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FEDR oD, —MRANZEEMEHEIX v UV 7 2 EPICREE L T LE SRR H 572D, £
DL L ITMkRMETH 20, AR Ot &R Em S T L W o Tt EEO L EE AN % Lr
BFDRHERELL TWD0FIE, AWIZEST L 2 L TREROYMELRT, E->T. 2
5 OFEEIRY T DN « B IHEREZ I KIRICHIE S, 45K L THEEEZ RILSE S 2
DIZIE, 3OS - Bl Z2 6l L CERBI S 2 ENEE L 2D, 2, BEFOMAENH
Bt Ch LR - @RMHEOMAEEE 25 &, BEMEEREICWDNIE# Y T2 R I
RENPHEETH Y | FEEN SISO TR 2233 Thh T g,
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TR T CHDHRNT 4 ) dn-nA X v X2 7\ L0 @2 B & 5B/
B LT <. S OICEBEFPINCHR 2 REHREZ B IEA LTV E WD G bikx
REFT A ADMEE LTI T TWDL, —J7, Lt 7% — phytochrome D
PSRN 2 T DR T CTH DV =7 7 b 7 &' 1 — L(phytochromobilin) DL LA ) C
HOLEV U UF IR T 4 ) EERAR D400 — A REIRICEA L, SN L
KOy T A= g E AW E LS ED 2 L BN ARER R EE L TWD, 2o
MEEZAGITATRE L TREE B BT 5720, AT 4 v F U 7T 2A~OISHBHIRTX 21
ItETH D, LL, W7 g U v L Bip ) AN REE i - ORFFEFIN Ve, B
v ORI A RSEEEIZITHEIRE S U TUV ey,
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Chart 1-1. Tetrapyrroles



3. BHET A 20D S Ol

AT A ZNZBNT, A B OFFOMRE & I KRR S 5 7201213, AHEMEIO A
BT, ARG/ R EMm, ARSI EAERIR D D VXA ISR/ A RSIE TR 72 & o~
T a FUE A EE R E A BT Bl AE, AEERE N T YA F (Organic Field Effect
Transistor, OFET)(X7 — NEMIZ/A T ANHINEND &, VY —RABEWNHLX¥ VT (p
EfL. n i )05 XA VARG B AGRA R RIS E SN D Z & T AIENEE
2T ¥ RV(EEER)DIZK S 4L, BT DA & 7o > TEY (Figure 1-1), Z D&M
DL SNDTF ¥ RMEREN D 2 ~ 3 nm FE(TIFEY B OMEER 72720, RimorEs
IEFITRELZIFTTLE I,

Source Drain
Carrier ~ }_’n
| » ]
\\ l
Organic semlconductor
Channel —p { _________________
(2 ~3nm) Gate insulator @
Gate
—|— VG —— VD
- - I

Figure 1-1. Schematic structure of top-contact OFET.

Jackson ©|% OFET OFMIETERE & HafxiR (Si0,) DS IZ, octadecyltrichlorosilane (OTS)%
HAWTE R oS 2 R B SRR L0 715 (Self-Assembled Monolayers, SAMs) % {EfL L
T2 A BWVESNEBENE 2 RS 2 AW LY, 2L SIO RACHFETH T v
YA b (X7 VTR R, OH R ZUSET DK, Rz %)% SAMs TEDID
TETEBLIZ L & BT, REDOPIRPLRIE =1/ F — DI L FHEEEIRS T O b
DR ECELS - BELPEDRFRFAL 2R L7205 T 5", HIETIL, Si0, £ _E% SAMs T
i o2& i)§7ﬁ1‘%‘éa§§?~xﬁ% NS ?0)145%@*354@5’]@?7 BERLRSTND,

ZDO X, AREEERT AL ZAOKBRICEET 2 HERYHBLOL TR E TRE T
FSTIN T/\4’7\@|m1%‘2 EMLIZIIA LT « BRI - BVIC 2 E TG Z2 20 1 L~V THIlE L 72
R EAEET D Z EPMERRRTH S,

4. B CHMILESY T-5 (Self-Assembled Monolayers, SAMs)' 225U\ T

EJBONHER, MR EOBERR I ICFERAICKAE T S EEER (Table 1-1) & FF - 7= A1
SR ERREIAETRE L, S HICRERRICBWTERAES T CHAEMERME S B RN
2B ERERT 5720, FERFEm iy %ﬁﬂﬂk > TBLIA DS & BE LS RRIF 72 o 7o B4y IR0
T& % (Figure 1-2), —MxmIZ, Z OB BRI A AL E S 7K (Self-Assembled
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Monolayers ., SAMs) & FEIX NS, FRICHRFTE B O FEEZG 5 HEELE LT
Langmuir-Blodgett {E23® 5", 25 DIUKEICMEBMEARE Y T2 Gtz -5 L, [-K
RENZIERN S T2 1% 8T 7 2 W TEM L TR FIEAERL L7210, BRER EI23<
WD Z & T, ERERE RIZHE TR (LB B A TER S L TETH D, 0 BRIy
BIE LTV LB BRISH L, SAMs (Z3A T & 20 L THIE S T BERICEE ST 0
T, ALFH - IR - BICEETH D720, RuaOEELZHIET 2 5 2 THEFICTEHTH
0. ZL OMRFEFIPHRE SN TWD, Flo, (LFICRERTZD, ALFRAE LICEREEDOK
SHUOKIBEREILIZ T X/ BT ARF U, o VSO ERISED H D BERefk TE AT
5 Z LT, By rIRERE THEIAEALOGH FTRE & 722 0 S HREPH YA 5,

Surface-active Chemical functional
head-group group
Intermolecular
Organic molecule l interaction

/
ity

Substrate Substrate
Formation of SAMs

Figure 1-2. Schematics of SAMs formation on solid surface.

Table 1-1. Combinations of surface active head-groups and substrates used in forming SAMs on

metals, oxides and semiconductors.

Organic molecule o
Substrate _ Binding
(Surface-active head-group)

Au, Ag, Cu etc RSH, RSR', RSSR! RS - Au
Si0, , glass RSiCl;, RSi(OR"); RSi—O
Si/Si-H RCH = CH, R -Si
Metal oxide RCOOH RCOO --- MO,
Zr0, , ITO RPO;H, RPO,” = -M™




5. B T AEAWIT X B Si0, F i~ SAMs D {EH

3. Tl ~72 OFET IZfRFEF S5 L 912, FumOEEZ T 572012 Si0, (7 A, A G,
Si AR F  ORRLIR)EK L2 SAMs %1@%?6 BRix., A&7 /ﬂﬁ/\% (SiR Xy R= ALy
. X =Cl, OMe, OEt 2 )N LAV TWAY, AL T LAY L SIO, £l DL T
J—=NEE SiFOR)DRIE. T vl y 7V v 7R L LA R R 1 A A ) CIEA T
ZHEE LTEAMICHOW S TE Y, —A9IZIX trichlorosilane X° trimethoxysilane 72 £
FIGHEEREREEZ 3 2b o8> 7 v baWE H T SAMs #E# 9 %, Figure 1-3 I
trichlorosilane % FI 72354 D SAMs DOIER G %/~ 7', £9°, trichlorosilane 737K /)i &
N7 7 —=NVEPERE, Z0vT 7 —LikE Si0, REDT T/ —/VEBBKHMES LT,
A 7 MNP ARG EZ N L CEESND, HEShEAHKYS 7 ALEWITHET S

Gy FIRIETHBUKMES Ly m 0 UG (Si-0-Sif e AT 2, USSR HIET 2 2 &
“C horizontal polymerization 23ME4E L CTA U, SiO, RIfIZ 2 RotD v 1 3’\"*/"/)? v NI —7 %
TERT 5 DT, {ER L7- SAMs XM i EVE - B e - BV EMEICIER ITEN T
WaY, HHEY T ALEW TR L 72 SAMs [T RIS #m’ﬁﬁ&tw A(hho%i%
7D SAMs D FK 1 THITILAFEETERRBUS Z MM L T Si0, REZAN/VT 4 U > OB Tz 1
H(Figure 1-44) L, WAL pH Ok —L LUSHLTWAES, [FREDO T T Si0, FflZ AR /L
74V v O TIEEAERL U3 S < it ST s, Las L., Figure 1-3 (2R
X 9 IZHEFERIZIT vertical polymerization H#{T L, REOfELE LT 7EL T 7 A/ v X
VARV —bHERLTLE S 12D, HHET T AbEWE T S0, iRl SAMs Z/ER4 %
BRIZ B D IR PR A B I L7220 & DT 2 DB B 57,

i i
| H i
. ydrolysis Si
cn/s|'\0| ————> Ho~| ~OH
Cl OH Covalent attachment
Trichlorosilane
OH OH OH
Amorphous siloxane polymer
R
R\ OH |
Condensation /Si\ 0 /SI\—OH
HO \ O
R—si O
R R R R \ R
|. l I ................. Sll O\ ,
,{r&\ /Sl'\o/s'\OT B HO/SI'\OH HO/ | “OH —m—m» /S'~OH
o O n O ................. O O
| |
o
Horizontal porlymerization Vertical porlymerization

Figure 1-3. The reaction of trichlosilane with SiO,.



crS~i
+
OH OH OH

Figure 1-4. Formation of porphyrin monolayer on SAMs prepared by (p-(chloromethyl)phenyl)

triclorosilane on SiO,.

6. RHfFEDEFRLBES

K LTI A 7 ABEE HOTIC& BRI (Y r— N7 2R AL TFHILE
RN T 4 VOB TIRERKRT A HEE LT, Tra— ey T ) — o E-EAE
FESZE R Lic, Tva—das 7 Aa & ik U CIERICEERLAEMTH H T2
DFNRT L, FEEHLZRICH D, 7o, AT 7 MLEM TR ONLRIKS bR E 200 &
EZHNDHDT, Ta— L IAHY T ALEWITRI DI SIO, R By FIE A F 5
T ZRIE BT D,

TNa—) ) RBFNVREDOYT T ) — Il ORI DWW T, 1961 12 Tler H 3
WAELTBY, AX ) —)b, =X ) —)b Tax)— L7l %2 U 7L E 110~200°C (20
DL TKBIEL YT ) —VEPHAE RIS ZEBZ LTI v a— L ORGP ERT 5
T ERHLTWAY Bl ED 1T v a— VN U BV E ST D 2 ERET D
EEHIT, 3TN T VIEUSEIMEL . T a— v BIROBK(T VA DAERR) R E O]
Ot zEFED &L LTCW\b, —J, Lambert HiX, HH0UH, U D70 %E 400°C 6 L< I
900°C CRLELT 5 Z & T, KmDY 7 /) —/VHEEEHRILIESL L 55°CD LD fot{&(mf?éﬁﬂ/
TV ERIET D EERELTWDE, ZOFERTIE, 17 La—AUMMTE 28k, 3%
THa—LElDRIGEHLIMEINTEBY, 3 {7 a— U TREEN 1 &7 L3 —Lo55 0L
TThol,

— . B LT UL AT VG (Si-0-C A5 A IR ME S0 M EE MR S CIInak 43 i X
i 2P BT BT, T v a— b R CUERL U 72 B TR O FR B 6k U AN ZE
EWo e REEBALTWS, LL, Ossenkamp SIXZEM7T Vv a— L THHE= LT L a—
JVRAE G ST A2 BRI 2 2 & DSR2 G0 T L 3 — v e FIN D 2 & TR 3 iR S
Kﬁ?éﬁﬁﬁﬁﬁi#éyk%ﬁﬁbfwémo
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AWFZETIEARLT 4 U UBEFEZ L OVANART A I—LEAR L, YU BT
r— N H T AREIREE S, 80~300 °C ITHIEAT 5 Z & T A S A EI TS ETHRL Y
4 VOB TIRAER LT, AL TFOBLE N DK O, KEEFEF OEEE, 557 DB
KPE, FES O S, KEEENFEAT D RBOSIREE R AL EES T ThHE Faxs
WNVT 4 U Doy FHEE Z RN S, WA SUSRER LTV ) L= 2T VG DAk
T R EMZ T L, & ORI E 720 M/ M Ui OREEEIC B 70y Tk B O R #t 2T
ZEITEPI LT,

Fio, V=TT hIER—LE, AT 4 UL RT, A OBREC/NIANY T A
P EEDHZEMTELDT, Haidt - ETMEA~OICHABHIFFCE 5, LARTOWFETY
=TT FIER—ATHLET VT ) s, AT AL Yy FOEEEL L THWLRTWY
54 KR CIE, T e MR T R CDORINC IV Y =TT IR — LD 1 O
Thore ) o VF DY NVN NI IRALRBEINTZz@®ETL, o) o F
DI e DEAZ AT OWTHIZET 5 2 & 13U =77 7 B v — VEOEM R
FHERE 2 H T 2 BB B~ DIGHIZ D72 3 % AIREMEN & 5,

%1 ECIEIAEOE BB L OHM, #MEIZ OV TR,

F2ETIIALT 4 UNZEALZE ReX okl 2B ANLESCHES (1) >V 7
— N H T AL OFEATOGEEICH 2 D%, (2) AR LIZHS TIEIC S 2 2803 (EdatER &
MR EENC OV TR TWS, BALZE R OB DR D 5 FEOR
N7V rERE LI, TRbb, A7 4 D7 ) —NED 4 fLOMEIZAR—H0
pentamethylene 2%/ L TR & E/-b Fux vzt 4o 1) BLO22Q2 B L5192 (3)
HORL7 400 ThY, B Raxid 2 o oR L7 40U 2o0nTiE, B Rex 4
Z oy ¥ O CANZEA LT cis 8 (2) & SCHANCEA LT trans & (5) 22 ZNER LT,
Flocis RKIZOWTIRE R o L N ESE T VX VA EA LT8R @) ARk
.S ET Y r— AT AL DOIBRLERC X 2 B O SO E & {72, T OfEF. (1) K
SRR ITE Ra X U EOBNEZ D KT HI L (2) MR L[F U< BV ORS &R
4 13- & BRSHERE N ERHASNE o7, WIT, YU r— M H T AFEEICERL
TeARNT 4 U B REDFRMESAT T DMK RIS T D B M2 T 5 7212, 50
°C ® 1M HRIZIREE L, DB 2 g Uz, WEOEE )G, By FIROZEMEIL, 4> 1=
2>3=5LWIOHICR Tz, L7edi-> T, B FIRO ST ORISR 5%
EPEIL, BALZE RS RoMaEmssEs 2 & TREENRMm EL, 27 0381
L0 TIRERE 2 BUKIICT D 2 8T, VU NVT AT EE ~DO K OB R R
T5HZENTEHS TR EENEIZN L35 2 LB LR 5T, B TIED UV-vis
AR MV OTGIRE L O A RIE, BRI COMMKSEOR R LY 11X 4 2H
He Rax S BHEN T Y r— M7 RAERKIGT, AT 4 U VBRPEMRITKT UFAT
RECE A L TCWRWZ EAVURIBENTZ, DX 21T, YU AT AT SR X DA RS-
S ORI I 545 T2 EHZ DWW T O AR 72558235 5 7=,

F3ETIEIV IS — R NITRAEFNT 4 U G E ORI RIEY > 71— DBHFEI
OVWTRRTWG, YU — b HTAREDORILT 4V ES OS2 22 e a2 16 b
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SEDHEDIC, 2 BTEHEONZMAZ S &1 2 SO CINAS D ) o I —DB% %
L7, 1| DHOMMKIIE Fe X K2 /iricEGBI e TRiLr 74 vaLmcVr—Fh
T AIWCEE T H LN WA T E D tristhydroxymethyl)methyl 2 35 L O
tris(3-hydroxypropyl)methyl %& & MK 3 fg0 U o — & L THWEE, 2 D H OIKIT 4 O R
EHT NI NVEL Y V) OIS RES IZREEZBEAT L LTI AN AT NG ET
VX VIS TR T X 5 L HIFF S5 1-hydroxy-2-ethylpentyl & & K 3 fEED Y B — L L
T M W 7=, Tristhydroxymethyl)methyl & 3 X OV  tris(3-hydroxypropyl)methyl %k |
1-hydroxy-2-ethylpentyl 24 H 9 5f 42 DHELT7 4V 6 BLONT, 8§ AWML, TN HEH
WC U — M7 AREAFR- LT RNVT ¢ U B REOFMESRATE T T OIMKI R EOS
(T D LEMEDOFEEB G LTc, 3 OB & Eef LT tris(3-hydroxypropyl)methyl £33
& O 1-hydroxy-2-ethylpentyl 22 F 9 2% 7 35 L O 8 O By T-BEDOWMESA: T CONK R )E
(ZRET DB EMEN A L7=DIZxt L, tris(hydroxymethyl)methyl #£ % H 3% 6 O H 5 FIED%ZZ
EVETIRVIR T Lic, 3 FETAVOMENL, AT 4 ) kb Redoie ofMicgikg
AR—H L LT propyl 8HZEFS 71X 3 2D ReFxF v EOLTHRV I Fr— T T7 2DV T )
N ERIS LY YNV AT IREGHTERT 2 Z ENFRETH D08, 6 IELRAIZRHIRRIZ L Y
VU= HTAEDOMT 1 RIZITTLOY VIV AT IUREE E AT T . 2 OfE DU
ICRIEDE RE ¥ FN 2 DFkD Z E PR ENTz, ZORKIGEDE Rr¥ 508 6 DH
DFEOIIK R RES YT L Bbihd,

FAETIEV I r— b T ABIVSIO 7V E T RBIO3IH/T Va—LEHTHE R
FUARNT 4V DO OBAKMEE RIS ZOMKGREIS, =& 7 ) 2 ARG 028 % g
L. EBIC3HTNVa— & SiOBDOKIGD AT = A LZDONTHRT LT, Kl 3%k 7T v
A= NVEFTHRNVT 4V 9% Y r— N T AB LSO, ZF VR EITINESLEE (140 °C
~240 °C)IZ L » TLFW G S B 5 2 LAk Uiz, MNEVEEE 160 °C TIiX 9 1%, Kl 157
Na—NEGTHRNT ) 3L LT T — NTT7RAEDRIEHKI 12 5N T,
b Rad v EoiEr "ol 7 bl 9 & SO, ZF NV EDRIRIZEY, 3HET ra—L L
Si0, & DOFUGIE, 1T a—LL 2 7 a—n b Si0, & ORGE AEE. B Ra o iR
Si lZREEEE L7212 Si-O #6A OBHADE U THIA RUSEITT 5 2 L VRIS L7z, Btk
G T SIO SV RENALFRE L TND 3 BRI DOH /U AREEITI & 1T L
a—D 3 DA 3 OREEDRNLT 0 ) U HEEL CRIR S =DlZk L, 3 kT L a—
D9 DIGEIF I UM 9 DT N—T )V T IV o OREEDRIVT 4 U 2 )3 L Cla]
Wi, 2OZE XY, =% ) UV ARISEBIERMETTITY & 1T v a—AnbIgK
L2 UV AT AR SI-O MG E DR Z R LT X /) U & ARUREITT 5 DI L,
3TN A= ADBR LTy VLT AT VEEIE C-O fia DR ZEHR LT ) U X
FOGEFTT 5 Z LR E N7z, 72 "0 Z-UVERICL Y, BIESMETOMKS RS R
BOFUGEA = AL TEITT 2 2 ENRBENT, —FH, YU r— M T AKE BIC/FERL
723 L9 DRNT 4 ) BT RO MG T OMK RSO 6 2 Z M & b T %
721z, 30°C @D 1 M NH; (aq)ITi={E U CHiBEEEE 2 el U7z, EEEEE L 0 9 DIk 3
JEIE 3 DAKGEBOE 0K 20 FFE AT 5 2 &b doTe, HEMSM T Si0, vk
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HIAEFRAE L TVWDLE3BLRIDTH ) U TARGEITI &, EHIZ3 L 9DT a—L
BEORNLT 0 VUL, ZDZ & L, iﬁﬁ%‘ﬁ%#ﬁf“(“ I 1T Aa—AB L3
W7 T )VINBIER LTe Y U L 2T VARSI B0 Si & sSREZBEE L Si-O #5623 B
HWTFpZ Ty ) VU ARENETT S Z &#rwéht IR G5 R B b TRIAR O B A
N=AL%EDHEEZEZILND, DD, 3 BT NVIA—=ANBIK LIS Y VT AT VS
([ZBEBET D A F VIO SRR E ORI S O MK SRS L =2 2 U v A
THEHFICERNT RS, 70, BUESRETOZS ) U U ARIGORERLY 9 1F2 U 7r—
KA T AR Si0, ZF/VEHIZ Si-0 fEAZ I L THEA L TWAD Z & LR ST,
BSETIIVI) A — T AFEETORLT ) VHS %ﬁ@}5v~ya/ﬁm_o
WTIRRTWND, 2~4 B TER LS FIRE S HITSHER L Tn <z, Bo R
TEFIERMEFEEEWAT D ENARETH IV EFEIET HDHLERSH D, 2T, v
= T AREALTFH A LTV D 1 DOESy T % (CH;COO0),Zn/MeOH HHRIZIR 2 & T,
BRER ETERLT 4O Zn BSOS HEITT 5 Z L 2R L, 2 ~ 4 B CTERI LA
T4V COBRGFIRITIE DIEFHEMTE DL 2 & 2FERIE LTz, £72. UV-vis HIEICL D ZD
Btz 8895 2 & CRIGHEZR M L, HEmR»OEERE ETORLT7 4 VDA K L
—a URED AT = AL OW TR LT, BN OER LY | §rEMAIEH & BE) ) &
LTCRIGHAHEIT L TWD Z ENB 2 6ND, Fio, A A DV r— s T A~OWE
ZZ B LTSRN A = XLt LR R, BB Efr & L C Freundlich o> Zn**
AF DYV = HTANDRENELTHE VY r— T 7 AEKETD 1O In RO
RGN Z 5 Z & DRI S iz,
HBOETIINITI—AEY U IF L DIYNANRR 7B I XLIONTHRRTNG, 71—
NIED AL ONEICE TRIFETHD ONELEBETHRGETHY OMe EFHFLO NI T U —1
BV VAN E REENENARK L A OFEBF B IO I U EZBILTZ & & D UV-vis
AT MVERE LTz, FE7 1 b7 X REET S L <IXHERAEREDO 7 I 2 IRINT
HZ LT, YT U—EY U T RIRD phytochrome DimARALINL D Py (ZHERL L 7=
UV-vis A7 "V Z&RT 2 & & B L7z, Toluene 1 CiE 11 D Q-/3 K ORI A3 631
m (ZHLAL D DIk L, DMF 1 TlE 729 nm (ZBLiv7z, [AEEIZ DMA <° 1-methylpyrrolidone 72
&@#7m%/ﬁ7 REEIEH ClE Py OTERLD R CTE 7228, FASSNMF 2 D7 'm |~ U
7 2 FIEEEH TIX phytochrome OFRAMRINELD P OFER PSR Siuiz, 7V — /LI E it
HREEZHETH 12 L LTT U —VRERIZETFRIEEGET D 11 OF0 Py 2R LT,
F£7-. DMF &fix D7 v b R —MOBREDIRGEEEFIZIBWT, 7'r b R —Mo5
WA S Py DB ZILET 5 Z L Nbhotz, 2oz kv, HFa b7 2 RIR
o) o PF DI AR s a I ANIEY UVF LT T R T S FIEE ok
FEEICED b DI LRI NIz, /r FHUEFRIZE Y 11-DMF SEROREE D Kb 2170,
EULTA L DDERONH O H & DMF OB VR =V EOEESE & OFEEEE 0.188 nm TH Y |
SER DI AT EE (14.0 keal/mol) T 5 Z & 3Tz, ZOx o Z )V B —Z28 k3K
FMEWRICE Db EbND, —7F, MeOH 1 11 IZHEH&EREDT I
(butylamine < 1,2-ethanediamine, piperidine 72 )& INT 5 Z & T Py OFERDHER S L7,
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TIROREITRRY, TIVOROEE, 7u kI AEMABE R OIF 5 2 Py DG BB S
NI o7, I b UMERRIEREER IR TE Y VA E T I O e B
DKRFBREE DB E . PR LTz & b b,

%7 BECIIAMZEEORIE L LT, AEEONIZHRR LIS B OB R R, BEIZONT
bl & LT,



O(CH,)s0H

&
HO(H2C)s0-{_Y , (& )-O(CH,)sOH

C1zHp504_) O(CHz)s0OH

O(CHg)sOH O(CH3)s0H

3 4

H,OH
CH,OH
CH,OH
5
(CH,)30H CH,CHs
(CHp)sOH & )-O(CH,);CHCH,0H
(CHy);0H

11:R=CN
12: R = OMe

Chart 1-2. Hydroxyporphyrins 1 ~ 10 and bilindiones 11 ~ 12.
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Howm LU — N IFAKELEOFEA DL Rexs RV T 0 U OB TEOTER G
F6 K O 3 F s D 3K FE i

=

il

1. ##
AHERS T E2HWTEE T A ZAOMREZ HEBLT 2 HELRBIL N E & TV 5 A G
JE & HEREEEAR (@R, PRER, MR mOE A HIET 5 Z L ITHEKT S ADOMREE &
HHETIHFWICEETHDL, Fl2IX, AMERNENT P A (Organic Field Effect
Transistor, OFET)IZ 35\ T Jackson 51T K W BEREDFEELDG T o 2 AHEIEMERE & Mkl (Si0,)
ST octadecyltrichlorosilane (OTS)Z HV T H CUkHik b Hi5r 75 (Self-Assembled Monolayers,
SAMs) & 1ERLT 2% Z & TRWERNEBENE 2 R~ 2 L83 @E S CLik!, Sio, £l £
SAMs TEfid 2 Z & WEERDE N7 0 U RAZ OEROIEREN 7 0ok A L 7o TN D%

B AR L T E RS F 0 G /6 2 U TR m I b P WAE T 5 7o O BRI S
T 5 Langmuir-Blodgett 5 (LB [l5) 72 & & lb R CHERNZ E T, 7250 RO HAE
HIZX 0B/ L, o FORSIRCE M 2N S EIZHRAIMIC R s T ER G o 5720, ik
OEEZEHIET 5 FEE LTHEFICARTH Y. 2L OMEFRINHEEINTHDY, ZOHT
HIERLEANITON TV D DT A — VST ANV T ¢ REE RO LAY E AV
Au AR EICIER L7 SAMs OHFFETH D, TA—NVEEZHGTHHRVT 1 U o fERLTZ
SAMs [FFEFIZLZETH Y, ET0FH, BN =—7 RFEZ RO T OIRIA W BT
JISHENTWDES, Fio, v T vy 7V U TRICREBESN DGR T LAY (SiRXyn R=
AR5y F. X=Cl. OMe, OEt 72 )& AT Si0, (U7 A, fA5E, Si ez D me )3 m
IZARNVT 4 ) OB IR EAERL U250 b 52 < i S Tn S, L LAY 7 1k
G EMNT5E . BIBOSTY 7 ALEWIR LS LIROMEZELT T BV T 7 A0
#ﬁ/TJV—#ﬁﬁéﬁét@ By PR 2 AR 2 & Z IS0 D F5 P % JBiss | /il L
mNENT R T 22 THEY T AEAIC b I ) VIR AT LA E VT
Si0, F 2 HA FIE A A3 2 3BT T 55,

Tr IRV T 4 U % SIO RENTHEAREEGZ N LTEET 2 FiEL LT, Al 7 s
MR VIZTVva— T ) — L BBUKRES S (Scheme 2-1)12 & 0 EHFES &2 K
THZEIWCHEH L, ZOKBIE, A% =0T % ) — e Ny T T a3 —
NV FIWT Si0, VR 2T 2 HiEE L THLS OIS TE VY, Tler 51X Z Dfiik
Mo BOSIFRBSUG T, BUGIREZ EIF TS 2L TEITT 2 LGS Tng *, 7=
— VTR T AL & i U COIEFICEERICEW TH DT OHNT < TS 24k
2D, T, AEY T MM TRONTZRIBUSHEZ RN EBEZBNDHDT, Tba—
ITERES T ALEWITAR D VI Si0, RIFIZH ) T2 ERLT 5 LTI {bamTH b,
—J5, R LT3 U L 2T UAEA(Si-0-C il A X BANE S o FaME S Tk oo i s i
SUONHEITT D72, T3 — L% W CTERL L 72 B3 T B3R 5 BB 6t LARZEE &
STEREEHLTWD, LiL, Ossenkamp BIIZMMT7 LV a— A THHE = LT L a— LR
FEA AT 2 UK T 5 2 E S ATREZR i 7 v 32— L & W D 2 & THK Gy R SOGZ %F
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FTLHREMDRM ETHZEEFRELTVD >, ZITARIIETIE. REICEHOE Frd v
KEFORNVT 4V U EHNT, YU r— M7 AREIKRZF RS IMER T, £721b
FHNCRERARNT 4 ) OB FEOFERZ B LT,

AT, B RaF R L7 0V AW TU U — M7 AREICARNLVT 4 ) OH
DT NEEERLIT 2 ECOREBNRME (e FaXxs AL o7 0 Ve U r— TR LEDK
JEPEPAER L T2 ARV 7 4 U G FIRIN D 5 7 DFERIAE AP R L EME) 2G5 T2 01c, &
AL OB S oy TAEE 2 BRI L ST, B Ra X U ERoRONLE, 7y 17 OBk,
FEEORMEDORR D Fuf Rl 7 U1 ~5 (Chart 2-1) & =, ERLL 72 B FRIT
UV-vis A7 MVRES K OBt ARIE, X BRAREE WM L7z, £72, ERL
e KX AL T 0 U1 ~ 5 OB TIROBRMESM T COMKGIRERISIZXT 5L E M
DEEE) 2 B £V dam L7,

Scheme 2-1. Reaction of alcohol with silanol.

2. FEBR

2.1 RER LOWIERR

NaOMe /£ MeOH (242 )8 Na Z 12 TIERI L, Z DOFIR % SOz THER L7, Z O
DA RS OFFERNT W3R T, Aol T35 36 L OY Aldrich Chemical Company 0 %
DEZOEEHH LI, BT~ 7T 70—, BERALFEHROT7 T v varm~< b
777 4 — PRI Y 170 (60N) ZHURIZHWZ, U r— T T AFRIRE T L3
A S #HL D Micro slide glass (76 mm X 26 mm)% 3 2£43(25.3 mm X 26 mm)iZ43 %] L T
ML,

'HNMR & O} °CNMR A-X7 R JLIE JEOL #1:00 INM-ECX DELTA A< b & A —& —%Affi
AL CHIE L7=, MALDI-TOF-MS A-XZ /L% Brucker £L Autoflex Speed ¥ A A7 k1
A—& —ZfEH L CHIE L7z, UV-vis X2 kLT Perkin-Elmer £1:> Lambda 950 A~<7 k&
A — & — KON Agilent Technologies £ Agilent8543 Z i L CHIE L7z, A 32— MNII D
PO MS-A 100 A a—& —Z W TIT o7z, BT ZAFEBROINBILER L Mettler-Toledo £f:
@ FP82HT % AN TAT o 7o, #fib A& | X A S i B PRl O Befil A 51 CA-X150 % fifi
L CHIEZATV, Kif B T30 X —fAT BG-2 BA FWTHHT L7z, X BECHERE T
Rigaku 1> SmartLab THIZE 21TV, Global Fit Z FIu N THEAT L 72,
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2.2. B

tE Rex A7 U2 1 ~5 (% Scheme 22 ~ 24 [ZHE» THAK L 7,
3,4-didodecyloxybenzaldehyde (X 3CHk' 12t > CTARL L7, TR ENO/LAWIT 'THNMR 1 L
“CNMR, MALDI-TOF-MS X ¥ [Al7E L7,

O(CH,)sOH

(CH2)50H

O(CH2)sCH O(CH3)s0OH

1: tetraol 2: cis-diol

O(CH,)50H
3: monool 4: alkyl-cis-diol
HO(H,C);0-_) () O(CHZ);0H
—
5: trans-diol

Chart 2-1. Hydroxyporphyrins 1 ~ 5

2.2. 1. Tetraol 1 DAL

5,10,15,20-Tetrakis(4-(5-acetoxypentyloxy)phenyl)porphyrin (14)" 24 %

100 mL D = A Kt~ #5125,10,15,20-tetrakis-(4-hydroxyphenyl)porphyrin (1.00 g, 1.47 mmol)
5 L UK,CO; (4.07 g, 29.5 mmol), 18-crown-6 (0.78 g, 2.95 mmol). DMF (30 mL)% i1z, 60 °C
TISHMEAL 7=, = D%, 5-bromopentyl acetate (5.27 mL, 29.5 mmol)Z 1z, F 260 °C T3MF
MIMEN LU 7=, BUGHE T2, IR E THAIL, CH,CL (100 mL) & 2 7=, T D%, 2R84k (5lE)
TUers L. ATEFE 2 NaySO, THEME L7z, NapSO, 2 We s g £ 0 B BRUN-1%, AR OB
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ZRWERET S22 LT, REAOEEKEG-, ZoEKEZBX Y DTSNV~ N TTT 40—
(EBAVABLIXCH,Cl, — CH,Cly:acetone = 100:1— CH,Cl,:acetone = 50:1 & 4k & [ZHi: %2 15 C
W 7o) TR % 2 L T, LEAOEERO14%157-, (853 mg. 49 %)

'H NMR (500 MHz, CDCl): & (ppm) = -2.75 (s, 2H; NH), 1.68-2.06 (m, I12H;
Ph-OCH,CH,CH,CH,CH,0Ac), 2.11 (s, 12H; OCOCHs;), 4.20 (t, J = 8.00 Hz, 8H; CH,0OAc), 4.27 (t,
J=28.00 Hz, 8H; PhOCH,), 7.27 (d, J = 8.00 Hz, 8H; 5,10,15,20-phenylene H-3"), 8.11 (d, J = 8.00 Hz,
8H; 5,10,15,20-phenylene H-2"), 8.86 (s, 8H; pyrrole-5H); MS (MALDI-TOF): m/z = 1192 [M + H]"
(calcd. for C;,H7oN4Oy, m/z = 1192).

