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 cor&)ound, and a precursor
compound us N%WMWWKM&&M&%@&Q@W kg

nexaaryIbigjedgzele GRIRAHRE GIRLRS RBIE SR PRISHIDE SIS arEloR AL HGh salgpdensity

and enables precise control of coloration tone and density, a multimer compound of the compound in
which a plurdfiRECTBRHIRAZOIIEKleddn-ton BniAgE D it UrBN U RIRSOHPE) pAVomSr iyB ld @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.
[Backgrounaditd0@@dlif\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

coloraton by Iadialon wilh o (SsEAIChIar apRing sse camagundRIC iGN ganalmeral

(Patent Document otorecording materials (Patent Documénts een actively

carried otihinfpR3]d andiexaatiibibifuidpzrede (B¢ eortptamal triay|inidazotybtadicapdeaneinafter,
also called a 'TAIR'), which is a highly reactive radical species, upon irradiation with UV light and is
therefore"é8fvEht aﬁmutéwasgaﬁﬁgoﬁphmﬁammﬁﬂ inftidfor {#atent EME%e 8).

[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 reversik&l&/ turn back to the original structure by a thermal reaction over a few hours to a few

minutes, are knoWith regaslvisvBRAFRTerRIFE GroERTIa SiES i ebrRmBIfisHEIRMSISEhromic
compoungg;of bagk. aﬁ%ﬁ%ﬁi‘z‘%‘aﬁ@'%fﬁaﬁﬁ@&ﬁ{ '%iﬁ{ﬁ?{@f SRYEIMIBR, 34eFaigratiap rgastion

takes at least a few minutes to a few seconds. Furthermore, HABI has the problem that two
triarylimidaiggilyhkatlicetsgebe iatedibyi caryorhhighgbahogdc cléfesge diffusteirgdhpredilibfyiakes
time for the radicals to recombine, the dec Ioragion reaction rate is %Iow, and. stabilit cttr%ar cteristics
over timd SISk O PRSet RSy YA BodFIbObemeTZAE e it RIS Lo iR phgblem.

there is %é@@@ﬂb@fx the-swidests t@feadi*iglﬁﬁ!ll lﬁﬂﬁdéﬁ%rbsyvéi’ tHaptimicazelyhr adicahmale¢dassare
introduced into the land 8- positions of naphthalene (1,8-NDPI-TPI-naphthalene) (Non-Patent

Documet® z)fqyffmémﬁgﬁ ﬁi&i&ﬂ@%ﬁsuppressed by stabilizing the qolpred form as a result of_ formation
of a resonant stryghye Jn wiiehdue narhihalene steletans and andidazel adieslars eapioated;

however, not only is this compound not tully satistactory in terms of decoloration’'spee ereis
also the seriqusuprdbleym thatkheed|diediobratwiinh iscastabihaednadiditfepaciesrutdesgoes a
hydrogen abstraction reaction f{og a surrounding medium and is egradedl,_band it is not a

S

photochrdRTR SEHBBUFRRTHIBNASES s SRt DSBS HSH & VRW R Sip pIERS W tRes for

various QURBESSad il bel%WﬁQ@SMQOQ%&%&%&%XW%&&H Ps&néPeBaRP_Alb&tent
Document 21 JP-A-2005-266608 [Patent Document 31 JP-A-2005-215640 [Patent Document 41

JP-A-2000t19207 HjPdtateDogemenf G J /08104881 [PdrdsDttuenéert 6heraalizelys 1989789

[Patent Qgggﬁﬁf‘r{e? h]g -cf‘ie-czoqg?é 19)%4f1ezay’?i%tr1erll‘ta ORUD g‘r/\lftl 8a]r'1 Ps-ébolﬁi}zfgczl?aa?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
compoundatiitiaeausend il e8P =Bty and stability over time, achieves a rapid color switching

reaction rﬁlmﬂéﬂg@89@59ﬁ’98ﬂ1’@@%9§-98@9§@ control of tone and density of coloration, and can be
& . ]

applied i es for various purposes. It is another object of the present invention to provide a method
for produdiateatdhotocheotn’d BomApAIEIOLhables compounds having various structures to be

synthesiZLEd by increasin tgﬁ%e r I?(EQMOm in terms of molecular design and synthesis, and a
precurso @cfﬁﬁ‘} %“E?%%%ti t e'%f@%’ ethod. [Means for Solving the Problems] [0009]

While cafgyiorg) 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
irradiatioBNern ety eransdr b biiabiglouplandsakieuial bychriansest Amtidded g Ghat 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 thai\ by-fesreinglobtdged B¢fagitdpiSintitistaole, Sonixaond havig hn@syniegtrdO8§uure with
the optimum_molecular design of the structure of two TAIR moieties depending on the intended
applicatiéﬁ%’r%l‘:%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
photochrBiseclestnsoeianveatiemdbles the degree of freedom in terms of molecular structure design

and synthesis to be. in reglsled §aqn be r?alize . Moreover, as a result of further investigation, the
|Pro lemﬁto%e olved by the Inventio . . :
present iivention has bedn accomplished. | 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] (RA)rn (Rc)o 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 andRPEHE SriiAbIRS: ABSHRIEHRSEIR StEHTTSTR e Bifh BoHBKtRgBe e HERfgERsA NP a nitro
group, a Gya0Q QLRNR. GO OMRINLIALD. f XHEH%%WBe%*Pé?J&@%ﬁMHBHQ BLEYRe 2
diphenylamino group, a carbazole group, a straight-chain or branched alkyl, alkylamino, or alkoxy
group hacomgrbli@f Gocerlbowks denyitySiZ ToR7A3 tiwoube@ivds SIVEIE2 grbepmadndg iMteBivRyY 321

group (here, Y1 tq Y3 are independently identical to or different from each other gnd denote a
straight-HAR BPERSRREA T OPHIIGHEG BUb AN E 0 26 EABORETHRG P P A ST
independentipdderticaitip LLpiieRN M eadhotner andHRNOIIA SivdermAPEn 2 RRIRgER atom,

or a straight-chain or branched alkoxy group having 1 to 8 carbons), [0011] the four aryl groups Ato D
mutually gheEpeAdBAtiOMA9ToPIRdYABB AR EAwsbliamRits RAReURD, thahatablethrudegnpe of

indepen ly an jinteger. of dp.a u Il'n%e an.integer of O t
oot e e e St R S T
more substitiiants Jelenteddrorsthergsaltpafofisighiag vfvadtaiagien,athm paesira gneptiaeyamo group,
a trifluoromethyl group, a hydroxy group, a thiol group, an amino group, a diphenylamino group, a
carbazo%%ﬁﬁ?%f’éﬂ%?gﬁé/chain or branched alkyl, alkylamino, or alkoxy group having 1 to 20
carbons,[@mYO]-SiZﬂZZB group, a -Y1-SiY2Z1Z2 group, and a -Y1-SiY2Y3Z1 group (here, Ytto Y3
are independently identical to or different from each other and denote a straight-chain or branched
alkyl or alkylene groupshdbingresertocueboion wldtzd to Z3empindedarpeessnigehtivageoenaifferent
from eacpo%trrllelr a(%jjlg(ﬁér)l‘%e a hydrogen atom, a halogen atom, or a straight-chain or branched alkoxy
group having Y08 car ons), [0012]

[Chem. 1]

(?A)m
7 AN CHO

(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,

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,73
group, a -Y1-5iY2Z1Z; group, and a -Y1-SiY2Ys3Z1 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



the substituents Rc and RD 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] (here, Rd denotes an alkylene group or alkoxylene group having 1 to 20 carbons,

and Ri2 #edensadsarbgicentieal Axgr gHélps enhirm each ihsarg)ddensiashpsaraait Adprasented
by partial iyl ionmula Jidhelont [GRET ShrdiRNE aﬁ&&??'%‘?gggg%@'iw eNE, % Q4R,Bhglkoxylene

group having 1to 20 carbons, R4 denotes a cyclic olefin having | number of carbons and silicons
of 5 to 190@HH x denotes 0 or 1), and a substituent represented by partial structural formula (iii) below

[Chem. Aﬂhe 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 O to 4,

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

the substituents Ra and Rg 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-S5iZ1Z,Z3
group, a -Y1-SiY2Z1Z> group, and a -Y1-SiY2Ys3Z: 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),

[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 R (D)

(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]



(i) [0014] (here, R5 denotes an alkylene group or alkoxylene group having 1 to 20 carbons, and R6
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 same
meaning as tha
relates tothe cp
triarylimidaﬁﬁy radidal (TAIR). Moreover, the present invention relates to the compound wherein
m and n are 0 and tl&/kridging group X is unsubstituted, or the substituents RA, Rs, and Rx are
methyl groups. Furthermore, the present invention relates to the compound, wherein it is

representeersy e fergriaial kyagnerinufcrealksxiese, stepp havipgrbével) arshsraseh
iInventionyglaies [0 GRMASHATRREESE MR RIS AT UMUR @8 MWons of 5 to 10, and x

denotes 0 or 1), and a substituent represented by partial structural formula (iii) below

[Chem. 4]

R.
N Rg i6 (| i |)
[0014]

(here, Ris denotes an alkylene group or alkoxylene group having 1 to 20 carbons, and
Ri¢ 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 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, Rs, and Rx
are methyl groups.

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

represented by general formula (1a) below.




[Chem. 6] (Rc)b 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 substituents Rx, the Rxs are independently identical to or different from each

other and are on¥er e8RS siBS RIS RN SIR¥EHIRBNT IS oiGp 2 orRMSRAY R a8 RISSERtEbRY a nitro
group, a gﬁg&g{gﬁﬁuﬁtg%ou%mthyl 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 haiditgtht6]20 carbons, a -Y1-SiZ1Z22Z3 group, a -Y1-SiY2Z1Z2 group, and a -Y1-SiY2YsZ1
group (here, Yt to Ys.are independently identical to or different from each other and denote a
straight-chain or br@fched alkyl or alkyleneZgsoup having 1 to 20 carbons, and Z1 to Z3 are

I\ icafto or diﬁeren/ oieactiother and denote a hydrogen atom, a halogen atom,
or a straiglft-chaili o ‘ anched,alk@xXy group'Réving 1 to 8 carbons), the six aryl groups A to F may or

may not, m 1 endently, hs@&@syh )ents RA to RF, [0016] m and n are mutually
independent{Pan r of O to 4, o {&r Ergqwatually independently an integer of 0 to 5, the
substituents RA and\RB are independently ¥

more substituents sefécted from the group cg°r)is(|2§ting of a halogen atom, a nitro group, a cyano group,
a trifluoronetierhg the gweorgiogsognesip, arttisl are bypidredtvneaghoolihea diphranptamitengsdup, a
carbazole group, a straight-chain orgreg((r:\reéi alkyl, alkylamino, or alkoxy group having 1 to 20
carbons,IBQW-gélE’?égglﬁﬁ)ﬁb?lgg- 159 %@?Eﬂﬁi’%&lﬁ DY I8 2Y371 group (here, Y1 to Y3
are indeqqggﬁqﬁyejg&ngpqllt@@r different from each other and denote a straight-chain or branched
alkyl or alkylene group having 1 to 20 carbons, and Zt to Zs are independently identical to or different
from each befetlh dPHegHE LhYddeserbina hubgeeatetans saidalyrdsin otormenad alkoxy
group har\ﬁﬂgul iR %%%rbé’rﬁ‘&%h'tﬁ‘e gukr)gtiiggnésbRco%)eRF %@ringue&%ﬂﬁgmlé/ﬁdemical to or different from
each other and are oné or more’substituents selected from the group conss’fing of a substituent

having thtsdne aednidgpasdeaitbf ideaiersubsiliifitsRAanddREh atweshiieaicephesented by

partial structural formula (i) below [Chem. 7][ o )
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>73
group, a -Y1-SiY2Z1Z; group, and a -Y1-SiY2Ys3Z: 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 six aryl groups A to F may or may not, mutually independently, have
substituents Ra to Rg,

[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 Rg 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



(here, Ra denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Ro 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, Ro
denotes a cyclic olefin havmé%(a total number of carbons and silicons of 5 to 10, and x denotes 0 or 1),

and a suBsRtAIteD A kEhatkBlA BHARI CtRlkeNH SRR IBAHN HRIWCHERN @in 5121222
group, a -Y1-SiY2Z1Z; group, and a -Y1-SiY2Ys3Z: 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 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 Rg ()

(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
Riz 6 (iii)
[0018]

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

denotes an ethylene group or an acetylene group),



[0018] (here, R15 denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Rth denotes
an ethylene group or an acetylene group), the substituents RA to RF 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
substituehe REESRENtBAYOI0 RF Mayiesayenahd PrastnempBatis PFaseeaaba ki 8dRgritise

wherein gtgeelo0eAIe URSIEUSARIR MR REISAALANCIR0P G0 e MAIROKEINE pHesentinvention

relates to the compound wherein it is asymmetric in that the structure of a triarylimidazole moiety
containingrigenaay| groupyfAran dihthstrbetvren clidstigngirhidavolg theishnoomemingge dngltgroup B
are different. Furthermore, the present invention relates to the compound wherein the bridging
group is g‘ﬁr‘?@&ﬁﬁﬂ} ot S Rt conjugate with a triarylimidazolyl radical (TAIR). Moreover,
the presgppigyention 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

-CH2CH2CH2CHP Hretuposs BREresopsiychsizn gebiss dn thycrmppsiodmrginanbgstgroup,
an - Si(CT. i S5I(CH2R251(GH3)2- gr n -SiH20SiH2- group, an Si(CF-12)205i(CH3)2-
group, ar(l) &é%%ﬁggé%%gg%%ég%i%%lézr%(gtp%%%’@ﬁ‘iiCHz group, a -CH20CH2- group, an
-OCH2CH20- gravipreswks, -EGd2piei2€ HAQ@IHan grelite$0020fhe cdmiptbarmdorehthreipreseist
invention relates to the com (%ggd wherein m and n are 0 and the bridging group X is unsubstituted, or

the subsHYARTRGRAC BB At B MEHAAYIYrdueary linjdpeaie Mk e HemBRHER raites to the
compoungyherginaenaekiaimuia @ lsuepresauted b aapeia) mulaitearhelowilchsm 801

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>CHo»- group, a -CH2CH>CH>- group, a -CH.CH,CH>CH>- group,
an -Si(CH3)2Si(CHs)2-  group, an  -Si(CH3)2Si(CH3)2Si(CHs)-  group, an -
Si(CHas)2Si(CHs)2S1(CH3)2S51(CHs)2-  group, an  -SiHOSiHz-  group, an -
Si(CHas)20Si(CHs)2- group, an -Si(CH3CH2).0Si(CH2CHs)- group, a -CH2SCHoe-
group, a -CH2OCHz- group, an -OCH>CHO- group, and a -CHOCH>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, Rg, 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]



h (2a) Pc?. 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 RE are independently identical to or different
from each other and have the same meanings as those of the substituents RA, RB, and Rc to Rs
respectively in geqeral formula (2) above. [0Q21] Furthermore, the present invention relates to a
compound repre ted by general formul below [Chem. 11]

RE)q

(RAm N=—

A. S
(2a)
it > Q.
(Rg (Re)n N 3
TN ( D)p

(Rc) (Reo
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 Rr 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,

ais an integer 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, R, and Rc to Rg,

all of the substituents Ra, Rs, 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,
Rs, Rc to Rg, and Rx respectively in general formula (2) above,

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

10



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 substituents Rx, a is an integer of 1 to 9, the Iinkin%}group L is a monocyclic or polycyclic
aromatictEMpdsreBtning P dentiyAatiaieess aaViFY™ to 8 carbon atoms per ring structure,

the five gyl giasps A10IN 1]RE AISINidaggIR skeleton-gontaining siugH reﬁiﬁﬂé&ﬂ?%f A SraxROL
mutually independently, have substituents RA, Rs, and Rc’to RE, all of the substituents RA, Rs, Rc to
RE, and Rngréoigelbeendatily bentaebon oatdiffereémt fnimcleatiegthareatshded theadamebheanings
as those of the substituents RA, RB, R RE, and.Rx.respectively jn general farmula (2) above, m
i ar SIS NGB R e B 65 DBt Al KRy SRR dPt Bt of
to 5, the gybstituenth RA RuRgRa{t®RRE 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[ﬂﬂ%%f the linking group L may or may not further have a substituent Rt. [0022]

Furthermore, theﬁ%{ﬁ%%?%@}‘g nﬂ}o%né’;le%l%%\ﬁ, foJh%cormeeHad hereld ERsIRLTor LA ) akaye 1s

represented by general formula

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

[Chem. 12]

wherein, the 11 aryl groups may or may not have substituents Ra, R, and Rc to R,
all of the substituents Ra, Rg, 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, Rg, 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



[Chem. 12] wherein, the 11 aryl groups may or may not have substituents RA, RE, and Rc to Rt., all of
the substituents RA, RE, and Rc to RE of the aryl groups are independently 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) above, m, n, and r are mutually independently an integer of O to 4,
andotoq a;r§ mutually independently an integer of 0 to 5. [0023] Furthermore, the present

inventiongelates t ithe compound wherein general formula (3) above is represented by general
formula (3, algwf[Chem. 13] wherein, the 16 aryl groups may or may not have substituents RA, Rs,
and Rc to RF® Pthe substituents RA, RB, and Rc to RF of the aryl groups are independently

T ‘erent from each other and have the same meanings as those of the substituents RA,

RB, and Rc tOEF respectively in general formula (2) above, m and n are mutually independently an
integer of O to

o to g are mutually independently an integer of 0 to 5, and r is an integer of O to 3.

wherein, the 16 aryl groups may or may not have substituents Ra, Rg, 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, Rg, 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 -CH>CHo- group, a -CH2CH>CH>- group, a -CH.CH,CH>CH>- group,
an -Si(CH3)2Si(CHs)2-  group, an  -Si(CHs3)2Si(CHs)2Si(CHs)2-  group, an -
Si(CHa)2Si(CHs)251(CH3)2S51(CH3)2-  group, an  -SiHOSiHz-  group, an -
Si(CH3)20Si(CHs)2- group, an -Si(CH3CH2)20Si(CH2CHs)2- group, a -CH2SCHo-
group, a -CH2OCHz- group, an -OCH.CH>O- group, and a -CHOCH,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, Rs, and Rx
are methyl groups.

[0025]

12



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 -CH2CH2- group, a -CH2CH2CH2- group, a _
-CH2CH2CH2CH2U HREUp oSy -th@cptq%lzsi{@mzlfzo@rﬁlﬁteént%mqémfmﬂrmhﬂ@mmegroup,
an - SICHRGIGTARRCHRRICHEN: Byl AR08 e oup, an SI(CHS)205i(CH3)2-
group, an -Si(CH2CH2)2051(CH2CH3)2- group, a -CH2SCH2- group, a -CH20OCH2- group, an
-OCH2CHZ@:rgrddp, and a -CH20CH2CH20CH2- group. Moreover, the present invention relates
to the compoun?Rwherein m and n are 0 and the bridging group X is unsubstituted, or the substituents
RA, RB, and Rx qf@*‘methyl groups. [0025] Furthermore, the present invention relates to the
compound w | structure represented by partial structural formula (vi) below [Chem. 14] tRA)m

(vi)

(RB)n

is represented by partial structural formula (vii) below

[Chem. 15]

Ras

Rar—< A
RA1 ( m
vii)
Rg3

Rex=|SED

R+
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 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)s],— (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 atom:s,

B is a derivative of the compound,

13



is represented by partial structural formula (vii) below [Chem. 15] RBI wherein, substituents RAI to
RA3 and Rm to RE,3 are independently identical to or different from each other and are substituents
having the same meanings as those of the above substituents RA and Rs respectively in general
formula (3) above or hydrogen atoms. [0026] Furthermore, the present invention relates to a

polymer CoRsstnteRa R4 fepiueaty BieddnlracBroep RiRd g By iyarisbatiisierds rsierird(v)
below [CASM, JldARY RPYPRPAHIARSISIGHEA JRIUIALY) below [Chem. 17] - (AY (B)

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)

(Re)a (Re)r

wherein, the two aryl groups may or may not, mutually independently, have
substituents Rg and R,

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



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, A-B denotes a

bond between the linking group and one or two substituents selected from substituents Rc to RE and

RL of the compound, y is an integer of O or;%?ater, and 6, ¢, ¢, and 11 are mutually independently an
e

integer oftTgishain poranchedmikrbdierbiHe HraseHEPVeRIHBRYEREE SopHbsERMic
material cONIAng/ARe %en “5‘%@1\82929’%‘8%@0’QW&‘-%%%%%@%&%@ e @PoYere

Moreover, the present | on relates to a sofvent containing the co and/or polymer
compounddgoendiagthy mlen btshecatodéferent Fuytheranbretltbe ard sbniobe erstion gblatbsiio arresin

containing the comp and/or polymer compound according to any of the ahove. Moreover, the
orosont HVEHSTEISESS (7 FSILFER cEHIBLEN g SOt A oGt oRtFor more
types Seh@f&@ﬁé‘f@l@dﬂ? QOHAGO NS SHN M I8 GPEMR @ BH, (IRMMSICARHAY ra%mﬂig@hrgmiﬁ,material,
solvent, and resin according to any of the above, the material composition being selected from the

group cohdiatRRRBfANMIhEcHEERIBhtehaim toRsgRabisid mbesiagra mkaxingriatodhopheas).
'“format'%%%gl'{%ﬁ% %e@é‘n%’&%?d Wity Sl?ﬂ%‘%{#ag%%%ﬁ%‘zf@_rﬁéfiwate“a'- [0028]
e, t e or produci

Furthermore, the present invention tes to a metho ng the compound, the method
including[ &aatingdhe precursor compound and a compound represented by general formula (4) below

= i1 Rz (i)

(here, Rin 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]

\{ 0

(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]

SRe Ris  iii)

[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



[Chem. 18] 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 trifluoromethyl group, a hydroxy group, a thiol group, an amino group, a

diphenyl 3RS AGaTI9EZBRY JRet pax e stretiistienait BRBIAAhE SAMSIMARPIRGIRD R tdkoxy

group haﬂi@%&b@i@&eﬁ%%@ﬁ@aﬁ}%@é- 7273 group, a -Y1-SiY2Z1Z2 group, a -Y1-SiY2Y3Z1 group
(here, Y1 to Y3 are independently identical to or different from each other and denote a straight-chain

or brancii@dBalkyl or alkylene group haying 1 to 20 carbons, and Zt 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 GIOUIFHRSHTG T BIEATBbNY: o Lt aEIalTerardeB R by i BA YLt dhormua
(i) belowJ&hemaAd] tﬂ&&@‘etﬁ@cﬁﬁ{&iﬁﬁﬁg" @Mﬂ{getﬁé Hreviyiene e harinad ixhpaipans and

