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Abstract

In part 1, the photolysis (230-325 nm) of N-tosyl pyrrole 37,
2-phenyl-N-tosyl  pyrrole 72, 2,5-diphenyl-N-tosyl pyrrole 73, and
N-(2-naphthyl)-sulfonyl pyrrole 75 in a 2-methyltetrahydrofuran glassy matrix
at 4 K gives electron paramagnetic resonance (EPR) spectra with triplet
characteristics; the zero-field-splitting (zfs) parameters D' for the corresponding
radical pairs (RPs) 93, 94, 95, and 96 are 0.0239, 0.0190, 0.0174, and 0.0241
cm™, respectively. Irradiation of 37 at RT allows the isolation of two rearranged
products 38 and 39 and a polymeric material, which is consistent with cleavage
of the N-S bond followed by recombination of RP 93. Triplet RPs 97, 98
obtained from the photolysis of N-tosylpyrrolosultine 24 and
N-tosylpyrroloadduct 58, are stable at 77 K for at least 10 h. It is note worthy

that the zfs parameters of triplet RPs 93-98 as well as their temperature and
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matrix dependencies are strikingly similar to those reported for triplet
3,4-dimethylene-N-tosylpyrrole biradicals 18, which possess same core
structure. Furthermore, the X-ray crystallography also success proved the

existence of RRs 95.

R! R!

S 230-325 nm S
Ar—S0,—N ArSHO,e oN
= MTHF, 77 K =
R2 R2

37 Ar=p-tolyl, R! =R? = H 93 Ar = p-tolyl, R =R?=H
72 Ar = p-tolyl, R* = phenyl, R> = H 94 Ar = p-tolyl, R* = phenyl, R> = H
73 Ar = p-tolyl, R! = R2 = phenyl 95 Ar = p-tolyl, R* = R2 = phenyl
75 Ar = 2-naphthyl 96 Ar = 2-naphthyl

In part 2, the phenyl and quinoxaline fused A-1,2,3-triazolines 186a and
186¢ were synthesized in good yields using Knoevenagel condensation and
intramolecular 1,3-dipolar cycloaddition as two of the key reactions. Photolysis
(254 nm light) of A’-1,2,3-triazolines 186a or 186¢ in acetonitrile led to the
homolytic cleavage of nitrogen that generated diethyl diazomalonate 189,
highly reactive intermediates aziridines 188a,c, and isoindoles B. The latter two
species subsequently underwent rearrangement to give the nitrogen extrusion
product 187a,c, and polymers. Furthermore, the reactive intermediates were
trapped by dienophiles to give the corresponding cycloadducts. Subsequent
rearrangement of the N-bridged cycloadducts gave N-substituted
pyrrolo[3,4-b]quinoxaline 192c and 195c in 6% and 9% yields, respectively.
Irradiation of 186a with fumaronitrile led to the isolation of cycloadduct 196a
with retention of stereochemistry. Thermal reaction of 186¢ gave more nitrogen
extruded product 187c than the photolysis did, which implied that zwitterionic

intermediate might be involved in the former.
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In part 3, calix[4]arenes 264a (R = OMe) and 264b (R = NO;) with
5,17-bis-p-substituted-phenylazo and 25,27-bis-oxymethyltetrazole groups were
synthesized using the 1,3-dipolar cycloaddition of oxyacetonitrile
azocalix[4]arenes 263a and 263b activated with trimethylsilyl azide,
respectively. UV-vis screening of calix[4]arenes 264a and 264b with 14 metal
ions showed that 264a (with p-methoxyphenylazo substituent) was a highly
chromogenic sensor to Ca**, while 364b (with p-nitrophenylazo substituent)
showed color changes toward Ca**, Ba”*, and Pb**. Job plot experiments
revealed a 1:1 binding stoichiometry for each of the complexes. The association
constants for 264a-Ca”", 264b-Ca’*, 264b-Ba’*, and 264b-Pb*" were determined
by Benesi-Hildebrand plots to be 9.1 x 10* 3.1 x 10°, 1.1 x 10° and 1.6 x 10°
M™, respectively. Based on *H NMR titration results, Ca** was bound to the two
partially deprotonated hydroxyl azophenol groups and one of the two tetrazole

groups of 264a and 264b.
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HEgpd RehPFB Qg nde S o d A f 2320
HUEmgpd RarsST4p% o ¥ > Berson + o #H5 #r8 ks % 8
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feoder BRGH TME 7R F% chird # 5.6 2 7 H ¢
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> 1 -
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- kAR b2 F RFEG A REAARYE TME 74 82 € &
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gl 4 Optimized B . &
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TME, 1 DCP, 8

~ " 7aR=H
RN 7b R = p-nitrobenzoyl
= 7c R = p-benzoylbenzoyl

(Er Eoer kecal/mol
-
1
I

24
° 7d R = benzoyl
7 7e R = acetyl
L 7f R =cyano
0 - 79 R = methyl
-2
-0.1

LUMO pi coefficient at N

W= §1 03 afrpodfomgimd o AL RBE LRI

B B ek (1D)—(10) A %&£ 1 (1) TME 1, (2) 8, (3) 9, (4) 7b, (5) Tc, (6)
7d, (7) 7e, (8) 7f, (9) 7g, (10) 7a = *°
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11X=8 5X=0
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~ X
X __ X + X: Y + trimer
14 X=0,S 15 X=0,S

AE- ~TME B R3 8§ w485 10 22 11 2 it BB Lt £ 5 o 1
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25aR = Ph )
25b R = p-OMe-Ph

25¢ R = p-F-Ph

25d R = p-'Butyl-Ph

R R R R
O . E E
S S dienophiles
TsN > _dienophries TSNfii[:)soz + TsN, + uN
— (0] A — — —
E E
Ts
26 7
28

FEBZ TR b g ¥ B FABN g sultine25 HEACEF R o 12Fe
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(X AL e
— _— N

DMAD

"CO,CH;

_CO,CHs
= _N HN;:Cu
N

35

NEle s F 12 3 77K TRRT L chE R E g o

Berson 3% % § 12 & 77K iR 4 F T 02 230-325nm kR €
B F A eEdr4 4 > A5 pd ¥ (radical pairs, RPs) 29 4= 30 ; gt

Hpd As35d £ %2 (recombination) # = 31 225 % 1,5-hydeogen

S%

shift ;= 32> 2 S %2 § § A2 fAJ A~»+ 33 - Berson Fr1 iy

¥ - % phi- " fy (dimethyl azodicarboxylate, DMAD) # 5 4f 3588 pF -

Eo e dAS 35 a il FHHT FEMALEAY 340 ¥

N
—_—

Berson = #- 35 “& % F T 2 230-325 nm E{FRE > FIRF LEF Y
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A hREET HERTAER EP 36 ZHT FREMATE I MR
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i

Hooom D mam A Bkt F AT
Fry? > 35v I EE Berson KL ZLMETEFDERES - 57
- HBFBF 12 2 sultine 24 XfRis g d A B KRR F o AP
HREQRTER A ReHEH ‘% sultine A L34k &45 37 &
AR D FoHT PRIttt 37 A% E T2 254nm kfE o
Fr# 2-7 A-2- A A& (2-methyl-2-nitrosopropane, MNP) & {7 p o Z 3 $_
£9% M AT UERIET FAMRAL I R E 2- o 3- mE 2
A 38 &2 39> 4 FUEDHET FRARANST MNP F5dd 400 4
R AT e FAF A TT K T 37 21Tk fR R T Azkee 0o i

F X 2% ¢ 38 T U BRA o

Ts
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BESR F - F R R etk 37 A 77 K T u 230-325 nm K fE{S
g {8 50 EPR SR ZE 5 2E % s » 4rBlT 7o 0 it 4K PRV L E
FIZEF PR OEJREE > AoB]lS 7o 0 @ P 22 sultine 24 A Ap o TR
18R 34 5 4dic (zero-field splitting parameter, ZFS) ° ¢ ¢h D' 58
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~
TSNG
—
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T T
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o
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>
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9
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o
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T T T
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Magnetic Field / G
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Pia 77K T 224 2§ i72 5 12 12 230-325 nm %22 & b
EPR %3+ § 224 i D' ¢ E £ 5% D A %L 00229 em’
¥ 0.0226cm™ © # i 0 7 Berson — 47| &% 12 s § 74 2 EPR

ke 5 A 3300 G AT F IR Oh AR i &

‘-\clv

e i BT I % A
20 PR RET a0 2,5-FF AP 2 sultine € ARBLRIT] o Flpt A
w 12~24 22 37 B £ 230-325 nm kR ARY 0 R NI F A R 4E
Betrp > A2 2 pd A BPRMEAE - L5E LI Aa 2t
L Ep zt'\”f T 4T FRED-Retek 37 20 B iRy 44T

F AL e % erwied (imidazole) 41 2 4 - % & fip P % erwdlet (indole) 42 0 +

g L kfREARY BT AR 0 A2 FEHhp d Ao

= N
TsN/\;L ©\/,\>

41

LF R RENG AT B KETARFR . P R g R R
TR FE R BN LR EATE S o @ WROFEEA JP R o - &
FrORRERER A ) A T ] e (micelles)® ~ 7
(zeolites)'” £ 4 (4 B g 4 H Bd > & BB ER F LA S
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Dougherty # @3- 48 B 3t 20 K ™ Z R 3 A 13-k A%
B pd A 43 (1,3-cyclopentanediyl bidical) > ] * ¥ 3 ¥ # = 13- ¥ A&
13- AR d A 44 (1,3-diphenyl-1,3-cyclopentanediyl biradical) > + t§

BAESGEL D AOETAE S RE L TTK T T R H 5 4 o 2 Adam

e
-

[# 4 G enB R ERFRABAHEDJ A 44 2 142 FHA-14-

"' NE=%

etz pd & 45 (1,4-diphenyl-1,4-cyclopentanediyl biradical) % = &

12} o

B - 2o 21 Berson fo Platz eha1 (FE - (753 2 B F

>

HEP-iN e TMM ji74 4= 46-48 27 EPR 9% ;d #7i{8¢ D' 48 3k
Pe i AP SR VR R OFAPNEP e € k5] TMM AT
4 Fed pd AR E o ,‘f‘gd F ATk R B 0 R T

TIEE S

@@@é

46R'"=R2=H
47R'=Ph,R2=H
48R'=R%2=Ph

J.Abe % 1999 # g =x 14 X sk ¥E&fH s (X-ray diffraction) - & 3% 1 i)
Fl» % Avked B A 572+ (hexaarylbiimidazolyl derivatives, HABIs) 49
¥ fy ARfEe > #rA 4 0 lophyl pod A2 T ho doiNB BB - AT

oo 0 et k5] HABIs 27k 827 o 23
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0
0.

. . 50, Im 1 50, Im 2
49, lophine dimer

B~ ~ 0-CI-HABI ¥ & i lophyl radicals z. Y 3k i3 &% 4c #1 en ¥ 3§ F
)'—*% o 23a

Bl= ~0-CI-HABI (% ¢ ) ©# H kjzs 2 4 chpd A¥ (24 R) & X
Sk Heid k3 247 4 S R o 2

F-20 o da B2 kg d AR s g d A5p S s gt
PE G Sl d WAFHMPA T IAE T T3 5 5N ap o
A RS p ke KA P MM 0 T Lahti & 2008 )%
e #a B FFF pd AehA T Bl o B2-fI* A3 Fnt £
41 p ek (self-assembly) e03 N ptidid o kfgwd 2 R pd AT T
Hapd A4 THEF B A (heterospin) ¢hf @ A 53 Eijin
FRR G TEF EPR 9977 » BT B2 B3 d By 4o
el EAE S
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REL A IFns e pREAS hB p Ry AR

112 Fy e p o

AFHFTE AN K- B 23Tk sultine 4+ 7 non-Kekulé Bp d £
WO EFH RN ERCEHF W I w2 - 0 - k7

(uf}

whvh B el of sultine A TG b e f A % o P e £ h gy o
v: 2 sultine A F G F ¢ o FrF L P ERaET TRARAGT £ OR
B0 @ FRING R B4 F LK o d 30 sultine 24 & § kR 64
SO, 0¥ ipft > Fri 77 K T #7p|i¥ e EPR k3218 § 12 k35 ezt
FAEO o &0 F-%9 ¥R ARk 37 A 77 K ¢ EPR ki jicss

F]4t Berson AR g 1224 & 37 Ak jRiEARY 0 A 4

SERP D A LR ED D AehmaE e oY
MmBEARY AP A G ATl pd AE e B S D G I (bldow i
lophyl radicals, 3% B ~) > FarA5 8 pod AEF b A REEd 7 RA
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Fhrwem g o BNL I FHRERREP S AFEP AR Y B
AL SFELEP D AH DHEHM D AFEFFEBTECFE TR

Wi {it- HipBpd AHED DEFY ¢ i AL AF T E

fehfa g P Merieiek L5 R TR G 0 (1) ek sk 2 2o
5- =B B O~ FRSHp J A LER G (2) LR TR F 2 BN AT
FA DR (3) kb2 3- & 4 RE@ gL (4) BAE KR
PEeri H e B SR A4 EPR G b chi ot 2 B (5) doie
BAEE D AR Ay o

BT -6 o Fli b2 gy o 2l § F AR

£ A3 V4 sultine 87— 53]eh EPR 27 5 5 7 WA KfREARY
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1.2 2% 8334
121 pd AFD Ry e S

£ # TosMIC (Tosylmethylisocyanide) % 0 °C T £2 T f{c i dk F
s > # 14 van Leusen #7# B df kih= L& E 7% - f - ¢ i (diethyl
fumarate, DEF) & {7 % i £ fix » 2 2 15 90 % & ¥ 4k 35 fie 4p 48 45 1810 A
(phase transfer agent) 3 #3727 > #etei Rk H § F chd MEHT FRAEA
AR BRFEFRRBEE HItFEI] 570 5 57 Efrtr 7 AL
4% (tetrabutylammonium bromide, TBAB) ¥ * » I fv ¥ fF=x Fifik & 40
(sodium formaldehyde sulfoxylate, Rongalite) ** N,N- = 7 7 [ %
(dimethylformamide, DMF) T &~ & » ¥ {8 3| # -¥ 7 F & feP~ % 2 sultine
24 > o Bl #757 o % 57 &2 TBAB {c Rongalite % #1145 1:4:7 2 #f
% g AMAR <Y 100 B RS ELRREET T A 14% A F <
S D H 40-50% > T ME RS L4 ) el g L AP %
* 024 4o 24 & F-F K5 k&' (N-phenylmaleimide, NPM) & E 7 3t ¢

B 4“%@ Hﬁ"i 802 @ f:l‘ DlelS_Alder F }ﬁ%%‘? ]E:' ;'J 58 o 12a, 26a

20



CH3

CO,Et CO,Et CO.E
2 2 t
82% = 96% —

0O=8S=0 Et02C COzEt COzEt
NC 54 55
(e)
(©) N g ) SV (S G
89% — OH = X
56 57a X = CI (78%)
57b X = Br (86%)
0]
.0 (f)
~ S ~
TsN ——— TsN —
N i;Cé 71% <;(:E:§N Ph
24 ( form 57a = 44% 58 0
form 57b = 46%

Reagents and conditions: (a) tBuOK, 18-crown-6, THF, 0 °C, 30 min, then to rt, 8 h; (b) TsCl,
KOH, BU4NHSO4, CHQC]Q, rt, 6 h; (C) L1A1H4, THF, rt, 45 min; (d) PPh3C12 or PPh3BI‘2,
CH,Cl,, rt, 8h; (¢) Rongalite, TBAB, DMF, rt, 40 min; (f) NPM, toluene, 160 °C, 24 h.

FEL Ao F A AR sultine 242 2 2 & o

- g FeteE TRz 2- ¥ B3 % AP0 sultine 25a-d & = Fidest

Bl-— 577 o Rl w oA > L J1* Sisko? & A 3 i 7

=
g

: 2
25T

il r 2 F RSN F s T B 53 k¥ AP R ¢ & 4 59 ¢

#- 59 EFMmAKTFEEL B AR TosMIC 60 > 3% 60 £ &2

=

= "%ﬂ?ﬁi@-f‘%ﬂﬁ B TV etk Tg2 2- RSN BE A Z 8
* 7 £ sultine 24 FF i T - @ g ok o TV ER] 2-F -4 -

¥ F R LB~ 2. sultine 25a ¥ sultine 25¢ -
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CHs CHy

Ts Ts
(@) (b) (c) (d)
94% © Ar)\NHCHO Ar)\NC

SO,Na-H,0 SO,H 59a Ar = Ph (73%) 60a Ar = Ph (89%)
59¢ Ar = p-F-Ph (64%) 60c Ar = p-F-Ph (79%)
Ar Ar Ar
CO,Et CO,Et
e f S
HNé[ @) TsN)j[ 0 TsN);COH )
= = —\_OH
CO,Et CO,Et
61a Ar = Ph (91%) 62a Ar = Ph (94%) 63a Ar = Ph (87%)
61c Ar = p-F-Ph (66%) 62c Ar = p-F-Ph (85%) 63c Ar = p-F-Ph (82%)
Ar Ar
o)
= Br (h) = s~
TsNi;CBr —_— TsN / (I)
64a Ar = Ph (80%) 25a Ar = Ph (56%)

64c Ar = p-F-Ph (73%) 25¢ Ar = p-F-Ph (53%)

Reagents and conditions: (a) HCI, H,O, 0 °C, 15 min; (b) ArCHO H,NCHO, TMSCI,
CH;CN, toluene, 55 °C, 5 h; (¢) POC13, NEts, -10 °C, 50 min; (d) BuOK 18-crown-6, DEF,
THF, 0 °C, 30 min, then to rt, 8 h; (¢) TsCl, KOH, Bu4NHSO4, CH,Cly, rt, 6 h; () L1A1H4,
THEF, rt, 45 min; (g) PPh;Br;, CHzClz, rt, 8 h; (h) Rongalite, TBAB, DMF, rt, 1 h.

NEL -~ 2-F -4 8T FR AP sultine 252 o 25¢' 2 £ & o

b3 g P FRAAE & NERRLiERY ST e EREPF
oot X d ety 1089 s 8 FRE 2§ A Bk A @ereted sultine

PARG A DAL R RN ES - B X BAES LkE T R

S
vk sultine PRER 0 T T - HIF T F ek kb sultine _F At 49 S 4
m%%’r’ PR ficiEid * A, non-Kekulé BEpd Av S & rim ] %
¢T3 AP~ sultine 69 & =2 F R ARl Z vt o F A B
fin 54 Jrdrap+ &2 £ 7U-Th 2 ¥=-1,2-- "% (trans-cyclohexane-1,2-diamine)
BT T Adg M iE2 T EH TR (T8 E F & (coupling reaction) 75 = AT

7 -~

G-F AL I FRTE AT LG MmARFRR TV FHE



=
o
\l
o)
o
=
o
\l
o)
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Rd
A
14
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?
tm
N
W
17,
T
5
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¥
IRy

- A fR o FptE KRR A5 69
3O e O
73% =
65

R
CO,Et CO,Et
HNCE D e O O~
. 0,
COzEt 81 88/o = OH

CO,Et
R=H, CF; 66a R = H (54%) 67aR=H (81%)
66b R = CF3 (60%) 67b R = CF5 (88%)
R R
.0
L © GN <~ B (@ <8
— Br — (0]
68aR=H 69aR=H
68b R = CF5 69b R = CF5

Reagents and conditions: (a) 5 mol% Cul, 20 mol % trans-cyclohexane-1,2-diamine, K>COs,
dioxane, 110 °C, 12 h; (b) LiAlHy, THF, rt, 1 h.

Bt~y -3 AP sultine69 2 & = o

B GFENEI R IR b2 2- 88 5. R R ~FREEEP D A
TRLFEEIEE I 2R F R F o SR
(N-bromosuccinimide, NBS) ¥ 37 »~ Ji& » ¥ Artvd ke 25- =% B /4

it > B w i Suzuki coupling® 2 E_ Stille coupling® i 7 pk -4t c4m
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£ @I b FHRBAED T TR AR 72 o 730 4o B

.
= BT5n o

Br Ph
a
—>( ) TsN - —>(b) TsNé
76% = 91% =

~ 70 72
TSN<;| ]

Br Ph

37
| @ TsNij _e TsNij
59% = 28% =
BY Ph
71 73

Reagents and conditions: (a) NBS, THF, -78 °C. 6 h; (b) Pd(PPh;),, K,CO;3, phenylboronic
acid, 1,4-dioxane, reflux, 24 h; (¢) (i) n-BuLi, SnMe;Cl, THF, -78 °C, 12 h; (ii) iodobenzene,
Pd(CH3;CN),Cl,, 1-methyl-2-pyrrolidinone, rt, 48 h.

AR R FAZ WY FREARAE T2 &2 73 28

FFEL AT - T AR D L RRAT N ¢ A kRER
PAsapd AAEF2 ¢ PR At BeleR TR B 3 S rR e (pyrrolidine) E2 ekeg_
(piperidine) » & = i* &4 74a & 74b- ¥ - > 5 > "f Joekrk TR b ey R B
Ky ¥ E%}‘??£%£‘ A Mg R I AR RAEA IR TR
EOAPERY kX g pd RO FRE AP EY AR TETR
BRI AL 54 e 2- % A f2L  (2-naphthylsulfonyl) % B~
T FRARA M A2 T5em AT Y 4 M 2w ha i sy
Fitag A etrg g b 34-1 8 B3 " A BN eh 78 $Fuah EPR R MLk

B0 POt s 4 A I 76 1 B B 4R LY Uk T MR
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(tert-butylamine-borane) &7 R B R F B> i AER 27 47 2 &

3487 A-4-Q2-2 8 fie )tk 77 4o Bl 2 9751 o

\//

SN
n yn
H,;C

3
n=12 74an =1 (89%)
74b n =2 (91%)

\\ // \\ //

~-CHs
HN TSN\/;[
CHs
78
75 (94%)

COZE'[ \\ // \\ /, \\ //
HN(:[ SN \ CO,Et Q*CH:;
COzEt
COZEt CH,
76 (93%) 77 (63%)

Reagents and conditions: (a) Bu4NHSO4, KOH, CH)Cl,, rt, 4-6 h; (b) (1) AlCls,
(CH3)3CNH2 BH3, CHzClz, rt, 8 h (11) H3O

SRt~ F-Q-ZRAEA)E TS BHGFA L TT 2255 o

S

F.
g>

Tsue % % 2005 =% 3 % J}ﬁﬂ'ﬁ?ﬂ 84 {7 iR A & &

REergE 2t > H & R B TR Ao B T AT o 22 L A A A A

FESHEREED J AMREE o Flt o AL FRE S F RARL R HT
FHAEADTTITA S 925 dosV Bl & AT o - RF G L A W)
N FREFMAF T BI85 & 8600 A AL MmF A A

R R K- EETF AR HT TRBAR N ey 8789 H ¢ H

Bl 89 LS MM AMEMEEF L PEARAE T HY FHMR
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Rl Fi2E§ - ZhB > F gL 880827 86 ¥ 89 ;5% it
EMEET G AHEE 9Lt & YRR hF BiE
A S %Y PR ARA-M - R 88 ¥ 89 AfsFenF ok v
T AT AFEZF T AMRR Oy L BARAPRERE > 4 g%

Bad s F A b ok fREATY BT S P AR eDATH ) 2R e 1 it
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—\

HoN NHBoc
OMe 82
+ —_—
Br HoN NH, Br H H Br
OMe OMe OMe OMe OMe

79 80
I\|/Ie
N
N NHBoc 4
OMe H OMe
l__, 82 R'=H, R? = Boc 84

83R'=Me, R2=H

~ A . - -2 Y ~ 4 e 32
ARSI B E BT A 84 L AR
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/©\ * D\ @ J@\ /@\
HN NHy  Br Br Br N NH,

2 2
1 : 1
85 (87%)
’ i ~ ¥ D\ /©\ /©\ Q\
HoN NHy  Br Br
! : 2 86 (61%)

- /©\ * /©\
Ts. = T
y N N ®HN l}l s
O &
0,
H,N NH 2%

@J

84% 93%

SIS QJ@U@U@L

2 2

'I's
N 4
(a)
86 + 89 ----~ - Br N N N N/TS
H H H H
91 92

Reagents and conditions: (a) Pd(OAc),, 'BuOK, DPEphos, toluene, 80 °C, 20 h; (b) TsCl,
BuOK or KOH, THF, rt, 6 h; (c) TsCl, K,CO;, CH3CN, reflux, 12 h

FEE T ERL R FRBAT NS I 02 2 ’

122 pd A¥2 EPR &3
1221 BARHA d AHHPE
d 3t sultine 7 % kfEmd SO, thific o Fpt Berson #$2¥ ¥ A

P % F4TE S+ sultine 24 kfRis A2 4 0 EPR AELRRR FIFR - &

i

ki P g & sultine Al Ae- kA F FomfRA vk 77 K 0
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MTHF /i § ¢ >12 400 W eh% hgfe NiSO, filtered (230-325 nm) % f2 1
LA BEHIT AL B DAY 93-96 0 Aot Bl - SR~ A o

Bk e @ sultine Fatghehiz o B pd A% 94 o 95 A u[F A
1686 G 22 1716 G # MG - P HE 2 2L 8 A J APFHD AMs = 12 ¢

;#%fp%%u’ I'%!-'I" Jbﬁq:]gz EE'*:I%—.IEL/? %‘%f;u ’F} ]

”»

£
BAd AFh o LRICEBERT > fJ A4 08496 & 77K T
ik 2 v AR L 3 o B AMS = 41 R 2 B Bl A H R 2 FEHR
(A2D") 35 M S BT o MEF LR TR P 25-1 8 FIRHP H o D' R
e d > 2w A 0.0190cm™ ¥ 0.0176 cm™ > #5123 Dougherty % 4

Fras P v dpd A2 FenTiappggt Bo4o58 1 858 2 #5 o

i

Re=0.138 x [D'(cm™)]"? ... (D)™

R.’ =27800/ D' (Gauss) ...(2)"*

4 EPR év’ﬂ%f’%ﬁ%%#&iﬁ]‘,éf TRd AV R EERIFERPN O FREBAA

¥

BEMEATY BB HER REFP] AHZIFROFL LN LE
RS TG o Med Bt ATenp o A GER R R @A 7T K THT
VBRI S E i ehp d A% EPR EL o A 2-E R ARAABE AR T XA

Fafdet LA P W L AR TREA J AHaE 5 EF o
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R1
230-325 nm
Ar—S0,—N ArSHO,s sN
— MTHF, 77 K =
R2 R?
37 Ar=p-tolyl, R"=R2=H 93 Ar = p-tolyl, R'=R2=H
72 Ar = p-tolyl, R' = phenyl, R> = H 94 Ar = p-tolyl, R" = phenyl, R = H
73 Ar = p-tolyl, R" = R2 = pheny/ 95 Ar = p-tolyl, R = R? = phenyl
75 Ar = 2-naphthyl 96 Ar = 2-naphthyl
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pod A ¥erskzd (XL B S 2B Figure S-43 % Figure S-44) » 2% i/ i)
etz 34-1F P B AR FS R D RIEm R T d A o T
% TR EATRP 24 & 77 K kf2{S e EPR k% > 2 ¥ sultine 24 &
NPM G B 218tk A4 58 ~ — B FREF & 4Bl #77 °
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AR P L R - B R T ¥ it g3 > Curie Law ¥
h 1 8 T 2 A #5 ¥ 87 > 408 3 #r7 « 3 H9¢ 1 %4 5E EPR
WA T F N AMs=£2 sl FEEF A A BT LG HER
AE %47 £F e ¥ iR

ARBEH g Faw Lo m C Bl E_ Curie constant > § % %

d Curie Law #7871 N i gL B #-€ 2 35 E R T RF v OB

24

o FIPP AP ERERER > FETUEFA TTK B2 5 EPp
A4 93 4o 96 hFI o F 37 & 75 AT 4K EME 2 T kR A

F 4o Curie Law “73 g cntF 3|7 2 ¥ P i g€ i p d AH2 EPR

5. e 2 Curie plot ® 3R %L F é‘&&jﬁ%‘ﬁ"ﬁffi FBLo Aol Arom e

L AT f 0 A% 93 4 1685 G T AMS = +2 An S % L] o

T + B R (forbidden transition) 5Lt #henig & o 2§93 f 4 K T #7{F

AMs = £2 smugisg B 57 B f 44 K TAr@asia 11 8 05 427 &

(63924); @ ¥ 96 % 4K THEUES R L 40K PEeh 20 8 (584/30) 0 ¥

%E&ﬁiﬁdﬁ CurieLawe @ 93 A B8 % 44K P> 4B+ - %77 » 2 AD'

7~
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W 4K P 17 Gy A FHRBApd A¥ 94 fr 95 L T vk 4
K 5] 77K e R #FFP #$6 14-19G - E#E LR 5 sultine 24 Sk f# 2
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297 o fria 4K BT EE S EPR X3 PRSI o 32 G H
e iR A B deg 47 F (ds-toluene) ~ P A ¢ A f (methyl butyl ether) frz
% (cthanol) ¥ 353 4Pl HAjA 2 o8 m H ¥ 4 - ' p o A pEd ¢ 597
A R Y - R R AR e e ded - ot o K
RIT8 B TTK R B4R Y 0 R TIF AU 0 T & Platz ¥ 4
#-/P-= 7 F (m-xylylene) %24 4 gp d Aeni % - #5070 frtek ik 34-
B Y AhuEz KR A RS pd A4 99 ¥ TME B R+

B d L 18 gl o

CHs
=~
Tse o N<;[

CH
99 3

S L]

Bl = 78 & 77 K ¢ MTHF ¢ k{22 2 cha 24 fipd & 99 &2
18013

F- T8N AR A R@EAEA D EEHLA D AR B WD 2fs Sl o

13

Matrix Temp (K) D'go(cm™) D'sig(cm™) Raya9)(A) Ray(s) (A)
MTHF 4 0.0237 - 4.8 -
MTHF 77 0.0225 0.0179 4.9 5.3
ds-toluene 77 0.0219 0.0175 4.9 5.3
butyl methyl ether 77 0.0225 0.0174 4.9 5.3
ethanol 77 0.0223 0.0181 4.9 5.3
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#. = ~ Zero-field-splitting Parameters for Triplet Radical Pairs and non-Kekulé biradicals.?

Precursor Radical Species D'(cm™)  E'(cm™) Temp. (K) Ru. (A)
0.0239 <0.0003 4 4.79
< < 0.0222°  <0.0003 4 491
W & s 00270 <00003 4 4.88
0.0203%  <0.0003 77 5.06
P P 0.0190 0.0007 4 5.17
N_] 72 TseeN ] %4 00190 0.0007 77 5.17
P P 0.0174 0.0014 4 5.33
TN_] 73 Tse sN_] 95 0.0177 0.0015 77 5.30
P P 0.0179°  0.0017 77 5.28
00 o9 0.0241 <0.0003 4 4.78
® v ® S 0.0226°  <0.0003 4 4.88
(7S 7 ® = % 0.0219¢  <0.0003 77 4.93
0.0233°  <0.0003 77 4.83
. . 0.0239 <0.0003 4 4.79
(T § a5 e 00229 00003 77 4.86
0.0236 <0.0003 77 4.81
M g0 Moo  0.019 0.0007 4 5.12
TS“@C& 2%a T '@Cb 104 00192 0.0006 77 5.15
p-F-Ph p-F-Ph
.0 '~ .0
TsNéCg - Ts..Nag e 00192 0.0006 77 5.16
p-'Bu-Ph p-'Bu-Ph
TsNizf‘)% ; TS,,,@cgo e 001907 0.0006 77 5.17
p-'Bu-Ph p-'Bu-Ph
f
misoz 26 TM@SSOZ Loy 0.0188 0.0006 4 5.19
o o]
TsC@ém 58 Ts--@@im 9% 0.0229 <0.0003 77 4.86
[¢] [e]
O <t 0.0237 <0.0003 4 4.80
TsN Tse N -
C[cHa ® C[om *® 002257 <0.0003 77 4.89
e g e w18 002269 0.0005 77 4.86
Ph Ph
i” Tij w08 001879  0.0005 77 5.18

& All the zfs values were obtained from the photolysis (400 W Hg Lamp Wlth a NiSOy (aq)

filter) of Jprecursors in MTHF glassy matrix.

powder.

approximations (Ry,° = 0.138x[D' (cm” HrY

In trlacetm glassy matrix.
The EPR 51gnals too weak to mdlcated Calculated accordmg to a point dipole

¢ In solid state of

?), see ref. 15e. "See ref. 13. 9 See ref. 11a.
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123 kg ™

B9 B3LYP/6-314G* “rH Mk %8s > 4§ 3727273 v 78 &
A5 Rpd AEF FIoHY FREBADRZ FaiEiéd R Ao
1.7-1.8 A # £ % 3.1-38A 44§ A3 &2mh 3 “#F L F L/ (vander

Waals radius) it fe > 4r@l= L - H B = -+ = #77 o

W=+ - ~3Fd BILYP/6-314G* #r B N2 B ik fe 78 frdE A i p
d A 99 2 § ot erpedr (A) o 0%
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e )

1y

[

-

1y

%
s

(c)

B3LYP/6-31+G* #r% 212. (a)37(b) 72 4r (c) 73 & ¥ i
% P 0 RHACT RGP § foam il aped (A)
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1.2.4 Argon-matrix isolated FT-IR % 2% %

AF g F Z 454 Argon-matrix isolated FT-IR %M # § 12 v
sultine 24 B1p= | @ 1 &4 37 L% 125 “r BB Plen% € 5 EPR %3
95 F-HY FREAYTA g & 0 e F]E P Argon-matrix isolated FT-IR

B B AN B A3 e Bl L2 e o R P L 4R RS o

o

Intensity

(e) TsN

T T T T T T T T
1400 1200 1000 800 600
Wavenumber / cm™

Blo L= ~(e)37 Akjziiz k¥ (37 1% 4 (75 472 10K T
2250 nm kK fE 6-10 A 4Eis R E kR L AKkiET (Ble) #riF 2 £ 30
K% ;5 (b) ek p d & (pyrryl radical ) 109 ~ (¢) $F-7 ¥ & p o & (p-tolyl
radical) 110 ~ 2 2 (d) ¥ " F AR feA p d A 29 2 = ok 3 P E_ 2
B3LYP/6-31G(d) ezt & = 3% arficgg o1 o O
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1.2.5 X-ray ¥ 5 649 %
& 30 K Tf* &4 %E (xenon arc lamp) ® ¥&¥ 73 HH HiE (7L

f3 0 10 Xk SEbE enPUIE (T R iR 0 Bk dod = 4Ton o

£z 73 A A 30K TokfEerA S chp d A4 95 HH & Ry o0
Bond distance (A) Bond angle

Before irrad. (81%), 73 S1-C8 1.77 ZN10-S1-02 108.0
S1-N10 1.69 Z£02-S1-06 120.6
S1-06 1.43 Z£06-S1-C8 108.3
S1-02 1.44 £ZN10-S1-0O6 107.6
£02-S1-C8 107.7
ZN10-S1-C8 103.4
After irrad. (19%), 95 S1°-C8 1.59 ZN10-S1°-02° 92.6
S1°-N10  1.83 £02’-S1°-06’ 105.1
S1°-06° 1.62 Z£06’-S1°-C8 120.9
S1°-02°  1.48 ZN10-S1°-06’ 90.3
£02’-S1°-C8 129.7

ZNI10-S1°-C8 105.4

dR SRS ET UEIR 5T PR AEA-2S-EF A T3 B

RGP s FRreriE R ena B E RS (02,06) BT FfoessAi A iop

=K

N4 (tetrahedron) » & Weted b 25- 8 ey Rfom fisi 0T A&

et
K=

FABG FRWLETDSE  AoBlD S o o R ASIEREL S 0 A

fr§ PEEAE_SI-NIO=1.69 A M+ ¥ 0.14 A % 5 1.83A;

l»ﬂ

Bk e ZN10-S1-02 = 108.0° & /NI10-S1-06 = 107.6° » % = 7

ZN10-S1°’-02° =92.6° & /N10-S1°-06>=90.3°> = i ¥ i+ (L f2{S ";5'3
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frebeg en ow g B RAEE B o 1" 4146 % B B (Cambridge
structure databank) = chig k8o » £ 3 2006 & 5 0F 0 vk AR
F-mdEEEh L L 1.69 A B4 AN-S-O 5 101.8°- 822kd EPR %
% (5.3 A4 K> MTHF matrix) fc3Z#%3*+ 5 (3.8 A) #r1@ 1§ fra 4t 3
SRR fd RS f 0 A2 BFenpedr o 2% Xk e R S
kRS § fomz Beangedd »r£ B > 2d )t X DT %7 121
73 kjztsrA 4 enp d A% 950 AN E_ T3 A KRS oz FiER AR
%74 @ i = en distorsion A i £ ik 19% 0 H AR 81% F A KEfE 735
TP 73 2 F BT FAERAFSEERE A 30 K T AL Bk

AR € R AES A 2 o
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(a)

(b)

W= 2w () Fd X RS per i en 73 (R 4 &) frdl R A
4enpd ¥ 95(2 4 M) H G (b) PR E LSRR

50



B4 R &d 3758 & T2-75 chp d ARG - KR A
Poodr s MEf-RESN EPR 8%~ 27 B HEA T AR ERPF D
D' @ e > HImp B anff et 2 X R WS IFE 2 RIT p d A
W Fd 73 AkfRisd 2 eh distorsion 2 F¥p 0 FF AT KT 2
sultine 4+ 24 2 B j74 > Ak fRpER-€ @ & -1 F R R T
o S fpd Afa 24 EREAT Lot 2%y 12 MFLfz
A4 ¢ EPR ;3L 2 Frii 4 5 400 > & ¥ Berson &tz p el
REEF AFHEEDEE -

F-¥T YRR =Y 89 B 4 ¥ ¥Rtz T4b W

BrlsEfipd A¥ 102 o 103 ek P T P2 TR ATF S
é 'bﬂ?&‘.fﬁj} ﬁ'g ?li/Fg ﬁ;}%ﬁ’* N, A % 3 5 E‘.’ﬁgm%ﬁ;l‘]/g\.

