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Study for Developing the Functional Thermal Paper with
High-Black Color Developing and Durability by Using the

Sulfonylurea Color-Developer Molecules.
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Figure 1-1 Fundamental structures of Thermal recording paper.
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Figure 1-2 Sensitizer (m.p.95°C)
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Figure 1-3  Structure of Salicylic acid derivative zinc salt.

£, BE®)IX, &a %iiﬁéﬁl%ﬁﬁ%b ENFR QR L2 R o7,

HO-@—SOZ—O— e O\/\OOSOZ—Q——OH

L. =n

Figure 1-4 Structure of Polymer developer. (NISSO CO., LTD)
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Figure 1-5 Structure of Polymer developer. (ADEKA CO., LTD)
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Figure 1-6 Sulfonylurea developer monomer (TUPH)
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Figure 1-7 Sulfonylurea developer dimer
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Figure 1-8 Color developing mechanism. (Conventional form)

T, YY), BREWEOREMEITIEER D pKa ITEETHI LD EEX LN TE L, LorL,
VT4E Figurel-9 \ZRT X H 12, pKafH 5.50 D p-A)NH T NREEFWA F VT AT )VOFEEAIE
BERIEZIToT-M, BERRONARPoT, Z0Z &M DREAEEITEARO pKa (247
LHIELRNWE WD ZERHALMNNIR o, £, p-ANAIT NEBEBAF VT AT )V
EREENIEWTF AT =/ —/b (pKafB 6.50) DOREBITE L EBNRI 2T,

Figure 1-8 |27 T & ) REE—HEIC LA RERSA D= AL L TR VRS BATE
B, 7= ) =LA L O (pKa = 8~11)"° HEREF L LTHEMATRERZ EBH B,
WRSTNBEDIZ, EEHIIKEA = X LOBMNIEFICEEEE 25, 28R, B
—HERSNE Z B =D 3B —EE RIS OERD B HREY &V ZETRITNIER RN
NEThD, 0 X 0BROBERI R UEER D) & K RV EECKE b2 &5 b K 0 55 EE
CHENERT D RIENEE OB —EERIGETH Y | Figure 1-8 & IIFISHELR XA TH Do

TORRLY., REWORERIGA N = XL L THREROBE —HEIC L 2RARIS
AH=AL TR, HORGBRFNPEES LERGBRIEA =X L TIRRVNONE NI
RIS Tz,



14

12

10

% 8| &

6
A

4 " Eg o

2

0 . L L )
00 05 10 15 20 25

8

Figure 1-9  Correlation plot between Color intensity and the pKa value.
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Figure 1-10 IR spectra of the CDC composed of S-205 + Bisphenol A, and its
relevant molecules in KBr disc.
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Figure 1-11 IR spectra of the lactone ring opened S-205, and its relevant
molecules in KBr disc.
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Figure 1-12 IR spectra of the S-205, and its relevant molecules in KBr disc.
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EBHIZIR A MUVHEIE L & hiom £ 2§k S-205 @ PCNMR (b2 7 MEDE(LIZ X
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Table 1-1 The >C NMR Spectral Peaks’ Assignment of S-205 Measured in CDCl;

25

24

21
22 20

29 27
28
26

30
18

Chemical Shift / ppm Assignment Chemical shift / ppm Assignment

12.10 C25 119.48 Cl
17.88 C23 123.88 Cl11
22.46 C29, C30 12438 Cl4
25.68 C28 126.09 C10
35.60 C27 128.80 C8
44.30 C24 128.97 C19, C21
47.95 C26 129.90 C13
84.43 C9 134.82 C5a
96.80 Cs 136.75 Cda
103.97 C8a 145.12 C3
108.35 C7 146.41 C15
114.67 C22,C18 149.27 Cé6
116.85 CO%a 152.34 C17
118.37 C4 152.38 C2
118.58 C20 168.73 C16

HIEOFER Table 1-1 IR LI(EFEY 7 FDO S BAFIZ, AR —RUACHETSCID
E— s REERETIIT o — FE—2 &R0 E—J0REIHRBBIIEITELEVIK
P LE R Lin, £, RIS C506,C7,C8 BRTICHY T L E—7Ic bBR &,
COERIIREREDEICELD AV RECHSBOKETHDLEADND, ZD
£ 5 e ki3 v A = Yesh S-205 23 Zwitterion ZFERL L CE R T = / —/V A & O THFHHE
EERAEZECLTVWAZEERLTND EEZLNLD,

10



INBEDHEBRRLICIY ., AFEEZEL—EONE >’ CTIIRBWROH LW RERE
A= ALBHA LN R 0T, FOHFHLWREKEA =X 5 EE, et BAEAMNTIN
KERAIC L VEREBEASER)ERE TS LD DO TH A (Figure 1-13), fFlziX, o
aYekhE 2 BREMEY = ) —VBRBAIL KFHEETDHZLICEY ., BREEEKEBRT DL

Zxoh3, 2

=
\

)

iy

amk
bt
\J
H
N
d
=

=
@]
1;22
o
\\6
/
g I %

CH3 §
Oﬁ %
| O mo /
VEHRT = o VEHET =) 1
OH E
% OH
Y HO— &R = ) —1C

Figure 1-13 Color developing origin on the thermal paper composed of S-205 and
Bisphenol A
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Figure 1-14 Color developing mechanism by the formation of hydrogen-bond
complex between the open-form fluoran dye precursor (S-205) and a

color developer such as sulfonylurea.
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Figure 1-15 IR spectra of the CDC composed of S-205 + TUPH, and its relevant

molecules in KBr disc.
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Figure 1-16 IR spectra of the S-205, and its relevant molecules in KBr disc.
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Figure 1-17 IR spectra of the TUPH, and its relevant molecules in KBr disc.
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Figure 1-18 IR spectra of the TUPH, and its relevant molecules in CCl4 solution.
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Figure 1-19 UV-vis spectra of the CDC, respectively.
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1-8-1 pKa
BRLIZANKR =LY U T LS OBIEE DFECARE~DEEEZTD72DIT SO, fD
ZER Lo D pKa BHRIE LT,

0 0
L I ,
R —~|SI,-~~N—-c—11\I—R
O H
VAR DI

0.IM D7 = EETAKFEHS Y ™7 APKIK Sml 12, 0.1N 0 NaOH /KEK % 0.1ml A1 2 72 BATE
B 1.0ml & 20ml A A7 5 R ANL, ZHIZ X-TUPH : 5.0X10*M (=& / —/b - KD
BAEE) % 1.0ml %, &5ITHMAZINZ S Z & T 20ml ORSEIRE % Lz, FERIC,
MMz % NaOH /K¥E#E% 1.0ml, 2.0ml, 3.0ml, 4.0ml, 5.0ml [ZEX=HDOEFREL, I I,
NaOH /K&K 1.0ml ZEBEAA 7T A2IMAbOEFHE L, V77 LY RIZiE 0.1M
DY EUEETKED Y ULAEREEA L, WEE L pH 2RIE L7,

HIE &
UV-vis 227 MARIEDES, 10mlX 10ml DFZEE/LEZFER Lz, pH (b2 X 0 BLE
MBELT AEROWRIEEZRIE LT,

pKa DEHE
BEEK OMEETEFRERL(1.1) RTREND 12D, BAEMER Ka bE(12)RXTES
&b, T 2T Lambert-Beer DIERIZGA L CREEEZ AV 5 & pKa i3REUT K > TR
HBEZERTED,

HA+H,0 <> H,O" + 4~ (1.1)

K = [H3O+][A“] (1’2)
[724]

pKa= 'logKa (1 3)

pK.= (Esu-E) / (E-Ez) (1.4)

Epy : FEFRIZBIT D BH OEHNE

Bp- : BOWILE

E : &0 pH 2B 2 WLE
ER XY DFFD pH 23 pK, TH D,
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1-82 IR A7 NVHAIE

ABFFIZ BT IR A7 hVHIE % Perkin-Elmer #£8  Spectrum2000 (2 & 0 BIE£1T
ot BIEFEEE 2 DAY TR DN EICEAREXEBD., BWRIECCIICE Y ZERT
BIEERITRoT, . WREOEIZIZTE/E 1.0cm OEVIZE YV RIEZTTR o7,

1-8-3 UV-vis A7 MHIE

ARFFRIZ BT UVavis 222 R VBIEJASCO UVIDEO 610C V-550)I2 & V) FEEIRE 2
skh7e, PIEFHEE LTI 10mlX 10ml OFHEE/AEZMERA L, v =2 4h} $-205(2.5X10°M)
EEEALKR=NL Y LTEEKI(1.0X10°M)E T £ b= b Y bz =1/1 BEEREIE
RLUBIE®{TloT, U7 7 LY AT E b=V W bz =11 REEEZ AV,

