMSIty XL §HrFIRERLRSI IRt ey RIS PR LEe b bes P gra s reter i the
range of B d1tenL PaIIGRreierANeR 1 bR RN AP PGSR K} 2ok bH8A ¥ nore The
method for producing the compound of the present invention is not particularly limited, and synthesis
may be daprsdodthessirgbskitoamtsnethod as appropriate. For example, as a synthetic route for
the abO\;&@?gj;dogembisDPl[Z.21paracyc|ophane, a synthetic route in which [2.2]paracyclophane
4,13 dic hyde, etc., which is a dialdehyde, is prepared and reacted with any 1,2-
diketone-containing hensihbefivativescediels wensslgiad(@nhsiaizd Mf ehalptelem. iBeendidf7, 120,

1825.; Hopf, H. et al. Eur. J. Org. Chem., 2002, 2298. Hopf, H. et al. Eur. J., 2005, 11, 6944., etc.).
[0085] is a polymer compound having a repeating structural unit represented by partial

structural formula (iv) below

[Chem. 29]
—LiAYz— (B) g ], — (iv)
and/or partial structural formula (v) below.
[Chem. 30]
- (A), — (v)
|
(B),

Specifically, A is any linking group containing one or more atoms selected from the
group consisting of carbon, nitrogen, and oxygen atoms, and may be any linking
group known to a person skilled in the art as a linking group that can be
polymerized with the substituents Rc to Rg. It is preferably styrene, an methacrylate
ester such as methyl methacrylate, or an acrylate ester such as methyl acrylate.
Examples include a repeating structural unit in which B is a derivative of the bridged
hexaarylimidazole of the present invention, A-B denotes a bond between the linking
group and two or one substituents selected from the substituents Rc to Rr of the
bridged hexaarylimidazole derivative, y is an integer of 0 or greater, and 6, ¢, (, and 1)

are mutually independently an integer of 1 or greater. The repeating unit may be
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[Chem. 32] [0086] Conventionally, the compound of the present invention is synthesized using
the method above or a modified method thereof, and since such a synthetic method employs a target
dicarbaldehyde compound such as for example [2.2]paracyclophane 4,13 dicarbaldehyde as an
intermediate, it is only possible to synthesize a symmetrical compound in which the structures of

triarylimifeORS BB rensHiNE srdgissPariisd srane kel darauby the e8ripodhaeytke freasst
applicati, whielis e BnabpradishyWRils cRmMna B AR ARG T vesfiaaliqRyfhe present
inventors have succeeded in synthesizing a novel compound represented by general formula (1)
above, affdieane3dlso succeeded in synthesizing an asymmetric compound of the present application
by use of_tquppv_e {:Qmp9gud(m)symhe§]§lof the compound of the present application. The present
invention therefore includes a compound represented by general formula (1) above. In general
formula (1) above, the bridging droup X, substituents RA to RD, and subscripts m to p respectively
have the same meanings as thBe of the bridging group X, the substituents RA to RD, and the
subscripr:[smn tj) r defined for general formula (2), etc. above. [0087] The compound of the present
inventio ZZ be produced, other than by the above-mentioned known method, by using as a key
compound an imi@l%of?o%@%%{i%féﬂﬂf&g Rf@%(ﬁﬁ@%@ﬂﬁ&%ﬁ@h&"'ﬁ?&&@ meeasaldenyds a
represented by general formula (1) above, and reacting the compound with any 1,2-diketonecontaining
benzil depioitiverreprapentad By gefvarctitmahurzoialyabyveond ersadianfoahunetiyadinveetheof
substitue,cntsO F\(’)I; (e)md ROE1 arrﬁ%rsllzja erigltlsbgt%lr}g r{tgf S%ilq any JPZ-dd(i)keton%congzé\iQinﬁ cf:)%rnzrirl1 dLﬁrivative
respectivé’l]y have thetsame meanings as those of the substitbents RAAS RE And- f e su%scrlp?s mtor
defined foilganera foMaula (R), efcttabbyrl {0088 xaarylinsictorslanderwithithisamethod, compared with
a conventional synthetic method, etc. in which [2.2]paracyclophane-4,13-dicarbaldehyde, etc., which is
a dialdeHyI¥ e HraRAFdN e S5EHRPWHATAAY A LRS- MRS MshZ ARRMEING. tdiBegree of

freedom gf melscuias §H5|ﬁ{tgptﬁg%g §W§gf a photochromic compound can be increased

greatly, and it becomes possible to synthesize photochromic compounds having various structures
such as #r8bed hexaarylbisimidazole compound, a bridged hexaarylbisimidazole compound having
an asymmetric s cturﬁ En multimer ?lom oungs.of these comgour&ds formed b§ olymerizing a
plurality of bisimi azdte g iRl Conti 'rrllg SIS lrrelﬁnﬁﬁsf:féﬁ@ ]1 relptfﬁ?%}?ﬁ r ,ytl%rrlﬁé od for
producinghanmiHinIsr £eevRep wiefetdbeypresgréin@gnefisratpyodintiaRdn B dbin tvbiga@rimnidazole
skeleton-containing precursor compound, which is a monoaldehyde represented by general formula

(1) abovéNKERdiRad asnakesaddhdotriiaiite s/ idendibavane RsHEd PR RAHEPRENE6T a
plurality gfd, 1@5&%?%&8&@ Ingstryctral upis ﬁﬁ%‘%}(‘ﬂ“ﬁ%&@ﬁﬂ%ﬁ%f&é@&'@ QuGdIn

general formula (5) above, the bonding number p, the linking group’ M, the substituent RE, and the
subscriptig@f 42tk etohéoontaiomgetmidtsrallunitsarekpeativelirivave, the saeteammeanihghesethose of

the bonding Ui o, 1 K19 GIQHA Y, 5 SHOSIUEIL R 10 e subscrt  define of genera

electromagnetic waves such as UV light or visible light, and is preferably a material
that changes color by irradiation with UV light and/or visible light. Here,
'containing' means both a case in which the compound of the present invention is
contained in the composition as an added component and a case in which the
compound of the present invention is chemically bonded to a molecular structure of
a solvent, a resin, etc. by means of a covalent bond, a coordination bond, etc.
[0079]

The compound of the present invention may be mixed with a predetermined
solvent since it has rapid color switching characteristics and high color density in a
solvent. Preferred examples of the solvent that is mixed include benzene, toluene,

chloroform, and methylene chloride, and among them, from the viewpoint of
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This enables the degree of freedom of molecular structure design and synthesis of a photochromic
compound to be increased greatly compared with a conventional synthetic method, etc. in which
[2.2]paracyclophane 4,13 dicarbaldehyde, etc., which is a dialdehyde, is prepared and then reacted
with any 1,2-diketone-containing benzil derivative, and it is possible to synthesize photochromic

compouridREEbIng v dheucodersctufesay dieagenenanith P REMB olitd B BEYGERe poliigFformed
by polyrrgqﬂg:g}gcsaiﬂ @gyﬁgé(?iggrgi%g(%gg@wégqg@g ggructural units. [Examples] [0091]

The present invention is more specifically explained below by reference to Examples and Comparative
ExampleR)1&0q the present invention is not limited to these Examples and may be modified in a variety

of ways as long as the modifications do not depart from the technical spirit. and sc of the present
vention. [0002) [ES SARIECLNE, MBS BSF BUL bR 15 S1BS A A AR such a8 3
[2.2]Parasyciephanmmddl 3etp whinhasy kikkeimidagokyit(kersinaiierciaing caledcteristics and

'‘pseudogem-bisDPIH[2.21paracyclophane), which is a precursor of

pseudogbiﬁbi@bl[églsé’éfmarﬁ?ﬂlﬂhﬁﬁ%eﬁ%ﬂ@)t@%ﬁr@hﬁ? (anﬂpbtﬁhﬂ éﬂﬂheaﬁrésléhﬁﬁﬁ/eption,
Con e g U GRS AR BRSO Sapspmie s anciral
[0093] [Gheirtd3] Preferred examples of the resin that is mixed, etc. include polymethyl
methacrylate, polystyrene, polyimide, Teflon (registered trademark), and
polycarbonate, and among them, from the viewpoint of stability of a colored form,
polymethyl methacrylate, Teflon (registered trademark), and polycarbonate are more
preferable.
[0081]

Examples of applications of the compound of the present invention and the
photochromic material, solvent, and resin containing the compound include light
control materials for sunglasses whose lens color changes in response to sunlight,
sun visors, T-shirts, and accessories and, as well as UV ray checkers, holographic
materials, ink materials such as security inks, optical information display devices,
optical switch elements, and photoresist materials.

[0082]

The compound of the present invention in one embodiment is a
photochromic compound that has in particular the merit of rapid decoloration
properties, and enables the photochromic property of color visually disappearing at
the same time as irradiation with light stops to be realized.

With regard to the decoloration speed of the compound of the present
invention, for example, a solution (concentration 2.1 x 104 mol/L) using benzene as a
solvent is measured by a nanosecond laser flash photolysis measurement method,
which is described later, and the half life of the colored form is preferably in the
range of 1 to 200 ms, more preferably 1 to 100 ms, and yet more preferably 1 to 40 ms.
[0083]

Furthermore, the compound of the present invention exhibits high color

density compared with a conventional photochromic compound. In particular, a

36



[0094] To a 25 mL recovery flask were added 56.1 mg (0.212 mmol) of [2.2]paracyclophane 4,13
dicarbaldehyde, 90 mg (0.428 mmol) of benzil, 412 mg (5.35 mmol) of ammonium acetate, and 2 mL
of acetic acid, and heating at 90C while stirring was carried out for 2 days. After the heating and

stirring was completed, the interior of the system was cooled to 0C, and aqueous ammonia was added
until the PHBERSIEAUBBALEINHER é’éu@(ﬂi‘é‘“ﬁﬁarﬁﬁmﬁﬁmé& datemer vimity pidripitteaiy iemed

together ik Rz S okercTiRWhls RIRERIAIR 04 ARiAned v isted and washedwifior

exchanged water. After drying, recrystallization was carried out u thanol, and 82.9°mg (0.129
mmol) ofcpd$eudegeitybisd RiHf{21Rlpaitacyclophane was obtained as white acicular crystals at a yield of

60.8%. The results.of NMR measurement are shown helow. [0095] IF1 R (500 MHz, DMSO-d6): 6
Sriaiine s i it LRy o etk B O e A el
6H) [00983r exarsphSeatnboAq®ACS ARIa0ER-fushedTecPvendlask wae addeshitAmg

(0.0682 mmol) of pseudogem-bisDPIH[2.2]paracyclophane, which was dissolved in 40 mL of benzene.

An aquedUEASBIebINYfAL DBROEE B ehrinskof pskagdiate i oxigestrerzead methodmmibiylafis
pOtaSS.'“.'E'efs%rﬁ*ﬁé’a'iﬁ%',”aﬁﬁ e 8%8&%%%%%?5(%@ : i@ﬂ%ﬁ%’&glgrﬂr%ﬁﬁsgﬁ?{%%‘%}’%?ﬁ%%f“'““tes’

and stirring was carried out at room temperat ours. After stirri as’completed, extraction
was carri@float gsingdoepzefeeablgsinrthovamgaraed.outtusiny) ionexphefegablyvarertcand thedolution
was dried using sodiutm sulfate. Recrystallization was carried out using ethanol, and 40.0 mg of
pseudog&fi BSESHS: NAbBHdhe was obtained as white acicular crystals. The results of NMR
measurefpggiiare shown below. [0097] IF1 NMR (500 MHz, CD3CN): 6 = 7.57-7.49 (m, 2H), 7.45-7.36
(m, 3H), 7.32-7.17 (m, 9H), 7.14-7.02 (m, 7H), 6.80 (s, 1H), 6.71 (d, 2H), 6.56-6.48 (m, 2H), 4.49-4.37
(m, 1H), 3.35-2.9llhennrith)¢dod8] prodarirgatennstorppandyefstbetipgesent invention is not

pseudogem-bis P&Z. racyclophane thus synthesized was cafried out using CCD-equigped single
s Vi B R e S Ry e WG
structureaglpeiiatageby the analysis is shown in FIG. 1. [0099]
Nanosecondlaserflashphotolysismeasurementofpseudogem- bisDPlLZ.21paracyc|ophane
For ‘example, as a synthetic route for the above pseudogem-
bisDPI[2.2]paracyclophane, a synthetic route in which [2.2]paracyclophane-4,13-
dicarbaldehyde, etc., which is a dialdehyde, is prepared and reacted with any 1,2-
diketone-containing benzil derivative, can be considered (ref. Psiorz, M. et al. Chem.
Ber., 1987, 120, 1825.; Hopf, H. et al. Eur. J. Org. Chem., 2002, 2298. Hopf, H. et al. Eur.
J., 2005, 11, 6944., etc.).
[0085]

[Chem. 32]
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Laserflashphotolysismeasurementofthepseudogem- bisDP1[2.21paracyclophane thus synthesized and
1,8-NDPI-TPI-naphthalene, which was prepared as Comparative Example 1 by introducing two TAIRs
at the 1- and 8- positions of naphthalene, was carried out using a time-resolved spectrometer (model
TSP-1000, UNISOKU Co., Ltd.). Nanosecond laser flash phatolysis measurement of a
pseudogeniBisDEI[2.2] /

clophane KEhz éne solytion Eentration 2.1 x 10-4 mol/L) was carried
out using grtz spect c':Co%eanen‘zl } an optical p ngth of 10 mm under an atmosphere of
argon at 25C. [0100] FIG.“2°Shows the results of mesurement of visible/near-IR absorption

spectra in which measpdn

LiAlH,

TZE e Solutigm-of

immediatel-afters-b FRCTE a: udogeriBisbP .fioparacyclophane was irradiated with a
nanosecoReMIvEtasen iaving Bwaveterpth GF355 tmm(pulSe/width: 5 ns, output: 8 mJ). It was
confirmed from the results of FIG. 2 that, with regard to thepsesidegem-bisDPI[2.2]paracyclophane of

Example 1, a strong absorptign band at around 400 and a weak brobsorption band in a wide
range from 500 nm to 800 rﬂﬁﬂﬁﬂﬁ?&ﬁp%re%radiaﬁon with JUNATGh. [0101]
Furthermaore, 1 SRows tReYE&TIs B jffe 4strer oﬁeﬁotl ‘ ethe absorption band at

: = sdizdne solution o
pseudogem-bisDPI[2.2]pargsyclophane was irrad'f with a nanosecond ¥V laser having a
wavelength of 355 nm, (pulse.wjdth: 5 ns, output, 8.m4), It was confirmed.from the results of FIG. 3
that, with regard to tH&'Y&&lidogembisDP1[2.2Tp&aracyclophane of EX4ffiple 1, the absorption band that
had appf‘@ﬁ%on irradiation with the nanosecond UV laser decayed quickly after stopping irradiation
with the econd UV laser with a half life of 33 ms at 25C. [0102] Moreover, in order to
examine phOtOC@mﬁﬁﬁﬁé{M,i% QB@@%@M@%’f 'ﬁ%bﬂ@s’%}lpﬂ%@Hﬁ@r{E‘@@?Hiﬁ%@iﬁ&i@ing

dichloromethane solution of pseudogembisDP1[2.21paracyclophane (concentration 2.1 x 10-a mol/L)
was carriée¢ euethatiebareananmedified methadhbarsahearnd sinseraval wreirihesicovisiiegdear-1R
absorptioen S %ctsra in Whit%l’ll rQFasgﬁem Qf c‘l’gﬁ/ 8grriecd qut c% 6 s isntgflvalsasby a]itime-re%%%/
spectromtg1 r nﬁmed?ately er a dichloromethane soltion oppseud”(l)gemblsDP (fﬁ.learacg/glophane
was irradaEpaviibyalophasecond-di¢daseidedayidg asvaneinnginedidss nmi¢pulsy Wwidtkidasooutput:
8 mJ). It was confirmed from the results of FIG. 4 that in the solution in dichloromethane, which is a

polar solSERENEF AR 8aPE S Es oF RRREHYE HE SBilifhh thiso st us airen PABEBEDIERISRAQISE around
400 nm apd@:waak B ﬁ%ﬁh&@gpsmnanﬁ in8 wWige Jange o003 10,800 Simiads %@fé@{ﬁib'y

appeared on irradiation w light. [0103] Furthermore, FIG. 5 shows the result

measureapgnicatidecayhivkiisithe GielepabdogitioN vide deat viog omt tha i aispeare dratadtigstion, time as
the dichl%omethan?.solutiton olflgseudogera- 'sDP%f%Lparac clophane was irra%iated Withtad
nanosecond iUV AN Naling a Wavelehgth o?js‘%‘ss M (piEe width? Bns Y BiRSUE S thb) SitWas
confirmegyirogeribeatesolimal £1¢)S abakdn thedohiian W shichioreehane Whiahissa-patarasolvent,
the absorption band that had appeared on irradiation with the nanosecond UV laser decayed quickly

after stopSiFig ieldiatrorumRn Rk ofaissBEsTRN LAPRLER Hoth RY Hateliné Hre shaxarosmomaan

synthesis of the compound of the present application. The present invention

iedhout at 20 ms ials by a time-resolved spectrometer

therefore includes a compound represented by general formula (1) above.

In general formula (1) above, the bridging group X, substituents Ra to Rp,
and subscripts m to p respectively have the same meanings as those of the bridging
group X, the substituents Ra to Rp, and the subscripts m to r defined for general

formula (2), etc. above.

[0087]
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On the other hand, with regard to a benzene solution of the 1,8-NDPI-TPInaphthalene of Comparative
Example 1 (concentration 9.2 x 10-5 mol/ L), the half life at 25C was about 179 ms, and it was thus
found that the compound of the present invention of Example 1 had a very high decoloration speed
that was about 5 times that of the compound of Comparative Example 1. That is, this shows that

pseudogembisDP 2 PIBRAIEYEISHHBAE BIHR HrseitanvVEAtioPri B PMSREREMICESmMBBURE having
rapid colgp, switchingichRRGSIIRIRS flasedie pyo JaiRRs generaisd algIssHAlesPY Ai¥Adgiag group,

thus preventing diffusion in a medium, and the two TAIRs and the’bridgirig group do not form a

resonantsgirlatunetratisimgrerstabie thammecessanyHhos] {Exampiédzhyde represented by
Nanosecondlasgerflashphotglysismeasurementofpseudogem- bisDP1[2.21paracyc ne-containing
oAMA. BRI S0k oAt 0 R p B af S BLNAY T rh oh BEIG Bty
methacrylaiaRMMALHHIrich raelesulapweishib 359, 080N R0 forikuaf llpEfaUR SolveRtans
dissolving therein 4.0 mg of the synthesized pseudogembisDP1[2.21paracyclophane. A 200 gm thick

PMMA tHRr i e dhiabimies pesobeitbatPRpanh Bmapd sphsae nas prepdred 18yhasstng method
ing th Iuti . i f the P in_fi
caried oL S R e S e

output: 4ohthe Fheseauing RgasiRemedtthe 3wisibigirear-iR ratshirpidbfospeeiewh formediat2)y after
irradiation with the nanosecond UV laser is shown in FIG. 6. [0106] It was confirmed from the
result of Bits ABIW&t, with regard to pseudogembisDP1[2.21paracyclophane of the present invention, a
strong ahggsgtion band at around 400 nm and a weak broad absorption band in a wide range from 500
nm to 800 nm also reversibly appeared in a solid-phase PMMA resin in the same way as for the
benzene solutionrFaetwdaore, ivithstbimfinedw losrthiganed owstorid (asereidismphsiolybigic

measureme&;[ C}gaté)[/\clitfll Irle%\a%l 0 ?é%ﬁ%) emt iqsgyl%%l[%z_zg}g_%%c%glacia%ﬁ& of t6h[g pr‘(/\el?ﬁ&tlinvention, the

absorptic%ﬁeban "thus’formed also yed dquic he&'so 8 ase resin with a half fife of

about 13dnrddilRale, [A0pkeparedubsadiuesibted durahiliphigst jn-ditetoiie sameamagiobeaiine
PMMA thin film was irradiated with a nanosecond UV laser having a wavelength of 355 nm (pulse
width: 5 ASTBIRPuE 4hR 598 o etifiesdanhebivarlerulasBhe e dasiy v aypHesie! 2 shows

the resu'ﬁhvﬁéfté'&ﬁ?éﬁ{ﬁm&% deravarebima bile @bsAIRHon RAd gt SO RBMEasY IR hefore

irradiation with the nanosecond UV laser and after every 1,000 times of irradiation with the
nanosqcemthmim@hﬁimmmgmmmwa\@hg\elae'sults _sﬂrm_éa_seﬂanelmtatsf ddmaylgﬂ@r time
before inadatian it & nencsecond U\ e (1 e ofasriradiae agd steriradiatgn win s
an asymmetric structure, and multimer compounds of these compounds formed by
polymerizing a plurality of bisimidazole skeleton-containing structural units.
[0089]

Furthermore, the method for producing a multimer compound of the present
invention is a production method in which an imidazole skeleton-containing
precursor compound, which is a monoaldehyde represented by general formula (1)
above, is reacted as a key compound with any benzil derivative formed by
polymerization of a plurality of 1,2-diketone-containing structural units represented
by general formula (5) above. In general formula (5) above, the bonding number {3,
the linking group M, the substituent Rg, and the subscript q of 1,2-diketone-
containing structural units respectively have the same meanings as those of the
bonding number a, the linking group L, the substituent Rg, and the subscript q

defined for general formula (3), etc. above.

[0090]
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[0108] It was found from the results of FIG. 7 and FIG. 8 that the way in which the absorption
band decayed over time did not change even upon irradiating 10,000 times with the nanosecond UV
laser, and the measurement sample was not degraded. That is, it is shown that
pseudogem-bisDPI[2.2]paracyclophane of the present invention is a photochromic compound having

very high repetitidRidufasihtgssifee weges PAIReedarratdd BRlqastnairdisiae Batigngddup, thus
preventi@%ﬁéﬁg§f9%@££ﬁ%@%é%@%& plg 34 BYNRERSLh greatly compared with a

1,3-bis(triphenylimidazole)-1,1,3,3-tetramethyldisiloxane
1,3-BisTedHvEidtByBaietraymthytiisiloretbdiereietafter imlsovehildd  [2.2]paracyclophane-4,13-
'bisTPIHTMDS' ichisaprecursarofl,3-bis(triphenylimidazole)-1,1,3,3- tetramethyldisiloxane
(reremaftr TR AR ot PINBEH A RO Bh BT bGRpiD GPhe B SCbh Vention,
was syntiesizrdibnéh@ Ayatheiic rouie heluising - (4abemaphgnyplkididiorglans aghassiarting
material. [0110] [Chem. 34] In a 100 mL capacity recovery flask, 2.00 g (8.72 mmol) of
2-(4-brorRbpkRAYDMic T ARV HE YREEUR STYRLUSESTFHCARG stifredtineramepaandinutes.

6.50 mL iQN.of n- ' ' d the same
tem perat%r%},%%ﬁ%%r?r{)é% ﬁgg%glrﬁgg%ﬁ %8%'28%&‘%%@%%0\% sg%ﬂ%er? fb\ .BPIWB%U %e%%%gntt% th,_in a 100
mL capaciytedodvg stflaskrdl ph340.035 mmol) of dichlorodimethylsilane was diluted with 10 mL of
THF, the reaction solution A was added dropwise thereto using a transfer tube, and stirring was
carried out at room temperature for 12 hours. After unreacted dichlorodimethylsilane and THF were
removed|py digfj{ligp the reaction solution under reduced pressure, soluble components were
separated using 40 mL of diethyl ether. 2 mL of ion exchanged water was added to this solution,
stirring W&9%HIried out for 2 hours, a further 4 mL of ion exchanged water was added, and stirring was

carried out for 3 é”?%%%er'i‘cﬂleﬁx?ettﬁﬁﬁr‘%’ ihe ety SRRy LA SRR RSy fegucedpigssure,
thus giving a colorless transparent oll.
Examples and Comparative Examples, but the present invention is not limited to
these Examples and may be modified in a variety of ways as long as the
modifications do not depart from the technical spirit and scope of the present
invention.
[0092]
[Example 1]

Synthesis of pseudogem-bisDPI[2.2]paracyclophane

[2.2]Paracyclophane-4,13-(4,5-diphenyl-1H-imidazol-yl)  (hereinafter, also
called 'pseudogem-bisDPIH[2.2]paracyclophane'), which is a precursor of pseudogem-
bisDPI[2.2]paracyclophane, which is a photochromic compound of the present
invention, can be produced by heating and stirring [2.2]paracyclophane-4,13-
dicarbaldehyde and any benzil derivative in acetic acid in the presence of
ammonium acetate. The reaction formula is shown below.