LR A LT 0GR A F e EPR B 3T 1 (T rs ebk IR § Bk o

Rk B S p o Stk TR b 34- 3 PR T O EEd 2 gt
BRERERLSEEAMGEDF 2 PS5 KA 2 hpd AHeq §
et TR b e 25- 8 B F AP lr,ért TV MR BB >
TR KRETEP D AHGD e F R Gy AW hid -

B R AP N 2 vk T4 F Blde sultine 24 2 2 H BB [RS8 ki A S
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58> tkfzisfrAd chpd A% Tt 77 K ehtGR A4 F P 548 10
JEE Y TR R OB PR P R IE o

pd A% 93-97 » MTHF i /i e & 477K g R FERP > 4§
79 11-19G(F AD'=1.14-137 A) ehjp$t#s d ; & ¢ AR R %
BYoopd A¥E 7 APE & MTHF # ] chB d R4 o @ TR %8
e EPR F B 81 1 BEAR"E MU R 7 BS 30 ELapip) > e p o A H o
Blog R YE R 2 B el i ¥ A ki Curie Law; F]2* Curie Law ¥ 7 3§

AEHA e LR LB I F LB F Rehpd AHE o
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FEBSAL23-Z ke hTd f2 kB F RAY
(Photochemistry of Heteroaromatic Fused

A*-1,2,3-Triazoline Derivatives)






A

% =

FEBAAN-L23-Z ke iTA P2 K IVE R R

s

2.1 ¥
211 aF ML v i 5

$ =3l ok (isoindole)™ 1 2 B -3 4 2 je 7k Bhed sk (iso-condensed
heteroaromatic pyrrole)®® #1 4 & 4 B & &4 ,w R il | L o
2 R % (tautomerism) b o 7R R L BEYG &R AR £ ik S

Y

Diels—Alder % it 4 & F & ¥ % 3 ¥ zﬂs;}% v T AL L H_45-fR Ki

(o-quinodimethane, 0-QDM) 4§ £ » 4o Bl - 4 #77F o

©i> tautomerism ©i\>

NH ———= N .
=

i//‘\i x i i ! ! ! ! — polymer

NEL A \_33_!\:5112—,—\,_ ﬂf#fﬁ«‘ﬁ

4 — @

[ ¢

R
R1
tbi + H2 ‘ RZ

;\:E‘]_L,L ~ éﬁf%ﬂ—mc&r}: ﬁg‘l— ﬁ«f‘_—.;’;&: T’Fggﬁﬁﬂ, @#»},I%\)TL 4‘14\;};}’»‘%04%
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R ﬁbﬁﬁﬂcél“ﬁffﬁi%’ B ERRATE R LNl B e BB LT
NEIRAT FREFRGEE PRI LN S £ RS DEER

S A & L RN

ToFAREIFAF > AP LRHEIFTT 0 B AR E hTFEEA &
PRAL o D F BRI Y R PAP AT o F RO LG TR

Bt d s A TR HF v 4 (azide) ~ B2 3 A TR = ekefk (aromatic fused

triazoling) % = f% Spdr » A W] hdk it~ ¢ B BRI IEEY > 4 sk hs

IR TR - SR T I S B

Br

basic condition 2Et

Z > COo,Et

|

N3

—
° _NR neutral condition zEt

=
E
R = H, alkyl, aryl COAEt

acid condition @ N
“N
i
N

EOC™ 50, 1

REls L ERERETE R D L AT RSk s k0
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Foao13-BimFEithedF B - BREREFHVESZTT F RT
21 QRekenF 52— - FHRZF A REHEIEE Lt#’fvl‘}”ﬁz}tﬁ” BT A5
P 13-BRIR b R iy 0 T AR LIRS ek T F o P X R
ek RSB HN R > €75 F e (aziridine) ¢ FREE AL E § oD
M o VITLE LA P E X R oM

RaEeke 4 8F 2 R4 A%1,23-= kg d dodm md §F s

$lo e p B ANI23-Z kR JERE F 5P E 10 [k

—
!

(homolytic cleavage) » 2 2 gEp o A ¥ Ry > ©¥ 0 X g uzimg B

# (heterolytic cleavage) == ;%3 § 5 » A4 & L33 F 5 (zwitterionic

species) st @ ik > TR TP LA ARG T o TP
Feldman® % < 4% 2 -1t &4 111 4 #-7 L E L &4 115 &

117 - Feldman 1 % & Z;&: 32 %3~ & (density functional theory calculation)
We o Rl E 5 111 ARG I WMERD AT NI F BET
Sk 1125 0 % 112 AR € 1035 PR 2 S md § F o AR
i TMM® % g4 d £ ¢ azatrimethylenemethane (ATMM) diyls 114a> 4e 3¢
Bl L - 57 o Fpd &4 11da ¥ £ 32 5 114b e0a558 > Fpt ¥ 12 8 5
e 115 R F] 2 A5 116 #1F Bk ERERE Ui RS T

BRI AP 116 F - 3G o 1lda & F oI £ N AR A

A 114c L F = 117 -
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no hrdeogen => no isomerization to the triazole

— S heat B ;E‘/( 4
< \ m’ \5 e and not N
N=N=N¢ N

N~
—N= "N
oo +N g N‘N '57_
111 112 113
the normal
regioselectivity of
N, azide/allene [3+2]

cycloadditions

R1
@ELR
AN )
N, NSk

azatrimethylenemethane diyls, 114a 114c

|

1
HR

xR
TN
d} L)
S ,,11
N H R

AWt 112 BAEREE S TR AL DR AR g o™

Al-Awadi P H_#% 420-530 K ma‘é’.)iiqfﬁ%:] s B-F R g o 118
TR R A% ik & ke (rate coefficient) ¥E R 2. | # TR AT A F 2 M en
Foxh R 278 (Arrhenius Plot)» 325 1 £ 4= 118 Bl f2 i s 5 — B 4 &
Fle T ¢5d 13-pd Ach? B4 119> 85 F A 2 F 5k 121

fo¥ e 1225 4o N Blo L 2 HF o Y
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Ar

|
¥ N
Qo e Qs — L
) |
N o N ﬁd\’//o ENLO

R
ArNHN 119 R 120

118

NH CFN H [ 2]
P I N (N + | AN ArNH,
L S|
122
121 R R
W Lo s FHz ek 118 g AR A4 121 4o 122 0¥

Chiba pl41]#* -

PPN

Flfel FER 01IM 23 BB kit £ 1230 &
100 °C " ¥ & F_ NN-- 7 L9 fAgoied > wAFp 13-BEF L
F0 A AT1,23-Z edof 1240 RETRA F F 0 R E A - kARl

FA d 127 oMo L = oerg o B

Me Me B
|
A
N3 azide-alkene
cycloaddition
CO,Et
123 L
Me ] Me
M
Me e
—T . N - __NH
CO,Et CO,Et
126 . 127

FREC Lz F 123 A A BEFRLF RS 0] A PRI HB
125 %4 § F 4 & Bileffrd 4o 127 7 i gl o ®
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Chiba 3% Z ek 124 Gt BB g =~ 2H03 PRI 4 -
125 £ %2 5 f§ > o prw &t k& & 12-2 & i & oepoef

(1,2-dihydroisoquinoline) 132 » ®* & £ r1dp § -G b & 7 1,3- 1 4R IE (- 4o

-~

F o B E R BT FHEN Y 3 kR fE s P

AR ﬁ

DA PR P 2 doNBl D L T e

Et0,C EOC
R ~CO2Et R! N R! N=p
ji);\/ - . N-N _ silica gel NH
R2 N3 R2 or 60-70 °C R2
128 129 130
Rh(OAc), | R CO,Et ~COEt
131 132

FWZ e zedef 120 5 A B B § F s dla ) R ke
Frd g 132 0 0

R
R
CHCI N*S
HCF,CF,CH,N 2 i
20FUPNg  + W 50°C N‘N
|
CH,CF,CF,H
133
R
+ R + R |/ HF20F2CHNH2C R
N2~§ H shift N2~§f | HN
— \
N N "=
CH,CF,CF,H CH,CF,CF,H R
134 135 136

AW LT R AR ORE PGSR E R AT T DGR o A
elekok 136 7 i b4 o %
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Wu 4= Tian 1 @ Fp - 554 Bk chlp § 1 & pfoif E £ 2 5
LT ABRPR G ET RIRRRHT R B SR A - R
w133 fortrkok (pyrazoling) 136 - Wu - Tian #&41§ & - § 2 0¥ 4 4
$A5 4 vdok 133 {45133 ¢ SEA BT 8¢ A 134 & F 135 ¢
FRH > 8T - § BGF ha 11360 4ot - LT om0

ot 2o »Smith™ ¥ &% = 4 % ¥ # (dielectric constant) ;3 | T i
TR A A GHET ASL23-Z e R A RS MG AL A BT
fa 2 p 4 & - Wladkowsk = Michejda® %= 7 B3¢ Shea™ p) iz
P~ w41 % ab initio & F s @k & (ab initio molecular orbital
calculations) fr4 + 4 &3+ 5 (Molecular mechanics calculations, MM-2)
Bk A EFE AN123-Z ke A e fens NpE s md §F iR AT

3o 3 T avh gk

@ Molander ® #- %7 01 M ehip § SRR ATA Pt T E T g
Fle  #RA P REHKE B A 2100 cm™ cfp § S jcid 2] £
A% 1620 cm™ 2 Bk ehz ke R B e T 0 S 2y 1660 cm™ F TR
fiere gk e 54 4R T B2 & o Molander & #-2 ik i 7R #18 o 137" v
140" bt iER T F R RASF PR R (AAR- LD L) R
Dty R 144 BEAF PR E R TSR LAY B

154

\ P>

146,11;}%1 e pd AeBda, it &4 149 aid4] > & F {7
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PR (57,3 8 A S 6 147 fo 148 E w4 § § o doN Bl L4 o0 o

0
_ MeOH/H,0 _
N, 80°C

137
138(2496 139 (63%)

PRzl F - 137 & 80°C T ARk R 2 AN AT o 49

(0]
toluene
reflux
N
H

141 (39%)

AW LS A F G 140 BT ¥ iR F Rz A4 A4 o

ij\m Xylene ij\/j + other
reflux
138 71%
@/W 3 xylene _
reflux
142 (63%) 143 (10%)

FWS LA E - 137 fo 140 A U ¥ RE R At A4 o P

n

]

N X\);I\l —‘ acyl radical migration
< \
m ° J
n R
o le) X\h
N — n
m R m YN m( Z

R n
R
5Nﬁh3 o N”” Yol N, 149
/‘\
méi ) B :N? T 2 NS
147 148

AW 4 cFE 144 B2 7 F Y R 149 T
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g v &4 151 grenex 152, FHB-F BREARZ B E 80 °C P EFF B
A F e 152 F|pt Huang 2Rt F ¢ L@ 3|1t &4 151> 151 P i {
FRECF B AL Zedegk 1630 R AN E R OE BIFET I U@

153 &d 2355 M F

\...
\ \

D3 e e VR F w3 HRE AP
L4 152 4o Bl= L ootn o Huang s EHF AR IE R 0 TR &

& A elrk 74 e ch E o

/
:(—/ _ NaNg CO,Et I CO,Et
t-BUOH/H,0
CO,Et uoxs >_<_\
150
EZ=8:1 152 (40%)
151 (47%)
t-BuOH, 80 °C, 3h T
95%
/
+ NaN, —tBuoH
L] a 3 —_—
CO,Et - tBUOH  /
150
72
N H a
¢ \J
L)
/ 155
CO,Et
CO,Et CO,Et
4 1,3 H shift Z -N, Z
_ ONF3H
HN N )
N3
2 156 154

AWM= A A AR 150 2y AR o f FeiiTd o 152 o
A B
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BRMCER D FE > 35 AML23-Z ekefenk L R AR 0
F e X% b4 1968 £ - Scheiner” A m[#-E 4 7 2 RE I iz ek
ok 157 - 158 & f7- @ B R fEF % 0 7 W EFF§ e 161~ 162 5 2
2 &0 163 T X BHGRBAFHEFIL G X EREF REREE -
Scheiner :&2— # 4.7k 2= ~ 45 % F ~ v ¥

Fia AT o #1657 v 158 4w

Pz g R e » § § & 13-~ 2 % (1,3-pentadiene, piperylene) &

=F

B S E R 48 (triplet excited state quencher) & Tk F % > ¥ - > o
S A FOUR s FOMfr FREEG SE R BEN E S E AT A
(triplet sensitizer) » & & ¥ 2 5 i3 = A4 A F A FF = = it o Ft
PR AP R k2] B ohiy % o Scheiner 38R = ekefk 157 f- 158 iz
S-gmE FF LG e A enE EEF R 13D AY B
159 fr 160 > 4os W=+ - “f7 « B & 13-fA d A 159 - 160 %4 1 ¥

PgEd § RGOS G LR 1630 4 T O F AR R A T Gk

(F g 55 k) S LBHEMEE (Fd 55 k) )% § 3 7 161162

=
._\;_3
=3
fmt.
s
%
o
&
5
N
SHe
_\\
Hie
W
9
S
e
(=i
4y

ke TR K <
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Ph,  CH, Ph, Shs

He——H Ph, | CHs ~ H=~=H
NN M R ke

Ph™ "\ Ph/m Ph
157 1 161

59
\ Ph \"/CHZCH3
ke /

NPh
163
}':hc. .\HCH Ph, | H Ph  H
T e e
Ph \N/ Ph/N [}j
156 160 Ph
162

W= - ~ =k 1657 4o 158 27 kfEA 4 161~ 162 - 163 ¥ it
Ll

Schultz™ fi* i &4 164 & ¥ @ win@ (FHF F gk 42 F o

VR P Z ko 1650 % 165 47 FEA M T Rk ¢

—\\

PR A XY T5% h
ek fimd Fo 169 5 dok BB A 3% 5 2SRy o RIF L E DR 2 =

B om0 T BAMAT A AT 0 BZRGT RS F P #T

=7

"p RS 169 o Fpt o Schultz 4wkl = ko 165 hskfRis o dEd § F
gvid A 13-Fpd AY FAE 166> P e EATHE X R M L H
167 » 2X 16 f & {7 retro-Diels—Alder 2} = “ifit 168 > @ 168 § £ a5 i3

TR E o B 169 it A s dofFlZ L - s
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CHj(CH3)2N3

CoHs
N 0 PhH, reflux Ph.

|
CO,CHs

Ph.

164

dimer
PhH
- . 2M5 NaOCHS,3,
Ph\N Ph\N = C MeOH, rt
|
CO,CH; Co,cH,  © \I\(IeOH
167 168

NEZ Lo s Zekyf 165 AT @AM TRFLIZA S 169 v a ]

o

Ciufolini® » 4] #* it &4 170 T it 4c & #7182 antiisyn % 7:1 3
W 1710 &A% ke & vk T o AR B KB L g
1745 fo e ¥ -7 B B &Y % 2@ Dlchit £ 4 174 2rigpg 175 J%7d)
171 kjzis ¢ S p d AQ BFH 172 T35 § 5 e 173 0k B84
FregmRB P “Tir vk K242 174 & 7 29 BRF

42 175 dosU Bl= - = 97on o
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MeO MeO
OMe 4( 4(
0/& 5

9! .
N3 OMe N2

@)

o/éOMe

MeO ]
Ag 0|st THE
E—— o%OMe
N OMe

hH/MeOH 174 +

Nz s Zeko 171 AARBAT RROEHFLE

Tukada® % 5 K erfg iR ™ » 1 11 R4y R & ehf it 2 fdeq

PR E 2-7 Aw goekea i A F 0 1% 330 nm ohF B A E R ek
176 %z > v X-band ¢hT F EEE 4R % R (T G R T S # i 5

PREALLFELD Y AR AMs = £2 a2z Fp d 2 177 i 4R

8o 4ol I 907 5 #2d UBBLYP/6-13G* 2 % A iLidi@kh B 4 g
ERA R EE RN R0 G 13kImol B 4p e
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IS o
Ot st O Origr™®

CO,Et CO,Et
176 177 178

Am=2 *

Blo L7 ~Zekok 176 12 330nm kf2T A4 tg it e @i T (1:1)
MG A E > 3t BK T 4Tip|iE 2 EPR Jo;%ﬂ;*nkiﬁéﬁﬁg%a?oeo

Tukada & % #-4 % 4#3¥ D'=0.0672cm™ & E'=0.0224cm™> ¥
Gopt 13-fpd AT iapEir g s 34A 284 5K B3 50K ¢4
EA%w i 5 K EPR A5LX 23 P2 v I AL Rk > 4Bl - = 9
oo ¥ - 3G o B EEAY o H AMS = 2 B B R B 2
R i8en Curie’splot #2238 s (Bl= + = > (i) > & A" 5 B 42 7 Curie’s
plot £ 528 (Bl= L= - (i) Flot 177 2 %€ 5 A2 Fpd &
(triplet ground state)- Tukada ~ &R & B R iEA2 Y #-¢ &7 3§ L f2E4240
A2 ML 178 RELEREP J A 177 B p B s m Y AMs
=+] BB SRR R LG RTINS ’#i%",fri MO AR o

fcd o A2 H B F RPvVa o
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Bo
°g
Q0
go .
o] o) (I)
) 6 ©
g5 o]
| ow, b
8
= (i) (]
b )
o]
A l_ﬁ‘_,
0 10 20 30
TIK

Hoivo mgly ieBoAg (1:1)
2z Curie’s plot ; (i) ~
60

HGEAEd SK BET 50K £ SK #rf

Bl= L ~=edegf 176 12 330nm Kj2T L 450 B
1_'.7‘,
#2d BK B8 3 35K (i) *&d 18K 83 5Ko

AP i & Tukada 0% F EPR § % ° > &7 ¥ it pdi MOR pFo7
MR P ehHFH 15-Fpd Am2t 13-Fpd A - FERARBFE
PFo F 50 15-Fpd ARmI g ¥ 13-Fpd A>T r gt 13-8p
dOAT A S5 178 ERMELE R F T L PR v RILE B TR

Feniv ¢ 13- p o Achksd » Flpt ¥ 37 g % 9 Curie’s plot
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212 By & B8P ih

d 0P A AR123-Z edef kCFF R E G Sl 4 F A
WRCAF L > A f5d BN F Fendls A2 A7 FHA L
AP S R e B Y SRR RER A A - kA
B B BHAS-1,2,3-2 ek e E o (e § bk ¥ f TRBFAS1,2,3-2 whispf2 ki
Boft g R R ARFENTY o FI BB 0E o AR 2 ek
186 & A dh- fFiiie- dpit gk 5 o 0 R SR R RE AL

ERSE BE VA AN Ry Vi S ST
F

%4 N N

N-N Ny @ . N-n [\ I N-N
N S N i N N N

EtO,C EtO,C EtO,C

EtO,C
CO,Et CO,Et CO,Et Z¥ CO,Et

186a 186b 186¢ 186d
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221 %4 HEA-123-= ke 186 2 & &

NO, (a) NaOH, H,O/MeOH
reflux, 1 h N ot
PN [(CH3),CNO,I'Na*
or (b) NaOCH3, MeOH
reflux, 30min 179

MeOH, rt, 6-8 h H

NBS, dibenzoyl peroxide 0
1,2-dichlorobenzene Br 182¢ (86%)

180c.d 40-60 °C, 2.5-4 h 182d (91%)

181c (84%)
181d (73%)

CH,(CO,Et),, piperidine zEt NBS, dibenzoyl peroxide

AcOH, PhH, reflux, 12 h = CO,Et CCly, reflux, 12-20 h
183a (94%) or 1,2-dichlorobenzene
183b (99%) 40-60 °C, 12-15h
183c (72%)

183d (63%)

=

&

182a-d

N3

CO,Et NaNg 2Et
MeOH/H,O = 3/1, rt, 3 h for a
CO,Et 2 ZC0,Et

EtOH, rt, 1 h, than THF rt, 12 h for b

Q
E—;\ ;9

EtOH, rt, 2-12 hforc and d 185a-d EtO,C" co,Et
184a (91%) 186a (92%)
184b (71%) 186b (63%)
184c (60%) 186¢ (91%)
184d (65%) 186d (93%)

ARt s R HBBA123-2 ek 186 2 & & o

Y R £ 4z ok 1862 fevgra (thiophene) s4=
ek 1860« wferwf (quinoxaline) 4= ek 186C £7wte: (pyrazine)

Bz vbopk 186d %% > B AFT S P o4 PR F BIEE RS X S

E]
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YoV Bl = L2 Ao oo
BAMM - FFFRAILEC A E IS & L T ARE fodig
BT oKt &4 180cd I * iEF it = F 7 fg (dibenzoyl peroxide) it o
PLF AN I Rl Ve (T F BT M R @ 31 & 4 181c,de® d
180d # % = F il F WRAT - HAEF > F ARG o Bkt 181c,d
AR oA AR A B B TR BLLL T AT LT T A
B o % roegegef 181c 5 60 Rt 48ppm LT Achi P Rk
B4 0 A 103 ppm MIRFEEEZ & R R0 ¥ ABLPIE R IR
+ 194 ppm MR AR IRFH FHEF 182c A & o f* ¥ T 2
182ab ¢ #r & & 2 182c,d ferweg (piperidine) frigti- £ /kprpeie® =
2/ - fhc ey (diethyl malonate) & 77 ¥ X £ B 5L F BF &
(Knoevenagel condensation) » ¥ & = &} & & 4 63-99% it £ F 183a-d -
Bp - TEFLCMESLEY 184a-d0 A A BE R RIEET O
g AT URLEFERA Sy Y B 185a-d Mg R T A N
1 13- B AEE L e X > T N s X4 Tk SA12,3- 2 wkeh
186a-d > & & % 63-93% - k& 5 H ¥ & 4.8ppm nferefilit  184c
AT I T AR Ay AR RTEFRICS A XDHRE
e g paa e@fFE Hy fv Hy o A% A 49ppm £ 5.6

ppm- ¥ g & ¥ #ci 17 Hz: ¥ b 3 9 A ehmd € 7€ 30 ppm L MBS
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=4 1 54 ppm o ",%t‘“iﬂ » 184c Ff#gen Hy < €4 e 8.1ppm iff
X0 3 A 5.9ppm F ATT A Hye BREWEHSEFT O =k
g 186a-d 4 = o it AFu| g » F 5 X 1| ¥ P~ (chiral center) 0§

o € H3k 186C 2 figspt 0 -OCH,- H & Pt R H s Juiffe - IR

N
ﬁ?
e

£+ ¥ 2 % 186a,b - 186d & -
Rt e Al R S IR ok £ A ped Bz vl 186D dr kw4
oM Ry B e h 50°C T FRAR T M- 184b L pF L4 (T

S

F R s _g;acfré;gw,;%#ppe o5 1B 185b - 186b b o F j M F F

i

187b 2 = o TP 5 7 g sx S entB 3] 186b M i AT 0 B o AT R
EitaniE i L AL A 185h AT HGE B L § ok
(tetrahydrofuran, THF) 23 &> 3 R TE{FAFRFEL > Fd RA= ;}ng
184b s Azdpdt fo Y e r dpE GF s T2 P PFOTEWR A S 34%:
186b &< I 60% > i #-PEFiEED 13 fEER A o RIS EET 0§ T
™ i> e 185b A F e 187b 4 = > Fpt i = = edwk 186b A S
186a,c,d ki< ; @ ¢ 44 185a ~ 185c fr 185d %] i ¢ P-ig i {7 4 + p

Rit > miEF S A3 o
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COzEt COzEt EtOZC COEt

COZEt EtO, c

184b 185b 186b 187b

Fow s FORER SRR foia S = vk 1860 & F e o

Reaction condition Yield (%)
Reactant Solvent Temp (°C) Time(h) 185b  186b  187b
184b + NaNs EtOH 23 1 99 0 0
184b + NaNs EtOH 33 3.5 92 4 0
184b + NaNs EtOH 32 72 49 34 0
185b PhH reflux 3 57 9 16
185b PhH reflux 36 13 0 71

2.2.2 ¥ 4§ BEFA-123-Z vkepk 186 2 kL F BIF

= edojk 186a,C fo MY Akt Bt B A A B 5 2490m (6=6.5
x 10°M'em™) £ 239 nm (£=2.9 x 10° Mem™) o d 34 A £ ok
B~BEER ~BREP hkfzd L KT o M E R R BBk
FF G FIS AAEL Y AN 3 mm R Fr e T s
T % 254nm %z > 2 14-2 § 12E (L4-dioxane) #i M 4EIERE 5

B AR A RY BT PREEIREE YR % AoBl D L -

ik

£
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(h) CD3CN/MeQD (v/v = 1/4), after irradiated

.____...AJ‘M,; |

(g) CDsCN/MeOD (v/v = 1/4), before irradiated

=

-

wh . il

(f) dg-THF, after irradiated

I

(e) dg-THF, before irradiated

—_—

%%%%%%

L A JL..*J

(d) CD4CN, after irradiated

i

(c) CD3CN, before irradiated

+

(b) CDCls, after |rrad|ated

_____,.L—A/LA )
(a) CDCls, before irradiated I

8 7 6 5 4 3 2 ppm
o Lo ¥ Bz ek 186a(0.025 M) 7 s AT K fEE > 224 * 254
nm k£fz-L 7 A4S HE iRk, > S FEERER 14-2 F R



d G BT UE R 5 ATL S AU AN A St h - e L B

LR AR A Y > T

(ﬂd\
R
4
T

fas}
)
Sk
T
&
=y
Fd
fn
S
=
[N
F_L

¥ 0.6-0.7 ppm T ¢ F 4 - 2L EHE > FFuDFAie F 4 A& 188b-d sk
PREBE &Y 0 FFd e EF 0D R Tz ek h kR 62

AF AR BB LT T R R E SRR D B Y R

CO,Et
E10C™ N0, 188a-d 2

] 0

o e(Etae

SR T s EA ek 186 RfERE T A g peg? AFAY 188 o

AR REEARE S TERAE 0ARTEE I X R EZ B EOP
TRl T A d N E GRS RER G ESY TRIEFREF K-
Vokm ot ZRESHE A BT L LG HIRES i fed @

B9 188 Afe 50K 186 udple iE R CEfR KB E A TR v 2 E

BE| T AT M F F chit &4 187a% - 187b**° . 187c frE § 5 =
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N\N 254 o + N A COZEt + polymer
N CH3CN 30 min
EtO,C CO,Et COzEt

CO,Et EtOZC
0,
g (i
187b ( 4%) 186¢ = 16%

187c (17%)
N\
:a:(:( ,b:(/I ,c:@ /ji
S N

PB4 RS ek 186 302 P o0 254 nm sk jR2 A A4 e

(d)

CO,Et
CO,Et
89 2

Q

e Sl
\COQEt

M E0,C
187a

N
o
caho MMMtJWH

Bl= + ~ ~(a) 186a (0.025 M, CD;CN) 41* 254 nm &= 2 & Pigs % 3=
Ak H (b) 2L 7 A4 (C) 187a (CD:CN) £ (d) 189 (CDsCN) ; *
ZapEEEsR 14-- 5 BERGRLEL o
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(d)

-

Jﬂk J
CO,Et
189
Q e Q

(c) "
T e
(b) U
L NWMM MJ
NI W

@L\N

N

EtO,C J

9.0 8.5 8.0 ppm 5.5 5.0 p ) 1.0 ppm

hzzthJ
kmzzLJV

- L4 ~(a) 186a (0.025 M, dg-THF) 41* 254 nm % fz% 2 & ﬁg‘é.ﬂ;})&
ki (b) *f2L 7 A4ts (c) 187a (dg-THF) £ (d) 189 (dg-THF) ;
e MFEERER 14-2 5 FER LG o

Lit- % $pfe i 47 5186 & CDCN & & dg-THF # %2+ 14

B A $ 187a v 189 thi PR L R FHRE > FF o F F= ko 186a /2 F

EXTBHTRPLECEF o deBZ A feRls 4 A (R R

186a-d =ha Pipd & & k¥ i B & E R B Figure S-65 % Figure
S-74) o ¥ - 186a ¢ £ AMBEH LjEE s T4 HPLC &7 %
Mo x g s H > v M A 4o 186a & CDsCN & & dg-THF ¢ %
fRE FE AP L GhR o deRlZ L A7 0 FIR TR KA R Ao

L RSN
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100 &
O CD,CN —=— 186a NN
T \D —e—187a )
N —A—189 EtO,C
801 N d-THF - O- 186a CO,Et
N e 186a
— O - 0-187a
X - A-189
~ 60 . \ "'B—pg
c \
o ' \ NH
S _ANA- A A
o 404 PR . & CO,Et
= A7\A " A \ EtO,C
= N —AScA_ .
(L) ., / Oo \DN. 187a
D 20 - A /A ~ ~O- _ﬁ
'/A’ /0/0 "_°\o\. o CO,Et
} o Om=E O~ _ e 0= —O = —— —O= = =
0 \)"O . Q =0 == ©) | O @) - O (I) CO,Et
0 10 20 30 189

Time (min)

W= -« ¥z o 1862 (0.025 M) 1% 254nm £jz > AFET F F
# ¢ o & HPLC A 472 A $ o Pk prflF cnfd (2 @) o

o

AT B R PR R 227 A2 HAR B

(2-methyl-2-nitrosopropane, MNP) ~ = = 2 4F 2 i* ¥ (tributyltin hydride) » &

NS

A P

Y

—~

e HRET AT FBAVRBA (VV=UL-14) 259 5% kE

WA EEEY B ik 3§

o
pai

LN~

Rl

LRV AT 189 0 Faip|
R R SR IR B 04 s F gt 5 39 RH 4 2 B "Jﬁ%ﬁ' KiE TR
oH#- 186a wz MHBA AT Aer = F £ NPM~7 - Bi= ¥ fn (dimethyl
acetylenedicarboxylate, DMAD) » & £ & = % = % (fumaronitrile, FN) i& =

kfzo % HPLC A 172 A 2 RLpEF bl G R4rBl= -+ - 2 R= -+ =

S A RRA LS AR AR RS B2 L A
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\ —=—186a
] '\. —0—187a
—— 189
80 - \ - A-190a
~ ] " 191a
NS u
~" 60 ]
c \-
O 1 \
5 "~
40 4 O
o)
E D*D-D—D D/ \D
n
O 2047V .
| |
_ . L --A=—=i
0$A.O=A’Q=O‘Q'__

0 30 60 90
Time (min)

Bl=-+- -~ F5=edkegt 186a (0.025 M) 3tz 3¢ 5 4o x =2 F & 2
» &2 HPLC 2472 A B ok pr F cld T2 o

I #* 254 nm sk iz

\ —=— 186a
1 . —O—187a
——189
80+ \ - A-193a
/—o\ 4 ... 194a
2
< 601 \y
S | \
5
3 40- \
-‘5 /D‘D\,'><g A _ A
O 20- A —y-
= A-TT - g
O A~
oA ——o———o———
0 20 40 60 80 100 120

Time (min)

Bl= -~ F 5= ek
fI#* 254 nm £ f% > &

78

N-N H
N N Q _ph
EtO,C N

CO,Et
186a <
HH O
190a
NH
\ CH(CO,Et),
CO,Et §
EtO,C N 9’
187 H
a \(O
_ ., COEt N
N= 191a g Ph
CO,Et
189
NPM >

@:\SN;N
I
N
Et0,C

CO,Et

H

N
<ji\lECOZMe
CO2Me

186a
193a
NH
CO,Et i
EtO,C N
187a CO,Me
CO,M
_ . CO.Et 194 " 2V€
N=
CO,Et
89

186a (0.025 M) *+2 3 ¢ > 4c » = & £ 2. DMAD »
HPLC A 452 A& 4 27 P8 % pE Y chbd 4 ) -



gH(COzEt)z

H
N fo) N le)
NPM _  187a (14%) + 189/from 186a = 32%\ + polymer + w N—-Ph * w’. N—Ph
187b (9%) 186b = 29%
187¢ (23%) 186¢ = 25% o 0
ex0-190a (11%) endo-191a (5%)
ex0-190b (7%) ex0-191b (6%)
_ o,
COzEt ex0-190c (8%) 191c
192c (6%
CH(CO,Et),
H §
N N
N CO,Me CO,Me
l — v | DMAD, 1g7a (3%) + 189 (from 186a = 14% + polymer + e, wﬂ.l 2
187b (5%) 186b = 11% CO,Me CO,Me
187c (50/0) 186¢ = 16% 193a (17%) 194a (1 1 %)
194b (6%)
194c
N CH(CO2E),
CO,Me
195¢ (9%)
;CH(COZEt)z
N
FN CN
——— 187a(10%) + 189 (28%) + polymer + \CN

196a (3%)

O ¢ - QX

TRz S F A TS ey 186a-C e B Y Ao x 2 F 2 M- ik
254 nm KfEG | pEsz2. A d A 4T o
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% 186a kjzisf|* M- 4 NPM i 74 450 % &7 00 A dpp) s
§ it £4 187a (14%)~ £ § f - fe - fiy 189 (32%) ~ exo-N-H %
4v & 190a® (11%) - endo-N-substituted it 4r & & # 191a (5%) > &
H s FIF eAg feddm A 4o 1 T8 B2 47T e e ety v B
Aarl > § ML S exo- B F B/ T i o FlE ol fpaliahd A
FRPERNE 90°, |4t 2 € 5 {8 & chm % ; @ endo- H § EARHMT
g frB HApARnE A W ehi R <<90% g R W EM AP AT d 20
?}*ch‘,ﬁﬁ-l__ﬂ g% k5 ¢ 18 2B Y—'%]v;’f—f{y‘?i PEEE: BURTE- N 15
BOLEPIL g 0 T LS AAT ST MR e d o
F A4~ 4 s DMAD B o k5 187a (3%) - 189 (14%) 2
hoN FAEER I Ae s A5 N-H193a (17%) £ N-substituted 194a (11%) ;
s FN SR GHPFRYT @R ®g FN = 8 5 2 N-substituted
196a o A F ok BAFSE > B S A B G AR d chTEAE > e

SR AB 2 LH X ER > T O & DB 4R K e AR O B b

S
)“
1‘1\1,

F APy Ao frked Bz ekek 186h 7 rEepwp Sz edef 186C & sL¥ o
dFOUFRAR L B 0IOE s o @ W rErER S ekelk 186C 2 NPM &

L DMAD = JP* > ¢ 93] 191c fr 194c 2 § ¥R kA 5 192c &
195C > hesC B = -~ A1 o 4IRS BsgeRek AP 0§ F AR Ko PR

ke 191c 4o 194c # fE T ATHER o
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_N ,\%:H(CozEt)z HN/zCH(COzEt)
1
[::I;Nl N\N hv, dienophile N:I:ﬁ]:R1 C-N cleavage [::ITNJI:E]:R
N z . i -
EtO,C [N 2
2~ CO,Et @N , N R
R
186¢ N B 192c, 195¢c

191c, 194c

\7‘:‘%

FWZ N s ok s ok 186C 2L FARTR T e 0 B 2 iDg
FEF Bz 191c fr 194c ¢ BFPRETRETORRE & o

o

=
&
¥
=
T1\4
N
>
a\
At
&
ﬁm
-
P
&=
(7
)
=
1%
>\_
At
s
&__
:sn}-
=
=
B
'F_k
«

@Rk = [ PE R 23w o Diels-Alder 24 199 o ¥ iR 1)
Mok 198ab i &4 o ¥ oh > 201 A e BT % A > ¢ & 4 e 5
pirk pEd 4 2025 4201 % § £ DMAD T 0 g4 L
Michael addition » ¥ ¥ & ;= & 30 203ab £ 45t » 4ol Bl= - 4 #75F o 42b
FIShBE AR NPT T ALY TG AT E e A 0 RS 7 g

186c kf2is "R E L EFEE 0 DMAD % 4 £ «» Michael addition
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NC(CH3); NHC(CHa)3 NHC(CH3);

CO,CH,4 CO,CHjz CO,CH;
s PhH, reflux, 3h g \ S

197 COsCH; COCH, CO,CHs
198a 198b

199

NCH;

CO,CH
(/ji/\ DMAD (1equiv.) (/ﬂ\( 2% ilica gel
N-CHy — E——
57 T Pk S CO,CH
200 201 20

DMAD (1equiv.)

CO,CH;
wCO,CHs
CO,CHs

S N7 Iy e 2 )| [ 7 50 42b
NFI= L4 - RStk 574 F 107 2 200 it F RIE LS o

d 3 186 KRSV A YIRS F F bt &4 187 T A E
@186 kfzie 7 EPR® 9% > kA Fsnd §§ hiBaiigd 153 4
BA IS Hentr ] o Bz ed 186a B 77T K T o &% kMR A F A

I A E BB R I 230-325nm kRS 0 X 3423-3435G ® &

-

YHEIIE pd JReh EPR £ 3RWEL > 4oBl= L = A7oF o
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@ .

o
<
8
2 O
<Nr n
- » 2 N~
3 / ©:\S<'N 230-325 nm
C
o 0 N 77K
= EtO,C
p” 2 CO,Et
o 186a
o, |
_4 T T T
3000 3200 3400 3600 3800
Magnetic Field / G
(b) ()
2 8
s 3
14 (OB 4 o N
o N Nl
@ < o
2 3o > / » 2
2 /T 2
o 04 o 0+
£ £
o 1
o [
T o,
-2 T T T T T T T -8 T T T
3000 3200 3400 3600 3800 3000 3200 3400 3600 3800
Magnetic Field / G Magnetic Field / G

Wl=-Lz= ¥szekof 186a & 77K 2 (2) MTHF 8 4 (3.2 mM) (b)
triacetin “GE A B (C) 4 A4 AT 002 230-325nm k2 5-10 min (S ¢
EPR 3% @] -

186 frt = FEAE Mg s MR AT R LB R AR ARETRF R

FEAENEI LRGP AL ERE S WwHZ L w R A ET A
MTHF 4 5 ¢ ¥ p|{¥ 3435G ¢z sied EPR F5% 7 #F 186 &

RLiEARY Mg A4 pd AP B P LA RIRT L A BIEEE
Figehpd AP BERP S AT DT IER A4S & EPR k3¢ Bk

Hopd gy e
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2.0045)

24 o
™
> / s2 _N
5 o SN 230325 0m
E N 77K
EtO,C
& 2~ CO,Et
W oo 186¢

T T T
3000 3200 3400 3600 3800
Magnetic Field / G

Bl= Lt ~egefefsiz edof 186 (3.7 mM) & 77 K 22 MTHF G /4 8
T > 02 230-325nm sk fE S5min (S EPR kR o

fg 189~N-H & i“ 4= 24 | 22 N-substituted F i 4= 24 Il foR &+

3 A det Bl AR e Bl AR T AR T f TR ek R 1215

R et i Ble L - 9or o
‘i;( _hv, dienophile +  N=N COZEt + polymer +
T CHCN
CO Et
187
H(CO,Et),
type | type I

FEE L ¥ F RS ko 186 4o~ ML G A Bk ehe T 254nm
kjzis g A e
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#0186 Rk gAF B P Vvt g -F SERA S 15-8p
Aozt 15-fpd ATEEREEA iE T 8L HR EPR F R
MHE P R B FL R END 15 AT Sd B a md §F
A 13-Epd A FM A S FRED WHASEF A o i
189 #rx A pGietvk Bod 13-fpd 7 FH A “TREET 13 RE
P B X F per 188 §SHERIT C AR A LT RN E R A E
FaiEHSA L MmE F Fenit &5 187 I 7 FERIS d RIS B

FRLF oo @ ] N-substituted Zg - 4c X A4 He ¥ - 26 >d 15-fF

d A FHLE- HEH S DR ALY BRI A RIE Bop o v AR
= }TJF%,Q@?‘ Diels-Alder B, N-H Zit4ex g4 | > 77 g B LB L =

FF AT AR s Lk b e A R § AL 138

.%3

Pd AREE =z ekeff R RS d] 0 AT TR Z ke R R 2 FBH
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CO,Et
EtO,C
l N‘,’}‘ Tc 187
Eo.c XN He1,2-shift
2¥  CO,Et
186
routea _ CO,Et
(D
Et0,C COZEt = CO,Et
2 COzEt d CO,Et
@ Na A 188
aN:N. ‘ dienophile
Et0,C CO,Et

CH(CO,Et),
HN/CH(CozEt)z Xpin @NI l\sl; 1
L L Ngyvig
©:\N l C-N cleavage 2

RZ

192c or 195¢c

routeb — * COzEt
——— N=N NH — polymers
COzEt

189

g(Xeq H
S4 a1 chd

2

dienophile

o

type |

NEE -~ JERIE A RS ekek 186 VoA ek Y B R R

B AR = ek 204% qr 205% 27 AT J ATEE R e 4 BRBC ko 186 B
B A A AP o dud A= edofk TR = ed TR (triazole) AEHE 1R G AP 021
F- BEAELE 2 186 tRE P X P KRS E L F -F B EH
Flpt AFT R 4 B E#-204 {0 205 i (TR RO HFT L o WAL AT £ 1)

LY £ e B L s
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~—~
QD
=
~
(=)
~

0.8 Eg
© (=
o ©
[P I
(5]
@ | | ®
o o
= C
© ©
e} Ko}
S 0.4+ 5]
[%2] %]
Q fe)
< <<
0.0+
T T T 1 T T T 1
300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)

~ ek () 204 22 (b) 205 fio wEA AP 2ok h-w R ke gk

by

I

)

iU & 204 fo 205 ¥ T L Rk H AR LT R o F Ao

AR T om0 254nm -~ 300 nm ~ & F_ 350 nm sk R R A= ek 204

205 -t asm o VUBERE I PREREIIRRFIAFL TR 5 LAY
el LA BRI s L - A IF HPLC 2 F 4 47» X3 ERAT
AP AL od FEHREEIP) > T it =k 204 fr 205 4B ETH AT T BAR D

e EfReiE s 0 PN B @2 B R RS S e T )
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(d) @Pﬁ

o el
(;..W_WUUJH o
(,w)______m__dwu Ll
(L*JM“U L w“b“w

Bl= L= =k (a)204(0.025M) #z 33 % ™ >4 w4 (b) 254 nm (c) 300
nm £ (c) 350 nm ik £ BB Et 20 min 1 2 & e 3R LR o

ijgwu )
B___,,_,,JUJU il

Bl=-+-~=¢k (a) 205 (0.025 M) 2 %5 & T >4 w12 (b) 254 nm (c) 300
nm £ (c) 350 nm =k £ BBET 20 min {82 & P £ IREEE o
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223 ¥ { HHFHA-1,23-2 ekioff 186 2 # 1 B F RiF?