5,10,15,20-Tetrakis(4-(5-hydroxypentyloxy)phenyl)porphyrin (1) & i

100 mL @ 3 MG #Z 14 (400 mg, 0.34 mmol)FS L OF pyridine (10 mL), NaOMe (2 g).
MeOH (20 mL)Z Il 4., 6 RFFIINENEFT 2 L7z, SUSH T, iR E TmA L, CH)CL, (100 mL)
ZINZ Tz, = D%, 1 M HCI (4 B3 L OZER K (5 B THE L, AHEH % NaSO, THzME L7,
Na,SO4 Z W5 [ IZ K 0 B Y BRWNZRIS, AIROEIEAIER £9 5 2 & CHRADER L5
7o ZOWEEE T LT T 47 TLC (EBIARE: CH,CL/DMF = 6/4) TR+ 2 Z &L T, REao
BERD 1 24572, (265mg, 75 %)

'H NMR (500 MHz, pyridine-d5): & (ppm) = -2.19 (s, 2H; NH), 1.85-2.09 (m, 24H,
Ph-OCH,CH,CH,CH,CH,0OH), 3.98 (t, J = 6.50 Hz, 8H; CH,OH), 4.27 (t, J = 6.50 Hz, 8H; Ph-OCH,),
7.48 (d, 4H; 5,10,15,20-phenylene H-3’), 8.34 (d, J = 8.50 Hz, 8H; 5,10,15,20-phenylene H-2"), 9.21
(s, 8H; pyrrole-H); MS (MALDI-TOF): m/z = 1024 [M + H]" (calcd. for Ce4sH7;N,Og m/z = 1024).

2.2.2. Cis-diol 2 DA Rk,

5,10-Bis(4-acetoxyphenyl)-15,20-diphenylporphyrin (15)35 £ O 5-(4-acetoxyphenyl)-10,15,20-
triphenylporphyrin (16). 5,15-bis(4-acetoxyphenyl)-10,20-diiphenyl- porphyrin (17)D & ik

500 mL @ 3 [ i 4512 4-acetoxybenzaldehyde (3.72 ml, 0.027 mol)33 & Of benzaldehyde (2.72
mL, 0.027 mol), propionic acid (225 mL)Z /1% C, INEEH T 5 £ TME L 7=, INEGER L 7o
. pyrrole (3.72 mL, 0.054 mo)Z W} ->< D &Nz, & HIZ30 pMEGENE Lz, ROSKET
%, IR E THAIL, propionic acid ZEREET 5 Z & TRADERERZGL, ZOEIENL
BV e~ N7 T 70— (BBEBET CH)Clyhexane = 3:DIZ &L W 15 B LTV 16, 17
BENENHEE L, SoicBXVhrvra~ o7 00— (BRGBEIZ15BIO0N17
CH,Cl,:hexane = 3:1, 16 : CH,Cly:hexane =2:1) T 15 B3 L OV 16, 17 2N ZERI4 25 2 & T,
HODOEROERY Z157=, (15:350 mg, 3.6 %. 16:487 mg, 5.4 %, 17:293 mg. 3.0 %)

15: "H NMR (500 MHz, CDCly): & (ppm) = -2.80 (s, 2H; NH), 2.49 (s, 6H; -OCOCH3), 7.50 (d, J =
8.25 Hz, 4H; 5,10-phenylene H-3"), 7.73-7.80 (m, 6H; 15,20-phenyl H-3’, H-4"), 8.20-8.23 (m, 8H;
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5,10-phenylene H-2’ and 15,20-phenyl H-2"), 8.85 (overlapped two singlets and two doublets, 8H;
pyrrole-H); “C NMR (125 MHz, CDCl;) &= 21.4, 118.9, 119.8, 120.4, 126.7, 127.8, 131.0 (br),
134.5, 135.3, 139.7, 142.1, 150.6, 169.5 ppm; MS (MALDI-TOF): m/z = 730 [M]" (calcd. for
CysH34N4O4 m/z = 730).

16: 'H NMR (500 MHz, CDCl5): & (ppm) = -2.78 (s, 2H; NH), 2.49 (s, 3H; -OCOCH,), 7.50 (d, J =
7.95 Hz, 2H; 5-phenylene H-3"), 7.73-7.80 (m, 9H; 10,15,20-phenyl H-3’, H-4), 8.20-8.23 (m, 8H;
5-phenylene H-2” and 10,15,20-phenyl H-2’), 8.84-8.86 (m, 8H; pyrrole-#H); *C NMR (125 MHz,
CDCly) & = 21.4, 118.9, 119.8, 120.2, 120.3, 126.7, 127.7, 130.9 (br), 134.5, 135.3, 139.7, 142.1,
150.6, 169.5 ppm; MS (MALDI-TOF): m/z = 672 [M] " (calcd. for C4H3,N,0, m/z = 672).

17: '"H NMR (500 MHz, CDCl3): & (ppm) = -2.80 (s, 2H; NH), 2.49 (s, 6H; -OCOCHj3), 7.50 (d, J =
8.00 Hz, 4H; 5,15-phenylene H-3"), 7.73-7.80 (m, 6H; 10,20-phenyl H-3’, H-4"), 8.20-8.22 (m, 8H;
5,15-phenylene H-2’and 10,20-phenyl H-2"), 8.85 (d, J = 4.70 Hz, 4H; pyrrole-£H), 8.86 (d, J = 4.70
Hz, 4H; pyrrole-H); °C NMR (125 MHz, CDCl;) 8 =21.4, 118.9, 119.8, 120.3, 126.7, 127.8, 131.3
(br), 134.6, 135.3, 139.7, 142.0, 150.6, 169.6 ppm; MS (MALDI-TOF): m/z = 730 [M]" (calcd. for
C4sH34N4O4 m/z = 730).

5,10-Bis(4-hydroxyphenyl)-15,20-diphenylporphyrin (18) D &%

200 mL @ 3 [ SGEERIC 15 (252 mg. 0.35 mmol)F L OF THF (20 mL), NaOMe (373 mg).
MeOH (50 mL)Z Il ., 6 RFFIINENEFT 2 L7z, SOSH T, iR E TmA L, CH)CL, (100 mL)
ZINZ Tz, Z D%, 1 M HCI (2 B3 L OZER K (6 [F) THeE L, AHEHH % NaySO, THzME L7,
Na,SO4 Z W5 [ IZ K 0 BV BRUN etk AIROWEEEZ TR 595 2 & T, EAa0ERD 18
&z, (172 mg. 77.1 %)

'H NMR (500 MHz, acetone-dg): & (ppm) = -2.71 (s, 2H; NH), 7.30 (d, J = 7.70 Hz, 4H;
5,10-phenylene H-3’), 7.80-7.85 (m, 6H; 15,20-phenyl H-3’, H-4’), 8.07 (d, J = 7.70 Hz, 4H;
5,10-phenylene H-2), 8.24 (d, J = 6.85 Hz, 4H; 15,20-phenyl H-2"), 8.84-8.94 (m , 8H; pyrrole-£H);
C NMR (125 MHz, acetone-dg) & = 114.6, 114.7, 120.8, 121.4, 127.7, 128.8, 132.0 (br), 134.0, 135.2,
136.5, 143.0, 158.5 ppm; MS (MALDI-TOF): m/z = 646 [M]" (calcd. for C44H3N4O, m/z = 646).

5,10-Bis(4-(5-acetoxypentyloxy)phenyl)-15,20-diphenylporphyrin (21)D & &

200 mL @ 3 [ OS2+ 18 (290 mg, 0.45 mmol)FS X TVK,CO; (1.24 g, 8.97 mmol), 18-crown-6
(2.37 g, 8.97 mmol), DMF (20 mL)% /i 2., 60 °C C 15 53 N#N L 7=, % D%, 5-bromopentyl acetate
(1.43 mL, 9.0 mmol) & N 2., H{Z 60 °C T 6 RFEMNEN L 7o, BUSHKE T =i £ THA L. CHCL
(100 mL)Z N2 7z, £ Dk, ZRHK (5 B)TYHEF L, A% Na,SO, THiME L7, Na,SO, %
W5 I & 0 B BRONZIRIS, AIROEIARIER £7 5 2 L TRADEEELR{Z, Z0
ERZ RV BTV a~ N7 T 7 40— (EBEEIY CH,Cly:acetone = 75:1) CTHERL L 72, &
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DTS e (CHCL/MeOH)IZ L W R L | SEEaDBEIRD 21 21572, (323 mg. 79.9 %)

'H NMR (500 MHz, CDCls): & (ppm) = -2.76 (s, 2H; NH), 1.67-1.73 (m, 4H; CH,CH,0OAc), 1.80-1.85
(m, 4H; CH,CH,CH,0Ac), 1.98-2.01 (m, 4H; Ph-OCH,CH,), 2.11 (s, 6H; -OCOCHs;), 4.19 (t, J =
6.30 Hz, 4H; CH,0Ac), 4.23 (t, J = 6.30 Hz, 4H; Ph-OCH,), 7.26 (one of the doublet signals, the other
was overlapped with CHCl;, 4H; 5,10-phenylene H-3°), 7.72-7.77 (m, 6H; 15,20-phenyl H-3’, H-4"),
8.10 (d, J = 8.05 Hz, 4H; 5,10-phenylene H-2"), 8.21 (d, J = 6.30 Hz, 4H; 15,20-phenyl H-2"), 8.83 (s,
4H; pyrrole-/H), 8.87 (s, 4H; pyrrole-SH); °C NMR (125 MHz, CDCl;) & = 21.1, 22.8, 28.5, 29.1,
64.5,67.9,112.7,119.9, 120.0, 126.7, 127.7, 131.0 (br), 134.4, 134.5, 135.6, 142.2, 158.8, 171.3 ppm;
MS (MALDI-TOF): m/z =902 [M]" (calcd. for CssHs,N,O¢ m/z = 902).

5,10-Bis(4-(5-hydroxypentyloxy)phenyl)-15,20-diphenylporphyrin (2) D &%

200 mL @ 3 OG22 21 (323 mg. 0.36 mmol )33 L OF pyridine (10 mL), NaOMe (390 mg).
MeOH (25 mL)Z Il 4., 6 RFFIINENEF 2 L7z, SUSH T, iR E TmA L, CH)CL, (100 mL)
ZINAT=, Z D% 1 MHCI (2 [E)F L OZKEEK (5 B) THHE L AHAHZ NaySO, THZME L7z,
Na,SO, 25 [IEIZ L 0 BV B\, AIROEIZIER £ 25 2 & T, REAOBEE5
7o ZOEEERX VSNV a~ N7 T 7 0 — (EBEBIT CHyCly:acetone = 10:1) TR
L7co S BITHRGAE (CHCly/hexane)lZ LV R L | S2ADEKRD 2 21572, (256 mg. 87.4 %)

'H NMR (500 MHz, CDCl;): & (ppm) = -2.76 (s, 2H; NH), 1.35 (m, 2H; OH),1.70-1.81 (m, 8H;
CH,CH,CH,0H), 2.00-2.05 (m, 4H, Ph-OCH,CH,), 3.78 (brs, 4H; CH,OH), 4.27 (t, J = 6.50 Hz, 4H;
Ph-OCH,), 7.27 (one of the doublet signals, the other was overlapped with CHCIl;, 4H; 5,10-phenylene
H-3"), 7.73-7.79 (m, 6H; 15,20-phenyl H-3’, H-4"), 8.11 (d, J = 8.30 Hz, 4H; 5,10-phenylene H-2"),
8.21 (dd, J = 1.80 and 7.70 Hz, 4H; 15,20-phenyl H-2"), 8.83 (s, 4H; pyrrole-SH), 8.88 (s, 4H;
pyrrole-H); C NMR (125 MHz, CDCl;): 8 =22.6, 29.3, 32.6, 63.0, 68.1, 112.7, 119.9, 120.1, 126.7,
127.7, 131.2 (br), 134.5, 134.6, 135.6, 142.2, 158.9 ppm; MS (MALDI-TOF): m/z = 818 [M]" (calcd.
for Cs4Hs5oN,O4 m/z = 818).

2.2.3. Monool 3 3 X O trans-diol 5 D&%
3BLUSIE 2 LRBRDFIETERK LT,

5-(4-Hydroxyphenyl)-10,15,20-triphenylporphyrin (19)

'H NMR (500 MHz, acetone-dg): 8 (ppm) = -2.73 (s, 2H; NH), 7.31 (d, J = 8.05 Hz, 2H; 5-phenylene
H-3"), 7.83-7.84 (m, 9H; 10,15,20-phenyl H-3’, H-4"), 8.08 (d, J = 8.00 Hz, 2H; 5-phenylene H-2"),
8.25 (d, J = 6.85 Hz, 6H; 10,15,20-phenyl H-2"), 8.90 (m, 8H; pyrrole-4H); °C NMR (125 MHz,
acetone-dg): & = 114.6, 114.7, 120.8, 121.0, 121.6, 127.7, 128.8, 133.8, 135.2, 136.4, 136.5, 142.9,
158.4 ppm; MS (MALDI-TOF): m/z =631 [M + H]" (calcd. for C4H3N,O m/z = 631).

18



5,15-Bis(4-hydroxyphenyl)-10,20-diphenylporphyrin (20)

'H NMR (500 MHz, acetone-dg): & (ppm) = -2.71 (s, 2H; NH), 7.30 (d, J = 8.60 Hz, 4H;
5,15-phenylene H-3’), 7.82-7.87 (m, 6H; 15,20-phenyl H-3’, H-4"), 8.07 (d, J = 8.60 Hz, 4H;
5,15-phenylene H-2"), 8.26 (dd, J = 1.70 and 7.70 Hz, 4H; 10,20-phenyl H-2"), 8.85 (d, J = 4.60 Hz,
4H; pyrrole-4H), 8.95 (d, J = 4.60 Hz, 4H; pyrrole-AH); *C NMR (125 MHz, acetone-ds) & = 114.6,
114.7, 120.8, 121.3, 127.7, 128.8, 132.0 (br), 134.0, 135.2, 136.5, 143.0, 158.5 ppm; MS
(MALDI-TOF): m/z = 646 [M]" (calcd. for C4H30N4O, m/z = 646).

5-(4-(5-Acetoxypentyloxy)phenyl)-10,15,20-triphenylporphyrin (22)

'H NMR (500 MHz, CDCls): & (ppm) = -2.76 (s, 2H; NH), 1.69-1.75 (m, 2H; CH,CH,0Ac), 1.81-1.87
(m, 2H; CH,CH,CH,0Ac), 1.99-2.05 (m, 2H; Ph-OCH,CH,), 2.11 (s, 3H; -OCOCHj;), 4.20 (t, J =
6.30 Hz, 2H; CH,0Ac), 4.26 (t, J = 6.30 Hz, 4H; Ph-OCH,), 7.27 (one of the doublet signals, the other
was overlapped with CHCl;, 2H; 5-phenylene H-3"), 7.73-7.79 (m, 9H; 10,15, 20-phenyl H-3’, H-4"),
8.11 (d, J = 8.55 Hz, 2H; 5-phenylene H-2"), 8.21 (d, J = 6.30 Hz, 6H; 10,15, 20-phenyl H-2"), 8.84
(m, 6H; pyrrole-4H), 8.88 (d, J = 4.00 Hz, 2H; pyrrole-gH); °C NMR (125 MHz, CDCl;) & = 21.1,
22.8,28.5,29.1, 64.5, 67.9, 112.7, 119.9, 120.0, 120.1, 126.7, 127.7, 130.7 (br), 134.4, 134.5, 135.6,
142.1, 142.2, 158.8, 171.3 ppm; MS (MALDI-TOF): m/z = 758 [M] (calcd. for Cs;H3N,O m/z =
758).

5,15-Bis(4-(5-acetoxypentyloxy)phenyl)-10,20-diphenylporphyrin (23)

'H NMR (500 MHz, CDCls): & (ppm) = -2.77 (s, 2H; NH), 1.69-1.75 (m, 4H; CH,CH,0Ac), 1.81-1.87
(m, 4H; CH,CH,CH,0Ac), 1.99-2.05 (m, 4H; Ph-OCH,CH,), 2.11 (s, 6H; -OCOCH;), 4.19 (t, J =
6.30 Hz, 4H; CH,0Ac), 4.23 (t, J = 6.30 Hz, 4H; Ph-OCH,), 7.27 (one of the doublet signals, the other
was overlapped with CHCl;, 4H; 5,15-phenylene H-37), 7.73-7.80 (m, 6H; 10,20-phenyl H-3’, H-4"),
8.10 (d, J = 8.00 Hz, 4H; 5,15-phenylene H-2), 8.21 (d, J = 6.30 Hz, 4H; 10,20-phenyl H-2"), 8.83 (d,
J = 4.60 Hz, 4H; pyrrole-4H), 8.87 (d, J = 4.60 Hz, 4H; pyrrole-SH); °C NMR (125 MHz, CDCl5) § =
21.1, 22.8, 28.5, 29.1, 64.5, 67.9, 112.5, 112.8, 119.9, 120.0, 126.7, 127.7, 131.0 (br), 134.4, 134.6,
135.6, 135.7, 142.2, 158.8, 171.3 ppm; MS (MALDI-TOF): m/z = 902 [M]" (calcd. for CssHs4sN,Op
m/z = 902).

5-(4-(5-Hydroxypentyloxy)phenyl)-10,15,20-triphenylporphyrin (3)

'H NMR (500 MHz, CDCl;): & (ppm) = -2.77 (s, 2H; NH), 1.35 (t, J = 5.80 Hz, 1H; OH), 1.71-1.80
(m, 4H; CH,CH,CH,0H), 2.01-2.06 (m, 2H, Ph-OCH,CH,), 3.79 (td, J = 5.80 and 5.80 Hz, 2H;
CH,OH), 4.28 (t, J = 6.25 Hz, 2H; Ph-OCH,), 7.27 (one of the doublet signals, the other was
overlapped with CHCl;, 2H; 5-phenylene H-3"), 7.73-7.79 (m, 9H; 10,15,20-phenyl H-3°, H-4"), 8.11
(d, J = 8.30 Hz, 2H; 5-phenylene H-2"), 8.21 (dd, J = 1.20 and 8.00 Hz, 6H; 10,15,20-phenyl H-2"),
8.84 (m, 6H; pyrrole-#H), 8.88 (d, J = 4.75 Hz, 2H; pyrrole-SH); °C NMR (125 MHz, CDCl;) & =
22.6, 29.3, 32.7, 63.0, 68.2, 112.8, 120.0, 120.1, 120.2, 126.8, 127.8, 131.0 (brs), 134.5, 134.6, 135.7,
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142.2, 142.3, 159.0 ppm; MS (MALDI-TOF): m/z =716 [M]" (calcd. for C4oHsoN4O, m/z = 716).

5,15-Bis(4-(5-hydroxypentyloxy)phenyl)-10,20-diphenylporphyrin (5)

'H NMR (500 MHz, CDCl;): & (ppm) = -2.76 (s, 2H; NH), 1.35 (m, 2H; OH), 1.72-1.79 (m, 8H;
CH,CH,CH,0H), 2.00-2.04 (m, 4H, Ph-OCH,CH,), 3.78 (m, 4H; CH,0OH), 4.26 (t, J= 6.60 Hz, 4H;
PhOCH,), 7.28 (one of the doublet signals, the other was overlapped with CHCl;, 4H; 5,15-phenylene
H-3"), 7.73-7.79 (m, 6H; 10,20-phenyl H-3’, H-4"), 8.11 (d, J = 8.05 Hz, 4H; 5,15-phenylene H-2"),
8.21 (d, J = 6.30 Hz,4H; 10,20-phenyl H-2"), 8.83 (d, J = 4.30 Hz, 4H; pyrrole-£/H), 8.88 (d, J = 4.30
Hz, 4H; pyrrole-AH); °C NMR (125 MHz, CDCl;) & = 22.5, 29.3, 32.5, 63.0, 68.1, 112.7, 119.9,
120.1, 126.7, 127.7, 131.2 (br), 134.4, 134.5, 135.6, 142.2, 158.9 ppm; MS (MALDI-TOF): m/z = 818
[M]" (caled. for Cs4HsoN,O4 m/z = 818).

2.2. 4. Alkyl-cis-diol 4 DA K

5,10-Bis(4-acetoxyphenyl)-15,20-bis(3,4-didodecyloxyphenyl)porphyrin (24) D& &

500 mL @ 3 M & % #% | 4-acetoxybenzaldehyde (1.86 ml. 0.013 mol) & X OV
3,4-didodecyloxybenzaldehyde (6.64 g, 0.014 mol). propionic acid (225 mL)Z Il %, MNEGEFET 5
FCMAAL 7=, INEGEF L7=%. pyrrole (1.84 mL, 0.027 mol)Zp-~>< ¥ LhZz, &5IZ30
IMEGEEEZ LT, ROGHE T#%., iR E THEIL ., propionic acid Z I/ EE £T 52 & THRE
DOEEEFZ, ZORGBGOEEIr B BTSNV I~ 7T T 40— (BB
CH,Cly:hexane = 20:1) CHIIW Z B L=, SHCBXVBFvra~ N7 77 0 — (JBH
VALY CH,Clychexane = 4:1) TR % = L T, SRODEKED 24 #4537, (211 mg. 2.0 %)

'H NMR (500 MHz, CDCls): & (ppm) = -2.80 (s, 2H; NH), 0.84 (t, J = 7.45 Hz, 6H; CH3), 0.90 (t, J =
7.45 Hz, 6H; CHj;), 1.20-142 (m, 64H; Ph-O(CH,);(CH,)sCHj3), 1.44-1.52 (m, 4H; Ph-O(CH,),CH)),
1.61-1.67 (m, 4H; Ph-O(CH,),CH,), 1.86-192 (m, 4H; Ph-OCH,CH,), 2.00-2.06 (m, 4H;
Ph-OCH,CH,), 2.49 (s, 6H; OCOCHs;), 4.12 (t, J = 6.30 Hz, 4H; Ph-OCH,), 4.30 (t, J = 6.30 Hz, 4H;
Ph-OCH,), 7.24 (one of the doublet signals, the other was overlapped with CHCl;, 2H;
15,20-phenylene H-5"), 7.50 (d, J = 5.70 Hz, 4H; 5,10-phenylene H-3), 7.70 (dd, J = 1.70 and 8.00
Hz, 2H; 15,20-phenyl H-6"), 7.77 (d, J = 1.70, 2H; 15,20-phenylene H-2"), 8.21 (d, J = 5.70 Hz, 4H;
5,10-phenylene H-2"), 8.85 (overlapped singlet and doublet, 4H; pyrrole-SH), 8.92 (overlapped singlet
and doublet, 4H; pyrrole-H); °C NMR (125 MHz, CDCl;) & = 14.0, 14.1, 21.4, 22.6, 22.7, 26.1, 26.2,
29.31, 29.40, 29.45, 29.53, 29.61, 29.67, 29.71, 31.9, 32.0, 69.4, 111.6, 118.7, 119.8, 120.4, 120.7,
127.6, 134.6, 135.3, 139.7, 147.0, 149.0, 150.5, 169.6 ppm; MS (MALDI-TOF): m/z = 1468 [M+H]"
(calcd. for CogHy31N4Og m/z = 1468).

5,10-Bis(3,4-didodecyloxyphenyl)-15,20-bis(4-hydroxyphenyl)porphyrin (25) D%k
50 mL @ 3 A SAE#RZ 24 (200 mg, 0.14 mmol)F3 £ Y THF (5 mL), NaOMe (540 mg), MeOH
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(10 mL)Z %, 6 KFINZGENE A Lo, ROSK T, =|ILE THAI L, CH,Cl, (100 mL)Z N
Z7z, ZDO%., 1 M HCI (2 [B)F L OZERIK (6 [8) THE L, HHEFH % NaySO, Tz L7z,
Na,SO4 % W 5 [ L 0 B RNt AR OTEBE 2 TR 532 Z & CHRADFEREZ 57,
ZOEERERX Y BNV e~ N7 T 7 0 — (BETEEL CHyClyacetone = 30:1) TR
52 LT, BROOEIKRDERY 25 #157-, (147 mg. 73.8 %)

'H NMR (500 MHz, CDCl3): & (ppm) = -2.77 (s, 2H; NH), 0.83 (t, J = 6.90 Hz, 6H; CH;), 0.89 (t, J =
6.90 Hz, 6H; CH3;), 1.20-141 (m, 64H; Ph-O(CH,);(CH,)sCHj3), 1.46-1.50 (m, 4H; Ph-O(CH,),CH,),
1.61-1.67 (m, 4H; Ph-O(CH,),CH,), 1.86-192 (m, 4H; Ph-OCH,CH,), 2.00-2.06 (m, 4H;
Ph-OCH,CH,), 4.12 (t, J = 6.90 Hz, 4H; Ph-OCH,), 4.29 (t, J = 6.90 Hz, 4H; Ph-OCH,), 7.17 (d, J =
8.00 Hz, 4H; 15,20-phenylene H-3"), 7.23 (one of the doublet signals, the other was overlapped with
CHCI;, 2H; 5,10-phenylene H-5"), 7.70 (d, J = 8.00 Hz, 2H; 5,10-phenylene H-6"), 7.78 (s, 2H;
5,10-phenylene H-2"), 8.06 (d, J = 6.30 Hz, 4H; 15,20-phenylene H-2"), 8.85 (s, 4H; pyrrole-£SH), 8.91
(s, 4H; pyrrole-SH); °C NMR (125 MHz, CDCl;) & = 14.1, 14.2, 22.6, 22.7, 26.1, 26.2, 29.32, 29.41,
29.46, 29.54, 29.61, 29.66, 29.73, 29.75, 29.78, 31.9, 32.0, 69.5, 111.7, 113.7, 119.6, 120.0, 120.1,
127.6, 134.8, 135.7, 147.1, 149.0, 155.4; MS (MALDI-TOF): m/z = 1384 [M+H] (calcd. for
CooH127N,O¢ m/z = 1384).

5,10-Bis(4-(5-acetoxypentyloxy)phenyl)-15,20-bis(3,4-didodecyloxyphenyl)-porphyrin (26) D& &

200 mL @ 3 [ SE#Z 25 (89.6 mg, 0.065 mmol)Fs L OV K,CO; (180 mg, 1.30 mmol),
18-crown-6 (34 mg, 0.13 mmol), DMF (7 mL)Z/IllZ, 60 °C T 15 ZpME L7z, ZDi%,
5-bromopentyl acetate (0.22 mL, 1.29 mmol)Z /il %, BIZ 60 °C T 6 KFEIMNEN L 7=, BUGHE T4,
IR E THHE L, CH,CL (100 mL) &N 2. 72, & D%, 788K (5 B TP L. AHH%Z Na,SO,
THMEE U72, NapSO, W5 EIRIZ X 0 BLY BRI, AIROEIEZ TR 595 2 & TF
EOEKRES, ZOEEREZRAY BTV a~ 87T 7 0 — (BEBHEEBBIE CH,Cl:acetone
=100:1) TG 5 Z & T, SEEADEIRD 26 157, (85.5mg. 80.7 %)

'H NMR (500 MHz, CDCl3): & (ppm) = -2.75 (s, 2H; NH), 0.84 (t, J = 6.90 Hz, 6H; CH3), 0.90 (t, J =
6.90 Hz, 6H; CH;), 1.20-1.75 (m, 76H; Ph-O(CH,),(CH,)sCH; and Ph-O(CH,),CH,(CH,),0Ac),
1.81-1.91 (m, 8H; Ph-OCH,CH,CH,)CH; and CH,CH,0OAc), 1.61-1.67 (m, 8H;
Ph-OCH,CH,(CH;)9CH; and Ph-OCH,CH,(CH,);0Ac), 2.11 (s, 6H; OCOCHj), 4.12 (t, J = 6.50 Hz,
4H; Ph-OCH,(CH,),,CH;), 4.20 (t, J = 6.50 Hz, 4H; CH,0Ac), 4.25-430 (m, 8H;
Ph-OCH,(CH,),0CH; and Ph-OCH,(CH,);0Ac), 7.23 (d, J = 8.00 Hz, 2H; 15,20-phenylene H-5"),
7.27 (one of the doublet signals, the other was overlapped with CHCl;, 4H; 5,10-phenylene H-3), 7.70
(dd, J = 1.90 and 8.00 Hz, 2H; 15,20-phenylene H-6), 7.77 (d, J = 1.90 Hz, 2H; 15,20-phenylene
H-2%), 8.06 (d, J = 6.30 Hz, 4H; 5,10-phenylene H-2"), 8.86 (s, 4H; pyrrole-SH), 8.90 (s, 4H;
pyrrole-AH); °C NMR (125 MHz, CDCl;) & = 14.1, 14.2, 21.1, 22.6, 22.7, 22.8, 26.1, 26.2, 28.5,
29.31, 29.41, 29.45, 29.53, 29.61, 29.65, 29.71, 29.77, 31.9, 32.0, 32.6, 64.5, 67.9, 69.4, 111.6, 112.6,
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119.8, 1199, 120.6, 127.6, 130.9 (br), 134.5, 134.8, 135.6, 147.1, 149.0, 158.8, 171.3; MS
(MALDI—TOF) m/z=1640 [1\/["'}1]4r (calcd. for C106H151N4010 mlz = 1640)

5,10-Bis(3,4-didodecyloxyphenyl)-15,20-bis(4-(5-hydroxypentyloxy)phenyl)porphyrin (4) D & ik

200 mL @ 3 [ SSAZRIZ 26 (85.5 mg, 0.052 mmol)Fs X O pyridine (5 mL), NaOMe (190 mg).
MeOH (5 mL)Z %, 6 RFEINEGEREA Lo, RO TH#, FiRE THAI L, CHCl, (100 mL)
ZIMAT=, Z D%, 1 MHCI (2 [E)F L OZKEEK (5 B) THHE L AHAHZ NaySO, THZME L7z,
Na,SO, & W5 [ 12 & 0 BV BRUN o3 AR OS2 RER ET 5 2 & TRADEKRZ ST,
ZOEERERX Y BV e~ N7 T 7 0 — (BETEEIEL CHyClyacetone = 20:1) TR
5HZ LT, BROOBERD 4 21572, (72.6 mg, 89.7 %)

'H NMR (500 MHz, CDCl3): & (ppm) = -2.76 (s, 2H; NH), 0.83 (t, J = 6.90 Hz, 6H; CH3), 0.90 (t, J =
6.90 Hz, 6H; CH;), 1.20-1.80 (m, 80H; Ph-O(CH,),(CH,)CH; and Ph-O(CH,),(CH,),CH,0OH),
1.85-1.91 (m, 4H; Ph-OCH,CH,(CH,)sCH;), 2.00-2.06 (m, 8H; Ph-OCH,CH,(CH,);CH; and
Ph-OCH,CH,(CH,);0H), 3.79 (t, J = 6.30 Hz, 4H; -CH,OH), 4.12 (t, J = 6.30 Hz, 4H;
Ph-OCH,(CH,),0CH3), 4.26-4.30 (m, 8H; Ph-OCH,(CH,),(CH; and Ph-OCH,(CH,),OH), 7.23 (d, J =
8.00 Hz, 2H; 5,10-phenylene H-5"), 7.27 (overlapped doublet and solvent peak, 4H; 15,20-phenylene
H-3), 7.70 (d, J = 8.00 Hz, 2H; 5,10-phenylene H-6), 7.77 (s, 2H; 5,10-phenylene H-2"), 8.10 (d, J
= 6.30 Hz, 4H; 15,20-phenylene H-2"), 8.86 (s, 4H; pyrrole-SH), 8.90 (s, 4H; pyrrole-SH); *C NMR
(125 MHz, CDCl5) 6 = 14.1, 14.2, 22.6, 22.7, 22.8, 26.1, 26.2, 29.27, 29.32, 29.41, 29.46, 29.54, 29.61,
29.66, 29.72, 29.78, 31.9, 32.0, 32.6, 62.9, 68.0, 69.4, 111.6, 112.6, 119.8, 119.9, 120.6, 127.6, 134.5,
134.8, 135.6, 147.0, 148.9, 158.8; MS (MALDI-TOF): m/z = 1556 [M+H]" (calcd. for C0,H;47N,O5
m/z = 1556).

— 14: R = O(CH,)s0Ac

b [/

"~ 1:R = O(CH,)sOH

Scheme 2-2. Synthesis of porphyrin 1. Reagents and conditions: (¢) Br(CH,)sOAc, K,CO;,
18-crown-6, DMF, 60 °C; () NaOMe, pyridine, reflux.
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15: R, = Ry = OAc, Ry = H 18:R, =R, =OH, Ry = H
16:R1=OAC,R2=R3=H 19:R1=OH,R2=R3=H
17:R1=R3=OAC,R2=H 20:R1=R3=OH,R2=H

2: R1 = R2 = O(CHz)sOH, R3 =H
3: R1 = O(CH2)5OH, R2 = R3 =H
5: R1 = R3 = O(CHz)SOH, RZ =H

21:R1 =Rz = O(CH2)50AC, Ry=H
22: R, = O(CH,);0Ac, R, = Ry = H
23: R, = Ry = O(CH,)sOAc, R, = H

Scheme 2-3. Syntheses of porphyrins 2, 3 and 5. Reagents and conditions: (a) propionic acid, reflux;
(b) NaOMe, THF, reflux; (c) Br(CH,)sOAc, K,COs, 18-crown-6, DMF, 60 °C; (d) NaOMe, pyridine,

reflux.

