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Abstract

Understanding the relationship between molecular structure and supramolecular
architecture is the most fundamental issue in molecular crystal engineering. We recently
discovered an intriguing pentiptycene-containing gold(I) molecular system (Ph) that
crystalizes persistently in a porous crystalline framework via tongue-and-groove-like
packing, and also shows rich stimuli-responsive behaviors. In this work, we study alkyl
chain length effects (Ph-Cn, n = 5-7, 9-12, and 16) on the supramolecular self-assembly
of this system to identify the importance of alkyl chains in forming the porous framework.

By tuning alkyl chain length, crystal packing modes transfer from supramolecular
Au; to Aus and to Au along with increased chain lengths. We revealed that the optimal
alkyl chain length for the tongue-and-groove joinery is C8 and C9, and the competition
between aurophilicity and CH-x interactions plays a critical role in determining the crystal
packing mode. To our surprise, Ph-C11 also presents a porous framework with the largest
pore size for gold(I) complexes to our knowledge. Moreover, the assembly of Ph-Cn in
solution states is detected by NMR experiments. The formation of tetramers is proved by
the calculation of 2D DOSY data, and NOE signals evidence of the tongue-and-groove
supramolecular interactions. In addition, a correlation between the supramolecular
structures and the stimuli-responsive properties is also provided.

Keywords: gold(I) complex, alkyl chain length effect, porous crystal, tongue-and-groove
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%W 30 i &4 Pi-C11 2. '"H-NMR Bl:# (500 MHz, CDCL3) © .oovevveee, 118
B 31 i &4 Pi-C11 2 PC-NMR Bl3# (125 MHz, CDCL3) © oo 119
%W 32 i &4 Pi-C12 z- 'H-NMR B]:# (500 MHz, CDCl3) © .ooovvvvee 120
B 33 i &4 Pi-C12 2 °C- NMR Bl# (125 MHz, CDCL3) © oo 121
%W 34 i &4 Pi-C16 2. 'H-NMR B]:# (500 MHz, CDCl3) © .ooovvvee 122
B 35 i &4 Pi-C16 2= °C- NMR Bl# (125 MHz, CDCL3) © .ooveveiinne 123
%W 36 i £ % 20 2 'H-NMR Bl3# (400 MHz, CDCL3) © oo 124
18 37 4 &4 Ph-C5 2 'H-NMR Bl3# (500 MHz, CD2CL) © oo, 125
W 38 4 &4 Ph-C5 2 >C-NMR El# (125 MHz, CD2CL) © coovveeveeeriene. 126
18 39 4 &4 Ph-C6 2= 'H-NMR Rl3# (500 MHz, CD2CL) © .o, 127
W 40 4 &3 Ph-C6 2 >C- NMR El# (125 MHz, CD2CL) © wooovveeveiciene. 128
18 41 4 &4 Ph-C7 2 'H-NMR Bl3# (500 MHz, CD2CL) © oo, 129
W 42 4 &4 Ph-C7 2 C-NMR El3# (125 MHz, CD2CL) © ooovvevierinene, 130
18 43 4 & 4 Ph-C9 2 'H-NMR Bl3# (500 MHz, CD2CL) © oo, 131
W 44 4 &4 Ph-C9 2 °C- NMR El# (125 MHz, CD2CL) © v, 132
18 45 4 & 4 Ph-C10 2= '"H-NMR Bl# (500 MHz, CD2CL) © woovvouvenirinne. 133
%9 46 4 & % Ph-C10 2. *C- NMR Bl (125 MHz, CD2CL) © .o, 134
18 47 4 &+ Ph-C11 2 'H-NMR Bl3# (500 MHz, CD2CL) © woovvevvennne. 135
%9 48 4 & % Ph-C11 z C- NMR B3 (125 MHz, CD2CL) © v, 136
Xvil
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%W 49 4 £ 4 Ph-C12 z 'H-NMR FEl:# (500 MHz, CD2CL) © ..ovvciienan 137

“tH 50 4 & 4 Ph-C12 2. °C-NMR Bl (125 MHz, CD2CL) © oo 138
%W 51 4 £ 4 Ph-C16 2 'H-NMR F]:# (500 MHz, CD2CL) © ...oocvvevicviiiie. 139
B 52 4 & 4 Ph-C16 2 "C- NMR Bl (125 MHz, CD2CL) © oo 140
] 53 Ph-C5 2 5§ $E5F B4 (1c21497) © oo 141
it W] 54 Ph-C6 2 B §5 ¥ESF B (1c21375) © woooooocececeeiseeceeceiieseeeesniennnas 143
] 55 Ph-C7 2 5§ $E5F B4 (1621378) © oo 145
it ] 56 Ph-C9 2 B §5 ¥Es B H (1021322) © woooooooccceeeeceecnie i 147
] 57 Ph-C10 2 H & SE5 24 (1621757) © oo 149
it ] 58 Ph-C11 2 5 & S5 54 (1021658) ° oo, 151
] 59 Ph-C12 2 H & S0 24 (1020924) © oo 153
it B 60 Ph-C16 2 H J5 S5 4 (1c21895) © oo, 155
XViil
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it
u 4
it
u 4
it
u 4
it
u 4

G

1Ph-C5 2 8 5 S5 B T3 (121497) © vt tnesssiens 142
2 Ph-C6 2 ¥ fy S5t AR T (1C21375) © coovevrrereierressenenesessissssssnieni 144
3Ph-CT 2 8 5 S5 BT 3 (1621378) © cooveererenerrrssneennsessennssennnens 146
4Ph-CY 2 5 fy S5 BAET I (1621322) © covvvvvrrenerrneseesenesesennnesnennes 148
5Ph-C10 2 B & S5 S H T3 (C21757) © coovvrrvnevrnssenresssesnssssessssnenns 150
6 Ph-C11 2 H f S5t B H T3 (1C21658) ¢ cooevrrrreecrrnssevenssesnennnssssnennns 152
7Ph-C12 2 B f S5 ST (1020924) © cooevrrcvevrrssenresssennesnennssnenns 154
8 Ph-C16 2 8 fi S5 B T30 (121895) © covvvvvrrcvvrrrscenenssesennnsssnennns 156
XIX
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$-3% =

1.1 %34 % &4 (Porous Crystalline Materials)

-gg

“J\\-

S ML - BB R R AR B HIVH bR 20t i
BAd G FEREGIE T ARERARFECFER D R FlF s R
PEFOE BRI REBRIREE  HARY KR AT 0 T B LR
TPREIESGERERZPE R G EIVFY Bt ¥ L eEIE i R
F SR s BRI B oW 1] R o O KA o JLiR

BN LML - A FF2RE *v?gaa%ﬁ:}%?']f’ﬁré’*v??f%Li@_ﬁqji‘ T 7]

=

PEEAF KA FIVERE F RIESREY AT e AT BT i
A s B 2 A FREIEY A LT AR5 & ), =2 4L (Metal-
Organic Frameworks, MOFs) ~ % # 3 #1=2 #1# (Covalent Organic Frameworks,

COFs) ~ @ 47 #1=% ## (Hydrogen-bonded Organic Frameworks, HOFs) % Az 4 +

i 3Lk 122 #4422 (Porous Supramolecular Frameworks, PSFs) ©

st generation

W 1-1 3k % SRR 2 2 AR o O
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1.1.1 MOFs ~ COFs & HOFs 2_ f§ 4
MOFs % 5 B3 2 534 b 2 54d & Baps &g hpet 2 7 dhpe gt

B o ipfAfe A SR BT B F D w2 gt 0 A TS gt 0 R

=
\Tﬁ-

B R A AN MR T R PE T L e 2

1

EE LI A Rt S AR A H TR BT ] AL BARR 2
® o COFs o tis AR EFT ¥ Len> 03 d A BE i Ariige F o)+ 2
EHAEERA DT o T EER G R BE A @RS N ki g
B> @ COFS EF AN FEBEVAL PRI F2 Y F REFR
BEAF-HOFs Bl G - #7822 53 KM g s+ B2 g 853 -
03t g 4Eitenv it s HOFs B 3 7 £ 4 82 & fe 2 i > Tt Ak 5ok 30 kst
P TR R R E AT AR B A R A S R e 0 L

SEA 0 0 - BRG] doft 22 PG H B TR

1.12 PSFs 2 /i %

RV R AT Rz 48 5 R b o PSFs B 2E 2 A5k 4 - sp v 4
A ELS S Rz Al w332 i'* 4 heefg 4 ~C-Hn~ C-H---X(X=N-~0

A E) A LB TR AR B T e B AR T R 2
FUp e 5 PSFs #7h Tz € X AT o BT - HehE o SR IV F L A
it M. % (Extrinsic Porosity) » ¢ & & 7| fg fich > @ H 3 34 K& (Intrinsic
Porosity) | &g d & 7 £ LGk 3402 it (i B B % 5 < %k~ pe
AR S Fdoir 35 (calixarenes)frtigk 305 (pillar[n]arenes) & ¥ 22 A FT 7 47
Fet2 $ % o T RA L BB PSFs 2 5]+ o

Lu #c# B 2020 # 573 £ 2 & (D& & 4 1> B 2 44c®) 127 ° &

FERA LRI A g I R A A e (B 4 e H A% FIR
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BRI cphinfpA) S - aAg s SR E A eR] 12 (b)frr 0 H A RS Er ek A
% (tetrazolyl ring)fe¥ B 2 > H{cF A2 o 4p3 T - HEH v BH
e TR AeB] 1-2(0)HrT 0 A A A - o A5 i 2 PSFs B fEdvE] 1-2
(d)#r77 o v ?b o T 1% # € & 47 (Thermogravimetric analyses, TGA)% 7 £ 445
#.+ & 47 (differential scanning calorimetry, DSC)zLf }* PSFs #5112 F 2. -1
ApI TER RS HE A SRR PatH I b 80°Cu L o P R E i B AR s

2§ R a4 oo

(b)

: Cgl, N1IN23N3SN4->C8-> : d
t Cg2, N6>C18-C17>C16-C15>C19 : (d) b
i Cg3, N8->C30-5C29-3C28-5C275C31> - .

£ Cgd, C2C3-3C4C52C6-3CT>

Cg5, C12->C13->C14->C15->C19->C20->
: Cgb, C24->C25->C26>C27>C31>C32>
Cg7, N5>C9->C10->C11->C12->C13->C14>

: C15->C19->C20-> :
: Cg8, N6->C18->C17->C16->C15->C14->C13> -
£ C12- C20-C19~> :
: Cg9, N7->C21->C22->C23->C24->C253C26> :
£ C27-5C31->C32> :
i Cg10, N8->C30->C29->C28-3C27-> CZG-)CZS—)
£ C24-C32C31> .
© Cgll, N5->C9->C10-5C11-5C12-5C13-5C14>
 C153C16->C17->C18-3N6->C19>C20> =
£ Cg12, N7-3C21->C22-5C233C24-5C255C26 ©
: C27-C28-5C29->C30-IN8-3C31-5C32 :

B 12 &8 &4 12 (a)ﬁl»\—?.f%f?_ (b)tp 84 + FF 2. t-m 1% 4 (c)3“ ik < B2, T-
T iEr 4 (d)3D7 3 B ﬁOS

i

Wu #c32 BF 20 2022 # 475 410 &4 20 B R4 ac®] 1-3(a)9rr 70 H A S

Hhw BApR 2T G L SR RAT TALS - Mew G R P T A dpak 20
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T-mARS (B 4 dpfp A FHF RS> a2+ A a2 28 CH-m (8% 4 Lt 3

(e 13 (b)# 7 o 3 g £ 8 2354 PSFs B 4p4cH 1-3 ()% 7 o 2 4 o
1-4 ()TGA ¥ % M1 3 L& #AE T 7 A4 4520 F i 500°CHR A T > * 3§

F29 X EZREHPIR 1-40b)H 7 0 FIF5E - R S g2 SR o

W13 e 22 @EAFe st (b T2 2

(€)' 2 Bh2 m-m % 4 o
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—_—
)
-

-
-] =3
=] =3

=
< 60
=
=2
2 40
20
[}
200 400 600 800
TI'c
2
(b) 300 = - 50
2504 ——Bz 200 —o—Tol
200 —a—CYH —o—MCYH
- o150
- ~
gﬁu- 200
100+
504 ° 50
...... Ll e T
04 FUUIITFIIIIITRINE Satewttety 0 M
0 20 40 60 80 100 120 0 10 20 30 40 50
P/ mbar P/ mbar

W 1-4 & &4 2 (a)2- TGA Bz (b)>" 298 K4+ % /% *22 7 ¥/9 ke %2 §
R i R o 0

Lzﬁmﬁﬁﬁiﬂﬁﬁ?

Awrtho § &FIHAFF RSB Ea £ PIEAR AR LT T TR
FELALL T E kR FPL X EERMIL BRI F P E
PEIRFAIABEARLTE TR F A4 EFE BV L2 F B A0
L2443 B B Fu s & E ML TF* 4 (Aurophilicity) - # FH &
A+ F P (aggregation) s R M FL-HE TR RFE D a5 B ¥ &
R MR AME R R AN LI LEL S EFT RS gk
2L - o
121 g iz 4

My s-RP-przBifE B0 5 L-Au-X> B9 Lp@sd
Fid BRI X RS- ok G4 Rl 1-5 ()77 o 1295
WaEms > (D2 7+ 2 fi 5d"° 5 B &K =i (closed-shell configuration) » i ¥

M EE - TARRZ VEHEA 2 LR A A 4R Ra A HH R (relativistic
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effect)™ > £+ 297 BREERY LFEEFLEL &of 1-50)%7 > & 1F
6s i 2 JeiE Sd Pt 2 k> RS H R EFH A RS 0 F AR L £ 4

Bl 15 (o)#rr o Bt E(DZ M EHFEI R 8 £ B RS LIS

WA TEH 4 o

@ L—Au—x @

1.0F
oo
T 0.95F “¢%°%,
<>, ° °°°e°
.,.QAU
) . 4
o
0.90 °° °o°°°°
M ligand M ligand . o2° °
o ° °°
° %o0
L ligand X ligand 0-03F . %
2-electron donor: 1-electron donor: . °,
both electrons one electron each T e T T
100
provided by L provided by Mand X () 60 » , % "
-2362
(c)
a3
23631
Energy | 65 — .
= — Bs
>
2 2364
w
 — 5d
" 2365
5d — -~
atomic orbital atomic orbital 2366

wlo relativistic effect  w/ relativistic effect > a2 4 5 6 71 8 9 10
Au-Au separation/A

W15 @& e F 2002 B G (D)ERE B2 HH P P2 L
W s R A GG 65113:.%{5%:14 v H P <R L 6s Ul X AR SR B

\_‘

mh

2B LT R <N B AR BRI E O 2w ERET AFHS

~

RN ER ERRE LR ZBE (DR ¢ﬁ¥41&$ﬁﬁ%ﬁ@%@”°

-k AT 4 2 U RT A E(D)-E(DEERE R F EBEF 5
+ A et 2 A(D-A(DIEGE S 2.5~3.5 A B (W EERL A B SRR 0 7
Bt B0 AT FAc® 1-5(d) )" Haga 5 T7-11kealmol ! » ¥ 4p it 3v - ¥

A2 d40E* 4 (4-15kcalmol™)? > I e Rk H ¥ TAZA F M F 2 B o
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2. B L ;f;:ﬂj;“?&;‘i—%?ga@giifgrﬁf"ﬂ' R g]‘ﬁaﬁgg‘&—’: Eﬁ%gnjd»‘ TR P2 ZE
-8 *1‘# o2 peklfie) Eﬁ“‘,ﬁumTﬁif s PR Aa 2 PR Ao -

647 ik RAMATY 4 HURBRFALEFLF TALL £iG AT 2 2

4

BAERHE o T A G- MEER 4 R TAAT B2 b

(a) (b)

§
§
$

&

s
(D1} m
Mgy, \

L

%
2,
%
%
2
"z
%
Z
Z

L

W 1-6 ik v 4 K2 (a)lD sk (b)2D & B (c)3D Mg - 1

Ito Fcpe M FE> 2020 & “rip 2 Fr (D5 & 47 3 T AL & (F% 4 24
_ﬂﬂﬁﬁwxww%ﬁm,@g@%ﬁﬁw4ﬁé%$%£%,g§§&$é
3ASA R A% 2 AT 4 AFEA32TA LA Er 4 M dpA A - iR A 0 o
Bl 1-7 #557 » Havip e 55 14.0% 0 5 - PSFs 2 3Vip ¥ % > @ S & ie% 4 ¥

BRI F LML A oot BV FREAST 2 HRAET ’?ﬁ%",fiiiﬁli\i%%ﬁ&\

FARBEAEAB ST EEEIRLEMEFL? o B HETI S X K
Y8447 (crystal X-ray diffraction, crtsyal XRD)# FHz afF o Aol 1-8(a)¥T

Ao AL R FEE o gd TGAFRBIIHF P 2 T A7 0
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% 150°CH # &4 > ® Rk %7 *2%%&?1#$ﬁ¢ﬁ%§ﬁ’%@1$®)

S o gt gL G PSFs ATEE ¢ T IF S - AR HAL o

F se F ?H
c¥ o
F. au” “hu F \
F F F F V%
F
2 aumphlllc
interaction

mth interhexamer
aurophilic interactions

extrinsic porous material hexamer ring
W 17 4 &4 30mETEY 4 230 F RS

(a) (b)

CH,Cl; or Other

pentane guest

@/ s Pa) O "ap°’°'
@ 0

200
Temperture / °C

< ..rl - = = < .-
dﬂ' 1. Vacuum, w{_
o 60°C, 7d Sh
2, MeCN

LE R EEA S B (b)2 TGA Bl - 4

Ay

W 18 &6+ 32T EH#
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122 (s &2 PRI F

TIWEREEFY T E ARG Aok SR £

.
[ras
5
4
b
P8
o
i
*D—
i
A

-

-#3# 48 & (spin-orbit coupling) ez » & FF F % 4 K H £ B PSR T

¥ 2 = & & (intersystem crossing, ISC) > & @ ¥ x££ 3 & F > Flpt 735 L
< 2 #7345 #7144 (Stokes shift)z. #4541 o gt b > d 2 £ (D& &4 L 7 d'o g R T
G o Tk d Mg ddE B RE RS R B EEE

R § o R G AN T o A R L 208 B F R EE

.