[0093]
[Chem. 33]
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[0112] Moreover, in a 50 mL capacity recovery flask, the above colorless transparent oil, 2.02 g
(9.60 mmol) of benzil, and 3.67 g (0.0476 mmol) of ammonium acetate were dissolved in 4 mL of
acetic acid, and stirring was carried out at 90C for 4 hours. After stirring, the acetic acid was
neutralized with diluted aqueous ammonia solution, and a powder thus precipitated was filtered and
washed Wit¥4dn exchanged water, thus giving a yellow powder. This yellow powder was purified by

column chromat%aghyﬁnqﬁreggg@#?at@&@e\t/p_glcé, anglRISTRYFTMBS %Qbﬁi&%q)a%p white

powder; the amount collected was 120 nig and the yield was 3.8%. The résults of NMR measurement
are showa.BgpavadoddphaheNVIR-BGOO halis NS Otde)g §0-10836i(s]) 1dHHez80212.65Q (MH3R0H),
8.079 (d, 4H),.8.093 (d, 4H), 12.717 (s, 2H), Mass (m/ e): 723(M+) [0114] . Sub ently, to a 100
L nirodB e RbARATA ARG s 2ied TN (BL56 A BF L R iPE NG ki s
dissolved AR @fcla@ﬂéar@ﬂ%rMWSAPMﬁﬁbq{ehﬁﬁga@epﬂﬁiﬁ@%%mmwmmdroxide

and 1.00 g (3.03 mmol) of potassium ferricyanide in 30 mL of ion exchanged water was added

drppwiseim@‘ri@tbva'é}ewmim;WQsmkt#rtﬁd)S@sa&@mm$@mrﬁ@n?é at%éddgiﬂp@?ﬁtm. After
stirring w %@Qﬁﬁéegb(ﬁé%‘?“Wh‘@ﬁzar%r%{&?&s0 %%&%ab%egﬁd@’&sg'%‘ﬁg}%@ég@%@&%&%’;g lon

exchanged water, and distillation un educed pressure was carried out, t givi mg o
bisTPI-TMDSeabtagelecyeltith pdvidesmoilel 78%. jdHitdphefsitaestbnisafiphotednvarmifilpeeperties of
1,3-bis(triphenylimidazole)-1,1,3,3- tetramethyldisiloxane . . A benzene solution (concentration 3.5
x 10-4 mam)%?rSTh AP P 5@@%&%&&@&%&%&%% RRSRERR AR m&axraﬁﬁc

propertieg at a Wanglengtuii0 nmyie 83030 under an aiMesphergQbRrgoBat 255 dogem-
Photochromism was shown in that the color of the solution instantly changed from being colorless to

forming idabish[Ridleacatycinphradiates whtaingdigh mavite acivalasienytiads 380mmickhdf new

absorpti d-was observ 500 nm to 800 nm., The result of measurement of a visible
bsorpton SEc i Gl N TG L B AR Beteh?

[0095]

H NMR (500 MHz, DMSO-d¢): 6 = 11.65 (s, 2H), 7.30-7.00 (m, 22H), 6.71 (d, 2H),
6.64-6.59 (dd, 2H), 4.59-4.50 (m, 2H), 3.16-3.01 (m, 6H)

[0096]

Subsequently, to a 100 mL nitrogen-flushed recovery flask was added 44.0
mg (0.0682 mmol) of pseudogem-bisDPIH[2.2]paracyclophane, which was dissolved in
40 mL of benzene. An aqueous solution of 1.26g (22.5 mmol) of potassium hydroxide
and 2.80 g (11.1 mmol) of potassium ferricyanide in 30 mL of ion exchanged water
was added dropwise thereto over 10 minutes, and stirring was carried out at room
temperature for 2 hours. After stirring was completed, extraction was carried out
using benzene, washing was carried out using ion exchanged water, and the solution
was dried using sodium sulfate. Recrystallization was carried out using ethanol, and
40.0 mg of pseudogem-bisDPI[2.2]paracyclophane was obtained as white acicular
crystals. The results of NMR measurement are shown below.

[0097]

H NMR (500 MHz, CD3CN): & = 7.57-7.49 (m, 2H), 7.45-7.36 (m, 3H), 7.32-7.17 (m,
9H), 7.14-7.02 (m, 7H), 6.80 (s, 1H), 6.71 (d, 2H), 6.56-6.48 (m, 2H), 4.49-4.37 (m, 1H),
3.35-2.91 (m, 7H)

[0098]
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Synthesis of [2.21paracyclophane 4 diphenylimidazole-13-carbaldehyde The precursor
compound [2.2]paracyclophane 4 diphenylimidazole-13- carbaldehyde, which is a key compound in
the production method of the present invention, was synthesized via the synthetic route below. [Chem.

35] [0117] To a 30 mL flask were added [2.2]paracyclophane 4,13 dicarbaldehyde (0.50 g, 1.9
mmol), benzil (o.ﬁ?@Ygs,tql.gwﬁw,a&ﬁméyﬁwsébﬁaf@@(@éggﬁ’z@m&[)%-%}nwﬁofslap theidl, and
they Wersg}\eeﬁg%s?z@a%%@uzssﬁif@a 50'{1?“(!’1%1#%‘%5@%22@99% e%P%'ir{GQIEOQ_ {BMBeral e eHalization
with agueous ammonia and filtration under reduced presSure were carried out. The filtrate was washed
with watemahgbtriegiygndaun{SbhARIE AREX diigirulere rfeXsolel by Siheargelenllanstructure
chromatogra Ivent: dichjoromethane). This mixture was dissolved in dichloromethane and
stirred wﬁiufﬁ%:féaﬁg&ﬁa?ié Péﬂﬁw‘as%%ﬁﬁqtﬁ(g? ess precipitate (hydrochloride salt of target
compourjdhodhis was filtered off by Celite filtration, washed well with dichloromethane, then
suspended again in dichloromethane, and deprotonated by adding aqueous ammonia. This was
| { i 2 RS NG 0 6 ¥AS

extracted R HEPIs oM etAs

is the targe ) plse
shown b "'- : 'j”’*'a‘ DMSO-d6) 6: 12.14 (s, 1H), 9.55 (s, 1H), 7.58 (d, J = 7.5 Hz,

2H), 7.51 (d, J = ZaBdniz, 2Hlash47 (dshekelyshs Hz, 2hastiAéhitnt = 7.0MHz, 1iHy, 7.3bfeidiakeni?.0 Hz,
.71 (d, J =.8.0 Hz,

2H), 7.16 (t, J = 7.0 Hz, 1H), 7.10 (s, 1H), 6.96 (s, .1H), 6.84 (d, J = 7.5 Hz, 1H),
1H), 6.£D®PE%%H%%%B?E%§E%§WYM%@%3M(;h?i}lRPé:i%’Jzz@f 1gepergy égh
[Examplgya} py&aesipalid-siparaave aphansré-PisyRafmatioxyriemirydazaie 13ind 8-

positions of naphthalene, was carried out using a time-resolved spectrometer (model

TSP-1000, UNISOKU Co., Ltd.). Nanosecond laser flash photolysis measurement of a

s isolated (0.5 g, 67%). The results of NMR measurement are

pseudogem-bisDPI[2.2]paracyclophane benzene solution (concentration 2.1 x 104
mol/L) was carried out using a quartz spectroscopic cell having an optical path
length of 10 mm under an atmosphere of argon at 25°C.

[0100]

FIG. 2 shows the results of measurement of visible/near-IR absorption
spectra in which measurement was carried out at 20 ms intervals by a time-resolved
spectrometer  immediately after a benzene solution of pseudogem-
bisDPI[2.2]paracyclophane was irradiated with a nanosecond UV laser having a
wavelength of 355 nm (pulse width: 5 ns, output: 8 mJ). It was confirmed from the
results of FIG. 2 that, with regard to the pseudogem-bisDPI[2.2]paracyclophane of
Example 1, a strong absorption band at around 400 nm and a weak broad absorption
band in a wide range from 500 nm to 800 nm reversibly appeared on irradiation with
UV light.

[0101]

Furthermore, FIG. 3 shows the results of measurement of decay over time of
the absorption band at 400 nm that appeared at the same time as the benzene
solution of pseudogem-bisDPI[2.2]paracyclophane was irradiated with a nanosecond
UV laser having a wavelength of 355 nm (pulse width: 5 ns, output: 8 mJ). It was
confirmed from the results of FIG. 3 that, with regard to the pseudogem-

bisDPI[2.2]paracyclophane of Example 1, the absorption band that had appeared on
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diphenylimidazo le (pseu dogem-BMPIH-DPIH 12.21paracyclophane)
pseudogem-BMPIH-DPIH[2.2]paracyclophane was synthesized in accordance with the synthetic route
below using [2.2]paracyclophane 4 diphenylimidazole-13- carbaldehyde obtained in the synthesis of
Example 4 above. The synthetic route is shown below. [Chem. 36] [0120] ~ To a 30 mL flask
were addBd@{batipaueve Hyh BABseRpRENY nlassioteqay cch st éetos iorg g RdioR-anisil

(0.108 9,040 MMl RARUCFURY AR 0-38 ¢ 1) TY8)nane S5k of acetic acid, 18 hours

thereafter 0.4 g of ammonium acetate and 24 hours thereafter 0.1 g of p-anisil were added, and stirring
was carri@d@]t for 36 hours. After allowing to cool to room temperature, while cooling with ice
neutralization wi agueous ammagia and extraction with dichloromethane were c ried\(?aut. The

organic layer wallREERE with QEtaFatQa BARE Nh PUQLT MBI ERAAEET ThI& MAEF e RIYS Burified by

silica gellggdnimehr Brapntselyrihidiexane! Hithformangie Pl @@bersi hlidhes-giving
pseudogemBMPIH-DPIH[2.21paracyclophane (0.011 g, 45%). The results of NMR measurement are

shown b&isWHi02 2] pasaraiRpbeoavidenomsaies) 51 11,860 (snek)Ly wap @rrigyl pebis. dBqm,
16H), 6.7Q- 6,68 (m, 4H), 6.61-6.58 (m, 4H), 4.59-4.49 (m, 2H), 3.73 (s, 3H), 3.66 (s, 3H), 3.12-3.02
(m, 6H). f%rfbéz?g ubsequently, pseudogem-BMPI-DPI[2.2]paracyclophane, which is a compound
of the present invdalidnstoshethe teoaét of preaisereonindladfibibleghremitpabperpemnvgssymathesized
n accordi%n(‘:/shvi\/ciw %eezfgl?gggé%gowgsb%g)gfed out at 6 ms intervals by a time-resolved
spectrometer immediately after a dichloromethane solution of pseudogem-
bisDPI[2.2]paracyclophane was irradiated with a nanosecond UV laser having a
wavelength of 355 nm (pulse width: 5 ns, output: 8 mJ). It was confirmed from the
results of FIG. 4 that in the solution in dichloromethane, which is a polar solvent, in
the same way as for the benzene solution above, a strong absorption band at around
400 nm and a weak broad absorption band in a wide range from 500 nm to 800 nm
also reversibly appeared on irradiation with UV light.
[0103]
Furthermore, FIG. 5 shows the results of measurement of decay over time of
the absorption band at 400 nm that appeared at the same time as the
dichloromethane solution of pseudogem-bisDPI[2.2]paracyclophane was irradiated
with a nanosecond UV laser having a wavelength of 355 nm (pulse width: 5 ns,
output: 8 mJ). It was confirmed from the results of FIG. 5 that, in the solution in
dichloromethane, which is a polar solvent, the absorption band that had appeared on
irradiation with the nanosecond UV laser decayed quickly after stopping irradiation
with the nanosecond UV laser with a half life of 15 ms at 25°C.
[0104]
On the other hand, with regard to a benzene solution of the 1,8-NDPI-TPI-
naphthalene of Comparative Example 1 (concentration 9.2 x 10> mol/L), the half life
at 25°C was about 179 ms, and it was thus found that the compound of the present
invention of Example 1 had a very high decoloration speed that was about 5 times

that of the compound of Comparative Example 1. That is, this shows that pseudogem-

bisDPI[2.2]paracyclophane of the present invention is a photochromic compound
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[Chem. 37] [0123] All solvents used in the reaction were degassed by bubbling nitrogen for 30
minutes, and all of the operations were carried out in the dark. In a 200 mL flask,
pseudogem-BMPIH-DPIH[2.2]paracyclophane (0.050 g, 0.071 mmol) obtained by the above synthesis
was dissolved in 20 mL of degassed benzene, an aqueous solution (7.4 nggj potassium ferricyanide
(1.2 g, 3Bavimsranip6eiesi s ikkesidbraterstis sines)) hastaid Bt srppmiedtiting was
carried %J@ﬁ%&ﬂﬂf%@ﬁ%g& JeGL AR extingiedivashed wahwiitaleiaand e
vacuum concentrated, thus giving the target pseudogem-BMPEDPI[2.21paracyclophane (0.050 g,
quant.). SiA¢B<rendxilliz bdiflgmgsgaaopnghicatedomixtur e asbisanteris uckeae absigrmentdptdbleNMR
could not be carried out. [0124] Measurementofphotochromicpropertiesofpseudogem-BMPI- DPI
[2.21pardBfRIOSAEIETY-  The photochromic properties of the
pseudogpmeBMPI-DPI[2.2]paracyclophane obtained by the above synthesis were confirmed by
nanosecond laser flash photolysis measurement under the same conditions as in Example 1. The
pseudogEEPfBMP]Ielﬁﬂ)I[2.2]paracyc|ophane was dissolved in degassed benzene (concentration: 1.57 x

10-4 moli), 3ad megsurement was,gafried Qu 3bRRE UnderanaimesrRere of ar9qn, [0h2a).

bisDPI[2.2]paracyclophane-containing PMMA

A solution (concentration 20 wt%) was prepared by dissolving 19.8 mg of
polymethyl methacrylate (PMMA) (Aldrich, molecular weight 350,000) in 0.4 mL of
chloroform solvent and dissolving therein 4.0 mg of the synthesized pseudogem-
bisDPI[2.2]paracyclophane. A 200 pm thick PMMA thin film containing pseudogem-
bisDPI[2.2]paracyclophane was prepared by a casting method using the above
solution. Nanosecond laser flash photolysis measurement of the PMMA thin film
was carried out at 25°C using a nanosecond UV laser having a wavelength of 355 nm
(pulse width: 5 ns, output: 4 mJ). The result of measurement of a visible/near-IR
absorption spectrum immediately after irradiation with the nanosecond UV laser is
shown in FIG. 6.

[0106]

It was confirmed from the result of FIG. 6 that, with regard to pseudogem-
bisDPI[2.2]paracyclophane of the present invention, a strong absorption band at
around 400 nm and a weak broad absorption band in a wide range from 500 nm to
800 nm also reversibly appeared in a solid-phase PMMA resin in the same way as for
the benzene solution. Furthermore, it was confirmed from this nanosecond laser
flash  photolysis =~ measurement that, with regard to  pseudogem-
bisDPI[2.2]paracyclophane of the present invention, the absorption band thus formed
also decayed quickly in the solid-phase PMMA resin with a half life of about 13 ms at
25°C.

[0107]

Subsequently, a durability test in which the same portion of the PMMA thin

film was irradiated with a nanosecond UV laser having a wavelength of 355 nm

(pulse width: 5 ns, output: 4 mJ) 10,000 times at intervals of 1 second was carried out
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FIG. 10 shows the result of measurement of visible/near-IR absorption spectra under the same
conditions as in Example 1. It was confirmed from the result of FIG. 10 that, compared with the
absorption spectrum of the above-mentioned unsubstituted form

pseudogem- blsDPII% paracyclophane, the absorption spectrum of the photocolored form of
pseudog@nZBR4PE M{Jz % 19046y ABp hESsE s Qi REHTSIRanhtoh A8\ YEht BMaeafoteall to
longer wayele o ihe shape Of tRRSRACHY B EBRRIE FINTHE RIS VA RUULsRaddrem visual

examination that a slightly darker blue coloration developed. That is, the possibility of precise control of
photochriasc pnolpaftiesesach B0 nexarsdod ensitliati @olerdtidhdyaombaoaiib b Uf sertridifglindidazolyl

radicals (TAIRs) having different structures nddfferent ener absor tion wavele ths etc. is
ug0eSt SO T EHHATET I, T SHWL G RS FIBEChr S dEaY oH ) AUBF R CSFehe

abSOfpt'Qf!rQéﬁQ1é}h4QQtﬂrThUﬁQﬁBé@@o‘iﬁInEJVO'D&’éBPW@ﬁSti%EXanFé{@ei ifﬂé[é&ﬁ%f)fw froythe
result of FIG. 11 that, with regard to change over time of the absorbance at 400 nm of

pseudog@ﬁ%-@MFfEDPll‘{]Z 2 noaeseyepgHaMdaread S ivitasa half life (about 50 ms) comparable to
that of th ve-mentioned unsubstituted form pseudogem-bisDPI [2.2] paracyclophane. [0126]
[Exampl ynthesisof[2.21paracyclophane 4 bis(para-hydroxyphenyl)imidazole-13-
diphenylimidazol# (raeddagenfrBid Rid- SR X1 PrralyatapidGe that the Way in which the

pseudog BHPIH-DPIH[2 2]paracyclophane, which is a precursor of the photochromic com ound
pseudog@ %H‘iiﬁ’fbgﬁﬂ I s‘.’-awéidwnglaﬁﬁécb@e&ﬁmgﬁtﬁwwggpnﬂ@ﬁ g and

stirring [;glRarasc oG ddhenimidazolad sreathaldehyde @R 'MQ%Y a&i.

Example 4 above and dihydroxybenzil, which is a benzil derivative having a target structure, in acetic
acid in thEhatesencé damtmavmurthatenste dvperspinhdticrlpeiscsisbophpetove{[GhempB8EOH

Ammoniym, I, inaceta tghotochromm compound having very high repetition durability since

the two TAIRs generated are restrained by the bridging group, thus preventing

diffusion in a medium.

[0109]

[Example 3]

Synthesis of 1,3-bis(triphenylimidazole)-1,1,3,3-tetramethyldisiloxane
1,3-BisTPIH-1,1,3,3-tetramethyldisiloxane (hereinafter, also called 'bisTPIH-

TMDS'), which is a precursor of 1,3-bis(triphenylimidazole)-1,1,3,3-

tetramethyldisiloxane (hereinafter, also called 'bisTPI-TMDS'), which is a
photochromic compound of the present invention, was synthesized by the synthetic

route below using 2-(4-bromophenyl)-1,3-dioxolane as a starting material.

[0110]
[Chem 34]
&%
m-Bull | THF HLOITHF r.le;é-—@—cm
Dichioredimetnyts m;ﬁ.—@-—cm
HN @ .
o sl >IH )

bisTPI-TMDS

45



it/ 5.,ei,/ 0 [0127] To a 50 mL flask were added [2.2]paracyclophane 4 diphenylimidazole-13-
carbaldehyde (0.22 g, 0.64 mmol), dihydroxybenzil (0.16 g, 0.67 mmol), ammonium acetate (0.74 g,
9.6 mmol), and 5 mL of acetic acid, and heating and refluxing were carried out for 10 hours. After
allowing to cool to room temperature, while cooling with ice, neutralization with aqueous ammonia and
filtration (Mded reduced pressure were carried out. The filtrate was washed with water and then dried

under vacuum. TRjs, regetion M ‘d{?z"i‘é‘éo%‘é?éﬁﬁ%%%t@.%ig@%%ﬂmﬂ GROMARGIRR Me(ﬁ%l ent:
hexane/ THE = 2/1), thus giving psetdogem-BHPIHDPIH[2.21paracyclophane (0.30 g, quant.). The

results ofl SMB rudaisereme ntissel shdvn BelomL. [Ofl Z8TH MR iE0D a1 HZA DME0306)n6nt e S0 (S,

1H), 11.32 (s, 1H),.9.36 (s, 1H), 9.10 ( ), 7.27-7.05 (m, 13H), 6.89-6.86 (m, 3H), 6.70-6.44 (m,
8H), 4.352@?1&,(%,%1.&&3.6? anl,-éﬁﬂo‘i%ﬁ%y?g ; }_8%5} H-Bugh_ was aé‘?’i_ea dropiice
Synthesiseforiacy clophassrchisiRptdmethanmhanyinidazelert3: sintervlimidasqieaction

(pseudogem-DMIH-DPIH[2.21paracyclophane) pseudogem-DMIH-DPIH[2.2]paracyclophane
was syntplsiies iftaccordance with the synthetic route below using [2.2]paracyclophane 4

diphef‘y'imidazo'%ijo%'e&ﬁ@%%i?,efi‘%{de? POORIRPANNG Y PSS 9T ARIRRIS6* £ 085 ThgRMBptiC
route is shown below.
dichlorodimethylsilane was diluted with 10 mL of THF, the reaction solution A was
added dropwise thereto using a transfer tube, and stirring was carried out at room
temperature for 12 hours. After unreacted dichlorodimethylsilane and THF were
removed by distilling the reaction solution under reduced pressure, soluble
components were separated using 40 mL of diethyl ether. 2 mL of ion exchanged
water was added to this solution, stirring was carried out for 2 hours, a further 4 mL
of ion exchanged water was added, and stirring was carried out for 30 minutes.
After stirring, the diethyl ether layer was distilled under reduced pressure, thus
giving a colorless transparent oil.
[0112]

Moreover, in a 50 mL capacity recovery flask, the above colorless transparent
oil, 2.02 g (9.60 mmol) of benzil, and 3.67 g (0.0476 mmol) of ammonium acetate were
dissolved in 4 mL of acetic acid, and stirring was carried out at 90°C for 4 hours.
After stirring, the acetic acid was neutralized with diluted aqueous ammonia
solution, and a powder thus precipitated was filtered and washed with ion
exchanged water, thus giving a yellow powder. This yellow powder was purified by
column chromatography and a recrystallization method, and bisTPIH-TMDS was
obtained as a white powder; the amount collected was 120 mg and the yield was
3.8%. The results of NMR measurement are shown below.

[0113]

H NMR (500 MHz, DMSO-ds): 6 = 0.357 (s, 12H), 7.301-7.652 (m, 20H), 8.079 (d, 4H),
8.093 (d, 4H), 12.717 (s, 2H). Mass (m/e): 723(M*)

[0114]

Subsequently, to a 100 mL nitrogen-flushed recovery flask was added 70 mg
(0.096 mmol) of bisTPIH-TMDS, and it was dissolved in 40 mL of benzene. An
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[Chem. 39] Meg (Ma Ge,t8 Ammonium eito’,--Chteeeacetate, Agetio acid [0130] Toa30mL
flask were added [2.2]paracyclophane 4 diphenylimidazole-13- carbaldehyde (0.18 g, 0.39 mmol),
3,3',4,4'-tetramethoxybenzil (0.16 g, 0.47 mmol), ammonium acetate (1.1 g, 14 mmol), and 7.5 mL of
acetic acid, and refluxing was carried out for 30 hours. After allowing to cool to room temperature,

while co@fE Rt sekutigntfliz&bs WiAld§uesnelimmpaiassitneiysbimadgitng chift neifdne were
carried oy e 8F%§Bit%é§}{ﬁhwf%§r bedevith spiyiatedrine @9&1\5%%@“&9{%‘}6%@%5&5

mixture was purified by silica gel column chromatography (solvent: hexane/ THF = 2/1), thus giving
pseudogdnodibe Dirit¢f2. 2iperdd) clophérse §0.d 6ty ri6go\ Ehearesdltoof NIVIR heasuaemenhare

o TS SO e, 0 5 AL LG a1
(M, 3H), RddhrE B iRl G @i BicHdn3hirth o BRhtS:0 48, il RQm3iRieP r 81O 32]
pressure was carried out, thus giving 55 mg of bisTPI-TMDS as a pale yellow powder,
yield 76%.
[0115]

Measurement of photochromic properties of 1,3-bis(triphenvlimidazole)-1,1,3,3-

tetramethyldisiloxane

A benzene solution (concentration 3.5 x 104 mol/L) of the bisTPI-TMDS

synthesized was subjected to measurement of photochromic properties at a
wavelength of 360 nm to 830 nm under an atmosphere of argon at 25°C.
Photochromism was shown in that the color of the solution instantly changed from
being colorless to forming a reddish violet color on irradiation with UV light having
a wavelength of 360 nm, and a new absorption band was observed from 500 nm to
800 nm. The result of measurement of a visible absorption spectrum is shown in FIG.
9.