H HO HO a .
N -
oL . R
C12H25
H

Ac  OCqzHzs

OCq2Hgzs

24: R =0Ac
(
25:R=0H
°(
26: R = O(CH,)s0Ac

o
4: R = O(CH,)sOH

Scheme 2-4. Synthesis of porphyrin 4. Reagents and conditions: (a) propionic acid, reflux; (b)
NaOMe, THF, reflux; (¢) Br(CH,)sOAc, K,CO;, 18-crown-6, DMF, 60 °C; (d) NaOMe, pyridine,

reflux.
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2.3. VU= T AREEIZBIFDHRNLT 4 U BT IROER

U= N T ARENATE LT DM Z I BRS 72z, U o — N7 2% 80°C
DY T =TI (HS0430 % H,0,= 70:30 (viv))IZ 1 FER L CHtif L=, =i £ THEE.
VU= HT A% Milli QK TTTE, XILIZMilli Q K THFRESHLZ, DKk, N,
AT LT U — AT Z7A260 uL ® 42 mM RV T ¢ U IR (FEEEE 1: pyridine,
2 ~ 5 CHCL #fif)Z A > 22—k (3000 rpm, 60 )L, MNEVLER L 7=, =i £ TmAI%,
VU — AT AL RGO ERRFE L CWDLHRLT ¢ ) 2 ARIEEE (1 pyridine, 2 ~ 5:
CHCL ZfER) T L, Ny TATHET 52 & TRV T 4 U VB FIRZ ST,

2.4, YV r—"H T AFREIALFRE LT2ARLVT 4 U o OWEEDRE
U — N TARBIAIAEFRELLERL 7 0V OBEMNMERBHZ Y OWEE

T (molecules/cm®) (% 2 i Y O HIETHH L=,

2.4.1. W7 4 ) HFIED UV-vis A7 S L OWLSEEE M & O 5 H 5 0 6b. 6
— AR CTRE4 %D Lambert-Beer O % Eq (2-DITRT,

Abs

solution 1 (2_1)
[(em) X &go1ution (M cm‘l)

AbSgotion: VR H T DWW
o WIRDOBRE,
I R,
Exolution: TR D /VIOARER

cM) =

ZDOEqQR-)EH G FRICHEAT 2 2 & T BMEELYT-D ORIV T 4 U OREROR %
RArTo, B FEOSE . TR Y LRI L VWA, HE [ ICHESFIROBE ¢ &
Avogadro 2 (N)ZHMNT 72 b OIFHMERE LTV OFRL T 4V o ORERE2DHTZD, Eq
Q-DIFKRD X 572 Eq R-)ICEFR TE 5,

I" (molecules cm™) = ¢ (mol L'l) x [ (cm) x Ny X 107

-3
_ Abs monolayer™ ]\-[;X x 110 (2-2)
€monolayer (M7 em™)

AbSmonotnger: BRI DFE LT BT 4 U 2 WA FRED VLS

FVT 4 U > DG FRED T ISR Enonotaye 1ZIMUSKI T DAL T ¢ U v OFELEIMEE 5 8
TH L BRI L TANLT 0 U 03 24 T TELARI DA Gnonclayer = Eolution (Bq (2-3))
bR EN, —HRLT ¢ U U BNENUTE L CIATICE A L, e 2 ORAUCREIC AL L
723585 Emonolayer = (3/2) Exotution (Eq (2-4)) % T EN D, AR THWIZE2TORLT 4 U 0%
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BRI L THLAETHENTER LTS EEXHBNDDOTEqR3) M LT

2.4.2. U r— bH T AREIALEWAE LT-BRLT ¢ ) o OBk X OBLEEE O & &

DA R SOE BEEEM)ZFRIH LT Y r— b7 AREALFERE L TWDHRLT 4 U
CEBBESE, UVvis lE LV ZOliMiEZ2 E&T 52 & T, VU r— b F 7 AREI LS
WG L= 7 4 ) v ORERZE LT,

FT. AT 4 U OWFEENREFICE LT T AFME 50 °C @ 0.1 M NaOH /KK IZ
30 IR T LT, YU A= TTANLFRLT 4V 2RSS 7, NaOH KIEHRIZE L
72T AHME Mill Q K THT W E, ZORE, 379V EMill Q /KIZA 7 AFEMRAR L7 0.1
M NaOH /KIEKE LIRS T2, S HITH 7 AFM A GREIALE (1: pyridine, 2 ~ 5: toluene) THEiF L |
Z OWEIC WA REIESIIRIZ E 0T W MIll Q /K Z TR T2 NaOH KIRIE & 135 0% 2
(Z[E L7z, Mill Q KIS L OVEHSIRBE CHeif L= H 7 A KM E UV-vis HIET 52 LT, v
T—NTTANLERIZARNVT 4 U PERICHBE L Z L 2R Lz, 33T WEMIllQ /K
Z R 72 NaOH KA % 0.1 M HCl THRI L, KEBEREE Lo, Hrifl L7oEREISAHE L
TWDHHRNVT U B AHIABE (1: pyridine, 2 ~ 5: toluene) CHliH L, = DO % J61% EAl
I U 7= ARABEI IR -, AR Z e L L, S oni-&EY % MALDI-TOF-MS &
THIET, WMBEL7ZANLT 4 U UM FRAE SELAOE ReX I RLr7 0 ) o EELET
bHZ EEMER LT, ZOKIEME 6 mL OAMEIEEL (1: pyridine, 2 ~5: toluene)lZiE L, £
DR % UV-vis 7€ L7z, Lambert Beer D=, (Eq (1)) & W IERDOIRE ¢ Z#HH LT, &K1,
Ul — ST ARENACERE LR T 1) o OWRERITEqQQR-5)EVEH L,

I’ (molecules cm™) =c¢ (M) X6mL X N, /SA (cm®) (2-5)
SA: ¥V r— NH T ADOREM

3. AR BB

301 E REXFUARALT U 1~5 DERE X OWHE

1~ 5% Scheme 2-2 ~ 2-4 IZfE> CTHRK L7, 2 ~51% CHCL;, toluene 2R L7-, —J7. 1
X5 ORI IXIE T 72 s> 7228, pyridine 38 £ U DMSO, DMF (2133 fif L7-7-, Hv
74V ORI L o TRIEZ WS TEREZITo 72, £70, TNENDHRNLT 4 Y D
Al 1: 296 °C, 2:271°C, 3:284°C, 4:135°C, 5:330°C ThH-o7-,

3.2. VU — M TAREDORNVT 4V U HSy T UV-vis JIE

fix Db FaXxRL7 40U 0 1~5 OIR (BT 1: pyridine, 2 ~ 5: CHCL, i )& A &7
Ya— LU T — N T T AL R TMBMLEE L%, U 7r— N H T A ERKE
T AE L CWADERLT U 2 ARIAEL (1: pyridine, 2 ~5: CHCL) ClEWE &3 2 & T1
~5 OESTHEAERLL . UV-vis IEICZ VFEH L7z, 1~5 OB (INEVEE: 120 °C,
JNEARERT: 5 4 ~ 5 BRI X OVAIR (IA8E1T 1: pyridine, 2 ~ 5: toluene % it ) UV-vis A7
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RV % Figure 2-1 (29, F£70, Fix ONMBVRE CTIER L7 1 ~5 OF F ORI &
TOWSEE Z MBARF T e v k L7z b D% Figure 2-2 12789, MEVEEE, INEWRER S LA
DIZONTHFREOWNEITIEML, H5—ED L ZATRM UL, fafllELLEED
1~ 5 OHSFIEORYIE & OWIEEE Absg | EZ L E 41 1: 0.061,2: 0.068,3: 0.066,4: 0.042,
5:0.065 TH 7=,

Figure 2-1 £V, T XTORNLT 4 U ATBWTHSY FIED UV-vis 237 kL ORI
WENMEREH L Tl y R 7 ML, TG FRO AT NV DO AT ML XD
Tu— RIZRoTeZ ER0Nb, T, WRT EEANESFIENORLT ¢ U 3Rz L
TWOLRNLT 4 ) EONFHNEELTEBY, S FHEOZX A R—AHAEFEHARR#H Z
EMEELTWDLIEDTEEEZILNS,

EWERHTORNLT 4 U OEAMEIC L o TH O X A R—) VI BAER O & 553 57
D 2T FIVOBEANTENDRE L DT, B FEOEHLD UV-vis AT RV OEWI S K
WRFEHERCTORNLT 4 U OELAMEE FiR L CODHFE IS < @G STy B % -3 6 od te
Figure 2-3 O(1)CQ)(a)DARIZAHRINL 7 4 U U BEMUTE UIPATIZELR LT D856, MR
BEOL Yy RO 7 OREIF/NZIWOIZR L, Figure 2-3 OQ)b)DERIZARNL T 4 U 2 DA
KLHLAETHEHNTEFM L TWDLHEG, Ly FUT7 FOEIIRE S LT ART M7 o
— Riz72 %, Yerushalmi HI1X> T 0w 7V o TR ZRANWTT oo X2 I E w2 E
L7 Si B FE R OFRALIESION)RIHI/ER L= U DRV T 0 U OB O RIZEB W
T, A7 4 U DRIk USEATICER A LT 2 By 1D UV-vis O fEIE: 23 nm, L v
R 7 hOg: 7 nm XL, A7 4 U URERITK Ld DAL THNTWARELR LTV 5D
Ba. B TEO UV-vis A7 L OAllE: 48 nm, L v K7 FOfE: 20 nm L #HE LT
WD (IR T OIS 16 nm), FAFNNEAERICELZ 1 ~ 5 OHES T LIRIED Y — L —H#o0
UV-vis A7 RV OHEIRB L OV v Ko7 MMEAL%E Table 2-1 (27779, Tetraol 1 <2 trans-diol
5 OHS D UV-vis A7 R UITEMIZx L DA W2 Z & 5 Z LR TIRI
% cis-diol 2 B X W monool 3 G L TH nm 72T Ly y—c b3, £y KU 7 K
DOIEEH RENRV, 2D Z &1 tetraol 1 X° trans-diol 5 13m0t R RNy ) r— by
7 AL KRG T, Figure 2-3 OQ2) (bWIR Lo X ) itz L > TNDH I EERBL TV D,
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Figure 2-1. UV-vis spectra (solid line) of (a) tetraol 1, (b) cis diol 2, (¢) monool 3, (d) alkyl-cis-diol 4
and (e) trans-diol 5 bonded silicate glass prepared by heating at 120 °C for 5 min, 10 min, 30 min, 1 h,
2 h,3 h,4hand5 h. UV-vis spectra (dashed line) of (a) tetraol 1 in pyridine, (b) cis diol 2 in toluene,

(c) monool 3 in toluene, (d) alkyl-cis-diol 4 in toluene and (e) trans-diol 5 in toluene.
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Figure 2-2. The change in absorbance at the Soret band of UV-vis spectra of (a) tetraol 1, (b) cis-diol
2, (c) monool 3, (d) alkyl-cis-diol 4 and (e) trans-diol 5 bonded silicate glass versus heating time.
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O(CH,)sOH HO OH

-

HO

! OH
HO(H,C)s0 O(CH2)sOH OH

Unreacted hydroxy groups —> oi/

tetraol 1

OH
OH

Silicate glass |/ | Silicate glass
(1) (2)

Figure 2-3. Schematic representation of tetraol 1 (1) that has no OH groups unreacted with silicate
glass and (2) that has some of OH groups unreacted with silicate glass (porphyrin ring is (a) parallel
and (b) tilted to silicate glass).

Table 2-1. Half-width of the Soret band of various porphyrins 1 ~ 5 (monolayer and solution) and red
shift AL.

Half-width (nm)
Monolayer Solution AX (nm)
tetaol 1 30 13? 10
cis-diol 2 37 13° 11
monool 3 36 13° 13
alkyl-cis-diol 4 29 15° 11
tans-diol 5 32 13° 12

a: in pyridine, b: in toluene

3.3. YU — "I ARENACTRAE LIZARLVT U o OWE &

2.4 1. BLV2. 42 CRLEZ2EYOFETHRH LYY 77— b T AREIFEERAE L
TR T 4 U 1~ 5 DENERE S - D OWFERT (molecules/cm?) % Table 2-2 1277 L7z (I'y: Eq
Q2L VEH L7=WAE &, Ty Eq -5 LV EMH LIERER), £2TORNLT £ U AZBWTT,
WL E DR 2 FEREVEE 2257, Eq Q2)IFHS TIEDOWILE AbSmonotayer & FARK ETDHRIL
74 U ORIAME B E L TEIR O E VRO goion 7 O FLH L T2 B3 11D E AR
B Emonolayer & FANTZRTED, ASRITEW ETORLT 4 Vv - RV T7 4 VD5 FROMAAE
FIZ XV RILT 4 U DA TFIED UV-vis 227 FILDIBIZIRNLT 4 U DIRIED & D & B
72% Z L (Figure 2-) b BET HMERH L7720, 2.4 1R LTEFIETERL T 4 U v OWRE &
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ZRETL20TEY TR EBbhd, —J7, 2. 4. 27TR LI FIEEERD S Bl S & 75
TeARNT 4V OERE RN TND DT, D FE FWEK TOEANARE sorion ZHHT D Z
ENTE, ZIOHRONTEWERLIMEHATELEEZX LN, FEFE. monool 3 O HLALH
FEUTZ 0 OWERD T TICHRE SN TOWAHEHLZROWER’ LIZIERLCTH S,

BRI L TR T 4 U U BATICERM L CWAIBEDORLT o U OWFERIX, R
®LTANT 14 U 228 Figure 2-3 DQ)b)D L 2 12H DAL TEIM L TV D85 L&
ThelhdBxond, LnL, ERICKHLTELT 0 U URPATICELRT 5 & b
7= trans-diol 5 /X FEMUTKT L THRNT 4 U U3 D8 BB THELMI 5 cis-diol 2 K> monool 3
CIFIEF U ERTD, Tholz, ZDZ L XD, FHITHFE LTV trans-diol 5 DT & A LT
205 RrXFUEDOI L 1 DT LAV Y AVZ AT AREERET. A7 40 U R
FERIZK L THLAEITENTEM L TWDH EE X BIDH, —F, tetraol 1 [ cis-diol 2 X
monool 3 L b _RTWERT, LTWAD T, RLT 4 U UBNEMIZK L COETICE ML TWb
AREMEIL S DAY, FHUZ S L7722 TOD tetraol 1 NEAITH L COEATICER L TWDH 0 E 2
DOFERN T2 OIFEE LV, F72. alkyl-cis-diol 4 23 L WEEED, W72 e > T2 DI,
TNAFRNEIC L HIEEEIC LD bDEEEZ NS,

fili 22 OISR THERL L 72 monool 3 @ HLA3 TR DRI K DO W SEEE AbSmonolayer 43 & O}
HALERYS 720 OFRLVT 40V OWHFET, %7 vy h Lich D% Figure 2-4 [ 289, BT
HE DFR R IE e DL AbSmonotayer & WA T, 138 D FREHLBIRAMRIZH 5 DT, HA T
DOBLAPECH AAE I B % 52T 2 A3 TR UV-vis A7 R L ORRRWR I e DO W FE7)>
Dk 72 ROCOER Ligim L CH MW & b b,

Table 2-2. The amounts of porphyrins 1 ~ 5 adsorbed on silicate glass (I).

I x10" X107
(molecules/cm?)* (molecules/cm?)*
tetraol 1 9.3 14
cis-diol 2 9.4 20
monool 3 9.2 18
alkyl-cis-diol 4 4.7 11
trans-diol 5 9.5 20

a: 1; Apax= 426 nm, £=3.96 X 10° cm'M™ in pyridine, 2; Apax= 422 nm, ¢ =4.34 X 10° cm'M"
in toluene, 3; A= 421 nm, £=4.38 X 10° cm M in toluene, 4; A= 426 nm, & =5.35 X 10°

cm "M in toluene, 5; Apax =422 nm, £ =4.14 X 10° cm'M™ in toluene.
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Figure 2-4. Absorbance at the Soret band of UV-vis spectra of monool 3 monolayer versus the

amount I'; of it.

3.4 fix Db Fux R LT 4 U 1~5 30— NTT A LDRIGNE

fixDObe FaX AL T7 401 ~5 2V — NI T7REDRINEEZ IS 572D
Abs(f)/Absg, (Abs(f): INEMEEE 120 °C. JNEAEER] ¢ TER L7=R L7 4 U U HSS %H%@/ v
— 1 DRI T OS2 IEARE 7' m v h L7=d D% Figure 2-5 (2787, Tetraol 1
¥ L W cis-diol 2, monool 3, trans-diol 5 ZLL#ET 2 LAV T 4 U oD RaFx T EOHNRL N
(EESOED A BT 223, B Fa kU BEOMEIISOSMEIC S £ 0 52BN RN LR biroT,
F 7o, RO alkyl-cis-diol 4 N b ISTENR B o7, B KX RALr7 0 UV 7
— NI T ARG E IO W (1 1 B & e, 2N LIBRIZERIZEL 725,
ERROZ LA, 1~3, 5 O@ESIE271°C ~331°C EINBEVEEE (80 ~ 160 °C) X W IX 5 iZ
m< . ZOROEHEER-EERRIGTHD Z L E2BET D L. Figure 2-6 IR T L HICAE 2
— ML FOFTRALT 2 U UBERD2O00KME (A RLT7 4 VD ikl v
V5 — R TTFAREDY T J—NVHEPEHE L THFELTWARE, B: AL7 44D Ra
XLV N TARED YT ) — VENEENL THFEL TWDIRE) T Y 7 — N
TARENFEL, TNTNDREDOE Ru xR 7 0 U U NERDIGHEE TV Y 7r—
FHTZALRISLTWD EbND, ZOHE. A ORETIIA LT 1) roe Fu ik
EVV = T ARBMDY T ) —)VEDPEHE L T D 72O BUGET LTV olzx LB
OIRFEIZ L ) r— " H T AEKRD YT ) —NVENSEENTWDAERLT ) D Rad ik
2, FTMENC LV FEEM LTy T ) — VRERIGESW T LIS HEITT 5720, A OIREE
DEReXIRKLT7 4 VX0V = T TALDRIENEL D EEZXBND, B R
FUHENZNEEFRNVT 4 U AISSHE DR A OIREEE & D ATREMEN T 5720, K
JEHE 2 tetraol 1 > cis-diol 2 > monool 3 (272> 7 B %2 Hivd, F£7-. alkyl-cis-diol 4 DT
135 °C THIBMEEE (23T < . B DIRFED alkyl-cis-diol 4 DB A DOARNL T 4 U LD XX
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Figure 2-5. Comparison of the reactivities of hydroxyporphyrins 1 ~ 5 with silicate glass heated at 120
°C.

A: Porphyrin-OH + silicate glass ki
\ I

Heating Porphyrin-O-Si-
|

/

B: Porphyrin-OH + silicate glass —
ke ki > ks

A B.

OH <« H
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Ho HO™, OH OH
C:H ?H ?H IOH Silicate glass

[ Silicate glass ] ‘ Reorientation
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Figure 2-6. Schematic representation of the mechanism of the reaction of hydroxyporphyrin with

silicate glass.

Figure 2-6 C/RL7ZAD=ALTE KaXx R L 7 0 Vv ) r— AT AOKIGHHE
1T 2%6. MEBWIHORESTAOREOE KX AL 7 0 U nBOREOE Rk
ANVT7 4V RO S L, REBIZADREOE ReX R LT 0 U OB L, K
JRERENEL 2ol EZ BN 5, b L. Figure 2-6 TR L7Z A D = XA TRIGDEITL T
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AUZE., Figure 2-7 @ Procedure (b)IZ-R T L D12 1 BEINEVL T A OIRREDOE R F LR 7 ¢
U UMD LIz 0 HAER L7 B TIRADICHE R L7 4 UV ORIRE A 3 — b
THZETADIRREOE Rax BT ¢ U REIUZEKRAI) & 72D . O % t
IRF R INEVLER U CERE U 72 By 15V X8 3 D J5 % (Procedure (2)) C T RFfH] (T WEfH] = 1 FRFfH
+t ) INEMLER U CERL L 72 B0 IRV E D ARV 7 ¢ U o OWE BN 5 2 & 23
FTE D,

/ y /
w” %% //‘0 OH
/ / : Monool 3 in A state
o HO HO
OH OH H OH OH Y\o'
I A |
( Silicate glass | : Monool 3 in B state
Procedure (a) Porphyrins spin-coated Procedure (b) oo
on silicate glass

l Heating for1 h

(U] (U] (mny

on / H /
// / Wash Spin-coat A »
(o] —_ Q
o on o on "o — > 0 OoH O OH OH o© on J ‘on "on
[ | 1 1 1 [ 1 1 [ | L 1 1 1
( Silicate glass ) ( Silicate glass ) ( Silicate glass )
: Monolayer Heating fort h
Heating fort h b
l and wash with CHCI, l and wash with CHCI,

A W

( Silicate glass ) ( Silicate glass )

Monolayer Monolayer
Figure 2-7. The two procedures for preparation of porphyrin monolayer. Procedure (a): Porphyrin
spin-coated on silicate is heated for 7 h (= 1 h + ¢ h) and washed with CHCI; to yield porphyrin
monolayer (IV). Procedure (b): Porphyrin spin-coated on silicate is heated for 1 h and washed with
CHCI; to yield porphyrin monolayer (II). Then 4.2 mM porphyrin solution in CHCl; (60 pL) is
spin-coated on porphyrin monolayer (II). The resultant glass (III) is heated for t h and washed by
CHCI; to obtain porphyrin monolayer (V).

Procedure (a)lZfE> T, 120°C, T K] (=1 Kefil+ ¢ WKefi) InZ L C/E#L L 72 monool 3 D Hisy
TR E 120°C, 1 REFINENY L CTHESL L 72 monool 3 D B4y T-HED W FED 7 A Absy (a)% Eq (2-6)
TR,
A Absy(a) = Absy— Abs;, (2-6)
Absy: T R EINBVAEE U CTHERL L 72 By P IR OO B
Absyy: 1 RFIINEVLEE U -CESRE U 7 LA 1B D W S

% 72 Procedure (b)IZHE > T, 120°C, 1 KefEINEN L CTHESRL L 72 monool 3 @ #4312 monool 3
® CHCL I (42mM, 60 pL)Z FFEA Y a— h L7tk ¢ RS S IMBVLEL 2 L CHLy
T VERL U 72, ¢ RER O INEVLERLZ 1 0 BN U 72 B9y TR O W G FE DA A Absy (b)% Eq
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2-7) TRk,

A Absy (b) = Abs,— Abs,, (2-7)
T: ~—Z VOB (T (h) =1 (h) + ¢ (h))
Abs,: 1 FFREINBVILEE U CERL L 72 B FIRICHE A B o — R L,
S DT ¢ RERDINEVLEE 2 U CERL L 72 Loy 1R D ok B

JINENERRE] T125%F L CA Absy(a) & A Absy (b))% 7 11~ b L7= % D% Figure 2-8 (27”9, £ D THf
il THA Absy (b)D F 213K E < | procedure (b) TIER L 72 I FRED T INARNT 4 U » O &
DEEIL, PREE—E LIz, Z O %IT Figure 2-6 \OR LTZRUS A T = A 0% XHF+ 5 6072
EBEZLND,

0.020
® Xx=a
0.015 | § *Z@ A
—_~ A
X
% 0.010 A
2 ° (]
< A ()
0.005
[ ]
0.0008 ! ! !
1 2 3 4 5

Total heaing time (h)

Figure 2-8. A Absr (a) and A Absy (b) of monool 3 monolayer versus total heating time.

3.5. HEfidid I E

fal Fnik 75 80123 L 7= tetraol 1 35 U8 cis-diol 2, alkyl-cis-diol 4 D .53 F-LDFR M DK & ~F
TT T AR DA ZWE L, £ ORER % Table 2-3 12773, Alkyl-cis-diol 4 I% 1 531 &
20 4 OOTNFNHEAT D120, BOFIEEIE O KI5 Bk 13 102.6° & HFIZHK
KB T D, Tetraol 1 DHSy FERENAMO RN T 4 U 2 XD BUKIRZ & X0 | tetraol 1 D
450t FaxyED ) BN ORI U r— 77 A LRKIET, tetraol 1 DHLT-EH
U r— N J7 A1 T Figure 2-3 QIR LTEEZ B> TWD 2 L DRIB S L5, Yang B I,
AuFRKRHNC A DD T = = VORI ETICT ANV EEGTHT N T 7= VARLVT 4
N BAERL U 72 By PR OB AR EICB VT, ARIOR RO EN GO &
EWE L, FRHCER EOFRLT 0 U OBLAMEIZ OV TR LTV 5 ™,
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Table 2-3. Contact angles of porphyrin 1, 2 and 4 monolayers on silicate glass.

Contact angle (°)

H,O hexadecane
tetraol 1 75.6 7.3
cis-diol 2 88.7 8.2
alkyl-cis-diol 4 102.6 14.0

3.6. X BRECHHME (XRR HIE)

BRI A& BT 7E LT cis-diol 2 38 X O alkyl-cis-diol 4 D HAY D X B =R E 2470, Bl
LBENTT 1T 7 A (red solid line)d L OHL N T X VG E RNV T 1+ U VEROZED
5725 LARGE LT ET V(Figure 2-10)0°67 4 v 7 4 7 L1777 7 7 A /1 (blue solid line)%
Figure 2-9 |27~ F72 X MRS ERRIE X 0 15 5L/ IR 36 X OMRSE FE % Table 2-4 (2R 9°(5
ENIRE DT 7R A1 01nm EEELTT 4 v T 4 T H2ITST0),

1‘”_.‘ : S S -

1 % 10?2
=
£ 1x10% | N\
2 N\
Q
X 1 x10% \\
- "m*“"*mm.m Mob {
1 x108 . :
0 2 4 6 8 10
26 (degree)
1N (b)
\ 4
1 %102 [\
> \
£ 1x10% ] \
[&]
(3]
% \ 4
€ 1x10% | N\,

26 (degree)

Figure 2-9. Observed (red solid line) and calculated (blue solid line) X-ray reflectivity profiles for (a)
cis-diol 2 and (b) alkyl-cis-diol 4 adsorbed on silicate glass.
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Figure 2-10. Multilayer model of cis-diol 2 and alkyl-cis-diol 4 monolayers.

Table 2-4. Refined structural parameters of cis-diol 2 and alkyl-cis-diol 4

monolyers on silicate glass from XRR data.

cis-diol 2 alkyl-cis-diol 4
thicknes density thicknes density
Layer 3 3
(nm) (g/em’) (nm) (g/em’)
1 0.36 0.69 0.46 0.52
2 1.4 0.26 1.19 0.55
2.33 0.11

3. 7. BRMESE COMKS RIS KET D2V 7 — N T T AREORNVT 4V A TIREO
ZTEME

RN B LoV 7 ¢ U ST % 50 °C @ 1 M HCI (aq)lo—EFRFRTIRIE L, U
IV AT VAEG DK GRS AT ST tk, BREZ ) O THRET 52 L TRV T 4
U B FEOWICE ORvD RS S iz, A BN, Z O HRE D & ST oMK 5y
RSN KIT D U — " H T AERRDRNLT 4 U ST O EMEZ A L, fix D
R 7 4 U ST Abs(t)/Abs(0) (Abs(0): iZTRHIDR/NT 4 U B FED Y — L —Hr
DORBERWILIE T D SEEE . Abs(f): IRIEFFM ¢ TORNLT 4 U VHEyFIRD YV — L — O
WS & DR G 2 iR s FR ¢ T a v b L= b D% Figure 2-11 (1239, &2 THOHRLT 4V
VHA T8N T, RS O HIHB RS TR DD A3 < . Abs(¢)/Abs(0) X 100 =60 34V
6 Z DD DFERL NI 72 D, Alkyl-cis-diol 4 DELLyFHEIIM DR L7 4 U 2%t L TRIGD
FVH] B B D W B DD D3 FE IV, Tertaol 1 33 X O cis-diol 2. monool 3 @ Hiy 1D %2
TEMEDOZE) 2 el 45 & | tetraol 1 & cis-diol 2 I1XIEIE[E U722 DIZ% L. monool 3 IZ#IHADK
HEDOWLRHEN, ZDOZ XD, AVT7 40V PAETLHE R HRL0IT ISt
T CONMKDRK T DREEN LT 52 RN EZBND, 72, tetraol 1 & cis-diol 2 D
ZEMEMZIZER T LW I FERIT, tetraol 1 D 4 5Dt Ruafd T ED ) BN SRy U 7r—k
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7T A &R T, tetraol 1 DHy 751XV &r— N A7 AZK M T Figure 2-3 )7 L 72 i1
EROTNDHZ EERBLTNS,

100 ‘
® tetraol1
cis-diol 2

o 80 monool 3
S alkyl-cis-diol 4
< trans-diol 5
S
[72]
o)
<
1
o)
<

I I I I I I I I I I I I I I
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Figure 2-11. The time course of acid hydrolysis of various porphyrin 1 ~ 5 monolayers on silicate
glass in 1 M HCI (aq) at 50 °C. Solid lines represent the curves fit to the double exponential equation

(2-8). UV-vis spectra were recorded after with pyridine.

3.8. YU —bH T AT n K THEERFE LTV DHRNT 4 ) G FIEOERMESE T Toln
K53 iR BRI 0D 3R B

2TOY Y NVERATAFEEIA URIGEEEH k CIAKSRIG R, E2TORL
T4V UBRICEDOT I NVERATIEGTY U r— M7 AL FRE L T D EGE L.
KR CTIREE L 72NV 7 ¢ U DIRFE A, OFFEIZAL 2 BRI L Table 2-5 12 F & 6
7oA n RCY ) r— AT RAEA LRV T 0V ORE, 4% n-1 STy 7r—h
BT ARG LIZRNT 4 U DR &9 %), £/ Table 2-5 (R L72: & b £ 12.k=0.02
TONKGFECTBBE L7274V OPRE Ay DFFIHIZA % Figure 2-12 12757, Figure 2-12
KV, VU= AT AL THES L TWDRLT 1V ORGSO 9] B
P CHEIMAFET D Z &N DnD, Lol SRIOBIEFigure 2-11) TIXE D X 5 72iFE
HRABH SN ole, 2O L XY AFRTERLIEARLT 0V B FREITNAK S
FR(RPESRA) SR U TR IENAL WSS LT Eh 57 & SRR R E WAL 2 s LTC B Bk S
RE—=FRTHLZ LN bNd,
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Table 2-5. Concentrations of the hydrolyzed porphyrin 4,.; as a function of time ¢ for porphyrins

attached to silica surface through n bonds with the same elementary hydrolysis rate constant (k).

n Scheme Apni (1)

1 4, a4, Ay(t) =1- ek

2 A1§A2 iAz As(t) =1- 2e7kt + g2kt

3 A ﬁAz ﬁAz iA4 Ay(t) =1 - 3e7kt + 32kt — =3kt

4 54,354,505 a As(t) = 1 - 4e Kt + G2kt — go=3kt 4 o4kt

5 oa, 34,54, 54,54,54,  As(t) =1- 57K + 10672kt — 10e73KE + Ge=#kt — oSkt

1.0
0.8 - N =
n=5
0.6 =4y
= ’ n=3
I N2
N 04— /
n=1 /
0.2 / Y%
0.0 - _—— | | |
0 50 100 150 200

Figure 2-12. Plot of the concentrations of the hydrolyzed porphyrin against time. We assume that £ =
0.02.

flix DARNT 4V By FRRE O INIK 53 il 03K B #2218 BRI #eam 3 2 72 91T, Figure 2-11
DNy fiF D#%itA % double exponential decay function (Eq (2-8)) C7 4 v 7 4 7 L, fFb {7
TNENDI/INT A —H —7% Table 2-6 ([T & 0T,

Abs (t)/Abs (0) = peft+ (1-p)e™t  (2-8)
ky: MRS RIZ R UL EITAL R A LTV D EB5Y O NNK S RN 0 s i 78 5
ky: IR FRIZkE U LB 22 BN TAL 2 G LT 2 30550 DMK 53 i S 0D 5 b 388 P T8 4
p: MUK UL EIALTF R AE LTV D ER5 DG

] 4R

k; 1% monool 3 > cis-diol 2 = tetraol 1 DJIE T K E WS ELERAGHALL L 728 % 7~k L7223, alkyl-cis-diol

4 13D FRNLT 4 U XD 1TH/INE W, G- T, alkyl-cis-diol 4 O ¥4y 7S ERME S T TN

KA RIS LTS 8 > 7= DI, TV 8T L 0 BRSO U L 27 LSS D g

SR % KRR LR ENALZE RS LT D B85 DK RS ELT LIZL o Tz
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MHIELEZDBND,

Table 2-6. Kinetic parameters of acid hydrolysis of various porphyrins 1 ~ 5 bonded silicate glass.”

ky/min™! ky/min™ p (fraction of labile
component)
tetraol 1 (49 £ 1.0) X 102 (92 £ 1.0) X 10* 031 *+ 0.02
cis-diol 2 (5.4 + 0.9) X 10> (8.6 = 0.8) X 10* 034 + 0.02
monool 3 (7.6 = 1.5) X 107 (8.1 *= 14) X 10* 042 + 0.02
alkyl-cis-diol4 (5.5 £ 1.0) X 10° (3.0 = 2.0) X 10*  0.54 = 0.02
tans-diol 5 (7.5 £ 1.0) X 10° (1.7 = 0.2) X 10° 0.38 + 0.02

a. Hydrolysis was performed in 1 M HCI aqueous solution at 50 °C. ki, k, and p are defined in Eq
(2-8).