Ro denotes hydrogen or an alkyl group haying 1 to 3 carbons), [0029] a substituent represented by
partial stréeigrETElagine@blermula (5) below

[Chem. 22]

wherein, ( 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 Rg,

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 Re of general formula (4)
above,

q is aninteger of 1 to 5,

the substituent Rg 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 Rum.
[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

16



[Chem. 20] (h) O (here, Rs denotes an alkylene or alkoxylene group haying 1 to 20 carbons, Ro
denotes a cyclic olefin haying a total number of carbons and silicons of 5 to 10, and x denotes O or 1),
and a substituent represented by partial structural formula (Hi) below [Chem. 21] (iii) ni5 [0030] (here,
Rs denotes an alkylene or alkoxe/lenebggup haying 1 to 20 carbons and Rth denotes an ethylene

group or @Wh@@@l@ﬁ@%ﬁ@

of the ar

g

snéer A santnamhespialsitivids Petferosption of thesmsdtituent

may or may not form, together with the carbon atom to which it is bonded and another

substituent, &rr aliphatic or aromatic ring,

[0033]

The compound containing an HABI of the present invention is characterized

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
[0034]

of the Invention]

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

17



and said ring may or may not have a substituent having the same meaning as that of the substituents
of the aryl group. [0031] 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 (5) below [Chem. 22] (5) J20,i wherein, p is an integer of 1 to 9, the linking group M is

a monocle BrofiRsjeic apenRimskesipelirdriReRRY G e BRAGC HngRhEvag{s!R ecarbon
atoms peyfing SUSIYR: R AW SHRIP Wilhad 2K EIaNE,SKRICBR RN NG SITHEIA A may or

may not have a substituent RE, all of the substituents of the aryl group are independently identical to
or differeririipouegsrhathegard ioase thecsaree tharindas tipdicct RE of iglenenagéovfrudas(4) above, g
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 Iin@}%g@é@%ﬁwgwﬁg@lrther have a substituent Rm. [0032] In general formulae (2),
(2a), (3),{8%%)6,]and (3c) above, 'hy-; means a shift

[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



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 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 resent spec:lflcatlon for example, the term comgxound

representey Bpesmmdafbar eees ah@fréfraciatien vythe RASRCORLIMYILSY ifich

undergogﬁﬁotggg&q@[hgglaf&q{?]i les ibg ddght side by absorption of energy (hv) and
reversibly shifts to the compound on the eft side by absorption of thermal energy. [0033] The

com poudHI@r&hmlgga@h HIABY ofglecprepanisonertibe isahlisadtenzeinnikea tary idpeypstahivo
trlaryllmld lyl radicals (T formed.b with UV light, visible etc, be restralned
oy & bR SO0B, TP Ao b DS it Hoh ot CORBBELE AL IR SthaiDy
suppressigsgpaisireng diffusien Qﬁmﬁmmmcﬁmmmgewwpaﬁe&ﬁwmwsaw
stabilization of the radicals due to the TAIR and the bridging group taking a resonant structure by

conjugatiefeEaciepIreond atrirflgobadjotolysis measurement.
[0039]

[FIG. 9] A graph showing the results of measurement of a visible absorption
spectrum of a benzene solution of 1,3-bis(triphenylimidazole)-1,1,3,3-
tetramethyldisiloxane (hereinafter also called 'bisTPI-TMDS') of Example 3 before
irradiation with UV light and after irradiation with UV light.

[FIG. 10] A graph showing the results of measurement of visible/near-IR absorption
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]

19



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
irradiatioH With ight'st8fRRd shqudnges. Ebfnﬁ ré g PASIBCERACEHIBL e P BY QESIgnet
optimally@%cfggqgwg 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 atFésyt®hetrigraphctbreyorghthmeemd tofat meklimessirnt ol & iepltespnted Ryabsmgrabformula

(3) above, it becomes possible to carry precise control of photochromic.properties such as tone
2t dendRFSh Sottalch, TPEARTIERile BEAHE il ARG Pt P UE HrBsdht Frvantion
will be appligghéecsnwide/ rRREE iof {iakisosuebrpIigbE AaBH YHPRIBFRsHaakRagtemith sunlight, optical

switch elements, optical information display devices, photoresist materials, holographic materials, and

ink mateffdlis: [0BB%} sraphusaring dhtheesidthodf Brqasteaisg el dnepowideingserrpastursor
compou t resentdnyention can inc e Q r design
and sy R R e
applied tentisrediggiion of photochromic compounds having various structures that can be applied to
a wide ra[ng? of uses. [Brief Description of Drawi_gs] [0036] [FIG. 11 A diagram showing the molecular
structure ‘%s JQeRIBR MBI RIaZiej (B D FpaPs ey RidpRaTReC ERAMPIE £YRPaIAfe IS0
called 'p%ﬁgmbisDPl[2.21paracyc|ophane), elucidated by single crystal X-ray diffraction structural
analysis. [FIG. 21 A graph showing the results of measurement of visible/near-IR absorption spectra of
the comdBtkd of Example 1 immediately after irradiation with a nanosecond UV laser in a nanosecond

laser fla is measurement. [FIG. 31 aph showing the results of measurement of decay of
tho abeol bl T 0D e oY e Lo e e R R R s
nanosecepéctasenflaghepkotelysisnieasuremeiiild003 Tirliréslidte i ghdelh shawirgithe esiitsaof
measurement of visible/near-IR absorption spectra of pseudogem-bisDPI [2.2] paracyclophane
(solvent: RABORAEMRENAN dasridemirationeond lngex WW@%@W BIEASHESISN with a

nanosec UYZ‘F‘?A?’g%gﬁ@ﬂ%%%nﬁ\@%éﬁﬁ?bf’Qﬂgé'éléi%ﬂ&ﬁs%}f)e&%‘%ﬁﬁz B e L SpRBShowing

the results of measurement of decay of the absorption band (400 nm) o

pseudogbandi¢thP I[1D)] odridey ctophanadsofexanuidh|d ionsetiaaoseconddnsatidasi2 photkdyiM) in a

nanosecond laser flash photolysis measurement. [0038]
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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[FIG. 61 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. 71
A graph showing the results of measurement of decay of the absorption band (400 nm) of the PMMA

thin film SF¥Exafrplé Lhardyshiexdagohgurpss haed Soeaadr eMeRisef sisdaef dhergasouttitMes of
‘”ad‘a“OBa‘é{@“g@oﬂarﬂﬁ S%qnd %Ydﬁé%i&‘ &'E%&?ﬁg?@*ﬂi’ iRSERIRSLPORLPIYSE FeGsIRIaNLLFIG. 81

A graph showing a comparison of the results of measurement of decay of the absorption band (400
nm) of then@dsiténtieint film of Example 2 before irradiation with a nanosecond UV laser and after
irradiatin&aé% ?OO times with a nanosecond UV laser in a nanosecond laser flash photolysis
measure 4f [0039] [FIG. 91 A graph showing the results of measurement of a visible absorption

spectrunji@ benacaeselHyhelvind hisktrirhienylipisiazeleld 3, 3otapamealividisienane12,

(hereinafter also called bisTPETMDS) of Example 3 before irradiation with UV light and after irradiation

with UV kieiqated bysingiasty stidwingidiifsaciiensriedstrdaierysbvisible/near-IR absorption

spectra up ' iate irradiati ' ( V ina
b Ll e Cal S i SR Ve SRR R A R
measurespentraf dé€céyeoicthapdsodotiain BamehpdéO12minofitbdismiypaifte ofrEadiatpbe Svith a
nanosecond laser flash photolysis measurement. [0040] [FIG. 10in A graph showing a UV-visible
absorptid8p&s \ Seambame?ﬁm%sef.f BHE PROERGISGREPURSNATY the molecular

structure[pf@. cpRURd;oh Examale Tnelueidatechbyaingle aivsir! o @esiffection stustyiplanalysis.

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. 141 A graph showing a UV-visible absorption spectrum of the compound of Example 7. [FIG. 151
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 hanosecond laser flash
photolysis measurement. EIG. 161 A graph showing the results of measurement of decay of the

absorptidilbantBlabogan b eidss iba e B amplear ireaneay ce 6y R RSP sHetERRIs
measureﬂ&?{éf-@%ﬁih}y:&? tHd 3&#@&’9%%%%‘%@8 abrRiBHoY sReF YAl s eampound of

Example 8. [FIG. graph showing the results of measurement of visible/near-IR absorption
spectra dhske ftashpohurid lykExaegsier8nmemediately after irradiation with a nanosecond UV laser in a

nanosec laser. flash photolysis measurement. [FIG. 191 A graph showing the. resulis of

measurIhSit of echy G ALHTHIBN WA T8 ) JPER LSt bt P P R
nanosecqpsbiasesiagearaialyiisHagasyiemest fktamFelA M@%ﬁ@%ﬂﬁ%&%%ﬂiﬁ@&aﬁ@ﬁmpﬁon
spectrum of a compound of Example 9. [0042] [FIG. 211 A graph showing the results of measurement

of visibleMiriradirdpptivitpe Araeiasrneb i Molaaroinex amprseranthéeratdilpsiamatadigion with a
nanosecgﬁedayu\{éﬁ,g,eq{ftin a nanosecond laser flash photolysis measurement. [FIG. 221 A graph
showing the results of measurement of decay of the absorption band (400 nm) of the compound of

Example[Bl@. athnosacgrid daseviflasthphetalysisoh easierastin {Fd G d 23ty Aof rdph dfrowjnia
UV-visiblga%%S?éerg%nms)pgf ttrltljén p%fl}érﬁ(e);n gfo ]%anc{fp ex%n fx)lletlgfg 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. 241 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. 251 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

photolysiB"R{EERRe mevit [FIB1lod e AT AR SHIWIRG 2 U Hfors e s ot esetitraf Y@ &smpound
of Examp Heiié',%ﬁéﬂd%tﬂ{ﬁ% BRYING ;E%&%&&l&%%@’_ &‘H@E}_%8@@?’%%&1@3%9“’“0”

spectra of the compouhd of Example 11 immediately after irradiation with a nanosecond UV laser in a
nanosectndtlesendes hvphetolysib Measdréinaret. a[pl@nd8 IgfograpivBdwinghleestesplestofiryl

measurement of decay of the absprption band (400 nm) of the compound qf Example 11 in
BT OB P A A ST Bl B o Sy P DTy 42 S e ecular
structure Rf-aRaMRALRA pbEKMPIIZ palcidaiad hy Snale-crmalpfeayIdigkagion straetr!

analysis. [FIG. 301 A graph showing the results of measurement of visible/near-IR absorption spectra

of the coMpBenes Examsieor Patinradlaelyardridainaisronrimardivosendad tnoradridge
eastre A SR Bty B I NS e

nanosec{@&dser flash photolysis measurement. [FIG. 321 A graph showing a UV-visible absorption

spectrum of a compound of Example 13. [FIG. 331 A graph showing the results of measurement of
visible/near-IR a b&btﬁ?ﬁ (5 fERRRBLG BRERIRTBRE 18YHHEaRIG ar R Yrrabiteash with a

nanosecgpd Wﬂ%%@fﬂ&ﬁ‘d@ﬂ%&c%‘@]!%?{oqmwgwy FROEASHIERWEBhe of Ra to Ry being
a substituent other than hydrogen, desired 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 -CHxCH,CH,- group, a -
CH>CH2CH2CHz- group, an -Si(CH3)2Si(CHs)2- group, an -Si(CHs)25i(CH3)2Si(CHs)e-
group, an -Si(CHs3)2Si(CHs3)251(CH3)2Si(CHs)2- group, an -SiH2OSiHz- group, an -
Si(CHa3)20Si(CHs)2- group, an -Si(CH3CH2).0Si(CH2CHs)- group, a -CH2SCHoe-
group, a -CH2OCHo»- group, an -OCH2CH20O- group, a -CHOCH2CH,OCHp>- group,
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[FIG. 341 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. 351 A graph
showing the results of measurement of visible/near-IR absorption spectra of a compound of Example

14 immedideR dfERHAGERorsiRiRa MahisSedsnduRoRdEISN anshiBeEe oRtefsEEd L35 PIdesIysis
IG5, i : deg jon band
roasuremeRlall . 86k rarenl) sty il tascasuis pEmeps R af Issrvial fosstesaiplion e

(400 nm) of the compound o e 14 in a nanose ser fla ment. [0045]
[FIG. 37 k®ympinshewinblih€resutisoaimeBsidieime nhefy visibtemeat - (R b bsongtionespectrenf a
polymer of Example 15 in the solution state immediately after irradiation with a nanosecond UV laser
in a nand¥B&S %fé? PRSI iglR measurement. [FIG. 381 A graph showing the results of
measurepgnt|of decay of the absorption band (400 nm) of the polymer of Example 15 in the solution
state in a nanosecond laser flash photolysis measurement. [FIG. 391 A graph showing the results of
measurement of Whigibibm&aid ging b rispertaing of el pospnatore thmbledrsgaa aMitilm state
immediatel (rradiati ith n ond-lJV laser i 0 laserfl lysjs
measuro e T O ey B FL e e ban
(400 nmyofahediffelymefafi xaiiplethériartdeatiu s fibst Stada th seleateab éennchldsdo fasia it alysis

measurement. [0046] [FIG. 411 A graph showing the results of measurement of decay of the
absorpticH BRI hRYPBP BEBHIGUH BPE?H}ﬁHPédl%ﬁPB'rﬁahéiéé86ﬁc8Fé’é&Pf"f‘a&ﬂ%ﬁﬁ%\’y@ds

measuremeRimlinc gf'g& p QVQHBWMiHE _ §H‘F§ af H&%%%_ng%_ ,Viéitélﬁ/;{lgﬁkﬂﬂa?}ﬁsgmtior_‘
spectra of the compound of Example 16 immediately after irradiation with a nanosecond UV laser in a

nanosecbnanielzed flaBiy phgrolysishaeisgirdment JFIGadBA (paphraigiwitkpine prsiiranghed

measure of deca Oftl]i? absorption band (400 nm) of a.cgmpound of Example 17 in a
nanosecgnélnrggélpﬁagﬁogﬁo gl\{;lsrll r?éggﬁg%%nps, a St)'algﬁt 8‘[&?1’1 or %rancﬁerc? allioxy group

having 1 to 20 carbons, a -Y1-SiZ1Z,Z5 group, a -Y1-SiY2Z1Z> group, and a -Yi-
SiY2Y3Z1 group (here, Y1 to Y3 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 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 Rg, 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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[FIG. 441 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 fHRitIE@)ta ks Brorssktitcbsmirizanipis pamutually indgeapdardimindateserwo aryl
groups A,and Bzare 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, whil®@aking into consideration the number of steps in an organic synthesis,

application-dependent photochromic properties, thermal stability,.etc. Furthermore, when poth A and B
Ve  pheny! oro S THERC R b A1 o e SO, A doehs TR GHoRBTR bonded
may be anyIPLIMR OLRE Eﬁésﬁiﬂfbtm%ﬁ@@éi@@fbcﬁﬁ%ﬂﬁéakﬂwgﬁﬂa@&h%\ﬂ%wngﬁﬁ[@J@&%ﬁ@nd B.
Moreover, one end or both ends of one bridging group may be bonded to and bridge two or more

carbon agsRiérhyA el HeTsIRaNb By dro i IMediny)a Sieehadiiph Gtea plopagimino\gieugard to
the comp pre inventi e atle of th Sti R RF js not
rycrogen e N A R A Ol AR R A S S T Bt
photochrhavimprbperfie s alcngsatstraighd-clesisityrdhcolohation layld watar gratghihgviegpbhsdate can
be controlled. It is more preferahle to have an éaite?{]rlrgmetric structure, and this enables these

photochrARROBrofe it 88 o R trS I BRI e A KR B HEIHE 1 PrEtess EorPof eEP s Pheldarried
out similagly, by -2, reuifpensiiyctine Zi99491oup, Aie Rridgingygsayun ofdhe cemroundighhepresent

invention may have any structure known to a person skilled in the art'as long as it is a group that can
link the anydlgpendentpidideatiegl geoap Biffereprdterabipehbatiyinggréoplotdentiarnariraightatic
skeleton, which has high resgnance stabilization ene .and morgpreferably a bridgi roup that
R R e bR S A G e e s gl e

with a TAHJ epeads@lyridiing @lopoihdifiaes niridna e ehasthitigaie] dutle-kohddnck bridgig, group
moiety so that two TAIRs and said bridging group cannot be conjugated to give a resonant structure.
[0050] 2 Dapegmmt Pl xAHNSY SEAPOhaYIRG drddiBofaHePEsn pSHRatEP e Fa&ENPfvention

include 2 CHACH- gioR: GHRCKACHR QYRS HRGHRCH2CH?2- group, an
-Si(CH3)25i(CH3)2- group, an -Si(CH3)25i(CH3)25i(CH3)2- group, an

-Si(CH3)RBIB&H3)25i(CH3)25i(CH3)2- group, an -SiH20SiH2- group, an - Si(CH3)205i(CH3)2- group,
on SiCHICH20SICHICHSIZ oD, & CHRRCH R IR R SR AR 20
or different from each other and are one or more substituents selected from the
group consisting of a hydrogen atom, 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 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 -Yi-
SiZ17275 group, a -Y1-SiY2Z1Z; group, a -Y1-5iY2Y3Z1 group (here, Y1 to Y3 and Z; to
Z3 are independently identical to or different from each other, Y1 to Y; 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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and a -CH2COCH2- group, which are o bonding, and more preferred examples include a -CH2CH2-
group, an -Si(CH3)25i(CH3)2- group, an -Si(CH3)205i(CH3)2- group, and a -CH2SCH2- group.
Bridging may be carried out using one or more types of these bridging groups. [0051] When the
bridging group X contains a hydrogen atom, the hydrogen atom may be replaced by a substituent Rx.
The substituents Rx are indgpendently identical to or different from each other and are substituents
selectedfromah , @ nitro group, a cyano group, a trifluoromethyl group, a hydroxy group,
a thiol group; 1amino roup, &@phe(‘u'y)amino group, a carbazole group, a straight-chain or branched
alkyl group having 1 to PO carbons, a straight-chain or branched alkylamino group having 1 to 20
carbons, a straight-cha or branched alkoxy group having 1 to 20 carbons, a -Y1-SiZ1Z2Z3 group, a
Y1-SIVZELE2 ouRARdRS SRY AT dipumBerfend At InePeRdoniristiicalip g ifierent
from each other, Yi to Y3 denote & straight-chain’or branched alkyl &r alkylene group having 1'to 20
carbons, b Eisth 7B agemnciepe adeyltigriviep iicatitegor @iffereritdronn @adh other and denote a
hydrogert@ , a halogen atom, or an alkoxy group having 1 to 8 carbons). Substitution may be
carried o ihg one or more types of these substituents. [0052] By adjusting the distance and
angle of tha e @ivh orepRsAnesdl B, Pdhearempane] 3bHeuriess Mdlwention, the distance and the
angle of two imidazole rings, the flexibility of the molecule, etc. by means of the number, the type, and
the Iengt[CéTeéﬁbgé]bridging groups, it is possible to adjust photochromic properties such as color
switching reaction,rate ard color density as appropriate according to the intended application of the
compound of the/present kpvention. [0053] In general formulae (2) and (2a) above, carbon atoms
to which the bridgi N b heél o aryl groups A and B is not bonded may mutually
independenffihave sulfsti d RB, the subscripts m and n are mutually independently an
integer of O to 4, the otr four aryl groups C to F may mutually independently have substituents Rc to
RF, and the subsaripts 0 £0%r are mutually independently an integer of 0 to 5. [0054] The
substituegis Rivangl s are indgpendent jdsniiealdo or different from, epch, giher apd gre spbstiuents
selected from’a halogen atom, a-nitro group, agyanoggroﬁo, a trlrﬁ%oromethy group, 4 ygroxy group,
a thiol grawgcHo aliiOlgelYy a iplenytabinofgretin e caidazte g f Steaight-shaimetderanched
alkyl group having 1 to 20 carbons, a straight-chain or branched alkylamino group having 1 to 20
carbons,(hoé’tﬂdigj}ﬂdchain or branched alkoxy group having 1 to 20 carbons, a -YiSiZ1Z2Z3 group, a
-Yl-SiYZLéégg] group, and a -Y1-SiY2Y3Z1 group (here, Y1 to Y3 are independently identical to or
different from each other, Yi to Y3 denote a straight-chain or branched alkyl or alkylene group having 1
to 20 carbenbstiheeft teléstadefinde pebdettigntartjuaktn mddiffepentifrbstreatir atiierranthdanote a
hydrogen atom, a halogen atom, or an alkoxy group having 1 to 8 carbons). Substitution may be
carried oB?all?g}]ng one or more types of these substituents. [0055] Furthermore, the substituents
Rc to RFabeve ar independently identical to or different from each other and are one or more
substituents selected from the group consisting of a hydrogen atom, a halogen atom, a nitro group, a
cyano grosp, a wlﬁq@methﬁﬁi up, a hydroxy group, a thiol group, an amino group, a diphenylamino
group, a carbpRgle group, a zht-chain or branched 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 gropdhaindehtac2laeationire -ViSIKbAZehargtpup halipY 2420220 grethinre, ¥hEREY3Z1
group (here, Y1 to Y3 and Z1 to Z3 are independently identical to or different from each other, Y1 to

Y3 denoieRUeaigREhYIS Y BFAHENEH ke ARRASHS YRduptharHE S BOCABYRE sHd Y 10 Zs
denote afidrpeh Giemdr RO s BRIYN RN AN BERYP NRVIRI LA SARIRPBEIR, 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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[0056] a substituent represented by partial structural formula (i) below [Chem. 23] (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
cyclic oléfntAdving e tdPHeHbHansiAaiboAEYA Sk As t6r 5 ke Vit gah qubatHitB CUPERISAd [0058]

a substityaeh SGIEGIRG FAR RUASHIEOL ROXGSAGAiRY AR FHTBYRh L adAdH), PeiRptEhem.