[0116]

[Example 4]

Synthesis of [2.2]paracyclophane-4-diphenylimidazole-13-carbaldehvyde

The precursor compound [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde, which is a key compound in the production method of the present

invention, was synthesized via the synthetic route below.

[Chem. 35]
Q CHO Amg;l:gggam Q CHO @
CHO " Acetic acid Q -ml
o 0 H O
[0117]

To a 30 mL flask were added [2.2]paracyclophane-4,13-dicarbaldehyde (0.50
g, 1.9 mmol), benzil (0.40 g, 1.9 mmol), ammonium acetate (2.2 g, 28 mmol), and 5 mL

of acetic acid, and they were heated and refluxed for 5 hours. After allowing to cool
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Subsequently, pseudogem-DMI-DPI[2.2]paracyclophane, which is a compound of the present
invention for the purpose of control of photochromic properties, was synthesized in accordance with
the synthetic route below. [Chem. 40] tsite,0 envle rIAF-Q pkie Aqueous solution of polussium

Nerr- ome tufty:mule and potassium hydroxide cr.)Ortle " s N rx-Benzene All solvents used in the
reaction #Pefe YdyLRMEHF Bish IRt FAigaEAT OISt nFAUESS S ABNANBTith 8 h ki HE W rediiried out

in the d%ﬁaﬁ@@@?&f@%@%@@@&%@Mﬁ@&%@m%@mﬁ%w&,691&3&1@2;8')

obtained by the above synthesis was dissolved in 20 mL of degassed benzene, an aqueous solution
(12 mL) ehdotassjiprndats aytathdeof2g3rg wee fermemod)vamad Ipotatisugeh ydiloxide (Brodngtddraphyl) was

added, and vigoro irring was carried, out for 60 minutes, The benzene layer was extracted, washed
Wl with S b S U O IRE I Eoncdi VA EIHER g R tifgben ichioromethane and

pseUdogﬂﬂr@MEQﬁﬁz-aMa@zbd?x'@mﬁ(0&9&,9,’:%%)-f'BEﬁ'\{ﬁ ultg of-diMf-BEapHERTPRALArE
shown below. [0133] ITENMR (500 MHz, DMSO-d6) 6 = 7.42 (d, J = 7.3 Hz, 1H), 7.21-7.19 (m, 2H),

7.18- 7.18roghjoridge salt1 ahvtapget vawoppoadin, 3Ris aves (tared @by 14l d8tsagiom, 1H),
080 (5 IR Byl FRRE0 0Pt SREACMM D FER (F HAGHEHGHIR, 308 (5.

pseudogdepiawtinlfet]?. Zparadyitephangiiaubjecteddaia.crystalsiructural andalygiset theigame
R S A R P e b S U el SR R
which is the target key compound, was thus isolated (0.56 g, 67%). The results of
NMR measurement are shown below.
[0118]
TH-NMR (500 MHz, DMSO-ds) 6: 12.14 (s, 1H), 9.55 (s, 1H), 7.58 (d, ] = 7.5 Hz, 2H),
751 (d,J=7.0Hz 2H), 747 (dd, ] =7.5Hz, 2H), 740 (t, ] = 7.0 Hz, 1H), 7.31 (dd, ] =
7.0 Hz, 2H), 7.16 (t, ] = 7.0 Hz, 1H), 7.10 (s, 1H), 6.96 (s, 1H), 6.84 (d, ] = 7.5 Hz, 1H),
6.71 (d, ] = 8.0 Hz, 1H), 6.66 (d, ] = 7.5 Hz, 2H), 4.49-4.45 (m, 1H), 3.95-3.92 (m, 1H),
3.15-2.97 (m, 6H).
[0119]
[Example 5]
Synthesis of [2.2]paracyclophane-4-bis(para-methoxyphenyl)imidazole-13-

diphenvlimidazole (pseudogem-BMPIH-DPIH[2.2]paracyclophane)

pseudogem-BMPIH-DPIH[2.2]paracyclophane was synthesized in accordance
with the synthetic route below using [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde obtained in the synthesis of Example 4 above. The synthetic route is

shown below.

[Chem. 36]
OMe

@ CHO et OMe Ammonium N
a .N + % g:ﬁ D ome

N cetic ac| N @

H 0 o o HN‘?

A

[0120]
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[0135] Absorption spectrum characteristics of decolored form of pseudogem-DMIDPI
[2.21paracyclophane The absorption spectrum of pseudogem-DMI-DPI[2.21paracyclophane
obtained by the above synthesis was confirmed by UV-visible absorption spectrum measurement.
pseudogem-DMEDPI[2.21paracyclophane was dissolved in benzene (concentration: 2.1 x 10-5 M) and

measured at 25c10 a 3¢rgL1fagkowenp e detad: B theampariepharersdinboribiaigrenitida-
spectrum..braim e Jesyh af g,'@.-3%4rr{?ﬁ‘8§gg;9£‘iﬁ‘s'{? ={08! ,-6%&%&1%&1%%%%&&%@&%‘%@“0”

band in the visible 1light regiofi at 400 nm above. The molar extinction coefficient r at 400 nm was
200. It wés¥Dgfidiedntimat) cenmparedlwith tbetimelad exBrotiors dbefficitat 0at 406f mmofdheum

above-mentioned u stituted form_pseudogem-bisDPRI[2.2]par lophane, the absorption in the
Visble NGHETBL o o HEHBRE B HRE T GeREHGHER b Riah 05 0B LT SEE ABFRE of
phOtOChr@ﬁ%@d@@@@f@ﬁﬁs@%ﬁ@k‘@ﬂ%ﬁh@W'%M?&ﬂ&%ﬁ%@@%ﬂ@e, whifE%Qﬁﬁg’C«h‘cﬁf\i&G
properties of pseudogem-DMI-DPI[2.2]paracyclophane obtained by the above synthesis were
confirmebidiifia bzatiRe coid| asprepatsh PRoieRHsandasuiasidon unddr thelareaneshanrisess in
Example udoge - ), cyclop. as dissalved in degasse n
(concent?étrilg%az%%g 10 ),%f%%wciﬁﬁérgn%g%% v!\?é%'og ggvérﬁri&éq %)%tggt%%gegnggrﬁq §nd%$§o§%a%?€1 of argon.
[0137] conkéatrhbeshovilhiiserrdstiiirof masspueifiedt by visilide/nedr-tRlabsorphesnspeciraplnder the

same conditions as in Example 1. It was confirmed from the result of FIG. 15 that, compared with the
absorptidﬁ"iﬁ%ﬁuﬁ%‘?‘?ﬁ ve=-n?e/rilt?oﬁ uﬁ?&s&?ﬂ[@%rﬂﬁHF ’ tLus giving psetidogen-

pseudoggmnbiﬁpﬁiﬁmzﬂ@eq@%w{@pﬁaﬁée(@bs}?rg,ti@%peqtﬂwégm@@mm@lﬁ{sgs{ﬁ%@ﬁt
pseudogem-DMEDPI[2.21paracyclophane resulting from irradiation with UV light shifted slightly to

longer wavengtm katdwe shape of the spectrum changed. As a result, the photocolored form looked
bluish gr the naked eye. Furthermore, FIG. 16 shows the result of measurement of decay
over time 0 absorption band at 400 nm under the same conditions as in Example 1. It was
confirmetHrdIVIRg 368 Wital,FIBV$O tHa), 8vith.6298)d kD) ChBABEpUET )1iment Y& (@hstsbpnesat 400 nm
of pseudo em-DMEDPI[Z.%E%r@%%hane, it decayed with a half life (56 ms) comparable to the half

life (33 nfshd{tReHBbvbt ubSthéd 8rm3bbutibyéin Hip P2, ApatdbytibhRdke. [0138]

[Example(Iﬁ’l6H).
[0122]
Subsequently, pseudogem-BMPI-DPI[2.2]paracyclophane, which is a
compound of the present invention for the purpose of precise control of

photochromic properties, was synthesized in accordance with the synthetic route

below.
[Chem. 37]
OMe OMe
N { Aqueous solution of potassium N=
lN O ferricyanide and potassium hydroxide N’
H Ghe Benzene o oMo
— 'N; O = ' Nf O
HN N

[0123]

All solvents used in the reaction were degassed by bubbling nitrogen for 30
minutes, and all of the operations were carried out in the dark. In a 200 mL flask,
pseudogem-BMPIH-DPIH[2.2]paracyclophane (0.050 g, 0.071 mmol) obtained by the
above synthesis was dissolved in 20 mL of degassed benzene, an aqueous solution

(7.4 mL) of potassium ferricyanide (1.2 g, 3.5 mmol) and potassium hydroxide (0.48 g,
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Synthesis of paracyclophane 4,13 bis(3,4-dimethoxyphenyhimidazole
(pseudogembisDMIH[2.21paracyclophane) pseu dogem-B isDMIH [2. 2]
paracyclophanewassynthesizedusing [2.2]paracyclophane 4,13 dicarbaldehyde in accordance with the
synthetic route below. The synthetic route is shown below. [Chem. 41] M*0 NeieS_0 kie.N--( _ ACM*.
-:(Ammoﬁiﬁrﬁlfr.‘PD{-‘é’ﬁs,..@@&{ﬁaQféiaYé&PGOHSZs.Hﬁling\&\éﬁvcéR?:lf‘%lqﬂftéPFv% oWgtes. The

benzene layer was extracted, washed well with water, and then vacuum
concentrated, thus giving the target pseudogem-BMPI-DPI[2.2]paracyclophane (0.050
g, quant.). Since the oxidized form is a complicated mixture of isomers, clear
assignment by TH-NMR could not be carried out.

[0124]

Measurement of photochromic properties of pvseudogem-BMPI-

DPI[2.2]paracyclophane

The photochromic properties of the pseudogem-BMPI-DPI[2.2]paracyclophane
obtained by the above synthesis were confirmed by nanosecond laser flash
photolysis measurement under the same conditions as in Example 1. The pseudogem-
BMPI-DPI[2.2]paracyclophane was dissolved in degassed benzene (concentration:
1.57 x 104 mol/L), and measurement was carried out at 25°C under an atmosphere of
argon.

[0125]

FIG. 10 shows the result of measurement of visible/near-IR absorption
spectra under the same conditions as in Example 1. It was confirmed from the result
of FIG. 10 that, compared with the absorption spectrum of the above-mentioned
unsubstituted form pseudogem-bisDPI[2.2]paracyclophane, the absorption spectrum
of the photocolored form of pseudogem-BMPI-DPI[2.2]paracyclophane resulting from
irradiation with UV light shifted overall to longer wavelength, and the shape of the
spectrum changed. Furthermore, it was confirmed from visual examination that a
slightly darker blue coloration developed. That is, the possibility of precise control of
photochromic properties such as tone and density of coloration by combination of
two triarylimidazolyl radicals (TAIRs) having different structures and different
energy levels, absorption wavelengths, etc. is suggested.

Furthermore, FIG. 11 shows the result of measurement of decay over time of
the absorption band at 400 nm under the same conditions as in Example 1. It was
confirmed from the result of FIG. 11 that, with regard to change over time of the
absorbance at 400 nm of pseudogem-BMPI-DPI[2.2]paracyclophane, it decayed with a
half life (about 50 ms) comparable to that of the above-mentioned unsubstituted form

pseudogem-bisDPI[2.2]paracyclophane.
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[0139] To a 25 mL recovery flask were added [2.2]paracyclophane 4,13 dicarbaldehyde (100 mg,
0.38 mmol), 3,3',4,4'-tetramethoxybenzil (250 mg, 0.76 mmol), ammonium acetate (1.8 g, 24 mmol),
and 15 mL of acetic acid, and refluxing was carried out for 22 hours. After allowing to cool to room
temperature, while cooling with ice, neutralization with aqueous ammonia and extraction with
dichlororti&th@he were carried out. The organic layer was washed with saturated brine and vacuum
concentrﬁ;gm '@@ixture was purified by silica gel column chromatography (solvent: hexane/ THF =
2/1), thus giving pseudogembisDMIH[2.21paracyclophane (0.12 g, 35%). The results of NMR
measurefyertheses showrmbelow. [R24041 ki XUFR11500-#4bis(RVEERd606 pHdngd ifnidaole-18s, 2H),

, ZIIE)I 'h?;’ir71e (s, 6H), 3.66 (s, 6H), 3.42

(s, 6H), 3:36436H), oF L SH 1O ' ,
pseudogem-bis%L%@pﬁtmypmmpﬁam@ﬁaﬁaa@w %m&p@sﬁntﬂf@@ﬁ%ﬁ fer the-purpose
of control of photochromic properties, was synthesized in accordance with the synthetic route below.

[Chem. 42)otaghanemiso eompaserd optaessiitdHt Bt pRRLbhidnaraeyeloibaded patskeimeesent

ftydfOXtdi)r'{(/oetflgi/(fli]E was synthesized by heating and stirring [2.2]paracyclophane-4-

diphenylimidazole-13-carbaldehyde obtained in the synthesis of Example 4 above
and dihydroxybenzil, which is a benzil derivative having a target structure, in acetic

acid in the presence of ammonium acetate. The synthetic route is shown below.

[Chem. 38]
OH
S
Q CHO HO PH Ammonium N
7 _N ' ﬁp gﬁ P on
&
[0127]

To a 50 mL flask were added [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde (0.22 g, 0.64 mmol), dihydroxybenzil (0.16 g, 0.67 mmol), ammonium
acetate (0.74 g, 9.6 mmol), and 5 mL of acetic acid, and heating and refluxing were
carried out for 10 hours. After allowing to cool to room temperature, while cooling
with ice, neutralization with aqueous ammonia and filtration under reduced
pressure were carried out. The filtrate was washed with water and then dried under

vacuum. This reaction mixture was subjected to silica gel column chromatography

(solvent: hexane/THF = 2/1), thus giving pseudogem-BHPIH-
DPIH[2.2]paracyclophane (0.30 g, quant.). The results of NMR measurement are
shown below.

[0128]

TH-NMR (500 MHz, DMSO-ds) 6: 11.60 (s, 1H), 11.32 (s, 1H), 9.36 (s, 1H), 9.10 (s, 1H),
7.27-7.05 (m, 13H), 6.89-6.86 (m, 3H), 6.70-6.44 (m, 8H), 4.33-4.32 (m, 2H), 3.10-3.01 (m,
6H).

[0129]

[Example 7]
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H riZr").-4410BN1Zerle OfttleN-f,OM": OMO [0142] All solvents used in the reaction were
degassed by bubbling nitrogen for 30 minutes, and all of the operations were carried out in the dark. In
a 200 mL flask, pseudogem-bisDMIH[2.2]paracyclophane (0.040 g, 0.045 mmol) obtained by the
above syntheS|s was dlssolved in 10 mL of degassed benzene an aqueous solutlon 8 mL) of
potassiug )i 2 ded,

and v'90mﬁﬁéﬂgﬂgﬂgf&ezﬁ%gge@%mrﬂﬁﬁ{ﬁqg@@@dgmwﬁ extracted, washed well
with water, and then vacuum concentrate us giving arge
pseudogem-bisDi2l &pardtydidpRaiEl [R. D40 cqubphaiibeves uisdiddMBRImeasorendenicare
shown belg 143 NMR (500 MHz, DMSO- 7.20 (s, 1H), 7.16 (s, 1 ), 7.02
(cl, 3= 8% % gf Hh, e bk Tﬂi‘%@g"é ‘éﬁi‘%?%”é‘ észﬁw%‘%zg%]]ge (m,
24H), 3. 36%1%;91@[& %b@&ﬂ%ﬁ%@t%ﬂﬂ@ﬁywquﬂ%ﬁ dqq@qrﬁqitf@rtr’@ Pbute is
pseudogembisDMI [2.2] paracyclophane The absorption spectrum of
pseudog@h‘?—‘ﬁi@ﬂ?%{@ 2]paracyclophane obtained by the above synthesis was confirmed by UV-visible
absorptl ?RQ&C%@;E measurement. pseudogem-BisDMI[2.2]paracyclophane was dissolved in

ti

benzene'(concentration: 2.1 x 10-5 M), and measurement was carried out at 25C. FIG. 17 shows
the result of measurement of the UV-visible absorption $f3

pseudogelsDMI[Z 2]patacyclophane also had an bg
nm and & N malar@eXtn ¢lidr neoeTHESt G.at #90 mmiwas,600. It was confirmed that, compared
with the Mo ar,’e tion coefficignt ¢ at#80¥ifh of thre"abipvedmentioned singly-substituted form
(pseudogem-DMEDPI[2. 21paracyc|ophane) and unsubstl d form

(pseudo%embl]sDPl[Z .21paracyclophane), the absorption in the visible light region increased. [0145]
0130

To a 30 mL flask were added [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde (0.18 g, 0.39 mmol), 3,3'4,4'-tetramethoxybenzil (0.16 g, 0.47 mmol),
ammonium acetate (1.1 g, 14 mmol), and 7.5 mL of acetic acid, and refluxing was
carried out for 30 hours. After allowing to cool to room temperature, while cooling
with ice, neutralization with aqueous ammonia and extraction with dichloromethane
were carried out. The organic layer was washed with saturated brine and vacuum
concentrated. This mixture was purified by silica gel column chromatography
(solvent: hexane/THF = 2/1), thus giving pseudogem-DMIH-
DPIH[2.2]paracyclophane (0.16 g, 56%). The results of NMR measurement are
shown below.

[0131]

TH-NMR (500 MHz, DMSO-d¢) & = 11.61 (s, 1H), 11.51 (s, 1H), 7.20 (d, ] = 5.1 Hz, 2H),
7.13-7.11 (m, 3H), 7.06-7.04 (m, 3H), 7.01-6.97 (m, 5H), 6.85 (d, ] = 2.0 Hz, 1H), 6.79-
6.77 (m, 3H), 6.71-6.69 (m, 2H), 6.64-6.61 (m, 3H), 3.74 (s, 3H), 3.67 (s, 3H), 3.07-3.03
(m, 6H)

[0132]

Subsequently,  pseudogem-DMI-DPI[2.2]paracyclophane, ~which is a
compound of the present invention for the purpose of control of photochromic

properties, was synthesized in accordance with the synthetic route below.

[Chem. 40]
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Measurement of photochromic properties of pseudogem-bisDMII2.21paracyclophane The
photochromic properties of pseudogem-bisDMI[2.2]paracyclophane obtained by the above synthesis
were confirmed by nanosecond laser flash photolysis measurement under the same conditions as in
Example 1. ps&eudoc%lemBisDMI[2.21paracyc|ophanehyggs glhiﬂgsolved in degassed benzene
(concentration: X 10-a M), and measurement was |ed out at 25C under an atmosphere of
argon. [0146] n-=Fl6ue 18/ SHwe e de sttt o1 megsu emenfvef visible/near-IR absorption spectra

™ h e C

N

under th C felg ifitzedvisom the result of FIG. 18 that, compared
with the ' pectrum of fi&3bove-ment bstituted form

pseudogem-bi [2.2]paracyclophane, the absorptfb ectrum of the photocolored form of
pseudogem-bisD¥I[2.2]paracyclophane resulting from Tfadiation with UV light shifted to longer

wavelength and the sbareef the spaalidnicalanacdofs dekerididtihe Phubealoied-tarem lnaked green
to the naked eye. Furthermore, as described above, since pseudogem-bisDMI[2.2]paracyclophane

had an aPe8iHEsnandnallRidReigReEFRERIM oV 20D GTisRdatove o idrskonBou’0Beebrifitsted under
sunlight géﬁﬁégeli&%@ﬁﬁ%ﬁﬂ{[z.%&Hﬁf&%@@%@ io.]i%s 9"&5315*‘%%?812 O&%@W nhaf decay
of th Onmu h

over tim absorption band at nder the same conditions as in Example 1. it was
confirmedove shattesilt ofds|Gisiol theat, iwifl) redarcf tdegivangd besréines af thguetosorisahcgaat 400 nm

of pseudogem-hisDMI[2.2]paracyclophane, jt decayed with a half-life (not more than 20 ) that was
oo e QIR I S B o o BN o cosrum Ry hreade (0,
pseudogemiisiah | %-«H nataerclapbiene: deddSlstr R1QYANEY&1Ofor 60 minutes. The

paracyclophane-4-§3-phenyl-4-pyrenyh|midazole-13- iphenylimidazole (Oseudogem-PYIH-DPIH [2. 2]
paracyclbghaney layerpseiadogatianten-Drasiied ] paelty Maphameattis syrdheldigad ivpautdrdance

with the synthetic route belo ing 2. I n i lymidazolerl rb yde
ontainech T Rt e A e B R e 0100
To a 30 %lasKiwers alisled MM\ Ipatasyciephatteadedihbenybelickazole-13- carbaldehyde (0.19 g, 0.42

mmol), a pyrene-substituted benzil derivative (0.14 g, 0.42 mmol), ammonium acetate (0.47 g, 6.1
mmol), a HnL of acetic acid, and a reaction was carried out at 110C for 30 hours. After allowing to

cool to rapINRTIREsAHIAE iEMBENRE pith-ice  neytrplizatiopyith aguesus anmenia g extraction

with dichloromethane were carried out. The organic layer was washed with saturated brine and

vacuum gokfcenirakél 7 ke mhix{orelbs HOATeHLyrsiitd geP8dilniT Ehrdrivatbighapiip (6 Stbént:
T T A AR A Ay desimionsass mloniremmiooniy e
measureBrg))Base how, Bedovs, 3H), 3.19-3.01 (m, 6H)

[0134]

The synthesized pseudogem-DMI-DPI[2.2]paracyclophane is subjected to a
crystal structural analysis in the same manner as in Example 1. The molecular
structure elucidated by the analysis is shown in FIG. 13.

[0135]

Absorption spectrum characteristics of decolored form of wseudogem-DMI-

DPI[2.2]paracyclophane

The absorption spectrum of pseudogem-DMI-DPI[2.2]paracyclophane
obtained by the above synthesis was confirmed by UV-visible absorption spectrum
measurement. pseudogem-DMI-DPI[2.2]paracyclophane was dissolved in benzene
(concentration: 2.1 x 10> M) and measured at 25°C.