BALRLE R ERoleeiiE, £naoRRsfx0oe Fax R KLy ) oz
Vor— T 2K ETME (80 ~180 °C)T 52 & THRNLT 4 U U OHSFIRZGZ, B R
BXTRNT 4 VeV — N7 ALORIGEZ, AL Rex T EooEing
T IR 7 4 U OREENBVREMEE TIRTESE 22 & TR ET 52 ERHALNICR -
7o FlAZDRNVT 4V H T IROBEMESM COMKG RIS D R EM & g Uiz &
ZAH, b R UEOHAEENSESZ L TREMENRR EL, £T7 X AEICK Y BT
BRI 2 BOKANCT D 2 & Ty YUV AT IVEEG ~DOKDBEDS N RANHIR TS5 Z L T
TR FEOZEMEDN I BT 5 2 ERRALNIRoT, £, B FIHED UV-vis A7
ML DT F K OERARIE . B T IEOBRMESRAIE T T OMMKIREMEDFRER LV | tetraol 1
X 4 >E2TOE ReXdvERT U — T XS L, BRI LT 2B A L7k iE
(Figuure 2-3 (1))%& & > CTE 5 J", Figure 2-3 QIR Lotz &> TW0WD Z LRI N,
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ARG TER & MR B O S XA T S ZAOBREIC W CHERERIEZ LT\ 5 !, 2E Tt
DMED S DT NA A% fGD & S BTG AP Z LT 5 72 0M21E, AL E 7o Fl i % (el
THRLENRSH D, H O EE 5 (Self-Assembled Monolayers, SAMs) i3 MR I LG RES Z I
LCTHEESNTND DO THIRNZE TH Y | AL FHILER A mZ2ERT 2 FEE L OEFICEHT
%7,

Si0, RIENZ AW Y 7 AbEWE AW TER L7 B CHABMEIBIE, (LERICRER Si-C fEEN
L TR mICEE I D LT &2 A 7 VRN v a2 UfEE (Si-0-Si fia) &
R D72, ALER - BUH - B O EMERIER 1B TS 2 Y Ll Bl T ks
WD BONIEHER T2 OIS DGR L > TIEOHEZET T7EL T 7 Ay m xR v —
BB SID C DT, A 7 ALEM T TIRE (BRI 2 & 21306 R & Bs (2 HlE L
RNEWNT RSN B,

— . 2ETHANV ) r— M7 ARMCAEY ZEET 2L LTER LT va—k
¥ T ) =NV OBKEEFOSITARY 7 ACE W TR LN TERIBUGITE & s, B Lz v
T AT IAES (Si-0-C FEA) MK RELE & 2% UCTALE L) D) RN H D,

AMETIE, E FaXxs ARl 7 0 Vo EHNTCY U r— M7 AREIER LA LT ¢ ) U
53 FIED NIRRT D e E & 1h] B S8, ALFRICL E R A/IE R m 25272012, 2
ETROLNIZHAZ S &2 2 SOOI TIMIKDEED Y I —OBFEZ Bfs L, 2 ETiIE B
B XA 1 OO monool 3 KV b FuXk A @HErb, 2R T Y r— T ACEETE
% tetraol 1 X cis-diol 2 D HLIF LD TT BIRIERAME TONMKGIESISIHR L TLETH L Z Lo
Mmofz, £ZT, 1 DHOMMEE LT FeXx v A2 Rt ESE TR L7 4V v E LR Ty
Vo — s 7 AZEET DI & HFEFTE 5 tristhydroxymethyl)methyl %t 35 K Y
tris(3-hydroxypropyl)methyl J& Z M /K 3 fiEMED U o 1 — & L CTHW =, F72, alkyl-cis-diol 4 [ZBi/K
PEDRBDT NFNVEDFEETBALA~DKDRAZR Tod, 2 ETHWZE RrE LR LT 4 >
DH The & FBVESAE CONMKG RN U TRETE 72, FEROBH T, Ossenkamp & ILEEHT
Na— XV T Va— T ) — e ORITIAK LTz UV 2T ViREG O J5 5K 53 iR
FORIZx L CRETH -T2 Z E2WELTND *, ZRHOMEL D | 22 H OIIT alkyl-cis-diol
4 OTNFNELY L) — T 2ADOROERE S SSREEZHEAS 52 & TU Y VT X7 LG
BHET IV NVIETRET D Z LRI TX % 1-hydroxy-2-ethylpentyl J&Z IR fEED Y o B —
ELTHWE, WK sMEY > —& L THIFFC& % tristhydroxymethyl)methyl %535 &L OF
tris(3-hydroxypropyl)methyl 2% 1-hydroxy-2-ethylpentyl 2% fF 5ffix Db R ¥R /L7 ¢ U U (tris
6 35 L % bis-homotris 7, branched-chain 8)% FHW\T U 7r— M T AR EIHER L7=A LT 4 U U H
53 FIEDFEMESAE T CTOMKG RSN T DL EMEDZER % UV-vis A7 FVHITE K OVr1-#lL
HEMEEZ W0 2T VO L D G LT,
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(CH,)30H
) Y~ ) CONH—{—(CH,);0H
p (CHa);0H

6: tris 7: bis-homotris

CHZCH;
{ ) O(CH2)3CHCH,0H

8: branched-chain

C12H25Q,
D ) & )-O(CH3)sOH C12H250 Q @ O(CH3)sOH

O(CH,)sOH
3: monool 4: alkyl-cis-diol

Chart 3-1. Hydroxyporphyrins 3, 4, 6, 7 and 8

2. EBr

2. 1. I KO E 2

CH,Cl, 1% CaH, CTHz L7=%%, A8 LA L7z, THF (348 Na THiK L7-tk. 7888 LT
L 72, NaOEt X EtOH |24 )& Na N2 TER L, 2O E RIS N2 THEH L7, Btk
ORIEB I ORI RO L2 ZOFEMH L, LT 7 0 7 TLCIZ A V7 4o TLC 7
—h20em X 20cm YU TNV 60 ZAEH LIz, U — M7 Z3H 2 ETRLIES D2
L7,

FAB MS A-XZ /Ui JEOL #1:81¢ MStattion IMS-700 & & /o4TaF 26 H L CHIE L7z, ZOfh
OWPEILHF 2 BTR LTS 2 VT o 72,

2.2. Bk

E Ry RmL7 0 6~81%Scheme 3-1 ~3-4 12> CHAEE L, B FuaxsRmLr o v
9IXF 2 FEIIR LI HFIETAEK LT,
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2.2. 1. Tris 6 DAL

Tri-O-(petanoyl)-tris(hydroxymethyl)aminomethane (29)7 &%

200 mL @ 3 [ K& #: 1T  tris(thydroxymethyl)aminomethane 27 (3.75 g, 0.031 mol) ¥ £ O}
p-toluenesulfonic acid monohydrate (9.13 g, 0.048 mol), valeric acid (14.1 mL, 0.13 mol), toluene (150
mL)Z Iz, 10 REEINEGER U7z, SOSHIZAER i T< % 7KIE Dean-Stark k7~ 7 % VW CHLY
PRz, ROSKE T, S|IRE CTHEIL, ISIREW % 28 % NH; KB (2 [B)EKOZEEK (2 [B)T
Ptk Uiz, D%, A% NaySO, THiE L7z, Na,SO, WS IIEIRIC L 0 B Y PR | 2 8T
WMEFTDZ LT, STHEDOATA WROERIKZGTZ, ZOFA /WVIROBIKEZRKN Y TNV~

N27Z 7 4 — (JEBHVAME: acetone:hexane = 1:22)IC L D FERLIG 2% Z & T D EO MY % & T2 AT
HCAA RDIEE L1572 (72.6 mg), ZOILEWIIARLERTD, ZThll BEREFITREEY
DFEFROBFOAEH LTz,

5-(4-Methoxycarbonylphenyl)-10,15,20-triphenylporphyrin (31) D& %

500 mL @ 3 [ i~ #+1Z 4-Formylbenzoic acid methyl ester (9.85 g, 0.06 mol), benzaldehyde (6.09 mL,
0.06 mol)F3 X U propionic acid (300 mL) & Iz, INEEFR A L 7=, INEGER L 7244 pyrrole (8.33 mL,
0.12mol)ZPp->< V LINZ, & BHIZ30 pMENETZ Lic, ROSHKE T, =i E THAIL, propionic
acid ZWERE LT 22 L CRADEKERZ, ZOBENLRA Y DTSNV Ia~ NTT T 4 —
(EBAYAMEIX CH,Clythexane = 10: )2 LY 31 2D A ViEBR T == /LHR /LT 0 U U HEEL -,
SHIBRVADTFNIa~ NI T 70— (BB CH,Clyhexane = 5:1)IC L VR L, RO [H
ko 31 #457=, 'HNMR B X X MALDI-TOF MS OF — Z [ I CHME° & —F L7z, (1.18 g. 5.8 %)

'H NMR (500 MHz, CDCls): & (ppm) = -2.78 (s, 2H; NH), 4.10 (s, 3H; -COOCHj3), 7.73-7.80 (m, 9H;
10,15,20-phenyl H-3’, H-4), 8.21 (d, J = 6.50 Hz, 6H; 10,15,20-phenyl H-2"), 8.30 (d, J = 8.30 Hz, 2H;
S-phenylene H-3"), 8.43 (d, J = 8.30 Hz, 2H; 5-phenylene H-2"), 8.79 (d, J = 4.75 Hz, 2H; pyrrole-/H),
8.85-8.87 (m, 6H; pyrrole-SH); MS (MALDI-TOF): m/z = 672 [M]" (calcd. for C4sH3,N,O, m/z = 672).

5-(4-Carboxylphenyl)-10,15,20-triphenylporphyrin (32) D&%

Ar FFBHSO 500 mL @ 3 A G5#2 31 (1.18 g, 1.75 mmol)3 X O THF (200 mL), KOH /K&
(KOH: 9.82 g, /K: 175 mL)& 2 7=, % 212 MeOH (50 mL)Z %, =R C 24 B Uiz, M
T, 0.5 M HClL KIEIR A2 CHRFI L=, CHClL CHR/LT 4 U v Zdi Li=tg, ik 2 258
K (2 BE)IB L ORIFIEEA 2 B)THE L, A% Nay,SO, TR L7z, NaySO, & W s | gz &
DEY BRE, WRIEEZBIER LTS 2 8T, ROOEERESZ, FHiM (toluene)iZ X W R Z1T ),
LEDEKRD 32 Z2157-,'HNMR B X O"MALDI-TOF MS 5 — & [ I 3CikiE ' & —E L7-, (898 mg.
77.7 %)

'H NMR (500 MHz, CDCls): § (ppm) = -2.76 (s, 2H; NH), 7.74-7.79 (m, 9H; 10,15,20-phenyl H-3’, H-4"),
8.21 (d, J= 6.50 Hz, 6H; 10,15,20-phenyl H-2"), 8.36 (d, J = 8.30 Hz, 2H; 5-phenylene H-3"), 8.52 (d, J =
8.30 Hz, 2H; 5-phenylene H-2"), 8.81 (d, J = 5.05 Hz, 2H; pyrrole-£H), 8.85-8.89 (m, 6H; pyrrole-SH);
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MS(MALDI-TOF): m/z = 659 [M+H]" (calcd. for C4sHsN4O, m/z = 659).

5-{4-N-[Tris(pentanoyloxymethyl)methyl]Jamidophenyl}-10,15,20-triphenyl-porphyrin (33) D& 5%

100 mL @ 3 [ g2 32 (200 mg, 0.30 mmol) & SOCL, (10 mL) & iz, 3 FERINEGER L=, X
JERE T 1% iR E TR AL, SOCL ZIER £ T 5 2 & TREDEER 21572, ZOR{KZ K CHCL
(20 mL)IZ¥EN L, % Z T triethylamine (350 pL, 2.5 mmol)35 S OMiZK CH,CL, (20 mL) 232> L7z 29
(240 pLYZ KIS F L TINA T2, TDORAWZ Ar RS T, =R T 36 Refin#: L7z, BUGHK
T, DUSERZ27288K (2 ) THeE L. A% Na,SO, THZME L7z, Na,SO4 2511812 K 0
RYBRE, WEABEREET 2 28 CRADERERT, ZOBEKZRX VD5 ru< 7T
7 4 — (EBAALE: CHyClyacetone = 50: )12 & 0 425 2 & T EEADEKRD 33 21572, (171 mg.
56.1 %)

'H NMR (500 MHz, CDCl;): & (ppm) = -2.78 (s, 2H; NH), 0.94 (t, J = 7.25 Hz, 9H; CHs), 1.37-1.44 (m, 6H;
CH,CH;), 1.66-1.72 (m, 6H; CH,CH,CHj;), 2.45 (t, J = 8.00 Hz, 6H; COCH,(CH,),CH3), 4.74 (s, 6H;
CH,0CO), 7.29 (s, 1H; CONH), 7.73-7.81 (m, 9H; 10,15,20-phenyl H-3’, H-4"), 8.14 (d, J = 8.00 Hz, 2H;
S-phenylene H-3”), 8.22 (dd, J = 2.20 and 6.90 Hz,6H; 10,15,20-phenyl H-2"), 8.31 (d, J = 8.00 Hz, 2H;
5-phenylene H-2"), 8.78 (d, J = 4.35 Hz, 2H; pyrrole-SH), 8.85-8.87 (m, 6H; pyrrole-SH); *C NMR (125
MHz, CDCL;) & = 13.7, 22.3, 27.0, 34.0, 59.3, 63.0, 118.4, 120.4, 120.6, 125.3, 126.7, 127.8, 131.4 (br),
133.3, 134.5, 134.8, 142.0, 146.0, 167.4, 174.0 ppm; MS (MALDI-TOF): m/z = 1014 [M+H]" (calcd. for
CssHesNsO7 m/z =1014).

5-{4-N-[Tris(hydroxymethyl)methylJamidophenyl}-10,15,20-triphenylporphyrin (6) ?> & %

Ar FFK D 50 mL @O 2 O G##Z 33 (100 mg, 0.099 mmol)Fs & Y K,CO5 (4.10 mg, 0.03 mmol),
EtOH (8 mL), DMF (8 mL)%& Il %, ZE{RC 18 MEf$#HE L=, KIS T# . CH,Cl, (50 mL) & % 7=
POGHIR 2 788K (2 [E) THEM L. FHHH % NaySO, TRz L7, Na,SO, & W5 Iz X v B v B
X, WIEAZWIER ET 52 L CHRADEKREZST, ZOEKE 7L XT T 7 TLC (BT HE:
CH,Cl,:MeOH = 40:1)IZ X W #Hl4 2 Z L THREADEIKRD 6 Z2157-, (47 mg. 62.6%)

'H NMR (500 MHz, DMSO-d;): & (ppm) = -2.89 (s, 2H; NH), 3.85 (d, J = 5.75 Hz, 6H; CH,OH), 4.87 (t,J =
5.75 Hz, 3H; OH), 7.68 (s, 1H; CONH), 7.81-7.86 (m, 9H; 10,15,20-phenyl H-3’, H-4"), 8.22 (d, /= 5.70 Hz,
6H; 10,15,20-phenyl H-2"), 8.25 (d, J = 8.05 Hz, 2H; 5-phenylene H-3’), 8.31 (d, J = 8.05 Hz, 2H;
5-phenylene H-2"), 8.84 (m, 8H; pyrrole-SH); *C NMR (125 MHz, DMSO-d,) & = 60.5, 63.0, 118.9, 120.0,
120.2, 125.9, 126.9, 128.0, 131.1 (br), 133.9, 134.1, 134.7, 141.1, 143.9, 167.1 ppm; MS (MALDI-TOF):
m/z =762 [M+H]" (calcd. for C4H4NsO4 m/z = 762).

2.2.2. Bis-homotris 7 DA A%

Tris-O-(pentanoyl)-4-amino-4-(3-hydroxypropyl)heptane-1,7-diol (30)D & 5%
100 mL @ 3 [ & isgsiZ 4-amino-4-(3-hydroxypropyl)heptane-1,7-diol 28 (0.92 g, 4.48 m mol)3 L O}
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p-toluenesulfonic acid monohydrate (1.39 g, 7.32 mmol), valeric acid (1.95 mL, 18.0 mmol), toluene (50
mL)Z A, 15 KEEIIEGER L7z, ROSHFIZAEMR ST %KIiE Dean-Stark b7~ 7 & W THRY
B, BOSHE T, RIEE TmAIL, RISEAY % 28 % NH; K (2 [ JUZRRK (2 [)
THEH LTz, ZDth, A% Na,SO, THAME L7, Na,SO, 251 TEIEmIC LV B v PR, A%
JERET D2 L THOTHADT A /WROERIKZGTZ, ZOWEELE I TN~ 7T 7 4
— (EBHTAEE: ethyl acetate:MeOH = 10:1)IZ X W RS 5 Z & CTEEAEH CTAA /LRD 30 21572,
(847 mg, 41.3 %)

"H NMR (500 MHz, CDCls): & (ppm) = 0.92 (t, J = 7.45 Hz, 9H; CH;), 1.31-1.39 (m, 12H; CH,CNH, and
COCH,CH,CH,CH), 1.58-1.64 (m, 12H; CH,CH,CNH, and COCH,CH,CH,CH;), 2.30 (t, J = 7.45 Hz, 6H;
COCH,), 4.06 (t, J = 6.90 Hz, 6H; CH,CH,CH,CNH,); *C NMR (125 MHz, CDCLy) & = 13.7, 22.3, 22.9,
27.1,34.1,36.1, 52.6, 64.5, 173.9 ppm; MS (FAB): m/z = 458 [M+H]" (caled. for CosHuNOg m/z = 458).

5-{4-N-[Tris(3-pentanoyloxypropyl)methyl]carbamoylphenyl}-10,15,20-triphenyl-porphyrin (34) DA fi%,

100 mL @ 3 [ g2 32 (200 mg, 0.30 mmol) & SOCL, (10 mL) & %, 3 EEfIMEGER Lz, X
JERE T % IR E THAIL, SOCL ZER 572 Z & ThrEDEIRZ 1572, Z DOREKRZ/K CH.CL
(20 mL)IZ¥EN L, % Z T triethylamine (380 pL, 2.7 mmol)35 & OMi7K CH,CL, (20 mL)IZ¥E 72> L 7= 30
(200 pL, 0.60 mmol)Z K H Ciiii F LTz 72, ZDRAW % Ar R T, IR T 36 RefifE#F L
7o BUSHE TR, BOSHIRZ 758K 2 [E)TYeE L. AH%FH A NaySO, THuME L7=, Na,SO, WK 5|
T XV B BRE, WA ER LTS5 2 L CRADEKRERZ, ZoEEEZRA Y BTy
n~ K777 40— (BBAVAEE: CH)Cly:acetone = 60: 1)\ 2 X W AFRI L7z, FiZ, XV W5 vrm~
k7T 7 ¢ — (BBIEEE: CH,Cly:acetone = 40: 1)IZ L W KR 25 = & THREADEIKD 34 2157, (131
mg, 40.0 %)

'H NMR (500 MHz, CDCl;): & (ppm) = -2.78 (s, 2H; NH), 0.93 (t, J = 6.90 Hz, 9H; CHj), 1.34-1.42 (m, 6H;
CH,CHj), 1.59-1.68 (m, 6H; CH,CH,CHj;), 1.75-1.80 (m, 6H; CH,CH,CNHCO), 2.02-2.05 (m, 6H;
CH,CH,CH,CNHCO), 2.36 (t, J = 7.40 Hz, 6H; COCH,(CH,),CH};), 4.19 (t, J = 6.85 Hz, 6H; CH,0CO),
5.96 (s, 1H; CONH), 7.74-7.81 (m, 9H; 10,15,20-phenyl H-3’, H-4"), 8.10 (d, J = 8.00 Hz, 2H; 5-phenylene
H-3), 8.21 (dd, J = 1.70 and 7.15 Hz, 6H; 10,15,20-phenyl H-2), 8.27 (d, J = 8.00 Hz, 2H; 5-phenylene
H-2’), 8.80 (d, J = 5.15 Hz, 2H; pyrrole-SH), 8.85-8.86 (m, 6H; pyrrole-AH); °C NMR (125 MHz, CDCL;) &
=13.7,22.3, 229, 27.0, 31.5, 34.1, 58.7, 64.2, 118.4, 120.4, 120.6, 125.1, 126.7, 127.8, 131.8 (br), 134.7,
134.8, 142.0, 145.7, 166.9, 173.9 ppm; MS (MALDI-TOF): m/z = 1097 [M]" (caled. for C;0H;sNsO; m/z =
1097).

5-{4-N-[Tris(3-hydroxypropyl)methyl]carbamoylphenyl}-10,15,20-triphenylporphyrin (7) D & %

Ar ZZBH5 O 50 mL @ 2 A S sastZ 34 (137 mg, 0.12 mmol)3 & IVNaOEt (36 mg, 0.54 mmol), EtOH
(6 mL), DMF (5 mL)Z /%, =R T 6 REfifRER L=, BUSHKE T, CHLCl, (50 mL) % I % 7 SO
278K (2 B TUE L. A% Na,SO, THAME L7-, Na,SO, ZW 3| J8Ic L v v frx . &
BAMEREET L2 CEHRAOEKEZEL, ZOBEKE T L NT 7 47 TLC (JEEEE:
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CH,Cl;:MeOH = 15:1)(Z X W FE#5 2% = & THREDOEIRD 7 #437-, (87 mg, 85.8 %)

'H NMR (500 MHz, DMSO-dj): & (ppm) = -2.92 (s, 2H; NH), 1.51-1.54 (m, 6H; CH,CH,0H), 1.86-1.90 (m,
6H; CH,CH,CH,0OH), 3.47 (m, 6H; CH,OH), 4.49 (t, J = 4.90 Hz, 3H; OH), 7.76 (s, IH; CONH), 7.82-7.88
(m, 9H; 10,15,20-phenyl H-3°, H-4"), 8.22-8.24 (m, 8H; 5-phenylene H-3" and 10,15,20-phenyl H-2’), 8.28
(d, J= 8.05 Hz, 2H; 5-phenylene H-2’), 8.80-8.84 (m, 8H; pyrrole-3H); *C NMR (125 MHz, DMSO-d;) & =
26.7,31.1, 58.7, 64.2, 119.0, 120.0, 120.1, 125.9, 126.9, 128.0, 131.2 (brs), 134.0, 134.2, 135.4, 141.1, 143.4,
166.0 ppm; MS (MALDI-TOF): m/z = 845 [M]" (calcd. for CssHsNsO, m/z = 845).

2.2. 3. Branched-chain 8 ® &%

2-Ethylpent-4-enoic acid (35)@AEE10

Ar FRFHSD 200 mL @D 4 [ 5 i#tZ 1.6 M n-BuLi @ hexane 15#%(49.3 mL, 79.0 mmol) & it /K THF (30
mL)Z Nz, -78 °C £ THHEIL 7, %@?ﬁfﬁﬂ’ diisopropylamine (15.2 mL, 107.5 mmol) % i I L 72753
OINZ 7%, 0°C TS50 L, FE-78 °C £ THHEI L7z, BUSERIZ TMSCI (10 mL, 79.0 mmol)
ZPo< Y EINZ, WIZHK THF (15 mL)IZ¥& 2> L7z allyl butyrate (10.3 mL, 71.6 mmol) DAE % i
TLARNLIMA-%, |IEE TED, T 2 FRRMBGER L, =EihE THmEE. 5 % NaOH
JKYEHE (100 mL) % 1 2 7= SO IAHE % diethy ether (2 [A]) THE#E L /KFE & [E1UX L 7=, R IZ conc. HCVice
THEAVEIZ LT KME LG % CHCL (4 BENTHI L. 2 DA BEAE A Na,SO, THEMR L 72, Na,SO,
UGB EEIC X 0B BRE WA IR £T 5 2 L TRABHOWIKRD 35 2157, 'H NMR ®
F— I CEE P~ L7, (7.78 g, 84.8 %)

"H NMR (500 MHz, CDCls): & (ppm) = 0.96 (t, J = 7.45 Hz, 3H; CH,CHj), 1.98-2.02 (m, 2H; CH,CHs),
2.23-2.29 (m, 1H; CH,= CHCH,CH), 2.36-2.43 (m, 2H; CH,= CHCH,), 5.04 (dd, Jy; = 10.3 Hz, Jyen = 1.15
Hz, 1H; CH,= CH), 5.09 (dd, Jys = 16.9 Hz, Jgw = 1.15 Hz, 1H; CH,= CH), 5.73~5.81 (m, 1H; CH, = CH),
11.2 (brs, 1H; COOH)

5-Bromo-2-ethylpentanoic acid (36) DA °

200 mL O 3 [1G2T 35 (5.05 g, 39.4 mmol) & hexane (150 mL)& /%, 0°C £ CHHEIT 5, HH
%, U< B L7223 5 25 % HBr/Acetic acid ¥A9% (19.6 mL, 78.8 mmol)Z&{ii F LTz 7-, =R ¥
THD7%, 1R L=, 77— 3 2KV acetic acid DFH> 5 438 L 7= hexane DFH %
AREK (3 E)THE L. WRICABEM %2 Na,SO, THME L7, Na,SO, Z W BRI L By frE ., R
AT 5325 2 LT, AU —T B TAHA VRO 36 2437, 'THNMR OF — & |30k > B e —
L7, (5.90g 71.6%)

'H NMR (500 MHz, CDCL): & (ppm) = 0.97 (t, J = 7.45 Hz, 3H; CH,CH;), 1.54-1.80 (m, 4H;

BrCH,CH,CH, and CH,CH), 1.85-1.96 (m, 2H; BrCH,CH,), 2.31-2.37 (m, 1H; CH), 3.42 (td, J = 6.59 Hz,
Jgem = 1.80 Hz, 2H; BrCH,), 11.3 (brs, 1H; COOH)
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Methyl 5-bromo-2-ethylpentanoate (37) D&%

50 mL @ 2 [ SCIGHRIT 36 (2.09 g, 10 mmol) & SOCL (10 mL)Z A%, 0°C T30 435 L7, o
< D & MeOH (10 mL) &2 NN 2 7-t%. BUGTAWRZ 0°C THIZ 2 BEIRIR Lz, W2 =L L, 7%
¥ % ethyl acetate (50 mL) TYAM L=, % O Z KK 2 )T L. A% Na,SO, THL
L7, Na,SO, B ERIZ L0 B bRE, WA BIERE LT 52 & T, R TH A1 ko 37
2572, (1.77 g, 79.0 %)

'H NMR (500 MHz, CDCL): & (ppm) = 0.90 (t, J = 7.45 Hz, 3H; CH,CH;), 1.51-1.76 (m, 4H;
BrCH,CH,CH, and CH,CH), 1.79-1.87 (m, 2H; BrCH,CH,), 2.29-2.34 (m, 1H; CH), 3.39 (td, J = 6.59 Hz,
Jgem = 1.80 Hz, 2H; BrCH,), 3.69 (s, 3H; COOCH;); *C NMR (125 MHz, CDCl;) 8 = 11.7, 25.5, 30.4, 30.6,
33.3,46.4,51.5,176.3 ppm

5-(4-(4-Ethyl-4-methoxycarbonylbutyloxy)phenyl)-10,15,20-triphenylporphyrin (38) D& 5%

100 mL @ 3 A HERIZ 19 (647 mg, 1.03 mmol)FS & TVK,CO5 (0.71 g, 5.14 mmol), 18-crown-6 (1.36 g,
5.15 mmol) . DMF 30 mL)Z /X, 60°C TI15p#H#EL7=, ZD%, 37 (1.15 mg, 5.15 mmol) & I
2T, 60°C THIZ 4 FFHLHE L7z, EiRE TWmAI%R., CHCL (100 mL)Z X 72, & OUHR % 7584 K
(5 ENTHeE L, A% Na,SO, THEE L7-, Na,SO, W5 [EEIC L0 Y Br& . WA E"
ET 2 THREBDOERERTL, ZOEKEZERX Y DTSNV Isa~ T T 0 — (BB
CHCls:hexane = 20:1)Z L W R L 72, & 5ICHAS S (CHCly/hexane)lZ X 0 fEH4-2 = L CEAD[H
Ko 38 437z, (556 mg. 70.2 %)

'H NMR (500 MHz, CDCl;): & (ppm) = -2.77 (s, 2H; NH), 0.99 (t, J = 7.40 Hz, 3H; CH,CH;), 1.65-1.79 (m,
2H; CH,CH;), 1.84-1.99 (m, 4H; Ph-OCH,CH,CH,), 2.49-2.53 (m, 1H; CH), 3.77 (s, 3H; COOCH}), 4.25
(td, J = 6.01 Hz, Joery = 1.92 Hz, 2H; Ph-OCH,), 7.27 (one of the doublet signals, the other was overlapped
with CHCl,, 2H; 5-phenylene H-3"), 7.73-7.80 (m, 9H; 10, 15, 20-phenyl H-3°, H-4"), 8.11 (d, J = 8.60 Hz,
2H; 5-phenylene H-2), 8.21 (dd, J = 6.88 Hz, J = 1.15 Hz, 6H; 10, 15, 20-phenyl H-2), 8.84 (m, 6H;
pyrrole-/H), 8.88 (d, J = 4.60 Hz, 2H; pyrrole-AH); *C NMR (125 MHz, CDCly) & = 11.9, 25.6, 27.4, 28.7,
47.0,51.5,67.9,112.7, 119.9, 120.1, 120.2, 126.7, 127.7, 131.0 (br), 134.5, 134.6, 135.6, 142.1, 142.2, 158.8,
176.6 ppm; MS (MALDI-TOF): m/z = 772 [M]" (caled. for Cs;HuuN,O;3 m/z = 772).

5-(4-(4-Ethyl-5-hydroxypentyloxy)phenyl)-10,15,20-triphenylporphyrin (8) D& %

Ar FFBHAO 200 mL @ 3 1 G#c LiAlH, (123 mg, 3.25 mmol) & itk THF (50 mL)% iz, 0 °C
WZWEI LT, Z ORI/ THF (70 mL)IZ¥A 7> L7z 38 (500 mg, 0.65 mmol) DI 2 ~ L, =
IR C 2 KFR#R L 7=, Sodium sulfate decahydrate (50 g)& Iz, =W CTHIZ 1.5 FeflIR#E L7z, BUL
VIR A Al LTS 72 AIROVSIE A ER 57 5 2 L CRADEIRAE 7, Z O[EK%E CHCL THED
L7, TOWMREZREKQ B)THE L, A% Na,SO, TR L72, Na,SO, & W51 JEiEIz kv
HRYBRE, WEABERE LT 2 2 & CRADERERT, ZOBEKZR VD5 ru< 7T
7 14— (BB CHCly:acetone = 50: 1)IZ K 0 KR L7-, S HICHH5 A (CHCly/hexane)lZ J 0 R
T5HZ L THRADEIKD 8 Z157-, (352 mg. 72.3 %)
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'H NMR (500 MHz, CDCl;): § (ppm) = -2.76 (s, 2H; NH), 1.01 (t, J = 7.45 Hz, 3H; CH,CH;), 1.34 (t, J =
5.15 Hz, 1H; OH), 1.47-1.51 (m, 2H; CH,CH3;), 1.58-1.73 (m, 3H; Ph-OCH,CH,CH,CH), 1.98-2.04 (m, 2H;
Ph-OCH,CH,), 3.68-3.71 (m, 2H; CH,OH), 4.25 (t, J = 6.30 Hz, 2H; Ph-OCH,), 7.27 (d, J = 8.60 Hz, 2H;
S-phenylene H-3"), 7.73-7.79 (m, 9H; 10, 15, 20-phenyl H-3°, H-4"), 8.11 (d, J = 8.60 Hz, 2H; 5-phenylene
H-2%), 8.21 (d, J=7.45 Hz, 6H; 10, 15, 20-phenyl H-2"), 8.84 (m, 6H; pyrrole-£H), 8.88 (d, J=4.60 Hz, 2H;
pyrrole-H); *C NMR (125 MHz, CDCl3) & = 11.2, 23.4, 26.8, 27.0, 41.9, 65.2, 68.5, 112.7, 119.9, 120.1,
120.2, 126.7, 127.7, 131.0 (br), 134.4, 134.6, 135.6, 142.2, 158.9 ppm; MS (MALDI-TOF): m/z = 744 [M]"
(caled. for Cs;HyuN,O, m/z = 744).

(CHz)nOH a (CHz)nOCO(CH2)3CH3
H, CH,y),OH —> H CH2),OCO(CHz)3CH3
(CH,),OH (CH3),OCO(CH,)3CH;
27:n=1 29:n=1
28:n=3 30:n=3

Scheme 3-1. Syntheses of 29 and 30. Reagents and conditions: (a) valeric acid, p-toluene sulfonic acid,

toluene, reflux.