FERESMEIC LV BEIE S UVvis A7 bAD 5 H, EEEMOE—2 (§ 580nm)
DRI EFARE L Lz,

BEENTIE, a2 ROBBIZ, 7=/ —NMERELOBEEH-ITTOIUER Do
¥ 17, Lambert-Beer DIEANCREVERIEOEILED 10 EOMHEE &2 OFEEEEEROEIEE
ELTIRE LT,
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2-1 ]

ERE - BREEOBEEBRIOEER L LTAVLR TS ALR=AD LT S
Moo afphc L0 BRENSRAEAEROERICEET 20 FEMBEEMICEL T,
BE 2 2420072 B B BV RRE R T ORI 38 L O (LERIRET R 1T R o T,

WO LY, BEBEOREEMEREIL, v 2 Qb —BH A S FOEERDOUV-visA~7 L]
BIZE Y L me=380nm T UL D FE A FRE THM L, BREHKIS T OpKali®E & OFEEBERZ #R~
BT, BREELIRTIRFEBRELL Y ERFETRo TR, bR atE
COEBNARBELTRTRIFEROT B LIETERD o7z, LL, Abraham' b0 7 L
— ALV BRBISNEABRES RF A2 REL D37 A —F o) " DENEHTH A
BEMARR L, BEXIRE UVvisA~27 MABIEIC XA REREDHEME, o, OEDHE
EA M AR BEREER L. 8RB LEALT=AY LT LRI 2 ARRBE FT—
BN o, E EREICEiCE 2 L 51207z, TDay i, BHEHISFO oA IYBHIHT
REREORE SEBELSIMET S LN TE, WEEBEAK 2T LT, EFICER
ThB I ENDMoTe, £, ANKZA T LT ED2OON—HO'HNMR{ELEL 7 MERR,
HPLCH T AMREEER 2 COWMEME E o " OB OMBEERERE L, AFRRKEICLIREE
BEAERICHED . AT VR - MR ER, BEHISTFOKERE N —EHLHE
BT BN LREMD 0T, EblT, BERXBHHEMITREL, 2 a—2—2AV
yalb—varbiil, REESEEREEIICT S, MELENET O HIT
ot
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22 FHAREES RF—RTA—F gl

ARG CEHE, FREHEEL LTABRBA N T =52 —% o, LW EEZHANT
BRx iR LR RET B AT 2R o 0,

KBRS FF—235 2 —& o, 1 IEH Scheme 2-1 [Z5RT X 5 /2B L HES 111 T/RER
B L BEEERRT 2 TSV T, BrAa Rt Rl ER R £ bRRHOITKR
HHNBHRT A —FETH 5 (Equation 2-1), SEZ DKERES FF—13F 2—% o, fHIC
EELEEAE LT, BETHRAEE DI, BEBE L pKa M OGRS p-A L7
7 NEBEEFBAFINT AT (pKa ; 5.50, FHBEIRE 0 IZIEV)R, p-ANVI T NEREEFEA
FILT AT )L EREEIENTF AT = 7 —/v (pKa; 6.50, BREHE 0 ([ZUTV) OHBRIZLY
BATERL R, 26D o) OEIZFERIT/NESVETH Y | FEIRE L OEBEEE
BB L, SbIT, FREARGA N = A LT5REEHEAKIM TRBEEAICI VREE
AEEFRRTEZ LRV REETED, KERFEICLH0FHRAEFERANEFICEET
HBHZ L, EHITIE, PFHAERBEEARICEELTE D LR EFRAREMEH IR
NoThHb,

AH+B ——— AH—B
Scheme 2-1
o ,B=(logK ,B+1.1)./4.636

Equation 2-1

LHE AFEDOHEMETH D ANK=AT L TREEFNZZID o) L WHEEZHEESED
IZHT 0  BEXBPICITAVR=AT LTEEMICHT 5 o) OESTR SN TP
D BREBREERL o  OEZEISSEILNERDH D LB ETRERDEREZITo,

BREBROERFIEE LTI, BEITEF DS Table 2-1 (7R LI REREEHR & LTEMTA
ML THD T = ) —AbE T a2 —)UR 10 EAEBICEVCHL, Zhb 10
BOAYE v 2t S205 M TREEGEEEMEE, EOREREEL UVvis AT
RMUTRIEL, o &OBMRICE L CHZEZT o7z(Table 2-1), 723, BIEFMFL LT,
BFET = ) — LB, TAa—Ea - oA afekl=50%107:2.5X10°%7 % F= b
U U M vz =1/1 IBA BT MR L 10mm X 10mm AIEE /LT UV-vis lIEZITo72, £D
R, b 10 BEOAMOKRERS FF—RFA—F o, EREBEOHMICHFEICR
VB BEBIE ASFERR X U7z (Figure 2-1), ZOOFERE DI E X T,y OEEZALK=ALD
L7 AN &S L,
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Table 2-1 The reported (XzH values' of Hydrogen Bond Donor Molecules, and the
Absorbance Values for the Solutions of (S-205+Hydrogen Bond Donor
Molecules with a Molar Ratio of 1:2) at Ay. = 580nm Determined by
UV-Vis Experiments.

B (CH;CN: C{HsCH,=1:1)
T2 FE:S-205 : Compounds=2.5%10>M:5.0x10”M

COIIlpOUIldS 44 2H AS-205+Color Developer lOg(AS-205+Color Developer)

4-Bromoaniline 0.308 0.00081 -3.092
N-Methylacetoamide 0.383 0.0047 -2.328
2,2,2-Trifluoroethanol 0.567 0.019 -1.721
Phenol 0.596 0.024 -1.620
4-Fluorophenol 0.629 0.042 -1.377
4-Chlorophenol 0.670 0.118 -0.928
4-Bromophenol 0.674 0.073 -1.137
4-lodophenol 0.679 0.124 -0.907
4-Cyanophenol 0.787 0.367 -0.435
4-Nitrophenol 0.824 0.948 -0.023

0.10 ®

-0.40 /
-0.90

/
-1.40 7’8
L5 / y = 5.4653x — 4.6998
| / R2=0.9713
7

e

-3.40 :
0.30 0.40 0.50 0.60 0.70 0.80 0.90

H
V]

lo g (AS-205+C010r Developer)

1
O ey
o o

Figure 2-1 Linear regression line to evaluate oz values determined from
experimental 10g(As 205+Color Developer) VS- azﬂ plot on the basis of the

reported ;™ values for alcohols and substituted phenols.
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2-3  HESRELEANER=ALY LT EAH

AR CHBHRET L7z AR =0 U7 BEEANCE LT Table 2-2 1279, BAETHERIC
HLIELS RSN TWABHE X=H O Z/LhR=1 LT HEHZEAR L LT, BF 5
DEBIEHTE L EFRIIEOBRELBEICE L CRFE2TRo72, &HITIE, AAF=L
DLTEOEREFZICESEEANF= AT U T BEAKIEREICE L T LR 21T
Bolt, TNOORREF R ThnNd L iz, BRE X ICETFRIIMEOREWEBRELET
BANVK =LY LTHEEAK EER LZBEAROREEEIIIEERICRENLDERDZ LN
MRSz, —FH. ANVKR=AT LT EDERICT LVFLERDONWIZANLKR=L Y LT
AR EFEH L REROREREIZIEFINEINE D LR D T ERER I,

Table 2-2 The Determined o,” Values for the Sulfonylurea Molecules.