25]
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 triarylimidazole moiety containing the aryl
group A and the structure of the triarylimidazole moiety containing the aryl group B
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 Re 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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Ri6(iii) Ri5 (here, RL5 denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Rth
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 R14 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 siliconBif$®BSELB LR WHtEIPtBEMImDEFE SaHsERENLB Ritnehe hatoey FaHEoRaTEs, b are
included ztp%%ns,_e&h%ﬁa@p@meg%wsﬁg@h@%@@&&ﬁgéa@@@@m ahetiged carpound of
a bridged hexaarylbisimidazole for which in the general formula above at least one of substituents
RA to Rraswbghydpogén dbalrstihatiis) atdgalse onered mub wisngod@e Duenioranymstioé grgsgroups A
to F having a substituent, compared. with an unsubstituted bridged hexaarylbisimidazole compound,
desire DI LS o B A BRG S P RO PRIOREo PG Bs AU e Brod AR TS il oveds It s
more pfeé%@l*?%%t&i@&ﬁﬁ’@%ﬁ&@é@@ﬂﬂ@@ samRRUeHBaYIRg @EasY %m@lé@cﬁiwfaﬁf@,ii@z,\’vhi(?h
the structure of the triarylimidazole moiety containing the aryl group A and the structure of the
triary|imiaﬁﬂzilétjfnsréth@rﬁaﬁmﬁg b G}?cﬁj})igﬁéi?@zﬁilﬁéﬁé\ﬁi EMBIATYY SRR A diaEoly|
radicals (T [ ifferent s iffer e I rpti S, etc., it
pecomes Sod L B B B e Y SO emton
accordingatie thelintdode@iptication 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 %ﬁpound used for synthesis of, in particular, a bridged hexaarylbisimidazole having an

asymmetric SIrUCKHR, ig ARONEHARERIRE IBVRPULTHY BRPEReAARRICAEQRNIOARhtion, O

example, there can be Cited an example in which an asymmetric structure is formed by varying from

each othewltitypret otbabdhianetiesahsiitericirdrrdunadigrothel gotronsateAptiag subenttelneg), the
number of sybstituents (1 to 5). the substituent bondi osition (prtho position, meta pasition and
para post o O T o P e R e e SR AL e s B Thiey

containinghp alivldgaodptReantbstihstiit @i e iR eh&bridiinz [ efupetdgiydifsidbrole malyfeantaining
the aryl group B, which changes the resonant structure, energy level, absorption wavelength, etc. of

the TAIRSHRG eeain PhratReher alayh SEARRAHAN B8 asymrtb 6Re ek GHe i PR RTABIPISrmed by
varying fi@aa&%%g}ggggtﬁdgggﬁp%f SHRELHERDL N BReL A SY %@%ﬂ% H}%Wﬁy@%@ding

position, etc. for nts RE and RF and the substituents Rc and RD from the viewpoint of the
degree offitdedosuipsténmstsf dtganissyinthibtidyputtatebigfand mdleculanbgsigied0061] The
substitue®§6 to RF introduced for the purpose of precise control of photochromic properties are,
from the Vi oint of tone/ response rate control, preferably substituents selected from an

electron-donatingrgre sk, agha ditBetiamRiNR J1OUR;0EBoREthRNY Lfaup tebeelrGtraHatttacting
group such as a nitro group or a cyano group, a straight-chain or branched alkoxy group having 1 to

20 carbofhete. abtB Eevhise Hersthpifuemsiipomd ablebesabrymathnemibifigienp, anditiegroup,
etc. SUb%E\&*ﬁgnggé?{ b& AR Qi YSIRg QNs MQH(%%%%%Q&F%%@;%@M&%-aWa?BH{QHE'ate'V

controlling t on attracting properties and electron donating properties of these substituents, the
degree afiafectroradbrsity stalgjlitthetcingf arapidtyiendbdie amithdazolbstitgént/ualint saydl groups

A to F, it becomes possible propriately control desired properties such as tone/respo rate and
color der&iBPtBiEY Pre eﬁﬁé’%ﬁ@%ﬁﬁ%‘f&@ﬁ@ﬁ%ﬁf BPFH%‘%BH%&EHBIBF t%é B)rz%eﬁ' ention,
a substitygif Q@lﬁfﬁhﬁﬁ&ﬁ%cﬁ@@ﬁ%@%@”@ﬂuﬂ?@ fEPéE@nIPUEB%%Q&Rreﬁiﬁ? caayel Qﬁﬁhﬁﬁﬂ?hromic

properties and the substituent used in polymerization for the polymer compound and the substituent
Rx on thesyragiat i§raupars ¢srefeedblyhastetiag stovestrasgpr-shashiaiebitanched alkyl groups having 1

or more ypos of ML AL hel N AN T A Gty R TR gt 2o ore
and B, the distance and the angle of the two imidazole rings, the molecular flexibility,
etc. by the number of substituents, the type, the structure of an aromatic ring, etc.
formed by the substituents on the aryl groups A to F 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.

[0064]
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[0063] Furthermore, the substituents RA to RF above 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 hetero ring, the ring may further have

another substituent, and said substituent preferably has the same meaning as that of the substituents

RA to RF. The twiPSGHigIRNRIREtS RidReESe BN st sentsrcRiatbRnEsnarld ormutaR @sgidhetric
structure(szg e to thgse ing strugiifesor S“bz@%ﬂ?em-bisﬁﬁwga&gﬁg‘gﬂgﬂéhe dist:lll@_e and
the angle of the two aryl groups A and B, the distance and the angle of the two imidazole rings, the
moleculdpifiéxipilieyyy8toniola HodepiliFeB-0é sabstitgltisitbratype, the GiisiERIrd WiB) aromatindng, etc.
formed by the substityents on the aryl groups A to F of the compound of the present invention, it is
also posgﬁlfév?otlgﬁﬁlg &%ER%RH&YB perties such as color switching reaction rate or color density
approprigpeksgccording to the intended application of the compound of the present invention. [0064]
Specific examples of the compounds represented by general formulae (2) and (2a)aboveincludepseu
dogem-bisDP| [24% 9@%@9@ Rgphgﬁ'g’r]ggt of the present invention, a multimer compound of a

pis g;gggfgga%ggg&%gﬁ PORBINAD FNRICh M p) AN ARG O5NRR% e

ent of the present | tion, a multimer compound of a
bridged Hexaaatiydinisiay ole(Bonpnlrd-igptesented 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 A and B afeBREGEEH daEmethangPes ﬁ%ﬂ&mﬂf% éYlt%%%&Ycﬁ’gHtfé%%Ber

(excluding.d,80aphihplenylepRl and (ySieNeRIRPMS e5iD6 PN P TBRYIREIRRY

independently replaced by one ormore of any substituent Rx. The number 1 of bridging groups X is
preferablgroup X exdlndiegptdtaraphitizabesiehity rikhhydiwgensitursiohtheidgheg gretaps in an
organic gynthes%éa %I{%a ﬁnidageggg% hotocrro |% roperties, thermal stablll%t?tt&. Furthermore,

when A and B%ré bo ap enryl/ gPoup,W ieh 18 the Simples ea%ﬁ 3}85%,0 %nﬁloglltllon to ?/vrﬁic the

bridging Fraupustiendest bayi gianyrohiieoipedsitibly metad)esitiom ardopaferpbkitdoBthe two
phenyl groups A and B. Moreover, bridging may be achieved by means of a bridging group having a
branched"dtHsctipkiRghelity B rERTb e BriRRG GfodHepeing bBRdetRRMioSsPARSAScarbon

atoms. (0986l rionTHe RAAIAD SHOURALSIE CHRARRIIN dhis.ATIRRSHRY! Bley baumakstuicture

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.WhempifanabB arbhdtirg piroopl ghenpharharhdsaina sk steny hgrichhabhigbsigsonance

Sevtzel SR BN BECEM ORI U 008 SN B
group thgigdaesH)etltpy GuyHasicodeHb ek pthémpl fidaipg Arane Boiabseat edbMBs and
e P Al ieverl by msahs of a briding Broup having & biawhed structure, one end
y y ging group & ’
or both ends of one bridging group being bonded to two or more carbon atoms.
[0066]
The bridging group of the compound in this embodiment 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 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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Specific preferred examples of the bridging group of the compound of this embodiment include 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(CF13)25i(CF13)25i(CH3)25i(CH3)2- group, an
-SiH20SiH2- group, an Si(CF-13)205i(CH3)2- group, an -Si(CF-13CH2)205i(CH2CH3)2- group, a
~-CH2SCH2- grofP s itsHREHed semRifs-o/Cihe st i ngogn &P- L*@cmqu@@ﬂgi@ﬁoup, and
2 Clecinaamenica arecq eading:and poca eferad. exargles elyeraGReH2- groun,
an -Si(CH3)251(CH3)2- group, an -SI(CH??:) 051(CH3)2- group, and‘a -CH2SCH2- group. Bridging may
be carriegrouipusiny ehE@HmHE Y hes oftivege baidgiby Gide) psi( CH:) By @dijuptingtbrepdistance and
angle of . ups A an the compound of the pr invention, the distance and the
angle of $§%%%¥@%£%%E)%g flity ﬁ%mol@@ule,gﬁ%@g}ﬁﬁﬁns S numBr, the type,
and the |Sﬂ®H9£@Si€@IQ£}99i%9cﬁiﬁyp§mitJ§i@§§@ﬁ£ﬁ@9ﬂ(@1ﬁ@@%§hr%¥%dﬁfoﬁe@§@ﬁﬁs color
switching reaction rate or color density as appropriate according to the intended application of the

compourfi HfEheé p%e%ﬁéerﬁmﬂf{o%éip HZWTEE’XP@PW@I 3y Qbdve Bt grergyructural
units contaiping -Qfﬁz@%@iqy%?oﬂ%e,le{kﬁjlctﬁa&%reob%ﬂgi'ﬁ e}nagggpqggpg %%%%ﬁtr A0S Vigugpoint of
eric hindr %un , % y

organic synthetic route design,st ance of the comp etc. It Is preferably an integer of 1 to

6, and mord ydeferabBHC Hiegegraf, tard.-Bi(@ienRi(€Hm the wigwpoinciliamQisSitsper unit
molarity, etc., it is preferably an integer of 2 to 8, more preferably an integer of 2 to 6, and yet more
preferab§*aHntager Bt H> mv@ovéf%@nakmaygﬁ%ﬁaﬁge ABh SRk P DE HRE

aromatict%%pgpﬂgwgmgﬁgglg}%&g@romaﬁc 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 carboBatadiestiargitie sthstanee ispiedaglsly 6 thedtime atyhigspupardnatid Anefstie

preferably 1(0.8, and ot preferaty dio 4. o Rlovided tnatthere s atepstone carbon glom as a
ring member; the aromatic Ying may be a heterocycle in which one or fhore carbon atoms are replaced

by an oxyges athenflaxiliivgebfatbenrkidile atembeten@irvay bBecanmalipeatithdng hevangl Tlie 8
carbon atoms instead of the aromatic ring, and an atom that is not bonded to the structural unit
containin§RHE B Hhras Rlicgietetsathgy bl anssiklede aitivonehatadroBriany JeeidirasHERL. Said

any SUbSAQU@&BB%@ﬁ%m‘?ng?QA%ﬁBﬁaPé@Q ar MBPf&QﬁQ&%QL’?%B? i%@éc&%@ﬁﬁl%] to Ageneral

formulae (3), (3b), and (3c) and the partial structural formutae (vi) and {vii), carbon atoms to which the
bridging grtsunslxdod pimdi cakicer yif gheupsnipanch & efréhrgeiesentethiretiiéobisimidazole skeleton-containing
structurat#é%iégnay mutually independently have substituents RA and RE, subscripts m and n are
mutually independently an integer of O to 4, the other three aryl groups C to E in the structural unit may

mutually indepergheséidiay eorubstysnishs ¢doRuandsehscEisouimn dhasnisHaliningepandently
an integer of 0 to 5. Furthermore, carbon atoms on an aromatic ring of the linking group L to

which th&siraédarlanikrisienpdirdeareiheinking arolisBeing b indhdegencl piyperttapbmatic
Compouﬁ%ﬁé rﬁ@ﬂ‘é‘_ POt ?%@é?f&tflﬁ g?g%sflﬂ*?ﬁe%}ﬂa%&ﬁﬂaﬁ%éf USSR O

compou esent invention, for example, a substituent RF, and subscripts r are mutually
independentiytegeintédetabPatoddmore Plefeaidy, dneintrpancdtdry dilidurdtermaete, obinetheidging
g fjrér};%%%{%ﬁ? eﬁ{g@;@%&‘&%&% S R g e e e asee & 31 gompound

more preferably an integer of 2 to 6, and yet more preferably an integer of 2 to 4.
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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All of the substituents RA, Rs, 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 mieRiRstolp (HyRIrsiR#rEtEth ot HfetRYNEHBLIpSoCPSiBIdicRHalSorkEla' i) MSkibStution
may be carfee QR HRING YR Vr MR FLHRER: fs‘i'jﬁ&?tﬁHR?tﬁ%e%d% LubstifgabRMELE e

substituent may form, together with the carbon atom to which the substituent is bonded, the above
other subsstiteeneardghe thaboh dtesutstitiiehtsdd tidar substituent is bonded, an aliphatic ring, an
aromatic {)1]%9 or a hetero ring, and the ring may further have another substituent. This substituent
preferablggJ che same meaning as that of Rc to RF of general formula (2). Moreover, the

structure of the trjanyliRisAZRIeMARYHOEBINRAHERATAUPHA AR the SiiIrSATiNR: (vi)

triarylimidazole moiety containing the aryl group B contained in the compound of the present

embodinféist (&) iseribientriares eferishdie fordigirargrsu it RinEpNY BThEEaUBY Sotsining two
TAIRSs hayin ed'HS‘Ee'%%?%&%%“{ﬁs fd 8‘%&%‘%&'&?&%"rs‘?éé‘?@t&f%%%l%ﬁ%%‘ég{%‘%m%?&%iﬁ'%%%P }R‘Swe”ded
oft also possi

application of the compoun he present invention, It'is o precisely contro

photochromia pliypéniskpenderisytohavandulssisitentcRoradiot. Rs, shbsteptzsone, byddjustirg the
distance and angle of the tgo aryl groups A and.B, the distance and angle of the two imidazole rings,
the flexidiyFBR e HBEDRS %sm%ﬁfﬁ Véfehgthcor ther huieeaie tRECHREHIS Betivéas

hexaarylypideaniyl ragigaliEf R siHeres sopéainestiy thewompednd ehide Rressnigmbediment,

and the overall structure of a'multimer molecule by means of the number and type of substituents on
the linking§esuipts arte theriveratyhlouptepandemiihenHntegstratfite and the structure of the

aromatic ring, et% 11‘(r)tr}rlneg1 b}{ thceasggstltggents, |tn |sagoasrscl)bk-:-a %o adﬁust o?q(l)’}??ﬁhr mic grggerttes( such as

. . er e I atoms o 1C_Iring. 1IN KI1N T,
color switching reaction Fate or color%ensﬁ?/ as appropriate accorglng {0 the interded a;?pllcaﬁon of

the compeufuth ahthetpriesert amboiimenbdRied, the 1onaaligpoeieTebaxanplrsmidheicasmpounds
represented by ﬁeneral formulae (3), (3b), and (3c) above include a multimer compound such as a

dimer to BHBRAHE PSP PRHIERIRAMNEBPTEY A1 h4 ARR RS, SHBSHIYESh Ew iRREZHNg on
1,1,3,3-teframesdisiiosane Ris Be MR itind of EH&I%?@MP’im%ﬁ%}eow}de%ﬁ'{%l@eéem

invention may be formed by further polymerizing a plurality of multimer compounds represented by the
above-memtigtieeigeRerahfb smbtasipdn d acamptes liyemnedé peciddetly muoliimegeromhPdori such as a

tet t f b | izi th di t .Of
peoutogen bisDTS 2T SRARE (00731 o SREAE Coip i TR SFEAP T8

above-meatiensregenrerabioraiagt@atswReradberriiectssf the presrrtiRyestioatare astieirated are
exemplified below, but the compounds of the invention of the present application are not limited to

these coRfPBRAEEdCHERM PEgpent 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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pppdoppm-b; &App./ 2. 21: paracyclophane Wtkn fi,*,(Y Vk-,(R-?'tt, \.1,, pseudobiparacyclophane
dimer pce Ck,1;11r, F"podppe,-b SDP! 2 2paracyclophanetrimer

hetero ring, and the ring may further have another substituent. This substituent
preferably has the same meaning as that of Rc to Rr of general formula (2).

Moreover, the structure of the triarylimidazole moiety containing the aryl
group A and the structure of the triarylimidazole moiety containing the aryl group B
contained in the compound of the present embodiment may 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 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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[Chem. 27] [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
substituehis ﬂ@t&%ﬁ%@@@ooér%ﬁelﬁﬁﬁﬁﬁéﬁlﬂz%lgﬁ RissRal gronpstistamedint disaiigdetamain
chain angy ar.side, chain gf 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
substitudfitbda. R6RF. [0075] Preferred examples of the polymerizable substituents Rc to RF in
this case incjyde substitgents selected from a hydroxy group, an amino group, a carboxyl group, an

group, or a propoxy methacr JQE?CQE%HJ)' represented by partial structural formulae (viii) below, [Chem.

28] andti %g preferred exa ples include a substituent selected from a hydroxy group, a butyl
methacry ro cﬁy

fionypay be carried out using one or more types of these
substituents. 0o - YogV sga <
0

A
pseudogem—bisDPI1[2. 2]paracyclophane dimer

w2

LTSS

A
Zala®

pseudogem—bisDPI [2. 2]paracyclophane trimer

[Chem. 27]

o :*h_u

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 Re.

[0075]
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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 [Chem. 29] -/ (A)
-1 6 - 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 atom$ &R SR BE RISPIIRAKIHY POlRAAAPIS BURsEBIFaKkiIBe ifPthe 4t Hyis Mg
group thaf, oy b pRlyMeHzRd Wit he ﬁ%%“&“ﬁé}‘ér&gogﬁﬁﬁ '§rPr§$‘?{ﬁ£"éP6¥1 ng. appgihacrylate
ester such

ester such as methyl methacrylate, or an acrylat methyl acryfate. Examples include a
repeatingstwgtural isoityavahici®ipa adralatice grinephridygedidexgaoylimidavoiglogtoapresent
invention, A-B denotes a bond between the linking group and two or gne supstituents selected from
the subsHISAL REAHTRE SRS ERe A R D R A S US RE e W ARt ESET 10 feater,

and 6, C&ﬁxt@r’l‘%@&ﬂ&@%Hﬁﬁig%pﬁﬁ%ﬂrﬁ%?ﬁﬂ@tgﬁ%ﬁfer{ ﬁf@@@[y?ﬁ@t@ﬁﬁgﬂﬂg gﬂih@s,ay be
formed by repeating a single partial structural formula (iv) or (v) or may be formed by repeating a

combinatioprasemtest ek anisialsartaranl darmeeduia)iRgl9®hem. 31] (B), [0077]
[Chem. 28]

\/\/OT]JI\ \/\/O“ﬂ /0\/\/O“JJ\ (viil)
(0] (0] (0]

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
[Chem. 29]

—[(A),—(B)s ], — (iv)
and/ or partial structural formula (v) below.

[Chem. 30]

- (A), — (v)
I
(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 Rr. 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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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 hydroxy group selected from the substituents Rc to RF of the bridged hexaarylimidazole
derivative and two or one polymerizable linking groups such as a carboxyl group contained in a

polymer fREIRESh AN BiPsEnthaisiBetad poiiher HsHpRUIIOd 81V) or tTeoprBRICheofAIRdterial

containi R r I f r (3), preferabl
! 'W%%BE‘AB% ISRIGSERIGH By 195038 é&!&%@lﬁ ?é%ﬁ%ffklﬁctia{ﬁff@ﬁwlﬁ%aggfylbisimidazole y