FIG. 14 shows the result of measurement of the UV-visible absorption
spectrum. From the result of FIG. 14, pseudogem-DMI-DPI[2.2]paracyclophane had

an absorption band in the visible light region at 400 nm and above. The molar
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[0150] ITENMR (500 MHz, DMSO-d6) 6 = 12.03-11.69 (m, 2H), 8.20-6.64 (m, 30H), 4.34 4.14 (m, 2H),
3.16-3.05 (m, 6H) [0151] Subsequently, pseudogem-PYI-DPI[2.2]paracyclophane, which is a
compound of the present invention for the purpose of control of photochromic properties, was
synthesized in accordance with the Sé/nthetlc route below. [Chem. 44] [0152] All solvents used in

the reactfofirdieryegeisicdenty BURBRHYRIEgSYfor BovirirraaErad dhal sramspedioridhvdie carried
outin the,dark 10800 MR- Ree1¥I0sm X RRRHBAIPHANME O RANAL 244 8 8- B3 f{nmOl)

obtained by the above synthesis was dissolved in 2 mL of degassed benzene, an aqueous solution (15

mL) of pmedmgwﬁdvlsdyﬁﬂlﬂé]@h%:gc]bﬁhmmIbkmdbsommmmyheomdﬂ)@ Bghy, fegionmelswas
added, and VI %#{r}gg a}ﬁcarrled out fo &th hours. The benzene layer was extracted, washed
well with RS AAHCESALRRE RSP MYSBIRARY the target

pseudoggmg@]{ I- DPI[2 2]paracyclophane (0.038 g, 87%). Since the oxidized form is a complicated
mixture oflsomers clear a55|gnment by 'H- NMR could not be carrled out. 53] H NMR (500 MHz,

characteristics o D - tion
spectrum of pseu ogeﬁ%{ é%) ?fb@f@[ cyc g%e%b%ng%gﬁbﬁ%? m gyntrﬁ?l g vﬁﬁsgcéﬁﬁrmed
by UV- vielbﬂeiabéob;tlouhepebﬁwn maﬂsemm@etepsemmm Pyi-B Phizndlatacy clapbarftastas

dissolved i? benzene (concentration: 2.0 x 10-5 M), and measurement was c?rrled out at 25C.
otolysis measurement under the same conditions as in Example pseuaogem-

DMI-DPI[2.2]paracyclophane was dissolved in degassed benzene (concentration: 2.1
x 104 M), and measurement was carried out at 25°C under an atmosphere of argon.
[0137]

FIG. 15 shows the result of measurement of visible/near-IR absorption
spectra under the same conditions as in Example 1. It was confirmed from the result
of FIG. 15 that, compared with the absorption spectrum of the above-mentioned
unsubstituted form pseudogem-bisDPI[2.2]paracyclophane, the absorption spectrum
of the photocolored form of pseudogem-DMI-DPI[2.2]paracyclophane resulting from
irradiation with UV light shifted slightly to longer wavelength, and the shape of the
spectrum changed. As a result, the photocolored form looked bluish green to the
naked eye.

Furthermore, FIG. 16 shows the result of measurement of decay over time of
the absorption band at 400 nm under the same conditions as in Example 1. It was
confirmed from the result of FIG. 16 that, with regard to change over time of the
absorbance at 400 nm of pseudogem-DMI-DPI[2.2]paracyclophane, it decayed with a
half life (56 ms) comparable to the half life (33 ms) of the above-mentioned
unsubstituted form pseudogem-bisDPI[2.2]paracyclophane.

[0138]

[Example 8]

Synthesis of paracyclophane-4,13-bis(3,4-dimethoxyphenyl)imidazole (pseudogem-
bisDMIH[2.2]paracyclophane)
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[0155] FIG. 20 shows the result of measurement of the UV-visible absorption spectrum. From the
result of FIG. 20, pseudogem-PYI-DPI[2.2]paracyclophane had a strong absorption band in the visible
light region of 400 nm and above. The molar extinction coefficient ¢ at 400 nm was 3200. The

absorption in the visible light region increased greatly compared with the molar extinction coefficient ¢

at 400 nm of the PaBtinssHeRirdi¥didicatrmasyciopiaitedioriidtpseudsganssingi DPI Esizg
pafacyc'?ﬂb?@ﬁ&%ﬁ&d?%& ERMLIR I RBIRGCIRNap&IRagRe Wpﬁfﬂé't%gzﬁ‘?ﬂ&ic_ route
(pseudogem-bisDPI[2.2]paracyclophane). [0156] Measurement of photochromic properties of
pseudogbateRY |-Diel[Fatpdiacydiephahewn beldw.photochromic properties of
pseudoggﬁrPYl-AE I[2.2]paracyclophane obtained by the above synthesis were confirmed by
nanosec Beig%e ash photolysis measurement under the same conditions as in Example 1.

pseudogem-PYIDP1[2.21paracyclophane was dissO % degassed benzene (concentration: 2.0 x

10-5 M), anghmeasurgment wgg, carried out at 25C ypset ap atmosphere of argon. [0157] FIG. 21
shows thérsstilt of measyr of \BRIEIE/ neardB-dlys@Tption spectra under the same conditions as in
Example t Was confir rom thesesudt of @ at®ompared with the absorption spectrum of

the above-mentioned unsubstituted form pseudogefi

D‘F“F[Z.Z]paracyclophane, the absorption
spectrum of the photocolored form of pseudogem-PY.DRA2.2]paracyclophane resulting from
irradiatioihﬁ;%'% UV light shifted slightly to longer wavelength and the shape of the spectrum changed.
FIG. 22 the result of measurement of decay over time of the absorption band at 400 nm under

the same conditiqgs as ipExafplerdedivas canlikmagdrem 4baéasu(baf|feadR Ihahatithyregard to
change over time of the absorbance at 400 nm of pseudogem-PYI-DPI[2.21paracyclophane, it

decayed difttr badrlehadnali ife Boll-38 mypelin Ftiet teirapecihmeinondd (Rbutsgiutédform
pSGUdOQ%@é%PQH%%LP@I@ %%%It% (IQ ?‘P% é?%ésrkmol), and 15 mL of acetic acid, and refluxing

was carried out for 22 hours. After allowing to cool to room temperature, while
cooling with ice, neutralization with aqueous ammonia and extraction with
dichloromethane were carried out. The organic layer was washed with saturated

brine and vacuum concentrated. This mixture was purified by silica gel column

chromatography (solvent: hexane/THF = 2/1), thus giving pseudogem-
bisDMIH][2.2]paracyclophane (0.12 g, 35%). The results of NMR measurement are
shown below.

[0140]

TH-NMR (500 MHz, DMSO-d¢) 6 = 11.49 (s, 2H), 7.14 (s, 2H), 6.95 (d, ] = 7.9 Hz, 2H),
6.84 (d, ] = 1.8 Hz, 2H), 6.75-6.57 (m, 12H), 3.72 (s, 6H), 3.66 (s, 6H), 3.42 (s, 6H), 3.36
(s, 6H), 3.05-3.04 (m, 6H)
[0141]

Subsequently, pseudogem-bisDMI[2.2]paracyclophane, which is a compound
of the present invention for the purpose of control of photochromic properties, was

synthesized in accordance with the synthetic route below.

[Chem. 42]
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[Example 101 Synthesis of paracyclophane-4-(3-phenyl-4-pyrenyl)imidazole-13-diphenylimidazole
(Oseudogem-bis PYIH [2.2] paracyclophane) pseudogem-BisPYIH[2.2]paracyclophane was
synthesized in accordance with the synthetic route below using [2.2]paracyclophane 4
dlphenyllmldazole 13- carbaldehyde obtained in the s heS|s of Example 4 above. The synthetic
route is shown DBkW, w. [Chem. 45] [0159] Toas50n ) fask were added [2.2]paracyclophane 4,13
dicarbaldehydg 87 mg,c0 SEBmaR s meERIsHE substjtutetrbepgil derivative (0.28 g, 0.83 mmol),

22U D
ammoniu it &4 ¢rEYmmol), and $0 Keticagig, and a reaction was carried out at

110C for [dfeallowing¥Betvol to room 8 Nihile cooling with ice, neutralization
with aqueous™8ifymorfieand extraction with dichloromé& e%‘ere carried out. The organic layer was
washed with satirated brine and vacuum concentrated mlxture was purified by silica gel column

chromatograpﬂy (sonent hexane/ THF = 2/1) and then I purif led by fractionation using gel filtration
chromatd@tdghy (solvent: THF), thus giving pseudogembisPYIH[2.21paracyclophane (0.10 g, 35%).

The results of N asuremen are hown below. [01 H-N z, DMSO-d

12.11-11.96 (m, ’\%ﬁ) SQIEnasaes 1§4 § ’ZF%I&’%@’(%H gﬁ%aésﬁgl g%@‘i??ﬁé‘i% HEesen R0
Subseq Uﬁﬂﬂﬁt@%ﬂ?%’lﬁbptﬂ%ﬂﬂ@rﬁlﬂ%@%@%@ﬁad’v&ﬁhlﬁ fheammprung of Hoe presertk)vention
for the purpose of control of photochromlc properties, was synthesized in accordance with the

syntheticfsutogsetois [EHEM 248 psepcy clophane (0.040 g, 0.045 mmol) obtained by the above

synthesis was dissolved in 10 mL of degassed benzene, an aqueous solution (8 mL) of
potassium ferricyanide (0.75 g, 2.3 mmol) and potassium hydroxide (0.39 g, 7.0
mmol) was added, and vigorous stirring was carried out for 20 minutes. The
benzene layer was extracted, washed well with water, and then vacuum
concentrated, thus giving the target pseudogem-bisDMI[2.2]paracyclophane (0.040 g,
quant.). The results of NMR measurement are shown below.

[0143]

TH-NMR (500 MHz, DMSO-ds) 6 = 7.20 (s, 1H), 7.16 (s, 1H), 7.08 (s, 1H), 7.02 (d, ] =
8.6 Hz, 1H), 6.92 (m, 2H), 6.85 (s, 1H), 6.79-6.67 (m, 8H), 6.52-6.46 (m, 3H), 3.72-3.36
(m, 24H), 3.12-3.00 (m, 6H)

[0144]

Absorption  spectrum characteristics of decolored form of wpseudogem-

bisDMI[2.2]paracyclophane

The absorption spectrum of pseudogem-bisDMI[2.2]paracyclophane obtained
by the above synthesis was confirmed by UV-visible absorption spectrum
measurement.  pseudogem-BisDMI[2.2]paracyclophane was dissolved in benzene
(concentration: 2.1 x 10> M), and measurement was carried out at 25°C.

FIG. 17 shows the result of measurement of the UV-visible absorption
spectrum. From the result of FIG. 17, pseudogem-bisDMI[2.2]paracyclophane also had
an absorption band in the visible light region of 400 nm and above. The molar
extinction coefficient € at 400 nm was 600. It was confirmed that, compared with the

molar extinction coefficient e at 400 nm of the above-mentioned singly-substituted
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[0162] All solvents used in the reaction were degassed by bubbling nitrogen for 30 minutes, and
all of the operations were carried out in the dark. In a 50 mL flask,
pseudogem-bisPYIH[2.2]paracyclophane (0.075 g, 0.083 mmol) obtained by the above synthesis was
dissolved in 5 mL of degassed benzene, an aqueous solution (10 mL) of potassium ferricyanide (1.4 g,

4.3 mmofPERd (Beradessi Mo BE G bR @ d orivnel a8 dabe et isuans tivaeryidegdicarried

out for 1&9\?‘3‘1)@9]3%}5‘898&?{% PURYBLLE ti%’ﬁ%ﬂ%ﬂé"(ﬂ@i%g‘ﬁ‘gﬁﬁfeﬁ%ﬂ enyagyum
concentrated, thus givingthe target’pseudogem-bisPYI[2.2]paracyctophahe (0.056 g, 75%). Since the

oxidized flot#d]s a complicated mixture of isomers, clear assignment by '"H-NMR could not be carried
out. [0163] 'H-NMR (500 MHz, DMSO-d6) 6 = 8.50-5.80 (m, 34H),. - m, 2H), 3.30-3.00 (m,
6H) [[016~r { SRS U FRER g dhaer ﬁ%‘?&%&gﬁgﬁﬁtbﬁsﬁ&%%&@%ﬁ’?ﬁ%’l&%ﬁi@éﬁ%&é@?ﬁ?&? (
paracyclophane The P &RRIREHAN 58%}%{%@“ p@?“%@@ﬁlﬁg@;ﬁ%ﬁﬂ\lipﬁ@ﬁﬁ%%ﬁfﬁﬁﬁ@med by
the above synthesis was confirmed by UV-visible absorption spectrum measurement.

pseudogekia@nsay by, 2fbaraehersphanthngs divsskegoniienedndYcorieresand: dagst 10l8v), and

measure/me s carfie . G, ther, as f the
fiyamede e N S T B s
also had BiddfijPaliparpiignlbphdria thasvikislel igdtirediernedetDBanmenied e tidtéomdldr gxtinction
coefficient ¢ at 400 nm was 8300. The absorptjon in the yisible light region increased greatly compared
with the bl ML IBRASHERTBIIMN: ¥4t 6 Rth UHHAEZbOVENER BRI RIPAFHRER) 8estituted
forms (p§ gem-DMIDPI[2.2]paracyclophane, pseudogem-bisDMI[2.2]paracyclophane) and
unsubstituted form (pseudogem-bisDPI [2.2] paracyclophane). [0166] Measurement of photochromic
properties of pselifogdfh-blyPyd[ 212 prrady cidpmgrsurememhebhatklronsiergid pebsespsiahe
pseudogem-hisPYI[2.2]paracyclophane obtained py the above synthesis.were,confirmed b

nanoseos e T e e A e A R TR
pseudogemBIcP M§2tBlparasypaphdneivasiidissbbeptivdegassedheszehe (aneentationed0 x 10-5

M), and measurement was carried out at 25C under an atmosphere of argon. [0167]
unsubstituted form pseudogem-bisDPI[2.2]paracyclophane, the absorption spectrum

of the photocolored form of pseudogem-bisDMI[2.2]paracyclophane resulting from
irradiation with UV light shifted to longer wavelength and the shape of the spectrum
changed. As a result, the photocolored form looked green to the naked eye.
Furthermore, as described above, since pseudogem-bisDMI[2.2]paracyclophane had an
absorption in the visible light region of 400 nm and above, coloration could be
confirmed under sunlight or room lighting.

[0147]

Furthermore, FIG. 19 shows the result of measurement of decay over time of
the absorption band at 400 nm under the same conditions as in Example 1. It was
confirmed from the result of FIG. 19 that, with regard to change over time of the
absorbance at 400 nm of pseudogem-bisDMI[2.2]paracyclophane, it decayed with a
half-life (not more than 200 ms) that was longer than the half life of the above-
mentioned unsubstituted form pseudogem-bisDPI[2.2]paracyclophane.

[0148]

[Example 9]

Synthesis of paracyclophane-4-(3-phenyl-4-pyrenvl)imidazole-13-diphenylimidazole
(pseudogem-PYTH-DPIH[2.2]paracyclophane)
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FIG. 24 shows the result of measurement of visible/near-IR absorption spectra under the same
conditions as in Example 1. It was confirmed from the result of FIG. 24 that, compared with the
absorption spectrum of the above-mentioned unsubstituted form
pseudogem-bisDPI[2.2]paracyclophane, the absorption spectrum of the photocolored form of

pseudogem-bisPRERIoRsErRIRY HorRBHE (e RarecieionharpatbRwRN U\ SigRels e SWsRCR longer
wavelengthyapddhe Shang o{an&spa%wru&%gh&?ﬁ;m SUIRIROIE MR RPRRRM e 1gsult o
measurement of detay over time of the absorption band at 400 nm under the same conditions as in
ExamplecarbialvEhgdefioimadfedninthbeesuitlofstd Gf Zcdmplwithalegerd tBhehsywgehetierrtimie a$ the
absorbani:?% atqﬁ%% nm of pseudogem-bisPYI[2.2]paracyclophane, it decayed with a shorter half life
(about 26 MY HENMat of the above-mentioned unsubstituted form pseudogem-bisDPI [2.2]
paracyclpphane.49[168] [Example 111 Synthesis of paracyclophane 4,13
bis(3-dimethoxypheny1-4-chlorophenyl)imidazole (Oseudogem-bis MCIH [2. 2] paracyclophane)
pseudogem-BisMCIH[2.2]paracyclophane was synthe @Q‘ﬁ' in accordance with the synthetic route
below usi%%lparacyclop ane 4,13 dicarbaldehyde. The synthetic route is shown below. [Chem. 47]
ome [016 E@aj VR vegg_ éla‘sk yeresadde 2]paracyc|ophane 4,13 _dlcarbaldehyde
(150 mg, |37 , 2-Chlpg0-3%4'-Histietvikybe ;3}4 g, 1.13 mmol), ammonium acetate (0.88 g,
11 mmol), and 6 mL of acstic’acid, and a reactiont was-€airied out at 80C for 40 hours. After allowing
to cool to room temperature, while cooling with ice, ne trdlization with agueous ammonia and
extractioL[B\M dichloromethane were carried out. The organic layer was washed with saturated brine
and vacuum concentrated. This mixture was purified by silica gel column chromatography (solvent:

hexane/ THF = 2I),aHs gilirftpplsevrdog exidbesMQ IR [2a24 parapdophbdép0ed8 lin608zpleH8 results
of NMR measurement are shown below. [0170] 'H-NMR (500 MHz, DMSO-d6) 6 = 11.81-11.55 (m,
o). 7875 GG S0 0 d Ll (i DTSy PR LR S S Gt Q14 8, 08

mmol), ammonium acetate (0.47 g, 6.1 mmol), and 5 mL of acetic acid, and a reaction

was carried out at 110°C for 30 hours. After allowing to cool to room temperature,
while cooling with ice, neutralization with aqueous ammonia and extraction with
dichloromethane were carried out. The organic layer was washed with saturated
brine and vacuum concentrated. This mixture was purified by silica gel column
chromatography (solvent: hexane/THF = 2/1) and then purified by fractionation
using gel filtration chromatography (solvent: THF), thus giving pseudogem-PYIH-
DPIH[2.2]paracyclophane (0.27 g, 83%). The results of NMR measurement are
shown below.
[0150]
TH-NMR (500 MHz, DMSO-d¢) 6 = 12.03-11.69 (m, 2H), 8.20-6.64 (m, 30H), 4.34-4.14
(m, 2H), 3.16-3.05 (m, 6H)
[0151]

Subsequently, pseudogem-PYI-DPI[2.2]paracyclophane, which is a compound
of the present invention for the purpose of control of photochromic properties, was
synthesized in accordance with the synthetic route below.

[Chem. 44]
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Subsequently, pseudogem-bisMCI[2.2]paracyclophane, which is a compound of the present invention
for the purpose of control of photochromic properties, was synthesized in accordance with the
synthetic route below. [Chem. 48] pmat e orticuanide arta potssai itydroxiclo 411FIMe Aqueous
solution of potassium Unzne7lk OMe Chile [0172] All solvents used in the reaction were

degassed by byhb¥i e
a 100 mL flask,“pgey dogem blsssll/lunglpm]sparacycloph E”Q\o g, 0.12 mmol) obtained by the above

synthesis w <solved it LB Lan0 cdﬁgasﬁaddsen e( an aqueous solution (12 mL) of potassium
ferricyanig%g, MMmol) @adRotassiunT hy [ .@ g, 12 mmol) was added, and vigorous
stirring w. Nedolt for 30 minutes. The benz i
then vacuum & @ ntrated, thus giving the target pseud

[0152]

m bisMCI[2.2]paracyclophane (0.088 g,

All solvents used in the reaction were degassed by bubbling nitrogen for 30
minutes, and all of the operations were carried out in the dark. In a 50 mL flask,
pseudogem-PYIH-DPIH[2.2]paracyclophane (0.044 g, 0.057 mmol) obtained by the
above synthesis was dissolved in 2 mL of degassed benzene, an aqueous solution (15
mL) of potassium ferricyanide (0.93 g, 2.8 mmol) and potassium hydroxide (0.32 g,
5.7 mmol) was added, and vigorous stirring was carried out for 2 hours. The
benzene layer was extracted, washed well with water, and then vacuum
concentrated, thus giving the target pseudogem-PYI-DPI[2.2]paracyclophane (0.038 g,
87%). Since the oxidized form is a complicated mixture of isomers, clear assignment
by TH-NMR could not be carried out.

[0153]

TH-NMR (500 MHz, DMSO-ds) 6 = 8.34-5.80 (m, 30H), 4.56-4.52 (m, 2H), 3.30-2.90 (m
6H)

[0154]

Absorption spectrum characteristics of decolored form of pseudogem-PYI-

DPI[2.2]paracyclophane

The absorption spectrum of pseudogem-PYI-DPI[2.2]paracyclophane obtained
by the above synthesis was confirmed by UV-visible absorption spectrum
measurement.  pseudogem-PYI-DPI[2.2]paracyclophane was dissolved in benzene
(concentration: 2.0 x 105 M), and measurement was carried out at 25°C.

[0155]

FIG. 20 shows the result of measurement of the UV-visible absorption
spectrum. From the result of FIG. 20, pseudogem-PYI-DPI[2.2]paracyclophane had a
strong absorption band in the visible light region of 400 nm and above. The molar
extinction coefficient € at 400 nm was 3200. The absorption in the visible light region

increased greatly compared with the molar extinction coefficient € at 400 nm of the
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87%). Since the oxidized form is a complicated mixture of isomers, clear assignment by ITENMR could
not be carried out. [0173] ITENMR (500 MHz, DMSO-d6) 6 = 7.48-6.47 (m, 20H), 3.79-3.14 (m, 20H)
[0174] Absorption spectrum characteristics of pseudogem-bis MCI [2.21paracyclophane decolored
form An absorption spectrum of pseudogem-bisMCI[2.2]paracyclophane obtained by the above

synthesi§XCTBSRATREE By UV-IRIRESHRONpIIPSHER RS meadtrBifent.  (pseudogem-DMI-
d ' h j ' ion: 10 , and
pseu Ogﬁﬁlévﬁvﬁ%%gﬁgég%%op a%ewa%%ﬁabﬁmggfﬁg%ggﬁ%%fﬂon #nd X 10y M), an

measurement ut at 25C. 10175 FIG. 2 sult of measurement of a
visible ahsmrphistitspatfom EemitgenekidbDdl 2@l f6apsdogbger)-bisMCI[2.2]paracyclophane had
an abso:wt%fand in the visible light region of 400 nm and above. The molar extinction coefficient E
at 400 n 400. It was confirmed that, compared with the molar extinction coefficient ¢ (= 0) at 400

nm of thevabRve-RRMIYTesheasthesites et kpsudeanphis PP 2R paraeveiRRRanshatie

absorption in the visible light region was increased by the introduction of a substituent. [0176]

Measurement of Phetohesafibisidbe rtiBEoprpsesdegemseisnemXMpeidycitiprasgclopharige
photochrgmi perties of pseudo -hisMC par ane ohtai h % thesis
were con wn%ﬁecg gy %%lngks%cgsr?g as%?ﬁégﬁéﬁo%?féis%@gﬁgﬁqﬁ un%%?%ﬁcegééﬁmzaacs%%d?%ﬁ asin
Examplephqisépde gecaBishadi 2iphradyelophane ndisidissadviedirdapbstephemzgoa-PYI-
(concentratifé:zj 1 x 10-4 M), under an atmo?%)ﬁere of argon, and measurement was carried qut at

o5C.  DEIR-dpaisyd andoaeu s shesely, ?ﬁ&ﬁ%ﬁ?ﬂﬁ@ﬁ%&*ﬁﬁwg&&%xuﬁ ér the

B3R
same COngjtigRg AsiEXaMRIe Fal Wrs &PBfimeddremiheresulialfithe? Bralrggmpared with the

absorption’spectrum of the above-mentioned unsubstituted form
pseudogBiSBilsDPI[2.2]paracyclophane, the absorption spectrum of the photocolored form of

pseudogem-bis 2.2lparacyclophane resulting from irradiation with. VHi ht §hgte to longer
avelength and 1S srebe D1 TRl rengaer o enant O wacibte SCaE s Hetes i o

measuregpentraf deday theastinrecohiiei ahs agptioBkanglati4 0l nmsurddithe $droencindideni as in
Example 1. It was confirmed from the result of FIG. 28 that, with regard to the change over time of the
absorbarteldfu 08l nthast seBuRRGEm BMbE 22 R B cHIREHAITR Richye ARAtreaIRRHRRSHAIf life

gigg; ;%g&%m@@& ralhifeof g aheyenpRatinpaspskisitHe diRmIRsspdege RIARR) [2.2]
of the photocolored form of pseudogem-PYI-DPI[2.2]paracyclophane resulting from
irradiation with UV light shifted slightly to longer wavelength and the shape of the
spectrum changed.

FIG. 22 shows the result of measurement of decay over time of the absorption
band at 400 nm under the same conditions as in Example 1. It was confirmed from
the result of FIG. 22 that, with regard to change over time of the absorbance at 400
nm of pseudogem-PYI-DPI[2.2]paracyclophane, it decayed with a shorter half life
(about 15 ms) than that of the above-mentioned unsubstituted form pseudogem-
bisDPI[2.2]paracyclophane.