2 R FERE L Aot i P w2 - B8 (ligand-centered n-m* transition, LC)
B+ 2 petl-petl T m# 4 (ligand-to-ligand charge transfer, LLCT) ~ & & /i +
zZ diBpeRMEF2Z T FESE A4 £ H-RMT FE#S (metal-to-ligand charge

transfer transition, MLCT) ~ fc #8- & 4 T J= # # (ligand-to-metal charge transfer

o
lv

transition, LMCT) ~ ™ 2 & d & ¢ < i 87 2 7 F B3 (Metal centered
transition, MC) » 4cB 1-9 #r7 1519 RS E R T RAETEY 4 TR
dz’c fr dZ’c" #8452 > &4 (T 5 & F § 4 F #ud (Highest Occupied Molecular

a—

Orbital, HOMO)» F]p* » d dz’c ¥| n*z kit s ¥ &-4-fe iz 7 i # (metal-
metal-to-ligand charge transfer, MMLCT) » & 5 2 B g fein sk K o Fpt o |

AR P2 fedl o AliE A PR FREERES RG22 kd g

doi:10.6342/NTU202304518



@) (b) o

aurophilic (Au-Au) Y
ay interaction -
A
b nt Pz (Au) e i (AU)
3 LC MLCT
=2
2 —
w T o = (L) e — w*(l)
d 3 Metal-Metal to Ligand
| Charge Transfer
'-‘1:-' (MMLCT)lransmon F'?‘l—d (Au-Au)
x(L) 4-14:__::':3:;::-— % (L)
4.7 (Au) S 42 (A)
Metal Molecular Ligand \ .
orbitals orbitals orbitals :
d, (Au-Au)
Bl 19 EREB2HEATHRBAFE OsMBe2 I meirr 42 403

PUE AT Y
123 (s & F 2 P FERET
TE R PGB EBEARR L ST AR 0§ o BN e 5k IR R
BACFEFRHF O opH B ER BB G AL P EF RA A RS BTN
AR T AR R H R MR s ek L B R R E B
ST T
dARHEDSEEFL AT E s METH N0 F AR FLSALET
BEREA o F o T ERE S F R BB e Fiafp2 1T 4 ophs Hocsk
e R A R Tt (DA EFr B B R TR
P e R e 2 IR A SR R A R e
1.23.1 # &3k $P¢ (Mechanochromism)

R 2 F LA s A~ (grinding) ~ ¥ *» (shearing) ~ & 4
(pressure) ~ £ (stretching) % # 4 f¥ % (mechanical trigger) % - @ ¥ £ ()45
EFd T b R * DL U EATERE RS gt o AP 2 KRR

P

RFERES §d A TR TR0 2352 28 FHA (amorphous solid)

10
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7 d A X kST 47 (powder x-ray diffraction, PXRD)@ELZ 1 # 7 £ £ 5 $E4¢
FPRogifvgmesr 4 A ga3 Biey 4 b Q@ BT & £ Ing
AL E TR 4 5 iEm @B AR LL/FH[%*”LI’;K%I’E%g 75 3 B4 3 Tto Hds

g i - kol aM& EF ¢ 7 REIR % > 4oB) 1-10 #77 2o

1 S 2 (left panel) (right panel)
R @A" C_NOR before after
.\

RI_R? gri ndlng grinding

RERE NMe: OMe Me H Fs NO;

7 &
M =R

BFs Do bihd Ito KIBE 2013 #408 £ 2 2(DE &4 > B Si4cB 1-11

LAGr2 4 RERRI FLEANELY 4 2H LT E Ll

()71 » BEALEHERZPERT ABEIES 4B 2§ ¢ 4Y 2o k2 AR
-1 (b)#577 > P REZD XB I % LA EF 4 5 v g R 4B 155 3 1k
S0 B g bEbEE F P DR R MR S AY R R AT 4 2 Bl 4
B I-11(c)#77T o T'F—‘gf AR EE-2 2 4B & 5 /i 2 1s (metastable state) » 1% 3 ]k
BT R RETE R R ?ﬁ%#@;'li 4Y - PR G d A BB T AP

W2 EAZ 0 2 AR B4c® 1-11 (d)*r 7 o

11
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| /
\\\\\\\\\\\\\\\\\\ \\\\\\\ \\\\\

\“\\ c\mm

\\\\\ \‘
A \ &\‘\\\Q\\ wa
.2 c.‘.:". ‘!
amventint @S B Lo, (d) heating at 64.5-74.9°C
«<8 o :r.‘.\OT . 2 :
e &= 96 or mechanical stimulus at RT
w,"s’: ¢ e 0@
[ e At 4B ’
/ « C? OI'C‘» ...........................
ﬁo co Jon  ,, SN :_;,' : metastable
. ;-_'.g"'o' - "?f"‘: % exothermal
m—cu¥el: @ A phase change x
lilfﬂ&ﬁﬁaf
Uvigh - 4Y thermodynamically stable
B 111 &6 4 2 (7 F5HS D)3 FF 3 s PR 2 HPEF] (c)4B

SRR AP A S TA S 24 Rk Y E H T LB (d)4B & 4Y & jp2
BAFLERE -

1.2.3.2 ® X%k %74 (Vapochromism)
SEEFEREMBESFLE A N e PRAE Y 4 B X ks F1L
ZHE R - LB B LA T LR T - BREI R A

SATAL L RN RAA e R LA @ AL B R T

Eisenberg ##2M 53t 1998 &1k 2 &M EF 5 Fd A f67 F % &
EE RIS BREIRN A 2R F A4 (polymorphism) ** - 4 £ # X ** DMSO
BAERBY T E- LA BEREL2TTAL A pRETY 4 2 2060A2 A B
Megier 44— gl 2 & heh e ol 1-12(a) r o TR 4 2k o kg
£ 5 Aem=0631nm - § >* ¢ 3% (acetonitrile, ACN)A #EH? 2 EpF > ¥ 8- g4 F
g ier 4 BI35A)2 Rt SH » 85 2765A A3 P REEY 4 4ol 1-

12 (@)#77F » & 4 EF E @Ak G o Fuland o Bk B AL EE

# % # (volatile organic compounds, VOCs) & 3% f& » ¥ B fxH #f 4 2k 2 £ 30 » 7]

12
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K fdh - ERERRS 75 LRSS WA 4 2§ @ 58 6 VOCs
LN

251 M A T RS BT L B ke 1-12(b) % o

PLF rr k2 Ak (T 5 R i * 3T VOCs 2 1B o

(a) _ _
R”N’R R}\,R
TS VOC $7°S
Au---Au q—?"‘ “o1-Au-Aul - - solvent
L | erma
S8 stimuli S8
_N. NL
R R ;R R_ n
No intermolecular Short intermolecular
Au...Au Au...Au
(b)

Intensity (a.u.)

T T T | | |
200 300 400 500 600 700 800
Wavelength (nm)

SR

B 1-12 &5 S@a kF 5282 2+ 542 232 30 (b3 G2 2t
(vo0) ~ B (F A Aex=630nm) ~ Pk (FEAR > Aex=460nm) % >TFZHZ R Tk (-

—) e 24

WAB 121 ErRFIZ B ADS EF 3T HRA D LIV F SR B -

% 7 %% (dichloromethane, DCM)% & X'z (pentane)z. % Jb i £ @5 H 48 3> B

13
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LU EREMTGFEE 0 1 2025A 2 E R F A HES o 4ol 1513 (b) 5T 0k
AF SRR A E B R EREITAAN T2 B A BREMATA A 2 %k
B XA E LB hem=460~485nm 4 Tk > F kY £ F L pEEAEA S
2 B REIRES 2T RBLE Aem=450nm > 2 § 7,7,88-w § A¥F-om- vz
(TCNQ)% = § e % (TCNE)Z 48~ F 2. f #f 1 i 45 2 3k & hem =512~ 527
BF ES 23k 4ol 1-13 ()77 © #a > TF T AT R I
2] T TBA 2 3 NP B sk N E R S RS et B 2 # 5Kk MMLCT

5o

1/EtOH- pentane 1IGH2(3I2 pentane 1/TCNQ 1/TCNE
430 462 512 r—'527
ey N
‘o
c
2
£
o
8
©
£
5]
zZ
400 500 600 700

Alnm

Bl 1-13 ()7 B 28~ 3204 2 47 334 ¢ 230 Bl (b)) S Fonatme o
AR hE SRS G 2 ko

14
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1.2.33 # K%k % ¢ (Thermochromism)

A5 123191 k2 s EF 473t seftis itk d 2 @ Liu kB
2013 ErE A2 g(DEEF 65 PIRE G AR ERI BT R4 ioR 1-
14 ()77 2 HMPEFHERBId nn (7% 4 2FHE > @ e ITY 4 T eh
"k &pEdr 38 A s o KB hem =407 ~ 428 nm 1T 5 1 B2k kiR oo £
BAVES ks (FEEP R LTk p e ot B2 R e
A3 55°CH » HA B LI Aem=530nm 2§ & 2xk > ¥ pb— 43
kP TR - FTER RS RLIET EAFRETI RS B EL I
B 1-14 (b)#r77 o T famd sk K3 PR fel-£-22 T FEH (ligand-
metal-to-metal charge transfer, LMMCT) » &_d >t 4c# {8 R 2_ & & jE4A SR
M EEr 4 G Ak ARz B 2 H BT R Rk
(aggregation-induced emission, AIE)#7 & 24 2 3z k5L > H B (% B £ 2%k k 4o F)

1-14 (a,c)®77F » ety PR Z R E®FH 4 rid 2 2Tk i7 5 o
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2
=
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1.234 k&L (Photochromism)

waE L P Y BRALRCLES L2 0+ HES F A0 lto Ji W
FROT 2015 EH A2 EH T R EF bl B AR 1-15 ()97 O LS B
Liflgeisd RA2Z Fd 3wk TB 2§ ¢ 3k 7Y 2 d 2k kHRHv (Fio, H
R e = 448 m 2 S ekl (R5 A D 22 W)EREL BB

o WF Aem=580nm #3322 F F A EK(EF AT E 05%) B LB 2 L

4oB] 1-15(b,e)*T7F © 1395 K dl X L SR AP > HipigderriEz Ld i 5 -

HHTE SRS od RUMSHET @ Pk iz & 2545 3504

> Z
.;Z; %
£ =
o
@
N
g 450 500 550 600 650 700
S Alnm
z
300 400 500 600 700

© 3.2955(6)

{ 3.5041(14) A

B 1-15 & 64 72 ()~ + B (b)kRckgd 2By 20 (k% 4
I o 7Y(xex=370 nm) > F 5 7B (hex = 390 nm)2_ 2k kL 0 @ F 4 b AR
5 7B (hem =450 1m) % 7Y (hem = 590 nm)2_ jess k3 ()R &5 15 2 f M4 2
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'F"kﬂ’* AT PEREE Az AFEFRE Y 4 8% d2% fo d’e #uE >
x dZ%" 5 F 4k #ui (antibonding orbital) > F X kg ts > BRI TR T { B

RefFz s iedm AL AT 4 R ‘ggﬁggﬁfﬁiﬁf@ixﬁ_@ v e Bl 1-16(a)#'1

|
4
—

Toem bR B S iRt 2 B A E d 2 Top b ’]‘%’-}3 F 45 AR LR 0 4o B)
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bond
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di - 9?39% P, $
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Bl 1-16 (a)ftih2 K RTEF I P E P2 2 F s Bl b1 * ZHFHE = £
Fog g2 - RS2 2 HOMO A55¢ - 26

R4 A%
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o
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=
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BARE o G EARE 0 Pl KRt o e G KR T AR o 0t aeas A S

ZPFTREFR PSS T LEE B L o ea PRSI RIE L
1.3.1 siéa*> e 4p @ 2 o 38

1.3.1.1 2 3fER
d S H 2R 2 P R RS TR 2N P EXBE LS TP R

5] /%‘ e J ’Eﬁ”/ﬁ\ ﬁ;«,}é};/%rjl M ,;’fé]‘%/,;\_ﬂ_ b3 x’f‘iﬁ.’]@_]" %\,,:r I"]LL ,

A

AT AR B HREINA T BB A A F AR ST 4§ st diplisa
AF AR AP TRRAY LB R A RRIFL LT FEAT 3
mpfEs A e ae AR 2 FAIR 2 MR @I FLRERT

o F B R AR A L 8 BB HeR 117 4P o Rl

Hafgaet > mJPHE R 2 k5 27,

W 117 54 82 B

1.3.1.2 &gkt
Ao H AR 2 AT B4R 51 0 TR R - TR Yk B
AoRAFRVRENRL D Ao KRB 2w TIRERERN A 2 e
ARFHE 2014 ERP A B F K F-0 #F kB (chromophore of green

fluorescence protein ,GFP) i & 4+ 9a 2 9b > # SHE 4ol 1-18 (a)*777 SR L )

2. GFP &~ &+ * B + 73 & (protic solvents) ¥ # F] & 4 i % 4 @ & F %%
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(fluorescence quenching) > @ B A 7 £ 851 » £ p4ddk pn-KIR B > Fpt At »
kg mF 2 EpAAE Nk o R FRBe HEP 24 AIE Rk FE o ¢
WAL ARAE L TN 4 M ERZ YRGB R-B TR
(exclusion of solvent-solute hydrogen bonding) > # 4 » B 6 B &8 7~ % [ * H g
SR R B 2 BRAEYTA 4 2 gk ik TSR BRI vt S g K pede o T |

B4c® 1-18 (b)#r7 -

Ca|'|1'.r
N-CgH,, ;
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0.
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C15H33 *MeOH+H,0 *%:je% X % 4

W 1-18 (a)i & 4~ 9a 2 9b 2 HH st (b)#”f BA-E T A BAIR (L)E Aer
Boo BEH R Y kD (T T 2B -

NN

¥

R A S BB AP REFER E d o T e

1.3.2 s> FHip® 2R
B

d AR B2

HpE EEstg Xz BIPRAEN G

1.3.2.1 £ 4z F By

Li #2021 #3842 — 55| 7 paidal B2 vbek 74 4 10-Cn > H ﬁ#
Wl 1-19 907 20 THREL AL FS k0§ G BT 0 B R o
FEALFRSR R Rk ARF B s Hopasl A S BB G

#

‘F““‘e

3%%°ﬁﬁﬂ W R B Horass A RN G b 4
BEMEIRG xpL A F e 4 Fpb g SUEF RS 0 A FREFFS S B3
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A2 SRR > T AR Bl > BEAN k@A A T FA 0 R Fk BB E e
FooH LM T LB 1-20 997 o FlR T @ad ookt KWL B
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S 08
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=
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1.3.2.2 L pidhz > HREPE

Hariharan ##: B [5 & & % B 2 5 - 7 fp iy - - fp i "2 (naphthalimide-
perylenimide) 5 ¥ 28 2 = #8-X %8 = <~ 48 (donor-acceptor dyad) i $Li¥ % 2 & B i *
3k E (light-harvesting)z. 4158 30> 3% 2017 & K505 2 7 Fply vek =4 8 45
AL B2 &4 11-Cno B BB 121 (@977 e d Bl 121 (b)2 &
B2 A7 Faro gl g ¥ o Stz o Rl iRy kB2 o YR F AL R
heiFA B F R EE @+ 4p 3 IF* 4 (exciton interaction) T 'F o pt ¢h o A g
XEzZ e fFr €L F 0 0 ARl 1-21(c)# o 0 EA B wom E* 4 TR S i
Bk 5 B4 0 oB 121 (d)#F7 o

- - 0 % an0verlap|
. W =i
"
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3
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]
c
2
£ 0.504
c
o
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£
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W 121 24 11-Cn 2 (@A F 2H5 O)RMEHE (08 A3 H2 o £
()2 £ 2¥ (hex =345 nm) © 3!