(3b) and (3c), of the‘present invention is a material that contains the bridged hex
compourjCbéthe3ptesent invention, the asymmetric bridged hexaarylbisimidazole compound, and/or
the multimpr(gg)rrngopggj GSljlgh_a@ggimer(ﬁ)trimer, or a tetramer of these compounds and that
reversibly changes color by heaiLng or irradiation with 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 {®th a case in which the compound of the present invention is
containeﬁd&ﬁe composition as an added component and a case in which the compound of the
present i on is chemically bonded to a molecular structure of a solvent, a resin, etc. by means of
a covalent bond, g ?@%9&@%1@%909%8&%({@(%%] comp%aompmm)fa‘sm RrRRSidRVeRtipn may be
mixed with a predetermined solvent since it has rapid color switching characteristics and high color
density irrelgbieemompdenddasxafipietionaharsukignbihaeixieisetionchelg enizet®nokienef
chloroform, and methylene chloride, and amang them, from the viewpoint of stabilit the cplored
form. bonbn m A A ATERE SR AT BRI RO STRIETE Be o
more typesb$0@8ehts Rc TloeRiootpthunthofi el tieseaat iiveintionivajebs mixecthwithtarsadid steh as a
predetermined resin or glass since it has rapid color switching characteristics and high color density
even in PSSEBFHZBLE JEn IR FALB DT U RedirAstIP R BIAsR GRataMAddPAZPhE e MRiAIly

bonded t&q@gi?‘?%ﬁr‘sﬁﬁ@@}&ﬁﬁiﬁf el gélywqm iety. Preferred examples of the resin that is
a

mixed, etc. include polymethyl me rylate, polystyrene, polyimide, Teflon (registered trademark),
and polyf0@BBdhate, and among them, from the viewpoint of stability of a colored form, polymethyl

methacrylate, Te{ll n%r istered trademark), and polycarbonate are more referatgﬂh. 0081
cfiRn GRaS pieferale,

e, . ochromic _materjal NnannNg .a compoun esenie eneral .
Examples of applications or the compouno1 of (RE present invention and thé photo i ma%erlal,

solvent, apehiakin(epribivag prefepiBPeYRE)insiluds lightfeoab! BalcHals {Bepusglaasesybase lens
color changes in response to sunlight, sun visors, T-shirts, and accessories and, as well as UV ray

checkersIWSREPADIS@ ikt thk rentias echridesschaxpmndbispnidprabermmourpial
devices, %tgﬁéeé%tmﬁb%m?&% apd Qéya&‘&&?&ﬁ‘c ”Iﬂ'i%%%ﬁ- %ﬁblbisiﬂﬂﬁ&%ﬁ‘é’o&'}ﬂﬁcfdﬁ&prese”t

invention in one embodiment is a photochromic compotnd that has'in particular the merit of rapid

decoloratiod foopbsiespinchenablep tumdhoiobhas mic properay tofroetprorisuadiyr sisep pé atiegeat the

same time as irradiation with light stops_to be realized. ith.regard to the degoloration speed of
T omUBMEGTIR Bo P At OrRLY < SHATAES SCSMaH (LN O T AR weing

benzene@&%@ﬁlﬁgﬂbﬁw eddy & @V%gﬁ@'&@' lasasd Qﬁéhl?,h&ﬁ@l%i%)feﬁﬁﬁlé[?fﬁ%fa@?ﬁlod
which is described later, and the half life of the colored form is preferably in the range of 1 to 200 ms,

more preffedsbfangeso0aiy, and Jermiaitoprererdbf Y tdighimanboss] 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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Furthermore, the compound of the present invention exhibits high color density compared with a
conventional photochromic compound. In particular, a multimer compound such as a dimer, trimer, or
tetramer in which a plurality of bisimidazole skeleton-containing structural units are polymerized has
very high color density per unit molarity. With regard to the color density of the compound of the

present iFEHtBNH, 3briBRakiRTed St rhRMRiEh Rasbrid ueRe Gue iBRLS JdiREBENgend BESE solvent
IS meaSngg,@{tQI%?eggﬁgQg A%s;h{@&h_rgtgﬂtgb/gigrrﬂ@&%utrfg@nt method, which is described later,

and the optical density (A.O.D.) in the visible light region is a value of 0.01 or greater, preferably in the
range of [0@0to 1.0, more preferably 0.1 to 1.0, and yet more preferably 0.5 to 1.0. [0084] The

method for produging the compgpund of the present invention is not particularly limited, and synthesis
hay be cartiod oL TG B RO ARG S ARG T LT Bth e AR L ee dute for

the abOVﬁ&Wﬁﬁ@Qiﬁ@ﬁﬂ[aﬁémgm@pﬁ% @a%ﬂﬂtf&%ﬂ@rf@t&ﬁﬁd'ﬁiw@i%hi?a@l@ﬁé@@éch}&![‘ane
4,13 dicarbaldehyde, etc., which is a dialdehyde, is prepared and reacted with any 1,2-

diketone ghtawlion dengiydericativea caliBePbessiqeridaget. $356rer M. 165 H). s Beplastig7, 120,
1825.; H t Org. Ch .Hopf, H. etal Eur, J.,.2005, 1 44, etc.).
[0085] [C%?éﬁ%liﬁ] g[t(‘)gg%fbe E%%%&éﬂ'o%%?@%%ﬁ%o?n%%ﬂd%% ecgéggégﬁh\ige?n%ogr?ﬁas{?ﬁ%?esized
using thenmoéthnd dheternrch exadiffddsmsdtiibe thesieofilandisimesdcle® synthetie pethaddmploys a
target dicarbﬁldeh de compound such as for example [2.2]paracyclophane 4,13 dicar. alde?gﬁe as an

intermedMBEENASEGAS poBSBIRNYESRth B i fnmafilan coMpaister s wHa e aicufEof

triarylimidazolesicantainingyhar psemanb B afk thesamsniob g Aamposng ebtbraresent
application, which is the final product. While carrying out an intensive investigation, the present

inventorsphéveetindeaetabicr elaithdsidion @egistaredrhisolamdadyresshial sadumat foemutad1)

above, and ?av%ﬁlso succeeded in synthesizing an asymmetric compound of the present application
erer e. . . . .
by use oftie above compound in synthesis of the compound of the present application. The present

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

formula (1) above, the bridging group X, substituents RA to RD, and subscripts m to p respectively
have the same nfegHHIS S8 RBRIIEA iR bRidRy SR XNthelstissmirsArd RV s, and fhe

SUbSC”pﬁmt&lﬁﬂﬁﬁﬁeMgegﬁﬁ‘,egﬁll\f/%mu%@)re%ﬁﬁ @QHVaﬁning 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 10 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
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[0087] The compound of the present invention may be produced, other than by the
above-mentioned known method, by using as a key compound an imidazole skeleton-containing
precursor compound, which is a monoaldehyde represented by general formula (1) above, and
reacting the compound with any 1,2-diketonecontaining benzil derivative represented by general

formula (ABBYE, FOBEMBHAFIGHSDIRE4T SHEWY, tHETSEhs B AR RETaHY RRIgh R sHBYEHS Bfand r of
sald aty anAlksIne-caniagina henel der AR EPRSINCMO QUG IaGaRE Mgeriaes datfiose of
the substituents RA to RF and the subscripts m to r defined for general formula (2), etc."above. [0088]
In accordahce deitisitlyiparethadnodangsred with a conventional synthetic method, etc. in which
[2.2]paracyclophane-4,13-dicarbaldehyde, tc.,.wkclligél js a dialdehyde, is prepared and reacted with
oy 1 3 ciketone KARERE ShIRBSR BRI EHIE fih Bt 5P WEER Of A douFar S diEL Bl gn and
synthesig«af &RRPRSH QBligHRAMNPEHAChEATBA mqfeaﬁ?drﬁ@?ﬂy,@ﬂgtﬂ&%@§§9%§w@d9is
synthesize photochromic compounds having various structures such as a bridged o
hexaarylBisiiEgsbleYcompuirgcarstidegal Hiacda isisphyisiszBleaconepBent maiinfaradghisetric
structure .multimer c n h formed. I izing a. plurality o

pismida LR e A e S g a
multimercOmpognehadtherpfestitinvehtianaiga pfddittior ethorkipmwhichbdn inlidazo® and
skeleton-containing precursor.compound, which is a monoaldehyde represented by general formula
(1) abov& SlsRELEREELT AE Y oA ddlind with any benzil derivative formed by polymerization of a
plurality égngiketone-containing structural units represented by general formula (5) above. In
general formula (5) above, the bonding number p, the linking group M, the substituent RE, and the
subscript q of 1,2LHiketstibedntaihiptostnging dheniteraaperdvely thevenereshie endiminigs aetthose of
the bonding number g, the linking, group L, the substituent RE, and the subscript g defined for general
formula (37 Bt ARGV ETOB01 ™ “PNICSRABIZY RS GERSs of fleHaith 8t RSTEAU D CHUSTE design
and synthppifoi&affiotochromic compound to be increased greatly compared with a conventional

synthetic method, etc. in which [2.2]paracyclophane 4,13 dicarbaldeh%%e, etc., which is a dialdehyde,

is prepared and @ a0 IGith Ay 192-dikSISIEICorkIRg BeRzil WerivaRRY Gand it i« B8R Ible to
Synthesqﬁsmfmfgmia@&mms Qagymwaﬁp%a@aqwrmeﬁh[@?gms RysieaRRoLRsl of the
above compound formed by polymerizing a plurality of bisimidazole skeleton-containing structural

units. [Extinapleddidogdg, etc., biphesent dhebittlordis nsopeapeeificaly exptaatbavibdiamipyldference
to Exam%eg ?nd Co arativeg Exa]r[ncﬁ)les, ut the g&sent inventign, is A t limited to Ehis%ﬁxamples
and may BETHOMIT 1A S VRS 6 A4 3E Yng R the LIRSt RS ub Tt achaft P thid technical
spirit an%@gﬂ@@,ﬁ@ﬂ%&@ﬂ@ﬁ@@f&t al. Eur. J. Org. Chem., 2002, 2298. Hopf, H. et al. Eur.

J., 2005, 11, 6944., etc.).

[0085]

[Chem. 32]
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[0092] [Example 11 Synthesis of pseudogem-bisDPI[2.21paracyclophane [2.2]Paracyclophane
4,13 (4,5-diphenyl1-1H-imidazol-yl) (hereinafter, also called
‘oseudogem-bisDPIH[2.2]paracyclophane), which is a precursor of
pseudogembisDP1[2.21pargcyclophane, which is a photochromic compound of the present invention,
can be produced by he&ii §’@|rrlng [2.2]paracyclophane 4,13 dicarbaldehyde and any benzil
derivative in acetic acid i pre$@nce of ammonium acetate. The reaction formula is shown below.
[0093] [Chem. 33] [6094] Té:a 25 mL recovery flask were added 56.1 mg (0.212 mmol) of
[2.2]parag lophare é, 13 digsrbaldehyde 90 mg (0.428 mmol) of benzil, 412 mg (5.35 mmol) of

ce éléd 2 of acetic acid, and heating at 90C while stirring was carried out for 2

e heafing and tlrrlng was completed, the interior of the system was cooled to 0C, and
agueous a,ﬁwmonggwas @y id gnti) the pH became about 6. When aqueous ammonia was added, a
white precipitate was form‘%d f eﬁqer with white smoke. The white precipitate thus obtained was
filtered angr washed with i changed water. After drying, recrystallization was carried out using
ethanol, 82%mg (. 1=- mmol) of pseudogembisDPIH[2.21paracyclophane was obtained as white
acicular cryslﬁls a a yleléLéJ £0.8%. The results of NMR measurement are shown below. [0095]

days. After

NMR (500 NISO- @@ B = 11.65 (s, 2H), 7.30-7.00 (m, 22H), 6.71 (d, 2H), 6.64-6.59 (dd, 2H),
4.59-4.50 (f Zﬂ 3.16-3% «m, 6H) [0096]
Ql 9
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[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 triarylimidazoles
containing aryl groups A and B are the same for the compound of the present
application, which is the final product. While carrying out an intensive investigation,
the present inventors have succeeded in synthesizing a novel compound represented
by general formula (1) above, and have also succeeded in synthesizing an
asymmetric compound of the present application by use of the above compound in
synthesis of 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 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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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 agueous
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

stiring was carriédGeBREBRE B RIFESRS D YRHSIAREY SRRy WeRcEoriBIetda B irathion was
carried O, 4sing, BENZGRE. WASIIAY WRBHER] ! OHEH%”%O'A exchapgRb WAkl ARdiliesolyiion was

dried using sodium sulfate. Recrystallization was carried out using ethanol, and 40.0 mg of
pseudogekelbtsDRI)R13]pangcyctophsme cwaspobtaihedlashviste aviculatdalygtidsrefhresaselislof NMR

measurement are.shown bejow. [0097] MR (500 MHz, CD3CN): 6 = 7,57-7.49 (m,,2H), 7.45-7.36
(o 5ty BBt SHH R (1 160 (i O BER T B PD YRy 5 o808 ab B -40.4 57
(M, 1H), &32ataHo(Per(H) [RA9RItive rdpisialRiiupluidmnalysis @il (4) above. In general

pseudogem-bisDPI[2.2]paracyclophane thus synthesized was carried out using CCD-equipped single

crystal Xtpapstladtirabaredybie ederpiventsvAard Rirad|pubsskintaxn ndke itsdchigischifr
structure idate the s ig sh i i :

Nanosed B 8 A M bR dnsaagh s dhose
Laserflasifpihetelylsisineass Rmeniditied sbedodeorifis 0P 2. Abfiakat yolophana ltfomsyhili2sized and
1,8-NDPETPI-naphthalene, which was prepared as Comparative Example 1 by introducing two TAIRs
at the 1- ‘E{‘ﬁda@-‘)ﬁﬁsitions of naphthalene, was carried out using a time-resolved spectrometer (model
TSP-10 p}g\jISOKU Co., Ltd.). Nanosecond laser flash photolysis measurement of a
pseudogem-bisDPI[2.2]paracyclophane benzene solution (concentration 2.1 x 10-4 mol/L) was carried

out using a quartihspeedickausicvodh Hhisnmpathogiicahpaar éshgttitbf 4 Cemmemieredrsantivdphere of
argon at 25C. [Q10 . FIG. s the results of ement of visible/near-IR absorption
ot IO s e e PR ST A S B e e e RS reter
immediatélyl afley dehenzepe:patetiornatipseudage mbigh Ry . 21 padacyelaphaneatss g rdstiatat with a
nanosecond UV laser having a wavelength of 355 nm (pulse width: 5 ns, output: 8 mJ). It was
confirmedlSFbratiNe répidesrea of Sepdonmtniregalertiths puetitsgdriisr B 2 YIEheLS Qbshane of

Example%lﬁggmg%@s&;%g@qg apuid-A0R O and gyweakProagaBserptippRand ig,a wide

range from 500 nm to 800 eversibly appeared on irfadiation with UV light.
synthesize photochromic compounds having various structures such as a bridged

hexaarylbisimidazole compound, a bridged hexaarylbisimidazole compound having
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 p,
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 Rk, and the subscript q
defined for general formula (3), etc. above.

[0090]
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[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 13\ihespedlfodbmisiaster 205 1 fsrdSophame brelampraigture dssigptisRdband that
had app%z&%ﬂéﬁ?s igpdi P&éé’éﬂ}&%@%?ﬁe%‘a%‘a HY Bsqnharcaugd Et%é‘éﬁ%’eﬁﬁ%‘aoiaﬂtiﬁ@d‘aﬁon

with the nanosecond UV laser with a half life of 33 ms at 25C. [0102 oreover, in order to
examineqhotectiromic bepathetiin a petdrosblventelasen flashipblotoly2id | preasydopdratnet 4, 13-
dichloromethan lution of pseydagembisD .2]1paracyclophane (¢concentration 2.1 x 10-4 mol/L)
s con AU VEITTHE SEnRem A > & RSt (LT o ol A G IbHear IR
absorptiqnzsaﬁséf@ﬂe-wﬁ@aimﬁgsummnt Wasearied oxhat aﬂnaéntw@dﬁ)m ad m@y&%@éﬂ%@
spectrometer immediately after a dichloromethane solution of pseudogembisDP1[2.21paracyclophane

was irradPiep e miserineesmie iaxies Naviny asiaesErgthushass hmybumengempPs wad output:
8 mJ). It wag copfimed from ihe ¥§§H{§d"é{r{a%1 4&@%%'{1’1%‘5 agﬁl%‘éﬁ?g{z@fdd%ﬁ fapsinanewaiEh is
polar solvent, in the same’way as for the zene soldt ove, a strong absorption band at around
400 nm aodtaivagkdraathadisenition 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 dichl ge 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
confirmetDfBhh 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 nanasecond,UV laser decayed quickly
after Stopping AT T0E o OLaEaD O Pkt e < Rl e ot B o
the otherthamdp wihhrep@ldiigpaaenzeir Golplicn bithehd, iRt Tleapbihatene ofiCompaative

Example 1 (concentration 9.2 x 10-5 mol/L), the half life at 25C was about 179 ms, and it was thus
found thahg38 cBrapeRlfg ot'tse Pra¥emeinRefiSiCer Bkafnprérichad verKightddebrraiotSpeed

that was gl linas hat RHIha eHa ofcopRAaie HAMBIEL <IHpt ISethissShpuc fat
pseudogembisDP1[2.21paracyclophane of the present invention is a photochromic compound having
rapid colomemitahing characteristics since the two TAIRs generated are restrained by a bridging group,
thus pre\@ﬁg diffusion in a medium, and the two TAIRs and the bridging group do not form a
resonant'structure that is more stable than necessary.

[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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[0105] [Example 21 Nanosecondlaserflashphotolysismeasurementofpseudogem-
bisDP1[2.21paracyclophane-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 pseudo
gembisDWH%ilparacy clophane. A 200 gm thick PMMA thin film containing

pseudogembisDFH)[ZEg1@@ra}%cl%ggggry/aﬁggﬁp%%gebyaaggati%mepﬂ d ﬁ@@@th&ﬁﬁgye Selution.

Nanosecond laser flash photolysis measurement of the PMMA thin film was carried out at’25C using a
nanosecghd]pardagelaphang-4, Wadatenigihdeh$gle, i (pglde4afithntohsobbguutil A IMEHB.Besult of

measurement of g visible/near-IR absorption spectrum immediately aftey irradiation with the .
o socORIA TGO i AR CATS] GEL Ol AN oA 1RSHRE Hock of BBS that,
with regaygr Qudgaeligab @LW@.CM&W@BWQ%HHW1®§{(§%&§P§% ption

band at around 400 nm and a weak broad absorption band in a wide range from 500 nm to 800 nm

also reveRSiPaSH ARty s ofies soesedrm WA rasid aatrovamBwanaswastAddsschzéii Hatution.

Further il confirmed f [ e ser f lysj that, with
regard t pselﬁ gégfgem%%gg%z.%%ﬁa%%%gﬁaﬁﬂcﬁ(%ﬁzgp‘?égssse%(tﬁ)#{%a;n% o{ﬁﬂ&%eﬂgﬂés%?g%ﬁ I%@agnsd thus
formed afeondedaygdthyaickiytinviietsalingilaseiRMiditegsinapibatethifitifelahateolitvhs filseatd5C.

[0107] Subsequently, a durability test in which the same_portion of the PMMA thin film was
irradiatemﬁtﬁvg%%wgaﬂ%%%%%M@a%a@eﬁt@ﬁgfi‘ﬁycw&éeﬁmm?@mhwe%%m ut: 4

mJ) 1O,OQQttimqfsﬁ:{gnteryg{§r_q§L1 segqpd ngg_arri%qgout @ BhC. Fﬂﬁngﬁ;hovgg the};%%gegﬁ_ _
measurement of decay over time of the absorption band at 400 nm measured before irradiation with

the nanobis¢dRBH[R2Alxmaayd eifeans/erpd 0btrifradsast inhitiatieicwieh ey statfosécondaly tfser.
FIG. 8 s%v(?g a rgpr)griSﬁg\gff %%858; meas uarreén%ntv\cf)lfl%%?a over time before irradiation with a
nanosecon: (ﬁv aser (S(ﬂ time of laser wraa‘fgﬁoss Hhd afer irradiation with a nanosecond UV laser
10,000 tijpeg5]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 irradiatiT 10,000 times with the

nanosecOndN N a0 MAtreINES U dhTsAnpre (v Moty raBie drnadhy) ibid s hdwAthat
pseudogg'@ltg%@Fgﬁaﬁpﬂ(rqugj@@@a(% 9ﬁ$%grg_§qm @s{faqgn is a photochromic compound having
iti ity Si ated

very high repetition durability since the fwo TAIRs gene re restrained by the bridging group, thus
preventiniéfusion in a medium.

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]

TH NMR (500 MHz, CDsCN): & = 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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[0109] [Example 31 Synthesis of 1,3-bis(triphenylimidazole)-1,1,3,3-tetramethyldisiloxane
1,3-BisTPIH-1,1,3,3-tetramethyldisiloxane (hereinafter, also called
'bisTPIHTMDS"),whichisaprecursorofl,3-bis(triphenylimidazole)-1,1,3,3- tetramethyldisiloxane
(hereinafter, also called 'bisTPI-TMDS"), which is a photochromlc compound of the present invention,

was synthesized Byl syrtssHEote elsw LthsgrserlasembitaRl 2 A raudgexd pipeans Ahstsiting
material. %@slgﬁ%a%d']carﬁ?d-r L@eﬁﬁﬁ%n&@ﬁ -equipped single crystal X-ray structural

analysis equipment (SMART APEX II, Bruker AXS K.K.). The molecular structure
elucidated by the analysis is shown in FIG. 1.
[0099]

Nanosecond laser flash photolysis measurement of pvseudogem-

bisDPI[2.2]paracyclophane

Laser flash photolysis measurement of the pseudogem-
bisDPI[2.2]paracyclophane 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 photolysis measurement of a
pseudogem-bisDPI[2.2]paracyclophane benzene solution (concentration 2.1 x 10+
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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g-- ., _*2---,h. c)in chi BelPkrell|B In a 100 mL capacity recovery flask, 2.00 g (8.72 mmol) of
2-(4-bromopheny1)- 1,3-dioxolane was dissolved in 30 mL of THF and stirred at -78C for 30 minutes.
6.50 mL (10.4 mmol) of a 1.66 M hexane solution of n-BuLi was added dropwise gradually at the same

temperature, and stirring was carried out for 2 hours (reaction solution A). Subsequently, in a 100
mL capabitg &Ry ilsthammgsesond Fvnbiser deeprsuiHithWstEae steRRINGdH iR ML of

THF, the reaction, spIUanA Ve, a9989 aPIsaANBIRIPI4SING A baasfer tube, and stirring was

carried out at room temperature for 12 hours. After unreacted dichlorodimethylsilane and THF were
removed[BY(Qiktilling the reaction solution under reduced pressure, soluble components were

separated using 40 mL of diethyl ether. 2 mL qf ion exchanged. water was added to, this solution,
ining was cartiSFGEONSH 2 HolTFSh Kb BRI R O RIET JBS B, 30T ERhing was

carried olister AAJMiHBRINERN AllHNhR tieBTyhethenlayshwamaAistiad twdesresusgskpressure,
thus giving a colorless transparent oil. [0112] Moreover, in a 50 mL capacity recovery flask, the

above cdwildBH % 3pasidenham (§qowotatien dtben2l)‘anwb/b7 §ves.ca78edNI) dh enonium

acetate gﬁ@e%g%/eerd 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 fl@rddshod svashad wlitbioncaxchanged ofatésitle/heaiiB alyeiipii povoertrd his
yellow powder was purified by column chromatography and a re,cr{%all'za ion method, an

bisTPIH- VB8 fhsBeRsHEISS Y Whke GOWEErAHE A SurPEolREEEadY 2B Mgﬁﬁ&%ﬂ%%d was

3.8%. Thffé%%}ﬁ&few MR meassameniaie SRovipeRWOhh3ll HHIMER(POGM '?/I%e (A-d6): 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+)bes2R[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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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 agueous solution of 1.00 g (0.0178
mmol) of potassium hydroxide and 1.00 g (3.03 mmol) of potassium ferricyanide in 30 mL of ion
exchanged water was added dropwise thereto over 10 minutes, and stirrin&was carried out for 2 hours

at room teavpRgatitRidarelatis My ShiRg shwieteridigra siprewide chtfed SURSsRRBEHEENE  Svashing
was cariedput g a1 erehaadetbuateh A disilatiansRderieducer piessh P Gald out
thus giving 55 mg of bisTPI- as a pale yellow powder, yield 76%. [0115] Measurement of
photochromIR prope rthes lofid g3 Hg s¢iriptye dylimid foote) <l e Bante stame thyl disiloiansore staBlbenzene
solution (concentration 3.5 x 104 mol/ L) of the bisTPI-TMDS synthesized was subjected to
measureMBREBpEEYEChromic properties at a wavelength of 360 nm to 830 nm under an atmosphere
of argon gt185F. 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 Eﬁémﬂl?s%ﬂrption band was observed from 500 nm to 800 nm. The result of measurement of
a visible
[2.21par f i : B Pre 0
[2.2]parabisthdfi R pdrdipléoyhamdacaiealidingaPbaldetyde, which is a key compound in the
production method of the present invention, was synthesized via the synthetic rpute]l%elow. [Chem. 35]