H HO HO a
@+é+é _""

COOMe

®
o
g

~~ 31:R=COOMe f 33: R = CH,0CO(CH,)3CH3
d

b
Kx 32: R = COOH . 6: R = CH,OH

Scheme 3-2. Synthesis of porphyrin 6. Reagents and conditions: (a) propionic acid, reflux; (») KOH, THF,
rt; (¢) 1. thionyl chloride, reflux, 2. 29, triethylamine, dry CH,Cl,, rt.; (d) K,COs;, EtOH, DMF, rt.
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32: R = COOH b ( 34:R= (CH2)3OCO(CH2)3CH3

7:R = (CH,),0H

Scheme 3-3. Synthesis of porphyrin 7. Reagents and conditions: (@) 1. thionyl chloride, reflux, 2. 30,
triethylamine, dry CH,Cl,, rt; (b) EtONa, EtOH, DMF, rt.

O(CH2)3(|3HR
CHoCHs

C 38: R = COOCH;

e

8: R = CH,OH

Scheme 3-4. Synthesis of porphyrin 8. Reagents and conditions: (¢) LDA, TMSCI, dry THF, -78 °C to

reflux; (b) 25 % HBr in acetic acid, hexane, rt; (¢) 1. thionyl chloride, 0 °C, 2. MeOH, 0 °C; (d) 37,
18-crown-6, DMF, 60 °C; (e) LiAlH,, dry THF, rt.

2.3. YU — NI TAEHEEZBIT DRV ¢ U VST IROER
RNT 4 Y HSPEIX 2 ECRLEFIETER L, 72720, A7 4 U UEEROERE LW
FEARL DV T A HEIAIEIE 6 38 X OV 7: pyridine, 8: CHClLy 2 L 7=,
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3. fiE Rk L OvE s

3.1 E REFIUARLT 4 U 6~8 DERKK XU

6 ~ 8 % Scheme 3-1 ~ 3-4 [ZHE~> CTHAL L=, 8% CHCls, toluene [ZIAfF L7z, —J7. 6 BL VT
L0 OEEZITE T 72y > 7203, pyridine 2 O DMSO, DMF [ZI33EfiE L7=7=, L7 4 U v
DFEFAIC K > TR AN T TEREZIT o 7o, £ AV 7 1 U ORI 8: 244 °C Th o 7273,
6 BLUNT71E350°C £ TMAL TS MRS TE 90 L7z,

3.2 LU e R T REFOFRNT 4 U LW FIED UVevis JIE

6 ~ 8 DHL i CINEMRL: 120 °C INEARER: 5 53 ~ 5 W) d6 & ONEIR (FR 113 6 & 7: pyridine,
8: toluene Z i H)D UV-vis A7 k)L % Figure 3-1 [Z”"7, 2 W EFEEE, T XTORNLVT 1 U 02
BUTHATID Uvvis 252 ML ORRTRIRBEE IR B LTl Fo7 b L. E784
FRED A2y MATEERD ALY M LY T a— NiZiotz, £, 6~8 OHA RO MR
FCOMIE A MBI T 1 b L b 0% Figure 3:2 1SR, 6~8 DY FIEORARITS &
DOWEHE Abse (XZ A4 6: 0.042, 7:0.045, 8:0.062 CTHIFNIZZE L=, faflERICELZ 6~8 D
HY T L RIEOD Y — LD UVevis A2 R VDA R L » R 7 MEALZ Table 3-1 127
. ENENO R FAOLEIRE 203 SIEERALTHY . 2503 & FRICERICH L5
TR E & D T LTSNS,

0.08 0.08
0.07F (a) 0.07F (b)

—— 5min —— 5min
0.06 10 min 0.06 - 10 min

8 0.05}F ?(Lmln 3 005 (130hm|n

% 2h % 2h

e - o -

é 0.04 _32 é 0.04 _2:

g 0.03 oh g 0.03 5h
0.02 - - - in pyridine 0.02 - -~ in pyridine
0.01 0.01
0.00 . ! L 0.00 I

380 400 420 440 460 480 500 380 400 420 440 460 480 500
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Figure 3-1. UV-vis spectra (solid line) of (a) tris 6, (b) bis-homotris 7 and (c) branched-chain 8 bonded
silicate glass prepared by heating at 120 °C for 5 min, 10 min, 30 min, 1 h, 2 h, 3 h, 4 h and 5 h. UV-vis
spectra (dashed line) of (a) tris 6, in pyridine, (b) bis-homotris 7 in pyridine and (c) branched-chain 8 in

toluene.
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Figure 3-2. The change in absorbance at the Soret band of UV-vis spectra of (a) tris 6, (b) bis-homotris 7 and

(c) branched-chain 8 bonded silicate glass versus heating time.
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Table 3-1. Half-width of the Soret band of porphyrin 6 ~ 8 (monolayer and solution) and red shift width AX.

Half-width (nm)
monoolayer solution A\ (nm)
tris 6 36 12 7
bis-homotris 7 34 13 7
branched-chian 8 35 13° 13

a: in pyridine, b: in toluene

3.3. YU — b T ARENALERAE LTIV T 4 U o OYE R

2.4 2 CRLIEFETHH LIS U r— M B 7 AREIALERAE LIZANLVT 1 U > 6~8 DHALH
FE 72 © OWAERT, (molecules/cm?) % Table 3-2 {27k L7z, U 77— b H 7 AR ENALFEWLAE LT tris
6 3 X O bis-homotris 7 DWW EET, & 2 ET/RL7- monool 3 LIFIERI U TH-7=DITH L.
branched-chain 8 D& &, X/ L7z,

Table 3-2. The amounts of porphyrin 6 ~ 8 Adsorbed on Silicate Glass (I',).

I', X 10" (molecules/cm?)*

tris 6 17
bis-homotris 7 19
branched-chain 8 13

a: 6, hmax= 421 nm, £ =434 X 10° cm'M™" in pyridine, 7; Apax= 421 nm, &= 4.15 X 10° cm"M" in
pyridine, 8; Apax =420 nm, £=4.60 X 10 cm ™M™ in toluene.

3.4 FlixDE FRFTHRNLT 4V 6~8BLV3 &V r— T AL DRIGMHE

AEl FIICAR LT RRX AR L7 406 ~8BLUN2ETRLIEE Ra®sARLr7 2V
V3LV = AT AL DGR ST D 72012, Abs(f)/Absg (Abs(r): MNEEEE 120 °C. JNEA
BEf ¢ TIERLL 72NV 7 ¢ U VB T ) — L —H DR R UL = O W EE) 2 INEVEER] © 7' 1
v M L7 D% Figure 3-3 12T, U r— M7 AL DRIENED tris 6 = bis-homotris 7 > monool 3
L2 BTORLEEICE RaxvEoHNRZ W E XS ME2 m E L7z, —J. branched-chain 8 &
monool 3 1E U 7 — b7 AL DOUSHENIZIEFR L TH T2 L L0 BT 1 U OFx % INE
BEMEIE TP RV ERIGMEICEE L enw e Bbhsd, 70, b e 3ioxt LAV OALEIC
LT NIEONKREEFEIZ ) r— T T AL DORICEICEBZ B LIES RN EEI NS,
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Figure 3-3. Comparison of the reactivities of hydroxyporphyrin 3, 6, 7and 8 with silicate glass heated at 120
°C.

3.5.Bis-homotris 7 38 X W tris 6 & 'V 77— ~ I T A L OFEETRALD 53 FET LV OWFSE

Sy FHEE R 2 VT bis-homotris 7 B X W tris 6 D3 22 TH LIX2 2Dk Ry
U — NI T7RHES LTI EN =R X —IZZENICOWN TR LTe, YU r— R T 7 20K
boizertlarS Mlo7 oy ) —r— oS 2T v e Loy ) 2 R A0,
EUEV BT A OREE) D ALO; AR Z LY B & Si0, WA D& 2 B H L7z, 72,
KD Si-0O % Si-FIZ@E &z, VU Wil OET A% % 572 (Chart 3-2),

Chart 3-2. A model silica surface for attachment of tris or bis-homotris moieties. Octahedral layers were

deleted to extract the tetrahedral SiO, layers. All the peripheral Si-O were replaced with Si-F to obtain the

model silica surface.
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ab initio 53 T B FE(B3LYP/6-31G(D) level)'* T Chart 3-2 Tix L 72438 & S 20 B i b L 7=,
& W {k L 7= Si0, @ & 5 /b R M (Si30.sHi3Fe) 1& bisshomotris 7 D U > B — ¥ AL -
tris(3-hydroxypropyl)methyl moiety (CsHsCONH-C(CH,CH,CH,OH)3)35 X W tris 6 D U > 71— (L DE
7 Vi 1,3-propanediol & Z I ZEFER B, U & — FERSY(Si30.5Ho3Fo) D& X E E L, ZiLLish
D & few ik L 7= (Figure 3-4: tris(3-hydroxypropyl)methyl linker- Si;;0,sH3Fo. Figure 3-5:
1,3-propanediol- Si 30.5H3Fo). Tris 6 ® U > A —HERAL: tris (CH(CH,OH); 42T OH H:73 Si0, DET
IV (Si308H sFC G A L 72 ABE OB b Dl 7oy, MY G2 S0 Z e TE o7z
». 1,3-propanediol Z iV IZHV =,

Figure 3-4 C/r L 728EIZ . tris(3-hydroxypropyl)methyl moiety (% 3 2DV L= AT )LiEA %I LT
SiO, DETF NS A L ET2ARR L7 4 U B L TWD 7 = =V CHFS D b A
— T RANR=ZAZ AN T WD, ZDZ &5, bis-homotris 7 IR fEE 72 < 3 Ao Y L
TRATIREGEN LTV — M7 ARG TE D Z LRI N5,

\ @
(- &
@ ® €. (CH,);OH
¢ ® < 0=CNH&—(CHZ)3OH
. - - 2 (CH2)3OH
¢ o &
‘ 4 I 4 bis-homotris 7
& k‘\\‘ ” ’\&’ A
. s : B F F
o b ® 7 | sl’_
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Figure 3-4. Tris(3-hydroxypropyl)methyl linker, CsHsCONH-C(CH,CH,CH,OH);, was bonded to a model
silica surface and geometry was optimized by ab initio molecular orbital calculations at the B3LYP/6-31G*

level.

—J7. Figure 3-5 (Z/RL72 2 T SiO, OET /AR EIZHEA L7- 1,3-propanediol DEAHF DR
(C-2)® C-H f&EA1E Si0, DT VR EIZ ATV D, Z D 7=, 1,3-propanediol DE A F DRFE (C-2)
A LTV H % porphyrin & CH,OH |2 Z#i 2 72354, SiO, i & STARZefEE N A T T L
£ IEBBALND, LI - T, tris 6 (ISR ZRHIRN S 1 KDL Y NV E 2T UG TZIT Ty
Vr—bHIZAEREAELTND ZEDRBIND,
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Figure 3-5. 1,3-Propanediol was bonded to a model silica surface and geometry was optimized by ab initio
molecular orbital calculations at the B3LYP/6-31G* level. The hydrogen atoms of the central methylene
group (C-2) direct toward the silica surface, so that replacement of the hydrogen with a CH,OH group would
cause severe steric hindrance between the CH,OH group and silica surface. Therefore the tris moiety can be

bound to the silica surface via only a single Si-O-C bond.

3. 6. BAYESAE COMKGIRIIEN KT DV r— b7 AREDRNT 4V B FIEOLENE

ARG BICE LAV T ¢ ) U H 7% 50 °C O 1 M HCL (ag)lil —ERFRIRE L, v U LT
AT VGRS DMK RSOS 2 AT S ETte, BRAE Y DU TR+ 2 2L TRV T ¢ U VB 1
MDY S E DD DGR S Tz, T DI IEEE D> & B SR T OMK RO ZRTT 52 r— |k
HTAREDORNT 4 ) BT ROLERZRM LT, xRV T 4 ) BoFHEO
Abs(#)/Abs(0) (Abs(0): RTHID RN T 1 U B FIED Y — b — 47 O AR KW IR = 00 WO FE
Abs(?): 1RIEFFM ¢ TORNLT 4 U VS FIRD Y — L —HEORR KW & DWW D) 2 2 15 R ¢
T7'my b L7cH D% Figure 3-6 (a)3 L ODbNZRT, flix DRV T 1 U B FHEDINIK 53 i 03
& EBMICH#ERT D 72DIZ, Figure 3-6(a)3 K ONb)DIIKMEDFEIE A 2 BT/ L7Z double
exponential decay function (Eq 2-8))C7 4 v 7 4 > 7 L., BN ENEND/NT A — % —% Table
332 F LT,

Tris 6 3 & 0" bis-homotris 7, monool 3 ¢ B4y -5 D /K 43 fif Dt % 7% L 7= Figure 3-6 (a) L ¥ |
tris(hydroxymethyl)methyl 3 & tris(3-hydroxypropyl)methyl & (% 8Ly 1-HEIZ kb3~ 2 K 3 fgit oo U >
A—L L TOBMENIERKTHD Z L300 D, §720 5, bis-homotris 7 D HSyF- IO WG DI
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DIRETDORNLT 4 U OFTHARHIEL ., tristhydroxymethyl)methyl ZEI XM INAK S fRMAEY o B — &
L COMRAERLT=DITR L, tris 6 O HA53 7T monool 3 X 0 ARSI H) U CHRICARLE
\Z72 o 7=, Bis-homotris 7 & monool 3 DHL D ky 38 KON by IXITIE R UfETZ - 7223, MK iR
xt URZENALFEWE LTV D385 OEIE p 23 bis-homotris 7 I monool 3 D5 1F E Lo inoiz,
—J5, tris 6 DHGTID by BE Ol DM G 03 b RE o7, ZORERITSFE T /L OBFIE TR
SNz L oI is6 D3 SHLHE FuX o553y U r— b IT7ADY T ) —nEv LT
TIEGERT 201X 1 272 T, EV D220 RaXUIRIIRMEDEE LY r— T A
PRI D Z EICHRDRH D EEALND, TRbH, ZORKIGDO Frk W HENREE AT
DEREEZ BRI L, 8T 52 UL AT )VEEG ORI RS Ofigt & LT < = & T,
DK FRESDMERE S HL, EDOFES tris 6 (X8 RE X U EEZ L <FFOI2H 00257, monool 3 &
0 B INAKGIREOS IR LR EIL I o7 & b s,
D E|Z, 1-hydroxy-2-ethylpentyl DMK GIENEY T — & L TOMRERFTT 272012,

branched-chain 8 33 &2 O monool 3. alkyl-cis-diol 4 O W53 7-FD II/K 53 D% % Figure 3-6 (b)IZ E
L ¥ 7-, Bis-homotris 7 & [Fl£E. branched-chain 8 & monool 3 DHAFFIED ky 8 X OV by IXIEIZ R CfE
2o T2y MK RISk UL ENALE W 3 LTV B E5y DEIA p 73 bis-homotris 7 1% monool 3 X
0 072 < | 1-hydroxy-2-ethylpentyl FLIXMANAK S fEIEY o — & LTORRE R LTz, 72, TF
VBT Ko THUKMIZ > U b= 2T VGRS & R LN K 53 f# 1 & - 7= branched-chain 8 &
alkyl-cis-diol 4 O HLAy T DMK 53 fift DZEENE DN & - 72, Figure 3-7 CTox L72ARIZ . alkyl-cis-diol
4 OELS TG ERE L TV DETOFRNLT U DT LF )UEE CTHSY TR AT B 72
JE &2 LKDRAEZHNTWS T2 ZIERMAEL R DICONTEDOENEE L2DI1TK L,
branched-chain 8 (X3 U VT AT VAESICITBE LA ALEICT VX LVEZALEBY UKo v
TATNAEE DR EZ T 1y 7 LTNLHDT, ZNLEND B FHEONK I BREOZET @D
Cr=boiztEbins,
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Figure 3-6. The time course of acid hydrolysis of various porphyrin (a) 3, 6 and 7 and (b) 3, 4 and 8
monolayers on silicate glass in 1 M HCI (aq) at 50 °C. Solid lines represent the curves fit to the double

exponential equation (2-8). UV-vis spectra were recorded after with pyridine.
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Table 3-3. Kinetic parameters of acid hydrolysis of various porphyrin 6 ~ 8 monolayers on silicate glass.”

ky/min’! ky/min’ p (fraction of labile
component)
tris 6 (12 + 1.0) X 107 (1.4 = 1.0) X 10° 050 + 0.02

bis-homotris 7 (9.0 £ 3.0) X 10> (9.4 = 09) x 10* 023 £ 0.02
branched-chain8 (7.5 = 2.0) X 107 (8.6 = 0.9) X 10™ 0.26 = 0.02
a. Hydrolysis was performed in 1 M HCI aqueous solution at 50 °C. ky, k, and p are defined in Eq (1).

alkyl-cis-diol 4
H,0
o H,0
H,0 H0
/ H,0
branched-chain 8 f (((ﬁ/())/g (((g/(((
1 ! _\\/f- \ _
N7 s
IN N
o] p -
H,0
= SR G S WS
g $. ¢ & &
o3~0 07Q _si._ o¥0 &
1o 10 \(')91(?\0‘ \pd'q

Figure 3-7. Schematic representation of the restriction mechanisms of access of water to ester linkages of
branched-chain 8 and alkyl-cis-diol 4.
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4. FEE

i 0 oK 53 g U A — & L Tl FF T & % tristhydroxymethyl)methyl £ 35 X Of
tris(3-hydroxypropyl)methyl %5, 1-hydroxy-2-ethylpentyl 2% H 35t FaXx R L7 4 U w2 U7
— " H T AFEHE ETMEL (80 ~ 160 °C) T 5 Z & TR 4 U v DHA %1572, Monool 3 D Hisy
Ff5E & Beigg L C Tris(3-hydroxypropyl)methyl 235 JX O 1-hydroxy-2-ethylpentyl 224 H 35 b Ko %
RV 7 4 U (bis-homotris 7 35 & O branched-chain 8) D ¥4y IR D ER PS4 F T DMK i B %t
T 5L EMED M _E L= DIk L, tris(hydroxymethyl)methyl 2275 R XA/ 7 1 U (tris
6)DHy T DR ENMEITIE T Lz, BT AVOWIENDL, RAT7 4 U & FuXx ik
I A~—H & LT propyl $4% £F- bis-homotris 7 (£3 2Ot RueX P2 TR Y r— T 7 AD
VT )= NEROGE LY VN ZTIVEER TGRS D 2 L FTRE T d 2 03, tris 6 IFZARAY 72 HIBRIZ &
DIV — b HTALDOMTLEZTTLNY Y VAT IS EERE T, TOREOITNITR
OGO R N2 255 2 E PR Siviz, 2 B TR XT U C LR 2 E 72 By
FEAE R LTz alkyl-cis-diol 4 13XV > 1—dD b Ru X 5 LMK & LTV 7 0 Fou 3k
MWT RTZTUV—=NERNT 4V DENENRRDLT V—VEEITHEE L TWEL T, a0
ZFH L TR s fErE %« %4 L CTW\w5bd, — 4. bis-homotris 7 & branched-chain 8 [
tris(3-hydroxypropyl)methyl %35 1 OF 1-hydroxy-2-ethylpentyl £: 723 U > J7 — & WAINK 53 fREFL O 1 )5 D
B & 23N TEY, ZOMoEE CHIKSER SN TWD, %5 T, EBEROT Y —L
NI OEHDOT, HUIZAEDLETINGDOT UV — AV ERITH - REHRILZEAT L5 Z LN AEETH
%, 1~ T, tris(3-hydroxypropyl)methyl J£335 L U8 1-hydroxy-2-ethylpentyl J& (381 7= 72 B§BE Ol % B
WMLl rasitd 2 LT, ERITHMRY I —ThdLEZLILD,
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il

3E T, b X 4A/L~7 1 U (branched-chain primary alcohol 8)% FHHWNT U r— F 7 7 A K
WHER L Te AR 7 4 U B FIROBEMESAE T COMKG RIS T DL EMD, VT AT
REEIT R LTEALEBICH 2 T AFAEHOME LV M LT 5 LW /G NT, ZOREEE
BT2E 3BT NVa—nEeyT ) =L DBUKMEENI E VIR LT UL 2T VRS 1B
£ LTS T IV F VEEDFAET D 7o 6D MUK R BOGSITS 2 Z s BT m B35 2 & A3 HIfF
TE %,

Ta—)LE T ) —)LREORAEG (Scheme 4-1 (a)idt T 2 v 7 AD/ERL (sol-gel FUit) =0
Uor— N1 T AR S0, 7V OREEN AHERICH T D e Fad oo ) RSB 72 &
Bz 7200 B CREJEAM T O TV DAY, £ DIE L A EH MeOH X° EtOH, BuOH 72 &0 1 #7" /L 21—
NERWZEDTHY | 3T V2 — Va2 EH LFeflidd s, oMo 158 LT3 %/
Na—) I T )=V EDRISERIEF RN ENHITF 540D, Lambert & Singer (X 55 °C T
pentanol OFfE & O ENEAR L 2V 77 & KOS normal > iso > secondary > neo > tertiary DJEIZIHA T 5
EHE LTV A, [A#EIZ, Kitahara (3 n-butanol & SiO, 7 /LD (100 A 24720 D7 L = 3 F o4k
3DITEERT tert-butanol & SiO, 7V DR (100 A K720 O 7 L3 XFHOH: 0.7)FETLIZ W E
WL CW5S, E£7-. Hasegawa & Sakka (30 F A L Akt 5 77 T C tetracthoxysilane & BuOH O
Fl 2 D BN (n-BuOH 35 X OV iso-BuOH, sec-BuOH, tert-BuOH)fH] C= A7 /LAZHAR )& (Scheme 4-1
() ETT L7273, tert-BuOH D RDH T AT N TIR T ) — VN TEZEERELTWD
T, ZTHHDEWNT 3 TN a—E YT ) —HOFE A DRED A B = X APIOT v a— b
BB FTHRENDID, TNODORGSA T = X L% BRI FEER CREA L72AF5EiXig s A L
WA SHTUVZRUY,

AWFFETIE, ¥V 7 — b AT ARMNKIRBOEZR LT RV LZERARNT 4 ) BT %
ERT 22 L 3BT NAa—N ey T ) —NEOFEA DRIGA T =X LZAT 5729012, Kl
1 T a—ie 3 @Trrva— Lzl T58 Rr¥ R /L7 U (primary alcohol 3 8L
branched-chain primary alcohol 8, tertiary alcohol 9)Z H\WNT, U 7 — M7 A L OIGER L E
B LTeRV 7 4 ) B T REOBRYE « BRI T TOMUKG RS, =2 ) U 3 ARSI T 5
TEMEOFEB Z UV-vis A7 MVAIEZ AWTHIT 5 &3, ThERORLT 4 U v &K
WALTHES L7z Si0, 7 Vv Z HWTHE A O B kT Vva—n & T ) — /L OKIEE G, 3 #&
TN A= BIGE LT U )V 2T VGG OB « ISR T COMKDREIS E =2 ) ) &
ARURYDIGEA T = A 8% B0 T_VERB IO 2 U VARG HRET LT,
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| |
-%—O—Sli—OR + ROH =———= %—O—Sli—OR' + ROH

Scheme 4-1. (a) Interconversion between silanol (hydroxysilane) and alkoxysilane. (b) Transesterrification

reaction of alkxysilane with alcohol.

3: primary alcohol 8: branched-chain primary alcohol

Chart 4-1. Hydroxyporphyrins 3, 8 and 9
2. FEBR

2. 1. RIER L O ELEE

THF 1348 Na Tk L=tk A L CHEH L7, ERUSASAORIELS OB RO L 0 E %
ODFEFHMA L, 0.1 MBIV 1T M HCUH,®0 13K B k&40 H,'*0 (=98 atom%)iZ 12 M
HCU/H,'’0 22 Tl L7z, vV — AT ATE 2B TR LELOEMHA L, Arr )
DAL A D EERIZ W Si0, 7 /VITE £ U 7 b540 CARIACT q - 6 (Amorphous Silica, b3
G 450 m*/g) &M L7,

HIEILE 2 R L2 iV CiTo 7=,
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2.2. Bk
AT 4 U291 Scheme 42 IZE-> THEK LTz, VT 4 U 19135 2 IR L2 HIETERK
L7,

5-(4-(4-Methoxycarbonylbutyloxy)phenyl)-10,15,20-triphenylporphyrin (39) DA%

50 mL @ 3 AUGERZ 19 (200 mg, 0.32 mmol)35 L Y K,COs (0.22 g, 1.59 mmol), 18-crown-6 (0.42 g,
1.59 mmol) . DMF (20 mL)Z /%, 60 °C T 15 3f#E L7, Methyl-5-bromovalerate (0.23 mL, 1.6
mmol) & Nz, 60°C THIZ 4 FEHRI L7z, =R E THEL, CHCL (100 mLYZ 1z 72, & DIEIE
ZARRK (5 B THEE L. AR % Na,SO, THEME L72, Na,SO, W5 R IC L 0 By Br&, 1A
ERIEREET D2 LT, RODMEKESZ, ZOEKEZBR YD F VI a~ NI T T 0 — (B
RIEIE CHCly:hexane = 5:1)1C L W R L 7=, & B ICFfES(CHCly/hexane)iZ L W k5425 = L T, %
BOERD 39 #4572, (150 mg. 63.0 %)

'H NMR (500 MHz, CDCl5): & (ppm) = -2.77 (s, 2H; NH), 1.97-2.06 (m, 4H; CH,CH,CH,COOMe), 2.54 (t,
J=6.90 Hz, 2H; CH,COOMe), 3.75 (s, 3H; COOCHj;), 4.27 (t, J= 5.70 Hz, 2H; Ph-OCH,), 7.28 (one of the
doublet signals, the other was overlapped with CHCl;, 2H; 5-phenylene H-3"), 7.73-7.80 (m, 9H; 10, 15,
20-phenyl H-3’, H-4"), 8.11 (d, J = 8.55 Hz, 2H; 5-phenylene H-2"), 8.22 (dd, J=7.48 Hz, J=1.15 Hz, 6H;
10, 15, 20-phenyl H-2"), 8.84 (m, 6H; pyrrole-/H), 8.88 (d, J = 5.15 Hz, 2H; pyrrole-AH); *C NMR (125
MHz, CDCl;) 6 = 21.8, 28.9, 33.8, 51.7, 67.7, 112.7, 119.9, 120.0, 120.1, 126.7, 127.7, 131.0 (br), 134.5,
134.6, 135.6, 142.2, 158.8, 174.0 ppm; MS (MALDI-TOF): m/z = 745 [M + H]" (calcd. for CsoH4N,O; m/z
= 745).

5-(4-(5-Hydroxy-5, 5-dimethylpentyloxy)phenyl)-10,15,20-triphenylporphyrin (9) D& 3%

Ar B 50 mL @ 2 [ 282 39 (300 mg, 0.40 mmol) & fii/K THF (20 mL) % 1 2 7=, & DIEHR
IZ 3 M CH3MgBr/EtO, #&#% (0.6 mL, 1.8 mmol)Z Il 2., = C 6 RFf$EHE L7-1% . fafn NH,Cl KK
(10 mLY&Z Iz Cis% 7 =2 F Liz, CH,Cl, (50 mL)Z Wiz, AHMAEEL L=, Mg 2SENL L7
RNVT 4 ) A I NACT DTV ED TFA 212721, % OIAIR %z fF1 NaHCO; /KIAHR (3
[a)ds L OVREEK (3 [B]) THEd L. A HEFE % Na,SO, THZME L 7=, Na,SO, & W5 TEIEIC L 0 BV B,
W2 ER 595 2 L CRAOEKRESZ, ZoEEKE2BEX VXV~ ST T 00— (B
BRVAIEIEL CHCls:acetone = 100:1)IZ L 0 HERIT 25 = & T, HREADEKD 9 2457-, (241 mg, 80.0 %)

'H NMR (500 MHz, CDCl;): & (ppm) = -2.77 (s, 2H; NH), 1.31 (s, 1H; OH), 1.32 (s, 6 H; CH3), 1.66-1.75
(m, 4H; Ph-OCH,CH,CH,CH,), 1.98-2.04 (m, 2H; Ph-OCH,CH,), 4.27 (t, J = 6.30 Hz, 2H; Ph-OCH,), 7.28
(d, J = 8.60 Hz, 2H; 5-phenylene H-3"), 7.73-7.80 (m, 9H; 10, 15, 20-phenyl H-3’, H-4"), 8.11 (d, J = 8.60
Hz, 2H; 5-phenylene H-2), 8.22 (dd, J = 7.15 Hz, J = 1.70 Hz, 6H; 10, 15, 20-phenyl H-2"), 8.84 (m, 6H;
pyrrole-/H), 8.89 (d, J = 4.55 Hz, 2H; pyrrole-4H); *C NMR (125 MHz, CDCl;) & = 21.2, 29.3, 30.0, 43.7,
68.2,71.1,112.7,119.9, 120.1, 120.2, 126.7, 127.7, 131.0 (br), 134.5, 134.6, 135.6, 142.2, 142.3, 158.8 ppm;
MS (MALDI-TOF) : m/z = 744 [M]" (calcd. for Cs;HyN4O, m/z = 744).
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19 39: R = (CH,),COOMe
(T

9:R = (CH,),C ~OH
|

Scheme 4-2. Synthesis of porphyrin 9. Reagents and conditions: () Br(CH,);,COOMe, K,COs3, 18-crown-6,
DMF, 60 °C; (b) CH;MgBr, dry THF, rt.