00 2 kTR 186a ¥ Y w R ¥ @I 189 £ 45% b
187a > 4rsS Blw - = #7570 % g W55 F RS whepk 186 AL G
F RS A - B ENE N 0 4 3T AT S EE L S Foehdt

F i AEZ B 4B o

N~N  PhH, reflux, 21 h NH _ . CO,Et
0 - " + N=N=<
N \
EtO,C CO,Et CO,Et

CO4Et EtO,C 189
186a 187a (45%)
ol
o
H A\CN
EtO,C

FElE Lo s FSECekyk 186a AFLAAMTIBCES -

RRaY ME RS FORIES R BT E ~ F o§ 0 B R ek
186a £ 186b & f7F4vArfs » U E R K47 i TARvE chA 4T M e Z fEC
v g (ethylene glycol dimethyl ether, DME) & i i3 & pF > 8- 18 3| & /2 73 f%
2 REp B A EOEF Ao 2 fg 189 doNBlw L = HrT o B A red

SEFTREREMT ER R § o§ 2 187a & 187b A A o 1

B o
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- + CO.Et
N=N=< + polymer

DME, reflux, 18 h

CO,Et

w N\hl major, 189

E0,C-N
2~ Co,Et @ NH _ ., CO,Et
+ N=N
186a,b PhH, reflux, 16-18 h { =<co £t
CO,Et _ 2
EtO,C minor, 189
S

major, 187a or 187b
FBe L= F IR ekefr 186a £2 186b A FAE T 2 E VB E o

SRCERAER LR TR 3 SRRV VR SEY Y
Roeglefrt 2 B-5 4 HResp el 50 > FREEF gL 0 Ft o A
1EFCEFET? CEBNFEAHMMREFRCEER BodEt o § 186¢
EFP RS Le B EIDA SR RD § § hit &4 187C
RAAY (63%) YEFRALEE A oo - fia 189(18%) £ A - §
e 2 F £ NPM & 186C — & & F ® 3 jit o EJ‘J",/TT 7 187c (58%) ~ 189
(14%) 2+ > & 5 exo-N-H Z i 4v = & 190c (12%) & B & (&

N-substituted & it 4c = & $» 192c (5%) > 4o  Blw L 2 #7571 o
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©: n COzEt
PhH, reflux 24 h ji;\ COzEt
EtO,C COEL 159 (18%)
@ ji;( 187c (63%)
EtO,C

CO,Et
186¢ . COzEt
N= N +

PhH, reflux, 24 h CO,Et

CO,Et 189 (14%

EtOZC 2 (14%)

187c (58%)
COzEt)z
HH 0

ex0-190c (12%) 192c (5%)

SBle e s eEeiek st ke 186C A F AT 2ZHACE A H LT o

PErEoh Sz sk 186C ¥ T NPM #rig Fenfi VB R R % o &
b HRAT RfRAFRETAF DA G R ATE I A P A e )
- @ A mH @ vzgkhﬁ;%mm‘g WEFF Ao H S e F BT A A

kfzF P Apanii H  Trefeioh iz ekiok 186C A F 5 3 APF 0 4r HuiE

N

BN

S EERLF Fen 187C AR AN T

-\-1\1.
N

~e1 189 1z B -

¥ F {4 se T Bietet fo NPM TR (¢ 4e & g do o 1959 S 5 % F 315 186C B

AR R ey BETH A 4 A AT o e Ble T Arom o SRS

'l

AP L UM F A A FAved B 188 A BT B4 AR

o

iR R0 RS A L LSRR AT &

91



N
SO EE

NS

N CO,Et

CO,Et

N
e -
C[ | NH
NS
NT A
CO,Et
EtO,C
187¢

188c

{

SFE LT s ek kot 186C B F 5
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1\;:

o

o

{égklﬁi‘ TR L £ ﬁpﬁ}@'frl)—:k poo1,3-08 IR DL A s B
oo MAEH T ¥ LR P B G Fokd g & A 4 RBAN123-2 vk
h 186a-d BE AT L H R BF L f A S kR £ N g2t

By oGk E §F 5 R R o B ML > 184b L dp
Fivptemed FRER 185b (6 0 F { #Y THF ¢ 273k (b ehdh
Fpo Mgt v R s b Y R b MR B T2 )

Prien 13 o pFo 5 ¥ 186b ¢hA 5V 1 34% #2 3 60% e

B R TR BIAS-1,2,3-= whopk 186a-d fck fRiEARY % | iR AT
PR bRBEEDE FAH? € EE A EDREF T A & THF
AP REAMNEFR FBe il g AL -

A RSAT12,3-2 ekl 186 kR L S AR ALY B g
#o g g3 F FDEL 18T L5 F ke Zfig 189~ % 5

N-H 3% it 4c & & 4+ & N-substituted it 4e £ 2 4 2 & & frEepoks
= wkepk 186C 4 51T > N-substituted kit 4e X A o2t d X BB (TR ERKF
Jem 185 192¢c fo 195¢C -

d kRt chg $ o588 77K ¢ EPR 9 %7 Mz F 186 A f %2
EALE G PO AT FHAL oA d AT TR T R G-

ko @ Pl eng dpbe 1A 47 0 Jeip] 186 Bk g RF T A 11305 Hen

93



GRAFEF RS I5EAY A 26T A S BRIIFES
Bt Emd F F A 13-Fpd A B ¥ - B E 15 pd A
BHSEF R e S g 189 fox RISk Ta oo pHiEH ML §
Forgsals s a2 ok KR 4 PR S AERETH A 0L A
2 O13-fh d A R o

¥4 RSAT123-Z sk 186 Al S R T mE oA ¥ P (T

SFE?P»Peofre - PERT RS BEEEIN S EDEF P - R

a
9
\3.

= fa 189 frd FiElienR el 2 R -5 R LR RS RS
FAT G AEY AR F Feh 187 LA A o

£

%

FE PE B 54A%-1,2,3-= ek epf 186¢ 12 NPM EEAFHR T T SeF o

WA T R E D A P RE A AR B o JRIP rE eE ek B2 ekielk 186C B F

AL pEH AL 1SR AY T PR ARG -
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¥ F
e AR S FAF s BRI BRI R
(Application of Tetrazole Modified Calix[4]arenes for

Metal lon Recognition)






311 =@ A

AZ &+ 1§ (supramolecular chemistry) H s F irpe iz A% H — & 3 47

ﬁf#mu“? Lo— RTER Y OBoi@ MaAe 29 B G g o d Cl.
Pedersen ~ °® D. J. Cram ~ ®*° fe J.-M. Lehn® 4 w] 2 %@ (crown ether) ~

F3 3 2 48-Z 4 (host-guest) ©245 &4+ (complex) 2 ¥ cabd % ~ fo B £

2

E A EELRAIN - PRI G R K e o T

4y

a2 A
Mk o B 1987 kb R IRE L B F oy o
AL F VB -2 Hd Lehn #*73& > s 4 F L8032 gt
TR A AR A s TR F R e
TR R 2 R N eh- i 8 o 0 1977 EpE Cram #4743 ¢ chd ag
LRSS B L e A DB 1% 44 (hydrogen bonding) ~ {8 E 4
(van der Waals forces) ~ £ /& fic = (metal to ligand) ~ & 3+ fie = (ion pairing)

$ 2L a2 H T

‘.
S

GEA BHAI LS BAFARFIZRER T

CE - BAME- EH TL&EEy o0 SR T (porphyrin) ~
# 4 (cyclodextrin)~ & #'% (rotoxane)~ i F ~fif,ik it & 4+ (dendrimer) %

b P32 #AT 7 e dr (calixarene) AR TAEA G P hE & - 4F 0 OF
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TERPFEFLA I LA+ Eap b itd 12 215 (host-guest

er,:er

chemistry) ~ 4 + p 2% (molecular self-assembly) ~ & &+ 73 (molecular
recognition) ~ A + #4# (molecular machine) % £|37e %4 > 7 & % 2 5 ¥
BiA2PEEPE AA RS 8 CBES G kY AT

BHEAr AT EORFFETARTZ - o0 :tzhfj}uﬂx;fnv AR Y 2 AR

D EE R R AR R AR St - I E 4k e

mA Y ¢ ocalix A FCHELE Aok g o arene R & T 4 %R F
calixarene % & 4 ¥k Hpid hF e T A kR B RS AeBlZ N AT

GRS S IF R

W=+~ 347 LB =B calix crater 5 - /&% "B k&% B :
p-tert-butylcalix[4]arene 2_ |5 B 2L B B o ©
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S22 P BEFETEF D 1872 £ > § pF Baeyer ™ ¥EFme v o

RBZRBEF G SFFINEIRZARSFT AT FTFREFFRAL
£ @ @ B i - R o & 1902 0 Baekeland”™ FEd 73 Adg

Gt b B ARG FHE > T LIRS GRS T A (bakelite)
Ghfs P EEMETY o Zinke™™ A 1944 EpEKR-E 4 ¥ % =7 A (p-tert-butyl-)
oz FRafe i i 3 CHATRE R OEDFT&RS S CHLO 2 AR A
Prod WHEEFRZFREEGMEEEEG P BFEE FR T g H 2
A FE IR Y ; F]t Zinke 3R A F & A CyHWO By F

RAFRBFL T ARG S a9k e RE (cyclotetramer) 207 -

207

1955 & Cornforth”™ | * ¢ Zinke #4p e ch= 22 F R B irH 3 3
3'4%% PE-? L b;}w’;ﬁd X"EEBB ‘3%‘&"]-’)[:\.""‘-*‘%/0\’}'%’; frﬁt‘v—ﬁ
SRk B o FPEL 1% Corey & A% B e CPK A& =4 et 5 5

Rlpt e Bb 325 7 A &7 I cfE?) o Gutsche ¥ 4 R GF A 000 2 TR

97



v B4 F sc £ F  cone - partial cone ~ 1,2-alternate 14 # 1,3-alternate % w

R AR ER

"Cone" "Partial-cone"

W= L4 ~ i v &3 che ) 7

ifend -

SHE AL e CFBHEERS TR I AER S AKBEL SR

[UPAC = & & 2 B % & 2 R 2 pentacyclo[19.3.1.13'719'13

1°""octacosa-1(25),3,5,7(28),9,11,13(27),15,17,19(26),21,23-dodecaene-25,26
,27,28-tetraol > 4 Bl = L 757 o 3 BB Gutsche B 4o T H T O =
calix[4]arene-25,26,27,28-tetraol & 25,26,27,28- tetrahydroxycalix[4]arene o

1% kit o Gutsche si— & % 5 calix[4]arene @ H ¥ g [4] R & F A

Wi

B FRATL i f o B § et g calix[6]arene ~ calix[8]arene * >
%{p%\,i” r:"—f——ﬁ-‘ ° ll'L s %n/fﬂ?); B’»Juzi‘k ’ El ‘;B’\]Léhﬁ_[’.7 lf' %tilvz‘%%fuo
d > A 3 1 & 0 calix[4]arene 5 1 % %ﬁ_ » % 11 calixarene ~ %

calix[4]arene °
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Bl = -+ - calix[4]arene °

21 2 ppp ) B R T HIE X -
> A g E s (n) A3 & (gmol) P ER (A)

Calix[4]arene 4 424 6.0-8.0

Calix[6]arene 6 636 8.0-10.0

Calix[8]arene 8 848 10.0-12.0
TR 2L FT

FHREFGF LA BRI KL T P SING (upperrim) F Ffe I A D¥
TR T %I (lower rim) B 5 F e cEE A 0 AoBle - - A9 o F
calixarene 1 Iy ¥ & ;ﬁh‘ﬁ HE AT E T HeEE iﬁ%%ﬂﬁ‘é’%@i"(? it 4o
WA A B A ] & PR R BT 2 R R R R T 2N
DA a0 deBe L e o

BV 5 cone AR A PERIRRGY TV ARFELR- 2
AB = £ (AB quartet) ; % » partial cone # %_ 1,2-alternate PF > B 7 —

® AB = £'% (ABquartet) ¥ - B H ¥ (singlet); @ 1,3-alternate £ &
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€ NI B HE o hopmyERs

=

%ﬁ\z’ FR b

partial cone ¥ 1,2-alternate °

3 ORyEREEA) AR PERIREHY 03 ppm F - B BE ARLIELE
% cone ¥ F A 831 2 § 37 ppm 'HiT & F - B mEUELR G

partial cone ¢ ¥_

"

5

1,2-alternate ; 8 m

OH

OH

OH HO

TH MME Spectrum

|

B 537 ppm %

7‘?’\{.‘—_#}; -

1,3-alternate 47 °

upper rim

&

OH OH oH OH

T I T
45 ] F.5
&(ppm)

Blet=- ~> 2L ”

f,/‘f_o72

N
lower rim
";1}2‘-7\: %ﬁ /" ,)gs E%] °
13C MMR Spectum
noise-decoupled
Conformation ‘
ama
Partial Cons | I
and
I 2-Avernar ‘
- 1.3 e rrats T T T T
100 xa 36 I3 30
&i{ppm)

RN E SR RS A2 A H M

100



TR
FsHr B e chy it S 85 {8 hpld ik Bmpaip
Hfzspy Bchrd 3 5 o 4o-RJ3 Men> 45 p-sulfonatocalixarene 208 @ #ip] &

B RAEF HoPE o L TR SHRALT S A ¥ AR e & L0 B

R L B S T T E
R W ROk ¢ A B o B2 RR R A B B

Fde 4 258 5,7 H9¢ L AP AT S Pic BIEE e Sk 2§ g 71 A e
T+ vA e B (picrate) > HPic & 4 = sk p& (picric acid) - ] 4
p-nitrocalix[8]arene 209 » % 25 ‘C -kfre & rxwm 1t 70 v 30 2 gt 0
PEET S s RIE T S A e A B 5 pKi<0 -~ pKy, = 2.6~ pK; =

72 ~pKs=102~ 12 pKsg>120 "

SO3H

O

OH

HO3S Q OH HO O SO5H O,N

OH

O

SOzH

208

209

L, (THF) + Pic(THF) ﬁ» L, (THF) + HPic (THF) (4
HPic (H,0) Ka, H* (H,0) + Pic” (H,0) ...(5)
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-

—am T o IR BT PR auEe AT A g 0
T IR TSR RS ST I

w.]-

BT oo T o X Ar e - R E #E (pK) i ’;}:*"’K,v IS

I

0.8-29 = +

L 2 g H A5 2 g

b2
o
4

CEH LG e AR P SR A ARG AR
g% i edd & T l}:]&;ﬂf#ﬂjﬁ? = ,;Ej%ﬁ I an#i Ekmp

1EERT o HE T RO AT [ AR S G oI e ik |

THERAC AP EBEE A TEREBLESEF B AIF T HY
*

LRI SN ST -2 W g

1%

N

G0 S\2 F Js g A RIECE R 0 PRI T B R kR R

0
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BEE-FPE S F AT T REARRE ",ﬁ% TPk gk ek o AT

kg B R e £ BT 2 S 0] R C BARGER T > B E A
AFGaPE B g k2 K& BT )

A R B 5 %o (metal template effect) o b]4e g £ ¥ 95 & 5 4

DA 2 WP S § 4 A cone A NTA Y S F AT &

>
&

BT
Logm g 4 2 4533 > B]0Y partial cone B A oo P A TG HE BN ind¥r § XL
A " R FE R AR e R R T E 4T

FRHT R BEAIEARAREIYE 0 H 0 Sz K0

Frdh F SR R o iR A 4 ol 12-alternate 17

\\

312 "ERPIBZ RV REEIHALCER PR B
CPERBEBOARFE G ABLESNIAS - BEAFHERE S
(recognition unit) » ¥ — P ¥ 5L @ L H < (signaling unit) » 4c@le L w o7
REHBRPAFEEFIEF P EEFTIERE ~ 5 RER (selectivity)
Goeifit ) TURNELBREALF AL F L gL B R
PR AR S AR T (LG do¥ b7 Lk Jo k¥ (UV-visible
absorption spectrometry) ~ ¥ £ 3t & k ¥ (fluorescence emission

spectrometry) ~ ¥ 7 & (conductivity) ~ 2 #_% i+ (electric potential) _} #%
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Signals: Fluorescence quenching or
enhancement and/ or colour changes

Signaling Recognition Analyte
moiety moiety
Chemosensor

P SNTE- 3 8- ERCREC R I N

|
f)ﬂ\‘
(\
\%\

L?}E/? Kﬁ;’;F’E'f"k’j’wﬁ'ﬂ")(’”’?ﬁr—g)iigﬁ'fii%%fg#

-
=T

ol
=\
<l
B

% AT (sensitivity) ~ B EAF R * £~ @ % F B ~ B LK
V8 FpEs B3 % 5 iR 2 (qualitative) £2 & (quantitative) A 7 %
FE oo P oW ABS R R BIRE Y o ¥ B kAW (fluorophore) % ¢ Zk
B (chromophore) i* 5 kHEMEL @R o T RLBINEF ¥ AR

7

BEHEI AR SR ETTET 2 A LFRFIG- AAIE

o

3121 ¥Fki-ER E=E (fluorogenic chemosensor)

SRR S X TSR TE T TR T

&

KAETFES AP TFES ¥R IEL RS - A ¥ LA

3

&

CE AR ST S LR Bl E L R S R S

%078
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k% ¥ 7+ ## (photoinduced electron transfer, PET)

AT FES AT N2 F RPN R LenF R RIS F
FER R Z R CEABOT FARET I AN KAERASF LE (lowest
unoccupied molecular orbital, LUMO) st Fi¥ » ® A& & 2. F#Ed 2 &8 A
# 4 ~ + 132 (highest unoccupied molecular orbital, HOMO) > 5 4% /i >+ & 3k
A B LUMO ¥ HOMO i g2 B > gt pFt & ard 2. HOMO e [§ ¢
T F R BT Yk A B HOMO & Fg > Flm i 2 % £ A B LUMO

b

&=

PR P eng 3 o2 ek a8 w B) HOMO it e m 1@ 3 K3, » 4o
Ble L7 9057 o % F 2 o R 8 F e & 8 i3 2 % o0 HOMO
S PFRAE T R H A FF MO R A Bz HOMO it F¥ o gt PF S e ehi ok
AMEHE LUMO #ifFt e 3 > ka4 3c k58w 1 ¥ £ A ® HOMO
GRE e SR H] S A N kG R e T2 R kK B

gL o

LUMO + LUMO +
U U
,/\ —”— HOMO
HOMO + HOMO
—H»— HOMO
EXCITED FREE EXCITED BOUND
FLUOROPHORE  RECEPTOR FLUOROPHORE  RECEPTOR

hv & hv % hV X
I \\@‘p-lga-“%p-uréii
s /slrongly

fluorescent

fluorescent
e L7 s FETIES B2 LR
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Huang $c4 b4 & 574 4 5 FH 1 B4 = B 5 § cEoh AW
(quinoline) =4 § =45 210 > MT’ Far 3+ 5 3 REFH N 0 BRI
BFIRRP > FlIRl chA &% § 53§ 5y o #3-%%“’ PET #+41ig
i nn* kD AL PR RRAET AT EF A AR S
ERPE S A § L RE B 2 F R AE Y LI AR # F

n-* i FF A o U EEeEek e men* R PE RS B 0 @ B R

-2, . . = 79a
i 0 Arf@le L 2 AT o
2400 - — —
J N, W A
22000 A N
2 { . j’
ﬁwoo-_ \, PL SO
[ 1] - R
3 1200 4 . \ J
S ] ERTYS
o 800 0o 0O 0O O
g %00 DR
] ] 0\ Q pp
2 400 r/
o 1 , . 210
350 400 450 500 550 600

Alnm
e L= 345 210 (10 pM) 27 % £ 2 4r 32+ B g3 A7 iy ko
BRHR R R F AR S 2 R TR

Huang #4%» 8 & 2004 #3 & 1% S5 & SRy axirt 34}

T 7L B (anthracene) > Afhfdif 2T o iiefl V2 § 3 BALF F 0 A5 4

4
34

REFEFRFELTIES > REILE Y X deFle L - 47

oo (L fde AR Al (L TSRS E BT R LA

=
“ﬂ
%
&H
+E
BN
3
G
be;;
)
4

YRR Y DT T SR A
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\

wAR eI A4 PET 4] & 702 § L4354 - @ Huang R4RFEe

O kgl A k0 On/Off ehd 3 it ehife i db & B 82 T

Lo 79b
1000 hvs hvs
K ) ¢
2 800- o e 8\0’\ & o (‘O’\(.J
8 Ky O °{ 0 . {J@ ;
E —0 HN g 0)/ @ x oo’
§ 600 - ,g/- ; " QQ p
R N U - v, W Mo W
S 400- o6 9 5 9
: ) )
T \
200- 211+ H" 211+ K*
0E . e ,
400 450 500 550

Wavelength/nm

Wz -+ =it &4 211.H (2.5 uM) 1;5%7% PE$ iiﬁw;ﬁg; R R

A SHEY b 2007 £ L AR T

3
Jm
~=$e
-a\:
et
ks
=
a\

Sk 2120 MV AR R R A LS AT BB g o BB ATk
CEREE S E i 212 W 15 B2k ARET RYF RKGER A
Hg2+~Cu2+‘Cr3+ & Pb* % L_Eﬂ»:;'i—g OBk B e x 0 G Li'~K"
Ba® &4 Zn® BlF ¥R mOF o AFBRE R F L2 I PBEER
K BT P S 212 R Z ek ki g P &L 0 @ A
Bfr= vk & 4 reverse PET #8411k & & k38, o P A &Rk sv 4o x
FEen K Fi K fosplld 288804 0 §# R4~ 212P6 )
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FRp i TA3EEE Mm% (&2 Allosteric 2o i) > 7 Fla # Pb”
Wipa vy %o FimF o P ko # 202K A b E S PHY
AT AR K% % 212PbT 0 @ @ F R F S e

feenggd Rii - BE X On-Off * ERBE > 4oBle - ~ 97 o

Strong emission

Ble - A~ 2 P 2 K drs i 212 § LB Mot 7 LB o ™

k% ® T imHMH (photoinduced charge transfer, PCT)

% — £ ¥ (conjugate) & sl PpFz 3 &+ 2 % # (electron-donor) £ &

< 18 (electron-acceptor) > H#-ig = pr R P| B A F PN T AT A HED L5 B
Wl o ¥ AN A R PR L REL I PN B RE (dipole
moment) %+ > F]M IR AR AR GRS € (AT IR
PCT - FESKFEDTRFESPFIF L A F P > BT 2 54 F P
T J7 i # #4) (internal charge transfer, ICP) - % % sk (LB ¥ i S 3 7
FABAEE SRR FIHELL > REFHRT I I BB ET F At o @R P
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BAFPNRIRAF T g EE AR TR REFBEALR
I NI VR SO AR W e = M SR e ) SR S Al ety
(blue shift) FIR % o F 2 > FHF L ABY P T+ AB L8 wF 0 5 7%

HREERYI L AT I IMRIT I DR RORRES

=3

F N R PR A o i N R AR T RAE T 0 @ R R A8 AR I

AR FRGLE LA (red shift) > doFlE L4 AT o

o%’//////////%Q

. Q)
| Q red
shift

Ble 4 s B ERTFEBBHT LR -

=
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B 2005 £ Kim M3 45T i3 AR B ¥ kA (pyrene) i
FEEAT L AHERT B g EE N Far AT L g
PCT 4841 > "% 7 sg w o 3 engl Ko R 2 sl £ d R o0 482 nm
T#H3E 470nm> Hexdgph £ 5 d A 346 nm ‘=>4 2 400 nm > 4B
I L#ap e Kim» &7 #F 23 THHEERHET 75 DA R
(anthraquinone) z_ Ff it & $ 213> %g\zf BEAFIP T RES OBRRE®

Yok £ d 380 nm =A% 450 nm o EFIFERE BT 0P o eBlT L

81b

EE:

o ot —— °

Monomer Dynamic Excimer Static Excimer
Aem = 385 nm hem = 482 nm Aem =470 nm

(a) (b)

Free 1
i amasf 500
100h % | ct
Ay e ] - Br- 5
s & 4004
gorsdf VY S\ awomm _ | CH:CO7 %‘
(-4 -
g HSO« 3 300
S H:PO. =
2 3
2 0504 c
. 8 200
1 (2]
\ [
) o
3
0.25 4 L 1004
0.00 . . - SRS EE 0 T ; T poes
300 350 400 450 500 350 400 450 500 550 600

Wavelength (nm) Wavelength (nm)

WI-- a5 (020mM) &7 }Fl"%&ﬁ‘*~ &3 (60 mM) e
AP eh(a) BofTk g (b) bt EER
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o 0 o 0O O
0
8] 0

Weak ICT Strong ICT
Yellow Red
I-max = 380 nm Fmax = 450 nm

WZ - %4 213 $rapdps v ik enggfoncg) o °

¥ ki £## (fluorescence resonance energy transfer, FRET)

AP PEEFRETFERITF D EAR A F TR
B BMRLATNRETIABMERELTIABAL T BB R TR
PO BETFZOEARFLS TP F RN EES LN R
BenFET FARES IR F AR DAL o 4% 7] donor v
acceptor 2_ B (et~ donor H3cst sk ¥7 acceptor vk Tk H# ehE & B
= -] ~ donor {= acceptor 2z FF i {&EE"> v R 0 deBlT L 2 Prom o 78e

Kim * 2007 &4 4 ¥4 214 fw Kt » 33 > FIGHET X H
> ¢ A2 rthodamine FEAEE R F ¢ &7 PET 4] & fte » A
Fi5 0 FRGIAA F B R CAT st 7 FRET 4% 2 @ %
rhodamine > & & B oA 7 RS A 1T & 475nm & 4 5 i R st o
e F LA LRGN oo Bl M ARSI BF O BRARPE A 475 nm FRTA
il BEA et bt e gt pEIC A 29 rhodamine FEZEHRE A & {7 FRET
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Flo @I L7 o pE Kim 4 | X TG B A HE
(naphthalene) B~ enz-fii % & B 4 & % £ B (coumarin):> 35 = partical-cone
WA nE i A+ 215 4Bl S im0 PP 215 A AT B EET R
FRET 4]  ft4e » 836> Fla @3 ¢fvd 23 en N-H A4 &b
A4 I A PCT 4]0 #2438tk £d 344 nm 24 3
435nm; F Ao > PG AT P FlE S ¢ foFEds & 0 #r4] PET 41

i ?%fgd FRET 4% EHAF 1 4 2 2 AW > 1§ =0 F L35 3 o 82b

(a) (b)

Sn D* s A
S, "___ A E% Donor Emission
................... . gi prs /
So D A s<
o l////////////////////// //////////I/
(Tpemmmennnns "+ coupled transition A (hm)

— . radiative transition
raditionless transition

T () FAEELEEABAE (b) E 3L B2 donor I
acceptor it B & Bl 42 7 B o
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FRET - OFF

214

FRET - OFF

FRET-ON Weak Flucrescence FRET enhanced

215 215

FRET enhanced FRET-On FRET-Off
215

WZw %47 215 2 i g o g a2 LW -
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H -4 2 252 (formation of monomer-excimer)
H % (monomer) ip H ey K AW L H B gLl E Ak ;A
HiiAF 1 (excimer) & excited dimer h¥F® o & o ¥ kA B o R
b RS > Fd CE Y BRI A FRABEiada 7 o 1y
A N AT A AR RS ELS A - B
IHFE DA FEEY A X F T el ¥ - Bt R g T
P EEA BUEABRS 1 B ERRT A2 H LA (dynamic

excimer) o = H. 3 B ABARERF T A%

e
)
RS
Q‘\,
[
I
T

RN S

o 0 FIG AR M A TR R o K-g R (T :*f#jé‘_f‘:,_ﬁ B % = R P O enge

_‘1

R AF AR > gt fE 2 VLS #F s P s A7 8 (static excimer) o @ i AF §8 g
FAEBEEAEF DR A ER > Flpt H bl & ¢ HE R 5 4ol
7T TR A e AT MY o R RO R ABS A 2 b
g7 (excited-state lifetime) p > o st fr¥ — 3 AR o F R AR IEY 252

ARG - Tt o 2 GWARE O B ARG J1NE D G AF ) S o
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(a)

W+@=|@]

(b)
hu_nhv,, lnv, M*+M
|

menomer axsimer
band band

Energy

Y

M+M

£
[

2 2 $ N %
ARHREL; EL BFERE S -

FAIT R R E R ERE S AN

B ihehz b (triazole) A fr o § B G S BRickaz Y EF 216 W& B

FRGFEHEER > T M D5 B ARE T P B g T T ehi

hadl]

BAU

Jui

st g epgh 0F R R 0 R e WA Y

B F RS N T AR R eI A Bk AR RS e
L RUEHMY LY AT Y L5 BT Ly o O
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$o 21T Pt L HT

?J%FEI % ﬁﬁ_"_ ’ 'kr}%]

& =
e ¥
&
‘/"
z

h
% Exq mer
hv -~ bt

WI -5 pd 216 27 F £ Bas & & 1R L

2006 # Diamond ¥4 ' %% T hig 4 E

RIS B S S

LT e g AT H

Apcle ATk S FR A FHFI A EERILRREA B

—\

CPS T EEIEE R 2R R

At ORI
. NH cr F o,
2 o® -
- i _ \' -
8. S4L
;A .1'_"1
A - L5-{
74 @ cy
S ;
Excimer No Excimer
217
a2 ] i X< Ycd ! ) -
S 217 BABS A AE ST RE e
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3122 #¢ AWM ER EE (chromogenic chemosensor)

AR RE R S R AT kRPN 2 A8 %*;ﬁ:g; 4o

»EMETAL hpEd R IR ETEIMEEH L o MHAUDE R

GRAR) €3 RR R LB o BF AL FEUEGE Y F
Flet e B F PR R0 FARTELF T wd B B

T LR PEF A BT AT SR e

K', Cs', Me,N*

Absorbance
o
IS
\
T
@]
T

3
OH o)
0.2 |-
Na*
0" OEt
0.0 [ L P @ML ]
300 400 500 600 700 800 218

Wavelength / nm

WI L A~¥4r 218(50 pM) ** CHCL # o 4e ik £ B+ (200 uM)
ohow B ko k) o 5
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1991 # Shinkai &34 5l »H AR I NI TR B4 =

Bfa A7 5 4r 218 ML G ik £ S e T AACR AT oy e T

e
RS
=
-

SETRAAY HART G A E B LN A o BT L AT

'FF ’ _‘j" ’—‘”‘i‘f% #* E‘j"’-ii ‘@E%:‘% %‘%ﬁ_; j&—g LL 3@%’ ﬁﬁ‘iﬁ (perchlorate) ji/fg”ﬁ 3%?;]&

Chang ** 1998 &2 & 1% iy § ¥300> 75 A A >4 219> >
BT AR A Y Catt AL 0 # R A 437 nm T o FE L
43+ H3m § B> (azophenol) eh3d B3 v o g = H T 605 nm 0 4e

@E.L,L "”Tﬁ' , 85b

Absorbance

. . . : 219
400 500 600 700 800
Wavelength / nm

(01 M,pH:7) LF'.%”]-_’E’ ’EL’IC“:}“{{’EE‘E"@ , 85b
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Kim % 2003 & #73 4 eh— k5|2 5 BB Al § & S @i 4F hy

18 220-222 5 3T AREE G N BT A A E R M B R AR e gtk FEE

AT

RIGLFEAF = PRS0 s B S A e Tk iy P
B3 oo 4@l - o cone #7500 £ 4 220 5 T @ B AT cnEg A o 1% 4T

BIAETREAL ML FI 0  RETHRRMLSE AL A

FRFHA NO2) » o @L > B4 e i@ Hexfokdd B A 398 nm
AL 548 mm;a THANWEERE AZ FAF AR Y S partial
cone i1 221 - 222 GBI G EFERF T RFFEL BB FEH
IR F A o Aol L - B Lo o g L4 221.Ca¥t 2 222.Ca’T EiB
PR F G F ALY F R EBFEAD AL D BT (postively
polarized) » @ HOMO il T = FRsr+ BIiGER" > A4 FEHR
% o @4 &4 221-Ca”" L in#dhR Fle 220-Ca’ 4pf 0 b 222.Ca’ 2 k=
PHEAPEPEOFTRE EHA A tmetal g S TE 4 BTk o F o

Al g senit 84 223 FlA G4 BELE i RAA L FERE A T b L

o

PR BT B R EFER IS o

NO,
O:N NO.
02N NO, (j ? 2
@ ,’N
N N A N, N
) R’ . 3 N
¢ o ] ﬁ \
5 7 Weels
’f’ﬂrv ’ {ff’l(o CTY T
i /0 0O o o0 O
0 ~0 0=0 N ; g
R{ R v g 0—) H 5 z H
o} o !
Lo o0 0
o o V
| -
om 221 R!=H, R2= CH,CH,CH, 223
220R=H 222 R!= R2 = CH,CH,CHg
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N [ ON
09 | (;;’j», . NO,
0.7 AV N, N
' N N7
g 06 |
= X ~ R
£ s WSV
8 A G
7 T ~ 7
Z 04 0, ~0 0=0
0.2 (—0 O-)
L ~/
0.1 220R=H

300 350 400 450 500 550 600 650 700
Wavelength (nm)

B+ L 54 22010 uM) 7 CHCN ¢ > 4er 10 $ % b agF (52 %
T R ke T K o O

Absorbance

300 350 400 450 500 550 600 650
Wavelength (nm)

B+ L - ~ 34 221 (10 M) & CH,CN ® s 4e» 2 4 £ Ca(ClOy), 2
B b7 B kR f k2 g 1L ) 0 O
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0.8

0.7

Absorbance

O;N
222 R'= R?= CH,CH,CHjy

300 350 400 450 500 550 600
Wavelength (nm)

Bl» L= ~34 222(10puM) & CH;CN ¥ > 4 x 72 o ¥ £ Ca(ClO,), 2
Hohow Rk kR e

Kim # 2007 & 1% #7& & D4 224 - s 7|oh- %~ 2 %

B E PP REHE P LS e r - BOREPEE T L
EfRYEA AR o PR RT A B SR o RS TR
ioy—"‘:ﬁ;y

Fad 3 EAREREN PR T § AR R

MR EF L RAEd RA5 40lnm =H3 567nm> ¥ RiRd R

%
APl ¢ S (I RBRFOFEES o AeBlS S Z T 5 F A4 » G
SRZBIRGER A EF 2SRRI AR G aEFA A d o I S
¥ 227 L {p %2 (Hinsberg test) RN FR kY AT AR
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propyl 10 —

¢ ——dipropyl il D
tripropyl
none 0.8
3 8
= 8 06 == .
] o = =123 - 5 8§ 8
g 3 0!3}'35'&36_-1.@39#55
5] o 28 85|28 |e| s 8 o 5 @ ©
B < < IS Z|I< =|=(3| 5 3 & 2 =i
J = =|zll2E | 5| = 0 < < 14
< 41 & E(8l12|88l 25§ § <
21212155 R 28 3 § 3 8
‘5‘]‘ a 2|® @ o] g' 3 5 = % El
02 g - ? 4
(o]
L ; J R
400 700
1 only 1° amine 2°amine 3% amine

Wavelength[nm]

W= L=~ 34 224 (10 pM) % CHCLy ¥ MM—@*@%’
s B

%Kk S e R

A% E h 2005 &0TE A L S kAR § S r 225-227 ¢ > $t i

RPN F T 226 O BREPLA B BHRET RS A

ETTRS

2% 160 nm shiz=f > AR FARERYPF  FRLE D LN
Yol L m R A s A A i § T 227 PR LG o A
B TE- O HRTY £ 226 i & BRI Y & PR K FR R hEUNE A
FEoGd A BB ancRRp £ ES L ALwR S LT o R ke 2
Y FET > B S € (7 azophenol ¥ quinone-hydrazone

B BFAMB A RT I Aol T AP P RTS
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g 4% B3 > @A, hydrazone (97558 5 K 2 v B AT F Adosl A o

Bl € A5 243 ehk 3R k5

P ~ e N ~ » 85
#2752 hydrazone > 4r;V Ble L+~ o *F

OMe NO,

225 226 227

0.6

300 400 500 600 700
Wavelength (nm)

= 1w ¥4 226 (10 upM) & MeOH/CHCly *  (v/v=1/399)> 4 » 5 %
g‘ >

2o(a) A BEIL ERETH () Bk A BES LT Ak
1 K

Wavelength (nm)

!