To a 30 mL flaskAvSRA MR d P IdFaE o ph it/ Y, 148 deRaGeRyE 5581y S i ale Bdnzil
(0.40 g, L,Smehy PRRPAMNACRIANZ L) QA@Q&EH%%M@%&%%@%;@@@) AN ey e

heated and refluxed for 5 hours. After allowing to coo
chloroform solvent and dissolving therein 4.0 mg of the synthesized pseudogem-

gern-

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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to room temperature, neutralization with aqueous ammonia and filtration under reduced pressure were
carried out. The filtrate was washed with water and dried, and components at the origin were removed
by silica gel column chromatography (solvent: dichloromethane). This mixture was dissolved in
dichloromethane and stirred with 1M hydrochloric acid, thus forming a colorless precipitate

(hydrochféride Salt dilfargbt LempolRE) Tetitivad RSASTEFRPE Qe lrALticH ShalRe Welllith
dichloro 'HBE%??BOW L 3HSRENBRG AR R dichioppethang sanehdeRretp @ﬂ&eﬂmoggpaﬁa ggyeous

ammonia. This was extracted with dichloromethane, and [2.2]paracyclophane 4
dlphenylﬂmdamlé-dﬂecw%ai;ﬂéb@@{étmmmfsﬂmﬁatgm keﬂcdmpwmﬁe«m&;dﬁm&’ isokatedC.55 g,

67%). The%ﬂ esults of NMR meas {j rﬁent arlﬁ1 n below. [’13% %gl_gMR (500 MHz, DI\éSO d6) 6:
12.14 (s S1AYD.85 @ H3j5PBa b, ¢ YA, CGY), VY (e 2ebosey; oh),
7.40 (t, i dd@adlanL it 3L felflodesoh@ HZV2Hbef 160t thive 7 ) mzsewrrzealgtﬁgn Hn8-96tés, 1H),
6.84 (d, J=7.5Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H), 6.66 (d, J = 7.5 Hz, 2H), 4.49-4.45 (m, 1H), 3.95-3.92
(m, 1H), Brestiatagry b ranassrmedMyidaser 10,000 times.
Synthesigofl221paracyclophane-4-bis(para-methoxyphenyl)imidazole-13- diphenylimidazole
(pseudogﬁgim- MPIH-DPIH[2.21paracyclophane) pseudogem-BMPIH-DPIH[2.2]paracyclophane
was synth esized]]mmsdodﬁntérmﬂthtt’ﬁemynlt&tié F@e7batoWFISIng {Ra2]daracyglophahiid the

diphenylimidazole-1 ehy e obtained in the synthesis of Example 4 above. The s nthetlc
route is SHERFPHQ v?a[mﬁ d overrdime s ALICHAIEAUER PPAPaTERSR HF&H@/

dlphe“Y'W@'ﬁfi&&ﬁ&%@@fﬁﬁﬁ@/ﬁé&r Oa ) O Ahle R @FH AL %Q&(?IMQSVHH{CHD@ Aaaenium

acetate (0.38 g, 5.0 mmol), and 5 mL of acetic acid, 18 hours thereafter 0.4 g of ammonium acetate
and 24 hbbed thereiftés shayof ptbmsmweﬁ@mw@@slaﬂﬂ%,ﬂﬂmgaﬁm@maha@d oof féh@eptesentAfter
allowing to co %to room emg&%%r& \évohlle cooli (ip vyflltrq ic‘(/eeneL#ra zatloeql\t/vnh a&ql eﬁ]lf arsqrr{lonla and
extraction wetﬂ dichiofomethiane were cared out. The o%gamX WAS Washe atdrated brine
and vacul peacamiRedicheimraitare wastpifiéeddyy gikcdgdbtalimrocyomaiogranhsntaeivent:
hexane/ THF = 2/1) and GPC (solvent: THF), thus giving

pseudog€ iRl rIIT'@F"”I’F’F[@IE@baracycIophane (0.011 g, 45%). The results of NMR measurement are
shown bf@q g0121] lI-NMR (500 MHz, DMSO-d6) 6: 11.62 (s, 1H), 11.47 (s, 1H), 7.29-6.98 (m,
16H), 6 8 (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). [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.

0_0 ]
n-BuLi/ THF HoOTHE Me,5i—Z_S>—cHo
o]
A
Dichl ethylsil MeSi—Z__S—cHo
B SiMe,Cl
4
BBBBBB BN potassium ferricyanide
Ammonium acetate M 2§l©'<‘N pota hydroxide
_ o _— >
Acetic acid Wit > T’Nl O eeeeeee
HN

bisTPI-TMDS
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[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] Me Aqueous solution of potassium ferncyanide
and potassium hydroxide OMe Benzene All solvents used in the reaction were degassed by
bubbling [Qi]fflééen for 30 minutes, and all of the operations were carried out in the dark. In a 200 mL

fask, peeudogemBMElRRINA ApaRorEaphane G160 @ AUTASANBRSA Byibe dpove

synthesis was dissolved in 20 of‘dega benzene, ah aqueous solution (7.4 m ssium
ferricyanige-¢icx glad® masod)issrdvpotassibinohldooxideH 048 gtir@esl nmmoly Wascaddiednandedgorous

e vachut] U etB8 L R G kAT BSeLHO e AP 5 51 PR AGPRANE (0,050
9, quant.ginEAIHIANEIZad dauthisea-tarep Heri e PR Ike Ll dapMeI > Wear assigggehedH-I-NMR
could not be carried out. [0124]

solution A).

Subsequently, in a 100 mL capacity recovery flask, 4.56 g (0.035 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 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]
TH NMR (500 MHz, DMSO-dg): & = 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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Measurementofphotochromicpropertiesofpseudogem-BMPI- DPI [2. 21 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 seudanmBMPI-DPI[2.2]paracyc|ophane was dissolved in degassed

benzene@BcERralivhon. 57 k902 MANT anmalbad petreritmadrdrrairis i 2600 umdéLan
atmosphgie, g argoBoldianin ferEL%aﬂPdéh%"%éhﬁfﬁsH# e amant oL MsIlR 0eaidRy
absorption spectra under the same conditions as in Example 1. It was confirmed from the result of
FIG. 10 tabpeeispanedetriththe Hbsoiptites spedtsiin ofghe aboveiatk ntivrfed 2isulstiadtecbiorm

pseudogem-bisDPI[2.2]paracyclophane, the absorption spectrum of the phptocolored form of
oo T BRIELH (o A& R R o O A S o CRABTE00al o

longer Wé\)@ﬁﬁﬂg}%@@ébﬁ&h@ﬂ% Qéﬁ'ﬂg ﬂ?@%&%ﬁ@&m%&eﬁ%ﬁ@rdi'ﬂﬁﬁﬁaiﬁ&ﬁ%ﬁ@@fi Haggddsgm visual
examination that a slightly darker blue coloration developed. That is, the possibilitY of precise control of
photochrBFaRS pre perfice i etidht saty dunahyns ebRiskidn 1By ESmbinawde ey awsdaidazolyl
radicals é}élgi%gaving different structures and different energy levels, absorption wavelengths, etc. is
suggest d urthermore, FIG. 11 shows the result of measurement of decay over time of the
absorptigd1d&ahd at 400 nm under the same conditions as in Example 1. It was confirmed from the

result of FIG. 11 that, with regard tq
pseudog .-‘.: ANA S1eqlSti ;.:..- .' avaialox =g ed ot = e O 4 com = |e to
that of thg.ghay liaaedinsubstituted form pseudogem-bisDPI [2.2] paracyclophane. [0126]

[Example ynthesisof[2. 21paracyc lophane-4-bis (para-hydroxyphenyl)imid azole-13-
diphenylimidazolé (bseadbgernlBiim HoRpE2tiparadycroghdna)ol /L) of the bisTPI-TMDS
pseudogem-BHPIH-DPIH[2.2]paracyclophane, which is a precursor qf the phaotochromic compound
Pecudog B P 01 At R e B A STRR: PR R S ISR 1ebing and

stirring [2:21pelacydiopifane® dipheryligtidazele-Lddarbaldehydepitainedin dagosyniite s of
Example 4 above and dihydroxybenzil, which is a benzil derivative having a target structure, in acetic
acid in tHehHesbReBTRMAD STMVACEaRa e Slfett thrirols WABINSERSY. (hiesrdslpm

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 N Amirl'r('l:gtrgtl.gm Q CHO O

Q CHO &% Acetic acid Q mz(:
e

[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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pH [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 tfhdf@Pr@dt?é@@fﬁ@geretww@@aﬁﬁwOmﬁhh@qm&% WERMRRRe A thilREPRNENHA dried

under vaguime § iz deagtion MIXIUE WaS sYPIHE S I silicq gel colump GRIRMIRg aRly dsRiyent:
hexane/ THE = 2/1), thus giving pseudogem-BHPIHDPIH[2.21paracyclophane (0.30 g, quant.j. The

results ohhdBOmpaseremehttheestiginmbaiowe idd 28] IHyNNIR {580 MilznDME®aiaf&erbpBY (s, 1H),

L2 (5,140, 936 o 40, 040 (e, IFur 27005 (3K 0.82:080, 3, 34 6101042 ()
Synthesisgfpagacyelgphang-4 b drtinethaxghemhimidsazaied 3-dinhaeylizidagaleipitate

(pseudogem-DMIH-DPIH[2.21paracyclophane)
(hydrochloride salt of target compound). This was filtered off by Celite filtration,

washed well with dichloromethane, then suspended again in dichloromethane, and
deprotonated by adding aqueous ammonia. This was extracted with
dichloromethane, and [2.2]paracyclophane-4-diphenylimidazole-13-carbaldehyde,
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-d¢) 6: 12.14 (s, 1H), 9.55 (s, 1H), 7.58 (d, ] = 7.5 Hz, 2H),
751 (d, ] =7.0Hz, 2H), 747 (dd, ] = 7.5 Hz, 2H), 7.40 (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-
diphenvylimidazole (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
Q CHO el e Ammonium N \
& N L o
0 . HN—
(O
[0120]
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pseudogem-DMIH-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. 39] [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'-tetrameth®xds¥hEalflagly vere added, [Zritmarareadiared-dighenytimitazele-+35 mL of

acetic acid Bdher(iging 1615 cpried b or A0 oo Adlerakoing e gpol inanm femeeratire,

while cooling with afization with aqueous ammonia and extraction with dichloromethane were
carried o(it.38he organindyeanwhS weslvdchodtiv satighatédhonine dmet eatte hicgnoeatratechilthis

mixture was purifie ilica gel colymn chromatography (solvent: hexane/ THF = 2/1), thus giving
M S R AN ek e S
shown belewrol038 HoHrBI MR (&0 IMWZ DM SELHE) Eoohltéih ferdtkel Wwhlléssobthy W@tkdicd = 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, J = 2.0 Hz, 1H), 6.79- 6.77

(m, 3H), Berdrelzmiion 2ritle Baue®1s (RINBMNE. NG, RHRdien (widHligldvromsthaneHy e 32]
cibseaphy P Sonsh AP Sl pAe BRI M SAMISLISY,
the syntheticeatitetbeélowl Hizhenixéle was purified by silica gel column chromatography
(solvent: hexane/THF = 2/1) and GPC (solvent: THF), thus giving pseudogem-
BMPIH-DPIH[2.2]paracyclophane (0.011 g, 45%). The results of NMR measurement
are shown below.
[0121]
TH-NMR (500 MHz, DMSO-ds) 6: 11.62 (s, 1H), 11.47 (s, 1H), 7.29-6.98 (m, 16H), 6.70-
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).
[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=

N ferricyanide and potassium hydroxide N’
gu O OMe —— oo g:\ “ OMe

) / ] |
a Ra

[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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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-DMIH-DPIH[2.2]paracyclophane (0.10 g, 0.13 mmol) obtained by the above synthesis was
dissolved in 20 mL of degassed benzene, an aqueous solution (12 mL) of potassium ferricyanide (2.3
g, 6.9 mGIBRPPoriasiafrRgd R ©OT8YS, SArFiRg N AasHASH Okt d Ao oTsitihg WA carried
out for 6Q,mirufies. | The; benzene layeryps exitaeed washedayel it waigr apd.thegyagyum
concentrated, thus giving the target pseudogem-DMI-DPI[2.2]paracyclophane (0.094 g, 94%). The
results otNM&t!masl,lrbimerglaleghbwr@bghtvps@@ﬂ@ﬁ%ﬂﬁmmmmmmﬁﬁpdﬁhﬁ 0482 (d, J =
7.3 Hz, 1H), 7212 5 71871%_| 2H), 71371]]6%a éH%OQ?Ofl(m SH% 8(d,J=
8.6 Hz, 1%1) W36 s tHEeLE En’"smﬁs(s 1R 8k B8, of MR ISR, 3.79
(5, 3H), Bdhefmtl B BHNBHD 3.4 (502D kB &k (M, 6H) [0134] The synthesized
pseudogem-DMI-DPI[2.2]paracyclophane is subjected to a crystal structural analysis in the same
manner é@]@‘lﬂExample 1. The molecular structure elucidated by the anaIyS|s is shown in FIG. 13.
[0135] A lon Sk leristics Y ‘BEMP
lophane E{EQQQ ' ' ' ] e ned by the
above s@ﬁégjglmcwbtwhadé)y UV-visible absorptlon spectrum measurement

pseudogem-DME PI[ .21paracyclophane was dissolved in benzene (concentration: 2.1 x 10-5 M) and
measured at 256[ ?T%C RLNORERRF Hes &ﬁ@ﬁgd%ﬁﬁ’érﬁwm@ﬂ \%L?ﬁf@%%ﬁéﬁ%‘?‘?

spectrum, fisam dheptestibolblRe 1 4yRtRrsl00eRPMERRIR 2L PBIaGYSRRRpR Ak &7 afisaiption

band in the visible light region at 400'nm and above. The molar extinction coefficient ¢ at 400 nm was
200. It w@b@miﬁﬁiﬁemhaﬂreompemdiﬂmthmeamelaoediifri‘eﬂ@m:beﬁi@énpbeaﬂt Abbenmseoriigem-
above-m ma bstltute seudo M. qu I@.a‘g%racggl%phane tlfe abso&pt;[on in the
visible lig t region ﬁ]cregse(c)irby e INfroduetion of a mé Xy group f(ﬂf% ‘Meastrément of
photochrosiioproperiigy of, pselidrge 1rdMhDRHZ ZlpridcyaapRan€ 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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The photochromic properties of pseudogem-DMEDPI[2.21paracyclophane obtained by the above
synthesis were confirmed by a nanosecond laser flash photolysis measurement under the same
conditions as in Example 1. pseudogemDMI-DP1[2.21paracyclophane was dissolved in degassed
benzene (concentration: 2.1 x 10-4 M), and measurement was carried out at 25C under an

atmosph 261 argon. [0137] FIG. 15 shows the result of measurement of visible/near-IR
absorptigi éjrnder the same conditions as in Example 1. It was confirmed from the result of
FIG. 15t at compared with the absorption spectrum of the above-mentioned unsubstituted form

pseudogBymtlisEiP|[2.2] pfracycldpRdpa:atwec hiyguaptich lsis Gearann pd theyghutogbliored doohe -6.8-
pseudogem-DMEDPI[2.21paracycloph I rofﬁ)ﬁ rradlatlmlth lﬂJ)V light shifted slightly to

. e "“" th . Q45 & $h L {ﬁc Spectrufhttiang TREVE e, tre phOtOCOlored form looked

bluish green to ﬂ?@e@@%gé’r@m{PlH DRTHRET RS Srakc lo&ﬁﬁh@WWHﬁlﬁew“aOf gmentipkdecay
over time of the absorption band at 400 nm under the same conditions as in Example 1. It was

confirmeBHe3ArHeRESURBPPRENTS m&@W@dﬁP&-@P&ﬁ&qu ArhantheoabdsrbarREEAE 400 nm

e (53 iy SF i e et B T e B . s
[Examplei%&wtha&h%]pal&a;@bﬂhﬂhgdelaﬂﬁmﬁ&d dimetboypihesihinfidaoiple 4 above

(pseudoge IH[2 paracyclo hane . o ) . ]
pseudoga mfz%aaiwa AREYR UG SRy PEAdAr Sy SOHSHME 417 fcetic
dlcarbaldfclgaqﬁ tﬂ%‘f@é@ﬁ&c%ﬂ’ﬂfﬁr}%ﬁxﬁ{@%ﬁ%@ut?ﬂée@‘ﬂtﬁ@ﬂ% SYRRGUGHRMS iISe3hRwN below.
[Chem. 41] MeO

[Chem. 38]

s £,

c:o 9 A”;rc"e‘%gt'é’m gﬁ‘ & pi
H Acetlc acid S HI\]
&
[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-de) 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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[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 Whl|e cooling Wlth ice, neutrallzatlon with aqueous.ammonla and extractlon Wlth

concentgied T0is mdUIg §e95" it g5 foloma e hhye(géftgto?mge/ TH =

measurement aresshdvga%d]li\&l@ﬁﬂ]tﬂ[ﬁ&ﬂ.ﬂﬂr@&@@lwm@m dﬁ)tﬂnesiz]edm(s 2RErdabdq(s, 2H),

6.95 (d, J = 7.9 Hz, 2H), 684 H22H) 5657 H), 3.72 (s, 6H), 3. ), 3.42
. or), 29ER g b e, Rl o et 12 ABacnRgane-dip ey Thidadfe 15
DSGUdOg@&FB&@QWH’eMﬁ%’&'%QR@%yWW@B@& %ﬁﬁﬂ@@%ﬁb@@reﬁ%‘%w&f&%r@ﬁ@@spurpose
of control of photochromlc properties, was synthesized in accordance with the synthetic route below.

[Chem. @i‘]OWH belmsolvents used in the reaction were degassed by bubbling nitrogen for 30 minutes,
and all OL tions were carried out in the dark. In a 200 mL flask,
pseudogem- %ISDM H[2.2]paracyclophane (0.040 g, 0.045 mmol) obtained by the above synthesis was

dissolved in 10 mL of degassed benzene, an aqueous s§ (8 mL) of potassium ferricyanide (0.75
g, 2.3 mmgek and potassiuiga hydr(Mtde QO 39 , 7.0 mmgu%@edded, and vigorous stirring was carried
out for O@ nl»r o6 The b Y s Waste«)_(tracte ashed-well with water, and then vacuum
concentratgd, i € biving thedatget psetitiigeé-bi AParacyclophane (0.040 g, quant.). The
results of NMR measurement are shown below. [0143] 11l R (500 MHz, DMSO-d6) 6 = 7.20 (s, 1H),

7.16 (s, 1 #708(3 1H), 7.02 (d, J = 8.6 Hz, 1H), 6.92 (m, 2H), 6.85 (s, 1H), 6.79-6.67 (m, 8H),
6.52-6. 4$0( O13H) 3.72-3.36 (m, 24H), 3.12-3.00 (m, 6H) [0144] Absorption spectrum characteristics

of decolored forngof psgudqaembisRMI2 %He%fatﬁyf]l]gggac?l%lophane 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-de) 6 = 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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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 10-5 M), and

measurementM\évoasO(iﬂaelrried out at 25C. FIG. 17 mgwgh}pe result of measurement of the UV-visible

absorption Speckrm. From the result of FIG. 17, pseugegem-bisDMI[2.2]paracyclophane also had an

absorption hard T thewisilié,lalitisuidaat 400 n % The molar extinction coefficient ¢ at
@m

400 nm WaZ 600 (Dvas.caifffed that,_cogpa f ar extinction coefficient ¢ at 400 nm of
the abov§=megt) singly-subSiiffed form ( o) -DMEDPI[2.21paracyclophane) and
unsubstituted*'fﬁ%seudogembisDP1[2.21paracycT'c£§i1e), the absorption in the visible light region
increased. [014 easurement of photochromic propertties of

pseudogem-bisDMI[2ctdparackel@nhate reactibhewaiietoehramia BpRRIBERE nitrogen for 30
pseudogem-bisDMI[2.2]paracyclophane obtained by the above synthesis were confirmed by

nanosecBH#H8er IR AP dRR IS PRE-ARRE MEELFIEIEth @ YAk RS nditidns IBsa Bk apipidask,
pseudoggpis M@i@ﬁ?ﬁ@ﬁmgﬁ%%gﬁ?é 9%?&'1%6 d!ié'egj%ﬁﬁ heRz&NedGRnReRtation,é- 1 X

1 )
10-4 M),"and niéasurement was at 25C under an‘atmosphere of argon. [0146 FIG. 18
shows thebesulyoitineas weamn ditsofl vesibie/ A8 an IR afbdegptiserdspentrenander dhesamescbrtiions as in

Example 1. It was confirmed from the result of FIG, 18 that, compared with the absarpti ectrum of
i oy A R BT T 5B B S A AL O S Lo
spectrum ofthe plhakecoliaieddoram of userdagemrein D MIES. Zpaiagyslephanerasi#ingdromyeradiation

with UV light shifted to longer wavelength and the shape of the spectrum changed. As a result, the
photocolbrEd¢aem lapRed Wasereedtpeterthke ashedrurislrnisil) advaéderiewladbes, sifeatum

pseudogem-bi 1[Z. ophan orptigR4n isiple Jight reqj f m and
Cbove, coA B B o ey AR OB R gy PR ATRAR Fic. 1o
shows thefekuTleé meakiyreMeMBRnecay-eventitne shthermbstyption band at 400 nm under the same
conditiorls as in Example 1. It was confirmed from the result of FIG. 19 that, with regard to change

over tim absorbance at 400 nm of pseudogem-bisDMI[2.2]paracyclophane, it decayed with a

half-life (ngtxorR (ham XA MSMsa wasgenganthan the Half lifergf theabquesmentignedgingubstituted
form pseudogem-tgisDPl[2.2]paracyc|o%sh§|ane. [Ot&%? [Example%fi?;Synthesi‘gegf eZF-I?

paracyclophahe.4.(Bphthym 2pkehhiridazolsiB- 6ifRddylimid4zble, 1H), 6.88-6.84 (m, 1H),
(Useudogerm-EMIHDEH1& 285 B SEOBERS)s5), 6.55-6.46 (m, 3H), 3.79 (s, 3H), 3.74 (s, 3H),
3.64 (s, 3H), 3.57 (s, 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 wpseudogem-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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pseudogem-PYIH-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. 43] [0149] To a 30 mL flask

were added [2.2]p E)%%/clophane henylimidazole-13- carbaldehyde (0.19 g, 0.42 mmol)
pyrene-seHanfiien seeFiriaYhiadt 4 Q(gqm gvm?@ﬁ)nrﬁfowaérﬁ%ﬁﬁmﬁda@&atéqwmradw%ﬁiﬂﬂ) and 5

mL of acgiig 4icl ANdiBLeRRIIARWASCAIBA v WriLAG RN G NaHESAlSTAlaudad i poghe room
temperature, while cooling with ice, neutralization with aqueous ammonia and extraction with
d|chIoromsﬂ:tnémmwémlaﬁﬁika]parawdqv@anm ltyenbas ptashed Withsathtateghiriremmd wasuum
concentrated. This mixture was, purified py silica gel column chromatography (solvent: hexane/ THE =
2/1) and ]ﬁ)ﬁ‘éﬁ’ﬁﬁﬁﬁﬁ' %W&P r% ﬁ‘ﬂ%%t%ﬁ%romatography (solvent: THE), thus giving
pseudogpmsB)Y IHDPIH[2. 21paracyc|ophane (0.27 g, 83%). The results of NMR measurement are
shown below [0150] III NMR (500 MHz DMSO d6) 6 12 03 11 69 (m 2H) 8. 20 6. 64 (m 30H) 4.34

which s & compaty of ?taﬁo%%ss%'qé%@gﬁf@; g pgggipfgﬂfggmrgqgﬁgﬁ%&ﬁ% G gRETes.

was synthesized in accordance wi nthetic rout
obtained by the above synthesis were confirmed by a nanosecond laser flash

photolysis measurement under the same conditions as in Example 1. pseudogem-
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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Aqueous solution of potassium ferrlcyanlde and potassium hydroxide Benzene [0152] 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 soluﬁé’ﬂl(?fgemr_]?lé B3P reAsevioners.03 g a8 mmdalyaieHsesssiumUusjagoxide

(0.32 9, iz?zigﬁl%'ég)’@(gp%%%%,i‘ﬁﬁdl’ég%ﬁ}ﬁeﬁg&@91%4’%‘88?&%%&8“&%? Ry r%\yﬂ?ﬁe%”%‘c’)ﬂ‘?e'ayer
was extracted, washed well with water, and then vacuum concentrated, thus giving the target
pseudogbateRY |-Dfel [ 2ibatmamide asteoi@10B8lgn87%). Since the oxidized form is a complicated

mixture ctfdﬁgrrplgaﬁjclear assignment by IlI-NMR could not be carried out.