2.3. YU — " HTAEREICBITARLVT ) HEASFEO /R
RNT 4V CHSPEIX 2 ECRLEFIETER L, 72720, A7 40 U UEEROERES LW
FEIR DY AN T A REIA Y CHCL 2 H L 7=,

2.4.Si0, FIVEHA~DE R xR L7 4 U 2 38 X009 OER ik

10mL FAB 7 Z 22z Fex A L7 U (3:3.59mg.5 gmol,9 3.72 mg, 5 gmol) & 100 °C
T 1 B E 2R L 7= Si0, 7L (50 mg), CHCl; (1 mL)& Nz 72%., WiEEER-E L, R"rr
74 U U NREITHELINE LT Si0, 7L & INEVLEE (3: 160 °C, 4 FEf.  9: 160 ~ 240 °C. 4 FEf) L.
BIRETHHLIEH, SI0, FVERKIEDRNLT 4 U 2B R 72812 CHCL T Si0, 7 /L &3
WL, RL7 4 U U RNRENALFRAE LTZ Si0, ZIVE1ETZ, Si0, A LFERE LRV 7 4
CVOWAERIL, HWAL T 40U D& (3:3.59mg, 5 umol, 93.72 mg, 5 umol)7> 5 Si0, 7L LK
FOGDHRNT ¢V O (UV-vis PIEIC K D PTEENORLT 4 ) o OREZERL TR LE)
DENLE L,

2.5, itk K OME ML T Sio, FVERIALFWE LAV T 4 Vo= X ) ) ¥ ARG
RV T 4 U U NERIALFHFE L= Si0, 7 /(2. 4. Cax LI FiETER) % 50 °C T 1 R E 22 #z
B 72212, 50 mL © 2 OGS AN, £ 212 EtOH I8k 50 mL (B&P:4{4: 0.1 M HCI/EtOH.,
HEFEMESAF: 0.1 M EtONa/EtOH) Z il 2. 50 °C T 18 B[] (Ar FFAR)SG S 872, RiEE THEIL
7281, UG D Si0, 7V % CHCl; 8 X Wacetone (H. L. ML CRIGEIT-> 12354, fafix
FRKFT R U U LKEES W) T L2 GWRSIIEE L, ARERFIKIEKFET Y 7 A
IKEEIR IS L ORI K CHere (L, S CRISE T oG, fafkEakET U 7 LKE
R CHEE3 A AN 0.1 M HCl KR T AR Z T F0 L70) Lzt ., FHFH % Na,SO, THZMEE L 72, Na,SO,
SRR LD D BRE WA BIEEET 52 LTy ) UV AKISIZE Y Si0, 7 vis b B
LRV T 4 ) & LTz, 20 SiO, 7V BIEE LT VT ¢ U A FEEHO R VT 4 U
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PRIEL TWeD T, L 377 ¢ 7 TLC (BEHELL: CHCL)Z W TENEZ HEE L7, HEEL
7o 7 4 U X MALDI-TOF-MS fliEIC X W v 7 7 Z U EB—2 3 > L, UV-vis lliE L 0 IN&E%E
Em Lz,

oy be—VERE LT, SISV T tertiary alcohol 9 (5 mg)D A, 4 L < I tertiaryalcohol
9 MR BE A L T2 Si0, 7 /W(10 mL A 7 7 A 2 (T tertiary alcohol 9 (5 mg)3s L Y SiO, 7 /L(50
mg)., CHCl; 3 mL)& N X 7=, ¥EEA IR 5 L CERDZ W CRIBROBED R 21T - 72,

2.6. FRMESME T, HY'®0 H1To Si0, # L E AL L 7= tertiary alcohol 9 O/ 43 iSOt
Tertiary alcohol 9 2N FE AL AE L7 Si0, 7 /L (2. 4.TR L7 HiETHER) & 50 °C T 1 BEfEE 2
WL L7-#212, 50 mL @ 2 ARUGERIC A=, ZZ1201M b L<i% 1 MHCIUH,'® O %% (0.8 mL)
Mz, Ar FFR T 24 FrEOS S8 ONBVEEE : 0.1 M HCVH,®0 Z W 72F5i% 30 °C, 1 M
HCI/H,'"*0 % W ZBRIE 50 °C TIT-72), HIRE THEAILIZ%IC, RISH% D Si0, 7 /v % CHCl, B
& W acetone, fAFNRERAKFET N U 7 LAKEEIE CTYel L7270s B A 1IEIE LT, A% fafn gk 7
N U D AOKEIR RS L OEA K CTHEM L7-%., A% NaySO, THzME L7z, Na,SO, &2 W5 i &
DERY BRE B A BERE ET 2 2 & CIKRBIREEOGIZ Z D SiO, A bt LIcR LT 4 U %
B U7z, B L7z L7z v 7 ¢ U X MALDI-TOF-MS I EIC LV v 7 7 2 VE—Ta v LT,
Ay hr—/LFEEE LT, tertiaryalcohol 9 23R EIZHEIAE L7z Si0, 7 /(10 mL 7 A7 2=
|Z tertiary alcohol 9 (5 mg)33 L UY Si0, 7 /L(50 mg), CHCly (3 mL) % N % 7=1% . ¥t 2 Js B8 25 L TE
FY A W CRIBROEMED FEBR A 1T - 72,

2.7.80 TTUUbENTZE RuaXx v iE A7 5 tertiary alcohol 9 DAk

Tertiary alcohol 9 NI AL AW A L7z Si0, 7 /V(2. 4.Cor LT 715 CTIER) & 50 °C C 1 B E %2
Wi L 727212, 50 mL @ 2 ARJSERCANTZ, £ 212 1 M HCVH,®0 &% (0.8 mL)Z iz, 50°C T
T2 (Ar BPHR)SOE S 7, IR E T AT L 721412, SR O Si0, 7L % CHCL 33 X (Racetone,
FAFREAAKFE T b U 7 2OKEEIR CHelg L7220 DS IR L7z, AIRABFRIEKET MU U LK
ks X OB AK Tl L=, A% Nay,SO, TRl L7o, Na,SO, 25| JBiic X v B v b,
W2 IER AL T "0 Tk Enze Fux 42435 tertiary alcohol 9 (0.82 mg, 1.1
umol) &7, "0 TT ULk &z Z & 1E MALDI-TOF-MS #IE L 0 #EiR L 7=,

3. fif Rk ke

3.1, E R oA T7 2 U9 DAERRE L OWINE
9 /% Scheme 4-1 (296> THARK L7=, 913 CHCL;. toluene \ZIRfE L . 1 259°C Th o7,

3. 2. Tertiary alcohol 9 33 2. OF primary alcohol 3 & 2/ U 77— K 77 A & D Ui D bLig

Tertiary alcohol 9 DIER Z A 23— K LTz U r— b T Raffx 7250 CMMBVILEE U 7-1%
VU= N HTRAERKIETHERE L CWDEARLT 4 U % CHCl THRWAEE T2 & TIERL
7= tertiary alcohol 9 ™D Hijy 15 % UV-vis Il 2 & U 54l L 7=, Tertiary alcohol 9 O Hijy 1 (INZAIE.
FE: 220 °C INEARERT: 543 ~ 5 R 38 L ONAIR (FAIEE IS toluene Z ) D UV-vis A7 K /L% Figure
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4-1 |Z/R"7, FTz. tertiary alcohol 9 D LGy - DR KWL K TOWNE 2 AR T » F L
7=t D % Figure 4-2 (2757, Figure 2-2 (c)IZ7~ L724RIZ primary alcohol 3 0 Hi/y -5 oD Hia KWK Ui
DEAFNE L Absg = 0.066 72> 7=MDIZxf L. tertiary alcohol 9 D Hir1f51E Absg,= 0.06 72~ 72, £
7=, primary alcohol 3 [Z/NZMRE 80 °C 7> bW AE M HEFR CTE 72 DIZH L, tertiary alcohol 9 [T NEAR
140 °C LL_E TR DR T E 72,

0.08
0.07
—— 5 min
0.06 - 10 min
Q 30 min
% 0.05F+ Th
Qo - 2h
o 0.04 —3h
8 0031 —4h
< 5h
0.02 - -- in toluene
0.01
Ny | _

00950 400 420 440 460 480 500
wavelength (nm)
Figure 4-1. UV-vis spectra (solid line) of tertiary alcohol 9 bonded silicate glass prepared by heating at 220
°C for 5 min, 10 min, 30 min, 1 h, 2 h, 3 h, 4 h and 5 h. UV-vis spectra (dashed line) of tertiary alcohol 9 in

toluene.

0.07
2 0.06f x .
S X t 3 I e 140°C
: 0.05} ) v 160 °C
2 004r z IS ¢ 180 °C
(0] 0
Q 0038 ¢ 200 C
S 4 v 220 C
€ 002 x 240 °C
8 - ° ° ¢
2 0.01/ .
O.OOQ d ’ ] ] ]
60 120 180 240 300

Heating time (min)

Figure 4-2. The change in absorbance at the Soret band of UV-vis spectra of tertiary alcohol 9 bonded

silicate glass versus heating time.

Tertiary alcohol 9 33 & OF primary alcohol 3 & U r— N T A & DRISMEZ T H 72012, £
Z LD Abs(f)/Absg (Abs(f): INBEVEE 160 °C, MIEARE ¢ TIERL L=V 7 4 U VB FRED V — L
— ORI & OWOLED) 2 BRI T 7w > b L7 b D% Figure 4-3 (277, RGN 2 & 5US
HEE R D &, MEMEE 160 °C Tl tertiary alcohol 9 (3 primary alcohol 3 & fh#g LTV 47—

N T AEDRIEHHF 12 5B, ZRETIESNLTWD 3HkT/La—/L L Sio, & DRISHEE (R
BROFER DS BT,
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100 -
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o 80r - [ |
e ® tertiary alcohol 9
> B primary alcohol 3
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Figure 4-3. Comparison of the reactivities of tertiary alcohol 9 and primary alcohol 3with silicate glass

heated at 160 °C.

3.3. YU — "I ARENACFRA LIZARLVT U OYGE &

2.4. 2. CRULEFIETHIM LIz U 77— b T AREITEFEW S L= tertiary alcohol 9 (A= 420
nm, £=4.18 X 10° cmM" in toluene)? 7 [fifE & 7= DY BT, (molecules/cm’)i 14 X 107 T
H Y, 2 FCT/R L7z primary alcohol 3 DA & & L L THI 78 %W A&EE Th > 72, Lambert 51X
pentanol OFfE 2 DEMARE U B & RS2 WT, 387 /L3 —/LTh 5 1,1-dimethyl-1-propanol (3
147 /L2 —/L"Cd 5 1-pentanol & LLEE LT U ARMEITK 13 LKA LighoTZ L 2HEL T
W53,

3.4, JNEVILER|Z X 5 tertiary alcohol 9 O i /K )i

er &%, MMBVLERIZ LY 38T /L3 —/L & Si0, & OBKHEE UG &R TBE, 3 /T /v —v
HEOBUKBIENEE , 77 UV ER S D E8E LT D 2 RBFJETH RIS INEVLERZ X
Y alkene 40 734 U 5 & 87 % 72 91T, tertiary alcohol 9 % A &' =2 — K LAIEVLEE (160 °C, 4 h)
L7y U r— T A% CHCL THA L, ek e Lizs U — MU T RERRIGDRNLT 4 U
% MALDI-TOF-MS HI/EIZ LV ¥ ¥ T 7 % V¥ — 3 > L2, MALDI-TOF-MS A~X7 K /LinbHARK
JEr @ tertiary alcohol 9 & IL1Z alkene 40 IZHIKT 2 B — 7 DBIE ST, ZDOZ & X0 INELEIZ
& o Ttertiary alcohol 9 Z A a— MLy U — MU TARIBTT Va—Ley 7 ) —Led
oK HE & B & AT LT v a— /L BE ORKBICHEIT LT B X2 510D (Scheme 4-3), F7-,
[AlEE D328k % primary alcohol 3 THAT -7, T ATV OEKITHER S N> T=D T, 17V
T=ET T )=V EDOBUKREE RIS LS L B2 b5,
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|
O(CH2)4C|:OH

silicate glass tertiary 9
~
A
-g—o—sl‘»i—o—?mtho &
0 Cc

% s

and/or

O(CHCH=C

alkene 40

Scheme 4-3. Reaction of tertiary alcohol 9 spin-coated on silicate glass by heating treatment.

Bz I MBI T 3T VN a—L b v T 7 —L L ORKREARR E 3T /v —/v B H DORBIKK
W DWATE SIS HANMT EL < B WOEIE THATT S )% tertiary alcohol 9 DWW 75 i & alkene 40 D HL
BN & (V73T 7 4 7 TLC % H\\ T alkene 40 & At tertiary alcohol 9 % 57Eff L, UV-vis Il iE
FVEE LDl O LT, tertiary alcohol 9 & 2V &7 — k77 A DR Tl tertiary alcohol 9 ®
W5 OB L OVIE R EEZ2 & alkene 40 DRI EE 72728, WA EORHNES THoOHK
AN K E < £V 2 < D tertiary alcohol 9 23] AIREZR Si0, 7 v & v U r— b7 ZADMRDVITH
WTe, Bk ZRIEEE (160 °C ~ 240 °C)T 4 KFEMBVLEE S5 Z & T Si0, 7V /v RmIZAbFWE LT
tertiary alcohol 9 & /K SIGIZ KV AR L 7= alkene 40 DE/LEEA F L D721 O % Figure 4-4 27,
4T ONNENEE T tertiary alcohol 9 & alkene 40 DE/LLEANTIT 1:1 THH7-Z & L0 MEVEEEIZ
B0 BT WiAKMEA S & AKBOSTIZIER UHIE TEITL TS Z &R I,
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tertiary alcohol 9

chemisorbed on SiO, gel alkene 40
A A
[ \ |

240 °C
o
2 220°C
©
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)
£ 200°C
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()]
£ 180°C
©
T

160 °C

0 20 40 60 80 100
Molar ratio

Figure 4-4. Molar ratios of tertiary alcohol 9 chemisorbed on SiO, gel to alkene 40 that are yielded by
heating tertiary alcohol 9 physisorbed on SiO, gel at various temperature for 4 h.

3.5, FEMESA: COMKDRESIG T DV U r— N T AREBDORNT 4 U BT IEO R ENE

fil Fni 75 50122 L 7= tertiary alcohol 9 33 1 OF primary alcohol 3, branched-chain primary alcohol 8 ™
By % 50 °C @ 1 M HCI (aq)iZENEN—ERFFIRIE L, ¥ U V= 2T VEES ORI ES
AHEITSEI %, BREE Y DU TRiET 52 L TR T 4 U B FRREO WL FE DD 3R
i, ZORDIEE D IS COMKGIREIEIxT D) r— N AREDOARNVT 4 ) v
B FIED R EM 2N LTz, Fix ORI T 4 U B TED Abs(f)/Abs(0) (Abs(0): 123 HiTD AR /L
74V CBSTFIRED Y — L— i ORI R OWOLEE | Abs(7): 1R{ERR] ¢ TORNLT ¢ U U Higy
FED Y — L —F DFBRKWI G T O 2218 « T7'r >y h L7z D% Figure 4-5 12777,
Tertiary alcohol 9 O HL53 T LD EEM: G T DMK RS 2 L ENMEIL, R 1 &7 v =2 —
NEBHLTWDINETORLT 4 U OB TIRE TR e 2585 R LT, 1 kT Vva— ViR
LTWDHRNLT U Oy 1D % ENE LS ORI O B B 13 W 6 o Jsb 33 <
Abs(£)/Abs(0) X 100 = 60 i V) 726 F DA RN -T2, —J5, tertiary alcohol 9 @ L5 1-ffi
I% Abs(£)/Abs(0) X 100 = 60 i1 V) 7> HARCH IR DN HAVT | IS DI D Be I XL D s
&R U EE TR E N L Chvo 7, ZD7-8, tertiary alcohol 9 O Hijy 15 TiRE R 2340 10
[RE [ % T primary alcohol 3 DLy TR 1 0 Z2EIZAY, THLAKRIE Abs(r)/Abs(O) X HE L7, Z4
BT DN, LT A a— AN LIS VLT AT RS L 3T v a— A nbIER LZY
U VT AT VAES CHEVESIE TOMKDIRIIED A I = R NN R/ D Z LicHkT D b0 EHE
ZHib,
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Figure 4-5. The time course of acid hydrolysis of tertiary alcohol 9, primary alcohol 3 and branched-chain
primary alcohol 8 monolayers on silicate glass in 1 M HCI (aq) at 50 °C. UV-vis spectra were recorded after

washed with pyridine.

3. 6. WEMEGAE COMKDIRISHK T DV — N T AREDRNVT 4 U B F RO E
M

B FnW A5 §l1Z 5% L 7= tertiary alcohol 9 33 & X primary alcohol 3, branched-chain primary alcohol 8 ™
B2y 5% 30 °C O 1 M NH; (aq)io TR Eh—ERRIRIE L, & U Lx 25 )UESA O MK RIS
HHEAT STtk FiE: CHCL CHelfr 2 2 & TRV 4 U B TREOW L ORUD MR S
7o Z DD B IENESIE T ORI T B ) o — N T AREORNLT 4V >
W FEO 22 EVE 2 e il L7z, A DRV T ¢ U B FE0D Abs(r)/Abs(0) (Abs(0): =9 RifD ARV
74 U VS FED Y — L— ORI & OWOLEE | Abs(r): RIERH ¢ TORNLT 4V U Hy
TRED V) — L — 8 ORI T O E) 2 i2iE R ¢ T7'm » b L72d D% Figure 4-6 (237,
Flo, FaOFRNVT ¢ ) S FREDO IR fROEEE % & BRI H#Eim T 2 72912, Figure 4-6 O
KA RO R % first order decay: Abs(7)/Abs(0) =™ (Eq (4-1)T7 4 v T 4 > 7 L, HONT-HIG
HEEEM k & Table 4-1 ([2F &7z, A L. tertiary alcohol 9 O By -IIXIRIERERI A 6 REFLL_EIZ
70% & 1 RO L0 #E < ROSHHEIT Lc 7z, RIERH 6 Rl E COT—2 T 41 v T 4 7
L7z, ZDRESR, HEMESAE T tertiary alcohol 9 O HLA» 1D NN/K 53 f# KU1 primary alcohol 3 0 Hi
DR E Y 20 (58 < HETT D Z DB o 7z, Shirai B, B—RTOT U LT X T )LD NNKS
SO ZES L CToh D23, benzyloxytrimethylsilane & FEig L T tert-butoxytrimethylsilane /7K 73 i# <
JE (LI 45 % acetone /8| ZFAMESRE TIX 7 BV OISR L, HEMESAETIE 9600 7 & 4 [a]
DFEBR L AR OREREZRE LT 55,

Fio, BLEREW T S ITERMES: & 1T B 7 0 ISR CI. tertiary alcohol 9 & branched-chain
primary alcohol 8 |Z 33N THIK RS IEZ X35 7 L F VB O BRE D AT BREE 7008 WV A Uz,
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Figure 4-6. The time course of basic hydrolysis of tertiary alcohol 9, primary alchol 3 and branched-chain
primary alcohol 8 monolayers on silicate glass in 1 M NH; (aq) at 30 °C. Curves represent the simulated
absorbance changes due to the first-order kinetics with ks = 0.17 = 0.007 h'!' for 9, 3.4+ 0.2 h' for 3 and
1.89 £ 0.2 h'' for 8. UV-vis spectra were recorded after washed with CHClL,.

Table 4-1. Rate constants of hydrolysis of porphyrins 9, 3, and 8 bonded
silicate glass in 1 M aq. NH; at 30 °C.

k!
tertiary alcohol 9 0.17 = 0.007
primary alcohol 3 34 £ 02
branched primary alcohol3 1.85 = 0.05

3.7 MPESRMB L OERAMER oY ) U ARISICHT 50 ) r— b T ARBORLVT 4
U CEy IR D ENE

FRME ST 6 L DN FEME R T O tertiary alcohol 9 33 &2 O primary alcohol 3 D ¥y D =% ) U o
AT D L EMEDINAR GRS/ 2 ZENE & RO ZFE 2 "3 )& et LT, fafnilkas
(22 L 7= tertiary alcohol 9 35 X U primary alcohol 3 ™D Hi4y1-fsi% (a) 50 °C @ 0.1 M HCI/EtOH &%
(FAMESM)E KOV (b) 50 °C @ 0.1 M EtONa/EtOH Rk (FEAEMESRIP)ICEN T —ERFRIE L, &
UNTZATNFERDTE ) U 2 X AT STt Bt 2 AR (et 2o pyridine, HE S
CHCL) CTHEE T 5 Z & TRV T 1 U VB FIROWOCEE ORUD D3RS S iz, Z O EEE D & 1
PR L OEEMESEECO=Z 2 U VARSI T DV — N7 AREBDORNLT 4V
DTREOREMEZ TN LTz, ZENDRNLT U B FED Abs(1)/Abs(0) (Abs(0): &3 HID AR
VT 4 U B FIRD Y — b — i ORI R OWOEEE | Abs(7): 1RIERH ¢ TORLT ¢ U B
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I FIED Y — L —ifs DR R R OWIEE) & 12
) XY Figure 4-8 (EREMESMHITRT,
primary alcohol 3 DRI FIRD T2 ) 2 ARSI KT % 22 E M

Rtk DOZEE 2R LTz,

EIFfE] ¢ 7' K L72H D% Figure 4-7 (M
Mgt I K O EMESRIE T tertiary alcohol 9 &
(TN GRS RS 2 e e M &
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Figure 4-7. The time course of acid ethanolysis of tertiary alcohol 9 and primary alcohol 3 monolayers on

silicate glass in 0.1 M HCI/EtOH at 50 °C. UV-vis spectra were recorded after with washed pyridine.
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Figure 4-8. The time course of basic ethanolysis of tertiary alcohol 9 and primary alcohol 3 monolayers on

silicate glass in 0.1 M EtONa/EtOH at 50 °C. UV-vis spectra were recorded after with washed pyridine.
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3.8, fEMER X O NS T Si0, F AV RENALFEWE LRV 7 4V oD g ) U v ARG

3ET N A= NADBIER LTS U VT AT IVREG OIKGFERIGD A F1 = X MBS 5 872 15
D100, MK & FRRD G A = A L b Dy ) ) ARNMIIER Uiz, SR
F O FME R C Si0, 7 /v F IS bW 45 L 7= tertiary alcohol 9 33 JX OY primary alcohol 3 D=4 / 1
VARG EATVY, MALDI-TOF-MS IlZEIZ LV SiO, Z AN OBEL7=ARAL 7 4 VDX ¥ T 7 2 Y
B—aridBl, ZOFERTIIr— T T A0V Si0, Z /v E W -DiX, Sio, 7 /v
FEREEPIRES LVZORLT 4 U UMEFWRFET H Z LA TE, MALDI-TOF-MS #l7E Tl
ERREREDORNLVT 4 U BT 5 2 ENA[EERTZO TH 5,

50 °C @ 0.1 M HCVEtOH ¥&#ZIZ tertiary alcohol 9 23 (2L 5 L 7= Si0, 7 /L% Ar FFHA T
18 MEfIR L7-121C SiO, “ A MBS Bt LR L7 4 U ZEUL LU, B LZRLT U 0%
MALDI-TOE-MSHIZEIC LV %+ 527 # V¥ — 5 > L2, MALDI-TOF-MS %<7 kL7 ether 41
5 & W alkene 40, tertiary alcohol 9 IZHKT 5 B — 7 BEIZL Sz, /o, VXT3 7 47 TLC %
HnwTERZN A2 HEL UV-vislIlTEIZ X 0 & L7z, £ E I DE /LT ether 41:alkene 40:tertiary
alcohol 9 = 44:44:12 Th-o7=, 7=, 2> hr—/L3FER L LT tertiary alcohol 9 DA, & L <X
tertiaryalcohol 9 N BRI A L7z Si0, 7 v Z W T, RO FEER AT 72, =% ) U U AKX
A3 & 9 tertiary alcohol 9 AZF D FE EEIU STz, ZHHDORERL Y, BRMESRETTIXIH/KT L
T—NBER LTV U NVZ AT RSO Y 7 ) VARG C-0 fEAOBRZICX Y AR BT
F B U TN HEITT 5 23" X372 (Scheme 4-4), Tertiary alcohol 9 23 FHilZAL W5 LTz
SiO, Z VDX ) U 2 ARGZEUNT tertiary alcohol 9 HAEMR S N7=DIE, C-OFEENHAL TA
% U720V AR B T2 12 Si0, 7 VRIS LT 5 7K<0 BtOH IATRIZ & £ T DK S REE
L7embEEBZbNHD, C-OfEAE DA LS LT Si-O &G DHZL S E = T tertiary alcohol 9
WAERLIEAREEDZ X2 6D, LR T, BUERHE T T3IRT Vv a—AnhbBaLizv LT
AT NFEGDTE ) UV ARORTBNT, C-ORADORANETTWND Z LIZFEV RV, Z0
FERRET Si-0 fEA OBRZUTAE U0 E I & B4 5 Z LT L,

F 7. Si0, FARIEI/LTFERFE LTV R & tertiary alcohol 9 13 —# /U & ARUSHEIT L2
&V I FERIT, tertiary alcohol 91X SiO, Z VB L OV U r— b AT AEKEIC Si-0 fEA & LB
WELTWDHZ LEDOFEIC LD EEZ DD,
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CHj
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Si-O bond scission
tertiary alcohol 9 chemisorbed on SiO, gel

¢ 0.1 M HCI/EtOH

C-0O bond scission “’

tertiary alcohol 9

' in presence or absence
-~ Syl (H0) of Si0; gel

\

Sn1 (EtOH)

G
Y , P, O(CHy)——OFt
= CH;

ether 41

A

N
and/or A

in presence or absence
of Si0, gel

/
O(CHCH=C

alkene 40

Scheme 4-4. Proposed mechanism of the ethanolysis reaction of tertiary 9 chemisorbed on SiO, gel under

acidic conditions.

—J7. Si0, 7 )V DOFRMENALF WA L7z primary alcohol 3 D=4 /) U o A i Z [GEED 44 T1T 9
& primary alcohol 3 DA AN STz, —MANCIEMESRME T T LR T L a—AnbIER LTz U v
TATNVFEE DL ) UV ARSI VVE AT RES O OIZ7 v s U1 L 72, EtOH 73 Si
AORBMR L Si-O A ORANRAE L GEITT 2 Z L3 mb TR 0> 1 4RO Si0, 7 V& Ik
W35 U7z primary alcohol 3 HFEEEDSIGA I = A LT H J V  ARISNEATZT-8, primary
alcohol 3 DA NEL S NT=EEZ HND (Scheme 4-5),
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primary alcohol 3

Scheme 4-5. Mechanism of the ethanolysis reaction of primary alcohol 3 chemisorbed on SiO, gel via Si-O

bond scission under acidic conditions.

WIZ, HEHEMESRIE(0.1 M EtONa/EtOH, 50 °C, 18 i) T SiO, 7 /v D E 2k W7 L 7= primary
alcohol 3 3 X % Si0, 7 /L DK HIALF W3 L 7= tertiary alcohol 9 DX / U 3 A& & TN ENAT
S T28%6 . BKERIIZ primary alcohol 3 33 & O tertiary alcohol 9 DA [EIY S v7z, — AR IEMES
HETFTIEL/T A= ADORLIZ YV AT ASEEOT Y ) U v ARSIE B0 Si % 3REZ
WEEL Si-O fEGOFANAE L THEITT 22 EBMBNTWDE N, SEIOFEBRIVIZ 3T La—
AMBIE LT U NVZ AT ARE G RIEBEOKIG A T = AL TZH ) VARG ETTH 2 &
D3RR EHU72 (Scheme 4-6),
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primary alcohol 3 (R = H) or tertiary alcohol 9 (R = CH3)

chemisorbed on SiO; gel
;Yf‘ EtO"
~
o R
./

|
o —0—Si——0—C—(CH,)4—0
% S 20

mi

0.1 M EtONa/EtOH

primary alcohol 3 (R =H) or
tertiary alcohol 9 (R = CHa)

Scheme 4-6. Mechanism of the ethanolysis reaction of primary 3 or tertiary 9 chemisorbed on SiO, gel via

Si-O bond scission under basic conditions.

YV RTOAEE ONKGRRSE ERox % ) ) 2 ARG & RO B A B = X 5 THEAT
FTHEEZLND, BBUESRET IR 1T A —ADLIER L7V U LT AT UEEST Si-0 i
DB Z R LTSRS D Z ST 0 ZHWE=T A4 Y b—=7F b FERR 2 ENBIEH S
TW5D > Si 3 5 B P RIR 2 BT 5 0 TL Si-0 i A A C-0 & K W AALZEAITIEMEIZ 72 1 | Si-0
FEAOBRENEL BB, —F, 3 T AT —AnBER LY VLT AT L FESIESEIOIT - 7
T ) ) VARIEDER LY C-O G DA ZRE L TIKRGMNEITT 5 2 LRI, —
JF RS T TR IBT A a— B LR3I T v a— oK LIy ) L X7 UiEA 133
IZ OH' 78 Si ZsREEIEE L Si-0 fE AT 2 Z & ThKRSMEAEIT T2 &5 2605, 202k
X0, U — T 7 AFKH _EO tertiary alcohol 9 @ BL55 75273 primary alcohol 3 @ B3 - X 0 1%
2 DNTHEFAE S T TR R BTk U T2 E TS > 7= (Figure 4-6)D I, tertiary alcohol 9 D54,
DU AT IOFESICEEET D A F LN OH D Si ~D KRB 2 SARHICE L= n 2 L A
Lid,
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3.9. %0 T UUBERICL D 3T L a— LB LTy U L 2T OUREA OFRPESAE T ok
Iy FRIG D s A F7 = R O

3T TN BB LT Y U LT A TOVRS GRS TIE C-O S & DB A i L ThnK
IREOGEITT 5 2 &£ & Hy'"0 2L D 7 UEEBR L 0 BT 5 2 & 2Rk T-, Ar FHE FICk
WT B RE X 3o 0 2 %0 O tertiary alcohol 9 ((*°O) tertiary alcohol 9) % % i 1 2L 22 & L 7= SiO,
v 2 FEEHOZA(1: 30 °C @ 0.1 M HCVH,'®0 ¥k, 2: 50 °C @ 1 M HCI/H,"*0 Vi) © 24 B[N
KO FREOG 2 AT S/ 7214, BB L7278 v > ¢ U > % MALDI-TOF-MS i E X W v F 7 % U ¥ —
varli, £, a2y bu—LER L L T(°0) tertiaryalcohol 9 733 [ IZW PR S L 7= Si0, 7 /L
AW TCRIBROER AT 7=,

IR 2R ME SR T (30 °C @ 0.1 M HCI/H, "0 &% C 24 IF[]) T Si0, 7V F i b2 L 72("°0)
tertiary alcohol 9 DHIK ARSI 24T - 7254, '°0 & "0 Db K % 2% K7D tertiary alcohol 9 23
JRAE L7z MALDI-TOF-MS AX7 FV3G 5 4L7- (Figure 4-8 (a)), 72, 2> hma—/L %R & LT
(°0) tertiaryalcohol 9 K AEICHWHW A L= Si0, L ZHWTREBEDOERZIT1-L 25,
MALDI-TOF-MS A~X%7 kL7 5 (1°0) tertiary alcohol 9 I[ZHISRT 2 ¥ — 27 oA @igz S, (°0)
tertiary alcohol 9 7> & ("*0) tertiary alcohol 9 (O 7% '*0 |2 222 & FU7= tertiary alcohol 9)~DAZ S i 34
U720y o 7= (Figure 4-8 (b)), Z DFERIL 3. 8. TR LT J UV ARG EFEL LT D, T72bb,
('°0) tertiary alcohol 9 % VT Si0, 7 /VE MK L7z U v AT VA DMK RS L -
T ("*0) tertiary alcohol 9 23R U722 & & Z OIEFN72 SE5E(30 °C @ 0.1 M HCVH,'®0 &% C 24
E[E) Tl Si0, ZAAFTE FCH MR NE L RN E X0, 3 BT L a— A0SR Iz
VAT IVEES DIMKIREONE C-O FA OBR AR LTEROSA A=A L & D T EPRES
7= (Scheme 4-7), L7>L. SiO, 7 /AL 4 L 72 (*°0) tertiary alcohol 9 D NN/K SIS 2T
(**0) tertiary alcohol 9 & 3£{Z(*°0O) tertiary alcohol 9 HE S =2 & L 0. C-OfEAMNBAZ L TAR
L= VR I FF 02 Si0, ZIVREITATE LTz Hy)'°0 ASsREEEER U A U= aTREME &t
C-O fEEDHAMEFH LT Si-0 BAOBAELAEC CTERLEMREELEXZ NSO T, =& /Y
VARGD & X[ERE, FEMESIE T C3MT AT — AR L= 2 U L AT LEES O IIK S FRIK
JEIZEBWT, C-O SR DOANE T TND Z EITIREW WD, Si-0 f5E OBZITAE TR E S
RIS Z L L E b,

—J5. KV EELWERMESRIR(50 °C @ 1 M HCVH,'®0 Y&k C 24 Fefi)) T Si0, 7 VR EWR A
L72(*°0) tertiary alcohol 9 DNKIIRLGZAT > 72354, MALDI-TOF-MS A7 LLing (P0)
tertiary alcohol 9 (kT &' — 27 DA™ L2 (Figure 4-8 (¢)), E7-. (°0) tertiaryalcohol 9 23 i
(BRI L7 SiO, F LV EHWCREOEBREIT-7-2 24, Y0 L "0 Ok Faxkifio
tertiary alcohol 9 Z3JR7E L 7= MALDI-TOF-MS A< |k JL(Figure 4-8 (d))35 & L, gk L O EEMESRE(50
°C @™ 1 M HCVH,"0 ¥R C 24 FEf) Tl Si0, f77E FIZEB W T (°0) tertiary alcohol 9 D & K12
FUHEDO O N PO ICKHBEND Z ENboTn, ZOMELY . B LWERMESMET Si0, # Vv
(AL 5 L 72(*°0) tertiary alcohol 9 DMK/ BRI % 1T > 72 BRIZ(**0) tertiary alcohol 9 ¢ F 3 [A]IY
ENT=Z EOBHL L, Thbb, MRS X - T—#AR S 7=(°0) tertiary alcohol 9
14T ("0) tertiary alcohol 9 (ZAZHA X 72723, ("*O) tertiary alcohol 9 D AM[ENL 7= & B Z b
Do
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AL LA ] Lol LAl ]

T42743744745746747748749750751752 742743744 745746747 748749750751752
m/z m/z
mode: positive mode: positive
matrix: dithranol matrix: dithranol
(©) (d)
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mode: positive mode: positive
matrix: dithranol matrix: dithranol

Figure 4-8. MALDI-TOF-MS spectra of the resulting porphyrin desorbed from SiO, gel after acid
hydrolysis of (‘°O) tertiary alcohol 9 bonded SiO, gel (a) in 0.1 M HCI/H,'®O for 24 h at 30 °C and (c) in 1
M HCI/H,"0 for 24 h at 50 °C. MALDI-TOF-MS spectrum of the resulting porphyrin after acid hydrolysis
of (*°0) tertiary alcohol 9 in the presence of SiO, gel (b) in 0.1 M HCI/H,"®O for 24 h at 30 °C and (d) in 1 M
HCI/H,"*0 for 24 h at 50 °C.
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O P O
}5‘\? CHs HCIH, 60 fé\? CH,
-%—0—s|i—160—c|:—(CHz)4—o & &y > -g—o—sli 0—C—(CH2)—0 &, ay,
b"l;_lo' CHs = ‘_“q‘i CHs 3
(180) tertiary alcohol 9 chemisorbed on SiO; gel Si-0 bond scission
¢ HCI/H,'%0 :
1o g B
-%—O—Si-mO C-(CHa.-0 & CHa
b H b H*0—C~(CHa.~04) Y
j'i;_b CH, =z
C-0O bond scission v @
(*®0) tertiary alcohol 9
¢ Swl (H2'%0) .
_.-"‘ in presence of SiO, gel
at 50 °C
e
¢7(CHam0 O \ O
CHs ?HS
Syt (Hy'%0
W (7O H'o—C~(CHa-0-{0) ay,
CHs 2
('%0) tertiary alcohol 9
and/or -
in presence of SiO; gel
at 50 °C
CHy
O(CH)sCH=C
CH,
alkene 40

Scheme 4-7. Proposed mechanism of the hydrolysis reaction of tertiary 9 chemisorbed on SiO, gel in

HCI/H,'®0.
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3.10.3 kT /L3 —/L & Si0, & DILKHMEE SUGDBUE A 71 = X L OGS

(**0) tertiary alcohol 9 & VT, 3 &7 /L 2—/1 & Si0, & DRI A IS DRIG A T3 = R W%k
L7z, (**O) tertiary alcohol 9 % 2K [HIZ PR A5 S ¥ 7= Si0, 7 /L & MEVLEE (200 °C, 4 FEfE) LT
SiO, FNVKEITHANT 4 U AT WG SHTZ, TDO%, YV NLZATAMEED Si-0 fid OB

IC R OARFERAE LTz T 4 ) V% Si0, 7 A0 b S 5 72012, £ D Si0, 7 /L% 50 °C 0 0.1 M
EtONa/EtOH ¥R1Z 18 Kffiliz L7z, SiO, 7 /L bl L7/~ 4 U > % MALDI-TOF-MS #|7E |2
V¥ x¥ T 7% ¥— 3 Lz, MALDI-TOF-MS A2 kL7155 ("0) tertiary alcohol 9 (2 F 39
5B — 7 ORDPEIEL S T2 (Figure 4-9), Z DFER LD 38T /v a—L & Si0, & OBLKHEA RS IE
C-O #EARDOBHEUNC LV ER LI I NVR I TF AN T ) — IV RERE L CTHEITT D U6 A 1 =
X\A(Scheme 4-3) T, 1HER2HBT NVa— D& x LR 3T /Va—1oe Rax i)

R L 7214212 Si-0 fiE & DA U CHEEIT T D Bt A 1 = X I (Scheme 4-9)% & 5 Z & 73
mﬂﬁéﬂf:o
Wayner O IZMBVLHES 52 & TTNNT &3 T ) — B IGE LY VIV AT IVEER ZIERT 5
TEEWEL TS M, LMo T, Scheme 4-3 T/r L7= K 9 (T tertiary alcohol 9 & INEVILEE9- 2 =
& T Si0, FEIZARL L7~ alkene 40 78 3 % 7 /L =1— )L & Si0, & ORGSR B+ 2 = L RE
265, LA L, Scheme4-10 (28 L7 KX 95 IZINBEVLEEIZ K 0 ARl L7- alkene 40 7337 / —/L &
OB LTt RSy ) U ARG ZE LEERICEIL S D AL T U 213(1°0) tertiary
alcohol 9 TH VY, SRIDOFEBRFEFR L 1T/ 5, L7z23-> T, Scheme 4-10 T/R L7 Kis A 1 = R I
BEDLRWI ENRB ST,

Tertiary alcohol 9 & 2V 7r— h 5 T A & O SIEEE D primary alcohol 3 &V 7 — N T7 A L DX
IR FE & i U CIERIZ D> o T=(Figure 4-3)D (3%, Scheme 4-9 (Z/R L7 i A # =X L LV tertiary
alcohol 9 Db Fm T HEAN Si ITRBHET HERIC Fr S U BITEEET D A FOVENNLARIEE IS
RBHDEEEZOND,
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742743744745746747748749750751752
m/z

mode: positive
matrix: dithranol

Figure 4-9. MALDI-TOF-MS spectrum of the resulting porphyrin desorbed from the SiO, gel after tertiary
alcohol 9 bonded SiO, gel prepared by use of (‘*0) tertiary alcohol 9 was immersed in 0.1 M EtONa/EtOH

for 18 h at 50 °C

—0N—0

_é_o_

-

.
i-180H + H'80 CI:—(CHz)a_O O / O
CHjy Z

("80) tertiary alcohol 9

e

CHj
0.1 M EtONa/EtOH H‘Go—él—(CHg),,—O A O
CHs =

('60) tertiary alcohol 9

. ®
e
- . %—O—Si—’so—cli——(CHz),;—O ‘& )
/(l) CHj &

Scheme 4-8. Mechanisms of the reaction of (‘*0) tertiary alcohol 9 with SiO, gel proceeded through C-O
bond scission and attack of surface silanol of SiO, gel on the resulting carbocation. The ethanolysis reaction

of the resulting tertiary alcohol 9 chemisorbed on SiO, gel proceeds via Si-O bond scission, as confirmed in

our study.