Kambe # # B Ff »% 2020 & % % — & 7] 2 i (pyrene) ¥ ~ & %
(octafluoronaphthalene)z_ £ § (co-crystals)12-Cn s> > 5 i) p¥ i3 4% + pl4aE B 5
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PR BET 12-C0 2 12-C1 2 LM H L B I F 54 %k aigbrj {
Lpgaz X G R F g HA R TR o Aol 1-22(0) 7 o TFE I A & MR
F12-C0 2 12-Cl S Bris g~ & 524 ado b2 a B Ep] a5 5y
ER8 (super dimer) & 2 ‘=2 3k A - TERZ AT LY Bt &
§oFENRRAMNE R AL FORFAGEFER > M4 F A F 2R

A RARE o T RS R PRS0 B A LRAR 122 (04
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O £ F i, 5. 4
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—_—,—
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g g o
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o — . . @ =022
——— grinding _ e == %

— q? Q::J = = =

—_—_— _— = ==

Foc.ked by MMC{ ] e
a =1
1&.._,.Ir grinding Ij‘-_,—lr
T 5 / # ——— & =057 & =0.93
i

W 1-22 £ % 12-Cn 2 (a)/» TS (D) Rk RS 2 KF R 2 pH L
WERRFAF R PRI BRI FAED L2 AR (OR4EITI X FL BT

SN R

Bis P i - Bzl E gt > &4 & 2 0|5 o Liu &L B3 2018
EXP- i sk B2 £(D&s &5 13-Cnv B SHAcW 123 (a)#7 7 3, g

Bl 1-23 (b)¥ #4r 13-C1 2 4fs x3%xk 2 % ¢ ~13-C2 2§ ¢ » @ 13-C4 ~ 13-C6 ~
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13-C10 ) 5 4 2%k » H ¢ (7% 0 B8 13-C1 2 13-C4 2 5 %4, S o BB 13-

)

L REL L AR T PH kY B e 0 4B 1-23 (o) o F
H—T‘r’,&‘f\%{ E{Lv{%ﬂ?’}’%# }f};’;{!ﬁ % 4 953 ég_ ;}-)I:),l%_g_,\‘ql e fgg AP ,:“‘ 5"[
13Cn+ 23 2(DBLFF L2 3 R2ERCAFI 7 kv 28 57 2 ick

BRd o

J2F

R=CnHzn+
7 N—=au :N—@—OR e
— 13-Cn n=1,2,4,6,10

(b 13-C1

- —u= 13-C1

P4 ’g L —e= 13.C2

7 T
1] —4A= 13.C4

I. \.._p'. —y = 13.C6 13-C10 13-C2
d I —&=13-C10
]

Normalized PL Intensity
E . e
Bals e,
T‘.\

B 1-23 it £4 13-Cn 2 (a)~ + B D) pH R P Rk XLH2 B Y (o) 13-
Cl2 13-C4z b gy o5

RS VR - E R R RS R

AR s e
LR BAH MBS FR LB T A PR AT
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P B AR R A ERRELFNZE

14 2IFE2$2141%

141 F L £ 32 % ﬁ-ﬁ‘f"‘
¥ % (Iptycenes) & &+ #_d [2,2,2] % *= (bicyclo[2.2.2]octane) ¥ 5 & % » if

BEGOERA T AR 20 L4 o425 [2,22] 3R IRAEL XA R T RH A

<

B R IRE 2 FTR¥EcE Z RIFE2 5 = ¥ E (triptycene) s FREF 2 FH U T AL

7 ¥ % (pentiptycene)” ; FIZ > FIEE ¥R : - B o RIAEZ - FE

(w,

(heptiptycene)®® » ix t #5dh » 4o @] 1-24 #r5F o

Q) Ny Q
vy S
A S\ @?
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W 124 FEAS 28 (U2 FE T FE - FEL b))

ARHFEEFTIFRLNERHBEFREI LTG0 2 FRELFHIT

SHAT G M R ZR A FE YL P

=
&
i
=
St
=M
4
E:D
W
|+
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=]
o
A

BRI ERAE 3 XD B MR T LR R FRRR
(aggregation-caused quenching) > ¢ *t > HiFvkz HA# 22 U~V 3| a3 A > i@
Hie3 £ 5% 2708 0B 125 #77 > & 203 R4 i%* 4 (host-guest

interactions) & * 3t {1 AL 2 Bt o
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M = pentiptycene scaffold

uu, uv, WV, uu uv Y
B 1-25 7 $E-F 225 258N

142 37 FLH2 57T 3098 5 k4L
AR SHF20I8EF AL - T FL-EHTA S 140 B BB 126 ()77 Ve
HALTEABRFT UM ~REAR 2B R AL 14Y 214G %
TEAREERTEGS AoB 126 (b)h 0 M E G g u| 2 kR4 kg
(photomechanochromic luminescence, PMCL) {7 7 > *tk e it™ & 4 [4+4]= R T *
4ol 1-26(c)3 15 ka0 B fAkd 2 % 4B 1-26(d)*77F - 4 > 14
Hprkz B A F 5% E 702020 £3%3 - L)1 £ 4 14-Cno B 4o R 127
(@777 3> Moplsaf Bz sopsl r 0 T A Z 8 Bk LAc® 1280 2 F
R 14-G 2. SR S|P psad T E B2 479 o 14-G-CA4 TR KA S Kd EH2
Bk 14-G-C7 % 14-G-C8 B i+ @ 14-G-C9 2 I L = # L EH2 7k
75 4oB 127 (b)#rT 0 xﬁﬁ?ﬁﬁw?m@g%%;u.zﬁﬁ%?ﬁfin oo o3 14-
G-C9 ¥ # i A Tl AR RIS F R E BAESH 2B IRE 3 F o0
KA S P e e ko A kAP SRR L M Yk B
Sk PMCL % > B 71 & Bl4c B 127 (0)%77F o *t 2 Ao 1 ec P4 E B 2
REHWT FEH A2 857 350 FHRGFENZIEE mEFLF ALK

PRE- AR
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W 126 i &4 142 ()~ + B4t (b)[4+4]

R PR 2 & B oY

Extent of photodimerization

fish pattern

k= FBF R UE 14-Y 2 14-G 2
()3 IRZ2 ERICKFS Wk LH(hex =365nm) 2 (d)H fHRE2 LRIBRRA 2k g

42%
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-==Ex
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(a) (b)
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438456 548
(c)
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o
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\642 .. g B
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=2

@ . Fluorescence
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B 1-27(a)1 & 4 14-Cn 2 & 5 455 (b)14-G-Cn f A2 B RB 4 w4 5F

500 550 600 €50 700
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PBAPEmR L2 B2 Rk kA (OZ B b %S BT AH
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143 28I FTHEF & ¥

AAHEE 2002 EF L AE LS Pho#T T X i hil r ALY - 2
SHAc® 1-30 ()#7F 0 24— #ok2 PSFs 234 B 00 B9 A ot b2
DCM : it ¢ ‘= (Hexane, Hex)i& (7% du > ¥ BLZ |3 84 % & DCM 2 Hex *t3t
¢ 2 @S0Gt 0 A 5 5 Ph/DCM % Ph/Hex 4ol 1-30 (b)) » @ 4pit &
T oIto FBfprEF 42 44 &4 PSFs h3e 23 L F 234 F (17.8%)%
R Aol 130077 < %F £(D& & 47 fnd F L2 4 Rk fd 7o 11
=340-390 nm & 7 Ph Hd8fs > P EEI[ERICEKLFI 2175 0 d AL Aem=468
nm 2 ¢ kiEd L g F - 0 M hem=0663nm 2 d 2k o T A]F f
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A de@ 1-31 (b)) » P ER NN-- 7 A %7 F9% (NN-Dimethyl-p-toluidine,
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v
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BB A ¥ F LMCT 2 P> i % ke § 102 i ff o
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(b)
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W 1-30 (a)8 £ 4 Ph 2~
PSFs 3t % 28 2 H

TR

(c)
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Ptk o F R A4 L A PR S A N4 L% OMe 2 ON 4> 2 5
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dimer B porous framework

(a) CH—Trinteractions (c) CH-minteractions

{-?MA“H%\
e B

4177 A 3931A

‘/~/

4.469 A \ 3.629 A
type typell

W 1-33 4 &4 Ph2Ag~» 5 p e k3,3 PSFs 3t iF S 2 % 5% (Mg Er 4 2
%%iiﬁﬁf FE2 U292 CH- (5% 4 #7352 2 & M (b BHEY 2
£ 2 & SR ()B4aTr T ¥ E2 UA| 292 CHmit* 4 o4
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PR &2 £ XSG L Ph2 &8 50 0300 dake > £ B 4013 45 b plidh
Frde x 3 ok R 2 4l HESHIT L 50 RH el Pi-Cn 2 £ 42 £()
ReF2 W o

fetll Pi-Cn 2 & = B /S4cB] 2-1 #7717 & » %3 Chen 4 B [ 2005 #
wrgf £z £ & 22 4 g\ (anthracene) % ¥ ¥ 2 (benzoquinone):it {7k B 1 -f7
i F & (Diels-Alderreaction)# = 7 ¥ % R 16 > £ #-H 3 EL M IE 2 7 B0 2 745
MhedE BECLEF 1T FEHERBRECLES 18- 2% > # * & (“ 4 (sodium
hydride)* % Ip & & 2 /8'= 4838 {7 SN2 § -2 7L It & & (O-alkylation)? = it &+ 19-

Cn> Bfs £ 5d 7 Apit F e~ SRR ILIEE TR OKEA S Pio

D

NOH

o
¢ p-chloranil Q\ ’ NH,OH - HCI, HCl(cat.)

\&(3
°=<{_)
S

AcOH, 120°C, THF, H,0, 80 °C,
refiux, 16 hr o g reflux, 5 d g
0, > o,
69% 99% 17

n=5 69%
n=6 59%
Hydrazine, Pd/C \ .’ NaH, C H2n+1Br n=7 46%
— > O n=9 45%
THF, 80 °C, reflux, 3 hr DMF, rt, overmght n=10 53%
n=11 60%
76% Q n=12 60%
n=16 83%

two steps
@ n=5 85%
n=6 84%
formic acid, Ac,0 POCI;, TEA n=7 80%
E— —_— n=9 98%
THF, rt, 30 min DCM, rt, 30 min n=10 71%
n=11 95%
n=12 80%
n=16 81%

W 2-1 fiekf Pi-Cn 2. & & B .
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EMFEF L WARIG2 o &3 -5 B8B E# 2 REF 20 ot
B0 R AR E e 200 FANHMIREY Ao r T REEFR T E- B
BF BRALRE S 200 B Rl Pifie =T B 4 At PhCn» £

& B [T A 2-2 9 o

Au
Ne” I |
s
KAuCl, —_— CI—Au—S/ —_—
EtOH, rt, 10 min \ TEA, THF, rt, 30min
91% 20
’ 21
n=58 76%
n=6 84%
. n=7 72%
Pi-Cn I n=9 87%
—_— — —_—
n=10 93%
DCM, 1 hr n=11 929%
n=12 81%
n=16 90%

B 2-2 P4 £ 4% Ph-Cn 2. & & BT -

22 PHREBEPFZP EEFLILH

221 PR EF L HMBHESTT

PHESEEF2ZRHPVEBAT Ph-OMe 2 CN 22 & & iF 2> 030 {8 v
Fo #-p B4 £ 42 DCM 16 4c » Hex (T 5 303 A A 2 2R BB T 24 % (57
EH 5% > @ Ph-C5-~Ph-C10 2 Ph-C16 & £ 4ple if 2 T EFH S 4 > &1
? A% (methanol, MeOH)#w ¢ £ ACN B~ % 1% 5§73 72 & » 35w AV B IE 2 S
43.1 & o

FFE» & 37 Ph-Cn &+ f ez 7 5030 ¢t § R w g & 18 Ph 2 PSFs 2 5>
FoRew FMALG o AAE A TS AEAFIAEA) SRS A B e KRG

2SN O I
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(1) %-~F A% meEEr 4 02 R Fh*rT ¥ U A gy 2 3Kk 4p
Firle s S AR S 0 Rl 2-3 ()FFT e

(2 $-AF e Phid cka e n ARSI 20 Aapde K
o Hd cE®E s Au-Au~Aunsnm (T 4 o oq SFES e B e B
%Aeﬁ%ﬁil?i%ﬁ@jmg,gm_%%ﬁﬂiﬁﬁ,pﬁg@
7 HA ke £ 2 i dp > 4oB] 2-3 (b)#TT o

() ¥z Ak AN T ¥ L2 T - Udwig A5 RAETEH
EFe BRI 2 @8 B 2-3 ()T e

Aurophilicity of Au, core (c)

\/b'\/ 3.197A
b" L smmm 3726A

[ smms 3660A
b/\ mmmm 4041A

(@

Au-n and n-n interactions

= ssss 3364A
N}b\ 3.342A
Fiy 7 4 33104
)" }’ smmm 3201A

B 23 540 Ph7j % PSFs Bif2 = 4 i A% (u Ak 4 (b)= R 3
&2 Au-Au s Au-m s mem (8% 4 (OR AT

B TR EXPSFs 2 2 X Ak TR Z A2 p B ERIFL A

|

B AHTH R o RAAE R RN S5 PhCn 2 HAEF MFL PP B B
VLR H ) & 2 pilied & FI) A2 (7 A 47 Ph-CO~CIL 17 Augm FART) 5 iE 7 dn s
Ph-C5~C7 2 Aw 8825827 5 @ Ph-C12~C16 P] 2 Au H & F 2. 35:% 3 A v 4

Bl 2-4 %777 > TR HREN L o
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Ph-C5~C7 Ph-C9~C11 Ph-C12,C16
R 7
\-/‘——'\//V—%}}f/\ L 7 o
4 - &\
O cg&\ Cf”

B 2-4 Ph-Cn 2 5 48 454 4

decrease chain length

‘ increase chain length

()

2.2.1.1 Ph-C9~C11 z. S0 %

Ph-CO9~C11 % 7 Awz FHA 2738 fp FI R L5 -8 5% - A%
AATRIEA BB A 2 A FRET FE LY FRFT T LD hoW] 25 9
o FRt A S AR TR L - ARG &R 2R ENEY - An
BRI ERFIEY 42 Augtr ) — A5k £ 2 v B R 4oB 2-5 #77 o ¢ ¢t > Ph-
C9 2 Ph-C11 2. = B A 1L 5 ¥4 W #ﬁﬂ?ﬁ&ﬂ,\ FRHAZE B e (WS 273 kA

d R PR KRG - HESHE A Ph-CIORHE & 5 57 o 35

By ARHEGZELST e LA S (e B RS KA FNH & AEERY
FARE o Ao 2-5 (b)#rom o A FlEdb ML G SRR ES R
FREEZHEPh-CIR2H LS =24 a Ph-C10 2 Ph-C11 2 R A4 %

RIS A
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(b) Ph-C10

3.216 A

===z 3616A
= 3.647A
=mmn 4.020A

3.302A

=mmm 3.534A
= 3.733A
=mms 3.939A

¥ 2-5(a)Ph-C9 (b)Ph-C10 (c)Ph-C11 2. %4 ¥ B2 T ¥ €2 ¢ ¥4 & ~ 2 R
WRHE2 £ 4B B9 %¢ S5 EMAC AfH¢ 515 B B (YA S i
BOR) -

Ph-C9 2_ S #8345 H AL S k@ 2 C2/c> B 708 Ph A~ = L 2 4p iu4e ] 2-6
(@7 wE iz = A AF A ] PSFs B> HIVi A ] 3 71xT75A i
o Bl4c® 2-6(b)*7m > 3Lk ¥ ¢ 7 Hex 3 A& 4 + » 2 1% PLATON #r#gz+ & H 5t
e F 5 15.8%  FAARARA T 2 B|F o B - FDE AD AT PG R
E¥vac TH o A bph BERSFE P EFEAN T d B 2-6(c)F i
FYF Rl Aug e BRRF Y T ¥R 228 0 3 B CH- i®% 4 5 @ 34 iF 2 24

Bl VVR (8% 4 g {7 4 > 4o 2-6 (d)#77F °
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Au, tetramer

W 2-6 45 &% Ph-C9 2 (2)PSFs 2 % 7 7 m 347" « Ausw B8 ~ R 24
o R P B BSUE S B A TR MR B S R AR S R B e 2

i (b)- B3 A E Rlo B (¢)ie b2 T F L CHm iv* 4 2 (d) VVy iE*
4 o

d B 2-7 7 #5 4pt 3t Pho 2 R 404 “"’.f‘%‘f# » Ph-C9 2 s 4RI { &
Fe -L’f?-z'} v e gt ’f?—:\é PR R 2 Y Ph-C9 2o s 4AT it BETREY o
] Lb'fkﬁi@{&#iﬁ fs o BBB’E‘Q#E);'J%"? AT RE o

(a) Ph (b) Ph-C9

40 40 €0

W 2-7 &4 (2)Ph 2 (b)Ph-C9 2 R 34574 -
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Ph-C10 2 S A4 3 Z A0 5 ¢ 2 Pl 3 37| Flpishs L @ R &2

&l g b fpgsfe (mismatch) - St T d H B2 & SR A2 4 B P TR
o o SRR AR L KRS 0 BF 3 DCM/ACN i sud Bo@ B8 » 2
ACN 1225 =2 3 | & $ (solvate)fu 18 - Bgr H p e 52 TSR - H BERPE 758 4
£% 4 ~CH-m i£% 4 Zphghi £ v 4 2 = W imd 2 %% 0 4of 2-8(a)?r
o BRI VR P2 PSR -

it L5 Ph 2 Ph-C9 #7735 2. PSFs > 3“3k 11 Aug 5o 175 7 8L > L% Ph-
C10 2z ‘e3> 3 R L 2 34 ik 304 B4 (E 45 > 4] 2-8 (a)2 f2r7 > @ o

WH AT A A2 RS o B 28 (d)F BB B A B g

AApI W~

=g

FE2L U0 5 BB FR e BREMB S FRinT )