~
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2260 Hg?*

N A K 2+ . . ' . 85
Bl L7 ~ 54 226 & H® 7 i crge & fogd o 5

O
HO@N

Azophenol

“ M?* or base

+
On ey <O
O O
Quinone-Hydrazone

A (when X = OMe, or H) B (when X =NO,)

7' Bz -+ -~ Azophenol ¥ quinone-hydrazone 2. 3 % £ £ % - e

B 2007 EAFHRETF LI GBHE-BREE - B ":ﬁ%g'ﬁi?ﬂ
208 ¥ i 4 F i HE BR L BPYWT X RBAERE IR L2 o
PUgeb s v a4 228 o AL ¥ S 835 x 10° M0 @ 226 4
S A E B 235 x 100 M 0 BV AR F i £ 226
o B A SN A B B E A 2280 F] 228 H i Efct it

Ed 226 W e Z B oo A i B 226 Frdts B RFE R

Fltdrplic 4 228 WA X A n RE L F AR A E RS TR
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s o Bf BAEY b 228 M PAGETE PRRIREEF L H

LT EE TIVAE LIS RENE S Sk R B R

’

75 o

rﬁ;]_,:‘.l_.:

228
10
(a) (b)
o @
3 e
: :
g 2
7] £
2 <
=
300 400 500 600 700 300 400 600 600 700

Wavelength (nm) Wavelength (nm)

12~ %47 228 (7 uM) & MeOH/CHCL; #  (viv = 1/399) » e » 4 %
Pl g B 2 KT Lkt kg o P
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HsCO OCH,

228 Hg?*

. . e ¥ 2+ . s py . 85f
Bl L= ~ 345 228 22 Hg™' v & chds & 58 o

Kim » % 2007 # & 1% & § ¥ 48 (ortho-) 51 » fig & P~
N & Aw g F h¥ 4 2290 PEN 220 2w A ke ok %3t 345 nm (n-m*
transition) fv 487 nm (n-r* transition) > 4 » 4k £ Hicde 2 2B T A

NETH G A r 45~ A A S5TrE AT (5 0 487 nm e T G B -6 A

|
|

5 0 345 nm P € 33 0 ¢ Job plot ¥ @ arss £ k)5 1:1 o Kim 48278 1
229 Bter £ HHFRHEFERT B T XD MR AT
" 4E T 725 = ¢ quinone-hydrazone » F iyt iE &8 345 nm SofT T A 487

nm g F Ao ¥ od 38354 quinone-hydrazone Vit R T 5 € A 4 A S

2 A=

PenddE o @O AR AT > TP LDl § PR E ¥

BF B AR A2 R E o 4oBls LN o gk Kim 03 %%
Mo i Ll &8 @B AT 6Bl AEAT o At o B
B ¥ fe et~ £ BES {8 FPFAS S quinone-hydrazone 73 7 A&
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N oo N O
N N H
5 /
tO,C CO»
EtO,C , CO,Et oH 14 g 4
:‘\N k -

/
OH OH QH HO

229 JOEL

-
o
&

W=~ F 7 229 2k & B+ o CHsCN # ¥ i e SHE -

Kim f 7 &7 3 & 7 41% T 18§07 58 R4FH T 5 B A B 47 iy
F4r 230 4e 281> RIS £ 4 2320223 # £ B4 hivE

A% 0230 21 231 4~ & AT 4 R kAo Bl S L 4 o o Kim it

- H BT~ & BRI A e % bRk % £ (differential-pulse

voltammetry, DPV ) k& B|F =& 7 iy » 4oBl- + o d 3t 232 ¥ &

#AR A kgL g aagl > kd DPV MY 7oAy 232

’Ell\

WE & AL AT g s S A T e JIr ARG
PR F A 232 4o r A RAET (5 F A RS jess B h I B hi
# > & DPV B+ 2F %0 7t 230 & 231 £4]% T 42 gAY
BEMIBRRE L ERYET D L ETRARTFT AT ARG

b AR g

fw}
Bﬁa
3\
W
oy

127



—~
jas}
S

0.5

0.4 /0

0.3

Absorbance

0.24

0.1

metal ions

400 500 600
Wavelength (nm)

NO, NO,NO,

(0] OH OH

Lo

/0

230

w J\_
o j\

A /\\ Pl

¢©

o OH OH o

o/\ /\o
231

kL

&/ﬁ

ga" /

/A - NN

AN _-/’

~——Free, Mg
\ metal ions and
other transition

(b)

, alkali

F4 (20 uM) (2) 230 2 (b) 231 &
Bohw L R o

s DUOL

—Free, alkali
/ metal ions and

other transition
metal ions

300 400

Wavelength ( nm )

OH OH

232

O/\

\\//
Pb’

/
O

oio

Ba?"_ /k_/ /\M

3,/\

/\

;?
)

CHiCN ¥ »4cr— £ £ &

NO,NO,

J 1

C-‘l / (\ /,_\ "' s M _.__ /
N~
JK /\ \u e/ /\ T
—~ \_ _—
_//\\ P / % [\
Hosl: - /
"”j L [qu R 10 WA Hosts/ \\ 10 A Hosta / - lw bA
05 10 15 20 n.'s 10 15 20 05 10 15 20
Potential / V vs. AQIAG+ Potential / V vs. AGIAG+ Potential/ V vs. Ag/Ag Potential ! V vs Ag/Ag’

W=+~ =45 (0.5 mM) (2) 230 (b) 231 (c) 232 & (b) 223 %

R -
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AFH%RE & 2007 £ A JIF WL F (click chemistry) &>+ T %

BElrowjpimd b T AT I SI =T 3 A2 B§ L

R

I}

SR~

233 B F F4F 233 HIWHAL AT B LEERN 0 s

w

=

9 365 nm ST € T A & 527 nm 2 541 nm 2 = ATEORSTIUEL 0 Ao R

-—\

S M e L R F AL R RFR 233 B - B
S BRF A AN AT EFHEL A 233 PIERREAY A

Boek 2 Bl sy RAp T 150 R AT T4 S 0 doRl S S

08 OMeOMe
527
233 and 233 + other - 233 + Ca?* S
metal ions |
0.64 =
233 + Pb?* NN

w 0.4

Ab

0.2

0.0

1 " 1 . I e T
300 400 500 600
Wavelength (nm)

W= - 54 233(10uM) & CH;CN/CHCL; ¢ (viv =1000/4) » 4c » -+
FEA R &I 2 Kb ov ke kg o M)
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OMeOMe

Pb?

/O OCHOH O

| |
@y
N-N N-n

D O

233 Ph?* 233 233 Ca?*

m_." __L_: N V*X 233 l—:;l;? Caz+ 'f‘-" Pb2+ ﬁ%@.fi;\ﬁ%@ 085j

1.24 499 nm N

1.0
0.8+

0.6

Abs.

0.4+

0.2

- \ N
0.0+ == VA N=pN
300 400 500 600 700 800

Wavelength (nm)

W= L= -4 23420puM) % CH;CN ¥ >4 » 105 27 F £ hdE+ 2
Eoobw B kex qo kg o BF

AFS%ES I AR N LS NEEEHABRR T B T
234 o it £ 4 234 Av 24T S Fr BB 30 F AR L o FEF AR
FOYE T APk eh 233 £ o AoRl- 2T o M B4 234 4 Sy

Fetd s SRR SIS 7 e eEd 390nm =43 622nm; ® 234
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BRI = FF > SAFRIE SO G FE PRI T

4 £ % 234-anion ® PIEHT > AR AT L T B4 & F 234.Ca”’

&
Ik

P AT o doB] S Low ot o 8N

NO, NO,
N. NaN
X A
> ‘/ = //
O OHOH O
bv oo
NN N-N Amax = 390 nm
\
or OH"
Ca?¥ 234
ca?t HF or H,0
NO, NO, NO, NO,
N< - N
SN N N\\N N N
X A\ ~ N
(OIS NOOLL
| S5 | g -
o) :O H\_cbazafo (o] (‘D' o 0/
%N ng /[,,N ’\5\%
e N N-N N=-N

Amax = 499 nm NO2
(; (; CaF, or Ca(OH),
F° or OH"

SN N

N
HF or H,0 Q f ,/\ @ o1 OFF-
SO

(0] o O

(/[N Ca2+ N%
1 0

131



Chen % 2006 &% 7 - % 7|enit &3 223 ~ 231 ~ 235-237 #14d
FRFFY cERF I L e BRI A S g st REBF e
3 FF bR T A4+ (phenolate) A AR BT T oo @

AL (DMSO)~ &  ~ = % 7 % 2 3 BpF07 @ 71845 chifp) o ¥

NO,NO, NO2NO, NO,
-N 4N P
NN NN

R

/0
223 231 235
Toz NO,
N .

N N*
gov) \
DL, LI
| ! |
O OHoH ©O O OHOQOH O

236 237

e Kim » f1* B % >4 5 o > & %A~ 7 ki ficdT
BERNY L FHAB T, AR P BA T 238 ¥ 2300 KIH Y h %

FIRA LR T AT A A Flutde » £ 4 (50 6 H K 230 H iy

¥ L S ARRA) S F RIS o @ A SR A RS T 600 nm AT
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boBl- LT AT o @ X 4F 288 2 L AFBRF| LR g o 2 F] 238 it
HRAAE RRCE S S AT Wb mop (R 4 R E T SRR A
B s T /7 5 FIRb F AT e 0 218 o Fpiidg P iR S L s R
WERFRFIDTFIBARB Y FITHRTFADT T EF L 0 54 PCT

Flig F ok F e B IFR L 0 deB S LA A o BT

NO, NO,
N N
N N O:N NO,
Wel v
T ~ 7
O OHOH O N -N

NJNH

239

(a) (b)

1.2

0.9
o ; [F)/[239]
Sos [} FY1238) <
‘g /
203 "-/[238]

0.0- e P ———
300 400 500 600 700 300 400 500 600 700 800

Wavelength (nm) Wavelength (nm)

= L7 ~(a)238 & (b)239 v F 3 4 & 2 % ¢h-7 L & rnyc L% F -

85m
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NO, NO,
4
el
0O OHOH O
W % @
238

W= L=~ %4 238 &2 F ap3 & 57 28 o 5

3.1.3 = ek (tetrazole) 1§ /i
ek By RFE-MRF TS 2w § T R A (tetrazolyl)
T nRirz r2F 280 - BEHM 22 1)L R *E:]‘ 5 o

ERA TS R (bioisostere) FFEL 0 F R T RKINE G B R E4p

??
e
1‘%‘

LA UL BRI I S SR S R S

‘3\%-
"

A2 Prfleni®® o a g B NER WS IE iR o Ft > T E Rwwd

\u

FH pKy 9 5 82 (DMSO,25°C T ip| 1) s zppespin > ¥ VAL L e
PRERFM > oRl- Lo m o wed T S R LK R RATE
$oo M GlheI S ¥ 7 K E s B2 & 3 (Losartan) 3 BT i & 7

2

kompek a3 Cs P EFBRANE LGP 1H- o 2H-tetrazole #-

=

I

§ 7% T R -
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4 4

o) N~ N= NH
r— ER—<f:—-R4\:HE R4
OH N3
(1H) (2H)
Bl= =~ smed 2 p g ek

-t R ek E T ) B g 4 (sodium azide) Fds Bk h #f
i (Lewis acid) ~ ** B % 274 (Lewis base) ~ ™ & F v dp§ = % A
(trialkylsilyl azide) 7 A7 BT > 2 fh b5 WA H F a7 89-90
PR BV e k2 Cs-m BT HE - B o H P Wittenberger ] *
Sn-yr e 2 R L WP (F-2 9 Ape)f§ - 7 A4 (dibutyl
(O-trimethylsilyl) azidostannyl- hydrin) % 7.67 ppm 355 » F] gL 4a P 4e >
3 it = 7 47 (dibutyltin oxide) &7 1t » o lgd A F PN F o F A

FAWFI R & 2w ek oBl- AN PTT , 90b

Intramolecule Intermolecule
. RZCN
RGN Me,Si Me,Si.
“fj ) Ny
N::N Me,SIO Ny
Ma;SlO N; Sn OSIMC
\Sr,‘l Rz_{§ > R~ "-»Rl _Q\ Nﬁs ?
Hif' "'H‘I
“retro-ena” /
->\ Measl\ MB;SI‘
MesSiNg=" 1Sy NN R! 1800 "*“
R*——é\ N
M835| N3

RN e A E R AT R LR ]
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N AN_N3
I|I . 'r¥+ [2+3] Sl (‘\Nz
2z 40
R X X
Z=0,S,N,C X=M,H,C

W= b4~ fFd 13-k e F b ek 7AW"

Sharpless % 2002 R ZA|* 23 T > AMenfp§ 4 > 24T 3
2 e 13-BEE AR F o B hE BE S IS ERAe

vk s 4oBl = L 4 AP oo 0] f§ % > Sharpless { T3k iFcik4g > # B 4]+ 4

RS

LA G B s SR EFE R s B VR fra B2y CEFF R IRz

s o o 4 s \ " y (=0
BoRgiR s £ Co-H P hw ek > Jof] A L AFon o

N N- DLALA N NN
" - =
+ N+ 2)H0 (B . \
n'l! v RN R’Q\NN‘H
R H

?]'\*L‘%ﬁﬂ”%'“"f’”f‘"ﬁﬁﬁ i ¥ “A#f”z’ft‘iil“%'@’_l“‘f P ARB R iR
F 13- BRI N FE R Ak TR B

LRy R VR E 2 g PRERES T RT S
Fuaog ks £ 8TH  (pyroelectricity) - TEME AR TP
(piezoelectricity) % {7 » 7 13> &7 i LM EE g o P ot s Kraft &
2006 7] * w ek fhTd p AT T L X A A FRHEF RWET ¢

Bk (acetamidine) 22w ek ¢ § Z A1 A 4 T 4ES NEFH S B~ S
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— r:l-rﬁ- o
(a) (b)
H H
oinggp g =N ll Hren )
Hac_<” Oy HC—(+  -—H
i Sl H—‘i o]

H H

I 0z
Q00
Io0oZ o0
c00@

ey

-G-
o""*o
"v"

W~ e (a) mek s (b) TR LS R E S B

2

i 2007 PEoHof #-w ek 74 % 240 friidp+ 2748 & F R 240 &
o MY A ol G G Eac 4 0 T Rt E (HF/6-31+G*) - 2
240 H4r 3 R A IH- 07550 P pag i anse i 241 % Ed R
Ait B syn- AR S RF AR anti- HA51 0 R A g
GERAE LIRS o el o Tt A 240 $HF BT s & Bios 241

X197 FR L g o P 2007 £ Dondoni fr Marra 4 #-m w51 x 3

R &S - AP r e RREA S R 2420 WYL ST R

BN L BT AT AT b oo 0
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o
OH
HO
o]
241

/ H
N=N -N 1
Na N"'H-=_ N'\//N OXO-.H - OYO

w4 3keal/mol v ' —6kcal/mol !

1H 2H

(1H tautomers) {all ant)

B~ L= ~ 2 HF/6-31+G* FEipl2. 240 2 241 foi 33 chgs & 558 -

ek BAPEY AKBF NEE 2T PREREF Y

Poep oIt ek B2 Re f o BRI s E 0 55 2005 £

[z

Kalchenko *f#f - ehe S t %3 4= Bl e Be ek L@ % » ek 5

Y243 - WA BAES L 22 KRR EELE A G R g A o

NN

— = 97
'lif'g]’\"".:b"r/‘ °©
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BlAL= ~wek34p 243 g7 -

AR S g e o

314 Py & p e

AR ARTLAEEAS LY
Lipfaama b A S LT L
A% Sl (RN A s}

FHDEG LB

KA E 5 T b ow ek AW T2

2w ek I Bk nd § i

7 13- AEIE Lo K A 2 rredkink s 2 & SR ESHITE V- AdFn

R P R S R LR
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4o 2 Bl e 22 B L2 H

’ ,1 14-*#_
CREE R L3N kS
VIR AT PR Y 4 2 F ST

B LR

,)”@g'ﬁ—

fo B AR 347

ﬁ_r}nﬂ:‘iﬁ @;;

i
,‘!'[j:

' LA

i iE

e AV

N
=y
kS
&
3
by
=1

PR AT

FHRE 0 Eh LGRS A
KBS Tt A 2,5 B ik

£330 18 4& & + (dipolarophile) &

ki

7R R AR ek o * Ao By iR



15-BBifw e 4 A A 25-FB e ek ¥

AR S AR WA T GG ek Co RN F e ek A B

F LA B BRI GE L T o

T are o
= N=N O N-N
: - O . O

OR OR

=z
z=Z

>
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32 B5kEHH%m
321 $ ¥ AW v ek X 42T FERL ]
FHEAEAEZ ek H LR

1,5-FF B~ w ek ¥ f*  Sharpless #7%# B 2 > % > [ ¥ 3 & F ki

THARGOEE LHFBRRT I 2T 13-BREASE A F

F_&

LRSI RES R o fd WP ATH TSI N E S F R AR
o A At R et B de ek s R 1,5- AR 25-FEB e ek
BFEFRAES LG Rk G B o R0 f SR R 1 E 4 246
247 o Tz BEEAe R EFE2 SR E S 15 fr 25-FB e
o PR ERPFEEFHEE Ay b IR BE LAA O FREL BN

{1 AF o

X

Gl TR 26-FT AL L REFRRAE R PHEIIZAFE

=i

e BB kit 54 2440 H P 5 w7 R4S E AP E A BV R 0 0 £

T R A JIF B ulzT; A

bk

BT RER DG MEE
FRERER A 7V gL @Y Sl g A2 0 R RH - HFY 2 REF
S kM- 244 2 v v A B A e ek > 0P 2 e g 82-899% ; e 1
ERE k(TR R BPEE i G reng A Cs-H B ek 245 fF F]
T EFR 24 PR AR 5 245 Ay v F LR A hE

PoRi s dm Y 0 4 142 ppm Fo- AREHfEA S - 2 T8 LS H B
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AT} LA 2 HARGUBL 2 (5 M 245 STREILEE B T F R ik
g 0BT SN2 BHREF R £ ILS-ER R e ek 246 o 2,5-F B
woek 2475 o Ble L = Arm oA B At A iz B 7 {fﬁfﬁ%‘? COSY &

NOE £ 3 e jiv &k jd-2_o

/@\ (a) K,CO3, BrCH,CN, CH5CN, reflux, 8 h (89%) /Q\
or (b) M*(OHY)", Bu;N(HSO,), BrCH,CN

(@)
OH  cH,Cl 1t 5 h (97%) N
CN
244
(a) NaN3, AcOH, BUOH, reflux, 24 h (0%)
(b) NaNs3, AICl3, THF, reflux, 16 h (82%)
(c) TMSN3, TBAF, 120 °C, 22 h (87%) KOH, XCH,Ar
or (d) TMSNa, Bu,SnO, toluene S acetone/H,0 = 15/1
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DMF, 60 °C, 24-30 h
| ) OR OR OR OH CH3CN, reflux, 6 h
OH OHoQOH OH
X=Br, |
250 251a R = Et (86%)
251b R = Pr (84%)

toluene, reflux, 12 h OI

OR OR OR w OR OR l
N

CN

252a R = Et (93%)
252b R = Pr (98%) 253a R = Et (88%)
253b R = Pr (94%)
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v 9 2ot T A AEEGFF R PV ek P32 F9 Ame A
B &30 15PN e ek X4 254 o 25-FB- A w ek F 41 2555 4o\ ]
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CH3CN, 60 °C, 30 h toluene, reflux, 12 h
( OH OH w
CN
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OH OH OH OH

Cl

OH OH

257 (87%)

O OH OH
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A 4% P ~Cr'~Mn® S Ni*" s Cu” ~Zn* v Ag' ~ Cd - HE) 17
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R’=0.9814
1.2

*X
o
[oe]

1

(415 nm)

0.0 ° /(O LO OJ © vs. [cu*
00 02 04 06 08 10 N O
t O

X = [host] / {[host] + [Cu®]}

z-Z

254b

B4 L= ~15-Fkw ek H34r 254b 22 Cu®™ 12 2:1 &0t 542 & 2 Job
plot °

322 58 ¢ AWM v ek X4 AT PR 5

:
(a4}

FHFIABI kS E L

g3 Co-HPiiz wedp b E G - B3 5 fR8chd > © u ¥ 3t iRy
AR RS Y A B s BT R S C-H
etk g o e A B E T R BYS FEL DR o

MG e AR Fr 256 RAcded o I ARHRT EF B D
G256 i E tE o N T s AR PR T
F2 P F AN IPT I 2N ANTHECH BT T 2630 L BT 5
o ABF BRIk D THEr e F T 264 405V BT LS
Sroh oo R F R R FAARE W ABF ek 257 2 i
BFLFE R REEINAERZBFLAGRS T ALBIF N F G 257

158



B C-HPre ek AM P hpldd » g §F I F RFRR S dk P
ég , giii;ﬁ 2 ﬁ%%? 4, ?I *+£Z%¢;$%'45€%EELQ* ’
4 263ab e w A B2 T A5

264a,b pF > B¢ K9 4.9 ppm L MEHE
#; 23

THhELH2LBE
BERS TR Ee el

S
=L

FwEFH? > €4 X 62ppm # I 67 ppm ;

%) 6.3 ppm > P BB
FIEr k% § 45 264ab H o ek Tk

RVE TR

_

B pE o TR
g 2 R dRIEL o

@R /acetone
NaNO,/ 4N HCI
OH OH Ow pyridine, 4 h, 0°C
CN CN
256
263a R = OMe (87%)
263b R = NO, (63%) 264a R = OMe (89%)
264b R = NO, (67%)
j; OH OH ;Z /////%V///x
N-NH HN-N
ST

159
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compound metal ion Aax (AA), nmm? Ky (M) °
263a Ca™ 531 (169) °.

263a Cr’ 510 (148) 8.1 x 10*
263b Ca®' 503 (118) 4.2 x 10*
263b Ba®' 492 (107) 3.1 x 10*
264a Ca** 533 (170) 9.1 x 10
264a Cr' 512 (149) 1.1 x 10*
264a Pb** 544 (181) 8.4 x 10°
264b Ca* 500 (114) 3.1 x10°
264b Ba®** 487 (101) 1.1 x10°
264b Pb** 501 (115) 1.6 x 10°
2331 Ca*' 527 (162) 7.1 x 10*
233¢ Pb** 541 (176) 8.6 x 10°
234° Ca*" 499 (109) 1.0 x 10°
234° Pb** 499 (109) 1.1 x10°

® Ainax = Acomplex = Ahost- " Calculated by Benesi-Hildebrand plots. ¢ K, was not
determined, because the absorbance difference at low metal ion concentration

was too small to be evaluated. ¢ ref. 85j. © ref. 85k.
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General

All chemicals and reagents were purchased from Aldrich, TCI, Merck, and Acros and
used without further purification. AIll reactions were monitored with thin layer
chromatography (TLC) on silica gel on alumina foil (Merck Art. 10554 PSC-Fertigplatten
Kieselgelg F254). Flash column chromatography was carried out on silica gel from Merck Aurt.
7734 Kieselgelso (230-400 mesh). All *H NMR spectra were measured on a 300, 500 or 600
MHz spectrometer. *C and DEPT NMR spectra were measured on a 75.4, 125, or 150 MHz.
Chemical shifts (o) are given in parts per million (ppm) and coupling constants J in hertz
(Hz), with the solvent (usually CDCls, (5 7.26) peak or tetramethylsilane (TMS, 5 0.00) as an
internal standard. The reference peak for *H is & 7.26 of CHCls, and for **C it is the central
peak at & 77. The following abbreviations were used for description of the *H and **C NMR
signals: s-singlet, d-doublet, dd-doublet of a doublet, t-triplet, g-quartet, m-multiplet,
br-broad signal, CHs-primary, CH,-secondary, CH-tertiary, and Cg-quaternary carbon.
UV-vis spectra were recorded by using HP-8453 spectrophotometer with a diode array
detector, and the resolution was set at 1 nm. Fluorescence spectra were measured with an
Aminco Bowman Series-2-type spectrofluorometer. HPLC analysis were measured with a
Gilson Uv/Vis—155 spectrophotometer and 321 pump. Low-/ high-resolution mass spectra
were obtained at electron ionization, Q-TOF LC/MS/MS, or FAB mode using m-nitrobenzyl
alcohol (NBA) as the matrix by Finnigan/Thermo Quest MAT 95XL mass spectrometer in
the Instrumentation Center of National Chung-Hsing Univesity, JMS-700 in the
Instrumentation Center of National Central Univesity, or Finnigan MAT 95s mass
spectrometer in the Instrumentation Center of National Taiwan University. Melting points
were determined on a Yanaco MP500D apparatus and are uncorrected. EPR experiments

were recorded on a Bruker EMX-10 electron paramagnetic resonance spectrometer. EPR
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spectra obtained by mercury arc through a NiSO filtered solution (230-325 nm) for 5 or 10
min on X-band spectrophotometer with microwave frequency is 9.633 GHz, and using
MTHF, triacetin as matrix with 3.1-4.8 mM or in powder and crystalline state. Photolysis
experiments were irradiated with 254 nm in a Rayonet reactor. All of the EPR and photolysis
experiments were degassed with three cycles of freeze-pump-thaw methods under reduced

pressure and then sealed the quartz tube.

Experimental section
4.1.1 Preparation of 6-[(4-methylphenyl)sulfonyl]-4,6-dihydro-1H-[1,2]oxathiino-
[4,5-c]pyrrole 3-oxide, 24.%%

. o]
TsN ~ Br Rongalite, TBAB TsN S ?
— Br DMF, rt, 40 min = o)

57b 24

Dibromide 57b (0.30 g, 0.74 mmol), Rongalite (0.43 g, 2.81 mmol) and TBAB (0.79 g, 2.44
mmol) in 30 mL anhydrous DMF was stirred at room temperature for 40 min. The solvent
was removed by vacuum pump with heated then treated with water (45 mL) and CH,Cl; (3 x
15 mL). The extract was dried over MgSO, and concentrated under reduced pressure. The
residue was column chromatographed using hexane/ethyl acetate (3:1) as eluent to give the
0.11 g of 24 (46%) as a white solid; mp 151-152 °C; Rs = 0.43 (hexane/ethyl acetate = 3:1);
'H NMR (300 MHz, CDCls, Figure S-75) & 2.42 (s, 3H), 3.41 (d, J = 15.5 Hz, 1H), 3.89 (d, J
= 15.5 Hz, 1H), 4.91 (d, J = 14.2 Hz, 1H), 5.20 (d, J = 14.2 Hz, 1H), 7.01 (s, 1H), 7.10 (s,
1H), 7.31 (d, J = 8.3 Hz, 2H), 7.75 (d, J = 8.3 Hz, 2H); 3C NMR (75.4 MHz, CDCls, Figure
S-76) & 21.6 (CH3), 48.2 (CH,), 56.0 (CHy), 110.9 (Cq), 114.4 (CH), 117.1 (Cq), 119.2 (CH),
127.0 (CH), 130.2 (CH), 135.5 (Cq), 145.5 (Cq); EI-MS m/z 311 (M", 16), 247 (18), 91 (100);

HR-EIMS calcd for C13H13NO4S, 311.0286, found 311.0283.
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4.1.2 Preparation of 6-[(4-methylphenyl)sulfonyl]-2-phenyl-4,6,8,8a-tetrahydropyrrolo-

[3,4-flisoindole-1,3(2H,3aH)-dione, 58.%

0
o
~ s” ~
TsN -
Ts“(ié toluene, 160°C, 24h (;CE“EN Ph
24 o)

58

Sultine 24 (50.0 mg, 0.16 mmol) and NPM (83.4 mg, 0.48 mmol) was dissolved in 3 mL
anhydrous toluene. The reaction mixture treated with degassed via three cycles of
freeze-pump-thaw under reduced pressure and sealed the tube. The tube was under 160 °C for
24 h. After cooling to the room temperature, removed solvent and residue was column
chromatographed using hexane/ethyl acetate (2:1) as eluent to give the 49.3 mg of 58 (71%)
as a white solid; mp 171-173 °C; R; = 0.23 (hexane/ethyl acetate = 2:1); *"H NMR (300 MHz,
CDCls, Figure S-77) § 2.39 (s, 3H), 2.73-2.78 (m, 2H), 3.19 (d, J = 15.0 Hz, 2H), 3.38-3.40
(m, 2H), 6.79-6.82 (m, 2H), 6.96 (s, 2H), 7.22-7.33 (m, 5H), 7.68 (d, J = 8.2 Hz, 2H); °C
NMR (75.4 MHz, CDCls, Figure S-78) & 21.6 (CHs), 22.0 (CH,), 39.9 (CH), 116.3 (CH),
122.6 (Cq), 126.2 (CH), 126.7 (CH), 128.5 (CH), 128.9 (CH), 129.9 (CH), 131.6 (Cq), 136.0
(Cq), 144.7 (Cq), 178.4 (Cq); EI-MS m/z 311 (M", 20), 265 (17), 118 (100), 91 (81);

HR-EI-MS calcd for Ca3H20N204S 420.1145, found 420.1145.

4.1.3 General procedures for the preparation of aryl-substituted sultines 25a'% and

12f
25¢c™.
Ar Ar
S B li S S’O
TSN r Rongalite, TBAB TsN B ;
=~_-Br DMF, rt, 40 min 0
64a Ar = Ph 25a Ar = Ph
64c Ar = p-F-Ph 25c Ar = p-F-Ph

A solution of 64a or 64c (0.41 mmol), sodium formaldehyde sulfoxylate (Rongalite) (0.44 g,

2.87 mmol) and tetra butylammonium bromide (0.53 g, 1.64 mmol) in DMF (25 mL) was
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stirred at rt for 40 min. The reaction mixture was treated with H,O (60 mL) and CH,ClI; (4 x
10 mL). After this, the extract was passed through a short silica gel column and EA was used
as the eluent After concentration under reduced pressure, the residue was column
chromatographed using hexane/ethyl acetate (4:1-2:1 gradient) as eluent to give the to give

corresponding products 25a and 25c.

4.1.3.1 Data for 6-[(4-methylphenyl)sulfonyl]-5-phenyl-4,6-dihydro-1H-cyclopenta-

[d][1,2]-oxa-thiine 3-oxide, 25a.%? Yield 56%; white solid; mp 114-115°C (ref.'?® 113-115
°C); R = 0.45 (hexane/ethyl acetate = 3:1); '"H NMR (300 MHz, CDCls, Figure S-79) & 2.37
(s, 3H), 3.25 (d, J = 15.7 Hz, 1H), 3.67 (d, J = 15.7 Hz, 1H), 4.99 (d, J = 14.7 Hz, 1H), 5.27
(d, J = 14.7 Hz, 1H), 7.07-7.40 (m, 10H); *C NMR (75.4 MHz, CDCls, Figure S-80) & 21.6
(CHa), 48.4 (CH,), 56.2 (CHy), 110.9 (Cq), 115.5 (Cq), 116.5 (CH), 127.4 (CH), 127.8 (CH),

128.4 (Cq), 128.9 (CH), 129.5 (CH), 131.0 (CH), 133.0 (Cq), 135.3 (Cq), 145.1 (Cq).

4.1.3.2 Data for 5-(4-fluorophenyl)-6-[(4-methylphenyl)sulfonyl]-4,6-dihydro-1H-

cyclopenta-[d][1,2]oxathiine 3-oxide, 25¢."*" Yield 53%; pink solid; mp 142—143°C (ref.'*
164-165 °C); R; = 0.37 (hexane/ethyl acetate = 3:1); *"H NMR (300 MHz, CDCls, Figure S-81)
§2.38 (s, 3H), 3.22 (d, J = 15.7 Hz, 1H), 3.65 (d, J = 15.7 Hz, 1H), 4.99 (d, J = 14.1 Hz, 1H),
5.27 (d, J = 14.1 Hz, 1H), 6.99-7.24 (m, 8H), 7.33 (s, 1H); *C NMR (75.4 MHz, CDCls,
Figure S-82) & 21.6 (CHs), 48.2 (CHy), 56.1 (CHy), 111.2 (Cq), 114.9 (CH, Jcr = 21.5 Hz),
115.4 (Cq), 116.6 (CH), 124.7 (Cq), 127.3 (CH), 129.6 (CH), 131.8 (Cq), 133.4 (CH, Jcr =

8.2 Hz), 135.2 (Cq), 145.3 (Cq), 163.1 (Cq, Jcr = 248.1 Hz).
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4.1.4 Preparation of 1-phenyl-1H-pyrrole, 65.

HN<j . I@ Cul, trans-cyclohexane-1,2-diamine, K,COg QN(j
= dioxane, 110 °C, 12 h =
65

A mixture of pyrrole (0.60 g, 8.96 mmol), potassium dicarbonate (1.48 g, 10.8 mmol),
iodobenzene (2.19 g, 10.8 mmol), trans-cyclohexane-1,2-diamine (0.20 g, 1.79 mmol), and
copper iodide (85.0 mg, 0.45 mmol) in 40 mL dioxane was stirred at 110°C for 12 h under
nitrogen, and then cooled to room temperature. After removal of the solvent under reduced
pressure, the residue was filtered with celite and washed with CH,Cl,, and column
chromatographed using hexane/ethyl acetate (6:1) as eluent to give 0.93 g of 65 (73%) as a
colorless solid; mp 57-58 °C; Rs = 0.71 (hexane/ethyl acetate = 4:1); *H NMR (300 MHz,
CDCls, Figure S-83) & 6.34 (s, 2H), 7.08 (s, 2H), 7.20-7.24 (m, 1H), 7.38-7.43 (m, 4H); °C
NMR (75.4 MHz, CDCls, Figure S-84) § 101.4 (CH), 119.3 (CH), 120.5 (CH), 125.6 (CH),
129.5 (CH), 140.7 (Cq); EI-MS m/z 143 (M*, 100), 116 (33), 115 (80), 91 (37); HR-EI-MS

calcd for C1gHgN 143.0735, found 143.0737.

4.1.5 General procedures for the preparation of diethyl 1-aryl-1H-pyrrole-3,4-

dicarboxylate, 66.

R R
<i[C02Et O Cul, trans-cyclohexane-1,2-diamine, K,CO3 G <i[COZEt
HN + N
— H (o] —
CO,Et dioxane, 110 °C, 12 h CO,Et
54 R=H, CFs 66aR=H
66b R = CF;

A mixture of 54 (0.25 g, 1.18 mmol), potassium dicarbonate (0.20 g, 1.42 mmol), aryl iodide
(1.42 mmol), trans-cyclohexane-1,2-diamine (0.03 g, 0.24 mmol), and copper iodide (11.3
mg, 0.06 mmol) in 20 mL dioxane was stirred at 110 °C for 12 h under nitrogen, and then
cooled to room temperature. After removal of the solvent under reduced pressure, the residue

was filtered with celite and washed with CH,Cl,, and column chromatographed using
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hexane/ethyl acetate (3:1-2:1 gradient) as eluent to give corresponding products 66a and

66b.

4.1.5.1 Data for diethyl 1-phenyl-1H-pyrrole-3,4-dicarboxylate, 66a. Yield 54%; yellow
oil; Rs = 0.45 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-85) & 1.36 (t,
J =17.1 Hz, 6H), 4.33 (q, J = 7.1 Hz, 4H), 7.36-7.50 (m, 5H), 7.60 (s, 2H); *C NMR (75.4
MHz, CDCls, Figure S-86) & 14.2 (CHs), 60.3 (CH,), 117.6 (Cq), 121.0 (CH), 125.9 (CH),
127.5 (CH), 129.8 (CH), 138.8 (Cq), 163.3 (Cq); EI-MS m/z 287 (M", 35), 242 (100), 214

(100), 191 (30), 91 (46); HR-EIMS calcd for C16H:7NO,4 287.1158, found 287.1156.

4.1.5.2 Data for diethyl 1-(3-(trifluoromethyl)phenyl)-1H-pyrrole-3,4-dicarboxylate, 66b.
Yield 60%; yellow oil; R; = 0.48 (hexane/ethyl acetate = 3:1); *"H NMR (300 MHz, CDCls,
Figure S-87) § 1.38 (t, J = 7.1 Hz, 6H), 4.35 (g, J = 7.1 Hz, 4H), 7.64-7.65 (m, 5H), 7.70 (s,
1H); 3C NMR (75.4 MHz, CDCls, Figure S-88) & 14.2 (CHs), 60.5 (CH,), 117.9 (CH, Jcr =
3.8 Hz), 118.5 (Cq), 121.4 (Cq), 124.2 (CH), 124.2 (CH), 125.0 (Cq), 125.7 (CH), 130.7
(CH), 132.5 (CF, Jcr = 32.9 Hz), 139.3 (Cq), 160.1 (Cq); HR-EIMS calcd for CisH16FNO,

305.1063, found 305.1058.

4.1.6 General procedures for the preparation of (1-aryl-1H-pyrrole-3,4-diyl)dimethanol,

67.

R

|' = 2Et LiAIH OH
SN
i;[ HIF : <;<jOH
COzEt I 1h

66a R = H 67aR=H
66b R = CF3 67b R = CF,

The diester 66 (1.13 mmol) in 3 mL dry THF was added dropwise to another ice cold solution

of LiAIH, (81.0 mg, 2.13 mmol) in the 10 mL dry THF under nitrogen. After this, the
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reaction mixture was warmed to room temperature and stirred for 1 h. The saturated aqueous
Na,SO, was added dropwise to the reaction mixture until the color of solution changed to
clarify, then the solution was filtered with celite and washed with CH,Cl,. The solution was
dried with Na,SO, and concentrated under reduced pressure. The residue was column
chromatographed using hexane/ethyl acetate (3:1) as eluent to give the corresponding

products 67a and 67b.

4.1.6.1 Data for (1-phenyl-1H-pyrrole-3,4-diyl)dimethanol, 67a. Yield 81%; yellow oil; Ry
= 0.65 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-89) & 4.66 (s, 4H),
7.05 (s, 2H), 7.05-7.44 (m, 5H); *C NMR (75.4 MHz, CDCls, Figure S-90) & 57.3 (CHy),

118.9 (CH), 120.4 (CH), 124.7 (Cq), 125.9 (CH), 126.6 (Cq), 129.7 (CH).

4.1.6.2 Data for (1-(3-(trifluoromethyl)phenyl)-1H-pyrrole-3,4-diyl)dimethanol, 67b.
Yield 88%; yellow oil; R; = 0.13 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls,
Figure S-91) & 4.56 (s, 4H), 6.99 (s, 2H), 7.40-7.48 (m, 3H), 7.49 (s, 1H); °C NMR (75.4
MHz, CDCls, Figure S-92) & 56.4 (CH,), 116.4 (CH, Jcr = 3.8 Hz), 118.4 (CH), 121.7 (Cq),
121.9 (CH, Jor = 3.7 Hz), 122.8 (CH), 125.1 (Cq), 130.1 (CH), 131.8 (CF, Jcr = 32.5 Hz),

140.3 (Cq).