[0158]
[Example 10]

Synthesis of paracyclophane-4-(3-phenyl-4-pyrenyl)imidazole-13-diphenylimidazole

(pseudogem-bisPYIH[2.2]paracyclophane)

pseudogem-BisPYIH[2.2]paracyclophane was synthesized in accordance with
the synthetic route below using [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde obtained in the synthesis of Example 4 above. The synthetic route is

shown below.
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[0177] [Example 121 Synthesisofparacyclophane-4-phenanthroimidazole-13-diphenylimidazole
(useudogem-PHIH-DPIH[2.21paracyclophane) pseudogem-PHIH-DPIH[2.2]paracyclophane was
synthesized in accordance with the synthetic route below using [2.2]paracyclophane 4
diphenylimidazole-13- carbaldehyde obtained in the synthesis of Example 4 above. The synthetic
route is JhGWHbERIw. [Chem. 49] [0178] To a 30 mL flask were added [2.2]paracyclophane 4
diphenylimidazole-13- carbaldehyde (0.30 g, 0.66 oI), 9,10-phenanthrenequinone (0.15 g, 0.33
mmol), ammonium acetate (0.76 g, 9.9 mmol), and@ ¥k of acetic acid, and heating was carried out at
90C for 10 hgurs. After allewing fo cool to room 1- ature, while cooling with ice, neutralization with
aqueous i&W @@o Quécentel gjqrea : ~

washing led chio om, faetes gridng pseddoy PHIH-DPIH[2.2]paracyclophane (0.36 g,
84%). The results of NVMR measurement are shown be

[0159]

To a 50 mL flask were added [2.2]paracyclophane-4,13-dicarbaldehyde (87
mg, 0.33 mmol), a pyrene-substituted benzil derivative (0.28 g, 0.83 mmol),
ammonium acetate (0.54 g, 7.0 mmol), and 10 mL of acetic acid, and a reaction was
carried out at 110°C for 46 hours. After allowing to cool to room temperature, while
cooling with ice, neutralization with aqueous ammonia and extraction with
dichloromethane were carried out. The organic layer was washed with saturated
brine and vacuum concentrated. This mixture was purified by silica gel column
chromatography (solvent: hexane/THF = 2/1) and then purified by fractionation
using gel filtration chromatography (solvent: THF), thus giving pseudogem-
bisPYIH[2.2]paracyclophane (0.10 g, 35%). The results of NMR measurement are
shown below.

[0160]

TH-NMR (500 MHz, DMSO-ds) 6 = 12.11-11.96 (m, 2H), 8.25-6.66 (m, 34H), 4.79-4.56
(m, 2H), 3.32-3.08 (m, 6H)

[0161]

Subsequently, pseudogem-bisPYI[2.2]paracyclophane, which is a compound of
the present invention for the purpose of control of photochromic properties, was

synthesized in accordance with the synthetic route below.

[Chem. 46]
& »
o2 <
N 0 Agqueous solution of pntags;ur: @ N=
. ferricyanide and potassium roxide It
g:ﬁ () y P y poxi ia®
(2 INJ, @ Benzene IS le @
HN N 0
2, agy,
[0162]
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1H-NMR (500 MHz, DMSO-d6) 6 = 12.52 (s, 1H), 11.56 (s, 1H), 8.67-8.66 (m, 1H), 8.61 (d, J = 8.5 Hz,
1H), 8.32-8.29 (m, 2H), 7.49-7.47 (m, 4H), 7.43-7.29 (m, 1H), 7.19 (s, 1H), 6.95 (t, J = 7.5 Hz, 1H),
6.81-6.59 (m, 11H), 6.45 (d, J = 7.0 Hz, 2H), 4.77-4.68 (m, 2H), 3.19-3.14 (m, 6H) [0180]
Subsequently, pseudogem-PHI-DPI[2.2]paracyclophane, which is a compound of the present invention

for the purpose ofBréel¥erisitaschipHatoadinR profserreasand Ryhubbbag ritgessriicalvith the
synthetic rouig elowy [ﬁﬁ%?‘t}?e%%eratf%ﬂé‘}b’&%t%&ﬁ%i%m%ﬁe&%i%&?@ﬁ’%@%%‘i‘; By,brbbling

nitrogen for 30 minutes, and all of the operations were carried out in the dark. In a 200 mL flask,
pseudogeseuBbtitRIPY212] B reyreloptapbae0@B0§ 5020 6. AP afrobiniokthine thballow e kymthesis

was dissolved in, 15 mL of degassed.benzene and 1 L of degassed ethano|, an a ous, solution
oL o PR o A D AT RO A ST ST IR AT B RD v
added, apghyignion SetifEnthnRs caried auhianB APt RERFERS R E[0FASEXIREetb yashed

well with water, and then vacuum concentrated, thus giving the target

pseudogtspidivel pndiyigeiepdsiiaing (0 apcagriggosy tdiict nabxitihebearens layenpieated

mixture of j : i H-N d not be carrie . The yesul R
measuro e e o Gan el I NI (B0 s IS e e g A (s s,
2H), 8.524thet pBilibyznibisIBYID (2] phra8yalbizhdhd) ,(0.036 26 731h). 3BindeGher Bddined Fbm
7.23-7.20 (m, 2H), 6,97 (s, 1H), 6.73 (s, 1H), 6.65-6.55 (m, 2H), 4.77-4,68 (m, 2H), 3.19-3.14 (m, 6H)
[0183] ' aﬁ%‘@i\ﬂ?@%ﬁzéﬁ%@é‘%%éﬁ?@?ﬁbFﬁ{?ﬁlﬁﬂ&%ﬁﬁhgﬁég'yﬁ&@’t‘éa“&’i/itﬁl
structural gralysisip the same manner as in Example 1. The molecular structure elucidated by the

analysis is shown in FIG. 29. [0184] Measurement of photochromic properties of
pseudogEfMeBHIDPI[2.21paracyclophane

1H-NMR (500 MHz, DMSO-ds) & = 8.50-5.80 (m, 34H), 4.74-4.45 (m, 2H), 3.30-3.00 (m,
6H)
[0164]

Absorption  spectrum characteristics of decolored form of wseudogem-

bisPYI[2.2]paracyclophane

The absorption spectrum of pseudogem-bisPYI[2.2]paracyclophane obtained
by the above synthesis was confirmed by UV-visible absorption spectrum
measurement.  pseudogem-BisPYI[2.2]paracyclophane was dissolved in benzene
(concentration: 2.0 x 10> M), and measurement was carried out at 25°C.

[0165]

FIG. 23 shows the result of measurement of the UV-visible absorption
spectrum. From the result of FIG. 23, pseudogem-bisPYI[2.2]paracyclophane also had
a strong absorption band in the visible light region of 400 nm and above. The molar
extinction coefficient € at 400 nm was 8300. The absorption in the visible light region
increased greatly compared with the molar extinction coefficient & at 400 nm of the
above-mentioned tetramethoxy substituted forms (pseudogem-DMI-
DPI[2.2]paracyclophane, pseudogem-bisDMI[2.2]paracyclophane) and unsubstituted
form (pseudogem-bisDPI[2.2]paracyclophane).

[0166]

Measurement of photochromic properties of pseudogem-bisPYI1[2.2]paracyclophane
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The photochromic properties of pseudogem-PHI-DPI[2.2]paracyclophane obtained by the above
synthesis were confirmed by nanosecond laser flash photolysis measurement under the same
conditions as in Example 1. pseudogem-PHIDP1[2.21paracyclophane was dissolved in degassed

benzene (concentration: 10-I M) under an atmosphere of argon, and measurement was carried out at
25C.[0185] e HHwspehvenne resargtior uidinariesfissbisEa iR 24 pasmarelorBakga under

the same,Gondiliong asmExmple I liwascopiipned fremdadg resHitabGle-A0dthalde aasprotion

spectrum of the photocolored form of pseudogem-PHIDP1[2.21paracyclophane resulting from
irradiatiophvaitbliBisligitasaseveenisimnertdheesabsorptioti Spestasmiof Ererapby d-mentiohed -

unsubstitut seudogembisDPI [2.2] paracyclophane. Furthermore, FIG. 31 shows the
ool of HEL B S CE e TR B ids B S8 S AE h EHEBIHSar it comattons
as in Exampler]. dhwasccenlismed frems he sl aff 18581 nabrwihtaassHerther chapge over time

of the absorbance at 400 nm of pseudogem-PHIDPI[2.21paracyclophane, it decayed with a much
shorter hA&¥ 6ifé (about 80 ps) than that of the above-mentioned unsubstituted form pseudogem-bisDPI

[2.2] paracyc'0prﬁg:p%l%%%%@{ﬂgler%%tsxmli]ﬁiggw%em nt ?g_lvg_sigil nealr-IR absorption

paracyclophane-4- imethylaminopheny1-4-phenyl)imidazo phenylimidazole (pseu

dogem-Bpdttrd kit 2. A panacy cdopiiig)s as indSeudpde - istH{Phadpafiacyicthphranel wwas
synthesized in accorq?nce with the syn_tgetjé:éoute below using [2.2]paracyclophane 4

diphenylRhidd%bleh 30k 6ameRYee iR ORI IR SRECTERAMPIES Ab5ve e EoRfhtic
route is ShWBARGW A FHEM RAl APMERIDM RO 2RESPRIAFBIORG absorption spectrum

of the photocolored form of pseudogem-bisPYI[2.2]paracyclophane resulting from
irradiation with UV light shifted slightly to longer wavelength, and the shape of the
spectrum changed.

Furthermore, FIG. 25 shows the result of measurement of decay over time of
the absorption band at 400 nm under the same conditions as in Example 1. It was
confirmed from the result of FIG. 25 that, with regard to change over time of the
absorbance at 400 nm of pseudogem-bisPYI[2.2]paracyclophane, it decayed with a
shorter half life (about 20 ms) than that of the above-mentioned unsubstituted form
pseudogem-bisDPI[2.2]paracyclophane.

[0168]
[Example 11]

Synthesis of paracyclophane-4,13-bis(3-dimethoxyphenyl-4-chlorophenyl)imidazole

(vseudogem-bisMCIH][2.2]paracyclophane)

pseudogem-BisMCIH|[2.2]paracyclophane was synthesized in accordance with
the synthetic route below using [2.2]paracyclophane-4,13-dicarbaldehyde. The
synthetic route is shown below.

[Chem. 47]

MeQ Ammonium 7 OMe
¢_-CHO MeO acetate N C'
* prsnaeeraalll = o5 W o
CHO pa cl Acetic acid HN-
¢ _-0Me

[0169]
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Li'Ca To a reaction vessel were added [2.2]paracyclophane 4
diphenylimidazole13-carbaldehyde (0.095 g, 0.21 mmol), 4-dimethylaminobenzil (0.065 g, 0.26 mmol),
ammonium acetate (0.085 g, 1.1 mmol), and 0.5 mL of chloroform, and refluxing was carried out for 18
hours. After allowing to cool to room temperature, hexane was added to the reaction mixture, and

filtration by suctidrPwas c%?rie‘é‘%ut?ﬂ‘i%’@‘ﬁ&inél@ﬁb taY@%iepséﬁéééerﬁzﬁlﬂ’ﬁﬁwmﬂﬁlﬁﬁﬁrﬁéﬁflophane
(0.11 9, GEAWINEH t?ﬁd\'l'}‘!g, rﬂi‘S‘?SH{ﬁ{Bg”tﬁEﬁl%?Bﬂ‘)@-%iﬂWet@&?ﬁéﬁi’l\' 24308 MH3

DMSO-d6) 6 = 11.62' (s, TH), 11.246 (s, 1H), 7.36-7.02 (m, 18H), 6.92 (d,"J = 8.6 Mz, 1H),6.71 (t, J =
6.1 Hz, 2tmelhhthrenfunHxe2ity, ©.88 1,11 =8 BizaridHh HrlilofchckticBabitizaritHp HeB&E4150 (M,

2H), 3.13-3.02 (m, 6H), 2.89 (s, , 2.82((s, 3H) [0188 . Subsequently,

pseudog&“rﬁﬁrfﬂ(‘f-rﬁ& [‘%‘.’zt] B&é@ﬁl}g{%éﬁé fth {%95%«9#&8%% & tﬁ%eoirté’séﬂ?‘iﬂxfé%ﬂr AHthe
purpose Qﬂﬁ@@@bﬁthﬁﬁW@Hﬁh@d@fﬁEﬁﬂéﬁﬁaﬂVﬁﬁ&V ﬁ?ﬁ@&ﬁﬁddﬁlﬁ%ﬁfgm WithatheosyRigtic route
below. [Chem. 52] All solvents used in the reaction were degassed by bubbling nitrogen for 30

minutes, Gisblanangibasemtehsaveirdcaried e iorgrniatry g5 a2oowashfgsryith saturated
pseudogem-DAIH;DPI J"foﬁ] | ne 62 . 9 . ined b thesis
was dissgf\%%%l@ﬂaa{'o e%%@%%%%gggéné R%l% é&%%%gsagé? U"?I)g} n} lf)égﬁmglg Sg%gt%% ugréﬁflglr%ﬁ:yanide
(1.7 g, 5 dhremeiayrdpiotassrotvbytrodide{0efAHH .9 mm)) Mas ddded, ginthygjgopsasdeigening was
carried out for 20 minutes. Th? bﬁpzen Ia§er was xtra%[ed, washed well with water, and then
vacuum PisMCIH[2.2]paracyclophane ?0.2 , 60%%. The results of NMR measurement are

shown below.

[0170]

TH-NMR (500 MHz, DMSO-d6) 6 = 11.81-11.55 (m, 2H), 7.47-6.61 (m, 20H), 4.54 (br,

2H), 3.73-3.68 (m, 12H), 3.13-3.07 (m, 6H)

[0171]

Subsequently, pseudogem-bisMCI[2.2]paracyclophane, which is a compound
of the present invention for the purpose of control of photochromic properties, was

synthesized in accordance with the synthetic route below.

[Chem. 48]

Ch'J & OMe D ome

SR Aqueous solution of potassium N=

grd Cl OMe ferricyanide and potassium E’E:ijrq OMe
H

hydroxide S Cl
> HI\’IN" Q Benzene < l\.lN! @
(-ome ¢ _S-ome
OMe OMe
[0172]

All solvents used in the reaction were degassed by bubbling nitrogen for 30
minutes, and all of the operations were carried out in the dark. In a 100 mL flask,
pseudogem-bisMCIH[2.2]paracyclophane (0.10 g, 0.12 mmol) obtained by the above
synthesis was dissolved in 18 mL of degassed benzene, an aqueous solution (12 mL)
of potassium ferricyanide (2.0 g, 6.0 mmol) and potassium hydroxide (0.67 g, 12
mmol) was added, and vigorous stirring was carried out for 30 minutes. The
benzene layer was extracted, washed well with water, and then vacuum

concentrated, thus giving the target pseudogem-bisMCI[2.2]paracyclophane (0.088 g,
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concentrated, thus giving the target pseudogem-DAI-DPI[2.21paracyclophane (0.017 g, 26%). The
results of NMR measurement are shown below. [0189] ITENMR (500 MHz, DMSO-d6) 6 = 7.44-7.40
(m, 3H), 7.31-7.05 (m, 13H), 6.99 (d, J = 8.0 Hz, 1H), 6.93 (d, J = 9.5 Hz, 1H), 6.81 (d, J = 6.5 Hz, 1H),
6.68 (s, 2H), 6.64 (d, J = 0.5 Hz, 1H), 6.53-6.45 (m, 3H), 4.45-4.30 £m, 2H), 3.30-3.05 (m, 7H), 2.97 (s,
3H), 2.98(30 BHYitrEotIeABEdipaE f B Ins YRIYaIR Rk aéxgre of isomers, clear assignment
pseudoggyrﬁ%gﬂfgQoaw%@tcyglgmp&?oggcolored form The absorption spectrum of pseu
dogem-DAI-DPI [2.2] paracyclophane obtained by the above synthesis was confirmed by UV-visible
absorptidAls{3¢ctrum measurement. pseudogem-DAI-DPI[2.2]paracyclophane was dissolved in
benzene tration: 2.1 -5 M), and suremen ied qut at . FIG. 32 shows
the resuI%%[fm@@m&m%@ﬁ@%eﬁ%%gé%@%m%o%%&?ﬁ%Qfétm't@%&sult of FIG. 32,
pseudogpm7@AI-DPI[2.21paracyclophane had an absorption band in the visible light region of 400 nm
and above. The molar extinction coefficient ¢ at 400 nm was 14000. It was confirmed that, compared

pseudogag&-?i&}%ﬁ I%!é!garacyclophane, the absorption in the isible light region was increased by the

introduc lamino group. [0191] Measurement of photochromic properties of
pseudogem-DAI-DP Ifbainpaianysiephana of psdihkgnolocviaitiz. Pliopeidiedafhane obtained
pseudogem-DAI-DPI[2.2]paracyclophane obtained by the above synthesis were confirmed by
nanosecBMd r%%%%epﬁata%@%néﬁéare@ﬂaﬁm@aﬁr% éé}ﬁgléﬂ?ianiaﬁgogyﬁngmﬂg&m
pSGUdOgﬁ@a@&‘QR&@-ZlP%ﬁ&é’ WBW@I@ﬂE§PA¥?@HﬁH§H@S%§sb%‘?@&ﬂ@e@oﬂ?eﬁéﬁ%@% 2.1x
10-5 M) under an atmosphere of argon, and measurement was carried out at 25C. FIG. 33 shows
the resul{sherzsatemediof VibMinead IRetssogpriont spesrartederuhets2ie.conditions as in
Example 6 ?%xas confirmed from the result of FIG. 33 that, with regard to the absorption spectrum of
the photcl;co ored form of pseudogem-DAI-DPI[2.21paracyclophane resulting from irradiation with UV

light, the shape dfithe Zpebisun changed comparadivdthdhe absorplible spigeirpiodl HpRctrum.

above-mentioned unsubstituted form pseudogem-bisDPl[2.2]paracYcIophane. [0192] _
From the result of FIG. 26, pseudogem-bisMCI[2.2]paracyclophane had an absorption

band in the visible light region of 400 nm and above. The molar extinction coefficient
e at 400 nm was 400. It was confirmed that, compared with the molar extinction
coefficient € (= 0) at 400 nm of the above-mentioned unsubstituted form (pseudogem-
bisDPI[2.2]paracyclophane), the absorption in the visible light region was increased
by the introduction of a substituent.

[0176]

Measurement of photochromic properties of pseudogem-bisMCI[2.2]paracyclophane

The photochromic properties of pseudogem-bisMCI[2.2]paracyclophane
obtained by the above synthesis were confirmed by nanosecond laser flash
photolysis measurement under the same conditions as in Example 1. pseudogem-
BisMCI[2.2]paracyclophane was dissolved in degassed benzene (concentration: 2.1 x
104 M), under an atmosphere of argon, and measurement was carried out at 25°C.

FIG. 27 shows the result of measurement of visible/near-IR absorption
spectra under the same conditions as in Example 1. It was confirmed from the result
of FIG. 27 that, compared with the absorption spectrum of the above-mentioned
unsubstituted form pseudogem-bisDPI[2.2]paracyclophane, the absorption spectrum

of the photocolored form of pseudogem-bisMCI[2.2]paracyclophane resulting from
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Furthermore, FIG. 34 shows the result of measurement of decay over time of the absorption band at
400 nm under the same conditions as in Example 1. It was confirmed from the result of FIG. 34 that,
with regard to the change over time of the absorbance at 750 nm of
pseudogem-DAI-DPI[2.21paracyclophane, it decayed with a half life (31 ms) comparable to the half life
(33 ms) ordiatiRavitaddy) ﬁﬁﬁ%@ﬂtmele%ﬁﬁ‘ﬁé@ﬁ&é@éh%}éd(bﬂzmﬁar%fcwWH&When
comparirl@\m%@&sorbance (40.D., that is, color density) of the colored form under the same
conditions, it was increased by about 4 times by the introduction of a dimethylamino group. This is due
to the very large hordesenioréhé' 10028 eltimctidrecmstiitiehinedbereiMeryitndesade seebdnrabof/e.

[0193] [Example 141, Synthesis of acrylate group;containin eudogem:-bisDPIH[2.21paracyclophane
(Acpeeud B ARE BT 5T Ay OB SR R R ST P I BRS Ay T diHane was
synthesizeg fifraeePrasncthwithstie syriptimsravie baloweising 1 2iRarRsyciorRaPfithe of the

diphenylimidazole-13- carbaldehyde obtained in the synthesis of Example 4 above. The synthetic
route is SHSRFPBERSVATERENMIBIPE frregdpgen-bishd GlEdD Hpafrewclopleangdét feapadasyidlvphane 4
diphenylimi -13- d@ 0,29 I e group-containi nzjl (0.10 g,
026 i R e e e 2
of acetic facih, zvad dogatinbisiaBIf2 2] pdraut aliop®@rfer 5 hours. After allowing to cool to room
temperartlruﬂ;]([a gighile cooling with ice, neutralization with aqueous ammonia and extraction with

dichloro Z e were carried out. The organic layer was washed with saturated brine and vacuum
concentr[agqgm'li!;l'@m]xture was purified by silica gel column chromatography (solvent: hexane/ THF =

2/1), thus giving Ac-pseudogem-bisDPIH[2.2]paracyclophane (0.11 g, 49%). The results of NMR
measurepyarihesis showafhelowparacyclophane-4-phenanthroimidazole-13-diphenylimidazole

(pseudogem-PHIH-DPIH[2.2]paracyclophane)

pseudogem-PHIH-DPIH[2.2]paracyclophane was synthesized in accordance
with the synthetic route below using [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde obtained in the synthesis of Example 4 above. The synthetic route is

shown below.

[Chem. 49]

3
d_-cHo Yo T g:r«? )
H @ o o HN

&
[0178]

To a 30 mL flask were added [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde (0.30 g, 0.66 mmol), 9,10-phenanthrenequinone (0.15 g, 0.33 mmol),
ammonium acetate (0.76 g, 9.9 mmol), and 3 mL of acetic acid, and heating was
carried out at 90°C for 10 hours. After allowing to cool to room temperature, while
cooling with ice, neutralization with aqueous ammonia was carried out, and a
precipitate was collected by filtration. This was purified by washing with cooled
chloroform, thus giving pseudogem-PHIH-DPIH[2.2]paracyclophane (0.36 g, 84%).
The results of NMR measurement are shown below.

[0179]
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[0195] 'H-NMR (500 MHz, DMSO-d6) 6 = 11.61 (s, 1H), 11.47-11.46 (m, 1H), 7.29-7.26 (m, 2H),
7.19-7.04 (m, 12H), 7.00-6.98 (m, 2H), 6.73-6.57 (M, 8H), 6.39-6.59 (M, 1H), 6.27- 6.22 (M, 1H),
6.00-5.97 (m, 1H), 4.58-4.47 (m, 2H), 4.57-4.39 (m, 2H), 420410(m 2H), 3.73-3.66 (m, 3H),

3.13-3.04 (m, 6H) [019 Sub tly, Ac-pseud bisDPI[2 2 loph hich i
compourioH M NENHocHGRC h 1 Bee o 1 28 ot eGP T

accordanee iy MFis) HIEITPRSPEIRNSHTher-PF (AmAPSIRNY wwi%ﬁ‘ 9134, GARNSildrel.
6.95 (t, ] = 7.5 Hz, 1H), 6.81-6.59 (m, 11H), 6.45 (d, ] = 7.0 Hz, 2H), 4.77-4.68 (m, 2H),
3.19-3.14 (m, 6H)
[0180]
Subsequently, pseudogem-PHI-DPI[2.2]paracyclophane, which is a compound

of the present invention for the purpose of precise control of photochromic

properties, was synthesized in accordance with the synthetic route below.

[Chem. 50]

N \ Aqueous solution of potassium N..