MeQ OMe
¢_D-CHO Ammonium A Qe
+ MeO Q O OMe acetate ) H OMe
CHO Acetic acid SN O OMe
¢ R HNL_ ™ ome
MeO OMe

[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
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-ds) 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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[0153] II-NMR (500 MHz, DMSO-d6) 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-PYIDPI [2. 21 paracyc
lophane The absorption spectrum of pseudogem-PYI-DPI[2.2]paracyclophane obtained by the
above synthe5|s was confirmed by UV-visible absorption s ectrum measurement.

pseudogem- PWI 2]paracy ophane was dissolvec enzene (concentration: 2.0 x 10-5 M), and
Measurement were cam@d“e&‘ljiaéf L@&ﬁﬂ]’m FIG.20 shaws the result of measurement of the
UV-visiblé&2psor She [ seudogem-PYI-DPI[2.2]paracyclophane
had a str ; m@ iBM*band inftvesisible Ilght of @QPMfn and above. The molar extinction
coefficient ¢ at' Ll

0Q nffsvas 3200. The absorption in theyvisiBlEelight region increased greatly compared
-, ctlon coefficient ¢ at 400 nm of the

above- mentlonedtetramethoxy substltutedforms(pseuﬁogem DMI- DPI [2.2]

paracycl¢phtde, pseudogem-bisDMI [2.2] paracyclophane)andthe unsubstituted form

(pseudogem bisQ2 2lbaiacydanhepe, 010l Measurrment o BIOICRIRI RIOBEIRS %o
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
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-de) 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 wseudogem-

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 € at 400 nm of the above-mentioned singly-substituted
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The photochromic properties of pseudogem-PYI-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-PYIDPI[2.2]paracyclophane was dissolved in degassed
benzene (concentration: 2.0 x 10-5 M), and measurement was carried out at 25C under an

atmosphfé?%f(a?@&l%mﬁw DP&E&M@@W@WF&)M hﬁ%%lsl?ﬁ@ dPUIBIHIETHERR -
absorp“%s%ﬁ’gﬁﬂ@;@‘}ﬁ M‘;@ e ab %‘é‘%@é@%h‘%ﬁ%ﬁ@lﬂs}b& jpnedrom pe result of

FIG. 21 th orption spectrum of the above ntioned unsubstituted form
pseudogEﬁiﬂE]sDPl[Z 2]paracyc|ophane the absorptlon spectrum of the photocolored form of

diation w I'ht shlftﬂd Ellghtly to

caSlIre nf 0 ) 1© f 40gem-b I
measurement ofﬂe@a Yﬁb&‘ﬁi@rﬁﬁéh B Epiéan *éﬁn §éu% m}%{ﬂh@ﬁ%ﬂ&%ﬂ%ﬂﬁ% asin
Example 1. It was confirmed from the resu t of FIG. 22 that, with regard to change over time of the

absorbatainado byn resebewge Ay tesP rerep senijempnate, indaesgeenditiasshdigshhalf life
(about 1 fﬁ%ﬁ)% %%F?ya&% %ﬁé’%ﬁ?% ’%SHQRHE%'%SHS‘:%%RSEQQ&%?Q“'?'SD;JD bbm-

paracycl xample esis 0
paracyclGiTanvH2-Brpirenytidiiysanyiyimidazole-dd-dipteaybnddsaatene (concentration: 2.1 x
(Useudogem-bisPYIH[2.21paracyclophane) pseudogem-BisPYIH[2.2]paracyclophane was

synthesiZ&d Mh U dRAREIRAMTRE WSROt BE o udiRG §2 Fisiracy BRpitapesison:

dlphenyh@q@ oIe 13- carbaldehyde obtained in the synthesis of Example 4 above. The synthetic

route is shown below. [Chem. 45] [0159]
FIG. 18 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. 18 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-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-pyrenyl)imidazole-13-diphenylimidazole
(pseudogem-PYIH-DPIH[2.2]paracyclophane)
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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 110C for 46 hours. After allowing to cool to

room temperature, while coolingdwith ice, neutralization with agueous ammonia and extraction with

dichloromethaneltar&ggitd Bl DIHER gARR ey SRS N sNa withthstiathdbrare aFdrvSuUm
concentrag. IS Tt Ruieg, b st oeb palumo abramAlgrapi(Ratant, pexang/ THF =
2/1) and then purified by fractionation using get filtration chromatography (solvent: THF), thus giving
pseudogembid iz 2hanaes ciophang (0B ig, FSBKpMpéerdsalhisvef NMiR syedksatenmentale shown
below. [Oé%%l}lll-N R (500 MHz, DMSO-d6) 6 = 12.11-11.96 (m, 2H), 8.25-6.66 (m, 34H), 4.79-4.56
(m, 2H), 39973 BS'OW- 6H) [0161] Subsequently, pseudogem-bisPYI[2.2]paracyclophane, which
is a compeuneghofighe present invention for the purpose of control of photochromic properties, was
synthesized in accordance with the synthetic route below. [Chem. 46] All solvents used in the
reaction were degassed by bubbling nitrogen for 30

in the dark4h a 50 mL flask,/ps
by the aIHCI) Sis % M 89setd
potassiu rr ide (1. d, 48 nverdly 2aitdl pobﬁ'n
vigorous stirring was carried out for 1 hour. The bengtefie Tayer was extracted, washed well with water,
and then vacuum concentrated, thus giving the target Jse udogem-bisPYI[2.2]paracyclophane (0.056
g, 75%). the oxidized form is a complicated mixture of isomers, clear assignment by I1I-NMR
could no! be carried out. [0163] 11I-NMR (500 MHz, DMSO-d6) 6 = 8.50-5.80 (m, 34H), 4.74-4.45 (m,

2H), 3.30-3.00 (rito6H B[D 1ol | fAdssomption apeett it 2paractaristitsné-dedgiwad/ fomdatizole-13-
d ISPY1[2.2 loph The ab ti t f. .
Pecudog T B PIa e e bb RAEFES I G0E SRS Aty -visble

absorptiaa:se); hiBRARH ReeMe PSaTdogETHRISHY IkAdIparacyelarhanscvpa Aissalveeiprbenzene

(concentration: 2.0 x 10-5 M), and measurement was carried out at 25C.
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-de) 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]

58



[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 th ve-mentioned tetramethoxy subst forms

(pseudogem-DWW{ I[2.2F1 arac Ictl,onppatne, seudoge MI[2.2]paracycIophane) and unsubstituted
-0l i;fieﬁgrﬁﬁgzﬁmu RRAAL). easurement of photochromic properties of

21_paracﬁgmﬁane = ;a'} yiocthdmic properties of the

: ATA2]paracyclophane obtained®y ) e synthesis were confirmed by
nanosecond [A$exflash photolysis measurement undéf same conditions as in Example 1.
pseudogemBisP2.21paracyc|ophane was dissolved egassed benzene (concentration: 2.0 x
10-5 M), @qgjﬂeasurement was carried out at 25C under an atmosphere of argon. [0167] FIG. 24
shows the result of measurement of visible/near-IR absorption spectra under the same conditions as in
Example 1. It wasHonflireet freadthe tesukaftiolcon4dhbigassagdre buithlihg aitsogetiofosBectrum of

the above-mentioned unsubstjtuted form pseudogem-hisDPI[2.2]paracyclophane, the apsorption
spectrumfgspmécgifédt RS BEERGYERT-6RIBY z%ﬁbma@faéyﬁ ndeting JHbivadiation

with UV wm '%WMIDMQQ%&‘QW&BQH&@Mb@@@p@.@gﬁhﬁ;ﬁﬁﬁg%@a@ﬂéﬂgﬁﬁ- the
Furthermore, FIG. 25 shows the result of measurement of decay over time of the absorption band at
400 nm aheeetherdhasesconsidiineasinie Xamblefldegasss E betiverag fronquequsieloftitic (125 that,

with regard to change over time of the,a an t 400.-am 0 . :
pﬁeugog?%b?iﬁﬂ%ﬁg}ggac ﬁgﬁ?‘é?c%yef@ﬁ‘al ﬁfﬁz};ﬂtﬁ?wﬁﬂf%&%@iﬁhm ;
the aboveIemtioiedvwasstatisiédieshiormpseudogemihis DR 2 padacy |6phanedih8] Theample
111 Synthesis of paracyclophane 4,13 bis(3-dimethoxyphenyl 4 chlorophenyl)imidazole (Useu

1 d
dogem-bRSEaRG 2. 10Y5aratiRs lopKiAeied,  WASBEHogERN BIEMEI N2 S hardiiy I RFRANY FrasIm

bl G e TRe ot S SR bl G o peasFIPPRARE 3035 5
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-dg) 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 wpseudogem-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 10> 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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[0169] To a 25 mL recovery flask were added [2.2]paracyclophane 4,13 dicarbaldehyde (150 mg,
0.57 mmol), 2-chloro-3',4'-dimethoxybenzil (346 mg, 1.13 mmol), ammonium acetate (0.88 g, 11
mmol), and 6 mL of acetic acid, and a reaction was carried out at 80C for 40 hours. After allowing to
cool to room temperature, while cooling with ice, neutralization with aqueous ammonia and extraction

with dichfRidYSeReNaanere carriddBamathesrgametiaytadvas wasisPwith sditicitdersing™hd
© cal he a .
vacuum %‘gg@;’%@%ﬁa@%ﬁ%@e W?%g_%.%ﬂm&s%@%%%@ﬁg@pgrapmd(so venk

hexane/ , ving pseudogembisMCIH[2.21p ne (0.28 g, 60%). The results
of NMR measbstted doershipeen dejow-HB DIO] 212 NstR (A0 phbize DMSO-d6) 6 = 11.81-11.55 (m,
2H), 7.47-3.{}3 (m, 20H), 4.54 (br, 2H), 3.73-3.68 (m, 12H), 3.13-3.07 (m, 6H) [0171]
Subsequ@ 5,]pseudogem-bisMCI[2.2]paracyclophane, which is a compound of the present invention
for the pyRasaRheanE! ShERURESHAN S BFRPAEIAS: WA BYAMISIAad M 203pancea yitthihe
synthetic route below. [Chem. 48] CICI OMeOMe

The photochromic properties of pseudogem-PYI-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-PYI-
DPI[2.2]paracyclophane was dissolved in degassed benzene (concentration: 2.0 x 10
M), and measurement was carried out at 25°C under an atmosphere of argon.

[0157]

FIG. 21 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. 21 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-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 wusing [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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n", Aqueous solution of potassium "-"'ne ferricyanide and potassiumOMe hydroxide Benzene-N HN'
OMeOMe OMeOMe [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
dissolvedGha@ iplof degassed benzene, an aqueous solution (12 mL) of potassium ferricyanide (2.0
g, 6.0 mmol) and potassium hydroxide (0.67 g, 12 T ol) was added, and vigorous stirring was carried
out for 30 minutes. The benzene layer was extract¢dfwashed well with water, and then vacuum

concentrated, thus givinetarg%&%ydogem- isNCI[2.2]paracyclophane (0.088 g, 87%). Since the
oxidized G5oa pol' Mmixtetaeof jsonsers,
6}

assignment by 4I-1-NMR could not be carried
out. [017 CHO Acetic acid

(0]

[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: THEF), 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]
» (7
> LD
e &
Aqueous solution of potassium N=
ferricyanide and potassium hydroxide N’ O

> =

Benzene
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41-I-NMR (500 MHz, DMSO-d6) 6 = 7.48-6.47 (m, 20H), 3.79-3.14 (m, 20H) [0174] Absorption
spectrum characteristics of pseudogem-bisMCI[2.21paracyclophane decolored form An
absorption spectrum of pseudogem-bisMCI[2.2]paracyclophane obtained by the above synthesis was
confirmed by UV-visible absorption spectrum measurement. pseudogem-BisMCI[2.2]paracyclophane

was dissolved in dErRINeNtoHeaMtATHS: rractian ey, deanrsed RirdHehlingergsn daf 025c

[0175]  1ifd @ 28l ANSHBES &ﬂti@ﬁ@%&?@‘%&%ﬁé& Yi5i0lE AbsQrRLion BPecsy My igqaihe result
of FIG. 26, pseudogem-bisMCI[2.2]paracyclophane had an absorption band in the visible light region
of 400 nmsavrtbgttm&kasmd&ﬁ\b%]pemmbphmﬂéfl@ém%gam nmveds elet@itievl dsycdnfinedethat,

compared with the mol rex ct'Qn oe c(= O t 400 nm of the above-mentio supstituted
form (oSS Ol E oty S e R LS RO P AISBIS RGUE REBIOA AL MRrcases

by the Ingseéag@ﬁl@ﬂlq‘éﬁwagﬁa@m&%u@ Mﬁ@tﬂ rﬁmepé&fs@nﬁipﬁlymﬂgm%mgs @b mmol)

pseudogem-bisMCII2.21paracyclophane e photochromic properties of
pseudogémsmémeﬂ[mﬂ)wa@%@mﬁmmmé@ﬁm@@b&relsbmrresﬂwé}@é@nﬁrhw Byas
nanosec f I u S

Peeudog o S SRR RN RS 1 104
M), undelraageatpsesq&bgeve -bi YR, Hpdnansasopdreat vdScgriddputGin2dthe oxidikedXdoshows the
result of measurement of visible/near-IR absorptlon spectra under the same conditions as in Example
1. It was €oRfFARE A theYedtieoPEEODFifraf eomp SRNRRLY abisohfth gwéﬁrm toPthe
above-mgpyanedynsubstituted form pseudogem-bisDPI[2.2]paracyclophane, the absorption spectrum
of the photocolored form of pseudogem-bisMCI[2.2]paracyclophane resulting from irradiation with UV
light shiftéd@3]llonger wavelength and the shape of the spectrum changed. Furthermore, FIG. 28

conditont e I LA A At e TOnt e BT P et T8 L R Fe IO chamge.

over timgBf)the absorbance at 400 nm of pseudogem-bisMCI[2.2]paracyclophane, it decayed with a
shorter half life (about 10 ms) than the half life of the above-mentioned unsubstituted form
pseudogm@éﬂsDPl [2. 2] paracyc lophane. [0177] [Example 121

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-bisPYI[2.2]paracyclophane
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Synthesisofparacyclophane-4-phenanthroimidazole-13-diphenylimidazole (Useu dogem-PHIH-DPIH
[2. 2] paracyc lophane) 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] [01FBF PhoterhrannisL meireriite ddie[2spdeseyciphiHe-3lamrexnglirRiaans e-13-
Cafba'demsﬁeﬁr@égb% Q486 MHRQJ: %Qﬁfﬂéﬁga(l}@fsnﬁgﬂﬁmsdoﬂf Ghdh3S-0unaD 1 3BM LM

acetate (0.76 g, 9.9 mmol), and 3 mL of acetic acid, and heating was carried out at 90C for 10 hours.
After allophogoly sis ahteasooemientperatarethehsience almydwithnic eysnautixiimapdn Withpaguieges -

ammonig,w. rijed out, and a precipitate was collected by filtration. This was purified by washing
with coolBH NIRRT SR SR YT A DR PR To SRAE BB B4, The
results ofl i) merpHIERRARE R EREN DEHRW-dATL PP HENMBRSA0 MKZs PHERT 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),

7.43-7.280H7hH), 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, 2Hpy 319,310, GH 1948Q! 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-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

(pseudogem-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]

2y

Soon . qp e e
—b.
E ¥ OO Acetic acid — ,H, 0

HN

&,
[0169]
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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] 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-PHIHDPIH[E2]gitacyceptiie (B335 gYeree AfASH offatiBaByRo BRBBVE drthesis
was d'SSBNS%'Q&&H?&OEE%?ﬁg,e6.9?%%8&?”5’-&%%8%’%?&&%&@{@3% ?@9&%“%&8'““0”
(20 mL) of potassium ferricyanide (0.4 g, 1.2 mmol) and potassium hydroxide (0.27 g, 4.8 mmol) was
added, aninodprmsrstiting west @iz (i@ 8%gt 1drmblpuasdibelbeof enetiapeidyanéxrastedowashed

well with water, and then vaguym concentrated, thus givjpg the target

pseudog P TBE 90 1Ny cfSpAh AR 8224 BB OWHke e S dOda PRI SB R B eated
mixture GfiSAMEssliclsanassIRMEa: RYIANMR o hakbacariahal. Ihe Bk ehNvich
measurement are shown below. [0182] I[I-NMR (500 MHz, DMSO-d6,) 6 = 8.84-8.79 (m, J = 8.0 Hz,
2H), 8.5&{ghlproggthene nyegeadaraiesl-ogin HEha @y garvg-ager(wasHyasisel math(saturafpd
71.23-7.2 A H), 5-6. v 2H), 4.77-4. 2H), 3419- m, 6H)
183] - PR e T b e A gt ot
structuratiaratysisiy iphgam@ohaniter dseixabhxAlidle 1.=The fgleculausstrysitritecelugsdatiogdry- the

| IG. 29. [0184] Me;(asurement ch photochromic properties of
F‘oﬁ&lﬁts

analysis js shown in E s
pseudogtwﬁ A PAASYALORRIMANE2S & §h&londiaRH FPopaNiBs peasurement are

pseudogg Rk E[2. 21paracyclophane obtained by the above synthesis were confirmed by
nanosecond laser flash photolysis measurement under the same conditions as in Example 1. pseudo
gem-PHIBPIH.2]paracyclophane was dissolved in degassed benzene (concentration: 10-4 M) under

an atmos sand rement w arried-out 1 3 ws the
result of %ﬁ%@ﬁ%@ygéi bﬁ%@r_—a @ é@)sofgﬁﬂsigg%t g%ﬁjﬁhﬁgr@e(%ngﬁ!nﬁ §9 é?si]iﬁbﬁxam ple
1. It was ZEnfBmed serhihe2EsLl 8-BI¢. @A, thia) the absorption spectrum of the photocolored form of

pseudogem-PHIDPI[2.21par acyclophane resulting from irradiation with UV light was very similar to
the absoH3t6H spectrum of the above-mentioned unsubstituted form pseudogembisDPI [2.2]

paracyclop baneSubsequently, 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]
C|\|| a OMe > ome
TN Aqueous solution of potassium N—,
N O OMe ferricyanide and potassium N OMe
H Cl hydroxide Cl
N N = [ N
- Benzene 0
HN- Y, W W,
(-ove ¢ _S-0Me
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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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

pseudogerrg-PHIDPI[2.21parapycI(£1ane, it decayed with a much shorter half life (about 80 us) than
that of the/abovelRseritisRd diredH ettt TS BEAGY BB Of [50D1935r 44677 18pHERBGD 86]

[Example, 1.3 SyNiResis R Rarasyelephanssg-(3-p-dimethylaminopheny1-4-phenyflimidazole-13-
diphenylimidazole (pseudogem-DAIH-DPIH[2.21paracyclophane)
pseudogf?BAIH-DPIH[2.21paracyclophane was synthesized in accordance with the synthetic route
below usj . h 4 diphenylimj -13- h btaj in the synthesis of
ExamplefEﬁM %Qﬁ%@@?&f@%@%ﬁ%%ﬁ%&ﬁﬁ%ﬁgﬁ E)15"(’)8%18239)3ction vessel were
added [2[@]payacyclophane 4 diphenylimidazole13-carbaldehyde (0.095 g, 0.21 mmol),
4-dimethylgminobenzi| (0.065 g, 0.26 mmol), ammonium acetate (0.085 g, 1.1 mmol), and 0.5 mL of
P Ve x| BB 64 hrriegiode Sg$ £ QK Sy -t PAabaViEpetatire,
hexane Vias gggee&ig Hﬂe reaction mixture, and filtration by suction was carried out, thus giving the
target p - -DPIH[2.2]paracyclophane (0.11 g, 77%). The results of NMR measurement
are shown belowAd HbspipHidtRs (06 ivihl 20 DPAG@egér): Sois MK (B] phirh ot dl dithian el IdptZid6e7 .02 (m,
18H), 6.92 (d,. J = 8.6 Hz, 1H), 6.71 (t, J = 6.1 Hz, 2I§|), %(231 (tVJ = 7.6 Hz, 2H), 6.48 (d, J = 8.6 Hz,
1H), 6.40%d, ' sWRHE 1RNEYS 86 conraned 3 (HVeris Dl qEs a9 TReCH 01 88]
SUbsequﬁ{ét;l)éuPé‘ﬁwi@ge%‘s@ﬁﬂo %%MHM@WIWS%S @&@WMG‘@@ the p&sEHdnvention
for the purpose of control of photochromic properties, was synthesized in accordance with the
synthetic(eoneeei[Chem 185]M), and measurement was carried out at 25°C.