4.1.7 Preparation of 1-[(4-methylphenyl)sulfonyl]-2-phenyl-1H-pyrrole, 72.

Br Ph

ij Pd(PPhs),, K,CO3, phenylboronic acid ~
TsN - TsN
= 1,4-dioxane, reflux, 24 h —=

70 72

The bromide 70 (0.45 g, 1.51 mmol), K,CO3 (0.25g, 1.81 mmol), phenylboronic acid ( 0.22 g,
1.81 mmol), and tetrakis(triphenylphosphine)palladium (0.09 g, 0.08 mmol) was stirred in the

45 mL 1,4-dioxane at 110 °C for 24 h. After cooling to the room temperature, removed
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solvent and filtered via celite and washed with CH,Cl, then concentrated under reduced
pressure. The residue was column chromatographed using hexane/ethyl acetate (7:1) as eluent
to give the g of 72 (91%) as a white solid, mp 117-118 °C; R = 0.0.65 (hexane/ethyl acetate =
6:1); *H NMR (300 MHz, CDCls, Figure S-93) & 2.39 (s, 3H), 6.59-6.61 (m, 1H), 7.19-7.49
(m, 9H), 7.78 (d, J = 8.1 Hz, 2H); *C NMR (75.4 MHz, CDCls, Figure S-94) § 21.6 (CHs),
112.1 (CH), 116.3 (CH), 121.6 (CH), 125.5 (CH), 126.9 (CH), 127.0 (CH), 128.6 (CH),
129.5 (Cq), 130.0 (CH), 133.4 (Cq), 135.9 (Cq), 145.1 (Cq); MS (El) m/z 297 (M*, 32) 142
(100), 141 (80), 115 (51); EI-MS m/z 297 (M*, 85), 221 (39), 155 (54), 142 (72), 115 (40), 91
(100); HR-EI-MS calcd for Cyi7H1sNO,S 297.0829, found 297.0823. Analysis calcd for

C17H1sNO,S: C, 68.66; H, 5.08; N, 4.71%. Analysis found: C, 68.76; H, 5.08; N, 4.93%.

4.1.8 Preparation of 1-[(4-methylphenyl)-sulfonyl]-2,5-diphenyl-1H-pyrrole, 73.

Br Sn(CH3)3 Ph

~ n-BuLi, SnMesCl, THF S iodobenzene, Pd(CH3CN),Cl, ~
TSNi; -78°C,12h e 1-methyl-2-pyrrolidinone, rt, 48 h TSNi;l
Br Sn(CHz)3 Ph
71 73

The dibromide71 ( 0.3 g, 0.80 mmol) was dissolved in 25 mL anhydrous THF under nitrogen
and cooled to -78 °C. n-BuLi (2.5 M in hexane, 0.90 mL, 2.25 mmol) was added dropwise via
injector. The reaction mixture was stirred for 15 min then the solution of trimethyltin chloride
(0.45 g, 2.26 mmol) in 7 mL anhydrous THF was added at -78 °C and allowed to warm to
room temperature for 12 h. The solvent was removed then treated with water (30 mL) and
CH,Cl; (3 x 10 mL). The extract was dried over MgSO, and concentrated under reduced
pressure to give 1-[(4-methylphenyl)-sulfonyl]-2,5-bis(trimethyl tin)-1H-pyrrole. The crude
2.5-bis (trimethyltin)-N-tosylpyrrole with iodiobenzene (0.47 g, 2.30 mmol) in the presence
of bis(acetonitrile)palladium chloride catalyst (0.03 g, 0.12 mmol) under nitrogen in the 15

mL anhydrous 1-methyl-2-pyrrolidinone was stirred at room temperature for 48 h. The
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reaction mixture treated with saturated aqueous NaHCOj3; (30 mL) and CH,Cl, (3 x 15 mL).
The extract was dried over MgSO, and concentrated under reduced pressure. The residue was
column chromatographed using hexane/ethyl acetate (7:1) as eluent to give the 0.10 g of 73
(28%, overall yield for two steps) as a white solid; mp 161-163 °C; R = 0.60 (hexane/ethyl
acetate = 6:1); "H NMR (300 MHz, CDCls, Figure S-95) & 2.33 (s, 3H), 6.23 (s, 2H), 7.04 (s,
4H), 7.36-7.42 (m, 6H), 7.48-7.51 (m, 4H); **C NMR (75.4 MHz, CDCls, Figure S-96) & 21.5
(CHa3), 117.4 (CH), 127.0 (CH), 127.5 (CH), 127.9 (CH), 128.7 (CH), 129.6 (CH), 133.3 (Cq),
134.6 (Cq), 141.2 (Cq), 144.3 (Cq); EI-MS m/z 373 (M", 2), 297 (45), 142 (100); HR-EI-MS

calcd for Co3H19NO,S 373.1145, found 373.1137.

4.1.9 General procedures for the preparation of 1-tosylpyrrolidine 74a and

1-tosylpiperidine 74b.

HN::I TsCl, BusNHSO,, KOH TsNQ
)n CH2C|2, rt, 4 h )n
- 74an=1
n=1,2 74bn=2

Pyrrolidine or piperidine (4.23 mmol) and KOH powder (0.28 g, 5.07 mmol) was added to a
solution of tetrabutylammonium hydrogen sulfate (0.17 g, 0.42 mmol) in 25 mL CH,Cl,. The
reaction mixture was stirred for 15 min then the solution of toluenesulfonyl chloride (0.92 g,
4.86 mmol) in 5 mL CH,Cl,was added dropwise via injector and stirred at room temperature
for 4 h. The solvent was removed then treated with water (30 mL) and CH,Cl, (3 x 10 mL).
The extract was dried over MgSO, and concentrated under reduced pressure. The residue was
column chromatographed using hexane/ethyl acetate (3:1) as eluent to give the corresponding

products 74a and 74b.
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4.1.9.1 Data for 1-tosylpyrrolidine, 74a. Yield 89%; white solid; mp 112-113°C; Rs = 0.53
(hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-97) & 1.69-1.77 (m, 4H),
2.43 (s, 3H), 3.23 (t, J = 6.6 Hz, 4H), 7.32 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 8.1 Hz, 2H); °C
NMR (75.4 MHz, CDCls, Figure S-98) § 21.5 (CH3), 25.1 (CH,), 47.9 (CH,), 127.5 (CH),
129.6 (CH), 133.8 (Cq), 143.4 (Cq); EI-MS m/z 225 (M", 39), 91 (68), 77 (100); HR-EIMS

calcd for C11H15NO,S 225.0823, found 225.0818.

4.1.9.2 Data for 1-tosylpiperidine, 74b. Yield 91%; white solid; mp 93-95°C; Ry = 0.45
(hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-99) & 1.39-1.45 (m, 2H),
1.56-1.67 (m, 4H), 2.43 (s, 3H), 2.97 (t, J = 5.4 Hz, 4H), 7.32 (d, J = 8.1 Hz, 2H), 7.57 (d, J =
8.1 Hz, 2H); *C NMR (75.4 MHz, CDCls, Figure S-100) & 21.5 (CHs), 23.5 (CH,), 25.1
(CH,), 46.9 (CHy), 127.7 (CH), 129.5 (CH), 133.1 (Cq), 143.3 (Cq); EI-MS m/z 239 (M, 45),
174 (32), 155 (75), 91 (95), 84 (100); HR-EIMS calcd for Ci2H17NO,S 239.0980, found

239.0967.

4.1.10 Preparation of 1-(2-naphthylsulfonyl)-1H-pyrrole, 75.

QL 4
HN(j . S\CI Buy,NHSO,4, KOH O D
= CH,Cly, 1t, 6 h
O 75

Pyrrole (0.35 g, 5.22 mmol) and KOH powder (0.44 g, 7.83 mmol) was added to a solution of

tetrabutylammonium hydrogen sulfate (0.21 g, 0.53 mmol) in 20 mL CHCl,. The reaction
mixture was stirred for 15 min then the solution of naphthalene-2-sulfonyl chloride (1.30 g,
5.74 mmol) in 7 mL CH,CI, was added dropwise via injector and stirred at room temperature
for 6 h. The solvent was removed then treated with water (30 mL) and CH,Cl; (3 x 10 mL).

The extract was dried over MgSO, and concentrated under reduced pressure. The residue was
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column chromatographed using hexane/ethyl acetate (8:1) as eluent to give the 1.26 g of 75
(94%) as a white solid; mp 126-127 °C; R; = 0.93 (hexane/ethyl acetate = 4:1); *H NMR (300
MHz, CDCls, Figure S-101) & 6.28 (t, J = 2.4 Hz, 2H), 7.24 (t, J = 2.3 Hz, 2H), 7.55-7.61 (m,
2H), 7.92-7.74 (m, 4H), 8.46 (d, J = 1.2, 1H); *C NMR (75.4 MHz, CDCls, Figure S-102) &
113.6 (CH), 120.7 (CH), 121.3 (CH), 127.8 (CH), 127.8 (CH), 128.4 (CH), 129.3 (CH),
129.4 (CH), 129.7 (CH), 131.8 (Cq), 135.0 (Cq), 135.7 (Cq); EI-MS m/z 257 (M", 41), 191

(31), 127 (100); HR-EI-MS calcd for Cr4H1:NO,S 257.0510, found 257.0513.

4.1.11 Preparation of diethyl 1-(naphthalen-2-ylsulfonyl)-1H-pyrrole-3,4-dicarboxylate,

76.

CO,Et R4 s
2 ~ ~
HN(:[ O cl Buy,NHSO,, KOH O 'chozEt
COzEt CH,Cly, 1t, 6 h
CO,Et

Diester 54 (0.40 g, 1.90 mmol) and KOH powder (0.13 g, 2.28 mmol) was added to a

76

solution of tetrabutylammonium hydrogen sulfate (75.8 mg, 0.19 mmol) in 35 mL CHCl,.
The reaction mixture was stirred for 15 min then the solution of naphthalene-2-sulfonyl
chloride (0.52 g, 2.28 mmol) in 8 mL CH,Cl,was added dropwise via injector and stirred at
room temperature for 6 h. The solvent was removed then treated with water (30 mL) and
CH,Cl, (3 x 10 mL). The extract was dried over MgSO, and concentrated under reduced
pressure. The residue was column chromatographed using hexane/ethyl acetate (2:1) as eluent
to give the 0.71 g of 76 (93%) as a white solid; mp 78-80 °C; R; = 0.38 (hexane/ethyl acetate
= 3:1); *H NMR (300 MHz, CDCl3, Figure S-103) & 1.32 (t, J = 7.2 Hz, 6H), 4.29 (q, J = 7.2
Hz, 4H), 7.63-8.00 (m, 8H), 8.57 (s, 1H); °C NMR (75.4 MHz, CDCls, Figure S-104) & 14.0
(CHs), 60.8 (CH,), 119.8 (CH), 121.2 (Cq), 125.4 (CH), 127.9 (CH), 128.1 (CH), 129.6 (Cq),
130.1 (CH), 130.3 (CH), 131.7 (Cq), 133.8 (Cq), 135.4 (Cq), 162.1 (Cq); EI-MS m/z 401 (M",

8), 191 (23), 127 (100); HR-EI-MS calcd for C»oH19NOgS 401.0933, found 401.0931.
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4.1.12 Preparation of 3,4-dimethyl-1-(naphthalen-2-ylsulfonyl)-1H-pyrrole, 77.

o 0

\ //O \ 7/

S . S.
~ i) AICl3, (CH3)3CNH,*BH5, CH,Cl,, 1t, 8 h
N7\ CO,Et (2 3, (CHg)s 2°bH3 2Ll NT N\ CH,
= (i) H;O* =
O CO,Et O CHs
76 77

The aluminum chloride (1.65 g, 12.5 mmol) in 20 mL dry CH,CI, was added dropwise to

another ice cold solution of fert-butylamine-borane (1.09 g, 12.5 mmol) in the 15 mL dry
CH,Cl, under nitrogen and the mixture was stirred for 10 min. The diester 76 (0.50 g, 1.25
mmol) was dissolved in 5 mL dry CH,CI, and added dropwise to the reaction mixture, and
then warmed to room temperature and stirred for 8 h. The reaction mixture treated with ice
cold 10% aqueous HCI (30 mL) and CHCl, (3 x 10 mL). The extract was dried with MgSO,
and concentrated under reduced pressure. The residue was column chromatographed using
hexane/ethyl acetate (4:1) as eluent to give the 0.22 g of 77 (63%) as a white solid; mp 66-68
°C: Rt = 0.43 (hexane/ethyl acetate = 4:1); *H NMR (300 MHz, CDCls, Figure S-105) & 1.90
(s, 6H), 6.91 (s, 2H), 7.59-7.64 (m, 2H), 7.74-7.78 (m, 1H), 7.85-7.97 (m, 3H), 8.44 (s, 1H);
3C NMR (75.4 MHz, CDCls, Figure S-106) & 10.9 (CHs), 117.9 (CH), 121.6 (CH), 125.7
(Cq), 127.7 (CH), 127.9 (CH), 128.2 (CH), 129.2 (CH), 129.4 (CH), 129.5 (CH), 132.0 (Cq),
135.0 (Cq), 136.2 (Cq); EI-MS m/z 285 (M*, 24), 127 (100); HR-EI-MS calcd for

C16H15NO,S 285.0823, found 285.0825.

4.1.13 Preparation of N*-(3-bromophenyl)benzene-1,3-diamine, 85.

/@\ /@\ Pd(OAC),, 'BUOK, DPEphos Q /@\
N
H.N NH Br Br toluene, 80 °C, 20 h Br H NH

2 2

2

85

A mixture of benzene-1,3-diamine (0.25 g, 2.31 mmol), 1,3-dibromobenzene (0.54 g, 2.31
mmol), Pd(OACc), (26.9 mg, 0.12 mmol), 2,2"-oxybis(2,1-phenylene)bis(diphenylphosphine)
(DPEphos, 0.13 g, 0.24 mmol), and ‘BuONa (0.31 g, 2.77 mmol) in 35 mL toluene was
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stirred at 80 °C for 20 h under nitrogen, and then cooling to room temperature. After removal
of the solvent under reduced pressure, the residue was filtered with celite and washed with
CH,Cl,, and column chromatographed using hexane/ethyl acetate (4:1) as eluent to give 0.53
g of 85 (87%) as a black oil; R; = 0.43 (hexane/ethyl acetate = 4:1); *H NMR (300 MHz,
CDCls, Figure $-107) & 5.36 (br, 2H), 5.61 (br, 1H), 6.29-6.47 (m, 3H), 6.89-7.20 (m, 5H);
3C NMR (75.4 MHz, CDCls, Figure S-108) & 105.2 (CH), 109.1 (CH), 109.3 (CH), 115.9
(CH), 119.9 (CH), 123.0 (Cq), 123.2 (CH), 130.3 (CH), 130.5 (CH), 143.0 (Cq), 144.9 (Cq),
147.4 (Cq), 147.5 (Cq); EI-MS m/z 362/264 (M*, 100/98), 182 (97); HR-EI-MS calcd for

C1oH11°BrN, 262.0106, found 262.0099.

4.1.14 Preparation of N*,N*-bis(3-bromophenyl)benzene-1,3-diamine, 86.

+
H,N NH, Br Br toluene, 80 °C, 20 h Br ” H Br
86

A mixture of benzene-1,3-diamine (0.20 g, 1.85 mmol), 1,3-dibromobenzene (0.95 g, 4.07
mmol), Pd(OACc), (44.8 mg, 0.20 mmol), 2,2"-oxybis(2,1-phenylene)bis(diphenylphosphine)
(0.22 g, 0.41 mmol), and ‘BuONa (0.46 g, 4.07 mmol) in 30 mL toluene was stirred at 80 °C
for 20 h under nitrogen, and then cooling to room temperature. After removal of the solvent
under reduced pressure, the residue was filtered with celite and washed with CH,Cl,, and
column chromatographed using hexane/ethyl acetate (4:1) as eluent to give 0.47 g of 86 (61%)
as a black oil; R = 0.37 (hexane/ethyl acetate = 4:1); *H NMR (300 MHz, CDCls, Figure
$-109) & 5.59 (br, 2H), 6.59 (d, J = 1.5 Hz, 1H), 6.62 (d, J = 1.5 Hz, 1H), 6.67 (s, 1H), 6.89
(d, J= 7.8 Hz, 2H), 6.98 (d, J = 7.8 Hz, 2H), 7.03-7.15 (m, 5H); *C NMR (75.4 MHz, CDCls,
Figure S-110) & 108.1 (CH), 112.1 (CH), 116.2 (CH), 120.3 (CH), 123.2 (Cq), 123.8 (CH),
130.6 (Cq), 130.8 (CH), 143.4 (Cq), 144.6 (Cq); EI-MS m/z 416/418/420 (M*, 51/100/48),

340 (32), 338 (63), 336 (34), 178 (96), 161 (49), 129 (37); HR-EI-MS calcd for
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CisH14"°Br,N, 415.9524, found 415.9526.

4.1.15 Preparation of N,N'-(1,3-phenylene)-bis(4-methyl-N-tosyl benzenesulfonamide),
87.

t,
/©\ —TsCl. BuOK Ts< J©\ Ts
H, THF, rt, 6 h l}l N

Ts Ts
87

Diamine (0.30 g, 2.78 mmol) and ‘BuONa (0.65 g, 5.84 mmol) was dissolved in 30 mL dry
THF and stirred for 15 min. The solution of toluenesulfonyl chloride (1.16 g, 6.12 mmol) in 3
mL CH,Cl, was added dropwise via injector and stirred at room temperature for 6 h. After
removal of the solvent under reduced pressure, the residue treated with water (30 mL) and
CH,Cl; (3 x 10 mL). The extract was dried over MgSO, and concentrated under reduced
pressure. The residue was column chromatographed using hexane/ethyl acetate (4:1) as eluent
to give the 0.42 g of 87 (21%) as a white solid; mp 261-262 °C; R; = 0.41 (hexane/ethyl
acetate = 3:1); '"H NMR (300 MHz, CDCls, Figure S-111) & 2.36 (s, 12H), 6.81-6.82 (m, 1H),
7.15-7.18 (m, 2H), 7.33 (s, 1H), 7.34 (d, J = 8.4 Hz, 8H), 7.79 (d, J = 8.4 Hz, 8H); *C NMR
(75.4 MHz, CDCls, Figure S-112) § 21.7 (CHs), 128.5 (CH), 129.2 (CH), 129.8 (CH), 133.3
(CH), 135.0 (CH), 135.0 (Cq), 136.4 (Cq), 145.1 (Cq); EI-MS m/z 724 (M*, 7), 139 (37), 91

(100); HR-EI-MS calcd for C34H3,N2,0sS, 724.1041, found 724.1027.

4.1.16 Preparation of N-(3-aminophenyl)-4-methylbenzene sulfonamide, 89.

J@\ TsCl, K,CO3 /@\
HoN NH, CHCN.reflux, 12h 1y \ NS

H

89

A mixture of diamine (0.15 g, 1.39 mmol), toluenesulfonyl chloride (0.29 g, 1.53 mmol), and

K,CO3 (0.23 g, 1.67 mmol) in 45 mL CH3CN was heated to reflux for 12 h, and then cooling
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to room temperature. After removal of the solvent under reduced pressure, the residue treated
with water (30 mL) and CH,CI, (3 x 10 mL). The extract was dried over MgSO, and
concentrated under reduced pressure. The residue was column chromatographed using
hexane/ethyl acetate (2:1) as eluent to give the 0.31 g of 89 (84%) as a white solid; mp
132-133 °C; R; = 0.13 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-113)
§ 2.35 (s, 3H), 3.41 (br, 2H), 6.38-6.41 (m, 2H), 6.51 (s, 1H), 6.93-6.98 (m, 2H), 7.20 (d, J =
8.1, 2H), 7.68 (d, J = 8.1, 2H); **C NMR (75.4 MHz, CDCls, Figure S-114) § 21.6 (CHs),
107.7 (CH), 111.1 (CH), 112.0 (CH), 127.3 (CH), 129.7 (CH), 130.1 (CH), 136.2 (Cq), 137.7
(Cq), 143.8 (Cq), 147.4 (Cq); EI-MS m/z 262 (M", 21), 199 (43), 198 (97), 197 (100), 80 (68);

HR-EI-MS calcd for C13H14N20,S 262.0776, found 262.0768.

4.1.17 Preparation of N-(3-aminophenyl)-4-methyl-N-tosyl benzenesulfonamide, 88.

TSCI, K2C03
~TS  CH4CN, reflux, 12 h ~Ts
H,N sCN, : HoN N

N .
Ts
89 88

A mixture of 89 (0.20 g, 0.76 mmol), toluenesulfonyl chloride (0.16 g, 0.84 mmol), and
K,CO3 (0.13 g, 0.91 mmol) in 45 mL CH3CN was heated to reflux for 12 h, and then cooling
to room temperature. After removal of the solvent under reduced pressure, the residue treated
with water (30 mL) and CH,CI, (3 x 10 mL). The extract was dried over MgSO, and
concentrated under reduced pressure. The residue was column chromatographed using
hexane/ethyl acetate (2:1) as eluent to give the 0.30 g of 88 (93%) as a white solid; mp
202-203 °C; Rs = 0.21 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-115)
§ 2.45 (s, 6H), 3.49 (br, 2H), 6.37-6.39 (m, 2H), 6.71-6.75 (m, 1H), 7.09 (t, J = 8.1, 1H), 7.32
(d, J = 8.1, 4H), 7.83 (d, J = 8.1, 4H); **C NMR (75.4 MHz, CDCls, Figure S-116) & 21.7
(CHs), 116.9 (CH), 118.0 (CH), 121.6 (CH), 128.6 (CH), 129.5 (CH), 129.6 (Cq), 135.1 (Cq),

136.7 (Cq), 144.8 (Cq), 146.8 (Cq); EI-MS m/z 416 (M"*, 8), 217 (100), 197 (81), 139 (37), 91
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(69); HR-EI-MS calcd for CooH2oN»04S, 416.0864, found 416.0860.

4.1.18 Preparation of 3,4-dimethyl-2-tosyl-1H-pyrrole, 100.

CHj _CHs
TsNi;[ 254 nm N
CHy 77K 8h CHj
Ts
78 100

A solution of 78 (25 mM) in chloroform was degassed with three cycles of freeze-pump-thaw
methods under reduced pressure then sealed the quartz tube. The solution was irradiated with
254 nm UV light in a Rayonet reactor at 77 K for 8 h. The solvent was removed in vacuo and
the residue was dissolved and purified and column chromatographed using hexane/ethyl
acetate (4:1) as eluent to give the 100 (92%) as a white solid, and recovered 88% of 78. The
yields determination basic on tracked of *H NMR experiments. R = 0.63 (hexane/ethyl
acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-117) & 1.94 (s, 3H), 2.14 (s, 3H), 2.38 (s,
3H), 6.68 (s, 1H), 7.26 (d, J = 8.1 Hz, 2H), 7.76 (d, J = 8.1 Hz, 2H), 9.02 (br, 1H); *C NMR
(75.4 MHz, CDCls, Figure S-118) & 9.2 (CHs), 9.9 (CH3), 21.5 (CHs), 120.6 (CH), 121.3

(Cq), 123.6 (Cq), 124.7 (Cq), 126.7 (CH), 129.9 (CH), 139.9 (Cq), 143.4 (Cq).

4.2.1 General procedures for the preparation of 2-(bromomethyl)-3-methylquinoxaline

181¢** and 1-(bromomethyl)-2-methylbenzene 181d.%

NBS, dibenzoyl peroxide
1,2-dichlorobenzene, Br
0, 0,
180c.d 60 °C, 2.5 hfor ¢, and 40 °C, 4 h ford 181c.d

2,3-Dimethylquinoxaline  180c  or  2,3-dimethylpyrazine  180d (2.53 mmol),

N-bromosuccinimide (0.60 g, 3.33 mmol) and dibenzoyl peroxide (0.01 g, 0.04 mmol) was
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dissolved in 30 mL of 1,2-dichlorobenzene under nitrogen. The reaction mixture was heated
to 40-60 °C and stirred for 2.5-4 h. After cooling to room temperature, the reaction mixture
was passed through a short silica gel column and washed with hexane to remove
1,2-dichlorobenzene. After this, dichloromethane was used as the eluent, After concentration
under reduced pressure, the residue was column chromatographed using hexane/ethyl acetate

(7:1-6:1 gradient) as eluent to give the corresponding products 181c and 181d.

4.2.1.1 Data for 2-(bromomethyl)-3-methylquinoxaline, 181c.* Yield 84%: white solid;
mp 120-122 °C (ref.**® 120 °C); R; = 0.30 (hexane/ethyl acetate = 6:1); *H NMR (300 MHz,
CDCls, Figure S-119) & 2.89 (s, 3H), 4.76 (s, 2H), 7.69-7.78 (m, 2H), 8.01-8.05 (m, 2H); *C
NMR (75 MHz, CDCls, Figure $-120) & 22.4 (CHs), 31.8 (CHy), 128.4 (CH), 129.0 (CH),
129.4 (CH), 130.4 (CH), 140.8 (Cq), 141.9 (Cq), 150.8 (Cq), 153.1 (Cq); EI-MS m/z 328/326

(M*, 24/24), 157 (100); HR-EI-MS m/z calcd for CioHg" BrN, 235.9949, found 235.9956.

4.2.1.2 Data for 1-(bromomethyl)-2-methylbenzene, 181d.* Yield 73%; black oil; R; =
0.29 (hexane/ethyl acetate = 4:1); *H NMR (300 MHz, CDCls, Figure S-121) & 2.68 (s, 3H),
4.60 (s, 2H), 8.38 (d, J = 2.4 Hz, 2H), 8.42 (d, J = 2.4 Hz, 2H); *C NMR (75 MHz, CDCls,
Figure S-122) § 21.2 (CHs), 31.1 (CH,), 141.6 (CH), 143.4 (CH), 150.4 (Cq), 153.0 (Cq);
EI-MS m/z 187/185 (M*, 12/2), 107 (100), 108 (85), 82 (50), 80 (90), 79 (40); HR-EI-MS m/z

calcd for CgH-"°BrN, 185.9793, found 185.9788.
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4.2.2 General procedures for the preparation of 3-methylquinoxaline-2-carbaldehyde

182¢** and 3-methylpyrazine-2-carbaldehyde 182d.%%

Br MeOH, rt,
181c.d 6 hforc,and 8 hford O
182c,d

A mixture of 2-nitropropane (0.11 g, 1.24 mmol) and sodium methoxide (0.09 g, 1.67 mmol)

in 10 mL of methanol was heated to reflux for 30 min and then cooled to room temperature.
Compound 181c or 181d (0.89 mmol) was added and the reaction mixture was stirred at
room temperature for 6-8 h. After removal of the solvent under reduced pressure, the residue
was partitioned between water (45 mL) and dichloromethane (3 x 15 mL). The organic layer
was dried over MgSO, and concentrated under reduced pressure. The residue was column
chromatographed using hexane/ethyl acetate (8:1-6:1 gradient) as eluent to give the

corresponding products 182c and 182d.

4.2.2.1 Data for 3-methylquinoxaline-2-carbaldehyde, 182c.** Yield 86%:yellow solid;
mp 128-130 °C (ref.**° 134°C); R; = 0.35 (hexane/ethyl acetate = 6:1); *H NMR (300 MHz,
CDCls, Figure S-123) § 3.05 (s, 3H), 7.79-7.94 (m, 2H), 8.09-8.23 (m, 2H), 10.3 (s, 1H); °C
NMR (75 MHz, CDCls, Figure S-124) § 23.2 (CHs), 128.6 (CH), 130.0 (CH), 130.0 (CH),
133.0 (CH), 140.8 (Cq), 142.7 (Cq), 145.2 (Cq), 153.5 (Cq), 194.0 (Cq); EI-MS m/z 172 (M",
90), 144 (79), 143 (100), 102 (62); HR-EI-MS m/z calcd for CyoHgN,O 172.0637, found

172.0632.
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4.2.2.2 Data for 3-methylpyrazine-2-carbaldehyde, 182d.* Yield 91%:; black oil (ref.*®
67°C); R = 0.36 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-125) &
2.90 (s, 3H), 8.65 (s, 2H), 10.21 (s, 1H); **C NMR (75 MHz, CDCls, Figure S-126) & 22.2
(CHa), 142.2 (CH), 145.0 (Cq), 146.5 (CH), 155.3 (Cq), 194.1 (Cq); EI-MS m/z 122 (M, 25),
121 (100), 119 (40), 93 (68), 55 (45); HR-EI-MS m/z calcd for CgHsN,O 122.0480, found

122.0489.

4.2.3 General procedures for the preparation of diethyl 2-((methylaryl)methylene)-

malonates 183a-d.** #2 %2
w CH,(CO,EY),, piperidine, AcOH zEt
H
PhH, reflux, 12 h Pz COLEt
i 183a-d

-+ =001 -0

A stirred mixture of aldehyde 182a-d (8.78 mmol), diethyl malonate (1.90 g, 11.9 mmol),

piperidine (172 mg, 2.02 mmol) and glacial acetic acid (89.0 mg, 1.48 mmol) in 40 mL of dry
benzene was heated to reflux for 12 h using a Dean-Stark trap. The solvent was removed by
rotary evaporator and the crude products were column chromatographed using hexane/ethyl

acetate (6:1-3:1 gradient) as eluent to give the corresponding products 183a-d.

4.2.3.1 Data for diethyl 2-(2-methylbenzylidene)malonate, 183a. Yield 94%; colorless
oil (ref.®? 114-116°C); R; = 0.63 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls,
Figure $-127) 8 1.16 (t, J = 7.1 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H), 2.37 (s, 3H), 4.21 (q, J =
7.1 Hz, 2H), 4.31 (q, J = 7.1 Hz, 2H), 7.12-7.34 (m, 4H), 7.97 (s, 1H); *C NMR (75 MHz,
CDCls, Figure S-128) & 13.7 (CHs), 14.1 (CHs), 19.8 (CHs), 61.4 (CH,), 61.5 (CH,), 125.9

(CH), 127.8 (CH), 129.9 (CH), 130.3 (CH), 132.6 (Cq), 137.5 (Cq), 141.7 (CH), 164.0 (Cq),
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166.2 (Cq); EI-MS m/z 262 (M, 2), 217 (71), 171 (51), 144 (100), 116 (40), 115 (65);

HR-EI-MS m/z calcd for C15H1504 262.1205, found 262.1206.

4.2.3.2 Data for diethyl 2-((3-methylthiophen-2-yl)methylene)malonate, 183b.*** Yield
99%; white solid; mp 55-56 °C (ref.**® 67-68 °C); R = 0.60 (hexane/ethyl acetate = 3:1); *H
NMR (300 MHz, CDCls, Figure S-129) & 1.32 (t, J = 7.1 Hz, 3H), 1.38 (t, J = 7.2 Hz, 3H),
2.39 (s, 3H), 4.29 (q, J = 7.1 Hz, 2H), 4.40 (q, J = 7.2 Hz, 2H), 6.91 (d, J = 5.1 Hz, 1H), 7.41
(d, J = 5.1 Hz, 1H), 7.93 (s, 1H); *C NMR (75 MHz, CDCls, Figure S-130) & 13.9 (CHa),
14.1 (CH3), 14.5 (CH3), 61.4 (CH;), 61.8 (CHy), 121.4 (Cq), 129.9 (CH), 130.1 (Cq), 130.4
(CH), 132.6 (CH), 144.7 (Cq), 164.6 (Cq), 166.6 (Cq); EI-MS m/z 268 (M", 31), 223 (47),
222 (40), 177 (33), 150 (100), 122 (39), 121 (32): HR-EI-MS m/z calcd for CisH1sSOs

268.0769, found 268.0767.

4.2.3.3 Data for diethyl 2-((3-methylquinoxalin-2-yl)methylene)malonate, 183c.** Yield
72%:; yellow solid; mp 105—107 °C (ref.*®® 104 °C); R; = 0.28 (hexane/ethyl acetate = 3:1); *H
NMR (300 MHz, CDCls, Figure S-131) § 1.32 (t, J = 7.2 Hz, 3H), 1.38 (t, J = 7.2 Hz, 3H),
2.89 (s, 3H), 4.38 (q, J = 7.2 Hz, 2H), 4.45 (q, J = 7.2 Hz, 2H), 7.68-7.80 (m, 2H), 7.92-8.00
(m, 2H), 8.03 (s, 1H); *C NMR (75 MHz, CDCls, Figure S-132) & 14.1 (CHs), 22.6 (CHy),
61.4 (CHp), 62.1 (CH,), 128.4 (CH), 129.3 (CH), 129.6 (CH), 131.1 (CH), 132.4 (Cq), 134.8
(CH), 140.7 (Cq), 141.9 (Cq), 145.8 (Cq), 153.1 (Cq), 163.5 (Cq), 166.0 (Cq); EI-MS m/z
314 (M, 53), 285 (33), 269 (38), 241 (100); HR-EI-MS m/z calcd for C17Hg7N,04 314.1267,

found 314.1265.

4.2.3.4 Data for diethyl 2-((3-methylpyrazin-2-yl)methylene)malonate, 183d.** Yield
63%:; white solid; mp 61-62 °C (ref.**® 67 °C); R; = 0.19 (hexane/ethyl acetate = 3:1); *H
NMR (300 MHz, CDCls, Figure S-133) & 1.32 (t, J = 7.1 Hz, 3H), 1.35 (t, J = 7.2 Hz, 3H),

218



2.72 (s, 3H), 4.33 (q, J = 7.1 Hz, 2H), 4.38 (q, J = 7.2 Hz, 2H), 7.86 (s, 1H), 8.39-8.43 (m,
2H); *C NMR (75 MHz, CDCls, Figure S-134) § 13.8 (CHg3), 13.9 (CHs), 21.4 (CH3), 61.3
(CH,), 61.9 (CH,), 131.3 (Cq), 134.4 (CH), 141.5 (CH), 144.3 (CH), 145.3 (Cq), 153.7 (Cq),
163.4 (Cq), 166.0 (Cq); EI-MS m/z 264 (M*, 36), 219 (100), 218 (87), 191 (53), 147 (59),
146 (71), 119 (52), 118 (48); HR-EI-MS m/z calcd for CisHigN,O, 264.1110, found

264.1114.

4.2.4 General procedures for the preparation of diethyl 2-((bromomethylaryl)-

methylene)-malonates 184a-( 40c 422, 62

Br

2Et NBS, dibenzoyl peroxide 2Et
_di 60 © X =
= CO,Et 1,2-dichlorobenzene, 40-60 °C, 12-15 h CO,Et

o - <x] ] 28] 2

A mixture of 183a-d (2.01 mmol), N-bromosuccinimide (0.47 g, 2.49 mmol) and dibenzoyl

peroxide (78.0 mg, 0.03 mmol) was dissolved in 35 mL of 1,2-dichlorobenzene under
nitrogen. The reaction mixture was stirred at 4060 °C for 12-15 h and then cooled to room
temperature. The reaction mixture was passed through a short silica gel column and washed
with hexane to remove 1,2-dichlorobenzene, then eluted with dichloromethane After removal
of the solvent under reduced pressure, the residue was column chromatographed using

hexane/ethyl acetate (8:1-6:1 gradient) as eluent to give the corresponding products 184a-d.

4.2.4.1 Data for diethyl 2-(2-(bromomethyl)benzylidene)malonate, 184a.°* Yield 91%;
black liquid; R = 0.38 (hexane/ethyl acetate = 4:1); *H NMR (300 MHz, CDCls, Figure

S$-135) § 1.12 (t, J = 7.1 Hz, 3H), 1.35 (t, J = 7.1 Hz, 3H), 4.18 (q, J = 7.1 Hz, 2H), 4.33 (q, J
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= 7.1 Hz, 2H), 4.51 (s, 2H), 7.30-7.40 (m, 4H), 8.13 (s, 1H); *C NMR (75 MHz, CDCls,
Figure S-136) & 13.6 (CHs), 14.0 (CH3), 30.7 (CH,), 61.4 (CH,), 61.7 (CH,), 128.5 (CH),
128.7 (CH), 129.5 (Cq), 130.1 (CH), 130.2 (CH), 133.1 (Cq), 136.2 (Cq), 139.9 (CH), 163.5
(Cq), 165.6 (Cq); EI-MS m/z 277 (M*=Br, 32), 133 (54), 132 (32), 131 (95), 115 (61), 105
(58), 87 (100), 60 (67), 55 (52); HR-EI-MS m/z calcd for Ci5Hi7"°BrO, 340.0310, found

340.0119.

4.2.4.2 Data for diethyl 2-((3-(bromomethyl)thiophen-2-yl)methylene)malonate, 184b.*?
Yield 71%; white solid; mp 48—49 °C (ref.**® 58-59 °C); R; = 0.56 (hexane/ethyl acetate =
4:1); *H NMR (300 MHz, CDCls, Figure S-137) § 1.33 (t, J = 7.1 Hz, 3H), 1.37 (t, J = 7.1 Hz,
3H), 4.31 (q, J = 7.1 Hz, 2H), 4.40 (q, J = 7.1 Hz, 2H), 4.59 (s, 2H), 7.11 (d, J = 5.0 Hz, 1H),
7.45 (d, J = 5.0 Hz, 1H), 7.94 (s, 1H); *C NMR (75 MHz, CDCls, Figure S-128) & 13.8
(CHa), 14.1 (CHs3), 23.6 (CH,), 61.7 (CHy), 62.0 (CHy), 123.7 (Cq), 129.6 (CH), 130.2 (CH),
130.6 (CH), 132.7 (Cq), 142.5 (Cq), 164.0 (Cq), 166.0 (Cq); EI-MS m/z 346/345 (M*, 10/2),
267 (59), 221 (32), 193 (100), 167 (36), 149 (37), 121 (66); HR-EI-MS m/z calcd for

C13H15 °BrSO,4 349.9874, found 349.9869.

4243 Data for diethyl 2-((3-(bromomethyl)quinoxalin-2-yl)methylene)malonate,
184¢.%% Yield 60%; black solid; mp 101-103 °C; R; = 0.23 (hexane/ethyl acetate = 6:1); *H
NMR (300 MHz, CDCls, Figure S-139) & 1.33 (t, J = 6.9 Hz, 3H), 1.39 (t, J = 7.2 Hz, 3H),
439 (q,J = 7.2 Hz, 2H), 4.46 (q, J = 7.2 Hz, 2H), 4.85 (s, 2H), 7.76-7.81 (m, 2H), 7.95-8.05
(m, 2H), 8.12 (s, 1H); *C NMR (75 MHz, CDCls, Figure S-140) & 14.0 (CHs), 14.0 (CHy),
30.3 (CH,), 61.4 (CH,), 62.1 (CH,), 129.0 (CH), 129.2 (CH), 131.0 (CH), 131.5 (CH), 132.6
(Cq), 133.7 (CH), 141.3 (Cq), 141.4 (Cq), 145.4 (Cq), 150.7 (Cq), 163.3 (Cq), 165.8 (Cq);
EI-MS m/z 394/392 (M*, 19/19), 321 (100), 319 (100), 240 (45), 239 (48), 196 (31), 195 (61),
168 (52), 167 (54); HR-EI-MS m/z calcd for Ci7H17°BrN,04 392.0372, found 392.0381.
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4.2.4.4 Data for diethyl 2-((3-(bromomethyl)pyrazin-2-yl)methylene)malonate, 184d.%

Yield 65%; white solid; mp 82—-83 °C; R; = 0.20 (hexane/ethyl acetate = 4:1); *H NMR (300
MHz, CDCls, Figure S-141) § 1.33 (t, J = 7.1 Hz, 3H), 1.37 (t, J = 7.1 Hz, 3H), 4.36 (q, J =
7.1 Hz, 2H), 4.37 (q, J = 7.1 Hz, 2H), 4.68 (s, 2H), 7.91 (s, 1H), 8.49 (s, 2H); *C NMR (75
MHz, CDCls, Figure S-142) & 13.9(CHs), 14.0 (CHs), 29.3 (CH,), 61.5 (CHy,), 62.2 (CHy),
134.4 (Cq), 133.1 (CH), 143.6 (CH), 144.5 (CH), 145.7 (Cq), 151.8 (Cq), 163.3 (Cq), 165.8
(Cq); EI-MS m/z 344/342 (M", 14/14), 299 (56), 298 (72), 297 (56), 296 (68), 249 (100), 189

(77), 117 (64); HR-EI-MS m/z calcd for CisHis™°BrN,04 342.0215, found 342.0210.