N 0 ferricyanide and potassium hydroxide N' @
) 2 >

) enzene T~ N
) rq ! @

[0181]

All solvents used in the reaction were degassed by bubbling nitrogen for 30
minutes, and all of the operations were carried out in the dark. In a 200 mL flask,
pseudogem-PHIH-DPIH[2.2]paracyclophane (0.025 g, 0.06 mmol) obtained by the
above synthesis was dissolved in 15 mL of degassed benzene and 10 mL of degassed
ethanol, an aqueous solution (20 mL) of potassium ferricyanide (0.4 g, 1.2 mmol) and
potassium hydroxide (0.27 g, 4.8 mmol) was added, and vigorous stirring was
carried out for 2.5 hours. The benzene layer was extracted, washed well with water,
and then vacuum concentrated, thus giving the target pseudogem-PHI-
DPI[2.2]paracyclophane (0.022 g, 88%). Since the oxidized form is a complicated
mixture of isomers, clear assignment by 'H-NMR could not be carried out. The
results of NMR measurement are shown below.

[0182]

TH-NMR (500 MHz, DMSO-ds,) 6 = 8.84-8.79 (m, ] = 8.0 Hz, 2H), 8.52 (d, ] = 8.0 Hz,
1H), 8.31 (d, ] = 8.0 Hz, 1H), 7.74-7.67 (m, 3H), 7.56-7.31 (m, 11H), 7.23-7.20 (m, 2H),
6.97 (s, 1H), 6.73 (s, 1H), 6.65-6.55 (m, 2H), 4.77-4.68 (m, 2H), 3.19-3.14 (m, 6H)

[0183]
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All solvents used in the reaction were degassed by bubbling nitrogen for 30 minutes, and all of the
operations were carried out in the dark. In a 100 mL flask, the
Ac-pseudogem-bisDPIH[2.2]paracyclophane (0.050 g, 0.060 mmol) obtained by the above synthesis
was dissolved in 10 mL of degassed benzene, an agueous solution (7. mL) of potassium ferricyanide

(1.0 g, 3.2 mmol)l&sd peretinachyuisde 1o BELH D B iy ssaslanbencaitn sidbestadstifing was
carried oyt fgr, BQminies) TheRenzang e A eiasterd washed.yall with water, and.thep
vacuum concentrated, thus giving the target Ac-pseudogem-bisDPI[2.2]paracyclophane (0.050 g,
qguant.). Stngettire eltididetefbby thaawhplisatethovixtureldGs@thers, clear assignment by 'H-NMR
could noi% rried out. [0198] ITENMR (500 MHz, DMSO-d6) 6 = 7.48-7.44 (m, 1H), 7.28-7.20 (m,
7H), 7.14- %%a(m, 9H), 6.93-6.85 (m, 3H), 6.72 (s, 2H), 6.57-6.51 (m, 2H), 6.42-6.37 (m, 1H),
6.29-6.23 (B kB :10308 99 Hiln fh Skt 2860 of e 1863 BHID B, 8;28-%00 6phAkd) [0199]

MeasurementofphotochromicpropertiesofAc-pseudogem- bisDP1[2.21paracyclophane The

photochromic prdpetiadheteBIampse RioBeTHSsisDP I[psolyagatydibBhake s Blmpeas Yslepbamove

Symheg%ﬁ%ﬁ%ﬁe‘@ ggfﬁ{ﬁﬁ%@%g%%‘@ggggﬁg_ggg%ﬁ%éa SHE?{B%%%W% T SANLR

conditions as in Exa c-pseudogem paracyclophane was dissolved in gegassed
benzenepthondgniratieashfembl); andenehsyrentardvdit @as iedroikah¥i€ Lingenadngatmbsplhere of

argon. [0200 FIG. 35 shows the result of measurement of visible/near-IR absorption spectra
under th?&lﬂ%@%&ﬁ%gmeé&’&ﬁ\ SPINCH AR T RATER FERERS SSETHEREOS Hiac bmpared

with the %MPHH%&H%@HH@@BPW%{H‘%@E&%Jv@%%%&‘ﬁ&ﬂ”@ﬁﬁ%t‘ﬁb@ is an analogous
compound mentioned above, the absorption spectrum of the photocolored form of
Ac-pseuddbErhbisDP1[2.21paracyclophane resulting from irradiation with UV light was substantially
thesame. =~ Fuherorg, £1S. 30 shouss (e esull of megsurement of decaviuegime, ah he
absorption band at 400 nm under the same conditions as In Example 1. [t'was confirmed from the
result of Fpect3s thatervtte gast-tothieichaageroEratipedf. thewhsetidncadat AMRMcfesult

Ac-pseudogem-bisDPI[2.2]paracyclophane, it decayed with a half life (about 50 ms) comparable to
that of p&d QHWED'@B phsosppamepeHane! iirfcRhsteRlAEtdgais cBhfissufisiEhtidhed

above. [qgﬁﬂ{]z.Z]paracyclophane resulting from irradiation with UV light was very similar to

the absorption spectrum of the above-mentioned unsubstituted form pseudogem-
bisDPI[2.2]paracyclophane.

Furthermore, FIG. 31 shows the result of measurement of decay over time of
the absorption band at 400 nm under the same conditions as in Example 1. It was
confirmed from the result of FIG. 31 that, with regard to the change over time of the
absorbance at 400 nm of pseudogem-PHI-DPI[2.2]paracyclophane, it decayed with a
much shorter half life (about 80 ps) than that of the above-mentioned unsubstituted
form pseudogem-bisDPI[2.2]paracyclophane.

[0186]
[Example 13]

Synthesis of paracyclophane-4-(3-p-dimethylaminophenyl-4-phenyl)imidazole-13-

diphenylimidazole (pseudogem-DAIH-DPIH[2.2]paracyclophane)

pseudogem-DAIH-DPIH[2.2]paracyclophane was synthesized in accordance
with the synthetic route below using [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde obtained in the synthesis of Example 4 above. The synthetic route is
shown below.

[Chem. 51]
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[Example 151 Synthesis of poly-pseudogem-bisDPIH[2.21paracyclophane
Poly-pseudogem-bisDPIH[2.2]paracyclophane was synthesized in accordance with the synthetic route
below using the Ac-pseudogem-bisDPI[2.2]paracyclophane obtained by the synthesis of Example 13
above. The synthetic route is shown below. [Chem. 55] [0202]
Ac-pseudogem-bisDPI[2.2]paracyclophane (0.025 g.032 mmol), styrene (36 pt, 0.32 mmol), and
2,2'-azobigisbhutyronitrilei(1.6 mg, 9.5 umo)| Were) (fded to a sealable glass ampoule. After this was
subjecteg4s, ee g/+de $ay abg‘ﬁlg}g-imN sealed by fusing under vacuum. The sealed
tube was'heated & 80C forsZthours. Subsequéntiyy-the sealed tube was taken out, cooled in a liquid
nitrogen bath to stop polymerization, the seal was oféened, and the contents were diluted with
dichloromethanes s yias sbiecled g irrealpiajomin melbanghand & solifdhys pisclpipied was
as with methanol and he

collected by filtration. The solid thus obtained was xane. thus giving the

target poly-osebalogbiydés DR19H 222 DiranystdjphéuaBri@083anbsheniP(B65 g ThaGesuntislhyf NMR
measurement are shown bel om the results, it confir that polymerizatjon progressed
since theSigRaIduE t%cﬁtﬂgﬂj@loéfgﬁp&e]a@méhrﬂ{ﬁrﬁgr&‘ﬂ Rg%?“i?é”g oM ?ﬂéi iHtegrdtién'¥atio
thereof thak il AR HZRtAR ratior (@R BIIWASL Goarsh L niooiRhelnpleraricUnE Was intraduced
per 8 units of styrene.It was confirmed from gel filtration chromatography (solvent: tetrahydrofuran)

that a poyddedHavihg seactightastate muldilirativailit Mmeation 36000 indrebér s gheingolecular
weight Mn = 93000, and.a mol Wey istribution, Mw/ Mn = 1.46 btajned. It was confirmed
fom the LS A A o R e B o e
poly-psebidiemdasiehhiAt2pashoyetopbiie. was 110C, which was comparable to that of polystyrene
(glass transition temperature: 100C). [0204] 1H-NMR (500 MHz, CDC13) 6 = 7.48 (br, 2H), 7.37-6.31
(br, 143H918485 (br, 2H), 4.03- 3.49 (br, 14H), 3.37-2.89 (br, 14H), 2.28-1.08 (br, 75H) [0205]

1H-NMR (500 MHz, DMSO-de) & = 11.62 (s, 1H), 11.46 (s, 1H), 7.36-7.02 (m, 18H), 6.92
(d, ] = 8.6 Hz, 1H), 6.71 (t, ] = 6.1 Hz, 2H), 6.61 (t, ] = 7.6 Hz, 2H), 6.48 (d, ] = 8.6 Hz,
1H), 6.40 (d, J = 8.6 Hz, 1H), 4.59-4.50 (m, 2H), 3.13-3.02 (m, 6H), 2.89 (s, 3H), 2.82((s,
3H)

[0188]

Subsequently, pseudogem-DAI-DPI[2.2]paracyclophane, which is a compound
of the present invention for the purpose of control of photochromic properties, was

synthesized in accordance with the synthetic route below.

[Chem. 52]

\ \
N— N—
N‘\& Aqueous solution of potassium N=
i ferricyanide and potassium hydroxide '&
o Benzene e N
N Q) 8O
HN N

All solvents used in the reaction were degassed by bubbling nitrogen for 30

minutes, and all of the operations were carried out in the dark. In a 200 mL flask,
pseudogem-DAIH-DPIH|[2.2]paracyclophane (0.062 g, 0.091 mmol) obtained by the
above synthesis was dissolved in 24 mL of degassed benzene, an aqueous solution
(24 mL) of potassium ferricyanide (1.7 g, 5.1 mmol) and potassium hydroxide (0.44 g,
7.9 mmol) was added, and vigorous stirring was carried out for 20 minutes. The

benzene layer was extracted, washed well with water, and then vacuum
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Measurementofphotochromicpropertiesofpoly-pseudogem- bisDPIH[2.21paracyclophane solution

The photochromic properties in the solution state of the poly-pseudogembisDPIH[2.21paracyclophane
obtained by the above synthesis were confirmed by nanosecond laser flash photolysis measurement
under the same conditions as in Example 1. Poly-pseudogem-bisDPIH[2.2]paracyclophane was

dissolvedersyERtsst Huy shanadheetiraabrsay dogsyiihl-1aRH Aidrarrekséor hane dArPE Hut at
25C “”dQB?’LaT'Hé’?Bm@ Of RIGAR Q206 emeniFe SH{oSRWEIE result of measurement of

visible/near-I1R absorption spectra under the same conditions as in Example 1. It was confirmed from
the resulf@f891G. 37 that the absorption spectrum of the photocolored form of

i S LYl S R R b T NIRRT TR L

above- m@OtHiedH)O'ESC% g,]= 9@[%9@’{’}’ & B1Gd3$ 5@5"%@%@?@@ (2RI gBe oijdecay
over time of the absor tlon band at 400 nm under the same conditions as in Example 1. It was
confirme@ &, th‘él}eé)éﬁéfﬁ @n38thet; 4ith P8 dardAbthd Wae(Bvetimé 8f (ﬁe%ﬂ))sé’rﬁar{&e at 400
nm of poky-pseudogem-bisDPIH[2.2]paracyclophane, it decayed with a half life (about 50 ms)
comparable’to that of Ac-pseudogembisDP1[2.21paracyclophane, which is the analogous compound
mentiondd1&opve. [0207] Measurementofphotochromlcpropertlesofpoly pseudogem-
bisDPIH[2.21paracyclophane thin fIm The pho ochro i of the
poly-pseGSSERIRED SipgetHA. : , poeg=DALDPIY 2ipara nane
nanosecg@gdgﬁ%aﬂ%g,ﬁlphotolysm measurement under the same conditions as in Example 1. 5 mg of
poly-pseudogem-bisDPIH[2.2]paracyclophane was dissolved in chloroform (concentration: 50 mg /
mL), a thin film steprepbfﬁeumma queErecipiane byod spireodageig-iRéthdd lihd lipeasydomdtrwas
carried out at. 2 0 9 shows the regsult f the visible/near- IR
absorptlouégpecéz ]#X ert Ve S “é gghsdmgrs]scggfn xgmgle 1.1 VT§Pse c%r)l irhed from %?e result of

FIG. 39 tﬁﬁia@l&@th%&pﬁ@éﬁﬂMl@lﬂ[@B]p@l@f@dF@ﬁMa@kp%s dissolved in benzene

(concentration: 2.1 x 105 M), and measurement was carried out at 25°C.

FIG. 32 shows the result of measurement of the visible/near-IR absorption
spectrum. From the result of FIG. 32, pseudogem-DAI-DPI[2.2]paracyclophane had an
absorption band in the visible light region of 400 nm and above. The molar
extinction coefficient € at 400 nm was 14000. It was confirmed that, compared with
the molar extinction coefficient ¢ (= 0) at 400 nm of the above-mentioned
unsubstituted form pseudogem-bisDPI[2.2]paracyclophane, the absorption in the
visible light region was increased by the introduction of a dimethylamino group.
[0191]

Measurement of photochromic properties of pseudogem-DAI-DPI[2.2]paracyclophane

The photochromic properties of pseudogem-DAI-DPI[2.2]paracyclophane
obtained by the above synthesis were confirmed by nanosecond laser flash
photolysis measurement under the same conditions as in Example 1. pseudogem-DAI-
DPI[2.2]paracyclophane was dissolved in degassed benzene (concentration: 2.1 x 10-
M) under an atmosphere of argon, and measurement was carried out at 25°C.

FIG. 33 shows the result of measurement of visible/near-IR absorption
spectra under the same conditions as in Example 1. It was confirmed from the result
of FIG. 33 that, with regard to the absorption spectrum of the photocolored form of

pseudogem-DAI-DPI[2.2]paracyclophane resulting from irradiation with UV light, the
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pseudogem-bisDPIH[2.2]paracyclophane resulting from irradiation with UV light had broad absorption
in the visible light region that was similar to the absorption spectrum of
Ac-pseudogem-bisDPI[2.2]paracyclophane, which is the above-mentioned monomer.

Furthermore, FIG. 40 shows the result of measurement of decay over time of the absorption band at

400 nm ShaBetY s ererigHns gt  SaTpIRATCG WAL CARArMRIPHIIAO T EReSHBY PG that,

with feQ%B&Qet%e%ﬂ%l%%ﬁﬁﬁﬁt%@ﬁ&fﬁ?ﬁ%% %99@%1[2.2] aracyclophane.
poly-pseudogem-bisDPIH[2.2]paracyclophane, it dec§yed completel)Pln a out?L second. [0209]

[Examplg(l62]Synthesis of pseudogem-bisDPII2.21paracyclophane dimer
pseudogem-BisDPIH][2.2]paracyclophane dimer was synthesized in accordance with the synthetic
Foute below st BT AL ch bt e e S LA ey ninesis
of Example:- BN deheRdS8 400 ntowhdemikhdlaskhwennaddissk[3LRaraaysisIehengt4yas
diphenylimidazole-13- carbaldehyde (0.14 g, 0.31 mmol), 1,4-bisbenzil (0.053 g, 0.15 mmol),

ammoniserdanse (0ns Gearesitnel)FEndd halbofvaidbiiegerd tntha sy eefiixingibee carried
out for 2Q;ho e ing t | t i ' ith ice tralization with
aueous o B R R i
water anHdltehifdri¢slundey achparablis teattorhaiixtlife B3 pusified byhsilighoyel nadunivned

chromatography (solvent: hexane/ THF = 2/1 -> 1/1), thus givin .
pseudogﬁﬁ?&gﬁéfﬁgﬁ%ﬁéfﬁ&%ﬁ’ékﬂﬁpgﬂé).%j?@r@,cﬁél%ﬁ.%i‘ﬁﬁresW{%EHf RRARPATES UFBfent are
shown below-IA£LA] [NENMR {200 M HZ 1 BMIOhE8) 6ot LiRé-Lh1B e i) 1Rde?-Ghdmaftift),
4.80-4.51 (br, 2H), 3.31-3.09 (br, 6H). [0211] ubsequently,

pseudogepndis D[ 2t e nyisiapishhe almet dbisrspbyedizdatirndoctioante witheHaydgnthwtic route
below. [%Q%@p.Sﬂqis is due to the very large increase in the molar extinction coefficient in the
UV region as described above.

[0193]

[Example 14]

Synthesis of acrylate group-containing pseudogem-bisDPIH[2.2]paracyclophane (Ac-

pseudogem-bisDPIH[2.2]paracyclophane)

Ac-pseudogem-bisDPIH[2.2]paracyclophane was synthesized in accordance
with the synthetic route below using [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde obtained in the synthesis of Example 4 above. The synthetic route is
shown below.

[Chem. 53]

OMe
Q, 4 (=
g : N
¢-cHo i, meq o/ A:Q:t):tl:m g:gio’“’oﬁ
+ —————ee H o]
ﬁ Acetic acid = '
H HM
&b &)

[0194]

To a 30 mL flask were added [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde (0.13 g, 0.29 mmol), an acrylate group-containing benzil (0.10 g, 0.29
mmol), ammonium acetate (0.34 g, 4.4 mmol), p-methoxyphenol (3.6 mg, 0.029 mmol),
and 2 mL of acetic acid, and heating was carried out at 80°C for 5 hours. After
allowing to cool to room temperature, while cooling with ice, neutralization with

aqueous ammonia and extraction with dichloromethane were carried out. The
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AquJc Nmun ci5witr. t,,,c. 4,- All solvents used in the reaction were degassed by bubbling
nitrogen for 30 minutes, and all of the operations were carried out in the dark. In a 200 mL flask, the
pseudogem-bisDPIH[2.2]paracyclophane dimer obtained by the synthesis above (0.045 g, 0.041
mmol) was dissolved in 20 mL of degassed benzene, an aqueous solution (7.5 mL) of potassium
ferricyanfI&MIs davel watlyvasngsbdtiuas hyatsdders sy o/8cwnBcraseadtiedand Bigorous

stirring wag gapdeg Qu [Bﬁé@d‘ﬂ?%ﬁfca@&QSHEHFJHY&%‘A’%%@&%&??&%IM&%@%@ Mifypvater, and

then vacuum concentrated. The teaction"mixture was purifie a gel column chromatography

(solvent: heRangiFHE v2¢1 )Aangsthetn gubiesiod kbl 512 el opidopdaoen 460t aghyi656)ve nCHEHF),
thus giving the ta eudogembisDPI[2.2]paracyclophane dimer (0.012 g, 27%). [0212]

Photochrk %ﬁ?&ﬁ@%ﬁ&%&%@&%ﬁwﬁﬁ% acyclophane dimer The photochromic
propertieppdziseudogem-bisDPI[2.2]paracyclophane dimer were confirmed by nanosecond laser flash
photolysis measurement under the same conditions as in Example 1.

pseudogErrBMBRIF 2 iz Mk Jdthierihéd dissbiled infdebhdeedndizine e ritrtion
1.07x1 /L d, h [ t. It
was confiba s Vah oo (L SRR ol s o e b s At EoU i D aeyed with

a half lifes(2b ¢nit, 40N ) AbMPArab)d 1) tHBHE R (pseRE)gLBIbEBP ([2, 2ip g riadyd dih@nc2Mhich is a
monomey, as shown in FIG, 8. Furthermore, it was confirmed that the absorption spectrum of the
photocolér@]’ %(ﬁﬁ?@&?%%k%ﬂéﬁﬁ%@ﬂe%é%ne as that of pseudogem-bisDPI[2.2]paracyclophane as
shown inyfr]G519, whereas the absorbance per unit molarity increased about 2 times compared with
pseudogem-bisDPI [2.2] paracyclophane. [0213] [Example 171 Synthesis of

pseudogem-bisCR [Beayertyycloplearmeitrger-bisDig¢AdbpmacBisohae. 2] putaisyclophaneé trimer
was syntpoesiz%d ri1n acgq&géamcre Svgittcl Tih% eslmthﬁet%: rroH{g bed%)wotsjsinoq %Zigara%/clgll‘)haré(re 4
diphenyl|mlr(lj%)zéjfe-c!L&f2 arbalfe yde obtained in the syntlli)esig oFExampa}e Rasove. Eféﬂem.‘%éi

Arddludizgnthesized in accordance with the synthetic route below.
[Chem. 54]

Aqueous solution of potassium

OMe OMe
D -
N i N=
’ 0O ferricyanide and potassium -
H ON “c\;’:““ hydroxide » N O 0/-\,0146/2'-"
g Hr; Eenzene - ‘

All solvents used in the reaction were degassed by bubbling nitrogen for 30

N

[0197]

minutes, and all of the operations were carried out in the dark. In a 100 mL flask, the
Ac-pseudogem-bisDPIH[2.2]paracyclophane (0.050 g, 0.060 mmol) obtained by the
above synthesis was dissolved in 10 mL of degassed benzene, an aqueous solution (7
mL) of potassium ferricyanide (1.0 g, 3.2 mmol) and potassium hydroxide (0.36 g, 6.3
mmol) was added, and vigorous stirring was carried out for 30 minutes. The
benzene layer was extracted, washed well with water, and then vacuum
concentrated, thus giving the target Ac-pseudogem-bisDPI[2.2]paracyclophane (0.050
g, quant.). Since the oxidized form is a complicated mixture of isomers, clear
assignment by TH-NMR could not be carried out.

[0198]
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dcoteld Addiic add To a 50 mL flask were added [2.2]paracyclophane 4 diphenylimidazole-13-
carbaldehyde (0.40 g, 0.88 mmol), 1,3,5-trisbenzil (0.47 g, 0.29 mmol), ammonium acetate (0.85 g, 6.5
mmol), and 10 mL of acetic acid, and heating and refluxing were carried out for 3 days. After allowing
to cool to room temperature, while cooling with ice, neutralization with aqueous ammonia and filtration

under re&iHcWe MitrelMHEH B THE Aftratdhvias WadnedSwRWarer/dR fheh@PRdonder
vacuum-egghmt%rgﬁnﬁweﬁ PRI FeRElion iKW gssublectae 11I6aERI TN

chromatography (solvent: hexane/ THE 2) and then to size exclusion chromatography (solvent:

THE), tha$lgiving-pdeltogéhh), BisSDRIPG12] patpd/BibpIsanetrthey, (02012130 @6%hIT he results of
NMR me[%ﬁlggﬁment are shown below. [0214] 1H-NMR (500 MHz, CDC13): 6: 8.0-6.0 (br), 3.8-2.8 (br).
[0215] bsequently, pseudogem-bisDPI[2.2]paracyclophane trimer was synthesized in

accordangr WithdhRsynthetigrroute BaIOWchromic properties of Ac-pseudogem-

bisDPI[2.2]paracyclophane

The photochromic properties of the Ac-pseudogem-bisDPI[2.2]paracyclophane
obtained by the above synthesis were confirmed by nanosecond laser flash
photolysis measurement under the same conditions as in Example 1. Ac-pseudogem-
bisDPI[2.2]paracyclophane was dissolved in degassed benzene (concentration: 10+
M), and measurement was carried out at 25°C under an atmosphere of argon.

[0200]

FIG. 35 shows the result of measurement of visible/near-IR absorption
spectra under the same conditions as in Example 1. It was confirmed from the result
of FIG. 35 that, compared with the absorption spectrum of pseudogem-BMPI-
DPI[2.2]paracyclophane, which is an analogous compound mentioned above, the
absorption  spectrum of the photocolored form of  Ac-pseudogem-
bisDPI[2.2]paracyclophane resulting from irradiation with UV light was substantially
the same.

Furthermore, FIG. 36 shows the result of measurement of decay over time of
the absorption band at 400 nm under the same conditions as in Example 1. It was
confirmed from the result of FIG. 36 that, with regard to the change over time of the
absorbance at 400 nm of Ac-pseudogem-bisDPI[2.2]paracyclophane, it decayed with a
half life (about 50 ms) comparable to that of pseudogermn-BMPI-DPI[2.2]paracyclophane,
which is an analogous compound mentioned above.

[0201]
[Example 15]

Synthesis of poly-pseudogem-bisDPIH[2.2]paracyclophane

Poly-pseudogem-bisDPIH[2.2]paracyclophane was synthesized in accordance
with the synthetic route below using the Ac-pseudogem-bisDPI[2.2]paracyclophane
obtained by the synthesis of Example 13 above. The synthetic route is shown below.