H H

Comp()unds X Ag.205+Color Developer uzﬂ

1 p- OCH; 1.569 0.896

2 p-CH, 1.642 0.899

3 p-OPh 2.786 0.941

4 H 2.053 0.917

5 p-Cl 3.659 0.963

6 p-COOCH, 5.800 1.000

7 p-CN 11.259 1.052

8 p-NO, 17.801 1.089

0] 0]
| I )
R-—ﬁ*—$—C—$;R
O H H
Compounds Ri R? As.205+Color Developer (le
9  HC o HC 0.153 0.711
mA ‘\‘,_M, »N“:: /;;'

10 HC N 0.109 0.684
11 HC o —(CH)CHy 0.228 0.742
12 me—  — -cH 0.824 0.845
13 H;C— —(CH,),CH; 0.091 0.669
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2-4  HEBRH LA VA= LY VT EEHRIOSRF

H,C SO,NCO

— 0
[
sz——@—x — H3C \ / 502 II\I—C
CgHsCH; H
(X:NO,, CN, COOC,Hy, Cl, H, CH;, OCHj3, OPh)
i
H,N—(HC) — > H;C Soz‘lr"‘ C_ll‘J‘_ (CHz),.‘@
CeHsCH; " H
+
(n=1)
I
el D) AT
CeHsCH; H CH,
Il
CHy(CH,NH, ——» j{,C S0,—N—C—N—"(CH,),CH;
\_ CoHsCHy | ]
H H

Scheme 2-2

FNENOT =V FHEAE 5.0%X10°mol & 100ml 7R 7T AIHT kL 25ml &R
THRELBET D, TRICEM LI & 2HER%,. BRTEED p- MV ANVAR=)VA
VT = 2@ DEHTTE, ZITRIARARSPREY, BEBEESHTHL
7D %FER%, 100C, 1 FEROBREZIT: 5, B, BRMMHE, KEIAB2TRW,
Z 0% 12 REZEHREITRVWEERE, AARERTH 2 ANVE=V Y L T{LEMZ BT,
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HZEWROBR, FHED b= v 2 RICRET S 0ICRMIO 1 BEIEERESREMAL
BRLREHRET o1, 7

1
R—N—C=0 + CH3SO;NH, » H3C—S—N—C—N—R
NaOH ” I |
in Acetone : H,O =2:8 (V/V) O H
Scheme 2-3

TIVF VAR T 2 R 0.1mol & NaOH 0.1mol #120% 7 b ZRBE L7 AK CHEM L
Tro FDH, TIFNA YT F—Fh 01lmol %7 7 A NOIRIRIEE 100CLLTOREET
BWFL7, MFRTHRERICEL, A Y YT — FORVWAEL D THRET D, KGR
T, KCTHIRL., BEEIC XV pH3.5-4.5 LR 2, 77 AaNOBEEEZRSAR0O%,
By 2 EEITWEORZEAREKRE A Y/ —AXE=¥ /- VXV ERRETHZ
LICX Y BEBANR=NLY LT LAY ORERE BT, ¢

B LKL DANVK=LY VLTBERID R M VTF— & OFEMITERO BREILR
o

31



2-5 N NMR BlEICXk DA ayusld 2 vkR=10 L7 B

B OKFREEIT L 20 FHRBEFEHORER

'H NMR BIEIZRBNTIE, REFFEOBIZE S LTH H,0 OB TR0 <, BRI
KERSIZ LA FRBEEERALZEN T OIIRETHD, £2C, ANLF=ATLTIL
Bl oA Ykt S205 L DS TFRMBE/ER 2 AEMHERT 5 FEDO—2L LT "N NMR
DRIEE TR oI, PIER SR L Uiz ANER=L Y LT {LAMIL Figure 2-2 (278 L7 3 FEED
tEwTH 5,

—"N—"" C""-'“N

H
Compound 4 (TUPH)
O

- O

H
Compound 8

H;C—S0,—N——C—N——(CH_),CHj;

H H
Compound 13

Figure 2-2 5NN NMR of sulfonylureas.
%7 TUPH OBIER R % Table 2-3 IZ7R 7

Table 2-3 >N NMR (Formamide (113.4ppm)) chemical shift (Compound 4) (ppm)

CD;CN+CDCl, Acetone-dg DMSO-d, Pyridine-d,
N (SO, N(CO) N(SO,) N(CO) N (SO, N(CO) N (SO, N (CO)
TUPH 27.6 -3.6 28.5 -3.6 31.0 -0.4 34.1 -0.1
TUPH + 8205 28.8 -2.9 28.7 -3.5 29.8 -1.9 34.1 -0.1
+12) (*+0.7) (+02) (+0.)  (-1.2) (-1.5) 0 0
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Table 2-3 £ ¥ . FEAERAMERE T TUPH BLIK & FEARTE(TUPHAS-205)C 81T 5 2 2D
N BEDEL 7 MER BT S L, TUPH—S-205 EOAERRE L EX ONAEMES 7 b
BR GBI, Acetone-ds FIZIBWTiX, TUPH BEEDOEIEMMNERE Y 7 LTS8,
4 CIZ TUPH—Acetone-ds Bl CABRAEZBR L C\D LEZBNSD, £7-. TUPH Hfke
FEIREE (TUPH+S-205) DBEIEEICERR ONZNT &, Zh b ORIEENIEARFEENE
YA (CD,CN+CDClL) F TOREREOR EE L FAZETH DI Z L LD, BARE

(TUPH+S-205) ~CiZ TUPH- Acetone-ds, TUPH-S-205 [l D/KFEREEHE 2 b5 KA
TET, 2 FEREOKEEAHMEIRBE CTCHELELX DD, £z, DMSO-dg TIZBITD
TUPH B{EDHE|EEIL TUPH—DMSO-ds I DRVIKFHESICL W REEHBEL 7 FLT
W3, LavL, FEWREE (TUPH+S-205) OEIEEN: TUPH BAADRIEMI L~ TRBiE v
7 RLTWD, ZOFEREIE. TUPH- DMSO-ds B D5V VK FEHEA & TUPH-S-205 DK 3/
AOBELERTRLTHEY  TUPH & S-205 DD B X FHIBH2KBRESEEREZR L TN 5,
7272 L. Acetone-ds, DMSO-dg D HITEREICE L Cid, E/VILTE 25 & KIBRRIEMERE
Bz AR =T LT AN EENLTWATD, 5% 2 b OEEE%E S-205 & REEROEIE
TMZ = HE OIEBIEEE P TOEY 7 MERBE L CHHMRTILERHDEEZ DN
Do '

FIRE DRI CILaw 8. /ba# 13 1B L T HRERIT 2 - fo. EORERERZ Table 2-4,
Table 2-5 IZ L7,

Table 2-4 >N NMR (Formamide (113.4ppm) ) chemical shift (Compound 8) (ppm)

CD;CN+CDCly Acetone-dg DMSO-dg Pyridine-dg

N (SO,) N(CO) N(SO,) N(CO) N(80,) N(CO) N(S80,) N(CO)
Compound 8 — — 29.9 -0.5 31.5 2.4 —_ —
Compound 8 + 5205 — — 32.4 0.9 32.5 2.9 — —

— - (+2.5) (+1.4) __(+1.0) (+0.5) —- —

Table 2-5 >N NMR (Formamide (113.4ppm) ) chemical shift (Compound 13) (ppm)

CD;CN+CDCl, Acetone-dg DMSO-dg Pyridine-dg

N (SO,) N(CO) N(80,) N(CO) N(80,) N(CO) N(S0,) N(CO)
Compound 13 — — — — 252 210 — —
Compound 13 +S205  — — — — 252 -21.1 — —
— — - — 0 (-0.1) — —

$E127% L7z TUPH @ PN-NMR JIZERE R, B OERICXTT 5B £ % & L Table 2-4, Table
25 DERERBZEET B L. (LEW 8 © DMSO-dg TIZB T B HERE ({LEW 8+8-205) @
B, LAY 8 BRI EEIZ~T DMSO-dg— LAY 8 MOKEFENFETDIC
LML TEIEREY T FLTW3, Z0Z &id kA 8—S-205 MDKFERED, 1
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A4 8 —DMSO-ds IO AKFRHEE LV bBMWVEETHAZEEZRLTNEEEXDND,

—F 1AM 13 1B L Tid, DMSO-ds FIZBWTRBENHELS FAL TV 54, (LEW 13
& S205 DEEEMREET DI T THHICh b BT, {LEaW 13 Bl L RERE (be®
13+8-205) DBIEMIZZENR 2V, ZOFREFRIL. LE® 13—S-205 BDOKERZEER., (LEY
13—DMSO-ds HIDAKFERE LV bBVHETHDOZ L EZRL TS,

UEDERLI D ALF=ALT LTl E. oA et S-205 MOKEREBET
k&4 8>TUPH> L& 13

DIETHL oo TWBEEZBND, BV ANEZDL I RIEFTLoMY & LAV

Ry LT —af afeBlOEEEERT 2 EE2 b, ZOX D REERRENLEE

T3 —2DERELER-TVDIHEDEELBND,
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2-6 'HNMR HIEREL o," DEF

BHE X 2 B ST AR =/L 7 LT {LEHO 'H NMR I ERE R

I
o

Figure 2-3  Arylsulfonylurea developers.
(X=0Me, Me, OPh, H, Cl, COOC4H,, CN, NOy)

2-6-1 Hammett EIDOHRES
Arylsulfonylurea BEEHIZBE U Tk, BFFEOXHIBMEIC IV Tid, Hammett EHUZIER L,

FAIE L OMRICHE L TRELITR 2 TV 2(§2-6-1, §2-6-2), TR, MR TILHM,
Hammett E412 B8 LTI Table 2-6 (2R LIfEEHEE LT\, Loyl FFEOERIZR
TXBMAEERIT R EIABELRE L TR LEMIFIZBNT p-OPh BT D
Hammett E#73-0.32 T3/ < -0.03 Th B WHEMESBALMC R o7, 7 £ 2T, UIFE=R
TURBIEE LTI e X B#ET = U 2O NMR b7 Mih> & Hammett EFe FHT 5
ERFIELBEIC L THRE TR 27z, °