SR A

ad

LA A A SR B T A - e d 2 R o 2 ACN B

AGEARBL I ZH IS S 8.1%  doBl 2-8 (a)F T o

B 2-8 & & 4 Ph-C10 2 (a)ﬁ%ﬁ#&;vj P H Y ki RAILFL A A R 2
BAIER S B PR A d A3 3 ACN R HER 272 B (b) Aw e AR
(GWQﬁ”%ﬁW®ﬂ§éi ﬂﬁa%%ﬁo
39
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Ph-C11 2 S48 H 2 EA & 47 2 C2c 4 A B37and > A7) g g o)

PSFs .L“‘-L-’]‘]%i.l B HrL R 4o 2-9 o 0 LY @ g, Hex 73 & = 3 > H3lpE 4

N
o
ED

73x11.3A> 25t ip v F303% 5 P 'a"ﬁé),%t‘ £ ()& & 4 #7122 PSFs #

ZEVIUIRL B 2 o d MRAAR R 2 B B Op R E B E &

M

Ji

%1RyﬁW$ﬁ§%¢%£ﬁ?’ﬂ»4ﬁﬁw4ﬁii$%a@29%
T VREIEMAZ R LW 2 T FE2 U o Bea R ihd
Hex 3 &4+ H 2P > @ gt q phz R &% VVy i 4 2 {7345 F 2 »
BB A RANGE P EH > RRPE VVLiEr 4 o iea R ephitF R 2 4

£ o Tt M ORI R F % B - R4 PSFs B

3.302A
smmm 3534A
mmmm 3733A
smmm 39304

mmm= 3.346A
3.347A
3.255A
smmm 3260A

Tr-rod tongue-and-groove

R-rod tongue-and-groove

(d)

). LU _:’37 . - 2-
porosity : 30.3% M

B 2-9 4 &4 Ph-C11 2 (a)PSFs 2 B4 ¢ § n 3487 - Augw BAE - R 348
o BRI RARES AT R m AR S B Bt iR
i (b)- AR HELE RIS B OFWAZ LRI TRHE A d »F 5 Hex 34
I FEL 23U T % (DFEEB 2 RAE T4 -

phh o % DSC 2 gl Z7F 5 &) Ph-C11 2 PSFs # 2 # s J4c 0 4 B 2-10
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(a)7 7 4o4p v 3 Ph-C9 > Ph-CI1 2 Ap kg R fis > 27 710 F i a b ok
BBERPE FPEEPSFs A A T 0 S EEHER L - BRI R F
S04, 2 TGA Bl#4- @ 2-10 (b)) 4 P £ 7 427 i £ 22 300 °Ch 4 & 4 # 4

i -

_ Ph-C9 196 320 Ph-C9
) ——Ph-C11
E
= e 336
Q
: £
2
9 |—pPhcn 185 2
L
- 2
(1
(/]
T L
100 150 200 250 200 400 600 800
Temperature (°C) Temperature (°C)

® 2-10 £ ¥ Ph-C9 & Ph-C11 2 (a)DSC % (b)TGA Bl -

2.2.1.2 Ph-C5~C7 2 & ¥ %4

¥ AL R S5E 0 Ph-C5~CT # 7 12 Awp M58 5 b = ¥ B A i
PR SHAR Y 2 P2jc T RBRPIRE ZRAAAF B EIFER A L
PPz bR TR ER - AET S An B n AR 2 4

LR35 3.245-3.313+3.355A 4 W& T Ph-C5~ Ph-C6 ~ Ph-C7 > 4] 2-11 #f

4

=

cHE gt Aw 2 n AR B AT RET FEY ¥R A AR
P B R HETAcR] 2-12(a)fT c ¥R D BB AE > Ardkhd St piaE B
74 CH-m 7% 4 2 2584 2 8> miz v RANME e 7o B2 @ik

pleghz 2 Niga 0 Aw B S 3 ¥ BRI Ph-C6 5 A o) 2-12 (b)#F
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(a) Ph-C5 (b) Ph-C6 (c) Ph-C7

Eg 3.245A EE ; 3.313A % g 3.355A

B 2-11 (2)Ph-C5 (b)Ph-C6 ()Ph-C7 2 Auy HEAE m 24 %7 B4 -

FELY OFRZ AE (D)
FHOMPET] (I -2 UUy iv* 4 (dp4ar T 3 %2 f2F 2 CH-CH iv*
4o (e)Ae s F B2 VVies 4 .

B2 N2 &7 d B 2-129770 od 2% A3 A RAETRHE - V- T F
L UA W UU (8% 4 3 3@ 354cB] 2-12 (c)r fré i T F L 223 4 2
CH-CH i¥% 4 4rf] 2-12 (d)> £ laX4gAh F 1> adgh 3R VV (7% 4
TR AR 2-12 (e)#TF o

oo iRl E(DE £ 443 p B KGR R E Awz e R

e Hm 2R R AR Fla @RS B A2 N e R i 7
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AR ANE T2 L7 7 fFd 445 Ph 2 Ph-C9 47 % f2 PSFs 3t 4 5 ¥

Ao B d Bl 2-13 0T ¥R U vz & R RET FRA N E = B
BTG N PR WA P o ¥R S BT AT 0 B B8 5 Ph-C5~CT 2 Bi4aE B 5
Kggens Xa > PSFs en R AR r i 2 pRéB R sk indt 3% CHem 8% 4 > %
B MR AR Y 2 B Ak es SRR R FIb o 128 Ph-C5~CT
AT ERAAE RS > K CH (£ 4 A3 f ez 84 > @ 2 RAE
2 ARARF M EZ R AR S A A B iR Fla S Aw 1
ZBAIEGY o d T 2 i ) 2 (T 42 2 M R A B B PSFs a2

B E ey o

(a) Ph (b) Ph-C9
C3

Cc7

c7

Cc7

C3

W 2-13 &% (2)Ph (b)Ph-C9 2 R A|HE-r 2 o Em b .

2.2.1.3 Ph-C12 2 Ph-C16 2 & ¥ %1

FR4BE Bt W o Ph-C12 2 Ph-C16 z #7|4 % 5 updal 31 ¥z p o 540
KA AR EMmeEr 4 HAMIEAE KXY 2 P/ ® LB 52 DCM i3
Ao FLEA Bt ? 2 A 2L PSFs At 2 - M3 M 4o @) 2-14 4
FoomdtiE F A A 87 %% 99 % Hptsal » a7 ¥ E 2 UAlwi > 2 CH-
miER 4 AR A ke £ 2 RANE TR B A F A2 4ol 2-14 4T o gt g
P EH L2 peR-T FRAEZ B o An g AL SMBEE T REREI R

73 N 3T, e 142 H 1A 2 14-G 32 14-B 2 SRR o
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(b) Ph-C16

‘_V . < g
T Hrsnzns o .«3@ v\{\mﬁ\,ﬁp(”’vu&d\ Q‘;.(MN
TTREG -ﬁf 'F‘- @& L Wy e @ L |

w PN O < 05 A= - WS < - A O

AL M-ﬂ% 7 B LG GRSl Qs L
vt«wg;ijgmow =0 S wm«?:gﬂwv =S b\wem‘«@

L W% r?v-‘.-f»—’f&-!w@s Rk

———_-

B v S B

NN NN - )_g_,

B 2-14 &4 (a)Ph-C12 2 (b)Ph-C16 2 & 3 51 .

gt b Ph-C12 2 Ph-C16 #7427 3 A~ FiEergink £ &
P LAY e Awe B2 i o d L9 4 22 Ph-C10 2 Ph-C11 &
W v BRISRLP7 Ra GRafpE s+ p 2t R [ 62xg
FARELA S Aw o B2 B e Rl FeEs AR L H P p
AR AT H e R A WA T p ek BAER THTEALSFIFIEY 4 25
£ %% % CHniv% 4 @;2% 23 % Ph-C10 2 Ph-C11 2.~ 5 f 2% o 32 2 >
WP A EP AR > FRMERRMET 12BN BerAd 2 2 M

TEBER AT 4 A R PS> &h A EFWLIWE S

222 PRALFINBRREZ P EEFE
LREiTE A3 p ez R AP PR K REFHZE (Nuclear

Magnetic Resonance spectroscopy, NMR) i %’g bt ER2Z AR BRHEL o
2221 - Bi#EATE2ZHT

#-p 45 & 4 Ph-Cn ;3> f Bz (CDCL)fe s = 1 mM k&2 37T
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BRIR &3 RABT A RA SR R FRF 0 doBl 215957 0 %]
FHRFGET FL202% A FHh2 A Flpt e HETHEE

H benzene region CHDCI H,0
e (_\ /. 2 2 .\
bridge head

lLL Ju AW

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

B 2-15 45 & 4 Ph-C9 >t CDClh 7 i3 &2 2 #® -

J JM\L u
7. 7. 5 575 570 565

750 745 7.40 7.'35 730 7.25

W 2-16 4 &% Ph-CO I ¥ 4o 2 ¥Fm B2 & ¥4 -

4T PR -HEL R PRI AR BT BT RT LR
oo i xBF%R2Z Ho(1)"Ho (2)"He ()2 7 ¥ %22 Hqg(4) ~He (8) ~Hr (4) >
FEP FHE I B 40P 2-16 7or > R A AR R kB E R ER B H (two
dimensional rotating frame Overhauser enhancement spectroscopy, 2D ROESY) » 7%% d
B & 3 Z2c s (nuclear Overhauser effect, NOE)E pliz e ® 2 2 FFF 1 § 5 FF
AR E 2 JERL Y SA PR € A4 AP A EE o F 4> 2t 401 ppm 22 OCH;
ZAgEdd - g A FRANE L AIREAE 2 e Hy o 4oR]
2-17 2. F ¢ $i8f » F 2. Hg P 5 374 3 #@Fi £ X Hhn2 Heb 3 B P &

SHT o Ho P Ha 5 37 V207 FH 2325 Pld s » 4oF] 2-17 2
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Q

WE ARl 2-16 7 FIT A 82 ZIRBAP N Hes i i A BT R

P& des | Hoo ~ Ho2 * $IR5 % Ho Sdeif » FI0 1 5 (5 75 4R 02

m
FIT B2 575 Heo
Ha Hy i t
. 0 -] -
_J
H o
g 7:'# 0° &#
Hn
9Q & L~
% M 8 °
' ' ; lli ; ‘Ii I(ppm)

W 2-17 & & 4 Ph-C9 2. 2D ROESY B -

AT ERE FHAPHRZ AL A PEBR A A F R RLER TR
JER A BB s K38 (downfield-shifted) > &b Ha 2 Hp 2 fic
L% H =4 (upfield-shifted) » * Hein 5% 2 4 2l & 4 % > 2 Ph-C9 5 & 4 4o
Bl 2-18 #1777 » A P ENERBEEF Y FVRRI AN IRERT A3

EERAE- #: % B N
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w Mo H

f JL JLAE
o oM )
somn i _m_
MJL L

7.25 580 575
1 (ppm 1 (ppm)

B 2-18 & £ 4 Ph-C9 ** 7 FELA4He2 FRELIFL LI FHE IR RAL P E R
# -

2222 - w A # B ¥ (two dimensional diffusion-ordered

spectroscopy, 2D DOSY)
B MY A Y L RUBPL RIS R AP LR R S

RRGRS T MET A PFA G L LE L AU A W B REY 2R A
e 4 ARy 31708, 29 Mitzel 332 BI 8 » 2020 # % & - £ 2 (D&
L 16> HiEA HFFH ’?ﬁ.?‘«;&-fﬁ_éiﬂ}’\’?ﬁ v 4o @] 2-19 #ror 0 I * 2D DOSY

PR LI RRZERETESL gg'p’»"f#-}fﬁ“i}f% °

Alu Alu
CeFs CsFs

W 219 4 &4 162 @B 2 (b)h W -
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-

i
%3¢ % 8 (diffusion coefficient) >

Wegh &4 167305 7 F (CDs)¥ 27 R

Non Brde 5B

equation)4rit 2-1> 7 ## 4 3 2 jngl 4 F L

q

=

B E -t (Y 22w

5
B

& T4 2D DOSY £ Bl H

§ Fl2rh > 42 ;7% (Stokes Einstein
f% (hydrodynamic radius) » £ 1 #* 5 48 %8

VH A 4 B8 A (hydrodynamic volume) » ¥ 5 d ¥

FRLEEArPN2IBFTEFEL IR RAZBE BHc- B - k5238
d B 220 B £ 16> 3 H 333K T AT HE A F 2 Ao m F "SRR T 233
Kigo> m3 g RBE>=2 M Fl- > TF 2P M7 BT H LS -
KT
_ X9
D= G G 21
Vy = 2Ry’ X222
H = 37y (5% 2-2)
_ Vh _ Vy X
0.5(Vyra+Vpaw) 4887843 (a% 2-3)
ﬂt‘Dﬁ;}}%{‘(fﬁﬁﬁ/{\ W STl ¢ #& T:ER (K) nﬁ'/%/l;‘fz\!”}i Ry %
N3 -\I” gé‘h} § 7‘ ‘VH,:»/’:\ \;ﬁgﬁ% éﬁ%ﬁ'ﬁ‘ N L3 Ex\%g{ erdfé\/’a\;‘
W XRD 3 E TR B R A Vaaw R 5 A4 F 2 =EF L8 -
4.0
complex 16
3.5
3.0 %
2 25- }
g }
SR
1.5 +
-
[ R
| n
1.0 T T T T T T
240 260 280 300 320 340
T/IK

B 2-20 24 16> 2 pER T2 1z B & B#HB £ -
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Flpt oo AP E R E 2 FR N 1 mM 2 100 mM 245 & 4 Ph-Cn 4 5
#iT2DDOSY ok o d »ER 2 FHRERS L2 FHREZIBRIART TR &
ERT R ES S T s 12 LR % CDCLB AN § 4 2 DCM it
SRR DR 21 R s R R s F R R 24T F
AR E 2 F £ 2B %545 2-5) £ RE DCM 2 45 & F Ph-Cn & %) 2 4%

a

B AN 25 St sz v im o VAN IEE 14 L4 Ph-Cn 2 4 F & 0 AR

o
a4
22

A
S

DA EAREGESSE TN 2 DCM 2 A4+ 0 BRASE - x A3

{»"‘E'T A ? HHEMEBE (RERST 2223 &) i ¥ 1 mM & 100
5 X
PR

@A R Ak T BRSSO R ARG R L RE B

3 3M
— A9
RH 41PN 4 (’} 24)
3o = X 9
D o — (3% 2-5)
He M aAF R ~pamAF 3R e 222 R SNaR 2@ seBed o

R4 L4 Ph-Cn & kA 2 Bich#cy Sd 257 @43 2 B &8> 100
MMERTYL ImM2ZA R 4ok 2-12%2 F 221 12 Ph-C9 iT5 5% > &7 8

o

Wetr st 2 W& S emiat & ¥ 0pine g% o v jp>t Ph-CS 5]

\

R PR AR AR 21T AT RAEIIA IR 54w R B
o pE > Er R EmAEL 4 & Ph-C5~C7 *t A 5 p e dho iEfeG A% Rz i

v B ETERLEEMEAFTRAE TR AR ARE -

49

doi:10.6342/NTU202304518



% 2-1 P L% Ph-Cn> 7 FER T2 B & #2

Ly

N o g
L g ER D& S S
Y f Dph-cn/Dpem Mph-co/Mbcm .
-9
ImM | A35x107° 1.56 3.80
6.79 x 109
Ph-C5 3.62
-9
100mM | 1=8x107" 2.39 13.74
436 x 10-°
-9
1mMm | L06x107 3.45 4137
3.66 x 109
Ph-C7 2.48
-10
100mM | &78x107" 4.68 102.75
3.18 x 109
-9
Imm | 239x107 1.64 4.42
721 x 109
Ph 228
-9
100mM | 216x107" 2.16 10.07
266 X 10-°
-9
1mMm | LO6x107" 2.26 11.66
2.40 X 109
Ph-C9 1.63
-9
100mM | 1=8x107" 2.67 19.01
222 %109
-9
ImM | L61x107 2.64 18.44
425 % 10-°
Ph-C11 2.24
-10
100mM | 24> x1077 3.46 41.29
3.27 x 109
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B\ T I I P !