[Chem. 55]
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[Chem. 59] "tr An.; Atp. got* sotoilan feM'y."Nts agd P. 1/4'PIS-411 aeozons '9. All solvents
used in the reaction were degassed by bubbling nitrogen for 30 minutes, and all of the operations were
carried out in the dark. In a 100 mL flask, the pseudogem-bisDPIH[2.2]paracyclophane trimer obtained
in the synthesis gpove (0.014 g, 7.7 limo was dissolved in 15 mL of degassed benzene, an aqueous
solution (10 mE} of potassium ferricyanide £0.52 ,. .1 mmol) and potassium hydroxide (0.53 g, 9.5
mmol) waszardes sangvige g for 1 hour. The benzene layer was extracted,

re N L) 8] - = . . . -
washed wellwitH water, and then vacu concenira ed. The reaction mixture was purified by silica gel
column chromography (solvent: ethyl acetatefsdichloromethane = 1/4), thus giving the target
pseudog )gDP1[2.21paracyclophane trimer (0.0098 g, 73%). The results of NMR measurement are
shown below. [0216] ITI NMR (500 MHz, C6D6): 6: 8.0-6.0 (br), 4.9-4.5 (br), 3.5-2.5 (br). [0217]

Ac-pseudogem-bisDPI[2.2]paracyclophane (0.025 g, 0.032 mmol), styrene (36

nL, 0.32 mmol), and 2,2'-azobisisobutyronitrile (1.6 mg, 9.5 pmol) were added to a
sealable glass ampoule. After this was subjected to freezing/degassing about 10
times, it was sealed by fusing under vacuum. The sealed tube was heated at 80°C for
2 hours. Subsequently, the sealed tube was taken out, cooled in a liquid nitrogen
bath to stop polymerization, the seal was opened, and the contents were diluted with
dichloromethane. This was subjected to reprecipitation in methanol, and a solid thus
precipitated was collected by filtration. The solid thus obtained was washed with
methanol and  hexane. thus giving the target  poly-pseudogem-
bisDPIH[2.2]paracyclophane (0.033 g, 57%).

[0203]

The results of NMR measurement are shown below. From the results, it was
confirmed that polymerization progressed since the signal due to acrylate
disappeared. Furthermore, it was clear from the integration ratio thereof that the
copolymerization ratio (m/n) was 1/8, and 1 unit of photochromic unit was
introduced per 8 wunits of styrene. It was confirmed from gel filtration
chromatography (solvent: tetrahydrofuran) that a polymer having a weight-average
molecular weight Mw = 135000, a number-average molecular weight Mn = 93000,
and a molecular weight distribution Mw/Mn = 1.46 was obtained. It was confirmed
from the result of differential scanning calorimetry analysis that the glass transition
temperature of the poly-pseudogem-bisDPIH[2.2]paracyclophane was 110°C, which
was comparable to that of polystyrene (glass transition temperature: 100°C).

[0204]

TH-NMR (500 MHz, CDCls) 6 = 7.48 (br, 2H), 7.37-6.31 (br, 143H), 4.55 (br, 2H), 4.03-
3.49 (br, 14H), 3.37-2.89 (br, 14H), 2.28-1.08 (br, 75H)

[0205]

Measurement of photochromic properties of polv-pseudogem-

bisDPIH[2.2]paracyclophane solution
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Photochromic properties of pseudogem-bisDPII2.21paracyclophane trimer The photochromic
properties of the pseudogem-bisDPI[2.2]paracyclophane trimer were confirmed by laser flash
photolysis measurement under the same conditions as in Example 1.
pseudogem-BisDPI[2.21];)aracyclophane trimer was dissolved in degassed benzene (concentration

5.64 x 10-5 mol/ @ BEIRSHABHS RIS BREHRTe o aRgBM Uit niaisuRINEAL RRKY kLTl out. It
was anfﬂféﬁﬁlﬁgﬁzi’]’gl&rs‘%%éfgﬁﬁéﬂg IRIGRQVEY URE %ﬁ}?e%%?@@ﬁ&%r‘éog&{ﬂrfhgﬁcﬂyed with
a half life (about 60 ms) comparable to that of pseudogem-bisDPI1[2.2]paracyclophane, which’is a
monomenaasshond itafeG fl3hFphheriysice nteassreonditmeddeat the slserptoonspecsruas of the

photocolgred form_was substantiall ttée s that of pseudogem-bis .PI% .2€]§arac clophape as
Chown EPRETRE. A aAg T AT T LGRS B IR TSP S0 o CEur e
compareBayitBrRseesieaemashit’ | 12 ZaraeidoRantelsdksHialARBLCaRiyH[QRABt 25°C
Compared with a conventional photochromic material, a photochromic material containing the bridged
hexaarylﬁi@#ﬁm@mﬂbﬁﬂﬂfﬁ%present invention has excellent thermal stability and stability
over tim as rapid color switching characteristics and high color density, and in particular the
photochromic ]Ip;lroperty of the color disappearing visually at the same time as irradiation with light stops

can be realized. Fi@h&imshevoy thakingah asymmasttieestrectucd inigibilely thasiiRichlres pfitre two
triarylimidazole moieties are optimallé designed according to the intended application and purpose,

precise CHRFHIDIRTRE Hhe RSP BHENBIEADAN XA BNYShed hBas bR iBIEAEP TR S fith a
conventigmimr.o@u@H‘Q@tmem@rmﬁ)a@g@@g%mtn@ﬁ&t&sr&wmﬁew%ig.wmaogzmhesis is
|

carried out using the precursor compound of the present invention as a key compound can increase
the degréesbilfieddpiracyivio phansiecgislstngctUmodesigneahatisynthedts, aklVsyhiglesiswhs
photochromic co unds having various structures such as asymmetric compoynds or multimer
Compouti A el THEorc the B oS o RO A compoNhd S Esent

inventiorbidieRT[RtPfshfac prhspicing, thehtdipebadband-thertieadtbaiaesppaund used in the
production method are industrial‘lg%hi%hl applicable as an excellent photochromic compound and
id

production methdd EHeFERPIF & WicefighPHie Ry S IRfsaRirRIMIcORR MARHENS Bhtical
switch e'ﬁ(@%%g@%ﬁ' BaoEmAtias dizRIandevigessSifie ddMsHS A1 Ga5PquUng rRtEesented
by general formula (1) below [Chem. 1]
confirmed from the result of FIG. 38 that, with regard to the change over time of the
absorbance at 400 nm of poly-pseudogem-bisDPIH[2.2]paracyclophane, it decayed
with a half life (about 50 ms) comparable to that of Ac-pseudogem-
bisDPI[2.2]paracyclophane, which is the analogous compound mentioned above.
[0207]

Measurement of photochromic properties of polv-pseudogemn-

bisDPIH[2.2]paracyclophane thin film

The photochromic properties in a thin film state of the poly-pseudogem-
bisDPIH[2.2]paracyclophane obtained by the above synthesis were confirmed by
nanosecond laser flash photolysis measurement under the same conditions as in
Example 1. 5 mg of poly-pseudogem-bisDPIH[2.2]paracyclophane was dissolved in
chloroform (concentration: 50 mg /mlL), a thin film was prepared on a quartz plate
by a spin coating method, and measurement was carried out at 25°C.

[0208]

FIG. 39 shows the result of measurement of the visible/near-IR absorption

spectrum under the same conditions as in Example 1. It was confirmed from the

result of FIG. 39 that the absorption spectrum of the photocolored form of poly-
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(RC)a wherein, the two aryl groups A and B are bridged to each other via carbon atoms by means of a

bridging group X (excluding 1,8-naphthalenylene), 1 is an integer of 1 to 5, bridging group Xis a

bridging group that does not conjugate with a triarylimidazolyl radical (TAIR), when the bridging group

X contains hydrogen atoms, said hydrogen atoms may be mutually independently r§placed by one or
t

more sulbsatdeRee FBIsRIRLS 2iarsastariuns ieuntitg sundirariatieBivEhcH Yilighakddre one
or more $yRSHUGNIS, SelERed T Bie;BIouR i rﬁ%i@% Q2N 3AAe AT BIHHR BBHEyRiBYRNO

group, a trifluoromethyl group, a hydroxy gro ol group, an amino group, a diphenylamino group,
a carbazsjpedroup,d straighidizain-bidh&hch2ipatkyly dtkylema oy bichl ke xyegabop dravimdi drted20
carbons, a -Y1-SiZ1Z2Z3 group, a -Y1-SiY2Z1Z2 group, and a -Y1-SiY2Y3Z1 group (here, Y1 to Y3
are indepBRB8M identical to or different from each other and denote a straight-chain or branched
alkyl or alkylene grauRehaiting, FQ. 2D GHERRSHRNGAITIL 3 idanandsnilydsde bieal daer shifferent
from each other and denote a hydrogen atom, a halogen atom, or a straight-chain or branched alkoxy
group halificpleserBtéambmayl eetfSlinaryipesupha semermonditipridapandertypiay orlingiamot have
substituents RA 10 dna ly 4 n I ' er,of Ot o] e rputually
indepenc%nti/ ar% clinl?é%reg]o %%{%h%ﬂ%@'tié?e%%ﬁ?giﬁéﬁ %@ﬁné&%gg g%?y?ggﬁtﬁzlaﬁ%oggr
different flesorbacheotined@ndrare oheolymeea fgesiHbisDIRISE]2XReh feayctbelgrnap itodsistinglof a
halogen atom, a nitrg group, a cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an
amino grotiBPAeRERERMAS Beeida carbazole group, a straight-chain or branched alkyl,

alkylami 92@3]2""”(0)(3’ group having 1 to 20 carbons, a -Y1-SiZ1Z2Z3 group, a -Y1-SiY2Z1Z2 group,
and a -Y1-SiY2Y3Z1 group (here, Y1 to Y3 are independently identical to or different from each other
and dendtxamplidiftchain or branched alkyl or alkylene group having 1 to 20 carbons, and Z1 to Z3

are inde%eanggl iO nstei%lot% r%[bdis iorgrgéacc Oot er a%cll dernote a hydrogen atom, a halogen
atom, or%ﬁ%ﬁm C I}%Qcarbons), the substituents Rc and RD
are independentlysideifieal- Bismeiffg peRiifiomracplather anthake oneseismorsaulstituehts salected
from the group consisting of a substituent having the same meaning as that of the above substituents

RA and REEAEHSitudHtPeptbsendieHS tidCstit ctelomrmusing bdbdd persycloPRes4Rrd
denotes g ﬂgﬂgﬁﬁﬂi@r&m@ﬁéﬂws%mgwad@ﬁ@a ntehRQ FRIRELS ANERR FRNPIRR, Pydrogen or

an alkyl group having 1 to 3 carbons),
[Chem. 56]

X Q) ’
¢_-cHo @ O o Ammc:n{um @K\}\FN N" NH
fab SR e g i SR
H @ o ) Acetic acid Q OQ A
To a 30 mL flask were added [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde (0.14 g, 0.31 mmol), 1,4-bisbenzil (0.053 g, 0.15 mmol), ammonium

acetate (0.48 g, 6.2 mmol), and 5 mL of acetic acid, and heating and refluxing were
carried out for 20 hours. After allowing to cool to room temperature, while cooling
with ice, neutralization with aqueous ammonia and filtration under reduced
pressure were carried out. The filtrate was washed with water and then dried under
vacuum. This reaction mixture was purified by silica gel column chromatography
(solvent:  hexane/THF = 2/1 — 1/1), thus giving pseudogem-
bisDPIH[2.2]paracyclophane dimer (0.070 g, 38%). The results of NMR measurement
are shown below.

[0210]

TH-NMR (500 MHz, DMSO-ds) 6: 11.67-11.61 (m, 4H), 7.27-6.64 (m, 46H), 4.80-4.51
(br, 2H), 3.31-3.09 (br, 6H).
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a substituent represented by partial structural formula (ii) below [Chem. 3] X (here, Rs denotes an
alkylene group or alkoxylene group having 1 to 20 carbons, Rn denotes a cyclic olefin having a total
number of carbons and silicons of 5 to 10, and x denotes 0 or 1), and a substituent represented by
partial structural formula (Hi) below [Chem. 4] nis (here, R5 denotes an alkylene group or alkoxylene
group ha[\ﬂmgli to 20 carbons, and Rth denotes an ethylene group or an acetylene group),

Subsequently, pseudogem-bisDPI[2.2]paracyclophane dimer was synthesized
in accordance with the synthetic route below.

[Chem. 57]

. ! Ag lution of p i !
N— NH ferricyanide and potassium hydroxi@:
_NH Benzene = NN N
) .
“ & o~

All solvents used in the reaction were degassed by bubbling nitrogen for 30

(7

minutes, and all of the operations were carried out in the dark. In a 200 mL flask, the
pseudogem-bisDPIH[2.2]paracyclophane dimer obtained by the synthesis above (0.045
g, 0.041 mmol) was dissolved in 20 mL of degassed benzene, an aqueous solution (7.5
mL) of potassium ferricyanide (1.3 g, 4.1 mmol) and potassium hydroxide (0.55 g, 9.8
mmol) was added, and vigorous stirring was carried out for 30 minutes. The
benzene layer was extracted, washed well with water, and then vacuum
concentrated. = The reaction mixture was purified by silica gel column
chromatography (solvent: hexane/ THF = 2/1) and then subjected to size exclusion
chromatography (solvent: ~THF), thus giving the target pseudogem-
bisDPI[2.2]paracyclophane dimer (0.012 g, 27%).

[0212]

Photochromic properties of pseudogem-bisDPI[2.2]paracyclophane dimer

The photochromic properties of pseudogem-bisDPI[2.2]paracyclophane dimer
were confirmed by nanosecond laser flash photolysis measurement under the same
conditions as in Example 1. pseudogem-BisDPI[2.2]paracyclophane dimer was
dissolved in degassed benzene (concentration 1.07 x 104 mol/L), the atmosphere was
changed to argon, and measurement was then carried out. It was confirmed that,
with regard to the change over time of the absorbance at 400 nm, it decayed with a
half life (about 40 ms) comparable to that of the pseudogem-
bisDPI[2.2]paracyclophane, which is a monomer, as shown in FIG. 8. Furthermore, it
was confirmed that the absorption spectrum of the photocolored form was
substantially the same as that of pseudogem-bisDPI[2.2]paracyclophane as shown in
FIG. 9, whereas the absorbance per unit molarity increased about 2 times compared

with pseudogem-bisDPI[2.2]paracyclophane.
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the above substituents RA to RD furthermore may or may not form an aliphatic or aromatic ring
together with the carbon atom to which they are bonded and another substituent, and said ring may or
may not further have a substituent having the same meaning as that of the above substituents Rc and
RD. [Claim 21The compound according to Claim 1, wherein 1 is not less than 2. [Claim 31The
compour{E]Q&é&ording to Claim 1 or 2, wherein m and n are 0 and the bridging group X is unsubstituted,
or the suﬁgmm, RB, and Rx are methyl groups. [Claim 41The compound according to any one
of Claim 1 to 3,'wherein it is represented by general formula (1a) below. [Chem. 5] (RA)rn [Claim 51A
compourtiyrepesseofeddoy genetzbRiRIA] {2) betolo fGhemtréh R F)r

pseudogem-BisDPIH[2.2]paracyclophane  trimer was synthesized in

accordance with the synthetic route below using [2.2]paracyclophane-4-
diphenylimidazole-13-carbaldehyde obtained in the synthesis of Example 4 above.
[Chem. 58]

HNé
> “N‘ b
Q H :
:“ 0, X0 ”' > ﬁ}\b
3 [ > -HI @ + 0 O 0 Acetic acid \*- Oﬁg
g { N Ly
OEH;
Q

To a 50 mL flask were added [2.2]paracyclophane-4-diphenylimidazole-13-
carbaldehyde (0.40 g, 0.88 mmol), 1,3,5-trisbenzil (0.47 g, 0.29 mmol), ammonium
acetate (0.85 g, 6.5 mmol), and 10 mL of acetic acid, and heating and refluxing were
carried out for 3 days. After allowing to cool to room temperature, while cooling
with ice, neutralization with aqueous ammonia and filtration under reduced
pressure were carried out. The filtrate was washed with water and then dried under
vacuum. A chloroform-soluble portion of this reaction mixture was subjected to
silica gel column chromatography (solvent: hexane/THF = 3/2) and then to size
exclusion  chromatography  (solvent: =~ THF), thus giving  pseudogem-
bisDPIH[2.2]paracyclophane trimer (0.014 g, 2.6%). The results of NMR
measurement are shown below.

[0214]
TH-NMR (500 MHz, CDCl5): &: 8.0-6.0 (br), 3.8-2.8 (br).
[0215]

Subsequently, pseudogem-bisDPI[2.2]paracyclophane trimer was synthesized

in accordance with the synthetic route below.

[Chem. 59]
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wherein, the two aryl groups A and B are bridged to each other via carbon atoms by means of a
bridging group X (excluding 1,8-naphthalenylene), 1 is an integer of 1 to 5, the bridging group Xis a
bridging group that does not conjugate with a triarylimidazolyl radical (TAIR), when the bridging group

X contains hydrggen atoms, said hydrogen atoms may_mutually independently be replaced by one or
more substitgg%x, the Rxs are independently idg%l to or different from each other and are one

or more It S selected from the group c@riSti logen atom, a nitro group, a cyano
group, a iy q@a yﬁebugsyuyogggggxﬂgnroup il igria 41 amino group, a diphenylamino group
a carbazole g Straight-chaim: srbranchved alk ﬁnjho, or alkoxy group having 1 to 20
carbons, a Y @@ 3group, a=¥d-SiY2Z1Z O 1-SiY2Y3Z1 group (here, Y1to Y3
are indep iczl to or different from €3¢l note a straight-chain or branched

alkyl or alkyré”' %\ p having 1 to 20 carbons, and
from each other-and denote a hydrogen atom, a halogen atom, or a straight-chain or branched alkoxy
group having 1 tA\8l callvensy, ubedsix ahd geaciisnivierte riegassedayynbtibblitzalhytingepefutedily, have

substituents RA to Rr, n are mutually independently an ipteger. of 0 to 4, o ta r are mutually
ciopendBi B REGHN Of 0 B SRS AN b e tp U Ay T sk 6r
different fomisash-BIEBPRAGEIR-AREOF IR St B e IBtaateates fHm et RAnsiglogiof a

halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an

amino gréup,/aHdipenyienslifs in, tArpdz eIk ¢reapses righnenam astusenesetiairy (10
lkylami | ino. 1.t " a-Y1:Si a-Y1-SiY2 ,
o B B B R B e

and denété ansiralpirtachadiol ed radohied @ikl viraikglenss grawjrdadindol olriearbeadeandrntl to Z3
are independently identical to or different from each other and denote a hydrogen atom, a halogen

atom, or RXHaKIAR- SRS Lr AR ANy HISUY Alirf ! NS XAHYN FRSEBLRisEhtsRE to RB
are indepgrdestivnigenticalyqopdifesenbiames PH&&&HQ&{%M%%?t;(QWEHEW'GCtGd

from the group consisting of a substituent’having the same meaning as e above substituents

RA and R&:tate/ibstilermephesentedby pdtal stthotural govingla (iYhseloveligatm. mReudogem-
bisDPI[2.2]paracyclophane trimer (0.0098 g, 73%). The results of NMR measurement

are shown below.

[0216]

TH NMR (500 MHz, CsD¢): 6: 8.0-6.0 (br), 4.9-4.5 (br), 3.5-2.5 (br).
[0217]

Photochromic properties of pseudogem-bisDPI[2.2]paracyclophane trimer

The photochromic properties of the pseudogem-bisDPI[2.2]paracyclophane
trimer were confirmed by laser flash photolysis measurement under the same
conditions as in Example 1. pseudogem-BisDPI[2.2]paracyclophane trimer was
dissolved in degassed benzene (concentration 5.64 x 10> mol/L), the atmosphere was
changed to argon, and measurement was then carried out. It was confirmed that,
with regard to the change over time of the absorbance at 400 nm, it decayed with a
half life (about 60 ms) comparable to that of pseudogem-bisDPI[2.2]paracyclophane,
which is a monomer, as shown in FIG. 10. Furthermore, it was confirmed that the
absorption spectrum of the photocolored form was substantially the same as that of
pseudogem-bisDPI[2.2]paracyclophane as shown in FIG. 11, whereas the change in
absorbance per unit molarity increased about 3 times compared with pseudogem-

bisDPI[2.2]paracyclophane.
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(here, Rd denotes an alkylene or alkoxylene group having 1 to 20 carbons, and R,2 denotes hydrogen
or an alkyl group having 1 to 3 carbons), a substituent represented by partial structural formula (ii)
below [Chem. 8] (here, Rs denotes an alkylene or alkoxylene group having 1 to 20 carbons, Rd
denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x denotes 0 or 1),
and a substituent represented by partial structural formula (Hi) below [Chem. 9] R i5 R i6(i11) (here,

Rth de”‘{‘l‘?ﬁﬁ@tﬁ'ﬁ!ﬁﬁ lf’cra%'i‘fﬁ[?}"e”e group having 1 to 20 carbons, and Rth denotes an ethylene
group or an acetylen gBroup), the substituents RA to RF may or may not form an aliphatic or aromatic

ring togefB2t&jith the carbon atom to which they are bonded and another substituent, and said ring

may or may not further have a substituent having the same meaning as that of the above suhstituents
Re 1o Re, [Claim GTTHEESIBiH St ORITIO S Bl S HEPEHEL TG flsethith SRR 1 The

compound AesRdiRehiaialakn her Brivbede Reahagsbraelifle compound of the present
invention has excellent thermal stability and stability over time and has rapid color
switching characteristics and high color density, and in particular the photochromic
property of the color disappearing visually at the same time as irradiation with light
stops can be realized. Furthermore, by making an asymmetric structure in which the
structures of the two triarylimidazole moieties are optimally designed according to
the intended application and purpose, precise control of tone and density of
coloration, etc. becomes possible. Moreover, compared with a conventional
production method, the production method of the present invention in which
synthesis is carried out using the precursor compound of the present invention as a
key compound can increase the degree of freedom in terms of molecular structure
design and synthesis, and synthesis of photochromic compounds having various
structures such as asymmetric compounds or multimer compounds can be realized.
Therefore, the bridged hexaarylbisimidazole compound of the present invention, the
method for producing the compound, and the precursor compound used in the
production method are industrially highly applicable as an excellent photochromic
compound and production method therefor in a wide field including sunlight-
sensitive light control materials, optical switch elements, optical information display

devices, etc.
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substituents RA to RF is not hydrogen. [Claim 81The compound according to any one of Claims 5 to 7,
wherein it is asymmetric in that the structure of a triarylimidazole moiety containing the aryl group A
and the structure of a triarylimidazole moiety containing the aryl group B are different. [Claim 91The
compound according to any one of Claims 5 to 8, wherein the bridging group X is one or more types of
bridging group selected from the group consisti%ﬁﬁMsCHZCHZ- group, a -CH2CH2CH2- group, a
-CH2CH2CH2CH2- group, an -Si(CH3)25i(CH3)2- group, an -Si(CH3)25i(CH3)25i(CH3)2- group, an
Si(CH3)25i(CH3)25i(CH3)25i(CH3)2- group, an -SiH20SiH2- group, an Si(CH3)205i(CH3)2- group, an
-Si(CH3(HR)203i(CH2CA3)@nmgroupd aefid2SEeLbgmreral-foHAGEB KD lployp, an -OCH2CH20-
group, arﬁéa -C;ﬁaOCHZCHZOCHZ- group. [Claim 101The compound according to any one of Claims
5t09,w ' nd n are 0 and the bridging group X is unsubstituted, or the substituents RA, Rs,
and Rx are methyl @RYPS. [Claim 111The compound according to any one of Claims 5 to 10, wherein
general formula ( cordi&gléo Claim 5 is represented by general formula (2a) below [Chem. 10]
{ROI-