Table 2-6 Hammett constant

Substituent o

p-NMe, -0.83

X p-OPh -0.32

p-OMe -0.27

H2N p-Me -0.17
H 0

p-Cl 0.23

p-COOC,Hy 0.45

p-CN 0.66

p-NO, 0.78
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Table 2-7 'H NMR Chemical Shifts (5) of the Substituent of aniline N-H Proton
in DMSO-dg at 25 °C

Substituent o} N —H Chemical shift /ppm

p-Nme, -0.83 4.41
p-OH -0.37 4.37
p-OMe -0.27 4.58
p-Me -0.17 4.77
m- Me -0.07 491
p- OPh -0.03 4.96
H 0 4.99

m- OMe 0.12 5.04
p-Cl 0.23 5.10
m-Cl 0.37 5.39
m- CN 0.56 5.61
p-CN 0.88 6.15
m-NO, 0.71 5.83
p-NO, 1.24 6.74
p-Ac 0.38 5.34
m- Ac 0.50 6.04

7.0

6.5

4
6.0 ‘/(/
5.5
5.0 % ¢
4.0

3.5

ppm

3.0 * ‘ ' -
1.0 -0.5 0.0 0.5 1.0 15

9

Figure 2-4 Correlation plot between and N-H Proton chemical shifts of the
substituent of aniline.
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SE LS ICfE, B UL, B, IRETT = U p-OPh BH#{ED 'H NMR BIE %17
Rotz, FOMRR, {LFEY 7 MEN 4.96ppm & 720, Z DA% Table 2-7, Figure 2-4 {2\ 4L
5 LR 7 =Y ¥ p-OPh BHEARD Hammett BT Y #IEHR LTV 2-0.32 TIE 742 < . -0.03
DY TRV EEZ BN,

2-6-2 FHAIRE - pKa OHIERER

Hammett B OMEIE §2-6-1 DBEERREANWT, ANF=A T U T{LEWICE L THRE
MEXRE L, 28, §2-6-2 OREMERNEOEOMESEMFIZ., FANLF= LT LT H
&% 4.0X10°mol & $-205 % 2.0X10°mol AtL, 7 b= b VLT L, BREZRIE
Lize U7 7 Ly RZRT7TE F= MU AERBWE, F0O7H §2-6-3, §2-6-4 THET LT3
B LB ERENER D - OICHAMEOERRZoTWD, Tz, BHREICEL
TIE NMe, TR LIRS ZRITR2T2M, o) OMETOERIZIE NMe, BHEEMICE LT
R ERIT b olz, ZOEEE LTIE, NMe, BEELEWIT{LEW B BN B[R
Tide<, BEWMEKRTHIEOIEFIHEL 250, FICBREHRERNEOBRICEENRENT
LEWV, IEDn0OEBEBRIE(EY & B — 2N EE LW E M L2/ ®ThD, 7275 L, NMe,
BHRAAWCHE LT X RSS2 S bITRVWEMT — 2 OINENRTE 7D,
RO EBRIZ B A Dl T 5,

FHEEH OREIME L & ORPERERIL Table 2-8 IR L@ ) TH D,

% /-, Hammett ® o & & BAME & OEAIZE L T Figure 2-5 [,

B2, pKalZBI L TIX SO, MDEHR 7w kD pKa ZHIE LT,

Table 2-8 Color Intensity (As.205+Color Developer) 0f the Sulfonylurea

Substituent c pKa Color Intensity
p-NMe, -0.83 5.19 0.064
p-OMe -0.27 4.84 0.066

p-Me -0.17 4.70 0.145
p-OPh -0.03 4.87 0.060

H 0 4.69 0.041

p-Cl 0.23 4.53 0.112
p-COOC,H, 0.45 4.34 0.217
p-CN 0.66 4.28 0.346
p-NO, 0.78 4.16 0.456
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Figure 2-5 Correlation plot between and Color Intensity (As.20s+Color Developer ) Of
the Sulfonylurea.

L L, T b OFEEICEO RSN b —EDMHBEMEMRR E2HBT A LRT

X AR L THRERIFER LEBREWOERANE, BRFEICEDIRFRYE
PRETAHIERICITR BN T,
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2-6-3 IR JERE R L BATREDORELR

FI T, ANFE= Ny LT EERID IR BHREREREOCBERICEL THRELITR 27
723 §2-6-3 ICBITAREHMEITITE v a VTRIE L RERELEAR THSHE 1
ERBEICHRELRBLEEERRTLTND,

VSRR R B ESIE ; CCly I ETREE 4.0 X 10°M)IZ 1T B IR HIERE 51 Table 2-9, Table 2-10
WZENENR LT,

E7-. KBrEAEIC & 2RI ERE R Table 2-11, Table 2-12 [ZZFALEALTR LT,

Table 2-9 IR wavenumber of the Sulfonylurea in CCly solution

H3C SOZ—

. -1 -1 -1
Compound ~ Substituent N-Hsop sigey/ cm~ N-Hcggigey/ cm™ C=0/cm Ag.205+Color Developer

0 p-NMe, 3268 3375 1725 1.59
1 p-OMe 3269 3374 1727 1.62
2 p-Me 3370 3370 1731 3.58
3 p-OPh 3283 3368 1728 1.48
4 H 3301 3372 1731 1.00
5 p-Cl 3263 3365 1730 2.76
6 p-COOCHyg 3261 3355 1720 5.34
7 p-CN 3305 3343 1729 8.55
8 p-NO, 3229 3322 1705 11.26

COmpOundS Rl R2 N-H(SO2 side)/ Cm.l N-H(CO side)/ Cl’n‘1 Cc=0/ Cn’l‘-1 AS-?.05+C0101' Developer
9 HC— o HC ) 3315 3335 1702 0.08
13 CH;5~ T (CH2),CHy 3421 3450 1716 0.01
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Table 2-11 IR wavenumber of the Sulfonylurea in KBr disk

I
H;C S0, —N—C—N X

|
H

5 1 B B
compound Substituent N—H(SO?. side)/ cm N-H(co side)/ le C=0/ CITll AS-205+C010r Developer

0 p-NMe, 3216 3269 1678 1.59
1 p-OMe 3341 3341 1692 1.62
2 p-Me 3286 3286 1681 3.58
3 p-OPh 3265 3339 1685 1.48
4 H 3218 3318 1685 1.00
5 p-Cl 3267 3362 1711 2.76
6 p-COOC,Hy 3289 3363 1693 5.34
7 p-CN 3183 3346 1685 8.55
8 p-NO, 3229 3321 1700 11.26

Table 2-12 IR wavenumber of the Sulfonylurea in KBr disk

o)
|

R'—s0,—N—C—N—R?

H H
Compounds R‘l_ R2 N‘H(SOE side)/ cm.] N'H(CO side)/ Cmvl C=0/ Cm‘l AS-205+Color Developer
9 HC o HC 3319 3319 1661 0.08
13 CH;— ~(CH,),CH; 3334 3334 1658 0.01
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2. REECELTHEALVRZ ALY LT ED 2 50O N—H ORI E—7 & LTHER 4
ADE— 7 MEREN, C=0 OEHHICE LTI 20—/ BHER ST,

THRLDRERERTADE, ANBZANY LT EO TS0 N—H . C=0 DT,
Hammett E3e, HEME L BN D B LITEVEER,

LML, AR LT EOTESENT = o /LEDRAR= LT L T{EEW & AVE
=AY LT EOTR, EREAURTAFAEDZLE= LY LT {LEWE OEREEE
BB L TR D & BIRIEICB VT, KBr SEAEICB W T H AN = AT LT D 2 DD N
—H OBIEBIZEEEIC T = = VERDOWTALEWDIE D MRS ER L, AR =/ ERIC
B L CIEEEEE R~ T Em SR S 7,

Ei, BT REIMEOROVEBREN VLAY O IR EEL, hoBRELEM LTI L
BlpolEEE 7 2 LTWD, Zhid, BFRIMEDBRONEBREN TV ZA VR =/V
T LTS MiE. SFEONEFICRONE DX ) RRERRIC 0T LEZXDND,

UEDZ L LY, AAKR=AT LT EOTIRICT = = /VER OV ANR=AY LT HE
LD 2 5O N—H B, TIAFAEDOOWIA VK= LT{EEWD 2 2O N—H XY
LEMEESEWEE bR, FOEDICKERE RT—EABEL RoTVEHLEEXILN
D,
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2-6-4 'H NMR B 7E# R & R AHME DORER