=) a
L 8 8
o I
100 mM %
D =1.5830 x 10° m2 s~ i __%H'__"___'u____* B 1,
_ ' 441
——“H-—— ———-i————-}iml—r——:; 100 mM | 3
: - D =1.5827 x 10 m2 s~!
i - e
""“!H'".“"'1"""4f‘k'ﬁ‘—$ 1mM
i D =4.3571 x 10° m2 s!
1mM i | [ _:;.
= -9 m2 o1 Pl |
D =1.0577 x10° m?s - —_"41'1'—_'1'| __________ 'HT_
i K
I | .
| | | P
| -N r -
\ K -
I o
-]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T '
8 6 4 2 (ppm) 8 6 4 2 (ppm)

® 2-21 4 & 4 (a)Ph-C9 (b)Ph-C5 >+ 1 mM % 100 mM ;% ;% 2. 2D DOSY Bl -

Bt s £ Ph-CY Bt aE T LAY R R frtaR Y &
ERLRITI R S ow RAR2 B R S AR E R A 4 FlG A A TR LR
EREWEWEME e BT SR AL 3 2 APdeh
e B F AN BERZE L Ph-CYO A H B ER P > ARa FlEATE-E 22 iF
A2 miEiE A ARER > A Ph-C5 d WRl4ARIE - A FEAF 2L pd R T

AESIEE CER =

2223 - GEH PP R LR EH (one dimensional selective nuclear
Overhauser effect spectroscopy, 1D selective NOESY)
d P RTEMAFZREGS 0 20 B HREAL TR IRLE X
BT R LMY ERAE T 4 sl n AR B PR AT
ATELE T2 > AP 1D selective NOESY 5B H s 2 2a% » 7 EH Pk

FHRETSE OCFY S i) R Y- BE A2 - TApAELE o B &P Ph-Cn
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kRS 100mM FFE# S AR F A2 Hak Hy» # > He 2 He g 2 - & v
2 ELME 5 4oB) 2-22 977 0 PR 2 jcE Ha® He ™ ¥ 20 Ho 2 Hp L2 T] - Hgdi 2
I US> R4 &4 Ph-Cn 2~ 3 %4 > Ha~ Hy # Ha~ He 7% 20 8 & 5 FHin

TEEY ) SAC AT H L AT R EETAE S 2 EL o

U Ha+Hb

7.70 765 760 755 750 745 740 7.35 730 7.25 7.20 7.15 7.10 T.05 7.00 695 6.90 6.85
1 (ppm)

W 2-22 4 £+ Ph-C9 ** 100 mM jk & ™ 2 1D selective NOESY B -

A B Hed AR TR H B2 A 0 TR p R R T AT S
YU E e 4 ersl e m AT B4 o Ha Ho 2 Hoo He#TA 4 2 4 $H RS
LA AMERET FEL Uit ARt BeE vt 280 &

FHhY o2 LT FL2ZUAWHY T BB 2-23(@)¢T o B d L

SREAIFEZ UAWHE o $#5 Ha 2 Hed 3 5 0 b FFA 2 S 5Lirst 2
FRraEE s Fd 23 3% 27 F52 UAwHpr He¢ BA3 Hr A4 5 F
2. 0d £ B Hr ¢ A2 Hao ot 0 Bl 2-22 8744 ° HeZ gL 8 5d 22

T FER 2 UAigd o gt SRR 2 n AR Ao B 2-23 (b)FF

(w

&
‘g;
*
*
=l
(w,

Toom AT AR AR F A2 Hak Hyo d 0 H 1377 X2

Pl o @A F B R P HoA g2 AR %i L L FE o
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W 223 (@A4FHE ~T FE UAwH2zZ=4> % (b L4 Ph-Cn >+i3 % i

DL G T AR R

et d A patgh Rk B2 4 L4 Ph-Cn ¥ VEZRI| SR G W B HEL H
100mM T 2 & BRI He'® 5 81152 A 25 4cB] 2-24 “777 » %57 1 AT
2B RGN XA B EITY 4 2 AR AR F S F 2 E
B F 2 0 d L5 B 2-17 2 2D ROESY Bl # ¥ 504 £ # Ph-Cn >t 1 mM ;3 %
PENOEME » 24743 MERT L HEAF AN -

1 mM # 100 mM

oo
mee W WL

7.04 7.03 7.02 7.01 7.00 6.99 6.98 6.97 6.96 7.05 7.04 7.03 7.02 7.01 7.00 6.99 6.98 6.97

W 2-24 4 &4 Ph-Cn >t 1 mM 2 100 mM ™ He 508 2 4 4 -
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23 PSSP LR

T Ph2 SHWERPEFZ TIEPRGE L APR K BB R E R o
AR T R Rt
230 PHRELEF ARG LAPEPY

BEBREEFTETZRIE TGRS EF L AR ET L R
Ph-Cn 12w & v%va (tetrahydrofuran, THF);% #lfe & & 1 x 10° M )k & 2 8 73 i%
BRI B e v WR 2-25 0 o IV H kGEAKR R R L S g 0 AT PR
EREHWEA IR T E P B A Lo 23277293 2 310nm 0 ¥

%‘gd La Ph 2 2HE w3 jci g L Fe -{%%&%Iﬁﬁ]b’%?gki ILz2REER

2. LMCT » ¥ ¢ 22 qp-n*q + il -

——Ph-C5 abs

- Ph-C6 abs

- —— Ph-C7 abs

3 Ph-C9 abs

° —— Ph-C10 abs

2 Ph-C11 abs

= —— Ph-C12 abs

s Ph-C16 abs
e}
<
o
Q
N
©
£
o
4

250 360 .3;0 4(I)0 450 500
Wavelengh (nm)
W 2-25 4 & 4 Ph-Cn > 5833 i ¥ 2 s fe sk 3 -
#1x10°M kB 2 45 & 3 Ph-Cn i85 i (G 0h § AIL 15 8 (7 ifes ~ ok %
B3 AF2RIE dok 2222 B 226977 0 T ERETEE b0 B A Bk

£ 5422 % 465nm 2. 4 ko 5 IL % LMCTi?:‘)gJ%o
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% 2-2 P R4 &4 Ph-Cn »t THF fFid3 0% ¥ 2 R 2 7 -

& dex (M) Aem (NM) Derm (%)

Ph-C5 311 465 (423) 1.5

Ph-C6 311 466 (422) 2.1

Ph-C7 310 466 (422) 2.2

Ph-C9 311 466 (423) 2.2

Ph-C10 311 464 (422) 2.1

Ph-C11 310 465 (422) 1.7

Ph-C12 310 467 (422) 2.0

Ph-C16 311 466 (422) 1.9

(a) (b)
2 t
Y e P e A X e s .

Wavelengh (nm) Wavelengh (nm)

W 2-26 4 & % Ph-Cn ** THF §#72i% ¢ 2 ()% (hem =466 nm)%  (b)*c % %
;‘H‘ O\:ex =310 1’11’1’1) °

232 PHRGEFVRHEL KPR
BIE P L B2 Rk PRI P EHEL T kT o ek 2-
3% B 2-28 #ror o H A Bk R S 424 2 466nm 2. FF sk o EHE It A S0

PR Lo R R Rk 5 IL 2 LMCT =5 5 H igesf il &
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POARMZ B e R H e H940nm> C A A F AL 2T I IRE ) L AT ITR A4

)5

g2 BRI AR R EIAFRBPEL R ERE e £2 L1 Ph-
C5~CII P iFF a3 B aMmaeier 4 > PHfnictd + 45 Fulands il
Ph-C12 2 Ph-C16 # E iz @B & 1F* 4 » jrE4aB 2%k F 4% by ¢ H
Ak Sk 2 A pE B L P B ZEH YRR (L 2 ke @] 2-28 rr 0 ARSI L T

T B LB -

% 2-3 £ %8 Ph-Cn 2 k47 304 57 -

L Aex (nm) Aem (nm) Dem (%)
Ph-C5 357 466 (442) 17
Ph-Cé6 346 464 (441) 10
Ph-C7 340 467 (425) 10
Ph-C9 346 465 (442) 14
Ph-C10 355 466 (441) 10
Ph-C11 345 464 (442) 9
Ph-C12 340 467 (424) 66
Ph-C16 347 469 (426) 64

—— Ph-Cn crystal 340
2
250 300 350

Wavelengh (nm)

W 2-27 £ 8 Ph-Cn 2 503 £33 (hem = 466 nm) ©
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466 464
—— Ph-C5 crystal ——Ph-C6 crystal

Normalized Intensity (a.u.)
Normalized Intensity (a.u.)

T T
400 450 500 550 600 400 450 500 550 600

Wavelengh (nm) Wavelengh (nm)
467  ___ph.C7crystal 485 ph.co crystal
3 3
= =
z =
£ B 442
= =
& 2z
= =
= =
o o
= =
5 5
= =
460 4%0 5/0‘0 Eéﬂ 600 460 45‘:/0 5/60 EEIVU 600
Wavelengh (nm) Wavelengh (nm)
486
——Ph-C10 crystal 466 pn.c11 crystal
g 3
£ » E
2 2
w w
= =
2 2
= =
= =
o &
= =
S S
4 =z
460 4%0 5/0‘0 Eéﬂ 600 460 45‘:/0 5/60 EEIVU 600
Wavelengh (nm) Wavelengh (nm)
467 469
——Ph-C12 crystal ——Ph-C16 crystal

Normalized Intensity (a.u.)
Normalized Intensity (a.u.)

400 450 5/0‘0 Eéﬂ 600 400 450 5/60 EEIVU 600
Wavelengh (nm) Wavelengh (nm)

B 2-28 48 Ph-Cn 2 tc % k352 B * (hex =310 nm) -
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d 0 & A8 Ph-CS~CIL % 2§ m AEr 4 - 2 el R ek 5 4 5
AR o 2B RAT Ph L2 2H 0 2% 4R 229 7 1@ ae s 18K
@ g AR R H Y - ] 2 o AR g A 4 2 3 it (delocalize)

2.3.% > @ Ph/pMDMA 2. % i # s ¢ > i S fRF 23k
$1°° Ph-C12 2 Ph-C16 7 3 > H H AR ™ 5 — 5 £ B> 7 F (7 5 4 5F — fploc sk

PHBFLBEFSEFRESIPBP LR G R ARBLEF AT o

(a) Ph / Hex D = 12%
(dimer A) (dimer B)

" ¢
M 14% M 33%,

i

1

(b) Ph / pMDMA

(dimer A)

W 2-29 (a)Ph/Hex (b)Ph/pMDMA & #2533+ & - 4

~
8
5~

2
X

233 P& & F 2 fEPRIET

2331 PGP 24 Rk Pd
# Ph-Cn 2 flE B A5d 21 9 RG> P AL Fd %LLHB TN dem =
530nm % ¢ ek £ 7 HEd F L DCM g Ay R 3 A de2 4 2k o 4ol 2-30 47

T oa- FHEFL PN RAAE YV EED R % o 1395w Ph fi #2 PXRD
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TR EE 2 % Ak FAA S - R 4o @] 2-31 #7705 248 4P (amorphous)

2 ¥k > @ ER DCM ja# {2 PXRD B R VBRI F9EetE » S 885

b
~ M

(recrystallization) 2 i 42 » H ek 2 = f 5 A BT & £ IEYLERED R &

T 4 ogteb o d 3targ Ph-Cn 22 o REF B (75 0 A7 04 Rk ®d 24

R EREE
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534 533
= Ph5 =
- s ground - = Ph & ground
= =
W w
= =
2 z
= =
E 5 E
= =
@ @
8 S
o o
g g 435
£ £
=] =]
= =
T T T T T T T T
400 450 500 550 500 400 450 500 550 500
Wavelengh (nm} Wavelengh (nm}
536 534
e A
2 Ph7 2
P —_— ground Py ———Ph 8 ground
= =
w o
= =
2 =z
= =
= =
@ @
& 8
= =
E 435 E
E E
=] =]
= =
T T T T T T T T
400 450 500 550 500 400 450 500 550 800
Wavelengh (nm}) Wavelengh (nm}
. : ‘ -
= |——Ph10 ground = |——Pnh11 ground
- -
= =
o wh
= =
2 z
= 430 =
= =
@ @
& &
] ] 436
E E
E E
=] =]
= =
T T T T T T T T
400 450 500 550 500 400 450 500 550 500
Wavelengh (nm} Wavelengh {(nm}
. - e -
= |——Ph12 ground & | ——Ph16 ground
= 2
w o
= =
2 -]
= =
= =
s 2 a2
E ‘"
E 4z E
=] =]
= =
T T T T T T T T
400 450 500 550 500 400 450 500 550 500

Wavelengh (nm}

Wavelengh (nm}

B 230 2244 Ph-Cn &l 5 22 4 Rk %I LHZ B (hx=310nm) -
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Fumed DCM

-

= Ground
©

'

>

=

"

c

Q

e

£ Pristine

20 ()

B 2-31 Ph #= & {5 2 & 3 DCM 7 2 PXRD Flz# -

2332 PiRss &2 kPl

#5%H Ph-Cn % M B fcdi™ 12 340-390 nm 2. % sk R &4 > ¥ LR F| % Ph-
CO~CIl ¢ A4 Fd wkiFbe B I % F b iod 2 kRELPS
BBl 23257 A A ST RSB AT L e P ERREER AAM L
A FIT 5 Ph & R0 143 Eorit 2 ek KR 0 Bk SR & RS

e A4 XA MEF ALY 4 o3 S FREd IL-LMCT %+ MC %%
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B 2-32

@ Ph-C5~C7 2 5 %

%4 sk > d Ak kT

Normalized Intensity

&5 8 Ph-C9~C11 2z

(a) Ph-C9

60(min)
% 512 ‘\ 607
£ A
o
8
™
E
4]
z
100 500 500 700 800
Wavelengh (nm)
(b) Ph-C10 (c) Ph-C11
60( mm) ) GO(mln)
1 617 % 516 \ szu
\ E
T
5
e
E
S
z
s00 ' 700 400 ) 500 T s00 T 00 ' 800

Wavelengh (nm) Wavelengh (nm)

ERTKGS KB2 B Y (hex=310nm) -

%’EW s AT %ﬁ ]"F‘Jgi"_&j& =4 I Aem =487 nm

Hard B d 3k b @ 2 5 d 3Tk P i 4 o

Yol 2-33 47 o d AMHWE - i AR A L ¥ 2 AR L &Y A

'v«"?]“‘

A& 55 2

LR FE F B
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-'I ? 30(min)

Nommalized Intensity
'S
g

L

L] L] L] L]
400 500 600 700

Wavelengh (nm)

B 2-33 548 Ph-C5~C7 2 X K3k (32 B2 (hex=3101nm)

R o Ph-C5~C7 2 4= 2 55d RETS » €
) 4o

Re¥ 5 2 kR 75

AR e &2 d kiR

Bl 23477 > 27 2B RG22 m)

St g hr R B TR REP wdaz £ Ph-C5~CT 3 &+ p 2k

A BRZ e o

B 2-34 Ph-C5~C7 #» k fs 2 LRk gd @R T -
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#o A ETL Ph-C122 Ph-CI62 MG H 7 L aimih (v9 4 - hit
EAER 2 kB AS N A BRI ER TR 2P T RN R AU F K
2L hem =509 nm 2 % 3k o hoB] 2-35 77 0 A T A R E B IS A

AR i AR A B 2k ML ARG KRGS 2 7LV
#7

Fol ook Beacgn ki on B ARERE LML 75 &7 2

A F A E AR Y X R opdaz PEH S .

0 E{min)

Normalized Intensity

W

L] L L] b
400 500 600 700 800

Wavelengh (nm)

W 2-35 &4 Ph-C12 2 Ph-C16 2 £ &%k % £ 2 B % (hex=3101m)

2333 PR LEFZERTLP

# Ph-Cn 2_ {; %8 & 3z pMDMA & > L2 5| & Ph-C9 2 Ph-C11 ¢ 2 24 d §Fé
kT Aem=500nm 2 F F ko Pk E I A F A HFE 2 hoB] 2-36 4T o
F TR EPSFs Y - MR E R RAPM I § AR pMDMA &> H £ iF 3

EHE g o X g A D 143 Forsait 2 232 2 B 2-29 R FIE G

2 S B2 g A A A AR o i kk KR e LMCT 2 3k
WHERER A AR EFAF LRI TFFPTEMAS T L5 0T § ok
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pMDMA pMDMA
fuming fuming
> 466 500
2 466 500 c
2 2
I (=
; ; 421
[ Q
% 421 N
]
£ E
S 5
= =
L] L L] - L] L]
400 500 600 400 500 600

Wavelengh (nm)

® 2-36 &% Ph-C9 2 Ph-C11 2

IN

Wavelengh (nm)

E ”917!5%3 ’IDF‘H'i % & ()hex

310 nm)

A H R - AR FE 2 W R pMDMA 43 7 ¢ 8 & 4 {58

BiTh o MaFES 2 2%k > 2 Ph-C10 5 & 4o 2-37 #7577 o

_ 465 pMDMA
g \ fumln
3. 423 j N
: N
8 \ \/
: 1
- \\/
@
N
®
E
-
Q
=
T T T 1
400 450 500 550

W 2-37 4 Ph-C10 2 £5kck§d L2 B Y (hx=

Wavelengh (nm)
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=% R%

AR s 457 FasaEk B2 £(D4 &4 Ph-Cno T84 B~ (8 & Baak

Efz oo BEATH HME] > NP LFE T fEPh &4+ PSFs 2. &
A TR FEp X2 = A AR FF REEY 4 ol o AR
WL sz w RS 2 el 2 R AR 2 = W LAk
ZAGRARF R o PR S WS R AR RS 8 A 9 W RER
3 K2 PSFs 3tk # 2 > @ Ph-C11 2 S W& § 5 agp >t H 259 » 9354 PSFs
B DA e BAERE 0 F 00 303 %2 TV FIEL AN E ST HH
Jered L Bl E 2 F b

B E - 5 7] NMR Egp] 2 e - HIERIA F p B K2 E AR
02 NOE 2 A giraee m AR r s 3t B R R 2377 » A7 M ETF* 4 0
A2 PG s R 4 > 2 1% 2DDOSY BRI 3R A F 2 B E a7
RS S A ERAE(DE EF Y WP A S A B2 e o T 3
d PRy A TP B BT R IR AR 4 LA EarAa
2w BRI A0 0 WA TR R MR E TR LB Tl AR
WERE > d W RAMETEHET L @ 0 METER 4 002 geaTH k2 2 Wk
BPRZAAHBRESHFELEZ LS > A A REI ApI RT 2 BRI E N L
ELEIES =