&3



f ~o CHs A ;‘E \(|3 CH,
_g—o—sli—OH + H1ao—cl;—(CH2)4—o & , &2 -é_ _Sli%OH " H‘Bo—?-—(CHZ),,—o e —~)
t.z{é CI:H3 = .,LL/LIO' CHj 2
('80) tertiary alcohol 9
;‘55\0 CHj Cl:Hs
D —— é—O—SIiJaO—C—(CHZ),‘—O B / O 0.1 M EtONa/EtOH HwO—(l:—(CHZ),,—O A )
bl’t;é Cl:Ha Z CH, Z

(80) tertiary alcohol 9

Scheme 4-9. Mechanisms of the reaction of ('*0) tertiary alcohol 9 with SiO, gel proceeded through attack
of hydroxyl groups of (‘*0) tertiary alcohol 9 on Si of SiO, gel. The ethanolysis reaction of the resulting

tertiary alcohol 9 chemisorbed on SiO, gel proceeds via Si-O bond scission, as confirmed in our study.

S

T
-%—O—Si—‘BOH + H0—C—(CHp-0 A , <7
LLq-'(li CH; 3

('30) tertiary alcohol 9

\\
S’SSO Ha

H
;C-—‘C—(C Hy)3—0 @

A
—_— -%—O—Si-‘BOH +

CH,
O and/or HZC=CI)—(CH2)4—O O / O
s

H4C
“)—:Li ’
O alkene 40 O
fé \? G 0.1 M EtONa/EtOH ?HS
A g—o— iH80—C—(CH)—0 ) ) = HP0—¢-CHa0 O aY
I
/é CHy 2 CH, Z

("®0) tertiary alcohol 9

Scheme 4-10. Mechanisms of the reaction of (**O) tertiary alcohol 9 with SiO, gel proceeded through
formation of alkene 40 by dehydration of (*O) tertiary alcohol 9 and attack of surface silanol of SiO, gel on

alkene 40. The ethanolysis reaction of the resulting tertiary alcohol 9 chemisorbed on SiO, gel proceeds via

Si-O bond scission, as confirmed in our study.
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4. FEE

AAFZETIE, INEVLEE(140 °C ~ 240 °C)IZ & » TRUHZ 3 &7 /v 2 —/L %A F 5 tertiary alcohol 9
U — M T ABLOSIO VNV RENALTWAE S D Z LTI Lz, IIEURE 160 °C Tl
tertiary alcohol 9 1%, R¥lZ 1 k7 /v =2—/)L % H 3 % primary alcohol 3 & Ht#Z LTI U o — AT A
E DG 1215 o 72, & R ¥ v iR % 0127~ L L72("*0) tertiary alcohol 9 & SiO,
FNEDRIZE Y 3T va—nt Si0, EDIGE, 1T L2 —Le2 k7 /L a—L L Sio,
EDORUREREE, Tba—bOb Ra %A Si lRIEBE L2121 Si-0 f5 A OBZIMN A U THi
BFIENHEITT 5 Z AR ENTZ, B0 FUVERBLIOT Y ) U ARIGOFERI Y | B
FEFIZBWT 1T L a—AnbIBR LTS UL 27 UEE1E Si-0 fia DoBiZdZ#m LTk
IIRFOGRT S ) S AROEPETT 2 DIkt L, 3T /v a—inbIg Lz Y Lo A7 Lk
Bl C-O FEE DA ZRH L TIIAKRDENEITT 5 2 LRI N, Si-0 #Ea OB [FRF
IR Z S TWDAREMR S D, —FH, WREMEGE T T 3IMT A a— AN LIz ) V=T
JAESIT 1T A — BB LT- v U LT AT LSS L RIEE. EtO728 Si & KRB L Si-O §&
AN L T2 /U VARG EITT 2 2 L DR S iz, MRS b [FERDO S A =X
AErAHhLEZOND, FOIFD, 3H/TNAI—ANLER LY VLT AT UFESICHET A A
F NI D SRR E O RPN FEME S ORGSR EOE R KO % /) & A RS TR ICR LT &
Bbhbd, 72, BUERETOZZ 7 V) U AKIEL Y tertiary alcohol 9 1%V 77— k47 A% Si0,
FNFREIZVIVERATAAEEZ N L THREE LTS Z L bR s v,
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52 LU —NHITAFEHETORLT 4 VBT EDO A X L—3 3 VK

=
il

WA, MRS AR ISR G 2/ U TR Y T O G T & 2 B CHERREEE (SAMs)D/ERID
Bk, EARICHEDOMEZ 5 TE 5 LW ) BLENBEE X RS FAAFgE > 4% MrbhTun
Do BlZIE, TERNES. BRI RE, EARER ECEFicLe 72— 12Tt 0o
RSN D, SAMs ZHEDA A L RR M ERBT 2= LTHA LML S 5,
Sariola-Leikas 5723 v —~DIbHZ B L, BAREHIER LZ7 ) —_X—ZXDKRLT 4 U D
SAMs & &J@A A DA T ERICIRT 2 & T, BARKE ETAZ L—2 g URISHEITLARLY
4 UV DOEBRESERNAER LIZZ EE2HE L TWDY, £, BT CIIHRERBUCIRE N H 5 7=
W, BEIRRAEICVER L 72 SAMs OEH T/ T2 = v k& FIALPHERM SRS A% A TR
B 7e YL CHBIEZ/ERIT 2 Z & T, Hilo2ie 2 BT 2 b < i ShTnd, 2~
4 BTER L2V T 4 U OB FIEDS Bl U7=af9e6l 0 X 5 IR LT <, /L
TR FHEER CIEIERICFERICEZEHT 5 Z LN AIRBTH L0 E FRET 2 MENR B D,

ARAFGEIL, 2 T CYESRL L 7= Ho-teraol 1 D Hi4y - % AT Sariola-Leikas & # s L7z X 9 (Z[EIAFR
W ETARLT 4D DAZ —2 g VROGHEITT 200 UV-vis HliE X VER L7, F7o. B
FHHETORLT 4 Vo DAZ L — g VRGO A T = XL Zat LRG3 72 0o T, HER
N A B =R LERE LT,

O(CH5)sOH O(CH,)sOH
HO(H>C)s0-( ) ()-O(CH):0H  HO(HC)50- ) Q) O(CHz);0H
= =
O(CH,)50H O(CHz)sOH
1: Ho-tetraol 10: Zn-tetraol

Chart 4-1. Hydroxyl porphyrins (free base and Zn-complex)

2. EBr

2. 1. KB L O T E

REB LOEEIETIRO L OEZZOFEEMEH LTz, vV r— M T A IRIRE 7 LTRSS
® Micro slide glass (76 mm X 26 mm)% 3 Z/3(25.3 mm X 26 mm)(Z50E L CEH L7,

UV-vis A7 kL D#REIZE{0IE Perkin-Elmer ££0> Lambda 950 A2 k11 A —% —Z% W CIBHE
L7,
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2.2. Gk
Ho-trtraol 1 1% 2 T T/r L= FIETEHAL L72, Zn-tetraol 10 X%k D i TH L L7,

2.2. 1. 5,10,15,20-tetrakis(4-(5-hydroxypentyloxy)phenyl)porphyrin zinc complex (10) D&%

500 mL O F A7 7 A 2(Z1 (400 mg 0. 391 mmol )35 2 UN(CH;CO0),Zn/MeOH il Fiiai#E (100 mL),
DMF (200 mL) % hl z., 253 C 24 FEfHLER L72, £ D%, CHCL; (100 mL)Z AN %, fafniEk (1 [\)
BIOKEK (4 B)TYF L, A% Na,SO, THE L7=, Na,SO, W5 JEEIC L 0 b,
VR EE 55 2 &L CHREDEIRD 10 2137, (261 mg, 61.5 %)

'H NMR (500 MHz, DMF-d;): & (ppm) = 1.68~ 2.00 (m, 24 H; Ph-OCH,(CH,);CH,OH), 3.63 (m, 8 H;
CH,OH), 4.33 (t, J = 6.55 Hz, 8H; Ph-OCH,), 4.51 (t, J = 6.55 Hz, 4H; OH), 7.41 (d, J = 8.70 Hz , 8H;
5,10,15,20-phenylene H-3"), 8.17 (d, J = 8.70 Hz, 8H; 5,10,15,20-phenylene H-2"), 8.91 (s, 8H; pyrrole-SH);
MS (MALDI-TOF): m/z = 1084 [M]" (calcd. for Ce4sHesN4OsZn m/z = 1084).

2.3. YU — " HTAEREICBITARLVT ) HEAS RO R
ARVT 4 U VBT BII2ETORLEFETER L, 727200 A7 40 U RO ERE L
TR DOV T A HEIAIET 1 38 X0V 10 22 pyridine 2 H L7,

2. 4. U r— N7 AFKH T Hytetraol 1 O Zn $EERDIZALIS KON Zn SEATE ARSI 038 TE T Ko
DRE

U r— N7 AR £ T Hy-tetraol 1 @ Zn $ER DI G L, BaFIW 5 D H,-tetraol 1 23ME5F
WAE LYY — T A (253 mm X 26 mm)% & 512355784 mm X 26 mm)IZ 4] L7z FuAk
% 0.1 ~5 mM (CH;CO0),Zn/MeOH Ak (3 mLYD A->7- 1 em A D UV B/LIZAILT 25°C TfTo 72,
Zn $ERDIEERIT UV-vis A7 MLV ORI %18 > ChEE L7z, Table 2-2 TrlL7zk 9z, ~V
r— AT ARMEALFERAE LRV T 0 ) OB REYS -0 Offil% 5 &L, = 18 X 10"
(molecules/cm?) 72D T, Zn $ER DS HWZS U 7 — R H T A (84mm X 26 mm)FEIZIT
%7 0.65 nmol @ Hy-tetraol 1 2MEFME L TWB EEZ BIND, 2O L LV RISRFD Zn* A A
WU r— b AT AL HE LT D Hytetraol 1 X W IX 50T E WO T L O SOGREITH T
In*' A A REITEL LW LTI T E | ARIOISSFTIE Zn S5SNI — RS & L
TRV EZEZBND,

H,P + Zn** ZnP + H, (5-1)
H,P: v U r— N7 AFmITALFEW S LTV 5 Hy-tetraol 1
ZnP: >V 7 — N T AREIALTHAE L T D Ha-tetraol 1 @ Zn $HK
k: >V /r— AT AKETO Zn $ERTE RSO O3 E EEK
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P VRO E TE R ks 1 Z0% A F 2 ORI S 2 [Zn*' ], &+ 5 &
kops = K[Zn*"]y (5-2)
ERELND, LEN- T, s ERIT
d[H,P]
dt
t=00D & X [HPy=a, t=tDELX[ZnP]=x LT DHE[HP]=a—x &7, Zih%E Eq(5-3)I2fCA
T5H &,

= obs[H2P] (5'3)

da-x)
- dt - kobs(a - x) (5'4)
EHOTBEZAIT O &
Dt (59)
(a-x)

-In(a—x) =kopst + C (5-6)
t=0 DL X x=0=> C= —Ilna £V

In(a—x)=-kot +1Ina (5-7)
#HFons,

H,P. ZnP OENWIARE A ZNEle., k35 &, K ¢ 12310 2 W Abs(f)i.
Abs(t) = g[H,P]+ &[ZnP] (5-8)
F7o. KRR TOUWLE Abs(o0)idae[HoP]o (25 LW DT,
A Abs = Abs(e°)— Abs(?)
= g[HPly — (&a[H.P]+ &[ZnP])
=ga — {ala—x)t &x)
=(e—é&)(a—x)
=Ag(a—x) (5-9)
AAbs
Ag

a-x =

(5-10)

Eq (5-10)% Eq (5-HIZfRA LT,

AAbs
— =kt +Ina (5-11)

In

In AAbs = - kgt + Ina + In Ag
=-kast+ C  (5-12)

L7235 7T, Bq (5-12) & Y UGKEE ¢ 12%F L In (Abs(o0)— Abs()&x 7w v F L, TDOME )15 Zn
PRI RS D3 — VR BE TR kows & SR D72,
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3. fiE Rk L OvE s

TV =_N=Z2B L ZIn $EEDO RN T 4 U B FHED UV-vis A7 R LD L
H,-trtraol 1 33 JX OY Zn-tetraol 10 O B3 1D UV-vis A-X7 kL% Figure 5-1 {2~ d, 7 U —~_—
A D Hy-trtraol 1 OHSFFIED Y — L —HF OBRKWIPE T Apae = 436 nm (ZxF L Zn 5K TH D
Zn-tetraol 10 DSy FIEED Y — L —FF OMKWIE R Apx=441nm & Ly U7 ML BOEES &
HU7. 7. Hotrtraol 1 DEAYTIED Q-3 FAS 4> (A =528, 562. 594, 656 nm)72 DK L,
Zn-tetraol 10 D HS3 F-ED Q-3 K232 D (A =564, 604 nm)iZ72~>7=,

0.08
0.07 -

0.06 - —— 1 monolayer
0.05+ ---10 monolayer

0.04 -
0.03

ol |

0.01F
0.00 /" Nt

300 400 500 600 700

Absorbance

Wavelength (nm)

Figure 5-1. UV-vis spectra of Hp-tetraol 1 monolayer (solid line) and Zn-tetraol 10 monolayer (dash line) on

silicate glass prepared by heating at 140 °C for 3 h.

3.2. ¥ U/r— M H T AFEH TO Hy-tetraol 1 O Zn SERD IS

V= AT xi\%ﬁ HEFEE L TWNWDE 7V —_—=ZADKRNVT 4 VN In NS D720
(2. AR BT L 7e Hap-tetraol 1 O HLy 1% 0.5 mM (CH;CO0),Zn/MeOH A2 25 °C TR
éﬂif\_o D& EDORSFHED UV-vis A7~V ORRRFEAL % Figure 5-2 (TR Lc, AVT 4 U~

B PR Y — L — ORI R 434 nm 705 439 nm (L Ry 7 F LIREED B A
HILTm, FTo. Q-3 RO 4 26 2 DIZE b LTz, 3. 1.T/R L7z Zn-tetraol 10 D H.55 1D
UV-vis A7 FVORHEIZ—ET D5 A7 AP LNIZDO T, ¥ U r— 87 AREIAC WA
L T\ % Hy-tetraol 1 OB SIS EIT L2 Z EDRIBENTZ, F720 Anax = 439 nm DG D 2L,
D BIRKIHL (In AAbs)Z SOGRER] ¢ T©7'm > b L BRSO 2 & L0 ZORISIFHE —IRX
JETHEITL TS EE X HLD (Figure 5-3), Z DEMOMEE D5 Zn SEIRTERSUG DHE— YR E
B kops 2172 (Kops = 0.013 min™),
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0.00
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Figure 5-2. UV-vis spectral change of H,-tetraol 1 monolayer on silicate glass immersed in 0.5 mM

(CH;C0O0),Zn in MeOH at 25 °C . Spectra were recorded every 10 min.

InAAbs

0 10 20 30 40 50
time (min)

Figure 5-3. Plot of In AAbs at 439 nm against reaction time. The line obtained byleast-squares line fit to
the data.

WA, YR E T kos & Z0° A A 2 ORI FE[Z0* ] 1% L CF 1 v 95 & Figure5-4 12

RULTZE DT, MEFHAIBRICINZ ERbhoTz, 202X, U — b H T AKRET
® Hy-tetraol 1 O Zn $EARDIEASUGIEZ[Z0* o 12 1 IRTARWZ ERB S iz,
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Figure 5-4. Plot of the pseudo first order rate constants ks against [Zn%] 0-

3.3. R

1 mM (CH;C0O0),Zn/MeOH ¥&ifZ (25 °C)IZ tetrabutylammonium bromide % /7 &, ~ U 7 — A
Z AFEMH T O Hy-tetraol 1 O Zn SR DI RSN KT T 2 BRI DWW TR L7z, #i—UOHE 4K
kps (tetrabutylammonium bromide D72 )i 0.022 min” (0 mM), 0.015 min” (10 mM), 0.012 min™ (25
mM). 0.0068 min" (50 mM) & 72 V) B DA A L BREN ERT DI ON TRIGEHENELS o7,
ZOZELXY, EEAOBMBOFEMAIERN Y F— N T AKE TO Hy-tetraol 1 O Zn $51K
DGR DOBREY 1272 > TV D Z &R SN T2, ARV Hytetraol 1 (XEM A= Zn*
A A2 LB EERNM N2 NO T, YU = AT ARED Si-O°E Zn* A AU OHE
FIHEAERN S U r— + 7 AFEH TO Hy-tetraol 1 D Zn $ERDIEREIGEDOEREN JJIZ 72 > TV &5
bbb,

3.4, U r— AT AFKHE TO Hytetraol 1 D Zn SERDIERLSGRD A T = X L

In*' g+ HP === Zn*" 4+ H,P (5-13)
Zn®' it HP —= ZnP+H, (5-14)
Zn** o MeOH JRIRICYAfE L TV B Zn* oA
" YU — NI T AREIIHRAE LTND Zo* A F v

N ROERER LV, Eq(5-13) e N Eq 5-14)\R L2 L D722, Zn* A A DLV r— T T A
~DOWE Vi A >V sr— b H T AFH TO Hy-tetraol 1 O Zn $ER DRSS DO FTEEHT & L= A A
= A LERE LT,

W5 & WA VAR O SR BRI 2 72 SRR W TRBELE N TV D, ERINREET — X
I L—MXAIIZ Eq (5-15)I27~ L 7= Frendlich model ®W AR (RREBRAX) & KL< T 52 b
TW5,
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We=KrC," (5-15)
We: ¥V /r— NHTAKED Zn* A 4> OW 5 &
Ce: MeOH &I D Zn®> A A O V- s
Kpo n: EBRER

MeOH &I H D Zn* A A TR E TN TWDH DT, Celx
Ce=[Zn"" ] = [Zn*"]y (5-16)
CEIETILENTED, 72, Eq5-14) LY
d[ZnP)/dt = k\[Zn*" ¢ ][HoP]  (5-17)
Eq (5-15) & Eq (5-17) &V kops & ki DEEFRIX
kovs = ki [Zn2+ad5]
= kW, (5-18)
272 %,
Eq (5-16) & Eq (5-18)% Eq (5-15)IZfRAT 25 Z & T, Eq(5-19)73 G615,
log kops = log ki K+ (1/n) log[Zn*]y  (5-19)

Figure 5-5 \Z/R L7 912, Zn SEARTEARIE O — UL EEL ko 38 LY Zn> A A > OYIHIHEE
[Zn*" ] D log-log 711 v b % & 5 & BTG B AL. Eq (5-19)1C & > TRGHEEE D Zn* A 7 L IR T
PERTBIATE D Z ENbhotz, ZOZ & XD RiBRFEH & LT Freundlich BLoD Zn® A 4> DV
r—NH T ANDORENRE L THDE T U r— N T AFKHE TO Hy-tetraol 1 O Zn SR DI RS G D
XD EDNIRB ST,

3 ! ! ! !
-5 -4 -3 -2 -1 0

log [Zn""],

Figure 5-5. Plot of log k., against log [Zn>"] , . The line was obtained by least-squares line fit to the data
according to eq (5-19) .
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4. FEE

U — T ARMEAEFWAE LTV % Hy-tetraol 1 D Hy - % (CH;CO0),Zn/MeOH i (Z
R 2T, BERRIE ETHRLT 4 U O Zn BN SOSHETTH 2 & 2B L, 2~4 ECERL
TRV T 4 ) COBEGFEILIS DI P TE L 2 LA ERE LT, £/, UV-vis HllEEIZ LY 2D
BOSZ BT 2 2 & TROSHEZR M Ule, MWROERIY | #EMAEHNZEE /) & LTS
PHEITLTCWDZ ENEZDLND, o, In" A A DYV 75— BT A~OWAEEB[E L T-WE
FIRAD D A B = X B ERE LIRS R, BB & L C Freundlich B Zn* A 4> D>V ir— b7
T ASNOWENELTNHD Y r— 7 A TO Hy-tetraol 1 O Zn SERDIZASUGAE Z 5 Z
PRI T, LvL, 2 B TR L7z X 91T Hytetraol 1 DA FIRFHIZIZ V7 — R H T R &
KRS OH FEMNTFTE L, £ 72 Hytetraol 1 O Y 77— v A7 A ETORAMESL RE)—72 2 L 258
THE FTOL)RAMERBEREZRVERT AL Fax v RLrT U U b ERL 7§y 1 a H
WTC A=A LTt T 208 S D L bbb,

94



5. ZE 3k

[1] (a) L. W. Schwartz, S. Garoff, Langmuir 1985, 1, 219. (b) K. Motesharei, D. C. Myles, J. Am. Chem. Soc.
1997, 119, 6647. (c¢) H. Yamada, H. Imahori, Y. Nishimura, I. Yamazaki, T. K. Ahn, S. K. Kim, D. Kim, S.
Fukuzumi, J. Am. Chem. Soc. 2003, 125, 9129.

[2] (a) R. M. Crooks, A. J. Ricoo, Acc. Chem. Res. 1998, 31, 219. (b) M. Crego-Calama, D. N. Reinhoudt,
Adv. Mater. 2001, 13, 1171. (c) R. C. Major, X. Y. Zhu, J. Am. Chem. Soc. 2003, 125, 8454.

[3] (a) D. W. Kim, K. K. Kim, E. B. Lee, J. S. Kim, J. Photochem. Photobiol. A: Chem. 2012, 250, 33. (b) R.
C. Major, X. Y. Zhu, J. Am. Chem. Soc. 2003, 125, 8454. (¢) S. Zhang, C. M. Cardona, L. Echegoyen, Chem.
Commun. 2006, 4461.

[4] A. Gulino, S. Bazzano, P. Mineo, E. Scamporrino, D. Vitalini, I. Fragala, Chem. Mater. 2005, 17, 521.

[5] E. Sariola-Leikas, M. Hietala, A. Veselov, O. Okahotnikov, S. L. Semjonov, N. V. Tkachenko, H.
Lemmetyinen, A. Efimov, J. Colloid Interface Sci. 2012, 369, 58.

[6] (a) J. T. Joyce, F. R. Laffir, C. Silen, J. Phys. Chem. C 2013, 117, 12502. (b) M. C. So, S. Jin, H-J. Son,
G. P. Wiederrecht, O. K. Farha, J. T. Hupp, J. Am. Chem. Soc. 2013, 135, 15698. (c¢) F. B. Abdelrazzaq, R. C.
Kwong, M. E. Thompson, J. Am. Chem. Soc. 2002, 124, 4796.

[7] (a) H. Kang, P. Zhu, Y. Yang, A. Faccheti, T. J. Marks, J. Am. Chem. Soc. 2004, 126, 15974. (b) A.

Facchetti, A. Abbotto, L. Beverina, M. E. Vand der boom, P. Dutta, G. Evmenenko, G. A. Pagani, T. Marks,
Chem. Mater. 2003, 15, 1064.

95



FHoewE NI TV—AEY U IFDYANR NI aI R0 7o N7 S REEEB LT S v
HCOmBARINOE Y vt DR

=

]

1. ##

W DItV & 7% —To % phytochrome 1T AEBL AN ATEM 22 AR EAERIEL(P,: Ainax = 660 nm) &
A PRELH I ME 2253 AR W T (Pt Ay = 730 nm) D 2 > OAEE D A G K 0 Rl FH LA HA
TLHZERMOLNTWD, ZiiX phytochrome @Yﬁ‘ WAV =T77 TR —LTHD
phytochromobilin D& I K- TR LT, WZAHRE U TR DT R & 37 BN OIS D
ZEAbH A4 U B Z & T, phytochromobilin & ﬂ.@ ?Fﬁﬁ@mﬂﬁfﬁﬁ(m AR HYME L,
phytochromobilin DL A7 VNS D728 THH 5 (Figure 6-1),

ZOEZV =TT R ova—UIRNT 4 U & _T, JH D OBRESINRAIIRIC L v FESI
AT F A= a CEARICE LS E LS Z ENAEET, S OISR L ORRE S 2T 5720
K& 720 - BAMEBIASOICHPEIFTE S, Mizutani 53V =77 hoZer— L ThiHET V=)
VEA A FOENEE LTHN TV DS,

red

Absorbance

]

]

]

- 4 ’

1 \/ /
-

300 400 500 600 700 800
Wavelength (nm)

Figure 6-1. Structural formulas of P, chromophore and P chromophore interconverted by light, and

absorption spectra of P,and Pg.

Phytochrome D 1% X #fk db A& AT & Y UV-vis AX7 k)L NMR, T2 A7 hLZ
D EIA S TR, P, TlE phytochromobilin 1% 4Z, 9Z. 15Z DONAAKELE % H D DIZ% L, Pﬁ‘fli
47, 97, 15 Z ONARELEZ D Z & D3> T b, —J7, phytochromobilin & & FHD 7 7R & L /X
B OMABEAERITEEEZIIMH I N T 69, 0 XL 5 22 BAEHMEN T phytochromobilin @
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WL AT S LINEALT B 05T h > TRy, LR -> T, V=77 h I —L&% - &M
B LCTHWAICHTE->T. V=TT T B a—OEEoZs bz KT UM AMEH 2 @A+ 5
ZEIIFERICEE LD,

AHFF2 Gl phytochromobilin DREEULE# TS b U 7 U —/LE Y > P> (Chart 6-1)Z3V T,
I C phytochome DOWLIN AT MIVEAVIZEITZ Y AR h 7o 2 RANBIE SN2 & 2T
%o ABMEEBET T PACHARL L 72 RESERI D AT BV (hpax = 630 nm) 2315 H 72 DI L,
DMF X° 1-methylpyrrolidone @ X 9 7237 &k U PHEABMHIREE A 235U T P (L L 7z aR a6 Y
DALY IV (hgax = T30 nm) B3 EF BT, 72, 70 b MBI TH 5 MeOH Ho Y v o7
NZHRBIEIRE DT I &R L Th Pl L 72@ AR ENBIN D AR BV (hpax = 730 nm)
DGO, TOWNANRY NVELEZSIEEITIRKRE o7 ) o UA v EIRER LT 2 v
ffl & OFHEAERIZDWT, UV-vis A7 hLVJIIER X OV F#uERHE 2 UV TRgT L7,

11: R=CN
12: R = OMe

Chart 6-1. (47, 97, 152)-5,10,15-Tris(4-cyanophenyl)-(21 H, 23H, 24H)-1,19,21,24-terahydro-1,19-
bilindione (11) and (42, 97, 152)-5,10,15-tris(4-methoxyphenyl)-(21H, 23H, 24H)-1,19,21,24-terahydro-
1,19-bilindione (12)

2. B

2. 1. RIEB L OWERE

REEB L ORELIITIRO b D EZ DO EEHEH LT,

T fRBEE By A2 R LiX JEOL #1:84¢> MStation IMS-700 E &3t 0> B 157, & Ot
ENLEH 2 B COR LR E HWTTo 72,

2.2. ARk
B U 11 3L TUN2 1E Scheme 6-1 1276 TARE L4,

2.2. 1. (4Z, 97, 157)-5,10,15-Tris(4-cyanophenyl)-(21H, 23H, 24H)-1,19,21,24-terahydro-1,19-bilindione
A)DE L

2 L ® 2 OKJs#iZ CHCl; (600 mL)Z A#v., 30 o N7V 7 L,
[5,10,15,20-Tetra(4-cyanophenyl)porphyrinato]iron (III) 42 (455 mg, 0.57 mmol)FB X U7 X 2 /L v
(6.25 g, 3.52 X 10 mol). pyridine (75.2 mL, 0.92 mol)Z /%, FeFE N7V L 7% LN HER T2
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REfEIFR R L7z, MUGE 7 =2 F 9 572912 2 M HCI (aq) (600 mL)Z Nz, & 5IZ=IE T 2 Rt
L7z, ZD%., ZRK (4 B)THE L, A% Na,SO, THAME L 7=, Na,SO, & W5 [T IZ X v B
DERE ., WIHZHERET 22 L CRADEKEGTZ, ZORBOEKRN OB Y BTSNV v~
727 4 — (EBAVABLIE CHCly:acetone = 15: )12 XV BV oA v 11 SO GBFELHEEL7-, &
IRV BTSN a~ 7T 7 0 — (BT CHCl:acetone = 10: 1) THR$T 5 Z L T F
OEAED 11 24572,  (24.1 mg, 6.7 %)

'H NMR (500 MHz, CDCl3): § (ppm) = 6.33 (d, J = 5.80 Hz, 2H; pyrrole H-2), 6.50 (d, J = 4.35 Hz, 2H;
pyrrole H-7), 6.70 (d, J = 4.35 Hz, 2H; pyrrole H-8), 7.01 (d, J = 5.80 Hz, 2H; pyrrole H-3), 7.51 (d, /= 8.00
Hz, 4H; 5,15-phenylene), 7.64 (d, J = 7.95 Hz, 2H; 10-phenylene), 7.70 (d, /= 8.00 Hz, 4H; 5,15-phenylene),
7.82 (d, J = 7.95 Hz, 2H; 10-phenylene); *C NMR (125 MHz, CDCl;) & = 122.3, 125.2, 132.3, 137.6, 140.5,
143.1, 153.2, 171.0 ppm; MS (MALDI-TOF): m/z = 634 [M + H]"; HRMS (FAB): found 633.1901, calcd.
for C40H»;3N70, m/z = 633.1913.