T, AME=AY LT BEHIO 20 N—H O 'H NMR (b7 ME L BEMED
BRICBI L CIRE 21T o7, 28 §2-6-4 10T D REAMEIL §2-6-3 L ARk, §2-6-3 LARAT
Dy e TRELEREAMESEAF THLIHE 1| ERDLIICHMELLEZRRL
T3,

'HNMR (b2 7 MEBIERRIE Table 2-13, Table 2-14 IR L7 L B0 TH D,

Table 2-13 "H NMR Chemical Shifts (5) of the Sulfonylurea N-H Proton in CD3;CN

at30 °C
I
“’COS"‘"T_C_TO
H H
Compounds X N-H (SO2side) /ppm_N-H (COside) / ppm pKa AS-205+Color Developer
0 p-NMe, — 7.48 5.19 1.59
1 p-OMe 8.41 7.60 4.84 1.62
2 p-Me 8.40 7.64 4.70 3.58
3 p-OPh 8.45 7.72 4.87 1.48
4 H 8.42 7.72 4.69 1.00
5 p-Cl 8.45 7.75 4.53 2.76
6 p-COOC,H, 8.52 7.92 434 5.34
7 p-CN 8.56 7.96 4.28 8.55
8 p-NO, 8.61 8.10 4.16 11.26

O
|

R'—S80,—N—C—N—R?

H H

Figure 2-6 Alkylsulfonylurea developers.

Table 2-14 "H NMR Chemical Shifts (8) of the Sulfonylurea N-H Proton in CD;CN

at30 °C
Compounds R! R? N-H (500side) N-H (cosigey K2 Ag.205+Color Developer
9  HC o me 8.36 641 523 0.08
13 CHy~  —(CH)CH, 7,97 581  — 0.01
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Figure 2-7 Correlation plot between Color Intensity and N-H Proton € (SO;side),
@® (COsside), chemical shifts of the sulfonylurea molecules.

IS OBEIERESE LY | Figure 2-7 IZ& A VA= 7 L T EER OREEEEOFEEIRE
L. RAKR= LY LTEEE|ID 2 2O N—H O 'H NMR LY 7 MEE ORGRICE L TR
Lir, #ORERFEERE L ANAR=ALY LTEAKID 250 N—H O 'H NMR (L3 7 b
B ORICITH ARECHEMITBE SN, BAEERICE L TITHRRT 2 Z L XREEET
Holr,
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2-6-5 'HNMR JIERBRE o,” OBER
§2-6-1~§2-6-4 [T TEE SERBEANL ALK Y LTEHEANICE L THRITLT
X7, BARE/RARRARAMR: CEMESERT A N TE RN o Tz, T CAEIEZICHRET L.
RIGA—BCHD o OEEANLK= LY VT BEEHD 2 2O N—H D 'HNMR {LF 7
MEE ORIOBRICE LTHE - REET o7z, BB, AVE=A T LTEHERIO2 5D N
—H® 'HNMR L%y 7 MEICETABRICELThAE S v a v TiTo T
% Arylsulfonylurea BEEF| D o, DEE A LFR=L T LT EEH D 25O N—H O 'HNMR
{£# 7 MEWES LTI Table 2-15 (5% L, % Alkylsulfonylurea BIEHID o " OfE L A /LR
=AY LTEER D2 20 N—H O 'THNMR (k&7 MEZE LTIk Table 2-16 (7R L7,

Table 2-15 "H NMR Chemical Shifts (3) of the Sulfonylurea N-H Proton in CD;CN
at30°C

ﬁ X
o

—N—-C—N
!

Compounds Substituent " N-H so2sidey/ PPm  N-H (¢ 5igey / PPM
1 OMe 0.896 8.41 7.60
2 Me 0.899 8.40 7.64
3 OPh 0.941 8.45 7.72
4 H 0.917 8.42 7.72
5 Cl 0.963 8.45 7.75
6 COOC,H, 1.000 8.52 7.92
7 CN 1.052 8.56 7.96
8 NO, 1.089 8.61 8.10

¥ 3" Arylsulfonylurea 8| XE#E S (Table 2-15)I2B8 L TRETT 2, 238, N—H 71 h D1
F 7 MEZE LTI EENIZ S0, W I BRVWEFRF|EISEVWN-H 71 b O E—2
PIEREEE (LM SOl IS 5), 7 = =/LEIZEWN—H 71 b O E—7 ZEEE Al
(LI COfIEmEd2) & LTRERZBI 2T,
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BHE X |12 ON R0, NO, 72 EOBEFREIMENFEFIC R EWEBEEBRES TR VF= LD
VTAEAD 2 2D N—H DT 7 MERKE L EHEY 7 LT3,

Bz, COMID N—H NBEERFELZZ T TR, 20z &ky, BREITVWRION-
HITEEEREDNROFELZIT TS EEZLND,

AR, o, iE, BHRE X ICEFREMEARE WVEREN TV EALR=A Y LT A
MBIEFIZIRL R o TN B,

ZOZ X, BHRE X ICEFRSIENRFTL & Figure 2-8 ICF7T LD RETFOBENEZ
BLEZONAEHIZH NBEH LT 2o TBEEREL 2D, AFERFENF—LLTD
BANELRBBTHDHEEZLDILS,

Y x

o
°N N
H H

Figure 2-8 Electron transfer process.

Table 2-16 '"H NMR Chemical Shifts (3) of the Sulfonylurea N-H Proton in CD;CN

at 30 °C
|
R1——soz——-T C T R?
H H
Compounds R' R a,"  N-Hsozsigey/ PPM_ N-H (c05ige) / PP
9 mee e 0.711 8.36 6.41
10 me N 0.684  7.70~8.20 .
_ i
11 HC ~(CHa),CHy 0.742 8.30 5.97
12 cny- — o, 0.845 8.17 7.68
13 ony- ~(CH2)CH, 0.669 7.97 5.81

45



WIZ Table 2-16 (2R L7z X D12, ANFR= D LT BEOBGICE £ 27 L3 VEE DT
Alkylsulfonylurea Z &L L. BIEZITR o7z EEMIZ, AVK= AT L TLEHD 2 DD
N—H DLy 7 MERBERES 7 PLTHY, o DEMNEL, FEBECRVEL O
E LA LR EN o, FFZ, AIFFICRBOVTELREL 725 T 2 Table 2-15 [Z/R LT E
BEHOALVKRZAY LT EMOREYT MERELHE L THB L, RPBRU DL
W7 2= VEEE ORI T VFVENRABTET T, COMDN—H D{LFET 7 MEIZKE
BBV 7 PLT0D, EBIZ, 7=V ETEHRLS TAIAHILR o TCHEITITED
EMEY 7 hOBERRASLND, Tz, SO, B L THRZEOERNRRLND, LA L,
BEIEMAENL TS DO CORMD N—H 0Ly 7 MEBROT, CORD T = =/VENR
ANKR=LNT LT OBERICERICEERBEZZ L TVDIOTERVWNEZE L bND,
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Figure 2-9 Correlation plot between o> and N-H Proton A (SO, side). @ (CO
side) chemical shifts of the sulfonylurea molecules.

50 'HNMR HIERRZ+H52BE 2 - LT, Figure 2-9 12 o, & AN R= LT LT
BEKID 2 50 N—H @ 'H NMR JIERREOBBICEL TRLE, ZORR " & AL
=AY LTBEEHIO 250 N—H @ 'HNMR (L% 7 ME L OFICIT §2-6-1~ §2-6-4 £ T
TR b h- T fRBIRIR A FERR X 4172, R CO D N—H (2B L CTHERAREMRASFERS &
iz,

TORRIE. o BREVHEAH=KER/E NTREARKREL R EELLN, o)
BREVEHEHZHEH L RBWRIZEREREPRECRDIILERLTVWD EERX DN
Do

47



27 HPLC BIERR L o, OEA

NMR O B0 b FB SN2 KBHEIENEHRT 5 AT HPLC 246/ L, IEHEY
Y S MR OZEIC L BE ALK LY LT BEHICHT D KBEEEEOEL R
L7

Table 2-17 The HPLC Retention Times (R.T.) to Silica Column with CH3CN as an

eluent.
Compounds Substituent a,” R.T./ min
1 OMe 0.896 5.100
2 Me 0.899 5.542
3 OPh 0.941 5.565
4 H 0.917 5.279
5 Cl 0.963 6.200
6 COOC,H, 1.000 5.321
7 CN 1.052 7.137
8 NO, 1.089 6.351

Table 2-18 The HPLC Retention Times (R.T.) to Silica Column with CH3CN as an

eluent.
Compounds R! R? a,” R.T./ min
9 me— O 0.711 3.906
10 me— — N 0.684 4.112
— P
11 H3c~rr‘”"%;~ ~(CH,);,CH; 0.742 -
12 cHy- — o 0.845 -
13 CH;~ —(CH,),CH; 0.669 -
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Figure 2-10 Correlation plot between a, and HPLC retention time of sulfonylurea
molecules for silica column with CH3CN as an eluent.