4.2.5 Preparation of diethyl 2-((3-(azidomethyl)thiophen-2-yl) methylene)malonate,

185b.4%
Br N3
/Y GOk NaNs; /[ GOk
S = CO,Et EtOH, rt, 1 h S = CO,Et
184b 185b

A mixture of 184b (0.25 g, 0.72 mmol) and sodium azide (0.11 g, 1.69 mmol) in 12 mL of
95% ethanol was stirred at room temperature for 1 h. The solvent was removed and the
residue was treated with water (25 mL) and dichloromethane (3 x 10 mL). The extract was
dried over MgSO, and concentrated under reduced pressure. The residue was column
chromatographed using hexane/ethyl acetate (4:1) as eluent to give 185b (0.21 g, 94%) as a
red oil; Rs = 0.54 (ethyl acetate/methanol = 3:1); *H NMR (300 MHz, CDCls, Figure S-143) &
1.32 (t, J = 7.1 Hz, 3H), 1.37 (t, J = 7.1 Hz, 3H), 4.30 (q, J = 7.1 Hz, 2H), 4.40 (q, J = 7.1 Hz,
2H), 4.48 (s, 2H), 7.10 (d, J = 5.2 Hz, 1H), 7.51 (d, J = 5.2 Hz, 1H), 7.89 (s, 1H); *C NMR
(75 MHz, CDCls, Figure S-144) § 13.6 (CHs), 13.9 (CH3), 47.0 (CH,), 61.5 (CH,), 61.8
(CHy), 123.5 (Cq), 128.9 (CH), 130.4 (CH), 130.6 (CH), 132.5 (Cq), 140.8 (Cq), 163.8 (Cq),

165.8 (Cq); EI-MS m/z 309 (M, 1), 208 (64), 162 (100), 136 (51), 135 (57), 134 (80);
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HR-EI-MS m/z calcd for C13H15SNs0,309.0783, found 309.0781.

4.2.6 General procedures for the preparation of heteroaromatic fused

A%-1,2,3-triazolines 186a,%? 186¢**, and 186d.%

Br

= N
ZNco,et MeOHH,0=3/1, 1t 3hfora

EtOH, rt, 12 h for ¢ EtO,C" co.Et
184a, 184b-d EtOH, rt, 2 h for d 2
186a, 186b-d

~C= 0=

A mixture of 184a, 184c, or 184d (1.05 mmol) and sodium azide (0.17 g, 2.61 mmol) in

12-15 mL of methanol/water (v/v = 3/1) or 95% ethanol was stirred at room temperature for
2-12 h. The solvent was removed and the residue was treated with water (25 mL) and
dichloromethane (3 x 10 mL). The extract was dried over MgSO, and concentrated under
reduced pressure. The residue was column chromatographed using hexane/ethyl acetate

(4:1-1:1 gradient) as eluent to give the corresponding products 186a, 186¢, and 186d.

4.2.6.1 Data for benzene fused A?-1,2,3-triazoline, 186a.% Yield 92%; a white solid; mp
99-101 °C (ref.?? 99-101 °C); R; = 0.58 (hexane/ethyl acetate = 2:1); *H NMR (300 MHz,
CDCls, Figure S-145) § 1.14 (t, J = 7.3 Hz, 3H), 1.37 (t, J = 7.3 Hz, 3H), 4.15-4.48 (m, 4H),
4.68 (d, J = 15.5 Hz, 1H), 5.34 (d, J = 15.5 Hz, 1H), 5.72 (s, 1H), 7.11 (d, J = 7.2 Hz, 1H),
7.20-7.40 (m, 4H); *C NMR (75 MHz, CDCls, Figure S-146) § 13.7 (CH3), 13.9 (CHs), 55.0
(CHy,), 62.4 (CH,), 63.3 (CH,), 68.1 (CH), 95.0 (Cqg), 123.0 (CH), 123.3 (CH), 127.7 (CH),
129.1 (CH), 135.9 (Cq), 137.5 (Cq), 164.4 (Cq), 164.9 (Cq); FAB-MS m/z 304 (M + H");

HR-FAB-MS (M + H") m/z calcd for C15H1sN304 304.1292, found 304.1301.
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4.2.6.2 Data quinoxaline fused A4°-1,2,3-triazoline,186¢.* Yield 91%; a white solid; mp
125-126 °C; R; = 0.65 (hexane/ethyl acetate = 1:1); *H NMR (300 MHz, CDCls, Figure
S-147) 8 1.23 (t, J = 7.2 Hz, 3H), 1.40 (t, J = 7.2 Hz, 3H), 4.29-4.38 (m, 3H), 4.46-4.54 (m,
1H), 4.93 (d, J = 17.4 Hz, 1H), 5.55 (d, J = 17.4 Hz, 1H), 5.86 (s, 1H), 7.72-7.82 (m, 2H),
7.90-8.10 (m, 2H); **C NMR (75 MHz, CDCls, Figure S-148) & 13.8 (CHs), 13.9 (CHs), 53.8
(CH,), 62.7 (CHy), 63.6 (CH,), 65.6 (CH), 95.9 (Cq), 129.2 (CH), 129.3 (CH), 130.2 (CH),
130.6 (CH), 142.0 (Cq), 142.4 (Cq), 152.4 (Cq), 153.3 (Cq), 163.6 (Cq), 164.2 (Cq); EI-MS
m/z 355 (M*, 1), 255 (39), 210 (50), 209 (47), 183 (100), 181 (63), 169 (45), 142 (36), 102

(46), HR-EI-MS m/z calcd for Ci17H17N504 355.1281, found 355.1282.

4.2.6.3 Data for pyrazine fused 4°-1,2 3-triazoline, 186d.“” Yield 93%:; black solid;
decomposition when higher than 35°C; R; = 0.18 (hexane/ethyl acetate = 4:1); *H NMR (300
MHz, CDCls, Figure S-149) § 1.25 (t, J = 7.2 Hz, 3H), 1.38 (t, J = 7.1 Hz, 3H), 4.24-4.50 (m,
4H), 4.78 (d, J = 16.9 Hz, 1H), 5.40 (d, J = 16.9 Hz, 1H), 5.73 (s, 1H), 8.40 (s, 1H), 8.60 (s,
1H); C NMR (75 MHz, CDCls, Figure S-150) & 13.7 (CHs), 13.9 (CHs), 53.6 (CH,), 62.7
(CH,), 63.5 (CH,), 65.7 (CH), 95.0 (Cq), 143.8 (CH), 144.8 (CH), 151.9 (Cq), 153.3 (Cq),
163.5 (Cq), 164.1 (Cq); EI-MS m/z 277 (M*=28, 14), 204 (40), 160 (62), 159 (78158 (66);

133 (83), 132 (81), 131 (100).

4.2.7 Preparation of thiophene fused 4°-1,2,3-triazoline, 186b.**

N3

co 7T N
THF, 1t, 12 h N
ST NFNco,Et

Et0,C" co,Et

185b 186b

The 185b (0.12 g, 0.39 mmol) in 10 mL of tetrahydrofuran was stirred at room temperature

for 12 h. The solvent was removed and the residue was treated with water (20 mL) and
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dichloromethane (3 x 10 mL). The extract was dried over MgSO, and concentrated under
reduced pressure. The residue was column chromatographed using hexane/ethyl acetate (6:1)
as eluent to give 186b (0.76 mg, 63%) as a red solid; mp 45-46 °C; R; = 0.32 (ethyl
acetate/methanol = 4:1); *H NMR (300 MHz, CDCls, Figure S-151) 8 1.34 (t, J = 7.2 Hz, 3H),
1.35 (t, J = 7.2 Hz, 3H), 4.24-4.45 (m, 4H), 4.56 (dd, J = 14.9, 2.1 Hz, 1H), 5.17 (dd, J = 14.9,
1.1 Hz, 1H), 5.67 (s, 1H), 6.82 (d, J = 5.0 Hz, 1H), 3.36 (d, J = 5.0 Hz, 1H); **C NMR (75
MHz, CDCls, Figure S-152) § 13.7 (CHs), 13.8 (CHs), 53.0 (CHy), 62.6 (CH,), 63.3 (CHy),
66.9 (CH), 93.6 (Cq), 120.1 (CH), 132.7 (CH), 135.1 (Cq), 142.3 (Cq), 164.1 (Cq), 164.3
(Cq); EI-MS m/z 281 (M*-28, 19), 208 (59), 180 (75), 162 (100), 137 (65), 136 (83), 135

(50), 134 (57).

Photolysis experiments of 186a, 186b, and 186¢ by UV light (254 nm) in CH3CN at room
temperature.

Compounds 186a, 186b, and 186¢ (25 mM) in CH3CN without dienophiles were irradiated in
a Rayonet photoreactor with 254 nm at room temperature for 30 min using 3 mm sealed
quartz tubes, respectively. In the presence of various dienophiles (75 mM), the irradiation
period is 2 h. Yields were determined using 1,4-dioxane as an internal standard and analyzed

by HPLC.
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4.2.8 Data for diethyl 2-(isoindolin-1-ylidene)malonate, 187a.%®

NH
\
CO,Et

EtO,C
187a

Yield 3-14%; white solid; mp 93-94 °C; R; = 0.25 (hexane/ethyl acetate = 4:1); 'H NMR
(300 MHz, CDCls, Figure S-153) & 1.31 (t, J = 7.1 Hz, 3H), 1.37 (t, J = 7.1 Hz, 3H), 4.22 (q,
J=7.1Hz, 2H), 438 (q, J = 7.1 Hz, 2H), 4.68 (s, 2H), 7.38-7.42 (m, 1H), 7.49 (s, 2H), 7.76
(d, J = 7.9 Hz, 1H), 9.49 (s, 1H); C NMR (75 MHz, CDCls, Figure S-154) 5 14.1 (CHy),
14.4 (CH3), 50.9 (CH,), 59.7 (CH,), 61.0(CH,), 88.0 (Cq), 122.6 (CH), 125.2 (CH), 127.7
(CH), 130.7 (CH), 133.5 (Cq), 142.7 (Cq), 161.3 (Cq), 168.7 (Cq), 168.9 (Cq); EI-MS m/=
275 (M*, 38), 230 (43), 202 (39), 156 (43), 1311 (100), 129 (32): HR-EI-MS m/z calcd for

C15H17NO4 2751158, found 275.1158.

4.2.9 Data for diethyl 2-(4,5-dihydrothieno[2,3-c]pyrrol-6-ylidene)malonate, 187b.*?

/|NH
S

CO,Et
EtO,C

187b

Yield 5-14%; red solid; mp 86—87 °C; R = 0.31 (hexane/ethyl acetate = 3:1); *H NMR (300
MHz, CDCls, Figure S-155) & 1.34 (t, J = 7.1 Hz, 3H), 1.35 (t, J = 7.1 Hz, 3H), 4.25 (q, J =
7.1 Hz, 2H), 4.31 (q, J = 7.1 Hz, 2H), 4.56 (s, 2H), 7.07 (d, J = 5.1 Hz, 1H), 7.67 (d, J= 5.1
Hz, 1H), 10.06 (s, 1H); *C NMR (75 MHz, CDCls, Figure S-156) § 14.3 (CH3), 14.4 (CHs),
48.6 (CH,), 59.9 (CH,), 60.0(CH,), 85.8 (Cq), 119.5 (CH), 137.1 (Cq), 137.4 (CH), 152.3
(Cq), 163.5 (Cq), 168.1 (Cq), 170.2 (Cq); EI-MS m/z 281 (M, 91), 209 (52), 208 (78), 162

(100), 137 (88); HR-EI-MS m/z calcd for C13H15SNO,4 281.0722, found 281.0725.
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4,210 Data for diethyl 2-(2,3-dihydropyrrolo[3,4-b]quinoxalin-1-ylidene)malonate,

187c.

N
e
oy’
NS
NTA
CO,Et
EtO,C
187c

Yield 5-23%; yellow solid; mp 182—183 °C; R; = 0.35 (hexane/ethyl acetate = 1:1); *H NMR
(300 MHz, CDCl3, Figure S-157) & 1.35 (t, J = 7.2 Hz, 3H), 1.38 (t, J = 7.2 Hz, 3H), 4.29 (q,
J=17.2Hz, 2H), 451 (q, J = 7.2 Hz, 2H), 4.88 (s, 2H), 7.80-7.90 (m, 2H), 8.11-8.16 (m, 2H),
9.00 (s, 1H); *C NMR (75 MHz, CDCls, Figure S-158) & 14.1 (CHg3), 14.4 (CHs), 29.7 (Cq),
49.3 (CHy), 60.3 (CH,), 61.3 (CH5), 129.0 (CH), 130.3 (CH), 130.4 (CH), 131.5 (CH), 142.3
(Cq), 142.5 (Cq), 147.3 (Cq), 154.7 (Cq), 155.0 (Cq), 166.9 (Cq), 167.9 (Cq); EI-MS m/z 327
(M*, 26), 282 (33), 255 (43), 210 (56), 183 (100), 102 (20); HR-EI-MS m/z calcd for

Ci17H17N304 327.1219, found 327.1210.

4.2.11 Data for diethyl 2-diazomalonate, 189.%% ®

- COzEt
N=N
CO,Et
189

Yield 11-32%: red liquid; Rs = 0.41 (hexane/ethyl acetate = 4:1); *H NMR (300 MHz, CDCls,
Figure S-159) & 1.32 (t, J = 7.1 Hz, 6H), 4.31 (q, J = 7.1 Hz, 4H); **C NMR (75 MHz, CDCls,
Figure S-160) § 14.2 (CH3), 61.5 (CH), 161.0 (Cq); EI-MS m/z 186 (M", 98), 178 (62), 141

(100), 69 (70); HR-EI-MS m/z calcd for C;H1oN2O4 186.0641, found 186.0640.
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4.2.12 Data for cycloadduct exo-190a.%

Yield 11%:; white solid; mp 203-205 °C; R; = 0.58 (hexane/ethyl acetate = 1:1); 'H NMR
(300 MHz, CDCls, Figure S-161) & 2.56 (s, 1H), 2.98 (s, 2H), 4.96 (s, 2H), 7.17-7.51 (m, 9H);
3C NMR (75 MHz, CDCls, Figure S-162) § 48.7 (CH), 64.4 (CH), 120.5 (CH), 126.6 (CH),
127.1 (CH), 128.7 (CH), 129.2 (CH), 132.0 (Cq), 147.3 (Cq), 176.4 (Cq); EI-MS m/z 290
(M*, 1), 173 (34), 117 (100); HR-EI-MS m/z calcd for CigH14N,O, 290.1055, found

290.1056.

4.2.13 Data for cycloadduct exo-190b.*?

Q@ Ph
N
a
\
S LH N0
190b

Yield 7%; white solid; mp 158-159 °C (ref.*** 173-176 °C); R; = 0.22 (hexane/ethyl acetate
= 3:1); *H NMR (300 MHz, CDCls, Figure S-163) & 1.78 (s, 1H), 2.88 (d, J = 6.8 Hz, 1H),
2.92 (d, J = 6.8 Hz, 1H), 5.00 (s, 1H), 5.07 (s, 1H), 6.93 (d, J = 4.7 Hz, 1H), 7.25-7.52 (m,
6H); *C NMR (75 MHz, CDCls, Figure S-164) & 50.0 (CH), 50.3 (CH), 63.3 (CH), 63.9
(CH), 119.5 (CH), 127.0 (CH), 129.2 (CH), 129.6 (CH), 130.3 (CH), 132.4 (Cq), 149.9 (Cq),
155.6 (Cq), 176.1 (Cq), 176.4 (Cq); EI-MS m/z 296 (M", 3), 130 (49), 112 (54), 99 (100), 56

(87), 55 (53); HR-EI-MS m/z calcd for C16H12SN20; 296.0619, found 296.0610.
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4.2.14 Data for cycloadduct exo-190c.

H
N Q pn
el
|
N LH O
190c
Yield 8%; white solid; mp 228-229 °C; R; = 0.38 (hexane/ethyl acetate = 1:1); *H NMR (300
MHz, CDCls, Figure S-165) & 3.06 (s, 1H), 3.26 (s, 2H), 5.11 (s, 2H), 7.35 (d, J = 7.2 Hz,
2H), 7.42-7.52 (m, 3H), 7.76-7.80 (m, 2H), 8.04-8.07 (m, 2H); **C NMR (75 MHz, CDCls,
Figure S-166) & 46.9 (CH), 63.7 (CH), 126.5 (CH), 128.9 (CH), 129.2 (CH), 129.3 (CH),
130.0 (CH), 132.0 (Cq), 140.6 (Cq), 160.8 (Cq), 174.7 (Cq); EI-MS m/z 342 (M", 2), 169

(100); HR-EI-MS m/z calcd for CyoH14N4O, 342.1117, found 342.1113.

4.2.15 Data for cycloadduct endo-191a.

CH(CO,EY,
N

z H
s o)
\(
N\Ph

O
191a

Yield 5%:; red solid; mp 125-126 °C; R; = 0.43 (hexane/ethyl acetate = 1:1); *H NMR (300
MHz, CDCls, Figure S-167) & 1.27 (t, J = 7.2 Hz, 6H), 3.58 (s, 1H), 4.03 (dd, J = 3.3, 1.8 Hz,
2H), 4.20-4.28 (m, 4H), 4.98 (dd, J = 3.5, 1.8 Hz, 2H), 6.38-6.41 (m, 2H), 7.24-7.26 (m, 3H),
7.33-7.37 (m, 4H); 3C NMR (75 MHz, CDCls, Figure S-168) & 13.9 (CHs), 46.9 (CH), 62.1
(CH,), 64.2 (CH), 66.6 (CH), 124.0 (CH), 126.2 (CH), 126.3 (CH), 128.5 (CH), 128.6 (CH),
128.9 (CH), 130.9 (Cq), 139.0 (Cq), 166.2 (Cq), 174.2 (Cq); EI-MS m/z 448 (M", 2), 275
(100), 173 (47), 131 (38), 130 (60); HR-EI-MS m/z calcd for CasH24N,Og 448.1634, found

448.1631.
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4.2.16 Data for cycloadduct exo-191b.

CH(COEY,
N O pnh
N
a
\
S HH (@]
191b

Yield 6%; red solid; mp 65-66 °C; Rs = 0.31 (hexane/ethyl acetate = 3:1); *H NMR (300
MHz, CDCls, Figure S-169) § 1.31-1.37 (m, 6H), 4.24 (q, J = 7.1 Hz, 2H), 4.31 (g, J = 7.1
Hz, 2H), 4.52 (s, 2H), 6.82 (s, 2H), 7.05 (d, J = 5.0 Hz, 1H), 7.30-7.50 (m, 5H), 7.65 (d, J =
5.0 Hz, 1H), 10.04 (s, 1H), *C NMR (75 MHz, CDCls, Figure S-170) & 14.2 (CHs), 14.3
(CHs), 48.5 (CH,), 59.9 (CH,), 85.7 (Cq), 119.5 (CH), 125.9 (CH), 127.8 (CH), 129.0 (CH),
134.0 (CH), 137.3 (CH), 152.3 (Cq), 163.4 (Cq), 168.1 (Cq), 169.4 (Cq), 170.2 (Cq); EI-MS
m/z 454 (M*, 1), 281 (73), 208 (98), 173 (83), 162 (100), 137 (57); HR-EI-MS m/z calcd for

C23H228N206 454.1199, found 454.1191.

4.2.17 Data for cycloadduct 192c.

- CHCO-ED,

(6]
/N
94 est
N
192¢ o
Yield 6%; yellow solid; mp 172-173 °C; R; = 0.49 (hexane/ethyl acetate = 1:1); 'H NMR
(300 MHz, CDCls, Figure S-171) & 1.21 (t, J = 7.1 Hz, 3H), 1.26 (s, 1H), 1.40 (t, J = 7.2 Hz,
3H), 3.32 (d, J = 7.2 Hz, 1H), 3.75 (d, J = 7.2 Hz, 1H), 4.15 (t, J = 6.9 Hz, 2H), 4.41-4.49 (m,
2H), 4.46 (s,1H), 5.07 (s,1H), 7.33-7.52 (m, 5H), 7.71-7.79 (m, 2H), 8.02-8.05 (m, 2H); *C
NMR (75 MHz, CDCls, Figure S-172) & 13.9 (CHa), 14.1 (CHs), 47.8 (CH), 48.3 (CH), 51.3
(CH), 61.9 (CHy), 62.1 (CH,), 62.4 (CH), 70.9 (Cq), 126.5 (CH), 128.9 (CH), 129.0 (CH),
129.2 (CH), 129.6 (CH), 129.7 (CH), 129.9 (CH), 131.8 (Cq), 140.3 (Cq), 140.6 (Cq), 160.1

(Cq), 160.3 (Cq), 166.6 (Cq), 168.0 (Cq), 173.9 (Cq), 174.4 (Cq); EI-MS m/z 500 (M*, 2),
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327 (100), 255 (60), 254 (80), 210 (51), 209 (40), 208 (87), 127 (94), 173 (87); HR-EI-MS

m/z calcd for Cy7H24N4Og 500.1696, found 500.1694.

4.2.18 Data for cycloadduct 193a.

H
N
@[COZME
COzMe
193a
Yield 17%; red liquid; Rs = 0.73 (hexane/ethyl acetate = 1:1); *H NMR (300 MHz, CDCls,
Figure S-173) 6 1.62 (s, 1H), 3.96 (s, 6H), 7.63 (dd, J = 6.3, 3.3 Hz, 2H), 7.93 (dd, J = 6.3,
3.3 Hz, 2H), 8.26 (s, 2H); *C NMR (75 MHz, CDCls, Figure S-174) & 52.7 (CHs), 128.4
(Cq), 128.6 (CH), 128.7 (CH), 130.1 (CH), 133.4 (Cq), 168.2 (Cq); EI-MS m/z 259 (M*, 1),

244 (35), 213 (100); HR-EI-MS m/= calcd for CraH1sNO4 259.0845, found 259.0837.

4.2.19 Data for cycloadduct 194a.

§CH(cozEt)2
N

<ji\[cozlvm

1040 COMe
Yield 11%; red solid; mp 91-92 °C; R; = 0.48 (hexane/ethyl acetate = 1:1); *H NMR (300
MHz, CDCls, Figure S-175) § 1.28 (t, J = 7.2 Hz, 6H), 3.79 (s, 6H), 4.25 (g, J = 7.2 Hz, 4H),
5.26 (s, 2H), 7.08 (dd, J = 5.1, 3.0 Hz, 2H), 7.41 (dd, J = 5.1, 3.0 Hz, 2H); 3C NMR (75
MHz, CDCls, Figure S-176) & 13.9 (CHs), 52.3 (CHs), 62.0 (CHy), 64.8 (CH), 72.3 (CH),
123.3 (CH), 126.2 (CH), 144.7 (Cq), 149.4 (Cq), 163.3 (Cq), 166.2 (Cq); EI-MS m/z 417 (M",
3), 344 (19), 312 (100), 275 (20), 224 (21), 213 (32); HR-EI-MS m/z calcd for Cp1H23NOg

417.1424, found 417.1421.
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4.2.20 Data for cycloadduct 194b.

;CH(cozEt)z
N
COZMe
i
S CO,Me

194b

Yield 6%; yellow solid; mp 83-84 °C; R; = 0.11 (hexane/ethyl acetate = 3:1); *H NMR (300
MHz, CDCls, Figure S-177) & 1.24 (t, J = 7.1 Hz, 6H), 3.81 (s, 1H), 3.86 (s, 3H), 3.90 (s, 3H),
3.95 (s, 1H), 7.32 (q, J = 7.1 Hz, 4H), 4.96 (s, 1H), 7.32 (d, J = 5.6 Hz, 1H), 7.45 (d, J = 5.6
Hz, 1H); °C NMR (75 MHz, CDCls, Figure S-178) & 14.4 (CHs), 55.1 (CH), 62.4 (CHy),
120.0 (CH), 127.4 (CH), 130.1 (Cq), 133.1 (Cq), 144.9 (Cq), 146.2 (Cq), 167.8 (Cq), 168.3
(Cq), 170.0 (Cq); EI-MS m/z 423 (M, 29), 351 (41), 278 (47), 272 (89), 241 (100), 59 (65);

HR-EI-MS m/z calcd for C19H21SNOg 423.0988, found 423.0987.

4.2.21 Data for cycloadduct 195c.

hy- CHCO-ED,

/N:©:COZMe
<:[\N | CO,Me
195c

Yield 9%; red solid; mp 157—158 °C; R; = 0.53 (hexane/ethyl acetate = 1:1); *H NMR (600
MHz, CDCls, Figure $-179) & 1.17 (t, J = 7.2 Hz, 6H), 3.72 (d, J = 3.0 Hz, 1H), 3.90 (s, 3H),
3.96 (s, 3H), 4.18-4.25 (m, 4H), 7.81-7.86 (m, 4H), 8.12-8.14 (m, 1H), 8.18-8.19 (m, 1H);
3C NMR (150 MHz, CDCls, Figure S-180) & 14.1 (CHs), 52.0 (CH), 52.1 (CH3), 52.5 (CHa),
61.4 (CH,), 117.0 (Cq), 129.5 (CH), 130.8 (CH), 131.8 (CH), 134.8 (Cq), 136.8 (Cq), 141.0
(Cq), 142.8 (Cq), 143.8 (Cq), 150.2 (Cq), 167.3 (Cq), 168.3 (Cq), 169.0 (Cq); EI-MS m/z 469
(M, 100), 423 (85), 396 (49), 368 (46), 351 (32), 308 (95), 276 (45); HR-EI-MS m/z calcd

for Cp3H23N30g 469.1483, found 469.1485.
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4.2.22 Data for cycloadduct 196a.

CH(CO,E),
s
N

b

\

CN

196a

Yield 3%; white solid; mp 117-119 °C; R; = 0.58 (hexane/ethyl acetate = 1:1); *H NMR (300
MHz, CDCls, Figure S-181) § 1.19-1.27 (m, 6H), 2.65 (d, J = 4.5 Hz, 1H), 3.63 (s, 1H), 3.70
(t, /= 4.5 Hz, 1H), 4.05-4.20 (m, 4H), 4.93 (s, 1H), 5.05 (d, J = 4.2, 1H), 7.35-7.49 (m, 4H);
3C NMR (75 MHz, CDCls, Figure S-182) & 13.9 (CHs), 35.4 (CH), 36.3 (CH), 62.0 (CHy),
62.1 (CH,), 63.4 (CH), 66.3 (CH), 68.4 (CH), 117.0 (Cq), 118.3 (Cq), 122.5 (CH), 124.4
(CH), 129.2 (CH), 129.2 (CH), 138.3 (Cq), 140.1 (Cq), 166.0 (Cq), 166.0 (Cq); EI-MS m/z
353 (M*, 1), 275 (100), 131 (32), 130 (64); HR-EI-MS m/z calcd for C19H19N304 353.1736,

found 353.1743.

4.3.1 Preparation of 2-(2,6-dimethylphenoxy)acetonitrile, 244.

/@\ KOH, BuyN(HSO,), BrCH,CN )@\

CH2C|2, rn, 5 h (o)

OH j

CN
244

A mixture of 2,6-dimethylphenol (3.00 g, 24.6 mmol), potassium hydroxide (1.80 g, 32.1
mmol), and tetrabutylammonium sulfate (0.42 g, 1.24 mmol), in 50 mL CH,ClI, was stirred
for 20 min. The bromoacetonitrile (3.80 g, 31.9 mmol) was added and the reaction mixture
was stirred at to room temperature for 5 h. The crude products were treated with H,O (40 mL)
and CH,Cl, (3 x 15 mL). The extract was dried with MgSO, and concentrated under reduced
pressure. The residue was column chromatographed hexane/ethyl acetate (6:1) as eluent to

give 3.84 g (97%) 244 as a yellow liquid; R; = 0.55 (hexane/ethyl acetate = 6:1); *H NMR
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(300 MHz, CDCls, Figure S-183) & 2.32 (s, 6H), 4.58 (s, 2H), 6.95-7.05 (m, 3H); *C NMR
(75 MHz, CDCls, Figure S-184) 5 16.3 (CHs), 57.0 (CH,), 115.7 (Cq), 125.4 (CH), 129.3
(CH), 130.6 (CH), 154.4 (Cq); EI-MS m/z 161 (M*,30), 121 (100), 77 (59): HR-EI-MS (M*)

m/z calcd for C1oH11NO 161.0841, found 161.0842.

4.3.2 Preparation of 5-((2,6-dimethylphenoxy)methyl)-2H-tetrazole, 245.

)@\ TMSN3 TBAF )@\
OEN T 120°C, 22h l

HEWN

244 N-N>H
The mixture of 2-(2,6-dimethylphenoxy)acetonitrile 244 (0.65 g, 4.04 mmol),
tetrabutylammonium fluoride (0.50 g, 2.02 mmol) and trimethylsilyl azide (0.70 g, 6.06
mmol) was stirred at 120 °C for 22 h and then cooled to room temperature. The crude
products were treated with 10% aqueous HCI (30 mL) and CH,CI; (3 x 10 mL). The extract
was dried with Na,;SO, and concentrated under reduced pressure. The residue subjected to
column chromatography (CH,Cl,/ethyl acetate, gradient) to give 0.72 g (87%) 245 as a white
solid; mp 107-109°C; R; = 0.31 (hexane/ethyl acetate = 1:1); *H NMR (300 MHz, CDCls,
Figure S-185) & 2.21 (s, 6H), 5.24 (s, 2H), 6.90-7.03 (m, 3H), 14.21 (s, 1H); *C NMR (75
MHz, CDCls, Figure S-186) & 16.1 (CHs), 63.5 (CH,), 125.2 (CH), 129.2 (CH), 130.5 (Cq),
154.3 (Cq); EI-MS m/z 204 (M", 55), 122 (100), 121 (92), 77 (54), 91 (53); HR-EI-MS (M")

m/z calcd for C1oH12N4O 204.1011, found 204.1013.
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4.3.3 General procedures for the preparation of 5-((2,6-dimethylphenoxy)methyl)-1-
aryl-methyl-1H-tetrazole 246 and 5-((2,6-dimethyl-phenoxy)methyl)-2-arylmethyl-2H-

tetrazole 247.

2. QA

o:L KOH, XCH,Ar

\ /

’\!@\N\ X = Br, Cl N7 NN, N-N
N=N>H N=N >
245 Ar Ar=a: . b OOO
246a

247a
246b 247b

acetone/H,0 = 15/1, reflux, 4 h l NlN
2

A mixture of 245 (2.45 mmol), potassium hydroxide (3.19 mmol) and bromomethyl benzene
or 10-(chloromethyl)anthracene (2.70 mmol) in 32 mL acetone/ H,O (v/v = 15/1) was
refluxed for 4 h and then cooled to room temperature. The acetone was removed under
reduced pressure, and crude products were treated with H,O (20 mL) and CH,Cl, (3 x 10
mL). The extract was dried with MgSO, and concentrated under reduced pressure. The
residue was column chromatographed using hexane/ethyl acetate (7:1-5:1 gradient) as eluent

to give the corresponding products.

4.3.3.1 Data for 5-((2,6-dimethylphenoxy)methyl)-1-benzyl-1H-tetrazole, 246a. Yield
53%; white solid; mp 84-85°C; R; = 0.40 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz,
CDCls, Figure S-187) & 2.16 (s, 6H), 5.05 (s, 2H), 5.74 (s, 2H), 6.95-7.05 (m, 3H), 7.28-7.38
(m, 5H); *C NMR (75 MHz, CDCls, Figure $-188) & 16.3 (CHs), 51.5 (CH,), 62.4 (CHy,),
125.1 (CH), 126.9 (CH), 127.6 (CH), 127.7 (CH), 1285 (CH), 128.9 (CH), 129.1 (CH),
129.2 (CH), 130.5 (Cq), 133.3 (Cq), 151.3 (Cq), 155.0 (Cq); EI-MS m/z 294 (M*, 23), 91
(100), 86 (49), 84 (77), 51 (49); HR-EI-MS (M") m/z calcd for Ci7H1sN,O 294.1481, found

294.1481.
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4.3.3.2 Data for 5-((2,6-dimethylphenoxy)methyl)-1-((anthracen-10-yl)methyl)-1H-

tetrazole, 246b. Yield 48%; yellow solid; mp 138-139°C; R; = 0.13 (hexane/ethyl acetate =
6:1); 'H NMR (300 MHz, CDCls, Figure $-189) & 2.11 (s, 6H), 5.04 (s, 2H), 6.65 (s, 2H),
6.90-6.95 (m, 3H), 7.47-7.54 (m, 4H), 8.02 (d, J = 7.8 Hz, 2H), 8.34 (d, J = 8.7 Hz, 2H), 8.53
(s, 1H); **C NMR (75 MHz, CDCls, Figure S-190) § 16.4 (CHs), 44.8 (CH,), 62.7 (CH,),
122.4 (Cq), 123.0 (CH), 125.0 (CH), 125.2 (CH), 127.5 (CH), 129.2 (CH), 129.4 (CH), 130.3
(CH), 130.4 (Cq), 131.0 (Cq), 131.3 (Cq), 151.3 (Cq), 155.4 (Cq); EI-MS m/z 394 (M", 15),

192 (47), 190 (100); HR-EI-MS (M*) m/z calcd for CasHN,O 394.1794, found 394.1797.

4.3.3.3 Data for 5-((2,6-dimethylphenoxy)methyl)-2-benzyl-2H-tetrazole, 247a. Yield
40%; yellow oil; Rs = 0.63 (hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure
S-191) § 2.26 (s, 6H), 5.04 (s, 2H), 5.73 (s, 2H), 6.92-6.99 (m, 3H), 7.31-7.33 (m, 5H); °C
NMR (75 MHz, CDCls, Figure S-192) & 16.1 (CHs), 56.6 (CHy), 64.0 (CH,), 124.3 (CH),
128.3 (CH), 128.6 (CH), 128.1 (CH), 130.8 (Cq), 133.0 (Cq), 155.1 (Cq), 163.0 (Cq); EI-MS
m/z 294 (M*, 4), 91 (100); HR-EI-MS (M") m/z calcd for Cy7H1sN4O 294.1481, found

294.1483.

4.3.3.4 Data for 5-((2,6-dimethylphenoxy)methyl)-2-((anthracen-10-yl)methyl)-2H-

tetrazole, 247b. Yield 43%; yellow solid; mp 134-135°C; Rs = 0.35 (hexane/ethyl acetate =
6:1); *H NMR (300 MHz, CDCls, Figure S-193) & 2.17 (s, 6H), 4.95 (s, 2H), 6.66 (s, 2H),
6.80-6.95 (m, 3H), 7.44-7.49 (m, 2H), 7.56-7.61 (m, 2H), 7.97 (d, J = 8.5 Hz, 2H), 8.46 (s,
1H), 8.53 (d, J = 8.9 Hz, 2H); *C NMR (75 MHz, CDCls, Figure S-194) & 16.2 (CH3), 49.2
(CH,), 64.3 (CHy), 122.9 (Cq), 123.5 (CH), 124.3 (CH), 125.2 (CH), 127.3 (CH), 128.8 (CH),
129.2 (CH), 130.0 (CH), 130.8 (Cq), 130.9 (Cqg), 131.2 (Cq), 155.3 (Cq), 162.7 (Cq);
EI-MS m/z 394 (M, 12), 191 (100); HR-EI-MS (M") m/z calcd for CasHzN4O 394.1794,

found 394.1790. Analysis calcd for CxH2N4O: C, 76.12; H, 5.62; N, 14.20%. Analysis
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found: C, 75.88; H, 5.73; N, 13.88%.

4.3.4 General procedures for the preparation of 25,26,27-trialkyloxy-28-hydroxy-

calix[4]arene 251a and 251b.

DMF, 60 °C, 24-30 h
OR OR OR

OH OH OH
X=Br, |
25laR =Et

250 251b R = Pr

A mixture of 250 (2.36 mmol), calcium hydride (9.05 mmol) and bromoethane or
n-iodopropane (8.26 mmol) in 8 mL DMF was stirred at 60 °C for 24-30 h and then cooled to
room temperature. The reaction mixture was filtered with celite, and then treated with H,O
(30 mL) and CH,CI; (3 x 10 mL). The extract was dried with MgSO, and concentrated under
reduced pressure. The residue was column chromatographed using hexane/ethyl acetate

(30:1-10:1 gradient) as eluent to give the 251a or 251b.

4.3.4.1 Data for 25,26,27-triethyloxy-28-hydroxy-calix[4]arene, 251a. Yield 86%; white
solid; mp 153-154°C; R; = 0.70 (hexane/ethyl acetate = 6:1); *H NMR (300 MHz, CDCls,
Figure S-195) & 1.48 (t, J = 6.9 Hz, 6H), 1.69 (t, J = 7.2 Hz, 3H), 3.21 (d, J = 12.9 Hz, 2H),
3.30 (d, J = 13.8 Hz, 2H), 3.85-3.92 (m, 4H), 4.03 (q, J = 6.9 Hz, 2H), 4.37 (d, J = 11.7 Hz,
2H), 4.41 (d, J = 11.4 Hz, 2H), 4.97 (s, 1H), 6.30-6.50 (m, 6H), 6.76 (t, J = 7.5 Hz, 1H), 6.96
(t, J = 7.5 Hz, 1H), 7.09 (d, J = 7.5 Hz, 2H), 7.17 (d, J = 7.3 Hz, 2H); **C NMR (75 MHz,
CDCls, Figure S-196) & 15.5 (CHs), 15.6 (CH3), 30.7 (CH,), 69.9 (CH,), 71.2 (CH,), 119.2
(CH), 123.0 (CH), 123.0 (CH), 127.8 (CH), 127.8 (CH), 128.3 (CH), 129.1 (CH), 130.9 (Cq),
132.8 (Cq), 133.5 (Cq), 137.2 (Cq), 153.3 (Cq), 154.1 (Cq), 156.8 (Cq); FAB-MS m/z 508

(M"); HR-FAB-MS (M*) m/z calcd for CasHss04 508.2614, found 508.2606.
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4.3.4.2 Data for 25,26,27-tripropyloxy-28-hydroxy-calix[4]arene, 251b. Yield 84%; white
solid; mp 114-115°C; R; = 0.75 (hexane/ethyl acetate = 6:1); *H NMR (300 MHz, CDCls,
Figure S-197) & 0.93 (t, J = 7.5 Hz, 3H), 1.10 (t, J = 7.2 Hz, 6H), 1.80-1.93 (m, 4H),
2.20-2.33 (m, 2H), 3.19 (d, J = 13.2 Hz, 2H), 3.27 (d, J = 13.8 Hz, 2H), 3.65-3.75 (m, 4H),
3.80-3.90 (m, 2H), 4.37 (d, J = 11.4 Hz, 2H), 4.41 (d, J = 10.8 Hz, 2H), 4.68 (s, 1H),
6.30-6.40 (m, 6H), 6.75 (t, J = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 7.07 (d, J = 7.5 Hz, 2H),
7.15 (d, J = 7.3 Hz, 2H); 3C NMR (75 MHz, CDCls, Figure S-198) & 9.5 (CHs), 10.8 (CHs3),
22.2 (CH,), 23.4 (CH,), 30.8 (CHy), 76.5 (CH,), 77.4 (CH,), 119.2 (CH), 122.9 (CH), 127.7
(CH), 127.8 (CH), 128.3 (CH), 129.1 (CH), 131.1 (Cq), 132.5 (Cq), 133.3 (Cq), 137.1 (Cq),
153.2 (Cq), 154.3 (Cq), 156.8 (Cq); FAB-MS m/z 550 (M*); HR-FAB-MS (M*) m/z calcd for

Cs7H4204 550.3083, found 550.3081.