Bfs o g ff Ph-Cn 2 (BRI > FIRERE gRICKEI 2 {7

o)

ETIAS

BB R RN B DT e P AR R RIERA S A

a3 o

Eh

P ALY 4 oA BHRF R AR - AR E 5]

¥

é\, iV F ‘;_‘]
f"i‘fﬁ‘ii,ﬁég’g){%f’fﬁi%%']ﬁ_’l ;Jlji 3%?5‘}\%.;\}?7 "’*\Ij;{/‘a/féﬁw
NMR z | & #7HFAwf>t o 3 p BEFE 227 3 B rpdat B 7 f B3R 1

o

et - Argp 2w

TR
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Sr® REHRIA

4.1 REHRE 2 B A

FOWE TR Y 2 B g T8 BT RO et A T R G R BB R ok
Fip K47k (HPLC)&crn &) LR 2 % A 225 ik 4p & 49 & (HPLC) e
A e HY s ke & vkemE A 2 LC Technology Solution Inc. 2 @ #7#] % e
SPBT-103 7§ #%;3 &% it k& % (Solvent Purification System)® % SP-505 ¥ {1ik {7

it BIb AR 7 kE 3 Sppm e

B 8L/ BL*
EOL BR i fu g5t A3 E R
O
1 Anthracene (&) CisHio 17823 | 215~218 | Ac
2 p-Benzoquinone (¥ % ) CsHsO2 108.09 | 113~115 T
3 p-Chloranil (= # ¥ % %) CsCl102 24588 | 290-293 | Ald
Hydroxylamine hydrochloride
4 e HONH,-HCI | 69.49 151 Ac
(R pen=)
Hydrochloric acid
5 , HCl 69.49 151 Ac
(37% solution) (% f&)
Palladium on activated carbon
6 y Pd/C 106.42 --- Ac
(4= B TELIC H])
Hydrazine anhydrate
7 N>H4-H20 50.06 120%* Ac
(64-65%) (T3 ¥%=)
8 1-Bromopentane (74 ™~ =) CsHiBr 151.05 129 Ac
9 1-Bromohexane (74 & %) CeH13Br 165.08 156 Alf
10 1-Bromoheptane (74 & *=) C7Hi5Br 179.10 180%* Ald
11 1-Bromononane (74 ¥%) CoH19Br 207.15 201* Ac
12 1-Bromodecane (74 % %) CioH2iBr 221.18 238* Ac
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1-Bromoundecane
13 Ci11H23Br 235.20 | 137-138** | Ald
(5t - %)
1-Bromododecane
14 ., Ci2H25Br 249.23 276 Ac
(it = %)
1,16-dibromohexadecane
15 ) Ci6H33Br 305.33 336%* Ac
(Gt 22)
Sodium Hydride,
16 . o NaH 23.99 300 Ald
60% in mineral oil (§ * 4%)
17 Formic acid (¥ fi%) CH20:2 46.03 100*
18 Acetic anhydride (¢ f& f+) C4Hs03 102.09 140* E
Phosphoryl chloride
19 . POCI3 153.33 105.8 R
(Z %3 #7)
20 Triethylamine (= ¢ %) CeHisN 101.19 89.7 T
Potassium gold(III) chloride
21 o KAuCly 377.88 300 Ac
(% £pasm)
22 Dimethyl sulfide (= ¥ #rf) C2HeS 62.13 35~41 Ac
N,N-dimethyl-p-tolidine
23 , CoHizN 135.21 211* Alf
(NN-= 7 247 F%)
REWICH PR LR QLSRN I )
LAY B 2ot 18 mmHg B4 T o2 A Ek
%‘ 4' 2 "? 156; /% ’S;flj °
ot Fr i rgr | A3E | AR CO) | Rw
1 Acetic acid (fiy fi%) C2H40; 60.05 118.0%* T
2 Dichloromethane (= # ? ‘= CH.Cl, 88.93 40.1* M
3 Ethyl acetate (¢ fi& ¢ fig) C4H30; 88.10 77.0% M
4 Hexane (& & *= CsHi4 86.18 69.0* M
5 Methanol (7 f%) CH40O 32.04 64.7* M
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6 Acetone (7 fik) CsHgO 58.08 56.2* N

7 Tetrahydrofuran (2 & *%vm) C4H30O 72.11 66.0* M
8 Ethanol (¢ f%) C>HsOH 46.07 78* E
Dimethylformamide (= ¥ z
9 C;H/NO 73.0 153 M
" )
10 Acetonitrile (¢ %) CH3N 41.04 81.5 Ald

R i #- 2 Ac: Acros~ Ald - Aldrich ~ Alf: Alfa Aesar~ E : ECHO ~ F : Fisher Scientific »

M : Merck ~ R : Riedel-de Haen ~ T : TEIDA -

42 RHRE
42.1 ¥ L =L ¥ R (Nuclear Magnetic Resonance, Bruker AVIII-

400 or 500)

1D £2 2D 2. '"H 2 '3C NMR # # 2 Bruker AVANCE I1I 400 & 500 MHz NMR
AHREFR T FRHESY CDCL&F A% 7 (CDCL)F 2 a#iEiaps »
Tt QOUFEFA~2—- (ppm i E > B9 aHz “F 80w CDLh ('H:
§=5.32ppm, °C : §=54.0 ppm)%2 CDCIs ("H : §=7.26 ppm, 1°C : §=77.0 ppm) ° s
~ & H L% (singlet)y; d & & £ (doublet); t & = £ % (triplet); q * 4z &
i (quartet) ; dd * % doublet of doublets ; tt ¥ % triplet of triplets ; m P & £ % & 4%

(multiplet) °

422 BEHFR ?* # & (High Resolution Mass, Bruker micrOTOF-QII)

® #2457 R F Bl ESI 5 253> 2 T 4% Bruker micrOTOF-QII fz & #icdy -
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423 X sk H 5 8+ & (Single crystal X-ray spectrometer, Oxford

Gemini Dualsystem Single-crystal XRD equipped with Cryojet.)
] * Rigaku Oxford £ Bruker D8 venture %E¥% ik > 2 multilayer mirror-
monochromated Mo-Ka (A =0.71073 A)#¢ graphite-monochromated Cu-Ka (A = 1.5418

A)iFi st kih > JcBEsta o458 H 5 B

424 % ¢ /v A kex 4z k #F &k (UV-visible Spectrophotometer,

Varian Cary300 Bio-type)

BERERBNAAY  FRE 5 100 M fFERR - R R & 0 L#

%

5

HE RS AR HEE P B RF RIS R CRB SRS PR TR
BRI o ISR 10°M 2 ﬁr BRRECFERCEAHRE > TR REH R

&2 o

4.2.5 ¥ &k & (Fluorescence Spectrometer, Edinburgh FLS920)

¥ stk )% Edinburgh FLS920 & 7R 2 > ¥ £RA R A& 2 B2 3%k
PR e @R SR aae PRESSFLERENSULERY R TR
%l T8 A UV S ek RBIE o - &m 3 0 gl £ §E 7 B~ S g
B o Gk g EY R AR R TS WRM T R L ERE Y AR

GESEIE SR

4.2.5.1 7% 7% & £ ¥R 2

e pe Al AR ER BRI FEA P LR 2R KRR S
A UVBck#REFHE > RHEA A TR Y0l 24 c maEdF &t 1
FoAMEEGY SAM RS FELHRY B TR E T

- V»,): n -
H DA R L 3
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4.2.5.2 F i k3P 7

MRS T A Ixlom? 22 2E P 0 AR AACT BEFNHRE (B A
R O FEERAES O RBREHFTRELS LA AR AR LT
WA FRPF RRE G RAL PR TV EEHL T AL L D
Rk R R K R LRIE B oW kG -
4253 ZiphickgF A FRED 2

1IN HaSOg4 7% A fe B 538 S-& -K£ifk 2 % (quinine sulphate dyhydrate, #if&
2R2YFREIFIAFL 055 1 UV ek &Pl %y F 4 0.06-0.10 2
Fregdfd HRFRELACLLFIHFAEG F I el 47 EH S
FFEALPLS% ERBE PR B 2R F FIEFEF S LUV

Bk R E kT o S R R R 0.06-0.10 2 F o 2 R mas o R

T RFREE LR FREF o a e AF EHIS ELLF W
5% » ﬁ,‘fé‘}q?’ ] F ;\;\—?“L_’% y W %g*ir;;m% :%_;é—:% o

Fa 2
A_a X Ngotwent
(I)f = ——X q)fs

A, X nf,2504
Fo@f &k ki @ At R ET R TR
PR Rk kA A B A RS S ok e T B
n R 203 AT e DR Rk RS A S
4254 Bk g3 & Fp g
AR (2 150mm o FrfEet g K)o ARIE 6 e E Pk kg Y
N EPRAE A B AR ORI R4 G RS R B SRR A o d L A

GRA WP R R LR AT
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4.2.6 ¥ % B4 (Fluorescence Microscopy)

i# * Olympus IX73 inverted microscope iz DP73 424 fp % » & ¥ i 4% 340-
390 nm 2 s kiR o SED LR~ BEGERE PR« LIEN > ThHIERS

T R

“~

4.2.7 %3 BLip] Z_ik (Melting Point Apparatus, Melting point apparatus

MP-2D)
¢ * Melting point apparatus MP-2D » #-577% & & % ?ﬁ? b DN mfg A
HHEEFAOE 11 2mm> 22 10°C/min 23 ¢ e 745 2L F > £ 2 2°C/min

R R RIG B TG BOA G -

428 # € A 7R

2 * TAQS00 P 2t -2 £ B f2 8 & -

429 #B7 L#FH EH R (LT-DSC)

% * Netzsch 204 F1 jB] T % &2 tp 8 & o

43 R%> 2

431 % S5t

#-3-5mg FAEAE L % 7T mL H#SFL? 0 12 DCM 3 215 4 » Hex ~ MeOH
2 ACN (75 A3 A > B GIEIE S > 3B T B 913 % 0 5d BRTH
-

,
FH 5
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o A B

Ph-C5 DCM (1.0 ml) : MeOH (3.0 ml)
Ph-C6 DCM (3.0 ml) : Hex (1.0 ml)
Ph-C7 DCM (1.5 ml) : Hex (2.5 ml)
Ph-C9 DCM (0.5 ml) : Hex (3.5 ml)
Ph-C10 DCM (1.5 ml) : ACN (2.5 ml)
Ph-C11 DCM (0.2 ml) : Hex (3.8 ml)
Ph-C12 DCM (1.5 ml) : MeOH (2.5 ml)
Ph-C16 DCM (1.5 ml) : MeOH (2.5 ml)

432 + R Pd P %

MEHR S (9 1 me)E > Ixl om? 2 B & B b o 10 E] g FEA GOk 5

BT 5o L4y UV BRS¢ % 2R T E s Rl

433 (RIWKBPI D%

Ml AR Y Ixlom? 2 B E R oo 0B Hedid 20 340-390 nm Sk RE 7 R

G iRl G R R o/ R

434 ER*LBI P %

7

%—+ﬁﬁﬁﬁ*%mmiﬁ%ﬁﬁ’iﬁﬂﬁiﬁiﬁmﬁﬁ’f%ﬁi
BE-PEBRFS b R F A F 2R e TRFAMES (9 1mgk
Ixlem2 22 F 3% # F i3 r &g ? 9T 2480 &0+ 3 UV Eradickgpd v

STV R E S BA s BT E 2P o
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44 L AHZ

441 &P 162 &3 Y

o]

p -chloranil Q @
CCO - *-o
AcOH, 120°C
refiux, 16 hr @ %

69.1 % 16

o

P& (19.6g,109.9mmol) &4 Fp2 (5.94¢g,55.8mmol) &z & ¥ (27.0g,

111.0mmol) ¥ 1L FA¥#4 » ¥ 700mL A 4e # 1 120°C @ik F i 16 | p

Fadrich g @i T BAG T & HFMR AE R OFMICE e AT i}

S00mL %Edr @ » P e F HFMZNTRERF ER F REAFRITE IR X

¢ @ 175gF ¢ HANMEF 160 A F 69.1% > %52 >300°C - 'H-NMR (400

MHz, CDCls), & : 7.39 (m, 8H), 7.00 (m, 9H), 5.78 (s, 4H) (" 8] 1)

WY, Qo A
NHZOH -HCI, HCl(cat.) \ J
‘ THF, H,0, 80 °C ‘
g o g reflux, 5 d g Q
16 >99 % 17

Bt £ 4 16 (20.0 g, 43.6 mmol) ¥ ** 1 L Fl & %L ¥ > 4r » 650 mL 2 THF i* 5

A ¥ b B RARRAfRT F fais= (18.1g,261.4mmol) > EhiF > F B¢ o £

¥ S.0mL Ok BALS R 80°CRIRT £ T % o F R (511 R E SR

BT I e R g2 ke R Z B R A e fom R E A kB R F R
THS T RN S SR W B3 T VRS- SEE SR RF SR IR 5

SRR d WHBER BT RS FS I 270 g 4 FM
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L% 17 A% >99 % %58 >300 °C » '"H-NMR (400 MHz, CDCl3), & : 5.83 (s,
1H), 5.89 (s, 1H), 5.63 (s, 1H), 6.92-6.97 (m, 8H), 7.30-7.36 (m, 8H), 9.07 (s, 1H) (*} ]

2)

443 &£ 182 &4 U

THF, 80 °C, reflux, Shr

ZABIN ZAAN

17 75.5 % 18

B-it &4 17 (11.5 g, 24.2 mmol) ¥ 1.1 g Pd/C (Palladium on charcol) ¥ ** 500
mL Fl &AL ? > 4c » 250 mL 2. THF ® 573 &> £ ¥ % # 6.3 mL &% (131.2 mmol)
NS A 90°CH R F Bl PFEF 0 BEFEHE T MG Adnd o FEAP R
o F LA P RS B T FL B Ayt RS B 2R E WA
Sl gk Y 0 EEFERAT L U B f gl B TR0 9 842g 0 ¢ FIH
&4 180 A F 5 75.5% %% B >300°C - 'H-NMR (400 MHz, CDCl3), § : 5.69 (s,

3H), 5.89 (s, 2H), 6.98-6.99 (m, 8H), 7.34-7.36 (m, 4H), 7.38-7.39 (m, 4H) (*7¢ & 3)

444 * £% 19-Cn 2 & =

68.5%
59.4%
45.8%
45.2%
52.5%
59.9%
60.1%
83.1%

‘ ' NaH, C H2n+1Br

DMF rt, overnight

23333333
nmumuonnmnmonmmwn
[ N e - - N

oON =0

B-it £ 18 (1.00 g, 2.16 mmol)% & it 4+ (0.09 g, 3.59 mmol) > & >+ 25 mL =

FIAFL? 20 0°CT M4 » m-kz 15mL = 9 A9 fpske ET 2230303

g

B

¥

e g R I HE A I o AR R TMIE0 AL BWIF 7 PARBER
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2 1-i8%48 (238 mmol)#f454) 16 /] PF o £ i & 16 » 1% i Sk S5 -4 304
S RVERRM G F R DCM 2 FEAORE B S Al o b A e E kA
ﬁii}“f Ko BFEFLS B R EFIH *ﬁ*’“ﬁ%f{ﬁﬁ&%iﬁi&#é ¥ T M p A
Ririeimiie (PR3 DCM tHex =114 &% 5 1: 1) @30 ¢ HH
19-Cn -

19-C5 2 % 5 68.5% ; % & >300°C ; 'H-NMR (500 MHz, CDCl3), § : 7.29 (m,
8H), 6.91 (m, 8H), 5.63 (s, 2H), 5.38 (s, 2H), 3.85 (t, J = 6.8 Hz, 2H), 1.99 (m, 2H), 1.64
(m, 2H), 1.52 (m, 2H), 1.05 (t,J= 7.3 Hz, 3H) (*4 B 4) ; *C NMR (125 MHz, CDCl3),
0. 1454,145.3,143.4,135.4,132.1, 130.2, 125.1, 125.0, 123.5, 123.3, 76.3, 48.6, 48.3,
30.2,28.7,22.8, 142 ("¢ B 5); 4 F 3% : C3oHuNO" [M+H]"; ESI 32 % & : 532.2635
B 532.2651 ()

19-C6 # % 5 59.4% ; *3 8 : 296 °C ; '"H-NMR (500 MHz, CDCl3), 5 : 7.35-7.27
(m, 8H), 6.93 (m, 8H), 5.66 (s, 2H), 5.40 (s, 2H), 3.88 (t, J = 6.8 Hz, 2H), 2.01 (m, 2H),
1.68 (m, 2H), 1.56-1.44 (m, 4H), 1.02 (t,J= 6.9 Hz, 3H) (*¢ B 6) ; *C NMR (125 MHz,
CDCl3), 6 - 145.4, 145.3, 143.4, 135.4, 132.1, 130.1, 125.1, 125.0, 123.5, 123.3, 76.3,
48.6,48.3,31.9,30.5,26.1,22.8, 142 (*4 B 7) ; » + ;% : CaoH3sNO'"[M+H]" ; ESI 52
%ie 1 546.2791 > P B g 1 546.2766 () °