[0175]

FIG. 26 shows the result of measurement of a visible absorption spectrum.
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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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 Iaiicany bieesiighhyaidsdieorney, v avslansiharddetharfidfi gorcire shitimg was
carried oyt far,2Q minutes. The benzene layer was extracted, washed well with water, and then
vacuum coné%ntrated, thus giving the target pseudogem-DAI-DPI[2.21paracyclophane (0.017 g,
26%). The result§aftNdiR onedsiise Aiesiaves shewesbd @f nfed 89t dxieiNMRJEGY Midz; DIMSGE-d6) 6 =

7.44-7.40 (m, 3H), 7,31-7.05.(m, ,6.99 (d, J.= 8.0 Hz, 1H), 6.93 (d, J = 9.5 Hz, 1H), 6.81 (d, J =
6.5 Hz, 111§, %‘?égr@t}aﬁ)%@?é4a(fdff§‘%%}4%}}%%@&%&%}% %ﬁ.zt@f ek, 15 %605 (m,
7H), 2.9¢fnif3hed 84148 tRENOIRQIADSD I OR3P RGN MR SART ARSI Ake over time of the

pseudo8em-DAI-DPI[2.21paracyclophane decolored form The absorption spectrum of
pseudogabsapaiop|gb 490 paracytiptdngesbindé By Heassvel sphiesid ivdecesatirmathny
U.V'V'S'b(%%%%%@ﬂ&ﬁ']if@i&%%ﬁ? {691%§g¥§5'}1e%§- F}%@%‘ﬂ?@8?11?&5'85&%%%9%&8&%38%@& A
dissolved In benzene (concentration: 2.1 X 10-5 , and measurement was carried out at .

FIG. 32 shomgtaedaguit bismEHARfraentyafl tiphristble/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 Nt Hd above. The molar extinction coefficient ¢ at 400 nm was 14000. It was confirmed that,
comparegg%tllgl}q}@m lar 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 infrpttleiis of a dfmethyfaTia angtgphenanthroimidazole-13-diphenylimidazole

(vseudogem-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]
| -
A Yo N g S
H O o 0 HN 1
[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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Measurement of photochromic properties of pseudogem-DAI-DPI[2.21paracyclophane 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-DAIDP1[2.21paracyclophane was dissolved in degassed benzene
(concent BN IB000HE 1) RIS arehiiodsher ot ko, ahieridbut et Mt Bt at

25C. (G 83 thowsine iesulbolmesstyioman of vinbieheRiniy sbsgrplian spaotig yager the
same conditions as in'Example 1. Tt was corifirmed from the result of FiG. 33 that, with regard to the
absorptign9%pgciren? .oflthe phbtdc8letedfom Lifipseuddddn]-BAIDRY 2221 pdraZyEiepianrEsulting
from irrarlg'iirggr? \gi&h UV light, the shape of the spectrum changed compared with the absorption
spectrunyof't ¢ abByehkntioned unsubstituted form pseudogem-bisDPI[2.2]paracyclophane. [0192]
FurthernTongof1G. 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 th&ehserjeco s fifise dsReve- BbEokaAN 2 krarsayslapitane, which is a compound
pseudogem-RAI- 1 iclop it d wi g % e ) o the half life
(33 ms) ()Sff?ﬁg%bgl\%%ﬁnﬁﬁ%%ﬂ &ﬁsm?@sq%&%dgf%?égggeé oaﬁg‘%i gslégﬁg?%pgﬁa y%fgog{%%é hen
comparingrtperiksohanser{dicfizethah iscenldanensiiyh ohés ndhetsdrioute bakder the same

conditions, it was increased by about 4 times by the introduction of a dimethylamino group. This is due
to the v$§i’aﬁﬁb E'_?rqrirease in the molar extinction coefficient in the UV region as described above.
[0193] [Example 143 Synthesis of acrylate group-containingaseudogem-bisDPIH[2.21paracyclophane
PIH[Z 21paracyclophane)
neé'riwa.tjmetbe .5y45; RHektde
carbatdenyrig, potaimed?T th

[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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[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 80C for 5 hours. After allowing to cool to room temperature, while cooling with ice,

neutralization withiqs¥BiResiftbriecuferekraction ik dirmarsrierhane wisrs eaisfdacode e
organic IgyaraasRsed Wil SAA'AP LR anuAGur.COnCeALAled: s TRk YRa R iied by
silica gel column chromatography (solvent: hexane/ THF = 2/1), thus giving
Ac-pseudogmstas sihiRitd 2 2] far dbyclopheanei6:hdwn48%)GTBR. results of NMR measurement are
shown bf;)(i\%ﬂgm%] [I-NMR (500 MHz, DMSO-d6) 6 = 11.61 (s, 1H), 11.47-11.46 (m, 1H), 7.29-7.26
(m, 2H), ¥.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), 6.00vR 958 EH) o BRoA i Ry B Fribe3SF (724 b 201 BPID. ABAr 3SR 4, 3H),
3.13-3.04 (m, 6H) [01%% Subsequently, Ac-pseudogem-bisDPI[2.2]paracyclophane, which is a
compound of thelfresathateeianifor EHeRIRSsedt Heagidesapavid? a2 tpataessienthiane

accordarz)coeta\/yggdh%}:; y%l%etiegolb%e g%{%sggh%@réﬂonfg‘}%lgd(t%%f p}Paanosecond laser flash

photolysis measurement under the same conditions as in Example 1. pseudogem-PHI-

DPI[2.2]paracyclophane was dissolved in degassed benzene (concentration: 104 M)
under an atmosphere of argon, and measurement was carried out at 25°C.
[0185]

FIG. 30 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. 30 that the absorption spectrum of the photocolored form of pseudogem-PHI-
DPI[2.2]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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[0197] Aqueous solution of potassi urn ferricyanicie and potassium hydroxide Benzene 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 a%‘ous solution (7 mL) of potassium ferricyanide

(2.0g, 3. ) nd po ssmm thOLQZn(Qe 2 (0.36 96,3 mmol) was added, and vigorous stirring was
carried o inutes=4 rsPé cted washed well with water, and then

vacuum conc nt ed, thus>gW|ng th%orfgrrnéet AC-pae gem bisDPI[2.2]paracyclophane (0.050 g,

guant.). Since the oxidized form is a complicated mfelre of isomers, clear assignment by 'H-NMR

could not be carriegl 5’%49&8@1vé_l;ée'l\'%Rr@QQA\gh'gQ%ﬁ‘é%%%ﬁl Spndd® 7d4p4h(£ﬂyi1 idlazrd 20 (M,

7H), 7.14-6.99 (m, 9H), 6.93-6.85 (m, 3H 1(m, 2H), 6.42-6:37 (m, 1H),
6.29-6.23 3martid)d610316.000%H, ¢H), 4. 50408 mw®m¢m$@ (IB&%B(IEB(mn&H) [0199]
Measureerlnnﬁgtgiﬁﬂg‘tloaccfgt%@CB ré)g rtlesi)fél%l% eudo c? 8 rgl 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 suction was carried out, thus giving
the target pseudogem-DAIH-DPIH[2.2]paracyclophane (0.11 g, 77%). The results of
NMR measurement are shown below.
[0187]
TH-NMR (500 MHz, DMSO-ds) 6 = 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, ] = 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 P O }:qr::;::l::I:rt\z,:c;faz:::;srl\;z‘romde N_
N
g’ Benzene @
HN
e
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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bisDP1[2.21paracyclophane 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-pseudogembisDP1[2.21paracyclophane was dissolved in degassed benzene (concentration: 10-4

M), and FRESIVERTEA: Wats Eiiea B lrgstispaiassi 2nbdhbre2dpargerclpzune (0.0K g, 35
shows the kesultof meagurepeniRlyisibleaak R ARsRtieH.sp&Cctra under the same conditions as in
Example 1. It was confirmed from the result of FIG. 35 that, compared with the absorption spectrum of
pseudogEM8BMPIDP1[2.21paracyclophane, which is an analogous compound mentioned above, the

absorptiq um af t ocolored form of Ac-pseud isD. 21paracycl ne resulting
from irrad%?ﬁ%t Wﬁﬁ%ﬁé@%ﬁéﬁ@n@’ ggﬁgﬁﬁ' ndg@’l:]%ﬁgésg%@s Thé result

of mea&&@”ﬂ@iﬁﬁﬁﬂﬂ&% [yer ﬂmgqﬁﬁ)qmﬁemiw, 9&9@.&1"’[991'141'),LHJG@@DQH%%%&QGQWQHS as in
Example 1. It was confirmed from the result of FIG. 36 that, with regard to the chan%{a;)ver time of the

absorbartce Hzadblhih- 21-add seudbe hisi<bid o pabadytlopRanerit EBedy&d(with B, Railife (about
50 ms) c%lfrﬁarable to that of pseudogem-BMPI-DPI[2.2]paracyclophane, which is an analogous

compound mentioned above. [0201] [Example 151 Synthesis of
poly-pse{@isgdm-bisDPIH[2.21paracyclophane Poly-pseudogem-bisDPIH[2.2]paracyclophane
was synthesized in accordance with th thetic route below using the

Ac-pseu ....... : 2 > S 0SaLdoQetii=DAT-1) Plarasycion. $he

syntheticcrg)ggyyﬁ .bew [hem. 55] )0, AiSN

The absorption spectrum of pseudogem-DAI-DPI[2.2]paracyclophane

obtained by the above synthesis was confirmed by UV-visible absorption spectrum
measurement. pseudogem-DAI-DPI[2.2]paracyclophane was dissolved in benzene
(concentration: 2.1 x 10> 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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r:Cr [0202] Ac-pseudogem-bisDPI[2.2]paracyclophane (0.025 g, 0.032 mmol), styrene (36 pt,
0.32 mmol), and 2,2'-azobisisobutyronitrile (1.6 mg, 9.5 umol) 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 80C for 2 hours. Subsequently, the sealed tube was taken

out, cool&dARa NG REnRRSGER BatRhenaep somtRarRtivithEscabinie BpensE drdthOtdhtents
were dilugdyith, dichlrometaBE: d s ¥aR S YRISSIGH HP bRises %E!AP&%IS ), and a solid thus

[
precipitated was collected by filtration. The solid thus‘obtained was washed with methanol and
hexane. fAl92jiving the target poly-pseudogembisDPIH[2.21paracyclophane (0.033 g, 57%). [0203]

The results of NMR measure shown helow. From the results, it was, confirmed that
o merzation ploa AR L R L D AR EArant PL e Grien LA Bear from
the integrptiofbsatipribereahiinal theocARe MRSz iR A (SHMnuas 28 ramskdnwpib af PRoteghromic

unit was introduced per 8 units of styrene.It was confirmed from gel filtration chromatography (solvent:

tetrahydrestOFm edafra ot messal pighavelg Hhal evade iegnad iarthreidiango ey e35000 04 the

ber- I ' =9300 ight distribugi /IMnp,= 1.46
chtained R R D M e
transitiorhtdfmpigeat(de ohshecpatppsariidogenikeisRRfH[Z] (B anylophathe ved® tdatewhinbdvas

comparable tq that of polystyrene (glass transition temperature: 100C). [0204] 11I-NMR (500 MHz,
CDC13) %@%‘?&@%ﬁe@ )),r?r}sﬂ%%&ﬁﬁiﬁ%ﬁ@:%@o@ﬁczﬁmm%.4%?%95{1@%%. for,

14H), 2.28:doP8hR% 721d) 19203l easesBie iaiRNYIO6I emiCPHRRRIGERN RO Y iRgSr dPgeTime
bisDPIH[2.21paracyclophane solution
conditions, it was increased by about 4 times by the introduction of a dimethylamino

group. This 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-

pnseudogem-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]

B0 " S BigT
o O
[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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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

dissolved in degassed benzene (concentration: 0.1 mg / mL), and measurement was carried out at
25C undeFgAHiMREPharaoMgaer [0208] saturgtrd. PIBA TS PRSI SORRANTREent JHS

visible/negys iR AbSAHoN; SRECH &ﬂ@ﬁrgé‘ﬁc%ﬁ‘ﬂ}ﬁr?%ﬂg&ﬁ% EI?%'HR}%& hevaneppfimed from

the result of FIG. 37 that the ab orption Spectrum of the photo orm of

poly- pseﬂ;dd)i;etﬁnblsllg?v&tﬁg %pmwyhﬂgmmd)ﬁﬁﬂllﬂ@]ﬁmqyddmmmmlwvgjg’é@%}as stibstantially
the same as ?ﬁ tion spectrum of Ac- d%g mbisDP1[2.21paracyclophane, which is the
above-ment] (1% T2 ure%ﬁﬁ 38 shows the result of measurement of decay
over tlme[(qulgqe absorption band at 400 nm under the same conditions as in Example 1. It was
confirmed from the result of FIG. 38 that, with regard to the change over time of the absorbance at 400

nm of DOWMBO@WM@ IPISpelrhéy clobhBhdsitddbalbd uith 46 Haw BBt EQmaY.
d
cﬁ;ﬁi:\e bove %g%easgrerggaétso%s toc%%rﬁzg%cgz:t so%wgfﬂgs% Q%%S§Wp0un

bisDPIH[@ 221 payddyil 60teBO ThimfillH), 4. SSTQQWIQIH}QW-H{EQQmeSH) a&thmzjnm gtateldf,the
poly-pse dogemblsDPI 2.21pa cyclo ne obtained by the above synthesis were confirmed by
nanosecoHd 1ad8r( éteig’rﬁ ment under the same conditions as in Example 1. 5 mg of
poly-pse m-bisDPIH[2.2]paracyclophane was dissolved in chloroform (concentration: 50 mg /
mL), a thin film was prepared on a quartz plate by a spin coating method, and measurement was
carried out at 258ufeRq8pently, FIG\G@sehdngs thbisedliiZ? Inessiyd nmnd thewkidhe/néar-1R
absorptlon S ectruct{n ufn(%l}er the ssgrr{](elcondltt{gns ]f'hExam e 1. It Was ﬁonflrme 1from the result of
FIG. 39 that the 4 sorptlon ectrum Of the Ho oColored torm's
pseudogeymribisErit 2. amwephﬂhehesyhﬂﬂggff@mufa@@lmﬁm Wlth UV light had broad absorption
in the visible light region that was similar to the absorption spectrum of
Ac-pseu&gﬁéﬁ‘%l%bPl[2.2]paracyc|ophane, which is the above-mentioned monomer.
Furthermore, FM4O shows the result of measurement of decay over time of the absorption band at
400 nm under. same cowdﬁqonecaspneslixam e/ Y. It was confirmed from the result of FIG. 40 that,
i\i; =

with rega \
poly-pseudagem

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 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]

72



[0209] [Example 161 Synthesis of pseudogem-bisDPI[2.21paracyclophane dimer pseu
dogem-BisDPIH [2. 2] paracyclophane dimer 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. 56] Ammonium O acetate Acetic acid To a 30 mL flask were added

[2.2]paradycliHarkels afBﬂén %ﬁﬂ%rf&beél? TevaftieliPad . 74280 2 (MmdTy) 174 bi85enzm (o 053
g,0.15 g 3MPIGH aé%o 6@5’9"’6‘%‘? %?1?“'6 ghare I%C'?H?”S' il%t@g a
refluxing were carrled 0 for ) hour Aft r allowing t ol té room temperature, while cooling with
ice, neutiidiiza4i08-oin aoubl)sdapiraiidrandifi)iratidnrdustienr St S2prasupeédde carried out. The
filtrate W?@ \é/ﬁhed with water and then dried under vacuum. This reaction mixture was purified by
silica gel 3) n chromatography (solvent: hexane/ THF = 2/1 -> 1/1), thus giving
pseudoggrehizPEN#H:21pargeycloppanesditpeii@-070 gokiPdtiddie resyits of NMR mggswsgment are
shown below. [02120] [I-NMR (500 MHz, DMSO-d6) 6: 11.67-11.61 (m, 4H), 7.27-6.64 (m, 46H),
4.80-4.5Pigl? P32 panagygtoplraney).

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 pseudogem-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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[0211] Subsequently, pseudogem-bisDPI[2.2]paracyclophane dimer was synthesized in
accordance with the synthetic route below. [Chem. 57] 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[Z.Z]pacyclophane dimer obtained by the synthesis above

5t hydroxide (0.55 g, 9.8 mmol) was added, and
Afe’benzene layer was extracted, washed well with

water, and thed vacuum concentrated. The reagtion mixture was purified by silica gel column

chromat gg@gpy (solvent: hexane/ THF = 2/1) and then subjected to size exclusion chromatography
(solvent: THF), thus giving the target pseudo gembisDPI[2.21par acyclophane dimer (0.012 g, 27%).

[0212] Phot(_)chroﬁﬂ@W&éﬂiﬁ%H@@g@m@@Pﬂm&Bééyglogtﬁ)éﬁemm@ﬂz styrdine (36
photochvognic ipperties of pseysionen isBEI2 2lparacyslophane dmer yere confimied bY

nanosecbnd pﬁ‘o olysis measurement un Sameé’conditions’as in xamep
pseudogesntEisdBIE lnanssitiophaiier dimerweas slissalved to degassed besasirdg cansentration
1.07 x 104 mol/L), the atmosaBrhere was changed to argon, and measurement was then carried out. It

was confitig thafaserted g tosing ndigersverimelbererlitsbsnveshavisdat §0deded with
a half life)(aReyE A% Ms)d Qe AHRELLHRR REEVIREMBIRD E’é@@&@ﬂ@%@l?&%%%@ﬁim is a

monomer, as shown in FIG. 8. Furthermore, it was confirmed thaf the absorption spectrum of the

photocolbrel forstopgsodyrstanrtitiylibessenbvasstopeotdseunddiemenisbid [R.Qlp alideiaiophitne as

shown in FIG. 9, whereas the absorbance per,unit molarity increased at%out timgs corfngafled with
pseudog H:l- ?gﬁﬁe%ﬂ%a C%%%lh e\%ﬁl‘@] 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 units 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, CDCl3) 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-vseudogem-

bisDPIH[2.2]paracyclophane solution
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[Example 171 Synthesis of pseudogem-bisDPI[2.21paracyclophane trimer
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] To a 50 mL flask were added [2.22paracyc|ophane 4
diphenylimidazol®he3 Phsriositpire marestiessinmthfolyolusionysipihal (e 7rplp-perndessyy:-

ammoni%ﬁﬁf@f@.&%%?&ygﬁéﬁm@ Gy Ot RE SR AN Reating And eiIng were

carried out for 3 days. After allowing to cool to room temperature; while cooling with ice, neutralization
with aqueenssrrrnohiasmdffiratiphatntiersecheesdrpresstirenvere teerigthreu o tidtratesvais washed

with water and then drjed under, vacuum roform-soluble portion of this reaction mixture was
oo S Lol R AR R Y oA RS el R e beasion
Chfomatw?ﬁﬁé(%éﬂ)\fﬁ@ﬁtﬁ{ﬁﬁmtm@ gﬁg'ng @%?PQQ@F%@Q&%@EMI% 2lnaragyslephanedyinsd0.014 g,
2.6%).The results of NMR measurement are shown below. [0214] 11-1-NMR (500 MHz, CDC13): 6:

8.0-6.0 (m},cls.rsaz.at(ngsmbzl%})f arg@ybsequently, pseudogem-bisDPI[2.2]paracyclophane trimer was
synthesifggoi& accordance with the synthetic route below. [Chem. 59]

FIG. 37 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. 37 that the absorption spectrum of the photocolored form of poly-pseudogem-
bisDPIH[2.2]paracyclophane resulting from irradiation with UV light was
substantially the same as the absorption spectrum of Ac-pseudogem-
bisDPI[2.2]paracyclophane, which is the above-mentioned monomer.