4.3.5 General procedures for the preparation of 25,26,27-trialkyloxy-28-oxyacetonitrile-

calix-[4]arenes 252a and 252b.

’ f v / /\ NaOCHs, Br”” “CN , f v ’ /\
| | /
o

/
OR OR QR OH CH3CN, reflux, 6 h

OR OR OR V
25laR = Et 252a R = Et CN
251b R=Pr 252b R = Pr

A mixture of 251 (1.27 mmol) and sodium methoxide (1.90 mmol) in 35 mL CH3CN was
stirred at 60 °C for 30 min. The bromoacetonitrile (1.90 mmol) was added and refluxed for 6
h and then cooled to room temperature. The CH3CN was removed under reduced pressure,
and crude products were treated with H,O (25 mL) and CH,Cl; (3 x 10 mL). The extract was
dried with MgSO, and concentrated under reduced pressure. The residue was column

chromatographed using dichloromethane as eluent to give the 252a or 252b.
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4.3.5.1 Data for 25,26,27-triethyloxy-28-oxyacetonitrile-calix[4]arene, 252a. Yield 93%);
white solid; mp 259-261°C; R; = 0.60 (hexanelethyl acetate = 6:1); *H NMR (300 MHz,
CDCls, Figure $-199) & 1.45-1.55 (m, 9H), 3.18 (d, J = 12.9 Hz, 2H), 3.27 (d, J = 13.8 Hz,
2H), 3.80-3.90 (m, 4H), 4.18 (q, J = 13.5 Hz, 2H), 4.40-4.50 (m, 4H), 5.07 (s, 2H), 6.20-6.25
(m, 2H), 6.30 (d, J = 4.9 Hz, 2H), 6.90-7.05 (m, 2H), 7.10-7.20 (m, 2H); *C NMR (75 MHz,
CDCls, Figure S-200) & 15.7 (CHs), 16.1 (CHs), 30.7 (CH,), 31.5 (CH,), 57.1 (CH,), 70.5
(CHy), 70.9 (CHy), 117.4 (Cq), 122.4 (CH), 122.6 (CH), 124.4 (CH), 127.3 (CH), 127.8 (CH),
128.8 (CH), 129.4 (CH), 132.9 (Cq), 133.1 (Cq), 136.9 (Cq), 137.1 (Cq), 154.5 (Cq), 154.8
(Cq), 157.2 (Cq); FAB-MS m/z 547 (M"); HR-FAB-MS (M") m/z calcd for CssHz7NOy

547.2723, found 547.2728.

4.3.5.2 Data for 25,26,27-tripropyloxy-28-oxyacetonitrile-calix[4]arene, 252b. Yield 98%);
white solid; mp 178-179 °C; R; = 0.65 (hexane/ethyl acetate = 6:1); *"H NMR (300 MHz,
CDCls, Figure S-201) § 0.96 (t, J = 7.2 Hz, 3H), 1.07 (t, J = 7.5 Hz, 6H), 1.85-1.98 (m, 6H),
3.18 (d, J = 12.9 Hz, 2H), 3.27 (d, J = 14.1 Hz, 2H), 3.70-3.75 (m, 4H), 3.97-4.00 (m, 2H),
4.44 (d, J = 6.9 Hz, 2H), 4.48 (d, J = 5.7 Hz, 2H), 5.03 (s, 2H), 6.15-6.20 (m, 2H), 6.21-6.30
(m, 4H), 6.92-7.02 (m, 2H), 7.12-7.16 (m, 4H); **C NMR (75 MHz, CDCls, Figure $-202) &
10.0 (CHs), 10.7 (CHs), 23.3 (CH,), 23.3 (CH,), 30.5 (CH,), 31.3 (CH,), 56.9 (CH,), 77.1
(CHy), 77.3 (CH,), 117.1 (Cq), 122.3 (CH), 124.3 (CH), 127.2 (CH), 127.7 (CH), 128.9 (CH),
129.3 (CH), 132.7 (Cq), 132.8 (Cq), 136.6 (Cq), 137.1 (Cq), 154.4 (Cq), 154.9 (Cq), 157.5
(Cq); FAB-MS m/z 589 (M"); HR-FAB-MS (M") m/z calcd for CgoH43NO4 589.3192, found

589.3185.
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4.3.6 General procedures for the preparation of 25,26,27-trialkyloxy-28-[5-

(oxymethyl)]-2H-tetrazole-calix[4]arenes 253a and 253b.

B \ = N
/ | v // TMSN3, Bu,Sn=0 ’ | A //
| é toluene, reflux, 12 h | /

OR OR OR OR OROR O

A 1

N

\

252a R = Et 253a R=Et N=N™H
252b R=Pr 253b R=Pr

Dibutyltin oxide (0.33 mmol) and trimethylsilyl azide (5.08 mmol) were added to the solution
of 252 (1.69 mmol) in anhydrous toluene (20 mL). The reaction mixture was refluxed for 12
h and then cooled to room temperature. The solvent was removed then treated with 10%
aqueous HCI (30 mL) and CH,CI, (3 x 15 mL). The extract was dried with Na,SO,4 and
concentrated under reduced pressure. The residue was applied to flash chromatography and

eluted with dichloromethane/ethyl acetate (1:0-0:1 gradient) to give the 253a or 253b.

4.3.6.1 Data for 25,26,27-triethyloxy-28-[5-(oxymethyl)]-2H-tetrazole-calix[4]arene,
253a. Yield 88%; white solid; mp 248—249 °C; R; = 0.30 (hexane/ethyl acetate = 3:1); 'H
NMR (300 MHz, CDCls, Figure S-203) § 1.20-1.30 (m, 9H), 3.25 (d, J = 13.2 Hz, 2H), 3.32
(d, J = 13.5 Hz, 2H), 3.70-3.80 (m, 4H), 3.98 (q, J = 7.2 Hz, 2H), 4.28 (d, J = 13.2 Hz, 2H),
4.47 (d, J = 12.9 Hz, 2H), 5.63 (s, 2H), 6.30-6.45 (m, 6H), 6.90-7.10 (m, 2H), 7.18 (dd, J =
5.4, 1.8 Hz, 4H), 15.35 (s, 1H); *C NMR (75 MHz, CDCls, Figure S-204) § 14.8 (CHs), 15.1
(CHs), 30.5 (CH5), 31.0 (CH,), 66.3 (CHy), 70.9 (CH,), 71.6 (CH,), 122.9 (CH), 123.3 (CH),
124.0 (CH), 127.8 (CH), 128.2 (CH), 128.8 (CH), 129.5 (CH), 132.3 (Cq), 133.7 (Cq), 135.4
(Cq), 136.7 (Cq), 153.0 (Cq), 154.3 (Cq), 155.8 (Cq), 156.2 (Cq); FAB-MS m/z 591 (M + H");

HR-FAB-MS (M + H") m/z calcd for CzsHz9N4O,4 591.2966, found 591.2978.
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4.3.6.2 Data for 25,26,27-tripropyloxy-28-[5-(oxymethyl)]-2H-tetrazole-calix[4]arene,
253b. Yield 94%:; white solid; mp 174-175°C; R; = 0.20 (hexane/ethyl acetate = 6:1); ‘H
NMR (300 MHz, CDCls, Figure S-205) & 0.62 (t, J = 7.5 Hz, 3H), 0.96 (t, J = 7.5 Hz, 6H),
1.60-1.85 (m, 6H), 3.23 (d, J = 13.2 Hz, 2H), 3.33 (d, J = 13.5 Hz, 2H), 3.60-3.70 (m, 2H),
3.71-3.80 (m, 4H), 4.30 (d, J = 13.5 Hz, 2H), 4.47 (d, J = 12.9 Hz, 2H), 5.67 (s, 2H),
6.20-6.40 (m, 6H), 6.94-7.04 (m, 2H), 7.16-7.20 (m, 4H), 15.44 (s, 1H); *C NMR (75 MHz,
CDCls, Figure S-206) & 9.3 (CHs), 10.4 (CHs), 22.2 (CH,), 22.6 (CH,), 30.7 (CH,), 31.4
(CH,), 66.6 (CH.), 77.2 (CH,), 78.2 (CH,), 122.7 (CH), 123.3 (CH), 123.8 (CH), 127.8 (CH),
128.2 (CH), 129.1 (CH), 129.7 (CH), 132.2 (Cqg), 133.5 (Cq), 135.4 (Cq), 136.7 (Cq), 153.4
(Cq), 154.5 (Cq), 156.7 (Cq), 156.8 (Cq); FAB-MS m/z 633 (M + H"); HR-FAB-MS (M + H")
m/z calcd for CsgHysN4O4 633.3435, found 633.3448. . Analysis calcd for CzgHssN4O4: C,

74.02; H, 7.01; N, 8.85%. Analysis found: C, 74.11; H, 7.17; N, 9.08%.

4.3.7 General procedures for the preparation of 25,26,27-tripropyloxy-28-[5-
(oxymethyl)-1-aryl-methyl]-1H-tetrazole-calix[4]arene 254 and 25,26,27-tripropyloxy-

28-[5-(oxymethyl)-2-aryl-methyl]-2H-tetrazole-calix[4]arene 255.

’ E\v // KOH, XCH,AT, BugN*(HSO,)" ’ E\v ’ . ’ ‘ﬂg. ‘O«
\ ] CH,Cly, 11, 8 h \ ]
O O o ¢} O O O o] O O o O
o x-8r.c 0 LA
NN NN
<‘§N\ N'N/\Ar N-n

253b Ar

254a 255a
Ar = a: é , b:

254b 255b
A mixture of 253b (0.82 g, 4.02 mmol), potassium hydroxide (0.23 g, 4.11 mmol),

=

z-Z

tetrabutylammonium sulfate (0.27 g, 0.80 mmol), in 35 mL CH,Cl, was stirred for 20 min.
The bromomethyl benzene or 10-(chloromethyl)anthracene (0.38 mmol) was added and the

reaction mixture was stirred at to room temperature for 8 h. The reaction mixture was treated
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with water (30 mL) and dichloromethane (3 x 10 mL). The organic layer was dried with
MgSOQO, and concentrated under reduced pressure. The residue was column chromatographed

using hexane/ethyl acetate (15:1) as eluent to give the corresponding products.

4.3.7.1 Data for 25,26,27-tripropyloxy-28-[5-(oxymethyl)-1-benzyl]-1H-tetrazole-

calix[4]arene, 254a. Yield 43%; white solid; mp 127-128 °C; R = 0.45 (hexane/ethyl acetate
= 6:1); *H NMR (300 MHz, CDCls, Figure $-207) & 0.93 (t, J = 7.5 Hz, 6H), 1.00 (t, J = 7.5
Hz, 3H), 1.82 (q, J = 7.5 Hz, 4H), 1.97 (q, J = 7.5 Hz, 2H), 3.08 (d, J = 13.5 Hz, 2H), 3.15 (d,
J =135 Hz, 2H), 3.69-3.80 (m, 4H), 3.97 (t, J = 7.7 Hz, 2H), 4.08 (d, J = 13.5 Hz, 2H), 4.45
(d, J = 13.5 Hz, 2H), 4.89 (s, 2H), 5.15 (s, 2H), 6.45-6.54 (m, 6H), 6.60-6.95 (m, 8H),
7.31-7.33 (m, 3H); ©*C NMR (75 MHz, CDCls, Figure S-208) § 10.3 (CHs), 10.4 (CH3), 23.1
(CH,), 23.3 (CH,), 30.8 (CHy), 31.0 (CHy), 50.7 (CH,), 61.9 (CH,), 76.7 (CH,), 76.9 (CH,),
121.9 (CH), 122.1 (CH), 123.9 (CH), 127.3 (CH), 127.7 (CH), 128.3 (CH), 128.4 (CH),
128.8 (CH), 129.0 (CH), 129.1 (CH), 133.5 (Cq), 133.7 (Cq), 134.9 (Cq), 135.5 (Cq), 135.9
(Cq), 151.6 (Cq), 154.6 (Cq), 156.1 (Cq), 156.7 (Cq); FAB-MS m/z 723 (M + H*);

HR-FAB-MS (M") m/z calcd for C4sHsoN4O4 722.3832, found 722.3834.

4.3.7.2 Data for 25,26,27-tripropyloxy-28-[5-(oxymethyl)-1-(anthracen-10-yl)methyl]-

1H-tetrazole-calix[4]arene, 254b. Yield 41%; yellow solid; mp 152-153 °C; R = 0.35
(hexane/ethyl acetate = 6:1); *H NMR (300 MHz, CDCls, Figure S-209) & 0.85-1.07 (m, 9H),
1.80-2.10 (m, 6H), 3.03 (d, J = 13.5 Hz, 2H), 3.18 (d, J = 13.4 Hz, 2H), 3.80-3.88 (m, 4H),
3.97 (t, J = 7.5 Hz, 2H), 4.27 (d, J = 13.5 Hz, 2H), 4.49 (d, J = 13.4 Hz, 2H), 5.48 (s, 2H),
5.79 (s, 2H), 6.56-6.72 (m, 12H), 7.47-7.57 (m, 4H), 7.93 (d, J = 8.7 Hz, 2H), 8.04 (d, J = 8.9
Hz, 2H), 8.54 (s, 1H); **C NMR (75 MHz, CDCls, Figure S-210) & 10.4 (CHs), 23.2 (CHy),
23.4 (CHj,), 30.9 (CH,), 31.0 (CH,), 43.9 (CH,), 62.2 (CH,), 76.8 (CH,), 76.7 (CH,), 122.0
(CH), 122.1 (CH), 122.6 (Cq), 122.8 (CH), 124.0 (CH), 125.2 (CH), 127.4 (CH), 127.9 (CH),
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128.2 (CH), 128.5 (CH), 128.9 (CH), 129.5 (CH), 130.2 (CH), 130.7 (Cq), 131.1 (Cqg), 134.1
(Cq), 135.2 (Cq), 135.7 (Cq), 151.4 (Cq), 154.2 (Cq), 156.4 (Cq), 156.6 (Cq); FAB-MS m/z

823 (M + H"): HR-FAB-MS (M + H*) m/z calcd for CssHssN4O4 823.4218, found 823.4223.

4.3.7.3 Data for 25,26,27-tripropyloxy-28-[5-(oxymethyl)-2-benzyl]-2H-tetrazole-

calix[4]arene, 255a. Yield 39%; colorless oil; R = 0.55 (hexane/ethyl acetate = 6:1); H
NMR (300 MHz, CDCls, Figure S-211) § 0.92 (t, J = 7.5 Hz, 6H), 0.99 (t, J = 7.5 Hz, 3H),
1.82 (q, J = 7.5 Hz, 4H), 1.97 (q, J = 7.5 Hz, 2H), 2.98 (d, J = 13.2 Hz, 2H), 3.14 (d, J = 13.2
Hz, 2H), 3.65-3.75 (m, 4H), 3.94 (t, J = 7.8 Hz, 2H), 4.30 (d, J = 13.2 Hz, 2H), 4.46 (d, J =
13.2 Hz, 2H), 5.38 (s, 2H), 5.71 (s, 2H), 6.40-6.52 (m, 6H), 6.67-6.74 (m, 6H), 7.20-7.36 (m,
5H); *C NMR (75 MHz, CDCls, Figure $-212) & 10.3 (CHs), 10.4 (CHs), 23.1 (CHy), 23.3
(CH,), 30.9 (CHy), 31.4 (CH,), 56.5 (CHy), 64.5 (CH,), 76.7 (CH,), 76.8 (CH,), 121.9 (CH),
122.7 (CH), 127.8 (CH), 128.0 (CH), 128.2 (CH), 128.3 (CH), 128.8 (CH), 128.9 (CH),
133.3 (CH), 134.5 (CH), 134.6 (Cq), 135.5 (Cq), 135.9 (Cq), 154.5 (Cq), 156.3 (Cq), 156.8
(Cq), 163.5 (Cq); FAB-MS m/z 723 (M + H"); HR-FAB-MS (M + H") m/z calcd for

CasHs1N4O4 723.3905, found 723.3892.

4.3.7.4 Data for 25,26,27-tripropyloxy-28-[5-(oxymethyl)-2-(anthracen-10-yl)methyl]-

2H-tetrazole-calix[4]arene, 255b. Yield 37%; yellow solid; mp 134-135 °C; R = 0.50
(hexane/ethyl acetate = 6:1); *H NMR (300 MHz, CDCls, Figure S-213) § 0.81 (t, J = 7.4 Hz,
6H), 0.92 (t, J = 7.5 Hz, 3H), 1.64 (q, J = 7.4 Hz, 4H), 1.93 (g, J = 7.5 Hz, 2H), 2.62 (d, J =
13.6 Hz, 2H), 3.08 (d, J = 13.4 Hz, 2H), 3.44-3.54 (m, 4H), 3.92 (t, J = 7.9 Hz, 2H), 4.02 (d,
J = 13.6 Hz, 2H), 4.39 (d, J = 13.4 Hz, 2H), 5.37 (s, 2H), 6.17-6.49 (m, 8H), 6.60-6.80 (m,
6H), 7.51 (t, J = 7.0 Hz, 2H), 7.60 (t, J = 7.8 Hz, 2H), 8.04 (d, J = 8.4 Hz, 2H), 8.50-8.60 (m,
3H); *C NMR (75 MHz, CDCls, Figure S-214) & 10.2 (CHs), 10.4 (CHs), 23.0 (CH,), 23.2

(CH>), 30.8 (CHy), 31.0 (CH,), 48.9 (CH,), 64.1 (CH>), 76.7 (CH,), 121.8 (CH), 121.8 (CH),
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122.4 (CH), 123.2 (Cq), 123.7 (CH), 125.2 (CH), 127.3 (CH), 127.7 (CH), 128.0 (CH), 128.3
(CH), 129.2 (CH), 129.9 (CH), 130.9 (Cq), 131.3 (Cq), 134.1 (Cq), 134.1 (Cq), 135.8 (Cq),
136.1 (Cq), 154.4 (Cq), 155.9 (Cq), 157.0 (Cq), 163.1 (Cq); FAB-MS m/z 823 (M + H"):;

HR-FAB-MS (M + H") m/z calcd for Cs4HssN4O4 823.4218, found 823.4225.

4.3.8 Preparation of 25,27-dioxyacetonitrile-26,28-dihydroxy-calix[4]arene, 256.*%

> N = A\
Q J[\ // K,COs, Br” “CN Q J[\ //
| CH4CN, 60°C, 30 h | c’>

I
OH OH oH OH O OH OH

( )

CN CN
256

250

A mixture of 250 (1.00 g, 2.36 mmol), potassium dicarbonate (0.81 g, 5.87 mmol) and
bromoacetonitrile (0.84 g, 7.06 mmol) in 40 mL acetonitrile was stirred at 60 °C for 30 h, and
and then cooled to room temperature. After removal of the solvent under reduced pressure,
the residue was partitioned between H,O (30 mL) and CH,ClI; (3 x 10 mL). The organic layer
was dried with MgSO,4 and concentrated under reduced pressure. The residue was applied to
flash chromatography and eluted with hexane/dichloromethane (3:1) then dichloromethane
Jethyl acetate (1:1) to give 1.00 g of 256 (87%) as a white solid; mp 198-199°C; R = 0.23
(hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDsCN, Figure S-215) & 3.57 (d, J = 13.5
Hz, 4H), 4.29 (d, J = 13.5 Hz, 4H), 4.97 (s, 4H), 6.61 (s, 2H), 6.78 (t, J = 7.5 Hz, 2H), 6.80 (t,
J = 7.5 Hz, 2H), 6.96 (d, J = 7.5 Hz, 4H), 7.33 (d, J = 7.5 Hz, 4H); *C NMR (75 MHz,
CDsCN, Figure S-216) & 32.2 (CH,), 62.3 (CH,), 117.0 (Cq), 121.3 (CH), 127.8 (Cq), 129.1
(CH), 130.4 (CH), 130.8 (CH), 134.9 (Cq), 153.2 (Cq), 154.0 (Cq); FAB-MS m/z 503 (M +

H"); HR-FAB-MS (M) m/z calcd for Cs;H27N204503.1965, found 503.1974.
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4.3.9 Preparation of 25,27-bis-[(oxymethyl)-2H-tetrazole]-26,28-dihydroxy-

calix[4]arene, 257.

O OH OH

CN
256

To a solution of 256 (0.45 g, 0.90 mmol) in anhydrous toluene (20 mL) was added dibutyltin
oxide (0.09 g, 0.36 mmol) and trimethylsilyl azide (0.52 g, 4.50 mmol). The reaction mixture
was stirred at 100 °C for 16 h and then cooled to room temperature. The solvent was removed,
and residue was then treated with 10% aqueous HCI (30 mL) and CH,Cl, (3 x 10 mL). The
extract was dried with Na,SO,4 and concentrated under reduced pressure. The residue was
subjected to flash chromatography (hexane/ethyl acetate, 2:1; then ethyl acetate/methanol,
1:0-5:1 gradient) to give 0.46 g of 257 (87%) as a white solid; mp 239-241°C; Rs =
(ethyl acetate/methanol = 5:1); *H NMR (300 MHz, CDsCN, Figure S-217) & 3.50 (d, J =
13.5 Hz, 4H), 4.21 (d, J = 13.5 Hz, 4H), 5.48 (s, 4H), 6.75 (t, J = 7.5 Hz, 2H), 6.91 (t, /= 7.5
Hz, 2H), 7.07 (d, J = 7.5 Hz, 4H), 7.19 (d, J = 7.5 Hz, 4H); *C NMR (75 MHz, CDsCN,
Figure S-218) & 32.2 (CH,), 68.6 (CHy), 121.8 (CH), 127.8 (CH), 129.2 (Cq), 130.4 (CH),

130.8 (CH), 135.2 (Cq), 152.7 (Cq), 153.5 (Cq), 155.4 (Cq); FAB-MS m/z 889 (M + H");

TMSN3, Bu,SnO
toluene, reflux, 12 h

ZN L

OH OH

257

HR-FAB-MS (M") m/z calcd for C3;HsNg0,588.2234, found 588.2238.
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4.3.10 General procedure for the preparation of 25,27-dialkyloxy-26,28-dihydroxy-

calix[4]arene, 258.

CH3CN, reflux, 24 h

OH OH OH OH OR OR OH
258a R = Et
250 258b R = Pr

A mixture of 250 (1.00g, 2.36 mmol), potassium dicarbonate (0.81g, 5.87 mmol) and
iodoethane or n-iodopropane (5.87 mmol) in 35 mL acetonitrile was heated to reflux for 24 h,
and then cooled to room temperature. After removal of the solvent under reduced pressure,
the reaction mixture was past through a short silica gel column and washed with

dichloromethane to give corresponding product 258.

4.3.10.1 Data for 25,27-diethyloxy-26,28-dihydroxy-calix[4]-arene, 258a. Yield 93%);
white solid; mp 153-154 °C; R; = 0.70 (hexanelethyl acetate = 6:1); *H NMR (300 MHz,
CDCls, Figure S-219) & 1.64 (t, J = 6.9 Hz, 6H), 3.38 (d, J = 12.9 Hz, 4H), 4.10 (g, J = 6.9
Hz, 4H), 4.33 (d, J = 12.9 Hz, 4H), 6.64 (t, J = 7.2 Hz, 2H), 6.72 (t, J = 7.2 Hz, 2H), 6.91 (d,
J = 7.5 Hz, 4H), 7.04 (d, J = 7.5 Hz, 4H), 8.21 (s, 2H); *C NMR (75 MHz, CDCls, Figure
$-220) § 15.2 (CHs), 31.5 (CHy), 72.1 (CH,), 119.1 (CH), 125.2 (CH), 128.4 (CH), 128.4
(CH), 128.7 (CH), 128.8 (CH), 133.7 (Cq), 151.9 (Cq), 153.1 (Cq); FAB-MS m/z 480 (M*);
HR-FAB-MS (M") m/z calcd for Cs,H3,04480.2301, found 480.2302.

4.3.10.2 Data for 25,27-dipropyloxy-26,28-dihydroxy-calix[4]-arene, 258b. Yield 91%;
white solid; mp 114-115°C; Rs = 0.75 (hexane/ethyl acetate = 6:1); FAB-MS m/z 508 (M™);

HR-FAB-MS (M") m/z calcd for C34H3504 508.2614, found 508.2606.
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4.3.11 Preparation of 25,27-dipropyloxy-26,28-dioxyacetonitrile-calix[4]arene, 259.

J

OHOo
CNL

258b

A mixture of 258b (2.00g, 3.98 mmol), sodium hydride (0.08g, 19.9 mmol, of a 60%
dispersion in oil) and bromoacetonitrile (1.90g, 15.9 mmol) in 45 mL acetonitrile was stirred
at room temperature for overnight. After removal of the solvent under reduced pressure, the
reaction mixture was filtered with celite and washed with dichloromethane. The residue was
column chromatographed using hexane/ethyl acetate (8:1) as eluent to give the 2.12 g of 259
(91%) as a white solid; mp 238-239°C; R; = 0.50 (ethyl acetate/methanol = 6:1); *H NMR
(300 MHz, CDCls, Figure S-221) § 1.06 (t, J = 7.5 Hz, 6H), 1.98 (q, J = 7.2 Hz, 4H), 3.29 (d,
J =13.8 Hz, 4H), 3.75 (t, J = 7.2 Hz, 4H), 4.45 (d, J = 13.8 Hz, 4H), 4.99 (s, 4H), 6.20-6.35
(m, 6H), 7.07 (t, J = 6.9 Hz, 2H), 7.20 (d, J = 7.2 Hz, 4H); *C NMR (75 MHz, CDCls,
Figure S-222) & 10.7 (CHs), 23.4 (CH,), 31.1 (CHy), 58.2 (CH,), 77.4 (CH,), 116.7 (Cq),
122.6 (CH), 124.8 (CH), 127.7 (CH), 129.5 (CH), 132.5 (Cq), 136.8 (Cq), 154.8 (Cq), 155.1
(Cq); FAB-MS m/z 586 (M + H"); HR-FAB-MS (M") m/z calcd for CsgH3z7N,04585.2753,

found 585.2749.

4.3.12 Preparation of 25,27-dipropyloxy-26,28-bis-[(oxymethyl)-2H-tetrazole]-

calix[4]arene, 260.

(O O o OV toluene, reflux, 16 h O _O o o
CN ( J CN L L J j\
25 N LN
N= N=N H

H

260
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Dibutyltin oxide (0.13g, 0.50 mmol) and trimethylsilyl azide (0.72 g, 6.23 mmol) were added
to the solution of 259 (0.73 g, 1.25 mmol) in 15 mL anhydrous toluene was heated to reflux
for 16 h, and then cooled to room temperature. The solvent was removed then treated with
10% aqueous HCI (30 mL) and CHCl; (3 x 10 mL). The extract was dried with Na,SO4 and
concentrated under reduced pressure. The residue was applied to flash chromatography and
eluted with hexane/ethyl acetate (4/1) then dichloromethane/ethyl acetate (6:1—4:1 gradient)
to give 0.79 g of 260 (83%) as a white solid; mp 247-249°C; Rs = 0.10 (hexane/ethyl acetate
= 1:1); *H NMR (300 MHz, DMSO-ds, Figure S-223) & 0.80 (t, J = 7.5 Hz, 6H), 1.62 (q, J =
7.5 Hz, 4H), 3.17 (d, J = 12.9 Hz, 4H), 3.60 (t, J = 7.5 Hz, 4H), 4.23 (d, J = 12.9 Hz, 4H),
5.47 (s, 4H), 6.48-6.53 (m, 2H), 6.60 (d, J = 7.3 Hz, 4H), 6.75 (t, J = 7.5 Hz, 2H), 6.89 (d, J =
7.5 Hz, 4H); °C NMR (75 MHz, DMSO-ds, Figure S-224) § 11.0 (CHs3), 23.2 (CH,), 31.3
(CH,), 64.4 (CH,), 78.7 (CH,), 123.1 (CH), 124.2 (CH), 128.9 (CH), 129.5 (CH), 134.8 (Cq),
136.3 (Cq), 155.5 (Cq), 156.4 (Cq); FAB-MS m/z 673 (M + H"); HR-FAB-MS (M + H") m/z

calcd for C3gH41NgO4 673.3245, found 672.3256.

4.3.13 General procedures for the preparation of 25,27-dipropyloxy-26-[5-(oxymethyl)-
1-(anthracen-10-yl)methyl]-1H-tetrazole-28-[(oxymethyl)-2H-tetrazole]calix[4]arene
261 and 25,27-dipropyloxy-26-[5-(oxymethyl)-2-(anthracen-10-yl)methyl]-2H-tetrazole-

28-[(oxymethyl)-2H-tetrazole]calix[4]arene 262.

0 Eo o 0]\ CH,Cly, 1, 8 h ° 00 OJ\ ° LO ’ l
%55 ) “@,{H H %551 J N OO ,}é/} J N g
o1 O 262 O

H 260

A mixture of 260 (0.32 g, 0.47 mmol), potassium hydroxide (0.06 g, 1.08 mmol),

tetrabutylammonium sulfate (0.27 g, 0.09 mmol), in 25 mL CH,Cl, was stirred for 20 min.
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The 10-(chloromethyl)anthracene (31.9 mg, 0.87 mmol) was added and the reaction mixture
was stirred at to room temperature for 8 h. The reaction mixture was treated with water (20
mL) and dichloromethane (3 x 10 mL). The organic layer was dried with MgSO, and
concentrated under reduced pressure. The residue was column chromatographed using

hexane/ethyl acetate (30:1) as eluent to give the corresponding products 261 and 262.

4.3.13.1 Data for 25,27-dipropyloxy-26-[5-(oxymethyl)-1-(anthracen-10-yl)methyl]-1H-

tetrazole-28-[(oxymethyl)-2H-tetrazole]calix[4]arene, 261. Yield 21%; yellow solid; mp
113-114 °C; R; = 0.08 (hexane/ethyl acetate = 1:1); *H NMR (300 MHz, CDCls, Figure
S-225) § 0.92 (t, J = 7.5 Hz, 6H), 1.70-1.80 (m, 4H), 3.14 (d, J = 13.5 Hz, 2H), 3.24 (d, J =
13.5 Hz, 2H), 3.60-3.80 (m, 4H), 4.08 (d, J = 13.5 Hz, 2H), 4.11 (d, J = 13.5 Hz, 2H), 5.29 (s,
2H), 5.58 (s, 2H), 5.84 (s, 2H), 6.21 (t, J = 7.5 Hz, 4H), 6.31 (q, J = 7.8 Hz, 2H), 7.00-7.25
(m, 6H), 7.50-7.62 (m, 4H), 7.91 (d, J = 8.8 Hz, 2H), 8.07 (d, J = 8.8 Hz, 2H), 8.57 (s, 1H);
3C NMR (75 MHz, CDCls, Figure S-226) & 10.2 (CHs), 10.4 (CH3), 22.8 (CH,), 30.6 (CHy),
31.0 (CHy), 44.3 (CHy), 62.8 (CH), 65.3 (CH), 122.7 (CH), 122.9 (CH), 124.0 (CH), 124.7
(CH), 125.2 (CH), 127.6 (CH), 127.7 (CH), 128.0 (CH), 129.6 (CH), 129.6 (Cq), 129.8 (CH),
130.4 (CH), 130.6 (Cq), 131.3 (Cq), 132.3 (Cq), 132.8 (Cq), 136.0 (Cq), 137.0 (Cq), 151.6
(Cq), 153.2 (Cq), 153.8 (Cq), 155.3 (Cq), 156.7 (Cq); FAB-MS m/z 863 (M + H*);

HR-FAB-MS (M + H") m/z calcd for Cs3Hs;NgO4 863.0428, found 863.4031.

4.3.13.2 Data for 25,27-dipropyloxy-26-[5-(oxymethyl)-2-(anthracen-10-yl)methyl]-2H-

tetrazole-28-[(oxymethyl)-2H-tetrazole]calix[4]arene, 262. Yield 17%; yellow solid; mp
150-151 °C; R; = 0.15 (hexane/ethyl acetate = 6:1); *H NMR (300 MHz, CDCls, Figure
$-227) § 0.81 (t, J = 7.2 Hz, 6H), 1.50-1.65 (m, 4H), 2.14 (d, J = 13.6 Hz, 2H), 3.18 (d, J =
13.8 Hz, 2H), 3.35-3.54 (m, 4H), 3.18 (d, J = 13.6 Hz, 2H), 4.09 (d, J = 13.8 Hz, 2H), 5.16 (s,
2H), 5.64 (s, 2H), 6.00 (d, J = 7.5 Hz, 2H), 6.09 (d, J = 6.3 Hz, 2H), 6.20 (t, J = 7.5 Hz, 2H),
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6.65-6.70 (M, 4H), 6.96 (t, J = 8.8 Hz, 2H), 7.11 (d, J = 7.2 Hz, 2H), 7.53 (t, J = 7.2 Hz, 2H),
7.61-7.70 (m, 2H), 8.05 (d, J = 8.4 Hz, 2H), 8.54 (d, J = 8.1 Hz, 2H); *C NMR (75 MHz,
CDCls, Figure S-228) & 10.4 (CHs), 22.6 (CH,), 30.5 (CHy), 31.1 (CHy), 49.1 (CH,), 65.1
(CH), 66.1 (CH), 122.8 (CH), 123.2 (CH), 123.2 (CH), 123.6 (CH), 123.8 (CH), 127.3 (CH),
127.4 (CH), 127.5 (CH), 127.9 (CH), 128.8 (Cq), 129.2 (CH), 129.7 (CH), 129.9 (CH), 130.8
(Cq), 131.3 (Cq), 132.3 (Cqg), 133.0 (Cq), 135.6 (Cq), 136.5 (Cq), 153.6 (Cqg), 154.1 (Cq),
155.1 (Cq), 157.0 (Cq), 162.2 (Cq); FAB-MS m/z 863 (M + H*); HR-FAB-MS (M) m/z

calcd for Cs3Hs5oNgO4 862.3955, found 862.3945.

4.3.14 General procedures for the preparation of 5,17-bis-[(para-substituted-

phenyl)azo]-25,27-dioxyacetonitrile-26,28-dihydroxycalix[4]arenes 263a and 253b.

R
| :
Q f f\ HzN@R /acetone NN
2 A\

! ! NaNO,/ 4N HCl N 3
(O ©OH OH Ov pyridine, 4 h, 0°C / | ][,

| /

" “ O OHQoH O

256 ( D

CN CN

263a R = OMe
263b R = NO,

To an ice cold solution of NaNO, (7.50 mmol) in 4 N HCI (6.00 mL) was added a solution of
para-substituted-aniline (4.00 mmol) in acetone (8.00 mL), and the mixture was stirred for 1
min. The combined solution was added dropwise to another ice cold solution of
25,27-dioxyacetonitrile-26,28-dihydroxycalix[4]arene 256 (1.00 mmol) in pyridine (12.00
mL) to produce an ox-blood-red solution. The reaction mixture was stirred at 0 °C for 4 h and
treated with 60 mL of 4 N HCI to give a colored precipitate. The separated precipitate was
dissolved in CH,CI, (20 mL) and added H,O (40 mL) then extracted with CH,Cl, (2 x 10

mL). The organic layers were combined and concentrated, and the residue was recrystallized
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with CH,CI,/MeOH to give the corresponding products 263a and 263b.

4.3.14.1 Data for 5,17-bis-[(4-(4-methoxyphenyl)azo]-25,27-dioxy-acetonitrile-26,28-

dihydroxy-calix[4]-arene, 263a. Yield 87%; yellow solid; mp 217-219 °C; R; = 0.42
(hexane/ethyl acetate = 3:1); *H NMR (300 MHz, CDCls, Figure S-229) & 3.67 (d, J = 13.8
Hz, 4H), 3.90 (s, 6H), 4.32 (d, J = 13.8 Hz, 4H), 4.91 (s, 4H), 6.57 (s, 2H), 6.81 (t, J = 7.5 Hz,
2H), 6.96 (d, J = 7.5 Hz, 4H), 7.02 (d, J = 9.0 Hz, 4H), 7.76 (s, 4H), 7.89 (d, J = 9.0 Hz, 4H);
3C NMR (75 MHz, DMSO-ds, Figure S-230) & 31.8 (CH,), 56.5 (CHs), 61.6 (CH,), 115.5
(CH), 117.4 (Cq), 124.3 (CH), 124.9 (CH), 127.1 (CH), 129.5 (CH), 130.6 (Cq), 133.7 (Cq),
146.2 (Cq), 147.4 (Cq), 152.4 (Cq), 156.3 (Cq), 162.2 (Cq); FAB-MS m/z 771 (M + H");

HR-FAB-MS (M + H") m/z calcd for C4H39NsOs 771.2926, found 771.2927.

4.3.14.2 Data for 5,17-bis-[(4-(4-nitrophenyl)azo]-25,27-dioxy-acetonitrile-26,28-

dihydroxy-calix[4]arene, 263b. Yield 63%; red solid; mp 218-219 °C; R; = 0.51 (CH,Cl,);
'H NMR (300 MHz, CDCls, Figure S-231) & 3.73 (d, J = 13.5 Hz, 4H), 4.36 (d, J = 13.5 Hz,
4H), 4.96 (s, 4H), 6.89 (t, J = 8.4 Hz, 2H), 7.01 (d, J = 6.0 Hz, 6H), 7.89 (s, 4H), 8.02 (d, J =
8.9 Hz, 4H), 8.40 (d, J = 8.9 Hz, 4H); 3C NMR (75 MHz, DMSO-ds, Figure $-232) & 31.8
(CH,), 61.4 (CH,), 117.5 (Cq), 123.9 (CH), 125.6 (CH), 126.0 (CH), 127.0 (CH), 130.0 (Cq),
130.7 (CH), 133.6 (Cq), 146.3 (Cq), 148.7 (Cq), 152.7 (Cq), 156.6 (Cq), 158.4 (Cq); ESI-MS
m/z 801.4 (M + HY); HR-FAB-MS (M + H") m/z calcd for Cs4H33sNgOg 801.2416, found

801.2417.
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4.3.15 General procedures for the preparation of 5,17-bis-[(para-substituted-

phenyl)azo]-25,27-bis-[(oxymethyl)-2H-tetrazole]-26,28-dihydroxycalix[4]arenes  264a

and 264b.
R R
R R
| @ (O
-N N
o NN
N° N TMSNa, Bu,SnO N
Jf\ ) toluene, 80°C, 30 , | @. «O«
: A4 |
| > O OHOH O
o i 4
CN CN N NN
N-NH HN-N
263a R = OMe 264a R = OMe
263b R =NO; 264b R = NO,

Dibutyltin oxide (0.18 mmol) and trimethylsilyl azide (3.68 mmol) were added to a solution
of 263a or 263b (0.92 mmol) in anhydrous toluene (15 mL). The reaction mixture was stirred
at 100°C for 36 h and then cooled to room temperature. The solvent was removed, and the
residue was then treated with 10% aqueous HCI (30 mL) and CH,Cl, (3 x 10 mL). The
extract was dried with Na,SO,4 and concentrated under reduced pressure. The residue was
subjected to flash chromatography (CH,Cl,/ethyl acetate, 2:1; then ethyl acetate/methanol,

1:0-1:1 gradient) to give the corresponding products 264a and 264b.