RERELE LELTOAAFR =LY LT AW L CTOIERY Y I h T WREFRHE &
oM & OESIZBE LT Table 2-17, Table 2-18, Figure 2-10 {Z7% L7z, Figure2-10 £V . IR
Y BT MEEEE ARV R UGS =A T LTEEIIEE o) BREV LW ) —EOER
REbIF, BV IS ZORER, KBRBAENBBEVALF=LVY LT{LEMIEL,
ERERRTEE L b, ZOREIL. NMR ORROESTICRoTNEEEXDLND,
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2-8  a,!® HOMO-LUMO iZ X % 3 E#(L320kat

BT E TIZB W TH R ASERES N =T A =% o OEEZFIA L T EBALR=/
U LT BRERI DS IENRIER R 2 £ L ORBEBERERE - RET L7

FDFER. Alkylsulfonylurea @ o 5" DfEIL, Arylsulfonylurea @ o, DEIZ T 2ERIC
INEVMEIZZ2 D T E BRI T, TOREICE LT HOMO-LUMO =3 /L ¥ — DA b
R LFRIRNEIT R0 T,

FORRD—>DERK & LCTlE, Alkylsulfonylurea }J Arylsulfonylurea {Ztb~_T A Lk =1
Y L7 EMEICBT B o BFOIHERELOFEHI/NE W2 HIZ LUMO TR )LEF— L~ULi
FOVES o TLEI D THDLEZDLND,

ANR=N Y LT REHO LUMO TRV E— L UL 5 Z LIk o T, Rbk=
o LT BEEHFIN, v A agel 8205 DANRF T — T =A VL& KBERE ETRT
B EICLVBEONDRELTANVF—PRALTLE S,

ZDEETHRALF—E Equation 22 I L V BRI FRML B Z ERFTHRTH B, °

2
Q(HBdonor) Q(HBacceptor> + 2( C(HBacceptor) C(HBdonor)B)

AE = - 2-2)

eR Enomo(HBaceeptor) - ELumo(HBdonor)
Equation 2-2 {IZR VT,
Q (HBuonor)> Q (HBacoepror) 3 HB (KFERESR) K —& HB (kFEHS) 77 S F—RF
FNETNDETENM,
R ; HB (KkFEFHA) FF—& HB RERE) 7787 % —REFPLHEDOER
Etomo (HB)aceeptor » ELumo(HB)donor  ; HB (KEFEHER) NI —& HB (KFERR) 727 BT F—
FHFENDO HOMO =X)L ¥ — & LUMO =R /LF—,
€ ; BHEE,
B ; FIBFES.
C ; HOMO, LUMO iz T ? HB (kFEHEE) FFH—L HB (KFEHE) 777 ¥~
A RRYEY e
Th 5,
LIRTORFFIZ 33 C. Hartree Fock L~L0) ab initio SHEIZ & 0 BHE T2V 10 AUk
ST LT HFOEEREETo R, BEEONENALVF= 1Y LT HEHA
(Alkylsulfonylurea) @ LUMO TR AX—DENR LY KEVWHLDTHD Z LRSI,
ANF =Y LT BREFIC BT 2R EMEREE2HER LRFICE LT, 4R S HITR
HBNEELEZ BNBN, 20 & 5 25 EREEN Alkylsulfonylurea & Arylsulfonylurea O a5
DEDERZZ H5—H>OBERBERTHDLLEZDND,
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2-9 X BRfE SR E AT

BTEE ORFFEIC L 0 | Figure 2-11 & Figure 2-12 |[ZR T 22D AL =L v L T{LEMIC
B LT X SRS S R T LT3, Zhbd X #ifiEf#EZ Figure 2-11-1, Figure
2-11-2, Figure 2-12-1, Figure 2-12-2 {27~

i
“’C—Q‘S"’"’T"C"’T@

H H

Figure 2-11 TUPH (Sulfonylurea compound 4)

Figure 2-11-1 X-ray crystal structure (TUPH)

s

Figure 2-11-2  Unit cell crystal structure (TUPH)
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Figure 2-12  Sulfonylurea compound 13

Figure 2-12-1  X-ray crystal structure (Compound 13)

Figure 2-12-2  Unit cell crystal structure (Compound 13)
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Figure 2-13  Sulfonylurea compound 10

Figure 2-13-1  X-ray crystal structure (Compound 10)

Figure 2-13-2  Unit cell crystal structure (Compound 10)
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Figure 2-14  Sulfonylurea compound 8

. .(a)

. .(b)

Figure 2-14-1  X-ray cerystal structure (Compound 8)

Figure 2-14-2  Unit cell crystal structure (Compound 8)
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Figure 2-15  Sulfonylurea compound (X = N(CH3)2)

« o . (a)
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- . (C)
e e (d)

Figure 2-15-1  X-ray crystal structure

Figure 2-15-2  Unit cell crystal structure
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Pt Uy ARSI RRE & | HARE X BRHEERAT O, (bR ORIEREARIE L B
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Figure 2-17 Crystal structure of the Compound 13
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Figure 2-18 X-ray crystal structure example 1 (urea — carboxylate anion complex)
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H—H ;2243 A

Figure 2-19 X-ray crystal structure example 2 (urea — carboxylate anion complex)
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Figure 2-20 X-ray crystal structure example 3 (urea — carboxylate anion complex)
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E7. AETIEa A ol AVK= Ay VT HEEHORCESEEROBEDZNEN
D FEGIT. FHEEREIE THo e, EFRICAR LI L 5 RBENLE XD & Figure 2-21
WRLELSIZ, oA ageplsF 1 IZH LT, AVB= vy LTeEY 2 ORE&TREE

EHEEFBHE L TWAEAEERE VO TRV EBbh 5,

0l O
e
H

H;C

O

-
H

g
El

Figure 2-21 The estimated structures of CDC on the basis of the crystal structures
determined by X-Ray crystallographic experiments. In the case of A
(TUPH + S-205), favorable hydrogen bond interaction is possible as

shown by lines.
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P 9
HsC— RN C—N—(CEQ)CHy

Figure 2-22 The estimated structures of CDC on the basis of the crystal structures
determined by X-Ray crystallographic experiments. In the case of B
(Compound 13 + S-205) to avoid forming hydrogen bond.
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2-11 ERE

2-11-1 FFERANLF=LD LT AR ORE

'HNMR {3 JEOL INM-AL400 {2 & 0 ¥ : CD:CN (B ARBERM 0.6ml 7o 7 VE)
JEE : 5.0X10°M, IRE : 30°C TRIEERGEE2 —EIC L THIEEIT o .

PN—NMR #I7E1% JEOL INM-EX270 IZ & ¥ ¥ : CDsCN+CDCl;, Acetone—ds. DMSO
—dg, Pyridine—dg. JREE : 5.0X10°M PL L, SMREHEME & LT Formamide (113.4ppm) %
fER L CTRIEXTT > 7

Compound 1 (X = p-OMe)

'H NMR (8, in CD35CN): 2.42 (s, 3H), 3.73 (s, 3H), 6.81~6.85 (d, 2H), 7.18~7.22 (d, 2H), 7.35
~17.40 (m, 2H), 7.60 (s, 1H), 7.85~7.88 (d, 2H), 8.41 (s, 1H)

m.p. 147~150C

Compound 2 (X = p-Me)

"H NMR (8, in CDsCN): 2.26 (s, 3H), 2.42 (s, 3H), 7.08~7.10 (d, 2H), 7.20~7.21 (m, 2H), 7.35
~7.40 (m, 2H), 7.64 (s, 1H), 7.85~7.88 (m, 2H), 8.40 (s, 1H)

m.p. 138~141°C

Compound 3 (X = p-OPh)

'H NMR (8, in CD3CN): 2.42 (s, 3H), 6.90~6.91 (m, 2H), 6.92~6.95 (m, 2H), 6.95~6.96 (m,
2H), 7.08~7.10 (m, 1H), 7.28~7.36 (m, 2H), 7.36~7.40 (m, 2H), 7.72 (s, 1H), 7.86~7.89 (d, 2H),
8.45 (s, 1H)

m.p. 157~160°C

Compound 4 (X =H)

'H NMR (3, in CD;CN): 2.42 (s, 3H), 7.05~7.07 (m, 1H), 7.26~7.28 (m, 2H), 7.28~7.34 (m,
2H), 7.34~7.41 (m, 2H), 7.72 (s, 1H), 7.87~7.89 (d, 2H), 8.42 (s, 1H)

m.p. 163~166°C
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Compound 5 (X = p-Cl)