(X)

wherein, the two aryl groups A and B are bridged to each other via carbon atoms by
means of a bridging group X (excluding 1,8-naphthalenylene),

lis an integer of 1 to 5,

bridging group Xis a bridging group that does not conjugate with a triarylimidazolyl
radical (TAIR),

when the bridging group X contains hydrogen atoms, said hydrogen atoms may be
mutually independently replaced by one or more substituents Rx,

the Rxs are independently identical to or different from each other and are one or
more substituents selected from the group consisting of a halogen atom, a nitro
group, a cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an
amino group, a diphenylamino group, a carbazole group, a straight-chain or
branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons, a -Y1-5iZ1Z2Z3
group, a -Y1-S5iY2Z1Z> group, and a -Y1-SiY2Y3Z; group (here, Y1 to Y3 are
independently identical to or different from each other and denote a straight-chain or
branched alkyl or alkylene group having 1 to 20 carbons, and Z: to Zs are
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
the four aryl groups A to D mutually independently may or may not have
substituents Ra to Rp,

m and n are mutually independently an integer of 0 to 4,

81



(RO)e wherein, m and n are mutually independently O to 3, o to r are mutually independently an
integer of O to 5, and the substituents RA, RB, and Rc to RB are independently identical to or different
from each other and have the same meanings as those of the substituents RA, Rs, and Rc to RB
respectively in general formula (2) according to Claim 5. [Claim 121A compound represented by

general BFRGIP @rJBBWIBYdRderendaniiziAnHEeeRr /40 §Poups A and B are bridged to each other
via carbqp AQMS By, MRaNe OLa FriigINg.o[RHR ﬂ%ﬁHg”}Q&ﬁcﬁ?ﬂmﬁledM@ﬂﬁ% hisAnelnigger of 1

to 5, the bridging group Xis a bridging group that does not conjugate with a triarylimidazolyl radical
(TAIR), vetber tha driaigingngraup X@entaibsthyerdgese ktcens, [saich drqgeuptemssimapgnotually
indepenq?qgéek%?g grlgceadre r8ngrg{lgoar\ec?%%sc}'tg%‘ﬁ%,% trifluoromethyl group, a hydroxy
group, a thiol group, an amino group, a diphenylamino group, a carbazole group, a
straight-chain or branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons,
a -Y1-5iZ1Z273 group, a -Y1-SiY2Z1Z> group, and a -Y1-5iY2Y3Z1 group (here, Y1 to
Y3 are independently identical to or different from each other and denote a straight-
chain or branched alkyl or alkylene group having 1 to 20 carbons, and Z1 to Z3 are
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
the substituents Rc and Rp are independently identical to or different from each
other and are one or more substituents selected from the group consisting of a
substituent having the same meaning as that of the above substituents Ra and Rs, a

substituent represented by partial structural formula (i) below

[Chem. 2]

T R, (i)

i1

(here, Ri1 denotes an alkylene group or alkoxylene group having 1 to 20 carbons, and
Ri2 denotes hydrogen or an alkyl group having 1 to 3 carbons),
a substituent represented by partial structural formula (ii) below

[Chem. 3]

-

(here, Ri3 denotes an alkylene group or alkoxylene group having 1 to 20 carbons, Ris
denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x

denotes 0 or 1), and a substituent represented by partial structural formula (iii) below
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a is an integer of 1 to 9, the linking group L is a monocyclic or polycyclic aromatic compound
comprising 1 to 12 aromatic rings having 5 to 8 carbon atoms per ring structure, the five aryl groups in
the bisimidazole skeleton-containing structural unit may or may not, mutually independently, have
substituents RA, Rs, and Rc to RE, all of the substituents RA, RB, Rc to RE, and Rx are independently
identical ks#m8ifrent from each other and have the same meanings as those of the substituents RA,
Rs, Rc to RE, anddrx respectively in general formula (2) according to Claim 5, m and n are mutually
independ(}lﬂ _ dfr%@ger of((iiic) 4, o to r are mutually independently an integer of O to 5, the
substituents RAPRB, and Rc to RE may or may not form an aliphatic or aromatic ring together with the
carbon atom to which they are bonded and another substituent, and said ring and the aromatic ring of

the linkinghgreuRis Megpaesmay abtflatireghave arsalstitytmeRgrdRip Hasving datoeXeanimgsas Rc to
RB in general formula (2) ace%%rpgl:?# to Claim 5. [Claim 1131The compound according to Claim 12,

wherein 11§ Aot RRUTEA2. 18191 To %‘Eﬁ% Sg&ﬁfﬁﬁé) Claim 12 or 13, wherein general
formula (@leagbeteingikRftladmd Ris remesantadbygrnaial,foimtila (3o} welew Aehaphddl or

aromatic ring together with the carbon atom to which they are bonded and another
substituent, and said ring may or may not further have a substituent having the same

meaning as that of the above substituents Rc and Rp.
[Claim 2} The compound according to Claim 1, wherein 1is not less than 2.

[Claim 3] The compound according to Claim 1 or 2, wherein m and n are 0 and
the bridging group X is unsubstituted, or the substituents Ra, Rp, and Rx are methyl

groups.

[Claim 4] The compound according to any one of Claim 1 to 3, wherein it is

represented by general formula (1a) below.

[Chem. 5]
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(X)1 wherein, the 11 aryl groups may or may not have substituents RA, Rs, and Rc to Rr, all of the
substituents RA, RB, and Rc to RB of the aryl groups are independently identical to or different from
each other and have the same meanings as those of the substituents RA, RB, and Rc to RB
respectively in general formula (2) according to Claim 5, X and | have the same meanings as X and 1
in genereﬁm 2 ac@bF&ﬂ&’W%ﬁ%‘??ﬁWﬁd&hﬂ S%T#M@FWH&%‘@?JG@WW an integer of 0 to 4,
and o to f@{&ﬁnglually independently an integer of 0 to 5. [Claim 151The compound according to
Claim 12 or 13, wherein general formula (3) according to Claim 12 is represented by general formula
(3c) below [Chem. 13] wherein, the (B&#ryl groups may or may not have substituents RA, RB, and Rc
to Rr, all of the substituents RA, d Rc to RB of the aryl groups are independently identical to or
different from each other and h Re pame meanings as those of the substituents RA, RB, and Rc to
RB respectively in ggneral formu a ing to Claim 5, X and | have the same meanings as X

i i

and 1 in general for 5‘(2) 5, m and n are mutually independently an integer of O
to 4,

(2)

(Redo

wherein, the two aryl groups A and B are bridged to each other via carbon atoms by

means of a bridging group X (excluding 1,8-naphthalenylene),

lis an integer of 1 to 5,

the bridging group Xis a bridging group that does not conjugate with a
triarylimidazolyl radical (TAIR),

when the bridging group X contains hydrogen atoms, said hydrogen atoms may
mutually independently be replaced by one or more substituents Rx,

the Rxs are independently identical to or different from each other and are one or
more substituents selected from the group consisting of a halogen atom, a nitro
group, a cyano group, a trifluoromethyl group, a hydroxy group, a thiol group, an
amino group, a diphenylamino group, a carbazole group, a straight-chain or
branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons, a -Y1-5iZ1Z>Z3
group, a -Y1-SiY2Z1Z> group, and a -Y1-SiY2Y3Z1 group (here, Y1 to Y; are
independently identical to or different from each other and denote a straight-chain or
branched alkyl or alkylene group having 1 to 20 carbons, and Zi: to Zs are
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
the six aryl groups A to F may or may not, mutually independently, have

substituents Ra to Rr,
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o to g are mutually independently an integer of 0 to 5, and r is an integer of 0 to 3. [Claim 161The
compound according to any one of Claims 12 to 15, wherein the bridging group X is one or more types
of bridging group selected from the group consisting of a -CH2CH2- group, a -CH2CH2CH2- group, a
-CH2CH2CH2CH2- group, an -Si(CH3)25i(CH3)2- group, an -Si(CH3)25i(CH3)25i(CH3)2- group, an -
Si(CH3)25i€@d3)@5?(@ﬂ@%1/epé§?£§ﬁ%ﬁbaﬁngﬂmi@@tj>r up, an - Si(CH3)205i(CH3)2- group,

an 'Si(C%'?éPEI%)ﬁRﬁi&Qilg?%g%'an&%@y AaGhlepédf papyp, a -CH20CH2- group, an

-OCH2CHZ20- group, and CH2CH20CH2%group. [Claim 171The compound according to any
one of Clhiensul&taukiteviereimch Badameaiedepaddhsthriddimgigadup Xisdifsubstittitech, eathe

substituen RA,@E, and Rx are methyl groups. [Claim 181The compound according o any. one of
Claims 19'1 ARWn&t&irPTe StrdBiie Pé%’?él:,t 3 r?ﬁTﬁﬁPﬁ | SRS R APBBR (Ehdm. 14]

(R halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a hydroxy
group, a thiol group, an amino group, a diphenylamino group, a carbazole group, a
straight-chain or branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons,
a -Y1-5iZ1Z>273 group, a -Y1-SiY2Z1Z> group, and a -Y1-5iY2Y3Z1 group (here, Y1 to
Y3 are independently identical to or different from each other and denote a straight-
chain or branched alkyl or alkylene group having 1 to 20 carbons, and Z; to Z3 are
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
the substituents Rc to Rr are independently identical to or different from each other
and are one or more substituents selected from the group consisting of a substituent
having the same meaning as that of the above substituents Ra and Rg, a substituent
represented by partial structural formula (i) below

[Chem. 7]

™ i1 R (i)
(here, Ri1 denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Ri
denotes hydrogen or an alkyl group having 1 to 3 carbons),

a substituent represented by partial structural formula (ii) below

[Chem. 8]

(here, Riz denotes an alkylene or alkoxylene group having 1 to 20 carbons, Ris
denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x

denotes 0 or 1), and a substituent represented by partial structural formula (iii) below
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(RE3)n is represented by partial structural formula (vii) below [Chem. 15] RA3 RBI wherein,
substituents RAi to RAs and Rill to Rss are independently identical to or different from each other and
are substituents having the same meanings as those of the substituents RA and RB respectively in
general formula (3) according to Claim 12 or hydrogen atoms. [Claim 191A polymer compound having
a repeati[%@é*ﬂrc liral unit represented by partial structural formula (iv) below [Chem. 16] [ (A) - (B) o I-
and/or partial struﬁx_ral formula (v) below

~ N6

RZ ' (iii)
(here, Ris denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Ris
denotes an ethylene group or an acetylene group),
the substituents Ra to Rr may or may not form an aliphatic or aromatic ring together
with the carbon atom to which they are bonded and another substituent, and said
ring may or may not further have a substituent having the same meaning as that of

the above substituents Rc to Rr.
[Claim 6] The compound according to Claim 5, wherein 1 is not less than 2.

[Claim 7] The compound according to Claim 5 or 6, wherein at least one of the

substituents Ra to Rr is not hydrogen.

[Claim 8] The compound according to any one of Claims 5 to 7, wherein it is
asymmetric in that the structure of a triarylimidazole moiety containing the aryl
group A and the structure of a triarylimidazole moiety containing the aryl group B

are different.

[Claim 9] The compound according to any one of Claims 5 to 8, wherein the
bridging group X is one or more types of bridging group selected from the group
consisting of a -CH>CH>- group, a -CH2CH>CHo>- group, a -CH>CH>CH>CH>- group,
an -5i(CH3)2Si(CHs)2- group, an -Si(CHs3)2Si(CHs)2Si(CHs)2-  group, an -
Si(CH3)2Si(CH3)25i(CH3)2Si1(CHs)2-  group, an  -SiH»OSiH»-  group, an -
Si(CH3)20Si(CHs)2- group, an -Si(CH3CH2)20Si(CH2CH3)2- group, a -CH2SCHo»-
group, a -CH2OCH:>- group, an -OCH>CH>O- group, and a -CH2OCH>CH>OCH>-

group.

[Claim 10] The compound according to any one of Claims 5 to 9, wherein m and
n are 0 and the bridging group X is unsubstituted, or the substituents Ra, Rp, and Rx

are methyl groups.
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[Chem. 17] (A ) (B), wherein, A is any linking group comprising one or more types of atoms selected
from the group consisting of carbon, nitrogen, and oxygen atoms, B is a derivative of the compound
according to any one of Claims 5 to 18, A-B denotes a bond between the linking group and one or two
substituents selected from substituents Rc to RF and RL of the compound, y is an integer of O or
greater, and 6, c, ¢, and 11 are mutually independently an integer of 1 or greater. [Claim 201A

photochreRiG mafgrial CGFﬁQ”éiﬂﬂéBﬁﬁ?&”&EQ&Rﬂﬁngooé YIRE" SOPRAHNA AGEOHHNG, iR, one of

Claims 5'to 19. [Claim 211A solvent comprising the compound and/or polymer compound according to
any one géGaansbrioul®. (FJlaind@didgrésin tammphsisgrtpe esmizclihy ageiierglofprmentori@agpund

below

[Chem. 10]

(2a)

wherein, m and n are mutually independently 0 to 3,

o to r are mutually independently an integer of 0 to 5, and

the substituents Ra, Rp, and Rc to Rr are independently identical to or different from
each other and have the same meanings as those of the substituents Ra, R, and Rc to

Rr respectively in general formula (2) according to Claim 5.

[Claim 12] A compound represented by general formula (3) below

[Chem. 11]
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according to any one of Claims 5 to 19. [Claim 231A material composition having photochromism and
comprising one or more types selected from the group consisting of the compound, polymer
compound, photochromic material, solvent, and resin according to any one of Claims 5 to 22, the
material compaosition being selected from the %roup consisting of a light control material, a holographic

material, RIFRn Sher iy atrghsEaripfotnab R arpRidrsdde earbmibsr stincademaimmaya
hot j tedal; [Claj i ding t f Clai
photoresjgt materal %ﬁﬁéﬁ@ﬂ%Kg&fgaﬁ{(grq%m%ﬁﬂ%g@éﬂem,accor ing to any one of Claims

5to 11, comprising rea und according to any one of Claims 1 to 4 and a compound

representesldryigerpmabfdrauba (4) below [Chem. 18] wherein, the two aryl groups may or may not,

mutually | de[gggn ently, have supstituents. RE and Rr, said substjtuents RE and RE are independently
or di

identical BT ERACK Bthar A &BHNE PR oFE AL RETeMe st eNIEEHE Mt g B up

consistingig}@ﬁﬁ{gggm?;qqaiad]ipppg[ggp, a cyano group, a trifluoromethyl group, a hydroxy group, a
thiol group, an amino group, a diphenylamino group, a carbazole group, a straight-chain or branched

alkyl, alkiVhein81o ik & e RatingP M0 kpdsogenaatpmsi zaizh 1y drogpn .ty mSivpy 172
group, a -Y %fg\@g%fgﬁ;%%é%g% E}}élgoﬁg%bzfl%ﬁbdgp dr%rg%gc{ﬁﬁt'%%tﬁxgr different from each

other and denote a str or branche or alkylene group having 1 to 20 carbons, and Z1
to Z3 aredinslapencemttyoiiensi®al to or different from each other and denote a hydrogen atom, a

halogen aéorﬁ, [ a straight-chain or branched alkoxy group havin%,l to 8 carbons), a supstituent
representa® BY Hagisr S Bclufa13dRADRCYS e Kexgliggromatic compound comprising

to 12 aromatic rings having 5 to 8 carbon atoms per ring structure,

the five aryl groups in the bisimidazole skeleton-containing structural unit may or
may not, mutually independently, have substituents Ra, R, and Rc to Rg,

all of the substituents Ra, Rp, Rc to Rg, and Rx are independently identical to or
different from each other and have the same meanings as those of the substituents
Ra, Rp, Rc to Rg, and Rx respectively in general formula (2) according to Claim 5,

m and n are mutually independently an integer of 0 to 4,

o to r are mutually independently an integer of 0 to 5,

the substituents Ra, Rp, and Rc to Rg may or may not form an aliphatic or aromatic
ring together with the carbon atom to which they are bonded and another
substituent, and said ring and the aromatic ring of the linking group L may or may
not further have a substituent R,

Rr has the same meanings as Rc to Rr in general formula (2) according to Claim 5.
[Claim 13] The compound according to Claim 12, wherein 1 is not less than 2.
[Claim 14] The compound according to Claim 12 or 13, wherein general formula

(3) according to Claim 12 is represented by general formula (3b) below
[Chem. 12]
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(here, Rd denotes an alkylene or alkoxylene group having 1 to 20 carbons and R,2 denotes hydrogen
or an alkyl group having 1 to 3 carbons), a substituent represented by partial structural formula (ii)
below [Chem. 20] R9 0 Ix (here, Rs denotes an alkylene or alkoxylene group having 1 to 20 carbons,
Rd denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x denotes 0 or

(X}

wherein, the 11 aryl groups may or may not have substituents Ra, Rp, and Rc to R,
all of the substituents Ra, Rp, and Rc to Rr of the aryl groups are independently
identical to or different from each other and have the same meanings as those of the
substituents Ra, Rp, and Rc to Rr respectively in general formula (2) according to
Claim 5,

X and 1 have the same meanings as X and 1 in general formula (2) according to Claim
5,

m, n, and r are mutually independently an integer of 0 to 4, and

o to q are mutually independently an integer of 0 to 5.
[Claim 15] The compound according to Claim 12 or 13, wherein general formula

(3) according to Claim 12 is represented by general formula (3c) below

[Chem. 13]
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(here, RL5 denotes an alkylene or alkoxylene group having 1 to 20 carbons and Rth denotes an
ethylene group or an acetylene group), q and r are mutually independently an integer of O to 5, the
substituent of the aryl group may or may not form, together with the carbon atom to which it is bonded
and another substituent, an aliphatic or aromatic ring, and said ring may or may not have a substituent
having the same meaning as that of the su! ent of the aryl group. [Claim 251A method for
producing the compou 2) Claims 12 to 18, comprising reacting the compound
G ound represented by general formula (5) below
1 to 9, the linking group M is a monocyclic or

[Chem. 22] (5) (R

polycyclic arOraa Niromatic rings having 5 to 8 carbon atoms per ring

structure, the aryl gyoup in{ ﬁ?‘ﬁ&ining structural unit may or may not have a
substituent RE, gli4 nSti re independently identical to or different from
each other and [ eneral f Lja (4) according to Claim 24, q
is an integeref1 1y 5, ()gnc

Xy

wherein, the 16 aryl groups may or may not have substituents Ra, Rp, and Rc to R,
all of the substituents Ra, R, and Rc to Rr of the aryl groups are independently
identical to or different from each other and have the same meanings as those of the
substituents Ra, Rp, and Rc to Rr respectively in general formula (2) according to
Claim 5,

X and | have the same meanings as X and | in general formula (2) according to Claim
5,

m and n are mutually independently an integer of 0 to 4,

o to q are mutually independently an integer of 0 to 5, and

r is an integer of 0 to 3.

[Claim 16] The compound according to any one of Claims 12 to 15, wherein the
bridging group X is one or more types of bridging group selected from the group
consisting of a -CH2CH>- group, a -CH2CH2CH>- group, a -CH2CH2CH>CH>- group,
an -5i(CHj3)2Si(CHs)2- group, an -Si(CHs)2Si(CHs)2Si(CHs)2-  group, an -
Si(CH3)2Si(CH3)25i(CH3)2Si1(CHs)2-  group, an  -SiH»OSiH»-  group, an -
Si(CH3)206Si(CHs)2- group, an -Si(CH3CH2)20Si(CH2CHas)2- group, a -CH2SCH»-
group, a -CH>OCHa>- group, an -OCH>CH>O- group, and a -CH,OCH>CH>OCH:-

group.
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the substituent RE may or may not form, together with the carbon atom to which it is bonded and
another substituent, an aliphatic or aromatic ring, and said ring and the aromatic ring of the linking
group M may or may not further have a substituent Rm.

[Claim 17] The compound according to any one of Claims 12 to 16, wherein m
and n are 0 and the bridging group X is unsubstituted, or the substituents Ra, R,

and Rx are methyl groups.

[Claim 18] The compound according to any one of Claims 12 to 17, wherein the
structure represented by partial structural formula (vi) below

[Chem. 14]

(vi)

(R)n

is represented by partial structural formula (vii) below

[Chem. 15]

Rai (vii)

Rp1
wherein, substituents Ra1 to Ras and Rp1 to Rps are independently identical to or
different from each other and are substituents having the same meanings as those of

the substituents Ra and Rp respectively in general formula (3) according to Claim 12

or hydrogen atoms.

[Claim 19] A polymer compound having a repeating structural unit represented

by partial structural formula (iv) below
[Chem. 16]

and/or partial structural formula (v) below
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[Chem. 17]
- (A), — (v)
|

(B) .,
wherein, A is any linking group comprising one or more types of atoms selected
from the group consisting of carbon, nitrogen, and oxygen atoms,
B is a derivative of the compound according to any one of Claims 5 to 18,
A-B denotes a bond between the linking group and one or two substituents selected
from substituents Rc to Rr and Ri of the compound,
y is an integer of 0 or greater, and

9, ¢, ¢, and n) are mutually independently an integer of 1 or greater.

[Claim 20] A photochromic material comprising the compound and/or polymer

compound according to any one of Claims 5 to 19.

[Claim 21] A solvent comprising the compound and/or polymer compound

according to any one of Claims 5 to 19.

[Claim 22] A resin comprising the compound and/or polymer compound

according to any one of Claims 5 to 19.

[Claim 23] A material composition having photochromism and comprising one
or more types selected from the group consisting of the compound, polymer
compound, photochromic material, solvent, and resin according to any one of Claims
5 to 22, the material composition being selected from the group consisting of a light
control material, a holographic material, an ink material, an optical information

display device, an optical switch element, and a photoresist material.
[Claim 24] A method for producing the compound according to any one of

Claims 5 to 11, comprising reacting the compound according to any one of Claims 1

to 4 and a compound represented by general formula (4) below
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[Chem. 18]

(4)

(Re)a (RF)r

wherein, the two aryl groups may or may not, mutually independently, have
substituents R and Ry,

said substituents Rg and Rr are independently identical to or different from each
other and are one or more substituents selected from the group consisting of a
halogen atom, a nitro group, a cyano group, a trifluoromethyl group, a hydroxy
group, a thiol group, an amino group, a diphenylamino group, a carbazole group, a
straight-chain or branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons,
a -Y1-5iZ17Z,75 group, a -Y1-5iY2Z1Z> group, a -Y1-SiY2Y3Z1 group (here, Y1 to Y3
are independently identical to or different from each other and denote a straight-
chain or branched alkyl or alkylene group having 1 to 20 carbons, and Z; to Z; are
independently identical to or different from each other and denote a hydrogen atom,
a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
a substituent represented by partial structural formula (i) below

[Chem. 19]

= i1 Re ()

(here, Ri1 denotes an alkylene or alkoxylene group having 1 to 20 carbons and Ri.
denotes hydrogen or an alkyl group having 1 to 3 carbons),

a substituent represented by partial structural formula (ii) below

[Chem. 20]

-

(here, Ri3z denotes an alkylene or alkoxylene group having 1 to 20 carbons, Ris
denotes a cyclic olefin having a total number of carbons and silicons of 5 to 10, and x

denotes 0 or 1), and a substituent represented by partial structural formula (iii) below
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[Chem. 21]

Spe e i

(here, Ris denotes an alkylene or alkoxylene group having 1 to 20 carbons and Rie
denotes an ethylene group or an acetylene group),

q and r are mutually independently an integer of 0 to 5,

the substituent of the aryl group may or may not form, together with the carbon
atom to which it is bonded and another substituent, an aliphatic or aromatic ring,
and said ring may or may not have a substituent having the same meaning as that of

the substituent of the aryl group.

[Claim 25] A method for producing the compound according to any one of
Claims 12 to 18, comprising reacting the compound according to any one of Claims 1
to 4 and a compound represented by general formula (5) below

[Chem. 22]

wherein, {3 is an integer of 1 to 9,

the linking group M is a monocyclic or polycyclic aromatic compound comprising 1
to 12 aromatic rings having 5 to 8 carbon atoms per ring structure,

the aryl group in the 1,2-diketone skeleton-containing structural unit may or may not
have a substituent R,

all of the substituents of the aryl group are independently identical to or different
from each other and have the same meaning as that of Rg of general formula (4)
according to Claim 24,

q is an integer of 1 to 5,

the substituent Re may or may not form, together with the carbon atom to which it is
bonded and another substituent, an aliphatic or aromatic ring, and said ring and the

aromatic ring of the linking group M may or may not further have a substituent Ry.
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