4.3.15.1 Data for 5,17-bis-[4-(4-methoxyphenyl)azo]-25,27-bis-[(oxymethyl)-2H-

tetrazole]-26,28-dihydroxycalix[4]arene, 264a. Yield 89%; yellow solid; mp 237-239 °C;
Rt = 0.34 (ethyl acetate/methanol = 1:1); *H NMR (300 MHz, CDsCN, Figure S-233) & 4.47
(d, J = 13.4 Hz, 4H), 4.72 (s, 6H), 5.10 (d, J = 13.4 Hz, 4H), 6.34 (s, 4H), 7.77 (t, J = 7.6 Hz,
2H), 7.92 (d, J = 9.0 Hz, 4H), 7.97 (d, J = 7.6 Hz, 4H), 8.62 (s, 4H), 8.69 (d, J = 9.0 Hz, 4H);
BC NMR (75 MHz, DMSO-ds, Figure S-234) § 31.4 (CH,), 56.7 (CHs), 67.0 (CH,), 115.6

(CH), 124.4 (CH), 125.1 (CH), 126.9 (CH), 129.5 (Cqg), 130.5 (CH), 130.7 (Cq), 146.2 (Cq),
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147.4 (Cq), 152.8 (Cq), 154.4 (Cq), 156.5 (Cq), 162.3 (Cq); FAB-MS m/z 857 (M + H");

HR-FAB-MS (M + H") m/z calcd for C4sH41N1,06 857.3267, found 857.3276.

4.3.15.2 Data for 5,17-bis-[4-(4-nitrophenyl)azo]-25,27-bis-[(oxy-methyl)-2H-tetrazole]-

26,28-dihydroxy-calix[4]arene, 264b. Yield 67%; yellow solid; mp 236-237°C; Rs = 0.33
(ethyl acetate/methanol = 1:1); *H NMR (300 MHz, CDsCN, Figure S-235) & 4.50 (d, J =
13.5 Hz, 4H), 5.12 (d, J = 13.5 Hz, 4H), 6.35 (s, 4H), 7.78 (t, J = 7.5 Hz, 2H), 7.98 (d, J= 7.5
Hz, 4H), 8.76 (s, 4H), 8.82 (d, J = 9.0 Hz, 4H), 9.22 (d, J = 9.0 Hz, 4H); *C NMR (125 MHz,
DMSO-ds, Figure S-236) & 31.2 (CH,), 66.8 (CHy), 123.9 (CH), 125.5 (CH), 126.0 (CH),
126.5 (CH), 129.9 (Cq), 130.4 (CH), 133.2 (Cq), 146.2 (Cq), 148.6 (Cq), 153.0 (Cq), 154.4
(Cq), 156.6 (Cq), 158.5 (Cq); FAB-MS m/z 887 (M + H"); HR-FAB-MS (M + H") m/z calcd

for C44H35N140g 887.2757, found 887.2753.
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Figure S-1. The triplet EPR spectrum in 1000—4000 guess region for RP 93 was obtained by
the photolysis of a glassy matrix of 37 in MTHF at 4 K for 5 min.
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Figure S-2. The triplet EPR spectrum in 3000-3800 guess region for RP 93 was obtained by
the photolysis of a glassy matrix of 37 in MTHF at 4 K for 5 min.
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Figure S-3. The triplet EPR spectrum in 1000—4000 guess region for RP 93 was obtained by

the photolysis of a glassy matrix of 37 in triacetin at 4 K for 5 min.
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Figure S-4. The triplet EPR spectrum in 3000-3800 guess region for RP 93 was obtained by

the photolysis of a glassy matrix of 37 in triacetin at 4 K for 5 min.
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Figure S-5. The triplet EPR spectrum in 1000—4000 guess region for RP 93 was obtained by
the photolysis of the powder of 37 at 4 K for 10 min.
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Figure S-6. The triplet EPR spectrum in 3000-3800 guess region for RP 93 was obtained by
the photolysis of the powder of 37 at 4 K for 10 min.
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Figure S-7. The triplet EPR spectrum in 1000—4000 guess region for RP 93 was obtained by
the photolysis of a glassy matrix of 37 in MTHF at 77 K for 5 min.
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Figure S-8. The triplet EPR spectrum in 3000-3800 guess region for RP 93 was obtained by
the photolysis of a glassy matrix of 37 in MTHF at 77 K for 5 min.

272



- Tse 0N<j 93 230-325 nm
= powder at 77 K
2
‘©
c
e
£
x
o
m -
T T T T T
1000 2000 3000 4000

Magnetic Field / G

Figure S-9. The triplet EPR spectrum in 1000—4000 guess region for RP 93 was obtained by
the photolysis of the powder of 37 at 77 K for 10 min.

~I
Tse oN _ 93

230-325 nm
powder at 77 K

1
-—3333
(g = 2.0035)

3438 G

EPR Intensity

T T T T T T T
3000 3200 3400 3600 3800
Magnetic Field / G

Figure S-10. The triplet EPR spectrum in 3000-3800 guess region for RP 93 was obtained
by the photolysis of the powder of 37 at 77 K for 10 min.
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Figure S-11. The triplet EPR spectrum in 1000-4000 guess region for RP 94 was obtained
by the photolysis of a glassy matrix of 72 in MTHF at 4 K for 5 min.
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Figure S-12. The triplet EPR spectrum in 3000-3800 guess region for RP 94 was obtained
by the photolysis of a glassy matrix of 72 in MTHF at 4 K for 5 min.
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Figure S-13. The triplet EPR spectrum in 1000-4000 guess region for RP 94 was obtained
by the photolysis of the powder of 72 at 4 K for 10 min.
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Figure S-14. The triplet EPR spectrum in 3000-3800 guess region for RP 94 was obtained
by the photolysis of the powder of 72 at 4 K for 10 min.
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Figure S-15. The triplet EPR spectrum in 1000-4000 guess region for RP 94 was obtained
by the photolysis of the crystalline of 72 at 4 K for 10 min.
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Figure S-16. The triplet EPR spectrum in 3000-3800 guess region for RP 94 was obtained
by the photolysis of the crystalline of 72 at 4 K for 10 min.
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Figure S-17. The triplet EPR spectrum in 1000-4000 guess region for RP 94 was obtained
by the photolysis of a glassy matrix of 72 in MTHF at 77 K for 5 min.
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Figure S-18. The triplet EPR spectrum in 3000-3800 guess region for RP 94 was obtained
by the photolysis of a glassy matrix of 72 in MTHF at 77 K for 5 min.
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Figure S-19. The triplet EPR spectrum in 1000-4000 guess region for RP 94 was obtained
by the photolysis of the powder of 72 at 77 K for 10 min.
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Figure S-20. The triplet EPR spectrum in 3000-3800 guess region for RP 94 was obtained
by the photolysis of the powder of 72 at 77 K for 10 min.
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Figure S-21. The triplet EPR spectrum in 1000-4000 guess region for RP 95 was obtained
by the photolysis of a glassy matrix of 73 in MTHF at 4 K for 5 min.
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Figure S-22. The triplet EPR spectrum in 3000-3800 guess region for RP 95 was obtained
by the photolysis of a glassy matrix of 73 in MTHF at 4 K for 5 min.

279



@
z g
‘©
s L — 4
£
e Ph
& Toe o S 230-325 nm
=l powderat4 K
Ph
95
: , : , :
1000 2000 3000 4000

Magnetic Field / G

Figure S-23. The triplet EPR spectrum in 1000-4000 guess region for RP 95 was obtained
by the photolysis of the powder of 73 at 4 K for 10 min.
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Figure S-24. The triplet EPR spectrum in 3000-3800 guess region for RP 95 was obtained
by the photolysis of the powder of 73 at 4 K for 10 min.
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Figure S-25. The triplet EPR spectrum in 1000-4000 guess region for RP 95 was obtained
by the photolysis of the crystalline of 73 at 4 K for 10 min.
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Figure S-26. The triplet EPR spectrum in 3000-3800 guess region for RP 95 was obtained
by the photolysis of the crystalline of 73 at 4 K for 10 min.
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Figure S-28. The triplet EPR spectrum in 3000-3800 guess region for RP 95 was obtained
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by the photolysis of a glassy matrix of 73 in MTHF at 77 K for 5 min.
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Figure S-29. The triplet EPR spectrum in 1000-4000 guess region for RP 95 was obtained
by the photolysis of a glassy matrix of 73 in triacetin at 77 K for 5 min.
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Figure S-30. The triplet EPR spectrum in 3000-3800 guess region for RP 95 was obtained
by the photolysis of a glassy matrix of 73 in triacetin at 77 K for 5 min.
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Figure S-31. The triplet EPR spectrum in 1000-4000 guess region for RP 95 was obtained
by the photolysis of the powder of 73 at 77 K for 10 min.
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Figure S-32. The triplet EPR spectrum in 3000-3800 guess region for RP 95 was obtained
by the photolysis of the powder of 73 at 77 K for 10 min.
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Figure S-33. The triplet EPR spectrum in 1000-4000 guess region for RP 96 was obtained
by the photolysis of a glassy matrix of 75 in MTHF at 4 K for 5 min.
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Figure S-34. The triplet EPR spectrum in 3000-3800 guess region for RP 96 was obtained
by the photolysis of a glassy matrix of 75 in MTHF at 4 K for 5 min.
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Figure S-35. The triplet EPR spectrum in 1000-4000 guess region for RP 96 was obtained
by the photolysis of the powder of 75 at 4 K for 10 min.
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Figure S-36. The triplet EPR spectrum in 3000-3800 guess region for RP 96 was obtained
by the photolysis of the powder of 75 at 4 K for 10 min.
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Figure S-37. The triplet EPR spectrum in 1000-4000 guess region for RP 96 was obtained
by the photolysis of a glassy matrix of 75 in MTHF at 77 K for 5 min.
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Figure S-38. The triplet EPR spectrum in 3000-3800 guess region for RP 96 was obtained
by the photolysis of a glassy matrix of 75 in MTHF at 77 K for 5 min.
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Figure S-39. The triplet EPR spectrum in 1000-4000 guess region for RP 96 was obtained
by the photolysis of powder of 75 at 77 K for 10 min.
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Figure S-40. The triplet EPR spectrum in 3000-3800 guess region for RP 96 was obtained
by the photolysis of powder of 75 at 77 K for 10 min.
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Figure S-41. The triplet EPR spectrum in 1000-4000 guess region for RP 97 was obtained
by the photolysis of a glassy matrix of 24 in MTHF at 4 K for 5 min.
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Figure S-42. The triplet EPR spectrum in 3000-3800 guess region for RP 97 was obtained
by the photolysis of a glassy matrix of 24 in MTHF at 4 K for 5 min.
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Figure S-43. The triplet EPR spectrum in 1000-4000 guess region for RP 97 was obtained
by the photolysis of a glassy matrix of 24 in MTHF at 77 K for 5 min.
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Figure S-44. The triplet EPR spectrum in 3000-3800 guess region for RP 97 was obtained
by the photolysis of a glassy matrix of 24 in MTHF at 77 K for 5 min.
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Figure S-45. The triplet EPR spectrum in 1000-4000 guess region for RP 97 was obtained
by the photolysis of the powder of 24 at 77 K for 10 min.
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Figure S-46. The triplet EPR spectrum in 3000-3800 guess region for RP 97 was obtained
by the photolysis of the powder of 24 at 77 K for 10 min.

291



7] N~
—
> N
‘n
[
2 | /
o
i
o
& o) 230-325 nm
i ~ in MTHF at 77 K
TseoN N=Ph D'=0.0229 cm™
Y E'<0.0003 cm’
98 R, =49 A
T T
1000 2000 3000 4000

Magnetic Field / G

Figure S-47. The triplet EPR spectrum in 1000-4000 guess region for RP 98 was obtained
by the photolysis of a glassy matrix of 58 in MTHF at 77 K for 5 min.
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Figure S-48. The triplet EPR spectrum in 3000-3800 guess region for RP 98 was obtained
by the photolysis of a glassy matrix of 58 in MTHF at 77 K for 5 min.
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Figure S-49. The triplet EPR spectrum in 1000-4000 guess region for RP 99 was obtained
by the photolysis of a glassy matrix of 78 in MTHF at 4 K for 5 min.
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Figure S-50. The triplet EPR spectrum in 3000-3800 guess region for RP 99 was obtained
by the photolysis of a glassy matrix of 78 in MTHF at 4 K for 5 min.
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Figure S-51. The triplet EPR spectrum in 1000—4000 guess region for RP 101 was obtained
by the photolysis of a glassy matrix of 88 in MTHF at 4 K for 5 min.
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Figure S-52. The triplet EPR spectrum in 3000-3800 guess region for RP 101 was obtained
by the photolysis of a glassy matrix of 88 in MTHF at 4 K for 5 min.
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Figure S-53. The triplet EPR spectrum in 1000—4000 guess region for RP 102 was obtained
by the photolysis of a glassy matrix of 89 in MTHF at 4 K for 5 min.
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Figure S-54. The triplet EPR spectrum in 3000-3800 guess region for RP 102 was obtained
by the photolysis of a glassy matrix of 89 in MTHF at 4 K for 5 min.
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Figure S-55. The triplet EPR spectrum in 1000—4000 guess region for RP 102 was obtained
by the photolysis of powder of 89 at 4 K for 10 min.

=)
©
8
4 2 S
% % I
*% j n 2
5 . /
= T
x IO
a HoN Ne °Ts 3
Ll | |l| g
102
230-325 nm
powder at 4 K
T T T T T T T
3000 3200 3400 3600 3800

Magnetic Field / G

Figure S-56. The triplet EPR spectrum in 3000-3800 guess region for RP 102 was obtained
by the photolysis of a powder of 89 at 4 K for 10 min.
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Figure S-57. The triplet EPR spectrum in 1000—4000 guess region for RP 103 was obtained
by the photolysis of powder of 74b at 4 K for 10 min.
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Figure S-58. The triplet EPR spectrum in 3000-3800 guess region for RP 103 was obtained
by the photolysis of a powder of 74b at 4 K for 10 min.
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Figure S-59. The triplet EPR spectrum in 1000—4000 guess region for RP 104 was obtained
by the photolysis of a glassy matrix of 25a in MTHF at 4 K for 5 min.
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Figure S-60. The triplet EPR spectrum in 3000-3800 guess region for RP 104 was obtained
by the photolysis of a glassy matrix of 25a in MTHF at 4 K for 5 min.
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Figure S-61. The triplet EPR spectrum in 1000—4000 guess region for RP 104 was obtained
by the photolysis of a glassy matrix of 25a in MTHF at 77 K for 5 min.
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Figure S-62. The triplet EPR spectrum in 3000-3800 guess region for RP 104 was obtained
by the photolysis of a glassy matrix of 25a in MTHF at 77 K for 5 min.
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Figure S-63. The triplet EPR spectrum in 1000—4000 guess region for RP 105 was obtained
by the photolysis of a glassy matrix of 25¢ in MTHF at 77 K for 5 min.
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Figure S-64. The triplet EPR spectrum in 3000-3800 guess region for RP 105 was obtained
by the photolysis of a glassy matrix of 25¢ in MTHF at 77 K for 5 min.
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Figure S-65. "H NMR spectra of (a) triazoline 186a (0.025 M) in CDCls, and (b) 186a after
irradiated (254 nm) for 3 min, (c) 9 min, and (d) 15 min.
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Figure S-66. '"H NMR spectra of (a) triazoline 186a (0.025 M) in CD3;CN, and (b) 186a after
irradiated (254 nm) for 3 min, (¢) 6 min , and (d) 15 min.
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Figure S-67. '"H NMR spectra of (a) triazoline 186a (0.025 M) in dg-THF, and (b) 186a after
irradiated (254 nm) for 3 min, (c) 9 min, and (d) 15 min.
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Figure S-68. '"H NMR spectra of (a) triazoline 186a (0.025 M) in CD3;CN/MeOD (v/v = 1/4),
and (b) 186a after irradiated (254 nm) for 3 min, (c) 9 min, and (d) 15 min.
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Figure S-69. '"H NMR spectra of (a) triazoline 186b (0.025 M) in CD;CN, and (b) 186b after
irradiated (254 nm) for 15 min, (¢) 187b (in CD;CN), and (d) 189 (in CD;CN)..
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Figure S-70. "H NMR spectra of (a) triazoline 186b (0.025 M) in ds-THF, and (b) 186b after
irradiated (254 nm) for 15 min, (c¢) 187b (in ds-THF), and (d) 189 (in dg-THF).
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Figure S-71. "H NMR spectra of (a) triazoline 186¢ (0.025 M) in CD;CN, and (b) 186c¢ after
irradiated (254 nm) for 15 min, (c) 187c (in CD3;CN), and (d) 189 (in CD3;CN); where *

denotes an internal standard 1,4-dioxane.
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Figure S-72. "H NMR spectra of (a) triazoline 186¢ (0.025 M) in ds-THF, and (b) 186¢ after
irradiated (254 nm) for 15 min, (c¢) 187c (in dg-THF), and (d) 189 (in ds-THF); where *

denotes an internal standard 1,4-dioxane.

304



(d) 27 min
B B T MMWMMR UW
(c) 12 min
L MMM,WUH

(b) 6 min
MJM RJ 1| — JUWJNNM

(a) CDsCN,
="

T T T T T T
8.5 8.0 ppm 5.5 5.0 4.5

Figure S-73. "H NMR spectra of (a) triazoline 186d (0.025 M) in CDsCN, and (b) 186d after
irradiated (254 nm) for 6 min, (c¢) 12 min , and (d) 27 min.
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Figure S-74. "H NMR spectra of (a) triazoline 186d (0.025 M) in ds-THF, and (b) 186d after
irradiated (254 nm) for 6 min, (¢) 12 min, and (d) 27 min.
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Figure S-76. NOE spectrum of 247a.
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Figure S-78. NOE spectrum of 247b.
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Figure S-82. NOE spectrum of 255b.

309

. )NLL E‘JJ‘ A,Lﬁ,b L
———

ppm






T1€

NONMNO©N NN~ N A M o) N~
DN~ O N O A NONLO N Ty)
ONHNOON A N M 0 — © 00 M I ™
NNOOONOO N = O 0 o 0 0 LD < ©
[N N 0w < mm N -

T~ 7.2662
_—
-

© ~NOW ©LW
©m NO©O N~do
N~ N nNON OO
~ I~ [N N N N

T T T T
7.8 7.6 7.4 7.2 ppm r

SIS S

o O |0 <[ |0 N | -l
o N~ 0 | M N~ I~ N~
o < O ol |© o| |© o
N N[ [ | | | [ ™

Figure S-83. 'H NMR (300 MHz, CDClIs) spectrum of 24
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Figure S-84. **C NMR (75 MHz, CDCls) spectrum of 24




€Te

Current Data Parameters.
NAVE cyj090408
1

EXPNO

PROCNO 1
F2 - Acquisition Parameters
Date 2009041

0
4789.272 Hz
0.292314 Hz
1.710539 sec
57
104.400 usec
6.50 usec

300.0 K
2.00000000 sec

CHANNEL 1
NUCL.
P1 10.60 usec
PLL -3.00 dB
SFOL 300.1319508 HHz
F2 - Processing paraneters
st

SF 300.1300055 MHz
WoW EM
SSB 0

LB 0.10 Hz
B

PC 1.00

1D NWR plot parameters
o 23.00

e e B 0 e e L e e

9 8 5 4 3 2 1 0 ppm

Figure S-85. 'H NMR (300 MHz, CDClI;) spectrum of 58



ppm

(@]
—l
Zr9 1 — i | . S
896°12 — T—
o
(e0]
3 3 4
9066 ——— — Q
o
1 4 Lo
(@]
©
Q
71679~ )
=

80

o
[e))
o
(@]
—
(@]
062°9TT =
109" 22T — ] -
622°92T / 2
089°92T /
TS 82T V M —- IM 5
- \ |“ 3
767821 — 8
1267621 \ —3
vz 18T — . S
loto-oct S
20l vyT — 6227921 —— - & —
089-92T o
s8] B -
£16°82T — - i
vv6°8C¢T — ° S
1267621 -8 =
o
v29-TET 5 =
" 4
T2y 8T ——— 5 m
% —
_ 3
Ox B0 -
.
/\ S
Z AN
2]
T

314

Figure S-86. **C NMR (75 MHz, CDCls) spectrum of 58



M 0w Mo o M = ™
TOUND M@~ O oo m M
E M~ Mmool Y oM =0 o w
[=3 QI ~ T MmMowWmeo MmO g~ W g -
o MMM meuiui—O 000 [ =]
L N N N 00
|
o\ —
]
|
|
|
w |
= |
(6] |
]
/
! |
y| 1
e — . — fl'_)ll'-l
L
~
., -
\\u_],/
z &
& =]
= e}
S e — SR
ppm g B

Figure S-87. '"H NMR (300 MHz, CDClI,) spectrum of 25a
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Figure S-91. 'H NMR (300 MHz, CDClI;) spectrum of 65
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Figure S-92. **C NMR (75 MHz, CDCls) spectrum of 65
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Figure S-93. '"H NMR (300 MHz, CDClI,) spectrum of 66a



[44

CO,Et
~
O~
—

CO,Et
66a

0 oLw N o
N O N~ (o] [o0]
||||| <tOoOLuw N —
N~~~ O o <
N~~~ (o] -

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm
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Figure S-156. **C NMR (75 MHz, CDCl5) spectrum of 186¢
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Figure S-174. **C NMR (75 MHz, CDCl5) spectrum of exo0-190c
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Figure S-178. **C NMR (75 MHz, CDCl5) spectrum of exo-191b
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Figure S-180. **C NMR (75 MHz, CDCl5) spectrum of 192¢
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X-ray diffraction experiment by photolysis the single crystal of 2,5-diphenyl-N-tosyl
pyrrole 73.

The single crystal X-ray diffraction data were collected at 25 K using a KappaCCD
diffractometer with graphite monochromatic MoKa. radiation (A = 0.71073A). The low
temperature was achieved by liquid He with Oxford helix system. The unit cell parameters
were determined from 16 frames with chi-phi scan method. Intensity of reflections were
derived by HKL Denzo and Scalepack (Otwinowski & Minor, 1997). Relative intensities
were corrected for Lorentz and polarization effects; an absorption correction was applied
based on the normalization of equivalent reflections (Blessing, 1995). The structure was
solved by direct method using SIR92 (Altomare et al., 1994) included in DENZO-SMN
package. Details of the unit cell parameters; conditions of data collection and the agreement
indices of refinements are given in Table S-1.

The photo induced chemical interaction in solid state was detected by the x-ray diffraction
data with the single crystal in a liq. He stream under the irradiation. The photo excitation was
achieved by a Xeon lamp of 150 W focusing onto 0.8 mm? without any filter. However two
crystals were tried such way at 25 K and failed due to the cracking of the crystal when
applied the irradiation. Eventually a crystal irradiated at 30 K was successful without
suffering too much damage on the crystal
In order to monitor the changes occurred on the diffraction data due to the irradiation, the
same 16 frames used in the cell parameter determination were collected once every ten
minutes; interestingly the color of the crystal also changed from colorless to pale yellow after
the irradiation; some diffraction peaks became observable (see Figure S-237) after ten minute
exposure of such UV-irradiation. Therefore the intensities of these reflections were used to
judge whether the changes due to the irradiation were completed. It took about 30 minutes to
reach the equilibrium state; the data collection was then started with the light off and was

finished within 4 hours. At the end of data collection, the same reflections were again
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measured to be certain that the status remained the same as that at the beginning of the data
collection. Data reduction and analyses were the same as mentioned above.

From the pre-knowledge on the ESR experiment, the production of the excited di-radical
species due to irradiation only took place partially; we expect that we would encounter the
disorder problem in the solid state. A model was built with two structures existed in the same
lattice. The structural amplitudes were then defined as the sum of two parts: one contributed
from the original structure not perturbed by the irradiation, the other from the excited
di-radical species. It is not trivial to do the structural determination under the circumstance;
the structural determination was started with the original structure and the structure of the
excited species was then gradually constructed using alternate refinement (in terms of Figa
given above) and Fourier transform analyses. The excited di-radical structure was finally

established with the fraction, k, of 19%.

2 2 2 . : :
Fiotal = (1-K) Foriginal + KFaycited » K the fraction of the excited species

(0-11)

o
=
]

10

10

Intensily

5000

Intensity 4

5000

30 40 S0 &0 70 =0

X —pixel_position

(a) (b)

Figure S-245. Reflections monitored for excitation: (a) before the irradiation; (b) after the
irradiation of 73.
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Table S-1. Crystal data and conditions of with and without irradiation of 73.

Formula

Formula Weight
Diffractometer used
Space Group

a; A

b; A

c; A

Alpha

Beta

Gamma

V(A%

Z

Dcalc; g.c:m'3

L; Mo ko (A)

F (000)

Scan type

2 0 may; (deg)

1 (MoKo;(cm™)
Crystal size (mm)
Temperature; K

no of meas. reflns
no of unique reflns
no of obs relfns (I > 2o (1))
Ri; Riw

Rint?

S

g (2nd. ext. coeff.) x 10*
(Ap) min.; max. e/A’
Minimize function

Weights scheme

Refinement program

CxsHi 9N O, S
373.55
KappaCCD
Triclinic P -1
7.799 (2)
11.055 (2)
11.399 (3)
102.28 (2)
100.42 (2)
105.05 (2)
898 (1)

2

1.38

0.7107

392

o & @ -scan
55

19.90

0.20 x 0.30 x 0.30
25

15849

4042

2186

0.051; 0.113
0.061

0.99

0.1 (1)

-0.46; 0.32
¥(w|Fo-Fc[)
w=1/[s*(F0?)+(0.04P)’]
where P = (((Fo® +
2xFEc?)) /3

Shelx1-97

CxsHi 9N O, S
373.55
KappaCCD
Triclinic P -1
7.790 (1)
11.091 (4)
11.516 (3)
102.49 (2)
100.30 (2)
104.98 (2)
909 (1)

2

1.38

0.7107

392

o & @ -scan
59.6

19.90

0.20 x 0.30 x 0.30
30

14904

4339

3246

0.060; 0.125
0.042

1.014

0.1(1)

-0.48; 1.76
¥(w|Fo-Fc[)
w=1/[s*(F0*)+(0.0685P)
+1.60P]
where P = (((Fo® + 2 x
Fc?))) /3
Shelx1-97

aRint = X(I- 1 )/21
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DFT Calculations for 37, 72 and 73

The molecular structures were fully optimized at the B3LYP/6-31+G(d) level of theory. The

total SCF energies and S? for the triplet state are summarized in Tables S-2, S-3 and S-4. The

optimized geometries are summarized in Tables S-5 to S-10.

Table S-2. B3LYP/6-31+G(d) SCF energies and S* for the closed-shell singlet and open-shell

triplet states of 37.

state SCF Energy [Hartree] s?
closed-shell singlet -989.8046805 (RB3LYP) 0.0
open-shell triplet -989.7412359 (UB3LYP) 2.019177

Table S-3. B3LYP/6-31+G(d) SCF energies and S* for the closed-shell singlet and open-shell

triplet states of 72.

state SCF Energy [Hartree] s?
closed-shell singlet -1220.8647779 (RB3LYP) 0.0
open-shell triplet -1220.8213517 (UB3LYP) 2.02446

Table S-4. B3LYP/6-31+G(d) SCF energies and S* for the closed-shell singlet and open-shell

triplet states of 73.

state SCF Energy [Hartree] s?
closed-shell singlet -1451.9219569 (RB3LYP) 0.0
open-shell triplet -1451.8970354 (UB3LYP) 2.028013
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Table S-5. The optimized Cartesian coordinates for the closed-shell singlet state of 37.

S | -1.286610 | -0.074734 | 0.000000 O -1.982238 | -0.023090 | -1.284576
N |-0.439027 | -1.566370 | 0.000000 C 0.484973 | 1.653335 | 1.220979
C 0.000000 | 1.177895 | 0.000000 C 0.484973 | 1.653335 | -1.220979
C 0.058981 | -2.197539 | 1.137388 C 1.490153 | 2.622268 | 1.213090
C 0.058981 | -2.197539 | -1.137388 C 1.490153 | 2.622268 | -1.213090
C 0.842409 | -3.242392 | 0.716744 C 1.993406 | 3.102536 | 0.000000
C 0.842409 | -3.242392 | -0.716744 H 0.070069 | 1.283957 | 2.153000
H |-0.230221 | -1.859952 | 2.120947 H 0.070069 | 1.283957 | -2.153000
H |-0.230221 | -1.859952 | -2.120947 H 1.874191 | 3.005269 | 2.154412
H 1.346718 | -3.948696 | 1.363300 H 1.874191 | 3.005269 | -2.154412
H 1.346718 | -3.948696 | -1.363300 H 2.774596 | 3.857963 | 0.000000
O |-1.982238 | -0.023090 | 1.284576

Table S-6. The optimized Cartesian coordinates for the open-shell triplet state of 37.

S 0.421753 | 1.559423 | -0.047688 O 1.122425 | 2.672064 | -0.756650
N | -2.105703 | -0.396386 | -0.339998 C 1.357056 | -0.845134 | 0.976535
C 1.590469 | 0.169024 | 0.046605 C 2.652750 | 0.120921 | -0.857906
C | -2.947138 | 0.155636 | 0.559478 C 2.241090 | -1.925118 | 1.019874
C |-2.876819 | -1.230284 | -1.066664 C 3.526784 | -0.967631 | -0.801714
C |-4.312527 | -0.340368 | 0.413307 C 3.321498 | -1.987020 | 0.133275
C |-4.267981 | -1.225837 | -0.625854 H 0.512652 | -0.781504 | 1.653885
H |-2.583602 | 0.882381 | 1.279018 H 2.800574 | 0.926433 | -1.569645
H |-2.454654 | -1.815240 | -1.877976 H 2.084230 | -2.718141 | 1.746042
H |-5.164290 | -0.048964 | 1.014918 H | 4369109 | -1.015088 | -1.486590
H |-5.075044 | -1.809435 | -1.050765 H | 4.004164 | -2.831859 | 0.170881
O [-0.148970 | 1.764213 | 1.316852
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Table S-7. The optimized Cartesian coordinates for the closed-shell singlet state of 72.

S 1.080916 | -0.785812 | 1.225516 H 0.453476 | -3.707217 | -2.576230
N 0.233522 | -1.695836 | 0.013698 H | -1.716382 | -2.061448 | -2.597621
C 1.665270 | 0.672469 | 0.358448 C 2.586725 | 2.923201 | -0.965901
O 2229120 | -1.624456 | 1.570176 H 4.199182 | 1.665014 | -1.662966
O 0.107746 | -0.374265 | 2.232089 H 0.882305 | 3.935639 | -0.109270
C 0.915217 | -2.684888 | -0.702995 C | -2.313071 | 0.670718 | -1.271905
C | -0.903064 | -1.294729 | -0.726079 C | -2.541761 | -0.306816 | 0.928365
C 2.833870 | 0.580784 | -0.403343 H 2.949483 | 3.806984 | -1.484031
C 0.951495 | 1.867071 | 0.476788 C | -3.320782 | 1.583910 | -0.975368
C 0.207327 | -2.949680 | -1.843630 C | -3.547602 | 0.613337 | 1.225668
C | -0.923478 | -2.077938 | -1.860729 H | -1.820704 | 0.701025 | -2.240294
H 1.822148 | -3.108924 | -0.301651 H | -2.251291 | -1.045498 | 1.666583
C 3.290621 | 1.718466 | -1.069686 C | -3.945581 | 1.561301 | 0.277507
C 1.423627 | 2.997554 | -0.194297 H | -3.626526 | 2.316414 | -1.720837
H 3.378810 | -0.355890 | -0.458981 H | -4.028843 | 0.581917 | 2.199911
H 0.054848 | 1.908062 | 1.085548 H | -4732861 | 2.273118 | 0.512615
C | -1.904125 | -0.287357 | -0.325347

Table S-8. The optimized Cartesian coordinates for the open-shell triplet state for 72.

S| -1.514165 | 0.410555 | 1.092959 H 2256535 | 4.363056 | -1.104363
N 1.221552 | 1.484672 | 0.246754 H 3.978545 | 2.330026 | -1.492594
C [-2912007 | -0.214576 | 0.104776 C | -4.956087 | -1.153381 | -1.510111
O |-1.924376 | 1.735660 | 1.640510 H | -5.554556 | 0.914140 | -1.691424
O | -1.082444 | -0.699991 | 1.990488 H | -4.137174 | -3.117900 | -1.141504
C 1.050234 | 2.774514 | -0.015270 C 4.170459 | -0.556310 | -0.864966
C 2431536 | 1.143439 | -0.320832 C 2.301624 | -1.163985 | 0.574757
C |-3.806528 | 0.700781 | -0.454284 H |-5.760732 | -1.522129 | -2.140707
C |-3.002861 | -1.586161 | -0.142214 C 4.680502 | -1.844127 | -0.743599
C 2.157887 | 3.335241 | -0.776887 C 2.821797 | -2.447759 | 0.693800
C 3.029223 | 2.299621 | -0.974270 H 4.697696 | 0.171936 | -1.473653
H 0.163860 | 3.298560 | 0.329523 H 1.387819 | -0.888786 | 1.090159
C | -4.839751 | 0.218059 | -1.260826 C 4.009700 | -2.795967 | 0.036267
C | -4.041829 | -2.052317 | -0.950988 H 5.601916 | -2.110657 | -1.254695
H |-3.706339 | 1.760321 | -0.242209 H 2303164 | -3.181637 | 1.305048
H |-2.289701 | -2.269802 | 0.306839 H 4.412358 | -3.801021 | 0.132712
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2.968926

-0.189348

-0.209640

Table S-9. The optimized Cartesian coordinates for the closed-shell singlet state for 73.

S 1-0.004037 | 0.182511 | -1.313951 C 3.546760 | -0.357595 | 1.168823
N | -0.010586 | -0.880671 | 0.092213 C 2914164 | -1.939757 | -0.546810
C 0.019721 | 1.834999 | -0.610198 C | -2.944050 | -1.912713 | -0.548322
O | -1.280880 | -0.018611 | -1.990847 C | -3.5064161 | -0.323697 | 1.165481
O 1.261138 | -0.049814 | -2.002695 H 0.071289 | 5.401190 | 0.854519
C | -1.163986 | -0.916609 | 0.930898 C 4.892567 | -0.539352 | 0.843035
C 1.141733 | -0.928652 | 0.931736 C 4.257389 | -2.115915 | -0.873739
C | -1.193244 | 2.474739 | -0.342931 H 3.268463 | 0.337243 | 1.957384
C 1.250791 | 2.448267 | -0.364210 H 2.149484 | -2.490871 | -1.084014
C |-0.724148 | -0.995169 | 2.230232 C | -4.288475 | -2.077611 | -0.876100
C 0.700153 | -1.002452 | 2.230752 C | -4911247 | -0.494129 | 0.838815
C [ -1.165771 | 3.765390 | 0.189165 H | -2.183766 | -2.470982 | -1.084424
C 1.260720 | 3.739085 | 0.167986 H | -3.280504 | 0.369304 | 1.953743
H |-2.131842 | 1.975817 | -0.560613 C 5.253110 | -1.417816 | -0.181750
H 2.174427 | 1.929370 | -0.598444 H 5.657024 | 0.011145 | 1.386001
C 2.537977 | -1.054598 | 0.479575 H 4.528533 | -2.803591 | -1.670753
C | -2.560958 | -1.029992 | 0.477596 C | -5.278635 | -1.370400 | -0.185412
H | -1.367322 | -1.145368 | 3.087958 H | -4.564943 | -2.763673 | -1.672682
H 1.341148 | -1.158802 | 3.089011 H |-5.671346 | 0.063375 | 1.380741
C 0.056767 | 4.394636 | 0.444724 H 6.299633 | -1.557970 | -0.440034
H |-2.099819 | 4.280217 | 0.396780 H |-6.326147 | -1.501865 | -0.444256
H 2.209256 | 4.233423 | 0.359072
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Table S-10. The optimized Cartesian coordinates for the open-shell triplet state for 73.

S 0.479058 | 1.911670 | -1.534544 C 2.621053 | -1.347309 | -1.142063
N | -0.089780 | -1.552754 | -0.170001 C 4.723384 | -1.980340 | 0.590900
C 0.160281 | 2.555142 | 0.135190 C 3.938143 | -1.198844 | -1.563690
C | -1.213189 | -1.865184 | 0.518020 C 4.995994 | -1.513495 | -0.700353
C 0.950575 | -1.962816 | 0.591810 H |-3.609494 | -2.401013 | 1.701659
C |-0.882691 | -2.505220 | 1.788621 H | -1.809946 | -0.678050 | -1.817516
C 0.479472 | -2.562980 | 1.836925 H |-4.063158 | -0.164907 | -2.711033
C | -1.114420 | 2.399804 | 0.683324 H |-5.849700 | -1.895866 | 0.808610
C 1.218632 | 3.117289 | 0.851867 H | -1.578007 | -2.866135 | 2.535414
C | -1.338314 | 2.856914 | 1.983698 H | -6.094858 | -0.775226 | -1.401526
C 0.975943 | 3.568767 | 2.151041 H 1.088319 | -2.983235 | 2.626933
C [-0.297429 | 3.438665 | 2.714865 H 3.209923 | -2.487419 | 2.024323
O | -0.811514 | 1.933046 | -2.282663 H 1.795560 | -1.117785 | -1.806976
O 1.689353 | 2.609802 | -2.059421 H 4.144373 | -0.836319 | -2.567208
C [-2.539421 | -1.576318 | 0.003521 H 5.539967 | -2.226092 | 1.264933
C [ -3.700974 | -1.912868 | 0.736147 H |-1.910286 | 1.945989 | 0.102093
C | -2.695540 | -0.943893 | -1.251853 H 2.197981 | 3.214668 | 0.394996
C [ -3.963563 | -0.657741 | -1.747595 H 6.024427 | -1.396443 | -1.031993
C | -4.967610 | -1.627636 | 0.232787 H 1.782149 | 4.023585 | 2.720114
C |-5.105491 | -0.998241 | -1.010404 H | -2.326711 | 2.756755 | 2.423749
C 2.328643 | -1.813550 | 0.160292 H | -0478531 | 3.789297 | 3.727455
C 3.400324 | -2.130487 | 1.017842
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