2.2.2.(4Z, 97, 157)-5,10,15-Tris(4-methoxyphenyl)-(21 H, 23H, 24H)-1,19,21,24-terahydro-1,19-
bilindione (12)D & ik

2 L @ 2 OKJs#iZ CHCl; (600 mL)Z A#v., 30 o N7V 7 L,
[5,10,15,20-Tetra(4-methoxyphenyl)porphyrinato]iron (IIT) 43 (494 mg, 0.60 mmol)}B L7 A =)L B
% (5.49 g. 3.09 X 107 mol), pyridine (68.4 mL. 0.84 mol)& Nz, MEFENT Y o 7% LN HER
T4 MR L2, KbE 7 = F 3572912 2 M HCI (aq) (900 mL) &1z, & HIZERIRT 2 Fr
B LT, Tk, ZREK (4 A TUHE L, A Z Na,SO, TR L 72, NaySO, 2 W5 | i X
VEY BRE, WIEABIERET 22 & T, BAOEKELGL, ZORAOEEKNGRKT Y 7L
ra~ N7T 7 40— (EBEEEIE CHCls:acetone = 30:1)I2 KW B Y oA 12 D3R % HfE L
7o 6B Y BTSNV a~ N7 T 7 0 — (JEBEELIE CHCl:acetone = 20:1)(2 L D R4 5 =
ECHEOEED 12 2157, (7.7mg, 1.9 %)

'"H NMR (500 MHz, CDCl3): & (ppm) = 3.77 (s, 6H; CH3), 3.90 (s, 3H; CH3), 6.20 (d, J = 5.00, 2H; pyrrole
H-2), 6.50 (d, J = 4.00 Hz, 2H; pyrrole H-7), 6.77 (d, J = 4.00 Hz, 2H; pyrrole H-8), 6.87 (d, / = 10.0 Hz,
4H; 5,15-phenylene H-3"), 6.99 (overlapped two doublets, 2H; pyrrole H-3), 7.29 (d, J = 10.0 Hz, 4H;
5,15-phenylene H-2"), 7.47 (d, J = 10.0 Hz, 2H; 10-phenylene H-2"); BC NMR (125 MHz, CDCl3) & = 121.3,
123.7, 130.1, 138.1, 139.8, 143.3, 153.3, 171.6 ppm; MS (MALDI-TOF) : m/z = 649 [M + H]"; HRMS
(FAB): found 648.2373, calcd. for C4oH3,N4O5 m/z = 648.2373.
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42: R=CN 11:R=CN
43: R = OMe 12: R = OMe

Scheme 6-1. Syntheses of bilindione 11 and 12. Reagents and conditions: (a) 1. ascorbic acid, O,, pyridine,
rt; 2. 2 M HCl (aq).

3. fifR ks L OvE s

3. BV VA NN BLO R OEEDOX YT/ X Y- g v

NEROEEDFYZ 7 21— 3 FCDCL THIZE L7 "HNMR A7 hLD/RF — 27 K
DiTo72, M 120 "HNMR A7 hLE Y, Ea—BOogra b ACHkToE—27 249
RSN, 250V ERrR— L=y MIZEMTHD Z EnbhroTz, L7203 -> T, 11 & 12 /%, Chart
6-1 \Z/R L7 XK 912 4Z,9Z, 15Z, 5syn, 10 syn, 14syn DFEIEZ > TWDH Z ERbroTz,

3.2 FEx DRPEEPDOE Y P F 2 11 O UV-vis A7 kL

Toluene ¥ & Y CHCls, acetone, MeOH, DMSO, DMF H1® 11 @ UV-vis A~X7 kL % Figure 6-2
\ZR L7z, CHCL 1> 11 [ [ EIE C 2 D OWRULH (B FA: Ay = 631 nm, FLE Bz Apa = 400
nmm)ZHT 5D, Q-3 N (EHEMOEE) LY Y — L —F EE ORI OB RN K E W,
ZD XD IRARY FIVORHITRIRICAFET S bilindione (: actiobiliverdin-IVy ZHHLL L TV 5,
FERBIEVRIEC & 5 toluene 38 L OFET & b UNMERMBMEIALE TdH 5 acetone, 7' v b U MERBRIEIALBETH 5
MeOH HF CTHIRBED AT MAREGLNTZ, O X ) RARERIIRIL P, LI TWD, —F,
DMF F1D 11 @ Q-3 KOMRKWIIE R D ey =729 mm (2L R 7 h L, & SICHEEN Y — L
— LD RELI DD, ZO XD REFRIERITNT Py EFEENTWA, F£72, DMSO HTCIL P, &
Py D 7 HNEIE L TV 5,

11/DMF #HRICiERI 0O CHCL 212 7o, 7KK CHIEIVESR L C DMF BV RE, 20 11/
JCHCL IRIE D UV-vis 27 M ZHIELIZE Z A, P, OWIN ALY AR ELRTZ, ZDOZ LM
5 DMF 1 CO Py ORRIZ AW TH D B2 D,

99



—
o

0.8 in toluene
o in CHCl,
o .
= 0.6 in acetoen
o in MeOH
3041 in DMSO
2 in DMF

o
N}

0.0 | o | | -~
300 400 500 600 700 800
Wavelength (nm)

Figure 6-2. UV-vis spectra of bilindione 11 in various solvents.

Figure 6-3 |[Zffix O 7 I REBEF O 11 O UV-vis A7 bV %78 L7z, Formamide (FA)X®
N-methylformamide (NMF)D X 5727 1 AT I RIEEETIE P ABEFICHFIELZN, E7m b
M7 I RIEEECoH 5 DMF 1 X Y N,N-dimethylacetamide (DMA), 1-methylpyrrolidone H TlX P 33
B AR LT,
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Figure 6-3. UV-vis spectra of bilindione 11 in various amides.

Figure 6-4 (ZFf 4 @ DMF:MeOH = 1:1 (v/v)3 X TF DMF:acetone = 1:1 (v/v), DMF:THF = 1:1 (v/v),
DMF:CHCI; = 1:1 (v/v), DMF:toluene = 1:1 (v/V)DIRATEBEF TD 11 O UV-vis A7 ML &ER LTz,
MeOH > CHCI3 > toluene ~ THF = acetone DNET Py DIELZHE L CWAD Z ENmynbd, Z Ok
RED, BV 2 EREER OKFEFEE D PPy W OO Z 5 EH I LTV D Z & AVRIR
ST, Fo, T 0 FMEDRMERIED & E DI Py BT 22 8 KV WL OKFER AT
B VA AIKEME RO BRONH D71 o) LTE &b s,
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Figure 6-4. UV-vis spectra of bilindione 11 in mixed solvents containing DMF and co-solvents in a 1:1 (v/v)

ratio.

Figure 6-5 |2k % 70 /KB G A N —MEO I & DMF OIRA S O 11 O UV-vis A7 kL
R LTz, 2,2 2-trifluoroethanol (TFE)3 X U8 MeOH, FA % DMF & OIRAREEE L CTHWEEEA,
P, A XELAIZIZAR L7243, EtOH 3 KUY 2-PrOH, tert-BuOH, CH;CN % DMF OIRAVERE S L CTHW
29 e, Pe BRI LT, MRPEESIE 0K FE RS A N —MEiT TFE > MeOH > EtOH > 2-propanol
> FA = tert-butanol > CH;CN DJEIZHDT 5728, Py OEKIZEB W TE Y >4 & DMF & DK
FREAVEELTWDZ ENRIBEIND,

1.0
0.8
—— DMF:TFE = 1:1
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Figure 6-5. UV-vis spectra of bilindione 11 in mixed solvents containing DMF and polar solvents with

varying hydrogen donor properties in a 1:1 (v/v) ratio.
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3.3. YRR B I RNCHTLHEY VA 0T U — VI T DEBRIE(E RGBS LOE
TG DR

TU—NLVHIZETRETHDL CONEEZETH N &7V —AVHKICE G TH D OMe HEH
THRDOYNAN T a I A L% L=, Figure 6-6 33 X U\ Figure 6-7 {2 DMF & CHCl; DIRATR
BEARO 11 B X ON2 @ UV-vis A7 ML EIR LTz, £72, PellHET DA = 730 nm O EE %R
B O CHCly OFE N33R TT 1w Lz h D% Figure 6-8 (27~ L7z, Figure 6-8 £V 12311 &
_T X/ ED CHCL T Py ORAMES NSO T, BETRIEEZATS 11 OFHRLY DMF
IR C PR A TR LT N2 E N bo e,

Z DEEIEOHIE L Ok~ 7 kFERBE K —EOMMIELEE & DMF OIRGIEBEH TO AT K
NEALDFER L D . 7 2 FEREEE OMEERICBWTE Y VP F U 3kFERKE R F—L LT T
WHZEAREEIND, BV UA VD ABLIOCERONHIZBEDON &£ FHAKERAE LT
HZOT, BTV A O DERONHPBKE/AICEEG LTV EEbNS,

1.0
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) . —1-
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Figure 6-6. UV-vis spectra of bilindione 11 in mixed solvents containing DMF and CHCl; in a 0:1, 1:2, 1:1,
2:1, 3:1 and 1:0 (v/v) ratio.
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Figure 6-7. UV-vis spectra of bilindione 12 in mixed solvents containing DMF and CHCl; in a 0:1, 1:1, 3:1,
5:1,7:1,9:1 and 1:0 (v/v) ratio.
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Figure 6-8. Plot of the absorbance at 730 nm of bilindione 11 and 12 in DMF-CHCI; mixed solvents against
mole fraction of CHCl;.

3. 4. 11-DMF $5R DS K OV IRED 43 - Bh FH 5L

YNNI ALEREE T 1I-DMF MOMAEEHICEA LTIV RFT L7201,
B3LYP/6-31G(d) L'~V C 11 B X N 11-DMF $&{K, 11 O 7 =42 ((11 -H)), 11 DH FA > (11 +H)")
D e O 5 FEGERT R 21T o 72, £ 722005 O IRAE time-dependent DFT* & W CEHR L
77

11-DMF $5(K D St A% % Figure 6-9 (2R L7z, 11 O DEO NH O H & DMF O B /LR =L
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DEEFE & OFFEET 0.188 nm T& - 7=, £ 72 B3LYP/6-31G(d) L' ~/LC 11-DMF $1& & 11 35 X O DMF
DIEIIRAED =R F—D N B EERDO AU ESIE (14.0 keal/mol) TH 5D Z LB borolz, Z
DT H N E—ZAIIKEREETERE L O van der Waals fHAEAIC L 2 b 072 bbb,
JibELIREE @ time-dependent DFT 3t & 0| 11 38 X OV 11-DMF $51&, (11 - HY (DB NH /»5H H
D3BEE L 7= 11), (11 + H)" (B E2D N\ H AN L 72 1O KR IGEE R dRE 58 ) IX = Eih
620.2 nm (f=0.24), 640.1 nm (f=0.25), 746.7 nm (f=0.25), 691.2nm (f=0.31)TH > 7=, /> F#uEt
BN, KEMATIEQ ANV RRMEEICL Yy R 7 b 2DIcxt L, 7 e oAbt 5 LY &ET
Ly R 7 b5 Z 83D, Stanck © 1% phytochrome @ Py OFERKDE T /LB & L T
2,3-dihydrobilindione (ZHi A N2 % 2 & TR £ 582 nm 725 784 nm IZ L > R 7 b5
ZEERELTCND, L, AFEOE Y L TUF DN R u I AL0ERID, Y v
VA ERT B AT E L KEHEICLDHEERHICE VRO AR MR T HZ L
DIRE ST,
(a)

-

L C 7
ct?“ (€. Vi Sn-€
« C C

& ’
.

(b) 0.188 nm

C

Figure 6-9. (a) Optimised structure of the bilindione 11-DMFcomplex at the B3LYP/6-31G(d) level. (b)

Schematic representation of the complex.
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3.5 T IV EGATEEEF O 11 O UV-vis A7 kb

P, DU AT )V 7RT 11 OFRIE (FAEE: toluene 35 &L Y CHCl;, THF, MeOH)IZfEix DT I >
O01~1MZFRMT 5 E N DDT 2 (butylamine 35 L TN 1,2-ethanediamine, 1,3-propanediamine,
N-ethylbutylamine, pyrrolidine, piperidine, triethylamine, N,N,N’,N’-tetramethylehylenediamine) T Py
DWIXANRT ST EAL LTe, T RIREIC L > THIEEZ SN AR N7 I XL LY |
T M AMETIV (FEIRTIVEBIOE 2R T INE T b T I B 3HRT I V)OI
FF TP N &7z, Table 6-1 127 2 U WINC KD 11 DIATE (B toluene 33 X U CHCL;, THF,
MeOH) DWW A7 kL DZE{kE L O Benesi-Hildebrand 7' 2 > MZ K VRO IZFEETERE T Lo
7=, 1,2-ethanediamine 35 & U8 1,3-propanediamine, pyrrolidine {35 U T2 TORMEIZ I TN
AR NIVOEALD R BT, F£ 72, triethylamine 238 & A7 hLNT 7 b L7ZDIZKF L, pyridine
WL EDIEBETH AT "IV EL L7272, MeOH HIZ3\W\ T pyridine IS DT RXTHT I T
11 DWIRART SV DEAEB R S, TR ERD b REDo72DITXE L, toluene H TIELD
KOMDOT IVNEREICHET D EEOHRANNT NIVOBEERFHER Sz, 11 ORI
toluene 33 2 8 CHCl;, THF., MeOH)(Z 1,2-ethanediamine % ¥sH1 L 72FR0D UV-vis A7 kDAL,
% Figure 6-10 ~ 6-13 |Z/"7,

Table 6-1. Binding constants K and UV-vis spectra of bilindione 11-amine complexes in toluene, CHCIs,
THF or MeOH.

Toluene CHCl, THF MeOH
K 7\’11'13.X K 7\’11'13.X K 7\’11'13.X K 7\’11'13.X
M) @m) M) (@m) M) @m) M) (mm)

Butylamine A a a a 1.3 736 18 731
1,2-Ethanediamine 2.2 747 0.5 736 33 735 13 728
1,3-Propanediamine 2.1 747 0.1 728 6.3 735 12 727
N-Ethylbuthylamine A a a a 2.3 734 23 729
Pyrrolidine 3.5 750 1.1 737 1.7 735 21 728
Piperidine 1.3 780 0.4 735 2 736 19 729
Triethylamine A a a a a A 17 727
N,N,N',N'-Tetramethyl-1,2-
ethancdiamine a a a 1.4 734 16 719
Pyridine A a a a a A a a

Note: ‘a’ indicates no spectral changes were observed even in the presence of 1.2 M of amines.
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Figure 6-10. UV-vis spectral changes of bilindione 11 in toluene. [1,2-ethanediamine] = 0, 0.012, 0.24, 0.35,
0.46, 0.58, 0.69, 0.79 M. Arrows indicate increasing order of 1,2-ethanediamine. Binding constant

determined by the Benesi-Hildebrand plot was 2.2 M.
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Figure 6-11. UV-vis spectral changes of bilindione 11 in CHCIs. [1,2-ethanediamine] = 0, 0.029, 0.058, 0.35,

0.46, 0.58, 0.69, 0.79 M. Arrows indicate increasing order of 1,2-ethanediamine. Binding constant

determined by the Benesi-Hildebrand plot was 0.54 M.
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Figure 6-12. UV-vis spectral changes of bilindione 11 in CHCI. [1,2-ethanediamine] = 0, 0.12, 0.24, 0.35,

0.46, 0.58 M. Arrows indicate increasing order of 1,2-ethanediamine. Binding constant determined by the

Benesi-Hildebrand plot was 3.2 M.
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Figure 6-13. UV-vis spectral changes of bilindione 11 in CHCI. [1,2-ethanediamine] = 0, 0.12, 0.24, 0.35,

0.46, 0.58 M. Arrows indicate increasing order of 1,2-ethanediamine. Binding constant determined by the

Benesi-Hildebrand plot was 12.5 M.
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WIEOZNEN T I REEEE 7 I U IINOSE TR S, 7 X REBOGE, 37 e b T IR
PRI & RIS IE OIR GV D & 03 b P BB SN T WV DIZx L, 7 I UV OBRID & &%
W7 v N MERRIEEIEE A W2 TR KD Py DSRS0 oTe, ZOZE XKD, Ta ok
MBS TE Y o F &7 I ORT, Schme 6-2 (b)D X 5 77 v ks A RBEI O KIEHE
BN TND EREEMER S D Z LRI SN, T 0T a R oBEROKEBSERITA 4
Pl DT, MR CIIZETH D, —FH, BARMEEECH T Schme 6-2 (b)D L 5 72 7'm kB H)
RO KRFEREAERITIER LIC <, BV P &7 2 ORI T Schme 6-2 ()l L7z & 9 70
DIKBREGEER AR T 5 L b D, 2L ORI Y U v & ONRREEORENRA U5
728 toluene X° CHCIl; FF CIE N AAEE A3 E E X 41TV 5 pyrrolidine X° Scheme 6-3 (2R L7z 95 7
BEEEFE DRI L W KFHREE DT A F S 415 diamine Z N L7256 O A P MR S L7z & o
%, Amine & p-nitrophenol DR IZIBW T [FEIERD 7 1~ BEVE O KERE G S5 TR+ <
BRI T 5 Z LG STV B,

(a) (b)

O 0O
e @
NH + INR, =—= N—HImiNR; —~—— Nuin HNR4
D-ring Amine Hydrogen-bonding complex Proton-transferred hydrogen-

bonding complex,
preferred in polar solvents

Scheme 6-2. (a) Normal hydrogen-bonding complex and (b) proton-transferred hydrogen-bonding complex .

o]

H &+

NH timn ‘N—H

\

z W

Scheme 6-3. Hydrogen-bonding complex of bilindione-1,3-propanediamine.
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4. FEE

7w b X REEF S L IFHRIEREDCT I 2N+ 2528 T, R TV —1E
U oA 11 8 LN 12 13 KIRD phytochrome D1 /R E U D Py (238, L7z UV-vis A-XZ7 |
NIRRT Z &2 R L=, Toluene §1ClE 11 d Q-3 R OMRKRKWLINIEE 2N 631 nm (ZELAL D DIk
L. DMF #Ci% 729 nm (28I 7=, [FEEIZ DMA <° 1-methylpyrrolidone 72 E®DIE7 1 h 7 I K
%ﬁ¢?@m®%ﬁﬁﬁmfét@1%%NMF&&@7BF/@7 R¥A#E S Tl phytochrome
DIRESINI P, OTER PR ST, 7 U — /LI HREEETH 12 LI L CT U —b
ﬁm%%ﬁw%%ﬁﬁénmﬁmwméﬁﬁb%#moik&mm&@ﬁ@fubyF%~ﬁ®%
BEDORAEEEHFIZBNT, 7’1 b R —PEOROEENE & Py O A ET 2 Z L b oTe,
INHDZEEY, T P I NEEFTOEY U OF DY NN 7 m I ANIE Y VA
VEFET T FMET S ROKBERE(EY AU BABERE R =L LTEIWTWA)IC L » T
C7eb D72 LR STz, o FEUERHEIZ XV 11-DMF $5 R 0fE&E D @b 2170, BV v od
D DEEDNH D H & DMF O /LR = VDO & ORI 0.188 nm ThH V| $HADIERSIE
FEARE (14.0 keal/mol) TH D Z &N oTl-, ZOT U H N E—ZEIKERAIERICL D B D
ZEEbND, —F. MeOH HF D 11 TSR DT X 2 (butylamine <° 1,2-ethanediamine,
piperidine 72 ) NI 5 Z & T Py OB Sz, 7 RIERFPO Y VN7 m I XL 8T
B0, TIVERNMLELEEDY LR N7 0 I XAO8E, 7 a b UoMBVEREEETR OIE 5 2% Py
DI PIRENRT 0 oTo, 7u AR ICB W TE ) v O F &7 I o Ttrr b
BV OKFE-FENMBE, PR LT Bboid, 20X 5ICe ) oA v ORI R 7+
MAZBERICL S THIETEA2 2N Y VA DY AR R I RANSLHLNCR-T2, L
TeioT, V=77 NI Er—VEOLEWE ik RCEFHEI~DICHT 256, /5 FHKER
AN OF—U—K&hdtEbis,
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AR TIIAEES T AEmERNTICT U T — M T ARENACFHRNCLERARNVT 4 U
DGR EKRT A HEE L TT va—L T ) — e ORKEAERISIZE R L, AbFo
BLE IKERIEDOEL, KEEEI OBREE, 707 OBUKYE, fEdb ORISR, KEBEDNFEG T 2 RFE DK
[EER S FrX TR T U Oh s Z2 RTINS S8, MG BOSPAER LIz U Lo R
T VARG O 7R L TE M e s U 2 E 7 A R R S T O R SL L B oy R T OFR# AR 2
I LT, Fo, AT 4 U AT, JH Y ORI CHEEZ 2 bS5 Z &3]
RET, B2 7200 - BB ~DICHP IR TCE ) =77 h IR — LD 1 DThHhoEY I F
DRI FRIAKRFEREIC L > THETE 5228 ) A DY N b7 a I A L)
L LM LT,

B2ETEE FRX AL T 4 Vo ey ) r— A7 ALORISHEIX AT S Fr¥ oo
BOWEMOARNLT 4 ) OS2 MEVEEMIE TIRTIESZ L TR ET2Z BN
o>, —H, VINZATAREGEN LT Y I — M AREIZHEE LTZARNLVT 4 U B
DEEMESRAE TOMKIEEO T 2 ZEMIL, BAT DO Fed U EoBE2HMsE5 2 LT
EMERm EL, £7AFAEIC XY By FEREZBUKAIZT 5 2 & T, Y VT XA T IURME
DKDOBEENLRANHIR T D Z & TEH FIROZEENEIZM 35 2 ERHALNIRo T,
T, T U —ED A LONEIZAR—H D pentamethylene F: %/ L CTHEA SH ok R iks
4062 1EFXD42H5E FuX T ED ) LERN ) r— T 7 ALRMIST, V74U
BN r— N BT AR USPATREL M Z LW 2 E R T UVavis 247 KL OTIR
BROEAMARNE, B FIROBESME T COMMAKDREORER LIV "B I, Lizios T,
W7 4 U BN Y r— T ZTR L COATICELN LB P45 51213, Av7 4 U o
T U= NVEDO 2RI Frd v e ALy F et o0 ERH 5 L Bbh b,

53 B CIIKIR L 2 RTINS ETREMZM ESEDL LW O IO L LT, A7 1)
VEZIRTY Y r— N T AZEET D 2 & DS ATEEZR tris(3-hydroxypropyl)methyl £ % ¢ DK /L7 ¢
Vo zar U, & DOMKSRRSIERE 2 HIE L7k 5%, tris(3-hydroxypropyl)methyl F& /RN 55 i
PEY o= LTHERTOH L Z EBHALNIRo7, LAL, AUKALVT 4 Y v E2ZHTYY
— M RAZEET DI ENARETH D L MIFF L7 tris(hydroxymethyl)methyl F1Eib 27K 53 fif
JRARE ST LE D ERKOFREN G LN, T, SRR ZRHIRICED U r— T R &
DT 1 RET TLY VIV AT AR 2T T ORE OITILIZARIRD OH 75 2 5%
D, TIWDNERELZRIZ LN EEBbhd, L - T, AW E 2 S CRAEERmICEET S
Y. Vo — L LT BEREEEDM O IR RMMENBE RN T ThH 5 2 LR BN o7z,
ZDOZEIE, VU —OEE RELT A Z I L o THEEREOEREOMFE & 278 L TF
HEMNAIRE THH Z 2R LTS, £70, U T — M7 ZADORIG R R EF 2 HA
THZETUVINTZATNFEGZT VX NEETHRETE S 1-hydroxy-2-ethylpentyl J& & MtANK /i
PEY =& LTl 2 e LN o7z, 2 FETIRBEROGIZ 6 U T LB 22 E 72 By 1
B LTZ413Y v —Dk Fu ki LMK fE L L TN T VR VR T R T7 U —
RN T 4 ) DENENRR DT V) —VEEITEA L TWS T2, 5 TR s 2R LTk
DIEVEEZESR L TWD, —H . 7 & 8 I[ZE AL tris(3-hydroxypropyl)methyl %t 35 K Of
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MK IREDT B STV D, %E TR, BEROT U — VR 3 250 T, AICEHDET
TN T7T Y =V EICHEREBREZEAT LI ENARTHD, Lo T,
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&t o ETH, ERICAMRY A —ThDLEBZZ LD,

BAETIHE IV — T ABLVSIO Z NV E THRBLO3I®K T Va— a2 HT 5 Refx R
T 4 U v DREIOBANEE RIS L ONMKSRE, =4 2 U S ARSO%FE & i T 5 2 LT,
HEFNESE T CH MK FREON IR U CTRERFRNT 4 ) VG TIREIRT D Z IR L, &
BIZ 3T IV a— L SiO, MDSUGD A J =R LD BN o 1=, INEVILER (140 °C ~ 240 °C)iZ
Ko TRMIZ 3T NV a—NaEGTHRLT 4V 9%V r— R NHT7ABILOSIO, 7 VEREIC
EFRAESEDLZENTERER, 9LV U r— A7 2L ORSEE TR 1 T Va— Lzl
TORNT 4V 3LV r— T AL DRISEE & el UTIENREE 160 °C THI 1250 »
7o B FEXFUEOEHEL B0 ICT I LTZ9 & SIOFVEDRISICE Y T HRTLa—1=2
T a—L & Si0, & DGR EERE, 3T /L a—LE Si0, & DJHITE R i Si ki
WL 72141 Si-0 FEA OB U THEA RIS EITT 5 2 L3RR S, BRMESMEC Sio, 7
NREIEFRAE L THNDEIBLORIO=Y ) VARG EITY & 1T /va—L0 3 O5ET
3DOREEDFRNLT 4 U UBBEEL TR S =Dz L, 3T /a—Ld 9 OFAIL 9 LISMZ 9
DEZFNT—FT)L 41 LT 40 DREEDORLT 4 ) UL TSNz, D2 L kb,
TH ) U ARIEEBIESE T TITY & 1 T L a— bR LY ) L= 27 ST Si-0
FEEDOHALRA L T=F 2 U ARGHEITT 20Tk L, 37 va—AnbER Lz U v
TATIFEGIE C-OREA DA EZBRH L T2 2 U U ARIGHEITT 2 2 E 03 RIB S 7203, Si-0
FEADOBAELFRFICE Z > TWDAREMRH D, £72 "0 T-VULERIC LV, BRMESIE TSy
fiE B RIEED UG A T = AL THEATTHZ EDRBINT-, —FH, YV — "I T AFRmEEIT/ERL
723 9DRNT 4 ) HS RO IS COMKIREOGEE X, 30 °C @ 1 M NH; (ag)H
TOX3 X020 FESETT D2 b oz, RS T S0, 7F V- FEITALFE A LTV
H3IBLOPIDOZH ) YT ARG EITI &, EHIZI3 L IDT NV a— UEEDORNVT U o H ik
LTSNz, ZOZ L0, HEMSFETTIT1IEZT LV —ALEBIO3HET Va— bR
L7z U AT 2T VRESITIRIT BtO78 Si 2 REZEBE L Si-O M5B AT 2 2Ty /) U AKX
JEISEITS 2 2 L DRI ST, MKRGRSOS B IRERD IR A = A b% b D B2 biD, D
72, 3T IV —)VINBIEEK LTe v UV AT VAR S IZB T 5 A T VIO NLARRREE O R 3
M ONKGRIEB LR Z /U ARKETHEFICEN L Bbivd, $o, BHSMETO
X )Y VARILDORERL Y 9 XU Fr— hH T AR Si0, FAVEREIZY VIV AT IESEIT L
THRALTWDZ E bRB ST,

HSETIET Y r— M T AEHALEEA LTV D 1 0BT A (CH;CO0),Zn/MeOH YA 12
BT LT, BERREECTRLT 4 U n®D Zn A 4 OENISHEITTH 2 L 2R L, 2~4
BECERLEZALVT 0V OHGFIRIIS DIEHEM T 5 Z L 2 ERE L=, £72. UV-vis JlIE
IZE 0 ZDORIGE BN 2 Z & CRICHEZ R L, HEmN O EARE R L TORLT 4 U DR
BL—a VRIED AT =R EPRHA LN o T2, BE— KRG CRIE LT B B ko & Zn° A A
¥ ORRIEE[Z0™ 1 DS EEBIBERIC 2N Z & K0 . v U r— T AREIALFERAE LTS 1 O
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3 FIED Zn $EIRDTERRSOSIE[Zn* 12 1 IRTRRWZ R STz, EEHROERL Y, #E
FHERZEE N & L CRISHEITL TCWA Z ENEZBND, I A A DY) r—FH T A~
DY % B LI BRI D A B = X ARG LTS SR, BiBE - & L C Freundlich %> Zn™
AFL DYV — R NHTASNOERENECLTHHL VY r— AT ARHBTD 1 D Zn $ERDTE I
JENEZ D Z ENRIBI Nz, LML, 2ETRLELIICI OHESFEERIZIFZ U — s H T
A ERBISED OH ENFEL, 1OV 7r— N H T X ETORMMES A —72720, ARIZE
NODRLERETLUNERDD, LENR->T, TNOOREERERZIVRIT S Farf Rl
T4V BERIL T FIREAEH WA =X 22 L VRS2 0ERND L L Bbh b,

FomTIIITa b kT I RIREEF S LT ESBEOT I V2 IRINT A2 T, 7 U —
NIED 4 L OMEICEFRLIETHD CN EEEFEGETHY OMe KA FFHO N7 U — b
YIF & 12 1T RIRD phytochrome D AR BRI D Py IZFAEL L 72 UV-vis A7 FLZIR
T2 L&A L7, Toluene 1 CIE 11 D Q-3 KDHKWLILEE 1% 631 nm T phytochrome DR €4
SR P, \ZHAL L72 UV-vis 237 hLIE 5 72D12%F L. DMFE 1 TIE Q-2 R OMRKRILINIE &
1% 729 nm (B ARENERIVR O Py (ALl L7z UV-vis AT MLEIR LT, [AERIC DMA X0
1-methylpyrrolidone 72 K D7 11 b UAMET I FEEEH TIX Py DR MR T 7275, FA ° NMF 72
Eora b T I REEAFCIE P, OB HER SN, 7TV —ARICETIEREAT S 12 &
s LCT U —VERICE T RBIEZETD 11 OFN Py 2B L9 <, £72 DMF LfEix D71
Ko R —MOBREEOIREEEFICBNT, 7'a by R —MOBWEEIZ E Py O ZLET
HZ ERbhole, ZNHDOZ XY, IETm b MET I RBEEFOEY U F DYV m
SALFEY U EIET T T I REBEOKFRES(EY) o UF U BNKERE RF—L& L
TEHNTWDINC LD b DIE LR ST, 3 FHUERRIZ L Y 11-DMF 5RO E D ik 2170,
EU VA DO DEDNHOH & DMF OB /LR =L iEOfEHE L O 0.188 nm TH Y . $A
DRSS I TS (14.0 keal/mol) TH D Z ENbooTz, ZOxT XN E—EIIKFFEAE
Ik Dbl EBbns, £72, MeOH HO 1112781 huET I ThD LT I 002 T
RUBLIOIETE R T ITHD 3 %7 2 (butylamine 35 X UV 1,2-ethanediamine |
1,3-propanediamine, N-ethylbutylamine, pyrrolidine, piperidine, triethylamine, N,N,N’,N’-tetramethyl

chylenediamine) Z ¥’ IN9 % Z & T Py DD HER S 72 DIT%} L, toluene 1 TIIWN DD T
>(1,2-ethanediamine 33 & U8 1,3-propanediamine, pyrrolidine, piperidine)?2s =i EIZFAET 5D & X DA
Py DR STz, T7205, 7T FIERTTOY AN~ a I XLNETERRY TIVER
MUIZEEDY NN R I I XATEH, 701 b AEBEREE R OIE 5 23 Py DB I LT 0
ST, ZHUTT b UMEBIEESLRICBW TR Y U T R oM T e b UBETR O KERE
ANMENT Py DNER L7207 Bbns, 20X HICe Y U4 ORI E Ny K E
BRI E-oTHIIEI TEAZ L2 U PF DY AN R a I RANLHLNIR -T2, LD -
T, V=77 M7 Er—VEDILEWZ Rk 2 RCEFME~DICHT 256, 5 FHKERBED 1
OF—U—REipd LEDbRD,

B O Sy T IR E RS 28 5 TR - BAH - BRI e T A/ I R A ERIcx 5 &
N TR D3 AOfili e EEE AT N A UNTHIEREZED TS, o, ABFETHE
HL7Z7 Va3 — WL SiO UADOERIR & bIARETELL VI AT v "D D, LR - T,
3 BR 4 BTN LTINS RZ E I A/ R R i 2 fERC & 5 tris(3-hydroxypropyl)methyl <>
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1-hydroxy-2-ethylpentyl 2&, 37 /v a— Lz o —L L TEAL, 627V —AEIZTEMIZE
DR TREA REHBILAZEAN LT NI T U —ILRLT 4 Vo afiax ORI 2 AEbE D
T L TRk A AR N Ty B LTI DI R ICHIBRTE S & B X b5,
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AWIEHED D2 H T2V | WFHTERTE & BATICRY) T80 5 THRE & ZHifEZ R0 £ L
TZRSHERZZH TN kS & BRISOLVEELEA L EF £,

K SCREIZ DT AR TS TS £ LZFESHERFE TN R {17 &
RO WNCAR B WERIEHOBEZRLET,

AKWIE D HI2H T2 | A IRiIHE e TR & THHEL R Y £ LIRS RF B T
#OFL LR BRI O BEHOEER L ET,

EAREICBE LTI AW 2 & £ LI RIS EMZERT Bl e KIZ
REHEL £,

X BRI FRRERS L O 21T > CWieE & £ LY o7kt B 1H KIC
DRV EHH L LT £,

ARWFFETRENZ I\ TRAATEFE 7 ° ZHR 8, Jafiim & THE £ LI AERERE L A58
HOFENT . FELEOEA  FA K A i Kb WNicE < OREDHERIC
AN LET, FRCHE 2 E TR BRISA, F4ETIIRA EFRUSAITRE
BMFHIZRY E LTz, ZO%HEN) TEHELET,

BB, WA Z R E L, WHEAETE 222N 6 XA TIHE £ LIEFIRIEH OB 2%
LET,
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