'"H NMR (8, in CD3CN): 2.42 (s, 3H), 7.25~7.28 (m, 2H), 7.31~7.34 (m, 2H), 7.38~7.41 (m,
2H), 7.75 (s, 1H), 7.86~7.89 (d, 2H), 8.45 (s, 1H)

m.p. 164~168°C
Compound 6 (X = p-COOC,Hy)

'"H NMR (3, in CD;CN): 0.93~0.97 (m, 3H), 1.42~1.47 (m, 2H), 1.67~1.72 (m, 2H), 2.41 (s,
1H), 4.23~4.26 (m, 2H), 7.39~7.41 (m, 2H), 7.43~7.46 (m, 2H), 7.87~7.92 (m, 2H), 7.91~7.92
(m, 2H), 7.92 (m, 1H), 8.52 (s, 1H)

m.p. 141~145°C

Compound 7 (X = p-CN)

'"H NMR (3, in CD3CN): 2.42 (s, 3H), 7.39~7.41 (m, 2H), 7.48~7.51 (m, 2H), 7.57~7.62 (m,
2H), 7.87~7.90 (m, 2H), 7.96 (s, 1H), 8.56 (s, 1H)

m.p. 185~188°C

Compound 8 (X = p-NO3)

'H NMR (8, in CD;CN): 2.42 (s, 3H), 7.22~7.26 (m, 2H), 7.34~7.56 (m, 2H), 7.88~7.90 (d,
2H), 8.10(s, 1H), 8.10~8.13 (d, 2H), 8.61 (s, 1H)

m.p. 222~225°C
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0
I
C

R'—50,—N T R?
H H

Compound 9 (R" v R - )

TENMR (8, i CDWGOCND 2,43 (s, 30), 4.24~4.26 (m, 2H), 6.41 (s, 1H), 7.12~7.14 (m, 2H), 7.23
~7.26 (my 1D 727 ~ 7,30 (m, 2H), 7.36~7.38 (m, 2H), 7.78~7.81 (m, 2H), 8.36 (s, 1H)

m.p. 179 182°C
Compound 10 (RY e R o)

TENMR (8, in CDWOCNY: 2,42 (s, 31D, 3.1 (s, 3H), 7.24~7.28 (m, 2H), 7.35~7.39 (m, 3H), 7.44
=~ 749 (m, 2D, 7,66 ~ T84 (m, 31D

m.p. 176 178C
Compound 11 (R URT e )

TENMER (8, in CDCNY 80 (my 3HD, LA (m, 2H), 1,94 (m, 2H), 2.42 (s, 3H), 5.97 (s, 1H), 7.38
~ 740 (d, 2D, 780 ~ 783 (d, 211), 8.30 (br, 111)

m.p. 48 150C

Compound 12(R" eny R = )

THENMR (8, in CDOCNY: 2,29 (5, 311, 3.25 (s, 3H), 7.13~7.18 (d, 2H), 7.28~7.31 (d, 2H), 7.68 (bs,
1D, 8.17 (hs, 11D

m.p. 179 180°C

Compound 13 (R' ey R wmeny)
'HNMR (8, in CDGCNY: 0.89 (m, 3HD), 1,49 (m, 2H), 1.94 (m, 2H), 3.16 (s, 3H), 5.81 (s, 1H), 7.97

(br, 111
m.p. 147 149°C
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2-11-2 HPLC HIE

HPLC #7E}% SHIMADZU LC—9A # 5 A :TSK-GEL Silica-60 4.6mm L.D.X250mm,
BENE © CHiCN  100%, ¥EEE : 1.0ml/min, JREE : 40°C, M : UV260nm &\ &fFTF
NRTOANVF=Ly LT BHEFICE L THIEZTR >,

2-11-3 X ik s R

RS OVERIZ, Compound 4, 13 1ZB L Tix7 & b/ ~FH 2L Y, Compound 10 (2
BLTIE Mz L0, Compound 8 IZBE L CIIERE=F A bERRET DI LITX - TIT
Zol, MEATIZEE LTI R CHEEESIR 920 2 AV, ERE7— ) =HEE2 W TIT
ot ' OKBUSADEFIZ DN TR FHER T ORE E TIT o7z, MRHTICIE teXsan Y 7
FY=T EANTIT oM, 2 T —F o0 Tid, ZORREDHKED Table 2-19, Table
2-20, Table 2-21 |27~

BB, ANR=AT LT REH 4 (TUPH) O X BiESHEMTRRIIUTIOR L&
\Z CCDC I B & 1T/, CCDC BT ¥ N—HRHFATH D,

Crystallographic data have been deposited with Cambridge Crystallographic Data
Centre: Deposition number CCDC-619831 for compound No. 4. Copies of the data can
be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from
the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge, CB2 1EZ,
UK; Fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk)
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Table 2-19  Summary of Crystal Data for Compound 4 and Compound 8

Compound 4 Compound8
Empirical Formula C14H 4N,O5S Ci4H3N;048
Formula Weight 290.34 335.33

Crystal Color, Habit
Crystal size / mm
Crystal System
Space Group
Lattice Parameters
al A
b1 A
¢! A
o / deg
f 1 deg
y /[ deg
viA
7, value
n cale / & Cma-!
7

(Moo= ) em’!

Reflections measured

Independent reflections

No. Variables

Reflection / parameter ratio
Residuals: Ky Rw

Residuals: R 1

No. of Reflections to cale R 1
Goodness of Fit Indicator

Max. peak in Final Diff. Map /¢ A™
Min. peak in Final Diff. Map /¢ A~

colorless, needle
0.30 x 0.30 x 0.60
monoclinic
P2/ (# 14)

9.532(2)
9.738(2)
15.655(1)

97.554(10)

1440.5(4)
4
1339
608.00
2.33
4669
4196 (R, = 0.029)
189
22.20
0.144; 0.168
0.063
2655
1.60
0.33
-0.65

colorless, plate
0.25 x 0.25 x 0.08
monoclinic
P2/a(# 14)

18.204(4)
8.412(5)
20.611(3)

117.71(1)

2932(1)
8
1.519
1392.00
2.52
9337
8534 (R;y = 0.109)
427
19.99
0.208; 0.278
0.069
3173
1.63

0.77
-0.77
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Table 2-20  Summary of Crystal Data for Compound 10 and Compound 13

Compound 10 Compound13
Empirical Formula CsHgN,O,S CsH,N,058
Formula Weight 304.36 18-0.22

Crystal Color, Habit
Crystal size / mm
Crystal System
Space Group
Lattive Parameters
al A
AN
¢! A
[ deg
/1 deg
y [ deg
N
7 value
Do ! pem’
F
WMao-AT12) em ‘
Retlections mensured
Independent reflections
No. Varinbles
Reflection / parameter ratio
Residuals: & Kw
Residuals: £1
Na. of Reflections to cale R 1
Cioadness of Fit Indicator
Max. peak in Final DIiff. Map /¢ A~
Min. peak in Final Diff, Map /¢ A~

colorless, plate
0.50x 0,30 x0.13
orthorhombic
Peen (#56)

12.923(3)
18.047(3)
12.716(3)

2965(1)

8
1363
1280.00
2.3
4813
4316 (R;y = 0.899)
254
16.99
0.086; 0.135
0.050
2818
1.23
0.39
-0.36

colorless, needle
0.30 x 0.30 x 0.50
orthorhombic
P22,2,(#19)

9.5866(5)
10.0217(6)
9.1241(4)

876.59(8)
4
1.365
384.00
3.35
1193
1175 (Ryy, = 0.000)
108
10.88
0.063; 0.108
0.034
1125
1.79
0.16

-0.18
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Table 2-21  Summary of Crystal Data (X = N(CHj),)

(X =N(CH,),)

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal size / mm
Crystal System
Space Group
Lattice Parameters
al A
bl A
¢!/ A
a / deg
/1 deg
y [ deg
viA

7. value

Do ! B em™

P

WMo-K @) em”!