Furthermore, FIG. 38 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. 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-vseudogem-

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 /mL), 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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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 above (0.014 g, 7.7 umol)
was dissolved in 15 mL of degassed benzene, an aqueous solution (10 mL) of potassium ferricyanide

(0.52 g, PEUAMEIY-Anel oS R IRApars R ans sesudtimenfriom iraa dabies, Wi kb rbeRtdarehg was
carried oy fof L RUL Hag PRPZRRE Ja%BI v ﬁmg&sﬂ, Yﬁh%W%lfﬁ%@rwt%tefhé%%‘?%ﬁ@ﬁuum

concentrated. The reaction mixture was purified by Silica gel column chromatography (solvent: ethyl

acetate/ siehioromethangsedddyethds GAHG HesangetlvgeudeyeniiisOP H2. 2 bparaoyahdjhedk trimer
(0.0098 g, 730% The results of NMR measurement are shown below. [0216] NMR (500 MHz, C6D6):
6: 8.0-6.%‘-@1%) 9:4.5 (br), 3.5-2.5 (br). [0217] Photochromic properties of
pseudogem-bisDiR|[ZlRasACyciophang Bitiethe resulheMhRIRGHANEAPEPRRIEZS & dheime of

pseudogem-bisDPI[2.2]paracyclophane trimer were confirmed by laser flash photolysis measurement
under théhsaphsepiémivhand it EXAmpleundssetitosmeBieDERI pir dByENERRC trinke R8s
dissolved i ggassed, Renaene (GANGE AN 3,04 X‘&Rﬂgge%a’EE‘%}?&%%B%%%E%&@”&F" to
argon, and measurement was then carried out. It was confir that, with regatd to the change over
time of thibahdoihance a0A0BmMoit pebaysdnitiea-bEDiPeH{ihalpHAms)ogdmpayaileltadiatiof
pseudogem-bisDPI[2.2]paracyclophane, which is a monomer, as shown in FIG. 10. Furthermore, it
was conff el tH6h¥YPectrum of the photocolored form was substantially the same as
that of pstggglﬂgem-bisDPl[2.2]paracyc|ophane as shown in FIG. 11, whereas the change in
absorbance per unit molarity increased about 3 times compared with pseudogembisDPI [2.2]
paracyclobkemeldHdustrial Applicability] [0218] Compared with a conventional photochromic

material,sa Rn%&chgprgg%mageri_ ligﬁ i thaecbg'd %d heézil%ré(rlbisimidazole compound of the
present i%em%wﬁ%%%enmgrﬁ%—%é% time and has rapid color switching
characteristics apeehigiy@nlBisieREY2 ahcairmpadtigpitaiihe phpiashromigpropgiiyhekihedcoloin
disappearing visually at the same time as irradiation with light stops can be realized. Furthermore, by

making &S E¥ARtEtricvEtictiRein Wthatie stattsredsithe thoitearylitmidiedtneyirioiRhasfe
optimallygepianastrerdiod So e dniende ABRIFRIPHAND BSE: atolpfyane and
density of Coloration, etc. becomes possible. Moreover, compadred with a conventional production
method, fkdamddtion method of the present invention in which synthesis is carried out using the
precursor compound of the present invention as a key co und can increase the degree of freedom

I alz 1 Q b=
in terms of %ular strtureodegmo rﬁ‘unmd S) 35
ﬁ‘!s B d

having vari ures s C LoMpQY
Therefore, 'the Bfidged hexadryihisimidadole g, ;
producing the compound, and the precursor cgdmpound used in the production method are industrially
highly applicable s 9@@’&9&'!?@3[&*‘%@@5&8@&@.&?BHP&?@BBH%%Q'Q{}}SH%H}Hﬂﬁﬁ@é%fﬂé-‘ﬁ‘ﬁ wide
field including sunlight-sensitive light control materials, optical switch elements; optical information
display dearbek]ahtgdC (AN [Cl&in mbrotorpbbitdeopib <M gy gdAeraniohndmmphaiow

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-d) 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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[Chem. 1] tRc/o 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 amﬂoél@bne or more substituents selected from the group consisting of a halogen atom, a nitro

Group, a Cyano GeouR, LRI BFHRITEIAY ALONR. (Dol SRR 4 8TARGRy 2
gz%lf'g gro t-C?g.ln O%ra}r?]

diphenylamino group, a carb p, a straig ched alkyl, alkylamino, or alkoxy
group hawirgdtd@icearidnthasyitisidd 7aA8 edop, a -Y1-SiY2Z1Z2 group, and a -Y1-SiY2Y3Z1
group (hj@ Y1 tq Y3 are independently identical to or different from each other and denote a
straight-¢haliBr Brhnched alkyl or alkylene group having 1 to 20 carbons, and Z1 to Z3 are
independe identi different from each ¥

ora straié% i braric HBTARAK SRRV

mutually indepefitient y OF Magk-REt Nave supsti

independ’ ,vaa”fj\ inte to 4, 0 and p are |
substituents RA and RB are independently ide
more substituents Bedetied  avetnergrhb R &itRistingAf ddilogenntasbalnisoGrasE R feyas® group,

a trifluoromethyl group, a hydroxy group, a thiol group, an amino group, a diphenylamino group, a
Carbazolﬁ‘é‘i‘b‘@?ﬁf A1 éi‘i]él‘i’( ¢hgjgperations 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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or branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons, a -Y1-SiZ1Z273 group, a
-Y1-SiY2Z1Z72 group, and 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 Zt to Zs are independently identical to or different from each other and denote a
hydrogelioé’tm, a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),
the subsgig;&% Rgand RD 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 thByaltbesisubgtitudogsRAisD®IRE? lpsuvstiiegritaeptesaated by partial structural formula (i)

below [Chem. 2] (here, Rad alkylene group or alkoxylene group having 1, to 20 carbons,
o Rib donote S BGEH T T T I A0S ARG o SeBt BRI L HESbn(ei by
partial stéeBH@hHREMURI(H) betw [Ghametd] (Retre Radantesamalkyeng ity abplikaxylgne group

having 1 to 20 carbons, Ri4 denotes a cyclic olefin having a total number of carbons and silicons of 5
to 10, andiRlmdisaidagoly- Ishepabaldshtidmokiproad itethp yyrattiesisted divpanRIeAR M) below

[Chem. ﬁ]d@&%% (here, Rs denotes an alkylene group or alkoxylene group having 1 to 20 carbons,
and R6 denotes an ethylene group or an acetylene group),

o é é\
B g i = .
¢_S}cHo 9 ® ® Ammonium = r\lN’ AL
N acetate \NH [
3 (O L 6 et i Q) NZNH
N O X Acetic acid ® \ =
O O /‘%\/
HN
\

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, CDCls): 6: 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]

78



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 the bridging group is a bridging group that
does not conjugate with a triarylimidazolyl radical ( ) [Claim 31The compound according to Claim

lor2,w nd pyare 0 and the bridging unbstituted or the substituents RA, RB,
and Rx 2 \Vl[eTde ,{:9 gelﬁ'mtﬁlolﬂg.uﬁomp No @. ch @’o any one of Claim 1 to 3, wherein it is
represented 2 P‘Hm)fmmulad(ial)ﬂ etowe{€hem. @“(" PNl

QAL @9

e e

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 above (0.014
g, 7.7 pmol) was dissolved in 15 mL of degassed benzene, an aqueous solution (10
mL) of potassium ferricyanide (0.52 g, 2.1 mmol) and potassium hydroxide (0.53 g,
9.5 mmol) was added, and vigorous stirring was carried out for 1 hour. The benzene
layer was extracted, washed well with water, and then vacuum concentrated. The
reaction mixture was purified by silica gel column chromatography (solvent: ethyl
acetate/dichloromethane = 1/4), thus giving the target pseudogem-
bisDPI[2.2]paracyclophane trimer (0.0098 g, 73%). The results of NMR measurement
are shown below.
[0216]
TH NMR (500 MHz, C¢Ds): 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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[Claim 51A 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 substituents Rx, the
Rxs are independently identical to or different from each other and are one or more substituents
selected [zﬂahgﬂﬁeﬁrﬂ fe0sigting 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-¢A218 or branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons, a -Y1-SiZ1Z2Z3
group, a -Y1-SiY2Z1z72 graup, 4 da-Y1-SiY2Y3Z1 grou g%ere, Yt to Y3 are independently identical
10 or different frol AR Sthel &K Behote &iPAgh ERCIeOr BRalScHER'SNEH of aRURIREBRIAK having
11020 Cﬁ’(@@i‘%alaegrﬁ&ifﬁr@ eHe iBﬁ@g%@ﬂ%é@?Mi@ﬁhﬁ@@i&@%&WBﬂﬁ&&% gibepandglenote a

hydrogen atom, a halogen atom, or a straight-chain or branched alkoxy group having 1 to 8 carbons),

the six afiVGIIPs ham exealyrr egdtsinbiibyndispanlisney didiee iditentaRA &RE, m and

Iy, i I ' f - Iy | ' f ,
e subsE E  a R SR A  e or

are indepen rom each'other an

more sulpsiitpertts sEtbetedlérooishpatipgonsisiilygaofthdsdogeniatons amnittagooup;ithdyghd group,
a trifluoromethyl group, a hydroxy group, a thiol group, an amino group, a diphenylamino graup, a
carbazo|ét8P§L&i‘hb§tr%§1¥%%aﬁ“6gf}lﬁ%{H8ﬁ%ob¥|@F}Tﬂ%laﬂ]ﬁ%’%ﬁ{&%‘ﬂﬁﬂﬂﬁé@iﬁ’d‘? t58

carbons, grutiané 4 4he Y Rridiylredh2 6l mBIoues aRd Gptlhatly 263rhBHONR-haRe hto Y3

are independently identical to or different from each other and denotea straight-chain or branched
alkyl or aikgleindemdegh haptigatien2endrisnasad Plewise3 aratiodeptridgeetiaitbndensity optifferent
from eac(r:lo%lile .gnd g note a h gsro%%n % m, a]b/f(;(r) eneafltogno, or Ezilrsgai i}%hchaincor‘%%qch%q alkoxy
group having URC: carcbonse),ci & SubShitiénts RC 10 RF &re indrg;?enaenty iderttica?' 10 OF ditférent from
each othpreddcgikeno meedhsapreleulstid aotioselerigtbiioor thregrptid @ansistiogtfra substient
having the same meaning as that of the above substituents RA and Rs, a substituent represented by
partial Stﬁy&ﬂ}g@lﬁ)}wglﬂdﬂg}&,\psmg 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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[Chem. 7] (here, Rd denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Ro 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 S}&M& structural formula (Hi) below [Chem. 9] Ri6
Ri5(iii) (here, RL5 denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Rth denotes
an ethylene group or an acetylene group),

[Claim 1] A compound represented by general formula (1) below
[Chem. 1]
(?A)m
7 AN CHO
Xy
/_IB_\
(Re)n HN

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 -Y1-5iZ17>73
group, a -Y1-5iY2Z1Z; group, and a -Y1-SiY2Ys3Z1 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 O to 4,

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

the substituents Ra and Rg 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
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the substituents RA to RF 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 RF. [Claim 61The
compound according to Claim 5, wherein at least one of the substituents RA to RF is not hgédrogen.

[Claim 7 PTREARsARE Gy A Iace R ooy 65 TAHBrBAY ING hégrtratrkomsusarmdididetire of a
t”afy”mi%féﬁé? mpiety, Gaainng fge}r%e Yl grpppA %F'l@stﬁ%fé%‘&tg&ggc%? A‘HQEXJWS’W'WOA‘?&V

containirlg the aryl group Bare di . [Claim 81The compoun ing to any one of Claims 5 to
7, whereindlepdnitiginly gdempidslatbvdgliffegeat frthat ehobsotbecanfligateobeth sraighytichidazolyl radical

(TAIR). [Claim 91The compoupd according to any one of Clajms 5 to 8, wherein the bridging group is
o or mITETOREL QLB GG IR ol BELH T RVIRE olotp OhSRIRG St FaerS. rodiea
-CH2CHZ( el 2o AiRuiRlyRi dehidéall B2 G HerediotBne BacH (bthek AR e d1é a3i9HPo 88N atom,
-Si(CF-12)25i(CH2)251(CH2)2- group, an - Si(CF12)25i(CF12)25i(CH2)25i(CH3)2- group, an

-SiH20SHRalggsIpa s ipC F stpyigiErcaR) 2r drsushed ko RTPERusICH2EMS AT BRARD, a
-CH2SCHZ- a - CH2- gro C - -CH 2 @) - group.
[Claim 15% ﬁé%%%ﬁ%%ﬁn%%ﬁcﬁ inﬁthcL)é Qaen?/%qﬁ%glﬂégﬁ rﬁg b@% %f,%b\}?r?grgﬁ r%—ll fﬁ%dg #aﬁagglaﬁ%ttiﬁe
bridging gthep *nid wirsubatitutednoréhsudisbistivrentsRét&B fand Rxeare ougthybasoipsr 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]

™~ Ry, (i)

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),
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
[Chem. 4]

R.
™~ R 6 (iii)
(here, Ris denotes an alkylene group or alkoxylene group having 1 to 20 carbons, and

Ri¢ denotes an ethylene group or an acetylene group),
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[Claim 111The compound according to any one of Claims 5 to 10, wherein general formula (2)
according to Claim 5 is represented by general formula (2a) below [Chem. 10] (Rcic(Rde 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, RB, and Rc to RB are independently identical to or different from each other and

have thetB8mbeNEaHIRGE e i S ofaROs BN RNARPTAAF RO FTFedpettivbitif §Eneral
formula (2) 2GSRI P HAR L4 HURAAURAVEREESRIIE S AY BSNELE! IR (R pelow

[Chem. 11]
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 the bridging group is a

bridging group that does not conjugate with a triarylimidazolyl radical (TAIR).
[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.

[Claim 5]
[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),

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,
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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, when the bridging group X
contains hydrogen atoms, said hydrogen atoms may mutually independently be replaced by one or
more substituents RX, a is an integer of 1 to 9, the linking group L is a monocyclic or polycyclic

aromatictbmipEUHKE dBrfPRNGMS ideainki ARgYRRARG BegsceathorhsiortipeiaingSflicture,
the five gryl r %Eﬂﬁ@ﬁ@@@é‘é?@&'%h‘?'%@%@ﬁ' 'P&Qs%ﬂ%%“@' H”Ha%%%ﬁrm ngt, fpgually

independently, have substituents RA, Rs, and E, all of substituerits RA, RE, Rc to RE, and

Rx are ingiepgndeaihynidegtivapiodr flfierem étbryl eaclpthre hpddongvertheps anthivlegrings as those of
the substituents RA, Rs, Rc %ﬁlnd Rx respectively in %en ral formula (2) accggrjﬁin to Claim 5, m
and n ar@ TR af THBepdnd Aelera s £ o MEHR it EHESN T alintEger of 0

to 5, the BrHKtHUENTIRA RS/ 1BRN RS Bﬁ(@igy AoMhRCHIENN aliehdlimer aramatiz,ung fogether
e

with the carbon atom to which they are bonded and another substituent, and said ring and the
aromatic§TRgBf the thkipiy ofolp ISTAEPorafdy aot Yarfhde hake rumatilisieRY1 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 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 six aryl groups A to F may or may not, mutually independently, have
substituents Ra to Ry,

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 straight-chain
or branched alkyl, alkylamino, or alkoxy group having 1 to 20 carbons, a -Y1-5iZ1Z273
group, a -Y1-5iY2Z1Z; group, and a -Y1-SiY2Ys3Z1 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 Rs, a substituent
represented by partial structural formula (i) below

[Chem. 7]

s Ro (i)

i1
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[Claim 131The compound according to Claim 12, wherein general formula (3) according to Claim 12 is
represented by general formula (3b) below [Chem. 12] Cr, 2 .1--, -ke-e---, ,..-..-, wherein, the 11 aryl
groups may or may not have substituents RA, RB, and Rc to Rs, all of the substituents RA, RB, and

Rc to RB of the aryl groups are independentlk(lp(entical to or different from each other and have the

same méBRisgRasiapetesrima unent entalkarane gaRP bR g shée Rk sarPgBRetriiddimula (2)
accordin [ m{%y@”wi t integer of 0 to 4, and o to q are
mutually%égé&p%ngga%%iﬁg%g@g% Oto 5. [Ciyglr%%fg%? Ee%:ﬂ%%ﬁnd according to Claim 12, wherein
general fasmbii{Beacogpdisgrite Claynpd i stpuesertet by glengrabébomula (3c) below

[Chem. 8]

~ O @ (ii)

Ri3
O X
(here, Ri3 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]
~p-Rie i)
Ris
(here, Ris denotes an alkylene or alkoxylene group having 1 to 20 carbons, and Rie
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 at least one of the

substituents Ra to Rr is not hydrogen.

[Claim 7] The compound according to Claim 5 or 6, 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 8] The compound according to any one of Claims 5 to 7, wherein the

bridging group is a bridging group that does not conjugate with a triarylimidazolyl
radical (TAIR).
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[Chem. 13] wherein, the 16 aryl groups may or may not have substituents RA, RB, and Rc to RF, all
of the substituents RA, RB, and Rc to RF 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 RF
respectively in general formula (2) according to Claim 5, m and n are mutually independently an

integer of 939 to q ar i GRIBIRP I FERBESHIS IR iAtBH 6T ¢ to BN Pr e &n Wisgeiofleto 3.
S 15T . = : o :
bridging L T f S e o IO S D paup = 2

compounsasistirginof te ik S0 of G aipsal 3 AT wbdreigriverh radgitde Gidup ik Chb-ogmaore types of
bridging group fr e group consisting of a. - CH2- gro -CH2CH2CH2- group, a
G S oEH o B B2 R (s - T G Bty 3 grdup, an -
SI(CH3) 2 OHRBRCCFLRIRSI G auD, oS08 Saswens CHATSICHRZ groun,

an -Si(CH2CH2)205i(CH2CH3)2- group, a -C 2-8rou , a -CH20CH2- group, an -OCH2CH20-
group, afi@FERREIEHIgH28HR- graupsi(CH3CH2)0Si(CH2CHs)o- group, a -CH2SCH:-

group, a -CH2OCHz- group, an -OCH.CH>O- group, and a -CHOCH,CH>OCH>-
group.

[Claim 10] The compound according to any one of Claims 5 to 8, wherein m and
n are 0 and the bridging group X is unsubstituted, or the substituents Ra, Rg, and Rx

are methyl groups.

[Claim 11] The compound according to any one of Claims 5 to 10, wherein

general formula (2) according to Claim 5 is represented by general formula (2a)

below
[Chem. 10]
(RF)F
A
= (Rekg
S
N \E, hv
o «14—’ (2a)
D
S\
TN (RD)p
(Rco (Reo

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, Rs, and Rc to

Rr respectively in general formula (2) according to Claim 5.
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[Claim 171The compound according to any one of Claims 12 to 15, wherein m and n are 0 and the
bridging group X is unsubstituted, or the substituents RA, RB, and Rx are methyl groups. [Claim
181The compound according to any one of Claims 12 to 17, wherein the structure represented by
partial structural formula (vi) below [Chem. 14] (RA)m (ROn is represented by partial structural
formula MS%@&@][Chené.‘ {ePRAYN4 gepresented 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,

ais 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, Rg, and Rc to Rg,

all of the substituents Ra, Rs, Rc to R, and Rx are independently identical to or
different from each other and have the same meanings as those of the substituents Ra,
Rs, 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, R, 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
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RB1 wherein, substituents RAi to RA3 and RBi to RB3 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 repeast;]nﬁ% structural unit represented by partial structural formula (iv) below

[Chem. B81b5titqRY aird) stid/bingartial Sheieiraadening @) bedinkinesrorn I msp) B Wrerein, A

is any linking- graul: ¢QTWPLSINgPREN: Rore 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

SUbStltue[@falF\r)I({ i%]RF anﬁthél ’C(C))I;Itlr}])%lcl:rolgl %ggcr)]lgding to Claim 12, wherein general formula (3)
according to Claim 12 is represented by general formula (3b) below

[Chem. 12]

X

(]

wherein, the 11 aryl groups may or may not have substituents Ra, R, and Rc to Rg,
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, R, and Rc to Rr respectively 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.
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y is an integer of O or greater, and 6, c, ¢, and 11 are mutually independently an integer of 1 or greater.
[Claim 201A photochromic material comprising the compound and/or polymer compound according to
any one of Claims 5 to 19. [Claim 211A solvent comprising the compound and/or polymer compound

according to any one of Claims 5 to 19. [Claim 221A resin comprising the compound and/or polymer
compoun&#ebidihg to dReFRBTIBMAS WD [t tnDB 1 IR nihsisit Eapeati sATHwAYS)

photochrompisg A 4&%&@%@%@?&%}9&&9{@%&%%%@%&% &) BatRyconsisting of the
compound, polynter compound, photochromic

erial, solvent, and‘resin according to any one of
Claims 5[fch2y thé]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, a”‘pd a photoresist material. [Claim 241A method for producing the compound
according to aty @e of Glaims 5 to 11, comprising reacting the compound according to any one of
Claims 14 ‘aL%und represented by general formula (4) below

%)=

wherein, the 16 aryl groups may or may not have substituents Ra, R, and Rc to Rg,
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, R, and Rc to Rr respectively 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 15] The compound according to any one of Claims 12 to 14, wherein the
bridging group is a bridging group that does not conjugate with a triarylimidazolyl
radical (TAIR).

[Claim 16] The compound according to any one of Claims 12 to 15, wherein the
bridging group is one or more types of bridging group selected from the group
consisting of a -CH2CHb»- group, a -CH2CH>CH>- group, a -CH.CH,CH>CH>- group,
an -Si(CH3)2Si(CHs)-  group, an  -Si(CH3)2Si(CH3)2Si(CHs)-  group, an -
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[Chem. 18] / (RE)q(Rr)r 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 trifluoromethyl group, a hydroxy group, a thiol group, an amino group, a
dipheny|§ré%z§ﬂ%‘&§%ﬁ)@grﬁélz%b%bb)a str&igitRehaifor branchelpiiey!, alEMIRino, Bt alkoxy

group haying 8 24 3rhens el Sipl 238 AR AOXASINEFARZ dipuRon Y LEY2YeL aroup

(here, Yt to Ys are independeRitly identical to or different fr egréand denote a straight-chain

or branclgedwghkyd o Aikyridog rgupupavamg -OCI2Edaroengrang, 2Zhtb Z3@He0dépéAdsniHdentical
to or different from each other and denote a hydrogen atom, a halogen atom, or a straight-chain or

branched5tkBXy group having 1 to 8 carbons), a substituent represented by partial structural formula
(i) below [Chem. 19] (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 @it (i) beldhgcramropad according to any one of Claims 12 to 15, wherein m

and n are 0 and the bridging group X is unsubstituted, or the substituents Ra, Rs, 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]
(Ra)m

iR

X) (i)

?/
(Rg)n

is represented by partial structural formula (vii) below

[Chem. 15]

Rat (vii)

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 Rg respectively in general formula (3) according to Claim 12

or hydrogen atoms.
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(here, Rs denotes an alkylene or alkoxylene group having 1 to 20 carbons, Ro 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] r'i5(iii) (here, R5 denotes an alkylene or
alkoxylene group having 1 to 20 carbons and Rth denotes an ethylene group or an acetyleneci;r:oup), q

and r ard FattalylindepéhdOATYSh GRIBGEIEONRBVENghe KRsatinertBreHe aliyideRTAss & May not
form, toggr%hg Mﬁb&}%&%{ﬁ@@(ﬁ.ﬁ@lyh 219&6%5 bonded and another substituent, an aliphatic or
ng,

aromatic and said ring may or may hot have a substituent having the same meaning as that of the
substitudfflafithd @yl group. [Claim 251A method for producing the compound according to any one of
Claims 12 t 16, comprisin gictin thegompourgi according to any one of Claims 1 to 4 and a
compound fep Adnted byg rdl formula (5) bel \W[FChem. 22]

and/or partial structural formula (v) below
[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

0, ¢, ¢, and 1) 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.
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wherein, p 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 RE, 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 RE of general formula (4) according to Claim 24, qis an integer of 1 to 5, the
substituget i may or may RkRn ARoplaRrai e eubanalom oL isbanged andanother
substituent, an aliphatic or aromatic ring, and saidting and the aromatic ring of the linking group M
may or nfdyinas futthéi haveprsibgtiteartiignthe compound according to any one of Claims 1

to 4 and a compound represented by general formula (4) below

[Chem. 18]

(4)

(Re)q (Re):

wherein, the two aryl groups may or may not, mutually independently, have
substituents Rg and R,

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 -Y1-5iZ17,7;3 group, a -Y1-S5iY2Z17Z, group, a -Y1-SiY2Ys3Z1 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),
a substituent represented by partial structural formula (i) below

[Chem. 19]

T i1 R (1)
(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]
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O/x
(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]

/R-
\Ri5 i6 (|||)

(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,
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, ( 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 Rg,

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 Re of general formula (4)

according to Claim 24,
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q is an integer of 1 to 5,
the substituent Rg 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 Rum.
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