19-C7 & % 5 45.8% ; *3 & : 285°C ; '"H-NMR (500 MHz, CDCl3), 5 : 7.33-7.26
(m, 8H), 6.92 (m, 8H), 5.65 (s, 2H), 5.39 (s, 2H), 3.87 (t, J = 6.8 Hz, 2H), 2.00 (m, 2H),
1.61-1.70 (m, 2H), 1.55-1.39 (m, 6H), 0.97 (t,J= 7.1 Hz, 3H) (*4 & 8) ; *C NMR (125
MHz, CDCh), d : 145.4, 145.3, 143.4, 135.4, 132.1, 130.2, 125.1, 125.0, 123.5, 123.3,
76.3,48.6,48.3,32.0,30.5,29.3,26.4,22.7, 142 (*t B 9); A~ F ;% : CyH3sNO" [M+H]*
ESI 7234 & : 560.2948 » 7 %% & : 560.2952 () -

19-C9 2 % 5 452 % ; *3 8 : 272 °C ; 'H-NMR (500 MHz, CDCl3), § : 7.32 (m,

8H), 6.94 (m, 8H), 5.66 (s, 2H), 5.40 (s, 2H), 3.88 (t, J = 6.9 Hz, 2H), 2.02 (m, 2H), 1.72-
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1.63 (m, 2H), 1.59-1.26 (m, 10H), 0.95 (t, J = 6.4 Hz, 3H) (*4® 10) ; 3C NMR (125
MHz, CDCl3), § : 145.4, 145.3, 143.4, 135.4, 132.1, 130.1, 125.1, 124.9, 123.5, 123.3,
76.3, 48.6, 48.3, 31.9, 30.5, 29.7, 29.7, 29.4, 26.5, 22.7, 14.1 (*¢ @ 11) 5 A 3 & -
Cs3HoNO' [M+H]' ; ESI 1% & © 588.3261 » § s & : 588.3239 () -

19-C10 2 % 5 52.5% 5 %3 & : 272°C ; 'H-NMR (500 MHz, CDCl3), § : 7.32 (m,
8H), 6.94 (m, 8H), 5.66 (s, 2H), 5.40 (s, 2H), 3.88 (t, J = 6.8 Hz, 2H), 2.01 (m, 2H), 1.72-
1.63 (m, 2H), 1.56-1.27 (m, 12H), 0.93 (t, J = 7.0 Hz, 3H) (*4 & 12) ; *C NMR (125
MHz, CDCl3), § : 145.4, 145.3, 143.4, 135.4, 132.1, 130.1, 125.1, 125.0, 123.5, 123.3,
76.3,48.6,48.3,31.9,30.5,29.8,29.7,29.7,29.4,26.5,22.7, 14.1 ("4 B 13); A F ;% :
CasHuNO' [M+H]" ; ESI 1% & : 602.3417 » § 3 & : 602.3402 () -

19-C11 2 % % 59.9% ; % Bt : 264°C ; 'H-NMR (500 MHz, CDCl;), § : 7.32-7.25
(m, 8H), 6.91 (m, 8H), 5.63 (s, 2H), 5.37 (s, 2H), 3.85 (t, J = 6.8 Hz, 2H), 1.98 (m, 2H),
1.69-1.62 (m, 3H), 1.53-1.26 (m, 14H), 0.89 (t, J = 7.2 Hz, 3H) (*¢ B 14) ; °C NMR
(125 MHz, CDCl3), & : 145.4, 145.3, 143.4, 135.4, 132.1, 130.2, 125.1, 125.0, 123.5,
123.3,76.3,48.6,48.3,31.9, 30.5,29.8, 29.7,29.7, 29.4, 26.5, 22.7, 14.1 (*¢ H 15); »
F 3% 1 CysHaNO™ [M+H]" ; ESI 7% & : 616.3574 » ¥ % & : 616.3596 () -

19-C12 A& % 5 60.1% ; *3 & : 264 °C ; '"H-NMR (500 MHz, CDCl3), 8 : 7.32 (m,
8H), 6.94 (m, 8H), 5.67 (s, 2H), 5.40 (s, 2H), 3.88 (t, J = 6.8 Hz, 2H), 2.02 (m, 2H), 1.73-
1.64 (m, 2H), 1.56-1.25 (m, 16H), 0.92 (t, J = 7.2 Hz, 3H) (*4 & 16) ; *C NMR (125
MHz, CDCl3), § : 145.4, 145.3, 143.4, 135.4, 132.1, 130.1, 125.1, 124.9, 123.5, 123.3,
76.3,48.6, 48.3, 31.9, 30.5, 29.8, 29.7, 29.7, 29.7, 29.4, 26.5, 22.7, 14.1 (*4 W 17); »
F 3% 1 Cy46HasNO™ [M+H]" 5 ESI 7% & © 630.3730 0 F % & : 630.3713 () °

19-C16 # % 5 83.1% ; “3 & : 237°C ; 'H-NMR (500 MHz, CDCl3), 8 : 7.32 (m,
8H), 6.94 (m, 8H), 5.67 (s, 2H), 5.41 (s, 2H), 3.89 (t, J = 6.8 Hz, 2H), 2.01 (q, J= 7.2 Hz,

2H), 1.69 (m, 2H), 1.57-1.23 (m, 24H), 0.91 (t, J = 6.9 Hz, 3H) (‘48 18) ; 3C NMR
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(125 MHz, CDCL3), § : 145.4, 145.3, 143.4, 135.4, 132.1, 130.1, 125.1, 124.9, 123.5,
123.3,76.3, 48.6,48.3,31.9,30.5, 29.8, 29.8,29.7, 29.7, 29.7, 29.7, 29.4, 26.5, 22.7, 14.1
(B 19); & F X CsoHseNO' [M+H]" ; ESI 322 & : 686.4356 » 4 5 & : 686.4326

0

445 i £% Pi-Cn 2 & =

5 84.8%

6 83.9%

7 80.2%

formic acid, Ac,0 9 98.1%
—_— 1
1
1

THF, rt, 30 min

POCI;, TEA
—_—

0 70.8%
DCM, rt, 30 min 1

95.1%
2 80.2%
n=16 81.1%

OCpHan4q

Pi-Cn

B~ A% (0.28 mL, 5.08 mmol)¥ ¢ f&f* (0.28 mL, 2.76 mmol) £ ** 10 mL [F] & ¥g
PR HE T 60°C F R 30 A48 e Brit &4 19-Cn (5 0.4 g, 0.7 mmol) ** 100
mL FIAFL? F4er THF #-H 313> X230 0°CTHEF » vt F B2 R &% 505
mL - 23 EEE Ay > FEALEFRETF BEL o FF BRERE M
ﬁ*ﬁ%ﬁ‘ﬁ%ﬁ%‘f,; B P E R IR KRR o Ryt A F 4 » & Hex o T 1% A2
ARFRRF 0 A4 §7 0 7 AT E i R SR A 2 o
PEE L Hadit o @Y F A § F

¥ & B - 100mL I AFLY  REZTREF F BTSN F FER
T4 10mL &k DCM 3-8 73 12 » £ -2 B 35ki5 ¢ > 4 » = ¢ A9 (0.60
mL, 431 mmol)’Z 2 = % ¥ # (0.10mL, 1.11 mmol){é » ¥ #-kig # “f » BE P E BRAL
TFERRDF B RIENERS BB LB d o F BRI J‘zi&*&:z}éfﬁ?;ﬁ%%
Z e s T~ kok? feilBE = F F 8 I DCM 2 AR5 B2 X o ft k5
Dl RN S Xl S R Wig 0 £ Sk SE A VR AL T AR ?

B 472781 (PHp " 6] 5 DCM : Hex=2: 1){# ¥4 ¢ ¢ B4 Pi-Cn -
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Pi-C57 # 24 5 % 84.8% ; %3 B >300°C ; 'H-NMR (500 MHz, CDCL), 8 :
7.41-7.37 (m, 4H), 7.33-7.28 (m, 4H), 6.99-6.93 (m, 8H), 5.71 (s, 2H), 5.66 (s, 2H), 3.93
(t, J = 6.7 Hz, 2H), 2.03-1.95 (m, 2H), 1.63 (m, 2H), 1.56-1.47 (m, 2H), 1.05 (t, J=7.3
Hz, 3H) (*¢ 8 20) ; 3C NMR (125 MHz, CDCl3), 5 : 166.8, 149.8, 144.4, 144.1, 140.5,
137.1, 125.6, 125.5, 124.1, 123.6, 114.5, 76.3, 50.2, 48.2, 30.2, 28.4, 22.7, 14.2 ("¢ W)
21); & F ;% 1 C4HnNO' [M+H]" 5 ESI 3 #% & : 542.2478 » F % (& 542.2453 () »

Pi-C6 = # 2 A 5 % 83.9% ; *4 2 >300°C ; 'H-NMR (500 MHz, CDCl), 8 :
7.42-7.36 (m, 4H), 7.33-7.28 (m, 4H), 7.00-6.92 (m, 8H), 5.72 (s, 2H), 5.66 (s, 2H), 3.93
(t,J=6.8, 2H), 2.02-1.94 (m, 2H), 1.68-1.60 (m, 2H), 1.51-1.41 (m, 4H), 1.00 (t, J="7.3,
3H) (%4 ® 22);*CNMR (125 MHz, CDCl3), 5: 166.8,149.8, 144.4, 144.1,140.5, 137.1,
125.6,125.5,124.1,123.6, 114.5,76.2,50.2,48.2,30.9, 30.4,26.0,22.7, 14.1 ("¢ ® 23);
& 54 1 CyHuNO' [M+H]" 3 ESI 3.3 & © 556.2635 > F 5 & : 556.2607 () °

Pi-C7 % #2345 % 80.2%; %2 269 °C ; 'H-NMR (500 MHz, CDCL3), 8 :
7.33-7.29 (m, 4H), 7.00-6.93 (m, 8H), 5.72 (s, 2H), 5.66 (s, 2H), 3.94 (t, J= 6.9 Hz, 2H),
2.03-1.95 (m, 2H), 1.68-1.61 (m, 2H), 1.52-1.37 (m, 6H), 0.96 (t, J = 7.3 Hz, 3H) (*} ¥
24) ; 3C NMR (125 MHz, CDCl3), & : 166.8, 149.9, 144.4, 144.1, 140.5, 137.1, 125.6,
125.5,124.1,123.6,114.4,76.3,50.2,48.2,31.9,30.5,29.2,26.3,22.7, 14.1 (" ® 25) ;
&% 54 1 CpH3NO' [M+H]" 3 ESI 3.3 18 : 570.2791 > §F B & : 570.2793 () -

Pi-C9 3 %24 5 5 98.1 % % & : 287 °C; 'H-NMR (500 MHz, CDCLy), 8 :
7.39 (m, 4H), 7.34-7.29 (m, 4H), 7.00-6.93 (m, 8H), 5.71 (s, 2H), 5.66 (s, 2H), 3.93 (t, J
= 6.8 Hz, 2H), 2.02-1.94 (m, 2H), 1.64 (m, 2H), 1.52-1.31 (m, 10H), 0.92 (t, J="7.2 Hz,
3H) ("4 ® 26);*CNMR (125 MHz, CDCl3), 5: 166.8,149.9, 144.4,144.1,140.5, 137.1,
125.6,125.5, 124.1, 123.6, 114.4, 76.2, 50.2, 48.2, 31.9, 30.5, 29.6, 29.6, 29.3, 26.3, 22.7,
14.1 ("¢ B 27); A F % 1 CasHaoNO' [M+H]"; ESI 32 3% & : 598.3092 F 2% & : 598.3104

0 e
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Pi-C10 3 % 2 & 5 5 70.8 % ; %3 B : 268 °C ; 'H-NMR (500 MHz, CDCl3), 8 :
7.42-7.38 (m, 4H), 7.34-7.29 (m, 4H), 7.01-6.93 (m, 8H), 5.73 (s, 2H), 5.67 (s, 2H), 3.95
(t,J= 6.8 Hz, 2H), 1.99 (m, 2H), 1.69-1.62 (m, 2H), 1.52-1.31 (m, 12H), 0.92 (t, J=7.2
Hz, 3H) (*¢ ® 28) ; 3C NMR (125 MHz, CDCl3), 5 : 166.8, 149.8, 144.4, 144.1, 140.5,
137.1, 125.6, 125.5, 124.1, 123.6, 114.4, 76.2, 50.2, 48.2, 31.9, 30.5, 29.7, 29.6, 29.6,
29.3,26.3,22.7, 14.1 ("¢ B 29); A 3 % : C4sHuoNO" [M+H]"; ESI 32.% 8 : 612.3261 >
F B E :612.3260() -

Pi-C11 % % 2 A 5 5 95.1%: %} B 229.6°C ; 'H-NMR (500 MHz, CDCl), 3 :
7.40-7.37 (m, 4H), 7.32-7.28 (m, 4H), 6.99-6.93 (m, 8H), 5.71 (s, 2H), 5.66 (s, 2H), 3.93
(t, J = 6.8 Hz, 2H), 1.98 (m, 2H), 1.67-1.61 (m, 2H), 1.43-1.27 (m, 14H), 0.89 (t, J=17.2
Hz, 3H) (*¢ 8 30) 5 *C NMR (125 MHz, CDCl3), § : 166.7, 149.9, 144.4, 144.1, 140.5,
137.1, 125.6, 125.5, 124.1, 123.6, 114.8, 76.3, 50.2, 48.2, 31.9, 30.5, 29.7, 29.7, 29.6,
29.4,26.3,22.7,14.1 (%W 31); » F % 1 C4HuNO" [M+H]"; ESI 32 3% i : 626.3417 »
F ok e 626.3427() -

Pi-C12 3 % 24 5 5 80.2% ; %3 B : 246 °C ; 'H-NMR (500 MHz, CDCl3), 8 :
7.42-7.37 (m, 4H), 7.33-7.29 (m, 4H), 7.00-6.94 (m, 8H), 5.72 (s, 2H), 5.66 (s, 2H), 3.94
(t,J= 6.8 Hz, 2H), 1.98 (m, 2H), 1.69-1.61 (m, 2H), 1.51-1.28 (m, 16H), 0.89 (t,J="7.1
Hz, 3H) (*¢ 8 32) ; 3C NMR (125 MHz, CDCl3), 5 : 166.8, 149.9, 144.4, 144.1, 140.5,
137.1, 125.6, 125.5, 124.1, 123.6, 114.5, 76.3, 50.2, 48.2, 31.9, 30.5, 29.7, 29.7, 29.6,
29.4,26.3,22.7, 14.1 (" B 33); A 3 7% : C47HaNO" [M+H]"; ESI 32 % i : 640.3574
F 5% & 640.3570 () -

Pi-C16 & # 284 & % 81.1 % : % B * 169 °C ; 'H-NMR (500 MHz, CDCl3), §
7.43-7.37 (m, 4H), 7.34-7.29 (m, 4H), 7.01-6.93 (m, 8H), 5.73 (s, 2H), 5.67 (s, 2H), 3.95
(t, J = 6.8 Hz, 2H), 1.99 (m, 2H), 1.70-1.61 (m, 2H), 1.44-1.26 (m, 24H), 0.89 (t, J=6.9

Hz, 3H) (*¢ 8 34) 5 *C NMR (125 MHz, CDCl3), § : 166.8, 149.9, 144.4, 144.1, 140.5,
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137.1, 125.6, 125.5, 124.1, 123.6, 114.4, 76.2, 50.2, 48.2, 31.9, 30.5, 29.7, 29.7, 29.6,

29.6, 29.3, 26.3, 22.7, 14.1 (* @ 35); # =+ ;% : CsiHu4NO' [M+H]" 5 ESI 2% & :

696.5300 » F & & : 696.5331() -

446 &£ 202 &2 6

\S/

KAUCl, — g Cl—Au—s
EtOH, rt, 10 min \

90.5 % 20

Pe§ hpidr (0.5g 1.33 mmol)k >t SO mL FIATY » ¥ & RARHNK o 4 » 15

A EBF N T EES TREI 2 BT 0 B e s

mL 22 fg ¥ 3
SOV R RGBSR G 0 ¢ SUHKS o M F BRI T AR E K 0 0353g W

¢ ER L4200 FugEHRE Bk AF 5 90.5% 5 %3 B >300°C ; 'TH-NMR

(400 MHz, CDCL), § : 2.69 (s, 6H) (*4 B 36)

447 M EF 22 LW
|l

Au

/
Cl—Au=—8 —_—
\ TEA, THF, rt, 30min

n

20
21

ez B AR (9200me)E = 7 s 6 £ (leq)® **50mL Fl &g 7 »

¥ 20mL B R HE-E AR B~ 2 o vk (1.5eq) d 20 T FAfE I 48X

A fEs FIF ALY UARTAR e REBF R F BB RAALR I AMA Y UK
B

R Tk 0 ¥ 5 400~500mg & ¢ F

VR AE 4 iR XL BEE YRR

Wi- L4210
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448 4 &% Ph-Cn 2 & =

76.4%
84.0%
721%

]
Au [
7
9 86.9%
1
1
1
1

Il Pi-Cn
—_—

DCM, 1 hr 0 93.3%

1921%
2812%
6 90.1%

59 0 0D 3 3 3335

21

#-Pi-Cn () 100 mg, 0.17 mmol)£ it & $= 21 (101 mg, 0.34 mmol) & ** 25 mL
FIARFLE ? > 4> 20mL 2 DCM I fr 485587 B F B> F R 1/ pFo gLy