Reflections measured

Independent reflections

No. Variables

Reflection / parameter ratio
Residuals: Ry Rw

Residuals: R |

No. of Reflections to cale R |
Goodness of Fit Indicator

Max. peak in Final Diff, Map /¢ A™
Min, peak in Final Diff, Map / ¢ A~

Cm]"‘ll()N:;O;;s
333.40
colorless, needle
0.50 x 0.10 x 0.08
triclinic
Pl (#2)

13.739(6)
18.161(6)
13.403(4)
94.23(3)
91.46(3)
99.12(3)
3290(2)

8
1,346
1408.00
2.15
19937
19195 (R;,, = 0.100)
853
22.50
0.178; 0.229
0.081
6538
1.21
0.74

-(0.64
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3-3  uA =kl S-205 O CV T & A LB T B EIE

WEE. 7 TN AR AR R BRI . BESLAEROF I, BT Cyelic Voltammetry (CV)
VAP 2 ST e B S AT B, Tl i, = huT =Y ek
LU, 97wy LT & oM T— BRI & AR AR OMRT BB
R (Figure 3-1) %, U= hrALBY L D7 UAYLT L OB TIEFEEC S DK
SR OV A U 7 SR (Figure 32, & BITHER VR EEL LTT Y FUv—2 D
WG L R B kA AT IR IE S BT B8 S R ETHD, T, CV HORIE
WG 7 MR & b B RIEK( & 243 Hammett 772 ) & OTABIBIGR A TR L
FARgE G WA ST D,

4
iy

0O
/ +e, 1,3-Diphenylurea

115N N
2 \ = == HzN
O

1
5
0

“

o

Y
10
ag | N
" L ..... ; . '

A8 A6 a4 07 03

Potential, V' vs Fe/Fe™

Figure 1. Cyclic valtammograms of 1 mM nitrobenzene, NB, in CH:Ch:
(a) by itself and (b in the presence of 10 mM 1,3-diphenylurea. (b} —
Potential switched immediately after the NB reduction peak, (b) «=» =
Potentinl scanned further negative in the presence of the urea. Seun rate =
100 mVis.

Tabie 1. Shift in Half-Wave Potential, AFs, for Different
para-Substituted Nilrobanzenes in the Presence of Diphenylurea’

substituent Eg VvaFe AEL {mV)
NH; - 1.870 197
CHO ~1.698 164
CHy -~ 1,635 156
H ~-1.582 153
CH -1.362 93

a] mM nitrobenzene in 0.10 M NBWPF/DME + 50 mM 13-
diphenylurea. Values are the average of at least three independent
MEASUIemeEnts. -

AR -

Figure3-1 CV study example 1.

85



\ /Ar

Q 0 N—H:""-Q 0----H—N,

\\ / +2€ \R é'

N N  — o oN NO o

/ A +2 urea i X

0 Y N—H---0 0----H—N
/ \
Ar Ar

2.4 2 =18 42 08 0.4
Potential, ¥ va Fe

FICURE 1. Cydie voltammograms of 1 mM 1,3-DNB in 0.1
M NEu,PFyDME by itaelf (black) and in the presence of 10
mM 1 3-diphenylurea tred and blue). Sean rate = 10D mVis

Figure 3-2 CYV study example 2.
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U AEEE L LTRV iz m A 3 Yuk 8205 0 CV I ER R % Figure 3-3 1R 7

Electron

o 1 T I e D N
13 11 09 -07 -05 -03 -0.1 0.1 03
Potential / V

Figure 3-3 Cyclic voltammograms of 10mM Leuco Dye (S-205), in 0.1M
Nbu,PF¢/DMF. Scan rate = 50 mV/s.

Figure 3-3 [Z/R L7 & 972 CV T OR{LETEMSRER SN, &bz, CVRIEROE
B OBHIL Lo Th ZFOBFRERT 5 Z LB TH T

b OREREEFHICEE L 5 2 TORICE A =Yk 5205 WEBEALR=LT L
THRERIEMA TUEEITR 2T,
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3-4 REHEESED CVICk3B{LETENMNEIE

oA Yl 8205 DHD CV AIERRB IO, n A s fphicgBALR=1y LT BEEaH
P - BBEAESED CV BIERED—H% Figure 3-4 IR T, 2B, #EEEESHE
D CV JIERBIZEBROEREIZTNTHERT 5.

[ | T ] 4 ] | i [ [ T \ I ] I ! ] | i 1 |
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Figure 3-4 Cyclic voltammograms of 10 mM Leuco Dye (S-205), in 0.1 M
NBu,PF¢/DMF by itself ( — ) and in the presence of 5 mM
Sulfonylureas (). Scan rate =50 mV/s.
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L =N IRBRE TS L D8 (VAR IR S AV T2 e RIB O & Z A & &Il &2 N
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2y A OB (DA OV IO CRENL R o RSO A0 CV IR O MBS
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35  AEup, ea PMERRB L Ca,” & OBIR

KFERAEAED CV HIER-ER LV By, v PEEZRE LT, BIERERE Table 3-1 127
LB THB,

Table 3-1 The determined reduction potential shift ([4Eiz, rel) by cyclic
voltammetry measurement and the hydrogen bond donor parameter

ag,H values' for the sulfonylurea.

Compounds R _ R® 0" | AE j rea | /mV
1 Hyc- _— — __~OCH;  0.896 280
2 me — < )cHy 0.899 290
3  moc _— — —OPh 0.941 340
4 me _— — 0.917 285
5  me _— —_—C 0.963 345
6 B~ — — —COOCH; 1.000 365
7  mce_— — -CN 1.052 380
§  mc _— — NO, 1.089 415
11 Hc— _—  —(CH);CH;  0.742 170
13 H3C— —(CH3),CH3 0.669 150
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Figure 3-5 Correlation plot between a," and the absolute value of reduction
potential shift | AE1/, req|-

Figure 3-5 |{ZR L2 & 910, Fa MEE LIt JBip,  PEE o) OEEOMICITFERICE
WHBIBME AR SN, T OBRIT, ARBE NI —EARBVEEHIC L VRS
BREEAEIIRESRENRIND LEZZ LN, ABin e PEE o) OERKENEAH
EEENEEH L LTERTRETHD LEXDND,

91



3.6 TA okl AR T VT RICETS

T T 4 T EETXVF—K

AR TR e o 2 %t §:205 & A=A LT REARO CVIRICEL TR0
LS BT B bic 7 0T 4 THE = %X —E % Figure 3-6 IR 7

0 0
C1 ,
R *ﬁ——III—C—-lTI—R
O H H
Reductive electron
e —’“——Ehgh black color developerj

S-2057/SU EI/Z, red :-' '“\.“ s

$-205'/SU E| 12, red Stands for
O\ the reduction potential of S-205

and sulfonylurea (SU) system.

Figure 3-6 Frontier orbital energy diagram for S-205 and sulfonylurea (SU)

system.
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Figure 3-6 DAEMIZIX A 2l S205 DEFETRALF—RE, ARIC AR = LY L
7HEEH OBE T R X -T2 HR LT

7t m A 2kl 8205 & ALR=A Y LT BEAMOARREEICL VRS ND
FEEAEOBET R LE—REER Lz, 1A 236k S205 ® HOMO & ALA =17 bV
7 @ LUMO RIDHAERIC £ Y ZOBERFEER STV 5,

AFEDORICBOCIIRAEASRD 7 0 T 4 7HHEREERIL, KERESOMEICR
WD, Fir. REESEOESEREITBETT AANCT TEMZEN TN D, TOK
. BREFIL. KESESEICNESNS, Ko T, B a§b} 8205 L AAF=/LT b
FHEAHEOKEESEEENEHITINIEEVEE, BEEERT I LRES TR, €
DR AERHAREMENE O =EAREEIPBEVALR=LY LTREFOFET D
WEEIE ¥ REBA KB AT T 4 THEERICLARELPRE 2T H CVE
TR BEMNRKE L A T A7 M HERELD.
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Figure 3-7 Results of the Win MOPAC Computation. (Compound 4 LUMO Energy
= —(.8375 eV)

Figure 3-8 Results of the Win MOPAC Computation. (Compound 13 LUMO
Energy = —0.6508 eV)
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ke 4 L5 RBEFNL, 7o VERS LHERL, RESFRELTHIDLED
13 12T LUMO =) —MEL 2B LB X bivD, 228, 5205 ® HOMO (TR L T
FRAHBICLZBRFAPMLETHDLLEZLDND,

COHERBRLEIZEDT R YT 4 THET XL —RLY, BEBEDOEVEEHIZE
& LUMO T XX —REL 720 . $-205 D HOMO & HEERANB 257w, BREEAE
ZBITA TR YT 4 THEREERICEAREENRESRY ERMICCVENRELD w1
FARAFENT "NTHEEBEZDND,

—EFBTICL Y ABEEEHRTHIRAZEETI2ERBRES LTV P, KFERE
ATERARIED bR TR A BT D CV ERIIEEZERERD R KEREETR
ErHETIHRRFETHI LELDND,

95



3-7 EBRIE
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CV BT HOKUTO DENKO HA-501 Potentiostat & & D IE&1Te o7, MIESRMFL L
ik, oA 2yl S205 10mM I EFEAA =LY LT EEHR SmM 2I&E L, ALK DMF
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B =4k} S-205 + Compound 6
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