P HFE PI-Cn A4 ) 2 18 > M R B P AR CEF 210 T J‘lﬁ*”ﬁfééﬁﬁ

A9
iy

&

fj’v@;g@]%; oMge A A 2 IRE - F 9z p

»

EFE %% F 120mg ¥
¢ M2 P 4 £ 4 Ph-Cn -

Ph-C5 & % % 76.4% ; % Bk : 237°C ; 'TH-NMR (500 MHz, CD>Cl»), § : 7.49 (m,
6H), 7.41-7.37 (m, 4H), 7.32-7.23 (m, 3H), 7.04-6.99 (m, 8H), 5.78 (s, 2H), 5.73 (s, 2H),
4.04 (t, J = 6.8 Hz, 2H), 2.05 (m, 2H), 1.69 (m, 2H), 1.61-1.54 (m, 2H), 1.09 (t, J=17.3
Hz, 3H) (*+ 8 37) ; *CNMR (125 MHz, CD,Cl), 8 : 160.0,151.9, 144.8,144.1,142.5,
138.9, 132.8, 128.7, 127.5, 126.4, 126.2, 125.5, 124.8, 124.3, 123.9, 112.6, 104.2, 77.1,
50.6, 48.7, 30.8, 29.0, 23.2, 14.5 ("¢ B 38) ; A F ;% : CasH3sAuNNaO" [M+H]" ; ESI
ke 862.2355 0 F E iE 1 862.2331 ()

Ph-C6 # ¥ % 84.0% ; *3 & : 189 °C ; 'H-NMR (500 MHz, CD>CL,), § : 7.50-7.46
(m, 2H), 7.46-7.41 (m, 4H), 7.39-7.34 (m, 4H), 7.33-7.28 (m, 2H), 7.28-7.23 (m, 1H),
7.03-6.97 (m, 8H), 5.75 (s, 2H), 5.67 (s, 2H), 4.02 (t, J = 6.8 Hz, 2H), 2.06-1.97 (m, 2H),
1.68 (m, 2H), 1.52-1.43 (m, 4H), 1.01 (t, J = 7.0 Hz, 3H) (*4 B 39) ; '*C NMR (125
MHz, CD2Cl), & : 159.4, 151.9, 144.8, 144.1, 142.5, 138.9, 132.8, 128.7, 127.5, 126.4,

126.2, 125.5, 124.8, 124.3, 123.8, 116.2, 104.0, 77.1, 50.6, 48.7, 32.3, 31.0, 26.5, 23.3,
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14.5 (%@ 40); A F ;% : C4oH33AuNNaO' [M+H]"; ESI 3 3% & : 876.2511 § 2 & :
876.2473 () -

Ph-C7 2 % 5 72.1% ; *3 B : 187°C ; '"H-NMR (500 MHz, CD>Cl,), 6 + 7.48 (m,
6H), 7.41-7.36 (m, 4H), 7.28 (m, 3H), 7.02 (m, 8H), 5.78 (s, 2H), 5.73 (s, 2H), 4.04 (t, J
= 6.8 Hz, 2H), 2.04 (m, 2H), 1.69 (mz, 2H), 1.53 (m, 2H), 1.45 (m, 4H), 1.00 (t, J=17.1
Hz,3H) (*{ % 41) ; *CNMR (125 MHz, CD2Cl), § : 160.0, 151.9, 144.8, 144.1, 142.5,
138.9, 132.8, 128.7, 127.5, 126.4, 126.2, 125.5, 124.8, 124.3, 123.9, 112.6, 104.2, 77.1,
50.6, 48.7, 32.4, 31.0, 29.8, 26.8, 23.3, 14.5 (*4 B 42) ; » 3 ;% : CsoHsAuNNaO"
[M+H]" ; ESI 32 % f& : 890.2668 » & 2 & : 890.2639 () -

Ph-C9 # ¥ % 86.9% ; 4 B : 153°C ; 'H-NMR (500 MHz, CD,Cl,), § : 7.49 (m,
6H), 7.39 (m, 4H), 7.28 (m, 3H), 7.02 (m, 8H), 5.78 (s, 2H), 5.73 (s, 2H), 4.05 (t, J= 6.8
Hz, 2H), 2.09-2.00 (m, 2H), 1.75-1.66 (m, 2H), 1.57-1.50 (m, 2H), 1.49-1.36 (m, 8H),
0.96 (t,J=6.7 Hz, 3H) ("¢ ] 43); '*C NMR (125 MHz, CD,Cl), § : 160.0, 151.9, 144.8,
144.1, 142.5, 138.9, 132.8, 128.7, 127.5, 126.4, 126.2, 125.6, 124.8, 124.3, 123.9, 112.6,
104.2,77.1,50.6,48.7,32.5,31.0,30.2,30.1,29.9, 26.8,23.3, 14.5 (" ] 44); & 3 ;4 :
Cs;HasAuNNaO" [M+H]" 5 ESI 32 % & : 918.2981 » F 2% & : 918.2946 () °

Ph-C10 2 % 5 93.3 % ; “3 B : 157 °C ; 'H-NMR (500 MHz, CD>Cl,), & : 7.52-
7.49 (m, 2H), 7.49-7.43 (m, 4H), 7.41-7.35 (m, 4H), 7.33-7.28 (m, 2H), 7.28-7.23 (m,
1H), 7.04-6.98 (m, 8H), 5.77 (s, 2H), 5.71 (s, 2H), 4.04 (t, J= 6.8 Hz, 2H), 2.07-1.99 (m,
2H), 1.73-1.66 (m, 2H), 1.56-1.49 (m, 2H), 1.46-1.30 (m, 12H), 0.92 (t, J= 7.0 Hz, 3H)
(¢ W 45); *C NMR (125 MHz, CD2Cl), & : 160.3, 151.9, 144.8, 144.1, 142.5, 138.9,
132.8, 128.7, 127.5, 126.4, 126.2, 125.5, 124.8, 124.3, 123.8, 112.3, 104.0, 77.1, 50.6,
48.7, 32.5, 31.0, 30.2, 30.2, 30.1, 29.9, 26.8, 23.3, 14.5 (* B 46) ; » F ;* :

CssHisAuNNaO" [M+H]" ; ESI 32 % & : 932.3137 » F 2% & : 932.3183 () »
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Ph-C11 & % % 92.1 % ; % B : 155 °C ; '"H-NMR (500 MHz, CD,Cl), & : 7.40-
7.37 (m, 4H), 7.32-7.28 (m, 4H), 6.99-6.93 (m, 8H), 5.71 (s, 2H), 5.66 (s, 2H), 3.93 (t,J
= 6.8 Hz, 2H), 1.98 (m, 2H), 1.67-1.61 (m, 2H), 1.43-1.27 (m, 14H), 0.89 (t, J=7.2 Hz,
3H) (*+ 8 47); *C NMR (125 MHz, CD,ClL), § : 160.0, 151.9, 144.8, 144.1, 142.5,
138.9, 132.8, 128.7, 127.5, 126.4, 126.2, 125.5, 124.8, 124.3, 123.8, 112.5, 104.1, 77.1,
50.6, 48.7, 32.5, 31.0, 30.3, 30.2, 30.1, 30.0, 26.8, 23.3, 14.5 (*4 @] 48); 4 F ; :
Cs4sHasAuNNaO" [M+H]" ; ESI 323 & : 946.3294 » F 2% & : 946.3250 () °

Ph-C12 % % 5 81.2 % ; % B : 161 °C ; 'TH-NMR (500 MHz, CD>Cl,), & : 7.52-
7.43 (m, 6H), 7.38 (m, 4H), 7.33-7.23 (m, 3H), 7.05-6.97 (m, 8H), 5.77 (s, 2H), 5.69 (s,
2H), 4.03 (t, J = 6.8 Hz, 2H), 2.02 (m, 2H), 1.72-1.64 (m, 2H), 1.51 (m, 2H), 1.47-1.29
(m, 14H), 0.91 (t, J= 7.0 Hz, 3H) (*¢ ® 49) ; '*C NMR (125 MHz, CD>CL), § : 160.0,
151.9, 144.8, 144.1, 142.5, 138.9, 132.8, 128.7, 127.5, 126.4, 126.2, 125.5, 124.8, 124.3,
123.8, 112.5, 104.1, 77.1, 50.6, 48.7, 32.5, 31.0, 30.3, 30.3, 30.2, 30.1, 30.0, 26.8, 23.3,
14.5 (%@ 50); A F ;* : CssHsoAuNNaO' [M+H]"; ESI 323 & : 960.3450 » § 5% & :
960.3428 () °

Ph-C16 # % 5 90.1 % ; %3 B : 163 °C ; 'TH-NMR (500 MHz, CD>CL), & : 7.50-
7.47 (m, 2H), 7.46-7.41 (m, 4H), 7.39-7.34 (m, 4H), 7.33-7.28 (m, 2H), 7.28-7.23 (m,
1H), 7.03-6.97 (m, 8H), 5.75 (s, 2H), 5.67 (s, 2H), 4.02 (t, J= 6.8 Hz, 2H), 2.01 (m, 2H),
1.67 (m, 2H), 1.50 (m, 2H), 1.45-1.27 (m, 22H), 0.89 (t, /= 7.1 Hz, 3H) (*+ @ 51) ; *C
NMR (125 MHz, CD,CL), & : 160.0, 151.9, 144.8, 144.1, 142.5, 138.9, 132.8, 128.7,
127.5,126.4,126.2, 125.5, 124.8, 124.3, 123.8, 112.6, 104.0, 77.1, 50.7, 48.7, 32.5, 31.0,
30.3,30.3,30.3,30.2,30.1,29.9,26.8,23.3, 14.5 (* B 52); 4 5 ;% : CsoHssAuNNaO"

[M+H]" ; ESI 323 & : 1016.4076 > § %% & : 1016.4047 () -
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% 1Ph-C5 2 H § St 2473 (ic21497) -

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 67.679°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C48 H36 AuN O
839.74
Monoclinic

P2i/c
a=11.7763(4) A
b=16.2105(6) A
c=19.5268(7) A
3615.3(2) A3

4

1672

1.543 Mg/m3
1.54178 A

9115

3.59 to 77.91°.
7.935 mm!
100(2) K

0.200 x 0.150 x 0.150 mm3

Data collection

o= 90°.
B=104.1025(9)°.
¥ = 90°.

Bruker AXS D8 VENTURE, PhotonlIl C28

Semi-empirical from equivalents

1.0000 and 0.6523
70340

7499 [R(int) = 0.0321]
7443

99.5 %
3.589 to 78.818°.

Refinement

R1=0.0224, wR2 = 0.0575
R1=0.0226, wR2 =0.0576

1.123

7499

506

186

0.801 and -1.495 e.A3
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% 2Ph-C6 2 H & S5t 2 473 (ic21375) -

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 25.242°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C49 H38 AuN O

853.77

Monoclinic

P2i/c

a=11.7362(5) A

b=16.2410(6) A

c=19.5917(8) A

3628.0(3) A3

4

1704

1.563 Mg/m?3

0.71073 A

9967

2.44 to0 28.76°.

4.095 mm-!

100(2) K

0.20 x 0.15 x 0.10 mm3
Data collection

Bruker D8 VENTURE

o= 90°.
B=103.7072(14)°.
v =90°.

Semi-empirical from equivalents

1.0000 and 0.6731

95091

8331 [R(int) = 0.0650]

7768

99.9 %

1.786 to 27.499°.
Refinement

R1=0.0192, wR2 =0.0614

R1=0.0213, wR2 = 0.0624

0.992

8331

524

338

1.290 and -1.084 e. A3
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4 3Ph-C7 2 H & S5t F 3 (1c21378) -

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 25.242°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C50H40 AuN O

867.79

Monoclinic

P2i/c

a=11.7105(6) A

b=16.1769(7) A

¢=20.3370(9) A

3732.8(3) A3

4

1736

1.544 Mg/m3

0.71073 A

9318

2.19 to 28.69°.

3.981 mm’!

100(2) K

0.25x0.20 x 0.15 mm3
Data collection

Bruker D8 VENTURE

o= 90°.
B=104.3283(16)°.
¥ = 90°.

Semi-empirical from equivalents

1.0000 and 0.6322

106596

8557 [R(int) = 0.0616]

8126

100.0 %

1.795 to 27.499°.
Refinement

R1=0.0182, wR2 =0.0479

R1=0.0194, wR2 = 0.0484

1.019

8557

478

0

0.890 and -0.771 e.A
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% 4Ph-C9 2 B & SBT3 (ic21322) -

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 67.679°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C55H51 AuNO

938.93

Monoclinic

C2/c

a=42.1061(16) A

b=16.5937(6) A

c=32.176(2) A

18215.5(15) A3

16

7600

1.370 Mg/m3

1.54178 A

9295

3.77 to 68.12°.

6.355 mm’!

100(2) K

0.15x 0.10 x 0.05 mm3
Data collection

Bruker D8 VENTURE

o= 90°.
B=125.8800(11)°.
v =90°.

Semi-empirical from equivalents

1.0000 and 0.5979

105761

16471 [R(int) = 0.0380]

14590

99.4 %

2.590 to 67.996°.
Refinement

R1=0.0593, wR2 =0.2149

R1=0.0697, wR2 = 0.2278

2.012

16471

1115

449

3.056 and -3.208 e.A3
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4 5Ph-C10 2 ¥ & S5+ 241 T30 (ic21757) -

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 25.242°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C54.50 H48.25 AuN1.75 0

940.66

Triclinic

P-1

a=18.8351(7) A o=71.3973(13)°.
b=21.5586(9) A B=72.2913(13)°.
c=23.1398(9) A v =86.2835(13)°.
8477.8(6) A3

8

3796

1.474 Mg/m3

0.71073 A

9754

2.33 to 28.52°.

3.513 mm’!

100(2) K

0.250 x 0.150 x 0.100 mm3

Data collection

Bruker AXS D8 VENTURE, PhotonlIl C28
Semi-empirical from equivalents

1.0000 and 0.7501

227996

43875 [R(int) = 0.0566]

36351

100.0 %

1.761 to 28.737°.

Refinement

R1=0.0379, wR2=0.1193
R1=0.0504, wR2 =0.1340
0.989

43875

2196

479

1.663 and -2.411 e.A3
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LC
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4 6Ph-C11 2 B & $e5f 45 730 (ic21658) «

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

V4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 67.679°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C120 H124 Au2 N2 02
2020.14

Monoclinic

C2/c

a=44.586(5) A
b=16.3207(19) A
c=34.699(4) A
22055(4) A3

8

8256

1.217 Mg/m3

1.54178 A

9459

2.68 to 78.14°.

5.282 mm!

100(2) K

0.400 x 0.300 x 0.100 mm3

Data collection

o= 90°.
B=119.134(4)°.
v =90°.

Bruker AXS D8 VENTURE, PhotonlIl C28

Semi-empirical from equivalents

1.0000 and 0.4183
106139

23167 [R(int) = 0.0627]
19269

99.0 %

2.269 to 80.860°.

Refinement

R1=10.1358, wR2 = 0.3057
R1=0.1545, wR2 = 0.3205
1.085

23167

1127

620

6.176 and -3.909 e.A-3
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A 7Ph-C12 2 § & S5+ 241 T30 (1c20924) -

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 25.242°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C56 H52 AuCI2N O

1022.85

Monoclinic

P2i/c

a=16.0517(13) A

b=19.4869(8) A

¢ =30.400(3) A

4473.9(7) A3

4

2064

1.519 Mg/m3

0.71073 A

8738

3.3570 to 29.1340°.

3.450 mm’!

100(2) K

0.20 x 0.20 x 0.15 mm3
Data collection

Xcalibur, Atlas, Gemini

o= 90°.
B=104.886(9)°.
v =90°.

Semi-empirical from equivalents

1.00000 and 0.39739

30526

10269 [R(int) = 0.0424]

8396

99.8 %

3.294 to 27.497°.
Refinement

R1=10.0502, wR2 = 0.1320

R1=0.0642, wR2 = 0.1468

1.063

10269

550

0

2.165 and -2.847 e.A3
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% 8Ph-C16 2 ¥ § S5t 453 (ic21895) -

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Volume

4

F(000)

Density (calculated)
Wavelength

Cell parameters reflections used
Theta range for Cell parameters
Absorption coefficient
Temperature

Crystal size

Diffractometer

Absorption correction

Max. and min. transmission

No. of measured reflections

No. of independent reflections
No. of observed [[>2 igma(I)]
Completeness to theta = 25.242°

Theta range for data collection

Final R indices [[>2sigma(I)]
R indices (all data)
Goodness-of-fit on F2

No. of reflections

No. of parameters

No. of restraints

Largest diff. peak and hole

C60 H60 AuCI2N O
1078.95

Monoclinic

P21/c
a=12.0409(18) A
b=45361(7) A
c=9.2493(14) A
4878.2(13) A3

4

2192

1.469 Mg/m3
0.71073 A

9053

2.32t0 26.81°.

3.168 mm!

100(2) K

0.250 x 0.100 x 0.010 mm3

Data collection

o= 90°.
B=105.068(3)°.
v =90°.

Bruker AXS D8 VENTURE, PhotonlIl C28

Semi-empirical from equivalents

1.0000 and 0.8219
75961

11106 [R(int) = 0.0628]
9961

100.0 %

1.751 to 27.505°.

Refinement

R1=0.0623, wR2 =0.1368
R1=0.0696, wR2 = 0.1394

1.252

11106

624

168

2.056 and -2.012 e.A3
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